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Correlation Analysis of Drought Resistance and Morphological and
Biochemical I ndexes of Pepper at Seedling Stage
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Abstract: It was aimed to screen drought-resistant pepper varieties and clarify the correlation between drought resis-
tance at the seedling stage and key morphological and biochemical indicators. Eight pepper inbred lines were selected
for the study. The experiment adopted a pot-based natural drought treatment method, and the drought resistance of the
lines was ranked using the membership function value analysis method. The order of drought resistance was as follows:
4-1>163-2 UP>112 D>10-2 UP>134 UP>34>158 D>115 D. Through correlation analysis between drought resistance at
the seedling stage and key morphological and biochemical indicators, it was found that the order of correlation between
morphological indicators and seedling drought resistance was aboveground-to-underground area ratio>aboveground
area>root system area>leaf area>main root length, aboveground to-underground area ratio showed a significant negative
correlation with drought resistance at the seedling stage, with a correlation coefficient of —0.625. The order of correlation
between biochemical indicators and seedling drought resistance was peroxidase (POD)>proline (PRO)> malondial dehyde
(MDA)>superoxide dismutase (SOD), peroxidase and proline exhibit significant correlations with drought resistance at the
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seedling stage, with correlation coefficients of 0.675 and —0.638, respectively. The results would lay a foundation for
gradually improving the establishment of a drought resistance screening system for peppers and further enable the
large-scale screening of resistant pepper varieties using phenomics, and provide new insights for breeding drought-resi stant
pepper varieties and hold significant importance for promoting the sustainable development of the pepper industry.
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Fig. 1 Morphological phenotype of chili peppers
under well-watered
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Tab.1 Morphological parameters of chili peppers under well-watered

15 7 ot o E B R o LAPAG F I o
Inbred line Leaf area average/cm®  Aboveground area/cm? Root area/cm? ar ea/ung\éfgrrgljjrr: d area Ienag;rh(;gm
4-1 6.09 945.85 1441.15 0.66 9.21
163-2 UP 9.40 1702.61 1894.07 0.90 13.03
112D 16.46 2666.76 1505.31 1.77 5.86
10-2 UP 9.23 2273.97 1746.69 1.30 6.96
134 UP 12.53 2038.85 2046.65 1.00 9.65
34 6.58 707.74 492.34 1.44 12.44
158 D 4.74 3018.03 2142.54 1.41 5.53
115D 13.88 3552.21 1352.37 2.63 10.20

T WA BRI WA, b AR 40 T

Note: The root system areais arelative area, the shoot areais an absolute area.
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Fig. 2 Morphological phenotype of chili peppers under hydration and rehydration
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A: Schematic diagram of leaf angle measurement. The red section on the left represents the leaf-stem angle before dehydration, while the red
section on the right represents the leaf-stem angle on the 11" day after dehydration;
B: Differences in the |eaf-stem angle of peppers before and on the 11" day after dehydration.
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Fig. 3 Comparison of |eaf-stem angles of pepper before and after dehydration
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Fig. 4 Comparison of pepper leaf wilting before and after dehydration
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Tab. 2 Membership function values of comprehensive drought resistance indices for tested chilli peppers

sk J8 R 8 Membership function value

Inﬁréfne T AR L R Fr R S LB AHXS B K & SOKAE TR ¥
Ratio of leaf area Ratio of leaf angle RWC Rehydration survival rate Average
4-1 0.90 0.97 1.00 1.00 0.97
163-2 UP 1.00 1.00 0.83 1.00 0.96
112D 0.99 0.79 0.55 1.00 0.83
10-2 UP 0.81 0.81 0.80 0.80 0.81
134 UP 0.42 0.47 0.64 0.00 0.38
34 0.20 0.37 0.27 0.00 0.21
158 D 0.15 0.34 0.11 0.00 0.15
115D 0.00 0.00 0.00 0.00 0.00
#3 MRERBRBENESEERSERM B, —Je . RS SR AR S R
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value and main morphology and biochemistry indicators FEbriE S i U T pe vk . T ik
o PSP REE——— BT 8 B A A RAE IR R, WL 4
Index Average of membership function value AR TBEAT, FREE REUE B e b 2
EMT ~0625 HEATHERE . 4-1>163-2 UP>112 D>10-2 UP>134
S EER ~0411 UP>34>158 D>115 D, HIXPEMT&EM, B4
AR TR 0.198

PR LR SCIBBEAR U - 3 1 3t T i B L (B>

A o o T R TR T B> AR 2 A4
oD 0.675 ICHK B 3k S AL W > il 2 BR > TN I > A Ak
PRO 0638 B AbEE . BT LaREE R, B KRB AR
MDA ~0.314 AR T M AR, AT AR AR N e
SoD 0.243 N E A A B A, AR R A A
e CFORBEME (P<0.05), A FE bR AT DL 25 OGS A il O P I 2 R
Note: ~ indicates significant correlation (P<0.05). =8 Ziiﬁﬁ% %%?ﬂﬂ‘ﬂ*ﬁ%ﬁﬁ?lﬁﬁ@%\ j(ﬂ”jfﬁ

e HTPE G R B S ml, AR B PR AR AL

3 itig Jgi o

AP B Ak T BT R A 2 A ] FEASRF, AP — RPN



1900 o AE A F AR

% 46 &

A= Ak T 3 PR AR X BT e, iR A
B IEw KB B R T A B T EE
NP B A B R, K S N T AT RE % 1k
( escape ). #fa (avoidance) ¥ fif3Z ( tolerance)
FEi0 . He, @ (avoidance) $8§HYJETE +
BB K B AIRET R I R AR 55 R 4 2 K
KB 1RGP, ST L g 4% S
PERSEI, AL HE e /MK 3458 2 AR A 7K 43 Wl
4128 RS I S oK R0k HEA T R
GEILRW . AR 4-1L PR TR, M HK AR
115 D WP F e . X 2 N HZRIES
FERRER ST, AR &L ATA KT AR
% 115D, M EEAI/NFHA R 115 D, H=
R S AR R R ELAE AR 25 0K X T A
AR 4- LR AL B &k, AXXHR 115 D
B R R AR, LA, AR 4119
MR R IK AW CRE T BT 58 5 1 38 R 115 D 25 [ 1
R K, KRB 2, 358k g 25 PY g
FER—F,

PR WP R S R R L
TG, B -3 HOAR R & ik i, S 1
MPTRRE 122, X5 EMEY AR, WRK
A LU G 3 1 T SRR B A, R,
Wi RPE S ARG R, HR A SE,
T LR R, BRI R . SRR
R SCPE T TH, TIPTS5 AR R 1 R G A
m HRIEMHX, B FREMMEER2ZE, X5
DEAK 45 PO fF 5 v % B E MR AR 22 T Wt 3
M, AR A= 4 BH 32 BRI A 25 R — 3, UEEHAR
RMIE, BMUGPTREGE  teAh, AL
R T A DM E R 25, X ATREEH T
IS 1. 2 F BT R S (AR A B A FE R
fEEiR2s, NEAMREE,

[V =7 DI G i Y ) B N W e PA R LA R 1
(L AR S N 1 A ) S 3P S T = K 19
VIG5 B IR . N TS R A AR
IR E—HE LT ERSUE TR S, m
AR T R R AN F 2 SR,
AN B a7 B AR BT ST % e s 2 7 5 ) o
()& RPN MR LB T o [, a5k
TEAEARI S AR, IR AR T A 8 AR 4T T 2
Ak, AT AE XS B T R 5 A e A Akt
PR A BT R, TIPTS5 45 AR Ak Fe b
AR DI S 3k 4 A > il 20 1 > TR — i >t

EACYEALHE, o HA o S A S 2R S
HHR I MG, X 52 S P I e 45
K=, N5 H SIS 3 R T Y ok e
AP RIS %

2% b TR BB X K o3 10 A5 SRR 1
Yy, TR EPIHAER . RS,
[INER TR0 I SN U E /IRl d R S
B, AT Z RO e TR o A ST AU S
S BAAIRARA T, BFFEAUT I 25 S A 2
EiRARSEIERINE S DS N s 2| ESE AN 1 PN S (=3 T
MR R i BB I 5 i S B AR, 18
LR HMPT IR R, St — 2P SR R
T2 R s 306 AR BT A it o B A

BEAh, AT B P BUBE ], AR R
PR AE A R R, TR AR S R X 1 52 3 5 i
EHF KBTI NI, (GE w9 ot 5e ) g
TGk A T VA BIOAR it o A A A 9 e b
e TEZIEHBRFEH, DX B 2 A 5 Br BT
LRAWEIT, KT STIE R B BUR 0 A A F I
FRIEITAEL R, TRAIRIEA R A 5 WA+
S g AL, LA R4S A T WP R AR AR Z 1]
O SCHRAE DA TR A S B 22 AT Y BT - R 2o
K& JFEH TR B> TAPIHOR,, kA
g AP, 2 S5PUR RO S
PRI R 265, 4l 25 DN 2 3 B0 o0 1B i
B4 F B, SCBUXPATR r THLH A TR A
SR, DB it b A 1 7 AR

S 3Tk

[1] JAGERMEYR J, MULLER C, RUANEA C, CASTILLOO.
Climate impacts on global agriculture emerge earlier in new
generation of climate and crop modelg[J]. Nature Food, 2021,
2(11): 873-885.

[2] VADEZ V, GRONDIN A, CHENU K, HENRY A. Crop
traits and production under drought[J]. Nature Reviews Earth
& Environment, 2024, 5(3): 211-225.

[3] DAI A. Increasing drought under global warming in obser-
vations and models[J]. Nature Climate Change, 2013, 3(1):
52-58.

[4 AULT T R. On the essentials of drought in a changing cli-
mate[J]. Science, 2020, 368(6488): 256-260.

[5] FANG Y, XIONG L. Genera mechanisms of drought re-
sponse and their application in drought resistance improve-
ment in plantgJ]. Cellular and Molecular Life Sciences,



i 8 10

H A

R R R DI

Je HE AR FE AR 0 AR SR A BT 1901

(6]

(7]

(8

(9]

[10]

(11]

[12]

[13]

2015, 72: 673-689.

ARERE, Ab, B, BAMSC, TRR, R, KT, I
J7. EBHGE L S R SR 40 A WS RER ). W2
i, 2025, 52(1): 247-258.

Z0OU X X, YANG S, DAI X Z, HU B W, XU H, ZHU F,
PEI SY, YUAN F. The rapid development of China's chili
pepper industry over the past 40 years[J]. Acta Horticulturae
Sinica, 2025, 52(1): 247-258. (in Chinese)

e, Ehes, KBS, WL, B, RmRIE, B
B R S T DX ST 5 ABURE ZK R AIE B 7= ki X 7K
SRR AR HEMEHE/K 274, 2021, 40(11): 1-8.

MA'Y X, WANG X W, ZHANG Y X, KUAI JL, KANG E
X, ZHANG JF, CHEN JR. The impacts of controlled irriga-
tion on water consumption, yield and fruit quality of sub-

strate-cultivated pepper (Capsicum annuum) in gobi desert[J].

Journal of Irrigation and Drainage, 2021, 40(11): 1-8. (in
Chinese)
EEE, Bk, DER, WK, WEAR. T 55X A
KA. WR AR, 2023, 24(2): 29-33.
LYU X Y,ZHAOL,MA Y S, JEHD, JEY C. Effect of
drought on growth and yield of pepper[J]. Agricultural Sci-
ence & Technology, 2023, 24(2): 29-33. (in Chinese)
ARAERE, ARIL. BUUE A T AR S AR ISR (). W
Ak KA 2= (H ERRHA M), 2020, 46(6): 629-640.

ZOU X X, ZHU F. The path of pepper introduction into
China and its spreading route in China[J]. Journal of Hunan
Agricultural University (Natural Sciences), 2020, 46(6):
629-640. (in Chinese)

MARDANI S, TABATABAEI S H, PESSARAKLI M,
ZAREABYANEH H. Physiological responses of pepper
plant (Capsicum annuum L.) to drought stress[J]. Journa of
Plant Nutrition, 2017, 40(10): 1453-1464.
LOPEZ-SERRANO L, CANET-SANCHIS G, VULETIN
SELAK G, SAN BAUTISTA B. Pepper rootstock and scion
physiologica responses under drought stress[J]. Frontiers in
Plant Science, 2019, 10: 12-15.

M, L, £ ARIPRAXTEYA KA F m
KAa B L gRR ). aRLFHY, 2024, 52(19):
15-24.

CHEN C, YANG K B, WANG K P. Effects of different
stresses on plant growth and development and mechanisms
of plant stress resistance: a review[J]. Jiangsu Agricultural
Sciences, 2024, 52(19): 15-24. (in Chinese)

WA, HERE, WAL, g, sKEE. T Es
%*ﬁ%ﬂ@é%ﬁﬂé&ﬂ“‘“ﬁﬁfﬂﬁ“ﬁE’J% P ST
WY EFh, 2024, 22(14): 4692-4699.

SHEN N H, JANGST,GU CH, YANGL Y, ZHANG G Z.

Comprehensive evaluation of sat tolerance in Cuphea hook-

(14]

[15]

[16]

(17]

(18]

(19]

eriana based on principal component analysis and pathway
analysis[J]. Molecular Plant Breeding, 2024, 22(14): 4692-
4699. (in Chinese)

B, TGERR, MR, XRIE, shoRM, FOrR, £,
XLLER, REERE. FEARPUEAOCHR I AR ILH 534 Sk
FERA TP EIEEN R[], P E IR, 2024,
40(35): 6-13.

WEI F, WEI X Y, SUN P, LIU JH, SHI D K, LI FJ,
WANG R P, LIU H Y, SONG B B. Heterosis analysis of
lodging resistance related traits and lodging resistance
evaluation based on principa component analysis in
maize[J]. Chinese Agricultural Science Bulletin, 2024,
40(35): 6-13. (in Chinese)

XWGEESR, JRIMERE, W4, TI, T4, 280 A BsT
PR S FEAR 2RI SCHES B[, T E
ff, 2023: 1-12. [2023-07-17][2025-03-03]. http://kns.cnki.
net/kems/detail/46.1068.S.20230717.1419.010.html.
LIUGQ, ZHOU H N, PANJQ, WAN B, YU T. Correlation
of disease resistance and main agronomic characters of 28
potato landraces[J]. Molecular Plant Breeding, 2023: 1-12.
[2023-07-17][2025-03-03]. http://kns.cnki.net/kcms/detail/46.
1068.S.20230717.1419.010.html. (in Chinese)

VFIREE, REFZR, HAH, FIE, EKH, %, 247K,
D, AT SR R Bk 1 TR I R TG 3 I 25 T
Hr1d. P EJREE, 2024, 37(9): 59-65.
XULT,ZHU X R, TIAN Y L, MENG Y, WANG Y C,
WEN Y J, JANG C Y, SHI H B. Comprehensive evaluation
of facility melon compound substrate basedon membership
function method[J]. China Cucurbits and Vegetables, 2024,
37(9): 59-65. (in Chinese)
B, B, R, MEE, /K52, R, BERL 8
31T SR 0 B S A B A AR R A M ). a(@
K 24R, 2025, 43(1): 39-46.
ZHAO W, ZHAOT, YUEY Q,SHANG G X,YU QL, XU
L, ZHAO Z G. Effect of drought stress at seedling stage on
the physiological and biochemical indicators of Brassica
napus L.[J]. Journal of Qingha University, 2025, 43(1):
39-46. (in Chinese)
Zh s, BAW, AL, £J5. T5WhHa SR8 m LR
Wi 7 K AH GRS BT[] TLaRAl AR, 2023, 51(24): 50-59.
LI X Y, LYU C N, WANG J, WANG F. Physiological re-
sponses and correlation analysis of potato under drought
stress]J]. Jiangsu Agricultural Sciences, 2023, 51(24): 50-59.
(in Chinese)

GH. MY A RA LI LR R [M]. dE st
0 AL, 2000.
LI H S. The experiment principle and technique on plant

physiology and biochemistry[M]. Beijing: Higher Education



1902 ol A B F IR 5 46 %
Press, 2000. (in Chinese). [27] =058, 00T, X\, EB, REk, B, B A
[20] Z=85 7, TREZE, EE. BRI SEE AR TS R EE bR Y HIEAS LA BA A b T 5 3E w2 ().
AEM]. dbmt: A Ell R M, 2006. Aefil R, 2025, 41(1): 69-75.
LI X X, ZHANG B X, SHEN D. Capsicum germplasm re- GUOH, LIGN, LIUT, WANG P, WEN PL, LAl M, LYU
sources description specification and data standard[M]. Bei- X N. Responses of morphological characteristics and
jing: China Agricultural Press, 2006. (in Chinese) physiological and biochemical index of marigold seedlings
[21] BOHNERT H J, NELSON D E, JENSEN R G. Adaptations to drought stresg[J]. Chinese Agricultural Science Bulletin,
to environmental stresses[J]. The Plant Cell, 1995, 7(7): 2025, 41(1): 69-75. (in Chinese)
1099-1111. (28] EH&, HF, ¥, WL - GRIT, Bl 10 AR
[22] LEVITT J. Responses of plants to environmental stresses{M]. AR 5 AR TR e 0 AR B B[ YOL). A TAE
New Y ork: Academic Press, 1975. YIEFh, 2023: 1-22. (2023-04-28)[2025-03-03]. http://kns.
[23] BASU S, RAMEGOWDA V, KUMAR A. Plant adaptation cnki.net/kems/detail /46.1068.S.20230428.0927.002.html.
to drought stress[J]. F1000Research, 2016, 5: 339-401. WANG S, MIAO Y, CHU R, BAOERHAN G, ZHOU L.
[24] Bk, EWM, B{HEH, PUANDE. FORAASH I B R Physiological responses to drought stress in leaves and roots
P E SN, LBl B, 2018, 46(9): 51-53. of 10 table grape varieties JOL]. Molecular Plant Breeding,
ZHAOY F,WANGY Q,JA X Y,ZHU L Y. Identification 2023: 1-22. (2023-04-28)[2025-03-03]. http://kns.cnki.net/
and evaluation on drought resistance of maize hybrids in kems/detail/46.1068.S.20230428.0927.002.html. (in Chinese)
seedling stage[J]. Journa of Anhui Agricultural Sciences, [29] Z=hkam, Jrslr, SOOFER - B4, e, Y. BATR

[25]

[26]

2018, 46(9): 51-53. (in Chinese)

REK. WETEEAE Y AAT IR . HisEARl, 2024(4):
36-37.

ZHU Y L. The wisdom of survival of desert plantsin Xinji-
ang[J]. Xinjiang Forestry, 2024(4): 36-37. (in Chinese)
DEAK K I, MALAMY J. Osmotic regulation of root system
architecture[J]. The Plant Journal, 2005, 43(1): 17-28.

I 300 % A N B 4y i A KR AR AR AL R AR R A ] b
7B, 2020(4): 80-86.

LILY,FANG Z Y, MAOLA A, ZHOU L, LU B. Effects
of natural drought stress on growth, physiological and bio-
chemical indexes of black fruit and red fruit Berberis seed-
lings[J]. Northern Horticulture, 2020(4): 80-86. (in Chi-
nese)



