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TSR, TE
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XHEIR K& KEME; ARFEATA: FHA; EHK

K& (Glycine max) ek M mIeHIEY), 1EHE
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AT 5 DA B e VT3 X 3 3K v v K 52 i R Ak
18 NEE AR, T K& 7t AT IR E , W%
A PrEEe 1. BEPT BT, R
FT NAA-Na 5 IBA-K H.71) K H & P60 4 A 6 K
ARG AR RN . A BRAL K G IR AT 7T 3R
BERRIR LA, IO R FE SRR VT X (R & B 22 4
A PR AR AR o

HERAN: BR, TE2NEFELLFIREF T, E-mail: 1186839452@qq.com
RERABEEH, TEAFLFRIEE5EDS S RREH T, E-mail: xilongliang@126.com
EETE: BAIA—REKRF “ZH=4” LHTR Q0ISFEFELHTXD) ; BT aRAFLELKLI ST E
(LH2024C078) ; BALE aRAFLALELAL (ZD2017003) ; BRaARAAFELLEHEFE (31571613)
HAS B #: 2025-01-16; 142 B 29: 2025-04-18; M2 B #1: 2025-05-29


https://kns.cnki.net/kcms2/fund/detail?v=bEegF8awJvy_6oG7lWrHIXaWguEueh34WjOb4h0HWQsXjSVnf5qMG_ezt7UtoN4zWVJqvvEc5QIfEMlcrQhvhktABTyhLeHADGrPnE4KYwGqdBwUe1TvqdPuabK3F0nwOg5pdeyvSPdKtOkFp7kDP3iIoeLRSlxw6tRVcxEUo2fs4qKrUP8yc8TQu4hrMn-g1UaAU0W1s9LnojJu1iaf6BhmTtyWTOezNxJ_gLbGOiF_U9V2pE6Yfrk5v-y2bIYyOVSfVQXmKhx8uqsOt-38RQ==&uniplatform=NZKPT&language=CHS

M 231 # MR,

28 LTRAN S5 T RR A K LRI B aE ) 22 A 181

1 RS

1.1 RIas

AARES T 2023-2024 FAE BT )\ — KB KF
fZEBE (45°46'N, 124°19'E) % M@ #miT .
BE Aoy B 18 (EIITN\—RERKFIER) ,
RIS AT BUFF R R T TG KA SR T 4% H
BERZG 71 NAA-Na CH R 7 =98%, TA] e 3 7.
BN R E AR AR D fIBA-K (KD =
98%, IR HT AL TRHE AR AR 5 = A AR
36 AT RN £, AR A AR R T A 4
RN FOR AR M HLR 2.85%.
BBAR 2 147.74 mg/kg 5 RU% 196.45 mg/kg. AL
B 650.94 mg/kg. pH 6.63; 45 IEAEL TN
TR 190.44 mg/kg. AR 96.50 mg/kg. HERLHH
386.55 mg/kg. AHLF 2.06% pH 7.17,
1.2 Rt
1.2.1 KRE#F RERAHEREHE CGRHER
55 R R 2075 B LR EE 327 1 B 3] 38 S0 VR A i)
AT, BARFFFHER 2%) » 255
AN NAA-Na % (0. 2. 5. 10 fl 15 mg/L) F15
AN IBA-K WKRFE (0. 40, 80. 100 A1 120 mg/L)
i 1e HA PR R O@ IR B, 0TI tH NAA-Na Al IBA-K
FR BT I P 20 919 10 A1 40 mg/L . AR 2773 06 45
B, HERE 5. 10 AT 15 mg/L NAA-Na Al 20, 40
A1 80 mg/L IBA-K W&, WD € Bl Rk
¥, NAA-Na fl1 IBA-K 43514 10 55 80 mg/L.
122 ZHEMHEEBLLRIE  KEM T2 75%
) BEHE . ORI T MOAT JE TR
KGR, BT, RIEELLV wp V=21
NARRBF R ERL A (R 34 2D, B
I IREFN 8 KL (HeiE K, BEARFERD , E 1L 3 cm,
TR =R IE B/ : 16 h/8 h, 23~28 °C/ 18~23 °C,
FEHEBRAE 18 000 1x) BT, ¥ ESMEAE (B/
: 16 h/8h, 8°C/4°C, YeHRIESE 6000 1x) HK
BACEL S d G TR, —HMoyiiEEaiR=Es
H2dEm, SRR 4k, TEIREFRS. 10,
15, 20 J¢ 25 d e B Se & T3 — v M-I e A= B
fabr, HT 20 K& 25 d BEHUREI E TR A48 S —
oW BN RN (E142 30 cm, FHAE
27 cm, 537 cm) , FEHILRTE 4 Pk, B TS E:
FREMAIH T =08, WREREKH. rf

ISR I E I 3 K

#1 NAA-Na 5 IBAK #5584 ENA
Table 1  Application of NAA-Na and IBA-K
single dose and combination treatment

fifitz b BELI 40

heE P+ 77
oW temperature
Treatment R Temperature control+regulator
treatment period
LT T fRIEALHE 5 d+HEK
CK T LAY SHEREVIN
N T {RIRALFE 5 d+10 mg/L NAA-Na
K T {RIRALFE 5 d+40 mg/L IBA-K
N+K T {RIRALFE 5 d+10 mg/L NAA-Na+

80 mg/L IBA-K

1.3 MEMBS55Z*
13.1 AR JFABEEE 10 MRACR MR,
FHE KB, F b 3 RRR S T, 2 i &
Wi ZERH. MRNZEEEE; 105 °CAYF 30 min, 80 °C
M ZEE, e Z T =R E . 1 EPSON
V700 PHOTO #4942 #5, A WinRhizo PRO
2016 R R M A BAR K . IRER AR . HiAk
L IRIRB AR E AR
132 =M BEE RIS B A A 10
PR, H£ 100 #RK A LR EHF, ek,
VIR GRS A ES s
133 AR RAMADEZE]R (TBA) 0
EN I (MDA F=U7, SRR e i A
FIE T (O FeAsiels); RAZWE UM (NBT)
Eb 832300 5 AR A AL AL B (SOD) D) R
AT bt 1 ARG (POD) & 10,
Z: R Fu SRV 50 i A A (CAT) V&1
SR P TR B 235 e v VA TERE (SS) EER, RH
% G Hi5E G-250 Je kil e v i E (SD) &
T2, SRS KO R VA 2 U B I E R (Pro)
FrE 24l SR BRI e vk 2SI s PR i R
(AsA+DHA) & &;: M B EMEARA
BRAF R A& (YX-W-A400) 52 i AL A
(H202) & 73N A B ARG IR A F
7 E (GO206W, GO0207W) 52 s 4 b H ik
(GSH+GSSG) &
1.4 HIELIE

%l IBM SPSS Statistics 25.0 %14 % %4 i3t
TR E T Z 98T, KA Duncan’s 3 & M 2 7%t
TERBEEBEL, KA Microsoft Excel 2019 %
2
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2 BREHR

2.1 ZEZERMSWEIRT BRI KRB
HIX S RSIEF IR
fREPHE FER G AR RENS. K 2 T
N, RIEEZEME KT EEHodK, k205
25d I, LT ABRGRRE . 20, mHfifsE, 26

NE]

7/

HAMM BT EE R EACT CK AR, Mt Ny K
Jo N+K Ab PR %3 B E o AR R & T LT &
H, b, N+K ARBEZE AR RCRAE R R 20 d I b
H%T%‘\ ZM . ZREEE N BT EART LT A
Ffei, BONE CK ARFE; K AL 22 i RACR
B%ES? N+K A2, [ B KHINE 25 d, N,
K 5 N+K A3 &R A sahn 5 1 LT b2 H.

2 NAA-Na 5 IBA-K GRAEIRIRME T KE# EIRRASHIF M0
Table 2 Effects of NAA-Na and IBA-K coating treatments on aboveground morphology of soybean under low temperature stress

SR E Ab B MR Eviil I} i 5 ENia o EFE
Rewarming days (d) Treatment Plant height (cm) Stem diameter (cm) Leaf fresh weight (g) Stem fresh weight (g) Aboveground dry weight (g)
20 CK 24.40+0.67a 2.95+0.07a 2.48+0.20a 2.67+0.12a 0.74+0.04a
LT 19.14+0.41¢c 2.04+0.61c 1.58+0.22¢ 1.56+0.16¢ 0.51+0.04b
N 21.63+0.38b 2.60+0.08b 2.24+0.09ab 2.45+0.14ab 0.65+0.02a
K 22.5740.32ab 2.78+0.09ab 2.3940.10a 2.17+0.11b 0.68+0.04a
N+K  23.23+1.48ab 2.79+0.16ab 2.48+0.12ab 2.25+0.20ab 0.68+0.05a
25 CK 27.13+0.52a 3.1140.12a 2.65+0.03a 2.81+0.06a 0.93+0.06a
LT 23.20+0.71c 2.43+0.08b 2.00£0.13b 2.02+0.19b 0.66+0.03b
N 25.33+1.48abc 2.89+0.02a 2.56+0.06a 2.72+0.08a 0.78+0.05ab
K 24.23+0.37bc 2.85+0.15a 2.57+0.07a 2.63+0.05a 0.79+0.03ab
N+K  26.93+0.59ab 2.89+0.09a 2.58+0.03a 2.68+0.08a 0.82+0.04a
RANG AR A S RN AEH [ 2R 2% (P<005) . FF.

Different lowercase letters indicate significant differences among different treatments for the same rewarming days (P < 0.05). The same below.

PIHEE CK AR BE, {H 5 AbBHIE] 2 57/
(TN SERS W NISR T YA o8 N Kl -y N s L
M 3 A UE H, LT AAFEREK. REm
L MRARRR, SPER . ARREUART E W
F CK 43, HTFEIR 25dNZEREE, A
1525 d B, ARIEXHR RAKAMHITIAR 22T
FARAFEEE 20 d B, N+K ALHZE E R
RhF, HERK. R, WA, SFIRER

kv [ VAN
ﬁ/

FAR R B T LT A B4 5, K ALF %5
T N+K 4bFE . ERIR 25 d i, N K I N+K 4bHE
SARK . IR GIRAREIE T LT L3356 i
I K5 N+K A F AR AR AR 5 AR T 5 (i ik R
I N B, EEE 2540, JAURMBERARLE
EYS T LT b3, (15 CK 4B 2 7 B
=, WEIR 25 d B SR RS RIKE 25
BT R K

&3 NAA-Na 5 IBA-K BRCERRIRMIB T K EREBAZSHIFZA
Table 3  Effects of NAA-Na and IBA-K coating treatments on root morphology of soybean under low temperature stress

i RE e MR K HRER I HRAKHR FHRELR HRRHL HRTH
Rewarming Treatmént Total root Root surface Root volume . Mean root Root tip R(?ot dry
days (d) length (cm) area (cm?) (cm?) diameter (mm) number weight (g)
20 CK 1149+65a 204+13a 4.21+0.30a 0.65+0.01b 794+41a 0.127+0.004a
LT 655+35¢ 106+3¢ 1.73£0.08¢c 0.61+0.02¢ 5394+28b 0.052+0.003b
N 706+80bc 117+9bc 2.08+0.11bc 0.64+0.01bc 704+77a 0.056+0.004b
K 853+63b 131+11bc 2.33+0.27bc 0.67+0.01b 704+38a 0.060+0.006ab
N+K 855+54b 138+10b 2.4140.17b 0.74+0.01a 713+36a 0.077+0.004ab
25 CK 1604+106a 269+17a 5.59+0.58a 0.82+0.04a 1109+60a 0.273+£0.023a
LT 697+64d 139+4¢ 2.43+0.14c 0.62+0.01b 705+67¢c 0.128+0.007¢
N 969+50c 174+8b 2.7140.29bc 0.65+0.01b 898+63b 0.148+0.008bc
K 1242+87b 175+8b 3.57+0.24b 0.67+0.02b 993+69ab 0.161+0.008bc
N+K 1280+46b 177+12b 3.3240.19bc 0.69+0.01b 1044+62ab 0.176+0.003b

b, HEARENE, WA DRIR N K G = 2
MR R B E N, sk 4 fion, LT 5 CK 4LFRAH
b, PRIEHE. PRRiE. PR E S ERE T, N,

22 EHZBRWMEBIRTERFLCEIRIRME T E
HAXE = EMmE RS
RIS UK R AV & T AR R R
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K K N+K B A s S5 TR R, 2%
fR N e M R R IS o Herp, NAK AR B PR A
EIINECONHE, BT A3 B E N 45.5%, N
Ab P PR EE A LT AR FE R 1N 34.1%; K AbHE
PRIEH . PARRRLER . MRk BOR BB E RS LT AbHE
.

4 NAA-Na 5 IBA-K BB K E =B E RHF
Table 4 Effect of NAA-Na and IBA-K treatments
on yield components of soybean
Ly % Rk [EpA:S BB
Number of ~ Number of 100-seed ~ Seed weight
pods per plant seeds per plant weight (g) per plant (g)

CK 56.93+3.63ab 142.87+9.73ab 15.70+0.18a 22.51+1.53a
LT 46.27+4.59b  122.53+£12.47b 13.66+0.12b 16.74+1.70b
N 55.93+3.56ab 142.00+8.91ab 15.81+0.28a 22.45+1.41la
K 63.47+5.49a  160.20+13.81a 14.50+0.39b 23.23+2.00a
N+K  59.87+3.34a 154.73£7.85ab 15.75+0.36a 24.36+1.24a

Ab

Treatment

23 EZEMEBEIRTEREBLESEEMETE

X EREESHERMNEI

w1 R, G 5~25d, LT &4# % CK
AR Oy FEAETE R K Ho0, BB ERAE. N. K
PLK N+K AbF AT B ROS BAR, {H & AbFE FFiR 5
IEB K PRIERS R AN . Bl 5~25d, N 5 N+K
AEFE Oy PR R ES LT ALFRIY PR K AbFE Oy 7%
AR RS E T N 5 NHK 3, NERRE
15~25d 3K T LT. N. K J2 N+K &b FRHKE T
KE H.0: T EMELE T KAEAERR 10~20 d,
N. K. N+K &b BE7E S BA A AR T LT Ab B354 By
2398

JEE A 8 A A FH ) 32 B 53 A 7= MDA & & 1]
SR P E A AR AR . BiRE 5~25d,
LT 4 ¥ MDA & &t CK A3 & Z 4R & 21.4%~
106.8%. N\ K J& N+K 4b PR3 0] &2 [# Ik MDA &
&, AfEERE 5~15d B FERER. K, N+K
AL FE MDA &85 LT AP B BRI 12.2%~28.7%:
K AbFAE LT 25 FEAK 23.6%~30.4%; N ACFEE: LT
AL T 52 PR 11.0%~30.9%. Bl iR I ) 28K 2
25d, N+K ARG fRAE F fedr HfcHiilr CK Ak,
24 ECEMEBEIRTERBLEMNKEMETE

HXEMEEEMRNEIT

IR ME T, P LEE SOD. POD 5 CAT
EE ERSE B TR RE . WE 2 R, B
)5 5~25d, LT 4b# ) SOD. POD 4 CAT &%
Eb CK AbFY 52427 . Ny K b N+K AbHAf DLIR

ECK OLT EN OK ®EN+tK

10

(a) o

8 3r

28 o
Q

e E

HEE 4

O\N& 3+

o 2+

l.

5 10 15 20 25
HiRRE Rewarming days (d)
AFRVNEF AR A —RIRRBA R T 2R EE (P<0.05) .
ENGIE
Different lowercase letters indicate significant differences among
different treatments for the same rewarming days (P < 0.05). The same
below.

1 NAA-Na 5 IBA-K SREXRIEMIE T EHA
KE Oy FHERE, H0, & MDA & 28I
Fig.1 Effects of NAA-Na and IBA-K coating treatment
on Oy production rate, H,O> and MDA contents of
soybean seedling under low temperature stress

AR T X 3 P ABEE P, (H A Ab P 3 A R
(] SEGIEAF . FHorp, N+K A#E 1) SOD ji& 4 7E
HiRJE 10~20d 5 LT b HE B 4w, HERWE
WIS . NAAFEEERESE 5 dF 20~25 d ZORE
R, LT AbFE Y B R S N 5 K AT POD
5 CAT iR tEmiR S E N B . HilJ5 5~25 d,
N 4 #E 5 K 42 1) POD 5 CAT i& 1L LT 4b#E3
BERE . N+K AFAERIR)G 5 d B CAT i1
MR K, (HBES RN K E 25 d, ORI .
25 EZERWMSEIMGTERELCESKEMETE

HAKE AsA-GSH 1B RIS2M0

AsA-GSH B 2R N S 5 P 4 1) F 2
EZ —, RIEMHE T, KA YU R
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£ 200 2?35t Z
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M i
=2 190} <2 o5t
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2 | <
%5 100 $Z s
g zZR
g8 sof < 10}
17} < 5t
0 0
b 250 (b) 1.8
E 1.6
E 200 F 14+
=) 1 2 L
= | < -
2 10 Z 10t
Az < 08t
© = 100 - 5
=5 < 0.6
a 50t 04+
I~ 02t
0 0.0
(© 600 (c) ~ 300
— L0
= 500 2 250t
3 i 2
_ﬁ_lg"n400- 41 = 200F
&2 2 g
= 2 300t % 8 150F
< ; o o
Sz Fo
S 200 % 2 100t
2 100 © (‘*.?
i 50+
° 3
0= 10 15 20 25 0
IR K EL Rewarming days (d) (d) 2.0 a a . @ a b
2 NAA-Na 5 IBA-K GKRGEMMTRMET
BEHIAE SOD. POD. CAT jEMAIE MM o
Fig.2 Effects of NAA-Na and IBA-K coating treatments 2
on SOD, POD and CAT activities of soybean g
seedling under low temperature stress ]

(AsA+DHA) H5&ABMH Ik (GSH+GSSG) 2
5 ROS iR, JLFEZMEE . W 3w,
HiRJ5 5~25d, LT 43 AsA+DHA % CK kb3 &
FBRAK 7.3%~14.3%, AsA/DHA # CK Ab¥ i 2% %
ik 16.9%~64.7% , GSH/GSSG & % F& ik 14.2%~
18.5%. N. K LK N+K 43 ] DU SRR~
AsA+DHA . GSH+GSSG . AsA/DHA UL & GSH/
GSSG & &, ik AsA-GSH IE[FfE¥F . Hri, N+K
AR PR SR MR & B s R T HAAR B, iR G
5~25d, AsA+DHA. AsA/DHA. GSH+GSSG }
GSH/GSSG #¢ LT AbFE 5 3 242 .

26 ZCEMEBIRTERAGSKMSKEMETE
HRXEZEATYREENEMN
BIEVATIYI SS. SP Ml Pro 7] U A IR

YERFANML LA, B Jo/K SR At WK 4

fiws, ZiRJG 5~25d, LT 4FE SS. SP % Pro & &

7

5 10 15 20 25
HIRRKE Rewarming days (d)

3 NAA-Na 5 IBA-K & RIEHEEMET
EHAAE AsA-GSH 1B EIE2NH
Fig.3 Effects of NAA-Na and IBA-K coating
treatments on AsA-GSH cycle of soybean
seedling under low temperature stress

® CK Uii’ﬂi%i&%% N. K PLJ& N+K % 4b#
SS. SP & Pro A IS, (H& MRS/
AN . He, N+K 4HESR)E 5~25d,
SS B EK LT /B W E e 18.9%~41.2%, N &b
HSS HREEERE S~I15d 2 F & T LT b3
14.3%~35.6%; K At SS F &/ fE iR )G 5~15d
BT LT AFE 20.1%~36.4%.

N+K %3 SP &M mEF KAEAERRE
15~25d, % LT AP B 4851 9.2%~36.5%; N 5 K
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AFR IR N 5], BiIRJE 10~25d & T LT
AP, AR ER)E 10 5 25d, Pro & =14
g, o N+K R E R R T N 5 K.

ECK OLT EN OK ®ENK

(a) 35¢

MW
n o
—

SSE

SS content (mg/g)
-
wn O

S
>

_
s O 2
S o n
)

(b

SPE
SP content (mg/g)

©

Pro & &
Pro content (ng/g)

5 10 15 20 25
SRR HL Rewarming days (d)
4 NAA-Na 5 IBA-K B RLEFHRRME T
EHIREM A SS. SP 5 Pro & 2KIFNY
Fig.4 Effects of NAA-Na and IBA-K coating treatments
on the contents of SS, SP and Pro in leaves of soybean
seedling under low temperature stress

3 R

IR G B E LA A, LRI AR
AR E IR s RO, ji N AR A
B2 AR T ORI RIGHERT, &R AR, T8
IKFEPMR T H AL REREAZ D> REAED,
WA F BE 7T BRI NAA-Na 5 IBA-K Xf £ Fiiie
VIR R I9H W2 AR AR K ACRPY, B AR A AR
o ARG RERY, K082 ENE)E,
MAKE™EHZR, EEIRGEHAERE R EFK
-, 52 JE A K 2 3 B0 .2NAA-Na 5 IBA-K
BT R ST TC B A b 3 5 R A 2K AR IR T 3 R
GIRARE MR, MR EERN; JFHib

FER S TR REE N, TR IRIR
TP SR S AR A o AR X B R S AR AR R 1
FEEFEM, 2F80805~, 1/ NAA-Na. IBA-K
B R E AR S, & Ea R R AR, i
M4 7= BT

IR B 8 23 3% B4 e N ROS R 2 31 31,
MDA & &t FE G A a2 R . of
WEFLBDRIN, HaO2 255 it v it W R 47 1) i 1%
TR PRGN, RV AE M FEBSURT /N 22 B340, et o oK
FE H0, 1 Oy PAAE R T HE i« ARG 25 R R
B, WK G AR A S, O P2 AR % Ha0s
J MDA & 858, AP P BRI b 7=
A g & ROS, Wl HiEEE S AsA-GSH 753
SR B o ARIR A N BI/KFEBS), [ SEBOILL 2
FK GBI, fEAR TR ARSI 5. A
T EIRE I TAA $50] DL ZE 52 SRR T PrE AL
TETEFF IG5 AsA-GSH fEIRBS3, AI0 45 K M,
223 NAA-Na 5 IBA-K 4 42 () K 5 1 7R
EMriE)5, SOD. POD 5 CAT iEH#E R ; Stk
MRS 2P H RS E38 N, AsA-GSH IE A
W5, i 7 ROS HRRALE, Oy AR,
H,0, % & FF%; MDA F 2 l/b, W% ROS X
e, AR T ORRREM e 8, SRR AT R 1
AL a i .

MEY I BRI AT, $BIE R TR LR R
] Y K AR R, 3B 11T A 11400, 7R3 A4
T K2R W S IR A b, AR B e I A A
RN B2 &R S Pro BRAL; UG TFHURTHE A (49
M 2@t AR SS kiR iR 1 . A ilies &
B, KOG IAEZ GRS, R RS R
) B N. NAA-Na 5 IBA-K A< 4b P AJ 2
— S ERIE A T KE SS. SP fl Pro HIH &
Pt NAA-Na 5 IBA-K AJ ¥ IR~ oK G A
BEWTYREE, RENRKASBERRES,
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Alleviating Effects of 1-Naphthalene Acid and Indole-3-Butyric Acid
Potassium Salt on Low Temperature Stress at Soybean Seedling Stage

Yang Hao'-?, Gu Wenwen'2, Fang Shumei?3, Jiang Haipeng'?, Liang Xilong'?, Wang Qingyan'-2

("College of Agriculture, Heilongjiang Bayi Agricultural University, Daging 163319, Heilongjiang, China;
2Engineering Research Center of Plant Growth Regulator of Heilongjiang Province, Daging 163319, Heilongjiang, China;
3College of Life Science and Technology, Heilongjiang Bayi Agricultural University, Daging 163319, Heilongjiang, China)
Abstract To clarify the alleviating effect of auxin regulators on low-temperature stress at seedlings stage of
soybean, the variety Kennong 18 was used as the test material, and seed coating with sodium naphthaleneacetic
acid (NAA-Na), potassium indolebutyrate (IBA-K), and their mixture were adopted as the treatment. From the
perspectives of morphological phenotype, antioxidant defense and osmotic regulation, the alleviating effect of
NAA-Na and IBA-K on the growth and yield of soybean under low temperature stress was investigated. The
results showed that the coating treatment with NAA-Na and IBA-K could reduce the accumulation of reactive
oxygen species and the production rate of superoxide anion (O2"), and significantly decrease the accumulation of
hydrogen peroxide (H20:) and malondialdehyde. The osmotic regulation ability of soybean seedlings was
enhanced, and the contents of soluble sugar, soluble protein, and proline increased. The activities of antioxidant
enzymes such as superoxide dismutase, peroxidase, and catalase were enhanced, and the ascorbic acid-
glutathione (AsA-GSH) cycle was promoted, thereby alleviating the damage of low-temperature stress to
soybean seedlings. The dry matter accumulation in the aboveground and root parts of soybean seedlings
increased. The adverse effects of low temperature stress on soybean yield were mitigated, and the number of
pods per plant, the number of seeds per plant, 100-seed weight, and the seed weight per plant were significantly
increased.

Key words Soybean; Cold stress; Auxin regulators; Active oxygen; Chemical control technology
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