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Abstract Despite the development of improved varieties, the yield of sorghum has remained significantly low in dryland
environments due to low soil fertility and inappropriate cropping practices. The integration of cowpea into sorghum-based
crop systems and the application of fertilizer nitrogen (N) could increase yield. However, the effect sorghum-cowpea
compatibility, crop response to N and their interaction on growth and yield of the companion crops is only partially
understood. Two experiments were simultaneously conducted during 2018/2019 short rain season at the Kenya Agricultural
and Livestock Research Organization fields in Katumani and 1goji to determine the effect of intercropping and fertilizer N
rate on growth and yield of selected varieties of sorghum and cowpea. Sole crop and intercrop systems of two sorghum
varieties (Gadam and Serena) and two cowpea varieties (M66 and K80), and three N rates (0, 40 and 80 kg N ha™) were
evaluated in a randomized complete block design with split-plot arrangement and replicated three times. Factorial
combinations of sorghum-cowpea intercrop or sole crop systems formed the main plots while N rates formed the sub-plots.
Crop growth traits and yield data were subjected to analysis of variance by the use of GenStat statistical software at 5%
probability level. Intercropping significantly reduced crop growth rate (CGR) of Serena by 54% compared with sole crop
system but cropping system did not affect the growth rate of Gadam. Addition of N increased sorghum CGR by 30% but no
differences were detected between 40 and 80 kg N ha™. Under sole crop system, Gadam out-yielded Serena by 1.3 t ha'in
Igoji but there were no differences in yield between the two varieties in Katumani which was drier than the former. However,
intercropping significantly reduced the grain yield of both sorghum varieties by about 50%, irrespective of the cowpea variety.
Addition of N increased grain yield by at least 27% in both sites but yield differences between 40 and 80 kg N ha™ were
marginal under both sole crop and intercrop systems. Cropping system x N interaction effects on grain yield were significant
in 1goji only, where N increased sorghum grain yield under sole crop system but higher N rates only marginally increased
yield under intercrop. Sorghum grain yield was positively correlated with leaf area index, the number of fertile tillers, panicle
weight, harvest index and CGR under sole crop system. The total land equivalent ratio in both sites was greater than unity,
with 1.4 in Igoji and 1.6 in Katumani. Although intercropping reduced sorghum vyield, present results show that there is
potential to exploit cropping system x N interactions to increase yield, especially in wetter environments than in areas with
low rainfall. Lack of significant differences in grain yield between the application of 40 and 80 kg N ha™ suggests that
sorghum yield could be maximized at lower N rates. However, further studies are needed to establish the economically
optimal N rate in sorghum production.
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1. Introduction

Sorghum (Sorghum bicolor (L.) Moench) is an essential
cereal as a food security crop and a raw material for making
malt thus, increasing its productivity could end severe food
insecurity and increase incomes of smallholder farmers in
the dryland environments due to its unique traits of tolerating

moisture stress and high yielding ability in a wide range
of soils (Mwadalu & Mwangi, 2013). Sorghum annual
production in Africa is estimated at 20 million metric tonnes
representing about 41% of total global sorghum production
(ICRISAT, 2013; Mundia et al., 2019). However, Kenya is
among the least sorghum producing countries in Africa
where its overall annual production is only 0.6% of Africa’s
total annual production (Mitaru et al., 2006). Of the total
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sorghum annually produced in Kenya, 53% is consumed as
food in the form of grain or flour, 24% is processed to make
other commodities (e.g. beer), 11% goes to waste, 10% goes
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to the animal feed industry and 2% is used as seed for
planting (Kilambya & Witwer, 2013). Common varieties of
sorghum in Kenya mostly developed by Kenyan Agricultural
and Livestock Research Organisation (KALRO) include,
"Serena”, "Seredo", "KARI/Mtamal" KARI/Mtama2",
"Gadam", "E 1291", "E 6518", "BJ28" which have been
recommended for various ecological zones to increase the
scale of sorghum production as a second food security crop
after maize (Mwadalu & Mwangi, 2013). However, despite
the development of these improved varieties, the yield of
sorghum has remained significantly low in the dryland
environments (0.8 t ha™) in comparison to expected grain
yield of 2 — 5 t ha® due to low soil fertility resulting
from continuous mining of soil nutrients (N) without
replenishment, inappropriate cropping practices and weeds
such as striga with capacity to cause 40% to 100% loss in the
Sub-Saharan region (Kilambya & Witwer, 2013; Mwadalu
& Mwangi, 2013). Additionally, in the dry environments,
sorghum vyield losses are high resulting from moisture
stress due to predictably low rainfall (Kassahun et al., 2010).
As a result of the low sorghum yields ha™, most farmers
only produce enough sorghum to meet their domestic
requirements, with little surplus to sell making Kenya a net
importer of sorghum to meet increased market demand
(Ochieng, 2011). Therefore, in order to increase sorghum
productivity to offset the current sorghum deficit, and
enhance food and income security of rural farmers, its
critical to address the challenge of soil infertility in the
dryland environments due to N deficiency which is a main
limiting factor in sorghum production and a root cause of
low sorghum grain yield. Thus, sustainable cropping systems
in sorghum production such as integration of legumes like
cowpea into sorghum-based cropping systems with capacity
to fix up to 150 kg N ha™ in a cowpea-rhizobium symbiosis
and application of variable rate of nitrogen fertilizer could
improve soil fertility, sorghum yields, fertilizer use efficiency,
profitability as well as reduce negative environmental
consequences to achieve sustainability of the agriculture
systems (Alghali, 1993; Karanja et al., 2014; Shamme &
Raghavaiah, 2016; Layek et al., 2018).

Cereal-legume intercropping is a sustainable agricultural
practice where more than two crops are grown
simultaneously on the same land (Musa et al., 2012). In
comparison with sole crop systems, intercropping improves
crop diversification, increases crop yield and stability,
especially under low-input conditions, improves soil fertility
and conservation, as well as weed control (Dariush et al.,
2006; Oseni, 2010; Layek et al., 2018). Despite the benefits
of intercropping, the yield of cereals in these systems
fluctuates, often depending on the environment. Higher
cereal yield in intercrop systems are reported in medium
potential environments (Egesa et al. 2016) while yield
declines are frequently reported dry lands (Karanja et al.,
2014; Sibhatu & Belete, 2015). Yield reduction in intercrop
systems is attributed to interspecific competition for nutrients,
radiation and moisture, among others. Biological N fixation
by legumes is limited in drylands, hence supplementation

with sufficient and timely application of fertilizer N can
significantly increase sorghum yield (Das et al., 2014).
However, other studies on sorghum-cowpea intercropping in
dry environments have reported a decrease in grain yield
of intercropped sorghum by between 31% and 38%
at higher cowpea density attributed to incompatibility of
the companion crops causing interspecific competition for
growth (Oseni, 2010; Karanja et al., 2014; Sibhatu & Belete,
2015). Likewise, contrasting results of intercropping effect
on legumes have been reported (Ibrahim, 1994; Sibhatu
& Betele, 2015). The choice of companion crops in an
intercrop system depends on growth habit, growth period,
susceptibility to pests and diseases as well as other desirable
attributes such as diversity in food supply (Yang & Udvardi,
2018). One of the most essential tools to evaluate the success
and productivity of an intercrop system is the land equivalent
ratio (LER) which expresses yields obtained in an intercrop
system comparative to the sole crop yield of the dominant
species where an LER greater 1 indicates that intercrop
is more productive than the comparative sole crops (Sibhatu
& Belete, 2015). Previous studies on sorghum-cowpea
intercropping recorded LER greater than 1 (Hussain et al.,
2002, Oseni 2010, Rathore et al., 2015).

Nitrogen (N) is among the most deficient nutrients in
many agricultural soils for cereal production on a global
basis but is essential in crop growth (Yagoub and
Abdelsalam, 2010). Higher crop yields have been attained by
increasing N addition and improving fertilizer N efficacy
(Dobermann, 2007). Further, increased growth and yield of
sorghum with addition of N in the form of urea has been
reported (Ahmed & Tanki, 1997). Additionally, Uchino et al.
(2013) observed that sorghum performed poorly in the dry
environments without addition of N. However, increasing
nitrogen use efficiency is challenging due to excessive use
of nitrogen in the agricultural systems where, 30% — 50% of
the applied nitrogen fertiliser continue being lost through
leaching, denitrification and runoff (Dobermann, 2007;
Shamme & Raghavaiah, 2016). Therefore, adoption of best
management practices of establishing an equilibrium
between plants nutrient supply and demand, and adoption of
appropriate placement method at the correct rate and right
time is required to increase productivity, efficient use of
inputs and reduce negative environmental impact (Roberts,
2007; Shamme & Raghavaiah, 2016). Further, meeting
sorghum N requirements through a combination of symbiotic
N fixation by the legume in an intercrop system and minimal
external synthetic N supply would help attain high yield at
low cost and minimum environmental pollution from N
losses. However, little information exists on the appropriate
N rate for sorghum production in sorghum-legume intercrop
system in dry and medium potential environments.

Therefore, the objective of the study was to determine the
effect of cropping system and N rates on sorghum growth
and yield, and the relationships between yield traits and grain
yield. In this study, it was hypothesized that intercropping
sorghum with cowpea and N-fertilizer application increases
growth and yield of sorghum.
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2. Materials and Methods

2.1. Sites

Two field experiments were concurrently conducted under
rain-fed conditions at the KALRO research stations in
Katumani and Igoji during the 2018/2019 short rain season.
Katumani lies 1°34'58.5"S, 37°14'52.5"E and 1575 m above
sea level (masl) while Igoji lies, 0°11'13" S, 37°40'10" E and
1770 masl. Annual mean temperature in Katumani and Igoji
is 21.0°C and 19.7°C, respectively (Jaetzold & Schmidt,
1983). The soils of Katumani are classified as ferral chromic
luvisols (Kinama et al., 2007). Soils in Igoji are deep
well-drained volcanic dusky red to dark reddish brown
(Jaetzold & Schmidt, 1983). Rainfall distribution in both
sites is bimodal where long rains fall between March and
May while short rains are received from October to
December (Huho, 2017). In the short rain season, Katumani
receives 288 mm compared with 370 mm in Igoji (Jaetzold &
Schmidt, 1983).

2.2. Treatments and Experiment Design

Treatments consisted of two cropping systems (intercrop
and sole), four crop varieties (two sorghum varieties and two
cowpea varieties) and three fertilizer N rates (0, 40 and 80 kg
N ha'). The sorghum varieties were Gadam and Serena
while Machakos 66 (M66) and Katumani 80 (K80) formed
the cowpeas. Under intercrop system, a row of cowpea was
sown between two rows of sorghum. Fertilizer N was
supplied from urea (46% N) and side banded to the planting
rows of both crops where 1/3 was applied at sowing and
2/3at tillering stage. All plots received 60 kg P ha™' at sowing
from triple super phosphate. Experiments were laid out in a
randomized complete block design with split-plot arrangement
and replicated three times. Factorial combinations of
sorghum-cowpea intercropping or sole crop formed the main
plots while N rate formed the sub-plots. Main plots measured
24 m x 8 m and sub-plots were 12 m x 4 m.

2.3. Experiment Management

Land was prepared before the onset of the rains. Crops of
sorghum and cowpea were sown manually in 5 cm deep
holes. In the sole crop system, sorghum was sown at 0.75 m
between rows and 0.20 m between plants. Cowpea was
planted 0.6 m and 0.3 m between rows and from plant to
plant, respectively. In the intercrop system, a row of cowpea
was sown between two rows sorghum at a row spacing of
0.9 m. In both crops, three seeds were planted in each
hole and later thinned to one plant per hole to achieve a
sorghum density of 6.7 plants m 2 in sole crop system and 5.6
plants m™ in intercrop system. Cowpea plant density was
5.6 plants m™ in sole crop system and 3.7 plants m? in an
intercrop system. Pre-emergence weed control was done
using Roundup® (glyphosate) immediately after sowing.
Experiments were kept weed free through hand weeding.
Insect pests, mainly thrips and aphids in cowpea and stem
borers in sorghum, were controlled with Thunder®

(Imidacloprid 100 g /L + Betacyfluthrin 45 g/L) at 10 mL per
20L of water. Sorghum was guarded against birds feeding on
the grains at grain filling until harvesting.

2.4. Data Collection

Initial soil analysis: Prior to sowing the experiments, soils
were sampled at 0 - 30 cm depth and analyzed. A mehlich
double acid method was used to analyze the soils for P, K,
Na, Ca, Mg, Mn, Fe, Zn and Cu. The total organic carbon
(C) % was analyzed using calorimetric method (Shamme
& Raghavaiah, 2016), while the total nitrogen (N) % was
determined using Kjeldahl method (Ghosh, 2004). A digital
pH meter was used to measure the soil pH in a ratio of 1:1
soil-water suspension (w/v) (Shamme & Raghavaiah, 2016).
Ammonium acetate method was used to analyze for cation
exchange capacity (CEC) (Shamme & Raghavaiah, 2016).

Weather data: Daily rainfall and temperature data were
obtained from weather stations within the research fields.

Sorghum biomass: Sorghum was sampled for shoot
biomass m? at flowering and physiological maturity.
Samples were dried in an oven at 70°C for a period of 3 days
and dry weight measured using a weighing scale. Sorghum
crop growth rate (CGR) (g m™ day™), computed between the
two stages.

Sorghum fertile productive tillers: The number of fertile
tillers m™ was counted and means determined plot™.

Sorghum grain yield: Sorghum panicles were harvested
using a knife at physiological maturity in a net plot area of
16m? and air-dried. The air-dried panicles were then threshed
and cleaned. The moisture content of the grain was measured
consistently during the air drying period using a grain
moisture meter. The total grain weight for each plot was
adjusted to 12.5% (Sibhatu & Belete, 2015). 1000 seeds in
each plot were countered using a seed counter and weight
measured using a digital weighing scale in grams.

Cowpea biomass: Cowpea was sampled for shoot biomass
at branching and physiological maturity and samples were
dried in an oven at 70°C for a period of 3 days and dry weight
measured using a weighing scale. The dry mass was used to
compute the cowpea CGR (g m? day™) between the two
stages.

Cowpea grain yield: Cowpea pods plot™ at physiological
maturity were manually harvested by hand picking from a
net plot area of 16 m™, air-dried and counted. The air-dried
pods plot™ were then threshed and cleaned. The moisture
content was consistently measured during the air drying
period using a grain moisture meter and grain weight was
adjusted to 10.5% (Sibhatu & Belete, 2015).

Land equivalent ratio: The LER was used to determine the
productivity of an intercrop system, and was computed
following Mead and Willey (1981).

2.5. Data Analysis

All data were subjected to the analysis of variance using
GenStat 14th Edition. A split plot design option in GenStat
was used where the treatment structure composed of Cropping
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system + N rates. The means were separated using least
significant difference (LSD) test at probability level of 5%
(Gomez & Gomez, 1984). Relationships between grain yield
and yield traits were examined by correlation analysis using
SigmaPlot version 10.0 (Systat Software, Inc., San Jose
California USA, www.systatsoftware.com).

3. Results

3.1. Weather Data and Initial Soil Fertility

Weather: Rainfall and temperature data during the
growing season is shown in Figure 1. The conditions were
typical of a normal growing season were rainfall tampers as
the crop matures.
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Figure 1. Weather conditions from sowing to physiological maturity of
sorghum during 2018/2019 short rains at the KALRO in Igoji (a) and
Katumani (b) research stations

Initial soil fertility: Total nitrogen (0.1% in both sites),
organic carbon (lgoji: 0.93%, Katumani: 0.83%) and
phosphorus (Igoji: 13.33 ppm, Katumani: 18.33 ppm) levels
in both sites were low in both sites. However, potassium
(Igoji: 0.26 me%, Katumani: 0.91 me%), calcium (lgoji:
1.07 me%, Katumani: 2.9 me%), magnesium (Igoji: 2.48
me%, Katumani: 2.35 me%), manganese (lIgoji: 0.58 me%,
Katumani: 0.5 me%), copper (lgoji: 0.55 ppm, Katumani:

1.26 ppm), iron (lgoji: 18.46 ppm, Katumani: 11.77 ppm),
zinc (lgoji: 7.08 ppm, Katumani: 1.88 ppm) and sodium
(Igoji: 0.15 me%, Katumani: 0.16 me%) were adequate for
sorghum and cowpea production. Soil pH was 4.6 in 1goji
and 5.9 in Katumani.

3.2. Sorghum Growth Parameters

Crop growth rate (CGR) did not significantly differ
between Gadam and Serena in both sites but cropping system
significantly affected sorghum growth rate in Igoji (P =
0.002) and Katumani (P = 0.016) (Table 1). In both sites,
intercropping significantly reduced sorghum CGR by at least
2.2 g m? day™ (58%), irrespective of the cowpea variety
(Table 1). However, addition of N significantly increased
sorghum growth rate only in Igoji (P = 0.002) where
application of 80 kg N ha™ increased overall CGR by 1.6 g
m? day™ (30%) compared with control plots but without
significant differences between 40 and 80 kg N ha™ (Table 1).
Cropping system x N rate interaction effect on crop growth
rate (CGR) was significant in Igoji (P <.001) and Katumani
(P = 0.042) (Table 2). Under sole cropping system, CGR
sorghum increased with N however marginal effects were
observed under intercrop system (Table 2). Correlation
analysis revealed CGR was positively and significantly
correlated with sorghum grain yield under sole cropping
system (Igoji: R® = 0.95, Katumani: R* = 0.83) but was
weakly and insignificantly correlated with grain yield under
intercrop system in both experimental sites (Table 3).

3.3. Sorghum Yield and Yield Components

Sorghum grain yield was significantly affected by
cropping system (P <.001) in both experimental sites, N rate
in 1goji (P <0.01) and Katumani (P = 0.013) while cropping
system x N rate interactions only occurred in 1goji (P <0.01)
(Table 1). Under sole crop system, Gadam sorghum
out-yielded Serena by 1.3 t ha™ in Igoji but there were no
differences in yield between the two varieties in Katumani.
However, intercropping significantly reduced the grain yield
of both sorghum varieties by about 50%, irrespective of the
cowpea variety (Table 1). Addition of fertilizer increased
grain yield by at least 27% in both sites but yield differences
between 40 and 80 kg N ha® were marginal under both
sole crop and intercrop systems (Table 1). Cropping system
x N rate interaction effect on sorghum grain yield in Igoji
(P <0.01) revealed that while sorghum grain yield increased
with the addition of N under sole crop system, higher N rates
only marginally increased yield under intercropping system
(Table 2). Further, the study revealed positive and significant
correlation between sorghum grain yield and LAI, number of
fertile tillers, panicle weight, harvest index (HI) and growth
rate under sole cropping system in both experimental sites
however, these traits were weakly and insignificantly
correlated with sorghum gran yield (Table 3).

Generally, Gadam seeds were heavier than those of Serena
by about 3.6 g under sole cropping system in both
experimental sites however the seed weight difference
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between the two sorghum varieties was marginal under
intercrop system. In spite of some inconsistent results,
intercropping sorghum with either cowpea variety
significantly (P <.001) reduced 1000 seed weight mainly in
Katumani (drier environment) by about 4.5 g under sole
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cropping system. Addition of N and cropping system x N
rate interactions did not significantly affect 1000-seed
weight in both sites (Table 1). Further, 1000 seed weight was
weakly and insignificantly correlated with sorghum grain
yield under sole and intercrop system (Table 3).

Table 1. Crop growth rate (CGR), grain yield, 1000 seed weight, productive fertile tillers and total LER of two sorghum varieties (Gadam and Serena)
grown under sole and intercrop system with two varieties of cowpea (K80 and M66) and at three N rates (0, 40 and 80 kg N ha-1) at Igoji and Katumani

KALRO research stations during 2018/2019 short rain season

lgoji Katumani
CGR Grain 1223 Number of Total CGR Grain 1223 Number of
Treatments (9 ml2 yiel_ci weight fertle oo (9 ml2 yiel_? weight fertile  Total LER
day™) (tha™) tillers m day™) (tha™ tillers m
(9) (9)
Cropping system
Sole Gadam 5.32ab 3.15a 3l.1a 6.9a 5.86ab 3.09 33.6a 16.3a
Gadam+K80 5.19ab 1.48bc 30.7a 0.7b 1l.4a 3.74bc 0.89¢c 29.1b 8.1bc 1.131ab
Gadam+M66 6.17a 1.27bc 30.9a 0.5b 1.071a 7.69a 1.43b 32.9a 5.9bc 1.563a
Sole Serena 4.35b 1.82b 27.4b 2.2b 4.31bc 2.76a 30.1b 13.0ab
Serena+K80 4.88ab 1.06bc 26.1b 2.6b 1.038a  3.44bc 1.10bc 26.3c 2.6¢c 0.883b
Serena+M66 1.97c 0.95¢ 31.0a 1.7b 1.221a 1.94c 1.27bc 30.7b 3.9c 1.167ab
P-value 0.002 <.001 0.002 0.044 0.347 0.011 <.001 <.001 0.016 0.014
LSD;<0.05 1.54 0.75 2.3 41 ns 2.71 0.42 1.7 7.7 0.598
N rates
0 kg N ha 3.67b 1.46b 30.06a 1.9¢ 1.088a 3.60a 1.43b 30.33a 7.4a 1.018a
40 kg N ha™ 5.00a 1.57b 29.50a 2.1b 1.227a 5.11a 1.96a 30.72a 8.1a 1.096a
80 kg N ha' 5.27a 1.84a 29.06a 3.0a 1.206a 4.77a 1.88a 30.28a 9.4a 1.444a
P-value 0.002 0.015 0.341 0.021 0.603 0.157 0.013 0.803 0.258 0.339
LSD;<0.05 0.88 <.001 ns 0.8 ns ns 0.37 ns ns ns
P-value CS x N 0.07 <.001 0.236 0.107 0.67 0.61 0.061 0.761 0.438 0.847
LSD,<0.05 ns 0.86 ns ns ns ns ns ns ns ns

Within a column, means followed by the same alphabets are not significantly different, CS x N is cropping system and N rate interactions, ns is not significant at 5%

probability level

Table 2. Cropping Systems (sole and intercrop) x N rates (0, 40 and 80 kg N ha™) interaction effect on Leaf Area index and crop growth rate (CGR) of two
sorghum varieties (Gadam and Serena) in Igoji and Katumani during 2018/2019 short rains

1goji Katumani
CGR (g m? day™) Grain yield (t ha™) CGR (g m? day™) Grain yield (t ha™)
0 kg 40 kg 80 kg 0 kg 40 kg 80 kg 0 kg 40 kg 80 kg 0 kg 40 kg 80 kg
Treatments
Nha® Nha® Nha' Nhat Nha' Nha' Nhat Nha'! Nha® Nha' Nhat Nha?
Gadam 8.20 4.00 3.80 2.6 34 3.7 3.30 6.60 7.60 2.7 3.8 3.0
Gadam+K80 3.00 6.70 5.90 0.9 14 1.6 5.10 3.70 2.40 0.6 0.6 0.6
Gadam+M66 3.50 4.90 10.20 1.0 0.8 0.9 6.70 8.10 8.30 0.4 0.6 0.4
Serena 6.20 3.90 2.90 1.6 1.3 2.8 1.80 8.40 2.80 29 31 24
Serena+K80 7.40 2.20 5.10 1.2 1.0 0.4 2.10 2.20 6.10 0.4 0.4 0.6
Serena+M66 1.70 0.40 3.80 1.0 0.6 0.7 2.70 1.80 1.40 0.8 0.6 1.0
pvalue CS x N <.001 <.001 0.042 0.061
LSDp<00sCS X N 2.233 0.9 ns

CS x N is interaction between cropping system (CS) and N rate, ns is not significant
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Table 3. Correlation coefficients of sorghum grain yield against yield compone
sites

nts under sole and intercropping system in Igoji and Katumani experimental

Igoji Katumani
Cropping System Traits* r P (0.05) r P (0.05)
Leaf area index 0.99 0.002 0.88 0.048
Number of fertile tillers m™ 0.84 0.035 0.89 0.016
Sole Panicle weight 0.83 0.040 0.89 0.019
Harvest index 0.89 0.016 0.95 0.004
1000 seed weight 0.51 0.299 0.32 0.531
Crop growth rate (CGR) 0.95 0.004 0.83 0.043
Leaf Area Index 0.56 0.061 0.20 0.526
Number of fertile tillers 0.70 0.011 0.02 0.940
Panicle weight 0.04 0.910 0.24 0.443
Intercrop .
Harvest index 0.05 0.884 0.25 0.436
1000 seed weight 0.12 0.707 0.31 0.335
Crop growth rate (CGR) 0.07 0.823 0.01 0.979

ris correlation coefficients, Traits*: values used for the traits are averages of the 3 blocks in sole and intercrop and

at 0, 40 and 80 kg N ha™

Table 4. Cowpea Crop growth rate (CGR) and grain yield of two cowpea varie

ties (K80 and M66) grown in sole and intercrop system with two varieties of

sorghum (Gadam and Serena) and at three N rates (0, 40, 80 kg N ha-1) at Igoji and Katumani KALRO research stations during 2018/2019 short rain season

Igoji Katumani
Treatment CGR Grain yield CGR Grain yield
(g m-2 day-1) (tha-1) (g m-2 day-1) (tha-1)
Cropping Systems
K80 0.280a 0.95a 0.200a 1.09a
K80+Gadam 0.110c 0.94a 0.067d 0.72ab
K80+Serena 0.140b 0.44b 0181a 0.54b
M66 0.064de 0.90b 0.122b 0.81ab
M66+Gadam 0.086¢d 0.44b 0.066d 0.60ab
M66+Serena 0.056e 0.69ab 0.092c 0.60ab
P-value <.001 0.034 <.001 0.021
LSD,<0.05 0.028 0.39 0.021 0.49
N rates
0 kg N ha 0.10c 0.70a 0.12c 0.73a
40 kg N ha™ 0.18b 0.68a 0.72b 0.71a
80 kg N ha 0.89% 0.80a 0.77a 0.74a
P-value <.001 0.358 <.001 0.94

LSDy<0.05 0.02 ns 0.02 ns
P-value CS x N 0.055 0.25 0.061 0.846

LSD,<0.0s ns ns ns ns

Means within a column followed by the same alphabets are statistically similar; CS x N is interaction between

cropping system (CS) and N rate, ns is not significant

The number of productive fertile tillers m™ significantly
differed between Gadam and Serena only in Igoji whereby
Gadam out-yielded Serena by 4.7 tillers m™® under sole
cropping system however, marginal difference was observed
in an intercrop system (Table 1). The effect of cropping
system on the fertile tillers m? was significant in Igoji
(P = 0.044) and Katumani (0.016). Irrespective of the
cowpea variety, intercropping reduced the number of fertile
tillers m? of sorghum by 6.2 in Igoji and 8.2 tillers in
Katumani, (Table 1). The effect of N was only significant in

Igoji (P = 0.021) where addition of 80 kg N ha™ significantly
increased the mean number of fertile tillers m? by about 1
tiller compared with control plots while addition of 40 kg N
ha™ only marginally increased the number of fertile tillers
(Table 1). Nonetheless, there were no significant effect of the
cropping system x N rate interactions on the mean number of
fertile tillers m™? in both experimental sites (Table 1).
Tillering was positively and significantly correlated with
grain yield under sole (R* = 0.84) and intercrop (R*=0.70) in
Igoji while in Katumani, tillering was only positively and
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significantly correlated with grain yield under sole cropping
system (R? = 0.89) (Table 3).

3.4. Cowpea Crop Growth and Yield

The CGR of K80 exceeded M66 by 0.216 g m™? day™ in
Igoji and 0.078 g m?day™ in Katumani (Table 4). Further,
cropping system effect on the cowpea CGR was significant
in Igoji (P <.001) and Katumani (P <.001) (Table 4). In Igoji,
irrespective of the sorghum variety, intercropping significantly
reduced the CGR of K80 by 0.14 g m? day™ (50%) compared
with sole crops however, intercropping marginally affected
CGR of M66 (Table 4). In Katumani, intercropping
significantly reduced the CGR of K80 by 0.133 g m? day™
when intercropped with Gadam representing 67% reduction
compared with sole crops while irrespective of the sorghum
variety, intercropping significantly reduced the CGR of M66
0.03 g m? day™ (24%) compared with sole crops (Table 4).
Addition of N significantly affected cowpea CGR in 1goji
and Katumani (P <.001) whereby application of 80 kg N ha™
significantly increased CGR of cowpea by at least 0.65 g m™
day™* and addition of 40 kg N ha™ increased cowpea CGR by
0.6 g m? day™ compared with control plot in both sites
(Table 4). Nonetheless, cropping system x N effect on CGR
was insignificant (Table 4).

Cowpea grain yield did not significantly differ between
K80 and M66 in both sites but was significantly affected by
cropping system in Igoji (P = 0.034) and Katumani (P =
0.021). In 1goji, intercropping K80 with Serena significantly
reduced grain yield by 0.51 t ha™ (54%) compared with sole
crops but grain yield of K80 was not significantly affected
by intercropping with Gadam (Table 4). In Katumani,
intercropping K80 with Serena significantly reduced grain
yield by 0.55 t ha® (50%) compared with grain yield of
sole crops but intercropping M66 with either Gadam or
Serena had no significant effect on grain yield (Table 4).
Nonetheless, addition of N and cropping system x N rate
effect on grain yield was insignificant in both sites (Table 4).

4. Discussion

4.1. Effect of Intercropping and N Rate on Sorghum
Growth and Yield

The CGR of sorghum grown under sole cropping system
were higher than for intercropped sorghum by 54% while
addition of N significantly increased sorghum CGR by 30%
compared with control plots. This could be attributed to
competition for growth resources (nutrients, moisture, light)
in an intercrop system which reduced photosynthetic capacity
hence negatively affected growth of vegetative and
reproductive parts (steam, leaves, panicle) resulting into
low biomass production and consequently reduced CGR
of intercrop sorghum. On the other hand, presence of N
could have enhanced the growth and development of
plant reproductive and vegetative parts. Similar results were
reported in previous studies where sorghum grown as sole
had higher photosynthetic rates which increased crop growth

rate compared with counterparts in mixed culture for
sorghum/cowpea intercropping study (Makoi et al., 2010;
Siddig et al,, 2013; Karanja et al., 2014) and for
maize/cowpea intercropping (Legwaila et al., 2012). Further,
Sibhatu & Belete (2015) and Shamme & Raghavaiah (2016)
reported that addition of N increased sorghum growth by
35% compared with control plots where no fertilizer was
applied while Haghighi et al. (2010) and Yang et al. (2018)
reported CGR of maize was increased by 11 to 19% with
application of N fertilizer compared with control plots.

Hence, the overall results suggest that sole cropping
system and addition of N was efficient in biomass
accumulation and increasing CGR where competition for
growth resource might have been minimal compared with
intercrop system. Further, grain yield of intercrop sorghum
would be lower than for sole crops since CGR in this study
was strongly and positively correlated with grain yield under
sole cropping system which corroborates with results of
Sankarapandian et al. (2013); however, further investigation
across ecological zones is required.

Grain yield of intercropped Gadam and Serena were
significantly reduced by about 50% compared with yields
of sole crops. This could be attributed to competition for
resources like soil nutrients, sunlight and water in the
intercrop system by the companion crops (Oseni, 2010).
Previous study on sorghum-cowpea intercropping in dry
environment reported intercropping significantly reduced
sorghum grain yield by 31.0% and 37% (Oseni, 2010;
Karanja et al., 2014; Sibhatu & Belete, 2015). Since
intercropping significantly reduced sorghum grain yield in
both sites irrespective of the difference in agro-ecological
conditions between Igoji and Katumani, this suggests that
sole cropping system was effective in increasing the
individual grain yields of sorghum since growth resources
can be utilized without competition from companion crop
compared with an intercrop system.

Further, sorghum grain yield in the present study was
significantly increased by 27% with addition of 40 kg N ha™*
compared with control plots but without yield difference
between addition of 40 and 80 kg N ha™. This could be
attributed to the important role of N in increasing growth and
development of plant reproductive parts due to increased
photosynthetic capacity that resulted into higher grain yields.
The results are in agreement with both the study hypothesis
and previous studies. An earlier study reported the maximum
grain yield of sorghum and barley was produced in N
fertilized plots while the lowest grain yield was produced in
control plots without fertilizer N addition (Gue nae'1le et al.,
2006; Shamme & Raghavaiah, 2016). Therefore, lack of
significant differences in grain yield between the application
of 40 and 80 kg N ha™ suggests that sorghum yield could
be maximized at lower N rates. However, further studies
are needed to establish the economically optimal N rate in
sorghum production.

Tillering is an important agronomic trait that can
compensate for poor plant stand to produce higher grain
yield under favourable conditions (Kim et al., 2010).
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However, intercropping sorghum with cowpea significantly
reduced the number of fertile tillers m™. These findings
could be justified by high population density in an intercrop
system resulting into decreased tillering because there are
more plants competing for available water and nutrients
compared with sole cropping system (Kim et al., 2010). Related
to these findings, Nawal (1997) reported that intercropping
reduced the number of tillers in sorghum/cowpea/pigeon
pea intercropping study in Sudan. Further, Dantata (2014)
reported significantly high yield number of tillers in
sugarcane was obtained in sole cropping in a sugar
cane-cowpea intercropping. Nitrogen application increased
the number of fertile tillers by 1.1 tillers m? compared
with control plots. This could be attributed to effect of
N on cytokinin synthesis which consequently increased the
growth and development of the number of fertile tillers as
reported by Shamme and Raghavaiah (2016) while Abebe
(2016) reported addition of N increased wheat tillers by
28.6% compared with control plots.

The study results further showed the number of fertile
tillers m? was positively and significantly correlated with
grain yield in sole cropping system in both sites (lgoji: R* =
0.84, Katumani: R? = 0.89), and intercropping system only in
Igoji (R? = 0.70). This could be due to the fact that fertile
tillers produce grains under favourable conditions which
contribute to the improvement of the overall harvest (Kim et
al., 2010). Similar findings were reported by Sankarapandian
et al. (2013) in sorghum, (Singh & Singh, 2016) in pearl
millet who reported positive correlations between sorghum
grain yield and tillers. Therefore, these results suggest that
sorghum in sole cropping system and fertilised with N which
have high tillering will likely produce high grain yield
compared with counterparts in intercrop system and control
plots. However, it should be noted that tillering could also be
influenced by genetic and environmental (Kim et al., 2010),
which were beyond the scope of the present study hence
evaluation of more than two varieties across different
environments in future studies is required.

4.2. Effect of Intercropping on Cowpea Growth and
Yield

The CGR of cowpea under sole cropping system exceeded
counterparts in an intercrop with sorghum by at least 50%
for K80 and 25% for M66 compared with counterparts
in intercrop with sorghum and addition of N significantly
increased cowpea CGR. This was attributed to limited
competition for growth resources in sole cropping system
hence more dry matter was accumulated in the stem,
branches and leaves in sole cropping system. Additionally,
the presence of N could have increased photosynthetic
capacity of cowpea resulting into increased biomass
accumulation and consequently cowpea crop growth
rate. The findings are in agreement with previous studies
which reported intercropping significantly reduced the dry
biomass (CGR) of forage legumes in maize-forage legume
intercropping study (Getachew et al. 2013) and of cowpea in

a sorghum-cowpea intercropping studies while addition of N
increased cowpea CGR (Karanja et al. 2014; Sibhatu and
Belete, 2015).

Grain vyield of intercropped cowpea with Sorghum was
significantly reduced by more than 50%. Likely reason was
interspecies competition and shading effect of sorghum on
cowpea (Oseni, 2010). The findings are in agreement with
previous studies. Karanja et al. (2014) and Sibhatu and
Belete (2015) revealed intercropping reduced cowpea grain
yield by 58.34% to 64% in sorghum-cowpea intercropping
which was attributed the interspecies competition for growth
resources while Oseni, (2010) reported that intercropping not
only reduced sorghum yield but equally reduced yields of
cowpea in a sorghum-cowpea intercropping. Therefore, the
results suggest that sole cropping is an appropriate cropping
system for cowpea production.

4.3. Effects of Cropping System x N Rate Interaction of
Growth and Yield of the Companion Crops

Cropping system x N rate interactions significantly
affected sorghum CGR and grain yield while cowpea growth
and yield traits were not affected by the main effects interactions.
Under sole cropping system, addition of N increased these
traits while the increase was marginal under intercrop system.
This could be attributed to non-proportional sharing of soil N
sources resulting from competition between sorghum and
cowpea and limited fixation of N by the cowpea in an
intercrop system resulting to low grain yield in an intercrop
system as opposed to sole cropping system (Jensen et al.,
2020). These findings are consistent with results of Abebe
et al. (2013) and Mahmoud et al. (2013) who found that
the interactions between N and cropping system in
soybean-maize intercropping where N increased grain yield,
biomass and growth rate of maize under sole cropping
system. Similarly, the present results findings corroborated
with findings of YAA, (2017) who reported that application
of N increased total biomass yield in sole and intercropped
sorghum.

Overall, the results show that although intercropping
reduced sorghum yield, present results show that there is
potential to exploit cropping system x N interactions to
increase yields, more so in wet environments than in areas
with low rainfall. However, future studies should consider
evaluating sorghum yield performance across agro ecologies
and N rates under sorghum-cowpea intercropping since
significant variation in the cropping system x nitrogen
interactions of the main effects were observed in the two
experimental sites.

4.4. Land Equivalent Ratio

The LER is an essential tool to evaluate the performance
of an intercropping systems (Beets, 1982, Sibhatu and Belete,
2015). In the present study, apart from Serena + K80
intercropping combination, all the different intercropping
combinations were greater than unity (>1). These findings
suggest that sole sorghum or cowpea crops require more land
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to be planted by 40% in Igoji and 60% in Katumani to match
the combined sorghum/cowpea yield in an intercropping
system. These results are in conformity with findings of
Oseni (2010) who reported the maximum total LER was
attained when sorghum recorded 70% and cowpea 38% of
their sole yields. Furthermore, Chaichi et al. (2007) reported
high land equivalent ratio greater unity in a sorghum cowpea
intercropping. Therefore, since LER was greater than 1, the
results indicate intercropping was more productive than the
comparative sole crops (Dantata, 2014).

5. Conclusions

Intercropping significantly reduced CGR and grain yield
of sorghum and cowpea by about 50% while addition of N
increased CGR of sorghum by about 30% and sorghum grain
yield by 27% however, N had no effect on grain yield
of cowpea. Therefore, the overall findings suggest that sole
cropping system and application of N fertilizer was effective
in increasing sorghum crop growth rate and yield hence
recommended for commercial production of sorghum
compared with intercropping system and no fertilizer
application. Additionally, although intercropping reduced
CGR and sorghum grain yield by about 50%, present results
show that there is potential to exploit cropping system x N
interactions to increase yield to improve food security,
more so in wet environments than in areas with low rainfall.
Intercropping also increased overall land productivity
(LER>1) hence the practice is useful to ensure food security
at household level however, screening and breeding of
cowpea varieties compatible with sorghum in intercrop
systems is desirable to reduce sorghum grain yield losses
observed in the current study. Further, the lack of significant
differences in grain yield between the application of 40
and 80 kg N ha™ suggests that sorghum yield could be
maximized at lower N rates, and further studies are needed
to establish the economically optimal N rate. Gadam
out-yielded Serena in the present system hence highly
recommended to farmers in the study areas for commercial
production under sole cropping system and with addition of
40 kg N ha® however, its evaluation across ecological
conditions is required.
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