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Abstract 
 
 

A field experiment was conducted during 2017-18 and 2018-19 cropping seasons to study the responses of some growth characteristics of 

pea plant to light intensity and nitrogen fertilizer. Direct sunlight intensities (0, 25, 50, 75 and 100%) and nitrogen fertilizer amounts (0, 35 

and 70 kg N.ha-1) were arranged in a factorial experiment with three replications. Different direct sunlight intensities were provided by 

special grids. The results of both years experiment showed that the effects of light, nitrogen and their interaction effect on the studied traits 

were significant. Plant height, the number of branches per plant, the number of leaves per plant, plant leaf area and plant dry matter were 

increased by decreasing direct sunlight intensities. But the above mentioned traits were increased by increasing N fertilizer. Therefore, it 

seems that the pea plant has the ability to tolerate shade and nitrogen addition, to be in mixed cropping systems. 
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Introduction 

Legumes are an important food source and play a 

significant role in traditional diets in many regions of the 

world (Nikolopoulou et al., 2007). Pea (Pisum sativum L.) is 

an economically important vegetable crop. The pea seeds 

contain carbohydrate, protein, fat and fiber as well as 

vitamins A and B. (AL-Qaisi, 2012). 

In the field, plants are affected by environmental (such 

as light) and management (such as nitrogen) factors. 

Understanding the interaction of environmental and 

management factors on plant growth is more important than 

their individual effects. 

In plants, sunlight is the source of energy for 

photosynthesis. Sunlight also regulates plant growth and 

development processes (Kilic et al., 2010). The sunlight 

regulates photosynthetic assimilation and partitioning of 

plants (Slewinski and Braun, 2010). Plants use several types 

of photoreceptors, such as phytochromes and cryptochromes, 

to perceive aspects of radiation in the environment 

(Mawphlang and Kharshiing, 2017). However, shading 

reduces the intensity and changes the spectral composition of 

the light (Yang et al., 2014). For example, reductions in the 

red/far-red (R/Fr) light ratio and the photosynthetically active 

radiation (PAR) strongly impair the growth and development 

of plants under shading (Yang and Li, 2017). Plants can 

adjust their morphology and physiology to acclimatize 

toward a modified light quality (e.g., reduced R/Fr ratio) and 

a decreased PAR. This acclimatization results in the 

allocation of carbon to the elongation of stem and petiole at 

the expense of leaf and root development (Park and Runkle, 

2017). 

Nitrogen (N) is the element most absorbed in soil by 

plants growing under normal conditions. For this reason and 

due to their high mobility in soil, N is also the nutrient that is 

more deficient for most crops all over the world (Torres-

Olivar et al., 2014). N is an essential element of all 

organisms, as a component of proteins, amino acids, nucleic 

acids (DNA, RNA), membrane lipids, ATP, NADH, 

NADPH, co-enzymes, photo-synthetic pigments and 

secondary metabolites (Ohyama, 2010). Legume plants have 

the ability to biological nitrogen fixation. However, 

biological nitrogen fixation greatly diminished in arid regions 

or in soils with low organic matter content. Therefore, 

nitrogen supply by chemical or organic fertilizers is essential 

(Zahran, 1999). 

The absorption of sunlight by the leaves depends on the 

light intensity, leaf age, leaf structure and pigments (Taiz and 

Zieger, 2002). On the other hand, various factors such as 

plant density and nutritional conditions (especially N) affect 

on sunlight absorption and leaf pigments content (Todd et al., 

2005). The purpose of this study was to evaluate the response 

of some pea growth traits to direct sunlight intensities and the 

addition of nitrogen fertilizer. 

Materials and Methods 

A biennial research was conducted at Campus of 

Agriculture and Natural Resources, Razi University, 

Kermanshah, Iran, during 2017-18 and 2018-19 cropping 

seasons. This place is located in latitude 34°21' North and 

longitude 47°9' East with elevation 1320 m above sea level 

and belongs to semi-arid zone. 

A factorial experiment based on randomized complete 

block design (RCBD) was used with three replications. The 

factors were direct sunlight intensities (0, 25, 50, 75 and 

100%) and nitrogen fertilizer amounts (0, 35, and 70 kg N.ha-

1). The direct sunlight intensities were provided by special 

grids prepared for this purpose. N treatments were applied 

using urea fertilizer with 46% N. Light and nitrogen 

treatments were applied 30 days after seedling emergence. 

Before the seed planting, soil sample were taken from 

0-30 depth to soil analysis according to Page et al. (1982) 

method. The soil test results were presented in Table 1. Each 

plot contains six rows with 25 cm between them. Seeds of 

pea (Dorian cultivar) were planted at 10 cm distance and 4-5 
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cm depth. Seed planting dates were March 5, 2017 and 

March 8, 2018, respectively. Sprinkler irrigation was used for 

field irrigation. Weeds were removed manually. 

 
Table 1 : Physical and chemical characteristics of the soil. 

Objective Value 

Sand (%) 41.5 

Silt (%) 42.8 

Clay (%) 15.7 

Texture Silty clay 

EC (ds.m-1) 1.82 

pH 7.8 

CaCO3 (%) 28 

Organic matter (%) 0.99 

Total N (%) 0.09 

Available P (mg.kg-1) 18 

Available K (mg.kg-1) 360 

Mn (mg.kg-1) 14 

Fe (mg.kg-1) 4.5 

Zn (mg.kg-1) 0.48 

Cu (mg.kg-1) 1.8 

 

The following growth parameters were studied:  

• Plant height: The height of the main stem from the soil 

surface to the end of the stem was measured in ten plants 

per plot.  

• The number of branches per plant: The number of 

branches per plant was counted in ten plants per plot. 

• The number of leaves per plant: In each plot, the 

number of three-foliate leaves of ten plants was counted. 

• Plant leaf area: In each plot, the leaves of ten plants 

were separated and then leaf area was measured by 

scanner using special software. 

• Plant dry weight: From each plot, ten plants were 

harvested from the soil surface, and all aerial parts of the 

plants were oven-dried at 72 °C for 48 h and then their 

dry weight was measured. 

Analysis of variance of the data was computed using 

the SAS statistic software. The LSD test (P ≤ 0.05) was used 

to test the differences among mean values. 

 

Results 

Plant height 

The analysis of variances showed that the effects of 

light intensity, N and its interaction on plant height were 

significant in both years (Table 7). The treatment 0% direct 

sunlight intensity was significantly superior and gave the 

highest plant height with 65 and 64 cm in 2017-18 and 2018-

19 experiments, respectively. While 100% light treatment 

gave the lowest plant height (Table 2). Plant height increased 

with the addition of N fertilizer and the highest plant height 

was obtained in 70 kg N.ha-1 treatment. Mean comparison of 

the light × N interaction showed that the highest plant height 

(71 and 68 cm in the first and second years, respectively) was 

observed in the treatment of 0% light and 70 kg N.ha-1. 

Number of branches per plant 

In the analysis of variance, the effects of light intensity, 

N and their interaction on the number of branches per plant 

were significant (Table 7). Reducing the light intensity by 

shading increased the number of branches per plant. The 

maximum number of branches per plant was obtained in 0% 

direct sunlight (5.4 and 5.0 branches in the first and second 

years, respectively) (Table 3). Increasing N fertilizer amounts 

caused to increase in the number of branches per plant. The 

mean number of branches per plant in 0, 35 and 70 Kg N.ha-1 

treatments were 3.5, 4.4 and 5.3 for the first year and 3.1, 4.0 

and 5.2 for the second year, respectively. In the interaction 

effect, the results showed that the highest number of branches 

per plant was obtained in 0% direct sunlight × 70 kg N.ha-1 

(7.3 and 6.7 branches for the first and second years, 

respectively). 

The number of leaves per plant 

The effects of light intensity, N and their interaction on 

the number of leaves per plant were significant (Table 7). 

The number of leaves per plant increased with decreasing the 

light intensity and increasing the N fertilizer (Table 4). 0% 

direct sunlight × 70 kg N.ha-1 produced the highest the 

number of leaves per plant (60.3 and 59.6 leaves in first and 

second years, respectively). 

Plant leaf area 

According to the analysis of variance, the effects of 

light intensity, N and their interaction on leaf area were 

significant at both years (Table 7). The average leaf area at 

100 and 0% direct sunlight intensities were obtained 650 and 

713 cm2 per plant in the first year and 668 and 700 cm2 per 

plant in the second year, respectively (Table 5). However, an 

increase in the amount of N fertilizer led to an increase in 

leaf area. The highest leaf area was observed in 0% direct 

sunlight × 70 kg N.ha-1 interaction effect treatment with 751 

and 750 cm2 per plant for the first and second years, 

respectively. 

Plant dry matter 

The effects of light intensity, N and their interaction on 

the plant dry matter were significant in the two years 

experiment (Table 7). Plant dry matter increased with 

decreasing the direct sunlight intensity. But increasing the 

amount of N fertilizer increased the plant dry matter (Table 

6). Maximum plant dry matter was observed in 0% direct 

sunlight × 70 kg N.ha-1 (31.9 and 29.3 g.plant-1 in the first 

and second years of experiment, respectively). Minimum 

plant dry matter was also obtained in 100% direct sunlight × 

0 kg N.ha-1 (18.3 and 18.8 g.plant-1 in the first and second 

years of experiment, respectively). 
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Table 2 : The responses of plant height (cm) to direct sunlight intensities and nitrogen amounts in pea plant during 2017-18 

and 2018-19. 

2018-19  2017-18 

Nitrogen (kg.ha
-1

)  Nitrogen (kg.ha
-1

) 

 

Average 70 35 0  Average 70 35 0 
Direct sunlight 

intensity (%) 

64.17 68.04 63.88 60.58  65.83 71.80 64.45 61.24 0 

60.69 64.22 60.32 57.52  61.28 64.80 61.23 57.82 25 

57.00 59.29 56.93 54.77  57.77 60.11 57.48 55.73 50 

53.74 55.89 54.41 50.92  54.41 56.53 55.00 51.68 75 

51.32 53.37 52.23 48.36  51.81 54.09 52.27 49.07 100 

 60.16 57.55 54.43   61.47 58.08 55.11 Average 

Light intensity=0.71 ; Nitrogen=0.55 

Light intensity × Nitrogen=1.23 
 Light intensity=1.02 ; Nitrogen=0.79 

light intensity × Nitrogen=1.76 
LSD (0.05) 

ns, ** and * represent non-significant, significant at 1 and 5% probability levels, respectively 

 
Table 3 : The responses number of branches per plant to direct sunlight intensities and nitrogen amounts in pea plant during 

2017-18 and 2018-19. 

2018-19  2017-18 

Nitrogen (kg.ha
-1

)  Nitrogen (kg.ha
-1

) 

 

Average 70 35 0  Average 70 35 0 
Direct sunlight 

intensity (%) 

5.00 6.67 4.67 3.67  5.44 7.33 5.67 3.33 0 

4.56 5.67 4.33 3.67  4.78 5.67 4.67 4.00 25 

4.22 5.33 4.00 3.33  4.67 5.33 4.67 4.00 50 

3.78 4.67 3.67 3.00  3.89 4.67 3.67 3.33 75 

3.00 3.67 3.33 2.00  3.44 3.67 3.67 3.00 100 

 5.20 4.00 3.13   5.33 4.47 3.53 Average 

Light intensity=0.32 ; Nitrogen=0.25 

Light intensity × Nitrogen=0.55 

 Light intensity=0.44 ; Nitrogen=0.35 

light intensity × Nitrogen=0.77 
LSD (0.05) 

 

  

Table 4 : The responses number of leaves per plant to direct sunlight intensities and nitrogen amounts in pea plant during 

2017-18 and 2018-19. 

2018-19  2017-18 

Nitrogen (kg.ha-1)  Nitrogen (kg.ha-1) 

 

Average 70 35 0  Average 70 35 0 
Direct sunlight 

intensity (%) 

59.67 67.67 60.00 51.33  60.33 69.33 61.00 50.67 0 

54.11 60.00 54.67 47.67  55.67 64.00 54.67 48.33 25 

49.22 54.67 49.67 43.33  49.67 57.00 48.33 43.67 50 

45.00 48.67 45.67 40.67  45.33 50.67 45.00 40.33 75 

40.56 44.33 41.00 36.33  40.56 44.00 41.00 36.67 100 

 55.07 50.20 43.87   57.00 50.00 43.93 Average 

Light intensity=1.56 ; Nitrogen=1.21 

Light intensity × Nitrogen=2.70 
 Light intensity=0.71 ; Nitrogen=0.55 

light intensity × Nitrogen=1.24 
LSD (0.05) 

 
Table 5 : The responses of plant leaf area to direct sunlight intensities and nitrogen amounts in pea plant during 2017-18 and 

2018-19. 

2018-19  2017-18 

Nitrogen (kg.ha
-1

)  Nitrogen (kg.ha
-1

) 

 

Average 70 35 0  Average 70 35 0 
Direct sunlight 

intensity (%) 

700.15 750.35 683.66 666.45  713.11 751.57 703.15 684.60 0 

685.19 731.28 672.32 651.96  697.53 741.67 694.95 655.98 25 

674.86 714.92 663.19 646.48  695.24 761.37 698.82 625.53 50 

672.47 707.31 667.45 642.65  691.40 708.07 684.46 681.68 75 

668.19 692.12 676.01 636.45  650.08 692.21 655.94 602.11 100 

 719.20 672.53 648.80   730.98 687.46 649.98 Average 

Light intensity=25.14 ; Nitrogen=19.47 

Light intensity × Nitrogen=43.54 
 Light intensity=8.64 ; Nitrogen=6.69 

light intensity × Nitrogen=14.96 
LSD (0.05) 
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Table 6 : The responses of plant dry matter (g.plant-1) to direct sunlight intensities and nitrogen amounts in pea plant during 

2017-18 and 2018-19. 

2018-19  2017-18 

Nitrogen (kg.ha
-1

)  Nitrogen (kg.ha
-1

) 

 

Average 70 35 0  Average 70 35 0 
Direct sunlight 

intensity (%) 

26.05 29.33 24.85 23.98  26.93 31.90 24.98 23.91 0 

23.92 24.67 24.12 22.97  23.60 24.63 23.23 22.93 25 

22.84 23.53 23.16 21.84  23.84 26.36 23.31 21.83 50 

21.59 22.33 21.90 20.55  21.76 24.27 22.20 18.80 75 

20.04 20.56 20.70 18.85  20.73 22.47 21.37 18.37 100 

 24.08 22.95 21.64   25.93 23.02 21.17 Average 

Light intensity=1.10 ; Nitrogen=0.85 

Light intensity × Nitrogen=1.91 
 Light intensity=1.28 ; Nitrogen=0.99 

light intensity × Nitrogen=2.21 
LSD (0.05) 

 

Discussion 
In a two-year experiment, the pea plant was exposed to 

direct sunlight intensities (0, 25, 50, 75 and 100%) and N 

fertilizer amounts (0, 35 and 70 kg N.ha-1). Some plant 

growth parameters were studied. The results showed that 

decreasing of the sunlight intensity increased plant height, 

the number of branches per plant, the number of leaves per 

plant, plant leaf area and plant dry weight. 

In a plant, there are differences in leaf area, leaf and 

cuticle thickness, chlorophyll content and stomatal behavior 

among leaves exposed to sunlight and shade (Taiz and 

Zieger, 2002). There are many contradictory reports on the 

influence of light intensities on plant growth and 

development. Wadud et al. (2002) and Ballare (2004) 

reported that in the plants expose to shading, the leaf area 

was increased in order to compensate the low photosynthesis 

rate caused by low light intensity; subsequently increased 

leaf area increased plant total photosynthesis. On the other 

hand, some studies show that under light conditions, stem 

weight was higher than shading conditions (Nayak and 

Murty, 1980). Under shade conditions, the weight of above-

ground parts of the plant was increased due to prolonged 

vegetative growth (Alvarenga et al., 2003). Raven et al. 

(2005) reported that changes in light intensity affect the 

assimilates distribution in different parts of plant. Alvarenga 

et al. (2003) and Haque et al. (2009) reported that seedlings 

exposed to direct sunlight had different dry matter 

distribution and produced more leaves than shade-grown 

seedlings. 

The effects of light intensities 2000, 4000, 6000 and 

8000 foot-candle on four bean (Phaseolus vulgaris L.) 

cultivars showed that the stomata density at the 8000 foot-

candle was much more than 2000 foot-candle (Knecht and 

O'Leary, 1972). Light intensity also changed the stomata 

behavior (Mansfield et al., 1990; Willmer and Fricker, 1996). 

Eriksen and Whitney (1981) studied six forage grasses at 27, 

45, 70 and 100% direct sunlight intensities. They reported 

that 45, 70, and 100% light intensities had not significant 

differences in plant dry matter. But increasing the light 

intensity decreased leaf nitrogen content. The highest leaf 

area index was obtained at 45 and 70% light intensities. 

Light-dependent changes in plant morphogenesis are 

regulated by plant hormones (Wu et al., 2017). Among the 

endogenous plant hormones, gibberellins (GAs) and auxin 

[indole-3-acetic acid (IAA)] mediate the shading adaptive 

responses of plants, especially for shade-induced differential 

growth and elongation (Yang and Li, 2017). Under shade 

conditions, due to lack of auxin destruction, internodes 

become weaker, thinner and more susceptible to stem 

lodging (Ma, 2003). Low values of R/Fr ratio and PAR 

promoted growth and increased the GA content in the 

internodes of bean, hypocotyls and leaves of sunflower, and 

shoots of tomato and arabidopsis (Kurepin et al., 2012). A 

low R/Fr ratio coupled with a normal PAR increased the 

endogenous IAA content in the third internode of pea 

seedlings and the leaves of sunflower (Kurepin et al., 2007). 

Although shading promotes the petiole elongation, the 

mechanism of how light intensity and quality affect the 

petiole GA and IAA contents need further study (Morelli and 

Ruberti, 2000). Therefore, the relationship between the 

growth of each plant organ and the associated hormones 

(GAs and IAA) must be further investigated to reveal the 

morphological response of plants to the interaction between 

light quality and intensity. A few studies reported that the 

specific distributions of GAs and IAA in radish are strongly 

correlated with the photo-morphogenetic responses to blue or 

red light (Kara et al., 1997). 

The results of our experiment showed that plant height, 

the number of branches per plant, the number of leaves per 

plant, plant leaf area and plant dry weight increased with 

application of 70 kg N.ha-1.  

Khan (1986) and Khan et al. (1988) found that plant dry 

weight and grain yield of pea were increased when added 20-

50 kg N.ha-1 (Carr et al., 1992). Jensen (1987) observed 

improved flowering parameters when adding 213-244 kg 

N.ha-1 to pea plant. Brkic et al (2004) obtained significant 

increase in pod number, pod weight and number of seeds per 

pod with adding 40, 80 and 120 kg N.ha-1 to pea plant. In a 

study that 0, 25, 50, 75, 100 and 125 kg N.ha-1 were used for 

four pea cultivars; results showed that maximum fresh pod 

weight, number of pod plant-1, pod length, 1000 seed dry 

weight and seed protein content were recorded in 100 kg 

N.ha-1 (Achakzai and Bangulzai, 2006). 

 
Conclusion 

Some conditions reduce extremely the direct sunlight 

intensity in the crop canopy, such as the presence of weeds, 

high density planting, and specially mixed cropping systems. 

The results of the present study showed that the pea plant has 

the ability to tolerate shade; therefore, in such conditions this 

plant can be used. On the other hand, application of 

appropriate amount of N fertilizer improves pea growth 

under such conditions. 
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Table 7: Analysis of variance (mean squares) for pea growth parameters under direct sunlight intensities and nitrogen amounts 

during 2017-18 and 2018-19 experiments. 

plant dry 

weight 

Plant leaf 

area 

Number of 

leaves per 

plant 

Number of 

branches per 

plant 

Plant height df 
Source of 

variations 
Year 

3.65ns 131.12ns 19.35** 4.02** 1.51ns  2 Replication 

50.65** 4977.03** 561.35** 5.55** 277.08** 4 Light (L) 

86.26** 24648.0** 641.35** 12.15** 151.89** 2 Nitrogen (N) 

6.24** 1281.62** 16.43** 1.32** 6.26** 8 L × N 

1.74 79.97 0.54 0.21 1.11 28 Error 

9.77 7.12 18.06 22.84 9.12  CV (%) 

2017-18 

3.27ns 70.75ns 66.42** 2.48** 1.80* 2 Replication 

47.03** 3830.49** 505.64** 5.27** 240.98** 4 Light (L) 

22.48** 31306.10** 473.08** 16.15** 123.57** 2 Nitrogen (N) 

3.16* 2915.17** 9.06** 0.37** 1.97** 8 L × N 

1.29 677.85 2.61 0.107 0.5412 28 Error 

9.54 7.50 17.09 26.56 9.17  CV (%) 

2018-19 
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