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Introduction

Most research on intercropping cultivation in the past has focused on seed yield and yield components, and less
attention has been paid to below-ground interaction processes. However, the connection of plants in the below-
ground sector is a vital issue in identifying the mechanism of competition and productivity in intercropping
cultivation. Meanwhile, the selection of a legume plant due to the biological nitrogen fixation (BNF) increases the
productivity in intercropping cultivation. However, the component crop in intercropping cultivation can affect the
BNF by the legume component component. Therefore, creating the optimum conditions for the BNF in planting
ratios plays an essential role in the dynamics of inter-species interaction. Therefore, this study aimed to evaluate the
interactions of the below-ground sector and the percentage of nitrogen derived from the atmosphere in different
ratios of intercropping cultivation.

Material and Methods

A field experiment was conducted for two years (2018-19) at the research farm of Sari Agricultural Science and
Natural Resources University, Iran (33°, 36’ N, 53°, 03’ E with 43 m altitude). The experimental design was a
randomized complete block with four replications. The experimental treatment was 75% soybean + 25% niger, 50%
soybean + 50% niger, and 25% Soybean+75% niger based on the replacement method and monoculture. For
example, a 25:75 combination consisted of three rows of planting a soybean and one row of niger, and vice versa in
the 75:25 combinations. The 50:50 also included planting two rows of each of the studied plants. This study
investigated the percentage of nitrogen derived from the atmosphere, nitrogen yield, total enzymatic activity of the
soil, and root activity in different planting ratios.
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Results and Discussion

The percentage of nitrogen derived from the atmosphere (Ndfa) in all different planting ratios was higher than in
a single soybean crop. This trend continued until it reached 90 days after planting. At 75 and 90 days after planting,
the highest Ndfa is related to 50:50 and 75:25 planting ratios in both cultivation years. Also, the yield of Ndfa was
higher than expected in planting ratios, and its value increased further as it approached the final stages of growth. In
addition to the above, soil's total microbial activity in different intercropping cultivation ratios was higher than the
monoculture of the studied plants. Its amount in a 50:50 planting ratio was 16.38 and 31.69% higher than
monoculture soybean (0: 100) and niger (0: 100) at 60 days after planting, respectively. The most increased total
microbial activity of the ground in niger and soybean plants in the middle and late stages of growth was observed at
a depth of 0-20 and 10-30 cm, respectively. Also, niger plant in different ratios of intercropping cultivation, while
increasing root activity, have a higher number of secondary compounds in root extract. In general, the increase in
root activity in the late stages of growth was accompanied by a decrease in the number of rows of niger plants,
especially in the planting ratio of 75:25. Also, the total phenol and flavonoids in the niger root extract increased to
105 days after planting and then decreased. Thus, in general, different ratios of intercropping cultivation were more
successful in producing secondary compounds than the monoculture of niger.

Conclusion
Increasing the significance of nitrogen derived from the atmosphere and the other activity of niger root as a
complementary plant in intercropping cultivation ratios can play an essential role in the dynamics of underground
sector interactions in intercropping cultivation patterns. In addition to the above results and based on the total
microbial activity of the soil, the complementary structure of niger and soybean root in intercropping cultivation can
affect the ability of interspecific competition in intercropping cultivation by distinguishing ecological niches even in
a short period.
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Fig. 1- The average percentage of N derived from the atmosphere (Ndfa) of soybean during the growing season and at
different intercropping ratios with niger
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Vertical bars on the points and the letters A, B represent the standard error (SE) and studied years, 2018-2019.
NS, *and **: insignificant, Significant at 5% and 1% probability levels, respectively.
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Vertical bars on the points represent the standard error (SE) and the numbers inside the circle in the pictures are related to the day
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Planting ratios S sos S Ges
(Soybean-Niger) Soil depth (cm) Soil depth (cm)
0-10 10-20 20-30 0-30 0-10 10-20 20-30 0-30
0:100 8.03 11.71 7.08 26.24 12.62 10.38 9.72 32.73
25:75 8.72 8.79 14.47 32.01 13.02 11.89 15.96 40.88
50:50 9.66 9.21 15.69 34.56 11.99 12.28 10.95 35.23
75:25 8.22 8.38 15.07 31.68 12.73 12.34 16.53 41.60
100:0 8.19 7.23 14.27 29.69 12.72 14.10 13.96 40.79
)bk;h..o A Jsl.b ok ok ok ok ns *k Kk *%
0.65 0.49 0.55 0.98
LSD (0.05) 1.16 0.98 0.75 2.05
SO 7.43 5.32 4.06 3.08 8.97 7.45 5.43 5.19
C.V (%)
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ns: Not significant and * and **: Significant at 5% and 1% probability levels, respectively.
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