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Effects of iso-osmotic Ca(NO,), and NaCl stress on growth and physiological

characteristics of cucumber seedlings
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Zhihang, SUN Jin~
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Abstract: In order to compare the differences of physiological responses of cucumber seedlings under the Ca(NO, ), and
NaCl stress, the effects of two iso-osmotic salts on growth, photosynthetic characteristics, reactive oxygen level, antioxidant
enzymes activity and cations absorption of cv. ¢ Jinchun No. 2’ (salt sensitive cultivar) cucumber seedlings cultivated

hydroponically were investigated. The results showed that NaCl inhibited the growth of both shoots and roots of cucumber
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seedlings, whereas the inhibiting effect by Ca(NO,), was mainly on shoots, but not on roots. The results of photosynthetic
gas exchange parameters indicate that NaCl stress restricted the entry of CO, from environment into mesophyll cells resulting
in reduction of photosynthetic rate. According to analysis of chlorophyll @ fluorescence parameters, the capacity of carbon
assimilation of cucumber seedlings was also inhibited by NaCl stress. However, Ca(NO,), stress only affected the entry of
CO,, but did not significantly affect the capacity of carbon assimilation. The portion of excessive energy in photosystem Il
(PST ) reaction center (Ex) was enhanced by both Ca(NO, ), and NaCl, which led to an increase of the production rate
of superoxide anion radical (O, ) and content of hydrogen peroxide (H,0,) in cucumber seedling leaves. The increase of
Ex, 0O, production rate and H,O, content by NaCl stress was more than that by Ca(NO,),. Changes of antioxidant enzymes
activity of cucumber seedling leaves were different between Ca ( NO, ), and NaCl stress. For example, the activity of
peroxidase (POD) and catalase ( CAT) was increased, but the activity of superoxide dismutase (SOD) in leaves was
reduced by NaCl stress. However, the activity of antioxidant enzymes such as SOD, POD, CAT was all enhanced by Ca
(NO,),. We speculated that reactive oxygen species ( ROS) quenching was limited under NaCl stress, leading to its
accumulation and the serious lipid peroxidation. However, ROS was eliminated by antioxidant enzymes under Ca( NO, ),
stress, so the lipid peroxidation damage by Ca(NO,), stress was less than that by NaCl. Besides, NaCl stress remarkably
increased accumulation of Na*, leading to reduction of ratio of K/Na, Mg/Na and Ca/Na in each plant organ of cucumber
seedlings, and disturbing of ionic equilibrium in plants. Ca( NO, ), increased Ca® accumulation in cucumber seedlings, but
decreased K* and Mg”* content, which reduced ratio of K/Ca and Mg/Ca, and also disturbed ionic equilibrium in plants.
However, the injury to cucumber seedlings by excessive Na* was more severe than by excessive Ca®. Our results suggested
that physiological responses of cucumber seedlings under the iso-osmotic Ca(NO, ), and NaCl stress were different. NaCl
stress increased the accumulation of Na® in cucumber seedlings, which not only restricted the entry of CO, from environment
into mesophyll cells, but also reduced carbon assimilation. Because of limitation of ROS quenching, the rapid accumulation
of ROS duo to the rise of excess energy in PS Il reaction center might activate lipid peroxidation damage, and reduce the
growth and photosynthetic performances of cucumber seedlings. Carbon assimilation capacity of cucumber seedlings was not
significantly affected by Ca(NO,),, because that ROS could be removed by antioxidant system in a timely manner without

causing lipid peroxidation damage and significant reduction of photosynthetic rate as well as growth of cucumber seedling.

Key Words: cucumber( Cucumis sativus L.) ; salt stress; Ca(NO,),; NaCl; growth; physiological characteristics
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Table 1 Composition of special nutrient solution for cucumber proposed by Yamazaki

M ITE
Micronutrients

KR E/ (mg/L)

Final concentration

KiEILE LT IR %/ (mg/ L)

Macronutrients Final concentration
KNO, 607
Ca(NO;), « 4H,0 826
NH,H, PO, 115
MgSO, + 7H,0 483

H,BO, 2.86

MnSO, - 4H,0 2.13
7nS0, - 7TH,0 0.22
CuS0, + 5H,0 0.08
(NH,) (Mo, 0,, + 4H,0 0.02
Na Fe-EDTA 30

1.2 ARG 5 Ak

T 2011 4F 9 H—2012 4F 12 AfER 40
A R R G S (Y B AL B S IR = b E AT, SR
PR P ZE T 1R T AR B . RRAhT 2
1O E AR TR 1 A5 HOAS LRy 2R & F D
7 B SRR (18 emx 48 emx 24 ¢cm;20 L) N,
ETHRT 35 3 d JE — UCE Ik b B S IR R
NaCl Fl Ca(NO, ) , B2 53 5135 5] 75 mmol/L Al
50 mmol/ L( AR#E Fil #5156, 1220k FE T 19 F 5 Ak 2L (1Y
WRG A 22 S ok, BiE e ), FM-8P 4
UK B A INER 5 B SR 16 15 B 344
H1-46.3 MPa, REBE 3 AL FR, 4390k X HE ( CK,
EHEEFRBAEEE) ,75 mmol/L NaCl 4:H( NaCl) , 50
mmol/L Ca(NO, ), 23 (Ca(NO,),) , BAFEE 3
W BEHLIX LLHES , B4 X AL P9 45 Ab B 3 46, 4
SERITOURGI T 12 #3601 5 % P9 IR B AR R A
13—28 °C, X (RH) 60%—75% , Yo &5 4 50 4&
5 (PAR) 3 400—800 pwmol -m s, Ehhia b7 5
d J& B E WO 9 #R4IH (AR 3 BR) 174
KAGHRFIAE AR BRI 5 YA AR S BRI 4

FOOCSHEON 5 i), B 5 5 HORE 3 bk (AR EBURE 1
) #EATINE OO (8, R AR B AR DG G
PENSELI 7 B (8 BORE BB, R Wy i AR R Z R 8 2
F(E) 5 3 FrEnt,
1.3 WE Ik
1.3.1 AR

FH 2B FAOKs B R4l o 4 30 0 K 47
MARZELE A AL BY T, 43Ry b L3R A0 b T, R A
(g/Fk) s 1A 105 C FAE 15 min J5, RIGTE
75 CHEIR T RET B EE PR TE (/) .
1.3.2 MZRZE(Chl) & &

PR AL A 5 1 A BT R A645 | A663 Ab 1Y
W GAE , FFHE 42 a(Chl a) (44 b(Chl b) Fl
SERER (Chl(ath) ) &,
1.3.3 A (ROS) FIPN [ (MDA) & il e

HAE TR T A B 5L (0 ) 77 AR A IR % [
TN )AL {3 e BB 325 I 22, LA nmol -+ g~ i FH-
min~' FR ;i AL A (H,0,) & =AY E S ] Uchida
ST LA wmol/ g B HE SR s MDA & & (130
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}: M8 Heath F11 Packer'' B9 77 5, VA nmol/g fif T
TR,
1.3.4 A LR

AL I AL B (SOD) 17 1 I 7 2 R R0 Dl e
(NBT) e Jik! ™ ALY i (POD) 76 P 2 2
& Kochba %5 i 75 3% , i S8 AL S0 ( CAT) 3 P4
EZ MR Dhindsa 2" YTV,
135 MHErFSE

W e v v JE FH WK AR 7K 4, 433 5
PR R ZEFA AR 7R 105 C R AH 15
min J57E 70—80 C T4t T Z{H &, Bwr 5t 30 H
i, B 50 mg FEAI 20 mL ZEI8K$E AT, 76 100 C kK
BHE 1.5—3 h, RHEES E 100 mL, #JRLH
HAE R KT Na® Mg™ 1 Ca™ B & 43 5 7E OD
766.49 .589.59 .285.21 .317.93 nm F | FJ J& ¥ W i
A EREET(H Sz Z-2000) M€
1.3.6 AR SEL

SR A5 Ok A E R 48 (Li- 6400, 32 F LI-
COR A H]) TR 9.00—11:00 #HITEASHE .
0 i 2 0 B PRI AE (25 + 1) °C L JBiRAE il 7E
800 wmol -m™+s™" | ZHLE CO, W E Jy (380 + 10)
pwmol/ L, FHXHE B (RH) N 60%—T10% , B 47—
e RIF I T RE I R A H5R (P, pmol
COym™>s™") RALREE(G, ,mol -m™s™") Ml CO,
WeEE (Ci, pmol CO,/mol ) , I i 5 A L B il (5"
(L,,%):L =1-C/C,, X C, haS CO, Mk E
(pmol/mol) ,
1.3.7 MRS

R 6B SRS 2500 7 B AR [R] 457
PAM 2100 ¥ 75¢ Y6 AL (15 Walz 23 &) #E4710 2 .
2848 30 min FE43 538 N, BRGHI 0' , 75 31 )
P F, M TR A K G 800 0 wmol +m ™57,

0.8 s Ja XM, 15 BN WE 8 N fe K26 F, . FTIFVEH
I, R FOL A TE A RIS A EDE A RSO0
F Jfic s, $TH R AR % 800 0 mol »m™s™",0.8 s
BEDCAZEAE R BRI F 805 K AIERDE,
SERDFTHFIELT G, 24 6 s Ja &M, 15 3568 R A Y
/NI F! o TG ST R RIS BOR (F L/
F) JERG I (PST) SLBREALERCR (D ) W
M N IRRAERCR (F /F' ) AR R
(gP) PST B AETETE (F /F,) FEHE AL 243 K R
B (qN) . Jetbsf N RE B4 (P) KL FEHLAE
(D) PSRN O FERE (E, ) B0 8553 31
wrHE".p =(F,'-F)/F, ;D=1-F,'/F,';
E =F/'/F 'x(1-¢P)
1.4 Bt

BARS T R FH MS Excel 2003 %4 i 4 & 3¢,
SAS9.0 BRAFHEAT B 5 K 2R Oy 25 43 B, B o 2 vk
2532 H Duncan’ s FiEMEEHITLZEILE (P <
0.05) .

2 HRE5SH
2.1 55& NaCl Hil Ca(NO, ), Be % 8RS AR Y

AL

W 2 iR, NaCl Al Ca(NO, ), A0 B & Z 36 T
NG A, S F RS T 3 KT R O
o NaCl Ab 38 X 35 I &) A8 i il 4 KT
Ca(NO,) ,AbHE . NaCl FiHE T, B RL AR A& Al
R EEE T E W E T X R Ca(NOy) B T,
BN ETH B AR 3 SZ B, AR R AR K
FISEIRANEA . AT UL Ca(NO, ), FiikiE 35 240 i # I
A M AR T NaCl a6 v i 38 I 40 1 AR 2R A
M B AR A Y A2 B

Fz 2 % NaCl 7 Ca(NO; ), BB &N 4 & £ KA F

Table 2  Effects of iso-osmotic Ca(NO; ), and NaCl stress on the growth of cucumber seedlings

o Hb_F- 5 Shoots Hi R Roots 48k Total plants
Treatments EF/ (g/Fk) TH/(g/1R) ST/ (g/BR) FHE/ (g/H) T/ (g/FR) FHE/ (/)
Fresh mass Dry mass Fresh mass Dry mass Fresh mass Dry mass
CK 1355+ 043 a 1.17 £ 0.02 a 343 +£0.13 a 0.17 £ 0.01 a 1698 + 0.12 a 1.34 + 0.03 a
NaCl 8.04 £ 0.32b 0.80 = 0.01 b 2.01 £0.07b 0.09 = 0.01 b 10.05 £ 0.14 ¢ 0.89 = 0.01 ¢
Ca(NOy), 993 +0.25b 0.90+ 0.02 b 3.02 £ 0.11 ab 0.15+0.02 a 12.95 + 0.21 b 1.05 = 0.02 b

CK 7R IEH B FR AR R s NaCl 7R NaCl s 438 ; Ca(NO; ) , 7R Ca(NO; ) , it Kb 3L ; [F) 51 i oA [F] 24 35 7R 22 57358 5% KT (P<0.05)
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2.2 %5 NaCl %u Ca(NOy ) , JHlpif Xof 2 JR&Jy i i
S SR Al
k3 FJ?/T 295 NaCl Ml Ca(NO,), AT, #

JRZI M F Chl a Chl b Chl(a+b) £ 1 Chl a/ Chl
b #8 FE NF, {H Ca(NO,), MrE T B R4 B i A
Chl a/ Chl b & 3& T NaCl 38

£ 3 %5 NaCl# Ca(NO,),BHEX EN4EM T EESEN T

Table 3 Effects of iso-osmotic Ca(NOj; ) ,and NaCl stress on the chlorophyll content in leaves of cucumber seedlings

Qb P 4R o/ (mg/g B ) M2t E b/ (me/g i) BIMERE / (mg/g ) g% o/ HEED
Treatments Chl a Chl b Chl(a+b) Chl a/Chl b

CK 1.419 + 0.056 a 0.494 + 0.027 a 1.913 + 0.058 a 2.872+0.0231 a

NaCl 0.719 £ 0.032 b 0.385 £ 0.046 b 1.104 + 0.055 b 1.868+0.0421 ¢
Ca(NO;), 0.915 £ 0.058 b 0.433 + 0.038 b 1.348 £ 0.039 b 2.113+0.0236 b

Chl a: Chlorophyll a;Chl b:Chlorophyll b;Chl (a+b) :Total chlorophyll; Chl a/Chl b Ratio of chlorophyll a and chlorophyll b

2.3 %8 NaCl fl Ca(NO,), BB R LA
SRS 50
WA 1 PR, %2 NaCl il Ca(NO; ), /AT | 8
IR R P, G, C 3B ELT X I L 3 &

TR RR {H NaCl e 5 1R A% T s sl B AR i B 1 K T
Ca(NO,),Mrifi, #% M8 Farquhar AEL1OT 1 S DR o o
NaCl 5 Ca(NO, ), Wrif 5 & & R4 i i Rt & 5
R 2R AL R T

14 a 0.30
a
12 F T b 025 -
o T ~ -
w10y - 020
' =0 .
® A 8t o & b
o 5=
€ c mS 015 _
K35 6+ _ re ==
e é © o010 |
= 4r ¢
A
s L 0.05 F
O J 0 L J
CK NaCl Ca(NOs), CK NaCl Ca(NOs)
350 0.5 a
T
300 - a L b
T b 04 |-
2 250 | T c - c +
= E == =+ ~
%S 200 L g 03r T
E s
EE 150} = o2l
=2 S r
O 100
0.1 +
50
0 J 0 1 )
CK NaCl Ca(NOs), CK NaCl Ca(NOs),
Kb Treatments Kb ¥ Treatments

1 %58 Ca(NO,), 7 NaCl BMEXT & 4 & B L& SEZ RS M TN

Fig.1 Effects of iso-osmotic Ca(NOj;), and NaCl on photosynthetic gas exchange parameters of cucumber seedling leaves

CK : IEH B FRWARKE Control ; NaCl;: NaCl if1iE 4 FE NaCl stress; Ca( NO; ), : Ca( NO; ), B ALEE Ca(NO; ), stress; NEl/NG FHRER/R 2257 B 3%
(P < 0.05)

2.4 %35 NaCl Fll Ca( NO,), ki w38 R4 i Aot
S Vel
WE 2 fr7R , NaCl Brif 35 B AR B R4 i R
() F/F, F' /F' F/F, ®. M qP {H, BERES

gN A ; Ca(NO, ), FBipien 5 5 BE AR T 24 v it 19
F/F M F/F A5 B% F' /F' @y P T gN {HIC
E/ﬂﬁ
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T T T
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Fig.2 Effects of iso-osmotic Ca(NO; ), and NaCl on fluorescence parameters of cucumber seedling leaves

2.5 %535 NaCl Fll Ca( NO,) , [Wikid %38 T4 - %
G RE S A 52 M)
RIS R DS E A R I G RE 5
R 3 #8450 E N P, B EAEYI R P LD E,
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&6 Ca(NO;),BX HNAETFEERE K/Ca,Mg/Ca th{EHI T
Table 6 Effects of Ca(NO;), stress on ratios of K/ Ca,Mg/ Ca in different organs of cucumber seedlings
Kb 3R 2 Roots Z£ Stems it Leaves
Treatments K/Ca Mg/Ca K/Ca Mg/Ca K/Ca Mg/Ca
CK 17.87 = 2.11 a 0.92 + 0.02 a 12.55 0.40 a 0.48+0.01 a 3.07+0.26 a 0.39+ 0.16 a
Ca(NO3), 333+0.15b 0.12 + 0.04 b 2.35+0.01b 0.12+ 0.01 b 0.92+ 0.02 b 0.10+ 0.01 b

NaCl #1150 mmol/L Ca(NO,),kbBH ¥y i 3 T 8
JRANE AR (R 2) X S HME S BB gE 45 R — 2,
ARSLEGH Ca(NO, ), Jolp 30 410 ) 38 TR 4 1 A 4 R 2
0 b 343 B A A T AR R AR R RS
MRK(F2), ZATHIBFGE AL, Ca(NO,), il
FRm T RN AR R A, 1 HAR R K 2 2|
AR S 40 0, o R 22 ) S SO0 AR 25 B
FHOR RN 2 R AP EAAE R X ]
AEJE Ca(NO, ), B X 5 N4 AR R AW = LR TC
ITE S AL E IS
3.2 IR X B NaCl Al Ca(NO, ), k6 mi 7
PG E R 2 5
JATER SR K & T S, Ehbhba T,
H 838 T 9 IR, AR R ARK S5 | i A 4 i 7 2k
KR AFLIE A BT BE NN, CO, BER A I, S B YOG
HEHR R AR T RS R (F
1), HENAK, #hWria F2O6AMERBOR T R &
BREA LT WA EZR . © SALCH , SE8URE COo,
W T H TR 18 B RN /D, RESFLIH 2
@ EFLEE™ 40 co, RMLEE TR e a T+
sz JEA IRE H 0 R ETHFE £
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TESALH R K E SAER W R, 5 AL K R HE
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HF R P R AR SALRRE, 400 T =
PR 3t T 8 NG B SR RSB KL F/
F R F/F $58ERAGE 2), 30 PS IR ¥ hE
EEALROCR AN PS T BT FE TG PEREG, PS TT 22 31 T 4%
$57, {BSE HE NaCl B0 R, F/ /F', Fl @y B3
FEA (& 2) , a8 PS TS ot SR G BE A 3R A%
FSE BRIEARCRE SBOR IR, R 2 @,y MR
RBELIE 7 8 Bk A4k 1 ( NADPH  ATP) B9 B, [ s
1T (A G I o ot i 411 1 K VN1 A1
TR R G B 1) [ AR R T Ca (NO, ), 38 X

F' JF', @y Fl qP TCH 520 (K] 2) , 38 CO, [
FE R Z B2, 2=, A LI, NaCl JiiE
SEHRNL G R, B THESIL S ERE
IR B CO, I 8 22 M- P 240 i 52 29 BR o Ay I i, e
Ak B S R ; 1T Ca(NO, ), il S 308 R4 P,
FEAR, 22 B SFL IR 2R3 iy O, ki s 2 e
B, MHK, NaCl Wl T &R H oV 535 T8, A
PRAE A AR G RE A AR S8 2 b A TR 4G
PS T HC i, o8 1 3k i o 6 BE XS 6 A 28 B 1
05, @ AR I T LAFE R,
3.3 HNAH K45 NaCl Hl Ca(NO, ), W36 w7

A3 T AR 25 5

MR RSO RERR T TRk R
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SIS AR K 00 e 5 R O mE
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BERCH 5 0, 25 & T8 B U814 B3 19 1 F 2 4o
0, \H,0, ¥2 H i % (OH ) &, 1M 8 3K I R 42 f
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ST, M T R A 52 ROS 155 %, Hivb, SoD 5
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3.4 FINLHXHB NaCl Al Ca(NO, ), k6 i 7

1 B T W R 25 5

A XHE RN fEE R EAE THEE B
371 SER I V=S S TS € (O 3 o E (/] DU E N )
TR B B B B R i R n
RPN B 7 20 25 O i 2 48 4 7E 3R W aa R A AF Y
il ARSI ZE R KW, NaCl hid T, 2 R4 4%
AETM N TR ES (R4 MW ZE P
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(F4), 50l K/Ca Mg/Ca HWAH B FEHFM(FEKS), &
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RuBP F2 AL 76 M40 0 R AR 3 AN A R
FEARSZEG 1 NaCl ik 5 &)y i R ik ik [ 4k B
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