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ABSTRACT 
 
Green gram (Vigna radiata (L.) is the hardiest of all pulses and is well adapted to Arid and Semi-
Arid Areas (ASALs). However, the high light intensities, temperatures and erratic rainfall 
experienced in these areas lead to high evapo-transpiration rates leaving very little water available 
for plant use, thus negatively affecting growth and yield parameters. This study was conducted to 
evaluate the effect of reduced light intensity on agronomic performance of four high yielding green 
gram accessions (GBK-022494A, GBK-022501A, GBK-022502A and Nylon-1). The study was 
carried out at Kiboko in Makueni County, Kenya during the 2012 short and 2013 long rain seasons. 
A Shade net used in this study reduces light intensity by 35 percent. The experiment was laid out in 
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a split-plot arrangement with three replications. The main plot treatment was shading at two levels; 
shaded and non-shaded while the 4 accessions formed the sub-plots. Data on plant height, days to 
flowering, days to maturity, pods per plant, seeds per pod, weight of 100 seeds and seed yield was 
collected. Results indicated that during the short rain season, accessions had significant (P≤.01) 
differences in the number of pods per plant, seed weight and plant height. Accession GBK-
022501A was the tallest (55.1 cm) while Nylon-1 was the shortest (44.4 cm); Nylon-1 had the least 
(12.4 g) seed yield while GBK-022501A had the highest (17.2 g) seed yield. Shading created 
significant (P<.05) differences in seeds obtained per pod where production under shade gave an 
average of 9 seeds per pod compared to each 8 seeds in the open sunlight condition during the 
short rain seasons. During 2013 rain season, shade had significant (P<.05) effect on plant height 
and pod length. Under shade net plant height was 54.7 cm while under control, open sunshine 
condition it was 50 cm. Pod length under shade was 7.7 cm while under control, it was 7.4 cm. 
Generally, agronomic performance of green gram was improved by shading during the short rains 
unlike the long rains where growing in the open sunshine condition led to more robust growth and 
yield. It is therefore recommended that growers incorporate shading in their green gram production 
during periods of high light intensity. 
 

 
Keywords:  Arid and Semi-Arid areas; green grams; long rain season; accessions; reduced light 

intensity; shade net.  
 

1. INTRODUCTION 
 

Green gram also known as mung bean 
originated from India dating back to 1,500 – 
1,000 B.C [1,2]. Its cultivation has spread to 
various parts of the world. It has become a major 
pulse crop outside Asia, USA and many tropical 
African countries including Kenya where it is 
grown in the eastern part of the country. Green 
gram is used in very many ways such as whole 
grain mixed with maize to form a main meal, 
soups, porridge, split to form dhal, sprouted and 
eaten either raw or cooked; its immature pods 
and young leaves eaten as vegetables. The 
remnants (plant, pod shells) can be fed to 
livestock. Green gram is also grown for fodder, 
green manure as well as cover crop [3]. Green 
gram is considered to be the hardiest of all pulse 
crops [3] and can do well in a wide range of 
altitudes from 0-1600 meters above sea level 
(ASL), tolerating high temperatures ranging from 
20-40°C, and the optimum being 28 - 30°C. 
Green gram requires an average annual rainfall 
of 600-1000 mm, but it can grow well with less 
[4]. Green gram production data from 2006 to 
2010 (Table 1), indicated that the area under 
crop ranged from 82,784 to 147,352 hectares 
with a production of between 26,715 to 61,953 

metric tonnes registering a yield ranging from 
0.29 to 0.7 tonnes per hectare (tons/ha) [5]. This 
yield was quite low compared to the expected 
(1.2-1.5 tons/ha) according to reports from 
Ministry of Agriculture [6]. 
 
Green gram is an important pulse crop in the 
ASAL areas of Kenya. The crop is drought 
tolerant and able to yield under the adverse 
conditions of the ASALs [7]. The crop is grown 
both as food and cash crop and it is capable of 
Nitrogen fixation in the roots thereby improving 
soil fertility [8]. 
 
Green gram can be grown on a wide range of 
altitudes from 0 to 1600 m above sea level, and 
under warm climatic conditions of 28°C to 30°C. 
It is drought tolerant requiring a little amount of 
rainfall of about 650 mm per annum. Kenya’s 
economy depends on agriculture and with only 
20% of the land area lying in high and medium 
potential and it is not enough to produce 
adequate food for the population. Therefore, this 
calls for production of food crops in the Arid and 
Semi-Arid Lands (ASALs), areas characterized 
with high temperatures, low and erratic rainfall. 
Hence the need to grow crops like

 
Table 1. Green gram production in Kenya between 2006 and 2010 

 

Year 2006 2007 2008 2009 2010 

Area (Ha) 102882 82784 91452 112997 147352 

Production  (Ton) 43399 61953 26715 42333 61248 

yield (Tons/Ha) 0.421833 0.748369 0.29212 0.374638 0.415658 
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green gram which are suitable in such areas. 
Green gram (Vigna radiata L.) is the hardiest of 
all pulses and is well adapted to ASALs. 
However, the high light intensities, high 
temperatures and erratic rainfall experienced in 
these areas lead to high evapo-transpiration 
rates leaving less water available to plant, which 
may negatively affect the growth and yield 
parameters. The amount of light intensity in 
these areas is high and causes high                     
evapo-transpiration and there is need to manage 
it [9]. 
 

Light is one of the ecological factors exerting the 
greatest effect on germination, seedling 
emergence and development [10,11]. Shading 
reduces air and soil temperature [12,13] thus 
reducing water loss through evaporation and 
transpiration from plants and this may lead to 
better agronomic performance of crops in 
ASALs. According to [9], irrespective of its 
source, shade reduces Irradiant.[11]indicated 
that 3 major physiological responses to shade 
have been observed including; a reduction in the 
respiration rate, an increase in the shoot to root 
partitioning photosynthates and an increase in 
the specific leaf area with a relatively low leaf 
mass ratio. Further, [11] indicated that in areas 
where water and nutrients are limited, there is 
increasing evidence that substantial 
improvements in herbage yield and forage 
nutrient quality can be obtained when C4 
grasses are grown under tree shade in tropical 
and subtropical grasslands. According to[14]the 
most consistent benefit from shade is better soil 
moisture, leading to a higher soil organic matter 
breakdown and, therefore, more Nitrogen (N) is 
available in the soil. Therefore, it is important to 
introduce shade to a crop in order to achieve 
good agronomic performance.  
 

There is dearth of information on the effect of 
reduced light intensity on agronomic 
performance of pulses. According to [12] 
reducing the light intensity by 30% did not affect 
the yield of snap bean and that light reduction 
tended to decrease pod size, plant biomass, and 

leaf greenness, while leaf area and chlorophyll 
contents were increased with increased shading. 
Also incidences of powdery mildew occurred late 
in the season and were linearly increased by 
reduced light. The objective of this study was to 
evaluate the agronomic performance of green 
gram accessions under reduced light intensity in 
the Arid and Semi-Arid Areas of Kenya. 
 

2. MATERIALS AND METHODS 
 
2.1 Site Description 
 
The study was carried out in Kiboko sub-station 
of KARI Katumani (Kiboko) in Makueni County 
during the 2012 short and 2013 long rain 
seasons. Kiboko is situated about 3° 15’S; 37° 
50’E and 975 m above sea level. It is located half 
a km off the road to the right, approximately 159 
km South East of Nairobi along the Nairobi- 
Mombasa Highway. The turnoff at Kiboko Market 
is about 15 km before Makindu town.  The center 
receives bimodal rainfall with an annual average 
of 386.4mm. The 2012 short rain season was 
between the months of March - May with an 
average of 295.3 mm and long rain season 
occurs between October and December with 
annual average of 91.1 mm [15]. Monthly 
average temperature range from 26.9°C to 
30.8°C and an evaporation of 2000 mm. Kiboko 
is in agro-ecological zone 5 and is a 
representative of a typical ASAL in Kenya. It is 
endowed with ferric luvisols [16]. 
 

2.2Green Gram Genotypes 
 
Four green gram genotypes; GBK-022494A, 
GBK-022502A, GBK-022501A and Nylon-1 were 
used in this study. The genotypes were identified 
from data on seed yield obtained from two 
different sites [Kiboko and Machakos ATC (MKS 
ATC)] during the 2011 short rain and 2012 long 
rain seasons, whereby the best (in terms of seed 
yield) overall across sites, the best in each of the 
sites and the best commercial genotype were 
selected as indicated on Table 2.  

 
Table 2.  Green gram accessions and their source 

 

Accession Seed yield (gm) Yield per ha (ton ha
-1

) Remarks 

GBK-022494A 55.6 7.4 Best overall 

GBK-022502A 45.2 6.0 Best in Kiboko 

GBK-022501A 35.4 5.8 Best in MKS ATC 

Nylon-1 43.8 4.7 Commercial variety 
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2.3 Preliminary Trial on the Appropriate 
Shade Net for the Study 

 
Before embarking on this experiment, a 
preliminary trial was conducted to establish the 
appropriate shade net which reduced the amount 
of light striking the plant canopy without 
interfering with the Photosynthetically Active 
Radiation (PAR). Shade nets that reduced the 
amount of light intensity striking the plant canopy 
by 35%, 45% and 50% were evaluated. The 
shade net reducing the amount of light by 35% 
was found not to interfere with PAR, and hence 
was selected and used for the present 
investigation. 
 

2.4 Experimental Layout and Treatments 
 
The experiment was laid in a Split-plot design 
with three replications. The main plot was shade 
with two levels; shaded and un-shaded, with 
accessions as the sub-plot. The 4 accessions 
were then planted under the shade net (shade) 
which reduced the amount of light intensity by 
35%. The 4 accessions were also planted under 
direct light intensity (control) and replicated three 
times. Diammonium Phosphate (DAP) fertilizer 
was used during planting at a rate of 100 kg/ha 
[17]. Sucking pests were controlled by use of 
Lambdacyhalothrin 17.5 g/l while Mefenoxam at 
a rate 1 kg per ha and Difenoconazole 250 g/l at 
rate of 1litre per ha were used to control powdery 
mildew and rust respectively [18]. 
 

2.5 Data Collection 
 
Five plants were randomly selected and tagged 
in each plot. From these plants data for various 
traits was collected as follows; Number of days  
to flowering was achieved by counting as the 
number of days from planting to the date when 
the first flower opened. Plant height was 
measured as the height (cm) between the soil 
surface and the tip of the central shoot of               
mature plants. Number of pods per plant was 
obtained by counting pods on the plant at 
maturity. Number of seeds per pod was               
obtained by randomly selecting 10% of the                 
pods per plant, splitting the pods, followed                   
by counting the number of seeds per pod, 
summing them up, and then dividing by the 
number of pods involved. Number of days to 
maturity was gotten by counting the number of 
days from planting to the date when seventy               
five percent of the pods per plant were dry. 
Weight of 100 seeds was obtained through 

threshing all the pods from each plant and 
winnowed after which, 100 seed were randomly 
selected and weighed. Seed yield was obtained 
by extrapolating the weight of 100 seed weight 
through the following process; i) the number of 
seeds per plant was obtained by multiplying the 
number of seeds per pod by the number of pods 
per plant ii) The weight of one seed was obtained 
by dividing 100 seeds weight by 100 (iii) 
multiplying i& ii above. 

 

2.6 Data Analysis 

 
The data collected for each season were 
subjected to analysis of variance (ANOVA) using 
GenStat Ver. 12 statistical software [19] and 
where significant differences were noted, means 
were subjected to mean separation using Least 
Significant Difference (LSD). 

 

3. RESULTS 

 

3.1 Rainfall 
 

During the 2013 long rain season, Kiboko 
received higher (320 mm) amount of rainfall as 
compared 140 mm received in 2012 short rain 
season (Table 3). 

 

3.2 Plant Height  
 

The green gram accessions differed significantly 
(P≤0.05) in their plant heights with shading 
having no effect on their heights during the 2012 
short rains (Table 4). Although accession GBK-
022501A had the highest (55.1 cm) plant height, 
it was not statistically taller than GBK-022502A 
(52.5 cm) and GBK-022494A (49.0 cm). Nylon-1 
(check) had the shortest (44.4 cm) plant height 
during the 2012 short rain season (Table 6). 
During the 2013 long rain season, shading had 
significant (P<0.05) effect on height of different 
accessions (Table 4). Generally, plants were 
taller (54.7 cm) when grown under shade net 
compared to control, open sunlight conditions 
(49.9 cm) during the 2013 long rain season 
(Table 6). 
 

3.3 Days to Flowering 
 
The number of days to flowering was not 
significantly influenced by the accessions or 
shade treatments for both 2012 short and 2013 
long rain seasons at Kiboko (Table 4). 
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Table 3. Weather records for 2012 short and 2013 long rains for Kiboko 
 

2012 short rains (only months which rains are 
indicated) 

2013 long rains (only months which rains 
are indicated) 

Month Week of 
the year 

Rainfall/ 
week 
(mm) 

Mean 
daily 
Temp(

o
C) 

RH 
(%) 

Month Week 
of the 
year 

Rainfall/ 
week 
(mm) 

Mean 
daily 
Temp(

o
C) 

RH 
(%) 

Nov 44 11.0 26.3 87.0 March 11 0.0 26.9 85.6 
45 9.9 25.4 81.0  12 8.3 25.7 88.6 
46 0.0 26.0 82.9  13 47.5 26.3 84.7 
47 0.0 26.6 89.0 April 14 24.6 26.1 91.1 
48 17 25.2 87.7  15 169 25.4 94.3 

Dec 49 3.5 25.4 91.0  16 33.8 25.9 90.6 
50 9.5 24.6 90.4  17 0.8 25.1 92.2 
51 33.1 23.3 92.1 May 18 23.5 23.2 91.6 
52 30.0 23.7 91.9  19 12.5 22.7 96.1 

Jan. 
2013 

1 1.5 23.7 90.3  20 0.0 23.6 85.9 
2 6.0 25.0 92.4  21 0.0 21.1 92.1 
3 0.0 23.9 92.3  22 0.0 22.2 87.9 
4 0.0 24.2 87.6 June 23 0.0 22.6 86.6 
5 20.5 25.0 80.7  24 0.0 20.5 90.9 

Feb. 6 0.0 24.3 87.4  25 0.0 21.1 93.6 
7 0.0 25.9 80.4  26 0.0 20.4 93.2 
8 0.0 26.4 78.4      
9 0.0 25.7 77.4      

Mean temperature for the 2 seasons = 24.4
0
C, Mean RH% for the 2 seasons=88.5 

 

3.4 Day to Maturity 
 
The number of days to maturity was not 
significantly influenced by shade or accession 
during the 2012 short rain and the 2013 long rain 
seasons (Table 4). 
 

3.5 Pod Length 
 

The pod length showed significant (P≤0.05) 
differences under the shade treatments while 
accessions had no effect on pod length during 
the 2013 long rain season (Table 4). The 
average pod length under the shade net was 
longer (7.7 cm) than that in control, open sunlight 
condition (7.4 cm) as indicated in Table 6. The 
number of pods per plant was not significantly 
influenced by the accessions or shade 
treatments during 2013 long rains (Table 
4).There were no significant differences in pod 
length due to genotype or shading during the 
2012 short rain season. 
 

3.6 Number of Pods per Plant 
 
Accessions had significant (P≤0.01) effect on 
number of pods per plant while shade had no 
effect on number of pods per plant during the 
2012 short rain season (Table 4). Accession 
GBK-022501A had the highest (40) number of 
pods per plant although this was not significantly 

different from GBK-022494A with 34 pods per 
plant.  Nylon-1 had the least (25) number of pods 
per plant which was not significantly differently 
from GBK-022502A which had 29 pods per plant 
(Table 7). The number of pods per plant was not 
significantly influenced by either the accessions 
or shade treatments during the 2013 long rain 
season (Table 4). 
 

3.7 Number of Seeds per Pod 
 
Shade had significant (P≤0.05) effect on the 
number of seeds per pod while accessions had 
no effect on the number of seeds per pod during 
the 2012 short rain season (Table 4). Number of 
seeds per pod was higher (9 seeds) under the 
net while in control, open sunlight conditions the 
number of seeds per pod was 8 during the 2012 
short rain season (Table 5). The number of 
seeds per pod was not significantly influenced by 
the accessions or shade treatments during the 
2013 long rain season (Table 4).   

 
3.8 100 Seed Weight 
 
The 100 seed weight of the green gram 
accessions were not significantly influenced by 
the shade treatments for both the 2012 short   
rain season and the 2013 long rain seasons 
(Table 4).  
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Table 4.  Mean squares of various parameters of green gram genotypes measured at Kiboko during 2012 short and 2013 long rain seasons 
 

  Plant Height Days to 
Flowering 

No. of days to 
maturity 

Pod 
Length 

No. of pods per 
plant (cm) 

No. of seeds per 
pod (No) 

100-Seed 
Weight (g) 

Seed 
Yield 

Kiboko 2012 
short rains 

                

Shade 4.12ns 3.082ns 0.1350ns 0.0033ns 40.56ns 2.160* 0.096ns 1.222ns 
Accession 128.61* 2.113ns 2.353ns 0.0625ns 236.73** 0.044ns 1.512ns 29.123** 
Shade.Accession 6.03ns 1.308ns 0.717ns 0.040ns 82.06ns 0.436ns 0.183ns 11.537ns 
Kiboko 2013 
long rains 

                

Shade 136.64* 9.209ns 124.517ns 0.5360* 25.83ns 3.501ns 0.510ns 4.50ns 
Accession 73.07ns 4.304ns 8.954ns 0.145ns 67.55ns 1.074ns 0.178ns 24.35ns 
Shade.accession 15.56ns 0.725ns 4.222ns 0.169ns 49.98ns 0.029ns 0.207ns 17.07ns 

ns=Not significant, *=5% significance level, **=1% significance level, cm=centimeters, No.=number, g=grams 

 
Table 5. Summary of mean values of all the traits under shade treatment at Kiboko during 2012 short rain season 

 
Shade Plant height 

(cm) 
No. of days to 
flowering 

No. of days to 
maturity 

Pod length 
(cm) 

No. of pods 
per plant 

No. of seeds 
per pod 

100 seeds 
weight (g) 

Seed 
yield (g) 

Net 49.9 39.82 69.13 7.56 31.1 9 5.17 13.97 
Control 50.7 39.1 68.98 7.583 33.7 8.4 5.29 14.42 
Mean 50.3 39.46 69.06 7.572 32.4 8.7 5.23 14.19 
LSD(P≤0.05) 2.69 4.016 3.542 0.0827 31.01 0.472 0.496 15.827 
CV% 1.5 2.9 1.5 0.3 27.3 6.2 2.7 31.7 

cm=centimeters, g=grams, No.=number 
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Table 6. Summary of mean values of all the traits under shade treatment at Kiboko during 2013 long Rains 
 

Shade Plant 
height(cm) 

No. of days to 
flowering 

No. of days 
to maturity 

Pod length 
(cm) 

No. of pods 
per plant 

No. of seeds 
per pod 

100 seeds 
weight(g) 

Seed 
yield(g) 

Net 54.7 38.56 66.79 7.744 25.4 10.11 5.37 14.16 
control 49.95 37.32 62.23 7.445 27.5 9.35 5.66 15.02 
Mean 52.3 37.94 64.51 7.594 26.4 9.73 5.52 14.59 
LSD(P≤0.05) 3.03 3.497 5.945 0.2235 2.77 1.73 0.824 4.999 
CV% 1.6 2.6 2.6 0.8 3 5.1 4.2 9.8 

cm=centimeters, No=number, g=grams 

 
Table 7. Summary of mean values of the accession’s traits at Kiboko during 2012 short rain season]] 

 
Accessions Plant height 

(cm) 
No. of days to 
flowering 

No. of days to 
maturity 

Pod length 
(cm) 

No. of pods 
per plant 

No. of seeds 
per pod 

100 seeds 
weight (g) 

Seed 
yield (g) 

GBK-022494A 49 39.67 68.53 7.587 34 8.67 5 14.45 
GBK-022501A 55.1 39.5 68.57 7.63 40.3 8.73 4.85 17.21 
GBK-022502A 52.5 40.03 69.83 7.647 29.4 8.8 5.09 12.67 
Nylon-1 44.4 38.63 69.3 7.423 25.8 8.6 5.97 12.44 
Mean 50.3 39.46 69.06 7.572 32.4 8.7 5.23 14.19 
LSD(P≤0.05) 2.606 2.606 1,171 0.2135 7.37 0.668 1.095 7.242. 
CV% 5.1 2.7 1.4 0.4 10.4 6.2 10.5 3.5 

cm=centimeters, No.=number, g=gram 
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3.9 Seed Yield  
 
Accessions had significant (P<0.01) effect on 
seed yield while shade had no effect on seed 
yield during the 2012 short rain season (Table 4). 
Accession GBK-022501A had the heavier (17.2 
g) seed yield while Nylon-1 had the least (12.4 g) 
seed yield although it was not significantly 
different from GBK-022502A (12.7 g) and GBK-
022494A which had a seed yield of 14.5 g (Table 
7). However, neither accession nor shade had 
significant influence on the seed yield during the 
2013 long rain season (Table 4). 
 

4. DISCUSSION 
 
Generally the mean values of the parameters 
measured were found to be higher under the 
reduced light intensity (shade net) as compared 
to those under direct intensity (control) during the 
2012 rain season in both sites. However, during 
the 2013 long rains all the measured parameters 
had generally lower mean values recorded under 
shade net as compared to those measured in 
control and open sunlight treatment conditions. 
The range (of value) of the parameters were 
picked from both 2012 short and 2013 long rain 
seasons both under shade net and in control, 
open sunlight conditions. For instance, range for 
plant height under shade net was that obtained 
under net during the 2012 short and 2013 long 
rain seasons 
 

The accessions had a range of 49.9-54.7 cm 
plant height under shade net and a range of 49.9 
– 50.7 cm in control, open sunlight conditions. 
These results corroborate with the findings of 
[20,21] at Kerala Agricultural University, [22] and 
[23] at Bangladesh, [24] at Kyushu University, 
Japan, [25] at Phetchaburi, Thailand; [26] at 
Egypt and [27] at Japan; [28] in Thailand, which 
showed that plants grown under reduced light 
intensity had a higher plant height as compared 
to those under direct sunlight. Higher plant height 
under the shade could be due to a reduction in 
the rate of evaporation of the water from the soil 
providing cooler root zone leading to enhanced 
root development which probably led to higher 
plant height and also due to photosynthesis rate 
which may be proportional to chlorophyll content 
only at low light intensity. 
 
The accessions took a range of 38-39 days to 
flower under shade net and a range of 37 and 39 
days in control, open sunlight conditions. Light is 
an indispensable resource for plant growth 
because the light energy supplied from the sun is 

the basic factor that regulates growth rate, organ 
development or structure, function and behavior. 
Therefore the increase in the days to flowering 
under the shade net could probably be due to the 
reduced light which reduced metabolic activities 
within the plant resulting in slow development. 
The results were in line with those reported by 
[29] who reported that long exposure to shade 
diminishes reproductive potential by directly 
decreasing initiation of flowering of soybean. 
 
The accessions took a range of 66 and 69 days 
to mature under shade net and a range 62 – 68 
days in control, open sunlight conditions. The 
days to maturity under the shade net treatment 
were more because the reduced irradiance 
intensity led to low photosynthetic apparatus 
activity for carbon assimilation and 
photochemical systems in the leaf thereby 
slowing the rate of growth. The results were 
comparable to those reported by [12] who 
indicated that reducing light intensity delayed 
maturity of snap beans.  
 
The accessions had a range of 7.6 – 7.7 cm pod 
length under shade net and 7.4 – 7.6 cm in 
control, open sunlight conditions. The resistance 
to low light intensity or shading might have been 
an important factor for the green gram accession 
in terms of pod length where they were the 
longest as compared to the control, open sunlight 
conditions. Shaded plants generally had a higher 
specific leaf area, because the leaves were 
characterized by having larger layer (and more 
densely packed) of palisade cells. This may have 
caused the increase in the number of 
chlorophylls, by which the photosynthetic rate per 
unit leaf area increased at low light intensity. The 
results were in line with those by [12] who 
indicated that reduced light intensity reduced pod 
size. 
 
The accessions had a range of 25 and 31 pods 
per plant under shade net and a range of 27-33 
pods per plant in control, open sunlight 
conditions. The difference in the number of pods 
per plant within the same shade could be due to 
genetic variation of the different accessions while 
the variation in the average number of pods per 
plant due to shades (shade net and control) 
could be brought about by the observed darker 
green color of the leaves as a sign of high 
chlorophyll content which is responsible for better 
production in plants thus leading to the 
variations. These results were in line with those 
reported by [22,27,28,29,30,31] who reported 
that low light reduced number of pods per plant. 
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The accessions had an average of between 9 
and 10 seeds per pod under shade net and a 
range of 8 - 9 seeds per pod in control, open 
sunlight conditions. The less solar energy supply 
by shading might have had no impact on the 
formation of seeds in the accessions thereby 
resulting in almost the same productivity 
compared to the control. These results were in 
line with [32] who reported that light reduction  
had no effect on the number of seeds per pod. 
The results were however contrary to those 
reported by [22,27,28,30] who reported that 
reducing light intensity led to reduced number 
seeds per pod.  

 
The accessions had a range of 5.2 – 5.4 g 100 
seed weight under shade net and a range of 5.3 
– 5.7 g in control, open sunlight conditions. 
These results are in line with [22,30] who 
reported that shading reduced seed weight;               
[24], who indicated that shading treatment 
reduced total weight of all the cultivars involved. 
[25], who stated that shading, reduced                         
dry weight. The results were contrary to                  
those by [28] who reported that light reduction 
had no effect on seed weight. The no effect                
on 100 seeds weight could have been           
brought about by the genetic make-up of the 
accessions. 

 
The accessions had a range of 13.9 – 14.2 g 
seed yield under shade net and a range of 14.4 -
15.0 g in control, open sunlight conditions.                 
The leaves of the accessions under shade net 
had a darker green color probably a sign of                
high chlorophyll content. Chlorophyll plays a               
key role in determining the light absorption 
efficiency within a leaf. The chlorophyll content   
of plants is dependent on their genetic               
makeup which in effect results in difference                 
in seed yields. The reduced light intensity 
probably allowed increased absorption of 
photosynthetically active radiation and thus 
enhancing the assimilation efficiency. The    
results are in line with [21] who reported                   
that maximum grain yield of rice was realized 
under open direct sunshine; [12,20,22,27,              
28,32] who reported that shading reduced seed 
yield. 
 
5. CONCLUSION 
 
Therefore, it can be concluded that the green 
gram accessions perform well under shade,in 
Arid and Semi-Arid areas at a reduced light 
intensity of (35%). 
 

ACKNOWLEDGEMENT 
 
The authors extend their gratitude to the National 
Council for Science and Technology for partly 
funding the Research. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Tomooka N, Vaughan DA, Moss H, Mixted 
N. The Asian Vigna: Genus Vigna 
subgenus Ceratotropis genetic resources. 
New York: Kluwer; 2003. 

2. Fuller DQ. Contrasting patterns in crop 
domestication and domestication rates: 
Recent archaeobotanical insights from the 
Old World. Annals of Botany. 2007;100(5): 
903–924. 

3. Kimiti JM, Odee DW, Vanlauwe B. Area 
under grain legumes cultivation and 
problems faced by smallholder farmers in 
legume production in the semi-arid. 
Eastern Kenya Journal of Sustainable 
Development in Africa. 2009;11(4):305– 
315. 

4. Mogotsi KK. Vigna radiata (L.) R. Wilczek. 
[Internet] Record from PROTA4U.Brink, M. 
& Belay, G. (Editors).PROTA (Plant 
Resources of Tropical Africa / Ressources 
végétales de l’Afriquetropicale), 
Wageningen, Netherlands. 
Available:http://www.prota4u.org/search.as
p,2006 

5. Central project planning and monitoring 
Unit-Ministry of Agriculture. Economic 
Review of Agriculture. Agricultural 
Information Resource Centre, Ministry of 
Agriculture. 2011;29-31. 

6. MOA. Field Crops Technical Handbook. 
Ministry of Agriculture, Nairobi, Kenya; 
2002. 

7. Singh C. Modern technologies of raising 
field crops; 1989. 

8. Mugo JW, Kariuki PC, Musembi DK.  
Identification of suitable land for green 
gram production using GIS based 
analytical Hierarchy Process in Kitui 
County, Kenya. J Remote Sensing & GIS. 
2016;5:170.  
DOI:10.4172/2469-4134.1000170 

9. Hashem Hadi, Kazem Ghassemi-Goleni, 
Farrokh Rahim Zadeh Khoei, Mostafa 
Valzadeh and Mohahammed Reza 



 
 
 
 

Masaku et al.; IJPSS, 23(2): 1-11, 2018; Article no.IJPSS.41813 
 
 

 
10 

 

Shakiba. Response of Common Bean 
(Phaseolus vulgaris L.) to different Levels 
of Shade. Journal of Agronomy. 2006;5(4): 
595-599. 

10. Benvenuti S, Macchia M, Miele S. Light, 
temperature and burial depth effects on 
Rumex obtussifolius seed germination and 
emergence. Weed Research, an 
International Journal of Weed Biology, 
Ecology and Vegetation Management. 
2001;41:177-186.  
DOI: 10.1046/j.1365-3180.2001.00230.x 

11. Guenni O, Seiter S, Figueroa R. Growth 
responses of three Brachiaria species to 
light intensity and nitrogen supply. Tropical 
Grasslands. 2008;42:75–87. 

12. Makus DJ. Effect of light intensity on snap 
bean performance. Subtropical Plant 
Sciences. 2001;53:19-23. 

13. Makus DJ, Lester G. Effect of soil type, 
light intensity, and cultivar on leaf nutrients 
in mustard greens. Subtropical Plant 
Science. 2002;54:23-28. 

14. Chev HK, Scott DB, Stacey AL. Effects of 
water level, shade and time on germination 
and growth of freshwater marsh plants 
along assimilated successional gradient. 
Journal of Ecology. 2003;91:274–282. 

15. Kamau J, Melis R, Laing M, Derera J, Paul 
SP, Ngugi E. Combining the yield ability 
and secondary traits of selected cassava 
accessions in the semi-arid areas of 
Eastern Kenya. Journal for Plant Breeding 
Crop Science. 2010;2(7):181-191. 

16. Jaetzold R, Schmidt H, Hornetz B, 
Shisanya C. Farm  Management 
Handbook of Kenya Vol. II – Natural 
conditions and Farm Management 
Information 2nd Edition Part C East Kenya 
(Eastern Province). Ministry of Agriculture 
(Kenya) and German Agency for Technical 
Cooperation (GATC); 2006. 

17. Karanja DR, Githunguri CM, Ragwa ML, 
Mulwa D, Mwiti S. Variety Characteristics 
and Production Guidelines of Traditional 
Food Crops. KARI, Machakos- Kenya 
Journal of Development of Sustainable 
Agriculture. 2006;5(2):29-33. 

18. Pest Control Products Board (PCPB), 
Annual Report, 2006-2007: Pest control 
products registered for use in Kenya; 2007. 

19. Payne R, Murray D, Harding S, Baird D, 
Soutar DM. Introduction to genstat for 
windows. Gen start 9th Edition. Lawes 
Agricultural Trust. Rothamsted, UK; 2006. 

20. Kumar S, Behera LK, Patil NS, Jadeja DB. 
Growth and yield of Vigna radiata L. under 

Terminalia arjuna and Mitragyna parvifolia 
based agri-silvicultural system. Journal of 
Applied and Natural Science. 2015;7(2): 
758-762. 

21. Sunilkumar B, Geethakumari VL. Shade 
response of upland rice cultivars           
(Oryza sativa L.) As influenced by silica 
application. Journal of Tropical Agriculture. 
2002;40:67-70. 

22. Akhter N, Rahman MM, Hasanuzzaman M, 
Nahar K. Plant characters and seed yield 
of garden pea under different light 
intensity. American-Eurasian Journal of 
Agronomy. 2009;2(3):152-155. 

23. Moniruzzaman M, Islam MS, Hossain MM, 
Hossain T, Miah MG. Effects of shade and 
nitrogen levels on quality on gladonia 
production. Bangladesh Journal for 
Agricultural Resources. 2009;34(2):205-
213. 

24. Araki T, Thay TO, Kubota F. Effects of 
Shading on Growth and Photosynthetic 
Potential of Green gram (Vigna radiata (L.) 
Wilczek) Cultivars. Environmental Control 
in Biology. 2014;52(4):227-231. 
DOI: 10.2525/ecb.52.227 

25. Na Chiangmai P, Pootaeng-on Y, 
Khewaram T. Evaluation of the shade 
tolerance of moth bean (Vigna aconitifolia) 
and Two Tropical Legume Species. 
Silpakorn U Science & Tech J. 2013;7(1): 
19-31. 

26. Abd EL, Lateef EM, Bakry BA, Abd El-
Salam, AElewa T. Mungbean (Vigna 
radiata L. Wilczek) varietal tolerance to 
biological stress.  International Journal of 
ChemTech Research, 2015;8(12):477-487. 

27. Abdul KM, Hiroshi F, Sadao K, Kazunori O, 
Tetsushi H. Growth, yield and 
photosynthetic activity of Vigna radiata L. 
growth at different temperatures and light 
levels Plant Production Science. 2003; 
6(1):43-49. 

28. Polthanee A, Promsaena K, Laoken A. 
Influence of light intensity on growth and 
yield of four soybean cultivars during wet 
and dry seasons of Northeast Thailand. 
Agricultural Sciences. 2011;2:2:61-67. 
DOI: 4236/as.2011.22010 

29. Jiang H, Egli DB. Shade induced changes 
in flower and pod number and flower and 
fruit and abscissionin soybean. Agron. J. 
1993;85:221–225. 

30. Ahmed F, Hirota O, Yamada Y, Rahman 
MdA Growth characteristics and yield               
of mung beans varieties cultivated under 



 
 
 
 

Masaku et al.; IJPSS, 23(2): 1-11, 2018; Article no.IJPSS.41813 
 
 

 
11 

 

different shading conditions. Japan Journal 
for Tropical Agriculture. 2003;47(1):1-8. 

31. Odeleye FO, Togun AO, Tayo TO. Effects 
of podding and light intensity on soybean 
(Glycine max (L.) Merrill) in South West 
Nigeria. Tropical Agricultural Research and 
Extension. 2004;7:79-87. 

32. Bing L, Xiao-bing L, Cheng W, Jian J, 
Herbert SJ, Hashemi M. Response of 
soybean yield and yield components to 
light enrichment and planting density. 
International Journal of Plant Production. 
2010;4(1):1-10. 

_________________________________________________________________________________ 
© 2018 Masaku et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/25092 


