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AR + A TSGR R R A B
REE HAE EFE OB R DHEE EEY HKEW

(1 H R RN e AR 55 KRBT, =0 730070)
2 Hlr R R2EFER SRR 24BE, =M 730070)

M OE CAEVIAFRAEIYR LEIEIOSOR, WidiEs 7 o MR, MR T R
(CK) . {UtE LIt s (NP) . 70%NP+4F3 (NF) . 70%NP+§43¢ (ZF) . 70%NP+3%3% (JF) . 70%NP+
B (ZZ) . T0%NP+EHE (JZ) F1 70%NP+/5 (WN ) X5 4 25 5 25 i 0 I S LA v s o 2551
T, WA WL A LR B B R RO B (CKO) AR BEAE (NP) 3¥13% (P<0.05) 3,
BN R A 22 5%, XGFEANS AL PG IR iy, LU HB S, ARJE . SR FERNTS e b B B A5 AL & i B
T AR BRI, TS, XOIE . B . VR G R AR FR LA AN A R T A e FEURD R N
(P<0.05) 3. 6 FhAHLY R AL 255 A A BT A S BR ( HA ) & S0 FRURN w7 #0ta E 1 fod 2
(P<0.05) $hn, Wif{SCA DA R - RN SE 25 5 T s e AN 25, (FU DA TS RV T T AR A AR A T 1A
ol BEFT # RN 0 2 m ( P<0.05 ), MEXSEE . TEEANS U6 18 B 45 A 5 DR & B & B oxt IR A
PUREAL 21 (P<0.05), 1A BECER &t ANA A SSRGS AL A0 FRAL S 258 ( P<0.05). 25 1, A
HUYPRLRR S i 2550 )+ i B S A ML . S5 6 AP & &t . A IRES SR A R 4y, g misg e 13
AR & i . FEFE L XIS IE ) EIERE IR B, WIARFE . TR AR I AR IS 22

KR REEAH SO A R TR

hESES S158 SERFRIRAD A

THEAPOE TR E AR AR, E4ERSE RS, BIAEWE RN EEORE, MELAE
OYBERE . M R A S R S O A B AR JEFE R SR o A PE 25, BABAF A HLAR R SR 50 fig
5 EERAEAR M E VM AL R T SRU DISEA R, AL T 4 AR ( Humic
A HUBR & B A RS . SRR (HS) acid, HA ), & W ( Fulvic acid, FA) FI##E
AN R, 45 EEEVERN 70%~  (Humin, HM)® S8R0 T %A KE 0 EREH ,
90%, JEFE IR LA B S AFAESN, KRS nlsf i e S BE AN R R K 4 K R o e S, Ot
T R EURE A LEHLE SR HHLEHLE BB R IEES R TE AL & B AR 3t
Hik—mdE e T AR ENE, EREEAS  MPAREZ, SHEE A —EER; HEES
RGP REAEWY; S—m, HETYANE BRI YA S B, WY Wik, R
POWERE, MR T HEERE M RE ), PReE T HEEEEE WSS SRS KA S S H A PR E R . RIEERMIE
FOYMRE N, RIEA VRS LI s G BRI EYIANG, — R E NS R E T

BE, SANEEBA NS . RESMESES R,
BT AEE I B, B ARtk = A A Dt A X A LR 5 i SR
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6 1] BT . AHLY R RERE L

458 SE BT S R 1437

R 45 BTG A LAy B IR 3 22, Ak i 7 410
T W, K3t A A HLAE £ 398G HLAR & & R 6k
O E RN T AR U Y R B, RS AT IR
AL R, A T A A A e Y
o WRZERBEORE W B RSV — 0
FER, SHTEENS IS L, it 43 2 RG24
- HERA A T S B R, RS A T
DT A A R A A T T
(0 52 R TG B 25 5 o AR A SR SR I s R R
W, A2 g ERR G (C) FEA C/H RRL,
A (O0) &H. O/CH (N+O) /C T, & HER C
M CN JHRE, N, O &= O/C &AL, FEAK
TR SRR AR SRR, e T R
Mg () SR A AR B i M, BRAK T RER R R Y
AACTESE . W M R LY BRI DA G 78 i 45 &
T 25 R AL 43 5 7 1T 3R G il e I e AL i 79 OF 9 41
S

WP BB IR E s, RO Rk,
KEBERME ., Wik, HEAKEDFEFTSEAIUE
Fpt, RS, BRIRAY TR SRR, UK
HAESIREE PR A AR R o B 2 5 P i X — Fol
SR R R 0 R s A —  SER L2 AR fL,
F2 B A T PR 5 b X PN i T 3 S P SR U b Y 5
B A, SR PYE R R B R, ZE AP
B AR, % E AR R AR A R AN A
LR RMFE, 2SRRI
URAE R 5T A A 1R o3 AN Pl 25 (] R B T
RN & i T B A . AR S g I 7 A R i R
ANEA YRS TR, W98 g & A 8 0t R &
HA o TR A BLEm R, DU IA BLEHLE &
(A K 235 5 265 65 A S 201 40 W 5 T R 48 7 38 B
145 S = HESE A A AL BRATL AR, Ay ¥ 14 e JE O o 1 38
BE 05 el B R ML 359 e A5OR) AR AR S A R
L

1 MRS
1.1 RIE LR

RIHA T 2011 4F 3 A L X80 T H R £l B
2 e gk T K RO 3k 88 3 ( 100°22'53"E

38°50'42"N), MEHK 1 570 m, XIEOGIEFETE, #E

B, BWiR2E K, AFH R 2 932~3 085 h, 4F
¥R 7.3°C, =10°CHRUR 1837~2870C, 4
BIRE K 5L 129 mm, Wi4EHK K H#Ik 2 048 mm, J&
WA IR AT TR BEVE S, T RERYEIX . gAY
HHETE 4 ( Anthropic Camborthids ), 2011 4EFR 5K
FATHHEZ (0~20 em) HERFEAR LR A -
+33 pH 8.67, A HLEK (SOC)9.4 gkg, A (TN)
1.0 gkg™', 4® (TP) 0. 82 gkg', &8 (TK)
222 gkg!, 4tk (TS) 0.53 gkg', WA (AN)
68.31 mg-kg ', XM (AP) 16.70 mgkg ', ik
B (AK) 109.1 mg'kg ',
1.2 RIgit

IREGE 8 AbH. (1) CK, AHEACKIIR; (2) %
e, AR A ®E (NP ); (3) 70%NP+4-3¢
(NF); (4) 70%NP +§43€ (ZF ); (5) 70%NP +i5
% (JF); (6) 70%NP +E i (JZ); (7) 70%NP +
B (JZ); (8) 70%NP +i56 (WN )., A HLY b H
EA WL AR 2610 kg'hm >, LIEZE®E (NP) i
FHAR R BUIR G R 70%, A% &AWL RHITHEA
B RBEEIFR 4y . 2011—2017 AEJE VR3S . sE3 . 1Y
o N IR N o IR R e G R SR VIS & = By
(T W& 1L

ANFEA WA HLRR S AR & e AN, A
B it FH 2 B e A7 BILA) T 485 A 1 Rl A o 25 S R
K, HARWZE 2. & HUMEIEFHS 24 dh A F i it AR Fp 2%
At AC &, TP E B TR, R P AN FLE
KEAHEHIE, (AR R B . /N2 HLAL I it
9 N 180 kg'hm 2, P,05120 kg'hm?; EAXK N N
375 kg'hm™2, P,05150 kgthm™=, /N& . EKALIE A
FHL RT3 HLAY R TN TR 2k
e, o 5 mm fii, AT NE—NE—FOK,
—AFE =2, /NXK 6m, TESm, HHLXAHES, &
2 3.
1.3 HIEEEREE

RIERAIRE (XIRWA T A7 ). BEAER H
BERR A 8% (& B TSR A= ), 438 W3k
gk Al m s BT IR 5, T5lesk A kil
IKALEET, THHEk A BRI, R [ TR
BHEHESE . AVYEEHRTR 4 3 4 S
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x1 BHYBHPENRERAESTHEE
Table 1 Mean contents of organic carbon and nutrients in organic materials
FHL 25 N S A -
HHLE BRAE L R L
Organic carbon/ Total N/ Total P/ Total K/
Organic materials C/N N/P
(gkg!) (gkg") (gkg!) (gkg")
43% Cow dung 208.5+56.0 12.3+1.8 5.9342.55 23.749.4 17.0+4.2 2.9+1.4
3% Pig manure 197.7+64.8 20.3+8.9 19.2149.46 27.6+10.5 24.34+27.2 1.1£0.6
2% Chicken manure 148.1466.6 16.6+7.2 11.32+3.80 30.7+15.2 9.5+3.7 1.4+0.3
B Mushroom substrate residue 150.3+40.2 6.2+1.0 5.24+2.30 18.2+4.7 25.5+7.6 1.6+0.8
1B Biogas residue 218.1+180.5 11.4+2.6 7.21+4.22 30.8+7.6 19.4+5.3 2.1£1.1
751¢ Sewage sludge 153.0£57.2 14.843.8 9.91+4.12 16.0£4.2 10.4£2.9 1.7+0.7

. RPN +FRIEZ, ¥EAK n=7, T [F] Note: The values in table are means+standard deviation, and #n=7 means that the

number of samples is seven. The same below

R2 AIOBRANERAINAHBEZFSBAE

Table 2 Organic materials and nutrient inputs through application of organic material relative to type of organic material

ALY ALY

Organic materials

Organic materials/ ( t-hm™?)

A X el

Total N/ (kg-hm?) Total P/ (kg-hm?)  Total K/ (kg-hm?)

43¢ Cow dung 14.0 £5.0
Y% Pig manure 17.1£12.3
¥Z% Chicken manure 25.7+18.2
B Mushroom substrate residue 19.4 +6.6
1R Biogas residue 14.8+7.6
1576 Sewage sludge 21.2+10.8

166+38 84+43 351+184
285+91 281+117 508+379
326+114 243+102 738+507
119+41 108+53 377+188
153442 107+70 466+211
285+81 194+64 3794225

J&, M HERIEA VAL &R . NERR
P B E 750 kL, ATHE 15 em. EORFPAEE
BEREANET 11.2 Jkk, 171 40 cm, #REE 22 cm.
14 HmRESLE

2017 AEAERI U, SR ST BRL, /BRI
BE 5 MCREE 0~20 cm 2 HIERES, S RS
RAIG, RAUMEI 2 kg ZEABIRA TR, Bk
ABRFRE AR, Bl X, i3 2 mm FLAR Y
Ja BB . VUGS 2 mm FLAR G 0 4 R
0.5 kg 7247, WHER 0.25 mm fLERGE, HIT 443
FAACMR K A PR . Y T . AN TR A
VIR 25 B T A8 S A0 A B R B 5 B Al 5
1.5 TEBEEYRESHESRAN RN

TR EEEGE 0.25 mm FLAATH M AR
5.000 g T 100 mL .04, LA 25 mL 1.85 g-em ™
WRALEFE WO 4B 10 min, 4 500 rmin' Z.0

10 min, ZOIdBREEWIK, 758 L HEEESEN
ko ZBALEHEICEFEMA 15 mL 95%AHS, 2
500 rrmin' B0 5 min, FEEPE 2 W FRE AP
A 15mL €K, 2500 rmin', .0 5min, FE
k2 WG B IORA SO TR (40°C) M, AT
G A5G B IR B S e 4y R

S50 AR BE R PR R . AR BT Bk
0.25 mm i +4£ 5.000 g F 100 mL B0, A
4 gL' NaOH % 50 mL, FAMHES], T 30CHER
FENTCE SR, H 4 500 r-min' B0 10 min,
PR BRI 2 250 mL WA i, R T 3~
4 K, HERPURIZEE O, HHRBOR R A Ls &
BB, L EE R S 50 mL 4
g'L 'NaOH F1 44.6 gL' Na,P,0, RIS W, #52),
F 30CHHRA N ELR, K H 4500 rmin B
10 min, REMHAT3~4 K, HELBOEIEZT TG,
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IR BN RS A RE YR (T4 o mFERN+
A 15 mL 95% P9 H , 2 500 r-min~' B.0> 5 min,
HEP PR A IS, BRI 0.5000 g T 150 mL 255
e oG MR, IR EEE A SIS R (T4l ) M

GG AR T YR I T B A oA A
R (HA, {URTWARTIRR). & HER (FA, BE
TR NG TH8 ) AR (HM, BRIEHARE ). +
8 5 50 I A AR SR 8 3 I e s i U kA7
oE B PR B 5.000 ¢ 41+ AE, P 0.1molL
NayP,0,+0.1mol-L™" NaOH R4 M HE B M £ 1
F B 8 ( Humus extracted, HE ), FH 0.5 mol- L™
H,SO, K pH A ZE 1~1.5 Z 8], 70°C/K AR 1.5 h,
ST EIE RS EIEIR (HA) 55 HER (FA), F
KRAHE (HM) U7,
1.6 TIEEHERNE

15 pH RHZEKRSE, 2K 1:25 (W
V), pH THUE; & /KR RE; +
e A WML ZUL M E 5 e S0 el A 4 i DU
E; WEAMAE R NaHCO; ¥l fE, 433 A%
PU b vk A ACOME O BE O s A ek
0.5 mol-L™' NaHCO; =241, HEPi b Eikille; #aL
BCRHT 1 mol- L™ BEERERAR , KAz,
RN . Y TR . AN [R5 G A A
fise T 5 1 4 3l SR FH B % TR A AR Ak — 4 i A TR
st
1.7 #HHEITESSEITSH

T A LR E (SOC stock, SOCS) HHEA
KAF

SOCS=CxBDxdx10 (1)

A, SOCS Hy HHEAHLBAH R, Mghm?; CH+
HEAMR SR, gkg'; BD M HIEAT, gom”; d
KEIZRE, mo BT P AR SRR ST,

[F A s BV E RAHR B AN 20 em, R, AHf
FAOTHE 0~20 em L2 A MRS, Bl d K
0.2m, XN 3 WEEWFEHE, DT
(105°C, 24 h) LGRS T 70 HrR HT SPSS
18.0 JRAF#EAT, J7 22 43 v ide FH B IR 38 7 22 4 W s 7R
( One-way ANOVA ) #17, ZH LR H# & 2
7 ( Duncan’s ¥, P<0.05 ). E % >R H Excel 2007
A7

2 4 R

21 AR LEFNRSEMEENZIN

MIE 1 A, ALY ek 2+ 5 Lk
(SOC) FHEEXTI (CK) FH AL (NP) ¥
ZHom, Hod, 4226 (NF ), 5525 (ZF), 3% (JF),
Wit (JZ), Wi (2z) AR (WN) 4hHsy
ST BRI 25.3% . 34.7% . 36.9% . 23.0% . 16.2% .
46.8%, BHEHEACHE AN 30.2% . 39.9% . 42.2%.
27.7%. 20.7%. 52.5%. HIRAIEIAT P A0+ 1
BRI A RAHR, (275 A0 H + G MLk & &
FETAE . FIEAREARE, MESE . XS5
Je 3 AbFRIE 22 A, 428, RE SO 3 A
] 22 AN 3 . X AT RE SRR A ALY B 4+ 4544
P AR, HAE 358 v i ik 5 A A DL Y
FaEtERTRA %, ARl 585 it H A W43 ML) r
FEEPARE S H AR G it A P 1
AL it 250 0T HERIT 0t A o, B 2 388 n - P
FERG IR FEAT HLBR it i Fe e, WRE R TS W
RV AL L, (Hy5R SA8 B AE AT . kS
PR AbF ) 25 SR 2
22 BB TEREESRESTSEINHKREE

s

Jiti A= 2E  FEEERNTS Ve N B S A MUK S A
PR (CK ) Al MUREAL (NP ) ¥ 8 &8 hn, 43 59%%
XFHREEAN T 41.0% . 44.6% . 41.2%, BEH HUME AL
Y 53.8%. 57.8%. 54.1%, {Hix 3 AbFH[A] 2% AN
W2 (K2 ). XS 28 B8 A LA B A At A
W, mSxEER AR E . L AR
Xof A M B A LA 7 s AN B S [ A Ak
P IS5 G A DR 3 A AR 2 A0 3 5 X BRI R0
Jitn A AL B 25 S AN W 2, HAA ALY AL B R S 1
WEE TR (CK) M#E ML (NP). FHE, &
BERCHE (NP ) Xt 48255 8A WL IC i &5 m (&
2) BEFE. A FE . HBANS RS A AE
B A B % B 43 B ORI (CKO) 3 23.7% .
38.3%. 19.5%. 18.1%. 53.0%, %# Kt ACHE
22.0%. 36.4%. 17.8%. 16.5%. 50.9%. AR HL
PAbHR , I5 AL A HESE A AR ML & B
HR G, X AlgeH TG le s & Koo
ALY, ML HEARERAR, AATSL
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50 a
20 a o b) w7 1
a g be % be ¢
~ abc ap = 40 b
. bed | o H 4 ¢ g h I
T 15 - 1 d %i % 1
= =
jol e B £330
X 5 = Z
=210 [ £ s
= § BE 20
By H o
He 5| g
§D E 10
: 3
% O 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 J
wn
CK NP NF ZF JF JZ ZZ WN CK NP NF ZF IF JZ 7Z WN

AR AL PR Fertilization treatment

#: CK.

B AL b ¥ Fertilization treatment

NP, NF. ZF. JF. JZ. ZZ Fl WN 434X I CORFAE ) ABEECHE (FMAEAE ) | 4 28+ABEAE | M2+ AmEe . 193

HABEIE . BEAHEBRE . S ABC RS AL . W RS EARNS FREFRRAEBREE 0.05 K F E2EF R, TR Note:
CK, NP, NF, ZF, JF, JZ, ZZ and WN stands for no fertilizer, chemical fertilizers NP, chemical fertilizers NP coupled with cow dung,

chemical fertilizers NP coupled with pig manure, chemical fertilizers NP coupled with chicken manure, chemical fertilizers NP coupled with

mushroom residues, chemical fertilizers NP coupled with biogas residue, chemical fertilizers NP coupled with sewage sludge and chemical

fertilizers NP coupled with sewage sludge, respectively. Different small letters on columns of the same series indicate significant differences

between treatments at P<0.05 level. The same below

&l 1
Fig. 1
15

— a)

o0

=<
g 2
oS
S5 00 . & ab .
= § abc abe
& g be -} ~I~ ]
¥ £ ¢
8

Q

g S

on

5

3

i

1 1 1 1 | | | J
CK NP NF ZF JF JZ 77 WN
Jifi IR b FiiFertilization treatment

2

AP AR SR () FIfEE (b)) AYEfL

Effect of organic materials on soil organic carbon content (a)) and stock (b)) relative to type of organic material

15
—~ b)
o
=<
&
=
5
g 10k
£ :
=
o b -
= g ¢ ¢ cd
£ s de
%2 e ¢
£
#5 Of
=
Q
£
=)
£
o
O
1 1 1 1 1 1 1 J
CK NP NF ZF JF JZ 77 WN

JiEAEAb PR Fertilization treatment

FACPR LA (a) FISSEZE (b)) AHURS S

Fig. 2 Effect of organic materials on soil free (a)) and combined organic carbon (b)) in content relative to type of organic material

HOE A PLICHLE Ak, I &2 6 A8 &
o JEFE . B TR A P A e A S HLRR S
BEMEASAR, T, B AR 3 LB S A SE P
e & 25 SN . AN TR] A Ak P A A S AL
e o5 3R HLEK EL I 7E 43.6%~49.4% 2 (1], 1MiliE
B PURE HLBIE 50.6%~59.1%, W& T454 248
BB
23 AR LIBEESSEERARN R
AN [R] Ab P - 18 b &5 285 08 5 ) A AL 7 R AE

1.1~2.6 gkg ' Z 0], BRI, HAA WAL+
RN AT AR 6t B ( CKO) AR FUMENE ( NP )
PR, Ad . s X8k AN AP
T IERNGE ST o B IR (CK) 3 83.4% .
83.2%. 82.8%. 55.6%. 146.1%, & #Ljti AT 4% fin
83.1%. 83.0%. 82.5%. 55.4%. 145.7% (K 2), &~
GG HLPTE] 5 8 Ak P A SJEA 485 285 8 0 o % 1
T HAA ALY, O3S SIS EAb B
AN 7] A RS 25 25 0 9 o A MLk & FEAE 0.56~1.58
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gkg ™ Z 0], BREAHAN, oAb b R 2 S A A R
B AR T AN RS A I & . DR AR b 2+
R G5 A 8 B R A B O B4y i B 76.1% A
19.4%, THH FEAL 43 03E . 100.1%F1 35.6%.
7T R SR 288 A PHLR 235 285 O 0 O 5 00 L) d 25
FEAK, 4 8AbH SXT LS A%, LRSS HE
VA 3.0~4.3 g-kg ' ZJA], MRS FE | AT
U A P 18 B 5 G A5 B B J5T 5 R 00T BEURIT R S
PSR N X3 R v A B A K S A AR
T G U IC 25 Sk B B KSR, (IR 4
FEFI TR A A B A R AN T B T A S 0 2R RO
B3, DL ESSRERT, BRA RS A VLA E B
FIF RS SR LS A SR FH BT B, 1A F

T IR S5 AR B B P A
ANFEEAEALEE + ERA S | RRAE S M BA N
BE T SR A AN R BE T Y L A BIAE 17.9% ~
32.9%. 14.6%~21.7%F1 46.6%~68.7%Z [f]( % 3 ),
PREAE AL AL, AR BRI LRSS il o,
UCRHRAGEZS, RREE A5 BT o5 el e/ o it 7
T X WA AR SRS B 0 o M5 5 T R B L B8] 1 S e AN
LTE ) S EER (LR S IR /RO RTE Syl W N AN Y
JoT i A HELE A TR A T A L A5 T T o) R AT g 2
i BAEAS O RIS AR T LA it i e A onT B
D) S 3 A AT L 08) o A ) Ak 380 e S 0 285 g o o7 - 38
SR 25 IR 0 2 O IS R T SR Ah A
JEFE R A L EAE 0.7~3.4 Z 8], k@A

® o W45 ZLoosely combined humus
% O 24575 Stably combined humus
g > [ B 2454 Tightly combined humus a
& % 2 4 F de cd iy cd
K] z 2 de e
=N g g
o2 3 a
K w S
4 £ 5 b b b
3 E 2 - d a C
=% 8 ¢ d b
z C
k ;_E) 1k ¢ cd € f ef]
=
o
Q
0 I I 1 1 I I 1
CK NP NF ZF JF 17 77 WN
i 4k ¥R Fertilization treatment
K3 A Ab B S A B A SR A AL
Fig.3 Combination form of soil humus relative to treatment
*3 BAEBIIRLEASTRARARBTHL
Table 3 Composition of soil combined humus relative to treatment
AL ¥ Treatments LCH/COC/% SCH/COC/% TCH/ COC/% LCH/ SCH LCH/ TCH SCH/TCH
CK 19.4¢ 17.7a 58.0ab 1.16b 0.33¢ 0.29b
NP 19.1¢c 16.3a 54.6bc 1.32b 0.35¢ 0.27b
NF 32.9a 18.9a 54.6bc 2.61a 0.61ab 0.24bed
ZF 28.8ab 14.6a 51.5bc 3.38a 0.56b 0.17d
JF 25.7b 15.7a 49.5bc 2.87a 0.52b 0.18cd
IZ 17.9¢ 21.7a 53.6bc 0.73b 0.34¢ 0.46a
Va4 21.7b 18.9a 59.7a 1.15b 0.36¢ 0.32b
WN 31.2a 17.9a 46.4c 2.76a 0.67a 0.25¢

W: LCH. SCH. TCH # COC 4 I FmMas& . Faghias,

SR REEG BT S P IEE AR R /NG 55387 Ak A 7

0.05 K F-22 5 5% . TIF Note: LCH, SCH, TCH and CH stands for loosely combined, stably combined, tightly combined and combined

organic carbon, respectively. Mean values followed by different small letters within the same row indicate significant differences between

treatments at P<0.05 level. The same below
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WA, A WL AL BN R L (FAZE ST T T 552
SEASTOAH ) B0 BRI Rt A 34 o 2 g, (R gk
Ab PRI 22 N 3 . AN L (RN AT BE T S A
AHAH) 7£ 0.33~0.61 Z 0], [EAERR A #AA
it FCA AT AL S 0 T AN B, RS SR 3 Ak
PR BB IR TS50 Fash a5 RS E
fE0.2~0.5 Z ], DI s, W T
ARER, MR EE RIS ZE AL B AR, BEEART X W
FUMEAL . B SOH M 4 b
24 BUYIRIX TIEEESTBERAS NN

Tt AT AL Ak - S AR o ek Bk REURT R e S
YImERI, A3 A X8 Wl BEL s
Te A BRAY B X HEBE I 54.3% , 40.4% . 143.0% .
111.9%. 50.7%. 47.1%, #H HUGALHE N 54.7% .
40.7%. 143.6%. 112.3%. 51.0%. 47.4% ([ 4).
XA IS MR e A, LR, WiAR2E . EEE .
THE TG 4 ARG IR A% . & E R A2 5 B
FREH AN, A93% | TR ANS YR P 1w Ry
RO REFN R R IE S 25 38 n, AR A DL R X
THEEERS EEWA L E ., SRESE SR
2 28 I X 3 Ab 38 A 6] ECRITH ULt S e 3 B, 4y
WA BRI AN 22.9% . 37.6%, H5¢H M Tt AR 4
6.0%. 18.7%, -ZEFG b3 H] 22 F A B 3E, i
HAbAHLY X T ISR S mE A %, XS
FEAO I T R AE A AR AE BT S BOR L & B RN
BECER P At BRI R AG IR 38 S S o, AR 3 Ab
L 5 R A B 2R B e A ko R R R A S 2 Y
i, G U8 A B A AR R R LR O R R RN R
it A 5 3 48 o

5 O #fEFRHumic acid

O & HfizFulvic acid
| B ##HFEHumin

components of soil humus/(g-kg™")

JE B BT LH A AT WU B ik
Organic carbon contents in different

A [ i A A 34 - MR35 G A8 JE B B RO L
R AR L ITE 8.8%~16.0% ., 20.4%~26.3%
1 45.4%~65.4%2 0], IR & fm, HiRoh
R, MR E R RAR (R 4). BRIB®EMTS
AL ERAN it oAl AT ML) 1 S AR o G A S R
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Fig.4 Content of combined humus relative to treatment
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Table 4 Composition of soil combined humus relative to treatment
JOBL
HA/ COC/% FA/COC/% HM/ COC/% HA/FA HA/HM FA/ HM
Treatments

CK 9.0d 20.4a 57.4abc 0.44bc 0.16¢cd 0.35bc
NP 8.8d 20.5a 65.8a 0.45bc 0.14d 0.30c
NF 12.9bc 20.6a 65.4ab 0.64a 0.20cd 0.31c
ZF 10.2¢ 20.9a 53.1bc 0.50c 0.19cd 0.39abc
JF 15.9ab 25.3a 57.1abc 0.60abc 0.28ab 0.47a
1Z 16.0a 21.3a 52.3¢ 0.77ab 0.31a 0.40ab
77 11.5¢d 26. 3a 54.3abc 0.50bc 0.21abc 0.41ab
WN 8.7d 21.2a 45.4¢ 0.41c 0.19cd 0.47a

7. HA . FA F HM 23 BRI 80RR . & B A4 E . TR Note: HA, FA and HM stand for humic acid, fulvic acid and humin.

The same below

2.5 TIEBFVIEBRAS EHEXME

H126 5 AT LAE Y, e HLmchdm J & 5 1
CEABANRE . TSN . A SEmE . %
CEAASTEREIR R . R AR R B
IEAHSE, (S FaZE Ao R (A G AN B B, 3384
B AT HURR 5 S A 5 AR S S A T A e
IEMISG, T SRS A 0 A AR S AN 3 P
BHEAERRETEMG. AR, ARG
B A ML GG RS B RS A B AR SRS -

SERRAS SIS AR AR, LIRS | FASh
EOIE AT DAL (N I e e
TR AT MR 5 f A T R BN I S5 S A LK
SR . IR AR A SR R A,
S5 BRI R B RS, BRAS SRR AL
5 R BAE IEARSC, MRS S 5 WE0R . & BRI
WIRGR S AR O AN 2, SRR, b AN )
HLYPRL, LS 58 2 5 I S A 58 2 o3 ) AE i
FEFE IR AP eI 2 5, JFARRIAE SRR AL

x5 TEANBKRASEHEXME
Table 5 Correlations between soil organic carbon fractions
A BLRA S
SOCS SoC cocC FOC LCH SCH TCH HA FA HM
SOC fraction
SOCS 1 0.85%*  0.85%*  0.68%*  0.81** —-0.12 0.44* 0.60%** 0.67** 0.45*
SOC 1 0.83**  0.92%*  (.83%* -0.10 0.43* 0.53%** 0.66%** 0.42*
cocC 1 0.54%*  0.80%* -0.01 0.55%* 0.53%** 0.75%* 0.50*
FOC 1 0.69%** —-0.15 0.26 0.42* 0.45* 0.27
LCH —-0.33 0.45* 0.26 0.60%** 0.47*
SCH 1 0.20 0.26 0.01 -0.29
TCH 1 0.30 0.76%** 0.10
HA 1 0.57** 0.51*
FA 1 0.39
HM 1

H: SOCS £/RHHLERAGE; *, **5IF/R7E 0.05 1 0.01 KF I B3 Note: SOCS represent soil organic carbon stock; *and

**represents correlation significant at the 0.05 and 0.01 level, respectively

http: //pedologica. issas. ac. cn



1444 + o om

SR # 56 %

3 ¥ @

3 AEAENHHENTEFNHRSENFEERA

eal:0k Ay

A HURR AR 5 R R R ) A AR
ik, PR K P B A BIL R RS A o R e
T WS A RS A LR AR T L3 BLk
Tk EET B KR, KA AL
B k5 A A I it 24 AE Y 3 02 1t - A HILRR A1 7
BB R . AW —B0, AR RA P AL B
AHUBRAFBEA AR, A BLA 5 2 A 103
TR AR 35 25 57 o 1 Ve A B AT LA 5 i AL
A, HROURG IR B, oAl A HLYPRL A
A AL R AR AR (B 1) o
JENATREAT : (1) AFEA VLRV D3 7 iR A
A, fEPRTEE M A RMAR, &SEtgEail
A 2R, (2) AEAYE DR
P i RV BB T A AN AL, A WL A 2 it TS
BHL ST AL T 48 22 S W] RE -5 A TR AT HILA) U 0 45 5 0 4%
AFEANF KA WU N AE 2 AN 731 S5 AN R A
K, B L AT BILBR 75 i A 0 8 i % - B AT
HORATE, $E3E . XI5 IA LR AR 7 42
AR (£ 2), ANTAHIYNEEENEE, W
A ORI TR I A L AL
Rmimg 2. THEWEPIBRBRY, AEAHLY b
FHARRMEAR ., F4E. FHREEMATER
SRR LR L], PRI 2 g A HL TR
SRR R R R R iR el

18

15 - ©

12

i 22 53

FIEA YU A FIRIE | AR 23 i 55 2 R AT B
WEF IR G, R PEY iR . THEA L
BREFAL ) 32U E L Ky . AR . SRR
ik B 2R R R, A,
A PR I [ A AL B AR B, R HL
Yy AL 5y o3 ik Lo FOME ST R 253, 5 o0 e 2 03 TG
FEFERYR , BEMA ARG ¥ 5 B i TS A
TP YUTRE I AR oy T RE, BE
RIS YA A B W R, UYL
ST AN Sy W A, RN 5245 T EREE N 1, Ak e
PIAAIR AT HLAL AL > T 4540 AR R E , (et
HErh ST A G W R AR, B X
FEANTT VAL BE + S i7 B AN FNEE 5 A HLaR 75 5 44 (2
F TR, X ATRERAESE L MG FEMTT IR A LL
BAR, WSS REEE R, B EE, Wlis bR
5 A R ME R (0 SR IR G P s (% 1) o &y
Hr b e AT BLB NS 5 25 HLIR & 1 5 AR R A ALY
BRI R, RBBEHE AV A s, +
S AT BILBIR N 45 5 25 BB 5 Hak A7 8 T AR A ) 4
(& 5) o RUWAFA VR L1451 22 57
TRERE SR A YUK R R H A, AR
AU 2 73145 K 2 5 AN (B Wi L f
BE, Rl RERZ A H TOHLE WP A HLICHLAE & 1A
FASKRE, 2R e BT 20 i BE

e 1 25 AL 2 BRI T HLAC kL B4 73 fig A1
SRR B AR, T A A R ORI T A
PLYPRL A B A AL A I FE AL, —F Bom i A2k

3k <& +HHATHLSoil organic carbon

FALge o it
Organic carbon content/(g-kg™")
O
T

B 2547547 Wl Combined organic carbon
| |

0 10

20
AR R A L

30 40

Ratio of C/N in organic material

Bl 5 e P & S A PR AU YOG R

Fig. 5 Relationships of contents of soil organic carbon and C/N ratio in organic material
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Effects of Organic Materials on Soil Organic Carbon Combination
Form and Composition of Humus in the Desert Soil

E Shengzhe' SHI Xiaojuan® CHE Zongxian' HAI Long® MA Qiangian®> YUAN Jinhua' YAO Jiaxuan®

(1 Institute of Soil and Fertilizer and Water-Saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China)
(2 College of Resources and Environment, Gansu Agricultural University, Lanzhou 730070, China)

Abstract Objective In order to explore effects of organic material, relative to type, on soil fertility, a 7-year long field
experiment was conducted in the desert soil of Hexi Oasis. Method The experiment was designed to have 8 treatments, that is,
CK (no fertilization), NP (application of chemical fertilizers of nitrogen and phosphorus), NF (70%NP+cow manure), ZF
(70%NP-+pig manure), JF (70%NP+chicken manure), ZZ (70%NP+biogas sludge), JZ (70%NP+mushroom substrate residue) and
WN(70%NP+sewage sludge). All the organic material treatments were the same in organic carbon input and in NP application
rate equivalent to 70% of the rate in treatment NP. Result Results show that all the organic treatments significantly increased soil
organic carbon content and stock as compared with the control (CK) and Treatment NP (P<0.05), but the increase varied
significantly in degree, and was the highest in Treatments JF and WN, which was followed by Treatment ZF and then the rest. The
effect on free organic carbon content was significantly higher in Treatments NF, ZF and WN than in Treatments CK and NP, and
so was that on soil combined humus content (P<0.05), except in Treatment NF. Moreover, soil loosely combined humus content
increased significantly in all the organic treatments, except for Treatment JZ, and so did humic acid (HA) content in all the
organic treatments (P<0.05), stably combined humus content in Treatments JZ and ZZ (P<0.05), tightly combined humus content
in Treatments JF, ZZ and WN (P<0.05), fulvic acid (FA) content in Treatments JF, WN and ZZ (P<0.05), and humin content in
Treatments NF and JF only (P<0.05). Conclusion In conclusion, organic materials significantly affects free soil organic carbon
and combined organic carbon in content and combination form and composition of humus, an hence soil organic carbon content
and stock, and the effects of pig manure, chicken manure and sewage sludge improving soil fertility are higher than those of cow
manure, mushroom substrate residue and biogas residue.

Key words  Soil organic carbon; Combined soil humus; Hexi oasis; Irrigated desert soil; Soil fertility building
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