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Abstract  
An experiment was conducted from November 2018 to March 2019 to identify the effect of radiation levels and 

plant population on dry matter allocation and yield of wheat with the variety ‘BARI Gom 25’. The study was set out 

in the Randomized Complete Block Design with four radiation levels (full sunlight, 75% light, 55% light and 25% 

light) and three plant densities (160 plants m-2, 200 plants m-2, 230 plants m-2) that replicated thrice. Full sunlight or 

75% light in combination with optimal plant density (200 plants m-2) resulted maximum culm dry weight, leaf dry 

weight, spike dry weight and total dry matter weight plant-1. The numbers of filled grain and unfilled grain plant-1 

and yields of grain and straw m-2 were the highest from the above-mentioned combination. The lowest dry weights 

for culm, leaf, spike, and total dry matter and minimum grain yield and straw yield were obtained from 25% light 

either alone or in combination with any plant densities indicating the profound influence of light on dry matter 

production and grain yield of wheat. Therefore, reduced light (up to 25%) and optimal plant density can ensure 

wheat production without significant yield loss. This finding suggests possibility of wheat cultivation in agroforestry 

system and light limiting areas in Bangladesh and other parts of the world. 
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Introduction 
Wheat, the top cereal crop in the world, ranks second just after rice in Bangladesh. For developing countries, wheat 
serves as the main source of protein and second most important source of calories (Braun et al., 2010). Production 
of wheat in Bangladesh is highly variable due to different agro-climatic conditions and average yield is much lower 
compared to rest of the world. Wheat production needs to increase in the country as the area under wheat is 
decreasing day by day. Moreover, demand of wheat is increasing due to population pressure. It is expected that yield 

of wheat may reduce by 15% - 30% just for increase of global temperature by 2 °C within 2040 (Moore and Lobell, 
2014; Zhao et al., 2017). Thus, shortage of food is a likely phenomenon in Bangladesh. Therefore, Bangladesh 
including other developing countries of the world need to make an attempt to grow grain crops on land that remain 
fallow due to environmental issues. 

Wheat is a cool-season crop; requires cool weather for vegetative growth and warm weather for maturity. 
Solar radiation is an important climatic factor directly influenced the growth and yield of crops including wheat. 
Solar radiation i.e. light determines photomorphogenesis of plant along with rate of photosynthesis (Albayrak et al., 
2011). In fact, light intensity and quality controls plant growth and development through triggering plant 
physiological reactions (Bozorgi et al., 2011). Received light increases plant biomass that contributes to the crop 
growth, dry matter production and yield (Poorter and Nagel, 2000; Asseng et al., 2004). Low light reduces plant 
growth, development, dry matter production and yield (Strain and Cure, 1986) and excess light reduces crop yield 
through photoinhibition and burning crop canopy (Hasanuzzaman et al., 2012). At optimal light, plant growth is 
maximum through maximal photosynthesis (Lichtenthaler, 1996). However, low light intensity due to presence of 
aerosols and air pollutants in the atmosphere appears as a challenge for producing crop in various parts of the world 
(Mu et al., 2010). Low cloud reduced the light by 25% - 60% in the southern Appalachian Mountains of USA 
(Reinhardt et al., 2010) and the reduction was 30% - 44% in an apricot-based agroforestry system (Zhang et al., 
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2018). Steady cloudy days or rainfall at critical crop growth stages (e.g. panicle differentiation, grain-filling) make 
poor quality grains along with loss of grain yield (Janardhan et al., 1980).  

Plant density expresses the number of plant population in a unit area, a determinant of allowable space for 
a single plant. Plant density can affect growth, development and yield of a crop through modulating crop’s 
microenvironment. Increase of plant density beyond optimal limit decreases crop growth and yield (Cakmak et al., 
1994). Plant can intercept majority of the photosynthetically active radiation (≥95%) at optimal density resulting 
highest yield (Dong et al., 2014) and beyond this yield decreases due to decrease of radiation use efficiency (Pommel 
and Bonhomme, 1998). However, dense planting of wheat can increases the leaf area index, rate of photosynthesis, 
filled spikelets (%), 1000-grain weight, and grain yield (Nakano et al., 2012). Though there are some studies that 
evaluated the response of plant population density on growth and yield of wheat; limited information is available on 
effects of light intensity alone or in combination with plant population density on dry matter partitioning and yield 
of wheat. Therefore, the objective of this study is to elucidate the effect of light intensity and plant density on the 
dry matter allocation and grain yield of wheat. 

Materials and Methods 
Experimental site, treatment and design 
The experiment was conducted at the Field Laboratory of Agrotechnology Discipline of Khulna University, Khulna 
with the wheat variety ‘BARI Gom 25’ during the Rabi season (November 2018 to March 2019) having low 
temperature, low rainfall, low relative humidity and plenty of sunshine.  The experimental area is under the Agro-
ecological Zone (AEZ) 13 (Ganges Tidal Floodplain) having sub-tropical climate and the soil was clay loam having a 
pH of 7.6. The variety ‘BARI Gom 25’  is a semi-dwarf, early maturing, low to medium salt tolerant (8-10 dsm-1),  
high yielding  wheat variety released by  Bangladesh Agricultural Research Institute (BARI) of Gazipur (BARI, 2012) 
particularly for  southern region (e.g. Khulna) of the country. The field was prepared to good tilt through ploughing, 
cross ploughing and laddering and divided into 36 experimental unit each accounting an area of 6 m2 (3.0 m x 2.0 m) 
and maintaining 1 m distance between plots and 1.5 m distance between replications and then fertilized with 220, 
160, 45 and 115 kgha-1, respectively for urea, TSP, MoP and gypsum along with 7 t ha-1 cow dung. During final land 
preparation, one-third of urea and full dose of other fertilizers were applied, and remaining urea was applied in two 
equal halves at 20 and 40 days after sowing (DAS). The experiment was set out in randomized complete block 
design with four levels of radiation (full sunlight, 75% light, 55% light, 25% light) and three plant densities [160 
plants m-2, 200 plants m-2 (optimal), 230 plants m-2] that has been replicated thrice. The seed rate was calculated 
following plant density treatments and sown directly in line maintaining 20 cm between lines on 16 November 2018. 
The screens [one layer white net, two layer white net, and two layer markin cloth] were placed over the plot at 35 
DAS. Intercultural operations (gap filling, irrigation, weed and insect-pest control) were done as per requirement.   
 

Light measurement 
Two-type screens (white net and white markin cloth) were bought from the market and light level under one layer 
and two layers of white net and two layers of markin cloth were measured several times using Digital Lux Meter 
(LX1010BS, Taiwan) and compared with that of open field. It revealed that light levels under one layer and two 
layer of white net were 75% and 55% of full sunlight, respectively and light under two layers of markin cloth was 
25% of full sunlight; therefore, the light levels (75%, 55%, 25%) under nets along with full sun (open field) were 
considered as the treatments. Light intensity at upper canopy and lower canopy from the open field and under the 
screens (at different levels of solar radiation) was measured at 45, 60, 75, and 90 DAS using the lux meter.   

 

Growth and yield parameters 
Five plants from each plot were selected randomly to collect data on culm dry weight (g), leaf dry weight (g), spike 
dry weight (g), and total dry weight (g) for individual plant starting at 45 DAS and continue up to 90 DAS. The 
collected plant parts were placed in a labelled brown paper bag and dried in an oven (60 °C temperature for 48 
hours. Just before final harvest, five plants were randomly harvested for collecting yield-contributing data. During 
final harvest, an area of one m2 was harvested with sickles and sun dried for 2-3 days; threshed, winnowed, separated 
the clean grains and was weighed to calculate grain yield and straw yield.  
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Statistical analysis 
The collected data on various dry matter and yield parameters were analyzed following ANOVA and F-test using 
Statistix 10 statistical program. Data means were separated by Duncan’s Multiple Range Test at P ≤0.05. 
 
Results and Discussion  
Radiation levels at upper and lower canopy of wheat  
Radiation levels at upper canopy of wheat plant varied among the radiation levels under cloths at all DAS (45, 60, 
75, 90). The highest radiation was measured at full sun, which decreased as the layer of shade net and markin cloth 
increased, and the lowest radiation from markin cloth (two-layer). Shade net decreased light level under net 
proportionately to shade level (Kittas et al., 2008; Kabir et al., 2019). At the lower canopy of wheat plant, the highest 
radiation was measured from the open field at all DAS and the lowest from 25% light (Table 1). Radiation levels 
varied at the lower canopy but not at the upper canopy of wheat due to plant population density (Table 2) as high 
density (230 plant m-2) hinders the penetration of light at the lower canopy of wheat but not at the higher canopy. 
The highest radiation was measured at the lower canopy of wheat plant at the lowest plant population (160 plant m -

2) which was statistically similar with optimum plant population (200 plant m-2) and lowest at highest plant density 
(230 plant m-2) at all DAS (Table 2).  
 

Table 1. Radiation at upper and lower canopy of wheat plants as affected by solar radiation level at different days 
after sowing (DAS) z. 

 
Solar radiation level 

Radiation (× 100 Lux) at upper and lower canopy of wheat 

 45 DAS 60 DAS 75 DAS 90 DAS 

 Upper Lower Upper Lower Upper Lower Upper Lower 

Full sunlight 589 a 196 a 599 a 157 a 598 a 177 a 609 a 172 a 

75% sunlight 464 b 151 ab 379 b 135 ab 381 b 132 ab 397 b 138 ab 

55% sunlight 360 c 113 ab 298 c 94 b 309 c 98 b 311 c 103 b  

25% sunlight 175 d 95 b 163 d 88 b 124 d 87 b 139 d 88 b 

Level of significance  0.01 0.05 0.01 0.01 0.01 0.01 0.01 0.01 
z Means in a column having  the same letters are not statistically different according to Duncan’s Multiple  Range Test (P ≤ 0.05).  
 

Effect of radiation levels and plant density on culm and leaf dry weight of wheat 
Culm dry weight plant-1 varied among the radiation levels at all DAS except 60 (Table 3). The highest culm dry 
weight (1.93 g) was resulted from full sunlight, which was statistically similar with 75% light and the lowest dry 
weight (1.49 g) from 25% light at 90 DAS (Table 3). The culm weight plant-1 also varied among the plant population 
density at 75 DAS only (Table 4). The culm dry weight varied at 45 DAS and 75 DAS due to combined effect of 
radiation level and plant population (Table 5). The highest culm weight (2.27 g) was recorded from interaction of 
full sun with optimum (200 plant m-2) plant density. The highest culm dry weight was also obtained from optimal 
plant density (200 plant m-2) through minimizing internal and external plant competition (Ferreira and Abreu, 2001). 
Culm dry weight was the lowest at lower (160 plant m-2) and higher (230 plant m-2) plant density because of 
suboptimal and overcrowded plant population, respectively. Low light decreased tiller number, number of functional 
chloroplast, activity of photosystem II, net photosynthesis and thus dry matter production (Demotes-Mainard and 
Jeuffroy, 2004; Mu et al., 2010).  

The leaf dry weight plant-1 varied due to solar radiation level (Table 3), plant population (Table 4) and 
interactions between radiation and plant population (Table 5) at all DAS except 90. The highest leaf dry weight was 
recorded usually from full sunlight (Table 3), 160 and 200 plant m-2 plant densities (Table 4) and interactions 
between them (Table 5). The highest leaf area index (LAI) and consequently a maximum light absorption resulted 
higher leaf dry weight at optimal plant density (Agele et al., 2007). Sometimes, the leaf dry weight at 90 DAS was 
lower than 75 DAS, which might due to increased competition among the plants at 90 DAS.  
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Table 2. Radiation at upper and lower canopy of wheat plants as affected by plant population at different days after 
sowing (DAS) z. 

 
Plant Population 

Radiation (× 100 Lux) at upper and lower canopy of wheat 

      45 DAS 60 DAS 75 DAS 90 DAS 

 Upper Lower Upper Lower Upper Lower Upper Lower 

160 plant m-2 329 179 a 350 146 a 360 155 a 327 152 a 

200 plant m-2 399 137 ab 328 117 ab 346 123 ab 304 131 ab 

230 plant m-2 373 101 b 309 89 b 353 91 b 332 93 b 

Level of significance  NS 0.05 NS 0.05 NS 0.05 NS 0.05 

z Means in a column with the same letter do not differ following Duncan’s Multiple Range Test (P ≤ 0.05).  NS = Non-significant. 

 
Table 3. Effect of radiation levels on dry weights of wheat culm and leaf at different days after sowing (DAS) z. 

Solar radiation level Culm dry weight (g) plant-1 Leaf dry weight (g) plant-1 

45 DAS 60 DAS 75 DAS 90 DAS 45 DAS 60 DAS 75 DAS 90 DAS 

Full sunlight 0.62 a 1.53 2.00 a 1.93 a 0.75 a 0.96 b 1.20 a 1.34 

75% sunlight 0.42 b 1.19 1.43 b 1.66 ab 0.61 b 0.99 b 1.06 b 1.22 

55% sunlight 0.47 b 1.32 1.30 b 1.61 b  0.43 c 1.18 a 1.07 ab 1.15 

25% sunlight 0.47 b 1.31 1.30 b 1.49 b 0.43 c 0.97 b 1.14 ab 0.94 

Level of significance 0.05 NS 0.05 0.05 0.05 0.05 0.05 NS 

CV (%) 19.44 26.05 5.16 13.85 14.26 6.92 9.50 19.00 
z Means in a column with the same letter do not differ following Duncan’s Multiple Range Test at P ≤ 0.05.  
NS = Non-significant; CV = Coefficient of variation. 

 
Table 4. Effect of plant population on wheat culm and leaf dry weights at different days after sowing (DAS) z. 

Plant Population Culm dry weight (g) plant-1 Leaf dry weight (g) plant-1 

45 DAS 60 DAS 75 DAS 90 DAS 45 DAS 60 DAS 75 DAS 90 DAS 

160 plant m-2 0.53 1.29 1.43 b 1.65 0.56 ab 0.98 b 1.29 a 1.13 

200 plant m-2 0.52 1.30 1.58 a 1.71 0.50 b 1.00 b 1.12 b 1.19 

230 plant m-2 0.44 1.43 1.44 b 1.65 0.59 a 1.10 a 0.95 c 1.17 

Level of 
significance 

NS NS 0.05 NS 0.05 0.05 0.05 NS 

CV (%) 19.44 26.05 5.16 13.85 14.26 6.92 9.50 19.00 

z Means in a column with the same letter do not differ following Duncan’s Multiple Range Test at P ≤ 0.05. NS = Non-significant; CV = Coefficient of variation. 

 
Effect of radiation levels and plant population on spike and total dry weight of wheat 
The spike dry weight plant-1 varied with the radiation levels at 75 DAS and 90 DAS (Table 6). At 75 DAS, the 
highest spike dry weight (1.2 g) was recorded at full sunlight and the lowest from 25% light  (0.68 g). Similar trend 
was observed at 90 DAS. Spike dry weight did not vary due to plant population density (Table 7). However, the 
spike dry weight varied at 75 DAS due to combined effect of radiation level and plant population. The highest spike 
dry weight (1.37 g) was resulted from full sunlight with optimum plant population (200 plant m-2) and lowest from 
25% light with highest plant population (230 plant m-2) (Table 8). Low radiation under shade decreased spike dry 
weight through reduction of grain number in spring wheat (Willey and Holliday, 1971; Fischer, 1975). 
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Table 5. Interaction effect of solar radiation level and plant population on culm and leaf dry weight of wheat at 
different days after sowing (DAS) z. 

Solar radiation level  

× Plant population y 

Culm dry weight (g) plant-1 Leaf dry weight (g) plant-1 

45 DAS 60 DAS 75 DAS 90 DAS 45 DAS 60 DAS 75 DAS 90 DAS 

P1S1 0.65 a 1.47 1.87 b 1.90 0.92 a 0.84 de 1.47 a 1.39 

P2S1 0.64 a 1.63 2.27 a 1.97 0.63 bcd 1.23 b 1.16 a-e 1.31 

P3S1 0.58 abc 1.5 1.87 b 1.93 0.67 abc 0.81 df 0.97 def 1.33 

P1S2 0.29 d 1.23 1.27 c 1.57 0.55 cde 0.69 e 0.99 def 1.07 

P2S2 0.47 a-d 1.10 1.47 c 1.77 0.44 def 1.12 bc 1.04 c-f 1.49 

P3S2 0.51 a-d 1.23 1.30 c 1.63 0.83 ab 1.17 bc 1.15 b-e 1.09 

P1S3 0.59 ab 1.56 1.30 c 1.67 0.52 cde 1.70 a 1.43 ab 1.20 

P2S3 0.49 a-d 1.3 1.30 c 1.47 0.44 def 0.70 e 0.96 def 0.88 

P3S3 0.30 cd 1.10 1.30 c 1.70 0.34 ef 1.15 bc 0.82 f 1.39 

P1S4 0.57 a-d 0.90 1.30 c 1.47 0.27 f 0.68 e 1.26 a-d 0.86 

P2S4 0.48 a-d 1.18 1.30 c 1.63 0.50 c-f 0.97 cd 1.31 abc 1.08 

P3S4 0.35 bcd 1.87 1.30 c 1.37 0.52 cde 1.27 b 0.85 ef 0.87 

Level of significance 0.05 NS 0.05 NS 0.05 0.05 0.05 NS 

CV (%) 19.44 26.05 5.16 13.85 14.26 6.92 9.50 19.00 
yP1 = 160 plant m-2, P2 = 200 plant m-2,  P3 = 230 plant m-2; S1 = Full sunlight, S2 = 75% sunlight, S3 = 55% sunlight, S4 = 25% sunlight. z Means in a column 
followed by the dissimilar letters differ significantly according to Duncan’s  Multiple Range Test (P ≤ 0.05);  NS = Non-significant,  CV = Coefficient of variation. 

 
Table 6. Effect of radiation levels on spike dry weight and total dry weight of wheat at different days after sowing 

(DAS) z. 

 
Radiation level 

Spike dry weight (g) plant-1 Total dry weight (g) plant-1 

60 DAS 75 DAS 90 DAS 45 DAS 60 DAS 75 DAS 90 DAS 

Full sunlight 0.62 1.2 a 2.30 a 0.82 2.62 3.46 a 4.47 a 

75% sunlight 0.66 0.80 b 1.65 ab 0.61 2.13 2.41 b 3.52 b 

55% sunlight 0.61 0.93 ab 1.73 ab 0.87 2.24 2.49 b 3.57 b 

25% sunlight 0.43 0.68 b 1.33 b 0.72 2.37 2.42 b 3.03 b 

Level of significance NS 0.05 0.05 NS NS 0.05 0.05 

CV (%) 15.75 24.33 28.51 18.75 26.30 9.49 17.56 
z Means in a column having similar letters are not statistically different at P ≤ 0.05 (Duncan’s Multiple Range Test); NS = Non-significant; CV = Coefficient of 
variation. 
 

The total dry matter of wheat plant did not vary at early stages (45 DAS and 60 DAS) of growth but at 
later stages (75 DAS and 90 DAS) (Table 6). The highest dry matter was recorded from full sun and lowest one 
from 25% light at 75 DAS and 90 DAS. The maximum total dry matter (2.82 g) was obtained from optimal plant 
population and minimum from highest plant population (230 plant m-2) at 75 DAS (Table 7). The highest total dry 
matter was recorded from full sunlight with optimum plant population (200 plant m- 2) and the lowest from 25% 
light with highest plant population (230 plant m-2) (Table 8). A little accumulation of dry matter at low light resulted 
lowest dry matter at 25% light either separately or in combination with plant densities (Staver et al., 2001). 
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Table 7. Effect of plant population on spike dry weight and total dry weight of wheat at different days after sowing 
(DAS) z 

 
Plant Population 

Spike dry weight (g) plant-1 Total dry weight (g) plant-1 

60 DAS 75 DAS 90 DAS 45 DAS 60 DAS 75 DAS 90 DAS 

160 plant m-2 0.52 0.87 1.70 0.86 2.28 2.70 ab 3.58 

200 plant m-2 0.56 0.98 1.90 0.76 2.16 2.82 a 3.83 

230 plant m-2 0.65 0.86 1.66 0.65 2.57 2.56 b 3.54 

Level of significance NS NS NS NS NS 0.05 NS 

CV (%) 15.75 24.33 28.51 18.75 26.30 9.49 17.56 

z Means in a column having similar letters are not statistically different at P ≤ 0.05 (Duncan’s Multiple Range Test); NS = Non-significant; CV = Coefficient of 
variation. 
 

 

Table 8. Interaction effect of radiation and plant population on spike dry weight and total dry weight of wheat at 
different days after sowing z. 

Solar radiation level  
× Plant population y 

Spike dry weight (g) plant-1 Total dry weight (g) plant-1 

 60 DAS 75 DAS 90 DAS 45 DAS 60 DAS 75 DAS 90 DAS 

P1S1 0.60 1.10 ab 2.33 0.82 ab 2.76 3.25 ab 4.48 ab 
P2S1 0.67 1.37 a 2.50 0.85 ab 2.55 3.89 a 4.68 a 

P3S1 0.59 1.33 ab 2.07 0.80 ab 2.54 3.24 ab 4.25 ab 

P1S2 0.59 0.59 b 1.42 0.44 b 2.06 2.13 c 3.04 ab 
P2S2 0.47 0.93 ab 1.77 0.65 ab 1.87 2.64 bc 3.79 ab 

P3S2 0.92 0.93 ab 1.93 0.74 ab 2.45 2.47 c  3.75 ab 

P1S3 0.60 1.03 ab 1.83 1.38 a 2.53 2.62 bc 3.73 ab 

P2S3 0.70 0.94 ab 1.87 0.72 ab 2.24 2.46 c 3.51 ab 

P3S3 0.53 0.80 ab 1.50 0.51 b 1.95 2.41 c 3.47 ab 

P1S4 0.30 0.76 ab 1.42 0.81 ab 1.77 2.80 bc 3.07 ab 

P2S4 0.41 0.68 b 1.46 0.79 ab 1.98 2.33 c 3.32 ab 

P3S4 0.57 0.60 b 1.12 0.55 ab 3.35 2.12 c 2.70 b 

Level of significance NS 0.05 NS 0.05 NS 0.05 0.05 

CV (%) 15.75 24.33 28.51 18.75 26.30 9.49 17.56 

  y P1 = 160 plant m-2, P2 = 200 plant m-2,  P3 = 230 plant m-2; S1 = Full sunlight, S2 = 75% sunlight, S3 = 55% sunlight, S4 = 25% sunlight. z Treatment means 
in a column followed by the dissimilar letters differ significantly according to Duncan’s  Multiple Range Test (P ≤ 0.05);  NS = Non-significant,  CV = Coefficient of 
variation. 

 
Table 9. Grain yield and straw yield of wheat as affected by solar radiation z. 

Radiation level Filled grain (no.) 

 spike-1 

Unfilled grain (no.) 

 spike-1 

Grain  yield 

 ( g m-2) 

Straw  yield 

 ( g m-2) 

Full sunlight 43.17 a 2.89 a 382 a 481 a 

75% sunlight 43.68 a 3.22 a 317 b  398 b 

55% sunlight 35.03 b 2.63 a 294 b  369 b 

25% sunlight 29.48 b 1.63 b 188 c  285 c 

Level of significance 0.05 0.05 0.05 0.05 

CV (%) 11.26 22.34 12.96 12.96 

z Means in a column having similar letters are not statistically different at P ≤ 0.05 (Duncan’s Multiple Range Test); CV = Coefficient of variation. 
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Effect of solar radiation levels and plant population on yield and yield attributes of wheat 
The number of filled grain and unfilled grain in a spike varied among the radiation levels, plant population, and 
interactions between them (Table 9-11). The maximum number of filled grain and unfilled grain were recorded from 
75% light and the minimum from 25% light (Table 9). Similarly, both the filled grain and unfilled grain were 
maximum at lowest plant density and minimum at highest plant density (Table 10). The highest number of filled 
grain and unfilled grain in a wheat spike were resulted from combination of full sunlight or 75% light with different 
plant populations particularly (200 plant m-2 and 160 plant m-2) and the lowest from 25% light with highest plant 
population (230 plant m-2) (Table 11). Similar number of filled and unfilled grains were observed at full sunlight and 
75% light as a slight shade (e.g. 20%) did not alter the number of filled grains in wheat (Li et al., 2010). However, 
low light from transplanting to booting in rice reduces number of grains (Liu et al., 2014). Planting density highly 
influenced the number of grains per panicle in wheat (Valério et al., 2013). However, below optimal density may 
decrease yield and net profit (Whaley et al., 2000) and above optimal may increase cost of production (Laghari et al., 
2011). 

 

Table 10. Wheat grain yield and straw yield as influenced by plant population z. 
 

Plant Population 
Filled grain (no.)   
spike-1 

Unfilled grain (no.) 
 spike-1 

Grain  yield 
( g m-2) 

Straw  yield 
( g m-2) 

160 plant m-2 40.80 a 2.84 a 274 b  352 b 

200 plant m-2 37.26 b 2.76 ab 296 ab 393 a 

230 plant m-2 34.46 b 2.109 b 316 a 404 a 

Level of significance 0.05 0.05 0.05 0.05 

CV (%) 11.26 22.34 12.96 12.96 
z Means in a column having similar letters are not statistically different at P ≤ 0.05 (Duncan’s Multiple Range Test); CV = Coefficient of variation. 
 

Table 11. Interaction effect of radiation levels and plant population on grain yield and straw yield of wheat z. 

Solar radiation level  

× Plant population y 

Filled grain (no.) 

spike-1 

Unfilled grain (no.) 

 spike-1 

Grain  yield 

( g m-2) 

Straw  yield 

( g m-2) 

P1S1 50.94 a 3.00 ab 366 abc 431 ab 

P2S1 36.98 bcd 2.98 ab 386 ab 500 a 

P3S1 41.59 abc 2.70 abc 394 a 513 a 

P1S2 44.46 ab 2.90 ab 272 b-f 370 cd 

P2S2 50.99 a 4.35 a 323 a-d 411 a-d 

P3S2 35.59 bcd 2.40 bc 355 abc 412 a-d 

P1S3 38.98 abc 2.61 abc 295 a-e 368 cd 

P2S3 30.12 cd 2.66 abc 256 c-f 354 cde 

P3S3 36.10 bcd 2.60 bc 329 a-d 385 bcd 

P1S4 32.84 bcd 2.77 abc 162 f 239 e 

P2S4 31.05 cd 1.06 c 219 def 308 de 

P3S4 24.56 d 1.06 c 184 ef 307 de 

Level of significance 0.05 0.05 0.05 0.05 

CV (%) 11.26 22.34 12.96 12.96 
y P1 = 160 plant m-2, P2 = 200 plant m-2,  P3 = 230 plant m-2; S1 = Full sunlight, S2 = 75% sunlight, S3 = 55% sunlight, S4 = 25% sunlight. z Treatment means in 
a column followed by the dissimilar letters differ significantly according to Duncan’s  Multiple Range Test (P ≤ 0.05); CV = Coefficient of variation. 

 
The highest grain yield (382 g m-2) and straw yield (481 g m-2) were obtained from full sunlight and the 

lowest grain yield (188 g m-2) and straw yield (285 g m-2) were obtained from 25% light. The highest grain yield (316 
g m-2) and straw yield (404 g m-2) were obtained from maximal plant population density which were statistically 
similar with optimal plant density and the lowest yields from lowest plant population density. The highest grain yield 
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(394 g m-2) and straw yield (513 g m-2) were estimated from full sunlight with maximal plant population, which was 
statistically similar with several other combinations and the lowest from the 25% light with 160 plants m-2 (Table 
11). Yield of crops can be reduced at low light (Islam et al., 1993, Abeledo et al., 2014; Wang et al., 2015; Kabir et 
al., 2022) and low yield is the result of low carbon-use efficiency at reduced light (Ball et al., 2000). However, grain 
yield of wheat was lower at 100% irradiance compared to 90% and 50% at Mediterranean environment where 
annual irradiance is much higher compared to other parts of Europe (Arenas-Corraliza et al., 2019) and a 19% shade 
resulted highest photosynthesis in bell pepper during summer in Georgia of USA (Kabir et al., 2022). Increase of 
plant density may result higher yield providing availability of resources along with prevalence of optimal climate for 
crop production (Bavec and Bavec, 2002). Increase of planting density at a certain threshold level increases the grain 
yield through increasing total number of grains as reported in the present study. The straw yield increases at full 
sunlight through higher accumulation dry matter compared to 25% light. The increase of total plant population also 
increases the total straw yield and vice versa.  
 
Conclusion 
Full sunlight or 75% light with optimal plant density (200 plant m-2) resulted maximum dry weights for culm, leaf, 
spike, and total dry matter for a wheat plant. These combinations also yielded higher number of filled and unfilled 
grains per plant along with higher grain yield and straw yield in an area of one m2.  Though the high plant density 
(230 plant m-2) resulted statistically similar grain yield with optimal plant density, it is not recommended due to 
higher seed requirement. Therefore, 75% light with optimal plant density is sufficient for good yield of wheat. This 
information could be useful for growing wheat in an agroforestry system and light limiting areas in Bangladesh as 
well as in other parts of the world. 
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