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ABSTRACT
In two stages (30-45 DAS and 45-60 DAS), the study assessed the
_ growth of cowpeas and sunflowers in Qushtappa and Ankawa under
gE%évosishkawa various intercropping ratios (4SF:1CP, 4SF:2CP, 4SF:3CP, and 4SF:4CP)
Ppa. ‘ and cover types (exposed or mulched). The results indicated that

Cowpea, Sunflower, . . . . N
Intercropping, Growth locations, cover types, and intercropping ratios had a substantial impact.

Seed yield With more main stem nodes and faster rates of leaf growth, mulched plots

fared better overall, particularly in later growth stages. Early growth
Received: stages were dominated by exposed plots, however later growth stages saw
i:’;/clsggj_“ higher yields from mulched plots. Different cover types and intercropping

08/01/2025 ratios resulted in different cowpea leaf growth rates and seed yields.
Available online: Although sunflower seed weight increased in all scenarios, mulched plots
10/01/2025 frequently had better seed yields and counts per head, especially in higher
cowpea fractions. In general, location, ratio of intercropping, and early
© 2023.This is an open access JrOwth stages were dominated by exposed plots, however later growth
ﬁ:ttgsllire:t?\?eiro ;g%nifqll?%nlw stages saw hlghe_r yields from mu_lched plots. Different cover types and
0 ' ~intercropping ratios resulted in different cowpea leaf growth rates and
seed yields. Although sunflower seed weight increased in all scenarios,
mulched plots frequently had better seed yields and counts per head,
N especially in higher cowpea fractions. All things considered, growth and
yield results were highly impacted by location, intercropping ratio, and

cover type.
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1. INTRODUCTION

Intercropping, the agricultural practice of cultivating two or more crops on the same piece of
land within a single growing season, is a sustainable method for enhancing agricultural productivity
and resource use efficiency. By optimizing natural resource utilization, such as sunlight, water, and
soil nutrients, intercropping systems often yield higher outputs compared to monocropping. This
approach reduces resource competition by leveraging the complementary growth habits of different
crops, allowing them to coexist harmoniously (Zhang et al., 2023). Additionally, intercropping has
shown resilience against environmental stresses like drought and pests, making it a key component of
sustainable farming (Li et al., 2017). Mulching, the process of covering soil surfaces with organic or
inorganic materials, complements intercropping by conserving moisture, reducing weed growth, and
preventing erosion. It enhances soil structure and maintains optimal temperatures, fostering root
development and nutrient uptake (Patel & Singh, 2020). In regions facing water scarcity, mulching
minimizes evaporation and reduces irrigation needs, offering a practical solution to sustain
productivity (Gupta et al.,, 2022). As climate change alters rainfall patterns, mulching and
intercropping together can mitigate water shortages. Projections indicate drier winters and
concentrated spring rains in regions like Erbil, Iraq, where erratic precipitation threatens agriculture.
Mulching helps retain soil moisture during dry spells, ensuring water availability for intercropped
plants. This synergy between mulching and intercropping promotes resilient farming systems
adaptable to changing climates (Raza et al., 2020). Sunflower (Helianthus annuus L.) and cowpea
(Vigna unguiculata L.) are ideal candidates for intercropping under covered and non-covered
conditions due to their contrasting growth traits. Sunflowers, with their deep roots, access nutrients
from lower soil layers, while cowpeas enrich the soil with nitrogen through shallow roots. Mulching
enhances these interactions by preserving soil moisture and reducing competition for water (Singh,
2023). Historically, intercropping has been integral to traditional farming in Asia, Africa, and Latin
America, where farmers combined it with mulching to optimize land use and sustain yields. These
practices ensured soil fertility and food security in areas with limited modern inputs (Vandermeer,
1992). Today, they are being revisited to address challenges like climate change, soil degradation,
and water scarcity (Willey, 1979). The additive intercropping model, where sunflower is planted at
full density and cowpea at varying densities, has been extensively studied for maximizing resource
efficiency. Mulching further supports this system by preserving nutrients and moisture, allowing
both crops to thrive without excessive competition (Li et al., 2017). This study investigates the
combined effects of intercropping and mulching on sunflower and cowpea growth in the Erbil
region. It examines different intercropping ratios under covered and non-covered conditions, aiming
to provide practical insights for sustainable agriculture. The results will contribute to strategies for
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improving productivity and resilience in water-scarce and climate-affected regions (Singh et al.,
2023). By exploring mulching and intercropping synergies, this research seeks to optimize resource
use, enhance yields, and promote sustainable farming practices. The findings will guide the adoption
of resilient agricultural systems tailored to arid and semi-arid conditions. This research aims to
determine the optimal planting ratio for sunflower-cowpea intercropping in arid and semi-arid
regions.

2. MATERIALS AND METHODS

The experiment was carried out at two locations, Qushtappa and Ankawa, to assess the growth,
yield, and performance of sunflower (Helianthus annuus L.) and cowpea (Vigna unguiculata L.)
intercropped under various ratios and soil cover conditions. These sites reflect different soil fertility
and environmental conditions as depicted in tables 1 and 2 including soil analysis and some
meteorological aspects of the locations Ankawa has a somewhat suitable microclimate and slightly
higher fertility than Qushtappa which is semi-arid. Two development stages—30-45 days after
sowing (DAS) and 45-60 DAS—were used for the study.
Three replications of a split-plot design were used. The subplots had several intercrop ratios of
sunflower to cowpea, including pure stand (cowpea), pure stand (sunflower), and other combinations
such 4SF:1CP, 4SF:2CP, 4SF:3CP, and 4SF:4CP. 4SF: nCP indicates rows of sunflower to rows of
cowpea. Means with the same letter are not significantly different, the main plots featured bare and
covered soil conditions. After plowing, harrowing, and leveling the plot, seeds were manually sown
at the suggested intervals for each intercrop ratio. All plots received the same level of irrigation,
weeding, and pest control, and mulching was done with organic materials from wheat hay. All the
plot area was covered completely to one-inch thick. Growth traits like biomass accumulation, leaf
area index, and plant height were among the data gathered, as were crop-specific yield
characteristics. The weight of 100 seeds, the number of seeds per plant, and the seed production per
hectare were all measured for cowpea. Characteristics such as seed yield per hectare, weight of 100
seeds, and quantity of seeds per head were noted for sunflower. ANOVA was used for statistical
analysis, and the Least Significant Difference (LSD) test was used for mean comparisons at a
significance level of 5%. To guarantee thorough results, pooled analysis was performed across the
two locations and developmental stages. The same-letter means were regarded as not being
substantially different. Both crops were grown together on 14™ July and harvested differently in the
same year, cowpea on 15/9 while sunflower on 15/10/2024, The mulched plot surfaces were
executed by one inch wheat hay from the wheat that was cultivated previously on winter season

Since Cowpea plants do not grow perpendicular to the ground, the length of the plant, measured from
the soil surface to the plant’s end tip, was used in place of the height of the plant. Image computer
application was used to measure the leaf area, following the researchers Ferreira and Rasband 2012
whom explained how to compute the leaf area index by dividing the leaf area by the ground area.
After the plants were dried for 48 hours at 75°C in a special oven, their dry weights were calculated.
Then, using the Watson formula cited from Dizayee and Maaroof, 2020 (formula, relative growth
rates were computed by dividing the growth difference across two time periods by the time gap
between them. The difference in trait values throughout each time period was also used to compute
additional growth rates by the formula;

Growth rate = (W,-W,)/(T»-T1), W and T referring two trait scale (as weight in g) and elapsed times
respectively. and results were statistically evaluated using ANOVA at a 5% significance level
utilizing OPSTAT is a user-friendly statistical analysis software

The weight of five sunflower discs per treatment was measured individually, and the average was
calculated. A random sample of 1000 dried seeds were weighed with a high-precision scale to
determine seed density and quality. Seed yield was calculated by combining the seed weight from the
net plot and five sample plants, then converting it to kilograms per hectare. Sunflower heads were
harvested at maturity, when the outer brackets browned. Seeds were extracted, dried to 10% moisture
content, and stored for analysis.
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Table 1: Soil test analysis of both locations

location Ankawa Qushtappa
EC:Ds/m 0.4 0.6
pH 7.78 7.92
N% 0.011 0.08
P (ppm) 47.5 25.5
K (ppm) 188 120
O.M % 0.93 0.81
Sand % 16.3 33.8
Silt % 49.3 36.8
Clay % 344 29.4

Soil Texture Silty Clay Loam Clay Loam

Table2: Agrometeorology parameters at Ankawa and Qushtappa locations 2023-2024

Air Temperature C° . .
Scal Relative humidity
Maximum Minimum %

Month Qushtappa | Ankawa | Qushtappa | Ankawa | Qushtappa | Ankawa
November 21 21.4 114 12.6 64.3 70.4
December 17.1 17.5 7.9 7.9 69.4 85.3
January 14.1 14.6 6.5 6.3 73.1 87
February 14.9 15.2 6 5.1 67.3 87.6
March 18.9 18.5 8.2 8.1 61.2 86
April 28.6 28.8 15 154 44.7 84.8
May 304 30.6 18.2 194 36.2 71.6
June 41.4 42.6 26.7 28.3 13.8 56.3
July 42.2 44.6 27.6 30.4 16.1 58
August 424 44.8 27.1 28.8 16.1 57
September 36.8 38.9 23.3 24 23 57.1
October 29.1 30.4 15.7 16.5 22.2 64

Total rainfall from the previous season in mm per winter season mm 370 445

3. RESULTS AND DISCUSSION

First: Cowpea
a-Growth in Plant Length (cm day-1);

Table 3 shows data on cowpea growth in plant length in cm intercropped with sunflower under
cover types (Exposed and Covered) and ratios (4 SF:1 CP, 4 SF:2 CP, 4 SF:3 CP, 4 SF:4 CP) were
collected from Qushtappa and Ankawa at two growth periods: 30-45 DAS and 45-60 DAS. From
30-45 DAS: Qushtappa: In bared cover, 4 SF:3 CP had the lowest mean 3.420 cm d-1 and Pure
Stand the highest 4.447 cm d-1. In covered treatment, 4 SF:1 CP had the highest mean of 4.153 cm
d-1 and 4 SF:3 CP the lowest 3.310. 4 SF:3 CP performed consistently worse across both cover
types. Ankawa: In Exposed cover, mean values ranged from 3.737 cm d-1 to 4.023 cm d-1, while in
covered treatment, they ranged from 3.710 cm d-1 to 3.977 cm d-1, showing little variation across
treatments. Adebayo, A.K et al (2024) found similar results.

According to pooled ANOVA analysis, 4 SF:1 CP had the highest mean 4.208 cmd-1 and 4
SF:3 CP the lowest 3.365 cm d-1 under exposed settings. 4 SF:1 CP had the greatest mean 4.000 cm
d-1 and 4 SF:3 CP the lowest 3.767 cm d-1 under covered conditions. In both covers, 4 SF:3 CP
continuously did poorly. Between 45 and 60 DAS: Qushtappa: Pure Stand had the lowest mean 1.310
cm d-1 and 4 SF:4 CP the highest (2.090) in exposed cover. The highest mean in covered treatment
was 4 SF:4 CP 3.200 cm d-1, while the lowest was 4 SF:1 CP (2.177). Ankawa: Means varied
between 1.890 and 2.400 in exposed cover. The range of values in mulched cover was 2.070 cm d-1
to 2.553 cm d-1. Pooled ANOVA: Pure Stand had the lowest mean 1.743 cm d-1 and 4 SF:4 CP the
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highest 2.645 cm d-1 in exposed cover.

Table 3: Growth rate mean values of Cowpeas (plant length cm trait) intercropped
additionally to sunflower in exposed and covered plots at the locations of Qushtappa and
Ankawa at two age stages in days after sowing

Sole and Intercrop row ratios, Sunflower (SF): Cowpea (CP)
€37 Coverage c
g < | Location | with wheat - 8
B & hay Sole cropping 4SF:1 | 4SF:2 | 4SF:3 | 4SF:4 | 2

(Cowpea) CP CP CP CP

o Exposed 4.447a 4.263a 4.133a 3.420b 4.180a |4.089a
c
2 |Qushtappa| Covered 3.933ab 4153a | 4.113a | 3.310b | 4.047a |3.911a
o Mean 4.190a 42082 | 4.123a | 3.3650 | 4.113a
£
© Exposed 3.957a 4.023a 4.000a 3.823a 3.737a |3.908a
>
3 Ankawa Covered 3.843a 3.977a 3.777a 3.710a 3.843a |3.830a
% Mean 3.900a 4.000a 3.888a 3.767a 3.790a
é Exposed 4.190a 4.208a 4.123a 3.365b 4.113a |3.998a
£ Pooled
5 ANOVA Covered 3.900a 4.000a 3.888a 3.767a 3.790a |3.871a
L Mean 4.045a 4.104a 4.006a 3.566a 3.952a
o Exposed 1.310a 1.333a 1.710a 1.890a 2.090a |1.667b
c
g Qushtappa| Covered 2.177b 2.400b 1.843b 1.890b 3.200a |2.302a
Q Mean 1.743b 1.867b 1.777b 1.890b 2.645a
E Exposed 2.090a 2.177a 2.400a 1.890a 2.023a |2.116a
>
= Ankawa Covered 2.287a 2.200a 2.087a 2.070a 2.553a |2.239a
% Mean 2.188a 2.188a 2.243a 1.980a 2.288a
5 Exposed 1.743b 1.867b 1.777b 1.890b 2.645a |1.891a
£ Pooled
S ANOVA Covered 2.188a 2.188a 2.243a 1.980a 2.288a |2.271a
L Mean 1.966a 2.028a 2.010a 1.935a 2.467a

*4SF : n Vu, indicates rows of sunflower : rows of Cowpea**Means with the same letter are not significantly different

b-Growth in Nodes per Plant (nodes day™)

During two growth periods—30-45 DAS and 45-60 DAS—data on cowpea growth

performance as main stem nodes per plant (Table 4) interplanted with sunflower under cover types
(Exposed and Covered) and ratios (4 SF:1 CP, 4 SF:2 CP, 4 SF:3 CP, and 4 SF:4 CP) were gathered
from Qushtappa and Ankawa. Between 30 and 45 DAS: Qushtappa: The mean for exposed cover
was highest for 4 SF:2 CP was 0.490 nodes d™ and lowest for 4 SF:3 CP was 0.313 nods d™. The
greatest CP in mulched cover was 4 SF:2 0.470 nodes d™, while the lowest CP was 4 SF:3 0.290
nodes d™*. Ankawa: While mulched settings demonstrated constant performance mean values under
exposed settings varied from 0.400 nodes d™ to 0.513 nodes d™*.
Pooled ANOVA: The mean for exposed cover was the lowest for 4 SF:3 CP 0.302 nodes dand the
highest for 4 SF:2 CP 0.480 nodes d™*.Similar studies executed by Sadiq (2023). From 45-60 DAS:
Qushtappa: In exposed cover, and 4 SF:1 CP had the lowest mean 0.200 nodes d*, while 4 SF:4 CP
had the highest (0.313). In mulched cover, 4 SF:4 CP had the highest mean 0.513 nodes d™* and 4
SF:2 CP the lowest 0.200nodes d* Ankawa: Mean values in exposed conditions ranged from 0.400
nodes d™ to 0.513 nodes d™, and in mulched conditions from 0.423 nodes d™* to 0.490 nodes d™.
Pooled ANOVA: In exposed cover, 4 SF:4 CP had the highest mean (0.413) and 4 SF:1 CP and 4
SF:2 CP the lowest 0.233 nodes d™. In mulched cover, 4 SF:4 CP had the highest mean 0.357 nodes
d™and 4 SF:3 CP the lowest 0.300 nodes d™.
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C- Growth of Branches per Plant

At two locations (Qushtappa and Ankawa), were table (5) assesses some growth traits under various
intercropping ratios (4 SF:1 CP, 4 SF:2 CP, etc.) and plot cover types (Exposed and Mulched). Each
plot type's data is shown first, then location-wise means and a summary of the pooled ANOVA.

At two growth periods—30-45 DAS and 45-60 DAS—data on cowpea growth performance (leaves
per plant) interplanted with sunflower under cover types (Exposed and Mulched) and ratios (4 SF:1
CP, 4 SF:2 CP, 4 SF:3 CP, and 4 SF:4 CP) were gathered from Qushtappa and Ankawa.

Broad Remarks: In both growth phases, exposed plots typically had more branches per plant than
mulched plots. Throughout 30 to 45 DAS, Qushtappa continuously had somewhat more branches
than Ankawa, suggesting a location-based impact. Competitive effects were suggested at increasing
densities, as lower densities (4 SF:1 CP, 4 SF:2 CP) produced more branches, whereas higher
densities (4 SF:4 CP) produced fewer branches. In Qushtappa (30—-45 DAS), in particular, mulched
plots had less branches. However, during 45-60 DAS, branch counts in mulched plots improved in
some ratios (e.g., 4 SF:4 CP). Statistical Significance: In exposed plots, variations were primarily
non-significant between 30 and 45 DAS, but in some treatments, particularly at higher cowpea
densities, they were significant between 45 and 60 DAS. Across sites, cover types, and growth
phases, branch counts generally declined as cowpea density rose. Tahir et al. (2024) worked on
similar issue.

D- Number of Leaves per Plant (leaves er day = L d*)

Qushtappa: In exposed cover, the mean for 4 SF:1 CP and 4 SF:3 CP was the lowest at 1.200 L d!
between 30 and 45 DAS, while the highest value was 1.687 L d™! for 4 SF:4 CP. In mulched cover, 4
SF:2 CP had the greatest mean at 1.510 L d™', whereas Pure Stand had the lowest at 1.00 L d'.
Overall, performance differed slightly between treatments. In Ankawa, 4 SF:1 CP had the highest
mean in exposed cover (1.067 L d'), whereas Pure Stand had the lowest (0.553 L d'). Under
mulched cover, the mean values, which varied from 0.470 L d ' to 0.580 L d!, stayed the same.

The exposed cover mean was the highest using pooled ANOVA, 4 SF:2 CP had the largest exposed
cover mean (1.445 L d™*), whereas 4 SF:3 CP had the lowest (1.110 L d™'). Pure Stand had the lowest
mean (0.522 L d!) and 4 SF:1 CP had the highest (0.823 L d!) in mulched cover.

Table 5: Growth rate mean values of Cowpeas (Branches plant™® trait) intercropped
additionally to sunflower in exposed and mulched plots at the locations of Qushtappa and
Ankawa at two age stages in days after sowing.

Intercrop row ratios, Sunflower (SF): Cowpea (CP)
Pomiod | Location szz%i;v;th N OSO'?n ase1 | as2 | 4seis | asea |
(Comeag) cP cP cP cP
Exposed 0.353a 0.333a | 0.377a 0.267a | 0.290a |0.324a
3 Qushtappa Covered 0.267a 0.270a 0.247a 0.177a 0.133a |0.219a
qg Mean 0.310a | 0.302ab | 0.312a | 0.222ab | 0.212b
3 o Exposed 0.333a 0.310a | 0.247a 0.290a | 0.223a |0.281a
'ér; % Ankawa Covered 0.247a 0.223a | 0.200a 0.200a | 0.157a |0.205a
‘:3, @ Mean 0.290a | 0.267ab | 0.223ab | 0.245ab | 0.190b
= Exposed 0.310a 0.302a | 0.312a 0.222a | 0.212a |0.302a
g qooe | Covered 0.290a | 0.267a | 0.223a | 0.245a | 0.190a |0.212a
Mean 0.300a | 0.284ab | 0.268ab | 0.233ab | 0.201b
o Exposed 0.067a 0.110a | 0.110a 0.133a | 0.180a |0.120a
2 % = £ |Qushtappa Covered 0.177ab | 0.157ab | 0.113b 0.067b 0.333a |0.169a
EcK B Mean 0.122b | 0.133ab | 0.112b | 0.100b | 0.257a
L= Ankawa Exposed 0.133a 0.177a 0.180a 0.133a 0.113a |0.147a
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Covered 0.110a | 0.200a | 0.110a | 0.133a | 0.200a |0.151a
Mean 0.122a 0.188a 0.145a 0.133a 0.157a
Exposed 0.122b | 0.133ab | 0.112b | 0.100b | 0.257a |0.134a
a0 | Covered 0.122a | 0.188a | 0.145a | 0.133a | 0.157a |0.160a
Mean 0.067a | 0.10a | 0.110a | 0.133a | 0.180a |0.120a

*4SF : n Vu, indicates rows of sunflower : rows of Cowpea

**Means with the same letter are not significantly different

Qushtappa: Between 45 and 60 DAS, the mean for exposed cover was the highest for 4 SF:4 CP
(0.467 L d") and the lowest for Pure Stand (0.330 L d™'). The highest mean in mulched cover was
0.977 L d™* for 4 SF:4 CP while the lowest was 0.113 L d™* for 4 SF:2 CP. 4 SF:2 CP and 4 SF:3 CP
had the highest mean (0.467 L d') in Ankawa exposed cover, whereas 4 SF:4 CP had the lowest
(0.200 L d"). The mean in mulched cover was 0.887 L d™! for 4 SF:4 CP and 0.443 L d! for 4 SF:1
CP.

Pooled ANOVA: The mean for exposed cover was 0.722 L d! for 4 SF:4 CP and 0.257 L d™* for 4
SF:2 CP. The highest mean in mulched cover was 0.543 L d™' for 4 SF:4 CP while the lowest was
0.388 L d! for 4 SF:3 CP. Not all differences are statistically significant.

Table 6 : Growth rate mean values of Cowpeas ( leaves plant™ trait) intercropped additionally
to sunflower in exposed and mulched plots at the locations of Qushtappa and Ankawa at two
age stages in days after sowing .

'g S Intercrop row ratios, Sunflower (SF): Cowpea (CP)
E é E LE) é Mean
g S £S5 Sole 4SF:1 | 4SF:2 | 4SF:3 | 4SF4
S - g © e | cropmg cP cP cP cP
o o (Cowpea)
Exposed 1443a | 1.200a | 1.380a | 1.200a | 1.687a |1.382a
E Qushtappa Covered 1.000a 1.423a 1.510a 1.020a 1.087a |1.208a
< Mean 1222a | 1.312a | 1.445a | 1.110a | 1.387a
-§ o Exposed 0.553b 1.067a | 0.823ab | 0.847ab | 0.820ab |0.822a
f% Ankawa |  Covered 0.490a | 0580a | 0.470a | 0557a | 0.557a |0.531a
pagig Mean 0.522a 0.823a 0.647a 0.702a 0.688a
°§ Exposed 1.222a 1.312a 1.445a 1.110a 1.387a |1.102a
2 ;’ﬁg@i Covered 0522a | 0823a | 0.647a | 0.702a | 0.688a |0.869a
Mean 0.872a 1.068a 1.046a 0.906a 1.038a
Exposed 0.330a 0.600a 0.400a 0.423a 0.467a |0.444a
3 Qushtappa Covered 0.643ab | 0.357ab | 0.113b | 0.620ab | 0.977a |0.542a
§ Mean 0.487a | 0478a | 0.257a | 0.522a | 0.722a
3 5 Exposed 0.447a 0.423a 0.467a 0.310a 0.200a |0.369b
%% Ankawa Covered 0.733a 0.443a 0.533a 0.467a 0.887a |0.613a
5 @ Mean 0.590a 0.433a 0.500a 0.388a 0.543a
g Exposed 0487a | 0.478a | 0.257a | 0.522a | 0.722a |0.407b
2 aooee | Covered 0.590a | 0.433a | 0.500a | 0.388a | 0.543a |0.577a
Mean 0.538a 0.456a 0.378a 0.455a 0.633a

*4SF : n Vu, indicates rows of sunflower : rows of Cowpea**Means with the same letter are not significantly different
E- Yield and Yield Components of cowpea

Effect of Intercropping on Seed Number depicted in table 7, Pure Stand had the lowest seed number
(183.8) and 4 SF:1 CP had the greatest (220.7) in Qushtappa (Exposed). Other treatments showed no
discernible trend. The average number of seeds in mulched plots was slightly lower than in exposed
plots, ranging from 176.1 to 204.4. There was little fluctuation in the seed numbers in Ankawa,
which ranged from 177.8 to 211.3 under both exposed and mulched circumstances. Effect of Cover:
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Bare plots in Qushtappa often yielded more seeds than mulched plots. There was no discernible
difference in Ankawa. Comparing locations, Ankawa performed consistently throughout treatments,
but Qushtappa responded more strongly to intercropping

Table 7: Yield performance of cowpea under addition intercrop type between cowpea and
sunflower in exposed and mulched plots at the locations of Qushtappa and Ankawa .

Intercrop row ratios, Sunflower (SF): Cowpea (CP)

Trait Plot location Sole
Cowpe 4 SF: 4SF:2 4 SF: 4 SF:4 Mean
and cover type a P 1cp cP 3cP cP
Exposed 183.8b 220.7a 212.8ab 198.1ab 206.4ab 204.3a
g Mulch
g ”dc © | 1761a | 204.413a | 177.727a | 189.760a | 195.900a | 188.8b
<
[%2}
>
o Mean | 179.9b 2125a | 1953ab | 1939ab | 201.1ab
Exposed 177.8a 203.1a 211.3a 199.9a 190.2a 196.5a
[}
No. of seeds per | = Mulche | 16412 | 198.3a 188.9a 201.2a 2003a | 194.6a
plant < d
<
Mean | 180.9a | 200.7a 200.1a 200.5a 195.3a
Exposed 179.9b 212.5a 195.3ab 193.9ab 201.2ab 200.4a
<
=}
s 2 M”é"he 180.9a | 2007a | 2001a | 2005a | 1953a | 1917a
o =z
e <
Mean 180.4a 206.6a 197.7a 197.2a 198.2a
Exposed | 21.17la | 21.977a | 21.682a | 21.940a | 21.937a | 22.180a
g Mulch
& ”dc © | 21722b | 22706a | 22.647a | 23.133a | 22.583ab | 22.120a
e
[%2}
>
o Mean | 21.446b | 2234la | 22.164a | 22537a | 22.260a
Exposed | 21.343b | 22567a | 22.603a | 23060a | 22.833a | 22.481a
. [}
Weight of 100 3 Mulche | 5o 1000 | 22.845ab | 22.690ab | 23207a | 22333b | 22.635a
seeds g X d
<
Mean | 21.722b | 22.706a | 22647a | 23.133a | 22583
Exposed | 21.21la | 22.067a | 22.0lla | 21.997a | 22.107a | 21.878a
<
E 2 Mulche | 21 1300 | 21.887a | 21353 | 21883a | 21.767a | 21.604a
o bl d
e <
Mean 21.171a 21.977a 21.682a 21.940a 21.937a
Exposed 1.209a 1.633a 1.361a 1.223a 1.375a 1.360a
g Mulch
& ”dc © | 1086 1.411a 1.128a 1.344a 146la | 1.286a
e
122}
>
o Mean | 1.148b 1522a | 1.245ab | 1.283ab | 1418ab
Seed yield t ha Exposed 1.206a 1.571a 1.602a 1.483a 1.217a 1.416a
g Mulche
_{Y% | 1.269ab | 1.514ab | 1.095b 1509ab | 1747a | 1.427a
<
Mean | 1238a 1.543a 1.349a 1.496a 1.482a
s <z Exposed 1.148a 1.522a 1.245a 1.283a 1.418a 1.388a
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M”(;Che 1.238a 1.543a 1.349a 1.49a 1.482a | 1.356a
Mean 1.193a 1.532a 1.297a 1.390a 1.450a

*4SF : n Vu, indicates rows of sunflower : rows of Cowpea**Means with the same letter are not significantly different

treatments. The maximum mean number of seeds (206.6) was found in the pooled ANOVA: 4 SF:1
CP. The averages of mulched plots were somewhat lower significant in terms of statistics.

The effects of mulching differed according on the area; in Qushtappa, there was a modest
suppression, but in Ankawa, there was no discernible pattern. Plot cover, location, and intercropping
ratio  correlations may  become clearer  with  additional  statistical  research.
Weight of 100 Seeds (g): Qushtappa Seed weights in exposed plots varied little, ranging from
21.171g to 21.977g. Weights in mulched plots varied from 21.722g to 23.133g, indicating a minor
benefit

There were not many differences between exposed and mulched areas. Key Takeaways for Seed
Yield: In both sites, intercropping continuously performed better than pure stands. The best results
were observed in 4 SF:1 CP and 4 SF:4 CP, when mulched plots marginally boosted seed output.
Compared to Qushtappa, yields in Ankawa were often more reliable. Zhao, et al (2024) found that
straw determined growth , yield and quality of sunflower.

Second: Yield and Yield components of Sunflower

Yield and Yield Components of Sunflower

The number of seeds at Ankawa varied slightly depending on the intercrop ratio. The 4 SF:4 CP ratio
under mulched conditions had the highest value of 427.1 seeds plant™, while the 4 SF:3 CP ratio in
exposed plots had the lowest value 390.0 seeds plant™. Seed output was positively impacted by
mulching, although there was only a slight variance between intercrop types. In both locations,
mulched plots performed better than exposed plots, according to the pooled ANOVA results. Under
mulched conditions, the 4 SF:4 CP ratio produced the greatest mean of 422.0 seeds plant™, indicating
a notable benefit in this cropping method. In conclusion, mulching improves sunflower yield
performance across all intercrop kinds. Depending on location-specific conditions, various intercrop
ratios exhibit superior productivity. The relationship among cover type, location. The yield
performance of sunflowers under various cowpea intercrop types in both bare and mulched plots at
two locations—Qushtappa and Ankawa—is shown in the table. The weight of 100 seeds (g) and the
quantity of seeds per head are among the characteristics that are measured. Regarding the quantity of
seeds per head: In comparison to exposed plots, mulched plots at Qushtappa consistently produced
more seeds at all intercrop ratios. The pure sunflower stand under exposed conditions had the lowest
mean value (332.3), whereas the 4 SF:1 CP ratio under mulched conditions had the highest mean
value (396.6). In terms of seed yield, mulched plots did better than exposed ones overall. The amount
of seeds at Ankawa varied slightly depending on the intercrop ratio. The 4 SF:4 CP ratio under
mulched conditions had the highest value (427.1), while the 4 SF:3 CP ratio in exposed plots had the
lowest value (390.0). Seed output was positively impacted by mulching, although there was only a
slight variance between intercrop types.

Table 8 : Yield performance of Sunflower under addition intercrop type between cowpea and
sunflower in exposed and mulched plots at the locations of Qushtappa and Ankawa

Intercrop row ratios, Sunflower (SF): Cowpea (CP)
Trait Plot location sﬁﬂ'ﬁo 4SF:1 4SF:2 4SF:3 4SF4 Mean
and cover type wer cp cp cp cp
© Exposed 332.3b 389.8a 361.7ab 384.2a 381.8ab 369.9a
g% Mulched 366.5a 396.6a 392.9a 381.4a 376.5a 382.8a
é Mean 349.4b 393.2a 377.3ab 382.8ab 379.2ab
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Exposed | 406.1ab 406.8ab 405.5ab 390.0b 416.9a 405.1a
Seed yield % Mulched | 394.3b 394.4b 396.1b 412.6ab 427.1a 404.9a

No. of = Mean 400.2b 400.6b 400.8b 401.3b 422.0a
seeds plant™ Exposed 349.4b 393.2a 377.3ab 382.8a 379.2ab 387.5a
Eg %( Mulched | 400.2a 400.6a 400.8a 401.3a 422.0a 393.8a

& 2 Mean 374.8b 396.9b 389.1b 392.1b 400.6a
< Exposed 11.550a 11.773a 12.767a 12.523a 12.550a 12.233a
E% Mulched | 11.850b 12.563ab 13.520a 13.070ab 13.347ab | 12.870a

é Mean 11.700b 12.168ab 13.143a 12.797a 12.948a
Exposed 11.107b 13.227a 12.883a 13.063a 13.480a 12.752a
é Mulched | 11.937b 13.510a 12.750ab 13.097a 13.537a 12.966a

< Mean 11.522b 13.368a 12.817a 13.080a 13.508a
Weigszz (;’Sf 100 Exposed | 11700b | 12.168ab | 13.143a | 12.797ab | 12948a | 12.492a
© % é Mulched | 11.522b 13.368a 12.817a 13.080a 13.508a 12.918a

- < Mean 11.611b 12.768a 12.980a 12.938a 13.228a
< Exposed 1.745b 2.100ab 2.119a 2.205a 2.281a 2.090a
L—"% Mulched 1.887a 2.202a 2.190a 1.985a 2.092a 2.071a

é Mean 1.816b 2.151a 2.155a 2.095a 2.187a
Exposed 2.167b 2.298b 2.397ab 2.199b 2.575a 2.327h
é Mulched | 2.121b 2.537a 2.365ab 2.509a 2.512a 2.409a

= Mean 2.144c 2.417ab 2.381ab 2.354h 2.544a

Seed yield
ht < Exposed 1.816b 2.151a 2.155a 2.095a 2.187a 2.209b
§ & | Mulched | 2144b 2.417a 2.381ab 2.354ab 2.544a 2.240a
2 E Mean

*4SF : n Vu, indicates rows of sunflower : rows of Cowpea**Means with the same letter are not significantly different

In both locations, mulched plots performed better than exposed plots, according to the pooled
ANOVA results. Under mulched conditions, the 4 SF:4 CP ratio produced the greatest mean yield
(422.0), indicating a notable benefit in this cropping method. Regarding 100 seeds' weight (g): When
comparing mulched and exposed plots in Qushtappa, the weight of 100 seeds was often higher in the
former. The greatest average weight. Mulched plots at Ankawa also displayed increased seed weight.
The 4 SF:4 CP ratio under mulched conditions had the highest value (13.537 g), while the pure stand
under exposed conditions had the lowest value (11.107 9).
Across all intercrop ratios, mulching reliably increased the weight of 100 seeds, according to the
pooled ANOVA results. The 4 SF:4 CP ratio under mulched settings had the highest pooled mean
(13.508 g), indicating a notable improvement brought about by mulching.

The yield performance of sunflowers under various cowpea intercrop types in both bare and
mulched plots at two locations—Qushtappa and Ankawa—is shown in the table. Among the
characteristics that are measured are the quantity of seeds per head ,the weight of 100 seeds (g), and
seed yield (t ha™). Regarding the quantity of seeds per head, at Qushtappa, mulched plots
continuously yielded more seeds than exposed plots in every intercrop ratio. The pure sunflower
stand under exposed conditions had the lowest mean value (332.3), whereas the 4 SF:1 CP ratio
under mulched conditions had the highest mean value (396.6). In terms of seed yield, mulched plots
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did better than exposed ones overall. The amount of seeds at Ankawa varied slightly depending on
the intercrop ratio. The 4 SF:4 CP ratio under mulched conditions had the highest value (427.1),
while the 4 SF:3 CP ratio in exposed plots had the lowest value (390.0). Seed output was positively
impacted by mulching, although there was only a slight variance between intercrop types.

In both locations, mulched plots performed better than exposed plots, according to the pooled
ANOVA results. Under mulched conditions, the 4 SF:4 CP ratio produced the greatest mean yield
(422.0), indicating a notable benefit in this cropping method. Regarding 100 seeds' weight (g): When
comparing mulched and exposed plots in Qushtappa, the weight of 100 seeds was often higher in the
former. The pure sunflower stand under exposed conditions had the lowest mean weight (11.550 g),
whereas the 4 SF:2 CP ratio under mulched conditions had the highest mean weight (13.520 g).
Mulched plots at Ankawa also displayed increased seed weight. Under mulched conditions, the 4
SF:4 CP ratio had the maximum value (13.537 g) , Across all intercrop ratios, mulching reliably
increased the weight of 100 seeds, according to the pooled ANOVA results. The 4 SF:4 CP ratio
under mulched settings had the highest pooled mean (13.508 g), indicating a notable improvement
brought about by mulching. Regarding the seed yield (t ha™): In general, mulched plots at Qushtappa
produced more seeds than exposed plots. Under exposed circumstances, the 4 SF:4 CP ratio
produced the maximum yield (2.281 t ha™), whereas mulched plots produced yields that were
comparatively constant across all ratios. Similar trends were seen in seed yield at Ankawa, where
mulched plots outperformed exposed plots. Under exposed circumstances, the 4 SF:4 CP ratio
produced the maximum yield (2.575 t ha™'), whereas mulched conditions also consistently produced
high yields. These results reinforce the conclusion that mulching enhances sunflower yield
components and productivity across different intercrop configurations, further supporting sustainable
agricultural practices as described by Mousavi and Eskandari (2011).

4. Conclusion

Although productivity varies by location, cover type, and intercrop ratio, mulching increases
sunflower production throughout intercrop systems. The optimal ratio is 4 SF:4 CP, particularly
during the later growth stages (45-60 days). Additionally, mulching enhances the development of
cowpea leaves, surpassing bare circumstances and guaranteeing the best possible crop production.
Recommendations

Intercropping sunflower (SF) with cowpea (CP) increases seed weight and yield, particularly at 4
SF:1 CP and 4 SF:4 CP ratios, and it works well everywhere. Mulching retains soil moisture, which
improves results. Environmental variables influencing the variability between Qushtappa and
Ankawa should be the focus of future research.
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