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Sustainability index was calculated to determine the best management for rice productivity under long-term
inorganic fertilizer management’s practices. It is based on nutrient index, microbiological index and crop
index related to sustainability as soil function. Indicators for calculating sustainability index were selected by
the comparison of soil properties and rice response in paddy soil with fertilization. Total twenty two indicators
were determined to assess nutrient index, microbiological index and crop index in order to compare the effect
of different fertilization. The indices were applied to assess the sustainability with different inorganic fertilizer
treatments such as control, N, NK, NP, NPK, NPK+Si, and NPK+Compost. The long-term application of
compost with NPK was the highest sustainability index value because it increased nutrient index, microbial
index and crop index. The use of chemical fertilizers resulted in poor soil microbial index and crop index, but
the treatments like NP, NPK, and NPK+Si were maintained sustainability in paddy soil. These results indicate
that application of organic and chemical fertilizer could be a good management to improve rice sustainability
in paddy soil.
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Sustainable index in paddy soil applied with different fertilization for 42 years.

Treatments Nutrient Microjbiological Crop Sust?inability
index index index index
Control 0.791" 0.819" 0.579° 0.696"
N 0.888" 0.833" 1.010° 1.124°
NP 0.997" 0.986" 0.883" 1332°
NK 0.722° 0.907° 0.843° 0.862°
NPK 0.960° 1.081° 1.131° 1.451°
NPK+Si 1375" 0.966° 1.153° 1.666°
NPK-+Compost 1.268° 1.407° 1.400" 2214
Fovalue - - - -
Threshold 1.000 1.000 1.000 1.300
CV(%) 233 19.7 254 254
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Introduction

B A% ?l 2GSl Lot S
Q= el Wi} 2RO 2|Z]0] ALS T AUAMA
Foll Basgh S oA, FsdolA v
2> AEALHY olsle) 3A EAIE ek (Cai and

Smith, 1994; Ellis and Wang, 1997), BT d1=Fo] 714
B B gl BERAMo] sk gt (Li et al., 2010;
Silveira et al,, 2008). webA] 2435t H|BARGo| oJgt B9

MG Pl AEe] 2|2 SRS SRt Beldel

<o) = 4 9lek
EFEe A&EAQ AEAAL R, AeA Aol
gt E9F 7159 85Fo & AoJEt) (Larson and Pierce,

1994), EFES Sl At AEAY] P
1290 4= Q7] uhEel TrelHel Bl Belo] -85t 4
o] Et} (Doran and Parkin, 1994; Karlen and Stott.,
1994), Gomez et al, (1996)= 7AZHFA]o] T2 On—farming
of| A kAl QIx}2 v AYAF A|&AS HWISSal, Hussain et
al, (1999)2 EA] o8 eflo]] g *|&4 vsks B ¢
A2 H71skAt TS Kang et al, (2005) B9} 2+
AL THRIE EERS Bk QI Ao BE
ool sjsh|E} §7182] Algo] 218 Aol vlAlE g
5 7HIIEL, b el Z9pIS.E B o] 29
N2 A A&4S Brisket] 4-83t o] 2 4= Qi
B A& AlRF 2ot Aol HAIA °]°‘—§
214%7] whze]l oA FAAYEAS] Qe e A
= WA Qi) sshlR 7] AlgeR o8 EYTE
2 e RS ek B A&/dS ATl (Singh
and Singh, 1995; Yadav, 1998), 18t} Lee et al, (2008)-2
ool 49l sl Ago] u] 4ake 7aAl 1A 9
=r}al B35}, Zhen et al, (2006)2 3FsH |7 = 249}
A& s2ko] IAIE B s, tid 16 kg ha '] i
AIERS: Zkale] wret Wk S4e] BE S 19679
92036 kg ha 'o]4] 20001 6808 kg ha & W 207 kg
ha'e] S2jo] Z7FEo] AR ALAS 918 SRk ALgo]
Fasick Z2siich, Ea e AiTolN sz A
g2 20) AEA 50 W =9 v Bgo] mh uo]
EFEA W g a7t Qlet (Gong et al,, 2009;
Li et al,, 2010; Potter et al,, 1998; Rudrappa et al.,
2006), T1EL} BRI SE 9 2ME xj&Ado] it sfehu] R A]
& 2] gk A= A9 gl AHe® ofof gk FelH
2l B7p7t Fasich
2 A SRR A7IAEe] e W A&/dE B7IsH
_T_r_x]_ 494 %o]- §].z‘ﬂ—u] 2= /\]Q_{s} },;Eookq] E"@} L;H _JH
u]/\ﬂ‘jﬂ/\‘] 01:‘:' b‘/\gl— }\HA]-/K‘]‘% }_/\]-o}o:] l-:_E_Ok_J X]_l 5]
2 o]_g.o}Oﬂ*r o]E EOH z]_x_ﬂo A]-]A]—k]o T]a} ]:}’E]Zjol

v

AR AL Shick

Materials and Methods

ZE S A2 A7) 19679 e AlRaek
71678 A= AR =] AR BEjEaL Qo BEFeS
TAREEE 12)ar vt E50] Heksolr), Ald A2+t
= T SN R uiX|E|Qie}, A= B ol A%
Zo] o5ke 57| wjFo] 2 ATLo|A control, N, NP, NK,
NPK, NPK+Si, NPK+Compost2} 70| ZAZAloaZ 2 77)
o] Aej+tE FMdsIslrt. AR 1967-1972E7H4] N-P:Os
—K,0 = 120-80—80 kg ha "©.& 19774 o]THEL 150
100-100 kg ha '& A7 Al8313 et ojuf i g
2y, QKRS 84%0H], Tl AR S AESIseH, EH]
£ YHEM]Z 1| 10 Mg ha ' & A1831 ‘3} TR
1981de]l HA=|GaL, B o]¢F 30 Aol A Al BlE=
1d 500 kg ha & AMSICE ZHlE A QKL 71 A]
geF0] 50, 100, 70 %E ARG ) Holvlo] A
2075, E571°0 11/\9} 7VelE 212} 30% A8siSict. v A
o]l ARSE B EELS F 5 JIE o2} Pk 1967¢-1971
St 1972115_]—1975‘7:_1 ‘WA 1975E-1986 ‘T, 1987
W|-1993y S, 19945 E] XA S,

l‘

EQ BM 4243} (20089 el B 4:817]0]l 0-15¢m 2

o|lz W 78| XFES FEITE ol YFEE S
th3 2 mm Ao FAAA B FA0 o853l LA B
A== 4Cof WA B510] microbial biomassQ} A4
K& SellE, EoF pii 15%, WEke (102} 4
(TN) kS ONS YAaBA7|2 2431931 (Leco, USA), &
B9AES Lancaster W, X|&HA ol 1 N NHOAc W
(6H 7.0002 B2 2 olzfslel 1P LA, ooleAR
B2HCEC)-& Schofeild (1949)H o2 =451t} rLjo}E)
A GRS SE 10gof 2 M Kl -goio g Z=sto] Zax}
SEARAE A8 (NAAS, 2000), -Fa8H4F SR IN
Na-—acetate (pH 4.0)8M0F 60Collx] 9087 ZE}l ofx}slo]
UV—spectrophotometer & —7‘40]- A} (NAAS, 2000).
Microbial biomass C and N
Hof o) A3k (Vance et al,, 1987; Ross, 1992). 9]
W 271 e 2R 2R o] AAJBIACE Ik
AE71E 10 g9 FES 213 dAIAClE WollA] 24 ARE <t
CH:;ClZ &5 AEJst¥t}, 55 E9S 0.5 M KoSOy 84
oz 205 gl ojusigie}, )il 2 Aol E55HA R 5
EES 0.5 M K80, 4oz gk 9 ofusiqict, 242}2] ofx}
E 8MO Total organic carbon and Nitrogen (TOC—TN)
AR friEael Ada FRke SASI%AL microbial
biomass C2} N g2 (F5—HIES)/k A o= 4AFFsSicth

12 chloroform fumigation
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o] k= microbial biomass CoJ 0,45E,, microbial biomass
Nef| 0.545 Z¥ZF 283519} (Jenkinson, 1988; Sparling
and West,1988). Potential mineralizable nitrogen (PMN)
2 Ax7E 20 g0 FES 71 20 30CoA 14
B jesie), oo PMN RS vl M-S0 FEE 2 M
KClZ g 9 ofrfeielar, ofnhe 89 5 NH-N 5= 2}
o2 AF519T} (Keeney, 1982). Dehydrogenase ZHJS-triphenyl
formazan (TPF)E o]831%al, 24 AJZEE 2,3,5-tri phenyl
tetrazolium chloride (TTC) ‘g5 43519} (Casida et al.,
1964). Acid phosphatase 42 Fivazi and Tabatabai (1977)
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&Y Xl AR Al g =59 A543
7h= Kang et al. (2005)°] 2J8f| AIoHe Wi o83k
A& Als Qe AME AR 23 7ol
ojuff 2|2Hg Na > 2=kt A o7t (7] wizol
opEA|S: Aol ALlElgTt ok X|4-= pH, Total C,
Total N, NH,—N, Av P;0Os, Ex, K, Ex, Ca, Ex, Mg, CEC,
T18]31 Av.SiO, §FEd} o) 10711E, vRBE A|4== microbial
biomass C2} N, PMN, dehydrogenase, “12]3l acid phos—
phatase 9} Zo| 57}, AJAM] R|4== Biomass, N, P, K,
Ca, Mg, Z12]3L SiO; &} o] 77119] W5 ol§slof 2219

S~

NS AR, A Ak & F 9IS 1A T

dl, 30 oleeh o 2t B4 gl ghe A4 kst

%

I =A/Threshold

©]7]A], Thresholdi= 7t EAIRHE0] g1 Bk 2o, A
2 AR gH SRl of kS olgio] 7 3

At (D= Fsieiet. 1efu ¥ A9 thresholds= 7
Z0} HiZ) A& 3of 1.28 I3t 4 BAsi, 7 I
9 Ak 919} Ut HH O 2 APYSIIT) (Gomea et al.,
1996).

A5 A0 4P 913t = WAl Al T o
A A, YAl ZAHEAGE Fohe Aotk EAlE 24
= 1070, vgE B Alg= 57N, ARERae T
2t A2g10) Hatolek. o} olgslol ofdlel 20| X144 4

S8 APYEI,

=

Sustainability Index (SI) = 0,433 X (ab + bc + ac)

olmf ax= FEAR®, b vE BRI, ce AE Alel

o} 254L oJusl= X4 SI ZES 1.3000.8 Aolwct

EAXME] dlolE B2 sAS ZRIo g o Al &
ANOVA £-4& AAJ5IIL, -0l 5% Duncan 4402
ARt g wlaskyeh Al Aot Aragae] nd
= AAsl] S18ll 5% froleollAl BlHEAS AAskc

Results and Discussion

EY SI3IE BN Eo] R aRe] Al

Efier 540l &= 713 (Table 1), &9 pHE 29}

Table 1. Chemical properties related to nutrient index in paddy soil after fertilization for 41 years.

. Ex.cation
Treatments pH T-C T-N NHs -N  Av.P,O:s CEC Av.Si0O
K Ca Mg Na

a5 - g kg‘1 ---------- mg kg‘1 --------------- cmol kg’1 ---------- cmol kg'1 mg kg'1
Control 539" 14.9¢ 2.00°  11.7° 200 0.11° 3.93° 083" 027 9.9 69°
N 5.33° 16.8™ 219" 14.5® 33 0.20° 4.48° 0.95 026 10.8™ 62°
NP 5.47° 16.0™ 1.99®  154° 149,  0.13° 457 1.12® 027 12.4%® 76
NK 5.30° 15.8™ 1.94° 12.6" 154 0.10° 246 0.49° 027 11.6™ 58°
NPK 5.43° 16.5™ 1.94° 12.1% 153°  0.16™ 434™ 1.05® 027 10.7% 73
NPK+Si 5.91° 17.1° 1.93° 12.7 148" 0.16™ 6.51° 1.12° 026 12.2® 646"
NPK+Compost ~ 5.43° 25.3° 231 145 190° 043" 535 1.19° 028 13.4° 85"
F—value kk ksksk * * ksksk ksksk kskk kskk ns sk koksk
Threshold 5.46 17.45 2.04 13.4 102 0.18 452 096 027 11.6 152.7
CV(%) 43 19.8 9.8 13.4 68.5 604 295 275 56 11.7 137

Note) CV means coefficient of variation.
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Hlg 2 EHAg02 Aejgt =51 2lo|& YeRlA] gigke
L, HAH RS CaE tERkol | wizell NPK+Siz 2]+t
+ BF Aejatol] vlsl BoF pH7F A ZHA= AT (Lee et al,,
2005), 3FH]E (N, NP, NK, NPK, NPK+Si) #&7] A&
O3t EOFS ARk (TO) b= FAEol| vlsl S71=] 3.
el SRR teERths HAREH RS EH] E8A80]
EY 5 TC e 57T (Table 1), B9 TC b2 &
AAZ FERe B BYE, 24 9 C/NEo| FRkE e
t} (Khalil et al,, 2005; Trinsoutrot et al,, 2000), Kumar
and Yadav (1995)> B— A A4 SFtH|E (NPK) 2
FYMO] AJ-8o] ol3f] EqFo] ek ke F7herkal ¥ s}
St SR 9] TC T S7i= W A S710
A 7109 AoR Ay

&4 (TO) =2 NPK+Compost A2|7-5 A 2fgh

|l P 7= TN ol Faol, 7Hd NH-N 3=
S7F Ak 21U N @8l K 71 TNTF NH,-N k&
FAO) AL B8] X421 ik Hm A8 ESF
= FEQ SEF 7Rt tlEo] 2|3y Cast Mg ol 3k
< FUk Ui NK At 213 Cagl Mg dteFo] A
2 & 7P w2 vide] NP Ag]~= NPKe| Hlg| xgHg
Ca®} Mg7} ZjolE YERNA] ¢b7| uftolct, XM K T=k
N, K, 4L 18|31 S| Rel o] oJgix F7H= ST
NPK+Si A2 ALk A efte] faiAl sk 58-82
mg kg ' ¢l WhHo] NPK+SiTLollA] Av. Si0, 2 646 mg
kg 'olgle), o= v AP H]EES 500 kg ha | ALEEH 2
T2 = EQF pHEL XTI Ca T=F F710ll 7]ofg Ao
2 A=} (Lee et al,, 2005), Jol2x]ghg=F (CECQ)2 TC
S o] o] ARRIAIE YERRICH (p<0.0D).

Microbial biomass@} SAEN Eofo] AESHA EX
T TS A IS EYES Bkl SR% AR 0
B=ICt (Nannipieri et al,, 1990; 2002). E3t E9F = §7]
=& Ee] o8l w8l 2 ISk A e s
=9t} (Govaerts et al,, 2006; Imaz et al,, 2010, Parisi et
2005). Table 22} ZHo], Microbial biomass C2} N, 1
HAEHE NPK+Compost A8 28l 7k & J3kS
T} ukA 0 2 EORY microbial biomass & FAJEA]S
gl 71 24, 19l B pHeF WAR WAL
U+=1d| (Hussain et al,, 1999; Imaz et al,, 2010), NPK+Si
AHHFE A|LJ3F Microbial biomass®} G4 E9F] TC
et BOTRAS LRSI (90,01, NPK+Si] 0
PF2 17,1 g kg 2.5 NPKo| ]3] F2igh Zol7} glglot,
microbial biomass?} EAZA]-E NPKof| v]sl Wit AR
H] 7ol kel 2} B L7 |7 - oA EH|eh= Hisst
TS TE S ASiAE = QU (Ma et al,, 1989;
Lee et al., 2005, Lee et al., 2012), ol2fat 2kgo| FHAEle]
microbial biomass, dehydrogenase X! acid phosphatase ZFJ0]|
ok nRl Ao7 AlgELE NK-9] potential mineralizable
N(PMN)-2 6.8 mg kg ' ©& controlo] H|3} F 30% ZHAE|o]
PMNS- ¢sfl 2I4F B]=0] Algo] Hagt Zlog ey

al,

ic)
K

1
20

St
o

O
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B AP U QHEES  vlne) ANgHe St s
S B4 Bk ofjel v At ARGl GHE o)
(Table 3). B F2EE& NPK+Compost7} 17.3 Mg ha '©& 7}
A} =9k NPK+Si ) NPK ) N ) NP ) NK ) Control <=2
2 GOl Zeke BAlrh NP} NK oA PoF KO 545
2 NPKoJ| vlal] 27} Wofar, v ARk 742F 19,03} 10.6 %
AaEQlet o= Hlof| P} K Agom FM, 594kgo]
Aol Aafz Algey, 2oy Atk K S5

Table 2. Biological properties related to microbial activity index in paddy soil after fertilization for 41 years.

Microbial biomass

Treatments Carb Nit Potential mineralizable N Dehydrogenase  Acid phosphates

aroon 1rogen

-------- mg kg~ -------- ------ mg kg'ld'1 B g kg"1 mg kg'124hr'1
Control 250.6° 33.6° 9.7 49.0° 173.3™
N 262.0° 32.0° 10.7% 49.9¢ 167.4™
NP 367.8" 47.2° 10.3%4 57.0% 172.6™
NK 346.7™ 40.6™ 6.8 64.9" 176.3™
NPK 392.8% 50.5° 9.4 71.4° 208.0™
NPK+Si 286.7% 43.0™ 13.4® 59.5° 157.9°
NPK-+Compost 422.1° 66.2° 15.3° 104.3° 233.1°
F-Value skskk kskk ksksk kksk *
Threshold 3327 44.7 10.8 65.1 184.1
CV(%) 21.1 28.0 28.9 28.4 17.3

Note) CV means coefficient of variation.
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Table 3. Phytomass and nutrient uptake related to productivity index in paddy soil after fertilization for 41 years.
) Nutrient Uptake
Treatments Phyto-biomass -
N P K Ca Mg Si0,
Mg ha kg ha

Control 8.3° 43.6° 12.0° 52.7 16.4° 7.4 126.0°
N 13.9% 109.9° 24.1° 91.4° 24.6° 15.8° 127.1°
NP 11.9¢ 83.4° 21.7° 64.1° 22.2° 14.5° 148.9°
NK 12.7% 77.8° 12.7° 96.6° 24.4° 11.7¢ 134.7°
NPK 14.2° 102.8° 24.1° 115.5° 28.4° 15.9° 218.5°
NPK+Si 15.2° 105.1° 23.0° 119.2° 229 16.6" 266.2°
NPK-+Compost 17.3* 126.0° 32.1° 170.7° 28.1, 19.3* 267.9°
F—value skksk skksk skksk skksk skkesk skeksk ks
Threshold 133 92.6 21.4 101.5 23.8 145 184.2
CV(%) 20.5 28.1 32.5 374 17.4 26.8 34.1
Note) Phyto-mass was summed the weight of grain yield and straw. CV means coefficient of variation.
Table 4. Sustainable index of paddy soil after fertilization for 42 years.
Treatments Nutrient Micr(?biological .Crop Sust?inability

index index index index
Control 0.791% 0.819* 0.579* 0.696"
N 0.888™ 0.833¢ 1.010° 1.124°
NP 0.997° 0.986™ 0.883" 1.332°
NK 0.722¢ 0.907% 0.843° 0.862°
NPK 0.960" 1.081° 1.131° 1.451°
NPK+Si 1.375 0.966° 1.153° 1.666
NPK-+Compost 1.268 1.407° 1.400° 2214
F—value skksk skksk skksk seksk
Threshold 1.000 1.000 1.000 1.300
CV(%) 233 19.7 25.4 254

Note) CV means coefficient of variation.

91.4 kg ha & NPK| HJ3l| 26 % WOLAWE, v A F 3%
nj9ko 2 NPKeF 5535t 2fol7h Qigleh 74k NPKE} 3H
ABSFORH N, K, Si0"9] F47F 27191, NPKS} HiZl
RIS 283 Ay}, W AR} RSt B Aol Hish
7wt

Hol| T3t At Bk T Haolg B8-S FIA]
a1, JFsler =EARMS SHI7Ie Aem dEA Sk
(Yoshida et al, 1969; Lian, 1976; Takahashi et al., 1990).
Table 3 oA HEo], NPK+SITo] Si0, SL2ES OF 266 kg
ha ' ©2 NPK7|| Hlsf oF 19% A=) ol2ist A=
A, g o A QFEEARRS NPKe} thsto] F7142)
7180 S W= A oR skt

X
ol

el

]_

)

T

&

=EQO| XIAN K| tEefo] A4 45 4
TR} FRAL, IBEA, N A 107)9] et

6712 mEART B2, S7e] AR RS

O:

>
OOll

52 olgsiglh, ofuf A3 UEFS ARt o]} g7]
ufof kR x| gl Aelelr), Table 42} 0]
ofo] A4 A4z NPK+Compost7} 2,214 744 %9}k
L AR e A B ER = BN
ZHe-1.30002 AoJg]al QJth (Kang et al,, 2005). $7]%
o] Alg] $I9IE NP, NPK, NPK+Sio] 2|44 A4 77
1,332, 1.451, 1.666 0 ool Ade gEAIL,
A Agrehs QR e RG] ofa) X144 A|47) o
e ofakg wglth AATe (NI U (NKE A2
AG7t 282 1,124, 0.862 = B7FEIQAL, E3] NK= 4]
20,7222 AT F 7P Woka, BB 0,84308
control& APfSH 7 e Aj5:0] ZhS LheRf7] wEo]
=Eofo] A4S QUi ulRo] Algo] Waskhs AL 4|
At ol

=Eore] X4 X5 olgslo] vl Azdle] YA

Fig. 1o YeRIE:. = Wa (R&-9A1et a2l 9
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Grain yields (Mg ha™)

—— Y =1.05 +5.15X - 1.15X?, R?>=0.667**
2 T T T T
0.4 0.8 1.2 1.6 20 24

Sustainability index

Fig. 1. Sustainable Relationship between grain yields and
sustainability index under long-term fertilization in mono-rice
cultivation.

FAR2 Y=1.05 + 5.15 X -1.15X" 02 ARAS (R'=0,667*)
7hrelde 7HAIAL QM3laL, =Eeke] A& A7 2.000 ©]
3 o o] grpaie UERiSI opde] ks A5
NP, NPK, NPK+Si AMg0] =B A4S aAl714] o9k
o}, e B i de aefdtehd Sfehulwet 718 A
3t E3F ALgo] =] A& el 7P SelAel Weke.
= F7RERI,

Conclusion

B S LA TeiEel Aupgele mats
sfapulze] Algol uE mEake] \44S BT, ol
flal 429 F3F FUR| RS A8 A7 IARZAA control,
N, NP, NK, NPK, NPK+Si, NPK+Compost2] & 77} *2]4-
= s, Al nEAl, 2R ASE ol8ste]
At A& A vlasieinh. ASE A= NPK+
Compost7} 2.21402 7P &94th FsH|= ATt 5 NP,
NPK, NPK+Si9] A4 R|4== 712k 1,332, 1,451, 1,666°0%
EEGO Aol et ey Aadkg (N FRolkE
(NK)&= A5 Al57F 212F 1,124, 0,862 = A|&7/do] iith
opgem Aol W AT A& FES flsliAle NPK
oF tiEo] f7lE &80] 7P 9t Ao HrRE Sl
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