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Effect of Different Type of Organic Matter Application on Rice Yield and
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Abstract: This study evaluated the effects of organic material inputs on rice productivity,
soil chemical properties, and organic carbon (SOC) accumulation in paddy soils. The
results demonstrated significant increases in rice yield, SOC, and SOC stock. Among
the treatments, the NPKCC treatment exhibited the highest yield (712.6 kg 10a™) and
SOC stock (42.5 Mg C ha™), along with increased exchangeable cation content due
to the higher cation levels, such as K and Ca, in compost. While rice straw, with its
high C/N ratio, decomposed slowly and favored long-term carbon storage, cattle and
swine manure composts decomposed relatively faster, providing enhanced nutrient
supply and boosting crop productivity. In summary, the application of organic matter
to paddy soils not only promotes crop growth but also enhances SOC storage, contributing
to carbon sequestration in agricultural soils. However, excessive application of organic
https://doi.org/10.5338/KJEA.2024.43.40 matter can leave unabsorbed nutrients in the soil, potentially leading to negative environ-
mental impacts. Therefore, it is recommended to adhere to standard application rates
that consider soil and agricultural conditions. Proper organic matter application is ex-
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o, AlA 715 #3k YAl IPCCollM= EFY &4 A= thget 7|19 sl 43t ot F stz Bk 1,2]. B
g4 A2 7] F oliteltas EaE7] ofgR FHY frlgaR desto] B A7 At Aow L 71F
HIE 22 4 Qe VeR FETY 3] EY F7]€4(Soil Organic Carbon, SOC)= EY f7|&9] F34H 02 EX|o]
€ 9 gaegof Qlo] e F83 g40itt4]. FBA0] FTEHE FYcshs AL EFRIEAE AGS S7H7I= W
F StuE, Blgoly U f7lEde FUSHAY SHAES AHl & &¥shd B frlgasrgo] S71RH(5.6].
EFolA f71E2 E94, 2o, AEstaor a3 AREZA EFS 29437 aeHde MAdst &40 84
A B SAANTIH A2 FESFULEA A2 BiS FAT7]. Bl FUE f71E22 ¥ or B v
=9 oJsf Eoi=H, o] HE2 EY 2%, TREE EYEA, 24 9 f71E FF SOl wet B3 =9 7]7to] gkt
[1.8]. E3], EHl= A og Eofj7t el 250 S44R0 FES AlFols 5, HES 52 O/N &R Q8] AA5] Eof=
of A71A < g4 Ao 7]ofeit). o]2et f71E¥ S Aole EFY ¥4 FATH A0 A, AR dF¥F=

A T §712A0RE, 75EE 50 Yo B 45 P % EFEA nlX Sl Huslw UrHsel
TET A BT 59 7180 FAN 2R VI ARE 89 289 DIl 23k AUt o
WEElo] Slek. webA] B AToIAL WA, SREE], EREuol 22 A T B4 A §71BAL = EYo] SYstel
O N

B ABe AREEAAE GRF oHo] AT FUEATNY ) 1B BN FPHACH, Y A e 5
EAL Table 13} Zth AFFE 13 200 m*Z dFo] LAQJOui|d 36207 wjx|5tAtt Bj& Al5A(Oryza sativa L.,
Sindongjin) F&FL= 59 WOl AAAF 30x15 cmE 7]A o]gsi o, 108 Fof s3I Xﬁﬂ:rLt 54 714
Z50 OE 35 &RIStA} FHH]FH(NF, No fertilizer)@} F-7]2H| 2 (NPK, Inorganic fertilizer), -7 &Y S50 w2t NPKRS
(NPK+rice straw), NPKCC (NPK+cow manure compost), NPKPC (NPK+pig manure compost)Z 25t B2 AU
T HES Bl AT st on, $EEH|e EREHE AlSoM FEEL e AlES st ARSIt 771
ZH|&E N-P,05-K,0=9.0-4.5-5.7 kg 10a"'S 7|H](5.0-4.5-4.0 kg 10a"), ELH]|(2.0-0.0-0.0 kg 10a"), ~H](2.0-0.0-1.7 kg 10a) 2
BA5H9h 9L 8% 7|20 7 1,500 kg 102, HH|= 29 v|2AE A9 B $7|2 e /]F2og Q8 9 EHEHY)
2 717 1,600, 350 kg 10a'€ AT BYE F712US F FEF U 544 SHS Table 2, Table 37} 2o

Table 1. Chemical properties of experimental raw soil used in the study

Treatments pH EC_ om, Av.P:0s Exch. cations (cmolc kg™) Av.SiO, CN
(1:5) (dSm™) (gkg™) (mgkg™) K Cca?t Mg>* (mgkg™) (%)
NF' 63+0.14a° 029+002c  15+167c  36+270d 0.19+0.02c 49+046b 16+0.15a 160£16.17b 10.01+0.28a
NPK 6.0+0.04ab 033£002bc 15+061bc  61+746c  0.20+003c 47+024b 15+0.18ab 177+7.28b  9.99+0.29a
NPKRS 59+0.19b 036+0.03b 16£169ab  57+867c 032+0.04b 46+020b 13+0.11b  230+1443a 9.90+0.46a
NPKCC 63+005a 046+0.03a 18+244a 115:6.16a 040+0.04a 55:007a 16+0.04a 203+32.10ab 10.01+0.32a
NPKPC 6.1+0.15ab 036£001b 17+1.62ab  79+4.15b  0.24%0.06c 50+0.19ab 150.17ab 196+30.50ab 9.930.32a
Optimumrange  5.5-6.5 <2 20-30 80-120 020030  5.0-6.0 1520 157 -

*NF, no fertilization; NPK, inorganic fertilizer; NPKRS, inorganic fertilizer + rice straw; NPKCC, inorganic fertilizer + cow manure compost; NPKPC,
inorganic fertilizer + pig manure compost.

*Different letters are significantly different at p<0.05 according to Duncan’s multiple range test (DMRT).

Same letter indicates no significant differences among treatment.
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Table 2. Application amount of inoragnic fertilizer and organic matter

Inorganic fertilizer . Total input
Treatments N P,0s KO Organic matter N P,0Os K0
(kg 10a™)

NF? 0 0 0 0 0 0 0
NPK 9 4.5 5.7 0 9 4.5 5.7
NPKRS 9 4.5 5.7 1,500 18.0 9.0 7.3
NPKCC 9 4.5 5.7 1,600 44.2 413 8.7
NPKPC 9 4.5 5.7 350 18.1 15.7 6.8

NF, no fertilization; NPK, inorganic fertilizer; NPKRS, inorganic fertilizer + rice straw; NPKCC, inorganic fertilizer + cow manure compost; NPKPC,
inorganic fertilizer + pig manure compost.

Table 3. Chemical properties of different type organic matter in this study

oM T-N T-C P,0s KO0 Ca0 MgO C/N

(%)
RS' 64.1 0.6 373 0.3 1.6 0.5 0.2 64
CcC 47.1 2.2 31.1 23 3.0 4.6 14 14
PC 52.2 2.6 328 3.2 1.1 53 1.6 13

RS, rice straw; CC, cow manure compost; PC, pig manure compost.

M
£ SS14 L $EUTH EF L ARA| BAMNIAST, 200000 F3le] AT EFARE 58 F EFS A3
10 mesh) A% G EFL Sk 240 B pHo ECE EPAE FRAE 15 () B8

}0
mga
ol
l~
3
A
orﬂ
o

& pH meter (Orion 5 star, Thermo Scientific, USA)2} EC meter (Orion star A222, Thermo Scientific,
USA)% *H%ﬁ of 25kt ECe 99 ik Sl 43kl 55 &sto] ARgSETE R QM4 Lancasterd, A4S
IM NH,OAc (pH 4.0) J&Y0 7 B ARE FE3t0] 2+ 720 nm, 700 nmOJ|lA4] B]AA|(UV-1900i, Shimadzu, Japan)= =75}
It E3h EG S84, SHAE Y4 EA7](vario Max CN, Elementar Analysensysteme GmbH, Germany)= £4]51%] 0™,
718 FFE BAE EY g4 ol 17245 Foto] SAbelqinh wed ol IM NH,OAc(pH 7.0) &5-8d 02 &3}
o] ICP-OES(AU/CINTRA6, GBC Scientific Equipment Pty Ltd., Malaysia)2 &3t} f7| QB3 =&EH] U EEH])
9] P,0s+= vanado molybdate®]2 ARE-5lo] HIMA R Z4o190H, K,0, CaO & MgO9] T=F2 ICP-OESE AR&slo] EA451%]
th E9F9] 8AYWL L Core®HES 0]85F0] EZ(0-15 cm)o|A AF S & AZX7](HQDO 84, Coretech, Korea)oj 4] 105°COofA]

A% & BAE 45190 EGR71" 4 523F(Soil organic carbon stock, SOC stock)2 B4 gk} ot} -2 AH&4](Eq.

Soil organic carbon stock (mg C ha™)

= Soil organic carbon (g kg') x Bulk density (mg m™) x Depth (m) x 10 (Eq. 1)

ATZAHEH 7 Z(RDA, 2013)0] E3to] ZAIgON, 2] 2t HelPE 7054

2 itk ABALT, R@) Ah BAL SEATHO £ W HBA] HAMNIAST,
2000)0] Z3to] BB, A8A] AR 25710 1080] AHste] A% F B4 AR ALEA7|E o] gle] w4
oh A B4 R AAOIGESS ol A Eq. 2, Eq 32 22t olg3to] AN at W Age] BrAQ FROE
5‘(:_] fe=kei =

& 5T A8 RS 971U W2 vlo] YiHT Be] VAL S BASHSE Fast AER AgH Ao

https://doi.org/10.5338/KJEA.2024.43.40
Korean J. Environ. Agric. 2024, 43, 413-420

415 https://www.korseaj.org



Article

B4FL ABo| §71BUNH FFLE ALS AAR Auht BEHLAS W, YrolgaLe FFE Yavt A

Ao et gty o 7)ofst=RE veERATHI1.

Nitrogen uptake (kg 10a™)
= [Dry weight of grain and straw (kg 10a") x Nitrogen concentration of grain and straw (%)] / 100 (Eq. 2)

Nitrogen use efficiency (%) = [(Amount of the nitrogen uptake with application (kg 10a')) - (Amount of
the nitrogen uptake without application (kg 10a™))] / (Amount of the nitrogen applied (kg 10a™))] x 100 (Eq.3)

9] MAFFLS 97| EUS E95F NPKRS, NPKCC 9 NPKPC A &0l 4] ZHz} 684.6, 712.6, 697.0 kg 10a'& NPK A&
ek B9 Aol 7] Uehtort §912 Aol gioirkFig 1). ol 712U Flo] B9 AAkRrE S/ Bt
AT Ak GRS, ET NPIRS HEITE MUl YT NPKCC, NBKEC Aol vl Aol oA b
o ol $YT S0 ON U spol HEBgel Wik A FFol YHoR shgol U0 Muslold ekl AR
AEE QA BTt 2 ugEo] Balshy] ojele U hw TAEo] glo] 2120 EgFel ol Aoz Byt
HH10,13], FEAAE AEA ] FERELTL AR DG BT Qor, 1 5 sudow AL v S oo
AGE %2 9712 TRUCRA EF HSE §4 % A SHAT A UcH14l.

A=A, €= Ao FF2 NF, NPK A 2|7H0] ¥]] 7715 Aol woton At fAret 332 it
(Fig. 2A). E3], 71%EEH]S =<3t NPKCC, NPKPC X 7o]lA] 9914 QA &7 Uehtst), o= B35 97|29 ($8,

=)ol 28l da o] WekE £ ofyE nld=e] 23 7710l w3fiH] AEel FT ¢ e A4t IR Aes

1000
800 1 . ] a a
—~ i T T T -
S 600 +
g |
o L
o 400 i
= L
200 +
0 T T T T T
NF NPK NPKRS NPKCC NPKPC
Treatments

Fig. 1. Grain yield according to the application of different type organic matter.

Bars represent standard deviation (n=3). The same letter indicates no significant differences among treatments (DMRT, p<0.05).
NF, no fertilization; NPK, inorganic fertilizer; NPKRS, inorganic fertilizer + rice straw; NPKCC, inorganic fertilizer + cow manure com-
post; NPKPC, inorganic fertilizer + pig manure compost.
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Fig. 2. Nitrogen uptake(A) and nitrogen use efficiency(B) to the application of different type organic matter.

Bars represent standard deviation (n=3). The same letter indicates no significant differences among treatments (DMRT, p<0.05).
NF, no fertilization; NPK, inorganic fertilizer; NPKRS, inorganic fertilizer + rice straw; NPKCC, inorganic fertilizer + cow manure com-
post; NPKPC, inorganic fertilizer + pig manure compost.

TECH15]. AA0]- 8888 NPK A FoA 53.5%= 7P =4 YEFG O™, NPKPC(44.6%) > NPKRS(30.1%) > NPKCC
(15.4%) ATt =0 & L}E}E&‘:}(Fig- 2B). ol=3t A= f71EY Tl wet s &4do] 57t 0] Ee] Redkd dao
Fol S7t=o] daolgagol WA Ueht Zo=m Wtk E3E NPKCC A= EH] £ w2t NPKPC A 2]to]

H|sl A40] F]jo] X Et7] wlizol] 22 EH| A dol®: ZA yetgth APATF 23 EFO 771 FAA F71=
oGOl M T35S SHAIA AEo] 55t Hal, di= ndEol o) 537t dojdtial HuE Qlu(11]. 3,
Lee et al.[16]9] A A3} {7200 o3t A4 352 EFolA #l8E0] s NH;, NH,', NO; = WHeE= F7]3F 347}

A=A EE ekt Sh= A ¢2hE B9 o]FolA7] "ol 9] @714l daolgaee FUERR

Je wgt
o 8] wria ®usigon, B A3 Avhe olgh fAsH et

F715Y £9o) e E 31814 Wsk= Table 491 Tt EF9] pHE W& A TollA AIF Zeof vl wju]sA 57kl
Ot ARl pH 5.5~6.5 o 3ith EC= §7189 £ HtollA ot =4 Uehged ols wgE o3t §7189
27)5} 7]2H0. & NO;-N, NH,-N&} 72 okRo| Z7lE]o] EQF EC/l 275t Ao g Twadt}H17]. 978 e 97|129S
FATE AgfrollA] =9kom, NPKCC A2]ToflA] 20 g kg' 02 7H =Skt}. T8yt A2j417k & Ajo|§ HolA] ggk=t] ol=
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Table 4. Change in soil chemical properties according to the application of different type organic matter

ST pH EC_ oM. AV.P0s Exch. cations (cmolc kg™") Av. SiO, ON
(1:5) (dSm™) (gkg™) (mgkg™) K* Ca* Mg?* (mgkg™) (%)
NF' 64a£005° 0214001c  14+088b  34%379d 020£0.02b 52+040abc 18+007a 1394860b  9.5+0.82a
NPK 630042 026+002bc 16:2.58b  49+290c  0.1840.02b 4.9+0.10bc 16+007ab 206+17.38a 10.4%1.11a
NPKRS 6.2+0.10a 027+002bc 18+191ab  49+451c  0284#006b 4.9+021c  1.5+003b 227+1943a 10.620.53a
NPKCC 6.5+028a 039:003a 20+476a 109+3.82a 0410042 57+020a 16+020ab 219+2092a 9.8+0.57a
NPKPC 64+009a 030£001b 17£507ab  73+291b  0.25:006b 54:006ab 1.7+005a 220£7.80a  9.8+0.52a
Optimumrange  55-65 <2 20-30 80-120 020030  50-60 15-20 >157 -

NF, no fertilization; NPK, inorganic fertilizer; NPKRS, inorganic fertilizer + rice straw; NPKCC, inorganic fertilizer + cow manure compost; NPKPC,
inorganic fertilizer + pig manure compost.

*Different letters are significantly different at p<0.05 according to Duncan’s multiple range test (DMRT).

Same letter indicates no significant differences among treatment.

¥ 52} 5 golgld IR0 gef §712Uo] FYEY] fEoE BErHris] FEA FFE NPKCC, NPKPC 7
oA 247} 109, 73 mg kg' 0% EAXOR R4 QA A thekdid), ol F/1UuRe B 5&7/11 SRkl wre} 7714
H29] Qlito] Hulo] 712U} Astel Qake] o] oAA|sle] Efe] YA/ MEoE BHHETHIL LI Fole
& Rep7o] ) NPKCC, NPKPC A7 5 BSOS, NPKCC Aol B S 041 cmol, kg ©.2
#789919] 02-0.3 cmol, kg =t} 17 Uhektth oleie Avke Toish wH o) o] i K, Ca 53 2 ol qro]
Qo2 BRI H(19], Ahn et al20]9] AYATNA 2 AelA 715 T 8|2} 2 §/1BAL EF LI Fol 2L F7
ARITHE Boh A5k GETHES B S0l B9 NPK, NPKRS, NPKCC 3 NPKPC X2l 4 FAel7o] vl
7 Uehgh AR o, mele 08 ShEt 2o H8S ST e ST, W St B RO ABEA
9leka grelA girHal22).

tm
02

S7lEts Sxiz
T71EY Yo 2 EF fUEA9 £4L2 Table 52 2t} B 77184 (Soil organic carbon, SOC)% NPKCC (119 g
kg') > NPKPC (10.6 g kg') = NPKRS (10.6 g kg") > NF (9.2 g kg') > NPK (8.6 g kg') 202 F7|E5US FUSH A2|FoA
7 UEheten, f71e FUA FHlet F71ER R AR BRI EUTRE Yu et al-[23]ﬂ A Aot dA|st
Aot EYF f715k4 =2 7H(Soil organic carbon stock, SOC stock)S] F-olE F718H T A FollA &7 YEt o™ NPKCC
A2lol| A 42.5 mg C ha'2 7P EA Yehgth §9], NPKCC AH2|ts EG W FHIEYC R 8447}t Fastl 3=
£l Aheo} 2o o] AYA] wet 97120] FHBol S7st] §7IRke Aol Fok Ao Fekeln, Aaiel o]
A= EfRE 7\1?4:%011*1 SOC stocko] ot & A7} FARE 2HE HATH24.25]. dtdog AUEE B f7g4
AR AP0l w2 e 7, SA BT W2 EYolM= f71E9] 27t S7Iel] EYY 7 EAR AREY] dlieo
SHUEIL vhe A% B f7IE4 AFRPo] S7HIcHaL ek NPKRS APlTE T HAe] AAusgo] w1 Nt

Table 5. Soil organic carbon, bulk density, and soil organic carbon stock according to the application of different type organic matter

Treatment SOC (g kg™) Bulk density (mg m?) SOC stock (mg Cha™)
NF' 9.2+0.49b" 1.14+0.03b 31.4+0.81b
NPK 8.6+0.89b 1.24+0.03a 32.0+2.94b
NPKRS 10.6+1.66ab 1.15+0.06b 36.5+3.81ab
NPKCC 11.9+£1.18a 1.1940.04ab 42.5+4.83a
NPKPC 10.6a%1.09b 1.18+0.06ab 37.5+2.35ab

™NF, no fertilization; PK, inorganic fertilizer; NPKRS, inorganic fertilizer + rice straw; NPKCC, inorganic fertilizer + cow manure compost; NPKPC,
inorganic fertilizer + pig manure compost.

*Different letters are significantly different at p<0.05 according to Duncan’s multiple range test (DMRT).

Same letter indicates no significant differences among treatment.
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10a")3} SOC %—@%(425 g C b2 BSL0T, BB U K, Ca%} BE FoIL B 2 U9 w4 Yol W B
oh ES WAL ¥ C algi - +0H7P Lele] 7149 T Aol feiet e, Suulel EREuo] B9 A
2 Bl wet 5714 J FRgEs AR Fol autaolgich ojefet 2uE YT, = Eg] 47120 FYs)
52 B A ARE AT B oot £ ) SUIRE APE BT 5 2 e 320l w; =
& 1B £ A 2 1L 288 SRS 28 54
5429 JFS F 5 Ak Wb, £712Y £Y A E 2 z
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