
ABSTRACT: To identify the optimum intercropping system of sorghum and clover in terms of quantity and quality of forage yield, a two-

year experiment was conducted in a semi-arid region of Iran, during the 2016 and 2017 growing seasons. Treatments consisted of eight 

cropping systems: S75C25 (75% sorghum + 25% clover), S50C50 and S25C75, as replacement series; S100C50, S50C100, and S100C100 as additive 

series; and sole cultures of sorghum and clover. The highest and lowest dry matter (DM) yield (29.17 and 10.71 Mg·ha-1) were found in the 

S100C100 and clover monoculture systems, respectively. Although the highest content of crude protein (CP) and digestible dry matter (DDM) 

were recorded from clover monoculture, the maximum yield of CP and DDM were obtained from the S100C100. Increasing the proportion 

of clover in intercropping decreased the acid detergent fiber and neutral detergent fiber, increased the relative feed value, net energy for 

lactation and dry matter intake. Increasing the proportion of sorghum in intercropping improved the yield of DM, CP and DDM. The land 

equivalent ratio for DM yield was higher than one in all intercropping treatments but were significantly higher in the additive intercropping 

systems. Overall, it could be concluded that sorghum and clover additive intercropping systems increased forage yield and quality, however 

if simultaneous increase of the quantity and quality of forage is the interest of this study then the S100C100 system had a significant advantage 

over other treatments and can be a suitable alternative for sorghum and clover monoculture systems in semi-arid regions.
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INTRODUCTION

Inefficient use of available limited resources is one of the most important factors that limit crop production in semi-
arid climates (Golzardi et al. 2017). On the other hand, in many other regions around the world, the area of arable land is 
declining (Zhang et al. 2011) and climate change and the spread of environmental stresses in recent years have intensified, 
reducing effects on crop yields (Golzardi et al. 2012). In semi-arid conditions, irregular rainfall combined with low soil 
fertility reduces the optimum production of monoculture systems. Potential methods for maximizing crop production 
efficiency using limited resources in semi-arid conditions include using low demanding crops for resources, applying 
water-saving techniques (Golzardi et al. 2017), and intercropping (Iqbal et al. 2019). Intercropping provides stability in the 
cultivation system by increasing yield (Bakhtiyari et al. 2020). Many problems due to modern agriculture can be partially 
resolved by employing an intercrop cultivation system (Lithourgidis et al. 2011). Also, the optimal planting arrangement 
is an important factor in intercropping systems that determines the optimal use of available resources, including radiation 
(Bakhtiyari et al. 2020). According to the literature, intercropping affects forage qualities, including neutral detergent fiber 
(NDF), acid detergent fiber (ADF), total digestible nutrients (TDN), digestible dry matter (DDM), dry matter intake (DMI) 
and relative feed value (RFV) (Lithourgidis et al. 2006). Forage with low amounts of NDF or ADF is of higher quality than 
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forage with high amounts of ADF and NDF (Ates et al. 2010). Iqbal et al. (2018) reported that forage sorghum intercropped 
with soybean in 2–3 row proportion produced the highest protein and ash content along with the lowest fiber concentration.

Berseem clover (Trifolium alexandrinum) is one of the important forage legumes that has rapid growth, high atmospheric 
nitrogen fixation capacity, high production potential and high forage quality (Fracchiolla et al. 2018). Sorghum (Sorghum 
bicolor) is a C4 tropical crop that has various advantages over other forage plants, including high resilience to environmental 
stresses, especially drought and heat, and has become one of the most important forage crops in arid and dry areas (Zerbini and 
Thomas 2003). In general, C4 plants, such as sorghum, require more radiation and heat than C3 plants, such as clover (Hibberd 
et al. 2008) and it seems that in the summer cultivation, clover can benefit and grow well under the canopy of sorghum.

It was hypothesized that intercropping systems of sorghum and clover increased forage yield and quality compared to the 
sole culture of sorghum. Due to the increasing need for more forage production in arid and semi-arid regions, determining 
the optimum intercropping pattern of forage plants that have a good quantity and quality yield is very important. Many 
studies have been done about legume-cereal intercropping (Lithourgidis et al. 2006; Lithourgidis et al. 2011; Zhang et al. 
2011; Vlachostergios et al. 2018), but these studies have focused on the replacement series, not on additive intercrops. 
Therefore, the influence of additive intercropping systems of these crops on forage quality is not well documented. The 
present study aimed to evaluate the forage yield and quality of sorghum and clover under additive and replacement series 
to determine the most suitable intercropping system for a semi-arid environment.

MATERIAL AND METHODS

This experiment was conducted at the Research Farm of Seed and Plant Improvement Institute, Karaj, Iran (35°47’N, 
50°56’E, 1278 m elevation) with a semi-arid environment during the 2016 and 2017 cropping seasons. The soil was loamy-
clay with a pH of 7.2 at the study site. The physical and chemical properties of the soil of the study location are presented in 
Table 1. The meteorological characteristics of the two years of the study site, including average, maximum and minimum 
temperatures, and cumulative rainfall are shown in Table 2.

Table 1. Physical and chemical properties of the soil (0–30 cm) at the experimental site during the two growing seasons.

Year Texture Total nitrogen 
(%)

Available 
phosphorus 

(mg·kg-1)

Available 
potassium 
(mg·kg-1)

Organic 
matter (%) pH EC (dS m-1)

2016 Clay-loam 0.06 12.6 256 0.58 7.24 2.22

2017 Clay-loam 0.07 12.5 259 0.59 7.23 2.24

Table 2. Monthly average of air temperature and cumulative rainfall during the two growing seasons at the experimental site.

Month
Mean temperature (°C) Minimum temperature 

(°C)
Maximum temperature 

(°C) Rainfall (mm)

2016 2017 2016 2017 2016 2017 2016 2017

June 25.4 26.1 15.5 15.9 34.2 34.8 0 0

July 27.5 28.7 18.8 19.2 35.9 37.0 0 0.4

August 27.3 27.3 18.4 18.3 35.5 35.7 0 0

September 22.8 23.1 14.7 14.9 32.1 32.4 0 0

October 15.7 15.9 8.4 8.5 24.2 24.3 2.4 4.8

November 7.4 10.7 4.0 4.8 15.7 17.9 0.9 0.6

This study was conducted based on a randomized complete block design with three replications. Experimental treatments 
included eight cropping systems (three replacement intercropping patterns, three additive intercropping patterns and 



3Bragantia, Campinas, 80, e1421, 2021

Sorghum-clover intercropping systems

monoculture of sorghum and clover). Replacement series consisted of S75C25 (three rows of sorghum, one row of clover), 
S50C50 (one row of sorghum, one row of clover), and S25C75 (one row of sorghum, three rows of clover). Additive series 
included S100C50 (sorghum seeding rate at 100% + 50% clover seeding rate), S50C100 and S100C100.

Each plot consisted of six planting rows (0.6 m wide and 6 m long). In monoculture and replacement intercropping 
treatments, a single-row planting pattern was used and planting was performed in the middle of the ridges. In additive 
intercropping treatments, a double-row planting pattern was used and the two species studied were planted on both sides 
of the ridges. The distance between sorghum and clover plants on the sides of each ridge was considered 0.2 m. In both 
experimental years, planting operations were performed on June 1st. To prepare the soil for this experiment, the land was 
moldboard plowed and then prepared by planting two discs perpendicular to each other. The seeding rate for sole cultivation 
of sorghum and clover was 15 and 25 kg.ha-1, respectively.

The first and second cuts were harvested at the end of the vegetative growth stage of sorghum, with the appearance of 
the first sorghum inflorescences. At the first and second harvests, berseem clover plants were at the 10 and 50% flowering 
stage, respectively. The third cut was harvested at the 25% flowering stage of the clover. To determine forage yield, plants were 
harvested from four rows in the middle of each plot by removing 0.5 m from the beginning and end of all rows (marginal 
effect) and after weighing, sorghum and clover forage yields were measured separately. To determine the DM yield and 
forage quality, fresh samples of sorghum (five plants) and clover (2 kg) were randomly selected and dried in a forced air 
oven at 65 °C until weight did not change and remained constant. Finally, based on the percentage of DM in sorghum and 
clover samples of each cut, the DM yield of these plants was calculated and, to determine the total DM yield, the yield of 
the three cuts were added together. To measure forage quality, the dried samples of each cut were milled and then passed 
through a 1 mm sieve. In the next step, considering the relative DM yield of sorghum and clover in each plot and in each cut, 
a mixed sample of milled forage of three cuts was prepared. Crude protein (CP) content was measured by Kjeldahl method 
(Kjeldahl 1883) and NDF, ADF and ash were measured by using standard processes of Association of Official Analytical 
Chemists (AOAC) (Horwitzta, 2000). Digestible dry matter (DDM), DMI, TDN, RFV and net energy for lactation (NEL) 
were calculated using Eqs. 1–5 (Lithourgidis et al. 2006; Sadeghpour et al. 2013):

DDM = 88.9 − (0.779 × %ADF)
DMI = 120 / %NDF

TDN = (−1.291 × %ADF) + 101.35
RFV = %DDM × %DMI × 0.775

NEL = (1.044 − (0.0119 × %ADF)) × 2.205

The land equivalent ratio (LER) index was used to evaluate the efficiency of intercropping. Land equivalent ratio for 
DM yield was calculated using Eqs. 6–8 (Mead and Willey 1980; Dhima et al. 2007):

LER = (LERc + LERs)
LERc = (Yci / Yc)
LERs = (Ysi / Ys)

In these equations, LERc and LERs are the partial LER of clover and sorghum, Yci and Ysi are the DM yields of clover and 
sorghum in the intercropping system and Yc and Ys are the DM yields of clover and sorghum in monoculture conditions, respectively.

The land equivalent ratio for nitrogen yield (LERN) was calculated using Eqs. 9–11 (Mead and Willey 1980; Vlachostergios 
et al. 2018):

LERN = (LERNc + LERNs)
LERNc = (NYci / NYc)
LERNs = (NYsi / NYs)

(1)
(2)
(3)
(4)
(5)

(6)
(7)
(8)

(9)
(10)
(11)
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In these equations, LERNc and LERNs are the partial LERN of clover and sorghum, NYci, and NYsi are the nitrogen 
yields of clover and sorghum under intercropping conditions and NYc and NYs are the nitrogen yields of clover and sorghum 
in monoculture conditions, respectively.

Based on the homogeneity of experimental errors in two years, a combined analysis of variance was used to analyze the 
data. Data were analyzed using general linear model (GLM) procedures of SAS 9.1 (SAS Institute, 2003) and the means were 
compared by the least significant difference (LSD) test at the 5% probability level. Due to the non-significant interaction of 
the year and treatment, the two-year average of traits was reported.

RESULTS AND DISCUSSION

Dry matter yield

The highest (29.69 Mg.ha-1) and the lowest (10.71 Mg.ha-1) DM yield were recorded for the S100C100 additive intercropping 
and the clover monoculture, respectively (Table 3). Because sorghum is a C4 plant and its dry matter production per unit 
area is higher than that of berseem clover, in those treatments that sorghum had a higher ratio, the final yield was higher 
per unit area. The S100C50 additive intercropping treatment was ranked second in terms of DM yield. The highest DM 
yield of sorghum or clover plants was obtained in monoculture; however, the DM yield of sorghum monoculture was not 
significantly different from the S100C100 treatment (Table 3). This showed that in the intercropping systems with the addition 
of clover, the yield of sorghum did not show a significant decrease, but sorghum benefited from clover due to its effects on 
soil nitrogen improvement, but the combined ratio of sorghum and clover due to higher biomass produced by sorghum 
has a greater impact on total DM production.

Table 3. Effects of cropping systems on the DM yield, CP yield and content and DDM yield and content.

Cropping 
systemª

Dry matter (DM) yield (Mg·ha-1) Crude protein (CP) Digestible dry matter (DDM)

Sorghum Clover Total Content 
(g·kg-1)

Yield  
(Mg·ha-1)

Content 
(g·kg-1)

Yield  
(Mg·ha-1)

Sole sorghum 24.02a - 24.02bc 81e 1.94de 592bc 14.25c

Sole clover - 10.71a 10.71e 161a 1.72e 657a 7.03e

S75C25 18.41bc 3.11e 21.52cd 96d 2.07cde 588c 12.64cd

S50C50 15.78cd 6.47cd 22.25c 106cd 2.35c 602bc 13.40cd

S25C75 9.43e 9.02b 18.44d 121b 2.23cd 614b 11.32d

S100C50 21.38ab 6.24d 27.62ab 102d 2.81ab 595bc 16.45ab

S50C100 14.49d 9.79b 24.28bc 114bc 2.76b 609bc 14.81bc

S100C100 22.49a 7.20c 29.69a 107cd 3.16a 598bc 17.75a

L.S. ** ** ** ** ** ** **

LSD0.05 3.86 0.81 3.63 11 0.36 22 2.19

ª S75C25, 75% sorghum + 25% clover; S50C50, 50% sorghum + 50% clover; S25C75, 25% sorghum + 75% clover; S100C50, 100% sorghum + 50% clover; S50C100,  
50% sorghum + 100% clover; S100C100: 100% sorghum + 100% clover. Means are averaged over two growing seasons. Means in the same column followed by 
the same letter are not significantly different according to the LSD test (p < 0.05). L.S.: level of significance. ** p < 0.01.

Other researchers have also reported decreased yield of each plant in the intercropping treatments compared to their 
sole culture in legume-cereal intercropping (Bedoussac and Justes 2010; Vlachostergios et al. 2018). Some researchers 
believe that the competition between species in intercropping reduces yield and the cereals are more competitive in the 
cereal-legume intercropping (Sadeghpour et al. 2013; Vlachostergios et al. 2018). Also, Abusuwar and Bakshawain (2012) 
reported that intercropping of 100% sorghum + 100% cowpea produced the highest forage yield. In this study, sorghum had 
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higher competitiveness and a greater share in DM yield, due to faster growth rate, high production capacity in the semi-
arid region (C4 photosynthetic system), more height and shading on clover. In general, intercropping, through providing 
a better soil cover and reducing the evaporation, can provide the possibility of applying slightly longer irrigation periods 
in arid and semi-arid areas and produce a reasonable yield along with saving water (Amanullah et al. 2020). The results of 
this experiment showed that the average yield of replacement intercropping treatments (20.74 Mg.ha-1) was lower than the 
average yield of additive intercropping systems (27.20 Mg.ha-1) (Table 3). Higher forage yield of legume-cereal intercropping 
systems in additive series compared to replacement series was reported before (Bulson et al. 1997; Neumann et al. 2007).

Crude protein

Crude protein is a combination of real protein and non-protein nitrogen compounds that are essential for the growth 
and production of milk (Baghdadi et al. 2017). The CP content is one of the most important factors in determining forage 
quality and is always considered in the evaluation of cereal-legume intercropping systems (Ates et al. 2010; Bakhtiyari et al. 
2020). As expected, the highest CP content (161 g.kg-1 of DM) was obtained in the clover monoculture (Table 3). Because 
legumes are rich in protein (Lithourgidis et al. 2006), it is recommended that these plants be grown in a mixture with 
cereals to increase the protein content of the forage. With increasing the clover proportion in the intercropping systems, 
CP content also increased, and the S25C75 replacement intercropping treatment had the highest CP content (121 g.kg-1 of 
DM). However, high protein content alone cannot indicate high forage suitability as high protein content can be counterpart 
by low yield and, on the other hand, lower protein content can be along with high production at the unit area. Therefore,  
CP yield, which is the outcome of both CP content and DM yield, can be a better indicator of forage quality. The highest CP 
yield (3.16 Mg.ha-1) was obtained from the S100C100 treatment, because this treatment also had the highest DM yield. Clover 
monoculture treatment had a lower CP yield despite high protein content (Table 3). In the intercropping systems, legumes 
play an important role in increasing forage quality (Maxin et al. 2017; Vlachostergios et al. 2018). Sanderson (2010) reported 
that the ratio of legumes in grass-clover intercropping systems was positively correlated with CP content. Similar results have 
been reported by Bakhtiyari et al. (2020). Javanmard et al. (2009) showed that intercropping of barley with beans, lentils 
and chickpeas increased the forage protein yield by 64, 27 and 55%, respectively, compared to the sole culture of barley.

Digestible dry matter

The content of DDM is one of the most important variables of forage quality. The results of this study showed that 
DDM in clover was higher than sorghum, so, with the increasing ratio of clover in the intercropping systems, the DDM 
content of forage increased (Table 3). The reason for the high digestibility of clover in comparison with sorghum can be 
attributed to the high leaf/stem ratio and herbaceous stem due to its low ADF and NDF (Bakhtiyari et al. 2020). Among 
the intercropping systems, the highest DDM content (614 g.kg-1 of DM) was found in the S25C75 treatment and the S75C25 
treatment had the lowest (588 g.kg-1 of DM). The rest of the intercropping treatments were not significantly different in 
terms of DDM content (Table 3). The highest DDM yield was obtained in the S100C100 intercropping treatment (Table 3). The 
S25C75 replacement intercropping treatment also had the lowest DDM yield after clover monoculture (Table 3). Sadeghpour 
et al. (2013) also showed that DDM content increased with increasing legume ratio in intercropping systems and among 
intercropping patterns, the highest DDM yield was obtained in 100% barley + 40% annual medic.

Acid detergent fiber and neutral detergent fiber

The acid detergent fiber (ADF) contains cellulose and lignin and NDF contains hemicellulose, cellulose and lignin, 
which are important factors in determining forage quality (Baghdadi et al. 2017). A forage with lower concentrations of 
ADF and NDF and a higher DMI content can be considered as high quality (Ates et al. 2010). According to the results, the 
content of ADF and NDF in sorghum was higher than the clover (Table 4). Therefore, among the intercropping systems, 
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S75C25 treatment had the highest ADF and NDF content (387 and 640 g.kg-1 DM, respectively). Increasing the proportion 
of clover in intercropping systems reduced the ADF and NDF content (Table 4). By comparison of DDM and ADF, it can 
be concluded that these two traits are inversely related to each other, i.e., the treatment with higher DDM has the lowest 
ADF. In this study, the presence of clover in the intercropping systems increased the forage quality, because increasing the 
ratio of clover in intercropping systems increased the CP content, reduced the ADF and NDF and improved the quality 
and palatability of forage. Contreras–Govea et al. (2006) reported that the NDF and ADF contents of clover were lower 
than that of wheat and were moderate in mixed cultivation. Also, Lauriault and Kirksey (2004) noted that intercropping 
of winter pea with forage cereals reduced the ADF content of forage compared to cereals monoculture. Javanmard et al. 
(2009) also showed that intercropping of legumes with maize reduced the concentration of NDF and ADF compared to 
maize monoculture and thus increased the potential of forage consumption by livestock.

Table 4. Effects of cropping systems on the ADF, NDF, CF, ash, TDN, DMI, RFV and NEL.

Cropping 
systemª

ADF
(g·kg-1)

NDF
(g·kg-1)

CF
(g·kg-1)

Ash
(g·kg-1)

TDN
(g·kg-1)

DMI
(g·kg-1)

RFV
(%)

NEL
(Mcal·kg-1)

Sole sorghum 381ab 669a 313a 84f 522bc 17.94e 82.6d 1.30bc

Sole clover 298c 501e 266c 135a 629a 23.95a 122.2a 1.52a

S75C25 387a 640ab 307a 90e 514c 18.80de 85.6d 1.29c

S50C50 368ab 622bc 302ab 98d 539bc 19.32cde 90.1cd 1.34bc

S25C75 353b 576d 286bc 112b 558b 20.87b 99.3b 1.38b

S100C50 378ab 626bc 304ab 98d 526bc 19.24cde 88.7cd 1.31bc

S50C100 359ab 591cd 284bc 104c 550bc 20.36bc 96.1bc 1.36bc

S100C100 374ab 619bc 297ab 98d 531bc 19.44cd 90.2cd 1.32bc

L.S. ** ** ** ** ** ** ** **

LSD0.05 28 43 20 5 37 1.37 7.7 0.07

ª S75C25, 75% sorghum + 25% clover; S50C50, 50% sorghum + 50% clover; S25C75, 25% sorghum + 75% clover; S100C50, 100% sorghum + 50% clover; S50C100,  
50% sorghum + 100% clover; S100C100: 100% sorghum + 100% clover. Means are averaged over two growing seasons. Means in the same column followed by 
the same letter are not significantly different according to the LSD test (p < 0.05). L.S.: level of significance. ** p < 0.01.

Crude fiber

Sorghum had a higher crude fiber (CF) content than clover and intercropping systems with a higher sorghum ratio 
showed a higher CF content (Table 4). The highest CF content (313 g.kg-1 of DM) was obtained from sorghum monoculture, 
which was not significantly different from the S75C25, S50C50, S100C50 and S100C100 treatments (Table 4). As the ratio of clover 
in intercropping systems increased, the CF content decreased, which is probably due to the coexistence of clover with 
nitrogen-fixing bacteria in atmospheric nitrogen uptake and the role of nitrogen in increasing CP and decreasing CF 
content (Bakhtiyari et al. 2020). Lithourgidis et al. (2011) studied the forage CF content of common vetch-cereal mixtures 
and reported similar results. Contreras–Govea et al. (2006) reported that the wheat-clover intercropping system had better 
forage quality and lower CF content compared to the sole cultivation of wheat. Javanmard et al. (2009) have reported similar 
results in a study of intercropped maize with vetch, bitter vetch, berseem clover and common bean.

Ash

The ash content of forage indicates the amount of minerals in plant tissues and these elements, including phosphorus 
and calcium, are necessary and important for the cell functioning and animal metabolism (Baghdadi et al. 2017). The 
highest ash content (135 g.kg-1 of DM) was obtained from berseem clover monoculture and increasing the ratio of clover 
in the intercropping systems increased the ash content of the forage. Among intercropping systems, the highest and lowest 
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ash content (112 and 90 g.kg-1 of DM, respectively) were found in the S25C75 and S75C25 treatments, respectively (Table 4). 
Ayub et al. (2004) also reported that forage ash content increased with increasing the ratio of rice bean in intercropping 
with sorghum. Javanmard et al. (2009) also showed that the lowest forage ash content was observed in the sole culture of 
maize, but intercropping of maize with legumes increased it.

Total digestible nutrient

The results showed that the clover TDN content was higher than the sorghum (Table 4). Although there was no significant 
difference among intercropping systems in terms of TDN content and only S75C25 treatment had lower TDN content, which 
might be due to the higher proportion of sorghum in this cropping system. The highest TDN content (629 g.kg-1 of DM) 
was recorded from clover monoculture (Table 4). Lithourgidis et al. (2006) reported an increase in TDN content in mixed 
cultivation of vetch with oat and triticale. Sadeghpour et al. (2013) reported that the lowest TDN content was observed in 
sole barley culture and additive intercropping of barley with annual medic increased the TDN content in produced forage.

Dry matter intake

Having a higher DMI indicates a better voluntary intake of fodder by livestock (Sadeghpour et al. 2013). The results 
showed that the highest DMI (23.95 g.kg-1 of animal body weight) was obtained in clover monoculture. The intercropping 
systems with a higher clover ratio had higher DMI; therefore, the S25C75 and S75C25 treatments had the highest and lowest 
DMI among intercropping systems, respectively (Table 4). Sadeghpour et al. (2013) reported that the intercropping of 
barley with annual medic increased DMI, compared to the sole culture of barley and this trait significantly increased with 
increasing legume ratio in the mixture.

Relative feed value

The maximum and minimum RFV (122.2 and 82.6%, respectively) were calculated in the sole culture of clover and 
sorghum, respectively (Table 4). Increasing the ratio of clover in the intercropping systems increased RFV, which may be 
due to the low ADF and NDF in clover. Among the intercropping treatments, the highest (99.3%) and the lowest (85.6%) 
RFV were recorded in the S25C75 and S75C25 treatments, respectively (Table 4). Sadeghpour et al. (2013) showed that, in 
the barley and annual medic intercropping, the RFV was higher than the sole barley and RFV significantly increased with 
increasing legume ratio in the mixture.

Net energy for lactation

The highest amount of NEL (1.52 Mcal.kg-1 DM) was recorded from clover monoculture and, with increasing the ratio 
of clover in the intercropping systems, the amount of NEL increased. Among the intercropping treatments, the highest  
(1.38 Mcal.kg-1 DM) and the lowest (1.29 Mcal.kg-1 DM) NEL were obtained from the S25C75 and S75C25 treatments, respectively 
(Table 4). The results showed that if sorghum is grown with a higher clover ratio as an additive intercropping system, it 
would have more NEL due to the reduction of ADF and NDF. Sadeghpour et al. (2013) reported that the lowest amount of 
NEL was found in the sole culture of barley and the intercropping system of 100% barley + 40% annual medic significantly 
increased this trait.

The LER for DM yield

The most commonly used criterion in the evaluation of intercropping is the LER (Bulson et al. 1997). The highest LER for 
DM yield (1.61) was obtained in the S100C100 treatment (Fig. 1a). This indicates that in the sole cultures of clover or sorghum, 
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61% more land is needed to achieve a yield equivalent to the S100C100 intercropping system (Dhima et al 2007). Although LER 
was more than one in all intercropping treatments, the value of this index in the additive intercropping systems (1.53) was 
higher than replacement intercropping treatments (1.19) (Fig. 1a). The lowest LER for DM yield (1.05) was obtained in the 
S75C25 treatment, which was not significantly different from monocultures. As shown in Fig. 1, the partial LER of sorghum 
decreased with increasing clover ratio and, conversely, the partial LER of clover decreased with an increasing proportion 
of sorghum in the intercropping. According to Vlachostergios et al. (2018), if the partial LER for one of the intercropped 
crops is less than 0.5, the intercropping system has no advantage for that crop. In this study, the LER of clover in the S75C25 
treatment was 0.29 and the LER of sorghum in the S25C75 treatment was 0.4, but, in other intercropping systems, LER values 
for both species were higher than 0.5 and intercropping had an advantage over monoculture (Fig. 1a). The LER value 
greater than one in all intercropping systems indicates that, due to better use of land and environmental resources for plant 
growth, intercropping was superior to monoculture. Therefore, land use efficiency in intercropping systems was higher than 
monoculture. This result was consistent with the results of other researchers who reported the superiority of legume-cereal 
intercropping systems (Bedoussac and Justes 2010; Vlachostergios et al. 2018). In this experiment, it can be stated that clover 
had beneficial effects on sorghum by fixing nitrogen and improving its condition in the soil, also, reducing the competition 
among sorghum plants for nitrogen can also be one of the reasons for the high LER for DM yield (Amanullah et al. 2020).
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Figure 1. Land equivalent ratio for dry matter yield (a) and LER for nitrogen yield (LERN) (b), for the sorghum 
and clover intercropping systems. Means are averaged over two growing seasons. Means followed by the 
same letter are not significantly different according to the LSD test (p < 0.05).

S75C25, 75% sorghum + 25% clover; S50C50, 50% sorghum + 50% clover; S25C75, 25% sorghum + 75% clover; S100C50,  
100% sorghum + 50% clover; S50C100, 50% sorghum + 100% clover; S100C100: 100% sorghum + 100% clover.
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The LERN

The highest amount of LERN (1.71) was recorded in the S100C100 treatment followed by the S100C50 and S50C100 treatments. The 
lowest LERN (1.1) was obtained in the S75C25 replacement intercropping system (Fig. 1b). Although LERN was more than one in 
all intercropping treatments, the additive intercropping systems had a higher LERN. This result was consistent with the results of 
other researchers, who showed that LERN values in cereal-legume intercropping were greater than one (Neugschwandtner and 
Kaul 2015; Vlachostergios et al. 2018). Partial LERN values for each intercropping plant were similar to LER for DM yield. In this 
study, the calculated LERN values were higher than the LER values calculated for DM yield. It has been reported that the advantage 
of intercropping in nitrogen uptake is greater than the production of biomass (Bedoussac and Justes 2011). This is due to the 
complementary and efficient use of two associated species in the intercropping system of the soil mineral nitrogen and atmospheric 
N2. In addition, cereals are more competitive for soil nitrogen uptake, which makes legumes in the intercropping systems more reliant 
on atmospheric nitrogen fixation and increase nitrogen uptake (Bedoussac and Justes 2011). Cereals seem to be more competitive 
for nitrogen uptake than legumes due to faster and deeper root growth and higher demand for nitrogen (Bedoussac and Justes 2011; 
Neugschwandtner and Kaul 2015). Thus, high LERN values indicate the ecological role of legumes cereal intercropping systems as 
a sustainable way to increase the nitrogen content in low input agricultural systems (Vlachostergios et al. 2018).

CONCLUSION

This study showed that berseem clover, despite having high levels of CP, DDM, ash and TDN, is poor in terms of DM yield. 
Intercropping of this legume with sorghum, which is one of the tropical cereals with a high DM yield and consequently high CP and 
DDM yield, can eliminate the disadvantages of the sole culture of each of these two crops, because all intercropping systems in this 
experiment had an LER higher than both monocultures. Among the studied intercropping treatments, additive intercropping series 
were superior to replacement intercropping. Evaluation of LER and LERN indices, as well as forage yield and quality, showed the 
superiority and advantage of the S100C100 intercropping system over other treatments. The S100C50 and S50C100 intercropping systems 
also had good quantity and quality of forage and their superiority over monoculture treatments and replacement intercropping 
systems were significant. Therefore, it could be concluded that sorghum-clover additive intercropping systems can increase the 
forage yield and quality and could be a suitable alternative to sorghum and clover monoculture systems in the semi-arid regions.
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