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(L F AR R B2 Be R A BE IS AL ST, AR KA 1300335 2. NS 1136 X F si 40 i & AR B, WSl 2F wif1 0221505
3. ZRAbARME R AR AR B, BRJRTT IR JREE 1500305 4. KA AR A A, 54 422 130200)

B ONESGR ST AR K E A 2R AHIFSE 0 R 5 1A TR AR 0 R 7 A B A B T
B RIE TR AT SRR P R SR AR R ERE RS, T K E A A 2 R BEIREM . EURAMT
WA BB AL K E 4B A O S48 bR, B I AE W B 7 )5 R 2 40 v bk v AR I | P TET RRURD &5 7K i BL I 8 2%
PEF/BIHEE T 1.86 cm, 2 em, 169. 6 mm® 1 25. 09% . FEARIRA1F T B0 AR s 701 4 25 3 1 R 0T HL A& At
SEALEG R A AR AR AL . IGIR T AN ER ) A K 4 2 A i RN AL BRAIG 0. 01 mg-g ™', ZEMRIRACIF T,
52K T 50 Ah FHAR EE, R 0 B R)AY SOD B IR 5.73 pmol < g - min~', POD T CAT 3% o 43 51l #2 5 T 159.47 i
1.31 pmol g™ ~min "' HE5 T ERLEA IR A PP 5 St — B U IR 252 R i AR B 7l K B A K & B
AR R
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Promoting Effects of Adding Biological Agents on Soybean Seedlings Growth
Under Low Temperature

XIE Jiao', GAO Guo-rong’, ZHAO Dun-hou’, GUAN Fa-chun', ZHANG Da-yong’, ZHU Yan-li', CUI Yan-ru',
SUN Bao-xue®
(1. Institute of Rural Energy and Ecology, Jilin Academy of Agricultural Sciences, Changchun 130033, China; 2. Yakeshi Animal Husbandry Workstation of

Inner Mongolia Autonomous Region, Yakeshi 022150, China; 3. College of Agriculture, Northeast Agricultural University, Harbin 150030, China;
4. Changchun Deshengbao Agriculture Co. , Ltd, Nong’an 130200, China)

Abstract: In order to explore the effects of biological agents on the growth of soybean seedlings under low temperature, the plant
height, plant width, relative water content of leaves, chlorophyll content, leaf area and enzyme activity of soybean were
measured by dual treatment of temperature and biological agents. The results showed that the morphological indexes of soybean
seedlings could be improved by adding biological agent under low temperature. The plant height, plant width, leaf area and
water content of soybean seedlings increased by 1.86 ¢m, 2 cm, 169.6 mm’ and 25.09% respectively compared with those
under normal conditions. Under low temperature, the content of chlorophyll decreased and the activities of antioxidant enzymes
changed in varying degrees, and the chlorophyll content of soybean with inoculant was 0.01 mg-g~" lower than that without
inoculant, and the activities of SOD, POD and CAT were decreased by 5.73 wmol+g ™" +min~", increased by 159. 47 and 1. 31
pmol g™ +min~", respectively. The comprehensive evaluation results of projection pursuit comprehensive evaluation model
further showed that the addition of biological agents under low temperature had a positive effect on the growth and development of
soybean seedlings.

Keywords: Soybean; Biological agent; Low temperature; Physiology; Growth
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R A K BBl IR T X R S A8 3 5, W8 R R 1o o)
RGHR V3 B E AR R AT AR R SR P 2 —
IR THRIRLY 35 07 I A IS A A 32 0 0 1 i I
Rt TR S R LR B AR SRR S )
PRAPEEEPE | SR VR IRIR A B

PP R RHs B AR A R 25 T T
Zead T 505, L2 FL I W2 B Ao i1
BRI B RE NSNS TAE MR R R A
PeREE RO FE L), (0 T AR 4 T 7 A9 TR ARL AR 55
B K LSRR IR e o AW BRI R
K AR 43 BE , 6 0 B2 w0 KR 1 I i BLRE B
WA BIETEE Y Bt A 700 (e JE e T A AN
IR BE (B o A T 1 S ) P e 7K R 4
AR A AR BRI R BN IR, TR ‘B e B P R T
FAMEAR IR AL BE T KR 03~ B0 25 3 R 283 bk
Tt B BT AR o AR IR T AR A6 Bt 7
FR ST LS R v U B R ) B 0 OR K
Tk AL R TS A AR R d A TR
XULEBLAE ' 50 S R, AT AR T 24 0 BT 350 R
AL AT TE TR, G B RR A A 7 2 38 35 1 T
PGB IR B B 5

WIF5E3RIA, TR Ak R G A 38 =, 9 HLfE
B HRTE R LR o RISCERE Y B AL, L
Mol A R R R BRI R A WL I R RCR , 1
KRG T & R BLE " B
KB, EEEHEA R RS AR TR, LS
REJT, PR R AR A6 Ty AR A LR AR
e e s i e (R K7 BN I e o
HENE Sy B A VR o S DB AR A1 2
PRI R A K KT BRI, ABIEE A AR T
PR E B i , RS2 4 IR 2 A B b R
AL 32 PP FEALR G PPHT L A Tl G
FAFER R R A A K R T A eV, LAY
A TR R R e R LA v T R BE T B AR it £
PEEBKIE

1 #R5FE

L1 ##

IR K 5 R 224k 26, (I A5 & A7 AR
BB B REIR S AE ASWFFE I S i 25 i it
TRi 25 T &R ZM2, Loy L 2 36 28 28 f AT 18
( Paenibacillus polymyxa) FHREHN T,

1.2 REigit

100 g + 4Lt 0. 5 g- L~ A Bl , LAt FH
AW TR IR PE 2 3% 3 R N IR B AR . 10 °C
(i) F1 25 °C (H) o 34 b3, 5351iEfE CWO0
(IR (CW1CHIR + #57)) \DWO ([ ) F1 DWI (%
i+ B o A6 BB E &L, RS 19.0 em x
14.5 cm x5.5 em, 70+ 100 g(% L THEIT) o
FERhAbER 24 Bk, FER G K E 2 ~3 5 Bk 7
LUl = NP Sy NI RA) £ W A BB L =L A 3
ARHRE A 3 IR,
L3 NEmMBEEAZE
13,1 #h&fekkta i IR RO &0k (R4 A
2Ty ) AR IR (R IR ) o
1.3.2 @R Aastb Kk ERe g E4E  YEN
B I Sz BRIRR A e (FW/ g ), IO ZE K BRI
AR (TW/ g) , feJa A 65 CHER Pt T e
JERIELT i (DW/ g) o Kt Al e 7 WAk R,
FIFH Image J #R A AL (mm®)
1.3.3 RAMEEE  SRALE SN OE I it
AL (CAT) 1, SR RS DU ' 0 5 8 4
AL AL (SOD) 161 . SR FH A AC Mok ' 2 s
ALY (POD) T £
1.3.4  Z2&a% i LIATE AL B AR = bR IR L i T
PR ka4 (SOD  POD | CAT NHEAREE 7 25 6
PPN FRARA FR X AR e REGBR R A 1) S U 264 05
—AbAbFE SR A MATLAB 6. 5 F gy #5058 F 5725 &
PRI | e ACARHI LR FhHF R A n =400, 38 LA
R P, =0.80, 28 345 P, =0. 80, {7544k H ik e
920 4~ ,a =0. 05, N UECHK 20, 43 AR 5%
PRI R E At AR R B R REE
14 HiESH

i 1 Excel 2003 % ¥4 %, R FH SPSS 26.0
Duncan J5 ki A7 5 207 22 0 M fge it >k HGY
T (Projection Pursuit, PP) HEATZR S 04T

2 HRE5HM

2.1 AEAIEIK SRS FAERIERI R

W1 iR, ASTR) A B4 Rk 8 K/ NHE R AR
CW1 >CWO0 >DW1 > DWO, I F ¥ Il g 71 i Cw1
AbFR A RE R LU A IR 7] CWO b3S 3. 72 em , 7EMIGIR
TFESIMEET DW A% =t LA I 1A 77 DWO &b 3 5
1. 86 cm fH_[iRAbFRE] 2 R B3 (P >0.05) .
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iR/ INHEFEHR Y CW1 > CWO > DW1 > DWO , 7R il i
I CWT KRR LLA IR CWO 4B 3. 58 cm, ¥
JNEA 7 DW1 AgREIE LA N B 55 DWO 4257 2 em,
Horr CW1 4bH & 2% 5 T CWO 4h ¥R (P <0.05) ,{H
DWO F1 DW1 4b¥EZ (A 22 A & (P >0.05) . 45
IR FRUAAEAS [ L BE T 4 0 26 0 1A 790 34 R 8 4 v R
AR R FIAR I o
Fx1 AELEBEGHTHXEHRSTKRIE

Table 1 The plant height and width of soybean under

different treatments BE{:cm
b3 P P
Treatment Plant height Plant width
CWo0 17.60 £3.03 ab 13.32£2.00 b
CW1 21.32£4.04 a 16.9 +3.15 a
DWO 13.24 £4.59 b 6.9+1.03 ¢
DW1 15.10 +3.66 b 8.9+1.63 ¢

RN FRF R 2 F B3 (P <0.05) , R,
Different lowercase indicate significant difference (P <0.05). The

same below.
2.2 AEVEMAEHEREMNSKEMHEE
SENHIT

WNEE 2 FroR , AN [R) A R A T AR /NHE P ARk
S CW1 > CW0 >DWI1 >DWO0, I8 F7RME R CW1
AT AN 77) CWO KhFREE S 452. 49 mm’ 1 7F
MR T AINBEF A DW1 A B T AR H AN B 570 19
DWO AZbFEHE =S 169. 6 mm”, Hirf CW1 ZbFE i 25 T
CWO(P <0.05),{H DWO F1 DW1 ih ¥ > [a] 22 F R
BE(P>0.05), S5RUEHIERRIRE FENEY
PRI BT BB A% 1 1 R A T AR, AR R R 6 i i AR
(A2 SR P TR

AN TR Ah B4 R X6 2 K R K /INVHE R AR U A DWE
>CWI1 >CW0 > DWO, ¥ CW1 B AH T8 7k
RN CWO 4P S 9. 68% , s i 5% DW1
FRFR 7 K AR I 751 DWO AR B &7 25. 09% , 4%
MR ZERARE (R 2) o SR VLIRS R EE
TEINAE YT R BE A B i K A AR K R
SR IR T ARG 5 K AR 1 R

AR AR PR i 2 R E i R /NHEIF IR CWO
>DWO0 >DWI > CW1, # R FEMEF A CWL i
SE TR HAIMEFN CWO 4 FEE 0.24 mg-g~',
ZFRE(P<0.05) fKIR FEINER Y DW1 4
AR NFEH DWO ZbBEAL 0. 01 mg-g ™', 2257
AN (F2) o BRULHTEAR RN T3
RISBEARR TSR A

®2 AELAEHNREHEREXNRKENHEERE
Table 2 The leaf area, relative water content and chlorophyll

content of soybean under different treatments

4 L NITEA AHXT & K RS s
Leaf area Relative water ~ Chlorophyll content
Treatment

/mm? content/ % /(mg-g™")
CWO  954.51 £153.43 b 84.29 +5.56 a 0.47 £0.03 a
CW1 1407.00 £242.56 a 93.98 +3.57 a 0.23£0.01 b
DWO  390.31 £178.02 ¢ 69.55 +£36.94 a 0.36 0. 13 ab
DW1 559.91 £164.99 ¢ 94.64 £2.95 a 0.24 £0.09 b

2.3 FELEXXEHELEEERRMN

N 3 FR AN EALEE SOD Jif 4 K /NP
i CWO0 > DWO > CW1 > DW1, & i F %0 3 7
CW1 Ky SOD ¥ 4 bk R & ) CWO gk 2 A%
4.88 wmol g ™" *min " MfIIE FAMEH] DW1 ) SOD
M LR B DWO AR 5. 73 pmol +g ™' +min ™",
AR ZE R A (P >0.05) o 45 REVIE
ANTRVIELIEE T 5 i A= 0 1 790 W Gl A1 T R A SOD
.

5% 3 A%, AR BE POD H R/ INIEF AR
DWI1 >DWO0 > CW1 > CWO0, ¥ CW1 A9 POD 35
PR AN CWO 43R 392,53 pumol +g ™' +min ™,
AINE R DWL g POD {5 P LE R I 57 DWO 4b B
& 159. 47 pdmol-gf1 emin ', &AM PR |E] M 25 5 i 3
(P <0.05) . Z5SRFHITEA )L B0 A 2 8 51
RS .35 4 = K2Ry POD 54

12 3 AT ANFIAL BT CAT J PR/ INHEIFAR I N
CW1 >CWO0 >DW1 >DWO0, ¥ CW1 Y CAT 7%
PEH RN 7] CWO 4bFHES 8.2 pwmol+g ™" »min ™", 7%
ST DW1 f CAT % 1 L R S 5 DWO b 2 =
1.31 pmol-g ™" +min ™", &AL FRa] 25 FOR B35 (P
>0.05) . SRFWIFEA R EE T 380 A 4 8057 fig
U555 KRR CAT R

&3 FRELEHAXEMF SOD POD,CAT iFHEEWL
Table 3 The changes of SOD, POD and CAT activities
in soybean leaves under different treatments

-1

B {7 pmol-g ' -min

IR EAERBEEE ARG o A S
Treatment SOD POD CAT
CWo 89.28 £1.68 a 18.93 £10.13 d 15.33 £6.65 a

CWl1 84.40£7.70 a 411.47+72.73 ¢ 23.53+14.94 a

DWO 88.12 £10.24 a 1297.60 +42.47b  7.72+0.79 a

DW1 82.39+1.78 a 1457.07 £85.86a  9.03+2.43 a
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2.4 ZEIEM

K MATLAB 6. 5 3 {457 #5% F-ERZE G VF
B, 15 1 B RIEARARE N < 0. 399 6, & AMIREAE
W RAAEREZ TN o = (0.4643,0.502 4,
0.4336, 0.0801, 0.2625, 0.3106, 0.0277,
0.472 5) ,CW0.CW1 ,DWO F1 DW1 &b 382541
S Z° (j) = (1.5923,1.8542,0.394 7,
0.423 6) K 27 (j) WREI/INHES, AT 4545 Ab B4R 455
ik CW1 > CWO0 > DW1 > DWO, fIEiH &4 T,
DW1 [ #3525 ~0. 423 6, b DWO 119 52 (8 2 =
0.028 9;HIRAMET,CW1 21 M1.854 2, It
CWO AYHE (B 45 757 0. 261 9 Ui B 7E AN [R] i B2 R iR
A E IR R G AR AT .

3 3

AL 252 I e B AR 0 T A X B A Bk 2 K
AR A R HEVE . AR S5 R R AW
FIT LACAR R G 4l i B S R B 78R [
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SRR G N AZ B, 45 RO A il 1 A2 2 30
MECE R TR, EARPS T, DWO 4b By
M2k 2 Stk CWO ZhBRA BF T [, CW1 F CWO 4b
F .DWI1 [t DWO 4b ¥R T RE. A58 b At
FOCAAE A CH A P AT An A8 AL A ], ot T
FHBAR M SRR &/ F o 30 Pl B0 52 19 i (R
BN, T T Bk — A AF 28 R A= W 1 50 s
MR G R 5V R

SOD ,POD Fl1 CAT ¥ AEW 78 A= Kad F2 4K
W 0 B R, RE A5 PR IG MEA B il 3t
(ROS) , Wi/ IR X AL 1) f& 3, 4 SOD 9 1E F &
3 A Ak s T R AR A i b B R A I B A R
5L, POD F1 CAT 1 £ Z24E F 2 BHAE P& A% H, 0, , Bk
FI LA 45 ) ARBFGE R, 18 R R
A BN A Yy i R 23 fd POD i 4 2 =y, SOD Fil
CAT JEHF B R B 58 A EARIE N A
f¥) SOD 1 POD { P23 e Fh i F T 207 . A i
FEN AN [ A P 7 AR T PR3 Tl 3% 1 22 1 7 s 34
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