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 E: ARRLEN-SUNAE N RGOS, s 4 M0 E2 (IR EH12 AR PUIEA, COF; 4t A 4a
PUEA, OF; 2#BiEAfLALA, CF; AMALAE, CK), HRITEYA PULKCHE AL B + 357535 1k e PR R A3 A0 AR M
R, DRRATRERNY], BTG IEA R, e AN S T HIEA R . 2. 20, 2. AR, RS E
A3 pH, 3HIRE T 9.61% ~ 54.28%. 7.38% ~35.45%. 31.86% ~ 98.53%. 40.88% ~ 96.40%. 3.02% ~ 15.99%. 0.96% ~ 18.23%
H10.73% ~ 7.03%; PAitiA: A DAL 8 5 AL RO Bt 2 m] (i + 3R PR AR(>0.25 mm) L@ - FF, A1 R4 (<0.25 mm) LB R %, 42
w7 LA R A E R T ARMWD) ., JUTER AR (GMD)HIT=>0.25 mm F B R 5 (Ros)(P<0.05), H. 3 B Ak sE P2 i A
AP A AU AEBR A3 ITTRE In; AHSCA TR, MWD, GMD il Ro2s 395 >2 mm M1 0.25 ~ 2 mm FIZR KT 4 40E B3 EAC
(P<0.05), 5<0.053 mm PB4 i 5 0 i 35 A G (P<0.01), 5 0.053 ~ 0.25 mm FIBRIRL i 825 A E(P<0.05) . A= Wra pLARE:
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Effect of Bio-organic Fertilizer Combined with Chemical Fertilizer on Nutrient Contents and

Soil Aggregate Distribution in Greenhouse Soil

REN Lijun"*?, LI Jin"**, ZOU Hongtao"***, HAN Yanyu"**, FAN Qingfeng'**, ZHANG Yuling"**, YU Na'??, ZHANG Yulong'**
(1 College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China; 2 Key Laboratory of Arable
Land Conservation (Northeast China), Ministry of Agriculture and Rural Affairs, Shenyang 110866, China; 3 National
Engineering Research Center for Efficient Utilization of Soil and Fertilizer Resources, Shenyang 110866, China)

Abstract: In this study, the greenhouse soils under tomato-cucumber rotation with four treatments (1/2 chemical fertilizer N+1/2
bio-organic fertilizer N, COF; all bio-organic fertilizer N, OF; all chemical fertilizer N, CF; no fertilizer treatment, CK) were
taken as the research objects to explore the effect of bio-organic fertilizer combined with chemical fertilizer on nutrient content,
aggregate distribution and stability of greenhouse soil. The results showed that compared with CF, the application of bio-organic
fertilizer increased soil organic carbon, total nitrogen, total phosphorus, total potassium, available phosphorus, available
potassium contents and soil pH by 9.61%—54.28%, 7.38%—35.45%, 31.86%-98.53%, 40.88%-96.40%, 3.02%—15.99%,
0.96%—18.23% and 0.73%-7.03%, respectively. The application of bio-organic fertilizer alone or in combination with chemical
fertilizer increased the proportion of soil macroaggregate (>0.25 mm) while decreased the proportion of soil microaggregate
(<0.25 mm), significantly increased (P<0.05) the mean mass diameter (MWD), geometric mean diameter (GMD) and aggregate
content >0.25 mm (R »5) of soil aggregates, and the stability of soil aggregates was increased with the year increase of application
of bio-organic fertilizer. MWD, GMD and R, ,s were significantly positively correlated with the mass fractions of aggregates

>2 mm and 0.25-2 mm (P<0.01), while negatively correlated with that of aggregates <0.053 mm (P<0.01) and 0.053-0.25 mm
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(P<0.05). In conclusion, bio-organic fertilizer is more beneficial to improve soil nutrient contents, the number of large aggregates

and the stability of aggregates than chemical fertilizer.

Key words: Bio-organic fertilizer; Nutrients; Aggregates; Aggregate stability
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TR L IREE B R A O, fE— e R L
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Ji %ok T e 1A it - P 4% A LR A 4 1 15 it - AR A
HATAEENE L.

M A SR A JE: IR AE F A B A T, S e - e
RS FANLR Y . Y. Shskis & s
YNEEE TG, AR A AR 20 A7 5 Wi o 357
OYBIREAE . YA D e e L
Tl E A - 35 A R AATE i B ZE I 259 o, o - 8 A1 2R
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AR B ST IR B ) B A AT ML T, 7T AR
o SR M E BEAL MR I, [RIRT v VR M E e
Kpy R, Bgom HIRRUE WG | TR A s
SER, (et IR IR R A RS, BT A
BYOKFRPEA R BB . il B R e S, AR
BAECLR = AR IR R, YA VU R
AT DL 2 b 22 08 4 KA AR E (0.5 ~ 5 mm)
A URR & &, o 20% AR A DLAE B A AL A
] 38 44 T ] R A e e R AR AT P SR A T A
SRR AU o K RIS SR, it P AR A LI AT LA
9 B 1 AR AT LRI R o B R I A R AR
S il p ) AR U i AN X R IIE S T AR A
HLAE AT LA i = K A SR A 5 R M A e i
Y G, HET, YA PUIER N H 24T
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AR B St IR A R 2 0L, e A YA
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T 5 AR 30032 45 7 0t — o T R ol 5 A7 i A PR i)
B NI, 3 A A A UIE -5 L IS B it 3o 4t + 498 5%
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1.1 R EEIE

T 0 b 57 A0 4 VT BT LA PH ARl R 2
TR B0 B (40°98'N, 122°72'E), 7E 2020 4E
F1 2021 AEHEAT T A A PRAE %) A 1A HLIE . FH SR
FH ) o okl - SR A R B ) 1=, 2020 4F -5
FEARTMEYER . pH 6.90, ALK, & . AR, #
RO ERr 50 11.25 g/kg, 1.24 g/kg. 50.21 mg/kg .
177.56 mg/kg. HLXZEM A AN 409, fLifE K
R EE I 805#.
1.2 REigit

SNBSS R A 351, ¥ 4 b
. OXFTHE(CK), AHARALEL; @43t H LA &
(CF); @4t YA VLA (OF); @1/2 fLIEA
+1/2 WA HLIEE(COF) . FRAHE T miiits FH i AR B
B0 AAE 375 kg/hm?(N) BEAE 150 kg/hm?*(P,05s)
FIHAE 525 kg/hm(K0); A2 B It FH 0 A A
359 - BUIE 450 kg/hm?(N) B AE 225 kg/hm?(P,05)
FIFRAE 450 kg/hm*(K,0) o i FHAL AR AN S5 45 4b BH AT 75
RIS, AL A AR, A E 3
WHEE , /NXEAY 9.6 m*(1.2 mx8.0 m), AFA~/NX
P 00/ 2 47, BEAT 25 Kk o ZNX T8 FH SR
BRIF, VR 60 cm, B 1EFR5TFIZK S 7E/INX Z [A]AH B
ERE IR

TEVBEIE R S E AR, 25 A BRI 43 A WA HLAE |
20% AL . 60% BN, 40% 43 R34 A4 5 i it Ak
YEWHE 0 ~20 cm) 5 H MR A . BREAAETFINZE,
AR ANTE 1 ~ 3 BRI, 4 3 W TR
AL, BUGEIEEAAR, &FA N, MR g
WA V)IN SN BT RN R B YA E N
7~ 10 d—¥, 10 % ) A A FE R 24
G PR A ]

SENCR I Tt A M IR (N 46%), BEIE ik
ik — %% (N 18% . P,0s 46%) , B AL M IR (K,0 51%).
ST 4 25 W HILAE 2 Fh 0 FH U A 9 BE LR 3 A FR
ANAVEFE AL, EEEN 2.01% ., AL
4 40.00%.
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IR S TR R EA TR AR , 45/ NX BEA LA
W3 N, CKEURE ERRR A N —ARE, BUREIREE
H0 ~20 cm, KT HIEEEH RN, B
i - SRR T 32 % B S 06 5 I [ i A 70 R R 2
1 P o R 1) PR R AR L8 XU by TR A Ol
H” SKEG 15% MERHIESKE), IRBRT
A UL A Sk DL B AR T o B XU 3R 43k
Wy, —Hbor - HERE ST R ISR, 5
3 3 0 43 AR P A T AT SR ARG 5
14 WEFHZE

K F pH TN E +49 pH; 384 5508 . e
WA A A AL s el g
R ANE PR K FH O 2 0 #1{% (Vario EL I, Elementar,
Germany)il 22 o >R A 0 1 U000 5 4 39K B ik A1 3R
i, BT B e A RIS (DIK-2012,
H A TR 50 g KT Y 3005, SRIEH 2.
0.25 I 0.053 mm 3 FhFLARAYEENE H L FKUCHE
B, ZJ5 W A TSR E N 25 128 K ZK 0 48, X
T HEFFATIR UL 5 min J5 3 B R 30 min, IREIIFER
440 25 W, TRIE R 8 em, FFARIE IR BB &
ANHEHE KT o SR J5 K BA 7R 7 1) 4% 9 A R A4 FH A4
KPS e RS &, 60 CHLTARE . SRA
F # H# & AR (MWD) AL -3 H 42 (GMD) L K&
>0.25 mm PIRIKE G (Ros) KR AE HIER R IR FR
EPEN, R LR ARG

n

MWD = > (%w;) ()
i=1
Zmi In;
GMD = Exp| H— )
>m
i=1
Ryps = 12025 3)

Krf: X RoRBH A RAER - HR(mm), w £oR
L A R A o i BT o5 R B SR A A L (%), my 3R
7N R HEAR PRI A A SR AA BT £ (), mr A TSR AR BT
H(g)o
1.5 #HELIE

FIH Excel 2020 AR5 15 S N
H SPSS 25.0 F {447 BN 3R U7 224097, I FH Duncan
A PR AR AN R L2 ] 19 22 5% ] Pearson 7
HEATHTERIK MWD . GMD FI Ry o5 FUAHSCHE 175 AH

KA il B R FH Origin 2017 #4434 7 .
2 GER59%

21 ARBIEARXITIEELTIEFRS KL pH HIZ M
211 EHEA PR AR M 1 AT, it AR )
AHLIE OF FI COF AbHEAAT AR FI 4 % 34 1 2
Fe T B A A DA it FIE &b B (P<0.05), H.¥JK COF
AP K . 2020 AF£5Tit AR AL B AT HLEK &L CK
AEPEE 12.08% ~ 30.72%, 2021 4EE 57.18% ~
142.48%. 5 2020 4FEAHEL, 2021 4 CK A AA ML
o R TGS, TR R 11.58%; &L
PRI R FHEAR, TR 23.99% ~ 64.02%.

w2 FN T ELR S EERNA COF>0F>CF>
CK, Hr, 2020 4Ef4 CF., OF fil COF AbFH )R &
B CK 4374215 20.88% ., 47.25% Fil 63.74%; 2021
AR T AEAL B A S AL CK 20 il4 5 83.95%.

97.53% Ml 127.16%.

2.1.2  HIELPER A & 1 15, 2020 A1
2021 AP it AR AL B Y 1 398 i A 2 S E S TS
MEARALHE, 2020 4= CF. OF Fll COF AbFH A48 & &
A CK 43 28.38% ., 78.38% Al 155.41%; 2021
AR Tt B AL B A AL CK 204 R 75.90%

130.25% H1 190.35%. #AbH A SHK 7.86 ~
17.99 g/kg, 2020 4EF1 2021 4F 4% &b 30 ¥ Ky
COF>OF>CF>CK, Jifii Fi = ¥4 HILAE A B4 it fL AE
AL PEIEE N 62.21% ~ 119.72%. 2020 4F-4% it A b 34
LTS BRI 2021 4B 1.22% ~ 28.16%
F1170.04% ~ 225.47% . Jita FH A= P HLIE Y OF Fl COF
A D 4 Tl R 4 A ) B R T BRI Ak 3
(P<0.05), X WAAYH WAL B L2t FH A A T 11
SRFNER, AR TR 5

2.1.3  HHEHESR D 2 1 aTLUE AR
AHHUIER) OF F1 COF AbBRE#EATR 4> & HE 1 T
WEALIEFIRHEARALFE , H¥h COF ab¥if k.
1 AT, 2020 4F-4% i A0 Ak BE A A3 5 & it L CK AR B
1 11.57% ~29.41%, 2021 4E1 8.14% ~ 13.46%. 5
2020 FEAHEL, 2021 4F4-AbBEA R0 & B2 R R
R REIER N 16.86% ~ 27.10%, 2020 4EF1 2021
IR HEESA S R RIS COF hHfE &, N
199.61 mg/kg Fl1 154.64 mg/kg, % CK. CF Fl OF 4t
FEOMHIRR T 62.95%. 5.62%. 4.62% Fi1 47.80%.

18.23%. 15.52%. 5 2020 4L, 2021 445 4b ik
MY ETREGE, THRIEERN 14.59% ~
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F1 FREEERAXMNRELIRARS S 2HFN
Table 1  Soil nutrient contents under different fertilization methods
Efy o bR A ML (g/kg) 2R (g/kg) 2Wi(g/kg) S (g/kg) H R (mg/kg) B (mg/kg)
2020 CK 9.93+£0.06d 091+0.05d 0.74+0.14 ¢ 8.29+0.47d 42,71 £1.74d 122.50+3.47 ¢
CF 11.13+£0.07 ¢ 1.10£0.01 ¢ 0.95+0.03 ¢ 9.16 £0.15¢ 47.65+0.27 ¢ 188.98 £0.99 b
OF 12.20+£0.25b 1.34£0.01b 1.32£0.17b 16.34+£0.27b 51.32+£0.94b 190.80 £0.41 b
COF 1298+ 0.10 a 1.49+0.03a 1.89+0.10 a 17.99+£0.62 a 5527+ 1.86a 199.61 £ 0.63 a
2021 CK 8.78+0.18d 0.81+0.07d 0.20+0.01d 7.86+0.15d 3551+1.57¢ 104.63 +1.67d
CF 13.80£0.29 ¢ 1.49+0.04 ¢ 0.35+0.03 ¢ 9.05+0.12¢ 38.40+0.25b 130.80 = 0.66 ¢
OF 18.20+0.17b 1.60+£0.01b 0.46+£0.02b 12.75+0.23 b 39.56 £0.41 ab 133.87+1.05b
COF 21.29+0.50 a 1.84+£0.04a 0.58 0.0l a 17.27+0.01 a 40.29+0.18 a 154.64 £0.46 a

T RPRIEEE/ NG TR R R R [ — 4R AN [R) Ab BE A 22 5 2.3 (P<0.05), Tl

30.79% o Jiti FH A= 0 A7 AL o Ak 3L A% 5 1% ik W 3 v
TR AC AL B, W0, AR WAT HLAE AT DASR e 1 4
214 +HEpH  HE 1 AT, BEEEAC AR Y
T, St A0 R Ak BN i A Ak B Y 358 pH 52 R R
g it A=A HUIE ) OF 1 COF 4b ¥ + 3 pH
2 EFHER 2020 A EICALEE 1% pH 4 6.88 ~
7.08, Horpepuifi AL AR b ¥ A 45 pH fefi, 5 H A b PR
)77 J 2 25 5 0 2021 AR R AE Jy =X 348 pH 4
fha$h 5 2020 AEFEAAAR] , G PR + 18 pH
WERT AR, R 6.69; JtiFHAEYA VLR
OF FI COF Ab#fi 5 At AL b BEAH L 25 45 iy T 4 45
pH, Z5I4EE T 2.87% 1 2.41%. ULHEHAYA
BLAE AT LA S0 £ 398 pH R RS, 1R 145
J et A IR N A A EE R R S, [t FH AR
A HLAE b HXT st it + 398 pH HA K B Rk

8r C1CK 22 CF S OF &KX COF
b c a b b c & a
6 L
jani
[=9
wAr
_H
2+
0
2020 2021
g

(E /NG AN ) 3R [R] — AT 3 A [ b B 7] 24 57 B8 35 (P<0.05))
1 AEERARX TIE pH #9320

Fig. 1 Soil pH under different fertilization methods

22 ARBIEAXITEELIEABRKARSRE
14 B4 54 i

221 HIEPIRMEAR K 2A S 2020 4 LA
RIRMZE S, RIRIFGEACALBE 4 SR A Rk (>2
0.25 ~ 2, 0.053 ~ 0.25 F1<0.053 mm)Z] WK K N
1.56% ~3.37%. 30.78% ~ 38.08%. 35.09% ~39.02%
1 23.45% ~ 28.64%. SHEALIEAEEA L, OF A
COF Ab33 5 >2 mm i1 0.25 ~ 2 mm AR i,
HEANT 116.24%., 102.56% F 16.57%. 10.08%, fii
0.053 ~ 0.25 mm F1<0.053 mm HIEREKA W FHET
10.07%. 6.97% F118.11%. 14.18%. Kl 2B K 2021
AR IR RIRAR LGS, MR T RELIE AL, OF
F1 COF b3 54 >2 mm F1 0.25 ~ 2 mm H R IKH
SN T 390.17%. 359.23% F1 90.08%. 69.95%,
f# 0.053 ~ 0.25 mm F1<0.053 mm B K TR T
19.36%. 13.46% Fl 52.52%. 44.17%. Mk, &~
[F) it JES Ak L - 98 AT SR A 1) P ok ) £ LA 0.25 ~
2 mm A1 0.053 ~0.25 mm A3, 1M >2 mm Kk HR
AL TFHAGAKT. 5 2020 4EHH L, 2021 4Ef# CK.
OF Ml COF ZbFE¥ 4 T >2 mm 1 0.25 ~ 2 mm
BRI, 43 AN T 12.17%.101.98%.102.00% F
1.25%. 21.79%. 15.30%, X idHAAEYa HLAEAY N
AT IR A SRR T A o 17 R fh S A2 2 U] R A1
17>0.053 mm KL A SRR S, 190 T <0.053 mm i
G A BB, AT 2020 4F, HANBRE N 37.43%.
XU BH PR T S S B IR - e 4, (45 - R AT R A
AR NI R AR

222 PIEHREREEE S MWD, GMD I Ryos
JEFRRAE I RARFE M Habn, HAEBOR,
e R v RGR T i 2 W, 24F T, R
VI MU A Y B 2545 T MWD, GMD F1 Ry 550
2020 4% CK. OF £ COF Ab¥H ) MWD %% CF 453
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Fig. 2 Soil aggregate compositions under different fertilization methods

F2 AREEARAXNLIEFAZEIK MWD, GMD il R s
eEAL
Table 2 MWD, GMD and R s of soil aggregates under different
fertilization methods

oy b GMD(mm) Ro25(%)

2020 CK  0.560=0.006¢ 0.231+0.003 ¢ 35.058 +0.390 ¢
CF  0.545+0.010d 0.216+0.006d 32.334+0.902d
OF 0.614+0.009a 0.277+0.005a 41.459+0.695a
COF 0.594+0.003b 0.261+0.002b 39.123+0.225b

2021 CK
CF  0.463+0.010d 0.169 +0.004d 25.797 +0.768 d
OF  0.685+0.010a 0.376+0.013a 53.193+1.025a
COF 0.636+0.005b 0.326+0.006b 47.850 +0.462 b

MWD(mm)

0.561 +£0.007c 0.234+0.006 ¢ 35.757+0.833 ¢

SIERE T 2.75%. 12.66% F18.99%, GMD %% CF 4b
RO R T 6.94% . 28.24% Fi120.83%, Roas 533l
PEET 8.54%. 28.35% Al 21.12%. 2021 4 OF A
COF 4b# MWD % CK AbHE 54 T 22.10% £
13.37%; GMD % CK ZbHi5HERE T 60.68% F
39.32%; Roos 8 CK AbFHAY 54 T 48.58% i
33.66%, 1M CF 4B MWD, GMD #Fl Rg,s AHET
CK LB A>3 I T 17.47% ., 27.78% Fi1 27.93%,
MK F, B CF 4b34h, CK. OF FI COF 4b¥ 2021
4F MWD, GMD 1 R s ¥ T 2020 4, i, MWD
P 0.18%. 11.56% Fl 7.07%; GMD 43 %42
1.30%. 35.74% F1 24.90%; Ro,s 7rWIHEE 1.99%.
28.30% F122.31%, XUdIAAEYAHIERGEH, A 8)
T P R IR R R e

2.2.3  HEEFIRIK MWD, GMD Hil Ry,s 5 R4
IR AT RV 3), HIERIRIK MWD
5 025 ~ 2 mm PR RS B Lk 1B A G
(P<0.01), 5 >2 mm KRR L WLk IE ARG
(P<0.05); +3EHEIA GMD 1 Rops 5 >2 mm Al
0.25 ~ 2 mm PR IR A S A 8 S5 2R TEAH OE(P<0.01) 5
HENM=FHYE <0.053 mm FERERA B D EHL
PR A E(P<0.01), 5 0.053 ~ 0.25 mm 544 il
T FLRME A (P<0.05) . HILATIL, YA LR
T<0.053 mm A Z A [7] i 1 SR A4 RN A A SR AR b 2 4
Tt e AR AR M S R 2R

3 ihie
3.1 £YBEYEEMELEMZETERSR pH
sp-A

AT 5 ¢ B EL it A 0 A HILAE 5 A A P it 4 Y
E LA IR AR TR, XS E A
FER—E, — TR A PUIEA B &5 A 5
AR BLSE, A T S MR A 2 5 1Y
Bty 53—y AR YA B AT LA 3% pH 4 T
P, AR T B SRR YIS P, T SRR E R
i 3E LA LR A A BB e S gy
R, 22 a A ZIEA UL, AEMS B i) Ak
BT SO A 5 i o AN SO S I AR A= AT HILAE Y
REASR G A —E, FFEAPREN], 2021 4E454b
SR AR R R S R R T 2020 4F, X AT RER
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_ T AT 2ogees T
X Ry2=0.23x. 5 ,,,~0.05 ‘G\ y > . L -0
st 40 - 7=0.909%* Yw \\V .';“f. Ry 25= =0.33%0,053-025 7047
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3 TIEFEZEIK MWD. GMD 1 R,,s 5B IR M RHE KM
Fig. 3 Relationship between MWD, GMD, R, s and aggregate composition
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FA B AT s RIS S 3 3 P AF (R SR B 9T &
B, it FF AR 00 ATLAES 8 94 Ak B8R T B it £ IS Ak 2
AN it A Ak B A AT L2 I8 i S A A A
A e, X AT BB R R A A LR e BLAL S AT HLAE A
TRERAE P SCEAE R, A= W0 HLIE Aty it FH A - 1980
A WAL T A BETR , R T 1 A W ) R R R
B, SRR 3 S PHs A S U P 35 0 Ak R
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