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SENSITIVITY TESTS OF THE CROP AND MANAGEMENT VARIABLES IN IRRIMODI
 

ABSTRACT 

IRRIMOD, the multiple field, multiple crop toposequence, rice-bascd model 
developed by Angus (1979) and Angus and Zandstra (1980), was tested for 
sensitivity to its crop and management input parameters. The inodel includes 
parameters for equations that describe plant growth for direct dry- and wet
seeded rice, transplanted rice, ratoon rice, munghean, maitc, and sorght.m. These 
equations are called Gompertz functions and have a normal S shape when 
plotted. Tile r, i)del contains exponential equations for each crop with specified 
parameters that elate crop development rate to temperature, photoperiod, solar 
radiation, and ri.rogen stress. It also has crop parameters that are estimates of 
biornass at certain development stages. The management parameters are for 
spillway or bild height, weight and development stage of plants at trans
planting, seeding rate, timing mind amolunt of nitrogen fertilizer, turnaround 
period between crops, and lime of year when a transp1:imted rice crop will no 
longer be considered. 

IRRIMOD was moire sensitive to crop parameters than to management 
parameters. It was most sensitive to the growth curwe parameters initial growth 
rate and inflection approaching maturity and the optimum temperature for 
growth parameter. If IRRIMOD were used as a breeding program tool, it would 
indicate that breeding lines with an initial iigh dry matter accumulation rate and 
a higher fraction of dry malter accunmlation after anthesis would be most 
desirable. IRRIMOD was most sensitive to the management parameter of initial 
biomass at planting, which can :e interpreted as plant population per hectare. 

]By Frank D.Whisler, visiting senior scientist, Multiple Cropping Department, The Inter
national Rice Research Institute, Los Bafios, Philippines. 
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SENSITIVITY TESTS OF THE CROP AND MANAGEMENT VARIABLES IN IRRIMOD
 

The multiple field, multiple crop, rice-based simulation height, plant size and age at transplanting time, seeding 
model IRRIMOD was developed and described bY' Angus rate, timing and amount of nitrogen f'ettili/er application, 
(1979) and Angus and Zandstra (1980). it is I topose- turnaround time between crops, and time of yeair when a 
quence model at what the author describes a,"tileagro- transplanted rice crop will tio longe he considered. Units 
nomic level" of detail, in contrast to "physiological'' and descriptions of these tratageiiiett palaleters are given 
models. The model includes parametters for equations that in Table 2. 
describe plant growth for direct dry- and wet-seeded rice, Both Angus puhlications include cotltpal sons of odel 
transplanted rice, ratoon rice, mungbean, mai/e, and output to independently taken ield data o validation tests. 
sorghium. These equations are calle, Gornpertz functions tHowever, tot every parl of1the model has heeti validated. 
and have a normal S shape when plotted as a function of The model's to changes in inpul param-1rters shouldoespotee 
time (Angus 1979) (Fig. 10). TIne model contains exponetn- also he tested. Serlsitivi ty testing of atralhses such as tlese 
tial equations for each crop with specified parameters that were peifonned by Whislei (1984) lo the envi 1onrnti tal 
relate crop (levelopment rate to temperature, photoperiod, variables of' RRIMO),. This re )it extends the analyses to 
solar radiation, and nitrogen stress (Angus 1979). It also has IRRIMOI) crop and nanagemnet variables and gives slte 
parameters that are estimates of biomass at certain devel- of tire calculated biomass prodt Lion, yields, and gross
 
opment stages. These are called crop parameter- and their returns.
 
descriptions and units are given in Table 1.
 

IRRIMOD also requires values for management or METHOD 
farmer-controlled parameters such as spillw a:o bund Two versions of the model were prepared. In the first, crop 

parameters could be changed independently; in the second 
Table 1. Crop parameters and units used in IRRIMOD. management relationship parameters could be changed in

dependently. In any given test a percentage change of a
K Parameter Unit particular variable was made with all others held constant. 

I Gompertz constant I, highest biomass achievable t ha-' For example, the percolation rate of each field could be 
2 Gompertz constant 2, relative growth rate at * changed while maintaining constant water depth. The mag

time 0 nitude of the variable could be increased or decreased by
3 Gompertz constant 3, inflection approaching cmaturity changing the sign of the percentage. 

4 Base temperature for development and growth oC Tests were made by changing the crop or nanagement
5 Peak rate of preanth'sis development d-' variable by 20%, a value that was chosen because itwould 
6 Curvature of exponential equation for * 

development normally be large enough to measure for measurable para
7 Constant tor photoperiod prior to anthesis * meters. If the model is sensitive to a particular variable, a 
8 Critical photoperiod for preanthesis development h 20% change should cause a significant response. Standard 
9 Proportion of development executed prior to * 

an thesis 
10 Peak rate of postanthesis development d- 1 
11 Optimum temperature for growth oc Table 2. Management parameters and units used in IRRIMOD. 
12 Curvature of exponential equation for 

response M Parameter Unit 
-13 Radiation required for most rapid growth cal cm ' 

d-1 1 Starting value of biortass kg ha-' 
14 Curvature of exponential equation for * 2 Proportion of crop development completed * 

nitrogen stress at planting 
15 Proportion of nitrogen in bionnass at ten develop- * Turoaround period (TAP) between 1st and day 

ment stages for crop supplied with luxury inputs 2d crop (or 2d and 3d)
16 Proportion of biomass at antlhesis translocated 4 Total 1st N application kg N ha' 

to grain -tow N stress 5 Crop age after planting at 1st N application day
17 Proportion of biontass at antliesis translocated 6 Total 2d N application kg N ha' 

to grain - heavy stress 7 Crop age after planting at 2d N application day
18 Biomass at till canopy cover kg ha 8 Spillwa. (bod) height above field level mm 

-
19 Biomass at completion of second stage kg ha 1 9 Date after which 2d rice crop was not day
evaporation considered (days after 1 Apr) 

* Dimensionless. *Dimensionless. 
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Table 3. Crop parametcrs fr various potential crops used in IRRIMNI0). (See rable I for units 
and description.) 

K IR36 iR36 1)3 IR36 1136IPR \% 1 I)SR raln Sorghum Mwhea Maize 

I 11.0 li) lIIA) 11.0 2.0 6.0 4.0 12.02 .130 .130 .130 .130 .130 .130 .130 .1303 .025 .025 .025 .025 .025 .025 .025 .0254 15.0 15.0 15.10 15.0 15.0 10.() 10.0 10.05 .015 .015 .11)4 .014 .025 .018 .033 .018
6 .20 .20 .20 .20 .20 .20 .20 .207 .70 .70 .70 .70 .70 .70 .70 .708 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.09 .700 .70 70 .700 .61) .660 .600 .60(010 .040 .0(14 .0-10 .040 .41 .033 .033 .02511 27.0 27.0 27.0 27.0 27.0 27. 24.0 24.012 3.50 3.51o 3.50 3.50 3.50 3.51 3.51) 3.5013 700 700 700 
 700 700 7011 700 70014 4.20 4.20 4.20 4.20 4.20 3.50 3.50 3.5015 .040 .040 .040 .040 .040 .040 .001 .040.050 .050 .050 .050 .0150 .050 .001 .050.050 .050 
 .050 .050 .050 
 .050 .001 .050.040 .040 .040 .040 .040 .040 .001 .040

.035 .035 
 .035 .035 .0135 .035 .001 .035

.030 .131 .030 .03( .030 .130 .001 .030.025 .025 .025 
 .025 .025 .025 
 .11 .025

.020 .0210 .020 .0210 .020 .020 .001 .020
.015 .015 .015 .015 .015 .015 .001 .015
.010 .010 .0110 .010 .010 .010 .01016 	 .100 .100 .100 .10) 
.010 

.100 .050 .05(0 .05017 .150 .i50 .150 .150 .150 .200 .200 
 .200
18 1000 1000 1000 1000 1000 1000 1000 
 1000

19 200 200 200 
 200 200 200 200 200
 

Table 4. Standard values of management variables used in Table 5. predicted crop yield for each cropIRRIMOD. (See Table on each fieldof ihe2 f,?r units and description.) foposequence. gross income fo eacti field, and planting and harvest 

M Crop I Crop 2 Crop 3 	
dates for each crop and each field from IRRIMOI) for the standard. 
. ..... 
 .
 . 

Yield1 100 440 50 	 ;ross Planting Ilarvest 
2 	 ft hla incoI Idav-nitu, (day-to0)0.0 0.15 0.0 (P la

3 10 10 1
4 20 20
5 2 2 

10 :ield 1 
)SR 14946 20 20 

1 	 I- 6 23 - 90.0 Mung 189 24- 9 27-11 
7 30 30 0.0 2441
 

Field I Field 2 Field 3 
 Field 4 Field 5 
8 1.0 100 100 100 100 
 Ficld 2
9 170 190 180 220 240 
 DSR 3788 
 1- 6 21- 9 

- Mung 185 7-10 10- 12 
4714 

Field 3
DSR 3387 1- 6 22- 9 
Mung 188 29- 9 2-12 

Field1 
4326
 

mir Field 2_ 

Plateau I Field
3 Field 4

Side slope Fie' DSR 3935 1- 6 21- 9U er FdTPR 
 2531 
 1-10 31-12
plai Lower Mung 228
pilain 	 1- 1 6- 37607
 

- loom_ __ Field 5 
DSR 4030 1- 6 21- 9 
TPR 2530 
 1-10 31 -12 
Mung 235
I. Schem atic diagram of toposcquence used in IR RIMOD. 	 7- 1 12- 3 

_ _ __ _ _ __ _ _ __7737___ _ _ 
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crop parameter values ate given in Table 3, and manage- nitrogen accumulation, soil water content, soil ammonium 
mient paraletel values are listed in Table 4. and nitrate nitrogen content, planting and harveting date, 

The crop glowing season begins in April in eastern and gross income per field. Only a few of these quantities
Philippines and progresses steadily westward (Zandslra el al will be discussed as indicators of the model's sensitivity. 
1980). IRRIMOI) begins I April and calcilates the soil Because IRRIMOI) is incompletely validated, many 
water balance lt each field in the toposequenice. (A maxi- results wil! be shown as ", changes from the standard simu
mum of 5 fields arc allowed Fig. I ). Vhen the water lation. (The standard simulation is 05i change in any varia
balance is adequate, tie first dry-sceded crop is planted, ble.) Table 5 gives some of the results of the standard simu
harvested, an't subsequent specified ctops are planted and lation. The croppilg seqtence for each field was dry-seeded
harvested. (Usually a tiax 0im1mof 3 crops are grown if] one rice (I)SR), transplatted rice (TPR), fLlowed by mungbean
season.) Note the dimensions in Figure 1. In field 1, the (1hu11ng) if theie was stlficiemtt soil t11oisture. I,36 was used 
depf,, ff file water table is 5 ii'. In field 5 it is only I in. for calibration in these analyses. Fields were not of the 
Other climate and soil variables are given in Whisler ( 1984) same size nor (lid iey have the ,aioe soil properties (Angus
and were not varied during these analyses. and Zandstia 198,), Whislel 1984). I)SR and filling yields 

generally increase from fields I It) 5. and fields 4 and 5 had
RESULTS ANt) )ISCUSSION a TPR cop. which caused flie lower Fields in the topo

sequence toIhave higlier gross income than the upper
IRRIMOD calculates several measurable soil and crop quan- fields )SR also ilnlatoed eatliei in the lower fields because 
tities such as aboveground biomass, grain weight, crop of a better InloiSluie balance. NMIng yield in lower fields was 

Table 6. Effect of chaning crop variables on simulated crop yield as 'a change from the standard. 

Simulated crop yield as'; change from standard 
.. .. 


ofv-riable Field t Iicld 2 

K ,/ change .... ... .... ... .. .. 	 . ..... .... 

lield 3 I-ield 4 Field 5 
I)SR Mung l)SR TPR Mung t)SR TPR Mung I)SR TPR Mung DSR TPR Mung 

1 	 20 0.0 0.0 0.0 0.10 l.0 0.0t (.t 0.0 0.1 0.0 0.0 0.0 0.0 0.1-20 0.0 0.0 0.0 0.0 .0 0.lt0I1 0(0 0.0 0.0 0.0 0.0 0.0 0.02 +20 44.6 69.9 72.0 0.0 69.4 85.2 0(1. 69.7 78.2 53.9 74.5 76.5 53.9 75.4
-20 -41.0 -43.0 -58.5 0.0 42.8 60t.7 t.0 -42.9 -60.2 - 43.0 44.7 -60.0 -43.0 - 45.03 +20 -42.6 -43.1 0-517(.0 42.9 544 (.0 43.0 53.0 - 47.8 - 45.1 --52.7 --47.8 -- 45.3
-20 75.4 92.9 100.6 0.0 91.9 I 15.6 0.0( 106.4 100.6 104.8 94.892.5 94.9 	 101.44 	 +20 10.2 - 0.4 23.6 0(1. 1.4 28.3 0.t0 0.7 25.5 15.6 -1 00h 25.0 34.3 13.2 
-20 - 3.2 1.7 -11.3 2199 1 14.8 13.3 0.t 11.9 12.3 12.6 6.9 -12.0 - 12.6 1.9a5 	 +20 -30.8 -23.3 -43.6 1893" 20.5 48.0 190l 21.3 -45.7 -- 24.6 - 35.6 45.1 -23.9 - 26.4
-20 37.4 46.8 64.8 1.0 511.7 82.5 0.0 48.3 71.1 - 28.8 It001' 67.7 33.1 -100 t)6 	 +20 - 7.7 - 6.2 -12.1 2310 a 14.8 13.9 0.0 6.6 -12.8 8.1 7.0 12.6 - 8.1 - 3.2
-20 17.5 8.2 23.9 0.0 9.6 27.8 0.0 9.4 25.4 14.8 100/t 25.1 22.1 19.47 	 +20 - 2.4 0.2 - 4.0 2198 a 23.4 4.8 0.0 0.0 - - 1.9 --4.3 1.1 5.7 - 1.7 0.0
-20 6.3 - 0.4 96 0.0 0.1 11.5 0.0 0.1 10.4 1.6 2.3 8.7 2.3 0.0

8 +20 - 4.8 0.3 - 9.0 24719 20.7 9.0 0.0 0.0 - 8.1 --. 2.1 -- 1.7 - 9.4 - 1.9 0.0-20 71.4 - 5.9 120.0 0.0 1.6 154.3 0.0 - 1.0 131.1 -100c 16.6 127.8 -20.2 -10 0 h9 	 +20 -24.5 -30.3 -40.3 0.0 -30.1 44.8 0.0 --30.3 -42.4 - 24.0 - 30.5 --41.9 -23.8 - 31.9
-20 24.7 51.2 43.6 0.0 50.6 55.6 0.0 51.0 48.0 22.9 50.8 46.8 22.8 55.0

10 	 +20 -15.3 -15.9 -15.8 2162 a 
- 4.4 -16.3 0.0 --16.4 --16.0 -- 14.2 - 22.5 -16.0 -14.2 - 17.9-20 22.7 27.0 23.9 0.0 28.7 24.7 0.0 28.3 24.2 - 10.5 -100/1 24.2 21.9 35.7

11 +20 -15.0 7.8 -22.6 0.0 5.3 25.0 0.0 6.9 -23.9 - 26.8 - 8.4 -23.6 --26.8 - 7.9
-20 -97.3 -83.7 -99.0 0.0 81.7 --98.8 0.0 --83.1 --99.0 -- 80.3 - 68.6 -99.0 -80.3 - 70.0

12 	 +20 7.3 11.7 11.2 0.0 12.5 12.7 0.0 12.0 11.9 12.1 10.3 11.7 12.1 9.5-20 - 9.5 -13.4 -14.3 0.0 -14.1 --16.0 0.0 -13.6 -15.2 - 14.3 - 12.1 -15.0 -14.3 - 11.4
13 +20 -12.6 -16.3 -19.4 0.0 --16.8 --21.4 0.0 -16.5 -20.5 - 17.0 - 15.6 -20.3 -17.0 - 15.1-20 12.9 19.9 20.1 0.0 21.0 23.1 0.0 20.3 21.6 19.7 18.3 21.. 19.7 17.4
14 +20 12.1 0.0 5.0 0.0 0.0 - 8 0.0 0.0 4.0 5.1 0.0 4.3 5.1 0.0

-20 -12.3 0.0 6.2 0.0 0.0 - 1.8 0.0 0.0 - 5.1 - 6.2 0.0 - 5.4 - 6.2 0.015 	 +20 -12.8 0.0 8.1 0.0 0.0 5.8 0.0 0.0 -- 7.0 8.0 0.0 - 7.3 -- 8.0 0.0-20 17.3 0.0 8.1 0.0 0.0 5.0 0.0 0.0 6.4 8.5 0.0 6.9 8.5 0.0
16 +20 2.9 1.1 2.9 0.0 1.1 2.9 0.0 1.1 2.9 2.8 1.1 2.9 2.8 1.1-20 -- 2.9 1.1 2.9 0.0 - 1.1 - 2.9 0.0 -- 1.1 - 2.9 - 2.8 - 1.1 -2.9 28 1.1 

0.0 1.3 1.1 1.5 0.6 1.1 1.5 0.6
17 	 +20 1.6 1.3 1.1 0.0 1.4 0.9 

-20 -- 1.6 - 1.3 1.1 0.0 -- 1.4 -0.9 0.0 - 1.3 -1.1 1.5 - 0.6 1.1 1.5 0.6 
0.0 0.0 0.2 0.0 0.0 0.1 0.0 0.018 	 +20 0.0 0.0 0.2 0.0 0.0 0.0 

-20 - 0.1 0.0 0.2 0.0 0.0 - 0.3 0.0 0.0 - 0.2 0.0 0.0 - 0.3 0.0 0.0
19 	 +20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.1 0.0 0.0 0.0 (10 

aCrop was plan ted ilI noi in the standard case. 'Crop was plan ted bu i not harvested. "Crop was not planled Inot was plan ted in the standard case. 
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16 17 8 
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yield in field 5 as a fJncton of 
change in crop parameters. 
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60-
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-20
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I I 
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3. (ianges in transplanted rice 

yield in field 5 ; a lunctionflo 
lCianie ill hle crop paramle ter. 



IRPS No. 9)5, October 1983 7 

liilel 1epatlr heuse the [)SR ct)p rltulred earlier, aTPR 
,tiO was plimled and , and washarvested. onmniplanting 
ICIANcL Jnd pie,,, nudel1 hkeil aiit;All Alld highl lrldi.ltitO 

lcCl,,. 

Fill ptIsIIIIeS 0 Ili',ci .ll, tile Wll:1JM l t ileou.Si i 
I) jncs , In tile palaletels kkill he classilied as hi0lkNNel-
slte -40' 1 charge. ,ensitive 4(Y; _s 20'; ch:iie. 
mtdc:athel sensitive 2(Y; ilts - 5, ch.nge. arid iIsc.i-
IIe 5'; chiMi,-

(rop paraneters 
IIRRIR (IOl)simulates dry grain weight in kg lia- The pei-
c'Cit Change i graim weight trIton tile startdald sirullation 
cuSed b; chalging various cropr parameters is given ill 
Tab'le 0 lot each field and crop) arid ill Figures 2-4 for field 
5. (ield 5 Was chosen for Ihese figures hecise all thlec ill-
tended cjops were predicted to be hiarvetCld ill all caSe 

tetcd. ) Tire nrrodel's yield resporrse Ito paMletels 2.3.5. 
3)in1d I lughly sensitive. These are the (ollperl/1 was 

Ielalive cLOwtli rate and irntlectirir aIpptoaL'hinirrll iatllitV 

parallieters, prearthesis ralt ofdee l itrt. .iti,'l ph loi-
per id for pieantlesis devchlrpien, i iLim of pie-
artnliesis developrrrent. and oiptirlturml lerirlieinure loi 
glwinll. Other parairretels show eithel a + 10'; illClease oI 

planted or planted bit not harve ted (Fable 0, f'ootnotes b 
:vid 0. Aniong the highly ensitlive pamroeters, change in 
the (; ilpert/ co,is!tnts priduced the largest or most con
ssterN t (s erdll . al~gOeS. 

!e \ T sw tL palanicers 
atnd 1I ,a , s,',xsitt\e. Yield response predicted by 20% 
ChnIOiL> Ill , 'itallerei2. . and 15 was noderitely sensi

hL' I m dCl', lc . J(.. 4, 0, "7. 10, 

tike. lhe d s ,eIU- ,spse s, in"esitive to para
mete.'s I. I6. 17 18, :nod 19. Anwine these latter para
Hl~eels, : NY;2change in I alnd 19 did not cliange t?ie model. 
But the\ ae used ill tile ,mptilutations arid if they are set to 
0 the i10del wi11 Nlhw a Clhailne iHIthe oultut. According to 
Angus (per, . comm. paiatnclel I "I.lates strmigly when 
aiprloachrilg the potential yield of the clrop... hut nI, at 

and pratneler 
of little ittportance ill a lowland lec Clop or a tilurigbean 
clop with ow bihilass.'" 

Bioliass alld graia s a'cunititlitmn for each of' the 

laller's yield ard I' 'is dtill opetating but is 

.crop griow.,li in field 5 lo ciop v',riible 3 are shown in 
Figures 5-7. U(tmipaiip. i pies 5 anid Niso that tile rate 
io dry nallet accullltill is ieltil l t I);R th;i TIPR 

fin tile St'ar id d ScaMRd IM a 2(Y" ch ic ill tp Variable 
3 (the curves are steeperin i-iture 5 th:i 0). i)rN nratter 
accuiiiIlatirr for Irrihearll01 (l.i,. -7Iwas slower and less 
than I' either rice crop (Nrte the change ill scale oil tie 

I 00', decrease because crops are plrnned Iral are 

planted ill tie slandard case (Table 0. fooirle at)or are 

1r011 

iit 

vertical axis I IFigiie 7 cornrpared to [rigire 5 or 0.). tHow. 

ever. tire three ciops were similarlv affected by the degree 

4. ('har ,,.s in rrmng yield in hied 
5 ad flun,,.tion of change i the 
crolp parameters. 

Chonge M ) in Crop yield 

00 

80 -increase 
Percent of parameter 

or decrease 
+201 -20 

60 -

40 

20 -

20 

-20i[ iU F 
20 __ 

-40

- 6 0 -
k [ I I-- I 

-I00 
I I 

-100 
I I -- l 

-70 
_II _ _ _I _ _I__ _ 

-

0 2 4 6 8 10 12 14 16 1B 20 

Crop vOromeler S 
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Biomass (kg/ho x 0O1 Groin (kg/ha x I03 
) 

16 (3)-20%/ 8 
14 - / (3)-20 %--1' 

I! ()i 
2 / 

I / 
6 

10 - / / 

8 Standord-- 1 
4 /Stondord 

/II I6 / 

4 /2/ " (3)/ -- 

t3+-1z 
0--- ___tw t _ i-so _ _2'A 
0 20 40 60 80 100 120 %0 100 120 

DS 

5. J)ry matter accumuation in field 5 for dry-seeded rice as changed 

=by crop variable (parameter 3). DS (lays after sowing. 

of inlection of the Gonpertz function as the crop ap-
proaches itaturity (Table 6). 

The effects of changing the crop paramcters on planting 
and harvesting dates are shown in Table 7. Changing only 
parameters 4-11 changed the dates. The model was most 
sensitive to parameters 5 and 8. which are preanthesis para-
meters (Table I ). Because changing these parameters in-
creased or decreased the lime to maturity, they caused 
either more or fewer crops to be planted in a crop year (I 
Apr to 31 Mar) and interacted strongly with weather para-
tteters. 

The effects of changing the crop parameters on the gross 
income from each field atid the total toposequence are 
shown in Table 8 and Figure 8. (;ross income was calcu-
lated by nuIltiply~ng tie yield by the 1978 market price 

Bicmass (kg/hov 103) Grain (kg/ho x103) 
2 
 6 

0 - (3)20% / 

8 /4- (3)-20% / 

/ 
6/ / 

Standard -,-

/
4- 2 / 

/" /decreases/,'----3+0 // ,-
2) + 22(3)+20% 

/I 1 , 

0 1 00 20 40 60 80 100 60 80 00 
6. y tDanr

6. D~ry inatter accumulation in field 5 f'or transplantedT 
rice as 

changed by crop variable (parameter 3). D)T = days after transplant-
ing. 

Biomass (kg/ho x 102) Groin (kg/ha x 12) 

8 / 

° )20/ 
/ 4 / 

/ / / 

4 
/ 

Stndord /Sandard 
/ ."2---

2/ 
I 

Sfnar 

2i3)2%
2K 

- ( 7 
0 I 0 _L 

-(3)+20% 
-__L _L _ 

0 20 40 60 80 30 50 70 
DS DS 

7. Dry matter accumulation in field 5 for inun'v as changed by crop
variable tparaiocter 3). )S days ater sossinc. 

(Angus pers. cotim.). (Genetally, pa'atiletets were equally 
sensitive for gloss iticome as for yield it th earlier discus
sion. Tables 0 and 8 show that the overall loposequentce 
gross income was mote closely related to :hanges in the 
lower fields (4 and 5) than in the hglier fields( I and 2) be
cause the yields in the lower fields in tie topi seqtetce 
were greater than those highel itl the toposequelce. Tils is 
especially noticeable for clop pa !alnelel 5. Table 8 shows 
tlat gross income, like yield in Table 0. %%as not altered by 
a 20,', change it parameters I and 19. The itodel was most 
sensitive to crop pa.ameters 3 and II. 

In IRRIMOD. the usual (*oilpert funiction was tuodi
fled (Angus 1979, Angus and Z.atidslia 1980)to become 

I 3.d 
, 3d (I 

where i' is biomass, t is t ine, GI is the adjusted growth 
index, e is the exponential base, d is the developmental
tine, and K2 and K3 are crop parameters. Crop parameter 
K2 is the relative growth rate or dry itatter accumulation 
rate at tile start of the simulation. Thotlhoul the simulation it is tmodified by solar radiation, temperature, Moisture 

and nitrogen stresses (indices), and by developmental lime,
all as part of the adjusted growth index term. GI. Develop
mental titte is in the exponent of at] exponential term of 
the (;otiipert/ function and is modified by crop parameter 
K3. As parameter K3 increases (the degree of inflection of'
the S shape increases or the ailouttil of biotiass yet to be
produced decreases), the total dry matter accumulation 

atnd tie vield decreases. The converse is true for 
a decrease of parattieter 3. These interactions arc analogous 
to comparing cultivars that have different growth rates and 
dry matter partitioning as thev approach tnattrity. Sortmecltivars may add hiomuass ety quickly and then essentially 
stop, that is their growth curves arie very steep while others 
are flatter. Thtus if IRRIMOI) was used as a breeding pro
gran tool, it would indicate thal tile most desirable breed
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Table 7. Effect of changing crop ,ariables on estimated planting (P) and harvesting (H) dates 
as the number of days of difference from the standard. 

Estimated dates as no. of days of difference from the standard 

K ' langeof vriabl ield ield 3 	 Field 5 

DSR Mung DSR TPR Mung DSR TPR Mung 

P t P H P Ht P H P Ht P H P H P H 

-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 02 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

3 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 

-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4 +20 0 - 9 -10 -10 0 - 8 0 0 - 2 - 3 0 - 8 - 8 -21 -14 -16 
-20 0 + 4 +4 + 4 0 + 4 0 0 0 0 + 4 + 9 0 00 	 +4

5 +20 +19 7 +12 +14 a a -70 0 +14 00 + 0 -65 +14 +25 + 5 
-20 0 -21 -21 -29 0 -21 0 0 -15 -23 0 -20 -20 -38 -38 b 

6 +20 0 + 3 + 3 + 5 0 + 4 0 0 0 + 3 0 + 4 + 4 + 7 0 0
-20 0 - 7 - 7 - 9 0 - 7 0 0 -1 - 3 0 - 7 - 7 -16 - 9 -12 

7 +20 0 + 1 + 1 + 1 0 + 1 0 0 - 1 0 0 + 2 + 3+2 0 0 
-20 0 - 3 -3 - 3 0 - 3 0 0 0 0 0 - 2 - 2 - 4 0 0 

8 +20 0 + 2 +2 + 2 0+2 0 0 0 0 0 + 3 +3 + 4 0 0 
-20 0 -39 -39 -39 0 - 9 0 0 -56 -56 0 -39 -39 -51 -80 b9 +20 0 0 0 0 0 0 0 0 0 00 0 0- 4 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 + 4 0 0 

10 +20 0 + 5 + 5 +10 0 + 5 0 0 0 + 5 0 + 5 + 5 +10 0 + 5 
-20 0 - 7 - 7 -15 0 - 7 0 0 - 1 - 9 0 - 7 -7 -15- 8 -16

11 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

-20 0 - I - 1 - 1 0 0 00 ) 0 0 0 0 0 0 0 

12 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

13 +20 0 0 0 0 0 0 0 0 	 0 0 0 0 0 0 0 0
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 


14 +20 0 0 0 0 0 0 0 u 
 0 0 0 0 0 0 0 0

-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


15 +20 0 0 0 00 0 
 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 

16 +20 0 0 0 0 000 0 0 0 0 0 00 	 0-20 0 0 0 0 0 000 0 00 0 0 0 017+20 0 0 0 0 0 	 00 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0

18 +20 0 0 0 0 0 0 0 0 0 0 0 0 00 0 	 0

-20 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 


19 +20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

-

'Crop was planted but not in the standard case. bCrop was planted but not harvested. 

Table 8. Effect of changing crop variables on gross income as a IAchange from the standard. 

Gross income as change from standard
 
K change
 

of variable Field I lield 2 Field 3 Field 4 Field 5 Toposeqoc nce 
averagce 

1 	 +20 0.0 0.0 0.0 0.0 0.0 0.0-20 0.0 0.0 0.0 0.0 0.0 0.0

2 +20 54.4 71.5 81.9 69.6 68.9 70.3 

-20 -41.8 -55.4 - 56.9 -52.2 - 52.2 -52.6 
3 	 +20 -42.8 -50.0 51.9 - -50.1 50.0 -49.7

-20 82.2 98.9 110.6 101.7 101.0 100.7 
4 +20 6.1 19.3 22.3 0 b 26.2 13.1b7.


-20 - 1.3 40.5a - 10.2 -11.6 - 10.7 - .0a 
5 +20 -27.7 1.1a 1.8a -37.1 - 35.4 -22.8a

-20 41.1 62.0 75.0 12.2h 3(.9b 39.1b 

-7.1 12.3 o6 +20 42.-a -10.3 - 9.7 09
-20 13.9 21.1 23.8 - 6 .8b 23.2 1 3.6 b 

7 +20 - 1.4 48.00 - 3.8 - 3.0 - 3.5 5.8 a 

-20 3.7 9.07.7 	 6.3 5.3 6.5 a
8 	 +20 - 2.8 49.3 -7.1 - 5.2 - 5.6 4.2 a 

-20 41.5 96.7 120.6 32.0c 44.8b 62.2be 
9 +20 -26.8 -38.3 - 41.7 - 34.5 34.5 35.6-

-20 35.0 44.9 4.6 40.1 40.2 42.8 
20 35.5 44.3a 

10 +20 -15.5 32.3a -16.3 - 16.4 	 a- 15.7 7.5

-20 24.4 24.9 25.5 - 6.0b 25.2 16.3b
 

11 +20 - 6.5 -17.1 - 18.1 - 22.5 - 22.5 - 19.3
 
-20 -92.0 -95.6 - 95.4 - - 88.5
88.2 -91.1


12 +20 9.0 11.4 12.6 11.7 11.5 11.5
 
-20 -11.0 -14.3 - 15.5 -14.4 - 14.2 -14 .2
 

13 +20 -14.0 -18.9 - 20.3 
 - 18.6 - 18.4 -18.5 
-20 15.6 20.3 22.5 20.5 20.1 20.2 

14 +20 7.4 4.0 2.2 3.93.8 	 3.9
-20 - 7.6 - 5.0 -3.0 - 4.7 - 4.9 -4.8 

15 +20 - 7.8 - 6.5 4.5 - 6.3 - 6.4 -6.2 
-20 10.6 6.5 3.9 6.1 6.3 6.3 

16 +20 2.2 2.6 2.5 	 2.62.6 	 2.6 
-2.6 2.5 -"2.6 -2.6 2.6 

-20 -2.2 
17 +20 1.5 1.2 1.0 1.1 1.1 1.2-20 - 1.5 - 1.2 -1.0 - 1.1 -1.1 - 1.2 
18 +20 0.0 0.1 0.0 0.1 0.1 0.1 

-20 - 0.1 - 0.2 -0.2 - 0.1 - 0.2 - 0.2
19 +20 0.0 0.0 0.0 0.0 0.0 0.0 

-20 0.0 0.0 0.0 0.0 0.0 0.0 

Crop was planted, but not in the standard case. bCrop was planted, but not harvested. 
cCrop was not planted but was planted in the standard case. 

z 
o
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Change (/) in income 

100

80-	 Percent of parameter 

increase or decrease 

+20 -20 

60 

40	 it4 

0

20 

-20

-40

-60I -91
K I I I I i I I I I I I I I 8. Changes ingrossincome for the0 2 4 6 8 10 12 14 16 18 20 toposequence as a function of 

Crop parameters change in the crop parameters. 

ing lines would have a high dry matter accumulation rate Because the temperature responses of these cultivars are 
and a higher fraction of dry matter to accumulate after steep, bell-shaped curves (Angus 1979, Angus and Zandstra 
anthesis. We also noted that yield is predicted to decline, es- 1980), this may mean that a 20% change in optimum tem
pecially for DSR, as parameter II is increased or decreased. perature is too great for the other parameters of these culti-

Table 9. Effect of changing management variables on simulated crop yield as a % change from the standard. 

Simulated crop yield as %change from standard 
%change
 

M of variable Field 1 Field 2 Field 3 
 Field 4 	 Field 5 

DSR Mung DSR TPR Mung DSR TPR Mung DSR TPR Mung DSR TPR Mung 

1 +20 7.5 20.0 10.7 0.0 20.0 13.2 0.0 20.0 11.9 13.9 20.0 11.6 13.4 20.0

-20 -8.6 -20.0 -13.5 0.0 - 20.0 -16.1 0.0 - 20.0 -14.8 - 14.9 -20.0 -14.5 -14.9 -20.0
 

2 
 +20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 14.1 - 1.7 0.0 -14.1 0.0
-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00.0 	 14.5 1.8 0.0 14.8 0.0

3 	 +20 1.1 - 0.3 0.0 0.0 0.0 - 0.9 0.0 0.0 - 0.5 - 2.21.4 - 0.4 - 0.8 0.0 
-20 -3.0 0.2 - 0.2 2 53 1a 20.7 - 1.5 0.0 0.0 0.1 0.7 - 2.2 0.0 0.5 0.0
4 +20 0.0 0.0 2.1 2.1 0.0 1.3 0.0 
 0.0 1.6 3.2 0.0 1.7 3.2 0.0 
-20 0.0 0.0 - 2.4 0.0 0.0 - 1.5 0.0 0.0 - 1.8 - 3.8 0.0 - 1.9 - 0.03.8

5 	 +20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00.0 	 0.0
-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.20.0 	 0.0 0.0

6 	 +20 0.0 0.0 2.1 0.0 1.3 0.0 0.0 1.90.0 1.6 0.0 1.7 1.9 0.0 
-20 0.0 0.0 - 2.3 0.0 0.0 - 1.5 0.0 0.0 - 1.8 - 2.2 0.0 - 1.9 - 2.2 0.0


7 +20 0.0 0.0 - 0.6 0.0 0.0 - 0.3 0.0 0.0 - 0.3 
 - 1.5 0.0 - 0.4 - 1.5 0.0
-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 1.5 0.0 

8 	 +20 0.1 0.0 0.0 22 12a 23.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4
-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 - 1.90.0 	 0.0

9 	 +20 0.0 - 4.7 0.0 1845a _100b 0.0 2 13 8a _100b 0.0 0.0 0.0 0.0 0.0 0.0
-20 0.0 0.0 0.0 0.0 1.3 0.0 0.0 0.0 0.0 -100c -19.3 0.0 0.0 0.0 

aCrop 	was planted but not in the standard case. hCrop was planted but not harvested in this crop year. CCrop was not planted but was planted 
In the standard case. 
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Change ( ) incrop yield vars. Thus, as a tool it) . arietal selection, IRRIMOI) would 
20|Percent of prmeer show that potential cuiltivars and species should be planted

1 increase or decrease where their optil1i1 teilpeiatuie for growth matches the 
10- +20M -20 	 average temle)eratule (t ilie area. 

5 
Management parameters

0 The percent changes in grain weight from the standard 
-5 - [ _simulation caused by clianging management parameters are 

given in Table 9 lor each field and crop, and in Figures 9-11 
for field 5. The model generally was less sersitive to man

-15-	  agement 	 parameters than to crop parameters. The model 
-20- was sensitive to paranreter I, initial bioniass at planting.

Other parameters producedI a higler or lower than 20%
MI L L I I I change for individual crops, because extra crops were being0 I 2 3 4 5 6 7 8 9
 

Management parameters
 

9. Changes in dry seeded rice yield in field 5 as a function of 
change in the managent paranicters. 	 12aes- (kg/hasxIO)12 _ 	 _7 Grin (kg/ha t0O)6 	 -

Change M 	 in crop_) yield _,o- _/	 (0+20%___.7__20 / 
1- Percent ot parameter 	 8Standard 4 ( +, 	 increase or decrease
 

+20E -20 //
,o;-	 t
 
6 / /tandard 	 / 

0 a 
_ [ ', i// 

4- 2 

-to-	 001) /// --- 2200-%/ / 2200 
-15 

-20 O0 20 40 	 60 80 100 120 80 tO0 120 
DS DS 

M I I I I I I 12. Biomass accumulation and grain dry weight accumulation forO 1 2 3 4 5 6 7 8 9 dry seeded rice in field 5 as changed by changes in management
Management parameters 	 parameter 1. DS = days after sowing. 

10. Changes in transplanted rice yield in field 5 as a function of 
change in the management parameters. 

Biomass (kg/ho x103 
Grin (kg/ho xlO 3 

8 4 
Change (%) in crop yield 
20 	 It1)+20%/ 
15 	 Percent of parameter

increase or decrease 6 - 3
 
10 -+20M -20.. 
 / 

0 	 4 - Standard 2 Standard 

5 :/ 	 / 

10 	 2 /,,d /0 200/. -20 

-20 -	 ' 

MIL I I I I I I I L. 	 0 20 I0 to's 	 oI K 2- 4040 60 8080 1000 80 00 
0 I 2 3 4 5 6 7 8 9 

Management parameters 	
DT DT 

13. Biomass accunulation and grain dry weight accumulation for 
I1. Changes in rung yield in field 5 as a function of change in the transplanted rice in field 5 as affected by changes in management
management paraimeters, parameter 	1. )T = days after transplanting. 
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planted or not planted (Table 9 footnotes). The model was seeds or plants, then this response indicates that mung is
moderately sensitive to parameters 2, and perhaps 9, and in- more responsive to plant population per ha than rice.
sensitive to all othel n anlgeent pa ame ters. However, the Tile effect of managemnent parameter I on dry matter ac
model did no, have any mianagenienti parameter with a 0 re- cumulation is shown in Figures 12-14 for the three crops in 
sponse to a 20'(' change, field 5. As in the earlier analysis, the rate of biomass accL-

Comparing Figures ) and 10 indicates that ill field 5 mulation was highest for I)SR, followed by TPR and least
TPR was moie responsive to ;nanagcnent parameters than for muting. As in Figure 11, the percent change in mung
DSR. Figure I I shows that imn g was ie responsive to is greater than for cither rice crop. 
parameter I than either rice crop. If this is interpreted asplanting or seeding rate rather than weightts of individual 

Table 11. Effect of changing management variables on gross income
as a1Achange from tie standard. 

Blormoss (kg/ho x 102) Groin (kg/ha O 22) change8 M '_____ (,ross income as ',; change from standard4 chjt
variable Topo-

Field I Field 2 Field 3 Field 4 Field 5 sequence 
average 

6 - 3 1 +20 12.3 12.5 14.7 13.6 13.4 13.4-20 -13.0 -14.8 -17.0 -15.6 -15.5 -15.4 
/(])+20%-7 2 +20 0.0 0.0 0.0 - 4.9 - 4.6 - 2.7/ -20 0.0 0.0 0.6 5.1 4.8 2.8 

Sbndord Stndrd 3_+20 0.6 0.0 - 0.7 - 0.4-20 - 1.7 57.6a - 1.2 - 0.5 - 0.34 - 2 - 4 +20 0 .0 1.7 0.0 0.2 9.81.0 1.9 1.9 1 .6 
/ , / -20 0.0 -1.9 - 1.1 - 2.2 - 2.2 - 1.8/ /,/ / 5 +20 0.0 0.0 0.0 0.0 0.0 0.0( ) - 20  / / / -20 0.0 0.0 0.0 0.1 0.1 0.02-- ,/',,, 
 / / /// 6 +20 0.0 1.7 1.0 1.5 1.5/ 0.0 1.3 

(1 -20 -1.9 - 1.1 - 1.7 - 1.5/ -20-/. 1.7 7 +20 0.0 - 0.5 - 0.2 - 0.7 - 0.7 - 0.5 
/ -20 0.0 0.0 0.0 0.5 0.5 0.38 +20 0.0 51.5a 0.0 0.0 0.2 9.1-20 0.020 0.0 0.1 0.0 0.3- - 0.140 60 80 30 50 70 9 +20 - 1.8 19.5ab 27.7ab 0.0 0.0 7.7 

DS-20 
 0.014. Iiomass accumulation and grain dry weight accumulation for - 0... 0.3 0.0 36.2c 0.0 -10.2 
mung in field 5 as affected by changes in management parameter 1. aCrop was planted but not in the standard. bCrop was planted but)S = days after sowing, not hariested. cCrop was not planted but was in the standard. 

Table 10. Effect of management variables on estimated planting (P)and harvesting (H) dates as
the number of days of difference from the standard. 

lstimated dates as no. of days of difference frrm the standard 

of%variablechange Field I Field 3 Field 5 

DSR Mung I)SR TPR Mung DSR [PR Mung 

P t P If P It P H P Hf P H P H P H 

1 

2 

3 

4 

5 

6 

7 

8 

9 

+20 
-20 
+20 
-20 
+20 
-20 
+20 
-20 
+20 
-20 
+20 
-20 
+20 
-20 
+20 
-20 
+20 
-20 

0 
0 
0 
0 

-2 
+2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 

-2 -2 
+1 +1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0-27 
0 0 

0 
0 
0 
0 

-2 
+1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-27 
0 

0 0 
0 0 
0 0 
0 0 

-2 -2 
+2 +2 

0 0 
0 c 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0000 
0 0 
0 0 
0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 
0 0 +2 
a a-120 
0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0-2 -2 -4 
0+1 +1 +3 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 000 

+2 0 0 0 
b 0 0 0 
0 0 0 t 

0 0 
0 0 

+3 0 
-3 0 
-4 0 
+3 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 .- 3 
0+4+4 
0 0 
1 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

-3 

0 
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