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Modelling N Dynamics and Crop Growth in Organic Rice
Production Systems using ORYZAZ2000

Shin, Jae—Hoon - Lee, Sang-Min - Ok, Jung-Hun - Nam, Hong-Sik -
Cho, Jung-Lai - An, Nan-Hee - Kim, Kwang-Su

The study was carried out to develop a mathematical model for evaluating the
effect of organic fertilizers in organic rice production systems. A function to
simulate the nitrogen mineralization process in the paddy soil has been developed
and integrated into ORYZA2000 crop growth model. Inorganic nitrogen in the soil
was estimated by single exponential models, given temperature and C:N ratio of
organic amendments. Data collected from the two-year field experiment were used
to evaluate the performance of the model. The revised version of ORYZA2000
provided reasonable estimates of key variables for nitrogen dynamics and crop
growth in the organic rice production systems. Coefficient of determination
between the measured value and simulated value were 0.6613, 0.8938, and 0.8092,
respectively for soil inorganic nitrogen, total dry matter production, and rice yield.
This means that the model could be used to quantify nitrogen supplying capacity
of organic fertilizers relative to chemical fertilizer. Nitrogen dynamics and rice
growth simulated by the model would be useful information to make decision for
organic fertilization in organic rice production systems.
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74 3] OlTOJXlﬂ HﬁHHE— Z; 712 2
= RB7} HA o] th(Lee et al., 2012b). Awo] A} 2EF
5 3 2o FAE A E 7Ix tolE 75 EGe AA
71 = Q= FHe o] A Elojof Strl(Lee et al., 2015). 3+, 715EE
AHEE ERFAY T EYLES 22U F oBE Hu A& Agke] E Q3 (Kim and
Jung, 2000), 712 AHE-S EE] AAlo] tig ESSAC vX= IF B 58 L
#ale] AA sl oF Tk (Kang et al, 2011). ©]&} o] &2 F71AL2) A&
T AAE 8 FAHFo R Aol & HAARZ A FHIL o}, FAH AFE T
g Fed ZAE mRigk Aot
EY F A4 FHE 484 23 (mathematical model)oll & =g &= Q). thEZ
2] BEoF AA%H 23 o2& SOILN, ANIMO, DAISY, SUNDIAL 5°] Ut} ol& =
< f7IES B SXo & 2 e 8w FEI H 74 18 A4 57138
= B8 3l (immobilization)S & 3te] FH|L} 218 ZAbe} e thakdk &
7148 vl A fFEgh dAo FFHFES FATTHWu and McGechan, 1998). DSSAT (Jones
et al., 2003)°]t} ORYZA2000 (Bouman et al., 2001)3} #& AEASR P EUF7|E
23l #Ao] Z3hE ] YA f7]1- HIE AL WE A4 FEH A= AS7HA =
9% + AUt
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AR, B8, $EHE 5 71EFE Zhls 240 wet B8 €] 2k (Yun et al., 2007),
25, i, B4, EA T AR dao FUEF S $EtHCho and Chang,
2007). WESF 204 futd} opu|iegbe] A4 778kl ek HrhA fukd obn| e
AbBlgol 23 FA49 1228 3F o BT Fr|FEnal st THIm et al., 2015). =
EdzAdA st f71Ade] AaF713E el tigk vladTFollA dAF7]8= CN
& AR st 2ol o FAE 4 Ik B b JtkShin et al., 2016).
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AiSH 289 AZS 93 Ade AgEs 4FF o)A 24 FHELHS}Y &
QAN G EZHZANA FHSFAT A EFS AEF UHER] AHFoZA, EFLS
2lgEolal B 31842 Table 13 21}

Table 1. Soil texture and chemical properties of soil used in the experiment

Exch. Cations
Soil pH EC T-C T-N Avail. P,Os | Inorganic N (cmol. kg)

texture | (1:5) | (dS/m) | (g kg') | (g kg') | (mg kg!) | (mg kg")
K Ca Mg

CL 6.2 0.4 10.5 1.1 204 1.7 0.14 2.06 0.77

A 717 F 7)1 S Table 29 2th 2015 S0l AALo] @ 7F-9-2Fo] 2lo] |
2 R 1] F2l3F 2701 Th ORYZA2000 EdlolE= 57 ol A™ &7 8%
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73t N AEAGA NA 2T PPr) L, A7), YA, $F7] 9 2K (vapor pressure
deficiys L= Aelsto] dHsAt

Table 2. Weather information during crop growing periods (from transplanting to harvest)

. Minimum Maximum Mean vapor Mean wind s
Irradiation . Precipitation
Year M) m'z) Temperature | Temperature |pressure deficit speed (mm)
() (T) (kPa) (m s™)
2015 2,163 7.6 34.7 1.38 1.41 3975
2016 2,112 8.6 34.7 1.97 1.38 585.5

2. AEA
AYAEZ AHEH F7IAde] AagFe 2015900 7HERE R 1.4%, 2 6.2%, 31
A 2.7%, T 1.4%70H, 2016300 7HEEE 0] 2.1%, FEF 4.6%, dllo1EMA] 2.9%, &

U 0.5%A ASE AFESIATE AR CNEL 6.20014 6532 H 9ol EE3F TH(Table 3).

Table 3. N content, C:N ratio, and Water content of the organic amendment used in this

experiment
2015 2016
Organic
pmeen | N o | | Mot | N oot | o | Ve
Pig manure compost 14 24.0 49.3 2.1 15.8 45.6
Rapeseed oil cake 6.2 6.2 16.2 4.6 9.0 8.2
Hairy vetch 2.7 16.5 77.0 29 8.4 76.3
Rye 1.4 325 72.7 0.5 65.3 68.4

A AEZ AFZAHE 42 Ao FF3] 3593 SES F 6¥€ Aol ABo|Y 3t
AL, A A= 22 em x 30 em®E SFATE oY AFY F, FHolE WAkSto JxE
WASE D SH T BAE f8 BAIE 13 AX3Ah AP 201535 20163714
2do] A F3tdon, FETFUS 2T ol HeE 2dzt 53l A3tk
BE Aol thal FZARFE 11 kg 10 a'oll siFgsls 24 ARFS 7F0 82 F71AL9
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Table 4. Treatment details in 2015 and 2016 field experiments

Application rate
Treatment Treatment details
2015 2016
CON No fertilizer - -
CHM Urea 24 kg 10 a” 24 kg 10 a”
PMC Pig manure compost 1,150 kg 10 a' 952 kg 10 a’
oc Rapeseed oil cake 212 kg 10 a' 263 kg 10 a'
HV Hairy vetch 1,772 kg 10 a™ 1,609 kg 10 a’
RYE rye 2,878 kg 10 a’ 7,723 kg 10 a’

"Rice straw was returned after harvest for all plots
N application rate was 11 kg 10 a’ equivalent for all treatments

71, 71, YA Bx7] F 53 AAH BE5S 2AEHA
o ZF ZAMZIEE g H 9, £7], oo ®E Fiet HE
s F XA TE 22 Al7]C BEY AR
&gl gk zkel & ASstAth. £42 SAS B
THSAS Institute Inc., 2004).
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EoFo] E7IejE A(NOy-NI NHy-N)= EYAIR 5 g8 & AeoA 2 M KCI 25 mL
SHo| A 30E3t FEste] HES o AS Flow Injection Analyzer (QC8000, Lachat, USA)
< o] &3ty SHAUT. EY B HEAY F AAof AT FS CN Analyzer (VarioMAX
CN, Elementar, Germany)Z #2413ttt ESF7]E, Fa204h oFole X884 5 B3}
S AEA BAL wE2XEH YA TIEd EAH((NIAST, 2000)0 =8k #2435t
ATt

5. ORYZA2000 =3¢ 473
ORYZA2000 282 A v 2A 49} Wageningen Universityol| Al 7838t o H, 2=

T AL 23 PR D FRAT 2PNM He] Y53} DL melhE ZEA
2y

o] tH(Bouman et al., 2001). ORYZA2000 =& -2y} 4= 9 FF& tdo=
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FAES T3 FFE eV AdAHNCH F57] dF 5 FEF S S8
SOA D FEF =S A A= F ASo] HauHEn Qlth(Lee et al., 2012a). H
= 42 @ AarFH o 2o BE 01 719 ORYZA2000 28-S 7§43 ORYZA
(v3)o] HEH EQF T AAFTEHE BHoh AYsA FAHE 7 ATHLI et al, 2017). Z1H
T BF3E}3 ORYZA (v3)S 1 WRFx7F F3AE YA a1, 2ojd Bad 4329l
gt gl tigk £ 5 EARZ daf szddA vtz A gstrd= Fert Eth u
Al B AT AE ORYZA20000] = A AFoA =&2H f71& 2ill4& F718td

d HEd FY A A4 FEH O o] E Ho S-S FEE 5 UEE ORYZA2000

ORYZA2000 R4 EFo2HES Ao 35S AYdL 337 FUE 3ol =
oANA Fefdt dio] do= Atdy. a0 F4e vlo ASTAd nE dLae T
H sl e A4 35Es Adste] 2Rdn. AY daes {7189 7718 A
W AEH Aaugo] o5 ZAEKCassman et al,, 1994). £ AT A= ORYZA2000 =
e 745 f71AY B 02 RE & FUH A4S AHdae) dibete] Wt
T F e T EY VHEALTEFE AdSES st

F71E a4l A dae] 7718k Eq. 19 S84 net 5=, A4s 2
& B8 Noe CNE9] oy, Eel&E ke 7129 st met ARtEES 69
o =gl velulE e Shin 5(2016)2] AFAAE 7|Foz A3k

s

N

a0 (Eq. 1)

N: PR L, Ny WA A W T8, K TSR, 1 AT

714 vlge] ZAH dix 5718 C goﬂ wet AAEEY QAHE7)F 100% -
718t8thal 7143kl Table 55 7|02 C:NE & A8 F7)8FS &3
oo A ARGZF 71 vz thE A FrIsEe st ALteRTh k %k—% B
Hj A o] o] Foxl 20~30C 1 23] APErt EUd CNE 40 oS =
Um A Amsed tid 258 Fdas Fesiden, FrigEy s 3t %k
Hiahs st 4k=d E}(Table 6). ORYZA2000 =& o] 2 4 HE-S Fig 13 Zom,
8 WS gk A& Table 73 24
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Table 5. Mineralization potential of organic amendment with different C:N ratio and their
relative value to Urea

C:N ratio Mineralization potential, N, Relative value
Urea 76.7 1.000
12 69.1 0.900
15 66.9 0.873
20 60.6 0.790
25 58.2 0.759
30 553 0.721
40 43.6 0.569
78 20.3 0.264

" Mineralization potential N, values are the average of 25°C and 30°C in original paper (Shin et al., 2016)

Table 6. Average value of mineralization rate constant of the organic amendment used in

the model
Temperature (C) Mineralization rate constant, k
20 0.031
25 0.034
30 0.051

lemeem Rate calculations
! Daily supply of N by N mineralization released from Organic matter
NP = LINT2('NPARRAY', NPARRAY, ILNP, CNRATIO)
NP = NP * NAMEND;
K = LINT2('KARRAY', KARRAY, ILK, TAVR)
RINORGN = K * (NP - INORGN)
XORG = RINORGN * RECOV
END TIF
lemeem State updates/integration
! Total N pool present in the soil
NFERTP = INTGRL(NFERTP, XORG + XFERT - MAX(0.,(NACR-SOILSP)), DELT)
INORGN = INTGRL(INORGN, RINORGN, DELT)
! Amount of N available for uptake each day
TNSOIL = SOILSP + NFERTP

Fig. 1. Modified source code of NSOIL subroutine in ORYZA2000 model.
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Table 7. Notation of variables
Variable Description Used n Units Values
Subroutine
[CNRATIO, NP]
12, 0.900; 15, 0.873;
Table of potentially mineralizable N ’ P ’
NPARRAY | 0. O poteniialy mineraiizable NSOIL | kg N ha' | 20 0.790; 25, 0.759;
as function of C:N ratio
30, 0.721; 40, 0.569;
78, 0.264
CNRATIO | C:N ratio NSOIL - Input parameter
Interpolated fr
NP Potentially mineralizable N NSOIL kg N ha' etpotated o
NPARRAY table
Interpolated from
RECNIT table
RECOV Recovery fraction of fertilizer N NSOIL [DVS, RECOV]
(inorganic N) in the soil 0.0, 0.30; 0.2, 0.35;
0.4, 0.50; 0.8, 0.75;
2.5, 0.75
NAMEND | Actual nitrogen fertilization NSOIL kg N ha Input parameter
TEMP, K
Table of mineralization rate as [ - Kl
KARRAY . NSOIL - 20, 0.031; 25, 0.034
function of temperature
30, 0.051
Interpolated fr
K N mineralization rate constant NSOIL d’ wierpotated Trom
KARRAY table
INORGN | Inorganic N in the soil NSOIL kg N ha State variable
N mineralizati te fr i
RINORGN ml;lera 1tza fon et oM organie NSOIL | kg N ha' d’ State variable
amendmen
SOILSP Indigenous N supply from soil NSOIL | kg N ha' d' 0.8
Net fertilizer N rate that b
XFERT ) i © 11Eer rate fhat can be NSOIL | kg N ha' d' State variable
aken up by crop
MODELS,
NACR Actual nitrogen uptake rate by crop | NCROP, | kg N ha' d' State variable
NSOIL
Total fertilizer N (i ic N 1
NFERTP . o . le ilizer N (inorganic N) poo NSOIL kg N ha State variable
in soi
Net mineralized i ic N rat
XORG et minetatized norgatic T rate NSOIL | kg N ha' d’ State variable
that can be taken up by crop
MODELS
Dail t of N ilable fi ’
TNSOIL | o amount of [ avatiabie for NCROP, | kg N ha' d" State variable

uptake from soil

NSOIL
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Table 8. Analysis of variance for rice yields

Year Source Df Mean Square F-value Prob>F
Treatment 5 7,748,141.1 11.37 0.0001"
2015 Block 3 412,908.9 0.61 0.6212
Error 15 681,334.4
Treatment 5 1,923,735.6 4.65 0.0284"
2016 Block 2 908,232.5 2.19 0.1676
Error 9 414,144.4

Table 9. Rice grain vield by different fertilizer treatments

2015 2016
Treatment Yield polished rice Vield index Yield polished rice Vield index
kg/ha Kg/ha

CON 5,487.1° 59.4 6,800.3" 78.9
CHM 9,233.0° 100.0 8,619.9° 100.0
PMC 6,983.3 75.6 7,944.6" 922
oC 8,586.0° 93.0 8,087.6™ 93.8
HV 8,664.8" 93.8 8,096.4™ 93.9
RYE 72428 78.4 6,911.3" 80.2

* The same letters in the table indicate no difference at 0.05 significance level.
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Fig. 2. Correlation between observed and simulated inorganic nitrogen in the soil during
the experiment in 2015 (solid symbol) and 2016 (open symbol). Line is the
regression line for all dataset.
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Fig. 3. Correlation between observed and simulated total above ground dry matter during
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regression line for all dataset.
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Fig. 4. Correlation between observed and simulated rice grain vield in 2015 (solid symbol)
and 2016 (open symbol). Line is the regression line for each year.



816 AAE- O SAE - GFA - 2 - RS

k‘,

IAANE 713 T B FUIHA L ®SE Fig 5ol eSS EY FIIHEA LS o]
& F 15-359(AsAE F 30~50D)00 M =:kaL, o] F whEA ZAaskdn A A5l
mebse slolgulA], sekel g, fab ATl =& e UEhdlen, FA T ks
—rﬂﬁl? E‘?J_ﬂ?/lﬁlb diH oz W2 gho]l FAENY 4 FUAEE FUIHdL

s AP F 40do] At dom FAR By F4 FolMs B 7l daT)
B aEes Jlor FHHNOY, 2407 BARE 35 %2 A FF FIHALT)

AEo] A5 7)o Ha FAHsHE AFE YERiL

HI\

=1 . con - COoN
50 o o CHM ; : o CHM
= Year 2015 z i PRSI : v cMP
5 a oc ‘2 = ac
o 404 o n HY ey . n HV
£ o RYE £ | o RYE
= 0 COM = | CON
o oo N (o —— CHM 2 CHM
c 39 = cmp N B - e CMP
z v 2 st G0 z e (GG
o a ———  HV o ——— HV
2 204 o ———— RYE 2 —i——— RYE
= ; =3 & =) u
8 fu] S '\-_ u g o
= ; .//:/?\\___ o = » a
10 e BN o A I Year 2016
; o N ]
L o \,\\.& v g 5 &
0 S ——
0 20 40 60 80 100 120 140 60 80 100 120 140
Days after transplanting Days after transplanting

Fig. 5. Time courses of soil inorganic nitrogen in different organic amendment input condi-
tion (symbols are measured value, and lines are simulated value).
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