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ABSTRACT
Livestock productivity in Pakistan is very low, restricted by the lack of quality
forage which is primarily because of the unavailability of quality seed and lack of
awareness of forage and seed production at the farm level. Berseem clover
(Trifolium alexandrinum L.) is the most widely grown winter forage legume across
Pakistan, providing more than 50% of the country’s annual green forage. More than
Rs. 300 million (US$ 3.1m) is spent annually on the importation of Berseem clover
seed to support this production. The demand for Berseem clover seed has increased
substantially in recent years as dairy farmers have become aware that they will
achieve greater profits by increasing the proportion of good quality green feed used
and consequently reducing the use of concentrates.
The main reasons for the low Berseem clover forage production are: reliance on
indigenous low-yielding varieties; non-availability of quality seed; the nonadoption of improved technologies such as seed inoculation, imbalanced use of
nutrients and poor forage and seed harvesting management; poor pollination; and
lack of seed production mechanisms at the village level. The formal seed supply
system is insufficient to meet the domestic requirements for forage seed and there
is a need to fulfil the seed shortage gap.
A baseline survey involving smallholder farmers in the Kasur and Okara districts
of the province of Punjab, Pakistan was undertaken to determine the level of
technical awareness and farmers’ understanding of growing Berseem clover for
forage and seed production and to gauge their interest in establishing village-based
forage seed enterprises (VBFSEs) to promote the adoption of improve production
technologies and forage varieties as well as the supply of improved variety Berseem
clover seed. In addition, a number of variety and harvest field experiments were
VI

undertaken either at the University Research Station and/or involving the
participation of local farmers through farmer participatory research approach to
determine appropriate varieties and agronomic practices to maximise Berseem
clover forage and seed production. An economic analysis of the implementing
VBFSEs was also completed.
Baseline information (obtained from the survey) of the study area and the farmers’
practices of growing Berseem clover for forage and seed production clearly showed
seed shortage and lack of production technology; however, many farmers were
willing to be actively involved in on-farm research, producing Berseem clover seed
on their own farms for the development of forage seed enterprises. The field
experiments were conducted to address the causes of low productivity by
introducing improved variety seed, seed inoculation and inclusion of honeybees to
enhance Berseem clover seed production. The results of varietal selection and
evaluation at farmers’ fields showed significant increases in forage dry matter (DM,
46%) and seed (211%) yields of an improved variety of Berseem clover (Agaitti
Berseem-2002) when compared to local farmer and market varieties. Inclusion of
supplemental honeybees for pollination and seed inoculation with Rhizobium trifolii
significantly increased average seed yields by 44% and 119%, respectively. Seed
inoculation also enhanced green forage (26%) and DM (39%) yields, soil N content
(45%) and forage quality (3% higher crude protein) of Berseem clover.
Overall, the pilot VBFSEs for Berseem clover proved to be successful and
economically viable small-scale forage seed enterprises, producing a significant
amount of high quality green forage (51 t/ha) and seed (946 kg/ha) and resulting in
a net income of 512,340 Rs/ha (both forage and seed) with a 432% marginal rate of
return. Establishment of VBFSEs was a means of linking research to the
VII

commercial sector (commercial seed production). These are seen as an alternative
seed supply system to the formal sector to meet the local seed demand of Berseem
clover in Pakistan.
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Chapter 1:

Introduction

Pakistan is the third largest milk producing country in the world (Afzal, 2010),
producing approximately 51 million tonnes (Mt) of milk annually to feed 188
million people (Farooq, 2014). The value of the dairy industry is more than the
combined value of the two major crops, wheat and cotton, grown in the country.
However, Pakistan is still not self-sufficient in milk, producing only 41 Mt in 201314 (Farooq, 2014). The human population is expected to reach 217 million by 2020,
which combined with higher household incomes, will generate an increase of over
50% in the annual demand for dairy products (Farooq, 2011).
Livestock production is an integral part of agriculture in Pakistan, supporting 8.42
million rural families (Afzal, 2010), with the primary objectives of meeting daily
household dietary requirements and also supplementing incomes to improve
livelihoods. There are two types of livestock production systems occurring in
Pakistan: rural households where animals are closely integrated with the rural
subsistence economy using grown forage and crop residues for livestock feed in a
cut and carry system; and large grazing herds kept in rangelands. More than half of
the feed that the rural household animals consume comes from forages and crop
residues, and one-third being from grazing on rangelands, wastelands, canal banks,
road sides, and other crops and their by-products (Dost, 2006). Regular supply of
adequate and nutritious forage is essential for the promotion and development of
the livestock industry in Pakistan.
The average green forage yield in Pakistan is 25.20 t/ha per annum (Sarwar et al.,
2002b), providing in total approximately 7 t of digestible protein (DP) and 69 t of
total digestible nutrients (TDN), respectively. However, based on nutrient
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requirements of the existing livestock population, there is still a total shortfall of
38% in DP and 24% in TDN for animal production (Sarwar et al., 2002a). Given
that current requirements cannot be met, there is no potential to expand current
levels of animal production (Dost, 2006).
Green forage supply is the leading factor limiting livestock production in Pakistan
(Sarwar et al., 2002b), especially during the seasons of May-June and OctoberNovember. Increased forage production combined with the production of conserved
forage is needed to boost overall feed supplies and fill seasonal shortages. In the
first instance, increased forage production relies on the increased supply of
improved variety seed. However, in many situations, the formal seed supply has
been unable to meet even current demand because of inappropriate varieties, limited
production capacity for improved varieties and a greater focus on cash crops rather
than forage crops at the government level.
Pakistan is not self-sufficient in forage seed and the amount of imported seed is
increasing every year. In 2013-2014, the amount of seed imported increased by
230% (Farooq, 2014) and this was at a significant cost to smallholder farmers. It
has been identified that varietal limitations is a major factor behind low forage
production levels and thus the supply of improved seed is an issue in Pakistan
(Sarwar et al., 2002a). There is a clear need to increase farmers’ capacity to produce
quality seed at the farm level and disseminate through an informal seed supply
system which will supply quality seed to farmers and complement the existing
current formal seed supply system.
Berseem clover (Trifolium alexandrinum L.) is an annual forage legume originating
from eastern Mediterranean regions. It is an important winter forage crop (grown
by 90% of farmers in Pakistan), with significant amounts of green forage being
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produced annually. In Pakistan, the scarcity of good quality seed and a lack of
advancement in production technologies are the major constraints to Berseem
clover yields at the farm level. Additionally, limited land holdings, inappropriate
agronomic practices, lack of timely inputs and poor seed production methods at the
farm level also contribute to the problem (Anwar et al., 2012). Berseem clover
production relies on the use of seed from the farmers’ own seed reserves of ‘local’
Berseem clover varieties. The formal seed distribution system consists of local
markets, which are incapable of meeting the national seed demand. Despite its
prominence in Pakistani agricultural production systems, best management
practices for Berseem clover production have not been established. There is a clear
need for local research and breeding in Berseem clover forage and seed production.
Participatory research has been shown to be a successful vehicle for the
development of improved, locally relevant technologies and their dissemination and
adoption within the farming community (Stur et al., 2000, Bishaw and Turner,
2008). Thus, a possible means of increasing seed and ultimately forage production
is to mobilise, train and empower farmers to produce good quality Berseem clover
seed. The establishment of village-based forage seed enterprises (VBFSEs)
involving farmer participatory varietal selection and evaluation of local and
improved Berseem clover varieties, would build on local and research-based
knowledge, creating a decentralised seed production and supply at the village level
(David, 2004, Setimela et al., 2004). Seed could then be available for marketing
within and outside of the production area(s).
Adoption of research outcomes has been found to be more effective at the farm
level when derived from an understanding of the nature of farmers as well as their
farming systems (Thomas et al., 2002). Collaborative experimentation with farmers
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using a combination of traditional and contemporary evaluation technologies results
in the identification of the best varieties and subsequently greater adoption rates can
occur (Stur et al., 2000). Strong communications between all stakeholders
(researchers, extension officers and farmers) with the involvement of farmers in
varietal selection and technology development are crucial (Muir et al., 2014) to
improving forage production in Pakistan.
The overarching aim of the research reported in this thesis was to investigate means
of promoting local Berseem clover seed supply to the formal seed supply system
and improve the profit margins of the smallholder farmers in Pakistan through
quality forage seed production and marketing. A systems approach was taken to
understand the current whole farming systems and joint experimentation with
smallholder farmers was used to test the key factors likely to be limiting the
performance of these systems.

1.1 Aims
The specific aims and objectives of the research reported in this thesis were as
follows:
1- To understand Berseem clover seed production and supply system in
Pakistan.
2- Compare improved and local varieties, and local agronomic practices for
growing Berseem clover in smallholder farmers’ fields.
3- Identify methods to enhance the production of good quality Berseem clover
seed at least cost using a farmer participatory research approach.
4- Establish VBFSEs as a means for increasing the distribution of improved
varieties of Berseem clover seed.
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5- Decrease dependency on external Berseem clover seed supply sources,
while increasing the diversity of available improved varieties of Berseem
clover.

1.2 Hypotheses
A general hypothesis of the mechanism of commercial Berseem clover seed
production at the village level through farmer participatory research was tested in
this thesis in order to check the on-farm sustainability of VBFSEs under the socioeconomic situations of smallholder dairy farmers of Pakistan. The aims and
objectives were designed to test the following sub-hypotheses through participatory
on-farm experimentation:
1- HA: Improved varieties of Berseem clover produce more and better quality
forage and seed than local varieties (Chapter 5).
2- HA: Tube well irrigation water reduces seed germination and seedling
establishment of Berseem clover (Chapter 6).
3- HA: Honeybee pollination has significance in increasing the seed yield of
Berseem clover (Chapter 7).
4- HA: Seeding rates and the use of Rhizobium inoculum have significance in
enhancing forage and seed yields, and the quality of Berseem clover forage
produced (Chapter 8).
5- HA: The establishment of VBFSE for Berseem clover is a financially viable
small-scale enterprise for the profitability and sustainability of smallholder
farmers (Chapter 9).
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Chapter 2:

Literature Review

2.1 Smallholder Crop-Livestock Farming Systems
Cropping-livestock (mixed) farming systems are found to be the most profitable
production systems in the world (Thomas et al., 2002). Small-scale (smallholder)
farming systems constitute most of the agricultural systems in the developing
world. Livestock play a vital role in the profitability, sustainability, and
intensification of production in these mixed farming systems through the
production of food resources for domestic consumption and for sale, the recycling
of essential soil nutrients and generation of income and employment for the
community (Kumwenda and Ngwira, 2003). Domestic livestock improve the
resilience of poorer families in rural areas. Livestock also provide important
benefits to smallholder agricultural systems through draught power, and the
fulfilment of social obligations (Horne and Stur, 1997). The combination of
livestock and forage production provides flexibility for income for risk-averse
farmers (Kurosaki, 1997).
Smallholder crop-livestock systems are predominantly found in South Asia
(Devendra and Thomas, 2002a) and future increases in the demand for milk and
meat are anticipated to be met through improvements in livestock productivity in
these farming systems. Systematic analysis of small-scale crop and livestock
production enterprises from the financial and physical perspectives is a key to
identifying appropriate interventions to improve animal productivity on the farm
(Thomas et al., 2002).
In many developing countries, crop residues are the main source of animal feeds in
crop-livestock farming systems. Smallholder farmers have limited resources of land
and capital to grow high quality forage to supplement the diets of their livestock. In
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some countries, the sowing of forages has rarely been practised due to the
limitations on the area of arable land, capital for investment, and the nonavailability of improved seed and seed production technologies (Horne and Stur,
1997; David, 2004). Deficiences in water availability and quality, together with
extremes in ambient temperature are also limiting factors, which combined with
lack of knowledge of smallholder farmers on forage production and utilisation, also
contribute to low animal productivity (Kamanzi and Mapiye, 2012).
In Mediterranean regions, fresh green forage can be unavailable for as long as six
to seven months of the year, during which time farmers have to buy costly feeds to
supplement their livestock to maintain production. The integration of legume
forages into livestock production systems can extend forage availability throughout
the year (Cosentino et al., 2014). Legume forages not only provide high quality feed
for livestock but also play a vital role in enhancing soil fertility by adding
atmospheric N to the soil through fixation (Muir et al., 2014). The inclusion of
legume forages in the feed base leads to increased profitability by reducing the use
(and cost) of concentrates in animal rations (Cosentino et al., 2014).
The critical factors for the adoption of legume forages in dairy production systems
include: the recognition of benefits by farmers (Muir et al., 2014); quality seed
supply (Sarwar et al., 2002a, Kumwenda and Ngwira, 2003, Afzal, 2010); a
working knowledge of crop management; and clear financial signals on their
profitability (Muir et al., 2014). In a study involving smallholder dairy farmers in
Zimbabwe, Mapiye et al. (2006) found that the core factors limiting the adoption of
forage legumes were lack of crop inputs, low forage and seed yields, lack of legume
persistence and the education level of farmers operating dairy production systems.
Nearly 95% of the farmers were aware of the production technologies and about
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88% incorporated forage legumes into their farming systems. Seed shortage is one
of the most limiting factors for the adoption and extensive cultivation of forages.
The use of improved forage varieties with recommended farming practices has been
shown to increase forage yields by 75% at the farm level (Ghulam, 2008). It is
important that any adopted, improved forage varieties are able to not only produce
maximum forage yields but also have high seed yields in order to increase
subsequent cultivation and quality seed production (Iannucci and Martiniello,
1998). In their study involving smallholder farmers in Uganda, Mugerwa et al.
(2012) found the adoption of new improved forages was a function of farmer age,
land ownership and level of education. It was considered that the adoption rate of
improved forages would be increased by providing quality seed for high yielding
forages.
The introduction of improved varieties of forages in smallholder farming systems
has been found to not only significantly increase forage production but also result
in the establishment of new markets for any surplus forage and seed, which are sold
to other farmers in the community. This increases smallholder farmers’ income,
enhancing their livelihoods and thus helping in poverty reduction (Prasad et al.,
2006). David (2004) identified the incapability of a formal, centralised seed
production system to meet their complex and diverse seed requirements to be the
main cause for the low adoption of forages among smallholder farmers. At the local
level, seed production is often neglected by all stakeholders including farmers,
government organisations and private seed companies (Gul et al., 2011). For smallscale production, 80% of the crops sown is from seed stock selected and saved by
smallholder farmers, and only 12% of seed used each year is quality seed available
to the smallholder farmers through the formal seed system (Ravinder et al., 2006).
In many instances, government and private seed companies have tried to produce
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forage seed and supply it to the small-scale farmers to meet their demands.
However, in some countries, such as Malawi, the commercial companies found this
business economically unviable and forage seed supply has declined (Kumwenda
and Ngwira, 2003).
There are different constraints, on both demand and supply, in the provision of
quality forage seed to smallholder farmers. The high cost of production (CoP) for
seed, poor adaptability and lack of knowledge of current seed production
technologies, along with low variable sales (variation in seed sale depending on
demand and supply) of forage seed seem to be the main constraints to supply and
demand (Almekinders et al., 2007). The introduction of improved seed varieties
with the provision of seed and easy production technologies will improve the
adoption of legume forages at the smallholder farmer level.

2.1.1 Mixed farming systems in Pakistan
The economy of Pakistan is predominantly agriculture oriented, which contributes
21% to the total gross domestic product (GDP), and generates 44% of employment
for both men and women. Livestock production is a vital sub-sector of agriculture,
contributing 56% to total agricultural GDP (Farooq, 2014). More than 70% of the
population is directly or indirectly involved with livestock as a primary source of food
and income. Livestock production plays an important role in poverty alleviation for
smallholder farmers. In 2013-2014, the animal population, comprising buffaloes,
cattle, goats, sheep and camels was estimated to be 171 million head with 67 million
head located in the Punjab province (Farooq, 2014). Smallholder, mixed farming
systems predominate in Punjab, with an average land holding of 2-3 ha, of which
three quarters is used for growing cash crops and the rest is used for growing forage
crops to feed livestock (Afzal, 2010).
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Crop residues play a significant role in livestock feeding, with approximately 40
Mt produced annually (Devendra and Thomas, 2002a). Low availability of feed
nutrients and subsequent poor livestock nutrition is the key limiting factor in
improving livestock productivity (Devendra and Thomas, 2002b). Moreover,
decreasing land under forage cultivation (Anwar et al., 2012), poor yields per
hectare (Cain et al., 2007), lack of forage conservation (Marsetyo et al., 2013) and
therefore periods in which forage is not available, all lead to poor animal
productivity.
The annual feeding requirements of livestock are met through a combination of
green forages (51%), crop residues (38%), grazing (3%) and concentrated feeds
(2%) (Dost, 2006). Annually, these animals require 11 Mt of DP, and 90 Mt TDN,
but only 7 Mt and 69 Mt of these commodities, respectively are available each year,
giving a shortfall of 38% in DP and 24% in TDN (Sarwar et al., 2002a). This feed
gap could be filled by increasing forage production per unit area through the
introduction of improved forage varieties, increasing the supply and availability of
quality foundation seed and disseminating state-of-the-art agronomic practices
among farming communities (Anwar et al., 2012).
There are two major crop growing seasons in Pakistan, Kharid which is summer
from April to July, and Rabi which is winter, from October to February. Kharif
forages include maize, sorghum and millets, and Rabi forages include Berseem
clover, Persian clover, oats, rapeseed, mustard, lucerne and barley (Dost, 2006).
Berseem clover, maize and sorghum are the major forage crops grown in the
irrigated areas (Saeed et al., 2011). After wheat and cotton, forage crops occupy 1619% of the total cultivated area. The quality and supply of seed have been identified
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as two of the major limitations to increased forage production in Pakistan (Anwar
et al., 2012).
Approximately 90% of rural families are involved in the agriculture business for
food, shelter and household income in the irrigated areas of Punjab (Anwar et al.,
2012), and more than 93% of rural families in Pakistan are smallholder farmers
(Afzal, 2010). Smallholder farmer households are headed by males (decision
makers), with approximately 53% of them having either completed primary
education (26%) or have not attended any form of schooling/illiterate (27%). The
contribution of livestock to average annual household incomes of smallholder
farmers is about 40% in rain-fed farming systems, with livestock providing some
form of income security in times of crop failure. Although their knowledge of
agronomic practices is limited, smallholder farmers understand the principles of
irrigation scheduling for different growth stages of multi-cut Berseem clover
production (Satyapriya et al., 2013).
Communication and socio-economic factors are key to improving the knowledge
and attitude of farmers to technology development (Thomas et al., 2002, Satyapriya
et al., 2013). These factors might include their level of connection with markets and
their dependency on off-farm incomes; if farm profit forms a small part of the
family income, engagement with extension services may be limited (Sinja et al.,
2004). The average income per household of the smallholder farmers in Punjab is
660,000 Pakistani rupees (PKR) (the equivalent of US$ 6,751) per annum (Ul-Allah
et al., 2014a), which is much higher than the national per capita income of PKR
135,495 (US$ 1386) (Government of Pakistan., 2014).
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2.2 Forage Seed Supply Systems
In developing countries throughout the world, the forage seed supply system
consists of a formal and an informal (local) supply to farmers. The formal seed
supply system is defined as “the vertically organised seed production and
distribution system of the verified seed of approved varieties using strict quality
standards” (Almekinders et al., 1994). The major components of the formal seed
system are breeding, seed production and distribution. The informal seed supply
system is characterised by the production and distribution of locally-used seed
varieties at the farm level through varietal selection, production and seed cleaning
or conditioning practices (Almekinders et al., 1994, Reddy et al., 2006).
The formal seed system evolved about 50 years ago in order to enhance agricultural
productivity in developing countries. New and improved forage varieties were
evaluated by government research organisations, with systematic plant breeding
carried out with the new varieties, and the multiplication of seed through organised
channels (Bishaw and Turner, 2008). However, the penetration of seed from the
formal system in developing countries has been very weak, supplying only 10-20%
of the seed used by farmers, with the remaining seed being sourced through the
informal supply system (Bishaw and Gastel, 2008).
The informal supply system usually involves the informal distribution of seed to
other farmers within the local farming community. Seed selection by experienced
farmers in combination with seed production under local conditions has created
local varieties/cultivars with valuable adaptations. The farmers’ own-saved seed
has the advantages of being economical and readily available to farmers. Informal
seed systems have shown to be rational and vibrant, and are flexible in meeting the
demands of farmers. These systems are based on social relationships of the farmers
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and involves multiple types of transactions (Badstue et al., 2005). As there is no cooperative approach to improving forage quality in these communities, the scope for
an improvement in quality seed production is very limited and is a major constraint
to smallholder farming productivity (Almekinders et al., 2007).
The informal and the formal seed systems are complementary to each other and
integration of breeding, selection, production, storage and distribution approaches
has shown good potential for improving seed supply to smallholder farmers. The
integration of these approaches with seed-exchange by the smallholder farmers
makes it a dynamic seed production and distribution supply system. It can help
farmers to maintain and improve local cultivars in addition to introducing new
improved varieties (Almekinders et al., 1994).

2.2.1 Forage seed supply systems in Pakistan
Pakistan is not self-sufficient in terms of forage seed supply and the quantity of seed
being imported is increasing rapidly. During 2006-07, about 9212 t of forages seed
was imported, including 6304 t of Berseem clover seed, 289 t of lucerne seed, 2552
t of sorghum seed and 67 t of pearl millet seed. This cost approximately 401 million
PKR (equivalent to US$ 4.1 million), of which 73% was spent on the importation
of Berseem clover seed alone (Government of Pakistan., 2007). By 2013-14, the
importation of seed (mainly Berseem clover and sorghum) had increased by over
230% to 30 433 t (Farooq, 2014).
The formal and informal seed supply systems currently working in Pakistan are
depicted in Figure 2.1. The formal seed system has experienced revolutions since
its commencement. Extensive research carried out over the years has resulted in the
development of many improved varieties of forages. However, seed supply to the
smallholder farmers remains limited (Sarwar et al., 2002a). The high CoP, and the
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poor adoption of improved varieties due to lack of awareness and availability of
seed, and seed production technologies continue to be the major constraints in seed
supply (Almekinders et al., 2007). Research Institutes remain the major public
sector seed producers and suppliers in Pakistan; however, they cannot guarantee
farmers easy access to seed of improved forage varieties. Attempts have been made
by different private and non-government organisations (NGOs) to bridge this gap
but this has not met expectation (Wiggins and Cromwell, 1995).

Figure 2.1: Formal and informal seed supply systems of both food and forage crops in
Pakistan.

The growth and development of efficient small-scale seed production and
distribution enterprises at the local level has been found to be a promising means to
increase forage and seed yields, and thus help alleviate the shortage of quality seed
(Wiggins and Cromwell, 1995). In addition, village-based seed production has
economic benefits to smallholder farmers through higher returns per unit area.
Where the forage crops are legumes, there is the additional benefit of enhancing
soil fertility (Phaikaew and Stur, 1998).
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Although government research stations provide high quality seed for farmers, a gap
remains in farmers’ knowledge of the most appropriate agronomic practices to
achieve peak yields. Often key resources, such as the appropriate type of fertiliser,
are not available (Anwar et al., 2012). About 80% of the farmers use manure and
fertilisers, while canal and tube well water are used alternatively according to their
availability to grow forages (Ul-Allah et al., 2014a). However, improved forage
varieties do not always achieve the peak yields reported by the research station due
to differences in local physical factors such as soil type, water quality, cropping
history and topography (Table 2.1).
The enhancement of quality seed supply requires a significant input from leading
farmers in any community. Involvement of farmers in the process of production and
profit sharing from the dissemination of superior quality forage seed gives the
farming community ownership of the enterprise rather than leaving them with the
perception that multinational agricultural enterprises are the sole beneficiaries from
the production of such an important farming commodity.

2.2.2 Farmer participatory varietal selection and seed production
Extension has not been successful and consequently new forage varieties have not
been well adopted at the farm level. In South Asia there has been only limited use
of improved varieties of forages by smallholder farmers largely because of a lack
of information and knowledge, and no involvement of the smallholder farmers in
the process of varietal selection and evaluation (Stur et al., 2000).
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Table 2.1: Improved forage varieties and their respective green forage yields at research
stations and on farmers’ fields in Pakistan (Ayub Agricultural Research Institute1,
Government of Punjab, Pakistan).
Forage
crop
Berseem
clover
Persian
clover
Lucerne

Oats

Sorghum

Sorghum
hybrid
(multi-cut)
Mott grass

Maize

Pearl millet
Mazenta
cowpeas
Cluster
bean

Yield
potential
(t/ha)

Average
on-station
yield (t/ha)

Agaitti-Berseem
PachaittiBerseem
Anmol
SuperFaisalabad
Sargodha
lucerne
Fatua
Algerian
W. No. 11
Avon
PD2-LV65
Sargodha-81
S-2000
JS-263
Hegari
JS-2002

100

80

Average
farmer
yield
(t/ha)
32

125

90

35

80

60

30

100

80

35

133

99

27

58
61
64
70
73
75
100
34
42
55

45
47
49
53
55
69
80
30
40
49

23
21
24
28
29
31
34
13
15
16

YSS-98

50

27

12

S.S. Hybrid

118

98

41

Sadabahar

197

120

45

Mott-Napier
Bahadar Mat
Sargodha-2002
Sahiwal-2002
MMRI-Yellow
Agaiti-2002
Sadaf
Pearl
Pak-Afgoi

150
150
49
71
85
59
68
75
100

120
100
35
63
66
55
58
60
85

50
45
18
37
41
34
31
33
45

18-BY

28

16

5

MB-87
Mazenta Hybrid
Rawan-2003
BR-90
BR-99

89
90
39
45
55

79
70
35
40
50

12
21
11
8
10

Improved
varieties

1

Research
Institute

FRI, Sargodha
FRI, Sargodha
AARI,
Faisalabad
FRI, Sargodha

FRI, Sargodha

FRI, Sargodha
MMRI
Yusafwala
FRI Sargodha
MMRI
Yusafwala
FRI Sargodha
LPRI Okara
FRI Sargodha

MMRI
Yusafwala

MMRI
Yusafwala
FRI Sargodha
FRI Sargodha

AARI: Ayub Agricultural Research Institute, FRI: Forage Research Institute, LPRI: Livestock Production Research
Institute, and MMRI: Maize and Millet Research Institute.
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Traditionally, varietal selection was carried out using the conventional linear model
rather than the model of participatory varietal selection by farmers (Teweldebrhan,
2009). Traditional on-farm methods rely on released or recommended varieties
whereas participatory varietal selection includes varieties that meet farmers’
criteria, irrespective of whether they are recommended or released (David, 2004,
Bishaw and Turner, 2008). The involvement of farmers in the selection and
evaluation of forage varieties and their production technologies, and subsequent
demonstration of potential impacts on household incomes, plays an important role
in improving adoption rates with smallholder farmers (Mwangi and Wambugu,
2002). In Afghanistan, the participatory varietal selection approach produced more
than 2000 Mt of quality wheat, rice, mung bean and potato seeds, with an average
purity of > 98% and germination rate of > 90%. Furthermore, the average net profit
from each seed enterprise business was US$50,830 (Srinivas et al., 2010). Other
examples of the benefits of participatory variety selection include 37% of the
smallholder farmers in Ethiopia adopting an improved variety of garlic which
performed 100% better than the local farmer variety (Teweldebrhan, 2009), and a
55% increase in groundnut production and an increase in adoption from 8 to 142 ha
of cultivation in India (Ravinder et al., 2006).
In developed countries, systematic plant breeding is carried out with the generation
of new varieties, multiplication of seed through organised channels and then
marketing by commercial companies. However, in developing countries the seed
supply and production system is complex. The formal seed supply system is based
on national seed projects delivering the plant breeding materials. However, for a
number of reasons, the majority of smallholder farmers do not use this seed supply
and instead use the informal seed supply system, which typically does not give them
access to improved forage varieties. Using the informal seed supply system and the
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farmer participatory approach in varietal development and adoption would be more
effective as it addresses the needs of the smallholder farmers. The farmer
participatory approach can be utilised for both the informal and formal seed supply
systems as it provides the necessary information (to researchers and plant breeders)
about farmers’ needs and the local environment, which favours the adoption of new
varieties and technologies (Bishaw and Turner, 2008). Farmer participatory
research can contribute to the success of a centralised, global plant breeding system
with the incorporation of local knowledge and experience of farmers. The farmer
participatory approach has been found to be very productive in developing countries
by linking and integrating the centralised global and decentralised local varietal
development research systems (Morris and Bellon, 2004).
In developing countries such as Pakistan, the forage deficit that limits animal
production can be addressed through capacity building of farmers in terms of both
their knowledge and management practices of growing forages. Communication
and socio-economic factors have been shown to be major factors in enhancing the
knowledge and attitude of farmers to technology development (Agrawal et al.,
2013). Participatory varietal selection is a way to overcome the limitations of
conventional breeding by offering farmers the possibility to select the best suited
varieties to their needs and environment. The seed produced through participatory
approach has more acceptance in farming communities in developing countries,
where large investments in plant breeding have not yielded returns. Therefore,
farmer participatory approach as a demand driven research gives voice to farmers
and elevates local knowledge to the role of science in food security (Almekinders
et al., 2007, Ceccarelli and Grando, 2007).
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The farmer participatory approach has been found to be very productive in
developing countries by linking and integrating the centralised global and
decentralised local varietal development research systems (Morris and Bellon,
2004, Bishaw and Turner, 2008). Combining traditional and improved evaluation
technologies in an informal way allows farmers to conduct trials on their own land,
resulting in the identification of the seed varieties best adapted to their own farming
environment, which improves adoption rates (Stur et al., 2000). Kamanzi and
Mapiye (2012) found that the evaluation and propagation of high yielding varieties
with improved technology and training of smallholder farmers resulted in
sustainable, smallholder farming systems. The farmers’ participatory approach has
also been found to improve practices and the dissemination of quality seed which
ultimately increases livelihoods across a village and even a district (Singh et al.,
2013b).

2.2.3 Village-based forage seed enterprises
The inability of the formal seed supply system to fulfil farmers’ complex and
diversified forage seed requirements has been the major constraint to the adoption
of improved varieties among smallholder farmers in the developing world. Farmer
seed enterprises (FSEs) provide an alternative approach and potentially sustainable
solution to the supply problem by meeting the need for constant availability of
quality seed to smallholder farmers (David, 2004). The FSEs can be expanded to
the village level, and collectively farmers could address the shortage of quality
seeds at the farm level as well as generating incomes (to farmers) through the
development of their own village-based seed production and marketing systems. A
conceptual model for FSEs, described by David (2004), is shown in Figure 2.2. It
includes both village-based seed production as well as a mechanism for its
distribution.
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Figure 2.2: Conceptual model and mechanism of seed distribution for village-based seed
enterprises.

Farmer seed enterprises offer a potentially viable alternative seed supply system
where formal seed supply is a limiting factor for smallholder farmers (Bishaw and
Gastel, 2008). In many countries, as reported by Singh et al. (2013b), Wambugu et
al. (2011), Srinivas et al. (2010), Robert (2010), Setimela et al. (2004) and Horne
and Stur (1999), sustainable small-scale seed enterprises have proved successful by
producing significant quantities of seed that are sold at a profit to local farmers.
Moreover, FSEs are capable of providing an interface between institutes leading
research in plant breeding with their key clientele, the smallholder farming
community. Government regulatory authorities should encourage the development
of village-based seed enterprises for local seed supply working in tandem with the
formal seed supply system.
Commercialisation of forage seed producing farms (research farms) and linking
them with the industry, and international seed companies that produce and market
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quality forage seed in Pakistan are the possible options to overcome the demand
and supply gap. However, these options may not be workable due to lack of
adoption by farmers, primarily due to lack of trust. Using the farmer participatory
approach to develop VBFSEs may be a potential alternative/addition in the forage
seed supply system. Using a market-orientated production approach, VBFSEs could
multiply improved, well-adapted and farmer-preferred varieties. The quality of the
seed produced by VBFSEs would need to meet relevant quality standards which are
appropriate to farmers but may not necessarily meet formal standards (Bishaw and
Turner, 2008). Stur et al. (2000) reported that using a combination of traditional and
improved evaluation technologies in an informal way through joint experimentation
with farmers, resulted in identification of best varieties and subsequently greater
adoption rates.
Village-based forage seed enterprises have the potential to contribute to increased
forage production and therefore food security for farming communities
(Nakamanee et al., 2008). The ultimate objective is to create availability and access
to quality seed to increase forage and seed production and consequently increase
livestock productivity. In India, the introduction of VBFSEs and the utilisation of
improved varieties resulted in a 15% increase in forage production and an increase
in income of 12,500 Indian rupees per ha (Ravinder et al., 2006). Production of
forage on the farm increases farm profitability by up to 5-8 times over the purchase
of forage from commercial markets. Furthermore, using the land for the production
of forage legumes such as Berseem clover instead of sorghum has been found to
enhance the livestock accumulated benefits by 67% (Agyemang et al., 1998).
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2.3 Factors Affecting Productivity and Quality of Berseem Clover
and its Potential on Smallholder Farms of Pakistan
Berseem clover, also called Egyptian clover, is the most popular forage legume in
irrigated areas of South Asia due to its continual forage recovery (4-8 cuttings), and
a long period of green forage supply (November to April) (Tyagi et al., 2003, Dheer
et al., 2010). It is a high quality animal feed which also contributes to soil fertility
by fixing N and improving the physical properties of soil (Vasilakoglou and Dhima,
2008). It is an annual species, growing to a height of 30-80 cm with a shallow
taproot system. Its stems are hollow, branching at the base, with alternate leaves
bearing 4-5 cm long and 2-3 cm wide leaflets. The flowers are yellowish-white and
form dense, elliptical clustered heads about 2 cm in diameter. The flowers are selfpollinated but also make use of honeybees for cross-pollination.
In Pakistan, Berseem clover is popularly known as the “King of forages” (Gul et
al., 2011). It was first introduced in Sindh province in 1904. In 1924, its cultivation
expanded to the Peshawar, Khyber Pakhton Khawa province, from where it was
extended to the irrigated areas of the Punjab province. It is the major winter forage
crop supporting livestock production and its cultivation has expanded greatly
during recent years due to its excellent forage recovery and forage quality (Dheer
et al., 2010, Rouhi et al., 2012). It is the most commonly grown Rabi forage across
the entire country, being widely adopted and grown by approximately 90% of
smallholder farmers in many different climates and soil types. Berseem clover fits
with the local crop rotation systems (Ul-Allah et al., 2014a) and is commonly grown
as a dual-purpose crop for both forage and seed (Al-Suhaibani and Al-Doss, 2004).
It is traditionally fed to livestock by smallholder farmers via a cut and carry system
(Dost, 2006, Saeed et al., 2011).
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Berseem clover green forage production in Pakistan (30.54 t/ha) is very low
(Government of Punjab, 2010) compared to other countries, for example, 55 t/ha in
India (Agarwal and Ahmad, 2010), and is well below the yield potential (> 100 t/ha)
for the different varieties grown in the country (Government of Punjab, 2014).
There are various factors contributing to this including limited land holdings, nonavailability of improved seed and inappropriate agronomic practices, timely
unavailability of inputs and lack of good quality seed of well adapted varieties at
the farm level (Anwar et al., 2012).
Despite its prominence in Pakistani agricultural production systems, best
management practices for Berseem clover production have not been established. In
this review international research on Berseem clover is drawn together to highlight
the areas for further research within the Pakistani irrigated smallholder mixed
farming production systems. The focus of the review will extend to understanding
crop-livestock production systems and the importance of farmer participatory
research for their sustainability. The crop of interest here is Berseem clover and its
commercial seed production through the development of VBFSEs which have been
designed to both produce and market high quality seed for smallholder farming
communities.

2.3.1 Origin and geographical distribution of Berseem clover
Berseem clover is grown mainly in the Mediterranean basin, South Asia (Indian
sub-continent) and southern USA (Pecetti et al., 2012). The total area of Berseem
clover cultivated includes 1.3 million ha in Egypt, 1.9 million ha in India, 0.7
million ha in Pakistan and 50 000 ha in Morocco (Suttie, 1999, Gul et al., 2011).
Berseem clover is considered native to the Mediterranean regions such as Egypt
and Syria (Suttie, 1999, Hackney et al., 2007) and was introduced to the sub23

continent regions (Saeed et al., 2011). It is likely to be one of the earliest forage
crops, with records indicating its earliest cultivation during 3500-3800 BC and its
domestication is likely to be analogous to other crops which were domesticated in
the Fertile Crescent and adopted for cultivation in the Nile Valley of Egypt (Badr
et al., 2008). The genetic improvement of the crop occurred in Egypt before being
distributed worldwide during the 12th to 15th century (Badr et al., 2008, Bakheit,
2013). Berseem clover now only exists in its domesticated form, although it is
closely related to T. apertum, T. salmoneum and T. berytheum (Badr et al., 2008).
Zohary and Heller (1984) recognised two subspecies of Berseem clover: T.
alexandrinum alexandrinum and T. alexandrinum serotinum, known locally in
Egypt as Fahl and Miscawi, respectively.
Berseem clover grows in a range of climatic zones. It is predominantly cultivated
from 35°N to the tropics, from sea level up to 750 m but can also be found growing
at 1500 m in North-West Himalaya (Suttie, 1999). Optimal temperatures for growth
are between 18 to 25oC (Oushy, 2008) and so it can be grown as a summer annual
in areas with cool, moist summers; however, it does best as a winter annual in areas
with long, warm winters and no frost danger (Suttie, 1999, Heuze et al., 2014).
Compared to other clovers such as Persian clover (T. resupinatum) and Balansa
clover (T. michelianum), Berseem clover grows more vigorously in the northern
hemisphere autumn and spring seasons (Heuze et al., 2014).
Berseem clover can be grown on a wide range of soils (loamy to clay) and produces
maximum yields when grown on medium to heavy loam soils. It shows tolerance
to relatively high levels of soil salinity, although it does not grow well on
waterlogged soils and demonstrates some drought tolerance (Oushy, 2008).
Berseem clover is frequently grown under irrigated conditions, but can be grown in
24

dryland area, with annual rainfall between 550-750 mm (Suttie, 1999, Hackney et
al., 2007). Berseem clover performs better than lucerne (Medicago sativa) in high
moisture soils and tolerates soil pH levels ranging from 5 to > 8 (Hackney et al.,
2007, Oushy, 2008).

2.3.2 Factors affecting forage yield
Genotype, locality, and climatic factors (temperature and humidity) affect Berseem
clover forage yield (Abdel-Galil et al., 2008). Dry matter (DM) production and
plant morphology are greatly dependent on the phenological stage of development
of the plant. Therefore, the timing of forage harvest is a crucial factor affecting plant
physiology and the expression of yield potential of the variety (Martiniello et al.,
1996).
2.3.2.1 Impact of genetics and breeding on forage yield

Current, commercially available varieties grown in Pakistan/around the world were
derived from three morphological types of Berseem clover (Fahl, Saidi and
Miscawi) based on their stem branching habit. Fahl is a stem branching-type and
only produces one forage cut per season. Miscawi (and the cultivar Khadrawi) is a
crown branching type (basal) and can produce 5-6 forage cuts per growing season
(Badr et al., 2008). Saidi is a dual type and produces both basal and stem branches
and produces 2-3 forage cuts per season.
It is evident that commercially available varieties in many parts of the world are in
need of greater breeding and selection. Oushy (2008) reported that Berseem clover
forage yields could be increased by 20-30% when using genetically improved
varieties and the most appropriate agronomic practices such as seeding rate, sowing
and harvesting time for particular regions. This was supported by Ranjbar (2007)
in Iran who reported a 21% increase in DM yield through the use of genetically
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improved varieties over local varieties. In Egypt, the green forage yield of different
commercially available varieties of Berseem clover varied from 18 to 33 t/ha
compared to 49 t/ha for the genetically improved variety Giza (Radwan et al., 2006).
In both the Ranjbar (2007) and Radwan et al. (2006) experiments, a major cause for
the increased production was associated with the greater production in the earlier
stages of growth. Ranjbar (2007) found the first cut taken 45-55 days after sowing
(DAS) with a plant height of 40 cm gave the maximum green forage yield for the
first cut and also the subsequent cuttings. Radwan et al. (2006) found that the
Egyptian cultivars of Berseem clover which were more productive at the early
stages of growth also had higher seed yields compared to Italian cultivars.
2.3.2.2 Environmental factors affecting forage and seed yields

The green forage yield of Berseem clover is influenced by multiple yield parameters
including plant height, the number of stems per unit area and the number of leaves
per plant. In an experiment conducted at Faisalabad, Punjab, Pakistan, Naeem et al.
(2006) demonstrated that these factors increased proportionally as yield increased.
The length of the growing season is very important in Berseem clover production
and can influence both forage and seed yields. Lowe and Bowdler (1982) reported
that DM yield of Berseem clover in Southeast Queensland could be increased up to
6 t/ha if sown in April instead of June; however, the seed yields in this experiment
were unaffected.
Soil moisture supply and temperature are also major factors affecting forage and
seed production. Maximum quantities of Berseem clover forage and seed are
produced when grown under irrigated conditions; however, good forage (up to 7.2
t/ha) and seed (up to 1200 kg/ha), yields can be achieved in dryland conditions
provided annual rainfall is 550-750 mm (Suttie, 1999, Hackney et al., 2007).
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Berseem clover can grow even under annual rainfall conditions as low as 160 mm
(Pecetti et al., 2012). However, it does not withstand frosts and therefore is not
suitable for areas where winter temperatures are low (below 6oC) for a long period
of time. Low temperatures can delay seed germination and reduce the vigour of
seedlings. However, the germination rate is sharply reduced at temperatures above
35oC (Oushy, 2008).
Nori et al. (2014) and Iannucci et al. (2007) found that for Balansa (T.
michelianum), Gland (T. glanduliferum), Arrowleaf (T. vesiculosum) and Persian
(T. resupinatum) clovers, the duration from emergence to flowering was related to
the length of photoperiod at the time of first trifoliate leaf appearance and whether
photoperiod was increasing or decreasing. Iannucci et al. (2007) found that the rate
of progress to flowering in Berseem clover was significantly accelerated in warmer
temperatures and longer photoperiod. For different clovers, the duration from
pollination to physiological maturity of flowers varies from 185 to 689 degree-days
(Nori et al., 2014) and therefore, the differences in flowering time suggests the
suitability of particular clover varies with different temperature and rainfall
(Iannucci et al., 2007, Nori et al., 2014). Berseem clover is very sensitive to
photoperiod compared to other clovers, and the time to flowering is shortened
rapidly as photoperiod is increased with late planting dates (Iannucci et al., 2007).
2.3.2.3 The impact of harvesting management on forage yield

Planting time, cutting frequency and height of forage harvest have been shown to
impact on forage and seed yields; however, cutting interval and plant height have
been found to have no effect on the survival of Berseem clover (Giambalvo et al.,
2011a). Harvesting management with one forage cut at early flowering before seed
harvest was found to maximise both the mean forage (16 t/ha) as well as seed yields
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(918 kg/ha) of Berseem synthetic (derived from parents of different selfing levels
through selection) varieties (Giambalvo et al., 2011a). Crop biomass and leaf area
were found to be less when Berseem clover was cut to a 3 cm height compared to
6 cm, and a higher DM yield was obtained with shorter cutting interval (days) and
a 6 cm height cut compared to a 3 cm height cut with longer intervals. However,
the stubble height did not affect the total DM yield (Martiniello, 1998). Iannucci et
al. (2000) found that plant height was decreased at the time of harvest when taking
three cuttings at the sixth internode elongation and at early flowering. Root and
shoot growths were closely correlated and shoot growth was found to be higher than
the root growth; the relative growth rate (RGR) of stem was also found to be higher
than the RGR of leaf. The maximum average dry weight (20.5 g/plant) was obtained
with late cutting as compared to cutting at early flowering (1.3 g/plant). However,
the highest DM yield (16 t/ha) was obtained when Berseem clover was cut at an
early flowering stage (Iannucci, 2001). Although earlier production can increase
potential yield, the cutting regimen can influence plant mortality when applied at
early growth stages as a consequence of depletion of root reserves. Martiniello et
al. (1996) found that higher DM yields were obtained when Berseem clover was
harvested at maturity and at the eighth internode elongation.
Cutting management in Berseem clover is the most crucial agronomic factor which
directly affects plant morphology and expression of yield potential, and indirectly
influences forage nutrition (De Santis et al., 2004). Iannucci et al. (1996) reported
that the DM and seed yields, and partitioning of assimilates primarily depended on
the phenological stage of growth and development when plants were cut. In another
study, Iannucci (2001) found that defoliation of Berseem clover resulted in
decreased DM yield but increased forage quality and the leaf:stem ratio, and seed
yield. Moreover, early forage cuttings of Berseem clover has been shown to
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produce higher quality traits compared to late cuttings (Iannucci et al., 1996).
Amato et al. (2007) found that the green forage yield of Berseem clover increased
from the first to third cut (1307 to 4269 kg/ha), while the DM content was almost
similar for the first two cuts (11.7% and 12%, respectively) and increased at the
third forage cut (20%). Green forage yield at the fourth cut was significantly
reduced (536 kg/ha) and DM content was increased (53%), which would mainly be
due to shortage of soil moisture and a shift to the reproductive stage for seed
production.
Time of sowing and time of cutting both impact on DM and seed yields. Bakheit et
al. (2012) found that when using early flowering accessions, DM and seed yields
were increased in legume species by 52% and 49%, respectively. Cutting forage at
the sixth internode stage has been shown to maximise both forage and seed yields
(Martiniello et al., 1996, Iannucci, 2001). Seed yield can be increased through
timely sowing of the crop combined with proper harvesting management for the
last cut and using optimum irrigation scheduling during flowering and seed setting
(Bakheit et al., 2012).

2.3.3 Factors affecting the nutritional value of Berseem clover forage
The nutritional value (digestibility, metabolisable energy [ME] and crude protein
[CP], crude fibre [CF], vitamins and minerals contents) of forage legumes,
including Berseem clover, is primarily governed by changes in the nutrient
concentrations associated with developmental morphology of the crop. Nutritional
value is significantly influenced by forage cutting and declines with plant maturity,
mostly due to a reduction in the leaf:stem ratio (De Santis et al., 2004). The nutritive
value of legume forages is usually greatest during the cool months of winter, with
a progressive decline through to spring and summer. The fibre content
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progressively increases (decreasing digestibility) with the growing season, reaching
a maximum in summer, in association with high temperatures and low soil moisture
levels and a rapid shift to reproductive stages (Amato et al., 2007, Fulkerson et al.,
2007). An increase in the duration of the vegetative growth phase can greatly
influence the amount of DM partitioned and therefore forage quality (Monks et al.,
2008).
The production and nutritional value of Berseem clover forage is greatly influenced
by growing season, growth stage, time of cutting, soil fertility and fertilisers used,
and soil moisture availability (Sardana and Narwal, 2000, Fulkerson et al., 2007).
However, temperature and soil moisture are the most critical factors influencing
forage production (Sardana and Narwal, 2000) and quality (Fulkerson et al., 2007).
On a DM basis, Berseem clover forage contains, on average, up to 22% CP, 49%
neutral detergent fibre (NDF), 38% acid detergent fibre (ADF), 25% cellulose and
10% hemicelluloses. This is comparable to that of lucerne and when fed ad libitum
can meet the nutritional requirements of dairy cows producing 30 L milk/d. The
metabolisable protein (MP) content of young, vegetative Berseem clover can be
particularly high compared to other fresh forages. Fulkerson et al. (2007) found that
the calculated availability of MP was 173 g/kg DM, which was highest amongst all
the clover species in their study; and if a dairy cow was consuming 19 kg DM/d,
this MP would support milk production of 30 L/d.
2.3.3.1 Genotypes

Green forage, DM and seed yields of Berseem clover can be increased through
selection of superior genotypes. Bakheit (1989) found that the heritability of DM
yield and seed yield was 90% and 63%, respectively in the selected populations of
Berseem clover. When Bakheit and Ali (2013) used the mass and family selection
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methods for improving populations of Fahl, an improved variety of Berseem clover,
they found an increase in both green forage (32%) and DM (24%) yields over their
base populations. They also found that the average CP content of forage was
increased and CF was decreased by visually selecting the better plants within a
population. Bakheit (2013) reported that by using the visual selection method, green
forage, DM and CP yields could be increased by 14%, 15% and 14%, respectively
during the first cycle of selection; and 22%, 24% and 23%, respectively during the
second cycle of selection when compared to the base populations.
2.3.3.2 Leaf to stem ratio

One of the key reasons for the increased nutritive value of forage of improved
Berseem clover varieties is the increased leaf: stem ratio, which varies from 1.00 to
0.30 (De Santis et al., 2004). The increased ratio leads to an increase in both the CP
content and DM digestibility of the forage (De Santis et al., 2004).
According to Iannucci (2001) and De Santis et al. (2004), the best harvesting
management for obtaining high forage yields with maximum nutritive value is
cutting Berseem clover at the sixth internode elongation. However, Iannucci et al.
(1996) found similar DM partitioning between stems and leaves at the eighth
internode stage, and that maximum values of total available carbohydrates (11%)
and sugars (4%) were obtained in the stems at the early flowering stage, with the
sugar content decreasing with later stages of growth.
2.3.3.3 Cutting height and interval

Given that leaves have a higher nutritive value than stem material, extending cutting
intervals for Berseem clover would logically decrease the nutritive value of the
forage due to a lower leaf: stem ratio. Iannucci et al. (1996) found that the nutritive
value of Berseem clover forage increased up to the third cut, with maximum CP
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content (31%) at early growth stages when cut at the fourth internode and at a plant
height of 35 cm. The decline in quality (digestibility and CP content) with increased
cutting height and interval is due not only to changes in the leaf: stem ratio but also
a decline in quality in each individual component, especially the stem (De Santis et
al., 2004).
The sequence of cutting impacts on individual nutritional components in both the
leaves and the stems (De Santis et al., 2004, Kandil et al., 2005). Kandil et al. (2005)
demonstrated that CP was maximised in both stems and leaves when Berseem
clover was harvested after an interval of 25-30 d at a height of 30 cm, whereas
highest percentages of CF, ash and ether extract (EE) were produced when cut at a
height of 50 cm. It is recommended that to maximise both the green forage yield
and its nutritive value, cutting intervals of 25-30 d and sward heights of 30 cm
should be used.

2.3.4 Factors affecting seed production
In the northern hemisphere, the autumn sown (or fall-seeded) Berseem clover
generally flowers from April to May and the seed is ripened by June. When the crop
reaches a height of 40-50 cm, bud development commences and 1-2 cm in diameter
round white flowers are produced. Seeds are set after pollination in the compound
peduncle and ripen, indicating that the crop is ready for seed harvest. Berseem
clover has small, egg-shaped seed, reddish-brown in colour with 10-15% of purple
colour and have a diameter of 2 mm (Oushy, 2008). The average number of seeds
per gram is 440, with approximately 400 000-440 000 seeds/ kg (Graves et al., 1990,
Hackney et al., 2007). There are different factors which contribute to successful
seed production but the quality of the seed, pollination and soil fertility are the most
significant (Gul et al., 2011). Low seed yields are also often due to the lack of
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improved technology for seed production at the farm level (Amato et al., 2013).
Saeed et al. (2011) found that the time and method of harvesting in relation to postharvest treatment were very important in regulating and reducing seed deterioration.
2.3.4.1 Honeybee pollination

Berseem clover flowers are largely self-sterile and insects play an important role as
pollinators in cross-pollination (Dixit et al., 1989). Up to 82% of Berseem clover
plants can be cross-pollinated by honeybees. Pollination improves seed quality by
increasing seed weight; lack of pollination has consistently been identified as a
major limiting factor to higher and more reliable seed yields (Saeed et al., 2011).
Berseem clover flowers have a simple valvular type mechanism of pollination.
Honeybees act as tripping agents for better seed setting which improves seed yield.
In a study in Victoria, Australia, Goodman and Williams (1994) found that
honeybees comprised up to 88% of all insects visiting white clover plants.
Exclusion of honeybees has been shown to reduce seed yield significantly, with
seed yields of 0.52 g/m2 and 22.38 g/m2 between excluded and non-excluded sites,
respectively (Dixit et al., 1989).
Goodman and Williams (1994) found that seed yield increased by 22% in open
pollinated plots by placing three honeybee hives/ha as compared to caged plots
without honeybees, which indicates the importance of honeybees as pollinators in
Berseem clover seed setting efficacy and yield. Bakheit (1989) found that cross
pollination resulted in a 51% increase in seed production of Berseem clover over
caged plots. Goodman and Williams (1994) reported that the presence of honeybees
increased white clover seed yield to 168 kg/ha compared to 5.5 kg/ha for caged
plots where honeybee activity was largely excluded. Roy et al. (2005) found that
for caged Berseem clover where pollinators were excluded, seed setting was
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reduced by 12 to 99% compared to open pollination across all varieties, even in
self-compatible lines.
Similar increases in seed yield in response to increased pollination have also been
reported by Rodet et al. (1998), Rao and Stephen (2009), Goodwin et al. (2011) and
Latif et al. (2014) for other legume species. Therefore, employing honeybees as
pollinators in Berseem clover crops can significantly increase seed yield through
increased seed pollination and therefore seed setting.
There are different factors which influence the activity of honeybees in crop
pollination. Distance from the hive, high temperature and humidity all reduce
honeybee activity and thus indirectly reduce seed yields. In a field study conducted
at Haryana in India, Jat et al. (2014a) found that Apis dorsata was the most abundant
floral visitor on Berseem clover followed by A. mellifera. Honeybee visitation
during summer was greatly influenced by time of the day and wind speed; with
maximum visits in the afternoon (14:00, 12:00 and 16:00 h) and minimum visits
during early morning (at 06:00 and 08:00 h). The activity of both A. dorsata and A.
mellifera was also influenced by relative humidity (RH) and was positively
correlated with temperature and time of the day. Similar results of increased seed
yields due to honeybee visits and their activity have also been reported by Dixit et
al., (1989), Martiniello et al. (2003), Hepburn and Radloff (2011), El-Naby et al.
(2012) and Jat et al. (2014b).
The later flowering, multi-cut varieties of Berseem clover produce higher DM and
seed yields with greater seed setting efficiency than early flowering varieties
(Abdalla et al., 2012, El-Naby et al., 2012). El-Naby et al. (2012) found that the
vital pollens in Berseem clover flowers were more prevalent in the third and fourth
blooming periods, with environmental conditions of 28-32oC and 45-55% relative
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RH and wind speed of 1.2-2 m/s. The warmer and low RH environmental conditions
favoured and synchronised the movement of honeybees resulting in increased
pollination efficiency, seed setting and seed yield.
Pollination in Berseem clover can be favoured by conspicuousness of flowers,
odour, presence of nectar and sugars, and the stickiness of the pollens, all of which
are found in abundance at the time of flowering and are very attractive to honeybees
(Latif et al., 2014). These attributes are the characteristics of genotypes and
improved with varietal selection (Abdalla et al., 2012). The likelihood of pollination
is also influenced by the distance of the food source from the honeybees’ nest.
Honeybees can travel up to 16 km; however, the highest activity and maximum
pollination efficiency is when the distance to the food source is 2.5 km (Jat et al.,
2014a).
There are different kinds of honeybees found in Pakistan including A. florea, A.
cerama, A. dorsata and A. mellifera (Hepburn and Radloff, 2011); however, A.
mellifera in particular contributes significantly in the pollination process (Taha and
Bayoumi, 2009, Meena et al., 2015). Apis mellifera was imported to the agricultural
lands of Punjab province in the 1960s and has become very popular among
beekeepers. It is an effective pollinator of Berseem clover flowers (Meena et al.,
2015). In Pakistan, due to the widespread use of neonicotinoid pesticides, such as
imidacloprid and thiamethoxam, honeybee populations are declining rapidly
(Murray et al., 2009, Hepburn and Radloff, 2011) and this would be having
significant impact on the pollination and subsequent yields of Berseem clover seed.
2.3.4.2 The timing of management activities and its effect on seed yield

With proper forage harvest management (Iannucci, 2001), the provision of
honeybee hives to maximise cross pollination (Jat et al., 2014b), and no water stress
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at the flowering stage (Iannucci et al., 2000), Berseem clover seed yields can exceed
1000 kg/ha (Oushy, 2008, Bakheit, 2013). However, there are many agronomic
factors limiting Berseem clover seed production in Pakistan including the
availability of quality seed, scheduling of sowing time , soil fertility, availability of
irrigation water, disease and pest management, and forage and seed harvest
management. Time and method of seed harvest in relation to post-harvest treatment
are very important factors determining seed viability and yield. Saeed et al. (2011)
found in Peshawar, Pakistan that early harvesting resulted in immature seeds with
reduced seed viability, whilst late harvesting caused shattering of ripened seeds
resulting in seed loss.
Berseem clover seed production is directly linked with sowing and forage
harvesting time, and seed can only be produced at the expense of forage yield.
Continuation of forage cutting late in the season (until April) results in less foliage
retention and poor flowering leading to lower seed yield (Kumar et al., 2013). The
recommended optimum harvesting management to maximise both forage and seed
yields of Berseem synthetic varieties is 3-4 forage cuts at early flowering before
seed harvest (Iannucci and Annicchiarico, 2011).
Timing of sowing can influence the conditions experienced by the forage crop,
particularly during the reproductive stages, affecting seed production. Bakheit et al.
(2012) demonstrated that Berseem clover seed production was greatly influenced
by temperature and RH prevailing during the reproductive stage of the crop. High
temperatures during the reproductive and seed setting stages significantly reduce
seed yields (Iannucci, 2001).
Time of flowering is an important tool that can be used by farmers in decision
making about varietal selection, forage and seed harvesting (Nori et al., 2014).
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Iannucci and Martiniello (1998) demonstrated that seed yield was greatly
influenced by sowing date and number of cuttings, with the last cut date being
particularly important. The highest seed and straw yields were recorded when
Berseem clover was sown on the 1st of October and the last forage cut was
completed no later than 20th March. Forage and seed yields were decreased when
seeding was done after the 20th of December (Radwan et al., 2006).
Seed yields of forage legumes fluctuate widely within and between the growing
seasons, and having a high dependency on temperature and rainfall. Therefore, both
management and the environment can have detrimental effects on seed yields
(Iannucci and Martiniello, 1998). Iannucci et al. (1996) reported that when Berseem
clover was subjected to high temperatures and water stress during the seed setting
and filling stage, it resulted in a significant reduction in seed yield and vigour.
Moreover, temperatures during the flowering stage had a great influence on seed
setting, yield and maturity. The maximum number of flowers (56), seeds per head
(41), seed setting (78%), 1000-seed weight (3.38 g) and seed yield (1260 kg/ha)
were recorded when the Berseem clover crop was sown on the 1st of October and
seed setting took place during May (Bakheit et al., 2012, Bakheit, 2013).

2.3.5 Management practices affecting Berseem clover productivity at the
farm level in Pakistan
2.3.5.1 Selection and breeding of improved genotypes

In Pakistan, improved genotypes of Berseem clover are available to research
stations, but have not been disseminated to the farming communities. These
improved varieties, such as Agaitti and Pachaitti (Suttie, 1999), have the potential
to increase forage and seed yields by 2-3 times of that of the local farmer varieties
(Gul et al., 2013). Significant differences in plant height, number of stems per unit
area, number of leaves per stem and green forage yield have been identified in
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comparisons between different Berseem varieties and the improved PachaittiBerseem variety (Naeem et al., 2006). The following section is a summary of the
literature reporting enhanced high quality forage and seed yields under the agroclimatic conditions of the irrigated areas of Pakistan. It also provides guidelines for
Berseem clover for proven production technologies.
2.3.5.2 Seedbed preparation and sowing method

Good seedbed preparation and land levelling is important to obtain the desired level
of tilth and even distribution of irrigation water (for both canal and tube well). A
fine seed bed is required especially when Berseem clover is to be grown as a seed
crop in rows without puddling (land preparation in standing water) to facilitate
weed removal and rouging for quality seed production (Suttie, 1999, Heuze et al.,
2014). The land should be opened with a soil inversion plough followed by two to
three operations by the cultivator. However, when the crop is to be sown in puddled
beds thorough cultivation is not required, only cross harrowing or ploughing are
needed to remove established weeds, stubbles of the previous crop and to open the
soil, and then levelling achieved with a planker, which is a heavy piece of wood
dragged across the soil surface (Radwan et al., 2006, Agarwal and Ahmad, 2010).
In Pakistan, the two commonly used methods to establish Berseem clover are dry
and wet sowing. Dry sowing involves preparation of the seedbed by ploughing,
harrowing and planking. Berseem clover is only propagated by seed and in Pakistan
it is usually sown in most locations in early autumn (October) into a conventional
seedbed or direct drilled (Heuze et al., 2014). Ideally, the seed is first inoculated
with Rhizobium trifolii in a 10% jiggery (sugar) solution for stickiness (Agarwal
and Ahmad, 2010), and then broadcast and covered lightly by dragging a chain, and
the seedbed is then firmed with a planker (like packer roller) to ensure good seed38

to-soil contact and moisture conservation (Radwan et al., 2006). Inoculation of the
seed accelerates the development of nodules, and increases root surface area and
nutrient uptake (Martiniello et al., 1996, Jan et al., 2014). In wet sowing, the
seedbed is prepared by filling the field with water to a depth of 4-5 cm, and then
raking the soil to create a muddy condition. Seeds that have been soaked overnight
are broadcast into the standing muddy water in crosswise directions to obtain
uniform seed distribution. The sowing should be done towards the evening or
during non-windy periods of the day for even distribution and better seed settlement
on the ground (Oushy, 2008).
2.3.5.3 The impact of irrigation water quality on seed germination and seedling
establishment

Berseem clover cultivars differ in their response to various biotic and abiotic
factors, particularly during germination and seedling growth. The quality of the
irrigation water used has a major influence on seed germination and seedling
establishment. Saline water of greater than 12 dS/m can reduce seed germination
by 20-40%, and seedling weight by 1.5-2% (Deepak et al., 2010a). Salt stress is the
most crucial abiotic factor that constrains plant growth as well as microbial activity
in soils (Ghollarata and Raiesi, 2007). Winter legume forage crops such as Berseem
clover are particularly sensitive to poor quality water and their productivity is
greatly reduced with the use of saline irrigation water (Yadav et al., 2007).
In early studies, Khatib and Massengale (1966) found that Berseem clover
germinated well under a range of salinity levels (of water), ranging from 0 to 18000
ppm salt. However, Deepak et al. (2010a) found that the use of low salinity
irrigation water (8 dS/m) delayed Berseem clover germination, whilst use of
irrigation water of higher salinity (16-20 dS/m) reduced germination. The growth
of roots and shoots decreased progressively with increasing salinity levels. Similar
39

results were also reported by Ghollarata and Raiesi (2007), who found that the dry
weights of roots and shoot decreased with an increase in the concentration of salt
solutions. In addition, soil salinisation depressed soil microbial activity, including
soil respiration and enzyme activities. Yadav et al. (2007) reported that clovers
grown with quality irrigation water produced greater forage and seed yields
compared to those grown using saline irrigation water.
Berseem clover has high salt tolerance and can be grown in saline-sodic soils if the
salt concentration is not allowed to accumulate above a certain critical level through
field flooding and leaching. Once established, the crop can tolerate reasonably high
salt concentrations (Deepak et al., 2010b). Berseem clover can still be productive
on waterlogged soils with 0-10 cm soil depth and having electrical conductivity
(EC) levels of < 8 dS/m (Nichols et al., 2008).
In a field study conducted in Utter Pradesh, India, Deepak et al. (2010b) found
Berseeem clover seedling growth, length, fresh and dry weights of root and shoot
were significantly decreased with increased EC levels of saline water. Dry weight
of plants was increased at 4 and 8 dS/m but decreased at 12-24 dS/m. They also
found that saline water with an EC of 24 dS/m had the most deleterious and
inhibitory effect across all growth stages (from 30-180 DAS).
In Pakistan, tube well irrigation water contains high concentrations of salts in
contrast to canal water which has very low concentrations of salts. Thus canal water
is favoured for seed germination and seedling growth. The sole use of canal water
for irrigation is not sustainable as the volume of canal irrigation water in Pakistan
is insufficient to support agriculture (Government of Pakistan., 2015). The strategy
of applying alternating sources of irrigation waters (canal and tube well waters) can
minimise the adverse effects of low quality irrigation water. Ghulam et al. (2013)
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reported that, in comparison to using only tube well irrigation, using a mix of tube
well and canal waters combined with gypsum reclaimed saline soils, produced
significantly higher forage yields and net income in a Berseem clover and sorghum
forage crop rotation. Therefore, more research investigating the use of salt tolerant
Berseem clover genotypes in combination with irrigation scheduling, will maximise
the potential use of irrigation waters according to availability.
2.3.5.4 Seed inoculation and nitrogen fixation of Berseem clover in monoculture
and mixed cropping

Depending on variety and season, Berseem clover can fix between 115-400 kg N/ha
and the uptake of N by the subsequent or companion crop ranges between 50-235
kg N/ha (Graves et al., 1990). Early in its life cycle, Berseem clover draws down
soil N for initial growth and development and thus a basal dose of N fertiliser is
required for growth and development of the roots and shoots. Applying 42 kg N/ha
as starting fertiliser has been shown to significantly increase forage yield at the first
cutting (Oushy, 2008). Thereafter, Berseem clover can fix N provided the roots are
nodulated, and thus tyields can be increased significantly by seed inoculation. Jan
et al. (2014) found that, compared to control treatments, inoculation of Berseem
clover seed increased shoot (98%) and root (76%) weights by 98% and 76%,
respectively. The uptake of micro nutrients (Cu, Mn and Fe) was also found to
significantly increase with inoculation. Therefore, use of inoculum has great
potential for improving Berseem clover yields and increasing nutrient uptake in
Pakistan’s alkaline calcareous soils (Jan et al., 2014).
Availability of N is the main factor determining the CP content of Berseem clover
forage. Radwan et al. (2006) demonstrated that the CP content of forage did not
vary regardless of whether N (up to 500 kg N/ha) was made available from
increased N fixation due to inoculation or application of N fertiliser. However, the
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efficacy of use of N was greatly dependent on Rhizobium, soil conditions and the
variety of Berseem clover grown.
Seed inoculation can impact on DM yields. El-Lithy et al. (2014) found DM yield
was 21% higher at the fourth cutting or 20% higher overall, when inoculated
Berseem clover seed was used. In addition, plant N levels were two-fold greater
than the control treatment at the end of the growth period. Bajpai et al. (1974)
reported the green forage yield of Berseem clover increased 74% by the use of R.
trifolii inoculum.
Inoculation can improve Berseem clover production under saline conditions. In a
study using the saline irrigation water of Utter Pradesh, India, inoculating two
Berseem clover cultivars (Wardan and BB2) with R. trifolii significantly increased
growth and yield at 90 and 120 DAS, resulting in increased green forage (55 t/ha)
and DM (14 t/ha) yields (Agarwal and Ahmad, 2010). This region of India has
similar soil, climate, irrigation water and farming systems as found in Pakistan.
When grown in mixtures or in succession with other forage crops, inoculation of
Berseem clover seed enhances both the production and quality of forages grown.
Mixed cropping of Berseem clover and ryegrass has been shown to produce higher
forage yields (Giambalvo et al., 2011b); however, the N content of Berseem clover
was found to be much higher when grown in a pure stand (35 g/kg of DM) rather
than in mixtures (50:50) with ryegrass (29 g/kg of DM) (Stringi et al., 2005).
The use of R. trifolii inoculum in Berseem clover, grown either as a monoculture or
in mixed cropping, increased yields and quality of Berseem clover and maize forage
crops in a Berseem clover-maize crop rotation. Moreover, the beneficial effects of
inoculum were found persistent until the next year of inoculation, making it
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economically and ecologically sustainable practice under Mediterranean
agricultural soils (Pellegrino et al., 2011).
2.3.5.5 Fertiliser management

The soils in Pakistan have high pH value (> 8.0) with a national average of pH 8.3.
They are generally deficient in a number of nutrients due to historically low
fertiliser application rates and soil types such as clay, clay loam, loamy and sandy
soils. Fertiliser has been shown to increase crop yield by up to 60% and in irrigated
farming of Pakistan, fertiliser use is the most important factor influencing growth
and productivity of forage crops (Ul-Allah et al., 2014b). However, the price of
fertilisers in Pakistan has increased by more than 300% in recent years, greatly
affecting the cost of production (Farooq, 2011). Finding new methods to maximise
the benefits from fertiliser application is therefore essential to ensuring profitable
smallholder production systems in the region.
Being a legume, Berseem clover needs less N from fertiliser sources, because of its
symbiotic relationship with Rhizobium and its subsequent ability to fix atmospheric
N. The N fertiliser is only required for establishment prior to the formation of root
nodules. In Pakistan, it is recommended that 20 kg N/ha be applied at sowing to
optimise Berseem clover establishment. However, top dressing of 10 kg N/ha after
each forage cut in addition to the 20 kg N/ha basal application encourages good
regeneration, quick growth and high yields when Berseem clover is sown on poor
soils without the use of seed inoculants (Oushy, 2008). Using higher basal
application rates; however, is not detrimental. Radwan et al. (2006) reported a
higher yield and CP content of forage at the first (forage) cut with a basal
application rate of 42 kg N/ha. In Alaska, Berseem clover crops consistently
produced more than 3 t/ha DM at each cut, fixed more than 67 kg N/ha and
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produced 120-220 g CP/kg of forage when topped up with N fertiliser at the rate of
90 kg N/ha (Panciera and Sparrow, 1995). Based on the literature, the use of a basal
application of N fertiliser and also seed inoculation is recommended; however,
there is a need to better identify the required seed inoculation and basal dose of N
fertiliser for growing Berseem clover in the irrigated areas of Pakistan.
The extent of N fixation as a result of seed inoculation will impact on optimum N
fertiliser requirements. Khan et al. (1985) found that after harvesting of a Berseem
clover crop, more available N (373 kg/ha) and NO3-N (3.6 kg/ha) were present in
the soil at a depth of 0-15cm, increasing the amount of soil N available for
subsequent crops.
Phosphorus is the most important crop nutrient in Berseem clover production and
currently is a limiting factor in crop yields. Due to the high price and limited
availability of P fertiliser, smallholder farmers typically sacrificed the forage crop,
and prioritise the use of P fertilisers for cash crops such as wheat, cotton, sugar
cane, potatoes and maize (Sarwar et al., 2002a, Ul-Allah et al., 2014a). Alkaline
soils with greater pH (> 8) levels are deficient in P which has implications for the
growth of Berseem clover, as P plays a very important role in root growth, root
elongation and root proliferation (Jan et al., 2014). Hence, P deficiency
compromises root proliferation and therefore plant growth. In addition, poor
availability of P is often associated with high Ca levels in the soil, leading to P
fixation which is then unavailable to the plants. Berseem clover responds very well
to P; when applied at the rate of 60 kg/ha a maximum number of heads/m2 (1825),
seeds per head (38), biological yield (1219 kg/ha), 1000-seed weight (2.0 g) and
seed yield (160 kg/ha) were achieved as compared to control plots receiving no P
fertiliser (Saeed et al., 2011). Similar results were reported by Oushy (2008), who
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also found significant responses in Berseem clover production when P was applied
at the rate of 80-100 kg/ha.
Potassium is also crucial in the growth and development as well as seed setting in
Berseem clover. In a field study conducted in India, Misra et al. (2012) found that
Berseem clover seed yield and seed weight were significantly higher using 80 kg
K2O/ha compared to no K fertiliser. They also found that broadcasting at 80 kg
K/ha at the time of sowing maintained a higher plant population during reproductive
stages, producing more seeds per flower (43.97 vs. 42.33), a greater seed weight
(2.85 vs. 2.68 g) and therefore greater seed yield (680 vs. 442 kg/ha).
Application of K fertiliser after the last forage cut was shown to increase seed yield
by 54% (Misra et al., 2012), while using at early flowering stage increased seed
yield by 32% (Kumar et al., 2013). Increased biological yield (1310 vs. 1072 kg/ha),
number of heads/m2 (2430 vs. 1680), seeds/head (41 vs. 36), 1000-seed weight
(2.18 vs. 1.90 g) and seed yield (240 vs. 120 kg/ha) were also reported by Saeed et
al. (2011) when K and P fertilisers were applied at 30 kg/ha and 60 kg/ha,
respectively, compared to no fertiliser application.
Balanced application of fertilisers (N, P and K) can produce significant
improvements in forage and seed yields of Berseem clover in smallholder mixed
farming systems of Pakistan. Moreover, the P fertiliser synergistically enhances N
fertiliser efficiency and vice versa due to the increase in root growth, root hairs and
root zone area to support greater nutrient uptakes in the calcareous alkaline soils of
Pakistan with a pH > 8 (Jan et al., 2014).
2.3.5.6 Sowing time and seeding rate

For the northern hemisphere, from many studies conducted by Sardana and Narwal
(2000); Rethwisch et al. (2002); Gul et al. (2011) and Bakheit et al. (2012), it has
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been concluded that mid-October is the optimum time of sowing of Berseem clover.
Sowing time is an important factor governing germination, seedling survival,
number of cuts and herbage and seed production and varies with location and
climate. According to Oushy (2008), Berseem clover should be sown when the
temperature is in the range of 25-27oC to maximise seed germination and seedling
establishment. This equates to an optimum sowing time of the middle of October
for the Punjab region of Pakistan. However, farmers in this region generally
continue to sow from October up to the first week of December depending on
previous crop and land availability, and thus it is important to identify the
consequences of this delay of seeding on forage and seed production.
Timely sowing of Berseem clover extends the period of forage availability prior to
the species entering the reproductive phase and therefore increases the total forage
yield (Sardana and Narwal, 2000). In a study undertaken in Tucson, USA using
Saidi variety of Berseem clover, plant heights (at 26.9 cm and 18.5 cm vs. 8.9 cm)
and the DM yields (of 4.92 t/ha and 2.45 t/ha vs. 1.08 t/ha)) were greater when the
crop was sown on 2nd and 17th October as compared to the 2nd November
(Rethwisch et al., 2002). Oushy (2008) reported that green forage yield was reduced
by up to 62% when Berseem clover was sown in late November as compared to
mid-October. In a study undertaken in Riyadh, Saudi Arabia using six different
varieties of Berseem clover, Al-Suhaibani and Al-Doss (2004) found that sowing
on the 15th October as compared to the 15th November resulted in increased plant
height, number of stems per plant, green forage yields, DM production and seed
yields.
In the Peshawar district of Pakistan which is cooler and elevated compared to the
Punjab region, sowing Berseem clover in November and December has been shown
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to result in better forage and seed yields compared to sowing in January and
February. However, the delay in sowing from the recommended October to midNovember decreased green forage and DM yields, but increased seed yield and
residual straw after seed harvest (Ud-Din et al., 2014).
Seeding rate has a significant impact on the yield and nutritive value of Berseem
clover forage. In Mansoura, Egypt, for both leaf and stem material, the highest CP
levels resulted from seeding rates of 30 kg/ha, while the highest CF and ash contents
were produced with seeding rates of 45 kg/ha (Kandil et al., 2005). Under irrigated
conditions in Pakistan, the recommended, optimum seeding rates for forage
production are 25-37.5 kg/ha and 20-25 kg/ha for broadcasting and drilling
methods, respectively, and sown at a depth of 1.5-2.5 cm (Oushy, 2008). When
sowing is undertaken earlier, the quantity of seed used is increased by 15-20% to
compensate for the decline in seed germination and the increase in seedling
mortality that occurs due to prevailing high temperatures (Vasilakoglou and Dhima,
2008).
2.3.5.7 Irrigation management

Berseem clover requires 625-750 mm of total irrigation water; however, too
frequent irrigations can retard the development of roots and stems (Oushy, 2008).
Generally, irrigation scheduling has a strong positive relation with forage as well
as seed yields. For the Peshawar district of Pakistan, increasing the number of
irrigations per season progressively from two to seven to 10 was found to result in
progressively higher green forage, DM and seed yields (Ud-Din et al., 2014).
Berseem clover seed yield is most greatly affected by water deficiency during the
seed formation and filling stage (seed setting); however, repetitive short-term water
stress will significantly decrease the productivity of the entire crop (Iannucci et al.,
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2000). The numbers of seeds per head, heads per stem and seed weight, all have a
positive direct effect on seed yield, which is reduced under high temperature and
water stress conditions. Water stress or drought negatively influence the proportion
of DM partitioned to reproductive growth (Iannucci et al., 2000), and have been
shown to reduce seed yields by up to 50% (Iannucci and Martiniello, 1998).
2.3.5.8 Plant protection measures

Weeds compete with all plants for nutrients, light, moisture and space thereby
suppressing growth, especially in the initial stages, and reducing yield. Weeds of
importance in Pakistan include Cichorium intybus (Kasni), which is found
particularly in Berseem clover growing areas and competes strongly with Berseem
clover. Other weeds species include Lathyrus aphaca and Coronopus didymus
which are also found in abundance in the Berseem clover fields (Samunder, 2012).
Weed competition was found to reduce green forage yield by 40-60% in Berseem
clover crops in India, and reduce the quality of forage as well as seed quality due to
contamination by the weed forage and seeds (Dheer et al., 2010, Samunder, 2012,
Pathan et al., 2013).
In Pakistan, the majority of weed control is done by hand, although herbicide
application has shown some success. Dheer et al. (2010) found that the use of preemergence herbicides butachlor (2 kg/ha) and alachlor (2 kg/ha) against C. didymus
was an effective measure of controlling weeds, with an 83% efficiency rate in
Berseem clover and enhancing subsequent forage yield by 52%. In contrast, use of
herbicides atrazine and isoproturon resulted in serious crop injury and
unsatisfactory weed control (<70%) causing a reduction in forage yield and quality
(Samunder, 2012). The intensity of field infestations of weeds could be minimised
through traditional seed cleaning methods which involves immersing seeds in a
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10% common salt solution before sowing; the weeds and damaged seed float to the
(water) surface due to their lighter weight, with the quality seed remaining at the
bottom. A deep summer ploughing with a soil inversion plough after final harvest
of the crop has also been found to be useful in controlling weeds (Pathan et al.,
2013). Sowing companion crops can reduce weed populations during Berseem
clover establishment. In Maharashtra, India, Pathan et al. (2013) reported that
sowing Berseem clover in a mixture with oats or ryegrass significantly smothered
weeds during establishment. While the Berseem clover was also suppressed, it
regrew either after cutting or after the oats was harvested.
Berseem clover is very susceptible to a number of different diseases with heavy
infestation of fungal diseases (root-rot, stem-rot and Berseem scorch) occurring
during December and January when the crop attains maximum vegetative growth.
These diseases are assisted by high humidity, low temperatures and moist
conditions and if these conditions persist for a longer period of time it can lead to
relatively heavy losses of forage and seed yields. Proper harvesting management
and the use of appropriate fungicides are helpful in controlling diseases (Oushy,
2008) in Berseem clover crops grown in Pakistan; however, there is a significant
research gap with regards to what is optimal.
Pest prevalence is also an issue in Berseem clover crop production. Major pests
include red legged earth mites (Halotydeus destructor), blue-green aphids
(Acyrthosiphon kondoi), spotted alfalfa aphids (Therioaphis spp.), blue oat mites
(Penthaleus major), and heliothus spp. Helicoverpa armigera (Hubner) is
considered to be the most deleterious insect pest and can reduce seed yield by 8090%. In Pakistan, Tylenchorhynchus vulgaris and Heliotylenchus dihystera are also
reported as causing significant losses of forage and seed (Oushy, 2008). Randhawa
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et al. (2009) reported that two applications of Spinosad 48SC insecticide applied at
10 d intervals at the start of the attack significantly reduced the population of
heliothus.
The three most common species of root knot nematodes, Meloidogyne incognita,
Heterodera trifolii and Rotylenchulus reniformis, can reduce Berseem clover
productivity, with serious yield losses (up to 25-35%) reported in Egypt and India
(Mahfouz et al., 1995, Ali et al., 2000). Meloidogyne incognita is the most
dangerous of all and is found in abundance (up to 68%) in Berseem clover fields,
causing galling of roots, resulting in stunted growth and plant death, thereby
significantly reducing plant populations (Christophe et al., 1998). Use of resistant
varieties could be the most economical, effective and environmentally friendly
strategy to manage root-knot nematodes as chemical measures in Berseem clover
are not economical, poisonous to livestock and can cause environment hazards
(Christophe et al., 1998, Ali et al., 2000).
2.3.5.9 Harvest management

There is a clear trade-off between the timing of forage cuts and seed yield. Seed
yield is greatly impacted by the timing of the last cut. If forage production is to be
optimised, any delay in sowing will decrease seed yield due to the lateness of final
cuts which allows little time for seed set. The highest seed yields were obtained
when Berseem clover was sown on 1st of October, and the last cut of forage was
taken in mid to late March, allowing seed set during April to May (Sardana and
Narwal, 2000, Bakheit et al., 2012).
In a study conducted at Haryana, India, (Sardana and Narwal, 2000) found that
delaying the last forage cut from late March until mid-April increased green forage
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(59.2 t/ha vs. 69.3 t/ha) and DM (7.5 t/ha vs. 9.7 t/ha) yields, but decreased seed
yield (315 kg/ha vs. 154 kg/ha).

2.4 Potential to Increase Berseem Clover Production at the Farm
Level in Pakistan
Forage shortage is the key factor limiting animal production amongst Pakistan’s
smallholder irrigated farming communities, primarily because of the unavailability
of quality seed. However, seed inoculation, balanced crop nutrition, saline irrigation
water and pests attack are also forage yield limiting factors. The productive
improvement of Berseem clover within these mixed farming systems has the
potential to provide quality nutrition for livestock to enhance their sustainability
and profitability. Better agronomic practices such as seed inoculation, use of P and
K fertilisers, and no irrigation stress at seed setting are all very important to produce
maximum forage and seed yields but these should be done with consideration of
least cost.
Based on the preceding review of the literature, a brief summary of the major factors
affecting Berseem clover productivity is presented in Figure 2.3.

Figure 2.3: Factors affecting forage production, quality and seed production of Berseem
clover.
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The introduction of improved varieties of Berseem clover to the current cropping
systems will provide quality feed for livestock, N for the soil profile and seed to
regrow and sell to farmers for future crops in small-scale mixed farming systems.
Participation of farmers in varietal selection would provide them with a sense of
ownership for their seed supply and serve to strengthen the current formal seed
supply system. Using farmer participatory research to select high quality seed, in
combination with the provision of honeybees for pollination could lead to new
commercial opportunities. Introduction of VBFSEs would increase the quality of
on-farm saved seed, facilitate the introduction of new improved varieties, and help
in managing actual demand and supply for local farmers at affordable prices. These
operations provide an important linkage between research at the commercial level
and the development of a vibrant alternative to the formal seed supply system. The
use of improved varieties of Berseem clover should have a great impact on whole
farm productivity and resilience. It is a means of increasing smallholder farmer
incomes which ultimately leads to enhanced livestock productivity and livelihoods
for resource-poor smallholder farmers.
In summary, a significant amount of research needs to be done on Berseem clover
production at the village level in Pakistan. There have been no detailed studies on
the level of technical awareness and farmers’ understanding of growing Berseem
clover at the farm level. Soil salinity is a big problem, causing reduction in forage
and seed yields, but the extent of this reduction is largely unknown. Harvesting
management is a very important agronomic factor in obtaining maximum green
forage, DM and seed yields; however, information is still lacking regarding the
effects of genotypes, use of improved genetic material (varieties) and different
forage cutting regimens on forage and seed yields as well as forage nutritive value.
Some research has been conducted at research stations comparing different
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genotypes and use of Rhizobium inoculation; however, no studies were found at the
farmer level. Therefore, a research gap exists on the successful introduction of new
varieties, use of inoculum and the optimum irrigation and harvesting management
for obtaining maximum forage of better quality as well as seed yields at the farmer
level in Pakistan.
Honeybee pollination is a potential contributor in seed production; however, there
has been no study addressing the role of honeybees in pollinating Berseem clover
grown in Punjab, Pakistan. Therefore, a research gap exists in assessing pollination
impacts on seed production, the efficiency of honeybees and the potential impacts
on smallholder farmer incomes.
In Pakistan, farmers trade excess fodder to other farmers locally. In addition, locally
produced fodder seeds are also marketed to farming communities both locally and
over longer distances. However, the structure and functioning of these local fodder
and seed markets are poorly understood and there is great potential for improving
these markets at the village level.
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Chapter 3:

General Materials and Methods

In this Chapter, methods common to more than one experiment outlined in the
following experimental chapters are described. This includes details on the research
sites, and common protocols and procedures.

3.1 Research Locations
The research work was carried out during the two October – May growing seasons
between 2012 and 2014 in the Kasur and Okara districts of the province of Punjab,
Pakistan. The project consisted of a range of activities designed to introduce (trial)
a new form of commercial enterprise to smallholder farming communities in
Pakistan. The key activities were:


A baseline survey of the farmers in the study region (Chapter 4);



Variety and harvest field experiments involving the participation of local
farmers through farmer participatory research approach for varietal
selection and seed production of Berseem clover (Chapter 5);



A laboratory-based Berseem clover seed germination experiment
conducted at the University of Veterinary and Animal Science (UVAS),
Ravi campus Pattoki, Kasur (Chapter 6);



The supplementation of the native honeybee population to determine its
effect on Berseem clover seed yield (Chapter 7);



Seed production field experiments to evaluate the impacts of inoculation
and seeding rates of Berseem clover, conducted at UVAS (Chapter 8), and



Establishment of pilot VBFSEs (Chapter 9).

A description of the research trials conducted with their respective dates and
research sites is presented in Table 3.1.
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Table 3.1: Details of all the research trials conducted in the present study and the climate
data with their respective study dates and research sites (both on-station and farmer fields).
Chapter
No.

Research trials

Varietal selection
trial 1 (2 years)
Chapter 5

(Forage and seed
production
reported)

Varietal
evaluation trial 1
(1 year)
Chapter 5
(Forage and seed
production
reported)

Chapter 6

Seed germination
and seedling
establishment trial
2

Research sites

UVAS, Kasur
Farmer fields of
district Kasur
Farmer fields of
district Okara

(Only seed
production
reported)

End dates

20-25th of
October 2012
(Year 1)

18-26th of June
2013 (Year 1)

and

and

17-26th of
October 2013
(Year 2)

9-14th June
2014 (Year 2)

17-26th
October 2013

26-30th May
2014

23 September
2013

7 October
2013

20 October
2012

14 May 2013

and

and

18 October
2013

10 May 2014

UVAS, Kasur
Farmer fields of
district Kasur
Farmer fields of
district Okara

UVAS, Kasur
(Laboratory)

Honeybee trial (2
years)
Chapter 7

Start dates

UVAS, Kasur

Seed inoculation
trial (1 year)
Chapter
8-A (8.1)

(Forage and seed
production
reported)

UVAS, Kasur

18 October
2013

18 May 2014

UVAS, Kasur

22 October
2013

26 May 2014

Seeding rates trial
(1 year)
Chapter
8-B (8.2)

(Forage and seed
production
reported)

The baseline survey and all the field experiments (research sites) were carried out
at Tehsil Pattoki district Kasur and Tehsil Okara district Okara, Punjab Pakistan.
The research sites (see Figure 3.1) included: a field experiment area at UVAS (31o
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03’ 34.8’’N, 73o 52’ 42.6’’E) Ravi campus Pattoki, Kasur; and eight farmer sites in
the first year and five farmer sites in the second year (both Kasur and Okara
districts).
The farmer sites were located in the villages of Chak # 40 Jaguwala (31o 04’
10.3’’N, 73o 50’ 12.6’’E) and Behrwal Kalan (31o 07’ 56.4’’N, 73o 50’ 37.5’’E)
located in Tehsil Pattoki district Kasur, and Chak 28/2-L (30o 48’ 6.2’’N, 73o 31’
2.7’’E), Chak 16/1-R (30o 56’ 12.3’’N, 73o 30’ 13.7’’ E) and Chak 14/G-D (30o 57’
13.5’’N, 73o 31’ 13.3’’E) located in Tehsil Okara district Okara.

Figure 3.1: Location of the survey farms and experimental sites within Kasur and Okara districts
of Punjab, Pakistan.
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3.2 Climate
Kasur and Okara are located in the semi-arid zone, with an annual rainfall of 250500 mm. The average altitudes of Kasur and Okara are 218 m and 170 m above the
sea level, respectively (Qamar-uz-Zaman and Rasul, 2004). Climatic data for the
experimental sites, included rainfall, relative humidity and temperature during the
experimental periods in both the years (Government of Pakistan, 2015) is presented
in Table 3.2.

3.3 Soils
Soils from research sites at UVAS (on-station) and the five farmers’ fields of
districts Kasur and Okara are generally clay-loam type and were tested for chemical
analyses. Three soil samples were collected at random within each experimental
site to a depth of 0-30 cm before and after Berseem crop sowing in both the 201213 and 2013-14 growing seasons. A composite soil sample (Kandil et al., 2005)
from each research site was then analysed for EC, pH, organic matter (OM), texture,
total N, available P and K and soil saturation levels (Estefan et al., 2013) by the Soil
and Water Testing Laboratory, Thokar Niaz Beg, Lahore, Pakistan. The results are
presented in Table 3.3. The soils at all the research sites were described as alkaline
(calcareous) and loamy containing less than 1% OM. These alkaline soils are
deficient in P (4.3 – 8.6 ppm), as shown in Table 3.3.
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Table 3.2: Total rainfall (mm), relative humidity (%) and maximum, minimum and average temperatures (oC) per month during 2012-2013 and 2013-2014 growing
seasons in Kasur and Okara districts of Pakistan.
Rainfall (mm)
Month

2012-2013

Temperature (oC)

Relative humidity (%)

2013-2014

2012-2013

2013-2014

2012-2013
Max

Min

2013-2014
Av.

Max

Min

2012-2013
Av.

Max

Min

2013-2014
Av.

Max

Min

Av.

Kasur

Okara

Kasur

Okara

Kasur

Okara

Kasur

Okara

September

199.4

223.4

30.7

0.0

79

84

78

77

33.5

24.5

29.0

35.1

24.4

29.7

34.8

24.5

29.6

36.8

25.4

31.1

October

28.8

13.4

18.4

0.0

72

81

80

78

31.3

18.4

24.8

32.1

20.5

26.3

32.8

17.6

25.2

34.5

21.4

27.9

November

0.2

1.0

4.5

2.0

78

84

79

83

26.6

12.8

19.7

26.5

11.3

18.9

28.0

12.4

20.2

27.3

11.9

19.6

December

21.0

11.0

7.0

0.0

85

89

86

88

19.7

7.5

13.6

20.9

7.3

14.1

20.7

6.9

13.8

22.4

8.1

15.2

January

13.2

0.0

0.0

86

88

89

90

16.9

5.6

11.2

19.8

3.1

11.4

18.4

4.9

11.6

20.3

5.0

12.6

February

71.0

111.7

0.3

0.8

82

89

84

88

20.5

9.9

15.2

21.3

5.2

13.2

21.2

9.9

15.5

21.1

8.1

14.6

March

19.0

6.0

1.0

1.3

73

80

75

82

28.1

14.9

21.5

26.6

9.9

18.2

28.7

14.9

21.8

26.5

13.2

19.8

April

7.3

13.6

1.4

0.7

51

62

64

63

34.0

19.8

26.9

33.7

14.9

24.3

34.1

20.1

27.1

33.6

18.7

26.1

May

1.2

4.6

0.8

1.5

38

47

54

57

40.3

25.1

32.7

38.5

18.8

28.6

40.8

24.1

32.5

38.3

23.2

30.7

June

136.0

64.9

0.9

0.3

64

61

57

52

38.7

26.5

32.6

41.7

23.6

32.6

40.8

27.6

34.2

42.7

27.6

35.1

0.1

Kasur

Source: Climate data processing centre, Pakistan Meteorological Department (PMD) Islamabad, Pakistan.
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Kasur

Okara

Okara

Table 3.3: Soil analyses of research field trial sites for electrical conductivity (EC), pH,
organic matter, texture, total N, available P and K and soil saturation (water filling 100%
of soil pores) levels.
Site/
farmer

Area

UVAS
(Pattoki)
Chak 40
Jaguwala
(Pattoki)

Kasur

Behrwal
Kalan
(Pattoki)
Chak
28/2-L
(Okara)
Chak
16/1-R
(Okara)
Chak
14/G-D
(Okara)

Okara

Available
P
K
(ppm) (ppm)

EC
(dS/m)

pH

Organic
matter
(%)

Soil
texture

Total
N (%)

5.3

9.1

0.45

Loam

0.03

7.80

141

38

2.4

8.1

0.58

Loam

0.03

5.70

153

40

1.8

7.9

0.69

Loam

0.04

5.10

181

42

1.4

7.8

0.77

Loam

0.02

6.20

165

44

3.2

7.9

0.89

Loam

0.04

8.60

196

44

1.5

8.1

0.48

Loam

0.03

4.30

210
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3.4 Irrigation Water
Agriculture in these regions is supplemented with irrigation from the river and
canals and from groundwater reserves often containing high concentrations of
soluble salts (brackish water). Samples (total of 1000 mL per sample) of the
irrigation water used for the growing of the crops were collected from each site.
The samples collected included both canal water and tube well water, as both
sources of water were used during the growing seasons. These water samples were
analysed by the Soil and Water Testing laboratories at Sahiwal and Lahore,
operated under the provincial government of Punjab, Pakistan. The detailed
chemical analyses of the irrigation water samples are presented in Table 3.4,
showing tube well water has a greater quantity of soluble salts.
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Saturation
(%)

Table 3.4: Analyses of canal and tube well irrigation waters for electrical conductivity
(EC), cations (Ca, Mg, Na) and anions (CO3, HCO3 and Cl), sodium absorption ratio (SAR)
and residual sodium carbonate (RSC) in districts of Kasur and Okara.

Area

Water
EC
source (dS/m)

Ca +
Mg
(me/L)

Kasur

Okara

CO3-2

Na

HCO3-

SAR

RSC

(me/L) (me/L) (me/L) (m.mol/L)1/2 (me/L)

Canal

3.30

2.5

0.8

0.0

3.0

0.7

0.5

Tube
well

16.25

3.5

12.75

0.0

7.0

9.8

3.5

Canal

2.38

2.2

0.5

0.0

1.8

0.5

0.2

Tube
well

12.00

7.4

5.4

0.0

5.2

3.0

0.0

3.5 Sources of Berseem Clover Seed
Three different seed sources of Berseem clover were used for both the seed
germination trial (Chapter 6) and the various field trials (Chapter 5). The seed
sources comprised of:


Research-station seed, variety “Agaitti Berseem-2002”: bred at the Forage
Research Institute (FRI), Sargodha, Punjab, Pakistan;



Farmer seed: seed grown and retained on farm by the farmer. One lot of
seed was purchased and used across all the research trials; and



Market seed: seed sold at the agricultural market of Pattoki district, Kasur.
One lot of seed was purchased and was used across all the research trials.

Each seed source was analysed by the Federal Seed Certification and Registration
Department (FSCRD), Pakistan for purity and germination efficacy (Table 3.5).
Compared to the research-station seed, farmer seed and market seed sources were
much lower in quality, both with respect to purity and seed viability. No study into
the variability within the seed sources was undertaken. Thus, the farmer and market
seed samples were assumed to be representative of the sources.
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Table 3.5: Seed purity and germination efficiency of research-station seed, farmer seed
and market seed as tested by the Federal Seed Certification and Registration Department
(FSCRD), Pakistan in 2012-2014.
Total
weeds
seeds (%)

Inert
matter
(%)

Other
crop
seeds (%)

Germination
(%)

Purity
(%)

Research-station
seed

3.00

2.75

0.08

96

96.15

Farmer seed

18.03

6.75

4.65

85

92.00

Market seed

22.27

3.56

2.48

82

90.93

Seed source

3.6 Agronomic Practices
3.6.1 Land preparation, sowing and harvesting
The land preparation was undertaken as per the standard local practice (see Table
3.6 and Figure 3.2). Nitrogen, P and K fertilisers were applied at the locally
recommended rates of 20, 60 and 30 kg/ha, respectively (Saeed et al., 2011). This
was achieved by applying urea (46% N) at 20 kg/ha, di-ammonium phosphate
(DAP; 18% N and 46% P2O5) at 300 kg/ha and muriate of potash (MOP; 60% K2O)
at 50 kg/ha. All these fertilisers were bought from the agricultural markets of
districts of Kasur and Okara, Punjab, Pakistan. All the fertilisers were broadcast by
hand and then incorporated into the soil prior to sowing and before irrigation as
basal dose.
Each source of seed was cleaned manually and inoculated with the given quantity
(packet) of R. trifolii inoculum (as one packet is sufficient for 8 kg of seed) prior to
sowing. Following land preparation, the plots were flood irrigated and seeds were
broadcast by hand into each plot using the traditional wet sowing technique (see
Figure 3.3). A standard seeding rate of 20 kg/ha was used for all seed sources and
sowing was undertaken in the 3rd week of October 2012 (Table 3.1).
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Figure 3.2: Land preparation undertaken by local farmers to set varietal selection trials.

Figure 3.3: Broadcasting of Berseem clover seed in standing water (wet sowing) by local farmers.

Following germination (Figure 3.4), forage cuts were taken according to the
predetermined harvesting regimen. Following the final forage cut (2 to 5 cuts) for
each treatment, the Berseem clover was left to flower for seed production. Final
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seed harvesting dates were thus in the last weeks of March (28th), April (25th), May
(20th) and June (13th), respectively for the four harvesting regimens as described by
Bakheit et al. (2012).

Figure 3.4: Germinated Berseem clover plots for farmer participatory variety and harvest
experiment at Chak 28/2L of district Okara in 2012 growing season.
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Table 3.6: The package of agronomic practices used across all the research trials and sites such as land preparation operations, sowing time and method, use of
balanced fertilisers, irrigation scheduling, plant protection measures against pests and diseases, and harvesting management as per experimental treatments for the
Berseem clover crop across all research sites of districts Kasur and Okara of Punjab province, Pakistan.
Research sites

Seedbed preparation

UVAS (Pattoki) –
Kasur

Chak # 40 Jaguwala
(Pattoki) - Kasur
Behrwal Kalan
(Pattoki) – Kasur
Chak # 28/2-L
(Okara) – Okara
Chak # 16/1-R
(Okara) – Okara
Chak # 14/G-D
(Okara) – Okara

1. A pre sowing
irrigation of 62.76
mm/ha (one acreinch)
2. Three ploughings
with cultivator

3. Two plankings
with planker for
proper seedbed

Sowing
Seeding rate used: 20
kg/ha); broadcasted
(all research sites)
Seeding dates:
20 October 2012
23 October 2013
Seeding dates:
21 October 2012
22 October 2013
Seeding dates:
22 October 2012
17 October 2013
Seeding dates
18 October 2012
19 October 2013
Seeding dates:
23 October 2012
18 October 2013

Fertilisation

Irrigation

Plant protection

1. Harvesting done
manually with handsickle

1. Berseem clover seed
was broadcast in
standing water
1. N (20 kg/ha), P
(60 kg/ha) and K
(30 kg/ha) using
urea, DAP and
MOP fertilisers
2. Seed inoculated
with Rhizobium
trifolii

Seeding dates
26 October 2012
21 October 2013
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2. First irrigation was
applied one week
after sowing
3. Subsequent
irrigations were
applied after every
two weeks depending
on rainfall during
whole growing
season (using both
canal and tube well
irrigation waters)

Harvesting

2. First forage cut
harvested 60-70 DAS
Two sprays of
Alliette®
(Emamectin) with an
interval of 2 weeks
applied on the
Berseem clover seed
crop during the
month of April

3. Second forage cut 4045 days after previous
cut (DAPC)
4. Third forage cut 35-40
DAPC

5. Rest forage cuts every
30 DAPC
6. Seed crop harvesting
during the last week of
May till mid-June

3.7 Data and Sample Collection
3.7.1 Plant growth and yield parameters
For all of the experiments involving the growth of a Berseem clover crop, all the
forage cuts were taken at a height of between 4-6 cm to enable better regrowth
(Giambalvo et al., 2011a) and the following parameters were measured and
recorded at the time of forage harvest:
3.7.1.1 Number of stems per m2

The stems from three randomly selected areas (each a 1 m2 quadrat) in each plot
were harvested (avoiding edges), counted and the average number of stems per unit
area calculated.
3.7.1.2 Plant height

From each plot, at each cutting (forage cut or final harvest) the height (from base
to the highest leaf tip) of 10 randomly selected plants (avoiding edges) were
measured using a measuring tape and the average plant height calculated.
3.7.1.3 Fresh and dry matter weights

The plants of each cutting from three randomly selected areas (each a 1 m2 quadrat)
in each plot were harvested (avoiding edges), weighed by using a digital weighing
balance (MODEL GAIS-06050), and the average fresh weight per m2 calculated.
The samples were then oven dried (Hot Air oven/T1-OV-H-250) at 60-65oC for 48
h. Then average dry weight per m2 was calculated (g/m2).
3.7.1.4 Fresh forage and dry matter yield

At each forage cut, all of the plants within the plot were harvested (avoiding edges),
weighed and the average fresh forage yield per plot calculated. The yields of all the
cuts were converted to green forage yield per hectare. A 1.0 kg sample (from each
plot) was taken, oven-dried and weighed to enable calculation of forage DM yield
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per hectare. Both green (fresh) forage and DM yield data have been reported in this
thesis because the end users (farmers) measure green forage weights for trade and
marketing of forages, and green forage yield is used in the economic analysis
(Chapter 9).

3.7.2 Seed yield parameters
For all of the experiments involving the harvesting of seed the following parameters
were measured and recorded:
3.7.2.1 Number of heads per m2

From three randomly selected areas avoiding the edges (each a 1 m2 quadrat) in
each plot the number of seed heads was counted and the average number of seed
heads per m2 assessed.
3.7.2.2 Number of seeds per head

Ten seed heads were randomly selected from each plot (avoiding edges), the seeds
removed, counted and the average number of seeds per seed head calculated.
3.7.2.3 1000-seed weight

1000-seed weight (g) was determined by counting out 1000 seeds (for each
treatment) and weighing by using electrical digital balance (SHIMADZU/Model
AUW120D).
3.7.2.4 Predicted seed yield

The predicted seed yields were calculated (Equation 1) by multiplying the number
of heads per m2, number of seeds per head and seed weight and then converted to
kg/ha.
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Equation 1: Calculation of predicted seed yield of Berseem clover
Predicted seed yield = Number of heads per m2 × Number of seeds per head × seed weight

Although actual seed yields were collected from both on-station and at farmer field
experiments, predicted seed yields have been presented throughout this thesis.
Considerable seed losses were expected to have occurred between crop harvesting
and seed threshing (due to time taken between these activities), and during the
threshing and cleaning process of the Berseem clover crop. Joshi et al. (2000)
identified this potential source of seed loss in a study at Haryana, India and reported
considerable post-harvest and threshing losses in Berseem clover crop during seed
processing at farmer’s fields.
Additionally, all activities were carried out simultaneously and not always at the
most opportune time for capturing maximum seed yields for some varieties or
cutting treatments. Therefore, it is likely in these experiments that predicted seed
yields are a better indicator of true seed yield for treatments. In all cases, the seed
yield outcomes of experiments were the same for both predicted and actual seed
yields though the magnitude of differences varied somewhat.
3.7.2.5 Calculations

The percent increase in forage and seed yields was calculated (Equation 2) using
the following formula;
Equation 2: Calculation of percentage increase in forage and seed yields of Berseem clover
𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑦𝑖𝑒𝑙𝑑 (%) =

𝐹𝑖𝑛𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
× 100
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

The gross margins were calculated using forage and seed yields and converted in to
rupees per hectare (Rs/ha). These calculated figures were then converted to
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American dollars by dividing them with an average (of last five years 2011-15)
exchange rate of PKR (1 US$ = 97.76 PKR) (Oanda, 2016).

3.7.3 Forage quality parameters
Nutritional values were determined for all the forage samples collected (see Section
3.7.1.4) across all the research sites. The forage samples were dried at 60-65oC for
48 h and weighed. The dried samples were then ground first through a 5 mm screen
and after that passed through a 1 mm screen prior to analyses. A sub-sample of
approximately 150 g of each ground forage sample was dried in an oven at 80˚C
for 24 h to determine analytical DM (AFIA, 2014). Proximate analyses (all
expressed on a DM basis) were determined using NIR with a Bruker multi-purpose
analyser (MPA, Bruker Optik GmbH, Ettlingen, Germany) and OPUS software
(version 5.1) with calibrations developed by the Industry and Investment NSW
Feed Quality Service. Calibrations for forages were based on the following
methods, all carried out at the Industry and Investment NSW Feed Quality Service
Laboratory:
NDF and ADF analysed sequentially (Van Soest et al., 1991) using the filter bag
method (Ankom® 200/220 fibre analyser, ANKOM technology, Macedon, NY,
USA),
Nitrogen was analysed using the Dumas combustion method with a Leco CNS
2000® analyser (Leco, St. Joseph, MI, USA). Crude protein (%) was calculated by
multiplying N (%) x 6.25.
Ash was assessed by heating a sample in a muffle furnace at 550oC for 6 h (Galyean,
2010, AFIA, 2014).
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Digestible organic matter in the dry matter (DOMD) was measured using the
pepsin cellulase digestibility assay (AFIA, 2014).
The forage quality was predicted by using near infrared spectroscopy (NIRS)
techniques as described and recommended by the Australian Forage Industry
Association (AFIA, 2014). The NIRS results were cross checked by performing wet
chemistry analyses across the observed ranges. The overall results were predicted
by using NIRS calibration modelling equations. A total of 294 samples (from the
different seed sources at different cuttings) were analysed on a DM basis. These
samples were then used to create a calibration equation to predict the constituents
of all samples collected in both the years of experimentation across all the research
sites. The quality parameters assessed included: DM, NDF, ADF, CP, ash, OM,
pepsin-cellulase DM digestibility (P/C DMD), pepsin-cellulase dry OM
digestibility (P/C DOMD), water soluble carbohydrates (WSC) and ME.

3.8 Statistical Analysis
All the data collected and recorded were subjected to linear mixed models (REML)
using GenStat® (17th edition) computer software programme (VSN International,
2014) at 5% least significant difference (LSD) probability level (Gomez and
Gomez, 1984). All the data analyses and graphical presentations were completed
using the GenStat®, Microsoft excel® and R programmes®.

3.9 Farmer Participatory Research
Farmer meetings and field days (Figure 3.5 and Figure 3.6) were held with farmers
and ASLP extension workers at the research plots during different stages of the
research process. At each on-farm research site farmers from the same village and
surrounding villages were gathered to evaluate and select the best seed source and
cutting regimen for maximum forage and seed production.
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Figure 3.5: Seed entrepreneur farmers sharing their experiences with farming communities.

Figure 3.6: Smallholder farmer’s participation in the farmer field day arranged on the
Berseem clover seed plots.

The researcher played a facilitatory role in accessing planting materials, taking soil,
irrigation water and seed samples for analyses, and providing training and technical
support on seed production techniques before planting, at harvest and at the time of
data recording of different forage and seed parameters (See Figure 3.7 and Figure
3.8). However, most of the farmer practices such as land preparation operations,
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seeding rate, sowing method, harvesting and threshing of seed crop, which were
close to improved practices, were used to grow the Berseem clover crop: the
research was thus very much a co-operative effort.

Figure 3.7: Researcher designed and implemented the seed production experimental trials on
farmer’s fields.

Figure 3.8: Researcher demonstrated the optimum harvesting time and data collection
techniques to smallholder farmers.
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Chapter 4: Smallholder Farmers Survey on Growing
Berseem Clover for Forage and Seed Production
4.1 Introduction
In Pakistan, crop-livestock farming systems constitute the majority of the
agricultural production, with smallholder farmers contributing most of this
production (Wynn et al., 2006). This is particularly so in the Punjab region, where
the average smallholder mixed farm is 2-3 ha, of which three quarters is used for
growing cash crops and the rest is used for growing forage crops to feed livestock
(Afzal, 2010). Livestock are an integral part of the farming system and contribute
about 40% of the average annual household income of smallholder farms, and they
are also essential to the nutrition/sustenance of the household for milk and meat and
for the provision of work (Anwar et al., 2012). Forage crops occupy 16-19% of the
total cultivated area in Pakistan (Saeed et al., 2011); with Berseem clover the
leading winter forage crop in the country, being cultivated on 710 000 ha and
producing about 22.61 Mt of green forage annually (Government of Punjab, 2014).
Berseem clover is grown both in monoculture and in combination with oats and
Brassica species such as rapeseed, mustard and canola. It is also mixed into feed
rations with wheat and rice straw for livestock feeding (Dost, 2006, Ud-Din et al.,
2014). It is quite common practice to grow Berseem clover as a dual purpose crop
for both forage and seed (Al-Suhaibani and Al-Doss, 2004), with the seed often
retained for future plantings.
There is a significant difference in forage and seed yields of improved varieties of
Berseem clover achieved by Research stations and forage and seed yields achieved
by smallholder farmers using locally available, unimproved variety seed
(Government of Punjab, 2014). This difference is largely attributed to the lack of
awareness by farmers of the appropriate agronomic practices needed for growing
72

improved forage varieties as well as the unavailability of the required inputs (such
as fertiliser and inoculant) needed to achieve the high yield potential of these
forages (Anwar et al., 2012). This issue can be tackled by creating awareness and
knowledge transfer to the farmers (Satyapriya et al., 2013). Knowledge building of
farmers about methods for increasing forage production can lead to the adoption of
technologies which can be helpful in reducing yield gaps as well as promoting
sustainable forage and seed yields at the farm level (Satyapriya et al., 2013).
Livestock production in mixed farming systems typically suffers from limited
availability of green forage due to unavailability of quality seed. In Pakistan, the
demand for Berseem clover seed cannot be fulfilled through the formal seed supply
system, as in many situations, formal seed supply has been unable to meet farmers’
complex needs (David, 2004). Thus there is a need for an alternative supply system,
which supplies quality seed to farmers and leads to increased forage production at
the farm level. Phaikaew and Stur (1998) proposed that the establishment of
VBFSEs can create an alternative and secure seed supply system at the local level.
It could also increase seed supply of improved varieties at the village level, resulting
in increased forage and seed production. Further, it would be a means of educating
and increasing awareness of farmers on improved varieties and agronomic
production technology (Nakamanee et al., 2008).
There have been no detailed studies undertaken in the Punjab region of Pakistan on
the level of technical awareness and farmers’ understanding of growing Berseem
clover for forage and seed production. Nor has the appropriateness of the VBFSE
model been tested with local farmers. The objectives of the present study were to
understand and quantify the following issues at the farm level:

73

1. Farmers’ understanding of growing Berseem clover for forage and seed
production and factors affecting its productivity;
2. Berseem clover seed sourcing and availability; and
3.

Farmers’ perceptions towards adoption of improved Berseem clover
varieties, and the potential for the establishment of VBFSEs in their locality.

The information generated from the survey would provide baseline information in
order to streamline the future research and development in forage and seed
production at the smallholder farmer level.

4.2 Materials and Methods
A survey was designed for completion by smallholder farmers to profile
smallholder farmers currently in the Punjab region of Pakistan (see Appendix A).
The survey was approved by the Charles Sturt University’s Ethics in Human
Research Committee (Protocol number 416/2012/12).

4.2.1 Survey design
The survey contained a total of 85 questions, centred on three primary sections, viz:
1- General farmer and farm characteristics: data on age, education, male and
female labour, land tenure, area and leased rate, Berseem clover growing
area, and credit loans with interest rates;
2- Farmer knowledge and understanding in terms of: sourcing Berseem clover
seed and its availability at the farm level, growing Berseem clover,
production technologies used to grow Berseem clover for both forage as
well as seed production; and desirable characteristics associated with
Berseem clover forage and seed production; and
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3- Constraints associated with Berseem clover seed production at the farm
level: availability of basic seed, knowledge and awareness of seed sources,
distance from market, characteristics desired in an improved variety, and
critical success factors for enhancing Berseem clover seed production in
their locality.
The questions were predominantly close-ended and designed for the specific
objective of getting a response in the most efficient and easily understood manner.
However, there were some open-ended questions to obtain greater insight into the
farm and the farmers’ views on varietal selection and adoption. The survey was
carried out by the researcher solely and the collected data was non-identifiable. In
addition, survey questions were clarified to respondents as the survey took place.

4.2.2 Sample population
The stratified random sampling technique, as described by Mapiye et al. (2006) was
used to randomly select the survey participants, proportional to the population in
each locality within each village. A total of 43 Berseem clover growers (see
Appendix B) from 21 villages, as shown in Figure 4.1, were randomly selected as
respondents from a list of 203 Australian Sector Linkage Programme (ASLP)
registered dairy farmers in the districts of Kasur and Okara of Punjab, Pakistan. It
was anticipated that selection of participants from registered growers would
generate a greater response rate than that achievable through a new selection of
farmers. Their ongoing involvement in the ASLP research and development
program was likely to suggest a more positive attitude towards involvement in other
research activities.
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Figure 4.1: Locations of the survey villages of Berseem clovers growers of Kasur and Okara
districts of Punjab, Pakistan.

The survey was translated into the local Urdu language and piloted with 10
smallholder farmers to validate it for comprehensiveness and ability to produce the
desired types of responses (Satyapriya et al., 2013). As only minor modifications
from the original survey occurred during these 10 pilot surveys, the data generated
was incorporated into the main body of data collected. Each survey participant was
provided with an information sheet, consent form, and briefed about the research
and the survey’s voluntary nature before beginning. The survey was conducted as
a face-to-face interview and took approximately 30-40 minutes to complete.
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4.2.3 Statistical analyses
All of the survey data collected were subject to analysis using the R statistical
package (R Core Team, 2015) using analyses of variance at the 5% confidence
level. Further, a Fisher’s Exact test of independence was used on all the categorical
variables to determine whether a relationship existed between the responses to the
questions.
Both quantitative and qualitative data were collected and analysed using descriptive
and inferential statistics as described by Singh et al. (2013b) and Anwar et al. (2012)
in their respective survey studies. The quantitatively collected data contained two
types of response variables, continuous and categorical (predicted) variables, and
therefore a two-way analyses of variance (ANOVA) was used. The model can
symbolically be written as:
Response ~ District + Locality
The predicted values were assigned a rank based on the Tukey’s family of pairwise
differences with a family confidence level of 5%. The model assumptions for the
two-way ANOVA were that the residuals are normally distributed because they
have a constant variance and are independent. In addition, the factor level variances
are equal for the district + locality (Singh et al., 2013b). This was tested using the
Brown-Forsythe test. The Shapiro-Wilk test of normality was used to determine if
the residuals were normally distributed, unless otherwise stated in the results, the
model assumptions were checked and met. When analysing the categorical response
variables, a Fisher’s Exact test of independence was used to determine whether a
relationship existed between the responses to the questions, as response was
categorical and the predictor was a continuous variable. In both cases the hypothesis
being tested was:
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H0 : The two variables are independent
H1 : The two variables are dependent
The collected data were analysed in R using asreml-R package (R Core Team,
2015). An overall 5% significance level was deemed to provide statistical
significance.

4.3 Results
4.3.1 Demographics of the survey population
All the respondents (n = 43) were from 21 villages within 12 localities in the
districts of Kasur and Okara. The localities of Mundeki, Malanwala, Kalan, Jhedu
and Jaguwala are situated in district Kasur, while Renala, GD, 4L, 3R, 2RA, 2L and
1R located in district Okara of Punjab, Pakistan. Typically, two to three farmers per
village were interviewed. The number of respondents within each of the localities
is shown in Figure 4.2.
All of the respondents surveyed were male with an average age of 42.5 ± 2.2 years
and with a range of both young (18 years) and experienced (90 years) farmers. The
age distribution of the respondents was 16% young age (between 18-30 years), 49%
middle aged (between 31-45 years), and 35% experienced farmers (between 46-90
years of age). The response variable of age (Age ~ District + Locality) varied
significantly (P < 0.05), both between districts and localities.
Of the respondents, 88% had obtained some level of education, with the remaining
12% illiterate and with no formal education. Among the educated farmers, 7% had
primary education (5th standard), 44% had matric (10th standard), and 37% were
graduated from colleges and universities. None of them had studied any kind of
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agricultural science or have had any formal training in agricultural
methods/operations carried out at their farms.

Figure 4.2: The number of randomly chosen survey respondents proportionate to the size
of population at each locality in the districts of Kasur and Okara, Punjab, Pakistan.

All of the respondents that owned small (< 3 ha) and medium sized (3- 5 ha) farms
worked on their own farm whilst those that owned large farms (> 5 ha) hired labour
to carry out farm operations. All of the respondents used male labour on their farm
and 70% of the respondents also used female labour on their farms. The average
total farm labour was 3.1 ± 0.2 labour units with a range of one to eight labour units
per farm (including farmers themselves). This comprised 2.2 ± 0.2 male labour
units/farm (range 1 to 6 labour units) and 1.3 ± 0.1 female labour units/farm (range
of 1 – 3 labour units). The response variable (both male and females) of labour
(Labour ~ District + Locality) did not vary (P > 0.05) either between districts or
localities.
Of the respondents, 9% had tractors which they had purchased using a machinery
loan from either agricultural or commercial banks, with an interest rate of up to
18%. In addition, 16% of the respondents also had credit loans on a seasonal basis
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from different agricultural and commercial banks to buy crop inputs such as seed,
fertiliser and pesticides. The average credit loan amount was 160,000 ± 48429
Rupees (Rs) equivalent to 1637 US$, with a range of 25000 to 400000 Rs. annually.
The average interest rate on credit loans at the time was 12.4 ± 1.2%, ranging from
a minimum rate of 9% from the agricultural bank (Zarai taraqiati Bank Ltd.) to a
maximum rate of 18% from commercial banks. The credit loan amount (Loan ~
District + Locality) did not vary (P > 0.05) between districts; however, interest rates
(Interest rate ~ District + Locality) were significantly higher (P < 0.05) in Kasur
district (17%) than in Okara district (11%).

4.3.2 Farm size and characteristics
The average farm size of the survey respondents was 6.84 ± 1.42 ha, ranging from
a minimum of 0.40 ha to a maximum of 48 ha. Whilst farm size varied significantly
(P < 0.001) between localities, it did not vary (P > 0.05) between Kasur and Okara
districts (Land ~ District + Locality) (see Table 4.1). Of the respondents, 70% also
leased land in order to make their land unit profitable. The average leased land area
was 5.71 ± 1.54 ha, with a range of 0.40 to 32.37 ha. The area of leased land did
not vary (P > 0.05) between localities or districts.
The highest variable cost in Berseem clover production was the cost of leasing land,
with an average cost of 97439 ± 3783 Rs/ha (equates to 33% of the average total
variable costs), and ranging from 61775 to 135905 Rs/ha. The cost of leasing land
was significantly higher (P < 0.05) in Okara district (101724 Rs/ha) than in Kasur
district (80308 Rs/ha) but did not vary (P > 0.05) between localities.
The surveyed farms were categorised into three farm size categories; small (< 3 ha),
medium (3-5 ha) and large (>5 ha) (Table 4.1). Of the total respondents, 70% had
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small to medium sized farms of < 5 ha of cultivated land, and within these
respondents, 63% had small farms of < 3 ha.
Table 4.1: The percentage of respondents (n = 43) farming small (< 3 ha), medium (3-5
ha) and large (> 5 ha) farm sizes in the surveyed villages of the Kasur and Okara districts
of Punjab, Pakistan.
Percentage of respondents
District

Farm size categories
(n = 43)

Kasur

Okara

Small (< 3 ha)

11.63

Medium (3-5 ha)

6.98

Large (> 5 ha)

11.63

Small (< 3 ha)

32.56

Medium (3-5 ha)

18.60

Large (> 5 ha)

18.60

4.3.3 Farmers’ practices of growing Berseem clover
Farmers’ practices associated with the growing of Berseem clover are summarised
in Table 4.2. The average area grown (Berseem Area ~ District + Locality) varied
significantly (P < 0.001) between localities (average 1.07 ha) but did not differ (P
> 0.05) between districts (average 2.15 ha).
To grow their Berseem clover crops, respondents either retained their own seed or
sourced the seed from fellow farmers (farmer seed, 74%), used improved seed
varieties obtained from the research stations (research-station seed, 3%) or
purchased their seed from their local agricultural markets (market seed, 23%). Both
resourcing of seed varied (P < 0.05) between districts as did the seeding rates
(Seeding rate ~ District + Locality) used (19 kg/ha); however, seeding rates did not
vary (P > 0.05) between localities. In Kasur district the average seeding rate was
17.05 kg/ha ± 0.3 (below the recommended level), while in Okara district the
average seeding rate was 19.77 ± 0.2 kg/ha.
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Table 4.2: Average (± SED) and range of responses regarding farmers’ practices of
growing Berseem clover on their farms in the survey villages of districts of Kasur and
Okara, Punjab, Pakistan. P values indicate significant differences at the level of either
district or locality.

Farmer practices

Mean response
(range)

P value
District

Locality

Area grown (ha)

0.93 ± 0.30
(0.20 - 4.86)

0.147

<0.001

Seed rate (kg/ha)

19.02 ± 0.20
(9.88 - 24.71)

<0.001

0.093

Seed cost (Rs/kg)

309.3 ± 6.90
(250 - 450)

<0.001

0.021

0.134

0.183

0.429

0.451

31.76 ± 1.61
(20.54 - 39.65)

0.059

0.149

2.5 ± 0.20
(1.2 - 5.0)

0.619

0.873

106812 ± 8331
(29768 - 186718)

0.217

0.413

Total seed produced (kg/ha)

192 ± 21.20
(86 - 217)

0.870

0.807

Seed selling price (Rs/kg)

283 ± 9.90
(200 - 350)

0.117

0.032

Berseem seed income (Rs/ha)

32586 ± 2677
(24364 - 61476)

0.586

0.745

Seed harvesting cost (Rs/ha)

10279 ± 515
(2000 - 8000)

0.793

0.996

104261 ± 2174
(73419 - 117907)

0.858

0.372

Number of irrigations
Number of forage cuts prior to seed
production
Total green forage yield (t/ha)
Forage selling price (Rs/kg)

Forage income (Rs/ha)

Total variable cost (Rs/ha)

16.1 ± 0.30
(10 - 20)
5 ± 0.10
(5 - 6)

The average cost of Berseem clover seed was 309.3 ± 6.90 Rs/kg but this varied
depending on the seed source, on an average of 319 Rs/kg at district (P < 0.05) and
307 Rs/kg at locality (P < 0.05) level. The most expensive seed was market seed
(average 450 Rs/kg), followed by research-station seed (average 350 Rs/kg). The
least expensive seed was farmer seed (average 250 Rs/kg). The average cost of seed
varied (P < 0.001) between both districts (P < 0.001) and localities (P < 0.05). In
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Kasur district the average cost of seed was 342.3 ± 14.8 Rs/kg, while in Okara
district the average cost of seed was 295.0 ± 6.0 Rs/kg.
Of the respondents, 79% planted Berseem clover in mid-October every year, with
the remaining 21% planting it in late September. There were no difference (P >
0.05) between districts or localities with respect to the timing of planting. With
regards to fertiliser use, 79% of respondents used both organic (farmyard manure)
as well as inorganic (urea for N, DAP and nitrophos (NP) for both N and P, and
sulphate of potash (SOP) and muriate of potash (MOP) for K fertilisers depending
on the availability), with the remaining 21% only using the inorganic fertilisers.
None of the respondents were using Rhizobium seed inoculation.
Of the respondents using inorganic fertilisers, 95% used urea, 91% used DAP and
5% used SOP/MOP as sources of N, P and K fertilisers. The average application
rate (on a wet weight basis) of farmyard manure over the whole growing season
was 18.75 t/ha; with 7% of the users applying it at the rate of 7.5 t/ha, 14% at 15
t/ha, 11% at 22.5 t/ha, and 47% at the rate of 30 t/ha. Where inorganic fertiliser was
used, the average application rates were 86.25 kg N/ha for of urea, 73.80 kg P/ha
for DAP and 31 kg K/ha for SOP. Where the respondents used urea, about 69%
applied it at the rate of 57.5 kg of N/ha, and the remaining 31% applied it at the rate
of 115 kg N/ha through the growing season (after sowing as well as after every
forage cut). The respondents irrigated their Berseem clover crop an average of 16.1
± 0.30 times (each irrigation of about one acre-inch = 101952 L of water), with no
differences (P > 0.05) in the number of irrigations between districts or localities.
The average number of forage cuts taken prior to leaving for seed production was
five, with no differences (P > 0.05) between districts or localities. There was
considerable variation in forage harvesting time and plant height at harvest; but
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overall this did not vary (P > 0.05) between districts or localities. The majority
(79%) of respondents reported that green forage production was low at the start of
the winter season due to poor germination and initial growth, was low in the middle
of winter because of frost, and was low in the middle of the summer because it was
the end of the growing season and the crop was being left for seed production. None
of the respondents had the forage assessed for its nutritive value or used inoculum
due to lack of awareness and knowledge as well as its lack of availability in the
local market.
As a consequence of the variability in the time of the last forage cut, there was a
wide range of harvesting times for the seed crop. Of the respondents that produced
seed, 28% harvested their seed crop in early June, 32% in mid-June, 28% in late
June and 12% in the early July. About 40% of the respondents either prolonged
forage cuttings or increased the number of cuts which caused late seed harvesting.
Hence, flowering and seed setting occurred during the hot months of June (with
reduction in honeybee activity due to high temperature) resulting in average seed
yields of 192 kg/ha.
The average green forage and seed yields with their respective selling prices and
incomes are presented in Table 4.2. The average green forage yield (31.76 ± 1.61
t/ha) and forage selling price (2.5 ± 0.20 Rs/kg) did not vary (P > 0.05) between
districts or localities and consequently the average forage income (106812 ± 8331
Rs/ha) also did not vary (P > 0.05) between districts or localities. The average seed
yield (192 ± 21.20 kg/ha) and average selling price of the farmer-produced seed
(283 ± 9.90 Rs/kg) did not vary (P > 0.05) between districts; however, seed price
did vary (P < 0.05) between localities, with the price at Okara being 267-300 Rs/kg,
compared to 225-350 Rs/kg at Kasur. The average value of the seed income (32586
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± 2677 Rs/ha) did not vary (P > 0.05) between districts or localities. The total
variable costs (104261 ± 2174 Rs/ha) and seed harvesting cost (10279 ± 515 Rs/ha)
of Berseem clover did not vary (P > 0.05) between districts or localities.

4.3.4 Berseem clover seed production at the village level
Farmer seed (both own-saved and purchased from other farmers) was used by 75%
of the respondents for growing forage. Approximately one-third of these
respondents retained seed they had grown (and thus were considered seed
producers) and the remaining two-thirds purchased seed directly from other farmers
in the village.
The majority of the seed producers (56%) had no technical support, and also had
no knowledge of improved practices for growing Berseem clover for forage and
seed production. Only 14% of the respondents used technical guidance from their
local Agricultural Department extension services for growing Berseem clover. Of
the respondents, 30% had knowledge and technical support for growing maize and
sorghum forages (which they could apply somewhat to Berseem clover production)
from farmer meetings and field days conducted by private seed and pesticides
companies in the area.
The respondents that produced Berseem clover seed faced constraints during the
seed production process (Q 46, Appendix A). When asked to rank their major
constraints, they all identified the poor availability of land, scarcity of crop inputs
such as quality seed and fertilisers, rains at the time of seed setting, insects, pests
and disease attack, damage from birds and multiple spray applications as major
constraints in Berseem clover seed production. The ranking of these constraints is
presented in Figure 4.3, with land, quality seed and fertiliser shortages being the
major problems in seed production at the village level. Of the seed producers, 63%
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considered they could manage most of these constraints through expanding their
operation via leased land and their awareness of crop protection as they were well
equipped with farm equipment and experience; however, the remaining 37% felt
they could not manage these constraints, resulting in significant forage and seed
yield losses.

Figure 4.3: Major constraints in Berseem clover seed production at village level
experienced by the surveyed farmers (n = 43) in the villages of districts of Kasur and Okara,
Punjab, Pakistan during 2012-2013.

4.3.5 Potential role of village-based forage seed enterprises
The survey participants were asked questions in relation to the introduction of
VBFSE in their villages and perceptions of associated benefits such as access to
improved variety seed and improved production technologies for growing Berseem
clover crop as a way to increase forage and seed production at the farm level.
The major varietal selection characteristics identified by the majority of the
respondents (92%) were increased number of forage cuts, longer growing season
and increased forage yields. In addition, 64% of the respondents preferred to select
varieties which have low irrigation water requirements, 54% wanted to have
varieties with low weed seed contamination, lower fertiliser requirements and
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resistance against pests and diseases, and 47% preferred to have varieties which
fitted well in their crop rotation, grew well under frost (very low temperature)
conditions and had no crop lodging issues. Of the respondents, 35% preferred to
select varieties with greater plant height and a higher number of forage cuts and that
grew well under frost conditions, had greener colour and produced a greater yield
of green forage. Of the respondents, 28% preferred to select varieties that had good
germination rates, with more stemming, more flowers and higher forage and seed
yields. Thirty seven percent of the respondents had preferences for selecting
varieties with quick growth, higher nutritional values with broader leaves and
lustrous green colour, greater stem width, and with disease resistance. The response
of the respondents varied (P < 0.05) both between districts and locality.
The respondents suggested there were some specific requirements and critical
success factors to consider in establishing VBFSEs at their villages. Every
respondent (100%) agreed that the availability of improved varieties of Berseem
clover was a pre-requisite to start a VBFSE. Of the respondents, 33% also
considered the availability of land as an important requirement and 35% of the
respondents suggested that the availability of seed production technologies and
technical supervision by researchers were important requirements in VBFSE
success. For 33% of the respondents, fertiliser requirements and irrigation water
availability were the important requirements to start VBFSEs in their villages.
Availability of land and crop inputs such as improved variety seed, fertilisers and
pesticides, credit loans and farmer meetings were considered by 74% of the
respondents as the most important critical success factors in their villages for a
successful VBFSE business. Farmer selection, farmers’ willingness and
commitment to seed production, and of the building of trust with farmers were
considered by 14% of the respondents as important critical success factors for
87

successful VBFSE in their villages. For 9% of the respondents, improved practices
of crop production, technical support in seed production, farmer training in seed
marketing, demonstration plots in villages, and availability of machinery such as
seed graders were critical success factors for VBFSEs in their villages. Only 3% of
the respondents could not identify any critical success factors for the successful
establishment of VBFSEs in their villages.
The main factors affecting the farmer’s attitude towards using VBFSE intervention
and willingness to start VBFSE are presented in Table 4.3. Overall, 67% of the
respondents thought that this idea could be workable in their villages and wanted to
start the VBFSE activity on their farms. They also thought it could be a profitable
and successful small-scale seed business in their localities. Across the Kasur and
Okara districts, 77% (n = 10) and 63% (n = 19) of the respondents were willing to
start VBFSE in their village.
Table 4.3: Differences in socio-economic factors affecting Berseem clover seed production
such as age, land lease rates, credit interest rates, Berseem clover seed rates and associated
cost to start village-based forage seed enterprises in the districts of Kasur and Okara,
Punjab, Pakistan.

Predicted value ± SE
Factors

P value
Kasur

Okara

Age

47.9 ± 3.0

39.7 ± 2.4

0.010

Land lease rate (Rs/ha)

80307 ± 3161

101724 ± 1581

0.020

Credit interest rate (%)

17.2 ± 2.0

10.9 ± 1.4

0.029

Berseem seed rate (kg/ha)

17.05 ± 0.49

20.01 ± 0.50

<0.001

Berseem seed cost (Rs/kg)

343.3 ± 9.6

294.8 ± 7.8

<0.001

*Predicted values from raw data for the main effect of district ± SE
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The education level of the respondents had a significant effect (P <0.05) on the
decision to start a VBFSE, as shown in Figure 4.4. Of the educated respondents (n
= 38), 74% were willing to start VBFSE, and of the non-educated respondents (n =
5), only 40% were willing to start VBFSE on their farms. Those with a graduate
level of education were the most willing, with 15 out of 16 graduates wishing to
participate in such a program as the VBFSE. Lower lease rate also encouraged
farmers to start VBFSE on their farms and thus Kasur farmers were more interested
in VBFSE than Okara farmers.

Figure 4.4: Relationship between education levels of non-educated, primary, matric and
graduated farmers and willingness to start village-based forage seed enterprises in villages
of districts of Kasur and Okara, Punjab, Pakistan.

To start a VBFSE business requires both the willingness of the farmers as well as
some initial capital investment. Of the farmers that agreed to start VBFSEs in their
villages (n = 29), 67% were willing to invest an average of 159,907 ± 2083 Rs/ha
in order to start a VBFSE business. The major expense identified within this
investment was land rent (ranging from 61,074 to 95,245 Rs/ha). Other major
expenses identified were in the form of crop inputs such as improved seed,
fertilisers, irrigation water, and pesticides. Of the respondents that agreed to start
VBFSEs in their villages, 41% were willing to invest an average of 36035 ± 843 Rs
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for seed cleaning, grading, packing and marketing of the Berseem clover seed
produced as a result of village-based seed production. The majority of this
investment would come from credit loans from banks, with predicted interest rate
values a significant (P < 0.05) factor influencing agreement to start a VBFSE.

4.4 Discussion
4.4.1 Demographics of the survey population
The majority (88%) of the respondents were literate, having obtained some level of
education. This is much higher than the national average of 58% literacy rate
(Government of Pakistan., 2014). Literacy is an important factor in improving
smallholder incomes as education plays an important role in decision making and
the adoption of agricultural interventions (Aneesa et al., 2012, Ul-Allah et al.,
2014a).
All of the respondents were male. In Pakistan, the household decision making and
responsibility goes with the senior male member of the family; however, women
carry out a considerable amount of the farm work (crop and livestock). It is
therefore acknowledged that the inclusion of women in activities to improve their
agricultural knowledge and skills is very important and has a key role in increasing
whole farm productivity. Involvement of women in training and economic activities
has been shown to result in enhancement of both forage and livestock production
(Afzal, 2010). In reality, the level of involvement women have in the making of
farming decisions is likely to vary considerably between households. Although it is
a recognised limitation of the survey, culturally it was appropriate to only survey
the senior male household members.

90

4.4.2 Farmers’ practices for growing Berseem clover forage and seed
Agronomic practices have a major impact on Berseem clover forage and seed
yields. The average seeding rate of 19 kg/ha was just below the recommended 20
kg/ha to maximise forage and seed yields (Arzani, 2000, Read et al., 2013). The
cost of seed was a factor affecting seeding rate and also the choice of seed as the
majority (75%) of the respondents used low cost farmer seed. Despite market seed
being the most expensive (450 Rs/kg), more respondents used this seed (23%) than
research-station seed (3% of respondents), which on average cost 100 Rs/kg less
and was most likely due to greater availability in the market and farmer awareness
of the performance characteristics of this seed source. In addition, market seed is
readily available to farmers to purchase on credit compared to research-station seed,
making ease of access a more significant factor in their decision making than seed
price. Overall, there was a general lack of awareness amongst farmers about
available improved varieties and that the Research Stations were working to
improve Berseem clover varieties in the province.
Gul et al. (2013) identified that the time of sowing was an important factor in
obtaining higher green forage and seed yields of Berseem clover in Pakistan. For
Kasur and Okara districts, the recommended time of sowing is the middle of
October (Sardana and Narwal, 2000, Gul et al., 2011, Bakheit et al., 2012). Whilst
most (79%) abided by this recommendation, 21% of the respondents planted in late
September, which would expose seedling to high temperatures and potentially
damaging seedlings at the early growth stages, which could negatively impact on
plant growth. The advantage of an earlier sowing may be a longer period for forage
production. Increasing seeding rates by 15-20% could compensate for the loss of
seedlings; however, this could also increase the cost of production to smallholder
farmers.
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Ul-Allah et al. (2014b) found the use of balanced fertilisers was the most important
factor influencing the growth and productivity of forage crops in the irrigated
farming systems of Punjab, Pakistan. Berseem clover requires N initially in its life
cycle for root and shoot growth; however, as the plant grows it starts fixing
atmospheric N, thus reducing N fertiliser needs (Graves et al., 1990). The
recommended fertiliser rates are 20 kg N/ha, 60 kg P/ha and 30 kg K/ha,
respectively (Saeed et al., 2011). However, Oushy (2008) reported a starting dose
of 42 kg N/ha significantly increased forage yield. This can be achieved by applying
urea (46% N) at 50 kg/ha, DAP (18% N and 46% P2O5) at 300 kg/ha, and sulphate
of potash (SOP; 50% K2O) and muriate of potash (MOP; 60% K2O) at 72 kg/ha and
60 kg/ha, respectively. However, the survey identified that farmers were also using
farmyard manure, which reduces fertiliser application rates and fertiliser costs.
Farmyard manure is a mixture of solid and liquid excreta from animals and contains
varying amounts of litter (animal bedding material) and left over roughages/forage.
Due to its availability within the farm system, the majority (79%) of the respondents
used this source of fertiliser, applying it at rates (wet weight basis) varying between
7.5 and 30 t/ha (average 18.75 t/ha). Although it is likely to vary significantly, on a
dry weight basis, farmyard manure has been reported to contain 1.8% N, 0.6% P
and 2.1% K (Roy et al., 2001). Therefore application rates for N ranged from 31.5
to 135 kg/ha (averaged 84 kg/ha) and K ranged from 35 to 150 kg/ha (averaged 94
kg/ha), while those for P ranged from 9.8 to 42 kg/ha (average 26 kg/ha). Thus both
N and K were being applied in excess of plant requirements whilst applications of
P were below the recommended levels. Moreover, P is more likely to be deficient
in the Pakistan soils as P can be fixed by Ca present in soils with a high pH resulting
in P deficiency (Jan et al., 2014). The majority of the farmers (> 90%) used urea
(between 123.5 to 247 kg urea/ha) and DAP fertilisers to provide additional
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nutrients to the Berseem clover crop grown on their farms further exacerbating the
nutrient imbalance. Use of recommended levels of P and K fertilisers has been
identified as being critical in increasing Berseem clover seed yields when grown in
the calcareous alkaline soils of Pakistan (Misra et al., 2012, Jan et al., 2014, UlAllah et al., 2014a).
Inorganic fertilisers such as DAP and urea are high N products which exacerbate N
levels when used in combination with farm yard manure, potentially losing N from
the system and contaminating groundwater. This excessive use of N fertiliser also
increases the cost of production, as fertilisers are the most costly crop input in
Pakistan (Farooq, 2014, Ul-Allah et al., 2014a). Most importantly; however, the
addition of excessive N decreases atmospheric-N fixation by Berseem clover – a
key factor reducing the cost of production in Pakistan and affecting the productive
levels of subsequent crop plantings (Naveed et al., 2015). The lack of inoculant use
indicates a clear lack of awareness and understanding amongst farmers of the
potential for Berseem clover to fix N.
The commonly practiced combination of DAP and farmyard manure applied at
sufficient rates to maximise production (250 kg DAP/ha, 7 t manure/ha) is very
costly (23,650 Rs/ha); whereas, a combination of farm yard manure (7 t/ha) and
single super phosphate at a rate of 350 kg/ha (cost of 11,650 Rs/ha) or nitrophos at
a rate of 250 kg/ha (cost of 17,500 Rs/ha) may provide more economical options
depending on the availability of these fertilisers. In addition, single super phosphate
provides additional sulphur which can be used to reclaim problematic soils such as
those in Pakistan (Zia et al., 2007). The continued use of farmyard manure is
important for its contribution of organic matter (identified low, Section 3.3) and
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micro nutrients such as Zn, Mg, Mn and Cu to the soil and thus potentially addresses
other soil fertility constraints (Sidhu et al., 1998, Roy et al., 2001).
Irrigation scheduling in many areas may have been excessive to requirements
needed to maximise forage and seed production. The respondents irrigated an
average of 16 times. In comparison, Ud-Din et al. (2014) maximised Berseem
clover green forage and seed yields in the Peshawar district of Pakistan with 10
irrigations. The respondents’ irrigation scheduling is unlikely to have had major
adverse effects on production as Berseem clover has been shown to be highly
productive on waterlogged soils (Nichols et al., 2008); however, it is an inefficient
use of resources. When determining the optimum number of irrigations, the
brackish (saline) nature of underground water and availability of quality canal
irrigation water in the irrigated areas of Punjab need to be taken into consideration
(Ghulam et al., 2013). Why farmers practice this excessive use of saline irrigation
water should be investigated further. It is possible that irrigation is being carried out
to maintain the soil properties, flushing salt out away from the root zone and
preventing the immediate toxicity problems; however, the number of irrigations
may be exacerbating the problem in the longer term because salts accumulate below
the root zone causing capillary rise as water is evaporated (Nichols et al., 2008,
Mehboob et al., 2011).
Forage harvest management in Berseem clover is very important, and the cutting
frequency, stage of crop and plant height at harvest have been shown to impact on
forage and seed yields (Iannucci, 2001, Giambalvo et al., 2011a). The
recommended forage harvesting regimen is that it should be first cut after 50-60
DAS, with subsequent cuttings at 30-40 d intervals in order to maximise forage
production (Oushy, 2008). However, the surveyed farmers took more forage cuts
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(five cuts) with more frequent cuttings than recommended (see Chapter 5) prior to
seed production. There are two well recognised forage deficient periods, DecemberJanuary due to low temperatures, and May-June as the spring (March-April) planted
summer forage crops such as maize, sorghum, sorghum sudan grass hybrids and
millet are not ready for harvesting in May. This also could be one of the reason for
continued harvesting of Berseem clover forage until the late April and early May
(Dost et al., 2014). These shorter cutting intervals are likely to cause a reduction in
forage and seed yields (Giambalvo et al., 2011a). If five forage cuts are taken,
flowering would be delayed until the hot months of May and June which would
further reduce seed yields because of limited honeybee activity (for pollination) due
to unfavourable environmental conditions of high temperature and low humidity
(El-Naby et al., 2012, Ismail et al., 2013). Iannucci and Annicchiarico (2011) and
Oushy (2008) reported that the optimum number of harvests (cuts) to maximise
both forage and seed yields was 3-4 forage cuts at early flowering before seed
production. Iannucci and Annicchiarico (2011) reported a 21% reduction in seed
yield, while Sardana and Narwal (2000) reported a 51% reduction in seed yield for
five cuts as opposed to four cuts and delayed last forage cut prior to seed production.
Moreover, late harvesting reduces seed yields as the high temperatures at the time
of seed setting in May causes pollen sterility as well as shrivelling of seeds (Dost et
al., 2014).
The average green forage yield was 31.76 t/ha which is typical of the average onfarm yield (32 t/ha) reported for Kasur and Okara districts (Government of Punjab,
2014). None of the respondents had the forage assessed for its nutritive value.
However, Berseem clover is widely known to be of higher nutritive value than most
other forages and grasses (Roy et al., 2005, Fulkerson et al., 2007), and any
limitations to animal production would more likely be due to inadequate supply
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(Sarwar et al., 2002b) rather than quality. It is unclear from the survey results
whether farmers were aware what the nutritional benefits of Berseem clover were
or how much to supply to livestock to meet their nutritional requirements.
The major limitations to Berseem clover seed production include imbalanced use
of fertilisers, low soil fertility, shortage of irrigation water, lack of pollination,
disease and pests attack and poor harvesting management (Saeed et al., 2011).
Prolonged forage cutting causes less foliage retention and poor flowering, resulting
in decreased seed yields (Kumar et al., 2013). The average seed yield reported by
respondents was 192 kg/ha, which is 20% less than the potential maximum yields
reported by Oushy (2008) and Iannucci (2001). This is in line with the reduction
reported by Iannucci and Annicchiarico (2011). However, given the range of
differences between the present study and that conducted by Oushy (2008) and
Iannucci and Annicchiarico (2011), this yield reduction appears small. The major
differences in Berseem clover management used in these two studies included
improved varieties, proper harvesting management (last cut at end of March),
provision of honeybee hives for maximum cross pollination (2-3 hives/ha) and
prevention of water stress at the flowering stage. A possible reason for this small
reduction in yield at farm level was that farmers were not recording their yield data
and instead used generalised yield data rather than actual data.
The majority of the seed growers (56%) in the present study had no technical
support, and therefore likely have limited knowledge of improved practices for
growing Berseem clover for forage and seed production. This lack of knowledge of
improved production technologies at the farm level has also been reported by
(Imran et al., 2012).
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4.4.3 Farmer’s willingness in establishing village-based forage seed
enterprises
The notion of establishing VBFSEs in farming communities originated from Africa
(David, 2004) as a sustainable approach to seed delivery. Many researchers
evaluated this concept in their studies across Africa and Asia (Setimela et al., 2004,
Robert, 2010, Srinivas et al., 2010, Singh et al., 2013b). It has been found to be very
effective in developing a seed production and informal distribution systems in many
situations. However, this idea is the first of its kind for seed production (Berseem
clover) in the Punjab region of Pakistan. The merit of such an idea was tested on
the farmers surveyed, and they responded favourably to the idea. When approached
about the idea of establishing VBFSEs in their villages, the majority of the survey
respondents (68%) thought it could be a profitable and successful small-scale
business for their localities. The idea did not originate from the farmers themselves
but most were amenable to the idea of adoption and long-term commitment to this
activity (Srinivas et al., 2010). However, the participatory research approach could
provide a sense of ownership to farmers and encourages them to make the idea their
own thus ensuring better longer-term success (Singh et al., 2013b).
In order for such an intervention to work, farmers must be able to make the project
financially and managerially sustainable and therefore adapt the idea to their
circumstances. Almost all farmers (> 98%) could identify critical factors that they
would need to consider or manage for a better chance of success and thus were
already adapting the idea conceptually to their circumstances. To adopt and apply
new technologies such as the use of improved varieties, farmers require their own
capital (e.g. credit loans) which may need to stretch across 6-12 months depending
upon the crop grown (Cain et al., 2007). It has been suggested that the minimum
rate of return which is acceptable to farmers in adopting any intervention is 4097

100% in the majority of the situations, which is largely dependent on market prices
(Shah et al., 2011). The expectation for higher returns probably relates to the cost
of capital, risk involved in adoption, inflation rate and price fluctuations in both
crop inputs (seed, fertiliser, pesticides and diesel oil) and of agricultural
commodities produced (Cain et al., 2007).
The majority of farmers in this survey (75%) were sourcing farmer seed and
therefore were relying on the informal seed production system and market. In
contrast, adoption of improved varieties was very low (< 3% of respondents used
research-station seed) and this was likely due to either physical or financial;
unavailability of seed, lack of production technology at the farm level (Cain et al.,
2007, Anwar et al., 2012), and/or lack of knowledge of the benefits of using
improved varieties. The willingness or lack therof of farmers to adopt improved
agronomic technologies, including use of improved varieties, is a function of
different constraints (in adoption) such as ignorance, high inputs cost, unavailability
in the market and level of risk (Cain et al., 2007, Ul-Allah et al., 2014a).
According to Phaikaew and Stur (1998), the development of VBFSEs would
provide an alternative and secure seed supply system at the local level. By
establishing these VBFSEs with improved Berseem clover varieties and technical
support, it would increase both supply and availability of quality seed resulting
potentially in increased forage and seed production for surrounding farmers.
Further, VBFSEs have the potential to act as a vehicle to educate and build the
awareness of farmers on improved varieties and agronomic practices (David, 2004,
Reddy et al., 2006, Nakamanee et al., 2008).
As mentioned, the respondents had clear ideas on what specific requirements and
critical success factors would need to be considered in establishing VBFSEs within
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their villages. Almost all agreed the availability of improved variety seed was a prerequisite to start a VBFSE. They also had clear ideas for varietal selection
characteristics for these new varieties including increased number of forage cuts, a
longer growing season and increased forage yields. For the establishment of
successful VBFSE it is essential that participants are involved in varietal selection
(Reddy et al., 2006). Involvement at this stage of plant breeding has been shown to
result in greater adoption of the varieties bred (Stur et al., 2000). Involvement at the
varietal selection stage may also improve the suitability of emerging varieties.
Farmer willingness/agreement to participate in a VBFSE was influenced by their
level of education, with only 7% of the non-educated respondents willing to start a
VBFSE. In addition to education, age of farmer, crop income and the level of risk
associated with this agricultural intervention (Cain et al., 2007) would impact on a
farmer’s decision to start a VBFSE on their farms. However, the participatory
approach can be helpful and a handy tool to build farmers’ trust and build their
confidence about the benefits of this intervention to improve their livelihoods
(Singh et al., 2013b).

4.5 Conclusion
There is willingness by smallholder farmers in the Kasur and Okara districts to
establish VBFSE, with specific recommendations as to the characteristics of the
improved varieties of Berseem clover to be used in these enterprises. The
smallholder farmers could identify preferred traits for an improved variety and in
producing and ensuring availability of quality improved seed at the village level.
Seed production and marketing through VBFSE was considered a potential smallscale business both for quality forage and seed production at the village level. It
would also compliment the formal seed supply system. However, improved quality,
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production technology and skills of seed procurement techniques were found to be
the major constraints in seed production and marketing.
The idea of varietal selection and evaluation of improved forage varieties with the
participation of smallholder farmers at their farm level and establishment of
VBFSEs is of great importance. The ultimate objective is to create availability and
access to quality Berseem clover seed in order to increase forage and seed
production at the village level and consequently the livestock productivity of the
resource poor farmers. Therefore, investigation and evaluation of improved
varieties under specific socio-economic and agro-climatic conditions when
combined with the best agronomic practices (identified throughout this thesis) are
very important for developing sustainable VBFSEs.
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Chapter 5: Varietal Selection and Evaluation using a
Farmer Participatory Research Approach
5.1 Introduction
Pakistan’s annual livestock feed requirements are met through a combination of
green forages (51%), crop residues (38%), grazing (3%) and concentrates (2%).
Collectively, these animals require 11 Mt of DP and 90 mt of TDN annually, but
only receive 7 Mt and 69 Mt per year, respectively (Dost, 2006).
Forage deficits result from land scarcity, soil nutrient imbalance, water deficiency,
lack of improved forage cultivars and extreme temperatures (David, 2004,
Cosentino et al., 2014). A lack of knowledge on forage production and utilisation
including forage conservation techniques is also an issue (Kamanzi and Mapiye,
2012). Anwar et al. (2012) reported that smallholder farmers perceive that this feed
gap could be fulfilled by increasing forage production per unit area, through the
introduction and availability of improved varieties, appropriate research-based
agronomic practices and timely availability of the inputs. Forage production is also
often constrained by the availability of quality seed (Sarwar et al., 2002a, David,
2004), which can occur because public and commercial seed can often be in short
supply. Therefore farmers produce their own seed using local knowledge and
experience.
Berseem clover of the type commonly grown in Pakistan is a multi-cut crop, with
seed yield dependent on the regrowth of plants following the last forage harvest.
Seed yield is also higher for improved berseem clover varieties. Uptake of improved
forages varieties by smallholder farmers largely depends on the varietal information
and knowledge they acquire, and involvement of these farmers in the selection and
evaluation process expedites this process (Stur et al., 2000). Traditionally, varietal
selection has been carried out using the conventional top-down model rather than
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the model of participatory varietal selection by farmers. The participatory approach
was shown by Anwar et al. (2012) to be a workable strategy in forage seed
production and dissemination of the best suited improved varieties amongst farming
communities in Punjab, Pakistan. Morris and Bellon (2004) described the most
appropriate model of participatory varietal selection and evaluation being that
where the researcher is responsible for germplasm selection, and cultivar
development (pre-breeding). Then the researcher and farmer work together to
evaluate the chosen cultivar at the farm level. Moreover, the participatory research
approach is demand driven and has cultural, moral, ethical and psychological
benefits related to the adoption of new improved varieties.
The participatory approach not only recognises the local knowledge and experience
of farmers, but also compliments the role of science. Furthermore, on-farm testing,
selection and evaluation of improved varieties can lead to farmer-based seed
production and dissemination (Ceccarelli and Grando, 2007). This approach
replaces the traditional linear sequence of breeding (Researchers > Extension
workers > Farmers) to team work of all the above stakeholders who record both
qualitative and quantitative observations. For increased uptake by the local farming
community and to maximise knowledge and the understanding of the varieties,
research must be carried out in a manner that involves the target audience (farmers).
The aim of the present study was to determine which Berseem clover seed source
and cutting regimen gave the best results in terms of forage and seed production
under the agro-climatic conditions of the districts of Kasur and Okara, Punjab,
Pakistan. The study was designed to involve the smallholder farmers through
participatory varietal selection and evaluation to promote knowledge and adoption
of best practices and varieties for Berseem clover production. On-farm trials were
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undertaken during the growing season of 2012-2013 in the districts of Kasur and
Okara of Punjab province of Pakistan, to establish the most appropriate source of
seed and multi-cut harvesting regimen (number of cuts of forage prior to seed
production) to achieve the greatest forage production, forage quality and seed
production outcomes.

5.2 Materials and Methods
5.2.1 Varietal selection
On-farm trials were undertaken during the growing season of 2012-2013 to
establish the most appropriate source of Berseem clover seed and multi-cut
harvesting regimen (number of cuts of forage prior to seed production) to achieve
the greatest forage production, forage quality and seed production outcomes.
5.2.1.1 Experimental design

Eight smallholder farmers were selected from the ASLP registered farmer group,
based on their level of skill and knowledge of Berseem clover seed production and
marketing. There were two farmers from each of two villages from Kasur and two
farmers from each of two villages from Okara were selected (see Chapter 3.1).
Additionally, an on-station field trial was undertaken at UVAS, Kasur, making a
total of nine replicates.
A randomised complete block design with a factorial arrangement (three seed
sources x four cutting/harvest regimens) and nine replicates was used, where each
research site was considered as a replication (giving a total of nine replicates) in
order to address heterogeneity associated with soils, irrigation waters and the
farmers’ cultural practices. At each site 12 plots (3 m x 7 m; 21 m2) were
established. The design was generated using the software “DiGGer” (Coombes,
2002). The three sources of Berseem clover seed were farmer seed, market seed and
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seed

(see

Chapter

3.5).

The

following

four

cutting

treatments/frequencies were designed based on the scientific literature (see Chapter
2.3.2.3 and 2.3.4.2) and farmers’ practices (see Chapter 4.3.3):
T1: two forage cuts (65 and 110 DAS) prior to seed harvest
T2: three forage cuts (65, 110 and 150 DAS) prior to seed harvest
T3: four forage cuts (65, 110, 150 and 180 DAS) prior to seed harvest
T4: five forage cuts (65, 100, 150, 180 and 210 DAS) prior to seed harvest
5.2.1.2 Land preparation, sowing and harvesting

Land preparation activities were as described in Chapter 3.6.1. Each source of seed
was cleaned manually and inoculated prior to sowing, which was undertaken during
the second week of October in both years. Rhizobium trifolii, stored at 28 ± 2°C,
was used to inoculate the seed. The inoculum was used at the rate 250 g/ha (2.5
bacteria culture bags/ha) for 20 kg of seed as recommended by (Qureshi et al.,
2012). The culture was mixed into a 10% sugar solution to make a slurry for coating
(to achieve better adhesiveness) and then sprinkled over the seeds and mixed
thoroughly, ensuring that the culture coated all of the seed. Treated seed was left to
stand under shade for 2 h before sowing, as described by Agarwal and Ahmad
(2010).
Following germination, the forage cuts were taken according to the predetermined
harvesting regimen stated above at a forage height of 4-6 cm for better regrowth
(Giambalvo et al., 2011a). Following the final forage cut for each treatment, the
crop was left to flower for seed production. Final seed harvesting dates were thus
in the last weeks of February, March, April and May, respectively for the four
harvesting regimens (see Table 3.1).
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5.2.1.3 Data and sample collection

Data were recorded on the following parameters from each cut; plant height (cm),
number of stems per m2, green forage yield, DM yield, and number of heads per
m2, and. The number of seeds per head, 1000-seed weight and predicted seed yield
was determined using from the forage left for seed harvest (see Chapter 3.7.1 and
3.7.2). Additionally, the major indicators of forage nutritive value i.e. ME, CP,
ADF, NDF, WSC content, and DMD were determined (see Chapter 3.7.3).

5.2.2 On-farm evaluation of recommended variety and cutting practices
During the 2013-14 growing season, a second, larger field trial was undertaken with
five farmers (two from Kasur and three from Okara) who had also participated in
the previous year’s on-farm varietal selection trial. As previously explained, a
simplified treatment structure using the best performing seed source and harvest
regimens was applied. As identified later in Section 5.3.1, research-station seed
proved to be the better performing variety and was thus used. Two harvest regimens
were selected also due to their performance in the first season and have been
labelled consistent with the first trial: three forage cuts (day 65, 110 and 150) prior
to seed harvest (T2) and four forage cuts (day 65, 110, 150 and 180) prior to seed
harvest (T3).
At each farmer’s site, four 0.1 ha plots were established to create a replicate of each
of the two treatments. Each farmer’s field was also considered as a replication as
per the previous year’s field trial, giving a total of 10 replicates. A randomised
complete block design with two cutting treatments (T2 and T3) and five replicates
was thus used. The design layout of the farmer field experiments was generated
using the software “DiGGer” (Coombes, 2002). To test for seasonal variation, the
original treatments used in the 2012-13 season were continued in the second year
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(2013-2014) on the UVAS field site.

Land preparation, sowing and harvest

practices, and data collection and analyses were also consistent with the preceding
on-farm trial (see Section 5.2.1).

5.2.3 Statistical analysis
The data were analysed with linear mixed model (REML) assuming farms as
random effect and seed sources, year and cutting treatments as fixed effects (De
Santis et al., 2004) by using GenStat® (17th edition) windows software (VSN
International, 2014). The least significant differences (LSD) at 5% level of
significance was used to compare treatment means (Gomez and Gomez, 1984).

5.3 Results
5.3.1 Varietal selection
The impact of seed source and harvest regimen on forage and seed production
during the 2012-2013 growing season is presented in Table 5.1 and Table 5.2. Seed
source significantly (P < 0.05) affected forage DM (Figure 5.1) and seed (Figure
5.2) yields and all yield components and forage quality parameters across all the
research sites. There was a general trend that those sites which produced more
biomass also produced more seed. The research-station seed consistently
outperformed both the farmer and market seeds at all locations.
The differences in forage yield parameters did not vary between districts (P > 0.05)
with the exception of plant height which was higher (P < 0.05) in district Okara
(24.19 ± 0.48cm) compared to district Kasur (22.61 ± 0.48cm). All the forage yield
parameters were significantly (P < 0.001) affected by farm (Figure 5.1) across both
the districts of Kasur and Okara.
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Figure 5.1: Dry matter forage yield performance of farmer seed, market seed and researchstation seed at nine different farms in the districts of Kasur (farm 1-5) and Okara (farm 69), Punjab, Pakistan during 2012-2013 growing season.

Figure 5.2: Seed yield performance of farmer seed, market seed and research-station seed
at nine different farms in the districts of Kasur (farm 1-5) and Okara (farm 6-9), Punjab,
Pakistan during 2012-2013 growing season.
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The seed yield parameters and predicted seed yield were significantly (P < 0.05)
greater in district Okara compared to Kasur and also varied (P < 0.05) between
farms (Figure 5.2) within both the districts. The overall pattern of forage and seed
yields for the different cutting treatments are presented in Figure 5.3. The maximum
total green forage and DM yields were obtained with five forage cuts (T4). Seed
yield was maximised with three forage cuts (T2), and thereafter declined as the
number of forage cuts increased (T3 and T4). Similarly to forage production, the
research-station seed consistently outperformed both the farmer and market seeds
at all locations for seed production. Three forage cuts (T2) produced the optimum
trade-off between forage and seed yields, as shown in Figure 5.3. However, the
trade-off point will depend on the grower’s priority of getting more forage for
feeding livestock or more seed production to increase profits, which will be at the
expense of forage yield.

Figure 5.3: The effect of different cutting regimens on dry matter, green forage and
predicted seed yields of Berseem clover across all research sites in the districts of Kasur
and Okara, Punjab, Pakistan during 2012-2013 growing season.
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5.3.1.1 Forage yield parameters
5.3.1.1.1 Number of stems per m2

As shown in Table 5.1, seed source (P < 0.001) as well as the interaction between
seed source and cutting treatment (CT x SS; P < 0.05) had significant effects on the
number of stems produced. The predicted mean stem number per m2 was
significantly higher (P < 0.001) when research-station seed was sown (397.5
stems/m2) compared to using either farmer seed or market seed (352.7 stems/m2
and 352.2 stems/m2, respectively). Independently, cutting treatment/frequency had
no effect (P > 0.05) on the number of stems, although in combination with seed
source, the number of cuts appeared to have a variable impact on stem production,
increasing the number of stems for farmer seed and producing mixed results for the
other seed sources. The predicted mean stem numbers per m2 based on cutting
treatment were 369.7, 358, 366.2 and 375.9 stems/m2 for T1, T2, T3 and T4,
respectively. The year of sowing had no effect (P > 0.05) on the number of stems
per m2.
5.3.1.1.2 Plant height

Both seed source and cutting treatment had significant effects (P < 0.001) on plant
height (Table 5.1). The interaction between seed source and cutting treatment;
however, was not significant (P > 0.05). The predicted mean plant height was
significantly higher (P < 0.001) with research-station seed (26.21 cm) compared to
either farmer seed or market seed (21.77 cm and 22.40 cm, respectively).
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Table 5.1: The effect of different seed sources and cutting treatments on predicted forage yield parameters of Berseem clover across all research sites in the districts
of Kasur and Okara, Punjab, Pakistan during 2012-2013 growing season.

Farmer seed

Market seed

Research-station seed

P value

Parameter

SED
T1

T2

T3

T4

T1

T2

T3

T4

T1

T2

T3

T4

CT

SS

CT x SS

Number of stems/m2

343.3a 342.5a 358.5ab 366.7ab 332.4a 363.0ab 351.8ab 361.5ab 433.5c 368.6ab 388.5b 399.6bc

0.351

<0.001

0.004

19.20

Plant height (cm)

19.28

20.81

23.47

23.50

19.67

21.97

24.08

23.89

24.52

25.52

27.34

27.46

<0.001 <0.001

0.344

0.674

Cumulative green
forage yield (t/ha)

20.58

36.26

53.84

63.84

23.46

42.14

59.25

71.29

34.02

50.58

68.90

89.65

<0.001 <0.001

0.441

2.953

Cumulative dry
matter yield (t/ha)

2.197

4.418

6.983

9.395

2.615

5.023

7.796

10.464

4.048

6.586

9.560

13.368

<0.001 <0.001

0.507

0.510

T1: two forage cuts (day 65 and 110 DAS) prior to seed harvest, T2: three forage cuts (day 65, 110 and 150 DAS) prior to seed harvest, T3: four forage cuts (day 65, 110, 150 and
180 DAS) prior to seed harvest; T4: five forage cuts (day 65, 100, 150, 180 and 210 DAS) prior to seed harvest; CT = cutting treatment; SS = seed source.
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Based on cutting treatment, plant height was significantly higher (P < 0.001) for T3
and T4 (24.96 cm and 24.95 cm, respectively) than for T1 and T2 (21.16 cm and
22.76 cm, respectively), while plant height for T2 was significantly higher (P <
0.001) than for T1. Across all seed sources and cutting treatments, the average plant
height was significantly lower (P < 0.001) in Year 1 (22.42 cm) compared to Year
2 (24.50 cm).
5.3.1.1.3 Green forage yield

Based on seed source, cumulative green forage yield was significantly higher (P <
0.001) for research-station seed (60.79 t/ha) than for farmer seed (43.63 t/ha), which
was also significantly lower (P < 0.001) than that for market seed (49.04 t/ha), as
shown in Table 5.1. Moreover, both seed source and cutting treatment had
significant effects (P < 0.001) on green forage yield. The predicted mean
cumulative green forage yield (total forage yield across all cuts) increased
significantly (P < 0.001) with each subsequent cut, being 26.02, 42.99, 60.66 and
74.93t/ha for T1, T2, T3 and T4, respectively. The maximum cumulative green
forage yield of 89.65 t/ha was achieved using research-station seed and five forage
cuts (day 65, 100, 150, 180 and 210) prior to seed harvest (T4), while the minimum
forage yield of 20.58 t/ha was using farmer seed and only two forage cuts (day 65
and 110) prior to seed harvest (T1). Across all seed sources and cutting treatments,
the average green forage yield was similar (P > 0.05) in Year 1 (49.91 t/ha) and
Year 2 (52.39 t/ha).
5.3.1.1.4 Forage dry matter yield

Consistent with green forage yield, both seed source and cutting treatment had
significant effects (P < 0.001) on total forage DM yield (Table 5.1). The predicted
mean cumulative forage DM yield increased with each subsequent cut, being 2.95,
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5.34, 8.11 and 11.08 t/ha for T1, T2, T3 and T4, respectively. Based on seed source,
cumulative forage DM yield was higher (P < 0.001) for research-station seed (8.39
t/ha) than for farmer seed (5.75 t/ha), which was significantly lower (P < 0.001)
than that for market seed (6.47 t/ha). The maximum cumulative forage DM yield of
13.37 t/ha was achieved using research-station seed and five forage cuts (day 65,
100, 150, 180 and 210) prior to seed harvest (T4), while the minimum total forage
yield of 2.2 t/ha was using farmer seed and only two forage cuts (day 65 and 110)
prior to seed harvest (T1). Across all seed sources and cutting treatments, the
average forage DM yield was similar (P > 0.05) in Year 1 (6.66 t/ha) and Year 2
(7.09 t/ha).
5.3.1.2 Seed yield parameters
5.3.1.2.1 Number of heads per m2

Based on seed source, the number of seed heads was significantly higher (P < 0.001)
for forage grown from research-station seed (322.6 seed heads/m2) than forage
grown from farmer seed (203.6 seed heads/m2) or market seed (213.3 seed
heads/m2). Seed source and cutting treatment as well as the interaction between the
two (CT x SS) had significant effects (P < 0.001) on the number of seed heads
(Table 5.2). Across all seed sources, the number of seed heads was highest (P <
0.001) for T2 and T3 (averaging 346.8 and 312.5 seed heads/m2, respectively),
followed by T1 (average 252.5 seed heads/m2) and then T4 (average 74.2 seed
heads/m2). Across all seed sources and cutting treatments, the average number of
seed heads did not differ (P > 0.05) between Year 1 (234.9 seed heads/m2) and Year
2 (258.1 seed heads/m2).
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Table 5.2: The effect of different seed sources and cutting treatments on predicted mean seed yield parameters of Berseem clover across all research sites in the
districts of Kasur and Okara, Punjab, Pakistan during 2012-2013 growing season.

Farmer seed

Market seed

Research-station seed

P value

Parameter

SED
T1

T2

T3

T4

T1

T2

T3

T4

T1

T2

T3

T4

221.2bc

269.5c

282.2cd

80.4a

CT

SS

CT x SS

Number of
heads/m2

177.7b

246.9bc 308.3cd

81.7a

358.5d

524.2e

347.0cd

60.6a

<0.001 <0.001

<0.001

43.01

Number of seeds
per head

30.74b

34.43bc

37.08c

11.52a 32.73bc 38.97cd 36.30bc 11.00a 53.28de

56.17e

43.76d

9.83a

<0.001 <0.001

<0.001

3.115

1000-seed
weight (g)

2.119b

2.356c

2.389c

1.350

1.833b

2.520c

2.462c

1.314a

3.499d

3.628d

3.353d

2.007b <0.001 <0.001

<0.001

0.147

Predicted seed
yield (kg/ha)

148.2ab 205.9ab

303.7b

86.6a

182.7ab

271.2b

282.4b

81.1a

669.9c

1048.0d

516.9c

83.7a

<0.001

87.05

<0.001 <0.001

T1: two forage cuts (day 65 and 110 DAS) prior to seed harvest, T2: three forage cuts (day 65, 110 and 150 DAS) prior to seed harvest, T3: four forage cuts (day 65, 110, 150 and
180 DAS) prior to seed harvest; T4: five forage cuts (day 65, 100, 150, 180 and 210 DAS) prior to seed harvest; CT = cutting treatment; SS = seed source.
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5.3.1.2.2 Number of seeds per head

Based on seed source, the predicted mean number of seeds/head was significantly
higher (P < 0.001) for forage grown from research-station seed (40.76 seeds/head)
than forage grown from farmer seed (28.44 seeds/head) or market seed (29.75
seeds/heads). Seed source and cutting treatment, as well as the interaction between
the two (CT x SS), had significant effects (P < 0.001) on the number of seeds
produced per head (Table 5.2). The predicted mean number of seeds per head was
significantly higher (P < 0.001) for T2 (43.19 seeds/head) than for T1 (38.92
seeds/head) and T3 (39.05 seeds/head), respectively. The number of seeds per head
was significantly lower for T4 (10.79 seeds/head) compared to the other three
cutting treatments. Across all seed sources and cutting treatments, the average
number of seeds/head was significantly higher (P < 0.001) in Year 1 (35.04
seeds/head) compared to Year 2 (30.93 seeds/head).
5.3.1.2.3 1000-seed weight

Overall, seed weights were significantly higher (P < 0.001) for forage grown from
research-station seed (3.122 g) than that grown from farmer seed (2.054 g) or
market seed (2.032 g). Seed weight (Table 5.2) was significantly affected (P <
0.001) by seed source and cutting treatments as well as the interaction between the
two (CT x SS). Across all seed sources, the predicted mean 1000 seed weight was
significantly higher (P < 0.001) for T2 (2.835 g) and T3 (2.735 g) compared to T1
(2.484 g), which was significantly higher (P < 0.001) than that of T4 (1.557 g).
Across all seed sources and cutting treatments, the average 1000-seed weight was
significantly lower (P < 0.001) in Year 1 (1.912 g) compared to Year 2 (2.893 g).
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5.3.1.2.4

Predicted seed yield

Based on seed source, predicted seed yield was significantly higher (P < 0.001) for
forage grown from research-station seed (579.6 kg/ha) than that grown from farmer
seed (186.1 kg/ha) or market seed (204.4 kg/ha), as shown in Table 5.2. Seed source
and cutting treatment, as well as the interaction between the two (CT x SS), had
significant effects (P < 0.001) on predicted seed yields. In comparing cutting
treatments, the predicted seed yields were highest (P < 0.001) for T2 and T3 (508.4
and 367.7 kg/ha, respectively), although predicted seed yield did not differ (P >
0.05) between T3 and T1 (333.6 kg/ha). For all seed sources, predicted seed yield
was significantly lower (P < 0.001) for T4 (83.8 kg/ha) compared to other cutting
treatments, while T2 and T3 treatments produced significantly (P < 0.001) greater
seed yields. Across all seed sources and cutting treatments, the average predicted
seed yield was found similar in both the years as recorded in Year 1 (328.4 kg/ha)
and in Year 2 (318.3 kg/ha).
5.3.1.3 Forage quality parameters

Depending on the cutting treatment, forage cuts were taken on ‘cutting days’ 65 (all
treatments), 110 (all treatments), 150 (T2, T3 and T4), 180 (T3 and T4) and 210
(T4). Based on seed source, the average nutritive value of the forage at each cut is
presented in Table 5.3. Seed source (P < 0.05) and cutting day (P < 0.001), as well
as the interaction between the two (C x SS; P < 0.05), had significant effects on
DMD and DOMD as well as the CP, NDF and ADF contents of the forage. Cutting
day also had a significant effect (P < 0.001) on ME and the ash content of the forage.
However, WSC content did not vary (P > 0.05) between the different seed sources
and cutting days. Based on the seed sources, research-station seed produced better
quality forage compared to farmer and market seeds.
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Table 5.3: The effect of time of cutting (days) on predicted mean forage quality parameters (dry matter basis) of Berseem clover across all research sites in the districts
of Kasur and Okara, Punjab, Pakistan during 2012-2013 growing season.
Seed source and cutting time (days)
P value
Parameter

Farmer seed

Market seed

Research-station seed

SED

65

100

150

180

210

65

100

150

180

210

65

100

150

180

210

C

SS

C x SS

DMD (%)

72.15c

66.65ab

67.06ab

65.20a

64.56a

72.29c

66.67ab

65.02a

65.03a

65.03a

70.84bc

69.96bc

66.64ab

68.66b

65.42a

<0.001

0.024

0.006

1.447

DOMD (%)

67.91c

63.26ab

63.61ab

62.06a

61.53a

68.02c

63.28ab

61.89a

61.92a

61.93a

66.80bc

66.07bc

63.26ab

64.98b

62.26a

<0.001

0.025

0.006

1.226

ME (MJ/kg)

10.78e

9.84b

9.91b

9.60a

9.49a

10.81e

9.85b

9.56a

9.57a

9.57a

10.56d

10.41d

9.84b

10.19c

9.64a

<0.001

0.025

0.006

0.102

2.55

2.43

2.72

2.56

2.54

2.64

2.52

2.58

2.78

2.74

2.64

2.86

2.61

3.18

2.78

0.171

0.111

0.558

0.278

CP (%)

29.05d

27.88cd

27.12c

24.69b

23.26ab

27.85cd

27.11c

26.24bc

23.63ab

22.70a

27.62cd

28.11cd

27.25c

27.61cd

23.26ab

<0.001

<0.001

<0.001

0.806

NDF (%)

25.49a

30.96c

29.36bc

32.92cd

32.53cd

26.00ab

31.31cd

30.47bc

33.50d

32.90cd

28.12b

28.24b

29.08bc

28.35b

32.33cd

<0.001

0.008

<0.001

1.242

ADF (%)

18.92a

21.61b

21.88b

23.43c

24.46c

18.82a

21.68b

23.42c

23.69c

24.26c

19.78a

20.12a

22.46bc

20.21a

24.00c

<0.001

0.007

<0.001

0.779

Ash (%)

14.46

15.51

15.08

14.62

14.58

14.22

15.12

15.22

14.08

14.24

14.25

14.92

15.10

14.39

14.30

<0.001

0.403

0.979

0.230

WSC (%)

DMD: dry matter digestibility; DOMD: digestible organic matter digestibility; ME: metabolisable energy; WSC: water soluble carbohydrates; CP: crude protein; NDF: neutral detergent fibre; ADF: acid
detergent fibre; C: cutting day; SS: seed source.
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The ME was directly calculated from DOMD and so the trend of ME was found the
same as for DOMD. Based on seed source, average ME was significantly higher (P
< 0.05) for forage grown from research-station seed (10.13 MJ/kg DM) compared
to that grown from farmer seed (9.93 MJ/kg DM) or market seed (9.87 MJ/kg DM).
The highest ME was that of forage grown from market seed and cut at day 65 (10.81
MJ/kg DM), while the lowest was that of forage grown from farmer seed and cut at
day 210 (9.49 MJ/kg DM). In comparing forage cut at different days, ME was
significantly higher (P < 0.001) for day 65 forage (10.72 MJ/kg DM) than for forage
cut on day 100 (10.03 MJ/kg DM), day 150 (9.77 MJ/kg DM), day 180 (9.79 MJ/kg
DM) or day 210 (9.57 MJ/kg DM) whilst ME was significantly higher (P < 0.001)
for forage cut on day 100 compared to day 210.
Generally, the CP levels of the forage fell as the Berseem clover aged. The researchstation seed was an exception; however, with the forage retaining relatively
consistent CP levels until day 210. Forage grown from farmer seed and cut at day
65 had the highest CP content (29.05%) while forage grown from market seed and
cut at day 210 had the lowest CP (22.70%). Forage cut at day 210 had the lowest
(P < 0.001) CP content (23.07%) compared to all other forage cuts (25.31, 26.87,
37.70 and 28.17% for forage cut on days 180, 150, 110 and 65, respectively). Across
the different sources of seed, the CP content of forage cut at day 65 was significantly
higher (P < 0.001) than that of all other forage cuts, except that cut on day 110. The
average CP content of forage grown from market seed (25.50%) was significantly
lower (P < 0.001) than that grown from farmer seed (26.40%) or research-station
seed (26.77%).
The average NDF content of forage grown from research-station seed (29.22%) was
significantly lower (P < 0.001) than that grown using farmer seed (30.25%) or
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market seed (30.84%). Forage grown from market seed and cut at day 180 had the
highest NDF content (30.475%) while forage grown from farmer seed and cut at
day 65 had the lowest NDF content (25.49%). Forage cut at day 65 had the lowest
(P < 0.001) NDF content (26.53%), whilst the NDF contents of forage cut at day
110 (30.17%) and day 150 (29.64%) was significantly lower (P < 0.001) than that
cut at day 180 (31.59%) and day 210 (32.59%).
Forage grown from market seed and cut at day 65 had the lowest ADF content
(18.82%) while forage grown from farmer seed and cut at day 210 had the highest
ADF content (24.46%). Across the different sources of seed, forage cut at day 65
had the lowest (P < 0.001) ADF content (19.17%) and that cut at day 210 had the
highest (P < 0.001) ADF content (24.24%). The average ADF content of forage
grown using research-station seed (21.31) was significantly lower (P < 0.001) than
that grown using farmer seed (22.06%) or market seed (22.37%). Time of cut but
not source of seed impacted on the ash content of the forage, with forage cut at days
110 and 150 having a significantly higher (P < 0.001) ash content (15.19 and
15.13%, respectively) than forage cut at day 65 (14.31%), day 180 (14.37%) and
day 210 (14.37%).
The forage quality parameters indicated that overall the research-station seed
provided a slightly better quality forage source compared to the market and farmer
seed sources. Additionally, forage quality declined with later forage cuts; however,
research-station seed did retain forage quality for the longest.

5.3.2 On-farm evaluation of recommended variety and cutting practices
From the above results it is evident that the research-station seed performed better
than other seed sources in the 2012-13 growing season at all sites and again in 201314 on the UVAS research station trial site. Cutting regimens T2 (three forage cuts
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prior to seed harvest) and T3 (four forage cuts prior to seed harvest) were identified
as the best options to maximise forage (T3) and seed production (T2). These
treatments were therefore retained for the second year (2013-2014) on-farm
experimental trial.
5.3.2.1 Forage yield parameters

The effect of the two cutting treatments on the various forage yield parameters is
shown in Table 5.4. As a consequence of increasing the number of forage cuts (prior
to seed harvest) from three to four, average plant height, green forage yield and DM
yield were increased (P < 0.001) by 4.5%, 35%, and 45.2%, respectively. Consistent
with the previous growing season, the number of stems per m2 was not affected (P
> 0.05) by the number of forage cuts prior to seed harvest.
Table 5.4: The effect of different cutting treatments on predicted mean forage yield
parameters of Berseem clover grown using research-station seed on participating farm field
sites in the 2013-14 growing season.

Parameter

Number of forage cuts prior to
seed harvest

P value

3 Cuts

4 Cuts

Number of stems/m2

346.4

354.5

0.364

Plant height (cm)

25.24a

26.38b

< 0.001

Green forage yield (t/ha)

48.25a

65.12b

< 0.001

Dry matter yield (t/ha)

6.110a

8.872b

< 0.001

5.3.2.2 Seed yield parameters

The effect of the two cutting treatments on the various seed yield parameters is
shown in Table 5.5. As a consequence of increasing the number of forage cuts (prior
to seed harvest) from three to four, the average number of seed heads, number of
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seeds per head, 1000-seed weight and predicted seed yield were decreased (P <
0.001) by 37.3%, 29.6%, 3.0%, and 56.57%, respectively.
Table 5.5: The effect of different cutting treatments on predicted mean seed yield
parameters of Berseem clover grown using research-station seed on participating farm field
sites in the 2013-14 growing season.

Number of forage cuts prior
to seed harvest
Parameter

P value
3 cuts

4 cuts

Number of heads/m2

534.7b

335.5a

< 0.001

Number of seeds per head

47.08b

33.15a

< 0.001

1000-seed weight (g)

3.688b

3.576a

< 0.001

Predicted seed yield (kg/ha)

945.9b

410.8a

< 0.001

5.3.2.3 Forage quality parameters

Depending on the cutting treatment, forage cuts were taken on days 65, 110 and
150 for both treatments with an additional cut on day 180 for T3 treatment. The
average nutritive value of the forage at each cut is presented in Table 5.6 and
significant (P < 0.05) differences were found between forage nutritive
characteristics and the cutting treatments (DAS).
There was no linear relationship between the day at which forage was harvested
and its nutritive value. Forage cut at day 180 had the highest (P < 0.001) DMD,
DOMD, CP and WSC contents and the lowest (P < 0.001) NDF and ADF contents.
It also had a significantly higher (P < 0.001) ME than that of the forage cut on day
110 and 150. Forage cut at day 150 had the lowest (P < 0.001) DMD and DOMD.
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Table 5.6: The effect of time of cutting (days) on predicted mean forage quality parameters
(dry matter basis) across Berseem clover cutting treatments grown using research-station
seed on participating farm field sites in the 2013-14 growing season.

Time of forage cut (days)
Parameter
65

110

150

180

Dry matter digestibility (%)

72.48b

73.05b

68.71a

74.92c

Digestible organic matter
digestibility (%)

68.19b

68.69b

65.01a

70.27c

Metabolisable energy (MJ/kg)

10.46bc

10.35ab

10.30a

10.52c

Water soluble carbohydrates (%)

2.79a

3.25b

2.79a

3.73c

Crude protein (%)

28.05a

28.74a

28.09a

31.47b

Neutral detergent fibre (%)

27.24c

25.84b

27.48c

22.97a

Acid detergent fibre (%)

19.18c

18.68b

21.52c

15.84a

Ash (%)

13.97a

14.52b

14.75b

13.71a

Values within rows with varying superscripts vary significantly (P < 0.001)

5.4 Discussion
Cutting management in Berseem clover is the most crucial agronomic factor which
directly affects crop yields (Martiniello, 1998) through plant growth and
development, and indirectly influences the nutritive value of the forage (De Santis
et al., 2004). However, the yield of Berseem clover forage primarily depends on the
phenological stage of growth when plants are cut. Moreover frequent cuttings
increases the regeneration and growth rate of plants and therefore enhances green
(forage), as well as DM yields (Iannucci, 2001). This was also found in the present
study. Both seed source and cutting treatments affected forage yield components.
The research-station seed produced 39 and 46% greater green and DM yields,
respectively compared to farmer seed (Table 5.1). These results are in agreement
with Ranjbar (2007) who reported an overall 21% increase in DM yield with the
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use of improved variety seed in Mazandaran province of Iran. However, Radwan et
al. (2006) reported a 48% increase in the green forage yield of Berseem clover by
using improved variety seed in the Giza region of Egypt.
The increase in forage yield with cutting is likely associated with the source and
sink relationship that exists within plants. The source-sink relationship in forage
crops such as Berseem clover is very dynamic and changes with the growth of the
plant which is greatly influenced by cutting management (Iannucci, 2001). Shoots
are the main sink and the roots act as the main source of food reserves during the
regrowth of plants after each cutting and this cycle of storage and reutilisation of
food reserves is repeated with every harvest. While frequent forage harvesting of
Berseem clover increases the regeneration and growth rate of plants and therefore
enhances forage and DM yields, premature (very early) cuttings reduces food
reserves and therefore reduces yields and plant survival (Iannucci, 2001).
Cutting intervals were kept constant in the present study; however, both cutting
interval and the height to which forage is cut can impact on plant biomass. Ranjbar
(2007) found that the major cause of enhancement of Berseem clover forage
productivity was associated with plant height and early stages of plant growth.
Similarly, Iannucci et al. (2000) found that plant height decreased post-harvest
when taking forage cuttings at the sixth internode elongation and at early flowering.
However, post-harvest plant height increased when plants were at the physiological
maturity of seeds (Amato et al., 2013). In addition to this, Giambalvo et al. (2011a)
found that biomass and leaf area were less when Berseem clover was cut to a 3 cm
height as compared to 6 cm, and that higher DM yields were obtained with a shorter
cutting interval (days) at 6 cm height compared with 3 cm with longer cutting
intervals. Lower increase in DM yields were recorded at later cuttings with only a
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36% increase (from T3 to T4) in 2012-13 as compared to a 52% increase (from T2
to T3) from the earlier cuts in the present study. This was similar to the findings of
Amato et al. (2007) who reported a 12-20% increase in DM in the first to third
forage cuttings and a 53% increase during the fourth forage cut. However, Iannucci
(2001) found that cutting at the sixth internode stage (30-35 cm height) proved to
be the best cutting management practice to obtain double utilisation (maximum
forage and seed yields) in a Berseem clover crop.

5.4.1 Varietal selection
5.4.1.1 Forage yield parameters

Considerable variation has been found between Berseem clover varieties in terms
of their plant growth parameters (primarily plant height), and forage and seed yields
which are the ultimate expression of the genotype productivity associated with
physiological mechanisms that occur throughout the life cycle within an
environment (Iannucci, 2004). The research-station seed outperformed both the
market and farmer seed sources on every occasion. The variety’s enhanced vigour,
as demonstrated by its larger seed size (Amato et al. 2007), was likely to be a major
factor affecting this result. Amato et al. (2007) also showed that low stem density
may be attributed to low seed vigour of different Berseem clover varieties. Thus,
the significantly greater stem density within the research-station seed treatments is
likely to have been influenced by increased plant vigour and has led to the greater
mass of forage (and therefore seed) produced.
Cutting treatment/frequency had no effect (P > 0.05) on the number of stems
present at forage harvest. In contrast, Sardana and Narwal (2000) reported a
significantly higher number of stems when cut at 60-70 DAS (first cut) and
compared to 150 (last cut) DAS. Frequent forage cuttings results in higher forage
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and seed yields due to an increase in stemming, regeneration and growth rate of
plants (Iannucci, 2001). However, differences in stem numbers and plant heights
ultimately influence the green forage and DM yields (Amato et al., 2007). At later
growth stages, high temperatures can negatively impact on plant growth and
development, resulting in a lower number of stems per unit area, lower plant height
and ultimately a reduction in forage and seed yields (Sardana and Narwal, 2000),
which were similar to the results of the present study as both forage and seed yields
were reduced with more cuttings. However, overall forage production increased due
to additional forage cut.
In all seed sources and years in this experiment, both green and DM forage biomass
increased with each subsequent cut. This is in line with the findings of Sardana and
Narwal (2000) who also reported a significant increase in total green forage yield
with the addition of every forage cut. The highest total green forage yield of 89.65
t/ha was achieved using research-station seed and five forage cuts which was greater
than that by Naeem et al. (2006) in Faisalabad, Pakistan and Sardana and Narwal
(2000) in Hisar, India, who reported 78.22 t/ha and 69.3 t/ha green forage yield,
respectively. Although all these studies were conducted in Pakistan and India, soil
types vary between locations and, in addition to between year differences, are likely
to be a factor affecting these different forage yields.

Furthermore, variety

differences may have influenced outcomes. Naeem et al. (2006) used the improved
cultivar Pachaitti in their study, and currently no studies have compared the yield
outcomes with the research station variety used (Agaitti Berseem-2002) in the
present study.
Another possible reason of the increase in green forage and DM yields is a rise in
air temperature (increased DM partitioning) during the months of February to April
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after the severe winter months of December and January. The longer the vegetative
period, the greater will be the green forage and DM yields (Sardana and Narwal,
2000). However, after the third forage cut the plant regrowth is reduced because of
a rapid shift to the reproductive stage (Amato et al., 2007) as was found in the
present study. Sardana and Narwal (2000) also found that the high temperatures at
later growth stages negatively affected the growth and development of plants and
resulted in a lower number of stems per unit area and lower plant height leading to
a reduction in forage and seed yields. This might also be due to the depletion of
food reserves and shorter growth periods. Giambalvo et al. (2011a) found that plant
populations of Berseem clover decreased linearly as the growing season progressed
regardless of the frequency of cuttings and cutting height of plants. They also found
plant mortality was higher with low stubble heights due to depletion of root
reserves, making growth/recovery time and cutting height important factors
contributing to stem densities and ultimately yields.
As was the case with green forage yield, the predicted mean total forage DM yield
increased with each subsequent cut, with the highest DM yield being achieved with
research-station seed (8.39 t/ha), which was 45.9% higher than the DM yield
achieved when farmer seed was sown and 29.7% higher than when market seed was
sown. Ranjbar (2007) reported a 26.20% increase in DM production by using
improved cultivars of Berseem clover. These results are in agreement with Amato
et al. (2013), Giambalvo et al. (2011a), Amato et al. (2007) and Sardana and Narwal
(2000) who all reported increased DM yield with improved cultivars of Berseem
clover.
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5.4.1.2 Seed yield parameters

Seed production represents a strong inverse source-sink relationship between
vegetative (leaves and stems) and reproductive (flowers) plant organs. Seed acts as
the sink, photosynthates from vegetative plant organs as the source of food reserves
translocated to the seed filling during the reproductive growth (Iannucci, 2001).
Thus, a strong inverse relationship is expected between forage and seed yields and
this was observed in the present study. The frequency of cutting (Amato et al., 2013)
and the timing of the last forage cut (Sardana and Narwal, 2000) have been shown
to manipulate the distribution and amount of forage DM, subsequently impacting
on both forage and seed yields. Similar findings were identified in the present study,
as shown in Table 5.1 and Table 5.2, in that forage yield increased with every
additional forage cut taken; however, seed yield was reduced with three forage cuts
and decreased substantially with four forage cuts. Seed yields also varied between
farms (Figure 5.2) which may have been due to differences in environmental
conditions such as temperature and rainfall, soil conditions and water quality (Table
3.3 and Table 3.4) as well as the management skills of the farmers.
Increasing seed production is normally at the expense of forage yield and therefore
management of cutting time is important in balancing forage and seed yields (Lowe
and Bowdler, 1982, Sardana and Narwal, 2000). How this trade-off is managed will
depend on the importance of forage or seed production to the farming systems.
Hence, two cutting frequencies were chosen for the second year of study in this
research experiment, the T2 treatment (three forage cuts) and the T3 treatments
(four forage cuts) favoured seed production and forage production, respectively.
Seed yield was enhanced through cutting treatments (up to three forage cuts; T2),
which is in agreement with the previous studies of Iannucci (2001) in Italy and
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Lowe and Bowdler (1982) in Australia. These workers reported higher seed yields
of Berseem clover obtained during regrowth after forage cuttings. However, this
needs to be balanced to ensure the availability of carbohydrates and photosynthates
(food reserves) for regeneration of productive stems and seed development.
Increasing the number of forage cuttings can also adversely affect the regeneration
ability of the plant, resulting in a reduction in the potential of floral buds and
ultimately reduce seed yield (Iannucci, 2001). A lower number of forage cuts can
potentially increase translocation of food reserves to the heads resulting in greater
seed production (Sardana and Narwal, 2000). Such an effect was found in the
present study (Table 5.2) for treatment T4 where predicted seed yield dropped to
on average 87 kg/ha across the seed sources (2012-13). Dry and hot weather
conditions during the reproductive stage will result in early maturity of the seed
crop and a significant reduction in seed yield (Sardana and Narwal, 2000). The
paucity of seed produced by the T4 treatment across all seed sources was likely a
result of a combination of reduced plant biomass and unsuitable environmental
conditions for seed development. Taking a system view, more frequent cutting of
Berseem clover is an effective method of reducing weed populations (up to 80%)
by increasing stem density with less light penetration. This also leads to more
uniform flowering, resulting in higher seed yields (Pasumarty et al., 1996, Amato
et al., 2013). Thus, farmers need to weigh-up these competing factors in managing
their Berseem clover crops.
The timing of the last forage cut prior to seed harvesting can also impact on the
efficiency of pollinators, namely honeybees. High temperatures and low RH during
flowering can greatly reduce the efficiency of pollinators (El-Naby et al., 2012,
Ismail et al., 2013). Thus forage cuts that delay flowering until later in the season
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may affect the efficiency of pollination and thereby seed production. The
temperature and RH conditions experienced at the time of flowering in the present
study (See Table 3.2, Chapter 3) were unfavourable for pollination activity resulting
in a significant reduction in seed yields at cutting treatments of T3 and T4 (Table
5.2) compared to T2 when environmental conditions were favourable for
pollination. These findings were in line with those of Ismail et al. (2013) and ElNaby et al. (2012), who found temperatures of 28-32°C with a RH of 45-55% are
favourable for maximum honeybees pollination activity in a Berseem clover crop.
The length of the reproductive phase (from flower initiation to crop maturity or seed
harvest) is very important in seed production and is significantly affected by forage
cutting. Predicted seed yields were highest for T2 and lowest for T4. This is in
agreement with Lowe and Bowdler (1982), who found a significant inverse
relationship between seed yield and the timing of the last forage cut. In Hisar, India,
Sardana and Narwal (2000) found that when Berseem clover had a longer
reproductive phase of 33-36 d (achieved when the last forage cut was taken 150
DAS) it produced maximum seed yields of 443 kg/ha as compared to a shorter
reproductive phase of 21-27 d (when cut 170 DAS) producing only 315 kg seed/ha
seed yield. There was no difference in seed yield when the last forage cuts were at
150 DAS (T2) and 180 DAS (T3); however, major seed yield reductions occurred
at T4 (210 DAS).
Using research-station seed maximised both forage and seed production resulting
in a 46% increase in DM forage production and 211% increase in seed production
and was hence identified as the best seed source for the second year of research
trials (evaluation trials). Martiniello (1998) and Iannucci and Annicchiarico (2011)
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found that selecting the appropriate genotype can maximise both forage and seed
production.
5.4.1.3 Forage quality parameters

Forage quality was generally high across all forage cuts collected during the
experiment, although variation did exist. The nutritive value of Berseem clover
forage is influenced by growing season, growth stage, time of cutting (De Santis et
al., 2004), soil nutrition, and soil moisture availability (Sardana and Narwal, 2000,
Fulkerson et al., 2007). Growing season, soil nutrition and soil moisture availability
were not directly tested in the present study, although differences between Years 1
and 2 at UVAS demonstrated that with increased rainfall in the second year/season
(thereby influencing growing season and soil moisture particularly), the forage
quality parameters improved. Growth stage in combination with time of cutting
would have been greatly influenced by seed source. Cutting times, though set
according to the number of days, would have varied with seed source maturity.
Smallholder dairy production in Pakistan is limited not only by the availability of
forage but also its quality, with digestibility, ME and CP likely to be the most
limiting factors. The recommended forage harvesting regimen for Berseem clover
is that it should be first cut 60-70 DAS with subsequent cuttings at 30-40 days
interval in order to obtain maximum and high nutritive value forage (Oushy, 2008),
as was practiced in the present study. To maximise the nutritive value of the forage
it is recommended that it can be cut at the fourth internode (Iannucci et al., 1996).
The leaves are of higher nutritive value than stems (De Santis et al., 2004) and thus
later cuttings are of lower nutritive value due an increase in the proportion of stem
material. The forage with the highest nutritive value (DMD, DOMD and ME and
CP) was that cut at days 65 and 110. However, in the second year trial the forage
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harvested after 180 d was also found to be nutritious (Table 5.3), likely due to higher
rainfall in the second growing season (see Table 3.2, Chapter 3).
Plant maturity is the major factor contributing to changes in forage digestibility
(Laghari et al., 2000). Hence, the interaction between cutting day and seed source
which both influence the rate of plant maturity, influenced forage quality across all
measured parameters with the exception of WSC and ash contents (Table 5.3).
While later forage cuts typically have greater DM yields, digestibility is lower due
to a reduction in the leaf: stem ratio and an increase in stem proportion and fibre
contents with successive harvests (Laghari et al., 2000, De Santis et al., 2004).
While increasing the frequency of defoliation decreases DM yield, it has been
shown to increase forage quality, predominantly as a consequence of an increase in
the leaf: stem ratio, and increase in seed yield (Iannucci, 2001). Giambalvo et al.
(2011a) and Iannucci et al. (1996) found that the frequent cutting produced high
leaf contents, consequently increasing the leaf: stem ratio, resulting in higher
quality forage (De Santis et al., 2004). Similarly, Iannucci (2001) also found that
late forage cutting at early flowering increased the total DM yield with lower
DOMD and CP values. However, not all researchers agree that the later forage cuts
have greater DM yields (yield at specific cut). In a study conducted in Italy,
Martiniello et al. (1996) found an inverse relationship between stage of growth at
cutting and DM yield in the subsequent cuttings.
Iannucci et al. (1996) found forage yield was negatively correlated with CP, with
forage cut at an earlier growth stage having lower yield but greater CP content due
to plant maturity. This is consistent with other forage legume species and is similar
to the results of the present study. Kandil et al. (2005) reported frequent forage
cuttings of Berseem clover resulted in an increase in CP content which was not the
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case in the present study where forage cut at day 210 had the lowest (P < 0.001) CP
content. However, this is in agreement with De Santis et al. (2004) who found a
decline in the CP and DMD with progress in the growing season (winter > spring >
summer).
Overall, the quality of forage grown using research-station seed was higher than
that grown using either farmer seed or market seed, although CP content did not
vary (P > 0.05) from that of forage grown using farmer seed. Therefore, to
maximise forage production (quantity and quality) and seed production, the use of
research-station seed with either three (day 65, 110 and 150) or four (day 65, 110,
150 and 180) forage cuts prior to seed harvest is recommended. However, it is a
choice of grower of either taking more forage and sacrifice seed yield or taking
more seed production at the expense of forage yield. The optimum strategy for a
grower would be obtaining three forage cuts prior to seed harvest and thus obtain a
reasonable forage yield (50.6 t/ha), DM yield (6.6 t/ha), quality forage (27% CP,
10% ME and 67% DMD) and economical seed yield (1048 kg/ha) for maximum
crop returns.

5.4.2 On-farm evaluation of recommended variety and cutting practices
Conventional crop breeding has increased the profitability of large farmers in
Pakistan; however, smallholder farmers have shown little interest in adoption due
to a lack of resources and availability of crop inputs (Almekinders and Elings,
2001). This has resulted in crop failure, low yields, malnutrition and of course
poverty (Ceccarelli and Grando, 2007). Farmers participating in varietal selection
and evaluation provides an alternative approach to overcome many small farm
limitations to adoption (Almekinders and Elings, 2001) and empower smallholder

131

farmers to have a say in deciding plant characteristics best suited to their needs and
environment.
Farmer knowledge on how best to grow forages varies widely and has resulted in
wide variation in forage productivity. Anwar et al. (2012) found that the variation
in the forage productivity may; however, be due to seed quality, farming practices,
soils and irrigation water used, as was also identified in this thesis (Chapter 4).
Forage seed production at the farm level (and its retention for future sowings) is of
great importance to farm productivity and profitability, and is also helpful in genetic
improvement through the selection of productive forage varieties. It was evident
from a recent study of Pecetti et al. (2012) that the addition of seed yield parameters
amongst the forage variety selection criteria resulted in the selection of the best
genotypes instead of selection made only on the basis of DM yield, which is not a
preferred selection trait of many farmers (Iannucci and Annicchiarico, 2011). In
recent studies, Iannucci and Annicchiarico (2011) and Iannucci (2004) found that
improved genotypes of Berseem clover selected for seed production alone or in
combination with other traits gave greater forage and seed yields compared to local
and conventional genotypes. Moreover, they found that the Italian genotypes
produced a greater DM yield and were more adaptable to the environments than
Egyptian genotypes in Sardinia, Italy. However, Egyptian genotypes produced
greater seed yields. Therefore, it is important that any improved forage varieties are
able to not only produce high seed yields but also produce maximum forage in order
to ensure adoption (Iannucci and Martiniello, 1998).
The research-station seed variety performed well for both seed and forage
production and so is likely to be favoured by farmers. El-Naby et al. (2012) found
that selection of genotypes with early seed set were favourable for high temperature
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and low relative humidity areas. These were linked with the regulating movement
of pollinators, which set the genotypes for early blooming and high pollination
efficiency and thus increased seed yield of Berseem clover. The improved researchstation variety used in the present study was best suited to the environment and
farming conditions both in terms of productivity as well as early seed set, and thus
fits well with the current cropping system of the study areas (Kasur and Okara
districts).
Varietal selection and evaluation using a farmer participatory research approach
appeared to work in the present study. Farmers responded positively to the
improved research-station seed variety when evaluated against the local varieties
(farmer and market seeds) which performed poorly as shown in Table 5.1 and Table
5.2. Farmers were eager to test the new improved varieties and were extremely
critical of the inclusion of unproductive varieties. Although the research design was
partly compromised in the second year due to the reduction of treatments on the
farmer field sites, the consistency of results coming from the UVAS research site
proved this was not detrimental to the research outcomes. Further, the reproduction
of the performance of treatments (research-station seed, T2 and T3) carried out in
the second year at the farm sites would have greatly enhanced surrounding farmer
perceptions of the variety and management technologies displayed whilst
supporting the participant farmers financially. Thus, a second outcome was
achieved by making this small compromise in research design.
By working with the farming community, introducing the concept of farmer-based
Berseem clover seed production at the village level as being of great importance
and a sustainable way to improve forage shortage problems through increased
productivity as alluded to in Chapter 9.
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5.5 Conclusion
The research-station seed (Agaitti Berseem-2002; improved variety) produced the
highest weight of green forage, DM of better quality and highest seed yields across
all farm sites, particularly when three forage cuts at 65, 110 and 150 DAS were
taken prior to seed harvest. The introduction of an improved variety (from the
research-station) in smallholder farming systems has been shown to increase forage
DM (46%) as well as seed (211%) production at farm level, and will not only help
reduce on-farm feed deficits but also has the potential to be a catalyst for the
establishment of new markets for both the surplus forage and seed. Moreover, the
application of knowledge in technology development increases smallholder
farmers’ productivity, income, enhancing their livelihoods and thus helping in
poverty reduction.
A great variation in forage and seed yields was observed across all the seed sources
and research sites in the present study. This variation is likely due to soil and
irrigation water conditions and their management, particularly in the early stages of
growth. Chapter 6 investigates the effects of different irrigation water sources on
seed germination and seedling growth and development of different seed sources
of Berseem clover used in this thesis.
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Chapter 6: Berseem Clover Germination and Seedling
Establishment
6.1 Introduction
Berseem clover forage and seed production varies by region or locality and is
influenced by many genetic, agronomic and environmental factors such as soil type,
irrigation, planting times, and harvest management (Abdel-Galil et al., 2008, Saeed
et al., 2011, Gul et al., 2013). However, seed germination and seedling
establishment have been identified as the most limiting factors affecting crop
establishment which leads to reduced forage and seed production across most
regions (Rouhi et al., 2010).
Berseem clover cultivars differ in their response to biotic and abiotic factors
affecting seed germination and seedling establishment (Deepak et al., 2010a),
particularly with respect to the quality of irrigation water (Yadav et al., 2007).
Deepak et al. (2010a) found that the use of low salinity irrigation water (<8 dS/m)
delayed germination (up to 50%), whilst use of irrigation water of higher salinity
(16-20 dS/m) reduced germination (up to 88%). However, cultivars responded
differently to various salinity levels in their study. The biomass of roots and shoots
decreased progressively from 3.14 and 4.04 g/pot to 0.16 and 0.38 g/pot as 95 and
91% reduction in biomass, respectively with increasing salinity levels from 0.12 to
10 dS/m. In addition, soil salinity depressed soil microbial activity, including soil
respiration and enzyme activities (30-80%) further impacting on productivity
potential (Ghollarata and Raiesi, 2007).
In Punjab-Pakistan, tube well irrigation water contains high concentrations of salts
resulting in moderate electrical EC levels (EC > 1.25 dS/m) compared to canal
water, which contains very low concentrations (EC < 0.5 dS/m) of salts (Mehboob
et al., 2011). Therefore, successful seed germination, establishment and production
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are more likely using canal water resources with low salinity levels. Unfortunately,
the volume of canal irrigation water in Pakistan is insufficient (one cusec for 142
ha) to support agriculture (Mehboob et al., 2011) and requires tube well water to
overcome this shortage (pumped 28 m cusec annually). Despite 70-95% of the
available tube well water being brackish in nature (Mehboob et al., 2011, Ghulam
et al., 2013), it can be used effectively for irrigation with careful management where
a strategy is developed for utilising both water resources. Applying alternating
sources of canal and tube well irrigation waters is one method used to minimise the
adverse effects of low quality irrigation water. Moreover, Ghulam et al. (2013)
reported that using a mix of tube well water and canal water combined with gypsum
also reclaimed saline-sodic soils and produced significantly higher forage yields of
Berseem clover and sorghum.
The objective of the present study was to investigate the effects of different sources
of irrigation water on seed germination percentage, germination rate, shoot and root
growth and development, and seedling vigour of different sources of Berseem
clover as varieties differ in their response to various salinity levels of irrigation
water.

6.2 Materials and Methods
6.2.1 Experimental design
A randomised block design with a 3 x 4 factorial arrangement was used, as
described by Quddus et al. (2014). The treatment variables included the three
sources of Berseem clover seed, research-station, farmer and market seed, and four
sources of water. The water sources comprised of Kasur canal water (CW), Kasur
tube well water (TW), a 50:50 mix of canal and tube well water (CTW), and
distilled water (DW; control). The water from all the irrigation sources were
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collected at once at the start and used same water throughout the trial. The 12
treatments were randomly allocated to the 12 trays in each of the four replications
and sand was used as the medium for germination. The trays were placed on a
laboratory bench opposite to the window from where light (natural) comes; the
temperature in the laboratory ranged from 22-26°C. Seeds of uniform sizes were
selected from each seed source, to minimise experimental error and bias.
As seed size varied between the seed sources, 50 seeds of uniform size for the
source of seed were selected with any seeds not properly formed discarded. Seeds
were placed on top of the sand medium and watered daily to saturation with their
respective water source. The trays of seeds were observed daily and the number of
germinated seeds recorded (each day) to enable calculation of the rate of
germination (Rouhi et al., 2010), germination percentage (GP), emergence index
(EI) and the emergence energy on the fourth day after sowing (EE 4DAS). As the
seeds were germinated on top of a sand medium, germination could be determined
at a very early stage. Seeds were considered germinated when the radicle growth
exceeded 1 mm.
Ten germinated seeds were marked with tooth picks (Figure 6.1) at the first day of
emergence to evaluate seedling growth and development. After 2 weeks of growth,
the 10 seedlings were carefully removed (ensuring all loose soil was removed) and
the total (seedling) length, and root and shoot lengths (after cutting at the crownpoint) measured (Figure 6.2). The seedling vigour index was then calculated. The
fresh weights of the shoots and roots were determined immediately after removing
the seedlings from the planting medium by using a digital balance
(SHIMADZU/Model AUW120D). Dry weights were determined after oven drying
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(Memmert Beschickung/Model 100-800) at 70oC for 48 h (Yadav et al., 2007,
Shabbir et al., 2014).

Figure 6.1: Germinated Berseem clover seedlings marked with tooth picks

Figure 6.2: Berseem clover shoot length measurement
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6.2.2 Calculations
The germination percentage (GP%) was determined (Equation 3) by dividing the
total number of germinated seeds (2 weeks after planting) by the total number of
seeds planted (in each tray) and multiplying by 100 as given below;
Equation 3: Calculation of germination percentages

𝐺𝑃 (%) =

𝐺𝑛
× 100
𝑁

where:
Gn = total number of seeds germinated after 2 weeks,
N = total number of planted seeds

The rate of germination (RG) was determined (Equation 4) by using the following
formula, as described by Quddus et al. (2014):
Equation 4: Calculation of rate of growth of seedlings

𝑅𝐺 =

𝐺1/𝑡1 + 𝐺2/𝑡2 + 𝐺3/𝑡3 + ⋯ ⋯ + 𝐺14/𝑡14
𝐺𝑓𝑖𝑛𝑎𝑙

where:
G = number of germinated seeds on a particular day,
t = number of days into the germination period,
Gfinal was the total number of seeds germinated after 2 weeks

The energy of emergence four days after sowing (EE 4DAS %) was determined
(Equation 5) by dividing the number of seedlings emerged after 4 d by the total
number of seeds planted (in each tray), and multiplying by 100, as described by
Shabbir et al. (2014) and Basra et al. (2005).
Equation 5: Calculation of energy of emergence four days after sowing

𝐸𝐸 4𝐷𝐴𝑆 (%) =

𝑆𝐿𝑛 4𝐷𝐴𝑆
× 100
𝑁

where:
SLn 4DAS = number of seedlings emerged four days after sowing,
N = total number of seeds planted
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The emergence index was determined (Equation 6) to quantify the germination
expression that relates the daily germination rate to the maximum germination value
by using the following formula as described by Shabbir et al. (2014):
Equation 6: Calculation of emergence index of seedlings

𝐸𝐼 =

𝑇 × 𝐺𝑛
𝑁

where:
T = time period (number of days after sowing)
Gn = total number of seeds germinated
N = total number of seeds planted

The seedling vigour index (SVI) was calculated using the following formula
(Equation 7), as described by Shabbir et al. (2014) and Iannucci (2006):
Equation 7: Calculation of seedling vigour index

𝑆𝑉𝐼 = 𝑆𝐿 𝐿𝑒𝑛𝑔𝑡ℎ (𝑚𝑚) × 𝐺𝑃
where:
SL = seedling length (mm)
GP = germination percentage

The root-shoot ratio (RSR) was calculated using the following formula (Equation
8):
Equation 8: Calculation of root to shoot ratio

𝑅𝑆𝑅 =

𝐷𝑊 𝑟𝑜𝑜𝑡 (𝑚𝑔)
𝐷𝑊 𝑠ℎ𝑜𝑜𝑡 (𝑚𝑔)

where:
DW root = dry weights of roots (mg)
DW shoot = dry weights of shoots (mg)

6.2.3 Statistical analysis
The three seed sources (research-station, market and farmer seeds) and four
irrigation water sources (distilled, canal, tube well and canal + tube well) were
combined to create 12 treatments in a two factor factorial (3 x 4) arrangement which
were randomly assigned to the 12 trays per replicate in a randomised block design
using four replicates. The data were subjected to linear mixed models using
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GenStat® and the means were compared with least significant difference at 5% level
of significance (P < 0.05) as per Section 3.8.

6.3 Results
6.3.1 Chemical characteristics of the water sources
The chemical characteristics of the canal, tube well and mixture of canal and tube
well irrigation waters are presented in Table 6.1. There was a five-fold increase in
salinity between the tube well and canal water with the canal + tube well water at
the mid-point between, as expected. Salinity levels for Berseem clover production
were low (canal water) to above the recommended range of 1.5 dS/m (tube well)
(Prince, 2015). Further, sodium adsorption ratio (SAR) values above 10 (mmol/L)
and residual sodium carbonate (RSC) levels greater than 2.5 me/L are considered
to be brackish and unfit to use for irrigation purposes in the current cropping
systems of Punjab, Pakistan (Mehboob et al., 2011). Hence, some impact on growth
was expected from the tube well water.
Table 6.1: Quality of canal, tube well and mix of canal and tube well waters used for
growing Trifolium alexandrinum seeds.

Characteristic

Canal water

Tube well water

Canal + tube well
water (50:50)

EC
-

dS/m

0.33

1.63

0.74

-

ppm

211

1040

474

SAR (mmol L-1)1/2

0.7

9.8

1.2

RSC me L-1

0.5

3.5

0.2

Ca + Mg (me L-1)

2.5

3.5

5.3

Na (me L-1)

0.8

12.75

2.1

HCO3 (me L-1)

3.0

7.0

3.0

EC: Electrical conductivity, SAR: sodium adsorption ratio, RSC: residual sodium carbonate
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6.3.2 Germination and emergence
The effects of irrigation water source and seed source on seed germination and
emergence of Berseem clover are presented in Table 6.2. There was a significant
(P < 0.05) interaction between water source and seed source.
6.3.2.1 Germination percentage and germination rate

The interaction between seed source and water source showed some effect on
overall germination percentage and germination rate per day, producing predicted
means (± SED) of 95.96% (± 2.51%) and 3.43%/d ± 0.089%/d, respectively.
Independently, neither seed source (SS) nor irrigation water source (WS) had a
significant effect (P > 0.05) on germination percentage or germination rate;
however, there were significant interactions (P < 0.05) between water source and
seed source (WS x SS) for both measures. The germination percentage and
germination rates for the canal water with market seed (CW x MS) treatment were
significantly lower (P < 0.05) than all other treatments except canal + tube well
water with research-station seed (CTW x RS) and tube well water with researchstation seed (TW x RS).
6.3.2.2 Energy of emergence four days after sowing and emergence index

Berseem clover seeds began to germinate within 2 d of sowing. Overall, the
predicted mean (± SED) EE 4DAS was 65.7% ± 7.41%. The EE 4DAS of
treatments canal + tube well water with research-station seed (CTW x RS) and canal
water with market seed (CW x MS) were significantly lower (P < 0.05) than all
other treatments except canal water with the research-station seed (CW x RS)
treatment, which did not differ (P > 0.005) from the canal + tube well water
treatments from other seed sources or distilled water with research-station seed
(DW x RS) (Figure 6.3; Table 6.2).
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Table 6.2: Effect of irrigation water sources and seed sources on predicted mean seed germination and emergence of Berseem clover.

Farmer seed

Market seed

Research-station seed

P value

Parameter
DW

CW

TW

CTW

DW

CW

TW

CTW

DW

CW

TW

CTW

WS

SS

WS x SS

Germination, GP (%)

97.5cd

95.0bcd

96.0bcd

97.0bcd

97.5cd

89.5a

98.5d

97.5cd

99.5d

98.0d

93.0abc

92.5ab

0.069

0.848

0.007 (± 2.509)

Germination rate, GR
(%/day)

3.482cd

3.393bcd

3.429bcd

3.464bcd

3.482cd

3.196a

3.518d

3.482cd

3.554d

3.500d

3.321abc

3.304ab

0.069

0.848

0.007 (± 0.089)

Energy of Emergence, EE
4DAS (%)

75.99c

77.64c

70.26c

65.39bc

73.32c

45.05a

77.57c

63.06bc

68.84bc

54.56ab

74.10c

42.67a

<0.001

0.008

0.006 (± 7.406)

Emergence index, EI

13.65c

13.30bc

13.44bc

13.58bc

13.65c

12.53a

13.79c

13.65c

13.93c

13.72bc

13.02ab

12.95ab

0.069

0.848

0.007 (± 0.351)

CW= canal water; TW = tube well water; CTW = 50:50 mixture of canal and tube well water; DW = distilled water; WS = water source; SS = seed source; EE 4DAS = emergence
energy 4 days after sowing; parenthesise indicate SED value. Values within rows with varying superscripts differ significantly (P < 0.05).
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Independently, both water source and seed source had a significant effect (P < 0.05)
on EE 4DAS. In addition, there was a significant interaction (P < 0.05) between
water source and seed source on EE 4DAS. Based on seed source, the predicted
means for EE 4DAS were 72.32%, 64.75% and 60.04% for farmer, market and
research-station seeds, respectively. Based on water source, the predicted mean EE
4 DAS were 72.72%, 59.08%, 73.98% and 57.04% for distilled, canal, tube well
and canal + tube well waters, respectively (Figure 6.3).

Figure 6.3: Effect of distilled, canal, tube well and canal + tube well (50:50) sources of
irrigation water on emergence energy 4DAS on farmer, market and research-station seed
sources of Berseem clover.

The overall predicted mean (± SED) of emergence index was 13.43 ± 0.35. As with
previous measures, the emergence index of canal water with market seed (CW x
MS) was significantly lower (P < 0.05) than all other treatments except canal + tube
well water with research-station seed (CTW x RS) and tube well water with
research-station seed (TW x RS). Independently, neither seed source nor water
source had a significant effect (P > 0.05) on emergence index; however, the
interaction between water source and seed source was significant (P < 0.05) (Table
6.2).
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6.3.3 Seedling growth and development
The effects of water source and seed source on seedling growth and development
of Berseem clover are presented in Table 6.3.
6.3.3.1 Shoot, root and seedling length

Overall, the predicted mean (± SED) shoot length was 35.04 ± 3.47 mm. The shoot
length of treatment canal + tube well water with research-station seed (CTW x RS)
(22.61 mm) was significantly shorter (P < 0.05) than all other treatments except
canal water with market seed (CW x MS) (26.75 mm) and distilled water with
market seed (DW x MS) (29.4 mm). Only seed source had a significant effect (P <
0.05) on shoot length although there was a significant interaction (P < 0.05)
between water source and seed source on shoot length. Based on seed source, the
predicted mean shoot lengths were 38.9 mm, 32.6 mm and 33.6 mm for farmer,
market and research-station seeds, respectively (Table 6.3).
The overall predicted mean (± SED) root length was 18.20 ± 1.85 mm. The root
length of canal water with market seed (CW x MS) (14.45 mm) was significantly
shorter (P < 0.05) than all other treatments except canal + tube well water with
research-station seed (CTW x RS) (15.37 mm) and distilled water with market seed
(DW x MS) (16.97 mm) which in turn did not differ (P > 0.05) from the remaining
treatments. Again, only seed source had a significant effect (P < 0.05) on root
length, with predicted mean root lengths of 19.55 mm, 17.06 mm and 18.00 mm for
farmer, market and research-station seeds, respectively (Table 6.3).
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Table 6.3: Effect of irrigation water and seed sources on predicted means (± SED) of seedling growth and development parameters of Berseem clover.
Farmer seed

Market seed

Research-station seed

p value

Parameter
DW

CW

TW

CTW

DW

CW

TW

CTW

DW

CW

TW

CTW

WS

SS

WS x SS

Shoot length (mm)

38.99c

40.85c

34.83bc

40.76c

29.36ab

26.75a

35.07bc

39.30c

39.07c

35.28bc

37.59c

22.61a

0.778

0.005

<0.001 (± 3.465)

Root length (mm)

20.17bc

18.94b

20.22bc

18.9b

16.97ab

14.45a

17.85b

18.96b

17.94b

17.75b

20.95bc

15.37ab

0.129

0.043

0.187 (± 1.851)

Seedling length (mm)

59.02cb

59.82bc

55.09b

59.7bc

46.35a

41.18a

52.96b

58.24bc

57.19bc

52.99b

58.35bc

37.99a

0.447

0.004

<0.001 (± 4.708)

Shoot fresh weight (mg)

120.4a

127.0b

123.9b

115.0a

134.2bc

91.7ab

119.9a

135.7bc

137.2bc

142.5bc

126.4b

83.3a

0.981

0.432

0.048 (± 20.11)

Shoot Dry weight (mg)

4.950

5.525

4.500

6.050

4.675

4.400

5.100

4.700

5.700

5.700

6.500

3.025

0.699

0.802

0.315 (± 1.426)

Root fresh weight (mg)

46.25

30.55

58.85

40.70

46.45

46.47

52.92

48.90

61.67

45.72

56.58

39.57

0.154

0.559

0.731 (± 12.76)

Root Dry weight (mg)

1.275

1.225

1.575

1.375

1.325

1.100

1.400

1.425

1.550

1.425

1.425

1.350

0.096

0.236

0.259 (± 0.145)

Root:shoot ratio

0.2735

0.2929

0.3962

0.2841

0.2956

0.2879

0.3011

0.3552

0.2877

0.2556

0.2315

0.4786

0.241

0.997

0.201 (± 0.087)

Seedling vigour index
5694bc
5693bc
5322bc
5835bcd
4544b
3748a
5244bc
5674bc 5753bcd 5182bc
5364bc
3529a
0.369
0.009
<0.001 (± 523.0)
DW = Distilled water; CW= canal water; TW = tube well water; CTW = 50:50 mixture of canal and tube well water; WS = water source; SS = seed source, the values in parenthesis
shows SED values. Values within rows with varying superscripts differ significantly (P < 0.05).
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The overall predicted mean (± SED) seedling length was 53.24 mm ± 4.71 mm.
Results for seedling length mirrored that of shoot length. Both seed source and the
interaction between water source and seed source had a significant effect (P < 0.05)
on seedling length. The mean seedling lengths were predicted at 58.41 mm, 49.68
mm and 51.63 mm for farmer, market and research-station seeds, respectively. The
seedling length when using canal + tube well water with research-station seed
(CTW x RS) (37.99 mm) was significantly shorter (P < 0.05) than all other
treatments except canal water with market seed (CW x MS) (41.18 mm) and
distilled water with market seed (DW x MS) (46.35 mm) (Table 6.3).
6.3.3.2 Fresh and dry shoot and root weights, root to shoot ratio and seedling
vigour

The predicted mean (± SED) for fresh shoot weight over all treatments was 121.4
± 20.11 mg. The interaction between water sources and seed sources had a
significant effect (P < 0.05), but independently, water and seed sources were not
significant (P > 0.05). As with other growth parameters above, the fresh shoot
weights of treatment canal + tube well water with research-station seed (CTW x
RS) and canal water with market seed (CW x MS) were significantly less than most
of the other treatments but not significantly less than canal + tube well water with
farmer seed (CTW x FS) or distilled water with farmer seed (DW x FS) (Table 6.3).
Neither water source nor seed source, or the interaction between water and seed
sources had an effect (P > 0.05) on the dry weight of shoots, fresh weight of roots,
dry weight of roots or the root: shoot ratio. The predicted mean (± SED) weight of
fresh roots, dry roots and dry shoots was 47.89 ± 12.76, 1.371 ± 0.145 and 5.069 ±
1.426 mg, respectively (Table 6.3).
Both seed source and the interaction between water source and seed source had a
significant effect (P < 0.05) on SVI. The mean (± SED) SVI was 5636, 4802 and
147

4957 for farmer, market and research-station seeds, respectively. The SVI for
treatments canal + tube well water with research-station seed (CTW x RS) and canal
water with market seed (CW x MS) were significantly lower (P < 0.05) than all
other treatments (Table 6.3).

6.4 Discussion
6.4.1 Water quality
Generally, it appeared that the ‘lower quality’ water sources (tube well and canal +
tube well waters) had a greater, positive impact on seed germination and emergence
for the research-station seed than other seed sources. For all parameters, the ‘better
quality’ water in the canal water treatment performed poorest when combined with
the market seed. When compared for the distilled water (control) treatment, no
differences in the farmer, market and research-station seed sources could be
identified in terms of germination and emergence.
According to the water test results, salinity levels in the Kasur region of Pakistan,
particularly from tube wells, was not as severe as previously reported by Mehboob
et al. (2011). As groundwater quality is influenced by preceding recharge events, it
is possible that flooding that occurred in the region during 2010 as well as 2011
monsoon seasons (prior to the study taking place) may have resulted in lowering
salinity levels due to leaching of dissolved salts. Whilst the water sources were
tested for many factors associated with water quality, a broader range of tests may
have highlighted a difference with the canal water – for example, the presence of
herbicides which may affect both germination and seedling development
(Yazdanpak et al., 2014).
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6.4.2 Germination and emergence
Rapid and uniform seed germination is most important for successful Berseem
clover crop establishment (Rouhi et al., 2010). Germination percentages were high,
being close to or above 90% for all treatments. These results are in line with Deepak
et al. (2010a), who reported germination percentages of greater than 90% using
water having an EC of ≤ 8 dS/m. Nichols et al. (2008) also reported that Berseem
clover seeds germinated well using water at this EC value. EC levels for all water
sources used in the present study were well below this threshold. Some variation in
germination and emergence parameters was observed across the treatments and the
interaction between seed source and water source was significant throughout,
implying that the choice of the combination of seed source and water source can
influence crop establishment outcomes. One would assume that seed sourced from
local breeding programs (research-station seed) combined with better quality water
sources (distilled and canal waters) would better promote germination and
emergence; however, this was not observed in this study.
When using saline irrigation waters, excessive salt concentrations may affect seed
germination by decreasing the rate and total amount of water absorbed and also by
increasing the entry of chloride ions which may be toxic (Khatib and Massengale,
1966). Deepak et al. (2010a) reported that water with lower EC levels (of 4-8 dS/m)
delayed germination, whereas water with higher levels (16-24 dS/m) reduced the
germination percentage. The findings in the present study were in agreement with
the findings of several authors who have reported that low salt concentrations (up
to 4 dS/m) may positively influence seed germination (Khatib and Massengale,
1966, Deepak et al., 2010a, Rouhi et al., 2010, Rouhi et al., 2012).
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Khatib and Massengale (1966) found that germination was stimulated at low salt
concentrations (2000 ppm). Rouhi et al. (2012), in a study conducted in Iran, found
germination started quickly in the presence of salts (such as NaCl), and significantly
increased (30%) overall germination percentage. These authors suggested that this
may be due to the antagonistic phenomenon exhibited when cations mixed together
cancel the toxic effects of individual salts on the permeability of the cytoplasmic
membrane. Rouhi et al. (2012) also reported that the presence of NaCl in irrigation
water increased both germination percentage and germination rate, potentially due
to an increase in the activity of antioxidant enzymes (superoxide dismutase,
peroxidase and catalase) in the apical part of the main shoot. Moreover, seed
priming of Berseem clover with salts such as NaCl could also increase the seed
vigour (Rouhi et al., 2010). The total salt concentration of each water source used
in the present study was less than 1100 ppm, which was below the 2000 ppm
threshold salt concentration at which salinity has negative effects on seed
germination and seedling growth. The (low) salinity of the irrigation waters used
had no adverse effects on germination of the Berseem clover seed in the present
study.
Quddus et al. (2014) found that small seeds in grasses were more susceptible to the
negative effects of saline water. However, variation in seed size was unlikely to
have been a contributing factor to the significant interaction between water source
and seed source, as seeds of uniform size were selected from each (seed) source.
Salt concentrations below 2000 ppm (as was the case in the present study) have
been shown to have a positive effect on EE 4DAS due to the effect of osmotic
potential of saline water on germination, root length and antioxidant enzymes
activities (Khatib and Massengale, 1966, Rouhi et al., 2010). Rouhi et al. (2010)
also found that osmotic priming resulted in greater energy of emergence. Basra et
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al. (2005) reported that emergence energy of fine rice was improved with low saline
waters (priming) because of efficient mobilisation and utilisation of seed reserves.
As salt was not the only chemical likely to be present and vary between these water
sources, one cannot be certain that salinity was the instigating factor affecting these
results. Broader chemical analysis of the water sources and the conduct of
controlled studies into the effect of salinity on germination need to be carried out
in order to reach a true explanation of these results.

6.4.3 Seedling growth and development
The effects of water source and seed source on seedling growth and development
were variable. Generally, the research-station seed was more vigorous under the
lower quality water conditions but farmer seed was found more robust with respect
to germination. The significant effects of seed source (P < 0.05) on shoot length,
root length, seedling length and vigour index are consistent with the studies of
Deepak et al. (2010a) and Khatib and Massengale (1966). The source of seed for
studies of this nature may be important in determining the relationship between root
and shoot growth and seedling vigour of different genotypes and can be used as a
tool in varietal selection process with better performing traits under irrigation water
conditions (salinity). If salinity is the issue as reported by Mehboob et al. (2011),
the use of saline irrigation water may become problematic when salts accumulate
in the root zone which negatively affects seedling growth and the response has been
shown to vary depending on seed cultivars (Deepak et al., 2010b), as was found in
this study.
No adverse effects were found on seed germination and seedling establishment with
the use of tube well water. The possible reason might be the flooding which
occurred in the area during 2010-11 (prior to this study) resulted in lowering of the
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salt concentration in the underground tube well water, as suggested by the
differences in tube well water salinity of 2.1dS/m reported by Mehboob et al. (2011)
and 1.6 dS/m recorded in this study (Table 6.1). This reduction in the salinity levels
made tube well a suitable alternative source of irrigation water for growing Berseem
clover, especially when canal irrigation water is not available for six months due to
scheduled closure of canals in the study area (Government of Pakistan., 2015).
Independently, water source had no (main) effect on any of the seedling parameters
assessed. The lack of any positive or adverse effect is most likely due to the
relatively low salinity of the irrigation waters used. Deepak et al. (2010a) also
reported that the use of saline water up to EC of 4-8 dS/m did not affect root and
shoot growth and resulted in increased plant biomass production. Similarly,
Agarwal and Ahmad (2010) reported increased shoot and root growths with
increases in the concentration of the salts in tube well water at 10 mmol
concentration at a salinity level of <8 dS/m. However, when osmotic concentrations
exceed 50 mmol, toxicity occurs resulting in inhibition of seedling emergence
(Quddus et al., 2014) and inhibited seedling growth at salinity level of 10 dS/m and
above. Iannucci (2006) found that shoot elongation was decreased at the early
seedling growth and development stage due to chloride ion chemical interactions
on root uptake of ions associated with the use of saline waters.
In contrast to the results of this study, Rouhi et al. (2010) found that seedling length
was increased by osmopriming (seed soaked in polyethylene glycol solution to
uptake water). However, Deepak et al. (2010b) found seedling height progressively
increased, reaching a maximum height using water with an EC ≤ 8 dS/m, but when
this value for EC was exceeded it decreased dramatically. The positive response in
seedling growth may be due to the positive effect of salts on radicle and plumule
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growth during the first 4 days after sowing and the initial seedling growth and
development (Basra et al., 2005). Moreover, the small amount of salt in the water
increased seedling size and improved seedling fresh weights of sesame seeds and
act as a priming agent to absorb water for starting primary metabolic activities of
germination process (Rouhi et al., 2010, Shabbir et al., 2014). This increase might
be due to increased cell division within the apical meristem of roots of the seedling,
which resulted in an increase in seedling growth (Basra et al., 2005).
The lack of effect of water source (as a main effect) on fresh weight or dry weight
of the shoots and roots is similar to the results of Deepak et al. (2010b). In their
study, use of saline water of EC up to 4 dS/m had no effect on the dry weight of
shoots and fresh and dry weights of roots but that fresh weight of shoots increased
with the use of irrigation water with EC values up to 8 dS/m. However, with the use
of saline water of 16-20 dS/m, the dry weights of seedlings and roots were found to
be adversely affected, with a maximum reduction in weights at 20-24 dS/m.
Ghollarata and Raiesi (2007) also reported no effects of salinity on shoot and root
biomass at 2 dS/m.

6.5 Conclusion
Within Kasur (Pakistan), the use of either canal water (EC of 0.33 dS/m), tube well
water (EC of 1.63 dS/m) or a 50:50 mix of canal and tube well irrigation water with
an EC value of 0.74 dS/m had no major effect on seed germination, germination
rate or seedling growth parameters. Moreover, farmer seed was found robust and
showed better performance under saline irrigation water conditions. However,
further studies are needed to confirm these results at the farm level and broader
analysis of water quality factors is necessary to determine whether salinity, or other
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contaminants (such as herbicides) are influencing results to guard against problems
into the future.
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Chapter 7: Honeybees Inclusion for Effective Pollination
of Berseem Clover
7.1 Introduction
Seed production of many different crops is closely related to the activity of insect
pollinators, with honeybees (Apis spp.) considered to be the primary insect
pollinator of all major seed producing crops (Thapa, 2006, Latif et al., 2014, Meena
et al., 2015). The main limitation to producing high seed yields in Berseem clover
crop is failure to set seed (Jat et al., 2014b), predominantly due to a lack of
pollination (Saeed et al., 2011). Berseem clover is a self-pollinating forage crop (Jat
et al., 2014b) but the flowers are self-sterile (incapable of self-fertilisation) and thus
insects play a crucial role in the cross-pollination of flowers (Bakheit, 1989), with
honeybees found to be the most abundant visitors (Dixit et al., 1989, Jat et al.,
2014b).
Berseem clover flowers have a simple valvular type mechanism of pollination and
for this the tripping mechanism (release of staminal column on the wings of the
insect and to the keel petals of flowers) is very important (Roy et al., 2005):
honeybees act as pollinating agents in this mechanism (Latif et al., 2014). When
comparing open pollination to caged plots without pollination by honeybees in
Utter Pradesh India, significant increases in fertilisation (90%) and seed yield (up
to 51%) have been observed (Dixit et al., 1989). However, the beneficial insect
populations are declining rapidly in Pakistan, especially native honeybees (Murray
et al., 2009). This has been attributed to the intensive and improper use of pesticides
which has resulted in the decline of honeybee populations (Rao and Stephen, 2009),
and a reduction in nesting sites due to habitat destruction and fragmentation (Latif
et al., 2014). Therefore, a greater level of awareness of the importance and needs of
pollinators (particularly honeybees) in production systems is required amongst
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farmers to ensure greater consideration for honeybee conservation when carrying
out farming practices.
Genetics, weather and forage harvest times affect seed set and yield of Berseem
clover (El-Naby et al., 2012, Jat et al., 2014b). Additionally, these factors when
linked with the environmental conditions can influence the movement of
honeybees, thereby impacting on pollination efficiency and seed set. In a study by
El-Naby et al. (2012) at Giza Egypt, pollen viability ranged from 75-90% in
berseem clover and was found present in the third and fourth flowering periods at
temperatures of 28-32oC, which was also favourable for honeybees activity. A
similar significant positive relationship, where honeybees efficiency was correlated
with temperatures, was also reported by Ismail et al. (2013).
In Pakistan, the use of low yielding indigenous varieties (both for forage and seed)
of Berseem clover (Ul-Allah et al., 2014a) has been found to increase the time to
flowering due to a delayed flowering period resulting in delayed pollination activity
(Nori et al., 2014). As reported in Chapter 4, only 3% of the (surveyed) farmers
used improved variety seed (sourced from research stations) for seed production
purposes on their farms. Therefore, the use of local variety has meant that the
flowering time is delayed to the hot summer months when pollination activity is
reduced due to the severe environmental conditions, subsequently resulting in low
seed setting (El-Naby et al., 2012, Meena et al., 2015).
Pollination in Berseem clover can also be favoured by the conspicuousness of
flowers, odour, presence of nectar and sugars, and the stickiness of the pollens.
These attributes can be improved by varietal selection (Abdalla et al., 2012, Latif
et al., 2014). In addition, distance from the hive is very important and while
honeybees can travel up to 16 km, the highest honeybees activity and maximum
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pollination efficiency occurs within a radius of 2.5 km from the hive (Jat et al.,
2014a).
Despite all these other factors, the presence of a pollinator population is needed for
maximising seed yield. Hand tripping (release of staminal column on to the keel
petals of flowers) and controlled honeybees pollination visits by placing honeybees
in enclosed pasture plots has been found to improve seed setting in Berseem clover
when compared to normal open-pollination (Roy et al., 2005, Latif et al., 2014).
These authors found that exclusion of pollinators by enclosing pasture reduced seed
setting from 12-99% relative to open pollination across all varieties, even in selfpollinating lines (Roy et al., 2005). Similarly, Rodet et al. (1998) found that
honeybees increased the process of pollination and fertilisation by up to 90% which
contributed significantly to white clover (Trifolium repens L.) seed yield in the
Mediterranean conditions of France.
In Pakistan, the current honeybee populations are unknown but they are expected
to be low and declining because of extensive use of neonicotinoid pesticides such
as Imidacloprid (Ahmed et al., 2014). The loss of honeybees’ habitat is also a
significant limiting factor (Latif et al., 2014), impacted to some extent by climate
change. No previous studies have been undertaken to determine the current
honeybee populations (quantify honeybees) and their impact on Berseem clover
seed production.
The aim of this research was to determine the effect of honeybee pollination on
Berseem clover seed yield originating from farmer, market and research-station
seed sources. The potential impact on financial returns to smallholder farmers
growing seed on a commercial basis in Pakistan was also investigated.
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7.2 Materials and Methods
7.2.1 Experimental design
The honeybee pollination experiments were undertaken at the field site of UVASPattoki, Pakistan for two growing seasons, 2012-2013 and 2013-2014. Pollination
was tested using open-pollination (OP - natural pollination levels for the district)
and honeybee inclusion (BI - honeybees retained on site to maximise pollination
rates). Honeybee inclusion was chosen (as opposed to honeybee exclusion) as it
was anticipated that honeybee populations for the district were low and thus greater
seed yield variability would be observed if honeybees were included. Further,
honeybee inclusion gave a comparison between current and potential pollination
rates between Berseem varieties, which was of more interest to the study. The
meteorological data for temperature, rainfall and RH in the study area are presented
in Chapter 3, Section 3.2 (Table 3.2).
Due to logistics of keeping honeybees, a randomised block design with two
treatment factors (pollination and seed source) in a split-plot arrangement was used,
having three replications. The experimental design was generated using the
software “DiGGer” (Coombes, 2002) which provided the treatment combinations
of the experiment. A plot size of 7 m x 3 m (21 m2) was used for each treatment
combination. The pollination treatment factor was randomised to the whole-plot
level to enable honeybees to be kept within one inclusion zone, while the seed
source factor was randomised to the sub-plot level. The agronomic practices used
in the management of the plots (including harvest practices) have been described in
Chapter 3 (Table 3.6).
The layout of the experimental design is presented in Table 7.1. After the final
forage harvest, all the honeybee inclusion plots were netted together (189 m2) using
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nylon net (Figure 7.1). The 3 m high nets were constructed to allow unhindered
movement of honeybees inside while at the same time excluding the entry of other
insects as described by Jat et al. (2014b).

Figure 7.1: Experimental plots netted at UVAS-Pattoki, Punjab, Pakistan to allow
pollination of Berseem clover by honeybees.
Table 7.1: Layout of experimental design used three seed sources of farmer seed (FS),
market seed (MS) and research-station seed (RS) in combination with the respective
treatment of honeybees inclusion (BI) and open pollination (OP).
Bee inclusion (BI)
Open pollination (OP)
Replications
treatments
treatments
(Netted area)*
(Open area)
Market seed x bee inclusion
Farmer seed x open pollination
(MS x BI)
(FS x OP)
Farmer seed x bee inclusion
Research-station seed x open
(FS x BI)
pollination
1
(RS x OP)
Research-station seed x bee
Market seed x open pollination
inclusion
(MS x OP)
(RS x BI)
Farmer seed x bee inclusion
Market seed x open pollination
(FS x BI)
(MS x OP)
Market seed x bee inclusion
Research-station seed x open
(MS x BI)
pollination
2
(RS x OP)
Research-station seed x bee
Farmer seed x open pollination
inclusion
(FS x OP)
(RS x BI)
Research-station seed x bee
Research-station seed x open
inclusion
pollination
(RS x BI)
(RS x OP)
Farmer seed x bee inclusion
Farmer seed x open pollination
3
(FS x BI)
(FS x OP)
Market seed x bee inclusion
Market seed x open pollination
(MS x BI)
(MS x OP)
*Bee inclusion (BI) treatment plots were netted together under one big nylon net with total area of
189 m2.
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A colony of honeybees (A. mellifera) in standard wooden hives (sourced from a
private contractor) was introduced into the netted area at the start of flowering. The
colony was regularly provided with access to water and a sugar solution (molasses).
The colony was removed at the end of flowering. The nets were erected with the
help of bamboo poles and tightened using nylon cords (Figure 7.2). The edge of the
netting was sufficiently pressed into the soil to prevent movement of insects and
honeybees in and out of the plot. A zipped entry was kept at one corner of the net
to allow manual entry for data recording and other operations.

Figure 7.2: Supporting of netting used in honeybee pollination of Berseem clover at
UVAS-Pattoki, Punjab, Pakistan.

7.2.2 Data collection
At the time of seed harvest the following traits were determined; number of florets
per m2, number of seeds per head, 1000-seed weight (g) and predicted seed yield
(kg/ha) as outlined in Chapter 3.7.2. The percent increase in seed yield with the
inclusion of honeybees for pollination over open pollination was calculated by
using the following formula (Equation 9):
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Equation 9: Calculation of increase in seed yields of honeybee inclusion and open
pollination research plots

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑠𝑒𝑒𝑑 𝑦𝑖𝑒𝑙𝑑 (%) =

𝐵𝐼 𝑠𝑒𝑒𝑑 𝑦𝑖𝑒𝑙𝑑 − 𝑂𝑃 𝑠𝑒𝑒𝑑 𝑦𝑖𝑒𝑙𝑑
× 100
𝑂𝑃 𝑠𝑒𝑒𝑑 𝑦𝑖𝑒𝑙𝑑

where:
BI seed yield = yield obtained from honeybee inclusion plots,
OP seed yield = yield obtained from open pollination plots

7.2.3 Statistical analysis
The data were analysed using GenStat® by using Linear Mixed Models with seed
sources, pollination treatment and year as fixed effects while the replications,
whole-plot and sub-plot were random effects (VSN International, 2014). This
enabled the calculation of the extent of interactions between seed sources and the
pollination treatments. The means were compared by using LSD tested at P < 0.05.

7.2.4 Net income from seed
The net income from seed in Pakistani rupees (PKR) was calculated by multiplying
the weight of seed produced (kg) by the prevailing market price for Berseem clover
seed, which was PKR. 450 Rs/kg. These figures were then converted to American
dollars (US$) dividing by the average (five years) US$ to PKR exchange rate (US$
1 = 97.76 PKR) (Oanda, 2016).

7.3 Results
7.3.1 Seed yield parameters
The average effects of the honeybee pollination on seed yield parameters including
yield, based on data collected over two growing seasons, are presented in Table 7.2.
There was no interaction (P > 0.05) between honeybee inclusion and seed source
for any parameters measured in this study. The inclusion of honeybees resulted in
a significant (P < 0.05) increase in seed yield and its associated parameters. The
number of heads per m2 did not vary (P > 0.05) between the different sources of
seed or pollination treatments. However, for each seed source, inclusion of
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honeybees for pollination (BI) resulted in a significant increase (P < 0.05) in the
number of seeds per head. The number of seeds/head was significantly higher (P <
0.05) for research-station seed (39.89) compared to farmer seed (29.83) or market
seed (33.72) within each pollination treatment, and for research-station seed plus
honeybees inclusion for pollination (BI) was higher (45.30 ± 2.63) than for all other
treatments, as shown in Table 7.2.
The impact of inclusion of honeybees for pollination on 1000-seed weight varied
with seed source; with a significant increase (P < 0.05) for farmer seed (from 2.135
to 2.371 g) and research-station seed (from 3.398 to 3.676 g) but no effect (P >
0.05) on market seed (from 2.243 to 2.375 g). Inclusion of honeybees for pollination
resulted in a significant increase (P < 0.05) in seed yield for research-station seed
with average values of 323.9 kg/ha (118.70% increase) as compared to farmer seed
(148.1 kg/ha), as shown in Figure 7.3. Overall, honeybee inclusion increased seed
yield across all the seed sources by 43.49% over open pollination. Average seed
yield did not vary (P > 0.05) between years, with 193.7 kg/ha and 227.3 kg/ha in
year 1 and year 2, respectively.

7.3.2 Predicted seed incomes
The impact of pollination type on predicted net seed income for the various seed
sources is presented in Table 7.3. The maximum net income of seed was generated
from research-station seed in combination with the addition of honeybees, while
the minimum net income was generated from farmer seed with open pollination (FS
x OP).
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Table 7.2: Effect of bee inclusion (honeybee pollination) and open pollination on yield parameters (± SED) of Berseem clover grown from three different seed sources
(farmer seed, market seed and the research-station seed).

Farmer seed

Market seed

Research-station seed

P value (± SED)

Parameters
OP

BI

OP

BI

OP

BI

PT

SS

PT x SS

Seed heads per m2

204.4

232.6

203.1

200.0

229.5

232.0

0.120

0.209

0.087 (± 24.45)

Seeds per head

25.65a

35.25b

28.85a

38.60b

34.48b

45.30c

0.003

<0.001

0.767 (± 2.63)

1000 seed weight (g)

2.135a

2.371b

2.243ab

2.375b

3.398c

3.676d

0.013

<0.001

0.985 (± 0.17)

Predicted seed yield (kg/ha)

110.8a

185.5b

135.6a

183.3b

272.4c

375.5d

<0.001

<0.001

0.552 (± 34.91)

OP = open pollination; BI = inclusion of honeybees for pollination; PT = pollination type; SS = seed source. Values within parenthesis are representing SED values. Values within
rows with varying superscripts differ significantly (P < 0.05).
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Figure 7.3: Comparison of inclusion of honeybees for pollination and open pollination on
predicted seed yield of Berseem clover grown from farmer seed, market seed and researchstation seed.
Table 7.3: Effect of inclusion of honeybees for pollination on seed yield (% increase over
open pollination) of Berseem clover grown from farmer seed, market seed and researchstation seed, and net incomes from the sale of Berseem clover seed.

Net seed
income
(Rs/ha)

Increase in predicted
seed yield (%) by
honeybees inclusion
over open pollination

Farmer seed x open pollination

49,860

-

Farmer seed x bee inclusion

83,475

67.42

Market seed x open pollination

61,020

-

Market seed x bee inclusion

82,485

35.18

Research-station seed x open pollination

122,580

-

Research-station seed x bee inclusion

168,975

37.85

Treatments
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7.4 Discussion
Many researchers (Goodman and Williams, 1994, Roy et al., 2005, Rao and
Stephen, 2009) have reported that measures of seed yield from Berseem clover such
as seeds per head, are the ultimate reflection of the positive and symbiotic
relationship between genotype, environmental factors (temperature and humidity),
and different pollinators (honeybees). These factors overall reflect the effective
process of pollination and fertilisation.

7.4.1 The impact of seed source on seed yield parameters
The research-station variety of Berseem clover proved superior in terms of seed
yield in this experiment, which was in agreement to the findings of Chapter 5.
Research-station seed produced significantly higher numbers of seeds per head than
the farmer and market seed varieties, regardless of the type of pollination treatment
applied. Further, the inclusion of honeybees (RS x BI) resulted in an average 34.2%
increase in the number of seeds produced per head in the research-station seed plots.
Abdalla et al. (2012) also reported the significance of varietal selection in relation
to honeybee pollination and found an 88% increase in the seed setting due to
effective pollination of the selected populations of Berseem clover in Egypt.
There was no difference in the number of seed heads/m2 produced from Berseem
clover grown from the different seed sources (with honeybee inclusion treatments).
This is in contrast to Roy et al. (2005) and Dixit et al. (1989) who reported the
number of heads per m2 varied with the genotype. This parameter can be influenced
by environmental factors such as temperature, harvesting time and soil moisture
(Roy et al., 2005). Seed yield differences between the different seed sources were
therefore not a consequence of stem or flower production but associated with the
development of viable seed (Abdalla et al., 2012), indicating the existence of
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genetic diversity in the Berseem clover crop (Roy et al., 2005). The number of seed
heads/m2 combined with observation of the phenotypic stage of development of the
various treatments at the time of honeybee introduction also indicated that all seed
sources flowered at a similar time indicating that all sources had equal access in
time to honeybees for pollination. Difference in flowering time between genotypes
may have influenced the efficiency of pollinators on seed yield (Roy et al., 2005);
however, in the present study there were no differences in the number of heads/m2
reflecting that all the seed sources flowered at the same time.
Seed weight is an indicator of seed health and vigour, which ultimately translates
into germinability and the likelihood of successful seedling establishment.
Regardless of honeybee inclusion, the seed weight was greater (P < 0.05) for the
Berseem clover grown from research-station seed compared to farmer seed and
market seed. This increase in weight is likely a consequence of a concerted effort
in selection and breeding of the research-station seed compared to other sources
that has resulted in a variety with a naturally larger seed. This gives the research
station seed an advantage during establishment. Similar findings of improvements
in seed production parameters were reported by Abdalla et al. (2012) where selected
Berseem clover populations (through varietal selection) have greater self-fertility,
higher seed set rates and seed weights over parent populations.

7.4.2 The impact of honeybees inclusion on seed yield parameters
Honeybees inclusion as well as open pollination (having natural honeybees) are the
major constituent of pollination and increased seed setting in Berseem clover crops
(Jat et al., 2014b). Across the three sources of seed, the inclusion of honeybees
resulted in an average 44% increase in seed yield, which was similar to the
maximum 51% increase previously reported by Bakheit (1989). This comparison
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study was conducted in 1989 and honeybee populations are likely to have reduced
since this time. Further, the climate has changed drastically in the Punjab during
recent years and has resulted in a reduction in the nesting sites for honeybees and
habitat fragmentation (Latif et al., 2014).
The magnitude of the increases reported here were equal or greater than other
studies; inclusion of honeybees for pollination increased the number of seeds per
head by 51.9% from 27.03 in the partly caged plots to 41.05 seeds/head for
honeybee pollination in the study of Dixit et al. (1989). These results were far
superior to the 6.8% increase (51.4 seeds/head for open pollination versus 54.9
seeds/head for honeybee pollination) reported by Jat et al. (2014b) in their study of
Berseem clover in Haryana, India. Abdalla et al. (2012) found that excluding
pollinators during the pollination and seed setting process may result in no or very
poor seed setting, resulting in low yields of seeds per head. Clearly, in all these
studies, the presence of insect pollinators influenced the formation of fertile florets
and also positively affected the seed setting and seed yield components. Further,
this trend is similar in other legume species as Rao and Stephen (2009) found that
the inclusion of honeybees for pollination significantly increased seeds per head in
red clover (Trifolium pratense L.). Therefore, putting a considerable population of
honeybees in the present study resulted in significant increase (P < 0.001) in
different seed yield parameters. The increased average seed setting of Berseem
clover flowers with the addition of honeybees for pollination was also confirmed
by Roy et al. (2005).
Whilst potential seed size and weight are genetically determined, actual seed size
and weight will be influenced by environment. Heavier and larger seeds most likely
influenced by effective pollination and fertilisation processes during seed setting
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(Jat et al., 2014b). The inclusion of honeybees resulted in an 11.1% and 8.2%
increase in 1000-seed weight for farmer seed and research-station seed,
respectively, but had no effect (P > 0.05) on 1000-seed weight of Berseem clover
grown from market seed. The magnitude of the impact of the inclusion of honeybees
on seed weight was inferior to the 37.1% increase reported by Jat et al. (2014b).
However, the severity of prevailing conditions post pollination and fertilisation
were likely to have differed between these studies and this would have a
confounding impact on seed development and therefore seed weight. This increased
weight associated with the genetic potential of the research-station seed, combined
with the potential impact of more effective pollination from honeybee inclusion,
would have had a key influence on seed yields.

7.4.3 A systems approach to increasing honeybees pollination and
subsequent seed yields of Berseem clover on Pakistan’s smallholder mixed
farms
Supplying a considerable population of honeybees resulted in a significant increase
(P < 0.001) in different seed yield parameters, including a 119% increase in the
seed yield of Berseem clover grown from research-station seed, which was superior
to the 101% increase reported by Dixit et al. (1989). While there are positive
benefits of increasing the number of honeybees in proximity to Berseem clover
crops, major challenges exist in terms of identifying strategies to better manage
these insect vectors in the mixed farming systems operating in the study area. It was
not possible to use less than an entire colony of honeybees (in the enclosed
treatments) and consequently, the honeybee population was considerably higher
than what would be expected in nature. Further studies are needed to determine the
honeybee population that maximises pollination and subsequently Berseem clover
seed production.
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Although natural honeybee populations were not measured in the present study, it
can be assumed that it was sub optimal for Berseem clover pollination and seed
setting as Ahmed et al. (2014) had reported lower (than previous) honeybee
populations in the study area. That seed production improved so markedly with the
introduction of honeybees supports this supposition. The main factor contributing
to these low honeybee populations is probably the widespread use of neonicotinoid
pesticides (Murray et al., 2009). In Pakistan, imidacloprid (a neonicotinoid
pesticide) is used extensively both in the form of spray and as a seed coating over
a range of crops including wheat, rice, cotton as well as in orchards to protect
against sap-feeding insects such as aphids (Ahmed et al., 2014). These are the most
toxic and lethal insecticides with LD50 (lethal dose kills 50% of test population)
values of 40 and 180 parts per billion (ppb) for oral intake and body contact for
honeybees, respectively (Yang et al., 2008). Their use results in a rapid decimation
of honeybee populations, to the point where effective cross-pollination of crops is
not possible (Murray et al., 2009, Rao and Stephen, 2009).
A number of factors affect honeybee activity and survival, therefore pollination
success and subsequent seed yields. Distance from nest and time of day influence
the frequency of visits (to plants) by honeybees. Jat et al. (2014a) found the
frequency of honeybee (A. mellifera and A. dorsata) visits (with a flight distance
from the hive of 2.5 km) was positively correlated with time of the day. The
maximum number of visits occurred in the afternoon and the minimum occurred in
the morning time. They also found the number of visits was influenced by RH and
atmospheric temperature. El-Naby et al. (2012) found that the environmental
conditions which favoured and regulated the movement of honeybees were
temperatures of 28-32oC, RH of 45-55% and wind speed of 1.2-2 m/sec. These
conditions lead to an increase in pollination efficiency, seed setting and seed yield
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of Berseem clover. However, Ismail et al. (2013) found no relevance of the RH with
the honeybees’ pollination activity in Berseem clover. Meena et al. (2015) and
Abdalla et al. (2012) found that in multi-cut Berseem clover varieties, the varieties
with a later flowering time (coinciding with higher temperatures and pollinator
activity), produced the highest seed yields with greater seed setting percentages
compared to those varieties with early flowering times (or blooming dates).
The complexity of the relationship between pollination mechanisms and abiotic
(temperature, humidity and wind) and biotic (genotypes, honeybees and butterflies)
factors, as reported by many researchers (Thapa, 2006, El-Naby et al., 2012, Ismail
et al., 2013, Jat et al., 2014a, Latif et al., 2014, Meena et al., 2015), has limited our
understanding of how the pollination process works in seed producing crops.
Current understanding of the pollination mechanism in Berseem clover and
different factors contributing to successful pollination process is presented in Figure
7.4. Climate change may also be affecting the number of honeybees and their
pollination efficiency by migration of honeybee colonies from Punjab to Khyber
Pakhton Khawa provinces of Pakistan (Hepburn and Radloff, 2011). Pollinator
assemblage is most likely altered with habitat fragmentation resulting from land use
changes along rural-urban gradients (Hepburn and Radloff, 2011, Latif et al., 2014),
which would affect the availability of both nesting places and food resources.
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Figure 7.4: The different factors affecting Berseem clover pollination and seed set.

7.4.4 The impact of optimising seed source and pollination on net seed
income (Rs/ha)
The quantitative yield produced by Berseem clover genotypes is the ultimate
reflection of the positive relationship with various pollinators from the process of
pollination up to fertilisation and seed setting. Increased seed yields generate
increased income for seed growers (farmers). Use of additional honeybees as
pollinators would increase income to the farmers, which is of particular significance
in the context of smallholder farmers. Compared to open pollination, inclusion of
honeybees resulted in increased seed yields of 35%, 67% and 38% for Berseem
clover grown from market seed, farmer seed and research-station seed, respectively.
The twofold increase in seed yield between the different seed sources was possibly
due to differences in seed purity, with the minimum purity of 91% of the market
seed (Table 3.5) resulting in lower seed setting. This might be due to the seed
comprising of a mixture of genotypes, as different genotypes have different
maturity time (stage of maturity) linked with the environmental conditions
(temperature and RH) and regulatory movement of honeybees which ultimately
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influenced pollination efficiency (El-Naby et al., 2012). Moreover, improved
genetic material (research-station variety) usually out-perform other genotypes
because of increased purity (>96%), early blooming and flowering at the same time
(increased pollination efficiency), resulting in greater seed setting, increased seed
weight and increased seed yield, as found in the present study. The use of improved
research-station seed with the inclusion of honeybees (RS x BI) produced the
highest Berseem clover seed yields (324 kg/ha). The predicted maximum net
income of seed (168,975 Rs/ha; US$1728/ha) was from research-station seed with
(supplemented) honeybee pollination, while the minimum net income (49,860
Rs/ha; US$510/ha) was from farmer seed with open pollination, which is the current
practice of smallholder farmers. These results of change in the net incomes are in
agreement with those of Goodman and Williams (1994), who reported an increase
in net income of US$654/ha with the inclusion of additional honeybees in white
clover (T. repens) in Melbourne, Australia as a result of increased seed yield over
an operating loss of US$ -109/ha with no pollination (no access by honeybees all
the time).
Regardless of seed source, honeybee inclusion had a positive effect on seed yields,
and as a consequence, (predicted) net seed incomes, using market seed, farmer seed
or research-station seed, would increase by 21,465 Rs/ha (US$ 220/ha), 33,615
Rs/ha (US$ 344/ha) and 46,395 Rs/ha (US$ 475/ha), respectively (Table 7.3).
Potential still exists for further increase in net income through the sale of honey.

7. 5 Conclusion
There is immense scope for increasing seed yields and incomes by increasing the
honeybee population in the vicinity of Berseem clover fields and improving the
variety of Berseem clover sown. As a consequence of increased seed yields (up to
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119%) by using research-station seed in combination with honeybee inclusion (RS
x BI) compared to farmer seed, predicted net seed income would also be increased
with an additional net income of 46,395 Rs/ha (US$ 475/ha). Further improvements
to income may be derived from seeds of increased quality which may occur with
the larger seeded research-station seed. Differences in net incomes presented here
are likely to be a maximum given honeybee populations in this study were
considerably greater than what could be achieved in the field, however, when
coupled with other gains likely from such agronomic and genetic modifications,
greater farm incomes may be possible.
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Chapter 8: Effects of Rhizobium Inoculation and Seeding
Rates on Berseem Clover Forage and Seed
Production
Although seed inoculation with Rhizobium has benefits in terms of both crop
production as well as farm profitability through the improvement of soil fertility,
inoculation of Berseem clover seed is not practiced by the smallholder farmers of
the study area (Chapter 4). Further, seeding rate of Berseem clover is an important
agronomic factor, impacting on both crop productivity and fodder quality.
Therefore, two separate field experiments were designed to improve farm
profitability through enhancing Berseem clover productivity. In the first
experiment, the effect of seed inoculation on crop productivity and quality and its
potential impact on smallholder farmers’ income was investigated. In the second
experiment, different seeding rates were used to determine the optimal seeding rate
for maximum Berseem clover forage and seed yields under the prevailing
environmental conditions.

8.1 Rhizobium Inoculation
8.1.1 Introduction
Legume forages provide high quality feed for livestock and also play an important
role in enhancing soil fertility by adding atmospheric N to the soil through bacterial
N fixation (Muir et al., 2014). The inclusion of legume forages in the cropping
system can lead to increased farm profitability by extending the forage production
season (more forage of higher nutritional value than other crops) and subsequently
reducing the use of supplementary feeds in animal rations (Cosentino et al., 2014),
thereby reducing expenses.
Berseem clover is less reliant on N from fertiliser sources because of the symbiotic
relationship it shares with the bacteria Rhizobium leguminosarum b.v. trifolii, which
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provides a N source to the plant and subsequent crops (Graves et al., 1990,
Cosentino et al., 2014). In Pakistan, inoculation of Berseem clover seed has be
shown to increase yields by greater than 10% (Naveed et al., 2015). The increased
soil N levels as a result of N fixation can also benefit subsequent crops (Panciera
and Sparrow, 1995, Agarwal and Ahmad, 2010) with yield increases of up to 13%
reported in (subsequent) cereal and fibre crops such as wheat, rice, maize and cotton
(Naveed et al., 2015). The potential improvements to Berseem clover forage
production from seed innoculation are well established (Bajpai et al., 1974, Oushy,
2008, El-Lithy et al., 2014), although most have only reported the impacts on green
forage yield. Oushy (2008) also reported an increase in Berseem clover forage
protein levels with the use of seed inoculation and N fertiliser. No data have been
collected on the impact of seed inoculation on seed yield and forage quality factors
in Pakistan.
Berseem clover can fix between 115 to 400 kg N/ha in soil during its growing
season, depending on the variety and season (Graves et al., 1990). However,
Berseem clover initially draws down soil N early in its life cycle for initial growth
and development of plants (Oushy, 2008). Therefore, a basal application of N
fertiliser is recommended to initiate growth and development of roots and shoots.
The efficacy of N fixation is greatly dependent on Rhizobium activity, soil
conditions and the variety of Berseem clover grown (Radwan et al., 2006). In
alkaline soils (pH > 8), the availability of P can be limited due to its sequestration
with Ca in the soils, causing a reduction in crop yields (Jan et al., 2014). Soil salinity
can increase rapidly and have a drastic impact on plant growth (Agarwal and
Ahmad, 2010). Salinisation is becoming an acute problem in agriculture in the study
region due to the intensive cropping system and excessive use of tube well water
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for crop irrigation (Ghulam et al., 2013). Rhizobia are very sensitive to salt stress
and thus the impact of Rhizobium seed inoculation on the growth and yield of
Berseem clover also varies depending on the salinity of the irrigation water.
Agarwal and Ahmad (2010) reported that using low salinity irrigation water (EC
≤8 dS/m) produced the best responses to seed inoculation in Berseem clover.
Inoculation not only influences Berseem clover production but also contributes to
the yields of the crops grown subsequently (Khan et al., 1985). Moreover,
inoculation can be performed on different legume crops including pulses and the
beneficial effects of inoculation have been found to be persistent more than 2 years
post inoculation in low input agricultural systems, making it economically and
ecologically sustainable (Pellegrino et al., 2011). Despite the obvious benefits, the
inoculation of Berseem clover forage crops is currently not being practiced in
smallholder production systems in Pakistan (Chapter 4), primarily because of the
lack of awareness (ignorance) of farmers as well as lack of availability in the remote
areas. Furthermore, inoculums are often not available in the agricultural markets
and when they are, they have not been appropriately stored (Naveed et al., 2015),
primarily because of electricity shortage in the country.
This study was designed to investigate the impacts of seed inoculation on forage
and seed yields and forage quality of Berseem clover. Further, as the N fixation
potential can be affected by variety, the opportunity was taken to gather data for the
new variety of Berseem clover Agaitti Berseem-2002. Results were extrapolated to
investigate the potential income benefits from using seed inoculation.
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8.1.2 Materials and methods
The field experiment was conducted at UVAS-Pattoki during the 2013-2014
growing season. The description of the research site and soil test results are
presented in Chapter 3 (see Section 3.1 and 3.3; Table 3.3).
8.1.2.1 Seed inoculation

Agaitti Berseem-2002 variety seed was inoculated with viable R. trifolii (sourced
from the Ayub Agricultural Research Institute (AARI), Faisalabad Punjab,
Pakistan) that had been stored at 28 ± 2°C. The inoculum was used at the rate 250
g/ha (2.5 bacteria culture bags/ha) for 20 kg of seed, as one culture bag (containing
100 g of culture) was recommended for 1 acre (0.40 ha) (Qureshi et al., 2012). The
culture was mixed into a 10% sugar solution to make a slurry for coating (to achieve
better adhesiveness) and then sprinkled over the seeds and mixed thoroughly,
ensuring that the culture coated all of the seed. Treated seed was left to stand under
shade for 2 h before sowing as per the Research Institute recommendations, and as
described by Agarwal and Ahmad (2010).
8.1.2.2 Experimental design

The experiment was laid out in a randomised complete block design at UVASPattoki, district Kasur, Punjab, Pakistan. The block size was 7 m in length x 9 m in
width (63 m2) with six replications. The experiment comprised two treatments; use
of inoculation and no inoculation (control).
8.1.2.3 Land preparation, fertilisers application, sowing and harvesting

The Berseem clover crop was sown on the 18th of October 2013 following land
preparation and all the standard agronomic practices were applied as described in
Chapter 3 (Table 3.6). Nitrogen, P and K fertilisers were applied at the
recommended rates of 20, 60 and 30 kg/ha, respectively (see Chapter 3.6.1). All the
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fertilisers were broadcast by hand and then incorporated into the soil prior to sowing
and before irrigation.
Three forage cuts were taken and forage harvesting was completed on 25th March
2014 and the crop was then left for seed harvesting. The first forage cut was taken
65 DAS, the second was 45 days after the first cut and the third cut was taken 40
days after the second cut. The seed crop was harvested on the 18th May 2014.
8.1.2.4 Data and sample collection

Data were recorded on the following parameters from each cut; plant height (cm);
number of stems per m2; green forage yield; DM yield, number of heads per m2,
number of seeds per head, 1000-seed weight, seed yield; and forage nutritive value
(see Chapter 3.7). In addition, data were also recorded for the number of nodules
per plant. Five plants from each treatment plot were uprooted randomly. Roots were
washed with clean water to remove all soil particles and then the number of nodules
per plant was recorded and the average number of nodules per plant calculated
(Hussain et al., 2002).
After laying out the experiment, composite soil samples were collected from
different locations at random across the treatments by using a soil auger to a depth
of 30 cm before (the application of Rhizobium inoculation and fertilisers) and after
sowing and harvesting (Kandil et al., 2005). Soil measurements included organic
matter, total N (%) and available P and K (Estefan et al., 2013).
8.1.2.5 Statistical analysis

The data were statistically analysed with linear mixed model (REML) by using
GenStat® (17th edition) windows software (VSN International, 2014). The least
significant differences (LSD) at 5% level of significance was used to compare the
treatment means.
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8.1.3 Results
8.1.3.1 Forage production

Inoculation of Berseem clover seed with R. trifolii significantly (P < 0.05) increased
plant growth across all plant parameters measured, as shown in Table 8.1.
Inoculation resulted in a 16% increase (P < 0.001) in the number of stems per m2
and the Rhizobium inoculated plants were 22.67% taller (P < 0.001) than the noninoculated plants (Table 8.1; Figure 8.1). In addition, inoculation increased green
forage production per ha by 26.3% (P < 0.001) and forage DM yield by 38.5% (P
< 0.05).
Table 8.1: Effects of Rhizobium trifolii inoculum on forage and seed yield parameters of
Agaitti Berseem-2002 variety of Berseem clover.

Number of
stems (/m2)

Plant height
(cm)

Green forage
yield (t/ha)

Dry matter
yield (t/ha)

Non-inoculated

300.20a

19.94a

31.61a

4.00a

Inoculated

348.20b

24.38b

39.93b

5.54b

11.73

0.33

2.23

0.43

Treatment

SED

SED = standard error of differences. Values with columns with varying superscripts differ
significantly (P < 0.05).
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Figure 8.1: Difference in plant height of non-inoculated (L) and Rhizobium inoculated (R)
Berseem clover.

8.1.3.2 Forage quality

The effects of inoculation on the nutritive value of the forage is shown in Table 8.2.
The CP content of the forage produced using inoculated seed was significantly
higher (P < 0.05) than that produced from non-inoculated seed. Similarly, both the
NDF (P < 0.001) and WSC (P < 0.05) contents were higher in the forage produced
from inoculated seed. However, seed inoculation had no effect (P > 0.05) on the
ME, and ADF content of the forage.

180

Table 8.2: Effects of Rhizobium trifolii inoculum on forage quality parameters of Agaitti
Berseem-2002 variety of Berseem clover.

Treatment

CP (%)

ME (%)

ADF (%)

NDF (%)

WSC (%)

Non-inoculated

27.64a

10.51

19.64

24.27a

1.488a

Inoculated

28.64b

10.69

21.00

26.50b

2.023b

SED

0.332

0.153

0.833

0.374

0.112

SED = standard error of differences. Values with columns with varying superscripts differ
significantly (P < 0.05).

8.1.3.3 Seed production

Inoculation of Berseem clover seed significantly (P < 0.001) improved seed
production and quality across all measured seed parameters (Table 8.3). The
number of seed heads per m2 increased by 43% (P < 0.001) in comparison to the
non-inoculated control. Additionally, inoculation resulted in a 39.4% increase (P <
0.001) in the number of seeds per head and a 9.8% increase (P < 0.001) in 1000seed weight. As a consequence of the positive effects of inoculation on these
parameters, the predicted seed yield was increased by 118.95% (P < 0.001).
Table 8.3: Effects of Rhizobium trifolii inoculum on seed yield and yield parameters of
Agaitti Berseem-2002 variety of Berseem clover.

Number of
heads (/m2)

Number of
seeds per
head

1000-seed
weight (g)

Predicted
seed yield
(kg/ha)

Non-inoculated

237a

17.57a

3.508a

146.2a

Inoculated

339b

24.50b

3.851b

320.1b

SED

17.79

0.505

0.071

18.21

Treatment

SED = standard error of differences. Values with columns with varying superscripts differ
significantly (P < 0.05).
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8.1.3.4 Nodulation and soil nitrogen content

The nodule count and total available soil N contents for both inoculated and noninoculated trial plots are presented in Table 8.4. The number of root nodules per
plant increased significantly (P < 0.05) over non-inoculated plants, with a 61%
increase in the nodule count. Additionally, the nodules present on inoculated roots
appeared larger and distributed further along the root system on to secondary and
tertiary root axes, as visible in Figure 8.2.
Table 8.4: Effects of Rhizobium trifolii inoculum on nodule count per plant of Agaitti
Berseem-2002 variety of Berseem clover, and soil organic matter, nitrogen (N), phosphorus
(P) and potassium (K) at UVAS, Pakistan.

Treatment

Number of
nodules per
plant

Organic
matter
(%)

Available

Total N

P

K

(%)

(ppm)

(ppm)

Non-inoculated

63.83a

0.585a

0.0276a

4.747a

140.3a

Inoculated

102.50b

0.832b

0.0401b

6.122b

199.0b

6.360

0.045

0.002

0.537

26.47

SED

SED = standard error of differences. Values with columns with varying superscripts differ
significantly (P < 0.05).

NON-INOCULATED

INOCULATED
Figure 8.2: Difference of nodule formation of inoculated (Rhizobium trifolii) and noninoculated Agaitti Berseem-2002 variety Berseem clover plants.
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The chemical analyses of the soil samples showed significant increases (P < 0.05)
in the soil OM (from 0.585 to 0.832 %) and nutrients such as N (from 0.0276 to
0.0401 %) and P (from 4.747 to 6.122 ppm) with the use of Rhizobium inoculation.
However, K was not altered significantly (Table 8.4).
As shown in Figure 8.3, inoculation resulted in a significant increase (45.28%) in
the available soil N due to an increase in the formation of root nodules (Table 8.4
and Figure 8.2) which enhanced N fixation resulting in more available N for plant
growth in the soil.

Figure 8.3: The graph shows the significant increase in available soil nitrogen with seed
inoculation of Rhizobium trifolii compared to non-inoculation on Agaitti Berseem-2002
variety of Berseem clover.
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8.1.4 Discussion
8.1.4.1 Forage production

The positive effects of Rhizobium inoculation on overall plant growth and
development of Agaitti Berseem-2002 clover plants resulted in higher forage yield.
This is consistent with the results of previously reported inoculation trials (Agarwal
and Ahmad, 2010, Giambalvo et al., 2011b). The differences between inoculated
and non-inoculated fresh and DM forage yields occurred as a consequence of the
seed inoculation which increased nodulation and N fixation. This enhanced
photosynthetic activity by leaves and increased plant growth resulting in higher
green forage and DM yields, which is consistent with the results of Agarwal and
Ahmad (2010) and Giambalvo et al. (2011b).
The number of stems per m2 and plant growth/height are important factors affecting
forage yields. The positive effect of inoculant on both the number of stems per m2
(16%) and plant height (22.67%) ) supports the findings of Hussain et al. (2002),
Agarwal and Ahmad (2010) and Thalooth et al. (2015) who also demonstrated
increases in relative growth rate, number of stems and fresh yield. The magnitude
of the responses reported by Agarwal and Ahmad (2010) and Hussain et al. (2002)
varied by 7 to 26% and may have varied to those in the present study (42.5 t/ha and
36 t/ha of green forage compared to 39.9 t/ha in the present study) due to the use of
varying cultivars responding differently to seed inoculant or perhaps the inoculants
themselves (Graves et al., 1990).
Both fresh (green) and DM forage yields were increased by inoculation, which is
similar to previously reported results (Bajpai et al., 1974, Hussain et al., 2002,
Agarwal and Ahmad, 2010) who found a 74% increase in green forage yield, 20%
greater green forage and 17% DM yields, and 26% increases in green forage and
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DM yields, respectively. This is likely due to the increased activity of the plant roots
and consequently increased N fixation by nodules, resulting in the enhancement of
nutrient availability and nutrient use efficiency; leading to a 21% increase in plant
biomass (Thalooth et al., 2015) and a 42% increase in root biomass (Hussain et al.,
2002). Another contributing factor would be the assimilation of higher amounts of
carbohydrates in the plant because of increased photosynthetic activity (Agarwal
and Ahmad, 2010) resulting from the increased number of stems or leaves, 10%
increase in plant height and 13% increase in total DM. Jan et al. (2014) found that
shoot yield increased significantly with the use of inoculation. Agarwal and Ahmad
(2010) also found that the use of Rhizobium inoculum enhanced shoot weights by
9%, resulting in higher fresh forage yields.
The magnitude of the response to Rhizobium inoculation varies widely across the
literature depending on the soil conditions (saline or sodic) and the cultivars used.
Agarwal and Ahmad (2010) reported a 14.2% increase in DM yield (10.5 t/ha vs.
12 t/ha), whilst Jan et al. (2014) reported a 2.07-fold (2.09 t/ha vs. 4.33 t/ha) and
Thalooth et al. (2015) a 2.6-fold increase (3.71 t/ha vs. 9.78 t/ha). Hussain et al.
(2002) found that Rhizobium inoculation resulted in a 17% increase in DM yield
(72.20 g/pot vs. 84.50 g/pot) compared to the 38.5% increase in DM forage yield
recorded in the present study.
The differences between inoculated and non-inoculated fresh and DM forage yields
occurred as a consequence of seed inoculation increasing nodulation and N fixation.
The majority of the nodules were found on the tap root and were of larger size in
the inoculated plants compared to non-inoculated, which had smaller nodules that
were located on the lateral roots (Figure 8.2). The nodules were not dissected for
colour assessment; however, the larger nodule size and tap root location was
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assumed to be indicative of greater activity of the nodules resulting in an increase
in fixed N, which enhanced photosynthetic activity by leaves and increased plant
growth, resulting in higher green forage and DM yields (Hussain et al., 2002,
Agarwal and Ahmad, 2010).
8.1.4.2 Forage quality

The inoculation of Berseem clover seed with Rhizobium resulted in increased CP
content of the forage, although it did not affect ME. This was similar to the findings
of Giambalvo et al. (2011b) who reported improved nutritive value by increasing
protein levels in forage in response to Rhizobium inoculation. Thalooth et al. (2015)
and Hussain et al. (2002) also reported increases in forage CP of 10% and 20%,
respectively in response to seed inoculation. Forage CP levels have been shown to
increase with access to greater supplies of soil N (Giambalvo et al., 2011b). The
increase in the CP content of the forage in response to seed inoculation may also
have been a consequence of an increase in the number of leaves per plant or an
increase in the leaf to stem ratio.
For milk production, NDF is important as dairy cows require sufficient NDF in their
diets to maintain rumen function and maximise milk production. Increases in forage
NDF can significantly enhance DM intake and NDF digestibility in dairy cows,
resulting in increased milk yield. It is recommended that dairy rations contain at
least 25% NDF (Oba and Allen, 1999). The forage grown from the non-inoculated
seeds (24% NDF) did not meet this recommended level; however, seed inoculation
resulted in a 9.19 % increase in the NDF content, which would provide sufficient
NDF to dairy animals to maximise milk production. However, inoculation resulted
in only a small increase in the ADF content (6.92%) of the forage. As ADF is a
measure of the cellulose and lignin contents whilst NDF measures total plant cell
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wall material which includes hemicellulose, cellulose and lignin (Van Soest et al.,
1991), it is likely to be of minimal importance for animal nutrition and productivity.
8.1.4.3 Seed production

The positive relationship of inoculation with plant nodule formation and forage
production helps to explain the significant improvement in all of the seed yield
parameters (Table 8.3), culminating in a 119% increase in seed yield. These results
were in line with those of Bajpai et al. (1974) and Agarwal and Ahmad (2010) who
also reported increased seed yields in response to inoculation using Rhizobium
strains. The increase in seed weights was likely due to increased availability of
carbohydrates for seed formation during the reproductive growth stage (Bajpai et
al., 1974), resulting from the increased activity of the roots for efficient nutrient (N
and P) uptake (Hussain et al., 2002, Jan et al., 2014).
8.1.4.4 Nodulation, soil fertility and nitrogen content

The N content of the soil increased with the growing of the Berseem clover as a
result of N fixation and was further enhanced (by 45% over non-inoculated
treatment) as a consequence of inoculation of the seed. These results echo those of
Jan et al. (2014), Giambalvo et al. (2011b) and Hussain et al. (2002). For the noninoculated plants, nodule counts per plant (63.83/plant) were similar (67.67/plant)
to those reported by Hussain et al. (2002); but for the nodule counts for the
inoculated plants, results were higher (102.5 /per plant) than reported by Hussain et
al. (83.3/plant). This may have been associated with varietal differences, the
inoculant, and the soils used in the two studies. Hussain et al. also reported a
“boosting effect” of using Rhizobium inoculation on root growth, particularly on
root dry weights (19% increase) in both non-saline and saline treatments in
Pakistan. The OM, P and K contents of the soils used in the present study increased
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by 42%, 29% and 42%, respectively (Table 8.5) as a result of inoculation. The
magnitude of these responses is dependent on the level and type of the Rhizobium
present in the soil. Similar increases in OM and P contents in soil in response to
seed inoculation were reported by Jan et al. (2014). The increased OM levels in the
soil were likely associated with increased shoot and root dry weights, as reported
by Jan et al. (2014).
The increase in dry weights of shoot and root might be due to greater root length
(see Figure 8.1) with the increased activity of Rhizobium in the root zone resulting
in greater availability of soil nutrients to the plant (Hussain et al., 2002, Jan et al.,
2014). Moreover, Jan et al. (2014) also reported that nutrient (P and K) uptake of
Berseem clover plants was increased by seed inoculation under calcareous soil
conditions (pH≥8), and Rhizobium inoculation further increased available soil N by
41% through N-fixation (Hussain et al., 2002).
Repeated harvesting of the crop increases utilisation of plant reserves as well as
maintaining the plants in the vegetative growth stage for longer (Giambalvo et al.,
2011b). This increased nutrient (particularly N) demand in turn increases symbiotic
N-fixation by Rhizobium present in the root nodules (Graham and Vance, 2000,
Bruning and Rozema, 2013). Alternately, delaying forage cuts results in low Nfixation due to a decline in the symbiotic N-fixation as the plant progresses to the
reproductive growth stage (Giambalvo et al., 2011b). Frequent cutting of forage at
the optimum times of 65, 110 and 150 DAS increased both yields of better quality
forage and seed and the N content in the soil.
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8.1.4.5 Potential impact of inoculation of Berseem clover seed on the income of
smallholder farmers

Inoculation of Agaitti Berseem-2002 seed resulted in increased forage and seed
production. Using an average market value of 4.04 Rs/kg (for fresh forage) and of
450 Rs/kg for seed (see Appendix C), inoculation has the potential to significantly
increase smallholder farm profitability, as shown in Table 8.5. The cost of
Rhizobium inoculum was minimal (148 Rs/ha) relative to the financial benefits
derived from increased yields and quality of both forage and seed, and added soil
N. The increase in N availability of 45% is the equivalent of one 50 kg bag of urea
(containing 46% N) which saves the farmers about 2000 Rs (PKR).
Table 8.5: Potential impact of Rhizobium trifolii inoculation of Agaitti Berseem-2002
Berseem clover on productivity (increase in green forage and seed yield) and additional net
income to smallholder farmers in Punjab, Pakistan.

Parameters
Forage
Seed

Increased production
(kg/ha)

Additional net income
(Rs/ha)

8,320

33,613

174

78,300

TOTAL

111,913

8.1.5 Conclusion
Both forage and seed yield components increased significantly by inoculation of
Agaitti Berseem-2002 variety Berseem clover seed with Rhizobium trifolii. The
nutritive value of the forage also increased (4% CP) due to more leaves per plant.
The increased forage and seed production could potentially generate an additional
net income of PKR 111,913 Rs/ha (US$ 1145/ha) and increase the profitability of
the crops grown subsequently in the same field. Therefore, the practice of
inoculating seed prior to sowing Berseem clover crops in Pakistan offers a cheap
and easy method of increasing the productive potential of the forage crop and
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therefore the profitability of the low input farming systems in which Berseem clover
dominates winter forage production. Further studies into the use of seed inoculation,
removal of basal N applications and its effects on growth and farm economics as
well as barriers to adoption by small-holder farmers now need to be considered to
determine why this readily available technology has not been utilised to date.

8.2 Effect of different seeding rates on forage and seed production
8.2.1 Introduction
In many developing countries, forage production is often constrained by land
scarcity, unavailability of quality seed (David, 2004) and lack of knowledge on
forage production and utilisation (Kamanzi and Mapiye, 2012). There are different
constraints on both supply and demand sides in the provision of quality forage seed
to small-scale farmers. The high CoP for seed relates to the cost of foundation seed,
fertilisers, pesticides, inefficient seed production and marketing systems. Low
variable sales with anticyclical demands (a consequence of price variation in the
marketed crop) seem to be the main constraints on supply and demand, respectively
(Almekinders et al., 2007). The provision of seed for improved varieties, combined
with the implementation of easy seed and forage production technologies will
improve the adoption of legume forages at the smallholder farmer level. In turn,
this will help increase family incomes, enhancing their livelihoods and contributing
to poverty reduction (Prasad et al., 2006). Pakistan is not self-sufficient in forage
seed and the amount being imported is increasing rapidly, being greater than
30,0000 t in 2014 (Farooq, 2014).
Seed yield is influenced by sowing time, fertiliser application and harvest
management. At sowing, seeding rate influences plant population, plant growth and
forage and seed yields. Seeding rates used for Berseem clover range from 15 to 30
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kg/ha, depending on sowing time and method of sowing. However, the optimum
seeding rate to obtain maximum green forage production and seed yields is reported
to be 20-25 kg/ha in many agro-climatic situations (Suttie, 1999, Oushy, 2008).
Research Institutes remain the major formal public sector seed producers and
suppliers in Pakistan. However, the formal seed system currently only supplies 1020% of the farmers’ seed needs (Bishaw and Gastel, 2008) and cannot ensure
farmers easy access to seeds that are of improved forage varieties. This void
between supply and demand of seed is filled by the informal seed system (>75% by
farmer own-saved seed; Chapter 4) disseminating seed of variable quality and levels
of contamination. As the enhancement of the formal seed supply system is unlikely
to meet farmers’ needs for many years to come, smallholder farmers need to become
better at producing and retaining seed stocks on farm in a manner that still enables
them to produce sufficient forage for their animal enterprises and minimise their
production costs.
The present study was designed to investigate the impact of different seeding rates
on forage and seed yields and forage quality. The aim was to determine if lower
seeding rates were an economically viable option to help reduce the CoP for
smallholder farmers in Pakistan without sacrificing forage and seed yields and
subsequent income.

8.2.2 Materials and methods
The field experiment was conducted at UVAS-Pattoki during the 2013-2014
growing season using research-station seed.
8.2.2.1 Experimental design

The experimental design was a randomised complete block design with four
replications. The four seeding rates used were 10, 15, 20 and 25 kg seed/ha. Each
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experimental plot was 3 m x 7 m (21 m2). Seedbed preparation and other agronomic
practices were as described in Chapter 3 (Table 3.6). The seeds were broadcast
during the 3rd week of October 2013 (22nd October).
Three forage cuts were taken, with the first occurring 65 DAS, the second occurring
45 d after the first cut and the third cut taken 40 d after the second cut (as previously
determined to be the most productive harvesting strategy, see Chapter 5). The crop
was then left to flower for seed production.
The following parameters were measured and recorded at each cut: plant height;
stem density (number of stem per m2); and green and DM forage yields. At the final
cut (seed harvest), the following additional parameters were measured and
recorded: number of heads per m2, number of seeds per head, 1000-seed weight,
and seed yield (see Chapter 3, section 3.7.1 and 3.7.2). For each cut the nutritive
value of the forage was assessed with measures including ME, CP, ADF, NDF and
WSC (see Chapter 3.7.3).
8.2.2.2 Statistical analyses

The resultant data were statistically analysed using linear mixed modelling (REML)
with the seeding rate treatment identified as a fixed effect, and the replications and
plots as random effects using GenStat® (17th edition) windows software (VSN
International, 2014) by using the least significant differences (LSD) at 5% level of
significance to compare the treatment means.

8.2.3 Results
Since the forage yield trend of different forage harvests (cuttings) was similar in
three forage harvests, the data was combined. The predicted means (± SED) for
green forage and DM yields, and quality parameters are presented in Table 8.6 and
Table 8.7, respectively.
192

8.2.3.1 Forage production

Seeding rate had no effect (P > 0.05) on the number of stems/m2, plant height, and
green and DM forage yields (Table 8.6). Across all seeding rates, the average (±
SED) forage production parameters were 368 ± 4.96 stems/m2, 26.82 ± 0.284 cm
plant height, 51.33 ± 1.634 t fresh forage/ha and 6.575 ± 0.196 t forage DM/ha.
Table 8.6: The effect of different seeding rates on forage production parameters (predicted
means ± SED) of the Agaitti Berseem-2002 variety of Berseem clover after three forage
cuts.

Seeding rate (kg/ha)
Parameter

P value (± SED)
10

15

20

25

Number of stems per m2

351.6

356.10

384.30

380.40

0.084 (± 14.030)

Plant height (cm)

26.59

26.61

27.34

26.75

0.765 (± 0.804)

Green forage yield (t/ha)

49.78

51.76

53.31

50.47

0.478 (± 2.314)

Forage DM yield (t/ha)

6.250

6.856

6.678

6.516

0.196 (± 0.262)

SED = standard error of difference.

8.2.3.2 Forage quality

Seeding rate had no effect on forage nutritive value, with the exception of ADF,
which was significantly lower (P < 0.05) in forage grown using a seeding rate of 25
kg/ha (16.86%), compared to that grown at seeding rates of 10 (19.06%), 15
(20.05%) and 20 kg/ha (18.99%) (Table 8.7). Across all seeding rates, the average
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(± SED) nutritive value of the forage produced was 10.6 ± 0.14 MJ ME/kg DM,
30.6 ± 0.59% CP, 18.7 ± 0.72% ADF, 28.2 ± 0.30% NDF and 1.6 ± 0.14% WSC.
Table 8.7: Effect of different seeding rates of Agaitti Berseem-2002 variety of Berseem
clover on forage nutritive value (predicted means ± SED).

Seeding rate (kg/ha)
Parameter

P value (± SED)
10

15

20

25

Crude protein (%)

30.63

29.69

30.51

31.48

0.770 (± 1.679)

ME (kJ/kg DM)

10.49

10.33

10.65

10.86

0.083 (± 0.184)

ADF (%)

19.06b

20.05b

18.99b

16.86a

0.040 (± 0.925)

NDF (%)

27.6

27.9

28.32

29.12

0.337 (± 0.846)

WSC (%)

1.66

2.02

1.48

1.32

0.092 (± 0.247)

SED = standard error of differences. ME = metabolisable energy; ADF = acid detergent fibre; NDF
= neutral detergent fibre; WSC = water soluble carbohydrates. Values with rows with varying
superscripts are significantly different (P > 0.05).

8.2.3.3 Seed production

Across all seeding rates (Table 8.8), the average (± SED) number of seeds per head
was 35.40 ± 6.137. Seeding rate had a significant effect on the number of heads per
m2 (p < 0.001), 1000-seed weight (P < 0.05) and predicted seed yield (P < 0.001).
However, seeding rate had no effect (P > 0.05) on the number of seeds per head.
The number of seed heads per m2 was higher (P > 0.05) with seeding rates of 20
(430.5) and 25 kg/ha (471) than with seeding rates of 10 (287) and 15 kg/ha (303).
Seed weight was highest (P > 0.05) for the 20 kg/ha (3.99 g) and lowest (P > 0.05)
for the 10 kg/ha (3.33 g) sowing rate and intermediate for 15 kg/ha (3.58 g) and 25
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kg/ha (3.6 2g) seeding rates. Predicted seed yield, which is a function of the other
parameters, performed similarly with the 20 (687 kg/ha) and 10 kg/ha (328 kg/ha)
seeding rates being highest (P < 0.05) and lowest (P < 0.05), respectively.
Table 8.8: The effect of different seeding rates of Agaitti Berseem-2002 variety of Berseem
clover on seed production parameters (predicted means ± SED).

Seeding rate (kg/ha)
Parameter

P value (± SED)
10

15

20

25

Number of heads per m2

287.0a

303.0a

430.5b

471.0b

<0.001 (± 33.320)

Number of seeds/head

37.95

29.00

39.25

35.40

0.438 (± 6.455)

1000 seed weight (g)

3.326a

3.579ab

3.987c

3.615b

0.004 (± 0.139)

Predicted seed yield (kg/ha)

328.2a

353.5a

687.3c

602.8b

0.007 (± 17.29)

SED = standard error of differences. Values with rows with varying superscripts are significantly
different (p < 0.05).

8.2.4 Discussion
An improved variety of Berseem clover was used in the present study to exemplify
the impact that improved genetics could have on forage and seed production and to
ensure that research was relevant to a variety of Berseem clover likely to be widely
used in future Pakistani farming systems. Green forage and DM yields can be
increased by using improved varieties as shown by Ranjbar (2007), who
demonstrated that maximum green forage (30.80 t/ha) and forage DM (5.07 t/ha)
yields were produced when improved varieties of Berseem clover were grown in
the Mazandaran province of Iran, with a 21% increase in DM yield compared to
local varieties. The average fresh forage (51.33 t/ha) and forage DM (6.575 t/ha)
yields of Agaitti Berseem-2002 were higher than that of the variety used by Ranjbar
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(2007). This may have been the result of superior genetics or improved
environmental conditions for growth. Arzani (2000) also recorded similar
maximum yields to those of Ranjbar (2007) in another study conducted in Isfahan,
Iran.
8.2.4.1 Optimum seeding rates for forage production

Genotype and environment are the major factors that influence the green and DM
forage yields of Berseem clover (Abdel-Galil et al., 2008). Different seeding rates
had no effect on forage yield parameters, which is in contrast with previous studies
showing increases in forage yield with increased seeding rates. Arzani (2000) found
a maximum DM yield of 3.88 t/ha using a seeding rate of 20 kg/ha, compared to
the 3.84 t/ha with a seeding rate of 16 kg/ha. Read et al. (2013) found an optimum
seeding rate of 16.5 kg/ha leading to a seedling density of 46.73 plants per metre of
row and a DM yield of 5.410 t /ha.
Mixed cropping of multiple forage species has been reported to provide higher
green forage and DM yields of better quality (high protein and low fibre), making
this practice advantageous over cropping monocultures in some production systems
(Thalooth et al., 2015). Stringi et al. (2005) explained that this increase is possibly
due to efficient utilisation of limited resources differing in the growth requirements
of different component crops grown together. Further, Salama (2015) reported
mixed cropping of Berseem clover with grasses (ryegrass) or cereals (barley and
oat) as a low input and more productive strategy for farmers to grow forages with
higher production and quality. However, in mixed cropping systems, higher seeding
rates of Berseem clover are required for optimum total DM yields of both crops
grown together (El-Karamany et al., 2014, Thalooth et al., 2015).
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El-Karamany et al. (2014) maximised production at 51.50 t/ha of fresh forage of
using a Miscawi type Berseem clover variety grown alone (as monoculture)
harvested at 100 DAS, when using a seeding rate of 60 kg/ha. However, when
mixed cropped with barley, maximum green forage production of 44.3 and 45.75
t/ha was recorded at 60 and 100 DAS, respectively, when using seeding rates of 45
kg/ha (Berseem clover seed) and 30 kg/ha (barley seed) under newly reclaimed
sandy soils in the Al-Nubaria district of Egypt. Similarly, Thalooth et al. (2015)
recorded maximum DM yields of 67.9 t/ha of fresh forage and 12.3 t/ha when using
seeding rates of 50 kg/ha of Berseem clover of the Miscawi variety alone in the
same district. Similar DM yields of 63.2 t/ha of fresh forage and 13.3 t/ha for
Berseem clover at a seeding rate of 12.5 kg/ha were obtained when mixed cropped
with ryegrass (seeding rate of 37.5 kg/ha).
The increases in forage yield with increased seeding rates may be attributed to the
efficient utilisation of essential resources required for plant growth and
development such as nutrients, space and light (Pasumarty et al., 1996). However,
beyond the optimum seeding rate, further increases are likely to create plant to plant
competition resulting in decreased yields (Read et al., 2013). Similar competitive
effects of seeding rates on plant density and DM yield of Berseem clover were also
reported by Ross et al. (2003) and Pasumarty et al. (1996). El-Karamany et al.
(2014) reported a decline in green forage yield when the seeding rate was reduced
from 60 kg/ha (51.50 t/ha) to 45 kg/ha (42.67 t/ha) in a mixed crop, which contrasts
with the results of the present study (Table 8.6).
In general, a seeding rate producing more than 129 plants/m2 in clovers (Ross et al.,
2003, Read et al., 2013), resulting in more than 400 stems/m2 (Ross et al., 2003)
has been considered as an economical seeding rate for maximum DM production
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of Berseem clover. In the present study, the highest number of stems (384.3)
recorded at a seeding rate of 20 kg/ha was similar to the findings of Ross et al.
(2003), showing the higher stemming capacity of the Agaitti Berseem-2002 variety.
However, the improved variety seed produced similar DM yields (6.86 t/ha DM)
when using 15 kg/ha seeding rate in the present study against 5.41 t/ha DM when
using a seeding rate of 16.5 kg/ha for Berseem clover as reported by Ross et al.
(2003). This further illustrated the ability of Berseem clover to compensate for plant
density, by filling the gap between widely spaced plants through additional stems
and root-crown spread (Wichman et al., 1991). However, Read et al. (2013)
reported average increased seedling density with increased seeding rates (39.36
plants per metre of row at 12 kg/ha and 68.43 at 24 kg/ha), but also found a decline
in seedling emergence rate at higher seeding rates (32.33 to 28.13%). They also
reported that the DM yield decreased linearly with an increase in seeding rate of
resulting in an additional 6.3 kg DM for every kg increase in seeding rate.
Low plant density does not necessarily mean low productivity as widely spaced
plants may have filled the area through additional stems depending on the cultivar
used (Pasumarty et al., 1996). Higher seeding rates may prevent this compensation
and prove uneconomic (Read et al., 2013). Ross et al. (2003) reported a linear
increase in DM yield with increases in seeding rates of the “Bigbee” variety of
Berseem clover in a study at Alberta, Canada. They explained that the linear
relationship might be due to an increase in regrowth yield (more stems/m2),
resulting in a 40% increase in DM yield using a seeding rate of 24 kg/ha (11.79 t
forage DM/ha) as compared to 6 kg/ha (8.48 t forage DM/ha). In contrast, ElKaramany et al. (2014) reported decreased forage DM production (10.37%) at the
higher seeding rate of 24 kg/ha, compared to seeding rate of 18 kg/ha (11.48%) and
12 kg/ha (11.71 %), resulting from higher plant to plant competition (Read et al.,
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2013). Both Kandil et al. (2005) and Read et al. (2013) reported that for maximum
forage DM production, the optimum seeding rate of Berseem clover was 16.5 kg/ha.
On average, the Agaitti Berseem-2002 variety has achieved higher stem populations
at lower seeding rates (P > 0.05), showing the greater compensatory capacity of the
improved germplasm. Although the plant population per unit area was not measured
directly, given the results of the number of stems/m2 (Table 8.6), it could be
assumed that the lower seeding rates yielded a greater number of stems per plant.
The variety used was a known high stemming variety (see Chapter 5, section 5.3.1)
that in this circumstance has demonstrated clear compensatory growth with respect
to forage production at lower seeding densities.
8.2.4.2 Optimum seeding rates for forage quality

Overall, seeding rates did not influence the forage quality parameters, with the
exception of ADF content. As a monoculture, Berseem clover provides higher
protein yields and cell wall fractions but lower carbohydrate contents (Thalooth et
al., 2015); however, in mixtures with other crops the seeding rate of Berseem clover
has been found to be of great importance to overall forage quality because of its
high productivity and DM yield, and superior CP contents (Salama, 2015). The
frequency of cutting used in the present study at lower seeding rate resulted in the
production of high quality forage, as a result of a higher leaf to stem ratio and its
high digestibility (more soluble carbohydrates) (Iannucci et al., 1996, De Santis et
al., 2004).
In a study in Mansoura, Egypt; Kandil et al. (2005) found increasing the seeding
rates (from 74 to 111 kg/ha) decreased forage CP by 26% (from 458 to 363 kg/ha)
and fibre by 11% (from 751 to 676 kg/ha). Maximum levels of CP (458 kg/ha) and
fibre (751 kg/ha) were reported at the lower seeding rate of 74 kg/ha. El-Karamany
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et al. (2014) also found that total carbohydrate content was decreased (from 23.01
to 16.34%) by increasing seeding rates from 30 to 60 kg/ha. Total carbohydrate
content is a measure of all types of carbohydrates (both soluble and non-soluble)
and it is unclear how the fractionation of these varies with different seeding rates
and therefore how this translates to nutritional value for animals (Food and
Agriculture Organisation, 2015).
It was suggested by Pasumarty et al. (1996) that increases in seeding rates resulted
in less leaf growth, lower leaf: stem ratios and thus a lower leaf area index. This
would result in lower nutritive values due to a greater proportion of stem in the
Berseem clover forage. Salama (2015) recorded yields of 416.56 g/kg and 300.67
g/kg of NDF and ADF, respectively, when using a seeding rate of 12 kg/ha. Similar
NDF (434.82 g/kg) and ADF (297.68 g/kg) yields were achieved in the present
study using a seeding rate of 2- kg/ha. Salama (2015) found maximum values of CP
and total carbohydrates of 124.80 and 784.23 g/kg, respectively using a seeding rate
of 12 kg/ha which was similar to the results achieved at 20 kg/ha (146.80 and 769.07
g/kg of CP and carbohydrates, respectively) in a mixed cropping system with
ryegrass. Berseem clover has greater leaf growth and higher leaf area index
compared to ryegrass, providing high protein contents in the forage. However,
Berseem clover produces low DM in the first cut which can be compensated by the
companion crop in mixed cropping systems (Salama, 2015).
A decrease in ADF contents (P < 0.05) at the highest seeding rate of 25 kg/ha
indicated that at this seeding rate indigestible fibre levels were lower and energy
content potentially higher and more available than for other treatments. Thus, the
argument of reduced nutritive value due to increased stem content does not fit in
this circumstance. In all other studies presented above multiple nutritional
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parameters have varied with seeding rate. In the present study; however, no other
parameters, including ME, varied significantly. It is likely that, where production
is limited by, for example, soil nutritional factors including the effectiveness of
inoculation, at higher seeding rates when competition is greatest that these
differences would cause differences in forage quality. It would be expected;
however, to also result in varying forage yields between seeding rates as reported
by many other researchers (Read et al., 2013, Salama, 2015, Thalooth et al., 2015)
in studies conducted over a wide range of soils conditions.
Forage quality is mainly affected by genotype, genotype x environmental
interactions, stages of the crop (maturity), number of leaves and leaf area index,
tillering capacity (as in the absence of tillers, the main stem get thicker and
accumulating more lignin), soil fertility, growing season and temperature (winter,
spring and summer) as season of growth have a profound effect on the forage
quality as well as quantity (Dost et al., 2014). Since all the above mentioned factors
were constant and Berseem clover being a unique crop that instead of utilising all
the carbohydrates for increasing the stem girth (even with thicker stems it does not
accumulate remarkable quantities of lignin) or individual leaf area, it tries to
compensate the spaces around plants through profuse tillering. Hence, we have not
noticed significant variations among various quality traits in the present study.
8.2.4.3 Optimum seeding rates for seed production

Growing of Berseem clover provides two resources for smallholder farmers; the
first being high quality forage for feeding to livestock and the second being seed
for subsequent use on-farm for planting of the next year’s crop, or for selling to
other local smallholder farmers. Seeding rate is critical to growth and development
of plants, with maximum stem development and seed yield observed at a seeding
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rate of 20 kg/ha for the Agaitti Berseem-2002 variety (Oushy, 2008, Heuze et al.,
2014) (Table 8.8). In the present study it also found that seed weight was optimised
at a seeding rate of 20 kg/ha. These findings were in agreement with those of Read
et al. (2013) and Ross et al. (2003), who reported maximum yields of Berseem
clover at a seeding rate of 18 kg/ha; lower seeding densities were less efficient.
Similar results have also been reported for other legume species. Rashidi et al.
(2009) found that increasing seeding rates from 2.5 to 12.5 kg/ha had no effect on
the number of seeds per head and seed weights in lucerne seed production. Beyond
a seeding rate of 20 kg/ha the production of Berseem clover started declining, as
recorded in the present study (Table 8.8) and that of Ross et al. (2003).
Optimal seeding rates used for the Agaitti Berseem-2002 variety varied according
to whether seed yields or DM yields were targeted, with higher seeding rates
favouring higher seed yields and seed weights than DM forage yields (Table 8.8
and Table 8.9). Although the number of stems/m2 did not vary between treatments,
the production of productive stems varied significantly (P < 0.001) at higher
seeding rates of 20 and 25 kg/ha than with seeding rates of 10 and 15 kg/ha. Similar
results have been reported by Oushy (2008) for maximum production of fertile
stems when sown at a higher seeding rate (20 kg/ha) of Berseem clover. It is
presumably associated with higher stems populations resulting in higher net
assimilation rate of carbohydrates to the reproductive phase of plants (Iannucci,
2001, Rashidi et al., 2009).
Rashidi et al. (2009) also reported increased seed weights with increasing seeding
rate of a lucerne crop. Arzani (2000) recorded maximum seed yields (1223 kg/ha)
of Berseem clover when using seeding rates of 20 kg/ha in the Isfahan region of
Iran, due to the increase in the number of productive stems at higher seeding rates.
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However, the present study’s findings are in contrast to those of Rashidi et al.
(2009), who found that increased seeding rates of lucerne reduced seed yield
because of competition between adjacent plants. Within the present study and the
study by Arzani (2000), a clear relationship could be identified between seeding
rate and seed weight and yield with an optimum seeding rate of 20 kg/ha being
economical for seed production of the Agaitti Berseem-2002 variety of Berseem
clover.

8.2.5 Conclusion
The optimum seeding rate of the Agaitti Berseem-2002 variety for obtaining
maximum seed yields under the agro-climatic conditions of district Kasur, Pakistan
is 20 kg/ha. However, difference in seeding rates (10 to 25 kg/ha) made no
significant differences in forage yield and quality parameters. Therefore, using a
seeding rate of 10 kg/ha for Agaitti Berseem-2002 can save 50% of seed of
improved genetic material on current recommendations. If the priority of the
smallholder farmer is forage production only and not seed production then no
benefit is gained from using seeding rates above 10 kg/ha, which means farmers
can save on seed cost and therefore reduce their CoP. However, multiple seasonal
studies are required at the farm level to broaden this research message across
different agro-climatic conditions.
Village-based forage seed enterprises would be an attractive option for smallholder
farmers in the study area, however, its profitability has to be assessed as it is
important in adoption of this agricultural intervention. In the next chapter,
profitability of VBFSEs for the production of Berseem clover forage and seed was
assessed as a potential opportunity for smallholder farmers. Further, analysis was
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performed to compare the net incomes of VBFSEs at different farms and with
different winter grown forage and food crops.

204

Chapter 9: Economic Analysis of Berseem Clover Forage
Seed Production and Marketing at the Farm
Level and Profit Margins Comparison with
Winter Crops
9.1 Introduction
Pakistan is not self-sufficient in Berseem clover seed production and the amount
imported is increasing annually (Farooq, 2014). The demand for seed cannot be
fulfilled through the formal seed supply system, as in many situations, it has been
unable to meet farmers’ complex needs, because of limited capacity, focus on cash
crops at the government level and supply of inappropriate varieties at the farm level.
Thus, there is a need for an alternative forage seed supply system, which not only
supplies quality seed to farmers but also complements the current formal seed
supply system in Pakistan.
The establishment of VBFSEs was endorsed by Phaikaew and Stur (1998) as it
develops an alternative and secure seed supply system at the local level and
increases the supply of seed of improved varieties, leading to increased forage and
seed production. The VBFSE model enables participatory varietal selection and
evaluation, which mobilises, involves and empowers smallholder farmers. Through
this model, farmers cultivate improved, farmer-preferred and well-adapted varieties
at their farms using a market oriented production approach. The quality of the seed
produced by VBFSEs meets relevant quality standards which are appropriate to
farmers but may not necessarily meet formal standards (Bishaw and Turner, 2008).
Stur et al. (2000) found that using a combination of traditional and improved
evaluation technologies in an informal way through joint experimentation with
farmers, resulted in the identification of the best varieties and subsequently greater
adoption rates. In addition, VBFSEs offer a means of educating and increasing the

205

awareness of farmers on improved varieties and agronomic production technologies
(David, 2004, Reddy et al., 2006, Nakamanee et al., 2008).
From the study reported in Chapter 4, it was identified that 68% of surveyed
smallholder farmers of the Kasur and Okara districts were willing to start a VBFSE
activity on their farm and also thought it could provide a profitable and successful
small-scale seed business in their locality. For the study reported in this Chapter,
VBFSEs were established with targeted farmers to produce and disseminate
Berseem clover seed in a pseudo-commercial setting to generate income and
ultimately increase the profitability and sustainability of these resource poor
smallholder farmers. The aim was to determine the profitability of these enterprises
for the farmers involved.

9.2 Material and Methods
Five smallholder farmers (two from Kasur and three from Okara) who had
previously participated in the on-farm varietal selection and evaluation trials
(Chapter 5) in the 2012-13 and 2013-14 growing seasons were recruited for the
development of VBFSEs. These farmers were identified (based on survey
responses, Chapter 4), mobilised and empowered as pioneer forage seed
entrepreneurs, who then established VBSFEs in their respective villages and
became sole seed producers and suppliers to other farmers. The farmers were
provided with improved variety seed (Agaitti Berseem-2002 from FRI Sargodha
Punjab, Pakistan) to undertake on-farm trials to compare this variety with their local
varieties as a control.
The farmers were trained and provided with proper technical knowledge on the
different aspects of seed production such as seed selection, site selection,
identification of varietal characteristics, weeds, pests and disease management, crop
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handling at the time of harvesting and threshing, seed cleaning, grading and storage.
The trials were researcher-designed (experimental layouts, sowing and harvesting
times) but farmer managed. The researcher played a facilitation role in accessing
planting materials, taking soil, irrigation water and seed samples for analyses, and
provided training and technical support on seed production techniques before
planting, at harvesting and at the time of data recording (by the researcher) of
different forage and seed parameters. Seed yields of the traditional and improved
varieties were determined (see Chapter 5) to enable estimation of the economic
value of the seed production. Data were also collected on crop yields and the costs
associated with crop production (see Appendix C).

9.2.1 Estimation of net incomes and marginal rate of returns
Partial budget analyses were carried out using the Microsoft Excel 2013® computer
software programme to estimate the benefits (Shah et al., 2011) of VBFSE
intervention and its comparison with other winter crops grown in the study area.
The analyses estimated the total gross income (Equation 10), variable cost of
production (TVC) and net income (Equation 11 and Equation 12, respectively). The
marginal rate of return (Equation 13) and benefit to cost ratio (Equation 14) were
calculated using the data of the winter forages (Berseem clover and oat) and cash
crops (wheat, potato and canola) grown across the five farms. Market prices
averaged across the time of application (2012-2014) were collected and used in the
analyses for all crops and included green forage, Berseem clover seed, grain, and
straw. The same was carried out for variable input costs such as seed, fertilisers,
pesticides and labour. In addition, the costs associated with seed procurement in
VBFSE development, crop inputs and outputs prices (see Appendix C) were also
collected to estimate the profit margins and cost of production in relation to standard
Berseem production.
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The farmers’ gross income, total variable costs of growing cash and forage crops,
and net income (whole farm including Berseem clover VBFSE) were calculated
using the following formulae (Shah et al., 2011, Imran et al., 2012):
Equation 10: Calculation of gross incomes both from forage and seed

𝐺𝐼 = (𝑃𝑓 × 𝑌𝑓) + (𝑃𝑠 × 𝑌𝑠)
where:
GI = gross income
Pf = price of the green forage
Yf = total green forage produced per hectare (forage crops)
Ps = price of seed/grain, which vary with the crop
Ys = yield (total quantity) of seed produced per ha
Equation 11: Calculation of total variable costs of growing cash and forage crops

𝑇𝑉𝐶 = 𝑃𝑖 × 𝐿𝑖
where:
TVC = total variable costs
Pi = price of crop inputs, and
Li = level of input
Equation 12: Calculation of net incomes of smallholder farmers of growing cash and
forage crops

𝑁𝐼 = 𝐺𝐼 − 𝑇𝑉𝐶
where:
NI = net income
GI = gross income
TVC = total variable cost

Prices of the green fodder (Pf) were calculated as being 4040 Rs/t for the VBFSEs
and 2500 Rs/t for conventional production of Berseem clover. The (Ps) seed price
also varied between the VBFSE and convention production systems, being 450
Rs/kg for VBFSE seed and 283 Rs/kg for local (farmer) seed. All of the prices of
crop inputs were based on average market prices, with labour charges based on the
prevailing current wage rate of Rs. 320/d in the area (Government of Pakistan.,
2015).
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Marginal analyses were carried out to calculate the marginal rate of returns (MRR)
between incremental total variable cost and the incremental net income using the
following equation:
Equation 13: Calculation of marginal rate of returns of crops

𝑀𝑅𝑅 (%) =

𝑁𝐼𝑖
× 100
𝑇𝑉𝐶𝑖

where:
MRR = marginal rate of return
NIi = incremental net income
TVCi = incremental total variable cost

For the majority of situations, the marginal rate of return acceptable to farmers
(between 40 to 100%) was set as a benchmark for acceptance of agricultural
intervention for the majority of situations when considering the capital cost, risk
and inflation rate (Shah et al., 2011).
The benefit to cost ratio of all the crops (forage and cash crops) was calculated to
estimate the revenue generated per rupee of input cost by using the following
formula:
Equation 14: Calculation of benefit to cost ratio of crops

𝐵𝐶𝑅 =
where:
BCR = benefit to cost ratio
GI = gross income,
TVC = total variable costs

209

𝐺𝐼
𝑇𝑉𝐶

9.3 Results
The average CoP (Rs/ha) of winter forage and cash crops in Kasur and Okara varied
from 73,067 Rs/ha for oat production to 252,870 Rs/ha for potatoes (Table 9.1).
Table 9.1: Average cost of production (Rs/ha) of winter season forage and cash crops
across five smallholder farms in the districts of Kasur and Okara, Punjab, Pakistan. Prices
and input costs were averaged across farms based on the market prices recorded for the
period of 2012-2014.

Berseem clover
(conventional)

Wheat

Oats

Potato

Canola

Berseem
clover
(improved
+ VBFSE)

Land rent

48719

47196

35397

35397

35397

47196

Land
preparation

4942

8648

5930

13343

5683

6919

Seed

6108

4942

4606

75958

2570

5930

Fertilisers

19261

33349

17544

71333

19111

29533

Labour

1334

3944

1141

4309

3420

3529

Irrigation
water

7591

3357

2222

7686

2269

7181

Pesticides

1977

4769

1112

15439

3632

3756

Harvesting
and threshing

10279

11960

4250

21003

11367

9538

Seed
procurement

4050

1853

865

8402

1977

5140

Total input
costs

104261

120018

73067

252870

85426

118722

Crop inputs

Overall, the two major costs involved in crop production were land rent (33% of
total costs) and fertilisers (25% of total costs), and the combined average cost was
31,689 Rs/ha. However, for potato production the two major costs were seed and
fertiliser, and these were both comparatively high due to high seed import costs and
the high fertiliser requirements of the crop. The cost of land leased varied between
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the two districts of Kasur and Okara (Chapter 4) and also varied between crops,
depending on the growing season as some crops (wheat and Berseem clover) have
a longer growing seasons compared to other crops (oats, potato and canola). The
CoP varied between conventional and improved (VBFSE) cultivation of Berseem
clover, which was due to improved practices such as the balanced use of fertilisers,
use of inoculum and seed procurement costs.
The average green forage, straw, tuber and seed yields across the five farms,
together with their respective CoP and gross and net crop incomes from the crops
grown at the same time in the study area are presented in Table 9.2. Of all the crops,
Berseem clover VBFSE (utilising improved variety seed) had the highest net
income, MRR and benefit: cost ratio, while wheat had the lowest benefit: cost ratio.
The proportion of the Berseem clover seed income in the VBFSE was almost eight
times greater (425,700 Rs/ha) compared to that of conventional production (54,336
Rs/ha) production. This was because of the increases in seed yield of the VBFSEs
through the use of improved variety as well as production technologies, and also
the premium price of the Berseem clover seed produced.
A comparison of the net income of VBFSE Berseem clover, and other forage and
cash crops (winter season) for each of the five farms involved in the study is
presented in Figure 9.1. For all five farms, Berseem clover VBFSE was the most
profitable activity and produced higher net benefits to farmers.
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Table 9.2: Average forage and cash crops yields, and their profit incomes obtained by
conventional and improved production technologies of the VBFSEs farms in the districts
of Kasur and Okara, Punjab, Pakistan. Crop yields, prices and input costs were averaged
across farms and based on the local markets during the period of 2012-2014.
Green
forage/
straw
yield
(t/ha)

Seed/
tuber
yield
(kg/ha)

Total
variable
cost
(Rs/ha)

Gross
income
(Rs/ha)

Net
income
(Rs/ha)

Marginal
rate of
return
(%)

Benefit
:cost
ratio

Berseem
clover
(conventional)

31.76

192

104261

259292

155031

149

2.49:1

Wheat

4.55

4269

120018

154040

34022

28

1.28:1

Oat

32.42

2965

73067

118608

45541

62

1.62:1

Potato

-

26094

252870

395607

142737

56

1.56:1

Canola

1.37

2639

85426

141509

56083

66

1.66:1

Berseem
clover
(VBFSE)

44.56

946

118722

631062

512340

432

5.32:1

Crop

Figure 9.1: Comparison of net incomes (Rs/ha) of Berseem clover VBFSE, wheat, oats,
potato and canola crops under the agro-climatic conditions of Kasur and Okara districts of
Punjab, Pakistan.
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While the average CoP of Berseem clover VBFSE was higher than that of
conventional Berseem clover production (Table 9.1), the increased gross income
from increased forage and seed production resulted in an average of 230% increase
in net income (profit) over conventional Berseem clover production across the five
farms. The variability in profit that occurred between farms is highlighted in Figure
9.2.

Figure 9.2: Comparison of net incomes (Rs/ha) of five farms growing Berseem clover
conventionally and with the use of combination of improved practices plus seed selling
through VBFSE.

9.4 Discussion
From the present study it has been identified that there were greater net returns for
smallholder farmers from growing an improved variety of Berseem clover through
selling both forage as well as seed to the farming communities in the central districts
(Kasur and Okara) of Punjab, Pakistan for the season of 2013-2014. The increased
return margins derived from the use of the improved Berseem clover seed varieties
(Chapter 5) appeared to make other agricultural inputs more cost-effective, as
suggested from the benefit: cost ratios presented in Table 9.2. Further, the results
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of the experimental studies presented in this thesis showed an increase in both
forage and seed yields with the use of Rhizobium inoculated seed (Chapter 8) and
the inclusion of honeybees for pollination (Chapter 7). When these technologies
were incorporated together into a VBFSE model, this resulted in higher gross
margins and net benefits to the farmers (Table 9.2).
The imbalanced use of nutrients is a major concern and cause of low productivity
in forage crops (Nakamanee et al., 2008), and farmers often use P fertiliser at below
the recommended application rates (sub-optimal levels) and large deficits have also
been found in the K fertiliser application rates used (Nakamanee et al., 2008, UlAllah et al., 2014a). The major consequence of inadequate fertiliser use is decreased
income from decreased seed yields but variable costs may actually be decreased.
Variable costs increased with increased use of P and K fertilisers, labour, use of
pesticides to save seed crop from pest damage and seed procurement, but increased
use of these inputs ultimately increases forage and seed yields and thus enhance net
incomes. This increase in P and K fertiliser costs may be in part offset by the savings
in N fertiliser application that occurred through N fixation by Berseem clover in the
VBFSE system. The quantity of N fixed by Berseem clover ranges between 115400 kg /ha depending on variety and season. This N is not only used by the Berseem
clover crop for its growth but also subsequent crops (can use 50-235 kg/ha of N)
grown on the same land (Graves et al., 1990), which represents a major saving on
N fertiliser for the farmers.
The variation between farms (Figure 9.2) indicates that there may have been
differences in management ability of the farmers so benefits for the broader
population would likely be even more variable. Regardless, the profit margins (from
both forage and seed) would still be greater from using the improved variety seed
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in comparison to using the local variety seed (Chapter 5). This would be a
consequence of the higher genetic ability and phenotypic potential of the improved
variety seed being translated into better quality forage and higher seed yields
resulting in greater income to the farmers (Cain et al., 2007, Singh et al., 2013b).
The present study was conducted across only one growing season and thus the
impact of VBFSEs over time could not be examined. It is anticipated; however, that
outcomes may actually improve over time as the greater Berseem clover production
may also lead to greater deposition of N in the root zone, boosting production and
quality of the subsequent crops. This alone may result in greater adoption of the
new technology. Increasing farmers’ capacity to produce quality seed through
participatory varietal selection and evaluation, may also develop linkages between
the technology and farmers’ participation leading to adoption of both the improved
seed variety and production technology at the farm level (Reddy et al., 2006).
Crop net income, level of risk and attitude to that risk are important factors affecting
a farmers’ decision making to engage in certain cropping and other enterprises
(Cain et al., 2007). Variability in market prices due to uncertainties poses a risk
associated with the investments of farmers in crop inputs (Shah et al., 2011);
however, the risk is lower in mixed farming systems because of the range of cash
crops and forage crops (cropping enterprise), and livestock enterprises that
contribute to whole farm profitability (Devendra and Thomas, 2002a, Cain et al.,
2007). In Pakistan, forage and (forage) seed marketing has no formal organised
structure. The process of price formation is very simple as farmers accept the
prevailing market price or negotiate with the producer farmer by using the
prevailing market price as a reference (Cain et al., 2007). However, the prices of
both green forage and seed are dependent on demand and supply and the quality of
these products. The main quality traits for forage are good lustre, sweet in taste and
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moisture contents, and size, weight and cleanliness for seed (Nakamanee et al.,
2008, Singh et al., 2013a). The sale of quality forage seed locally has emerged as a
new farm enterprise, providing high net returns for smallholder farmers.
In a study examining critical factors affecting viability of smallholder farms, Cain
et al. (2007) reported that the adoption of improved forage production technology
increased net income by 113%. The results of the present study are far superior,
with the net income of the Berseem clover VBFSE 230% greater to that of
conventional Berseem clover production. This was a result of not only the higher
forage and seed yields but also the higher selling prices commended by the forage
and seed. The average selling price of the improved variety forage in the market
was 4.04 Rs/kg compared to 2.50 Rs/kg for conventional Berseem clover forage. In
the present study, incomes were calculated based on improved variety seed
attracting a premium price of 450 Rs/kg compared to 283 Rs/kg for farmers’
(conventional) seed (see Appendix C). Nakamanee et al. (2008) found that higher
prices were paid for improved variety forage and seed in a study of forage for sale
for smallholder farmers of Yasothon, Thailand. Moreover, the smallholder farmers
generated on average 2.5:1 benefit to cost ratio which is lower than that produced
(5.3:1) in the present study (Table 9.2).
Although financial considerations are a major factor affecting the decision to invest
in a VBFSE, other factors considered including quick returns from forage (2 months
after cultivation), feed availability for livestock and seed for maximum income.
Apart from high net income, farmers mentioned other factors that enticed them to
grow forage of an improved Berseem clover variety, produce seed at their farms
and then marketing it through the establishment of VBFSEs in their localities. A
key factor was improved cash flows as the farmers get paid every month from the
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forage sale and also sell seed at the end of the crop and earn significant net profits,
which contrasted with the incomes of other cash crops such as wheat, potato and
canola which was received once in a year. The second factor was that forage crops
did not require the application of herbicides, which was found as a hazard and costly
in production of cash crops.
While the seed enterprises are highly profitable as shown in Figure 9.1,
opportunities still exist to make forage and seed production even more profitable
by using improved varieties of seed and production technologies (Nakamanee et al.,
2008). Moreover, the demand for fresh forage and seed is likely to continue to
expand as the dairy industry in Pakistan is expanding greatly in future (Sarwar et
al., 2002b), and thus creating more demand for forage and seed. The minimum rate
of return which is acceptable to smallholder farmers in adopting any agricultural
intervention is 40-100%, which is largely dependent on the market prices for
outputs (forage and seed) marketing (Shah et al., 2011). The marginal rate of return
for Berseem clover VBFSE was 432%, which would increase the likelihood of
farmers adopting this intervention and clearly suggested a profitable alternative in
the irrigated farming systems of Punjab, Pakistan.

9.5 Conclusion
Results of the present study show the great potential for VBFSE establishment for
Pakistani farmers as a profitable alternative with futuristic approach to strengthen
the current forage and seed production and supply system. The incorporation of
both the improved genetics and better management systems demonstrated that
Berseem clover production would become a more attractive winter forage crop
choice for farmers. There are production implications that extend beyond forage
and seed production to the enhancement of the whole cropping enterprise through
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fixing N for use by the subsequent crops. There are indirect advantages for
enhancing overall productivity by improving soil fertility for the following crops as
well as increasing animal production through an improvement in the feed base on
offer. This approach of strengthening smallholder farmers through the adoption of
VBFSEs can bring sustainability to agricultural productivity and in the livelihoods
of the smallholder farmers of Pakistan.

218

Chapter 10:

General Discussion and Conclusion

In Pakistan, livestock production accounts for more than 43% of rural employment
for men and women (Farooq, 2014), with greater than 93% of these rural
households being smallholder dairy farmers (Afzal, 2010). Currently, Pakistan is
not self-sufficient in milk (Farooq, 2014) and without improvements in livestock
production the gap between supply and demand will widen, especially when the
human population is expected to reach 217m by 2020. The annual demand for dairy
products alone is expected to increase by over 50% (Farooq, 2011).
The low level of production from ruminants, especially dairy animals, in Pakistan
is largely due to forage scarcity, especially during May-June and OctoberNovember due to shifting of growing seasons and fresh sowing of forage crops
(Sarwar et al., 2002b, Afzal, 2010) as well as during December-January due to low
temperatures resulting in slower crop growth (Dost et al., 2014). The average green
forage yield is about 25.20 t/ha per annum (Sarwar et al., 2002b); which is
inadequate to meet the nutrient requirements of the existing livestock population let
alone expand current levels of animal production. Increased forage production is
needed and this can be achieved by growing improved varieties and using
appropriate production technology.
As stated in the introduction (Chapter 1), poverty levels in rural Pakistan have been
associated with the financial viability of smallholder farm enterprises (Government
of Pakistan., 2015). For about 9 million smallholder dairy farmers, livestock
production is an important enterprise for their farming systems, providing daily
household dietary requirements and also earns income to improve livelihoods.
Currently, the performance of these livestock enterprises is limited mostly by the
availability of forage as good quality feed (forages) is the most important and basic
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input limiting livestock production in the country. Berseem clover has been
identified as a key species, adapted well to the environment with a demonstrated
high production potential. Unfortunately, current production levels from forage
crops are well below potential and have been associated in other countries to a
number of agronomic and genetic limitations. In this research project a systems
approach was used to explore a range of limitations associated with Berseem clover
forage and importantly, seed production in the Okara and Kasur regions of Pakistan.
Berseem clover is the most important winter forage crop grown in Pakistan, and its
production relies on seed sourced from the farmers’ own-saved seed of ‘local’
varieties and local markets as there is no formal seed distribution system. There is
a significant difference in the forage (and seed) yields of Berseem clover achieved
by research stations and smallholder farmers, and this is largely attributed to the
lack of awareness by farmers of the appropriate agronomic practices needed for
growing improved forage varieties as well as the lack of the required inputs needed
to achieve the high yield potential of these forages. From the survey (Chapter 4) it
was found that smallholder farmers of Kasur and Okara knew very little about
improved varieties, and as a consequence the majority of these farmers used seed
of unimproved varieties (farmer seed and market seed) to grow Berseem clover on
their farms; less than 3% of the respondents used improved variety seed. In addition,
the survey respondents had limited knowledge on growing Berseem clover,
including little knowledge of varietal selection preferences and recommended
agronomic practices (harvesting, balanced use of fertilisers, irrigation and seed
inoculation).
According to the literature (Chapter 2), there is no well-established method for
Berseem clover seed production at the village level and the current formal seed
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production and supply system only provides 20% of the total requirements. Forage
harvesting management, use of optimum seeding rates of improved variety seed,
balanced fertilisation (including Rhizobium inoculation) and pollination are the
major factors contributing to forage and seed yields of Berseem clover. However,
no literature is available on the impact of these factors at the farm/farmer level in
Pakistan. Moreover, farmers have not been involved in the research process which
has resulted in poor adoption of new knowledge and technologies and permanent
forage and seed yield gaps between the superior seed genotypes provided through
the formal marketing sector and farmer’s own self grown seed which predominates
across the country. Therefore, the participatory varietal selection and evaluation
based on-farm field trials was a concept tested in this thesis keeping in mind the
above described gaps in the literature in relation to Pakistani farmers. According to
the literature, participatory research approaches invariably improve the adoption of
agricultural interventions and thus a participatory approach was used in the present
study.
There are improved varieties of Berseem clover available in Pakistan: for example
the variety used in the present study, Agaitti Berseem-2002”, from the Forage
Research Institute, Sargodha. However, the survey respondents had little
knowledge of new varieties and lived under the misconception that new varieties
have lower forage and seed yields. The results from all the forage evaluation studies
as well as those from the present study (Chapter 5), showed this not the case.
Research often treats diverse and complex mixed farming operations as a single
system with little attention paid to the socio-economic issues of the smallholder
farmers (Thomas et al., 2002). Therefore, many technological interventions have
either failed to be adopted at the farm level or have proven to be unsustainable.
Research interventions have been found to be more effective at the farm level when
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based on the understanding of the nature of the farmers as well as the farming
systems (Thomas et al., 2002), and this was the approach taken for all research
reported in this thesis. The process of improving Berseem clover production should
begin with the inclusion of smallholder farmers’ in varietal selection.

10.1 Summary of Findings
Considerable ground has been covered in this thesis. In Chapter 3, the common
methodological approaches and a description of the research environment was
described in detail. While in Chapter 4, demographic, financial and agronomic
information of the smallholder farmers were collected in the research regions and
used to inform research processes. When surveyed (Chapter 4), the smallholder
farmers of Kasur and Okara indicated the desirable characteristics of Berseem
clover included the need for a forage with more stems, greater height, broader
leaves, a lustrous green colour and a greater green forage yield and the production
of more seed heads containing heavy and bold seeds and thus higher seed yields.
Establishment of VBFSE at the local level provided the opportunity to not only
increase the supply of improved variety Berseem clover seed (Agaitti Berseem2002) but also to educate local farmers on improved practices. When the concept
of establishing a VBFSE based on improved varieties of Berseem clover was
proposed, more than 68% of the survey respondents thought it could be an
economically viable small-scale business in their village. However, during the
evaluation process (Chapter 5), the participating farmers indicated their preferences
for high green forage and seed yields, with crops grown using research-station seed
(Agaitti Berseem-2002) achieving the highest scoring in relation to higher growth
rates, and green forage and seed yields. Using local seed to grow Berseem clover
produced not only lower forage and seed yields of poor quality (Chapter 5), but also
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resulted in lower incomes (see Table 9.2, Chapter 9) compared to using the
research-station seed. Lack of knowledge of improved practices in seed production
(see Chapter 4) also reduced the economic returns of the farmers (see Table 9.2,
Chapter 9).
The production of Berseem clover seed using VBFSE model empowered the seed
entrepreneurs (farmers) with a positive financial outcome through the sale of
surplus forage and seed. By using the improved seed variety (Agaitti Berseem2002) combined with improved production technologies, the seed entrepreneurs
(producers) produced an average of 89.65 t/ha of green forage (39% increase),
13.37 t/ha of DM (46% increase) of better quality (2.5% greater DMD, 3% higher
CP, and 5% less fibre) forage and 580 kg/ha improved variety seed (211% increase)
compared to using local variety seed (see Chapter 5). They could also generate an
average net income of 512,340 Rs/ha, with a marginal rate of return of more than
400% generating a benefit: cost ratio of 5:1 (Chapter 9). The average net income
from the VBFSE was four times more than that of any other cash crop grown in the
study area.
Results from the various research trials (Chapter 5-8) reported in this thesis
indicated that these additional benefits were gained by implementing different
improved practices of growing Berseem clover at the farm level in addition to
improved seed varieties. Use of a combination of farmyard manure (Chapter 4) and
chemical fertilisers (7 t/ha farmyard manure and 250 kg DAP/ha) would be another
means of reducing fertiliser cost and enhancing soil fertility based on DAP fertiliser
availability and farmers’ preferences of using DAP as P fertiliser. However, the
combination of farmyard manure (7 t/ha) with 350 kg/ha of single super phosphate
would be less expensive and beneficial to the soils as it contains the macro element
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sulphur, important for the reclamation of saline soils (Shah et al., 2012, Ghulam et
al., 2013).
Mixing of canal and tube well irrigation water as alternative irrigations with an
electric conductivity of 0.74 dS/m did not influence adversely seed germination and
seedling growth and development of Berseem clover (Chapter 6). Seed inoculation
(Chapter 8) increased both the quality (4% greater CP) and quantity (increasing
green and DM yields by 26% and 39%, respectively) of forage produced as well as
increased seed yield by 119%. This would result in an increase in net income of
111,913 Rs/ha (US$ 1145/ha). As a consequence of using seed inoculation 45%
more N is added to the soil which helped in reducing fertiliser costs. Manipulating
seeding rate (of the improved variety) can be beneficial depending on the focus of
production. As reported in Chapter 8, if the focus is only forage production,
maximum green and DM yields can be achieved using research station (Agaitti
Berseem-2002) seed at a seeding rate of 10 kg/ha, which is less than the currently
recommended seeding rate of 20-25 kg/ha. This would be helpful in not only
reducing the cost of production to those smallholder farmers interested only in
producing forage but also would effectively increase seed supply as a consequence
of decreased seed wastage. However, if the focus is both forage and seed
production, the recommended seeding rate is 20 kg/ha.
Pollination by honeybees was found to have a profound impact on Berseem clover
seed production (Chapter 7), with seed yield increased by 119% compared to local
farmer varieties when pollination by honeybees was ensured by releasing them into
a confined netted area over the crop. This translated to an additional net income of
46,395 Rs/ha (US$ 475/ha). Currently, honeybee populations in Pakistan are
assumed to be low and declining rapidly due to extensive use of neonicotinoid
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pesticides (such as Imidacloprid). Moreover, climate change is also impacting on
honeybees habitats resulting in habitat degradation and defragmentation (Murray et
al., 2009). Therefore, honeybee conservation strategies are becoming increasingly
important to protect honeybee populations against pesticides use as well as
encouraging honeybee friendly habitats in the face of global warming within the
agricultural systems of Pakistan.

10.2 The potential role for village-based Berseem clover forage seed
enterprises within Pakistani smallholder mixed farming systems
The study gave insight into the activities of the smallholder farmers of PunjabPakistan, of growing Berseem clover forage and producing seed and the
profitability and constraints in forage seed production at their farms. Throughout
the research, participatory on-farm trials employing the smallholder farmers of
Kasur and Okara were carried out. Although it was not examined directly in the
research, it appears that the smallholders benefited from seeing and participating in
the VBFSE trials first hand. Those farmers who were involved in these trials have
indicated their intention to scale-up this forage seed business to a commercial level
to increase profitability and sustainability. However, there are some constraints in
terms of the widespread adoption of new varieties by smallholder farmers, and the
seed certification and registration processes which are pre-requisites for the
establishment of a new seed business (Singh et al., 2013b) must be addressed.
The potential size of the Berseem seed market in the country is huge, more than 22
thousand tons per year (Government of Pakistan., 2015), which cannot be fulfilled
through the formal seed supply system. Therefore, there is a need of an informal
forage seed supply system which not only supplies quality seed to farmers but also
compliments the current formal seed supply system of Pakistan. Participatory
varietal selection and evaluation is an entry point to the VBFSE. It provides
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alternate choices to testing and selecting preferred improved varieties at the farm
level. Furthermore, VBFSEs provide an immediate supply of quality seed to the
smallholder farmers. The farmers that were selected and participated in the field
trials have learned the art of Berseem seed production and marketing. They have
been mobilised and empowered as pioneer forage seed entrepreneurs, and have
established VBSFEs in their respective villages and become sole seed producers
and suppliers to other farmers. The intervention process in the present study started
from the baseline line survey and ended at the successful development of the
VBFSEs in both the districts of Kasur and Okara.
Increasing adoption of improved varieties of Berseem clover can be achieved
through the establishment of local demonstration plots (as occurred with the
VBFSEs) where the improved variety seed can be compared to that of the local
varieties, as demonstrated in Chapter 5, with subsequent dissemination of the
improved seed produced back to the farming community through a regular supply
of foundation seed. The focus would be to improve seed availability at sowing time
and reduce seed prices so that high quality product is affordable to farmers. This
will lead to the dissemination of improved variety seed to more farmers and
complement the existing formal forage seed supply system in the country.
Village-based forage seed enterprises are a tool to meet the seed demand. It is
proving successful by producing a significant amount of seed (Chapter 5) that is
commercially available locally to other farmers. Therefore, VBFSE is a potentially
viable, alternative seed supply system where formal seed supply is a limiting factor
for smallholder farmers. The research, policies and interventions will be more
effective at farm level if they are based on the understanding of the nature of smallscale mixed farming systems. Many weaknesses of the small scale seed production
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system can be corrected through careful seed demand assessment before starting
seed production through systematic planning.
Evidence from literature as well as of this study has shown that Berseem clover
forage and seed yields are very low compared to on-farm yields and yield potential
of the varieties grown at research stations (Chapters 2 and 5). The major cause of
this high yield gap is the unavailability of improved variety seed to smallholder
farmers. Moreover, the forage seed industry in Pakistan has not developed
remarkably. According to the survey results (Chapter 4), the formal forage seed
supply system is unable to provide improved varieties to the farmers and farmers
have no information about improved varieties of Berseem clover. Hence, the
farmers remain associated with local varieties of Berseem clover and prefer to use
farmer’s own-saved seed. However, Berseem clover seed production can be very
profitable at local farms when using the combined strategy of growing improved
variety seed and developing small-scale seed enterprises at the village level
(Chapter 9). Constraints still exist in forage seed production associated with nonavailability of basic/foundation seed, unavailability of land for potential seed
producers, an optimal honeybee population as potential pollinators, and
unavailability of required crop inputs such as fertilisers, quality irrigation water and
pesticides in the production process.
Results of the study showed that Berseem clover seed production and marketing to
the farming community through VBFSEs can increase profit margins to the
smallholder farmers compared to other food and forage crops, making this a viable
and sustainable small-scale forage seed business at the village level. It not only has
the potential to generate income for subsistence but also improve the livelihoods of
the families of the smallholder farmers.
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Regarding seed certification and registration issues, both public and private seed
entrepreneurs can develop realistic regulations for rigorous seed certification which
works both for the sale of informally produced seed as well as the management of
genetic diversity among the improved varieties at the national level. The seed
produced locally by VBFSE (as opposed to commercial seed companies) would
need to only meet the relevant quality standards appropriate to farmers without
having to meet the formal international seed quality standards for Berseem clover
(purity > 97%, inert matter < 2%, weed/other crop seed < 0.10%, noxious weeds <
0.05% and germination > 70%) as described by the Federal Seed Certification and
Registration Department of Pakistan (Government of Pakistan., 1991). However,
appropriate least cost grading, cleaning and treatment technology for processing,
packing and storage of Berseem clover seed should be implemented through
VBFSEs in combination with a degree of varietal certification to ensure the supply
of quality seed at the farm level and the prevention of weed spread.
The establishment of a VBFSE requires initial capital for purchasing of foundation
seed, crop inputs (fertilisers and pesticides) and equipment for seed processing and
packing. Further, collaborative linkages should be developed between all the
stakeholders including seed entrepreneurs (farmers), researchers, extension
workers, agricultural business specialists, public, private and non-profit
organisations which stimulate the use of improved technology and demand the use
of improved variety seed. This will also help in integrating appropriate seed policy
reforms into the existing legislation and then into the informal seed production and
supply system. The benefit of the participatory nature of the research reported in
this thesis was that it enabled improved technology transfer at one end (researchers),
and sharing of experiences (local knowledge) and feedback from the other end
(farmers). Moreover, it provided the linkages between all the stakeholders including
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researchers, extension workers and farmers to improve variety development and
adoption.
The beauty of farmer’s participatory research approach is the improved technology
transfer at one end (researchers), and sharing of experiences (local knowledge) and
feedback from the other end (farmers). Moreover, it provides the linkages between
all the stakeholders including researchers, extension workers and farmers to
improve variety development and adoption compared to conventional extension as
shown in Figure 10.1.

Figure 10.1: Participatory research approach provide linkages between researcher,
extension and farmer for selection and adoption of better varieties compared to
conventional extension.

It is difficult to assess the impact on farmers of the participatory research approach
and VBFSEs development components in the short period of time (2 years) over
which this study was conducted. However, the results produced in this study and
the appreciation of the seed entrepreneurs (farmers) and their decision to grow this
small-scale business beyond the study period is considered very important and it
indicates a degree of success in the study area (McGill et al., 2016). The benefits of
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the varietal selection and evaluation, seed production and establishment of VBFSEs
ranges from capacity building of the seed entrepreneurs (farmers) in knowledge and
skills of Berseem clover seed production to the economic benefits (incomes
generated through VBFSEs). The participatory smallholder farmers (seed
entrepreneurs) selected the promising Berseem clover improved variety (Agaitti
Berseem-2002) through varietal selection and an evaluation process that was
performed under the agro-climatic conditions of districts of Kasur and Okara,
Punjab, Pakistan (study area) using their existing forage seed production systems
without going through multi task and time consuming research trials. Moreover, the
participatory research approach generated direct results in a short period of time
which are likely to be more sustainable in agricultural development of the
smallholder farmers. Despite being only relatively small-scale trials, the research
trials undertaken on the farmers’ field acted as demonstration plots and thus would
helped in creating real demand for seed and adoption of the new seed variety
(selected) by the farming community. This small, informal research and extension
system will speed up the flow of improved variety seed to the smallholder farmers
because varieties were selected and evaluated under the local conditions operating
within their farming systems.
Adoption problems can be sorted out through establishment of demonstration plots
of the improved variety seed comparing it to the local varieties, dissemination of
the improved variety seed to the farming community (regular supply of foundation
seed), improving seed availability at sowing time and reducing seed prices
(affordable to farmers). This will lead to the dissemination of improved variety seed
to more farmers and complement the existing formal forage seed supply system in
the country.
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Following the establishment of the initial VBFSEs that were involved in the
research reported in this thesis, an impact assessment survey was carried out with
eight seed producer farmers that produced and disseminated the Berseem clover
seed through VBFSEs. The assessment was done by ACIAR as part of the ASLP
Dairy Project and involved face-to-face interviews. Results from the survey (Table
10.1) indicated that both the improved variety (100%) as well as improved
agronomic practices (62-87%) were adopted by the smallholder dairy farmers
(McGill et al., 2016) after the village based seed enterprise trials were conducted
on their farms during the 2012-2014 participatory research trials (presented in this
thesis)
Farmer adoption is very important in terms of critically evaluating the utility of the
project from the development perspective. The benefits of the varietal selection and
evaluation, seed production and establishment of VBFSE ranged from capacity
building of the seed entrepreneurs (farmers) in knowledge and skills for Berseem
clover seed production to financial benefits (income generated from the VBFSE).
As a consequence of the pilot VBFSEs, smallholder farmers in Kasur and Okara
districts not only had access to seed from improved varieties, but also knowledge
that this variety had been evaluated under the local conditions operating on their
farming systems.
.
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Table 10.1: The comparison of the adopted improved practices before and after village-based seed enterprises by smallholder farmers in the districts of Kasur and
Okara, Punjab, Pakistan.
Practices
Use of
improved
variety of
Berseem
clover

Before VBFSE
Smallholder farmers used low yielding
indigenous local varieties (74%). These
varieties had lower forage, DM and seed
yields (Chapters 4 and 5).

After VBFSE*
Improved seed of Agaitti Berseem-2002 variety was obtained from the government plant breeding
research station (FRI, Sargodha). All the surveyed farmers (100%) were satisfied with research station
variety when they compared with local and market seed varieties. There was about 36.9% (55.29 vs.
75.67 t/ha) increase in forage yield and 82.5% (171 to 312 kg/ha) increase in seed yields recorded from
this improved variety after the VBFSE trials in 2015-16 growing season.
Another improved variety (“Anmol-Berseem”) was also introduced by one of the smallholder farmers
on his field which complemented the importance of improved quality seed as well as the willingness of
farmers willingness adopt new improved varieties at the farm level.
Berseem clover was grown for the first time using Rhizobium trifolii seed inoculation in VBFSE trials.
However, its availability is still a big problem and the VBFSE farmers (62%) are using soil from an old
Berseem clover field and spreading it before sowing of the new Berseem clover crop. Most of smallholder
dairy farmers used soil from the field where Berseem clover had been grown the previous year, as
recommended/described in the VBFSE trials if inoculum was not available.
Smallholder dairy farmer followed the cutting schedule from the VBFSE trials. First cut was taken after
60 DAS and later cuts were made after 30-35 d intervals. Further, farmers (87%) are getting four forage
cuts prior to the crop being left for seed production; which is closer to the VBFSE trials recommendations
of three forage cuts.

Use of
Rhizobium
inoculum

Smallholder dairy farmers were not well
aware of inoculum practice and none of
them used it.

Cutting
schedule/
harvesting
management

Smallholder dairy farmers did not follow
any cutting schedule in order to get more
forage cuts per season. They usually cut
Berseem clover at earlier growth stages
which affected crop stand and persistence
and also the final forage and seed yields.
Smallholder dairy farmers were mostly Introduction of honeybees to increase the efficiency of pollination more than doubled seed yields in the
unaware of the role of honeybees in VBFSE trials. There was problem of availability of honeybees in the market, but at the time of pollination
Berseem clover seed production.
naturally available honeybees in the area helps the farmers to accomplish this task. Moreover, farmers
(75%) selected the fields near to natural honeybee hives. Indicating their increased awareness of the
importance of these pollinators in Berseem clover production.

Use of
honeybees as
pollinator
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Practices
Seed
production
and
marketing
through
VBFSE

Before VBFSE
Average seed production was 192 kg/ha
and the selling price was 250 Rs/kg. The
average net profit generated was 155031
Rs/ha.

After VBFSE*
There is no well-planned and regular system of seed collection and multiplication of improved forage
crop varieties in Pakistan. Under VBFSE trials the production and marketing aspect has been identified
and now the majority of the smallholder dairy farmers (75%) of the survey produced their own Berseem
clover seed. They produced about 296 – 346 kg/ha (average 312 kg/ha) and were more confident after
adopting improved agronomic practices of forage and seed production. The VBFSE farmers are now
selling seed to village farmers at the rate of PKR. 425 Rs/kg which is premium priced compared to the
market rate of PKR. 250 Rs/kg. One of the VBFSE farmer who was unable to produce seed at the time
of VBFSE trials due to financial and time constraints, has been motivated and is currently producing
Berseem clover seed (237 kg/ha) and selling it through VBFSE.
On adopting the improved agronomic practices of growing Berseem forage and VBFSE technology, the
seed entrepreneurs (farmers) are now generating average net incomes of 314,358 Rs/ha (3216 US$/ha),
which is four times higher than they earn from any other cash crop grown in the region. The partial
budget analysis of VBFSE farms revealed that the average benefit: cost ratio was 4.78:1 with marginal
rate of returns of 378%. These results are close to the 2012-2014 VBFSE trials on these farms.

* McGill et al. (2016)
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In order to expand and promote VBFSEs throughout Pakistan, seed entrepreneurs
(farmers) may initially require training and regular field assistance/supervision by
technical staff to enhance their crop management skills (sowing time, seeding rate,
use of inoculum in legume forages, inclusion of honeybees in seed production,
harvesting management both for forage and seed), seed processing (seed harvesting,
grading, cleaning, treatment, packing and storage), and seed marketing through
VBFSEs (financial and enterprises management skills). Consideration should also
be given as to who would be appropriate to establish and/or manage the VBFSE.
Mishra and Pathak (2015) found that forage enterprises could be economically
viable and sustainable small-scale business options for women in villages in India.
There is little doubt that similar opportunities exist for women in small-holder
farming families in Pakistan.
This study has demonstrated a great potential for promoting local seed supply to the
formal seed supply system and also improve the profit margins of the smallholder
farmers through quality seed production and marketing. It also leads to farmers’
capacity building in forage and seed production, fodder quality and establishing
profitable seed enterprises. The feedback and the research outputs from this study
will benefit the national and international research process of forage and seed
production for Pakistan (specifically) as well as developing countries (generally).
This ultimately will enhance forage production and supply for the ever growing
smallholder dairy industry of Pakistan.

10.3 Implications for the Research
1- Farmer-based Berseem clover seed production, and participatory varietal
selection and evaluation are the research and extension methodologies that
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should be operating simultaneously at the farm level. Participatory varietal
selection and evaluation provided quality seed and resulted from the farmerbased Berseem clover seed production at the village level. This informal
seed production gave farmers an opportunity to enhance their forage and
seed yields and also the availability of quality seed of improved varieties of
their own choice for their farming systems.
2- The informal forage seed production system adopting a “learning by doing
approach”, and shows smallholder farmers how to produce better quality
seed (as seed entrepreneurs), not just for their own use but to sell to the
farming community. It has secured seed availability of improved quality at
the time of planting to the farmers at their door step. In addition, local
informal seed production could bring greater economic benefits through the
establishment of VBFSEs, which benefited both the seed producers and the
seed buyers.
3- Public-private entrepreneurship would be an economic strategy adopted in
the informal and decentralised Berseem clover seed production industry,
which reduces the costs of dissemination and the work load of researchers.
Seed certification and registration procedures have to be streamlined in
order to reduce the time period between variety release and farmers access
to new improved varieties.

10.4 Recommendations
The participatory research approach (farmers) is crucial to increase farmer-based
Berseem clover seed production, especially that of improved varieties, in Pakistan
where seed supply is dominated by the informal (seed) production system.
Increased informal high quality seed production will complement the national
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forage seed supply system. Based on the findings of the present study, the following
recommendations are proposed:
a- Appropriate mechanisms should be implemented to strengthen publicprivate partnerships in seed production and extension programs to increase
farmers’ knowledge of growing Berseem clover both for forage as well as
seed production.
b- Rigorous efforts should be made to highlight the importance of informal
seed production and amend the current seed certification and registration
procedures to remove these constraints in seed marketing. The current strict
legislation of forage seed certification and trading laws should be reviewed
and amended to make them easy to follow by smallholder farmers. This
would permit high quality seed produced from VBFSEs to be sold to
neighbouring farmers of the same village and the surrounding villages.
c- As a consequence of smallholder farmers knowing the benefits of using
improved varieties and having the skills and knowledge of improved
production technologies, private seed companies could contract Berseem
clover seed production to develop large-scale businesses for the distribution
of forage seed across the country.
d- Encouragement should be given to government institutes and donor
agencies to support the expansion of the involvement of smallholder farmers
in Berseem clover seed production by providing them with access to seeds
of improved varieties and extension advice on seed production, processing
and storage and marketing at the village level. In addition, capacity building
(training) of the smallholder farmers, especially women, should be
undertaken. Involving women in the whole process of participatory varietal
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selection and evaluation is important, especially since the majority of the
farm operations are carried out by women.

10.5 Future Research
The research presented in this thesis has highlighted that village-based forage seed
enterprises for Berseem clover is an attractive alternative option to farmers (Chapter
4). They provide a means of varietal selection and development of cultivars with
higher forage and seed yields of better quality at the farm level (Chapter 5) in a cost
effective manner and financially acceptable (Chapter 9) to the local farmers.
However, as it was only two year trial study, further research needs to be carried
out into its long-term impact on farm sustainability, best dissemination of this
technology to other farmers, support of farmers during the technology uptake
process and evaluation of its uptake/adoption in the field. For sustainability and
further strengthening of Berseem clover seed production and marketing initiatives
in Pakistan, the following research initiatives should be addressed;
1- The dissemination and evaluation of VBFSE including participatory varietal
selection and evaluation in Berseem clover as well as other forage and food
crops, to increase improved variety seed supply throughout Pakistan.
2- Chapter 7 found that inclusion of honeybees significantly increased seed
yield of Berseem clover compared to open pollination, which clearly
indicated insufficient honeybee populations for pollination activity.
Therefore, estimation of the honeybee populations in the country and factors
impacting on honeybee populations need to be investigated, because
honeybees are the major potential pollinators in many food, forage and
orchard crops.
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3- The impact of the legal framework for informal seed production and
distribution which will enhance growth of the informal seed sector and
complement the current formal seed sector at the national level needs to be
investigated and modified accordingly.
4- Development of ways to establish and strengthen linkages between the
formal and informal seed sectors, extension workers, researchers and seed
producer farmers need to be identified.
5- Research and development of appropriate strategies for capacity building
amongst the smallholder farming population is needed. It was identified in
Chapter 4 that all respondents were male for cultural reasons. However,
many studies have identified the important role women play in agricultural
production. Thus, finding culturally sensitive methods to extend knowledge
and build skills amongst female farmers is needed if significant change is to
occur within the rural sector.
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Appendix-A: Village-based forage seed production survey questionnaire
I am hoping to conduct a survey with you (farmer) on Berseem clover and its
production in your fields. This survey has some questions about your farming
practices and techniques that you use for forage and seed production of Berseem.
There will also be some questions about the crop economics and cost of production
(CoP). The survey will take approximately half an hour to one hour depending upon
your answers. The results from the survey will guide decisions regarding the seed
supply system and production in relation to crop economics, which ultimately could
lead to increased crop yields and reduced costs for you as a farmer.
We are conducting this survey to get information and understand your opinions on
Berseem crop production. On the basis of this we then develop strategies and work
with you (farmers) to produce good quality seed for local farmers (you) which are
readily available to you at your doorstep and cheaper from the market. We also
work together for better production technologies for you so that you can produce
more forage and seed with your existing resources. It is also helpful to reduce the
dependency on the unreliable seed sources to save your money and time. We are
then helping you to establish a village-based seed enterprise (a small business),
through which you can sell your extra seed and earn more money which you can
spent on your livelihoods.
Is this time is convenient to you or we will sit together some other time which suits
you?
Section-A:

General information on farmers, farming system and crop rotation

The next questions relate to the general information of the farmers.
1.

What is the age of the farmer (years)?

2.

What is your highest level of education completed?
NONE

PRIMARY

MIDDLE

MATRIC

BACHELOR

MASTER’S

3.

How many family members involved in seed production?
MALES

FEMALES

4.

Do you own land (Farm area)?

5.

How much land you owned?

YES
ACRES
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NO (Go to Q6)

KANALS

MARLAS

6.

Do you lease any land?

YES

7.

How much land do you leased?

8.

What is the leased rate of land (Rs/acre)?

ACRES

NO (Go to Q9)
KANALS

MARLAS

The next questions relate to the farming systems and crop rotations of the area.
9.

What type of farming system you practiced?
MONOCROPPING

MULTICROPPING

10. What are the crop rotations you followed in a year?
11. Do you test your soils for nutrients status?
12. Do you grow Berseem forage?

YES
YES

NO

NO (Go to Q16)

13. How much Berseem area you grow in a year?
ACRES

KANALS

MARLAS

14. How much Berseem seed rate used (kg/acre)?
15. What is the rate of seed (Rs/kg)?
Section-B:

Farmer’s forage seed sources, varieties and seed certification

The next questions relate to the forage seed sources and seed quality.
16. What are the seed sources you prefer to buy seed?
MARKET DEALERS

SEED COMPANY

17. Do you know about seed certification?

FARMER SAVED-SEED
GOVT. AGENCIES

YES

18. Do you have availability of certified seed?

NO (Go to Q23)
YES

NO

19. What are the varieties you used for Berseem seed production?
20. How much distance you travelled to buy the seed (km)?
The next questions relate to the farmer awareness and information about extension
services.
21. Do you produce forage seed?

YES

22. Do you have the knowledge of seed production?

NO (Go to Q31)
YES

NO

23. What kind of production technology used for seed production?
24. Do you think there are constraints in forage seed production?

YES

NO

25. What are the constraints of forage seed production?

26. Do you have awareness of extension services?
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YES

NO (Go to Q33)

27. Who are the extension service providers in your area for seed production?

Farmer’s forage seed selection and management

Section-C:

The next questions relate to the farmer criteria of Berseem seed production.
28. Do you produce Berseem seed?

YES

NO (Go to Q37)

29. How much seed of Berseem you produced in a year (kg)?
30. How much involvement of farmer in seed production?
31. Who will guide you and/or provide services in forage seed production?
32. When did you sow Berseem crop for seed production?
LATE SEPT.

EARLY OCT.

MID OCT.

LATE OCT.

EARLY NOV.

33. How do you plant Berseem crop?
RELAY CROPPING

CULTIVATED CROPPING

34. Do your seed producing area is isolated from other crop areas?

YES

NO

35. How many irrigations you give to your Berseem crop per year?
12
14
16
18

10

36. How often do you irrigate your Berseem crop?
WEEKLY

FORTNIGHTLY

MONTHLY

37. Which fertiliser sources and what doses you used to grow Berseem seed?
NITROGEN

UREA

CAN

PHOSPHORUS

DAP

NP

POTASH

SOP

MOP

38. Which practice you follow for seed production?
01 forage cut and let the 2nd cut for seed production
seed production

02 forage cut and let the 3rd cut for

03 forage cuts and let the 4th cut for seed production
seed production

04 forage cuts and let the 5th cut for

39. What is your time of cutting DAS for forage?
1st 50-60

2nd 80-90

3rd 120-130

4th 150-160

40. What is your last cutting date for Berseem seed production?
41. Do you know honeybees’ pollination effect on Berseem seed production?
YES

NO (Go to Q48)
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42. Do honeybees are easily available for pollination?
43. How do you harvest seed?

YES

MECHANICALLY

NO
MANUALLY

44. What is the total cost of Berseem seed harvesting in Rs/acre (Mechanical + labour)?

45. What is the cost to grow one acre of Berseem in Rs/acre (All costs including labour)?

46. Please rank these practices from most important to least important order (1-5) for seed
production of forage crop (Use pictorial chart for identification).
SEED RATE

SOWING TIME

FERTILISER USE

HARVEST TIME (DAS)

PESTICIDES USE

OTHERS

47. Please rank these varietal characteristics from most important to least important order (15) for forage and seed production of forage crop (Use pictorial chart for identification).

Section-D:

PLANTS/m2

STEMMING

PLANT HEIGHT

VARIETY

GERMINATION

OTHERS

Forage seed production, grading, storage and marketing

The next questions relate to the Berseem seed production and marketing.
48. Do you market your Berseem seed?
49. What is your marketing mechanism?
50. Who are your customers for seed?

YES

NO (Go to Q70)

WHOLESALER

RETAILER

FARMERS

DEALERS

OTHERS

51. What is the price of your Berseem seed (Rs/kg)?
52. How much seed of Berseem do you sell each year (kgs)?
The next questions relate to the forage seed grading, seed treatment and storage.
53. Do you grade forage seed?

YES

54. How do you grade your produced seed?

NO (Go to Q78)

MECHANICALLY

MANUALLY

55. What is the cost of seed grading (Rs/kg)?
56. Do you store forage seed?

YES

NO (Go to Q81)

YES

NO (Go to Q84)

57. Where do you store seed?
58. What is the cost of seed storage (Rs/kg)?
59. Do you treat your seed?
60. What is the cost of seed treatment (Rs/kg)?
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61. What are the constraints of seed grading and storage?

Section-E:

Village-based seed production and adoption of forage varieties

The next questions relate to the inputs availability and variety adoption of forages.
62. Does the improved variety is important in forage seed production?
YES

NO (Go to Q87)

63. What characteristics would you like in the improved Berseem variety?

64. Do the improved technology is important in forage seed production?
YES

NO (Go to Q89)

65. What are the characteristics of an improved seed production technology?

66. Do the inputs are timely available for seed production?

YES

NO (Go to Q92)

67. What are the inputs required for seed production?
68. Do the credits /loans are available for inputs?

YES

NO

69. Do the village-based seed production and marketing is possible?
YES

NO (Go to Q96)

70. How we start village-based seed enterprises (VBFSE)?
71. What are the requirements of VBFSE?
72. What are the factors involving in adoption of forage varieties and VBFSE?

Section-F:

Farm Economics for forage and seed production

The next questions relate to the farm economics of forage and seed production.
73. Do you sell fresh green forage?

YES

NO (Go to Q101)

74. How much green forage of Berseem sold each year (kg)?
75. What is the rate of Berseem green forage (Rs/kg)?
76. Do you perform feed analyses test?

YES

NO (Go to Q103)

YES

NO (Go to Q106)

77. What is cost of feed analyses test (Rs/sample)?
78. Do you have any bank loans?
79. What is the amount of loan (Rs)?
80. What is the interest rate of bank (%)?
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81. Do you have initial capital for seed production (Rs)?

YES

NO (Go to Q108)

82. How much capital you have for seed production?
83. Do you have machinery for seed production and farming operations?
YES

NO

84. What are the farm equipment do you have for farming?
85. Any other information you would like to add here?
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Appendix-B: The surveyed villages and localities in the districts of Kasur
and Okara, Punjab, Pakistan.
Sr.
No.

Villages

Locality

Tehsil

District

Kalan (KLN)

Pattoki

Kasur

Mundeki (MUN)

Pattoki

Kasur

1

Behrwal Kalan

2

Chak 34, Mundeki

3

Chak 36, Jhedu

Jhedu (JDU)

Pattoki

Kasur

4

Chak 40, Jagu Wala

Jagu (JAG)

Pattoki

Kasur

5

Chak 34, Mallan Wala

Mallan (MLN)

Pattoki

Kasur

6

69-Chak

Mallan (MLN)

Pattoki

Kasur

7

Slampur

Renala (RNL)

Renala Khurd

Kasur

8

Chak # 45/3.R

3R

Okara

Okara

9

Chak # 40/3.R

3R

Okara

Okara

10

Chak # 43/G.D

GD

Okara

Okara

11

Chak # 51/3.R

3R

Okara

Okara

12

Chak # 36-37/2RA

2RA

Okara

Okara

13

Chak # 39/3.R

3R

Okara

Okara

14

Chak # 45/G.D.

GD

Okara

Okara

15

Chak # 50/3.R

3R

Okara

Okara

16

Chak # 22/G.D.

GD

Okara

Okara

17

Chak # 30/4.L

4L

Okara

Okara

18

Chak # 28/2.L

2L

Okara

Okara

19

Chak #16/1.R

1R

Okara

Okara

20

Chak # 14/G.D.

GD

Okara

Okara

21

Chak # 1/4.L

4L

Okara

Okara
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Appendix-C: Average crop inputs and outputs prices at farm gates of the
village-based forage seed enterprises farms in the districts of Kasur and
Okara, Punjab, Pakistan during growing winter season of 2013-2014.

Crop inputs

Input categories

Crop outputs
Prices
(Rs)

Output categories

Land rent per ha (12 months)

70794

Seed per ha (Berseem clover)

764

Seed (conventional)

Rhizobium inoculum per ha
(Berseem clover)

148

Green forage (premium price)

Farm yard manure per trolley
(3 tonnes/trolley)

1750

Seed (premium price)

450000

Urea (50 kg bag)

1950

Oat seed

38000

Di-ammonium phosphate (50 kg bag)

3800

Wheat grain

30000

Sulphate of potash (50 kg bag)

5350

Straw

5778

Canal irrigation per ha (12 months)

338

Potatoes

15167

Tube well irrigation per ha (each)

2348

Canola grain

260000

Pesticides per ha (each application)

2100

Labour wages (per person per day)

450
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Green forage (conventional)

Prices
(Rs/ton)
2500

283000

4040

