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Effect of different biochar types and applications on germination and rhizome growth of wheat and cucumber
seeds
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Chinese Academy of Agricultural Science, Beijing 100081, China)

Abstract: In order to clarify the effects of different biochar types and applications on the germination and rhizome growth of wheat and cu-
cumber seeds, we evaluated four different biochars [peanut shell biochar (PBC), corn stalks biochar(MBC ), aspen chips biochar(ABC) and
bamboo chips biochar(BBC)] that differed in feedstock type. We also conducted an indoor incubation experiment to evaluate the response of

germination percentage and the responses of the root and shoot lengths of wheat seeds (fibrous root syshoot) and cucumber seed (taproot sys-
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hoot) to different biochar inputs (0, 20.0, 40.0, 80.0, and 160.0 g-kg™') at the end of the germination period. The results showed that the four

types of biochars were alkaline in nature and had an obvious pore structure. These biochars also contained functional groups, including —O—,
—OH and -C=0. Furthermore, in addition to nutrient elements that can benefit crop growth, several polycyclic aromatic hydrocarbons (PAH)
compounds of biochar and soil were also identified and quantified, which differed among the four biochars. Compared with the control, the in-
put of biochar had no effect on the percentage of germination of either wheat or cucumber seeds. Nevertheless, at a low input rate, these bio-
chars effectively promoted the growth of the wheat and cucumber seedlings, whereas a high input of biochar significantly inhibited their root
and shoot growth. The application of PBC at 80.0 g-kg™ had the best effect with respect to stimulating the root and shoot growth of wheat and
cucumber, with increases of 31.58% and 85.14%, respectively. However, MBC, ABC and BBC were most effectives when applied at 40.0 g+
kg™, promoting increases in the root and shoot lengths of wheat by 45.26%~83.49% and 79.30%~133.17%, and of cucumber by 18.55%~
39.77% and 63.14%~84.00%, respectively. Consequently, the different biochars had a considerably greater influence on wheat seedlings
than that on cucumber seedlings. In conclusion, differences in both the feedstock type and chemical composition of biochars and their appli-
cation amounts significantly affected the early growth of wheat and cucumber seedlings, and the interaction of type and application was also

significant. Therefore, on the basis of different feedstock types, an examination of the physical and chemical properties of biochars in con-

junction with a determination of optimal dosage might be important for reliable field application.

Keywords: biochar; addition; PAHs; germination test; root length/shoot length inhibition rate
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Table 1 The proximate analysis of the peanut shell(P) , corn stalks biochar(M) ,aspen chips(A) and the bamboo chips(B)

s K53 1% PR T PRTEDE TR 2T 2 DRURrRES AR FLFYER KN HLZF2E
Material Moisture content pH Acid washing fiber/%  Alkaline detergent fiber/% Hemicellulose/% Lignin/%  Crude fiber/%
p 8.70 5.02 70.81 58.35 12.46 30.81 48.29
M 9.70 6.00 55.38 32.09 23.29 6.90 25.03
A 7.70 522 87.15 73.28 13.87 29.34 61.86
B 6.30 3.80 78.74 56.06 22.68 18.50 44.74
=2 X T EEARE AR
Table 2 Basic physical and chemical properties of soil
Sk Eo AL Lk Exal AR HAR A AR Z
Moist i Total Organic Total Total Nitrate Ammonium Available Available Ik
i Ollb ]i;; yl:l nitrogen matter phosphorus potassium nitrogen nitrogen phosphorus potassium PAHs
comentz p /g-kg™ 1% /g kg™ /g kg™ /mg- kg™ /mg- kg™ /mg-kg™ /mg-kg™! /pg ke
5.47 7.84 1.51 1.57 1.41 13.42 317.71 2.54 20.52 204.51 49.48
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Figure 1 SEM(X2000 times) of different raw materials
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Figure 2 FT-IR spectra o of biochar on different raw materials

() BATE AW 5 ABC (DB % BBC

®3 FREEREYREFIES

Table 3 Analysis of characteristics of biochar on different raw materials

BB WWE KO R [ S e AAXSJEF LE Relative atomic ratio/ %

Biochar pH Ash/% Fixed carbon/% g ¢ AN A0 Mg WS Al MK f5Ca
PBC 9.92 3.00 0.66 96.30 80.70 0.98 15.40 0.42 0.07 0.34 0.80 1.05
MBC 9.84 5.80 0.77 93.40 83.10 1.39 13.10 0.4 nd 0.66 070 038
ABC 8.76 0.70 0.74 98.50 86.40 0.68 12.10 nd nd 0.03 0.18 0.47
BBC 9.32 1.00 0.57 98.40 86.80 nd 11.70 0.12 0.24 0.14 0.85 nd

TEnd FoRARME], T,

Note :nd means it is not detected. The same below.
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Figure 3 Soil PAH s content after adding biochar
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Table 4 Concentrations of PAH;s of the biochars(wg-kg™)

1b&¥) Compounds AEAESEE Y% PBC FORAEF A4 5 MBC AR S =y e ABC P78 A= 91% BBC
%5 (Nap) 3.80+0.72a 3.43+0.40a 2.82+0.41a 3.39+0.43a
JEH (Acpy) nd nd nd nd
& (Acp) nd nd nd nd
%5 (F1) 5.77%1.12a 4.6520.30a 4.20%0.77a 5.14+0.73a
E(Phe) 26.21+5.68a 22.46+2.49a 17.24+2.04a 22.25+3.59a
B (Ant) nd nd nd nd
PER(FIL) 13.12+3.88a 12.68+2.08a 7.64+1.49a 15.79+1.91a
B (Pyr) 46.95+6.99a 43.96+6.39a 37.28+6.59a 48.58+4.38a
K FF[a] B (BaA) nd nd nd nd
J& (Chr) nd nd nd nd
I[P (BbF) nd nd nd nd
Ak ]|7E L (BKF) nd nd nd nd
Z5IF[a]tE (BaP) nd nd nd nd
BiJf[1,2,3-cd]tE (Ind) nd nd nd nd
I [a, h]E (Dba) nd nd nd nd
# I [g, h,iHE(BghiP) nd nd nd nd
LI (PAH,) 95.83+14.07a 87.20+11.17a 62.48+12.31a 93.58+8.18a
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Table 5 Effects of different biochars on the percentage of germination of wheat and cucumber seeds
PetFh He ) IR VS e K 2 The percentage of germination/%
Test seed Adding biochar amount/g kg™ e 5EAE Y Ik PBC FOKRFEFFAEDRMBC  HARBAY 5 ABC 1B 4% % BBC
INERIF 0 88.0+2.83 a 88.0+2.82a 88.0+2.82a 88.0+2.83a
Wheat seeds 20.0 92.0+1.26a 89.6+2.99a 85.6+4.12a 85.6:2.04a
40.0 88.8+1.49a 89.6+2.71a 83.2+1.50a 87.2+2.33a
80.0 84.0+2.19a 91.242.33a 92.0+2.83a 89.6+2.71a
160.0 89.6+3.71a 92.8+1.96a 92.0+1.79 92.8+2.33a
KA T 0 89.6+2.04a 89.6+2.04a 89.6+2.04a 89.6+2.04a
Cucumber seeds 20.0 92.8+2.33a 95.2+2.33ab 90.4+3.71a 90.4+2.99a
40.0 94.4+2.04a 96.8+1.50ah 92.0+3.58a 92.8+1.96a
80.0 92.0+3.7% 96.0+0.00ah 96.8+1.50a 91.2+1.50a
160.0 92.8+2.65a 94.4+2.99ah 92.8+2.33a 94.4+2.40a
F 6 AEIRBHE W XN E R E IR K A ZE KA 51
Table 6 Effects of different biochars on the root and shoot length of wheat and cucumber
- y@ﬁz@%ﬁui HK Root length/cm 25K Shoot length/em
Testerop  Addingbiochar st TKRH b L] WA EREHE BAE i
amount/g-kg PR PBC RIS MBC IR ABC AW BBC MR PBC AW MBC  AW)a ABC £ BBC
N 0 3.27+0.16c  3.27+0.16d  3.27+0.16d  3.27+0.16c  4.01:0.22d  4.0120.22d  4.01:0.22d  4.01x0.22¢
Wheat 20.0 530£0.11b  5.08+0.10b  4.50+0.15cd  4.43x0.08b  8.26+0.23c  8.02+0.17b  5.08£0.29b  5.36x0.10c
40.0 5.62+0.14b  6.00:0.07a  4.90+0.13a  4.75:0.07a  9.65+0.15b  9.35x0.10a  7.43x0.29a  7.1920.15a
80.0 6.79+0.08a  4.03x0.06c  4.84x0.09ab  4.18+0.08b 10.98+0.12a  5.08+0.12c  6.21x0.12b  6.240.13b
160.0 5.64x0.09b  1300.10c  4.300.12c  3.43:0.06c  8.4320.17c  1.96x0.16e  4.78+0.14c  4.50+0.14d
R 0 3.42:0.20b  3.42:020c  3.42+020b  3.42:0.20b 3.50+0.19d  3.50+0.19b  3.50+0.19d  3.50+0.19c
Cucumber 20.0 3.73£0.12b  4.04+0.09b  3.43+0.06b  3.20+0.07b  5.28+0.20c  5.51+0.09a  4.17+0.12¢  3.84+0.10c¢
40.0 4.40+0.10a  4.48+0.09a  4.77+0.10a  3.55¢0.05b 5.87+0.11b  5.71+0.10a  5.88+0.08h  4.33+0.08h
80.0 450£0.07a 2.22+0.12d  4.78+0.15a  4.24=0.14a  6.48+0.09a 2.53+0.12c  6.44%0.15a  6.04+0.20a
160.0 2.65¢0.12¢c  1.74=0.11e  1.880.10c  3.38+0.06b  3.12+0.12d  2.58+0.11c  2.37%0.13¢  4.73+0.14h
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Table 7 Two—factor variance analysis of effects by biochar of different materials and inputs on germination,

root length, shoot length of wheat and cucumber

MR VEY) EES H K ZEE Germination rate/% R Root length/cm 25K Shoot length/cm
Test crop Factor Degree of freedom(DF) F Sig. F Sig. F Sig.
INAZ B 3 0.65 0.586 151.1 <0.001 269.6 <0.001
Wheat M 4 1.91 0.117 234.8 <0.001 378.2 <0.001
BxM 12 1.1 0.376 63.81 <0.001 66.7 <0.001
Model 19 1.2 113.6 164.33
# I B 3 1.178 0.323 18.54 <0.001 32.31 <0.001
Cucumber M 4 2.354 0.061 113.74 <0.001 213.8 <0.001
BxM 12 0.481 0.92 32.17 <0.001 65.37 <0.001
Model 19 0.985 47.19 91.4
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Figure 4 Effect of soil PAH s content on root length and shoot length of wheat and cucumber
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