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m OE PAFESES alf it 75 i 4% 5 2 07 bt I8 R 50 W AR HE, R0, 187.5. 375.0.
562.5 kg-hm™ (NO. N1, N2, N3) KASHHI (M: 75 000 kg-hm™) Fljiti (MNO, MNI .
MN2., MN3) 844 #E, BF5E T A [l i 20 B 000 5 45 HLIC B i &b 21+ 48 847 Bl ( Total organic
carbon, TOC ) FI/KiEIEA HLEK ( Water soluble organic carbon, WSOC ) &1 M HF w4345, 14
W/ Fa g5 55 4R Bk ( Humic acid carbon, HA-C ) & H iRk ( Fulvic acid carbon, FA-C) && . 4
W IR A3 A . 455 ERH . RHEAALFETOC, WSOC ., Fas SHIMRmk (HA,-C) ML 55 R
Wk (FA,-C) &Il bl + 2 RN 207 N s, M Z S S (HA-C) MM S & 1R
Wk (FA-C) & B BE -+ )2 TR N S 0e RN 5 G TRk, 5 200 BA e, 2R 58 HLE
B it b HEAA 480 ~ 50 cm +3ETOC, WSOC ., HA-C. FA,-CHIHA,-C & B4 T, HAR & i 5 4090 A
12.44% ~ 87.38% . 11.01% ~ 168.32% . 10.15% ~ 235.54% . 2.41% ~ 205.21%H13.42% ~ 92.61%; [a]i}
Wi ERE T0~20 cm+/ZHA/FAKRPQ (HA Y (HA+FA) WyLLH) (P <0.05) , ffi0~20 cm+ 2
HA,. HA,FIFA BJC/NILHE N, FARIC/NILEEA TR, HAMES/E, (TR K H465nm 166 5nmAb I fE
BIHAE ) F#AR, FARYE/EMGI . At 7 AR 355 H ARG 2 1, i 4ES aZUIR 54 HLAE L it A {3 k2%
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BET0~20 cm HEEAHLRECE, B A A TFARHARAL, {E3MRMIE RS B, JLH R4
TR P RS B, SR S AR &S B I Bk
XA Wi - 98 ELEENMNL s LSS TEIE T RS SE T, PQ
FESES S153.6 CRAFRIZAD
AR, FEREE SRR, 20164F FAGAMAZ LR NI50~1 200 tthm™2 '

Wi S A P A 2 35391.5 5 hm? Ll Tkt
7B A EW it 1011 U = T N = R AN W1 ) @ S WM E 2 il
Wherp, Wit e RS, . Btk . SRR
RPN i S e V7 B S ¢ aR =l = Bu w11 LE:
A A i, AL - A ) S — 25 e, AR —
FREE 2 TS AT sk R L LT
Wit g% =% A 7= Hh A ALAE it FH 2 LIRS 36 3, it it
7£30 ~ 120 t-hm™, fLALJGHE M3 ~ 4.5 t-hm™,

XTI TAWLME .. K. il @WE, #H. A
IR BRI, RIS A1 2 1A P it i S A 7 v IR R
i FAE O ( FhAEAEBR2 ~ 35 aR%E . +HEE M DIAR
B Lt AEm L oyE) HfTEE RN, Wit
AR HLAE I B 150 ¢hm™ (ARE R ) 40
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Xof 2 R it HE N R R B A T RS R
HAHEEZE L,

+ A BT A i R R AR AR, 2
R - AT F S ) A B TR O L I A
S A PTG A, X AL AT
HAgEEEm 7 . B80% (Humic acid, HA) &
- M AT R W BR P T, LA AL . 4 R AR I
(14725 A6 5 1 18 £ HE A0 446 IO 4 o 285 DDA O s LR
( Fulvic acid, FA) ZpFH/h. TEPER . AR
B, STHAMIE W S0 A BEAMEM . HA/FA
FLFIPQ (HA M (HA+FA) AL ) EiFAr + 18
B AR 45 (0 TR S A, L RE S e 1 b AR
JERAEJRAS, HAE MU B R & bk s,
Bty 0 LRI E Y R E/E, (HA (E(FA )
TEPE K R 465nmA1665nm Ak W' (1) FL AR ) W] iz i
IERF T G Y EE M TR RN,
EJEMUN, KR FRBBEMS, FHEZE T
WL, aEm, RZ, WIFEEM, N5
Z U R ERM, i BRI A AR 2 i b £
HUA LR i EUIE S A AL B T 3
A LR S IR - R A
U A WL BT M 45 2 T AR
ALk SR R AE Y R i T A
PQ ), e A TR AL A AL
JiE L UM S A R TG B A M 4 AN 4 v
HENE Sy, B R

AR, Wtk B A 0F T 25 A HILIE R it %
TR AR T R Y B R A

Joe 1 A TS A R R, R i A
HENE FE ) 2 Fe W, U S5 B i . 4
AN SE ", HEMX TESEMALS
A B TC 8 %ok S8 0 B85 L 4 i . LR % G )
SR SR o4 B Z R A BIRFFE R . R, AR
48 3T T AR VN B S8 A 7 PP it A LA A
BOBRAR , LLELES alSohts 7 5 B B 5 57 b A 1 ) 3t
B RHFT, BRI AE AU . US4 HUIE e it %+
SRR 25 RN R 235 25 5 B T LA e o kL AL L]
62 RGBT A3 GBI, RS 45 S 1T R kit
RS 7 R N0 . A WLAE A T e A 4R
HHEES %,

1 MRSk

1.1 e EKIFR

T B0 7E T PH AR Ol K 2 3% it 2R 7 3 56 S b E
1o B HH T20 1248 A pUfl 1, 47 A i
A a5 o PR T b R ) b IR S L 4
e 2s . AL, BTF20124E 20134 F R
i EA A A 2% (22 500 kg-hm ™, B LU
TR, AHLR189.6 g-kg™'. %A 18.4 g-kg ™',
C/NK10.3) FEHANGE (37 500 kg-hm™>, &
& LT, AHLE217.0 g-kg™'. 2A31.0
g-kg™', C/NNT.0, BAERS.T mg-kg™ . AR
3.3 mg-kg™') VASEATIERE M S B AR . AR
FEdgE . 201240 45 2 4% b iy 4 48 3L AR B Ak % T
1.

F1 2012550 2 BT HIRIBL I R

Table 1 The Physical — chemical properties of soil before trial in 2012

+J= AL o Bl A A Rk oell LA W
Soil layer  Organic matter Total N Alkaline N Total P Available P Total K Available K pH Soil bulk density
/em Ngkg)  Ngkgh) Mmgkg)  Agkg)  Amgkg)  Agkg)  Amgkg?) /(g-em™)
0~10 25.2 2.1 58.5 0.8 13.5 19.3 29.7 7.1 1.3
10 ~20 8.4 1.2 53.2 0.7 11.3 18.5 42.5 7.0 1.6
20 ~40 9.8 1.5 34.2 0.4 8.5 18.6 35.5 7.0 1.8
40 ~ 60 12.0 1.5 26.6 0.3 9.2 17.2 63.3 7.0 1.9

1.2 Rt
SE 07 i AT FH [R] 258 T° 201 34F TT If i 22 5 it
L5452 i 7 A e IR 0 A 5 R

A TR R ZH ) BT oY A5 R, R W R R B A
MLAC & fifb 2 &0 . B A R & . A 0F5T
PES AL B, 433 ANO. N1, N2, N3, MNO.
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MNI. MN2, MN3, HFNO, N1, N2. N3N
RALFE A R M0, 187.5, 375.0F1562.5
kg-hm™; MNO, MN1, MN2FIMN3 A A 54
FLAEBC B AL BE, A HLAE (X2E) i EAHE, A
75 000 kg-hm™, NO, NI, N2FIN34&bHjifi & & &
AT AR R] 84~ &b By H 45 s Wi ( P,05°4225.0
kg-hm™) FIAPAE (K,04450.0 kg-hm™) . £ HL
NEAE R BNE S A ot s %, K5 AN R HFBIZ915 ~ 20
cm, ZEBBEAL . 1/3 AN/ 38R AR R AR E A
2/3FMEA23HNE 43 5 To — AR A = (=) &
SR KA 4320k SEAT I E B Bt L R UG it A [R]
FAEHALHES) , 3R EE . AL FEE 60 cmiE
R TT, B— A H/NXE 3.8 m®. A Ab P
RAEAPUERA . B, PPRHEME . BAERRE
VeV W BERER A, HAHR” &N 6 000 ~8 000
kg-hm™,

T T RAFE4AH DT A E A, 8H B RIS
AR R A 3R PR ) o B — A L A 24 4%
Fom (2013—2014%4, R0 3L, Bk
AN 2015—20174F, B0k 4REAE
PR AN ) o S BRAE T IR R B HE 2 K,
G JE R R G AT, B3 ~ S R—IK,
R4 2 B i R M A s sk It d AT HE K HE R,
Mk it (REKEERI TR ) S35 kPalif JF iR
HEK 45 il A &b B 8E E BUMH ), AR SF- 34943
m’-hm ™, BRI B L O 5, F A R
REHIA], RRAF LR A5 A B il ™ 1t o
1.3 TEMHEERE

AWFSE R FHZESES ase v it A FH A] 56 4 A
iho T20174E9 HWIdkAT RE, &/NXIE “S” B
BEALA S5, [Fl— 2SS BRRR A — AR
BREE)E N0 ~10 cm. 10~20 cm. 20 ~30 cm.
30 ~40 cm, 40 ~50 cm, REMEEZKT . B
J# . 3260 H i 5 £
1.4 MEmMBRFGE

R AR P S e BRI A R, R S
B s Y R (HA) MR R
(FA) . FHH0.25 mmfimy KT+, Az
MK (4 :K=1:10) 70 CEHHIEL h, &
O, Uk, URW ROKEEY T ( Water soluble
substance, WSS) . [M#&E&E T IMAO0.1 mol-L™
NaOH ( + : WM T = 10) 4R EWA 45 45 1 58

(HE,) , 4k&Eim F 458 FimA0.1 mol-L™
NaOHA10.1 mol-L™' Na,P,0,-10H,0 ( £ : # K
1:10) SRS (HE,) o WA B
(HE,) 30 mL, fiiA1 mol-L™' H,SO, 4 HpH &
1.0 ~ 1.5, KHETF70 CABHPHIELS h, #
ER, RHE R ESS, R A S
W MR (Loosely combined fulvic acid, FA,) ,
JEAR 3R E R A (60 °C) 110.05 mol-L™' NaOH
B, JFMHEESR, B85 SSAEIR (Loosely
combined humic acid, HA,) ; fagh &S0 #iR
( Stably combined humic acid, HA,) FIfg5A5 &
HJR ( Stably combined fulvic acid, FA,) 73E )T
I . WA/ RS SR S BRI pH 7.0
JE 00

+HERSH YLK ( Total organic carbon, TOC )
S RMILE ML (Elementar Vario EL I, 7
[E ) i, WSOC., HA,-C. FA,-C. HA,-C.
FA,-CH¥JFHTOC4 #7141 ( Phoenix-8000, Tekmar-
Dohrmann, & ) W, 455 4 40 53 1ok
2EPETR AT IO e (N2ST] L3S E BTt
i) M, DGR EE(EE,MEGR R o
1.5 HELES S0

ffi HHExcel 2010f10Origin 8.5%k 4% il &
*, fEAISPSS 22 08K fF o Kot fdE XS
(Duncan ) E#F T2 R, ToHR IR UL IH 1 56 44
P 34 R 3k I

2z R

2.1 TESBENKRMKIHEENKRSERIESH

A L (A) AT AT, AR5 A HLIE B it Ab 2R A 4
TOCE H Y T AL, 760 ~20 cm + 2 H A&
Wme ¥ (P <0.05) ; MR ETOCHE
HoN7.70 ~13.30 g-kg™', MFELTZE, A EXTTOC
FREWALE, f£0~20 cmt )2, TOCHHEY
HINI>N3>N2>N0; AAL 5 A YL R AL B TOC &
HHN9.71 ~23.20 g-kg™', AL HEALAEO ~ 10 cm
+ 2B EE T A VAR, it 8 X TOC & &
AR E (P>0.05) . MRGALNG T, &
HAYER AL FETOC & it B it AN A g = 1T
12.44% ~ 87.38%, B TOCH &b+ 2
TREE B IMIR SL B e s, (RIS A HLUIL B i
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AEFITOCEH BTE20 ~ 30 em T+ 2P FHERPIE ., M
R L, Bt 0N Ak B RN EUIE 5 A AT I it Ak B3 5
PINTHIMN AL BRTOC & & e i o

M LB RN, it AT FLAE B 2 3 i T wWSsoC
TE, fE0~30 emtJE, TEHAVILLAHWSOCTE
TS T AL (P<0.05) , STOCH i
FHEL, WSOCHHA M TR shkas . Hji A0 b3
WSOCEH°40.08 ~ 0.14 g-kg™, TEA[a]EE LT,

{UN3AEFEWSOCHH7E0 ~ 10 em + )2 % 7 TNI
b (P<0.05) , BRN1ALEESL, HAbAABEWSOCHE
HETEO ~ 30 em )2 ¥ Bl 2 B BE B T 980 5
Jiti A HLIE AR BFEWSOC & & 40.10 ~ 0.25 g-kg ™',
A AT, SHREEEAEME, JIES
A ALAE B it b #W SOC 7 2 55 Uit AU A FE R v T
11.01% ~ 168.32%, #AbBEWSOC T = HIKE 1 2R E
HEINBEEAT, 5 HTOC S 35 A A — 2.

BABLBE Total organic carbon/ (g-kg™)

0 7 14 21 28 7 14 21 28 7 14 21 28 7 14 21 28
: . 'd@ : »/l'<b : : c@' v 'cdvékl /:"ra : 'cdﬁ,f\" .
EQ 0 bkj__'ﬂ A bQ —@— a bﬂ‘ﬁ': A a b’ﬁ&/*a
3 b M ab ab G-@7a ab £+4ab b kT a
230 s - IV Ry
I bl:'.ab abO® a b Lk a ab‘ﬁ'*‘ab
H 50} - - - (A)

KPR Water soluble organic carbon/ (g-kg™)

0.07 0.14 021 028

0.07 0.14 021 028

0.07 0.14 021 028 0.07 0.14 021 028

= t bei HlHa cd H@-a bc Ly A a brk+ HkHa
5 10f i / o | - o4 - g |

2 [ b m a b /‘a brA~ a b Hir nlha

2 20} B = : - J - ;

3 . b-H f/a bO ®a by /La b»—s:;—q —k—a

3 ol abcH::H—I—«ab c(")b—/Q—iabc : bcz'ﬁs /ma crs:k/*—iabc

I b abemab ab ©-@—ab L bl Aa ab ¢ ab

H S0 - - - (B)

-O- NO —m-MNO

- O- Nl -@-MNI

-AA- N2 —A-MN2 - ¥%- N3 —&-MN3

. NO, NI, N2, N3Nz, "EME5% N0, 187.5, 375.0, 562.5 kg-hm™; MNO, MN1, MN2., MN3 N %&AE54 KL
MERC AL B, Hh M HUIE (93¢) . M AH75 000 kg-hm™ (LLF3EEF) , NO. NI, N2, N3yidliht, %% M5 6w
[dle AF/NG FREF M L 2R FE A 22 5 82 (P <0.05) . R Note: NO, N1, N2 and N3 stands for treatment applied with
0 kg-hm™, 187.5 kg-hm™, 375.0 kg-hm™ and 562.5 kg-hm™ N fertilizer, respectively; MNO, MN1, MN2 and MN3 stands for treatment
applied with nitrogen fertilizer (0 kg-hm™>, 187.5 kg-hm™, 375.0 kg-hm™ and 562.5 kg-hm™) plus organic manure (75 000 kg-hm™ dry
mass of chicken droppings), respectively. Different lowercase letters in the same column of soil layer mean statistically significant
difference at 0.05 level. The same below
AT AN [ ot A A P 4 S AT BILB RV AT BB 75

Fig. 1 Contents of total organic carbon and water soluble organic carbon in the soil relative to treatment

2.2 TEMESHRBRNEERRKRSENRIIESS
it A WL AL B+ SEHA -CHIFA -CH B4 & T
P A ACALBE, 7E0 ~ 20 cmA140 ~ 50 cm b2,
HERHEES THREATLHE (P<0.05) (K
2) o W2, HiEANEAIEHA, -C& &N
0.51 ~1.53 g-kg™', i HHETOCHI4.97% ~ 13.97%;
F0~10 cmt )2, HA,-CH & N3 > N2 >
N1 > NO, &bz bz RE (P<0.05) ,
HEETNOHHA -CHESR/D, RESH
MLAL B it 4 BEHA -C &5 8 H1.07 ~ 3.64 g-kg ™',

i FHETOCHY9.03% ~ 17.87%, 160 ~20 cm+
2, MAAFHA,-CH & 8% 5 T A YR 4
M, AR EZmEREE (P <0.05) , M
WA AT, RIS A HUE R BEHA -C & &
AP R B AL AR T 10.15% ~ 235.54% , ik
b, AT AR BEHA - C 5 o ) e A S AR — B
Y A 2 R B A B R R BRI B, &b
FEHA -CEHETELI0~20 em+ 2 A& E, A5
A AILAE L it Ak BRI 57620 ~ 30 em 2 N R
iR
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B2 (B) T WL, MG AR FLFA,-C
FHN0.38~1.27 g-kg™ ', HEHETOCH
3.23% ~13.73%, 1E0 ~10 cm#140 ~ 50 cm )2,
Jifi A XTFA-CE Mm% (P < 0.05) ; &AM
A VURAEALL FEFA -CEH o111 ~ 1.78 g'kg ™,
b IETOCHS5.44% ~ 12.65% , Jiti & Ak AL 78
0~10 ecm+ 28 #Fm FHGEAVLEAR, Hitx

HXTFA-CH MR E (P <0.05) ; %A
ZIET, FIESAHULE AL BEFA, - C 7 i it
AP PR = T2.41% ~205.21% ., Mtk b, ITE
AEFRFA ,-C 5 i B - J2 R B 1 185 o Rk 522 S 38 o
JE ARG %, i AL AL FEFA -C & 5 7E40 ~ 50
embJZ TRV, MHAYUICLEIFA,-CH &1L
10 ~20 em+ )2 A i .

MAEEAFREIRIK Loosely combined humic acid carbon/ (g-kg™)

09 18 27 3.6

09 18 27 3.6

09 18 27 36

09 18 27 36

o ' L cdx  akab :
§ 0 _gd“@ {»mb ] f?{‘o ’{o ] ;"A+ F\‘fb ! di *{*d
- c a I C c é
2 20 L i / [ ; / - A/A i 1 /
S ol bw,E—'.—'ab i ab@—/Q—*ab r ab m ab [ ab e '—/*—'d
B ol ABa a 6@ —a F adka afeA—ia
I lerd vmbab bed-@-ab e/ A ab et * a
+H 50.— + C - (A)
MEEAE BB Lossely combined fulvic acid carbon/ (g-kg™)
0 05 10 15 20 05 10 15 20 05 10 15 20 05 10 15 20
— . o : A Y
E 10 L - | _d@___\ O\ i c A& i bﬁ:‘*d\
= 00 ¢ b cO ®ab | ¢y iab c¥t #ea
g 20t s - L/ r Wé r e
3 30f a_{a a'('lbia H aﬁ.i/‘ra dr#—qd
m_ facr” Wa c@ r@ia L e Aa b¥é Kk a o
+H S0 - - - ®)

- O- NO —m-MNO
&2

-O-Nl -@-MNI

- - N2 —A-MN2

A T it S Ak 2 - S A 445 2 R A i LR R

Fig. 2 Contents of soil loosely combined humic acid and fulvic acid carbon in the soil relative to treatment

- %%- N3 —%—MN3

23 T ERESHHBANEERKSERIE

oKl

fits AT HLAE B B 38 0 T 4 £ )2 HA,-C & i,
H, 7£0~20 cmAl140~50 cm+ )2, H&EDY
BER T HRMEANCAR (P <0.05) (KE3A)) .
it AL FEHA,-C & & 0.58 ~ 1.56 g-kg™', i
+IETOCH6.81% ~ 11.70%, N1AHHA,-C& =
160 ~ 20 em 12 B 3 & T HABAL I (P < 0.05) ;
ENE S AH VLB MG AL B HA,-C & H80.77 ~ 2.08
g-kg™', HHIETOCHI6.46% ~9.08%, i & AbFEAV
FEO ~ 10 cm b 2 i T 5l A7 ML AL 28, it 280 4
HA,-CHF®EEMARE (P> 0.05) ; HHFEHERS
T, ZES5A VLB BEHA,-C 7 i 55 5t A
JEALFRAR T 3.42% ~92.61% ., 1E0 ~30 cm+ )2
L BT A AR BRHA,-C 1 2 3 Bl - J2 B i 15 i i
WA

0 ~10 cmtJZ2H, MNOMMN 14k 2 [y

FA,-CE & B EMTNOMNILI (P <0.05) ,
MMN2HMN3 L FEFA,-C & 8 52w TN2 A
N34H (P <0.05) ; f£10~40 cm T2, %
WEFEFA,-C b A (EI3(B)) . HiiA
fEABRFA,-C& & 80.41 ~1.13 g-kg™', &+
TOCHI4.48% ~ 9.45% , FAE5 A HLIEBL i 4b P
FA,-C&H4H0.46~1.02 g-kg™', & HIHETOCH)
3.22% ~ 4.88% . KALFFA,-CE=I47E0 ~ 30 cm+
JZE AR, MTE30 ~50 ecm+ 2 FREZEE .

ST, 4% i B kb T RS 45 25 06 Al R 4 40
(HAFIFA ) & & R TOCH gl K F i s &
JERE A (HAFIFA) |, X —Z5 R ULIES:ES alll
V) 5 A7 it AL P 152 it 4 49 B 5 S 41 7 ( HAFIFA ) LA
FAZEA N F, AANE 54 HUAE BC i AR o T Fa2h 38
Ho e AR
2.4 TIEPHE/EEER (HA/FA) EERPQ

AR FHA/FALFIPQLEOD ~ 20 cm + JZ4F
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AL BRI Stably combined humic acid carbon/ (g-kg™)

0 0.6 12 1.8 24 0.6 12 1.8 24 0.6 12 1.8 24 0.6 12 1.8 24
: 10. T CIIIHI-E) T T B oA .cfm. 7N T c*}fi‘l n
5 _t = ab L deO_@7 of b ATd f# ibc
2 20k L 7 B
S a@lﬁfﬂi -amﬁﬁ/ [ 2kT) aw*él
= 30} \ - 1 AL
= s bEPI-id - b!j.‘ib b b b‘ﬂ*—!b
5 [ooala [ ba@a by iea [ bt

FREAE iRk Stably combined fulvic acid carbon/ (g-kg™)

0 03 06 09 12 03 06 09 12 03 06 09 12 03 06 09 12
g 1ol ' 'c/.'_,Dalla L ce O “cAx b ' 'cﬁlwat')
g 5[ abc ab [ abc "@fé i bcéﬁr abc i c ﬁ* be
2 [ b®Ha [ ab @%ab - db*l‘fdb ! db*db
B sl abfilHa - db@db - bﬁkdb i bﬁwdb
5 [ abmab C ab@®@ab ! abzG‘r a b b

50 r i B)

- [OJ-NO —E-MNO - (O-N1I -@-MNI -A-N2 —A—-MN2 - ¥%¢-N3 —%—-MN3
PR3 AR A - RS 5 Y o L & B
Fig. 3 Contents of soil stably combined humic acid and fulvic acid carbon in the soil relative to treatment
e (F£2, 0~20 cm$¥5) . HIESAHA  HA,. FAFIHA,KC/NHLHA FrEhn, 7£0~10 cm

Jc it B E 3R = 70 ~20 em T /ZHA,/FA,. HA,/FA,
FIHA/FALL (P<0.05) . NIZLEEHA,/FA, FIHA/
FALLTEO ~ 10 em )23 5k 35 i T Il 50t 260 A Ach 34
(P<0.05) ; AMSAYALEEALFEHA /FA, .
HA,/FA,FfTHA/FALTEO ~ 10 cm+ )2 B & /= T84
Jits A AL &b B it X HAL/FA, EE B2 i i 3
(P<0.05) .

A5 A P B 2 F 25 T0~20 emt )2
PQ,. PQ,MIPQ (P < 0.05) , i EHE40~50
em+tJZPQ, (P < 0.05) . N14HIPQ,. PQ,FPQ
To ~ 10 em 2 B35 T HAL PR A NC L, Hi

BEXPQ, M (P <0.05) ; ZALS5AVLAE

@EE@LI;'%PQ]\ PQ,FIPQ7E0 ~ 10 cm T2 B E & T
Pt FLAC AL FE,  FUt A AT PQ s i (P
<0.05) .

MR, 5Hia e, FE S PR R
BFEIRE T0~20 cmtJZHA /FA,. HA/FA,. HA/
FAILFIPQ,. PQ,. PQ, HUMN AbH# SHK N
iR
2.5 TIEBEKRESTHIC/NEE RE,/E,

138 C/N Fb BB 5 5t 45 41 43 C/N LG FIE /E (45
RUFEIFR (0~20 ecomBdl ) o 5 At 2008 Ab B
AL, A5 A PUIE B i A 3 4 C/N LI A T
W s T 5 I 4H 2 T R FAL B C/N LG g A B AR 4b

+ )2, MNALFEHA, . FA FIHA, B C/N 3N 2%
(P<0.05) , fHHA FIHA,)C/N L E K TFA
FA,MIC/NE . SR F, 55l E AL, 2
S5AHUIER A HA, . FA, FIHA,B C/N 8,
FA,IC/NEL T [

AN [R) Ak B8 5 S 41 43 I E W/ E 25 - #E0 ~ 10 cm
TEERIHE ., SREAELHEML, RIESA
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FA, FIFA,JIE/JEA BTG fin, HFA FIFA,HE,/E
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Table 2 HA/FA and PQ value of the soil humus in the soil relative to treatment
12 b ¥ HA/FA PQ

Soil depth Treatment HA,/FA, HA,/FA, HA/FA PQ, PQ, PQ
0~10cm NO 1.38bc 1.22¢ 1.27d 0.58¢ 0.55f 0.56¢
N1 1.89a 1.40d 1.54c 0.65a 0.58d 0.61b
N2 1.22¢ 1.28de 1.25d 0.55¢ 0.56ef 0.56¢
N3 1.32¢ 1.35de 1.33d 0.57c 0.57de 0.57c
MNO 1.62b 1.70¢ 1.66¢ 0.62b 0.63c 0.62b
MNI1 1.89a 2.44a 2.10a 0.65a 0.71a 0.68a
MN2 1.96a 2.18b 2.05ab 0.66a 0.69b 0.67a
MN3 2.02a 1.77¢ 1.91b 0.67a 0.64c 0.66a
10 ~20 cm NO 0.86d 1.35d 1.05d 0.46¢ 0.57d 0.51d
N1 1.09cd 1.57¢ 1.26¢ 0.52bc 0.61c 0.56¢
N2 1.00cd 1.57c 1.20cd 0.50bc 0.61c 0.55¢
N3 1.19¢ 1.66¢ 1.33c 0.54b 0.62c 0.57c
MNO 1.77ab 2.15a 1.89ab 0.64a 0.68a 0.65ab
MNI1 2.06a 2.15a 2.08a 0.67a 0.68a 0.68a
MN2 1.74b 1.82b 1.77b 0.64a 0.65b 0.64b
MN3 2.01ab 2.15a 2.05a 0.67a 0.68a 0.67a

TE: HA/FA: WIRRARS & BRI LL; PQ: WMLV HR U ST (HA+FA) T I LLM; HA FIFA, . FASSEHI IR A
B HARIFA,: RagiSWIBMAE Bk, ARG FRERRAIF L2 AR HE 22572 B3 (P < 0.05) . FIF Note: HA/FA:

The ratio of humic acid and fulvic acid carbon; PQ: The ratio of humic acid proportion in ex-tractable humus (HA+FA); HA, and FA:

Loosely combined humic acid and fulvic acid; HA, and FA,: Stably combined humic acid and fulvic acid. Different lowercase letters in

the same column of soil layer mean statistically significant difference at 0.05 level. The same below

JE 576 MUY T i 147 Sk 3 2 e - K A MLk &
B U0 X LIRS R ], A LR S
B B e T S N % 2 5 HLK S R A
T 2 TR A ELE3 afty e i AT R B S
RAE S AP ECE BF4m T R A &R, B
it 6 0 A MR S RS R B L A HE
FEIELES ar MBI B 5 R 5 Z ML, 5 it
A, ZAESAEVUER G T0~50 cm+
ZHIEA MRS E, HAEO0 ~20 cm 21N B %
(P<0.05), RICS5AHICHELIEO ~ 10 cm +
AT AL & i W TR A MUIC AL B, &b B 1
S LB B e X B A 2 R B (3G I AR S 2 T B
R, SAbHEZ R 22 AN (EI1A)) , X5
2L (BT REgy R B L WA, ARFEh, 5
Huit ZEAH B, A ALIE . R/UIE S HUIE B i 2
FEHOMT0~30 em )2 HHUKBEHA VLIRS & 7
0~50 cm T2, THEKEEADLOK S & HE R

BERIG NG TR S, AR A 2 18] 22 57 A 3%
(E1B)) o« X—ERUBERIT AT, mT
B PN B P 25 0 s e W ) S ERE, fe kT
A PUIERH O 150 i S FC i R kRS, BUEESES a
FIES A UL ECHEASGE N T A VLR AR, B
T RHOKEEA PR AR, JF BEZES alii ]
A UL A AL 814 - e AT LA & i A A
BRA PR AW, X — 2P B 4
IKIEVEAT AL & B BLBR Y L B ARAR N, HE X
TIRIESH L A IR U R B AL AR AR
j( [26] .
3.2 ARESANMERENRETREERETS

BERHESMHEHFE

TR T LARAGE & SR A S A, o,
IAEEZS IO T MRS . RPN 4k L WS IAN
KAt A HLIE, AT 32 g 5 0 b e s 2 (s
55 ) JRE TS R, M E AR R s (R
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Table 3 C/N and ratio of absorbance at 465nm (E,) and 665nm (E,) wavelengths of the humic acid (fulvic acid) in the soil relative to

treatment
42 b C/N E./E,

Soil depth Treatment  TOC/TN  HA, FA, HA, FA, HA, FA, HA, FA,
0~10cm NO 9.60a 5.07¢ 5.99b 10.09¢ 12.04a 6.32bc 6.50d 4.63a  13.83de
N1 9.14ab 8.53b 5.41b 13.00b 11.69a 6.65bc  10.67cd  4.66a 10.18¢
N2 9.37a 9.37ab  9.81a 11.01c 9.34bc 7.34ab 8.82d 4.56a 19.17¢
N3 8.32ab  11.31ab  10.43a  10.0lc  9.84abc 7.91a  14.33bc  4.59a 28.39b
MNO 8.54ab  12.25a  10.46a  10.81c 8.04c 5.20d 8.54d 4.46a  15.94cd
MN1 8.53ab  11.82a  10.35a  15.22a 8.91bc 6.31bc  15.67b 3.28b  14.25de
MN2 8.43ab  11.31ab  10.88a  13.84ab  10.63ab 6.22¢ 18.83b 4.34a 37.89a
MN3 7.34b 12.46a  10.50a  14.82ab  10.28ab 6.32bc  23.33a 4.38a 40.67a
10 ~ 20 cm NO 10.03a  13.92cd  12.85b  16.33d 14.40a 6.58ab 7.56b 4.40a 13.44b
N1 9.36ab  12.85d 14.34ab  16.48d 13.97a 6.92a 8.33b 4.29ab  13.61b
N2 9.70ab  15.08cd 14.02ab  17.84c  12.78abc 6.49ab  10.36b  4.35ab  11.67b
N3 8.74ab  15.08cd 14.17ab  17.91c  12.73abc 6.82a 10.36b  4.37ab  11.09b
MNO 8.90ab  27.58a  14.49ab  20.21a 11.91bc 6.26b 20.67a 4.07b 22.42a
MNI1 8.79ab  16.19c  14.79a  17.22cd  13.39ab 6.30b 22.50a  4.20ab  14.56b
MN2 8.63ab  19.94b  14.25ab  18.07c  13.24abc 6.47ab  12.58b  4.13ab  14.72b
MN3 7.63b  17.03bc l14.11ab  19.12b 11.53¢ 6.47ab  11.68b  4.22ab  12.31b

H: TOC/TN: B ML 2% 1) tENote: TOC/TN: The ratio of total organic carbon and total nitrogen
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Effect of Combined Application of Nitrogen Fertilizer and Organic Manure on
Soil Humus Composition in Greenhouse

SUN Ying HOU Wei CHI Meijing YU Na FAN Qingfeng ZOU Hongtao ZHANG Yuling'
( College of Land and Environment, Shenyang Agricultural University; Key Laboratory of Arable Land Conservation ( Northeast

China ) , Ministry of Agriculture; National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources ,

Shenyang 110866, China )

Abstract [ Objective ] Composition and component ratio of soil humus are important indicators for
assessing soil organic carbon quality, and also have important influences on soil structure and quality. Soil
humus varies in combination form and hence in effect on soil structure and soil fertility as well. Therefore,
it is of great significance to rational fertilization in facilitated vegetable production to study effect of
application of nitrogen(N) fertilizer and organic manure on component contents, composition and profile
distribution of soil humus under greenhouse. [ Method ] For this study a field fertilization experiment was
conducted in a greenhouse growing tomato for five consecutive years. The experiment was designed to
have four treatments (NO, N1, N2 and N3) of applying merely N fertilizer at a rate of 0, 187.5, 375.0, and
562.5 kg-hm™, respectively, and four (MNO, MN1, MN2 and MN3) combined application of N fertilizer and
organic manure that is, each of the four N treatments coupled with organic manure (M: 75 000 kg-hm™).
Total organic carbon (TOC), water soluble organic carbon (WSOC), soil loosely and stably combined
humic acid carbon (HA-C) and fulvic acid carbon (FA-C) in all the eight treatments were monitored for
content, composition and profile distribution in the greenhouse soil. Soil water soluble substance (WSS),
loosely combined humus and stably combined humus were extracted with Fu Jiping, soil humic acid (HA)
and fulvic acid (FA) separated with the modified humus component method, and organic carbon content of
each determined. [ Result] In all fertilization treatments, the contents of TOC, WSOC, stably combined
humic acid carbon (HA,-C) and fulvic acid carbon (FA,-C) gradually decreased with soil depth, whereas
the contents of loosely combined humic acid carbon (HA,-C) and fulvic acid carbon (FA,-C) increased first
and then decreased with soil depth. But the contents of soil TOC, WSOC and humus components were the
highest in the 0 ~ 20 cm soil layer. Compared with application of mere N fertilizer, combined fertilization
increased the content of TOC, WSOC, HA,-C, FA,-C and HA,-C by 12.44% ~ 87.38%, 11.01% ~ 168.32%,
10.15% ~ 235.54%, 2.41% ~ 205.21% and 3.42% ~ 92.61%, respectively, in the 0 ~ 50 cm soil layer. The
effect was especially significant for TOC, WSOC, HA,-C, FA,-C and HA,-C in the 0 ~ 20 cm soil layer (P <
0.05) and for HA,-C, FA,-C and HA,-C in the 40 ~ 50 cm soil layer (P < 0.05). Combined fertilization also
significantly improved the ratio of HA,/FA,, HA,/FA,, and HA/FA and PQ, (HA,-C/(HA,-C+ FA,-C)), PQ,
(HA,-C/(HA,-C+ FA,-C)), and PQ (HA-C/(HA-C+ FA-C)) in the 0 ~ 20 cm soil layer (P < 0.05), increased
the C/N ratios of HA |, HA, and FA,, but slightly decreased that of FA, in the 0 ~ 20 cm soil layer. Besides,
combined fertilization also decreased E,/E, (The ratio of absorbance at 465 nm and 665 nm wavelengths) of
the soil HA, but increased E,/E, of the soil FA. [ Conclusion ] Under the conditions of tomato cultivation in
the greenhouse, combined fertilization for 5 consecutive years not only significantly increases the amount of
soil organic carbon in the 0 ~ 20 cm soil layer, but also helps FA transform to HA, promotes formation and

accumulation of humic acid, especially loosely combined humic acid, and consequently improves quality of
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the soil organic carbon significantly. It is, therefore, concluded that combined application of 187.5 kg-hm™
N fertilizer and 75 000 kg-hm™ organic manure is the best option to improve quantity and quality of soil
organic carbon.

Key words Greenhouse soil; Consecutive stationary fertilization; Loosely combined humus; Stably

combined humus; PQ
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