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ABSTRACT: This research aimed to examine the effects of application of mycorrhiza biofertilizer 

on yield performance of several varieties of soybean relay-planted between double rows of maize 

plants grown under different planting distances between rows. The experiment was arranged 

according to Split Split Plot Design, with three treatment factors, i.e. mycorrhiza biofertilizer (M0= 

without; M1= with mycorrhiza biofertilizer) as the main plots, soybean varieties (V1= Detap, V2: 

Biosoy-2, V3= Dena-1) as the subplots, and planting distances between double rows of maize in 

which two rows of soybean were grown (D1= 80; D2= 90; D3= 100 cm) as the sub-subplots. The 

results indicated that among those treatment factors, different varieties resulted in significant 

differences on all measurement variables, while increasing planting distances between maize double 

rows also significantly increased yield components of soybean, including branch number, pod 

number, and grain yield per clump, as well as weight of 100 grains, whereas application of 

mycorrhiza biofertilizer to the soybean plants only significantly increased branch number, pod 

number, and grain yield per clump. However, mycorrhiza biofertilizer showed interaction effect on 

most variables, especially in interaction with varieties and double row distances. Based on the 

patterns of mycorrhiza-varieties interaction, application of mycorrhiza biofertilizer significantly 

increased pod number (28%) on V1 showing the highest pod number on M1V1 treatment (87.87 

pod/clump), while grain yield was highest on M1V3 (26.54 g/clump) and lowest (17.19 g/clump) on 

M0V1 treatment. The intercropping/monocropping yield ratio was also increased by application of 

mycorrhiza biofertilizer (from 69.33 to 88.18%) on V2. 
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1. INTRODUCTION 

Due to the high protein content of the grains ranging from 35 to 45% (Liu et al., 2008), soybean (Glycine max (L) Merr) is the 

most important legume food crop in Indonesia, based on the total harvested areas of soybean 

(https://www.bps.go.id/indicator/53/21/1/luas-panen.html). However, the domestic soybean production is still unable to meet the 

domestic need for soybean so that soybean still has to be imported, which amount in 2021 more than 2.5 times as much the 

domestic soybean production (Sembiring, 2022). There are several factors causing the low soybean production, one of which is 

the low productivity of soybean that can be achieved by the farmers in the field, which was on average only 1.57 ton/ha 

(https://www.bps.go.id/indicator/53/22/1/produktivitas.html) compared with the potential productivity of soybean, which can be 

up to 4.1 ton/ha in Mutiara-1 variety (https://balitkabi.litbang.pertanian.go.id/). In addition, it is difficult to increase the land areas 

that can be used to grow soybean, because 65% of the soybean production areas in Indonesia are in the irrigated areas in 

competition with rice and maize production, in which soybean or maize is grown only during the dry season II after harvest of the 

second season rice crop (Adisarwanto 2010).  

To overcome the competition for land area between soybean and maize, which in most cases, most farmers prefer to grow 

maize instead of soybean due to the higher profit of growing maize than soybean (Adisarwanto, 2010), one of the alternatives is to 

grow soybean in intercropping with maize. Wangiyana et al. (2020) reported that soybean additively relay-planted between rows 

of waxy maize plants of 75 x 20 cm plant spacing could produce up to 15.33 g/clump under insertion of one row of soybean 
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between rows of maize plants that were grown following paddy rice crop on vertisol land. This means that up to 1.02 ton/ha of 

soybean grains could be additionally produced by additively intercropping soybean between rows of waxy maize without reducing 

the population of maize plants, and in fact, insertion of one row of soybean without fertilization between rows of waxy maize 

plants resulted in a higher grain yield of the maize plants under half dose of N fertilization (Wangiyana et al., 2020). 

Soybean plants grown following paddy rice in the dry season mostly show low grain yield even though with soil tillage and 

NPK fertilization. Adisarwanto et al. (1992) reported an average grain yield of soybean of only 1.29 ton/ha in Sengkol and 1.48 

ton/ha in Keruak (eastern parts of Lombok island, Indonesia) from fully NPK fertilized plots. However, higher grain yield could 

also be obtained from soybean grown following paddy rice by application of Rhizobium bacteria although under half dose of NPK 

fertilizer application compared with under full NPK dose (Wangiyana et al., 2023). In addition, application of mycorrhiza 

biofertilizer in combination with Rhizobium inoculant without NPK fertilizer was reported to be able to increase grain yield of 

soybean grown following paddy rice, compared with fertilization using the recommended doses of NPK fertilizers (Wangiyana & 

Farida, 2019). Application of mycorrhiza to peanut relay-planted between rows of waxy maize plants was also reported to be able 

to increase grain yield per clump of peanut plants grown between rows of waxy maize plants, especially in the treatment of relay-

planting only one row of peanut between rows of the maize plants (Wangiyana et al., 2021). 

This study was aimed to examine the effects of application of mycorrhiza biofertilizer on yield performance of several 

varieties of soybean relay-planted between double rows of an open-pollinated maize variety grown under different planting 

distances between rows in dryland areas of East Lombok, Indonesia. 

 

2. MATERIALS AND METHODS  

The field experiment in this study was carried out on the experimental farm of “IP2TP Balitbangtan BPTP NTB” located in 

East Lombok, Indonesia, from from August to October 2022.  

The experiment was arranged according to Split Split Plot Design, with three treatment factors, i.e. mycorrhiza biofertilizer 

application (M0= without mycorrhiza; M1= with mycorrhiza biofertilizer) as the main plots, soybean varieties (V1= Detap, V2: 

Biosoy-2, V3= Dena-1) as the subplots, and planting distances between double rows of maize in which two rows of soybean were 

additively intercropped (D1= 80; D2= 90; D3= 100 cm) as the sub-subplots. Therefore, there were 18 treatment combinations, and 

each combination was prepared in three blocks. To measure the effects of intercropping with maize plants on yield components of 

those varieties of soybean, which was calculated using intercropping/monocropping ratio (IMR) and expressed as its percentage, 

each variety was also grown in monocropping system in each block, either with or without application of mycorrhiza biofertilizer. 

The planting geometries of maize and soybean plants in each plot of different double row distances of maize plants are presented 

in Figure 1. 

 
Figure 1. Lay out of the plants in each treatment of double-row distances between maize plants (x= maize plants, o= 

soybean plants) in the intercropping plots [D1= 80 cm (Left); D2= 90 cm (Middle); D3= 100 cm (Right)] 

 

After plowing and leveling the using a hand tractor, the treatment plots of 210 cm x 200 cm surface sizes were made, and the 

furrow of 50 cm width and 15 cm depth was also made to separate between plots. Soybean seeds were dibbled three weeks before 

seeding the maize seeds. Tinning of young soybean plants was done at 100 days after seeding, by leaving to grow only 2 plants 

per clump, followed by fertilization with NPK fertilizer at 200 kg/ha by dibbling the fertilizer (1.2 g per clump). Tinning the 

young maize plants was done 14 days after seeding (DAS) by leaving to grow only one maize plant per planting hole, followed by 

fertilization using NPK fertilizer at 300 kg/ha by dibbling the fertilizer between plants in each row (3.2 g/plant). The second 

fertilization for maize plants was done at 35 DAS with 200 kg/ha Urea (45% N). Further care for the soybean and maize plants 

was done following the government recommendation for cultivation of each crop.  
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The observations variables for soybean were plant height and brach number per clump at 42 DAS (seed-filling stage) and its 

yield components including number of filled and unfilled pods, weight of 100 grains, and grain yield per clump. Data were 

analyzed with ANOVA and Tukey’s HSD using CoStat for Windows ver.6.303.  

 

3. RESULTS AND DISCUSSION 

The results of ANOVA and Tukey’s HSD analyses show that among those treatment factors tested, the different varieties 

resulted in significant differences on all the variables measured, while increasing planting distances between double rows of maize 

plants, in which two rows of soybean plants were additively intercropped, also significantly increased yield components of 

soybean, including branch number, filled pod number, and grain yield per clump, as well as weight of 100 grains, especially under 

the changes of the planting distances between maize double rows from 80 to 100 cm. Although the application of mycorrhiza 

biofertilizer to soybean relay-planted between double rows of maize plants only significantly increased branch number, filled pod 

number, and grain yield per clump, mycorrhiza biofertilizer showed interaction effect on most yield components of soybean, 

especially in interaction with the soybean varieties and the planting distances between the double rows of maize plants (Table 1 

and Table 2).  

 

Table 1. Summary of ANOVA and HSD analyses for plant height, branch number, pod number, grain yield, weight of 100 

grains, and unfilled pod number of soybean 

Treatments Plant height (cm) Branch number 
Filled pod 

number 
Grain yield g 

100 grain 

Weight 

Sq-Unfilled 

pods 1) 

Row distance:             

  D1: 80 cm 54.28 a 5.37 b 65.86 b 20.38 c 14.54 b 2.45 a2) 

  D2: 90 cm 56.88 a 5.52 ab 67.27 b 21.81 b 14.94 b 2.39 a 

  D3: 100 cm 59.69 a 6.02 a 73.98 a 24.24 a 15.42 a 2.58 a 

HSD 0.05 5.76   0.51   3.66   1.20   0.45   0.24   

Soybean varieties:             

  V1: Detap 62.00 a 6.36 a 78.26 a 19.24 c 12.62 c 2.35 b 

  V2: Biosoy-2 47.40 b 5.03 b 58.78 c 22.22 b 17.85 a 2.06 c 

  V3: Dena-1 61.45 a 5.52 b 70.07 b 24.97 a 14.43 b 3.02 a 

HSD 0.05 7.62   0.63   4.08   1.79   0.74   0.24   

Mycorrhiza:             

  M0: without 57.16 a 5.08 b 63.56 b 20.25 b 14.81 a 2.57 a 

  M1: with myc. 56.74 a 6.19 a 74.50 a 24.04 a 15.12 a 2.38 a 

HSD 0.05 16.50   0.50   3.81   1.96   1.35   0.36   

Interaction:             

  Var x Myc ns  *  **  ns  ns  ns  

  D x Myc ns  ns  ns  ns  ns  ***  

  D x Var ns  ns  ns  ns  ns  *  

  D x Var x Myc ns  ns  ns  ns  ns  ns  

Remarks: ns = non-significant; *; **; *** = significant at p < 0.05; p < 0.01; p < 0.001, respectively. 1)Data were transformed to 

square root; 2)Mean values followed by the same letters in each column indicate non-significant differences between levels of each 

factor 

 

It can also be seen from Table 2 that the yield ratios (I/M ratios) increased with increasing the planting distances between the 

double rows of maize plants. This also means that yield penalties of soybean due to intercropping with maize plants were reduced 

by reducing the distances between double rows of maize plants in which soybean plants were additively intercropped. Among the 

varieties of soybean tested, Biosoy-2 variety (V2) experienced the most severe yield penalty due to intercropping with maize 

plants. Although application of mycorrhiza biofertilizer could not significantly reduce this yield penalty, there was a significant 

interaction effect between varieties and mycorrhiza biofertilizer on yield ratio of soybean, and based on the interaction patterns, 

there was a highly significant effect of mycorrhiza biofertilizer in reducing the yield penalty or increasing yield ratio, especially 

on the Biosoy-2 variety (Figure 2A). 

Filled pod number and weight of 100 grains were also reduced (IMR<100%) due to intercropping soybean between double 

rows of maize plants, but increasing the planting distances between double rows of maize plants significantly increased the IMR 

of filled pod number and weight of 100 grains, but application of mycorrhiza biofertilizer only significantly increased the IMR of 

filled pod number, on average from 81.73% to 92.41%. In contrast, the number of unfilled pods per clump in general increased 
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(IMR>100%) due to intercropping soybean between double rows of maize plants, although there were significant effects the 

interaction between the planting distances of the maize double rows and mycorrhiza biofertilizer or varieties of soybean (Table 2), 

and the patterns of interaction effects can be seen from Figure 2B, which shows the significantly positive effects of the application 

of mycorrhiza biofertilizer in reducing the IMR of unfilled pod number due to intercropping not to be too much higher than 100%, 

although the significant reduction was only under maize planting distance of 80 and 90 cm but under 100 cm, the difference was 

not significant. 

 

Table 2. Summary of ANOVA and HSD analyses for the intercropping/monocropping ratios (in %) of plant height, 

branch number, pod number, grain yield, weight of 100 grains, and unfilled pod number of soybean 

Treatments %-Plant height 
%-Branch 

number 

%-Filled pod 

number 
%-Grain yield 

%-100 grain 

Weight 
%-Unfilled pods 

Row distance:             

  D1: 80 cm 88.18 a 86.44 b 83.08 b 78.77 c 89.48 b 114.11 ab2) 

  D2: 90 cm 92.12 a 88.79 b 84.74 b 84.45 b 92.10 b 104.03 b 

  D3: 100 cm 95.74 a 96.46 a 93.39 a 93.42 a 94.83 a 129.78 a 

HSD 0.05 8.64  7.43  4.75  4.58  2.65  24.20  

Soybean varieties:             

  V1: Detap 87.00 b 89.33 a 88.88 a 90.36 a 92.80 a 122.09 a 

  V2: Biosoy-2 100.55 a 90.12 a 81.96 a 78.76 b 91.23 a 130.14 a 

  V3: Dena-1 88.50 b 92.24 a 90.37 a 87.53 ab 92.38 a 95.69 a 

HSD 0.05 7.75  23.39  10.65  9.18  6.97  65.48  

Mycorrhiza:             

  M0: without 95.18 a 86.86 a 81.73 b 82.74 a 91.52 a 123.45 a 

  M1: with myc. 88.85 a 94.26 a 92.41 a 88.36 a 92.75 a 108.50 a 

HSD 0.05 16.68  19.59  8.38  7.79  9.47  88.34  

Interaction:             

  Var x Myc *  ns  ns  *  ns  ns  

  D x Myc ns  ns  ns  ns  ns  ***  

  D x Var ns  ns  ns  ns  ns  *  

  D x Var x Myc ns  ns  ns  ns  ns  ns  

Remarks: ns = non-significant; *; **; *** = significant at p < 0.05; p < 0.01; p < 0.001, respectively. 2)Mean values followed by 

the same letters in each column indicate non-significant differences between levels of each factor 
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Fig. 2A. Percentage of I/M ratio of grain yield of 

intercropping (Mean ± SE) due to interaction between 

mycorrhiza and soybean varieties 

Fig. 2B. Percentage of I/M ratio of unfilled pod number 

(Mean ± SE) due to interaction between mycorrhiza and 

maize planting distances 

 

In terms of grain yield of soybean, the two variables resulting a regression with the highest R2 based on the best subset 

regression are filled pod number per clump (X1) and weight of 100 grains (X2) with a regression equation Y (grain yield) = - 12.8 

+ 0.23 X1 + 1.27 X2 (R2= 46.7%, p-value <0.001), with the coefficient statistics as listed in Table 3. This can be understood 

because higher number of filled pods per clump will result in higher grain number per clump, and it can be seen from Table 1 that 

by increasing the planting distances between double rows significantly increased filled pod number per clump followed by 
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increasing weight of 100 grains, which resulted ini increasing grain yield per clump. However, the patterns of interaction between 

mycorrhiza and varieties are not the same between filled pod number and grain yield per clump (Figure 3A and Figure 3B). 

 

Table 3. The statistics of the regression Y = - 12.8 + 0.23 X1 + 1.27 X2 

Predictors Coef SE Coef T P 

Constant -12.75300 5.24600 -2.43 0.019 

X1= Filled pod number per clump 0.22974 0.04095 5.61 0.000 

X2= Weight of 100 grains 1.27190 0.20450 6.22 0.000 
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Fig. 3A. Filled pod number per clump (Mean ± SE) due 

to interaction between mycorrhiza and soybean varieties 

Fig. 3B. Grain yield per clump (Mean ± SE) due to 

interaction between mycorrhiza and soybean varieties 

 

In Figure 3A, the increase in filled pod number due to application of mycorrhiza biofertilizer is the highest among those 

varieties, but the differences in grain yield look similar among the varieties of soybean. These could be due to the different seed 

sizes, which can be inferred from the weight of 100 grains, which is the lowest among the varieties of soybean (Table 1). 

However, what the significant results from this experiment are the significant effects of the application of mycorrhiza biofertilizer, 

and the significant effects of increasing the planting distances between the double rows of maize plants in which two rows of 

soybean were additively intercropped. The implication of these results that soybean can be produced between rows of maize by 

changing the row pattern to double rows and increasing the distances between the double rows of maize plants, as well as by 

application of mycorrhiza biofertilizer. 

Although yield penalty due to additively intercropping soybean between rows of maize plant cannot be avoided, because 

plant height of soybean is much less than that of maize so that soybean plants must be shaded by the maize plants in an 

intercropping system, it can be seen from Figure 2A that application of mycorrhiza biofertilizer significantly increase the I/M 

ratios of soybean grain yield, especially that of the Biosoy-2 variety. Many researchers have reported that soybean plants are very 

responsive to symbiosis with arbuscular mycorrhizal fungi (AMF). Application of mycorrhiza biofertilizer was found to be 

significantly increase growth and grain yield of soybean grown during dry season on vertisol soil (Wangiyana & Farida, 2019). 

Zhang et al. (2024) also reported that intercropping soybean and maize significantly increased the content of root exudates, the 

concentration of available N, available P, and improved AMF colonization, which finally boosted plant growth.  

In this experiment, soybean was seeded 21 days before seeding maize, and application of mycorrhiza biofertilizer was done at 

seeding by placing the biofertilizer in the base of the planting holes (Wangiyana & Farida, 2019; Wangiyana et al., 2022). 

Therefore, when soybean plants were at flowering stage (30-35 DAS), maize plants were at 9 DAS, and they have not started to 

shade the soybean plants, and they started to partially shade the soybean plants at 30-35 DAS, during which soybean plants were 

at the peak of seed filling stage. Therefore, increasing the planting distances between double rows of the maize plants had a 

significant effect in increasing grain yield of soybean, through an increase in the weight of 100 grains as well as filled pod number 

per clump (Table 1). Application of mycorrhiza biofertilizer under monocropping systems was also found to increase biomass 

weight of soybean plants of the same varieties (Wangiyana et al., 2022). In this experiment, soybean was also inoculated with 

Rhizobium in addition to application of mycorrhiza biofertilizer, which means that soybean received co-inoculation of both types 

of biofertilizer, and co-inoculation has been found to significantly increase growth and yield of soybean (Wangiyana & Farida, 

2019; Marro et al., 2020; Wangiyana et al., 2022). Wang et al. (2016) also reported that co-inoculation significantly increased 

biomass and N contents of soybean and maize plants in an intercropping system, and higher biomass and N content is required by 

soybean plants to increase the rates of seed-filling and grain yield (Sinclair & de Wit, 1975). 
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4. CONCLUSION 

It can be concluded that soybean can be produced through relay planting it between double rows of maize plants, and grain 

yield can be increased by application of mycorrhiza biofertilizer and increasing the planting distances between the double rows of 

maize plants in which two rows of soybean were additively intercropped. However, there are differences among the varieties in 

the yield penalties of soybean due to intercropping it between double rows of maize plants, but the yield penalties can be reduced 

by the application of mycorrhiza biofertilizer on both soybean and maize plants. 
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