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Comprehensive evaluation of heat tolerance in processing tomato seeds

during the germination stage
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hezi University, Shihezi 832003, Xinjiang, China; 2. Minfeng County Huyang Investment Development and Construction Co., Ltd., Min-
feng 848500, Xinjiang, China)

Abstract: To screen out heat-tolerant processing tomato germplasm resources, 54 processing tomato germplasm materials
were used. Six indicators, namely germination potential, germination rate, root length, etc., were measured under normal
temperature conditions of 28 °C (control, CK)and high-temperature stress of 37 °C. The heat tolerance of the materials
was comprehensively evaluated using principal component analysis and the membership function method. The results
showed that the coefficient of variation among the 54 processed tomato materials rangeed from 30.03 % to 125.31%, with
the relative vitality index exhibiting the largest coefficient of variation. Correlation analysis revealed an extremely signifi-
cant positive relationship between the relative vitality index and relative radicle length. Principal component analysis
showed that the first two principal components had a cumulative variance contribution rate of 89.35%. Cluster analysis
classified the 54 germplasm resources into three distinct groups. The membership function analysis indicated that materi-
als T4483 (C48) and SF1006 (C3) ranked highest in comprehensive evaluation. In conclusion, the identification of
heat-tolerant materials T4483 and SF1006 provides a theoretical foundation for the development of high-temperature toler-
ant processed tomato varieties.
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Table 1 54 tested processed tomato varieties and their numbers
e 4k Feli G wk Hi
Number Name Source Number Name Source
Cl Fit 435 AR AL A R A C28 T5901 AR
Shifan 43 Shihezi Xinfan Seed Industry Co., Ltd. Shihezi University
C2 Fif 455 AT AL AT PR A C29 T3124 AR
Shifan 45 Shihezi Xinfan Seed Industry Co., Ltd. Shihezi University
C3 SF1006 A AL A R A C30 T0093 e N
Shihezi Xinfan Seed Industry Co., Ltd. Shihezi University
c4 SF1043 AT AL AT PR A C31 T3122 AR
Shihezi Xinfan Seed Industry Co., Ltd. Shihezi University
Cs Fii 425 AR A AT B A ] C32 TZL iR
Shifan 42 Shihezi Xinfan Seed Industry Co., Ltd. Shihezi University
C6 AR IK 87-5 AT B S C33 NY-9W AT R
Ligeer 87-5 Shihezi Vegetable Research Institute Shihezi University
c7 FM007 1] F K2 Shihezi University C34 NY-7W F R
C8 Ve-82 19 -F- K% Shihezi University C35 TW0005 Shihezi University
9 JW910 F1i]F K% Shihezi University C36 T1442 Fi] K
C10 TW920 iK% Shihezi University Cc37 T148 Shihezi University
Cl1 JW591 A7) T K2 Shihezi University 38 T163 H TR
CI12 JW20 1T K2~ Shihezi University C39 T183 Shihezi University
Cl13 D-51 AT K Shihezi University C40 T154 F TR
Cl4 D-38 VT K% Shihezi University C41 T1541 Shihezi University
Cl15 HZ-38 £ F K% Shihezi University Cc42 T1543 IR
Cl16 HZ-39 1] F- K% Shihezi University C43 T1544 Shihezi University
Cl17 T59 T K% Shihezi University C44 T3821 F R
C18 JW930 FiH]FK % Shihezi University C45 T1332 Shihezi University
Cl19 T84 477 F K2~ Shihezi University C46 T1334 F R
C20 HZ-40 £ F K% Shihezi University c47 T1336 Shihezi University
c21 HZ-41 H K2 Shihezi University C48 T4483 A TR
C22 T82 I F- K2 Shihezi University C49 T7911 Shihezi University
23 T123 A F K2 Shihezi University C50 T1832 F TR
C24 T124 1T K% Shihezi University C51 T461 Shihezi University
25 T83 - F- K Shihezi University C52 T1073 F R
C26 T0092 VT K% Shihezi University C53 T8022 Shihezi University
27 T8401 £ F K% Shihezi University C54 T5431 F R

(RGP) X & 2 (RGR) M X K& 2 3 (RGD) -
FHF 3 7748 BURVD A X R AR 4 (RRL) A X R
JREIK (RHL)
1.4 BURLIES

FJ F Microsoft Excel 2003 X} 4 #1715 Al
A3, K H] IBM SPSS Statistics 25 1 Origin 2021 i3
A7 E B 3 A A IR A SR JE R B A R R e
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2 RS0
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Table 2 Relative index of various indicators during the germination period of 54 processed

tomato seeds under heat stress %

Té\Iﬁui ber RGP RGR RGI RVI RRL RHL

Cl 92.00+5.29 abede 75.47+7.67 cdefgh 96.96+7.04 bedefg 8.22+0.58 opqr  8.31+0.68 ac  78.13+8.21 ef
C2 84.00+2.00 efghi 93.01+8.35 abc 96.34+11.46 bedef 66.83+7.48 b 65.27+6.82¢c  98.69+12.1 ab
C3 81.33+6.11 ghijk 99.68+2.17 ab 99.97+8.30 a 81.14+5.76 a 69.39+4.56 b 98.96+6.25 ab
C4 84.00+8.00 efghi 87.97+5.04 bed 97.73+4.37 abc 31.34+1.19 fg 27.33+1.12p  98.52+3.36 ab
Cs 82.67+3.05 fghij 73.34+6.18 cdefghi 83.42+8.35 fghijklmn 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
Co 83.33+4.61 fghij 0.00+0.00 x 69.87+6.95 Imnopqr 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C7 74.67+3.05 kl 21.87+3.45 stuvw 80.88+34.72 fghijklmno 3.98+1.70 qrs 4.92+1.45ak 23.53£1.52p
C8 90.01+4.00 abedef 4.3547.53 wx 72.90+10.64 ijklmnop 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C9 73.33+6.11 1 0.74+1.28 x 99.81+6.95 ab 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C10 76.67+4.16 ijkl 0.69+1.20 x 93.56+6.51 defghij 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
Cl1 74.00+2.00 ki 83.8746.93 bedef 93.52+4.08 defghij 13.82+0.60 Imn  14.77£0.75z  88.72+1.75d
Cl12 77.33+4.16 hijkl 82.28+7.89 bedefg 91.23+3.66 defghijkl 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
Cl13 92.00+2.00 abede 97.97+4.12 ab 78.72+20.57 ghijklmnop ~ 35.97+9.40 def =~ 45.72£9.65f  93.17+5.65 ¢
Cl4 84.00+2.00 efghi 85.81+5.33 bede 99.60+3.66 ab 40.74+1.48 cd 40.53+1.52k  95.55+4.07 be
Cl15 53.33+1.15m 54.15+8.46 ijklmno 62.28+4.06 nopqr 36.59+2.38 de 58.77+2.45d  99.61£6.59 ab
Cl6 73.33+£5.771 10.89+9.95 vwx 72.16+8.93 ijklmnopq 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C17 84.00+2.00 efghi 57.34+15.78 hijklmn ~ 26.54+11.86 s 11.00+4.91 no 41.47+£5.01 j 95.30+4.68 be
Cl18 96.00+0.00 abed 14.46+12.95 uvwx 73.76+6.99 hijklmnop 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C19 88.67+7.02 cdefg 92.83+8.54 abc 90.44+8.05 defghijkl 33.5742.99 ef 37.13+2.85m  87.36+1.97d
C20 77.33+11.37 hijkl 43.65+13.32 Imnopqr  97.69+11.75 abed 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C21 93.33+3.05 abed 32.14434.59 pqrstu 85.49+14.00 fghijkl 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C22 88.00+4.00 defg 36.6+33.30 opqrst 63.42+6.80 mnopqr 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C23 92.67+3.05 abed 42.51+4.92 mnopqr 77.53+7.44 ghijklmnop 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C24 90.67+3.05 abcdef ~ 91.43+5.55 abe 96.21+1.60 bedefg 34.53+0.55 ef 34.80+0.65n  99.19+0.99 ab
C25 84.67+6.42 efgh 34.84+10.49 opqrst 92.47+5.51 defghij 0.00+0.00 s 0.00+0.00 al 0.00£0.00 r
C26 89.33+1.15 bedef 54.82+3.28 hijklmno ~ 91.98+9.63 defghij 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C27 54.67£1.15 m 50.28+9.99 jklmnop  96.75+24.72 bedefg 7.39+1.88 opqr 7.65+2.01 ag  31.75¢1.82 0
C28 95.33+1.15 abed 64.07+3.90 ighjkl 32.72+3.33 s 5.75+0.58 pqr 17.58+0.45y  53.54+0.69 1
C29 97.33+1.15 ab 68.71+7.16 defghij 94.50+3.59 cdefghi 20.00+0.76 ijk 21.15£0.76 w  45.16+0.84 m
C30 97.33+2.30 ab 92.42+7.92 abc 89.58+7.18 defghijkl 22.02+1.76 ij 24.59+1.66t  69.43£2.21h
C31 94.00+2.00 abed 59.65+6.56 hijklmn 86.74+13.74 efghijkl 5.4540.86 pqrs 6.2840.91 ai  28.88+1.02 o
C32 84.67+3.05 efgh 59.88+3.91 hijklmn 96.43+1.27 bedef 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C33 93.33+1.15 abed 47.56+1.58 klmnopq ~ 91.91+1.06 defghijk 7.04+0.08 opqr  7.66+0.08 af  15.87+0.06 q
C34 94.00+4.00 abed 45.85+3.75 klmnopqr ~ 70.16+3.82 klmnopqr 4.27+0.23 qrs 6.08+0.19aj 12.40+0.32 q
C35 88.67+8.32 cdefg 26.08+3.77 rstuv 59.03+14.60 pqr 8.53+2.11 opq 14.45+2.01 aa  40.78+1.96 n
C36 78.00+3.46 hijkl 62.20+5.06 ghijklm 88.61+10.37 efghijkl 21.79+2.55 ij 24.60+3.01's  49.25+4.06 m
C37 97.33+1.15 ab 75.51+11.36 cdefgh 85.58+2.44 fghijkl 11.3940.32 no 13.32+0.42 ac  71.07+0.55 gh
C38 90.67+1.15 abedef  91.27+4.30 abe 84.00+3.75 fghijklm 33.43+1.49 ef 39.81x1.511 86.18+1.63 d
C39 89.33+1.15 bedef 27.70+5.25 grstuv 62.76+3.43 nopqr 0.00+0.00 s 0.00+0.00 al 0.00+0.00 r
C40 73.33£1.151 82.17+3.88 bedefg 91.79+9.13 defghijk 24.03+2.39 hi 26162421  74.71£2.54 fg
C41 80.00+4.00 hijkl 98.60+13.15 a 96.70+17.20 abede 35.89+5.73 def  33.33+£6.01 0 62.43+5.76 jk
C42 60.00+3.46 m 97.94+14.59 ab 80.77+13.01 fghijklmno ~ 10.52+1.69 nop  13.02+2.01 ad 48.91+2.24 m
C43 90.67+5.03 abcdef ~ 88.97+11.98 abed 89.26+10.45 defghijkl 37.44+4.38 de 41.96+5.62 i 67.11+5.82 hi
C44 76.00+2.00 jkI 60.10+16.33 hijklmn ~ 61.80+10.81 opqr 26.99+4.72 gh 43.65+4.77h  99.90+5.17 a

I : RS R A FANS FREROR A 0.05 K257 2.

Note: Different lowercase in the same column indicate significant difference at 0.05 level.

<181 -



TGS BT toOE R K 39 %
T2 (8
Table 2 (Continued) %
ETRs
Number RGP RGR RGI RVI RRL RHL
C45 94.67+3.05 abed 41.32:4.10 nopqrs 85.86+2.84 fghijkl 16.27+0.53 kim  18.94+0.40 x  58.69+0.64 k
C46 94.00+3.46 abed 65.38+9.31 efghijk ~ 82.46+12.95 fghijklmno ~ 19.06+2.99 ijk ~ 23.10£3.11u  47.25£3.32m
c47 90.67+5.03 abedef  87.88+10.33 bed 90.77+11.02 defghijkl 12.18+1.47mno  13.41+1.52ab  61.61+2.51 jk
C48 97.33+1.15 ab 99.31+1.20 ab 98.32+4.93 bedefg 70.24+3.52 b 71.45+3.52a  64.44+1.45 ij
C49 96.00:2.00 abcd 93.88+5.39 abc 95.38+5.14 cdefgh 43.68+2.35 ¢ 458+2.57¢  81.18+3.65¢
C50 89.33+4.61 bedef  89.93+5.45 abe 87.42+16.64 efghijkl 22.97+4.37 hi 2629+4.21q  69.79+4.52 h
C51 88.00+3.46 defg 81.96+7.68 bedefg 77.80+9.41 ghijklmnop ~ 17.91£2.16 jkI ~ 23.09+1.11v  39.74+£1.09 n
C52 96.67+3.05 abc 27.35424.69 qrstuv  50.66=13.22 1 3.27+0.85rs 6.46+0.75ah  12.78+1.62 q
C53 94.00+2.00 abed 73.34+9.53 cdefghi  52.12+11.27 qr 23.07+4.99 hi 4427+501 g 86.10+4.26 d
C54 98.00+2.00 a 19.05£1.23 tuvwx 77.97+3.12 ghijklmnop 0.00+0.00 s 0.00£0.00 al  0.00+0.00 r
HJ{H Mean value/% 85.81 36.01 65.86 15.66 19.95 4338
FrifEZ SD 10.85 40.8 19.78 19.99 22.24 38.26
BRRECVI%  12.65 113.3 30.03 125.31 110.05 88.21

99.68% , 4 11 # B RGR K T 5.00% , H H C6 1)
RGR 18 N 0523 43 #4 ¥} RGI {H 1L 90.00% , L 1
C3 ) RGI 1 N 99.97% , 5 43 ¥ B} RGI & 1% T
60.00% ; 2 ¥ MK RVI {E #3F 70.00% , H €3
(1) RVI H N 81.14%, 17 3 #4KHE RVI{E N 053 4
FEHE RRL 85 60.00%, Hid €48 [ RRL 5 A
71.45%;:9 {3 #1 K RHL {1 90.00% , H i C44
) RHL 54 99.90%. Zx& K& ,C3.C48 1E 6 MHf
R AR bR B R BT, 1 C6 £ RGRLRVILRRL.
RHL " RIEZE . Z5 ERTiA , FEFIE T, C3.C48
T B R 2, C6 X #A e bb g fUsk, Bt
R 52 B o
22 MEMETARMNIEMRMFIE & e FRtE X
T

HZE 3 A %0, % RHL F1 RGP 2 4k, fE5 2 MR
PrlE) 25 A 35 IEA9G . Hodh, RVI AT RRL 2 [R] ()
FHI M B 5k, A9 R BCN 0.956; RHL Al RGP 2 [A] )
FH S 55 55 , AH 2K RN 0.299. TEAE W (1Tt #4
BT, & T AR AE AN ) H A7 TE 235 A0 50
R EAE RIME BIAFE— B M ES, X2 FEHE
PEAL N T2 A A AR TR Rt et 32 pk
TR 2 R R, PR R GG (S BRI, 5
BN A TRTHBT Aty I T2 At 7 8 R 3 PO b
2.3 ERHOH

SR ff 5 0 T AR A B PR A 1
BLFRbR, XF 54 0 MR 6 T FE A HEAT 3 4 4
Mro AR 32 B2 2 BT A I8, BT DTk R a4 3 5k
I 85% I, Ji 4 R 1 K oA BB a] 4k 3 oy
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Table 3 Correlation analysis of germination indicators of
processed tomato seeds under heat stress

f&¥5 Index RRL RVI RHL RGP RGR  RGI

RRL 1

RVI 0.956%* 1

RHL 0.837%% 0.745** 1

RGP 0.389%*% 0.495** 0.299* 1

RGR 0.818%* 0.829** (0.803** 0.533** 1]

RGI 0.532%%  0.682** 0.474** 0.757** 0.748%* 1

T +47E 0.01 ACTAR R HITE  *7E 0.05 /KT E A
Note: ** means the correlation is extremely significant at 0.01

level, * means the correlation is significant at 0.05 level.

B, R 405, 502 DR H B TEkE N
89.35% , FH R — AN A HIRFIEAE N 4.350, /7 ZE 0T
BR R IA B 72.49% 5 55— E Ao FRFIEME N 1.011, 75
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o5& RGP, F#ff 26 % B 14 F] 0.689, 1l RRL.
RVI.RHL.RGR 35 47 [ 541
24 MIFEMMREZFEMFHELIBMAYNES
R
DAL AR50 5 B R I , 45 6 32 oo o it



5551 1]

B A N AR A YIS Rk 25 PP

X B&HF 5T

R4 AHETMIERERSFIEER S ETHE
Table 4 Eigenvalue of principal component and variance
contribution rate of processed tomato
under heat stress

(10 &35 ST A58 A RLI 2 48 A 1 SR 8 oR B A, 15 24
N B AR SR A VI E (D B, I8 Hat 1T HER
u tl:ix 54 43 0 A A ARk A - i R PR A 2

o ERWEK 6 Fron, 54 N L&A B D

o %{HE Variance Cumulative e .jj 0.074~0.937., *ETE D 4Ej<d\ ’H 54 { \jJ[]I
Component - Eigenvalue contribution rate/%  contribution rate/% K . Rk
1 s ST o %&bnﬁﬂ P 3 3K:0<D<0.4 77,“\;& 2 7F7H=Jr , 330
3 0.277 4618 93.96 322 151\, EM\%{E’J 40.7%:0.9<D<I jjﬂﬂ,.,\ﬁﬂ,/\
‘5‘ gf;‘g ?z?j zgjz 2 ﬁa\, K 3.7%. Frh, C48 19 D E L, KW
6 0.013 0217 100.00 TR FAE g TT C54C6 25 30 Ak D E B/,
%% X F B B U
R5 AIET N LEAAE &L IEFRE L 57 ST 5
;bl 5 The orincinal " 'tl . t", . Xf D H#EAT & ﬁ?é%éj‘*ﬁwu%ﬁnl’ézl 1 s,
able e principal component loading matrix o
Lo 54 LA ELR 73 9 3 KRERE. 26 1R NN
germination indicators of processed tomato
der heat stress HbRL, S5 2 G s 2 T KO R R AR, 45 22
U\ Sk I\
et %4> Principal component 5 565 T 28 3 ZOARBUEAT L, 3L 30 . SRR
Index PC1 PC2 BRI BT S R — 8. B 2-A 0 T g A [ i 4
RRL 0.908 -0.338 PEERM AN 12 RN RGN ZER, N EET
R 0957 oS e DA bR C48 B A PR 35 UK
RGP 0:650 0:689 *j‘*/l’ C6 '?X_J' AN *H H: ’ ﬁ/mkﬁéﬂ*j*4%1¢k%‘
RGR 0.937 0.054 BLHS , WA AR R, 5 W 2 2T 4 T U A g
RaI 0.809 0481 FE85 THBIFATE A, 80 B R QR Z0 , &
Fz6 ATRMIEMMBTHAMEREREE. D ERHHAMEHRF
Table 6 The membership function value, D value and rank of heat tolerance of different processed tomato varieties
i T D1d e e 95 D1E HE7 e
Number  # X0 X Dvalue  Rank Classification Number  # X0 X Dvalue  Rank Classification
C48 1.000 0.664 0.937 1 1 C45 0.308 0.632 0.369 28 11
C3 0.994 0.635 0.927 2 1 C33 0.248 0.854 0.363 29 11
C2 0.851 0.554 0.795 3 I C21 0.202 0.972 0.347 30 I
C49 0.789 0.750 0.781 4 I C23 0.198 0.982 0.346 31 11
C13 0.819 0.566 0.771 5 1I Cl11 0.301 0.495 0.337 32 11
Cl4 0.744 0.671 0.730 6 I C32 0.185 0.911 0.322 33 11
C24 0.721 0.740 0.724 7 1I C20 0.183 0.860 0.311 34 11
C43 0.711 0.762 0.721 8 I C36 0.170 0.861 0.301 35 11
C38 0.719 0.722 0.719 9 1I C10 0.172 0.851 0.300 36 11
C4 0.697 0.798 0.716 10 1T C28 0.245 0.539 0.300 37 11
C41 0.683 0.828 0.711 11 1I C26 0.157 0.856 0.289 38 11
C19 0.656 0.757 0.675 12 1T C25 0.159 0.845 0.288 39 11
C40 0.629 0.863 0.673 13 1I C27 0.197 0.647 0.282 40 11
C50 0.628 0.862 0.672 14 1T C54 0.152 0.823 0.279 41 I
C47 0.567 0.935 0.636 15 1I C39 0.145 0.841 0.276 42 11
C30 0.612 0.739 0.636 16 1T C17 0.330 0.000 0.268 43 1
C46 0.532 0.875 0.597 17 1I C22 0.129 0.821 0.260 44 11
C37 0.536 0.851 0.595 18 1T (oY) 0.168 0.627 0.255 45 1
C15 0.559 0.439 0.536 19 1I C12 0.128 0.778 0.250 46 11
C53 0.552 0.402 0.524 20 1T C8 0.110 0.693 0.220 47 1
C44 0.533 0.419 0.511 21 11 C18 0.097 0.667 0.204 48 11
C42 0.402 0.732 0.464 22 1T Cl 0.175 0.299 0.199 49 I
C51 0.380 0.819 0.463 23 1I Cl16 0.089 0.655 0.196 50 11
C35 0.375 0.839 0.462 24 1T C52 0.079 0.673 0.191 51 1
C29 0.316 0.690 0.386 25 11 C34 0.069 0.465 0.144 52 11
C31 0.279 0.849 0.386 26 1 C5 0.004 0.428 0.084 53 11
Cc9 0.230 1.000 0.375 27 11 Co6 0.000 0.393 0.074 54 11
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Fig. 1 Cluster analysis of heat tolerance of 54 processed

tomato germplasms
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Note: In fig. A, for each variety, the 5 plants on the left are for control and the 5 plants on the right are for high-temperature treatment; in fig. B,
different lowercase indicate significant difference at 0.05 level.
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Fig. 2 Difference in germination of processed tomato with different heat tolerance grades on 12th day
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