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Abstract: [Aim] This study aimed to evaluate the effects of Protaetia brevitarsis frass, biochar, and fly
ash compounded with microbial inoculants or humic acid on mitigating residual phytotoxicity of commonly
used cotton field herbicides fluridone and pendimethalin on wheat and on wheat yield enhancement.
[Methods] A field plot experiment was conducted using three adsorbent materials: Protaetia brevitarsis
frass (1 500 kg/hm?, .100), biochar (300 kg/hm?, C40), and fly ash (6,000 kg/hm? F400). These materials
were compounded with Shi’er Junyi (SEJ), Junlin Tianxia (JLT), and humic acid (FZS), respectively. An

FETH . HrimdE AR QIR X EAREE TR E (2022B02046) ; K I3EA -1 4E = W55 334035 5

eI BT, B, WRFBILA, 6584, E-mail: 844060928@qq.com

SEIRAEH Author for correspondence: DhfldE, 2, P4, HFZ, WS, FEIITR A FEYSOYTE, E-mail: mdyxnd@163.com
Wk H Y Received : 2024-09-27; &[] H 3 Revision received: 2025-08-15; %% H ] Accepted: 2025-08-19



522

BSR4t Journal of Environmental Entomology

untreated control without soil amendment (CK) was included. Wheat plant height, stem diameter,
chlorophyll content (SPAD value), phytotoxicity index, and yield were determined and compared among
treatments. [Results] At the jointing stage, the JLT treatment resulted in the greatest plant height, which
was significantly higher than that of CK by 14.24%, while the L.100 + SEJ treatment increased plant height
by 11.78%. During the flowering stage, stem diameter was largest under the L100 treatment and was
significantly increased by 8.63% compared with CK. Regarding chlorophyll content, the L100 treatment
exhibited the highest SPAD value, which was 14.36% higher than that of CK, followed by the L100 + SEJ
treatment with a significant increase of 12.00%. In terms of phytotoxicity mitigation, the phytotoxicity index
under the L100 + SEJ treatment was significantly reduced by 81.95% at the seedling stage and by 89.52%
at the jointing stage compared with CK, indicating a significant mitigation effect. Overall, Protaetia
brevitarsis frass treatments were superior to biochar and fly ash in improving stem diameter, chlorophyll
content, and phytotoxicity index. Yield analysis showed that the L100 + SEJ treatment achieved the highest
grain yield, which was significantly increased by 31.20% compared with CK. In addition, the number of
spikes, spike length, and grains per spike were increased by 18.16%, 16.76%, and 3.08%, respectively,
with all yield components performing well. [Conclusion] Among the tested adsorbents, Protaetia
brevitarsis frass demonstrated the most effective performance in promoting plant height, stem diameter,
chlorophyll content, and yield compared to biochar and fly ash. Under the conditions of this study, the
combined application of 1,500 kg/hm?® Protaetia brevitarsis frass with 150 keg/hm? Shi'er Junyi was
identified as the optimal treatment combination for mitigating phytotoxicity in wheat.

Key words: Protaetia brevitarsis frass; microbial inoculant; fluridone; pendimethalin; residual phytotoxicity
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Table 1 Treatment names and abbreviations in this study

75 Serial number ALPR Treatment 455 Abbreviation
1 JCATAu] b B Untreated control CK
2 +ZEEE (150 kg/hm?) Shi’er Junyi SEJ
3 WM T (6 kg/lhm?) Junlin Tianxia JLT
4 JERLEZ (3 kg/hm?) Humic Acid FZS
5 Wb (1500 kg/hm?) Larval frass L100
6 WA (1500 kg/hm?) ++ & (150 kg/hm?) Larval frass + Shi’er Junyi L100+SEJ
7 AP (1500 kg/hm?) +BE#RH T (6 kg/hm?) Larval frass + Junlin Tianxia L100+JLT
8 HEE (1500 kg/hm?) +fEHEER (3 kg/hm?) Larval frass + Humic Acid L100+FZS
9 AW (300 kg/hm?) Biochar C40
10 R (300 kg/hm?) ++ ZEE (150 kg/hm?) Biochar + Shi’er Junyi C40+SE]
11 e (300 kg/hm?) +E T (6 kg/lhm?) Biochar + Junlin Tianxia C40+JLT
12 W (300 kg/hm?) +EAEAZ (3 kg/hm?) Biochar + Humic Acid C40+FZS
13 BRI (6 000 kg/hm?) Fly ash F400
14 WK (6 000 kg/hm?) +1 B EE (150 kg/hm?) Fly ash + Shi’er Junyi F400+SEJ
15 B (6 000 kg/hm?) +EEIKHTR (6 kg/hm?) Fly ash + Junlin Tianxia F400+JLT
16 BB (6000 kg/hm?) +EHEEE (3 kg/hm?) Fly ash + Humic Acid F400+FZS
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Table 2 Herbicide phytotoxicity classification
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2 Mild KL . Mild damage, leaf
' chlorotic area <10%.
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Fig. 1 Effects of different treatments on plant height of wheat as the succeeding crop in cotton field

Note: A, Jointing stage; B, Flowering
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Fig. 2 Effects of different treatments on stem diameter of wheat as the succeeding crop in cotton field
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Table 3 Effects of different treatments on herbicide phytotoxicity on wheat as the succeeding crop in cotton field

2 EFGEL Herbicide phytotoxicity index

55 Serial number AL B Treatment
T Seedling stage 5453 Jointing stage

1 CK 1.05+0.14a 2.05+0.32a

2 SEJ 0.52 +0.27 ab 0.82 +0.19 be
3 JLT 0.79 + 0.60 ab 1.05 + 0.54 abe
4 FZS 0.65 + 0.23 ab 0.83 +0.31 be
5 L.100 0.45 + 0.25 ab 0.62 + 0.36 be
6 L100+SEJ 0.11+0.08 b 037021 ¢

7 L100+JLT 0.56 + 0.30 ab 0.62 + 0.25 be
8 L100+FZS 0.75 + 0.34 ab 1.00 + 0.37 be
9 €40 0.67 = 0.07 ab 0.89 + 0.09 be
10 C40+SE] 0.98 + 0.05 ab 1.45 +0.32 ab
11 C40+JLT 0.48 +0.10 ab 0.45 +0.10 be
12 C40+FZS 0.61 = 0.36 ab 1.18 + 0.40 abc
13 F400 0.78 = 0.10 ab 1.04 + 0.28 abe
14 F400+SEJ 0.70 + 0.41 ab 1.39 + 0.39 abe
15 F400+JLT 0.45 +0.14 ab 1.03 + 0.35 abe
16 F400+FZS 0.34 +0.15 ab 0.59 +0.13 be

He RPIARNG FEFR R R 22 7 B % (P<0.05), T IH . Note: Different lowercase letters within the same column

indicated significant differences between treatments (P<0.05). The same below.

R4 FRLEXRE TEEYMNELEXWMHRRRTEST

Table 4 One—way ANOVA of the effects of different treatments on herbicide phytotoxicity on wheat as succeeding crop in cotton field

5 EREEY: S ¥17 FiH P{H
Sum of squares  Degrees of freedom  Mean square  F value P value
" HESAl . . . .
25 2 Fe g K& 520 Factor effect 2.462 15 0.164 0.760 0.708
Herbicide phytotoxicity — #%2% Error 6.911 32 0.216
index at seedling stage A Total 9373 47
i o =N sffec d . . g
?fiw%ﬁéﬁ%?‘é‘ﬁ lﬁ? 5 r"i‘l Factor effect 8 052 15 0 537 1 854 O 070
Herbicide phytotoxicity — #%2% Error 9.266 32 0.290
index at jointing stage 2F Total 17.318 47

23 AEARMFAIEREDEFIN/NEF=ERFEN
BEZRFME

5 Kb X /N 7 Bt A B R R ) T
FURAER (F25). HAdr, L100+SEJ b F A /N 7=
W, ik 5 837.30 kg/hm®, % CK A 1L 44 7=

31.2%, H AR RO I I A 34 43 35t 4.26%~
27.1% F1 19.029%~32.56%. YK C40+JLT ib B
FEi 5 601.47 keg/hm?®,  [AAE B 35 = F CK, M4
K H) 25.84%, X 2H b BRAE 450 A R R L
BRI B = K-
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TE/N A BB TG, JLT 1 L100+SE] &b B it 7
o THALANEL, AT CK L4330 T 19.24%
1 18.16% . K 5 FORL B AL 19 C40+JLT 5
CAO+SEJAbFHE Tk HE J7 1 #5 AL BRZH 22 (8] oK i 7

R EM 2R, A EE R F400+FZS, HK N
L100+SEJ, T k. 73 5l 4 42.63 ¢ 5 41.33 ¢,
I, R 4 fa gl H R b 5 T G B A B )N
3G PR etk

R5 FELEXMEE TEEY/NEFER = EMME RN

Table 5 Effects of different treatments on yield and yield components of wheat as succeeding crop in cotton field

¥ FEAT AL AL (SN TR L TR H s
Qb P
Serial (10*/hm?) (10%hm?) (cm) Kernels per (g) (kg/hm?)
Treatment
number Basic seedling number Spike number Spike length spike Thousand—kernel weight Yield
1 CK 723.67 = 646.00 = 8.62 + 23.10 = 40.00 = 4451.22
23.87d 5.20 abe 0.16 be 0.85d 351 a 136.72 ¢
) SEJ 800.83 = 697.67 = 8.92 + 25.30 + 38.13 + 4369.18 =
29.66 abed 20.61 abe 0.11 abc 0.85 abed 4.40 a 199.11 ¢
3 LT 831.33 + 770.33 + 8.80 + 22.97 + 39.87 + 4456.89 +
29.95 ab 31.39a 0.14 abe 0.72d 3.67a 397.18 ¢
4 7S 808.00 + 650.67 8.53 + 26.70 + 37.60 = 4376.19
33.66 abed 9.56 abc 0.16 ¢ 0.99 abc 4.61 a 261.00 ¢
5 1,100 838.67 = 705.33 + 9.15 + 24.33 + 41.33 + 449591 +
44.01 ab 33.65 abe 0.12 abc 0.72 bed 2.05a 172.58 ¢
843.00 = 763.33 + 9.33 + 26.97 + 41.23 + 5837.30 +
6 L100+SEJ 26.49 a 1.20 a 0.24 a 1.13 abe 3.40a 313.40 a
7 L1004 JLT 821.67 + 608.33 + 9.10 + 23.93 + 40.70 = 4544.94 +
24.34 ab 46.31 ¢ 0.15 abe 0.55 c¢d 297 a 539.45 ¢
8 L100+FZS 790.50 = 737.67 = 9.12 22.73 + 37.03 = 4927.80
13.27 abed 16.34 ab 0.41 abc 0.96 d 4.25a 114.19 abc
9 C40 763.67 + 649.33 + 9.02 + 24.57 + 39.30 + 4593.30 =
14.07 abed 22.26 abe 0.20 abc 1.04 bed 443 a 205.88 be
10 C40+SE] 769.83 + 762.67 + 9.31 + 27.30 + 40.83 + 5154.58 +
27.66 abed 11.29 a 0.10 a 1.72 abe 5.61 a 151.46 abe
1 CAO+JLT 733.83 = 624.67 9.30 + 28.40 + 38.23 = 5601.47 +
25.89 cd 38.69 be 0.13a 1.01 a 2.40 a 426.72 ab
12 CAO+FZS 805.33 + 752.67 + 9.10 + 27.23 + 38.37 + 4780.06 =
9.78 abed 27.67 ab 0.16 abc 0.98 abc 393 a 280.50 be
13 F400 815.17 = 710.33 + 9.24 + 27.37 + 36.17 + 4906.79 +
15.46 abe 9.35 abc 0.20 ab 1.13 ab 1.08 a 398.66 abc
803.83 + 708.67 + 8.85 + 22.53 + 35.80 + 4 869.10
14 F400+SE
J 27.75 abed 32.63 abe 0.26 abc 0.60 d 7.03 a 128.74 abc
15 F4004]LT 789.50 = 710.33 = 8.83 + 24.70 + 40.80 4 405.54
26.49 abed 6.12 abc 0.18 abc 0.67 bed 1.94 a 192.62 ¢
752.33 + 675.67 = 8.78 = 24.33 + 42.63 + 4619.31
16 F400+Z5 17.32 bed 31.71 abe 0.16 abc 0.70 bed 2.30a 181.64 be
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Table 6 One—way ANOVA of the effects of different treatments on yield and yield components of wheat as succeeding crop in cotton field

KT AR R 7 A I Y77 FiH P
Yield and yield indicators ~ Sum of squares Degrees of freedom  Mean square ~ Fvalue P value
[ Z 5 Factor influence 115 802.740 15 7720.183 1.937 0.031
SEAHIEL X
%2 Error 318 786.500 80 3984.831
Basic seedling number
JSFl Total 434 589.240 95
(R Z 521 Factor effect 119 830.979 15 7 988.732 4.196 0.000
K .
122 Error 60 930.000 32 1 904.063
Spike number
& Total 180 760.979 47
[H Z 5 Factor effect 27.390 15 1.826 1.616 0.066
ik .
&2 Error 524.170 464 1.130
Spike length
S22l Total 551.560 479
PRI R 520 Factor effect 1 655.325 15 110.355 4.051  0.000
R .
122 Error 12 639.267 464 27.240
Kernels per spike
& Total 14 294.592 479
Z 320 Factor effect 179.353 15 11.957 0.265 0.996
THi .
12 Error 1446.127 32 45.191
Thousand—kernels weight
S22 Total 1625.480 47
R Z 521 Factor effect 8597 448.317 15 573 163.221 2.373 0.020
i \
122 Error 7 727 758.633 32 241 492.457
Yield
&L Total 16 325 206.950 47
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