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Effects of drought stress and rehydration on the morphology and physio-
logical characteristics of betel nut seedlings

QI Jin-cun, LIU Da-quan, LIU Hong, JIN Xin, CHEN Ming-wan, LYU Meng, YANG Fu-sun,
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Abstract: In this study, changes in morphological and physiological characteristics of betel nut seedlings during
drought stress and rehydration were investigated by using potting water control method to evaluate the effects of drought stress
and rehydration on betel nut seedlings. Normal watering was used as the control (CK) and the drought time was set to 5 d, 10

d, 15d, 20 d, 25 d, and 30 d. Rewatering was performed immediately after sampling at each drought time node, and sam-

pling was performed on 1 d, 4 d, and 7 d after rewatering,

S B #8: 2023-08-05 respectively. The results showed that the root-crown ratio of
EETIE. W8 R (M) AR I Rk ES B betel nut seedlings increased after drought. After rewater-
(HNARS-1-G3) ing, the root-crown ratio did not return to the CK level ex-
TEBREN RS AE(1998-) , 5 Hilva B, B -H 058 A4, BF5E 7 1) cept for the 5 d drought treatment. The water content of
G VR W) 660 1 SO B . (E-mail ) 1186009250 @ qq. roots, stems, leaves and seed kernels, net photosynthetic
com rate (A), transpiration rate (E) , intercellular CO, concen-

BIEE . 2252, (E-mail) lichangzhen029@ 163.com tration (C;) and stomatal conductance (G_) showed de-
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creasing trends with the extension of drought time. The water content of roots, stems, leaves and seed kernels, as well as A,
E, C; and G, reached the minimum at 30 d of drought stress, decreasing by 21.87%, 28.97%, 75.01%, 34.24% , 100. 00% ,

92.64% , 75.05% and 95.70% , respectively, compared with CK. The water content of roots, stems, leaves and seed kernels,

and A, E, C; and G, all recovered significantly after rewatering before 20 days of drought, but the recovery effect was not ob-

vious at 25 days of drought. Peroxidase ( POD) activity showed a trend of increasing first, then decreasing and then increas-

ing, while catalase ( CAT) activity, superoxide dismutase (SOD) activity and malondialdehyde (MDA) content increased

first and then decreased with the extension of drought time. The activity of SOD reached the maximum at 10 d of drought, in-

creasing by 9.48% compared with that in CK. The activities of CAT and POD reached the maximun at 15 d of drought, in-

creasing by 317.99% and 44.88%, respectively, compared with CK. The content of MDA reached the highest at 25 d of

drought, which increased by 59.99% compared with CK. In summary, the longest drought time for betel nut seedlings to main-

tain normal growth was 20 days. When the continuous drought exceeded 20 days, it would cause irreversible damage to betel

nut seedlings. Therefore, betel nut seedlings must be irrigated within 20 days of continuous drought.
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Fig.1 Effects of drought stress and rehydration treatment on

soil moisture content
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Fig.2 Effects of drought stress and rehydration treatments on water content in different organs of betel nut seedlings
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Table 1 Effects of drought stress and rehydration treatment on the root-shoot ratio of betel nut seedlings

) HLIH L
TEAEA] (d)
it R T REEHRA K 1d HK4ad K Td

5 0.59+0.03bc 0.67+0.02a 0.64+0.03ab 0.66+0.02a 0.57+0.02¢
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Fig.3 Effects of drought stress and rehydration treatment on the chlorophyll content of betel nut seedlings
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Fig.4 Effects of drought stress and rehydration treatment on photosynthesis of betel nut seedlings
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Fig.5 Effects of drought stress and rehydration treatment on the antioxidant enzyme activity of betel nut seedlings
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Fig.6 Effects of drought stress and rehydration treatment on malondialdehyde content and proline content in betel nut seedlings
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Table 2 Pearson correlation analysis between drought stress duration and morphological and physiological characteristics of betel nut seedlings

SRR 5K i 5 B I 18] A BEPK A

Jifare]

—
g gy BEOEE G REA RNE a A ) AL e s ebegoseansare SR we e
: iR KR KR KR Aok AR ER (ZU*Z“* SE KA KB MR M AWM Y o W

152

Mt 1.000

HEKsE -0.858* 1.000

kR -079 0936 1.000

Mgk 0771 0.881*F 0.983™ 1.000

ks -0906% 0991 0.937* 0.900* 1.000

+HEE K -0761  0916% 0749 0654 088 * 1.000

%

LA H -0743 0905 0726 0631 0.875° 0998 1.000

FEHEE -0732 0880* 0680 0609 0864 0965 0.976* 1.000

Mila] CO, -0755 0.880* 0.698 0649 0881* 0.857* 0.872* 0934* 1.000

B

SFLE -0600 08717 0657 0563 0.839* 0975™ 0.985™ 0.989* 0916 1.000

M4 A 055 0109 -0232 -0297 -0213 0089 0.124 0.141 0051 0208 1.000

MEEB 0479 -0538 —02890 —0277 -0558 —0.602 —0.639 —0.784 —0.865*-0741 —0.183  1.000

4 M 0185 0239 0110 0201 -0215 -049%4 -0535 0621 —-0.603 -0648 -0406 0.803 1.000

i

K N 0742 -0753 0848 -0.824*-0.766 —0473 —-0441 -0374 —0515 -0380 0480 0080 —0241 1.000

ES

FEALE -0578 0171 0311 03%4 0279 -0083 -0.115 -0.109 0032 -0.186 —-0981* 0.103 0422 -0554 1.000

fif

ALY -0.172 -0302 —0291 0289 —0233 0347 —0370 -0410 -0331 -0409 -0.776 032 0163 —-0.127 0688 1.000

fit§

BEALY -0372 0408 0499 0620 0475 0133 0143 0288 0499 0.8 -0.198 -0507 0088 -0388 0371 -0311 1000

Ak

W 0698 —0818°—0.888*~0.829*~0799 —-0.603 —0.571 -0472 -0545 0504 0279 0064 -0177 09610336 0042 -0250 1.000

JZE 0765 —0.881 “—0.985"-0.992*-0.895*-0.634 —0.609 -0579 -0.646 -0.545 0305 0250 —0211 0.881*-0405 0247 -059 0.883* 1.000

* A IEORIAE] 005 /KT 001 BB K

32 FEBMER SRR A B £ IR SO, S K S AT ARSI 11 BRI R CK KT

e (ELRIT T RS 2 S22 AR £ >, HE T

321 FEMABIAAEIN GRS TARAHE ORI XD ERERRIC R G A b T3

AegFra MR CETEH LT, FEGRER
WRLE R E DRI EIVER | ANBFT LB, B
FEAIHE)AYAE R | Chl.a ,Chl.b Car. il TChL & H7ET 5 5
d 10 d.15 d #120 d 4 a2 SRR, KA
SR (525 d A130 d Z/KJ5 Chla Chlb Car il
TChL. F it R N FIRES, X 5 Simkin 80P 5745 R —
2, SRR TR i XA MBI v AR 2R B

SEUIREZ IR, JCIEAE RN TR IR ™[RI 21
SRR R RS T TR AT AR 5
SRR A 2R 2K i A, AR R A M
FIEARB

VIR ER Y A KA T R A A
(AR AL ARBSEAE R RN T R E 20 d
J5 MBI A E C, B G, Y02 TR FFTERDK I HD



AP T S0 B ORI T 25 A AR PR 5 i) 623

PO, HRRAET, TREVIH T ¢, B,
G, WHRBER A 2R BSR4 2R 454
FIATH B ERIR, AR R @ AL
DK AR IR A TR B2 AFLRRE, T8 25
d, BERHHESALR R B A TR FZE R R R | fEp4)
BRE F SR E SRR KT X505 A
L T3 A TR K G Y R i
I, AR A b R b O % s T B T 5HhA T
T EE 2 B A LRE O 4852 31— B P
N KIS UBRGI A R O ROR A, 25 bR T
PR FNEH AR
322 FFW0 R K IALE ) W B BACHE P R
PrAE BRI BT A O E B, Y
Vs BEREY R R WA T, 23 1o MO R MR s AR
YIRF B  AEABITE AR B T S
AR AEER:  BUA ARG PR SR L R ST R R s,
Hrp AET5 15 d B EeymFnt S L SR A 2
RAE, TR EAAE AR HEET-5 10 d B3
KAE, XSS By AP EEAR A A A 5T
SER—3; Wang ™ AERTAIQS TS0 R T 2440
Mg, BTSRRI T MRS P REE 5 I AT
Wt ORI MR E SRR AT i 7 A S 2
KIEBRIARN T H,0, By M GEm i, —ok
Ut R TR R KRR BEH RS (A 2 2
TRWHanT 2RSS R, S80S
TR, EOKIE TG B CK 7K
323 T FARAR I KA R B I R R e
89 MDA SRR ALz — , Bz
JEIRE RS 47T SR AR i Ly X} PRIt B 17 = A= 1)
H FH3EFT H, 0, ,(HBEF il i B 2, B o A4k
PrE IR U AR & s D B MDA E i,
BT MDA AP BTt i) — AN B R AR A5
H MDA bl T S R A A S Sk = S R AR
PR FE T 20 d Ti4S T 5AE ]9 5 MDA a3 n
AL BET5A25 d F130 d MDA & 334, HiE
KA TR CK A, SRR A LR 45 A
15, X G HNIS AR ARE T R i R R I 45—
O XIS R T T T RO St & R,
MDA i 5T S B IR 2 IEAR DG OC R, X2
S5 ick = RS 5oy || e o) SR NS SR T R e 53Ry
FRAG, FEGHTE O, 7 A NI B 22 [a] i A e e IR, DT
JINEE T MDA fIFRLZR 24 MDA 5 Silfid— e B, 251

FAEATET AN KT R A AR, DE i
MEpRERRAIT T R TEF A

Pro HA 2K, AT LB 1E 2044 A R K 0 Bk
YR EUA R, Pro BEASIEEEIE N, AT Bh4H
NS i PRk 23, B L PG K T R L
HERRE . AT R Pro 7 SR
AIGE R BT e, XSl AT N 2R
SR BRARLTAR AR A5 BRI AR

4 45 ie

TEMiE 20 d A, B RSB 25 B S K
TR, BUEALBEE PEFIARE L TR, MDA Pro & 4
FIOGE 1 25 45 b5 AL 72 7 18 5, O I A AR &) 5 A
SR IF R M B IR , A8 R OK i ml il g A R
AR AE T A H R 20 d ) RN AR
AR BIWIR , 45 A B S KBRS e, PUA L
Fil 2k 1% , MDA TERLHI A N B HERR , a1 2 5
R, TS B A AR R g B LA R ERS
BT SRR Tk A B IR RRAS . I, 4
R4 32 30T 5 20 d NI S OK 7 04y
M AR T R AET

S
[

1ok RO, T, S, AR ST WDR204 D IR AR Y
FEMAL ], R, 2019,47(1) :96-98,114.

[2] JALEEL C A, GOPI R, SANKAR B, et al. Differential responses
in water use efficiency in two varieties of Catharanthus roseus under
drought stress[ J]. Comptes Rendus Biologies,2008,331( 1) ;42-
47.

[3] E 2,780k BRI REMRNAERIZEN 15 K% K R
[J]. PimEgARlr 4] ,2022,35(8) - 1794-1801.

(4] SkWIEE frhatin, 28 M2, %6, SN RS T B Wha X4 K
IR 4 A SRRSO [ T] . KRR, 2020,39(5) < 742-
750.

[5] DONG S K, JIANG Y Z, DONG Y C, et al. A study on soybean
responses to drought stress and rehydration [ J]. Saudi Journal of
Biological Sciences,2019,26(8) :2006-2017.

(6]  JAWRHR, M, & B, 55, T 50 B2 Kour g 2k
BURFPERY WA [T, WiV S22441,2019,36(4) :687-696.

[7] FURLAN A, BIANUCCI E, TORDABLE M D C, et al. Dynamic
responses of photosynthesis and the antioxidant system during a
drought and rehydration cycle in peanut plants[ J]. Funct Plant Bi-
0l,2016,43(4) :337-345.

[8] CHAKHCHAR A, LAMAOUI M, AISSAM S, et al. Differential

physiological and antioxidative responses to drought stress and re-



624

FAND N S| A=

2024 4E 5 40 & B4 )

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

covery among four contrasting Argania spinosa ecotypes [ J]. ]
Plant Interactions,2016,11(1) :1-33.

%M, FBERRR,E W, % TRE KBS RILEE R
GAEMERAEmM]]. TRR4,2023,41(2) :207-214.

T ARAEYH . R M. oo Bl
1977:169-170.

WA VSR PMVERIE A, AR B X R A 4 i A
AEACREERZ IR [ ], PR AR 242 ,2010,23(3) :832-835.

B fk. 3K A a XA AR A A B AR S AR I [ D ]
15 H R KA, 2010.

TFEMRZE , MR, AT, 45, R A HHE XL I &
FAE PR R [ 1], 2 F R F,2022,20(16) - 5553-
5563.

Tewe, X B, e - LB, L Y A SRR S
[M]. dbxt. R ER Y EE 2014 . 14-15.

CLARIDGE K, FRANKLIN S B. Compensation and plasticity in
an invasive plant species[ J |. Biological Invasions,2002,4(4):
339-347.

LRV ITIE R < g S L e 3 € 1) 1R RAR Lo it Pa o
BB [T]. KA FEE R, 2015,35(6) : 106-
109.
ZESr 2R B RN, . K ERE SRS TR RIE A S
IR sEm ()], P EY 244k ,2011,32(11) :2016-2019.

T 2 k. BRI A K R A K )i
[J]. PR 274,2022,35(8) : 1794-1801.

R RS, TR R TR TR EERRIEA
R SRR R R [T]. AR, 2010, 30(19) :5140-
5150.

FEPUBE B T, SR 22T, . PR ASRE AT B B R A
K rrgm 1], 7K HERE,2022(3) :75-81,91.

FA RS 25 E AR TREESPHaX 8 NEIEE
T R R AR AR BREAE AR [ 1], FHh 2%, 2022,30( 11) ¢
2967-2974.

WA aril, g B S A AR RO R SRR
TR KR T]. TRXAFST,2021,38(2) :469-478.
A, BRET Rk, 45, BRI E T ke Xt 2K R 2
KOCEFHES R[], fEY 2=, 2023,49(5) : 1397-
1409.

[24]

[25]

[26]

[27]

[28]

[29]

[33]

[34]

[35]

[36]

[37]

[38]

SIMKIN A J, KAPOOR L, DOSS C G P, et al. The role of photo-
synthesis-related pigments in light harvesting, photoprotection,
and enhancement of photosynthetic yield in planta[ J]. Photosyn-
thesis Research,2022,152.23-42.
W BN, K ML AR R OL A R v B
GRWILI]. 2 THEE R, 2022,20(9) :3091-3101.
XIRH EFRIE 822 A5, B SR P = R R kA )
JCEFHER E AR ]. R ARE, 2020,39(12) : 4098-
4109.
BRI, W AR, AR, TR TR A A X AR
PEROLA AR RFELT]. AES4R,2016,36( 1) :3429-3440.
WPHE, W5k, TR E TOLAE A i <AL 5 < ALBR
(1], a4, 2005 (4) :80-85.
DA, DT IR A, BT R SR R ARG AR
AR ARAELT] . S, 2014,38(7) :729-739.
AT, ZRARHT, T AR, A5, ASTR] T SR8 X A0 R i R g il
WPERYE ML T]. sPEMER,2009,30(5) :10-13.
XIHEAG, B L0 R, PR R Y BT IE P A AR AL oY kR
[1]. P54, 2015,31(22) :46-50.
WANG M J, LIANG W W, FAN L L, et al. Physiological re-
sponse of Vitis amurensis Rupr. Seedlings to drought stress and re-
watering [ J ]. IOP Conference Series; Earth and Environmental
Science ,2021,697( 1) :012032.
DONG S K, JIANG Y Z, DONG Y C, et al. A study on soybean
responses to drought stress and rehydration [ J]. Saudi Journal of
Biological Sciences,2019,26(8) :2006-2017.
LG, WISBE, E TR, 5F. T 5 E B S K AR A 4 i AR B
R [ )], SRR R 2020, 48(21) :137-139,150.
XVEHT, £ 8%, BB KA e X 8 15 0 5 15 8 1 4 T
FAREAMBIPEHEYER IR [J]. Bl R ,2005(3) :18-21.
SRR 4, B30, 4. M sy F LRI ST BE [T ]
Pl RS2 4 ( A ARIERR) ,2006(2) £ 169-176.
MR IE TR, AR T R A Xt T B SRR R A
fIE S5 AL A SRR A SR [ )], Bk 244z, 2022,31(2) 1 203-
212.
WRAREL, R 23, 22K 4, 25 1 I X 0] 6 28 46 A AR P 1Y
ST, ARERO AR ,2021,36(5) :532-541.

(WAL 4 /L)





