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ABSTRACT 
 

An increase in human population and urbanization has reduced availability of agricultural land 
making intercropping a system of choice amongst farmers with small land holdings. A study to 
determine the effect of soybean [Glycine max (L.) Merrill] and maize (Zea mays) intercropping on 
the interception of photosynthetically active radiation, stomatal conductance and yield of soybean 
was conducted in Siaya, Busia and Nakuru counties in Kenya during 2018 season. The experiment 
was laid out in a randomized complete block design (RCBD) and had three replicates. It had seven 
treatments; sole maize, sole soybean, within row intercropping, 1M:1S row pattern, 2M: 2S row 
pattern, 2M: 1S row pattern, and 1M:2S row pattern. Collected data were analyzed using analysis 
variance (ANOVA) using the linear mixed model for RCBD with a factorial treatment arrangement 
in the Genstat 18th edition. Soybean leaf chlorophyll content under intercropping was 21.16% 
more than chlorophyll content attained under sole cropping. Intercropping reduced soybean 
stomatal conductance, interception of photosynthetically active radiation and grain yield by 
42.15, 78.88 and 83.85% respectively, compared to mono-cropping. Intercropping of maize and 
soybean was more productive than sole cropping and that maize was a more competitive crop 
than soybean in the mixture. Planting maize and soybean in 1M: 1S row pattern led to relatively 
higher soybean yields compared to other row patterns and is recommended for intercropping of 
the two crops in Kenya.  
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I. Introduction  
Intercropping is the agricultural practice of cultivating two or more crops on the same piece of land at 
the same time (Malѐzieux et al., 2009). Multiple cropping systems are estimated to account for 15-20% 
of world food production and the amount of land devoted to intercropping varies from 17 to 94% 
(Vandermeer, 1989; Altieri, 1999). In Kenya, soybean is mostly grown by smallholder farmers under 
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intercropping with maize and newly planted sugarcane (Collombet, 2013). An increase in the human 
population and urbanization has reduced the availability of agricultural land, making intercropping a 
system of choice amongst farmers with small land holdings. Intercropping allows more efficient use of 
plant growth resources which include light, soil, water and mineral nutrients when component crops 
differ in peak demand and competitive ability (Szumigalski and Van Acker, 2008). Full canopy cover 
from component crops in intercropping helps reduce the impact of raindrops leading to a reduction in 
soil loss (Bybee-Finley and Ryan, 2018). Deep roots of component crops penetrate the soil and acquire 
water and mineral nutrients from deeper soil horizons while shallow roots hold the soil above ground 
thereby reducing runoff (Lithourgidis et al. 2012). Intercropping with legumes improves soil fertility 
using biological nitrogen fixation (BNF). After harvest, decaying plant biomass are sources of nitrogen 
and other nutrients upon mineralization for use by subsequent crops (Bybee-Finley and Ryan, 2018). 
Intercropping reduces risks of crop failure in areas prone to droughts and floods making it much less 
risky than monocropping (Eskandari, 2012). Intercropping reduces lodging of crops, thus minimizing 
disease, infections, mechanical damage and increases efficiency of light capture. Intercropping 
encourages crop diversification thereby reducing labour costs (Mousavi and Eskandari, 2011).  For 
organic farming, intercropping helps to produce safe and nutritious food that help improve healthy 
living amongst consumers. Most important is the role intercropping plays in mitigating soil moisture 
loss through providing enough soil cover from crop canopies. Because of its biological, environmental 
and economic advantages, intercropping will continue to play important roles in improving production 
and productivity of marginal lands. While this is so, poorly planned intercropping system, coupled with 
inappropriate choice of cultivars, has the potential of reducing yields of the intercrops through 
increased competition for nutrients, water and light. Reduced light intensity which may arise from 
shading by a taller component of an intercrop has the potential to influence morphological and 
physiological processes of an understory crop species. 
 
Previous studies have provided some insights into morphological and yield responses of soybean under 
intercropping with maize. Obtained results have often been contradictory and varied with location 
studies were conducted. Soybean and maize intercropping studies by Gong et al. (2015) and Kamara et 
al. (2017) reported high chlorophyll ‘a’ levels in soybean leaves under intercropping relative to sole 
soybean while the net photosynthesis rate was significantly reduced under intercropping. 
Photosynthetically active radiation reaching soybean leaves were significantly reduced by taller maize 
plants unlike in monocropping. Fan et al. (2018) reported that chlorophyll ‘a’ content, net 
photosynthesis rate and stomatal conductance in soybean grown under intercropping with maize was 
significantly lower compared to sole soybean both at vegetative (V5) and reproductive (R1) stages of 
soybean plant growth. The net photosynthesis rate varied with the spatial row arrangement with 2:2 
row arrangement registering higher net photosynthesis rate compared to 1:1 row arrangement. Zhang 
et al. (2013) indicated that leaf chlorophyll content, net photosynthesis rate, stomatal conductance and 
transpiration rate in soybean intercropped with maize was higher compared to sole soybean at 
vegetative, flowering and pod filling stages of soybean. This calls for the need to continuously 
investigate and understand the functionalities of intercropping systems at physiological level which 
would help reduce potential impediments that may limit intercropping as a system of choice to improve 
crop yields. This study, therefore, determined the effect of soybean and maize intercropping on 
interception of photosynthetically active radiation, stomatal conductance and yield of soybean. 
 
 

II. Materials and Methods 
Sites description: The experiment was conducted at three sites in Kenya; Siaya Agriculture Training 
Centre farm [0⁰3’ N; 34⁰17’ E; 1270 meters above sea level (m.a.s.l.)] in Siaya County, Busia prison 
farm (0⁰45’ N; 34⁰25’ E; 1253 m.a.s.l) in Busia County and at Egerton University agronomy teaching 
and research farm (0⁰22’ S; 35⁰56’ E; 2267 m.a.s.l.) in Nakuru County. All sites have a bimodal rainfall 
pattern with long rains from March to June and the short rains start from September to November. 
Mean temperatures for the sites in Siaya, Busia and Egerton University are 21⁰C, 22⁰C and 17⁰C, 
respectively. 
 
Experimental design and treatments: The experiment was laid out in a randomized complete block 
design (RCBD) with 3 replicates. There were five soybean and maize intercropping arrangements and 
two sole treatments of soybean and maize making a total of 7 treatments (Table 01). Gross plot sizes 
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were 4.5 m long and 4 m wide (18 m2) while net plot sizes were 3 m by 3 m (9 m2). Maize rows were 
spaced at 75 cm apart while soybean rows were spaced at 45 cm for sole treatment, 37.5 cm apart for 
1:1 and 2:1 treatments and 25 cm apart for 2:2 and 1:2 treatments. In the within row intercropping 
treatment, soybean was planted in-between maize hills.  
 
Table 01. Description of experimental treatments 

No. Treatment 
1 Sole soybean  
2 Sole maize 
3 Within row (soybean planted in-between maize stands in the same row)  
4 1M:1S row ratio (1 row of maize followed by 1 row of soybean 
5 2M: 2S row ratio (2 rows of maize followed by 2 rows of soybean. 
6 2M:1S row ratio (2 rows of maize followed by 1 row of soybean) 
7 1M:2S row ratio) 1 row of maize followed by 2 rows of soybean) 

M = Maize; S = Soybean 
 

Planting and crop management: Soybean cultivar DPSB 19 and Kenya Seed maize cultivar 513 were 
used in the experiment. Planting was done on 19th March 2018 in Siaya, 20th March 2018 in Busia and 
on 30th March 2018 at Egerton University. Soybean seed was inoculated with BIOFIX (Bradyrhizobium 
japonicum) inoculant strain USD 110 from Mea Limited–Kenya at the rate of 10 g kg-1 of seed prior to 
planting. For soybeans, triple super phosphate and muriate of potash fertilizers were used at the rates 
of 30 kg P2O5 ha-1 and 30 kg K2O ha-1 respectively as basal dressing fertilizers. Soybean was planted at 
a within row spacing of 10 cm while maize was planted at a spacing of 25 cm between hills. Basal 
dressing of maize was done using 41 kg N ha-1, 60 kg P2O5 ha-1 at planting and then top dressed with 60 
kg N ha-1. Fall armyworm (Spodoptera frugiperda) in maize was controlled using Lufemtron 50g per 
litre (Match 50 EC) at the rate of 25 milliliters in 20 liters of water. The application of insecticide was 
made twice, one at maize vegetative stage and the second at tasseling stage. 
 
Data collection 
Root nodulation: Total number of nodules per plant was assessed by counting number of nodules 
formed on five plants randomly selected in a net plot at 50% flowering stage.  
 
Intercepted photosynthetically active radiation (% of incoming PAR): Intercepted 
photosynthetically active radiation (IPAR) was measured at soybean 50% flowering and 50% poding 
stages using an AccuPar Ceptometer (LP-80 PAR/LAI Decagon Devices, USA). For intercropped 
treatments, IPAR measurements were done on top of maize and soybean plants, and 10 cm above 
ground level. For sole treatments, IPAR was measured above and below canopies of maize and 
soybean crops. Intercepted photosynthetically radiation (IPAR) was determined as a percentage of 
incoming photosynthetically active radiation (PAR) using a modified formula by Purcell (2000).  
 

     ( )  *  (
    

    
)+           Eq. (1) 

 
Where, 

     = intercepted photosynthetically active radiation (   );  
     is     (µmol m-2 s-1) measured above soybean canopy and  
     is     (µmol m-2 s-1) measured below soybean canopy 

 

Chlorophyll content determination (Chlorophyll Content Index- CCI):  Total leaf chlorophyll 
content was measured using chlorophyll meter (CCM-200-OPTI-Sciences, USA) on a third trifoliate leaf 
from the top of the plant at vegetative (V5) and 50% flowering stages. Three plants were measured in 
a net plot and measurements were done between 12.00-13.00 hours. 
 
Measurement of stomatal conductance (mmol H2O m-2s-1): Stomatal conductance was determined 
on three plants per plot at 50% flowering and 50% podding stages of soybean growth on the abaxial 
side of a middle leaflet of a third trifoliate leaf from the top of the plant using a steady state leaf 
porometer (SC1, Decagon Devices, USA). It was measured between 12.00 - 14.00 hours on sunny days 
(Mwamlima et al., 2019). 
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Determination of photosynthesis (µmol CO2 m-2 s-1) and transpiration (mmol H2O m-2 s-1) rates: 
Leaf photosynthesis and transpiration rates were determined on two plants per plot at 50% flowering 
stage of soybean on abaxial side of a middle leaflet of a third trifoliate leaf from the top of the plant. 
Photosynthesis and transpiration rates were measured between 12.00 - 14.00 hours during sunny 
days using a TPS-2 (V2.02-PP systems Inc., USA) portable photosynthesis system (Mwamlima et al., 
2019). 
 
Crop yield and yield components: Number of pods per plant was determined from an average 
number of pods borne on ten plants per treatment. Pod length was measured using a 30 cm ruler on 
20 pods randomly picked from harvested pods in each treatment. Grain yield was from plants 
harvested from a net plot when pods had dried. Dried pods were then threshed, and grains separated. 
The weight of sun dried grains was adjusted to soybean storage moisture content of 12 % (Famurewa 
and Raji, 2011). 
 
Productivity of intercropping:  Intercropping productivity was assessed using land equivalent ratio 
(LER) equation below as described by Malѐzieux et al. (2009). 

     
   

   
 

   

   
        Eq. (2) 

 
Where,  

    = land equivalent ratio;      = intercrop yield of maize;   
      yield of sole maize;           = yield of intercrop soybean and  
    = yield of sole soybean. 

 
Competitive ratio (CR) as a measure of competition between crop species was determined using the 
equation below as described by Dhima et al. (2007). 
 

         
        

          
  

   

   
       Eq. (3) 

 

           
          

        
  

   

   
       Eq. (4) 

 
Where, 

       = competitive ratio for maize;  
         = competitive ratio for soybean; 

         = land equivalent ratio for maize; 
           = land equivalent ratio for soybean; 

    and      = proportions of soybean and maize in the mixture. 
 
Statistical analysis: Data obtained were checked for the fulfillment of analysis of variance (ANOVA) 
assumption of normality by using Shapiro-Wilk normality test in Genstat release 18. Data that did not 
conform to the ANOVA assumption of normality were transformed using log base 10 [log 
10(x+c)  before analysis. Data were then subjected to ANOVA using the linear mixed model for RCBD 
in Genstat (Restricted Maximum Likelihood-REML). 
 
 

III. Results and Discussion 
Intercepted photosynthetically active radiation: Intercepted photosynthetically active radiation 
(IPAR) by soybean plants at 50% flowering stage significantly (p=0.001) varied with spatial row 
arrangement and sites. At 50% pod development stage, IPAR significantly (p=0.001) changed with row 
pattern (Figure 01). The highest IPAR at both growth stages was under sole soybean treatment. While 
within row intercropping of maize and soybean had the lowest IPAR at 50% flowering, all other 
intercropping treatments had a non-significant difference. Except for sole soybean treatment which 
had the highest IPAR at 50% podding stage, all intercropping treatments had a uniform interception of 
photosynthetically active radiation. Intercepted photosynthetically active radiation at 50% pod 
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development stage was the highest in Busia (34.34 µmol m2 s-1) followed by Siaya (22.28 µmol m2 s-1) 
and low at Egerton University (15.37 µmol m2 s-1). 
 

 
Figure 01. Effect of maize and soybean intercropping on intercepted photosynthetically active 
radiation (IPAR) by soybean canopy. Vertical bars represent standard error, values 
significantly different at p=0.001. 
 
Chlorophyll content: The interaction of spatial row arrangement and sites had a significant effect on 
soybean leaf chlorophyll content at 50% flowering (p=0.001) and 50% pod development (p=0.05) 
stages (Table 02). The highest leaf chlorophyll content at 50% flowering was under 2M: 2S treatment 
at Egerton University while sole soybean treatment in Busia had the lowest chlorophyll content index. 
At 50% pod development stage, the highest chlorophyll content was under 2M:1S treatment in Siaya 
while the least chlorophyll content was under 2M:1S treatment in Busia. Overall, leaf chlorophyll 
content under intercropping treatments was 21.16% more than leaf chlorophyll content registered 
under sole soybean treatment. 

Table 02. Effect of maize and soybean intercropping on soybean leaf chlorophyll content 

Treatments  
Soybean leaf chlorophyll content (CCI) 

50% Flowering stage 50% Podding stage 
Busia EU Siaya Mean Busia EU Siaya Mean 

Sole soybean 28.49 33.65 38.23 33.46 42.85 39.90 39.54 40.76 
Within row 46.05 56.59 34.79 45.81 49.60 46.87 48.55 48.34 
1M:1S 49.76 55.10 34.04 46.30 38.37 49.91 47.14 45.14 
2M:2S 43.73 59.40 36.84 46.66 46.50 44.92 46.47 45.98 
2M:1S 44.49 55.18 36.80 45.49 37.98 48.55 58.21 48.25 
1M:2S 46.15 55.48 37.15 46.26 45.55 47.86 46.68 46.70 
Mean 43.11 52.56 36.31  43.48 46.34 47.76  

p-value SED  CV%  p-value SED CV%  
Row pattern  <0.001 2.169   0.047 2.484   
Site <0.001 1.534   0.059 1.756   
Interaction  <0.001 3.758 10.1  0.021 4.302 11.5  

SED = Standard error of difference of means; CV = Coefficient of variation; M = maize row; S = soybean row; CCI = 
Chlorophyll content index; EU = Egerton University. 

Stomatal conductance: Stomatal conductance significantly varied with the interaction of spatial row 
arrangement and sites at 50% flowering (p=0.01) and 50% pod development (p=0.001) stages (Table 
03). The highest stomatal conductance was registered under sole soybean treatment in Busia at both 
growth stages. Within row intercropping treatment at Egerton University had the lowest stomatal 
conductance at 50% flowering stage while 2M:2S treatment in Busia had the lowest stomatal 
conductance level at 50% pod development stage. 
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Table 03. Effect of maize and soybean intercropping on soybean stomatal conductance 

Treatments  
Soybean stomatal conductance (mmol H2O m-2 s-1) 

50% Flowering stage 50% Podding stage 
Busia EU Siaya Mean Busia EU Siaya Mean 

Sole soybean 75.6 51.2 62.0 62.9 91.0 48.1 71.9 70.6 
Within row 53.0 25.3 71.9 50.1 33.6 24.7 60.6 39.6 
1M:1S 62.6 41.8 69.1 57.8 52.0 39.9 64.5 52.1 
2M:2S 47.6 32.1 49.8 43.2 23.1 24.1 47.0 31.4 
2M:1S 68.1 43.9 63.2 58.4 43.2 33.2 52.0 42.8 
1M:2S 42.2 37.8 57.5 45.8 39.5 25.5 49.9 38.3 
Mean 58.2 38.7 62.2  47.2 32.6 57.7  

p-value SED CV%  p-value SED CV%  
Row pattern  <0.001 3.61   <0.001 3.84   
Site <0.001 2.55   <0.001 2.71   
Interaction    0.005 6.25 14.40  <0.001 6.65 17.8  

SED = Standard error of difference of means; CV = Coefficient of variation; M = maize row; S = soybean row; EU = 
Egerton University. 

 
Photosynthetic rate: Sole soybean treatment had the highest (p=0.05) photosynthesis rate compared 
to all intercropping treatments (Figure 02). Amongst intercropping treatments, 2M: 1S planting 
pattern had the lowest photosynthesis rate which corresponded to a 75.29% reduction compared to 
sole soybean treatment Planting 2 rows of soybean in between maize rows (2M:2S and 1M:2S) had 
higher photosynthetic rates than other intercropping treatments. 

 
Figure 02. Effect of maize and soybean intercropping on soybean photosynthetic rate at 50% 
flowering stage. Vertical bars represent standard error, values significantly different at p=0.05. 
 
Transpiration rate: Intercropping of maize and soybean in 2M:2S, 2M:1S and 1M:2S row 
arrangements reduced (p=0.05) soybean transpiration rate relative to mono-cropped soybean 
(Figure 03). Transpiration rate was not significantly different amongst intercropping treatments. 
There was a mean transpiration rate reduction of 41.80% under intercropping compared to sole 
soybean at 50% flowering stage. 
 
Nodulation: Spatial row arrangement and sites had significant (p=0.001) independent influence on 
number of nodules per plant (Figure 04). Manuscript soybean registered the highest number of 
nodules per plant, though not significantly different from number of nodules formed under 1M:1S 
and 2M:1S treatments. Within row intercropping had the lowest number of nodules per plant 
compared to all other treatments. Across sites, Siaya recorded the highest number of nodules per 
plant (50.13) while mean number of nodules per plant between Egerton University (26.21) and Busia 
(16.56) were statistically at par. 
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Figure 03. Effect of maize and soybean intercropping on soybean transpiration rate at 50% 
flowering stage. Vertical bars represent standard error, values significantly different at p=0.05. 

 
Figure 04. Effect of maize and soybean intercropping on soybean nodulation. Vertical bars 
represent standard error, values significantly different at p=0.001. 

Number of pods: The interaction of spatial row arrangement and sites significantly (p=0.001) 
influenced number of soybean pods per plant (Table 04). Sole cropping treatment in Siaya had more 
pods per plant followed by sole soybean treatment in Busia and then sole treatment at Egerton 
University. The fewest pods per plant were obtained in Siaya under 2M: 1S treatment. 
 
Table 04. Effect of maize and soybean intercropping on number of soybean pods per plant 

Treatments 
Number of pods plant -1 

Busia Egerton Siaya Mean 
Sole soybean 50.89 47.40 79.44 58.43 
Within row 28.15 21.42 20.29 23.17 
1M:1S 34.85 26.38 30.57 30.50 
2M:2S 25.35 20.50 23.06 22.92 
2M:1S 36.01 29.31 17.56 27.06 
1M:2S 20.94 20.74 23.63 21.75 
Mean 32.02 26.95 29.89  
 p-value SED CV%  
Row pattern  <0.001 0.265   
Site  0.055 0.188   
Interaction  <0.001 0.459 10.3  

SED = Standard error of difference of means; CV = Coefficient of variation; M = maize row; S = soybean row. 
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Pod length: Soybean pod length was significantly (p=0.001) dependent on spatial row arrangement 
(Figure 05) and sites. Sole soybean had the longest pods compared to all other treatments though not 
significantly different from 1M:1S and 2M:1S treatments. On the other hand, within row intercropping 
had the shortest pods. Planting one row of soybean in-between maize rows (1M:1S and 2M:1S) 
relatively increased soybean pod length though not significantly different from pod lengths attained 
from 1M:2S and 2M: 2S row patterns. Across sites, the longest (3.77 cm) and the shortest (3.58 cm) 
pod lengths were registered in Busia and Egerton University, respectively.  

 
Figure 05. Effect of maize and soybean intercropping on soybean pod length. Vertical bars 
represent standard error, values significantly different at p=0.001. 
 
Grain yield: The interaction of spatial row arrangement and sites had significant (p=0.01) influence 
on soybean grain yield (Table 05). Sole soybean treatment had the highest grain yield at all sites with 
grain yield being significantly higher at Siaya. Within row intercropping treatment at Egerton 
University had the lowest yields. Overall, there was 83.85% soybean yield reduction under 
intercropping compared to sole cropping. 
 
Table 05. Effect of maize and soybean intercropping on soybean grain yield 

Treatments 
Soybean grain yield (Kg ha-1) 

Busia Egerton Siaya Mean 
Sole soybean 1767 1450 2600 1910 
Within row 310 80 237 195 
1M:1S 714 339 479 499 
2M:2S 667 241 672 503 
2M:1S 428 136 240 254 
1M:2S 540 217 450 389 
Mean 667 320 633  
 p-value SED CV%  
Row pattern  <0.001 1.228   
Site  <0.001 0.868   
Interaction  0.004 2.126 11.3  

SED = Standard error of difference of means; CV = Coefficient of variation; M = maize row; S = soybean row. 

 
Intercropping productivity: Results in Table 06 show that total land equivalent ratio values were 
more than unity indicating that intercropping was more productive than monocropping. Maize had 
higher partial land equivalent ratio values compared to soybean. Higher LER value of 1.28 for 1M: 1S 
and 1M: 2S row patterns indicate that 28% (0.28 hectare) more land area would be need by 
monocropping to equal productivity of intercropping. Relatedly, competitive ratio (CR) index values 
indicate that intercropped maize registered higher CR values in all row patterns compared to soybean. 
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Table 06. Land equivalent and competitive ratios of intercropping systems 
Row pattern PLERsoybean PLER Maize TotalLER CRmaize CRsoybean 
Within row 0.10 1.06 1.16 8.48 0.12 
1M:1S 0.26 1.02 1.28 1.96 0.51 
2M:2S 0.26 1.00 1.27 1.92 0.52 
2M:1S 0.13 0.99 1.12 2.51 0.40 
1M:2S 0.20 1.08 1.28 5.4 1.54 

PLER= Partial land equivalent ratio; LER= land equivalent ratio, CR = Competitive ratio. 

 
Intercropping maize and soybean led to a significant reduction in soybean yield. This observation is 
attributed to reduced stomatal conductance, IPAR, photosynthetic rate, transpiration and soybean 
nodulation which concurs with observations by Zhang et al. (2013); Gong et al. (2015); Tsujimoto et al. 
(2015); Kamara et al. (2017) and Fan et al. (2018). Crop yield is influenced principally by 
photoassimilates synthesis and partitioning by plants (Campillo, 2012) which has also been 
demonstrated in this study. Intercropped soybean had low stomatal conductance which could have 
limited diffusion of carbon dioxide for photosynthesis. This was further exacerbated by reduced light 
reaching soybean canopy. Soybean under maize received about 25% of incoming PAR which means 
that understory soybean experienced reduced capacity to synthesize photoassimilates to support both 
growth and yield formation (Mõttus et al., 2012). Shading also leads to changes in red/infrared ratio 
through plant canopies, which affect the structure of chloroplasts, carbohydrate portioning to cells and 
photosynthetic efficiency (Kasperbauer, 1987). Low red/infrared light in plant canopies has also been 
reported to reduce branching, which is an important component of increased grain yield (Casal, 2013). 
As a shade avoidance mechanism, soybean plants under intercropping treatments were taller than in 
sole cropping. This indicates that soybean plants under shade invested internally available resources 
to increase height to optimize light interception and utilization by photosynthesis. This, however, was 
at the expense of the reproductive growth of soybean plants leading to reductions in pod development 
and yield. 
 
Soybean plant growth and yield depend on a source-strength by the photosynthetic capacity of plants 
(Basuchaudhuri, 2016). For optimum crop yields, crop plants require stomata to open so that carbon 
dioxide can pass through mesophyll cells to chloroplasts for photosynthesis to take place (Roche, 
2015). Unlike in C4 plants where stomatal conductance has minimal effect on photosynthesis, the 
maximum rate of stomatal conductance in C3 plants optimizes photosynthesis and thus contributing to 
increased crop yields (Hetherington and Woodward, 2003; Panda, 2011). Higher levels of stomatal 
conductance also lead to evaporative cooling of plants, which contributes to reductions in flower and 
fruit abortions (Lu et al., 1994). Variations in stomatal conductance in C3 plants has also been linked to 
optimization of radiation use efficiency which is a critical component for increased soybean yields 
(Reynolds and Pfeiffer, 2000; Condon et al., 2008). The results of this study have however shown that 
intercropping maize and soybean reduced stomatal conductance of understory soybean by 31.16% 
compared to sole soybean. Reduction in stomatal conductance ought to have therefore contributed to 
low soybean yield due to either compromised intake of carbon dioxide for optimization of 
photosynthetic process or increased flower and pod abortions. 
 
Plants grown under shade conditions optimize light interception for photosynthesis by increasing 
chlorophyll content (Wittmann et al., 2001). Increases in chlorophyll content, however, means that 
plants are reallocating nitrogen from Calvin cycle enzymes and investing in chlorophyll biosynthesis 
leading to a reduction in nitrogen use efficiency of plant growth and productivity (Zhu et al., 2007). 
Under increased chlorophyll content, interception of PAR occurs by the adaxial chloroplasts causing 
light limitation on the abaxial side of the leaf (Slattery et al., 2017). This creates within leaf variations 
in photosynthesis which limits the efficiency of photosynthesis (Oguchi et al., 2011). Compromised 
photosynthetic rate leads to a reduction in the production of assimilate required for plant growth and 
pod development. Shading also results in increased biosynthesis of chlorophyll ‘b’ at the expense of 
chlorophyll ‘a’ (Shao et al., 2014). Considering that chlorophyll ‘a’ is a major photosynthetic pigment 
(Scheer, 1991), reduction in its biosynthesis may contribute to reduced photosynthetic rate in shaded 
plants with a resultant negative effect on plant growth and yield.  
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Nitrogen is a critical element for plant growth as it is an important constituent of amino acids and 
proteins, purine and pyrimidine in nucleic acids (Bloom, 2015). Nitrogen is also an important 
constituent of chlorophyll formation (Leghari et al., 2016). It is estimated that between 50-70% of 
nitrogen requirements for soybean growth is attained through biological nitrogen fixation (Ohyama et 
al., 2017). It is therefore evident that realization of increased soybean yields is dependent on good 
nodulation. It has however been observed from the results of this study that intercropping maize and 
soybean reduced soybean nodulation by about 47.0% relative to sole soybean. Reduced nodulation 
under intercropping could have emanated from an inadequate supply of assimilates from 
photosynthesis to support symbiotic association with rhizobia for nodule development 
(Basuchaudhuri, 2016). This could have resulted in low biological nitrogen fixation to sustain soybean 
reproductive growth leading to reduction in soybean grain yield. Overall, intercropped maize had a 
higher partial land equivalent ratio and competitive ratio than soybean, which indicates that maize 
had a competitive advantage over soybean. This is line with observations by Yilmaz et al. (2008) and 
Khonde et al. (2018) who reported competitive advantage of maize over soybean and cowpea when 
grown in a mixture. 
 
 
IV. Conclusion 
Maize and soybean intercropping reduces soybean stomatal conductance, IPAR, photosynthetic rate 
and root nodulation which leads to reductions in the number of pods per plant and grain yield. 
Planting maize and soybean in 1M: 1S and 2M: 2S row patterns led to relatively higher soybean yields 
compared to other row patterns. The 1M:1S row pattern is however recommended for intercropping 
of maize and soybean due to reduced crowdedness of plants and therefore allow farmers to work with 
reduced impediments compared to 2M:2S row pattern. 
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