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Abstract. Lack of suitable machinery is a major constraint to direct drilling into combine 

harvested rice residues due to the heavy straw load, and the presence of loose tough straw 

deposited by the harvester. Therefore most rice stubbles are burnt in the mechanised rice-wheat 

systems of south Asia and Australia, as this is a rapid and cheap option, and allows for quick turn 

around between crops. As well as loss of organic matter and nutrients, rice stubble burning 

causes very serious and widespread air pollution in the north west Indo-Gangetic Plains, where 

rice-wheat systems predominate. A novel approach with much promise is the “Happy Seeder”, 

which combines the stubble mulching and seed drilling functions in the one machine. The stubble 

is cut and picked up in front of the sowing tynes which therefore engage bare soil, and deposited 

behind the seed drill as mulch. Evaluation of the technology over three years in replicated 

experiments and farmers‟ fields in Punjab, India, showed that establishment of wheat sown into 

rice residues with the Happy Seeder was comparable to establishment using conventional 

methods (straw burnt followed by direct drilling or cultivation prior to sowing) for sowings 

around the optimum time into stubbles up to 7.5 t/ha. For late sowings plant density declined 

significantly at straw loads above 5 t/ha. The mulch also reduced weed biomass by about 60%, 

and reduced soil evaporation. Yield of wheat sown around the optimum time into rice residues, 

using the Happy Seeder, was comparable to or higher than yield after straw removal or burning, 

in replicated experiments and farmers‟ fields, for straw loads up to 9 t/ha.  In farmers‟ fields there 

was an average yield increase of 9 and 11% in 2004/5 and 2005/6, respectively, compared with 

farmer practice. For sowings after the optimum time, yield declined significantly at straw loads 

greater than 7.5 t/ha. The Happy Seeder offers the means of drilling wheat into rice stubble 

without burning, eliminating air pollution and loss of nutrients and organic carbon due to 

burning, while maintaining or increasing yield.  
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Introduction 

 

 Rice-wheat (RW) is the major cropping system of the Indo-Gangetic Plains (IGP) of 

South Asia, where it is grown on about 14 Mha (Timsina and Connor 2001). During 1960 to 

1990, the production of RW systems increased rapidly due to increasing yield and area, a result 

of the development of highly fertilizer responsive rice and wheat varieties, expansion of 

irrigation, improved management, and government support for the price of rice and wheat.  

Consequently, enormous quantities of rice and wheat residues are generated.   Traditionally, both 

wheat and rice straw were removed from the fields for use as cattle feed, livestock bedding, 

thatch and fuel. However, RW cropping in the north west (NW) IGP is now largely mechanised, 

eliminating the need for draught animals, and straw thatching has been largely replaced by 

alternatives, therefore the demand for straw (especially rice straw, which is low quality feed) has 

declined.  The vast majority of the rice (90%) is now harvested by combines, leaving the residues 

in the field, most of which are burnt in preparation for wheat sowing (Gajri et al. 2002). For 

example, in the small state of Punjab, India, about 15 Mt of rice residues are burnt annually. This 

results in severe and widespread air pollution, as well as loss of nutrients and organic matter.  

 

After combine harvesting, the rice residues comprise standing stubbles, usually 30 to 60 cm high, 

plus a substantial amount of loose straw in windrows about 1 m wide. The loose residues 

interfere with tillage and seeding operations for the next crop (wheat). Incorporation requires 

many tillage operations, with ~50% of farmers in Punjab, India using more than 5 tillage 

operations after partial burning of rice residues, while ~25% till more than 5 times after complete 

burning (Gajri et al. 2002). In addition to the direct cost of many cultivations with conventional 
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tillage, and even more with stubble incorporation, there is a cost due to delay in wheat sowing 

until cultivations are completed. This delay is due to both the time taken to prepare the field, and 

the fact that sowing needs to be delayed for a couple of weeks after incorporation to avoid 

problems associated with nitrogen tie up by the freshly incorporated straw (Yadvinder-Singh et 

al. 2004). Delaying sowing of wheat beyond the optimum date (5 November in Punjab, India) 

results in significant yield loss of the order of 1 to 1.5% per day (Aslam et al. 2003; Ortiz-

Monasterio et al. 1994).  

 

Significant adoption of “zero till” (drill seeding into uncultivated soil) for wheat began in the NW 

IGP in the late 1990s, and was attractive to farmers because of large cost savings through reduced 

use of fuel and labour. Earlier sowing also became possible with zero till, with potential yield 

benefits, especially after late harvested rice. Earlier sowing also improved the ability of wheat to 

compete against its major weed (Phalaris minor Retz.), which was beginning to limit wheat 

productivity due to the development of herbicide resistance (Malik et al. 2004). Consequently, 

the area of zero till wheat in the IGP has expanded exponentially since the late 1990s, increasing 

to 1.1 Mha in 2003/4 (RWC 2004). However, a pre-requisite for successful zero till after 

combine-harvested rice is partial burning (burning the loose straw) or complete burning or 

removal due to problems of accumulation of the loose straw in the furrow openers, traction 

problems with the drive wheel of the seed and fertiliser metering systems in the loose straw, and 

non-uniform sowing depth due to frequent lifting of the drill to clear blockages. 

 

Driven mostly by the serious air pollution from stubble burning, a range of approaches is 

currently under investigation to solve the problem of direct drilling into rice residues. These 
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include double and triple disc systems (Gupta and Rickman 2002), the straw thrower (Shukla et 

al. 2001) and the stubble chopper (Garg 2002). None of these approaches has been particularly 

successful to date, due to problems of soil penetration and “hair pinning” with the discs (failure 

to cut the straw, which bends as the discs pass over it, and then partially or fully springs back into 

shape, leaving the seed on the surface), uneven straw distribution with the straw thrower, and 

costliness of the straw chopper (in particular, high wear and tear of the blades). This paper 

describes a new approach to solve the problems of direct drilling into heavy, tough, loose  rice 

residues, and its evaluation in RW systems in Punjab, India. The major objective was to develop 

a tractor-mounted machine that could sow wheat into combine harvested rice stubbles, typically 

7-9 t/ha, with a tractor power requirement of less than 50 h.p. Our main hypothesis was that 

establishment and yield of wheat sown at the optimum time would not be impaired by the 

presence of rice residues (7-9 t/ha) on the soil surface. Our second hypothesis was that mulching 

would lower soil temperature, and that this may be a disadvantage for late sowings (cooler 

weather during establishment). Thirdly, we hypothesised that there is a critical straw load above 

which wheat establishment and yield would be impaired. 

 

Machinery development 

 

The new approach is derived from the simple concept of attaching a seed drill 

immediately behind a modified forage harvester (“straw management unit”). The straw 

management unit cuts, lifts and throws the standing stubble and loose straw onto the sown area 

behind the seed drill, which sows into bare soil. The evolution of the technology, and preliminary 

results, are described by Blackwell et al. (2003) and Humphreys et al. (2006). The name “Happy 
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Seeder” is generically applied to all versions of the concept developed by the group from Punjab 

Agricultural University and Dasmesh Mechanical Works in India and CSIRO Land and Water, 

Australia. The second generation (Combo) Happy seeder combines the straw management and 

sowing units into a single, light, compact machine (Photos 1a,b,c). The sowing tynes on each 

machine are the standard inverted T-openers used on zero till drills in the IGP (Rautaray 2002), 

with 20 cm row spacing. The Combo
+
 includes a strip tillage mechanism in front of the sowing 

tynes. In this paper we distinguish between the two versions of the Combo as the “zero till Happy 

Seeder” and the “strip till Happy Seeder”. Some specifications of these machines are presented in 

Table 1.  

 

The hanging flail blades (En31 steel) in the straw management unit rotate at 1500 to 1700 rpm 

with a tip speed of 45 m/s. The cutting action of the blades is purely due to shear and the blades 

are set to cut 2.5 cm above ground level. The rotation of the blades creates an air velocity of 7-8 

m/s which is sufficient to throw the material through the chute. The blades are positioned in front 

of each sowing tyne and cut a 7 cm wide strip of stubble, leaving a 13 cm wide strip of standing 

stubble between the blades/tynes. The chute also serves as a seed and fertilizer box cover. The 

strip tillage unit tills a 4 cm wide strip to depth of 3-4 cm, and the rotor is located between the 

straw management unit and the furrow openers. The strip tillage rotor rotates at 250-300 rpm and 

power transmission is with V-belts (C- section) from the gear box operated by the tractor PTO.  

 

Materials and methods 
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The zero till and strip till Happy Seeders were evaluated for wheat sown into rice residues 

grown on the flat in replicated experiments at Punjab Agricultural University, Ludhiana, and in 

farmers‟ fields in various districts of Punjab, India over three years from 2003/4 to 2005/6. 

Another set of replicated experiments investigated the effect of rice straw load, and its interaction 

with sowing date, on wheat crop performance. The rice crops in the experimental and farmers‟ 

fields were harvested by combine. As current combines in the NW IGP do not have straw 

spreaders, the windrows of loose straw were manually spread to distribute them more evenly 

across the field.  

 

Site descriptions 

 

The soils of the experimental fields ranged from loamy sand to silty loam. The soils were 

non saline with topsoil (0-10 cm) pH ranging from 7.6 to 8.4 (1:2 soil:water) and organic carbon 

from 3.4 to 5.6 g/kg soil. The farmers‟ fields included some heavier textured soils (loam and clay 

loam). The climate of the region is subtropical, semi-arid. Average annual rainfall is about 700 

mm of which about 80% falls from June to September, with about 100 mm during the wheat 

season (November-April). The mean daily minimum and maximum temperatures during the rice 

season (July-October) are 18 
0
C and 35 

0
C, respectively, compared with 6.7 

0
C and 22.6 

0
C, 

during the wheat season.   

 

Evaluation of the Happy Seeder in research station replicated experiments 

 

2003/4. Wheat was sown with the zero till Happy Seeder into standing rice residues or bare soil 

on three dates (20 October, 3 November, 17 November 2003) on three sites with loamy sand or 
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sandy loam topsoil (Table 2). The previous rice crop had been harvested with a combine 

harvester with a cutting height of approximately 50-60 cm. The rice residues were removed a 

couple of centimetres above ground level from the plots  to be sown into “bare” soil. Average 

rice dry straw load in each experiment varied from 5.3 to 6.0 t/ha dry weight at the time of rice 

harvest. Plot size ranged from 120 to 150 m
2
 across the three sowing dates, and there were four 

replicates in a randomised block design. 

 

2004/5. Three experiments were conducted at the same sites in the following year, but Sites 2 and 

3 were sown with the strip till Happy Seeder, while Site 1 was sown with the zero till version. 

The control at Site 2 was also sown with the zero till Happy Seeder to simulate the conventional 

zero till drill. Straw load (5.5 to 6.0 t/ha) was similar to that in the first year. The experiments at 

Sites 1 and 3 contained 3 replicates in a randomised block design, while Site 2 was an unbalanced 

complete randomised design, with 4 replicates of the unmulched (bare) treatment, and 8 

replicates of both Happy Seeder treatments. 

 

Cultural practices – research station replicated experiments 

 

Wheat (cv. PBW 343) was sown between the last week of October and mid November, and was 

harvested in mid April in the following year. Sowing, fertiliser, weed and irrigation management 

were according to recommended practice - 100 kg seed/ha, row spacing 20 cm, sowing depth 5 

cm. Phosphorus (26 kg/ha) and nitrogen (25 kg/ha) as diammonium phosphate and potassium (25 

kg/ha) as muriate of potash were drilled with the seed. Nitrogen (urea, 35 kg N/ha) was broadcast 

before sowing and a further 60 kg N/ha as urea was broadcast 21-25 days after sowing (before the 

first irrigation at the crown root initiation stage). Weeds were controlled by spraying Fenoxaprop-
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p-ethyl (15 WP) 35-45 days after sowing.  The fields were irrigated prior to sowing, and the 

wheat received 3-4 irrigations during its growth period. 

 

Monitoring – research station replicated experiments 

 

Soil temperature. Soil temperature at 7 cm depth was measured daily at 10 am (“minimum”) and 

3 pm (“maximum”), between 6 DAS and the first irrigation (23 DAS), using mercury-in-glass 

thermometers (one in each of 3 replicates of mulched and bare treatments) in the experiment 

sown at Site 1 on 20 October 2003.                          .   

 

Weed growth. All weeds were harvested from 0.25 m
2
 quadrats 45 days after sowing (DAS), 

prior to any herbicide application, at Sites 2 and 3 in 2004-05. One quadrat was sampled in each 

replicate. Weed biomass (above ground) was determined after drying at 60
o
C.  

 

Establishment. The number of plants that had emerged through the soil and through the mulch 

was counted approximately every second day up to the time of the first irrigation after sowing. 

Counts were made on 1 m rows in 4-5 randomly selected locations within each plot. In the 

mulched plots, plant density is presented as the mean of the number of plants through the soil and 

through the mulch just prior to the first irrigation, together with standard error of the means 

(Table 2). The coefficient of variation (CV) of the individual row counts (16-20 per treatment) 

was also calculated to provide a measure of establishment uniformity. 

 

Grain yield. At maturity a total area of 40 m
2
 was harvested manually from each plot. Grain was 

separated from the straw by manual threshing and weighed. Grain moisture content was not 
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determined – the weather is hot and dry at the time of wheat harvest in this environment, and 

grain moisture content is typically around 4% after threshing and sitting in the field for a couple 

of days (Yadvinder-Singh, unpubl. data).  

 

Soil water content. Soil water content was determined gravimetrically in the 0-7.5, 7.5-15, 15-30 

and 30-60 cm layers one day before each irrigation in the November sown experiments at Sites 1 

and 2 in 2004-05. One core was taken from each replicate of the mulched and non-mulched 

treatments. Gravimetric soil water content was analysed using analysis of variance (ANOVA), 

with mulching treatment as the main plot, and soil depth as sub-plot. Volumetric soil water 

content was calculated using bulk density data from a nearby field on similar soil with the same 

history of many years of cropping with puddled transplanted rice followed by wheat, with straw 

removed from both crops (Humphreys et al. 2004). Total water (mm) in the profile to 15, 30 and 

60 cm was calculated from volumetric water content and the thickness of each soil layer, and the 

totals in the mulched and unmulched treatments were compared using ANOVA. 

 

Evaluation of the Happy Seeder in farmers’ fields 

 

 Wheat was sown into the rice residues in farmers‟ fields ranging in area from 0.5 to 1.5 

ha, with straw loads ranging from 4.4 to 9.5 t/ha. In 2003/4 the zero till Happy Seeder was used, 

while the strip till Happy Seeder was used in 2004/5 and 2005/6. Straw load was estimated from 

grain yield and variety-specific harvest index. Sowing rate and fertilisers were as for the 

replicated experiments, but management after sowing was left to the farmers. Grain yield in the 

fields sown into rice residues was compared with the farmers‟ neighbouring fields which had 
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been established using conventional practice and sown around the same time. The latter typically 

involved burning the rice residues, followed by two discings, two tyne harrowings and planking 

(dragging a heavy plank to reduce cloddiness and level the surface) prior to sowing. Grain yield 

in the farmers‟ fields sown with the Happy Seeder was determined by manually harvesting and 

threshing three 30-40 m
2
 areas within each field, while yields of the conventional practice 

farmers‟ fields were provided by the farmer. 

 

In 2005/6 a second series of unreplicated trials in farmers‟ fields was undertaken which compared 

sowing after incorporation of the rice residues with sowing with the strip till Happy Seeder into 

residues and bare soil. Plot size was 0.1 ha, and fertiliser management was as for the replicated 

experiments. The three treatments were compared at five locations across two villages. The 

residues were incorporated with three passes of a disc plough, followed by planking, and then by 

sowing with a standard seed-fertiliser drill. There was a delay of three weeks between 

incorporation and sowing to provide time for initial decomposition of the residues. The fields 

were irrigated prior to sowing, and all treatments within sites were sown on the same day using 

the recently released PBW 502. PBW 502 matures about 5 days earlier than PBW 343 and yields 

less, but it is resistant to a new pathotype of leaf rust (Puccinia triticina Eriks.) and is also more 

resistant to karnal bunt (Tilletia indica  Mitra) than PBW 343. Post sowing irrigations and weed 

control were performed by the farmers. Yield was determined by harvesting an area of 20 m
2
 in 

three locations in each plot. 

 

Effect of rice straw load and sowing date on wheat performance in research station replicated 

experiments 



In press - Australian Journal of Experimental Agriculture 2007, volume 7, issue 7 

 13 

 

 The effect of rice straw load (0, 5, 7.5 10, 12.5 t/ha on a dry weight basis) was evaluated 

in randomised complete block small plot experiments in 2004/5 and 2005/6. There were 3 

replicates, and plot size was 2.7 m x 6 m in 2004/5, and 1.8 m x 8 m in 2005/6. The wheat was 

sown and managed using recommended practice as above. Plant density was determined after 

establishment through the straw was complete, by counting the number of plants in 3 rows x 0.5 

m at two locations in each plot. Grain and straw yield were determined by hand harvesting an 

area of 10.8 m
2
 (2004/5) or 14.4 m

2
 (2005/6) within each plot. 

 

2004/5. The rice stubble was removed at ground level before wheat (PBW343) was sown by 

conventional cultivation and zero till (split plots) using recommended practice. The plots were 

mulched manually with rice straw immediately after sowing. The experiment was repeated on 3 

sowing dates – 3 and 18 November, and 3 December.  

 

2005/6. The second mulching experiment attempted to provide a more realistic representation of 

conditions in the field following sowing with the Happy Seeder, where a lot of the stubble 

remains standing because only a narrow strip (7 cm) is cut in front of each sowing tyne, leaving 

an uncut width of 13 cm between the cut strips. In 2005/6 the rice was manually harvested by 

cutting at 30-35 cm, and after threshing the straw was redistributed in the field. The plots were 

then sown with the strip till Happy Seeeder. The existing straw load (anchored plus loose 

residues) was determined, and extra straw was added  (or removed) to achieve the desired total 

straw load. The experiment was repeated for two sowing dates, 21 November and 12 December. 
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The effect of the mulch on phenological development was investigated by monitoring the dates of 

50% heading (visual estimate) and maturity (grain moisture content 20%). 

 

Results  

 

Effect of mulching on soil temperature, soil water content and weeds 

 

Soil temperature. For wheat sown after rice at Ludhiana on 25 October 2004, maximum soil 

temperature at 7 cm with mulching was 4-5 
0
C lower than without mulching during days 2-6 after 

sowing, and 1-3 
0
C lower during the next 9 days (Figure 1). Conversely, minimum soil 

temperature was higher by 0.3-3 
0
C throughout this period, with larger differences as time 

progressed.  Daily mean soil temperature during the first week after sowing was around 25
o
C 

without mulch, and around 23
o
C with mulch.  

 

Soil water content. There was a consistent trend for higher gravimetric soil water content in the 

surface soil with mulch compared with no mulch on both soils, On the loamy sand, there was a 

significant interaction between mulching and soil depth on water content, with higher soil water 

content to 30 cm with mulching prior to each irrigation, and similar water content at 30-60 cm in 

both treatments (Figure 2). The differences in the topsoil were much greater prior to the first 2 

irrigations than prior to the third irrigation, probably due to greater canopy cover and therefore 

reduced soil evaporation by the time of the third irrigation on 3 February 2005. There were 

significant differences in water content in the 0 to 30 cm layer of 13, 14 and 6 mm prior to the 

first, second and third irrigations, respectively. However, on the sandy loam, the differences in 
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soil water content of respective soil layers were not significant prior to any of the first three 

irrigations (data not presented).  

 

Weed growth. Weed dry weight 45 DAS in the mulched treatments (0.08 and 0.18 t/ha on Sites 1 

and 2, respectively, in 2004/5) was about one third of that without mulch (0.24 and 0.47 t/ha).  

 

Effect of mulching on wheat establishment and yield 

 

Establishment. There were no significant differences in establishment with or without mulch, for 

sowings around the optimum time (prior to mid-November) and straw load less than 7.5 t/ha, and 

plant density under those conditions was always greater than 100 plants/m
2
 (Table 2, Figure 3). 

The uniformity of the plant stand was also similar for the mulched and unmulched sowings with 

the Happy Seeder. At Site 1 in 2004/5, the CVs of individual row counts for the mulched and 

unmulched treatments were almost identical (26.1-26.3%), while at Site 2 the CV in the 

unmulched treatment was 37%, compared with 30% in the mulched treatment.  

 

Yield. Yield with mulching in all the replicated experiments and farmers‟ fields was similar to or 

higher than yield without mulching for straw loads ≤9 t/ha (Tables 2, 3 and 4; Figure 4). The 

yield increase in the farmers‟ fields ranged from -4 to 26% and averaged 9% in 2004/5 and 11 

and 15% in 2005/6. There was also a consistent trend for higher straw yield with sowing into the 

rice residues (Table 4), but the relative increase (mean 6%) was always less than the increase in 

grain yield. There was, therefore, a consistent trend for slightly higher harvest index with sowing 

into rice residues with the Happy Seeder compared with sowing into bare soil.  
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There was a trend for higher yield with earlier sowing in both the mulched and unmulched 

treatments in the replicated experiments in 2003/4, with yield declining by an average of 31 kg 

(0.7%) per day delay between 20 October and 17 November (Table 2). When the data from the 

three sowing dates were pooled, yield of the 20 October sowing was significantly (p<0.05) higher 

than yield of the 17 November sowing, There was a similar trend in yield with sowing date in the 

unmulched treatment in the replicated experiments in 2004/5, but not in the mulched treatment. 

There was no relationship between yield and sowing date in the farmers‟ fields in 2004/5 and 

2005/6 (Table3).  

 

Interaction between  rice straw load and sowing date on wheat performance 

 

2004/5. Plant density with zero stubble was relatively high (~180 plants/m
2
) for the mid-

November sowing compared with around 140 plants/m
2
 for earlier and later sowings (Figure 3a). 

The reason for this is unclear, probably due to better sowing conditions (higher soil water 

content) at the time of sowing for the mid-November sowing. There was no interaction between 

tillage and straw load, therefore the data presented are the means of the tillage treatments. There 

was a trend for a decline in plant density as stubble load increased for all sowing dates, however 

there was a significant (p<0.05) interaction between stubble load and sowing date. The decline in 

plant density with stubble load was much less for the earliest sowing, with no effect of stubble 

load up to 7.5 t/ha, and only a small decline at higher loads. For later sowings there was a large 

decline in plant density as stubble load increased from 5 to 10-12.5 t/ha. However, plant density 

always exceeded 90 plants/m
2
, and was relatively uniform as indicated by the relatively small lsd 

(11) of the interaction between sowing date and stubble load. 
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There was no interaction between sowing date and straw load, or sowing date and tillage, on 

grain yield. Yield with mulching was always similar to or higher than yield with no mulch, for 

straw loads up to 12.5 t/ha (Figure 4). There was a significant decline in yield as sowing date was 

delayed from 3 November to 3 December, averaging 53 kg/ha/d (1.4% yield loss per day), due to 

lower spike density and lower grain weight (data not presented). 

 

2005/6. Establishment in the absence of mulch was very good for both sowing dates (221-225 

plants/m
2
) (Figure 3b). As in 2004/5, plant density declined as stubble load increased above 5 

t/ha, with a significant interaction between stubble load and sowing date.  However, 

establishment with 5 t/ha was significantly lower than with no mulch for the 21 November 

sowing. As in 2004/5, a 10 t/ha straw load decreased plant density of the mid Nov sowing to 

about 70% of the unmulched treatment. 

 

Crop development was delayed by mulching, more so as stubble load increased. For sowing on 

21 November 2005, 50% heading was delayed by 6 d with a straw load of 5-7.5 t/ha, and by 10 d 

with 10-12.5 t/ha of straw (data not presented). Similarly, maturity was delayed by 5 and 8 d for 

the lower and higher straw loads, respectively. The delay in development was slightly less for 

later sowing on 12 December, with heading delayed by 5 and 8 d at the lower and higher straw 

loads, respectively, and maturity delayed by 4 and 6 d.   

 

As in 2004/5, there was no interaction between yield and straw load, but in 2005/6 there was a 

significant decline in yield for straw loads of 7.5 t/ha or higher (Figure 4). Yield loss increased 

from 0.4 t/ha with 7.5 t/ha of straw to 0.8 t/ha with 10-12.5 t/ha of straw (7 and 17% of the yield 
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of the unmulched treatment, respectively). Grain yields with loads of 10 and 12.5 t/ha straw were 

also significantly lower than yields with 5 t/ha of straw. Grain yields were much higher in 2005/6 

than 2004/5. For example, yield of the unmulched treatment sown on 21 November 2005 was 4.9 

t/ha, compared with 3.3 t/ha for the same treatment sown on 18 November 2004. 

 

Discussion 

 

The effects of mulching on the biophysical environment and wheat crop performance 

 

The effects of the mulch on buffering soil temperature and suppression of soil evaporation 

and weeds were consistent with the findings of others for a range of cropping systems. It is well-

established that a mulch suppresses maximum soil temperature through shielding the soil surface 

from solar radiation, and increases minimum soil temperature through suppressing heat loss from 

the soil when air temperature is cooler than soil temperature (as at night) (e.g. van Wijk et al. 

1959). The suppression of maximum temperature by mulching can be an advantage where soil 

temperature rises above the optimum for germination and growth, and a disadvantage where 

temperature is lowered below the optimum (Lal 1989). For wheat sown after rice at Ludhiana on 

25 October 2004, daily mean soil temperature during the first week after sowing was around 

25
o
C without mulch, and around 23

o
C with mulch, and this probably only had a small effect on 

germination and early growth. Ali et al. (1994) found that the rate of germination of a range of 

wheat cultivars increased with temperature up to an optimum in the range 24 to 30
o
C and then 

declined. Both germination % and the rate of germination were greatly reduced at temperatures 

above 35
o
C.  Sultana et al. (2000) found a similar optimum temperature range for both maximum 
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germination % and germination rate. Lindstrom et al. (1976) found that emergence time of winter 

wheat increased with soil temperature from 5 to 25
o
C (the maximum temperature tested), with a 

difference of about 3 d  in emergence time for mean soil temperatures of 15 and 25
o
C for seed 

planted at 3 cm, and a difference of about 5 days for seed planted at 9 cm.  De Jong and Best 

(1979) found that 50% emergence generally occurred within a week of sowing at 19.4 and 26.7
o
C 

regardless of soil type, sowing depth (range 1.25 to 10 cm), and soil water potential (range -0.03 

to -1 MPa). At sowing depths of 5 cm and deeper there was a delay of 1 to 2 days in 50% 

emergence compared with 1.25 cm. These findings suggest that mulching in the environment of 

Punjab, India may retard germination, emergence and early growth of wheat due to suppression 

of soil temperature, but that the effect is likely to be small. The cooling effect of the mulch may 

even facilitate earlier sowing of wheat in this region, leading to earlier flowering and grain filling 

under cooler conditions. This hypothesis needs to be tested as earlier sowing may result in higher 

yield in Punjab. High temperature prior to anthesis combined with low radiation prior to anthesis 

(reduces the number of grains/m
2
), and high temperature during the grain filling period (reduces 

grain weight), are  currently major limitations to wheat yield in Punjab (Ortiz-Monasterio et al. 

1994). 

 

The higher soil water content prior to each irrigation in the mulched soil profile of the loamy sand 

was  consistent with the results of many other studies, an effect attributed to suppression of soil 

evaporation (Lal 1989). Crop establishment, growth and yield on the loamy sand were similar 

with and without mulching, suggesting similar transpiration losses. If so, the results suggest that 

mulching reduced soil evaporation by at least 30 mm up to the time of the third irrigation. In a 

RW system in Bangladesh, Rahman et al. (2005) also showed much less drying of the topsoil (0-
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15 cm) with rice straw mulch (4 t/ha) during the first 40 d after sowing wheat on a loam soil. The 

reason for the lack of an observed response of soil water content to mulching on the sandy loam in our 

experiment may be due to the fact that by the time of the first irrigation, soil water content was 

very low both with and without mulch, suggesting that both treatments had been dried to or 

beyond the lower limit for root water uptake, masking any effect of mulching on moisture 

conservation.  

 

The suppression of weeds in wheat mulched with rice straw is consistent with other findings in 

RW systems (Rahman et al. 2005), and many other cropping systems (e.g. Sayre et al. 2005; 

Bilalis et al. 2003; Erenstien 2002; Kamara et al. 2000). Straw mulch may reduce weed growth 

by many mechanisms, including reduced light, effects on soil temperature, physical suppression 

and allelopathy (Dhima et al. 2006). 

 

Mulching reduced wheat plant density at straw load above 5-10 t/ha, but had little effect on 

uniformity of the plant stand. However, it was only at the highest straw load (10-12.5 t/ha) sown 

under sub-optimal conditions (as evidenced by the relatively low plant density in the unmulched 

treatment), that plant population declined a level (~90 plants/m
2
) that may have been yield 

limiting. Fischer et al. (1976) found a wide range in optimum plant density (80 to 200 plants/m
2
, 

provided that plant spacing was relatively even) for maximum yield for a range of spring wheat 

varieties in northwest Mexico, grown with irrigation under climatic conditions fairly similar to 

those of north west India. Therefore it is likely that the plant densities established with the Happy 

Seeders, both in the presence and absence of rice residues, were adequate, except perhaps at the 

highest straw loads in some situations. 
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The effect of mulching on grain yield depends on the extent to which mulching affects 

biophysical conditions and their effects on crop performance (Erenstein 2002). Thus the effects 

of mulching are site-, season- and cropping system-specific and somewhat difficult to disentangle 

in view of the numerous interactions. In a RW system in Bandladesh, Rahman et al. (2005) found 

much larger (40-50%) yield increases for surface seeded wheat mulched with rice straw, 

compared with our results with wheat drilled ~5 cm deep. Rahman‟s studies were in an 

environment where soil moisture and weed growth limited establishment and growth of wheat. 

Plant population was increased by an average of 49% with mulching, but was very high in both 

treatments (179 plants/m
2
 without mulch, 267 plants/m

2
 with mulch), suggesting a much higher 

sowing rate (267 plants/m
2
 is equivalent to a sowing rate of 115 kg seed/ha assuming a seed 

weight of 43 mg and that all seeds produce plants). The yield increase with mulching was due to 

higher spike density and number of grains per spike. This in turn appeared to be due to increased 

plant available water due to reduced soil evaporation and transpiration by weeds - weed biomass 

was reduced by ~40-50% with mulching, and there was no mechanical or chemical weed control. 

In a water-limited environment in West Bengal, India, Zaman and Choudhury (1995) also found 

that mulching with rice straw significantly increased wheat yield by up to 17%, more so as 

irrigation frequency increased up to 3.  

 

There was a consistent trend for lower yields with later sowing in the replicated experiment. A 

similar trend was not observed in the farmers‟ fields, probably because all crops were sown 

before or around the critical date of 5 November (Ortiz-Monasterio et al. 1994).  

 

Benefits and costs of wheat establishment with the Happy Seeder 
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Conventional wheat establishment typically involves burning the rice residues, followed 

by about 6 tillage operations, and even more where rice residues are incorporated (Gajri et al. 

2002; Table 5). The cost of establishment with the Happy Seeder (“custom” or contract hiring)  is 

about half the cost of establishment using conventional practice. While establishment using the 

Happy Seeder is about 30% more than the cost of direct drilling after burning using the “zero till” 

drill, there are many direct and indirect benefits of sowing into rice residues using the Happy 

Seeder. These include the possibility of earlier establishment immediately after rice harvest, 

when the rice is still too green to burn. Any reduction in the time between rice harvest and wheat 

sowing is likely to reduce soil evaporation and the need for pre-sowing irrigation. The 

opportunity for rapid turn around is particularly beneficial for wheat after late harvested rice 

crops (as for basmati, which is transplanted later than other varieties), enabling sowing closer to 

the optimum time for maximum yield.  However the opportunity for earlier sowing is offset to 

some degree by the delayed development that occurs with mulching, and the net effect is unclear 

at present. Our results from a field irrigated prior to sowing suggest that mulching may reduce the 

irrigation requirement of wheat during the growing season, and some anecdotal reports indicate a 

saving of one irrigation with mulching (RWC-CIMMYT 2003; OFWM 2002). The suppression 

of weeds with mulching will also reduce competition for water (and nutrients) and herbicide 

requirements. Retention of residues is also beneficial for soil chemical, physical and biological 

properties, and helps retain nutrients that would otherwise be lost to the atmosphere during 

burning, particularly nitrogen and sulphur (Yadvinder-Singh et al. 2005).  Finally, retention of rice 

residues and avoidance of burning is of great benefit to society through reduced air pollution, 

especially particulates. 
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A pre-requisite for good establishment is even distribution of the mulch, which requires even 

distribution of the loose straw prior to sowing with the Happy Seeder. However, currently 

available combine harvesters in the NW IGP do not have straw spreaders, meaning that straw 

spreading needs to be done manually prior to sowing with the Happy Seeder. Successful adoption 

of the Happy Seeder technology will require the addition of straw spreaders to combine 

harvesters, which is technically simple, although adoption may be problematic. A straw spreader 

suitable for conditions in NW India is currently under development and testing. 

 

Potential for the Happy Seeder concept in heavy rice and other stubbles 

 

It is uncertain whether the Happy Seeder technology will be suitable for the very heavy 

stubble loads (10-14 t/ha) typically achieved in Australian rice crops. The mulching rate 

experiments showed that plant establishment was significantly reduced as straw load increased, 

and that the effect was greater for later sowing i.e. cooler conditions. However, the effect of straw 

load on grain yield was less pronounced, with no interaction between sowing date and straw load. 

There was no decline in grain yield with straw loads up to 12.5 t/ha in one year, but in the 

subsequent year yield decreased by 7 to 17% as straw load increased from 7.5 to 10-12.5 t/ha. 

 

A recent breakthrough which may assist establishment in heavy straw loads is the development of 

the Turbo Happy Seeder, which chops the straw and feeds it past the tynes, leaving the sowing 

rows exposed and clearly visible (Humphreys et al. 2006). Preliminary trials in India show very 

good establishment with this approach, and it is hoped that this technology will enable successful 
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establishment in the very heavy rice stubbles that occur in Australia. The high visibility of the 

sown rows also assists sowing accuracy (ability to line up adjacent sowing passes to achieve the 

correct spacing between the outside rows of each pass). 

 

The Happy Seeder technology also has potential in a range of other cropping systems where 

heavy stubble and trash loads prevent direct drilling without burning or removing the residues. It 

has been used to successfully establish mungbean in 6 t/ha wheat straw in India, while in 

Australia successful establishment of soybean in 4.5 t/ha barley and barley in 10 t/ha maize 

stubble have been achieved (Humphreys et al. 2006; Humphreys unpubl. data). However, careful 

evaluation is warranted in a range of cropping systems because the effects of mulching on soil 

temperature may be either beneficial or detrimental to crop establishment depending on the crop, 

residues and climatic conditions. For example, early season corn growth was impaired by 

mulching three US states where soil temperatures were marginal for establishment, but there was 

no effect in a fourth state where soil temperatures were considerably higher (van Wijk et al. 

1959). Conversely, in situations where high temperature impairs germination and early growth, 

mulching improves germination, growth and yield, as for soybean mulched with 6 t/ha wheat 

straw at Ludhiana (Sekhon et al. 2005). In the latter case, the response to mulching was governed 

by the distribution and amount of rainfall, as in this climate rainfall has a major effect on 

temperature. Allelopathy may also be a problem in some situations (Yadvinder-Singh et al. 

2005). 
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Conclusions 

 

The Happy seeder provides the capability of sowing wheat in rice stubble with reduced or 

zero tillage, while maintaining or increasing yield, for straw loads up to about 9 t/ha. The 

technology avoids the need for burning, and the terrible air pollution due to burning in the north 

west IGP. The technology also brings many other benefits including retention of organic matter, 

suppression of weeds and soil evaporation. 
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Figures 

 

Figure 1. Soil temperature at 9 am and 3 pm at 7 cm depth as affected by mulching for wheat 

sown on 20 October 2003  at Site 1 (vertical bars are standard errors). 

Figure 2. Effect of mulching on soil water content prior to irrigation on a loamy sand (Site 1 in 

2004/5) (horizontal bars are lsd (p=0.05) for the interaction between mulching and depth) 

Figure 3. Effect of stubble load and sowing date on wheat plant density in a) 2004/5, and b) 

2005/6 

Figure 4. Grain yield in 2004/5 and 2005/6 as affected by a) rice straw load, and b) sowing date 

(vertical bars are lsd (p=0.05) within year) 
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Photos 

 

Photos 1a-c The Combo
+
 Happy Seeder a) strip tillage mechanism, and b,c) sowing wheat 

into rice stubbles in Punjab, India 
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Table 1.  Specifications of the Combo Happy Seeder 

Total unit 

Type Tractor mounted 

Power required (hp) ≥45 hp 

Transmission system Tractor power take off to right angled gearbox then 

via jack shaft and V-belts and pulleys 

Gear box Bevel  crown wheel and pinion. Ratio 1.8:1 

Working width 1,800 mm 

Total width 2,200 mm 

Mounting category Cat I and II 

Capacity 0.26-0.30 ha/h 

Price 60,000 Indian Rupees  (AUD~1,750) 

Manufacturers Dasmesh Mechanical Works, Amargarh 

Straw management  

Rotor shaft material  

External diameter 

Thickness 

High pressure steel pipe 

120 mm 

5 mm 

Transmission shaft diameter 60 mm 

No. of blades 18 (high speed steel) 

Blade working diameter 

Working RPM 

Peripheral tip speed  

500 mm 

1300-1500 

40-45 m/s 

Blade mounting  Hinged ( high tensile bolt 12 mm diameter) 

Blade type Flail type  

Blade width  65 mm 

Strip tillage rotor 

Rotor type ( separate belt drive) 

Rotor shaft material  

External diameter 

Thickness 

Detachable type 

High pressure pipe 

90 mm 

5 mm 

No. of blades 18 

Blade working diameter 370 mm 

Blade type Knife  

Width of each blade 5 mm 

Blade mounting  Fixed  

Sowing unit 

No. of tool bars 2 – spaced 320 mm apart 

No. of furrow openers  9 – 4 on front tool bar, 5 on rear tool bar 

Type of furrow openers  Inverted T- type 

Row spacing 200 mm (adjustable) 

Seed metering device Fluted feed rollers 

Fertilizer metering device Fluted feed rollers 
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Table 2. Plant density and grain yield of wheat sown with the Happy Seeder
A
 into bare soil 

or rice residues in replicated experiments in 2003/4 and 2004/5. Data are means +/- 

standard error. Differences between “straw” and “no straw” treatments were not 

significant (p>0.05) for plant density or yield in all experiments.  

 

Site Soil type  Straw 

load  

(t/ha) 

 

Sowing 

date
A 

Plant density (no./m
2
) Grain yield (t/ha) 

Straw
 

No straw Straw
 

No straw 

2003/4        

1 Loamy sand 5.3 20 Oct. 117±15 131±13 4.83±0.26 4.74±0.22 

2 Sandy loam 6.0 03 Nov. 128±17 123±23 4.31±0.15 4.17±0.21 

3 Loamy sand  5.7 17 Nov. 123±21 107± 8 3.95±0.13 3.87±0.07 

2004/5        

1 Loamy sand  6.0 08 Nov. 130 ±7.7 108±4 4.69±0.13 4.73±0.22 

2 Sandy loam 7.3 03 Nov. 131±10.4 130±10 5.11±0.25 4.65±0.13 

3 Loamy sand 5.5 25 Oct. 103±10.5 103±13 4.22±0.42 3.90±0.20 

 

 

A
 Sown with Combo Happy Seeder (no strip tillage) except Site 3 in 2004-05 where the Combo

+
 

Happy Seeder (with strip tillage) was used. 
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Table 3. On-farm evaluation of the Happy Seeder for wheat sown into rice residues in 

various locations of Punjab, India, over three years  

 

Location Area 

Sowing 

date Soil 

Straw 

load Grain yield (t/ha)  

Yield 

increment 

 (ha)   (t/ha) 

Happy 

Seeder
A 

Farmer 

practice (%) 

2003/4        

Ladhowal 0.5 24-Oct silty loam 7.8 5.1±0.2 4.6 11 

Langrian 0.3 4-Nov loam 7.5 4.9±0.2 -
B 

 

Jhall Kalan 0.4 27-Nov sandy loam 6.6 4.6±0.1 -
B 

 

2004/5        

Jhall Kalan 0.4 22-Oct sandy loam 9.5 3.8±0.5 -
B 

 

Ladhowal 0.9 28-Oct silty loam 7.1 4.0±0.3 3.6 11 

Pabbian 0.5 4-Nov loam 9.0 5.4±0.3 5.0 8 

Sudhar 0.3 6-Nov clay loam 7.5 5.2±0.5 4.9 6 

Langrian     loam  4.4 4.4±0.4 3.9 13 

Mean
C 

    5.0 4.6 9 

2005/6        

Ramdass 1  0.4 16-Oct clay loam 8.0 5.2±0.2 5.2 1 

Ramdass 2  0.4 16-Oct clay loam 7.5 5.1±0.1 4.7 8 

Ramdass 3  0.4 17-Oct  loam 7.4 4.5±0.1 4.4 1 

Lopoan 1   0.4 26-Oct loam  8.0 5.2±0.0 4.6 15 

Lopoan 2  0.4 26-Oct silty loam 8.5 5.8±0.5 4.7 24 

Bhundri  0.4 28-Oct silty loam 8.1 5.5±0.1 4.9 11 

Ladhowal 1 3.6 29-Oct silty loam 7.3 5.3±0.3 4.5±0.3 18 

Sudhar  1.4 31-Oct clay loam  7.9 5.2±0.3 4.9 6 

Pabbian 1  0.8 3-Nov  sandy loam 8.6 4.7±0.4 4.7 0 

Pabbian 2  0.6 3-Nov silty loam  8.4 4.5±0.4 4.7 -4 

Bhamian  3.4 5-Nov sandy loam  6.9 5.4±0.1 4.4 21 

Shkhanand 2  0.2 6-Nov loam  8.2 5.6±0.4 4.4 26 

Mean
 

    5.2 4.7 11 

 

 
A
 Happy Seeder with zero tillage in 2003/4, strip tillage in 2004/5 and 2005/6, sown into rice 

residues; means of 3  standard error 
B
 No suitable comparison available 

C
 Only includes locations at which Happy Seeder and Farmer practices comparisons were 

available 
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Table 4. Effect of rice straw management practices on grain and straw yields of wheat in 

farmers' fields in Ludhiana district in 2005/6 (numbers in parentheses are standard errors)  

Village Grain yield (t/ha) Straw yield (t/ha) 

Inc.
A
 Rem.

B 
Mulch

C 
%

D 
Inc.

A
 Rem.

B
 Mulch

C
 %

D
 

Dhatt 1 

4.5 

(0.21) 

4.3 

(0.09) 

5.2 

(0.18) 24 

6.6 

(0.25) 

6.5 

(0.19) 

6.9 

(0.24) 6 

Dhatt 2 

5.1 

(0.23) 

4.5 

(0.11) 

4.9 

(0.12) 8 

7.2 

(0.27) 

6.3 

(0.20) 

6.6 

(0.17) 6 

Hissowal 

1 

5.0 

(0.21) 

4.5 

(0.19) 

5.0 

(0.16) 10 

6.8 

(0.30) 

6.5 

(0.41) 

6.7 

(0.22) 3 

Hissowal 

2 

4.3 

(0.17) 

4.6 

(0.21) 

5.1 

(0.13) 12 

6.9 

(0.33) 

6.7 

(0.24) 

6.8 

(0.15) 2 

Hissowal 

3 

3.7 

(0.12) 

4.4 

(0.20) 

5.3 

(0.14) 20 

5.3 

(0.24) 

6.0 

(0.21) 

6.9 

(0.29) 15 

Mean 4.5 4.4 5.1 15 6.5 6.4 6.8 6 

 

A
 Stubble incorporated - sown with normal seed drill after 3 cultivations and planking 

B
 Stubble removed - sown with strip till Happy Seeder after removing straw 

C
 Stubble retained as mulch - sown with strip till Happy Seeder into rice residues 

D
 % increase in yield of mulched treatment over stubble removed treatment 
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Table 5. Comparison of operations required for establishment of wheat after rice as 

affected by stubble management and tillage 

 

Operation Combo+  

(strip tillage)  

Happy Seeder 

Zero-till drill Conventional seed 

drill  

Conventional seed 

drill  

1. Straw management Retained - 

surface mulch 

 

 

Burnt 

Cut (“stubble 

shaving”) then 

Burnt 

 

 

Incorporated  

2. Pre-sowing tillage Nil  Nil 2 discings  

2 harrowings 

2 plankings 

4 discings  

2 harrowings 

2 plankings 

3. Pre-sowing irrigations Nil 0-1 1 2 

4. Minimum lag period 

between rice harvest and 

sowing 

Nil 7-8 days  10-12 days 22-25 days 

5. Sowing time (h/ha) 3.75  2.5  2.5  2.5 

Cost of custom hiring for 

cultivations and sowing  

1,625 Rs/ha 

(AUD 47/ha) 

1,190 Rs/ha 

(AUD 35/ha) 

3,000  Rs/ha 

(AUD 87/ha) 

4,250  Rs/ha 

(AUD 123/ha) 
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Figure 1. Soil temperature at 9 am and 3 pm at 7 cm depth as affected by mulching for 

wheat sown on 20 October 2003  at Site 1 (vertical bars are standard errors).  
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Figure 2. Effect of mulching on soil water content prior to irrigation on a loamy sand (Site 1 

in 2004/5) (horizontal bars are lsd (p=0.05) for the interaction between mulching and depth) 
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Figure 3. Effect of stubble load and sowing date on wheat plant density in a) 2004/5, and b) 

2005/6 
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Figure 4. Grain yield in 2004/5 and 2005/6 as affected by a) rice straw load, and b) sowing date 

(vertical bars are lsd (p=0.05) within year) 
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Photos 1a The Combo
+
 Happy Seeder strip tillage mechanism, and 1b,c sowing wheat into 

rice stubbles in Punjab, India 
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