A2 5 2
20234 9 H

ok ok R o R

Journal of Huazhong Agricultural University

Vol.42 No.5
Sep. 2023, 149~157

WG TR FE A L AMIRES X NaHC O, 8 N IS4 i i 1 88 7 - Kot AR s [T]. Aol Kz 234, 2023, 42(5) : 149-

157.DOI: 10.13300/j.cnki.hnlkxb.2023.05.017

SN R3S 3T NaHCOs BB TS iS4 it & F
FE KA ERRIE

R, T, AR, R

B FREFRFR/Fie A FEEERNGMNASRLEEREE, &7 832003

WE  HEITEMNEE SR R B T SO0 AR AN Ca® ' i 7, R AR ISR Ca® ' 22
Fi I =2 407 BB 3 ) VR AL, LA 5 31 s vl 2 6.2 (it 48 5 0 ) 5598090 15 (Fh85Us& 5 Rl0) S 4L, £ NaHCO,
(100 mmol/L) i F , & & 6 4 CaCl, k¥ : CK.0%.0.25%.0.5% . 1% .2% (id N CK. T1.,T2.T3.T4.T5), #f
5% CaCl, IR H 8 T A BOG A RrtE . 455 R : NaHCO, 8 T, ISR 4 i 38 2 19 Na ™ fig /7
Tt R K Z Cat LR AR &R Hovb T 15 44 8 B8 19 2 i e A il 2% 62 B0 3% s NaHC O, 3 T, il i
Jiti 0.5% CaCl, % &)y SRS 5 118 2 ok W35 FEAR T 4 i Na' & i 383 T KT Ca' it s
il 62 R K'/Na ' B4 5 B Ca™ RS INTE Ry 35 o BRIB ARG = R0%R (F/F,) 5 RO 3% (FL/F,)
Ab,NaHCO, 38 X0 15 YA 55 30 il 2 K F A 2% 62, SMEIE 0.5 % CaClL g T4hint 4% a m4 %
b &R B FJ/F, F/F, b6 R AL R R 2 M i 2, b A7l 2% 62 X6 7 45 48 A5 (9 35 Jin 52 80T

15BN 3 SREN], m Wt CaCl, AEVAFEBRMNA T h =4 i i J B 85 06 3 R I F H O £ a4

KA

FESYEE S565.4 XEkFRIRAD A

TIEER R A Y A K B I R B AR A W)
PRI 2 —, X ARl AT 495 8 4 e g ™ ol o 1
25 10% By - T AR E D 2006 Y HE I 1 b 32 B
RO a3 R R B K TR R
Whaa s . ERhEREN T, B T R N R
R Z —, 5 W AR bR B AR R B 2R B R 9 3% 0K
ARy R BRPREE , H R & 2l b e
PEAE AN R ER AL, SR A B A [ 20 2006 A 2y
BE A UMM $2 5 1 B R G Tang %5 & 3
VB A ARSI 11 05 2o 2 e AR 2R KT, R Na ™ X 2]
VR PP LU B I A B 1 A R B, R
[F] it ol R AEAE AN () B2 S B T, B AN TR Y
Jei A B R SE o JAS AR AR AT AT Z2 A [ 6 e E
J1 AR LR BRIR AT SR A 7 B 3 T R W
T B 306 1t ER AR , 8 DR ER R A (R ISF, E— 20 4

Wk H 2 2022-11-14

TSEANE s B ; CaCL M EIWEHGE ; B TR B e A FptE
XEHS  1000-2421(2023)05-0149-09

v FLER B A2 1, X TR T & e, {2 gk +
gl % e HAG FEE S

3% (Brassica napus)VE Jy R Z M AEMEW 2 —,
B RIS MEFRME, £ T RAE TR IX
Bz AR, B — TR (H R X 2 X sk, £6 6
A BER R TR I A K A E . TIE Rih s
ARG I B, R SR P e A s, 5
B N | VAT STE RN [ X 07| S1E DG = R0 R N N ]
SRR NaClUBE b (25190 it 42 0 v S 4l i il bl
fiif % 1, ot A1 2 T S 7 kB A Rl A S ) oA

BT T3 Ay Ca? " X P45 Eh B T ik
PR B RS R RLRR I o etk B A
RN W5 & B, A A IR S 2 B R AR Rk R Y
Ca® i A MY N B AR A Sl Ca® T RS

AW H . FE TSRS HFIRE (2021 YFD1900802-3) ; # §8 AF 7 s % 1% IR A/E %135 B (2020BC001)

/N5, E-mail: 1916784202@qq.com
WAEVEE : 5K XAE , E-mail : fenghuazhang2021@163.com



150 LRI I NI <3 4

o942 %

XA S BB A 5 SR A3t g 7 e ke SCREFE T
Guo 25 P RIESE TR R |, 8 B E (Y SR AS 2 AT 5|
L Ca™" DA JTTAIMA 53 [ 37 1) 40 B I3, o s A AR B 86 15
S S DA R Na ™ B WIS F 4 4 R e 7
Na' 165 , [ABHS A M i K5 Ca? " B34 . Huang
S R ER BRI R BN ANIR Ca® " AT 4R A R A
i PS 1L P A% 3 5% 5 PSPS 1 etk 2= %0R (F/
Fo)FEARM AR G4 K R EU(NPQ) S A et
bR T B AR R 5 A =g . BHEOCT
B PE ER e, TR Ca® P AR R AR B TR
BHCEFER TR B D A5 LU IR 2% 62
(i 3 ) 5 389 15 (R BBURR S Bl ) A i 36 b1 ), 1R
5% NaHCO, 138 Tl S8 itk i B s 8 SOG A R
P 1 ) 22 5, AT It TR S VR B Ca™ X A
TR N A 506 A R PE B I EE AL LU A it
T ELVR AR Ca® " 845 Eh Bl R AR I 52 14 A 2538 1
PESEBEHRIE SRR, Ay s b DX R B 45 Ak 7 S A
T ERHERL A AR
1 MRE5ER=E
1.1 REH R

PLAE I A 62 (T 8 5t fl, FE vl Rk &) 5
T 15 CERBBUR% St ol , 1 e ol K273 F ) Ry il p
Al R G AR, DUg A A 1 3R 30, Hoagland &
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Wi HARES B E P Na" K" Ca? Frid K/
Na " 1734 32 B A B2 BE BO52 MR . A2 62 531
15 M B o Na ™ 56 B 43 5 36 Jin 1 61.87 % .60.13 %,
K23 507> 17 16.16% .23.52% , K /Na ' 43 51 F %
T 45.14% ., 46.22%, Ca* 4 3l W > T 50.58% .
51.53% ; Hirh At Ze 62 i F Na " 55 A & Kk T
W15, K™ Ca” &t 5K /Na i RS/
W 15,

K3 4 62 5 I 15 25 b Na ™ & &40 3 m 1
14.86%.27.79% , K™ 43l F & T 24.76 %, 20.34 %,

K"/Na ™05 FRET 34.28% ,40.02% ,Ca” " 435I F [
T 26.77%.27.91% ; HrpAg il 2% 62 Z5 v Na™ 193 fin
7 K'/Na' 5 Ca®" 0y F R8N FlIh 15, K
TR TN 15,

A 2% 62 5913 15 AR i Na ™ & 43 51 vt 1]
BT 1414 % .59.84% , K43 B R & T 55.76 %
57.27% ,K"/Na ™ /5 FBE T 55.99% .68.61% ,Ca’"
A3 BEIN T 88.46 % ,133.49%% s 1IN A% 62 HR f Na ™ 14
i K5 Ca” i FREE M /Na ™ i3 in &t 3/ F
W 15,

&1 NaHCO.BME TR EAREAREPEFEE

Table 1 Ion content in different organs of rapeseed seedings under NaHCO; stress

TS ol wE b3 Na'&#/(mg/g) K a#/(mg/g)  Ca &8/(mg/g) K+ /Na*
. a
Variety Organ Treatment Content of Na' Content of K Content of Ca®"
CK 38.1824-1.26b 63.8044.24a 59.594-5.54a 1.7240.02a
I”Jrf NaHCO, 61.80+5.28a 53.49--1.94b 29.45-0.65h 0.96£0.07h
_ea
i 62 NaHCO,+CaCl, 40.1041.41b 59.41-£3.00b 69.92746.25a 1.46+0.01b
Huayouza B CK 47.7240.52b 49.42+1.28a 19.81%1.23a 1.0340.02a
62 Stem NaHCO; 54.8240.88a 37.18+2.18b 14.5140.92b 0.6840.07b
L CK 25.41-40.65b 26.03+2.03a 23.074-1.85b 1.0140.12a
Root NaHCO, 29.00-+2.55a 11.5140.81b 43.4842.07a 0.45+0.07h
- CK 51.950.45h 75.00-£9.33a 61.35-+3.65a 1.27+0.01a
Leat NaHCO, 83.194-2.87a 57.364-1.66b 29.984-8.82b 0.7140.01b
_ea
15 NaHCO,+CaCl, 70.06+4.29a 58.320.49h 51.80-5.71b 0.8620.01b
Xiangyou E CK 63.07+1.02b 60.18-0.91a 17.20=+2.50a 0.95+0.01a
15 Stem NaHCO, 80.60+1.44a 47.93+1.01b 12.40-+0.75b 0.5740.04b
R CK 24.2642.07h 30.57+2.64a 13.6341.50b 1.164-0.03a
Root NaHCO, 38.77+£3.73a 13.06=-0.46h 31.86742.72a 0.37+0.03b

e« RV EARE 5 A R B2 78 0.05 K- 22 53 .3, T IAl. Note: Different letters indicate significant different at the 0.05 level in the same

column, the same as below.

2.2 AELRESNESS X NaHCO, 8 T4 &

gl 3 NaHCO; W 38 B AR T 29.19% ., 27.71% 5

R REEERTIE S MDA B3 0m

i & 1 A] 0L, 100 mmol/L NaHCO, R8T , 183
Z= 62 553130 15 ik R ISR X 5 1 4 A CK 3 m T
66.32% .116.58%, M Fr MDA 7 &3 5% CK 3 1
113.19%.133.39 %0 ; Horfr 43l 2% 62 I - Joz S AH X 25
PEFIMDA & B34/ Nl 15, NaHCO,
T A I T I VR B Y CaCl i L AN
TP MRS T NaHCO, B8 2 FfAS [a] i 5 14 9 25
At R BRI TS MDA &

NaHCO, ik F Wit 0.25% CaCl,(T2) )5 , 4
F 62 Ji IR AH X7 M NaHC O il f FRAR T 17.44 %,
TR 1539 T 21.12% , ZEBEE 0.50 %6 (T3 4b#) |
1.00%. (T4 4b3H) (2.00% CaCl,(T5) , #4262 4

10.16 %, T3 A FFEAR 5 oy Sk 3, W 15 43 BEAIR T
15.15%.15.41% . 17.54 % , % Ab 3 22 8] TG Wk 25 25 7
1M 62 4b 3R T3 5 T4 By H TS X325 1 ) AR
TR T 15, M4 62 7TEAN IR T5 R it A 5 R AH
X iz P B B A/ TR 15 (T 1A ) .

e A% 62 TEALBE T4 F 5 NaHCO, e MDA &
HONFET 41.29%, M 15850 T 9.45% , #E Wit
CaCl,0.25% (T2) .0.50% (T3) 5 2.00% (T5) J5 , %
2% 62 MDA & 5% NaHCO, 38 FFET 7.8% .
35.99% .35.51% , H: T4 b BR A ey B 3, 5 T3
TS TG 3 2% 5, 0 15 MDA & &2 9 TR T
20.76 % .48.17% .13.93% , H T3 4b H R AL & fe o I
Fo MBIhMAR 62 T2 T3ALHE R H MDA & 2 A9 B A%
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Fig. 1 Effects of different concentrations of exogenous calcium on plasma membrane relative permeability C(A) and
content of MDA (B) of rapeseed seedlings under NaHCO, stress
TiHESHEHTRESESRUFRENH N

Table 2 Effects of exogenous calcium on chlorophyll content and photochemical

F2 MR NaHCO, BB

efficiency of rapeseed seedlings under NaHCO; stress

T3
Variety

LEL

Treatment

ek FEad

Content of chl a

i/(pg/g)

MR b

Content of chl b

iw/(pg/g)  MEREEE

Vo i/ (pg/g)

Content of total chl

e BIOLEReR

F,/F,

FJ/F,

eI 62
Huayouza

62

15
Xiangyou
15

CK

NaHCO,
NaHCO;+CaCl,
CK

NaHCO,

NaHCO4+CaCl,

755.98+15.59a
544.11+5.48b
757.66+98.01a
628.02+94.10a
442.1241.49¢
565.8935.49b

407.96+£0.97a
286.2949.89b
410.78+54.14a
327.87+20.33a
218.46£32.15¢
253.15£21.42b

1168.79491.75a
849.994109.11b
1157.41+51.14a
970.44+159.49a
660.58=30.65b
819.08=£53.08b

3.5340.57a
2.8440.21b
3.3640.10a
4.55+0.21b
4.08+0.12¢
4.7940.16a

0.779£0.013a
0.739£0.014b
0.773£0.004a
0.809=£0.019b

0.808=0.01b
0.8272£0.009a

ﬂfﬁﬂm Jiti CaCl, Ji5 ,

i # NaHCO, i 38

e A% 62 5T 15 M4 &R
gy R T 39.25% .

2R R A

27.99% , M4 b A B N T 43.48% 5 15.88%,
Ay BN T 36.16% 5 23.99% ; F,/F,
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Ay BRI T 18.31% 5 17.4% , F,/F,, 4> M ¥ m T
4.6% 5 2.3500; Hoh ARyl 2 62 itk K a 4R E b,
i A F/F, 5 F/F, 8002 K
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=% 16
o o
CE b a
A 3 ES 12
<3 ¢ b
¥ 8
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15 4
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= g
© o [JCK
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Q
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cEcwr T
EE 10
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= 38
= = : L
AEAR62 W5
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4.06% (Bl 2C) , 78 W5 3 & 53 5 MR T 5.93% 5
3.14% (K1 2D) ; Br 75 M 3 2251, NaHCO, 38 X A2 i
Z 62 YA VE RIS iR 34 /N T390 15,
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2B) , &M # 2 4  1FH T 19.54% 5 0.07% ([
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s
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BT A R A3 R A — b FOR RAR B 7E 0.05 K7 B 225 83, Rl Different letters in the collums indicate significant different

between different treatments of the same variety at the 0.05 level , the same as below.
2 HMEEEXT NaHCO, MHE T il # st & E R (A) KL SE(B) iEiE CO,iR B (COFZEE 2 (D) BT
Fig. 2 Effects of exogenous calcium on net photosynthetic rate (A), stomatal conductance(B), intercellular CO,

concentration (C), and transpiration rate(D) of rapeseed seedlings under NaHCO, stress
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W 15 AE KA BN B . R CaCl, %5 Wi
J& AR A% 62 55 15 Y 25 6 T B 5 NaHC O, i
A5y RN T 34% 5 30.22 %, Bk w4 BB T
10.48% 55 4.89 % ; Horh X il 4% 62 A= & f 4 ik A i
FIRF M 15(F 3) .

3 9t it

AWFFEHIT T NaHCO, 38 T R Rl it £ 1 70 5%
RN B TP G A R AR Ca” R MR R, 25
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Mt 2% 62 31 0k 18 35 5 ROk 2= 0% A1, NaHC O,
oy 360 %55 K19 15 06 A R PR A4 1 38 K AR 0 A 625
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WG 5 5k 3, Wit CaCl, fEak T Ih =24l
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Fig. 3 Effect of exogenous calcium on plant height(A) and fresh weight of stems and leaves(B)

of rapeseed seedings under NaHCO, stress
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Effects of exogenous calcium on ion balance and photosynthetic
characteristics in leaves of rapeseed seedlings under NaHCO; stress

CAO Xiaogiang, WANG Weichao, YIN Fating, ZHANG Fenghua

College of Agronomy/Xinjiang Production and Construction Group Key Laboratory of Oasis
Eco-Agriculture ,Shihezi University,Shihezi 832003, China

Abstract The five-leaf stage rapeseed Huayouza 62 (salt-tolerant variety) and Xiangyou 15 (salt-
sensitive variety ) were used to study the response of ion balance and photosynthetic characteristics in leaves
of rapeseed seedlings to exogenous Ca®" under alkali stress and to deeply understand the mechanism of add-
ing exogenous Ca®" to alleviate alkaline stress in rapeseed seedlings. Under NaHCO, (100 mmol/L.)
stress, six CaCl, levels including CK, 0%, 0.25%, 0.5%, 1%, and 2% (denoted as CK, T1, T2,
T3, T4, and T5) were set to obtain appropriate concentrations of spraying CaCl, and to study their effects
on ion balance and photosynthetic characteristics in leaves of rapeseed seedling. The results showed that
rapeseed seedlings stored more Na' in their leaves and accumulated more Ca®" in their roots under NaH-
CO; stress. The imbalance of ions in Xiangyou 15 was more significant than that in Huayouza 62. When the
concentration of CaCl, was 0.5%, the repair of plasma membrane damage under NaHCOj stress was most
significant, which reduced the content of Na™ and increased the content of K™ and Ca®" in the leaves of
rapeseed seedlings. Except for the potential photochemical efficiency (F,/F,) and the maximum photo-
chemical efficiency (F,/F,) , the inhibition of NaHCO; stress on the photosynthetic characteristics of
Xiangyou 15 was greater than that of Huayuza 62. Spraying 0.5% exogenous CaCl, promoted the expres-
sion of chlorophyll a, chlorophyll b, total chlorophyll, F./F,, F./F,, net photosynthetic rate, stomatal
conductance, and transpiration rate in seedlings. It is indicated that foliar spraying of CaCl, can regulate ion
balance and photosynthetic characteristics of rapeseed seedlings under alkaline stress, and its improvement
is more significant for the salt-tolerant variety.

Keywords rapeseed seedlings; alkaline stress; foliar spraying of CaCl,; ion accumulation; photosyn-

thetic characteristics

ARG 4 R B4R



