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Identification and evaluation index screening of low temperature toler-

ance of bitter gourd seedling of different genotypes
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Abstract: The effects of low temperature stress on physiology and biochemistry of Momordica charantia L. were studied
to screen low-temperature-tolerant materials and evaluation indicators in 41 inbred seedlings. The results showed that the
variation coefficient of 12 physiological and biochemical indicators among the 41 bitter gourd inbred lines were
5%-150%, which could be transformed into 5 independent comprehensive indicators. The cumulative contribution rate of
the main factors reached 74.22%. Correlation analysis indicated that F./F,, was significantly negatively correlated with
MDA content and soluble sugar content. The 41 different genotypes of bitter gourd inbred lines could be classified into 5
categories based on the strength of low-temperature tolerance evaluated by the membership function method. Six inbred
lines with relatively strong low-temperature tolerance were screened out, and Pro content, SOD activity, £\/F.,, MDA con-
tent and C; were established as the evaluation indicators of low-temperature tolerance, which provides a relatively effi-
cient and applicable method for the efficient and early-maturing breeding of bitter gourd and the identification of low-tem-
perature tolerance materials.
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Table 1 « value of every index's tolerant to low temperature intensity in different bitter gourd genotypes at seeding stage
%

VAR 11—
= HXZ&R  HLh 7%
i 5 Inbred X (%O&-F R ggﬁg Ifaalue

Bk psibfe st B AR HEEIEI s
Wt sk pEE Ry BB HE ! Soluble

Number MDA  Pro SOD

line P, C T, Fa F, Be F/F, & FJF. content content _ activity sugar content
1 11-1 82.1 483 548 76.7 99.0 1163 94.7 81.4 42.6 119.8 454 281.4
2 13-1 53.4 77.6 107.9 108.3 1024 842 104.8 124.5 54.5 88.0 514 91.5
3 132-1 33.7 60.7  60.2 88.1 97.6 104.5 98.0 93.8 23.6 103.2  67.0 78.7
4 135-1 46.2 91.3 136.5 90.8 89.7 99.7 93.1 93.4 82.4 145.3 17.3 103.1
5 138-1 442  107.0 156.5 93.4 98.2 113.7 964 84.8 50.2 93.9 642 94.1
6 15-1 24.3 70.6  85.2 55.5 99.0 963 102.8 106.8 73.2 72.5 74.4 76.0
7 17-1 49.0 71.8 1299 1259 96.5 100.7 90.3 89.7 145.1 682 554 201.9
8 18-1 95.2 97.9 149.1 1163 88.6 116.4 91.5 78.6 77.2 162.8  56.1 75.3
9 2101-1-8 22.8 70.1 1232 759 107.7 117.0  99.5 85.0 83.3 72.1 62.0 87.8
10 2101-1-9 28.7 772 909 1132 103.4  78.1 100.8 129.1 62.5 85.8  58.8 101.2
11 2101-2 473 64.0 106.3 67.3 91.1 969 953 98.3 149.7 87.0 64.7 91.6
12 2101-3 31.4 71.6 1069  65.6 88.5 947 952 100.6 52.9 1059  86.5 103.8
13 2102-4 66.4 81.7 110.1 77.3 794 927 957 103.2 105.9 76.8 574 196.0
14 2102-7 24.3 90.0 148.1 94.8 116.9 103.1 94.1 91.3 59.4 77.1 48.6 164.7
15 2106-1 71.6 77.1 1147 1049 989 826 99.6 120.6 123.0 98.6  66.3 103.6
16 2106-4 58.1 833 1353 87.6 104.5 90.8 1024 112.7 49.3 1054  49.1 96.0
17 2112 58.6 529 872 79.4 85.6 1222 884 72.3 52.6 75.5 55.9 72.9
18 2113 28.0 77.9 105.0 101.7 103.7 110.1 97.1 88.2 170.0 1194 433 186.3
19 2115 66.7 923 110.8 983 97.1 83.0 104.9 126.5 335 784 713 110.2
20 2116 50.2 753 1349 127.0 105.7  77.0 106.0 137.6 81.1 66.6 549 251.5
21 2141 61.2 101.0 104.0 101.4 111.3 107.7  98.7 91.6 48.1 81.1 61.3 263.3
22 23-1 81.6 509 63.7 143.1 109.1 85.5 101.7 119.0 32.7 77.1 81.9 91.2
23 2538 80.3 80.4 1119 81.5 106.1 89.0 994 111.7 38.3 97.1 57.5 172.4
24 2544 71.0 62.5 1312 121.5 95.5 101.3 98.3 97.1 15.8 752 64.6 53.7
25 2148 51.1 78.5 124.7 53.9 71.6 116.7 943 80.8 159.8 68.7  80.1 141.5
26 31-1 68.4 90.9 120.6 849 87.3 103.6 904 87.2 62.5 125.8  61.7 222.5
27 35-1 43.0 72.5 106.8  98.7 94.1 1054 99.5 94.3 119.5 922  53.0 118.6
28 40-1-1 47.6 61.4 1468 68.0 105.1 108.4 98.2 90.6 49.5 85.1 77.8 175.0
29 46-1-1 21.6 81.0 1314 81.7 94.1 984 984 100.0 28.1 82.0 56.5 72.4
30 51-1-1 65.0 53.0 80.6 782 70.0 426 107.9 253.3 353 1194 622 148.6
31 5325 355 84.5 1079 97.0 97.7 1148 95.7 83.4 43.2 90.3 50.6 124.9
32 63-1 21.2 71.6 864 712 88.2 103.6 92.8 89.5 40.2 92.8  50.5 85.6
33 66-1 20.3 51.6 742 53.8 106.2 964 1024 106.1 335 84.3 60.7 64.0
34 67-1 117.0  129.7 1503 61.5 922 1285 95.6 74.3 65.2 117.8 852 148.3
35 71-1 57.3 1094 173.7 625 90.3 1074 88.7 82.6 55.5 115.5 57.3 140.6
36 72-1 36.6 79.2 118.5 94.6 87.2 82.6 96.7 117.0 122.7 1024 418 100.4
37 77-1 423 98.7 111.8  91.1 94.1 1183 98.8 83.5 423 1034 453 81.2
38 79-7 20.5 79.4 1434 84.6 93.9 150.2 91.6 61.0 29.9 115.0 629 230.2
39 80-1 94.5 89.2 109.5 76.3 102.7 122.2  90.6 74.2 169.0 91.8 55.6 372.6
40 81-1 25.8 61.0 58.8 83.9 106.5 126.2 96.1 76.2 86.2 845 442 102.6
41 168-1 96.3 659 638 93.1 763 983 91.7 93.3 47.8 67.3 97.4 2223

N 51-1-1 1) FJ/F, TR R B8 (0>124.0%) , H 2116.2148.168-1 [X] Pro 5 & i i K i5 & UG
ZZ 17-1.2101-2.2113.2148.80-1 ] MDA & &1 (a<70.0%) . NEERKIERGH CGH FJ/F,3E55E
AR 25 2B E T (0>145.0%) , A & 17-1. YIPUFEME) Pro AR yEHERE & & K SV PTE RS
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Table 2 The difference of indices of 41 bitter gourd inbred lines under different low temperature stress
izt FIE BKE BAME WERE WERE  fREE A5 R
Index Average  Max Min Standard deviation Kurtosis Skewness CV/%
22~17 °CHHE A # % P/(umol-m2-s™) 1.44 2.99 0.40 0.65 2.92 0.35 45
15~10 °CiHEA# %K P/(umol-m2-s ™) 0.66 1.37 0.35 0.24 -0.70 1.50 36
22~17 °CHUIA] CO, ¥ C/(pmol-mol ™) 660.03  795.80 51550  67.15 195 -0.23 10
15~10 °CHifu[i] CO, )% C/(pmol-mol ™) 508.43 760.60 33.90  99.13 0.40 0.28 19
22~17 °CZ& M # 2 T/(mol - m™-s™) 0.41 0.57 0.28 0.07 0.10 041 17
15~10 °CZEM# % T/(mol -m™-s™) 0.44 0.71 0.26 0.10 120 078 23
22~17 °C SPAD {H SPAD value 0.53 0.76 0.34 0.1 -0.74 031 21
15~10 °C SPAD {} SPAD value 0.45 0.58 0.32 0.06 -031  0.19 13
22~17 °CI KR Fa 1339.84 1726.00 121470 105.68 434 1.86 8
15~10 °CH K7t F, 127879 1549.80 103030 110.47 0.04 022 9
22~17 °CHJUER G F, 285.69  369.50 24590  27.76 1.91 1.40 10
15~10 °CHJUR G F, 290.74  390.50 125.60  51.62 1.34  -0.95 18
22~17 °C PSIL Yetb 2= 51778 FU/F, 0.78 0.85 0.76 0.14 6.40  1.79 18
15~10 °C PSIL AL 22 5 177 g Fu/F, 0.76 0.87 0.68 0.04 026 052 5
22~17 °C PSII J KA 55 7 5 FU/F., 3.68 4.08 3.20 0.22 -049 -0.24 6
15~10 °C PSII XG5 i Fu/F. 3.52 6.57 2.28 0.99 2.83 1.71 28
22~17 °C b)(MDA)/(nmol-g") 2.65 8.14 0.72 1.22 9.48 231 150
15~10 °C 5(MDA)/(nmol - g™ 1.61 3.21 0.46 0.69 -0.77 046 48
22~17 °C w(Pro)/(ug-g ") 779.19  1306.80 498.60  196.22 040  0.77 25
15~10 °C w(Pro)/(ug-g") 680.38 1288.30 275.50  225.10 0.18 036 33
22~17 °CBA M BALEFE T SOD activity/(U-mg™) 3.81 5.09 1.10 0.83 171 -0.87 22
15~10 °CHBE A BALEEEPE SOD activity/(U-mg ") 2.09 429 0.53 0.85 0.12  -0.20 4]
22~17 °C w(H] {14 5E ) Soluble sugar content/% 0.98 1.84 0.50 0.34 -0.75 037 35
15~10 °C w( A % 55D Soluble sugar content/% 1.21 2.26 0.52 0.44 -024  0.67 36
LREMIE . 24 EWRSEFSI

2.3 15~10 °CIK:BAME T EEBIEFREXE ST

12 AN AEFRFRFRAH SME AT I 25 R W6 3 B,
M CGh5 PREREFEIEMR, 5 TEMREZEIEMRK,
Fu5 F/F,FJF. 32 W MK F. 5 FJ/F,.FJF.,
PR E B R %  FJF, 5 MDA & & AV It b
SEVMERFENMEIS ., MDA 25 Pro S EE R
Z1EM %, SOD i1 5 Pro & & AR & &1
ERFEAMR,

HH 2 4 A 50, A I8 32 DR 20 i, R4 v TR 4 iy
IR B 38 J5 1 12 ASAi7 A H AR bR 8 s 79 A B
WS Z5 G PP E TR AR TR AR RFAEE R T 1
(S 0, B 5 S R, AR B DTk 2R 4 )
N 25.35%-16.60%+13.59%-9.90%#1 8.78%, £it 71
BRZIE 74.22%, KRG 5 MFEETRRCER T G R
IR R 5 B Hp B7F 1 W F 8 A
0.765, F.JF, F F./F. B1%40 73 511 9-0.804 F1-0.881,
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Table 3 Correlation analysis of physiological indexes after 15-10 °C low temperature stress

e WS LY m@rf
sk FA I COL AR SpAD fi RkTE Rz Lo o R T e S man
Index WE P WEC T SPADvalue 3¢ F, % F G FJE. B FUE MDA Pro SO'D. sugar

content content actlvlty content
HlAHEE P, 1.000
fla] COL M G 0.216* 1.000
AMBHAE T 0.185  0.760%* 1.000
SPAD {f SPAD value ~ 0.129 0.184  0.136 1.000
BRI F 0.013 -0.141 -0.210 0.033 1.000
AP F, 0.143  0.027  0.066 0.040 0.037  1.000
PSII Y6k 2E 7R -0.070 —-0.090 -0.120 -0.026 0.241* —0.624** 1.000
F/F,
PSII it KOG E T -0.105 -0.082  -0.126 -0.002 0.223* —0.624** 0.748** 1.000
F=& F/F,
W oEEs = 0.065 0.141  0.125 -0.079 -0.102  0.080 -0.134  -0.218* 1.000
MDA content
JHiZ B2 & & Pro content —0.065  0.149  0.159 -0.094 -0.159  0.034 -0200 —0.153 0.232% 1.000
BEAYBALEEYE  0.068 -0.013  -0.106 -0.056 0.096 -0.094 0.143  -0.120 -0.094 -0.245* 1.000
SOD activity
AVA R 0.074 0.024  0.125 0.062 -0.185  0.193 -0.198  —0.255* 0205 0.129 -0.262* 1.000
Soluble sugar content
HE ¥ ORAE 0.05 ACT- R FH A FORAE 0.01 ACT IR IS
Note: * represents significant correlation at 0.05 level; ** represents extremely significant correlation at 0.01 level.
F4 RANEBEEREEERABETHE
Table 4 Comprehensive index coefficient and contribution rate of 12 physiological traits
FehR F 4> Principal component
Index PC1 PC2 PC3 PC4 PC5
B P, 0.133 -0.043 0.482 -0.271 0.584
Jiila] CO,¥E G 0.527 0.752 0.264 0.005 0.003
AMBHAE T 0.561 0.719 0.260 -0.048 -0.025
SPAD {H SPAD value 0.052 0.295 0.321 0.568 0.249
R F, -0.242 -0.421 0.328 0.471 0.120
BB F, 0.765 -0.472 0.295 0.207 -0.038
PSIL G5 8T fe F/F, -0.804 0.436 -0.002 0.132 0.197
PSII fx KAk 2 &1 77 & F/F., -0.881 0.367 -0.042 0.084 0.028
1 B & MDA content 0.098 -0.162 -0.351 -0.189 0.752
Jifi %82 7 & Pro content 0.385 0.218 -0.532 -0.254 0.048
EBEEAY BALEEE VE SOD activity -0.250 -0.134 0.621 -0.415 -0.044
A RE & Soluble sugar content 0.378 0.059 -0.412 0.477 0.158
HF{iF{H Characteristic value 3.042 1.991 1.631 1.188 1.054
J5 Z51ERE Variance contribution rate/% 25.35 16.60 13.59 9.90 8.78
Z i+ 5Tk Accumulative contribution rate/% 25.35 41.95 55.54 65.44 74.22

YanHE = T AT b B 50 9O R MARDC, o8 FEPUMEAESS BT 4 g R S EEATN 0.568,
RHHET 72 H G TIEREmEsE, a5k ds TFIEME T, Oy B R FE T B F 5 F MDA
0.752 11 0.719, FHZ A 7 56E R MNAHKG, A SEBE N 0.752, #8 MDA H+. KF 1 ME-F
HAHF 5 K7 3 1 Pro &5 . SOD JEPE AT MERE 2 Z MIIEBE RIBON'E %, RIFADOE N 56 & XN
BB N -0.532.0.621 F1-0.412, R IZEFE  ZHFEBRNEER X R, BT 3 METF S H P,
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Table 5 Comprehensive evaluation of bitter gourd of different genotypes
mE HuE D giatit . LEE VN .
Number Inbred line CI2 CI3 Cl4 CI5 w(X) u(X) u(X)  p(XD  p(Xs) Dvalue Com.prehenswe Compre'henswe
ranking evaluation
1 11-1 -0.819 -1.688 1.558 -0.075 0362 0.152 -0.102 0.761 0.403 0380 0.267 32 v
2 13-1 1.724 0.587 0.158 0.265 -1.101 0.791 0.494 0.359 0.495 0.014 0.514 6 I
3 132-1 -0.328 -1.198 -1.078 -0.158 -1.228 0.275 0.027 0.004 0.381 -0.018 0.150 39 \Y
4 135-1 -0.417 0.203 0.626 -1.097 1.037 0.253 0394 0.493 0.127 0.548 0.347 18 it
5 138-1 -0.260 2.127 -0.305 0.281 -0.584 0.292 0.898 0.226 0.499 0.143 0.426 9 I
6 15-1 0.147 -0.684 -2.367 -0.278 -0.037 0.395 0.161 -0.366 0.348 0.280 0.183 36 \Y
7 17-1 -1.241 -0.189 0.410 0.183 0.797 0.046 0.291 0.431 0.473 0.488 0.281 31 v
8 18-1 -0.601 1.898 -0.659 -0.119 -0.871 0.207 0.838 0.124 0391 0.071 0.341 20 it
9 2101-1-8  -0.172 -0.353 -1.631 -0.205 -0.539 0.314 0.248 -0.155 0368 0.154 0.202 35 \Y
10 2101-1-9 2.556 0225 1319 0.955 -0.599 1.000 0.399 0.692 0.681 0.139 0.665 1 I
11 2101-2 -0.366 -0.393 -0.696 -0.626 0.416 0.266 0.238 0.114 0.254 0393 0.245 34 v
12 2101-3 -0.273 -0.059 -1.044 0.321 1.450 0.289 0325 0.014 0510 0.652 0319 24 it
13 2102-4 0912 0.251 0.667 -1.570 0.236 0.587 0.406 0.505 -0.001 0.348 0.425 11 I
14 2102-7 -1.019 -0.054 -0.483 2.134 0.870 0.102 0326 0.175 1.000 0.507 0.333 21 it
15 2106-1 0.507 0.611 -1.894 -1.320 2.843 0.485 0.500 -0.230 0.067 1.000 0.363 16 it
16 2106-4 0.832 1.097 -0.545 1.460 0.458 0.567 0.628 0.157 0.818 0.404 0.520 5 I
17 2112 -1.014 -0.727 -0.249 -0.784 -1.031 0.103 0.150 0.242 0.212 0.031 0.145 40 \Y
18 2113 -0.161 0.076 0912 -0.273 1.733 0.317 0360 0.575 0350 0.722 0.426 9 I
19 2115 -0.819 -1.688 1.558 -0.075 0.362 0.790 -0.102 0.761 0.403 0.380 0.534 3 I
20 2116 1.721 0.569 -0.455 0.841 0.012 0.955 0.489 0.183 0.651 0.292 0.601 I
21 2141 2378 0.191 0.630 0.118 0.053 0.342 0.391 0.494 0456 0.302 0.469 I
22 23-1 -0.063 -0.285 2.392 0.962 -0.550 0.509 0.266 1.000 0.683 0.151 0.171 38 \Y
23 2538 0.602 -1.663 -0916 1.729 -0.793 0.213 -0.095 0.051 0.891 0.091 0.291 28 v
24 2544 -0.576  0.933 -0.157 0.010 -0.641 0.404 0.585 0.268 0.426 0.129 0.325 23 111
25 2148 0.184 -0.059 -0.658 1.078 2.098 0.138 0.325 0.125 0.715 0.814 0.425 11 I
26 31-1 -0.876 -0.602 0.565 -1.568 -1.297 0.153 0.183 0.476 0.000 —0.035 0.288 30 v
27 35-1 -0.815 0.199 0.617 -0.671 -0.286 0.418 0.393 0.490 0.242 0.217 0.530 4 I
28 40-1-1 0.239 0435 1.046 1.504 0.963 0.332 0.454 0.614 0.830 0.530 0.262 33 v
29 46-1-1 -0.101 -0.970 -0.432 0.258 -0.198 0.443 0.087 0.190 0.493 0.240 0.291 28 v
30 51-1-1 0.340 0.163 -0.780 -0.513 -1.156 0.990 0.383 0.090 0.285 0.000 0.432 8 I
31 5325 2.517 -0.685 -0.092 -2.135 -0.293 0.307 0.161 0.287 -0.153 0.216 0342 19 it
32 63-1 -0.202 0.183 -0.196 0.859 —-0.607 0.359 0.388 0.257 0.656 0.137 0317 25 11
33 66-1 0.005 -0.539 0978 -0.699 -0.817 0.381 0.199 0.594 0235 0.085 0.180 37 v
34 67-1 0.091 -1.593 -1.092 0.486 -1.388 0.193 -0.077 0.000 0.555 -0.058 0.398 15 i
35 71-1 -0.657 2.518 0.564 -1.177 -0.900 0.098 1.000 0.475 0.106 0.064 0.328 22 11
36 72-1 -1.034 1967 -0.540 -0.229 -0.291 0461 0.856 0.159 0362 0216 0384 15 1
37 77-1 0412 -1.046 1.487 -1.745 1.637 0.289 0.066 0.740 -0.048 0.698 0.416 13 11
38 79-7 -0.273 0.963 0.412 0.507 -0.100 0.000 0.593 0.432 0.560 0.264 0.302 26 11
39 80-1 -1.424 0.325 0.932 -0.127 0.465 0.117 0426 0.581 0.389 0.405 0.349 17 it
40 81-1 -0.958 -0.422 1313 1.614 -0.584 0.256 0.230 0.690 0.860 0.143 0.292 27 v
41 168-1 -0.407 -1.300 0.177 0.519 0.982 0.078 0.000 0.364 0.564 0.535 0.125 41 \%
FUE Weight 0.342 0.224 0.183 0.133 0.118

e 4] -
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