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R 1 H R NE X B AR £ KR RA RN

R e (i3S AL R L
(mmol/L) (em) (cm) )
CK 14.81 bB 8.09 bB 8.81 aA 0.58 aA
20 15.19 aA 8.91 aA 9.296 bB 0.61 aA
30 13.88 cC 7.50 cC 8.03 cC 0.55 aA
60 12.10 dD 6.39 dD 7.11 dD 0.43 bB
90 10.91 eE 5.11 eE 5.59 eE 0.35 ¢C
120 8.79 ¥ 4.19 {F 4.12 {F 0.29 dC
150 7.11 ¢G 2.88 ¢G 3.21 ¢G 0.21 eD

Bl 7] $048 J6 A Bl /N VKB 5B A R AL EE B AR 0.05 F 0.01 ACE 2

2 IR AME X B AR E K IERRI RN

BRI PR (iiSN %L T
(mmol/L) (em) (cm) 4~
CK 14.83 aA 8.09 aA 8.81 aA 0.58 aA
20 13.17 bB 7.58 aA 8.02 bB 0.53 aAB
30 11.81 cC 6.27 bB 6.63 cC 0.47 bB
60 10.52 dD 491 cC 5.31dD 0.36 cC
90 9.13 eE 4.01 dCD 4.02 ek 0.29 dCD
120 8.64 ek 2.92 eDE 3.2 {F 0.24 dDE
150 6.72 {F 242 ek 2.73 gF 0.18 eE

&3 WAEMNERESTFERSERIERHEXES

Rk =1 K &L R H
PR -0.989™ -0.977" -0.984" —0.986™
Btk -0.978" -0.980" -0.975" -0.986™

CREAE 001 AFHAEEE, TR,

SO 5EEEE CO, R RMAIRAE, R CO, W
FC i A% 370 wmol/mol , Y BE & 1 A 28°C., 5 AbFHBE HUEF
ARG S Bk, AEEZEMA 3 A B ot A R
(Pn) S AL B (Cs) MR CO, ¥ B (Ci) | 78 5 3R
(Tr) 5N A A B bR o LRI E (Ls )=1- Ci/Ca,Ca N
IEF A CO, WREE
14 BIBSH

K H Excel F A8 E G011, FIH DPS # ik
1T 225717 -

2 R

2.1 EHEMEXE AT MY-3 28 £ K0

B W S N e R G SERY A P A I A e
TR ST R R BRSO, 2RV 20 mmol/L
AR B i AL, 5 0F A HL 22 S B 3, Ak T b ik
) ok 25 B AR, 76 150 mmol/L B 36 B 5 IR, L% AR
R 51.99% 5 NFE 2 1 UL, Bidi 1 6 a0 &b B 35 44

ST AR v Bt R A R 1 T v S PR A A B, 7E 150 mmol/
L B35 SR AIRAE, L XS BRFRAIR 54.69% o AHICHE ST i
AN, PR RE AR S R [ ST R I v i kS
e i A (K 3),

e PEER A AR FER P A R A AR A B P 2
FE (T 2 e T o e BRI A R 38 7R VR BE R 20 mmol/LL
AR i A 2 e T LA AR B (36 1) 5 Bk R W aa
ANBETR A A A0 AR A B e v B 1) T e 2 PR AR 1)
AR 2) o BRPEERIIE R AR B R T P Pk R b
TACERAL, 5 B R ol AR AR B L P R b
MK MASEE T, B AE AR AR S5 P RP R i
WY AN R E A (R 3),

e SR E AN BE T, B A R 4 AR BRI 8 VR
FER T E R BT R R AR B, kSN 20
mmol/L I AR B e 22 Wt 28 v T HAth 45 Ab B (3R 1) 5 Bk
PEER WA AN EER P A RS L AR B bt R e vk B Y 7
R AR RS (3R 2), AREUYE PR E R 150
mmol/L B 3k B f AR (H , Pk Eh b P b o BE AR T
63.56% , g1 £ Ab BE L X BB AR T 69.01% , Bl M &5 Foly
R AARECR BT P PSR Mt kb B, R B R
3 XoF AR PR 1 4 Y L mp R R T3 A AR S A ATT R
A R A0 VAR BN PR R SR e v 1) S I B G
(£3),

ARG FE R, 78 P P e AL H R B A RS 4
R 56 Hb il 5 3 R 38 1 T o8 S S T o e R I A R
TEHE N 20 mmol/L IR TR Fe B e, {H 5% REAH H 22
SR E (R V) iEEE M B R | B A A A AR
b B Foip 260 3% 58 %) T o 2 AR B 3R (36 2) 0 MR GEE LR
TEPIFRER R B R 150 mmol/L B35 B e AR AH , rhPEEL [t
X WAL BEAR T 63.79% , B P £h Eb X TR 2 BRI T
68.971%, Bl PEER Wt AOARIEE LE o 3 (T rh v SR e
ACERLE, U B R SR ol AR A% 300 P L P R
M M TR B A ARG P AR e L S P AP e
e P S BB AR O (55 3) . RG4S 10, £5 X Y
A= FEAR BV R X M e, X nT REJE: R
T ZBURAEMER, DI AR X AR A 1 i £ FH 58 T
Hio
22 EMBTE AR MY-3 AR
221 HkAikF(Pn)i EAL

4 T RAAEH, AR A R A R 1
SO FEBN BEER A B (B4 N e T SR B, AE R Tk
720 mmol/L B ¥ Gl R de K, (H 55 X% JEAH L 22 57
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R4 RPN EF AR A SR RN

rfepE e LA R SALSE Hafa] O, e i FEM AALBRHIME
(mmol/L) [mol/(m?s)] [mol/(m?+s)] (pmol/mol ) [mol/(m?-s)]
CK 14.85 aA 0.38 aA 265.23 ef 5.15 bB 0.28 abAB
20 15.08 aA 0.41 aAB 256.80 {DE 5.28 aA 0.31 aA
30 13.60 bB 0.33 abABC 270.60 deCD 4.09 cC 0.27 beBC
60 11.87 ¢C 0.27 beBCD 276.71 ¢dBCD 2.71 dD 0.25 ¢dBCD
90 9.75 dD 0.23 ¢dCD 286.62 beBC 2.18 eE 0.23 deCD
120 8.17 eE 0.20 cdD 289.071 abAB 1.85 fF 0.22 efDE
150 6.25 {F 0.17 dD 295.93 aA 1.39 oG 0.20 fE
x5 WEHRMMEXEFERM RS HFERNZIE
PR e Fot G R SRR JitLfH] CO, Ve E Fl A SALRR A
(mmol/L.) [pmol/(m?+s)] [mol/(m?+s)] (mol/mol ) [pmol/(m?s)]
CK 14.85 aA 0.38 aA 265.23 ek 5.15 aA 0.28 aAB
20 13.75 bB 0.33 abAB 260.60 eDE 4.49 bB 0.30 aA
30 11.98 cC 0.27 beBC 276.71 dCD 3.70 ¢C 0.25 bBC
60 9.45 dD 0.23 ¢dCD 282.60 c¢dC 2.24 dD 0.24 beC
90 7.63 eE 0.19 deCDE 289.07 beBC 1.78 eE 0.22 ¢dCD
120 543 {F 0.15 efDE 295.93 abAB 1.39 {F 0.20 deDE
150 3.27 oG 0.12 fE 304.77 aA 1.12 oG 0.18 eE
% 6 WEME 5B AT SRR XS T
HRE AR L T CO: % e LR
Hikh -0.992" -0.964" 0.951" -0.950" -0.951"
g -0.996™ -0.972" 0.965" -0.950" -0.965"

AN BRI 60 mmol/L B i A 3 R B I /N
R 5 AT UL, BT E X E A Fe vt A AR Y R i L A
e IRy Bk v B A T R AR, AR MRS 30
mmol/L, B 6 A 3 2B B/ . FEAH R RS T, o
PR30 A0 BT A AT e A HUREL & T A
AFR,Lh B A R 3 X B A A v B R A A
FHaEF PR SR A B AHOC 2 0H  BF AR R
TR PR a0 e Y A S AR R (R 6) .
222 AILFE(Gs)# LA

MR 4 T LAE S, PSR AE RS SRR
M 2 A Bl 6 Tk B A B I S s IS BRAIG, rhrEERAE v
FER 20 mmol/L B AL BER K, (H 5% BUAH H 22 5%
AN ERR B R 150 mmol/L B S LS BE 5/, LX)
W&/ 55.26% . MF& 5 1] UL GlbE SR T B AR R A AL S
JEE (1) 5 ) 30 Ry W VA B P T i T AR AL, AR R MR
150 mmol/L B S AL T /0N, e X BV /N 68.42% ., 7E
AH IR EE e B T B 6 W ad ot B A R S AL 5 B A A
FHaEF PR ER A 3R ARG 2B I AR A AL
JE 5 PR AR ol T B 3 S A B S A DG (3R 6)
223 JRI) CO, ik E ) T AL

PRRRER W20 % B AR AR ] CO, We BE RS2 ia T —
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(R 4.3 5), RIRaER R B 1 7 a3 2 SE RIS 3
ByRaH, FEHIE N 150 mmol/L B iU fa] CO, {&Eﬂm,
R FET BR R 11.57%, Btk HE X R 14.91%. A1
K, BFAE RG] CO, W 5 Wb L It v )
PIREM T IEMSE (R 6).
224 Ak F(Tr)e T

A 4 AT, AR ER bl o B A R SR R 1 5
i) 3¢ B Ay I Ve J3E 0 1 In S T o i RARAIG, FE MR BB Ry 20
mmol/L H Z8 8 R K, 50 B Lb 22 S i B 3%, £
e R 150 mmol/L B 7% i TR S5/, B X Bk /)
73.01%. H1 % 5 RTAT, B SR a0 Yo B A e 28 o 3k R 1)
) 2% LRy B ER Wk B ) TR TR, Fh MR EE R 150
mmol/L, I} 7% [ H R /)N L BV /)N 78.25% , 7E AR [A]
ERUREET B o o B A R 2 S R A R T
PSR R Ab B A OGS BT R B, B A R 2R I R
FhER a0 e B A B A B A G (FR 6),
225 AJFURRAHMA(Ls )89 E AL

% 4 .22 5 A, Wbk xh B A R A FLBR i 1 1Y

SRR IN hy Bl AR T B 3G e Tt = SR AR, MR

j‘:l 20 mmol/L B S FLBRHI{E R K, {H5 X FaAH 22 5%
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AR EOEEEAR (Pn), LT (Gs). ZEBHER
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e k. 25 DURH G 5 A TR] CO, W JEE (Ci) 55 PR3 I vk JEE

YRR IR FEER A N B AR R A AR T RE DRy
—E AR KA Y R, SO 2 R
AR SRR RELRAIERS 2K 23 B BT R FIA AL B A A%
FIHT, % £ i 2 B A B0 A N

S Z 0k

[1] Munns R. Comparative physiology of salt and water stress [J]. Plant
Cell Environ, 2002, 25: 239-250.

[2] E Ok, sl I, NaCl it 3 Fiiirb 9 i 2 FEE RO 52
ML), TR R4, 2008(2) : 53-56.

(3] BREELE, JoE S0, 2287 N R Gl Ak A B A B 5T ). VR
24k, 1994(6):25-26.

[4] ER, B, AR, Na,COs F NaCl X K 5 R85 & Mran 24
LI LEBERFFSE()]. A ,2007,26(12):27-31.

[S] BETHKE P C, DREW M C. Stomatal and nonstonmatal components
to inhibition of photosynthesis in leaves of Captcum annuum during
progressive exposure to NaCl salinity [J]. Plant Physiol, 1992, 99:
219-226.

[6] Walker R R, Blackmore D H. Carbon dioxide assimilation and
folierion concentration in leaves of Leamon Citrus sinensis (L.) os—
beck trees irrigated with NaCl and Na,SO, [J]. Aust Plant Physiol,
1993, 20: 173-85.

[7]  Munns R. Physiological processes limiting plant growth in neutral
soils: some dogmas and hypotheses [J]. Plant Cell Environ, 1993, 16:
15-24.

(8]  sRmIHE, X BRSSP 2L, rp PR b ae X i S i 0D B AR R 52
R[] YT IRAORNF,2012,40(8) : 100-101.

(9] sKENAE, UL TR, 45, PR T 200 R TG A PR M 50K
Sr R BGEE ML) KRTIRLF,2012,31(4):613-616.

[10] ¥, B, AN, 45, T r B P 2L A 1 AR el g A 2
FEPEA TR M), PR AR, 2007,21(6) : 573-578.

[11] 5KITEZ RS, I A R AR S AR AF BRI D). A 1%
YEURAAR 2003 ,4(4)369-373.

[12] Munins R, Tester M. Mechanisms of salinity tolerance [J]. Annu Rev
Plant Biol, 2008, 59: 651-681.

(13] FEFL0, ARl S0, 4F. R IRIR AR i o B AR R D &
R AR B AR ISR )], TIOR3, 2015,42(5) : 89—
93.

[14] ZEHfEE, ARIG A8 TR AE T, 55, NaCl X 7K A5 75 S Ik e £ J b 36 P
K JF THEREEMR (1] SRR 4. BRI, 1999,45(4)
497-500.

[15] 5KZEFE. NaCl X 7K A & ZE R 1 A I S2 R[], V6 B 27 B 241
FIARBHEIR, 2011,25(4) :8-11.

[16] Ott T, Clarke J, Birks K. Regulation of the photosynthetic electron
transport chain[J]. Planta, 1999, 209(2): 250-258.

[17] Ffe, Ve RUBE I ve 3, A5, SR B XA [F] KRt it Aol G e e AR
A AR, PR AR, 2013,27(3) : 280-286.

(T#% 80 1)
.75.



FHERAE R AMMI AR 25 TR /KRS R A [ R

EMEFgsEN & & #% % 2018,24(4):76-80

PEEI). VER 244, 2004,42(12) : 1 185-1 191.

[91 XUmH4E, A , BRTT, 45 FH AMMI 5498 1K e 3 A-dh
TR LR AL 5 A8 BARL). MEY) 2441 ,2013,39(10) : 1 849-
1855.

[10] FREES:, £ B, 45 FIHT AMMI BORL
W #4331, 2015,29(2) : 296-303.

AT FERD KRR S B 4y

[11] 3038, ATt WRSCH: , 45 ARSI SR -5 AR i B bR Y S
AT AR 241, 2013,27(12) : 1938-1947.
[12] 43R4 D. FEAFA AT ER s XK R P 5 i BOE B 52 0

[D]. M R, 2014,
[13] TR R EES BT, 2 pB T A (L OK EL IR
PED LI KRR, 2010, 24(3):320-324
[14] Piepho H P. Analyzing genotype—environment data by mixed models
with multiplicative effects[J]. Biometrics, 1997, 53(2): 761-766.
[15] RN KT AMMI AR 4 5 FER E P 0 M ik ) — s it
[J]. #1%,2000,22(1):31-32.

[16] Piepho H P. Robustness of statistical tests for multiplicative term sin

(3/4): 438-443.

[17] Cheng F M, Zhong L J, Wang F, et al. Differences in cooking and
eating properties between chalky and translucent parts in rice grains
[J]. Food Chem, 2005, 90:39-46.

[18] Yamakawa H, Hirose T, Kuroda M, et. Comprehensive expression
profiling of rice grain filling—related genes under high temperature
using DNA microarray[J]. Plant Physiol, 2007, 144: 258-277.

[19] Brosi. AR RIRLAL E 42 SRR 5 bt BRI DG R (D). 42
T4, 2014,29(5) : 161-167.

[20] EMER, Brse ], Fiisk, 45 R AR I SRR N K 7 <E 11
FHSRPEIR QTLLT]. Fmtfl R7274] , 2016, 39(2) : 183-190.

[21] 2=t 55, FAEBE, IR, 45 il R RO 22 PR30 %) K R
M [ e AR )]. YR AR, 2005, 18(6) :694-698.

(22] 23R, 1 T2 BUA2E  AF ORI HR L AL 5 AR Wt X 7K R = kA
ah B IA). X BER S 3R, 2017,31(1) : 137-141.

(23] 25 W, SRR B, 2F. TR SR AU X T IR ™ A
BRsZma. B Ak 241, 2015,46(12) :2 100-2 105.

the AMMI model for cultivar trials [J]. Theor Appl Genet, 1995, 90

Effects of Sodic Soil on Stability of Chalky Rice Rate and Chalkiness Degree Using AMMI

Model

HAN Xiao, ZHAO Haicheng, TENG Wenzhi, LI Hongyu", PAN Xipeng, LU Jiahao, WANG Xuebin, LIU Menghong

(Agricultural College, Heilongjiang Bayi Agricultural University /Heilongjiang Provincial Key Laboratory of Modern Agricultural Cultivation and Crop
Germplasm Improvement, Daging, Heilongjiang 163319, China; "Corresponding author)

Abstract: In order to provide the scientific basis for the improvement of appearance quality of rice in sodic soil, AMMI model was
used to study the stability of chalky rice rate and chalkiness degree with 5 saline—alkali tolerance rice varieties(Longdao 16, 13G028,
13G030, 13G040, Changbai 9) as materials. The results showed that the stability of chalky rice rate and chalkiness degree were differ—
ent in different varieties, and the effects of environment on chalkiness character was different. The effects on the total variation of
chalkiness character was in the order of genotype (G)>environment (E)>GxE. Quadratic sum of PCA1, PCA2 and PCA3 of chalky
rice rate and chalkiness degree explained 99.65% and 99.80% of the total variance quadratic sum respectively. The variety stability of
Longdao 16 was the best in different saline —alkali environment, 13G030 was the second, followed by 13G028 and Changbai 9,
13G040 was the worst.

Key words: rice; sodic soil; AMMI model; chalky rice rate; chalkiness degree; stability
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Effects of Salt Stress on Seedling Growth and Photosynthetic Characteristics of Wild Rice
LIU Yulan, DUAN Kaihuai, LI Wan, ZHANG Guoyin, SUN Tangyu, CHEN Dianyuan”

(Jilin Agricultural Science and Technology University, Jilin, Jilin 132101, China; Ist author: jllyl2006@163.com; "Corresponding author: JLcdy@sina.
com)

Abstract: The effects of various salt stresses on the plant growth and photosynthetic characteristics of wild rice were studied. The
result showed that the low concentration of neutral salt accelerated the growth of wild rice to a certain extent, while basic salt
restrained the growth of wild rice; the high concentration of salt stress seriously restrained the growth of wild rice. The effect of basic
salt stress was stronger than neutral salt stress. It showed strong negative correlation between plant height, root length, root number,
root—shoot ratio, net photosynthetic rate, stomatal conductance, transpiration rate, limitation of stomatal for wild rice and two salt stress
degree. The intercellular CO, concentration was very significant positive correlated with the salt stress degree. The wild rice were still
retain a certain amount of the growth and biological accumulation, and showed more adaptable to salt stress.

Key words: wild rice; salt stress; growth; photosynthetic characteristics
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