2026,39(6):216-231 FE K K BE = T

DOI: 10.16861/j.cnki.zgge.2025.0719

A E AL 7] A0 F 5 FE i SRR B B9 A TR o)
KERLEXE R L BRERL,ELEY L, XNFT?,
Ze gt A XN 2, R A, INEA !

LA TR 2 R (L B AR B S b o B R R e A B SR = BB A 1 832003
2GRN VR IT RARAT HEHKE  831301; 3 HiEAE~#iicH
FEARIMLOVREAE T A E 83130D)

T8 2RI R Al AT i 7 0 4 (R IR P (R TR AL 07 328 oo U e 2H 4, DR Bt T Bk A R B PR pi B
AR . DA VA il RG-S B CTL AFEFE N (T /3 S A AE T 1 5 (LF) , % B iR (25 °C/18 °C) \ AR IR
(15 °C/10 °C) F2AiGiR (12 °C/4 °CH3 AMAEFE, FALBEES 0436912 K 5E I5 814 (LF/TLLF/TT) 5 B AR 15 (LF . TL+
T WSR2 & 5 R RIG 77 DU BRI M & TP & 8 SEB Fa b, IR 32 R o Mrvdi g B v AN L i
At g5 RERW, WAREAVRIEMHE 28 12 K, 5 LF AHE, 5800 1l S ) B B vs vk I e & A i e e
RS PR AT T AT R B B BRI, R TR TR 2 MR A N, LE/TT A& 1045
G5 P i (1.982.2.349) , i A PR ML . 2% b, Ik ae s o 3 s b AL B A L (R AGTR T TR TP AR R AR FE AR R
T 5 2 @A R AR T A e . o, DUERFERTINON RS AR LE/TT -G P v i am , I o i it A R A AR 35 11

AR RS )7 R S SR 5.
REEIE): O0Ts BEA s I IR 5 AR B
FESES S641.1 SHIARSRS: A XEHRS:1673-2871(2026)06-216-16

Physiological response of eggplant seedlings grafted onto different root-

stocks under low-temperature stress

Zhang Zongyi', Zhai Wenting', Zhao Yunwen', Zhao Baolong', Zhang Zhijun', Liu Cunping’, Li Hong-
hua’, Liu Xiaomeng’, Wu Yanghuan®, Sun Junli'

(1. Shihezi University/Key Laboratory of Special Fruits & Vegetables Cultivation Physiology and Germplasm Resources Utilization,
Xinjiang Production and Construction Crops, Shihezi 832003, Xinjiang, China; 2. Xinjiang Liifeng Agricultural Industry Science and
Technology Development Co., Ltd., Wujiaqu 831301, Xinjiang, China; 3. Agricultural Science Research Institute of the Six Divisions of
Xinjiang Production and Construction Corps, Wujiaqu 831301, Xinjiang, China)

Abstract: This study investigated the regulatory mechanisms through which cold-tolerant rootstocks enhance the low-tem-
perature adaptability of grafted eggplant seedlings, with the aim of identifying superior grafting combinations to support
overwintering protected cultivation. The scion Liifeng No. 1 (LF) was grafted onto two cold-tolerant rootstocks, Torubam
(TL)and Totosga (TT). Grafted seedlings (LF/TL, LF/TT) and self-rooted seedlings were exposed to room temperature
(25 °C/18 °C), sub-low temperature (15 °C/10 °C), and low temperature (12 °C/4 °C) stress regimes. A comprehensive
set of physiological parameters—including chlorophyll content, root activity, antioxidant enzyme activity, osmotic adjust-
ment substances, and stress injury indicators —were measured at 0, 3, 6, 9, and 12 days post-treatment. Principal compo-
nent analysis (PCA)was employed for a holistic evaluation of cold tolerance. The results showed that under sub-low and
low temperature stresses on the twelfth day, compared with LF, the grafted seedlings exhibited significantly higher super-
oxide dismutase activity, proline content, and soluble protein content, while significantly lower relative electrical conduc-
tivity and soluble sugar content. PCA based on these integrated physiological responses ranked the LF/TT combination

first, with the highest comprehensive scores under both sub-low (1.982)and low (2.349) temperature stress, identifying it
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as the most cold-tolerant. Grafting effectively enhances eggplant cold tolerance via a coordinated physiological strategy

that bolsters antioxidant defenses, optimizes osmotic adjustment , and maintains root system functionality. Among the test-

ed combinations, grafting Liifeng No. 1 onto Totosga rootstock (LF/TT) conferred the strongest comprehensive cold resis-

tance, providing a scientifically validated and practical rootstock selection for improving yield stability in facility-based

eggplant winter production.

Key words: Eggplant; Rootstock; Grafting seedling; Cold stress; Physiological response
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Fig. 1 Effects of low-temperature stress on root activity of eggplant seedlings

I, LEWLF/TL S T4 i RV ¥ 2 &S, TL fl
TT ) RV 35 267 & 5 BRI &S LF/TT (1) RV
SRR R S, LE/TT I RV 55 12 R
9 KIhNT 207.03 pg-g'-h', 55 12 K,LF/TT ] RV
B, N 37828 pg-g'-h', & m T LF A1 LE/TL,
Ui ZAH A 72 AR IR 18 AR R G S HE A%, i3 nT
W AR A AR I 52 M. i 2-C AT %, 7EAR
BB, LF TLTT 5 T4 1 RV W2 LT &
J& BAK %, LF/TL /9 RV B4k 2 F & #; LF/
TT () RV B “Fh-BE-FH-FE7 &%, £ 55 9 KA
512 R, M4 S 1 RV 485 8 539.30 Al
468.99 pg-g'-h', 30 3 = T HAD 4 MRS TR S,
% 20 G AR AR IR W38 5 B 08 R FF ST RV, 1)
FIPIR A F 5, IR 1) BE ) 5
2.3 KIERMEXFRFHEM A REC B95200

i 2-A TR, R AR, S AN TL R

TT A 740 M A ) REC 352 5 T LF.LF/TL 1
LF/TT. W 2-B o] %1, 7E WAKE Wi N Bx TL A1 TT
AT B A REC $ 2T+ =i ok, Hoh 3 Fhak
T4 A REC 2240 %5 % A [\, LF/TL Al
LF/TT % 9 K REC 737l 4 41.82%11 47.60% , ¥
Fm A 3 PSR A, B LF/TT M B REC
MR m T LF/TL, H2 75 28 12 &, LF/TL I
LF/TT ) REC 43 5 23.23%F1 23.58% , 5 i 1K
T HAD 3 PG AL A, BT REZ KA 78 AR IR e
T B B A S m r b, I SN B TR
e R . @& 2-C af i, fEfR R e T
TT.LF/TL #1 LF/TT i Jr REC ¥ 256 T & J5 B
R, HAESE 9 K28 12 KA, LF/TL #1 LF/TT
(1) REC #45.FIK T LF, LT fn gz ol LA AR LF
AP HE A7) REC, 2 s B PLIERE 1 72
MRIR AR B E T , TL AT TT B H REC B W)

<221 -



X & HF 5T i

JJ\N2 539%
A —a—LF ——TL ——TT B
—e—LF/TL —»—LF/TT
§ 23 a . . a - 50 -
P T e
% 19 b b b b b E 40
= Q
g g
8 15 »g T
£3 1 T3
= £ . i BE 2 |
<8 1 =3
ERN d d d < <
2 e d 2 10 |
ER N ¢ ¢ -
S ©
[ 5 N L L [ 0 L
0 3 6 9 12 0 3 6 9 12
T R A B ] P A A I [i)
Room temperature treatment time/d Sub-low temperature treatment time/d
C —s—LF ——TL ——TT
50 —e—LF/TL —=—LF/TT

40

30

a

20 r

AHXT HL G2
Relative electrical conductivity /%

IR Ak BRI 8]

Low temperature treatment time/d

2 RIEBMEXI A F 4N ER A REC BIFZ00
Fig. 2 Effects of low-temperature stress on REC in leaves of eggplant seedlings

SR AE ELBOR  H 2 AR AR B2 /N, 6 B AR AR i i
B A ] BEAEDN B AR

24 (KEAMEX A FHEM A S HEE MR
24.1 ARIBWRE L3 Fa T 4@ et B SOD & ad
ek HE 3-A AR IR, TL A1 TT i1
T SOD v MR E B 3 T HoAth 3 Rl AR AL
o MK 3-B A A, KRB E T, LE/TL (1)
SOD & 4 [ Jifp 16 B (8] 38 n 2 b A& %5 LF/TT 1
SOD V&t B “Fh-F-F7 ik, Hix2H 41 SOD &
PEFES 3.6.9.12 KI5 0 2 & T HoAt 4 Fh il B 4L
A Ui B HLAE AR IR 8 T P A L BE 158, RE 68
THBRE 2 IS A (ROS) , KB T 1% 4L & 1 AR TR
WM. I 3-C v A R M E R, TL AT LF/
TT (1) SOD v 14 57 [ Joly 160 BT 1) 384 o 52 5 B AR J5 T
%, LE/TL ) SOD itk 2 Fh s sh s 7258 12
R,LF/TT ) SOD & i, N 661.87 U-g', B3
T AN 4 PR A,LF/TL k2, B E e T H
i 3 MR A . HHUR TR, 2 FRIEFEE ) SOD i
PR, A AR AR O BE 3G i, RIS 12
-222-

RIF LF/TT 78 WA 5 (R8N SOD 3 1445 %
1, UL SOD 1T B A2 1% 4 A HE AL I < B i
242 AREMME LT Fe T 4 FE et R POD &6
e HE 4-A THLEIRAMN R, LF/TL 3 14)
BT F () POD i 11 4 28 32 35 T oAt 4 Pl A4
Hro B 4-B 750, 7R AR M IE R, LF 7258 3.6,
9 K1) POD i M3 W 2 & T HoAm il A2 & 72 5
12 K, &40 POD G LB E#E R . HE
4-C w50, FEARIE A R, TL A1 LE/TL ) POD Ji5 4%
W I TR0 38 52 5 BRI S T s i 3y, B AE
9 REFHAK 725 12 K, LF/TL ) POD 5 1 ¢
1, 0N 24456 U- g, 35 m T HoAth 4 Ak B A .
eH AT 40, ZEAR IR G R, TL 4% LF )5, G A
A B ) POD & M, A ARG IR P8 A B R
ROS &% AE 71, Ui B POD 1 RE 2 b 41 & A IR
PSS

243 ARIEME L E I m T 4@ et b CAT &6
Feh o B S-A WAL R IR BREE 3 RAN
5 12 RSN, LF A4t Jr (7 CAT 3EPEI B2



A 2 = o 5 N = T4 Z
460 BRI, % ¢ AR IR T B R 4 0 A B HF T
A —s—LF ——TL ——TT B —a—LF ——TL ——TT
—e—LF/TL —%—LF/TT —e—LF/TL —%—LF/TT
200  a a a 600 r
a
#HE 180 [ a a #9500 |
mEo a b i e
& E 160 a 2 = T 400
MZD LD
Ko~ 140 c X< 300 |
ST b S b s2s
DS Y T Ty D220
Wag i | b — E\H_ﬁ&g L
5 2 . . . d b 5 2 < 100
80 : : g 0
0 3 6 9 12 0 3 6 9 12
il A PR I [A] VA i Ak BRI (]
Room temperature treatment time/d Sub-low temperature treatment time/d
C 700 - LF TL T a
600 L —e—LF/TL —»—LF/TT
4+ o
S st
5 E -
% g 0400
3 2
v
§ 2 - 300
= > R
SEE
I 5 100
25° 0, .
R IR A 2R ]
Low temperature treatment time/d
B3 REMEXAFAEi AR E A L EEE M R F2
Fig. 3 Effects of low-temperature stress on SOD activity in leaves of eggplant seedlings
A —s—1LF ——TL ——TT B LF TL TT
300 —e—LE/TL —w—LF/TT 350 -  —e—LF/TL —=—LF/TT
o a
O . — w300 |
# 2 5
o 250 b b b 2050 |
2 b b Es
SE 25 b o, 2 2200 |
[ L
e 2 200 * q q v = P o 150
'L,—_'J = @
3 8
x 175 S 100
= »
5 g
&~ 150 - 3 50
0 3 6 9 12 0 3 6 9 12
‘i i A R (] VARG Ak B BT (1]
Room temperature treatment time/d Sub-low temperature treatment time/d
C LF TL TT
—e—LF/TL —»—LF/TT
= 300
B
#HP 250 |
o
= 2
S 2 200
2 3
[
Bg st
%
g
S 100 ;

IR AL LI (5]
Low temperature treatment time/d
4 (KRBT FHEM AT ESUIEEE NI

Fig. 4 Effects of low-temperature stress on POD activity in leaves of eggplant seedlings

<223 -



et o " .
RIS R hoH K % 539 %
A —a—1LF ——TL ——TT B —s—LF TL TT
—e—LF/TL —%—LF/TT —e—LF/TL —«—LF/TIT
80 120

o070
B 2 100
el Ho o
ESEL -
G =
Sz §E o0
¥ 3 =73
oz 0 B 5 40 |

E 20 A s

S g 20

10 S
0 : 0 \
0 3 6 9 12 0 3 6 9 12
U AL BRI ] P AIG iR Ak S I T
Room temperature treatment time/d Sub-low temperature treatment time/d
C LF TL ——TT
140 - —e—LF/TL —%—LF/TT

A A
Catalase activity/ (U-g'")

r o o D

(=) (=) (=) (=) (=)

[
[=]

(=]

3 6
A T A 34 T

9 12

Low temperature treatment time/d

5 ([RiEMEX I TFAEM SR SEEEERR M

Fig. 5 Effects of low-temperature stress on CAT activity in leaves of eggplant seedlings

FHAh 4 FpbFEA S . I S5-B TS0, 76 AR IR B
18R, LF.TL A1 LF/TT [ CAT % 4 32 it Jpip 18 B (]
B 28 T S BRI A, TT 1) CAT W& M 2
“T-BE-TFE7 0 B, LF/TL 1) CAT ¥ 1 2
“Tr-Be-TH-BE RS RS 12 K, TL M1 TT ) CAT
TEPEY R T A 3 PSR G, IR KRTE T
IR M8 R BE A% T 32 = CAT MvE Mkt s B &
ROS &R EE ST, NSRRI BT . B 5-C 7T
B, AERIE A R, LETL A1 TT Y CAT v M2 B
18 1) 38 0 2 s S B R ¥, LF/TL 2
“Th-BE-TE-FE s LF/TT S“TH-F-T1 1 s 78
%512 K,LF/TT (1) CAT #EMEdR =, 8 97.33 U g, i
EwE T AL 4 FhREFEA S . B R A, LF/TT 721
T BB T (1) CAT 3 PR s, 3898 7 15 B ROS 6E
71, A HIRTG T B PRI BT -
2.5 KIEMEXM M FHEHHEAESEMNEN
BB 6-A WA, H AR, BREE 6 RO, TT
AT i) MDA & &35 5 T HoAth 4 ik

£224 -

H . HE 6-B A%, fEAKIRE M ia ™, Bk LF Al LF/
TT 1) MDA 5 & b [y 3 i (8] 38 i 2 Tt - T 1%
s A, Hoth 3 PG ARAL A 1) MDA & EARL KR
AAE s 7655 12 K, TL.TT ) MDA & & 355K, &
FEART oA 3 AL FEA G, 15 I A A A S AL I
IR AE SRR, B R MDA &, B 6-C 1]
w1 EARIRMNA R, LE/TL ) MDA & & 207 & 5
FEAR % LE/TT 2<TH-F- Tt a3 755 12
Ko ik 2 Fpak 4L 4 1 MDA & B3 8 E KT
LF, Ut B i 42 0] DA AR R AR IR B8 MDA IR
B, A R I A

26 KEMEMNTMFHEHREEATYRES=

oA
2.6.1 AKEMATHF 4T R Pro &€ 8 %R

B 7-A AN R SRR L LF AT 4T A Pro
TR S AN N YR E S T AL 4 FhasFEA
fro W 7-B w50, £ AR IR B A R, TL A1 TT 19
Pro 2 &+ 15 58 [ 38 IS 8] (R 38 I 52 25 T i 5 PR AR I



> . — 5 N T TS [~]
6 GRS, &5 AN R AR 7 0 e GHEG I 3 P 2 e e 97 X B&HF 5T
A —=—LF ——TL  ——TT LF TL TT
—e—LF/TL —w—LF/TT B —e— LF/TL —%— LF/TT
%4 35
ot 30
220t o 25
=} —
& E o8t 2 g 20
13 E
16 | 1= 15
[}
2 K g
< ; 14 e g 10
<
g 12 5 5
10 0

0 3 6 9 12
W IR A L (]

Room temperature treatment time/d

C —a—LF
35
—e—LF/TL
30
o0
- 25
[=]
2 E %
1=
® 3 15
< 8
; 10
a
= 5
0

——TL

—%—LF/TT a

AR A B[R]

Sub-low temperature treatment time/d

——TT

0 3

6
G Ak BRI (8]

9 12

Low temperature treatment time/d

6 (REMBEX A FAEM AR B 2R

Fig. 6 Effects of low-temperature stress on MDA content in leaves of eggplant seedlings
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Table 3 Principal component analysis of physiological
indicators of different rootstock-scion combinations under
sub-low temperature stress
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Table 4 Comprehensive evaluation of physiological
indicators of different rootstock-scion combinations under
sub-low temperature stress

4> Principal component

FEA5 Index

1 2 3
M GREE 0.886 0.257 -0.139
Total chlorophyll content
M4k a/b 0.780 0.156 -0.101
Chlorophyll a/b
WA RV 0.123 0.949 -0.117
AHX L 5% REC -0.816 -0.504 0.206
JiH 2R % & Pro content -0.061 0.917 -0.356
T % ¥ & MDA content -0.397 -0.140 0.795
A VAR B SS content 0.962 -0.025 -0.048
AIVATES A2 i SP content 0.642 0.683 -0.126
A BALEEE T SOD activity  0.389 0.891 0.008
I A AP 1 POD activity -0.402 -0.252 0.729
I AL SIS M CAT activity -0.528 0.070 -0.789
FE{iE{H Bigenvalue 4.166 3.436 2.017
FIHRZ Contribution rate/% 37.874 31.236 18.333
AL 37.874 69.110 87.443

Cumulative contribution rate/%
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Tyl ERr2 ERG 3
[ R Yy Gy LEf '

. L L . H4
Stock-scion Principal ~ Principal  Principal ~Comprehen- Rank
combination component component component sive score

1 score 2 score 3 score
LF 2.466 0.807 0.267 1.412 3
TL -0.827 -0.099 0.135 -0.365 5
TT -1.045 -0.142 1.115 -0.269 4
LF/TL 2.249 3.258 -1.214 1.882 2
LF/TT 2.092 2.932 0.139 1.982 1

87.734% , Ut W B BB AR M. 25 1 E Rl
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Table 5 Principal component analysis of physiological
indicators of different rootstock-scion combinations under
low temperature stress

T 4> Principal component

1B F5 Index

1 2 3
MG REE 0.885 -0.306 -0.081
Total chlorophyll content
M4k alb 0.718 -0.650 -0.074
Chlorophyll a/b
R ARG/ RV 0.683 0.534 0.483
AN HL 5% REC -0.761 0.265 0.502
JifiZ B & & Pro content 0772 -0.347 0.463
T B & MDA content 0.300 0.041 0.516
AIERE B SS content 0.433 -0.797 -0.382
AR 1 F & SP content 0.761 0.562 -0.083
HABSA AL B B 0.926 0.292 0.110
SOD activity
I ELIEE T POD activity 0.625 0.684  -0.272
IS B T CAT activity 0.066 0.743 -0.578
FFIE{H Eigenvalue 3.756 3.471 2.423
DIHRE Contribution rate/% 34.147 31.558 22.030
ANl 34.147 65.704 87.734

Cumulative contribution rate/%

0.300X; + 0.433X; + 0.761X; + 0.926X, + 0.625X,, +
0.066X1;

Y,=-0.306X-0.650X:+0.534X:+0.265X,-0.347 X5+
0.041X,~ 0.797X; + 0.562X; + 0.292X, + 0.684.X,, +
0.743X1;
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Table 6 Comprehensive evaluation of physiological

indicators of different rootstock-scion combinations under
low temperature stress

Tyl ERGr2 RO 3
A s B/ Gy "By LE
Stock-scion  Principal ~ Principal ~ Principal ~Comprehen- iiﬁ{
combination component component component sive score

1 score 2 score 3 score
LF 2.392 -1.491 0.019 0.398 5
TL 0.371 0.915 0.248 0.536 4
TT 0.971 0.524 1.174 0.860 3
LF/TL 3.074 1.039 -0.239 1.510 2
LF/TT 5.037 0.592 0.707 2.349 1

LF/TT>LF/TL>TT>TL>LF.
3 % w
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