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VALIDATION OF SORGHUM SIMULATION MODEL (SORGF) IN THE SEMI-ARID TROPICS

A previously devol.jud grain sorghum simulation model (SORGF) reportad by
Arkin et al (1976) was selected for testing and validation to determine
its potential for assessing sorghum production in the semi-arid tropics
(SAT). The abjective was to find whether SORGF could be adopted in the
SAT to determine crop management strateqies e.q., optimum Jate of planting,
plant population and suitability of a given genotype for a given soil
water and climatic conditions,

1. Description of SORGF

The SORGF model requires daily radiation, maximum and minimum temperature,
and precipitation as input weather data. The initial plant and soil infor-
mation needed includes date of sowiny, depth of sowing, row spacing, plant
denaity, potential number of leaves and their maximum size, maximum water
holding capacity of the soil and available soi) water at sowing., Different
phenological stages including emeryenoce, panicle initiation, anthesis and
physiological maturity are simulated. The potential dry matter is computed
from radiation intercapted and the net dry matter is estimated by accounting
for temperature and moisture stress. The final grain yield per unit area
is calculated by multiplying plant density with the grain weight per plant
at maturity., A detailed description of SORGF model was given by Maas and
Arkin (1978) and the utility was discussed by liuda and Vimani (1980).

2. Collaborative multilocation sorghum modeling experiment

To develop a data base to test and improve SORGI .or its application in the
semi-arid tropics (SAT), a collaborative multilocation sorghum modeling
experiment was initiated in the 1979 rainy seasun by ICRISAT in oooperation
with several research centers in India and abroad (Table 1), To ensure the
uniformity in data collection across the locations, a manual describing the
minimum data to be collected and the method of data collection was prepared
and circulated to all cooperators. At a cooperators' meeting held from 2-4
April 1980 at the ICRISAT Center, initial evaluation of the model using the
available data was discussed (Huda et al 1980),

3. Recommendation of the cogEratora' meeting in 1980

e Several subroutines in SORGF which needed modification for
adoption in the SAT regions were identified. These subroutines
deal with phenology, light interception, dry matter accumulation
and partitioning, soil water and leaf development.

¢ The collaborative experiments should be continued and efforts
should be made to include additional locations for covering
as much climatic variability as feasible.

e A treatment to ensure no moisture stress throughout the growing
season of the crop should be included to cbtain potential pro-
ductivity.



Table | . Summary of collaborative sultilocation sorghum modeling field studies.
Location Year Season Ganotypes Treatment Latitude
(on)
|CRISAT 1979  Ralny CSH-1, CSH-6 Ralnfed" 17° 27
SPV-351
1979 Postralny  CSH-8, M-35-1 A and 8"
1980 Ralny CSH-1, CSH-b Rainfed*
SPv-351) and A
1980  Postralny  CSH-6, GSH-B Aand 8"
M=35-1
1981 Ralny CSH-1, CSH-5, Rainfed"
CSH-6, CSH-8, Adequate
M-35-1 Management
1981 Ralny -do* Rainfed: Med!un
fertility, ond
pesticide free
1981 Postraliny -do- Ratooning with
thres N levels
1981 Postrainy CSH-8, M-35-) 5 molsturd®
Treatments
Coimbatore 1980 Postralny CSH-8 A n° oo’
De i 1979 Ralny CSH-1, CSH-6 Ralnfed 26 35
1980 Ralny CSH=1, CSH=6 Rainfed
and A
1981 Rainy CSH-6 Rainfed &
trrigated
Nissar 1979 Ralny CSH-1 CSH-6 Rainfed 29° 10"
1980 Rainy CSH-6 Rainfed
and A
0
Khon Kaen 1979 Rainy KU- 300 Rainfed 16~ 26
(Thailand) 1980  Ralny Hegar Ralnfed
°
Ludhiana 1980 Rainy CSH-1, CSH-6 Rainfed 3 56
198} Ralny CSH-1, CSH-b Reinfed

Mtdnu,'



Toble | contd..../-

Location

Parbhani

Pune

Rehurl

Sholapur

Year

191

1980

1981

1979

1980

1979

1980

1981

1999

Season

Rainy
Postrainy

Rainy
Postrainy
Ralny

Ralny
Postrainy
Relny
Postrainy

Ralny
Postralny

Rainy
Postrainy
Postralny

Postralny

Genotypes

CSH-1, CSH-6
CSH-8, M-35-1

CSH=1, [SH-6
CSH-8
CSH-1, CSH-6

CSH-1, CSH-6
CSH-8, M-35-1
CSH-1, CSH-6
CSH-8

CSH-1, CSH-6

CSH-6, CSH-8
M-35-1

CSH=1, CSH-6
CSH-B, M=35-1
CSH-8, M-35-1

CSH-8, M-35-1

A = Adequately watered; B = Water stressed;
t = Both Vertisols and Alfisols;

s s Only Alfisols;

Treatment

Rainfed

Res ! dual
Molsture

Ralnfed
A
Rainfed

Rainfed
A
Rainfed
A

Rainfed

Resldual
molsture

Rainfed
A
Residual

molsture &

Irrigated

Res ! dual
molsture

Latitude
(o)

19° 08'

1° R

19% 24"

17 &0

+ = Only Vertisols



¢ The experiments conducted under adequate plant protection and
soll fertility management conditions should be continued over
the next year. Literature search should be made to identify
subrout:nes which can be adapted for quantifying the response
to applied nitrogen.

® Written documentation on the model should be made available
to each center so as to enhance the familiarity of the
cooperators with the existing model,

e The cooperators agreed that every effort will be made to
collect crop and soil data at five growth stages i.e. at
panicle initiation, flag leaf, santhesis, soft dough, and
physiological maturicy,

e A note explaining the methods ot data collection and identifi:
cation of different jrowth stages should be made available to
all cooperators. At centers where leaf area meters ars not
available constants for estimating leal asrea from leaf width
and length measurements for selected cultivars should be made
avai lable.

e A meeting of the cooperator« shiuld be hald to discusa the

improvements made in SORGF based on data collected from this
cooperative experiment.

4. Progress made

a. Pield studies

Replicated trials involving two standard sorghum genotypes CSH-1 and CSH~6
during the rainy season and C8H-8 and M-35-1 during the postrainy season,
were conducted at most of the locations during 1979-1981 (Table 1), Sorghum
is not grown during the postrainy season at Delhi, Hissar, and Ludhiana
because of old temperatures. Additional moisture treatments of adequate
water and water stress at certain critical growth stages were included in
the postrainy season experiments, Data on crop phenology, leaf growth and
development, dry matter production and partitioning, soil water, weather
and management factors were collected, Detailed progress reports of these
experiments were prepared (Huda et al 1980, 1982a, 1982b), '

b. Cooperative consultancy

A cooperative consultancy program was established between Texas AtM University
whers SORGF was initially developed and ICRISAT to exchange data and yevise
some of the subroutines. GP Arkin from Templs, Texas, visited ICRISAT Center
in 1979 and 1980 to review the sorghum modeling ressarch. Sivakumar (1981)
reviewsd subroutines on light interception, dry matter accumulation and soil
water and suggested revisions. Subroutines on phenology, dry mattar parti-
tioning and leaf development were reviewsd by Huda (1982) and improvement made
in SORGP with recent revisions was assessed,
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stage was given in table 3. To take into account the higher variability
in GS1 and GS2, the effect of daylength was also analyzed.

Daylength

Thea daylength .t emergence, panicle initiation, anthesis and physiological
maturity was cuaputed. Daylength at emergence and panicle initiation was
plotted against the DD values for GS1 for hybrids CSH-1 and CSH-6 (Pigs.

1 and 2). A similar relationship was proposed by Major (1980) for short
day plants and by Stapper and Arkin (1980) for com. Daylength at emergence
at panicle initiation are highly correlated (r = 0,99) and therefore day-
length at emergence can be used in plac of daylength at panicle initiation,

For the present study, threshold value of daylength was 13.6 hour at
smergence for two hybrids ((3H-1 and CSH-6). Data for other genotypes
were not available above this threshold daylength.

To study the daylength menaitivity among genotypes, four groups were
identified. They are:

Group 1 (GSH-1, CSH-6 grown above 11,6 hour daylength)

Group 2 (CSH-1, CSH-6, CSH-8 grown below 11,6 hour daylength)
Growp J (SiVv-351 and Hegari)

Group 4 (M-135-1)

Durcan's multiple range test for three growth stages wers computed
(Table 4), There is a significant difference between group 1 and 2 for all
three growth stages. Differences in GS1 can .« accounted for by daylength
effect as shown in Figs. 1 and 2 and a similar etfect was found for GS2.

The algorithm for describing daylength (DAYEM) and GDD effects on
GS1 derived from Gigure 1 is:

GDD = 370 + 400 * (DAYEM - 13.6) {f DAYEM > 13,6 hour
GDD = 370 if DAYEM < 13.6 hour

The algorithm for describing DAYEM and GDD effacts on derived similar
to that of GS1 is:

GDD = 650 + 120 * (DAYEM - 13,6) if DAYEM > 13.6 hour
GDD = 650 if DAYEM < 13,6 hour

Differences in GS3 for groups 1 and 2 can be accountad for as a
rature effect as shown by Schaffer (1980). This effect is shom by plotting
the inverse of duration (day)~l of G83 against the mean tempersturs (T) of
GS3 for hybrids CsH-1 and CSH-6 (Pig. 3). The duration decrsases with an
increase in T to 27°C and increases above 27°C, Praom figure 3 a base
temperature of 70C can be derived for GDD computation in G83. A base tempe-
rature of 7°C was previously selectsd for all growth stages. Thus, for
GS3 the following algorithms are used to account for tempersture effects
in GDD computation for G813,
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Teble 2. Days required betwsen di fferent sorghum growth stages. (Data pooled
over locations, seasons, and genotypes.)

Stage Mean  Standard  Minl Max| C.v,
Deviation Value Value

GS | 29 23 h 17 1 19

6s 2 29 37 6 3 50 10

63 30 35 6 22 53 18

GS | ¢« GS 2 I 60 ] 50 80 1

GS1+62+653 b0 96 o 80 1§ 15

Table 3. Growing degree days between sorghum growth stages (Cutoff tempersture
« 380C and base temperature = 7.09C, n = 40)

Growth stage Mean Standard c.v.
GDD Deviation

GS 1 b0 120 27

6S 2 670 60 1

GS 3 650 110 20

Table 4. Mean growlng degree days for different growth stages for four groups of

sorghum. (n = W
Growp Growth stage Growth state Growth stage
GS | GS 2 GS 3
] 610 » 720 a 800 a
2 310 b 650 b 560 ¢
3 560 a 655 b 555 ¢
A %5 b 680 b 670 b

Means with the same letter are not significantly different.
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GO = T - 7, vhen T 27°¢
GO = (S&T) - 7, vhen T = 27°¢

These al :rithss were used to compute GDD for the 40 field studies.
The mean GDD computed using these algorithms are presentsd in Teble 5. Mo
significant difference in GDD among groups was found for all growth stages
except in GS1 for rainy season variety (SPV-351 and Hegari). The weighted
mean GDO for GSJ is 620.

These algorithms were used to campute GDD for all three growth
stages for the 40 field studies from which data to derive these relations
wvers collected. The root mean square er:.: (RMSE) for the three grawth
stages were compared with SORGF and the revised algorithms (Table 6). The
RESE wvas considerably reduced for all three stages using the revised algorithms.

These revised algorithms were tested against 10 independent field
study data sets. RMSE for SORGF and the revised alqorithms are given in
Table 7. The RMSE for all the three stages were considerably reduced using
the revised algorithms.

(1i) Light interception

The light interception portion of the model simulates the relative quantum
flux interceptsd by a single plant. Intsrcepted Photosynthetically Active
Radistion (PAR) is calculated on an hourly basis following a Beer's law
relationship using solar radiation and light transmission values. Hourly
solar radiation is computed from the input solar radiation and by acoounting
for the number of hours of sunlight for any day which is calculated as a
sine function of the local solar time and daylength. Validations with data
collected at ICRISAT Center showed that model cu .putation of solar decline~
tion and daylength are accurate resulting in sufficiently accurate estimation
of hourly solar radiation. The quantum flux density (PAR) in Einsteins m~2
day™l {s estimated in SORGP from the energy flux density (RS) in cal cw-2
day~l as

PAR = RS (0.121)

However, our results using measured data on PAR and RS for extended
periods of time indicated that the constant relating PAR to solar radiation
(RS) should be altered. In the revised version, PAR is thus caloulated as
0.09 times RS.

Light transmission in SORGF is calculated from the relationship of
extinction coefficient and maximum light tranmmission for a given row spacing.

In order to validate the light transmission model, data sets from 1)
different experiments conducted during 1977-1980 at the ICRISAT Research Center
have bean used. Canopy light transmission was msasured using a frame that
encloses four quantus sensors for the measurement of PAR in a 3 m? grid,

An examination of ths computed mnd measured light tranmmission for
different row spacings showed that the model was overestimating light trane-
mission, especially at low lewels of canopy light tranmmission and for row
spacings greatsr than 137 cm, the SORGF model doss not work becauss computed
light transmission exceeds 100 percent.
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Table 5. Mean growing degres days after daylength correction (GS! and
€52) and temperature correction (GS3) for different growth

stages.
Growp Growth stage Growth stage Growth stage
6 | GS 2 6 3
] 390 a 655 o 628 »
2 370 o bS50 a 640 o
3 560 b 655 & 615 a
) 365 a 680 a 609 o

Means with the same letter are not significantly dlfferent,

Table 6. Root mean square srror (days) for di fferent growth stages for
hO fleld studlies.

Stage SORGF Revision
GS 1} 7 3
GS 1+ 652 7 5
GS 1 +GS2+GS 3 19 ]

Table 7. Root mean square error (days) for different growth stages for
10 independent fleld study data sets.

Stages SORGF Revision
6S | 7 &
65 1 ¢+ 652 7 6

G5 1+652+653 18 3



1)

In order to improve model estimation of light transmission, it was
necessary to recompute sxtinction coefficient (X2) and maximum percent
light transmission (Xl) for each of the data sets used. The original

equation relating row spacing to X2 in SORGF and the revised equation
are as follows:

SORGF « X2 = 0.0026 * R - 0,322
REVISED = X2 = 0,0065 * R~ 0.469

Similarly the relationship between r.w spacing mmd Xl was recosputed and
thess are as follows:

SORGF »w X1 = 0,5946 * R ¢+ 67,9915
REVISED = X1 =»0,4711 * R + 67,2642

At leaf area index values less than the parameter X) (genarated from
computed values of X1 and X2) the model uses the function given below to
compute light transmission.

LITRAN » 100 * EXP (~-0.7675 * DIAI (1))

Values of X3 for different row spacings are given in Table 6,
Threshold values of leaf area index at which light transmission is computed
range from: 0,60 for 30 am row spacings to -0.05 for the 150-cm rows. Even
in the narrow rows, a LAI of this magnitude is reached fairly early in the
growing season and sinoe the time for smergsnce to a 1AI of this size is
generally less than 10 days, the magnitude of error involved in camputing
light transmission using only X1 and X2 will not be large. One reason
for using the parmmeter X3 appears to be the low valuss of extinction
coefficient (X2) generated by the SORGF model. Use of such extinction
coefficients at a low leaf area index would give a higher light tranmmis-
sion than is observed in the field, Since the revised equation rslating
extinction coefficient to row spacing performs satisfactorily in this
respect, there is no need for computing and using X3.

Considering the above, the revised algorithm for computation of
light transmission is as follows:

X1 = 0,1855 * ROSPZ + 67,2642
x2 - o.mzs * mpz - 006‘69
LITRAN = X1 * EXP (X2 * DLAI (1))

Comparisons of predicted and measured light transmission for 45 o
and 75 o rows using the data sets collected at ICRISAT are shown in
Pigures 3 and 4 respectively. Data points shown in 3(a) deviate from the
1:1 line beyond the 15 percent limits at low levels of light transmission
and use of the revised quations substantially improves predictability of
the light transmission. Data for the 75-om row spacing show a similar
trend (Pig. 4).
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equations (symbols represent data from different growing seasons )
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{i14) Dry mattar accusulation

In SORCF daily potential photosynthesis (DAYPOPO) is calculated in the

PHOTO swbroutine from intercepted PAR. In the SYNTH subroutine, the
potential net ;i 'osynthesis (TOFOTO) is calculated as a function of

DAYPOPO and the vefficients TEMPCO and WATSOD as described by Arkin et

2l (1976), Net dJaily photosynthesis (TOFOTO) ig then redefined by accounting
for respiration. Daily increase in plant dry weight (DRIWT) is then
determined in part from TOFTO and soi! sur ace area allocated for each

plant,

Biscoe and Gallaghar (1977), williams et al (1968) and Monteith (1977)
showed that dry matter production early in the season is related to the
amount of radiation intercepted by the crop. Gallagher and Biscoe (1978)
than showed that for wheat and barley grown at Sutton Bonington and Rotham~
stead, about J gm of dry matter were produced for each MJ of PAR sbsorbed
until sar emergence. For the whole crop about 2.2 gm of dry matter were
produced per M. absorbed.

Dry matter/intercepted PAR relationships were also examined at ICRISAT
during 1978 and 1979 growing seasons for sorghum (Agroclimatology, 19,
1980). For several crops of sorghum, dry matter produced per M) absoxbed
PAR varied from 1.20 to 2.82, the lowest valus corresponding to a nonirrigated
crop during the postrainy season. The highest value was recorded for s sorghum
crop which was irrigated at 10-day intervals in the postrainy season. From
these abservations, it seems reasonable to define a factor ALPHA which is
gm of dry matter produced per MJ ot AR absorbed and assign a value of 3.0
of ALPHA. This value defines an upper limit for cases with no water or
temperature stress. The TEMPCD and WATSCO functions as defined in the
model are then used to calculate dally dry wei ht increase.

(iv) Dry matter partitioning

Partitioning of dry matter to plant parts varies according to the stage
of development. Therefore, ar accurats estimate of phenological development
is important for simulating the partitioning proocsss. Accurate simulations
of grain yleld, the component of yield generally of most intarest, dspends
upon the ability to correctly partition dry matter to grain and other plant
parts.

Leaf, culm, head + grain weights (g/plant) simulated with SORGF were
compared with meusured data collected from destructive weekly samples (27
field studies) throughout the growing season at the ICRISAT Certer. The
root mean square error (RMSE) was calculated for measured and simulated
plant part weights for each field study. The highest RMSE was cbserved
for the head + grain componeat within a range of 7 to 34 (g/plant). The
lowast RMSE was acbserved for culm weight with a range of 2 to 12 (g/plant),
The range in RMSE for leaf weight was 6 to 21 (g/plant). These RMSE values
are indicative of the accuracy with which SORCF partitions dry mattsr to the
plant organs.

Measured mean total dry matter (TDM) (g/plant) and percent partitioned
to the plant parts at panicle initiation (PI), anthesis (AN) and physiolo-
gical maturity (PM) are given in Table 9, The psrcent TOM partitioned to
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the leaf decreases from 64 to 1]l percent from Pl to PN and incresses
from 3% to 60 percent fram PI to AN then decreases to J6 percent at

M for the culm. Fortyons percent of TOM was partitioned to grain at
.

The puri: it of TIM partitioned to leaf was not significantly
different between hybrids and varieties (Table 10). The percent of
TDN partitioned to the culm was sianificantly higher in the varieties
than in the hybrids at both anthesi: and maturity. TDM (per plant) at
AN and PM was also not significant! different between hybrids and
varieties, The percent of TDM partitioned to qrain was higyher in

hybrids (0.45) compared to wvarietios (0.32). TDM partitioning within
a growth stage was not studied,

The significant difference in partitioning TOM to the grain
camponsnt was dus to moisture stresa (Table 11) for the hybrids. For
adequately watered treatments 50 percent of TDM was partitioned to
grain while 4) percent was partitioned tuv grain for water stressed
treatments for hybrids. Moisture treatments .Jid not significantly
influence partitioning to any plant part tur varietiews.

(v) Soil water

In SORGF daily available water for the sntire moil profile (single
layered) is computed after Ritchie (1972) using information on injitial
available soil water, available water holdiny capacity, rainfall/
irrigation, and evaporative demanJ. Potential evaporation below a
plant canopy (Eos) is calculated atter cumputing potential evaporstion
from bare soil (Eo) and using LAI values. Eo l¢ calculated in the model
using the Priestley-Taylor (197!) equation w'1.h requires net radiation
as input data., Net radiation is computed tr..n albedo, maximum solar
radiation reaching the soil surface (Ro), and sky emissivity., Ro in
the SORGF model was calculated using a situ-specific sins function.
This function was revised to enable the computation of Ro for any
latitude. Open pan evaporation and Eo estimated are compared in
Pigure 5. This change result«d in {improved estimates of Eo as can be
seen in Figure 5,

Daily values of water stress coefficient (WATSCO) are computed in
the SOLWAT subroutine using the current available soil water (SW) and
the maximum arunt of water (UL) in the profile. Values of UL are inputs
of the model. (urrent available soil water (SW) is camputed in the model
after Ritchie (1972). Values of potential evaporation from bare soil
(Eo) and below a plant canopy (Eos) used in computing SW are calculated
in the subroutine EVAP, This approach could result in erronecus compu~
tation of a true water stress coefficient because the available soil
wvater in the entire soil profile is not available to the plant in the
early stages of crop growth.

A more representative coefficient could be cbtained by considering
an effective rooting depth function and computing available soil water
for the portion of the profile where roots are present. In order to
incorporate this aspect in the camputation of water stress coefficient,
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Table 8. Maximum percent light trmsmission (X1), extinction coafficient
(X2) and leaf area index (X3) used in computing light transmis-
sion in SORGF for different row spacings.

Row spacing (o) X1 x2 xy ~Loht trw ‘;t“i": -
30 75.01  0.29  0.60 1.3
s .83 -0.28 0.4 1.3
60 Q.04 -0.26 n.ym9 37.0
7 #5.55 -0.25 0.0 ©.9
90 ®.06 -0.23  0.22 .0
120 9.08  -0.20  0.07 §3.0
150 103.11 -0.17 -0,05% 62.0

Teble 9. Tota! dry metter and percant pattitioned to leaf, culm,
head + grain and graln at three growth stages (Data pooled
over all genotypes, seasons and molsture treatmsnts, n = 27),

Panicle Physiological
Initiation Anthesis maturlty
;m !uuc ';Iﬂ gosn .'0 L] [}
Leof 0.64 0.0k 0.24 0.04 0.1 0.02
Culm 0.36 0.04 0.60 0.06 0.3 0.07
Head 0.0 0.0 0.16 0.04 0.5)3 0.08
Graln 0.0 0.0 0.02 0 01 0.4 0.08
Tota! Dry Matter 1.6 1.2 35.2 15.0 67.4 23.3

(g/plant)

Table 10, Total dry matter and percent partitioned to leaf, culm head + gralh
and grain at three growth stages for hybrid and variety (Dats
pooled over seasons and molsture treatments, n = 27),

Panicle Physiologicle
inftiation Anthesis maturit
Wybrid  Varlety  Hybrld  Varlety W;FF!T‘V%FI‘E‘:?
Leaf 0.6ba 0.6h a 0.25a 0.22a 0,110 0.120a
Culm 0.36 a 0.3 a 0.57 b 0.66 a 0.32b 0.45 s
Head + Graln 0.18a 0.12bd 0.57e 0.M3D
Graln 0.5 0.32H

Total Dry Matter 1.3 b 2.5 2.0 a M43.0 o 65.0 & 73.0 @
(g/plant

AR

Means with different letter are significantly different.
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Table 21, Comparison of total dry matter and percent partitioned to leaf, culm ,
head + qrain and graln for two moisture trestments during postralny
season o CSH-6, CSH-8, M=35-1,

CsH-6 ¢ CSh-8 . -
Adequately  Water Adequate! Water
Vatered Stressed Vatered Stressed

A) 6S )
Leaf 0.6k 0.63 0.64 0.63
Culm 0.3% 0.3? 0.3 0.3?
Total Dry Matter 0.86 0.99 1,17 1.6k
(g/planty

B) GS 2
Le af 0.22 0,24 0.20 0.21
Culm 0.60 0.57 0.68 0.65
Head + Graln 0.18 G.19 0.12 0.14
Grain 0.02 0.03
Total Diy Matter 3.7 20.8 k7.8 30.6
(g/plant)

() GS 3
Leaf 0.10 0.12 0.10 0.12
Culm 0.30 0.30 0.47 0.47
Head + Grain O 60 0.58 0.43 0.4t
Graln 0.50* 0.43* 0.32 0.3
Total Dry Matter 64, hx 18.9* 70.4 51.0
(g/plant)

-

*ignificantly different
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the extraction of drainage components developed by Williams and Hann (1978)
was used. This approach consists of a routing technique to predict flow
through root zones. For the ICRISAT data sets, the medium Alfisol soil
was divided into nine storagé layers: 0-10, 10-22, 22-30, 30-45, 45-60,
€0-75, 75-9C, 13-105, and 105-120 cm. The available water cspacities

for each of the ~ine layers were given by Russsll (1980), when the

total water in the first layar exceeds the capacity, drainage into the
next layer can wcoour,

In order to check the validit; f incorpurating the effective root-
ing depth (ERD) and watsr extraction from the soil profile by layers, data
collected by ICRISAT Research Center on supplemental irrigation responses
of sorghum during the postrainy seasons of 1977 on a deap Vertisol and 1978
on a medium deep Alfisocl have been used. Experimental details of these
two trials have been described by Sivakumar et al (1978, 1980),

Deep Vertisols

The profile depth of the deep Vertisol is 187 om and bulk density of tha ®
upper 20 cm layer averages 1.3 g/ced (Russell i9H0). Below this depth,
the bulk density ranges between 1.35 and 1.45, with an average of 1.4
g/am’. Amounts of plant available water are 30, 50, 4%, 40, 35 and X mm
in the 0-22, 22-92, 52-82, 82-112, 112-142, and > 147 om soil layers,
respectively (Russell 1980).

Seasonal changes in modeled and measured avallable sojl water for
irrigated and nonirrigatsd sorghum on deep Vertisu! are shown in Figures
¢ and 7, respectively. Avallable soil water predicted by SORGF model
(curve 1) is consistently higher than mesasured scoil watexr. Available soil
water summed uver all the layers and using the new algorithm for calcu~
lation ot RO is referred to as 'REVISION' he:r . Hevision estimates of
80Lil water are better than SORGF, but still hiyher than the measured soil
water amounts. For the nonirrigated sorghum, the REVISION estimates
are excellent,

Medium deep Alfiscl

The profile depth of the medium deep Alfisol is 127 om and the bulk
densities range from 1.5 to 1.95 g/cm? (Russell 1980). Available soil
water in the 0-22, 22-52, 52-82, 62-112, and 112-127 om layers are 26,
33, 18, 12 and 6 =mm respectively.

Seascnu)l changes in available soil water for the irrigated and
nonirrigated sorghum in a medium Alfisol wers also compared. As in the
case of the Vertisols, SORGF model consistently overestimated measured
values. REVISION provided slightly bettar estimates in the irrigatad
treatment and much bettar sstimates in the nonirrigated sorghum (Figs,
8 and 9). Nonirrigated sorghum in the Vertisols received no irrigation
at all, while it received three early irrigations in the Alfisols.

Thus, improvements in soil water estimates are resulting from
improved estimates of evaporation from a bare soil surface (Eo). Incor-
poration of a layered soil water model sesss to work reasonibly well for
the nonirrigated sorghum. Owerestimates of computsd soil water in the
case of irrigated sorghum may be related to ths inaccurate assumption
in the SORGP model of no runoff.
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Using SORGF and the laywred model , WATSCO was computed fur the
treatments described sbove, CUBPUSENLER of WATECO for the irrigated
treatments showed little variabllity and, thus, data for the nonirrigated
sorghum grown on the deep Veriiscl were used to oompare WATSCO predicted
by SORGF, the | wered model and field measurenents, Use of a leyered
sode]l provided . cosistertly better estimates of WATSECO than SOROF when
compared to fielu mossurements (Table 12). Por the nonirrigated sorghum,
with progressive depletion of available soil water, the maaaured WATSCD
decreased from 0.9) at 13 DAR to 0,73 by 79 DAR, and NATSCO computed by
the layered model also decreased to 0.72 by 7 DAE while WATSCO predioted
by SORGF stayed at 1.0 throwhout the growing season. Use of layered
model appears to provide improved estimates of WATSCO to acvount for the
effect of water stress on sorghum growth, °

(vi} leaf development

leaf area is overestimated by SORGF, particularly in the grain filling
period. Total nusber of leaves and maximum area of sach leaf are inpwt
data requirements for SORGF. In SORGF each leaf achisves its maximum

area irrespective of moisture and temperature streas conditions. leaf
sanescence is accounted for as follows: the first leaf senescences after
the llth leaf expands fully and as each successive leaf expands fully the
next leaf senesces. No leaf senescance occurs aftar the last leaf is fully
expanded. It was previously cbssrved (Huda 1982) that when leaf 7 is fully
expanded (leaf 8, 9, 10,....) consecutive leaves (leaf 2, 3, 4,.....)
senssos and that leaf area at PM is 50 percent of leaf area at AN,

leaf area data wege ovllected at 7-10 days interval at 27 ICRISAT
field studies and 16 ocooperating fiald studies. The analyses however were
made for only ICRISAT data. The maximum leaf area was achieved at Ml
(Table 13) with a mean of 1710 am?/plant and u standard deviation of 622
m?/plant. The leaf ares variability is the result of pooling hybride
and varieties and moisture Bhlmntlé The highest leaf area at AN wva
cbtained for variety BPvV-381 (3227 am®/plant) and the lowest laaf area
(761 m?/plant) was obtained for (SH-6 grown during the postrainy season
in the vater stressed treatment. Leaf area at PN was 50 percent of the
naximum leaf area attained,

leaf area wvas reduced by moisture stress during the postrainy
season (Table 14)., leaf area was significantly different at PM for
adequately watered and watey stressed hybrids. PFrom AN to PH lsaf area
decreased appruximately 70 parcent for hybrids and varieties empetriencing
water stress. four adequately watersd treatments leaf ares decresases 2 to
46 percent from AN to PM for hybrids and varisties, respectively.

Leaf area sstimation

Several methods for the estimation of leaf area wers studied to find owt

m easy method that has simple data requiressnt, This is particulatly
essential to use the crop éata from other centsrs where it is &ifficult

to measure leaf area directly. Based on the data collectsd from cooperstive
experiments, lsaf area vas sstimsted from leaf length and maximus width

as well as only from leaf length. Ares for individual lsaves was alm
estimated to aseartain the varisbility in the coefficients for sach lewd,
The cosfficients differed betweah genotypes, snvironmefits and indivi

leaves. Regression cosffiélmts relating the product of laaf leageh (
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Table 12 . Seasonsl changas In WATSCO for a nonirrigated sorghum on a
deep vertisol,.

——

Days after SORGF Laye red Msasured

emergence mode |
15 1.0 0.58 0.93
L 1.0 0.99 0.98
A 1.0 0.98 0.97
53 b0 0.95 0.90
57 1.0 0.92 0.94
66 1.0 0 7 0.85
74 0.9 0.56 0.67
n 1.0 0. n 0.713

Teble i3, Leaf area (cwf/plant) at three growth stages, Data pooled
ower all genotypes, seasons, and moisture treatments.

Stage Me an 5 D. Minimum  Maximum
Pamicle initiation %9 268 145 1022
Anthesis 1710 622 761 3227
Physiological maturity 87 W9 196 1848

Table 14. Mean leaf area (cw/plant) for adequately watered and water stressed

treatments for both hybrid and variety grown during the postrainy
season.

Hybrid Variety
Adequately  Water Adequately Water
Watered tressed  Watered St ressed
Panicle initiation 218 216 319 304
Anthesis 1490 113 1764 1273
Physlological Maturlty 956" 360* 949 381

*Signi ficantly i fferent
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and maximum width (W) to leaf ayea (Y) for four genotypes ariwn at TCRISAT
Center are given in Table 15, The coefficients ranged from 0,67 to 0,71,

For (SH=6 (n=4471) the coefficient was 0,696 while it was 0.641 for (SH-8

(net:20) . The relstionship betwuen leaf area and leaf weicht varied with

genotyjes,env:: nment and growth stage. A manuscript is under preparation
to discuss the W ailed results on estimating lesf area.

Table 15, Regression comfficients relating the preduct of leaf length
and maximum width to leaf area of sorghum,

Meqression” R

Season Ganotype No. of observations coef f1cient

1979 rainy (HH-1 12 W697) .99
sH-6 447 7111 .98

1979 postrainy (5H-8 3135 NY:%3) .98
M- %=1 LLY: L6644 .92

1980 rainy LSH-1 1728 L7017 .96
(CSH-6 2117 . 129 .98

1980 postrainy CSH~d 24P 6911 .97
M- 15-1 2101 .2101 .98

Coefficient (b) 11 the functional relationship of ¥ (lea! area)
b . L {leaf length) . W (maximum width).

J. Simulation cemparison

The revised algorithma discussed earlier ware incorporatad in SORGF.
Simulation results of several components of the model and the yield
simulations were compared with cbserved data. FExamples of testing some
of the revised algorithms with the data obtained fram 1981-82 experi-
mnts (which were not utilized for model revision) wers giwven,

(1) Bmergence

In SORGF, emergence is simulated when 70 heat units above 7°C base
temperature accumulates after sowing provided the available soil water
for the emtire ; '.file is above 10 perosnt.

The results of emergencs computation were compared with the data
abtalned from 198] rainy season experiments concucted at ICRISAT Center.
Dry seeding of sorghum (a recommended practice for Vertisols) was done on
a deep Vertisol (10 June) and on a medium deep Vertisol (12 June) ahead
of monsoon. The available water holding capacity of these two soils are
200 and 165 mm respectively. At the time of sowing the available water
in the entire profile for the two fields were 65 and 29 mm respectively
(above 103 for the entire profile for both fields). Thus in SONGF,
emergence was ocomputed within 4 days after sowing.
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Hiowever, in the top 30 @ layer for both the fields there was no
avai lable water. Thus emergente in both these fields actually occurred
anly on 22 June after 15 wmm rainfall was recsived an 18 June. When the
laycred soil water model (top 0-30 cm; and beyond 30 am) was used, the
emergence data for both these fielde was simulated as 21 June.

(45) Phanology

The computation of phenological events such as PI, AR, and PM were com~
pared with 19 ocbeservations cbtained fr~ 1981 experiments. The duration
of emergence to Pl was computed within - . days due to revisions in
phenclogy algorithms compared to ¢+ 5 days as was dons in BORCF. Simdlarly
the root mean square error (RMSE) In simulating the duration of emsrgence
to maturity wvas reducsd from + 15 days to + 4 days.

(i11) Orain yield

The coefficient of detarmination (na) was {mproved from 50 percent to

over 80 percent (due to revisions in the model) for grain yields cbtained
from 20 cheervations of 198) experimental data conducted in ICRISAT Center.

(iv) Pooled data om grain yield and total dry matter

Simulation results of grain yield and total dry matter were compared with
abserved data pooled over seasons and genotypes from ICRISAT field studies
and studies fram other cooperating cantars. The coefficient of determination
for both grain yield (n = 39) and total dry matter (n = 54) was 7 peroent
according to revised modsl. The RMSE for grain yields and total dry matter
for poolsd data were 561 kg/ha and 1348 kg/ha respectively.

The relationship between cbserved and simulated grain yield and total dry
matter are given in figures 10 and 1l respect.vely.

e. Model applications

Pirst spproximation answers to questions on sorghum yield potential can
be generated by this model using climate and soil information. Asrwers to
questions about the sorghum yield potential and to detsarmine the optimum
crop duration .period matching with the water availability were sought by
the Magarini Land Settlement Scheme in Kenya. May et al (198l) used this
model to delineats the cumulative probability distribution of simulated
grain yields in Kenya for optimum sowing dates chosen from the rainfall
probability analysis. An example of such analysis was given in Figure 12
for two sowing dates at Marafa for the period 1937-80., The figure indicates
that more than 5000 kg/ha sorghum yield can be cbtained under adequate
management practices in 50 percent of these years. Analysis of the soil
and climatic data from different locations of the project area suggest
that prospects for growing sorghum in both the long rains and short rains
are fairly promising. .

Arkin and Dugas (1981) used this model to dstermine the feasibility
of sorghum ratooning in Texas. They constructed a 40-year (1939-78) cumu~
lative probability distribution of simulated ratoon yields for 0, S, 10,
and 15 cm of ASW at ths begimning of the ratoon crop, the probability of
producing a 1500 kg/ha or more grain yield for a ratoon crop was sbout 808,
The profitability of ratoon cropping in Temple, Texas is depsndmt on sodl
moisture conditions at the start of the ratoon crop each, (Figure 13},
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LOUKING ARRAD

Our experier. e with the & raghum simulation model over the past five years
gave us ume! 5 'eads to examiné alternative manajement strategies and
extend the b+ Joe tou other cropa. Wwe will continue our efforts:

o Tuo extes, ' kiuwledge in developing growth models for other
crops ¢ 1 ThisAT mandate.  Pearl millet which is the second
aureal  rep of ouwr mandate war obviously the next choice.
f£.ftorts have been initiated by the Faming Fystems Research
Program in couperation with the pearl millet improvement
rreeny o at TORISAT to develop a growth and deve lopmenmt model
tor pearl millet, Ewxoriments are being conducted from the
198] rainy season to coullect standard data seta on crop, soil
and weather to achieve this abjective.

Collaborative experiments are being designed to study
light intercept: n, water use, pheanolexgy, tillering habit,
dry matrer accosmlaticn, and partitioning of pearl mjllet
under both Indian and Wwest African canditions., Experiuments
are also planned to stady the efte ts ! method of planting
e.g. row (practised in India) versus hill (practised in
west Africa) on the gqrowth and development nf pearl millet,

e T¢ use the revised sorghum movdel in Javeloping a methodology
for first rder screening of Jifferent environments for their
crop production potential.

e Sorghum yield simulations are preuently made assuming that
cxops are raised under adequate nutrient supply, wesd free,
1nsect8/d1sease tree conditions. Alg  ithma idressing
these questions should be developed and incorporated in the
model for yield simulation under the real world situations.
Thus collaborative experiments need to be planned for
quantifying the stress factors (moisture, nutrient, biotic
etc). -
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