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Abstract: [ Objective] This study aimed to study the effects of different tillage practices on the growth and

development of soybean root system, the rate of root secretion, and soil physicochemical properties in the black
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soil region of Songnen Plain, and to clarify the differential transmission processes by which tillage practices
influence crop yield through changing soil physicochemical properties and root characteristics. [Methods] A
soybean variety from the northeast black soil region was used as the test materials. Four tillage treatments,
including no-tillage straw mulch (NTS) , no-tillage (NT), deep tillage (DT) and conventional tillage (CKD ,
were set. Their effects on soil physicochemical properties, soybean root morphology, and crop yield were studied.
[Results] 1) NTS and DT increased soil nitrogen and phosphorus levels by exogenous straw incorporation.
Compared with CK, inorganic nitrogen and available phosphorus were increased by 35.8% and 26.3% under
NTS, and by 42.1% and 33.7% under DT, respectively. 2) Soil nutrient level and compactness jointly
determined soybean root morphological characteristics. The direct influence of soil compactness on root
morphology (path coefficient was 0.89) was greater than that of soil nutrient (path coefficient was 0.86).
Compared with CK, NTS promoted the growth and development of soybean roots under high nutrient availability
and high soil compactness, NT inhibited the growth and development of soybean roots under low nutrient
availability and high soil compactness, while DT promoted the growth and development of soybean roots under
high nutrient availability and low soil compactness. 3) Without fertilizer application, the rate of root secretion was
significantly positively correlated with root length and surface area, but significantly negatively correlated with soil
nutrient concentration. 4) The explanation effect of tillage practice on soybean quality was 81% . Compared with
CK, the yields under NTS, NT and DT increased by 24.7%, 14.8% and 36.2%, respectively. [ Conclusion ]

NTS can ensure yield while reducing tillage, improving soil resistance, and promoting the recovery and retention

of soil available nutrients.
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Fig.3 Variation characteristics of soil compactness under different tillage practices
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Fig.4 Variation characteristics of soil nutrients in different tillage practices
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Fig. 5 Variation characteristics of soybean root morphology in different tillage practices
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Table 1 Variation characteristics of soybean isoflavone secretion rate in different tillage practices pg/(plant-h)
KGRI W) 4k 3 BS FsS PS MS
NTS 6.79+0.34a 8.7610.36a 5.8040.21b 0.96+0.03a
KT AF NT 3.91£0.20b 4.9040.22b 3.27+£0.17¢c 0.53£0.03a
DT 1.77£0.09¢ 5.4940.28b 2.08%0.10c¢ 0.7940.04a
CK 2.064-0.10c 7.5540.38ab 9.9540.50a 0.6840.03a
NTS 0.21£0.02a 0.32+0.01a 0.44-+0.02b 0.11£0.01a
NG NT 0.0940.01b 0.224-0.01b 0.31%0.03b 0.0740.01a
DT 0.12+0.02b 0.06+0.01c 0.73+0.03a 0.06+0.01a
CK 0.0740.01b 0.2340.01b 0.1440.01c 0.0940.01a
NTS 0.06£0.01a 0.6540.03¢c 0.37+0.02b 0.08+£0.02a
o NT 0.0440.01a 1.44+0.07b 0.8340.04a 0.0940.03a
DT 0.07£0.02a 2.24+0.11a 0.2240.01b 0.10#=0.02a
CK 0.07£0.01a 1.314+0.07b 0.69+0.03a 0.05+0.02a
NTS 0.1240.03a 0.42+0.02a 1.23+0.05a 0.104=0.03a
HOEE NT 0.07£0.02b 0.41+0.02a 0.03+0.01c 0.06+0.01b
DT 0.1540.03a 0.45+0.02a 1.30%0.06a 0.084-0.02ab
CK 0.06£0.02b 0.14+0.01b 0.69+0.03b 0.09+0.03a
NTS 0.1140.03b 0.684+0.03a 0.4140.02b 0.094+0.02a
YA T NT 0.144-0.02a 0.5240.03a 0.664-0.03a 0.0840.01a
DT 0.16£0.02a 0.3440.02b 0.15£0.01c 0.10£0.03a
CK 0.0540.01b 0.3740.02b 0.334-0.02b 0.07%0.02a
NTS 4.6140.23b 30.02+1.52b 16.81+0.84a 2.47+0.12a
Yupl k% NT 8.1840.55a 28.6540.98d 12.50+0.02b 1.36£0.09b
DT 1.144-0.06¢ 35.11+1.27a 13.25+0.06b 3.24+0.26a
CK 5.4240.27b 24.954+1.29¢ 4.314+0.22¢ 1.21£0.11b
NTS 11.90+0.58a 40.85+2.23a 25.0641.39%a 3.9620.03a
S A NT 12.43+0.64a 36.14+1.31b 17.60+£0.31b 2.194£0.03b
DT 3.41+0.15¢ 43.69+1.69a 17.73+0.27b 4.3740.04a
CK 7.73+0.41b 34.5541.96b 16.11+0.82b 2.19+0.03b
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Fig. 6 Variation characteristics of soybean organic acid secretion rate under different tillage practices
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3 i1 it FZA R L HEK Gy TEHL RN SO AR AR A AR
31 AESEERXNATRERSNZN KB EA¥ub i aEK A . EDTHEMNT R

g e I O R Ay KR ORISR TER 5
e 2 (8] 0 AT Bt B i AR R B KR Rt £ &
JE 1. YANG ZU7RESE B, Bl G B R TR R
M, T NTS &b BB A 0~20 em + 2 AR R BKJE
MFEWB . CATE 5 & B, )2 BFE E 30,
50 cm i E AR R B AR R AL ARWFE R,
5 CKARBEAR HE , NTS 4b B AR J5 34 Bk 30938 AR & 4
K AR BURAR (R B, DT Ab B 7E 4 48 B 013 Jn
MR KB AR R A MAR AR, J& T NTS &b 28
TR RLJZ K 53 JC ML R AT 8508 T o 4

I )+ LR L KA R A BN R R
BEMAREFRMAEBAIRE., KERREKE
B2 A P ) 5L OE M SR NTS Ak B 7 A R 3
IR, FER R L FRE A FSHZENH 5 CK
Ab BRAHE] L 76 PSR M CK AR, A H#F5Eh, 5 CK
Ab AR B, NT &b 3 IF AR BR AR R A . v RBIH I F
NT i 2 fLBR & G0 14 & e Can 2k 4 L) mT DA 2 AR
9 3E BB, IRIH R S 0T S . Y g R T )
— i B B AR ] ) A ALy A A KA
PROHEIR ., EWILEER SR m THCE LR R 54

http. // stbexb.alljournal.com.cn



3 ]

W 25 06 A AR O AR L 2 4 0 K S S L R 1 MR R AR RO A I S 299

LB BE F 4 fil A R T SR A B I e A G
o, RERAR B KE REmMAS RLZE S HETHL
A A RO S UM O (I 9D o TR I LR i
A R B, T SR S R AR R
AR G, 8 B A B e AR R AR R IR R
R 38 T 5 e M R Al 2R SR 0 A e

T+ S8 ER Sk A R Sk 20 0 R IE A SR SR RN SRR R
AR B B 5 Sk A 9 B DB L5 O 22 MR L R
B8 PLS-PM {2 A5} 47
Fig.8 PLS—-PM path model analysis
32 AEMERAXNKRERRS BT DEREY
A
HEL ) 308 o DAAR 8 1] R 2R 0 b 22 b A 5 W ok 9
TR RGMAE T . AW R, U T
LA 9 AR W0 AR 2R S B ) 2 00 5 LTS5 0 5 R B, K
T 28 AR 2R 0 B AT HILTR I o i 3t o 5 L ST 45 R A
— 0 AT A R R AR R S S Oy S AL
R TN G, A AR 70 b 5 A A B
FAHSCCE 9) o & LANE 6 AT, A ] B A 50 AR
2oy b S B I A LR R Y S BT 7R FS s #)
W () G 4% T e, AL AR T o o A S R R R
RLES TR R, 0 A LR 4y I8 3 AL - S TT LB, i R
TSR N BS I E FS ) W35 2w i LA . AR AR TE
i 32 2 95 180 20T IRt i g T GO A, O T B i R
T2 MR T 2 R BE T T R T R RS0 hn 224
Je W REHMER RN EREE , REERKE
R R, 5 BOE T P O A FS 3 E PS R
R T R, 3 I AR R AR AR AR R K T R e A, MR
WEfre 2 , REAERETFAWHLET LEP A
TCER T P A, B i R S T R
Ao MR TR I iR W IR A A9 ] I o 4% i ACP 3 P (I
T ME AL AT BIL AR TR 09 7K g S N KE - 9 A LR
&g TE AL, DT 8 Jn b S B A RO, B

M2 R SRR MARE REREHS KT
R 2R 43 W60 0 3 R 2 B IE AR DG (B 9D, S ok 7
AR I P B A B AT A AR AR 3% 43 A ik B BR ) 5 1
AN [R) b BEAR b F 37 43 “DLIE IRES R T K TR &
PR 53 W6 5 R A LR S5 AL A AR AR R SR 4 IR
W, S AR R A R T AR S AR R A U W ) 43
PR R AR R O R AL, R R
BASALIRWA & 58 h AR R I 2 K TR R P&
LB Z T AE A B 5T PR R 43 6 S BT AR R
MUK AR ZE T . WANG EDVBESE R B R R A7
LR 3 B LA R RAT B R R AR 35 R, E AR5 i A
HLIR DL FSE SR 8 oy 32 o DR E, R R R4 2 ()
TR ) AN [) 7K = 30 58 X6 AR 28 43 16 40 b 288 52 i 3 75 1F
— BT .

RN
10
N LA IS
R2-AP | 0.65 M-AP’, “.. W, 08
RIIN |090 067 RIN"\\““ 0.6
RN 062 090 072 R2-N Q‘.‘ ; 0.4
RL |-0.45 -0.21 -0.53 -026 RL ,, /," i
RS |03 -024 065 031 057 ks G () S &P P &
0
RV |-072 -0.58 -0.81 -0.56 083 088 RV ’,’
n
RT [-036 -0.46 -0.54 -0.39 -0.07 029 040 RT ' 2
RN |-0.52 <042 -0.57 049 091 070 078 -0.19 H.ﬂm, ' 04
HiR |-0.56 -0.35 -0.48 -0.26 087 075 077 -0.17 0.86 n‘!’.‘lﬂﬁ" 05
PR il 6l L
EEMiEH: |05 030 054 -0.19 052 071 079 054 035 050 gt os
REIEMBIAISTE (023 020 007 013 067 060 036 -025 051 053 011 fﬁ'fg
= 1.0

@r“ @,\5 @.\‘-‘ q.j\'-‘ ¢ & g é@@ g @éﬁ-@gﬁ"
S

I RI-AP h R1JZ 2347 500 s R2-AP 24 R2 )= L e A7 30w 5
R1-IN 4 R1 2 +HEJEHLA s R2-IN S R2 )2 HHEJEHLA RL
AR BE SRS AR R AL RV N ARA B RT 27 31

xR p<<0. 055 ¥* KR p<<0. 01 ¥+ KR p<<0. 001,
9 TEFH MRESMIRRZD WY Z B X FH Pearson

GEES k)
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