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Abstract: [ Objectives ] Excessive application of chemical fertilizers or unreasonable combined application of
chemical and organic fertilizers is a common practice in greenhouse vegetable production. Therefore, a fixed-site
greenhouse vegetable fertilization experiment was carried out to study effects of partial substitution of chemical
fertilizer with organic amendments on nutrient and soil microbial biomass carbon (MBC) and nitrogen (MBN)
distribution of soil aggregates in order to provide a scientific basis for high quality and efficient vegetable
production in greenhouse and fertilizer reduction. [ Methods ] The greenhouse field experiment was started in
2009, with 25% or 50% nitrogen of inorganic fertilizer replaced by nitrogen of corn straw or pig manure. Soil
samples were collected from each plot at 0—20 ¢cm depth during the uprooting stage of the 11th growing season
(winter-spring cucumber) in the sixth year. The distribution and stability of soil aggregates, nutrient and MBC
and MBN contents of soil aggregates were determined. [ Results ] 1) The predominant size fractions in
greenhouse vegetable soil were 250—1000 um fractions and > 2000 pum fractions, which accounted for 32.0%
and 38.4% on average by weight, respectively. Compared with 4/4CN treatment, organic amendments increased
the proportion of >250 um fractions. And soils amended with straw had a relatively large impact on the
distribution of soil aggregates, following with a significantly improvement in soil aggregate stability. The
MWD and GMD values in straw-treated soil were 6.1% and 11.2% higher than those in 4/4CN-treated soil,
respectively. 2) The organic carbon content in organic-amended soil (3/4CN + 1/4MN, 2/4CN + 2/4MN, 2/4CN +
1/4MN + 1/4SN, 2/4CN + 2/4SN) was much higher than that in the 4/4CN treatment with the increasing ranges
of 36.8%—-89.6%, 34.9%-100.3%, 29.5%—-69.2% and 21.7%—72.1% in < 250 um fractions, 250-1000 um
fractions, 1000-2000 um fractions and > 2000 um fractions, respectively, which was respectively averagely
increased by 69.8%, 76.6%, 56.9% and 49.2% compared with that of 4/4CN treatment. Actually, effects of the
organic amendments on soil organic carbon, total nitrogen, nitrate nitrogen and available phosphorus were
basically the same. 3) The organic carbon and total nitrogen in 250—-1000 pum fractions and > 2000 um fractions
were the main sources of the organic carbon and nitrogen in the soil, which accounted for 34.1% and 35.2% of
the total organic carbon stocks, and 34.0% and 36.4% of the total nitrogen stocks, respectively. 4) The content
of soil nitrate nitrogen was higher in 250—1000 pm fractions and 1000—2000 pm fractions than that in other
aggregate fractions. Soil readily available potassium, MBC and MBN contents increased with the increasing of
soil aggregate-size, whereas soil available phosphorus decreased with the increasing of soil aggregate-size.

[ Conclusions ] The predominant size fractions in greenhouse vegetable soil were 250-1000 um fractions and
> 2000 um fractions. And soil aggregate stability was significantly improved by partial substitution of chemical
fertilizer with straw. Partial substitution of chemical fertilizer with organic amendments increased the content
of organic carbon, total nitrogen, nitrate nitrogen and available phosphorus in soil aggregates. The organic
carbon and total nitrogen were mainly stored in 250—1000 um fractions and > 2000 pm fractions, while MBC
and MBN contents increased with the decreasing of soil aggregate-size.

Key words: greenhouse vegetable field; soil aggregate; microbial biomass carbon and nitrogen;
chemical fertilizer reduction
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Fig. 1 The distribution of soil aggregate-size fractions
under different fertilization modes
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Fig. 2 Mean weight diameter(MWD) and geometric mean diameter(GMD) of the soil aggregates
under different ferilization modes
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Table 1 Effects of different partial substitution of chemical fertilizer with organic amendments on soil nutrients
in the soil of different aggregate-size fractions
HiH hg A BRI Aggregate size Bt
Item Treatment 2000 um 2000~1000 pm 1000~250 pm <250 um Bulk soil
BHLEE (2/kg) 4/4CN 7.04+0.93 dB 7.88+0.57 cA 7.19+0.72dAB  6.49+0.7 dB 713+£049D
SOC 3/4CN + 1/4MN 8.56+0.39cC  1020+0.52bA 9.71+0.22cAB  8.89£0.53cBC  9.07+0.13C
2/4CN + 2/4AMN 9.90 +0.54 bB 12.7+0.46 aA 12.64 £ 0.43 bA 10.70 £ 0.59 bB 1197+ 032 B
2/4CN + 1/4AMN +
L/4SN 11.40 £ 0.84 aC 13.22+0.93aAB  13.87+1.07 abA 1231 +£0.88aBC  12.76 +£0.79 AB
2/4CN + 2/4SN 12.11 +£0.28 aB 13.32+1.01 aAB 1441 £0.78 aA 12.19+0.45 aB 13.09+0.22 A
P-4 Mean 10.12 B 11.60 A 11.46 A 9.80 B
A (g/kg) 4/4CN 0.87+0.09 dA 0.90 +0.02 dA 0.88 £ 0.06 cA 0.85+0.08 cA 0.88 +0.04 D
Total N 3/4CN + 1/4AMN 1.07+0.02 cB 1.13+0.02 cA 1.14 £ 0 bA 1.09 + 0.05 bAB 1.09£0.06 C
2/4CN + 2/4AMN 1.38 £ 0.07 aB 1.40 £ 0.04 aB 1.54+0.11 aA 1.37+0.07 aB 1.42+0.09 A
2/4CN + 1/4AMN +
1/4SN 1.25+0.10 abB 1.35+0.10abAB  1.47+0.10 aA 1.35+0.09 aAB 1.39+0.10 AB
2/4CN + 2/4SN 1.20+0.10 beB 1.31+0.09 bB 1.49+0.05 aA 1.31+0.02 aB 1.32+0.07B
S35 Mean 1.19 BC 1.30 A 1.22B 1.15C 0
WA 4/4CN 106.65+8.28 bA 10836 + 10.42 bA  104.66 £ 7.75 cA 92.4+9.89cB 105.09 +£10.03 B

NO,™-N (mg/kg)

B (mg/kg)
Available P

BT (mg/kg)
Available K

3/4CN + 1/4AMN

2/4CN + 2/4MN

2/4CN + 1/4MN +
1/4SN

2/4CN + 2/4SN
S Mean
4/4CN

3/4CN + 1/4MN

2/4CN + 2/4MN

2/4CN + 1/4AMN +
1/4SN

2/4CN + 2/4SN
F-#4 Mean
4/4CN

3/4CN + 1/4MN
2/4CN + 2/4MN

2/4CN + 1/4MN +
1/4SN

2/4CN + 2/4SN
SF-145 Mean

107.59 + 12.43 bB

109.39 + 10.89 bB

118.51 +£9.83 abA

127.29 £8.33 aB

106.1 C

32.43+£4.60 cC
49.13+391bC

60.82 +2.75 aC

46.02 +=4.46 bC

38.92+1.60 cC

83.1A

468.17 £35.15 aA
418.92 £ 11.95 bA

387.75 £ 28.09 bA

381.33 £ 12.57bA

114.23 £ 13.52 bA

114.00 £ 7.55 bAB

121.49 + 15.95 bA

139.86 + 8.90 aA

122.0 A

37.82+4.18 cC
53.68 +5.44 abC

61.48 £6.81 aC

49.22 +4.14bC

45.28 £ 6.13 beC

61.2B

445.00 £ 14.66 aB
411.58 £25.27 abA

388.00 £ 23.01 bcA

359.92 £ 13.18 cAB

290.75 +12.14 cAB 306.92 +22.81 dA

357.6 B

376.6 A

117.14 £ 14.31 bcA

116.28 £ 7.65 bcA

126.28 + 17.65 bA

145.49 £ 8.10 aA

119.6 A

454+0.12dB
67.45+4.19bB

77.04 +4.29 aB

61.41 +6.70 bcB

54.53+6.92 cB

49.5C

101.75+ 11.4 beC

102.12 £ 10.61 beC

108.94+11.14bB

125.26 £10.13 aB

1139B

69.91 £5.60 cA
88.27 £ 7.34 abA

100.24 £ 10.6 aA

80.28 £3.83 bcA

76.88 £9.47 bcA

455C

456.75 £23.67 aAB 424.17 +£19.63 aC

418.17 +£9.14 bA

357.58+12.91 cB

358.92+9.17 cAB

298.75 + 8.60 dA

383.8A

388.17 £ 2533 bA

352.50+ 18.01 cB

34583 +7.42¢cB

275.00 + 5.88 dB

3894 A

114.80 £ 15.61 B

114.56 £22.66 B

120.88 = 10.69 B

139.95+18.30 A

41.53+4.15D
63.01 +£1.56 B

79.19+6.45 A

60.71 +3.30B

50.71+£2.94 C

453.92 +£18.19 A
409.04 +£13.84 B

374.92+£2532C

376.17+£825C

296.67+5.99 D

1 (Note) : CN—ALAE%A Chemical fertilizer N; MN—J## % Pig manure N; SN—FEFFA Straw N [RIFEUE G A RI/NG 7R R —
LR AR AL Z R R E 2S5, FITA R KRS FREOR IR A MR R AR R Z A 22 5 B3 PHEEARR TS FRERRA
[RIA SRR . ARt AR 2 6] 25 5 i 3% (P < 0.05)., Different lowercase letters in the same column indicate significant differences among the
fertilization treatments and the capital letters in the same row indicate significant differences among soil fractions at the P < 0.05 level. The capital

letters after the mean in the same row or column indicate significant differences among soil fraction or fertilization treatments at the P < 0.05 level.
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S fie NE 1A LLEH, 250~1000 um, 1000~
2000 pm FAREFE VK. 2. HEATERES
T <250 um il > 2000 pm HRAK (P < 0.05), A[Aljii
JEARE 2 - 1 45 67 2 1T 2R A vl sl 5 o 2 3R IR A B
- P R AR EAR ARG RN FEAR . < 250 pm Fil 250~
1000 pwm AT R i AL ) 7% &= W 2 5 T 1000~
2000 pm I > 2000 pm HR A (P < 0.05), +HEHAL
B i 35 2R B M T - AT SR AR A ) e R A
I H. 250~1000 um. 1000~2000 pm FI > 2000 pum A1
AR h A A B R T < 250 um HIR(E
(P <0.05),

AR R A WLk BRI T, A 3
ATUE S, HIEAPK . 2R FE5 L 250~1000
um AR > 2000 pm A RA A, 555 510k T
TIEA LR 34.1% . 34.0% A A 35.2% .
36.4%, B EE THERHEARK (P<0.05, +
AN R 5 I ZR A % - 9 AT LRSI 4 AU o 1Y) BT
1k R BN A > 2000 pm, 250~1000 pm
1000~2000 um A EBIAF < 250 um HEBE, x5+
SN [ 0 P R AR (1) 4 A B A — B
2.3 BHE/MAEFERUEERX G E L IE
RAEMEYMERAIFN

AN [+ i A A% =X 3 2 i) = 9 A SR AR b it A )
W) oy A INIEL 4 T RLE W, fE &R A R Ak,
A HUIEAEF AN ) o 2 4 e T e e o
e, Horh DARCHERS AR I R Y s ik 5 i
FHXTHE R o 38 4/4CN BRIt A% 284X (3/4CN +

O <250 um

= 1000~250 um
100

80

=
o
b

%%

)
60 + P22

R
SIS
KRR

KK

L

%
ek

%

b
PR3]
40 | X

20

X EHEA PR TTER R (%)
Contribution rate to SOC
o

1/4AMN, 2/4CN + 2/4MN), BlitifsFFE (2/4CN +
1/AMN + 1/4SN, 2/4CN + 2/4SN) TE 44 25 141 B A o
Atk & 3 WG I (P < 0.05) (KR > 2000
pm A BIK), 78 <250 pm, 250~1000 um, 1000~
2000 um A1 > 2000 um F R F, 5 4/4CN #iHH
Ho, A HLIE/FSFFR AR AL IEAE SR (3/4CN + 1/4MN
2/4CN + 2/4MN . 2/4CN + 1/4MN + 1/4SN. 2/4CN +
2/4SN) 1 SR A Wy it ik & 5 A3 3G 9.6% ~
117.7%. 4.8%~141.4% . 10.8%~143.0% F1 10.1%~
62.3%, 43 HEHIEIN 63.6% . 67.5% . 69.0% Fl
35.9%; SHCiEM A (3/4CN + 1/4MN | 2/4CN +
2/4AMN) H L, BCHEFREFF#E (2/4CN + 1/4MN +
1/4SN | 2/4CN + 2/4SN) e A= 4y B b 5 B 43 1) 14
B 70.2%~98.6%. 50.8%~130.4% . 44.0%~
119.3% F1 6.9%~47.4%, 435 FH134/n 83.7% .
86.5%. 78.4% Fl 25.4%.

- 558 AT SR AR AR R /N ot 1A SR v A A e i 1)
SYAA RE R (B 4), AR IR Y
T 5 12 349 2 WL A ot - 398 1T SR AR T A8 ) i AT AR AT
£ <250 um, 250~1000 pm, 1000~2000 pm F1 >
2000 pm AR, IR Wy s ik i & 150 S 34
}196.9. 171.6, 159.3 F1 128.7 mg/kg, MK |-
B, HHOREDR A R AR 2 B R Py i 22
W3 (P <0.05), A[EDilMEA X £ 3em A 1 m ik &
TERI SRR 50 i A 22 5 (18] 4) 4/4CN BEUFID
i 2R (3/4CN + 1/4AMN |, 2/4CN + 2/4MN) 33
A Yy e it e e HHBRAE < 250 pum AR K, JF

@ 1000~2000 ym & > 2000 pm

100 F Q SN e\
=z % § \
2 N N
bR \ \ \

o L b 1 v
Bg 0rpm g oo
= = 16659 [0554 [ KX%H
= = [6535 KX K% [
e 0B EY ]
5 r
w2
- =
H =

s 20
'O

0
S
&
S
\b\
%

3 FERERER T SRR ARER IR 2 AR RS 5TH
Fig. 3 Contributing rates of different soil aggregates to SOC and TN of soil under different fertilization modes
[£ (Note) : CN—ALAEAL Chemical fertilizer N; MN—J&F$%( Pig manure N; SN—F5FT%( Straw N.]
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Fig. 4 Effects of different fertilization modes on microbial biomass carbon (MBC) and nitrogen (MBN)
in different soil aggregate-size fractions
[ (Note) : CN—FLAE%( Chemical fertilizer N; MN—}43%%( Pig manure N; SN—FEFF & Straw N; #_FASF/NG F-h: s 7] —kr 2 141 5
EARFEALBLE 2257 0, ARKRE PR AR A R 6] 22 5 2% (P < 0.05), Different lowercase letters indicate significant differences
among the fertilization treatments and different capital letters indicate significant differences among the aggregate-size fractions (P < 0.05).]

FL 5 T AR 9+ e AT R 1 (P < 0.05). BC it
FFEE (2/4CN + 1/4MN + 1/4SN, 2/4CN + 2/4SN) +
AR MR S AR > 2000 pum AR A

Kl 4 o, AS[R] it AEAR = b 55 ) - g8 A SR AR
AR A S . FEAS R R AR, A HLAL/
FEAPAL Y B 2 4 B3 E R A S, Pl
T it A5 AT A X R A W R R S AR A . TE <
250 um, 250~1000 um, 1000~2000 pm FI > 2000
um HIRKRA, 5 4/4CN BEAAE L, A PUIE/ASFR
FALNERE L (3/4CN + 1/4MN. 2/4CN + 2/4MN .
2/4CN + 1/4MN + 1/4SN., 2/4CN + 2/4SN) 1%k
WREASES M 32.2%~116.5% . 4.6%~
138.3%. 9.8%~37.9% HI 10.2%~61.5%, 5 F
W 75.6% . 67.1%. 67.1% F135.7%; SHECis%%E
FE (3/4CN + 1/4AMN, 2/4CN + 2/4MN) HLL, ot
FEFFRE (2/4CN + 1/4MN + 1/4SN, 2/4CN + 2/4SN)
T Y R S N 10.0%~63.8% . 47.9%~
127.7% . 43.5%~116.6% F1 11.2%~46.6%, 73
PIHain 33.6% . 83.3%. 76.8% Fil 27.6%. TE4%2% A
ik, 2/4CN + 2/4MN. 2/4CN + 1/4MN +
1/4SN F1 2/4CN + 2/4SN #i:0 HIEHAEY) = A S =K
4/4CN FExCH) B 1M (P < 0.05), 7E > 1000~2000
um F1 250~1000 pm AR R P, i 5 FF A X
(2/4CN + 1/AMN + 1/4SN, 2/4CN + 2/4SN) +Hef =
Yo A A T O A 2 (3/4CN +
1/4AMN. 2/4CN + 2/4MN) (P < 0.05),

- 35 A SR AR AR /N Kot 1A SR R A A e R

O R (B 4), AR R Y
R R BE A R R AR A R A, 3R]
BRI REZ A RA S REEREE (P<0.05),
7E <250 pm. 250~1000 pm. 1000~2000 pm Fl >
2000 pm PR, S8 Wi ) i o
9 53.6, 45.0, 41.1 131.7 mg/kg, FrA MiAERE
BILL <250 pm BIRE AR A S e, JEE
AR = T H GO R IR A e A S &,
FHE 1000~2000 um AT > 2000 pm AR {4

AN[EIRE Y I A SR ARG Py i i & L (MBC/MBN)
HASAE UL 5., MBC/MBN Jifi 1458 P B8 1A B A2 186 KT
HR, AR AR A Z )] MBC/MBN 22 5% i 3 (P <
0.05), # <250 pm AR, 250~1000 pm,
1000~2000 um F1 > 2000 um 4 %44 H MBC/MBN 43
B 7.20% . 9.10% H114.82%, {H 250~1000
um FRIAF 1000~2000 pm H1 214 2 [i] MBC/MBN
B REER.
3 it
3.1 TIEFARESAIBEM

- P TR B A &P A ) TS A
Z—, HR/INVHECERERE S H 3K . R SOR
IAEROL, 5 B R DIREA B YA, AL
e AT SRR A EE B A R, BRI A AU A A

IR B ) - S P SR SRR RE P B TR 3P,
WFFERW, KM A HUIE BE A% 42 v A AL &
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AR & . MBC/MBN
(3]

<250 250~1000 1000~2000 > 2000
R Kif% Aggregate size (um)

B 5 FENERARFHNENSHRALNTN
Fig. 5 Variation of soil microbial biomass carbon (MBC)
to soil microbial biomass nitrogen (MBN) ratios across
aggregate size
[FE (Note) : #E FAE/NG F-RERIRAE IR 22 53K P<0.05 W35
7K Different letters above the bars indicate siginificat differences at
P<0.05 level among the aggregate fractions.]

i, et R RAIE R e g e,

ARIGAF T 25 R R, A U/ FSFF AR AL AT A5
e BRI RAR LB, Rl E 250~1000 pm ]
RAKF > 2000 pm AR, 7 H B E RS AR
(2/4CN + 1/4MN + 1/4SN . 2/4CN + 2/4SN) % |41 544
OY AR LR . B AR T A, FEFFE &K
HARRE ., HIER. F4%, FHAYRS
HA TG 2, REATHEA 395 B AR i K R L
WL T, WNFE AT o e AR 2 . R A AR AL L
Jo T A 000 sh % i S o R A, 38 4 KA
AR BITE SR M = R I i, B A AT T T
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PR E PRI KRR A T2 AR ] 2 A DO S T SR - oK
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X T k3 R AE I RSCR EA . BFR R R R
[ A FF A AR R A5 R A 18 1 SR MRS e M LA A L
2l o0 B AR AR RRAE I R, RS FFA A R R £
G IUN SV IOPNZIE JUS -6l NI B iy g
(MWD) FISE¥ L B A2 (GMD) ¥ E 8T, 2 E
YR D ) G REAR I L Tt R A AT PR e
UIRTAN
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WA 0 5 R v K A SRR L ) PR SR AR A e . TR
R it 28 A 7 B R X A v ) S 2 AR R N A e
8, AT REIR . SRS, THELHWA T
B A IRl AR EE R4 ISR,
U, ARG SRS R m e, RN A

LR AR 6T 1 o AT 73 P i85 - HE 141 3R
A F LA > 2000 pm AR R FT 250~1000 pm
RIEKTE, BT HCBRE45351 00 38.4% 1 32.0% (4] 1),
O R R+ Tk pss R B, X< A [R] it AE
Qb B F KA AR HE AT A R AR, S5 R R AR
HEA AR LL 250~1000 pm ML ¥RigE, 1 < 250
pm RS R0 R IREIIE R a0 FEFT
FIRT A DL A DL RHESE 5 438 B A A - 45
ZilE N T S 1 T N - R NI - N
250~2000 pm 5 53~250 pm BRI, X AN [E]
AIF 9 235 S0 T LA R 30 S8 A SRR A1 15 0 5 R 58 4 —
B, X B R A7 A R AR S G T N 2
SR, FiAh, & HAE G (it AT R
55) g m + A R A e

32 HEAREKPFSTK

F 5% 2 A )2 -5 rh 90% 2247 B MLIR AR A E
F IR, fR s A R A2 AR,
PISRIE W B rh 27 A IR DL A 40 i o 520, A
RIREE KK, FHUIC/FEF R E RS2 i
S A R WU A2 A & i, AR L I 2548
1 A5 AR ORI A MU & i, DRI EELL 7 4R
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