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CROP-VEATHER MODELING EXPERIMENTS: SORGHUM AND PEARL MILLET (1981-1982)
AK.S, HUDA

Several experiments with sorghum and pearl millet were conducted in 1981-
82 at ICRISAT Center, Patancheru with the following objectives:

1. To collect standard data sets on soil, crop, weather and
xicroclimate to test the revised sorghum simulation model

(SORGF) and to develop a pear]l millet simulation model,

2. To study the behavior of severa] standard sorghum and
pear] millet genotypes in relation to growth, development,
and yleld.

3. To observe the variation in the growth, development, and
yleld of several sorghum and pearl millet genotypes with
the solls of varying water holding capacities.

During the reporting year, dasta were also obtained from the collabo-
rative multilocation sorghus wodeling trials conducted st Delhi, Ludhimna,
Pardbhani, and Rahuri to help achieve the above mentioned objectives. A
summary of the field experiments conducted during 1981-82 is given in
.Table }.. Results of sorghum modeling experiments are presented first.

SORGHUM MODELING EXPERIMENTS
ICRISAT CENTER

a) 1981 rainy season

The trials were conducted wder rainfed situation in Alfisols and Verti-
sols with selected genotypes (CSH-1, CSH-5, CSH-6, CSH-8, and SPV-351),
The objective of including CSH-8 — & postrainy season sorghum hybrid —
was to study its phenology and growth habit in the rainy season. This
information will be useful particularly to test the phenology algorithms
of the revised sorghum model. The reason for including CSH-5 in the
modeling trial for the first time was to assess whethsr the sorghus
simulation mode] can be applied to the genotypes other than those from
which dsta were collected earlier for model validation.

The trials during 1981 were conducted under the following con-
ditions:

o Alfiso) (field RP-4) with 85 mm svailsble water holding
capscity wnder high fertility (100 N, ‘P) md intensiw
plant protection. Thres genotypesg(CsH-1, CEH-6, and
SPV-351) were planted on 24 Jwne.

¢ Alfisol (fleld MS-3f vith 8 m svailsble vater holding
cspacity wder mdium fortility (40 ¥, 20 P) md no plmmt
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Table 1, Summary of the field experiments conducted during 1981-82.
Pileld Seasan Genotypes Treatment
ICRISAT (») Sorghum
Alfisol (RP-4) Rainy CSH- ] Rainfed
CSH-6 Rainfed
SPv- 3§51 Rsinfed
Vertisol (BP-12) Rainy CSH-1 Rairnfed
CSH-6 Rsinfed
SPv- 38 Rainfed
Vertisol (BW-3) Rainy CSH-1, CSH-5, CSH-6 Rainfed
CSH-8, SPv-351 Ruir fed
Alfisol (RUS-3) Rainy CSM-1, CSH-5, CSH-6 Rainfed, medium
CSH-8, SPV-351 fertility and
pesticide free
Alfisal (RP-4) Postrainy (CSH-8, M-135.-1 5 moisture treatments
Vertisol (BW-3) Postrainy CSH-1, CSH-S, CSM-6 Ratooning with

Collaborstive Conters

New Delhi Rainy
Ludhiana Rainy
Parbhani Rainy
Rshuri Postrainy
JCRISAT

Alfisol (RP-4) Rainy

Vertisol (BP-12) Rainy
Vertisol (BP-12) Summer

Alfisol (RCE-S) Summer

CsH-8, SPV-1351

6
CSH-1, CSH-6
CSH-1, CSH-6

-8, M-35-:

(b) Pear] millet

BJ-104, WC-C7S
1QMS-7703
BJ-104, WC-C75
1OMS5-7703
BJ-104, WC-C75
1OMS-7703
BJ-104, 1QH-226

three N lewvels

Rainfed § irrigated
Rainfed

Rainfed

Residual moisture

§ irrigated

Rain fed

Rainfed

Rainfed

Rainfed

Residual moisture,
irrigated

4 moisture treataents

protection.

The objective of this trial was to assess the

application of SORGF mode] (developed and validated with
data obtained from high fertility and intensive plant protec-

tion) in real world situstion.

Five genotypes (CSH-1, CSH-§,

CSH-6, CSH-8, and SPV-351) were plmted om 23 June.

Medium deep Vertisol with 165 mm available water holding
capacity under high fertility (100 N, 60 P) and intensive

plant protection.

351) were dry sown on 12 June.

Three gonotypes (CSH-1, CSH-6, and SPV-



e Deep Vertisol with 200 mm available water holding capacity
with high fertility (100 N, 60 P) and intensive plant
protection. Five genotypes (CSH-1, CSH-S, CSH-6, CSH-8,
and SPV- 351) were dry sown on 10 Juns.

Sorghum in the Vertisols was planted 'dry' ahead of monsoon. The
available water at the time of planting in the entire soil profile of
two Vertisol fields were 29 and 65 mm respectively in medium deep (BP-12)
and deep Vertisol (BW-3). However, there was no avai lable water in the
top 30 c» layers in both fields. Thus emergence in both these fields
occurred on 22 June after 35 mm rainfall was received on 18 June. More
than 10 s rainfall was received daily between 22 to 25 June and sorghum
was planted on Alfisols on 23 and 24 June; 93 mm rainfall was received on
26 June. In Alfisol, sorghum emergence occurred on 28 June (RP-4) and on
29 June (RUS-3).

Phenclogy, leaf area index, total dry matter, and grain yleld for
different genotypes are compared across the experiments.

Camparieson of scorghum phenology

Phenology of sorghum genotypes was monitored in all the four trials. Dats
for three growth stages as defined by Eastin (1971), such as days after
emergence (DAE) to panicle initiation (PI), to anthesis (AN), =mnd to
physiological meturity (PM) are given in Table 2.

Since daylength and temperature are simi 'ar for all these experi-
ments at ICRISAT Center, mo difference in Pl was observed for a genotype
across the experiments. However, genotypic di fference existed, eo.g.
SPV-351 and CSH-S took lomger to reach PI.

It was observed that to reach anthesis all the genotypes took 5-7
days more in Vertisols compared to Alfisols. Nutrient stress in the
Alfisol (RUS-3) experiment with medium fertility caused all the genotypes
to reach anthesis 2 days earlier. Again genotypic variability existed.
CSH-5, CSH-8, and SPV-351 took 9-11 days more to reach anthesis compared
to CSH-1 and CSH-6.

All the pgenotypes matured earlier in Alfisols. Between the two
Vertisol experiments, maturity occurred earlier in medium desp Vertisol
(BP-12) with 165 mm water holding capacity. This {s an accordance with
our earlier results as reported by Huda et al (1982a) wvhich showed that
moisture stress hastened the dsys to maturity. Farliest maturity was
obtained for all the genotypes in the medium fertility field (RUS-3) due
to nutrient stress. Again CSH-S, CSH-8, and SPV-351 took more days to
reach maturity compared to CSH-1 and CSH-6.

One interesting cbservation can be made from the experiment, that
the durstion between mnthesis to msturity ranged only between 27 to 30
days for all these genotypes/trestments. This supports the finding of
Huda (1982) that differences in the growth stage 3 (anthesis to meturity)
for all genotypes can be attributed to the effect of tempersture. It was
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Table 2. Compsrison of sérghum phenology. !

Genotype Growth Experiaent
stages AINso] Alfisol, Vedm Deep
(RP-4) medium fertility deep Vertisol
} pesticide free Vertisol (BW-3)
T (RUS-3) ! (sp-12)
----------- Days after dmergence-
CSH-1 1t 22 22 22 22
AN 57 55 62 62
M 87 84 89 91
CSH-§ Pl . - d L)
AN . 65 b 69
™ . . 92 99
CsH-6 | 19 19 19 21
AN 56 sS4 61 61
M 86 84 88 90
CSH-8 Pl . -- . 22
AN . 65 ¢ 69
PM . g1 ¢ 99
§PV-3§1 Pl e .- 26 25
AN 6S 63 -- 68
™ 92 92 96 98

*"Not included in the experimsnt.
-Data not available.

%P1 - Pmnicle initistion; AN - Anthesis; PM = Physiological msaturity.

found that durstion of growth stage 3 decreases with increase in mean
tempersture uwp to 27°C and then it decreases whem temperaturs goes beyond
27°C. ‘The mesn temperasture during this period was around 25°C and there
was not significant difference in mean temperature scross all the four
trials, and thus the duration of growth stage 3 was similar for all geno-
types and trestaents.

Canparieon of sorghem lecf area indsx

Destructive plant samples from 1 ' area were takem st regular time inter-
vals during the growing sesson from two flslds — Alfisol (RP-4) snd medium
daep Vertisel (BP-12) for three genotypes (CSH-1, CSH-6, amd SPV-351) to
determine lAl. Data on LAI are given in Figures 1 and 2.»
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SPV-35]1 had higher LAl compared to CSH-1 and CSH-6 in both fields
from 50 DAE till the maturity. This difference was more in medium deep
Vertisol (BP-12). No significant difference in LAl was observed betwsen
CSH-1 and CSH-6 throughout the growing season. 1981 was above normal
rainfall year; rainfall received between June to September was 917 mm
against the normal of 624 mm. This helped in maintaining greater green
leaf area for all genotypes till the maturity. SPV-351 maintained its LAI .
at nearly 3.0 at PM in both fields; however, CSH-1 and CSH-6 maintained
higher LAl (2.5) at PM in Alfisol compared to medium deep Vertisol. It
can be noticed from these figures that both CSH-1 snd CSH-6 had higher
leaf area duration during the grain filling period in Alfisol. This
resulted in higher grain yield and total dry matter in Alfisol.

Comparison of sorghum total dry matter

All these trials were harvested approximately one week after reaching PM;
samples were taken from 100 w’ area to determine grain yield and total dry
matter. Total dry matter (TOM) for all the genotypes was higher in Alfisol
except the medium fertility treatment (Table 3,). The temporary waterlog-
ging problem was observed frequently in the Vertisols due to heavy rain in
1981. This resulted in lower TOM and grain yield in Vertisol. Between the
two Vertisol experiments, TOM was lower in medium deep Vertisol (BP-12);
this di fference of course was less than the 600 kg/ha. Betwsen the two

Al fisol experiments, 30-40% yreduction in TDM was observed in medium ferti-
lity and pesticide free experiment.

Total dry matter and its partitioning to difforent plant parts (leaf,
culm, head + grain, and grain) were monitored from destructive plant samples
taken from 1 m? area at periodic time intervals throughout the growing
season from two experiments; one in Alfisol (RP-4) and the other in medium
deep Vertisol (BP-12). Distribution of TDM to di fferent plant parts was
computed on single plant basis for the three genotypes (CSH-1, CSH-6, and
SPV-351) for both experiments by accounting for the plant population in
unit area as given in Table 4. Such conversion was required to compare
the results with SORGF model which simulates dry matter and its distridbution
on single average plant basis.

Prom these data (Figs. 3-8), it can be observed that harvest index
was lower in SPV-351 (0.31-0.37) compared to CSH-1 and CSH-6 (0.42-0.47).
During the later part of the grain filling period, the reduction in culm
woight for both CSH-1 and CSH-6 indicastes the translocatian of dry msatter
from culm to grain. For SPV-351, no reduction in culms weight was observed.
loaf weight per plant reached maximum around 50 DAE; the value remained
almost constant throughout the growing season except for CSH-1 in Alfisol
vhere slight reduction was observed during later part of the growing season.
The higher LAl in SPV-351 as discussed earlier resulted in cospsratively
higher leaf weight in both the fields.

Comparison of sorghem grain yield 3

Grain yields were higher in Alfisols for all the genotypes (Table §,! For
C8H-1 and CSH-6, s difference which ranged nearly 1000 kg/hs was obtained.



Tahle 3, Comparisan of sorghum total dry mstter.

Genotype AT vl " Alfisol TeXus dep Deep
(RP=4) Medium fertility Vertisol Vertisol
Pesticide free (pP-12) (w-3)
(RUS- %)
cemcermeee g kg/ha-c-ccemcecenrrcanae- Ep——
CSH-1 12467 8435 10572 11162
CSH-$ d 8752 . 12989
CSH-6 14024 8342 10600 11043
CSH- 8 . 8228 . 12416
SPvV-351 14852 8547 12055 12448
"Not included in the experiment.
Table 4. Comparison of sorghum population.
Genotype KIesBo Kt y5614 T ve ep
(RP-4) Mdium fortilicy Vertisol Vertisol
Pesticide free (BP-12) (aw-3)
(RUS-3)
------------------------- klm‘—--’--——--.-—-—--------;-“
CSH-1 17.8 15.3 18. 4 11.7
CSH-§ . 19.1 . 11.0
CSH-6 17.8 16.1 17.8 11.9
CSH-8 d 16.6 o 11.5
SPV-81 15.9 11.5 16.9 13.2
ot Included In the experiment.
Table S. Comparison of sorghum grain yield.
e Experiment
Genotype ATHsol  Alfisol edlw deep
(RP-4) Modium fertility Vertisol Vertisol
Pesticide free (3pP-12) (M- 3)
e oo (RUS-3)
.......... PR A g ‘' Y Y s g
CSH-1 $87 3521 4440 4828
CSH-$ . 1911 d 4370
CSH-6 6272 3409 5001 5042
CSH-8 . 1611 * 4016
SNV- 351 4583 2420 4462 4388

*Not included in the experiment.
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Even though, the TOM for SPV-351 was sose than 2500 kg/ha in Alfisol,
this was not reflected in grain yield due to its lower harvest index.
Grain yields between madium deep and deep Vertisols were similar for all
the genotypes. Between two Alfisol experiments, nearly 35-500 yield
reduction was obscrved in the medium fertility snd pesticide free
experiment.

b) 1981-82 postrainy season

Quantification of moisture stress in sorghum

An experiment to examine the effect of mdisture stress imposed st diffe-
rent phenological stages was sown on 23 November on an Alfisol (RP-4).
Emergence occurred on 28 November after an irrigation of 4 cm was given
on 24 November. There were five moisture treatments, two genotypes
(CSH-8 and M-35-1) and three replications. The moisture trestments
included adequate moisture supply throughout growing season (Mo), stress
during growth stage 1 — from emergence to P1 (M1), stress during growth
stage 2 — from P! to mthesis (M2), and stress during growth stage 3 —
from anthesis to PM (M3), and stress during later part of both growth
stages 2 and 3 (M4). Grain yleld, total dry matter, plant population
;x.;l ph;mology for both genotypes under five treatments are given in
le 25,

lsaf area index

LAl for CSH-8 for five moisture treatments is given in Figure 9. Highest
LAY, as expected, was obtained in Mo where no m'iture stress was odbserved
throughout the growing season. In growth stage 1, lower LAl was obtained
in the M} treatment. The treatment M2 had lowest LAl in both growth
stages 2 and 3. Even sfter the release of stress in growth stage 35, there
was no recovery in the leaf area due to stress in stage 2. This is ex-
pected since no more leaf initiation and expansion occur after the anthe-
sis of sorghum. The stress in stage 3, caused marked reduction in leaf
area index from > 2.0 to < 1.0.

Phano logy

Moisture stress in (S1 hastened the days to pamicle initistion, while
stress in GS2 delayed flowering and theredby delayed maturity. Stress in
GS3 reduced the grain filling period. ~

Dry matter od grain yield

The trestasent M2 had lowest LAI almost throughout the growing sessom. '
However it had shorter grain filling period. The trestment N3 caused
rapid declinstion of LAI in growth stage 3 and shorter grain f111i
period (36 days). As a result the stress in growth stage 3 (anthesis to
PM) caused maximum reduction in total dry matter and grain yleld for
both the genotypes tested ( Teble 6). Grain yield and TDM for CSi-8
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Table 6. Sorghum population, phenology, grain yield and total dry
matter under five moisture treatments imposed at different
phenulogical stages (Field RP-4, 1981-82 postrainy).

Genotype Moisture Population Growth stage Grain TON
trestment (pl/m?) PI L PR yield

ays alter emergence Xg/hs

CSH-8 Mo* 15.5 23 66 106 5663 12529
M1 16.2 21° 64 104 4546 9619

M2 13.0 23 68 108 3296 6687

M3 13.5 23 68 104 2013 5806

M4 14.3 23 68 106 3296 6p66

M- 35.1 Mo 11.4 27 n 112 3828 10832
M1 10.7 25 68 110 3524 8710

M2 10.7 27 n 110 1908 6101

M3 9.0 27 n 109 1976 $246

M4 9.1 27 72 108 2437 6001

% = No stress throughout the growing season; Ml » Stress st G§1;
M = Stress at GS2; M3 = Stress at GS3; M4 » Stress during later
part of both GS2 and GS§3.

were highest in Mo following M1, M4, M2, and MS. Grain yield and TDM
were lower in M-35-1 compared to CSH-8 undsr all treatments. However,
the response of moisture stress in M-35-1 was .imilar to that of CSH-8.
Total dry matter of CSH-8 and its distribution to different plant parts
for Mo trestment are given in Figure 10,

Grain yield component

The nffect.of water stress imposed at different phenologicsl stages on
components of sorghum grain yield is shown in Table 7. The following
four points are noteworthy.

1. The component which was growing most rapidly st the time of
occurrence of stress was most severely affected

o In M1 greatest reduction in primary snd secondary brmches
of the pmicle was found. The formation of both these
ts are the first morphogenetic ewent during cle
development and this stress st that stage (M1) had t
greatest sffect,

e Reduction of tertiary branches mmd spikelet per primery
branch in M2 and M4 was the result of stress occurring
during later part of pmicle development.
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Table 7. Grain yleld of sorghum (M-35-1) wunder five moisture trestments
imposed st di fferent phenclogical stages (all data are shom
as percentage of control, for which the sbsolute valuss are
shom in parenthesis. All figures are nusbers per specified
unit except for seed size (g/100 seed)).

Pleld RP-4, 1981-82 postrainy seasamn.

~1rri stion trestments

Components R ML Jaaan R |
¢ of Pr.Br/panicle 100(63.2) 77 (13 96 96
¢ of Sec.Br/Pr.Br. 100(5.8 ) 8?7 95 S8 52
¢ Ter.of Bx/Pr.Br. 100(10.7 ) L §) 82 1 78
¢ of spikelets/Pr.Br. 100(34.8) 94 T2 99 73
Grain yield/panicle (g) 100(72.6) N 70 72 6S
Seed size (g/100 seeds) 100(4.12 ) 103 102 87 102
Sesds/panicle 10001758 ) 83 69 83 64
Sec.Br./pamnicle 100(363.8) 638 90 97 87
Ter.Br, /panicle 100(667.0) 64 77 96 %
Spikelets/panicle 10002184 ) 73 78 96 n
Seeds /spikelet 100(0.84 ) 93 » 86 88
Spikelets/Ter.Br. 100(3.27 ) 11§ 101 100 94

Pr. » Primary, Sec. = Secondayy; Ter. = Tertiary; Br. = Braach.

Mo = No moisture stress throughout the growing season; Ml = Stress at GS1;

M2 » Stresss at GS2; M3 = Stress at GS3; M4 = Stress at total part of
both GS2 mnd GBS.

The mlationship between grain yield and total dry matter for CSH-8
under five moisture treatments is given {n Pigure 11. Reduction in grain
yield in M3 treatment is dus to stress in grain filling period; in M1 and
M2, dus to stress during early mnd late panicle development stages respec-
tively, vhich deteraines the muber of grain per pmicle. Gruin yleld
reduction in M4 is because of stress during later part of both pmicle
developuent and grain filling periods.

Three random sets consisting of 10 consecutive plants in each plot
of CSH-8 were tagged during hard dough stage to examine the stalk rot
incidence. If 3-4 intemodes immsdiately sbowe ground were foumd solid
(not hallow) when pressed between fingers, the plant was considered free
of diseass. Disease counts vere taken on three dates at one week imter-
val sround PM. Severity of stalk rot was expresssd as percentage of
plants with soft stems.

The effect of the moisture stress trestments on stalk rot incidence
is given in Pigure 12. Treatmemt N3, vhich experienced teminal stress
for the longest time had highest stalk rot followed by M4 in which pare
of the seed number (sink demand) was lost duws to stress at boot stage.
Mo, M2, snd N3 had the last irrigstion st soft dough stage, bt took 2-4
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more days to maturity (total 108) compared to N3. Hence they might haw
experienced some terminal stress (though at much later stages of grain
filling and much less than M3), md showed some soft stalk incidence.

Ml and M2, which had smaller sink because of stress during reproductiwe
growth, had both lower yields and stalk rot incidence tham Mo.

The amount of stalk rot incidence on each of the three different
dates (Fig. 12.) indicated that interactions between disease and time
during maturity exist (P > 0.05). In M3, the disease developed repidly
on the first date of count itself, while other showed significant only
on second date. The further increase in ‘disease was signi ficant only for
the Mo (control) and Ml which underwent least amount of stress during the
life cycle. 1ntensity of stress during seedling stage in Ml was less,
since both the trmnspirational as well as the atmospheric demand for water
during this stage was small enough to be reasonably met by the stored
moisture in the profile which is also reflected in least reduction of
yield (Pig. 11). Hence Mo and M1 showed significant increase in disease
only at the very laste stage of maturity.

In M3 the grain filling period was also shortened by 4 dasys (40 days
in all other treatments); thus the earlier temination of demand for
assimilates would have prevented further disease development during later
dates.

¢) Ratoon sorghum

After the harvest of five sorghum genotypes on 14 October, ratoon sorghums
was grown under the residual moisture in Vertisc: (BWS). Three nitrogen
treatments (0, 20, and 40 kg N/ha) were superimposed on 16 October. Only
12 mm rainfall was received in October/November after the fertilizer was
added. Thus nitrogen was not made available to plant and no significant
difference in yield was obtained due to nitrogen treatments. No signi-
ficant differences among the genotypes were also observed for grain
yield and dry matter production. Grain yields, total dry matter and the
plant population for the genotype treatments are given in Table 8,

COLLABORATIVE CENTERS

Dalhi

Sorghum hybrid CSH-6 was sown on 3 July and emergence occurred on 8 July.
There were two treatments: one is rainfed amd the other one included -
irrigstion st anthesis. Rainfsll during the crop growing seasom (28 .
June-15 Oct) was 542 mm against the normal of 617 ms. The open pan
evaporstion was 617 mm during this period. Thus one irrigation st mthesis
alwost doubled the grain yield from 2700 kg/hs in rainfed to 5100 kg/hs in
irrigsted treatment. Plmnt populstion, phenology, and grain yield s
are given in Table 9. Daylength in July is longer in Delhi compared to
Pstascheru and results in longer durstion of growth stage 1. LAl . data

in Pigure 13 show thst one irrigstion st mthesis helped maintain high

LAI for lomger period.
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Table 8. Ratcon sorghum population, grain yield md total dry matter
under three nitrogen trestments.
(Field BN-3, 1981-82 postrainy)
Genotype Nitrogen Population Traln yleld  TON
trestaents _pi/m? kg/ha kg/ha
CSH-1 No 6.7 896 2530
N1 6.9 951 2728
N2 5.8 900 2617
CSH-6 No 8.2 668 2011
N1 9.3 882 2504
N2 7.7 76 233%
SPV-351 No 5.9 748 2309
N1 6.6 M2 2507
N2 7.0 807 2641
CSH-$ No 8.4 1061 3002
N1 8.7 1071 3228
N2 8.9 1220 3440
CSH-8 . No 6.8 845 2671
N1 6.4 1216 3331
N2 6.1 1099 3177
No = ON; N1 s 20 N; N2 » 40 N.
Table 9. Sorghum population, phenology, grain yield and total dry
matter (Delhi, 1981 rainy)
Genotype Population Growth stage Grain yield TOM
pl/n? 128 AN PY kg/hs kg/ha
Dsys after emergence
CSH-6 A 15.0 30 53 89 5100 11000
CSH-6 B 15.0 30 53 89 2700 8900
A= Irrigsted B = Rainfed
Iudhiana

Sorghum hybrids CSH-1 and CSH-6 were sown on 18 June and emeTgence occur-
ved on 23 June. CSH-1 took 107 DAE to reach PM which is 12 days longer
than that of CSH-6. Both these genotypes particularly CSH-1 took lomger
period to reach mnthesis mnd msturity st this high latitude locstion (31°N)
compared to other low latitude cemters. No significant differemce in grain
yield was observed between the genotypes. Plant population, graim, yleld,
md phenology dats sre given in Teble 1,



Table 10, Sorghum population, phenology and grain yield
(Ludhi ans, 1981 rainy)

Genotype Population . Growth stac Grain yield
pl/ed AN | kg/hs
Days after emergen
C8H-1 10.0 75 107 2150
CSH-6 10.0 65 95 2010
Pardhani

Sorghum hybrids CSH-1 and CSH-6 were sown on 21 June and emrgence
occurred on 29 June. Rainfall during the growing season was 718 mm;

this was 112 mm below the normal rainfall for the ssason. Open pan
evaporation was 844 ma. Grain yields for both CSH-1 and CSH-6 were
nearly 3 tons/ha. LAl for CSH-1 was higher compared to CSH-6 (Pig. 14).
Grain yields, TOM, plant population, and phenology are given in VYeble 1l.

Table 11, Sorghum populstion, phenology, grain yield and total dry
satter. (Parbhani, 1981 rainy)

Gsnotyps Population Growth sta-: Grain yield TDM
" pl/m? P PR kg/ha kg/ha
Days after emergence
CSH-1 10.8 20 62 94 3031 10330
CSH-6 11.3 23 6S 97 2894 10272
Rahuri

The experiment was not canducted in the rainy sesson. However, CSH-8
and M-35-1 were sown on 22 September and emergence occured an 26 Sep-
tember., An irrigation of S ca was given after amthesis. Grain yields
for CSH-8 and N-35-1 were 3000 and 1440 kg/ha. Days after emsrgence to
panicle initiation was not properly recordsd. Anthesis and physiologi-
cal maturity occurred S days earlier in CSH-8 compared to M-35-1. Popu-
lation, grain yield, and phenoloyical data are given in Table 13,

Teble 12. Sorghum population, phenology and grain yield.
(Rehuri, 1981-82 postrainy)

Tsnotype  Populstion Crowth stase

pl/l’ F N M Grain yleld
CSH-3 16.2 14 59 96 000
Wn-3-1 17.8 20 64 101 1480
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IMPROVEMENTS MADE IN SORGHUM

Several swbroutines of SORGF were identified that nesdsd modification for
the validation of the mode! in the SAT (Huda et al 1980). The algorithms
of SORGF mode]l desling with light interception, phenology, total dry
sstter accumulstion and its partitioning to grain, and leaf senescence
have been revised. The improvements resulting from the revisions made
are compared in each case e.g., light interception and phenological
sstimgtes otc. with the original SORGF mode]l. Simulated dry mstter amd
grain yield are compared with the field data. A detailed account «of

the revisions made in the model is discussed by Huds et sl (1080).

LIGHT INTERCEPTION

The light interception portion of the model simulstes the relstive quant\m
flux intercepted by s single plant. Intercepted Photosynthetically Active
Radiation (PAR) is calculated on an hourly basis following s Beer's law
relationship using solar radistion and light transmission values. Hourly
solar radiation is computed from the input solar radistion snd by accounting
for the nusber of hours of sunlight for sny day which is calculated as a
sine Amction of the local solar time and daylength., Examination of our
data showed that model computation of solar declination and daylength are
accurate resulting in sufficiently accurate estimstion of hourly solar
radiation. The quantum flux density (PAR) in Einsteins m™ day' is esti-
msted in SORGF from the energy flux density (RS) in cal cw™ dey”’ as

PAR = RS (0.121)

However, our results using measured data on PAR and RS for extended periuds
of time indicated that the constant relating PAR to solar radiation (RS)!

should be altered. In the revised version, PAR is thus calculsted as 0.0P
times RS. ‘

Light transmission is calculated from the relstionship of extinction
cosfficient and maximum light ransmission using information on row spacin
and IAI. An examination of the computed and msasured light tressmission
for different row spacings showed that the model was overestimsting light-
transmission, especially st low levels of cmopy light transmission. The
model bresks down for row spacings greater than 137 cm because: the compute
light transmission exceeds 100 percant. Thus the functions for estimating
sxtinction cosfficient and maximum light transmission were revised.

Comparisons of predicted and measured light trmsaission for 45 ca
sorghum rows using the datas sets collected at ICRISAT Center are shown in
Figure 15. Data points show that the revised squations predict light *
transmission within 15 percent limit of the measured PAR interceptiom.

PHENDLOGY

Accurate simulation of phenological events is importamt because the stage
of development determines the daily dry matter partitioning to various!
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DRY MATTER ACCUMULATION AND PARTITIONING

In SORGF potei.t:al photosynthate is calculated from intercepted photo-
synthetically active radiation (PAR). Net photosynthate is computed
after sccounting for the water and temperature stress as well as for
respiration. Using the approach of Gallagher and Biscoe (1978) and
Stapper and Arhin (1980), s simpler relationship for calculating daily
dry matter production from intercepted PAR was developed. From measured
data over several growing seasons it was computed that potentially s total
dry matter of 3.0 gm can be produced per each Mega Joule of PAR absorbed
when water and temperature stress do not occur (Sivakumar 1981), From the
daily potential dry matter, actus]l dry matter increase is estimated as o
function of temperature and water stress.

Partitioning of total dry matter (TDM) to leaf, culm, head ¢+ grain
and grain was studied by using data collected st weekly intervals from
27 field studies canducted at ICRISAT. TDM at anthesis and maturity was
not significantly different between hybrids and varieties (Table 1§). The
percent of TDM partitioned to leaf was not significantly different between
hybrids and varieties. The proportion of TDM accumulated in the culm was
significantly higher in tho varieties at both anthesis and maturity, Dry
matter partitioned to grain as percent of TUM was higher in hybrids (0.4§)
compared to varieties (0.32). These datu confirm that hybrids are more
efficient than varieties in translocating dry mstter to grain.

—

Teble 15. Total dry matter and percent partitioned to leaf, culm, head
" ¢ grain at three growth stages for ‘.ybrid and variety (Date
pooled over seasons and woisture treatments, n = 27).

Panicle initiation Anthesis ;Paxsiologiul maturity

Hybrid Variety Hybrid Variety H, X v aummmmtm’'er]ety
Leaf 0.64 a 0.64 & 0.25 a8 0.22a 0.11 a 0.12 »
Culm 0.36 » 0.36 a 0.57b 0.66 a 0.32 D 0.45 »
Head + grain 0.18a 0.12b 0.57 a 0.43 b
Grain 0.45 » 0.52 b
Total dry metter 1.3 b 2.5 » 32,0 a 43.0a 65.0» 73.0 »

Means with different letters are significantly different.

SOIL WATER

In SORGF daily available water for the entire soil profile (single layered)
is computed sfter Ritchie (1972) wing information on initial svailable

soil water, available water holding capacity, ninfan/irr:#uim. md
evaporative demand. Potentisl evaporation below a plant canopy (Eos) is.
calculsted after computing potential evaporstion from bave soil (Eo) amd
using LAT values. Eo is cslculated in the model using the Priestley-

Taylor (1972) equstion which requires net radiastion as input dsts. MNet
radiation is computed from slbedo, maximum solar radiation reaching the

soil surface (Ro), snd sky emissivity. Ro in the SORGF model was caloulsted



wing a site-specific sine fimction. This function was revised to ensbie the
computation of Ro for my latitude. Open pan evaporstion and Eo estimated
ere compared in M 16, This change resulted in {mproved estimstes of Eo
as can be seen in Figure 16,

LEAF AREA

loaf area is overestimated by SORGF, particularly in the grain filling period.
Revisions were made in the leaf senescence slgorithms., Senescence is now
sccounted for after the expansion of 7th leaf instead of the lith leaf as
suggested in SORGF. Leaf area at maturity is estimated as 50 percent of the
total lesf ares per plant obtained at anthesis.

SIMULATION COMPAR] SON

The revised slgorithas discussed earlier have been incorporsted in SORGF.
Simulation results of totsl dry matter and grain yield are compared with
observed data pooled from ICRISAT field studies and field studies froa dif-
ferent coopersting centers (Fhgs. 17 and 1), The correlation coefficient (r)
and the RMSE values for grain yiesld and total dry matter are given in Table
16,

Teble 16, Correlation coefficients (r) and root mean square errors (RMSE) foe
observed snd simulsted grain yield (kg/ha) and total dry mstter

(kg/ha).
Data No. of observations (v) RSE
Grain yield Pooled 59 .87 561
ICRISAT 42 % L %71
Total dry matter Pooled S4 . 8?7 1348
ICRISAT 4] .87 1261

PEARL MILLET MODELING EXPERIMENTS

a) 19_31 rainy season

Three pearl millet genotypes (BJ-104, WC-C7S, snd IO6-7703) wers grown in
both Alfisols (RP-4) and Vertisols (BP-12) under high fertility condition
(100 N, 60 P). Pearl millet was sown dry om 10 June in Vertisol, emergence
occurred on 22 June with the receipt of 35 mm rainfall on 18 June. These
crops were sown in Alfisol on 3 July after the profile was fully recharged,
emsrgence occurred on 7 July. Phenology, leaf area index, total dry mstter,
and its distribution to di fferent plant parts were acmitored regularly.
Results of these genotypes betwesn Alfisols smd Vertisols are compared.
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Comparison of pearl millet phemology

Days after emsrgence to P1, AN, and PM are given in Teble 17. No major dif-
ference in growth stages was observed for any particular genotype between two
fields. However, the total duration (emergence to PM) was 6-8 days longer
for WC-C75 on 10OM5-7703 compared to BJ-104.

Toble 17. Comparison of pearl millet phenoclogy.

Genotype Growth stages Alfisol (RP-4) Vertisol (BP-12)
Days after emsrgemnce------

BJ-104 Pl 16 18
AN 42 44
PM 70 7s
WC-C7$ PI 17 15
AN 48 47
™ 7% 78
‘ICMS-7703 Pl 19 17
AN 49 46
M 78 78

Comparison of leaf area indsx

Destructive samples from 1 o ares were taken at periodic intervals from
both trials for all the three genotypes to determine leaf ares of main
plants and tillers. However, the LAI (main « tiller) is compared for these
genotypes in Figs. 10 amd 20, LAl was highest for WC-C75 followed by
JOMS-7703 and BJ-104 in both soils,

Compamson of dry matter partitioming

Total dry matter and its partitioning to di fferent plant parts were recor-
ded periodically throughout the growing season from destructive plant
samples of 1 m’ area. Dry matter partitioning of sain plants and tillers
were noted separastely. However, combined TDM of main and tillers and their
partitioning are compared for each genotype between soils at three critical
growth stages i.e., PI, anthesis, and maturity (table 18), No msjor
difference between s0ils was observed st any growth stage for all genotypes
wnder study.

The harvest index in BJ-104 was nearly 108 higher compared to other
tWo genotypes.

Comparison of grain yield and total dry matter

Grain yield and total dry matter for three genotypes are given in Tebles 1
and 20, Contribution of main plents and tillers to grain yield are also
compared for three genotypes between soils in these tsbles. For the sake
of conveniencs to interpret the data, plant population dsts are also givea
in table 20,
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Table 18. Total dry matter and percent dry matter partitioned to different
plant components &t the three growth stages for three pearl
ui jlet genotypes.

BJ-104 (1981 ramyf

Plant Growth stages

components P! . AN ]

Alfisol Vertisol Alfisol Vertisol Alfisol Vertisol
(RP-4)  (BP-12)  (RP-4)  (BP-12)  (RP-4)  (BP-12)

leaf 0.69 0.3 0.% 0.1} 0.11

Culm 0.31 0.55 0.58 0.34 0.%2

Headegrain 0.11 0.12 0.55 0.57

Grain - - 0.43 0.44

TOM (g/plant) 0.29 9.26 29.35 S4.80 2. 80

WC-C75 (1981 rainy)

Leaf o.M 0.3 0.37 0.14 0.16

Culm 0.29 0.51 0.53 0.40 0.34

Head+grain 0.18 0.10 0.4 0.50

Grain - - 0.% 0.%7

TOM (g/plant 0.28 7.66 30.90  59.60 59.50

104S-7703%

leaf 0.71 0.31 0.3 0.17 0.14

Culm D0.29 0.59 0.53 0.57 0.41

Headegrain 0.10 0.12 0.46 0.45

Crain - - 0.4 0.3

TDM (g/plant) 0.56 9.94 37.3  $7.90 68.00

Table 19. Comparison of pear! millet grain yield (kg/ha)

(1981 rainy season)
Egeriunt
Genotype ME&sol (F-4) WUQ:{!IIQ! P17
Maln Tillers Maln + tillers Main Tillers n ¢ tiller

B-104 C 1600 1789 3359 1563 2%8 3871

WC-C75 2306 ST 2878 1889 984 2‘373

104S- 703 2462 469 2931} 1609 1281 200
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Table 20. Comparison of pearl millet populstion and total dry matter.

(1981 rainy)
__E ‘eriment
Genotype _ Pihulstion Al isol Vertisol
Ainisol vartisol Maln Tiller Waln ¢« MNaln Tiller Waln <
(RP-4) (BP-12) tiller tiller
----- 3 Y T ¥ 7 Y
3J-104 14,4 12. 3 3414 4465 78779 30 565 0689
wC-C75 13.9 13.0 6312 19 8282 4941 217 7713

1086-7703  14.8 12.2 6264 237 8571 4633 3024 8257

WC-C75 and 10MS-7703 had higher TDM in Alfisols but no & fference
in grain yield was observed between Alfisols or Vertisols for these
gonotypes. Ewen though 1045- 7703 had higher TOM in both soils, grain
yield for both WC-C7?5 and I1OM5-7703 was similar in both soils.

BJ-104 procuced more effective tillers compared to other two
gonotypes. It had higher TDM and grain yield in Vertisols. Contri-
bution of tillers to grain yield was higher in Vertisols. In fasct,
in Vertisol tillers contributed more than the main plants. The lower
grain yield and TDM in Alfisol cen be explained by the reductiom in .
effective tillers. This was probably due to late planting in Alfisol.
It may be recalled that there was 15 days difference in emergence date
between Alfisols and Vertisols.

1982 » r season
Response of pesrl millet to moisture stress

An experiment was conducted in Alfisol to study the effect of moisture
stress on pearl millet. Three pear] mi llet genotypes (BJ-104, WC-C75,
and 1048-7703) were planted in a medium deep Vertisol (BP-12) om 15 Jmnuary
1982, .An irrigation of 100 mm was given on 16 January, emergence occurred
on 19 Jenuary. Two moisture trestments were imposed in the experiment.
Treatasnt A included additional four irrigations at 14, 29, 43, and 58
DAE, Tzeatmsnt B included additional two irrigstions on 14 and 29 DAE.

Isaf area

Ilsaf aroa index was measured at periodic intervals and LAl was higher
in treatment A.

fry matter partitioning

Total dry matter and its partitioning to different plant parts are given
in Figures 21 to 26. However, partition of TON at three critical growth
stages PI, A, and PN are given Table 21. Harvest indsx was higher in
trestmant A for all genotypes. BJ-104 had higher harvest index.
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Table 21, Total dry matter and percent of dry matter partitioned to
di fferent plant companents at three growth stages of pearl
m llet genotypes under two moisture treatments.
(Vertisol - BP-12, 1982 summer).

BJ-104
Srowth stage

Plant components —PY " ™

A ) ] A L R
leaf 0.63 0.63 0.28 0.3%2 0.10 0.10
Culm 0.37 0.37 0.51 0.48 0.25 0.%
Head ¢ grain - - 0.24 0.20 0.65 0.60
Grain - - - - 0.4 0.4
TOM (g/plant) 8. 40 4. 40 .60 25.)0
wC-C75
Leaf 0.7 0.71 0.29 0.33 0.16 0.15
Culm 0.29 0.29 0. 42 0.46 0.34 0.34
Head + grain - - 0.29 0.20 0.50 0.51
Grain - - - - 0.% 0.32
TOM (g/plant) 9.90 9.% 25.00 18.80
1I0M6-7703
Lesf 0.67 0.67 0.32 0.31 0.23 0.11
Culm : 0.33 0.33 0.53 0.53 0.33 0.3
Head + grain - - 0.15 0.16 0.44 0.56
Gl‘liﬂ - - - - 013" 0033
TDM (g/plant) 10.80 10.00 29.50 20.%
A =5 irrigations Be= 3irrigstions
Phemo logy

Phenology, plant populstion, final dry mstter and grain yield at harvest
are given in Table 22. IOS-7703 and WC-C75S took 6-8 days more compared
to BJ-104 to reach msturity. However, no difference in any growth stage
was observed between treatments under study. Therefore, an experiment

is being planned for 1983 summer to study the effect of moisture stress.
imposed st di fferent phenological stages. | e
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Table 22. Comparison of pearl millet population, phenology, grain yield
and total dry matter undsr two moisture treatments.
(Vertisol -~ BP12, 1982 summer).

Populstion Growth stages G 1eld Main+e TDM

Genotype pl/m? PI AN Main T{1Jer tiller
Days after emergence ---c--cc-cug/nme--e--- -
BJ-104 A 8.3 17 a1 68 S10 864 1374 ~ 2964
3J-104 B 8.7 17 38 67 4% 442 918 2280
WC-C75 A 10.1 19 45 N7 M 0 ®9 2517
wC-C75 B 8.7 19 45 72 S 0 530 16%
1048-7708 A 10.7 21 43 72 1058 0 1085 2837
1OMS-7703 B 5.8 21 45 71 S8 O $09 1746

Crain yield and total dry matter

In both moisture treatments, BJ-104 yielded highest, though the yield

was 60% lower even in treatment A compared to that obtained in rainy
season. No grain yield difference was obtained between WC-C75 and 106-
7703 in both A and B treatments. However, the grain yield for both these
two gemotypes was less than 40% (even in trestment A) compared to those
obtained in the rainy season. There was no contributions to grain yield
from tillers in WC-C7S and 1OMS5-7703 in both moisture treatments. Noisture
stress in BJ-104 reduced the contribution from tillers.

Effect of temperature on phenology in millet

The phenological data for three pearl millet genotypes (BJ-104, WC-C75S,

and IOKS-7703) grown in 1981 rainy and 1982 summer are given in tables

17 snd 22. The relationship between mean temperature and the durstion

of growth stage 1 (emergence to panicle initistion) is given im Figure 27..
The duration of GS] decreases with the increase in tempersture wp to 26.6°C.
There 13 an indication from the limi ted data that durstion increases with
the further increase in temperature beyond 26.6°C. No clear relatiomship
between temperature and the duration of GS2 and GS3 was observed with the
present data. MNore dsta points are howsver required to study the effect

of tempsrasture and daylength an phenology.

FUTURE PLANS

Our experience with the sorghum simulation model over the past five years
gave us useful leads to examine altemative msnagemsnt strstegies and
extend the knowledgs to other crops. We will comtinus our efforts:

e To extend knowledge in developing growth models for other
crops of ICRISAT mandate. ' Pearl millet which is the second
cereal crop of our mandste was ocbviously next choice. Efforts
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have been initisted in cooperstion with the pearl millet
improvement program st ICRISAT to develop a growth and
deve lopment model for pear]l millet. Experiments are being
conducted from the 198] rainy season to collect standard
data sets on crop, scil and weather to achieve this
objective.

The framework of the sorghus model with some modi fi-
cations can be ilized to produce s pearl millet growth
model. The modifications include the change of individual
leaf concept as is done in SORGF to leaf ares index. The
deve lopment and incorporstion of a tillering swroutine is
very important. A suggested flow chart for pearl millet
growth and development is given in Figure 28.

Collsborative experiments are being conducted to study
light interception, water use, phenology, tillering habit,
dry matter sccumulation, and partitioning of pearl millet
uhder both Indian and West Africen conditions. Experiments
are also planned to study the effects of method of planting
e.g. row (practised in India) versus hill (practised in
West Africa) on the growth and development of pearl millet.

To use the revised sorghum model in developing a methodo-
logy for first order scresing of different environments °
for their crop production potential.

Sorghum yield simulations are presently made assuming that
crops are raised undesr adequate nutrient suwpply, weed free,
insect/disease free conditions. Algorithms addressing
these questions should be developed and incorporated in the
models for yield simulation under the Teal world situations.
Thus collaborative experiments need to be planned for
quanti fyying the stress factors (moisture, nutrient, biotic,
etc.).



'S

INPUT DATA

Starting date; sowing cate and depth; latitude;
genetic specific coefticlients; Initial sol! water
with Jepth; extractable s0i| water with depth;
soil p'bedo; sclar rediat!ion, max and min alr
temparature; precipitation/irrigation detes and
amounts

INCREMENT DAY .
CALCULATE

Potential avaporetion tor plants and soll;
intercepted radiation; actua!l soll and plant
evaporation; distribution of soil water with depth;
ggldepfh that prevents root growth;

DETERMINE PHENOLOGICAL STAGE
lculate heat sums; calculate daylangth

X

water In root zone.

Sowing to] |[Emergence to anicle adin
jemergence]| |penicle initiation to
l inltiation to heading thes i«
CALCULATE CALCULATE CALCULATE CALCULATE | |CALCULATE ,
plant titlter potential Final gralv] reduction In
popuiati initiation gralnnumber;|] number; LAl due to
S ' dry matter ary matter||maturity;
grain growth
rate; dry
matter; §
{final yleld
CALCULATE
Leaf ares per tiller; leaf srea Index;
root depth; er loss

'3

——

Pigure 28, A suggested
(after USDA-

-

{wr1TE OUTPUT |

‘ a " Yes

SEA winter wheat ecological model).

flow chart for pear! millet growth end development sodef




52

REFERENCES

Dodd, J.L. 1980. The Photosynthetic stress - translocation balance concept of
sorghum stalk rot. In procesdings of Intemational Workshop on Sorghum
diseases, sponsorsd jointly by Texas A & M Unlversity (U.S.A.) and ICRISAT,
11-15 Dscamber, 1978, Hydsrsbad, !ndla, pp. 300-305.

Eastin, J.D. 1971. Photosynthesis and translocation In relation to plant developsent.
in: N.G.P. Reo and L.R. House (Eds) Sorghum In the Seventlies. Oxford and I8N
Pulishing Co. Bonbay, Indla.

Gallagher, J.N. and Blscos, P.V. 1978. Radliation absorption, growth and yleld of
careals. J. Agric. Sci. Comb. 91:47-60,

Huda, A.K.S. 1982. Evaluation of SORGF subroutines - A consultency report. Blackland
Research Center, Texas A.6 M University, Temple, Texas.

Huda, A.K.S., Slvakumar, M.V.K., Virmeni, S.M. and Sekaran, J.G. 1982a, A report on
collaborative multilocation sorghum modeling experiment for 1979-81, Agrocii-
matology Progress Report-]. ICRISAT, Patancheru, Indla,

Huda, A.K.5., Sivakumar, M.V.K., Virmenl, S.M. and Sekharan, J.G. 1982b. Valldation
of SORGF mode! In the SAT-a report on collaborative multilocation sorghum
modeling experiment for 1979-1982. Agroclimatology progress. report-§

(In preparation).

Huda, A.K.$., Virmen!, S.M., Slvekumar, N.V.K. and Sekaran, J.G. 1980. Proceedings
of a meting on collaborative multilocation sorghum modeling experimeat. Agro-
climatology Progress Report-A, ICRISAT, Patenchery, Indla. pp. 1.

Pristley, C.H.B, and Taylor, R.J. 1972. On the assessment of surface heat flux
and svaporation using largs-scale peremsters. Mon. Weather 100:81-92.

Ritchie, J.T. 1972. Mode! for predicting evaporation from a row crop with incomplete
cover. Vater Resources Res. 8:1204-1213,

Sivakumar, M.V.K. 1981 Evaluation of SORGF subroutines - A Consultancy Report.
Blackland Rasearch Center, Texas A & M Unlversity, Temple, Texas.

Stapper, M. and Arkin, G.F, 1980. CORNF: A dynamic growth and developmsnt mode!l
for malze (Zea mP L.) Program and mode! documentation No. 80-2, Blackland
Ressarch Center, Texas, Temple.



53

Appendix Tables

00000POOGOOOPOCOS

DATA ON WEATHER, CROP AND 801IL
COLLECTED FROM COLLABORATIVE
MULTILOCATION SORGHUM MODEL ING
EXPERIMENT DURING 19081-82 ARE
GIVEN IN THE APPENDIX TABLES

1 AND 2 RESPECTIVELY.
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SEASONS (Emcept for reinfall, all values are delly aversges)

Location: ICRISAT (Patencheru)

Season: 198! Ralny

WVEATHER DATA FOR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND

W we M TR NG NI
| 28 May -~ 6 June 1.1 8.8 25.7 xR.3 535 12.8
2 7 June=16 June 5.5 3%.9 246 X.8 527 1.3
3 17 June-26 June 187.9 33.6 22.4 28.0 A58 8.7
b 27 June- 6 July 18.7 30.3 22.8 26.6 339 6.1
5 7 July=16 July 57.6 n.s  22.7 27.1 4% 7.4
6 17 July-26 July  52.5 3.4 23.3  27.4 ¥y 6.6
7 27 July- 5 Aug  195.5 27.5 22,1 24,8 318 2.8
8 6 Aug -15 Aug 38.2 28,0 21.6 2A.8 307 h. b
9 16 Aug =25 Aug 11.8 29.6 22.0 25.8 1111 h.8

10 26 Aug - &4 Sep 8.0 28.5 22.) 25.3 385 3.9

" § Sep -1h Sep  108.4 29.6 22.3 126.0 k68 ‘.2

12 1§ Sep -24 Sep 116.1 28,9 22.2 25.6 340 3.6

13 25 Sep - 4 Oct 7.7 29.1  22.1 25.6 h08 3.9

1h 5 Oct =14 Oct 106.0 3.0 20.3 25.2 475 h.6

Total 1058.9 8s51.0
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Location: ICRISAT (Patanchery)
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WEATHER OATA FOR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND
SEASONS (Excapt for reinfall, al! values are dally aversges)

Dates

1S Oct

25 Oct
A Nov
14 Nov
26 Nov
& Dec
1h Dec
24 Dec
) Jan
13 Jan
23 Jan
2 Fed
12 Fed

22 Febd

Total

<24 Oct
= 3 Nov
=13 Mov
=23 Nov
= 3 Dec
=13 Dec
=23 Dec
=2 Jan
=12 Jan
-22 Jan
= 1 Feb
=11 Feb
-21 Feb

- 3 Mar

taln
(o)

11,2
1.8

o O O O o

o O © o0 O o

T r
i:i. Rin. Mean

3.1
28.8
29.1
27.5
27.2
26.9
26.9
26.6
27.3
29.7
28.6
30.4
2.7
33.9

17.5
21.5
19.4
12.6
1.5
1.7
16.8
12.3
Th. b
16.6
16.3
17.2
19.0
19.9

Sesson: 1981 Postralny
aturs °C

23.8
5.2
6.3
20.1
19.4
19.3
21.9
19.5
20.,
23.3
22.5
23.8
25.9
26.9

Solar redie-
tion (ty)
%92
33
430
497
kb d
453
373
k0
425
834
b1
459
W66
W81

Evapo

tion

"8
3.6
3.7
5.0
8.7
4.9
A
4.
8.3
6.1
6.4
5.9
7.3
8.9

744.0

re-
€



Teble 1.3

SEASONS (Excapt for rainfall, a1l values are delly aversges)

Locatlion: DELNI

fod

o WV o

-3

10
1"

Dates

28 June- 7 July
8 July-17 July
18 July-27 July
28 July- 6 Aug
7 Aug -16 Aug
17 Aug ~-26 Aug
27 Aug -~ 5 Sep
6 Sep -15 Sep
16 Sep -25 Sep

26 Sep - 5 Oct
6 Oct -15 Oct
Total

Raln
(me)

223.8
81.0
4o. 4
L4

609

24,2
k9.2
A9

S41.8

Season: 1981 Rainy.

~ Yemperaturs °C
Max. Min. Mean
33.3 25.2 29.3
3.8 25.7 29.6
3.3 5.4 28.4
31.0 245 27.8
32.2 247 285
5.1 25.7  30.h
35.2 24.3 29.8
¥%.4 22.7 29.6
6.3 229 285
3h.5 21.8 28.2
35.8 145 25.2

VEATHER DATA FOR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND

Evapors-
tion (me)

6.0
6.0
b3
3.2
3.7
6.7
8.5
8.2
5.5
.6
5.0

617.0
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Table 1.4 VEATHER OATA FOR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND

SEASONS (Except for rainfall, al! valuas are dally averages)

Location: LUuDMIAHA

Season: 1981 ralny season

S —

ro: Oates :.-‘»')‘ : ! n. ocm :::n”m

! 1 June-10 June 6.8 0.3 23.8 32. 9.7

2 11 June-20 June 0 k2.7 240 33.4 1.6

3 21 June-30 June 10.6 38.7 27.8 3133 9.4

L I July-10 July 28.1 35.2 25.8 30.5 5.7

5 11 July-20 July 12.9 33.2 25.9 29.6 5.0

6 21 July-30 July r.9 33.5 26.5 30.0 6.1

7 31 July- 9 Aug 2.9 3.9 26.1 29.5 b6

8 10 Aug -19 Aug 89.5 33.9 25.6 29.8 h.6

9 20 Aug -29 Aug 0 34,9 25.4  30.2 5.6

10 30 Aug - 8 Sep 0 3.9 23.9 29.9 6.5

R 9 Sep -18 Sep 0 3.7 21,9 28,3 5.9

12 19 Sep -28 Sep 2.2 335 22.0 27.8 h b

13 29 Sep - 8 Oct 2.1 33.0 16.7 24.9 A9

14 9 Oct -18 Oct 0 33.0 15.7 2h.4 3.8

15 19 Oct -28 Oct 0 31.0 13.8 22.4 3.8
Total 308. 916.0
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Table 1.5 VEATHER DATA FOR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND
SEASONS (Except for rainfall, all values are Seilly aversges)

Location: PARBHAN! Sesson: 1981 Reiny sesson
I T i YL Y
} | June=10 June 2.8 h0.! 25.8 33.0 (7)) 13.7
2 1) June-20 June 116.5 3.7 237 .2 388 9.8
3 21 June-30 June  10.6 32.9 247 28.8 21 8.2
& 1 July=10 July 62.1 3.7 23.6 27.7 o7 6.5
5 11 July=20 July 6.9 33.4 23.0 28.2 %8 7.6
6 21 July-30 July 124.6 33.0 23.2 28.1 206 5.9
7 31 July= 9 Aug 79.8 28,1 22.6 25.4 257 3.3
"8 10 Aug =19 Aug 19.9 29.4 22.2 25.8 352 .. 4.8
9 20 Aug 29 Aug 40.8 32.3 23.0 27.7 337 5.4
10 30 Aug - 8 Sep 58.5 30.7 22.8 26.8 384 5.3
11 9 Sep =18 Sep 2.5 3.6 228 27.2 91 5.3
12 19 Sep -28 Sep  152.0 30.3 22.8 26.6 496 3.7
13 29 Sep - 8 Oct 17.4 3.3 22.7 27.0 488 8.9

Total 718.4 84A.0
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Table 1.6  VEATHER DATA FOR 10 DAY PERIODS FOR OIFFERENT LOCATIONS AND
SEASONS (Emcept for rainfall, al! values are dally averages)

54 ]

Location: RAHURI Season: 1981 Postralny

T e M mgeme mee e

| 22 Sep - 1 Oct 33.0 3.5 21.2 25.9 305 5.0

2 2 0ct -1 Oct 1.3 3.h 19.6  25.5 M7 5.0

3 12 Oct -21 Oct 0 33.5 16.6 25.1 %6 6.8

A 22 Oct -31 Oct 5.8 31.0 19.7 25.h 139 5.7

5 1 Nov ~10 Nov 2.6 30.2 17.0 23.6 409 06

6 1! Nov =20 Nov 39.6 28.9 13.4 21.2 418 5.0

7 21 Nov -30 Nov 0 27.2 8.9 18.) k09 3.9

8 1 Dec -10 Dec 0 28.4  12.0 20.2 373 0.5

9 11 Dec =20 Dec 7.5 27.2 1.6 19.h 362 N2

10 21 Dec -30 Dec 1.8 27.4 131 20.3 2 3.6 o

11 31 Dec - 9 Jan 0 29.0 12.7 20.9 503 0y o
Tota) 127.6 530.0




Table 1.7
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VEATHER DATA FOR 10 DAY PERIODS FOR DIFFERENT LOCATIONS AND
SEASONS (Except for rainfall, al) vsluss are deily aversges)

Location: Khon Kasn - Thailemd

Sesson: 1981 rainy

o e (o To hine R o () tien
1 29 Jul-07 Mg 21,1 2.1 289 280 434 S.8
2 08 Aug-17 Aug 35.6 52.1 23,7 27.9 07 5.7
3 18 Aug-27 Aug  44.7 33.4 237 206 446 5.1
4 28 Aug-06 Sep 42.5 31.8 236 27.7 426 4.1
L 07 Sep-16 Sep  49.2 2.6 235 28.1 461 5.2
6 17 Sep-26 Sep 4.4 52.5 23.9 28.2 a“u4 4.6
7 27 Sep-06 Oct 31.2 52.8 24,5 28,6 374 .4
8 07 0ct-16 Oct  107.6 30.4 231 26.8 55 3.0
9 17 Oct-26 Oct 0.2 31.7 22.6 27,2 463 4.0
10 27 Oct-0S Nov 18.6 31.2 22,5 26.9 »3 5.1
11 06 Nov-15 Nov 2.1 29.6 20.2 24.9 38 4.3
357.2 443.0
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Table 2.} CROP AND SOIL OATA FOR DIFFERENT LOCATIONS

Locstion: ICRISAT - RP & Season: 1981 Raliny
a) Phanologica! data

Genotype/Treatment

CSi-1 TSH-6 SPY=-351

DATE DAE DATE DAE DATE DAE

Sowing 24.6.81 24.6.81 24.6 .81

Eme rgence 28.6.81 __28.6.81 28.6.8)
Fifth leaf 15.7.81 17 15.7.81 17 17.7.8) 19
Panicle initiation 20.7.81 22 17.7.7V 19 25.7.81 27
Fleg 1eaf emargence 14.8.81 &7 14.8,81 47 -
Anthes!s 24.8.81 §7 23.8.81 86 1.9.81 65

Physiological maturiey 23.9.8) 87 22.9.8) 86 28.9.8) 92

b) ..~roncmic_dsta

Depth of sowing (cm) 5 5 5
Row spacing (cm) 75 75 75
initia! plant population/ha - - -
Final! plant population/hs 1,78,000 1,78,000 1,59,000
mber of replications 3 3 3
Maximm number of leaaves 18 17 18
grain yleld (kg/hs) 5,579 6,272 h,583
Total dry metter (kg/ha) 12,467 14,024 14, 852
c) Sol! dets

Avellable sol! weter ot sowing (cm) 2 o 2.0 2.0
Meximum avellsble sol! weter (cwm) 8.5 8.5 8.5

d) !ﬁ amount of Irrigstion (cm)
Asount (cm) Oate Aount (cm)
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Teble 2.2  CROP AND SOIL DATA FOR DIFFERENT LOCATIONS
Location: ICRISAT - RUS) : 1981 Rainy
a) Phenologice! deta

Genotype/Treatment (gdium fertility and pesticide free)

CSK-1 CSH-6 sPy-351
DATE DAE DATE DAE DATE DAE
h‘”’ 23.6.8‘ 23.6." 230‘0"
Eme rgence 29.6 .81 29.6.8) 29.6.81
Fifth leaf
Penicle Initlstion N
Flag leaf emsrgencs
Anthes!s R 23.8.81 55 22.8.8) sS4 31.8.81 63
Physiological meturity 21.9.8) 84 21.9.81 B4 28.9.81 91
Depth of sowing (cm) 5 5 5
———————— N
Row spacing (cm) I 75 ;]
initia! plant population/ha - - -
Fina! plent population/he 1,533,000 1,61,000 1,15,000
Mmber of replications 3 3 /,
Moximam nusber of leaves - o | - T T .
araln yleld (kg/he) 3,521 3,09 2,420
Tota) dry setter (kg/ha) B, 058 3,502 8,587
c) Soll dats
Avallable sol! water at sowing (cm) - - -
Maximum avallable soll weter (cm) - - -
d) g!g and amount of irrigation (cm)
Amount (cm) Date Amount (cm)
[ SR SEERRR i

Contd,.o,
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Table 2.2 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS
Location: [CRISAT - RUS3 Season: 198) Ralny
a) Phenological data

Genotype/Treatment (Madium fertility and pesticlde free)

C5M-§ ‘ cSu-8

DATE DAE DATE DAE
Sowlng 23.6. 8 23.6.8
Emsrgence 29.6.8) 29.6.8)
Fifth leaf - -
Panicle initiation - .
Flag leaf emargence - -
Anthes!s 2.9.81 65 2.9.8) 65
Physlological meturity  29.9.81 92 29.9.8) 92
b) Agronomic data
Depth of sowing (cm) 5 5
Row spacing (cm) 75 7
initial plant population/ha - -
Final plant population/ha 1,91,000 1.66.000
Mumber of replications 3 3
Maximum number of leaves a - .
Grain yleld (kg/he) 1,911 1,660
Tota! dry matter (kg/ha) "'1','7!2 f«kh .
c) Soll data
Aveilable so!l weter at sowing (cm) - -
Maximum avallable sol! water (cm) - -
d) Detes and amount of irrigation (cm) - —

Dote Amount (cm) Date Aount (cm)




64

Table 2.3 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: 1CRISAT - BV )

Season: 198! Rainy

a) Phenol.-lcal data
Genotype/Treatment
esH-1 CsH-6 SPy-351
DATE DAE DATE DAE DATE DAE
Sowling 10.6.81 10.6.81 10.6.81
Emsrgence 22.6.81 22.6.8) zz'.ls.m
Fl'?‘ leaf 10.7.81 18 10.7.8) 18 10,7.81 18
Panicle Initiation 14.7.8) 22 13.7.81 21 1A.7.8) 22
Flag leaf emergence  14.8.8) 53 14880 53 -
Antheslis = 23.8.81 62  22.8.80 61 29.8.81 6.
Physloleg!cal nturltyﬂ‘g-l‘ ) WYI X 8.9.81 I8
b) Agronomic dats
Depth of sawing (cm) 5 5 5
Row spacing (cm) 75 75 75
. m——
initial plant population/ha - - -
Final plent population/hs 1,117,000 1,19,000 1,32,000
Mumber of replications 3 3 - 3
HexTmum nuwber of Teaves '8 7 18
Graln yleld (kg/ha) 4,828 5,042 4,388
Total dry matter (kg/ha) LY T ey Ty
c) Soi! deta
Avallable sof! weter at sowing (om) 6.5 6.5 6.5
Meximum avellable sol) weter (cm) 22.7 22.7 22.7
d) Detes and amount of irrigation (cm)
Date Amount (cm) Oate fiount (cm)

[} l‘! 'm“'
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Table 2.3 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: ICRISAT - oV 3 Season: 1981 Ralny
s) Phesologica) deta
Genotype/Treatment
CSH-5 CSN-CJ o

- — DATE T DAE LDAT! D-; -
Sowlng 10.6.81 10.6.81
tmsrgencs 22.6.8) 22.6.81 —
FIfth leof 9.7.81 17 9.7.81 18
Panicle Initliation 32,7,31 30 14.7.80 22
Fleg Yeaf emsrgence - -
Anthes |3 L 3.8, 81 65 0.8.81 &
Physiological meturity :9.9_31 99 29.9.8) 99 _ _
») Agronomic dets
Depth of sowing (cm) 5 S
fow spacing (cm) T 75 B ~ ___:
initial plant pnpulation/he - - .
Final plant popul;;lonlha 1,110,000 1,115,000 - _:
Mumber of replicetions 3 3
Meximum number of leaves 20 20
grain yleld (kg/ha) 5,32 5,016
Total dry mettar (kg/ha) _ 12,95 W_:_-_-
c) Soll data
Avellable 30!l water at sowing (cm) 6.5 6.5
Meximm svellable sol) weter (cm) 22.7 22.7
d) Dates and amount of Irrigation (em =

Dete  Amount (om) Dote

- A
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Table 2.4 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS
Location: ICRISAT - 6P 12 Sssson: 1981 Ralny

CSH-1 csH-6 sPv-351
DATE DAE DATE DAE DATE oA
Sow!ng 11.6.81 ____11.6.81 11.6.81 —
Eme rgence 22.6.81 22.6.8¢  22.6.8v
Fifth leaf __U.?.BL 2! 13.72.81 21 ll.h!l 21
Panicle Tnitiation 14,781 22 11.7.81 19 W7, 1 22
Fleg leaf emsrgence 6.8.81 &5 10.8.81 &9 15,8.81 54

b) . ~ronomic date

Physiological meturlty -13,9,31 89 18.9.81 88 26.9.81 96
e c— ”

Depth of sowing (cm) 5 R

Row spacing (cm) 75 75

initial plant populetion/he - -

Finel plant population/ha 1, 84,000 1,78,000 l,69.009*_

thmber of replications 3 3 3

Maximm number of leaves 17 17 18

Grain yleld (kg/ha) &, hi0 5,001 A, 062

Tota! éry metter (kg/ha) T2 © 10,600 T 12,088

c) Sol! data

Avallable soll water at sowing (cm) 2.9 2.9 2.9

Maxtmum svallable soll weter (cm) 16.5 16.5 16.5

d) Dates and amount of Irrigation (cm) ———
Date Amount (cm) Date Amount (cm)
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Table 2.5 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Location: ICRISAT - aPd ‘ Season: 1981-82 Postralny
o) Phenologice! dete
Genotype/Treatment
L3 al| "
BATE OAE " DATE _ DAE  DATE DAL
Sowing 23.10.81 23.10. 8 23.10.8)
Emargence 28.10.81% 28.10.%1 28.10.8Y
Fifeh leaf 17.11.81 20 12.11.81 20 17. 11, ﬂ 5
Paniclie initiation 20.11.8) 23 18.11.81 2) 20.11, ﬂ 23
N
Flag leaf emargencs
Anthes!s 2.1.82 66 31.12.81 6k k.1,
Physiologlical maturity 11.2.82 106 9.2.82 104 13.2.82 108
AP
b) Agronomic data
Dapth of sowing (cm) 5 5 5
Row spacing (cm) 75 75 5
initial plant population/he - - -
Fina) plant population/he 1,555,000 1,62,000 1,30,000
Wumber of replications 3 3 3
grain yield (kg/he) 5,663 0 ASMT T Ty
M
Yotal dry metter (kg/ha) 12,529 9,619 6,687
€) Soll deta |
Avsilable soll water at mlng (cﬂ) 8.5 8.5 T
Maximum avellable soll -utnr (a) I.S 8.5 “ .5
— — hemitstiesasinidsumnitinsisenanivuidinee

d) Dates and amount of lrrl- slon g___)
Bats Amount (ci) = Date

o— e —t——
2.00.51 40 71081
6.11.81 5.6 - 27.11.81
Iy RN e
....&-u-.rﬂ' - B N
90 '20 709 ? " """'r “s: Y
PP Zmlm“ - w 96 W o AR e ik I oot mﬁw‘%ww N

18.1.82 5.0

'
foox
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Table 2.5 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS
Location: ICRISAT - RP & Season: 1981-82 Post ralny
a) Phencloaica) dete

Genotype/Trestment .
csi-8
.1 —
DATE DAE DATE DAE
—
Emergence 28,10.81 28.10.81
Fifth leef 17.11.81 20 17.11.81 20
Panicle Initliation 20.11,8) 23 20.11.81 23
Fleg leaf emargence - -
R e
Anthes!s h.1.82 68 2.1.82 (73

Physi:io.lal maturlty 242'82 104 11.2.82 ‘;m
Oepth :f sowing (cm) 5 5
Row spacing (cm) 15 )
initial plant population/ha - -
——— -

Final plant population/hs 1,35,000 1,43,000
Waber of replications 3 3
Maximin number of leaves s 15
rain yleld (kg/ha) 2,913 3,296
Yote! Try metter (kg/ha) g, B0k 6,966 _
c) Soll dota
Avallable sol! water at sowing (cm) 8.5 8.5
Naxionm avellable sol! water (cm) 8.5 8.5
d) Detes and amount of irrigation (cm) -

Sate Amount (om) Date Mount (om)
T T8 T F.'ﬁ R G,Tr, o | R o s.‘

”o"c‘ hd 7.‘

M—W



cﬂt‘-... "

Teble 2.5 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS
Location: ICRISAT - pP & Season: 1981-82 Postralny
a) Phenological data

Genotype/Treatment

"*35-1
Mo My -1

DATE DAE DATE DAE DATE DAL
Emargence 28.10.8) 268.10.81 28,10, 8]
Fifth leaf 17.11.81 20 17.11.8) 20 17.11.80 20
Panicle initiation 24.11.81 27 22.11.81 25 24.11.81 27
Flag leaf emsrgencs 21.12.81 Sh - -
Anthesls 8.1.82 72 &.1.82 68 8.1.82 72
Physiological maturity 17.2.82 112 15.2.82_1%0 1-.2.82 M0_
b) . ~ronomic data
Depth of sowing (cm) 5 5 S
Row spacing (cm) 75 s 75
initial plant population/ha = - - o
Fina! plant population/hs 1, 14,000 1,07,000 1,07,000
umber of replications 3 3
Maximum number of lsaves 16 s 15
Grein yleld (kg/hs) 3,828 3,524 1,908
Tota) dry metter (kg/ha) 10,832 8,710 6,101}
c) Soll data
Avallable 3ol weter st sowing (a-) 8.5 8.5 .& _
Maximm svailable sol! weter (c-) 8.5 8.5 8.5
d) Dates and smount of irrigation (cm) -
Dats m:ﬁ(ed ¢ Oste  Amownt (cm)  Dste  Amount e-)
24.10.81 4.0 26.10.81 4.0 24.IO.UI &0
L8 5.6 1.12.81 7.1 6.11.81 5.6 1
L m L SN gl To& - ;.;‘;i s .-",‘;‘:;";:‘r:‘:.".—.t"—’
TAIZE e IR 7.2 )

28.1.82 7.0 ' |

oo {‘W.&
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Table 2.5 CROP AND SO0IL DATA FOR DIFFERENT LOCATIONS
Location: ICRISAT - RP & Season: 1981-82 Postralny
8) Phenological dats

Cenotype/Treatment
M35+ 1
e
DATE DAE DATE DAE
Sowlng 23.10.81 23.10.81
Emsrgence 28.10.8! 28.10.81
Fifth Teal 17.11. 81 20 17.11.81 20
Panicle Inltiation 28.11.81 27 28.11.81 27
Flog Tea? emergence - A
TnthesTs 8.1.82 L A T

PhysTologlical maturlty 1%.2.81 09 13.2.82 108

N

b) Agronomic deta

Depth of sowing (cm) 5 5

“Row spacing lem) 75 R -
mmt populnﬂon?'u - - - .
rlul phnt popuhtlou. T 90,000 ~ 91,000
Hnlm mnor uf Iuvu 15 15
“Grain yield (kg/ha) 1,978 2,837
“Yota! fry metter (bg/ha) 5,206 — 6,001

c) Sol! data

Avellable s0!! weter at sowing (cm) 8.5 ' 8.5
“Naxlmum avellable soll water (om) 8.5 8.5

d) De amount of |rrigation
Date Amount Dats Amount

' 2h.10.81  L.8 24.10.81 K0
T.11.81 5.6 6.11.01 5.6

L
28.11.8) 7.8 8.0, I.S
30‘1.8' 7'7

14,12.81 6.9
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Table 2.6 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS
tlocatlon: DELM! Season: 1981 Ralny
a) Phenologica! data

b) Agronomic data

Genotype/Treatment
CSH-6 A* CSH-6 B*

OATE DAE DATE DAE
Fifeh leaf - .
Panicle Initiatlion 7.8.81 30

.8. 7.8.8) ¥
Flag leaf emergence - .
Antheslis 30.8. 81 S} 30.8.81 £
Physlologlcal meturity 5!08 B 89_ s—lo .81 Bl ”L_—

Depth of sowlng (cm) 5
Row spacing (cam) 75 I
“Tnitlal plant populations. = T _ R
Final plant popu!nt!on/ha" 1,50,000 1,50.000
Maximum number of leaves - -
nf.'ﬂ v'.'dmw) Slm ‘—’W—’
Total dry matter {bg/ha) T, 11,000 5,90
c) Soll data
Avallable sol! water at sowing (cm)
L ]
Maximum avellable soll water )
-~ R SR
d) Dates and amount of irrigation (cw)
MR RNS
== R
—— ' I

A* = Irrigated B* = Rainfed



Table 2.7 CROP AND $OIL DATA FOR DIFFERENT LOCATIOMS
Locatlon: LUDHIANA Season: 1981 ralny
a) Phenolz-ical data
Genotype/Trestment

CSH-1 CSH-6 .
T DATE DAE DATE . DAE

18.6.81 18.6.81
23.6.81 . 23.6.8

mwing
Emergence
Fiteh lea. .
Pontcle Inftistion ~  8.8.81 W 881 M T
TFlag Tea? smergence - -
Tnthests 6.9.601 15 6.9.80 1®
PhysloYoglcal meturlty 8.10.81 107 26.9.81 95

b) Agronomic dats

Depth of sowing (cm) 5 5
“Row spacing (cm) 75 G
lnltm‘;hnt population/ha - -
“Final plant population/he 1,00,000 "1,00,000
thmbar - peo\featlons ™~ T T T E
Maximum number of leaves - -

“Graln yleld (kg/ha) 2, 150 2,010

Tota! dry metter (kg/ha) o -

c) Sol) date

Avallable soli! water at sowing (cm)
Maximum avellable soll water (om)

L L AR

¢) Dates and amount of irrigetion {cm)




Table 2.8 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS

Locationpapsnmi Season: 1981 Rainy
a) Phernological data

Senotype/Treatnant

CSH-1 Csh-6
DATE DAE DATE DAL

Sowing _ 21.6,8) 21.6.8)
Ceergence .68 a8 " e
Fifeh leof TS X T T TS T'7% 0 R [ 4

Penicle Inftiat on 19.7.8) 20 zz.m\ 23

o9 Teaf emergence 10.8.81 b 15.8.81 " M
Anthesls . 2.9.8 62 6.9.81 65

Physlologlcal meturlity A.10.81 9k 7.10.81 97

b) Agronomic dats

Depth of sowing (cm) 5 ;
'W—————_-";;—_‘———'_g'——-
Tnitial plant population/ha  1.05.266  1L.00.83
FinaT plant populotionhe 0500 1,300 _
mtu mdnr of hmm 17 17

“Graln y'olz lwrl’ | 3,03 2,006

70“‘ "’7 metter .l/il lO 330 W ,27h

I

c) Soll dota

Avalisble soll water at sowing (cm) o 12 |

d) Detes snd amount of irrigetion (cg) | o

%

o T T e 1)
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Table 2.9 CROP AND SOIL DATA FOR DIFFERENT LOCATIONS
Location: RAHUR! Season: 1981-82 Post ralny
s) Phenological data

Genotype/Treatment
CSH-8 M- 35-1
DATE DAE DATE DAE

mina 22.9.81 22.9.8
Emergence 26.9.8) 26.9.81
Fifth Teal . . ' I

= RS

Pantcle InftTat on (o 08y 14 16.10.81 20
W

Physlologlcal metur ty ~ \2 an 96 5.1.81 101

b) .~ronomic_date

Depth of sowing (cm) 5 ) 5"

e ——
Initial "plm poputation/na R -
Final pﬁt population/ha 1,62,000 ,75,000

“Musber - ﬁlm_ S Ty
_{b_;_lm mmber of Iowu - - .

du!n y W’"W" u) . , 3,000 K ;,ﬁo"f"'—*“'_-

c) Sol) date

Avallsble soll water at sowing (G) TaY recfwns tr vmveae fln
Mo TRTTRETS 3011 Water, am) — Tro) vme Hhan afi 130T AR
W—-—-—————-M

“ hm m o AN Y
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Table 2.10 CROP ANO SOIL DATA FOR DIFFERENT LOCATIONS

Locatlon: Khon Kasn - Thailmd Season: m'irm
o) Pherol.-ica) data
Genotype/Treatment
Stage Ku- 300
Date ‘" DAB

Soul 7.8

29.7.81 _
Emergence 2.8.82
Fifen ton.

Panicle Inltiation 1.9, 81

a9 leaf emergence 18.9.81 47
Anthesls

5,0.81 24
rhyslo\oglcﬂ meturlty 9.11.81 »

b) Agronomic data

Depth of sowing (cm) $
Row spacing (cm) x ” -
“initial plent population M@ "y13900 @~~~ 00 T T T

Fina) plant population/ha . 127000 B

Mimber of reoiications — 4 ——
Maximum number of leaves 20

Graln yleld (kg/he) I%E l

Total dry matter (bg/ha) ;_11579 ] ]

¢) Soll date

Avallable soll water at sowing (cm) 10.0
Woximam avellable sol] weter (am) 11.5

d) Dates end amount of Irrigetion (cm

-ail-

B T T
T R e e
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