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(L &Rk k2 220, BRI M/RIEE 15003052, BARITAE L HE A2 AL, BARIT B /REE 150090)

W OE. A6 1M — 5 &0 A REM L BFR T SMR 4 1 400 mg/L CaCl, 51
BERTERSGRASEFE AR AP EREN ARE ERIRERR N
B, BREV AKBEET IR RS CaCLERESHFRLERFAEL TR R, 5KE
T BAR , EAKB A IR 6.9 K AKB T RIKBEREHRKT EA YAt e FER R
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il Ca™ WEHR S S BUEME A K& IED, 1
J% 7] REIE T 32 R S A R, MR AR A R R KT &,
SR, K F Ca™" SRR N T 4 R Z LR
et A IRIE . %55 LAYS SRR & i 4 v R kbt
S FA T St CaCly A 5325 » BIF ARG IR BT L S Mt 45 X 2% Al
AR R AN B SR RIS S TP AR
RO KRR & AR, WK IR 5 R AMNE
55 5 A ARG R Z 0 i O R o DL A G2 A AV TR 3 3 %)
BB ARG 0 F RIS K IE R AR TS = .
1 #Rl5H*®
L1 REeAk

PR S — 572 i 7 & e Bk S 5 I i o
W E MR E T A P B A A .
L2 Rk

EMENEE L BMEZE, T 201242 A 15 HE
FITFEEAN,2 it 1O E 8 emX8 cm B H 44,
6 i1 ORFERAE K - B AN TSESM, B3
B IR R 25/15°C OB/ 1) BN 85% , JEHR M A
12 h/12h, J6REEREE 3 000 Ix, ¥ 5% 2 d J/F#E 7K. K
B3 2 AN AbEE, A FET . H IR R SRS 9 REATHISE 9 d
FR IR AL 2, IR AL BEIR B 12/7°C (B/ RO R IR AL 3R
AT 3.6 d WMk B 1 400 mg/L ) CaCl, ¥ W, LARtH F
YAIME 1 2/ RER . B HREFMNE O X
PEATIESE 9 d IR GE IR ERD , TR AL P S 1)
%52 RWE 1 RHkBER 1 400 mg/L 1) CaCl, ¥ WK (B it 7
B FEACTED s DL 1R GEEE N 25/15°C U/ 80)) AR IR (&
FER 12/7°C U/ 80D R 5t BR, 76 A BRTWE e CaCl, 14 [

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

wF @ ¥ 201301) 10~ 14

- IR -

P B X P 1 308 0 PR e 45 B AR AR K . A Ab B 20
PROER 3,3k 240 th, BALPRGS K 1.

FAREAL RS 0.3.6.9 RICEME M 5 Ait,
[ Ao JE A HRORE . RAC R 3 WELR B E RIS K,
FTHXE SR A ESEAONE. HRRLEE9 d
J5 B & IR B A A T 2012 4 5 A 19 H
SEAEBI BRI, AL 3 KR, BN EE 8 #, 3t
96 tk, T E M ARAT 3 FEAL A9 BRI F1, FH R A HIT
TE AR SR R BUR T I BAREOR

*1 RIELERS

Table 1 Number of the treatment
Eac R Lyl
No. Temperature Spraying time

12/7°C(B/%) {RIRRATES 3.6 K
I 12/7°C(B/%) RRES 2 R

CKI 25/15°C (&/80 SELEUIEES
CKIl 12/7°C (B/%) 5t HIR %

1.3 WHENE
1.3.1 AEXTHEFREN_ESENE B FEL
AoESENESBESA" WL, HXTHE SR
O =GEMRBIR LB FKEER)/EHEHRT
R—EEFKEFR) <100%, H B E (umol/L)=
6. 45(Asz — Agoo ) —0. 56 Agso
1.3.2 fEmiEANE  RAGKHE S ZENE R TE
71, SRR S ik A s, RS IR R A S
7 :10 %0 M . 130 mg/L HHER 0. 5% B . AR TE A4
T AR AT 2 08 ABE T BRI 2 N R
B 100 pL 3550 S F MR A b B8, 335
WHRERI R G FRFERE, 28°C R 3 h, BRI H L3
AT, AL EF ST 300 4, BCF3{E .
1.3.3 JFfEf AR RRELAERETRINE
I N FEFh R A P T E AR S0V MmIT1E
FIFFAERHEES AR SRR (0) = AR A/ B P A B0 s B8
HEr-E=2HARE,
2 HRESW
2.1 AMEESXHRIR ST A X R AR
HE 1 ATAL FERIR A B S B 5 0.3 K, & AL 3 [1]
DL B AL EE S 3T BB AT i R RN B E X758 6 K
A, AL T T AR XS B R R B F CKII(P<<0. 05) , Ab BT
5 CKII2 7 8.2 (P<0. 05) , HACBET IHAE X o SR 5
CKITG i3 2 5 (P>0. 05) ;28 9 KA, Kb FET TIA A X e
SR LT CKI(P<<0.05),5 CKIAH LT B % %
Fe(P>>0.05), FH AT %0, {1 I8 386 5% 4 36 A it e AN E
AN, W ARG RS RS ALY W DI E—E R b
FEARZ AT A AT B 5 2R
2.2 AMNEASXHIGRZEE T FAm R A &R
HE 2 TR, MR A H S 5 0.3 K, &4

OcK |
ECKI
I
Il

AR HL R

Relative electric conductivity/%

SEELLL5

AGTRLAL BRI 8) Cold stress time/d

1 AMESIHERSEE TEMM FHEN B SR IN
Fig. 1 Effect of exogenous calcium on the relative electric

conductivity of young tomato leaves under cold stress

PR LR AL B X BRI N S B TR E R
55 6 R, BT IR B & 83 W E KT CKII(P<
0.05),fH5 CKIE .3 2 5 (P>0. 05) ;58 9 K, kb3
LIOMH B & & TF CKIL A BIS CKI% R B #
(P<<0.05) 4B IIKMKN — & &5 CKIL B & £57
(P>0.05), F AT 0, AEK 38 188 5 060 3 A - o 7
BIGIN, WARIR AT L J5 585 AL B W] LI — e AR B B
RFA T BN & E.

OcK 1
ECKI
I
Il

adaaga

B S & Content of MDA
/umol-L' FW
S
S
(98]
fov)

0.00

W

AGHRALPRIRFE) Cold stress time/d

2 SMNESBHEEFETERH AR _BaENRN
Fig. 2 Effect of exogenous calcium on the MDA content of

young tomato leaves under cold stress

2.3 SMEESXHRIR L T AT LSS R AR MR

2.3.1 HMEASXHEIRS IR T &AMFEYEm  hR
2 IR AC TS CKIAR E, 56 1 FEIERY T AEBI4RHT 2 d,
55 2 FEAEHRAT 0. 67 d, 5 CKIAHLL, 58 1 BEAETT HEHIAE /S
5.33 d, 5 2 BEAERESS 0.67 d, AbEEIS CKIMHEL, 56 1
REAETTEWIBEAT 2 d, 56 3 MEAETTAEIIRAT 1. 33 d, 5 CK
THEEL 55 1 FEAEFFEBIIE S5 5. 33 d, 58 2 REIETF 7 01 3
J& 1.33 d, MM % 3 FEAETFIEWI4R AT 1.33 . fLAT A,

* 2 HMNEESIHMERSEIE T H A EE R0

Table 2 Effect of exogenous calcium on
flowering stage of tomato under cold stress d
i %18k 5% 2 e 5% 3 HE
Treatments The first cluster The second cluster ~ The third cluster

I 109. 33 116. 67 126. 00

I 109. 33 117. 33 124. 67
CKI 104. 00 116. 00 126. 00
CKII 111. 33 117. 33 126. 00
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2 ACEEXTES 1 AL A TF AR R RZ A K, T X 26 2.3
IR /N, 2 M E—E R E AR
W T BN 1 AT DIERT.

2.3.2 AMEEEXHKIRS ST FAEMIE I R
3 BTN, AL BETANAR R 55 1 AEAEAERTE 1 F CKII,
HAAHTS CKI2 5 8.3 (P<<0. 05) , A BRTAI AL FRIT
5% 1 BEAEAEME 15 CKIE B & 25 (P>0.05), AbHHT
AR EE 2.3 FEAEAEAE 1/ T CKII, {H 4% 4b 2 i)
ZRAEE(P>0.05), K%, KI5 FT w45 40 B 7E
—ERE RS TREYERGIRNE 1 BEEHTE N
B AR, TR TR S X 5 2.3 RRAE BN IS S B W R (B 3

(P>0.05),
60
o 50 r a
< a OcK 1
R E 401 2 2 aa,b 2
B2 WCKI
55 o S i
g gl
10
0 . . .
EApd 3t

6% Inflorescence

B3 SMNEGIHERPE THEMERE NN
Fig. 3 Effect of exogenous calcium on pollen vitality of

tomato under cold stress

2.3.3 SMNEESIHMEIRSE T Fam A RENEE  HE
4 ATLUE A BETAN AL FRIA 28 1 Rl SR Al SR AR 34 I 2y
F CKII(P<<0.05), 1fi &5 CKIAH Lk & & & % &% (P>
0.05), FAHEXFIEAE 2 FRLRRHERAD
F(P>0.05), ACHATAIALBRITASE 3 Rl R AL SRR i &
& T CKI(P<<0.05), H'5 CKIIT & % 2 5 (P>0.05),
A AT AR IR AT LS S AT R SR IR R T E A 1
TSR AR AR TS 2.3 B MEFIA B3

100

g sor \ N/ OcK |
N ;0 60 \%é mCKl
33 40t %% '

E sl %é !

O i\

e Panicle

B4 SMESIHERSEE THEMLRENI N
Fig. 4 Effect of exogenous calcium on fruit setting rate of

tomato under cold stress

2.3.4  HMNEESI RIS T 2l AR L R R
wisma S AT, AR ER AR IR ] ET 3 MR R E Y
25N (P>0.05) [HAL BRI BITAEE 1 R 26
2 BERMBPRESR T CKIL mK 6 Al [, 425 1 7
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REFRTBREERT CKIP<0.05),5 CKIZFA
B3 (P>0.05) 4L HIH5 1 MRBAMB - ERER T
5 CKI#I CKII(P<0.05) . AbEHTFIALPRITHIS 2 FER B
MR B/ T CKIM CKIL H2RA B3 (P>0.05),
QL BRIA] L) K b B 5 % R IR A9 56 3 SR AAESR BT
BEEF (P>0.05), AT A, R IR AT AR IR S W45
WA R | R BB, XSS 2.3 MR
i E ] (P>0.05),

240

a a
2 200 a a g,
3 a I a a OCKI
5 160 F 5
#H = EWCKI
® = 120F
# & I
L 80t
2 Il
o 40f
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EaL Stk a3tk
S Panicle

B 5 SMNESHERSEETEMARENIM
Fig. 5 Effect of exogenous calcium on single fruit weight of

tomato under cold stress
800 a
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Fig. 6 Effect of exogenous calcium on yield of single panicle

tomato under cold stress
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A AT, i ANEE i CaCl, T 2% 1 1 16 558 %o
YR GE , v 882 B R SMNE B CaCl, BEAR 8 70 i
F T A 2 R AR T BB A 7 A 1 R ) A3 2R 1) 45 B 3% R
E B NIIE/ =YLy kR e

ZARIEXT 6 iF 10 F 4 M AT IR AL 3, AT
I 3 FAERITFAEMIZER , L 358 1 167 FF e IR i 4
K. XG5 EHEE ARG R B BME2H 105G,
BRERMARA KRN EHT, BRERK EREE KR
Rili,6 Bt 1 .00, F A E 4L ET 3 NMEF, B R Y RIHFE
B, T AERIR 300 35 10 o) e A AR B SR R AR R,
A B A K 2 B BPVR-FE T IR , S BOT R IER
ZIRIGFE B , (IR AT B AR 5 8 45 A L ¥4 A (1 IR 56 1%
T B AR, SR N T e R A B R T
fRIR BT T YA D KRR T Y E
FYRRR, —ERE LRB THYERERIRFE
FRY AL AN JE AR 5 32 117 % i 1K 1L 386 58 X 30 FF A
B

MM ET B AEMIE TR, TR BE
FhiAL ARG F B RN, YRS s & B Xt
R R B A UK, I A T 38 T Ko YR Pl I R R, 7K
AT SRR FERR DU /N T = A LR 2 AR R
RIS, M IR BT AR T 12°C i, B RN RE A 2
Y IRIREEA UM AT TR h TARBIR T
2 P ARG AR, I R A T BB MR H A BR K
A FREY AT BB R F T8 R N A S 3 R 7 AE R
LA T BT R R AR R s I 5%
PF MIKC $:H 5% 5% K7 B IR SR 2 H . imF
R KR RTBAS B AR — B R LIRS RS 1
FEACAEAE 11, W] BE WS4 J5 2 U 26 80 90 1 2 O e 2K 9
FRARR B T AEAE F1, 4R i e in Ak SRR R &,
WA BB FAMR Ca™ B shi5(55 R4, M S e 3L Y
FEAEMFES , AT H LR R L.

Ca™" FETERYE N2 0, X R IE B A K
HIEER R, 45 TR Cab™ Y BF R &5, T 2680 45
ZEFLUR R BT, Hepler £ 57 £ 81, B AE
Ca™" R FETE 10~10" M ¥R FE 2 [ i, 764 40 i B v
FEABBS RS Ca 454 HHBIERE, A5
B, IR R AT RS AR S B IR R T
FeE 1 FR AL R, T RB RN 2 Wi CaCl, fR1E T 184
W Ca™ & i, NI 4R o T A SRR K &

L5 LRIk, AR Ca™* A 3 5 7 Ah B AR IR 68 O, X
BT HERAEEL W, MR Ca n] g PR IR
BERIEFMN B AR, 7T RE 32 2 i 1R m A A A RS
BRAY . ARHR T 55 T 5 4% &b B AT B 2 5 B MR M S ) R
B IR AEMIE F7, 4R 1 T i A SRR R 7 s L P R
i 3 3 A R MR AR Y ™ YR B T AR E AR Y
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R, AT RS A SRR K- &, BARRH G T 3 — 5
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Effect of Exgenous CaCl; on the Cold Resistance and Blossom and
Yield of Tomato Under Cold Stress

TANG Kuan-giang' , LIU Shou-wei' , WU Feng-zhi' ,ZHAO Quan®
(1. College of Horticulture, Northeast Agricultural University, Harbin, Heilongjiang 150030; 2. Heilongjiang School of Agricultural
Broadcasting and TV, Harbin, Heilongjiang 150090)

Abstract ; With Jinpeng No. 1’ tomato with six true leaves as materials, the effect of exogenous CaCl, which concentration
was 1 400 mg/L on the relative electric conductivity,content of MDA, flowering stage,pollen vitality,fruit setting rate,
single fruit weight and single panicle yield of tomato under cold stress were studied. The results showed that the
exogenous calcium played an important role in blossom and yield of tomato under cold stress. Compared with the low
temperature control,the relative electric conductivity and MDA content of the two groups which treated with spraying
CaCl; were significantly reduced (P<C0. 05). The flowering stage in the first inflorescence of the two groups treated with
spraying CaCl, was 2 days earlier than the low temperature control. And the pollen vitality in the first inflorescence of the
group treated with spraying CaCl, before the low temperature treatment was significantly higher than the low
temperature control(P<C0. 05). Compared with the low temperature control,the fruit setting rate and the tomato yield in
the first inflorescence of the two groups which treated with spraying CaCl, significantly increased (P<<0. 05).

Key words: calcium; tomato;cold stress;cold resistance;yield

EHER AR DR

T il - v AR R S AR A P — A B LR 5 R it R 1 5 B BRI B o — 8 VR R /K S VR, EL B R 7EAE
Yint b, DLYREME R AR RE 1 55 B i B SR R AS R . K E N IR BA B M i T AR X 4R MBS T & B IR
HER BAHA T EEIEA . ARYEA R RV EDD Rl 2718 P AN B B o T A 4 v i PR AR ) 4

MERRERSE LB RZENT O L WK 3R SR H 22 SR S AR SR S B T AR — M LAUSR R B BR B SR
PEFERAEARL A 3 IR ZEWRE N 250, BRBREE W R 0. 3%, 48 667 m” Wijifi 60~80 kg, &4 F MWW 2.3 WHH. HAT
4 667 m® Wi 0. 3% ~0. 5 VBRI K EER K 50~60 kg,

JRZK AR EH S, ah R P S BN B A I E NS S, R E AR A IR RkE TR
ARE 3,40 0. 3% HIBEIR — S 4 1 %0 BRE 12 26 A BEIR 5 (I YD +-0. 5 %0 O BRBR #H A T 0. 08 o i ATV K
M E JEA L RS . —RAESAET PN 2.3 K, 667 m® W 40~50 kg, 7E/RREE K FBIRE LM Z T
FAUBIRCR Hd B3 INWETERE AU 0. 220 R &K 0. 3% B IR — U4 . 1 Yo EME A ) o TV 42 ) AR , S AL BB 38 im
Fea, T H 88 B B IAE R PR AR T R R SR R R SR E R E .

2R ARSER BB A KGR B DS D DRI L AR, v AR — R AE B AR R 32, 4 0. 3001
BERR — S T S B RR A N BRI S . AR SE ATt 0. 2 VoMYA TR BEA B Ik AR B E M R . D4%
SR 0. 1% FBREREEIN 0. 200 M SARRER & Y, XFBRZERY KN & R 39 VR .

CRIR: F B AR M)
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