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Comprehensive Evaluation and Screening of Drought Resistance of

Tomato Germplasm Resources during Germination Period
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Abstract:Tomato, being one of the important vegetable crops, holds great significance in evaluating the drought resistance of tomato
germplasm resources and selecting drought-resistant varieties for tomato breeding. In this study, we subjected 92 tomato germplasm
resources to drought stress treatment using a 12.5% PEG-6000 solution. Six drought-related indexes, including germination potential,
germination rate, germination index, vigor index, root length and shoot length, were measured, and the drought resistance of tomato at
germination stage was evaluated and screened by correlation analysis, principal component analysis, membership function method and
cluster analysis.The results showed a significant reduction in all six indicators under drought stress, with the vigor index and
germination potential being the most affected. Through principal component analysis, we transformed the six indicators into two new
indicators, which contributed to a cumulative contribution rate of 86.657 %. Based on correlation and principal component analysis,
we identified germination potential, germination rate, germination index, and vigor index as the main indicators for evaluating drought

resistance during the germination period. By using the subordination function method combined with cluster analysis, we classified the
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tomato germplasm resources into 19 drought-resistant types, 41 relatively drought-resistant types, 18 relatively sensitive types, and 14
sensitive types. Further screening at different concentrations allowed us to identify two varieties with strong drought resistance,
namely ‘Mizhihong Tomato’ and ‘Jinnongaiyang’, as well as two varieties with strong sensitivity, namely ‘Beijing zaohong’ and
‘Dahongpao’. These findings provide a theoretical basis for the study of drought resistance in tomato germplasm resources.
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Table 1 Information and sources of 92 tomato germplasm resources
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Table 2 Analysis of differences in drought resistance indicators during germination period
b3 EEEa REFH (%) R H(%) KEFRE IR R (em) ZF K (cm)

Treatments Index GP GR GI VI SL RL

paitd HRRAE 98.38 98.88 11.50 80.24 8.67 7.27



Control B/ ME 50.11 62.66 2.66 6.05 2.67 2.72

THE 67.61 81.01 7.15 44.10 5.97 5.77
i 12.18 9.20 2.40 16.38 1.08 0.94

A 5 R (%) 18.74 11.49 33.62 37.14 18.11 16.35
PEG-6000 4-#1 BORAE 77.33 86.66 8.75 80.26 7.56 5.07
PEG-6000 stress /ME 2.20 6.80 0.50 0.13 0.38 0.50
T1E 32.05 52.51 4.37 22.96 5.10 3.28
b2 17.37 20.07 1.97 12.93 0.99 0.87

A5 ZBU(%) 53.17 39.46 45.24 56.34 19.51 26.53

BN AL, SPHE B IR (%) -67.34 -46.93 -62.00 -71.38 -41.17 -54.88
Comparison with the control A5 REUTA(%) 34.43 27.97 11.62 19.20 1.40 10.18
t K56 25.42 16.45 18.59 17.70 7.61 35.58

P 0.000%* 0.000%* 0.000%* 0.000%* 0.000%* 0.000%*

PAt: B IR P A *, 0, S RIERIR CERIA B 2 (P<0.05) FIHR 2 2 K T-(P<0.01). R
P-value: the P-value of the treatment and control t-test; *, * *, The t-test showed significant (P<0.05) and extremely significant (P<0.01) levels, respectively. The

same as below
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Fig.1 Correlation analysis between drought resistance coefficient and D value of drought resistance index at germination stage of
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Table 3  Principal Component Eigenvectors and Contribution Rates

Eizta EN %l F 2
Index Principal component 1 Principal component 2
REFIREL GI 0.950 -0.293
4R E VI 0.930 0.176
R GP 0.915 -0.273
K3 GR 0.877 -0.258
RK: RL 0.299 0.852
K GL 0.455 0.738
HFAE{H Eigenvalue 3.672 1.528
DIk Z Contribution rate(%) 61.192 25.464
61.192 86.657

Cumulative contribution rate(%)
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g4k R R ERE B X B PR AT LG T, AR 4 PR, L85 PR DA AR AL TG [ 1E
0.241~0.856. R4 92 {3 Al BT I 28 & - D B R R G070 Kk T 22K 00, Wl 2 o, ¥ 92

P B AR N 4 25, SEIRPURE AL 19 (& AP i, D {HAE 0.856~0.688, RIS P FEA L 41 1 &

HAPE, DETE 0.673~0.499, SEIIZREHURAIIL 18 & hnFhFi, D {HTE 0.486~0.387, SEIVREURAILL 14

Py HAT, D ELE 0.371~0.241,
R4 N WEMEEND ERESHK

Table 4 D-values and drought resistance classification of 92 tomato resources

5 v DA P S 75 e DA P S
Number Variety D value classification Number Variety D value classification
1 Nex3032 0.856 I 47 KA 0.546 Il

2 B AR 0.805 I 48 75 L 0.542 11

3 BREF 15 0.797 I 49 /NFTH(AL) 0.539 Il

4 LR INFIE 0.794 I 50 R 0.537 1

5 Ry 5e 571 0.785 I 51 Hic 7% 0.530 Il

6 R R 0.780 I 52 447 0.529 11

7 B2 0.772 I 53 HEIRLL 0.524 Il

8 AR 0.763 I 54 RN 0.522 11
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Fig.2 Cluster Analysis of 92 Tomato Germplasm Resources
2.5 FEAFAL B R L
2.5.1 BRI RFHGEIE B AT IR IR IR, SR 12.5 % PEG-6000 ¥R FEXT 92 4 & At Fl iR Bt IR T BT
PEYSE, 1F 12.5 % PEG-6000 ¥ N ik HPT R AL 19 t B A S w88, N 1 0 i 21 B 5 1 8 58k 1) 2% i U
KH 15 %A1 17.5 % PEG-6000 WK fE i — B ik, 18 SR8 RBOEATLRE N 204, Wk 5 s, ZR&0F
Hr D AEAZAGTE FEITE 0.827~0.005, AR4E D E0 A Al F ot SR AT S0 HT, B 19 B aiFh B I 3 2K,
51 KPR AIL 6 N A, DAL TERE Y 0.827~0.467; 5 2 K EHREAIL 8 N A, DALY

N

FEI7E 0.404~0.235; 2 3 KPR ML 5 MR, D EARMEHTE 0.193~0.005.

i A 1 KRBT R AL 6 M A AFI BTG, FA A Ay BN . CRRIER 1076 F
. ‘“FH 257 . ‘Tyymmakam A Nnenmbeb’ . ‘Nex3032 , ¥ 6 3% fifh i %5 17.5 % PEG-6000
WAL PRI, W 3 PR, 6 i B A ARG OUR I AL A 1 ARAER P R R I
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Table 5 Drought resistance identification results of 19 tomato germplasm resources treated with 15 % PEG-6000 concentration
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Fig.3 Growth comparison of 6 tomato varieties treated with 17.5% PEG-6000
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Fig.4 Changes in D values of 6 tomato varieties under 17.5% PEG-6000 concentration treatment
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Table 6 Drought resistance identification results of 14 tomato germplasm resources treated with 10 % PEG-6000 concentration
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Fig. 5 Growth comparison of 8 tomato varieties treated with 7.5% PEG-6000
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