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Submitted: Abstract: Crop arrangement patterns in intercrop systems affect resource efficiency and yield of

13/02/2025 the companion crops. The degree of interaction within and between species in intercrop systems
depends on crop life cycle and morphology. Experiments were carried out to determine the effect

Revised: of row-intercrop arrangement on four phenologically close but morphologically contrasting

09/04/2025 varieties of green gram (Vigna radiata L.) intercropped with sorghum (Sorghum bicolor L.) in
southeastern Kenya. Split-plot design was used, with crop arrangement (sole crop, single and

Accepted: double-row intercrop) as main plots and green gram variety in the subplots. Four green gram

12/04/2025 varieties of N26, KS20, Karembo, and Biashara were intercropped with sorghum variety Seredo.
Sole crops of each green gram variety and sorghum were added as control. Variety N26 had a
large canopy, quicker growth rate (7.2 g m2 day1), and out-yielded the other varieties by 1.09 t
ha1. Sole crops of green gram (irrespective of variety) and sorghum recorded higher growth
rates and yield compared with intercrop systems. However, crops grown in double row, out-
yielded those in single row arrangement. Green gram yield was a function of the number of
branches and seed number m-2 while sorghum yield was directly proportional to tiller number
and grain number m=2. Results imply that the yield of green gram intercropped with sorghum
could be improved through the use of varieties with rapid growth rates and wider intercrop
strips to maximize intraspecific and interspecific interactions.
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Introduction

Cereal-legume intercropping often increases crop system productivity and efficiency but in some instances yield could be
reduced (Bremer et al., 2024). Intercropping is the simultaneous growing of two or more crops on the same land area, either
simultaneously or in relay sequence (Ewansiha et al., 2018). In the dryland areas of Kenya, sorghum (Sorghum bicolor L.) is
often intercropped with drought-tolerant legumes such as green gram (Vigna radiata L.) (Okeyo et al., 2020). To maximize
the yield of companion crops, intercrop systems are designed in a way that minimises competition for resources (Tang et
al,, 2020; Maclaren et al,, 2023).

The design of intercrop systems manipulates both spatial and temporal arrangement of crops, which largely depends on the
crop life cycle, morphological traits and crop-specific agronomic requirements ( Layek et al., 2018). In southeastern Kenya,
farmers intercrop sorghum with green gram either in the same row or in alternating rows, and in the same hole (Wambua
et al,, 2017). Irrespective of the arrangement, there are some degrees of competition for growth resources. Competition
consists of an intraspecific and an interspecific component, where individuals of the same species or different species are
negatively affected, respectively (Hailu et al., 2018; Gao et al., 2021).

Crop arrangement patterns affect resource efficiency, such as water and nutrient uptake, and radiation capture (Abbas et
al, 2021). In dryland Ethiopia, the yield of haricot bean (Phaseolus vulgaris L.) reduced significantly due to shading by
intercrop sorghum (Hailu & Geremu, 2021). Under these conditions, the short-statured green gram were shaded by
sorghum could grow taller and reduce branching, radiation capture, and use efficiency (Li et al.,, 2021). In arid Pakistan,
double-row intercropping of green gram with maize (Zea mays L.) out-yielded the sole crops (Wang et al,, 2021). However,
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mechanisms contributing to either yield increase or decline under different intercrop arrangements are only partially
understood.

Plant morphological differences potentially contribute to intercrop compatibility by regulating intra and interspecific
competition (Wu et al., 2022). Tall and dense canopy legumes would require wider spacing when intercropped with cereals
(Sunetal, 2019). Common green gram varieties in Kenya have a relatively close phenological range but are morphologically
different (Karimi et al., 2019). Varieties such as Biashara, Karembo, and KS20 are short stature with relatively open canopy
while N26 is tall and has a large dense canopy (Karimi et al.,, 2019; Mulwa et al., 2023). Against the backdrop of these diverse
green gram varieties, yield maximization would require appropriate intercrop arrangement with cereals to enhance
competitive, complementary, and facilitative interactions for higher yield. This study investigated the growth and yield of
four morphologically contrasting green gram varieties under different intercrop row arrangements with sorghum.

Results

Rainfall during the experiment seasons

Total rainfall in Mwala was 227 mm and 190 mm in Katangi which is typical of the long-term average for short rains in the
region (Figure 1). Further, its distribution was characteristic of the two sites but the critical stages of both crops did not
suffer significant moisture stress.

Yield and biomass of green gram

Significant interactions (P < 0.001) between variety and crop arrangement on green gram grain yield and dry matter were
measured (Table 1). Variety N26 out-performed KS20 variety by 0.56 t ha'! grain yield and 2.15 t ha'! biomass. Across the
two sites, sole green gram out-yielded (0.91 t ha'1) double row by 21% and single row by 47%. However, in relation to the
other varieties, the yield of KS20 was markedly reduced under single and double-row intercropping compared with the sole
crop system. The number of pods m2 and seeds pod-! were significantly affected by variety and crop arrangement. While
sole crops of green gram had more pods and seeds per pod, the double-row system surpassed the single row (Table 2).
Consistent with grain yield, variety N26 had larger pods and the least was KS20.

Growth traits of green gram

The effects of variety, crop arrangement, and their interactions were significant (P < 0.01) on branches plant-! and plant
height. Variety N26 had a dense canopy, with an average of 7 primary branches plant-1, and the crops were taller compared
with the other varieties (Table 3). Irrespective of variety, sole crops of green gram had larger canopies but canopy size was
less suppressed under double row. Biomass accumulation during the critical window was rapid for N26 but KS20 had the
slowest crop growth rate (Table 4). Rapid growth rates of 7.0 g m2day! were measured under the sole crop, while the
double-row exceeded the single-row by 1.5 g m-2day-! (Table 4).

Drivers of green gram yield

In Mwala, green gram grain yield was strongly dependent on the number of branches plant-! (R = 0.96), number of seeds
pod! (R? = 0.94) and number of pods m2 (R2? = 0.82). Similarly, in the drier Katangi, yield was directly proportional to
branches (R% = 0.94), seeds pod-! (R2 = 0.80) and pods m-2 (R2 = 0.77) (Figure 2).

Yield and growth of sorghum

Sorghum yield and yield components were significantly (P < 0.001) influenced by crop arrangement (Table 5). Sole crop
recorded the highest yield, while the yield of intercropped sorghum was reduced in a single row by 0.95 t ha-1. Sole sorghum
recorded the highest grain number (4530 m-2) and biomass (6.4 t ha'1) than the intercropped patterns. Sole crop produced
more tillers m2 (6.2) than single row (2.4) and double row (4.2) (Table 5). Crop growth rate (CGR) was affected by crop
arrangement, where a single row significantly reduced CGR by 5.8 g m-2day-1.

Yield drivers of sorghum

Regression analysis between grain yield and crop growth traits revealed significant positive associations (Figure 3). Results
show that sorghum grain yield had a linear correlation with grain number (R?= 0.85), biomass at harvest (R? = 0.73), and
number of fertile tillers m-2 (R2 = 0.32). This implies that an increase in each of these attributes improved the sorghum yield.

System productivity index

Land equivalent ratio (LER) data in Table 4 revealed over 54% yield advantage of intercropping green gram and sorghum.
Furthermore, the total LER was insignificantly (P < 0.05) higher in the intercropped system than that of the sole crop.
Therefore, the intercropped system showed a greater productivity advantage than the sole crop system.

Discussion

Optimization of plant spacing and arrangement, both within and between species, reduces competition for water, nutrients,
and light. Present results show that the spatial arrangement of green gram and sorghum in an intercrop system impacts
growth and yield, irrespective of the morphology of the tested crops. While sole crops maximized yield, double-row

intercropping potentially minimized intraspecific and interspecific competition compared with single-row intercropping.
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Table 1. Grain yield (t ha'l) and above-ground biomass (t hal) of four green gram varieties grown as sole crops and
intercropped with sorghum in single and double alternate rows in Mwala and Katangi during the 2022 short rains season.

Site and Grain yield (t ha?) Biomass (t ha'1)
Variety Sole crop Singlerow  Double Mean Solecrop  Singlerow Double Mean
row row
Mwala
N26 1.30 + 0.89 = 1.08 + 1.09 + 6.8+ 43+ 51+ 54+
0.01a 0.01le 0.01c 0.01a 0.03a 0.11d 0.04c 0.10a
Biashara 1.12+ 0.79+0.01f 095= 095+ 55+% 3.6+0.14f 43z 4.5 +
0.02b 0.02d 0.02b 0.02b 0.03d 0.11b
Karembo 0.76 + 0.53+£0.01j 0.65=% 0.65 + 39+ 2.8+ 33+ 33+
0.02e 0.02h 0.02c 0.04e 0.08h 0.04g 0.10c
KS20 0.60+0.01i 0.36+0.011 0.49+ 0.48 + 27+0.04i 1.7+ 2.1+0.02j 22+
0.02k 0.02d 0.09k 0.08d
Mean 0.95+ 0.64 = 0.79 + 4.7 + 3.1+ 3.7+
0.02A 0.01C 0.02B 0.03A 0.11C 0.08B
Katangi
N26 1.20 + 0.82 + 0.95 + 0.99 + 2.7+ 1.6 + 1.9+ 2.1+
0.02a 0.02d 0.03b 0.02a 0.03a 0.05e 0.04c 0.03a
Biashara 0.89 % 0.66 + 0.80 + 0.78 + 23+ 1.4+ 1.8+ 1.8+
0.02c 0.01g 0.02e 0.02b 0.03b 0.04g 0.03d 0.03b
Karembo 0.74 +0.01f 0.52+0.01i 0.62+ 0.63 + 1.6+0.04f 1.3%0.02j 14+ 14+
0.02h 0.01c 0.03h 0.30c
KS20 0.62 035+ 0.45 + 0.47 + 1.2+0.04j 0.8=%0.031 09+ 1.0 +
0.01h 0.03k 0.02j 0.02d 0.02k 0.10d
Mean 0.86 + 0.59 + 0.71 + 2.0+ 1.3+ 1.5+
0.02A 0.02C 0.02B 0.04A 0.04C 0.03B

Values are means #* standard error of the mean. Means followed by the same letter are not significantly different from each

other by the Fisher’s test at 5% probability.

Table 2. Number of pods m-2 and number of seeds pod-! of four green gram varieties grown as sole crops and intercropped
with sorghum in single and double alternate rows in Mwala and Katangi during 2022 short rains season.

Site Pods m Seeds pod-!

and Sole crop  Single Double Mean Sole crop Singlerow  Double Mean

Variet row row row

y

Mwala

N26 328+ 204 + 226 % 252+ 131+ 10.5 + 11.6 + 11.7 +
4.43a 5.18e 3.70d 3.93a 0.33a 0.13cd 0.20b 0.22a

Biasha 293 % 173 + 196 + 221+ 11.2 + 10.3 + 11.0 + 10.8 +

ra 7.68b 3.85g 3.70ef 5.00b 0.12c 0.18d 0.31c 0.20b

Karem 244+ 141 + 173 186 = 9.6+031e 8.6+0.23g 94+ 9.2+0.27c

bo 4.43c 3.39h 4.44g 4.17c 0.27e

KS20 184 + 107 135+ 142 9.0+0.20f 79%0.13i 83% 8.4+0.17d
6.69f 3.70i 0.74h 4.37d 0.18h

Mean 262 % 156 + 182 + 10.7 £ 9.3+£0.17C 10.1#
5.81A 3.74C 3.15B 0.24A 0.24B

Katangi

N26 208 £ 110 131+ 150 = 14.1 108 + 133+ 12.7 £
4.43a 5.18cd 4.62c 4.74a 0.29a 0.67b 0.41a 0.46a

Biasha 163 * 96 +3.70f 119+ 126 + 133+ 10.7 £ 12.3 + 121+

ra 4.94b 4.12d 4.25b 0.41a 0.33ab 0.13b 0.29ab

Karem 139+ 93+3.39f 100+ 111 + 119 + 10.5 + 11.1 + 11.2 +

bo 4.69c 0.00e 2.69c 0.64b 0.37ab 0.44b 0.48b

KS20 111 + 75+ 84 + 90 + 108 + 88+0.42c 9.6% 9.7 +0.38c
4.43d 4.12g 3.16d 3.90d 0.42b 0.31c

Mean 155+ 93+ 109 125+ 10.2 + 11.6 +
4.62A 4.10C 2.98B 0.44A 0.45C 0.32B

Values are means * standard error of the mean. Means followed by the same letter are not significantly different from each
other by the Fisher’s test at 5% probability.
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Table 3. Number of branches plant! and plant height (cm) of four green gram varieties grown as sole crops and
intercropped with sorghum in single and double alternate rows in Mwala and Katangi during the 2022 short rains season.

Site and Number of branches plant! Plant height (cm)

Variety Sole Single Double Mean Sole crop  Single Double Mean
crop row row row row

Mwala

N26 7.8+ 6.3+ 6.7 + 6.9+ 36.1+ 439 + 371+ 39.0 £
0.29a 0.18c 0.27c 0.25a 0.59d 0.62a 0.33c 1.24a

Biashara 7.1 58+ 6.4 + 6.4+ 339+ 40.5 = 351+ 365+
0.24b 0.24d 0.30c 0.26b 0.28f 1.03b 0.13e 0.44b

Karembo 6.2 + 5.2+ 58+ 5.7 29.8 + 35.1% 339+ 329+
0.18c 0.29e 0.32d 0.26¢ 0.31h 0.10e 0.44f 0.79c

KS20 53+ 44 + 49 + 49 + 28.8 + 315 314+ 30.6 =
0.27e 0.12g 0.23f 0.21d 0.30i 1.03g 0.15g 0.40d

Mean 6.6 = 54+ 6.0 + 322+ 378 + 344 +
0.25A 0.21B 0.28B 0.37A 0.70C 0.26B

Katangi

N26 73+ 58+ 6.6 + 6.6 £ 36.1+ 455 + 388+ 40.1+
0.53a 0.43b 0.35a 0.44a 0.26¢ 0.15a 0.33b 0.18a

Biashara 6.5+ 5.4+ 59+ 59+ 320 395+ 353+ 35.6
0.26a 0.38b 0.15a 0.26b 0.28f 1.03b 0.13d 0.35b

Karembo 5.4+ 45+ 50+ 50+ 29.1 % 351+ 329+ 324+
0.23b 0.24b 0.37b 0.28c 0.36g 0.10d 0.44e 0.16¢

KS20 5.0+ 41+ 4.6+ 4.6 £ 258+ 315+ 29.1+ 288+
1.18b 0.23c 0.32c 0.58d 0.31h 1.03f 0.36g 0.44d

Mean 6.1+ 5.0+ 55+ 308+ 379+ 34.0
0.55A 0.32B 0.30B 0.30A 0.58C 0.32B

Values are means #* standard error of the mean. Means followed by the same letter are not significantly different from each
other by the Fisher’s test at 5% probability.

Table 4. Crop growth rate (g m2day!) between branching and podding and land equivalent ratios of four green gram
varieties grown as sole crops and intercropped with sorghum in single and double alternate rows in Mwala and Katangi
during the 2022 short rains season.

Site and Crop growth rate (g m2day1) Land equivalent ratios

Variety Sole crop Single row Double row Mean Single row Double row Mean
Mwala

N26 114+ 95a 7.3+0.78b 9.6 £ 0.98a 9.4+124a 137+0.16b 1.62+0.13a 1.50+0.15b

Biashara 9.1+£017a 5.7+0.46b 9.0 £0.70a 79+044b 135+0.16b 1.67+0.20a 1.51+018b
Karembo 9.2+113a 6.3+0.05ab 8.8 £1.20a 81+0.79b 1.67+0.18a 1.68+*0.21a 1.68 £ 0.20a

KS20 6.9+0.29b 5.1+0.05ab 7.2 £0.86b 7.1+ 1.23+0.17c 1.68+0.21a 1.46 £ 0.19b
0.40ab
Mean 9.2+0.89A 6.1+£0.34C 8.7 £ 0.94B 1.40 + 1.66 £ 0.19A
0.17B
Katangi
N26 6.6 £0.15a 3.5%0.20c 4.8+0.18b 50+0.18a 133+.14cd 1.64+0.15ab 1.49+0.15a

Biashara 45+.6lab 2.7%0.11c 3.9+0.34b 3.7+035b 1.38%0.12c 1.73%0.16a 1.56 £ 0.14a
Karembo 41+.39ab 2.5%0.18c 3.7 £0.09c 34+0.16c 136+0.16c 1.69+0.20ab 1.53+0.18a
KS20 3.6+£0.68c 25+0.16c 2.7 £0.49c 38+044b 1.22+0.18d 1.58+014b 1.40 + 0.16b
Mean 4.7+046A 2.8+0.16C 3.8+ 0.28B 1.33+0.15B  1.66+0.16A
Values are means #* standard error of the mean. Means followed by the same letter are not significantly different from each
other by the Fisher’s test at 5% probability.

In addition, the double-row arrangement demonstrated a superior land and equivalent ratio. A direct relationship between
crop growth rate and yield implied that green gram varieties with enhanced biomass accumulation were more competitive
in sorghum intercrop systems (Raza et al., 2023). Against this backdrop, the large canopy variety N26 out-yielded the short-
statured varieties, for example, KS20 by 0.56 t ha'l. The observed yield improvement under double row compared with
single row could be associated with enhanced light, water, and nutrient efficiency. In a soybean-wheat intercrop system,
intercrops with wide strips outperformed narrow and medium strips as a result of higher nitrogen uptake which increased
total leaf area and biomass accumulation (Raza et al,, 2023).

Results revealed that intercrops with wide strips outperformed the narrow and medium strips when the objective was to
obtain higher total leaf area, dry matter, nitrogen uptake, and grain yield on a given land area due to reduced interspecific
competition between intercrops. Similar results were reported by Mulwa et al. (2023). The tall sorghum plants shaded the
shorter green gram plants (KS20) which could have reduced leaf area impacting negatively on radiation interception thus
affecting intercropping productivity. Plants under a single row were taller than sole crops and double rows. The significant
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Table 5. Grain yield (t ha'1), grain number m2, shoot biomass (t ha'1), crop growth rate (CGR) (g m2 day!), number of tillers
m-2 and number of fertile tillers m2 of sorghum grown as sole crop, single and double alternate rows in Mwala and Katangi

during 2022 short rains season.

The site and Grain yield Grain Biomass CGR Tillers m-2 Fertile tillers m-
crop (tha) number m-2 (tha?) (g m2day?) 2
arrangement

Mwala

Sole 3.2+0.03a 5840 +188a 7.0+0.30a 12.8 £0.19a 7.7 +0.33a 4.7 £0.10a
Single 2.1+0.04c 3173 £116c 4.7 £0.32c 83+0.22b 2.7 £ 0.36¢ 1.7 £0.21b
Double 2.7+0.05b  4315+117b 5.6 £0.34b 9.0+ 0.16b 53+0.37b 2.0+ 0.36b
Mean 2.7 £ 0.04 4443 +140 58+0.32 10.1£0.19 52+0.35 2.8+0.22
Katangi

Sole 2.1+0.03a 3220+ 113a 5.7 +0.24a 15.5+£0.62a 4.7 £0.58a 3.6+0.10a
Single 1.3£0.03c 1496 + 29c 3.3+0.20c 8.3+0.18c 2.0+ 0.26b 1.0 £ 0.22c
Double 1.7 £0.04b 2399 £65b 43 +0.16b 10.1 £ 0.30b 3.0+ 0.26b 2.3+0.33b
Mean 1.7 £ 0.03 2372 £ 69 44 +£0.20 11.3+£0.37 3.2+0.37 2.3+£0.22

Values are means #* standard error of the mean. Means followed by the same letter are not significantly different from each
other by the Fisher’s test at 5% probability.
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increase in plant height and crop growth rate could have been linked to increased competition for solar radiation which
helped the plants to grow taller, and improved leaf area but reduced yield (Sowmya et al., 2023). Therefore, when selecting
green gram varieties for intercropping, the traits to be focused on by intercrop breeders should be those related to radiation
interception such as number of branches, plant height, and crop growth rate.

The land equivalent ratio (LER) was more than one unit, thus intercrops showed a greater yield advantage compared to the
sole crop. The double row showed a maximum LER of 1.66 which indicated that 66 percent more land would be required
by the sole green gram to produce an equivalent yield of this system. This resulted in more total biomass accumulation and
yield compared with the single row. Variety N26 of green gram under double row arrangement is a promising agronomic
strategy with a greater potential ability to improve green gram productivity and farmers’ benefits in dryland areas of Kenya.
However, although intercropping reduced green gram yield, the present results show that there is potential to exploit crop
arrangement patterns and variety interactions to increase yields in drylands with low rainfall and poor soils. Nevertheless,
future studies should focus on the optimum spacing that can reduce intercropping competition and improve yield
performance.

Materials and methods

Plant materials

A locally adapted high-yielding short-maturity sorghum, variety Seredo which is able to survive in harsh conditions and
tolerate birds was used as an intercrop (Okeyo et al., 2020). The four green gram varieties are of narrow phenology and
comprise two old varieties (N26 and KS20) which were released in the 1990’s and two new varieties (Biashara and
Karembo) which were released in 2017 (Mulwa et al., 2023). The green gram varieties are early maturing, tolerant to aphids,
resistant to powdery mildew, and high-yielding (Yumbya et al., 2024).

Experiment sites

Two field experiments were conducted during the 2022 short rains season in farmers’ fields in Mwala which is located at
1021°297’S,37°27°41”E and 1252 m elevation, and in Katangi that is 1°40°13"’S, 37°68°18"’E, and 1051 m elevation, both in
Machakos County of Kenya. The sites have two rainy seasons annually, which are distributed in a long rainy season from
March to May and a short rainy season from October to December. Mwala site lies in the low midland agroclimatic zone
(LM-3) where annual rainfall ranges between 600-700 mm, and the temperature range is 18-29 °C. Soils in this site are
predominantly sandy clay with a pH of 5.7. Katangi site in the drier LM-4 zone with 17-35 °C temperature and 274 mm
annual rainfall, while soils are well-drained red-brown to clay with pH 6 (Namoi et al., 2014).

Treatments

Treatments were three crop arrangement systems and four green gram varieties. The crop arrangement systems were one
row of sorghum intercropped with one row of green gram (single row), two rows of sorghum intercropped with two rows
of green gram (double row), and pure stands of green gram and sorghum used as control.

Experiment design and management

Treatments were placed in a randomized complete block design with a split-plot arrangement and replicated three times.
Crop arrangement system formed the main plots while the subplots were assigned to the green gram variety. The land was
ploughed to a fine tilth before the onset of rains. Plots measuring 11.5 m by 6 m were demarcated with 0.5 m space left
between the treatment plots. In the sole crop plots, the green gram was sown at a spacing of 0.5 m x 0.15 (13 plants m-2)
while sorghum was sown at a spacing of 0.6 m x 0.2 m (8 plants m-2). In the single row treatment, the distance between
adjacent sorghum and green gram rows was 0.3 m while the distance between two adjacent sorghum and green gram plants
was 0.2 m and 0.15 mrespectively (11 green gram plants m-2 and 8 sorghum plants m-2). For the double row, the row spacing
between sorghum and green gram was 0.9 m, and the in-row spacing of sorghum and green gram plants was 0.2 m and 0.15
m respectively (11 green gram plants m-2 and 8 sorghum plants m-2). Seeds were sown on the same day before the onset of
the 2022 short rains.

Treatments in Mwala received 20 kg N ha-1, 11 kg P ha-land 16 kg K ha-! of farm yard manure and 45 kg N ha-! and 115 kg
P ha'! basal fertilizer while Katangi plots received basal dose of 57.5 kg N ha-t and 57.5 kg P ha-1 based on recommendations
of initial soil analysis. Sorghum was top dressed with 39 kg N ha1 in two doses at stem elongation and anthesis stages. Plots
were kept weed free by manual weeding and regularly sprayed with insecticides, mostly against Fall armyworm
(Spodoptera frugiperda) in sorghum and sucking bugs in green gram while mancozeb fungicide was used to control blight
and powdery mildew in green gram.

Data collection
Rainfall data and soil sampling
During the crop growing period, rainfall data was obtained from meteorological stations located near the experimental sites.

Soils were sampled at 0-30 cm depth and analyzed before sowing by measuring soil pH in CaClz, and organic carbon using
the Walkley and Black wet oxidation method (Spertus, 2021) while total nitrogen was analyzed by the Kjeldahl method
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Figure 3. Correlation between sorghum grain yield (t ha-') and number of fertile tillers m-2 (a), shoot biomass at harvest (t
ha1) (b), and number of grains m-2 (c) in Mwala and correlation between sorghum grain yield (t ha-1) and number of fertile
tillers m2 (d), shoot biomass at harvest (t ha!) (e), and number of grains m2 (f) in Katangi. Lines are least-square linear
regressions. N = 27.

(Saez-Plaza et al.,, 2013). Available soil phosphorus was evaluated by Olsens’ method (De Silva et al., 2015) while the flame
photometer determined potassium level (Potdar et al., 2021).

Green gram growth and yield

At physiological maturity, five plants per plot were randomly selected, and the numbers of primary branches of plant! were
counted. The plant height of five randomly sampled green gram plants in the middle of each plot were measured from the
soil surface to the tip of the central leaf of the plants using a measuring tape.

Atharvesting, five plants were sampled for the number of seeds pod-1, number of pods plant, and grain yield determination.
The total grain yield (t ha'1) was calculated after drying the grains for at least a week to about 12.5% water content. While
evaluating shoot biomass (t ha1), five plants were randomly cut at ground level in each plot at physiological maturity and
then oven-dried at 62 °C to a constant weight.

Sorghum growth and yield

During the critical crop growth period (stem elongation-anthesis), five plants in the middle of the plot were gently uprooted,
oven-dried to constant mass, and then biomass was evaluated. Crop growth rate (g m-2day!) was determined by dividing
biomass accumulated per unit time. The number of both fertile and infertile tillers was counted per plot at 90% physiological
maturity and expressed per unit area.

Sorghum heads were harvested at maturity and yield components were determined from net plots. Seeds were removed
from the heads, and total grain yield (t ha-') was obtained after drying the grains to about 12.5% water content, and number
of grains m2 was determined by getting the product of yield and weight grain-1. To determine shoot biomass (tha1), samples
were oven-dried at 50 °C to a stable mass.

Computations
Crop growth rate (CGR) was calculated according to (Bybee-Finley & Ryan, 2018) as shown in Equation 1, while the land
equivalent ratio, (Mir et al., 2016) was computed following Equation 2.

Biomass t2—Biomass t1
CGR = e (1)

t1 is the time at the first observation and t: is the time of the second observation
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LER = partial LER sorghum + partial LER green gram

LER = (22 + Z—Z)

(2)
where Yaa and Ybb are yields of sorghum and green gram as sole crops
Yab and Yba are yields of intercrop of sorghum and yields of green gram respectively.

Data analysis

Before statistical analyses, data was checked for normality using the Shapiro-Wilk test and then subjected to R software
version 4.3.3.0 using analysis of variance to establish significant differences by Fisher’s test at 5% probability. Standard
errors were estimated and the values were reported with standard errors of mean (SEM). Relationships between
parameters were explored using simple linear regression.

Conclusions

Present results showed that different green gram-sorghum arrangements affected crop growth and yield. Land equivalent
ratios demonstrated that intercropping is advantageous to sole cropping, and double-row intercropping was superior to
single-row. Green gram variety N26 outperformed the other varieties, irrespective of the crop arrangement. These provide
insights into understanding interspecific interactions between green gram and sorghum, which are important food and cash
crops for dry areas of southeastern Kenya. As farmers seek to intensify cereal-legume crop systems, weather, and non-
competitive plant configurations are desired.
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