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Comprehensive evaluation of salt tolerance of processed tomato seeds

during germination

ZHANG Mingya, PANG Shengqun, LIU Yudong, JI Xuehua, YANG Lan, HU Jihong

(Key Laboratory of Characteristic Physiology and Germplasm Resources of Fruits and Vegetables/College of Agriculture, Shihezi
University, Shihezi 832003, Xinjiang, China)

Abstract: In order to screen out the processed tomato germplasm with strong salt tolerance, 50 processed tomato germ-
plasm resources provided by the College of Agriculture, Shihezi University were used as materials, and the salt tolerance
of seeds was identified under the condition of 90 mmol- L' NaCl by double filter paper culture method. Moreover, the dis-
tilled water treatment as a control was used instead of the NaCl treatment. The germination potential, germination rate,
cotyl length, radicle length, germination index, and vigor index of the processed tomato seeds were determined and salt
stress relative index was calculated. In addition, the correlation analysis, principal component analysis, membership func-
tion method, and cluster analysis method were used for comprehensive evaluation. The results suggested that the six ger-
mination indexes were inhibited to different degrees under salt stress, and the salt tolerance of 50 tomato germplasm
showed significant differences during seed germination. Through principal component analysis, multiple germination in-
dexes could be reduced to two comprehensive factors, and the cumulative variance contribution rate reached 89.149%, rel-
ative germination potential, relative germination index and relative vigor index of the tomato seeds as the main indexes
were used to identify the salt tolerance of processed tomato at germination stage. In addition, the 50 tomato germplasm
were divided into the high salt tolerance type(18), the medium salt tolerance type(24), and the salt sensitive type (8) ac-
cording to membership function method and cluster analysis.The results can provide breeding materials for breeding new
varieties of salt-tolerant processed tomatoes in salinized areas.
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Table 1 Test tomato varieties

%'y R R 2The) R TR
S1 S875 S26 SMT124
S2 5382 S27 SFT124
S3 Sl16l S28 S107

S4 S149 S29 52478413
S5 SFT1118 S30 S481

S6 SMTI1118 S31 5489

S7 S70 S32 FMO007
S8 S163 S33 ZL

S9 SFT84 S34 S18321
S10 S133 S35 T59

S11 S15433 S36 S46

S12 SFT3124 S37 S170
S13 SFT3122 S38 JW9
S14 S79 S39 S15431
S15 S98D51 S40 S144
S16 SLGER875 S41 SI13

S17 SFIW3 S42 NY-9W
S18 SMJW14 S43 S80-2-2
S19 FM002 S44 SMT82
S20 SMLHZ38 S45 K20

S21 JWO005 S46 THI12-9
S22 SFDF S47 S9895
S23 SMDF S48 S485
S24 SFT8&3 S49 HB

S25 PTQ50 S50 S3811
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Table 2 Relative values of seed germination indices of processed tomato under salt stress %

ME S RGP

RGR

RHL

RRL RGI

RVI

S1 13.33£6.67 gh 95.56+5.09 abc 52.64+3.31 cdefghijk  77.80+3.65 ab 38.43+0.91 bedefghi 29.95+0.71 ab

S2 35.56+8.39 cde  93.33+5.77 abc 54.11£7.60 cdefghij ~ 49.53+7.12 ghijklmno 37.2942.91 bedefghijk  18.38+1.43 fghij

S3 2.78+4.80 gh 41.85+19.13 hij 39.1449.92 hijklmno  48.59+5.05 hijklmnop 20.93£9.09 mnopqrs 10.09+2.87 mnopqr
S4 48.89+8.39 bcd  96.67+3.33 ab 56.74+17.74 bedefghi 61.05+6.36 cdefgh 45.39+4.45 abede 27.5942.71 abed

S5 11.674+4.48 gh 88.27+10.26 abcde  60.89+8.23 abedefg  58.09+3.96 defghij 43.94+9.57 abcdefg 25.50+5.56 bede

S6 5.33+4.62 gh 67.86+18.56 defg  49.20+23.56 efghijkl  53.65+8.68 efghijklm  30.58+11.75 fghijklmn  16.32+6.27 fghijklm
S7 4.56+5.28 gh 97.78+1.92 a 75.06+11.40 ab 90.15+3.34 a 37.74+3.19 bedefghij  33.97+2.87 a

S8 10.34+6.90 gh 80.46+12.11 abedef 54.03+1.15 cdefghij  74.62+5.96 be 30.56+3.34 fghijklmn  22.75+2.48 cdef

S9 3.33+5.77 gh 76.67£12.02 abcdef 44.68+2.34 efghijklm 34.03+7.60 opqrstu 24.00+4.28 ijklmnop 8.11£1.45 opqrst
S10 10.43+9.08 gh 90.84+7.22 abed 46.09+18.16 efghijklm 52.50+7.92 efghijklmn 32.79+4.17 defghijklmn 17.11+2.17 fghijkl
S11 2.8242.50 gh 51.7248.27 ghi 28.74+5.92 mno 34.59+8.91 opqrstu 23.64+6.42 jklmnop 8.03£2.18 opqrst
S12 19.51+11.26 efg  72.71+12.86 bedefg 48.46+3.78 efghijklm  41.28+4.21 klmnopqrs  30.32+10.05 ghijklmn  12.49+4.14 ijklmno
S13 16.74+17.25 fgh  91.11£5.09 abed 54.46+6.21 cdefghij ~ 58.91+11.48 cdefghi ~ 36.85+3.95 bedefghijk  21.42+2.29 defg
S14 11.43£10.30 gh  34.99+7.73 ijk 36.12+8.47 jklmno 39.05+6.21 mnopqrst  21.84+10.46 Imnopqr 8.45+4.05 opqrst
S15 3.33+3.33 gh 65.56+15.75 efg 42.23+6.68 fghijklmn 52.95+9.87 efghijklm  21.78+2.20 Imnopqr 11.48+1.16 klmnop
S16 7.79+7.69 gh 85.69+9.73 abcde  47.26+4.39 efghijklm  66.10£16.90 bedef 30.69+6.12 efghijklmn  19.80+3.95 efgh
S17 2.57+2.23 gh 84.29+17.41 abcde  49.55+9.39 efghijkl ~ 62.31+22.22 bedefgh  27.46+3.30 hijklmno 13.50+1.11 hijklmno
S18 52.84+0.18 abc ~ 77.3549.45 abcdef  41.55+1.40 ghijklmno 66.02+3.32 bedef 47.34+6.22 abed 31.21+4.10 ab

S19 13.60+9.02 gh 84.02+7.32 abcde  69.94+13.06 abcd 67.06+15.18 bede 26.56+9.08 hijklmno 17.68+6.04 fghijkl
S20 14.48+11.65 fgh  87.78+3.85abcde  61.53+19.24 abedefg  54.30+3.50 efghijklm  33.27+8.47 defghijklmn 18.114+4.61 fghijk
S21 7.78+1.92 gh 66.67+8.82 efg 52.31£15.34 cdefghijk 42.46+6.87 jklmnopqrs 22.73+5.81 klmnopq 9.60+2.45 nopqrs
S22 36.8144.70 cd 94.16+3.91 abe 76.19+7.96 ab 73.77+6.01 bed 40.99+0.88 abcdefgh ~ 30.24+0.65 ab

S23 18.89+£6.94 efgh  88.90+3.85 abcde  53.48+14.46 cdefghijk 47.71+7.48 hijklmnopq 34.26+2.45 cdefghijklm 16.42+1.18 fghijklm
S24 0.00+0.00 h 18.01+10.27 k 38.76+7.72 hijklmno ~ 53.51+3.06 efghijklm  6.67+3.87 t 3.57+2.07 rstu

S25 6.13+7.73 gh 66.19+12.63 efg 37.58+10.93 ijklmno  51.73+9.08 efghijklmn 31.72+6.78 efghijklmn  16.42+3.50 fghijklm
S26 14.05+3.07 fgh 91.95+8.68 abc 48.33£16.35 efghijklm 56.74+14.81 efghijk ~ 34.02+2.14 cdefghijklm 19.11+1.20 efghi
S27 18.89+5.09 efgh  93.33+6.67 abc 60.46+7.60 abcdefg  60.38+5.18 cdefghi 37.42+2.21 bedefghijk  22.56+1.34 cdef
S28 37.78+15.03cd  98.89+1.92 a 62.67+15.28 abedef  65.42+5.78 bedefg 43.88+4.65 abedefg 28.73+3.04 abc

S29 50.50+8.28 abc  86.67+12.02 abecde  62.33+4.73 abedef 50.59+1.96 fghijklmn  35.91+5.69 bedefghijkl  18.10+2.87 fghijk
S30 66.67+6.67 a 95.56+5.09 abc 72.09+6.45 abc 62.26+7.23 bedefgh ~ 52.86+3.72 a 32.74+2.31 a

S31 18.51+4.74 efgh ~ 52.5448.74 ghi 24.45+4.79 nop 31.4446.59 rstu 35.68+8.86 bedefghijkl  11.18+2.78 Imnopq
S32 17.78+£6.94 fgh ~ 95.56+1.92 abc 49.82+2.63 defghijkl  56.02+2.33 efghijkl 38.07+0.81 bedefghij  21.29+0.45 defg
S33 12.26+7.63 gh 76.63+£17.25 abedef 46.52+11.24 efghijklm 57.15+6.84 efghijk 23.78+1.95 jklmnop 13.50+1.11 hijklmno
S34 5.26+5.26 gh 59.73+20.83 fgh 35.80+2.19 jklmno 44.80+3.81 ijklmnopqr 26.71+6.33 hijklmo 11.96+2.83 jklmnop
S35 0.00+0.00 h 37.3349.95 ijk 48.96+9.95 efghijkl ~ 36.70+14.20 nopqrstu  19.04+3.04 nopqrst 7.03£1.12 opqrstu
S36 3.85+3.85 gh 25.2948.35 jk 33.20+7.44 klmno 40.50+2.13 Imnopqrst  11.38+3.99 pqrst 4.61£1.62 grstu
S37 6.83+0.28 gh 18.08+10.60 k 22.59+3.91 nop 24.92+1.47 tu 8.09+3.54 rst 2.02+0.89 tu

S38 31.97+16.06 def ~ 52.98422.39 ghi 29.86+3.18 Imno 33.48+5.10 pqrstu 23.75+12.69 ijklmnop 7.95+4.25 opqrst
S39 41.88+12.81 bed  96.59+3.46 ab 77.81£15.08 a 63.53+0.65 bedefgh 45.1146.40 abedef 28.65+4.07 abc

S40 0.00+0.00 h 52.07+4.35 ghi 35.48+1.17 jklmno 21.87+8.73 u 15.54+3.07 opqrst 3.37+0.66 stu

S41 1.23+£2.14 gh 26.79+15.20 jk 24.32+3.21 nop 32.47+£3.91 qrstu 7.46£5.03 st 2.40+1.62 tu

S42 0.00+0.00 h 29.35+1.84 jk 29.83+4.29 Imno 31.92+2.97 grstu 7.7242.46 st 2.44+0.78 tu

S43 5.56+6.37 gh 22.05+11.67 jk 7.54+1.97 p 4.90+0.05 v 9.08+7.01 pqrst 0.44+0.34 u

S44 56.44+20.43 ab  87.78+10.72 abecde  49.93+5.40 defghijkl  65.74+12.73 bedefg  48.28+13.49 abe 31.35+8.77 ab

S45 56.32+10.54 ab  78.164+3.98 abcdef  58.21+12.08 bedefgh  55.10+4.56 efghijklm  37.69+1.83 bedefghij — 20.74+1.01 efg

S46 8.89+12.62 gh  22.46+13.15 jk 22.00+5.34 op 23.44+3.63 u 11.0149.25 pqrst 2.5842.17 tu

S47 48.71£21.98 bed  66.28+28.54 efg 62.94+16.11 abede 54.60+1.45 efghijklm  35.67+16.68 bedefghijkl 19.49+9.11 efgh
S48 39.66+25.87 bed  72.114£25.12 cdefg  22.14+7.01 op 39.61+11.21 mnopqrst 38.42+18.07 bedefghi  15.08+7.10 ghijklmn
S49 19.93+12.76 efg  34.52+19.67 ijk 57.67+15.45 bedefghi  26.82+7.36 stu 20.83+14.57 mnopqrs 5.61+3.92 pqrstu
S50 67.14+4.07 a 78.57+6.41 abcdef  53.13+1.15 cdefghijk  42.5849.45 jklmnopqrs 49.98+5.54 ab 20.99+2.33 efg
HfE 20 69 47 50 30 16

hrifEZ 0.21 0.27 0.18 0.18 0.13 0.10

TRA 105 39 38 36 43 63

/%

T A 5 AN RN FREROR A FARHE 0.05 KF 257 5%
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Table 3 Correlation analysis of relative index of salt Table 4  Principal component analysis and contribution
stress of processed tomato during seed germination rate of relative value of each index under salt stress
fits RGP RGR RHL RRL RGI RVI ik ERG 1 ERG 2
wor ] RGP 0.309 0.780
RGR 0.433 -0.132
RGR0.469%* 1 RHL 0.395 -0.269
RHL  0.425%%  0.742%* | RRL 0.398 ~0471
RRL 0277 0.755%*  0.752%* 1 RGI 0.439 0.281
RGI  0.744*%*  0.860** 0.655%*  0.647** 1 RVI 0.458 -0.030
RVI  0.604%*  0.866** 0.751%%  0.863**  0.913%% 1 RHIEAE 4.499 0.850
TR/ % 74.977 14.172
TR RORAE 0.01 KT EAR R EEM P 24977 29,149

%5 FEMIEHRMERERHLIEESTN

Table 5 Comprehensive evaluation of salt tolerance of different tomato germplasm at germination stage

MEgS R F, wXD  wX) DI a4 eSS R F pXD  wX) DI a4
S1 1.01 -1.24 0.81 0.24 0.72 12 S26 037 -0.52 0.64 0.38 0.60 22
S2 057  0.62 0.70 0.61 0.68 15 S27 0.74 -0.58 0.74 0.37 0.68 16
S3 -0.75 -0.60 0.36 0.37 0.36 39 S28 1.27  0.15 0.87 0.51 0.81 6
S4 1.21 0.93 0.86 0.67 0.83 5 S29 0.71 1.08 0.73 0.70 0.73 11
S5 0.81 -0.65 0.76 0.36 0.69 14 S30 1.78 1.56 1.00 0.79 0.97 1
S6 -0.04 -0.76 0.54 0.34 0.51 29 S31 —-0.64 1.21 0.39 0.72 0.44 32
S7 1.43  -2.46 0.91 0.00 0.77 9 S32 0.56 -0.28 0.69 0.43 0.65 17
S8 0.55 -1.39 0.69 0.21 0.61 19 S33 -0.10 -0.73 0.53 0.34 0.50 30
S9 -0.56 -0.33 0.41 0.42 0.41 37 S34 -0.53  -0.27 0.42 0.43 0.42 36
S10 0.19 -0.51 0.60 0.38 0.57 26 S35 -0.93  -0.55 0.32 0.38 0.33 42
S11 -0.96  0.06 0.31 0.50 0.34 41 S36 -1.33  -0.32 0.22 0.42 0.25 44
S12 -0.13 0.24 0.52 0.53 0.52 28 S37 -1.79 047 0.10 0.58 0.18 49
S13 0.58 -0.52 0.70 0.38 0.65 18 S38 -0.73 1.34 0.37 0.75 0.43 34
S14 -0.91 0.20 0.32 0.52 0.35 40 S39 146  0.14 0.92 0.51 0.85 3
S15 -042 -0.88 0.45 0.31 0.42 35 S40 -1.29  0.02 0.23 0.49 0.27 43
S16 033 -IL.11 0.63 0.27 0.58 24 S41 -1.65 -0.11 0.14 0.46 0.19 48
S17 0.13  -1.33 0.58 0.22 0.53 27 S42 -1.58 -0.26 0.15 0.43 0.20 47
S18 1.08 1.38 0.82 0.76 0.81 7 S43 -2.19 1.33 0.00 0.75 0.12 50
S19 052 -1.41 0.68 0.21 0.61 21 S44 1.30 1.35 0.88 0.75 0.86 2
S20 0.43  -0.66 0.66 0.36 0.61 20 S45 0.78 1.35 0.75 0.75 0.75 10
S21 -0.41 -0.53 0.45 0.38 0.44 33 S46 -1.70  0.66 0.12 0.62 0.20 46
S22 146 -0.46 0.92 0.39 0.84 4 S47 0.61 0.96 0.71 0.67 0.70 13
S23 0.28 -0.09 0.62 0.47 0.60 23 S48 -0.12 1.86 0.52 0.85 0.57 25
S24 -1.31 -1.08 0.22 0.27 0.23 45 S49 -0.81 0.53 0.35 0.59 0.39 38
S25 -0.18 -0.41 0.51 0.40 0.49 31 S50 0.87 2.6l 0.77 1.00 0.81 8
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Fig. 1 Cluster analysis of salt tolerance of 50 processed tomato germplasm
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Fig. 2 Germination difference of different salt-tolerant grades processed tomatoes on the 13th day
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