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BT mE T AR R MR AR RIE T GG O AR KOG AR W AL, WG SMIR 2 T DL
RS R KT S A= K ADG A A H , B 0 ~ 15. 0 mmol/L JE Mz (Put) 0.1 ~ 1.5 mmol/L MFA% M (Spd)
F10.1~1.0 mmol/L M (Spm) BIFFH T, BMASCR S THE 5 AR, 2o 5.0 mmol/L Put 0.5 mmol/L Spd F10. 3
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Alleviation of growth inhibition of pakchoi seedlings under calcium nitrate
stress by exogenous polyamines

LU Ying'?, SHU Sheng', ZHU Wei-min*, GUO Shi-rong', SUN Jin'

(1. College of Horticulture / Laboratory of Modern Protected Agricultural Technology and Equipment Engineering in Jiangsu Province, Nanjing Agricultural
University , Nanjing 210095 , China; 2. Horticultural Research Institute / Shanghai Key Laboratory of Protected Horticultural Technology, Shanghai Acade-
my of Agricultural Sciences, Shanghai 201106, China)

Abstract: A hydroponics experiment was conducted on calcium nitrate [ Ca(NO, ), ]-stress pakchoi Hanxiao to
study the effects of different kinds and concentrations of exogenous polyamines on the growth and photosynthesis of pakchio
seedlings. The stress of 80 mmol/L Ca(NO, ), significantly reduced plant height, leaf number, dry and fresh weight, leaf
area, root length, root volume, and root vigor, and deereased the contents of photosynthetic pigments and photosynthesis on
day 10. The suppressive effects of Ca(NO, ), on pakchio seedlings could be alleviated by spraying exogenous spermine
(Spm) , spermidine (Spd), or putrescine (Put), with the concentrations ranging from 1.0 to 15.0 mmol/L Put, 0.1 to
1.5 mmol/L, or 0.1 to 1. 0 mmol/L, respectively. 0.5 mmol/L Spd, 0.3 mmol/L Spm, or 5. 0 mmol/L Put exhibited the

strongest alleviation.
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BT IEW EE M TN Ca™, FEIE TN
NO, %, Ca(NO;), i BB 5] 1 it + e 4h
B F LR Z —, AEEERFSE IR R
X N 1) 5 22 BT 8 3 DG AT
N F B AT AR I SR B SR A TR R i
i 238 B4 A il 20K, S — T+ B R AE
55,

ZHE( Polyamines , PAs) A YRR AR
A — R A AR R AR o 7 B DT 16 A Ak
Y, FEALEE M ( Putrescine , Put) P A I ( Sper-
midine , Spd) F1K5 iz ( Spermine, Spm) 7 . & i 7E
P E KRR T AEHE S S A AR |
WG 5 5 )y T AR EEAR Y R4 5
2 Bt FH AR 22 i RE 6 G2 it ER W 3 X i SIAE ) ) 1
FHOL SRR 0 S RS VE M RN A, £ i
AV FHRCR AR A] A , HRTH ARA T2/ H
SRR ES i3 1 75 1 22 g S AR 2 R J32 7 T ) 41
T b, AR 3 A i TR 3 TS P T W it A [
W AR 2 e, LU e 2/ F SR RS
85 B B AR 22 e M S A BE | A it AR 2 e
$ i/ it £R R SR HE BRI AR S
1 MBS I
1.1 ##

T TE F A R SRR N AT, i
FB9/INAZE ( Brassica campestris ssp.  Chinensis Maki-
no ) A A FESE Hh R BT AL KA el 225 B 1 S R
PSR, FhF2IHTE RA MR TR A0
Wiy B A b B e IR B 43 S 45 I AE 20 ~ 25
C .15 ~18 °C, AL, ARG K2 1 1
L3 JEBE 1/2 Hoagland S35, T4 TE 4 MF 1 .OEF,
P K —BUM AT L 22 1/2 Hoagland B FR M)
KIGEH (pH i 96.5+£0.1, EC i H2.2~2.5
ms/cm) , BEFHEAE 12 ¥R
1.2 AIa4hiE

ey 2 d Ja P b 1 SR 14 bR
CK: IE% & FR W15 ; N80 mmol/L Ca(NO,),;P, :
80 mmol/L Ca (NO; ), + 1.0 mmol/L Put; P,. 80
mmol/L Ca(NO,),+5. 0 mmol/L Put;P,:80 mmol/L
Ca (NO; ), + 10.0 mmol/L Put; P,: 80 mmol/L
Ca(NO,), + 15.0 mmol/L Put; D,; 80 mmol/L
Ca(NO,;), + 0.1 mmol/L Spd; D,: 80 mmol/L

Ca(NO;), + 0.5 mmol/L Spd; D;: 80 mmol/L
Ca(NO,), + 1.0 mmol/L Spd; D,: 80 mmol/L
Ca(NO,), + 1.5 mmol/L Spd; M,: 80 mmol/L
Ca(NO,), + 0.1 mmol/L. Spm; M,: 80 mmol/L
Ca(NO,;), + 0.3 mmol/L Spm; M;: 80 mmol/L
Ca(NO,), + 0.5 mmol/L. Spm; M,: 80 mmol/L
Ca(NO,), + 1.0 mmol/L Spm, A[FFRE AN[EHE
Z TR IEa A0 d .2 d 4 d.6 d B[R —
Z0 53 590 i) 4y gt 2 ) Wit 5 CK I N &b B i 5 o
MIZEIREK . BENLIXZHHED A0 B 12 PRE, 3
5, AP0 d 5, /N SRS T AR BREE R
1.3 MEmH
13,1 ARIEAF HE R E /N 3401 bk = A
TR HIZE IR e A i WK 0 I 05 A R
f i ;105 °C 27 15 min, 75 C 4t Z 6 G, I
SEMRT BLEE, M A AR R ( Epson Ex-
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i, TR A 4l e A L TR SRR T AR
WMITEIE . MRARTE SR E R TTC .
1.3.2 k&&Fx WBCHEM R 0.1 g, BIFRRS],
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M2 E b(Chl. b) (mg/g, FW) = (22.9x 0D,; -
4.68x0D;,) xV/ (1 000x W) ; M 2% % B (mg/g,
FW)=(20.21x0Dy5+8.02x0D¢; ) xV/ (1 000xW) ;
K MK (Car) (mg/g, FW) = [4.7x0D,,, -
0.27x(Chl. a+Chl. b) 1xV/(1 000xW)
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Li-6400 fEHEAOE S, T EF9 £ 00 ~ 11 : 309 &
B 3 Rt 2RI REM MEOL AR (P,) |
SALFE(G,) LRI CO, W (C,) (2515 H R
(T,) o WIS AT O, F T 6400PS 42 5
W, RO (25 1) C, ot ol B R
(PPFD) 3 700 pmol/(m® - s), CO, #J¥ N (380
10) pmol/mol , HXH R & (RH) 1y 50% ., #5645
E RS HAERE
1.4 HIRFEITHN

I E s K SAS #K 4 Duncan’ s (P<0.05)
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2 GR50H
2.1 %3t Ca(NO,), B8 F/NERE B K
2

i 1 LT, RS I T 40 R K
SEEVH L B L R A B0 0 i b
BRI AR T AR T
44.21% .68.59% ,32.15% ,63.52% M 67.86% , 7=
AL, ERRESIA T B — i v

K1 TRMERE SRR HEERIEINE T/NE RS EEKB

RN B AR AR 2 A K BRI Bt 2 e R 1 84
BT TR RS R R R Z b B b D
M, \D, &b RS AR AR b, Fok ok P, AL B #E 3 Fh
22 Wi (T e SRS e KGR ) 1) Bl Vi BE T, 4 bR
o P TEBRURI M 50 S0 R T O LU A R A M
AT A48 T 63.80% .102.85 % .57.98% .
109.26% . 140. 19% , 62.37% . 78.08% . 36.97% .
175.00% . 197.22% , 26.16% . 55.45% . 36.97% .
67.85% M1 119. 44% | 2= 531835 .

Table 1 Effects of polyamines on the growth of Brassica chinensis under Ca(NO; ), stress

b L7 ﬂiﬁijﬂ g TR Tk BT
(cm) (em®) (g) (8)
CK 16.67+0.59a 490.85+17.83a 9.33ab 20.12+1.82a 1.12+0.02a
N 9.30=0.26f 154.20+21.23f 6.33e 7.34x0.47h 0.36=0.04h
P, 9.73+1. 13¢f 154.53+17. 89f 6.67e 11.09:1. 34defg 0.70%0. 07cde
P, 11.20+0. 50de 239.74+29.06cd 8.67abc 8.07+1.46gh 0.48+0.08gh
P, 11.73+0.57d 218.06202. 73cde 7.67cde 12.3221.09de 0.79+0.03cd
P, 10.97+0. 64def 169.80=14. 89ef 6.67e 11.00£0. 48defg 0.6920.02de
D, 12.73+0. 67 cd 199.24£20. 27def 7.00de 8.610.27fgh 0.54=0. 04fg
D, 15.23+0. 44ab 312.75+13.26b 10.00a 15.36=1.20bc 0.99=0.03b
D, 12.80+0.49cd 242.45+13.25¢d 8.67abc 10. 670. 34efg 0.67+0. 02def
D, 11.63+0.71de 231.97+7.92cd 8.33bed 8.56+0. 54fgh 0.54+0.03fg
M, 14.03+0.44bc 219.51+13.83cde 8.33bed 11.70+0. 82def 0.74+0.05¢d
M, 15.10+0. 59ab 274.58=10.84bc 8.67abc 17.630. 32ab 1.07+0. 02ab
M, 11.900. 68d 259.88+30.53hc 9.00abc 13.920.67cd 0.83+0. 03¢
M, 11.53+0. 19de 223.27+17.72cde 7.67cde 11.09+1. 34defg 0.70+0.07cde

CK: IEH B SR ;N80 mmol/L Ca(NO; ), 3P, :80 mmol/L Ca(NO; ), +1.0 mmol/L Put;P, :80 mmol/L Ca(NO,),+5.0 mmol/L Put;P; .80
mmol/L Ca(NO;),+10.0 mmol/L Put;P, :80 mmol/L Ca(NO;),+15.0 mmol/L Put;D, :80 mmol/L Ca(NO;),+0.1 mmol/L Spd;D, :80 mmol/L
Ca(NO;), +0.5 mmol/L Spd; D;:80 mmol/L Ca(NO;), + 1.0 mmol/L Spd; D, :80 mmol/L Ca(NO;),+1.5 mmol/L Spd; M, : 80 mmol/L
Ca(NO;3),+0.1 mmol/L Spm; M, :80 mmol/L Ca(NO; ), +0.3 mmol/L Spm; M;:80 mmol/L Ca(NO;),+0.5 mmol/L Spm; M, : 80 mmol/L
Ca(NO;),+1.0 mmol/L Spm, [FIFNAS R /NG bk R 25 5 1 3 (P<O0. 05) .,

2.2 ZHEI Ca(NO,), BHET/MNEXYERRE
KAE B

M2 nTLLE AR AS W38 T/ SR 4 i AR
FAERKEE TR, 55X A, A R 55 Ak B A /N
FISRAH AR MR BRI RE 1 3 N BT
40.05% 48.88% 1 79.01% . Hi§ R 45 Bl 3e1 T, Wt
Jith— 7 Ve B 1) 22 B ¥ R4 i /N SRS AR &R AR
1, I AR F R0 Bl 7 e B8 ) 1 o 22 G 1 i S U
55 3 ANTRVFR S £ e b B | DL D, A 3 2 Mgt 00 R A
I, R 4y 00 S M, AbBRAT P, AbBR, FE 3 PP 2

(Ji R RS e KSR ) BB WS, 2 AR AR
RFUFAR 206 7 LUl R 45 W38 T il 38 & T
46.78% .83.22% .263.53% ,44.75% ,24.37% .
309.41% ,37.95% .12.18% 332.94% , 2% H ik 5|
i KT,
2.3 %Xt Ca(NO,), B T/MNAXHEXEE
EF:0pA)

H2E 3 WTLLE Y, 50T REAH LL , SRR S A BRI 4y
M4 R a ML b MHERER S S b5 F R
T 47.87% 46.88% A8. 41% Kl 44. 68% , iK% 3%
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Table 2 Effects of polyamines on root growth and vigor of Brassica chinensis under Ca(NO; ), stress

R b MR D R R LR ES a4
P T 83.67% .70.59% . 81.54% .26.92% ,77.55% .
70.59% \78.46% .30.77% ,83.67% .35.29% .72.31% .

30. 77% , 25383 B E K,

b3 A (em) AR (em?) WA [mg/(g - h) ]
CK 18.90+1.08a 8.51£0.19a 4.05+0.21a
N 11.33+0. 39 4.35+0.72bc 0.85=+0.20f
P, 11.60=+1.37de 2.92+0.24c¢ 2.55+0.06de
P, 15.63+0.66bc 4.88+0. 84bc 3.68+0.21ab
Py 14.37+0.92bcde 3.98+0. 15bc 2.76+0.34cd
P, 13.03+1. 17cde 3.61+0.51bc 2.43+0. 19de
D, 14.03+0.98bcde 5.04x1.31bc 1.74+0.13e
D, 16.63+0.23ab 7.97+0.92a 3.09+0.09bcd
D, 15.60=+0. 64bc 5.33+1.13be 2.65+0.46cd
D, 14.57+1.70bcde 4.77+0.54bc 2.34+0.30de
! 14.80=+1.46bcd 3.76+0.53bc 2.65+0. 16¢cd
2 16.40=+0. 60ab 5.41+0.61b 3.48+0.35abc
M, 12.87+0. 15cde 3.85+0.39bc 2.58+0. 17de
M, 11.97+0.92de 3.47+0.85bc 2.46+0.40de

FABIILE 1, FSIARYNG FHER 25 B (P<0.05)

®3 TRSRLEBNHBREDETHEREGRESENIM

Table 3 Effects of polyamines on the contents of photosynthetic pigments of Brassica chinensis under Ca(NOjy ), stress

b3 M52 a (mg/g) M4 b (mg/g) MR A (mg/g) KAE P FE (mg/g)
CK 0.94+0.02a 0.32+0.01a 1.26+0.02a 0.47+0.02a
N 0.49+0.03f 0.17+0.01e 0.65+0.03h 0.26+0.04d
P, 0.71£0.05de 0.12+0.01f 0.83+0.05g 0.30+0.02cd
P, 0.900.01ab 0.230.01d 1.120.01bed 0.34+0.02bc
P, 0.79+0. 03bcde 0.16+0.01ef 0.95+0. 03efg 0.33+0.01bed
P, 0.76+0.01cde 0.14+0.01ef 0.90+0. 02fg 0.32+0.01bed
D, 0.79+0. 02bede 0.240.01cd 1.03+0. 02def 0.310.01cd
D, 0.87+0.01abc 0.29+0.02b 1.16+0. 02abc 0.34+0.01bc
D, 0.77%0.05cde 0.27+0.02be 1.04+0.07cde 0.34+0.03bc
D, 0.69+0. 06e 0.240.02cd 0.93+0. 08efg 0.31+0.05bcd
M, 0.76+0.02cde 0.27+0.01bc 1.03+0. 03defl 0.35+0.01bc
M, 0.90+0. 05ab 0.29+0.01b 1.18+0.04ab 0.33+0.01bed
M, 0.820.02bed 0.1840.01e 1.000. 02def 0.310.01bed
M, 0.79+0. 04bcde 0.17+0.01e 0.96+0. 03ef 0.38+0.01b

AP 1 T, SR NE FRERR 225 B (P<0.05) .
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2.4 ZEEX Ca(NO,), BHET/MNEXRHEXLEE
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M1 T LUE Y SSRGS 38 T /N LS4l i DG
AIERBE TR, 5X A, iSRRE5 A3 P,
G..C. M T ZWIFEET 44.29% 44.83% 38. 18%
47.27% . FHBRES M0 T, Wi — 5 Vi BE (1) 2 i
BIRTAEE /N 34 WG 1R, 2 E R5CR Bl 5 vk

JEE 0 12 ST 5 05 B B AN TR RR S 2
A D, AP RACR e, HR o 50 M, AR BN P,
QPR AE 3 T2 e (IR I AR I I ) 1) e 35 7 2
T4 P, .G, C, T, LUASERES Wt T 43 B4
T 57.24% ,78.13% ,53.75% .71.01% , 53.95% .
62.50% . 50.77% . 52.39%, 46.05% . 34.38%
53.09% 81.85% .
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Fig.1 Effects of polyamines on gas exchange parameters of Brassica chinensis under Ca(NOj; ), stress
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