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Effects of Rice Straw Compost Application on Exchangeable Potassium in
Long-term Fertilization Experiments of Paddy Soils
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In an experiment conducted at the research field of the National Institute of Agricultural Science, we
investigated the effects of mineral fertilizer and rice straw compost on exchangeable potassium and K
balances, and rice grain yield under a rice single system. The treatments were no fertilization (No fert.),
inorganic fertilization (N), inorganic fertilizer (N, P, K) plus rice straw compost at rates of 7.5, 15.0, 22.5, and
30.0 ton ha” (NPKC7.5, NPKC15.0, NPKC22.5, and NPKC30.0, respectively). The inorganic fertilizers(N, P,
K) were added with standard fertilizer application rate in which nitrogen (N), phosphate (P.Os), and potassium
(K:0) were applied with 75~150 kg ha"', 70~86 kg ha', 75~86 kg ha", respectively. Exchangeable
potassium for NPKC15.0 NPKC22.5, and NPK30.0 treatments was higher by 0.05~0.19 cmol. kg'l than that
of NPKC7.5 treatment. Increasing levels of rice straw compost resulted in an increase in the K balance from -
19.9 kg ha™ yr' (No fert.) to 41.9 kg ha™ yr' at NPKC22.5 treatment and 62.9 kg ha™ at NPKC30.0 treatment.
Continuous application of rice straw compost with NPK fertilizers affected significantly the rice grain yields.
The result of the study imply that the application of more than 22.5 ton ha™ of rice straw compost with NPK
fertilizers are recommended as the best fertilization practice for enhancement of crop production and K
supplying power of soil in the continuous rice cropping system.

Key words: Long-term experiment, Paddy soil, Exchangeable potassium, Rice straw compost, Potassium
balance

Comparison of exchangeable K concentration and K saturation in No fert, N, NPKC7.5, NPKC15.0, NPKC22.5, NPKC30.0
treatments from data *02~’14 years.

Exchangeable K K saturation
Treatment 5
cmol. kg %
No fert. 0.10¢" 1.0c
N 0.10c 0.9¢
NPKC7.5 0.15bc 1.2bc
NPKCI15.0 0.19b 1.5b
NPKC22.5 0.24a 1.7a
NPKC30.0 0.29a 1.9a

" Different letters represent significant differences (p < 0.05) between treatments by Duncan’s multiple range test.
No fert, N.P.K., and C mean no fertilization, nitrogen, phosphate, potassium, and rice straw compost fertilizer,
respectively.
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Introduction

Syt =Ee] XgHd ZHEY] TR 95del 0.32
cmole kg 'of|4] '0349 0,30 cmole kg O 7t 7hAEl T, ‘11
Holl 0.30 emole kg 02 A GAEIL T} (NAAS,
2012), 1, WO S-S 913t B AR HE vl
(<0,25~0,30 cmol. kg )2 03] 26%0) 4] *
opglon, o|Zle =EelA ARt B 7ISARR o8-
Szl FHRNES] AEe] SVl (MAFRA, 2015) 7]Q13H,

ZHe ol B B Sl ARy, HIE A
E9F 270] Wolske AT hS £RT CrbolT)
(Brady and Weil, 2007), ¥¥} EoFo] Z-E3FS 0.2~
3.3% Heloll out B HAo whetk 21 Helo] Zpo]
7} &2}AIc} (Sparks and Huang, 1985), E9FQ] ZHE-2 2f
2ol gt fFae SHolA & 4g, A8 ZE v
M B AR U & =t ol 3% B3
= frAsH = 545 AYal Itk (Sparks and Huang,
1985), 2H=9| HiEjoA EF] 8 AFES S5k B
oflx &N ZEit 2|ghy AEAHe] HE2 W= o]FoA|
A8Hg At vxgHd ZEAte] B3 =2A 1Y
t} (Sparks and Huang, 1985). wWahx], ESF = Z-&F9]
e M=ol a7l Zo] e Ak An, B
S, T, AEEEY TR o 9719
Z2}Ac} (Sparks and Huang, 1985).
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T} (Anderson et al,, 2007; Andrist—Rangel et al,, 2007;
Blake et al,, 1999; Singh and Goulding, 1997, Skinner
and Todd, 1998), oFr|o}e] v Aufx|of|l x| 1960\ of=f Z
2l H 29| S FESHA| Eoto] EY F A 2
Tope gashn 28 AL GRE 29 e ehin
1o (Dobermann et al., 1999), ¥/ 25 7F35
A 2R AL oluT e e Lhehim gl
(Singh et al,, 2002). E3F, - F2AHujol| A F7]2H]
29} cio] Hulol Bu|o] Eelat oA 30| BF A
ZFe UERH I (Dobermann et al,, 1999a, b), 87|74
(organic farming)of|X|%= 9] 4] g YEltkal Hal
3T} (Andrist—Rangel et al,, 2007), o]} AHtEl= Ax}
24, 3% AAEe] £oF BlOE Qslo] 2F AV %
of g Uehity ofe] @17 wd wusly gons
(Poss et al, 1997; Wihardjaka et al., 1997) ZHg H3}e} 4=
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(Coarse loamy, mixed, mesic family of Anthraquic Eutrudepts)
of s, A7IAI 27 Al BA o] EoF 2F8Hd- pH
5.2, EFR7IE (SOM) FH2 16 g kg |, FAUAL (Av,
P0s) T 120 mg kg ', XEA Z-F Pl 0.08 cmol.
kO REN YIS ALY HEe v A%
1ESF A7 Hl8IE0] 71 (NAAS, 20100z oIk Bt
A MY F5 BlRet ANEAIE A8 WEe
Fig, 137} gt}

SAl 23  XM2l7 WY F52 5495 E 687t
= Y, 699 787 = 21E, 19dRE 85| 7t
A= EeoF 235, 86 '03A7 A= i, '04AHE 14
W7 = APEEES Aiskaict. Agats g ofHiA]
Ho 2 wjA o i 32709 AeltE AR ol
At Fo A BlRE HeehA] g2 FH|E (No fert.), &
4 H]ERE A3 AATET (N), 3940 HAEHE
29 (7.5~30.0 ton ha )& #]2]8+ 3¢ (NPKC7.5, NPKCI2. 5,
NPKC22,5, NPKC30,0)2 A438}91, NPKC7.5, NPKC15.0,
NPKC22.5, NPKC30,0 Ag]-t= 78RE] 14712 HA
EHE FYsto] AES st o HARRE (78~01)
o] BAZ B Ao AAH AHelqs '02dRE 1437t
29 AEye tiFoR BT

HIE ALSE 2 R 22| A7E2 2248 AR
(NAAS, 2010)0] gapdo] upe} i 75~150 kg ha ', QI
AFS. 70~86 kg ha |, ZE]: 75~86 kg ha |, EH]:=
7.5~30.0 ton ha 'S Alg3FAaL, 7|u]-HGu]-S=n]-AH]
o] BAH]E-LE A A 50-20-20-10%, 7}2]= 70-0-30—0%
2 23], QIAk E], A3, T1eja AR A 7|82 Al
sttt HAEN]Y] A2 W 7o) AFAT 2FOo2
FE HE 3 tong A3t Hekelal B #e|il vjdS

Hol o2 91 F AAH|E 4~6 kg F7Ito] Hadl
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tlE AFstar E3ste] ARgstAth EY AR 2 mmA|
£ 3% RS 240l ol gskda, B pHeF A7
Z% (EC, Electrical conductivity)« B} S7342] H|&:
& 152 FEvtel 25T, BPRIIEE Tyurint], §
FOIARS LancasterH © 2 2&3}0] 720 nmol|A], SE A
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=7 (ICP-OES, GBC)2o. & ZA3|th (NIAST, 2000),
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< F7AnR (e vlae)et AR (HFEN) 1
20l PR P ko' Allelal, S AV
7F &t o2 ATt (4] 1), No fert,, N, NPKC 7.5,
NPKC15,0, NPKC22.5, NPKC30,0 A7 "020|4] "4 %=
7] ARE BRI WS 12dE SPAE0 3
O S (02~14)9] 482 NIAST (2003)9] AH=E,
ABA F4Ee 02U~ 14 %] RS o] 83Tk

Year

2 (K 54 (kgha' year') = (F7]2 == 47]d v|g
O KEF + W4 3 K 352 - Hlo] AAHEE 54
3k K= (Eq. 1

S M HE doJE= SAS Z2Td (v, 9.2) 0=
< 39t =EYl f71E Algel WE Z4E 5
FIE AASIIAF ANOVA B8 A&k, A=t
7¢ EoslalA vl DMRT #AAL £3) £4819ct

Results and Discussion

R EH] FQlegh =Eoke] 3leha £/4J2 Table 13t 2
t}. No fert, 9} N H2]7= 18 g kg ' O ] Ajul] 45H=
E=EFO f71% AW (25~30 g kg )ECF Wekont
Y21 E]H]7} So]7F NPKC7.5, NPKC15,0, NPKC22.5, NPK
C30.0 A= 26~34 g kg ' O2 AWML (25~30 g
kg) oFOR &Sith o|AS HZEH]| £lEko] 7.5 ton
ha 'ol|A] 22,5~ 30,0 ton ha 'O Z7|3to] wet EFRRTE
FHeke 7~8 g kg ' AF5BIATE pHOY| 1014 No fert, ©F N 2
25t 6.4~6,52 YERGATE HAEH] A 2]-HNPKCT. 5,
15.0, 22.5, 80.0)= 6.2~6.02] 2|2 No fert, @} N 22| 7LE.
o} WA Uepkom, ol f71E &l Al WEEe 4714
Fro & pH7F Wolx7] o= FThET) (Russell, 1960).

FREQARE QU HlEet PR EN7} ey FH o
A 7H E9ka1, o]Eo] FEUER] o8 No fert, @F N & 2]+
£ Addog Wttt ik g} B E] o] BeY A}
= 225t NPKC7.5, NPKC15,0, NPKC22.5, NPKC30,0

|54] 55 56 57 5855 0|1 [62 | 63[6 65 66 7]68| 69 | 70 [71]72{ 73] 74| 75| 76| 77| 8 [ [ 0] 1 8[| 65| 25 67 5[ [20] 1 |92]93| a4 |a6{s6a7 s8] asjon|oi [o2[oa|o4|os| 06 10]1 1 12]1314

Rice cultivar i i
] Paldael | Jinheoung | Milyang 23 | Daechung | Samkwang |
N—P: 05—K:0. Kg ha'! |
| 75-75-75 | 100-75-75 | 150-86-86 | 110-70-80 i
Type of N fertilizer i
| Ammonium sulphate |
Type of P fertilizer
Double supermphosphate gﬁgg{)ha‘te Fused phosphate

Type of K fertilizer |
| Murate of potash |
Compost i i

i_ ________________________________________________ | Rice straw compost (7.5 ~30.0ton ha-") |
Lime i

Calcium silicate

Silicate fetilizer |

Fig. 1. Chronological application of fertilizers and rice cultivated.
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L 7z} 104, 105, 118, 135 mg kg 'O E9row, E3] (0.20~0.30 g kg )T} Wi, NPKC22.5, NPKC30.0 %2
NPKC30.0 A&]7-2] FaQlit =2 th2 A2l (NPKC T ALl &3iele), Ao T2 fUES 4E
7.5, NPKC15.0, NPKC22.5)9} -1 Q1A Z7lslach. A o] Zz}olx] A4S Z7}A|7]3 (Wang and Huang, 2001),
3y gt ntdlas HAER Y] gkl St o F71E wallgollAl A B2 Eofol 1yH HIx|3Hd
2} ASshlal, AT L N Aot HE] Az w9 dgE 235, f7ls A e 4Es WES
T (NPKC7.5)0|4] 0.4~1.4 cmol, kg ', X|gH4 vl o=z Ee 4F F3ES FHAIC (Singh et al,,
0.1~0.4 cmol, kg ' HE F715l= Aoz vehdt) ol 2002). #71% (humus)2 2|2Hd PR ZFol>S B/t
X EEHE §7]1E $F0] 7.5 ton ha | (NPKCT.5)14] £ 59| 3H, ME Zerolof] Fulite] Hrksh ZE9]
30.0 ton ha ' (NPKC30,0) 2.2 Z7}3to] wfe} oFo] &2 %hg- 5wt 71t A2t B9t (Tan, 1978),
2 2.5 cmol, kg O.& 2715199} Sharma et al, (1998) ZHRESHE = NPKC7.5 2270l A] 1.2 cmol, kg ', NPKC
of WEH 25 F2F AL (manure) A7|H O & FQl5H 30,0 Aol 1.9 cmol. kg OE HAEH| 9] FQ]eo]
AL ) Fol LA EhHFL 4~6 cmole kg F7HHH=E A 22.5 ton ha ' Z7|5to] wleh ZEEIEE 0.7 % S7I5h=
FATel SAlslTE webd kEoko 2 wzlEw] Eelaf Ao Yt o7l {718 BEY FYoR ZEd
o] I pHe A SR WopA|al, {7]=, A2 A3z A1 2IA| (exchange site)2] A7} S715H7]
2, AT vk, T1E|aL ol X 3hgeke FEalsFel] o[t} (Singh et al,, 2001).
v Ao g Skt FHIFE (No fert, )b AATHE (N), 12|l HAEH]
B 5 AT Z4F Tkl dolAl No fert, @F N A 2] 7.5~15.0 ton ha ' 2|7 (NPKC7.5, NPK15.0)2] Z-52]
X 0.10 cmol, kg '@ &, NPKC7.5, NPKC15.0, NPKC22.5, Z=2)7he 29] ZFo & UERST} (Table 3), 0] A2 EoFo||A]
NPKC30.0 #g]7= 212} 0.15, 0.19, 0.25, 0.29 g kg ' & AAE ZE2 ool H®, WHsE FYE 250 grrt
2 Uehgar, R g F9Rpo] SUIEEE AU E k= AL ou|gitt, ofxofe] ¥ Aul| =EQF] AE 4=
g S71819AT (Table 2). NPKCT7,5, NPKC15,0 A 2]+ A= L9 7S Yehlith=s Bav) won o= 2HE A
o] Aghy ZE TFS =EYF ¥ AW =1 FdHY 55 Bl FshAl gyl wiZolgtar Hrlskeict

Table 1. Mean soil chemical properties in long-term fertilization experiment from data °02~’14. No fert., N.P.K., and C mean no
fertilization, nitrogen, phosphate, potassium, and rice straw compost fertilizer, respectively.

Treatment SOIL::tiimc pH Available P,Os Exchangeable Ca ExchaMnieable Catlzr;p:)é;};ange
g kg'] 1:5H,O mg kg'I cmol. kg'l
No fert. 18c 6.4a 23a 4.7d 0.8¢c 10.0
N 18c 6.5a 15a 5.2cd 0.9bc 11.0
NPKC7.5 26b 6.1b 104b 5.2¢cd 0.9a 12.5
NPKC15.0 28b 6.1b 105b 5.6bc 1.0b 13.0
NPKC22.5 33a 6.2b 118b 6.6a 1.3a 13.9
NPKC30.0 34a 6.0b 135¢ 6.0b 1.3a 15.0

* Different letters represent significant differences (p < 0.05) between treatments by Duncan’s multiple range test.

Table 2. Comparison of exchangeable K and K saturation in No fert, N, NPKC7.5, NPKC15.0, NPKC22.5, NPKC30.0 treatments.
No fert., N.P.K., and C mean no fertilization, nitrogen, phosphate, potassium, and rice straw compost fertilizer, respectively.

Treatment Exchangeabls]: K K saturation
cmol. kg %
No fert. 0.10c 1.0c
N 0.10c 0.9¢c
NPKC7.5 0.15bc 1.2bc
NPKC15.0 0.19b 1.5b
NPKC22.5 0.24a 1.7a
NPKC30.0 0.29a 1.9a

* Different letters represent significant differences (p < 0.05) between treatments by Duncan’s multiple range test.
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(Dobermann et al,, 1999). Doberman et al, (1996a, b)o]|
w2 28 H|R 40 kg ha | TGS W] AESAE &
O] gt (-84~-63 kg ha ' yr ) O ZF FYo| H=5}
QATHAL 81G1aL, Bajwa, 1994% 7| Al 2ol A F Auj
Al A, QAL Zeld wRE 747} 20, 60, 37 kg ha |, U
Al A] AAA B]& 120 kg ha '} 9712 H|F (farm yard
manure) 5 ton ha 2] FolAE 0] 25 vhepirta
Huskeet, 1ejal 189 s 7@ A|ollA A, 14 2
22 " 7S 7}7F 120~ 150, 26~ 112, 142~ 256 kg ha " =
5}AL u) ZHESR| = —27~—96 kg ha 2] -20] Zrola}aL 5}
At} (Andrist—Rangel et al., 1997). ESFS] Z+H&F A7) &
o] o= Etskal & AqtollA A& Zsol 0.10
cmol, kg ©]5FR TradlA] gkt HEFE] 1w
Zgo| WEE o] X ZEo R v AY EGF §olor
HEER7] tlEe R AZET) (Sparks and Huang, 1985;
Liu et al,, 1997; Wihardjaka et al,, 1999).

o]e} g NPKC22.5, NPK30,0 A 2|tol|lA 2 $A)=

114
~ 8 (106)ab  (L09)ab s
o 100)b
=
2
T (64)c
2 4 (s0d
c
T
[CHIP

0 r

o] N NPKC7.5 NPKC12.5 NPKC22.5 NPKC30.0
Treatment

Fig. 2. Comparison of grain yield by application of incrgame
fertilizer and rice straw compost from data ’02~’14 years. No
fert.,, N.P.K., and C mean no fertilization, nitrogen, phosphate,
potassium, and rice straw compost fertilizer, respectively.
() means relative grain yield of rice in other treatments to
NPKC7.5 treatment.

"Different letters represent significant differences (p < 0.05)
between treatments by Duncan’s multiple range test.

oFo] 7ke- eRAt) (Table 3). Wihardjaka et al, (1997)x}
Poss et al. (1997)2 2ME HAIES] B &2 2 4]
7F ko] gk vreEpditial waEstelar, e AEe] "
EH)E Eokol T Fa vt otk syt wheka], 2
TollAl ZESAI7E ] FLeE v BAEN] £
22,5 ton ha ‘o] Sjsh= Fo|glom, o] & EAO]
2Rl ARFAR] =ESfol| A&H o7 BQISHH ZHE =4
o) grog §Ad 4= Qo AAZI,

NPKC7.5 #g]2e] $ek2 10002 71435l o2 2z
T=9 S AR ALISE 23 No fert, A2 =
50%, N&]2]7-= 64%, NPKC15.0 *]2]7-= 106%, NPKC22.5
28] 7= 109%, NPKC30,0 g7 114%=2 Veldt} (Fig,
2). AZRSEFO| 27} A= NPKC7.5 A g]7LE .} NPKC30,0
ol|A] 14%2 71 =9k31, N (36%) T} No fert, (50%) 2|7
A AR B2UHE A2 (NPKCT.5, NPKC12.5, NPKC
22,5, NPCK32, 0) 2c} ulj-¢- WA Uttt NPKCT7, 52} NPKC
30.0 A Atolof] FAX R Folgt =vF TV 7HA%E
O}, NPKC7.5 #2]79} NPKC15.0 & NPKC22.5 2|7}
Bolgt o= Rigich HAEY] FF0] 7.5 ton ha oA
30.0 ton ha '& F713te| wfet ko] $7181%aL, ol
2 ZES BRSO RO FgEe] SR Akt
4= Qlth, NPKC30.0 #2547} NPKC7.5 A7 Hrt i,
, ZEO| ol 247} 36, 12, 45 kg ha 'WHE TS Bo]
=gt 2o vyt weka] HAEH|e] BEoF B9l A
o] 35 tEo] ]l, ZFE 5o FER] FHHS Y

AA FFe] S7HE 7SI
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Conclusion

A7\ 2o 2HE 23d7F £ H|E (N=75~150
kg ha ', P,0s=70~86 kg ha ', K;0=75~86 kg ha )<} Hl
HEy] (7.5~30.0 ton ha )] HE& FUH =EF 5 X%
A 25 Sleke T SLE T} 0.05~0,19 cmole kg ' A& 27}

Table 3. Balance of potassium in the continuos fertilization experiments from 2002 to 2014. No fert., N.P.K., and C mean no
fertilization, nitrogen, phosphate, potassium, and rice straw compost fertilizer, respectively.

Input (A) Output (B) N
. et
Treatment - Fertlizer - Irrigation Rice uptake balance
Organic Inorganic (A-B)
kg ha''

No fert. - - 38.9 58.8 -19.9
N - - 38.9 58.7 -19.8
NPKC7.5 48.0 41.6 38.9 146.3 -17.8
NPKC15.0 48.0 69.4 38.9 165.6 -9.0
NPKC22.5 48.0 124.9 38.9 169.9 41.9
NPKC30.0 48.0 166.5 38.9 190.5 62.9
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