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Degradation of carbendazim in orchard white clover silage and its effect on the
microbial fermentative community

GE Jian-zhen, FU Wen-hui, ZHANG Lu, LIN Bao-jun, ZHAO Shuai, BAI Ma-ga-weng, KOU Jian-cun’
College of Grassland Agriculture, Northwest Agriculture and Forestry University, Yangling 712100, China

Abstract: This research investigated the degradation of carbendazim fungicide residues in white clover ( Trifolium
repens) silage cut within an orchard and the effect of carbendazim residues on the diversity of the fermentative
microbial community, to explore options for the use of cover plants with pesticide residues in orchards. Different
carbendazim concentrations (2.0, 2.5, 3.0 g-L."!, with a water spray as Control) were sprayed on white clover
prior to ensiling. The silage was harvested after 60 days fermentation at room temperature. Samples were taken
before ensiling, on the 3rd day and on the 60th day after ensiling to study the diversity and composition of the

microbial fermentative community using Miseq high-throughput sequencing technology. The degradation rate of
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carbendazim during was found to be up to 59.6% , and the higher the application rate, the higher the degradation
rate. Carbendazim treatment significantly increased the content of lactic acid, acetic acid, and propionic acid in white
clover silage during fermentation. For days 0, 3 and 60 of ensiling, lactic acid increased by 47.55%, 63.24%,
71.08% , respectively; acetic acid increased by 24.49%, 44.90%, 46.94%, respectively, and propionic acid
increased by 66.67 %, 187.50% , and 250. 00% , respectively. These changes enhanced the retention of nutrients in
the clover silage. High-throughput sequencing results showed that spraying carbendazim significantly changed the
composition of white clover silage bacterial community and increased the abundance and diversity of the silage flora.
After spraying carbendazim, the abundance of Lactococcus, Weissella, Pantoea, Rosenbergiella, Pseudomonas,
Stenotrophomonas, Enterobacter, and Bacillus increased and these changes not conducive to good silage
fermentation. However, with the passage of time after ensiling, the abundance of Stenotrophomonas, Enterobacter,
Bacillus and other flora decreased. In summary, carbendazim pesticide increased the number of microorganisms
beneficial to silage fermentation, and altered the abundance of bacteria harmful to silage fermentation. Carbendazim
spraying also increased the diversity of carbendazim-degrading bacteria and the silage microorganisms. The residual
amounts of carbendazim in silage were higher than the maximum residue of this fungicide stipulated for feed crops by
the European Food Safety Agency and hence the silage did not meet the feed standards. These results provide test
data on the level of carbendazim residues remaining in herbage after ensiling following spraying and will assist in the
development of safe practices for the use of orchard cover plants.

Key words: carbendazim; carbendazim degradation; microbial fermentative community; white clover; silage quality
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Table 1 Effect of carbendazim on the quality and nutritional value of white clover silage in orchard

T [ Ttem 23 X CON RU RU RU™ FrifEiR SEM  P-value
FLA Lactic acid (mg-mL ') 2.040.09c 3.01£0. 20b 3.3340. 11a 3.4940. 10a 0.172 0.017
Z. TR Acetic acid (mg+mL ") 0.4940. 05¢ 0.6120. 04b 0.714-0. 06a 0.7240. 04a 0.738 0.030
T2 Propionic acid (mg+mL ') 0.24+0. 04c 0.40+0. 06b 0.69--0.49b 0.8440.45a 0.101 0. 049
pH 4.9240. 06a 4.6540. 04b 4.5340.03c 4.6240.04b 0.706 0. 044
HARNHAN (g-kg D) 2.8640. 13a 2.2340. 13c 2.6070.23ab  2.4240. 19hc 0.082 0.031
FHFE DM (g-kg ) 45.84+0.21a 45.73+0.15a  43.45+0.11c  44.22+0.21b 0.309 0.032
HIE I CP (gDM+kg 1) 18.36740. 21c 19.2240.19a  18.7970.16b  19.27%0.15a 0.119 0.032
KL% CF (g DM kg 1) 17.0040. 20b 16.9740.15b  17.2340.15ab  17.3740. 15a 0.065 0.027
TR PEVE 2T 4k ADF (g DM+kg 1) 24.63%0. 12¢ 25.0740.12b  26.104:0.20a  24.77=0. 21bc 0.162 0.028
PSR 4T 4E NDF (g DM kg D) 24.4340. 15¢ 25.9340.2la  25.004-0.17b  24.53+0. 15¢ 0.157 0.030
AR KL A WSC (g DM kg ') 2.48+0.09b 3.80+0.01a 3.83+0.02a 3.88+0.02a 0.178 0.002
HLAS I EE (g DM kg ') 3.5140.08a 3.56=1.00a 3.6970. 61a 3.46+0. 18a 0.055 0.067

TE B2 P2 S bR 22 (n=3) . AT FREFRR 225 8.3 (P<<0.05) .
Note: Data are means= standard deviation (n=3). Different letters indicate significant differences at P<<0.05. CON: Blank control; DM: Dry matter;
CP: Crude protein; ADF: Acid detergent fiber; NDF: Neutral detergent fiber; WSC: Water soluble carbohydrates; EE: Ether extract.
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J# 4 16.30 mg-kg ' \RU A B K 16.50 mg-kg ‘o 34 FEMK T (RU™ RU.RU") Z B 2 1 B i 5 5 51 K
59.62% .65. 23% .70. 680 , I Bl A 22 1T 5 v JiE 159 185 ot e figp 3 2 g 1
2.3 REAYG=vtE LR P REDBEEHSTR
2.3.1 7O ECHE T Ab BN AR R VR S R 2 AR O B A3 B A 0, 3,60 K9 F 7HE i DNA, H 16S
MetaVx™ 77 7 K 0 25 Ab 3 v 32 B30 A W TR RE A6 75 0020 B2 eP (O BE VR sh S A8 Ak o Sy T A5 B e o Sk R B U 1 2E
P A5 B4 BT 45 3%, 6H I S s BHs AT DAL AL B . A8 (Y 5 BE L AL AR AR T 337551 A RUT A, &t i fkik
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Fig. 1

grass white clover silage on the degradation rate of different

The effect of the fermentation process of orchard

concentrations of carbendazim
AR F AR 22 5 B3 (P<<0.05) . Different letters indicate significant
differences at P<<0.05.

2 OTUFEHE

Fig.2 OTU Venn diagram

7 R AN [ B Y VB e n AN IR B £ TR o i B o i AR T AR A
SRR A S B OTUBCH o AR EE 20 0 R Ak R = 35 545 0
K5 B AW 2 T R AL B =0 AR 3K 5 C W 2 B R AL B I
=S 3K D Wi £ B R AL = I A 60 K E ARBEE £ R
AP =k IS 60 KXo R IEl. Different colored circles in the Wenn
diagram represent different groups, and the numbers in the diagram
represent the number of unique or common OTUs for each group. A:
White clover silage treatment day O without carbendazim; B: White
clover silage treatment day 3 without carbendazim; C: White clover
silage treatment day 3 with carbendazim spray; D: The 60th day of white
clover silage treatment with carbendazim; E: The 60th day of white

clover silage treatment without carbendazim. The same below.
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R2 RMUBRBEREST

Table 2 Data quality statistics after optimization

7 A 2 B J5 b PE reads $( H BBtk A& R A RO S ECH A BT I K HBES OTU Bk
Sequencing sample name PE _reads Nochimera AvgLen (bp) OTUs
A Z W R (0d,A) 70933 66907 462 82
AW £ 1w R (3d,B) 63698 54955 463 83
W5t 2 W R (3d,C) 59416 53199 463 87
¢ it % B 22 (60 d, D) 79630 68540 463 90
AW £ W R (60 d,E) 63874 58218 462 91

TE ARG 2 B R AL B =5 IS O K 5 B AT 22 1 RAL B = M35 IS 3 K C Wit 2 i 2 Ab BT I =50 3 K D B 2 1 RAL B
ST 60 K E AW 22 T R AL = I 60 K .

Note: PE reads: The number of original PE reads; Nochimera: The number of valid sequences after removing the chimera; Avgl.en: The average
length of the valid sequences; OTUs: The total number of OTUs in each sample; A: White clover silage treatment day O without carbendazim; B:
White clover silage treatment day 3 without carbendazim; C: White clover silage treatment day 3 with carbendazim spray; D: The 60th day of white

clover silage treatment with carbendazim; E: The 60th day of white clover silage treatment without carbendazim.

: | ° —
< 90 x 3.5
3 g |
£ \ | £
— ‘ =
5 | £ 3.0
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gz 80 =
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Fig.3 DNA sequence data and microbial diversity index analysis

a) Chao 1 #8 %, Chao 18 BUBUK , OTU St HB 2, BEWIZAE A W) A AL 2 22 5 b) 7 AR 48 B, Shannon $8 £, BT REIK ZAE MBS . a) Chao 1
index, the greater the Chao 1 index, the greater the number of OTUs, indicating that there are more species in the sample; b) The Shannon index, the

greater the Shannon index, the higher the community diversity.

#F % B} (Enterobacteriaceae ) . i 5. }fd 7 B} (Pseudomonadaceae ) F 2§ # #F B £l (Bacillaceae) 55 EZE W . H M3 d
W, B 5 CHALL, 2 5 R AW s > 1 FL IR AT B R B SR R AR XS = 8 T B E Bk R AT R R
PR CZE AT A RRRY AT . 60 d i, D 5 E AT H AR AR S I 3 d i — 2. FI60d 5 3d
AL , W7t 22 BT 52 Ak PR 3 2 G R R B SLIR AT R W A T RE 2 B 3, M B T R 28 AT R B kA R L AR
BRI R D

T 040 TR TR B R KT 40 A 46 53R (genus) , EEAAHE 2 W IR (Pantoea) FUATF R & (Lacrobacillus) ER
QTR & (Weissella) FLERTE & (Lactococcus) v BRI J& (Pediococcus) \Rosenbergiella A8 5 7 J& ( Pseudomonas)
S A JE (Stenotrophomonas) T & (Enterobacter) % T 18 J& ( Bacillus) 5 W BE. FH73dH,B5 C4
M, Z W RBBEE A T EE O EREEAMEN FE M TAREE RMITRERE ZEE .
Rosenbergiella M F M E S5 M TE IR WA # 8 ZF AT R B ARXT . HFRE60dmy,D 5 EHMLL, i
FEBAGE3dN B2, HFe60d53dM L, B2 W RAMFLEFEBFRANZHEE FATHIE
Rosenbergiella F-FEYG N, v B & FLEK & BT IR AR SR M AR AT T8 28 AT 1 8 F R b
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Fig.4 PCoA analysis based on Unifrac distance
[ — > 4 B R ARl AR [ B0 AR AR 7R o x Bl y Bl o AR 3R 50 — R3S — Ak Ar . FARARJE I E 43 L AR e AR bR X BE AR 22 S i sk %6, e T
A b X B A7 S R IR 220 o A B B A AT TR AR T (R W TR R R R B R B g 5 R AR AE R O REAR ey AR Bl

YIRS I . The samples in the same group are represented by the same color and shape. The x-axis and y-axis represent the first and second principal

PC1 (46.73%) PC2 (24.87%)
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Fig. 5 Bacterial community distribution
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levels (phyla, family, genus), the bacterial community distribution is plotted as a bar graph.
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