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Introduction

Intercropping cultivation is an excellent method to increase agricultural productivity per unit area based on
environmental mechanisms. In this planting system, it is necessary to select crops with different capabilities in
uptake resources and establish a complementary relationship. However, legumes in intercropping cultivation can
be used as an alternative and sustainable way to increase efficiency. Besides, studying the interactions in the
above and belowground parts is necessary to achieve the mentioned goals. Therefore, this study aimed to
investigate inter-specific interactions in millet and soybean intercropping cultures.

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.
This study investigated the agronomic traits, LAI, TDW, nitrogen derived from the atmosphere, and total
microbial activity in the soil in different planting ratios.

Result and Discussion

The results showed that soybean monoculture had the highest plant height during different stages of growth.
Furthermore, with the increase in the share of planting soybean in intercropping cultivation, the shoot height of the
millet also increased. Also, unlike the millet, the soybean succeeded in producing more leaf area indexes among
different mixed cultivation ratios than monoculture. The leaf area index of millet showed a significant decrease as
the proportion of soybean plantings increased. However, despite this decrease, the total dry matter of soybean
exhibited a higher percentage increase at various growth stages compared to the decrease in millet yield. As a result,
after 60 days of planting, millet and soybean intercropping cultivation demonstrated positive complementarity
regarding competition impact. Additionally, intercropping cultivation showed a higher percentage of nitrogen
derived from the atmosphere compared to soybean monoculture. During the study period, the planting ratio of 75%
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millet and 25% soybean exhibited the highest increase in nitrogen fixation (Ndfa), with average values of 93.84%
and 83.85% at 90 days after planting, respectively. Increasing the number of millet sowing rows in the intercropping
patterns played a crucial role in intensifying competition with soybeans during the early growth stages and had an
impact on the biological activity of soybeans. Moreover, the microbial activity in the soil (at a depth of 0-30 cm)
was higher in the different intercropping ratios compared to monocultures of soybean and millet. In addition,
soybean and millet monoculture had the highest and lowest grain yields. Among the different intercropping ratios,
the 75:25 in 1398 with an average of 4639.77 kg. ha® had the highest grain yield. Besides, the planting ratio of
25:75 and 50:50, with an average of 1.23 and 1.02, respectively, had an LER higher than one. With increasing the
share of soybean planting in intercropping, the competitiveness of the plant increases, and the competition ratio of
millet was higher than the unit only in the planting ratio of 25:75 (millet-soybean). Therefore, the competitiveness of
millet in mixed cultivation is significantly reduced by reducing the share of planting row. Finally, increasing
productivity in the 25:75 combinations reduced soybean's competitive dominance, increasing millet grain yield in
comparison to expected values and improving total microbial activity.

Conclusion

Due to the limited growth period, millet competition played an essential role in increasing total microbial
activity and the percentage of nitrogen derived from the atmosphere at a 25:75 planting ratio before the initial
reproductive growth. In addition, 25:75 and 50:50 planting ratios reduce soybeans' competitive dominance,
resulting in enhanced productivity. Finally, selecting complementary plants based on physiological, and
morphological characteristics, and competitiveness in intercropping cultivation can be effective in the above and
belowground interactions.
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Fig. 1- The effect of millet and soybean crop competition on total dry weight in different planting ratios (soybean-millet) and
the studied years
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(® Actual total dry weight of millet,O Actual total dry weight of soybean, ¥ Total actual yields of millet and soybean in

intercropping,A Expected total dry weight in millet, BExpected total dry weight in soybean, and the numbers inside the circle in the
pictures are related to the day after planting.
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Fig. 2- The average percentage of N derived from the atmosphere in soybean during the growing season and at different
planting ratios (soybean-millet)
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Vertical bars on the points and the letters A, and B represent the standard error (SE) and studied years 2018-2019
ns)* and, **: are not significant, Significant at 5% and 1% probability levels, respectively.
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Table 6- Mean of squares comparison of total microbial activity in different planting ratios

(Lo —33,1) A Glocams CedlS 3 o 39, 10 Cedls 2 al 5o
Planting ratios 60 days after planting Harvest stage
(soybean-millet) 2018 2019 2018 2019
0:100 30.50 £1.3 3438 £1.6 26.43 £0.6 26.66 £0.3
25:75 3744114 44,08 £1.2 38.88 £1.8 239014
50 :50 344304 45,79 £0.9 3295+1.1 22.39£0.8
75:25 34.84 £1.3 42.21+2.8 3482 £1.6 213214
100:0 29.78 £1.4 29.84 +0.6 31.32 £0.7 25.32 0.4
Psine S| Jolo 234" 161"
LSD (0.05)
Sl 3.88
CV (%)

**x *x NS
¢

] 35kl Bl ool o i (1Slee 51 e Sliel g o> S g iy Jloin] zalaw )3 413 gxe g Jl Gxe pE Cud A T
ns, *and **: are not significant and significant at 5% and 1% probability levels, respectively and values
are meanszstandard deviation (X£SD).
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Table 7- Mean comparisons of seed yield in different planting ratios

J{ LI Oyl 418 3 Sos Lgw &y 3 ,Slos 415 5 Shos £g05%
cuils Millet seed yield (kg.hat) Soybean seed yield (kg.hat) Total seed yield (kg.ha)
~03)))

(Lo

Planting 2018 2019 &y 2018 2019 &y 2018 2019
ratios Total Total

(soybean-
millet)

0:100 1379.1£78.3  1168.1+77.7 1273.6+133.9 - - - 1379.1£78.3 1168.1+77.8
25:75 1067.2+110.3 834.7+141.5 950.9+170.9  2088.2+72.6  2411.4+109.9 2249.8+107.9 3155.4+81.8  3246.1+79.1
50:50 332.0+104.2  289.7485.3 310.8+91.1 3504.9£370.9 3732.6+271.3 3618.8+2159 3836.9+236.1 4022.7+193.8
75:25 45.2+28.9 91.9 £16.2 68.5+33.1 3761.5£549.1 4639.8+181.4 4200.6+323.9 3806.7+411.7 4731.7£392.8
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ns, * and **: are not significant and significant at 5% and 1% probability levels, respectively, and values are means+standard deviation

(X£SD).
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Table 8- Intercropping index of millet and soybean in the studied years
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The values are means+standard deviation (X£SD).
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