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Abstract: Peanut (Arachis hypogaea L.) is one of the most important oil-crops in the world, and Ca is a critical nutrient
for this crop to achieve high yields. Severe Ca deficiency in soil could result in unfilled peanut pods and caused decrease in
yield. Ca™ acts as a regulator of many physiological and biochemical processes in response to abiotic stresses in plants.
Transient elevation of free Ca® in the cytoplast was detected in plants in response to various stresses, such as high
temperature, cold injury, drought and salt stress. The fact that Ca™ improves plant resistance to stresses is that the Ca®
treated plants could maintain a high photosynthetic rate under stress condition. Light-induced Ca® influx into chloroplasts
not only influences the cytosolic concentration of free Ca™ but also regulates the enzymatic processes inside the chloroplast.
Effects of Ca™ on peanut plant growth and development, yield and reactive oxygen species ( ROS) accumulation have been
reported. However, the effects of different Ca® concentrations on peanut seedling growth, ROS accumulation and

photoinhibition have not been studied in detail. In the present work, in order to investigate the effects of calcium on peanut
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seedling growth, Huayu 22 was used and cultured in modified Hoagland’s solutions with 0, 6 and 12 mmol/L Ca®,
respectively (abbreviated as CK, C6 and C12). After 20 d treatment, Ca content in CK, C6 and CI12 seedlings was
measured. The results showed that Ca™ content in roots and leaves of CK seedlings was the lowest and that in C12 seedlings
was the highest. The results showed that Ca®* promoted the growth and fresh weight accumulation of peanut seedlings. The
root to shoot ratio was decreased when plants were grown in 6 and 12 mmol/L Ca® to compare with the control. Ca®
improved the enzymatic activity in root and the accumulation of ROS in both leaves and roots was reduced under normal
culture conditions. It seems that C12 seedlings were in a better physiological state than CK and C6. When functional leaves
were exposed to high temperature (42 °C) and high irradiance (1200 wmol m™>s™), C6 and C12 leaves accumulated less
hydrogen peroxide (H,0,) and superoxide anion radical (O, ), maintained higher maximal photochemical efficiency of
photosystem I (PSIl ) (Fv/Fm) and lower 1-gP to compare with CK. Furthermore, C12 seedlings accumulated lower
concentration of H,0, and O} and kept higher Fv/Fm than C6 seedlings. These results demonstrated that Ca®* could alleviate
photoinhibition and the accumulation of ROS under stress condition. In addition, compared with those of CK, the activities
of some ROS scavenging enzymes [ e.g. superoxide dismutase (SOD) , ascorbate peroxidase ( APX) and catalase ( CAT) ]
and the contents of some osmoregulation substances [ e.g. proline (Pro), soluble sugar and ascorbate acid ( AsA) ] were
significantly higher in C6 and C12 leaves, while the content of malonaldehyde (MDA) was significant lower in C6 and C12
leaves. Together, these results indicated that Ca® could protect peanut thylakoid membrane from damage directly or
indirectly under stress condition by increasing activities of ROS scavenging enzymes and the contents of some osmoregulation

substances.

Key Words: peanut; calcium; high temperature and high irradiance; photoinhibition; reactive oxygen species.
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under high temperature (42°C ) and high irradiance (1200 pmol m™2 s7")

mean = SD,n=3

3 iTFig

Ca® XY A K BSE IR 2 7 T Y, B 2 SAEY O i ARTE R . i Ca®™ 2 W] A 0 46 AR A B 1 2
K AL A W] L 10 ARDRR A 1 o A0 G e RSB S 0, 17 EL 12 mmol/ L Ca™ R B RIS X6 4B A= &)y A9 A 1

http ; //www.ecologica.cn



53 EI7 A AGRAEE G AR SRR RO R AR R 1503

EAEM(E2),

AR, Ca® SR HEAEA 2 B A KR A 5t Ca® 14 ROS A3 s AL UIAH G, ROS 2 A Wik 45
TEH A AT ST A AE D AE A TP AE RO A s IR 2577 24 ROS (HIZ R ROS 774 51K
Wi R T BB F T, ROS 2 K AL 8 1 ROS HA R i (1 AL 1, S A it i d o I a8 2
T, Ca® (R LA L A A K it Ca™ $&15 17 ROS M5 BRAE J1 A 5¢ AR R A i SOD g M i 48 &1, A 2K
MR TG PR R AT R A F (1 2) , Wl AEA AR SR AR 9T I (1)

T340 RMETE BRSO CIE 5508 T il Ca® W 2s Ml AL A= 4 it i ROS MU R (18 4,181 5) , il 451
T AEM G VR DGR AN s 25 B R S REA FHRCR T B i oG RERE TR, AT PST 1 PS IT Y ROS 74
I, R A | S i 2 R R SR R AR BRI MR R L ROS YR B — T i 4
BAEAAREIR PS T = I H], 53 —J7 dii s I DGR G PS T A& & i el 72w i
SR R A 5 5 R AGAE N F eI, B PS TR ihoc 32 140 5 32 Bl 52, %k 48 AR i Rt R Se ik
J™ EE AR 1 = A R SRR R AR A2 A O, WS, R SRR NA T Ca¥ R T AR AT
ROS WHERAEST, %F PS I S oo 3 1 AR PR 4 VR A PS I Sz rpvo O PR AR B I s R B2, T HL 12
mmol/ L Ca™ ¥ BEXTAEA A I Y6k 2400 P A2 5 Lt 6 mmol/L Ca™ MR BE A AL (& 3) .

Rk ROS VB BR RGE4  H YR A Z R P TA FEE B PR AP BLH] B I8 5 w2 b 19—, Pro FIT] ¥
PERE ALY AR N 02 E T, YY) 2 B PREE A B Pro FIAT I MM B B s 3G AT LR S A R Bt
WIRRE T . Ca™ A AR & T AR ) 1 0 B B ORI PR ST AT PR  Pro 1 AsA A& (181 6) , NIMTFE— & R
XA R TR, BRAR T AR R R i KO (L 6) o AsA BEZ BRI VDE B AN
AR Y WA A U VEBR TG M A B L Xu SECY RS R AN AsA RERSIG R T
FHGIRIIB e 4R KRN B G A WL S IR ARG T FOID i AT rE >, i Ca™ MR AT REE i 32 55 AsA 1Y)
SR T BRI AR HE T R S RO T R A o R RE B AAERL ., S Ab, CaT AR AL AE RS IR
Pyt i) 5 R Ca> AME AT ARG G /E AL i RS PRI ROS ¥ B 15 M | A B B 422 sl ] 42 8 45205 135 1)
BRI iRy

Ca VE N REICER , HAHE YR A K A0 2 b T J71H . —J7 1l Ca®™ 2 5 WA IE O 5 1
Bt E A N L AR R 6 mmol/L Ca® Hé 1L T Hoagland AWK ) 4 mmol/L Ca® ¥ ,6 mmol/L
W S AE AR I E A AR IV B T A6 A AR KRB i 53 1 B 00 W AR 12 mmol/L Ca™ W | iX 38
W] Ca® X AEA: 2 i A K S I AUAURI BR T2 5 AR W I AR T JCRN AR A P D T 5 53— T Ca™ 3 i AEL ) Y3
;g R T Ca™ KI5 5 IR AR G I U0 35 IR 36 3k Bl 2 TS — 2R 9 B A Ak R Ry R SEBRAY
HI) C VS A 2/ A LA 3% ZREE R B 51 2 T 0 CaM-like 25 1417, 322K 14 5305 0 51 A2
P F i FAL YRR RN LR A S R A 5L CaM (IRTESEN > B2 RIHYRY CaM Rl it 51t ik
SRS A AR R B AR TE M DRI, Ca™ AR 0 15 595 T3l 18 mT A S A 48 A 28 AR KORp sl (g — 4>
HEIRAR, M Ca® 5 5 7% SR A 2 Aol A T R4 A 75 ZEA 5T

£ 3L Hf ( References)

[ 1] BrandJJ, Becker D W. Evidence for direct roles of calcium in photosynthesis. Journal of Bioenergetics and Biomembranes, 1984, 16(4) .
239-249.

[2] ZhuX]J, YangJ S, Liang Y C, Lou Y S, Yang X Y. Effects of exogenous calcium on photosynthesis and its related physiological characteristics of
rice seedlings under salt stress. Scientia Agricultura Sinica, 2004, 37(10) : 1497-1503.

[3] JRA, KM, T8, BV, BRI, A F5Hba T AR SR MR IR S bk A BA AL SN 8. ROl 2441, 2008, 23(3) :
318-321.

[ 4] Asada K. Production and scavenging of reactive oxygen species in chloroplasts and their functions. Plant Physiology, 2006, 141(2) : 391-396.

[ 5] Clapham D E. Calcium signaling. Cell, 2007, 131(6) : 1047-1058.

[ 6] Dodd AN, Kudla J, Sanders D. The language of calcium signaling. Annual Review of Plant Biology, 2010, 61(1): 593-620.

http ; //www.ecologica.cn



1504 JAE = 35 %

[7]

[8]

[9]

[21]

[22]

[23]

[24]

Tan W, Meng Q W, Brestic M, Olsovska K, Yang X H. Photosynthesis is improved by exogenous calcium in heat-stressed tobacco plants. Journal
of Plant Physiology, 2011, 168(17) : 2063-2071.

SR, BaAE, BOkde, BAESC, R, FEARE. BSOS ARA MR AE R R T M SRR R ST R o EHORME Y R, 2004, 26(3) -
33-36.

Qin L Q, Li L, Bi C, Zhang Y L, Wan S B, Meng J J, Meng Q W, Li X G. Damaging mechanisms of chilling- and salt stress to Arachis hypogaea
L. leaves. Photosynthetica, 2011, 49(1) . 37-42.

Thakur M, Sharma A D. Salt-stress-induced proline accumulation in germinating embryos : Evidence suggesting a role of proline in seed germination.
Journal of Arid Environments, 2005, 62(3) : 517-523.

MBI, Rfpif, R, BT, K™Y BBl & Bl E T L IE PP, RIRT- IR 5T %, 1996, 8(3) : 5-9.

Kampfenkel K, Van Montagu M, Inzé D. Extraction and determination of ascorbate and dehydroascorbate from plant tissue. Analytical
Biochemistry, 1995, 225(1) : 165-167.

BRI, S BT, B, WA, WS A, ARE. SRR G X R S ARG R G R o E LR, 2005, 38(6)
1226-1231.

Cho U H, Park J O. Mercury-induced oxidative stress in tomato seedlings. Plant Science, 2000, 156(1) : 1-9.

Beyer W F Jr, Fridovich I. Assaying for superoxide dismutase activity: some large consequences of minor changes in conditions. Analytical
Biochemistry, 1987, 161(2) : 559-566.

Aebi H. Catalase in vitro. Methods in Enzymology, 1984, 105 121-126.

Nakano Y, Asada K. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach chloroplasts. Plant and Cell Physiology, 1981, 22
(5): 867-880.

Mittler R. Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science, 2002, 7(9) : 405-410.

Nishiyama Y, Allakhverdiev S T, Murata N. A new paradigm for the action of reactive oxygen species in the photoinhibition of photosystem II .
Biochimica et Biophysica Acta (BBA) - Bioenergetics, 2006, 1757(7) . 742-749.

ZALEE, oD, BRI, J7 AW, PO, ZEHTE. OB AR S T R X AR R e p s FALHL RS R, 2011, 31(7):
1835-1843.

Xu C C, Lin R C, Li L B, Kuang T Y. Increase in resistance to low temperature photoinhibition following ascorbate feeding is attributable to an
enhanced xanthophyll cycle activity in rice (Oryza sativa L.) leaves. Photosynthetica, 2000, 38(2) ; 221-226.

Bussemer J, Vothknecht U C, Chigri F. Calcium regulation in endosymbiotic organelles of plants. Plant Signaling & Behavior, 2009, 4(9) .
805-808.

Chigri F, Flosdorff S, Pilz S, Kélle E, Dolze E, Gietl C, Vothknecht U C. The Arabidopsis calmodulin-like proteins AtCML30 and AtCML3 are
targeted to mitochondria and peroxisomes, respectively. Plant Molecular Biology, 2012, 78(3) . 211-222.

Yang T, Poovaiah B W. Hydrogen peroxide homeostasis: Activation of plant catalase by calcium/calmodulin. Proceedings of the National Academy

of Sciences of the United States, 2002, 99(6) : 4097-4102.

http ; //www.ecologica.cn



