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Long-term Application Effects of Fertilizers and Amendments on Changes of
Soil Organic Carbon in Paddy Soil

Myung-Sook Kim*, Yoo-Hak Kim, Seong-Soo Kang, Hong-Bae Yun, and Byung-Keun Hyun

National Academy of Agricultural Science, Suwon 441-707, Korea

The changes of soil organic carbon (SOC) content in paddy soils (sandy loam) were assessed from data of the
59 years fertilization plots in which the continuous rice cropping experiment started in 1954. The treatments
were no fertilization(no fert.), NPK fertilization (N, NPK), NPK plus rice straw compost (NPK+C), and NPK
plus rice straw compost, silicate fertilizer and lime (NPK+CLS). After 41 years, SOC content in NPK+C and
NPK+CLS treatment in surface soils (0 ~15 cm) reached at the highest, followed by maintaining a plateau
level for 8 years. After 51 years, they showed a tendency to decrease. Peak concentrations of soil organic
carbon were 20.1 g kg™ in NPK+CLS, 19.1 g kg” in NPK+C, 13.3 g kg inNPK, 11.9 g kg inN, and 11.6 g
kg'1 in control. Dissolved organic carbon(DOC) contents in surface soil solution were about 2.3 times higher
in NPK+C than that in NPK+CLS. Therefore, SOC in subsurface soil(15~ 30 cm) was greaterin NPK+C than
the other treatments. These results indicate that continuous application of rice straw compost and silicate
fertilizer affected significantly on the level of SOC in surface soils, subsurface soils, and soil solutions. Thus,
the combined applications of NPK fertilizers with organic compost and silicate as a soil amendment are
recommended as the best fertilization practice for soil carbon accumulation, environment conservation, and
enhancement of soil fertility status in the continuous rice cropping system.
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H B Fo f7159] WES dxA ool 78 AlY
3 o)t} (Powlson and Olk,
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A9 =oF S18HY-2 pH 5.2, 71E(OM) FFE 16 g kg,
FAEQAL (Avail, P,0y) T 120 mg kg ', A ZF
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AR 913k AlE= 20099 5EHE 8€7HA] 330 HA
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HE 58 & Aty 5274 A3t & Axste] FAE
2ARI9LT, B9 el M7 ol 15 cmel AEHo
core Ho} AFBsAT), EFRoNS] SEALATRS B
A3}7] 918 AlE= 2012 59 30U5E 8Y 4474 103]
o] ‘A4 polyethylene porous cup (pore size 35~ 75 (m)=
10 kPa®] LA oS 7I8to] 100 mLe] o] HE=E A
Flelsieh. 49| pHe B S0 HlgS 1158 553}
o] S50, EYR7IE- Tyurint, fA MR Lancaster
Ho g 2E3F0] 720 nmof| A, FHE AR 1 M NaOAc (pH
4,0/ gN 0 ZZ5}0] 100 ol HIAA] (U-3000, Hitachi)
2, X|3H4 9Fo] LS 1M NH,OAc (pH 7.0) gh5-goHog =
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3], Ql4k EjH], A3, Zejal 4R ARF 7]H| = A8 mlE FolA A5
Year
2 5 5 2 5 2 5 0 0 5 2 0 2 A
Rice cultivar
l Paldael Jinheoung Milyang 23 Daechung Samkwang |
N-P,0; K;0.Kgha'
| 75-75-75 100-75-75 | 150-86-86 | 110-70-80 |
N fertilizer i
| Ammonium sulphate |
K fertilizer :
| Murate of potash |
P fertilizer :

S

| Double superphosphate p#g;)rn - Fused and superphosphate |

Compost, Lime

| Fermented Straw (7.5 Mg ha). Calcium hydroxide (Lime requirement eqivalent pH 6.5) |

Si0, fertilezer(2Mg ha)

I Calcium silicate

Silicate fetilizer I

Fig. 1. Rice cultivar and chronogical application of chemical fertilizers, rice straw compost, and soil amendments.
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AFE 40 0] (1993)0] & wf7bA] HAEH]7F F]H
EH|el FRNEtolA] dASHA S7keklal 404
ol 717t 18.9 g kg ', 19.6 g kg ' 2& QHIEW
FABEATE olw o] [k 1954 7|
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. Zhang and He (2004)2 E9F9] 97| &4 ke
Al @712d, HE Bkghe) 5 30|7kA] FA}
7KL L o] SR E = A QbS] Y
20.0 g kg ‘o]l =HEIH o0, o]AY EFO| ek}
A= olfe Bl frIEart 2% Aol Al
Al FYdE = f71EEY FEkeE S, EdhEe R
F71EE T 584 FHRE EXeke gt WieE ot
HER FEoPAA IHAA Frleka gFel B viE
Atolof] LS AP TAZE FAsH] wiwoltal skl
Johnston et al. (2009)2> Ze|Ho Q= AT ZFATA
(IRRI; International Rice Research Institute)®] 7] A&
27 (1978~ 1991) ol A 7184 FHhe v s F
YA o2 Lot An|RE TR oA 22 22, 20 g
kg 'o|9lem, 1do] 33] BiE Aufstal, H4ElE 7|7ko]
10709 =2 21 Zo] 1 LdloltaL s}, 7|59 B¢
54, @ AL7IRE BASl 5& 1 SA0
FE UL EFRTIEA0 Y eEE EepAH, ofHgt
felo] HepAH M2 s R olsstA okl K
3}At} (Johnston et al,, 2009).
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Fig. 2. Changes of soil organic carbon with continuous
applications of five different fertilizer treatments for 59
years. No fert,, no fertilization; N, nitrogen fertilizer; NPK,
nitrogen, phosphorus, and potassium fertilizer; NPK+C,
NPK fertilizers plus rice straw compost; NPK+CLS, NPK

plus rice straw compost, silicate fertilizer and lime.
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Fig. 3. Distribution of soil organic carbon(SOC) in the
soil profile after fifty-six years of the continuos fertili-
zation experiments (2009).
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Table 2. Comparison of averaged dissolved carbon concentration in soil solution for rice paddy (2012).

Treatments DOC DIC DTC DOC/DTC
mmol L

No fert. 0.5+0.2¢" 0.8+0.5b 1.3£0.6¢ 0.4+0.2b

N 0.6+0.2¢ 0.6+£0.4b 1.2+0.6¢ 0.6+0.2a

NPK 1.8+0.7b 1.0£0.5b 2.8t1.1b 0.7+0.2a

NPK+C 3.7£1.5a 1.2+0.6b 4.9+2.1a 0.8+0.1a

NPK+CLS 1.6+0.8b 2.9+1.2a 4.5+1.5a 0.4+0.2b

+DOC, dissolved organic; DIC, dissolved inorganic carbon, DTC, dissolved total carbon.

*Means in a column followed by the same letter were not significantly different at 5% level of DMRT.
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1112 EEERR R

Table 3. Mean pH, available phosphate, exchangeable cation, and available silicate after 59 years (2012).

Exch. cations

Treatments pH Avail.P,0s Avail.SiO;
Ca Mg

1:5H,0 mg kg' et T P S — mg kg’
No fert. 6.6+0.1b' 20+3c¢ 0.05+0.01c 6.1+0.3¢c 0.9+0.03c 69+3b
N 6.3+0.3¢c 11£lc 0.0840.01bc 7.6+1.2b 0.9£0.04¢c 61+£2b
NPK 5.8+0.1d 136+11b 0.0740.00bc 6.4+0.1bc 0.9+0.04c 35+1b
NPK+C 5.940.1d 167+13a 0.09+0.02b 7.1£0.3bc 1.0+0.05b 53+5b
NPK+CLS 7.5+0.1a 169+6a 0.15+0.02a 11.7+£0.8a 1.7+0.06a 261+46a

"Means in a column followed by the same letter were not significantly different at 5% level of DMRT.

AL QAFHH RIS I uurt Qibdu| e} WA
Ml SAo] Bl AL Bl Gacll Fue U
771 Ao Uik X3 2B SeTHEETe
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kg ' OR Woly HEu|o 2o FaQAF FaFofet
E’P{WW Bl g Z4E Y] Soll= 71osk3l
of, A|ed ZEe }—@7]1%—?0117\1 11,7 emol. kg, HE
L 7.6 cmol, kg ', EH|T9} 3841 ZF7F 6.4 cmol.
kg ', 7.1 cmol, kg 'O2 FRNFLI} oh2 A ] to] ouf
A =9k, 2EA] U}T_Y_Lﬂ’\o ZSE7E 1.7 emol,
kg ', EH]T7} 1.0 cmole kg |, 394, SOKL HH|
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Wglem, o]Z2 599 5k AR R ol 2437} T E]
7| o= ?ﬂr‘i}%r/} FaETAr TS S-S A
IRt - (|, o, 384, EH|FHOA 35~ 69 mg
kg 2 ARl oY, SFRIETE 261 mg kg 2 THEA
ejqct 4~ 7o) 7 WL,

o (o]
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AN el vews e 919 wers walst

AL =ik, 5949 Feke] AJFollA HAERY] Alg-2
EOF] §7NekA FHES 41 o]0l Zth 19~ 20 g kg 7}
A =gt 19, HAEHE AGSHA] o2 AHTE 1
Eol At L4, AEoIAE 2717 oA shaic. ®
§F Hu] e Eorgolzo] 28 el Slekr o
g, ERFolA 7P =90, SR olAl= Y

o) 1/2 $E0R BHOR fEEE $84 f7Ivee
ol Frastelet. sfetu|Rel HAEM], 1e|i EYTHEA
Al AN RS 59d B9k A83I9E Uﬂ EO] pH,
BRI, AFHA oFole, a4 B SUFsHT o
BA, R4 vlre} 47140 JE'W Aol T
AN RS 851 AL B daiAe Sy
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=Hsdder ATl A
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