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Biological Effects of Corncob—derived Biochar on Soybean Plants

ZHANG Wei-ming, GUAN Xue-chao, HUANG Yu-wei, SUN Da—quan, MENG Jun, CHEN Wen—fu"

(College of Agronomy, Shenyang Agricultural University/Biochar Engineering Technology Research Center of Liaoning Province, Shenyang
110866, China)

Abstract : Biochars applied to soil have shown to enhance plant growth. However, the biological effects of biochar generated from corncob on
soybean are poorly understood. In this study, the structure and properties of corncob—biochar produced by a novel carbonization technology
was studied. The effect of corncob—biochar on the growth of soybean( Glycine max L. Merr.) was also evaluated in a field experiment in the
Northeast China. Compared to corncob, the corncob derived biochar had 5.54—fold greater total pore volume, 3.74—fold larger specific sur—
face area, 1-fold higher pH, 5.03—fold more fixed carbon, and 0.26—fold ampler ash content, indicating that this biochar had rich microp—
orous structures. Applications of corncob—biochar increased plant height, dry matter accumulation, and photosynthetic and nutritional physi—
ological processes of soybean. Biochar additions also improved the absorption of nitrogen, phosphorus, and potassium by plants. The biochar
significantly enhanced the yield and quality of soybean. The average soybean yield was 10.98% higher at two higher rates of biochar( 1500
kg +hm= and 3000 kg -hm ™) than that of the control. Taken together, these results suggest that corncob—biochar has good physical and
chemical characteristics, and could be a good agricultural material to be used in soybean production in Northeast China.
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Figure 1 SEM micrograph of corncob(Before carbonization )
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Figure 2 SEM micrograph of corncob—biochar( After

carbonization )
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Table 1 Pore characteristics of corncob before and after carbonization

e EALAR Total pore

Barrett—Joyner—Halenda

[ f5 FLIAFH Pore volume by — SEA7HALIAF Pore volume  f{FLIAFH Microporous pore
of MK-Plate measure/

AL AR

volume of DR measure/

. ol 3 o i .
Material ~ volume/mL-g"'x10 method/mL-g'x10° mlg'x10° g 'x107 Average pore diameter/nm
BEPNIIY/ 183 18.3 16.4 1.7 16.23

KIS 2.8 3.0 2.6 0.3 10.75

R2 ERTRHEZEUER
Table 2 Main physical and chemical properties of corncob—biochar
R pH i FeaR AR Il 2 B RISy Koy FHES 722t Cation

Material pH value  BET surface area/m*g”  Fixed—carbon content/%  Volatile content/%  Ash content/%  exchange capacity/cmol -kg™
FOK I 9.81 33202 68.855 9 20.588 7 10.555 4 19.02

55/ OTiN 4.96 0.701 1 114223 80.199 1 8.378 6 —
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TR, T R A HE AR AR A — T R 0 R P, KT
AIOCER PP R, 5 U BT S LR AR IE (R
BACSAFF RIS

ol o] 5| WS 5 STUNAEL 73 s R S e A IO E AT & Rt
KOCEFPIE, Bt kS | R AU, O HAE
MR 8 SR E A K AE IS T A5
PRILREPEILAE
2.2 EXEEWRTKE EWFEIRBOZ N
2.2.1 XitkE S TR R A5

W3 4 Pis eI RIS 25980 | ORI
Ab B PR AR 38 R X B B A it i e o i i v L
AR 2R TR R, FORE AN FRAE AR K R
WIS AN AR Rl A A B MRS, 2R KX IR BRIT
FEHT C1 b PR T FE /N T BEAR, LA B J R OK
S A LA R X B A 45 S S g i Ak R (C4) b 3
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Table 3 Major elements of corncob—biochar(% )

FH KL Material N p K C S Na Mg Ca Fe Al Si
FOKE I 0.86 0.96 1.21 72.31 0.53 0.03 0.4 0.21 0.13 0.16 0.24

R4 ERBRIKRER ST EEEKTHENZ N
Table 4 Effects of corncob—biochar on height and above—ground dry weight of soybean

[N Heights/cm

I Leaves/g

2K Stems/g

T TN Y Pod-  E TN Y Pod—  E TN S5V Pod-
Seedling stage Flowering stage setting stage Seedling stage Flowering stage setting stage Seedling stage Flowering stage selting stage
CK 17.61a 49.15a 81.83a 1.29a 10.51a 15.66a 0.44a 12.21¢ 30.05a
Cl 18.59a 49.17a 81.85a 1.29a 10.29a 1591a 0.33a 12.44bc 28.79a
C2 18.87a 50.21a 82.32a 1.34a 10.77a 16.81a 0.47a 12.84bc 30.89a
3 19.13a 50.85a 83.17a 1.29a 12.05a 16.51a 0.46a 14.84ab 30.92a
C4 19.18a 51.20a 84.69a 1.30a 11.94a 17.41a 0.47a 15.44a 30.99a

TE: RIS ING RO A BRI 25 5 235, P<0.05, T 1A,

Note: Means within a column followed by different small letters are significantly different at the 0.05 probability level. The same below.
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Figure 3 Effects of corncob—biochar on net photosynthetic rates of

soybean at major growth stages
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Figure 4 Effects of corncob—biochar on transpiration rates of

soybean at major growth stages
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Figure 5 Effects of corncob—biochar on chlorophyll contents of

soybean at different growth stages
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Figure 6 Effects of corncob—biochar on soluble protein contents of

soybean at different growth stages
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Figure 7 Effects of corncob—biochar on soluble sugar contents of

soybean at different growth stages
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Table 5 Effects of corncob—biochar on nitrogen uptake by soybean above—ground at different growth stages
e It Leaves/% 2% Stems/%
T TEAEN] G Seed i TN G R Seed
Seedling stage  Flowering stage Pod-setting stage  filling stage Seedling stage  Flowering stage Pod-setting stage  filling stage
CK 4.97a 4.68¢ 4.09a 2.95h 1.52b 1.87a 1.08a 0.88b
Cl 5.22a 4.71bc 4.13a 3.69a 2.11a 1.88a 0.97a 1.17a
c2 5.68a 5.04ab 3.87a 3.65a 1.92a 1.83a 1.10a 0.92b
C3 5.17a 5.29a 4.11a 3.34ab 2.03a 1.93a 0.98a 0.86b
c4 4.99a 5.19a 4.11a 3.53a 1.84a 1.90a 1.17a 0.87b
xR 6 EXRBRINIKEAEEET M EAPERBERILE 2T
Table 6 Effects of corncob—biochar on phosphorus uptake by soybean above—ground at different growth stages
e It Leaves/% Z£ Stems/%
Troament 10 TEAE S R Seed o TEE GIM M Seed
Seedling stage  Flowering stage Pod-setting stage  filling stage Seedling stage  Flowering stage Pod—setting stage  filling stage
CK 0.72ab 0.68a 0.51a 0.51a 0.25b 0.47ab 0.38a 0.31c
Cl1 0.66ab 0.63a 0.52a 0.49ab 0.39a 0.41b 0.39a 0.40a
c2 0.71ab 0.63a 0.54a 0.45he 0.36a 0.50ab 0.40a 0.38ab
C3 0.74a 0.69a 0.54a 0.43bc 0.39a 0.48ab 0.41a 0.36abc
c4 0.64b 0.64a 0.57a 0.42¢ 0.40a 0.55a 0.44a 0.32bc
TS IR G SRR B e 3 2233 XM

), FRGEIRAL PR 2 T X5 IR, Bt

A R
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Table 7 Effects of corncob—biochar on potassium uptake by soybean above—ground at different growth stages

I Leaves/%

2% Stems/%

Jb 3

Treatment ES TFAE S53El] B Seed T Piia] 253N Y] Seed
Seedling stage  Flowering stage Pod-setting stage  filling stage Seedling stage  Flowering stage Pod-setting stage filling stage

CK 1.11b 1.21a 0.82a 0.71a 0.92b 1.66a 0.81a 0.59a

C1 1.27ab 1.16a 0.88a 0.76a 1.14a 1.42a 0.82a 0.65a

Cc2 1.16ab 1.12a 0.86a 0.71a 1.03ab 1.45a 0.81a 0.66a

C3 1.12b 1.18a 0.84a 0.71a 0.94b 1.56a 0.75a 0.67a

C4 1.37a 1.15a 0.89a 0.74a 1.13a 1.49a 0.75a 0.67a
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Table 9 Effects of corncob—biochar on quality of soybean

bt AU it SRR A Total

Treatment Protein content/% Oil content/% protein and oil content/%

CK 43.27a 21.23a 64.50b
Cl 43.53a 21.30a 64.83ab
C2 43.47a 21.27a 64.73ab
C3 43.60a 21.27a 64.87ab
C4 43.73a 21.33a 65.07a
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Table 8 Effects of corncob—biochar on soybean yield and its components

b3 Ly s34 LiRVS k3¢ Ly T TR NESS
Treatment Pods per plant Seeds number per plant Grain weight per plant/g  100-Grain weight/g Yield per plot/g
CK 64.61a 103.08a 24.41c 24.04a 1 506.15b
Cl1 69.31a 11591a 26.87bc 23.43a 1 546.57ab
c2 70.67a 119.72a 27.8abe 23.1a 1 630.41ab
C3 78.1a 127.67a 30.37a 23.96a 1680a
C4 74.78a 123.33a 29.44ab 24.05a 1663ab
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