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Comprehensive evaluation of drought resistance of hot pepper germ-
plasm resource during germination stage and drought resistance index

screening

WANG Hong, JIA Maomao, LI Jinling, JU Le, LI Mengchun, YANG Ling, ZHENG Mingyan

(Nanyang Academy of Sciences, Nanyang 473000, Henan, China)

Abstract: To explore suitable methods for evaluating drought resistance in hot pepper, and to screen for germplasm re-
sources with strong drought resistance, this study used 28 hot pepper germplasms with relatively large cultivation and pro-
motion areas as experimental materials. Two treatment levels were set: 0C(CK)and 5% PEG-6000 solution. Six indexes, in-
cluding germination rate, germination potential, germination index, vitality index, root length, and seedling height, were
measured during the germination period for each material. Using the drought resistance coefficient of each indicators as
the evaluation basis, a varity of methods including comprehensive drought resistance coefficient, correlation analysis, prin-
cipal component analysis, membership function value method, grey correlation analysis, and cluster analysis were applied
to conduct a comprehensive evaluation of drought resistance and to screen for identification indicators. The results of pric-
ipal component analysis showed that the six individual indicators could be transformed into three mutually independent
comprehensive indicators, with a cumulative contribution rate of 85.475%. Cluster analysis based on drought resistance
measurement values classified the 28 hot pepper germplasms into five drought resistance levels, among which Chaotianji-
ao No. 20 and Zhouyuanzaofeng exhibited extremely strong drought resistance. Further regression analysis established
the equation:. y=—0.107+0.145xvigor index+0.094 x germination potential+0.176xroot length, indicating that vigor index,
germination potential, and root length were critical indexes for evaluating drought resistance of hot pepper in the germina-
tion period.

Key words: Hot pepper; Germination stage; Drought resistance; Drought resistance index; Comprehensive evaluation
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Table 1 Name and source of tested pepper varieties

P AP ARR i A U R
No. Variety name Variety source Type
1 LR F$E 5 Anjiaozaola No. 2 2 P T AL R 2B Anyang Academy of Agricultural Sciences A2 Cluster type
2 M 2 5 Tianjiao No. 2 UE I E T A AL B Zhumadian Academy of Agricultural Sciences A4 Cluster type
3 KM 3 5 Tianjiao No. 3 UE I E T A Bl B Zhumadian Academy of Agricultural Sciences 7 E Cluster type
4 JEE4T 3 5 Zhouyinghong No. 3 J& B iR Bt Zhoukou Academy of Agricultural Sciences #ER Cluster type
5 WA 13 5 Luoyanxiangla No. 13 & BHAEL2=FE Luoyang Academy of Agriculture and Forestry Sciences  #%4-% Cluster type
6 JEHEL 6 ‘5 Zhouyinghong No. 6 J& B MR Bt Zhoukou Academy of Agricultural Sciences #BE Cluster type
7 21 }#3# 5t Hongyanxingui B T 55 32 78 BT Zhengzhou Vegetable Research Institute AT Cluster type
8 MEHL 201 Pujiao 201 WEBH T Al L 22B5E Puyang Academy of Agricultural Sciences AT Cluster type
9 T 202 Pujiao 202 WERH 117 4 B 2% Bt Puyang Academy of Agricultural Sciences A Cluster type
10 J& 78 5.3 Zhouyuanzaofeng ] 1 JE el Folk A5 BR 23 7] Henan Zhouyuan Seed Industry Co., Ltd. A Cluster type
11 BiE=M9 5 TR A AR e B ST 5T fEAE T
Yuyuansanying No. 9 Vegetable Institute, Henan Academy of Agricultural Sciences Cluster type
12 HIRML9 5 TR AR AR R A PR A R
Chaotianjiao No. 9 Henan Dingyou Agriculture Technology Co., Ltd. Cluster type
13 B2 5 TR B RO R B RS AIT TE BT fRHE T
Yuying No. 2 Vegetable Institute, Henan Academy of Agricultural Sciences Cluster type
14 B 5 AR AR AT IR 2 7] AT
Chaotianjiao No. 11 Henan Dingyou Agriculture Technology Co., Ltd. Cluster type
15 BETTN AR A AAF F A AT IR A 7] AR
Baoheizi 18 Henan Province Nongdefeng Agriculture Co., Ltd. Cluster type
16 BETTILB ARG FRNARA A fEAE T
Baoheizi 19 B Henan Province Nongdefeng Agriculture Co., Ltd. Cluster type
17 £ 2T R TR A AR AR F A A IR 7] R
Baoheizidacuo Henan Province Nongdefeng Agriculture Co., Ltd. Cluster type
18 iK% Cl A RGFRAARA A fA Y
Yongying C1 Henan Province Nongdefeng Agriculture Co., Ltd. Cluster type
19 HIRM18 5 TR SRR AT IR A 7] fEA T
Chaotianjiao No. 18 Henan Dingyou Agriculture Technology Co., Ltd. Cluster type
20 IR 20 5 TR R AR A B A IR 7] AR
Chaotianjiao No. 20 Henan Dingyou Agriculture Technology Co., Ltd. Cluster type
21 21J# 837 Hongyan 837 SR 1T 5% 2 78T Zhengzhou Vegetable Research Institute AR Cluster type
22 ikl 40 Yingke 40 VBRI 7 AV R 2Bt Luohe Academy of Agricultural Sciences AR Cluster type
23 ikl 68 Yingke 68 YRV T AR 22BE Luohe Academy of Agricultural Sciences AR Cluster type
24 =8 R A8 RO R B R ST LT AR Cluster type
Sanying No. 8 Vegetable Institute, Henan Academy of Agricultural Sciences
25 SEHY 207 Wanjiao 207 T BH AL R Bt Nanyang Academy of Agricultural Sciences AT Cluster type
26 S 208 Wanjiao 208 B4 PH T LR 2Bt Nanyang Academy of Agricultural Sciences A Cluster type
27 ZEAR 211 Wanjiao 211 B PH T LR 2Bt Nanyang Academy of Agricultural Sciences A Cluster type
28 ZE A 209 Wanjiao 209 T BH T AL R Bt Nanyang Academy of Agricultural Sciences A Cluster type
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Fig. 1 Drought resistance coefficients of germination rate germination energy, germination index, vitality index, root

length and seedling height in germination period of different hot pepper varieties under drought stress
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Fig. 1 (Continued)
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Table 2 Response of drought resistance coefficient of each index to drought stress in germination stage
LD I/ ME =N AR SR P bR % AR
Index Minimum Maximum Range of variation Mean Standard deviation Coefficient of variation/%
KR GP 0.79 1.34 0.56 1.02 0.14 13.46
K GE 0.67 2.81 2.15 1.55 0.61 39.74
REFFRELGI 0.88 261 1.73 1.34 0.43 32.16
SEVAEIE/ @Y 0.58 2.49 1.90 1.61 0.51 31.45
R RL 0.67 2.04 1.37 1.26 0.36 28.47
i SH 0.61 2.08 1.46 1.03 0.28 26.96
#3 FRFBAXMGFHSEFREINERB(DCIRE
Table 3 Frequency of individual drought resistance coefficient (DC) of index of different hot pepper varieties
0.5<DC<1.0 1.0<DC<1.5 1.5<DC<2.0 2.0<DC=<2.5 2.5<DC<3.0
fabr Bi% - BEL . AL - AL - AL -
e ’ iz ’ s ’ s ’ s
Index Sample F % Sample F Y Sample F Y Sample F Y Sample F Y
T 11 T T T 11 T I n
number equencyrve number equency’ze number equencyrve number equency’ze number equency’7o
KHZF GR 14 50.00 14 50.00 0 0.00 0 0.00 0 0.00
R GE 6 21.43 9 32.14 5 17.86 6 21.43 2 7.14
R EHFFEH GI 8 28.57 13 46.43 5 17.86 1 3.57 1 3.57
& 1R H VI 2 7.14 12 42.86 7 25.00 7 25.00 0 0.00
HRE RL 7 25.00 13 46.43 7 25.00 1 3.57 0 0.00
= SH 13 46.43 14 50.00 0 0.00 1 3.57 0 0.00

ATBURI AT % 22 K. 7E 0.5~1.0 X [/], K 2 & (1)
DC {H 77 A AREL Je o3 A A2 43 59 4 14 F1 50.00%
1M I 4850 DC B 73 A S8 o3 A S z= A 2 Al
714%. REHEFRRFRE T EARRK R DC EF
B AAE 1.0~1.5 X [A], 23 A A Ze 35 K T 45.00%, H.
R ZE A = A0 A AR TR 3] 50.00% . K 3 A
T STHEE DC B AE 2.0~2.5 [X 18] (1) 43 A S K 53 59
& 6 17, 3 A A HA 21.43%F1 25.00% . 1565
R GEFAFNE JJHEEON T 5 e 0 R BB 2% , K 5 T
FORRR K IR 2, T R 27 2 R g %o 1 2 38 9 e
LA R
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Table 4 Correlation of drought resistance coefficients of all indexes in hot pepper

645 Index RIEFF GR R GE KEFRHL Gl VAL R 1Y 4 RL T SH
RIFHE GR 1

KEH#H GE 0.088 1

REFAR%GI 0.679%* 0.101

W IARE VI 0.340% 0.319% 0.597+* 1

K RL -0.115 0.141 -0.097 0.662%* 1

Wi SH 0.379% -0.065 0.536%* 0.402% 1

TR a3 G FORTE 0.05.0.01 7K 3 A 2 A G

Note: *and ** indicate significant correlation at 0.05 level and highly significant correlation at 0.01 level, respectively.

RS PRMESEFNMERBER S FERE RTEE
Table 5 Eigenvectors and contribution rates of principal
components of all indexes drought resistance coefficients in

hot pepper
izt [l -7 #fif Factor loading
Index F F, F
&I H VI 0.223 0.142 0.097
RHFFEH GI 0.173  -0.316 0.082
Him SH 0.166 0.110 -0.451
RZFHE GR 0.159  -0.338 -0.069
R RL 0.121 0.439 -0.052
RHFH GE 0.070 0.077 0.806
R Eigenvalue 2.562 1.498 1.068
Tk Contribution rate/% 42.708 24.967 17.800
E SIS 42.708  67.675 85.475
Cumulative contribution rate/%
AT AU HE Factor weight(w) 0.500 0.292 0.208

2 AN TR TTER RN 24.967% , K 1 7 R ECH
R 5 3 AN T TTER RN 17.800% , K 5
APLRE RBE R RS E. 3 TR vk
HIEF| 85.475% , F I H & AR I A R B K
IR RN E S H T 3D ERS AR
R

7:=0.223X,+0.173X,+0.166.X:+0.159.X,+0.12 1. X;+
0.070X;:

72=0.142X,-0.316X,+0.110X,-0.338X,+0.439.X:+
0.077Xe:

Z:=0.097.X,+0.082X,-0.451.X;-0.069.X,-0.052.Xs+
0.806X;.

T XX 737 27 B R V% T FE 3L
KRB R F R MK R ERPLRE R
25 HIXMROEERBETEN
251 REMEEMEDHERF HETHHTFHEALR
i, R B0 S 8 oR 0, TH RO & R U
HE SUNPL R E B (D). % 6 Fix,D i

KL BT FPEBR R , 1385 7T R00P A i
PR

HZ% 6 Al %, fEal 5 A D {EAE 0.193~0.795, *F
YIE R 0.496, % 55 RN 30.531%. R4E D {E X
BT A AT LR, P BRI R A AR
20 5 (200 R [ F- 3 (10) 7k B C1(18) L BT
1L BA6), P 511 55 1 5 A A 2006 837 (21D A %E
HL208(26) . 5 UE P T 1% B (DO HEJF (1) AT
P, AREFLSIN T 2B 55 R E(CDO) 5 il it 5
R WDO #ATH B 0 M. & P CDC 5
WDC ¥JE 5 5108 1.300 Al 1.231, 748 5 R %0559 0
19.207% 1 17.551% , HHE P 4R 5 D HIEAR —
;. FHRME T —PIUESE,CDCWWDC 5 D =3
2 B ¥ 5 A% 55 2 IE A 9% (P<0.01) , A 9% R E04r il oA
0.914(CDC 5 D).0.987(CDC 5 WDC) }% 0.887(D
5 WDC), JL[FIGUE T D B F &5 5 AR
252 REXIKESH HET A, BN
DC Fl D Z [A] B )RR FEMR KON T i R 3 238 AR
REFFGEL R ZFH IE TIHRHL

AN, Z 5 kR DC 5 WDC 2 [8] () %5 Y F2
WO R ZF 2 R R A B = I I HR L K
5 R THEAR DC A D R R B A — 3.
253 RESA UL D E AKX BT % B K AR
JRIEAT R T, TE R IR B 10 A 57 AR,
NS B 2) . SN YT S, 045 5
KA 20 5 200 A T 5= (10D, 3 2 A, s
7.14% ; FENGARPTR AL R, AFE KA C118)
ML BUOEE 8 A4, (A1 28.57%: BRI H
HEEPTR FR, BLE SE A 209(28) W KA 2 5 (2)%%
6 A, B ELT 21.43% s STV T FEUBR AL Fh,
AL HARL 68(23) HHH 207(25)% 10 4, (5 BE K
35.71%; SV I AT AR BURAL G b, L FE 2147 837
QDFIZERL 208(26) , 4 2 AN, 5 EEUT) 7.14%.

<151 -



X B B 50 it [ §39%

#*6 HWHBARMMERBMEITNIMEBRZ(CDO) MM BEARB(WDCO) MR ESE D)
Table 6 CDC-value, WDC-value, and D-value of drought resistance evaluation in tested hot pepper

%5 K& B4 Subordinate function value D 7 CDC HE7 WDC H7
No. ul u2 u3 P D rank epe CDC rank Whe WDC rank
20 0.845 0.634 0.903 0.795 1 1.806 3 1.684 1
10 0.626 0.949 0.971 0.792 2 1.660 5 1.508 4
18 1.000 0.641 0.000 0.687 3 1.684 2 1.594 3
16 0.380 0.946 1.000 0.674 4 1.414 12 1.252 11
15 0.990 0.238 0.517 0.672 5 1.749 1 1.643 2
7 0.598 0.722 0.479 0.609 6 1.437 8 1.394 7
12 0.576 1.000 0.141 0.609 7 1.327 6 1.199 14
6 0.553 0.537 0.816 0.603 8 1.485 10 1.404 6
1 0.584 0.637 0.571 0.597 9 1.433 9 1.374 8
8 0.379 0.802 0.722 0.574 10 1323 13 1.243 12
27 0.702 0.105 0.740 0.536 11 1.524 28 1.444 5
17 0.375 0.526 0.935 0.535 12 1.316 16 1.203 13
2 0.292 0.899 0.403 0.493 13 1.114 15 1.041 24
9 0.380 0.440 0.833 0.492 14 1.283 22 1.194 15
24 0.734 0.017 0.527 0.481 15 1.503 25 1318 9
3 0.317 0.614 0.617 0.466 16 1.192 17 1.154 17
25 0.563 0.000 0.668 0.420 17 1.353 4 1.284 10
14 0.414 0.347 0.525 0.418 18 1216 14 1.189 16
23 0.339 0.582 0.269 0.395 19 1.092 20 1.081 21
19 0.371 0.213 0.675 0.388 20 1.211 19 1.152 18
22 0312 0.522 0.312 0.373 21 1.077 21 1.066 22
11 0.351 0.298 0.533 0.373 22 1.145 18 1.118 19
4 0.266 0.393 0.601 0.373 23 1.076 24 1.034 25
13 0.329 0.213 0.678 0.368 24 1.173 23 1.115 20
28 0.286 0.461 0.394 0.360 25 1.050 7 1.046 23
5 0.259 0.367 0.448 0.330 26 1.028 26 1.021 16
21 0.187 0.369 0.338 0.271 27 0.943 27 0.939 27
26 0.000 0.331 0.462 0.193 28 0.790 11 0.772 28
P8 Average 0.496 1.300 1.231
55 R EL CVI% 30.531 19.207 17.551

*7 HIXAXMMEEIERR DC 5 D #1 WDC KX EKE R &R E
Table 7 Correlation degree between DC of all indexes and D together with WDC and indexes weight
in tested hot pepper

D 5 DC IR H WDC 5 DC KIEHR L 7.

fjjx Correlation coefficient ;1 il:rf giﬁ s Correlation coefficient y, of ; ?:i
yiof D and DC WDC and DC

Wi SH 0.698 1 0.178 0.721 4

R GR 0.695 2 0.183 0.769 1

MK RL 0.613 3 0.172 0.765 2

REFFEH GI 0.596 4 0.170 0.761 3

KHH GE 0.551 5 0.150 0.649 6

&1 H VI 0.520 6 0.147 0.656 5

2.6 IRIEFREITHIE 0.14553% JJHRH+0.094x K 2 #H+0.176 KD . %

WL IR B o, Gk R B R RS BRI AR L B 2 (P=0.000<0.05) H ML & L = (R=
R 3 NG R bR, JF LB FE =-0.107+  0.992), R B TE J7 a4 K 2F A FIRR KT D3 A A e
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