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Effect of Different Plough and Organic Fertilizer on Characteristics of Soybean
Yield and Soil Nutrients
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Abstract: In order to verify the effects of different tillage methods combined with organic fertilizer on soybean yield and soil
nutrients, three tillage methods (no-tillage, fellow tillage, and deep tillage) with organic fertilizers were chosen in the study.
We analyzed the relationship between soil nutrients at different soil depths, morphological characteristics of soybean root sys-
tem and yield. The results showed that, there was no significant difference on soybean yield after two rotation cycles. The total
root length, root diameter, root projection area and other indicators of each treatment increased after the application of organic
fertilizer, with —1.2% -48.9% ,5.0% ~13.9% ,3.7% ~61.0% and 8.9% ~82.7% , respectively. The combined appli-
cation of organic fertilizer increased the contents of soil microbial carbon and nitrogen in 0-20 and 2040 cm soil layers. There
was also a tendency to increase the content of soil available nutrients, especially 2040 cm soil nutrients, but the effect on al-
kaline hydrolysis nitrogen was not obvious. When combined with organic fertilizer, tillage method is beneficial to increase the
nutrient content of the deep soil, promote the development of soybean roots and improve its own buffering performance.
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Table 1 The fertility of experiment soil

TR A LB e o ol T A A B
Soil depth/ Organic C/ Total N/ Total P/ Total K/ Alkaline N/ Available P/ Available K/ pH
cm (g-kg™") (g-kg™") (g-kg™") (g-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
0~20 18.01 2.31 0.89 27.10 60. 19 25.01 167.70 5.09
20 ~40 17.24 2.28 0.88 27.23 58.31 24.12 182. 56 5.13

1.2 58i%it

2017 FFiR ok - REfefFily, ik 6 Mk
B OB BIXT R (DT) ; QBB + A HUIL (DM) ; @ik
FIXTHR(ST) ; @& B + A AL (SM) ; @G xf i
(NT) ; @Bt + AHLAE (NM) . /NX HFL 26 m’,
3 WEE, 45 A 38N DX Rh R 25 R RK IR 48 B — B
T KR S5 A A AN IR H, 2 0 A LR, it
N 15 t-hm 7 G XCOR B R R A LIRS T
Wb BREI X K S 210 T4 A3 4% 22 GG BLE A HL
JEEAEI O ~35 em (EEFIX 0 ~25 em IRKEFX 0 ~
35 em) B AR TR AN KT, A R G Rl Sk 2 T
43 Ak AR it & 325 kg - hm > (N:P,0,: K,0 =
2.0:1.0:0.5),
1.3 NMEMBEFA*
L3.1 FEAFFHRBE  BAWIGRET, %2
BEHUAEAS/IN X e ] DX, 10 B K 2 A K 25 Fb o3
=BLIAYR
1.3.2 R AWE  JHEW, LR L, R
I 20 cm x20 em x 60 em AR HIRAAR, KR IR
HE 60 HifiH, LUE K mide , ki i T Ep-
son Expression 10000XL {3 k47 H & 148, FI
WinRHIZO #R #2538 R G s A4 B it R G
SR AR KH R R B AR R B,
1.3.3 B3 5a4 TR 5IE 0 ~

20 cm A120 ~40 em +Z 89+ 0E A, BT, BB &
P o Bl S5 P B 7 OO T A, A Al 35 R
F Olsen — FREEHTILIN & , HAHN 5 1R SRR Bk 15
IR R, I P R R e
SN T A S TR - BRAR BRI
1.4 RS

K H Excel 2016 ,SPSS 17.0 Fil Sigmaplot 12. 5
BAFEr e AR, IR g ANOVA BRyf gt 4y 22
SR FENE AT

2 HRE5HSMH

2.1 BHMEAKXFEVREREX X E =/
FH 2% 2 TTAN, Sk Ak 3 ) o S = TR R A
P EARRIN ek > B > B A U it
PEim 125 b B A B AR AL, (H AL 3R] 25 S ORI
. S AR E, BB AL AT DL K
i, ST DT 73514 NT 45155 10. 8% F123. 4% ; Jits HA
HLAE 5 , NM . SM F1 DM 435/ kb NT ST DT #%Jin 1
7.8% 11.2% 3.4% AHAIEN2: 57 0 1k
2.2 HEARMBVEERENKEREZESH
A
A 1 AT, 3 AEFERS I (NT (ST F1 DT) XK
AR MBGE EAR AR B AR LA SR R AR5 i 1
FI K ST 27 F NT F1 DT,NT 1 DT 22 [a] Jc
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WS WA PUES NM Al DM 4b 3 1)k o A
K3 NT DT #4417 27. 6% Fil 41. 8% ,SM kb B
B ST AhF > 1 1.2% (& 1e) , Horp IR B AL B
DT I DM 2553k 3] g 2 /K F- (P <0.05) ; NM SM,
DM AR R A (] 1d) 4351 %8 NT ST DT 44

T 44.9% (3.7% F 61. 0% ; R R - ¥ H 1% (E
la) 23 B3I T 13.5% .5.0% . 13.9% ; # Z 1A
(FE 1b) 43501411 64. 8% 8. 9% 1 82.7% ., i A
HLABRERSHE fin K GEAR K AR R IR BURIAR R
FEL, 00T 38 LR T Ak B A
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Table 2 The soybean yields and yield composition of different treatments

Lb 3 PARRIE S AREIEEL HALE JEE
Treatment Flat pods per plant Pods per plant 100-seed weight/g Yield/ (kg+hm2)
NT 3.33£0.58 a 30.67 £2.52 a 17.66 £0.87 a 2189 £573.47 a
NM 2.00£1.00 a 31.67+1.53 a 17.50 £0.12 a 2360 +£535.01 a
ST 2.33£1.53 a 30.00 £4.00 a 17.78 £0.90 a 2426 +330.20 a
SM 1.67£2.08 a 33.00 +8.00 a 18.17 £0.30 a 2697 £181. 15 a
DT 1.00£1.00 a 31.67+2.52 a 17.70 £0. 44 a 2702 +133.90 a
DM 1.331.15 a 32.33£2.89 a 18.30 £0.40 a 2792 +590. 66 a

[R5 A [/ 7B 2R P<0.05 /K2R 0%, TR,

Different lowercase in the same column indicates there is significant difference at P<0. 05 level. The same below.
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Effects of different treatments on the soybean root morphology

B, FERRALPE ST A1 DT 9 SMBC & &t NT 34
60. 2% % F1 61. 2% , jifi HA HLIE G NM SM #1 DM
A3 W NT, ST #l DT 34 fin 94.4% . 67. 1% FiI
22.0% .
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151 55.0% F199. 6% , it HLAL )5 NM F1 SM 43 51| tb
NT 1 ST #4111 130. 3% F1 22. 9% , DM J&HH B 5415
Hor NM 5 NT 22 57358 8 /K (P <0.05) . Xt
THRETT 58, BE O ORI W R SMBC 1 &
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iﬂ = @YY Mature period in
. 300 ab a 5

o ab be @b o
£ 250 £
o a . o
£ 200 b =
172 be b 172
B 150 be B

100} &

= s
=¥ 50t =
) B
H o +H

DT DM

NT NM ST SM
AbF Treatment

400

300}

200}

i, (R HIA AL IS , 24 B A 2 T SMBC 1
e, X ULHIAHUAC A4t A BE W 234 i 4% JZ R - 3 Y
SMBC & i, ELBFRIAO 4R 1 ROCR 4 T S ph b 2, T4
FIRCHtA AL AR TR R W

- elsdinn mmm $% i Before seeding

& 3 AP Mature period
a

ab

NT NM ST SM DT DM

AbFE Treatment

250 WEME W AE R I 7] — B A TR A BRI A 24 45 2R . R IRl
The difference significance analysis result is the comparisn result between different treatments in the same period. The same below.
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Fig. 2 Effects of different treatments on soil microbial biomass carbon in different soil depths
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TCHA 22 51, it A HLAE S5 NM . SM il DM 43 51| He
NT ST il DT ¥4 T 123.2% .43. 1% i1 93. 4% , %%

mmm 35 Before seeding

== B Mature period
701
60t 0~20cm a ab

|

3 A R A SMBN/(mg + kg™

TR AE Y ASMBN/ (mg - kg™)

DT DM

NT NM ST SM
AbF Treatment

Qb3 2% 5 IR 3] i 2 K F (P <0.05) o 20 ~40cm
+ )2, NM SM F1 DM 43 5l NT ST i1 DT 34 fin 1
41.5% 122. 6% F 27.7% , % kb 1 2% 5 2 3k W 3
P BB AT AILAE TS ) A2 B b B2 5 A% b H
SMBN ()5 & .

mmm &R Before seeding
a

M Mature period

|

NT NM ST SM DT DM

AbF Treatment

B3 AELEXTEREMERSENZN

Fig. 3 Effects of different treatments on soil microbial biomass nitrogen in different soil depths
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M, HAYUCE ,NM BT NT,{H SM 1 DM
3 ST #1 DT ZEFEPA RIS, B, 0 ~20 cm
- J2 A Ab T DR R Ak LR A SR R I i A
PUALHE T A R R AN B d . 20 ~40 em )2,
NM B4 X F NT, SM F1 DM, 43 51l lb ST F1 DT &

10.4% F10. 5% , 225305,

2.4.2 XEAZHE R4 TAL S S FEBHER
Jiti , Bt Ak PR R R R 0 ~20 om I AR A
A A PUIE S L NM & 524520 ~ 40 em 1
JZ it AT AILRE 3G Jin 1 A B A B AT Rl Y A i, SM
F1 DM [ ST 11 DT 4305055 93. 8% F19. 2% . H¥ 3
it A ML 0 ~20 em 44 HA 308 7 & L) DM
Frimhm, H 5 e P2 Rk 81 1 214520 ~40 cm
+ 2, NM SM i1 DM 43514 NT ST F1 DT &5 7. 4%
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Table 3 Effects of different treatments on the soil alkaline N (mg-kg™")
20 ~40 cm
JOBi . - . —
T Hoh A IR R A SR
reatment
Before seeding Mature period Before seeding Mature period
NT 92.40 +0.01 a 89.25+1.48 a 89.25+3.46 a 91.00 +1.98 a
NM 81.20£8.91 b 88.90 £4.95 a 74.20 £3.96 cd 87.15+6.43 a
ST 93.45+1.48 a 89.60 +£3.96 a 71.40 £0.99 d 80.85+10.39 a
SM 91.70 £0.99 a 91.00 =0.00 a 87.50 0. 99 ab 89.25+7.42 a
DT 92.40 +1.98 a 80.50 £2.97 b 80.50 =0. 99 be 74.90 +16.83 a
DM 87.50 £0.99 ab 79.10 £0.99 b 92.75 +4.45 a 75.25+0.49 a
x4 FELENTEFYEHSEHXM
Table 4 Effects of different treatments on the soil available P (mg-kg™")
20 ~40 cm
pUBL] L N . N
T Erg Rl B RERIH A
reatment
Before seeding Mature period Before seeding Mature period
NT 23.85+0.54 a 25.37 £0.54 ab 19.31 0. 00 cd 22.91+1.98 d
NM 19.31 2. 14 b 22.72+0.54 b 17.04 £0.00 d 24.61 +0.54 cd
ST 24.42 +1.87 a 24.23 +1.61 b 12.31 £0.27 ¢ 31.05+1.61 b
SM 27.26 +2.68 a 23.10+0.54 b 23.85+1.61l a 52.25+1.34 a
DT 25.56 +0.80 a 25.75 +0.54 ab 20.64 +1.34 be 24.80 +0.54 cd
DM 24.99 +0. 54 ab 28.78 £3.21 a 22.53 +0.27 ab 27.83 +0.80 ¢

2.4.3  Eiakacdr RS AIHL AFEBHER G
FERT L O ~ 40 em 2 JZ BUSCH & BB ML EUR, (L
SM A BRI T RGN 5 5 AU 0 ~ 20 em AL
B R R B A HLIE IR T ATt HLAC AR 2,

{H SM 11 DM 5 NM #f kb, #8557 4 S8 s ng &
17320 ~40 em + 2t A UL S , S Bk Fn ik B3
T A, ELIR AL B AU

xS AEAEN TEEHSERZIT

Table 5 Effects of different treatments on the soil available K (mg-kg™")
0 ~20 cm 20 ~40 cm
YLBL — — — —
T FE T JA) FEFH J A
reatment
Before seeding Mature period Before seeding Mature period
NT 277.85+£2.21 b 260.50 £5.44 b 191.22 £0. 15 ¢ 213.40 £7.93 be
NM 198.46 £3.69 e 167.18 £2.22 e 188.95 +3.01 d 224.68 +3.67 b
ST 214.25 £8.51 d 304.82 £0.92 a 173.31 £1.89 d 206.32 +14.28 cd
SM 260. 68 £8.59 ¢ 256.34 £4.90 b 288.33 £6.48 a 271.78 £1.46 a
DT 326.33 £4.16 a 233.29 £1.34 ¢ 219.71 £0.34 b 194.37 £0.45 d
DM 227.74 £7.98 d 204.76 +4.57 d 168.63 £7.47 d 143.86 £2.63 e

B it At HI AT HLAC XS 1 A ) J2 U i 5
I3 RSN LA SR, B P A LA i A ek 2%
Feor iy, JUHX R TR B AL BE 20 ~ 40 em )R
AR AR TR SR ., 33 A A AR AR TR = K L
HER TR R OR R
2.5 #MEAXMNEYVALEEN S8R M 2347
2.5.1 RZIBAREKE R AT £ 5H
w13 6 I, B D7 X A X D S A e R

WA WE LW RGN ERKZE T XA
BUAL F) 577 ThT DR 2R 2 M /N, B35 19 58 B G
HEEM IR 2 7R 3 22 5 KF (P <0.01) s R
TETAR AR 2R LA FIAR B9 AR A2 B4 7 =X St A
AR B3 9 52 M0 50K, 429 3k 81 2 S Wl = ot Wl 25
HKAF(P<0.05) , HARSS AR AR 52 — 5 i
SCHARHIWE o Al UL, AR R S A E BRI, B DT
G WA PR A A S, R R R T .
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Table 6 The variance analysis of tillage and manure on soybean root morphology
it H SR K MR T AR WY ER AT FIRL i
Item Total root length Root projection area Root mean diameter Root volume 100-seed weight Yield
B Tillage 0. 139 0.032*" 0.025" 0.019" 0.396 0.204
A HLAL Organic fertilizer 0.503 0.034 " 0.000 " * 0.005* " 0. 331 0. 402
Brt: < AHLAL
0.000 " * 0.000 " * 0.786 0.001 " * 0.513 0.936
Tillage x Organic fertilizer
R? 0.7726 0.8136 0.7388 0. 8094 0.2703 0.2737

T FIRTE0. 05 KR, T T FARAE0.01 AKFRE, T,

* indicates significant at the level of 0. 05,
2.5.2 srEIEHAFoFMANFTHE MED TR
ey EoA MR T AAL, SRR YR R 2
BEVE D 2 AR BLIE B — 35 19 22 B4R A B
FRM (P <0.01) , [a] F 52 BF 1A S R 22
PRI IA B E K- (P <0.05) 5 IR A %2
BV - 438 22 OB DR 3R R e S — 3 ) 52 HAR T
M HA R E P (P <0.01) , [ bt 52 4 AA HLAE
SN A e 4 Gk N G

** indicates significant at the level of 0. 01. The same below.

i U O B - SEAE 3 48 b, it T A ML R
PEYHRAE T BB IR, 18 2 B A W 0 BT, A
T A Y B R YRR PR i
FEFA 32 OB — H 3R B HA H A A I, 3
A SR A TSR ) 5 B 2 B S 2 R O 5 T
KB U A SRR DT A R R AR (P <
0.01),

x®7T BHEAXFEIIEX LEFRSWHTESH

Table 7 The variance analysis of tillage and organic fertilizer on soil nutrient

WiH R AR A LERMCEYER RIEREYRA
Ttem Alkaline N Available P Available K SMBC SMBN
BEVE Tillage 0.009 ** 0.000* * 0.000* * 0.000** 0.000* *
HHLAL Organic fertilizer 0. 787 0.000 * * 0.000 " * 0.000 * * 0. 663
+ 2 Soil layer 0. 250 0.000* * 0.000* * 0. 087 0.045"
BEE x A HLIE Tillage x Organic fertilizer 0.567 0.000 * * 0.000 * * 0.000 * * 0.002 " *
HEVE x £ )2 Tillage x Soil layer 0. 699 0.000 " * 0.000** 0.033** 0.012*
HHLUIE x 42 Organic fertilizer x Soil layer 0.756 0.000** 0.000* * 0.818 0. 675
HHE x BHUIE x + 2 Tillage x Organic fertilizer x Soil layer 0. 743 0. 000" * 0.000* * 0. 060 0.714
R? 0. 6055 0.9835 0.9918 0. 9569 0. 8830

3 3 i@

AWEE il A HUIE 38 5 7 K Y Bk e KL
FERLE 3% 284 IR 4 SR — 8. BF
WI7EF K - REZRARRT M0 APLE RS TR
SR Zhou S5 g Kk B, L F AT HL
B 5 4FJ5 , KRG = 2 . ARBESE b Ak
HRAE A ALAL X R 5™ 09 £ A — 7 9 e 2k
ROR AEA W], 3R] 8 5 3 B A 4 TR I A G
B 25 AT TRk 12 4R 1 Sk )
5, FW/INAE G PR HOREGE , AT FE o B A 2
AR o TR AL B, AT R R DR D R B 1 A
Ji e R A ] X 6 e e P S " R A AN ] I 3

BRI RE DG - e FL B 20 A1 AR, 312 5 2 K R I
RE T, DT 48 i A 45 % J2= AR 2R X 7K 23 8 W i A

P LKA 0 B A K T
TR | B 1415 2R 5 R K 0
LR B S0 T3 08857 19 1 0, A
e RN E S AFILE S P
SRR T I 1 B AR5 A 7
BFFE T BB AL (% B LAY TR AR R
7 HRBURIR 3 TR, 04 DU, S 8
RSB THABCR T ) 5, 502 8 4 6 A LA
B 5 B IR 2% 14 PR R ML, (AR R B8 i L
ARBEIR., A HUEAIEAERERS K T BRI 0 ~30 cm
TR E R

R WA AT BT ) 43 P9 430 SR 0 it
PR 2 T 0 P AT BLIE A 0 5
AR L RSB R
R R 22 0 50 A B B 77 A

He %>
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THE LY & A VLI 3T Y =
B R T S R A LR S R G
AERAL T e R BB ESESR ), A, B Bl
AT RERBED . AU, A A LI GE
AN [ A P 4 e A5 7 S A W s ik TR )
WA SR, U HEET; 20 ~40 em + 2R
B AHUERIEASSE & T IR IE A,
JNY - 58 5% b RE I T 4k 4 - 98 A U 57 43 HE ) fig
S50 ARG - B b PR R R
AT —H I, X TR R SIREA L, Y
FhZE Uk oo e B ARAIG, i A 4 b J5 + 3 2L VR A,
SECAVUIEEA 7850 W 5 55 — 4 R R LR
TRAG, T A s sh 9248, Bifi 2 I B2 A 3 ¥ 7, A AL
NERRZ BT B 5550 o0 — A IR U2 i Tl e AR
YRR SRR, Bl T R | H  sVE W AR KA
TR FEAT, BEAR T B L0 3R 00 & &, WA
TR T AR R E S AU —J7
R AR AL T R R VR SR, R
TIRYIH L ; Rl B A HUAE A 18 2 A ) 0 4 v 284
TAYEVIMR R A 1 PR 2R 0 53 W 0 5, A1 iF 438
WY TS RIS 454 0

4 % @

TEEK - REBAEKRR T, AFRPHEDT B &
Jiti AT HILAE AT L2 gy 38 mP A7 80wl AR5 | 0
TR R A i R0 i, B D7 NS A UL
SEHAE BRI, JEHORXS 20 ~40 em )25 A AL
IES BT G R AR R AR AR R AR BURIAR 22 4%
SCTTFRAFE 2R 2, BF AR 7 XS HLIE A 45 5 0
THRAA KA B RE AR Bril, A HUIEAbk
BHIARZS &, A OUREAE A2 2E K 5 A F AT IR R 9 4
KRR i R Z I LI R 00 & i R
7 R A R A T A R e
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