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Phytotoxicity of quinclorac residues in tobacco-planting soil

to tobacco and remediation effect of biochar

YAO Xuemei', CHEN Lijun!, OUYANG Yu?, RUAN Binzhou', DING Chunxia?, ZHU Wei', LIU Xu'*

(1. Shaoyang Branch of Hunan Province Tobacco Company, Shaoyang, Hunan 422000, China;
2. School of Chemistry and Materials Science, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: Quinclorac is prone to causing phytotoxicity on tobacco. However, the influence of soil environmental factors on
the severity of tobacco phytotoxicity, as well as the remediation mechanism of biochar against such damage, remain unclear.
In this study, correlation analysis was conducted between the degree of residual quinclorac-induced tobacco phytotoxicity
and soil environmental factors. On this basis, pot experiment and field plot trials were carried out to investigate the
remediation effects of different types and amounts of biochar on quinclorac-induced phytotoxicity in tobacco. The results
showed that the phytotoxicity degree of tobacco was significantly positively correlated with the residual amount of
quinclorac in soil, and significantly negatively correlated with soil organic matter content, while it presented a negative
correlation with soil pH and the content of available nitrogen. The appropriate addition of biochar to soil could promote the root
growth of tobacco seedlings. In tobacco-planting soil with quinclorac residue of 0.070 2 mg/kg, the application of 1 500 kg/hm?
straw biochar could increase soil pH and organic matter content, reduce the bioavailability of soil quinclorac, alleviate

quinclorac phytotoxicity in tobacco, and improve the yield and output value of flue-cured tobacco.

Keywords: quinclorac; biochar; tobacco; phytotoxicity; soil remediation
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Table 1 Physical and chemical properties of tobacco-growing soil, quinclorac residue, and tobacco phytotoxicity degree

33 ch T UL B B/ (mg kg )

TIERILSE 2

ZIRE B R R pH ﬁﬂfﬁfﬁ%ﬁiﬁ/ Wﬂ%ﬁfﬁilﬁj\ﬁz/ ﬁfiﬁz@%‘rﬁﬁ'{?}i&/ i%&ﬁz@q]fﬁ%ﬁy\%z/ ;;%2
(g'kg™) (mg-kg™) (mg-kg™) (mg-kg™)
1 0.059 9 0.0799 6.76 27.21 61.6 17.46 172.0 3%
2 0.056 6 0.0702 6.20 23.10 126.0 12.68 246.0 3%
3 0.024 1 0.069 7 6.56 3451 163.8 25.78 234.5 0%
4 0.0307 0.085 1 6.45 38.83 161.0 25.27 186.5 0%
5 0.086 6 0.087 8 723 20.91 65.8 30.56 2435 9%
6 0.079 9 0.087 6 6.18 23.82 182.0 43.41 488.5 7%
7 0.082 4 0.089 3 6.15 26.26 107.8 9.15 205.0 7%
8 0.085 7 0.089 5 5.30 29.20 156.8 6.63 214.0 7%
9 0.087 8 0.089 9 5.47 26.26 119.0 27.54 341.5 %
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Fig. 1 Different levels of quinclorac phytotoxicity on tobacco
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Fig.2 Pearson correlation analysis result of tobacco phytotoxicity grade and soil environmental factors
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Fig.3 Photographs of tobacco plant growth

under different treatments

R2  TRICERRKEKHIF M0

Table 2 Effects of different treatments on the growth of tobacco

Ab H/em i %8 /em Pimi/em ZH/em AR i )i /g T E/g
CK 28.00+0.89* 9.57+0.32% 29.93+0.88° 2.90+0.12° 13.33+0.88" 53.96+3.89° 5.33+0.32°
A0 16.70+£0.40° 4.93+1.09% 8.63+0.26° 2.70+0.06° 9.67+0.67¢ 17.80+2.47° 1.67+0.22°
Al 28.17+2.32¢ 11.33+1.42¢ 26.57+0.61° 3.5740.20° 11.67+0.33% 66.06+14.17* 5.7340.37°
A2 23.45+0.65° 8.85+0.55% 9.00+0.40¢ 2.80+0.20° 11.00+1.00* 31.82+7.32% 3.42+0.85°

Vs BB HUR AL VI RAE 2 R SRR NS 5 B SR AL B 02 5 G127 X(P<0.05).
SH(R3)o PRI BRI R SR 24 F IR AT DL 2%
i, AHAR R R AR B 7R AR A
Bt ESKBRNH, BRI R EE .

THEFE 548 dJ5 AN IR b R AL IR FER R AR R (1) R
BARGLAT A L 43 . 4TI, AOREFRIR &
JEE, S AR AR I . ATIR RAE KR
LR I, AR R & TR 5 A0 o W & 7%

E4 348 dETELBEREERRANERKLBRR

Fig. 4 The growth and development of tobacco roots after transplanting for 48 d

R3 B#48 dEFEIBARKIRANE KL BEHR

Table 3 Root growth and development indexes of tobacco roots after transplanting for 48 d

A2

g SR /em LR /em? AR /em? R EA/mMm  RARE/(pgg'h™)
CK 249.65+42.08" 335.31+73.88° 127.78+54.57° 2.3940.55° 20.24+7.09*

A0 212.26+16.67° 159.27+4.31° 24.66+4.98° 1.93+0.11° 15.56+6.45"

Al 417.50+88.16" 809.45+37.44* 354.19+53.35° 2.43£0.69* 27.71%15.01°
A2 154.88+0.22° 151.89+18.52° 35.68+3.59° 2.14+0.33° 21.38+4.18"

e RSB RN G PR AL B ) 22 A GE it 53 L(P<0.05).
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Fig. 5 Quinclorac phytotoxicity on tobacco and the remediation effect of biochar

T4 TRIEMRIEXT AR _E BB EI R0

Table 4 Effects of different biochar treatments on the upper leaves of tobacco plants

EL K /em HRAZE /% %8 /cm MEEEE A% EBYem?  RAHETRg HEER
CK 63.98+2.00° — 12.85+0.85° — 523.78+47.01° 30.94 3%
T2 68.30+1.94® 6.76 21.15+1.31* 64.59 912.84+38.37% 34.98 0%
T3 66.18+1.36™ 3.44 19.78+0.60° 53.89 830.72+34.09* 41.62 0%
T4 66.85+2.13% 4.49 20.60+1.09* 60.31 874.18+57.77° 42.48 0%
T5 71.23+2.10* 11.33 21.03+1.26* 63.62 946.90+43.17* 42.70 0%
T6 70.08+2.34% 9.53 22.20+0.70* 72.80 899.90+54.04* 44.75 0%

e FSIBERAE NG FREROR A B R ZE R A ST 24 (P<0.05); TIALBE i T ARUCERIERE A, AN ET .

R5 TELENTIEQCHKEE. AHRESEMpHFI
Table 5 Effects of different treatments on contents of soil quinclorac

residues, organic matter and pH

F QUEKMRE/(mgkg ) AHURF RS (eke!) pH

CK 0.056 6 17.82 5.20
T1 0.0610 17.93 5.49
T2 0.058 3 19.03 5.54
T3 0.063 7 20.03 5.67
T4 0.061 1 17.94 5.47
T5 0.067 6 18.56 5.64
T6 0.065 8 20.13 5.68

AN KB R 5% JR 2GR IR W26, HiER 6T
W, S5CKARL, A4k Ab38 Ja 92 100 = e A = {E 35
—E S, LR e AR A R B R N3 OK
T CRAL, SAHEAMEIRE 1 4.7%~12.1%,
PEEIR 1 9.9%~21.0%. MHFEEHE T, FHAEY
WIMEEBRAM T R E R (TOLLT3 MR, TSH
T2(WK, TUH T ARYCEERIA B0~ HdE, SR
M) X —Z Rl R SR AR AR &
B, pHE A K. GEHEBERALEETMEH,
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1 500 kg/hm>FEFFA T F T-12 52 — S kR bk
B Ol R MR 25

#=6 A REIIE TREEFZEFER
Table 6 Economic traits of the flue-cured tobacco under different

treatments

b3 P22 s VA < e 3 = L S e Y ] %4/‘*@/

(kg-hm2) L A91/% /%  (c-hm?)
CK 15569 378 82.8 511753
T2 16296 39.5 86.5 56264.6
T3 1709.1 39.8 87.2 58 867.2
T4 16446 382 85.3 56 469.8
TS 16686 39.5 86.1 57256.1
T6 17455 40.1 87.6 61946.9

3 g

1) M SRR 2 F AR S H I 2 F i &
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fHo rEMEHEAARPIE T, R AY R
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