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Effect of chlorothalonil on soil microbial communities of Larix artificial

shelter-forest

SHAO Yuanyuan, WANG Zhiying " ,ZOU Li, WU Shaoping
College of Forestry,Northeast Forestry University ,Harbin 150040, China

Abstract; Chlorothalonil is considered to be a non-selective fungicide and used commonly to control a broad spectrum of
plant diseases. Hence, it is important to study its impact on ecological safety. In this study, the recommended dosage of
chlorothalonil was sprayed on the soil of larch artificial shelter-forest to evaluate the impact of the fungicide on soil microbial
communities. At the same time, analysis of correlations between soil diversity and propertities showed that it can provide
basic data of the influence to soil microbial community and thus, provide basic foundings of scientifical usage and crisis
managament for the pesticide. Using dilution-plate method, data of culturable microbial populations, soil properties and
microbial functional diversity indexes were collected before spraying fungicide, 0 MAT, 2 MAT, 4 MAT and 12 MAT
respectively. The results showed that bacterium was the dominant species among soil microbes whose number directly
affected the dynamics of total soil microbial amount of larch artificial shelter-forest. As a whole, chlorothalonil had
inhibitory effect on the proliferation of the soil bacteria. The inhibition occurred mainly in both the surface and the upper-
layer (0 — 10cm ) soils on O day after spraying. Moreover, the inhibitory effect on the bacteria in surface soil was
significantly different from that in upper soil two months after spraying and the difference reached the climax four months

later. At the time of both 0 MAT and 2 MAT, chlorothalonil facilitated the proliferation of the fungi in both the surface and
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the upper-layer (0 — 10cm ) soils. Nevertheless, it showed little influence on the under layer soil fungi populations.
Although the actinomycetes amount in both the surface and upper layer(0 — 10cm) soils were decreased as a result of the
applicaton of chlorothalonil, the inhibition was weaker than those on bacterial populations. Correlation analysis between
three main groups of microbial populations, soil propertities and diversity indices showed that the contents of both the
effective phosphorus and available potassium in the soil were significantly positively correlated to the numbers of soil
actinomycetes. The bacterium count was correlated positively to the content of soil hydrolysable nitrogen as well, whereas
not to the soil microbial community diversity. Biolog-Eco Plate detecting showed that, 2 MAT, chlorothalonil had no
significant effect on the carbon conversion ratio of the surface soil microbes while significant to that of the upper-layer
microbes. And there was significant difference on the carbon conversion ratios of the under-layer microbes between two
experiments tested on two months and four months after spraying respectively. Nevertheless, there was no significant
difference between different soil layers. Principal component analysis of 31 carbon sources showed that the ability of single
carbon conversion ratio of soil microbial community strikingly improved after chlorothalonil spaying. Furthermore, two
months after spraying, the conversion ratios of certain carbon, e. g. Glycogen and 2-Hydroxy Benzoic Acid, were
strengthened significantly. Analysis of variance proceeded to find that there existed distinguished differences between
different action times, different treatments and different soil layers for the ability of single carbon conversion ratio of soil
microbial community. There were significant differences among the utilization of Amino acids, Carbohydrates, Polymers,
Phenolic and Amines( P <0.05) before spraying, in addition to this, Polymers had a highest availability. The ability of
single carbon conversion ratio of surface soil microbial community was higher than other layers whereas the utilization two
months after applying chlorothalonil was significantly different between Phenolic, Amines and the other four single carbon

sources.

Key Words: chlorothalonil; soil microbial community; Biolog-Eco detecting method ; principal component analysis
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Table 1 Physical and chemical characteristic of the soil samples

et H IKIFHERS (mg/kg) AR/ (mg/kg) HEH/ (ng/g)
Sampling plot p Hydrolyzable nutrient Effective phosphorus Available potassium
FEJ7 Plot 1 6.30 86.34 31.54 69.24
FEJ7 Plot 11 6.42 79.26 8.59 78.40
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Biolog-Eco LA - 96 A~4L,3 MEE , B EEA 32 FLALHE 1 X BEAFLA 31 S —mifL) |, bR
X BREH LA KRR 7R TR LIS, Hodx 31 FLIEEAG B — i Y5 R DU s 20 ek o 7 B2 9 R B — i 0 )
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AWCD =% (C-R) /31
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HPE B AT A 7 Hr
2 HRE5SWH
2.1 ATREFRGAR W) K B ] )22 AR
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Table 2 The changes of soil kinds, quantities and seasonal variation

Qb urber of microbes BHPERT (5 H) WEWE )5 0d(6 H) WA 2 A~ A (8 ) WHlE 4 ~H (10 H)
Treatment (cfu/g DM) May June August October
CK(FE)Z2) B/ x10% 4.23 47.33 12.67 1.35
F/ x10* 2.60 5.83 7.00 19.67
A/ x10* 158.33 100. 67 31.67 29.17
TN/ x10% 4.25 47.34 12.67 1.35
CK(0—10cm) B/ x 10® 3.12 50. 50 1.33 8.15
F/ x10* 7.50 5.50 2.33 3.67
A/ x10* 42.83 10.25 19.33 23.67
TN/ x 108 3.13 50. 50 1.33 8.15
CK(10—20cm) B/ x 10% 46.60 45.67 1.17 7.50
F/ x10* 416.67 5.33 31.67 7.00
A/ x10* 43.50 9.67 15.00 10.17
TN/ x10% 46.65 45.67 1.17 7.50
)2 Surface B/ x10% 71.17 117.33 6.73 3.70
F/ x10* 3.17 72.50 43.33 10.17
A/ x10* 79.00 14.83 31.67 30.33
TN/ x10% 71.17 117.34 6.74 3.70
0—10cm B/ x 10% 124.83 8.42 3.53 9.82
F/ x10* 1.33 4.17 3.33 2.83
A/ x10* 60.00 161. 67 15.17 8.33
TN/ x 108 124.84 8.43 3.54 9.82
10—20cm B/ x 10% 116.17 123.83 7.33 4.53
F/ x10* 60.00 0.70 3.67 3.00
A/ x10* 26.17 7.00 14.50 13.33
TN/ x 108 116.18 123.83 7.34 4.53

F R LU Fungi, B {CE AN Bacteria, A {CEMLH Actinomycetes, TN J S E 4L Total number
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Xof R 2 R E R Vi Ak B2 2 J2 00 R A5 e B ) [) 7 78 A8 SR I R S S IR . SWTINET (5 H) AH L,
WijG 0d.2 4~ H 4 A H I, 405 3 08 08 2 ) 4 1018. 91% . 65% , 199. 53% . — 90. 54% , — 68. 09% .
—94. 80% 3 XT HRAL AT E i i AL BRAH )2 A 3 R R BE R [R] AR fb A7 A 25 57, Bl S 0d .2 N H 4 DS H B A EE
WG R (S H ) By BE R IRE EE 425 A 1518.59% | -93.25% , =57.37% . —97.17% ,161.22% . —92. 13% ; 5 Wil
HI(5 A) AL, BURE 0d.2 N H 4 A HE, 2 B EoeE K2 Bib e, ARk =438 - 2. 00% |
6.59% ,-97.49% . -93.69% , —83.91% , —96.10% , M\ L5 AT LIAE ), 7 B I A0 BZH A5 6) B4 1 240 7]
B4t BT I IS 1] ) 28 S DD R B 150 I T R A R 3 LR SRR

X BEZH A P A A RZH 09 LT P T OO A ] 2R 18] A (W] (] 1 28 A6 R B - i s 0d .2 M H 4 A
I, 22 E RSB 9 BT (5 H ) i 124.23% 2187.07% ,169. 23% ,1266. 88% ,656. 54% 220. 82% ;
WIS 0d 2 S H 4 S A I, F 2R IR R VR B B D IR (5 ] ) 19 - 26.67% ,213.53% , - 68.93% |
150.38% , —51.07% \112.78% ; Wiii J5 0d.2 > H 4 A H W, T 2 E 5w % 800 ml B AT (5 H) 0
-98.72% . -98.83% , -92.40, -93.88% , -98.32% , —95. 00% .

X BEZH A T A AL B AR AN [F] 2 b i T TR T Ve B S I S R e e, mEI S 0d 2 M H 4
AN 22 A ST T TR v BT i (5 ) MBS IR EE Ry - 36. 42% | - 81.23% , - 80.00% , —59.91% ,
-81.58% . - 61.61% ; Willi)J5 0d.2 I~ H .4 DH B, 12 4 4 v i v BUR T aT (5 1) ARk
-76.07% 169.45% , -54.87% . -T74.72% , —44.73% . —86. 12% ;Wi 0d 2 ™ H 4 A, T2+
LT BB RT (5 H) B WE Bl - 77.77% . — 73.25% , — 65.52% . — 44.59% , - 76.62% .
-49.06% , VI 1B R 1A BRI 2 v 3 E B TR (B B A R T S5
2.2 AEYIRE Z RS SRR B AR DG

TEARMAES R G, IR 04 AT 2H 0 R S D RE— 7 T 52 BN A W AR A IR 1~ 1 5%
W), 57— T S e T S A A K AR g BRAE R ANAE R AL AL A PE Y Ao R K A AR
pH & I IRAME BT 0 FEAR AR, 400 T G Wi Vs Z AR AP R B S AR BT A DG (3R
3) , R RO AN A S R R TR VR A L AR DG SR 2R TC B MO R A A AL
PR R A R B A (B T s TR A AR v vh T o L E /N 6 Z PR SR RO AN R 5 K i R S A T

R3 TERENSEAER. SEEERNEXE

Table 3 Correlation analysis of soil microbial numbers , nutrient indexes and diversity indexes

Shnnon -Wiener J5JJE  FEEE  AMEE  BEET KRR

i H ltem H [E_ - [E_ ﬁi A SR TR g0 e %L Effective  Available Hydrolyzable pH
Bacteria Fungi  Actinomycetes o X i
Diversity index Eveness Richness phosphorus potassium  nutrogen
A bacteria 1.000
ET# Fungi 0.481 1.000
A Actinomycetes 0. 006 0.387 1. 000
i
ZHH ~0.508 -0.652° -0.409 1.000
Diversty index
Y475 i $5 40 Eveness -0.449 -0.489 —-0.283 0.947 ** 1.000
F & 55X Richness -0.145 -0.694" -0.252 0.564 0.422 1.000
ﬁ)&@é -0.369 0.215 0.691 " 0.085 0.179 -0.095 1.000
Effectivephosphorus
S
l_)&tqa . -0.061 -0.115 0.635" 0.153 0.242 0.48 0.584 " 1.000
Available potassium
=
7J(%EL 0.730** 0.565 0.472 -0.747""  -0.583" -0.358 -0.098 0.214 1. 000
Available nutrogen
pH -0.485 -0.464 0.132 0.436 0.455 0.434 0.208 0.554  -0.255 1.000

% FIRAE 0. 01 JRFAHSEME R | « F7RTE 0. 05 PG B3
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>4 N H > BHIRT > 0d ; [ B AL S5 X AL R )2 0 580 AWCD 7Rl —2, 25 T2
PRI K 4 A H > BHERET >0d >2 NH R E #5322 158 AWCD Z= 15 AR s2m I A W3
X )2 e Y m 2 R 2 13 2 S A RS 4 AN AR AWeD BA B E 2R,

W 2 fr s s 2 A H AR 2 AWCD 728460, XTI CK) B2 | B2 T2 T3 AWCD 254k
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Fig. 1 Changes of soil AWCD at different depth for two treatments with culture times
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Fig. 2 Seasonal changes of AWCD of soil microbial community in different depth
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PSR, Ui SRR E MRS R 31 AR A RE ) TC R 255 . WIS 2 S H IRHRERCT 4 A~ F a5, 430
ST - SR AR 31 FPRR IR AR Y 63.4% 22.3% 9.2% F15.0% ,

F 4 AWTNET(S A) SWENE 2 S H B, SEERCE YRR A 31 R 32 sLsr 43 A PCL 8 R SO
BPOEmEE, AR AT PC1 FRE TR T 0. 8 AUBRIEA 28 A, Horb ik AKfL G926 10 FF G HERR 2L
6 Fl JRIRZL 6 Fh D5 ER G ZRYSSY 2 Fh ¥ 2 A A )G PCL R Ara X H AT 0. 8 BIBRIEA 15 F, Hof
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Table 4 Loading factors of PC1 indicating utilization of 31 substrates and the average optical density of soil microbial after fungicide effected

for two months

5 A 8 H¥1
TR e BEE 5 A PCl e BEE 8 H pCl
Carbon source Average optical PCl in May  Average optical ~ PCl in October
density in May density inAugust
Tk D-H # ¥ D-Mannitol 0.540 0.988 1.520 0.986
Carbohydrates 1B BRI %4 Glucose- 1-Phosphate 0.360 0.99 1.014 0.985
N-Z1E-D #i% 2 N-Acetyl-D-Glucosamine 0.574 0.964 1.321 0.951
D-£F 4 — 4% D-Cellobiose 0.465 0.982 0.987 0.938
a-D-FU¥ a-D-Lactose 0.360 0.987 1.249 0.923
D2 ZLBHIR y-PITR D-GalactonicAcidy-Lactone 0.268 0.928 1.023 0.911
D,L-a-#f2 Hill D, L-a-GlycerolPhosphate 0.145 0.863 0.753 0.773
i-IREEMEEE i-Erythritol 0.306 0.986 0. 656 0.667
B-H J&-D-7H %) B 1 B-Methyl-D-Glucoside 0.334 0.987 1.023 0.623
D- A/ DLW D-Xylose 0.200 0.968 0.685 0.462
AR L-RITAMEE L-Asparagine 0.764 0.982 1.520 0.987
Amino acids L-FF & L-Threonine 0.318 0.986 0.560 0.938
LABE#R L-Arginine 0.442 0.973 1.549 0.928
L-Z2 %% 1-Serine 0.658 0.996 1.667 0.921
HEBE-L- 5282 Glycyl-L-GlutamicAcid 0.305 0.984 0.818 0.828
LA ZE R L-Phenylalanine 0.313 0.993 0.713 0.769
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5 1V 8 HF3y
TR e BEE 5 A PCl e BEE 8 H pCl
Carbon source Average optical PCl in May  Average optical ~ PCI in October
density in May density inAugust
RIR D2 ZLBHIBE R D-Galacturonic acid 0.554 0.991 1.519 0.965
Carboxylicacids ~ D-Fj##HER D-Glucosaminic acid 0.475 0.946 1.258 0.927
PIEAR B B PyruvicAcidMethyl ester 0.328 0.961 0.979 -0.741
KRR Trtaconic acid 0.443 0.997 1.054 0.592
a- TR a-Ketobutyric acid 0.207 0.985 0.302 0. 486
v-¥2 T HR y-Hydroxybutyric aci 0.217 0.962 0.496 0.561
D3RR D-Malic acid 0.170 0.52 0.534 0.147
JeZE Amines JEWE Putrescine 0. 190 0.948 0.635 0.718
HZ M Phenylethyl-amine 0.219 0.982 0.324 0. 564
ZRY) it 40 Tween 40 0.459 0.945 1.229 0.979
Polymers JiF4# Glycogen 0.185 -0.105 0.141 0. 868
i35 80 Tween 80 0.429 0.915 0.794 0.787
a-FR WIS Glycogen 0.323 0.983 0.439 0.596
F57 % Phenolic  4-2 F2EH R 4-Hydroxy benzoic acid 0.322 0.99 0.834 0.792
2-J2FEIEH R 8-Hydroxy benzoic acid 0. 147 0.006 0.526 0.585
x5 BEEBEAREEFRRERARE L EE TR YT AR L8
Table S Comparison of carbon utilization of different action time and different treatments
I 1] Action time 18 Carbon sourcee I Average AL Treatment I Average
WEHT (5 ) £ ) Polymers 0.259a xKZ 0.293a
May FRM% Carboxylicacids 0.227 ab CK- L2 0.214ab
Z IR Amino acids 0.198 ab CK-%&JZ 0.200b
57Kk Z& Carbohydrates 0.184 ab CK-T 2 0.168b
3572 Phenolic 0.152b T2 0.145b
W2 Amines 0.145b T2 0.145b
WP 0d(6 H) ZHERR Amino acids 1.304a CK-%&JZ 1.551a
June 7K Carbohydrates 1.136ab *KZ 1.288ab
FRFR Carboxylic acids 1.136ab CK- L2 1.078b
£ W) Polymers 0.993ab CK-T 2 0.862hc
F5 %2 Phenolic 0.849hc T2 0.710cd
J1z 2% Amines 0.621c G 0.550d
WA 2 A8 ) ZHERR Amino acids 1.086a CK-%&JZ 1.271a
August 7K Carbohydrates 0.989a *KZ 0.992a
R Carboxylicacids 0.868ab CK- L2 0.955a
£ W) Polymers 0.774ab CK-T 2 0.939a
3572 Phenolic 0.574bc L2 0.379b
W2 Amines 0.394¢ G 0.149h
W 4 A~ (10 ) IR Amino acids 1.087a 2 0.917a
October /K2 Carbohydrates 0.985ab CK- L2 0.879ab
R Y Polymers 0.910ab *KZ 0.861ab
R Carboxylicacids 0.878b CK-#Z 0.827ab
Je2& Amines 0.583c CK-T 2 0.785bc
3572 Phenolic 0.511¢ T2 0.685¢

iR R 2 AR B, R #7225 % (P <0.05)
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Jri 28 FUOW IR ok ) 22 STl A W0 e U ) 1) P 23 05 8 e e, Lo R ) ) P 23 B v 7 L R U T
YEF 4 A HJE A3 1 Y )2 (0—10em) + 56 E Pyt B A3 5
3 itig
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AR, SRS RO B AR . A 015 A0 B T v K M A 38 IR ARG, S AR v AR PR A 2 1
FRHUE 35 TN G , UK RURE 08 it 240 AT 1 A A BB . 3 S MR 0 (BRSSO [, B Hy R 5 - 48
JRHANE] B TR IR e 5 M E YRR Z R RS B 2 5

(B)TEE I, A BEIEBEIN AT (5 ) SR 2 > F iy, Bl 2 A (8 ) S8l 4 4> F2 L
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(4) TETHR IR Yy ZREPESR RO ARSI A5G 5% 1200 I AOCHEE(E, ARIBFFEA SUEA R Y
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