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Effects of Organic Materials on Several Forms of Soil Carbon
and Nitrogen and Soil Acidity
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Abstract: [Objective] In order to prevent soil acidification by regulating soil carbon and nitrogen, the change of several
forms of soil carbon, nitrogen and soil pH, and the corrrelations among them were studied after the application of several organic
materials. [ Method] Incubation experiments were conducted at the temperature of (25+1)°C. The dynamics of NH,"-N, NO3™-N,
water-extracted soluble organic carbon (WSOC), water-extracted soluble organic nitrogen (WSON), soil microbial biomass carbon
(SMBC), soil microbial biomass nitrogen (SMBN) and pH after application of several organic materials (rice straw, Chinese milk
vetch and pig manure) were measured. [Result] Compared with the control treatment, soil pH, SMBC and WSOC increased after
application of organic materials, and increased with the application rates. After application of pig manure, NH,"-N, NOs-N and
WSON in soil increased significantly. WSON and NO3™-N in soil decreased after application of rice straw and Chinese milk vetch,
and decreased with the application rates, while application of rice straw and Chinese milk vetch had no significant effect on NH,*-N.
Soil pH reached its maximum between the 7th and 14th day of incubation after application of rice straw and Chinese milk vetch,
while increased immediately after application of pig manure, decreased thereafter, and tended to be stable. Compared with the control
treatment, soil pH increased by 0.26, 0.23 and 0.09 on average in the treatments of pig manure, rice straw and Chinese milk vetch at
the end of incubation for 84 d. Soil pH was positively correlated with SMBC and WSOC in the treatments of organic materials, while
soil pH was negatively correlated with WSON and NOs™-N after application of rice straw and Chinese milk vetch, and insignificantly
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correlated with WSON and NO3™-N in the treatments of pig manure. [ Conclusion] Application of several organic materials could

significantly increase WSOC, SMBC and pH of the soil, with the pH increasing is in the order of pig manure > rice straw >

Chinese milk vetch. Dynamics of soil carbon and nitrogen are important in relation to the change of soil acidity after application of
organic materials, and the relativity is related to the properties of organic materials.

Key words: red soil; organic materials; pH; carbon; nitrogen
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Fig. 1 Dynamics of soluble organic carbon in the soil after application of several organic materials
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Table 2 Dynamics of NH,*-N in the soil after application of several organic materials (mg-kg™)
i) e CK FEH Rice straw 522 9¢ Chinese milk vetch ¥4% Pig manure
Incubation time 1 5 3 1 2 3 1 2 3
3h 13.1aC 11.8aD 10.4aBC 8.1aA 13.8aC 9.7aAB 11.6aB 21.3bC 40.8cB 75.7dC
3d 11.7aBC 8.9aBCD 10.9aC 11.1aAB 10.9aB 11.2aB 11.6aB 14.0aB 41.6bB 78.4cBC
7d 10.1abB 8.3abBC 6.2aA 7.5aA 7.9abA 11.9abB 6.9aA 18.7bBC 35.9¢cB 47.6dB
14d 7.5aA 8.5aBC 7.1aA 11.4aAB 9.7aB 8.1aAB 9.6aAB 19.9bBC 34.3cB 48.9dB
28d 7.33A 5.1aA 5.9aA 7.43A 6.33A 6.5aA 7.7aAB 14.6bB 15.0bA 35.4dA
56 d 7.23A 7.5aAB 8.0abAB 7.33A 6.8aA 6.7aA 8.3abAB 7.7aA 10.0bA 12.1cA
84d 11.8abBC 11.1abCD 13.5abD 13.5abB 13.1abC 10.5aAB 11.1abAB 16.5bcBC 19.7cA 25.0dA

NG FRERORE] — I R R AR B 2 [ LA, KB T REROR A — A BRI (0 b, AR R R ZE R B3 (P<0.05). N

Small letter and capital letter stand for the comparison among different treatments at the same time and in different times of the same treatment, respectively. The different letter meanssignificant difference (P<<0.05)

between different treatments or times. The same as below
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Table 3 Dynamics of NO,-N in the soil after application of several organic materials (mg-kg™)

jia

KRR R CK FEHE Rice straw % 22 9¢ Chinese milk vetch #3% Pig manure
Incubation time 1 2 3 | 2 3 1 2 3
3h 2.1bcA 0.4abA 0.3aA 0.2aA 2.9bcA 2.3bcA 1.9bcA 3.1bcdA 5.0cdA 4.7dA
3d 4.2aAB 0.3aA 0.3aA 0.2aA 2.5aA 1.3aAB 0.5aA 6.8bB 5.1bcA 7.6bcA
7d 6.7abAB 0.5aA 0.3aA 0.5aA 4.1abAB 4.0abAB 0.9aA 10.4bcA 15.9cA 8.9bcA
14d 11.1bB 0.2aA 0.2aA 0.4abA 5.6abB 4.6abA 2.1abA 19.5cAB 31.4dB 23.1cdA
28d 14.4aC 0.4aA 0.3aA 0.2aA 8.0abC 3.2aAB 1.5aA 38.3bB 87.9cC 118.1dB
56d 16.7cC 0.6aA 0.5aA 0.4aA 10.9bcD 4.1abAB 0.6aA 65.4dC 150.4eD 276.6fC
84d 17.6abC 0.6aA 0.5aA 0.5aA 11.4abD 6.2abB 0.5aA 73.7bD 161.2cD 343.5dD
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Fig. 2 Dynamics of soluble organic nitrogen in the soil after application of several organic materials
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Fig. 3 Dynamics of microbial biomass carbon in the soil after application of several organic materials
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Fig. 4 Dynamics of microbial biomass nitrogen in the soil after application of several organic materials
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Fig. 5 Dynamics of pH in the soil after application of several organic materials
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Table 4 The correlations among pH, SMBC, SMBN, WSOC, WSON, NH,"-N , NO3™-N in the soil after application of rice straw

pH WSOC WSON SMBC SMBN NO3z-N NH,"-N WSOC/WSON ~ SMBC/SMBN

pH 1 0.700** —0.639** 0.726** 0.508** —0.663** NS NS NS

WSOC 1 —0.304** 0.560** 0.285** —0.337** NS 0.217* NS

WSON 1 —0.379** NS 0.907** NS —0.341** NS

SMBC 1 0.757** —0.451** NS NS NS

SMBN 1 —0.315** 0.292** NS —0.334**
NO;z-N 1 NS —0.293** NS

NH,"-N 1 NS NS
WSOC/WSON 1 NS
SMBC/SMBN 1

RN, P<0.01; *RREFEKFE, P<0.05; NSERAEE. TH
** Means extremely significant correlation at the 0.01 level (2-tailed). * Means significant correlation at the 0.05 level (2-tailed). NS means not significant. The

same as below
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F#5 MALZRELIEH. MEMEKRE. AEEIIERE. 58, HASRZE/MEXES
Table 5 The correlations among pH, SMBC, SMBN, WSOC, WSON, NH,"-N , NOz-N in the soil after application of Chinese

milk vetch
pH WwsoC WSON SMBC SMBN NO;-N NH,*-N WSOC/WSON ~ SMBC/SMBN

pH 1 0.466**  —0.805** 0.246* NS —0.765** NS 0.439** NS
WsoC 1 —0.455** NS NS —0.472** NS 0.571** NS
WSON 1 —0.220* NS 0.853** NS —0.431** NS
SMBC 1 0.648**  —0.357** NS NS NS
SMBN 1 NS NS NS —0.367**
NO;-N 1 NS —0.388** NS
NH,*-N 1 NS NS
WSOC/WSON 1 NS
SMBC/SMBN 1

#*6 MEMBEERIIEH. MEMEHRR. AIAEENKRA. &REA.
Table 6 The correlations among pH, SMBC, SMBN, WSOC, WSON, NH,"-N , NO;-N in the soil after application of pig manure

HESRZ B HEX S

pH WSOC WSON SMBC SMBN NOs-N NH,"-N WSOC/ SMBC/
WSON SMBN

pH 1 0.904** NS 0.879** 0.568** NS 0.876** 0.665** NS
WsOoC 1 NS 0.906** 0.608** NS 0.855** 0.666** NS
WSON 1 0.303** 0.240* 0.878** NS —0.364** NS
SMBC 1 0.653** NS 0.802** 0.438** NS
SMBN 1 0.286** 0.411** NS —0.322**
NO3z-N 1 NS —0.490** NS
NH4"-N 1 0.691** NS
WSOC/WSON 1 NS
SMBC/SMBN 1

FHMEIEARIA A, HATIAN pH AR b4 T nT g
SEBEYIREE A5 1E, SMBC Al SMBN Jf-3547 T8
K, RS 14 KRBT —MES. 14 d 5
T AR 5, 38 WSOC, SMBC Fif
ETbs B IR NSRS WSON F i 3
I, g TR A A R R R I, A A
9 SMBN & & 1 i .

T{ﬁﬂﬁéﬁ?ﬁlhg%&fiqﬂ NH,"-N & SBaH52440 T
BRI, RE F Tl AT BRI T 335k
L7/l H@E%E, iiﬁtiﬂﬁwu’ﬁfﬂﬁiﬁﬁ NH,"-N i1
AP E, TER NH, =N & B8 i T
HAS HEAB &M NHS-N, M A 45 55 55 4] 30
NH,-N 1R, AR A 3 2 LA HLS AT,
PRI R FR W 3% NOg-N - & S ARG, AL A
14 d i NOg-N et BFb, X5 pbi -5y

PERESRA DG, AR ALFE R NOs-N &AL A
#, XARES AR CIN EAT k. A CIN LEAL
A HLRHE 535 580 T S A A SR B o
PIREEDI T, A2 WG Ve, AT E AR T 2
SRR, PRI AR RERE I NOg =N, 1 FLREE T 1
BEAPUTH R R R, AL TE NOs-N &
(iSSP pE e

GHLEL > i & WSOC I WSON (13244,
SESRE A R, AR HLA R FE T SMBC.,
SMBN 5 WSOC. WSON Z [a] 356 — & AH M (G&
4~6) . WSOC [ {F N BRI AL L ED R,
E Ja e el R B SR R 7 Al LR S A 5 5T
AR, ETRS N A BT & R
IR N I R A 20 0 (R RUR A e RF L
IEF AT, SEs AR RA B CIN
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BRI DS 7, it 5 V2 o 2 PR 388 o SE 0w 1k A AL 17
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B, AR R e R, DRI AT g
WSON ¥4k HHIMGEARL, Ri3R45R G WSOC
BEEAE, 1 WSON I T o X A REE KA R 75
AU IR KT, FET IR e A o T A BT,
P T WSOC 1 WSON [ &t Bk g6 i Fems,
EY AR 4L 13 WSOC F1 WSON, Ll A2 H
SiE, EIMEYER S AR R AR, B
It WSOC 5 it i #i ikl , 1y -39 KA 4 A FH T LA
1§73 WSON 18/t

3.2 1iEpH

JURE BRI 335 n T 14 pH, H. 14
pH I 5 K B A R AR SR W . O IR
SR} BRI 25 iR A E N, R S
SN AHIRLAR B () pH ] LAHERT H AT P LR R
THRZIILE T, ERTFRYIIAED R E
FIRITEOUR, XS B TR AT AR S T3 pH BT
FHEGE N [ RhiE R, 3 pH SRR
B, WEFETE R S B, SRR
B pH (MR R AR I, XL R A R
XETENWES R 3 pH s oy, B AL
Yokl B RS S8 pH BT T, B
EEIREL I A R RS I % pH TR EE,
BRI ORI X —%

FREAVE R 0N IS, nlff 138 pH Pk -
Tt AARTFLE TR A ZAERDEET pH
T AN E R, JEIIN pH R R4 AE
FTE. AHOGHE 73 M 45 R R B BREE = e Ak B
NOz-N Fl-1-4% pH Z [A A4 W& A GE: 8 3E
AEFEH NH, N 55 135 pH 2 8] 5 8 % EA G, X 5%
ARG EHB S NH,-NHGK (K 4~6) . KTH
AR G111 pH N2 A KRR, W Yan 2548
FIEF I (NH,),S0, )i, -3 pH R ARIBEE SR
(R EFR R, B LT RS

4% SMBC/SMBN 5 135 pH A5 2 AH OHE(P
>0.05) , {H SMBC £ SMBN %143 51 55 133 pH 2%
Moo Kemmitt 21553t & 8L, +34% pH 5 SMBC
Z AR B E LR R . IR T3 pH 15
Wi 5 - SR A BT AR A 50, (BT A AR
XFT g BRI, BT IR RUE R
BRI A RS, H R AT B UL

YIRS T T AT TR A, Ak nT AN smix 77 T
BT, JE4hG IR S PRt oL, PRITILAR 0 115
pH FHLEE,

A5 3 pH 5 WSOC £748 i 2 (1 TE A%,
X Kemmitt 245 MOU 1 I SR A7 A s L
pH IS 45 S 5 o 3% 0] BB A DR KUV Iy A Ak 3
SAFAG T A PR O, (1 WSOC Jf
ARER AR AE LI . At A MU RS A R Ak
PAEAEAJTD, A HURH i FH 45 - 388 n 1 A
W, FERE IR FRINA WSOC 5 13 pH 2 A7 4 i
FIEM LA REM . RS LA AE B, AL
B ES IR Bk S 80 pH i BT, i wsoc
AN E PRIy 2 —. LRGP RE MR RT
FE R pH AR L, AN REMRRE T3 N AL
YiklE pH SCER TR IS, BRUR SR R A T )
ERWAERRS E R MR R A
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MM s 4 pHPEL b B Ak R FH U4 B A
5 pH; WrRHER R A HLE S aEE SR, B
Seip a3 pHP - HEIUE pH U R I S
358 pH AR Ak i BN B2 B SR, AL
YIRS 148 pH RS2 I TR T (R EE I L
FREAT IR S, X R R b 4% pH A2k
IR RESR R o AHOCPE AT R, 148 pH 5 L3 LA
-l I-% 5 S N R <R IR/ ST IDR E
158 pH, 3175 0 - AR S T LR - T AL
Wiy BEAL, IR T R L A
X4 pH AR FEE N . RS AR e A R R
WA AR R R EA AL, DLk
P IR AL H

4 i

HNEEFRAM N, WINA N R T 1
WSOC. SMBC. SMBN Fi+-3 pH, {HAS[FALBE 2 [
A 225, SeP RS IR A B S R B if, FRBLIR
o BRIURE 2, 3 pH 5 HEdm. 5ahE
AR KA, A S A B R A G
XFREFORY, 3% pH 5 WSOC. SMBC. SMBN.
NH,*-N F1 WSOC/WSON Lt [8) 474 B3 IEAR D %t
FERURNE 9ok di, 13 pH 5 WSOC. SMBC 2 i)



11 1

PSS «

ATV 2188 LR T A5 M R FE () 5% )

3931

A0 B IEAM O, 5 WSON FI NOg-N 2 [Al A1 i3
A,

References

[

[2

B3

4

[3]

6]

[7]

(8l

[

[10]

[11]

[12]

Xu R K, Coventry D R. Soil pH changes associated with lupin and
wheat plant materials incorporated in a red-brown earth soil. Plant
and Soil, 2003, 250: 113-119.

XuJ M, Tang C, Chen Z L. The role of plant residues in pH change of
acid soils differing in initial pH. Soil Biology and Biochemistry, 2006,
38: 709-719.

Currie W S, Aber J D, McDowell W H, Boone R D, Magill A H.

Vertical transport of dissolved organic C and N under long-term N

amendments in pine and hardwood forests. Biogeochemistry, 1996, 35:

471-505.

Robson A D. Soil Acidity and Plant Growth. Sydney: Academic Press,
1989.

%4741, Coventry D R. FESefV s JtixS +IERAC K. AL IR
Bif47, 2002, 21 (5): 385-388.

Xu R K, Coventry D R. Soil acidification as influenced by some
agricultural practices. Agro-Environmental Protection, 2002, 21(5):
385-388. (in Chinese)

Yan F, Schubert S, Mengel K. Soil pH changes during legume growth
and application of plant material. Biology and Fertility of Soils, 1996,
23: 236-242.

Pocknee S, Sumner M E. Cation and nitrogen contents of organic
matter determine its soil liming potential. Soil Science Society of
America Journal, 1997, 61: 86-92.

Tang C, Yu Q. Impact of chemical composition of legume residues
and initial soil pH on pH change of a soil after residue incorporation.
Plant and Soil, 1999, 215: 29-38.

Park J H, Kalbitz K, Matzner E. Resource control on the production of
dissolved organic carbon and nitrogen in a deciduous forest floor. Soil
Biology and Biochemistry, 2002, 34: 813-822.

Hedin L O, Armesto J J, Johnson A H. Patterns of nutrient loss from
unpolluted,  old-growth  temperate  forests:  Evaluation  of
biogeochemical theory. Ecology, 1995, 76(2): 493-509.

Quaills R G, Haines B L, Swank W T. Fluxes of dissolved organic
nutrients and humic substances in a deciduous forest. Ecology, 1991,
72(1): 254-266.

PO, TKESE, BORE. AT IAL B A Y R
RIS, N AR 25243, 2003, 14 (12): 2225-2228.

Li G T, Zhang B G, Li B G. Effect of straw pretreatment on soil

microbial biomass and respiration activity. Chinese Journal of Applied

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Ecology, 2003, 14 (12): 2225-2228. (in Chinese)

B, AR, BRTH, M gk AR TR LK. A
R EAEIR, 2007, 27 (1): 397-403.

Zhao M X, Zhou J B, Chen Z J, Yang R. Concentration and
characteristics of soluble organic nitrogen (SON) and carbon (SOC) in
different types of organic manures. Acta Ecologica Sinica, 2007, 27
(1): 397-403. (in Chinese)

BENA, RIOAR, R, £ b RIEEEIEA PR S
B Y. WA, 2003, 14 (1): 126-130.

Zhao J S, Zhang X D, Yuan X, Wang J. Characteristics and
environmental significance of soil dissolved organic matter. Chinese
Journal of Applied Ecology, 2003, 14(1): 126-130. (in Chinese)

Dai K O H, David M B, Vance G F. Characterization of solid and
dissolved carbon in a spruce-fir Spodosol. Biogeochemistry, 1996, 35:
339-365.

Kemmitt S J, Wright D, Goulding K W T, Jones D L. pH regulation of
carbon and nitrogen dynamics in two agricultural soils. Soil Biology
and Biochemistry, 2006, 38: 898-911.

R, T E AR X R I A A FLEE . b
A0 Rl ARAL, 2002: 147-151.

Zhao Q G. Mechanism, Temporal-Spatial Changes and Controlling
Countermeasures of Soil Degradation in Hilly Red Soil Region of
Southeastern China. Beijing: Science Press, 2002: 147-151. (in
Chinese)

b, LR AL E T dbat o ERE RN R,
1999.

Lu R K. Analytical Methods for Soil and Agricultural Chemistry.
Beijing: China Agricultural Scientech Press, 1999. (in Chinese).
P, AR, SO, X B, B MEKERAA T T
WA RRR . B BABhE. NMHAERYR,
2006, 17(11): 2052-2058.

Qiu S J, Peng P Q, Rong X M, Liu Q, Tang Q. Dynamics of soil
microbial biomass and dissolved organic carbon and nitrogen under
flooded condition. Chinese Journal of Applied Ecology, 2006, 17(11):
2052-2058. (in Chinese)

Yan F, Schubert S, Mengel K. Soil pH increase due to biological
decarboxylation of organic anions. Soil Biology and Biochemistry,
1996, 28(4/5): 617-624.

B, LT A VEPREUIEAR AR B E AR K 0.
AR, 2000, 27 (3): 157-162.

Li S Q, Li S X. Interaction between organic material and nitrogen
fertilizer on microbial biomass nitrogen. Microbiology, 2000, 27(3):

157-162. (in Chinese)



3932 el & BE % 42 &
[22] sKkEwN, 5k 45, vodese, T4 FEFF A HUIE it H e 135 Dai J Y, Zhou J M, Qin S P. Dynamic changes of chemical

[23]

[24]

[25]

LR RE . WY H AR 24 AR, 2002, 13(12): 1575-1578.

Zhang Y L, Zhang J, Shen Q R, Wang J C. Effect of combined
application of bioorganic manure and inorganic nitrogen fertilizer on
soil nitrogen supplying characteristics. Chinese Journal of Applied
Ecology, 2002, 13(12): 1575-1578. (in Chinese)

HhEH, FEMSR, BRIEUR, 4048 2. e Rt it A IR
R L FLBATIIL. IR, 1998, 35(3): 412-418.

Han X R, Guo P C, Chen E F, Zou D Y. Immobilization of fertilizer
nitrogen by soil microbes and its changes. Acta Pedogica Sinica, 1998,
35(3): 412-418. (in Chinese)

Liang B C, Mackenzie A F, Schnitzer M, Monreal C M, Voroney P R,
Beyaert R P. Management-induced change in labile soil organic
matter under continuous corn in eastern Canadian soils. Biology and
Fertility of Soils, 1998, 26: 88-94.

AR, JATCR, 20T LR BV MR R b i A L
Tk 22 A AR 4. TR, 2004, 35(6): 724-727.

[26]

[27]

[28]

composition of dissolved organic matter during decomposition of
organic materials. Chinese Journal of Soil Science, 2004, 35(6):
724-727. (in Chinese)

P, Al A, TR RJTRE, EUOT, VORME, AMVERL Y
BRAE RS IR S () 5w e SLAE I WLEE. 7R3 24 4], 2005, 25(9):
2382-2388.

Li Z A, Zou B, Ding Y Z, Tan W N, Xia H P, Shen C D, Sun Y M.
Effect of plant residues on soil acidity and its mechanisms. Acta
Ecologica Sinica, 2005, 25(9): 2382-2388. (in Chinese)

Baah E, Anderson T H. Comparison of soil fungal/bacterial ratios in a
pH gradient using physiological and PLFA-based techniques. Soil
Biology and Biochemistry, 2003, 35: 955-963.

Marschner B, Noble A D. Chmical and biological processes leading to
the neutralization of acidity in soil incubated with litter materials. Soil

Biology and Biochemistry, 2000, 32: 805-813.

SifEgmi Eai)



