
3450 
Advances in Environmental Biology, 5(10): 3450-3463, 2011 
ISSN 1995-0756 

     
 

RTICLEARIGINAL O        This is a  refereed journal and all articles are professionally screened and reviewed                       
 

Corresponding Author 
        Majid Rafiei, Department of Agriculture, Shirvan Branch, Islamic Azad University, Shirvan, Iran. 

E-mail: azadpajoohesh@yahoo.com 

Yield and yield Components Responses in Isabgol (Plantago Ovata L.) and Lentil (Lens 
Culinaris L.) for Complementarity in Intercropping at Different Regimes of Irrigation 
 
1Majid Rafiei and 2Mohammad R. Asgharipour 
 
1,2 Department of Agriculture, Shirvan Branch, Islamic Azad University, Shirvan, Iran. 
 

Majid Rafiei and Mohammad R. Asgharipour: Yield and yield Components Responses in Isabgol 
(Plantago Ovata L.) and Lentil (Lens Culinaris L.) for Complementarity in Intercropping at Different 
Regimes of Irrigation. 

 
ABSTRACT 
 
 In order to study isabgol-lentil mono and row intercropping under different irrigation interval regimes (4-, 
7- and 14-days irrigation interval) a field experiment was conducted at the agricultural experimental station of 
Zabol University during 2009. The study design was split-plot randomized complete block design with four 
replicates. Main plot treatments were giving irrigation at 4-, 7- and 14-days interval, and subplot treatments 
consisted of (a) sole isabgol; (b) sole lentil; (c) 1:1 isabgol-lentil intercropping system; (d) 1:3 isabgol-lentil 
intercropping system; and (e) 3:1 isabgol-lentil intercropping system. The results of the experiment confirmed 
that drought induced by increasing irrigation interval significantly decreased the growth of both crops and total 
N concentration of isabgol plants. Results also showed that lentil suppressed biological and grain yield of 
intercropped isabgol, but the reduction in isabgol yield was compensated by lentil grain yield. Isabgol biological 
and grain yield was significantly different across cropping systems and the yields were as follows: sole isabgol 
(281), 1:3 isabgol-lentil (93), 1:1 isabgol-lentil (191), and 3:1 isabgol-lentil (230). Lentil biological and grain 
yields was also significantly different across the treatments and was sole lentil (1096), 1:3 isabgol-lentil (846), 
1:1 isabgol-lentil (644), and 3:1 isabgol-lentil (318). In intercrops a significant increase in leaf and tiller number 
per plant, plant height, spike length, spike number per plant, grain number per spike and 1000-grain weight of 
isabgol was observed over sole isabgol. These changes were proportional with row number of isabgol in 
intercropping. Significant interaction effect of cropping system by irrigation regimes on several cases of 
measured parameters showed intercropping protects plants from drought. These findings suggest that 
intercropping isabgol-lentil at the combination of 1:1 with 7-days irrigation interval may be recommended for 
yield advantage, more efficient utilization of resources on hot and dry regions of South-East Iran. 
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Introduction 
 
 In recent years attention has focused on the 
diversified agricultural production systems for 
maximizing utilization of resources as compared to 
the monoculture cropping systems [14]. The 
improved use of resources results in greater total 
intercrop yields as compared to sole crops of the 
same species grown in the same area. This is due to 
differences in competitive ability for growth factor 
between intercrop attributes in time and space and 
improved of soil fertility through the addition of 
nitrogen (N) by biological N fixation and excretion 
from the attributes legume (Crews and People, 2004). 
Intercropping is also expected to reduce the risk of a 
single crop failure due to pest and disease incidence 
and increase food security [4]. 
 Isabgol (Plantago ovata Forsk.) are annual 
species that have originated from arid and semi-arid 

zones and are used widely in traditional and 
industrial pharmacology [19]. It is reported grains 
and husks of isabgol are used widely in 
pharmacology as laxatives [19]. Interest in isabgol 
has risen primarily due to its use in high fiber 
breakfast cereals and from claims that it is effective 
in reducing cholesterol [10,6,28,22]. Monoculture of 
small and sensitive plants such as isabgol against 
unfavorable conditions impose the yield and quality 
damage caused by pests. 
 Lentil (Lens culinaris) is rich in protein and 
suited for animal feed as well as for the human diet. 
Other positive effects of lentil are the symbiotic N 
fixation (SNF) ability supplying N for agricultural 
systems, improve soil structure, reduced pest and 
disease incidence, and hormonal effects through 
rhizodeposition [13]. 
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 Many studies have shown the benefit of non N 
fixing with N fixing for a series of food and forage 
crops [For example, wheat-pea [8], wheat-chickpea 
and wheat-lentil [9], scarlet eggplant (Solanum 
aethiopicum L.)-cowpea [18], peanut-maize [11], 
leek-celery [2], sorghum-soybean [20], barley-faba, 
barley-bean, and barley-lupin [25]. However, to our 
knowledge, this is the first systematic study of the 
medicinal plants as isabgol intercropped with legume 
crops. 
 Drought is a significant limiting factor for 
agricultural production and effectively inhibits plant 
growth trough reduced water absorption and nutrient 
uptake. Decreased water availability usually results 
in reduced growth and final yield in crop plants. 
However, plant species in a mixed cropping system 
may differ in their responses to growth under water 
stress because water availability is known to be 
spatially heterogeneous distributed in time and space 
[7,9]. 
 The objective of this study was to evaluate the 
impact of drought stress on the yield and yield 
attributes of isabgol-lentil row intercropping 
compared to respective sole crops at three amount of 
water availability. 
 
Materials and Methods 
 
Site Description: 
 
 Field experiment were conducted in 2009 on 
agricultural experimental station of Zabol University 
(61°29� N, 31°2�E, 450 m a.s.l.), in south east of 
Iran. The experiment was established in a sandy loam 
soil [19% clay (<2 µm), 21% silt (2-20 µm), 41% 
fine sand (20-200 µm) and 21% coarse sand (200-
2000 µm)], with pH 7.8, organic mater 0.11%, N-
No3 2.9 ppm, P (Olsen) 2.2 pp, and K 156 ppm (0-30 
cm depth). 
 The experimental site is located in hot and arid 
region with mean annual precipitation of 63 mm and 
annual average long-term average temperature of 23 
°C. In the experimental year (2009) the annual 
precipitation and average temperature were 98 mm 
and 20 °C, respectively. These values differed much 
from the long-term average. The precipitation was 
above long-term average and mean temperature was 
below long-term average. The preceding crop was 
forage corn (Zea mays L.). 
 
Experimental Layout: 
 
 Seedbed preparation included ploughing, disk 
harrowing and cultivation. Lentil used in this 
experiment was the short season, called Lektille, 
while isabgol used was landrace of Iran. The 
experimental design for this study was a split-plot 
randomized complete block design with four 

replicates. Main plot treatments were giving 
irrigation at 4-, 7- and 14-days interval, in each 
irrigation 50 mm water was applied through 
flooding. Subplot treatments consisted of (a) sole 
isabgol (40 isabgol plant m-2); (b) sole lentil (40 
lentil plant m-2); (c) one row of isabgol alternating 
with one row of lentil, 1:1 isabgol-lentil 
intercropping system (20 isabgol and 20 lentil plant 
m-2); (d) one row of isabgol alternating with three 
rows of lentil, 1:3 isabgol-lentil intercropping system 
(10 isabgol and 30 lentil plant m-2); and (e) one row 
of lentil alternating with three rows of isabgol, 3:1 
isabgol-lentil intercropping system (30 isabgol and 
10 lentil plant m-2); The treatments were laid out in 
6×6 m plots and both crops at both monocropping 
and intercropping was sown at spacing of 0.25 m 
between rows and 0.10 m within rows. 
 Seeds of both crops were sown by hand. Sowing 
date for isabgol was 20 February 2009 and harvest 
date was 14 June 2009. Sowing date for lentil was 21 
February and harvest date was 16 June 2009. 
Adjacent subplots were separated by a 0.5 m wide 
ridge, and the main plots were separated by a 1.5 m 
wide ridge. All plots were given 100 kg P2O5 as 
triple super phosphate together with half of the N 
fertilizer before sowing uniformly broadcasted and 
plowed into 15 cm soil. The other half of N fertilizer 
was applied with irrigation around 30 DAP. During 
the growth period all plots were weeded manually. 
No serious incidence of insect or disease was 
observed and no pesticide or fungicide was applied 
to either crop. 
 
Statistics: 
 
 Data collected were subjected to the analysis of 
variance (ANOVA). Test of significance of the 
treatment difference was done on a basis of a t-test. 
The significant differences between treatments were 
compared with the critical difference at 5% degree of 
probability. 
 
Results and Discussion 
 
Morphological Characteristics of Lentils: 
 
Plant Height: 
 
 As can be seen in Figure 1 with reducing the 
relative contribution of lentils in intercrops, plant 
height of lentil plant declined. The greatest plant 
height was observed in B5 arrangements, while B2 
arrangements showed the least plant height, which 
was statistically significant. Other planting 
arrangements showed no significant difference with 
B5 and B2. Lentil plant height advantage over 
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isabgol in all arrangement was maintained. This 
advantage could be attributed to the more rapid 
germination and growth of lentil in the early growing 
season and high capacity of this plant to produce 
lateral branch. [3] reported that plant height is one 
overriding factor in determining the competitive 
ability of plants and positive correlation has been 
reported between plant height and competitive ability 
of most plant species. It can be seen in Figures 9 and 
13 with increasing the density of both plant height 
increased. It seems that with increasing density plant 
height decreased due to destruction of auxin resulted 
from loss of light. 
 As can be seen at figure 2 with increasing water 
supply plant height of lentil increased. Although 
there was no significant difference between moderate 
and severe drought, and the plant at the control (full 
irrigation) had 5.27% more plant height compared 
with the strongest water drought treatments. 
 
Numbers of Lateral Branch Per Plant: 
 
 Figure 3 shows that reducing the lentil mixture, 
will reduce the number of lateral branch per plant. It 
seems that at suitable conditions for growth, plants 
increase the number of lateral branch to cover the 
surrounding open space to absorb more light, rather 
than increasing in plant height. It can be seen, also 
planting arrangements that provide more space 
around the plants, increase the activity of the plant to 
fill the abounding space and are spreading canopy. 
Increased number of lateral branches and greater 
access to the light stimulate flower initiation and thus 
increase the plant's reproductive branches. 
 Although irrigation treatments affected the 
number of lateral branch of lentils, however observed 
differences between the different levels of irrigation 
were not significant (Figure 4). Increasing the 
amount of irrigation availability affected cell division 
and cell growth, and thus increased number of lateral 
branch. 
 
Isabgol: 
 
Plant Height: 
 
 Figure 5 shows that with increasing density of 
isabgol in intercrops plant height decreased, but this 
decrease was small. The greatest plant height of 
isabgol was observed in B1 arrangement, while B4 
had the least plant height, which was statistically 
significant. Other planting arrangements did not 
show significant differences with B1 and B4. In 

general we can say that the plant height was higher in 
sole culture in comparison with intercrops. Studies 
show that seedling which grown at low density had 
relatively shorter and thicker stem [23]. 
 As it was expected, treatments that provide more 
water for the plants, plant height was greater (Figure 
6), such that the greatest plant height was observed at 
full irrigation with 17.7 cm, which significantly 
higher than plants grown under drought stress. A 
number of researchers [12] believe that cell division 
and increase its size is extremely sensitive to water 
shortages. 
 It seems that in the full irrigation, increasing in 
water availability for plant growth and cell division 
resulted in more longitudinal stem growth and 
production lentils plant with higher length. 
 
Number of Tillers Per Plant: 
 
 As can be seen at figure 7 with increasing 
isabgol in intercropping from 100% of land coverage 
(B1 arrangement) to 75% (B2 arrangement) the 
number of tillers remained constant, but with a 
further reduction in the density of isabgol in 
intercroppings it showed a greater decline. However, 
between different planting arrangements, number of 
tillers per plant showed no significant difference. 
 Planting arrangement, which had the highest 
number of tillers produced the highest yield per unit 
area (compare Figures 7). [15] at their study reported 
that in several plant species (Hindi peas, vetch and 
green gram) in intercropping with rice, the highest 
rice grain yield was observed at the ratio of 3:2. 
 Number of tillers per plant was not affected by 
different levels of irrigation (Figure 8), because the 
pea plants under full irrigation despite greater 
vegetative growth and having a larger size than those 
grown under other irrigation regimes probably due to 
lack of light, tillers has not been stimulated. 
Therefore, number of tillers per plants significantly 
differs among different irrigation regimes. 
 
Yield Components of Lentil: 
 
Numbers of Reproductive Branches Per Plant: 
 
 Different planting arrangement had a significant 
effect on the number of reproductive branches per 
plant. There was a significant difference between the 
numbers of reproductive branches per plant in 
monocropping and intercroppings (Figure 9). 
 Impact of irrigation on the number of 
reproductive branches per plant was significant, so 
that drought stress significantly increased this 
parameter (Figure 10). 
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Numbers of Pod Per Plant: 
 
 Numbers of pod per plant is one of the most 
crucial components of grain yield that is highly 
effective on yield [26]. The greatest numbers of pod 
were observed at B2 and B3, while the least numbers 
of pods was occurred at B5 (Figure 11). 
 Plants grown in the intercropping had greater 
numbers of pod per plant than monocropping 
(although not significantly). Therefore, it seems 
intercroppings had more advantageous than 
monocropping. Increased pod number per plant could 
result from suitable environmental conditions during 
the growth period [26]. If early stages of plant 
growth coupled with suitable environmental 
conditions, especially sufficient light, greater initial 
flower stimulate. Therefore, in the later stages of 
plant growth, especially in the reproductive phase, 
more flowers will be formed. 
 Different regimes of irrigation had a significant 
effect on numbers of pod per plant. Trend of changes 
in numbers of pod per plant with regard to different 
irrigation regimes showed that with reducing 
irrigation frequency, numbers of pods reduced. The 
greatest pod numbers was observed under full 
irrigation, while the least pod numbers was occurred 
at drought stress conditions (Figure 12). With regards 
to reproductive stage is one of the most critical stages 
of plant growth to water deficit, many of the plant's 
flowers are falling with drought stress. Interaction of 
irrigation and planting arrangement on pod number 
per plant was not significant. 
 
Numbers of Grain Per Pod: 
 
 The number of grains per pod as the pod 
numbers per plant is principal components of grain 
yield. Arrangement of planting had no significant 
effect on the number of grains per pod. Although the 
number of grains per pod was greater in 
monocroppins compared with intercroppings (Figure 
13). Studies have shown that in legume crops 
numbers of grain per pod decreases with increasing 
density [1]. 
 The results showed that the number of grains per 
pod was not significantly different between irrigation 
regimes. The average number of grain per pod was 
not significantly different among the different 
irrigation regimes (Figure 14). [16] reported that the 
numbers of grain per pod were controlled by genetic, 
and this parameter is less influenced by 
environmental factors. [24] reported that in lentils 
numbers of grain per pod were not influenced by 
plant density. The interaction of planting 
arrangements and irrigation regimes on grain 
numbers was not significant, so that by increases 
drought stress, the number of grain per pod in the 
various planting arrangements did not change. 
 
 

One-Thousand Grain Weight: 
 
 The effect of planting arrangements on yield of 
lentil was significant. However, as is shown in 
Figure 15 only significant difference was observed 
between B2 and B4 and other levels did not show 
significant differences. As stated regarding the 
number of pod per plant, it seems that if conditions 
are unsuitable for plant growth, the yield components 
reduces. Reducing the number of pod reduced 
number of grains per plant. In such circumstances, 
due to a limited number of sinks, the competition for 
the resource will be reduced photosynthetic 
materials. Therefore, in order to maintain a survival 
mechanism, material produced by photosynthesis, 
even small amounts, can be distributed among a 
smaller number of grains. In such circumstances, 
even with unfavorable conditions one-thousand grain 
weight will increase. 
 Reduce the frequency of irrigation and drought 
stress, negatively affected one-thousand grain weight 
of lentils (Figure 16). This is due to lower leaf 
surface and its strength and reduction of vegetative 
and reproductive growth stages as influenced by 
drought stress. In this study one-thousand grain 
weight were not significant between the different 
levels of irrigation regimes in none of the planting 
arrangements. 
 
Yield Components of Isabgol: 
 
Spike Length: 
 
 As can be seen in Figure 17, significant 
difference in length of spikes was not observed at 
different ratios of isabgol plants in intercrops. 
However, the maximum length of spikes was 
observed in B3. 
 The effect of drought stress on the spikes length 
was significant, and spike length increased with 
increasing irrigation frequency (Figure 18). 
However, the statistical difference was not found 
between moderate and severe drought stress. 
Number of Spikes Per Plant: 
 
 As can be seen in Figure 17 by reducing the 
density of isabgol in mix cropping, the number of 
spikes per plant decreased. So the greatest number of 
spikes per plant was observed in B1 planting 
arrangement. Comparing Figures 17 and 5 showed 
that the decrease in spike number occurred with the 
reduction in tiller number. Isabgol is a determinate 
plant, and the spike is formed at the end of a branch. 
By comparing this figure is clear that the planting 
arrangement with the largest numbers of tiller 
produced the largest number of spikes per plant. The 
number of spikes per plant is essential grain yield 
components, and the grain yield is directly 
proportional to this parameter. The planting 
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arrangement which had the highest spike produced 
greatest grain yield. 
 As can be seen in Figure 18, effect of different 
irrigation regimes on the number of spikes per plant 
was significant. So that, the highest and the lowest 
number of spikes per plant was observed at full 
irrigation and strongest level of drought stress, 
respectively. 
 
Number of Grains Per Spike: 
 
 Effects of planting arrangement on the number 
of grains per spike were significant. 
 So that planting arrangement of B2 and B3 
significantly was different in the number of grains 
per spike. Other observed differences between 
planting arrangement were not significant (Fig. 19). 
 Although in the early stages of growth, enough 
light in the canopy stimulate flowering in plants, but 
the high number of grains per spike needs other 
favorable conditions, including enough light in the 
final stages of growth [26]. 
 Different regimes of irrigation had a significant 
impact on grain number per spike. The greatest and 
the least grain number per spike was observed in the 
full irrigation and the strongest level of drought 
stress, respectively (Figure 20). 
 
One-Thousand Grain Weight: 
 
 One-thousand grain weight significantly 
changed between different planting arrangements 

(Figure 21). Planting arrangement of B1 and B2, 
despite having the most number of spikes per plant 
(Figure 18) and more grains numbers per spike 
(Figure 20) seems was not faced with the problem at 
the grain filling period and well managed allocate 
more photosynthetic material to grain. Planting 
arrangements of B1 and B2, despite having the 
largest number of spikes per plant and seeds per 
spike, had the lowest one-thousand grain weight. It 
seems that at the end of the season, strong 
competition will form between the sinks of plant for 
photosynthetic material from the sources. Thus, plant 
has not been able to fill the grain and one-thousand 
grain weight remained low. Therefore, one-thousand 
grain weight has little effect grain yield. 
 The impact of different regimes of irrigation on 
the one-thousand grain weight of isabgol plants was 
significant. Irrigation increased the number of pod 
per plant and reduced the share of each pod from 
photosynthetic materials (Figure 22). In the study of 
[17] on the effect of different irrigation regimes, one-
thousand grain weight of isabgol was affected by 
irrigation. The average one-thousand grain weight of 
isabgol across irrigation regimes treatments increased 
by 37%. 
 Grain weight is a function of rate and time 
duration of grain filling. Environmental stress such 
as water stress, especially in the grain filling stage 
due to the reduction in the rate of photosynthesis 
reduces grain weight. Interaction of irrigation 
regimes and planting arrangement on one-thousand 
grain weight was significant. 

 
 

  
 
Fig. 1: Effect of planting pattern on plant height of lentils. Values followed by the same letter do not differ 

significantly at p = 5% according to DMRT.  
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Fig. 2: Effect of irrigation regimes on plant height of lentils. Values followed by the same letter do not differ 

significantly at p = 5% according to DMRT.  
 

 
 
Fig. 3: Effect of planting pattern on numbers of lateral bracnch per plant of lentils. Values followed by the 

same letter do not differ significantly at p = 5% according to DMRT.  
 

 
 
Fig. 4: Effect of irrigation regimes on numbers of lateral bracnch per plant of lentils. Values followed by the 

same letter do not differ significantly at p = 5% according to DMRT.  
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Fig. 5: Effect of planting pattern on plant heightof isabgol. Values followed by the same letter do not differ 

significantly at p = 5% according to DMRT.  
 

 
 

Fig. 6: Effect of irrigation regimes on plant heightof isabgol. Values followed by the same letter do not differ 

significantly at p = 5% according to DMRT.  

 
 

 
 

Fig. 7: Effect of planting pattern on number of tillersper plantof isabgol. Values followed by the same letter do 

not differ significantly at p = 5% according to DMRT.  
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Fig. 8: Effect of irrigation regimes on number of tillersper plantof isabgol. Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  
 

 
 
Fig. 9: Effect of planting pattern on numbers ofreproductivebranchesperplantof lentils. Values followed by the 

same letter do not differ significantly at p = 5% according to DMRT.  
 

 
 
Fig. 10: Effect of irrigation regimes on numbers ofreproductivebranchesperplantof lentils. Values followed by 

the same letter do not differ significantly at p = 5% according to DMRT.  
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Fig. 11: Effect of planting pattern on numbers ofpodsperplantof isabgol. Values followed by the same letter do 

not differ significantly at p = 5% according to DMRT.  
 

 

Fig. 12: Effect of irrigation regimes on numbers ofpodsperplantof isabgol. Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  
 

 
 
Fig. 13: Effect of planting pattern on numbers ofgrains per pod of lentils. Values followed by the same letter do 

not differ significantly at p = 5% according to DMRT.  
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Fig. 14: Effect of irrigation regimes on numbers ofgrains per podof lentils. Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  
 

 
 

Fig. 15: Effect of planting pattern on one-thousand grain weight of lentils. Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  
 

 
 

Fig. 16: Effect of irrigation regimes on one-thousand grain weight of lentils. Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  



3460 
Adv. Environ. Biol., 5(10): 3450-3463, 2011 

 

 
 
Fig. 17: Effect of planting pattern on spike length of isabgol. Values followed by the same letter do not differ 

significantly at p = 5% according to DMRT.  
 

 
 
Fig. 18: Effect of irrigation regimes on spike length of isabgol. Values followed by the same letter do not differ 

significantly at p = 5% according to DMRT.  
 

 

 
Fig. 17: Effect of planting pattern on number ofspikesper plantof isabgol. Values followed by the same letter do 

not differ significantly at p = 5% according to DMRT.  
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Fig. 18: Effect of irrigation regimeson number ofspikesper plantof isabgol.Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  
 

 
 

Fig. 19: Effect of planting pattern on number ofgrainper spileof isabgol. Values followed by the same letter do 

not differ significantly at p = 5% according to DMRT.  
 

 
 
Fig. 20: Effect of irrigation regimeson number ofgrain per spikeof isabgol.Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  
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Fig. 21: Effect of planting pattern on one-thousand grain weightof isabgol. Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  
 

 
 
Fig. 22: Effect of irrigation regimeson one-thousand grain weight of isabgol.Values followed by the same letter 

do not differ significantly at p = 5% according to DMRT.  
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