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SRR . S5 IEW], Y FRh Ca¥ W 4 mmol - L TFEE] 6 mmol - LI @8R m b bhia
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Effects of Supplemental Calcium on the Photosynthetic Characteristics and
Fruit Quality of Watermelon Under Salt Stress

ZHANG Zhen-xing, SUN Jin, GUO Shi—rong*, and TONG Hui

(College of Horticulture, Nanjing Agricultural University, Key Laboratory of Southern Vegetable Crop Genetic
Improvement, Ministry of Agriculture, Nanjing 210095, China)

Abstract: The objective of the study was to investigate the effects of calcium concentration on
photosynthesis, chlorophyll fluorescence, pollen germination and fruit quality of watermelon under salt
stress. Mini-watermelon( Citrullus lanatus Mansfeld) cultivar ‘ Xiuli” was used to carry out the experiment
by supplementing exogenous calcium to nutrient solution containing 100 mmol - L™ NaCl. The results
showed that the stomatal conductance (G,), intercellular carbon dioxide concentration (C;), net
photosynthesis rate( P, ), PS Il photochemical quantum yield(F,/Fy,), PS Il actual photochemical efficiency

(@pgr), relative electron transport rate (#ETR), photochemical quenching (gp), non-photochemical
quenching( gy )were significantly increased when calcium concentration in salty nutrient solution increased

from 4 to 6 mmol - L™ and stomatal limitation (L), photoinhibition (1 - gp/gn) were decreased in salt-stressed
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seedlings. Fruit weight and the contents of ascorbic acid, soluble solids, soluble sugar, soluble protein and
free amino acid in salt-stressed fruit flesh were remarkably increased by supplemental calcium from 4 to 6
mmol - L. However, organic acid content was decreased. The contents of Ca**, Mg®", Fe, Cu, and Mn
were increased but Na" was reduced in salt-stressed fruit flesh. Besides, supplemental calcium obviously
promoted pollen germination and pollen tube elongation. These results indicated that supplemental calcium
could effectively reduce the salt-induced stomatal limitation of photosynthesis and alleviate salt stress
damage on photosynthetic apparatus. This was conducive to maintain photosynthetic performance and
promote growth of salt-stressed watermelon. Meanwhile, the reproductive growth and mineral nutrition
balance in fruit were improved. It could be concluded that supplemental calcium enhanced the tolerance of
watermelon plants to salt stress by regulating photosynthetic and reproductive metabolisms of plants under
salt stress.
Key words: Citrullus lanatus Mansfeld; salt stress; calcium; photosynthetic performance; fruit;

quality

b v it el 2 R R R P RVt AR T AR AR AE AN, (it 3 A SR sk C ok 3L
RIBIHIANFEZ — CRERAELHZE, 2009), /EYF= & K5 RS A PERE S DI, H A5 R
AR RIS CEf 55, 20100, Frih, ®maa ke s =R sEaiiibs (e %%,
2010). {HERMP A X PSR T, BRI G 1R (Downton etal., 1985), FE™ & Al 5 i
B TR B RIS Ca® (R 0 AT AR SR R R (K05 A ] (Tattini & Traversi, 2009), {33
JeEARE IR E N, gRERRIOE AN (BRREEFIXIRE, 20065 FR4axik 45, 2009), #EifmcE
FARAE K. AN, Ca™" S 5 AeR M & (K 5 ShAITE R & 25 K, FE 700 i e b A v o 47 T B4
(Rahtore et al., 1991), H. Ca® it AENS 2R SRWHANT LR MR EAEH CTH, 2007), AAIT32H50
IR 5E s, AR SRR E .

Ca” GV G SRR3R S0 & B O AT RS (1, 2008), {HAG ¢ Ca> X Ehhia Ry
RGBT 0 SR S U P S M A 0 o oA AR o ARG i R 8 IR0k 55 7 5K, DL/ Il < 55
W il WESY T Ca™ X bWl FAHIC A YERE . TERY i A K B 52 S BRI S0, 5 A8 7 2 pl 1] Ca™
P w VI SRR AR LR, BE—25 TR Ca® e R P A SR, 2R it P R
b ia f E AR LB AR .

1R

1.1 #Rl541E

WIT 2010 4F 3—7 HAEm RO R 22 B 3 == N AT, DAL ORI /N P K ( Citrullus lanatus
Mansfeld) fbfl ‘FHEE" B R, BURM -, SEBRMA S hE, 28 CTERMED, R
K 0.5 em AT INRER T SEmb b REFE/BORE 25 ~ 30 'C/15~20 °C, 7 #4335 W DRI OR
FEHLPOMEE, FARGIR, R RGEK IR R L PRI, Fr i sl 1y b Y5 T 4R 3E 1/2 Hoagland &
Arnon F IR 3 M 1O EFAK ST — W S i e i TR S5, H Hoagland & Arnon & J77
HEATKES, M2 S B (30 min - b GBS, 2810 5 d R TR AL FE, AF 3 d R 1 IKE T
o

W4 AKEHE: R (CKD, IR IRIBOKES, EIRBOT I Ca® RN 4 mmol - L7y #hJPhia b3
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(SC4), FEIEH B FRMH E AN/ Hr4E NaCl A HIR E K F) 100 mmol - L', E IR Ca> WK E
4 mmol - L' #5AEE T (SC6), £F NaCl AbHE[A RN, [ FRih it 73 #r4l CaCly, 4 Ca™ Ik
[ETFE %) 6 mmol - Ly Z54bFE L (SC8), 7F NaCl AbFH [ [RIN;, 1) 759 i it 40 #r 4l CaCly, i
Ca” W T %) 8 mmol - L's AFACHEF AL 3 Uk, 4 BIAEALELJG 5 1 10 d 5 6 & AARAS He s Horm:

12 MAXEERSHEMERICSHNE

M E B EUIEE A E RS (Li-6400, USA) THER F4-9: 00—11: 00 MlsE. WlsE
AT DTS, M 25+ 1) C, BENERRE FHESE (PFD) 1000 umol - m™-s™,
CO, W N (380 +10) pmol - mol™, FHXFREE 75%. FEE % (P SALEE (G+ Ml CO,
W (CH. ZEBHERE (T) HotEE RgEEZ RS, KaRHZE (WUE) =P,/T,, ALRHNHE
(L) =1-C/Cy (Cu 25+ CO IR

W2 35 58 SR PAM-2100 % Y AGM 2 o« 48 30 min 7870 WG TG AV 5, HE0 s 4 4
Ay L BE RN b, FT I 53247 B 20 E RSP Run 30 M Fus Fos Fss Fols Fo'UWI 5 Fy/Fo
Dpsii~ gp~ gn (van Kooten & Snel, 1990), Ye#liifi] =1 - gp/gn (IRSFAZ, 1999), AHXT HL -5 38
% rETR = ®pgy X PAR x 0.84 x 0.5 (Genty etal., 1989).

13 TEMiAR R RIEMmRATNE

FRRLETEI] (MRS Z) 30 d), 7: 00—9: 00 AT N T34, FHeERAric, &k, MY
FREACK, FAAe TR L RIE T 0.01%0IER + 10%5EHE + 1%BIR I EARE7R3E [, 25 CLR
Bi% 2 h, I 62 WA WL R

RIS 2 25 d B, R4 Jo S RUFR G AN SESEOERE i, AR5 IR S0 2R PRI 7 5 30
W TFRRR (Y, 2009 FE—6% IR bb ikl e sk ol o A, e R D Gk e U R
W, 2, 6- EHEMYEENEPUAMIR S R, G-250 % Tl re il b kil vk R R
FHATCA e TS TEY) &5, H NaOH i € vl B 7 /2, LLVHFE NaOH B RN HLIR K
i, FH HNO;-HO, HARFEM, 585G 1% HNO; e 0L, FHH 7 Z-2000 JR I3 Y66 T
WEN Tt &R, SRS (2007) FIEEZENE CL & &

14 BUEDH

Excel K FHITEEIZR, SAS BAFIEATE Y 5 8 2 5 2240 M, 0ds i 25 1 22 42 1] Duncan’s #i 5
WL T 2 EILE (P <0.05).

2 R

21 EXMAESIERSHARMm

SPRTEL LRGN, SIEE X (CKO AL, $hirE (SC4) AbERE ZEBAR T v 5 <L 51
(G~ ZEMHAR (T Ml —AAmIRE (GO HhEHEE (P, H G T G P, fEE G
10 d I NREREEERE—20 00 [FIRS,  dhWh e e < fLIREIME (Lo KRR (WUE) R3ETt
i, H10 dEes d e . RUIERIMA RS T LTE, 3G TR, Bk 7 H0 Al CO,
WRSLY B ), 43 TR G RFE, SEOCH IR COy R IMPRAE, H& sl P, %, i H AR
BERBOEK: (10 d), P, 23 FLEE K .
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B 1 SRS TAERGEN FASERSHHZW
CK: 0 mmol - L NaCl + 4 mmol - L' Ca**; SC4: 100 mmol - L' NaCl + 4 mmol - L™ Ca*"; SC6: 100 mmol - L' NaCl + 6 mmol - L' Ca®"; SC8:
100 mmol - L' NaCl + 8 mmol - L Ca®*; R FHREERAE P <0.05 KV H4 BEEZER.
Fig. 1 Effect of supplemental calcium on photosynthetic parameters of the leaf of watermelon seedling under salt stress

The values with the different letters have significant differences at P < 0.05 level.
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1810 d B 8N B3, e K9G (Fo) 5 Fo B WEBAH A PS 1T B O 25 5 7 5 (Fy/ Fo)
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CK: 0 mmol - L NaCl + 4 mmol - L' Ca®*; SC4: 100 mmol - L' NaCl + 4 mmol - L Ca**; SC6: 100 mmol - L NaCl + 6 mmol - L' Ca**; SC8:
100 mmol - L™ NaCl + 8 mmol - L Ca®"; RV FKIRAE P<0.05 K P B BEMEER.
Fig. 2 Effects of supplemental calcium on chlorophyll fluorescence parameters of the leaf of watermelon seedling under salt stress

The values with the different letters have significant differences at P < 0.05 level.

HEWra (SC4) ML, M Fw Ca® W i 4 mmol - L' (SC4) FHi %) 6 mmol - L (SC6)
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W2 R R E VRS, RYVEFRRD Ca¥ IR T A AR MR R ekt PS I A AR AL 5y 1695
F RYOCEN DI RESEBENE, (RN IR T LAER i (AR RLRE ) (gn)» Bl i BRERARO LA L
BEMAE I R FFEL R D A PERE, R R ARG REI A A TR

2.3 B REmMBRAFAT

SRTER L ATA, SIEHSTR (CK) ML, e (SC4) MRS s nIyth b, i s a3t
2. PURMIR. PR . At EEY &R B2 PR, PRI R iE. I a3t
M. PUAMIR. vlys PR TEY) . ATV MEER U0, IV PE R . (R, e R sEnl i e 1R & = 2
HTHwE e R EREEIE] T VGRS IE R AE KK E, BRI S sz 2IHAT, B LLBEAR, %
A GRS NS

A (SC4) FEL, 45w Ca® W il 4 mmol - L (SC4) TF%] 6 mmol - L™ (SC6)
of 8 mmol - L™ (SC8) Hf, HSLmfe. nlyEthibi. W E L), . rsthEa. wwtk
WY& B T m, TR PURMIR . vy PR Y. nl sk B, Iy bE R (.
SRS WA IR, HPUAR MR ] e S & A SCe A SC8 b B [ W M . [
I, A E RS R R . BRI, IR Cat R I T T B A R KR
FHIER, AERERSEMIEREKRE, AR TEFRYIE R R, 28 n] ik 21 oot F 58 R
.

F 1 EESERMEMETAERRERRAZNE

Table 1 Effects of supplemental calcium on fruit quality of watermelon under salt stress

AVETERAE TR R/ PO LR/ TR A/ AVERERE R W R

ﬁimem éﬁifiﬁyg (mg-g'FW)  (ug-g'FW)  (ug-g'FW) (g g'FW) (B (umol - g"' FW)
Soluble sugar ~ Free aminoacids ~Ascorbic acid  Soluble protein Soluble solids Titratable acid
CK 1070.14+63.84a 77.84+441a 295.1+19.6a 49.03+4.11a 561.8+557a 11.46 £0.40 a 8.8+20c¢
SC4 514.50+38.16¢c 63.77+1.74c 163.1+7.1¢ 3223£0.75¢  397.7+108¢ 7.60+035d 19.0+19a
SCo6 873.08 £87.87b 7038+3.73b 236.2+11.8b 50.29+6.15a 471.7+3.09b 10.54+0.04 b 13.5+1.1b
SC8 836.60 £38.71b 68.88+ 1.25bc 253.4+35.8b 39.76£1.52b  465.6+13.3b 9.76 £0.29 ¢ 145+0.5b

T RPBUEPIE + brE 2, AR T REORTE P<0.05 KF B BETEESR.

Note: Values are means + SD, The values with the different letters have significant differences at P < 0.05 level.

SrMEER 2 AN, SIEHEOG I (CK) MItL, Rl (SC4) MRS Ca®'s Mg®'. Mn Hi R
FHPEMK, fiNa"s Cl . Zn. Cu S & EETHE, 6 KIS EEAA . XRRLRE Ry 5
ﬁ%%%ﬁ%ﬁ%ﬁ%ﬁﬁT“%k%Kﬂ%W,@ﬁ%%Cf\MfiMnﬂz,Kﬂ?%%%
MR RS, RO R RS M A s T B .

HERia (SC4) MLk, 4EFRRT Ca® W H 4 mmol - L' (SC4) JHi#] 6 mmol - L (SC6)
i, Bserh Ca®. Mg™. Fe SR EBFTIE, Na S BEE T, HEoEBARE. EWRERKR
*&m@dﬂ%CfWETu%%%%¢Cf\Mﬁ”%%ﬁz,HﬁWﬁNf%Z ME IR
Ca” W =3 8 mmol - L (SC8) I, HsLdff) Ca®'s Feu Mn &N WE T, WAL T A,
1M Na™ Al Cu & & R THE .

FWVEFRWh Ca> WP IR 24 TH v vl LA S B A AR G 2 (M s 2, AL e %
BRI S TR Ca™ IR 5, LB e LR A 2
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Table 2 Effects of supplemental calcium on content of mineral elements in watermelon fruit under salt stress

Kby K62/ (ug-g' FW) Majorelement W IEE/ (ng- g' FW) Microelement

Treatment  cq?* Mg* K Na' cr Zn Fe Cu Mn

CK 259+6Db 108+13a 1241+£77a 82+1lc 70£3b  636+70b 1092+95b 670+53¢ 316+28a
SC4 199+ 10¢ 890+10b 1248+63a 3435+601a 437+6a 863+47a 1128+77b 803+22b 78 + 8 bc
SC6 344+19a 114+6a 1417+63a 1777+582b 436+7a 818+97a 2066+ 120a 871+41 ab 98+5b
SC8 219+£33¢  103+4ab 1363+147a 3741+£150a 443+8a 820+16a 859+86¢c 915+40a 60+8¢

e RPEE T + bRERZE, AR TEERIRAE P<0.05 KT LA B2

Note: Values are means + SD, The values with the different letters have significant differences at P < 0.05 level.

24 EXTEMEE R RSN

WP 3 Jros, AEH T AR R B BE AR AN ) AL B TR B S AN TR, e HRALEE (CKOD R I B
B, R BUBRILS, W] R I (2 KT BE R, R WITER S B . Eha (SC4) W] 4
Tl TAER T I, AEM K AR 4 AN rp BT . SC6 AT SC8 ALFRIFIAE i B K JE 35 KT SC4 AbFE ¥ 1k
B, {H SCo AbFE KRR AT o IXFRMWIE TR Ca VR B[ T m AT RL A SR 3t FEK W 4
RACKYE ARSI, EAER R RFE R G 0, SR RSk BB R RCR . AR TRl TR
MRE, PCHERSM R ERMEZ R, BRI RS TR .

E 3 HEiEimR e TAREREREREKNTIE
CK: 0 mmol - L' NaCl +4 mmol - L' Ca*"; SC4: 100 mmol - L™ NaCl +4 mmol - L' Ca®*; SC6: 100 mmol - L' NaCl + 6 mmol - L' Ca®'; SC8:

100 mmol - L NaCl + 8 mmol - L' Ca*'.

H S A B B BOR 5 10 £,

Fig. 3 Effects of supplemental calcium on pollen germination and growth of watermelon under salt stress

The amplification of eyepiece and objective lens is 10 times.

3 e

JeE AR ) B2 R B AL AR BIPA A R, L2500 Po G G AR AL
A REVPHV TSR TALBRE] (VPR 4E, 2002). ARESrH, SC4 ALFAL P Gy GRIREE (1 1D,
FW]E A FEUY P, FERUETLIRE]. SC6 Al SC8 ALFE{E G,v Civ P, [N THir, W] Ca® al
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R ER A S & AL . Ca® 25 T AL HIEFLfE (Schwartz et al., 1988), {HXT Ca®
FE AR SR B 7KV X £6 e A AR S AL T sk RV AL 3 52 A H b4 4+ (Tattini & Traversi,
2009), AR SC6 Fl SC8 ALFEXT G, IFLMIVEIIAR, XA[hEE Ca® IRIEK T K. 35 P, HAK
(R BRI R R R R 2R, W) G AR SO T R A R (R4, 2002), MH4Ez98 63
JIEEFAR A AR PO . R EREN (Omasa et al., 1987). AL+, SC4 AbHLAH
F/Fun @psi~ rETR. qp "MEERE DB HUEIHE (F2), KU EA S E LR T Hhia
s, (HAX S S EL R BRI B /N TS A S 5 N IRIE R (B 1, B 2), SRR
S PERE MM HIE ] LU ALIR B X2, IR AN Ca® 5 BRI i 203 LT oKL Ok AT
AELBRA, R A TERE MV T o SR It VR (R Ca™ R I/ FL X M 1) 5 R A
PERURATRE S, S s KR, SRR A M AR AR e 1, 39 Rubisco BRI PEP 24K
BTG E (Assche & Clijsters, 1990), MIMTHER COL RALCER, Mot b ariyrearkae, A
By v BRI S T RIE T BE S Ca® 2 5 X st FE A 6

PRI SE B 7K B il 90% LA B, Fir LA SR S5 v 7K 43 (R IR AT i ok SRS S B T S A A B o R ol
TR R K I FRARIK 23 ) R SE i is ki, FECR SR B (Sato etal., 2006, fHATRYS o L5k
PR BB A CBAR AL D, Ui U R A 2 RS iR N B R N, B IR h Ca
W TS AR S TR OGS RS, AR TS AV RIE AR SR, 0 S 3 s i
K, XEAERERE EIGTSE RAE (Keutgen & Pawelzik, 2008). MtAh, Rtk kE 51k
REY, KB REHR T L2 fig s (BKERE, 1988), (Rt FhReE, FIT 3SR R
SN RSP YL ) B B A IR PR SRS 5T, 17 D PRI SR S R ]
[ & & (Perez-Alfocea etal., 1996), i szl i N, 1M IR0 Ca® WIS 1T ml 76— 2 F2
JE PR E k8 (Kaya et al., 2002), S EhWpia RSz i i. HMpHaiE &S5 & 2 E2 5 1
A, R A R TR B R, T AR I T S A XU A DG (Keutgen & Pawelzik, 2008),
] Ca™ A LAR i RSP LR B (RIS i, R Ca¥' 3 5 T & A s E LR 1) & A i 7L
BT B T A Db — TR b ofe 1 R s AU, SR A R WL T R T AN MR pHL L, AR TR T R
fssErt, (E3ER A (Keutgen & Pawelzik, 2008), {HiL & KA HLER A 5L B A XUk, AT
eIt S M e AL A AR R, A S SR A TR B AR o B IR Ca® YR I T e i 5 R T
o RS A B R, A AR R T IS R R A AR, IR T AR Ca” i SRS T
(IR0 SRR o Eh e — 2 S B MRE 1 R A, TTTPUIR IR A2 5 1 S0 Bk R 4 v 19 B8 A 1 4
Ca” #1m 7 Hse P PR MR I & B, ) PR B Se 4N MR i St i, et SR se R A 7 e SRSl
BESEIR . PURMER . WY ER A BN TR SRR S N R R R B R (R 1D, H Ca® el
PP 53 ARt AR (], ¢ WD 0 Pt PR G, R 52 B R Ca™ i e S S JB RO ATL BT AN S g A 15 B R A s i 72,
HARETHRANTT o

FRBRE I BE ) Na™ Fll C1 A ERAA A Na™fll C1 & 8T+ (Ebert et al., 2002), H. Na i&i]
RZX Ca™™ KTH Mg W i siz #i (Hasegawa et al., 2000; Pardo & Quintero, 2002), & &1
HELEFRIZ, DN RRAE N T B TP, X2 SEERMNE R Sh Na Rl L SR TR & Ca”
1 Mg” BRI E R (R 20 IEAEMKAITERE b T B 3L A7 7845 s BRI Ca™ WS B
% (Rahtore etal., 1991), ERWMEFTHERIN T Ca™ MR, AN IIBLPENS 2, X ] RS 48Ky il
R KA AR AZAMB R 43 B IR o AH SRS op KOS R 28 A, X AT g KA ] 542 i M %
MR B3 U B (K Ca® vl 3 v SR 0 AR AR 40 WO Sl H-ATP . RIS H-ATP B H'-PP 1)
WE CESCHERIXIACRL, 1993), IXEERETTLLY Na 7EMRAN M Ba h i 2 M Ca®. K Mg” 1k
PR A SR ) 11, Ca™ B SR LA FEA U T Na [ bk BB iis i, m Tk
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HhERRE SRR Ca® R M® [T i, (AR T BB L IR Ca’ YR IERAIE . B IR R
Ca™ WRJE £ BB M, SC8 ALFAE S 1) Na™ SR THm, XA AT e LR R 5 B3 = 13555
185 e B I K. AL, ERPMEX T E TR A H AN E  (Keutgen & Pawelzik, 2008),
SC4 AbF sz 1) Zn AT Cu & B S THi, 10 Mn & B W B E B, 108 IR00P Ca® R T
SR ICEN SRR E AR, SuEME K Ca KRR X, £ Ca® MR o Mk skiiz
R LR S AR

CE LA, EIRWD Cal WIS RIE TR, AR A B R LT E [ B R kA ot
Rt A E S, R RO A ERE, (RS E A R B, O RS AR K AR A 5
R IR HAh, JEFHE T Rserh i) Na'#i%, 28 Ca™ I Mg” IS J2 5k, {RBEIER I R AN1E
B, AR TREMAKKRE, JEmeE e vh IR SE 6 5
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