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Systems Simulation of Pre-harvest Factors Affecting Rice Milling Quality

ABSTRACT

Systems simulation of the pre-harvest factors affecting rice milling quality
started from analyzing information obtained from the relevant research works and
using dynamic simulation modeling approach to construct a model predicting rice
milling quality based on several factors before harvesting time using STELLA
Research 5.1.1. The model was designed to use some output data obtained from
simulation of CERES-Rice 3.5, a rice growth simulation model, and needed climatic
data with same set of variables as used in CERES-Rice and allow calibration of
certain genetic coefficients of milling quality as well.

The model consists of two major systems seperated by maturity stage that are :
1) estimation of percent milled rice from the start of grain filling to maturity based on
grain growth data obtained from CERES-Rice simulation results and prediction of
percent head rice from the maturity level effect and proportion of defected grains as
cracked grain and chalky grain 2) estimation of head rice reduction after maturity due
to crack accumulation caused by moisture absorbtion during night time with high RH
or when subjected to rain while losing grain moisture through evaporation during
daytime.

The model was developed and calibrated for milling quality genetic
coefficients with the milling quality data from the 4 rice varieties KDML105, Niew
Sanpatong, Chainat-1 and DOA-1(Sasanishiki) - with 12 planting date experiments
conducted at Chiang Mai 1997-1998.

The model with calibrated coefficients was then validated against the
observation data of the nitrogen fertilizer rate experiments, drainage time experiment,
and transplant vs pre-germinated seeding with different seeding rate experiment
conducted at Chiang Mai during 1999. The simulated pattern of changes of head rice
and moisture was agree to the observed data. However, the errors of simulation were
explained by the errors of CERES-Rice 3.5 simulated outputs especially under
temperature stress condtion, and by the error of determination of head rice by maturity

due to chalkiness, immatured grain and cracked grains.. .
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o @

Suriusuazdonlvvesiunlsden vnnuneasutazadieiifeades Taviadesdaves
q’fﬂgaﬁugmﬁﬁafj fiodeyafildon CERESRice 3.5 adrufhmuninowanmmsdde
Iﬂnmmﬁ?mmm‘i'mm STELLA Research 5.1.1 (High Performance Systems, 1997 a) ﬁﬁ
FUIMNISAIUI (time step) MVBAaEATVIND 1 T4 1WURBIAY CERES-Rice 3.5
Teanuviraesguammsdn Yszneudarld 2 uldisaszandu 1dud DiWdmsimes
asfmuanunmms fneuszesgauAsudagaun (A 4) uaz 2)Iamsiasamsivua
qunmmsandezezgnun (1 5) TaeliswnzBoavesaumauuusions fikumsnadey

w

1 3
uazdlfuslgsmuierue luiEmsadieunusines STELLA Research () Al

Ar g o
2.1 UMAMTANDUNUIND

3 1
2.11 vlefifuddnimsneugnun
o = n:?ql o P a :’ Y < qy
mssrmvsganmmsdssesiisumsdnesiszesSursmniminngs  wazduga

e

iiefeszozgnun  AismuaTaonadnifildanmasiasedan CERES-Rice 3.5 @iranesus
1lgn)

alosisuad1Ians (percent milled rice) fmunliiily auxiliary variable #1820
hmindadnlfenusaz iy (grain_weight) guiminunay (husk_weight) waztimiin g

(bran_weight) uraeTu Tnoh
percent_milled rice = (grain_weight-husk weight-bran_weight)/grain_weight*100  (4)

! :! ar o [~ o 4 ]

T grain_weight fiohminuisvsaunadilfion 100 waa (M) Nazauuday
[ = 1 g :'. Qs d A=t 1 & & Y & 1 a o o
Fuaudegoun midnmiminwdeilniedudTanfudenmisuaas i uazduawie
1 o . { o o
ADANTINNAT 91ANNT912D9A28 CERES-Rice 3.5 NiuHinluvd GrRowTH.OUT

oy o . o [~ . év s lo o 3
diminunay (husk_weight) S1ualAitu level variable Tasvimsinunay AUl ¢ ¥

3 v 4 o
agfiu Wmdnunauluiuh +1 uazdasnisiiuihviinunay (husk_wt_increase) :
husk_weight(t) = husk_weight(t - dt) + (husk_wt_increase) * dt (5)

at a :f o . [] yé‘ 1 a5 1
Tﬂﬂﬂﬁﬂmimuumuﬂuﬂau (husk_wt_increase) mwu@%%uagnummmnma
¥ py at a t ey ar o o = EY
TEUINNUIMMUNUNAUAURATUIVHAUNAD qqqaﬂluﬁmwmsﬂgﬂwﬂ 11414?”]311'1?]
¥ .
(max_husk weight) URZIZELOMATUTNNUNUNAY  (grain filling duration) W3R

4 2 :’ as 1 :‘ s o’: 1)
Lﬁﬂ\i‘i]']ﬂi)ﬂi']ﬂ'liﬂz'ﬁ'llwlﬁ‘l-!ﬂuﬂﬂ‘}JLg'ﬁﬂ’J'lu']ﬁuﬂi?ﬁﬂ]ﬂﬁﬂd&ﬂﬁﬂﬂi&’iﬂﬂ!ﬁﬂ%ﬂ? (Seo and
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Ota, 1981) Ay grain_filling duration I#9nN15§1904478 CERES-Rice Tulva

OVERVIEW.OUT
husk wt_increase = (max_husk_wet ght-husk_weight)/((grain_filling_duration)/2) (6)

4 °y ar ‘ | & o or o o = 1

Taoaniminunangaga (max_husk weight) Fuedfudurlszaniwugnssuiidiun

g H '
FaummiminmEadianlien (potential grain weight) n3awfua G2 iduduilszdng

a Y] d a d .

NRUGATINYDI CERES-Rice 3.5 tasadnonmeealefiduddnindos (potential_percent_

. A Y Y fd JY 9 v I "
brown_rice) v ldnndeyanlesiduddindosqegaveaiuguug 9NNTNARSS UATDAT)
¥ = Ao :‘ t o o 3
AMANUEANYTAIUBINIITEY (potential_ratio) NINTINUMHAMGA 100 aagagah 1N

o o 3’ ar ] Y4 g
ﬂ‘]ﬁﬂ'lﬁ'ﬂﬂﬁ?ﬂ CERES-Rice ﬂ‘lﬁﬁ".ltlﬁﬂﬂmwumuﬂ 100 AR YOINHTUUS

max_husk_weight = (poteﬁtial _grain_weight G2-
(potential_percent_brown_rice/100*potential _grain_weight_G2))

*potential_ratio (7)

[ T ar [y o [~ 4
TaBS A5 1eIHUDIRNENIN (potential_ratio) HATASAITERUYBIAMNANYTBIVBUNAAT

$rnesldfunidnonmusiug

potential_ratio = grain_wt_at_matur/potential _grain_weight G2 (8)

s b2 9 o
Sindsdnueaunay (INIT husk_wi) fnualdduihminmiad el fendsdu
F ] > v
&R Bz dutiMin (initial_grain wt) (Seo and Otal981 ; Juliano and Bechtel, 1985 ) Av

8
14910 GROTWH.OUT uafwmua 13 hifusihwmifnunavugege (max_husk_wo)
INIT husk_wt = min(initial_grain_wt, max_husk_wt) %)

dvTneessn (bran weight) vie daufdandesiiszaauiiui Aviuneldviues
Goatumsinnetimiinunay

bran_weight(t) = bran_weight(t - df) + (bran_wt_increase) * dt (10)

Tauit

bran_wt_increase = (max_bran_weight- bran_weight)/(grain_filling_duration) (11)
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y 4 ¥ 1 3 T
paz  WmMiin$1geqa  (max_bran weight) “luﬁmwm'sﬂQﬂﬁmwuﬂﬁuagn‘umm

) a So < 3 . . . 1w
ﬁll‘IJ‘i$ﬁﬂ“ﬁﬁﬂﬂmmﬂﬂ‘a‘v§uﬁ‘i’l}ﬂﬁﬁ (potential_percent_milled rice) ~uUnz  AIANGAN

¢ o o 'Y . -
1WoseruAU12n894 (potential_percent_brown_rice)

max_bran_weight = (potential _percent_brown_rice-

potential percent_milled_rice)/100*potential_grain_weight G2 *potential_ratio (12)

gt o s 3 8
sinsiudy (NIT bran weighy shiuihmindinlfendsduinesndani

3
o

o T =y -] é 1 g 13 :’ [ .-}
wiinunay wd llBuhminggage dedia 1ddad o audaimindigege

INIT bran_weight = min(initial_grain_wt-husk_wt, max_bran_wt) (13)

iy denudas Huldenmssianeday  CERES-Rice 3.5 Fl&nnnadndii
nmSanears1was wasd i aarenisames TulWad GROWTHOUT unazeauila
mriaelgifubmindidunsusde - 100 e sazefiSusdudni1gismualdidy
percent_milled tice_1 mﬂfhifiymﬁﬂuﬂanuasﬂymﬁn%uwiax"‘imtﬁ’a nlosiFuadimsiu

&
nilee) 1ng

percent_milled rice 1= (grain_weight-husk_weight-bran_weight)/grain_weight*100
(14)

]
[

é 3 o B . 4 T ar
Faledisudtasildionnizanadldidly percent milled rice 2 InsUuagiu

¢ o el o
wlediudduihaeugnuafivue'ld (percent_head_rice) Turiadedeldl (2.1.2) iasnidle

1

ﬂlﬂﬁﬂ‘lﬂ'}‘}’iﬂ ﬂ“NWﬂ%NQﬁNNﬁﬂUﬂﬁ‘UﬂﬁﬂﬁT ﬂﬁ‘iﬂiﬂﬂﬂﬂﬂ')ﬂ ﬂ11ﬂ£ﬂ'€lﬁlch’uﬁ%1’3ﬁﬁﬂﬂ
SJ!J =

adld Fasmualdnsaaasiiuogiuduylss@n3WugnIsu milled rice loss_coef fme lay

percent_milled_rice_2 = percent_milled_ricel-
{(percent_milled_rice 1-percent_head_rice)*milled_rice_loss_coef)
(15)

2.12 lediduddudmneugun

a ¢ o Ao dc Sy 3 , '
%1ﬂﬂ1ﬁ’llﬂ‘i1$ﬁﬂ¢lﬂﬂ‘i$ﬂE]ﬁJ‘Iflﬂ’lﬁuﬂLﬂEl‘iwuﬂﬂuﬂl‘n (percent_head_nce) ﬂE]uﬂTiE‘Iﬂ

' ar fd o . . VIR o
15 wansdaen1sinesnanlesiuddams (percent_milled_rice) Mndadumsuaninies
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3 1] Qd
Tndaanuianidnyasfisilontaunninn (potential breaking ratio) fivdnlszd@nimsuan

as ' w
WNUBIUARNTWUT (genetic_breaking_coef)

percent_head_rice = (percent_milled_ricel-
(potential_breaking ratio* percent_milled ricel*

genetic_breaking_coef)) (16}

[ 4 ¥
Fadaudiensil loemauaninga (potential_breaking ratio) Fuogmszrianiad lu
= 1 A o 9/ - Ey / . [y ar f
fianuunnssailosniiuneslinselisesd1n (non_defect grain_ratio) AUTTAUATIMUAUDY
o ar s 1 w i L or 4 [ o ar 1
18R (grain_maturity_ratio) (337N, 2544 f) duls lnudluegluszdundhdediannnd
ar (4 o W o a o a Jd =]
A ANG law of minimum LAY Piudedulse@ntontwavewledidud lulasioulumaa
o 1 3
(AZITUIIMITEINT (N and drainage_effect) RinaTmAulumsmiunioanlemauan

a W a A 1 o o o
¥asususninavoiod luazAain (359, 2544 g; Jongkaewwattana, 1990 )

potential _breaking_ratio = 1-(min(non_defect_grain_ratio,

grain_maturity_ratio)*N_and drainage_effect) 17

[y ¥ . o :’ at [ 3 as
FEAUMSHNUA (grain_maturity_ratio) MAHAVINUHUANAAVUE U (grain_weight) NU
:? o =] o . :’ ar ] ' .
W viinaafafs (initial_grain_wt) LaSUMUNIAARBUEGNUN (grain_wt_at_matur) :
grain_maturity_ratio = (grain_weight-initial _grain_wt)/

(grain_wt_at_matur-initial_grain_wt) (18)
o d an 1a = . . o I g <y 1 d
Fadundafilifnnd  (non defect_grain ratio) ldnamsdadauveamiai lith
2 A ] iy « o o 4 =, 1 - (]
asiafidhifiodld  (chalkiness effect) unzi Wifhudadniiauiguiiusiefignunneou
ifiosnnuavesnny lilainaey (on_uniform_effect) Tnusidrgane o

non_defect_grain_ratio = max((1-chalkiness_effect-non_uniform_effect),0) (19)

o ] R nl: a HY R 1
naveamsiflufiosls  (chalkiness effect)  Aednrienuaindlodanit luidluiesly

non_chalkiness
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chalkiness_effect = (1-non_chalkiness) (20)

& iy r 1 . o 3 vor A =
a4 daui liidluies 14 (mon_chalkiness) Avuaidduegiviou luguvgligeganse

o oy a o e o o . W a
fgaszozazauimiinwin Griand, 2544 n) Tawini non_chalkiness agwiiiudutlsedng

115 liiHuR 914 (genetic_coef of non_chalkiness) usie QU igegAIInNNT 35 °C H50

gamgiimgatiesndt 18°c i dmfi biiflufiesldesannuniiowindy

genetic_coef of non_chalkiness*0.8 (21)

v
= 4 o

& Y d’.’ s a ar a
a5y guugligegansedigail orvdfunanieamuldlan dudsznianunuy

a U

Qmwgﬁw?a (temperature_tolerance) Muoure o 1910 CERES-Rice 3.5 (355%111 2544 f)

non_chalkiness = if(max_temp_at_grainfilling>35/temperature_tolerance)or
(min_temp_at_grain_filling<1 8/temperature_tolerance)then
(genetic_coef of non_chalkiness*grain_maturity _ratio*(.8)else

((genetic_coef of non_chalkiness)*(grain_maturity_ratio))- 22)

] ] 4
yagfinaunan luaduaue (non_uniform_effect) 92 AuBENVIZAUAIIN I

[ ¥
AinENeUATAIFUTNRNTUBIDIAIANBUGNLA 7 T Max_RH_7d_by_mat

non_uniform_effect = if{ Time=grain filling_duration)
then (ifftMax_RH_7d_by_mat>90)
then(1- (maturity _uniformity*0.95))
else(1- maturity_uniformity))

else({1-maturity uniformity)) (23)

9 v
AMUFUFIINT Max_RH_7d by mat futmnin gaungldige 7 Juneugnud
T min_7_days by mat lasdaudasnnaunisfildluuuudiaos CERES-Rice 3.5 (Singh ef

}
al., 1998) Aiafl
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Max RH_7d by mat = (VPSAT_Tdew_7_d by _mat/VPSAT_Tmin*100) (24)

Taei

VPSAT Tdew 7 d by mat = 610.78*EXP(17.269¥Tdew_7_d_by_mat/

(Tdew_7_d_by_mat+237.3)) (25)
VPSAT_Tmin = 610.78*EXP(1 7.269*T min 7 days_by mat/

(T_min 7 days by mat+237.30)) (26)
Tdew_7_d by _mat = T min_7_days_by mat-2 @7

Taefismuadeulun  MifSuaduienaigly 7 Junougoun  (rainfall 7_d_
1 da o fd & o o 2 .
by_mat) 30091 2 w3, AIH RH = 100nlefidud  VinussuReinanisAnunlay Siebenmorgen

and Jindal (1986) L0 Lu et al. (1992)

- ¥ v
anueaitauemIgaun (maturity_uniformity) Yuegfiugumgigegauaziigam
°y ar a ar « ar a ar °
azaurimtinmaa @yiani 2544 n uaza ) wazdysednimesiugnIsuvon R NTND

{genetic_coef of uniformity) Musupmfuiesly

maturity _uniformity =
(ifimax_temp_at_grainfilling>35/temperature_tolerance)
or{min_temp_at_grain_filling<18/temperature_tolerance)
then(genetic_coef of uniformity*.8)

else(genetic_coef of uniformity))*grain_maturity_ratio (28)
ay -3 Y o
nansznUYed lu Taswuuaznsszou (N_and drainage effect) finua 1AL
) o d'd. r L3 o o .
snEnavssilotufinmuinnh seniawavesefiFud luTasnulum@a (grain N_effect

¥
_coef) HAZHAVBITEESIIRINIT LU (drainage_effect) Tat law of minimum 1¥UAHU

N_and_drainage_effect = min(grain_N_effect_coef, drainage_effect) (29)
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1 o

wavesofdud i InnnnudadonlosFud fudn (grain N effect_coef) TdImdu

P ' '@ 1 ¢ d LY Y fd oY 3 s
gumsoresefimnrugegegavesmsand e tiudaui e fidudaudogaga iy
¢ o -] a oA [y | a9
wedidudlulaseuluada ninmsnanssdninavewnnilelulasnudeguammsddn
3l 25412542 Gr¥and 2544 1) waasdelumw 6 wazamnsodmumdiuaums (30) Tay
o ey &4 9 ' C g 2 A Aw v do w y
fmualffinadedodluszosgrusminiy e inuTnsnuiinaidiiusiuinyedn

a
nansiuaztedy ssozgnun (afvz, 2539) Aea mada i

grain N_effect_coef = if(time=grain_ﬁ11ing_duration)
then(if( Grain_N_at_enatur<l1.2)
then(0.328*Grain_N_ at_matur"2 -
0.368*Grain_N_at_matur+0.914 ) else(1))
else(1) {(30)

14
8/ as

¥ a o g) . ¥ o o oo
daudniwauesszeznmnITsnd1 (drainage_effect) Aanlafiuaaudiniu - wy
¥ w2 dd Y Y ' ) d  w &
anuduiusinlefiduddudvazgouniansaiieszeznaimyssuinimawenaend
a o o @ o = t i
a9 (95 2544 A; Jongkaewwattana, 1990) IﬂEJﬂ'J'mmJWHﬁ‘llNzﬁ{uVImﬂN‘mﬂﬂ‘ﬁ@:ﬁfgﬂ
w ) - fd o . v ¥
yoadaia e Fusdudridesiduddudngige luudagsseznanisseuini (1w 7)
* ] ] 3 5
R dauasiten v inadiooglussoygaun  uozaziuegivizsznaizszuiome

] 1 ¥
90NABA (drainage_day_after_flowg) itludayaigldfmun Tnuflueunisdadl

drainage_effect = if(time=grain_filling_duration)
then(if (drainage day_after flowg
<flower to_beg_grain_fill+grain_filling_duration }
then (-0.0001*drainage day after flowg”2+0.0101*
drainage day after flowg +0.7972)
else (1)) else(1) an
Tao?  flower to_beg_grain fill wieSuvenaenausuazamiminnde  uas
grain_filling_duration wioszoznaazauiminuda dhudeyann OVERVIEW.0UT 714

91NN13 14 CERES-Rice 3.5
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* * e ¢

o 0.0
~N mio —~
N I

oo o
SO

e oo
- N
-

¢ ¢

y = 0.3285x - 0.3678x + 0.9137
R?=0.9237

o
o
~

o o ] o ¢ of H a I a
anudutaloddudiuTasnuiumdatunlosFuadudi Alddmuadulsed

08

T T T

0.9 1.0 1.1 1.2 1.3 1.4

nlosidud lulnsounda

SniwavoutesSudluTasmunda Tnolddoyanin I53anl (2544 7)

0.9 4

:

3 4....8....-...-...-.........
o <

0.8
0.7
0.6
0.5 -
0.4 -
0.3 4
0.2 4
0.1

°

y = -1E-04x% + 0.0101x + 0.7972
R? = 0.9618

T T T 1

14 21 28 35

sygznansh (Jundsoonaon)

q(

SnEwavesszoznmszinh Tavlddoyasin SsTanl (2544 m)

e
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[ 1
2.2 quamIMsandagaun
= oA e 1 4 ° d’(’ d Aa 1
mstsedivannmmsindagoun  Gunansinouduganuiumiaiiivade
- T4 Y] 4 '
nlesibusdudrmasgnun
2.2.1 wesdudanuvudandagnun

3 ¥ A’l’ = . - d’r
Smualiausuwdaily level variable TaeliiinszuumMsgauasAonNUFUIN
=1 = 3 3 o 4 ) [ ¥ { ]
mia  FerFundesedududeyminditldninaunaces Taothmnuduvasiigous
£ T w o o N
NNAITING FIMMUANAGAUNAWHDANTNTIA 94728 CERES-Rice 3.5
A ASIJ o ol: ] n’: ar s o
a5l Buudasenuuadavasiiuduravnanmenmanniy - avklsermeii
1 ¥ ’
WA anuduues gungiigega diga nazlSunarly sziludignivesmssameniinn

g 3 d
138a Ltazﬂﬁﬁﬂ“ﬂﬂ?'m%‘ui]'!ﬂf)']ﬂ'lﬂ"ﬂﬂﬂmaﬂ
grain_moisture(t) = grain_moisture(t - dt) + (absorption_rate - evaporation) * dt (32)

gﬂi1ﬂ15qwtﬁ6ﬂ11M§u%"Iﬂtllﬁﬂ fodasmsszmuth (evaporation) Fedmianildein
@UN15 radiation balance Tﬂﬂﬁﬂuﬂaamnﬁumimﬁﬁ'ﬂﬂf_nm1iﬂ1ﬂ1f1maaﬁmﬁ°l%’1unnuu
§1apamszaa CERES fiiaualay Jones and Kiniry (1986) lasfhmuaauudgminisssine
Hialunanaaiy Tﬂﬂﬁuagﬁuwﬁwmmmﬁmﬁ (SRAD) gaingiimdniunanaisiy
(T_day) anududa (grain_moisture) uazér’uﬂﬁzﬁﬂ%’dmaﬁ'uqﬂimﬁxﬁmﬁ‘nmsizmmﬂ
Mnda {(evapo_coef) ﬁuﬁmﬁafjmmmeahqmaﬁuqmsn‘lumiﬁzmmf'l (Namuco and
Ingram, 1996) ﬁ'ﬂ‘l‘f |

evaporation = grain_moisture/}00*SRAD*(T_day+29)*evapo_coef (33)
Tav gaunglinans¥u T_day veizfinisszie 118010 (ones et al, 1986)
T_day = 0.60*Tmax+0.40*Tmin (34)

ar 3 =3 . 3 - =3 J
§as1msgARTUYBINAR (absorption rate) WullauuAgmIIfatunmzluney

Qs

4 = I 1 Uy Qs -4 J L J ]
nanefy Aouudgunhiossemedh  Teedasimsgannuruiusgiuminmuanag

4 -4 o . q’.: ar 1 ¥ 4 1
sevinaudumdn  (grain_moisre) weiztiu  AusAMAMANRAiilisgede  (max_
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iqeq s . Ve o o q . . 2 o
equilibrium_moiture) uazmﬁuﬂsmmmiaﬂmw‘?u (absorbtion_coefficient) il

s = = as ut &
FuilssANTAUTNITN AINTI
absorption_rate = (max_equilibrium_moiture-grain_moisture)*absorbtion_coefficient
(35)

] o a)
Tasf AANUFURNAATIRA (max_equilibrium_moiture) fwand ldnneunisamiiu

wAaNaugaf LI snIN A TAe Banaszek and Sicbenmorgen (1990) :

max_equilibrium_moiture = 0.127*grain_moisture+20.633*Max_RH/100-0.0298*
Tmin-2.589 (36)

r ¥ ¥
Tavhi  anwiuduinsgaga Max_RH Tudwiiug sivualagaums:

Max_RH = If{Rainfall<2) then (VPSAT Tdew/VPSAT _Tmin*100)else(100) (37

==
NANHENN

14
o Fo = 1 v w
fulafinnSunaduioondt 2 wu. anuFuduinigage

Max RH =VPSAT Tdew/VPSAT Tmin*100 (38)
VPSAT Tdew = 610.78*EXP(17.269*Tdew/(Tdew+237.3)) (39)
VPSAT Tmin = 610.78*EXP(17.269* Tmin/(Tmin+237.30)) . (40)
Tdew = Tmin-2 (41)

13
at at

Tay Tmin Aogamgidiga Tuiulug

uadniiudaud 2 su 3uly Giivedszdumnnfivavedinldnisndunannum
Fagadniudrlumsa) szfmunld RE max Sushurindy 100nlefiSud aeandostu s
474 1Ay Siebenmorgen and Jindal (1986)

aruddadedy dumanuuazgaus fifhudoymiutrdmiudld sindoya

1 I~ ad o o s
Asnaase vioorn)szuadlduihdy 2ulefiFud @3iant, 2544 )
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¥ L
Faseedn wazdludhvindiorumsd (Kunze, 1985) Tasdasimsinvesdnfiduiuioy
[ Af 1 ar - s & o 1 oar a e = v P a 9
Sanmisgannudu uazadlsz@nionsdn Fullusidinlss@nidugnsudaamile 'ld

@ o

= ar 1 9 LY ¥ é o a3 ]
nosdseufuainuneaesdmuudazRus sedmuatiuaumsiouly:

head rice(t) = head_rice(t - dt) + (- head_rice_reduction_rate) * dt (42)

head rice_reduction_rate = absorption_rate*head_rice*genetic_breaking_coefficient (43)

(<3

d ¢y [ !
2.2.3 pediduadnamsndagnun

4
1 o

o o o 9 @ o 9 as [ ¢ o d Y g t
wWosdud Y1rmsvasgaumdusvualvaanmudad e fidiudaudine
alofiFuaa1Imshead_rice/milled_rice aana domguarimoudvafunlofduddramsly

1 T -4 T o = qd’
AszuaNMsteugun RausgRudulszAninisannwesd1nms milled rice_loss_coef At

ATUMS

milled _rice(t) = milled_rice(t - dt) + (- milled_rice_reduction_rate) * dt (44)
milled rice_reduction_rate = ((milled_rice-head_rice)/milled_rice)*milled_rice_loss_coef

(45)
o k'S o Y o
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