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Evaluation of drought resistance at flowering and fruit-setting period in

tomato introgression lines
LI Siqi, ZHAO Xin, WU Cancan, QU Shiduo, WANG Xiaoning, XIE Linjie, LUO Han, LIU Yudong,

PANG Shengqun

(College of Agriculture, Shihezi University/Key Laboratory of Specialty Fruits and Vegetables Cultivation Physiology and Germplasm
Resources Utilization of Xinjiang Production and Construction Corps, Shihezi 832003, Xinjiang, China)

Abstract: The flowering and fruit- setting period represents a critical water- sensitive stage for tomato. Screening
drought-resistant germplasm specifically adapted to this phase is therefore of paramount importance for breeding. To sys-
tematically evaluate the long-term drought tolerance of tomato introgression lines (ILs) at this key reproductive stage, a
population of 49 ILs derived from Solanum pennellii(LA0716)and the cultivated tomato M82 was subjected to field-im-
posed natural drought stress for 28 days, encompassing the transition from flowering to fruit setting. A multidimensional
assessment was conducted by integrating evaluations of plant morphology and fruit yield with leaf physiological indica-
tors, combined with a scoring method, principal component analysis (PCA), and K-means clustering analysis. The results
showed that prolonged drought stress resulted in a yield reduction exceeding 50% for the majority of the ILs, coupled
with significant oxidative damage. PCA extracted four principal components, and cluster analysis classified the 49 ILs in-
to four distinct categories: Highly drought-tolerant(4 lines), moderately drought-tolerant(31 lines), drought-sensitive (12
lines), and special-response type(2 lines). Among them, the highly drought-tolerant line IL4-2 maintained optimal plant
architecture under drought stress, exhibiting an 18.8% increase in yield per plant and stable fruit size compared to the
well-watered control. At the physiological level, IL4-2 displayed no significant accumulation of H,O., a decrease in MDA
content, and significant increases the content of Pro and SS, alongside enhanced activity of SOD, POD, and CAT. In con-
clusion, 1L4-2 possesses outstanding comprehensive drought resistance during the flowering and fruit-setting period. Its

adaptive mechanism likely involves the synergistic enhancement of both osmotic adjustment and the antioxidant defense
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system. Consequently, IL4-2 can serve as an important candidate germplasm resource for breeding drought-resistant toma-

to cultivar.

Key words: Tomato introgression line (ILs); Flowering and fruit-setting period; Drought stress; Drought resistance evalu-

ation
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Fig. 1 Comparison of plant morphology
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Table 1 Analysis of yield reduction rate %
| 1E+?Z M JD‘A“;‘Q A {D+jz My ?D 4\4?2 Al ?D 4‘72 Ay ; 4“_‘7?“
tion rate tion rate tion rate tion rate tion rate tion rate
IL1-1 68.24 IL2-6 74.58 1L4-4 -20.72 1L6-4 84.53 1L9-1 77.48 IL12-1 4544
IL1-2 53.56 1L3-1 61.53 IL5-1 31.35 1L7-1 81.19 1L9-2 84.12 1L12-2  38.79
IL1-3 52.70 1L3-2 69.47 IL5-2 1.06 1L7-2 66.00 1L9-3 73.62 IL12-3  54.55
1L1-4 69.57 1L3-3 77.87 IL5-3 68.20 1L7-3 71.49 IL10-2  90.94 IL12-4 63.94
1L2-1 41.09 1L3-4 100.00 IL5-4 88.00 1L7-4 44.35 IL10-3  85.80
1L2-2 72.58 1L3-5 51.82 IL5-5 32.68 IL7-5 36.73 IL11-1  82.44
1L2-3 70.61 1L4-1 -0.60 IL6-1 53.88 1L8-1 74.45 IL11-2 62.88
1L2-4 65.04 1L4-2 -18.84 IL6-2 21.79 IL8-2 63.88 IL11-3  67.75
IL2-5 72.65 1L4-3 22.34 1L6-3 100.00 1L8-3 59.44 IL11-4 38.48
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Fig. 2 Comparison of fruit shape characteristics
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Fig. 3 H,O, content of different materials under drought stress
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Fig. 4 MDA content of different materials under drought stress

« 53 .



X & HF 5T

hoOE L

394

KIAT B B 26 F IR IX LM R I R G, AT,
FA 18 A KLY MDA 2 & 806 IR 3 7 &, U
KIHF T 520 X L hRE i Fy (1 40 B RS e 1, 1
FSC T R PR A R A A
2.5 KHEATEMBZMEILAZHR Profl R

MK S arsn, fE+ R 48 28 d 5 ,103-5 &
IL8-2 Mo Pro B S X IC R 3 2 7, X 2
AR KT B RO E N, B R 1 IX 5 hf
BERT BE I o At 12 17 U W) o R 4 R 2 i iR 2
PAT. B 1L3-5 A1 IL8-2 4b, HoAth 47 4 A kb F
ff] Pro & B 7E T AP 28 d J5 M4 x IR 1y 5 2 F
T, Ui BH K BRI 5 8 e HE3h 2 B Rkt i K&
U Pro, fE— @ F2 B IR TA MBS 40 i
K B B A » AR R R ATV
2.6 KHITEMEBSEAMILANERSSTRE

& 6 a4, /£ TS24 28 d J& ,IL2-2.10.2-3
IL2- 6. 1L3-2.IL3-3.IL7-3.IL7- 5. IL8- 1. IL9- 3.
IL10-3 IL11-1 f IL12-2 M s i R B 5
XTI L 2 e, U KT R E A RE i X 2
PR 38 3G 0w A A RO T Al i
% ;M AE 1L4-3.1L5-4.1L.8-3.1L9-1.1L9-2.1L10-2

—_
x® o
S 9
S O

D
(=3
S

400

w ()
Proline content/ (mg-g')

200

(=)

JAL11-2 USR], 7T R A0 FE 28 d f& , i vl
PERE & & 2 BT 0 B Ui B T R ] T X
PR B A ] RS AR R X R R T
(e 7 ] B8 5 R AR AR T & R . Rk 30 ARk
FETFACRE 28 d J5 , I AT M S 0T 8
= BIb, ul B KT S a2 1 2 50802 Z6E
I i H RT A A T AR 2R, AT S MR R R 0 A 1
2.7 KEIFEBFIEMILATZRASPR

HE 7 a5, TS A 28 d 5, IL2-6.103-5.
IL6-2.1L6-3.IL7-5.IL11-3 & TL12-1 M A (g a5
HEOSTESNRITEEZR, Ul KT 5 e
ANBEIE (R X 7 A RE I rbR i 1 R E AR
FURIE SR PR RE ), R R 1 IX ekl
REME 7 KA 52 25 10 N 447 88 A o & BRI 2 fide 1Y)
Fasg . IL4-4.IL5-4.1L6-1.1L10-3.IL11-2.IL12-2 }%
IL12-4 W o] 1 2 & S A RO R 25 T e
UL R E RS FX 7 AR o K ELR
AAPEEE A, WA T 2 ia . BeAh, FIR Y 35
MBI R A EO S ERE N, K
W1 2 e ge A X e R AR A AR R A
AR,

IL1-1 I1L1-2 IL1-3 IL1-4 IL2-1 IL2-2 IL2-3 1L2-4 1L2-5 1L2-6 IL3-1 IL3-2 IL3-3 IL3-4 IL3-5 IL4-1

#i¥2 & Introgression line

—_
(=3
(=3
(=)

ocK
800 r ODST

w (HER)
Proline content/ (mg-g!)

1L4-2 1L4-3 1L4-4 IL5-1 IL5-2 IL5-3 IL5-4 ILS-5 IL6-1 IL6-2 IL6-3 IL6-4 IL7-1 IL7-2 IL7-3 IL7-4 IL7-5

N
(=3
(=]

(%]
(=3
S

w (&R
Proline content/ (mg-g'!)

i “5/ 2 . .
900 aCK #7115 & Introgression line

*

\
\
\
\
\
\

IL8-1 IL8-2 IL8-3 1L9-1 IL9-2 IL9-3 IL10-2 IL10-3 IL11-1 IL11-2 IL11-3 IL11-4 IL12-1 IL12-2 IL12-3 IL12-4

i3 & Introgression line

5 TEMBETEMEEHHERSE

Fig. 5 Proline content of different materials under drought stress

- 54 -



o

5

e N N N ~42 A [~]
AR TBER, 4. A IL WS R IFAEAL BT R IR BT HF T

w CATVEMEEED
Soluble protein content/
(mg-gH)

w CAEPRER FD
Soluble protein content/

w CRIEYEER D
Soluble protein content/

wCR AR
Soluble sugar content/

wCAlIEHERE
Soluble sugar content/

wCAlEHERD
Soluble sugar content/

(mg-g"

(mg-g")

(mg-g"

(mg-g")

(mg-g")

)
\

N
N
N
N
N
N
N

N
\
N
N

'
IL1-1 IL1-2 IL1-3 IL1-4 1IL2-1 1IL2-2 1IL2-3 1IL2-4 1IL2-5 1IL2-6 IL3-1 IL3-2 1IL3-3 1IL3-4 IL3-5 IL4-1
#1158 & Introgression line

1L4-2 1L4-3 IL4-4 IL5-1 ILS5-2 IL5-3 ILS5-4 ILS5-5 ILe-1 I1L6-2 IL6-3 IL6-4 IL7-1 IL7-2 1L7-3 IL7-4 IL7-5

5 & Introgression line

IL8-1 IL8-2 IL8-3 IL9-1 IL9-2 IL9-3 IL10-2 IL10-3 IL11-1 IL11-2 IL11-3 IL11-4 IL12-1 IL12-2 IL12-3 1L12-4
1% % Introgression line

El6 ARMHMETEMEENTAERESE

Fig. 6 Soluble sugar content of different materials under drought stress
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Fig. 7 Soluble protein content of different materials under drought stress
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Table 2 Comprehensive score of different materials
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Table 3 Eigenvectors and contribution rate of principal

components
85 Index PC1  PC2 PC3  PC4
SOD 71 SOD activity 0.81 -0.29 0.11 -0.08
POD %M POD activity 0.71 0.19 -0.13 0.19
CAT 7514 CAT activity 0.76 0.18 -0.08 -0.13
Pro % Proline content -0.07 0.03 0.94 -0.06

SP % & Soluble protein content -0.02  0.03  -0.06  0.93
SS % & Soluble sugar content 0.01 0.68 -036 -0.34

U8 Z Yield reduction rate 0.10 0.82 0.23 0.22
T1#kZ Contribution rate/% 2571 1831 1588  14.61
Rt ok R 2571  44.02 5990 74.51

Cumulative contribution rate/%

ZRE IRy ZEEIR Sy SEER
ki CJorErllprehen- ki CJo;prehen- ki CJorErllprehen-
Material Material Material

atenia sive score atera sive score atenia sive score
IL1-1 3 1L4-3 -3 1L8-2 2
IL1-2 3 1L4-4 6 1L8-3 -1
IL1-3 3 1L5-1 3 1L9-1 1
IL1-4 2 1L5-2 3 1L9-2 -5
1L2-1 2 IL5-3 -1 1L9-3 2
1L2-2 0 1L5-4 3 1L10-2 1
1L2-3 2 1L5-5 1 IL10-3 3
1L2-4 1 1L6-1 2 IL11-1 1
1L2-5 3 1L6-2 4 IL11-2 3
1L2-6 2 1L6-3 4 IL11-3 0
1L3-1 1 1L6-4 3 1IL11-4 3
1L3-2 2 1IL7-1 3 IL12-1 0
1L3-3 2 1L7-2 3 IL12-2 4
1L3-4 -1 1L7-3 2 IL12-3 1
1L3-5 2 1L7-4 2 IL12-4 3
1L4-1 3 1L7-5 1
1L4-2 5 1L8-1 2
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Table 4 D-value and clustering results of 49 tomato IL introgression lines
IL #ii5 & D14 LR IL ¥ii5 5 D1H RILR IL i % DAH RILR
Introgression line ~ D-value  Cluster result || Introgression line  D-value Cluster result Introgression line ~ D-value  Cluster result
IL4-4 09265 4 IL7-3 0.605 7 1 IL5-5 05019 3
1L4-2 0.845 1 4 IL8-1 0.605 7 1 1L3-1 04951 3
IL5-4 0.733 3 1 IL1-1 0.597 1 1 1L2-2 04845 1
IL11-2 0.733 3 1 IL1-2 0.597 1 1 1L2-4 04826 3
IL12-2 0.724 6 1 IL1-3 0.597 1 1 1L12-3 04826 3
IL10-3 0.6770 1 IL2-5 0.597 1 1 IL8-3 04806 1
1L4-1 0.6735 4 IL5-1 0.597 1 1 IL3-5 04511 2
IL5-2 0.6735 4 IL6-4 0.597 1 1 IL8-2 04392 2
IL6-2 0.6565 1 IL7-1 0.597 1 1 IL12-1 04334 3
IL6-3 0.6565 1 IL7-2 0.597 1 1 IL11-3 04276 3
IL2-6 0.6176 1 IL11-4 0.597 1 1 1L9-3 04018 3
IL9-1 0.6143 1 IL11-1 0.5514 1 IL4-3 03912 3
IL10-2 0.6143 1 IL1-4 0.549 5 1 IL3-4 03614 3
IL12-4 0.6074 1 IL6-1 0.5472 3 IL5-3 03614 3
IL2-3 0.6057 1 IL7-5 0.5314 1 IL9-2 02767 3
IL3-2 0.6057 1 IL2-1 0.5302 1
IL3-3 0.6057 1 IL7-4 0.5302 1
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