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SENSITIVITY TESTS OF THE CROP VAKIABLES IN RICEMOD'
 

ABSTRACT 

The rice crop simulation model RICEMOD (McMennarny, 1980a, b; and 
McMennamy and O'Toole 1983) was tested for sensitivity to the input crop 
variables. The model is most sensitive to changes in the light attenuation factor 
and the leaf nitrogen factor. It is less sensitive to changes in the respiration coef­
ficients for growth and maintenance and axial root resistance coefficient. It is 
least sensitive to plant weight at transplanting. The reaction to the light attenua­
tion factor depends upon climate as expressed by adate of transplanting test. 

/By Frank D. Whisler, visiting senior scientist, Multiple Cropping Department, International 
Rice Research Institute, Los Bahos, Laguna, Philippines. Submitted to the IRRI Research 
Paper Series Committee, January 27, 1983. 



SENSITIVITY TESTS OF THE CROP VARIABLES IN RICEMOD
 

Tile rice crop simulation model RICEMOD was developed
by McMennamy (1980a, 1980b) and McMennamy and 
O'Toole (1983). The model was tested by changing environ-
mental parameter inputs and evaluating the results throu.h 
sensitivity analysis (Whisler 1983). The present report isan 
extension of that sensitivity analysis and was designed to 
consider crop growth and development parameters. 
RICEMOD equations and parameters were developed for 
IR36 grown at IRRI; therefore this sensitivity analysis is
like examining other cultivars. Because most of the para-
meters and their equations are independent of each other 
they are discussed in alphabetic order, 

METHOD 
A version of the program known as RICE300 

(McMennamy and O'Toole 1983) was prepared wherein a 
percentage of a single crop parameter could be changed. 
By changing the sign of the percentage, the variable could 
be increased or decreased from its standard value while all
others were held constant. Variables were changed by ±10% 
and ±50%. The standard values of the crop variables are 
given in Table 1. 

Environmental variables were also held constant 
between comparative simulations. However, as was dis-
cussed in the earlier analysis (Whisler 1983) planting date 
and associated weather data did change the magnitude of 
the model's responses. Therefore, simulations were made 
with 1 April and 25 June planting dates. A plot of the
climatic variables isgiven in Figure 1. 

Because the model is incompletely validated, the
majority of tile resIts are shown as % changefrom the 
standard simulation. Standard simulated values of plant
part weights and other indices are shown inTable 2. 

Detailed descriptions of the crop variables, references, 
and dimensions are given in McMennamy (1980b) and 
McMennamy and O'Toole (1983). Only a brief de;cription
of the functions are given here. 

AF 
The AF parameter is used in the light attenuation function 
to calculate the amount of incident solar radiation that 
reaches each leaf layer (L) in the canopy. An intermediate 
parameter XAF iscalculated for each leaf layer by: 

XAFL = AF X(l. -AF)(L-1) (1) 
then 


XLIL =XAFL X PARH (2) 


where XLI is the amount of photosynthate produced at 
leaf layer L, by the amount of photosynthetically active 
radiation PAR in hour H. XLi is summed all leafover 

Table i. Standard values of crop parameters used in RICEMOD. 
Variable Value 

A1 0.55 
AN 5.0 
RG 0.28
RM 0.007RP 500 
XW 66.3 

layers and hours to get the daily amount of photosynthate
produced by the crop. Changing AF is like increasing or 
decreasing leaf width or angle without increasing the leaf 
mass of acultivar. Therefore, short, erect-leaf varieties have 
lower AF per leaf layer. 

AN 
The AN parameter is used in calculating the leaf nitrogen 
content PCTNL in: 

PCTNL= AN- AN/150 X D (3)
where D is the age of the plant in days. Changing this para­
meter is like developing a more nitrogen efficient or less 
nitrogen efficient cultivar. For example, increasing AN 
would cause aplant to contain more nitrogen at any growth 
stage althotigh it would have no more roots or transpiration 
than the standard plant. 

RG 
The RG parameter is the growth respiration coefficient. It 
isused in: 
RGAMT XDP XRG (4) 

where RGAMT is respiration loss due to growth per day
and XDP is gross photosynthate produced in that day.
Changing RG is like developing a more photosynthetically
efficient or less photosynthetically efficient cultivar. For 
example,- decreasing this parameter reduces respiration 
losses while maintaining the standard amount of gross
photosynthate. 

RM 
The RM parameter is the maintenance respiration coeffi­
cient. It isused in:
 
RMRATE =TCOEF XRM X(24.DL)/12 (5)
 

where RMRATE is the maintenance respiration rate,
TCOEF is a temperature coefficient calculated from daily
 
maximum and minimum temperatures, and DL is photo­
synthetic day length. Changing this parameter, as with the
 
RG parameter, is like developing a more energy efficient or
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Table 2.Standard simulated values of plant parts at harvest. 

Variable 

Leaf 
Stein 
Root 
Panicle 
Harvest index 
Root-shoot ratio 

Weight or ratio 

April planting June planting 


2
-2  
25.1 g m 95.6 gm­
-2  2
402.8 g m 577.0 gm­

310.2g m- 2 334.2 g 11-2 
-2 -2
 362.0 g m 527.9 g m

0.46 0.44 
0.39 0.28 

efficient cultivar. For instance, decreasing RMless energy 
reduces the mainsenance respiration rate and makes more 
photosynthate available for growth. 

RP 
The RP parameter is a coefficient for axial hydraulic root 

resistance. It is used in: 

Rj = RSj + RP XJ/(RLj) 1/2 (6) 

VAlere R is total hydraulic resistance in soil an~d root layer J, 

RS is the soil resistance of that layer, and RL is root length 

density in that layer. Changing RP is like developing a more 

hydraulically permeable or less hydraulically permeable 

rooted cultivar. 

XW 

The XW parameter is the weight of rice seedlings at trans-

Change in panicle 
weight (%) 
+20-

+10 

-L 

-20 

-30 

-40 

-50 
Leaf 

nitrogen 
Growth 

respiration 
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planting, which is the sum of leaf, leaf sheath and culim, 

root, and panicle weights if panicles are present at trans. 

planting (TPAGE in the model). Changing this parameter is 

like developing a faster or slower vegetative growing culti­
var. However, such growth rates are not entered into the 
model directly but are modified, from TPAGE onward, by 

other plant and environmental parameters. Another inter­
pretation suggested by J. C. O'Toole (pers. communication) 
is that an increase in XW is the same as increasing plant 

population per unit area of land. 

RESULTS AND DISCUSSION 
Results of these tests, in terms of simulated panicle weights, 

are given in Tible 3 and Figure 2. Planting date affects 

some variables more than others, and some variables 

respond monotonically. For example, a small increase in 

Table 3. Simulated panicle weight, as %change from standard, for 
agiven %change in the crop variable. 
agiven_7__changint__cropvriable 

Planting IX,change of Simulated panicle wt 

date variable AF AN RG 

Apr + 10 --5.7 6.5 - 5.4 
- 10 2.2 - 8.1 4.3 
+ 50 -29.2 17.5 -28.5 
-- 50 -50.4 -49.7 13.7 

Jun +50 -30.8 16.6 -18.8 

15.4 -34.5 16.1
-_-50 


Percent of parameter 
Increase or decrease 

+50M
 
+100
 
-I0-'
 
-50L 

5 

Maintenance Axial Light Seedling
respiration root attenuation weight

iesistance 

Crop parameters 

2. Changes in panicle weight due to increasing or decreasing the crop parameters for an April planting.
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XW 
0.6 

- 1.6 
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AN increased predicted yield, a larger increase in AN fur-
ther increased yield, and reversing the sign and magnitude 
of the change had the opposite effect. For other variables, 7-
such as AF, the model response was not as orderly. 

AF 
6 

As AF is increased in equation 1, the accumulated light 
interception is increased when therc -ire the same number 
of nodes or leaf layers per plant (Fig. 3). However, as the 
crop grows and adds newer layers of leaves, the older, lower 5 
leaves are shaded sooner and become a sink for photo­
synthate rather than a supplier and in turn bring about their 
own senescence (note at least one negative value in Fig. 3). 4-
Because much of grain filling is a translocation of the dry X 
weight process, increasing AF caused a pronounced-on 
decrease in yield. However, a simulated 107/o decrease in AF 

caused a 2% increase in panicle weight over the standard 
value. For the early planting, a 50%lo decrease in AF pre­
dicted a 50% yield decrease, the largest decrease of any of 
the simulations. 

For the June planting the opposite was true. A 15% 
yield increase was predicted for a 50% decrease in AF. In/ 
the early planting, with a large decrease in AF, the plants

area (Fig. 4).
appeared to have a smaller leaf weight and 

However, with low rainfall and high radiation (Fig. 1)there 
was less shading of 'he soil, more evaporation, quite nega­
tive leaf water potential, and drought stress, especially 
early in the season (Fig. 5), which caused ayield reduction. 
Additionally, the feedback mechanisms in the model react 
to low leaf water potential by decreasing leaf area, which 

AF 
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3. Photosyathesis to respiration balance, PRBAL, in the lowest layer 
of leaves as a function of plant age and changes in the AF parameter 
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means less material for translocation and lower yield. In Another crop growth parameter is root-shoot ratio. 
the June planting, which had more frequent rainfall and Because the model calculates root mass, root-shoot ratio 
lower radiation, plants were not stressed, lower leaves can also be predicted. Results are given in Table 5 and 
remained active longer, produced more photosynthale, and Figure 6. The April planting showed little effect of changes 
yielded more than the standard values and the April in AF but the June planting did show some effect, which 
planting. These responses are similar to field observations was opposite in sign and smaller in magnitude than the 
and model responses of other crops (Baker ct al 1979). panicle weights in Table 3. Increasing AF increased the 
This seems to be the nature of the new, erect-leaved rice weight of roots to shoots. Therefore, the available photo­
varieties that allow mire light penetration deeper into the synthate that would nonnally have gone to tile lower 
canopy and thereby produce more grain weight. leaves, went to extra root mass when the leaves senesced. 

Harvest index is defined as dry grain yield divided by Conversely, when AF was decreased in the June planting, 
total top dry weight (Yoshida 1981). Simulated panicle which had more favorable weather, higher panicle weight 
weight is the model estimate of grain dry weight, which developed at the expense of rcot weight. 
divided by the total plant top (panicles + leaves + leaf 
sheath and culn) dry weight at harvest was used as harvest AN"­
index. Results are given in Table 4 and Figure 6. A 10% The model's panicle weight response to changes in AN is 
change in AF had little effect on predicted harvest index, monotonic, but not symmetrical, that is, a 50% increase 
but a 50% change did affect the results in a manner similar increased yicld by only 18% while a 50%1 decrease decreased 
to the effect on panicle weight results. The magnitude of yield by 5(Yl. As McMennamy (1980a, b) points out, 
the effects, however, was generally not as great. however, the crop is assumed to be well fertilized, therefore, 

Table 4. Simulated harvest index, as % change from standard, for a given %change in the 
crop variable. 

Planting %change Simulated harvest index 
date of variable AF AN RG RM RP XW 

Apr 	 +10 0.0 2.0 0.0 0.0 -10.2 0.0 
-10 - 2.0 - 2.0 2.0 0.0 -12.2 0.0 
+50 -18.4 -16.3 - 8.2 2.0 -34.7 -2.0 
-50 -24.5 - 1..2 -16.3 -4.1 -12.2 -2.0 

Jun 	 +50 - 5.4 -. 2.7 0.0 2.7 2.7 -2.7 
-50 27.0 2.7 - 2.7 -5.4 0.0 2.7 

Percent of parameter
Change in 	 increase or decrease 
harvest index M +50jO -10-
10-Un -,o00 -5oE3 

-20­

-30 

40 

Leaf Growth Maintenance Axial Light Seedling
nitrogen respiration respiration root attenuation weight

resistance 

Crop parameters 

6. Changes in harvest index as a function of changes in the crop parameters for an April planting. 
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changes. Planting (late generally decreased the magnitude ofthis nonsynnietrical response is not surprising. Because 


crop nitrogen level is only a function of AN and plant age tie predicted change. If the rodel's responses are correct,
 

(equation 3) it is also not surprising that weather data and they would seetu to suggest that decreasing the respiraiion 

planting date do not appreciably affect the results. A more loss otf an improved variety like IR36 would have only an 

appreciable effect if the respiralion reduction was large.mechanistic approach to crop nitrogen level would produce 
Cianging these 	parameters produced non-nonotonicdifferent results (Baker et al 1979). 

The effect of changes of AN on harvest index (Table changes in harvest index values (Table 4 and Fig. 6). 

a Iiarvest index was most responsive to changes in RP. The
4) were not monotonic - both 50'/ changes predicted 

decrease in the harvest index, indicating that even though April planting showed a decrease in harvest index for all 

18% increase in pin'icle RI' changes and a 35% decrease when RP was increased a 50, increase in AN predicted an 
weight in Table 3. there was an even greater increase in 50'/,, and although there were sonic slight panicle weight 

3 when RP was decreased,other top dry inatter produced. A 50%, decrease in AN also 	 increases predicted in rable 
other top parts were increased even more.decreased the predicted panicle weight more than it did the 

other top material. 
AN and the other crolp variables (R(;, RM, Ri), and XW 

least responsive to the XW parameter. OnlyXW) slightly affectcd root-shoot ratios (Table 5 and Fig. 7). 	 The model was 
a 50%/, decrease in XW caused an appreciable yield pre-Only 50%/, changes in the variables produced 811r changes in 
diction decrease in Table 3, -5.5% in the April-plantedthe predicted ratios, 
crop, which probably is a good sign of the model's stability. 

Tile initial weight of iealthy IS- to 25-day-old plantsRG, RM, and RP 
probably does not affect the final crop yield substantially.Ihe model's response to changes in R(;, RM, and RP para-
If changing XW is like changing plant population, then themeters was generally similar for panicle yield (Table 3). 


Responses were nmonotonic bill not symmetrical about zero model's response indicates yields are fairly stable over a
 

Table 5. Simulated root-shoot ratios, as 7, change 'rorn standard, for a given %change in 
te crop variable. 

Simutated root-shoot ratioPlanting 'Vchange 
date ot variable AF AN RG RM RP XW 

Apr 	 +10 0.0 ).0 0.0 0.0 0.0 0.0 
- 10 - 3.8 0.0 0.0 0.0 -7.7 0.0 
+50 3.8 -7.7 0.0 3.8 7.7 0.0 
-50 O.) 7.7 -7.7 -7.7 -7.7 -7.7 

Jun 	 +50 tO.7 3.6 3.6 0.0 -3.6 3.6 
-50 - 17.9 0.0 3.6 3.6 '0.0 -3.6 

Percent of parameter 
increase or decrease 

Change in root-shoot LIM
 
ratio (W) +10 -50
 

1-I
 

Leaf Growth Maintenance Axial Light Seedling
nitrogen respiration respirotion root attenuation weight 

resistance 

Crop parameters 

crop paranmcters for an April planting.7. Changes in thc root-shoot ratio as a function or changes intime 

I 
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wide range of populations in Ihe IRRI climate. The effect RI IREN'IS CITI.t)
 
of changing XW on the harvest index value also was slight. Baker, 1). N., J. A. Landivar, F. 1). Whisler, and V. R.
 

SUMMARY Reddy. 1979. Plant responses to environmental con.
ditions and modeling plant development. Pages 69-RICEMOD reacts most to changes in thc light attenttation 135 in W. L. Dccker, cd. Proc.. Wcather and Agrictll­

factor and leaf nitrogen coefficient, has intermediate re- re Symposium. ,Kansas City. Mo. 
9 80a. ynamic simulation of irrigatedaction to changes in growth and maintenance respiration McMennamy, J. A. 

coefficients and axial root resistance coefficients, and least ce co g w ad yneld. P ages o irigtea 

reaction to the plant weight at transplanting. Reactions to rice r serch ntitd. age tr o 
Phlpithe light attenuation factor are interdependent with climate the Rice R s it e es. 

as expressed by transplanting date tests. The leaf' nitrogen McMennamy, J . s980b. ynamic simulation of irrigated 

rice crop growth and yield. ASA.8. Paper No. 80.coefficient reaction may be too severe because of an over-

simplified approach. 4008. Summer meetings. San Antonio, Texas.
 

ACKNOWLII)(;MI.NTS McMennamy, J. A., and J. C. O'Toole. 1983. RICIEMOD: 

The anthor acknowledges the advice and counsel of Dr. J a physiological based model of rice crop growth and 

O'Toole during these tests and the suggestions of Dr. R.A. yield. IRRI Res. Pap. Ser. 87. (in press) 
Morris on some graphicalo presengaphcalpreenttiotat ion methods. Grateful Whisler, IRRI Res. Pap. Ser. 88, (inMorrs soe mehod. Gateitlvariables F. D. 1983.in RICF.MOI).Sensitivity tests of the environmental 

thanks are also given to Mrs. Lita L. Kalimbang for typing press) 

the ianliscript on lie department's new word processor. Yoshida, S. 198 1. Fundamentals of rice crop science. The 
International Rice Research Institute, Los Baflos, 
Philippines. 

t
 



The International Rice Research Institute
 
PO. Box 933, Manila, Philippines 

Stamp 

Other papers inthis series 
FOR TITLES FOR NUMBERS 1-40 SEE PREVIOUS ISSUES 

No. 41 	 Weather and climate data for Philippine rice research 
No. 42 The effect of the new rice technology in family labor utilization in laguna 

No. 43 	 The contribution of varietal tolerance for problem soils to yield stability 
in rice 


No. 44 IR42: a rice type for small farmers of South and Southeast Asia 


No. 45 Germplasm bank information retrieval system 

No. 46 A methodology for determining insect control recommendatins 
No. 47 Biological nitrogen fixation by epiphytic microorganisms in rice fields 

No. 48 	Quality characteristics of milled rice grown in different countries 

No. 49 Recent developments in research on nitrogen fertilizers for rice 

No. 50 Changes in community instltltiinsand income distribution in a West 
Java village 

No. 51 The IRRI computerized mailing list system 

No. 52 Differential response of rice varieties to the brown planthopper in 
international screening tests 

No. 53 	 Resistance ofJapanese and IRRI differential rice varieties to pathotypes 
of ,\'ant/ouniosorr:ae in the Philippines and in Japan 

No. 54 	 Rice production in the Tarai of Kosi zone, Nepal 

No. 55 Technological progress and income distribution in a rice village in West 
Java 

No. 56 	 Rice grain properties and resistarce to storage insects: a review 

No. 57 	 Improvement of native rices through induced mutation 

No.58 	 Impact of a special high-yielding-nec program in Burma 

No, 59 Energy requirements for altemnative rice production systems in the 
tropics 

No. 60 An illustrated deseription of a traditional deepwater rice variety of 
BangladeshNo. 

No. 61 	 Reactions of differential varieties to the rice gall midge. Orseoliaori-ae, 
in Asia. Report of an international collaborative research project 

No. 62 A soil moisture-based yield model of wetlard rainfed rice 
Evaluation of double-cropped nainfed wetland riceNo. 63 No.oubl-crppediaifedwetlnd3 Ealuaionof iceNo. 

No. 64 Trends and strategies for rice insect problems in tropical Asia 
No. 5 Lndfrms f te Cgaya Rier minNo.te rcc-gowignaeasNo. 65 	 Landforms in the rice-growing areas of the Cagayan River Basin 

No. 66 	Soil fertility, fertilizer management, tillage, and mulching effects on 
rainfed maize grown after rice 

ISSN 	0115.3862 

No. 67 	 High-temperature stress in rice 
No. 68 Weed-fertilizer interactions in rice 

No. 69 The azolla-anabaena complex and its use in rice culture 
No. 70 	An index to evaluate the effect of water shortage on the yield of wetland 

rice 
No. 71 	 The development and diffusion of rice varieties in Indonesia 

No. 72 	 Levels of resistance of rice varieties to biotypes of the BPH. Nilaparvata 
hgens, in South and Southeast Asia 

No. 73 Growing season analyses for rainfed wetland fields 

No. 74 San Bartolome: beyond the green revolution 

No. 75 	 Pathotypes of .anthononas campe.stris pv. ori':ae in Asia 

No. 76 	 Focusing field research on future constraints to rice production 

No. 77 	An international survey of methods used forevaluiation ofcookingand 
eating quality of milled rice 

No. 78 	 Research on algae, blue-green algae, and phototrophic nitrogen fixation 
at the International Rice Research Institute (IH61-81), summarization, 
problems, and prospects 

No. 79 Seed-derived callus culture for selecting salt-tolerant rices 

No. 80 Economic limitations to increasing shallow rainfed rice productivity in 
Bicol. Philippines 

No. 91 Irrigation system management research and selected methodological 
issues 

No. 82 	 Interdisciplinary challenges and opportunities irt international agricultu­
ral research 

No. 83 Comparative analysis of croppiag systems: an exploratory study of 14 
rainfed sites in the Philippines 

No. 84 Rapid generation advance of rice at IRRI 
85 Phsicochemical characterization of iron-toxic soils in some Asian 

. 8 	 co i cn 
N o. N tn onn 

No. 86 	New rice technology, intrarural migration, and institutional innovation 
i h hlpie

87 RICEMOD: a physiologically based lice growth and yield model 
No. 88 Seivi t ohenio nentalaie in Riemod 

88 Sensitivity tests of the environmental variables in RICEMOD 


