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Abstract

Introduction

Today, efficient agricultural systems such as intercropping are essential due to the optimal use of
resources. Meanwhile, using the Legume plant in intercropping can increase the efficiency of
biological nitrogen fixation and be a sustainable approach to meet the crop's nitrogen needs.
Since the planting pattern and component crop greatly influence this biological process, selecting
complementary species in intercropping can play an essential role in increasing flexibility and
sustainability in farming systems.

Materials and Methods

In order to study the effects of intercropping culture on the agronomic traits of Chia and
Soybean, a field experiment was conducted in a randomized complete block design with four
replications at the research farm of Sari Agricultural Science and Natural Resources University in
2019. The planting ratios were 0:100, 25:75, 50:50, 75:25, and 100:0 (Soybean: Chia respectively)
using replacement method.

Results and Discussion
Results showed that intercropping significantly affected shoot height, No. branch, grain yield,
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components yield, and the N. derived from the atmosphere (Ndfa). In the Chia, reducing the
number of planting rows in different planting ratios, shoot height, and 1000-seed weight
increased in contrast to the number of inflorescences per plant. Different planting ratios had no
significant effect on the number of branches per plant of Chia. The soybean crop had the highest
no. of branches, the number of pods per plant, and the 1000 seed weight in the 25:75 planting
ratio. The highest shoot height was related to the monoculture soybean (100:0), and with
decreasing the number of soybean planting rows in intercropping, the shoot height decreased.
Also, the Ndfa in intercropping culture was higher than in monoculture during different growth
stages. Its amount increased with a decreasing share of soybean planting in intercropping.
Biological nitrogen fixation in soybean intercropping cultivation with Chia increased 75 days
after planting and then decreased. Besides, the pure stand of Soybean (100: 0) and Chia (0: 100)
had the highest and lowest grain yield with an average of 4629.57 and 823.14 kg. ha™, respectively.
Considering the total yield of Chia and Soybean in intercropping cultivation and the
compensatory ability to increase the yield of Soybean against the decrease in the yield of Chia, the
effect of competition between the two crops is positive complementation. Iculation of land
equivalent ratio (LER) revealed that the planting ratio of 25:75 had the highest efficiency by 22
percent.

Conclusion

Chia in intercropping can improve the yield components of Soybean while improving the
efficiency of biological nitrogen fixation. Increasing the efficiency of intercropping cultivation in
the planting ratio of 25:75 due to the increase of 75.37% is the share of the complementarity effect
on grain yield, creating balance and facilitating inter-species competition.

Keywords: Biological nitrogen fixation, Complementarity effect, Grain yield, LER
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Table 1. Analysis of variance (mean squares) of different intercropping ratios effects on studied traits

of soybean
SOV df Plant height  No. of branch No. of pods 1000 -grain Seed yield
e (cm) per plant per plant weight (g) (kg. ha)
Blocks 3 14.35 1.81 628.79 231.25 352390.06
Treatment 3 149.06" 3.11 1057.11° 1306.71" 5434287.39"
Residual 9 28.54 047 204.36 78.27 78229.42.
Total 15 428.58 1.03 459.80 354.55 1204273.15
CV (%) 9.04 24.61 17.43 4.46 8.05
ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively.
Table 2. Mean comparison of the Soybean studied traits in different planting ratios
Planting ratios Plant height No. of branches No. of pod 1000 seed weight
(Soybean-Chia) (cm) per plant per plant (gr)
100:0 65.51a%2.13 2.01b+0.53 62.50c£14.91 202.28ab+13.43
75:25 63.12a+2.14 2.12b+0.48 75.62bct10.91 173.13¢+6.61
50:50 54.02b+2.04 3.37a£0.75 90.62ab+8.18 201.75b+10.34
25:75 53.75b+8.65 3.75a£1.26 99.25a+17.83 216.15a+11.64

Means in each column followed by similar latter(s) are not significantly different at 5% probability, using LSD test, and values are

means+standard deviation (X-+SD).
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Table 3. Analysis of variance (mean squares) of different intercropping ratios effects on studied traits

of chia

Plant height No. of branch  No. of inflorescences 1000 -grain weight Seed yield
S.0.V. df "

(cm) per plant per plant (g) (kg. ha'')

Blocks 3 40.73 2.89 96.23 0.01 1217.73
Treatment 3 2358.40 40.73" 202.56 " 0.06 ™ 438022.62 "
Residual 9 124.01 4.17 50.51 0.01 5136.38.
Total 15 554.23 11.23 90.06 0.02 90929.90
CV (%) 6.17 15.94 30.98 4.46 15.41

ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively.
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Table 4. Mean comparison of the Chia studied traits in different planting ratios

Planting ratios Plant height (cm) No. of branches No. of inflorescences 1000 seed weight

(Soybean-Chia) per plant per plant (gr)
0:100 148.75 ¢ £10.31 17.02 a £2.58 31.75a+9.97 0.71 b £0.06
25:75 180.01 b £11.04 12.75b £5.91 25.25ab +10.14 0.70 b +£0.13
50:50 184.75 b £9.67 10.25 ¢ +2.06 19.20b +6.18 0.91a+0.11
75:25 207.75a£9.53 12.25bc +1.26 15.55b +2.64 0.93 2 +0.08

ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively.
Means in each column followed by similar latter(s) are not significantly different at 5% probability, using LSD test, and values are

means+standard deviation (X-+SD).
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Figure. 1. The average percentage of Nitrogen
derived from the atmosphere in soybean
during the growing season and at different
planting ratios (Soybean-Chia)
(vertical bars on the points represent the
standard error (SE) and ns, * and, **: not
significant, Significant at 5% and 1%
probability levels, respectively)
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Table 5. Mean comparison of seed yield (kg. ha') in different planting ratios

= Soybean = Chia
é % ey
- = < = g £
E‘ "= 2R =~ :.: —~ R 2~ :..* —~ g Q
= Y= 2 = - T = 2= =
i £3 L= 2 =3 Z4 12 £
=2 3r g gg Er £g g2  E3
2 < & 2 < & A
& = & &
) 5
823.14 € £94.77 - - - - 823.14a+94.77 823.14a+94.77 0:100
2601.23d+154.82 +68.19 1946.66d +213.65 1157.39d +370.34 +6.03 654.57b+72.64 617.35b+71.07 25:75
3524.88cx171.16 +40.33 3248.35c¢£126.66 2314.78c £246.89 - 32.81 276.53 c+47.46 411.57¢+47.38 50:50
4177.36b+532.39 +17.25 4071.24b +530.62 3472.17b +370.34 - 48.43 106.12d £10.75 205.78d +23.69 75:25
4629.57a+493.78 - 4629.57 a £493.78 4629.57a £493.78 - - - 100:0
446.11 % 254.92 % 447.39 % 48.93 ** 114.64** LSD (0.05)
9.19 5.51 8.05 5.94 1541 CV. %

ns, * and **: Not significant and significant at 5% and 1% probability levels, respectively.
Means in each column followed by similar latter(s) are not significantly different at 5% probability, using LSD test, and values are

means+standard deviation (X-+SD).
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Figure. 2. The effect of Niger and Soybean crop
competition on total dry weight in different
planting ratios (Soybean-Chia) and the studied
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Table 6. Intercropping index of Soybean and Chia in different planting ratios

Planting ratios (Soybean-Chia)

Intercropping index

Intercropping index

Planting ratios (Soybean-Chia)

75:25 50:50 25:75 75:25 50:50 25:75
Li Soybean 0.88 0.71 0.42 Net Effect 499.39  798.52  826.48
Li Chia 0.13 0.34 0.80 Complementary effect  32.14 133.39  622.95
LER 1.01 1.05 1.22 Select Effect 467.25 665.13  203.53
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