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Abstract: Eotetranychus sexmaculatus Riley is an important pest mite on rubber trees, it causes damage to rubber leaves,
causing localized chlorotic spots to spread to the entire leaf, resulting in severe yellowing. Severe infestations result in
massive leaf drop, disrupting normal tapping operations and leading to yield losses. However, the changes in physio-
logical and biochemical indicators of rubber tree leaves after mite damage, and the relationship with mite population
density and infestation duration, remain unclear. This study aimed to reveal the effects of varying mite densities and
infestation durations on physiological and biochemical traits in rubber tree leaves, and to elucidate the defense mecha-
nisms of rubber trees, thereby providing a theoretical basis for mite monitoring and early warning and precise preven-
tion and control of the mite. In this study, the effects of malondialdehyde (MDA), soluble sugars, soluble proteins and
protective enzymes (SOD, POD, CAT) activities on the leaves of rubber trees with different infestation times were de-
termined on the rubber potted seedlings of the same length of Thermo Scientific 7-33-97 rubber seedlings inoculated
with different mite densities in the greenhouses. The two-way analysis of variance (ANOVA) was used to reveal the
interaction between mite population density and infestation time. Regarding membrane lipid peroxidation damage, both
mite population density and infestation duration significantly influenced MDA content, exhibiting an initial increase
followed by a decrease as infestation time prolonged. MDA levels peaked at (73.91£1.89)nmol/g after 15 days of treat-
ment with 40 mites per leaf, representing a 43.15% increase compared to the control. MDA levels began to decline to
(65.09 =0.29)nmol/g after 20 days. Both soluble sugar and soluble protein contents decreased with increasing mite den-
sity and duration of infestation. At a mite density of 40 mites/leaf with 20 days of continuous feeding, soluble sugar and
soluble protein contents reached the lowest values at (34.42+1.43)mg/g and (17.74+0.63)mg/g, respectively, represent-
ing significant decreases of 44.20% and 45.30% compared to the control. In response to mite-induced oxidative stress,
the protective enzyme activities (SOD, POD, CAT) in rubber tree leaves generally showed a significant upward trend
during the early stages of mite infestation across different mite density and duration treatments. Enzyme activity peaks
occurred earlier under high mite density treatments (30 mites/leaf and 40 mites/leaf). Specifically, SOD activity peaked
at (13 086.92+613.39)mg/g after 5 days of 40 mites/leaf infestation, representing a 91.74% increase compared to the
control. POD activity reached minor peaks at 10 days post-infestation in both 30 and 40 mites/leaf treatments
(6293.13+80.75)U/(min-g) and (6655.54+51.44)U/(min-g), respectively, followed by a decline before rising again. CAT
activity peaked at 10 days in the 40 mites/leaf treatment (165.77+0.41)umoL/(min-g), representing a 62.74% increase
compared to the control. Interaction analysis revealed that the interaction between mite density and damage duration
significantly affected soluble sugar content (F=21.296, P<0.001), soluble protein (F=17.782, P<0.001), and signifi-
cantly affected SOD (F=20.252, P<0.001), POD (F=9.821, P<0.001), and CAT (F=145.095, P<0.001) activities. Both
the mite population density and the duration of damage inflicted by the E. sexmaculatus leaf mite can influence the
physiological and biochemical indicators in rubber tree leaves, including malondialdehyde, soluble sugars, soluble pro-
teins, and protective enzymes (SOD, POD, CAT). Furthermore, a significant interaction exists between mite population
density and duration of damage (P<0.001). This confirms that stress intensity and duration do not act independently, but
they jointly determine the physiological damage degree, nutritional status, and antioxidant defense efficiency of rubber
tree leaves through a complex synergistic mechanism.
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IR FEAT R =

RIE, A 38 2 15 AN ) Ao 3 1 %8
85 AN [ ) R B 3 B ) AR B, SO0 R A AR I R O
A AR AL TR AR IR N R . ATVETERE . ATvAETE
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w=3 1 )s ARG EARMEARAE KM 5 — 45 B
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i be a3k FREC 0.1 g BB A, SEinA
0.8 mL Y 80%Z 1, K21, BIABE.LE T,
P 80% L B VR A I 74 B 2 W] — EP 45,
fifi EP 45 oM R AR B A 1.5 mL; # 50 C
KB 20 min, ¥ HIS, 12 000 r/min, 2.0
10 min, B35, 78 620 nm KT 2 W OG1E .
AR SR A BN mg/g. ATIATEDE A R
FE R s G-250 B2 BRI 0.1 g M5 ekt
A, A 1 mL SR KR 219,12 000 1/min, 4 C
B0 10 min, RV, HIFIME . 7€ 600 nm K
TFUER S TR A R A A me/g.
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A1 mL #EHUR , ZEKIIRES TSI .4 °C,
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ALY LB (SOD) TG TERAI R Ulg, 7
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T AT o DU BT R 240 1 95 A 0 AR
BHEARRA T,
1.3 HEAE

K H Office 2021, SPSS 27.0. Origin 2024 %
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[F] B[] 0285 B Ry 3 P AR A it e TR 8 L B IR

O 8 N 87 0 TRl 4 1140552 il >R FHORUER 2R 7 2k 93 B
( two-way ANOVA ), HL[A 3 ANOVA J7 22 73 Hr it
i1 Duncan’s 1 && 2575 307 i E PERE 5

2 HERE55W
21 NEBEMEBAENERMHHFRE R
(MDA ) =15

U 11 5 B 55 T ) RS A MDA &
HHAWEEW (£ 1), ANMAETEEAE S dI,
g R (40 Sk/rF ) ARFETF RS MDA F i R
BT H AL, 2h(60.12+2.63)nmol/g, 75 I 2 i
F15% B LRI T35 S MDA Pl LR . B b, 78
RN 35 BT, MDA 5t Ay 2 B ] S
PIRISE LR TR, 7E8F 15 d Bk E|gE
{E, W40 Sk/m7S s bqntiih®E 15 d, 1A MDA
SR, Z9°8(73.91£1.89)nmol/g, # CK THiE
43.15%; NRIRM ARSI Az 20 d, B
MDA F i # 15 d A TR, (EA5R 35 T CK.

R1 ARBHEAENGRMM R IESENZI

Tab. 1 Effect of E. sexmaculatus damage on MDA content of rubber leaves
hy i ] % # & MDA content/(nmol-g ")
Damage time/d CK 10/(mites-leaf™) 20/(mites-leaf™) 30/(mites-leaf™) 40/(mites-leaf™)
0 51.99+0.32%* 51.13+0.75% 51.08+1.08°* 51.31+0.65% 51.63+0.38%A
5 50.71£0.26" 52.12+0.67°® 53.02+1.45%® 53.35+1.40°"® 60.12+2.63*
10 51.1142.04%¢ 53.43+0.86°C 54.21£0.50°¢ 57.54+3.86°P 58.49+0.58°*
15 51.27+1.10% 61.35+1.39*® 64.57+2.00"® 73.50+5.14** 73.91+1.89**
20 50.82+2.18% 57.2241.11°¢ 60.07+4.56°5¢ 63.08+2.35%A8 65.09+0.29%*

e RIS B 2R Jy 0 ) O 1 02 5

583 (P<0.05),

W (P<0.05); [FFIA[Rl/ING T 2 7 A8 1] 4 1 4% 5 A [7) Sy 3k fi)

Note: Different uppercase letters in the same row indicate significant difference at the same time treated with different mite population
densities (P<0.05); Different lowercase letters in the same column indicate significant difference treated with the same mite population den-

sity at different time (P<0.05).
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RPN, A 7S IR 6 % R O
[FAEA, R Al b & s B AR . B
LR B AT Ry F B R A RE A, LT B R
AR, Hodr, 40 Sk/mAbBE R A E 5d BNE
20 d A AT VAR DA (55.50+0.26)mg/g [ % (34.42+
1.43)mg/g, F&IFk 37.98%, HNE 15 d 520 d
e SN TR RRE R S 3 I ] 6 101 25 BB,
AR SR B d, 40 Sk/RTARIETR Oy

F 20 d AT S RN (34.42+1.43)mg/g, 10
S/ AL BERRAR T 34.04%, 55 CK [EMIK T 47.99%.
222 TrEHEasSE BRWMHFATEEEN
P S SRS L O ERRLA R
B (R 3), MEFO%E N 10, 30, 40 L/,

AL MR B Y R R B A S T R L K 2
REARS TH 0 P T R a3, e 8 B il 11 X ]
VIR R B I TR R IR B 40 S/t
hESdMATEEEAOSTENERE, K
(20.03£0.76)mg/g, FHH 10d W ERAEE, N
F20d, WSRO SEMEZE(17.74£0.63)mg/g,

BT HAMAIEA, 5 CK M iR &k
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45.30%, @R . R Al T X AR A
PRER ARG ™= A P E 0 SO R e . 2 O R
20 Sk/0, W B AT R B A i AR R B Oy
[ P9 ZE A H B 5E  R& T s /NI B B T s,
F10d B, &8 (18.37£1.02)me/g, HHKR T NE

5 d B AETER A SR T T 26.87%, 188 F
BRegi s 20 d, THEMBEAOGTEZL AR
(21.53+1.57)mg/g, HEMAEIZME 1% AT, N
F5~15 d WiE)fl A T RE A SR LA B AR R N, T e
AR 38 I

R 2 ANREHEAEXNGRMET R TAERES ERZM

Tab. 2 Effect of E. sexmaculatus damage on soluble sugar content of rubber leaves

g & i ] AP M i Soluble sugar content/(mg-g ")
Damage time/d CK 10/(mites-leaf ™) 20/(mites-leaf ") 30/(mites-leaf ") 40/(mites-leaf ")
0 62.00+0.29** 61.92+0.41°* 62.21£0.35 62.04+0.88** 61.68+0.70**
5 62.34+0.63** 56.42+2.65"° 54.34+0.87°5¢ 51.55+3.14°C 55.50+0.26""
10 63.15+1.40** 51.59+0.98°C 49.26+2.12¢C 50.57+3.14°C 55.20+1.24%8
15 61.88+1.11%* 50.73+3.10°® 47.4142.998 43.04+1.57°C 35.46+1.18P
20 62.34+1.12% 49.15+3.83°" 44.95+2.50% 42.18+0.65C 34.42+1.43P

T AT IR KOS 7 bk 375 A R 5 I TR AS [R] g 101 25 B 2 5 W (P<<0.05 ) IR B AN IR /NG - R A [R) s 11 985 B AN [+ Ay 58 i )

ZR B (P<0.05),

Note: Different uppercase letters in the same row indicate significant difference at the same time treated with different mite population
densities (P<0.05); Different lowercase letters in the same column indicate significant difference treated with the same mite population den-

sity at different time (P<0.05).
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Tab. 3 Effect of E. sexmaculatus damage on soluble protein content of rubber leaves

2 i} ] Al &P 14 & Soluble protein content/(mg-g )
Damage time/d CK 10/(mites-leaf ") 20/(mites-leaf ") 30/(mites-leaf ") 40/(mites-leaf ™)
0 33.41£2.67* 32.34+0.71%* 32.61+0.58** 32.85+0.54** 32.43+0.98%*
5 35.87+2.22% 27.84+1.73°8 25.12+0.67°C 22.61+1.36°P 20.03+0.76°°
10 34.54+0.96" 30.94+2.25%8 18.37+1.02° 31.00+1.05%® 21.46+1.72°¢
15 33.40+0.85* 28.85+0.65°" 19.51£1.23% 23.64+1.56*¢ 19.4420.94°P
20 32.48+1.82* 26.97+1.36 21.53+1.57°C 20.99+1.07°¢ 17.7440.63°°

T R AR RS 7 3 m A1 R D 3 I AR [ g D R 22 5 B3 (P<0.05 )5 [RISAN[R)/ING R A (8] 6 151 85 B2 A ) O 3 i 1)

53 (P<0.05),

Note: Different uppercase letters in the same row indicate significant difference at the same time treated with different mite population
densities (P<0.05); Different lowercase letters in the same column indicate significant difference treated with the same mite population den-

sity at different time (P<0.05).

223 THEMBBELSTAEARZTOXLH oW H
34 IR, W 11 X AS AR i e RT
P RE ( F=129.868, P<0.001 ) FI] % & M
( F=182.659, P<0.001) 7 & HAW R &2,
Ry R SR [R] AR T R AR X 2 RS SR
# (F=171.905, P<0.001; F=94.996, P<0.001 ),
AN TR 1196 BET 7 e e Sy 3 ()% R
PERI AL AEPE SR A S 2 W R AR, AW E
BFIE)T g 1 2% B AT MR R T A P S
VR 52 W A A7 7 22 S, G v T o PR T B (] Jfp 3 B
U (F=171.905), ATV A 1% 62 00 i 1 2%
TR (F=182.659 ), BLRURUL, 751 4A i 4 1)
RERRE R ) S A AR A R

B Bl AR S r TR E A A

2.3 NAEWBMEAENHREMM R RIPEEE
3:abAn

2.3.1 SOD & TEAHRI R FEET, BB
MR SOD {1 P 575 i 4 i 2% B 2 IEAH GG R
Bt 5 0 112 B 0, R SOD JE RS (& 1),
W R 40 Sk, FEARRSAERET, ik
SOD {ifi 44 8 3 = F HAth b ¥ ( P<0.05), H7E
AN B (A RN sh &8k, b S d B
SOD ThPEf &, (13 086.92+613.39)U/g, # CK
B 91.74%. 4 %R 20~30 S/t B
R FB T IEA , BRI I SOD 1 4RI K
JeHmE TRk, FH, 20 k/mtEF, SOD
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Tab. 4 Two-way ANOVA of nutrients in rubber leaves affected by different mite densities and damage time
treatments of leaf mites E. sexmaculatus

T 3 1 ] Soluble sugar AR A Soluble protein
Deviation resource Degree of freedom P E p
il 171 4% 3 4 129.868 <0.001 182.659 <0.001
o3 1} 18] 4 171.905 <0.001 94.996 <0.001
0l 1135 38 g 3 ] 16 21.296 <0.001 17.782 <0.001
R 50
Mt 75
—=—CK —o— 103k/M —a—203k/m N s AT "
oS e aost JE 20 dBFRE BT, 530108 (6505.86 E7.8i)U/
14000 | Aa (min-g)F1(6806.42+59.42)U/(min-g); 7E Wk I % &
% 10 S/mHF 20 K/, POD I M1 I R b %
=] N N 5 ~ N N
S 12000 - N ERFRE S, W PRz A S, S 20 d B,
= -y \ .
g A POD M4 WA 3 (5746.84+162.22)U/(min- g)
S 10000 F1(6144.32+236.42)U/(min-g), B EET CK,
wn
sl
s —=—CK —o— 103k/M —a—203k/nf
g 8000 - r w303/t —e—403%/mt
“ ~ 7000 -
6000 1 1 1 1 1 ) ,:D
0 5 10 15 20 g
A} A] Damage time/d 5 6500 -
NIRRT 7k 3 7 A (5] S 55 I TR)AS [+ il 1 98 2 2 S W E;*
(P<0.05); A [Fl/ING 7 hf 27 4 ) 39 11 8 A T+ g 6000
HEN R R (P<0.05), a
Different uppercase letters indicate significant difference at the 2
same time treated with different mite population densities (P<0.05); 3 5500
Different lowercase letters indicate significant difference treated HI
with the same mite population density at different time (P<0.05). 8
B 1 A=A ERSEEMME SOD SEMEL ® 5000
Fig. 1 Changes in SOD activity in rubber leaves after L L L L L )
E. sexmaculatus infestation 0 5 10 15 20
S ER}E Damage time/d

WMk BLE R E 10 d BF, R (9689.39+
327.66)U/g, ‘i3 fm T HABS AL 30 Sk/nf4%
PRI SOD EPEm GBI N 5 d B,
(11165.06£1031.06)U/g, Fifi 5285 F k.

2.3.2 POD &M 7N pIh i FE AR i
JE i A ALY (POD) TEMERY LI 2 FR .

FEAR R R FE BB R, A2 i B POD T % 81
Shy B 11 %5 B S L TR AEE R
40 3/, R 20 d BFRR B I R POD 1 P ey
$9(6806.42+59.42)U/(min-g), B35 5 T HAb L3,
B CK YN 29.34%. FEAIR]E % T, POD {f
P52 Ay 3 B ) 5 ) 22 BN W] sh 848k . FE g O 2%
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Different uppercase letters indicate significant difference at the
same time treated with different mite population densities (P<0.05);
Different lowercase letters indicate significant difference treated
with the same mite population density at different time (P<0.05).

2 ANRIEMEAEEBRMM A POD S EHEN
Fig. 2 Changes in POD activity in rubber leaves after
E. sexmaculatus infestation
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Different uppercase letters indicate significant difference at the
same time treated with different mite population densities (P<0.05);
Different lowercase letters indicate significant difference treated
with the same mite population density at different time (P<0.05).
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Fig. 3 Changes in CAT activity in rubber leaves after
E. sexmaculatus infestation
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