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ABSTRACT

IMPACT OF LEGUME AND FERTILIZER NITROGEN ON SMALLHOLDER
MAIZE (Zea mays L.) CROPPING SYSTEMS IN NORTHERN ZIMBABWE

By

Peter Jeranyama

Growing maize (Zea mays L.) in rotation or intercropped with legumes may
maintain soil fertility and prevent yield declines associated with smallholder cropping
systems of Zimbabwe. This research was conducted in Zimbabwe on a Typic
Kandiustalf to (i) evaluate the impact of relay-intercropping a food legume (cowpea;
Vigna unguiculata L.) and a tropical forage legume (sunnhemp; Crotalaria juncea L.)
into maize, and (ii) assess the effects of a systematic rotation of maize with groundnut
(Arachis hypogaea L.) on maize yields and economic returns.

Relay intercropping legumes into maize fertilized at 60 kg N ha™ did not result
in yield reductions of the companion maize crop. However, relay-intercropping
legumes into maize fertilized at 120 kg N ha™ was associated with yield declines of
20-34% for a companion maize crop. In the subsequent year, maize grain yields were
increased by 20% following maize-legume intercrops relative to continuous maize
when no fertilizer was used. Maize grain yield increases following maize and legume
intercrops were sufficient to pay legume seed outlays in the intercropping year. The

research suggests that intercropped annual herbaceous legumes when integrated with



small amounts of inorganic N fertilizer offers a strategy to meet the N needs on
smallholder farms of Zimbabwe.

Maize grain yields were 0.1-2.2 Mg ha™ higher following groundnut than
following maize. Fertilizer needs of maize following groundnut were reduced by up to
72 kg N ha™ compared to continuous maize. However, these results were sensitive to
rainfall distribution. A marginal benefit cost analysis showed that continuous maize at
92 kg N ha™ optimized marginal benefits when compared to rotation in a scenario
where family labor had an opportunity cost. The low groundnut yields and little yield
improvements for maize following groundnut on-farm, and the high labor costs
associated with groundnut made the rotation less profitable than continuous maize,
especially when maize was grown with some fertilizer. The results for groundnut-
maize rotation underline the need for research to (i) increase the yield of groundnut on
smallholder farms and (ii) reduce the associated labor costs in producing groundnut

without adding much to cash costs.



ACKNOWLEDGEMENT

The task of producing a dissertation of this quality requires much help and
encouragement. I thank Dr. Oran B. Hesterman, who served as my major professor for
most of my stay at Michigan State University and Dr. Stephen R. Waddington of
CIMMYT-Zimbabwe served as my local advisor. I relied on their wise counsel and
mentorship. Dr. Richard R. Harwood served as major professor in the last phase of my
studies at a time I thought mission was impossible. I am indebted to Dr. Richard H.
Bernsten, who taught me economic analysis and Dr. Richard W. Ward, who served on
my guidance committee. Special thanks to Drs. Boyd Ellis, Eunice Foster and
Lawrence Copeland who took a keen interest in my progress.

I could not have done this research without the sacrifices of the sweet heart of
my dreams-wife Letina and son Bongani "Bobo" Tinotenda. They let me take a 2-yr
leave from family while I pursued this research. Letina and Bobo, I cannot thank you
enough.

This research was funded by the Rockefeller Foundation and the W K. Kellogg
Foundation. Professional companionship of Drs. Anil Shrestha, Irvine Mariga, Daniel
Rasse and Mr. Johannes Karigwindi is acknowledged. Milton Kamwendo, the zalk
shows at Msasa Park were medicines to my soul. Finally ’thanks be unto the Lord
Jesus Christ who is able to do exceedingly above all that I ask or think, according to

the power that works in me’.

iv



PREFACE

Chapters 1 and 2 of this dissertation are written in the style required for
publication in the Agronomy Journal. Chapter 3 is written in the style required for

publication in the Agricultural Systems.
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CHAPTER ONE

RELAY-INTERCROPPING OF ANNUAL LEGUMES INTO A MAIZE
(Zea mays L.) SYSTEM IN ZIMBABWE

ABSTRACT

Declining maize (Zea mays L.) yields in the smallholder cropping systems of
northern Zimbabwe present the need to develop a more sustainable production system.
Increased maize production will continue to emphasize the use of inorganic fertilizers.
However, rising real prices of inorganic fertilizers is driving smallholder maize
production towards lower levels of inorganic fertilizer inputs. Meanwhile, legume
intercrops are a source of plant N that can be produced within local environments and
offer a practical complement to inorganic fertilizers.

This article evaluates the impact of relay-intercropping a food legume - cowpea
(Vigna unguiculata), and a tropical forage legume - sunnhemp (Crotolaria juncea) into
smallholder maize in Zimbabwe. Field studies were conducted on a loamy sand
(Typic Kandiustalf) soil at a mid altitude site for two years. The objectives of the
study were to quantify (i) biomass and N yield of legumes intercropped into maize, (ii)
the impact of the legumes on companion maize grain yield and N uptake, and (iii) the
response of the subsequent maize crop to relay-intercropped legumes.

Herbage biomass as dry matter yield ranged from 0.6 to 4.6 Mg ha™ for

1



cowpea and 0.9 to 2.9 Mg ha™ for sunnhemp, over the two years. Highest above-
ground N yield for cowpea was 154 kg N ha™ compared to 82 kg N ha™ for
sunnhemp. Companion maize grain yields were not reduced when legumes were relay-
intercropped into maize fertilized at zero and 60 kg N ha™ in each of the two years.
However, maize yields were reduced 20 to 34 % when maize-legume intercrops were
fertilized at 120 kg N ha™. In the subsequent year, maize grain yields were increased
by 20% following maize-legume intercrops when no fertilizer N was applied,
compared to maize following maize. From fertilizer replacement value calculations,
legumes reduced fertilizer needs of a subsequent maize crop by up to 36 kg N ha™.
This study suggests that annual herbaceous legumes relay-intercropped into
moderately fertilized (>0-60 kg N ha™') maize can maintain yields of the companion
maize crop while enhancing yields in a subsequent maize crop. The study did not

assess long-term effects of the increased crop diversity and cover crops.



INTRODUCTION

Declining maize (Zea mays L.) yields in the smallholder cropping systems of
Zimbabwe present the need to develop a more sustainable production system. To
continue to increase maize production will require emphasis on the use of inorganic
fertilizers (Waddington and Heisey, 1997). However, legume cover crops are a source
of plant nutrients that can be produced within local environments and they offer a
practical complement to inorganic fertilizers.

In Zimbabwe, green manures were heavily researched from the 1920’s to
1940’s (Metelerkamp, 1988), and large-scale commercial farms (the second sector in a
dichotomous agriculture) used green manures widely. Although there was no deliberate
effort (with documented evidence) to promote the use of green manures by the
smallholder sector, there were informal reports that some smallholders did use some
green manures such as sunnhemp (Crotolaria juncea L.) to maintain soil fertility
(Hikwa et al., 1997). This practice continued until real prices of inorganic fertilizers
fell in the 1950’s and green manures became uneconomic (Tattersfield, 1982).
However, rising real prices of inorganic fertilizers in the recent past and concerns
about the sustainability of current smallholder cropping systems have once again

attracted interest in green manures (Hikwa and Mukurumbira, 1995).



Although green manures have once again become popular among agricultural
scientists, the growing of legume sole-crop green manures in fallows have been
rejected by smallholders because of labor and land constraints. At current fertilizer
costs, most smallholders will grow maize with very little or no fertilizer. There
remains potential to integrate legume cover crops in the existing cropping systems as
intercrops. If legumes are intercropped in a timely manner, competition with the maize
crop for resources (light, water, nutrients) can be minimized while legume herbage N
can be accumulated. This technology is unlikely to directly benefit the companion
crop, but has potential to increase the yields of a subsequent maize crop (Jeranyama,
1995).

If food legumes are not to be a net drain on N from the system, they must fix
at least as much N as is removed from the field in grain or other produce when the
legume is harvested (Giller et al., 1994). When an abundant supply of mineral N is
available in the soil profile, legumes preferentially utilize soil N at the expense of N,-
fixation (Allos and Bartholomew, 1956). In such cases, the legume removes more
nitrogen from the soil than it fixes from the atmosphere, which results in a net loss of
available nitrogen for the companion crop. However, as soils in the smallholder farms
have low inherent fertility (Grant, 1970; Mashiringwani, 1983), percent N from N,-
fixation tends to be high and legumes often contribute N to the system in excess of
their own requirements.

When food legumes are used to supply biological N to soil, those with a low

N harvest index (N in harvested grain per unit total above-ground N) will be most



valuable as they are associated with less N removal from the field in harvestable grain.
Values of the N harvest index vary from 90% in soybean to only 25-40% in some
genotypes of cowpea, groundnuts (Arachis hypogea), and pigeon pea (Cajanus cajan)
(Giller et al., 1994). Unlike food crops, forage legumes are usually not intercropped
with cereals in the region (Okigbo and Greenland, 1976), probably because forages do
not contribute directly to the food security of farmers (Kumwenda et al. 1996). There
is often a direct conflict between the need to assure immediate food supply and the
need to assure future food supply by building up soil fertility over a long period.
Kumwenda et al. (1996) noted that farmers discount the value of a benefit that will
only be achieved several years from when investments were made. The most suitable
legumes from a soil fertility perspective are often the most difficult to.adopt and
usually offer no value for human consumption.

Smaltholder farmers rarely plant crops solely for use by livestock. Producers
cannot afford to take risks in subsistence agriculture, so priority of resources, such as
labor, is given to staple food crops. Accordingly, and ironically, legume forages
currently have little place in crop-based systems even though these systems potentially
offer the best opportunities for legume introduction (Thomas and Sumberg,

1995).

The percent of nitrogen from N,-fixation in intercropped legumes is generally
higher than that of legume monocrops in a given environment as the supply of soil N
available to the legume is reduced by competition for N from the cereal crop

(Rerkasem and Rerkasem, 1988). However, total yield of fixed N is often reduced as



the grain legume occupies less land area and is subject to competition for resources,
particularly for light, from the taller cereal crops (Nambiar et al., 1983).

Two common methods of assessing the N contribution by legume to a cropping
system are total N content in legume herbage biomass and fertilizer replacement value
(FRV) (Hesterman, 1988). The method based on total N legume biomass assumes that
all legume N produced is mineralized and is available to the subsequent cereal crop. In
fact some studies suggest that only 10-30% of the N incorporated in the legume
material is absorbed by the following crop (Ladd et al., 1983; Harris and Hesterman,
1987), with the excess accounted for in soil organic matter, in the inorganic soil N
pool and by losses due to denitrification and leaching.

Fertilizer replacement value (FRV) is defined as the quantity of N fertilizer
required to produce a yield in a crop that does not follow a legume that is identical to
that produced by incorporation of a legume (Hesterman, 1988). Reported FRV’s for
maize-cowpea or maize-black gram (Vigna mungo) intercrops in the subsequent year
ranged from 31 to 54 kg N ha™ (Nair et al., 1979; Singh, 1983).

There remains controversy as to whether cereals benefit directly from N, fixed
by intercropped legumes, or whether the enhanced N uptake sometimes observed in
intercrops is simply due to a ’sparing’ of soil N by the legume for use by the cereal
(Agboola and Fayemi, 1972; Remison, 1978; Pandey and Pendleton, 1986).

Legume cover crops are included in cropping systems because they reduce soil
erosion (Giller and Cadisch, 1995), suppress weeds (Exner and Cruse, 1993) and fix

biological N (Giller et al.,, 1994). However, legume cover crops can also deplete soil



moisture necessary for grain production in semi-arid areas (Baduruddin and Meyer,
1989) and compete for light and nutrient with the main crop (Ofori and Stern, 1987).
There is therefore a need to develop cover crop strategies that comply successfully
with the overarching necessity of water conservation in dryland cropping systems.
Moisture conservation is however, not the major thrust of this study.

Annual herbaceous legumes may provide opportunities for cover crops that
provide biological N and at the same time generate fewer water deficit problems than
longer-lived legumes such as the woody perennials currently being promoted in
agroforestry. However, herbage biomass N from herbaceous plants may be insufficient
to overcome soil N deficiencies in smallholder farms. The integration of small amounts
of inorganic N fertilizer with the organic materials (legume cover crop) offers a
strategy to meet the N needs of smallholder farms (Jama et al., 1997, Waddington and
Heisey, 1977).

Objectives. The objectives of this study were to (i) quantify legume herbage
biomass and N accumulation of a food and a forage legume relay-intercropped into
maize, (ii) evaluate impact of relay-intercropped legumes on the companion maize
crop, and (iii) evaluate response of a subsequent maize crop to relay-intercropped

legumes and compare this with the response to fertilizer N.



MATERIALS AND METHODS

This study was conducted in 1996 and 1997 at Domboshava (elevation approx.
1500 masl), 31 km north east of Harare. The area has Typic Kandiustalf which is
generally infertile with coarse-grained loamy sand soil. Trophic soil properties were
characterized at the beginning of the study (Table 1.1).

Maize (Zea mays L. 3-way cross hybrid R215) was hand-planted at two seeds
per station on tractor disc-plowed land. Designated plots were received 22 kg N ha™,
28 kg P ha and 19.5 kg K ha™ applied as Compound D (8 14 7) before planting.
Additional fertilizer of 0, 60 and 120 kg N ha™ as NH,NO,, was applied in designated
plots as a dollop next to each station about 48 days after planting (V6 growth stage of
maize) when the soil moisture level in the ground was at field capacity. Maize plant
spacing was 0.9 m between rows and 0.5 m within row giving a plant population
density of 44, 444 plants per hectare. Each plot was 10 m x 6.4 m.

Weeds were removed by hand as necessary. Two legumes, cowpea (Vigna
unguiculata L.) - a food legume, and sunnhemp (Crotalaria juncea L.) - a forage
legume, were relay-intercropped into maize (two legume rows between adjacent maize
rows) in each of two years. Legumes were planted as intercrops at about 28 days after
maize planting (V4 stage) in pre-assigned plots. Legumes were seeded at in-row

spacings of 10 cm, achieving a plant population of 111, 000 plants per hectare.
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The legume seeds were not inoculated with rhizobia before planting, which
corresponds to local farmer practice. Also, an unfertilized plot with maize alone was
included in each replication as control.

Above-ground herbage biomass of legumes was sampled at 45, 60 and 75 days
after planting (DAP) the legumes using hand secateurs from a 0.09 m? quadrant.
Weeds were hand separated from legumes and legume herbage was dried at 60 C
temperature for at least three days for dry matter yield.

Photosynthetically active radiation (PAR) was measured in 1997 at 50 and 75
DAP (legume) using a Licor sensor meter. Readings were taken just above the maize
canopy, just above understory legume and on the ground under the legume.

Maize grain was harvested from a 1.8 m x 4 m section of the center two rows
in each plot so that the area harvested was 7.2 m?. Grain yields were adjusted to 125 g
kg™ moisture content. Maize stover was harvested from a single center-most row in a
0.9 m x 4 m section and yields were expressed as dry matter per hectare.

In the subsequent year, maize following maize-legume intercrops was
established on the same plots. This crop was fertilized with two split applications of 0,
46, 92 and 138 kg N ha™, initially as Compound D at planting and NH,NO, as side

dress at about V6-V8 maize growth stage.

Plant and Chemical Analysis. Total N in maize grain, stover and legume herbage was
determined by a modified micro-Kjeldahl method. Dry plant materials were ground in

a Wiley mill to pass through a 2-mm screen. Plant samples of 0.1 g were digested in 4



ml of 18 M H,SO, with 1.5 g K,SO, and 0.075 g Se catalyst. Following digestion total
NH,* was determined by spectrophotometry. Total N yield was calculated as the

product of dry matter yield and nitrogen concentration.

Statistical Analysis.

In the relay-intercropping year, the experiment was planted as a randomized
complete block design (RCBD) with treatments replicated three times. Analysis of
variance (ANOVA) was used to analyze treatment differences for grain yield, total

above-ground biomass, grain N content and total N uptake of maize. When N applied

e mmmm————

was significant, response was further partitioned into linear and quadratic trends from
single degree of freedom comparisons and regression equations determined in Proc
Reg of SAS (SAS, 1997).

Legume herbage biomass was analyzed as a repeated measures experiment with
a first order auto-regression correlation type [AR(1)] over sampling periods in Proc
Mixed of SAS (SAS, 1997). Due to a significant (P< 0.05) three way interaction of
legume x N applied x sampling period, a reduced model of herbage biomass and N
yield was used within a sampling period. In the reduced model, herbage biomass and
N yield was analyzed as an RCBD, with treatments replicated three times.

In the subsequent year, experiment was a RCBD with a split-plot arrangement,
replicated three times. The first year cropping system [maize + 1st-yr. N or maize-
legume + 1st-yr. N] were whole plots and 2nd-yr. N rates were subplots. Analysis of

variance using Proc GLM (SAS, 1997) was used to identify treatment effects.
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Response to N fertilizer rate in the 2nd-yr. were determined by evaluating linear and
quadratic trends from single degree of freedom comparisons. Whenever trends were
significant, regression equations were calculated to determine fertilizer replacement

values (FRV) of relay-intercropped legumes in the preceding year.
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RESULTS AND DISCUSSION

Legume herbage biomass. A significant legume x nitrogen interaction was
observed in both years for herbage biomass and N yield. Hence legumes herbage
biomass (as dry matter, DM) and N yields are presented separately for each N rate
(Tables 1.2 and 1.3). Herbage biomass ranged from 0.6 to 4.6 Mg ha™ for cowpea
and from 0.9 to 2.9 Mg ha™ for sunnhemp. These herbage biomass yields are similar
to those recorded with pigeon pea (Cajanus cajan L.) when grown alone (2.07-3.21
Mg ha , Kwatpata 1984) and when intercropped with maize in Malawi (3.0 Mg ha
Sakala, 1994).

Response of legumes to N fertilizer were determined by evaluating linear and
quadratic trends from a single degree of freedom comparisons. In 1996, only
sunnhemp was linearly related to N applied. Sunnhemp herbage biomass yield was
positively correlated (r = 0.55; P< 0.1) with N rate. However, cowpea and N applied
were not significantly correlated (P< 0.1), but herbage biomass was lowest at the
maximum N applied (Table 1.2). Differences in response by the two species are
mainly due to different growth habits. Cowpea will get more shade from fast covering
high N rate maize, but sunnhemp grows up (erect) into the maize canopy and
intercepts more light. In 1997, both cowpea and sunnhemp linearly responded to N

applied and were negatively correlated with N rate, with r = -0.55 and -0.41
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respectively, at P< 0.1. Herbage biomass tended to decline with increased N rate
(Table 1.3).

The negative correlation of herbage biomass to applied N could be explained
by the direct effects of shading by associated maize on dry matter production by the
legume. Because dry matter production in crops depends on the efficiency of
interception of photosynthetically active radiation (PAR) (Biscoe and Gallagher, 1977,
Monteith, 1977), shading of the legume understory resulted in low herbage biomass. In
this study, PAR recorded in 1997 shortly before tasselling were 87, 78 and 61 percent
for understory legume in maize-legume intercrops fertilized with 0, 60 and 120 kg N
ha , respectively (data not shown). The PAR recorded indicated a fair amount of

shading in the understory legume at 120 kg N ha™.

Legume N yield. Legume N yields ranged from 15 to 154 kgN ha™ for cowpea and 23
to 82 kg N ha™ for sunnhemp (Tables 1.2 and 1.3). Giller and Wilson (1991) have
shown that tropical legumes grown in pure cultures can often accumulate 100-200 kg
N ha’ in 100-150 days. The range of N yields reported in our study are somewhat
lower, partly because the legumes were intercropped and were allowed to grow for a
maximum of only 75 days. Legume N yields in intercrops are usually lower than those
from sole legumes because intercrops occupy less land area and are subject to
competition for resources, particularly for light, from the taller cereal crop ( Nambiar
et al. , 1983).

In 1997, N yields of cowpea and sunnhemp were negatively correlated to N

13



rate (r = -0.56 and -0.52 ; P< 0.1, respectively). Giller and Cadisch (1995) reported a
decrease in N, fixation by legumes due to the ’problem’ of excessive plant-available
N. Our results suggest that N yields are reduced in the presence of an increased
inorganic N pool and due to the shade effects by maize fertilized at high N rates (<60
kg N ha’. Furthermore, Eaglesham et al. (1983) concluded from pot studies that
fertilizer N applications in excess of 25 kg N ha™ would be likely to inhibit N fixation

of cowpea under field conditions.

Relay-intercropped maize yields. Due to a significant (P< 0.05) cropping system x
nitrogen rate interaction, data are presented as response of maize to cropping system
and fertilizer N. Because legume x nitrogen interactions were not significant, and
main effects of cowpea and sunnhemp were not significantly (P< 0.05) different, data
were averaged across the two legumes. Least square equations for maize grain yield,
grain N content and total above-ground biomass in response to applied nitrogen in
maize-legume intercrop systems and sole maize were calculated (Table 1.4).
Relay-intercropping cowpea and sunnhemp into maize fertilized with zero or 60
kg N ha’!, was not associated with a significant (P< 0.05) grain yield reduction (Figs
1.1 and 1.2). However, relay-intercropping legumes into maize fertilized with 120 kg
N ha™ resulted in significant grain yield reductions of 18% in 1996 (Fig 1.1) and 32%
in 1997 (Fig 1.2), respectively compared to unfertilized sole maize.
Results for zero and 60 kg N ha’ which are representative of the range of N

rates that smallholders in Zimbabwe often use suggests that legumes could be relay-
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intercropped into maize without decreasing maize grain yields. In fact, yields were
slightly improved at these N rates, however, not significantly so. Also, our results
agree with those of Haizel (1974) working with maize-cowpea, and Andrews (1972)
and Rees (1986) with sorghum-cowpea intercrop systems, in which no maize yield
suppressions nor increases were observed.

Maize grain yield reductions at 120 kg N ha™ likely resulted from competition
for resources such as moisture, light and nitrogen with the legume. The maize grain
yield reduction of 18-32% when maize was relay-intercropped with legumes in our
study corresponds to those by other researchers reporting declines in unfertilized maize
yields when intercropped with cowpea of 31% (Haizel, 1974), 33% (Wanki et al.
1982) and 18% (Ofori and Stern, 1986). However, unfertilized cereal yields have been
increased in some studies by 11% (Agboola and Fayemi, 1971) and 45% (Remison,
1978) in maize-cowpea intercrop systems in West Africa.

Competition between species in intercropped systems for growth-limiting
factors is regulated by basic morpho-physiological differences and agronomic factors
such as the proportion of crops in the mixture, fertilizer applications and relative time
of planting (Harper, 1961; Trenbath, 1976).

Maize grain N uptake. Maize grain N uptake was similar or slightly greater
with the intercrop than with the control (sole maize) when no N fertilizer was applied
(Figs 1.3 and 1.4). At 60 kg N ha”, intercropped maize was associated with a
significantly higher grain N uptake in both years. At 120 kg N ha™, grain N uptake in

the intercrop system was reduced by 20% in 1996 and 34% in 1997 (Figs 1.3 and 1.4).
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In cereal-legume intercropping, the legume component is capable of fixing
atmospheric N, under favorable conditions and this is thought to reduce competition
for N with the cereal (Trenbath, 1976). In the absence of an effective N,-fixing
system, both the cereal and intercropped legume compete for available soil N (Ofori et
al. 1987). Another theory states that in the presence of adequate to excessive soil N,
legumes switch off N, fixation and utilize the readily available soil N. This theory
seems to adequately explain the grain N uptake pattern in our study. Our results
suggest that legumes were actively fixing N, when plots were fertilized with zero or
60 kg N ha, but N,-fixation was reduced by the higher N rate. Decreased N, fixation

resulted in competition for soil N, hence reducing maize grain N uptake.

Subsequent Maize Response to Legume and Fertilizer Nitrogen

Maize Yields: No Nitrogen Applied. Maize following maize that had been relay-
1ntercropped with a legume produced 20% higher grain yields than maize following
maize with no legumes (continuous maize) (Fig 1.5). There was no significant legume
X nitrogen fertilizer interaction on subsequent maize grain yield and total above-ground
biomass. Therefore data presented are means of two legumes (cowpea and sunnhemp).
Most studies of maize-cowpea intercropping conducted in Zimbabwe have not assessed
effect in a subsequent year, in spite of reporting either an intercrop advantage (e.g.
Mariga, 1990) or disadvantage (e.g. Shumba et al., 1990; Natarajan and Shumba,
1990) in the intercropping season. This study is an attempt to provide an assessment

on effects of intercropped legumes in the subsequent season.
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Maize improvements of 33% following pigeon pea in Malawi (Kwatpata,
1984) and 21% following sunnhemp in Tanzania (Temu, 1982) have been reported.
Agboola (1980) working with one season fallows of pigeon pea, mucuna (Calopogium
rrnucunoides L.) and cowpea in a sub humid province of Nigeria observed increases of
subsequent maize crop yields of 10-30%. Nair et al. (1979) found a maize grain yield
increase of 34% in the year following a maize-cowpea intercrop.

Grain N content in the subsequent year was significantly affected by the
legume type. Maize following maize intercropped with cowpea was associated with a
1 6% higher grain N content, while sunnhemp reduced maize grain N uptake by 50%
when no N fertilizer was applied (Fig 1.6). Increased maize grain N uptake associated
‘with the previous cowpea crop seems to be a response to an enlarged soil N pool. A
decline of about 50% with sunnhemp may be due to a net soil N immobilization.
However, we cannot make formal conclusion, as soil N pools were not measured in

this study.

MMaize response to Fertilizer and Legume Nitrogen. There was a positive response of
maize grain yield (GR), grain N content (GRN) and total above-ground N uptake (TN)
to fertilizer N and legume from the previous year. Fitted regression equations were
calculated for maize grain yield, grain N content and total N uptake as a function of
Fertilizer N applied (Table 1.5).

Maize grain yields were greater at all fertilizer N levels following a maize-

legume intercrop compared to continuous maize, but not significantly so at the highest

17



N level. Maximum yield benefits of the maize-legume intercrop in the subsequent year
appeared to be realized when maize was fertilized with 46-92 kg N ha™ | while at
higher N levels diminishing returns were apparent (Fig 1.5). Lack of maize response
to higher N rate in 1996/97 was due to incessant and excessive rainfall received
especially in the months of January and February (rainfall data is presented in Fig 2.1).

Grain N content of maize following the maize-cowpea intercrop was always
higher than that of the continuous maize, but not always at a statistically significant
level (P< 0.05). However, with maize following the maize-sunnhemp intercrop, grain
IN content was always lower than that of continuous maize (Fig 1.6). A possible
explanation of this response is (i) immobilization of sunnhemp, absorbing inorganic
sources of N or (ii) lack of synchrony between legume N release and maize grain N
uptake. However, if the latter occurred, then we would expect grain N uptake of the
maize following maize-sunnhemp intercrop to be similar to that of continuous maize,
but this was not the case in our study.
Fertilizer Replacement Values. For the cropping systems under study to be acceptable
to both the farmers and researchers, there must be a convincing yield or N uptake
improvement in the subsequent year, with no yield reduction in the intercropping
Season.

One way to assess improvements in the subsequent year is to evaluate fertilizer
replacement values (FRV). For an FRYV to be valid, yield of a subsequent crop
following the legume should be significantly higher than that of the non-legume

control. Based on this criterion, FRV could only be calculated based on grain yield,
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grain N content and total N uptake of maize.

Highest FRV’s were calculated based on grain N content and the least on grain
yield (data not shown). Because the lowest FRV of 18 kg N ha'! was obtained with
grain yield, this suggests modest residual N benefits derived from the cropping system.
Singh (1983) estimated N benefits to subsequent cereal crops after cereal-legume
intercrops. He obtained N fertilizer equivalents of 3 kg ha™ with soybean,

31 kg ha! with greengram, 46 kg ha™ with grain cowpea and with groundnut, and

54 kg ha' with forage cowpea.
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Table 1.1. Trophic soil properties at the beginning of study at Domboshava.

Soil texture Loamy sand
pH (CaCl,) 45

C (%) 0.46
Mineralizable N (ppm) 24.13
P,0, (ug g") 9.10
CEC' (me %) 1.92
TEB? (me %) 5.17

T Cation exchange capacity
¥ Total exchangeable bases
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Table 1.2. Effect of fertilizer N on legume herbage biomass (DM) and N yield at 75

DAP in 1996.
N applied Cowpea Sunnhemp
(kg ha™)
DM N yield DM N yield
(Mg ha™) (kg ha™) (Mg ha'') (kg ha™)
0 1.05 27.21 0.89 22.71
60 1.93 50.42 2.34 57.02
120 0.60 15.28 292 76.66
CV (%) 32 24 40 22
LSD (0.05) 0.84 22.45 1.21 2458
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Table 1.3. Effect of fertilizer N on legume herbage biomass (DM) and N yield at 75

DAP in 1997.

N applied Cowpea Sunnhemp

(kg ha™)
DM N yield DM N yield
(Mg ha) (kg ha™) (Mg ha) (kg ha™)

0 457 154.32 2.86 82.07

60 272 104.46 1.80 5101

120 2.01 73.28 1.32 44 24

CV (%) 28 25 32 19

LSD (0.05) 1.68 31.54 1.36 2434
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