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Effects of Biochar Based Fertilizer and Regulated Deficit Irrigation on Growth
and Water Use Efficiency of Soybean
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Abstract: In order to explore the effects of biochar based fertilizer application and the degree of regulated deficit irrigation on
soybean growth, yield and water use efficiency under brunisolic soil environment, we setted four different levels of carbon base
fertilizer application to interact with regulated deficit irrigation at the flowering stage, and analyzed the main effects of biochar
based fertilizer and regulated deficit irrigation and the effects between them on the plant height, dry matter weight, yield and
water use efficiency of soybean. The results showed that the compensation effect of 300 kg -ha ™" biochar applied based on
fertilizer under the slight deficit reduction ( BF,W, treatment) on plant height was the largest, which was 19.53% , the
application of 600 kg-ha ™" biochar based fertilizer and slight regulated deficit irrigation can promote the dry weight of soybean
shoots, which was 68.59% higher than that of the control treatment, the root dry weight peaked at 600 kg+ha ™", the root-
shoot ratio was generally reduced under the same water condition with the increasing of fertilizer application. The model was
beneficial to the increase of soybean yield and water use efficiency, whose yield of soybean was 89.58 g per pot, which
increased by 51. 16% compared with the lowest yield, the water use efficiency under this treatment increased by 55.07%
compared with the lowest water use efficiency. This model based on the biochar fertilizer application and the degree of
regulated deficit irrigation can provide a theoretical basis for the production of soybean in this environment.
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Fig. 1

Effects of carbon base fertilizer and water deficit on plant height of soybean

at flowering stage (A) and pod bearing stage (B)
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Fig. 2 Effect of biochar based fertilizer and regulated deficit irrigation
on dry weight (A) and root dry weight (B) of soybean shoots
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Fig. 3 Effect of biochar based fertilizer and regulated deficit irrigation

on soybean root-shoot ratio
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Table 1 Effects of different treatments on yield and WUE of soybean
e kIR BRI JER TACEY %*ﬁ%ﬁ @FE KRR
Treatment Number of pods Seed number 100-seed Weight per Production per WUE/ (g-kg-")
per plant per plant weight/g seed/g pot/g
BF, W, 104.00 a 254.17 a 19.89 a 0.12 ab 59.26 b 0.74 b
W, 108.00 a 245.17 a 18.43 b 0.14 a 65.73 a 0.84 a
W, 106. 00 a 312.00 a 19. 62 ab 0.11b 64.96 a 0.70 b
BF, W, 107.83 a 283.50 a 23.12 a 0.13 a 66.24 b 0.87 a
W, 117. 67 ab 333.83 a 24.35 a 0.12 ab 73.82 a 0.89 a
W; 113.67 b 372.17 a 23.19 a 0.09 b 68.59 ab 0.69 b
BF, W, 118.33 ab 347.67 b 25.69 b 0.13 a 79.84 b 1.00 a
W, 130. 83 ab 482.33 a 29.56 a 0.10 a 89.58 a 1.07 a
W, 125.17 a 433.33 ab 27.43 b 0.11 a 83.72 ab 0.85b
BF; W, 117.33 a 316.67 a 24.85 b 0.13 a 74.99 a 1.02 a
W, 120.17 a 360.50 a 28.77 a 0.11 ab 81.58 a 0.98 a
W, 126.33 a 425.50 a 28.13 a 0.08 b 83.01 a 0.77 b
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Table 2 Variance analysis of the effect of carbon base fertilizer and water deficit regulation on dry matter,

yield and water use efficiency of soybean

3= Feh e R N ZE Yield and yield component
X ohl/c X KA
EHT Plantheight/om — y | si b BTFE KB pesen y ‘ _ .
The EHRE ERE PRE garm R
The main TR A Above-ground Dry root  Root-shoot  Number of )
’ . . . Seed number 100-seed Weight per Production WUE
factor Flowering Pod  dry weight/g weight/g ratio pods per »
per plant  weight/g  seed/g  per pot/g  /(g-kg™")
period stage plant
BF, 79.89 ¢ 92.13¢  41.79b 12.76a  0.31a 106.00c 270.44b 19.31c¢ 0.12a 63.31c¢ 0.76 ¢
BF, 95.65b 109.54b 58.59a 13.32a  0.23b  113.06 be 329.83ab 23.55b  0.11a  69.55 be 0. 82 be
BF, 101.56 ab 113.74a 65.93a 15.07a 0.24b 124.78a 421.11a 27.56a 0.11a 84.38a 0.97 a
BF, 103.89a 116.43a 67.76a 15.35a  0.21b  121.28 ab 369.22a 27.25a 0.11a  79.86 ab 0.92 ab
W, 91.47b 104.90a 55.78a 14.50a 0.28a 111.8a 301.75b 23.38b  0.13a  70.08b 0.91 a
W, 96.51ab 110.93a 58.72a 14.94a 0.26ab 119.17a 355.46a 25.28a 0.12ab 77.68a 0.95a
Ws 97.75a 108.05a 61.05a 12.93b  0.21b 117.79a 385.75a 24.59a 0.09b 7507 a 0.75b
RE BF 23.405 % 83.464* * 11.034"* 1.336 5.362%  10.556 * " 6.207* 19.060*  0.36 6.263 " 5.178 "
Error source \ 3.458*  2.157 0. 866 5.403  3.719" 1.708 5.825%  9.326"  5.068" 8.6277 " 20.684" "
BF x W 0. 882 0.908 0.317 6.774*  1.075 5.273*  3.926"  4.745* % 3.909" 0.498 1. 135

RHBEFRA TN TSN T J7 2200789 F A ™ A" 203130878 P <0.05 il P <0. 01 /K- F B35 475G BF Jy 5B MRt AL 1 3= 4

T3 WO TR N T BF x W OB RS H

Values in the table represent F' values of variance analysis of main factors and interactive factors;

* and " " represent significant correlation at

P <0.05 and P <0. 01 levels respectively; BF means the main factor of carbon fertilizer amount; W means the main factor of water deficit regulation de-

gree; BF x W means the variable interaction factor.
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