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Cereal-legume intercropping is one of the ways to achieve greater 

forage production. In order to evaluate the effects of seed plants on 

quantitative and qualitative yields of vetch and barley forage, a factorial 

experiment was conducted in a completely randomized block design in 

paddy fields of Rice Research Institute of Iran (Rasht) during two seasons 

of 2013-2015. Experimental factors included application of seed plant in 

two levels (control without vetch and rice husk) and seed ratio (vetch 

monoculture; barley monoculture; conventional 25% vetch + 75% barley as 

replacement intercropping; 20% vetch to barley as additive intercropping; 

40% vetch to barley as additive intercropping; and 60% vetch to barley as 

additive intercropping). The traits evaluated included qualitative traits 

(WSC, ADF and NDF, crude protein, DDM, and RNV) and quantitative 

traits (forage yield and forage protein yield). The results indicated that 

forage yield was higher in rice husk treatment (mean 10117 kg/ha) than 

non-rice husk treatment (9225 kg/ha). The highest forage protein content 

was obtained from vetch monoculture treatment. The highest forage and 

protein yield was obtained from additive 40% vetch to barley (11189 kg/ha, 

1845 kg/ha, respectively). Among treatments, the additive 40% vetch to 

barley (mean 1.66) was better in terms of treatment land equivalent ratio. 

Overall, it seems that additive 40% vetch to barley and rice husk seed plant 

can be recommended due to increase in most qualitative and quantitative 

factors in Rasht. 

 

© 2019 INT TRANS J ENG MANAG SCI TECH. 

 INTRODUCTION 1.
Das et al. (2018) in a two-year study of seed plant (none, soil and living mulch) on three forage 

plants reported that dry weight of three plants increased in mulch treatment and living mulch gained 

more yield due to increased height and better growth. In an experiment of non-seed plants and straw seed 
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plants of three different plants on maize yield, it was found that application of each of the three plants 

resulted in higher yield than control (Awopegba et al., 2017). In another experiment in China, seed 

plants increased corn forage yield (40-60%) compared to control treatment (Zhou et al., 2018). Other 

scientists have shown that additive intercropping and monoculture of forage grain (Guinea grass) and 

forage beetle (Sesbania grandiflora) in Indonesian salty and poor soils and mulch (3 ton + 6 ton mulch 

straw rice per ha) and without mulch (3 ton/ha) increased plant growth, forage yield and forage quality of 

Guinea grass. On the other hand, additive forage guinea treatment on Guinea grass as well as 6 ton per 

hectare mulch and without mulch treatment did not affect the quantity and quality of forage (Guinea 

grass) in saline soil (Kasmati et al., 2007). Experimental results of two types of leaf seed plants (both 

surface and mixed with soil) on barley in Kenya showed that plant height and biomass weight of the 

plant increased when using surface seed plants. Mixing mulch increased nitrate release in the soil during 

the first 4 weeks, although it decreased sharply by week 6. On the other hand, surface mulch caused 

gradual release of soil nitrate during the barley growth period (Kimiti & Gordon, 2013). Further research 

has shown that quality and quantity of sorghum forage is affected by the type of sowing (Chattha et al., 

2017). Based on a study on monoculture and additive intercropping of triticale with forage vetch (100 to 

30, 100 to 40 and 100 to 50 and 100 to 60 and 100 to 70%) in dryland condition, it was reported that 

maximum dry forage yield was obtained from 70% to 100% triticale (5445 kg/ha) and 60% vetch + 

100% triticale (5248 kg/ha) treatment. The highest forage crude protein content was obtained from 70 to 

100% triticale. The highest percentage of NDF also belonged to the above treatment. They reported that 

increasing triticale content in intercropping led to increase in final forage yield. On the other hand, 

increased intercropping of two plants decreased digestibility and increased fiber. The highest soil 

equivalence ratio was obtained from 60% vetch to 100% triticale (1.61) intercropping (Nasiri et al., 

2015). In an experiment comparing six replacement intercropping treatments with 20% fenugreek/barley 

additive ratio, it was shown that the highest forage yield (12.8 ton/ha) and land equivalence ratio (1.15) 

was obtained from 20% fenugreek/barley additive treatment (Tarifi, et al., 2018). Results of 

intercropping of maize and vetch showed that 25% maize to 75% vetch achieved the highest forage yield 

and the land equivalence ratio was 1.16 (Mousavian & Seyed Mohamadi, 2015). Due to the lack of 

documented research on the effect of seed plant in paddy field on autumn forage crops, this study tends 

to investigate the effect of rice husk seed plant on quantitative and qualitative yield of monoculture and 

intercropping of barley and vetch forage in paddy fields of Rasht. 

 MATERIALS AND METHODS 2.

This factorial experiment was conducted through randomized complete block design with three 

replications during 2014-2015 and 2015-2016 in Rice Research Institute of Iran in Rasht (coordinates: 

37°16′51″N 49°34′59″E, 7 m above sea level). Rasht has a humid climate and annual rainfall is based on 

a 30-year average of 1320 mm. The mean annual rainfall between planting and harvesting was 1014 mm 

and the average growth temperature was 11.4°C. Soil texture was clay. Experimental factors at two 

levels (control without rice husk and with rice husk seed plant) as the first factor as well as different seed 

ratios at six levels: (vetch monoculture, barley monoculture, conventional 25% vetch + 75% barley 

replacement intercropping, 20% vetch to barley additive intercropping, 40% vetch to barley additive 

intercropping, 60% vetch to barley additive intercropping) were considered. Barley seed ratio in additive 

intercropping was 100% and vetch was added to the treatments in additive ratios. Vetch and barley seed 
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ratio was 110 and 170 kg/ha, respectively. The cultivars used were Behrokh (suitable for temperate 

regions) for barley and Maragheh for vetch (Vicia sativa L.). Each experimental plot had 8 sowing lines 

and the distance between the rows was 20 cm. The amount of rice husk was calculated in 5 ton/ha and 

added to the treatments. Forage harvesting was done from the lowest part of the stem to the soil. At 

harvest time to determine forage yield per unit area by removing sidelines and one meter above and 

below each plot as a marginal effect, six-line forage in the middle and four meters per plot were 

harvested and immediately weighed. One kilogram of wet forage was randomly selected to measure 

forage yield and samples were dried in an oven at 75°C for 48 h and weighed. For measuring qualitative 

traits such as water-soluble carbohydrate (WSC), acid and neutral detergent fiber (ADF and NDF), 

digestible dry matter (DDM), relative nutritional value (RNV) and crude protein, near-infrared 

spectroscopy (NIR) of Forests and Rangelands Research Organization were used. Forage protein yield 

was also calculated by multiplying the forage crude protein by forage yield. To evaluate usefulness of 

intercropping, land equivalence ratio (LER) was calculated using the following formula. 

  LER =
𝑌𝑖𝑗

𝑌𝑖𝑖
+  

𝑌𝑗𝑖

𝑌𝑗𝑗
        (1), 

where 𝑌𝑖𝑗 is yield of first plant in intercropping; 𝑌𝑖𝑖 is yield of first plant in monoculture; 𝑌𝑗𝑖 is 

yield of second plant in intercropping; 𝑌𝑗𝑗 is yield of second plant in monoculture. 

SAS software (version 9.1) was used for statistical analysis of data and drawing charts. LSD test 

(p<0.05) was also used to compare the mean. 

 RESULTS AND DISCUSSION 3.

3.1 WATER SOLUBLE CARBOHYDRATES 

The results of the two-year composite analysis showed that seed plant × mix ratio interaction was 

significant on soluble carbohydrate traits (Table 1). Comparison of means indicated that control 

treatment without rice husk seed plant and 40% vetch to barley (21.04%) recorded the highest and the 

treatment with rice husk seed plant and vetch monoculture (13.14%) recorded the lowest soluble 

carbohydrate (Table 2). Soluble carbohydrates, which constitute a large part of unstructured 

carbohydrates, are one of the most important components of forage quality, whose task is to provide 

energy to rumen microorganisms and maintain digestive health of livestock (Tufail et al., 2019). In the 

study of maize + mungbean intercropping, the researchers reported that the cereal family had more 

water-soluble carbohydrates than legumes. Therefore, vetch ratio appears to decrease carbohydrates in 

intercropping (Nakhzari Moghadam, et al., 2009). The results of experimental maize and poplar 

intercropping showed that intercropping reduces WSCs compared to maize monoculture (Naghizadeh & 

Galavi, 2012). Similar results were reported regarding the effects of legumes on forage carbohydrate in 

intercropping (Najafabadi, et al., 2017; Fatminic, 2017). In another experiment the highest (71.6%) 

soluble carbohydrate content was obtained from barley monoculture and the lowest content (49.7%) was 

obtained from fenugreek monoculture (Tarifi, et al., 2018). One study found that intercropping cereals 

and legumes increased concentration of soluble carbohydrates compared to monoculture (Fathminick, 

2017). 
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Table 1: Composite analysis of the calculated traits of seed plant and vetch and barley seed ratios in 

agricultural farms of Rasht during 2014-2015. 

Source of variation Df WSC ADF NDF DDM RNV 
Crude 

protein 
Forage yield 

Forage protein 

yield 

Year 1 0.43ns 5.55ns 0.48ns 15.7* 199.4** 39.26** 151617ns 454517.6* 

Repetition/Year 4 54.76 0.03 52.5 0.94 933.8 6.30 1377456 59088.6 

Seed plant 1 104.1** 0.08ns 14.7ns 1.08ns 163.7ns 2.89ns 14311250** 260184.9ns 

Seed ratio 5 11.07** 6.37** 37.6** 22.8** 1593.8** 75.33** 62953463** 1088928.2** 

seed plant×seed ratio 5 43.73** 4.62* 16.0* 3.44ns 250.4* 4.36ns 1271474ns 70233.2ns 

Year×seed plant 1 1.82ns 0.02ns 0.21ns 0.37ns 0.39ns 1.0ns 4966ns 7474.6ns 

Year×seed ratio 5 0.21ns 0.02ns 0.20ns 0.24ns 2.36ns 0.46ns 192575ns 25394.6ns 

Year×seed plant×seed 

ratio 
5 0.94ns 0.02ns 0.17ns 0.30ns 8.1ns 1.54ns 270275ns 25669.6ns 

Error 44 1.27 1.67 4.79 2.27 106.9 5.50 1157305 10599.2 

Coefficient of variation - 6.48 3.11 6.23 2.66 6.84 14.26 11.47 20.91 

ns: non-significant; * and ** significant at 5% and 1%. 

 

Table 2: Comparison of mean of effect of seed plant and vetch and barley seed ratios on calculated traits 

in agricultural farms of Rasht during 2014-2015 

Treatment 
WSC 

(%) 

ADF 

(%) 

NDF 

(%) 

DDM 

(%) 

RNV 

(%) 

Crude 

protein (%) 

Forage 

yield 

(kg/ha) 

Protein 

yield 

(kg/ha) 

LER 

Year          

2014-2015 17.32 41.87 35.05 57.05a 152.80a 17.18a 97.17 1633.9a - 

2015-2016 17.47 41.31 35.21 56.12b 149.48a 15.70b 9625 1475.0b - 

Seed plant          

Without seed plant 18.60a 41.56 35.58 56.71 149.64 16.63 9225b 1494.3 1.57 

With seed plant 16.19b 41.62 34.68 56.46 152.65 16.24 10117a 1614.5 1.67 

Seed ratio          

Vetch monoculture 15.93 40.82 32.90 58.94a 168.77 20.97a 5129c 1075.1b - 

Barley monoculture 16.60 41.77 36.97 55.15c 139.30 13.29c 9820b 1301.0b - 

25% vetch + 75% barley 

replacement 
17.82 42.23 33.49 57.41b 160.93 16.25b 10275b 1680.8a 1.52 

20% vetch added to barley 17.71 42.18 36.03 55.86c 144.62 15.80b 10400ab 1644.1a 1.54 

40% vetch added to barley 17.72 42.0 36.96 56.34bc 142.39 16.57b 11189a 1844.6a 1.66 

60% vetch added to barley 16.61 40.54 34.44 55.80c 150.96 15.76b 11214a 1781.3a 1.66 

In each column, the treatments having at least one letter in common do not have a significant difference in LSD at 5% 

probability level. 

3.2 ACID AND NEUTRAL DETERGENT FIBER 

Composite analysis of soluble fibers showed that the effect of year and seed plant was not 

significant. The interaction of seed plants was significant in the mixing ratios (Table 1). The highest 

ADF was obtained from rice husk seed plant and mixing ratio of 25% vetch and 75% barley (mean 

43.20%), while rice husk seed plant and mixing ratio of 60% vetch to barley (mean 39.95%) recorded the 

lowest content of ADF (Table 3). One of the important factors affecting energy or total digestible 

nutrients is ADF, the percentage of which is commonly used to estimate digestibility (Tarifi, et al., 

2018). Experimental results showed that monoculture had higher content of ADF (Aqababa Dastjerdi, et 

al., 2014). As content of barley increases, forage digestibility decreases, so that pea monoculture often 

has the least ADF content and is milder. In the study of replacement and additive intercropping of 

fenugreek to barley, it was reported that the highest ADF was obtained in barley monoculture and the 

least content was obtained in fenugreek monoculture (Tarifi, et al., 2018). 
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The results indicated that year and seed plant had no significant effect on NDF, while seed 

plant×mixing ratio interaction was significant (Table 2). The lowest content (32.90%) of NDF was 

recorded from vetch monoculture and the highest content (36.97%) was recorded from barley 

monoculture (Table 2). The results were predictable since legumes were lower in cellulose and 

hemicellulose than cereals. Comparison of interaction showed that barley monoculture without rice husk 

seed plant had the highest (38.60%) and vetch monoculture with rice husk seed plant had the lowest 

(32.10%) ADF (Table 3). NDF has been identified as an indicator of plant cell wall expression as well as 

an important factor in determining animal feed intake (Aydemir, 2018). In the past, only the percentage 

of crude fiber was evaluated for ruminants, while currently it has been found that this criterion does not 

fully determine the digestibility in most cases (Aydemir, 2018). 

Table 3: comparison of mean of seed plant×seed ratio interaction on the evaluated traits in agricultural 

farms of Rasht during 2014-2015 
Treatment 

WSC 

(%) 

ADF 

(%) 

NDF 

(%) 

DDM 

(%) 

RNV 

(%) 

Crude 

protein 

(%) 

Forage 

yield 

(kg/ha) 

Protein 

yield 

(kg/ha) 

LER 
Seed plant × seed ratio 

W
it

h
o

u
t 

se
ed

 p
la

n
t 

Vetch monoculture 18.71b 40.44ae 33.70ca 59.42 165.6a 21.20 4956 1051.8 - 

Barley monoculture 18.82d 41.46bcd 38.60a 55.57 134.2d 13.68 9753 1416.0 - 

25%vetch + 

75%barley 

replacement 

19.17b 43.35abc 35.53bc 56.58 168.4a 15.70 9494 1668.6 1.44 

20%vetch added to 

barley 
16.75d 41.26cde 31.77d 57.46 141.3cd 17.53 9911 1534.4 1.51 

40%vetch added to 

barley 
17.10cd 42.70ab 36.47ab 55.29 139.8cd 15.46 10322 1665.8 1.57 

60%vetch added to 

barley 
21.04a 41.13cda 37.43ab 55.91 148.5bc 16.26 10917 1710.1 1.66 

W
it

h
 s

ee
d

 p
la

n
t 

Vetch monoculture 13.14f 41.20cde 32.10d 58.46 171.9a 20.74 5303 1098.3 - 

Barley monoculture 18.39b 42.07abc 35.33bc 54.73 144.4bcd 12.89 9889 1268.0 - 

25%vetch + 

75%barley 

replacement 

14.05ef 43.20a 33.35cd 55.03 153.2b 15.82 11055 1693.0 1.60 

20%vetch added to 

barley 
18.88b 41.64bcd 35.22bc 57.36 148.0bc 14.98 10889 1753.7 1.58 

40%vetch added to 

barley 
18.31bc 41.66bcd 35.60bc 56.43 145.0bcd 16.14 12055 2078.5 1.76 

60%vetch added to 

barley 
14.40e 39.95e 36.48ab 56.76 153.4b 16.88 11511 1964.1 166 

In each column, the treatments having at least one letter in common do not have a significant difference in LSD at 5% 

probability level. 

3.3 DIGESTIBLE DRY MATTER 

The results showed that the effect of year was significant on DDM (Table 1). A comparison of 

means showed that the first year of the experiment (57.05%) was significantly better than the second 

year (56.12%) (Table 2). The effect of seed plant was insignificant on DDM but the effect of seed ratio 

was significant (Table 1). Results showed that vetch monoculture had higher (58.94%) DDM than other 

treatments and the lowest matter (55.15%) was obtained from barley monoculture (Table 2). Overall, 

vetch monoculture without rice husk seed plant recorded the highest (59.42%) and barley monoculture 

with rice husk seed plant recorded the lowest (54.73%) DDM (Table 3). A DDM is a part of forage that 

is absorbed by the animal at a certain level of its consumption and is useful for the animal if its content is 
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above 50% (Najafabadi, et al., 2017). According to results of an experiment, the lowest content of DDM 

was obtained from forage maize monoculture and increased with increasing vetch ratio, so that the 

highest content (53.4%) was obtained from forage maize×vetch (Javanmard, et al., 2014). The above 

results indicated higher vetch digestibility and the higher the vetch contribution to forage, the higher 

forage digestibility. 

3.4 RELATIVE NUTRITIONAL VALUE 

Results indicated that seed plant×seed ratio interaction was significant on RNV (Table 1). Overall, 

vetch monoculture without rice husk seed plant (171.9%) recorded the highest and barley monoculture 

without rice husk seed plant (134.2%) recorded the lowest values (Table 2). The results also showed that 

there was no significant statistical difference between most of the intercropping treatments. RNV is one 

of the important factors for qualitative evaluation of forage. It was reported that the increase in RNV of 

forage in intercropping compared to monoculture was 3 to 22.7% (Wang et al., 2012). In another 

experiment, it was noted that forages with RNV>151% had premium quality (Majidi Dizaj, et al., 2014). 

Therefore, it can be concluded that most intercropping forage obtained from the above study is of high 

quality. 

3.5 CRUDE PROTEIN 

The results of the composite analysis showed significant effect of crude protein on year and the first 

year (17.18%) was better than the second year (15.70%) (Table 2). Among the experimental factors, 

only seed ratio had a significant effect (Table 1). Among the tested ratios, vetch monoculture provided 

the highest protein content (20.97%) and the lowest crude protein content (13.29%) was obtained from 

barley monoculture (Table 2). Given that the leaves were more plentiful and edible and stems were 

thinner, increased crude protein content was not unexpected in the vetch monoculture. Crude protein is a 

combination of real protein and non-protein nitrogen compounds that are essential for growth and 

lactation. Other studies also observed an increase in crude protein in intercropping than monoculture 

(Klimek Kopyra et al., 2015). Since crude protein has a direct relationship with nitrogen content of the 

plant, more stabilization, and availability of nitrogen may increase nitrogen uptake for barley 

intercropping. Reportedly percentage of nitrogen stabilized by legumes was transferred to maize in 

intercropping (Khalesi, 2017). Another experiment showed that intercropping legumes and grains such 

as wheat and triticale increased forage protein content and ultimately improved feed quality. In their 

study, adding lentils to forage composition increased protein content (Wang et al., 2012). 

3.6 DRY FORAGE YIELD 

Dry forage yield is one of the most important indices in forage cultivation, with many of the results 

such as successfulness being measured based on that. Results showed that the effect of year was not 

significant on dry matter yield (Table 1). The effect of seed plant was significant on dry forage yield and 

dry forage yield was better in rice husk seed plant treatment (10117 kg/ha) compared to the treatment 

without rice husk seed plant (9225 kg/ha) (Table 2). There was also a significant difference between seed 

ratio treatments; as expected, vetch monoculture with average forage yield of 5129 kg/ha had the lowest 

and 40% vetch + 60% barley additive intercropping had the highest dry forage yield (Table 2 ). Overall, 

40% vetch added to barley with mulch (12055 kg/ha) obtained the highest and vetch monoculture 

without rice husk seed plant (4956 kg/ha) obtained the lowest dry forage yield (Table 3). 
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Increase of dry forage yield in 40% forage vetch + barley additive treatment indicated that 

environmental factors such as sunlight were used better in this composition and the light passing through 

at early stages of growth from barley canopy because of proper distance between the leaves penetrated 

into the vegetation and well used by the clover to spread the canopy. In the study of monoculture and 

intercropping of triticale and Vicia villosa, it was also reported that 50% vetch + 50% intercropping had 

better forage yield than monoculture in an experiment on maize and clover (Nasiri, et al., 2015). Triticale 

had the highest dry matter yield (8850 kg/ha) and protein yield (1412.2 kg/ha) (Shobairi, et al., 2011). 

Researchers have attributed the increase in dry forage production in intercropping treatments to 

complimentary use of water, nutrients, and light due to differences in morphology and physiology of 

these plants such as height, depth of root development, and thin and broadleaf and photosynthesis of the 

plants (Moradi, et al., 2015).  

3.7 FORAGE PROTEIN YIELD 

The results of the composite analysis of data indicated that forage protein yield was not significant 

in additive or replacement intercropping, but there was a significant difference between years of 

experiment (Table 1). The first year (1633.9 kg/ha) was better than the second year (Table 2). There was 

a significant difference between seed ratios (Table 1). Monoculture of vetch and barley had the lowest 

forage protein yield due to lack of forage yield and crude protein deficiency, respectively. There was no 

significant difference between intercropping treatments. Overall, the highest forage protein yield was 

obtained from 40% vetch added to barley with rice husk seed plant (2078.5 kg/ha) and the lowest yield 

was obtained from vetch monoculture with control without mulch (1051.8 kg/ha) (Table 3). In another 

experiment, the highest forage protein yield was obtained from 30% vetch + 100% triticale additive 

intercropping (Nasiri, et al., 2015). A similar report has found a dramatic increase in crude protein yield 

due to legume-grass intercropping (Yang et al., 2018). Since forage protein yield is obtained by 

multiplying the crude protein by forage yield, the increase in protein yield in intercropping may be 

related to their better dry forage yield. Because dry forage yields appear to have a greater contribution in 

protein yield. One of the major advantages of legume-grass intercropping is the increase in crude protein 

yield over grass monoculture (Najafabadi, et al., 2017). In the experiment of the effect of monoculture 

and different ratios of maize-bean intercropping on quantitative and qualitative yield of forage, it was 

reported that crude protein yield was better in intercropping than monoculture and the highest dry forage 

yield was obtained from 65% vetch + 35% oat (Nazari et al., 2014). It was also reported that the highest 

crude protein yield was obtained from 50% barley + 50% fennel intercropping (1528.2 kg/ha) (Kiani, et 

al., 2014). Another study also showed that 50% vetch + 50% barley treatment obtained higher protein 

yields than monoculture (Molla et al., 2018). 

3.8 LAND EQUIVALENCE RATIO 

The treatment with mulch (1.67) was also higher than the treatment without mulch (1.5) (Table 2). 

Among the intercropping treatments, 40% and 60% additive intercropping (1.66) obtained the highest 

and thus it is recommended. Overall, rice husk seed plant and 40% vetch + 60% barley additive 

intercropping is better and recommended. The results showed that the land equivalence ratio of dry 

matter showed the superiority of two 40% + 60% additive treatments. The results showed ecological 

superiority of intercropping and efficient use of growth resources. The superiority due to inter-species 
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competition is less than intra-species competition. An experiment reported that 75% barley + 25% vetch 

intercropping (1.51) achieved the highest land equivalence index (Hervani & Dizaj, 2012). In another 

study, the highest land equivalence ratio was obtained from 60% vetch to 100% triticale (1.61) 

intercropping (Nasiri, et al., 2015). 

 CONCLUSION 4.

In the present study, the results showed that seed plants had no effect on most qualitative traits. 

Based on the results, higher ratio of vetch improved forage quality due to higher quality traits. Among 

seed ratios, 40% vetch + 60% barley recorded the highest land equivalence ratio for the calculated 

yields. In the present study, land equivalence ratio was higher in the treatment with rice husk seed plant 

due to better seedling establishment. The results also indicated that all intercropping treatments had 

higher forage protein yield than monoculture and were divided into separate statistical groups. However, 

no significant differences were observed between the intercropping treatments. Since the highest forage 

yield was obtained from 40% vetch + barley with rice husk seed plant, this treatment achieved the 

highest land equivalence ratio. In addition, 40% vetch + barley with rice husk seed plant can be 

introduced as a better treatment due to most quantitative traits. Regarding the importance of sustainable 

agriculture and quality of forage source and the importance of availability of forage for livestock feeding 

and the importance of comparative indices, additive intercropping and intercropping in rice husk seed 

plant is recommended for cultivation in paddy fields of Rasht. 
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