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Effects of Exogenous Melatonin on the Growth Characteristics of Soybean Dur-
ing Seed-filling Period Under Drought Stress
CAO Liang, WANG Ming-yao, ZOU Jing-nan, YU qi, JIN Xi-jun, ZHANG Yu-xian

(Agronomy College of Heilongjiang Bayi Agricultural University, Daqing 163319, China)

Abstract: Seed-filling stage is the key growth period that determines the level of soybean yield. This experiment was conduc-
ted at the beginning of seed-filling in order to study the effects of drought stress and melatonin through comparing morphologi-
cal indexes, yield and its components, photosynthetic parameters and carbon metabolic indicators. The results showed that
drought stress caused a significant reduction in pod number per plant (9.04% ), particle number per plant (6.21% ), 100-
seed weight (22.81% ) and particle weight per plant (27.44% ). With prolonged drought treatment, net photosynthetic rate
(Pn), transpiration rate (Tr) and stomatal conductance (Gs) were significantly reduced, and intercellular CO, concentration
(Ci) was markedly increased. The levels of starch, sucrose, fructose and glucose were declined, and acid invertase, neutral
invertase, sucrose phosphate synthase and sucrose synthase activities were restrained during drought stress treatment. Under
normal and drought environments, melatonin pre-treatment caused a increase in pod number per plant, particle number per
plant and yield because of photosynthetic parameters were improved. Melatonin pre-treatment caused a increase in yield under
normal and drought (4.74% and 12.43% ) environments. But melatonin treatment had no significant effect on carbohydrate
contents and related enzyme activities. Under drought stress, melatonin pre-treatment increased carbohydrate contents and re-
lated enzyme activities. It indicates that melatonin can effectively alleviate the adverse effects of drought stress on plant growth
and development.

Keywords: Soybean ( Glycine max L. ) ; Seed-filling period; Drought stress; Melatonin; Photosynthetic products; Yield

TR AR YL A BT A B IR 3R] AR 2 T R A S TR K 23S i B
WRZ—, BiH R ARWT A, TR0 % BRI AL M DG 5 3R T [, i1 4%
PEIRSRRIER BEAT ARG 2 B RESIRER , i RO G R S R BE AR, 1

W Fs HHEA:2019-03-18

E&£WA : HKESVFATTR (2018 YFD0201000 ) ; [ 5 ALY 7l 47 A A&k Z (CARS-04-01A)
F—EHER N W52 (1990-) , 5 i, 8 NS K G B AR L B AT . E-mail : miss9877 @ 126. com,
BIESE Tk E5(1968-) 03 1o+, 27 S, FEMNF R GRS . E-mail: zyx_Ixy@ 126. com,



748 K E B 544

ARG IERA MY M ERK EEDY, KT
& AR o S 8 A BB — AP, H Rk
AL G590 B 22 [a] S P aa A oG, S
JEAMER RS R A A A N A e, W
FAED TR G R A B W HEAT T 50 4k 3 &
B, R R BEAK Y R 5ok i3 > FE I > 4y
R > B R BIE SOR A (83. 0% ) FIAE IE
(78.0% ) ™5+ S AL PR 5 S A4 i, v UL, S0k 1
JER TR s e B W —, M &
PR, KA 5 0 AT 2 R v 2
L, A R 5k R ™ 2 B IR ) R R T 46.9%
(2013 4E) 1 81. 6% (2014 4E) |

R R REAVEY VAT A VR R E B BT R
B R E B T, KGR E Y E 2 U
TERIE R B A AR i b, 7R 8] 25 BE o T 7K i B
FEWE 5 h ) B s Bk kL b . BEBR TATME A &
RBTIRRIN B FE 17K LR 2 F A A A E
AR EFEEAERT . mEEAT, TR s
T ORI AR BB, G R R A0 RSN, S EUR AL
TR, I Fh B8 G X5 L 3 40 9 235 +) R 30 RE A 27 i K
IR 2B T R AR, B K 43 ke R 1935 3% 7
W T RE AR 4 U ( SPS) R BERE A G (SS)
T P B 25 T3 s ) 4 S K T S M R ARk
YEDARAE P ihae © % A R 24 AT ST 1 30, (BT
T T R s 245 T ok ks
AR L MG T T a8 X K G sk B
AT K R D, T SR i K T
PRI AL B A G

BRPE R R PP e, (b= PR N - &
Bt -5 - WLk, | 2 AE Tty b, = 55+
TEAED ) Z2 R A A A 18, 3 00 45 1 9 41 g
354 ARV AR 0 A R AR B K A A A G AR
PO A AR SE G R A H R
FONR T R A 25T, AR SR W3 s Nk
R IR R K S T RIE SR R TE
FreEg R B R S ER IR e A
Al (H A, SR A7 AR AR K Jmy B« — 7 T F 9%
XI5 EER T EAEY) (AN N SER A ), X K H R
BB 5 — 5T, WF5E 7 ik LA PEG %
BRI T2 3, A BE B IE BT Rk — F R
ERE A A A Al R A 1 3
[P, (H MG AR P A 8 15 7 RE 8 A — e R I
EEPEER  WFIESE , M TR R

AT e 6 A 4 P % A 23 i A 2
PRt I M IR R Bt TR S B
A TR SEORE I 18] DA AR R B - A A 9 4, B T
PR IE . JF H, 5B PR R R R AN
b, i o i FH A IR R 2w AR ) PR RE Al R A
P AR KT R R e e — R B A R T 4R AR
PESRAA ROT 0 AWEFE T R E ORI #EAT 1+ 57
B3 W0 5E e ) B R i AR A, LU AR
Al DR A = S e gL BIE 4 KT

1 MHETE

1.1 RXIeigit

RIE T 2018 4F7E VT N\ — 4 B K233
HEAT, LAZA 26 AR, S A 20 H &R, K 8 HiFil
THRERE EL4% 30. 0 em, 55 33.0 cm (BRI, 1F
A BB MRS - RA L 1:3: 12 IR AR N I
IE4ERE 80% HMFFKE ., FREMFHBI(VC) &
B3 Bk, LA 3 A 1 AR FRoT, R S8 e B LI
Bt A FRFD BRI 4 IR A

KEBRAPIHIT K, iz E 4 Mb T,
4390 R 1E H AR K (HE B] HF K = R 80 5% , CK) |, IF
HHK + B R (CK + M), T 5 Jiraa (a7 K 2
145 £5% ,D) , T 5l + fEZE(D + M), TH&
KAEEHE (18200 ) PR A 2 5, Al W30 Ak BEAR 95 45 K
R K A FE7K A3, T 5 a0 A 345 F K 10 d
JEYESE 3 d 4 21:00 W 100 wmol « L' i B
ZM BUEAREB R LR S d JE BT — R EURE,
Jo EERR S d HURE 1Ok JEEURE 3 Wk, AT S e b
PR 45% W H B 37K it o R BT A AL b
WAESEEE 2 )5, D ORI D + M AR 5 1F # ok, 55 55
2 A AT
1.2 MEBmBEAZX
1.2.1 FERAMABAE  THAMW (RS ) i
AR = , 1k BCEAA AR PERY 15 BRI A2 PR bk €
BRI RRORL . AR R R RIS
1.2.2 ke A% BHWHBEERT, TAX 9:00 -
11:004 FH LI-6400 fE#£56-44X ( LI-COR, Lincoln,
USA) #47 KR IEEM BB S80I E |, 3 244
LG M E (Pn) MR CO, MR B (Ci) (RALFEE
(Gs) FZE B 2 (Tr) , M 22 B % & 38 8
1 000 wmol +m~*«s™' AFANALERMNE 5 F it Fo A
W5 2%, B RN S (] — T RE (14 [R]— A6 o
1.2.3  sAR#RARA  BREBCK/NYS) —Fn



53 o

5 BRAERRAT B2 P, UK SO aEm A (8] =) B
FWA T, A -40 CykFPIm, R4
W B2 5E B , SR FH AR Be (ot 0 BE A R, R
FHITAIR — i i a2 o) A R A i, S kR
ALV T N S A A B, B IR Tsai 2617 07 ik
FE TR 1 i Ak B A b M % AL B VS M, 2 ] Chopra
25 V7 0 S PR oK A B AR 15 R TR o
1.3 HESH

K H Excel 2013 #1704 19 5k A #E B, SPSS
19. 0 #4705 2253871, Origin 9. 1 224,

A AR B 2 0o T S T R S BRI A KR 1 749
2 H#REHWH

2.1 MEREENTFEMETRKETEREHK
BSEN:EA)

211 BAMAR REAE, KE S0+

SR E T RR R ZERLRII S R B SRR AIG, D b B
5 CK ML, Bakdgtn sl 7 4. 41% 5. 52% #1
9.25% o J5 2= AT al FAR R R Ab B CK [H] 22 53
ARIRFN W 2K R WSOk I & A 5 a8 Xk
RRRVA WS T 5 e R AR AR R R
TEGf R RIS & BOR

®1 TEBEMNFERBREINKXEHSIERAZIT

Table 1 Effects of melatonin on morphological index of soybean under drought stress
b3 i il eI
Treatment Plant height/cm Stem diameter/mm Bottom pod height/cm
CK 87.10 £0.90 a 7.07 £0.24 a 20.53 £1.06 a
CK+M 88.43 £3.29 a 6.93 £0.09 ab 20.87 +£1.06 a
D 83.26 +3.23 b 6.68 +0.20 b 18.63 +0.71 b
D+M 84.76 £2. 11 ab 6.81+0.22 b 19.00 +1.24 ab

ARG I R AN [RI A BRI 25 52 25 (P <0.05) o Rl

Different lowercase indicate significant difference at P <0. 05 level between treatments. The same below.
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Table. 2 Effects of melatonin on yield components of soybean under drought stress

b3 FRRIER

Treatment Pod number per plant

LI/ TR

Particle number per plant

JER AT
100-seed weight/g

LikyS iy
Seed weight per plant

CK 20.67 +2.77 a 46.53 +0.48 ab 23.10 +0.36 a 10.75 £1. 08 ab
CK+M 21.33+2.57 a 48.73 £0.49 a 23.10 £0.54 a 11.26 £0.94 a

D 18.80 1. 86 ab 43.73 +0.33 ¢ 17.83 £0.93 ¢ 7.80+0.75d
D+M 19.03 £1.96 ab 45.47 £0.66 b 19.28 +1.25 b 8.77+0.92 ¢

2.2 HMEREBENTFEMEBTRKEXLGSHE
=)

WP 1 s, B T 5 A0 PR ) A S,

Pn Tr Fl Gs BH#iFEARH Ci SeThwmn edt, MR

AEPRSE 5,10 F1 15 d, 5 CK AL, D Ab3E Pn 435
W 44.90% | 50.79% F1 72.41% , Tr 4y ) 9§ />
46.08% 67.95% F178.57% ,Gs 4> HIk /> 51. 61% |
64.49% F1 73.05% , Ci 4y 5 W 7> 0.98% | 4% il



750 K =

B 5 301

30. 66% FIH L 30. 70% . J5 2453 Hr 4 R o, D &b
FHERES S d (1Y Ci b, FLAAh 315 X6T JE ] 22 S5 33k
FAV . IEE BT FE T, S R R R
AT DR R) R B 4 = i v i Lo &34k, 5 CK
AHEL, CK + M AbFR Y Pr 43503601 9. 04% 14.29%
F14.60% Tr 53513600 1. 96% 5. 13% F110. 71% .
Gs 435360 1. 88% 4. 35% F12. 13% . Ci 433134 Jm

= 14 L 1cK
%) EICK+M
c 12} ARK D
‘TE ‘ DM
. 1of
ER
3
< 6}
&
¥ 4r
b=
e 2f
£ 0 5 10
PSS P ISIEPN
Days after metatonin treatment/d
~ l40r
S0t
E 100 a 2
R S
;"5 60 r a a
45;( 40 - <%
== X b
F o207 5aC
0 5 10 15
RS P ISIEPS
Days after metatonin treatment/d
1
Fig. 1
2.3 SMRHBEEREITENE T X E5AE I
2.3.1 #mEHmes WA 2 Fos, B P e

(RER , i PN R S 0T (T B L JRE M | A R A
HHE) O B RRAR, b YE R R R
WEELE 5,10 f115 d, 5 CK A1, T 5 e
b PR E B B S I T 19.55% ,26.59% F
35.15% , RE W & 1 40 8 T 5.96% 9. 07% Al
11.83% , W & 43 Bk /b T 5.78% (11. 07% Al
10. 32% , %45 AR WOE A T 5.50% (11, 65%
L 135 IEH BT T, ANt FH 4R 2R R E it
POBEZS W 5 a2 G U P OR B i R e 4
VR AR B R A B E & T Rt B
it i, 5 D ANFEAH L, D + M ZRFR I YR85 1 1
ik R 6.07% ~ 22.00% . 6.24% ~ 17.59% .
6.98% ~16.17% 1 7.02% ~ 18.50% . 0 T 5
ZE T G AR 2 2 B S M 2 R K G 2 R

HUR=g e

1.69% \1.47% F1 0.26% , H: CK + M 4bFRL55 10
KA 15 KA Pn 5 CK [A] 2257 0355 5 D AbEEAH
Fe,D + M AL BEY Pr 43513580 36. 51% (30. 65% Fil
54.17% Tr 3 351 30. 91% 84. 00% #1 58.33% .
Gs 23 B0 31.11% ,25.51% F1 39.47% . Ci 43
$4hn 28. 83% 6. 13% F1 7.94% . il T F &4 T
G IFAR BRI e S RO B A A A

500

400

300

200+

100 +

JaB] CO, Y& BE Ci/(pumol * mol-")

5 10 15
1B B AN JE REL

Days after metatonin treatment/d

. S;l)

Z& 33 R Tr/(mmol + m™

.5 10
BRI KR

Days after metatonin treatment/d

FEE TMNRER BRI X ERGSHHF M

Effects of melatonin on photosynthetic parameters of soybean under drought stress

2.3.2 AR AEE TR0 BERAT
N R M (AL) b M5 A BTG M (NT) BERE 5 i
fif} ( SPS ) FHREME B 2 G WL ( SS) 1% 1 , 8 A HURE 2o
B, F IR AR 1Y BE IR AR K 25. 00% ~ 35.04% |
20.77% ~57.23% 20. 14% ~56. 11% F120. 77% ~
57.23% . WEHIREE T, AN F AR A 2 X0 K Gt R
i) A1 N1 SPS F1 SS i 1 JC 1. 2 5% Ml , 11— 52 Jpfr 38
IR R TR S ) [N el S W e
W, AEEEEALPESS 5,10 F115 d,D + M AbBRAY Al
TEPEE D b B4 W B T 17.28% (. 33.57% i
8.96% ,N1 JE M4 D &b F 4 ¥ T 9.09% .
11.49% F19.21% , SPS J& M4 D Ab B4y B0 Im T
46.27% 63.96% F181. 06% ,SS JE M D LbFE435]
WY 46.95% ,60.29% F1 87. 22% , 15 W 1 5 454
T AR AR B 2K BE % T BE I b 4R R R R A A
BTG TE



534

IE

SEA SRR FN T A T R SR AR KA R

751

" o 1.8¢

& & 1.6

< S 14}

g g 12f

g S 10}

= v L

B 2 0.8

Eﬂ b 0'2

= a ol :

i £ o

E o 10

AR AL KRB RRPB R AT 5 R A

—~ Days after metatonin treatment/d R Days after metatonin treatment/d
® 30; o

0 80
< 25¢ £

2 =

£ 20t g

S g

o 15} s

3 @

2 1 S

£ I =

P &)
WS g
@ 0 R s (HI
% 10 15 = 10

R AR KK z HLR AR KA
Days after metatonin treatment/d Days after metatonin treatment/d

B2 FTEPETHNEREBEENKXEELY RS BN

Fig. 2 Effects of melatonin on carbohydrates contents of soybean under drought stress

[_ICK
107 EZJCK+M 5-
—~ D
T B D+M T a
L a a = L
o - ! T
BT e o= \
,E - 6} = Loal
=~ 5
®3F 4l s 2l
&2 * 2
s 21 ® e 1l
= =
0 0 X s
5 10
Y YIS TP BRBF AL KA
Days after metatonin treatment/d Days after metatonin treatment/d
120
. ~14r
=100f = 1
=i e -
#I a0 80F o
& . B o
& £ 60t o g
43 =
& E 401 =
g g
- ook o
®n 20 &
0 10 15 s 10
PRPB R AL IR REL (RS P ISIEPR
Days after metatonin treatment/d Days after metatonin treatment/d

B3 FEBMETINEEERZXERSE TSN
Fig. 3 Effects of melatonin on sugar metabolism related enzyme activities

of soybean under drought stress




752 K =

B 5 301

BN S R NIER % 1A bl Bl Y ) STER 3
BUMR 55  ZEORH RIS S o Bk 2 AR, R 0 ) PR €
ORI MR B I A AN T) R B 0 ik 2> | e ¢ S 350
AT (1N RO I R TS A S (N
UM WA A AR PR R
FRpLLk s 9 5 A+ FHURF K & A a2k 14 ik
IS RE, AR R T 8 T R aa B A T
PAMCRIEIORT ORI EE, DT 350 R R AL i FH Ak
TSI 2 (ABA) X = s 44 1 A A A2 VR T, i
XERFARL = A W PR . AN ABA R 28 i+ 5
TE T GEOR A ] K A BT R S e, an$ Ry P 45
A VEIAR TG AR o AR AT rg 4 TR R )
T TS hE e e A G AR R R B E w7 Rt
FH Pn Tr F Gs, il Co W S 0 A w5 I DI RAARR F
AR Ak T 5 A A R v, AU i FH R PR E ]
DA R SE g K G B I P 90/, 15 B - 1T B it
WERRTREXDOUAE REARYER .. At 5
D ZhHAH LG, D + M AR FR{Y Pn Tr F1 Gs 43 5|3 K
36.51% ~54.17% 30.91% ~58.33% F131. 11% ~
39.47% . BB IR it FH AR 2R R S50 2% i
R Y VS ERON:E N 7 =8 Y QN R 7 S Ay QNS A i LR S
R AR . [WF, 5 CK AHEE, M LB |k
FEARA AN T 1.22% 3.98% 8. 13 Fi112.43% ,
TE R PR T it AR R R AN AT W R RS

HEAE R HAC ) S Bt 78, 75 T 5 5544
TXHED AR KB EE THEAEN K80
T R KE Po Tr Gs F1 Ci BB T
000 Jia PV Hu 258729000+ 2 af i i R
AALBREIIMEDE A VER, Yin 22 305000 + S i ia
IHSCEFEH TR E B TARACH TR, 485 ™
2 R T S a R0 P AR 32 AL N R BRI,
T2 Wre )5 8 Pn BEARAZ AR SALBR &I, ™ S i1
TOHBE RS FEARMI T, B T 540 BT[] i) 4E
K, 0 F P Tr F Gs B REAIR, Ci e Tt i I FEAIG,
BAPHEL R, P BEARIERE S Gs & FRARAN Ci
N, X R T a5 S Po BEATRY 25 N &
AL G R ZE, TR & th T2 Wi~ Kt i
M-SR RZER B REIR, S B FOL A AR E 2 A
TEPEREAR (CO, VREERS N, A5 it P BEARS
AR UG 25 R E A A SR, T RE S It Ak B
(B FF7E 25 5 5

AR 5 i an i U S BT O A EH
T R R AR 4 53 A A . 5 A2 T 2 B aE i 2, X))

SCHRAE TG R AT R A, & BB
TEL AT v R R RO A T R R
RFEREAE, SPS I SS i P B Wi FE A, 7] — i AN R
TN Z 18] 52~ 5 30 82 0 A8 2 AN (], 353 ¢ B g it
>H > 25, SRAT RIS M2 4 45 Tk G A
SIS T T S, K B R N A Ak BB 5
A R S o A e ] 1 S 7 %
e AWFFEEREW, A+ PPl oS R DG
B[R4 Wi /0 D D) 5 T AR S 7 T, —
TEME A S TG T, B A Y s
A TR MR TR S R AR, i 7y
fipiAt . WIRFEA BERTE , IR AR E N RENE & B (0 D
AT I iz i, T EUR 4 E JOE IEAS B A
TR RS R, B R v, T HUR A
FEEEREAR o B 6 A R AR SE A A 2R )
Jo S i (R W SRR A 4 B ) 3 W B AIC, L
L TER S iR B R L, TR A
PR 1k e 2 AT M SPS RN SS R A5 R S
i ABIF 5 45 5 AT A ) 2 Akt A R [ 22 4k 0
NIRRT RE-S 500 S5 | 5 S 6 T 3 A 300 D Ao
SN G IR R PR, S50 FH A 28 2% %
R AW 2 W Joie 55 S A G T 9% P ) 9 42
ORI, T 538 T, SR H 4 2R KA 8
EARR T OREM A R o R G il
o

4 & it

R EGLSOR ] 8 8 5 W aa A [R72 BE ai> T
B ZERL BRI ORI T ERR
K, SNt AR PR 3 0T DA ROt 18 VR i
SN S NN R i < a B ELI DY U F TS PN
TLE R Pr AR, B o B L TR
BEACHI A OGRS P32 2 7 35 B3l 45 1, i b i
AR R 2 G T e R AR 2 W o e
B B TR0 T I A P, 30T B RR SIEBORN BB
KR, 2 AR TR E bR i

S 3k

[1] Harrison M T, Tardieu F, Dong Z, et al. Characterizing drought
stress and trait influence on maize yield under current and future
conditions[ J]. Global Change Biology, 2014, 20(3) :867-878.

[2] Lobell D B, Roberts M J, Schlenker W, et al. Greater sensitivity
to drought accompanies maize yield increase in the U. S. Midwest.
[1]. Science, 2014, 344(6183) ; 516-519.

[3] Mayank, Anand, Gururani, et al. Regulation of photosynthesis

during abiotic stress-induced photoinhibition[ J]. Molecular Plant,



534

B A MR TR

B R ESORAE KRR

753

(5]

[10]

[12]

2015, 8(9) : 1304-1320.

Chaves M M, Flexas J, Pinheiro C. Photosynthesis under drought
and salt stress: Regulation mechanisms from whole plant to cell
[J]. Annals Botany, 2009, 103(4) ; 551-560.

W, EH. TR R B R T]. B
A B, 2017(16) : 34, 7. (Cao X Q, Jiang S M. Effect
of drought stress on yield and quality of soybean[ J]. Modern Agri-
cultural Technology, 2017(16) : 34, 7.)

TRATET, 2R, SRR, S TR R ELAR BN 7 i (Y B
FE[T]. AL, 2016, 31(5) : 140-145. (Zhang Q Y, Li
Q, Zong Y Z, et al. Effects of drought on physiology and yield of

soybean[ J]. Acta Agriculturae Boreali-Sinica, 2016, 31 (5):

140-145. )

Graham 1 A. Carbohydrate control of gene expression in higher
plants [ J ]. Research in Microbiology, 1996, 147 ( 6-7 ).
572-580.

Maria R, Zvi P, Yasser M, et al. Stress-induced cytokinin synthe-
sis increases drought tolerance through the coordinated regulation
of carbon and nitrogen assimilation in rice[ J]. Plant Physiology,
2013, 163(4) : 1609-1622.

XUSCHR, FESPH, MRS, . R S R Ak
SRS R[], fEW A, 2014 (3) ¢ 117-120.
(Liu W F, Dong SK, YuY H, et al. Effects of drought stress on
sugar absorption and related enzyme activities at soybean seedling
[J]. Crops, 2014(3): 117-120.)

Zhang N, Zhang H J, Zhao B, et al. The RNA-seq approach to
discriminate gene expression profiles in response to melatonin on
cucumber lateral root formation[ J]. Journal of Pineal Research,
2013, 56(1) : 39-50.

SRR, EE, TRE, % SMNEEEZ TR AT
REEPDEE K AMBEm ], RERE, 2018, 37(6) .
896-905. (Zou J N, Jin X J, Wang M X, et al. Effects of exoge-
nous melatonin on photosynthesis and physiology of soybean seed-
lings under drought stress[ J]. Soybean Science, 2018, 37(6) .
896-905. )

Ming D F, Pei Z F, Nacem M S, et al. Silicon alleviates PEG-in-
duced water-deficit stress in upland rice seedlings by enhancing os-
motic adjustment [ J]. Journal of Agronomy & Crop Science,
2012, 198(1) :14-26.

Je'ro’me Verdier, Richard D T. Transcriptional regulation of stor-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

age protein synthesis during dicotyledon seed filling[ J]. Plant Cell
Physiol, 2008, 49(9) : 1263-1271.

Courtney D N, Jocelyn A O, Leonid V K, et al. Tissue-specific
regulation of gibberellin biosynthesis in developing pea seeds[J].
Plant Physiology, 2011, 156(2) :897-912.

SRIBEL. AEW AP SR [ M. db st PRl B AL,
1992. (Zhang X Z. Crop physiology research[ M]. Beijing: Chi-
na Agricultural Press, 1992. )

KB R. YA B[ M. dbat: REET A,
2001 ; 128-129. (Zhang Z L. Plant physiology experiment guide
[M]. Beijing: Higher education press, 2001 128-129. )

Tsai C Y, Salamini F, Nelson O E. Enzymes of carbohydrate me-
tabolism in the developing endosperm of maize[ J]. Plant Physiolo-
gy, 1970, 46(2) : 299-306.

Chopra J, Kaur N, Gupta A K. Ontogenic changes in enzymes of
carbon metabolism in relation to carbohydrate status in developing
mungbean reproductive structures[ J]. Phytochemistry, 2000, 53
(5):539-548.

IR, KBS, EEF, L RO T IME ABA XM 50k
WIS i R OGS P p s ma [ T] . P R AR,
2017, 33(34): 26-31. (Qu C Y, Zhang Y X, Jin X J, et al.
Effect of exogenous aba on yield and key enzyme activities of nitro-
gen metabolism of soybean under drought stress[ J]. Chinese Agri-
cultural Science Bulletin, 2017, 33(34) . 26-31.)

AL TR T AMNE ABA X BRI R TS B
PRSI [D ] KRR BRI\ B R4, 2017, (Li)
H. Effects of exogenous aba on physiological characteristics and
yield of soybean in drought stress under drought stress [ D].
Dagqing: Heilongjiang Bayi Agricultural University, 2017. )

Jia H, Oguchi R, Hope A, et al. Differential effects of severe wa-
ter stress on linear and cyclic electron fluxes through Photosystem I
in spinach leaf discs in CO2-enriched air[ J]. Planta, 2008, 228
803-812.

Hu W H, Yan X H, Xiao Y A, et al. 24-Epibrassinosteroid alle-
viate drought-induced inhibition of photosynthesis in Capsicum an-
nuum[J]. Scientia Horticulturae, 2013, 150(2) ; 232-237.

Yin C, Peng Y, Zang R, et al. Adaptive responses of populus
kangdingensis to drought stress[ J]. Physiologia Plantarum, 2010,
123(4) . 445451.



