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Abstract 

A 2 years field experiment was carried out in northern Tanzania with the aim of assessing the effects of maize-

soybean intercropping systems, Rhizobium inoculation and P and K supplementation on Land Equivalent Ratio. A 

three replicate experiment was laid out in a split-split plot design with the main plots comprised of Rhizobia 

inoculation (with and without). The sub plots comprised of three cropping systems and the sub-sub plots having 

seven fertilizer levels (kg ha-1): Control, 20, 40 K, 26, 52 P, 26 P + 20 K and 52 P + 40 K. The results indicated that 

compared with pure stand, intercropping maize with soybean was advantageous because all the values of LER were 

above 1.0. Supplementation of inputs such as Rhizobium inoculants and P and K fertilizers significantly (p<0.05) 

increased the LERs over the control. The rhizobial inoculated plots gave the highest LER of 1.73 and 1.61 grain and 

biological yield compared with un-inoculated plots which gave the lowest LER of 1.31 and 1.39 grain and biological 

yield respectively. P and K also significantly increased LER over the control. When compared with the narrower 

spacing, wider spacing of soybean resulted to a greater LER values suggesting the use of wider spacing for legume-

cereals intercropping. Hence, this study suggests that farmers should be advised to intercrop maize with soybean at 

a recommended spacing, and supplying with the recommended inputs above. However, application of P and K 

fertilizers will depend on the fertility status of the soil in respective area under consideration. 
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Introduction 

In agro ecosystems, intercropping allows better 

resource use efficiency hence reducing the needs for 

external inputs and moving towards agricultural 

sustainability (Beets, 1994; Dariush et al., 2006). It is a 

practice of growing two or more crops in the same 

piece of land at the same time (Sanchez, 1976). It plays 

an important role in subsistence food production in 

developing countries (Tsubo et al., 2005). It is has been 

well established that intercropping offers so many 

potential advantages such as: improved utilization of 

growth resources by the intercropped species (Banik et 

al., 2006); direct nitrogen transfer from legumes to 

cereals in intercropping (Giller and Wilson, 1991); 

Enhanced productivity due to nitrogen fixation (Maingi 

et al., 2001; Banik et al., 2006); used as a method of 

controlling weeds, insect pests, diseases (Smith and 

Mcsorley, 2000) and control of soil erosion (Jabbar et 

al., 2009; Matusso et al., 2012). However, 

intercropping may results in positive interactions 

(facilitations) or negative interactions (competitions) of 

the intercropped crop components. Positive interaction 

is good because the component crops under 

intercropping facilitate each other to achieve maximum 

yielding or productivity (Ghaffarzadeh et al., 1994; 

Ghosh, 2004; Knudsen et al., 2004). On the other 

hand, a negative interaction reduces the yield of the 

less competitive crops in intercropping. There are 

many indices/methods that have been developed to 

assessing these interactions in intercropping. These 

includes: relative crowding coefficient (RCC) (Gosh, 

2004), competitive ratio (CR) (Willey and Rao (1980), 

land equivalent ratio (LER) (Mead and Willey, 1980), 

aggressivity (A) (McGilchrist and Trenbath, 1971), and 

monetary advantage index (MAI) (Gosh 2004).  

 

Of these indices, the LER is mostly preferred and 

used index for comparisons of intercrop versus sole 

crop (Agegnehu, 2006; Esmaeili et al., 2011). LER is 

an accurate method of assessing the competitive 

relationship between the intercropped crops, and the 

overall productivity of intercropping system (Zada et 

al., 1988). It also measures how efficient are 

intercropping, it compares land areas required under 

monoculture or sole cropping to 

give the same yields as that obtained from the 

component crops of the intercrop (Federer and 

Schwager, 1982; Ndakidemi and Dakora, 2007; 

Brintha and Seran, 2009; Nyoki and Ndakidemi, 

2016).  

 

Based on the advantages of using LER in comparing 

intercropped crops, this study focused on LER as an 

index of assessing overall productivity and comparing 

intercropped crops. According to Gliessman (2007), 

the total LER of the intercropped crops should be 1.0 

and their partial LER should be 0.5 for each crop if 

the intercropped crops have the same agro-ecological 

characteristic. The resulting number from LER is a 

ratio that indicates the amount of land required to 

grow both crops together relative to the amount of 

land needed to grow sole crop of each and give the 

same yield (Amanullah et al., 2016).  

 

The LER with value greater than 1.0 indicates that 

intercropping is advantageous while the LER less 

than 1.0 shows that intercropping is disadvantageous 

(Dariush et al., 2006; Mohammed, 2011). For 

instance, a LER 1.25 indicates that an area planted 

sole crop or monoculture, would require 25% more 

land to produce the same yield as the same area 

planted in an intercrop (Laster and Furr, 1972; 

Dariush et al., 2006). On the other hand the LER of 

0.75 shows that the yield of intercropped crops was 

only 75% of the yield of pure stand. Regardless of the 

yield advantages in intercropping, there is little 

information on how variation and combination of 

inputs such as Rhizobium inoculants and P and K 

fertilizers may influence the yield advantages in 

intercropping over sole cropping.  

 

The objective of the current study was to assess the 

land equivalent ratio of the maize intercropped with 

soybean at different soybean spacing under Rhizobia 

inoculation and different levels of singly applied and 

combined P and K.  

 

Material and methods 

Experimental Design and Treatments 

The field experiment was conducted for two 

consecutive years (2015 and 2016 cropping seasons).  
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The experiment was carried out at Tanzania Coffee 

Research Institute (TaCRI) farm in northern 

Tanzania. The experiment was laid out in split-split 

plot design with factorial arrangement and replicated 

thrice. The plot measured 3 x 3 m.  

 

The main plots had two Rhizobia inoculation 

treatments, while the sub plots comprised the following 

treatments; Maize (sole crop) at a spacing of 75 x 60 

cm; Soybean (sole crop) at a spacing of 75 x 40 cm; 

Maize/soybean (intercropping system) at a spacing of 

75 x 60 cm and 75 x 20 cm, Maize and soybean 

respectively; and the last cropping system was 

Maize/soybean (intercropping system) at a spacing of 

75 x 60 cm and 75 x 40 cm, Maize and soybean 

respectively. The sub-subplots were treated with the 

following fertilizer levels (kg ha-1): control; 20 K; 40 K; 

26 P; 52 P; 26 P + 20 K; 52 P + 40 K. The sources of 

these elements were TSP for P and MOP for K 

 

Data collection  

At physiological maturity, the plants in the middle 

rows of each plot were counted and harvested for 

assessing grain yield and yield components of both 

soybean and maize. For yield components, 10 plants 

of both crops were sub-sampled from each plot to 

determine the biological yield in both soybean and 

maize. All pods and cobs from each plot were 

manually threshed separately and allowed to dry to 

13% moisture content for determination of gain yield.  

 

Determination of Land Equivalent Ratio (LER) 

The LER of grain and biological yield of maize and 

soybean was assessed in this study. Intercropping was 

assessed, relative to sole crops, by use of Land 

Equivalent Ratios (LERs), which is referred to as the 

proportion/amount of land area that is needed for 

sole cropping to produce the same yield as the 

intercropping (Mead and Willey, 1980). The following 

formula was used to calculate the LER.  

𝐿𝐸𝑅 = 𝐿1 + 𝐿2 =
𝑌𝐼1

𝑌𝑆1
+
𝑌𝐼2

𝑌𝑆2
 

 

L1 and L2 are the LERs for the individual crops (soybean 

and Maize), (YI1 and YI2 are the individual crop yields in 

intercropping, where YS1 and YS2 are their yields as sole 

crops.  

The partial LERs (L1 and L2) were then summed up to 

give the total LER for the intercrop. 

 

Statistical analysis 

The collected data was analysed using statistical 

software called STATISTICA. The statistical analysis 

was performed using analysis of variance (ANOVA) in 

factorial arrangement. The fisher’s least significance 

difference (L.S.D.) was used to compare treatment 

means at p = 0.05 level of significance (Steel and 

Torrie, 1980) 

 

Results 

LER for grain yield 

Statistical analysis of the data showed that 

combination of Rhizobia inoculation, intercropping 

systems and P and K fertilization had significant 

effects on LER for the two cropping seasons (Table 1). 

A LER was significantly higher in plots that were 

inoculated with Rhizobia relative to un-inoculated 

plots for the two consecutive years. It is well shown in 

Table 1 that intercropping at different spacing had 

significant effects on LER. The narrower spacing of 

M+B(A) produced lower total LER compared with the 

wider spacing of M+B(B) which produced 

significantly higher LER (Table 1). The highest Total 

LER of 1.73 was obtained in Rhizobium inoculated 

plot and intercropping at wider spacing of M+B(B) in 

2015 cropping season while the lowest total LER of 

1.31 was obtained at intercropping with narrower 

spacing of M+B(A) without Rhizobia inoculation 

(Table 1). The results of this study further indicated 

that P and K fertilization also significantly increased 

the values of LER over the control. The highest LERs 

(1.48) were recorded in plots treated with 40 K and 

20 K + 26 P for 2015 cropping season at a narrower 

spacing. In the same season, the wider spacing gave 

the highest LER of 1.57 recorded from 26 P and 40 K 

+ 52 P (kg ha-1) (Table 1). In the second cropping 

season, the highest LER of 1.59 was recorded from 

plots treated with 40 K and 40 K + 52 P (kg ha-1) at 

narrower spacing of M+B(A). The wider spacing of 

intercropping produced significantly higher (1.68) 

LER which was found in plots treated with 40 kg of K 

per hectare. Regardless of the cropping season and 

the spacing applied under intercropping, lowest LERs 

were recorded in the control plots (Table 1). 
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Table 1. Partial and Total LER for grain yield of Soybean and Maize for 2015 and 2016 cropping season as 

affected by varied spacing, Rhizobia inoculation and P and K fertilization. 

 
 
Treatment 

2015 cropping season 2016 cropping season 

Partial LER at 
M+B(A) 

Total 
LER 

Partial LER at 
M+B(B) 

Total 
LER 

Partial LER at 
M+B(A) 

Total 
LER 

Partial LER at 
M+B(B) 

Total 
LER 

Soybean Maize  Soybean Maize  Soybean Maize  Soybean Maize  

Rhizobia             

With out 0.66 0.69 1.35b 0.78 0.71 1.49b 0.66 0.65 1.31b 0.69 0.66 1.35b 

With 0.80 0.74 1.54a 0.94 0.79 1.73a 0.75 0.68 1.43a 0.86 0.72 1.58a 

Fertilizers (kg ha-1)            

Control 0.65 0.68 1.33e 0.76 0.62 1.38d 0.73 0.69 1.42e 0.59 0.65 1.24f 

20K 0.67 0.68 1.35d 0.70 0.75 1.45c 0.87 0.65 1.52c 0.85 0.69 1.54d 

40K 0.70 0.78 1.48a 0.70 0.79 1.49b 0.90 0.69 1.59a 0.97 0.71 1.68a 

26P 0.70 0.73 1.43b 0.82 0.75 1.57a 0.74 0.75 1.49d 0.82 0.7 1.52d 

52P 0.69 0.69 1.38c 0.85 0.71 1.56a 0.80 0.76 1.56b 0.87 0.74 1.61b 

20K+26P 0.89 0.59 1.48a 0.78 0.69 1.47bc 0.78 0.64 1.42e 0.89 0.67 1.56c 

40K+52P 0.74 0.73 1.47a 0.84 0.73 1.57a 0.72 0.87 1.59a 0.76 0.66 1.42e 

Level of significant            

Rhizobia   ***   ***   ***   *** 

Fertilizers  ***   ***   ***   *** 
 

LER: Land Equivalent Ratio, M+B (A): Maize/soybean intercropped at a spacing of 75 x 60 cm and 75 x 20 cm, maize and 

soybean respectively; M+B (B): Maize/soybean intercropped at a spacing of 75 x 60 cm and 75 x 40 cm, maize and soybean 

respectively; Values presented are means; ***: significant at p ≤ 0.001; Means followed by dissimilar letter(s) in a column are 

significantly different from each other at p=0.05 according to Fischer least significance difference (LSD). 

 

LER for Biological yield 

As for grain yield, the biological yield also resulted in 

greater LER values in plots inoculated with Rhizobia 

compared with un-inoculated treatments. When 

comparing intercrop spacing, and Rhizobia 

inoculation, the LER was higher (1.61) in Rhizobia 

inoculated plots and the lowest LER was 1.39 

recorded in un-inoculated plots with wider spacing of 

intercrop in 2015 cropping season (Table 2). 

Furthermore, the current study has indicated that P 

and K significantly improved the total LER over the 

control (Table 2).  

 

The highest total LER of 1.64 was recorded in plot 

treated with 26 kg of P and wider spacing of intercrop in 

the second cropping season. The lowest LER of 1.31 was 

recorded in control plots and both narrower and wider 

spacing of intercrop for the first cropping season.  

 

Table 2. Partial and Total LER for biological yield of Soybean and Maize for 2015 and 2016 cropping seasons as 

affected by varied spacing, Rhizobia inoculation and P and K fertilization. 

 

 

Treatment 

  

2015 cropping season 2016 cropping season 

Partial LER at 
M+B(A) 

Total 
LER 

Partial LER at 
M+B(B) 

Total 
LER 

Partial LER at 
M+B(A) 

Total 
LER 

Partial LER at 
M+B(B) 

Total 
LER 

Soybean Maize  Soybean Maize  Soybean Maize  Soybean Maize  

Rhizobia             

With out  0.68 0.86 1.54b 0.66 0.73 1.39b 0.76 0.72 1.48b 0.75 0.76 1.51b 

With  0.71 0.89 1.60a 0.82 0.79 1.61a 0.76 0.78 1.54a 0.74 0.84 1.58a 

Fertilizers (kg ha-1) 

           Control 0.61 0.70 1.31d 0.60 0.71 1.31e 0.72 0.67 1.39c 0.54 0.81 1.35e 

20K 0.74 0.78 1.52c 0.65 0.76 1.41d 0.70 0.73 1.43cb 0.79 0.78 1.57b 

40K 0.69 0.86 1.55b 0.81 0.73 1.54b 0.71 0.75 1.46b 0.62 0.86 1.48d 

26P 0.73 0.88 1.61a  0.75 0.79 1.54b 0.69 0.83 1.52a 0.78 0.86 1.64a 

52P 0.76 0.85 1.61a 0.8 0.69 1.49c 0.81 0.73 1.54a 0.81 0.77 1.58b 

20K+26P 0.68 0.91 1.59a 0.76 0.73 1.49c 0.62 0.81 1.43cb 0.78 0.75 1.53c 

40K+52P 0.69 0.87 1.56b 0.8 0.81 1.61a 0.72 0.74 1.45b 0.83 0.79 1.62a 

Level of 
significant 

            Rhizobia   ***   ***   ***   *** 

Fertilizers    ***   ***   **   *** 
 

LER: Land Equivalent Ratio, M+B (A): Maize/soybean intercropped at a spacing of 75 x 60 cm and 75 x 20 cm, maize and soybean 

respectively; M+B (B): Maize/soybean intercropped at a spacing of 75 x 60 cm and 75 x 40 cm, maize and soybean respectively; 

Values presented are means; **, ***: significant at p ≤ 0.01, p ≤ 0.001 respectively; Means followed by dissimilar letter(s) in a 

column are significantly different from each other at p=0.05 according to Fischer least significance difference (LSD). 
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Discussion  

The results of the current study has proved that 

growing two or more crops in a piece of land at the 

same time, is advantageous and farmer who practice 

intercropping gets more crops compared with the one 

growing sole crops. The yield advantage in 

intercropping is indicated by the LER greater than 1.0 

(Esmaeili et al., 2011). From the results above, all the 

total LERs were greater than 1 notifying that there 

was a yield advantage in intercropping relative to 

mono culture (Dariush et al., 2006; Esmaeili et al., 

2011). Interestingly, Rhizobia inoculation and P and K 

fertilization significantly increased the total LERs of 

both grain and biological yield over the control. This 

shows the necessity of these inputs in the study area 

when the crops are intercropped. For the two 

cropping seasons, wider spacing intercrop under 

Rhizobia inoculation significantly increased the total 

LERs of grain yield by 24 and 23% over narrower 

spacing which increased total LERs by 19 and 12% for 

the 2015 and 2016 cropping seasons respectively. 

Moreover, there was a significant biological yield 

advantage of 6% in inoculated plots with narrower 

spacing over un-inoculated plots for the two cropping 

seasons. The wider spacing and Rhizobia inoculation 

resulted in yield advantage of 22 and 7% for first and 

second cropping seasons respectively. In general, the 

Rhizobia inoculated plots with wider spacing of 

intercrop gave 73% grain yield advantage of intercrop 

over sole cropping in 2015 cropping season. From this 

point the farmer would require 73% of more land to 

grow sole crops in order get the same grain yield as 

that obtained in the intercrop. Likewise, a farmer 

would require 61% of more land for sole crop to 

achieve the same biological yield as that obtained in 

intercropping. With fertilizer application, the highest 

value of LER for grain yield was 1.68, recorded in 40 

kg of K indicating that a farmer would need 68 % of 

more land to grow sole crops in order to achieve the 

same grain yield as obtained from intercropping.  

 

For biological yield, the highest LER was 1.64 

recorded in plots treated with 26 kg of P with wider 

spacing of intercrop for the 2016 cropping season.  

This indicated that there was yield advantage of 64% 

in intercropping over sole crop. Therefore, a farmer 

would require 64% of more land for sole crops to 

achieve the yield obtained in the intercropping. It was 

also noted that Rhizobia inoculation produced higher 

LER of 1.61 in wider spacing of intercropping over un-

inoculated treatments and narrower spacing of 

intercrop. Similar to our findings, several studies 

(Ndakidemi and Dakora, 2007; Hugar and Palled, 

2008; Yilmaz et al., 2008; Dahmardeh et al., 2010; 

Solanki et al., 2011; Amanullah et al., 2016) have 

reported the LER greater than 1.0 indicating the 

intercropping advantages over sole cropping. From 

this study, we have noticed reduced values of LER in 

narrower spacing compared with wider spacing. The 

reduced LER in narrower spacing of soybean 

intercropped with maize can be explained by the 

findings of Ofori and Stern (1987) who reported that 

light is the determinant of LER of maize and soybean 

and that LER declines when legume becomes severely 

shaded. Ijoyah and Jimba (2012) have reported 

reduction in number of pods of okra intercropped 

with maize stating the reason being the effects of 

nutrient and light completion. Furthermore, Santalla 

et al. (2001) reported a reduction of common bean 

yield in intercropping compared with pure stand due 

to the effect of shading.  

 

Conclusion  

From this study, intercropping maize with soybean 

was advantageous because all the values of LER were 

above 1.0. Supplementation of inputs such as 

Rhizobium inoculants and P and K fertilizers 

significantly (P<0.05) increased the LERs over the 

control. The system was more beneficial in rhizobial 

inoculated plots which gave the highest LER of 1.73 

and 1.61 grain and biological yield compared with un-

inoculated plots which gave the lowest LER of 1.31 

and 1.39 grain and biological yield respectively. P and 

K also greatly contributed to the increased LER over 

the control. Wider spacing of soybean resulted to a 

greater LER compared with narrower spacing 

suggesting the use of wider spacing for legume-

cereals intercropping. 
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Therefore, this study suggests that farmers may be 

advised to intercrop maize with soybean at a 

recommended spacing, and supplying with the tested 

inputs above. However, application of P and K 

fertilizers will depend on the level of these nutrients 

in respective soil under consideration.  
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