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Previous drought alters physiological responses to subsequent drought stress in

peanut seedlings

QIN Feifei” , CI Dunwei
Shandong Peanut Research Institute, Qingdao 2661005 China

Abstract: A pot experiment was performed in a rain shelter. The aim of this study was to explore the possible physiological
responses or roles of pre-drought priming to/in damage alleviation of subsequent severe drought stress in peanut seedlings.
Three treatments were designed as follows: control (75% of field water capacity ), drought stress without pre-drought
treatment (D, 35%), and subsequent drought stress with pre-drought treatment (D,, 35%). Compared with the D
treatment, presdrought priming increased the leaf relative water content and reduced proline accumulation in the D,
treatment. when seedlings experienced subsequent drought stress. In addition, MDA and O-, contents and activities of
antioxidant enzymes: including superoxide dismutease ( SOD), catalase ( CAT), and peroxidase (POD) decreased in
response to_the D, treatment and recovered to the level of the control, or lower, following rewatering. Drought decreased
photosynthetic rate (P ), photosynthetic capacity (P.), and maximum quantum yield of PSII (Y, ). However, Py, P,
and ¥, in the D, treatment were higher than those in the D treatment when seedlings experienced a second drought stress.
The hysteresis area and hysteresis rate of leaf photosynthesis (H,) and stomatal conductance (H,) decreased significantly

in response to the D, treatment following repetitive drought and rewatering. In conclusion, pre—drought priming increased
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leaf relative water content during the subsequent drought stress, reduced physiological damage caused by subsequent drought
stress, and enhanced resistance to drought stress. The seedlings that experienced drought priming had the capacity to recover
quickly to the growth level observed under normal soil water conditions. Therefore, peanut seedlings can adapt or
‘recognize’ the initial stressor from a previous exposure to drought stress, and displayed a more rapid and stronger

physiological defense to the second drought stress using a fast physiological recovery mechanism.

Key Words: recurrent drought stress; photosynthetic hysteresis; peanut; antioxidant enzymes; hysteresis of stomatal

conductance; stress memory
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Table 1 Experiment treatments
IR (K ) /%

Soil relative water content ( Field water capacity)

Ab 3 Stage 1 Stage 11 S -

Treatment BT 5d Sk 6d TR 5 Tk
Pre-drought treatment Re-watering 6 days Recurrent drought = .

Re=watering
5 days treatment 5 days

X} Control 75 75 75 75

FED 75 75 35 75

THETH Dy 35 75 35 75

2 MEMBEERZE

2.1 M E AR KR E

SIATE Stage 1 F1 Stage 1T B ALFRES 5 RBUR A 052 Ao oKk i, B b B AR R (n) H
6, M F A S 7K (LRWC) T AU F . LRWC (%)= (&5 -F ) x100/ (WK MG EEE-TE) ,

2.2 A MEAEA R B E

I3 9I7E Stage 1 Fl Stage 11 B8 %5 5 K, Stage 111 &2 K)G 1 RIMECS . 2% Xu 52§05, K CIRAS-
3 fEHEROEAVEME RS0 (PP System, U.S.A.) %t 32548 1043378 0,200, 500,800, 1200, 1600,2000 pmol
m sTOBER T I E A A W 3 RN E G A R AR A E OGRS R 2 i 2 Al Py =P (1-
e M) =R, Hrh PR PR IOGE FRE, Ry IT I | K 1 i) 540, 1T OE IR, Y, e FO B 7=
1 (Y,=KP.)

AR T 13 % 22 4515 7 vk S G5 M 0,200,500,800, 1200, 1600 54115 2000 wmol m™ s F 64
HR RIS AR AR £, ) , BRJE 72 Y65 M 2000, 1600, 800,500,200 FEAEE] 0 wmol m™ s™' FIEH
R AR O A R IR £ , TR 06 A il 26 i e T B 2 B Uy, BADRA IS (H,) o TFEA R
N H,=1- fbf( 1)/ fbf( L) e 1 R0 1 O GREERBE 2 FT b 439002k 0 E] 2000 pmol m™ s™' 12000 %] 0 wmol
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KAFLFE g, 0 wmol m™ s™ Sk i SAL T, o SALTFEEMSCH 0, 1 G IREE , SL S B0 5 3
7] H,
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100°C 7K 10 min 1 I 22 192 11 U, I 2 19 42 BB : VK B PR 2. 5% PR TR B R A ( 1:1: 1) TRA & 100°C /KI5 30
min J5 VKISZAERE, A 4 mL B4R, 520 nm P05 OGAHE
2.5 HEET(0-;) M MDA &

HAE AR T2 % R Bissenbaev %57 ¥4 . MDA SRAIBAC L L2 R
2.6 PEALEEE D E
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Fig.1 Leaf relative water content
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I R TS i, D et 5 i 25 MDA & i 2 X IR 107.94% 1 D, A H I J-rh A 2 59 MDA 7K
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B 0B 0 S BR Y 2.45 £5 0 3.62 3%, D Ab H BT 0, ;E:fg ¥PBSEEEC Etao
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Fig.3 MDA and O-; contents in leaves of peanut seedlings
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Fig.4 Antioxidant enzyme activities in leaves of peanut seedlings

K G FRE R A B 22 74 3% (P<0.01)
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s7') 55X HE(32.8 wmol m™ 7' ) L FEZE S, D ORI D ALBE Y, 3 TR D ARBR Y K (K TR BT D,
SEFE K 53T R TE R E 2R,
352 OLAwE

TEAELITE Stage 1 FT- 51030 T e 6 & 33 BEDEA M2, 45 R & B R—4b 2T, Obss A 0—2000
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Fig.5 Photosynthetic response curves in leaves of peanut seedlings
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Table 2 Parameters from the analysis of photosynthetic light response curves
(=) Ay . Y ==
" H (Y,
IR HEE(P,) W (R, ) BORRBF 5 (Yo) SRR EL(K) (x1073)
iNR:E] Qb T X . L. Maximum quantum .
Photosynthetic capacity Dark respiration . Half time constant (K)
Stages Treatment o P yield (YQ) - ) 4
(Pe)/(pmol m™ s7') (Ry)/(pmol m™s™") (x107)/(m® s pmol ™)
/ (mol/mol )
I fi 5 pai 30.8A 1.3B 0.04041a 1.31a
Pre-drought W5 23.8B 2.1A 0.03046b 1.28b
nEL TR X iR 37.1a 4.0B 0.09238A 2.49C
Recurrent drought T8 4.8¢ 2.5C 0.03646B 7.58A
T 5 7.3b 6.1A 0.04605B 6.30B
11 &K Xof IR 32.8A 5.3B 0.08462B 2.58B
Re-watering T2 25.1B 7.7AB 0.09438A 3.76A
HE TR 32.7A 9.9A 0.09254AB 2.83B

HESH Py =Pe(1-e" M) R, THHEAE]; /NEFREFRORAE IR 25 57 B3 (P<0.05) s K5 F-RERR AL HEIR] 25 540 3% (P<0.01)

ARG, Stage 1 7+ FMpiE E]j‘ﬂ)‘,lj Kb BRI T 52 0300 A0 FR 24 555 AL 2000—0 mol m™* s~ Yl ] —
Jein BHY Py s T 0—2000 umol m” sTHEINETY Py, PIARHRZ T Je i AR, B SR A S I CEFAME)
iU 530 A FRAR G 2K T R IS T E DG ST S 2R (H, 10.40) B0 0 358 TR (H, 7.37) (R 3) .
Stage 11 F & TR Pra A, Dmﬁiﬁ'ﬁﬁi}}\ 2000—0 pmol m”? s~ FRARA AR B OE A IR L W — R T Pk
THEBRM 0—2000 pwmol m™ s~ HINNEF Y Py, 4V 5 AR (2 B4 4067.72) 5% HR (4333.13) T B2 5.
1M D ALER, By T 5 0hE S BOL & HRAR, H M 5 fﬁ%ﬁh%ﬁ%@ﬁﬁ% ,GA T e T AL 2805.36) i
{E(1.40) FOEA G % H,(0.45) BI4% 532 AT X BA D AbBE . Stage 111 /KB HA, D) Ab B A 5 1H A
I R 5 M B ST X IR, D AR BREOK)E H, R 1.25, 0 3 AN FE R AIG,
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Fig.6 Photosynthetic hysteresis in leaves of peanut seedlings

STUARIC R A AL FIE TR M 0—2000 pwmol m™ s 38 I I AS A B d: , 7] — &b B2 o bR G HR M 2000—0 pmol m™ s~ BRI A5 K B
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Table 3 Parameters from photosynthetic hysteresis

InEt] pisl FERIE e i e KW Hy/ %
Stages Treatment Definite Integrals Integral mean Hysteresis mean Photosynthetic hysteresis
I fif5 X AR 3166.69B 21.49A 1.58B 7.37B
Pre-drought mT5 3755.56A 18.06B 1.88A 10.40A
I HEET5R pagiist 4333.13A 31.86A 2.17A 6.80A
Recurrent drought 5 4067.72A 3.98B 2.03AB 0.51B

HE TR 2805.36B 4.498 1.40B 0.45B
1 &=k pogiist 7593.18A 30.25A 3.80A 12.55A
Re-watering T5 548.90C 22.00B 0.27C 1.25C

HET R 3962.05B 28.91A 1.98B 6.85B

KRG TR A8 A B[] 255 4 2 (P<0.01)

353 RILTRE

TEHK 5 S EAE A SR 7 R K S S AL, 7E 3 A A S0 5 O B i R B 7 AL
JE BT AL R sk I 45 RN 7 TR, Stage T FF S PRA A, 1E 5 2K 2 66 6F BR R SR 3 1
FELE AT HT I AL (g6 ) BEFR O RSE BEHE -5 06 & ph 2L AT 6 A SRR e OSSR L, th T 1 50
AT B R ARG T g 3 W MR TR IR BT S A R AL ,(0.203) .00k
5 R FL T 2,(0.093) 435 i KT 3T AR g.(0.495) \g,(0.214) (£ 4) ., Stage 1T FHE TR if 1, D
1D, AL BESAL T DEsR MZ AT & e 1 TUFR BT 2R, B L3R A3 20 A\ 0 58 0.126 A1 0.194 mol
m” s RUTEAR S0 R I A Ok o D A BRAEEER T g BT D AL, Stage ITT /KA, D
FI DAL BRI g AT XS, g F1 g, T AL MR AR — B R I ST T RS>T 5
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Fig.7 Stomatal conductance in leaves of peanut seedlings
*4 RABEHEXBH
Table 4 Parameters from stomatal conductance
BRAILFE (g) 0 R MR (g0)
] Qb Maximum of stomatal Stomatal conductance at a (x107%)/
Stages Treatment conductance (g¢) / 0 light density (g )/ (m? s mol™")
(mol.m™2 s (mol m2s71)
I Fif 5 Xof ] 0.495A 0.214A 1.56a
Pre-drought i+ 5 0.203B 0.093B 1.34b
n&EL TR Xof 0.818A 0.356 0.52
Recurrent drought TE5 0.126C — —
HE TR 0.194B — _
11 &k pagiist 0.668A 0.292A 1.27B
Re-watering TE 0.329C 0.174C 0.39C
LT 0.480B 0.211B 1.56A

INEFRE R R AR IR ] 25 53 1.3 (P<0.05) 3 KRG FREF R Ab B[R] 22 54 8. 3 (P<0.01)

354 FUALSEHS
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Fig.8 Hysteresis of stomatal conductance in leaves of peanut seedlings
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Table 5 Parameters from hysteresis of stomatal conductance

=3 S 27
. SALF NS R (Hy)
i 49 yisi SERUME sy W I A o >
. o . Hysteresis of stomatal
Stages Treatment Definite Integrals Integral mean Hysteresis mean
conductance (Hg) /%
I WT5 X ] 97.97 B 0.46 A 0.049B 10.71B
Pre-drought Tl 5 139.41 A 0.23 B 0.070A 29.77A
nEETHE popi 246.44A 0.73A 0.123A 16.79ab
Recurrent drought 5 32.91C 0.08C 0.016C 20.84a
BEETH 59.05B 0.20B 0.030B 14.55b
11 &K Xt R 115.47a 0.59A 0.058A 9.80B
Re-watering TH 76.72¢ 0.31C 0.038B 12.24A
EET5 82.93b 0.44B 0.041B 9.45B

/NG PR R A B ] 22 57 8 3 (P<0.05) 3 K5 7R3 R Ab B A 22 S 2 (P<0.01)
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