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Poor soil fertility is a major challenge to crop production in the communal farming areas
of Zimbabwe. Intercropping legumes and cereals is a common soil fertility management
technology among the farmers. A 3-year field experiment was conducted to evaluate
cowpea—-sorghum relay intercropping advantages in response to different cattle manure
application rates. A 3 x 4 factorial experiment laid in a completely randomized block
design (CRBD) with three replicates was conducted. The treatments were three cropping
systems (sorghum sole, cowpea sole, and cowpea—sorghum intercrop) and four cattle
manure application rates (0, 50, 75, and 100%). Crop growth rate (CGR), grain yield,
harvest index (HI), relative competitive ability of each crop, and land equivalent ratio
(LER) were measured. Analysis of variance and non-linear regression analyses were
done to determine the vyield benefits of cowpea—sorghum intercrop and estimate
the relative competitive ability, respectively. Application of >75% cattle manure in a
cowpea—sorghum intercrop enhanced the sorghum grain yield (75%) and HI (125%)
of unmanured cowpea-sorghum plots. Cowpeas had higher CGR (159.6, 166.7 and
149.5g m=2 day~' at 7, 21, and 35 days after planting, respectively) at >75%
cattle manure application rates on both intercrop and sole cropping than sorghum
but with lower grain yield (1.4t ha~"). Intraspecific competitive stress in sorghum was
reduced at a high (>75%) quantity of manure applied. The effects of the intraspecific
competition in cowpea were stronger (0.693) on grain yield than biomass at >75%
manure application rates. The LER was >1 in all the treatments and was highest
(2.73) under the cowpea—sorghum relay intercrop without cattle manure. Cattle manure
application at 75% in a cowpea—sorghum intercrop enhanced the grain yield in sorghum
and vegetative growth in cowpeas. It is therefore recommended to use the >75% cattle
manure application rate in the intercrop if one wants higher grain in sorghum and high
biomass in cowpeas possibly for fodder. Further studies are recommended to quantify
the rate of increase in available N under the cowpea—sorghum relay intercrop with >75%
cattle manure application rates.
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INTRODUCTION

A majority (>70%) of Zimbabwe’s 14.5 million people live in
the communal areas and more than three-quarters of these
communal areas are characterized by low and unreliable rainfall
and inherently low soil fertility (Anderson and D’Souza, 2014).
Many researchers are recommending the growing of drought-
tolerant grain crops in most of the communal areas in Zimbabwe,
particularly in natural regions III, IV, and V (Parwada et al,
2020). Anderson and D’Souza (2014) observed that N, P, and K
were depleting at estimated rates of 20-40, 3.5-6.6, and 17-33
kg~ ha™! year™!, respectively, in Zimbabwe’s agricultural soils.
However, crop productivity is still low due to poor soil fertility
management among these communal farmers. The farmers do
not usually apply any soil-improving remedies, resulting in soil
nutrient mining causing a continuous decline of crop yield.
Addo-Quaye et al. (2011) concluded that soil fertility was the
major agronomic constraint to crop production even in well-
watered areas of southern and eastern Africa. The low crop
productivity has been exacerbated by the changing climate in
Zimbabwe; the rainfall is becoming more and more unreliable
and unpredictable, hence the difficulties in the planning cropping
schedules among the farmers (Parwada et al, 2020). Food
security is also increasingly threatened, and farmers have to be
innovative in their food production methods. There is a need
for sustainable crop production methods because many of the
communal farmers are poor and cannot afford to purchase off-
farm inputs. Numerous sustainable crop production methods are
available for the farmers; e.g., good agricultural practices like
crop rotation, mixed cropping, and intercropping can offer many
advantages to these resource-poor farmers.

Good cropping systems like rotating of cereal-cereal-legume-
small grain and intercropping of legume-cereals had been
recommended for the communal areas in Zimbabwe. The
intercropped legumes fix most of their N from the atmosphere
and so do not compete with cereals for N resources (Vesterager
et al.,, 2008). Therefore, the cereal-grain legume intercropping
can significantly reverse soil nutrient depletion on smallholder
farms (Gitari et al., 2019). Besides the N fixation, the legumes are
an important source of nutrition for both humans and livestock
(Nadwa et al., 2011). A major benefit of intercropping is that
more efficient utilization of the available resources is achieved
so there is increased productivity compared with each sole crop
of the mixture (Addo-Quaye et al,, 2011). Nevertheless, the
intercropping is a more complex production system than sole
cropping and its efficiency depends directly on the species and
management practices. In cases where growth requirements are
limiting, intra- and interspecies competition will increase too.

Maximum benefits of intercropping will be achieved if the
competition among crop species is reduced (Blanchart et al,
2006). Farmers have to be careful on the combinations of crops
to include in an intercropping system; some crops are more
competitive than others, and this will reduce the productivity
of the other crop. Growth requirements such as water and soil
fertility have to be checked and corrected in an intercrop. Based
on this understanding, it was difficult to quantify the benefits
of intercropping especially in areas where a lot of factors that

limit growth exist, e.g., in dry areas and inherently infertile soils.
The question is “How beneficial is intercropping in the dry and
inherently infertile soils?”

Farmers can also use organic manure for soil fertility
amelioration. Organic manure has a long-term positive effect
on soil organic matter (SOM) which in turn modifies many
biological, chemical, and physical soil properties (Parwada et al.,
2020). This is essential to achieving sustainable soil fertility
through recycling nutrients and creating soil physical conditions
favorable for plant growth. However, insufficient quantities
of manure among smallholder farmers are a major challenge
especially farmers with few or no livestock (Anderson and
D’Souza, 2014). Therefore, there is need to supplement or
combine the use of the available organic manure with other soil
fertility-improving technologies such as intercropping legumes
and cereals.

Evaluation of the beneficial of an intercrop can be done in
consideration of usefulness of the crops to the farmer (e.g.,
crude protein, calories), yield and land use complementarity,
and intercrop competitiveness (Gitari et al., 2019). Crop
complementarity of an intercrop occurs when the intercrop yields
are more than the yields obtained from an equivalent land area
planted in a sole crop (Tittonell et al., 2005). The most important
index of biological advantage is the land equivalent ratio (LER).
The LER is defined by the relative land area required as the sole
crop to produce the same yields when intercropped (Gitari et al.,
2019). LER provides a standardized basis so that crops can be
added to form combined yields. In addition, the total LER can
be taken as a measure of the yield advantage; e.g., an LER value of
1.2 indicates a yield advantage of 20% (Gitari et al., 2018).

There are other mechanisms associated with higher yield
advantages in intercrops, but the most probable one is that
component crops in the intercrop can complement each other
and environmental resources are used more efficiently than
sole crops (Gitari et al, 2018). However, the actual nature
of complementarity and the mechanism involved in efficient
utilization of environmental resources by crops, and the actual
mechanism involved in intercrop crops, remain unclear. In
addition, inter- and intraspecies competition always exists when
two crops are grown together. Interspecific competition is
very important in intercropping systems as it results in low
yields of the component crops. Alternating rows of sorghum
and cowpea contribute to reduce interspecific competition and
increase sorghum and cowpea yields in this intercropping
system (Zhang et al., 2011). However, if not carefully managed,
intraspecies competition could be more intense than the
interspecific competition.

Unfortunately, the intraspecies competition in an intercrop
is usually ignored; hence, this may significantly reduce the
economic yield of the crop. Knowledge of the level of intraspecies
competition of a crop will assist in determining the crops
to combine in an intercrop. Crops with high intraspecies
competition will perform poorly in an intercrop competition
due to the interspecies competition. It is therefore difficult to
exclusively and precisely quantify the benefits of an intercrop;
hence, the benefits of intercrops are generalized. The communal
farmers in Zimbabwe rely on organic manure such as cattle,
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FIGURE 1 | The average rainfall (mm) recorded at the research field during the period 2015-2017.

poultry, and goat manure as fertilizers. The quantities of manure
required per hectare are sometimes too high and therefore can
be under-applied leading to low crop productivity. The cowpea-
sorghum intercropping system is widely practiced by farmers in
Zimbabwean semiarid areas (Parwada et al., 2020). This study
was aimed at determining the effects of combining intercropping
and manure application at various rates on the yield benefits of
relay intercropping cowpea and sorghum, and the intraspecies
competition of sole cropping.

MATERIALS AND METHODOLOGY

A 3-year field experiment was conducted from 2015 to 2017 to
investigate the growth and yield of sorghum (Sorghum bicolor
L.) and cowpeas (Vigna unguiculata Walp) grown alone and
in intercropping with and without cattle manure applied at
different rates. The experiment was done in the summer seasons
(November to April) of 2015, 2016, and 2017 at a farmer field
in Muzokomba area, Buhera, Manicaland Province, Zimbabwe.
The farm is >800m in altitude and is in the agroecology
region V, receiving an annual rainfall of 300-450 mm. The
area is characterized by severe droughts. The field was under
mixed cropping of millet, watermelons, pumpkins, and sweet
sorghum before the experiment. The area is characterized by
predominantly coarse sands, with pockets of sandy loams to
sandy clay loams that can be classified as Lixisols (IUSS Working
Group WRB, 2015). The area received a total annual rainfall of
235.1, 245.2, and 238.4 mm in 2015, 2016, and 2017, respectively.
The area received below normal rainfall of >300 mm per year
throughout the study period (Figure 1).

The research field is characterized by two seasons within a
year that are hot, wet summers (October-April) and cool dry,
winters (May-August). The average monthly summer and winter
temperatures for the research field during the study period were
31.2 and 24.3°C, respectively (Figure 1).

Experimental Design

A 3 x 4 factorial experiment laid in a completely randomized
block design (CRBD) with three replicates was used. The planting
time was used as the blocking factor. Each plot was 3 x 1.0m
with three rows in each plot and a 0.50-m space in between plots.
A 1:1 crop arrangement was used according to the recommended
planting densities of each crop in the study area. The sorghum
was planted at 75 x 5 cm and cowpea at 45 x 15 cm. This resulted
in planting densities of 266,666 and 148,148 plants ha~! for
sorghum and cowpea, respectively.

Crop Establishment and Agronomic

Practices

Macia and CBC1 sorghum and cowpea varieties were used in this
study, respectively. Macia is a short-season variety that matures
in 100 days and yields about 3t ha=!. CBC1 is also a short-
seasoned cowpea variety that requires 70-90 days to maturity and
yields about 2.5t ha~!. The sorghum was first to be grown in
summer (October to April) 0of2015,2016, and 2017. The sorghum
was established in the third week of October, then cowpea was
planted 2 weeks later each year for the relay intercrop. The sole
crops were established in the third week of October in each
year. Cattle manure used in this study was decomposed for 14
weeks before use to achieve partial decomposition. Compound
D (7% N, 14% P, 7% K) was used as basal fertilizer at the
blanket recommended rate (300 kg ha™!, i.e., 21 kg N ha™!). The
cattle manure application rates were then determined according
to the N quantities supplied by the compound D application
rate. Hence, the quantity of the cattle manure applied was
determined using the amount of extractable NO»/NO3 (mgkg™!)
in the manure. The manure was applied at 17.789t ha=! for the
100% organic manure application rate (Table 1). This manure
application rate was then reduced according to the application
rates of each treatment combination (Table 1). No irrigation was
done during the study period the experiment was rainfed.
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TABLE 1 | Treatment combinations used in the study.

Treatment Acronyms Cowpeas Sorghum Manure

1 Intercropping CSM100 Present Present Present (100%)
2 Intercropping CSM75 Present Present Present (75%)
3 Intercropping CSM50 Present Present Present (50%)
4 Intercropping CS Present Present Absent (0%)

5 Sole cropping SM100 Absent Present Present (100%)
6 Sole cropping SM75 Absent Present Present (75%)
7 Sole cropping SM50 Absent Present Present (50%)
8 Sole cropping S Absent Present Absent (0%)

9 Sole cropping CM100 Present Absent Present (100%)
10 Sole cropping CM75 Present Absent Present (75%)
11 Sole cropping CM50 Present Absent Present (50%)
12 Sole cropping C Present Absent Absent (0%)

Soil and Cattle Manure Analysis

Six soil samples were collected at a depth of 0-250 mm using
a graduated soil auger in August 2015. Soil samples were taken
per plot and then thoroughly mixed to make a composite sample
before analyses. The cattle manure was sourced from the farmer’s
cattle kraal and sun dried for 1 week in order to achieve a uniform
moisture content. After 1 week of drying, 500 g of manure was
randomly taken for analysis and the bulky stored in a cool shade
before use.

Soil pH and electrical conductivities (EC) for both the soil
and manure were determined in a soil water suspension (ratio
of 1:5) using a TPS meter according to Okalebo et al. (2000).
Total elemental concentrations of K, Ca, Zn, Mg, Na, and Cu
were determined in the digests using an atomic absorption
spectrometer (iCE 3300 Atomic Absorption Spectrometer,
Thermo Scientific, Waltham, MA, USA). The soil was also
analyzed for texture using the hydrometer method as described
by Okalebo et al. (2000). The total carbon (C), nitrogen (N),
Olsen extractable P, exchangeable ammonium, and nitrate and
nitrite in both the soil and cattle manure were analyzed according
to Parwada and Van Tol (2018).

Data Collection

Data was collected from three and five randomly selected cowpea
and sorghum plants per plot respectively for the crop growth
rate (CGR) analysis. The CGR was collected at a 2-week interval
starting from 7 to 35 days after planting (boot stage of Macia and
initial flowering stage of CBC1).

(W — W)

CGR =
p(ta — t1)

gm % day™! (1)

where W; and W, are the whole plant dry weight at time t; and
ty, respectively, and p is the ground area of which W; and W,
were recorded.

The harvest index (HI) was measured at the physiological
maturity stages of each crop, i.e., at 90 and 100 days after planting
for the cowpea and sorghum, respectively. The HI was defined as

the ratio of grain yield weight (t ha~!) and the total aboveground

biomass weight (t ha™!) at maturity and was calculated as follows:
_ Weight of grain (t ha™')
" Total biological yield (t ha=")

x 100 2)

LER was calculated using the following equation:

Y. in mixed stand Y, in mixed stand
LER = + == 3)
Y. in pure stand Y; in pure stand

where Yc is the yield (t ha=!) of cowpeas and Ys is the yield (t
ha™!) of sorghum.

Thus, the LER expresses how much land in a monoculture
system is needed to produce the same amount of yield in an
intercropping system. Generally, a LER value of 1.0 indicates
no difference in yield between the intercrop and the collection
of monocultures, value >1.0 indicates a yield advantage for
intercrop, and LER value <1.0 indicates a disadvantage of
the intercrop.

To estimate the relative competitive ability of the crops with
respect to productivity of sorghum (first crop) and productivity
of cowpeas (second crop) under the different cattle manure
application rates, the original model of Spitters (1983),

Ny
Yip= (4)
(bio + b1,1N1 + b1 2N»)
was rewritten as:
N1 x W, 1
Yip = (5)

T AtalN ()M

where W),,; = the weight of an isolated plant (= 1/by o).

a = a parameter characterizing intraspecific competition (=
by,1/b1,2).

& = relative competitive ability explaining how many
individuals crop 2 each individual of crop 1 is equivalent to (=
by,1/b12). by indicates the intraspecific competition between
sorghum plants, and b; » measures the intraspecific competition
effects of cowpea on productivity of sorghum.

Data Analysis

The data were checked for normality if confirming the normal
distribution; hence, a three-factor analysis of variance (ANOVA)
was run using Statistix software version 10.0 to determine
the effects of the cropping system, days after planting, and
growing season (year) on the growth rate and LER of the
cowpeas and sorghum. Means were separated using Tukey’s
honestly significant difference (HSD) test (a = 0.05). A non-
linear regression analysis was also conducted to determine the
best fit and to obtain an estimate for the relative competitive
ability. Relative competitiveness of the crop species with respect
to productivity of sorghum (Sp/Sp,,) and productivity of cowpea
(So,0/bop) was determined. Both estimates were then used for
the computation of niche differentiation indices [(byp/bpe) X
(bo,o/bo )] as described by Spitters (1983). Sy, is the sorghum
biomass under manure, and Sy, is the sorghum biomass under
no manure. All data were analyzed using JMP version 11.0.0
statistical software.
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TABLE 2 | The initial chemical properties of the soil at the Muzokomba area,
experimental field, and cattle manure used in the study.

TABLE 3 | Estimated parameters and intraspecific competitive stress for sorghum
and cowpea in monoculture.

Parameter Soil Cattle manure
Sand (%) 78+23 2401
Silt (%) 18+ 2.3 0.7+0.2
Clay (%) 3+23 0.01 & 001
pH (H20) 42+12 6.98 + 0.3
EC (dSm~") 4.1 +£0.03 8.12 £ 0.1
CEC (cmoli)kg™) 8.0+0.5 3142+ 0.8
Total C (%) 0.7 £0.04 30.5+ 0.4
Total N (%) 0.5+ 0.03 416 +0.2
C:N ratio 0.3 £ 0.01 8.8+ 0.7
Olsen extractable P (mg kg~") 55.0+7.3 620.4 + 17.8
Extractable NOo/NO3 (mg kg~") 2024+ 2.04 980.5 £ 8.7
Extractable NH, (mg kg~") 98.4+0.8 386.3 + 2.8
K(mgkg™") 6.4 +0.6 3.2+05
Ca (cmolkg™") 0.3+0.05 271 +£25
Mg (cmolykg™") 245+19 10.8 + 2.1
Na (cmol)kg™) 0.45 £ 0.03 2.6+£0.7
Cu (emoli;kg™) 110.1 £ 36.1 305.2 + 38.6
Zn (cmolkg™") 702 £6.9 412.8+ 0.6

EC, electrical conductivity; CEC, cation exchange capacity.
Data are means =+ standard error of the means for three replicates.

RESULTS AND DISCUSSION

The sorghum requires an average of 85kg N ha~!, but the soil
contained only 58.4kg N ha=! (extractable NO,/NOj3). This
indicated that the extractable N was a limiting nutrient for
sorghum production in the Muzokomba area (Table 2). Soil
pH (4.2) was acidic and had low CEC and EC values of 65
cmol (4 kg™ and 4.1 dSm™!, respectively. Generally, the soil was
low in total C, N, P, and Ca which were consistent with the lower
[8.0 cmol(4)kg™!] cation exchange capacity (CEC) compared to
the cattle manure. However, the soil recorded higher quantities
of K and Mg compared to the cattle manure (Table 2). The
cattle manure and the initial soil had C/N ratios of 7.3 and 1.4,
respectively (Table 2).

Sorghum biomass and harvestable yield responded in the
same way. Yield increased with increased cattle manure
application, indicating that higher quantities of manure were
required to maximize biomass and grain yield in sorghum.
This suggests that intraspecific competitive stress between
individual sorghum plants was reduced with an increase in the
application of manure (Table 3). The sorghum biomass and grain
yield intraspecific competition values were 0.006 and 0.067 on
the sorghum plus 100% cattle manure (SM100), respectively
(Table 3). The cowpea intraspecific competition values for both
the biomass (0.048) and grain yield (0.693) were highest on
cowpea + 100% cattle manure (CM100%), but the intra-specific
competition was lowest under cowpea + 50% cattle manure
(CM50%) (Table 3).

Maximum grain yield of cowpea was attained at lower
quantities (CM75%) of cattle manure applied compared to the

Parameter Intraspecific competitive stress

b4 bo b1/bg
SM100 (biomass) 0.0013 0.021 0.006'
SM75 (biomass) 0.0011 0.036 0.031¢
SM50 (biomass) 0.009 0.031 0.290°
S (biomass) 0.0061 0.014 0.436°
SM100 (grain) 0.0018 0.027 0.067f
SM75 (grain) 0.0015 0.019 0.079f
SM50 (grain) 0.0010 0.011 0.091f
S (grain) 0.014 0.12 0.117¢
CM100 (biomass) 0.0048 0.010 0.480°
CM75 (biomass) 0.0034 0.020 0.170°
CM50 (biomass) 0.002 0.042 0.048¢
C (biomass) 0.0016 0.008 0.200¢
CM100 (grain) 0.0043 0.0062 0.6932
CM75 (grain) 0.0047 0.067 0.070f
CMB50 (grain) 0.006 0.210 0.030¢
C (grain) 0.0032 0.07 0.0469

b1/bg values followed by the same letter were not significantly different at p = 0.05.

TABLE 4 | Analysis of variance for the land equivalent ratios (LERs) in the yield of
cowpea-sorghum intercrop and their respective pure stands.

Source of variation DF MS F value
2015 experiment

Replication 2 0.0472 1.020

Intercropping (1) 2 0.0034 0.078*
| x manure 8 0.0677 1.298*
Error 32 0.0500

2016 experiment

Replication 2 0.0024 0.104

Intercropping (1) 2 0.3021 30.250"
| x manure 8 0.0005 25.039*
Error 32 0.0129

2017 experiment

Replication 2 0.0034 0.112

Intercropping (1) 2 0.3120 33.123*
| x manure 8 0.0003 29.138*
Error 32 0.0229

“Indlicates significant at p = 0.05.

maximum grain yield obtained for sorghum. Generally, the
intraspecific competition between sorghum plants was much
greater than that of cowpea plants in the study area (Table 3).
The high value for harvestable yield of both the cowpea and
sorghum indicates that the effects of intraspecific competition
for grain yield was stronger than for biomass. This suggests that
lower (<75%) cattle manure application rates are required for
high grain yield in cowpea than in sorghum.
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TABLE 5 | Grain yield, land equivalent ratio (LER), and harvest index (HI) of sorghum grown in a pure stand and mixed with cowpeas under the different cattle manure

application rates.

Treatment GRAIN YIELD (t ha™") LER HI
Cowpea Sorghum Total Cowpea Sorghum Total Cowpea Sorghum
2015
CSM100 0.6 &+ 0.01 1.9 +£0.04 2.5+ 0.05 0.66 + 0.02 0.9 +0.03 1.6 £0.01 0.4 0.8
CSM75 1.1 +£0.03 2.0+ 0.02 3.1+ 0.03 0.58 + 0.02 1.11 £0.01 1.7 £0.03 0.6 0.7
CSM50 1.2+£0.05 1.2+£0.03 2.4 +0.04 0.67 + 0.01 0.8+ 0.03 1.5+£0.02 0.6 0.7
CS 0.5 £0.04 1.1 +£0.01 1.6 £0.01 0.71 £0.04 1.38 £ 0.02 2.1+£0.01 0.3 0.6
SM100 - 2.1+ 0.03 - - - 1.00 - 0.7
SM75 - 1.8+ 0.02 - - - 1.00 - 0.6
SM50 - 1.5+0.02 - - - 1.00 - 0.4
S - 0.8 + 0.01 - - - 1.00 - 0.3
C100 0.9 + 0.01 - - - - 1.00 0.3 -
C75 1.9 +0.02 - - - - 1.00 0.6 -
C50 1.8 £0.02 - - - - 1.00 0.6 -
C 0.7 +£0.02 - - - - 1.00 0.4 -
2016
CSM100 0.7 £ 0.01 2.7 +0.04 3.4+ 0.03 0.88 + 0.03 1.23 £0.01 2.11+£0.03 0.5 0.9
CSM75 1.9+ 0.02 2.5+ 0.03 4.4 £+ 0.05 1+£0.01° 1.47 £0.02 2.47 £0.03 0.7 0.8
CSM50 1.6 £ 0.01 1.8+ 0.02 3.4 £ 0.04 0.94 + 0.01 1.29 £ 0.01 2.23+0.04 0.6 0.7
CS 0.5+ 0.01 1.50 £ 0.01 2.00 + 0.02 0.83 &+ 0.01 2.14 +£0.03 2.97 +0.03 0.40 0.60
SM100 - 2.20 +0.03 - - - - - 0.62
SM75 - 1.70 £0.02 - - - - - 0.71
SM50 - 1.40 £ 0.01 - - - - - 0.45
S - 0.70 + 0.01 - - - - - 0.26
C100 0.80 + 0.01 - - - - - 0.40 -
C75 1.90 £0.03 - - - - - 0.60 -
C50 1.70 £0.02 - - - - - 0.50 -
C 0.60 + 0.01 - - - - - 0.40 -
2017
CSM100 0.71 £ 0.01 2.75 +0.03 3.46 + 0.05 0.97 + 0.01 1.45 +£0.02 2.42 +0.03 0.31 0.76
CSM75 1.80 £ 0.02 2.34 +0.03 4.14 £ 0.05 0.99 + 0.01 1.23 £0.02 2.22 +0.03 0.54 0.84
CSM50 1.61 £0.02 1.82 £0.02 3.43 + 0.03 0.95 + 0.01 1.36 + 0.03 2.31+0.02 0.72 0.61
CS 0.61 + 0.01 1.50 £ 0.02 2.11+0.02 0.74 + 0.01 2.38 +0.03 3.12 +0.03 0.20 0.61
SM100 - 1.90 £0.03 - - - - - 0.83
SM75 - 1.562 £0.02 - - - - - 0.62
SM50 - 1.34 £0.01 - - - - - 0.51
S - 0.63 + 0.01 - - - - - 0.22
CM100 0.73 £ 0.01 - - - - - 0.42 -
C75 1.81 £0.02 - - - - - 0.73 -
C50 1.70 £0.02 - - - - - 0.61 -
o] 0.82 +0.02 - - - - - 0.44 -

Data are means =+ standard error of the means for three replicates.

There were significant (p < 0.05) interactions of intercropping
(I) x manure application rate x growing season (year) on the
LER of the cowpea-sorghum intercrop (Table 4).

Cowpea grain yield was highest (average 1.6t ha™!)
and lowest (average 0.53t ha™!) under CSM75 and CS,
respectively (Table 5). Higher (1.84t ha~!) cowpea grain yield
was recorded on sole crop + 75% cattle manure than sole
crop + 100% cattle manure. We observed a lower grain

yield and HI of cowpea at 100% cattle manure than at
<100% manure application rates in both intercrop and sole
crop (Table5). Nevertheless, sorghum grain yield and HI
were increased with an increase in quantity of cattle manure
applied in both intercrop and sole cropping. The sorghum
grain yield was highest on 100% cattle manure compared to
other manure application rates for both the intercrop and
sole crop (Table 5).

Frontiers in Sustainable Food Systems | www.frontiersin.org

December 2021 | Volume 5 | Article 778144


https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

Parwada and Chinyama

Sustainable Soil Fertility Management

The higher the HI value, the higher the economic yield value
of a crop. In this study, the inclusion of the manure significantly
(p < 0.05) affected the HI of the cowpea and sorghum. The HI
and grain yield of the crops showed a similar trend on grain
yield for each respective crop in both intercrop and sole cropping
systems (Table 5). On average, HI values of sorghum for the 3
years were highest (0.82) and lowest (0.26) on cowpea-sorghum
+ 100% cattle manure and sorghum without manure sole crop,
respectively (Table 5). The HI for cowpea was highest at cowpea—
sorghum + 75% cattle manure and lowest at cowpea-sorghum +
100% cattle manure (Table 5).

The LER was highest (3.12) under cowpea-sorghum without
manure (CS) and lowest on the cowpea-sorghum + 50% cattle
manure (CSM50) (Table 5). The LER increased by 82 and 52%
in the cowpea-sorghum + 100% cattle manure and cowpea—
sorghum without manure, respectively, from 2015 to 2017
(Table 5). The CGR of cowpea and sorghum varied according
to the amount of cattle manure applied and days after planting
(DAP) in each year. The CGRs of both cowpea and sorghum were
highest at 21 DAP and lowest at 35 DAP in all the treatments
(Table 6).

The CGR increased from 7 to 21 DAP and then declined at
35 DAP (Table 6). The CGR of cowpeas increased by 8.18% from
178.3gm~2 day ! at 7 DAP t0 192.9g m~2 day ! at 21 DAP and
decreased by 17.78% from 21 DAP to 158.6g m~2 day ! at 35
DAP on the cowpea-sorghum + 100% cattle manure (Table 6).
This was a similar trend with the growth rate of cowpea under
sole cropping; however, marginal changes were observed under
cowpea without manure at 7, 21, and 35 DAP (Table 6).

In the cowpea-sorghum intercrop, CRGs of sorghum followed
a similar trend observed on the cowpea growth rate. The average
CGRs of sorghum were 140.6, 181.4, and 141.2g m~2 day ™! at
7,21, and 35 DAP, respectively. This indicated a 29.0% increase
from 7 to 21 DAP and a 22.16% decrease at 35 DAP. The average
CGRs of sole sorghum crop + 100% cattle manure (SM100)
were 189.9, 191.2, and 170.0g m~2 day~! at 7, 21, and 35 DAP
respectively (Table 6). This trend was observed throughout the
other sole sorghum cropping systems used in this study.

Essentially cowpea grain yield, HI, and growth rate were
higher in a sole crop than in an intercrop at all <100% cattle
manure application rates. The extension report estimates crop
yields among smallholder farmers in Zimbabwe to be 0.40 t ha™!
(cowpea) and 0.70t ha™! (sorghum) and in a normal rainy
season (>300 mm per year) (Parwada et al., 2020). Grain yields
of cowpea and sorghum obtained from this study were at least
50% higher than those in the extension report in all the intercrop
treatments (Table5). Addition of manure in the intercrops
reduced the intraspecies competitive stress of the cowpea and
sorghum plants and hence increased the grain yield and HI under
the intercrops. Intraspecific competitive stress of cowpea was
shown to reduce at 75 and 50% cattle manure application rates
(Table 3). In a sole crop, the competitive stress induced by light,
water, and nutrients was minimal compared to the intercrop.
The addition of the organic manure in the inherently infertile
soils (Table 2) can reduce the soil nutrient competitive stress
in crops. This caused the high biomass productivity of cowpeas
at a 100% cattle manure application rate and a high sorghum

TABLE 6 | Effects of cropping system x days after planting (DAP) x growing season (year) on the growth rate of cowpeas and sorghum.

35DAP

21DAP

7DAP

2017

2016

2015

2017

2016

2015

2017

2016

2015

Year

Treatment

142.2
136.3
130.8

159.2
141.3

140.2
135.4
131.4

1568.2
140.7
143.5

141.1

158.3
141.6

180.4
137.4
130.5

199.1
140.7
146.5

182.6
176.5
131.3

177.8 141.2 178.2 1401 191.3 181.2 188.2
141.4 141.7

141.6

140.5
138.5
132.8

1791
140.2
143.1

CSM100
CSM75
CSM50

CS

136.7
132.3

175.8
130.9

136.7 142.2
147.8

132.7

135.8
130.6

143.4

140.2

143.5

144.2

144.1

130.8 123.2 130.4 122.3 131.7
134.7 - 135.4 - 134.8
123.1 - 123.0 - 122.4
117.9 - 118.2 - 117.8
105.4 - 104.9 - 105.3
- 170.2 - 169.4 -
- 154.2 - 153.9 -
- 135.3 - 136.9 -
- 123.7 - 1251 -
4.9 131 5.2 12.7 4.8

122.5
170.5
153.6
136.2
124.3
12.5

130.7
165.3
121.4
116.9
9.8

123.6 131.9 123.2 130.2 123.1 125.4 122.3 123.9 123.1
- 134.6 - 135.8 - 164.9 - 163.6 -
- 122.5 - 121.8 - 142.6 - 142.6 -
- 1174 - 117.3 - 127.7 - 128.1 -
- 103.6 - 105.4 - 104.8 - 104.5 - 106.1
188.5 - 191.0 - 192.2 - 190.3 - 191.2
1551 - 153.4 - 175.0 - 164.3 - 165.2
147.3 - 148.4 - 1731 - 148.3 - 147.8
134.3 - 135.8 - 135.1 - 135.2 - 134.7
10.3 5.7 15.4 5.9 16.2 10.3 17.3 11.4 16.6

130.5
135.2
123.2
118.0
105.2
6.5

122.4
190.1
153.6
148.1
135.4
14.9

C, cowpea; S, sorghum; DAR, days after planting.

SM100
SM75
SM50
C100
C75
C50
HSDo.05
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grain yield and HI at higher cattle manure application rates.
Zhang et al. (2011) noted that when two species are associated,
they interact in such a way that when one exerts a negative
effect on the other, the principle of competition is established.
In this study, addition (>75%) of cattle manure in the intercrop
resulted in vegetative growth of cowpeas and low grain yield; this
lowered the LER (Table 5). Reducing the quantities of manure
enhanced the normal growth of the cowpea and hence increased
LER observed on the cowpea-sorghum without manure (CS)
throughout the study period.

The LER of the CS was higher than in all other intercrop
systems; this indicated that addition of high (100% application
rate) quantities of manure in a cowpea-sorghum intercrop was
less beneficial compared to lower (<100%) rates of manure
application. There was more competition in cowpea-sorghum
+ manure systems than sole cowpea. However, these results
agreed with Kandhro et al. (2007) who observed a decrease
in yield of the legume crop by 23.9% in a sunflower-mungo
bean intercrop with different fertilizer application rates, as the
mungo bean had prolonged vegetative growth under high N
which resulted in reduced grain yield. The mungo bean was
vigorously growing at the expense of reproduction which caused
a low grain yield. High available N resulted in a prolonged
vegetative growth phase of the cowpea and hence the lower grain
yield observed on >75% than <75% manure application rates
(Tables 5, 6). Generally, the beneficial effects of intercropping
may be attributed to less competition for growth resources and
the eventual productivity by both crops. The addition of cattle
manure reduced both intra- and interspecies competition on soil
nutrients hence high grain yield. The cowpea-sorghum relay
intercrop showed yield advantage (LER > 1) in all treatments.
Similar results were reported by Tajudeen (2010) who observed
high LER (1.16) in sorghum-cowpea relay intercrop which
indicated high bioeconomic efficiency. In this study, we used a 1:1
crop row arrangement and Kandhro et al. (2007) noted that the
intercropping pattern was also influential on the grain yields in
cowpea/sorghum intercrop. Tajudeen (2010) then recommended
a 1:1 crop row arrangement for grain and stover yield stability in
sorghum particularly in the semiarid savanna ecology.

The high values of the CGR from day 7 to 21 DAP indicate
that the vegetative phases of the crop varieties are between 7 and
21 DAP. These findings were similar with the earlier findings
by Vesterager et al. (2008). The HI refers to the % ratio of the
economic and biological yield of a crop. Results from this study
showed considerable variations in the HI value range (0.6-0.8)
among the intercropping systems and 0.2-0.6 on sole cropping
(Table 6). The observed variation in the HI could be due to the
varying competitive effects of cowpea on sorghum caused by the
increased N availability from the cattle manure. The different
applied quantities of the cattle manure had a significant effect
on the growth rate of both the cowpea and the sorghum. The 75
and 100% manure application rates caused vigorous vegetative
growth in cowpea which was in turn beneficial to the sorghum
growth rate and grain yield (Tables 5, 6).

The HI of sorghum in an intercropping was significantly (p
< 0.05) greater than that in sole crop but was proportionally
increased with the increase in quantity of manure applied in all
cropping systems (Table 5). Intercropping cowpea and sorghum

were advantageous to the grain yield of the sorghum. However,
a study by Egbe (2010) showed no significant difference in
HI between sole crop and intercrop which contradicts our
findings. The noted differences between our results and those
of Egbe (2010) could be due to the inclusion of cattle manure
in our study; addition of manure in the intercrop resulted in
an increased economic yield (high HI) of the sorghum. The HI
of cowpea in the intercrop was significantly (p < 0.05) greater
at 75% than 100% cattle manure application rates. The cattle
manure in both cowpea-sorghum intercrop and sole cowpea
crop influenced the vegetative growth of the cowpea due to
increased available N within the cowpea rhizosphere. The 100%
inclusion of cattle manure in both cowpea-sorghum intercrop
and sole cowpea crop resulted in prolonged vegetative growth
of the cowpea, causing a reduction in grain yield of the cowpea.
Although this study did not quantify the additive effects of the
manure and biologically fixed N on the available N, the 100%
manure application rate showed to promote vegetative growth
than reproduction in cowpea which caused low grain yield and
high biomass. Reducing the manure application rate to <100%
promoted a high grain yield in the cowpeas as an intercrop or
sole cropping.

CONCLUSION AND RECOMMENDATIONS

Cowpea-sorghum + cattle manure had beneficial effects (LER >
1) on the yield of the cowpea and sorghum. The grain yield and
HI of sorghum were increased by 100% cattle manure inclusion
but were reduced in cowpea. Addition of manure (>75%) in the
cowpea-sorghum intercrop promoted vegetative growth of the
cowpea which had an indirect positive effect on the growth rate
and grain yield of the sorghum. Cowpea productivity, grain yield,
and HI were inversely proportional to the quantities of cattle
manure applied. The cowpea grain yield and HI were highest at
the 75% cattle manure application rate in both intercrop and sole
crop. Increasing cattle manure (>75% application rates) reduced
the intraspecific competition of sorghum plants. Farmers can
increase the amount of manure in a legume-cereal relay intercrop
if they aim to achieve a high grain yield of the cereal crop, as well
as high biomass and low grain yield for the legume crop. Further,
studies are recommended to quantify the relationship between
the high quantities (100% application rate) of organic manure
and the legume effect in a legume-—cereal relay intercrop.
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