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Abstract: In order to determine the effects of biochar application amount on the growth and yield of soybean, a field plot
experiment was conducted with soybean Heihe 43 as the material, and four levels of biochar 27 kg-ha™' (B1),54 kg-ha™'
(B2),81 kg-ha™' (B3) and 108 kg-ha™' (B4) mixed with conventional fertilization were set up and the ground and
underground growth, dry matter accumulation and yield indicators of soybean were analyzed. The results showed that the
application of biochar could affect the plant height, stem diameter, root length, root volume, fresh weight and dry matter
accumulation of soybean in each growth period, and the increase rates were respectively - 27. 58%-13. 13% , 6. 52% -
29.62% , -9.65%-0.78% , 17.78% -68. 41% , —26.84%-59.79% (fresh weight above ground), 1.43% -62. 88%
(fresh weight below ground), 9.09% -51.49% (dry weight above ground), and - 14.07% -62.26% (dry weight below
ground). The plant height of biocher treatrments increased significantly at the seed filling stage and mature stage, stem
diameter of all biochar treatments increased , aboveground fresh weight, dry weight, underground fresh weight, dry weight and
root length of B3 treatment had the largest increment. Biochar can increased the yield per plant by increasing pods number per
plant, effective pods number per plant, seeds weight per plant and 100-seed weight, and then increased the total yield by
1.57%-7.74%. In general, the promotion effect of conventional fertilization combined with 81 kg« ha™' biochar ( B3
treatment) on soybean growth and yield was the best.
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Table 1 Effects of biochar on plant height of soybean at different growth stages FAAT sem
b3 ] e g5 ok A
Treatment Seedling stage Flowering stage Pod setting stage Seed filling stage Mature stage

CK 17.37£0.33 a 44.27 +1.13 ab 64.22 £2.42 a 65.92£0.82 ¢ 67.18 £0.44 ¢
Bl 12.58 £0.26 ¢ 38.67 £0.81 ¢ 63.15+1.33 a 71.22+0.99 b 72.92+1.22 b
B2 17.77 £0.16 a 46.15+0.62 a 61.48£2.03 a 72.50 £0.89 ab 73.17 £0.62 b
B3 14.17 £0.42 b 45.20 +£0.27 a 65.57 £2.56 a 74.33 £0.43 a 76.00 £0.58 a
B4 17.70 £0.32 a 42.48 +0.27 b 65.48 £1.71 a 70.57 £0.31 b 73.65 £0.52 b

TE AR NEF AR B (P <0.05) , N,

Note ; Different lowercase indicate significant difference( P <0.05) ,the same below.
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Table 2 Effects of biochar on stem diameter of soybean at different growth stages A mm

3L HiH e 253 B A
Treatment Seedling stage Flowering stage Pod setting stage Seed filling stage Mature stage

CK 2.92+0.11 a 3.95+0.23 b 5.52 +£0.21 be 5.05+0.04 b 5.92+0.17 ¢

B1 2.98 +0.07 a 4.25£0.15 ab 5.32+0.12 ¢ 5.35+0.05 a 6.13+0.18 ¢

B2 3.05+0.09 a 4.52 £0.38 ab 5.63 £0.20 be 5.43+0.02 a 6.27 £0.08 ¢

B3 3.17+0.03 a 5.12+£0.42 a 6.35+0.09 a 5.48 +0.06 a 7.20+0.14 a

B4 3.03+0.08 a 4.95+0.25 a 5.98 £0.14 ab 5.38+0.06 a 6.68 £0.09 b
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FETER 2 5, H &AW I ab B2 ) 25 57
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BT AAL (R BL Ab) KRG b H R e
B3 Kb Py b1 fi A F R K, WS N AR ) o e Ak R
CK 794255 5.25% 27.81% 35.45% F119.31% .,
AHA B2 B3 f B4 AbFAY kb I & 75350t CK Ik
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Table 3 Effects of biochar on aboveground fresh weight of soybean at different growth stages AT

b3 Hi e 4594 g RG] 8]
Treatment Seedling stage Flowering stage Pod setting stage Seed filling stage Mature stage

CK 3.85+0.30 ¢ 18.75 +£2.61 a 35.39£0.41 e 67.99 £1.69 ¢ 30.44 £2.92 ab

B1 4.24 +0.32 be 18.84 £2.41 a 41.94 +0.11 d 71.56 £0.57 ¢ 32.46 £2.76 a

B2 4.58 £0.29 be 23.38+2.03 a 46.19 £0.15 ¢ 86.90 £1.90 a 26.64 £2.14 ab

B3 5.65+0.35a 24.79 £2.76 a 56.55+£0.22 a 92.09 £2.41 a 22.27 £3.60 ¢

B4 5.18 £0.38 ab 21.16 £2.16 a 50.54 +0.12 b 81.12+£1.92 b 25.08 +2.52 ab
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Table 4 Effects of biochar on aboveground dry weight of soybean at different growth stages HAfT .
b3 it iz ] S5 SR 8]
Treatment Seedling stage Flowering stage Pod setting stage Seed filling stage Mature stage

CK 0.44 £0.01 ¢ 3.86£0.35 b 7.38+£0.10 ¢ 18.44 £0.43 ¢ 17.72 £0.20 d
Bl 0.48 £0.02 ¢ 4.14+£0.36 b 7.74 £0.07 ¢ 19.10£0.27 ¢ 19.22 £0.47 ¢
B2 0.54 +£0.01 b 4.85+0.36 ab 11.02£0.35 a 22.19+0.41 b 20.34 +£0.12 b
B3 0.64 £0.02 a 5.52+£0.62 a 11.18 £0.42 a 26.93£0.29 a 21.31+0.35 a
B4 0.48 £0.02 ¢ 4.66 £0.24 ab 9.63+0.13 b 26.08 £0.62 a 19.13 £0.12 ¢

2.2 A¥FRRAKE M TERER A RN
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L4 A4 F AR GARK R BT S TR
R RSB R UK IR E XS, &
1], B4 Kb PREE CK B9 22.53% ,fFAE B EEZE S,
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S AN B2 AbPHAUAR K AR CK BN 14.89% Bk

Hii9], B3 B4 5 CK ARKAH Lb W 3 55, % CK 435
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Table 5 Effects of biochar on root length of soybean at different growth stages BAAT sem
L] Hi iz ] 553 SR R8I
Treatment Seedling stage Flowering stage Pod setting stage Seed filling stage Mature stage

CK 31.55+£2.50 a 29.83 +£2.36 be 19.00 £0.70 b 19.42 £0.35 ¢ 14.15+£0.21 ¢
Bl 29.83 £2.36 a 26.95+1.38 ¢ 20.15 +£0.77 ab 19.83 +0.40 be 15.90 £0.23 b
B2 36.95£3.77 a 31.55 £2.5 abe 21.83+£0.53 a 21.13 £1.68 be 19.45 £0.15 a
B3 36.55£2.51 a 34.98 +1.42 ab 20.90 £0.97 ab 26.15+0.17 a 19.92 £0.33 a
B4 34.23 £2.47 a 36.55+2.51 a 19.58 +0.74 ab 22.33+£0.61 b 15.80£0.17 b

2.2.2 ARARAR

H13R 6 FH1, A W) 5 et 451 40

A B4 32.38% 55. 87% 68.41% F1144.39% .,

KGR FE B — e A2 207 T, B A= 9 o it FH
SN, A A F W (BRI ) KA AR AR 2 B 5
ThmJa TR S, B3 b BR AR AR K, BN,
B3 ZbH AR AT S CK A EL B & 1N 67. 49% |, J5
4 MEBE IS Y AL CK M 4777 3
PE2E5 ., 161,81 B2 B3 il B4 AbHEAYRAFLS CK

SR MR TR 2 % CK #2755 21. 1% .25. 87% .
52.17% #139. 88% ., Bk, 25 AbHEHL CK 4351 i 2%
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Table 6 Effects of biochar on root volume of soybean at different growth stages BT mL
Jb B 1 £ 4t BRI J A
Treatment Seedling stage Flowering stage Pod setting stage Seed filling stage Mature stage
CK 2.03+0.24 b 3.83+0.31d 6.92 +£0.22 d 8.20+£0.16 ¢ 4.45+0.12 ¢
Bl 2.57 £0.18 ab 5.07£0.13 ¢ 8.38+0.19 ¢ 12.22 £0.55 b 5.40£0.18 b
B2 2.63 £0.19 ab 5.97 £0.06 ab 8.71 £0.15 ¢ 12.80+0.33 b 6.25+0.18 a
B3 3.40 £0.56 a 6.45£0.20 a 10.53 £0.33 a 14.57 £0.25 a 5.90 £0.06 a
B4 2.68 £0.23 ab 5.53 +0.25 be 9.68 £0.20 b 12.23 £0.27 b 5.07+0.22 b

2.2.3 WTEE  RFET AT, BEAY A
B, A A A R 00 e R e T S R
(kass 78 B3 AbFRRA RIS R, Wi, B3 A HR S
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WEMEES, Wl A0 EA ZFEANRE, 4
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H AR B A7 i 2% 22 5, B1 (B2 B3 B4 735l 4%

CK #2155 27.54% 33.69% .82.75% H144.39% . B
Bl B YRR A S CK WAE7E &2 B3
AEEEEE CK = 62. 88% , 1 i B K, B2 Ab HHL 4% i f%
/N, R35.67% , HEAET, B2 Fi B3 AbBEE CK AH LE
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Table 7 Effects of biochar on underground fresh weight of soybean at different growth stages Hfy.g

Ab 38 Hi iz 453 g 81| e8]
Treatment Seedling stage Flowering stage Pod setting stage Seed filling stage Mature stage

CK 2.09+0.22 b 3.96 +0.12 a 7.48 £0.06 e 7.57+0.15 ¢ 5.03+0.24 ¢

Bl 2.12+0.19b 4.10£0.28 a 9.54+£0.13d 11.77 £0.37 a 5.39+0.12 ¢

B2 2.54+£0.18 b 4.22 £0.40 a 10.00 £0.04 ¢ 10.27 £0.20 b 6.36 £0.13 b

B3 3.29£0.09 a 4.65+0.30 a 13.67 £0.10 a 12.33£0.37 a 7.82+0.27 a

B4 2.64+0.19 b 4.16 £0.21 a 10.80+0.19 b 11.70 £0.45 a 5.44 £0.06 ¢

2.2.4 WTFFE K8 ulHL, MBI, I
B3 AW b B T HE Y CK AREER,
CK 3338/ 52. 08% H1 57. 66% , Hifli4b B 5 CK
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PSS SR, S EY BB T8 5 CK

AR LI AFAE B 3 25 5, 3990 31.91% ~62.26% , H.
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Table 8 Effects of biochar on underground dry weight of soybean at different growth stages Hfy.g

Ab38 Hi iz 453 g 81| e8]
Treatment Seedling stage Flowering stage Pod setting stage Seed filling stage Mature stage

CK 0.48 £0.06 b 1.08 £0.09 a 2.22+0.23 b 2.57+0.20 ¢ 1.35+£0.05 b

Bl 0.52+0.05 b 1.30 £0.11 a 2.34+£0.05 b 3.61£0.22 b 1.16 £0.04 ¢

B2 0.54 +£0.05 b 1.36 £0.15 a 2.63+0.31b 3.78 £0.13 ab 1.16 £0.04 ¢

B3 0.73£0.07 a 1.32£0.16 a 3.50£0.11 a 4.17 £0.20 a 1.71 £0.06 a

B4 0.62 +0.05 ab 1.22£0.12 a 2.32+0.21 b 3.39+0.12 b 1.47 £0.01 b
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§Uﬁ%§ﬁ‘— ,iﬁ\fﬁ'ﬁ@ﬁgiﬂﬂ 17.41% , ﬁﬁﬂﬂ‘f_ﬁﬂﬂ] Fig. 1 Effects of biochar on soybean yield

Kb Treatment
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Table 9 Effects of biochar on the yield and its component factors of soybean

b3 BARRIERL BRI BRI ER A
Treatment Pods number per plant Effective pods number per plant Seeds weight per plant/g 100-seed weight/g
CK 22.33+0.84 d 19.33 x1.12 d 10.28 +0.64 b 16.92 +0.08 ¢
Bl 25.00 £0.37 ¢ 22.83 +0.83 be 10.08 +0.35 b 17.21 £0.13 be
B2 27.33£0.56 b 25.17+£1.05 b 10.85 £0.21 ab 17.64 £0.15 b
B3 29.50£0.43 a 28.17 £0.48 a 12.07 £0.51 a 18.24 £0.25 a
B4 25.17 £0.31 ¢ 22.33£0.56 ¢ 10.45 +0.18 b 17.07 £0.22 be
3 it AR R AR W TUR B BT A AR B RR AR R

R Y AR B RAL, BE  EER,
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