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Preliminary establishment of a system for evaluating and characterizing

drought resistance in watermelon seedling
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Abstract: In order to establish a drought tolerance identification and evaluation system of watermelon seedling, and pro-
vide a simple and rapid screening method of drought-tolerant material, five watermelon varieties named Xinong No. 8,
Tianguan No. 2, Xinyou No. 2, Zhongxinghong No. 1, and Zhongnong Meiguan No. 2 were used as test materials, and a
pot experiment was set up with two treatments of drought stress (natural drought for 7 d)and normal watering to deter-
mine the growth indexes of watermelon and physiological indicators, using the method of the affiliation function, princi-
pal component analysis and other methods, to analyze the differences in the response of watermelon varieties to drought
stress, and to screen out the key drought indicators of watermelon seedling stage. The results showed that the growth and
physiological indexes of watermelon varieties changed of different degrees after drought treatment, and the height, root
length, aboveground and belowground dry mass of watermelon seedling decreased to different degrees as a result of
drought stress; at the same time, the proline and malondialdehyde content of watermelon seedling leaves increased signifi-
cantly, and the catalase activity was enhanced, whereas the soluble protein content and the relative conductivity increased;
the chlorophyll content of watermelon varieties was increased by drought treatment. Through the affiliation function meth-

od, principal component analysis and other methods, it was concluded that the aboveground dry mass, root length and
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malondialdehyde content changed significantly after drought stress, therefore, these three indexes were selected as the in-

dexes for the identification of watermelon seedling drought tolerance, and the regression equation was finally established:
Y=0.870+0.260 RL+0.218 SDW-0.426 MDA. Drought tolerance was identified according to the magnitude of Y value.

Y-value=0.70 are drought-resistant materials, 0.35<Y-value<0.70 are intermediate drought-resistant materials, and 0<Y-val-

ue<s0.35 are drought-sensitive materials. The research results have laid a foundation for the screening of drought-resistant

resources at the seedling stage of watermelon and the breeding of drought-tolerant variety.
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Table 1 Characteristics of watermelon varieties
AR AR
Variety name Variety characteristics
P 8 5 o RS BEIRIAE B R, AR 30, T I3, BT i
Xinong No. 8 Medium ripe, large fruit type, oval flower skin fruit, strong growth potential, storage and transportation resistance,
drought resistance

Kid 2 %5 LUt N i 121 Ry -2 I S ) Y 17 2 1 e

Tianguan No. 2
drought resistance

Medium-late maturity, large fruit type, oval flower skin fruit, hard and tough skin, storage and transportation resistance,

Medium-ripe, large-fruited, oval-skinned fruits with strong growth potential and medium drought resistance

w2 rh#h, ORBY, WEIRITE BOR, AR, LR 4%
Xinyou No. 2
LA E) R L AN IR B IE A6 e R i AR AR AL R Wi, PSS

Zhongxinghong No. 1
drought resistance

hAkH 2 5

Extra-early maturity, small fruit type, oval flower skin fruit, high lycopene, storage and transportation resistance, weak

LR T R e R AL SR TG 990, ST 1 59

Zhongnong Meiguan No. 2 Early maturity, medium fruit type, high round flower skin fruit, low temperature and low light tolerance, weak drought

resistance

36~48 ho 7E 7 cmx7 cmx8 cm B AL RN 64 g
BT, B P IE R 2 (R 1 7 TR T 3R A 2
o B E AL T R SR N B R 25~28 °C, K IH]
18~20 °C.
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Table 2 Drought index classification criteria

RERBER AEIR
Level of drought index Symptomatic
0 FERRAEARIEH , ZRESL, M7 P R N 3, IR 6 il

Plants with normal growth, erect stems, leaf blades spreading without drooping, leaf margins not curled

1 FRRZE L, i R R s Jy i 224 i

Plant stems erect, leaf blades pendulous or leaf blades with curled margins

2 ZEEHZER B AR, ) R

Stems erect, but stem epidermis wrinkled, leaves bent and drooping heavily

3 2R M, BRI 7 2R R

Stems bent by water loss, leaves drooping throughout the plant

4 YR IIKTE A, HH ST

Seedling stems lose water and bend, leaves droop and leaf margins dry out

DICREEFEHD=(0xS0+1xS1+2xS52+3xS3+4x
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Fig. 1 Morphological changes in seedlings of five watermelon varieties under drought treatment
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Table 3 Drought damage index and drought tolerance ranking of seedlings of different watermelon varieties

under drought stress

e REIRH Drought damage index HiEMEHE4
Variety ERN SR EAPN TR SF1 Ranking of drought
Day 4 Day 5 Day 6 Day 7 Average tolerance

P4 8 5 Xinong No. 8 0.10 0.60 1.16 2.30 1.04 1

Kt 2 5 Tianguan No. 2 0.10 0.60 1.18 2.31 1.05 2

it 2 %5 Xinyou No. 2 0.13 0.30 1.23 2.97 1.16 3

HiM 4T 1 % Zhongxinghong No. 1 0.13 0.20 1.33 3.00 1.17 4

thif 356 2 5 Zhongnong Meiguan No. 2 0.23 1.53 2.63 3.77 2.04 5
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StkE S CK AH PG i D , HFRIK 16.67% 5 K
2 Stk E S CK AR IR 2, 15 3 43.67%.
AN ) G TRt ol () AR 28 A K 38 52 B 41, B A 2 S5 AR
R K Z B 06 AR AR, 5 CK A b BRI
33.33%, Kk 2 5 HIRK S CK AHE AR, N
15.67% . 15 W36 Ji5 A [ 75 I 5 Fofr (14 4R 2 1D AR 52
FHp, Ko 2 SRR MAE CK AR FRK D> (X
AR T 16.67%, #ifl 2 S IKHR % , 1k 66.67%. T
K8 FEEES CK MK EL, &
58.00%, F1 3440 1 55 CK A0 HL R &2, R BEAK

32.67%. PiA 8 5 HL i & 5 CK A L Bk i
%, P& 96.33%, h £ 2 5 5 CK AH EL MK
b, PR 83.00%. Wil 5, ik 8 5 Hh b i
w5 CK MBI R £ 18 15.33%, K 2 SHF
THES CK MHE KR Z , 1k 66.29% , T A 35k
2 SRR ED BN 5.04%F0 41.24%., A
2 St 5 CK M LR R R %2 , 18 166.67% , Ktk
2 55 CK M P KR, N 107.00%. 5 b, 5
JoJERT 7P AR K A8 A A A [V B 41 BT A T
P T it ot 507 7 P 2 A 0] 52 ol (1 e A FE AN [
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7.30%. TFBHEE, &M R ES S EA
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Table 4 Relative change rate of each growth index of seedlings of different watermelon varieties after drought stress

%

fu il Variety PH RL RSA SFW FUW SDW DBW R/S

ik 8 5 -32.67£2.21 ¢ -22.33£2.60b -30.33£2.40 b —58.00£2.11 b ~96.33£2.50 b—15.33+0.66 ¢ —50.80+3.96 ab —127.33£9.27 ab
Xinong No. 8

Kidh 2 5 -43.67£1.46d -15.67£0.88a -16.67+0.33 a —44.33+4.70 a -91.00+3.66 b-14.43+1.45 ¢cd-66.29£5.77b  -107.00£7.35 a
Tianguan No. 2

ik 2 5 -16.67x1.20a -33.33£1.33d -66.67£1.76 d ~44.67+6.60 2 ~90.67+4.70 b—12.25£0.88 ¢ —64.15+£5.84 ab ~115.00+4.26 ab
Xinyou No. 2

1S
Zhongxinghong No. 1
hAE 2 5
Zhongnong

Meiguan No. 2

-19.67+0.33 a -25.67+1.85 bc —54.00+3.79 ¢ —33.67+4.15 a —83.00+5.17 a —5.04+0.58 a —41.24+6.13 a

—25.6742.40b -31.33+2.19 cd —58.00+0.58 ¢ =32.67+2.23 a -91.00+9.35 b —9.124+0.57 b -50.22+10.50 ab ~110.33£7.22 ab

-166.67+5.87 ¢

TE:PH. BR 1 RL. AR s RSA.L ARZRTHIAN s SFW. Hb_F- 6 57 & s FUW. Hb R 6 57 &2 ; SDW. Hb 1/ &2 ; DBW. M N T f &5 R/S. et b . [H] 47

Hli FARVNE FRERORAE 0.05 K-FEFEE. .

Note: PH. Plant height; RL. Root length; RSA. Root surface area; SFW. Aboveground fresh mass; FUW. Belowground fresh mass; SDW.

Aboveground dry mass; DBW. Belowground dry mass; R/S. Root crown ratio. Different small letters in the same column indicate significant differ-

ence at 0.05 leve. The same below.
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it R IR R A X L R AN [ R R s, FLH T K 8
SR L ,IE 209.33%, M 1 SR E R, N
127.33%. M4 155 CK MLLA S &R
W%, ik 49.87%, K 2 S mE D, N 1827%.
A T S A BT R S A F R
JEH R R, Tk 8 55 CK IR B %, 73l
N 68.40%103.37% , H AL 2 5 P B 1 = A
N 25.37%, Kok 2 S AL E SRR m R D,

=5

N 3213%. TREPiEE, Kid 2 SHHER S &S
CK M LR i, N 119.10%, 1] HH A& 656 2 542
R % 1% 429.13%.

E 5 MHE 5, 8ME 2 5 POD vitE S CK ML
R 2,1k 24330%, H XA 1 FikmED, N
18.13%. SOD &1t CK AH L5 BT B4, A 24T
1 ST RMHEERFEIKRZ 15 38.57%, K 2 5
P>, o 19.83%. 1ETF R Wi , A [R] i Ff )
CAT %15 CK ML R IR —2, Hh bk 8 5 B4
1% 29.97%, ML 1 54 78.40%.
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Table 5 Relative change rate of each physiological index in seedlings of different watermelon varieties after drought stress

%

ﬁﬁ? Chl Sp EC MDA 0, - H,0, Pro POD SOD CAT
Variety

Fafe 8 5 7.67  2.00+ 209.33+ 21.33+ 68.40+ 103.37+ 33583+ 13137+ 2593+ -29.97+
Xinong No. 8 1.76 b 0.57 ¢ 734 a 2.08 b 233 a 2.14a 3.26b 7.28 ¢ 9.46 a 4.64 ¢
Ktk 2 = 1630+  9.00+ 194.67+ 18.27+ 46.20+ 3213+ 119.10+ 3993+  -19.83x  -33.33%
Tianguan No. 2 033a 0.58a 19.80 ab 2.60b 3.84b 2.60 ¢ 5.02d 9.12d 1.89a 2.78 ¢
i 2 = 12.00+ 233+ 131.67+ 46.50+ 25.37+ 3927+ 28557+ 24330+  -34.17+  —29.20+
Xinyou No. 2 3.79ab 0.33 bc 9.58 ¢ 348 a 2.19¢ 2.28¢ 753 ¢ 728 a 4.96 a 2.74 ¢
N 1S 730+ 433+ 127.33+ 4987+ 41.07+ 75.13+  260.57+ 18.13+  —38.57+ 78.40+
Zhongxinghong No. 1 1.86b 0.88b 8.01c 3.78a 1.33b 3.84b 7.52¢ 8.60d 6.92a 7.34a
AR 2 5 8.00+  6.90+ 161.33+ 33.63+ 64.77+ 67.13+ 429.13+  175.17+  -29.57+ 33.53+
Zhongnong Meiguan No.2  1.15b  0.58 be 4.34 be 371b 2.65a 8.00 b 7.76 a 2.24b 6.96 a 6.58 b

74 : Chl. W43 & s SP FIVAPE SR (75 B EC. X 3% s MDA. I I & Oy AU B 72 & HLOn. i AL A& & s Pro. AR &
& POD. i E LB ; SOD. A S AL BEE 1 ; CAT. i S AL M 1
Note: Chl. Chlorophyll content; SP. Soluble protein content; EC. Relative conductivity; MDA. Malondialdehyde content; O, - Superoxide anion

content; H,O,. Hydrogen peroxide content; Pro. Proline content; POD. Peroxidase activity; SOD. Superoxide dismutase activity; CAT. Catalase activity.

24 FTEBERAEARSMHESEKIERS
SEEREMEXRXFR

HHE 6 RN, AR Sk i S AR 3 A O G &R
BoN-0.722; 3 65 B S b A IR A
K, AR ARECH 0.761; 1 T B S50k 2 553 IR A
AR R EN 0.548, Hh 5 & b T 5 2 AR
BEIEMITE, MR RN 0.976; MR e b St e &
At b5 &3 B AR 2 O DG, A 8 R U
9-0.700 F1-0.970; ML A S Pk e )5 & A%
3 B UM O, AHOC RS -0.924 F1-0.558,
EIRK 2 AR 2 TR, #HOC R ECN 0.889; R 83K
(DD 5 Hb b+ 5 & 2K 35 A5G, R RN
0.838, 5 b T fif i 5 B IEAH S, MO R BN
0.640, 5ARTEEL AR FUAHIC, FHOC R E0N-0.814.
25 FEBEBEREARANRSMESEIRBIERS
SERHREXXR

HE 7, AN EASE AR S 2S5

.96.

GREEEREAMEKL, HXRESD N
H-0.608.-0.611; HEHMA S ESBENE &
R TEA G, MR R BN 0.686; BA T & &
5 AR L B 2 IR A DG, MO R EN 0.589;
SOD %1 5 XS L 3 3 2 3 IEA G, MR RECH
0.590; CAT ¥ 1t 5 AH 0 L S 38 52 2 25 SRURH O, FH G
FRHEON-0.565, 5N RS B AR SO, AHOG
RHN-0.733 BRHFIEH SN S EE B E T
K, MR FRECRN-0.616, SRR S & 2R EE EAMH
K MR RECN 0.722.
26 EWRDHT

K 3 1053 43 H AT DAY B 25 48 b 18] 1) AH B 5%
Wi, HE BR 0 $8 A 1 T PUAE FH 32 1 23 B 00 HE
PEo B 8 AT, /T 3 AN LR RHIEEI KT 1,01
R N 44.128%.27.493% . 15.528% , it 5Tk
ZRIE 87.149% , FRIA AT LK K 18 ANAH I FR IR
PRGN 3 ANPGRS = pk o, R T R G T
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Table 6 Correlation between each growth index and drought damage index of seedlings of different watermelon varieties

after drought stress

FE#rR Index PH RL SFW FUW SDW DBW R/S RSA
RL -0.722 **

SFW 0.295 -0.284

FUW 0.308 -0.111 0.115

SDW 0.548 * -0.396 0.761 ** 0.502

DBW 0.255 -0.084 0.050 0.976 ** 0.385

R/S -0.689 ** 0.494 -0.700 ** -0.466 -0.970 ** -0.344

RSA -0.924 ** 0.889 ** -0.440 -0.220 -0.558 * -0.175 0.662 **

DI 0.500 -0.115 0.415 0.640 * 0.838 ** 0.502 -0.814 ** -0.359

*RINAE 0.05 KT8 E MK *FRORAE 0.01 KPR BT, FIA,

Note: * denotes significant correlation at 0.05 level, ** denotes extremely significant correlation at 0.01 level. The same below.
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Table 7 Correlation between various physiological indexes and drought damage index of seedlings of different watermelon

varieties after drought stress

FEFF Index Chl SP EC MDA 0, H.0, Pro POD SOD CAT
SP 0.637 *

EC 0.090 0.181

MDA 0.079 -0.263 0.324

0, -0.267 -0.102 0.589*  —-0.133

H.0, -0.608 * -0.578 * 0.267 0.027 0.686 **

Pro -0.611 * -0.729 **  -0.067 -0.193 0.538 * 0.600 *

POD -0.016 -0.612 * -0.162 0.336 -0.114 -0.062 0.487

SOD 0.024 0.205 0.590 * 0.187 0.221 0.007 -0.222 -0.127

CAT -0.464 -0.110 -0.565 %  —0.733 ** 0.031 0.265 0.335 0390  -0.344

DI -0.266 -0.246 -0.172 -0.616 * 0.385 0.101 0.722*%% 0339  -0.069  0.401
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Table 8 Eigenvalue, contribution rate and loading matrix
of three principal components

FEFrR Index PClI  PC2 PC3

SDW 0.953 0.244 0.173
EC -0.900 0.101 -0.083
DBW -0.880 0.284 -0.113
SFW 0.831 —0.115 0.512
FUW 0.818 0.212 —0.347
SP 0.765 —0.403 0.251
R/S -0.752 -0.200  0.590
MDA 0.750  0.070  0.656
CAT 0.767 —0.439  0.051
0, 0.742  0.496 —0.346
Pro 0.694  0.530 —0.320
PH 0.669 —0.562 —0.191
H,0, 0.470  0.351 -0.176
POD 0.101 -0.912 -0.317
RL -0.258  0.909 -0.062
RSA 0277 0.842  0.306
SOD 0.126  0.822  0.469
Chl 0.579 —0.723  0.326
FHFH Eigenvalue 7.943 4949  2.795
TR Z Contribution rate/% 44,128 27.493 15.528
B 5T#k % Cumulative contribution rate/% 44.128 71.621 87.149

.97.
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Table 9 Combined index value, #(X) and D value for each variety

'\'E/";fity cICD 1e/(¢)) a®» (X1 14(X2) 1(X3) D Eﬁ ing
#54¢ J\'5 Xinong No. 8 1.48 0.19 -0.92 1.00 0.74 0.00 0.72 1
K& 2 5 Tianguan No. 2 0.59 -0.08 1.49 0.62 0.63 1.00 0.70 2
#ifl 2 5 Xinyou No. 2 -0.66 0.83 0.49 0.08 1.00 0.59 0.48 3
Hi4T 1 5 Zhongxinghong No. 1 -0.56 -1.66 -0.27 0.13 0.00 0.27 0.11 5
FF% 555 2 5 Zhongnong Meiguan No. 2 -0.85 0.72 -0.78 0.00 0.96 0.06 0.32 4
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N, AR TSR R S RPN 0.876, K BHIX 3 AN £ 45
P AT AR ST 22 3 8 BR 5L 87.6% 5 B, LA Bk
4. WIER 11 Fizn, Anova R p [ K/INRE T 1%
o] 5 05 B B9 A Bk, AW p A 0.002, /N T
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Table 10 Summary of models

" FHK F 4 o . T 1R

o R Wkl WiE R R

Model Correlation e Adiusted R Standard
ode coefficient(R) Juste error

1 0.897 0894 0.876 0.041

& 11 Anova &
Table 11 Anova table

T A Rl HeE 575 Ti R S

Model Quadratic sum  df’ Mean square F Sig.
ELE| 0.276 3 0.092 55.617  0.098
Regression

iz 0.002 1 0.002

Residual

Mt 0.277 4

Total

F12 EIEAAERE

Table 12 Coefficient table of regression equation

FAY RIFHEAC RS bRifEA R THS: WM

Model B Standard error 7 test Sig.

& Constant  0.870 0.207 0.000  0.128
RL 0.260 0.002 0.410  0.137
SDW 0.218 0.008 0.610  0.131
MDA -0.426 0.198 1392 0397

.98.
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