
 1 

This article is downloaded from 
 

 
 

 
http://researchoutput.csu.edu.au 

 
It is the paper published as: 
 
Author: J. Evans, J.N. Jo, M. Conyers, Y.G. Mun, P. Eberbach,  S.S. Paek, Y.J. 
Ri, S.C. Tok Ko, B. Orchard, Y.N. Ryang, D.Y. Jong, T.R. Jong,  and E. Wolfe 
 
Title: Improving sustainable production of maize on upland soils of the Democratic 
People's Republic of Korea 
 
Journal: Journal of Sustainable Agriculture    ISSN: 1044-0046 
 
Year: 2012  Volume: 36  Issue:  4  Pages: 404-422 
 
Abstract: Maize production in the Democratic People's Republic of Korea is limited 
by soil infertility. Trials were established at two Co-operative Farms to quantify the 
yield response of maize to fertilizer and to vetch green manure. Crop land is precious 
so the vetch had to be integrated either by a short growth period prior to the crop in 
spring, or risking an autumn sowing for growth over winter. Maize grain yield was 
linearly related to the amount of vetch incorporated before maize at an annualised 
rate of 77 to 121 kg grain per fresh weight tonne of vetch manure. The N fertiliser 
substitution value was about 60 kg N ha-1 as urea. This response may be increased 
by adopting more cold-tolerant vetch (or alternative legumes), and safeguarding 
vetch from villager's livestock. 
 
URLs: http://researchoutput.csu.edu.au/R/-?func=dbin-jump-
full&amp;object_id=34948&amp;local_base=GEN01-CSU01; 
http://dx.doi.org/10.1080/10440046.2011.620228 
 
Author Address:  
mark.conyers@dpi.nsw.gov.au 
peberbach@csu.edu.au 
beverley.orchard@dpi.nsw.gov.au 
twolfe@csu.edu.au 
 
CRO Number: 34948 
 
 
 
 
 
 

http://researchoutput.csu.edu.au/�
http://researchoutput.csu.edu.au/R/-?func=dbin-jump-full&amp;object_id=34948&amp;local_base=GEN01-CSU01�
http://researchoutput.csu.edu.au/R/-?func=dbin-jump-full&amp;object_id=34948&amp;local_base=GEN01-CSU01�
http://dx.doi.org/10.1080/10440046.2011.620228�
http://www.csu.edu.au/�
http://bilby.unilinc.edu.au:8881/R?func=search&local_base=GEN01-CSU01�


 2 

Improving Sustainable Production of Maize on Upland Soils of the 

Democratic People’s Republic of Korea. 

1Jeffrey Evans, 2J N Jo, 1Mark Conyers, 4Y G Mun, 3Philip Eberbach, 5S S Paek,  6Y J 

Ri, S C 5Tok Ko, 1Beverley Orchard, 5Y N Ryang, 5D Y Jong, 4T R Kim, and 3Edwin 

C Wolfe 

 

1NSW Department of Primary Industries, Wagga Wagga Agricultural Institute, 

Private Mail Bag, Wagga Wagga, NSW 2650, Australia 
2General Bureau for Co-operation with International Organisations (GBCIO) 

Pyongyang, Democratic People’s Republic of Korea. 
3Charles Sturt University, School of Agricultural and Wine Sciences, Locked Bag 

588, Wagga Wagga, NSW 2678, Australia 
4Kim Il Sung University, Department of Biology, Pyongyang, Democratic 

Peoples Republic of Korea 
5Academy of Science, Soil Science Research Institute, Pyongyang, Democratic 

People’s Republic of Korea 
6Pyongyang Agricultural University, Pyongyang, Democratic People’s Republic 

of Korea 

 

Running title: Maize in the DPRK 

Corresponding author: Mark Conyers 

Ph.:  +61 2 69381830 

Fax: +61 2 69381809 

Email:  mark.conyers@industry.nsw.gov.au 

 

Key words: cropping system, maize, nitrogen fertiliser, vetch 

No. Tables: 6 

No. Figs : 3



 3 

Abstract:  Maize production in the Democratic People’s Republic of Korea is limited 

by soil infertility. Trials were established at two Co-operative Farms to quantify the 

yield response of maize to fertilizer and to vetch green manure. Crop land is precious 

so the vetch had to be integrated either by a short growth period prior to the crop in 

spring, or risking an autumn sowing for growth over winter.  Maize grain yield was 

linearly related to the amount of vetch incorporated before maize at an annualised rate 

of 77 to 121 kg grain per fresh weight tonne of vetch manure. The N fertiliser 

substitution value was about 60 kg N ha-1 as urea. This response may be increased by 

adopting more cold-tolerant vetch (or alternative legumes), and safeguarding vetch 

from villager’s livestock.  

 

INTRODUCTION 

 

Maize and rice are food staples in the Democratic Peoples’ Republic of Korea 

(DPRK). Maize is grown on 600,000 ha, mostly on upland soils with slopes between 

5 and 15%.  Prior to the early 1990’s, yields fluctuated between 6 and 8 t ha-1 

(Michalk and Mueller, 2003); however, under-use of fertiliser brought on by the 

changed economic conditions (Ireson, 2006) and severe erosion of hill soils, have 

since resulted in maize yields declining to less than 3 t ha-1 in some seasons.  In pre-

project discussions with the Ministry of Agriculture and the Soil Science Research 

Institute (SSRI), it was revealed that 50% of maize soils were classified as poor; 

average organic C content had declined from 10-20 g kg-1 to 5-10 g kg-1 and soil 

cation exchange capacity from 20-30 cmol(+) kg-1 to 5-20 cmol(+) kg-1, over a period 

of approximately 15 years. Overall, 40% of arable land was considered strongly 

deficient in N, 30% deficient in P and 30% deficient in K.  
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In credit-poor DPRK, extensive fertilisation of soil with industrial N fertilizer 

is not feasible. Elsewhere, for a range of cereal systems, N-fixing legumes have 

improved soil fertility and increased crop yields resulting in less need for inputs of N 

fertiliser (Frye et al., 1985; Rowland et al., 1988; Evans et al., 1989, 1991; Jensen, 

1989; McVay et al., 1989; Sullivan et al., 1991; Sheaffer et al., 2001; Bremer et al., 

1992).  However land is not available in DPRK for growing anything other than the 

major crops such as maize and rice. The only permitted opportunity for growing a 

legume green manure crop is in the autumn-spring period, during which time the 

temperatures fall to as low as -30oC, threatening legume survival. In the climate of the 

higher northern latitudes, there is very little information in the literature on the 

systemic change in maize productivity that might be achieved using autumn or spring 

sown legumes for the benefit of a summer-grown cereal. 

In this manuscript we describe maize rotation trials conducted on two sites in 

upland country in the DPRK investigating the impact on maize yield of fertiliser and 

green manuring with either a cold-tolerant winter legume (hairy vetch Vicia villosa) 

or spring vetch (V. sativa). In each case, limitations of these practices and strategies 

for improving their effect are discussed from DPRK and world perspectives.  

 

MATERIALS AND METHODS 

Sites: Field experiments were established at each of two Co-operative Farms: 

Hyongsan (15 km from Pyongyang; 39.05.14 N 125.40.44 E) and UnSong (70 km 

from Pyongyang; 39.36.50 N 125.39.50 E), in the main cereal producing region in 

central western DPRK.  At each site a crop rotation experiment was established in 

2002 or 2003 and maintained to 2005.  General soil chemical characterisation is 

provided in Table 1, with the analyses conducted in Australia. After site selection and 
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trial establishment, all trial site analyses were carried out at the SSRI, Pyongyang. At 

Hyongsan, soil pH (5.2; 1.0 M KCl, 1:5 soil suspension) and available P (72 mg kg-1, 

Colwell, 1963) were satisfactory for maize and vetch growth. Available K (116 mg 

kg-1, equivalent of 75% of exchangeable K recovered by the method of Gillman and 

Sumpter, 1986) was marginal for maize by Australian standards of 120 mg kg-1 

(Gourley, 1999). At UnSong, soil pH (4.0) was sub-optimal for maize (Colless, 1992) 

and symbiotic vetch. Lime-pelleting vetch seed during inoculation was applied to 

minimise possible deleterious effects of acidity on the nodulation of vetch.  Available 

P (76 mg kg-1) was adequate but K availability (50 mg kg-1) was low for both maize 

and vetch. 

(Insert Table 1) 

 

Treatments: There were 12 treatments (Table 2) comprising (1) Crop Rotation: (a) 

traditional, stubble-free continuous maize-fallow [MF] Treatments 1 to 3, (b) 

continuous maize-spring or common vetch [MVs] Treatments 4 to 6, (c) continuous 

maize-winter or hairy vetch [MVw] Treatments 9 and 10, (d) treatment ‘b’ with 

spring vetch additionally established in the inter-row of maize [MiVs] Treatments 7 

and 8, and (e) treatment ‘c’ with winter hairy vetch additionally established in the 

inter-row of maize [MiVw] Treatments 11 and 12; (2) Nitrogen Fertiliser: each crop 

rotation was established without or with urea (+N); (3) Basal Fertiliser: all treatments 

received basal fertiliser (P, K Mo) except that the MF+N (Treatments 2 and 3) and 

MVs+N (Treatments 5 and 6) treatments were also established with and without 

basal.  Vetch sown as a winter or spring crop preceding maize is referred to as phase 

vetch, whilst vetch established between rows of maize is referred to as inter-row 

vetch.  The nitrogen fertiliser treatment (broadcast urea; 60 kg N ha-1) was applied as 
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a split dose, at sowing and at panicle initiation. Basal phosphorus (single 

superphosphate; 10 or16 kg P ha-1) was applied to the maize crop each season at 

sowing. Basal potassium (KCl; 61 kg K ha-1) was applied to the maize crop either as a 

single dose at sowing or as a split dose at sowing and panicle initiation. Basal 

molybdenum (sodium molybdate; 60 g ha-1) was applied once to the initial maize 

crop.  

   (Insert Table 2) 

 

At Hyongsan, the crop rotation experiment commenced with maize in the 

summer of 2002. At UnSong, the crop rotation experiment commenced with phase 

vetch in the autumn of 2002.  Sowing and harvest dates for the maize and vetch crops 

are given in Table 3. The maize variety, Chongun 16, was sown at a rate of 40 to 50 

kg ha-1, with seed placed into ridges spaced at 0.75 m. The winter (hairy) vetch (Vicia  

villosa) cultivar Da Ye Mao Shao Zi (ex. China) was sown at a rate of 30-40 kg ha-1.  

On one occasion, very low temperature (March 2004) destroyed the initial vetch 

establishment and re-seeding was carried out at Hyongsan in early spring, but not at 

UnSong.  The spring-sown vetch (Vicia sativa) cultivar was Blanchfleur (ex. 

Australia), sown at a rate of 60 kg ha-1. The green vetch material from the phase crops 

was incorporated with soil using a mouldboard plough, working on the contour, and 

the maize was transplanted within the following week.  Inter-row vetch, 40 kg ha-1, 

was established within 2 weeks of the maize sowing and grew for about 6 weeks. The 

inter-row vetch was cut while fresh in the first year but in the latter years it was 

sprayed with a desiccant the day before mulching. In all cases, establishment of vetch 

was by broadcasting seed inoculated with the commercial Australian Group E 

inoculant. 
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 (Insert Table 3) 

 

Yield data: Maize biomass and grain yield were estimated from one quadrat (3.3 m2; 

1 pyong) per plot.  As capacity for oven-drying of plant material was severely limited 

by lack of electrical power, maize material was air-dried for 3 days after which grain 

and stalk were separated and weighed individually. The N concentration in maize was 

determined on oven-dried sub-samples using the method of Kjeldahl (Rayment and 

Higginson, 1992). Biomass of vetch was determined from quadrats totalling 1m2 per 

plot, with all above-ground plant material weighed immediately at harvest and 

reported as fresh weights. All yield data were converted to a per hectare basis. 

 

Design and statistical analysis: Both sites used a 3 replicate split-plot design with 

main plots corresponding to the nitrogen treatments and subplots to the rotations. 

Individual plot size was 30m x 5m.  ASReml (Gilmour et al., 2002), was used to fit  

linear mixed models for the two-site analyses of longitudinal data including maize 

grain yield and crop biomass, vetch fresh weight (total and phase), and nitrogen in 

grain, straw and crop fractions. The model included fixed effects for site, nitrogen, 

intercropping (inter-row vetch) and rotation within intercropping, year and all 

interactions of these factors. Random effects included the split plot blocking structure 

for each site with individual components for residual variance at each site in each 

year. In all models the significance of all fixed terms was assessed using Wald tests 

and the significance of random terms was assessed using Residual Maximum 

Likelihood Ratio tests. In the analysis of intercrop vetch fresh weight, only those plots 

with intercropping were considered.   
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The relationship between grain yield and the amount of vetch green manured 

was modelled using a bivariate analysis. Site and year effects for each trait were fitted 

as fixed effects while ‘trait by treatment’ (where treatment corresponds to the 

nitrogen, intercropping, and rotation combinations) and the interactions of this term 

with site and year were fitted as random effects A similar approach was used to model 

the relationship between the 3-year cumulative grain yield and the 3-year cumulative 

amount of vetch green manured.. In each case an unstructured covariance structure 

was fitted to trait by treatment to examine the relationship between the variables at the 

treatment mean level and an unstructured covariance structure was also fitted at the 

residual level. The use of cumulative yields is used to account for residual vetch 

effects on future maize yield, such that the estimated linear regression coefficient is 

interpreted as the mean annual systemic effect of vetch on maize yield in a continuous 

maize-vetch cropping sequence. However, we recognise that the estimate assumes 

that there is nil effect on the regression coefficient from variation in the seasonal 

amount of vetch green manured. 

 

RESULTS AND DISCUSSION 

Maize yields 

The grain yields of maize are summarised in Table 4 while the dry matter data is 

summarised in Table 5. There was a consistent linear relationship between dry matter 

and grain yield of maize at both sites and in all years. The harvest index (grain/dry 

matter) ranged from a mean of 0.50 at Hyongsan in 2005 to 0.55 at Unsong in 2004.  

The treatment effects will therefore be outlined in terms of grain yield only, with the 

text structured according to the contrasts provided by the experimental design. 
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   (Insert Tables 4 and 5) 

 

Basal P, K, Mo 

This contrast was confounded by the application of an incorrect N rate in year 1 (100 

kg N instead of 60 kg N/ha). However at Hyongsan in 2003 the applied 100kg N/ha 

produced more maize grain in Treatments 3 and 6 than in Treatments 2 and 5 

respectively, suggesting that N deficiency dominated any underlying deficiency of P, 

K or Mo. In 2004 and 2005 there was no difference between treatments due to basal 

fertiliser. At the Unsong site there was no difference between the Treatments 2 and 3 

or Treatments 5 and 6 in any year, also suggesting that the addition of basal nutrients 

and the additional 40 kg N/ha were of no value to maize yield. We conclude that any 

underlying deficiencies of P, K and Mo are minimal at these sites. 

 

N fertiliser 

For the MF rotations (with basal nutrients), there was a clear response to N fertiliser 

(Treatment 1 vs Treatment 2) each year at Hyongsan and for the latter two years at 

Unsong. Similarly the MVs rotations (Treatment 4 vs Treatment 5) there were clear N 

responses at Hyongsan for all three years and for the latter two years at Unsong. The 

MVw rotations (Treatment 9 vs Treatment 10) responded to N at Hyongsan for all 

three years and at Unsong for the latter two years. Hence it appears that year one 

(2003) at Unsong had good underlying N fertility. When the inter row vetch is added 

the N demand begins to be satisfied at Hyongsan. In the MVs(phase + ir) rotations 

(Treatment 7 vs Treatment 8) the small additional gains in grain yield each year from 

fertiliser N were not statistically significant. At Unsong however the gains from N 

fertiliser remained significant in years two and three. Under the MVw (phase + ir) 
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rotations (Treatment 11 vs Treatment 12) the small gains from N fertiliser are again 

insignificant at Hyongsan for all three years but significant at Unsong in years two 

and three. We conclude that N fertility is a major yield constraint at these sites. 

 

Fallow vs vetch 

At Hyongsan the two vetch rotations (MVs and MVw) both produced greater yields 

over the three years compared with MF (Treatment 1 compared with Treatments 4 and 

9, all with 0 N fertiliser). The two vetches were not significantly different. At Unsong 

the two vetch rotations produce greater grain yields than MF in years two and three 

only. The two vetches were equivalent. In year 1 at Unsong the Vw (Treatment 9) 

produced greater yields than the MF rotation (Treatment 1). Hence the addition of 

vetch in the rotation lead to an apparent N benefit. 

 

N fertiliser and vetch 

The contrast between Treatment 1 and Treatment 2 is the effect of the 60 kg N 

fertiliser per hectare. Treatment 4 and Treatment 9 provide the effect of phases of 

vetch in the maize rotation under the same basal fertiliser. Hence the value of the two 

vetch species can be compared with N fertiliser (urea). At Hyongsan both Vs and Vw 

provided the same yield as the N fertiliser treatment, and all three were higher 

yielding than the MF rotation without N. At Unsong the Vs and Vw were not 

significantly higher yielding treatments than the N fertiliser treatment in 2003 but in 

2004 and 2005 both vetches (statistically equivalent) yielded below the N fertiliser 

treatment. In 2005 the Vw was not statistically different to the N fertiliser treatment 

due to site variability but its mean yield was closer to the Vs treatment. Hence the 
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phased vetch, especially Vw, has provided yield benefits equal to or approaching that 

of N fertiliser. 

 

Spring (Common) vs Winter (hairy) vetch 

In the absence of N fertiliser (Treatment 4 vs Treatment 9) the two vetches were 

equivalent in promoting maize grain at both sites for all three years. In the presence of 

N fertiliser (Treatment 5 vs Treatment 10) the two vetches were again equivalent at 

both sites in all three years. When inter-row vetch is added to the phase vetch 

(Treatment 7 vs Treatment 12), Vw achieved greater maize grain yields at Hyongsan 

in all three years and in the latter two years at Unsong.  This indicates that Vw is a 

better species for use as an inter-row. 

While the two vetches seem to not differ greatly in the benefits to grain yield, there 

remains a question over their relative N fixation benefits as the efficiency of the 

rhizobial symbiosis is as yet unknown. 

 

Inter row vetch 

In the absence of N fertiliser (Treatment 4 vs Treatment 7) the inter row Vs added 

about 300 kg /ha to maize grain yields each year at Hyongsan (significant in years two 

and three). However the inter row tended to lower maize grain yields by 200 kg/ha at 

Unsong (significant in year three). The Vw (Treatment 9 vs Treatment 11) inter row 

significantly boosted grain yields at Hyongsan in all three years but the 100 kg/ha 

grain increase was not significant in any year at Unsong. In the presence of N 

fertiliser (Treatment 5 vs Treatment 8) the inter row of Vs tended to decrease maize 

grain yield, significantly so in years two and three at both sites. The Vw (Treatment 

10 vs Treatment 12) inter row also tended to decrease maize grain yield at Unsong, 
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significantly in years two and three but had no impact at the Hyongsan site. Overall 

the inter-row vetch shows no short term value in improving maize grain yields. 

 

Vetch yields 

Phase vetch 

In the absence of N fertiliser (Treatment 4 vs Treatment 9) Vs was the superior 

species in year 1 at Hyongsan, equal in year two but inferior in year three (Figure 1). 

The Vs was inferior at Unsong in years one and three (no year two data). In the 

presence of N fertiliser (Treatment 5 vs Treatment 10) the trend was the same as for 

the minus N fertiliser treatments at Hyongsan. At Unsong Vw was initially the 

superior producer of dry matter but the difference was not significant in year three. 

The presence of inter row Vs (Treatment 7 vs Treatment 11) tended to decrease the 

yield of the phase vetch and this was significant in year three at both sites. In the 

presence of inter row vetch and N fertiliser (Treatment 8 vs Treatment 12) Vw started 

poorly at Hyongsan but there was no difference between the two species in years two 

and three. At Unsong Vw started the better of the two vetches but they had similar 

yields in year three (Figure 1). 

 

Inter row vetch 

The main result of significance was the better performance of Vw as an inter row at 

Unsong each year (Figure 1). At Hyongsan there was little difference between the two 

species as inter rows. 

 

   (Insert Figure 1)  
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Total vetch (phase + inter-row) 

Clearly the additional inter row vetch added to total fresh weight (Treatments 4 & 5 vs 

Treatments 7 & 8 and Treatments 9 & 10 vs Treatments 11 & 12, Figure 1). At the 

Hyongsan site there was little difference in the performance of the two vetches but at 

the Unsong site Vw was the superior overall performer. 

 

Phase vetch and N fertiliser 

At Hyongsan the Vs tended to yield more dry matter with N fertiliser but this did not 

reach significance till year three (Figure 1). The same was true at Unsong but the data 

for year two are missing. For Vw the additional dry matter production with N fertiliser 

applied to maize was not significant for all three years at both sites. 

 

Fertiliser responses 

It was not possible to assess the effects of basal P, K and Mo on vetch due to 

the confounding of the N fertiliser application in Treatment 6. However the addition 

of a vetch phase between maize crops will increase the total demand for nutrients each 

year in the new rotations, hence there needs to be ongoing attention to the 

requirements for P, K and other nutrients under these new rotation systems so that 

deficiencies do not limit yield. In this regard, hairy vetch (Vw) has the additional 

virtue of being relatively tolerant of low soil P fertility (Anugroho et al. 2010) 

 

Systemic yield contrasts 

Site and season effects 

In similar years, the yields of vetch at UnSong were consistently greater than at 

Hyongsan, partly because of poorer autumn establishment of winter vetch at 
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Hyongsan in 2003/04 and 2004/05. In the latter season, a brief severe cold event in 

mid March 2005 reduced the survival of vetch at both sites. The effect at Hyongsan 

was severe enough to necessitate re-establishing winter vetch in spring. This cold 

event explained the comparatively low vetch yields at both sites in 2004/05 (Figure 

1), and suggests there is a need for a vetch or alternative legume with greater cold 

tolerance than the variety used in the current study. An alternative might include some 

Medicago spp. (Evans et al., 2004).  

In addition to treatments effects, vetch biomass was variable between plots, 

particularly for winter vetch, because of the practice of communal grazing. In the 

severest case, at Hyongsan in 2002/03, plot yields of winter vetch varied from < 2 FW 

t ha-1 to as much as 24 FW t ha-1).  

 

Averaged systemic grain yield response of maize to vetch 

 The relationships between maize grain yield and the amount of vetch green-manured 

in the season immediately preceding maize establishment are shown in Figure 2. The 

relationships are for the nil N treatments. The nil vetch data on the x axis is the maize-

fallow treatment, while differences in amount of vetch arise from the different vetch 

treatments. Significant positive linear regressions were observed at Hyongsan (Figure 

2a) where the rate of maize grain yield increase per fresh weight tonne of vetch 

ranged from 44 to 143 kg ha-1 (regressions on Figure 2a), depending on season. At 

UnSong the similar relationships were not linear (Figure 2b) because treatments with 

inter-row vetch had, in some seasons, a nil or negative impact on maize yield.  In 

2003, for the initial linear increase, the rate of grain yield increase was 66 kg ha-1 per 

fresh weight tonne of vetch. 
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(Insert Figure 2) 

 

The response of maize yield to the amount of vetch manured was also evident 

when cumulative year effects of vetch were also accounted for (Figure 3). Thus, at 

each site, 3-year cumulative maize grain yield was significantly linearly related to the 

3-year cumulative input of vetch green manure (r = 0.94, at the treatment mean level), 

and there was no difference in the rate of response between sites.  The average 

annualised change in cumulative grain yield with all vetch treatments included was 77 

kg ha-1 per fresh weight tonne of vetch. However, the annualised rate of change in 

cumulative grain yield increased to 121 kg ha-1 per fresh weight tonne (r = 0.98 at the 

treatment mean level; figure not included) when the inter-row vetch treatment was 

excluded. In the study by Seo et al. (2000) in the southern part of the Korean 

peninsular, vetch fresh weight yields of 36-48 t ha-1 produced maize grain yield 

increases of 5.3-6.8 t ha-1, which computes to about 140 kg ha-1 of grain yield per 

fresh weight tonne per ha, substantially greater than in the present study in the 

northern part of the peninsular. It remains to be seen whether such a striking contrast 

is exceptional or more generally valid and what factors may explain such difference. 

 

(Insert Figure 3) 

   

The overall mean grain yield of the maize in the vetch rotations, in the absence 

of urea, was nearly 1.0 t ha-1 (20%) greater than the mean grain yield in the 

corresponding maize-fallow rotation. Ireson (2006) proposed a grain production 

model for self-sufficient grain production in the DPRK that requires increasing 

average maize yield to 5 t ha-1. Application of vetch green manuring to maize 
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production would therefore contribute substantially towards satisfying the goals of 

this model. Furthermore, the observed overall grain yield response was achieved with 

an overall average seasonal input of vetch green manure fresh weight amounting 

to10.6 t ha-1.  Figure 3, though, suggests that a greater yield increase should be 

possible by managing factors that reduced the productivity of vetch. In the current 

study these factors included vetch susceptibility to seasonal extremes of cold 

temperature, the use of spring rather than autumn-sown winter vetch, and the 

permitted foraging or harvesting of vetch for livestock maintenance.  The use of an 

inter-row vetch to increase the amount of vetch green-manured, however, may be 

problematic. Average maize grain yield was significantly reduced from 5.7 t ha-1 in 

the rotation treatment with spring phase vetch to 5.4 t ha-1 with the addition of the 

inter-row spring vetch (lsd = 0.26, p = 0.05).  Also, in the winter vetch treatments 

there was no increase in average grain yield from the additional amount of vetch 

provided by the inter-row treatment. We presume that in some seasons inter-row 

vetch may compete for moisture with maize, jeopardising potential maize grain yield. 

The choice of winter vetch over spring vetch as a more effective legume 

treatment for the maize cropping system was also supported in terms of the legume’s 

impact on maize total crop N and grain N concentration. Thus, at UnSong in 2004 and 

2005, averaged over the N fertiliser treatments, winter hairy vetch significantly (p = 

0.002) increased the total N content (kg N ha-1) of maize as compared to maize in the 

fallow or spring vetch treatments. Including an inter-row vetch with phase vetch, 

though, failed to increase maize crop N above that of the phase vetch treatment. 

Indeed, in 2005, maize crop N was reduced by the inter-row winter vetch relative to 

the phase-only vetch treatment. Grain N concentration (Table 6) was increased 
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significantly by vetch, more so by winter vetch than spring vetch, except where inter-

row vetch and urea were each used in the rotation. 

 

(Insert Table 6) 

 

Apparent N fertiliser value of the vetch manure 

In the absence of urea, the average (across sites and seasons) grain yields achieved in 

the four rotation treatments involving a vetch green manure (5.4, 5.3, 5.5, and 5.7 t ha-

1) were statistically similar to, or greater than, the average grain yield in the maize-

fallow treatment supplemented with urea (5.1 t ha-1; lsd = 0.55, p = 0.05). This 

indicates an apparent average N fertiliser-substitution value (NSV) for the vetch 

manures at least similar to urea applied at 60 kg N ha-1. In the Appalachian region of 

USA, prior winter vetch crops (3.8-4.8 DM t ha-1, about 30 fresh weight t ha-1) 

produced maize biomass yields similar to applying N fertiliser at 70 kg N ha-1 

(Sullivan et al., 1991) and in other studies the NSV of winter hairy vetch ranged from 

50-112 kg N ha-1 (Herbeck et al., 1987; Tyler et al., 1987; Neely et al., 1987: all cited 

by Sullivan et al., 1991), or on the southern Korean peninsular from 60-180 kg N ha-1 

(Seo et al., 2000). The average NSV of vetch in the current study was, therefore, at 

the lower end of reported ranges. 

 

Role of urea 

In the treatments that received both vetch and urea, the mean yields in the four 

treatments that included vetch (5.9, 5.6, 6.0, and 5.9 t ha-1) were significantly 

increased above the mean yield in the maize-fallow treatment supplemented with urea 

only (5.1 t ha-1, lsd = 0.55, p = 0.05), except where an inter-row spring vetch was 
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used. Thus, as applied in the current study, the role of vetch alone in improving food 

security was not optimal; some urea was required to maximise maize grain yield, 

though the amount is likely to be less than the 60 kg N ha-1 used in this study, because 

of the NSV of the vetch manure.  

Another reason for including urea concerns the resilience of grain production 

to seasonal effects. For example, at UnSong, the grain mean yield differences between 

2003 and 2004, and 2003 and 2005, averaged across all rotations, were greater for 

treatments without urea (mean differences of -1.87 and -2.57 t ha-1 respectively) than 

with urea (mean differences of -1.26 and -1.26 t ha-1 respectively).  This suggests that 

maize yield underpinned only by vetch may be more susceptible to seasonal variation 

than when underpinned with urea, which is a reasonable assumption given the 

susceptibility of vetch growth (and its subsequent mineralisation) to seasonal variation 

in rainfall and temperature. 

 

CONCLUSIONS 

 

The overall mean maize grain yield in the traditional maize-fallow treatment on the 

two Cooperative farms, 4.6 t ha-1, suggests these farms represent typical current maize 

yield production capacity in the DPRK. The current study showed that intersecting 

summer maize cropping with autumn or spring vetch for green-manuring increases 

maize yield, with an expected (annualised) maize grain yield response of 121 kg ha-1 

per fresh weight tonne of applied vetch green manure when the inter-row vetch is 

excluded. Effort should be made, therefore, to maximise the biomass of the phase 

vetch crop.  This study indicated that in this endeavour winter vetch should be used in 

preference to spring vetch, the vetch should be quarantined from foraging, and a 
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program developed to identify more cold-tolerant vetch lines or alternative legumes. 

These strategies should enable grain yield increases in excess of 1 t ha-1 over current 

maize production levels, thus assisting with food security, and reduce demand for N 

fertiliser for maize production.   

Whilst the overall conclusion from these contrasts was that the use of a vetch phase in 

the maize rotation will increase grain yields of maize, and gradually reduce the need 

for N fertiliser, there remains the issue of relative costs. While N fertiliser is imported 

and hence expensive, the cost of growing legume seed and of producing inoculum is 

as yet unknown in DPRK. In particular, the cost of setting aside ungrazed land for 

legume seed production, in a nation struggling to produce enough grain for human 

consumption, will be a major social obstacle.  
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Table 1. Soil chemical properties at the two trial locations; Unsong and Hyongsan. 

 

Variable  Unsong 0-10 cm Hyongsan 0-20 cm 

 

pH (CaCl2) 5.2 6.1 

Ex Ca cmol(+)/kg aGillman Sumpter 5.62 11.88 

Ex Mg cmol(+)/kg aGillman Sumpter 1.14 2.58 

Ex Na cmol(+)/kg aGillman Sumpter 0.05 0.12 

Ex K cmol(+)/kg aGillman Sumpter 0.10 0.36 

K mg/kg b0.2 M HCl 36 134 

C% Leco 1.36 2.64 

N% Leco 0.11 0.15 

C:N calculation 12.7 17.6 

NH4-N mg/kg 1M KCl 14.3 35.7 

NO3-N mg/kg 1M KCl 3.1 3.4 

P mg/kg b0.2 M HCl 87 143 

EC (dS/m)  0.061 0.148 

a Gillman & Sumpter (1986) 

b  This method is used in DPRK for extracting P and K, and correlates well with 

methods used in Australia, based on a composite soil sample from each of the 5 trial 

sites used in our overall project: 

(0.2 M HCl - K) = 0.73 (Ex K) + 16.4   r2 = 0.996 

(0.2 M HCl – P) = 1.22 (Colwell P)       r2 = 0.960 
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Table 2 Treatments applied in the maize rotation trials at both sites. 

 

Rotation Summer 

2002 

Winter 

2002 

Summer 

2003 

Winter 

2003 

Summer 

2004 

N 

Kg/ha 

Basal 

P, K 

Mo 

1 Maize Fallow Maize Fallow Maize 0 Yes 

2 Maize Fallow Maize Fallow Maize 60 Yes 

3 Maize Fallow Maize Fallow Maize 60 No 

4 Maize Common 

vetch 

Maize Common 

vetch 

Maize 0 Yes 

5 Maize Common 

vetch 

Maize Common 

vetch 

Maize 60 Yes 

6 Maize Common 

vetch 

Maize Common 

vetch 

Maize 60 No 

7 Maize + 

Common 

vetch 

Common 

vetch 

Maize + 

Common 

vetch 

Common 

vetch 

Maize + 

Common 

vetch 

0 Yes 

8 Maize + 

Common 

vetch 

Common 

vetch 

Maize + 

Common 

vetch 

Common 

vetch 

Maize + 

Common 

vetch 

60 Yes 

9 Maize Hairy 

Vetch 

Maize Hairy 

Vetch 

Maize 0 Yes 

10 Maize Hairy 

Vetch 

Maize Hairy 

Vetch 

Maize 60 Yes 

11 Maize + 

Hairy 

Vetch 

Hairy 

Vetch 

Maize + 

Hairy 

Vetch 

Hairy 

Vetch 

Maize + 

Hairy 

Vetch 

0 Yes 

12 Maize + 

Hairy 

Vetch 

Hairy 

Vetch 

Maize + 

Hairy 

Vetch 

Hairy 

Vetch 

Maize + 

Hairy 

Vetch 

60 Yes 
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Table 3 Sowing and harvest dates for maize and vetch at the two trial sites. 

Table 3a. Hyongsan. 

Maize 

Year Sowing date Biomass harvest Grain harvest 

2002 18 May 6 September 6 September 

2003 20 May 14 September 14 September 

2004 27 May 4 September 4 September 

2005 18 May 4 September 4 September 

Spring vetch 

2003 phase 13 March 18 May na 

         inter-row 29 May nk na 

2004 phase 14 March 13 May na 

         inter-row 27 May nk na 

2005 phase 22 March 14 May na 

         inter-row 24 May 5 July na 

Winter vetch 

2002/03 phase 29 September 18 May na 

              inter-row 29 May nk na 

2003/04 phase 14 March† 13 May na 

              inter-row 27 May nk na 

2004/05 phase 27 September†† 14 May na 

              inter-row 24 May 5 July na 

†initial autumn 2003 sowing failed, re-sown in spring 2004 

†† poor stand development from initial sowing, re-sown on 22 March 2005. 

na, not applicable; nk not known 
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Table 3b. UnSong. 

Maize 

Year Sowing date Biomass harvest Grain harvest 

2002 (trial site changed) 

2003 20 May 21 September 21September 

2004 16 May 17 September 17 September 

2005 21 May  14 September 14 September 

Spring vetch 

2003 phase 13 March 16 May na 

         inter-row 30 May nk na 

2004 phase        Sowing failed na 

         inter-row 24 May 15 July na 

2005 phase 11 March 19 May na 

         inter-row 28 May 12 July na 

Winter vetch 

2002/03 phase 4 October 16 May na 

              inter-row 30 May nk na 

2003/04 phase 26 September 21 May na 

              inter-row 24 May 15 July na 

2004/05 phase 23 September 19 May na 

              inter-row 20 May 12 July na 

na, not applicable; nk not known 
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Table 4 The grain yields of maize at two sites, Hyongsan and Unsong, over three 

years (2003-05). 

M = maize, F = fallow, Vs = spring vetch, Vw = winter vetch, iV = inter-row vetch, 

+N = Urea fertiliser, -B = without basal P, K and Mo.  

 Hyongsan Unsong 

Treatment 2003 2004 2005 2003 2004 2005 

1 MF 3.56a 3.80a 3.84a 6.27a 4.40a 3.72a 

2 MF+N 4.37b 4.58b 4.65b 7.05abc 5.79d 5.80d 

4 MVs 4.41b 4.65b 4.70b 7.13abc 5.25bc 4.57c 

5 MVs+N 5.23cd 5.44d 5.51de 7.91cd 6.65f 6.65f 

7 MiVs 4.72bc 4.96c 5.01c 6.92ab 5.05b 4.37b 

8 MiVs+N 4.91bcd 5.12c 5.19c 7.07abcd 5.81d 5.82d 

9 MVw 4.49b 4.73b 4.78b 7.21bcd 5.33bc 4.65cd 

10 MVw+N 5.31d 5.52d 5.59e 7.99d 6.73f 6.73f 

11 MiVw 5.11cd 5.35d 5.40d 7.31bcd 5.44c 4.76d 

12 MiVw+N 5.29d 5.50d 5.57de 7.46bcd 6.20e 6.20e 

LSD 5% 0.553 0.220 0.189 0.937 0.305 0.175 

3 MF+N-B 6.71a 4.57a 4.77a 7.14a 6.06a 6.14a 

6 MVs+N-B 7.46b 5.33b 5.53b 7.89b 6.81b 6.89b 
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Table 5 Dry matter yields of maize at two sites, Hyongsan and Unsong, over two 

years (2004-05). 

M = maize, F = fallow, Vs = spring vetch, Vw = winter vetch, iV = inter-row vetch, 

+N = Urea fertiliser, -B = without basal P, K and Mo.  n.d. = not determined. 

 

 Hyongsan Unsong 

Treatment 2003 2004 2005 2003 2004 2005 

1 MF n.d. 8.07a 8.19a n.d. 8.09a 8.06a 

2 MF+N n.d. 9.38bc 9.58c n.d. 11.12d 11.12c 

4 MVs n.d. 9.13b 9.25b n.d. 9.15b 9.12b 

5 MVs+N n.d. 10.44g 10.64fg n.d. 12.19e 12.19de 

7 MiVs n.d. 9.66cd 9.99d n.d. 9.51b 7.71a 

8 MiVs+N n.d. 9.88de 10.19de n.d. 10.64cd 10.86c 

9 MVw n.d. 9.23b 9.35bc n.d. 9.25b 9.22b 

10 MVw+N n.d. 10.54g 10.74g n.d. 12.29e 12.29e 

11 MiVw n.d. 10.07ef 10.41ef n.d. 9.92bc 8.12a 

12 MiVw+N n.d. 10.29fg 10.61fg n.d. 11.06d 11.27cd 

LSD 5% n.d. 0.285 0.285 n.d. 0.976 0.976 

3 MF+N-B n.d. 9.77a 10.03a n.d. 11.05a 11.62a 

6 MVs+N-B n.d. 10.77b 11.03b n.d. 12.05b 12.62b 
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Table 6. Influence of rotation and urea-N on the grain N concentration (%) of maize at 

UnSong. Data are means over years.  

Rotation Nitrogen (kg N ha-1) 

 0 60 

MF 0.89 a 1.11 c 

MVs 1.02 b 1.15 c 

MVw 1.09 bc 1.31 d 

MiVs 1.12 c 1.09 bc 

MiVw 1.27 d 1.25 d 

Values with a common letter are not significantly different (lsd = 0.071, p = 0.05) 
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Figure captions 

Figure 1. The influence of rotation on phase and inter-row vetch fresh weight yields 

during three seasons (2003-2005) at Hyongsan and UnSong. 

Figure 2. The increase in maize grain yield with increase in vetch fresh weight during 

three seasons (2003-2005) at Hyongsan and UnSong. 

Figure 3.  Relationship between 3-year cumulative grain yield of maize (CM; t ha-1) 

with the 3-year cumulative amount of vetch (CV; FW t ha-1) green manured at 

UnSong (upper dashed line; CM = 0.077 x CV + 14.50) and Hyongsan (lower full 

line; CM = 0.077 x CV + 12.45). At the treatment mean level the model correlation is 

r = 0.94, p < 0.001. 
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Figure 2 
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Figure 3 
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