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Effect of modified biochar on germination of sorghum-sudangrass in crude oil contaminated soil

ZHOU Wenjun', ZHU Xinping"*', CHEN Kangyi', SHEN Zhibo', GU Linzhu', LIU Fei', JIA Hongtao"”

(1.College of Grassland and Environmental Sciences, Xinjiang Agricultural University, Urumqi 830052, China; 2. Key Laboratory of Soil
and Plant Ecological Processes of Xinjiang, Urumqi 830052, China)

Abstract: To explore the effects of modified biochar on seed germination and seedling growth of sudangrass under crude oil stress, cotton
straw biochar modified by nitric acid and Fenton reagent was added to the contaminated soil with 4% oil content. The effects of the two
kinds of modified biochar on germination rate, germ length, radicle length, biomass, and total petroleum hydrocarbon degradation rate of
sudangrass were studied by soil culture germination test. The results showed that both biochar and modified biochar significantly increased
soil organic matter content (<0.05). The addition of unmodified biochar increased soil pH, while the addition of biochar modified by nitric
acid and Fenton reagent decreased soil pH. Compared with the treatment without biochar, the addition of biochar significantly increased the
germination rate, germ length, and plant biomass accumulation of sudangrass. Modified biochar promoted seed growth. The germ length and
biomass in treatments with 4% biochar modified with nitric acid increased by 67.83% and 80.26%, respectively, compared with the control
group. The addition of biochar and modified biochar could significantly improve the degradation rate of total petroleum hydrocarbons in
soil. Compared with the treatment without biochar, the degradation rate of total petroleum hydrocarbons in treatments with 4% biochar and
4% Fenton—modified biochar increased by 23.86 and 20.89 percentage points, respectively. Therefore, under crude oil stress, the addition
of modified biochar mitigates the negative effects of crude oil pollution on seed germination of sudangrass. The modification method and the
amount of added biochar will affect the short—term degradation effect of petroleum hydrocarbons in soil under the joint action of sudangrass
and biochar.
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Table 1 Basic physical and chemical properties of the tested soil and simulated crude oil contaminated soil

iH £y e e TR L A LI BAmE
Item TN/(g-kg') TP/(g-kg"') TK/(g-kg') AN/(mg-kg') AP/(mg-kg') AK/(mg-kg') OM/(g-kg™") P TPH/%
M+ 152 0.85 0.78 5.27 18.52 38.99 156.22 32.71 8.18 —
JEi S e 4 1 2.24 3.57 8.96 142.9 31.00 92.63 111.22 8.01 3.63
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Table 3 Characteristics of biochar

R4 RNEEWBRRARMGERMSRLTESNpH
BREXMAIRESE

SR See TRk SR Table 4 The pH, electrical conductivity and organic matter in
Parameter HEYRBC AW HBC AWK FBC crude oil contaminated soil treated by different biochars
pH 10.29+0.04a 2.33+0.03¢ 4.79+0.07b % '
L S%/(mS-em™)  2.41+0.02b 4.22+0.01a 2.36+0.02¢ 'rrﬁim pH EC/EEmT:F-?m" ) OMﬁ?z" )
KA1 1% 56.30+0.30a 5.90+0.02¢ 16.16+0.18b CK 8.04+0.03ab 24.90+0.50¢ 106.68+3.34d
Cl% 36.61+0.18¢ 63.88+0.21b 68.22+0.15a BC1 8.17+0.12ab 26.13+1.23bc 120.66+0.73¢
H/% 2.18+0.03¢ 3.74+0.02b 3.86+0.03a BC2 8.27+0.09a 29.67+1.73b 127.06+5.01bc
N/% 1.34+0.06¢ 4.14+0.12a 1.84+0.06b HBC1 7.79+0.09b 25.21%1.24bc 124.15+8.90¢
0/% 3.20+0.03¢ 22.17+0.29a 8.07+0.27b HBC2 7.73+0.02bc 30.77+0.33b 137.39+8.42ab
C/H 16.81+0.13c 17.09+0.01b 17.69+0.06a FBC1 7.80+0.05b 30.63+2.63b 128.33+2.38abc
(0+N)/C 0.12+0.00¢ 0.41+£0.01a 0.15+0.01b FBC2 7.65+0.06¢ 38.50+0.30a 138.37+5.74a
B R TR NG kR AR BRI 22 57 7 24 (P<0.05) . T RIS NG 5 B R AR BRI 22 53 9. 35 (P<0.05) . T AL,
Notes: The different lowercase letters in the same row indicated Notes: The different lowercase letters in a column indicate significant

significant differences among treatments (P<0.05).

differences among treatments (P<0.05). The same below.
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Figure 1 Scanning electron microscopy (SEM) of biochars and modified biochar(x1 000 times )
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Figure 2 Germination rate of sudangrass in crude oil contaminated soil with different treatments
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Figure 3 Germ length and radicle length of sudangrass in crude

oil contaminated soil under different treatments
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Table 5 Fresh weight, dry weight and leaf number of sudangrass

in crude oil contaminated soil under different treatments

[T i A T I
Treatment  Fresh weight/107 ¢ Dry weight/107¢  Leaf number
CK 3.09+0.16a 1.27+0.27b 2.26+0.74b
BC1 4.69+0.47a 1.65+0.10a 2.63+0.37a
BC2 5.03+0.17a 1.53+0.23ab 2.48+0.52a
HBC1 5.53+0.97a 1.48+0.27ab 2.89+0.11a
HBC2 5.57+0.27a 1.43+0.29ab 2.61+0.39a
FBC1 4.57+0.57a 1.40+0.28ab 2.76+0.24a
FBC2 5.43+1.07a 1.51£0.09ab 2.74+0.26a

2.4 AN A Bk 3 4 1 R R i P AR R AE HA 22 M

NGRSV U AN S PR iP5 R SIES
6 [T o 5 CKAH EL , B3 i A ) o Jie Atk BHRLA 1) A il
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S A 0 R e Ak B 1 A T R B R B A )
BT VA Tk 8 R TP 4 e, T 7 P 2 4 ot e Ak 34
2L DO A o P 388 T AT o A R A e k-
S T A TR 1) R S SR SR A, FE VS N Ry 4% B R
AR P i Ak B B i, M 35.77%, 5 CKH H 4
T 23.86 /1 43 a5 S5 U AR A W I e 6 A A T AR 1)
KA IR Z , FBC2 Ab FR R MR % b CK W 48 = T
20.89 ™ 43 a5 B TR 5P AE W I e Xk B A T 0 i
AL HEAE TSR /N, HBC T &b 33 1 B4 i 2% 4 18.24%
AR A A W e VO e e A 4 R e e 3 PN T
AR R IR IR P R A D T G R A T AR 1
R fig 2R T A 90 5 e SO D T2 RIS o 2 () S TR 5 5 i)
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Figure 6 Degradation rate of TPH in crude oil contaminated soil

with different treatments
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