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Abbreviations: LAI, leaf area index; DM, dry matter; LER, 
land equivalent ratio; K, light extinction coefficient; RUE, radiation 
use efficiency 

Introduction
Sunlight is the main source of energy in agroecosystems. Light 

is absorbed by leaves and this energy is stored during the process of 
photosynthesis in chemical bonds of organic compounds and finally 
converts to the plant biomass. In order to increase the efficiency of this 
process is necessary to be aware of how changes in light absorption 
in plants. From an agricultural perspective, Understanding how light 
changes within the plant canopy is important within a farming system, 
Especially when considering various intercropping systems, agro 
forestry systems and even non-crop species management.1,2 Modern 
crop production systems attempt to optimize the sunlight utilization 
using the reliable and efficient crop management.3 Increasing agro-
diversity is one of the best and most operational principles to optimize 
the sunlight utilization.4,5 Agro-diversity, a term of the 1990s, refers 
to interactions between agricultural management practices, farmers’ 
resource endowments, bio-physical resources, and species.6 Also, in 
another study pointed that, biodiversity refers to all species of plants, 
animals and micro-organisms existing and interacting within an 
ecosystem.7 Meanwhile, enhancing functional biodiversity is a key 
ecological strategy in agroecosystems if correctly assembled in time 
and space.8

A primary and direct way of increasing diversity in agroecosystems 
is intercropping system.9,10 Intercropping is a crop management 
system involving two or more crop species grown together for at least 
portion of their respective productive cycle and planted sufficiently 
close to each other so that inter-specific competitions occurs.11–13 The 
results of many studies revealed that, higher radiation absorption and 
use efficiency,14,15 water use efficiency,16,17 nutrient use efficiency,18,19 
land use efficiency and yield advantages20,21 and reduction of weeds22 
attained with intercropping. Intercrop yield is affected by solar 
radiation distribution in the intercropping canopy and intercrop 
RUE depends not only on crop canopy geometry but also on the 
intercropping arrangement. So, farmers must choose appropriate 
cultivars to best synchronies the crops.23

The results of an experiment indicated that, the productivity of 
intercropping, compared to monocultures, can be fully explained by 
an increase in accumulated light interception per unit cultivated area. 
The component crops are thus complementary in their interception of 
light over space and time.24 In an experiment also reported that, the 
increase in radiation productivity for maize (Zea mays L.)–soybean 
(Glycine max L.) intercropping compared with sole cropping was the 
result of an increase in radiation use efficiency and of a minor but 
significantly increase in radiation capture efficiency.25

 The results of recent studies indicated that, intercropping system 
is one the efficient crop production managements with minimum 
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Abstract

An experiment was carried out as a split plot based on a randomized complete block 
design with three replications in 2013-2014 growing season. The main plots were 
five cropping systems, including: sole sesame, sole mung bean, intercropping (75% 
sesame-25% mung bean), intercropping (50% sesame-50% mung bean), intercropping 
(25% sesame-75% mung bean) and sub plots were two levels of weed control (weed-
free and weedy). The results indicated that, radiation use efficiency of sesame 
throughout the growing season was variable from 0.461 to 1.199g.MJ-1 and in all 
cropping systems was higher than mung bean. Also, radiation use efficiency of mung 
bean was variable from 0.325 to 1.048g.MJ-1 and in all intercropping systems (weed-
free and weedy) was higher than sole mung bean. The comparison among the different 
cropping systems revealed that, weed-free intercropping of 75% sesame-25% mung 
bean had the highest cumulative absorbed radiation, LERabs, LERdm and RUE, 
specially comparing to sole cropping system. Accordingly, the best recommendable 
system for intercropping of sesame and mung bean was weed-free intercropping of 
75% sesame-25% mung bean. The comparison between weedy systems and weed-
free systems also showed that, the amount of evaluated characteristics decreased with 
various weeds because of high competition and shared resources. Generally it seems 
that, enhancement of diversity and compatibility of plants with available resources, 
increasing the efficiency of resources and creating an eco-friendly complexity causes 
an increase in sustainability of agroecosystems. 

Keywords: agro-ecological approaches, ecological sustainability, intercropping 
systems, radiation use efficiency, temporal diversity, absorbed radiation, LERabs, 
LERdm, mung bean, agroecosystems, leaf area index, light extinction coefficient, dry 
matter, land equivalent ratio
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adverse effects on the environment, using the principles of ecological 
agriculture. On the other hand based on the above facts it seems that, 
use of plant diversification is a useful approach to achieve sustainable 
agriculture and increase of resources use efficiency.26,27 Sesame 
(Sesamum indicum L.) is a member of the family Pedaliaceae and is an 
important oilseed crop with great commercial attributes by virtue of 
its oil, having an edible quality and medicinal value. It yields 50-60% 
oil and the oil is highly stable against rancidity due to the presence of 
the natural antioxidants sesamin and sesamolin.28,29 Also, mung bean 
(Vigna radiata L.) is an important summer annual legume crop and its 
seeds are a rich source of lysine and proteins.30,31 So, this research was 
arranged and accomplished to evaluate the radiation absorption and 
use efficiency in substitution intercropping of Sesame and mung bean 
in a low input system. Many scientific studies have been conducted 
in the context of intercropping and its beneficial advantages require 
further studies. 

Materials and methods
Experimental field

This study was carried out to evaluate the radiation absorption 
and use efficiency in substitution intercropping of sesame and mung 
bean during the growing season of 2013-2014 at the research farm of 
faculty of agriculture, Ferdowsi University of Mashhad, Iran, located 
on North latitude of 36˚, 15ʹ and East longitude of 59˚, 28ʹ with 985 
m altitude above sea level. The experimental field was under organic 
fertilizers in the years before. Results of the physical and chemical 
properties of field soil are represented in Table 1.

Experimental design and crop management 

The experiment was arranged as a split plot based on a randomized 
complete block design with three replications. The main plots were 
five cropping systems, including: Sole sesame, Sole mung bean, 
intercropping (75% sesame-25% mung bean), intercropping (50% 
sesame-50% mung bean), intercropping (25% sesame-75% mung 
bean) and sub plots were two levels of weed control (weed-free 
and weedy). Plants were cultivated by hand, simultaneously. After 
planting, Irrigation was carried out immediately. The plant densities 
were 40plants. m-2 for sole sesame and 20 plants.m-2 for sole mung 
bean and inter-row spacing was 0.5m for both plants. The row 
ratios of intercropping systems were 1:1, 3:1 and 1:3 (substitution 
intercropping). Plants were irrigated every 6days and weeds were 
controlled by hand during the days after sowing. In order to implement 
an ecological and low-input system, no chemical inputs were applied.

Experimental measurements

Leaf area index (LAI) and dry matter (DM): Plant samples were 
harvested every 15days corresponding to 6 harvests during the 
vegetative stages (30, 45, 60, 75, 90, 105 DAS) by cutting plants just 
above the soil surface. Above ground dry matter was determined after 
oven drying at 70˚C for 48h. Leaf area of sesame and mung bean 
were measured on the same harvests used for the measurement of 

above ground dry matter using a leaf area meter LI-3100C (Li-Cor 
biosciences, Lincoln, NE USA).

Radiation absorption and use efficiency: Simultaneous with 
measurements of LAI and DM samples, incident and transmitted 
radiation of the canopy were measured using a linear ceptometer, 
Sun Scan Canopy Analysis System (Accu PAR LP-80). Four 
measurements were taken above the canopy and four measurements 
were taken below the canopy by holding the ceptometer perpendicular 
to the rows at 10:30 am to 1pm. Daily global radiation was estimated 
using method considering the daily sunny hours which were taken 
from the adjacent meteorology station.32

The light extinction coefficient (K) was determined from the slope 
of the linear regression between the natural logarithm of radiation 
transmission and leaf area index.33

Daily radiation absorption was calculated using Eq. (1-3).34,35

	 Ii = Io (1−exp((−Ks.Ls) + (−KM.LM))) (1)

	 Is = Ii ((Ks.Ls)((Ks.Ls)+(KM.LM))) (2)

	 IM=Ii−Is                                     (3)

Where Io and Ii are respectively, amount of radiation at above and 
absorbed by intercropping Canopy, Is and IM are amount of absorbed 
radiation by sesame and mung bean canopy, respectively. Ks and 
KM are the light extinction coefficient of sesame and mung bean, 
respectively. Ls and LM are leaf area index of sesame and mung bean.

In each cropping system, radiation use efficiency (RUE) was 
estimated by the linear regression between cumulative amount of 
radiation absorption (MJ.m-2) and dry matter accumulation (g.m-2) 
(Figure 1).

Land equivalent ratio (LER)

The land equivalent ratio was calculated using Eq. (4 & 5)36

LERs=YsiYsmLERM=YmiYmmLERdm=(LERs+LERM) (4) 

LERs=RmiRmmLERM=RsiRsmLERabs=(LERs+LERM) (5)

Where Ysi and Ymi are the yields of sesame and mung bean, 
respectively, as intercropping system and Ysm and Ymm are the yields 
of sole sesame and sole mung bean, respectively. Rsi and Rmi are 
the absorbed radiation of sesame and mung bean, respectively, as 
intercropping system and Rsm and Rmm are the absorbed radiation of 
sesame and mung bean, respectively, as sole cropping system. LERdm 
and LERabs are the land equivalent ratio for dry matter accumulation 
and cumulative absorbed radiation, respectively.

Statistical Analysis

Data statistical analysis and draw the figures were performed by 
statistical software Minitab, Ver. 16, MS Excel, Ver. 12 and Edraw 
Max Ver. 5. The means were also compared by using Duncan’s 
multiple range test at 5% probability level.

Table 1 Physical and chemical properties of field soil (0-30cm)

Soil texture Total N (%) Available P (ppm) Available K (ppm) pH Organic matter (%) EC(dS.m-1) 

Loam- Silt 0.081 10.9 162.52 8.44 0.88 1.1 
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Figure 1 Constitutive components of radiation use efficiency.

Results and discussion
Leaf area index (LAI)

As it is shown in Figure 2 and Figure 3, the results of evaluation 
trend of leaf area index (LAI) as affected by different cropping 
systems during the days after sowing showed that the plants grown 
in monoculture (100% sesame–0% mung bean and 0% sesame–100% 
mung bean) had the highest LAI (4.13 for sesame and 3.38 for mung 
bean) in comparison with other cropping systems. Also, the LAI of 
sesame in intercropping of 25% sesame–75% mung bean and LAI of 
mung bean in intercropping of 75% sesame–25% mung bean was at 
the lowest amount by 1.10 and 0.65, respectively. Since the leaf area 
index is equal to the ratio of leaf area to the ground area which leaves 
shade on that, certainly by increasing the number of plants per unit 
area, leaf area index also increases. So, the reduction of LAI may be 
due to the reduction of number of plants per unit area in substitution 
intercropping systems in comparison with monoculture system. 
Also, the results of comparison between weedy systems and weed-
free systems showed that, the amount of LAI decreased with various 
weeds because of increasing competition and shared resources.

 Light extinction coefficient (K)

According to the data points which were obtained from 
monoculture, the light extinction coefficient of sesame and mung 
bean was estimated 0.68 and 0.56, respectively (Figure 4). The 
scientists reported that, the most important effective factors on light 
extinction coefficient are including: environmental conditions, angle 
of the sun, angle of the leaves and leaf area.37 In another research 
also reported that, by reducing light extinction coefficient, light 
penetration into the canopy increases, so it may causes more radiation 
absorption by leaves.38 In relation to radiation use efficiency of peanut 
(Arachis hypogaea L.) reported that, by increasing of light extinction 
coefficient, radiation use efficiency decreased.39

Radiation absorption

The results revealed that, weed-free intercropping of 
75% sesame-25% mung bean had the highest amount of cumulative 
absorbed radiation (948.05 MJ.m-2) in comparison with other 
cropping systems (Table 2). It may be related to useful light 

distribution inside intercropping systems and more adaptation of 
intercropping canopy with available amount of light. Also it seems 
that, Plants in intercropping systems due to the different ecological 
niches, able to occupy all empty niches at least time and this point 
enhances the received light by intercropping canopy in comparison 
with sole cropping. The results of a study indicated that, the main 
benefit of intercropping in comparison with sole cropping is increase 
of absorbed radiation and efficient use of radiation per unit area.40

Dry matter accumulation 

The results of evaluation trend of dry matter accumulation as 
affected by different cropping systems during the days after sowing 
showed that weed-free intercropping of 75% sesame-25% mung bean 
and weedy intercropping of 25% sesame-75% mung  bean had the 
highest (1019.28 g.m-2) and the lowest (168.76 g.m-2) dry matter 
accumulation, respectively (Table 3). Weedy systems also indicated 
that, weeds had significant impacts on reduction of sesame and 
mung bean dry matter accumulation. On the one hand, by increasing 
proportion of mung  bean in intercropping systems (50%  sesame– 
50% mung bean and 25% sesame-75% mung bean), amount of total 
dry matter decreased in the whole system (Figure 5) (Figure 6). It may 
be related to less biomass production of mung bean in comparison 
with sesame.

The result of an experiment in relation to intercropping of sesame 
and mung bean revealed that, the amount of sesame cumulative dry 
matter during the different growth stages increased in intercropping 
system.41 The results of a research indicated that, intercropping 
50% sesame+50% beans had the highest yield and had no significant 
difference with monoculture of Sesame.42 In another study reported 
that, dry matter production in non-stress conditions is a function of 
time and the compilation of received photosynthetic active radiation, 
fraction of absorbed radiation and radiation use efficiency. Also, 
Harvest index as an important component of crops be added to the 
above factors.43 

LERdm and LERabs 

In order to evaluation of intercropping systems, different methods 
are used and the basis of these methods is always comparing 
intercropping system to sole cropping system. One of the most 
prevalent indices to describe the yield advantages is the land 
equivalent ratio that is related to efficiency of intercropping system 
and when LER is greater than one the intercropping favors the 
growth and yield of the intercropped species, whereas when LER is 
lower than one the intercropping negatively affects the growth and 
yield of the species.44 Accordingly, the land equivalent ratio was 
calculated for dry matter accumulation and cumulative absorbed 
radiation in this research (Table 2) (Table 3). The results showed 
that, the highest (1.18) and the lowest (0.91) LERdm was related to 
weed-free intercropping of 75% sesame-25% mung bean and weedy 
intercropping of 25%  sesame-75%  mung  bean, respectively (Table 
3). According to Table 2, the highest LERabs (1.02) was related to 
weed-free intercropping of 75% sesame-25% mung bean. About the 
beneficial aspects of intercropping and increase of LER reported that, 
the superiority of this ecological concept depends on the choice of 
compatible plants to the minimum competition and the maximum 
association, application of appropriate crop management such as the 
plant density and mixing ratio.45,46

 Study of substitution and additive intercropping of Sesame 
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(Sesamum indicum L.) and Cannabis (Cannabis sativa L.) showed 
that, due to the shading of cannabis on sesame canopy and preventing 
the light absorption, the growth of sesame decreased. Despite this 
reduction, intercropping had positive effects on Cannabis and the 
most treatments had LER>1.47 In relation to competitive behaviors 
in intercropping of sesame and Peanut (Arachis hypogaea) reported 
that, intercropping of 66% sesame-33% peanut had the highest LER 
in comparison with other treatments.48 The results of another research 
about sesame intercropping with mung bean, peanut and sunflower 
(Helianthus annuus L.) also revealed that, sesame and peanut 
intercropping had the maximum LER.49

Radiation use efficiency (RUE)

The maximum radiation use efficiency (1.199g.MJ-1) obtained 

in weed-free intercropping of 75% sesame-25% mung bean (Figure 
7). The results of sesame RUE in weedy intercropping systems also 
showed that, amount of RUE was improved in all intercropping 
systems in comparison with sole cropping system (Figure  8). RUE 
of Mung bean during the growth stages was variable from 0.608 to 
1.048g.MJ-1 and 0.325 to 0.516g.MJ-1 for weed-free intercropping 
systems and weedy intercropping systems, respectively (Figure 9) 
(Figure 10). The mean comparison of sesame and mung bean RUE 
among the different weed-free intercropping systems indicated that, 
there was a significant effect between different cropping systems and 
RUE in intercropping of 75% sesame-25% mung bean was obviously 
higher than other cropping systems (Figure  11). Also according to 
Figure 12, RUE in all weedy intercropping systems was higher than 
sole cropping.

Figure 2 Sesame LAI during the days after sowing.
(A): Weed-free intercropping systems and (B): Weedy intercropping systems.
(S): Sesame and (M): Mung bean.

Figure 3 Mung bean LAI during the days after sowing.
(A): Weed-free intercropping systems and (B): Weedy intercropping systems.
(S): Sesame and (M): Mung bean.
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Figure 4 The estimated value of light extinction coefficient in sesame and mung bean.
I0: the incident radiation at top of the canopy and I: the radiation transmitted by the green canopy. 
Data points were obtained from monoculture.

Figure 5: Sesame dry matter accumulation during the days after sowing.
(A): Weed-free intercropping systems and (B): Weedy intercropping systems.
(S): Sesame and (M): Mung bean.

Figure 6 Mung bean dry matter accumulation during the days after sowing systems.
(A): Weed-free intercropping systems and (B): Weedy intercropping systems.
(S): Sesame and (M): Mung bean.
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Table 2 Cumulative absorbed Radiation (MJ.m-2) of Sesame and Mung bean in mono and intercropping systems

Treatment 
Cumulative absorbed 
radiation by intercropping 
canopy (MJ.M-2) 

Cumulative absorbed 
radiation by sesame 
canopy (MJ.M-2) 

Cumulative absorbed 
radiation by mung bean 
canopy (MJ.M-2) 

LERabs 

Weed control system 
Weed-free 917.21 681.19 460.34 1a 
Weedy 442.45 303.82 288.34 0.91b 
Cropping system 
Monocrop of Sesame - 709.85 - 1a 
Monocrop of Mung bean - - 718.03 1a 
(75% Sesame - 25% Mung bean) 712.94 601.78 111.15 0.99a 
(50% Sesame - 50% Mung bean) 673.66 439.7 233.96 0.92b 
(25% Sesame - 75% Mung bean) 652.89 218.67 434.22 0.88b 
Weed control system × Cropping system 
Monocrop of Sesame W1 - 939.68 - 1a 
Monocrop of Sesame W2 - 480.03 - 1a 
Monocrop of Mung bean W1 - - 874.8 1a 
Monocrop of Mung bean W2 - - 561.25 1a 
(75% Sesame - 25% Mung bean) W1 948.05 810.39 137.66 1.02a 
(75% Sesame - 25% Mung bean) W2 477.82 393.17 84.65 0.97a 
(50% Sesame - 50% Mung bean) W1 919.76 633.15 286.61 1a 
(50% Sesame - 50% Mung bean) W2 427.56 246.25 181.31 0.84ab 
(25% Sesame - 75% Mung bean) W1 883.81 341.53 542.28 0.98a 
(25% Sesame - 75% Mung bean) W2 421.97 95.81 326.16 0.78b 

Table 3 Dry matter accumulation (g.m-2) of Sesame and Mung bean in mono and intercropping systems

Treatment
Mean Dry matter 
accumulation of 
intercropping (G.M-2)

Mean dry matter 
accumulation of sesame 
(G.M-2)

Mean dry matter 
accumulation of mung 
bean (G.M-2)

LERdm

Weed control system

Weed-free 852.37 683.16 167.54 1.09a

Weedy 202.76 152.42 47.19 1b

Cropping system

Monocarp of Sesame - 602.495 - 1b

Monocarp of Mung bean - - 331.18 1b

(75% Sesame - 25% Mung bean) 629.19 544.77 84.57 1.15a

(50% Sesame - 50% Mung bean) 535.02 367.5 167.52 1.07b

(25% Sesame - 75% Mung bean) 418.34 156.39 261.95 1.01b

Weed control system × Cropping system

Monocarp of Sesame W1 - 977.46 - 1bc
Monocarp of Sesame W2 - 227.53 - 1bc
Monocarp of Mung bean W1 - - 490.72 1bc
Monocarp of Mung bean W2 - - 171.64 1bc

(75% Sesame - 25% Mung bean) W1 1019.28 887.5 131.78 1.18a

(75% Sesame - 25% Mung bean) W2 239.39 202.03 37.36 1.11ab

(50% Sesame - 50% Mung bean) W1 869.92 608.2 261.72 1.16a

(50% Sesame - 50% Mung bean) W2 200.12 126.8 73.32 0.98bc

(25% Sesame - 75% Mung bean) W1 667.92 259.47 408.45 1.10ab

(25% Sesame - 75% Mung bean) W2 168.76 53.32 115.44 0.91c
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Figure 7 Linear regression between dry matter accumulation and cumulative 
absorbed radiation of Sesame. 
The slope of regression indicates Radiation use efficiency.
(A): Weed-free intercropping systems. (S): Sesame and (M): Mung bean.

Figure 8 Linear regression between dry matter accumulation and cumulative 
absorbed radiation of Sesame. 
The slope of regression indicates Radiation use efficiency.
 (B): Weedy intercropping systems. (S): Sesame and (M): Mung bean.

Figure 9 Linear regression between dry matter accumulation and cumulative 
absorbed radiation of Mung bean. The slope of regression indicates Radiation 
use efficiency.
(A): Weed-free intercropping systems. (S): Sesame and (M): Mung bean.

Figure 10 Linear regression between dry matter accumulation and cumulative 
absorbed radiation of Mung bean. The slope of regression indicates Radiation 
use efficiency.
 (B): Weedy intercropping systems. (S): Sesame and (M): Mung bean.

Figure 11 The mean comparison of sesame and mung bean radiation use 
efficiency.
 (S): Sesame and (M): Mung bean.
Means of each bar followed by similar letters are not significantly different 
(Duncan 5%).

Figure 12 The mean comparison of sesame and mung bean radiation use 
efficiency.
(S): Sesame and (M): Mung bean.
Means of each bar followed by similar letters are not significantly different 
(Duncan 5%).

The result of this research was fully in agreement with those 
obtained by Tesfaye et al.50 They reported that, among the different 
C3 plants, non-legume species have higher RUE than legume species. 
Growth and yield of component crops in intercropping are depended 
on environmental resources availability and when other resources 
(e.g. water and nutrients) are not severely limiting crop growth, 
solar radiation is a major resource determining productivity of 
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intercropping systems.51 Also, the high productivity of intercropping 
is often explained by processes above the soil surface, such as the 
light interception and radiation use efficiency.52

The result of a research in relation to evaluation of radiation use 
efficiency in sesame and chickpea (Cicer arietinum L.) revealed that, 
sesame RUE in all intercropping treatments was higher than sole 
sesame.53 In another study reported that, basil (Ocimum basilicum L.) 
and bean (Phaseolus vulgaris L.) intercropping caused an increase 
in RUE compered to sole cropping.54 The beneficial effects of 
intercropping on radiation use efficiency have been reported in many 
studies.55,56 Overall, the most significant advantage of intercropping 
is enhancing resources use and uptake efficiency, especially light. Of 
course, the use of these benefits requires an appropriate design and 
proper plants selection in intercropping systems.57 

Plant dry matter production often shows a positive correlation with 
the amount of radiation intercepted by crops in both sole cropping and 
intercropping systems. On the other hand, dry matter accumulation is 
a multiplication of optimal level of absorbed radiation and radiation 
use efficiency. So, it can be concluded that, the possibility of increase 
in cumulative dry matter will be possible through improvement of 
radiation absorption and amplification of radiation use efficiency. 
The results of an experiment in relation to investigating of radiation 
use efficiency in intercropping of wheat (Triricum aestivum L.) and 
canola (Brassica napus L.) revealed that, radiation use efficiency 
in intercropping system was more than sole cropping system and 
increase of radiation use efficiency in intercropping treatments 
was due to the rapid closing of canopy and better cover of soil in 
intercropping system.58 Means of each bar followed by similar letters 
are not significantly different (Duncan 5%).

Conclusion
Results showed that, leaf area index decreased with various 

weeds because of increasing competition and shared resources 
(Figure 2) (Figure 3). The light extinction coefficient of sesame and 
mung  bean was estimated 0.68 and 0.56, respectively (Figure 4). 
Weed-free intercropping of 75%  sesame-25%  mung  bean had the 
highest amount of cumulative absorbed radiation (Table 2). Weeds 
had significant impacts on reduction of sesame and mung bean dry 
matter accumulation and by increasing proportion of mung bean in 
intercropping systems, amount of total dry matter decreased in the 
whole system. The highest amount of LERabs and LERdm was related 
to weed-free intercropping of 75% sesame-25% mung bean by 1.18 
and 1.02, respectively. Amount of sesame and mung bean RUE during 
the growth stages was variable from 0.461 to 1.199g.MJ-1 and 0.325 
to 1.048g.MJ-1, respectively (Figure 7) (Figure 8). Also, the maximum 
radiation use efficiency obtained in weed-free intercropping of 
75% sesame-25% mung bean (Figure 7). As a general proposition can 
be noted that, we should design our behaviors based on the diversity 
conservation and these behaviors should be manifested in land use 
and the ways to achieve sustainable development. So, we should 
strive for protection of diversity as far as we can and be mindful that, 
every decision that we make, will have irreparable consequences for 
future generations.

Acknowledgements
None.

Conflict of interest
The author declares no conflict of interest.

References
1.	 Gliessman SR. Agroecology: Researching the ecological basis for 

sustainable agriculture. New York, USA: Springer–Verlag; 1990. 380 p.a

2.	 Nassiri Mahallati M, Koocheki A, Rezvani Moghaddam P, et al. 
Agroecology (Agroecology:Researching the ecological basis for 
sustainable agriculture by Gliessman, S. R. 1990. Translated into Persian). 
Ferdowsi University of Mashhad Publication; 2001. 459 p.

3.	 Awal M A, Koshi H, Ikeda T. Radiation interception and use by 
maize/peanut intercrop canopy. Agricultural and Forest Meteorology. 
2006;139(1–2):74–83.

4.	 Tengberg A, Ellis–Jones J, Kiome R, et al. Applying the concept of 
agrodiversity to indigenous soil and water conservation practices in 
eastern Kenya. Agriculture, Ecosystems and Environment. 1998;70(2–
3):259–272.

5.	 Pinedo–Vasquez M, Padoch, C, et al. Biodiversity as a product of small 
holder’s strategies for overcoming changes in their natural and social 
landscapes:a report prepared by the Amazonia Cluster. PLEC News and 
Views. 2000;15:9–19.

6.	 Brookfield H, Stocking M. Agrodiversity:definition, description and 
design. Global Environmental Change. 1999;9(2):77–80.

7.	 Vandermeer J, Perfecto I. Breakfast of biodiversity:the truth about 
rainforest destruction. Oakland, USA: Food First Books; 1995. 185 p.

8.	 Altieri MA. The ecological role of biodiversity in agroecosystems. 
Agriculture, Ecosystems and Environment. 1999;74(1–3):19–31.

9.	 Mazaheri D, Madani A, Oveysi M. Assessing the land equivalent ratio 
(LER) of two Corn (Zea mays L.) varieties intercropping at various 
nitrogen levels in Karaj, Iran. Journal of Central European Agriculture. 
2006;7(2):359–364. 

10.	 Mousavi SR, Eskandari H. A general overview on intercropping and 
its advantages in sustainable agriculture. J Appl Environ Biol Sci. 
2011;1(11):482–486.

11.	 Willey RW. Intercropping:its importance and research needs. Part 1. 
Competition and yield advantages. Field Crop Abstracts. 1979;32:1–10. 

12.	 Ofori F, Stern WR. Cereal–Legume intercropping systems. Advances in 
Agronomy. 1987;41:41–90. 

13.	 Innis DQ. Intercropping and scientific basis of traditional agriculture. 
UK: Intermediate Technology publication Ltd; 1997. p. 1–33.

14.	 Tsubo M, Walker S, Mukhala E. Comparisons of radiation use efficiency 
of mono–/inter–cropping systems with different row orientations. Field 
Crops Research. 2001;71(1):17–29.

15.	 Wang Z, Zhao X, Wu P, et al. Radiation interception and utilization 
by wheat/maize strip intercropping systems. Agricultural and Forest 
Meteorology. 2015;204:58–66.

16.	 Walker S, Ogindo HO. The water budget of rainfed maize and bean 
intercrop. Phys Chem Earth. 2003;28(20–27):919–926.

17.	 Omoko M, Hammond LC. Biological and water–use efficiencies of 
sorghum–groundnut intercrop. Cameroon Journal of Experimental 
Biology. 2010;6(1):1–10.

18.	 Rowe E C, Noordwijk MV, Suprayogo D, et al. Nitrogen use efficiency of 
monoculture and hedgerow intercropping in the humid tropics. Plant Soil. 
2005;268(1):61–74.

https://doi.org/10.15406/apar.2016.03.00109
http://www.springer.com/us/book/9781461279341
http://www.springer.com/us/book/9781461279341
http://www.sciencedirect.com/science/article/pii/S0168192306001523
http://www.sciencedirect.com/science/article/pii/S0168192306001523
http://www.sciencedirect.com/science/article/pii/S0168192306001523
http://www.sciencedirect.com/science/article/pii/S0167880998001534
http://www.sciencedirect.com/science/article/pii/S0167880998001534
http://www.sciencedirect.com/science/article/pii/S0167880998001534
http://www.sciencedirect.com/science/article/pii/S0167880998001534
http://www.sciencedirect.com/science/article/pii/S0959378099000047
http://www.sciencedirect.com/science/article/pii/S0959378099000047
http://www.sciencedirect.com/science/article/pii/S0167880999000286
http://www.sciencedirect.com/science/article/pii/S0167880999000286
http://www.textroad.com/pdf/JAEBS/J.%20Appl.%20Environ.%20Biol.%20Sci.,%201(11)482-486,%202011.pdf
http://www.textroad.com/pdf/JAEBS/J.%20Appl.%20Environ.%20Biol.%20Sci.,%201(11)482-486,%202011.pdf
http://www.textroad.com/pdf/JAEBS/J.%20Appl.%20Environ.%20Biol.%20Sci.,%201(11)482-486,%202011.pdf
http://www.sciencedirect.com/science/article/pii/S0378429001001423
http://www.sciencedirect.com/science/article/pii/S0378429001001423
http://www.sciencedirect.com/science/article/pii/S0378429001001423
http://www.sciencedirect.com/science/article/pii/S0168192315000325
http://www.sciencedirect.com/science/article/pii/S0168192315000325
http://www.sciencedirect.com/science/article/pii/S0168192315000325
http://www.sciencedirect.com/science/article/pii/S1474706503001736
http://www.sciencedirect.com/science/article/pii/S1474706503001736
http://www.ajol.info/index.php/cajeb/article/view/56874
http://www.ajol.info/index.php/cajeb/article/view/56874
http://www.ajol.info/index.php/cajeb/article/view/56874
http://link.springer.com/article/10.1007%2Fs11104-004-0227-2
http://link.springer.com/article/10.1007%2Fs11104-004-0227-2
http://link.springer.com/article/10.1007%2Fs11104-004-0227-2


Evaluation of radiation absorption and use efficiency in substitution intercropping of sesame (sesamum 
indicum L.) and mung bean (vigna radiata L.) 

153
Copyright:

©2016 Koocheki et al.

Citation: Koocheki A, Mahallati MN, Solouki H, et al. Evaluation of radiation absorption and use efficiency in substitution intercropping of sesame (sesamum 
indicum L.) and mung bean (vigna radiata L.) . Adv Plants Agric Res. 2016;3(5):145‒154. DOI: 10.15406/apar.2016.03.00109

19.	 Latati M, Bargaz A, Belarbi B, et al. The intercropping common bean 
with maize improves the rhizobial efficiency, resource use and grain 
yield under low phosphorus availability. European Journal of Agronomy. 
2016;72:80–90.

20.	 Koocheki A, Lalehgani B, Najibnia S. Evaluation of productivity in 
bean and corn intercropping. Iranian Journal of Field Crop Researches. 
2009;7(2):605–614.

21.	 De la Fuente EB, Suárez SA, Lenardis AE, et al. Intercropping Sunflower 
and Soybean in intensive farming systems:Evaluating yield advantage and 
effect on weed and insect assemblages. NJAS – Wageningen Journal of 
Life Sciences. 2014;70–71:47–52.

22.	 Hauggaard–Nielsen H, Ambus P, Jensen ES. Interspecific competition, N 
use and interference with weeds in pea–barley intercropping. Field Crops 
Research. 2001;70(2):101–109.

23.	 Gao Y, Duan A, Qiu X, et al. Distribution and use efficiency of 
photosynthetically active radiation in strip intercropping of Maize and 
Soybean. Agronomy Journal. 2010;102(4):1149–1157.

24.	 Zhang L, Vander Werf W, Bastiaans L, et al. Light interception and 
utilization in relay intercrops of wheat and cotton. Field Crops Research. 
2008;107(1):29–42.

25.	 Coll L, Cerrudo A, Rizzalli R, et al. Capture and use of water and radiation 
in summer intercrops in the south–east Pampas of Argentina. Field Crops 
Research. 2012;134:105–113.

26.	 Rodrigo VHL, Stirling CM, Teklehaimanot Z, et al. Intercropping with 
banana to improve fractional interception and radiation–use efficiency of 
immature rubber plantations. Field Crops Research. 2001;69(3):237–249.

27.	 Ceotto E, Castelli F. Radiation use efficiency in flue–cured tobacco 
(Nicotiana tabacum L.):response to nitrogen supply, climate variability 
and sink limitations. Field Crops Research. 2001;74(2–3):117–130.

28.	 Boghdady MS, Nassar RMA, Ahmed FA. Response of Sesame Plant 
(Sesamum orientale L.) to Treatments with Mineral and Bio–Fertilizers. 
Research Journal of Agriculture and Biological Sciences. 2012;8(2):127–
137.

29.	 Babajide PA, Oyeleke OR. Evaluation of sesame (Sesamum indicum) 
for optimum nitrogen requirement under usual farmers’ practice of basal 
organic manuring in the savanna ecoregion of Nigeria. Journal of Natural 
Sciences Research. 2014;4(17):122–132.

30.	 Anjum MS, Ahmed ZI, Rauf CA. Effect of Rhizobium inoculation 
and nitrogen fertilizer on yield and yield components of mung bean. 
International Journal of Agriculture and Biology. 2006;8(2):238–240.

31.	 Sheker–Koohi S, Nasrollahzadeh S. Evaluation of yield and advantage 
indices of sorghum (Sorghum bicolor L.) and mung bean (Vigna radiate 
L.) intercropping systems. International journal of Advanced Biological 
and Biomedical Research. 2014;2(1):151–160.

32.	 Goudriaan J, Van Laar HH. Modeling Potential Growth Processes. Kluwer 
Academic Publishers; 1994. 2 p.

33.	 Monteith JL. Radiation and crops. Experimental Agriculture. 
1965;1(4):241–251.

34.	 Keating BA, Carberry PS. Resource capture and use in intercropping: 
solar radiation. Field Crops Res. 1993;34(3–4):273–301.

35.	 Tsubo M, Walker S, Ogindo HO. A simulation model of cereal–legume 
intercropping systems for semiarid regions I. Model development. Field 
Crops Research. 2005;93(1):10–22.

36.	 Mead R, Willey RW. The concept of a land equivalent ratio and advantages 
in yields for intercropping. Experimental Agriculture. 1980;16(3):217–
228.

37.	 Graf B, Gutierrez AP, Rakotobe O, et al. A simulation model for the 
dynamics of rice growth and development. Part II. The competition with 
weeds for nitrogen and light. Agricultural Systems. 1990;32(4):367–392.

38.	 Kiniry JR, Mc Cauley G, Xie Y, et al. Rice parameters describing crop 
performance of four U.S. cultivars. Agronomy Journal. 2001;93:1354–
1361.

39.	 Bell MJ, Wright GC, Harch GR. Environmental and agronomic effects 
on the growth of four peanut cultivars in a subtropical environment I. 
Dry matter accumulation and radiation use efficiency. Experimental 
Agriculture. 1993;29(4):473–490.

40.	 Bedoussac L, Justes E. Dynamic analysis of competition and 
complementarily for light and N use to understand the yield and the 
protein content of a durum wheat–winter pea intercrop. Springer Plant 
Soil. 2010;330(1):37–54.

41.	 Prajapat K, Shivran AC, Choudhary GL, et al. Growth and productivity 
of Sesame (Sesamum indicum) as influenced by intercropping with Mung 
bean (Vigna radiata) and sulphur fertilization. Annals of Agricultural 
Research. 2008;33(1&2):84–87.

42.	 Nurbakhsh F, Koocheki A, Nassiri Mahallati M. Evaluation of yield, 
yield components and different intercropping indices in mixed and row 
intercropping of sesame (Sesamum indicum L.) and bean (Phaseolus 
vulgaris L.). International Journal of Agriculture and Crop Sciences. 
2013;5(17):1958–1965.

43.	 Tsubo M, Walker S. A model of radiation interception and use by a 
maize/bean intercrop canopy. Agricultural and Forest Meteorology. 
2002;110(3):203–215.

44.	 Neamatollahi E, Jahansuz MR, Mazaheri D, et al. Intercropping. 
Sustainable Agriculture Reviews 12. Springer Science+Business Media 
Dordrecht; 2013. p. 119–142.

45.	 Mutungamiri A, Margia I K, Chivinge OA. Evaluation of maize (Zea mays 
L.) cultivars and density for dry land maize–bean intercropping. Tropical 
Agriculture. 2001;78(1):8–12.  

46.	 Nachigera GM, Ledent JF, Draye X. Shoot and root Competition in potato/
maize intercropping:effects on growth and yield. Environmental and 
Experimental Botany. 2008;64(4):180–188.

47.	 Koocheki A, Nassiri Mahallati M, Khorramdel S, et al. Study of growth 
indices in substitution and additive intercropping of Cannabis (Cannabis 
sativa L.) and Sesame (Sesamum indicum L.). Journal of Agroecology. 
2010;2(1):27–36. 

48.	 Haruna M, Aliyu L, Maunde SM. Competitive behavior of Groundnut in 
Sesame/Groundnut intercropping system under varying poultry manure 
rates and planting arrangement. Sustainable Agriculture Research. 
2013;2(3):22–26.

49.	 Sarkar RK, Kundu C. Sustainable intercropping system of sesame 
(Sesamum indicum) whit pulse and oilseed crops on rice fallow land. 
Indian Journal of Agricultural Sciences. 2001;71(2):545–550.

50.	 Tesfaye K, Walker S, Tsubo M. Radiation interception and radiation use 
efficiency of three grain legumes under water deficit conditions in a semi–
arid environment. European Journal of Agronomy. 2006;25(1):60–70.

51.	 Eskandari H. Intercropping of Maize (Zea mays) with Cowpea (Vigna 
Sinensis) and Mung bean (Vigna radiata): Effect of complementarity of 
intercrop components on resource consumption, dry matter production 
and legumes forage quality. J Basic Appl Sci Res. 2012;2(1):355–360.

52.	 Rezig M, Sahli A, Hachicha M, et al. Potato (Solanum tuberosum L.) 
and bean (Phaseolus vulgaris L.) in sole intercropping:Effects on light 
interception and radiation use efficiency. Journal of Agricultural Science. 
2013;5(9):65–77.

https://doi.org/10.15406/apar.2016.03.00109
http://www.sciencedirect.com/science/article/pii/S1161030115300368
http://www.sciencedirect.com/science/article/pii/S1161030115300368
http://www.sciencedirect.com/science/article/pii/S1161030115300368
http://www.sciencedirect.com/science/article/pii/S1161030115300368
http://en.journals.sid.ir/ViewPaper.aspx?ID=192137
http://en.journals.sid.ir/ViewPaper.aspx?ID=192137
http://en.journals.sid.ir/ViewPaper.aspx?ID=192137
http://www.sciencedirect.com/science/article/pii/S1573521414000207
http://www.sciencedirect.com/science/article/pii/S1573521414000207
http://www.sciencedirect.com/science/article/pii/S1573521414000207
http://www.sciencedirect.com/science/article/pii/S1573521414000207
http://www.sciencedirect.com/science/article/pii/S0378429001001265
http://www.sciencedirect.com/science/article/pii/S0378429001001265
http://www.sciencedirect.com/science/article/pii/S0378429001001265
http://agris.fao.org/agris-search/search.do?recordID=US201301868788
http://agris.fao.org/agris-search/search.do?recordID=US201301868788
http://agris.fao.org/agris-search/search.do?recordID=US201301868788
http://www.sciencedirect.com/science/article/pii/S0378429007002638
http://www.sciencedirect.com/science/article/pii/S0378429007002638
http://www.sciencedirect.com/science/article/pii/S0378429007002638
http://www.sciencedirect.com/science/article/pii/S0378429012001645
http://www.sciencedirect.com/science/article/pii/S0378429012001645
http://www.sciencedirect.com/science/article/pii/S0378429012001645
http://www.sciencedirect.com/science/article/pii/S0378429000001477
http://www.sciencedirect.com/science/article/pii/S0378429000001477
http://www.sciencedirect.com/science/article/pii/S0378429000001477
http://www.sciencedirect.com/science/article/pii/S0378429001002015
http://www.sciencedirect.com/science/article/pii/S0378429001002015
http://www.sciencedirect.com/science/article/pii/S0378429001002015
http://connection.ebscohost.com/c/articles/89749576/response-sesame-plant-sesamum-orientale-l-treatments-mineral-bio-fertilizers
http://connection.ebscohost.com/c/articles/89749576/response-sesame-plant-sesamum-orientale-l-treatments-mineral-bio-fertilizers
http://connection.ebscohost.com/c/articles/89749576/response-sesame-plant-sesamum-orientale-l-treatments-mineral-bio-fertilizers
http://connection.ebscohost.com/c/articles/89749576/response-sesame-plant-sesamum-orientale-l-treatments-mineral-bio-fertilizers
file:///C:\Users\Office\Downloads\15071-17478-1-PB.pdf
file:///C:\Users\Office\Downloads\15071-17478-1-PB.pdf
file:///C:\Users\Office\Downloads\15071-17478-1-PB.pdf
file:///C:\Users\Office\Downloads\15071-17478-1-PB.pdf
http://agris.fao.org/agris-search/search.do?recordID=PK2007000238
http://agris.fao.org/agris-search/search.do?recordID=PK2007000238
http://agris.fao.org/agris-search/search.do?recordID=PK2007000238
http://www.ijabbr.com/article_7047_641ef92db13a1f782c21bdaaaa9be407.pdf
http://www.ijabbr.com/article_7047_641ef92db13a1f782c21bdaaaa9be407.pdf
http://www.ijabbr.com/article_7047_641ef92db13a1f782c21bdaaaa9be407.pdf
http://www.ijabbr.com/article_7047_641ef92db13a1f782c21bdaaaa9be407.pdf
http://link.springer.com/book/10.1007%2F978-94-011-0750-1
http://link.springer.com/book/10.1007%2F978-94-011-0750-1
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1608764&fileId=S0014479700021529
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1608764&fileId=S0014479700021529
http://www.sciencedirect.com/science/article/pii/0378429093901187
http://www.sciencedirect.com/science/article/pii/0378429093901187
http://www.sciencedirect.com/science/article/pii/S037842900400228X?np=y
http://www.sciencedirect.com/science/article/pii/S037842900400228X?np=y
http://www.sciencedirect.com/science/article/pii/S037842900400228X?np=y
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1609532
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1609532
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1609532
http://www.sciencedirect.com/science/article/pii/0308521X90901005
http://www.sciencedirect.com/science/article/pii/0308521X90901005
http://www.sciencedirect.com/science/article/pii/0308521X90901005
http://naldc.nal.usda.gov/download/14651/PDF
http://naldc.nal.usda.gov/download/14651/PDF
http://naldc.nal.usda.gov/download/14651/PDF
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1621008
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1621008
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1621008
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1621008
http://link.springer.com/article/10.1007%2Fs11104-010-0303-8
http://link.springer.com/article/10.1007%2Fs11104-010-0303-8
http://link.springer.com/article/10.1007%2Fs11104-010-0303-8
http://link.springer.com/article/10.1007%2Fs11104-010-0303-8
http://epubs.icar.org.in/ejournal/index.php/AAR/article/view/42746
http://epubs.icar.org.in/ejournal/index.php/AAR/article/view/42746
http://epubs.icar.org.in/ejournal/index.php/AAR/article/view/42746
http://epubs.icar.org.in/ejournal/index.php/AAR/article/view/42746
http://ijagcs.com/wp-content/uploads/2013/08/1958-1965.pdf
http://ijagcs.com/wp-content/uploads/2013/08/1958-1965.pdf
http://ijagcs.com/wp-content/uploads/2013/08/1958-1965.pdf
http://ijagcs.com/wp-content/uploads/2013/08/1958-1965.pdf
http://ijagcs.com/wp-content/uploads/2013/08/1958-1965.pdf
http://www.sciencedirect.com/science/article/pii/S0168192301002878
http://www.sciencedirect.com/science/article/pii/S0168192301002878
http://www.sciencedirect.com/science/article/pii/S0168192301002878
http://link.springer.com/book/10.1007%2F978-94-007-5961-9
http://link.springer.com/book/10.1007%2F978-94-007-5961-9
http://link.springer.com/book/10.1007%2F978-94-007-5961-9
http://scialert.net/fulltext/?doi=ja.2008.237.243
http://scialert.net/fulltext/?doi=ja.2008.237.243
http://scialert.net/fulltext/?doi=ja.2008.237.243
http://www.sciencedirect.com/science/article/pii/S0098847208000671
http://www.sciencedirect.com/science/article/pii/S0098847208000671
http://www.sciencedirect.com/science/article/pii/S0098847208000671
http://ageconsearch.umn.edu/bitstream/230552/2/p22(22-26).pdf
http://ageconsearch.umn.edu/bitstream/230552/2/p22(22-26).pdf
http://ageconsearch.umn.edu/bitstream/230552/2/p22(22-26).pdf
http://ageconsearch.umn.edu/bitstream/230552/2/p22(22-26).pdf
http://epubs.icar.org.in/ejournal/index.php/IJAgS/article/view/39519
http://epubs.icar.org.in/ejournal/index.php/IJAgS/article/view/39519
http://epubs.icar.org.in/ejournal/index.php/IJAgS/article/view/39519
http://www.sciencedirect.com/science/article/pii/S1161030106000530
http://www.sciencedirect.com/science/article/pii/S1161030106000530
http://www.sciencedirect.com/science/article/pii/S1161030106000530
http://www.textroad.com/pdf/JBASR/J.%20Basic.%20Appl.%20Sci.%20Res.,%202(1)355-360,%202012.pdf
http://www.textroad.com/pdf/JBASR/J.%20Basic.%20Appl.%20Sci.%20Res.,%202(1)355-360,%202012.pdf
http://www.textroad.com/pdf/JBASR/J.%20Basic.%20Appl.%20Sci.%20Res.,%202(1)355-360,%202012.pdf
http://www.textroad.com/pdf/JBASR/J.%20Basic.%20Appl.%20Sci.%20Res.,%202(1)355-360,%202012.pdf
http://www.ccsenet.org/journal/index.php/jas/article/view/27841
http://www.ccsenet.org/journal/index.php/jas/article/view/27841
http://www.ccsenet.org/journal/index.php/jas/article/view/27841
http://www.ccsenet.org/journal/index.php/jas/article/view/27841


Evaluation of radiation absorption and use efficiency in substitution intercropping of sesame (sesamum 
indicum L.) and mung bean (vigna radiata L.) 

154
Copyright:

©2016 Koocheki et al.

Citation: Koocheki A, Mahallati MN, Solouki H, et al. Evaluation of radiation absorption and use efficiency in substitution intercropping of sesame (sesamum 
indicum L.) and mung bean (vigna radiata L.) . Adv Plants Agric Res. 2016;3(5):145‒154. DOI: 10.15406/apar.2016.03.00109

53.	 Hosseinpanahi F, Pouramir F, Koocheki A, et al. Evaluation of 
radiation absorption and use efficiency in Sesame/Chickpea substitution 
intercropping. Journal of Agroecology. 2011;3(1):106–120. 

54.	 Alizadeh Y, Koocheki A, Nassiri Mahallati M. Evaluation of radiation use 
efficiency of intercropping of bean (Phaseolus vulgaris L.) and herb sweet 
basil (Ocimum basilicum L.). Journal of Agroecology. 2010;2(1):94–104.

55.	 Black C, Ong C. Utilization of light and water in tropical agriculture. 
Agricultural and Forest Meteorology. 2000;104(1):25–47.

56.	 Koocheki A, Nassiri Mahallati M, et al. Evaluation of radiation interception 
and use by maize and bean intercropping canopy. Journal of Agroecology. 
2009;1(1):13–23. 

57.	 Nassiri Mahallati M, Koocheki A, Jahan M. Radiation absorption and use 
efficiency in winter wheat/Maize relay intercropping. Iranian Journal of 
Field Crops Research. 2011;8(6):878–890.

58.	 Karimian K, Ghorbani R, Koocheki A, et al. Investigating of radiation 
absorption and use efficiency in intercropping of wheat and canola. 
International Journal of Life Sciences. 2015;9(6):61–71.

https://doi.org/10.15406/apar.2016.03.00109
http://en.journals.sid.ir/ViewPaper.aspx?ID=299439
http://en.journals.sid.ir/ViewPaper.aspx?ID=299439
http://en.journals.sid.ir/ViewPaper.aspx?ID=299439
http://www.sciencedirect.com/science/article/pii/S0168192300001453
http://www.sciencedirect.com/science/article/pii/S0168192300001453
http://www.sid.ir/fa/VEWSSID/J_pdf/75313890601.pdf
http://www.sid.ir/fa/VEWSSID/J_pdf/75313890601.pdf
http://www.sid.ir/fa/VEWSSID/J_pdf/75313890601.pdf
http://nepjol.info/index.php/IJLS/article/view/12740
http://nepjol.info/index.php/IJLS/article/view/12740
http://nepjol.info/index.php/IJLS/article/view/12740

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and methods 
	Experimental field 
	Experimental design and crop management 
	Experimental measurements 
	Land equivalent ratio (LER) 
	Statistical Analysis 

	Results and discussion 
	Leaf area index (LAI) 
	 Light extinction coefficient (K) 
	Radiation absorption 
	Dry matter accumulation  
	LERdm and LERabs  
	Radiation use efficiency (RUE

	Conclusion 
	Acknowledgements 
	Conflict of interest 
	References
	Figure 1 
	Figure 2
	Figure 3 
	Figure 4
	Figure 5:
	Figure 6
	Figure 7 
	Figure 8
	Figure 9 
	Figure 10
	Figure 11
	Figure 12
	Table 1
	Table 2
	Table 3

