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EVALUATION OF SORGF SUBROUTINES
-- A Consultincy Report
By

A. K, 5?;- Huda
Agroclimatologist, Farming Systems Research Program
International Crops Research Institute for the Semi-Arid Tropics
(1CRISAT), Patancheru, India
In the seasonally dry rainted semi-arid tropics (SAT) crop ylelds
are gencrally low and varfable from year to ycar. The task of {mproving
and stabilizing agricultural production in the SAT is complicated by the
presence of several constraints in these areas. However, lack of water
is the key limiting factor for crop production in the SAT (Virmani et
al., 1980). Attempts are made through interdisciplinary research to
increase and stabilize agricultural production through improved soil,
water and crop managemnent practices. Water available for crop production
is highly location specitic. In order to match crops and cropping
systems to available water, a method of integrating vainfall, soil water
storage, evaporative demand and crop characterictics iy necded.  Process
based soil and climate driven crop models should be useful for integrating
crop enviromment effectively for many climatic constraint. cnabling the
assessment of crop production and the quantification of asuociated

production risks.

cropping systems in the SAT. It was, therefore, initially docided to
study sorghum and sorghum based cropping systews and extend the knowledge
gainwl to other crops/cropping system. A previously developed grain
sorghum model (SORGF) reported by Arkin et al. (19/76) was -elected for
testing and validation to determine its utility for assessing sorghum
production. If SORGF is adaptable to SAT conditions it will be used to
determine optisum date of planting, plant population, and maturity

genotype for various soil water and climatic conditions.
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To develop a data base to test aliﬁl improve SORGF, a collaborative
multilocation sorghum modeling experiiint ws iﬁitiatad in the 1979
rafny season by ICRISAT in cooperatioa with several research centers in
India and abroad (Table 1). During the past 3 years, scientists from .
different disciplines have collected data sets on soils, crops, weather
and management factors.

At a cooperators' meeting held at the ICRISAT research center, 2-4
April 1980 (Huda et al., 1980), several subroutines in SORGF were
identified as needing modification for adoption to SAT reqfons. These
subroutines deal with light interception, phenology, dry matter ac-
cumylation, and partitioning, soil water and leaf development. A
cooperative consultancy program was established between ICRISAT and
Texas ASM Universfty following the meeting., hr. M. V. K, Sivakumar,
visited Temple (March - June, 1981) as a consultant and revised the
subroutines on light interception, dry matter accmwulation, and soil
water (Sivakumar, 1981). | visited Temple (Movewber, 1961 - february,
1982) as a consultant with the oﬁdectives of

i) determining the status of collaborative multilocation
sorghum model ing eéxperiment by examining all the relevant
data sets thus far collected,

i1)  studying the phendlogy subroutine,
iii) studying the dry matter partitioning scheme,
iv)  examining leaf de&elopment algorithms, and
v) to assess the improvements made in SORGY with recent

revisions.



Table 1.
LOCATION YEAR SEASON GENO: vtES
. e okl i .
ICRISAT* 1979 Rainy CSH-1, (‘H 6
SPY- 351
1979 Postrainy CSH-B, M-35-1
1980 Rainy CSH-1, CSH-u
SPV-351
1980 Postrainy Cﬁib.tmfd
,Y
cOimbatore 1980 Pustrainy CSH 8
Delh1 1979 Rainy CSH 1, CSH-G
1980 Rainy CSH-1, CSH-6
Ht,sar 1979 Rainy CSH 1 LﬁH«b
1980 Rainy CSH-6
rhon kuen 1979 Rainy KU-300
{Thailand) 1980 Ralny Heqari
ludhiana 1980 Rainy (SN l (SH-6
Parbhani 1979 Rainy FSM I LSH-0
Postrainy CSH-8, M-34-1
1980 Rainy CSH-1, (SH-6
Pu,tvdlny CSN 8
Pune 1979 Rainy (SH l (5H-0
Postrainy CSH-8, M-35-1
1980 Rainy CSH-1, (SH-6
Pustrulny (SH 8
Rahuri 1979 Ralny LSH l. fSH-ﬁ
Postrainy (SH-6, CSH-8,
M-35-1
1980 Rainy CSH-1, CSH-6
Postrainy CSH-8, M-35-1
Sholapur 1979 Postrainy CSH-8, M-35 l

= adequately watered; B -

water stressed

= both vertisols and alfisols

MOISTURE
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Summary of collaborative multflocation sorghum modeling field studies.

U\TITUN
YR[A!MFN[ (°N)
Rainfed 17' 2
Aand B
Rainfed
and A
A and B
A 1 o0’
Rainted 28' 35
Rainfed
aud A
Rnlntvd 29' 10
Rainted
and A
Rainted 16' 26'
Raiuted
Rainf@d 30' 56
Ra1nfod 19' 08’
Res 1dual
moisture
Rainfed
A
Rainted 8 32
A
Rainfed
A
Rainfed 19¢ 24!
Residual ‘
moisture
Rainfed
A
Residual 17' 40"
mnlsture '




FIELD STYOIES

Replicated trials involving tu; standar¢ Indian sorghum genotypes
CSH-1 and CSH-6 during the rainy seﬁson and (511-8 and M-35-1 during the
postrainy season, were conducted at most of the locations (Table 1), e
Sorghum is not grown during the postrainy season at Delhi, Hissar, and
Ludhiana because of cold temperature. Additional moisture treatments of
adequate water and water stress at certain critical growth stages were
included in the postrainy season experiments. Data on crop pshenology,
leaf growth and development, dry matter production and partitioning,
soil water, weather and management factors were collected at each of the

71 field studies (Huda et al,, 1982).

1. Phenology.

Accurate simulation of phenological development is important
because the stage of development determines the daily dry matter parti-
tioning to various plant parts. The period from anthesis to physiological
maturity is underestimated by SORGF. In SORGI, the grain filling period
iy dependent upon the time until anthesis. The period from emergence to
panicle initiation is overestimated by SORG! particularly in lower
latitudes (e.q., {CRISAT). This overestimation by SORGI alqor{thms
appears to be a result of the U, $. data bases used for their development
that had relatively higher daylengths.

The phenological stage of growth for the modeled sorghum plant in

SORGF is calculated in four stages.

STAGE Period (from/to)
1 Emergence to panicle initiation
2 Panicle initiation to end of leaf
growth

End of leaf growth to anthesis
4 Anthesis to physiological maturity



The time from emergence to panérle initiation is computed as the
sum of heat units (bace temperatureév 7.0°C and the upper linit of mean
temperature = 30.0°C) and is a tunction of the maximun number of leaves.
The time from emergence to anthesis is calculated as the computed date «
the flay leaf was expanded plus 0.86 times the computed number of days
from panicle initiation to flag leaf appearance. The time from emergence
to physiological maturity is calcualated as 1.4 times the computed
number of days from emergence to anthesis.

Crop phenological data for almost all the growth stages ore available
in 50 data sets. Of these, ten were randomly selected for independent
tests. The remaining 40 data sets were used to study the phenological
development in order to develop new algorithms. This study concentrated
on three stages of sorghum development as defined by lastin {1971).

These stages are:
yrowth stage 1 {(651) -~ the time from emergence to panicle
initiation,
growth stage 2 (G52) -~ the time from panicle initiation to
anthesis,
growth stage 3 (GS3) - the time frow anthesi< to physiological

maturity.

CALENDAR DAYS
Pauli et al. (1964) reported that in general the sorghum plant
spends 1/3 of its life cycle in each of the three major stages. This 1is
not true fbr the data sets studied as is evident from Table 7. These
data represent medium and long maturity genotypes, season with high and
low temperatures and different daylengths. It is, however, clear that

the duration of GS2 and GS3 are similar. The wean days for 052 and
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¥
érable 2. Days required between ditferent sorghum urowth ctages. (Data pooled
over locations, seasons, and genotypes.)

Standard  Minimum Maxifwm M

Stage N Mean  Deviation Va lue Value C.
651 29 23 4 17 k) 19
6s 2 29 37 6 30 50 10
6S 3 39 35 6 20 53 18
GS 1 +G6S2 39 60 7 %0 £o N

65 1+ GE 2 + 653 40 9% 10 80 1% 15




7
GS3 are 37 and 35 days, respectivelé. The range of the duration of both
these stages are almost similar, Tﬁe maximun days for GS2 and GS3 were
obtained for the postrainy season genotypes when the temperature is
cooler than rainy season., The minimum duration for both these stages
was obtained for rainy season genotypes. The mean temperature during
the postrainy season range between 20-26" { while it ranges between 26-
317 C during rainy season. The maximum values for both GS2 and GS3 were
similar. for GS2, except one observation (22 day), the minimum value
was 30 which is similar to that obtained for G53. The duration of GS3
at ICRISAT for CSH-6 was 29 days (when the mean temperature was 27° ()
during the rainy season, however, the duration increased to 38 days in
the postrainy season (when the mean temperature was 21°C).

The duration of GSI is highly variable (Tuble ¢). The wean days
vequired for 051 1s 23, The minfmom and max s value for (51 was
obtained for the same aenotype (CSH-6) grown auring rainy weason at
difterent locations,  The motnum duratfon woo obtained at 1oiiSAT and
Parbhani locations (low latitude) while the masmum durat ion was observed
in Delni and Hissar (high latitudes). To accoint for this variability,
the data were further analyzed to establish the affect ot dasiength and

temperature on phenolgical development.

GROWING DFGREE DAYS

Ienological models that involve daylentth and/or temperature
effects have been developed for several crop.. Mederski et 1. (1973)
found that accumulated heat units provide a fur hetter estimate of
predicting phenology in the maize genotypes <tudied Lhan did calendar
days. Major et al, {1975) working with soybeanu found that growing

degree days (GDD) with a base temperature sublracted were best for
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predicting flowering in the culti‘prs under study. lhey also found that
accuracy of the GDD was greater fiy the earlier varieties than for the
later varieties. |

Several methods for calculatthg GDD are described in the literatyre
(e.g. Gilmore and Rogers, 1958; Brown, 1972, Cross ond Luber, 1972;
Thomas, 1980; Stapper and Arkin, 1980). Stapper and Arkin (1980) reported
that the best results for predicting silking or maturity o! corn plant
were obtained by using a base temperature of 10" C and a cutoff temperature
of 30° C in GDD calculation:

GOD = (CMIN + CMAX)/2 - BASET
Cutotf temperature is substituted for the daily maximum temperature
(CMAX) if CMAX is higher than cutoff temperature. When the dafly
minimum temperature (CMIN) is lower thaa BASET o sine curve is used to
approximate the diurnal change in temperature hetween maxivum and
minieum,

The approach ot Stapper and Arkin (1980) wes used to ralculate GOD
for sorghum with various threshold temperatures. The cutol! temperature
was varied from 26, 30, 34, aqd 38 C. Base temperatures of 7, 9, 11,
and 13" € were also used to evaluate GDD. tchaffer {1980) calculated
heat units using 30, 34, and 38" C as cutof! temperature and used several
base temperature (1, 4, 7, 10, and 13°C). He found that for the grain
filling period the heat unit system with the lowest coefficient of
variation (CV) was that with a maximum of 38" € and a base temperature
of 1" (.-

A comparison of (V with the base temperature (7, 9, 11, 13° C)
using 38°C as cutoff temperature during grain filling period for the
data set studied showed that 7° C provided less coefticfent of variation

(18) compared to 13° C (23). Therefore, 7° C was used as hase temperature
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in GOD calculations. The CV's using 26, 30, 34 and 38° C as cutoff
temperature with 7" C base temoeratire for the three phenological stages
is given in Table 3. The lowest (V was obtained with 76" C, however,
there was no marked differences between different cutoff temperature.
The 26° C cutoff is very low. More over, the correlation coefficient
{r) of the GDD for ditferent growth stages was highest with 38" C cutoff
temperature (Table 4). Therefore, a cutoff temperature of 38" C with a
base of 7° C was used in further analyses. The CV was highest in GS)
(27) and is in agreement with observations made by Schaffer (1980)
(Table 3). CV was the lowest (11) for GS2 and relatively higher (20)
for GS3. The mean GDD (cutoff temperature - 38° ( and base temperature
7.0" C) for GSZ and GS3 are similar (Table ). The correlation
coefficient between different growth stages was increased with GDD
computations compared to when the duration of these stages wasy expressed
i days (Table 4).
DAYLENGTH

Sorghum is considered a short day plant (Doggett, 1970) and daylength
therefore affects vhenological development. ODaylength is not considered
1 SORGI. The effect of daylength on phenoloyy was studied to explain
the variability ia duration (days) and GDD for each growth «lage across
locations. The daylength 15 calculated with the following algorithms
taking into account the twilight period. This algorithm is used in the
corn model of Ritchie {personal communication).

S1 = SIN (LAY * 0.01745)

C1 = COS (LAT * 0.01745)

DECLINATION = 0.3979 * SIN (0.0172 * (Julian date - 82./))

DAYLENGTH = 7.639 * ARCOS (C) - S1 * SIN (DEC) - 0.044})/
(€1 * cOS(DEC)))
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Table 3. Coefficients of varfatioh for growing degree days (base
temperature < 7° (). '

Stage
GS1
GS2
GS3

o I —

B e ——

__Cutoff Maximum Temperature (° Ch
b o k[ 34 ’ﬁ

24 24 25 27
9 9 10 n
17 17 19 20




n

Tadble 4. Correlation coefficienty for growing degree days between
different growth stages; (A! cutoff temperature = 26° C,
(B) cutoff temperature & 38° C, and (C) for days between
growth stages.

{A)
GS1 Gs2 Gs3
GS1 0.85 0.80
GS2 0.81
GS3
(B)
GS] GS? GS3
GS1 0.90 0.84
GS2 0.8%
GS3 )
(c)
(Y Gs? GS3
GS1 -0.17 0.26
GS2 0.07

GS3
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Table 5. Growing degree days b&m sorohuin growth stages (cutoff
temperature = 38° C and base temperature ° 7.0° ).

GROWTH STAGE

Pumoui st < om0 e

GS1
652
GS3

MEAN STANDARD
GOD DEVIATION
440 120
670 60
650 110

cv

27
(R
20



13

The daylength at emergence, *nicle initiation, anthesis and
physiological maturity were compué@d. Daylength at emergence and
panicle initiation are plotted against the GOD values for GSI for
hybrids CSH-1 and CSH-6 (Fig. 1 and 2). A similar relationship was o
proposed by Major (1980) for short day plant and by Stapper and Arkin
(1980) for corn. Oaylength at emergence and panicle initiation are
highly correlated (r = 0.99) and therefore daylength at emergence can
be used in place of daylength at panicle initiation.

There is evidence that genetic variability for daylength sensitivity
exists in rice (Vergara et al., 1965); oats (Jenkins, 1973), and sorghum
{Lane, 1963) and corn (Stapper and Arkin, 19.0). Miller et al. (1968)
found that sorghum genotypes could be grouped according to daylength,
They also &uggéstcd a lower threshold daylength than the sorghuns grown
in the U. 5. Thomas {1980) concluded from his study with serial sowings
of five sorghum genotypes that all the genotypes reacted in a similar
manner with regard to daylength. for the pre<ent study, daylength
threshold value of 13.6 hour at emergence was found for two hybrids
(CSH-1 and CSH-6). Data for other genotypes were not available above
this threshold daylength,

To study the daylength sensitivity among yenotypes, four groups
were identified. They are:

Group 1 (CSH-1, (SH-6 grown above 13.6 hour daylength)

Group 2 {CSH-1, CSH-6, CSH-8 grown below 12.6 hour daylength)

Groﬁp 3 (SPV-351 and Hegari)

Group 4 (M-35-1)

Duncan's multiple range test for three jrowth stages were computed

{Table 6). There is significant difference between group 1 and 2 for
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GOD (emergence t§ panicle initiation).

SEpI

Y

356

T

X X W

2508
m

Figure 1.

_.m MM ~£

Daylength (hour) at emergence

N

Relationship bhetween growing degree days for emergence to panicle initiation

and daylength at emergence for/CSH-1 and CSH-6.
Saeclow bty 45

-
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GOD (emergence to panicle initiation).

750

Figure 2.

e

T

P 2 P2 P N

Daylength {nour} at paricle initiation

Relationship between growing degree days for emergence to panicle initiation
(P1) and daylength at Pl A IRV SO T Y R P P
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Table 6. Mean growing degree deysf for different growth stages for
four groups of sorghum,

GROUP  GROWTH STAGE GROWTH STAGE GROMTH STAGE
6s1 as2 63,

1 610 a 720 a 800 a

2 370 b 650 b 560 ¢

3 560 a 655 b 555

a 365 b 680 b 670 b

Means with the same letter are not significantly different.
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all three growth stages, Differenies in CS1 can be accounted for by
daylength effect as shown tn Figs.'1 and 2 ant a similar affect was
found for GS2.

The algorithm for describing daylength and GDD affects on GS}
derived from Fig. 1 is:

GOD = 370 + 400 * (DAYEM - 13.6) #f DAYEM > 11,6 hour

GDD = 370 if DAYEM < 13.6 hour
The algorithm for describing daylength and GCD affects on GSZ derived
similar to that of GS1 is:

GDD = 650 + 120 * (DAYEM - 13,6) 1f DAYEM > 13.6 hours

GOD = 650 if DAYIM - 13,6 hour
where DAYEM = daylength at emergence.

Differences in GS3 for groups 1 and 2 can be accounted for as
4 temperature affect as shown by Schaffer (1980). This effect {5 shown
by plotting the inverse ot duration (day") o GS1 against the mean
temperature (T) of G53 for hybrids CSH-1 and (SH-6 (fig. 3}, The duration
decreases with an increase in T to 27° € and ncreasee above /7° C.
from Fig. 3 a base temperature of 7° C can be derived for GDb computation in
GS3. A base temperature of 77 € was previoutly selected for all growth
stages. Thus, fo;‘ GS3 the following algorithime are used to sccount for
temperature effects in GDD computation for GL):

GD =T -7, whenT - 27" C

GhD = (54 - T) -7, when T . 27° C

These algorithms were used to compute GLUD for the 40 field studies.
The mean GDD computed using these algorithms .ne presented in Table 7.
No significant difference in GDD among groups was found for all qrowth
stages except in GS1 for rainy season variety (SPV-351 and Hegarfi). The
weighted mean GDD for GS3 is 620.
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Table 7. Mean growing degree day§ after duie?gg)cormtlon {(69Y

and 652) and temperaturg correction for different

growth stages. .
GROUP GROWTH STAGE ~ GROWTH STAGE GROWTH STAGE
GS! 652 653 *
‘ 390 a 655 a 628 a
2 370 a 65C a 640 2
3 560 b 695 a 615 a

4 365 a 680 a 609 a

Means with the same letter are not significantly diftferent.
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These algoritims were used td compute DG for all three growth
stages for the 40 field studles from which daia to derive these relations
were collected. The rdbt mean squf’ura error {#MSE) for the three growth
stages were cmred with SORGF and revised algorithms (Table 8). The .
RMSE was consfderably reduced for a1l three stages using the revised
algorithms.

These revised algorithms were tested against 10 independent field
study data sets. RMSE for SORGF and the revised algorithimg are given in
Table 9. The RMSE for all the three stages were considerably reduced
using the revised alqorithms,

2. Dry Matter Partitioning.

Partitioning of dry matter to plant parts varies according to the
stage of devolbpnmnt. Therefore, an accuraty estimate of phenological
development 1s important for simulating the partitioning process.
Accurate sinulations of grain yield, the compounent of yield qenerally of
most interest, depends upon the ability to currectly partition dry
matter to grain and other plant parts.

In SORGF daily dry matter production is calculated from daily
intercepted photosynthetically active radiation after taking into
account water and temperature stress as well as respiration losses.
Sivakumar (1981) developed seemingly simpler relationships four calculating
daily dry matter production fram intercepted I'AR using the approach of
Gallagher and Biscoe (1978) and Stapper and Arkin (1980). The partitioning
of dry métter in SORGF is computed in the GRUW Subroutine for four
phenological stages as described by Vanderlip and Arkin (1977).

Leaf, culm, head + grain weights (g/plant) simulated with SORGF

were compared with measured data collected from destructive weekly samples




Table B. Root mcan square error (days) for ditferent growth -tages
for 4D field studies.

o am o —— - —— . am— m mow = - - - ~ .-

STAGES SORGH RIVISION
61 7 k)
GS1 + GS2 ! %
GS1 + (GS2 + GS3 1y 4

- ——— e e mmn mm s mmom e .- a— -

Table 9. Poot mean nquare error (days) for ditferent yrowth < tages
for 10 independent field <tudy datu uet..

STAGES WIRGE PEVISTON
LSl / A
Gs1 ¢ GSE / 6

GLT 4 GS2 ¢ GS3 I 3

21
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(27 wﬂc‘ld swﬂn) thrnuguwu tnezgrowing season at the ICRISAT Center,
The root ma smre error {RNSE)Mas calculoted for measured and
simulated phnt part weights for hch field <tudy. The highest RMSE
s obsernd for the head + graintoumnem within a range of 7 to 34
{9/plant), 'ﬂw louest RMSE was observed for culm weight within a rmoc
of 2 to 12 {g/plant). The range tn RMSE for ieal weight was 6 to 21
{g/plant). These RMSE values are fndicative of the accuracy with which
SORGF partitions dry matter to the plant orgins,

Measured mean total dry matter (TOM) (g/plant) and percent partitioned
to the plant parts at panicle initfation (PI), anthesis (AN) and physioloo‘lcﬁ
maturity (PM) are given in Table 1.0. The percent TDM partitioned to
the leaf decreases from 64 to 11 percent from P1 to PM and increases
from 36 to 60 percent from Pl to AN then decreases to 36 percent at PM
for the culm. Forty-one percent of TOM was partitioned to grain at PM.

The percent of DM partitioned to leaf was not significantly different
between hybrids and varieties {Table 11). [he percent of TDM partitioned
to the culm was significantly higher in the varieties than in the hybrids
at both anthesis and maturity.  TOM (per plant) at AN and PM was also
not significantly different between hybrids and varieties. The percent
of TOM partitioned to grain was higher in hybrids (0.45) compared to
varieties (0.32). TOM partitfopfng within 2 growth stage was not studied.

The significant difference in partitioning TOM to the grain component
;uas duc to moisture stress (Table 12) for the hybrids. For adequately
watered treatments 50 percent of TOM was partitioned to grain while 43
ibercent was partitioned to grain for water stresscd treatments for _
lhybrids. Moisture treatments did not significantly influence partitioning
to any plant part for varieties.
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jabie 1v. 1gval dry satter and ghrcent partitioned to leaf, cuim,
- heed + grain and graimat three growth stages (Data pooled
over all genotypes, sedsons and moisture treatments, n = 27),

PANICLE PHYSIOLOGICAL
INITIATION ANTHES1S MATURITY

i Mean s.D. Mean S.D. Mean S.D.
Leaf 0.64  0.04  0.24  0.04 0.1 0.02
Culm 0.3  0.04  0.60  0.06 0.36  0.07
Head + Grain 0.0 9.0 0.16  0.04 0.53  0.08
Grain 0.0 0.0 0.0z  0.01 v.41  0.08
Total Dry Matter 1.6 1.¢ 35.¢ 15,0 67.4 23.3

{g/plant)
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Table 11. Total dry matter and gercent partitioned to leaf, culm, head +
rain and grain at thvige growth stages for hybrid and variety
Data pooled over seashns and moicture treatments, n = 27),

PANICLE : PHYSIOLOGICAL
INITIATION ANTHESIS ) __MATURITY

Hybrid Variety Hybrid Variety Hybrid  Variety

Leaf 0.6 a 0.64 a 0.25a 0.22a 0.11a 012 a

Culm 0.36 2 0.36 a 0.57 b 0.66 a 0.2 b 0.45 a

Head + Grain 0.18a 0.12 b .5/ a 0.43 b

Grain n.45a 0.32 b

Total Ury 1.3 b 2.4 a 32.0 a 43.0 a 65.0 & 73.0 a

Matter

(a/plant)

Means with different letter are sionificantly different
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Table 12. Comparison of total dry matter afl percent partitfoned to leaf, culm,

head + grain and grain for two mgisture treatments during postrainy
season for CSH-6, CSH-8, M-35-1,

R N e o e e A . e it AL R L ——

_ CSH-6 & CSH-8 o M8
Adequately Water Adequately ~ Water
- e eeeoe....Matered _  Stressed ~ Watered __ Stressed

A} GS1
Leaf 0.64 0.63 0.64 0.63
Culm 0.36 0.3 0.36 0.37
Total Dry Matter 0.86 0.99 1.7 1.64
(g/plant)
B) GS2
Leaf 0.22 0.4 0.20 0.21
Culm 0.60 0.4%7 0.68 0.65
Head + Grain . 0.18 0.9 0.2 0.4
Grain 0.0 0.03
Total Dry Matter 3.7 R 12.8 30.6
(a/mant)
|
¢) GS3
Leaf 0.10 0.12 0.19 0.12
“Culm 0.30 (.30 0.47 0.47
Head + Grain 0.60 0,454 0.4% 4.01
Grain - 0.50* 0.43% 0.3 0.30
Total Dry Matter 64.4* 38,4+ 70.4 51.0
(g/plant)

significantly different
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3. Leaf Development.

Leaf area is overestimated by SORGF, particularly in the grain
filling period. Total number of leaves and maximum area of cach leaf
are input data requirements for SORGF. In SORGF each leaf achieves its
max imun area irrespective of moisture and temperature stress conditions.
Leaf senescence is accounted for as follows: the first leaf senesces
after the 11th Yeaf expands fully and as each successive leaf expands
fully the next leaf senesces. No leaf senescence occurs after the last
leaf is fully expanded. It was previously observed (Huda, 1982) that
when leaf 7 is fully expanded the first leaf senesces and that as
successive leaves fully expand (leaf 8, 9, ¥, ..... ) consecutive leaves
(leaf 2, 3, 4, ..... ) senesce and that leaf arca at PM is 50 percent of
leaf area at AN. |

Leaf area data were collected at 7-10 days interval at 7 ICRISAT
field studies and 16 cooperating field studics. However, analyses were
made for only ICRISAT data. The maximum lea! arca was achieved at AN
(Table 13) with a mean of 1710 cu3/p1ant and a standard devialtion of 622
cmzlplant. The leaf area variability is the result of pooling hybrids
and varieties and mpisture treatments. The highest leaf area at AN was
obtained for variety SPV-351 (3227 cmzlplant) and the lowest leaf area
(761 cmZ/plant) was obtained for CSH-6 grown during the postrainy season
in the water stressed treatment. leaf area at PM was 50 percent of the
maximun leaf area attained.

Mean leaf area at PI, AN and PM are not significantly different
between hybrids and varieties (Table 14). lcaf area was reduced by
moisture stress during the postrainy season (Table 15). Leal area was

significantly different at PM for adequately watered and water stressed



Table 13. Leaf area (cnzlplcnt) at tv

growth stages.

a7

Data pooled

over all genotypes, season§, and woisture treatments.

A AR e . . o 1

STAGE

GS1
GS2
6S3

MEAN

369
1710
876

St TR————— .

MAXTMUM

B ]

1022
327
1848

A ———————
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Table 14. Mean leaf area {(cm“/plant] for hybrids and varieties at
three growth stages.

i A A 1

HYBRID VARIETY

STAGE

s . e . B b oo et RSO At — »
GS1 314 a 506 o
GS2 1641 a 1873 a
GS3 384 a 856 a

R —

Mean with the same lettter {s not significantly different.
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§ for adequately wateved and water
Pth hybrid and variety qrown during

e

stressed treatments for

_Table 15.. Mean leaf area (cm"/plnng
the postrainy season.

- i T —

HYBRID VARIETY
Adequately Water
Watered Stressed

L ]

Adequately Water
Watered Stressed

i

Panicle initiation 218 216

ne9 304
Anthesis 1490 mas3 1764 12713
Physiological Maturity 956* 360 949 k1Y

5 e —— —_—

* significantly different.
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AN to PM Yeaf areq decdeased approximately 70 percent for
v‘ \nﬂeﬁes experiencing wager stress.

v For adequately watered
tmmms 1eif area decreases 36 to 46 percent from AN to PM for hybrids

‘and varieties. respectively,

Simulation Comparison.

 The following SORGF algorithms for computing growth and development
have been revised:
1)  Light interception (Sivakumar, 1981),
ii)  Total dry matter (TDM) (Sivakumar, 1981),
iii) Phenology (as herein reported),
iv)  TDM partitioning to grain (as herein reported), and
v) Leaf senescence (as herein reported).

Grain yields and TDM simulation with SORGF and the revised SORGF
are compared with observed data from 29 ICRISAT field studies in Figs,
4-7 and for pooled data from all cooperating locations (Migs. 8-11).

The r and RMSE for comparisons of observed and simulated yrain
yield and TDM with SORGF and revised SORGF wece computed from 29 ICRISAT
field studies and for pooled data from all cooperating locations (Table
16). The r value increased for both grain yield and TIM with revised
SORGF. The RMSE for grain yield was lower fur TCRISAT field data with
revised SORGF than with SORGF. RMSE for TDM wus essentially the same
for ICRISAT and pooled field studies for both SORGF and revised SORGF.

5. Suggested Future Work.
i) Evaluate total dry matter partitioning within growth stages.
ii)  Investigate water and nutrient deficit affects on growth and

development.
ii1) Evaluate a multilayered soil water balance for inciusion in

SORGF .



iv)

v)

N
Terminate the cooperative HQM data collection, emphasize on
further analysis of the data, and provide archived data for
use by others.
tmphasize SORGI app\icat‘ons;.
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fxnte18  Correlation coefficients (r) &

for. observed and

Correlation Coefficient (r)

Grain yield (ICRISAT)
Grain yield (pooled)

Total dry matter QICRISAT)
Total dry matter {pooled)

Root Mean Square Error (RMSE)

Grain yield Qlcm’sm
Grain yield {pooled)

Total dry matter (ICRISAT)
Total dry matter (pooled)

4

; rot mean square errors (Msﬁ)’
u R simulated
matter (ky/ha), ated grin yieid (kg/ha) and total dry

s o e

NUMBER OF

OBSERVATION

R bl

29
65

29
53

29
(3]

29
53

« REVISED

SORGF SORGF
0.66 0.87
0.47 0.62
0.66 0"‘
0.30 0.59

1910 1207 .
2228 1962

- 3395 3128
4340 4398
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