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Effects of water stress on the physiological characteristics of Fraxinus mandshurica and
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Abstract: This study investigated the effects of water stress on the physiology and biochemistry of Fraxinus mandshurica , and
further explored the impact of Hyphantria cunea Drury feeding on F. mandshurica subjected to different water treatments on its
growth and development, nutrient utilization, and larval water content. The aim was to provide a theoretical basis for understanding
the adaptation mechanism of H. cunea to water environments. The results showed: 1) Compared to the suitable water treatment
(soil water content 60%—70%) on 2-year-old F. mandshurica for 25 days, the excessive water treatment (soil water content above
90%) promoted the ground diameter growth, with a significant increase of 0.30 ¢cm in ground diameter increment. In contrast,
water deficiency treatment (soil water content 30%-40%) inhibited both plant height and ground diameter growth, with a
significant reduction of 0.36 cm in ground diameter increment and a significant decrease of 17.90% in leaf relative water content.

2) Under water stress, the activities of superoxide dismutase and catalase in F. mandshurica significantly increased, while the
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soluble sugar content significantly decreased. Additionally, under water deficiency treatment, the amino acid content significantly
increased, reaching 1.62 times that of the control. However, the amino acid content significantly decreased under excessive water
treatment. Moreover, both excessive water and water deficiency stress treatments induced the accumulation of the secondary
metabolite flavonoid in F. mandshurica. 3) Compared to the suitable water treatment, feeding H. cunea larvae with F.
mandshurica subjected to excessive water and water deficiency treatments prolonged the larval development period by 3.49 days
and 1.83 days, respectively, while significantly reducing the pupation rate and eclosion rate. The excessive water treatment
significantly decreased the larval survival rate, which was only 79% of that in the suitable water control group, whereas the larval
survival rate under water deficiency treatment showed no significant difference. The adult emergence rate in both excessive water
and water deficiency treatment groups showed no significant difference compared to the control group. 4) Nutrient utilization
analysis indicated that the relative growth rate and food utilization rate of larvae feeding on F. mandshurica under excessive water
treatment significantly decreased, whereas the food utilization rate and food conversion rate of larvae feeding on F. mandshurica
under water deficiency treatment significantly increased. Both water stress treatments significantly reduced the larval water content
in the 5th and 6th instar larvae. These findings enhance the understanding of the effects of water stress on plant-insect interactions
and provide a theoretical basis for adaptation mechanisms of H. cunea to F. mandshurica under different water conditions.
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fEEYMER S EF RS, %Ellk%ﬁliﬁjf‘ R HESh A o Kansman 55 (2022) 858 & B, W& /N4

Pirie, WISV F (K S WIR, & B%%E)  Triticum aestivum LKA TR BE BOINRL, RAT 45 45 W
A A Wy R Can o DR A SRR e ), 33k 2 i 38 ™ EE R I AR Rhopalosiphum padi L. %50 1 B 5 T W, SFI 8 H A

W 4 HE A VBT (Suzuki et al., 2014) o KA 1E b 56 4
A AR A= W X 1, A i A= 0 09 20 AR RN RPRE 22 B h &
¥4 25 T FLVE FH (Briindle et al., 2001) o 7K 4% 38 35 7k

5 W 30 A F 52 38 (Rodiyati et al., 2005), 7K 43 i 3
S0 AE ) AR AR R AR K R E, R A 5 A

BHERAMARRWMAERES . Kol TR
Ha g AR A Ak B, T e AT R RRAE L PO
T KR BE 3 A5 5 A S B4 (Chown et al., 2011); 7
T AR A A P ) AR RS T A T AR AR O, B
A2 I A R £ Pk B H Dy 3 7 A ) 2H B 0K Gy - AR AR
A, 38 R PR IR R R Y ORK L 5 98 0 R T R 4 (i
BB, 2014) .
YA W A2 B K 7 I 30 B, AR R DR AR T I A7
BH, fig 2 AQ 0 25 0L, AR R TE 7 35 T B[R] B 44 P 38
ROV TR, R A BT (SR AR AR, 2020) .
T2 o T, Mg &y R, bhs R
gez Al ALK, B EHZ B, (kN A
ﬁi?ﬁﬁ%ﬁk(Reactive oxygen species, ROS), 5| & & g
SUNE =W A7 i TN A R 1 7/ R SR AW 7/ I s o LT
Wy 2 | SIS A 7 AE ) BT A, LAARAE A1 5 e
(Z& 5%, 2011); [mI, wb A2 /N | A2 JEE £ oAb 72 2 4
i LU D oK 23 B0k (BT SF, 2023) 0 X 848 B A Y
QESER7/ M N Ry A= NS - R R R M GO R i N <Y
PR BEMAERKEE T ERW . K5 W e % ol 48 2
F A W A AR bR, E S R B R BT AT R

Hp g g b, PR R R EAR . £ R (2022) A, T
B30 i 2 A Y XS MR Aphis gossypii Glover Ffi #F
Zi%ﬁﬁﬁ%%”ﬁ HIE® K3 R, 321 51
38 B R AE Gossypium hirsutum L., F R 25 a9 & &
910 3 G A, B I A7 i A R, PR T I A
45 (2023) iff 5% WY T K B Ostrinia furnacalis( Guenée)
18 7 B9 8 5 M I i B, W b s B HE K A i 2 8 R
K Zea mays LA KK L 77 B, i 76 T 2 a0 514 F, H
77N A D . Lewis 4 (2025) %1 K . Glycine max
(L.) Merr. it 47 WE /K 1638 J5 & 3R, K 52 F Aphis glycines
Matsumura [ Ff 3G 4 0% b N R tAh, T 50
RS B R B DD, PR e g v fk | oK
O3 BRI A UAE TG 2R, FhORE 0 P S50 K 5 R T R 3
QISEE SR R =1 O PR ) TS| G 2 e ol 1]
S, AN SE A H A H Dy, s i gh HUr AR
SHOLH B E R B, [ B R AR R K
(Baqui and Kershaw, 1993; % % 4%, 2012; Simpson et al.,
2012) o X SEAFFE R, K W ia i s A EAE Y
) BRI L SR AR IR A AR Y I i, W
me FE P R U AR ROR T AT A AR R S A, H
rh 5 38 A 2K W 38 S5 ) 3 G A [RDAL R S R AR
Wy e Pk 7 2R ) 0 HE VR R, 3 R e AR R TR B
T R — o 1y 25 bk
% [E A Wk Hyphantria cunea Drury J& % ¥ H Lepi-
doptera H % 1% F} Erebidae, J2& [ b 4 22 P A F £ W,
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HA WS G2, BRI, B E S
AOB AR A, 2022) o SMRAERE . AF EWIHEER . P
BIRE 1 5 B A 25 07 25 i 55 B 1k X S b i 5
P E Ak 2 R G P 3R ] £ A H 7R 3R
19 43 A5 J R W oK, S 3 R B2 R 2 i H (Cao et al,
2016) o WFFTHIE 3¢ [ e 4 JOMH X SE A L R R
FERIIR XA | S0 Mk & 45 &8 & B 7 i, H %
K 2 5 R B 3 AR OC (LA 5%, 20245 X1, 2025) .
UEAE K, AH G 5T 2 4 vh T 35 [ i A 2R e L 3L
J AL AN BF 45 B A &5 J5 1 (Huberty and Denno, 2004;
¥ 1 36, 2008; Che-Castaldo et al., 2019), i )¢ T 2F &
W) A T 10 7K 43 1 36 %o 5 6] 1 e 24 24 ) 8 7 AF 5 )
B AT HAH o AR SCHER T T K 40 ik 38 X6F 7K i A0 24 B AR
e 3 [ kA K & H BRI, T S R K 4 e R
KR A I R AR X KR BRI L E IR R
B ROk AR T AR, S5 A S E AR K
5 00, HE5T 5 A [ B 28 B i A S o A E 5 AT
FE K S W aa R R - B A E AR A AR, Sk W S
P % 6T 7K o B 458 A8 Ab il Ry L I L K A o A KA
BRIy A5 A K R B A AR A

(B S RS RN

1.1 iR wF

M 27 EAE Y A 3R E AR b M Xz 43 A A R
K MMl Fraxinus mandshurica Rupr., 2024 44 A, A1l
T T DT 55 B T S 2 AR A K &l f
FhARE T AL T RO R 2 A 5T B 1 b, 7E [ 2RO R
AP EEE, IR L IR B i, 8 BB
2024 4F- 6 A PEHUR BIEA — B 2, TR 2045 .

BRI T 10 22 1 ik 2 84 L, R B I TR B
BT WA Acer saccharum Marshall |, 5] B 5% £ 4 Ak
(e S 1 NN A E BTl O o A s R S T A I BT
B RO S % K4l HUE T R R R
£ (300 mL, 5 4.5 cm, | EH4E 7.5 cm, L H 4R 11.8 cm)
H, TAREE (25 £1) CL MR 75%. SLFAH 16 L: 8D #Y
JCIEE A A SR . BRI R, AR MEA
3% o K 3 A U TSR] K A Ak 3 Kt M Al
F%, e Je W B AE DL k3% , 2P 1k B OB s T 5 AU
e .
1.2 RE®AH*E
1.2.1 7K b Ap 7Rk 5 i 28 4k 22

TR A — By 2 A A K Mg i, A
R B DeaE K, 1 H SRR IK 2 3 AN IK o B0 BE 2 K 43
o 2 (LS IKE 90% LA 1) | i Bk 4r (R &K

i 60%~70%) . KA & (HIE K 30%~40%) o iR
5 S 1], B R 18: 00 B HT A 498 7K 43 AR (g 4R
P HL T RCA R F], TK-100K) ] 5 4% &b 3126 1 +
He gkt MR B AR &K AT oK sk gk, 1 4% 4b
PR F5 90 K G e R BB Y I
1.2.2 Ko rid TR A A KGR N E

i 360 T AS [ 7K 43 Ak B 4H v 45 B 12 BR K R A
— By K A0 2 A AR A, A I A R T
T HA R A, HILOCK-25) | s+ R (1 A M 6 4%
AT HA R R, XMA-HO3) & fk & Al 42 9F 0 5%
ANTRI K 43 Ab B 25 d 5P ORI VR R M AR, T AR R
e AR AR K, A

MEA KR (em) = A 25 d 5 (em) -

e TR S (cm) (1)
WREAKE (em) =Hl 25 d 5% (ecm) -
38 mi A cm ) (2)

1.2.3 Ko ia TR G At 7 Aaad 4K E agml 2

FEAR ) 7K 43 A 3820 v s L 12 M K 38— B0 7K il
MU, f L 2~4 Fr K/NBEAR — B0y 2o, A 7 26
BT, FHZE WK sk it FR i, AR T R E
TEOK, FRLEEE , i ETRBAKPRE 2405
PR R & 5, PR R A AR 2 R4S, B T RVE
T8 5% KT 46 (b — 18, DHG-9140A) 105 °C - 4
30 min, FFHZE 80 C T2 HE, K\t THEH. &
PREZ W 3 Wk, iH5 M R A Sk, A

MR AR E KR (%) = (&8 - T8 ) / (HA
fif - T8 ) 1% 100 (3)
1.2.4 K4 it F R i A 48 B AL BE 7 4 ah ) T

FE A5 K oAb B v, B AL 3 BRR B — B0 oK i
M2 48 A 4l B 12 Bk, 20 0l SR B 5 1) | e BE R OR N
AR E3~5 o M 2R A TR i T A ]
FwE, AT ABERNE, B0 EL 3R,
JFH 8 Ak 0 8 Ak il R0 8 R e AR Ak A R & (9
R Az Wy B AR A BR 2 w1 43 5000 5 R [R] K 43 Ak 3
K A G E AL 9 57 AL 8 ( Superoxide dismutase,
SOD) Fl3:f 48 1k (il ( Catalase, CAT) i . FRELZY 0.1 g
MR, AT mL SRR, VKV 5135 B ST H AE 8 000 xg,
4 C %A% F B0 10 min, B LW, B F K LRI
Ji 2 LR B AR e BEA R G Ul S R AT
125 Koymia FREaMPErhRAfEEmesE
7 ) 2

o AT R A RN L BB R &
AR & E RN & RN SR E YRR RS A
A3 500 R AN [ 7K 43 Ak BER K0 G R T b
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1.2.6 %R A F airfetk Tl

P30 LY 24 h iy 3 EE 1 R, ol T
ANTE K G b R K A A B b, RS A3 3 A )
A CRD 3 BRI S BT ) o 3% 9 1R] K I B 46 Kl
Wi, CRUES) B 7 2 B H WSRO0 St &) e i
WSk, BE ARG, PRI G 3~7 WA R R F
Wl. BRI GE i1 45 K 43 kb B A 2l sRAE TR Ak,
7 W 5P 4K I, K 45 A BRI L R R RS B, SRS
HAEIE R AR PR PR . BT TR
SF-(Ohaus, AR1140) X} AN [R] 7K 23 4b 3 F & #8155 1 %
afy MR R PR I, A A PR E A A 3R, IR T ROF
¥iME .

HCPEIAE (mg/k ) = S0 L) dFpiE
R (mg) /AN (L) (4)
127 4R AREAF R B RAKSKERNZ

FE UK 24 h (19 3 885 1 K & B Fh A 6] K 43
AbFR ) K g v b, A AL B RN 30 ko R4l
B Z S AR 1 KA 6 #8551 RS, Frid L &f 5, SR8
Jo W5 4 U T R B SR AP, i A H BRPE R BT
JEF 105 °C T 45 30 min, FF94 £ 80 C T EH & .
B % ML HCHY I T 8 A VB0 4 A 78 €0 6 e ) T8 288
FrR A2 2 500 5 PRI BT 5, 3158 dUpR 5 kR, it
BAXWMT:

TR (%) = (ffFH-TE) /EfFEXx100 (5)

R RS ST A AT B R, R UK KRR
FH S R - S5 /IMA A — b J7 1k 04T 0 — f b 31, K B
G5 — WS E [0, 1] X 8] o 12 07 % 1 A% 0 D B Sy 3 ok
2 1 A 0 T B DR AR Bt ) AN 22 5, PR A AT

X; = (-xi_xmin ) / (xmax_-xmin ) ( 6 )

W PSR S R &R E R R S e
JE G5 A 5 e N 1 AR T 0 B /L5 X N IR AL B
I b Y e KA .
128 % k& A KT agml e

Bk 24 h (€ B P ik 3 IR | K4 Rl T
AN ) A2k B K I 2 L R R A 6 IR A 1 R, B
W58 Bz %) 4y U A 28 5% BU & L 24 h S R B R
SRIG LAAS T A 3100 K A i o iml e, & 1 3k, B
b BRI 30 3k o 48 hJE B 4l AL ) A et R A 3%
i, A AR TR ST R A L E 105 °C S5 T4
30 min, Ff /5 78 80°C Z& 1 T T4 2 fH 5, 43 5 FR H T
H, A, AN 4k 320 v 25 B 10 Sk Lk 24 by 3&

B 1 6 #4575 1 R 4l UBRE, [R) ) AN [) Ak B 1) 7K
M 5 BREE, #ie Bk oy TR R e T, AN AL
PRE M E 3K o i 56 A 4 2T L A Y
TR, R AT e TEME TE, S
Waldbauer( 1964) J7 i 115 45 5 F 48 br -

FXPAERRE (%) = (AR5 4R T FhE - X5
AIgh e ) /[ CRESHTd B + a8 5 4 1
Tt ) /2] % 100 (7)

FXTRER (%) ={ GREFTH AT 5 - 5
e BT ) /1 CERRISRTS) AT B + 300 5 4 8
T ) /211 x 100 (8)

BURHE (%) = GREBFLHTFE - X5
R4 TR ) / CRISHTH ATt — 300 5 i1
) 1x100 (9)

BWEHALE (%) = CGRRJE L) R T 5 — X5
gl ) [ CREATH R T — X5 e T
- g TR ) 1% 100 (10)

ERER (%) =[ GRESF TR - 5
JE TR T - g SR ) / GREERTT A TR
it — I05 BT BT ) 1% 100 (11)
1.3 Zit5H

fifi Ff1 Excel 2016 ZE 1444, iz il IBM SPSS Statistics
24.0 B A Y LR 2R U 22 43 BT ( Duncan) AU ST AR AR ¢ G
9o it AT 3 25 743 Hr (P < 0.05) , {# ] GraphPad
Prism 8.0.2 X 4 1E & . i2 il IBM SPSS Statistics 24.0 4k
14 ) Pearson 43 AT 7K 1 M B AL 38 45 5 35 [ 1 ik 4 He AR
Kk E R

2 ZER 500

21 ARk S BiE Xk i 0 A4 K HE AR B B2 T

2K 43 e e, AS Tl A BER AG K il A A= K F8 AR
FIERFNEZES(FE D, SR 8K, DUE K54k B
Skt R, JK Gk 22 b BT Kl A AR R T 2 K
oA (1.48£0.16) cm, & T X B 41 0.34 cm(P>0.05) ; 7K
A3 AN R AL BER A PR A i (0.78+0.07) om, i
FR T X B4 0.36 cm(P<0.05), ¥i B K 70 A 2 B 3
IR IR R AR . K it 2 A0 BT i AR R K
4 (0.40+0.05) em, 23 i TXF HZH 0.30 em(P<0.05)
T 7K 43 /8 2 Ab BE R () b 4% 38 K & 4 (0.04+0.03) cm,
xR0 B E 2R (P>0.05), Z5REW, 5iEH
KA b BEAR B, K o3 3 22 T DL HE K il A0 A Ak s AN
AR AR A, T 7K A3 AN 2 DU g 3 0 A AR R A, (X b
AR MR AN
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Tab.1 Effects of water stress on the growth indicators of F. mandshurica

7K 53 Wy e B = 38 K B /em 123K i /om
Water stress Plant height increment Ground dlameter increment
i ‘F 7K 43 Suitable water 1.14+0.16a 0.10£0.03b
7K 43 i £ Excessive water 1.48+0.16 2 0.40 £ 0.05a
7K 3 A | Water deficiency 0.78+0.07 b 0.04+0.03b

TR 3 P RO P 1 {5 0 8% 22 (SE) , R — 1R [l /N 5 S Bk 32 7 A A ) 9 I 35 4k 2%

5 (P<0.05) .

Notes: The data are shown mean + SE (n = 3). Different lowercase letters in the same column indicate significant difference( P < 0.05) .

22 AEKSEMHEIKETIHF AN ESKENEE
ANTR] K 43 Ak 3R B 7Kl A0 i R A X K A
FIA BT o LIS B K 40 Ab B S R, HE K 4 it £
AbEETF, K R A I R A R G K X R 4 A E
T 2.72%(P>0.05) ; MK 43 A 2544 F, K i dnnt R
B A G 7 K B X IR A e I R AIR T 17.90%(P<
0.05), Z5REMW, Kol ZA B E — & BE -
R K AT R R R KR, A 22 BOR B T K
O3 AN JE A B D) 5 A T R A AR K R
2.3 ANEZKS BB Xk 004 R AL B R M RO B2 0B
ARTAIZK 43 A BER 7K AT S AL S P an 141 1B C

JIE 7R o DA B K 43 %t BB 4 AR EE, UK 4 ad 2 R K 4r R
JEAb BER K Bl A0 SOD 1 M ¥y i 3 7 i (P<0.05) .
Hodr, Kot £ 4 3R () SOD i 4 i X IR 4 Y
144 %5, K 50 A 2 4b BER (9 SOD i 7 8 X B8 41 1Y)
2.66 i o [AIRE, K 4333 22 F1 K 43 R 2 Ak BEF K b A0
B CAT 1Mt B 3 = F X 4 (P<0.05) . Kot £
b FE R CAT T 4 2 % IRZH 1) 1.98 i, 7K 43 AN J2
b HR Y CAT T M o % B4 1 3.62 % . 25 SR £ H,
K3 Tk 36 3 15T K R0 Y B e AR g R, ELTE
KAPARRAAEET MK IEERZES T Kyd2
Ab B

A 100 B 600 C 600
a
- — b z) a ’T* a
L 80 T ~z T 2

F £ | : | 1l

S8 £ g 400 £ 400

e 60 o0 8 £z
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Fig. 1 Effects of different water stress on the relative water content and antioxidant enzyme activity of F. mandshurica
e AL KRR AR X 5K o BB ALY BARRE T 15 C. i AL EREE M. ] Duncan J5 V5 30T 385 22 Sk, R [R)/NS S B3R 7R A1 Ab S 1] 110 2 57

FPE(P<0.05).

Notes: A. Relative water content of F. mandshurica; B. Superoxide dismutase activity; C. Catalase activity. Duncan method was used to analyze the significant

difference, and different lowercase letter indicated the significant difference between the treatment groups(P < 0.05).

24 AEKSBHEMKHUERYRSEN TN
DLE ‘B K 43 X B A HE, K &2 K 4 S 2
Ab 3R KA B R PR i ) B R R (P <0.05) .
Horp, JK gy 2k 22 b B A 1) 1TV MR BE A B T BRI, Y
Xt B 69.75%, K 43 AN Ak BE A R X BR 4 1
89.48%. 7K 4 Jiih3E tak 24 AT K A0 T I M Y R
B, HfEK it Z AT sl /e o 3. Ik
Ah, K o3 ik 22 A BN K M =R R S B E AR T

X R 2, AN R X B 2H 1Y 42.98%( P<0.05) , 7K 43 AN JE Ak
PR K M) &= B S T MR, S xR
1 1.62 £% (P<0.05, B 2) . L 25 5387, sK fh 440
R A BRK A 45 1 B R TR T A AE 3 T
%5,
25 AEASEEINKMUNEZERSERNF N
VLS ‘B K 43 % R L AR HE, 7K 4 0k 2 Aok 43 N 2
Ak 304 K A B R B i 34 B R i (P<0.05) . Hop,
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Fig. 2 Effects of different water stress on the nutrient content and flavonoid content of F. mandshurica

TE: AL ATA R & e B 2R & iak; C. B A it

o JH Duncan J7 &M 25 22 54k, AIR/ING FRERIR A AE B [A] 1 22 57 (P < 0.05)

Notes: A. Soluble sugar content; B. Amino acid content; C. Flavonoid content. Duncan method was used to analyze the significant difference, and different

lowercase letter indicated the significant difference between the treatment groups(P < 0.05).

26 KOBMEMNEEABSHERKEZER

3 10 3 1% &)y s R [ K 43 e 3 K
XPH 3~7 W g iR E DS T WA g (K 3) . 5§
&K A EHAR B, JK G i 2 5 K 43 R Ak 2R &y il
K DT W R GE EOK A 3~T W R T
92074 d, K3t £ 5K 5 A2 b B4R K/ D 8 43
W AE K & 24.23 F122.57 d,

X BB AN T] K 43 Ak B K i 490 1) 35 ] 1 i 4l A
TR AR (E 4) L PR O & (R 2) #1745
TEWLEE . DUBCE & B K 43 K i Sk Xk B2, oK 43 i
2 b PR 56 [ K 4 R AE T R I 3 R R 18.93%, U

mm3L

. &Ky
= & Suitable 4L
=y % 3 water 5L
o =~
f‘s B % 6L
g - L
% 2§ Koz
T 2 5 Excessive
@ 2 S: water
“Zg
£5%
=25 g KGR
%= Water

A deficiency
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Developmental duration

3 BERERS AR HYI EE B REE RN
Fig. 3 Effects of feeding different water treatments of F.
mandshurica on development duration of H. cunea larvae

e 3~T L R 3R E 7 14k,

Notes: 3-7 L indicates 3" to 7" instar larvae.

SRt BB A 0.79 £ (P<0.05) 5 7K 40 A JE A 4] 56 [ 1
Ik &y HUAE TG R 5 6 BT A H 22 OR B3 (P>0.05) .
IK 33T 22 5K o AN R Ak BE 4 5 ok R 4R L 4 H Ak i
20 2T R, 4 Bl X B R B 7.33% A 11.33%
(P<0.05) . 5XF BALHIH, Ko it 2 5K 50 A 2 4b B
& PR R 7 R O 3 AR 4R (P>0.05) . UL 1
g5 R, 36 P kgl mOBCR 28K 43 A0 S i K
WD A7 36 2R 3R B, o R K 43 3 22 A BEOK A
AT BSR4 AR R R R
2.7 k& ERBRTEE A B4 RIEE R 2N

B AN [R) 7K 43 Ak B K it A0 6T 5 [ i &)y

IR AN 3 Fron o LA BL/K 4 2 0 6 B, /K J3 ik

Z Ko A R4 3 0% &y R o 55 %) JRZH T 2 k2
5 (P>0.05) 5 7F 4 % 4l BUBY B, 7K 43 2ok 22 21 1 4 A4
K T X R4 1.68 mg(P<0.05), 11 7K 70 A 2 41
4y AR 5 X B2 T W 3 M 25 S (P>0.05) , R K 43
o Z AL BERTREAN G T 4 WA MK 7E SR 61
A7 W & BB BE, 7K A3 22 20 FK 43 AR 4 G &l A
5 X0 B2 TG W 22 5 (P>0.05) .
28 KoMEBIMEEABLARESKRNEM

BUEE N [R) 7K 43 A B K A0 X 26 [ P i S i 4l
16 1 4y B K R 52 0 ] S AR o BUE R K
A3 K A0 S % &y A K SR IH —(E e, R 0.736 8,
BB Ko id 2 5K 50 A R K M d 4 s R & 7K 3208
—{H B FEFEAK, 43910 0.478 2 F10.619 1(P<0.05); 5
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Fig. 4 Effects of feeding different water treatments of F. mandshurica on growth and development of H. cunea larvae
TE: AL B HUAE 4 B g dufblifii. J1 Duncan 77754301 % 28 5tk , R IE/ING SHRER A FIZH )11 25 53 3 HE (P < 0.05)

Notes: A. Larval survival rate; B. Larval pupation rate. Duncan method was used to analyze the significant difference, and different lowercase letter indicated the

significant difference between the treatment groups (P < 0.05).

2 koEMEK X £ E B 3L R0 IR R

Tab.2 Effects of F. mandshurica under water stress on the eclosion rate and egg laying amount of H. cunea larvae

K G iy 38 P 3% 77 B A R

Water stress Eclosion rate Egg laying amount
1 ‘FL /K 43 Suitable water 98.89+1.11a 697.70 +28.03 a
7K 43 ik £ Excessive water 96.73+1.65a 699.95+2822a
JK 43 A JE Water deficiency 9433+1.01a 696.95+31.81 a

T 2 Bl O 7 3 (H AR ME R 25 (SE)

o [l —FUA [l /NG S B R BF A 0] {9 12 35 22 5+ (P<0.05) o

Notes: The data are shown mean = SE (n = 3). Different lowercase letters in the same column indicate significant difference(P < 0.05).

F3 KoEMEKHIXS E E B 40 R ER R0

Tab.3 Effects of water stress on the body weight of H. cunea larvae feeding on F. mandshurica

K 4 Wiy 38 3% 4l #1/ mg 4% 4y H/ mg i 4y #1/ mg 6% 4y H1/ mg 7i% 4y H/ mg
Water stress 3" instar 4" instar 5" instar 6" instar 7" instar
i H K A 1.17+0.08 a 595+0.38a 2320+0.25a 73.69 +1.92 ab 146.01 £ 1.15a
Suitable water
Kot 2 129+0.02a 427+0.19b 19.75+137a 67.29+0.81 b 15246+ 8.14a
Excessive water
KGR 122+0.03a 481041 ab 20.15+2.66a 82.72+5.01 a 157.84+1121a
Water deficiency

TR 3 P RO S BB bR e 52 22 (SE) o [ — SIS 7] /NG 5 g 3 7 B AR ) Y I 35 22 5 (P<0.05)

Notes: The data are shown mean + SE (n = 3). Different lowercase letters in the same column indicate significant difference ( P < 0.05) .

I &y HURHBL, 6 1% 4 s He {5 7K R ) — fH 7E 1 K
SYACER B, R 0.526 6; 5l FLK A AL BRALA L, K
g3k 22 B AR B KR I — (i B E RRAIR, 0337 6(P <
0.05), 7K 43 R J& B MU 5 K R T — A & A5 3 3
EZH(P>005) . XEFAMHSH. 6 R4 HEREA
[vi) 7K 43 Foh 36 7K i M J H A B K SR SR B — B e 3
29 KOMBXNEEABLHRERN AN

U R [R) 7K 43 JB 38T Kl A s 25 ] i 6 i 4
HUE IR A FH R B i S 4 B o RAIE BLK 43 Ak

TR Ry 0 B, 7K o3 ik 22 Ak B B4 AR X A2 1 3 (Rela-
tive growth rate, RGR) it 2 B 1%,y Xf B8 4 1) 48.19%
(P<0.05) . 7K 433 22 FIK 73 A J& Ak BHL2H A AR X BUCED
& (Relative efficiency of consumption rate, RCR) i # T
W, 43 501 it RE 4 4 84.63% H1 86.34% (P < 0.05) . 7K
gy 18 Z 4k B4 19 & W) R H 2 (Efficiency of conversion
of ingested food, ECI) Fl & #%% 1k * ( Efficiency of conver-
sion of digested food, ECD) Ik T- X} i £ 42.09% Fl1 42.22%
(P<0.05), & 1 36 [ 11 1 6 % 4 B 7K 43 iod £ b 37K
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Fig. 5 Effects of F. mandshurica under different water treatments on water content of H. cunea larvae

e ALSHRSE 1 d 2K B 6 IR5E 1 d Dy

KA. 1] Duncan J5 20T i35 22 5V, AN[RV/ING TSR AR B M) 9 22 57 (P < 0.05)

Notes: A. 5th instar larva moisture content; B. 6th instar larva moisture content. Duncan method was used to analyze the significant difference, and different

lowercase letter indicated the significant difference between the treatment groups(P < 0.05).

R4 KREEMEK PR EE B 6 &

fea HEFH AR

Tab. 4 Effects of F. mandshurica under different water stress on nutrition utilization of 6th instar H. cunea larvae

KA AR A K % FH AT IR 5 /% W) 2% B AR % T ABL T £k % /%
W t]j " = Relative growth Relative efficiency of Efficiency of the conversion of Efficiency of the conversion of Approximate
ater stress
rate consumption rate ingested food digested food digestibility

WHKS 111.07+1.81a 1019.8+13.94a 10.93£0.19b 38.82+£1.28b 28.85+0.77 a
Suitable water
Kok  5352+1.86b 863.04=17.4b 6.33+033 ¢ 2243+ 151¢ 29.84+129a
Excessive
water
Koy R 110.57 £2.61 a 880.47 +20.60 b 1279+ 042 a 58.56+3.84a 23.47+1.09b
Water
deficiency

TE R PR N P S R E DR 22 (SE) , [/ — S A [l /NG 5 6 32 7R BE AR [ 19 1 35 22 53 (P<0.05) .

Notes: The data are shown mean + SE (n = 3). Different lowercase letters in the same column indicate significant difference( P<0.05) .

il A0 3 3R W R e A Re ) 3 R AL, R LT Ak
# ( Approximate digestibility, AD) 5 i ‘H. /K 7 #H b B
F bR o KA AL FRAL ) ECT AT ECD Xt I 4 i 3
PR T 17.02% 1 50.85%( P<0.05) , 13 B 26 [ |1 i 6
4y %6 7K A3 AN 2 K A e SR 5 B A RE D T
{0 AD 55 X} BEALAH LE 8 3% T B 18.65%(P<0.05) .
210 KSBBETKEMIBAIERSEEOE4 R
A RKEBFIEREXMEST

K G 360 J Sk Kl A A BEAE AR (i AR S K
. SOD I . CAT &P . &M . mTiEtEpE . B
i ) 55 5% [ 1 i 4l 2B K R F 48 45 (RGR, RCR., ECI,
ECD. AD. #hdUfkdE . KB . 4h & K& f7TE
R ORI PUEE . O ED) ST AT (R 5) .
S5 R W, M R AEXF & 7K 5 RGR. ECIF1 ECD £ i
R 5 SOD I £ Il CAT I M 5 0 i 3 52 1§ 3% 17
FHOG; PR 5 RGR., 6 i %)) H AR 5 R 6 % 4 1 5 K

B R 3 IE A0 56 (P<0.05); AT % P 5 RGR., 5 %
Ak EMe NG K RERETEMHE, 557
D7 R G OR oG BN  BCT & W A O, (1
5 448 4y BT | Pk AR A U R 5L I 2 RORE DG .

3 i fie

AWFE K, FEK 533k 2 500, oK M Ak =
b A% 1S K 2 B R TS EOK A B AL K AN
S AR TE K M  k E E RRAIG, T M AE
Ko R R B E 25 BAh, Ko i Xtk
HiA I AR X K L PR TR M L B SRR
SR & R, Ko 25T,
ﬂJrJ#*EXTaﬂ(gi‘ﬂu {E 2K 1K 3] & 3 K 5 Wi 78 K 5

AR, A S KRB ERR. X S5HEY
Jl%?ﬂd}i_ {1ty i 7Y o 97— e, BIK 4r R 2 S B0 B an
FfL 2% 7K, DT 5% M) 200 A% R A0 AR AR 38F (Pei et al.,
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Tab.S Correlation analysis between physicochemical indicators of F. mandshurica under water stress and growth and development

indicators of H. cunea larvae

18 br I A X K SODifi ¥ CATHf R CIR-Rc i o

Index Relative water content of leaves SOD activity CAT activity Amino acid Soluble sugar content Total flavonoid content
RGR —0.345% 0.050 0.002 0.685* 0.691* -0.158
RCR 0.192 -0.123 -0.223 0.548 0.661 —0.546
ECI —0.546%* 0.280 0.384 0.281 0.143 0.682*
ECD —0.530%* 0.318 0.366 0.377 0.026 0.503
AD 0.199 -0.237 -0.225 -0.278 0.049 —0.154
4y &)y WA T -0.014 -0.320 -0.532 0.113 0.380 -0.767*
Body weight of 4" instar larvae
S &)y e A 0.108 - 0.406 -0.544 -0.101 0.186 -0.438
Body weight of 5" instar larvae
oilfs 4Jy th 4 & -0.530 0.516 0.455 0.684* 0.377 0.391
Body weight of 6" instar larvae
7i 4y B R —0.464 0.360 0.253 -0.050 -0.378 0.276
Body weight of 7" instar larvae
KB D 0.202 0.262 0.357 —0.444 —0.803%* 0.588
Developmental duration
St &)y 5 K i 0.012 —0.094 -0.085 0.472 0.721% -0.391
Water content of 5" instar larvae
61 &)y e 5 K i -0.252 0.200 0.062 0.747* 0.720* -0.278
Water content of 6" instar larvae
Xy H A R 0.318 -0.531 -0.501 0.103 0.475 -0.407
Survival rate of larvae
A ES 0.458 —0.731* —-0.777*% —0.244 0.312 —0.915%*
Pupation rate
P 0.181 —-0.603 —0.697* -0.358 0.255 —0.721*
Emergence rate
75O —-0.126 0.270 0.255 0.285 0.212 0.509

Egg laying amount

e #R 8 0.05/K T AH 1 3, ++3RR 0.0 1K S AH S 1k 3

Notes: * indicates significant correlation at 0.05 level, ** indicates significant correlation at 0.01 level.

2024) o FEIRGpid 22 5 KOy AN R AR K il MG BT AR
bW 1 S 2 T, HLAE K AN R SRR A 8 i
K, X AT BE 5 K 3 e 75 S oK S AR R AR R A
Ko FEEFEW A T, KAy B iE B AR T K
it A Y AT MR i, LR OK G ik 2 5T R IR
PR ek, Korad 2 00T /5 & W T R,
X AT RE SR BB R K A3 ik £ £ 38 s ) AT B, i
B TR FE; WK Ay AN B, R MR T R,
AREMRGEREI . X—HE 685 MY 7K
AR 5 AT 38 A 3G A R R R 8 B e, LA X
TR 53 iy 38T R %) A B 7 A OC (Hare et al., 1998) . J3
Hh, g HE R r AR AT A P PR A AR, SR H R
FAFT WAL . DR B, KO0 2 e fifi
JK A v B R R T R AR A AR
) J5T ok 3 Bl 305 B8 ) R BT RE 7, BCER AR AR W)
B AE A Y BT 2 —, AT A BR ROS, 1 5 AL
ARKLTH . PRSI R A Y WA o R
B 2 A A W i AR R AT RE S A 1 B R HE AT
AR R E, DT TR) U AR AR Y - R B G R

(Guang et al., 2007; 5K 45 &, 2022)

AWFFEAE R T 7K A3 e g K i i A 5 25 1
e H AR RBYRUE R . — 5 1, 7K 4 W0 B el
AR T K B B TR 2 5 ke A AR RS S — T,
1oy E ORI &7 SERCIEPS A TSNS dikES s
FH L A5 56 AW 8 55 1T AT e X AP R 2 38
PR . KAt £ 5K Ay N R 0 ¥ b R T
2 1 A HU B I, X5 UG (2016) 78 X 1R
i IX 520 T R b X 57 K45 W Sitobion avenae ( Fabricius)
P AE I S AT FL I A S e A R — 2, RIIE e B
KA N EEEIER . AR, 50 2
WO A ) B R AR SR A AR W B B R T R
me A B M B A A4 K & (Chaves et al., 2003; % £
45, 2024) . Showler Fil Moran(2003) i i 1 5 W 381
Fi A6 4R 58 Xt il S 1% Spodoptera exigua (Hiibner) ) 5%
ey B 2 B, 1 SR A0 A A AR i i S s R R L RTIA
PR A A i P aR K A6 G YRR R R T 2R SRR
IR 5 B R S . Gutbrodt 45 (2012) & LT 5
W 3610 H #%5 Brassica oleracea var. capitata L.J5 H Ik H AR
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A B ¥

CHRE o

WY SRS B0 AR S TR R SR K Spodoptera litura
(Fabricius) &5 K 3¢ ¥y W Pieris brassicae(L.) i) BUE 1
U o AT K A3 e 30 G 2 AR T K A Y T
s = O DT I R - S R 2
BEE MR A K R & EZE R R, L& 50k
K AT RE A 2 S BOE [ ik 4l Uk D 0 E A A i A
Z—o WAL, B AL G R B A 23k 4 Y
R AR A AR T, DT B — 25 G 2% 4 Uiy
H (Waretal,, 2012) .

22K 4 WA 5, 36 [ e 4l o fh g R R R,
K43 ak 22 4 S 2H &y R AE R R R R, K AR 2
4y HUAF T 3 ORI B, (H R A B 2 KCF, Bk
AR R I 2 RL Y e, 3 WK 43 6 58 i R e B
FHEY, MEZWERNAEREFEMABEDES, 1
WEE S (20160) BF 58 L 0L, T R i T 1Y B 5% 7
Alternanthera philoxeroides (Mart.) Griseb. I 3 52 T 3&
B Mg Bk Agasicles hygrophila (Schellenberg) 19 4 £
RE, HERH NG M EF TR AE TR,
TR b, HACEE AP R TR S, IR
T2 F W Morus alba L.1Y 3 11y Pseudaulacapsis
pentagona ( Targioni-Tozzetti) & B W} [f] B g 3E K, JET-
I 28 11 (Hanks and Denno, 1993); B & T 2 Wi
TR I T SR R R AR R T BRI S
Hb, I (2021) A& BEK 43 38 FOK a2 K B8 B
H ) T AR AE EOK A A A E oK BN, BT X
SO RG2S, HE W 36 [ 7R K A3 W aE ST,
7 BRAT Ayt AT i A [ T R A K 43 A 3 Y K
Wil 4% ¥ 34E (2008 ) & B K 43 I 30 H 85 J5 % A4 S0 ik
SO EPOE SR T e SN o 7/ WA I SO o7/ 2 R e | B
THAL B R A W, A e (2015) 76 X5 & mt
Mythimna separata (Walker) B 0F 52 & 91, L& T8
Qb B /N 22 2 2 5 R TR T R0 T A 2% T A £ R
MR 5 LR FEARRL, AW 58 ok 43 38 K il A
X 5 [ 1 0 &l i) A R R SR AR e B
K g3 ik 22 Ak BROK MY 45 #L RGR AT ECT 12 35 [ X,
TR 7K 43 A J2 4 33K il 490 1) 45 Bt ECL AT ECD &2 3%
T o Sia BT A A, K v ik 2 %R, K A
B AT R M i AR, FTRE S B4 Y g it
JOE AN R, DT A1 o HG A R W ) 8RR K 43
AR AR, KA B S B R i T, TR R
gl BRI T 0 £ 1 S0 (Hare et al., 1998), MM 2 75
THEYR SR

BRI 43 2k 22 FK G5 O R Ak B K Al MY 5 i
6 1% 4y HU AR B KR I BEAR, HEDI X — B4 AT RE 5K

3 JBR 30T K A0 AR K R AR A G . K
i 22 25 F T Kb A I R AR AR RS K R B, 2 4 i
FEA T 2K o i 2 AT A K o A, T 4
iR N 38 e (9 83 SIS 5 3 V1 AL, T G HE
B 22 oK o HE B RS, DT AR T AR 5 7K 35 TR e AR
FR AT KA I A AR R K R IR A 4
ORI K 23 U D, DTS B AR S R R BRI .
Tt R KRR AR, 2l e R R IR K e
(7] Ef &)y o i 3k o i i S A B R R A 2 UK
T AR K RT R, BRI B R AR R (AR, 1995) ¢
K oK i A0 A= BRI Bn 5 2l HUAE RO TR b AT R SR
O3 BT, 5 2R 3 BT A K R A 1 RT BE Sy B Y
S A £ (46O Y B BT A% PF, TR I e 3 T 4l s A AR
O, DT R W 4y R B R R R R AR
FHXH AR, Tl P A R A5 DA T 1
$ 9 b S B I S A O R 1 4l H R Ak i A P AL
i A5 B TR N AT A PO R B BN o 56 [ 4
HUR A R SR T B B BE K 2 AR

AR SCH) A W T K o3 k38 X K A0 4l A R
ORI B A AR SR, LA B 3% B A TR UK g
Ak B ) KA HE AR R R A RE 3R R A S R,
2 n] Bk — 25 R 5T K M A R 7K 20 4 PR T Qe 9 42
5 [ Ay BUK o A A O A B A, Sy B T SG [
P AN ) A 58 T B0 A 2 a7 P Al B B A

4 it

AW I s 1K o3 W30 3 5 s Kl A A A B
AR, BET R R S AR AE R AT S E
FeMIH o 5K 3 E R BUAH F, K g ad 2 o e
JK A0 A AR G, K 3 AN UL AR e A AR AR G
I B AR R RH A 5 K s K 23 k3 Ak BE i
A A B L i S A SR TG P T S B AR,
EURT I M o R R o OED AN (R K 23 Ak B Kt 0 Y
K g R E WA AR AR, kit £
03 W AR Ay A I 55 B SR A D T, AR g 2 40 o]
&Jy Ho AR RN ) A AR, K g U B TR
FHAR R A A, EL P K o3 bl 30 249 e i He A 55 7k 3R
WFSELE SR T AN R 7K 23 25 A S& 1 P o0t 7K iy A
P4 3 1V AL o

2 % X #

FS . 2016. AN [A] T 52 b X 27 4 45 05 X ke K I 360 %) o) 7 % L 35k A% Tl
[D]. # % PaALRMEHE K.

Dai P. 2016. The response of Sitobion avenae(Fabricius)to water—deficit stress
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