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Post-anthesis salinity and waterlogging and their combination affect uptake of

potassium and sodium ions and starch accumulation in grain of wheat

ZHENG Chunfang"?, JIANG Dong''*, CAI Jian', DAI Tingbo', CAO Weixing'

1 Key Laboratory of Crop Physiology and Ecology in Southern China, Ministry of Agriculture / Hi-Tech Key Laboratory of Information Agriculture of Jiangsu
Province,, Nanjing Agricultural University, Nanjing 210095, China

2 Zhejiang Mariculture Research Institute; Zhejiang Wenzhou 325000, China

Abstract: Wheat cultivars Yangmai 12 and Huaimai 17 were selected to investigate the effects of post-anthesis salt
application ( ST ), waterlogging ( WL) or both (SW) on the absorption of K* and Na® ions, grain dry matter
accumulation, as well as on redistribution of sugars and of amino acids. Contents of Na* in leaves and stems and sheaths
increased rapidly, while contents of K* and the ratio of K*/Na " decreased under the ST and SW treatments. This led to an
ion imbalance between K* and Na® in wheat vegetative organs. WL, ST and SW reduced the contents of total soluble
sugars, sucrose and of free amino acids in the grains. In stressed plants, both the rates of remobilization of total soluble
sugar and of  pre-anthesis’ stored total soluble sugars of in vegetative organs were reduced. Consequently, grain filling was
inhibited, and grain weight and starch content reduced. The impacts on these traits were much more severe under ST and
SW treatments than in the control and WL treatments. SW and ST showed more severe impacts in Huaimai 17 than Yangmai
12, where grain weight was reduced by 60.3% and 61.1% in Huaimai 17, and by 46.6% and 43.7% in Yangmai 12,
respectively. In addition, Yangmai 12 was more sensitive to ST than to the SW treatment, while Huaimai 17 was more

sensitive to SW than ST conditions.
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B B Th AR BR RIS R AT R 6B FE 4 1A BRI R AGa i A B R R R P R R, B
—BUKSER AR T, /NEAT EHIM R G DIBEA AT 33 e bl R R, AR BRI DI BE R A, P B R %
AR AR MR SR B RS B IO/ A L E R MUNERAE R WEEB MRS, MEREE
WP R AR A B 5/ NI E AR S B B EAXY R E RS T RS
RS NEAPR B REERZE WA, T Na® M KT KA B TR0, Fitihbe Tid%

Na ' &0 K BYIEH R, K " /Na* ELR I, 308 BB T F , “EEMED R AR FFRMBER, E
JEEFX/NEEFRBEWAERSHiE K /Na  PEHEZMHFRABIRA . A RWAEZRFMET, BTk
JE K 8 FER BN /N AR AT TR T B R AR & B 5 N H s (KT /Na " S EE 2, U —
AR/ NEBUE TR, I R/ NE BT ER BRI BRI K HE
1 #R5H®%

1.1 R

R T 2006—2008 4EAERE AR K2 TR IR 17 . Ha/NE A e 17 fidp 2 12, ik 5
ERE, HER A S ER AIUR 12. 1g kg™ (2R 1.3 g kg™ A 29. 2mg kg AR 29.5 mg kg,
R 72.3 mg kg ™' s AT Lt G SRR MRS, A 22 em, 4% 25 cm MR, BA4H 7.5 kgo
A2 N 1.2 g.P,050.36 g f1 K,0 0.9 g, B 7 ¥k. RAI0ILEE 4 MEIE XF (Y THERKE
i 70% —80% ,CT) . Eh 38 ( 13 24 0.45% NaCl,ST) . B/K (f£FE 1—2 em /K2, WL) Fiih 5 A
(0.45% NaCl + 537K ,SW) . AbFEMFESS 7d FF46 , BOK FEE B AL B S5d J5 , #E/K B U8 , &k 4 5 F53) 85
A, UMRFFR AR R RN ELIX Hikit,3 IREX
1.2 WEwmE S5k

FRAEIAE BTG KNS MR IE, TIE/E 7.14.21.28 .35 42d BURE . &M 288 AFRLEERE
A3FE,105°C 27 30 min,80°C Pt T EIEE,

AP BRI R Lk A M E B A B E S ek M R i AR AR,
Ea)ﬁﬁi%ﬁﬁﬂ%ﬁﬁéﬂl&&%ﬁﬁm DERERUS. TIHERFEARSE. SIEH S 2N E R
™ Na* K* S EWERFARETFRICE. BHEIFRaE oS B xR STk R i B 2
$/—‘§§%‘-’r“2] W5  AERT AT P B R (mg 25 71) = FRERIAEMRER B A A TE SR B - AU AR AR B T
VEVE SR 2B IERT AN ISR SRR 2 (% ) = JERT AT R B D B R IR MR AR B AT x 100% 5 1B R
AV R B X VER TR B R M TTERR (% ) = TERT A S & &/ BEBFPRLVER = & x 100% .

1.3 HEabs

K FH SPSS AR B R AT T 2 B E TR . 2a I 45 RGHEA 3, B AL FEI) H
2007—2008 4FBE B o
2 RS0
2.1 JejEERBHEEEA/NEM FZE K \Na* &8 & K /Na ™ s 828

EXFREAHEL, BUKFR T /NEM K™ & & (BRI ZERARZE (B 1) . 7ES P fEEminesE K&
BB 7—14d FFIR TR, FIEEAL)E 14d 2B EMRTXI(P <0.05) ,FELAHESE 17 BEREEA B, #
B THE 12 M KT S&&E T E AT, HEZE 17 W4 EE 5 A RS T 50 b ia AL 38 , (B 5 Fh R il 38 Fn
HEAEIER 2 RYREB BEKT . BEEERIR, P MR T /ANEEN Na” S8 0E B, BER
FXF BAIE K AL IR (P <0.05) , 33 i K*/Na* Lt B FEAR, BEMERR AR, X5 BORIE K AR R K™ /Na ™ E
WE TGS (B R TihhamEmes,
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Fig.1 Effects of post-anthesis salinity and waterlogging and their combination on contents of Na* , K* and ratio of K* to Na* in wheat

flag leaves
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Fig.2 Effects of post-anthesis salinity and waterlogging and their combination on contents of Na* , K* and ratio of K* to Na* in stems

and sheaths of wheat

W, A2 12 B IR AT P SRS X PRI ™ B M ST R BUK SX IR B 2R A B3 Hhibhia Mk
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Fig.3 Effects of post-anthesis salinity and waterlogging and their combination on soluble sugar and sucrose contents in grains of wheat
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Table 1 Effects of post-anthesis salinity and waterlogging and their combination on redistribution amount of pre-stored total soluble sugars in

vegetative organs to grain and its contribution to grain starch yield

25 + 1Y Stem and sheath I Leaf B Total
i hb B
Cultivar  Treatment SRQ SRR PSGS SRQ SRR PSGS SRQ SRR PSGS
/(mg 2% 1) /% /% /(mg 2%-1) /% /% /(mg 2£°1) /% /%

WF 12 CT 193.6b 84.9a 16.1c 15.1ab 53.6ab 1.3¢ 208.2c¢ 81.5a 17.8¢
Yangmai 12 WL 190. 6b 83.8a 16.9¢ 14.9ab 52.9b 1.3¢ 205.5¢ 80.4a 19.9¢
ST 162.9d 71.7b 23.0a 10.7b 38.1d 1.7b 173. 6e 67.9¢ 22.3b

SW 165.7d 72.9¢ 22.4ab 10.3b 36.6d 1.5bc 176. 1e 68.9¢ 21.5b

W 17 CT 211.1a 80.9a 15. 8¢ 17.7a 56.7a 1.4bc 228.8a 74.9b 18.5¢
Huaimai 17 WL 195.9b 75.1b 20.2b 14.8b 49.0b 1.6bc 215.8b 70.7¢ 22.0b
ST 171.5¢ 65.8¢ 25.2a 13.9b 44.7¢ 2.1a 185.4d 60.7d 26.1a

SW 171. 1c 65.6¢ 25.5a 13.2b 42.3c 2.1a 184.3d 60.3d 26.4a

SRQ: W] M 12 Bt , SRR : W] I M ML 12 3, PSGS : WM ML 18 B FPRIYE I = B TTHR R 5 [R5 PRI/ INE F B3R n A B ) 25 S | 35
(P<0.05), CT: XtH&; WL: HisK; ST: £hE; SW. %

2.5 FEJRILBUEEIXT/NE PR R IR B R R KR
R B AL BRARSE T /N AP RIS , R BTk S BAE LR 2R 21 KIT IR B R T X B AU
AbEE(P <0.05) , MK A BN FEARAPRLIE K & &, RO ARERSF S (B 5) o 2 12 FPpiietny & BIEME)G

http ://www. ecologica. cn



17 3 EF & AR TBUKBTIX /N AR TR SCRURPRLIE R R R B0 4761

1500 -

& BE 12 W 17
H o

7, 51200 |- B

g5

22 900 |- =

= <

= 2

41 E 600 - B

g“‘ 300 |- L

=B

O 1 1 1 1 1 1 ]

e 96 |- B

S

85 0

as T2+ -
EEE

~Z2E
B35 4 L

[

=

3 24 | =

0 1 1 1 1 1 1 1 1 1 J

1 1 1 1
0 7 14 21 28 35 42 49 0 7 14 21 28 35 42 49
16J5 R %L Day after anthesis/d

B4 ZEHRGENDNEFUERESERSENE/ SRR
Fig.4 Effects of post-anthesis salinity and waterlogging and their combination on free amino acid content and ratio of sugars to amino

acids in grains of wheat

83 - -
w#E 12 W 17

—— CT

g —o— WL B
—v— ST
—A— SW
53+ -
38 -
23 -
1 1 1 1 1 1 I

6 I I I I I I I I I I I I |
0 7 14 21 28 35 42 0 7 14 21 28 35 42 49

1EJ5 R ¥ Day after anthesis/d

PR

Starch content/%

BHRAR
Protein content/%

BS5 ER#HEREENNEFRIENINESRS BN

Fig.5 Effects of post-anthesis salinity and waterlogging and their combination on contents of protein and starch in wheat grain
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Fig.6 Effects of post-anthesis salinity and waterlogging and their combination on changes in grain dry weight and grain filling rate

of wheat
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K*/Na* H2 R BRI 40 M A BS TP A5 s T BRI E B4R K /Na ™ B E MR S kg
T/ANEMFCE RN TR, AR T /ES RS o AP R, $hbhia b a3 T /N - FIZE85 Na*
S RBEE AR YOE T, T K S ERGE M, SBT K'/Na* LB ERRAMR. Hi, 4858 o b MEh i b
HF Na' BFREHFAMK, FEEFHEEMK/Na' 87 R4, AN ZIERK A Z SHRIERT R, R
TR,

INERPRLAT IR & B STEM R B X RE ™, Bk i BB AT v S, S30ER = B - &
A o RTHIROBTIE o 2 BUEK e FIEh B B T 47 2 12 kPki= 82 BIFA% 10.7% 64.9% \57.9%,
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W 17 53 BIFEAR 36.9% \72.5% \77.4% ' AHFFE P, 8K 5L 30 FEh 35 b B IAAR T 72 35 4% B AOFPRLA]
VPR SR /A L, B RIS R T A B AORERL T, B eb SRl AR I Ak B A R M A
X BRI K AL B B

INEFPRLRES YRR A TG SO B A LA YN H B B MBI B R R BRI E - Y
HEIE . B NEC YR FPRLE B TTHRA 18.2% —30.4% P, AR A, BUKRE —ERE LIRS T
TERTE FRA8 B ¥eia Al R SR RLE A 7= & 1 STRR R, (HHFE AT AT i v SO e 2 B T B RABUK T
INEFFIERIE SR8 B WAF ) R AL RIS ; TR be AR B 5 T, /NE B AT B S48 B WA T B i% 12 B %
B R B E T, AR ATRA LS AT SO SR e B ST R . BeAh, FERT S SR a8 B AT I bk BORE RS
15 BT RPRLTE RS o B B TR 22 AR 38 FER 550 08 b B 5 5 , BK R 2, W IR AR I s 2R L 2R Ak 5
B B ERRAEE AR AR o X R AE I 4R w5 B AT A R A B R SRR, A B 5T
Hh 3038 PR R B R

Ve E A A BURY , BB FFPRI B B MR & B BRI E A RS R ™ o thbhia 1855k
REAR/NE T B AR AR S ', SBUNEMRE AR B, BB RS EBAE 7  AiX%
S5 MR, KW R AL B RRAR T AR B LR & B AR/ & EL , MR R A R, (EBUK T N ARL
AR RS, Mk b At B TR E AR S BIR

AN, ABESE rh R X 3 12 Bk FEhm b 3, Tith A B Xt 32 17 Sk FEh it b3, ek
FEFIER AL BT, M 17 M RIZE8S Na* &8 BB K * T iR B2 B 32 T2 12, TokPRL T v ok
BB FEHE TR T MR T2 12, EF S AT SO RIS B SRR R 7E A58 88 T
WETHE 12, Fik, AP 2 12 X b MR O viiEs Tk 17, X 5EE 17 EEWna s T
K */Na* P-4 J8 5 P28 /N2 B R B Ir i s THE B EA X,
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