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 A field experiment was conducted with the aim of evaluating the effects of artificial 
shading on yield and yield components of two cultivars of lentil(Lens 

culinarisMedik.).Current investigation was conducted as a factorial experiment in base 

of completely randomized block design with three replications. 2 treatments including 
shading levels (no shading, 25%, 50%, 75% and 100% shading) and cultivars (Ziba and 

ILL4400) were carried out.The results showed that the highest grain yield (2348 kg per 

ha.) resulted from no shading (control) and the lowest grain yield resulted from 100% 
shading (1240.6 kg per ha.). Also, shading led to reduction in grain number so resulted 

in reduced grain yield. Because of high dry matter and low yield, ILL4400 cultivar had 

low harvest index.Between cultivars, although Ziba cultivar had lesser 100 grain weight 
than ILL4400 but it had higher number of filled pods and grain per pod, so compensate 

negative effect of lower 100 grain weight and caused up to 20% higher yield than ILL 

4400.Differencesbetween cultivars reduced by decreasing in light intensity. Our study 
suggest that,under shading condition loss of filled pod number, grain per pod and 100 

grain weight are main cause of yield reduction. 
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INTRODUCTION 

 

Lentil (Lens culinarisMedik.) is adicotyledonous legume plant bearing edible seeds. Lentil (Lens 

culinarisMedic.) is one of the oldest annual grain legumes that is consumed and cultivated in the world. 

Originating from South western Asia as early as 6000 B.C., lentil is rich in proteins and contains high 

concentrations of essential amino acids like isoleucine and lysine, as well as other nutrients like dietary fiber, 

folate, vitamin B1, and minerals [11]. Lentil is an essential source of inexpensive protein in many parts of the 

world. It is also an excellent source of vitamin A and provides fiber, potassium, B vitamins and iron. Lentil 

seeds contain high levels of protein, including the essential amino acids isoleucine and lysine, and unlike meat, 

poultry, fish and eggs, this protein source contains no cholesterol and virtually no fat. Lentil, eaten with a grain 

such as rice, wheat or barley, provides all the essential amino acids required by human body in a balanced diet. 

Most lentil production is consumed by humans as a protein source in a diverse range of products from desserts 

to soups. 

Cropland agroforestry is a production technique or method that combines agricultural crops and forestry on 

a piece of land to maximize the utilization of natural resources (such a land, sunlight, water and nutrition). By 

practicing this method, farmers can get income both from agriculture and forest products. This farming 

technique has been expended on a large scale for effective land use system and to meet the requirement of food, 

fuel, timber etc. In agroforestry system, interaction between trees and crops is the heart because sharing of the 

common resources by different species is the common phenomenon. However, these interaction should take 

place with respect to how the component of agroforestry utilize and share the resources of the environment and 

how the growth and development of any of the components will influence the others [16]. 

Salish et al [12] conducted an experiment to study the relative performance of wheat cultivars in fields 

having different shading intensity brought by eucalyptus. Wheat grain yield decreased significantly with the 

increase in shade duration due to eucalyptus plantation on eastern side of the wheat field. Photosynthetic rate 

and specific leaf weight of wheat also decreased significantlywith increase in shade duration. However, 

chlorophyll-a chlorophyll-b and total chlorophyll content per unit fresh leaf weight increased with increased in 

shade duration. 

Considering the above facts, the present research work was undertaken with the following objectives: 

To study the effect of shading on morphological characteristics of lentil.  

To evaluated yield and yield attributes as influenced by shading. 
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MATERIALS AND METHODS 

 

A field experiment was conducted at the Agroforestry Farm of Ilam Agricultural University, during the 

period from 2
nd

 of March to 28
th

 of June, 2013. This region is found at latitude 33° and 27' N and longitude 46° 

and 27'E; its height  is 1174 above the sea level. The climate of the region is cold and semidry. According to the 

16-year statistics, the average rainfall amount and the area temperature are 600 mm and 14°C, respectively. 

In this experiment two factors including five shading levels (control (no shading), 25%, 50%, 75% and 

100% shading) and 2 cultivars (Ziba and ILL4400) of Lentil (Lens culinarisMedik.) arranged in a completely 

randomized block design with 3 replications. 5 rows with 25 cm width and 2 m long designed in a 2×1.3 m plots 

and seeds planted with 2cm intervals in North to South direction. Special net cloth with exact thickness was 

used for shading. The nets were cut and attached on 2×2 m frames according to plot size and placed 1 m height 

on plots. For 25% shading, 50%, 75% and 100% shading, nets consisted of clothes with 1:4, 2:4 3:4 and 4:4 

were used, respectively. Samplings were included of yield per square meter, biomass yield, harvest index, 100 

grain weight, number of pod per plant, number of filled pod ant plants height. For determining grain per plant, 

number of filled pod and plant height, 10 plants per plot sampled randomly with leaving border and their means 

recorded. For biomass yield, 1 m of each plot harvested and oven dried for 72h in 72 degree centigrade, then dry 

matter determined with digital balance. Economic yield determined as grain yield produced at 1 m
2
 area. 

Harvest index calculated as dividing economic yield by biomass yield percent. 100 grain yield determined after 

separation of grains. For analysis of variance SAS version 9.1 software was used and graphs charted with excel.  

 
Table 1: Soil chemical properties of the test  

Soil texture Acidity Electrical conductivity 

 

organic carbon   

% 

 

Phosphorus 

absorption 

(ppm) 
 

Potassium 

Absorption 

(ppm) 
 

total 

nitrogen 

% 

loam 0.62 7.32 1.4 14.6 601 12% 

 

RESULTS AND DISCUSSION 

 

Grain yield: 

Analysis of variance and related mean comparisons are presented in Table 2 and 3. As demonstrated at 

ANOVA table, grain yield was influenced by shading, cultivar and their interaction very significantly (table 2). 

As table 3 isshown, the highest grain yield (2348 kg per ha.) resulted from no shading (control) and the lowest 

grain yield resulted from 100% shading (1240.6 kg per ha.) treatments. 75% and 100% shading were not 

significantly different and ranked in same group and in comparison to control, their yield reduced 330 and 440 

kg, respectively (table 3). Also there was no significant difference between 75% and 100% shading and these 

treatments had the lowest yield value.At 100% shading the grain yield loss was 90% (table 2). Between 

cultivars, although Ziba cultivar had lesser 100 grain weight than ILL4400 but it had higher number of filled 

pods and grain per pod, so compensated negative effect of lower 100 grain weight and caused up to 20% higher 

yield than ILL 4400.Increasing of shading levels reduced the grain yield of both cultivars.Although Ziba cultivar 

was superior at all levels of shading,this reduction was higher than ILL 4400. Differencesbetween cultivars 

reduced bydecreasing in light intensity (figure 1). The main cause of this reduction in grain yield is reduction in 

yield components. Loss of filled pod number, grain per pod and 100 grain weight is main cause of yield 

reduction.There is a negative correlation between yield loss and activity of rebulosebisphosphate. It’s suggested 

that nitrate reductase activity reduced in such conditions [4]. Distinctly, in rice, if shading treated at early 

panicle stage to flowering, the level of rebulosebisphosphatesynthase would be reduced and led to reduction in 

yield [14]. Also, it was revealed that shading at grain filling period of corn, soya and sunflower reduced grain 

yield [2] which this result is in accordance with our study. 
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Table 2: Analysis of variance for some traits of two varieties of lentil under different levels of shade 

MS 

Grain 

yield 

Biomass 

yield 
 

Harvest 

index 

100 grain 

weight 
 

Grain 

number 
per plant 

Number of 

filled pod 
 

Plant 

height 
 

df S. O. V. 

 
 

29275.3n
s 

ns551440 11.82ns 0.0001ns 3.73ns 3.23ns 6.18ns 2 Replication 

**

1270126 

**12185204 **

286.72 

**0.68 **571.78 **346.12 126.65** 4 Shading 

**

1047649 
12514126* **

208.68 
**13.17 **1825.2 **187.5 **

1158.79 
1 Cultivar 

**

533434 

**55508298 **275.7 0.063ns **371.95 **

2651.75 

**95.74 4 shading× 

cultivar 

43629.5 996592 21.5 0.101 21.44 18.64 5.03 18 Error 

11.89 9.68 23.87 8.78 16.86 20.2 5/44  C.V. (%) 

 
Table 3: comparison of the effects of shade on agronomic traits of two varieties of lentil 

 Plant height 

(cm) 
 

Number of filled pod Grain number per 

plant 

100 grain 

weight (gr) 

Harvest index 

(%) 
 

Biomass yield 

(Kg/ha) 

Grain 

yield(Kg/ha) 

   Shading     

(control) 34.91c 30.5a 41.33a 4.2a 28.82a 8139.1c 2348.3a 

25% 37.74b 27a 33.83b 3.62b 22.12b 10020b 2014.9b 

50% 44.3a 19.83b 18.5c 3.47b 20.88b 10193.8b 1816.9b 

75% 44.46a 18.33b 20.33c 3.45b 11.77c 11546.2a 1356.5c 

100% 44.76a 11.17c 23.33c 3.38b 3.52c 11646a 1240.6c 

   cultivar     

ILL4400 47.45a 18.87b 19.67b 4.29a 16.78b 10954.9a 1568.54b 

Ziba 35.02b 23.87a 35.27a 2.96b 22.06a 9633.2b 1942.29a 

 

Biomass yield: 

The results of analysis of variance of shading effects on biomass yield are presented in table 2. As table 3 is 

shown, increasing of shading led to significant increase in biomass.In 100 and 75% shading, biomass weight 

was maximum and reduced by increasing of light, so that in control (no shading) was 33% lower than full 

shading. Increasing of shading levels led to higher growth of shoot and shoot/root ratio due to higher duration of 

vegetative growth period [6]. In contrast with our finding,Wadud et al., [18] reported that among different levels 

of shading, the highest shoot weight resulted from full light and the lowest resulted from 25% full sunlight. 

ILL4400 cultivar produced higher dry matter than Ziba (table 2). With increasing of shading levels, 

biomass yield of ILL4400 had additive rate and was superior toZiba in all shading levels.But, the rate in Ziba 

cultivar at full light and 50% shading was reductive and increased later. Also, at full light to 50% shading there 

was no significant difference between cultivars regarding biomass production (figure 2). 

 

 
 

Harvest Index (HI): 

HI which implicated the allocation of photoassimilate toward grain, affected very significantly by shading, 

cultivar and their interaction (table 2). HI of cultivar Ziba was 22.03% higher than ILL4400. No shading 

(control) and full shading had highest (28/82%) and lowest (3.52%) HI, respectively. As demonstrated in table 

3, HI of 25% with 50% shading and 75% with 100% shading was not different, significantly. As HI is 

proportion of biological yield which forms economic yield, by increase of partitioning to economic yield, HI 
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will increase [10]. Environmental conditions and field management influence HI. There is a linear relationship 

between economic yield and HI so the more grain yield, the more HI. [3]. Increase of partitioning dry matter to 

plant, leaves, stem and grain, can led to higher HI [3]. Shading led to reduction on grain number and thereupon 

grain yield so resulted in reduced harvest index. Because of high dry matter and low yield, cultivar ILL4400 had 

low harvest index. Figure 3 shows interaction of cultivar and shading. Totally, with increasing of shading, 

harvest index of both cultivars reduced significantly and Ziba was superior to ILL4400 at all levels of shading. 

The plants canopy forms rapidly at full sunlight and this enable them to receipt the highest photo synthetically 

active radiation (PAR). Shaded plants despite successful canopy closure produced the low yield. Their biomass 

yield isn’t reduced but, grain yield reduced and this factor resulted to major reduction in harvest index of shaded 

treatments [17]. 

 

 
 

Number of filled pod: 

This trait is one of the most important yield components of legumes [7] and affected very significantly by 

shading, cultivar and their interaction (table 2). Mean comparison of shading levels revealed that at condition of 

without shading(control) and 25% shading number of filled pod per plant is similar and higher than other 

shading levels. Number of filled pod at 50% and 75% shading was the same, whereas at full shading, reduced 

significantly (table 3). In a study on lentil genotypes it was revealed that pod per plant and pod per branch had 

positive effect on grain yield [13]. It is concluded from mean comparisons of cultivars that ILL 4400 had 21% 

more filled pods than Ziba. Mean of interactionin table 4 shows a reduced rate of filled pod of both cultivars 

with increasing of shading levels. Under no and 25% shading, Ziba had similar number of filled pod, though this 

cultivar is superior to ILL 4400 at all shading levels. 

 

 
 

Grain number per plant: 

More grain number per plant, greater physiological sink for photo assimilates, so this trait is one of grain 

yield determinants [3]. This trait affected by shading, cultivar and their interaction very significantly (table 2). 

Between cultivars, Ziba had 41.33% more grain per plant than ILL4400 (table 3). Increasing of shading reduced 

the number of grain per plant sothat highest number of grain per plant (41.33 grain) produced at control (no 

shading) whereas 50, 75 and 100% shading similarly produced the low grain per pod. An investigation on pea 

plants showed that shading reduced grain number per pod  [17]. Shading on spring wheat in 30 daysbefore boot 

stage remarkably reduced the number of grain per square meter [19]. With increasing of shading levels, the 
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number of pod per plant reduced in both cultivars but extent of reduction in ILL 4400 was very higher than Ziba 

(figure 5) which this indicated that sensitivity of Ziba to shading is partly lower than ILL 4400. Also at full light 

(control) Ziba was superior to ILL 4400. 

 

 
 

100 grain weight: 

100 grain weight is another important attribute of yield which significantly affected by shading and cultivar 

(table 2). IL4400 with 4.29 gr 100 grain weight was better than Ziba with 2.69 gr (table 3). No shading (control) 

produced the highest 100 grain weight (4.2gr) and the lowest of it (3.38) produced at 100% shading (table 3).  

There was nosignificant difference among shading levels except control, and these levels arranged in the 

same statistical group. Therefore, in this study all shading levels had similar effect on 100 grain weight of lentil. 

Shading limited final weight of grain by shortening of nutrient accumulation period at late season, even when 

shading removed at remaining period of grain filling [15].  

Limitation in photosynthesis resulted from shading during grain filling may reduce dry matter production. 

Shading on rice resulted in poor grain weight [9]. Study on pea revealed that shading affected average grain 

weight and shaded plants have smaller grain than control plants [17].  

 

Plant height: 

In this study, plant height affected by cultivar, shading and their interaction at level of significance 1% 

(table 2). Response of two lentil cultivars at various levels of shading showed that the highest plant height 

produced at full shading and the lowest of it resulted from no shading (table 3 and figure 6). ILL4400 had higher 

plant height than Ziba (table 3). Light affected branches and flowering, by changing plant height [8]. Increased 

height is one of the plant adaptive responses to low radiation [5]. Shaded plants compared to plants that grown 

in full sunlight show more elongation [1]. Therefore, plant height will increase at low light [20] Differences of 

plant height among the cultivars were significant too; ILL4400 had higher plant height than Ziba (table 3).   

 

 
 

Conclusion: 

Results of this experiment showed that grain yield and yield components, biomass yield and harvest index 

affected by shading, cultivar and their interaction. The highest number of filled pod, number of grain per plant, 

100 grain weight, grain yield, harvest index, minimum biomass and plant height resulted from full light 

(control). Ziba cultivar was superior to ILL4400 about the number of filled pod, number of grain per pod, grain 

yield and harvest index whereas, ILL4400 had higher 100 grain weight and biomass yield. Our results 

demonstrate that with increasing of shading levels,number of filled pod, number of grain per plant, grain yield 

and harvest index reduced but biological yield had ascendant trend.  
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