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Nitrogen (N) balance is a key indicator assessing a degree of soil fertility and N loading by accounting input
minus output N in agro-ecosystem. However, a recent approach on determining N balance has been evaluated
regarding a change in soil N stock for continuing crop cultivation. To describe an assessment method on N
balance, this study was conducted with three different methods, Method A (Input N — Output N (crop N
removal+Loss N) = N surplus or deficit), Method B (Input N — Output N (crop N removal+Loss N + 4 soil
total N) = N surplus or deficit), and Method C (Input N — Output N (crop N removal+Loss N) + 4 soil total N
=N surplus or deficit). Four levels (0, 60, 120, and 180 kg N ha™") of N from urea and two levels (120 and 180
kg ha™') of N from combination of urea and CM (Urea:Cattle Manure = 60:60 and 60:120) were applied in a
lowland paddy soil. Results showed that Method B indicated all negative N values regardless the sources and
rates of N application, while Method A and C described different N balance values in the given N
applications. Using Method A, a response of N balance to urea applications (0, 60, 120, and 180 kg N ha™)
was linearly increased. The values of N balance were negative at 0 and 60 kg N ha™', while it was close to zero
at 120 kg N ha™' and showed the higher value at 180 kg N ha™', respectively. Similarly, the combined N
applications at 120 and 180 kg N ha™' showed similar N balance values. Meanwhile, Method C indicated
different N balance values at the combined N applications, showing significantly higher N balance values at
120 kg N ha™" and the more value at 180 kg N ha™, as compared with Method A. The difference was attributed
to the soil N stock considering as count factor in determination of N balance. Thus, the study recommended
Method C when evaluating both of soil fertility and N loading in crop cultivation field.
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A response of N balance to urea applications (0, 60, 120, and 180 kg N ha') was linearly increased
using Method A and C. However, the difference values of N balance between the method A and C
in the combined N applications (Urea+CM 120 and 180 kg N ha™') were attributed to the change of
soil N as considering independent factor for method C.
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Introduction

Z44-2] (N balance or N budget)= G4t AAE 2002 AR FE9 A8 AFH o= FA461= 7]

WOz SUYEA aeehe olsiohe 781t ol i 242 BX, EY, Be w8 A I fdda

Prtoh= A EZ AFSE] AL 1T} (Hoeyas, et al., 1997; Oomen, et al., 1998). YHF4.0 2 ‘s X|of|A| A A42] P7t=
5] SRR FAEE A (FEAL 7R RG], 521 2 R vl s, AR 1 9 W) elA E
BAAERE FEHE A4 (FE 5 &5, 89, A, dRYot A, 2 9 EF AN O] A
gotal Qh=tl, it B AApA] A A4 fRlol §E (BFEol S8 dah o] o7t e FsH(N
surplus) 2 dfl4sk= B3 Aefstal QJtt (Eurostat, 2013).

OECD®] B2tz o] ©5HH (OECD, 2001), =718 8 HA4A= Tees] A4 (1718 2 7718 = A
H|, AEoha] A4 174, 7] Zske) ol f& 24 (BRI, A1) O] A& AFESHE W o2 A fo] A
T (EY T 2 da)S A4 27 1= 75k QAT Leip, et al. (2011)= AagA] Ao = 54
(Farm)2} E2] (Land) % E (Soil)& A= AFA A4 H 75 IS AXste] Brlsieitt 5374 A=
B0 e A 0] HH Z1Eat A4S L AEIAE, EREE A, 17, 88, e S 4
g o & RS EXEAE =7 A0 EX7F AP H B R 7] A1F A} 710 HM A=t A
& APRES FEQRE Yot B AR Aok B A BHE sl 75 AARIE AAx R
A5l om g Ake A B ERE  AAadE e, 17, 82, 7 g ol e R

o

TSI T, 95 (2016)2 A\ SIRH9] RS (A, Aok A BARGS AXS, et A
z

l

3
P2 570N A2l B R Sl AA gtedol| g 229] AAgrwalt FYFelrE AEShL, AAaA]
A2 T Aaeel S 5UdA, e 1, di7] A2, eSS, 1A, 15, EQRE dAds il
WS AAlskAE.

A7 AXE =l o] a2 (FAERLt FEEA Aol w7 Ee A Tl ZF A dd o
= 4EESto] Bl mE 715, 2he 9 AR AL e Rel A e S Hrkekal Qlok e, mid Je s
o] o]Foj2| = TR oA EURE TEA FFE 5429 EHISE Brlof QloA 78 2|32 B8E T QS
of|t= Etotal HAAgR] W7 Al A e FotE 275k QU Ladha, et al. (2016)= 78 2|0l 4] 2= Afal &/
T EFEE SHAE T Esto] 7 AREE AR oA AR E B7EeEE I, EkE FEA gk id
12} 1= 2210 FA Aol 2442 AlR] APl S = T2 A= B7Iskl Qlek. o7, =] 2= AlH
FAS ES R E et S FSHL ot (X187, 1999). A=2A84Hd S41 Slol ARl == 2
A A (F7189% 771 vm)of vt EY A7 = Sl 71ofokad, A1 8| met RrdH| s E £
&oto] ARl A2 7t R e 50k AHE HeEn EG -R7E W EYRE SEA oS ST A AR
408988 FojF o g ZXAFItH= 1A} Eelx] vl QITt (Conacher and Conacher, 1998; Ku, et al.,

I Ao Al & ERE SEA IR SVMA B wERE A
O & e, mEbA, mid FEedso] ofFolxle SR oAl 7l 9 rEThe Aot A= A A

T} 45} ol SR EoF % W42 Wefslel Brleks 2lo] Wastch, webd, B @70 Bae Wada] Bl
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o1 T -FrEdLl] Aol 2 AP oA AT BRI $EAS 51 AR Tt AtE W 1

AJolg W7}at= Aol

Materials and Method

ZE AE H ZE AL 2013d 59 29U 5EH 10Y 37| FA 9|24 (International Rice Research
Institute) U] -G-8 2Aof|A 3= Qic}. LE= A& ZetAElo g2 A7 530-mm 2 0] 700-mmZ & Hu)7}
138L0|H, ZE Ao AR B2 mAR A AT A A7 ol A AR G 3 HI O] i=E & ARESHT A7
7 EA0 ARG ERS Z1210] ALE O 29171 ESFa B 0] 5EF  Z10] 300-mm7EA] AF st £k, A%, 24

A1 3 2-mmAE F9E A 25 B ol ARSI ERAE (pH)= 6.4, A7 A= (EC)=0.42 dSm™, ool

222 (CEC)237.1 emol. kg, & A4 gF (total nitrogen)<0.11%, & -7 |EHA T (total organic carbon)=
1.16 %°] 31T} (Table 1).

Table 1. Physical and chemical properties of soil used in the pot experiment.

Total organic

pH EC CEC Total nitrogen carbon Clay Sand Silt
(1:1) (dSm™) (cmolc kg™ (%) (%) (%) (%) (%)
6.4 0.42 37.1 0.11 1.16 40 26 33

EC: electrical conductivity; CEC: cation exchangeable capacity.

FEO AH|H ZAYL 94 (urea)2} -7 (CM, cattle manure)©] 0™, Q40| AJH|G4=E20, 60, 120, 180 kg
Nha'o|11, @4} 9H-& 5715 A|H|452- 7121 120 (urea 60 kg N'ha!, CM 60 kg N ha™') & 180 (urea 60 kg N
ha!, CM 120 kg N ha™) ©]QIt} (Table 2). AZXH SBL 11 o]} 51 Hof| Eofu} Egsi3on, &3} Zlol=
0-30cm ©] it} @43 BAJSIH . 0H, B 0|9} 5FF A (20 %), 014 F-29¢Y (30 %), ©1 T 60 (50 %)oll 2
AJHISEGIE) it (P 7H (K) O] AJR[=2 242} 30 kg ha' o] 245 7]H| 2 AJH]s} Ik

Table 2. The sources and rates of N used in the pot experiment.

Fertilizer
Treatments Urea cMm’ Amounts of N
(Nkgha™) (N kg ha™) (g pot™)

NoN 0 - 0

Urea 60 60 - 2.94
Urea 120 120 - 5.88
Urea 180 180 - 8.82
Urea+CM 120 60 60 5.88
Urea+CM 180 60 120 8.82

TCM (cattle manure); amendment was applied based on N contents (1.38% by dry-weight basis).
1) P and K fertilizer in each treatment were applied at 30kg ha™.
2) The amounts of fertilizer N (Urea) were calculated based on area basis.
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#0] £F-2 PSB Re-18 (Oryza sativa L.)O|H, 15859 §HIF BE LET 45 (341374 &0 7 0|53
o}, Bl EOHETo]A 50 mm o] AP H41L08, B ol h EoF B ol Wel7 x| gl 2.3
5] =& WhsIHL 2¢le ¥ 8t 257 A71A) A5E QI A2 ePddoHiA] 4Rk 0 2 43w Qi)

° TF %7 (105°C) oA AZRAIZ] T B

=
St 2 mm A AT Al RS FTEA A ARSI S as AY SFH = FA5H1 2™ (Bremner, etal.,

A
P>
o
i)

o

A

2

e U Q= FA GUAA (Input N)y= 24 (Urea 0, 60, 120, 180 kg N ha)2} &+ 24 (Urea+CM 120, 180
N ha)o] AJH[EEC & AFotgl o, L Eof 223t AUk Table 17} 2k ool R A, BEet4 A
_]

Abovegrounddryweight
pot

M

N(’r’opuptak’e = T‘/Vabovegmund X

AT, Ny RHSEET 2R 2B 0) 02 B (g pot), 12 AR 5 04 T 00), TN, S
o] A7 B0 20 W G AT (SR DS AT thl AN £E8 S 4 ), 3, 2 @)
£ o] g5}l APFBIILE 4] (2 A7 e Wl AulE ESgel A 2] AATAT: 4] ()l 48

q
A} 0 BT F A4 ok 4] (4ol Bl Al P2l 2hRo] B4t WA EPUE 5

UAV* Uo
NUE = 5 2
Nasoiv = N final) NrwGnitial) 3)
Npossn =[Ny X (1= NUE)] = Np un 4)

A7, NUpE A2ol8 88 (g ), U8 g AR FEIY] A dA 55 (g pot ), V= AHIE (g
pot™), Ny, v B8RO A FEF (gpot’), Na,uvis EFEA M (g pot™), V. TN(finaI)JE B et G BT

ZFAETF (2pot™), N B AN A EGREE T84 3= (g pot™) ©ITh.
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ALK HIWH 2 A7) 2§ oA AEYS Table 391 2ek Method AL £, 57, EF 58
AAZZGNA AL G4 P4 (Input )2 APISI.0 P, o] Ak B4t 0 20 Uk REFL 75 Y

2= (Output N)& APgsto] A4 2] 5 AFE5HSIT Method B ESZAIZ 7N AHIES f
o A

B 0] A Tt e o 2 o) A [fET B ERIE T4 HSKE (4Sal N2 fE=
Method C=-5 AAJEA W] 288te] 7152 2] (Input N - OutputN ASoil total N)yS #gsto] 2F2Au) A3} &
EoRhE 704 WslE 5 AR Tejelo] A £ (AN £8 (2B Yo Fheta oz Y
4 R AN AT o) BOREE S04 Walhg %%ﬂﬂﬂELﬁﬁﬂTﬂ%1Ea%qﬁVVt&%ﬁﬂ
& ()0l Ak AR, G (001 oV Wk oF (1) A Yo A22A EQUISE F7 E RH st
2 Wpseick
Table 3. Method approaches for determining N balance.
Approach N balance Boundary Cited reference
Method A Input N-Output N(Crop N removal+Loss N) Farm Leip, et al. (2011)
Method B Input N-Output N(Crop N removal+Loss N+ASoil N) Soil Leip, et al. (2011)
Method C Input N-Output N(Crop N removal+Loss N)+A Soil N Soil Ladha, et al. (2016)
SA 24 24 %L% A}do] wljA] 4RHE0 & [E 2ol A R E Q] oM, AR B W AV Aa S
(Rice N uptake), F40]-88-8 (NUE), A& At 5 Z10] 300mm7HA] 2] EF & A4 31 (4 soil total N), DA

oy

Z] (N balance)E- Statistical Tool for Agricultural Research (STAR V. 2.0.1) 7] T2 1315 o]- 8510 7} 1H4=0] 1§
42 97784 (Duncan’s multiple range test).0.2 A 2|7+ 2}o]E 5% -F-ol4-=ol 4 A5

Results and Discussion

o,>~

H
P2 U485, Aol

A %i}%ﬂ AJo]= Fig. 13} 2k BlQ] AR 5 A4 e
4320] 7P =91 AJH|AL (Urea 180)0ll4] 2H2<] A
<>ﬂ /gg1e] Urea 60, 120, 2 180AH|Eoll4] A 2] 7 2po)7} Q11T (Fig. 1a)
sl Ao %ﬁ% (NUE)—S— AR o] whel 2ol 7} QULEE, 84 AHIF (Urea 60, 120, 2 180)°f1A] AlH h*—r
o] 7P 23 Urea 600114 A4xo]-8a-80] &2 7| 3UAIRt Urea 120 & Urea 1807 FA12] 0.2 2fo|7} QI3ITh
T8, Q49 9Ho] £ AE] (Urea+CM 1207} 180)%= Urea 60 TH A4ol-ga-80] Uit} 842 F9
Aol 88 -&2 AH|Fo] S7FEE W2 e | A EAIA Afoli= qISIT (Fig. 1b). R, B AfH]] 3} 42} &
] %LX%EHLOM AlR[Eo] S7FE 7SI oW, S-2o] AHIE A olb= o &
2 EFEE A HslRRS Bt o7, 22 AJH|E (120 2 180 kg N ha)oflA] ERE S04 Sl
710] Q AR E T 8|4 FolA o = ESITh (Fig. 1c).
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Fig. 1. Rice N uptake (a), nitrogen use efficiency (b), and A soil total N content (c) in the treatments (Data source from
Ku, et al. (2017)).

+ Aol ARG Bl 552 PSB Re-180]H, 22 G AAES 917F A4 AlH] F3d5R2 A Ao 4
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G5l He, £879] 1207} 180 kg N ha'= Q424 907} 120 kg N ha'o] Hlo] ZH2o] Gagt A4o] gheke 7
2 21 QA HIFR T U o2t Auk=, v =8k 5 EQF Z1o] 30emOoll A AHF T E R F A STkl A

TR 4= A 01, ESE T4 IR 22 AJHIE (N 1207} 180 kg ha)ollA] @4 AR|FEETHE-8-7o]1A

Mo

AKX HAadA] H2ad AEE O Method A, B, @ CoH (Table 1), Al7Hx] W 0 2 Brkgh A4
A|i= Fig. 22+ 2t Method A+ -9 (MBI OIA FE(H Aag5, EGED) 2 Aol 4AFEsto] #2155
7Yoot QA Lol A] k) ZF (+)2] AASA]E Bl A2 G Urea 180 kg N ha'o]3Ith. Urea+CM 120 kg N
ha! Z]2] = oFo] ZhS HAATE -2-0] ZF(—)-S HSlUrea 120 kg N ha! A 2]7Le} SA12] Z}o]7} ¢1gl, nEzb71x
2 Urea+CM 180 kg N ha'! H#]71] HA4-2]%= Urea 180 kg N ha'! A2] 7} SA14 20|17} §1S1Th (Fig. 2a).
Method Bi= 2z Ajal) 23} 8} §-0] ERE FhA SHFE fEd 4ol Zolote] AsAE Brteh=Ho
2A, AL BE AeHolA 32 gk (—)S Bk A2] 7t H|wollA] Urea 1207} 180 kg N ha™! AJH] = 54
2]5- (No N), Urea 60 X Urea+CM 120t} AAp2] gho] o AAaZdHo| A o= e 210 = Yyt
Urea+CM 180 kg N ha' 2}-§-2]2] 0] 2}o] S K o] 2] X4t} (Fig. 2b). Method C= EQFHE 244 Hsleke =21¢]
21z dlEste] oA E 4SS W 0= A, 2 WS o 85to] A4S AASAl=Fig. 2¢9F At AAaA]7
%4 (0)°]] 7F7}2 AJH]9=Urea 120 kg N ha! #]2]720]™, No N2} Urea 60 kg N ha™ o4 2] 4f (—) o5 AAZH
- Urea 1807} Urea+CM 120 2 180 kg N ha™! o|A] &F€] gt (+) 2.2 oJo @ ar} =8 7 0 2 velydt). 24 AH|Hf
HE 2 Ho] 285 Urea+CM 120 kg N ha' 0] A42]= Urea 1207} 180 kg N ha ' A|H|FLH T ko m, Q5 &
Hgo] S7rer-5 A4 Joidart &2 A o= Uelt (Fig. 2¢). RHH, T87-5 A 2I5E Q4AH]Hofl A AJH]

goll thet Aapl= AlH|Ee] 371205 5715t 45271 «070] H= AHIF-2 Method Aol 6.2 g N
pot” (126 kg N ha™) ©]%1.2™, Method CollA] 5.4 g N pot™ (110 kg N ha™)o| itk (Fig. 3).

AagAle BEA, 54, R EG A0 wiet Brbohs WHol AdolohH, daa2] B7H Al £ B fE0A =
Aol et A /dshs QIAFE Eeloto] APgeith Rk o 2 Haapx] gho] g (0)°]H o4 Aaeeh O (+)
ol E 5 ZEshks A AaRsl (7] H A 7)), = ()9 #told A A o2 SRt (Sainju,
2017). Method A 9] R -2 =171 = A k9] 7120llA EX|, 578, H EGS A= fddaolN 7=
i (715, 22, Abe, ol @A~ AL, Bl 9 715) 9] 4RI AFEste] sl A1 o] AaHsh A
H)E F7lok= 1oz A A Stk Method A o837 A42] B4 A3} No N Urea 60+= 24
1202} Urea+CM 1202 o4 2443k Urea 1807} Urea+CM 1802 A A5} (Y o) 2 H7F=] At B Aful A] A]
H]EH of] AFglo] A Aa=2] Zro] «07of| 717k AJH]AR= Urea 120 (—0.11 g pot )} Urea+CM 120 (0.14 g pot™)
oItk ¥, Method CollA] AALG=2]7t «07of] 717k AJH[SH= Urea 120 (0.35 g pot™) O]9, =8
(Urea+CM 120)9] BA521=5.7 g pot ' 22 Method ASA| AFE3E gHE T A 5] £90th. ol=et Al B
TA 4 Hslgo] AA A A el wet Zolrt gl A 0 = weETh Method A= 340k
SR Ao} EGREE DA o = FA R o] A d AR = 2H 0 2 PrRieh ¥, Method C= A

—
2] AV A B RE W WBKRS S A AR TP Uk 54110 A9, 22 455 EE Pt
Z]
=

e

it
ol

A

—

=

%

P 4 do o



Comparison of Different Approaches on Determining Nitrogen Balance in a Lowland Paddy Soil < 313

4.0
3.0
2.0
1.0
0.0
-1.0

-2.0

N balance (g pot')

-3.0
-4.0
-5.0
-6.0

-3.0

N balance (g pot!)

-5.0

<70

9.0

120
100
8.0
6.0
4.0
2.0

0.0

N balance (g pot'')

-2.0
-4.0
-6.0
-8.0

(a) Method A a a
d b )
C I i
NoN Urea 60 Urea 120 Urea 180 Ureat+tCM 120 Urea+CM 180
(b) Method B
u a a I
ab
b b
b
NoN Urea 60 Urea 120 Urea 180 Urea+CM 120 Urea+CM 180
(¢) Method C a
b
C
d
R d :
NoN Urea 60 Urea 120 Urea 180 Urea+tCM 120 Urea+CM 180
Treatment

Fig. 2. Determination of N balance in the N applications using the different methods (Method A (a): Input N-Output
N(Crop N removal+Loss N); Method B (b): Input N-Output N (crop N removal+Loss N+ ASoil total N); Method C (c): Input
N-Output N(Crop N removal+Loss N) + ASoil total N.
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Fig. 3. Determination of urea-N rate on N balance to be 0 using the linear curves (Method A: Input N-Output N (Crop N
removal+Loss N); Method C: Input N-Output N (Crop N removal+Loss N) + ASoil total N.
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