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Foliar calcium application alleviates cold stress-induced
photosynthetic inhibition in peanut

LIU Xin-yue, LIU Yi-fei", YIBo-tao, SUN Zhi-yu, ZHANG Si-wei, MA Ming-zhu, HAN Xiao-ri
( National Engineering Research Center for Efficient Utilization of Soil and Fertilizer Resources/College
of Land and Environment, Shenyang Agricultural University, Shenyang, Liaoning 110161, China )

Abstract: [ Objectives ] Chilling damage in early spring is one of the main environmental limiting factors in
peanut production in northern China. Calcium has been proven to enhance chilling tolerance and photosynthetic
carbon fixation in peanut, hence, we investigated the regulatory mechanisms underlying the alleviation effect of
exogenous Ca to low temperature stress in peanut. [ Methods ] Peanut cultivar ‘Xiaobaisha’ was used as the
experimental material in the study conducted in an artificial climate chamber. The control room temperature was
20°C/28°C (night/day) with foliar spraying of ultrapure water. The low temperature stress was set as 9°C/15°C,
with foliar spraying of ultrapure water (+H,0O), 15 mmol/L CaCl, (+Ca), or 5 mmol/L ethylene glycol tetraacetic
acid (+EGTA). At one week of true leaf expansion, the peanut seedlings were grown in the vessels and foliar
spray was treated for two consecutive days, then treated under low temperature stress for 7 days, followed by
normal temperature for 7 days. The plant growth, photochemical activity, non-structural carbohydrates and
reactive oxygen species accumulation were measured. [ Results ] Low temperature stress inhibited peanut
growth, leading to excessive accumulation of non-structural carbohydrates and reactive oxygen species (ROS) in
peanut leaves. The low temperature stress also caused severe photo-damage such as significant increments of
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regulated-energy dissipation [Y(NPQ)] and unregulated energy dissipation [Y(NO)], and decrements of the

unregulated energy dissipation of PSI [Y(I)] and PSII [Y(IT)]. Exogenous Ca* enhanced plant height, leaf area and

relative chlorophyll concentration of peanut seedlings, and also significantly alleviated low temperature-induced

photodamage, reduced excessive accumulation of non-structural carbohydrates in leaves, and enhanced

photosynthesis in peanut. Further, exogenous Ca* reduced the excessive accumulation of ROS and protected

photosynthetic apparatus effectively. [ Conclusions ] During low temperature stress and normal temperature

recovery, exogenous Ca’ can alleviate chilling-induced photo-inhibition by effectively stimulating peanut growth

and photochemical activities, maintaining non-structural carbohydrates efflux, and reducing excessive

accumulation of non-structural carbohydrates and ROS.

Key words: peanut; chilling stress; photo-inhibition; reactive oxygen species; calcium

ALY T pa SEUNFRGHT L X B =R EY—AE A (Arachis
hypogaea) J&= 1 F LA BEEY), tR %
M A LIRS AR R, A R B TR & FH
LRI EA % RREAENY, R, TR
T “RUIERR” B A s T . H R G /i ik
FUMRSET =T, JJeBis 1 e E Y 4549 )7 %% 32
PR Z —, HUR IR R R E WA A R
KRE#a, Hitk, RENMEMED LS (B ) %4
] B B 343 D AR 2 SR K A8 A LA T IE F AR 5
T ¥4 A0 J5 i 200 A 7 4 B — A TP A 1Y) ) K s 4
SR,

LT 48 2 A AR AR 1 M A X
Z—, AT TA K EAEY) KR AR OR T
FORFKRE, 1L74 T agerh st i & E Ak, 1L
T AR (B &R BE LT HA ™ X)) 564
A AN IR AR, X — L H g a7
WA fEa BT 2 2R A b A R, A
AT . AR B il A6 A b L A AR 72 1 R
BRHFZ—, WEESRMLAEA PR, 16
FE JC I LA Ty A B X . mE R TR X
o MR, REBACATE Y ISR AL T
12C~16°C I}, FERRAERKZE, “HEREIEAK,
M2 iR . ZEEEEREFERR, JTAK
HIFREY, RSB YOLE RN, EKEFIE
wr, ELERAET RMRE X A K R E RO Ak
[F] Ak A = A s 7, WFSE A B, AR
FEAR T KRG . Fok. M HZE, SR SERM T
AR, P T R AR R AE KA B AR R AR
IR W38 AT R R E A A I E 2N, L FE ik
LR . RERIEDIRE . LA BT AR ALz
Agiee - RS E KT, R0 BUE Y R
ik, W SRFE A )

B ZAE R — TR LR B BT FR 5, TE4EFr A

LB TR 40 B %) 25 ) 8 SR PR T R AR e M L B £
HAE, R ES 81 A5 5 W o e 8 7 A8 0 g %
AP E T R FEEE DR, BRI S AR
AR, (HREY AR B T R A 2%
o TR ARG, WP AR TR A AT, ik, R
P TERG G H ARAE R AL R X (FE) ¥ 38 BT A SMIR IR
i, BLEFEKRE. Bk, Fa. R BN MW
FAEAEY) Lz R SN AL BEA B4y
£ R 1 58 B PR RN A R e A, DT el A
Rt A R 2, R F A ST R R, T it
5 ELA B R TR A Tt A PR I A R >, (RS
P5 A5 R B IR AE RS 5 5 i BR IRRD G A R A G,
XA TS5, Mk, AN A T
BRARKFACA T, R R NS B T (B5 % 1E 1)
P B HASMEIF EGTA (852 a5 X4 i
PEATHUAL S, MIE R 5 TR AFR T A MRS R 44k
A AR AR M Y B BB R A R AR AR, O TR
LA A P PR A A AR, ARG — 2B TF &
FER A B BLE R AR S A B R L
1 BESITE

1.1 Rt

IR T 2019 AEFE L FRA MY R A + M5 PR B
ANTABEENTT, NTABEEEE T EERE
(PPFD) >4 600 pmol/(m*s), CO, #eE A (400 + 5) umol/
mol, FHXFREER (60 + 5)%.

I DRI B AR SR N SR,
FIH 48 FLOCEEATAEAE B M, RIS — B
PEHL 100 KAL) BN EE B R EHRE RN
13 cm BYEIAEZE Y, SFE53 2 4 DMAEFRA . 1) CK (K
T/ 20°C/28°C + M MG 4EK), 2) +H,0 (K
MR/JEE 9°C/15°C + M THMEi R 2 7K), 3) +Ca (il



2 44 XUFRBE, 55 SNIREG A A6 A AR IR & BRG] 293

B/ 9°C/15C + MW 15 mmol/L CaCl,), 4)
+EGTA (/318 9°C/15°C + MR 5 mmol/L
EGTA). fFHEMEIF G, E2MK (T 3: 00—
4: 00) 43 5IWE A LE/K . 15 mmol/L CaCl, #l 5
mmol/LEGTA AbH, DI b i kb B 2% {435 i i 4]
DT A5 10 A R A A R 2 i i it i ) A
BRJS 55 ZRARIETT b , BALE UL A AR A IR
BERHN, RIRFFSLAI 7 K, T8 7 ROBEIK
B 20°C, AkeRA K 7 K, AN A B I A
14 K,
1.2 MEFE
1.2.1 AERAEMIE L SO BEYIERA K
BI—1y 3 Mg, TGRS 7 RAWKE & )5
(5 7 K B9 00—10: 00 &A= KA5hr. #hiE
5205 3R EOR S bR RO &, ot AR A
X4 R % i (SPAD {H) 4351 LI-3000C M- 2
ALHT CCM-200 plus M2 250 5E
1.22 BE RIS HNE I REMEES
B BRI AEE 1, 4, 7 R ERE S/ T
IR 1, 4, 7RI EA9: 00 JFEAINE, AERkEER
CEI=mM AERTREM R, AL TRREPLE IR 3 BRAE
NEE ., CERIESHRSECR ] GFS-3000 (WALZCo.,
P W, HorhBRE KR 2E (WUEY RLRSAL
FRAHIE (Ls) SRR A5
WUEt = Pn/Tr
Ls = (C, — C;)100%/C,

K, C, WKA CO,WEE, C M CO, WE.

e RIAL 30 Fv/Fm, PSI SLhri TrofE Y
(I). PSI HL FAL3A 3 % ETR (1), A4 i fR 1 51 /2 i
PSI ZbEJefb 2 ERE R AE R i 777 i Y (ND). AZ{&

MR 5 1R A PST AL ARk 2= RE AR R &+ =
Y (NA)., PSII SfrigF =i Y (1), PSPk
Z ETR (). PSI ALIEE T M RE AR 7 & Y
(NO) 5 PSII &by PERE R AE R 2+ 1t Y (NPQ)
I FH LI 1 -4 2% %X Dual-PAM-100 (WALZCo.,
) W .
1.2.3 oK B SO A S mE L R
AL S 7 KWK H A AR 7 RIORE, I nf
F KA PRG£S AL BERENLEE R 3 Bk
By =01, 105°C A&7 30 min, 65°C #tT, #rHe.
RN . EME . RAE . eSS I E S IR N
TPy Ik . N U (MDA) & 2R RS B 2 R
(TBA) ¥ E , %A (H,0,) & EAYIES IR
Jana S VE I IMUARGHE . 8 SAUBA B T I T A%
R 2 R AE 0 7 ik I i A
1.3 HUESh

FIH Excel 2016 i3, Origin 2021 fEE . >R
SPSS 19.0 B i A7 B K 2 5 22 43 B Fl e/ ik 2 2528
2 (LSD) K%, S55UL 3 WA= E & W E M
PAEIRZE IR o

2 ZER550T

2.1 RIEMERBERREFZFETINEERIIEE
PEEKBNEN

1 ATLUE S, (R 7 Kf, B
H,O Fl EGTA b3k LT CK, MMt Ca &b
Y5 CK L #EZER; MAKEHIER 7 K5, +HO0.
+Ca MI+EGTA 3 MBS Z ML R E 25, H
B LT CK, AR T, Wi H,O AbH =R
K, WKE RS, M Ca b HZEHM RO, Wi

=1 KEME 77X L) RREER 77X R) HREEEEE KR

Table 1 Peanut growth at 7 days of low temperature stress (L) and at 7 days after recovery to regular temperature (R)

HOE L

Pk (cm) ZEHL (cm)

TR (cm?)
Qb3 SPAD

Plant height Stem diameter Leaf area Root to shoot ratio
Treatment
R L R L R L R L R
CK 11.6£0.9a 16.7£0.7a 0.33+0.05a 0.38+0.03ab 4.3+0.2a 5.6£0.4a 28.2+04a 31.0+1.5a 0.40+£0.03c 0.42+0.05b
+H,0 8.5£09b 11.720.6b  0.49+0.05a 0.42+0.01ab 2.1x04b 3.2+0.2b 244+13b 29.0£1.0a 0.61x0.02a 0.49+0.01 ab
+Ca 10.2+0.6 ab 12.5£1.7b  0.43+0.04a 0.43+0.04 a 3.0£02b 3.8£04b 24.5+1.2b 29.6£0.6a 0.52£0.03 b 0.47+0.00 ab
+EGTA  7.6£1.0b  9.5+1.2b 0.34£0.05a 0.33+0.02b  2.5£04b 3.240.5b 22.3+04b 22.9+09b 0.60+0.01 a 0.55+0.03 a

TE R a /AR BE D 9°C/15°C, HRINE/BEIRBE D 20°C/28°C; CK—ILARIRMME . %l 3 A2 P3RS 8 s A
[R/INE SRR R AN [ AL 3R] 22 5 835 (P < 0.05),

Note: The chilling stress is 9°C/15°C, and regular temperature is 20°C/28C. at day/night; CK—Without low temperature stress. The data is the mean
value of three replicates (n=3). Values followed by different lowercase letters in a column indicate significant difference among treatments (P < 0.05).
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Fig. 1 Leaf gas exchange parameters at different days of chilling stress and recovery to normal
temperature under different treatments
T AR R /ROREE R 9°C/15°C, HIRIB/ZORIE R 20°0/28°C. CK—TLARIRMIE o 55 AR F/ING 53R A [l Ab R HOR [R) b 2

8] 22 5 i 3 (P < 0.05),

Note: The chilling stress is 9°C/15°C, and regular temperature is 20°C/28°C at day/night. CK—Without low temperature stress. Different

lowercase letters beside the line indicate significant difference among different treatments on the same day (P < 0.05).
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Fig.2 The maximum quantum yield of PSII (Fv/Fm) in
peanut leaves at different days of chilling stress and
recovery to normal temperature under different treatments
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Note: The chilling stress is 9°C/15°C, and regular temperature is 20°C/
28°C at day/night. CK—Without low temperature stress. Different
letters beside the line indicate significant difference among different
treatments on the same day (P < 0.05).
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Fig. 3 PSI and PSII photochemical activities in peanut leaves at different days of chilling stress and recovery to normal
temperature under different treatments

TE: RIS B/ BREE R 9°C/15°C, # IR B/BOREE N 20°C/28°C. CK—EMRIRMING . Y—7=ht; ETR—L T4 8%, ND—HtAM
FR S DRSS R AR AU B F s NA—ZZARMIBR 5 [ iy 3R a2 R i FE B 17 NO—JEI T ke R AERIY 1 15 NPQ—IA 1y
PEREHEFERUN T o LRI Rl B Fm A R b # R BOR [ AL R 22 57 .3 (P < 0.05).

Note: The chilling stress is 9°C/15°C, and regular temperature is 20°C/28°C at day/night. CK—Without low temperature stress; Y—Yield;
ETR—Electronic transmission rate; ND—Quantum of non-photochemical energy dissipation caused by donor-side confinement; NA—Quantum
of non-photochemical energy dissipation induced by receptor-side confinement; NO—Unregulated energy dissipation; NPQ—Regulated-energy
dissipation; [ —PS I ; I —PS II.. Different letters beside the line indicate significant difference among different treatments on the same day (P <
0.05).
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Fig. 4 Non-structural carbohydrate accumulation in peanut leaves at 7 days of chilling stress and recovered
to regular temperature under different treatments
W IR A R/ R 9°C/15°C, H AR/ N 20°C/28°Co CK—ARIMNE . JrHe FARRIS- 3R AR AR B R 25 57 25 (P <

0.05),

Note: The chilling stress is 9°C/15°C, and regular temperature is 20°C/28°C at day/night. CK—Without low temperature stress. Different letters

above the bars indicate significant difference among different treatments (P < 0.05).
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Fig. 5 The reactive oxygen accumulation and MDA content
in peanut leaves at 7 days of chilling stress and recovered to
regular temperature under different treatments
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Note: The chilling stress is 9°C/15°C, and regular temperature is 20°C/
28°C at day/night. CK—Without low temperature stress. Different
letters above the bars indicate significant difference among different
treatments (P < 0.05).
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