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Abstract: The mixed solution of NaHCO, and Na, CO, was used to treat 25-day-old alkali-tolerant soybean variety
Jiyu 257 and alkali-sensitive variety Dongnong 63 for seven days. The effects of mixed alkali stress on photosynthesis, chlo-
rophyll fluorescence parameters and endogenous hormone content of different soybean varieties were analyzed. Moreover, the
action mechanism of soybean hormones and photosynthesis was discussed to provide theoretical basis for the selection of al-

kali resistant varieties and the effective utilization of saline

W7 5. 2019-08-19 land. The results showed that the chlorophyll meter

EETNE . S 1A DR T ) (KITHI1702) 5 142 1 R % A (SPAD ) value, photochemical quenching coefficient
SRRSO BRI T ( NMDSS1867) 5 524 (41 (gP), gibberellic acid (GA) content, indoleacetic acid

K EHHR4 4 91 H (2018MDCBO2) (TAA) content and cytokinin (CTK) content in leaves of
TEERA T I(1994-) ) B2 ARl A BB, £ Jiyu 257 increased first and then decreased, while those
N FAEY RN T S R TIFTSE . (E-mail ) caoshuai0229@ indicators of Dongnong 63 continued to decrease. The net
163.com, F-ARBH ML H—EE photosynthetic rate (P, ) of the two varieties was lower

BIFUEE X M8, (E-mail ) mindaliupeng@ 126.com than that of respective control, and the abscisic acid
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(ABA) and ethylene (ETH) tended to increase continuously. Soybean could regulate the opening and closing states of their

stomata by adjusting the contents of CTK and ABA. The mixed alkali (30 mmol/L) stress had a certain promotion effect on

various traits of Jiyu 257, but it had no obvious inhibition on traits of Dongnong 63. The reason for the decrease in photosyn-

thetic rate of soybean plants might be the limitation of stomata or the regulation of endogenous hormones, which further re-

duced the physiological needs of the plants. The physiological traits of two soybean varieties were affected in different de-

grees under mixed alkali (60 mmol/L) stress, and the influence of alkali-tolerant was less than that of alkali-sensitive vari-

ety. The physiological traits of the two soybean varieties were seriously affected under the treatment of 90 mmol/L mixed al-

kali, and the decrease of photosynthetic rate may be caused by the decrease of hormone synthesis ability and non-stomatal

limitation. When the concentration of mixed alkali was 60 mmol/L, soybean might reach the critical point of alkali toler-

ance. At this concentration, the defense ability of Jiyu 257 was obviously better than that of Dongnong 63.
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SPAD {6 T+ 8 fe g, 0%t BEIE N 5. 75% , Hak 3] i 3
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SR S R B TR A TR B R R A PR B g
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H126.20% .,
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SRR B AL B S50 By W 22 5 AR
A 63 MRS AL T (G,) BETR AR B2 ()38 in S 80—
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Table 1 Effects of mixed alkali stress on SPAD and photosynthetic characteristics of soybean leaves

} AWk B AR (P,) TR CORE(C,)  EBEE(T)  AALSE(G.)
A (mmol/L) SPAp [pmol/(n’ - )] (pmol/mol)  [mol/(n’-%)]  [mol/(m’-s)]
HE 257 0 41.77+1.53b 26.62+0.95a 291.14+7.30a 5.15+£0.45a 0.45+0.04a
30 43.47+0.60ab 26.04+0.67a 272.74+12.60abh 5.19+0.40a 0.47+0.03a
60 44.17+0.70a 24.76+1.40ab 255.94+11.63b 5.10£0.50a 0.46+0.04a
90 43.07+0.90ab 22.78+1.55bh 213.39+7.40¢ 4.98+0.44a 0.45+0.04a
A 63 0 40.10+1.01a 22.92+2.13a 275.02+15.11a 4.81+0.40a 0.41+0.03a
30 38.53+1.05a 20.76+1.91a 294.83+9.71b 4.16+0.35b 0.40+0.02a
60 36.30+0.95b 17.00+1.03b 318.65+15.67¢ 3.58+0.13¢ 0.32+0.01b
90 35.53+0.64h 13.54+1.36¢ 347.08+4.70c 3.38+0.26¢ 0.31+0.01b

ARING TR IR Rl — RO R G ik AL BRI 7E 0.05 /K B2 R 3,
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= T X 30 mmol/L .60 mmol/LAI 90 mmol/L
TR A Bl e BE A BRAR Fb X B 4 0 B 14, 93%
17. 72%%1 32. 09% ,

BRI (F,,) & PSIT L H 0 Ab T 58 42 56 4]
I A2 K- AT S e PSIL A4 L FAZ s 15 L . TR 4%
AR AR B R 3w 257 M R R b0 He
FIE I S BRRF L TR AR AR 63 IR SEFEAR
J& T PR AR A Fa A 72 60 mmol/ LR & Bl vk i Ab
PR IR 5 i L, AH EL T X6 BRSO 6. 33%, HLit A
F TEA AL N LT 4 F 257, 90 mmol/LiR A Bl
WIEALPL T F 257 M F, 0 3% T X IR 30
mmol/LIE &

Bk v B A B 43 00 38 16. 38% FiI
14.48%

F /F, 2 PSIL G F20% , 2 R PSIT fie kK

FEEERI R R . 30 mmol/ LIRS ﬁ)ﬁ{ﬁ?rifﬂ?d’
B 257 MR F/F, AT X RERG AT BT, Hor 2

b PRI T X5 B H 45 TR Bl v B2 b 3L Y 'ﬁxﬂﬁﬂ%
KB 2 RIKTE, KA 63 M F/F, BETR A8
VR EE (G o SRR T R A, £ AL FAH L T %0 iR 43
I 5 2 FRAIK 6. 02% 8. 43% K11 12. 05% .,

ETR A% B 5 38 H R | 52 2R A T8 /5
2 AR ETR 445 s/ )s , ELTR G Bk FE R U
/NIRRT H 257 MR ETR RTFARAL& 63, H'F
FEMERE /N T 7R Ak 63, Z Wil J5 5 & 257 7F 60
mmol/ L 90 mmol/ LR & ik AL i 245 T-XF
HE A EE T X B 43591 R B 17. 61% A1 23. 45% 5 7R A4
63 TEAS TR A el A 38T 349 b 281G T X i, A B T
X HR 43591 R % 20. 64% .33. 59% 1 39. 27%

HACFEIE K R EL(gP) f= I B PSIL i) B 52
QA AL IR JFARES . ZENRAWMNE S, 5 F
257 M F gP 7 60 mmol/L 90 mmol/ LR A Hif i B AL
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NPQ Y Blfik BE T+ =i n, B 8| 257 LA
INTZRA 63, 3 B 257 it/ NPQ £ 60 mmol/ LA
90 mmol/ LA Al B AL B R 5 35 15 T X HR 43331 1
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Table 2 Effects of mixed alkali stress on chlorophyll fluorescence characteristics of soybean leaves

o TR A Bk WG BRI PSILGHETR0R AR LTG5 S g K E[D A= D
m (mmol/L) (F,) (F,) (F/F,) HHR(ETR) FH(qP) FE(NPQ)
HE 257 0 163.00+6.24a 842.33+39.88b 0.82+0.04a 31.17+2.05a 0.92+0.01b 0.53+0.03b
30 160.00+4.36a 856.33+27.30b 0.84+0.03a 28.30+1.92ab 0.94+0.01a 0.55+0.03b
60 155.33+8.50a 934.67+49.34ab 0.81+£0.03a 25.68+1.53bc 0.90+0.00c 0.61+0.03a
90 170.00£10.44a 980.33+43.39a 0.80+0.03a 23.86+1.53¢ 0.88+0.01d 0.62+0.03a
KAk 63 0 178.67+14.84¢ 767.67+33.08a 0.83+£0.02a 32.42+1.99a 0.90+0.02a 0.51£0.04¢
30 205.33+14.84h 766.33+28.02a 0.78+0.02b 25.73+1.29h 0.79+0.02a 0.61+0.03b
60 210.33+4.16b 816.33+£20.84a 0.76+0.01b 21.53+1.38¢ 0.74+0.04b 0.68+0.04a
90 236.00+7.94a 745.33+37.31a 0.73+0.03b 19.69+0.81c 0.62+0.03c 0.73+£0.02a

AN AR R R — b A R TR S B B2 AR BRIE] 7E 0.05 /KK 12257 W
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M3 3 WL ZIR G MNE S 5 F 257 Mk
5% (GA) KR (IAA) M2 R (CTK) & &
ALY R e T R BRI a3 T AR AR 63 Y hFe:
FRARka%, & F 257 MM A GA F 1 7E 90 mmol/LiR
AU E T B8 T 30 mmol/L IR & i vk i 4b B
HAE 30 mmol/LE &0 vk BE A0 38 T 3K 31| e = L, 3%
XTREHE N 5.63% ;5 % A4 63 M A GA & &= 7E 60
mmol/ L1 90 mmol/ LiE & Bk & AL PR f I F X
HE MR T X BE 2 3 SR 11, 43% 1 25.94% , 5 &
257 WA IAA Ml CTK 5 7E 30 mmol/ LR A5
WAL PR ¥ i 2 R T R A Ay 2 MR A Bk
ARFEFH LG X BE AR B3I 9. 129% A1 11. 33 4R4K 63
FEA R A TR E R TAA & 03 B E KT xR, 2051
#3 RABEMEN AT NENESBHEM

TR 9.85% .19. 14% 1 22.36% ; 7 4% 63 CTK 7t
1 60 mmol/LA1 90 mmol/LIE & Wi AL PR T g 2%
XX HEAT 30 mmol/ LA ik J3 Ab 1, 41 b % 1R 43
TR 16.58% 1 21. 63%, 5 & 257 ML 63 I
A IRTEIR (ABA) &M 20 (ETH) S BEIR &
R B2 0 T i G, A 257 FUARK 63 M
ABA 8 HI7E 90 mmol/LIEA Bk AL BT g 2 5
Fx FRALHA 2 AV A5 vk B AL 3, A LE T R A3
BN 26. 429% 1 38. 56, #H E 257 M ETH F &t
1 60 mmol/LAT 90 mmol/LIE & Wi AL PR T i 2%
1 T R AR A3 3 9. 27% Fl 14. 51% , 1 AR
4 63 M ETH & B /e AR Ak T8 8 & & F
X R A HE XS BB BIEEA 6. 17% 14 41 F116.71%

Table 3 Effect of mixed alkali stress on the content of endogenous hormones in soybean leaves

. RAWKE  FHEZ(CAAR  AERZIAA SR MRAREE(CTK) BERABA) AR ZM(ETH) &1t
(mmol/L.) (pg/ml) (pmol/L) i (pg/l) (pe/L) (he/L)
HE 257 0 438.45+8.83ab 56.34+3.51¢ 57.10+£3.36b 268.29+13.43b 301.90+13.81¢
30 463.12+38.56a 61.48+2.38a 63.57+2.61a 286.21+18.53b 308.07+18.28bc
60 452.44+30.19ab 58.18+3.34b 56.27+2.82b 298.98+14.49h 329.90+22.06ab
90 405.02+14.64b 50.80+1.77d 51.05+1.95¢ 339.18+18.00a 345.71+23.49a
KA 63 0 418.33+17.38a 60.29+1.20a 58.34+2.61a 287.48+12.63h 330.83+22.30c
30 401.39+13.11ab 54.35+1.46h 55.00+2.68a 354.85+16.00b 351.27+27.76h
60 370.53+30.54h 48.75+1.72¢ 48.67+2.49h 359.86+23.80h 378.75+18.80a
90 309.81+19.67¢ 46.81+1.90c¢ 45.72+3.69b 398.34+29.50a 386.11+18.07a

ANR/ING AR R R — b A R TR S B BE AR BRIE] 7E 0.05 /K L2257 B
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& 4T, F /F FlqP 5 GA IAA Il CTK &
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CTK 7 5 ¥R 3 8 25 sil 3% fH 56K F-, 5 ABA
FETH & # ik B0 IEAH K, GA Fbrs
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Table 4 Correlation of soybean parameters under mixed alkali stress

A OGO, IR PR AR DG fe i, A G R R
0.965, 1AA Fl CTK &t 5 SPAD {H .C, Fl F AHC
PN, 5 AP IR E5 18 2] J8 25 B8 e 2 AH DG OK
5 F/F WA G B, AHOC R0 0,919
F10.922, ABA Fl ETH & &BrS C 1 F BAH M
BN 5 AR IR 518 3] 825 B 5 3 A DK

SPAD P, C, T, G, F, F, F/F, ETR qP NPQ
GA 0.882* 0.965 ** -0.653 0.915™ 0916™  -0.942* 0.506 0.931 ™ 0.736 " 0.958 ** -0.819"
1AA 0.698 0.834" -0.423 0.795* 0.766 " -0.769 * 0.128 0.919* 0.855* 0.844 " -0.883 ™
CTK 0.703 0.862 " -0.418 0.799 " 0.794" -0.767" 0.146 0.922* 0.826" 0.855™ -0.877™
ABA -0.761*  -0.931* 0.488 -0.889" -0.807" 0.891™ -0.319 -0.942™ -0.900" -0.929* 0.922*
ETH -0.818"  -0.967** 0.519 -0.927*" -0.896"" 0.888™  -0.349  -0.930™ -0.857" -0.923*" 0.898 **

SR AR IRAE 0.05 F10.01 K B,

3 1
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P A 1) PR HICSE g s, ' Bk [ 2 B4 JEE 0 U
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CO,VRIE (C,) BEIR A B0k I SRR L TRk 3
MARAR 63 I AH L EaH, Wi Fl i € 378 60
mmol/ LA 90 mmol/LIE &AL T 5%} B IA 3 g 3
25K, HA 63 MR C TR AR R AT RE R IR &
S ERS S P N E N A U S e
EETL MU N o 287 N I Sy c
R PR -4 2 B e AT, A A RIS R AL BIR A 4
R R A EEH T, R LA ER
FZE I HOR MR B T I 28 5, A ST 45
KR, R F 257 M 2815 MR AE 30 mmol/ LI
AR E T WA T Ah, PR R ot A R A

ZE M TR IR A v B B R 2 R R A, AR
4 63 TREMRRE TR X 5 RT AT as R —3
3.2 RAWMEBWNAEHEHEERALSBNE
i

R R AEAR YOG A VR T v 2 £ 6 4
Pyt ER R DS ET A ) 5 IR BE 1) K R D S AE
Py AR RS 8 0 S R O ST R TR
BRI R R OSBRSS
e ZR BT B S LA A A B AR A ) A LR
IR A RIS B — e R ] e
JERGEXCREMML A8 FERCFHE i DL SR K7
XHEYIRR N RSB T F R F /F T
MeR B 7 kAR T 6, i F, b T D 2R B
PSIT Z FIBEIR > ABFFe el LW, 52 2008 A 6
HIGH A 257 R F TR IR A vk B2 R ¥y T X
HETTARAR 63 BT XTI 7Rk 63 b | F7E4 A
TRA AL BT 3@ T XTI 35 8 257 B T 7 90
mmol/ LIRA BRI FE T i X AN, Hody 2 MR A0
W B AL BPAC T IR AETR A R SRR, R
Flt ETR F1 qP 344 T TR, W bRt i NPQ TE45 TR
B BE R Yy TR R 257 iR NPQ N TAR
A 63 3% 547 IS I ST 45 ARAT, ULIIR A
a2 e AE K = A PSIT & BERYJr i Oy =X, 18
it B IHAE T £ B R R R IS I B aa R BE Y 7
REWME T, %8 257 M ETR F /F, .qP TR
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R IR S/ N T AR A 63, F R NPQ 36 i i i
W B/NFARLK 63, & & 257 fE4R-FE PSIL ARG
REFE ISR PSIIEAE TG PENY (R A, J s FE 8 5 4
REELAERCILH] , K2 G B AR A TE LRE AR, I
FELIE ¥ s 32 0 BE R B R B R PO & REEMAE
M.
33 RBAWEBENAEHHFRBEEESENTMN

A P9 TR B R e T B AR KA T R
TAA CTK F1 GA X P A K £ RN IEEEH,
il ABA I ETH W 3= 32 6 BRI/ I L R
AT PR R H B ABA S EORI BT W A Y
Gy SR | T AR AR BTG SR LA SR 28 4, LAk
IENANIEEE IAEE . AHFSE S5 R, A2 TR A e
JlRE S | TR BRCE SRR T B 257 MR GA TAA Al CTK
i BT SRR e SR AR A 63
SRR TR 2 DN KEAFD ABA FTETH &1y
s a )|V SR T R =T A Y NI
sfag RS SE AT . 30 mmol/ LI 4 sk B Xt
i B R SR i EA — o B AR, X el
JEI A G AN AT ;60 mmol/ LIE A Bl Ak B XH M i
PRI S AMEIAS B S, %o SRt R LA — s A 40 il
YRR, T RESE: T 32 BTR & 0 W38 J5 K w3 i 8
BOLFP IR ICER & ok B AR A B A AR 30K, DAtk
S EBTIE ; T 90 mmol/LIBSWIRE F 2 K&
PP 2 B P 4, AT RE R MR e, R
ANBE AT M8 BT K A0 TAA [ CTK F1 GA &
HCRE ST R, ABA 5 ETH & i BE F1 TH75 , AT A K
GARKAEA e AR B — R R
34 BEWMETHRMEZSXESHNEEX
E

B30 25 AR N IR R R AR AR AR, X
YEYITE WS IR 58 b A K K S fLaz sh B AR,
WRar AR B gT A SRR = Az 2 Mab J5 AL A
REG IR R & EAAER N, AT WS
FEEREZY], ABA & T 5 & FHOAL T B AL,
Jil i R e BE Y CTK n] A8 250 4k 457 < L 1 T
T I, B R K R AL S A AR AR
ABA F1 CTK HL[RIVEH P45 F, [F B} ABA Fl CTK if
SRIEAAE R A PR AL P LAS R ) At LR
M, ABA R BEAIR AN AR () f 88, AT S B0OE &
TALBEBE ) R &Y . CTK A4 5 RuBPcase 76 PE,
MR HEOG G HL TG, AR RE ], <AL

TS ABA FI CTK & & X3k 3] 8 3 A1 3¢ K -,
ABA FHFEILY CTK & & T m Bl fL 3Tt
i, T 42 K6 & R, 5 E A BF 98 45 2R AH
] ¥ TAA .CTK ,ABA .GA Fl ETH &5 F /F
PR B 25 AH OG- U BH DR A2 3 k3 i 255
AT AR Z I OC R #m PSIL iR KOGREFIH]
ROR AR Z 1 Bl 2854 AT el R S A R O
FriEw R 425 B B3O ERED) .

4zt

B30 AT LA R K L PSIT ) O BE S AL R A
VARG, B 58 PSIL R4 54 BB 0 9 1L, [RIB K 5
AL IR H B CTK AT ABA & R 4% A 5
FLITF LIRS, £ 3 R L R8T vl $2 55 PS5 K6
AR R, DL R HGHI 3, 60 mmol/ LR A B i
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