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COLLABORATIVE MULTILOCATION SORGHUM MODELING EXPERIMENT

Introduction

Over the past three years a multilocation collaborative project ls being cone
ducted at I[CRISAT and at other cooperating centers in the SAT, Scientists

from different disciplines are actively {nvolved in collecting congruent data
sets on soils, crops, weather and management with the following main obiectives:

(i) To develor and test dynamic sorghum simulation models bv
integrating information on different aspects of crop growth
and development.

(i{) To develop a quantitative understanding of crop response
to environment,

(1) To [lent!fy areas where quantitative knowledge {s lacking
and rlan a future course of action to fill the gaps in
knowledye,

(iv) To ee models as research tools in the development and
transfer of technoiogy,

Preliminary tests with SOYGI (Arkin et al, 1976) showed that several sub-
routines in the model need modification for its adoption to the SAT regions.
These subroutines deal with emergence, soil water, leaf area development,
phenology, lisht interception ant drymatrer partitioning. bHased on limited datva
sets, some preliminary reviglons were made in SOKGF during the year 1979-80
(Agroclimatology Rerort of Work, 1979-80). The revised SORGT model referred to

s SORGF-1 showed imrrovements in simulating sorghum growth and development,

Data collected from the sorghum modeling experiments during the rainy and
postrainy seasons of 1979 and 1980 were uszed to further examine the SORGF model,
The revised model is now referred to as CORGF-2, The revisions made and the
simulation results from SORGE and CORGE-2 are described in this rerort,

Experimental Met hods

Replicated trials {nvolving two standard sorghum genotypes, CSH-. and CSHet during
the rainy season and CSH-8 and M-315-1 during the postrainy season, were con- *
ducted at most of the locations, Additional molsture treatments of adequate water
and water stress at certain critical stages were included in the postrainy season
experiments. Standard data sets on cror, soil, weather and management required

to test the model were collected. letails of the nature of data and method of
data collection were described by Huda et al, (1980),

Details of Multilocation Trials

The experiments were conducted at ICRISAT Center, Coimba-ore, Delhi, Hissar,
Parbhani, Pune, Rahuri, and Ludhiana in India and at Kho. Kaen in Thailand,
Data obtained at each of these locations during the 1980 rainy season, and
1979-80 and 1980-81 postrainy seasons, are given in the appendix tables, A
brief description of the trials is given below.



1. ICRISAT Center
a) 1979-80 Postrainy Season
The trials were conducted on both Alfiscl (KP-4) and Vertisol (BP-12) solls.

RP<4: The response of two sorghum genotypes CSH~8 and M-33-1 to available
soil moisture was studied Dy creating two levels of soil moisture depletiem.
The avallable water holding capacity of the soil is 0.5 am. Crops were sown
o 19 November and the soil was rechargedto capacity just after planting.
Emergence occurred on 22 November. Two differential molsture regimes were
created by giving four supplemental irrigations st 19, 39, 37, md 78 DAE
(referred to as treatment A) and only tvo supplemental mmum at 39 md
76 DAL (referred to as trestment B). Final plmt populatims/Ma for CSH-8
vere 143,000 and 125,000 in treatments A and B respectively and for N-35-1 in
both treatments they were 150,000,

BP-12: This experiment involved comparison of five different row spacings
of sorghum hybrid CSH-6 i.e,, 30-, 60-, 90-, 120-, and 150-am at two different
noisture regimes., The crop vas sown on 22 November. After a 'come-up' irrige-
tim of 4-cm on 23 November the emergence occurred on 26 November. The available
vater holding capacity of the soll is 14 ca. The moisture regimes {ncluded three
supplemental irrigations measuring 6, 6 and 4.5 cm at 15, 35 and 55 DAE (trest-
ment A) and no supplemental irrigation (treatment B),

b) 1980 Rainy Season

Atisol (RP=4): Two sorghum hybrids CSH-1 and CSH-6 were tested under sup-
plemental irrigation (treatment A) and under rainfed situstion (treatment B),
The crops were sown tn 19 June and emergence occurred on 23 June. After glving
two supplemental irrigations to treatment A at S and 28 DAL {t was noticed that
rains following irrigations led to waterlogging and no further irrigations were
given. This waterlogging led to decreased total drymatter and grain yleld for
CSH-6 as will be discussed later.

Vertiso! (BW-3): This trial involved three sorghum genotypes CSH-1, CSH-6
and SPV-351 which were sown on 18 June and emergence occurred on & July because
of dry seeding. Plant populstions at harvest were 117,000, 130,000 and 114,000
for CSH-1, CSH-6 and SPV-351 respectively.

c) 1980-81 Postrainy Season

Experiments were conducted an both Alfisols mmd Vertisols with the specific
objective of quantifying the effect of moisture stress cn lsaf area develop-
ment, phenology, drymatter production and its partiviming in various genotypes.

Alfisol (RP-4): Three sorghum genotypes CSH-6, CSH-8, and M-35-1 were grown
under two moisture trestments A and B, The crop was som on 10 Octcber, A
comman irrigatim was given to both treatments oo 11 October to recharge the
profile. Emergence occurred on 13 October. Treatment A received four supple-
mental irrigatims at 10, 28, 39 and 70 DAL whils treatment B was irrigated at
10 and 39 DAE (Plate 1).
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Plate 1: A view of sorghum modeling «rpiriment with three
genotypes undrr two moisture treatmentls qgrown at
[CRISAT Center on an Alfiso) (RE-4) during 1980-8)
postrainy season,



Vertisol (BW-3): An unreplicated trial involving four genctypes (CSH-6,
CSH-8, M-35-1 and CSV-5) and two moisture treatments A and B was conducted.
Soving was done on 24 November. The entire fleld was {rrigated after sowing
to recherge the profile hol:ing 200 me available water. Treatwent A was given
frrigations at 36, 65 and 81 DAL while in treatment B no supplemental water
vas applied to the crop.

2. Coimdatore

Sorghum modeling experiment was {nitiated {n Coimbatore from the 1980-81 post-
rainy season. CSH-8 was sown on 9 November. The soll contained & cm avalladle
vater at sowing against the capacity to hold 14.u cm available water. Emergence
occurred on 12 November. A total of 205 mm of rainfall was received {n this

growing season. Tive {rrigations each of 5 cm were given at 28, uu, 58, N,
and 90 DAL. Fopulation was 140,000/ha.

3. Delhi

At Delhi, both CSH-1 and CSH-t were sown on 28 June during the 1980 rainy
season. The soils at Delh{ are recent alluvial solls with a maximum water
holding capacity of 18.7 em, The available soil water at sowing was 8.5 om.
Two {rrigations were given on 27 August and 16 September each with § cm., This
treatment is referred to as A. The other treatment involves growing crops
under rainfed situation and s referred to as treatment B,

4, Hissar

In the 1979 rainy season CSH-b performed considerably better with grain yleld
of 3580 kg/ha compared to 1580 kg/ha for CSH-1 due to damage caused by shoot-
fly for the later hybrids. Therefore, only CSH-6 was grown i{n 1880 rainy
season with two moisture treatments. The crop was sown on 20 June. In one
treatment three additional {rrigations each amounting 8 cm were applied on 9
July, 20 July and 16 August (treatment A) and the other treatment involves
groving crops under rainfed tituation (treatment B),

5. hon Kaen

Sorghum genotype Hegari was sown on 13 August 1980, The available water at
sowing was 11.5 cm indicating the fully recharged profile. Emergence occurred

on 16 August. No irrigation was given,

6. ludhiama

CSH-1 and CSH-6 were sown on 1 July 1980, The soil profile was almost full at
the time of sowing. The available water holding capacity of the soil is 12,3 om,
Emergence occurred on & July, A total of 74.5 cm ralnfall was received during
the growving season. The crop was grown in rainfed situation.

7. Parbhani

a) 1979-80 postrainy Season

CSH-8 and M-35-1 were sown on 7 October. The available water holding capacity .
was 15 ca at sowing indicating 75 percent recharge of the profile. Emsrgence .
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ocoourred an 12 October. Crope were grown with the residual melsture with 28 m
precipitaticn received in this growing season.

b) 1900 Mainy Season

CSH-1 and CSH-6 were sown on 23 June, The soil having 20 om available vater
holding capacity vas about 50 percent recharged at sowing. It took 3 days for
emergence. No supplemental irrigation was glven.

¢) 1900-41 Postrainy Season

CSH-8 and M-35-1 were sown on 20 October. The available soil water at sowing
ws 16 . Dmergence occurred on 23 October. Two irr{gations sach of $ m
were given on 25 October and 11 November., The stand of M-35-1 vas very poor and
therefore no data are reported for this variety,

8. Pune
a) 1979-00 Postrainy Season

CSH-1 and M-35-1 were sown on 1 December. The available soil water at sowing
vas 8.6 cm against the capacity of the soil to hold 12,5 cm available vater. Row
to rov spacing was maintained at 45 om while this wvas 75 o for almost all other
locations. Five irrigations each mmounting 7 om were given on 15 November, 12
December, & January, 23 January and 7 March,

b) 1980 Rainy Season

CSH-1 and CSH-6 were sown with 4S cm row spacing on 17 July. The aysilable water
holding capacity of the scil was 10 om. An {rrigation was ;iﬂ %0 Pecharge the
profile at sowing.

¢) 1900-81 Postrainy Season

CSH-8 and M-35-1 were sown on 16 November with a presowing irrigation after
recharging the profile with a capacity to hold 10 cm svailable water. Emergence
occurred on 18 November, Thres more irrigations each measuring 10 cm were ¢£m
on 21 December, 14 February and 4 March. The stand of M-35-1 was not good and
therefore data for this genotype were not reported.

9. Rahwri
a) 1960 Rainy Season

CSH-1 and CSH-6 were sown on 12 July, The sofl at the time of sowing contained "
10 c» available water against its capacity of 12 em. Emergence occurred on 15 July.
Thare were two moisture treatments. In one treatment (00 mm water vas applied
through irrigation. This is referred to as treatment /. In trestment B crops
were grown nder rainfed situation,



b) 1900-4] Postrainy Season

CSH-8 and N-35-1 were sown on 19 October when the ava{lable soll water was 10 om,
Two more lrrigations each amounting to 10 om were given on 4 and & December.

Results
1. Sumary of Weather Dats

The normal and seasonal rainfall dete along with seasonal potential evaporation

at different locations for the 1980 raliny season are given {n table 1, Above
normal rainfall was received st Delhi, Parbhani and Ludhians. The seasomal
rainfall at ICRISAT Center was normal and was 28 percent higher than the PE require-
ment. Rainfall &t Hissar, Khon Keen, Pune and Rahurl was below normal. However

at Khon Kaen the PE requirements could be adequately met through the seasonal
reinfall.

Table 1.  Summary of weather data for 1980 reiny season (Sowing to maturity),

Location ' Seasonal Normal Open pan PE#
rainfall rainfall evaporation (Eo)
susmosatarenenweusvn v suflfllccsccran sens nnnnne e nasnen e

ICRISAT Center 591 587 " 658 46!

Delhi 724 617 %68 198

Hissar 200 304 R0L 563

Khon Kaen 458 557 392 27

Parbhani 1050 830 698 489

Pune 248 516 500 350

Rahuri 291 538 55 396

Ludhiana _ 748 528 528 370

%PE = Eo x 0.7

2. Summary of Experimental Resylts

Detailed data on phenology, maximum and final LAI, total drymatter and grain
yield observed for different sorghum genotypes at ICRICAT and the phenologlcal
data observed at other cooperating locations are given in the section under
simulation results. Summary of genotypic performance nder different treat-
ments at each of the locations is given below.

a) ICRISAT? Center

(1) 1979-80 Postrainy Season: There was no diffe ence in the days to phy-
siological maturity (PM) between the two moisture trea ments A and B for both
CSH-8 and M-35-1 in an Alfisol (RP-4) experiment. Howver, {t was observed
from other experiments that hastening of the maturity depends on the degree of
moisture stress which prevails during the grain filling period. The available



soil moisture at PH in this experiment vas 2.0 om for N-35-1 {n Doth treat.
sents vhile it ws 1.9 and 1.5 o in treatments A and B for CSH-8, Thus both

A and B treatments had the same order of molsture stress during the later part
of greln filling period. CSH-8 performed better than N-35-1 under hoth adequate

and linited moisture stivations.

(11) 1980 Ralny Sesson: 1In the trial en the Alfisols (RP-u), total dry-
matter and grain yield for CSH-6 in treatment A were lower than in treatment ),
Observed reductions show that CSH«6 {s susceptible to waterlogging in the rainy
season. Since total drymatter and graln yleld for CSH-i were higher {n treat-
ent A than in B {t can be sureised that CSH-! {s tolerant to waterlogging.

In the Vertisol experiment, CSH-6 performed better than CSH-1 and SPV-3S1,
although the leaf area index and total drymattar were maximum in SPV-351. Pape
titioning of drymatter to grain component which sesms to be important here {s
discussed later,

{(111) 1980-8) Postrainy Season: Early maturity because of molsture stress
{n treatment B was notable for all the three genotypes CSH-6, CSH-8 and M-35.1
tested on the Alfisols (RP-4) {n two moisture treatments. leaf area {ndex, total
drymatter and grain yield were maximum in treatment A for sll the genotypes (Plate 2).
Highest grain yield was recorded for CSH-8 in both treatments, However, under
limited water avallability In treatment B, M-35v! was superior in total drymatter
production as compared to CSH-8 and CSH-6. Total watar use and water use offl.
cliencies for different treatments are shown in table 2.

In the trial on Vertisols (BV-3) early maturity was observed due to the
effect of moisture stress. CSH-6 showed early maturity followed by CSV-5,
CSH-8 and M-35-1. The performance rankings in terms of grain yleld for treat-
ment A is CSH-8 > CSV-5 > CSH-6 > M-35-1 and for treatment B {t is CSH-8 > CEH-6
> C8V-5 > N-35-1, Maximum totsl drymatter in trestment A vas recorded for CSH-8
vhile in treatment B, CSV-5 proved superior,

Results from both the Alfisols and Vertisols show that CSH-8 proved superior
to the other genotypes tested.

Table 2, Water use and water uge efficlency of three sorghum genotypes grown
during the 1980-81 postrainy season at ICRISAT Center.

———

CH-8 CSH-6 ¥-35-1
Observation — 3 T T3
1, Vater use (m) 289 210 281 198 291, 210

2, Vater use efficiency (kg gﬁ/f'ﬂ)/ 38,6 30.8 32,9 25,3 35,2 2.3



Plate 2: Comparison of heads for three sorghum genotypes qrown
at ICRISAT Center on an Alfisol (RP-4) during 1980-81
postrainy season.



b) Cooperating Centers

A summary of crop data for all the cooperating centers is given in table 3.

The deta indicate that during rainy season, CSH-8 perforwed consistently better
than CSH-1 at all locations excepting Rahur{ during the 1980 rainy seasom.
Supplementsl irrigations given to trestment A totalled 100 mm at Mahur{ and
this led to waterlogging. CSH-8 ylelded less than CSH-1 in trestwent A whils

in treatment B (rainfed), CSH-8 proved superior. This observation confirws

the susceptibility of CSH-8 to waterlogging observed in the Alfiscl trial at
ICRISAT Center during the same season. In the postrainy season at all locations
CSH-8 showed its superiority over M-35-1.

Table 3. Susmary of crop data collected at cooperating centers.

(1) Delhi (1980 Rainy Season)
CSH-1 (A) CSH-1 (D) CSH-8 (A) CsH-6 (D)

Final plant populstion 140,000 140,000 160,000 160,000
Total drymatter (kg/ha) 11,586 9,016 12,810 11,430
Grain yield (kg/ha) 3,850 3,850 4,500 3,900
Maximun LA 5.92 8,92 5,18 5,18
Final LAl K] 1,69 2.49 1,43

ar (1980 Rainy Season)

CSH-6 (A) CSH-6 (B)
Final plant population 175,000 167,000
Total drymatter (kg/ha) 23,420 20,316
Grain yield (kg/ha) 3,310 2,786

(3) Ludhiana (1980 Rainy Season)

CSH-1 CSH-6
Final plant population 80,000 80,000
Total drymatter (kg/ha) 14,200 14,200
Grain yisld (kg/ha) 1,437 7,467
Maximum LAI 1.09 1,08
Final LAl 0.5% 0.%2

(4) Khon Kaen (1980 Rainy Sesson)

Final plant population 119,000
Total drymatter (kg/ha) 4,750

Orein yield (kg/ha) 950

Maximum LAI : 1.04

Pinal [ 0.9 - |

(A) Mequats moisture supply
(3) Rainfed



Table § Contd.

Final plant populatiom
Grain yield (kg/ma)

Final plant population
Grain yleld (kg/ha)

Final plant population
Grain yleld (kg/ha)

Final plant population
Total drymatter (kg/ha)
Grain yield (kg/ha)
Maximm LAI

Final LAI

Final plant population
Total &rymatter (kg/ha)
Grain yield (kg/ha)
Naximm LAl

Final LAl

Final plant population
Total drymstter (kg/ha)
Grain yield (kg/ha)
Naximum LAI

Final [AI

10

(%) Coimbatore (1980-81 Postreiny Seasen)
C8H-8

140,000
+ 3,187

(6) Rahiri (1900 Rainy Seasen)

CSH-1 (A) CSM-1 (B)  CSM-6 (A)
130,000 130,000 140,000
3,913 3,208 2,694

(7) Rahuri (1980-81 Postrainy Season)
CSH-8

90,000
7,158

(8) Parbhanl (1979-80 Postraliny Season)
CSH-B

70,000
5,800
2,000

2,32
1.%9

(9) Parbhani (1980 Rainy Season)
CSH~1

112,000
11,240
2,800
3.72
1.4

(10) Parbhani (1980-81 Postrainy Seasen)

CSH-8

92, %0
5,150
3,080

4.62
1.07

CcsH-6 (B)

140,000
3,998

M-35-1

140,000
+,074

N-35.1

68,000
5,300
1,400

1.07
1,43

C8H-6

115,000
13,020
3,080
3, %
1.3

Table emd.‘
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Tabla 3 Comtd.
(11) Pune (1979-80 Postrainy Season)
CSK-8 N-38-1
Final plant population 180,000 150,000
Total drymatter (kg/ha) . 8,657 4,000
Grain yleld (kg/ha) 5,360 1,788
(12) Pune (1980 Rainy Sesson)
CSH-1 CSH-8
Final plant population 70,000 120,000
Total drymatter (kg/ha) §,13) 8,208
Grain yield (kg/ha) 1,233 2,138
(13) Pune (1980-81 Postrainy Season)
CSH-8
Final plant population 100,000
Total drymatter (kg/ha) 8,296
Grain yield (kg/ha) 2,759

3, Revised Subroutines in SORGF
a) Phanology

The time from emergence to floral differentiation i{s computed in the SORGF
model as the period midway between the stages vhen five leaves expanded and -
vhen the flag leaf is visible in the whorl; time from emergence to anthesis
is calculated as the computed date the flag leaf was expanded plus 0.80 times
the computed nuaber of days from differentiation to flag leaf sppearance;
tine from emergence to physiological maturity (PN) {s calculated as 1.4
times the computed number of days from emsrgence to anthesis,

In the revised version of SORGF instead of Accumulated Daily Heat Units,
Groving Degree Days (GDD) sre used to estimate the phenmological events with
a base temperature of 7°C and & cutoff temperature of 30°C. Dats collected
&t ICRISAT Center show that 380 GDD are required to reach panicle injtiation
(P1) for hybrids 1ike CSH-1, CSH-8 and CSH-8, GDD for varieties like SPV-351
and N-35-1 are 420 vhich is a little higher. These values ave referred to as
bass GDD for PI. Emergence to anthesis is computed as 2.88 times GDD required
for PI. Similarly emergence to physiological maturity is computed as GDD
required for Pl times 4,15,
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The simplicity of the method of GDD computation may cause ervers in
caloulating GDD. Scme criticlems of calculating GDD weing maximum and
sinisum temperetures with base and cutoff temperature are as follows:

@ The threshold temperatires are not constant but change with
advancing age of the plant (Nang, 1980); the narrower the
renge between daily maximum and minimm, the faster the deve-
lopment rate 1s at the same average temperature (Arnold 1971);
and

@ the day length blas is also incorporated {n computing GDD in a
north-gouth direction (Newman 1971), Stapper and Arkin (1900)
used a day length correction factor for computing GDD to
deternine the phenology of corn,

It {s suggested that these points be considered and a sound nethod of
GDD computations be evolved In due course of time. However, the following
correction factor is used In the revised version for computing phenology.

GDD for P! = Base GDD {1-(13-Day length) x .2}

A base day length of 13 hours was chosen because the averege day length
for the emergence to PI in the rainy season i{s 13 hours at ICRISAT Center.
Emergence to anthesis and PM for other locations is computed {n a similar
nanner for ICRISAT Canter.

b) Leaf Area

Total number of leaves and maximum area for Individual leaf are two of the
input dats requirements for driving SORGF model. The number of leaves given
as input data for a genotype determine its maturity duration depending on the
environmental condition. It needs 50 HU above 79C base temperature for a new
leaf to emerge and then attainment of [ts maximum area {s also a function of
temperature. It is assumed that {n the present model each leaf will achieve
its maximum area irrespective of water stress. Also it s assumed that senee
scence will start after 1ith leaf fully expands. These are some of the limi~
tations in the computation of leaf area index.

It would be useful to simulate area for each leaf using environmental
Information instead of using them as input data. Data collected from ICRISAT
indicate that senescence occurs after seventh leaf has expanded. So this
information {s included {n the revised version, It {s also assumd that the
final LAT at P¥ will be 0.5 of its maximum under no moisture stress situstion}
1/3 uwder mild water stress conditions (at WATSCO -- ratio of current avallsdle
vater and water holding capacity -- between 1.0 and 0.5). In severe moisture
situation (WATSCO < 0.5) the fisal LAI will be nearly zero. Critical evalua»
tin of the effect of molsture stress on leaf development is presently undesway,
Reasouable estimation of leaf area index {s important because this information
is used {n other subroutines like lLight interception and soil water.
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c) Light Interception

The light interception portion of the model simulates the relative quantum
flux intercepted by a single plant. Intercepted Photosynthetically Active
Radistion (PAR) is calculated on an hourly basis following s Desr's law rela-
tionship ueing solar rediation and light trensmission values. Hourly solar
rediation is computed from the input soler radiation and by accounting for
the number of hours of sunlight for any day which {» calculated as a sine
function of the local solar time and day length. Examination of our data
show that model camputation of solar declination and day length are quite
sccurate resulting in sufficlently accurete estimation of hourly solar redia-
tion. The quantum flux density (PAR) in l:i.mtdu a? dly"l {s estimated in
SORGT from the energy flux density (RS) {n cal cm~?day"! as

PAR = RS (0.121)

However our results indicate that the constant relating PAR to solar redia-
tion (RS) should be altered, In the revised version, PAR {s thus calculated
as 0.09 times RS,

Light transmission {s calculated from the relationship of extinction
coefficient and maximum light transmission using {nformation on row spacings
and LAI. An examination of the computed and measured light trensaission for
different row spacings showed that the model was overestimating light-trens-
aission, especially at low levels of canopy light transmission. The model
breaks down for row spacings greater than 137 cm because the computed light
transmission exceeds 100 percent. Thus the functions for estimating extinctiom
cosfficient (X2) and maximum light transmission (X1) were revised. These are:

X2 s 0.0065 * Row spacing - 0.6469
X1 # 0,4711 % Row spacing + 67,2642
Light trensmission = X1 # Exp {X2 # DLAI (1)}

Both SORGF and the revised equations simulste light transmission within
15 percent of observed light transmission, with the revised equations per-
forming better for wider row spacings. This indicates scope for further
improvement of this subroutine.

d) 8cil Water

Daily available vater for the entire soll prefile (single layered) is computed
after Ritchie (1972) using information on initial dvallable soll water, avail-
able water beiding capacity, reinfall/irrigstion, and evaporative demand.
Potential evaporstion below s plant canopy (Eos) is calculated after qowputing
potential evaporation from bare soil (Eo) and using LAl values. Eo is calcue
lated in the model using the Priestley-Taylor (1972) equation which requires
net rediation as input dsta. Net radiation {s computed from aldedo, naximm
solar radiation reaching the soil surface (Ro), and sky emissivity. Ro is cal-
culated using a site-specific sine function as follows for ICRISAT Center:
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Ro = 616 ¢ 108 * {Sin (0.0172 * (1-80))
and Ro {s not allowed to exceed 690 cal cn”2day™’

However, results {ndicate that Eo is underestimated. It may be useful to
include cpen pan data as an input requirement of the model so that by multip-
lying these data with a suitadle constant PL could be estimated. In the
revised version open pan data times 0.7 has been {ncluded to compute PE.

However, several other subroutines of soil water are available {n the
literature. At present an exercise is undervay to compare the performance of
these subroutines. The subroutine giving accurate estimates of svailable sofl
vater will be included in the model. These suwroutines are:

(1)  Ritchie model (1972) with appropriate modification for
computing ET,

(11)  Ritchie model (1972) with the procedure developed by
Williams and Hann (1978) to account for an effective
rooting depth and consider a multi-lsyered profile,

(141) 1ICSWAB (Reddy, 1979),

Reascnably accurate computation of soil water {s important becasuss it
determines the moisture stress {ndex which influsnces LAI, phanology, drymatter
and its partitioning. "

e) Drymatter and its Partitioning

In SORGF potential photosynthate {s calculated from intercepted PAR. Net
photosynthate is computed after accounting for the water and temperature stress
as well as for respiration. At ICRISAT Center we do not have facilities to
study the photosynthesis and respiration in detail, So it was felt that it
would be desirable to develop a relationship between total drymatter (TDM) and
intercepted PAR, Our data indicate that 3 gm of drymatter is produced per W
of PAR absorbed when vater and tempersture stress do not occur. From the dally
potential drymatter, actual drymatter increase is estimated as a function of

and water stress using the TEMPCO and WATSCO coefficients, This
has been included in the revised version of the model,

The average harvest index wvas found to be 0,50 for the hybrids like CSH-1,
CSH-6 and CSH-8; and 0,36 for varieties like M-35-1 and SPV-351 under no mois-
ture stress conditions. Howsver, these valuss were lower depending on the
degree of moisture stress. In the revised version the harvest index used was
0.40 for hybrids and 0.26 for varieties under moisture stress conditions.
Assumptions are made that HI per day holds a linear relationship from anthesis
to PH. Further sxamination of the data is required to come up with a more satis-
factory partitioning coefficlents.

4. Summary of Simulation Results

The revised SORGT version is yeferved to as SORGF-2. The following compwrd-
sion of SORCF and SORGF-2 results are ndo with the observed data.
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4. Phenological events.
b. leaf area index as a function of time.

€. Drymatter and {ts partitioning to grain yleld.
d. Statistical analysis.

a} Phenclogical Bvents

Observed and simulation results for the days required from emergence to anthe-
sis and PN for different genotypes, locations, seasons and treatments are
compared in tables 4 and 5. Observed data indicate that rainy season hybrids
1ike CSH-1 and CSH-6 took about $52-56 DAE to reach anthesis and 85-88 DAL to
reach PN, while SPV-351 took about 62-63 DAE to reach anthesis and about 9093
DAL to reach maturity. In early October plantings during the postrainy seasen
CSH-8 matured a little earlier than M-35-1, It took about 60-88 DAE to reach
anthesis and 38-106 DAL to reach PN. M-35-1 reached anthesis by 67-71 DAE and
PN by 105-113 DAL, When plantings were delayed till late November on deep
Vertisols days to anthesis and PM were extended for CSH-8. K-35-1 also took
longer to reach anthesis (80 DAE) and PM (115 DAE),

Simulation results indicated that SORGF underestimated the maturity dure-
tion while the estimation by the revised wersion was reasonably close to the
observed data.

b) Leaf Area Index as a Punction of Time

Data on leaf area index were collected at 7-10 days interval in all the treate
meants for every experiment conducted at ICRISAT Center. Simulation results
are compared with the observed data, and the maximun LAl and final LAl at P¥
for all these experiments are given in table 6, Geasonal changes {n LAl for
salected experiments are shown in Figures 1 to .

Results indicate that both SORGF and SORGF-2 overestimate the maximum

LAI. Suggestions are made in the preceding section regarding future revisions
in computing LAI in the early growth stages. Modifications made so far in this
regard account for leaf senescence after the expansion of the 7th leaf (instesd
of after the 1ith leaf as {s done in SORGF) and include the effect of mofsture
stress in the grain filling period. The revised version of SORGF improved the
computation of LAl in the grain filling period. However, further {mprovements
are envisaged in the overall leaf area development computation.

¢) Drymatter and its Partitioning to Grain Yields

Total drymatter (kg/ha) and grain yields (kg/ha) for all experiments conduc-
ted at ICRISAT Center are compared with simulation results (table 7), and
seasonal patterns in observed and simulated drymatter and grein yiold for
selected genotypes are shown in Figures 5 to 8,

Obeerved and simulated drymatter and grein yield pooled over all the
treatments are shown in Figures 9 and 10 to examine the degree of correspon-
dence between observed and simulated results. Results indicate that scme
improvements in simulsting TOM and graip y{elds were achieved through mhwg,g
and considerable scope exists for furtler improvesent. |
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Tadla 4, (Meerwd and Siwulated Phenclogical Events at ICRISAT Center.
ocation Season Genotype/ Hl from emrgence to -
Treatmant _Anthesls ‘
5 v &
RP-4 1979 Rainy CSH-1 56 54 53 7 M (]
25H<-6 5% N 99 B % 83
BW3-A 1979 Rainy CSH-6 52 62 53 8l 1% a2
SPV-351 b3 o4 57 9 88
RP-4 1379-80 Post-  DGH-8 A 60 69 12 98 97 103
rainy CSH-8 B 62 69 7 97 97 103
M-35-1 A b7 69 % 105 97 109
M-35-18 69 69 76 105 97 108
RP-4 1980 Rainy CSH-1 A 52 5] 54 88 76 88
CsH-1 B* 52 51 54 B8 7% 85
CSH-6 A 59 5] " %6 7% 85
CSH-6 B 93 51 54 % 7% 85
BW3-A 1980 Rainy CBH- 1 o 51 57 87 80 87
CSH-6 Gy 5] 57 TR " 87
$PV- 351 62 62 3 w7 94
RP-4 1980-81 Post-  (SH-8 A 66 56 66 106 80 108
ralny CSH-8 b b4 56 66 102 80 108
¥-35-14 71 b 72 113 87 116
M-35-18 70 64 7 11 87 116
BNFA 1980 -81 Post-  CSH-6 A 73 T4 4 110 104 1o
rainy CSH-8 B 73 T N 107 104 104
M-35-1 A B0 7% 78 115 106 110
M-35-18 80 7% 78 111 106 110
0 = (bserved
Sy ® SORGF
Sp = SORGF-2
A = Adequate moisture supply
B = Limited moisture supply
PM = FPhysiological maturity
& = Rainfed
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Table 5. (bserwd and simulated phenclogical events for coopsrating centere

"8 from emrgence to
location  Season Qenotype ™ EE
5 85 852 R S

Parbhani  1979-80 Postrainy CSH-8 .56  Sv 60 % 7 101
sedson M350 66 54 64 106 7 108

Pune Wwooom CSH-8 61 T8 M U1 108 12
M-8l 69 T 82 Le 108 L7

Delhi 1980 Rainy CSH-1 58 &9 82 % 69 8
season CSH-6 56 49 62 95 69 9%
Parbhani " " CSH-1 58 53 53 88 7 )
CSH-1 54 83 53 o 7" ()
Khonkaen " " Hegari 52 38 82 92 % 80
Parbhani  1980-81 Postrainy (SH-8 59, 5 &9 11 7% 1%
244s80n
Coimbatore " " CSH-B8 58 55 6l 9% 7% 93
Rahuri " " CSH-8 59 56 68 91 719 115
M-351 63 61 73 9 B6 121
0 = (Qbserved
Sy = SORGF
S = SORGF-2
tM = Physiological Maturity
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Table 6. (bserved and Similated Naximum and Final Leaf Area Index

_ V- — ]

location Season Genotype/ Naximm LA final LAI |
Trestmert  § El %, I 3 52

RP-4 1979 ralny  CSH-1 2.86 2,98 2,66  2.05 2,98 1.0%
CSH-6 2.70 3,29 2,88  1.93 3,29 1.1
BN3-A 1979 rainy  CSH-6 3.47 3,38 3,07 1.0 3,37 1,5

SPV-351 Joub 3,38 3.0u 1,83 3 & 1.58

RP-4 1979-80 post- CSH-8A 2.7 3,68 304 1.0 3.5 0.9
relmy  (oy.g8 2,25 3,18 2.7 0.2 3.4 0.28

M- 35- 1A 300 3,7 3,20 0.92 3.69  0.78

M-35- 1B 2,29 LM 3,20 0.27 3.69 0,23

RP-4 1980 reiny  CSH-1A 2.93 3.88 3,13 1.23 3.81 1.6)
csH-18" 3,06 4,40 3.57  1.77 4.32  1.82
CSH-6A 3.5 4,53 3.9 0.9 4.53  2.01

CSH-6B" 3.52 453 3.9%  1.57 .53 2.01

W 3A 1980 rainy C5H=-1 2,83 3,93 .12 1.07 3.87 1.60
(SH~t 2,76 3,63 3,12 1.52 3.%9 1.60

RP-4 1980-81 post-  CSH-8A 2.96 .98 W48 1,92 4,97 1.5
IO conss 2.5 3.81 3.3 046 3.80  0.23

M-35-1A 2.86 3.95 3,53 0.8 3,92 1,03

M- 35-1B 2,02 2,80 2,50  0.45 2,78  0.17

BW3A 1980-81 post- CSH-BA 3.88 4,12 3.63  1.98 4.12 1,68
ralny ooy g 3.16 .12 3,63 0,79 .12 0,33

M-35-1A 370 4,04 3.4 2,77 4,08 1,46

M- 35-18 2,35 3,50 2,98  0.61 3.47 0,28

0 = Observed
§) = SORGF
§9 = SORGF-2
A = Adequate moisture supply
B sz Limited moisture supply
# s Rainfed
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Figure 3, Observed and s1mulated1eaf area index for sarghum hybrid CSH-8 grom
under adequate water supply (Trt.A) during the 19808 postra

season on an Alfisol at ICRISAT Center.
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Figure S, (pumd ‘and simulated tota) drymetter and grain yield for sorghum hybrid CSH-8

grown under adequate water supp)y during the 1979-80 postrainy season on an Alfisol
at 1cmw Conter,
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Figure 6, Observed and simulated total dry matter and grain yield for

sorghum hybrid CSH-6 grown under rainfed situation (Trt.B)
during the 1980 rainy season on an Alfisol at ICRISAT Center.
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e) Statistical Analysis of Simulation Results

Selected crop data pooled over 27 data sets were used to compare the perfor-
wance of SORGF and SORGF-2 models (table 8), The observed TDM (kg/ha)
renged from 4950 for the genotype N-35-1 grown under molsture stress to 12510
for CSH-6 grown in reiny season. Grain yields (kg/ha) renged from 1300 for
N-35-1 under moisture stress to 6136 for CSH-8 under adequate moisture supply
treatment in the postrainy season. Simulation results show that SORGF model
overestimated particularly the grain yields at both the highest and lowest
ends. SORGF-2 improved the aimulation. °

Table 8. Statistical analysis of simulation results (n s 27)

(a) Highest, mean and lowest response of observed and
simulated data

Crop Observed SORGT_ SORGT -2
data Highest Mean Lowest Highest Mean Lowest |Highest MNean lowest

Total 12510  9uuk 4950  1u548 10000 5u54 14013 B64S  uub8

drymatter
(kg/ha)

Grain . . 6136 3954 1300 7607 %8.'} 3183 6564 3680 1159
yield ' ‘
(kg/ha)

Physio- 115 97 81 106 85 76 116 98 83
logical

maturity

(DAE)

Maximum 3,88 2,89 1,73 .98 3,68 2,28 .48 3.2 214
AT

Final LAI 2.77 1.24 0.27 4.97 3.65 2.28  2.01 1,42 0.13

(b) Correlation coefficient

SORGF SORGF-2
Total drymatter 0.32 0.83
Grain yield 0.17 0.87
(c) Root mean square error (RMSE)
Total drymatter (kg/ha) 2779 1619
Grain yield (kg/ha) 1886 766

Physiological maturity (DAE) 13 3
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It can be noted that the data represent genotypes with a renge of matu-
rity duration froam 81-115 DAE. SORGF underestimated maturity duration while
SORGF-2 estimated closely for the entire range of duration. No major change
has yet been made in computing maximum LAI which is evident from the over-
estimation of the data by both models. The effect of moisture stress factors
on leaf expansion and senscence should be further exaained and incorporated
in the model in computing the dally LAI. The observed final LAI data range

between 0.27 to 2.77 whils SORGF model overestimated final LAI, SORGF-2 lmp-
roved the estimates,

Correlation coefficient between observed and simulated results (table 8)
show that revisions in the model resulted in improved estimates of TDM and
grain yield. SORGF could explain only & percent variation sssociated with
grein yields in the present data set while SORGF-2 could explain 76 peroent
variation.

Error analysis of the simulation results indicates that RMSE for TDM,
grain yields and PM was reduced due to revisions {n the model (table 8).

Conclusions and Future Plans of Work

Revisions in the model did show some improvement i{n simulation results. Sys-
tematic examination of the data is underway not only to improve the predictive
nature of the model but also to investigate reasons why in certain individual
cases the model performance was poor. At the end of the 1981 rainy season
there will be multilocation data sets from five seasons representing various
genotypes grown under different treatments., Critical examination of half of
the data sets will be undertaken to revise the model and the other half would
be used to validate the revised model.

Collaborative work with the soil fertility grow is underway to develop
a nutrient subroutine for inclusion in the model. It s difficult to develop
pest and disease subroutines. However, in the 1981 rainy season an experiment
is taken up in the unsprayed plots at ICRISAT Center with five genotypes (CSH-1,
CSH-5, CSH-6, CSH-8 and SPV-351) with 40 kg N/ha to evaluate the model perfor-
mance under medium fertility and no pest and dissese’control conditions.

Experiments on three pearl millet genotypes (BJ-104, WC-C75 and ICMS-7703)
have been taken up from 1981 rainy season to collect standard data sets to
develop a dynamic simulation model for pearl millet,
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NEATHER DATA POR 10 DAY PERTODS FOR DIPFERENT LOCATIONS AND SEASOH
[Except for rainfall, all values are daily averages) s

Location: TCRISAT Season: 1979-80 postratny

o e R T e T )
1 01 Nov~10 Nov 6.0 295 19.6 2b5 406 4.1

2 11 Nov-20 Nov 00 2.8 198 28 30 3.9

3 NN 81 29.0 188 239 3.7

4 01 Dec-10 Dec 0.0 27.8 153 a5 W 0,3

5 12 Dec-20 Dec 0.0 281 162 21 38 b4

6 21 Dec-30 Dec 00 24 135 2204 07

I Abedgim 00 b 160 22 k2 6

B 10 Jan-19 Jan 00 82 B 2.0 WL 5]

9 20 Jan-29 Jmn 0.0 300 152 26 Y 5,6

D BPimdBREL 00 W 6T B5 W 65
11 09 Febe18 Feb 0.0 3.8 18 248 U 7.1

12 19 Peb-28 Feb 0.0 31 183 262 489 .6

13 29 Feb 09 Mar ho B4 86 20 55 8.7

14 10 Mar-19 Mer 8.6 3.8 19.6 26.7 533 8.8

15 20 Mar-29 Mar 0.0 30 23 291 513 10.8

Seasnal total: R.7 911.0




3

WEATHER DATA FOR 10 DAY PERIODS POR DIFFERENT LOCATIONS
[Except for rainfall, all values are daily sverages) D TSNS

Location: ICRISAT Season 1980 rainy
o e (=i = ek RSt il oy
1 0) Jw-10 Jun 2.8 W7 239 2.3 4B 8.5
2 Win20sn 162 R 235 29 4B 6.4
3 21 Jun=30 dun 4,9 336 24l 28.9 381 10.6
4 01 Jul-10 Jul Bl 309 29 6.9 38 7.0
5 11 Jul-20 Jul 2.8 3.9 34 27 M 7.1
6 21 Jul-30 Jul B0.9 28.4 221 253 29 3.7
! nmskg @2 20 29 A8 2
8 10 Ag-l9Ag 188 208 223 260 378 3.9
9 20 Aug-29 Aug %1 281 216 248 37 3.6
10 30 Aug-08 Sep 0.5 283 216 250 399 b1
11 09 Sep-18 Sep B9 2.8 2.5 256  Ub 09
2 19Sep28Sep 28 3.0 21 265 40 8.4
13 29 Sep-08 Oct 0.0 3.6 195 260 5k 6.0
Seasnal total:  727.0 2.0




WEATHER DATA FOR 10 DAY PERIODS FOR DIFPERENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Location: ICRISAT

Season: 1980-81 postrainy

ot s (=~ i Rt vl
1 09 Oct-18 Oct 6.3 3.7 18.6 25.6 488 6.8
2 19 Oct-28 Oct 0.0 308 185 247 U8 5.1
3 01 Nov-10 Nov 0.0 30.8 14 2.6 496 6.6
4 11 Nov-20 Nov 0.3 9.1 2.2 246 340 0
5 21 Nov-30 Nov 0.0 295 147 221 k5B 5.7
6 01 Dec-10 Dec 0.0 282 135 2.9 430 5,7
7 11 Dec-20 Dec 0.0 29.4 09 201 7 5.8
8 21 Dec-30 Dec 2.0 215 169 222 % 4,7
9 31 Dec=09 Jan 0.0 282 1.8 205 ko 5,2
10 10 Jan-19 Jan 5.6 241 145 19.3 340 b4
11 20 Jan=29 Jan 0.0 282 149 216 U6k 5,2
12 30 Jan-08 Peb 0.0 307 16 27 51 6.9
09 Feb-18 Feb 0.0 3R.6 18 23.7 531 8.1
14 19 Feb-28 Feb 0.0 33.8 181 259 53 8.8
15 01 Mar-10 Mar 0.0 38 1.7 263 5T 10.6
16 11 Mar-20 Mer 9.2 RT 201 6.4 59 9.0
17 21 Mar-30 Mar 7.6 33 20 2.2 B3 8.2
Seasrnal total: 1010

lm.o




35

WEATHER DATA FOR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Location : Codmbatore Season: 1980-81 Postrainy
o D o ow t (31t o)
1 09 Nov-18 Nov 1259 28,6 20.9 24,8 328 3.6
2 19 Nov-28 Nov 3.7 8.8 19.8 24,3 397 3.4
3 29 Nov-08 Dec 6.4 29,4 19,2 24,3 406 4,1
4 09 Dec-18-Dec 0.0 303 19.4 24,8 372 4.5
5 19 Dec-28 Dec 1.2¢ 291 18,7 23.9 330 3.1
6 29 Dec—07 Jan 0.0 302 184 24,3 405 4,7
7 08 Ja-17 Jan 0.2¢ 301 181" 24,1 406 4,8
B 16 Jan-27 Jan 0.0 300 191 245 3 b4
9 28 Jan-06 Feb 0.0 34 159 23.7 452 5.6
10 07 Feb-16 Feb 0.0 R5 1.7 2.1 45 5.9
11 17 Peb=26 Feb 0.0 3 153 23.8 514 7.0
Seasonal total:  137.4 517.0

Trrigation
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WEATHER DATA FOR 10 DAY PERIODS POR DIPFERENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Locaton: Delrd Season: 1980 ratny
e R R )t o)
1 28 Jun=07 Jul 1.6 3.6 6.3 3.0 445 .5
2 08 Jul-l7 Jul 118.1 314 5.6 28.5 343 3.0
3 18 Jul-27 Jul 200.8  33.3 26.3 29.8 50 4.3
b 2R Tul-06 Aug 115.3 3.7 6.1 28.9 284 3.5
5 07 Aug-16 Aug 58.1 34,0 5.3 29.6 442 4,3
6 17 Aug-26 Aug 0.4 %2 258 3.0 463 5.7
7T 27 hug-05 Sep 24,60 HM 25'8 30.6 k22 5.8
8 06Sep-l5Sep 36 33T M9 93 W 5.0
g 16 Sep-25 Sep 0.0 3.0 232 29.1 k21 6.0
10 26 Sep-05 Oct 0,0 3.3 2.3 283 0 7.0
11 06 Oct-15 Oct 4,0 334 20,0 26.7 386 5.9
Seasnal total:  706.5 56,0

rrigation
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WEATHER DATA FOR 10 DAY PERIODS FOR DIPFERENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Location: Hissar Season: 1980 reiny
o D e - e o i
1 20 Jn-2 Jwn 8.0 B3 8.2 3.2 58 11.0
2 Pan9sa 20" WA 24 RA 518 8.5
3 10 Jul-19 Jul 5.6 W6 %68 %7 419 5.9
y 20 Jul-d Jul 8.1 3.2 64 WA b2 5.3
5 30 Jul-08 Aug 4.7 B8 %6.7 3.3 405 4.4
6 09Agl8Ag B9 %1 260 1Sk 6.5
T 19 hug-28 Aug 0.0 .4 25.7" A6 562 6.7
8 2 A7 Sep 0.0 %0 246 B3 512 6.9
9 08 Sep-17 Sep 0.0 ¥7 A3.6 .7 485 6.2
10 18 Sep-27 Sep 0,0 ¥.8 2a.3 2.0 497 5.9
1 2 sepd7 Ot 00 .8 182 80 45 1.5
Seasonal total:  192.3 748.0

¥« Irrigation



WEATHER DATA FOR 10 DAY PERIODS PFOR DIPFEREN’i‘ LOCATIONS AND SEASON
[Except for rainfall, all values are daily averages) ¥

Location: Khmn Kaen Season: 1980 ratny

w  Dwes Pt~ -t i
1 13 Aug-22 Aug 29.5 .2 244 283 Wb 4,1
2 23 Aug~01 Sep Iug.é 3.2 A0 .6 M 3.6
3 02 Sep-1) Sep 132.7 0.4 237 2.0 35 3.2
4 12 Sep-21 Sep 136.5 0.5 235 21.0 297 2.4
5 22 Sep-01 Oct 3 33 235 2.l 456 3.7
6 02 Oct-11 Oct 29.5 3.6 23.9. 2.7 M2 3.7
7 12 Oct-21 Oct 31 R4 2wl 282 W 48
8 22 Oct-31 Oct 9.5 9.2 2.7 55 2% 3.1
9 01 Nov-10 Nov 0.0 309 2.3 2.1 33 4.0
10 11 Nov-20 Nov 0.0 305 20.6 25.6 358 5.1

Seasonal total: U5k, 6 377.0
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WEATHER DATA FOR 10 DAY PERIODS POR DIPFERENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Locgtion: Ludhiana Season: 1980 Rairy
[ )
e et (et )
-————-7“—*_

1 01 Jw-10 Jul 7.5  $.g B4 .6 1.3
2 N0l M0N0 30 B .4 00
3 21 Jul-30 Jul 3 s B4 X0 4.1
4 31 Jul-09 Aug 678 21 B4 8.8 3.8
5 10 Aug-19 Aug %.8 334 232 8.3 4.1
6 20 Ag-29 Aug 8.0 %3 5.0 . 4.8
T 30 Aug-08 Sep 9.6 BT B B b4
8 09 Sep-18 Sep 138 W5 2.8 A7 05
9 19 Sep-28 Sep 0.0 %0 28 2.9 b.5
10 29 Sep-08 Oct 0.0 Fh o 194 274 b6
11 09 Oct-18 Oct %8 306 191 .4 3,5
12 19 Oct-28 Oct 0.0 319 152 23.6 3.1

Seasonal total: 7446 521.0

H
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WEATHER DATA POR 10 DAY PERIODS POR DIFFERENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Location: Parbhani Season: 1979-80 Postreiny

o Dees e APt o
1 09 Oct-18 Oct 0.0 39 26 2.7 %3 7.1
2 19 Oct-28 Qct 0.0 336 19.6 2.6 426 1.7
3 29 Oct=07 Nov 26 N9 193 256 30 6.3
4 08 Nov=17 Nov 6.8 3.0 17.8 a4 33 6.1
5 18 Nov=27 Nov 28 A5 9.6 55 37 5.7
6 MMv0TDec 0.2 2.8 WA 20 g 5.7
7 08 Dec-17 Dec n4 2.3 1.2 2.7 409 5.1
8 18 Dec~27 Dec L4 2.0 135 2.3 W6 6.5
9 28 Dec-06 Jan 0.0 2.0 134 2.7 koy 5.0
10 07 Jare16 Jan 0.0 20 131 2.0 W0 WM
11 17 Jan-2 Jan 0.0 N6 129 2.3 437 5.3
12 27 Jan=05 Peb 0.0 3.1 1 226 429 5.8

13 06 Feb-15 Feb 0.0 2.7 171 249 4u5 1.0

Seasonal total: 25.2 784.0
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WEATHER DATA FOR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Location: parbhant Season: 1960 ratny
s Tt —n, i tin (a1 e )
1 23 Jn=02 Jud 5.0 301 Ay A6 W 71
2 03 Jul-12 Jul 232 B AT 28 ¥ 6.3
3 13 Jul-22 Jul 9.4 336 236 86 33 6.5
b 23 Jul-0l Aug T4 293 25 5.9 263 5,2
5 02 Aug~ll Aug g.2 288 22.6 25.7 261 3.9
6 12 Aug-2l Aug B2 07 230 69 26 b3
7 22 Aug-31 Aug 40.8 29.8 216 25.6 35H 4.4
8 01 Sep-10 Sep 8.2 0.4 2.0 257 385 7,0
9 11 Sep-20 Sep L8 B2 230 286 4o 6.1
10 21 Sep-30 Sep 1,0 3.7 23.0 288  hu 5.7
Seasanal total: 614.2 565.0
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WEATHER DATA FOR 10 DAY PERIODS POR DIFFENENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Location: pgrbhani Season: 1980-81 postrainy

D P IR il
1 20 Oct-29 Oct 0.0 346 183 6.4 in 9.1
2 30 Oct-08 Nov 0.0 B.6 167 51 W 6.9
3 09 Nov-18 Nov 0.0" 3.2 19.7 2.4 3k 6.4
4 19 Nov-28 Nov 0.0 R0 156 238 03 6.5
5 29 Nov-08 Dec 0.0 29.5 1L4 205 k@ 5.6
6 09 Dec-18 Dec 0.0 299 9.0 194 4o 4,9
7 19 Dec-28 Dec 0.4 290 132 2Ll 33 4,7
8 29Dl WA 2k 129 202 3 3.9
9 08 Jan-17 Jan 4,8 240 97 169 39 b2
10 18 Jan-27 Jan 44,8 26,9 1.5 19.2 4o2 3.9
11 28 Jan-06 Feb 0.0 308 12 25 W2 5.8
12 07 Feb-16 Feb 0.0 R4 109 2T 48y 6.6
Seasnal total: 8.4 T 6850

¥Irrigatin
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NEATHER DATA FOR 10 DAY PERIODS

POR DIFFERENT LOCATIONS AND SEASONS
(Except for rainfall, all values

are daily aversges)
Location: Pune

Season:-1979-80 postrainy

o e T T o rulta- s
1 12 Dec-21 Dec 0.0 28,9 12,4 20.7 392 3.4
2 22 Dec-31 Dec oo 8.7 1.4 201 4o5 3.8
3 01 Jan-10 Jan o0 B9 1.6 207 386 1,3
§ 1 Jan-20 Jan 0.0 3.1 1.8 2.0 422 3.4
5 21 Jan-30 Jan 0.0 299 10,0 20.0 465 4.2
6 31 Jen-09 Feb 0.0 299 10.8 .20.3 479 b7
7 10 Feb<11 Feb 0,00 27 13 25 513 5.4
8 20 Feb-29 Feb 0.0 38 132 240 523 6.3
9 01 Mar-10 Mar 0.0 337 1.6 231 568 8.0
10 11 Mar-20 Mar 1.2 W4 149 kT 55 1.7
11 21 Mar-30 Mar 0.7 %7 6.9 26.8 567 8.9

Seasmnal total: 1.9 591.0

"Irrigatim



WEATHER DATA FOR 10 DAY PERIODS POR DIFFERENT LOCATIONS AND SEASONS
(Except for rainfall. all values are daily averages)

Location: Pune Season ¢ 1960 radny
w e e S FANE vt oy
1 NA6sa W0 2.8 24k 246 3w ¥.
2 27 Jul-05 Aug 63.9% 26,5 2.1 23.8 294 2.7
3 06 Aug-l5 Aug 2.5 21,5 188 231 383 3.4
b 16 Aug-25 g .6 2 222 243 3 2.9
5 26 hug-04 Sep 16.6 264 2.0 23.7 338 3.3
6 05 Sep-14 Sep 0.0 286 186 236  UsT 0.5
T 15 Sep-24 Sep B[4 305 198 251 510 b7
8 25 Sep~Ol Oct 54.0 ‘31.6 20,6 26.1 h10 3.6
9 05 Oct-14 Oct 0.6 35 184 265 524 5.6
10 15 Oct-24 Oct 0.0 329 152 240 509 5.3
1 25 0ct-03 Nov 0.0 28 152 240 55 5.5
Seasngl total:  252.6 457.0

Hrrigatin
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WEATHER DATA POR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND SEASONS
(Except for rainfall, all values are daily averages)

Location: Pune Season: 1960-81 Postrainy
e
1 14 Nov-23 Nov 75 B8 192 w0 9 3.0
2 24 Nov-03 Dec 00 H1 19 2.0 4P 3.6
3 04 Dec-13 Dec 00 285 9.8 1.2 43 2.8
4 14 Dec-23 Dec 28" 2.3 17 BS WS 2.9
5 24 Dec~02 Jan 0.0 2.6 106 186 B 2.8
6 03 Jan-12 Jan 0.0 274 8.3 1.9 ¥ 2.7
7 13 Jan22 Jan 2.3 2.3 100181 44 2,1
8 23 Jan-01 Fed 0,0 2.6 103 199 497 3.6
9 02 Feb-11 Feb 0.0 6 78 1.1 508 3.8
10 12 Feb-21 Peb 000 20 103 A1 59 83
11 22 Feb-03 Mar 0.0 H3 132 238 54 4.4
12 O Marel3 Mar 00" 39 123 281 % 5.7
Seasonal total: 3.6 §23.0

¥« Imrigation



WEATHER DAT
(Except for

A POR 10 DAY PERIODS POR DIFFERENT LOCATIONS AND SEASONS
rainfall, all values are daily averages)

Location: Rahurt Season: 1979-80 postrainy
o D R s s Bpan-
118 Oct-27 Oct sS4 WA 194 34 w8
2 28 Oct-06 Nov 3.2 30.9 186 208 380
3 0T Nowl6Nov  30.3 204 174 234 47
W 17 Nov-26 Nov 38 297 200 248 %9
5 27 Nov-06 Dec A %6 167 227 M
6 07 Dec-16 Dec 0.0 278 139 209
7 17 Dec-26 Dec 0.0 8.6 137 .212 3%
8 27 Dec—05 Jan 0.0 285 1.0 202 U
9 06 Jan-15 Jn 0.0 289 12 245 6
10 16 Jan-25 Jan 0.0 300 130 215 M
11 26 Jan-Oh Feb 0.0 292 1.3 20.3 40
12 05 Feb-14 Feb 0.0 307 131 219
13 15 Feb-24 Feb 0.0 332 11 237 5@
134.1

Seasonal total
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WEATHER DATA POR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND SEASONS
[Except for rainfall, all values are daily averages)

Location: Ramuri Season :,1980 ratny
S e o epe e
112 Jul-2l Jul 0.0 3.9 2.8 26.9 & 7.3
2 22 Jul-3l Jul 2.6 0.3 2.7 65 30 5,k
301 Aug-10 Aug .2 B4 22 5.3 280 b4
b1 g0 hg 157 298 2.0 254 32 5.2
5 21 Ag-30 g 136 28,5 21,0 248 34 5.1
6 31 Aug-09 Sep R4 291 208 249 Mo b4
7 10 Sep-19 Sep P4 3.0 205 6.7 sk 5.2
B 20 Sep-29 Sep B.0 R 208 267 kg 6.2
9 30 Sep-09 Oct 1,0 3.6 209 212 N 5.9
10 10 Oct-19 Oct 0.0 3.0 187 268 4 6.5
Seascnal total:  290.9 546.0




WEATHER CATA FCR 10 DAY PERTODS FOR DIFFERENT LOCATIONS AND SEASONS
[Except for rainfall, all values are daily averages)

Location: Rahurd Seasor: 1980 Postratny
m o mmte g e
1 13 Oct-22 Oct C.0 WS 172 5.9 488 6.5
2 23 0ct=01 Nov 0.0 333 167 250 60 5.7
302 Nov-11 Nov 0.0 3.2 6.4 243 Loy 5.5
4 12 Nov-21 Nov %56 9.9 9.5 .7 296 4.3
5 22 Nov=01 Dec 0.0 0.7 13.8 222 410 4.8
6 02 Dec-11 Dec .00 276 13 1BS5 R 4.6
7 12 Dec-21 Dec 0.0 2.9 9.5 19.7 %9 4.5
B 22 Dec-31 Dec 1Y %8 130 199 329 3.9
9 01 Jan-10 Jan 2.0 7.6 105 9.1 B3 4.8
10 LJane0Jdan- 3.0 240 113 177 9 3.7
11 21 Jan-30 Jan 0.0 ¥.2 1.9 0.5 438 5.2
12 31 Jan09 PFeb 9.0 1.2 110 211 460 6.1
13 10 Feb-19 Feb 0.0 3.7 LT 2T 476 6.7
Seasonal total:  40.7 663.0

' « Irrigation
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CNOP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: | CRISAT-RP-4
a) Phenol:-ical dats

Seaton: 1979-80 Postrainy

Genotype/Treatment
CSH-8A* CSH-88*
Date DAE Date DAE
Sowlng 15.11.79 15,11.29
Emergence 22.11.79 22.11.719
Fifth leaf
Panicle Initiation 11.12.79 19 11.12.79 19 —
Flag leaf emergence ¢ ; g b 105.01.80 b4
A"t""" 21,001,800 60 L2080 2 L
Physlologlcal mturlty 28,02.80 98 22.02.80 97
b) Agronomic data
Depth of sowing (cm) 5.0 5.0
Row spacing (cm) 75 _5.0
Initial plant population/hs 155 000 180,000
Final plant population/ha 143,000 125,000
Number of replications 2 T
Maximum number of leaves i
Grain yield (kg/ha) 3832 2080
Total dry matter (kg/ha) 76Uk W02
c) Soll dats
Avulllblc soll water ot sanlnq (W) 8.y
Mlm avalhbln soll water (aa) 8.5
4) Dates and amount of lrrlgntion (un) L o
bate pecunt (o) bste Mot (o)
Cwanm BB B0k ke 2e
11.92.79 85 85  oko2B0 &5 7
31.12,79 8.5 - -

- Adaquate molsture lupply,

B = Limited molsture supply



CAOP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: ICRISAT - RP & Season: 1979-80 Postrainy
3) Phenol:~lical dats
Genotype/Treatment
W-35-1  a* n-35-1 8"
Date DAE Date DAE
Sowing 15.11.19 15.11.79
"“ -—W
Emergence 22.11.79 22.11.99
Fifth leaf
Panicle inltiation 13.12.79 21 11.12.79 19
Flag leaf emergence ;| g 46 5.1.80 4k
Anthes!s | 28.1.80 67 30.1.80 69
Physlologlcal maturity 6.3.80 105 6.3.800 _ 10" o
b) Agronomic data
Depth of sowing (cm) 5 . § __
Row spacing (cm) 1 75
Initia) plant population/he 180,000 180,000 _
Final plant population/ha 150,000 150,000
Number of replications 3 3 .
Maximum number of leaves 16 _ 16 _
Grain yleld (kg/ha) 2,100 E
Tota! dry matter (kg/ha) 8,322 4,954
c) Soll data
Avallable soil weter at sowlng (an) - 85
Ihxlnn anllable soll water (c) 8.5
d) Datu and amount of lrrle..tlon (an)
Date Amount (cm) Date N l“""...‘ _(:')
19.11.75 ds 8%  Bak 85 85
11.12.79 8.5 8.5 6.2.80 - .sff -

31.12.79 85 -

*a . Adequate molsture supply B = Linited molisture supply



CAOP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: ICRISAT = RP &

8) Phenol:~ical data

Season: 1980 Rainy

Genotype/Treatment
CSH-1 A* csH-1 ¢*
Date DAE Date DAE
Sowing 19.6.80 19.6.80
Emergence 23.6.80 23.6.80
Fifth leaf 1 " LR
Flag leaf rmergence 7.8.80 5 7.8.80 4s
Anthesis 14.8.80 52 14.8.80 52
Physiological maturity 19.9.80 88 19.6.860 88
b) lec data
Depth of sowing (cm) 5 5 _
Row spacing (cm) 75 15
Initial plant population/hs 180,000 180,000 ,
Final plant population/ha 150,000 170,000
Number of rgpllcatlons 3 3
Maximum number of leaves 17 17
Grain yleld (kg/ha) 5,540 5,110
Total dry matter (kg/ha) 11,300 11,300
c) Soll data
Avéllable sol) water at sowing (cm) 3__81r
Maximum avallable sol) water (cm) 8.5 _
d) Dates and amount of Irrigation (cm) - ——
Date Aount (cm) Date Mount (cm)
__“ R
28.6.80 8.5 —
21.7.80 8.5 _
"\ . Irrigated

8 = Rainfed



CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

a) Phenol:z-lca) data
Genotype/Treatment
CsH=6 A" csh-6 "
Date DA Date DAE
Sowlng 19.6.80 19.6.80
Emergence 23.6.80 23.6.80 _
Fifth leaf 7.7.80 Iy 7.7.80 W
Panicle Initiation 11,7.80 18 11.7.80 18
Flag leaf emergence 7.8.80 kS 7.8.80 LS
Anthes!s 15.8.80 53 15.8.80 53
Physlologi al maturity I75.80 L3 179.850 B _
b) Agronamic data
Depth of sowing (cm) 5 5
Row spacing (cm) 75 i 75
Initial plant population/hs 180,000 180,000
Final pl;nt population/ha 170,000 170,000
Nunber of replications 3 _ _?_
Maximum number of leaves 17 17
grain yleld (kg/ha) 5 640 5,640
Tota) dry matter (kg/ha) 11,937 12,510
{

c) Soll data
Avallable soll water at sowing (cm) 3.8
Max]mum avallable soll water (cm) | 8.5
- emeee e —eejatlon em)

bote  Amount (ca) (fete At (ca)

28.6.80 85 o .

21.7.80 8.5 |

*A = {rrigated | B = Rainfed



CROP AND SOIL DATA FOR OIFFERENT LOCATIONS

Location: CRISAT - 8w 3 Seaton: 1980 Mainy
o) Phenol:-ical dota

Genotype/Treatment

CSH-1 CSH-6 SPV-351
Date DAE Date  DAE Date DAE

Sowing 1.7.80 7.0 1. .80
Emergence h.7.80 N N N X
Fifth leaf

Penicle Initlation 25.7.80 21 24.7.80 20 2.8.80 29
Flag leaf emargence 16.8.80 43 16.8.80 ¥} 25.8.80 52

Anthesls  27.8.80 Sk 27.8.80 5k £.9.80 62

Physiological maturlity29.9.80 87  26.9.80 8  6.10.80 Y
b) Agronomic data

Depth of sowing (cm) 5 5 5
Row spacing (cm) 75 75 _ 75
initial plant population/ha 180,000 180,000 180,000’
Final plant population/he 117,000 130,000 114,000
Number of replications 3 3 3
Neximum nusber of )eaves 17 17 16
Grain yleld (kg/ha) b, 545 5,310 4,260
Total dry setter (kg/ha) 10,40 77,290 ; 12,348

c) Sol) dats

Avall»h sol) weter at sowing (cm) 0.2

MI” ml lable soll weter (ca) 20 2

tof lrrlptlm (e |
d) ::. “mmt (c-) ~ Date Mot (a)

ML

|



CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: |CRISAT - Rp & Sdason: 1980-81 Postralny

a) Phenolz-ical data

Genotype/Treatment
CSH-6 A CSH-6 B
Date DAE * Date DAE
Sowing 10.10.80 10.10.80
Emergence 13.10.80 1*,10,80 -
Fifth leaf 22.10.80 9 22.10.80 y I
Panlcle initlation 3.11.80 21 311,80 21
Flag leaf emergence 19.11.80 37 19.11.80 37
Anthesls - 8.12.80 56 9.12.80 57
Physlological maturity 15.1.81 94 9.1.81 B8
b) m{n{nlc data
Depth of sow'ng (cm) 5 5
Row spacing (cm) 5 L
Initial plant population/ha 180,000 180 p0O
Final plant population/ha 164,000 145,000
Number of replications 3 3 —
Maximum number of leaves 13 L L ,
traln yleld (kg/ha) 4,693 3,276 _
Total dry matter (kg/ha) 9,259 5,008
c) Soll dats
Available soll water at sowing (cm) 8.5
Maximum avallable soll water (cm) 8.5 _
d) Dates and amount of irrigation (cm) -
Date Amount (cm) Date _ heownt ‘:"
~K L - »
.8 85 85 Al :‘ &
23.10.80 7.5 6.0 “ .22"2,',“ R A
10.11.80 .8 - —

*A = Adequate moisturs supply 8 = Linited moisturs supply
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CAOP AND SOIL OATA FOR DIFFERENT LOCATIONS

Location: |CRISAT - Rp 4 Seaton: 1980.8) Postralny

8) Phenol.~lcal dat

Genotype/Treatment
CsH-8 a* csh-8 8*
Date DAE Date OAE
SN'I'O’ lo"o’m 'O.w.m
Emsrgence 13.10.80 __13.10.80
Fifth 1eaf ‘ 22.10.80 9 22.10.80 g
Panicle Initlation h.11:80 22 h,11.80 22
Flag leaf emergence 26.11,80 b4 26.11.80 b
Anthesis 18.12.80 66 16.12.80 64
Physiological maturity 27.1.81 106 23.1.8) 102
b) ..~ronomic data 5
Depth of sowing (cm) 5 5
Row spacing (cm) 75j 75 .
initial plant population/ha 180,000 180,000
Final plant population/ha 132,000 '29’0001
Number of replications 3 3
taximm number of leaves 15 _ 15
¢raln yleld (kg/ha) 6,118 2,495
‘W
Total dry setter (kg/ha) ALY .
c) Soll dats
Avo—lllblo‘soll water at sowing (cm) 8.5
Meximum available soll weter (cm) 8.5
d) Dates and amount of Irrigation (o) —
Date Amount (cm) Date Mount (cm)
‘Mmoo 85 8. 218 a" :
©23.10.80 7.5 6.0 22.12.80 5 ‘

.18 7.8 -
% = Adequate moisture supply

B :

b = Linited woisturs supply
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CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: |cRiSAT - sp Seaton: 1980-81 Post ralny
8) Phenol:~ical data '
Genotype/Trestment
M-35-1 A" N-35-1 »*
Dats DAE Date DAL
Sowl ng 10.10.80 10.10.80
Emergence 13.10.80 13.10.80
Fifth leaf 25.10.80 12 25.10.80 12
Panicle initlation 10.11.80 28 10.11.80 ;!
Flag leaf emargence
Anthes!s 23.12.80 n 22.12.80 0
Physiological maturity 3, g 13 1,2.81 111
b) .sronomic data
Depth of sowing (cm) 5 5
how spacing (cm) 75 75
Initial plant population/ha 180,000 180,000 ,
Final plant population/ha 120,000 85,000 —
Mmber of replications j 3
Maximum number of leaves 16 16
Grain yleld (kg/ha) 3,948 1,691
Total dry metter (ko/ha) o3 6.7
c) Soll data
Avallable soil water at sowing (cm) 3-2w
Naximum avallable soil water (cm) 8.5
d) Dates and amount of Irrigation (cm)
Date Amount (ca) Date Awount (cm)
11.10.80 8.5 5 8.5 2.0, 5 o ____._L‘ 5
23.10.800 7.5 6.0 22.12.80 8.5 -

10.11.80 1.3 =

AR

*\ = Adequate moisture supply 8 = Linitad misturs supply
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CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: |CRISAT - 8w 3 Season: 1990-8) Postralny
8) Phenological data
Genotype/Treatment
CSH-6 A" csh-6 0"
Date DAE Date DAE

Sowlng 24.11.80 24.11.80
Emergence 30.11.80 30.11.80
Fifth leof 26.12.80 26 26.12.80 26
Panicle Initlation 27.12.80 27 27.12.80 22
Flag leaf emergence 9.1.81 Lo 9.1.81 40
Anthesis §.2.81 66 4 2.8 66
Physiological maturlity ¢ 3 3 96 5,3,81 95
b) Agronomic data .
Depth of sowing (cm) 5 5
Row spacing (cm) 75 5
tnitial plant population/hs 200,000 200-:000 .
Final plant population/ha 199,000 190,000 e
Number of replications 3 3
Maximum number of leaves 13 13
Grain yleld (kg/ha) 5,345 3,992 _
Total dry matter (ko/ha) 43 cm0
c) Soll data
Available soll water at sowing (om) 20.2 _ _
Maximum avallable sol) water (cm) 20.2
d) Detes .nd amount of Ir_rhatlon (cm)

Date Mmount (cm) Dote Amount (em)

6.1.81 8.2

§.2.81 1.0

22,281 7.6

A= Adeqdaté n'nls't‘drews;ply B = Limited moisture supply



CROP AND SOIL DATA FOR DIFFERENT LOCATIONS
Location: jcpisat - gy 3 Seaton:
8) Phenological data |

1980-81 post rainy

Genotype/Treatment
csH-8 aA* csu-8 o*
Date DAE Date DAE
Sowing 24.11.80
Emergence 30.11.80 -
Fifth leaf ,12.80 26 - 2.,12,80 26
Penicle Inftiation 21.12.80 27 27.12.80 27-.
Flag leaf emergence 23.1.81 54 23.1.8) 5h
Anthesls 11.2.81 I L on
Physlological maturity 20.3.81 110 l].}.B! 107
b) Agronomic data
Depth of sowing (cm) ' 5 " 5
Row spacing (cm) 75 75
initial plant population/ha 180,000 180,000
Final plant population/ha 172,000 172,000
Nmber of replications 3 3
Maximum number of leaves 16 16 -
¢raln yleld (kg/ha) 6,13 3,118
Tota) dry matter (kg/ha) 12,631 7,h52
c) Soll data
Avallable soll water at sowing (cm) 20,2
Maximum avallable soll water {cm) 20.2
d) Dates and amount of irrigation (cm) —
Dete Amount (cm) Date Mount (cm)
6.1.8 8.2 “
4,2.81 7
20.2.81 7.6

*\ = Adequate moisture supply B = Limited molisture supply
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CROP AND SOIL DATA FOR DIFFENENT LOCATIONS

Location: |CRISAT - Bw 3 Se880n: 1980-81 post ralny

a) Phenol.-ical data

Genotype/Treatment
M-35-1 A" N-35-1 B*
Date DA Date DAE
Sowling 24.11.80 24.11.80
Emergence 30.11.80 11,80
Fifth leaf 26.12.80 26 26.12,80 26
P.ﬂ'c“ lﬂ't'.t‘on 6'|’8‘ }] 611‘.&' lz
Flag leaf emergence 27.1.81 58 27.1.81 58
Anthesls 18.2.81 80 18.2.81 80
Physiological maturity 25.3.81 115 21.3.81 1
b) .aronomic data
Depth of sowing (cm) 5 5
Row spacing (cm) 75 15
Initial plant population/ha 180,000 180,000 .
Final plant population/hs 172,000 149,000
Number of replications 3 3
Maximum number of leaves 16 6
Grain yleld (kg/ha) 3,801 2,543
Total dry metter (kg/ha) 12,150 6,767 _
c) Soll dats
Avallable soil water at sowing (cm) 20.2
Maximum avallable soll water (cm) 2.2
d) Dates and amount of irrigation (cm)
Date Amount (cm) Date an
6.1.81 8.2 _
4,2.81 7 "
20,2.81 7.6 emeeo—

*\ = Adequate moisture supply 8 = Limited molsture supply



CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: (O IMBATORE
a) Phenolz-ical data

$aeton:1980-81 Postralny

Genotype/Treatment
' | CSH-8
Date DAL
Sowlng 07.11.80 o
Emergence 12.11.80
Fifth leaf
Panicle Initiation 02.12.80 20
Flag leaf emergence T
f"mm 09.01.81 58
Physiological maturlty 16.02.80 96
b) .~ronomic data
Depth of sowing (cm) 5
Row spacing (cm) 75
Initial plant population/he 180,000 '
}Inal plant population/ha 140 000
Number of replications
Meximum number of leaves
grain yleld (kg/ha) 3167
Yotal dry matter (kg/ha)
t) Soi! data
Available soll water at sowing (cm) 6.0
Maximum avallable soi) water (cm) . |
d) Dates and amount of irri-ation (cm) ox
Date Amount (c.) Date Aount (”)
'10.12.80 5 25.01.81 - E——
26.12.80 5. 10.02.81

+09,01.81 —
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CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: DELMI

a) Phenological data

Season: 1980 Rainy

tA = irrigated; B = Rainfed

Genotype/Treatment
CSH=1 (A) *eB® csn~6(A)‘u*
Date DAE Date DAE
Sowling 27.06.80 27.06.80
Emergence 01.07.80 01.07.80
Fifeh leaf
Panicle Initiation 27.07.80 26 26.07.80 25
Flag leaf emargence
Anthesis 28.08.80 58 26.08.80 56
Physiological maturity g 10.80 99 04.10.80 95
b) ..aronomic data LSH-1A CSH-1B CSH-6A CSH-68
Depth of sowing (cm) 5 g
Row spacing (cm) 75 75
initia) plant population/hs
Final plant population/ha 140,000 160, 000
Wmber of replications 3 3
Maximum number of leaves 17 17
Grain yield (kg/ha) 3850 3550 4500 3900
Total dry matter (kg/ha) 1) 586 9016 12810 11k 0
c) Soll dats
Avallable soil water at sowing (cm) 8.5
Maximum avallable sol) water (cm) 18.8 18.8 _
d) Dates and amount of irri.ation (cw) —
Bate Aount (cm) Dete Mount (ca)
KT (B)
- 27.08.:1 g -
'6.09.30 S - DS R e



CROP AMD SOIL DATA FOR DIFFERENT LOCATIONS

Location: wissAR $8810n:1980 Ralny
8) Phenologica! data

Genotype/Treatment

CSH-6 A* CsH-68*

Date DAE Date DAE
Sowlng 20.06.80 20.06.80
Emergence 24,0680 24.06,80
Fifth leaf
Panicle initiation 25.07.80 31 25.07.80 3
Flag leaf em rgence | g g5 13,08.80
Anthes!s 27.08.80 bl 24.08.80 61

Physiological maturley 27.09.80 95 22,0980 9

b) Agronomic data

Depth of sowing (cm) 3 5
Row spacing (cm) 75 75
initia) plant population/hs 212,000 214.000
Final plant population/ha 175,000 167.000
Number of replications 3 R
Maximum number of leaves
Grain yleld (kg/ha) 2756 1310
Total dry matter (kg/ha) _
c) Soll data
Available soll water at sowing (cm) 2
Maximum avallable soll water (cm) 2% _
d) Dates and amount of irri-ation (cm)
Dete Aount (ca) Date _Mmount (cm)
09.07.80 8.0
20.07.80 8.0 W

' 008180 8'0
“; = |rrigated; B8 = Rainfed



CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: kHON KAEN “ﬂﬂﬂ:wﬁo Rainy

3) Phenolc-ical dota

Genotype/Treatment
Hegari R
Date DAE
Sowlng 13.08.80
Emergence 16.08.80
Fifth leaf 28.08.80 12
Panicle initistion
Flag leaf omergence 25.09.80 40
Anthes!s 07.10,80 i
Physiological maturity 16.10.80 92
b) MIC data .
Depth of sowing (cm) 5
Row spacing (cm) 75
Initial plant population/hs 133,333
Final plant population/ha 118, 750
Number of replications 4
Maximum number of leaves 17
Grain yleld (kg/ha) 950
Total dry matter (kg/ha) 4750 —

c) Soll data

Avallable soll water at sowing (cm) 11.5

Maximum available sol! water (cm) 1.5
d) Dates and amount of Irri-atlon (cm)
Date Amount (cm) Date Amount (cm)
- Nil -




CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: LUDHIANA $8080n 1980 Rainy
2) Phenoiz=ical deta

Genotype/Treatment
CSH-1 CSH-6

Date DAE  Date DAE
Sowing 30.06.80 30.06. 80
Emargence 0k.07.80 04.07.80 —
Fifth leaf
Panicle Initiation 11.08.80 38 11.08.80 38
Flag leaf emergence
Anthesis - 15.09.80 72 0h.09.80 6!

Physiological maturity 7 10.80 95 26.09.80 B4

b) Agronomic data

Depth of sowing (cm) 5 5
Row spacing (cm) 75 75
Initial plant population/hs g3509 83000
Final plant population/ha g0, 80000
Number of replications 3 3
Maximm number of leaves

crain yleld (kg/ha) 1437 2467
Total dry metter (kg/ha) _
c) Soll dats

Avallable sol! water at sowing (cm) 12.3

Naximum avallable soll water (cm) 12.3

d) Dates and amount of irri:ation (cm)
Date " Amount (cm) Date Amount (cn)

il
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CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: pARBHANG

¥
[

a) Phenol:~lcal data

WM%\SH-BO Postralny

Genotype/Treatment
CSH-8 M- 35-1
Date DAE Date DAE
Sowlng 07,10.79 07.10.79
Emergence 12.10.79 12.10.79
Fifeh leaf 20.10.79 8 20.10.79 8
Panicle initlation 02.11.79 21 12.11.79 N
Flag leaf emergence 25.11.79 bk 05.12.79 Sk
Anthesis 06.12.79 55 16.12.79 65
Physiological maturity 5 01,80 95 08.02.80 119 -
b) yro;\dalc dats ' )
Depth of sowing (cm) 5 5
fow spacing (cm) 75 75
Initial plant population/ha 44334 68300
Final plant population/ha 70000 68000
Number of replications 3 3 .
Maximm number of leaves
Grain yleld (kg/ha) 2000 1400
Total dry mstter (kg/ha) 5800 5300
c) Soll dats
Available soll water at sowing (cm) 15.0 .
Maximum avallable soi! weter (cm) 20.0
d) Dates and amount of irri-stion (cm) _— -
Dete Mount (om) Dete Mount (cm)
- N -

il



CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: PARBHANI

a) Phenological data

Season: 1980 Ralny

Genotype/Treatment
CSKk-1 CSH-6

Date DAE Date DAE
Sowlng 21.06.80 21,06, -0
Emergence 26,06, . 26.06.R -
Fifth leaf 08.07.80 12 of.07.80 12
Panicle initistion 15.07.80 19 13.07.80 12
Flag leaf emargence 10,08. 80 4s 02,08,80 LY S—
Anthes|s 23.08.80 58 19.08,80 o4
Physiological maturity 21,09,80 88 19.09.80 Bg

b) ..7ronomic data

Depth of sowing (cm) I

Row spacing (cm) 75

Initial plant population/ha 19 noo 121,000 _

Finsl plant population/he - 112,000 115,000

Number of replications 3 —

Maximum number of leaves 17 .

Grain yleld (kg/ha) 2640 3050 _

Total dry matter (kg/ha) 11240 _13020

c) Sol! dats

Available soi! water at sowing (cm)

Maximum avallable sol} water (cm) _

d) Dates and amount of irria_tion (cm) .
Date Mount (cm) Mount (cm)

- NIl -
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CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: PARBNANI
a) Phenolz-ical data

Season:1980-81 Postralny

Genotype/Treatment
CSH-8
Date DAE
Emsrgence 23.10.80
Fifth leaf 04.11.80 12
Panicle Initiation 18.11.80 26
Flag lsaf emergence
Anthes!s 21.12.80 59

Physiological maturity

11.02.81 11

b) _~ronomlc data

Depth of sowing (cm) 5

Row spacing (cm) 45

initial plant population/he 92,300 _
Final plant population/hs 92,300

Number of replications 3

Maximm nusber of leaves 16

¢rain yleld (kg/ha) 3080

Total dry matter (kg/ha) 5150

c) Soll data
Avallable soll weter at sowing (em) ¢ o
mempaiiiien
Maximum avallable sol! water (cm) 20.0
d) Detes and amount of irrigation (em) .
Date Mount (cm) Dete Mount (cm)
25.10.80 5
10.11.80 5

i




CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: e $e280n:1979-80 Postralny
8) Phenol~Ical date

Genotype/Treatsent
CsH-0 ' Mo 3o

Date DAE Date DAE
Sowing 26.11.79 26.11.79
Fifth leof 200279 16 29.12.79 Wk
Panicle Initiation
Flag leaf emargence 26.01.80 53 29.01.80 hS
Anthes|s 03.02.80 6 22.02.80 69 _

Physiological maturlty

b) Agronomic dats

Depth of sowing (cm) 5 3

b;;;clng (cm) 45 Y

Initial plant population/ha :
Final plant population/hs 184 000 150,000

Number of replications 1

Haximum number of leaves

grain yleld (kg/ha) 5, 366 1,766
Total dry metter (kg/ha) 1,100 5,300
c) Sol! dats
Avallable sol! weter at sowing (cm) 8.6
Moximm svailable sol! weter (cm) 12.5
SRR R R R A e

d) Dates and amount of irrigation (cm

Dete Mount (cm) Oste Mount (cm)
EERIBIN; 1.0 .. 120280 0000 1.0 .
~Okorl0 70 3 0

23.01.80 1.0



69

CROP AND SOIL DATA FPOR DIFFERENT LOCATIONS
Location: PyUNE Season:1980 Ralny
a) Phenological deta

Genotype/Treatment
CSH-1 CSH-6

Date DAE Date DAE
Sowing 17.07.80 17.07.80
Emergence 22.07.80 22.07.80
Fifth leaf 12.08,80 21 10.08.80 19
Penicle Initiation
Flag leaf emergence 3, 59 g 70 28.09.80 68
Anthesis
Physlological maturity 05.11.80 106 Q3.11.80 10§
b) Agronomic data
Depth of sowing (cm) 5 5
Row spacing (cm) 45 3
initial plant populatlon/ha
Final plant population/hs 70,000 120,000
Number of replications 3 3
Maximum number of |eaves
Grain yleld (kg/ha) 1233 2138
Total dry matter (kg/ha) 5133 8205
c) Soll data
Avallable sol! water at sowing (cm) 0
Maximum avallable soll water (cm) 10
d) Dates and amount of irrin_tion (cm)

Dete Amount (cm) Date Amount (cm)

28.07.80
20.09.80
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CROP AND SOIL BATA FOR DIFFERENT LOCATIONS

Location: PUNE Season: 1980-81 Postrainy
s) Phenolz-ical data
Genotype/Trestment
CSH-8

Date DAE
Sowing 16.11.80 m————
Emsrgence 19.11.80 v
Fifth leaf
Poanicle Initiation J
Flag leaf emsrgence 26.01.81 68
Anthesis

e

Physiological maturity 31.03.81 101

b) Agronomic data

Depth of sowing (cm)
Row spacing (cm)
initial plant population/ha

e

Final plant population/he 100,000
Mmber of replications 3
Neximm nusber of leaved

crain yleld (kg/hs) - 2759
Total dry matter (wnJ - 6296

li'i

c) Sol) dats

Avellable soll water at sowing (cm) 10

Maximm avallable 5ol weter (cm) 10

d) Detes and amount of irrigation (cm)
Dete Mount (cm) Dete Aount (cm)

12.11.80 10 04,0381 0
21.12.80 10
14,0280 _10
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CROP AND SOIL BATA FOR DIFFERENT LOCATIONS

Location: RAMURI $eas0n: 1979-80 Postralny
a) Phenol:-ica) deta

Genotype/Treatment

CSH-6 CSH-8 M-35-1

f

Date DAE Date DAE Date DAE

AR

Sowling 18.10.79 18.10.79 18.10.79
Emergence 23.10.79 23.10.79 . 4.10.719
Fifeh leof

Panicle Initiation 06.12.79 4k 13.12,79 S5v 13,112,799 &)
Flag leaf smergence

|l

Anthes!s 18.12.79 56 26.12.79 6k 30.12.79 68
Physiological maturity 26.01.79 94 09.02.80 109 19.02.80 \12_:
b) Agronomic dats .

Depth of sowing (cm) 5 5 5
fow spacing (cm) 75 75 75
initis! plant population/he

Final plant population/he 148,700 143,700 147,600

Mumber of replications
Maximm number of Teaves

Grain yield (kg/he) 867 1737 672
Tota! dry metter (kg/har

‘ '

¢) Soil data
Avallable soi! water at sowing (cm) 10
Meximm svallable soll weter (cm) 12

d) Dates and smount of irrigation (cm)
Dete Mount (cm) Date

il |

- Nil -
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CROP AND SOIL GATA FOR DIFFERENT LOCATIONS

Location: RANUR| Seaton: 1980 Rainy
a) Phenoiz-ical dets

Genotype/Treatment
CSH-1 CSH-6
m
Date DAE Date DAE
Sowing 10.07.80 o er.a
Emergence 15.07.80 15.07.80
FIfth teaf 240780 9 2h07.8 9
Panicle Initiation 25.08.80 b 25.08 .80 4
Flag leaf emargence
Anthes I's 05.09.80 52 02,09.80 49
Physiological meturity 25 09 80 72 22,09.80 63
b) ..~ronomic dats
Depth of sowing (cm) I 4
fow spacing (cm) 75 25
initial plant population/he
Fins) plant population/hs 130,000 140,000
Wumber of replications _
Naximum nusber of leaves A B A 8
Grain yleld (kg/ha) 3913 3203 2694 3595
Total dry matter (kolhaT —
¢) Soi) data
Avallable sol! weter st sowing (em) 10 10 _
Maximum avallable soi} weter (cw) 12 12
d) Dates and emount of irrigation (cm)
Oete Mount (cm) Date w
25.07.80 et ————
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CROP AND SOIL OATA FPOR DIFFERENT LOCATIONS

Location: RANURI Seas0n:1980-81 Postratny
8) Phenol.-ical deta
Genotype/Treatment
W
csH-8 M=35+1
Date DAL Date DAE
e ——
Sowlng 0008 .. . 1anm
Emergence 16.10, 30 ':i 16.10.80
Fifth leaf
Panicle initiation 26.11.,80 L1 01.12.80 b6
Fleg leaf emargence
Mthesls 14.12.80 59 18.12, 80 63 ,
Physlological meturity 15,0180 '20.01.80 96
b) Agronomic dats .
Depth of sowing (cm) 5 5
fow spacing (cm) 25 25
Initia) plant population/he 90,000 140,000 ,
Final plent population/he 90, 000 140 . 000
m :

Wumber of replications
Maximum number of Teaves

grain yleld (kg/ha) 1 _o1
Total dry metter (kg/ha)

IR i

c) Soil dats

Available sol) water st sowing (cm) 0 "

Maximum avallsble 3ol weter (cm) 12

d) Dates and smount of irrigetion (cm)
Dete Amount (cm) Date Amount (cm)

04.12,80 10
‘26.12.80 10
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