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SIAT I TV LAASHE E S %k B L 3R 3 48 2 N0 0 AS ] it FH 4t 7 35 38 25 BRI A% G Tt TS (B MLAR AT % a2 + 92 + 4
ALK (SOO) .2 A (TN) (A EHA B (DOC) \ANE A HLA (DON) A RE S A S =i m . [45R]1 580
JIEL Ak R AH L, 4% 5 it FIE Ak 3 R4 5 3 2 T Ak B3 T AR B A ALK (SOC) (1T ¥ 1 A LA (DOND \NO; -N % = , i
B A0 b TR A BE A8 $ 5 1 5 E AL A HLER (KMnO,-C) T ¥ A HLER (DOC) £ 4 L K DOC/SOC, 5 1% 45 it /It
SO AR EL L B B 25 0 A BT B R EE S 4 SOC M DOC &4, WHZE P& 10 25 I8 bt F i i #2755, + 3 SOC, TN &
U2 TF 8 KMnO,-C A7 B4 A9 #a 34, B A it A Ak 2 %6 + 18 A4 1 2 4 BBk (MBBO) UZE 9 5/ (MBND LA & NHY-N &
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Effect of amendment fertilizer on organic carbon and
nitrogen in loess soil

PAN Ting*,GAO Ming-xia”,SUN Ben-hua®
(a College of Natural Resources and Environment ,b College of Water Resources and Architectural Engineering ,

Northwest A& F University ,Yangling »Shaanxi 712100, China)

Abstract: [Objective) This study explored the effects of soil amendment fertilizer on soil organic car-
bon and nitrogen to provide scientific basis for development and application of soil amendment fertilizer.
[Method] Using no fertilization as control,and organic and inorganic compound soil amendment fertilizer
based on organic shale, oil residue and chemical fertilizers as treatments, effects of application amount, a-
mendment material,and traditional fertilization (chemical fertilizers) on topsoil carbon and nitrogen con-
tents including soil organic carbon (SOC),total nitrogen (TN), dissolved organic carbon (DOC) and dis-
solved organic nitrogen (DON) in loess soil were studied by field experiment and lab analysis. [Result) Soil
amendment fertilizer increased not only SOC,DON and NO; -N, which was similar with traditional fertili-
zation, but also soil easily oxidized organic carbon (KMnO,-C) ,DOC and DOC/SOC, compared with no fer-
tilization. Soil amendment fertilizer improved soil SOC and DOC significantly compared with traditional fer-

tilization. Soil SOC and TN were increased significantly with the increase of application amount of soil a-
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mendment fertilizer,and KMnO,-C had an increasing tendency. All fertilization treatments had no signifi-

cant effects on soil MBC, MBN and NH; -N. [Conclusion) Soil amendment fertilizer had significant effect

on boosting SOC and DOC, improving soil fertility,and decreasing chemical fertilizer input, and it would

also reduce the risk of environment pollution compared with traditional fertilization.

Key words: soil amendment fertilizer; soil organic carbon;dissloved organic carbon;soil easily oxidized

organic carbon;dissloved organic nitrogen

e 0 ik A R I O B A B AR
KEE LA J A0 M n] 3 2 A I VE . B4 S R
EEY . AR LUK SE Tt AL X 37 HLAK Al 42
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PR LR S

b YT B AR A O Y K A SOIR B
A3 e S AR A5 K 3840 e A R s B ] - S Y
AT O R A AT R0 38 SRR K DROK T AE BE T /9
FOARE MR X I AR B ) M 5 4 A AR AR
WG 7 | b HEAR 73 PR3 K 3 ) AR B v 45 D T AL
RBFET Y ER AN A L, WU Y
TR 45 AR Rk 2 J5 . DA T 52 0 ) - S AR A W T Bl
WA PLIR R L BB W T S R e 4 s
S T 5 I ) A A I A R L BB 8 BRIV B ke - S E
PARCUSee £7/8: 0 iU R AN SN S BUR T PE /A3 E S
JIE XS A S8 555 A AL e 5 R 9 5 T AT 48 2 e )
PN I A N L R RAC ) B9 PE R BLEE . AR
YUY AR NEXT T L G L A BOR U R X 3
A HLB Y B TR T R S8 3% PR AT BIL B R T B BF 5
(A D ARGE Y o A S LA A LB i
TCHLAL RE B B9 A HLIC AL & 28 Y 25 19 AL
AT AR, SR T ) e T 9 8 AR R )
Jiti FH 2 T 4G A AR AR S AT IR AL AR IED Xt +
S R 5 Pl RS BRI R IR A T 978
AR X - P B Y R e A R BLER L O e
& B A RE AT S A FH 4 S RE A B
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1.1 58 R ik e i% it

ARG 7R [ 58 8 AT ) 5 R A ) i b 2
A7 5 a0 b A7 3 v DR S 0 B VG 48 4 1 R X
TE T =2 Bt ( N 34°17'517,E 108°00'48", ik 534
m), MRS (R REPE AN ) R HE R
BRI L B R I AT N NX 2
RUORBEPHZ (0~20 em) FERITR A K, PEAT R AR

AR BT o3 A o Bl 3 pH Gr (4D = VOK) =1+ 1)
8. 24, WLk HM 9. 41 g/kg, A 1. 10 g/kg. &8k
0.89 g/kg, 48 10.5 g/kg, B #; 28. 1 mg/kg,#
ER 219.9 mg/kg, HIEARFTE 1. 42 g/cm’,

WIS TF G T 2012-06 , EW 1K R B E K4/
e, —EWR, KBk 7 AL 5 D
X B CCKD s AN i 5 2) 4% 52 it A ( Traditional fertili-
zation) . Jifi B JR 2 489. 1 kg/hm® I i B ik 45 600
kg/hm® , JEAS A 4 F 24 #b 1Y) NP HE 455t JE &5 3) [H]
it IE (Equal fertilizer) , Jifi FIBR 2547 & 34 25 4 BHY
P AN CRD AR b A Lot ), &k 487.5
kg/hm? ;) ¥ & # A # ¥l (Amendment material) ,
Hia Y™ & 3 A& B A Lot &, H & 262, 5
kg/hm? ;5§ E 2N 1 4B (Amendment fertiliz-
er DL P EWANMEN 750. 0 kg/hm’; 6) 4 & 1§
KAE 2 kb FE (Amendment fertilizer 2) , P E KA 1
IEFRF A 125 5, Y FH A& 937.5
kg/hm* ;DO P E AN 3 4P (Amendment fertiliz-
er 3) U E AN 1 B 1.5 £5 . BIY B A
JEF & 1 125.0 kg/hm*, ¥ EWMAERAR N ¥ &
HWRMBAIIT A AL C & & 84.0 g/kg . A S
i 3.1 g/ke) JHE CAEML C &t 422.5 g/kg . &4
i 54,8 g/ke) JRE EMBER AR, FALI
WAANEE NXEA Y 20 m* . A IR RET 3% A
HI— A .
1.2 HRRESNE

T 2013-06 /NEWAR J5 R LK BA/PX 2
SBEHLIR A ORI B A #E 2 0~20 em, REEM L
HERE i — 384y T T £ 58 Lk (SOO) | 5 A1k
A LK (KMnO,-C) I 4- 3 4 & (TND & &8 ) &, —
AR AT 4 CURAR T T R W) ik B R A]
VA M e S

+ 1 SOC R H FEARIE I E 5 -3 TN FHELIGE
M AL A (NOs -N Fl NH-N) & & % H
1 mol/L KCl &2 42, Jii 3l 7 Hr AW 72 ; KMnO,-C %
R 333 mmol/ L R A0 A ATk I e,
TR Py iR (MBC) AR B i A (MBND % & %
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S5 2R A 2, MBC (mg/kg) = EC/
0.45,MBN (mg/kg) = EN/0. 547, H. rf 0. 45,
0. 5453 51|k 4= 35 0 A6 W £ e RN A A 1 1 ARG R B

AL R A S R 2. B R A LRk
(DOC) K H AT BB 43 B 4000 22 5 ] % M 4 A
(TDND SR FH B P 3 2 Ak o 5 5 3R 4 v vh
TAHLA (NO; -N FI NH, -N) & 4 2% 1 i 85 20 B 4L
g 5 I r] I PEA HLA (DON) = TDN — JEHLA .
1.3 #iELE

IR 1 LU B bR 22 7B UK OR R
Fl SPSS 18. 0 #7511 50 7 .

2 RS0

2.1 HEREXY £ E VAR S H R0
i 1Al DL AN [ i HE Ak 2 ) 3% SOC & 4t 22
S G BR TR AR AR B AL A it AE Ak B A

B SOC HaEM e m P I, RN EHAMNE 3
AEFE > E 2SI 2 kb BE > [R] 6 it R Ak BE >
ZEAE 1 b PR > 14 5 i AE Ak B > 3 5 16 25 b4k} Ak 3>
Xof R 38 B JC 18 2 R T 3 2 i FH 5 48 2 L
el 1 SOC &8, X5 8 ZmE" 1)
F 5% 45 16 TCALAE B A5 HLICHLAE FC it #15 A 44 = 1 45
SOC &t — B, ¥ &F WAL A M & % + 5
SOC Fr & MM LM, P EWAI 3 B >9 &
WA 2 A=Y FWAN 1 A3, BHY & AN
3ALHE S P E AN 1 AL BE 2 ] 25 3k B K
L UG BE B E R 2 A0 it A 0 B . + 58 SOC
Ty, Ky ERA 2.3 4+ 5 SOC
GRS T 11.9% M 13.4% . B 5T
1% 55 7t NE Ah B (5. 9 %), U B B B 1 28 0 4 -
SOC & W AE A% Gt AL B 8, ik £ 202 K ok 3
AT A P R R R

x®1 FAEEELETIERESEINGRNIE

Table 1 Contents of organic carbon with different forms in soil under different fertilizations
= = —

Xt CK 8.67+0.41 ¢ 82.6+1.1¢ 0.90+0.12 b 1.53+0.32 ¢
& 4i 0 IE Traditional fertilization 9.1840.50 cd 99.14+7.0 be 1.064+0.05 b 1.87+0.12 abe
[a] 4 jiti HE Equal fertilizer 9.3940. 23 be 98.246.5 be 1.0640.04 b 1.98+0. 25 abc
P EWAME Amendment material 8.87%0. 24 de 96.1412.1 be 1.0940.17 b 1.8340. 33 be
P EHZIL 1 Amendment fertilizer 1 9.2740.49 bed 131.9+5.8 a 1.41£0.12 a 2.247%0.33 ab
P E AN 2 Amendment fertilizer 2 9.70+0.39 ab 136.8+15.5 a 1.41+0.16 a 2.26+0.30 ab
P EWAN 3 Amendment fertilizer 3 9.83+0.34 a 113.3+16.8 ab 1.1640. 20 ab 2.34+0.43 a

E:SOC. e ALk s DOC. 3 P A HLEK ; KMnO,-C. R HEF SEALA YRR . [R50 B S b A [/ 58 3 7R 22 53 .35 (P<<0. 05)

3T

Note: SOC. Soil organic carbon; DOC. Dissolved organic carbon; KMnO,-C. Soil easily oxidized organic carbon. Different small letters in each

column mean significant difference at 0. 05 level among treatments. The same below.

DOC 2 38 15 L5 % 109 2H I8 43+ 5 R i
R H & B a5 e WLk 0 B 40 R 6 R
), 15 DOC B AL 7 + 564 HURK (AR /N — 64>
RN 4 18 35 43 1) B A A R A 25 B B ), L 3h A E
LA T 52 M b S e - 38 A HL AR B9 1 2R 5 7 it
B mME DAL, 7 A AR EE A, DOC & i K/ HE
FEh i B R0 2 A P B AR 1 A >
AR 3 Ak > £ 45 it A Ak B> ] 4 i JIES Ak 2>
B R AL >0 R, Hh BRI 3 A
A IR DOC & 5 1 1835 5 T X5 IR B9 & 1 45 10
AE R E M L8 DOC & i, P EMAN 1.9 &1
ZRHE 2 Ay AR 3 4 BEAY 4 38 DOC & & 43 5
BAGGMERCAL BRR 5 T 33, 1%.38. 0% Ml 14. 3%,
HY #BBWAN 1Ay B AN 2 43 1% DOC
i 5L Go it IR Ak B 25 S L, R A I A

LGt A B 4 T 1 DOC & &, 8% /Y
T 5% 45 S 22 B, 4 309 it FH Ak I o) 6 4= 38 DOC 52
AR Tt A HLIE A $2 5 38 DOC & ke dh, H
5K 300 it FH A AE Ab B 22 S5 5K B g 2 OK P L AR 5T 4
REZH -8 WEY FHAN 3 A H a2+ 1%
DOC &l 1, +3 DOC & &3 KM H T ZE &
JIE 7t ) 2 0 398 0 i 4 KL 3 n] BE R R Ok B B E b
25 RE it FH £ A 498 s JHG rb S0 R A 348 o o O AR T
A Y DOC 1 18 FE fir 8 . e et BEL T
S AL B YT E G A MR B E A 1 A
44 DOC Fmal HlL P F A0 1 4b 3 5 X e 22
S [R) it AE Ak B RN B S 4 2R R A B X
MES AR E T EWAM 1 b # R0 I i +
5 DOC & 5 (49. 3 mg/kg) 7t K T[] i jifi N &b 2 A1
P8 WA RORHE B 53 0 3G m By S A (29, 1 mg/kg)
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Ut B ICALAC BRI 5 385 25 MR CA HL TS E it 7 42
EHEDOC SR THAEAVRMIELE/EM. |
DOC/SOC g5 Rl WL, 9" AN 1.2.3 b FH 1
DOC/SOC @ F HoAth 4b B, o - FE WAL 1.2
LhFE Y DOC/SOC 1 5 2 & TR E 45 0e 3 4h ¥
A B Al Ab B 53k 15 W8 1 A ISR AR Bl TR
SOC & # . i& v LLHS in 43 SOC rf DOC fr i /9 Lt
il . B v A BLER I R R

11 KMnO,-C 245 7] % P A HLk 5% 204 Pl
B B A R L HE AT B AR R L BB K TS
TEAE 7R T 5 o i FUIE ) A2 fe i) [ £ 38 SOC 131 R 4
FE BB Sz e - M AR T R A B A B P R A AR AR
¢ 1 Al 0. A TR] it AR Ak 3 4 38 KMInO,-C 5 & K
INHEFE R B 2200 3 b B > 40 2 b P>
P EWAN 1 A3 > [F) & i AL 4b 21 > 1% 55 )it IE 4k
T2 A R Ak B > X R o B R 3
ASHE A B KMnO,-C & & 2% 5 T 5k BR L #5xt
HEEE T T 46. 4% ~52. 9% , Hofth 3 4~ Ab B 5 %F HE 2
) 22 S5 YO B 2, 3 5 2 70 ARV AT o 4 R —
H. WERY EWAR1.2.3 478 KMnO,-C & &
FIHN, B 25 B F 4 8 AR it FH 2 04 389 3 KMInO, -
C Eraibn, o[ it IE b B P & 58 28 4 B4k
PSR 1 4B R XS FR A KMnO,-C & & 7]
UL ALY B A0 1 Ab B 2 v 6 R i [ i
A PRI 1 78 6 R AL B S IR 2 ) 2 R ORI
ELULIRIN T E W AM B Y F AN, B T
A HLA RS JCHLA R 22 BAE A AT d = T+
# KMnO,-C % & .
2.2 HWEREX LERESHEIE

a2 ALy EMAN 3 B+ TN &
AR O BT B AR A B LA R A

1Az (a) 22 5 2 5 HAfh Ab FE 22 ) 25 e AN B 35
{ELA5 V8 T 2 il 280 B v 1) A 4 it I Ak B 5 % TR
B+ HE TN & & 22 58 W2, 33X v] e 2 — J7 I JE il
AR Ty KA v o 0 e P LS e N 5 ) —
7 T A% G it B A5 5 22 11 4 LA AR 2 RUE 2tk s 21 + 4
)2 i L g it AR Ak BE A B0 7 R g, i A 3L
TN & 0 WAL, H Y B AR 3 k¥ 5 {45
Jiti S Ak AT D, R A 4 g JIE Ak B ) TE AL N
(EKRA/NEMZEHGE N 450 kg/hm®) K T4 & 4
A 3 Ab R CE KR AMNZE W I N 386. 0
kg/hm®) HJEH EH A 3 AbH4E i £ 4 N
i FH 0B S48 T 4% G0 it A0 A B L 3 7 40 156 W AT ML
BT BLE G Y B AR 5 TN & &
(AR L B — it FH JC AL AR IE F) 5 e it A0 Ak B4 . 5%
ZRAERE W AR R R - HE TN 5 4 B 5 i E
P F AN AE - HE b % B CHL AU X R
PR Ak B TG IR 308 A 4 i A 0 TG IR I A e R 7 L TR U
EERS L TN &8P EMNIEAHZ, 5T
AIEARTE A VB R E b K247 0 B sk 5 .
RtA BT+ TN SRS . iy & A
ANIE AL 3 TN a9 & aEE 3
WhFEAHE TN RSP BWMAN 1 AP 8 2 71k
F B FEAKT . B8 TN & K/NEF Y & 1%
JIE 3 AbFE > P AR 2 Ab B >R AR 1 4b
B, 10 BH B 2 B G A N0t = B, + 3 TN
TR OK . LLR [ i A Ak B 4 E G A 6 R Ab
P E RN 1 A A5 TN Sl W, =3 26
K EZES ATy EWANL 1 4P+ 5% TN
g PR B T R it AR Ak B X T e 5 AR Y
BABKNE KL,

X2 AAEELETHEERSENSE
Table 2 Contents of nitrogen with different forms in soil under different fertilizations
Ak 3 TN/ DON/ NO; -N/ NH{ -N/
D /TN /Y
Treatment (g+kg™ b (mg * kg™ 1) (DON/TN>/ % (mg+ kg™ 1) (mg* kg™ )

Xt CK 1.0640.07 b 22.4+1.7 ¢ 2.14+0.11 a 5.52+2.04 b 0.56+0.19 a

%
Hz:jbﬁﬁﬂm e 1.1240. 06 ab 26.3+1.5a 2.307+0.22 a 9.26+0.97 a 0.627+0.39 a
Traditional fertilization
[F] it it Equal fertilizer 1.10£0. 08 ab 25.540.6 ab 2.2240.08 a 7.6240.17 ab 0.61+0.34 a

=L 2% KA ]
R . 1.054+0.08 b 23.9%+1.2 be 2.28+0.18 a 5.38+0.45 b 0.51+0.24 a
Amendment material

= 4 s
JEm AL 1 . 1.084+0.13 b 25.1+1.5 ab 2.36+0.34 a 8.01+0. 35 ab 0.40740.41 a
Amendment fertilizer 1

g
JrEm AL 2 . 1.15+0. 09 ab 24.8+1.7 ab 2.16+0.20 a 8.73+0.11 a 0.80740.54 a
Amendment fertilizer 2
ST
PEMEIL 3 1.18+0.03 a 26.540.8 a 2.247+0.04 a 9.16+0.78 a 0.66740.66 a

Amendment fertilizer 3

TN 2% DON. R E A LA .

Note: TN. Total nitrogen; DON. Dissolved organic nitrogen.



178 P BB R 3R AR

513 %

DON 5 5 sk A= 49 5 it » 2 A 30 ANV 90 1 0 7
A A H AW . B 2 a0, A [R] i I b B A A B8
DON &7 — & 2 57 . B3 & 8 5 M ek b 240, 3
byt S Ak 2S5 F HE 2 S Wb 2 100 B A% G it I RN
2R E Ak B e 4R v 8 DON & . PRI 9%
AR AT A5 R R it s B T HLAR B K TG LA
Pic it A5 A 0 A 2 A5 A PIL W IR AR W R e
DON it ARG R 52 —5. 443 DON &
HR/NHERF WP B AL 3 Ah B > 15 55 it AT b B >
Ivi) i A Ak > R 2RI 1 Kb B> E AR 2
A B >4 B AR R A B > X IR A% G it A b B N
PEMAN 3 A H X + 5 DON & & 18 5 e 5
K IR IR T 17, 4% F 18.3% . MR A &
Jite FE Ak B e A R A B P R AR 1 Ak B R
Xt £ DON & nl 5. P E WA 1 s
[i) £ il IS Ach B 2 (R 0% A 2 S AR AR B e T
Xt B B AR R A S X B 2 R L UL
B AR+ DON & %A B, 454k
HZ E ) DON/TN %4 8% 2% 5% . Smith %Y §5
HH i A AR X - A TR S L 4 B AR K
M) o (R A5 i FH A B 3 2 LI - 3 0 3R o 4Lk
(HIEERA S L EERW LD MBS, A
SN A LR G 2 DR R Ak BB A B 4 ok R RO R A+ e
REA 0 TR 25 R B THMM S, 3§
AR A % 45 25 118 DOC F1 DON & &, 3 7] fig
SRR B 1 250 R A L BRI 1 A LR AR R
AHLICHLE & PR P 5 L5l A BY 98 00 45 5

+ BTN B B R T 2 45 T AE AL AT 4
fR T R R U R BB R A HE AT L AU R
B

3R 2 BT LU AR G it L b 38 5 47 3 1S 45
JIE 3 AbFRAY NO; -N & &5, HREY HHA
B 2 Ah B, 53X 3 A Ak B R RN B S 1 2 A4 R A
ZHRBE. SAMARTH, 13 NO;, -N & &%
TALENE i S sz K. ERFEENE. T F
REZEAE 3 A FH Ak 3 T AL EUIE e FH o L 4R 43 Y
FAL G 981, 7% ,68. 0% ,54. 7% fHH: NO; -N
FHEUR S, XU EREY RN ERE %
NO; -N s fa —EEH., H% NH N &
HEA AN R 25 ORI A BB R X S
Sif ST (R IR 9T 4 R — B
2.3 MM ITEREYERISENZN

A Y it (MBO) A= 9 1 8 (MBN) 80k oy
S b R VE R A (S A PR L AL AR R T R R 4
FERPEY, Rk 3 T LFE b, R X B+ b
MBC Fl MBN & £ % F oAb i A b 28, 0 22 - 4
AN 3 [ B 45 b B 2 (8] MBC/SOC #1 MBN/TN
¥ EEE R, XARee N oy AR iR A+
e HAT v B A R A 0 0T IE X 4= 1 MBC
F1MBN & 127 (%) 52 0 0 % A B B, B 25 it AL A5 1) 7
FEK AT fE S B W 2 L X A 1R it — 2
9% . Bardgett 25190 Fl Lovell 280 ) 4% 5 32 0,
e o it H AR I AT e g b O R R Y TR TR A ik
FE ARIEARFF AR ARG .

X3 TEAERBLETIEREYVERENESE
Table 3 Soil MBC and MBN contents under different fertilizations

b2 MBC/

MBN/

Treatment (mg - ke ) (mg ke D) (MBC/SOC) /% (MBN/TN)/ %
Xt CK 309.0+19.8 a 22.5+3.4 a 3.62+0.19 a 1.9240.28 a
{450 I Traditional fertilization 313.4+20.8 a 24.1+4.6 a 3.50+0.21 a 2.25+0.13 a
[ & i IE Equal fertilizer 319.3+32.2 a 23.5+5.3 a 3.424+0.31 a 1.97+0.50 a
P EWAME Amendment material 325.3£49.9 a 27.9%+4.8 a 3.68%+0.48 a 2.6840.30 a
P EWAIM 1 Amendment fertilizer 1 323.8+£2.6 a 25.8%3.0 a 3.50%+0.19 a 2.4440.50 a
P E AN 2 Amendment fertilizer 2 322.8+11.3 a 25.9+4.8 a 3.21+0.08 a 2.20+0.47 a
P EWAI 3 Amendment fertilizer 3 323.2+3.3a 24.54+6.1 a 3.371+0.10 a 2.1240.50 a

1 MBC. + 36 A4 ) & i s MBN. HIERE & A .

Note: MBC. Soil microbial biomass carbon; MBN. Soil microbial biomass nitrogen.

3 4

A5 25 5 e B L 5 AN it AT Ak B ORF ED AH LE L A%
4o N AL BEAY W 28R & T £ 3 SOC, DON Hi
NO; -N B i, 1 7 % 34 25 10 4b 3138 fg 6% $2 = + 3
KMnO,-C.DOC #1 DOC/SOC, 51 4 jita " 4k 31 AH

Fo . 9 & AR b 3R 1 423 SOC #1 DOC F & B
P, BEEY FIG A0 A &4 5, 145 SOC, TN
S B AR  KMnO, -C t S8 ks, g it
JIEL &b ¥ %5 4 1€ () MBC, MBN L) & NH/-N & &3
WA EREZ W, U &F A4S 11 SOC
DOC &t (9 VE A3 A Ge i IT B W, 354 AT + 5
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