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ABSTRACT ¢
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SORGHUM VARIETIES AND EVALUATION OF DSSAT V.3.5 CERES-
SORGHUM MODEL TO OPTIMIZE FARM MANAGEMENT STRATEGIES

BY
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Coimbatore — 641 003.

2001

Field experiments were conducted in the dryland farm of Department of
Agronomy, Tamil Nadu Agricultural University, Coimbatore during Northeast
monsoon (NEM) seasons of 1999 and 2000 under dryland condition with a view to
study the performance of two sorghum (Sorghum bicolor (L.) Moench.) varieties
under different sowing dates and levels of nutrients (Nitrogen and Phosphorus) on the
growth and yield of grain sorghum. The study also aimed to evaluate DSSAT V.3.5
of Decision Support System (CERES-Sorghum model) for key management practices

like choice of vaiTé\&ies, times of sowing and nutrient levels.

Two sowing times‘(sowing before the receipt of monsoon rainfall and sowing
after the receipt of monsoon rainfall), two varieties (CO 26 and CSV 15) and three
nutrient levels (No nutrient application (control), 40: 20: 0 kg N: P,0s: K,0 ha! and
60: 30: 0 kg N: P,0s: K50 ha™') were evaluated in a split plot design, replicated thrice.

The long term average rainfall of 94 years (1907-2000) for NEM season of
Coimbatore is 324.8 mm. The returning period worked out by using 94 years NEM
season rainfall indicated that the chances for getting the average NEM rainfall of
324.8 mm was 4/9 (four years out of nine years), while the repeatability of NEM of
1999 and 2000 (427.6 and 284 mm) would be 4/18 and 1/2, respectively. The rainfall

received during the 1999 NEM season crop (427.6 mm) was well above the long term



average, where as the rainfall received by the 2000 NEM season crop (284 mm) was

below the long term average rainfall.

The experimental results revealed that the evaluated varieties CO 26 and CSV
15 exhibited distinct variation on their growth and yield under different times of

sowing and levels of nutrient application studied.

P

During 1999 NEM season (above average rainfall year), the variety CSV 15
sown before the receipt of monsoon rainfall with 60: 30: 0 kg N: P,Os: K0 ha”! had
registered enhanced growth attributes in general and produced earheads with higher
- number of grains and in turn registered higher grain yield. The resource -use
efficiencies were also higher with CSV 15 sown before the receipt of monsoon
rainfall. This combination of sowing CSV 15 before the receipt of monsoon rainfall

with 60: 30: 0 kg N: P,0s: K,0 ha™! resulted in high B: C ratio.

During 2000 NEM season (below average rainfall year), sowing of CSV 15
before the receipt of monsoon rainfall with 40: 20: 0 kg N: P,0s: K,0 ha™! produced
appreciable growth attributes and produced lengthier earheads with more number of
grains and finally recorded higher grain yield. The resource use efficiencies and B: C

ratio were also higher for this combination.

Water balance studies indicated that total cumulative rainfall received during
the cropping ;;eriod, effective rainfall and available soil moisture were decreased as
sowing was delayed. Soil moisture dynamics for available water observed both
through water balance model and actual measurements indicated the same trend but
registered wide variation in respect of quantity of water gained or lost in both the

years (above and below average rainfall years).

During 1999-2000 (first crop), both the varieties had only 76.30 pér cent of the
total water requirement (218.94 mm out of 286.79 mm) under sowing before the
receipt of monsoon rainfall and under sowing after the receipt of monsoon rainfall, the
variety CO 26 received only 70.18 per cent of the water requirement (207.7 mm out
of 295.96 mm) and the variety CSV 15 received only 75.91 per cent of the water
requirement (207.7 mm out of 273.61 mm). During 2000-2001 (second crop),
irrespective of the varieties, sowing before the receipt of monsoon rainfall got only

- 59.86 per cent of the water requirement (206.95 mm out of 345.72 mm), while it was



59.91 per cent for sowing after the receipt of monsoon rainfall (196.46 mm out of
327.89 mm).

The CERES-sorghum model of DSSAT V.3.5 Decision Support Systemr
predicted the phenological developments like panicle initiation, anthesis and
physiological maturity very well. But the model poorly predicted the growth
(biomass) and yield components (number of grains ecarhead™ and single grain weight)
especially under moisture stress condition and in turn poorl}f predicted the grain yield
during 2000 NEM season (below average rainfall year) though the model prediction
was fairly good for the 1999 NEM season (above average rainfall year).

Summarising, sowing of sorghum variety CSV 15 before the receipt of
monsoon rainfall with 60: 30: 0 kg N: P,0s: K,0 ha'! during above average rainfall
year and 40: 20: 0 kg N: P,0s: K,0 ha! during below average rainfall year, would be
a sustainable Vertiso! dryland management technology for the western zone of Tamil
Nadu. The result is applicable when seasonal climate forecast information is

available in advance.

iy
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ABBREVIATIONS USED

BCR - Benefit-Cost Ratio

CD - Critical Difference

CERES- Crop Environment Resource Synthesis
CGR - Crop Growth Rate

DAS - Days After Sowing

DMP - Dry Matter Production

DSS - Decision Support Systems

g - gram
HI - Harvest Index
K - Potassium

- Kgha''- Kilogram per hectare
LAI - Leaf Area Index

N - Nitrogen

NAR - Net Assimilation Rate
NEM - Northeast Monsoon
NS - Not Significant

P - Phosphorus

PI - Panicle Initiation

PM - Physiological Maturity
RGR - Relative Growth Rate

SEd - Standard error of deviation

LEGEND
First crop - 1999-2000
First year - 1999-2000
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CHAPTER I
INTRODUCTION

India prepares herself to launch an Ever Green Revolution (EGR) through a
paradigm shift in agricultural research and developmental strategies especially in
dryland agriculture. Dryland farming is the heart of .Indian agriculture occupying
about 68 per cent of total cultivable area and contributing about 44 per cent to total
food grains productioh. Extending area from drylands under further irrigation
becomes limited because of many obvious reasons and hence the existing drylands
would last as drylands forever. In Tamil Nadu, 55 per cent of total cultivable area (4
m ha) is critically under drylands. Considering the future food demand, research and
development activities of dryland agriculture should be further strengthened as

indicated elsewhere.

Among many annual crops, sorghum is one of the important cfop being raised
in dryland agriculture. Sorghum (Sorghum bicolor (L.) Moench) is characterized by
its ability to interrupt its growth under moisture stress for extended periods and
resurne its growth as soon as favourable condition again occurs. Hence in India, it is
cultivated in about 12.59 million ha with an annual production of 8.36 million tonnes,
\«Yhile Tamil Nadu produces about 0.70 million tonnes of sorghum grains from 0.58
* million ha. Since the possibility of increasing land area under sorghum crop is quite
limited with the introduction of alternate land use concept, timely sowing of improved
varieties wh.ich have higher resources use efficiencies under adequate nutrients is the

kingpin to increase the sorghum productivity for sustained production from drylands.

Time and labour, in addition to water are the main production constraints for a
dryland farmer, since the agricultural operation of dryland agriculture starts with
monsoon rains and every farmer has to do it simultaneously. Labour and water are to
be shared equally between dryland farmers, and hence dry sowing of crops in
anticipation of monsoon rainfakd{‘ (pre monsoon sowing) would be the alternate

technology.

Sowing of crops in anticipation of rainfall helps to utilize the initial showers of

monsoon rainfall to the maximum extent possible for the germination and the
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establishment of the concerned crop. Hence, one strategy to over come the problem
cited elsewhere is attemnpting through advanced sowing in anticipation of monsoon
rains.  Though™ such studies were conducted earlier, there was no concreté
recommendation on the correct time of sowing (date). Under these circumstances, a
simple water balance model developed by Frere and Popov (1979) becomes a handy

tool for identifying the time of sowing.

Though productivity of dryland sorghum is mainly limited by soil moisture
availability, the experiences gained so far from the dryland research has sﬁown that
under given rainfall situation, crop yields could be still enhanced with the application
of nutrients. This in turn increases the water use efficiency. Therefore, to increase
crop yields in the drylands, it is not only necessary to increase moisture availability
but also to ensure the availability of required nutrients. At present, in Tamil Nadu for
dryland sorghum, application of 40: 20: 0 kg N: P,0s: K0 ha'! is being -
recommended irrespective of'vvarieties and rainfall amount. But sorghum crop
responds differently under varying times of sowing and different cultivars have
varying magnitude of response to nutrient application. The information on the
response of high yielding sorghum varieties to nutrient levels under different times of
sowing with varying rainfall situation is lacking at present and this makes the decision

making process of dryland farmers more complex and complicated one.

Under these circumstances, Decision Support Systems (DSS) is a valuable tool
for making a viable decision on the adoption of selected technologies at any point of
time. Decision support systems is a specialised computer program that assist in farm

decision making processes when many options are available for a single problem.

The International Benchmark Sites Network for Agrotechnology Transfer
(IBSNAT) initiated in 1982 for developing a systems analysis approach for
addressing a wide range of agricultural, environmental and economic problems in
developing countries has developed a spec{z}l software system known as Decision

Support System for Agrotechnology Transfexj (DSSAT).

DSSAT has been designed to easily create “experiments” on computers to
simulate outcomes of complex interactions between various agricultural practices, soil

and weather conditions. This program is to suggest appropriate solutions to the site



specific problems. DSSAT relies heavily on crop simulation models to predict the
performance of crops for making wide range of decisions. In DSSAT, CERES (Crop
Environment Resource Synthesis) family crop model is used to predict the

performance of six grain crops viz., rice, wheat, barley, maize, sorghum and pearl

millet.

The CERES-Sorghum model is based on plant morphogenesis, biomass
accumulation and partitioning, soil water balance and soil plant nitrogen dynamics.
The CERES-Sorghum model was developed and validated by Ritchie and
Algarswamy (1989) by using data from multilocation sorghum modeling experiments
in which sorghum hybrid CSH 1 was grown at several locations of India. Their
results indicated that model was capable of simulating phasic development reasonably
well, but yield predictions were poor. However, CERES-Sorghum model has not

been evaluated under diverse agroclimatic conditions of Tamil Nadu.

In view of the above facts, the present study was taken up with the following

objectives:

% To ascertain the effect of times of sowing of two sorghum varieties under different

rainfall events on dryland sorghum growth and yield,

% To evaluate the effect of different nutrient doses on dryland sorghum yield and

other related parameters under varying rainfall events and

% Evaluation of CERES-Sorghum dynamic simulation model of DSSAT V.3.5 for

farm decision making.
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CHAPTER II
REVIEW OF LITERATURE

Sdrghum is one of the most important cereal crops grown in arid and semi-arid
tropics of India. Since, mostly grown under dryland condition, the productivity of
sorghum is relatively low and highly unstable. The major constraints for higher
_productivity in the dryland regions are the lack of adequate soil moisture during the
critical crop growth period coupled with poor fertility status of the soil. Hence it is
desirable to select a suitable variety for this situation so as to accommodate with in
the particular Length of Growing Period (LGP) identified. In other words, sowing the
seed at appropriate time in order to utilize the rainfall and available nutrients most
efficiently is the most important key management practice for dryland sorghum.
Sorghum responds differently under varying times of sowing and different cultivars
have varying magnitudes of response to fertilizer application. Under these
circumstances, Decision Support Systems (DSS) is a valuable tool for making a viable
decision on the adoption of selected technologies at any point of time. Decision
support system is a specialised computer program that assist in farm decision making
processes when many options are available for a single problem. At present, many
countries employ DSS for developing strategies. The work done on the effect of
times of sowing, varieties and fertilizer levels 6n the growth and yield of sorghum and
the role of DSS in decision making under varying situations are reviewed in this

chapter.

2.1 Part I Main Experiment

2.1.1 Identifying sowing dates through water balance study

Among various crop production factors, rainfall plays an important role in
determining sowing time especially for dryland crops. Frere and Popov (1979)
developed a simple water balance model to es?f’imate the water availability to the crop
by using rainfall, reference crop evapotranspiration and water holding capacity of the
soil as inputs. In this method, it was assumed that the sowing could be done at the
beginning of the monsoon season during any week when the rainfall satisfied the

estimated water requirement of the crop under consideration.



Omer (1984) used water balance model and identified 20* June to 10" July as
the optimum planting time for sorghum. Maximum transpiration, minimum
evaporation and Water Stress Index (WSI) were the principal water balance
components for selecting the sowihg times. Schouwenaars ef al. (1988) adopted
water balance models namely SWETAM and SWATER to analyse sowing strategies
for maize and suggested that sowing could be taken in October and April, respectively

for expected potential production of 2300 kg ha™ at Southern Mozambique.

Stern (1988) used Frere and Popov (1979) water balance model and showed
that sowing could be taken on second decade of June (10-20™ June) for soil with both
100 and 60 mm Water Holding Capacity (WHC) as the mean Water Requirement
“Satisfaction Index (WRSI) was maximum compared to other sowing decades for

gfoundnut at Hyderabad.

Axel Thomas (1992) adopted WRSI of Frere and Popov (1979) to identify the
potential sowing period for rainfed maize at Yunnan province, PR, China. The results
indicated that the South western part of the province was qualified as fully suitable
with a seasonal water supply of 80 to 100 per cent, while East Yunnan generally

showed less favourable condition with 50 to 80 per cent of seasonal water supply.

Sahu et al. (1993) adopted the Frere and Popov’s (1979) model to identify the
commencement of growing period for groundnut. The productivity was above
average during the years of normal sowing (between June 1% and July 1*). The risk of
below avérage production increased with delay in commencement of growing period

beyond 2™ July when WRSI was below 89 per cent.
2.1.2 Influence of sowing dates/ weeks

Most of the dryland crops were with lesser yields due to the non availability of
information- on the optimum sowing dates. Also the lag period observed between
initiation of monsoon rain and actual sowing. Resource constraints prevailed also
reduced the yield to greater extent. The sowing date was an important agronomic
préctice, which could be manipulated to increase the yield of dryland crops without
any additional input cost. Dry seeding in anticipation of rain was one such advanced

risk free agronomic practice, which helped to establish the crop at the earliest



opportunity of first seasonal rain and ensured better utilization of rainfall with out any

plant population loss.

Sowing the crops in anticipation of the onset of monsoon rains had both
advantages and disadvantages. Sowing crops in dry soil before the onset of monsoon
had been reported to have the following benefits: i) There was ease, speed and
precision of planting in dry soils; ii) The seasonal starting rain was used for the crop
germination; and iil) dry planting usually resulted in better plant stands (ICRISAT,
1978). Some of the disadvantages of advance sowing were: i) in some years the first
shower of the monsoon might be so light that they suffice only to start germination
and not to complete germination and ii) frequently caused total loss of the seeds due
to field ants and birds when the onset of monsoon was delayed unduly where

information on weather forecast (rain forecast) was unavailable (ICRISAT, 1978).
2.1.2.1 Effect of sowing dates/ weeks on growth components of sorghum

Periyathambi (1980) observed beneficial effects on the growth components of
sorghum due to early sowing. Pre-monsoon sowing (10 to 20 days prior to the onset
of monsoon) significantly increased tfie plant height, Dry Matter Production (DMP)
and Leaf Area Index (LAI) over sowing done at normal monsoon onset date at

Coimbatore.

Kandiannan (1988) reported that sowing of sorghum after the onset of
monsoon had decreased the plant height over sowing before the onset of monsoon at
Coimbatore. Halepyati and Hosmani (1991) reported higher DMP and LAI under

normal sowing as compared to late sowing in sorghum.

Mohammad and Hasan (1993) observed reduction in plant height due to delay

in sowing from onset of monsoon (9™ June).
2.1.2.2 Effect of sowing dates/ weeks on sorghum yield components

At Akola, Dahatonde and Moghe (1991) obtained higher 1000 grain weight of
sorghum by sowing in 17" (23" April-29" April) Meteorological Standard Week
(MSW) over 21% MSW (21% May-27" May). Number of seeds earhead™', earhead

weight plant'l and 1000 grain weight were decreased in sorghum at Aruppukottai



(Tamil Nadu) due to delay in sowing from 15 September to 13" October (SOlaiappaﬁ

and Subramanian, 1995).

Mohammad and Hasan (1995) reported that panicle length was inc d
rease
under early sowing (9™ June) as compared to late sowing after the receipt of gq
€qQuate

rains (1 July).
2.1.2.3 Effect of sowing dates/ weeks on the yield of sorghum |

Venkataraman (1981) found that sowing sorghum in early Septemb
€r at
Solapur gave 100 per cent increased yield as compared to sowing in October. Sow;
wing
of sorghum at the onset of monsoon rains gave higher grain and fodder yields t}
s than

sowing at later dates (Srivastava and Sardar Singh, 1981).

Pre-monsoon sowing in mid September gave 282 per cent increased grain
yield vis-a-vis late sowing in rainfed sorghum at Hyderabad (Narkhede ¢f al., 1985).
Itnal et al. (1986) observed that at Bijapur, sowing of sorghum in the first fortnight of
September enhanced the grain yiel;{ by 47 per cent and fodder yield by 96 per cent
over sowing in the first fortnight of October. Rao and Vijayalakshmi (] 986) observed

reduction in sorghum vield due to delayed sowings.

Rajapandian et al. (1991) obtained higher grain yields in sorghum by sowing
three, two and one weeks before the onset of anticipated monsoon thap sowing at the
receipt of monsoon at Kovilpatti. Dahatonde and Moghe (1991) reported 34 per cent
reduction in sorghum grain yield because of delay in sowing from 27 September
(39" MSW) to 27" October (43" MSW).

Kushwaha and Kushwaha (1991) found that dry seeding of sorghum one wee}
k
before the monsoon onset resulted in higher grain yield as cOmpared to normgl |

sowing afler the receipt of sufficient rain at Indore.

Sowing before monsoon rains gave higher grain yield and fodder yield in
sorghum as comnared to sowing after monsoon rain (Dashora ef 1992). Durairaj
et al. (1993) obtained lowest grain yield of 627 kg ha" in sorghum whep sowing was
dqne one week after the onset of monsoon and highest grain yield of 2033 kg ha™! was
recorded when sowing was done two weeks before the onset of monsoop iy, Vertisols

of Kovilpatti.



Sowing at the onset of monsoon (9" June) in Southern Telangana zone of
Andhra Pradesh resulted in higher grain yield and fodder yield of sorghum (2132 and
3678 kg ha™, respectively) as compared to sowing taken after the receipt of soaking
rains (1* July) which gave only 1481 kg ha™ of grain yield and 2579 kg ha™ of fodder
yield (Mohammad and Hasan, 1993). Balasubramanian et al. (1993) conducted field
experiments during the Northeast monsoon seasons of 1986-1991 on clay loam soil at
Coimbatore (Tamil Nadu) and concluded that dry sowing of sorghum before the
monsoon rain (38-39 MSW; Sep 17"-30") resulted in higher grain yield of 1.49 t ha
than sowing done after the receipt of sufficient rainfall viz., 40-41 MSW (Oct 1%-14™)
which gave 1.12 t ha™ only.

Lomte et al. (1994) found that dry sowing on 24™ MSW (June 11"-17") gave
24.8 and 11.3 per cent higher grain and fodder yields (3051 and 8284 kg ha’,
respectively) than sowing done at 25" MSW (June 18"-24™). Solaiappan and
Subramanian (1995) reported 67 per cent reduction in sorghum grain yield due to

delay in sowing from 15" September to 13" October.

2.1.2.4 Effect of sowing dates/ Weeks on the efficiency and monetary returns in

sorghum

Arunachalam and Subramanian (1984) reported higher monetary return in
sorghum due to early sowing in September than October under Coimbatore situation.

Balasubramanian ef al. (1993) obtained higher rainfall use efficiency and net
returns when sorghum sowing was done through dry sowing before the monsoon
onset (38-39 MSW; Sep 17%-30™) over sowing done after sufficient rainfall received

(40-41 MSW; Oct 1%-14™) under Coimbatore condition.

At Aruppukottai, an increase of 171, 137 and 28 per cent in gross return was
obtained by sowing sorghum in 15" September, 23 September and 6" October over
sowing taken on 13" October. The rainfall use efficiency was significantly higher in
15 September sowing, which gradually decreased with delay in subsequent sowings
(Solaiappan and Subramanian, 1995). Mohammad and Hasan (1995) obtained 80 per

cent increased profit by virtue of early sowing (9™ June) over normal sowing (1%
July).



2.1.3 Varietal performance under varying rainfall events

Grain yield in sorghum had substantially increased with the use of high
yielding, management responsive varieties, but these cultivars had miserably failed
under adverse conditions prevailing in the Semi-Arid Tropics (SAT). This was
because, sorghum crop in SAT environments faced different biotic and abiotic
stresses at different stages of its development. So, there was a necessity to select

genotypes resistant to stress factors that affect the crop at this environment.

Nalayini et al. (1998) stated that for Coimbatore dryland tract, the éafer
growing period fell from 38" MSW (Sep 17"-23") to 48" MSW (Nov 26"-Dec 2").
Since, soil moisture was the most important limiting factor for crop production at this
tract, early maturing varieties could be planted at the beginning of monsoon rains, and

thereby prolonged period of stress at the reproductive stage of the crop could be

avoided.

Umrani and Patil (1985) reported that choice of cultivar had no significant

effect on grain yield, but the cultivar M 35-1 gave markedly higher forage yields than
CSH 8R at Solapur (Maharashtra).

Solankey et al. (1988) reported that CSH 6 was the most efficient genotype in
utilizing the major nutrients as compared to other genotypes (Vdisha 60-1 and CSV 6)
in Tndore under rainfed condition. Lakshmaiah et al. (1989) evaluated 17 sorghum
genotypes for their suitability for cultivation under rainfed condition of Andhra
Pradesh and found that the hybrids MSH 55 and MSH 50 showed higher phenotypic

stability and also gave higher yields as compared to other genotypes evaluated.

oo

Dahatonde and Moghe (1991) reported that among the different varieties
evaluated (SPV 86, SPV 504, CSH 8R, Maldandi and Ringni), SPV 86 gave the
highest grain yield and Ringni gave the highest fodder yield in Sindewahi of
Maharashtra. Sorghum genotypes CSH 9, SPV 351 and SPV 741 were evaluated for
4their suitability for dry sowing at Indore and the results indicated that CSH 9
registered the highest grain yield under 80 kg N ba'l when dry planting was done as
compared te other genotypes (Kushwaha and Kushwaha, 1991).

Wanjari ef al. (1992) found that at Akola (Maharashtra), the cultivar SPV 468
gave the highest grain yield and cultivar SPV 775 gave the highest fodder yield when
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compared to other cultivars. Balasubramanian et al. (1993) reported that among
different cultivars evaluated (CSH 9, SPV 351, TNS 30, SPV 462 (CO 26) and COH
4) in clay loam soil at Coimbatore (Tamil Nadu), thé cultivars COH 4 and SPV 351
gave the maximum yields, whereas the cultivar SPV 462 gave the least yield. The

rainfall use efficiency and the net returns were higher with SPV 351 and the lowest
was with SPV 462.

Mohammad and Hasan (1994) evaluated sorghum genotypes in Alfisols at
Palem (Andhra Pradesh) and recommended CSH 14 and SPV 946 for cultivation
when N was not applied and CSH 6 and CSH 9 for cultivation when N was applied.
Dashora and Porwal (1994) found that among six cultivars tested (SPV 775, SPV 881,
SPH 296, CSV 11, CSH 9 and PVK 400) at Udaipur (Rajasthan), CSH 9 and SPH 296

out yielded other cultivars in terms of grain and straw yields.

For the encrusted Alfisols at Palem (Andhra Pradesh), the cultivars SPV 462
and CSH 9 could be sown at the break of monsoon rain with 80 kg N ha™ to get
maximum grain yield and profit (Mohammad and Hasan, 1995). At Rahuri
(Maharashtra), eight sorghum cultivars were evaluated for their suitability for
cultivation in Rabi season. The result indicated that cultivar Sel 3 TL gave the highest
grain yield as compared to local cultivar M 35-1 and Swati because of its higher
grains number panicle", 1000 grain weight and extended leaf area duration (Pinjari

and Shinde, 1995).

Singh et al. (1996) found that among five sorghum cultivars tried (PJH 58,
PJH 55, CSH 11, CSV 13 and SPV 1025), the hybrid PJH 58 gave the highest grain
yield in clay loam soil at Pant Nagar of Uttar Pradesh. Mulik et al. (1996) reported
that under early sowiﬁg condition, the improved cultivar, Swati resulted in
significantly higher grain yield than M 35-1. But under late sown condition, M 35-1
gave significantly higher fodder yield than Swati.

Parameshwarappa and Dhanelappagol (1998) reported that at Bailhongal of -
Karnataka, sorghum cultivar SPV 1293 recorded the highest grain and fodder yields
as compared to other cultivars (SPV 1022, CSV 15 and DSV 2).
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2.1.4 Lffect of nutrients on rainfed sorghum under different seasonal rainfall

Among the plant nutrients, N and P were found to increase the yield of
sorghum to a greater extent. The response of sorghum to N and P varied widely from

place to place, depending upon the fertility level the of soil and other environmental

factors.

2.1.4.1 Effect of nitrogen on rainfed so‘-rghmﬁ

2.1.4.1.1 Effect of nitrogen on growth components

Mohammad and Hasan (1995) reported that under Alfisol condition at Palem
(Andhra Pradesh), fertilization at lower level of N impaired the crop growth and the
plants attained lower height than crop fertilized with higher level of N.

Surakod and Itnal (1997) observed that sorghum plant height was increased
with increasing N levels from 25 to 75 kg ha”. Similarly, field experiments
conducted in Vertisols of Kovilpatti also revealed that application of N @ 40 kg ha™
resulted in taller plants, whereas, the control had shorter plants (Chitdeswari et al.,
1998).

Rego et al. (1998) found that rainfed sorghum raised in the post rainy season
at ICRISAT produced maximum biomass under 60 kg N ha™. Patil and Sheelavantar
(2000) observed that dry matter production in sorghum was increased with increase in

N levels from 0 to 50 kg ha™.

Ishwar Singh et al. (1993) concluded that LAI of sorghum was increased with
increase in N application rate from 0 to 80 kg ha™ in sandy loam soil at Sumerpur,

Rajasthan.
2.1.4.1.2 Effect of nitrogen on yield attributes

Bhosekar and Raikhelkar (1990) reported that application of 80 kg N ha™' gave
significantly higher ear weight, number of grains earhead” and test weight as
compared to its lower N levels on black cotton soils of Parbhani under rainfed
condition. Porwal and Pushpendra Singh (1992) found that successive increase in N
levels (0, 50 and 100 kg ha™) had progressively increased the earhead weight plant™

and the test weight significantly.
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Rama Mohan Rao ef al. (1995) reported that application of N during both
~good and bad rainfall years had increased the yield components like panicle length,
panicle weight and 1000 grain weight. But the results were of non significant in
nature. Chitdeswari er al. (1998) concluded that increasing levels of N had also
increased the yield attributing characters, viz., earhead length and 1000 grain weight

in Vertisol at Kovilpatti under rainfed condition.
2.1.4.1.3 Effect of nitrogen on the yield of rainfed sorghum

Nitrogen application for Rabi sorghum under dryland situation at Solapur
(Maharashtra) significantly improved the sorghum grain yield (Umrani and Patil,
1983). Nagre and Khedekar (1984) inferred that application of 60 kg N ha™ to rainfed
sorghum at Akola had significantly increased the grain yield and further increase in

yield with 120 kg N ha™' was non significant.

Daftardar et al. (1987) conducted field trials in Rabi season in deep black soil
at Solapur (drought prone region) and concluded that application of 50 kg N ha™!
significantly increased the grain yield of sorghum over control. Application of 40 and
80 kg N ha™! resulted in 63 and 130 per cent increase in yield over control at Surat,
Gujarat (Patel ef al., 1989).

Jadhav et al. (1991) found that application of 50 kg N ha produced higher
grain and fodder ’yields than under 0 and 25 kg N ha'! at Solapur (Maharashtra).
Many other workers also confirmed the pdsitive response of sorghum to N
apblication. But the rates limiting the responses varied from 40 to 120 kg N ha” in
different regions (Ahmed et al.,, 1984; Balyan and Singh, 1985; Bhosekar and
Kulkarni, 1990 and Kushwaha and Kushwaha, 1991).

Nazirkar and Sonar (1991) opined that application of N fertilizer to sorghum
was beneficial where soil available N was upto 230 kg ha™. Porwal and Pushpendra
Singh (1992) found that for rainfed sorghum in Udaipur, 100 kg N ha'! was the
optimum level which gave 38 and 18 per cent increased grain yield over control and

50kg N ha”, respectively.

Dashora er al. (1992) found that grain and fodder yields of sorghum were
Inereased with the increase in the rate of N application from 0 to 80 kg ha™ at Udaipur

(Rajasthan)_ Similar positive response of sofghum to applied N under rainfed
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condition was also reported by Mahakulkar et al. (1992), Wanjari et al. (1992) and
Hirpara et al. (1992).

Ishwar Singh ez al. (1993) concluded that application of 80 kg N ha™' resulted
in higher grain yield of sorghum over control and 40 kg N ha™'. Balasubramanian et
dl. (1993) found that in clay loam soil of Coimbatore, grain yield of sorghum was

increased with the increase in nitrogen application rate from 20 to 40 kg ha™.

Response of rainfed sorghum to N application went upto 80 kg ha™ at
Hyderabad (Andhra Pradesh) as reported by Sarma and Ramana (1993). Tripathi and
Bhan (1993) reported that application of 60 kg N ha’ to rainfed sorghum had

increased the grain yield significantly, though the rate of increase slowed down after a

certain level.

Lomte ef al. (1994) reported 12 per cent reduction in sorghum grain yield due
to decrease in the recommended N rate from 80 to 40 kg ha'. At Akola
(Maharashtra), application of 80 kg N ha™ produced highest grain (4.03 t ha') and
fodder (8.99 t ha™) yields (Wanjari et al., 1995).

Suraj Bhan et al. (1995) reported that sorghum yield found increased with
increasing levels of N and reached the maximum at 80 kg N hal. Mulik et al. (1996)
reported that application of 50 kg N ha™ at sowing resulted in a significant increase in

sorghum grain yield as compared to control (0 kg N ha'h).

Surakod and Itnal (1997) recommended N application upto 75 kg ha' to
increase the sorglum grain yield at Bijapur (Karnataka). Chitdeswari et al. (1998)
reported that increased N, application resulted in increased grain yield of sorghum at
Kovilpatti (Tamil Nadu).u Similar beneficial effect of N application in rainfed
sorghum had been reported by several workers (Suraj Bhan ef al., 1998; Kolekar et
al., 1998 and Rego et al., 1998).

Sutaria et al. (1999) reported that application of 30, 60 and 90 kg N ha
resulted in 55, 157 and 177 per cent increase in sorghum grain yield over control (0
kg ha™). The fodder yield also shown 32, 53 and 56 per cent increase over control,
Hirpara et al. (1999) found that application of N @ 40, 80 and 120 kg ha™! produced
more. yiclds of sorghum grain and straw to the tune of 115, 167 and 220 as well as

133, 201 and 272 per cent, respectively over their respective control (0 kg ha™).
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2.1.4.1.4 Effect of nitrogen on nutrient content and uptake by sorghum

Muthuvel et al. (1988) found that increased rate of N application from 20 to
50 kg ha to rainfed sorghum at Kovilpatti did increase the NPK uptake to the tune of
32, 26 and 33 per cent, respectively. Sarma and Ramana (1993) concluded that plant
uptake of NPK was increased with N application upto 80 kg ha' in 'Alﬁsols at
Hyderabad (Andhra Pradesh).

Suraj Bhan et al. (1998) reported that increasing rates of N application upto 60
kg ha' had increased N uptake in sorghum. Chitdeswari et al. (1998) found that
application of N at the rate of 40 kg ha” did increase the NPK content and NPK
uptake at Kovilpatti (Tamil Nadu). Hirpara ez al. (1999) found that total uptake of P
by sorghum was significantly improved with the increase in each level of N.
Maximum P uptake was recorded when N was applied at the rate of 120 kg ha™.
Application of N at the rate of 40, 80 and 120 kg ha™ had increased P uptake by 133,

208 and 283 per cent over control (0 kg N ha’l) in medium black soils of Targhadia
(Gujarat).

2.1.4.1.5 Effect of nitrogen on the efficiency and monetary returns in sorghum

Porwal and Pushpendra Singh (1992) concluded that increasing N levels (0,
50 and 100 kg ha™) had increased net monetary returns at Udaipur. Balasubramanian
et al. (1993) inferred that rainfall use efficiency and net returns were increased with

the increase in N application from 20 to 40 kg ha™.

‘The economics of N application showed that it was profitable to apply 80 kg N
ha! to sorghum in shallow soils of Andhra Pradesh (Sarma and Ramana, 1993). Suraj
Bhan ef al. (1995) reported that water use and water use efficiency were increased
with the increasing levels of N and reached the maximum under 80 kg N ha™.
InCreasing water use efficiency with the increasing levels of N had also been reported

by Tripathi and Bhan (1993).

Ram Mohan Rao ef al. (1995) reported that application of 38 and 33 kg N ha
Under good and bad rainfall years, respectively, gave the highest economic returns at
the research farm whereas in farmers’ field during good rainfall years the relationship

Was linear and during bad rainfall years 27 kg N ha™' gave the highest net return.
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farm whereas in farmers’ field during good rainfall years the relationship was linear

and during bad rainfall years 27 kg N ha™! gave the highest net return.

2.1.4.2 Effect of phosphorus on rainfed sorghum

2.1.4.2.1 Effect of phosphorus on the yield of rainfed sorghum

Patel et al. (1989) reported that application of P did increase sorghum grain
yield and the increase was 25 and 29 percent over control when 40 and 80 kg N ha™
were applied. Mahakulkar et al. (1992) conducted field trials at Akola (Maharashtra)
and found that grain yield of sorghum was increased with P application upto 13.2 kg P

ha”! and while it was 26.4 kg P ha™ for fodder yield.

Ishwar Singh et al. (1993) found that in sandy loam soil at Sumerpur
(Rajasthan), grain yield of sorghum was increased with the rate of P application.
Grain yield and straw yield of sorghum were increased by 10 to 22.6 and 3.4 to 14.4
per cent respectively, due to P application (0 to 50 kg P»0s ha™) and the grain and
straw yieldé were highest with 25 kg P,Os ha™ in a Vertic ustropept soil at Solapur of
Maharashtra (Patil et al., 1996).

Sahrawat et al. (1995) reported that sorghum responded to P application upto
40 kg P ha’ and the increase in the grain yield was highest with 40 kg P ha™,
Sahrawat et al. (1998) inferred that fertilizer P had increased grain and stalk yields of
sorghum in calcareous Fertisols at the ICRISAT centre, Patencheru (Andhra Pradesh )

under rainfed condition.

- Sutaria et al. (1999) found that application of 15, 30 and 45 kg P20s ha
resulted in 12, 16 and 32 per cent increase in sorghum grain yield over control (0 kg

P05 ha™). The fodder yield also was 7, 5 and 16 per cent higher over control.

Hirpara et al. (1999) found that P application significantly affected the grain
yield of sorghum. Application of 20 kg P,Os ha™ recorded the highest grain yield,
which was higher by 8 per cent in comparison to control (0 kg P2Os ha™). However

fodder yield remained unaffected due to P fertilization.
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2.1.4.2.2 Effect of phosphorus on nitrogen, phosphorus and potassium uptake

Sahrawat et al. (1998) reported higher uptake of N, P and K by sorghum due
to application of P up to 40 kg P ha' in calcareous Verfisols at ICRISAT centre,
Patencheru (Andhra Pradesh).

Hirpara et al. (1999) observed that application of P significantly affected N
and P contents in sorghum grain and straw and highest N and P contents in grain and
straw were obtained when P was applied @ 60 kg P,Os ha'. The N and ‘P uptake also
highest when P was applied @ 60 kg P,05 ha™.

2.1.4.2.3 Effect of phosphorus application on the efficiency and monetary returns

in sorghum

Hirpara et al. (1999) conducted field experiments on medium black soils at
Junagadh and found that application of P @ 20 kg P,Osha” had increased total
income (Rs. 22,746 ha™), additional net benefit (Rs. 1548 ha) and net Internal Cost
Benefit Ratio (1: 3.30).

2.1.4.3 Effect of nitrogen and phosphorus on dryland sorghum
2.1.4.3.1 Effect of nitrogen and pliosphorus on the yield of dryland sorghum

Patel e al. (1989) reported that application of 80 kg N + 40 kg P,0s ha gave

the highest grain yield of 4.14 t ha™ at Surat (Gujarat) under rainfed condition.

Pal et al. (1996) found that under rainfed condition at Pantnagar (Uttar
Pradesh), increasing levels of N and P application did increase the grain and straw
yields. Application of 100 kg N + 50 kg P ha' gave 41.8 and 32.6 per cent higher
grain and straw yields tflan application of 20 kg N+ 10 kg P ha™,

Katayama et al. (1999) conducted field experiments on Vertisols at Patancheru
(Andhra Pradesh) and found that application of NP fertilizers in combination resulted
in highest grain yield as compared to application of N or P or K fertilizers alone or in

various combinations.

2.1.4.3.2 Effect of nitrogen and phosphorus on nitrogen, phosphorus and

potassium uptake



Pal et al. (1996) found that increasing levels of NP fertilizer application had
increased the NPK uptake in sorghum under rainfed condition at Pantnagar (Utter

Pradesh).
2.1.5 Soil water balance to evaluate crop performance in drylands

Any attempt to control the quantity and availability of soil moisture to plants
must be based on a thorough understanding and quantitative knowledge on the
dynamic balance of water in the soil. The field water balance was like a financial
statement and it was an account of all quantities of water added to, subtracted from,
and stored within a given volume of soil during a given period of time (Daniel Hillel,
1982). Mathematical models had been used more recently to calculate crop-related
factors such as evapotranspiration, soil water, the development rate of crops and crop
growth, yield and production (Robertson, 1983a and 1983b). To evaluate crop
performance in relation to available soil water in the SAT, it was necessary to
determine how crop productivity was related to water use, and how crops were

affected by water shortage (Landsberg, 1988).
2.1.5.1 Soil moisture prediction through water balance method

Some indication on the availability of soil water and of surplus water was
given by a simple soil water balance using long term values of monthly rainfall and
potential evapotranspiration (Thornthwaite, 1948). The falling rate of soil water
budget was used to calculate daily soil water content (Thornthwaite and Mather,
1955). To improve Tﬁéfnthwaite method, Baier and Robertson (1965), developed
versatile soil water budget, which involved several soil layers, rooting depths and
habits of specific crop, soil water holding capacity and water-release characteristics of

each soil layer.

The results of limited rain water budgeting studies (Oswal and Dakshinamurti,
1975 and Malik et al., 1987) carried out for Delhi and Bawal (Haryana) regions
revealed that depending upon the amount and distribution of rainfall and soil texture,
75 to 90 per cent, 0 to 10 per cent and 7 to 15 per cent of the total rainfall was lost as
evapotranspiration, deep percolation, and soil moisture storage respectively, when

pearl millet was grown.
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Sanjeeva Rao ef al. (1990) utilised water balance technique and represented
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the availability of soil moisture as per cent ratio of actual to potential .

evapotranspiration. Using water balance model, Adhikari and Rama Mohan Rao
(1998) reported that the average soil moisture stored in pre-sowing and utilised in
post-sowing period in sorghum crop was 130 mm on an average, where the annual

rainfall was 500 mm.

2.1.5.2 Estimation of water requirement and water use by water balance studies

Water requirement of a crop is defined as the depth of water needed to meet
the water loss through evapotranspiration of a disease free crop growing in large field

under unlimited soil moisture condition (Doorenbos and Pruitt, 1984).

Richardson and Ritchie (1973) developed a soil water balance model based on
ET requirement to predict plant water requirement. Several methods had been used in
water balance models to estimate potential evapotranspiration. Saxton ef al. (1974)
and Retta and Hanks (1981) used daily pan evaporation. Van Keulen (1975) used the
Penman evapotranspiration equation. Stockle and Campbell (1985) and Stockle
(1985) used the equation of Priestley and Taylor (1972). Wright (1982) introduced
the crop coefficient concept to estimate the water requirements in water balance
studies. The crop evapotranspiration (ETc) was estimated by multiplying PET with a
crop coefficient (Kc), whic‘h:accounted for the crop characteristics (Monteny ef al.,

1985 and Gururaja Rao e al., 1988).

Klaij and Vachaud (1992) used water balance model to indicate the mean
cumulative Evaporation (E) and Drainage (D) and they were 211 and 207 mm,
respectively for the unfertilized crop and 268 and 148 mm for the fertilized pearl

millet crop when 440 mm of rainfall was received during the crop’s cycle.

Soil water content monitored by soil water dynamics model in drained
Vertisols indicated that maize could be grown as sole or with legumes as intercrops.
The Actual Soil Water (ASW) in the topsoil layer (10-50 cm) was found 184 mm for

maize at its full vegetative stage (Astatke et al., 1995).

Frere and Popov’s (1979) water balance model worked out for different dates
of sowing (37" MSW; Sep 10"-16", 38" MSW; Sep 17"-23" and 39" MSW; Sep

7-4th-30th) showed a general trend for all the water balance components studied except



for surplus water. Al the components like cumulative total rainfall, water

requirement (AET), effective rainfall, water use and soil moisture change at harvest

decreased as sowing date was delayed from 37" MSW to 39" MSW. A deficit of

28.58 mm under CO 1 (late maturity group variety) was same for all the threc sowing
dates, whereas there was no water deficit for UMH 28 and UMH 42 (medium
maturity group hybrids). Though not significant with higher AET, sowing at 37" and
38" MSW produced higher grain yield than 39" MSW sowing (Somasundaram,
2000).

2.2 Part 1I Evaluation of DSSAT V.3.5 Decision Support System for different
crops and its uses in farm decision making

2.2.1 Evaluation of DSSAT V.3.5 Decision Support System for sorghum

Crop growth models are useful tools to quantify the environmental limits to
crop production. Their application minimizes the requirement for costlier and lengthy
experimentation (Loomis e/ al., 1979). The CERES-Sorghum model was developed
and validated by Ritchie and Algarswamy (1989) by using data from multilocation
sorghum médeling experiments (Huda, 1987) in which sorghum hybrid CSH 1 was
grown at several locations in India. Their results indicated that model was capable of

simulating phasic development reasonably well. However, yield predictions were

poor.

Varshneya et al. (1998) conducted experiments in Rabi seasons of 1993--94
and 1994—‘95 at Rahurt to validate CERES-Sorghum model’s growth subroutine and
the results indicated that phenology was well predicted. Error in panicle initiation (8
per cent), anthesis (11.6 per cent) and physiological maturity (6.4 per cent) was less
than or nearer to 10 per cent. But grain yield (48 per cent), kernel weight (44.6 per

cent), straw (39 per cent) and biomass (29 per cent) predictions were poor. Yield

prediction in 1994-95 was much less than observed. Yield predictions for timely

sown under adequate soil moisture were better than late sown and stressed crops.

Varshneya ef al. (1998) reviewed the results of the field experiments which
were. conducted from 1989-1998 at Centre of Advanced Studies in Agricultural
Meteorology (CASAM), Pune for validation of CERES-Sorghum model under Indian
COndition. Mean of observed and predicted growth and phenological parameters of

sorghum across these experiments indicated that mean of observed number of days for

19
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panicle initiation (29.72), anthesis (68.96) and physiological maturity (104.59)
matched well with predicted values of 28.41, 67.52 and 97.51, respectively. The per
cent of Root Mean Square Error (RMSE) with observed values were 6.12, 11.51 and |
7.32 per cent only. Since, the error was less than or approximately equal to 10 per
cent, prediction of phasic development was considered true. However, in growth
parameters like LAT (4.49), there was under prediction (3.50) and error was 34.52 per
cent. Because of larger values of errors in LAI, error in biomass and straw (21.28 and
26.12 per cent, respectively) were also higher. Similarly, mean observed grain yield
(5076.72 kg ha™') was over predicted (8582.20 kg ha™) by 33.28 per cent. Error in
mean kernel weight (20.36 per cent), number of grains panicle” (22.73 per cent) and

number of grains per square meter (25.18 per cent) were also high.
2.2.2 Evaluation of DSSAT V.3.5 Decision Support System for other crops

Otter- Nacke et al. (1986) reported satisfactory performance of CERES-Wheat
model, under diverse set of environments. Porter et al. (1993) compared three wheat
models (AFRCWHEAT, CERES-Wheat and SWHEAT) under non limiting N and
water availability conditions using two cultivars and found that best prediction for all

the parameters was given not always by the same model.

Chipanshi et al. (1997) “simulated wheat yields at three locations in
Saskatchewan (Swift current, Saskatoon and Melfort) using the CERES-Wheat
model, The simulations were made using climate data of selected years from the start
of the growing season up to the prediction date; data for the remainder of the season
were taken from 1960-1990 climate records. Predictions using this method were
found to agree well with the measured data, suggesting that simulations made using a
combination of historical climate records and current weather data as inputs did

provide good indications of yield.

A validation study for CERES-Wheat model (V.2.1) was conducted at
Ludhiana (Punjab) using the field data of eight consecutive crop seasons from 1985 to
1993 by Hundal and Prabhjyot Kaur (1997)° The simulated anthesis and
physiological maturity dates, grain and total biomass yields of wheat were compared
WitI} actual observations for the commonly grown cultivar, HD 2329. The simulated
and\ actual dates of phenological events showed deviations from (—) 9 to (+) 6 days for

anthesis and (-) 6 to (+) 3 days for physiological maturity of the crop. The model
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estimated the kernel weight to be with in the range of 88 to 113 per cent (mean 100
per cent) of the actual kernel weight. The model predicted the grain yields from 80 to
115 per cent (mean 97.5 per cent) of the observed grain yield. Biomass yields were

predicted from 93 to 128 per cent (mean 110.5 per cent) of the observed yields.

Shekh et al. (1999) conducted field experiments for two consecutive years
during Rabi season on maize cv. Ganga Safed 2 for validating CERES-Maize model
at middle Gujarat agro-climatic region of Anand. The results revealed that prediction
of silking date using CERES model showed a deviation which varied from () 11 days
to (+) 2 days with mean difference of (=) 2.3 days. In case of physiological maturity,
error ranged from (—) 10 to (+) 5 days with mean difference of (-) 3.7 days. Grain
and straw yields prediction using CERES model showed () 28.9 to (+) 18.4 and (-) 8
to (+) 16.2 per cent error, respectively. Biomass prediction showed (=) 15.6 to (+)

17.5 per cent error.

Tripathi er al. (1999) reported that the mean simulated yields of irrigated rice
through CERES—Rice model were slightly higher than those obtained in experimental
fields at Pantnagar (Uttar Pradesh). Per cent variation in simulated over observed
values was ranged from (+) 4.3 to (~) 4.5. Coefficients of Variation (CV) of observed
and simulated yield was also very clbée to each other and this confirmed that the
model could be suitably applied for simulating the rice yields at the selected locations

and for selected varieties of rice.

Attri et al. (1999) conducted field experiments for validating CERES-Wheat
model for cultivars WH 592 at Hisar and HD 2329 at Jaipur and Ludhiana. The
results indicated that the predicted flowering dates by the model were with in the
range of 6 per cent of observed values at Ludhiana and 11 per cent at Jaipur. As far as
the predictions of physiological maturity dates were concerned, these were lying with
in range of 12 per cent and 10 per cent at Ludhiana and Jaipur, respectively. The
grain yiéld predicted by the model fell with in a range of 12 per cent in both the
locations. Average total biomass (kg ha™), stalk yield (kg ha™) and number of grains
ear’' predicted by the model for various treatments fell with in range of 8, 11 and 6

per cent for WH 542 and 9, 10 and 7 per cent for HD 2329, respectively.

22.3  Uses of decision support system for farm decision making



CERES-Maize model was calibrated and evaluated in Malawi using field
experiments and the results indicated that the model performed well for the locations
tested. It was demonstrated that useful information on planting windows, plant
population, fertilizer regimes, and variety selection could be selected by carrying out
‘simulation experiments replicated over many different season types (Singh et al,

1993).

The IBSNAT crop growth models (their inputs and outputs) and associated
DSSAT had been coupled to Geographic Information Systems (GIS), to produce maps
of predicted yield, both on a regional scale (Jones, 1993; Lal et al., 1993) and for
single fields with small subunits (Engel and Jones, 1995). Thornton et al. (1997)
developed a regional yield forecasting application for early warning of famines by

combining components of DSSAT with GIS.

Kushwaha and Rai (1999) opined that the SPAW (Soil-Plant-Atmospheric-
Water) model developed by Saxton er al. (1974) could successfully be used for
scheduling the irrigation for wheat crop by developing éome coefficients to make
corrections in simulath values for accurate cstimation of evapotranspiration. After
making these modiﬁcdtions, the model output could successfully be used for
particular location in formulating the agro advisory service bulletins to advice the

farmers for efficient water management in wheat crop.

A dynamic rice growth and yield simulation model CERES-Rice had been
used as a tool to evaluate various agronomiic practices in rice production under Punjab
condition (Hundal and Prabhjyot Kaur, 1999). Attri et al. (1999) concluded that
CERES-Wheat model could be utilised to predict development, growth, yield, yield
attributes, N utilisation and. photosynthesis partitioning. The strategy analysis
program together with the crop model was used to make long term simulations and to
analyse effect of sowing dates, fertilizers and irrigation for maximising production
under varied agroclimatic conditions. Besides these, good prediction of date of

maturity could help the farmer to plan for harvesting and marketing their produce.

An evaluated crop model (such as CERES-Maize model) coupled with real
time weather would facilitate and enhanced both the ability to forecast yields under
limiting conditions and to fine tune crop management to minimize deleterious effects
(Singh and Wilkens, 1999).

22



From the review, it is inferred that so far no attempt was made in sorghum to
identify optimum time of sowing to match crop duration with the moisture availability
period, and also to identify optimum fertilizer dose for improved cultivars especially

for drylands. Similarly DSS is also not used so far under dryland condition for

decision making.

Hence there is a need to produce information as stipulated in the present study

for the benefit of farmers to meet the challenges from malevolent weather.
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CHAPTER III
MATERIALS AND METHODS

Field experiments were conducted at Tamil Nadu Agricultural University,
Coimbatore during Northeast monsoon seasons of 1999 and 2000 under dryland
condition to evaluate the performance of two sorghum (Sorghum bicolor (L.)
Moench.) varieties under different sowing dates and levels of Nitrogen and
" Phosphorus. The other objective was to evaluate DSSAT V.3.5 of Decision Support
System (CERES-Sorghum model) for key management practices like choice of
varieties, times of ‘sowing and nhutrient levels. The details on materials used and

methods adopted during the course of investigation are detailed here under.

" 3.1 Part I Main experiment
3.1.1 Materials
3.1.1.1 Location

In both the years, field experiments were conducted in the same field (field
number 36B) of Eastern Block of Agricultural College and Research Institute, Tamil
Nadu Agricultural University, Coimbatore situated at 11°N latitude and 77°E

longitude. The mean altitude is 426.7 m above mean sea level.
3.1.1.2 Climate and weather

Coimbatore, having the climate of Semi-Arid Tropics (SAT) experiences an
annual average réinfall of 670 mm distributed over 43 rainy days and this annual
rainfall is distributed as 23.2 mm in cold weather period (January-February), 136.0
mm in hot weather period (March-May), 205.4 mm in Southwest monsoon season
(June-September) and 305.4 mm in,Northeast monsoon season (October-December).
The mean maximum and minimum temperatures ranged from 27.0 to 31.5°C and 14.6

to 21.2°C, respectively.

The weather data prevailed during the cropping periods (1999-2000 and 2000-
2001) were collected from Department of Agricultural Meteorology, Tamil Nadu
Agricultural University, Coimbatore and presented in Tables 1 and 2 and also in Fig. 7
Land 2, respectively. In the years of experimentation (1999-2000 and 2000-2001),
the rainfall ‘'was 427.6 mm in 27 rainy days and 284 mm in 18 rainy days,

Tespectively. The mean maximum and minimum temperatures during the cropping



25

A% ) S 'ty L'y $'6 0 00 53 06 691 | 9'1¢ 8C—TC 14

691 9 | % 'ty 0 00 6¢ 16 ['81 §0¢ I2—61 3

811 9 S'e St I V'S 79 L8 §'0T 1'8¢C v1—80 [4

6'S1 % Ve e 0 00 [4Y L8 661 €8¢ uef /0—10 I

VLl vy (3 7t I 06 125 06 g6l 89T | £l 44 (4
el 0t 6'C 6'C 0 00 LS 88 €81 6'LT €C— L1 1§
vSl 6’1 6'C 67¢C [ (% 29 I6 g6l | T9C 91 -01 0s
291 (a4 Lt LT 0 01 6S 16 ['61 £'8¢ 60— £0 oY
961 Gt (A (3 I LS €9 16 01Z | ¥'8T | 92AT0-9T 14
€ll £e 0t R [4 6've IL €6 0'1¢ LT SZ—o6l Ly
61 L1 9°€ ot | 0 00 Ly | 88 | v'81 | L'6T 81-21| 9
9Ll - §'cC ¢'C [4 8'LT IS 16 861 | 66C AON IT =60 Sy
€91 - ¢ (A3 0 01 v9 v6 0T | 70t 0 — 62 144
I'61 - 9T 9T 14 6'9C $9 v6 §TC | 86T 8C—TC £y
811 LT 6’1 6'1 S AV YL S6 6'1C §'6C 12—61 v
791 I'e (A4 (A4 [4 §9C 09 €6 £€TC | 6°0¢ v1—80 8%
811 09 87T 87T 1% '8L 89 v6 §CT 6'6C PO LO- 10 ov
Lyl '8 L'E L€ v 9°9¢ 9 16 6'CC | S'tt 0e—1v¢ 6¢
791 671 9°¢ 9°¢ 0 00 0% 68 v'ee | L'et ec— Ll 8¢
y'8I 07 69 €6 0 00 194 €8 y'1C | 0'te 3dag 91 - 01 LE

(Lep () | (yuop) | (Aepunm) | ( Aepsm) (wur) simoy - smog
uoneIpel £10070A uoneiodeas surysuns | sfep Aurer |  feymel (444! (4441 UIN XEN SY29M
IB[OS UBSA puwM U uesy uesN| eoL Bo1, (%) "H ueaN (D,) "dura) ueapy poilag pIepuels

(6661 uoosuow jseayroN) porured mmoi3 doro ayy Surmp pajreasrd storowrered 13O M I QIqBL




26

'Ll 9°¢ 8P 0'S 0 00 124 08 80C | CTl1¢ 8C—TC v
L8l gL % 6'L 0 00 0] 4 06 8Ll | TOL 1T—-6I €
9Ll 'S 1287 vL 0 00 194 88 v'6l | 00¢ v1—80 [4
9°¢1 'l L't €9 0 00 8y 16 6'0C | 00¢ uef /010 [
0vl v'9 Y £s [4 8Tl £s L8 v6l 98T | S 44 4
881 s (4% 88 0 00 ¥ 88 €Ll | L'8C eC— L1 1s
9°1¢ 'S (44 G0l 0 00 133 88 ¢Sl ¢'8¢C 91 -01 0s
Ll I's S¢ 8L 0 00 0s 88 I'61 | 6'8C 60— €0 6v
Syl €9 L'e $9 [4 26T 0s 26 081 | 06T 99 70 —9¢ 8y
70T 8Y 14 (43 € eve 99 €6 81T | T8¢ ST—6l Ly
Pol 9 9% LS 0 00 6y L8 1T | 0°0¢ 81 —71 oy
9Ll s 9% 6'L 0 00 8y 68 g'1c | 0'1¢€ AON T1— 60 Sy
I'sl 97 e 0L 0 00 123 68 1z | 80¢ v0 — 67 144
861 | 3 Sy eL 0 00 oY 16 ver | L'1¢ 8C—TC (37
(474! ¢'C 6'¢ L'y 0 14 €9 €6 1T | T'1E 17—61 (4%
vl 0¢ 'y LS £ |4 09 06 91T | 60¢ v1—80 v
LTl oY Sy ¢t [4 6L $9 16 v'1T | €6 YO LO— 10 oy
'zt 8¢ (43 Sy 14 268 0L 6 £7TT | 96T 0€—¥¢ 6¢
8¢l 8¢ 8¢ [4S £ 600l | 09 68 §CTCT | 6'1¢ ¢ LI 8¢
(ALep w ) | (uuoy) | (Aepumm) | ( Aep sm) (uua) | SWOY ) SIMOY ) e
uotjeIpel A10079A uoneiodeas SUTYSUNS sfep Auter | [rerulel iyl TLO sYsam
IR]OS URIN pUIM TR UBA URIN =01, m0], (%) "1 ues]N (5,) "duza) uBopy potrad pIiepumls

(0007 woosuour 3seayIoN) pouad yimois dod o) Fuunp parreasid sisowered oyieam -2 S[qEL




27

a4y aulys

(Aep/zw/riN) ¥S UBBIN —e— (yswy) Auoojen puip, —e— (Aepjwiw) 3 uespy) —— ABp/SINOY BUIYS UNS UBB|A —e—
(%) HY Buiuen —e— (%) HY Butuiopy —e— (Do) dwa] Ui —=— (0o) dws | xep —e— (ww) 4y 210l ==

S)99M PIEpURIS

b4 13 [4 I (49 IS 05 o6 8 L+ 9 S+ vb 13 SENA 4 v 0F 6£ 8¢ Lt
“ h— Il 1 1 1 1 i ] o
H— H—s _
= [ £~
[ m—
; _ﬂj L o1 m
m *T~le. =
S =
) 0t B
[N . 7 =
m lUl.
bk —— ~0E .ﬂ
- g
\u = D.v .mm
S 5
i - 0S 2
e =
s ros 8
3 o
o
A
3 - 0L =
8
Z -08 4
=
8
o - 06
e
S | - 001
001 - FOLI

(000Z-6661)
pouad yymouab dois Buunp poeasid siajswesed Jayjespi ‘L “‘Bid4



28

S BUiYs uns

(Aep/zW/riN) 4S UBB| —o— (u/uny) A300BA PUIA —e— (Aepjwiw) 3 ussp —— ABp/sinoy sUIysS Uns UBaN —e—
(%) H¥ BuiuaAl —e— (%) HY Buiuiopy —ea— (Do) dws ] Uy —a— (Do) dwa | xepy —e— (Ww) 4y e1o)

SHOOM PIBPUBIS
tt tf it i+ ot 6t ]E

8t Lt 9

u-r
™
o4
—_—
o~
L
—
r,
=
L g
o
-‘.
g
-+

(sS4 ZZp L) Mo '(siy Zz20) HM

J ueal\'Hyg UBe 4y |Ej0 | "dius | Uiy ‘dwia | xepy

uesy Anooen puian

001 - 001

- (1002-0002)
pouad ymoub dois Buunp pajieasid siajawesed jayiesp ‘Z "6id



29
season were 35.5°C and 14.0°C for 1999-2000 and 33.0°C and 13.0°C for 2000-2001,

respectively.
3.1.1.3 Soil

The soil of the experimental field was well drained sandy clay loam. The soil
was low in available nitrogen (120 and 131 kg ha™! for 1999-2000 and 2000-2001,
respectively)‘, medium in available phosphorus (13 and 11.5 kg ha for 1999-2000
and 2000-2001, respectively) and high in availablé potassium (370 and 395 kg ha™' for
1999-2000 and 2000-2001, respectively). The physico-chemical properties of the soil

are furnished in Table 3.
3.1.1.4 Crop and variety

Sorghum varieties CO 26 and CSV 15 were used in these two experiments.
CO 26 seeds were obtained from Central Farm, Tamil Nadu Agricultural University,
Coimbatore and CSV 15 seeds were obtained from National Research Centre for
Sorghum (NRCS), Hyderabad and both the varieties were tested for germination
before sowing and it was 94 per cent. The important characteristics of CO 26 and
CSV 15 are furnished in Table 4.

3.1.2 Methods
3.1.2.1 Experimental design

The experiment was laid out in split plot design in both the years and the
treatments were replicated thrice. The data required for Minimum Data Set (MDS)
which were used for evaluating DSSAT~V.3.5 CERES-Sorghum model were also
collected from these three replications. Adjacent to the main experimental plots, two
separate plots with the dimensions of 8.10 x 4.95 m were laid down during 1999-2000
and in these plots CO 26 and CSV 15 were raised with unlimited supply of nutrients
and water. From these two plots, the data (MDS) required for the computation of
genetic coefficient of CO 26 and CSV 15 were collected. The field layout plans for
1999-2000 and 2000-2001 are given in Fig. 3 and 4.

3.1.2.2 Treatment details
3.1.2.2.1 Crop water balance model

Weekly water balance with Water Requirement Satisfaction Index (WRSI)

was computed using the cumulative crop water balance model of Frere and Popov
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Table 3. Soil characteristics of the experimental field

Particulars 1999-2000 2000-2001

A. Mechanical composition (Piper, 1966)

Coarse sand (%) 20.0 . 20.0
Fine sand (%) 28.5 28.5
Silt (%) 19.5 19.5
Clay (%) 31.5 315
Texture | Sandy clay loam Sandy clay loam

E B. Physical properties (Piper, 1966)

Field capacity (%) 18.08 18.08
Permanent wilting point (%) 10.69 10.69
AWHC (mm 100 cm depth™) 100.00 100.00
Bulk density (g cc™) 1.36 1.36

C. Chemical properties

EC (dSm™) (1:2 water suspension)

0.41 0.44
(Jackson, 1973)
H (1:2 water suspension
pEL( pe ) 7.90 7.80
"~ (Jackson, 1973)
Available N (kg ha ™)
120.0 131.0
(Subbiah and Asija, 1956)
Available P (kg ha™
(kg ha') 13.0 11.5
(Olsen et al., 1954)
Available K (kg ha
(kgha’) 370.0 395.0

(Stanford and English, 1949) —




Table 4. Characteristics of sorghum cultivars
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Characters CO26 CSV 15
Parentage Derivative of Derivative of
MS 8271 x IS 3691 SPV 475 x SPV 462
Duration (days) 105-110 107-112 |
Rainfed / Irrigated Both “Both
Grain yield (kg ha™)
Irrigated 6000 5800
Rainfed 4500 4250
Height (cm) 160-190 232
Sheath colour Green Green
Node Green Green
Earhead Long cylindrical Long cylindrical
Compactness Semi compact Semi compact
Grain colour Pearly white | Pearly white
Reference ‘ Crop Production Guide (1999) | Annual Report (1997-98)




Fig. 3.Field lay out of experiment (1999 —2000)
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Fig. 4.Field lay out of experiment (2000 — 2001)
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(1979) to identify different dates of sowing for dryland condition. Weekly rainfall,
potential evapotranspiration (PET), soil available water holding capacity and Kc
values of sorghum were used as inputs for this model and the related details are given

in Appendix I in respect of sowing dates undertaken in the present investigation.

3.1.2.2.2 Treatment structure

Main plot treatments
A. Times of sowing

¢ Dry seeding
(sowing before the receipt of seasonal rainfall) : D,
¢ Monsoon sowing

(sowing after the receipt of seasonal rainfall)  : D,

B. Varieties

. CO 26 . Vl
¢« CSV15 1V
Subplot treatments

Nutrient levels

e Control (No nutrient application) 1 Fy
¢ 40:20:0kgof N:Py0s:K,0 ha S
o 60:30:0kgof N:Py0s: K0 ha : Fs

Potassium was not included in the experiment as per the recommendation
given in Crop Production Guide (1999).
3.1.2.3 Size of the plots B
Gross plot :8.10x4.95m
Net plot :4.35x3.15m

3.1.3 Cultivation details
-3.1.3.1 Field preparation (1999-2000 and 2000-2001)

The experimental field was ploughed with mould board plough during March

and twice with cultivator before the start of the cropping season. The clods were



broken with the help of tractor drawn rotovator. Then the ficld was levelled and

layout was done as per the treatments as shown in the layout plan (Fig. 3 and 4).
3.1.3.2 Sowing (1999-2000 and 2000-2001)

A seed rate of 15 kg ha™ was adopted. The seeds were treated with two per
cent potassium di-hydrogen phosphate (KH,PO,4) for 12 hours as seed hardening
treatment and shade dried until the seeds reached its original moisture level of 14 per
cent. Just before sowing, peat based Azospirillum culture treatment @ 600 g 15 kg
seeds was given and shade dried for an hour. Lines were drawn deeply up to five cm
in the plots at 45 cm interval, in which, thé fertilizers were applied as per the
treatment schedule. Adjacent to these lines, sowing lines were formed and the
sorghum seeds were dibbled at two seeds hill ™, adopting a spacing of 45 cm between

rows and 15 cm with in the row.
3.1.3.3 Manures and fertilizers (both years of experimentation)

Farmyard manure at the rate of 12.5 t ha™ was incorporated uniformly over the
field before last ploughing. Just before sowing, N and P fertilizers were applied
basally in fertilizer lines as per the treatment schedule. Nitrogen was applied as urea
(46 per cent N), while P,Os was given through single super phosphate (16 per cent
P,0s).

3.1.3.4 After cultivation (both years of experimentation)

Gap filling was done 7 Days After Sowing (DAS) and thinning was done on
10 DAS to maintain single plant hill”! so as to maintain 14.8 plants m™, Hoeing and

weeding were done manually at 15 and 30 DAS.
3.1.3.5 Plant protection (both years of experimentation)

Carbofuron three per cent granules (10 kg ha™") were applied in the leaf whorls
~on 20 DAS. The crop was sprayed with insecticides (0.1 per cent endosulphan and
Qll per cent monochrotophos) against sucking pests as a prophylactic measure at
yégetative and flower initiation stages. To control the incidence of midges during

fearly maturity stage, carbaryl dust (4 per cent) was dusted in the early morning hours.
3.13.6 Harvesting and threshing (both years of experimentation)

The crop was harvested at physiological maturity stage and the relevant details

are given in Table 5. The border rows were harvested first and the earheads from the
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Table 5. Particulars on dates of sowing, and dates of harvest for different treatments

36

Treatment Dates of sowing Dates of harvest
11999-2000
V]D] = 18-01-2000
Dy 13-09-1999*
VzD] = 18-01-2000
VD, =24-01-2000
D, 01-10-1999

V,D; = 18-01-2000

* Soaking rainfall received on 26-09-1999

2000-2001

D,

D,

18-09-2000**

29-09-2000

VD, =19-01-2001
V,D, =19-01-2001
V]D2 =19-01-2001

V,D, =19-01-2001

** Soaking rainfall received on 22-09-2000
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net plot area of each treatment were harvested separately. The earheads were dried,
threshed and grains were dried. The grain yield was recorded at 14 per cent seed
moisture and reported as grain yield kg ha”. The stalks were cut above the ground

Jevel and sun dried in the field and weighed and expressed in kg ha™.

3.1.4 Biometric observations

3.1.4.1 Growth characters

Five plants in each plot in net area were selected at random and permanently

tagged for taking periodical growth measurements.
3.1.4.1.1 Plant height (1999-2000 and 2000-2001) s

The height of the plant from ground level to the tip of the longest leaf was

measured in cm at weekly interval from 14 DAS onwards as given in Table 6.

3.1.4.1.2 Dry matter production (1999-2000 and 2000-2001)

Dry matter accumulation was estimated at weekly interval from 14 DAS
onwards and finally at harvest as given in Table 6. For this, seven plants (1.05 m row
~ length) were removed from the sample rows left for this purpose, air dried and then
oven dried at 80 = 2 ° C till the attainment of constant weight and dry matter

production was calculated and expressed in kg ha™.
3.1.4.1.3 Leaf area (1999-2000 and 2060-2001)

Plants removed for dry matter estimation at various stages (Table 6) were used
for measuring leaf area. All the leaves were stripped out and fed to the leaf area meter
(Model LI 3100 area meter, LI-COR, Lincoln, USA) and the leaf area was expressed

in cm? plant™.
3.1.4.1.4 Root volume (1999-2000 and 2000-2001)

Root volume was estimated by water displacement method at 7 days interval
from the plant rows left for destructive sampling for dry matter production as given in
Table 6 and expressed in cubic cm plant”. The surface soil of the plants was wetted
on the previous day itself and the plants were uprooted with the help of digging fork
without any disturbance to the roots and subsequently washed carefully as per

standard procedure and measured.
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Table 7. Kc values for sorghum

Stage of the crop Standard week Period Kc value
36 03-09 Sep 0.58
Seedling stage 37 10-16 Sep 0.39
38 17-23 Sep 0.32
39 24-30 Sep 0.33
- Average 0.41
40 01-07 Oct 0.79
41 08-14 Oct 0.95
Vegetative stage 42 15-21 Oct 1.09
L 43 22-28 Oct 1.65
Average 1.12
44 29-04 Nov 1.47
45 05-11 Nov 0.92
Flowering stage 46 12-18 Nov 1.27
47 19-25 Nov 1.61
48 26-02 Dec 1.18
Average 1.29
49 03-09 Dec 0.98
50 10-16 Dec 1.24
Maturlty stage 51 17-23 Dec 0.63
52 24-31 Dec 1.15
Averége 0.99




3.1.4.1.5 Root: Shoot ratio and Shoot: Root ratio (1999-2000 and 2000-2001)

Samples taken for estimating root volume were used to find Root: Shoot ratio
(R: S ratio) and Shoot: Root ratio (S: R ratio). The respective root and shoot were

oven dried. The ratios were estimated as given below.

R: S ratio = Root welght (g)
Shoot weight (g)
S:Rratio = Shoot wellght (g)
Root weight (g)

3.1.4.2 Growth analysis (1999-2000 and 2000-2001)
3.1.4.2.1 Leaf area index (1999-2000 and 2000-2001)

Leaf Area Index (LAI) was calculated by using the following formula.

AT _ Leaf area

Land area occupied by the piant

3.1.4.2.2 Crop growth rate

The Crop Growth Rate (CGR) during the crop period was calculated as
suggested by Buttery (1970) at 14-28, 28-42, 42-56, 56-70, 70-84 DAS and 84 DAS-
harvest for both 1999-2000 and 2000-2001.

Wy — W
CGR = —2— -gm™ day™
-1t
Where,
wi and w; = initial and final dry weight of p1~ant materials per unit

ground area (g), respectively.

tyand tp = initial and final day of a period of observation, respectively.
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3.1.4.2.3 Relative growth rate (1999-2000 and 2000-2001)

The Relative Growth Rate (RGR) during crop growth period was calculated as
suggested by Enyi (1962) at 14-28, 28-42, 42-56, 56-70, 70-84 DAS and 84 DAS-
harvest for both 1999-2000 and 2000-2001.

log ewn —log . W
RGR = Se t2 Ee W g g! day”
2—1

Where,

w; and ws = initial and final dry weight of plant materials per unit
ground area (g), respectively.
t; and t; = initial and final day of a period of observation,

respectively.
3.1.4.2.4 Net assimilation rate (1999-2000 and 2000-2001)

The Net Assimilation Rate (NAR) was worked out by using the following
formula as suggested by Enyi (1962) at 28-42, 42-56, 56-70, 70-84 DAS and 84 DAS-
Harvest for 1999-2000 and 14-28, 28-42, 42-56, 56-70, 70-84 DAS and 84 DAS-
Harvest for 2000-2001.

Wo-W logel,-log.L
NAR = —2 x B8 2708 nl 2 gy
1r-1; L,-L,
Where,

wi and wa = initial and final dry weight of plant materials per unit
ground area (g), respectively.

tyand = initial and final day of a period of observation, respectively.

Liand L, = initial and final leaf area of a period of observation,

respectively.
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3.1.4.3 Yield components (1999-2000 and 2000-2001)
3.1.4.3.1 Length of earhead

-

The length of the earhead was measured from the base of the lower mosf

primary rachis to the tip of the earhead and expressed in cm (Ayyangar et al., 1935).

3.1.4.3.2 Number of grains per carhead

The total number of grains in earheads of the sample plants was counted and

the mean grain number earhead™’ was calculated.

3.1.4.3.3 Thousand grain weight

One thousand grains were counted from the representative sample taken from
each treatment. The grains were dried to 14 per cent moisture level and then weighed

- in an electrical top pan balance and the thousand grain weight was expressed in grams

(8).

3.1.4.4 Yield (1999-2000 and 2000-2001)
3.1.4.4.1 Yield of grain

The grain yield was recorded from the net plot at 14 per cent moisture and

expressed in kg ha™.
3.1.4.4.2 Yield of straw

The dry weight of straw was recorded after completely drying in the sun at

field and expressed in kg ha™,
3.1.4.5 Harvest index

This was found out by calculating the ratio between biological and economic

yield as under.

Economiic yield

Harvest index = - - - -
Total biological yield

3.1.5 Chemical analysis (both years of experimentation)
3.1.5.1 Plant analysis

Plant samples collected at varying periods for estimating the dry matter

production were ground by a willey mill and used for estimating the NPK contents.
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The per cent concentration of these nutrients were multiplied by the respective dry
matter content and their uptake values were thus arrived at.

3.1.5.1.1 Nitrogen uptake

Nitrogen content was estimated by Microkjeldahl method as suggested by
Humphries (1956). The uptake was calculated and expressed in kg ha™.

3.1.5.1.2 Phosphorus uptake

The total phosphorus content was estimated by di-acid digestion method as

given by Jackson (1973) and the uptake was expressed as kg ha'.
3.1.5.1.3 Potassium uptake

Total potassium content of the plant samples was estimated from the di-acid
" digested material using flame photometer (Jackson, 1973) and the uptake was

expressed as kg ha™.
- 3.1.5.2 Soil analysis

Mechanical composition of the soil was analysed as suggested by Piper
(1966), before laying out the experiment. Soil samples collected at pre-sowing and
post harvest stages were analysed for available N, P and K and expressed as kg ha™'.

- The procedure followed and the author who suggested it for each are given below.

Nutrient : Method Suggested By

Available Nitrogen | Alkaline permanganate method Subbiah and Asija (195‘6) |

Available Olsen’s method Olsen et al. (1954)

Phosphorus

Available Ammonium acetate extract using | Stanford and  English
| Potassium flame photometer (1949)

3.1.5.2.1 Actual soil moisture (199942000 and 2000-2001)

Gravimetric method was followed for estimating actual soil moisture.
Samples from each plot were drawn at weekly interval from 14 DAS and finally at
harvest at 0-15 and 15-30 cm depths using screw auger. The samples were oven dried
‘at 100 + 5°C till constant weight recorded. The amount of moisture on depth basis

was expressed in mm as under.

Soil Per cent available soil moisture Bulk density - depth
-1
moisture 100 (gcc) (cm)
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Where,
Bulk density of the soil = 1.36 g cc™

3.1.6 Soil water balance

A simple daily soil water balance was computed for the entire crop period
using the model developed by Gupta er al. (1972). Daily rainfall, Potential
Evapotranspiration (PET), Sorghum Kc values and soil water holding capacity were

used as inputs for this model.
3.1.6.1 Computation of PET from open pan evaporimeter

Computation of PET (Penman, 1948) was done from open pan evaporimeter

reading as follows:
PET = Kp.Eo
Where,
PET = Reference evapotranspiration (mm day™)
Kp  =Pan coefficient (0.7) — (Doorenbos and Pruitt, 1984)
Eo = Pan evaporation (mm day™)
3.1.6.2 Estimation of ET
Crop evapotranspiration was estimated by using the following formula.
ET = KcxPET
Where,
ET = Crdp evapotranspiration (mm day'l)
Kc  =Crop coefficient

Sorghum Kc values for different stages are given in Table 7. (Subramanian et

al., 1998)
3.1.6.3 Soil water balance

Soil water balance was computed using the method suggested by Gupta et al.

(1972).
Wn = \Nn-l +RFn "ETn

Where,
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th

W = soil water onn" day

RF, = rainfall on o™ day

ET, = evapotranspiration on n" day
Wil = previous day soil_ water

3.1.6.4 Effective rainfall

Effective rainfall was calculated as the difference between rainfall and water

loss through runoff.
ER, =ET,-Sn
Where,
ER, = effective rainfall
ET, =‘ evapotranspiration on n' day

Sa = water loss (The rainfall received after the soil profile
saturation was considered as ineffective and accounted for

water loss).

3.1.7 Resource use efficiency (1999-2000 and 2000-2001)

3.1.7.1 Total rainfall use efficiency

Total Rainfall Use Efficiency (TRUE) was worked out by using the following

formula and expressed as kg ha” mm™.

Grain yield (kg ha™)
Rainfall during cropping period (mm)

TRUE =

3.1.7.2 Effective rainfall use efficiency

The formula given below was used to find out the Effective Rainfall Use

Efficiency (ERUE) and expressed as kg ha” mm™,

Grain yield (kg ha™)
Effective rainfall during cropping period {mm)

ERUE =
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. 3.1.7.3 Water use efficiency

Water Use Efficiency (WUE) was worked out by using the following formula

and expressed as kg ha” mm™.

Grain yield (kg ha™)

Total evapotranspiration (mm)

WUE =

3.1.8 Cost and returns (1999-2000 and 2000-2001)

Gross returns ha' was calculated with the prevailing prices at the time of
harvest. Net returns were calculated by subtracting the respective total cost of
cultivation from the corresponding gross return. The benefit cost ratio was also

- worked out by dividing the gross return by the cost of cultivation.
3.1.9 Statistical analysis (1999-2000 and 2000-2001)

The data collected were analysed statistically, using the procedure as given by

Panse and Sukhatme (1978) to find out the treatment differences at 5 per cent level.

3.2 Part II Evaluation of DSSAT V.3.5 Decision Support System (CERES-

Sorghum model) for key management practices in rainfed sorghum
3.2.1 Crop growth models

For the question of “why build crop models?” Whisler ef al. (1986) catalogued
the reason into three broad categories. They were i) as an aid to interpret
experimental result ii) as an agronomic research tool, and iii) as an agronomic growth
tool. While the first category was aimed to understand and quantify the process
involved in cropping systems, viz., soil and water management, nutrient balance,
stomatal control and plant growth processes, the second category attempted to answer
questions on “what happened if some changes were made in the system?”. The third
category was built from precised laboratory result, growth chamber and/ or field data
with an ultimate goal of grower uses, where the grower had to choose the profitability

of the management options available.

Crop growth simulation models thus played a vital role in bringing out the
specific relationship between weather condition and productivity and provided an

Opportunity for transferring agriéultural production technology from sites of origin to



new locations (Ramakrishna, 1990). These dynamic models not only helped in

understanding the climate-crop interaction and the processes that contribute to the
growth and yield of crops but also assisted in evaluaﬁng the potential of various soil
and crop management options (Hoogenbobm et al., 1997) and form an important

component in system approach research (Ritchie, 1989).

Many of the models are multipurpose in nature and have wide ranging utilities
varying from screening genotypes for their suitability to a given environment to long

range strategic planning for sustainable production over large areas.
3.2.2 Decision support system for agrotechnology transfer

The International Benchmark Sites Network for Agrotechnology Transfer

(IBSNAT) was initiated in 1982 for developing a systems analysis approach for
| addressing a wide range of agricultural, environmental and economic problems in
developing countries. The mandate of the project was to develop crop simulation
models for 12 most important crops. A major outcome of this project besides model
-development was a special software system known as Decision Support System for

Agrotechnology Transfer (DSSAT).

The DSSAT (Fig. 5 and 6) is a program shell that integrates three elements —
crop simulation models, a data base management system and a management/ risk
assessment program. DSSAT has been designed to easily create “experiments” on
computers to simulate outcomes of the complex interactions between various
agricultural practices, soil and weather conditions. This program is to suggest
appropriate solutions to thé site specific problems. DSSAT relies heavily on crop
simulation models to predict the performance of crops for making a wide range of
decisions. In DSSAT, the CERES (Crop Environment REsource Synthesis) family of
crop models is used to predict the performance of six grain crops viz., rice, wheat,

barley, maize, sorghum and pear] millet.

The DSSAT crop models are mathematical representation of daily biological
and physical processes and are used to predict harvestable yield, plant growth and
development, nitrogen dynamics and water balance in response to uncontrolled

(weather) variables.
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Fig. 5- Structure of DSSAT program
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6. Schematic drawing of DSSAT components
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The DSSAT model simulates the effects of weather, soil, water, cultivar and

soil nitrogen dynamics on crop growth and yield. In order to predict crops potential,

DSSAT crop model requires the following information.

4

Daily weather data consisting of maximum and minimum air temperatures (°C),

solar radiation (MJ m™ day™) and precipitation.

The standard soil description including data on key soil properties as a function of

depth.

Information on sowing date, plant population, amounts and dates of irrigation and

amounts and dates of N fertilizer application.

Genetic information related to maturity type, photoperiod sensitivity and yield
components needed to evaluate optimum efficiencies with in the constraints of

weather and soil.

As far as sorghum is concerned, number of simulation models (SORGEF,

SORKAM, RESCAP and CERES) have been developed. Out of these models,
DSSAT’s CERES-Sorghum model has wider applicability because of its better

~ support system.

3.2.3 CERES-Sorghum model

The CERES-Sorghum model uses a minimum of readily available weather,

soil and variety specific genetic inputs. To simulate growth, development and yield,

the model takes into account of following processes:

*

Phenological developmént, especially as it is affected by genotype and weather.
The model simulates the effect of photoperiod and temperature on the timing of

panicle initiation and the duration of each major growth stage.
Extension growth of leaves, stems and roots.

Biomass accumulation and partitioning, especially as phenological development

that affect the development and growth of vegetative and reproductive organs.

Water balance that simulates the daily evaporation, runoff, percolation and crop

- Water uptake under fully irrigated condition and rainfed condition.
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+ Soil N transformations associated with mineralization/ immobilization, urea
hydrolysis, nitrification, denitrification, ammonia volatilization, losses of N

associated with runoff and percolation and uptake and utilization of N by the crop.
3.2.4 Evaluation of CERES-Sorghum model

Model evaluation is a process in which model predictions are compared with
field observations. Lemon (1977) had defined validation as a “comparison of verified
models to the real world and determination if it is suitable for its intended purpose”.
Later, Whisler ef al. (1986) defined the validation as “comparison of the predictions
of a verified model with experimental observations other than those used to build and
calibrate the model”. Validated models can be used to reliably simulate crop yields
and other output variables under different environments. Identification and correction
~ of errors in the model will continue until the mo&el is suitable for its intended

purpose. Hence, validation is the corner stone of e‘valuation.
3.2.5 Minimum data set requirement for evaluating CERES-Sorghum model

For the evaluation of CERES-Sorghum model, a Minimum Data Set (MDS) —
data on management of the crop, macro and micro environmental parameters

associated with the weather and the soil are required as input.

3.2.5.1 Weather information

The daily weather data on maximum air temperature (°C), minimum air
temperature (°C), solar radiation (MJ m™ day™) and precipitation (mm) for 41 years
(1960-2000) were collected from Department of Agricultural Meteorology, Tamil
Nadu Agricultural University, Coimbatore and used for creating weather file for
running DSSAT’s CERES-Sorghum model.

3.2.5.2 Soil information

A profile was opened up in field number 36B near the experimental site and
layer wise soil samples were collected for obtaining layer wise data on soil

physicochemical characteristics. The details are given in Appendix II and Plate 1.
3.2.5.3 Crop management

The cultivation details were similar to the one already explained in chapter
3.1.3. '




Plate 1. Soil profile
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3.2.5.3.1 Biometric observations (1999-2000 and 2000-2001)

Biometric observations like dry matter production and leaf area index and date
of occurrence of phenological stages, yield components and yield were taken both
from the main experimental plots and from the genetic coefficient plots for
constructing the MDS for the DSSAT V.3.5 CERES-Sorghum model evaluation as
well as for the computation of genetic coefficient of CO 26 and CSV 15, as per the
procedure (Fig. 7) given by IBSNAT (1990).

3.2.5.3.1.1 Dry matter production

Dry matter accumulation was estimated for MDS at weekly interval from 14

DAS to harvest as already described in chapter 3.1.4.1.2.
- 3.2.5.3.1.2 Leaf area index

Leaf Area Index (LAI) was calculated by using the formula given in chapter
3.1.4.2.1.

3.2.5.3.1.3 Date of occurrence of phenological stages

Five plants were tagged at random in each treatment of all the three
replications. Daily observations were made on the phenological development of the
crop and the date of occurrence of various developmental stages as given in Appendix
- III'(Zadoks et al., 1974) as well as date of panicle initiation (Vanderlip and Reeves,

1972) for different treatments were recorded.
3.2.5.3.2 Yield components and yield

The final harvest was done at the growth stage of 92-94 DAS (soon after 80
per cent of grains are hard and difficult to break with finger nails or teeth) in all the
plots. The methodology for recording the yield components and yield were similar to

the one that already described in chapter 3.1.4.3 and 3.1.4.4.

3.2.5.4 Computation of economical optimum dose of nitrogen application under

sensitivity analysis

Economically viable dose of nitrogen application was worked out by
comparing the cost involved (fertilizer cost) and returns obtained (grain yield)
between two consecutive levels of nitrogen application in the sensitivity analysis

Option available in DSSAT V.3.5 CERES-Sorghum model.
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3.2.5.5 Computation of returning period for the Northeast monsoon of

Coimbatore district

Returning period of rainfall refers to its repeatability and helps to know at what
frequency a specific quantum of rainfall occurs (Veeraputhiran et al., 1999). The

details are furnished in Appendix VI.



EXPERIMENTAL RESULTS
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CHAPTER IV
EXPERIMENTAL RESULTS

Field experiments were conducted at Tamil Nadu Agricultural University
Farm, Coimbatore in dryland Vertisols during Northeast monsoon seasons of 1999
and 2000 to investigate the performance of different varieties of sorghum (Sorghum
bicolor (L.) Moench.) under different sowing times and levels of Nitrogen and
Phosphorus. This experiment also aimed to evaluate DSSAT V.3.5 Decision Support
System for Agrotechnology Trémsfer (CERES-Sorghum model) for key management
practices like choice of varieties, times of sowing and nutrient levels. The results of

the experiments are presented in this chapter L‘mdler two parts.

4.1 Part I Main experiment
4.1.1 Growth parameters

4.1.1.1 Plant height

The data on mean plant height recorded for the two seasonal crops at
vegetative stage (14, 21, 28, 35, 42 and 49 DAS), flowering stage (56, 63, 70 and 77
DAS) and maturity stage (84, 91 DAS and at harvest) are presented in Tables § and 9.

In general, the sorghum crop had grown taller with the advancement in age.
Except at 14 DAS of first crop (1999-2000), the varieties did not differ significantly
for plant height at vegetative stage. At 14 DAS of first crop, the entry V, (CSV 15)
had grown taller over the other entry V| (CO 26) significantly. There was no
significant difference between the two varieties evaluated at flowering stage in both
the crops studied. Except at 84 DAS of first crop at maturity stage, in other days of
observation, there was no statistical difference between varieties evaluated. Even
though in the first crop, significance was exhibited between varieties evaluated at &4

DAS, they were at par only.

With reference to the different times of sowing studied, there was no much
difference in respect of plant height studied in both first (1999-2000) and second crop
(2000_-2001), except at 49 DAS of the first crop (vegetative stage), where in D,

Sowing gave significantly taller plants than D; sowing. At flowering and maturity
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stages of both the crops, there was no statistical difference between treatments

evaluated.

At the vegetative stage of the first crop, the treatment F; (60: 30: 0 kg of N:
P,0s: Ko0 ha') was at par with F, (40: 20: 0 kg of N: P,0s: K,0 ha) and
significantly superior to F; (control). This trend was noticed up to 35 DAS, while at
42 and 49 DAS, F; was significantly superior to F, and F; nutrient levels. At
flowering stage (56, 63 and 70 DAS), F; was significantly superior over to F, and F,
at 56 DAS, while such trend was not noticed at 63 and 70 DAS. At 77 DAS, there |
was no statistical difference between the levels studied. At maturity stage, for the first

crop, nutrient levels did not alter the plant height significantly.

Even though such trend was obtained in the second crop, the different nutrient
‘levels studied did not differ significantly at any of the stages studied in altering the

plant height.

- Interactions were not significant through out different stages of both first and

“second crop.
4.1.1.2 Dry matter production

The data on mean Dry Matter Production (DMP) recorded at vegetative stage
| (14, 21, 28, 35, 42 and 49 DAS), at flowering stage (56, 63, 70 and 77 DAS) and at
maturity stage (84, 91 DAS and at harvest) are presented in Tables 10 and 11.

In general, with the advancement in crop growth, the DMP had increased

irrespective of the treatments imposed in both the crops of the study.

Varieties exerted a significant change in DMP at all the vegetative, flowering
and maturity stages in both the crops of study, except at 35 and 42 DAS in vegetative
».V'Stage and at 63 DAS in flowering stage of first crop (1999-2000) anci 21 DAS in
f‘_Vegetativ-e stage of second crop (2000-2001). The variety V, (CSV 15)‘ recorded

significantly higher DMP as compared to V| (CO 26).

Between the two times of sowing evaluated, D; produced significantly higher
Aty matter at all the stages of second crop except at 35 DAS in which D, produced

KSigniﬁcantly higher dry matter than D, while in the first crop, even though the same
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result was observed at 21, 49, 63, 91 DAS and at harvest, at 70 DAS, D, sowing was

at par with D2 sowing.

The perusal of mean data between levels of nutrients evaluated, the ‘treatment

F; (60: 30: 0 kg of N: P,Os: K20 ha) had recorded significantly higher DMP in the

first crop at all the stages of study. While in the second crbp, such significance was

noticed for F3 treatment up to vegetative stage, there after F, level (40: 20: 0 kg of N:
“P,0s: K20 ha™") had produced higher DMP and at par with F; level.

The interaction between varieties and times of sowing showed significant
difference at 42, 63 and 70 DAS during the second crop in which V, produced
signiﬁcantly higher DM when sown on D; compared to all other treatments (Table
12). But the interaction was not significant during the first crop. In the second crop at
42, 63 and 70 DAS, D, date of sowing was significantly superior over D, sowing
irrespective of the varieties evaluated in terms of dry matter production. Similarly, in
'respect of Varieties,\ V, produced significantly higher dry matter than V, irrespective
of times of sowing at 42, 63 and 70 DAS.

4.1.1.3 Leaf area index

The data on mean Leaf Area Index (LAI) recorded at vegetative stage,

flowering stage and maturity stage are presented in Tables 13 and 14.

In general, there was a steady increase in LAI from vegetative stage to
flowering stage and then a declining trend was noted up to maturity stage in both the

crops (1999-2000 and 2000-2001).

Between varieties, there was no significant difference in respect of LAI at
- vegetative stage for both the crops. At flowering stage of first crop, except 56 DAS,
the variety V| (CO 26) registered higher LAI over V, (CSV 15), where as in the
second crop, there was no significant difference between varieties in terms of LAI at
flowering stage. During both the years, LAI was not differed significantly between
~ varieties studied at maturity stage, except at 84 and 91 DAS of first crop in which CO
26 did produce significantly higher LAI over CSV 15.

With reference to times of sowing evaluated, there was no significant

. difference between the two sowings in both the years at vegetative stage, except at 28
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Table 12. Interaction effect of varieties and times of sowing on dry matter production (kg ha'")

/4
yxD

L~
A2

—72”'

]
1 Mean

D

/xD

of sorghum during 2000-2001 (second crop)

42 DAS 63 DAS 70 DAS

D, D, Mean D, D, Mean D, D, Mean

901 920 o11 3719 | 3374 | 3547 | 4016 | 3746 | 3881

1029 | 890 960 | 4377 | 3533 | 3955 | 4976 | 4116 | 4546

965 905 - 4048 | 3454 - 4496 | 3931 -
SEd CD (P=0.05) SEd CD (P=0.05) SEd CD (P=0.05)
194 47.4 79.2 193.8 82.4 201.7
19.4 474 79.2 193.8 82.4 201.7
27.4 67.0 112.0 274.1 116.6 285.3
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DAS of first crop in which D, registered significantly higher LAI as compared to D,
and at 35 DAS of second crop, D, sowing did produce significantly higher LAI over

D, sowing.

At flowering stage of first crop, Dy recorded significantly higher LAI than D,
at 63 and 77 DAS, where as in the second crop, D, registered significantly higher LAI
than Dy at 70 and 77 DAS. At maturity stage, the LAI of D; was significantly
superior over to D, sowing at 91 DAS and at harvést of first crop. In the second crop,

there was no significant difference between D; and D, sowings at the maturity stage.

Among the nutrient levels evaluated, F5 (60: 30: 0 kg of N: P,05: K,0 ha")
registered higher LAI than F, (40: 20: 0 kg of N: P,0s: K,0 ha") and F; (control) in
the first crop and the difference was significant at 28 and 42 DAS, while F; was at par

| with F; at 35 and 49 DAS of vegetative stage. Such significance was absent for the
éecohd crob at this stage. At flowering stage of the first crop, the result was not
significant except at 56 DAS, where in F; and F, were at par. At maturity stage the
resul_t was not significant for first crop, while at 91 DAS and at harvest of second

crop, F3 and F, nutrient levels were at par. The least LAI was produced by F nutrient

level.

In the investigation, all the interactions were not significant in both the crops
(1999-2000 and 2000-2001).

4.1.1.4 Crop growth rate

The computed data on Crop Growth Rate (CGR) are presented in Tables 15
and 16.

There was increase in CGR up to 42-56 DAS and there after declining trend
was observed in both the crops (1999-2000 and 2000-2001).

In the first crop (1999-2000), the varieties studied did not differ significantly;
while in the second crop (2000-2001), V, (CSV 15) was significantly superior to the
entry V; (CO 26) at 14-28, 42-56 and 56-70 DAS.

In respect of times of sowing evaluated, statistical difference was observed for

- 28-42 DAS in the first crop and 42-56 DAS in the second crop. The sowing date Dy
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Table 15. Effect of varieties, times of sowing and nuirient levels on crop growth rate

(g m? day™) of sorghum during 1999-2000 (first crop)

NS = Not significant

-~ 14-28 28-42 42-56 56-70 70-84 84 DAS-
Treatments DAS DAS DAS DAS DAS Harvest

v, 0.90 5.74 15,50 15.45 10.01 12.18
Y 1.29 6.90 18.01 16.80 11.42 13.85
SEd 0.141 0.530 1.468 1.878 1.704 1.585
CD (®=0.05) | NS NS NS NS NS NS
D 1.23 5.62 17.75 15.20 11.29 15.68
D, 1.02 7.02 15.77 17.05 10.14 10.35
SEd 0.141 0.530 1.468 1.878 1.704 1.585
CD (P=0.05) NS 1.297 NS NS NS NS
F, 0.61 3.08 12.61 13.19 8.44 11.78
F, 1.12 6.89 15.94 17.20 10.87 12.40
Fs 1.64 8.99 21.73 17.98 12.84 14.87
SEd 0.147 0.918 1.658 3.060 2.563 1.371
CD (P=0.05) 0.311 1.947 3.515 NS NS NS
vxD _
SEd 0.199 0.750 2.077 2.655 2.410 2.242
CD (P=0.05) NS NS NS NS NS NS
VatF '
SEd 0.220 1.185 2.413 4.001 3.415 2.241
CD (P=0.05) NS NS NS NS NS NS
FatV
SEd 0.207 1.298 2.345 4328 3.624 1.939
CD (P=0.05) NS NS NS NS NS NS
DatF
SEd 0.220 1.185 2.413 4.001 3.415 2.241
CD (P=0.05) NS NS NS NS NS NS
FatD
SEd 0.207 1.298 2.345 4.328 3.624 1.939
CD (P=0.05) NS NS NS NS NS NS
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Table 16 Effect of varieties, times of sowing and nutrient levels on crop growth rate

(g m? day™) of sorghum during 2000-2001 (second crop)

e

14-28

NS = Not significant

28-42 42-56 56-70 70-84 84 DAS-
Treatments DAS DAS DAS DAS DAS Harvest

57 232 4.03 14.90 6.37 9.58 3.87
v, 2.78 5.68 16.55 9.09 9.57 2.47
SEd 0.098 1.606 0.348 0.159 0.399 0.926
CD (P=0.05) 0.241 NS 0.851 0.389 NS NS
Dy 2.64 4.09 17.52 7.74 9.93 2.69
D, 246" 5.62 13.94 7.73 9.22 3.65
SEd 0.098 1.606 0.348 0.159 0.399 0.926
CD (P=0.05) NS NS 0.851 NS NS NS
F, 1.82 3.18 12.80 7.03 8.42 2.02
F, 2.66 435 17.11 8.91 11.10 3.32
F, 3.17 7.04 17.27 7.26 9.21 4.17
SEd 0.203 1.948 0.753 0.426 0.575 0.970
CD (P=0.U3) 0.430 NS 1.597 0.902 1.218 NS
vxD
SEd 0.139 2271 0.492 0.248 0.564 1.309
CD (P=0.05) NS NS NS NS NS NS
VatF
SEd 0.254 2.764 0.937 0.517 0.774 1.453
CD (P=0.05) NS NS NS NS NS NS
FatV
SEd 0.287 2.755 1.065 0.602 0.813 1.372
CD (P=0.05) NS NS . NS NS NS NS
DatF ‘
SEd . 0.254 2.764 0.937 0.517 0.774 1.453
CD (P=0.05) NS NS NS NS NS NS
FatD
SEd 0.287 2.755 1.065 0.602 0.813 1.372
CD (P=0.05) NS NS NS NS NS NS




69

was signjficant in the first crop, while the reverse trend was observed in the second

crop.

With reference to nutrient levels studied during first crop, Fy (60: 30: 0 kg of
N: P,0s: K;0 ha') recorded significantly higher CGR than F, (40: 20: 0 kg of N:
P,0s: K20 ha'l) and Fy (control) at 14-28, 28-42 and 42-56 DAS and there after the
result was not significant. In the second crop, F; registered significantly superior
CGR over F; and F; at 14-28 DAS. But at 56-70 and 70-84 DAS, F; recorded
significantly higher CGR over F3 and F| nutrient levels.

All the interactions were statistically absent.
4.1.1.5 Relative growth rate

The Jata on mean Relative Growth Rate (RGR) are presented in Tables 17 and
18.

In general, RGR exhibited a declining trend as the growth progressed from
vegetative stage to maturity stage in both the crops (1999-2000 and 2000-2001).

Both the varieties V, (CSV 15) and V; (CO 26) recorded their highest RGR at
14-28 DAS in both the crops. The result was significant only at 28-42 DAS for the
second crop where in V; did have higher RGR, while at no interval, the result was

significant for the first crop.

At 28-42 DAS and between 84 DAS and at harvest of first crop, the result was
significant for dates of sowing evaluated where in D, registered higher RGR than D,
at 28-42 DAS and D; did produce higher RGR at 84 DAS to harvest. In the second

crop, at 28-42 DAS, the first crop result was in evidence.

Among the various nutrient levels evaluated, the RGR did not differ
significantly at all the stages of first and second crops except at 84 DAS and harvest
of first crop (1999-2000) and at 14-28, 28-42 and 70-84 DAS of second crop (2000-
2001). In the second crop, at early stage (14-28 and 28-42 DAS) F, (40: 20: 0 kg of
N: P,05: K,0 ha™) and F3 (60: 30: 0 kg of N: P,0s: K,0 ha™") levels were at par and
better than F; level (control), while in the first crop, F; level was significantly
Promising (84 DAS-harvest).
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Table 17- Effect of varieties, times of sowing and nutrient levels on relative growth rate

(g g day™) of sorghum during 1999—2000 (first crop)

14-28 28-42 42-56 56-70 70-84 84 DAS-
Treatments DAS DAS DAS DAS DAS Harvest
7, 0.1837 0.1355 0.0910 0.0397 0.0180 0.0144
A 0.1858 0.1265 0.0874 0.0365 0.0167 0.0154
SEd 0.00958 0.00514 | 0.00921 0.00484 0.00295 0.00186
¢D (P=0.05) NS NS NS NS NS NS
D, 0.1984 0.1178 0.0981 0.0367 0.0178 0.0176
D, 0.1712 0.1442 0.0804 0.0395 0.0169 0.0122
SEd 0.00958 0.00514 0.00921 0.00484 0.00295 0.00186
D (P=0.05) NS 0.01259 NS NS NS 0.00455
| F 0.1706 0.1215 0.0880 0.0433 0.0187 0.0172
F, 0.1889 0.1400 0.0786 0.0386 0.0169 0.0137
Fy 0.1948 0.1316 0.0802 0.0325 0.0164 0.0138
SEd 0.00921 0.01164 0.00995 0.00773 0.00438 0.00144
CD (P=0.05) NS NS NS NS NS 0.00300
VvxD
SEd - 0.01355 0.00728 0.01303 0.00685 0.00417 0.00263
| CD (P=0.05) NS NS NS NS NS NS
VatF
SEd 0.01431 0.01440 0.01473 0.010106 0.00586 0.00249
| CD (P=0.05) NS NS NS NS NS NS
FatV
SEd 0.01303 0.01647 0.01407 0.01093 0.00620 0.00204
CD (P=0.05) NS NS NS NS NS NS
DatF
SEd ; 0.01431 0.01440 0.01473 0.01016 0.00586 0.00249
| CD (P=0.05) NS NS NS NS NS NS
FatD .
SEd 0.01303 0.01647 0.01407 0.01093 0.00620 0.00204
CD (P=0.05) NS . NS NS NS NS NS

NS = Not significant




Table 18. Effect of varieties, times of sowing and nutrient levels on relative growth rate

(g g day) of sorghum during 2000-2001 (second crop)

71

14-28 28-42 42-56 56-70 70-84 84 DAS-
Treatments DAS DAS DAS DAS DAS Harvest
v, 0.2765 0.0738 0.1279 0.0193 0.0208 0.0070
v, 0.2889 0.0619 0.0884 0.0232 0.0193 0.0040
SEd 0.00607 0.00198 0.04270 0.01489 0.00088 0.00147
CD (P=0.05) NS 0.00485 NS NS NS NS
D 0.2783 0.0650 0.1346 0.0193 0.0199 0.0044
D, 0.2871 0.0706 0.0817 0.0231 0.0202 0.0066
SEd 0.00607 0.00198 0.04270 0.01489 0.00088 0.00147
CD (P=0.05) NS 0.00485 NS NS NS NS
P 0.2672 0.0736 0.0904 0.0239 0.0207 0.0043
R 0.2828 0.0690 0.0875 0.0223 0.0212 0.0053
Fs 0.2980 0.0609 0.1466 0.0175 0.0181 0.0069
SEd 0.00767 0.00229 0.05230 0.01626 0.00107 0.00166
CD (P=0.05) | 0.01626 0.00486 NS NS 0.00227 NS
VxD
SEd 0.00858 0.00281 0.06038 0.02100 0.00124 0.00208
CD (P=0.05) NS NS NS NS NS NS
1VatF
SEd 0.01074 0.00331 0.07396 0.02388 0.00152 0.00242
CD (P=0.05) NS NS NS NS NS NS
FatV
SEd 0.01085 0.00325 0.07371 0.02299 0.00144 0.00235
CD (P=0.05) NS NS NS NS NS NS
DatF
SEd 0.01074 0.00331 0.07396 0.02388 0.00152 0.00242
CD (P=0.05) NS NS NS NS NS NS
FatD
SEd 0.01085 0.00325 0.07371 0.02299 0.00144 0.00235
CD (P=0.05) NS NS NS NS NS

NS =Not significant

NS
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All the interactions studied were not significant in both the crops.
4.1.1.6 Net assimilation rate

The data on mean Net Assimilation Rate (NAR) are presented in Tables 19
and 20.

Between varieties, Vo (CSV 15) recorded higher NAR significantly at 28-42
DAS and between 84 DAS and harvest of the first crop (1999-2000) as well as
between 56 and 70 DAS in the second crop (2000-2001). It was reverse between 84

DAS and harvest in the second crop where in superiority of V (CO 26) was noted.

In both the crops, the times of sowing had not altered the NAR significantly
except at 28-42 DAS of first crop in which D, registered significantly higher NAR as

compared te Di.

~ Among the nutrient levels, during first crop, F3 (60: 30: 0 kg of N: P,0s: K,0
ha') registered higher NAR which was at par with F; (40: 20: 0 kg of N: P,0s: K,0
ha'[) at 28-42 DAS. During the second crop, F3 recorded the highest NAR and was at
par with F, at 14-28, 28-42, 42-56 and between 70-84 DAS, while at 56-70 DAS, F,
level did produce highér NAR significantly over other levels evaluated.

All the interactions were not significant in both the crops evaluated for

freatments.
4.1.1.7 Root Volume

The mean data on root volume as influenced by various treatments studied at

various stages of crop growth are presented in Tables 21 and 22.

From the data, it was inferred that there was a steady increase in the root
" volume and it reached its maximum at the flowering stage (63 DAS) and then started

declining towards the maturity stage.

At vegetative stage of both the crops, the root volume recorded under V, was
~ significantly more than V at 42 and 49 DAS of first crop (1999-2000) and at 21 and
49 DAS of second crop (2000-2001). This trend was observed at reproductive and
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Table 19. Effect of varieties, times of sowing and nutrient levels on net assimilation rate

(g m™ day™) of sorghum during 1999-2000 (first crop)

— 28-42 4256 56-70 70-84 84 DAS-
Treatments DAS DAS DAS DAS Harvest

7 0.0108 0.0086 0.0059 0.0049 0.0087
v 0.0132 0.0106 0.0070 0.0065 0.0117
SEd 0.00066 0.00125 0.00093 0.00107 0.00083
op (P=0.05) |  0.00161 NS NS NS 0.00204
D, 0.0096 0.0105 0.0057 0.0060 0.0110
Dy 0.0144 0.0087 0.0072 0.0053 0.0093
SEd 0.00066 0.00125 0.00093 0.00107 0.00083
CD (P=0.05) |  0.00161 NS NS NS NS
B 0.0083 0.0089 0.0059 0.0042 0.0093
F, 0.0134 0.0088 0.0066 0.0060 0.0101
B 0.0143 0.0111 0.0068 0.0068 0.0112
SEd 0.00153 0.00141 0.00111 0.00140 0.00135
CD (P=0.05) |  0.00324 NS NS NS NS
VxD

SEd 0.00093 0.00176 0.00131 0.00152 0.00165
CD (P=0.05) NS NS NS NS NS
V.atF

SEd 0.00189 0.00205 0.00158 0.00194 0.00176
CD (P=0.05) NS NS NS NS NS
FatV

SEd 0.00216 0.00200 0.00156 0.00198 0.00162
CD (P=0.05) NS NS NS NS NS
DatF

SEd 0.00189 0.00205 0.00158 0.00194 0.00176
CD (P=0.05) NS NS NS NS NS
FatD

SEd 0.00216 0.00200 0.00156 0.00198 0.00162
CD (P=0.05) NS NS NS NS NS

NS = Not significant




Table 20. Effect of varieties, times of sowing and nutrient levels on net assimilation rate 74

(g m? day™) of sorghum during 2000-2001 (second crop)

14-28 28-42 42-56 56-70 70-84 84 DAS-
Treatments DAS DAS DAS DAS DAS Harvest
7 0.0158 0.0088 0.0166 0.0060 0.0049 0.0047
s 0.0154 0.0079 0.0165 0.0081 0.0065 0.0027
SEd 0.00326 | 0.00092 | 0.00147 | 0.00054 | 0.00105 | 0.00083
D (P=0.05) NS NS NS 0.00133 NS 0.00204
D, 0.0127 0.0072 0.0181 0.0076 0.0060 0.0030
Dy 0.0185 0.0094 0.0150 0.0066 0.0053 | 0.0044
SEd 0.00326 | 0.00092 | 0.00147 | 0.00054 | 0.00105 | 0.00083
D (P=0.05) NS NS NS NS NS NS
P, 0.0104 0.0064 0.0131 0.0067 0.0042 0.0028
F, 0.0148 0.0091 0.0182 0.0080 0.0060 0.0038
F, 0.0216 0.0095 0.0185 0.0065 0.0068 0.0044
SEd 0.00346- | 0.00094 | 0.00134 | 0.00050 | 0.00078 | 0.00135
CD (P=0.05) | 0.00733 | 0.00199 | 0.00283 | 0.00105 | 0.00166 NS
yvxD
SEd 0.00461 | 0.00130 | 0.00208 | 0.00077 | 0.00148 | 0.00118
CD (P=0.05) NS NS NS NS NS NS
VatF
SEd 0.00515 | 0.00142 | 0.00213 | 0.00079 | 0.00139 | 0.00177
CD (P=0.05) NS NS NS NS NS NS
FatV
SEd 0.00489 | 0.00133 | 0.00189 | 0.00070 | 0.00111 | 0.00191
CD (P=0.05) NS NS NS NS NS NS
DatF
SEd 0.00515 | 0.00142 | 0.00213 | 0.00079 | 0.00139 | 0.00177
CD (P=0.05) NS NS NS NS NS NS
FatD
SEd 0.00489 | 0.00133 | 0.00189 | 0.00070 | 0.00111 | 0.00191
CD (P=0.05) NS NS NS NS NS NS

NS = Not significant
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maturity stages of both the crops significantly except at 77 DAS and at harvest of

second crop, where the result was not significant.

With reference to times of sowing except at 14 DAS of ﬁrst‘and second crop,
all the observations made in the vegetative stage of both the crops, D; recorded
significantly higher root volume than D,, except at 42 DAS of first crop. This trend
- was continued at 63, 70 and 77 DAS of first crop and at harvest of the second crop.

Among the nutrient levels evaluated in the first and second crop, the superior
performance was noticed for F3 (60: 30: 0 kg of N: P,0s: K0 ha'l) level in increasing
the root volume significantly through out the observations made in vegetative stage
except at 14 DAS of first crop. The same performance was observed in the flowering
~ and maturity stages of first crop, while in the second crop under these two stages, F,
(40: 20: 0 kg of N: P20s: K,0 ha') and F3 were at par in registering higher root

volume.
The resulis on interactions were not significant.
4.1.1.8 Root: Shoot ratio

The mean data on Root: Shoot ratio (R: S ratio) recorded at 14, 28, 42, 56, 70
and 77 DAS and at harvest for both the crops are presented in Tables 23 and 24.

From the results it was inferred that V recorded significantly higher R: S ratio
than V in all the stages of crop growth in both the crops (1999-2000 and 2000-2001),
except at 77 DAS of first crop in which V| recorded significantly higher R: S ratio

than V,. At harvest stage of both the crops, the result was not significant.

Between times of sowing evaluated, D; recorded significantly superior R: S
ratio as compared to D5 in both the crops, except at 42 DAS and at harvest of first
crop and 28 DAS of second crop where in D, sowing recorded significantly higher R:

S ratio over D; sowing.

Regarding nutrient levels, F3 (60: 30: 0 kg of N: P,05: K20 ha") stamped its
superiority in registering higher R: S ratio over F, (40: 20: 0 kg of N: P,0s5: K,0 ha™)
and F; (control) levels through out the crop growth period in both the crops except at



Table 23. Effect of varieties, times of sowing and nutrient levels on Root: Shoot ratio of

sorghum during 1999-2000 (first crop)

14 28 42 56 70 77 At

Treatments | g | pAS DAS DAS DAS DAS | Harvest
Vi 0.1871 0.1296 | 0.1360 | 0.2278 | 0.2316 | 0.1907 | 0.0983
Vs 0.1858 | 0.1439 | 0.1718 | 0.2362 | 0.2353 | 0.1800 | 0.0945
SEd 0.00022 | 0.00451 | 0.00148 | 0.00105 | 0.00060 | 0.006107 | 0.00398
CD (P=0.05) | 0.00054 | 0.01104 | 0.00363 | 0.00258 | 0.00147 | 0.00262 NS
D 0.1885 | 0.1329 | 0.1517 | 0.2423 | 0.2407 | 0.1976 | 0.0878
D, 0.1845 | 0.1406 | 0.1561 | 0.2217 | 0.2261 | 0.1731 | 0.1050
SEd 0.00022 | 0.00451 | 0.00148 | 0.00105 | 0.00060 | 0.00107 | 0.00398
CD (P=0.05) | 0.00054 NS 0.00363 | 0.00258 | 0.00147 | 0.00262 | 0.00973
Fi 0.1720 | 0.1221 | 0.1337 | 0.1961 | 0.2163 | 0.1680 | 0.0908
F, 0.1865 | 0.1359 | 0.1533 | 0.2384 | 0.2341 | 0.1854 | 0.0984
Fs 0.2010 | 0.1522 | 0.1746 | 0.2616 | 0.2499 | 0.2026 | 0.1001
SEd 0.00079 | 0.00518 | 0.00108 | 0.00170 | 0.00085 | 0.00090 | 0.00488
CD (P=0.05) | 0.00168 | 0.01098 | 0.00228 | 0.00360 | 0.00180 | 0.00192 NS
VxD v
SEd 0.00360 | 0.00638 | 0.00210 | 0.00149 | 0.00084 | 0.00152 | 0.00562
CD (P=0.05) NS NS NS NS NS NS NS
VatF
SEd 0.00094 | 0.00749 | 0.00294 | 0.00222 | 0.00115 | 0.00150 | 0.00789
CD (P=0.05) NS NS NS NS NS NS NS
FatV
SEd 0.00112 | 0.00733 | 0.00252 | 0.00240 | 0.00120 | 0.00128 | 0.00689
CD (P=0.05) NS NS NS ‘NS NS NS NS
DatF
SEd 0.00094 | 0.00749 | 0.00294 | 0.00222 | 0.00115 | 0.00150 | 0.00789
CD (P=0.05) NS NS NS NS NS NS NS
FatD
SEd 0.00112 | 0.00733 | 0.00252 | 0.00240 | 0.00120 | 0.00128 | 0.00689
CD (P=0.05) NS NS NS NS NS NS NS

NS = Not significant

78
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Table 24. Effect of varieties, times of sowing and nutrient levels on Root: Shoot ratio of

sorghum during 2000-2001 (second crop)

-

NS = Not significant

14 28 42 56 70 77 At
Treatments | pag | DAS | DAS | DAS | DAS | DAS | harvest
v 0.1775 | 0.1375 | 0.1465 | 0.2478 | 0.2438 | 0.1923 | 0.1051
v, 0.1989 | 0.1505 | 0.1837 | 0.2704 | 0.2642 | 0.1957 | 0.1072
SEd 0.00109 | 0.00093 | 0.00194 | 0.00161 | 0.00108 | 0.00092 | 0.00517
CD (P=0.05) | 0.00266 | 0.00227 | 0.00476 | 0.00395 | 0.00265 | 0.00226 | NS
D 0.1875 | 0.1376 | 0.1640 | 0.2670 | 0.2575 | 0.2030 | 0.1018
D, 0.1889 | 0.1503 | 0.1662 | 0.2512 | 0.2505 | 0.1850 | 0.1105
SEd 0.00109 | 0.00093 | 0.00194 | 0.00161 | 0.00108 | 0.00092 | 0.00517
CD (P=0.05) | NS | 0.00227 | NS | 0.00395 | 0.00265 | 0.00226 | NS
F, 0.1713 | 0.1257 | 0.1430 | 0.2280 | 0.2378 | 0.1798 | 0.1022
1R 0.1878 | 0.1483 | 0.1638 | 0.2600 | 0.2648 | 0.2073 | 0.1047
Fs 0.2055 | 0.1580 | 0.1885 | 0.2894 | 0.2595 | 0.1950 | 0.1116
| SEd 0.00112 | 0.00119 | 0.00146 | 0.00210 | 0.00093 | 0.00101 | 0.00626
CD (P=0.05) | 0.00237 | 0.00252 | 0.00309 | 0.00446 | 0.00196 | 0.00214 | NS
VxD .
SEd 0.00154 | 0.00131 | 0.00275 | 0.00228 | 0.00153 | 0.00131 | 0.00732
CD (P=0.05) | NS NS NS NS NS NS NS
|VatF
SEd 0.00169 | 0.00166 | 0.00257 | 0.00292 | 0.00152 | 0.00149 | 0.00888
CD (P=0.05) | NS NS NS NS NS NS NS
FatV
SEd 0.00158 | 0.00168 | 0.00206 | 0.00298 | 0.00131 | 0.00143 | 0.00885
CD (P=0.05) | NS NS NS NS NS NS NS
1DatF
SEd 0.00169 | 0.00166 | 0.00257 | 0.00292 | 0.00152 | 0.00149 | 0.00888
CD (P=0.05) | NS NS NS NS NS NS NS
FatD .
SEd 0.00158 | 0.00168 | 0.00206 & 0.00298 | 0.00131 | 0.00143 = 0.00885
CD (P=0.05) | NS NS NS NS NS NS NS
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70 and 77 DAS of second crop in which F; registered significantly higher R: S ratio

than F3 and F; levels. The result was not significant at harvest stage of both the crops.
All the interactions were absent statistically.

4.1.2 Yield components
4.1.2.1 Earhead length

The data on mean length of earhead measured are presented in Table 25.

The perusal of the data revealed that in the first crop (1999-2000), earhead
length was not significantly differed between varieties. However, in the second crop
(2000-2001), V; (CSV 15) recorded significantly longer earhead as compared to V,
(CO 26). '

The different times of sowing had no significant influence on the earhead

length in both the crops of study.

Among the nutrient levels, F3 (60: 30: 0 kg of N: P,0Os: K,0 ha™) produced the
lengthiest earheads in first and second crop, which was significantly different from F,
(40: 20: 0 kg of N: P,0s: K20 ha") and F, (control) levels. The nutrient levels F, and

-Fy were at par.

All the interactions were failed to influence this parameter in both the crops.
4.1.2.2 Number of grafns per earhead

The data recorded on mean number of grains carhead™ are given in Table 25.

From the data presented, it was clear that the variety V, (CSV 15) had
contained significantly higher number of grains earhead™ as compared to V, (CO 26)

in both the crops (1999-2000 and 2000-2001).

Similarly, dates of sowing also had influenced the number of grains earhead™.
In the first crop, D, sowing did produce significantly higher number of grains
earhead™” as compared to D, sowing, while in the second crop D; was at par with D,

date of sowing.
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Table 25. Effect of varieties, times of sowing and nutrient levels on ear head length (cm),

grain number per ear head and test weight (g) of sorghum

— ~_Ear head length (cm) Grain number ear head” Test weight (g)
Treatments I crop II crop Icrop II crop Icrop II crop

v, 22.8 14.5 906 - 304 264 233
A 23.0 16.7 1120 389 26.1 23.2
SEd 0.47 0.26 29.6 19.1 0.57 0.53
cD (P=0.05) NS 0.63 72.4 46.6 NS NS
D, 233 15.3 1102 369 26.2 233
D, 224 14.9 924 324 26.3 233
SEd 0.47 0.26 29.6 19.1 0.57 0.53
CD (P=0.05) NS NS 724 NS NS NS
F, 21.6 13.7 895 281 26.0 23.1
F, 22.6 14.1 1028 388 26.2 232
F 24.4 17.6 1116 371 26.5 23.6
SEd 0.59 0.57 514 274 0.51 0.49
CD (P=0.05) 1.24 1.21 109.0 58.2 NS NS
VxD
SEd 0.67 0.37 41.8 26.9 0.81 0.74
CD (P=0.05) NS NS NS NS NS NS
VatF
SEd 0.83 0.71 66.3 37.0 0.82 0.77
CD (P=0.05) NS NS NS NS NS NS
FatV
SEd 0.81 0.78 72.7 38.8 0.72 0.70
CD (P=0.05) NS NS NS NS NS NS
DatF
SEd 0.83 0.71 66.3 37.0 0.82 0.77
CD (P=0.05) NS NS NS NS NS NS
FatD

SEd 10.81 0.78 72.7 38.8 0.72 0.70

LCD (P=0.05) NS NS NS NS NS NS

Lerop: 1999 NEM

I crop: 2000 NEM

NS = Not significant
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The number of grains earhead™ was also influenced by the nutrient levels
studied. In the first crop, F3 (60: 30: 0 kg of N: P;0s: K,0 ha™) and F; (40: 20: 0 kg
of N: P,0s: K;0 ha'') levels were at par and produced significantly higher number of
grains earhead™ over F; (éontrol), Similarly, in the second crop, F, and F; levels were

at par and produced significantly higher number of grains earhead™ than F.
Interactions were absent in both the crops.

4.1.2.3 Test weight
The mean data on sorghum test weight recorded are presented in Table 25.

The results revealed the failure of treatments in influencing this parameter in’
both the crops (1999-2000 and 2000-2001) grown across two Northeast monsoon

.$easons.

4.1.3 Yield

4.1.3.1 Grain yield

The mean data on sorghum grain yield recorded at harvest are presented in
Table 26. |

The results revealed that varieties, dates of sowing and nutrient levels had
influenced the grain yield of sorghum raised during Northeast monsoon seasons of

1999 and 2000 (two crops) significantly.

In the first crop, the mean yield over treatments was 2466 kg ha”. While it
was only 682 kg ha in the second crop. It is evidently observed that in the second
crop, only 28 per cent of first crop yield was obtained. Even then, the imposed
treatments, viz., varieties and nutrient levéls did alter the second crop yield
significantly, indicating the stability of imposed treatments even under low sorghum

‘yield scenario.

Between the two varieties evaluated, CSV 15 (V3) registered significantly
* higher grain yield (3021 kg ha™ and 750 kg ha™ in first and second crop, respectively)
than CO 26 (1910 kg ha' and 614 kg ha’ during 1999-2000 and 2000-2001,
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Table 26. Effect of varieties, times of sowing and nutrient levels on the grain yield (kg ha™)

of sorghum
Treatments I crop Il crop

Vi 1910 614
Vs 3021 750
SEd 165.6 41.7
ch (P=0.05) 374.7 102.1
Di 2691 712
D; 2240 652
SEd 165.6 41.7
CD (P=0.05) 374.7 NS
Fi 1862 503
F 2502 796
Fy 3033 746
SEd 1144 43.9
CD (P=0.05) 236.1 93.1
VxD

SEd 234.2 59.0
CD (P=0.05) NS NS
VatF

SEd 2119 65.7
CD (P=0.05) NS NS
FatV

SEd 161.8 62.1
CD (P=0.05) NS NS
DatF

SEd 211.9 65.7
CD (P=0.05) NS NS
FatD

SEd 161.8 62.1
CD (P=0.05) NS NS

Lerop: 1999 NEM

11 crop: 2000 NEM

NS =Not significant



84

respectively) and the increase was 58 and 22 per cent over CO 26 during 1999-2000
and 2000-2001, respectively.

In respect of dates of sowing, D; had recorded significantly higher grain yield
(2691 kg ha') over D, (2240 kg ha™') which was 20 per cent higher than D in the first
crop raised during 1999-2000. But during 2000-2001, the difference in yield was not
significant indicating that under low rainfall situation, dates of sowing did not have

- any role on sorghum grain yield.

Among the nutrient levels evaluated, during 1999-2000 (first crop), F3 (60: 30:
0 kg of N: P,0s: K,0 ha™) recorded significantly higher grain yield (3033 kg ha™)
over F (2502 kg ha) and F, (1862 kg ha™) and the increase was 21 and 63 per cent
over F; and Fy, respectively. During 2000-2001 (second crop), F> (796 kg ha'l) and F;
(746 kg ha') were at par and registered significantly higher grain yield and the
increase was 58 and 48 per cent over F; (503 kg ha™).

All the interactions studied were failed to differ significantly in both the crops
~ of study.

Since the ratio between larger error mean square and lesser mean error square

was greater than 3 (heterogeneous) pooled analysis was not carried out.
- 4.1.3.2 Straw yield

The mean data recorded on straw yield of sorghum are presented in Table 27.

The straw yield was not altered significantly by any of the treatments studied
viz., varieties, times of sowing and nutrient levels in both the crops (1999-2000 and

2000-2001).

The interactions between varieties and times of sowing were significant during
1999-2000 (Table 27a).

The D, date of sowing was significantly superior over to D, sowing date for
variety V), while the dates of sowing were at par for the variety V,. When comparing
varieties at each sowing date, under D, date of sowing, V; was significant over to V,
while both were at par under D, date of sowing. Variety V; has performed well both

under D, and D, times of sowing.
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Table 27. Effect of varieties, times of sowing and nutrient levels on straw yield (kg ha™) of

sorghum
Treatments Tcrop II crop

v, 8560 5359
V; 9512 5595
SEd 591.2 600.8
CD (P=0.05) NS NS
D, 9591 5574
D, 8481 5379
SEd 591.2 600.8
CD (P=0.05) NS NS
F 8794 4973
F, 8729 5863
F, 9586 5594
SEd 478.3 407.6
CD (P=0.05) NS NS
VxD
SEd 836.0 849.6
CD (P=0.05) 1891.3 NS
VatF
SEd 809.0 763.2
CD (P=0.05) NS NS
FatVv
SEd 676.5 576.5
CD (P=0.05) NS NS
DatF
SEd 809.0 763.2
CD (P=0.05) NS NS
FatD
SEd 676.5 576.5
CD (P=0.05) NS NS

Ierop: 1999 NEM

II crop: 2000 NEM

NS = Not significant

Table 27a. Interaction effect of varieties and times of sowing on straw yield (kg ha'') of
sorghum during 1999-2000 (first crop)

VxD Dy D, Mean
Vi 9843 7278 8560
V, 9340 9685 9512

Mean 9591 8481 -

SEd CD (P=0.05)

VxD 836.0 1891.3




86

4.1.4 Harvest index
The mean data on harvest index are presented in Table 28.

Varieties had a significant influence on harvest index in the first crop (1999-
2000). The variety, V, (CSV 15) recorded significantly higher harvest index as

compared to Vi (CO 26). In the second crop, the difference was statistibally absent.

The data presented in Table 28 showed that there was no significant difference
petween D, and D, sowings and between three nutrient levels evaluated for both the

crops.
There was no significant interaction between the different treatments studied.

4.1.5 Resource use efficiencies

4.1.5.1 Total Raiufall Use Efficiency

The computed data on Total Rainfall Use Efficiency (TRUE) of sorghum are
presented in Table 29. |

Between varieties, there was a significant difference for TRUE. The entry V,
(CSV 15) registered significantly higher TRUE over V| (CO 26) in both the crops
(1999-2000 and 2000-2001).

Regarding times of sowing, the result was significant for the second crop,
where in the sowing date D; did register significantly higher TRUE as compared to D,

sowing.

In respect of nutrient levels, F3 (60: 30: 0 kg of N: P20s: K0 ha') was
significantly superior over to F, (40: 20: 0 kg of N: P,0s: K0 ha') and F, (control) in
the first crop (1999-2000) and during 2000-2001 (second crop), F» and F3 were at par
and recorded significantly higher TRUE over I level.

Interactions were absent.
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Table 28. Effect of varieties, times of sowing and nutrient levels on harvest index (per cent)

of sorghum
/ Treatments Icrop I crop
/(’f 18.43 10.29
v, 26.39 11.64
sEd 1.897 0.855
cp (P=0.05) 4.643 NS
Dy 23.29 11.06
D, 21.53 10.87
SEd 1.897 0.855
CD (P=0.05) NS NS
P, 21.10 9.97
F, 22.97 11.67
P, 23.16 11.25
SEd 1.434 0.920
CD (P=0.05) NS NS
VxD
SEd 2.683 1.208
CD (P=0.05) NS NS
VatF
SEd 2.518 1.363
CD (P=0.05) NS NS
|FatVv
SEd 2.028 1.300
CD (P=0.05) - NS NS
DatF
SEd 2.518 1.363
CD (P=0.05) NS NS
FatD
SEd 2.028 1.300
| CD (P=0.05) NS NS

Lerop: 1999 NEM

II crop: 2000 NEM

NS = Not significant
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Table 29. Effect of varieties, times of sowing and nutrient levels on resource use efficiency

of sorghum
Total rainfall use Effective rainfall use Water use cfficiency
Treatments efficiency (kg ha'mm™) | efficiency (kg ha'lmm") (kg ha'mm™)

I crop II crop I crop Il crop I crop Il crop
7, 4.56 3.50 9.52 4.65 6.60 1.82
v, 7.44 4.29 15.72 5.69 10.58 2.22
SEd 0.527 0.239 1.183 0.308 0.619 0.122
CD (P=0.05) 1.289 0.584 2.895 0.755 1.514 0.299
D 6.28 2.51 12.31 3.58 9.07 2.05
Dy 5.73 5.29 12.93 6.76 8.11 1.99
SEd 0.527 0.239 1.183 0.308 0.619 0.122
CD (P=0.05) NS 0.584 NS 0.755 NS NS
F 4.52 2.87 9.49 3.81 6.47 149
F, 6.10 4.58 12.83 6.07 8.73 2.36
Fs 7.37 424 15.53 5.63 10.56 2.21
SEd 0.280 0.304 0.566 0.393 0.401 0.132
CD (P=0.05) 0.593 0.645 1.199 0.833 0.851 0.279
VxD
SEd 0.745 0.337 1.673 0.436 0.875 0.173
CD (P=0.05) NS NS NS NS NS NS
VatF
SEd 0.618 0.425 1.351 0.549 0.773 0.195
CD (P=0.05) NS NS NS NS NS NS
FatVv
SEd 0.396 0.430 0.800 0.556 0.567 0.186
CD (P=0.05) NS : NS NS NS NS NS
DatF '
SEd 0.618 0.425 1.351 0.549 0.773 0.195
CD (P=0.05) NS NS NS NS NS NS
FatD :
SEd 0.396 0.430 0.800 0.556 0.567 0.186
CD (P=0.05) NS NS NS NS NS NS

Lerop: 1999 NEM 11 crop: 2000 NEM NS = Not significant



4.1.5.2 Effective rainfall use efficiency

The mean data on Effective Rainfall Use Efficiency (ERUE) are presented in
Table 29.

Between varieties, V, (CSV 15) had recorded significantly higher ERUE in
poth the crops as compared to V; (CO 26).

With reference to times of sowing, during 1999-2000 (first crop), there was no
significant difference between D and D, but during 2000-2001 (second crop), D;
registered higher ERUE over D,.

Among the nutrient levels evaluated, F3 (60: 30: 0 kg of N: P,0s: K,0 ha'l)
~ had shown significantly higher ERUE over F; (40: 20: 0 kg of N: P,0s: K,0 ha') and
- F1 (control) in the first crop, while in the second crop, F; and F3 were at par and

recorded significantly higher ERUE than F,.
All the interactions were absent in both the crops.
4.1.5.3 Water Use Efficiency

~ The computed mean data on Water Use Efficiency (WUE) are presented in
Table 29.

In both the crops, Vo (CSV 15) registered significantly higher WUE as
compared to V| (CO 26).

Between the times of sowing, there was no significant difference in both the

crops.

Among nutrient levels studied, WUE was significantly superior in F3 (60: 30:
0kg of N: P,0s: K,0 ha'l) treatment as compared to F, (40: 20: 0 kg of N: P,0s: K;0
hal) and F, (control) levels in the first crop (1999-2000). In the second crop (2000-
2001), F, and F; were at par and registered significantly higher WUE over F;.

There were no significant interactions between the treatments studied in both

the crops.

89
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4.1.6 Crop water balance (Not statistically analysed)

The computed water balance components during the sorghum growing period
of 1999-2000 (first crop) and 2000-2001 (second crop) for times of sowing and
varieties are presented in Appendix IV (daily values) and in Tables 30 and 32
(cumulative values) and Tables 31 and 33 (mean cumulative values). Since there was
no difference in water balance components for different nutrient levels studied in both

the years, only times of sowing and varieties were taken into account and presented

separately.

The selected components were cumulative rainfall (CRF), Potential
Evapotranspiration (PET), Actual Evapotranspiration (AET), Effective Rainfall (ER),
. Water Use (WU), soil moisture change (Wn), deficit (DEF) and surplus (SPL).

4.1.6.1 Cumulative rainfall

The data on cumulative rainfall are presented in Tables 30 and 32 and mean

cumulative values for varieties and dates of sowing are presented in Tables 31 and 33.

During 1999-2000 and 2000-2001, both the varieties (CO 26 and CSV 15)

received same quantity of rainfall in their respective date of sowing.

In case of times of sowing, D; sowing received 427.6 and 284 mm of
cumulative rainfall during the cropping season of 1999-2000 and 2000-2001 and D,
sowing received 391 and 123.3 mm of cumulative rainfall during the cropping season
of 1999-2000 and 2000-2001, respectively. In terms of percentage, D; sowing
received 9.36 and 130.33 per cent higher cumulative rainfall over D, sowing during

the cropping season of 1999-2000 and 2000-2001, respectively.
4.1.6.2 Water requirement

The data on water requirement (AET) are presented in Tables 30 and 32 and

data on mean water requirement are presented in Tables 31 and 33.

For both the varieties (CO 26 and CSV 15), the water requirement was same

(286.79 mm) when sown earlier (D)) and when sowing date was delayed, the water
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Table 31. Effect of varieties and times of sowing on mean water requirements of sorghum
during 1999-2000 (first crop) (statistically not analysed)

% of Rf as

V/D D, D, | AET (mm) CRF (mm)
(mean of D, and D,) AET
Vi 286.79 295.96 291.375 409.3 71.19
V, 286.79 273.61 280.2 409.3 68.46
AET (mm) 286.79 | 284.785 - - ;
~ CRF(mm) 427.6 391 : i i
(mean of Viand V,)
% of Rf as AET 67.07 72.84 - - -
Vi =CO0 26
V, =CSV 15
Dy = sowing before the receipt of monsoon rainfall ( 13-09-1999)
D, = sowing after the receipt of monsoon rainfall (01-10-1999)
CRF = Cumulative rainfall (mm)
AET = Actual Evapotranspiration (or) Water requirement (mm)




93

(urur) 3soArey JB 95URYD JMISIOW [I0§ = UM

(wrur) asn 193\ = M

(W) pvyeg = J490

(ww) snidmg = 1dS

(urm) [[eyure1 oANOIPH =  IJH

(wrux) Juowarbar 9yepn (10) uonjenidsuenjodeay ey = IV

(wrn) uonendsuenodeady enualod =  1Ad

(urw) [rejurer saneMUN)) =  JJD

(000Z-60-67) JTe}ure1 uoosuow Jo 1d19391 oY) 19)Je SUIMOS = q

(000Z-60-81) 1TeFUIRI UOOSUOW JO }d19991 3} 910Joq SUIMOS = Iq

SIASD = A

900 = ‘A
ev1el () 9v'961 Vel 1274 68°LTE 0T'15¢ 9¥'96 0€°€T1 “‘aA
LL8E1 () $6°90C LL8ET 07°98 CLSYE 00°9LE 08°861 00'¥8C 'a‘A
A Q) 9%'961 eviel 12974 68°LT¢ 0T'15¢€ - 9%°96 0¢€°€Tl «aa
LL8EL () $690C LL8E] 0758 CLShE 00°9L¢ 08'861 00'¥8¢ 'a'a

() up (ww) N (ww) 390 (wuw) 1dS (ww) 19V (wwr) 194 (ww) g (wur) 21D jusunealy,

) . (pesAreue jou L[eonsness) (doxo puooos)
1007-0007 Surmp wny3I0s JO (sanjea sanentino) Suouodiiod 2doUuRTeq 19jem UC SUIMOS JO S PUR SORSLIPA JO 199 H “Z€ 9198 L




94

Table 33. Effect of varieties and times of sowing on mean water requirements of sorghum
during 2000-2001 (second crop) (statistically not analysed)

(1]
V/D D, D, AET (mm) CRF (mm) % of Rf as
(mean of D, and D,) AET
Vi 345.72 327.89 336.81 203.65 165.39
V, 345.72 327.89 336.81 203.65 165.39
AET (mm) 34572 | 327.89 - - ;
CRF (mm) 284 123.3 . ' i
(mean of Viand V,)
% of Rf as AET 121.73 265.59 - - -
L
Vi =CO0 26
vV, =CSV 15
D, = sowing before the receipt of monsoon rainfall (18-09-2000)
D, = sowing after the receipt of monsoon rainfall (29-09-2000)

CRF = Cumulative rainfall (mm)

AET = Actual Evapotranspiration (or) Water requirement (mm)
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requirement was higher for CO 26 (295.96 mm) than CSV 15 (273.61 mm) during
1999-2000.

During 2000-2001, the data on water requirement showed a decreasing trend
(from 345.72 mm to 327.89 mm).as sowing date was delayed from D, to D, for both
varieties. When the mean water requirement of the varieties was estimated, it was
291.38 mm for V; and 280.20 mm for V;, which accounted 71.2 and 68.5 per cent of
the cumulative mean rainfall received during the growing period of 1999-2000 and
336.81 mm for both V| and V;, which accounted 165.4 per cent of the cumulative

mean rainfall received during the growing period of 2000-2001.

In respect of dates of sowing, the mean cumulative water requirement was
~estimated as 286.79 mm for D; and 284.79 mm for D,, which accounted to 67.1 and
72.8 per cent of the mean cumulative rainfall received during the cropping period of
1999-2000 and 345.72 mm for D; and 327.89 mm for D, which accounted to 121.7
and 265.6 per cent of the mean cumulative rainfall received during the cropping
period of 2000-2001.

4,1.6.3 Water use

The data on sorghum water balance (Tables 30 and 32) indicated that for both
varieties at Dy, the crop water requirement (AET) was not satisfied due to a deficit of
67.85 mm of soil water at maturity stage during 1999-2000. At D,, the deficit was
88.26 mm for V; (CO 26) and 65.91 mm for V, (CSV 15) during 1999-2000.

During 2000-2001, D; encountered a soil moisture deficit of 138.77 mm for
both the varieties and for D,, the deficit was 131.43 mm for both varieties,

respectively.
4.1.6.4 Effective rainfall

The data from Tables 30 and 32 showed that considerable opportunity was

seen to shift water towards effective rainfall by advancing the sowing date.

During 1999-2000 and 2000-2001, D, registered higher effective rainfall
(218.78 mm and 198.8 mm for 1999-2000 and 2000-2001,respectively) over D,



(173.1 mm and 96.46 mm for 1999-2000 and 2000-2001, respectively) irrespective of

the quantum of rainfall received during the crop growth period.
4.1.6.5 Surplus water

A general comparison of water loss as runoff with rainfall revealed that the
former accounted a major share of the total rainfall during the cropping season

irrespective of sowing dates.

During 1999-2000, D, sowing registered higher water loss of 217.90 mm (56
per cent of the total rainfall received during the cropping season) as compared to D;
sowing (49 per cent of the total rainfall received during the cropping season) and
during 2000-2001, 85.20 and 26.84 mm of rainfall received during the cropping
season were lost as runoff in D; sowing (30 per cent of the total rainfall received
during the cropping season) and D, sowing (22 per cent of the total rainfall received

during the cropping season), respectively.
14.1.6.6 Soil moisture dynamics

The data on effect of varieties and dates of sowing on available soil moisture
-dynamics, computed by crop water balance model (simulated by using Gupta model)
and gravimetric method (measured) are presented in Tables 34, 34a, 35 and 35a and in

Appendix V.

Water balance model developed by Gupta et al. (1972) generated the

following outputs.

During 1999-2000, both varieties and sowing dates recorded higher soil
moisture content during the vegetative stage. As the crop approached to the maturity
stage, the moisture conteﬁt of the soil reached to Permanent Wilting Point (PWP).
According to the model, the soil moisture deficit at harvest for Dy was 67.85 mm for
both the varieties and 82.26 and 65.91 mm for V| and V,, respectively when sowing
was delayed (D,). Hence the model expressed fair distribution of the soil moisture
thro}ugh‘ out the crop growth period, especially during the vegetative and flowering

stages.
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During 2000-2001, soil moisture content was higher at vegetative stage and it
showed a declining trend for both varieties and sowing dates there after. As the crop
entered into the flowering stage, the soil moisture was depleted at faster rate by the
crop and since there was no enough rainfall to recharge the soil moisture, the soil
moisture content fell below the PWP from 77 DAS onwards for both varietiés of D

and from 70 DAS onwards for both varieties of D».

In respect of the data presented for actual observed data through gravimetric
method, the trend of the available soil moisture was same as that of the trend obtained
in the model output observed, but there was a wide variation in quantity of soil
moisture observed between Gupta model (simulated values) and gravimetric method

(actual observed data).

During 1999-2000, the data on actual soil moisture revealed that at D,, there
was a soil moisture stress at 49 DAS for both varieties and this stress was terminated
by the rainfall received at 56 DAS. In case of D,, the soil moisture stress was
observed at 42 DAS and the rainfall was received at 49 DAS for both the varieties.
The data also revealed that there was a moisture stress for the crop at its maturity

stage especially for the variety V,.

During 2000-2001, the actual observed data revealed that both the varieties
sown at D) experienced a severe moisture stress from 35 DAS to 56 DAS and from 77
DAS to harvest. The soil moisture content at 63 ahd 70 DAS was also of very less in
quantity. In respect of D, both the varieties experienced a severe moisture stress
from 28 DAS to harvest except at 63 DAS in which the soil moisture content was
above the PWP for V1.

Thus it is clear that the values were magnified in the model output, even
though the trend was akin to actual measured data, and it led to the conclusion that the
water balance model developed by Gupta er al. (1972) needs refinement to local

condition.
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4.1.7 Nutrient uptake

4,1.7.1 Nitrogen uptake

The mean data on N uptake at vegetative, flowering and maturity stages are

presen‘ted in Tables 36 and 37.

In general, betweeh the varieties, V, (CSV 15) recorded significantly higher N
uptake than V; (CO 26) in all the vegetative, flowering and maturity stages of both the
crops, except at 42 and 63 DAS of first crop (1999-2000), where the result was not
significant and also at 14, 84 DAS and at harvest of second crop (2000-2001).

In respect of dates of sowing, in all the stages of both the crops, D; registered
its superiority in higher N uptake over D, significantly except at 14, 42, 56, 70, 77, 84
and 91 DAS of first crop and also at 14, 21, 35, 49 DAS and at harvest of second

crop.

Among the nutrient levels studied, during 1999-2000 (first crop), in all the
vegetative, flowering and maturity stages, F3 (60: 30: 0 kg of N: P,0s. K,0 ha™)
recorded significantly higher N uptake over F, (40: 20: 0 kg of N: P,0s. K,0 ha)and
Fi(control).

The next best treatment was F, which also recorded significantly higher N
uptake as compared to Fy. The treatment F, recorded the lowest N uptake in all the
stages. During 2000-2001, the level F, was at par with F3 in registering higher N
uptake at 21, 49,56, 63 70 77, 84 DAS and at harvest, while F3 was independently
superior at 28, 42 and 91 DAS. The result was not significant at 14 and 35 DAS.

All the interactions were absent in both the crops.
4.1.7.2 Phosphorus uptake

The mean data on P uptake recorded at various stages of crop growth are

presented in Tables 38 and 39.

Between varieties, V, (CSV 15) registered significantly higher P uptake as
compared to V; (CO 26) in all the vegetative, flowering and maturity stages of both
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crops, except at 42 and 63 DAS of first crop (1999-2000) and 14 DAS of second crop

(2000-2001), where the result was not significant.

With regard to dates of sowing, D; registered its superiority over D, in P
uptake at all the crop growth stages during both 1999-2000 and 2000-2001 except at
14, 28, 42, 56,70, 77, 84 and 91 DAS of first crop and also at 21, 49 and 77 DAS of

second crop where the result was not significant.

In general, the level F3 (60: 30: 0 kg of N: P,0s. K20 ha'l) did influence P
uptake significantly over othér levels studied at all the stages studied in the first crop
- and also at 28 and 42 DAS of second crop. While F, (40: 20: 0 kg of N: P,0s. K0
ha']) and F3 levels were at par in recording higher P uptake at 14, 49, 56, 63, 70, 84

" DAS and at harvest in the second crop.
All the interactions were not significant in both the crops.’
4.1.7.3 Potassium uptake

The mean data on K uptake by sorghum at various stages of crop growth are

presented in Tables 40 and 41.

Through out the different stages of both the crops, V; (CSV 15) was
significantly superior to V| in registering higher K uptake except at 42, 63, 70 and 77
DAS of first crop (1999-2000), 56, 63,70 and 77 DAS of second crop (2000-2001),

where in the result was not significant.

Wherever the result was significant, in both the crops, D; sowing was found
superior for this parameter except at 63 DAS for the first crop, where Dy and D, were

at par.

In respect of nutrient levels evaluated, the result was in favour of F3 (60: 30: 0
kg of N: P,0s. K50 ha') level up to harvest of first crop and also up to 49 DAS of
second crop and there after for second crop, the nutrient level F, (40: 20: 0 kg of N:

P20s. K0 ha!) was at par with F; level in recording higher K uptake.

Interactions were absent.
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4,1.8 Post harvest soil available NPK status

The mean data on soil available N, P and K recorded at post harvest stage are

presented in Table 42.

The perusal of data revealed that varieties, times of sowing and nutrient levels
did not differ significantly for available soil N, P and K at post harvest stage in both
the crops (1999-2000 and 2000-2001).

The treatment interactions were also not significant.
4.1.9 Economic analysis (not statistically analysed)

The B: C ratio computed for various treatments are presented in Tables 43 and
44 and also in Fig. 8.

Considering the B: C ratio, it was higher (2.68) when V; (CO 26) entry was
sown at D; under F;5 nutrient level (60: 30: 0 kg of N: P,0s. K,0 ha'l) and still higher
performance was observed for V; entry (3.17) in the first crop. While in the second
crop, it was D, sowing with a nutrient level of 40: 20: 0 kg of N: P,0s. K,0 ha’ (F2)
for the variety CO 26 (1.27) and it was Dy sowing with 40: 20: 0 kg of N: P,0s. K,0
ha' (F) for the variety CSV 15 (1.43), which had recorded higher B: C ratio.

4.2 Part II Evaluation of DSSAT V.3.5 CERES-Sorghum model

4.2.1 Computation of genetic coefficients for varieties

The Genetic coefficient calculator programme (Gencalc programme) of the
CERES-Sorghum model embedded in DSSAT V.3.5 was used to calculate the genetic
coefficients for the varieties evaluated (CO 26 and CSV 15). The data obtained from
the plots (Table 45) specific to this purpose were used for creating an experimental
file (SGX file), average file (SGA file) and time file (SGT file). The soil, weather and
management conditions used in the model were same as that of the conditions that
prevailed during the field experimentation. By using the above said files, the Gencalc
programme was run and the genetic coefficients for CO 26 and CSV 15 were obtained
(Table 46).
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Table 42. Effect of varieties, times of sowing and nutrient levels on post harvest available

soil NPK (kg ha™) status

Treatments Lerop Hf crop
N P K N P K
v, 112.0 11.5 358.0 120.0 11.3 384.0-
\Z 107.0 11.0 353.0 117.0 10.8 380.0
SEd 2.90 0.87 6.54 3.47 0.56 6.23
CD (P=0.05) NS NS NS NS NS NS
D 106.0 10.8 352.0 118.0 1.2 381.0
D, 109.0 11.4 354.0 120.0 11.3 385.0
‘SEd 2.90 0.87 6.54 3.47 0.56 6.23
CD (P=0.05) NS NS NS NS NS NS
F, 110.0 11.6 361.0 122.0 11.4 389.0
F, 108.0 11.5 352.0 116.0 11.0 376.0
Fs 105.0 10.8 348.0 119.0 11.3 380.0
SEd 7.47 1.04 9.43 3.41 0.45 9.74
CD (P=0.05) NS NS NS NS NS NS
VxD '
SEd 4.11 1.23 9.25 4.90 0.80 8.81
CD (P=0.05) NS NS NS NS NS NS
|VatF
SEd - 9.10 1.48 12.70 5.25 0.68 12.84
CD (P=0.05) NS NS NS NS NS NS
FatV
SEd 10.56 1.47 13.33 4.83 0.47 13.78
CD (P=0.05) NS NS NS NS NS NS
DatF
SEd 9.10 1.48 12.70 5.25 0.68 12.84
CD (P=0.05) NS NS NS NS NS NS
FatD
SEd 10.56 1.47 13.33 4.83 0.47 13.78
Q(P=0.05) NS NS NS NS NS NS

Lerop: 1999 NEM

II crop: 2000 NEM

NS = Not significant
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Table 43. Economics of sorghum cultivation under dryland conditions during 1999-2000
(not statistically analysed)

Nutrient Vi V.
Particulars level :
eve D, D, D, D,
F, 7218 7218 7218 7218
Total cost of _
cultivation F, 7999 7999 7999 7999
-1
(Rs ha™) Fs 8389 8389 8389 8389
F, 13553 9503 20138 18274
Gross income F, 18028 11922 | 23456 24077
(Rs ha™)
T3 22468 16224 26593 25741
Fi 6335 2285 12920 11056
Net income 5 10029 3924 15458 | 16079
(Rsha™)
F, 14079 7835 18204 17352
F, 1.88 1.32 - 2.79 2.53
B: C Ratio T, 2.25 1.49 2.93 3.01
F; 2.68 1.93 ' 3.17 3.07
Cost of sorghum grain : Rs. 6.00 kg
Cost of sorghum straw : Rs. 500 t"
Cost of urea : Rs. 4.60 kg"

- Cost of single super phosphate :Rs. 3.05 kg™
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Téble 44. Economics of sorghum cultivation under dryland conditions during 2000-2001

(not statistically analysed)

Nutrient Vi V2
Particulars level D, D, D, D,
F, 5171 5171 5171 5171
Total cost of
cultivation F, 5952 5952 5952 5952
-1 .
(Rs ha™) Fs 6342 6342 6342 6342
F, 5255 5508 5876 5373
Gross income F, 6999 7570 8497 7768
(Rs ha™)
F; 6760 6727 8310 7303
| F 84 337 705 202
Net income F, 1048 1619 2545 1816
(Rs ha™)
F; 419 385 1968 961
F, 1.02 1.07 1.14 1.04
B: C Ratio F, 1.18 1.27 1.43 1.31
F; 1.07 1.06 1.31 1.15
Cost of sorghum grain : Rs. 6.00 kg™
Cost of sorghum straw :Rs. 500 t"
Cost of urea ’ - Rs. 4.60 kg™

Cost of single super phosphate

:Rs. 3.05 kg™!
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Table 45. Minimum Data Set (MDS) for genetic coefficient calculation of sorghum

varieties (CSV 15 and CO 26)

Particulars CSV 15 CO 26
HWAM 5753 4028
HWUM 0.026 0.026
H#AM 40065 30915
H#UM 2671 2061

LAIX 4.93 5.51
CWAM 21365 19550

- BWAH 15487 15570
ADAT 99344 99345
MDAT 00018 00018

Where,

HWAM : Yield at maturity (kg ha™)

HWUM : Single grain weight at maturity (g)

H#AM : Number of grains m™

H#UM : Number of grains earhead™

LAIX : Leaf area index (maximum)

CWAM : Tops weight at maturity (kg ha™)

BWAH : Byproduct harvest (straw yield) in kg ha™

ADAT : Anthesis date

MDAT : Physiological maturity date




Table 46. Genetic coefficients for CSV 15 and CO 26

113 -

Coefficient CSV 15 CO 26
VAR # TN 001 , TN 002
VAR-NAME CSV 15 CO 26
ECO # IB 001 IB 001
P 410.00 410.00
P,0 15.60 14.60
P,R 45.00 45.00
P, 550.00 550.00
Gy 10.00 10.00
e 20.00 12.36
| (PHINT 49.00 49.00
VAR# : Identification code or number for a specific cultivar.
| VAR-NAME : Name of cultivar.
"ECO# : Ecotype code for this cultivar, points to the Ecotype in the ECO
file (currently not used).

Py : Thermal time from seedling emergence to the end of the juvenile
phase (expressed in degree days above a base temperature of 8°C)
during which the plant is not responsive to changes in photo period.

P,0 : Critical photo period or the longest day length (in hours) at which
development occurs at a maximum rate. At values higher than P50,
the rate of development is reduced.

PoR  Extent to which phasic development leading to panicle initiation
(expressed in degree days) is delayed for each hour increase in photo

period above P,0.

Ps : Thermal time (degree days above a base temperature of 8°C) from
beginning of grain filling (3-4 days after flowering) to physiological
maturity. ’

Gy : Scaler for relative leaf size.

G, : Scaler for partitioning of assimilates to the panicle (head).

PHINT : Phylochron interval; the interval in thermal time (degree days)

between successive leaf tip appearances.
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4.2.2 Creation of experiment file, average file and time file in DSSAT V.3.5

CERES-Sorghum model

The data obtained from the field experiments conducted during 1999-2000 and
2000-2001 were used for creating corresponding experimental file (TNCB9901.SGX
and TNCB 0001.8GX), average file (TNCB 9901. SGA and TNCB 0001.SGA) and
time file (TNCB 9901. SGT and TNCBO0001.SGT) in order to evaluate CERES-
Sorghum model. While creating the experimental file, the same soil, weather and
management conditions were used as that of the conditions prevailed in the field
during the period of experimentation. By using all these input files, the model was
run and simulated values on grain yield, biomass yield at harvest, date of occurrence
of phenological events like panicle initiation,. anthesis and physiological maturity and
. yield components like number of grains earhead” and individual kernel (seed) weight
of sorghum were generated. These simulated values were compared with the
corresponding actual observed values in the field during 1999-2000 and 2000-2001
for evaluation purpose. The Root Mean Square Error (RMSE) between simulated and
observed values was worked out for various treatment combinations. The percentage
of RMSE with the observed values was also worked out. The results are detailed here

-under.
- 4.2.2.1 Simulated Vs Observed date of panicle initiation

The data on time of panicle initiation (both observed and simulated) are

presented in Table 47.

The results indicated that CERES-Sorghum model predicted the date of
paﬁicle initiation closely to that of the observed values during 1999-2000 and the
RMSE was 3.2 and the percentage of RMSE with observed values was around 10 per

cent for all the treatment combinations.

For 2000-2001 the RMSE was 5.7 and the percentage of RMSE with observed
values was about 19 per cent for all the treatments irrespective of varieties, dates of

sowing and nutrient levels.
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4.2.2.2 Simulated Vs observed date of anthesis

The date of anthesis (simulated Vs observed values) for 1999-2000 and 2000-
2001 are presented in Table 48. '

During 1999-2000, the model predicted the date of anthesis very closer to that
of observed one and the RMSE was 5.0 and the percentage of RMSE with observed

values were with in the range of 10 per cent for all the treatments.

During 2000-2001 also, the model prediction was closer to the observed
values and the RMSE was 4.3 and the percentage of RMSE with observed values

were with in the range of 10 per cent.
- 4.2.2.3 Simulated Vs observed date of physiological maturity

The data on simulated and observed dates of physiological maturity are

- presented in Table 49.

During 1999-2000, the model predicted the date of physiological maturity
reasonably well for all the treatments and the RMSE was 5.8 and the percentage of

RMSE with the observed values were with in the range of 10 per cent.

The predicted and observed values on the date of physiological maturity
during 2000-2001 was also nearer to each other and the RMSE was 9.6 and the

percentage of RMSE with the observed values were in the range of 10 per cent.
4.2.2.4 Simulated Vs observed biomass yield at harvest

The data on predicted and observed biomass yield at harvest are presented in
Table 50.

The data presented in Table 50 revealed that during 1999-2000 (first crop),
and 2000-2001 (second crop), the model under estimated the total biomass production
and the difference between the observed and simulated values were quite high which
in turn reflected on the RMSE and this was 4606 for 1999-2000 and 2131 for 2000-
2001, respectively. During 1999-2000, the percentage of RMSE with the observed
value was ranged from 31.9 to 55.4 with a mean value of 44.5 for all the treatments,

while in 2000-2001, it ranged from 29.1 to 46.9 with a mean value of 35.3.
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4.2.2.5 Simulated Vs observed number of grains per earhead

The data on number of grains earhead” (both simulated and observed) are

presented in Table 51.

During 1999-2000, except F; in all other treatments, the predicted value was
very close to the observed one irrespective of varieties and dates of sowing. The
RMSE was 351.4 and in general the percentage of RMSE with the observed values

ranged from 28.1 to 50.9 per cent with a mean value of 35.9 ﬁer cent for all the

treatments.

During 2000-2001, the difference between the predicted and observed values
was higher and the RMSE was 170.6 and the percentage of RMSE with observed

value was ranged from 36.3 to 66.9 per cent with a mean value of 51.4 per cent for all

treatment combinations.
- 4.2.2.6 Simulated Vs observed single grain weight of sorghum

The data on predicted and observed kernel weight of sorghum are presented in
Table 52.

In general, there were deviations between the observed and predicted single
grain weight during both the years and the RMSE was 0.0087 for 1999-2000 and
- 0.0054 for 2000-2001, respectively. The percentage of RMSE with the observed
values for all the treatments was around 33 per cent for 1999-2000 and 23 per cent for

2000-2001, respectively.
4.2.2.7 Simulated Vs Observed sorghum grain yield

The data on observed and simulated grain yield of dryland sorghum are
Presented in Table 53.

The perusal of results revealed that during 1999-2000, the model prediction
(simulated yield) was very closer to the actual observed yield in the field for the
treatments involving the nutrient levels of F, and Fj irrespective of varieties and dates
of Sowiﬁg where as in case of treatments involving Fj, the difference between the

Simulated and actual observed values were comparatively higher due to under
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prediction of yield by the model. The RMSE was 648.0 for 1999-2000 and the
percentage of RMSE with observed values ranged from 17.6 for V,D;F; to 58.1 for

V1D,F; with a mean value of 29.8 for all the treatments.

During 2000-2001, the difference between the simulated yield and observed
yield was very high for all the treatments irrespective of varieties, dates of sowing and
nutrient levels. The RMSE was 1251.0 and the percentage of RMSE with observed
values was ranged from 138.5 to 277.4 per cent with a mean value of 193.5 per cent

for all the treatment combinations.

4.2.3 Sensitivity analysis

The sensitivity analysis option available in DSSAT V.3.5 CERES-Sorghum
model allowed to evaluate alternate management strategies or to make tactical or
strategic decisions by modifying the default values in the cultivar, weather, soil, initial
conditions, planting, harvest, water and irrigation, nitrogen, residue, pest and diseases

and field conditions.

For carrying out the sensitivity analysis, the experiment TNCB 9901.SGX and
TNCB 0001.SGX were taken and changes were made with respect to date of sowing

and nitrogen levels and the yields were simulated.

During 1999-2000 (first crop), four dates of sowing (26" September, 1%
October, 6" October and 11™ October) along with different N levels ranging from 0
kg ha! to 500 kg ha were taken into account for both the varieties (CO 26 and CSV
15) to carry out sensitivity analysis and the simulated grain yields are presented in
Tables 54 and 55. In the second crop (2000-2001) also, four different dates of sowing
(19" September, 24™ September, 29" September and 4" October) along with different
N levels ranging from 0 kg ha to 500 kg ha! were taken into account for both the
évarieties (CO 26 and CSV 15) to carry out sensitivity analysis and the simulated grain

Yields are presented in Tables 56 and 57.

The results on simulated grain yield indicated that sorghum varieties differed

their response to N application under different times of sowing.
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Table 54. Simulated grain yield of CSV 15 during 1999-2000 by sensitivity analysis

Nitrogen level Simulated grain yield (kg ha™)
(kg ha™") D, D, D, Dy
0 1092 1059 1062 1097
20 2336 2147 1951 2022
40 3072 2789 2433 2490
60 3644 3218 2947 2918
80 4357 3591 3313 3284
100 4949 4144 4064 3399
120 5579 4526 4310 3466
140 5918 4628 . 4308 3451
160 6019 4696 4250 3415
180 6088 4752 4307 3406
200 6096 4799 4318 3404
220 6131 4836 4358 3406
240 6164 4878 4361 3408
260 6193 4911 4355 3411
280 6226 4938 4320 3421
300 6253 4963 4362 3422
350 6322 5015 4365 3426
400 6334 5030 4369 3422
450 6337 5043 4363 3433 -
500 6340 5045 4327 3434
?:Voe“lo;?ﬁ ‘(’EE’;‘;{’)‘ 180 160 120 120

Where,

D; = sowing on 26" September, 1999

D, = sowing on 1* October,1999

Ds = sowing on 6" October, 1999

D, = sowing on 11" October, 1999




Table 55. Simulated grain yield of CO 26 during 1999-2000 by sensitivity analysis
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level of N (kg ha™)

N level Simulated grain yield (kg ha™)
(kg ha'l) D, D, D; Dy
0 683 672 672 690
20 1443 1327 1206 1249
40 2071 1864 1864 1936
60 3020 2529 2465 2371
80 3739 3005 3021 2532
100 4431 3348 3262 2536
120 4665 3593 3365 2568
140 4786 3761 3355 2574
160 4829 3779 3318 12547
180 4856 3835 3378 2541
200 4845 3857 3388 2530
220 4871 3874 3419 2530
240 4849 3886 3422 2530
260 4922 3899 3416 2531
280 4951 3902 3390 2539
300 4977 3904 3422 2540
350 5006 3899 3424 2543
400 5006 3902 3427 2537
450 5008 3913 3421 2545
500 5009 3915 3396 2546
Econonﬁcopﬁnuun. 140 140 120 20

Where,

D, = sowing on 26" September, 1999

D, = sowing on 1% October,1999

D; = sowing on 6 October, 1999

D4 = sowing on 11" October, 1999
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Table 56. Simulated grain yield of CSV 15 during 2000-2001 by sensitivity analysis

level of N (kg ha™)

N level Simulated grain yield (kg ha™)

(kg ha') D, D, Dy D,
0 832 873 933 934
20 1986 2085 2224 1885
40 2397 2399 2557 2352
60 2463 2514 2638 2171
30 2484 2586 2663 2155
100 2499 2624 2697 2147
120 2498 2658 2704 2146
140 2498 2662 2708 2145
160 2497 2662 2726 2145
180 2497 2661 2746 2144
200 2497 2660 2746 2144
220 2497 2658 2746 2144
240 2496 2658 2746 2143
260 2496 2658 2745 2143
280;k 2496 2657 2745 2142
300 2496 2657 2745 2142
350 2496 2657 2745 2131
400 2496 2656 2744 2131
450 2495 2656- 2744 2130
500 2495 2656 2741 2130

Economic optimum. 40 80 60 40

Where,

D; = sowing on 19™ September, 2000

D,= sowing on 24 September, 2000

D3 = sowing on 20t September, 2000

D4= sowing on 4™ October, 2000




Table 57. Simulated grain yield of CO 26 during 2000-2001 by sensitivity analysis
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N level Simulated grain yield (kg ha™)

(kg ha-l) Dy D, Ds D4
0 514 540 577 577
20 1964 1849 1801 1471
40 2066 2074 2014 1741
60 2076 2114 2046 1515
80 2075 2118 2059 1498
100 2074 2116 2073 1490
120 2073 2115 2076 1490
140 2073 2114 2076 1489
160 2072 2114 2076 1489
180 2072 2113 2072 1488
200 2072 2113 2072 1488
220 2072 2112 2072 1488
240 2071 2112 2071 1488
260-. 2071 2111 2071 1487
280 2071 2111 2071 1487
300 2071 2111 2071 1487
350 2071 2110 2070 1476
400 2070 2110 2070 1475
450 2070 2110 2070 1475
500 2070 2110 2069 1475

e | 0 i i

Where,

D, = sowing on 19% September, 2000

D, = sowing on 24" September, 2000

Ds = sowing on 29" September, 2000

D4 = sowing on 4th October, 2000
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In the case of CSV 15, the sorghum grain yield was increased with increased
level of N application up to 500 kg N ha™ when sowing was done on 26" September
and at 1% October during 1999-2000. Whereas in the same cropping season, the
maximum grain yield was obtained under 400 kg N ha™ and 120 kg N ha’,
respectively for the sowing done on 6" October and 11™ October. This indicated
relatively lesser response to applied N for the late two sowings. The computed
economic optimum level was 180 kg N ha™ for 26™ September sowing and 160 kg N

ha™! for 1% October sowing and 120 kg N ha™! for 6™ October and 11" October sowing.

In the case of CO 26, the sorghum grain yield was increased with increased
level of N application even up to 500 kg N ha’ when sowing was done on 26
September or at 1% October during 1999-2000. Whereas in the same cropping season,
the maximum grain yield was obtained under 400 kg N ha™ and 140 kg N ha™,
respectively for the sowing done on 6™ October and 11" October, respectively. The
computed economic optimum level was 140 kg N ha’'for 26" September and 1%
October sowing, 120 kg N ha™ for 6™ October sowing and 80 kg N ha'! for 11"

October sowing.

During 2000-2001, for the variety CSV 15, sown on 19" September, 24"
September, 29" September and 4™ October, the maximum grain yield was obtained
when N was applied @ 100 kg ha, 140 kg ha™', 180 kg ha" and 40 kg ha’,
respectively. This further revealed that under low rainfall situation delayed sown crop
required more N as compared to earlier sowing except the last sowing (D). The
economic optimum level was 40 kg N ha™ when sowing was done on 19" September
or at 4™ October and 80 kg ha™' for 24" September sowing and 60 kg N ha when

sowing was done on 29" September.

Similarly in 2000-2001, for the variety CO 26, sown on 19t September, 24t
September, 29" September and 4" October, the maximum grain yield was obtained
when N was applied @ 60 kg ha™', 80 kg ha™', 120 kg ha™! and 40 kg ha™, respectively.
The economic optimum level of grain yield was obtained when N was applied @ 40

kg ha™', irrespective of the sowing dates evaluated.

It can be concluded that in the present investigation, DSSAT V.3.5 CERES-
Sorghum model predicted the phenology quite well in both the years. However, the
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growth parameter (biomass yield) was not properly accounted by the model. Errors in
yield parameters were also high in both the years. The predicted grain yield was very
close to the actual observed yield under field condition during the first crop (good
rainfall year) and during the second crop (deficit rainfall year), the model over
predicted the yield. Thus the model can be used very well for yield prediction in good
rainfall years but the model needed further modification with larger data sets for farm

decision making by using the options available in DSSAT V.3.5 CERES-Sorghum

model under deficit rainfall situation.
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CHAPTER V
DISCUSSION

The results of the field experiments conducted at Tamil Nadu Agricultural
University Farm, Coimbatore during Northeast monsoon seasons of 1999 and 2000 to
evaluate the performance of different sorghum (Sorghum bicolor (L) Moench.)
varieties under different sowing times and levels of Nitrogen and Phosphorus and also
to evaluate DSSAT V.3.5 CERES-Sorghum model for key management practices like

choice of varieties, times of sowing and nutrient levels under dryland Vertisols are

discussed in this chapter.

5.1 Part I Main experiment

5.1.1 Influence of weather prevailed during experimentation on the productivity

of test crop sorghum (Table S8)

Weather elements play an important role in crop production under dryland
condition. As per the World Meteorological Organisation (WMO), the productivity

loss in annual crop production is around 40 per cent due to vagaries of weather in

tropical countries.

Solar radiation is an important factor responsible for increased photosynthetic
activity of a plant. The mean solar radiation prevailed during the vegetative (0-49
DAS), flowering (50-77 DAS) and maturity (78-Harvest) stages under D; sowing was
14.8, 15.1 and 15.1 MJ m™ day’ for the first crop (1999-2000) and 14.6, 14.6 and
17.5 MJ m™ day™" for the secohd crop (2000-2001). There was higher radiation at the
maturity stage of second year as compared to first year. In respect of D, sowing it
was 14.9, 16.1 and 16.3 MJ m™ day™ for the first crop in the respective stages and
147, 16.8 and 16.6 MJ m? day™ for the second crop, respectively. As compared to
first sowing (D), the second sowing (D) had higher solar radiation in general at
productive and maturity stages of both the crops (1999-2000 and 2000-2001). Thus,
%olar radiation was not a constraint during the cropping period of both the crops, since
the solar radiation was more than 12.6 MJ m™ day™ (equivalent of 300 cal cm™ day™)

firough out the crop growth period.
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Table 58. Weather parameters prevailed at different stages of crop growth during
1999-2000 (I crop) and 2000- 2001 (II crop)

i Maximum Minimum Mean solar Total Number
Particulars temperature | temperature radiation rainfall | of rainy
(°C) (°C) (MJI m?day") | (mm) days
1999-2000 (I crop)
Vegetative D, 30.4 21.4 14.8 367.6 21
stage D, 29.7 21.0 14.9 331.0 17
. D, 29.7 20.9 15.1 41.6 3
Flowering
stage D, 28.1 19.7 16.1 45.6 4
Maturity D, 29.1 20.5 15.1 18.4 3
. stage D, 28.7 19.0 16.3 14.4 2
2000-2001 (II crop)
Vegetative D, 30.6 21.4 14.6 207.7 11
stage D, 30.6 21.2 14.7 47.6 6
. D, 29.0 19.8 14.6 63.5 5
Flowering
stage D, 28.7 18.2 16.8 62.9 5
Maturity D, 29.2 18.5 17.5 12.8 2
stage D, 29.4 19.2 16.6 12.8 2
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The mean maximum and minimum températures prevailed during the
vegetative, flowering and maturity stages under D; sowing were 30.4 and 21.4°C,
29.7 and 20.9°C and 29.1 and 20.5°C for the first crop (1999-2000) and 30.6 and
21.4°C, 29.0 and 19.8°C and 29.2 and 18.5°C for the second crop (2000-2001). There
was decreased minimum temperature in the second crop especially under reproductive
and maturity stages as compared to first crop. In respect of D, sowing, it was 29.7
and 21.0°C, 28.1 and 19.7°C and 28.7 and 19.0°C for the first crop and 30.6 and
21.2°C, 28.7 and 18.2°C and 29.4 and 19.2°C for the second crop, respectively.
Quinby et al. (1958) considered that the minimum, maximum and optimum
temperature levels for the entire sorghum crop growth period were 15, 38 and 27-
30°C, respectively. In both the crops, the temperatures did not exceed these cardinal
values and were highly favourable for crop growth through out the crop growth

period.

The prevailed bright sunshine hours and relative humidity were also
favourable to sorghum crop growth during the cropping season of both the years
(1999-2000 and 2000-2001) as per the data furnished in Tables 1 and 2.

Rainfall received during the cropping period is of paramount importance under
dryland condition because soil moisture is the only key source, which meets the

evapotranspiration (ET) requirement of dryland crops (Suraj Bhan ef al., 1995).

During 1999-2000 (first crop), the rainfall received was 427.6 mm and
distributed in 27 rainy days for D; sowing and 391 mm distributed in 23 rainy days
for D, sowing. The distribution was 367.6 mm (21 rainy days), 41.6 mm (3 rainy
days) and 18.4 mm (3 rainy days) for D, sowing and it was 331.0 mm (17 rainy days),
45.6 mm (4 rainy days) and 14.4 mm (2 rainy days) for D, sowing in respect of -

vegetative, flowering and maturity stages, respectively of first crop.

The 94 years average rainfall for the Northeast Monsoon (NEM) season is
324.8 mm. Hence, the rainfall received during the NEM season of 1999 under D
sowing (427.6 mm) and D; sowing (391.0 mm) were well above the average by 31.65
and 20.38 per cent, respectively and both could be classified under normal rainfall
category as per India Meteorological Department (IMD) classification (Normal =

mean * 1o ie., 182 to 466 mm).
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In 2000-2001, a quantum of 284 mm (18 rainy days) and 123.3 mm (13 rainy
days) of rainfall were recorded under D; and D, sowings, respectively and the rainfall
received at vegetative, flowering and maturity stages were 207.7 mm (11 rainy days);
63.5 mm (5 rainy days) and 12.8 mm (2 rainy days) for D; sowing and 47.6 mm (6
rainy days), 62.9 mm (5 rainy days) and 12.8 mm (2 rainy days) under D, sowing.

By considering the 94 years average NEM season rainfall of 324.8 mm, the
rainfall received during the NEM season of 2000 under D; sowing (284 mm) and
under D, sowing (123.3 mm) were below the average by 12.56 and 62.04 per cent,
respectively. However the rainfall received under D; sowing could be classiﬁed‘
under normal rainfall category of IMD classification (182 mm to 466 mm), whereas,
the rainfall received under D, sowing (123.3 mun) came under deficit rainfall category

(<182 mm).

With in the first crop of 1999, D; sowing (sowing before the onset of monsoon
rainfall) received 9.36 per cent higher rainfall over D, sowing (sowing after the
receipf of monsoon rainfall). Similarly during the second crop of 2000 also, D
sowing received 130.3 per cent higher rainfall than D, sowing. Similar to that of total
cumulative rainfall, in both the years (1999-2000 and 2000-2001), D; sowing
registered more effective rainfall (218.78 mm and 198.8 mm for 1999-2000 and 2000-
2001, respectively) over D, sowing (173.1 mm and 96.46 mm for 1999-2000 and
2000-2001, respectively).irrespective of the quantum of rainfall received during the

crop growth period.

Captufing the benefits of the initial monsoon rainfall through manipulation of
sowing time (sowing before the onset of monsoon rain) would be of immense use in
extending the moisture availability period for crop growth, especially under dryland
condition. Balasubramanian et al. (1996) reported that the Length of Growing Period
(LGP) wés 97 days for Vertisol cbndition of Coimbatore. Hence, the D; sown crop
had extended moisture availability period than D, sown crop and this provided a
moisture risk free period for Dy sowing than D, in both the years (1999-2000 and
2000-2001).

Between the first crop of 1999 and second crop of 2000, there were lot of

differences in the quantum of rainfall received as well as its distribution. During the
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first crop of 1999, the rainfall received by the crop was 427.6 mm in 27 rainy days
under Dy sowing and 391 mm in 23 rainy days under D, sowing. In both D; and D,
sowings of the first crop (1999-2000), the rainfall was well distributed through out the
entire crop growth period especially at vegetative and flowering stages, which kept
the crop under moisture stress free condition. But in respect of 2000-2001 cropping
period, the rainfall received by the crop was 284 mm in 18 rainy days and 123.3 mm
in 13 rainy days under Dy and D, sowings, respectively. When compared to the first
crop, the rainfall distribution in the second crop was highly varying both in terms of

quantity and distribution.

The better crop growth and higher yield recorded during first crop over the
second crop could be directly ascribed to the adequate availability of rainfall. Except
this variation in rainfall, other weather parameters (maximum temperature, minimum
temperature, relative humidity, solar radiation and bright sunshine hours) were
cardinal to sorghum crop in both the years as reported elsewhere in this chapter.
Similarly, significant influence of distribution of rainfall in determining the dryland
sorghum yield rather than total rainfall was earlier reported by Rao and Vijayalakshmi
(1986). Estimation of soil moisture content (Tables 34a and 355) at weekly interval
during Northeast monsoon season (NEM) of 1999 had also revealed that adequate soil
moisture was available for the first crop raised as compared to NEM season of 2000.
This in turn might have resulted in higher grain and straw yields in the first crop.
Backer and Norman (1975) reported that inadequate rainfall during the crop growth
period might‘limit the crop production as a result of soil moisture deficit and this had

happened in the second crop of the present investigation.

The fact also could be supported from the results of returning period worked
out by using 94 years NEM season rainfall (Appendix VI). The results indicated that
the chances for getting the average NEM rainfall of 324.8 mm was 4/9 (four years out
of nine years). Similarly, to get the rainfall of NEM of 1999 and 2000 (427.6 and 284
mm) in future, the chance would be 4/ 18 and 1/2 (four years out of eighteen years

and once in two years), respectively.
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5.1.2 Soil water balance studies

Auvailable soil moisture for crops requirement in dryland depends on the
amount and distribution of rainfall, water retention characteristics of the soil and crop
characteristics such as duration and rooting depth, efc.. Since the influence of rainfall
was the over riding factor in determining the final crop yield than other factors, a
knowledge on plant-soil-water relation and its effect on sorghum crop under dryland
condition is ver}; critical and this was done by employing daily water balance model
of Gupta et al. (1972). The Water budget simulation provided a variety of output
variables, those related to the crop response to variable sowihg dates and 1o different
cultivars under dryland condition. The evaluation of variable water balance
components during the cropping period provided a clear cut picture on how the
duration of the crop was adopted to available soil moisture under drylands and also
how the soil and crop management had influenced the components of the water

balance.

5.1.2.1 Cumulative rainfall

During 1999-2000 (above average rainfall year), the onset of the rainfall was
on 39" (27-09-1999) Meteorological Standard Week (MSW) and its cessation was on
47" MSW (24-11-1999) with a duration of nine weeks. The treatments involving
times of sowing received different quantities of cumulative rainfall during cropping
period and the D, sowing captured 9 per cent higher cumulative rainfall than D,
sowing (Table 30). During 2000-2001 (below average rainfall year), the onset of
monsoon was on 38" MSW (23‘-09-2000) and its cessation was on 48" MSW (01-12-
2000). The rainy season accounted for 11 weeks with the intermittent occurrence of
dry spells. There was a wide variation between D; and D, sowings in terms of
cumulative rainfall received during the crop growth period and D; sowing received

130.3 per cent higher cumulative rainfall over D, sowing (Table 32).

During both the years, D; sown crop effectively utilized the initial rains (36.6
mm and 160.7 mm) which offered good start to the sorghum crop as compared to D,
sown crop. Similar findings were given by Somasundaram (2000) in maize, who

Ieported that pre monsoon sowing (sowing at 37" and 38" MSW) effectively utilized
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the initial rains (27.6 mm), which gave good start for the maize crop as compared to

post monsoon sowing (sowing at 39" MSW).
5.1.2.2 Water requirement Vs water use (Tables 30, 31, 32 and 33)

In drylands, water requirement to satisfy the evapotranspiration (AET) of

crops is of paramount importance.

Regarding varicties evaluated during 1999-2000 (above average rainfall year),
the water requirement was same for V; and V, when sowing was done under Dy.
When sowing was delayed to D;, the water requirement was higher for CO 26 (Vy)
than CSV 15 (V,). This was due to the early maturity nature of CSV 15. During
2000-2001 (below average rainfall ‘year), water requirement showed a decreasing
trend as sowing date was delayed from D, to D, for both the varieties. This variation
was due to the difference in duration between the varieties under varying rainfall

condition of the second year study.

Regarding sowing date, irrespective of the varieties, D; sown crop required
slightly higher amount of water (286.79 mm) than D; sown crop"(284.79 mm) during
1999-2000, while it was still higher amount of water (345.72 mm) than D, sown crop
(327.89 mm) during 2000-2001 and this variation between years was due to high
évaporation (Ep) demand that occurred in the second crop (2000-2001) than 1999-

2000 cropping season as a result of intermittent longer dry spells.

The water used or the actual amount of water utilized for evapotranspiration
had direct effect on Dry Matter Production (DMP) since the relation between crop ET
and DMP was linear. Regarding water use, irrespective of sowing dates both the

varieties were not satisfied fully.

During 1999-2000 (above average rainfall year), both the varieties had only
76.30 per cent of the total water requirement (218.94 mm out of 286.79 mm) under D
sowing and under D, sowing, the variety V, received only 70.18 per cent of the water
requirement (207.7 mm out of 295.96 mm) and the variety V, received only 75.91 per
cent of the water requirement (207.7 mm out of 273.61 mm). This was due to the soil

Moisture deficit that observed at later part of the maturity stage (Appendix V).



During 2000-2001 (below average rainfall year), irrespective of the varieties,
D sowing got only 59.86 per cent of the water requirement (206.95 mm out of 345.72
mm), while it was 59.91> per cent for D, sowing (196.46 mm out of 327.89 mm). This
was due to the soil moisture deficit that occurred at flowering and maturity stages of

the crop because of prolonged dry spell that prevailed during the cropping period.

From the above facts, it is clear that the quantum of water used by D; sown
crop for evapotranspiration was higher than the water used by D, sown crop in both
the years. This ultimately resulted in higher DMP in D sown crop than D, sown crop

since the relationship between crop ET and DMP was linear (Somasundaram, 2000).

Similarly, between the first and second crop, the first crop satisfied more than
70 per cent of the crop water requirement where as the second crop got satisfaction
only up to 60 per cent of the crop water requirement irrespective of the varieties and
times of sowing evaluated. This was the reason why the first crop performed better

than the second crop.
5.1.2.3 Effective rainfall

Effective rainfall is a portion of the rainfall available for the consumptive use
of the crop. It included both the rain water used by the crop as ET and the previously
stored soil moisture. When the rainfall of high intensity occurred in dry lands, only a
part was stored in the soil in relation to field capacity, which was considered as

effective, and the remaining water left as runoff.

Irrespective of sowing dates, both the varieties (CO 26 and CSV 15) recorded
the same amount as effective rainfall in both the crops (1999-2000 and 2000-2001) as
depicted in Tables 30 and 32. This was because harvesting was done in the same day
for both the varieties in both the years, except in D, sowing of first year in which CSV
15 was harvested on 18-1-2000, while CO 26 was harvested on 24-1-2000. Since,
there was no rainfall after the harvest of CSV 15 (18-1-2000), there was no variation
in the quantum of effective rainfall received by both the varieties. As reported earlier

.soil type and previous soil moisture were responsible, whether the rain event was

effective or not.



140

Irrespective of both the varieties, D; sown crop had recorded 26.39 and 106.1
per cent higher effective rainfall over D, sown crop during 1999-2000 and 2000-2001,
respectively. This was due to the utilization of initial rains. This effect had been

reflected on the grain yield obtained.

5.1.2.4 Surplus water

The average water holding capacity of the soil in the experimental field was
100 mm/ m depth. The rainfall received after the soil profile saturation was
considered as ineffective and accounted for surplus water. In the first year (1999-
2000), around 50 per cent of rainfall was registered as surplus water irrespective of
sowing dates (Table 30) and in the second year (2000-2001) (Table 32), around 25 per
cent of rainfall had becomé surplus water irrespective of sowing dates. During 1999-
2000, the trend for surplus water was in reverse to that of the effective rainfall. It was
increased as sowing delayed. This was in conformity with the findings of Chowdhury
and Das (1993). However, during 2000-2001, D; recorded higher water loss through
runoff as compared to D, sowing and this might be due to the lower amount of rainfall
received under D, sowing (only 43.42 per cent of the rainfall received by D, sowing)

and the highest rainfall received in a single day hardly exceeded 24 mm (Appendix
V).

The present discussion indicated that considerable opportunity existed to shift
the runoff water towards effective rainfall by adopting suitable in sifu moisture

conservation practices though not fully at least partly.
5.1.2.5 Soil moisture dynamics

- Available soil moisture changes monitored by both water balance method
(simulated) and gravimetric method (measured) were in good agreement with each

other but with few exceptions. (Tables 34, 34a, 35 and 35a).

, Trend was similar in both the methods for both the years of study. In general,
décreased moisture content was observed under D, sowing in both simulated and
- Measured data except at early part of the vegetative stage. This was because D, crop
' 'J/"Was sown before the onset of monsoon rains, where as D, crop was sown after the

feceipt of soaking rains during 1999-2000 and 2000-2001.
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A wide variation was observed with quantity of moisture observed. Water
balance model (Gupta et al., 1972) showed magnified values for all the stages

computed. The reason might be the in built nature of the model with limited data and
took only certain parameters for computation like rainfall and PET and the excess
water was assumed as runoff. Other parameters accounting for addition or deletion of
soil moisture in the sorghum root zone (deep internal drainage, seepage and
percolation, capillary rise contributing water to the root zone, efc.) used by the

improved models were not accounted.

Also it was observed that the variation in quantity of soil moisture computed
between the model output and actual measured data got narrowed down as the crop
reached to harvest from germination. In general, modification of the present model is

recommended to suit the present needs. Similar results were given by Somasundaram
(2000) for dryland maize.

5.1.3 Varietal performance of sorghum on the growth and yield parameters and

yield

During mid sixties, crop varietal introduction had brought green revolution
under irrigated condition. This indicated the available opportunity to be used to
increase the productivity. This would be true even for dryland situation, where in
certain genotypes might have tolerance mechanisms against possible moisture stress
which is common in the dryland situation. Under this context, evaluation of

genotypes would bring second green revolution from drylands.

Varieties did not exert any significant difference in plant height through out
the crop growth period (vegetative, flowering and maturity stages) in both the crops
except at 14 DAS of first crop in which the variety CSV 15 (V) had grown taller than
CO 26 (V1). The reduced plant height in CO 26 was due to the excessive moisture
condition that prevailed during early vegetative stage. This situation actually
hampered the establishment of CO 26 seedlings as compared to CSV 15 seedlings.
These events had happened especially under D, sowing. The ocular observations
made by the author on root colour during the period of excessive soil moisture
indicated discolouration of seminal roots in CO 26 as a result of deficit oxygen supply

and this had ultimately reduced the growth whereas in CSV 15, the roots remained
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white in colour even under excessive moisture which indicated the tolerance of CSV
15 to water stagnation. The stunted growth of sorghum seedlings because of water

stagnation was also reported earlier by Periyathambi (1980).

In respect of LAI, the variety CO 26 (V) registered higher LAI at flowering
and maturity stages except at 56 DAS (flowering stage) and at harvest (maturity
stage) over CSV 15 (V;) during 1999-2000. The higher LAI of CO 26 might be due to
the genetic character of the variety. This was also supported by Quinby et al. (1973)
who opined that the leaf area of a crop was controlled by number of leaves, rate of
expansion, eventual size of the leaves and senescence and these parameters were

influenced by the genetic trait of a particular cultivar.

In general, the root volume was steadily increased and reached its peak at
flowering stage and then started declining. Between varieties, the variety CSV 15 (V;)
registered higher root volume and Root: Shoot ratio than CO 26 (V) in most of the
crop growth stages in both the crops (1999-2000 and 2000-2001). This was due to the
genetic makeup of CSV 15 as reported in sorghum by Bhan et al. (1973); Jordan and
Monk (1980) and Wright er a/. (1983).

With regard to Dry Matter Production (DMP), the variety CSV 15 (V,)
produced significantly higher DMP than CO 26 (V)) at all the vegetative, flowering
and maturity stages of both the crops (Table 10 and 11 and Fig. 9) except at 35 and 42
DAS in vegetative stage and at 63 DAS in flowering stage of first crop (1999-2000)
and 21 DAS in vegetative stage of second crop (2000-2001). The DMP is a function
of numerous interactions between environment and genetic factors. The optimum LAI
coupled with well developed root system enabled the variety CSV 15 to produce more
dry matter than CO 26. Though CO 26 had higher LAI at later stages of crop growth
during 1999-2000, the crop was not supported by its root system as indicated
elsewhere because roots played an in&ispensable role, particularly in relation to the
»transfer of substances between root and shoot (Jesko, 1989). During 2000-2001
(second crop), the higher root volume and Root: Shoot ratio of V; (CSV 15) helped to
produce more DMP over V; (CO 26). This might be because of the crop’s ability to
~ forage water and nutrients from deep soil layers through its well developed root

- System. In both the years (1999-2000 and 2000-2001), the variety CSV 15 also
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recorded higher NAR and CGR than CO 26, and these growth analysis characters also
much contributed to higher DMP as recorded by CSV 15 (V,).

The varieties did not differ in terms of earhead length during 1999-2000
(above average rainfall year). This might be due to the efficient utilization of
resources by both the varieties (CSV 15 and CO 26) evaluated. But during 2000-2001
(below average rainfall year), the variety CSV 15 (V) produced lengthier panicles
than CO 26 (V). This might be due to the well developed root system of CSV 15
which enabled the crop to obtain more soil moisture from panicle initiation to

flowering stage as compared to CO 26.

The variety CSV 15 (V3) had contained significantly higher number of grains
earhead™ as compared to the variety CO 26 (V) in both the years (1999-2000 and
2000-2001). The variation in this character between CSV 15 and CO 26 might be due
to the difference in assimilate partitioning and assimilate redistribution capacity.

Similar results were also reported earlier by Somasundaram (2000) in maize.

In respect of test weight, there was no difference between CSV 15 and CO 26
and this was because the size and weight of grains were essentially varietal characters
which were not influenced by any of the treatments imposed in the present study.
However, if soil moisture became limited especially after heading, development of
grain size and weight were adversely affected and resulted in reduced test weight.
This was the reason for the lower test weight of second crop (below average rainfall
year) as compared to first crop (above average rainfall year). Similar result was also

reported by Pushpanathan (1987).

Grain yield is a dependent variable on many independent variables like growth
characters, yield components, efc. In a nutshell, grain yield is the product of growth
occurred at different stages of crop growth. The variety CSV 15 out yielded CO 26 in
both the years and the increase in grain yield was 58 and 22 per cent, respectively
during 1999-2000 (above average rainfall year) and 2000-2001 (below average
rainfall year) over CO 26 (Fig. 10). The straw yield also showed similar trend as that
of grain yield though the difference was not significant during both the years. Higher
grain and straw yields in CSV 15 over CO 26 was due to higher level of growth
éontributing characters viz., dry matter production (Tables 10 and 11), Crop Growth
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Rate (Table 16), Net Assimilation Rate (NAR) (Tables 19 and 20), root volume
(Tables 21 and 22) and yield contributing characters viz., earhead length (Table 25)
and number of grains per panicle (Table 25) recorded in both the years. This also
corroborated with the findings of Thombre et al. (1982) who concluded that panicle
length, panicle girth, number of primaries and secondaries, panicle weight, number of
grains panicle” and 1000 seed weight did influence either directly or indirectly the per
plant grain yield of a particular genotype. In addition to this, higher resource use
efficiencies recorded by CSV 15 viz., TRUE, ERUE and WUE (Table 29) than CO 26
also had contributed towards higher grain yield of CSV 15. This was because, the
productivity under dryland depends on how best the available resources (water) was
used effectively. Results of the advanced varietal trial conducted under All India Co-
ordinated Sorghum Improvement Project in 31 locations across India during Kharif
1996 also revealed that CSV 15 recorded higher grain yield (3016 kg ha™) than CO 26
(2896 kg ha') though not significant and produced significantly higher fodder yield
(13 t ha™") as compared to CO 26 (10.7 t ha™") (Annual Report, 1997-98).

During 1999-2000 (above average rainfall year), the variefy CSV 15 registered
significantly higher harvest index than CO 26 and this might be due to considerable
increase in DMP in CSV 15 after anthesis. Increase in the yield of economic product
was usually a reflection of an increase in total DMP. Harvest index normally depends
to a large extent on the photosynthetic activity of the greener parts of the plant after
anthesis. The NAR of CSV 15 was significantly higher than CO 26 between 84 DAS
and harvest which indicated the higher photosynthetic activity of CSV 15 (Table 20).
This was observed by Yellamanda Reddy and Sankara Reddi (1995). In addition, the
higher root volume of CSV 15 recorded at grain filling stage of the crop (Table 22)
might have supplied adequate nutrients to the crop and this ought to have mobilized

more photosynthates to the sink (grains) from the source.

Uptake of nutrient is the quantitative estimation of a particular nutrient and it
is borne between DMP and per cent of nutrient concentration in a plant. Between
varieties, CSV 15 (V,) registered higher nutrients uptake (N, P and K) in most of the
crop growth stages in both the crops (1999-2000 and 2000-2001) over CO 26 (V}).
This was due to the higher DMP recorded by CSV 15 than CO 26. The well

developed root system seen with CSV 15 enabled the crop to absorb more nutrients
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under optimum soil moisture availability. The positive relationship between DMP
and nutrient uptake was also reported by Selvaraju (1990). The role of well
developed root system for higher nutrient uptake was supported by Jesko (1989) who

opined that roots played an indispensable role in relation to transfer of substances

between root and shoot.

5.1.4 Effect of times of sowing on the growth and yield parameters and yield of

sorghum

Agronomically altering the time of sowing is a no cost technology and always
preferred by the farming community. Identification of optimum time of sowing not
only brings the critical phenological phases of crops under favourable weather but
also indirectly minimises the pest and disease incidences. Though informations are

available, further probe in this line would improve crop productivity in dryland.

Times of sowing had not altered the plant height significantly through out the
crop growth period in both the crops (1999-2000 and 2000-2001). Except rainfall,
other parameters did not vary greatly between two dates of sowing evaluated in both
the crops. This led to non significance results for plant height studied. Cell division
and cell elongation were mainly manipulated by thermal regimes rather than moisture

regimes as reported by many workers in sorghum.

The crop sown under D; date of sowing recorded higher LAI at 28 DAS
(ve%etative stage), 63 and 77 DAS (flowering stage) and 91 DAS and at harvest
(maturity stage) of first crop (1999-2000), while in the second crop (2000-2001), crop
sown under D; sowing registeréd higher LAI at 35 DAS (vegetative stage) aﬁd 70 and
77 DAS (flowering stage). The lower LAI at early vegetative stage (28 DAS) of first
crop (1999-2000) under D, sowing was due to existence of excessive soil moisture
condition fr‘om emergence onwards which actually reduced the root activity. From
the data of Tables 34 and 34a, it was clear that D sown crop enjoyed favourable soil
moisture condition during the emergence and as well as at the early seedling
establishment period and thereafter only it experienced excessive soil moisture
~ situation. Whereas in the case of D, sown crop, right from the emergence onwards,
the crop had experienced excessive soil moisture condition, which did not offer

favourable condition for obtaining enhanced LAI. The higher LAI at 63 and 77 DAS
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of the first crop under D; sowing was due to enough soil moisture availability to the
D; sown crop as compared to the crop sown under D, time of sowing (Tables 34 and
34a). The carry over effect of condition that prevailed at 77 DAS (flowering stage)
might be the reason for the higher LAI of D; sown crop at 91 DAS and at harvest also
(maturity stage) in the first crop (1999-2000).

With regard to root volume, except at 14 DAS of first and second crops, in all
other observations of vegetative stage, D; sown crop did record significantly higher
root volume than D; sown crop, except at 42 DAS of first crop. This trend was
continued at 63, 70 and 77 DAS of first crop and at harvest of the second crop. The
higher root volume of D; sown crop during 1999-2000 (above average rainfall year)
was due to the favourable soil moisture condition that prevailed during the seedling
establishment of D, sown crop as compared to D, sown crop as discussed elsewhere.
During 2000-2001 (below average rainfall year), even though the rainfall amount was
relatively lesser in this year, at vegetative stage, D; sown crop re.corded higher root
volume than D, sown crop and this was due to the optimum soil moisture avai‘lability
whereas, at flowering and maturity stages, the crop experienced prolonged moisture
stress which in turn reduced the. root development and in turn reduced the root

volume,

_ In respect of Root: Shoot ratio (R: S ratio), D; sown crop was significantly
superior over D, sown crop in both the years (1999-2000 and 2000-2001) except at 42
DAS and at harvest of first crop and at 28 DAS of second crop where in D, sown crop
recorded significantly higher R: S ratio. The reason for increased R: S ratio recorded
under Dy sowing in most of the crop growth stages could be understood from the
present investigation, wherein there was higher root volume and DMP under D; sown
crop (Tables 21, 22, 10 and 11) as compared to D, sown crop. The above fact was
also supported by Pearsell (1927) who reported a linear relationship between shoot

and root growth of sorghum during vegetative and mid reproductive stages.

In respect of DMP, D, sown crop produced higher DMP than D, sown crop in
both the crops (1999-2000 and 2000-2001). Between first and second crop, first crop
accumulated higher dry matter in most of the stages over second crop (Fig. 11). This
was because of higher LAI of first crop as compared to the second crop. The

formation and maintenance of active leaf area was essential for the continued
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production of photosynthates to maintain carbon and energy flow to the developing

plant tissues as reported by Jordan ef al. (1983).

During 1999-2000, (above average rainfall year), D, sown crop produced
significantly higher DMP than D, sown crop at most of the crop growth stages (21,
49, 63 and 91 DAS and at harvest). This was due to higher and optimum distribution
of rainfall for the crops sown under D; date of sowing. At 63 DAS (flowering stage)
of first crop, the LAI attained its zenith and this resulted in higher DMP. The higher
DMP at maturity stage (91 DAS and at harvest) of D, sown crop was due to the chain
action of the condition that prevailed from the vegetative and flowering stages and

also due to the ability of the D; sown crop to maintain its leaf greenness.

During 2000-2001 (below average rainfall year), in all the stages D; sown
crop produced higher DMP than D, sown crop. Though the LAI was higher in D,
sown crop at 35, 70 and 77 DAS, the root volume was higher in D; sown crop in all
the vegetative, flowering and maturity stages except at 14 DAS. This higher root
~ volume couplea with higher soil moisture content allowed the D; sown crop to absorb
more water and nutrients and hence produced higher DMP. At times of prolonged
moisture stress, the lower LAI became a handy mechanism to the crop to minimise
water loss. The smaller leaf area (lesser number of stomata) coupled with higher root
volume allowed the process of photosynthesis even under water stress condition.
Whereas, with higher leaf area under lower soil moisture situation, the D, sown crop
as a result of lesser root-spread (volume), had no choices other than to close all the
stomata fully. Hence there was a problem of photosynthetic activity. This might have

affected dry matter production (Yellamanda Reddy and Sankara Reddi, 1995).

In respect of CGR, RGR and NAR, times of sowing had no significant
influence except at few stages in both the crops (1999-2000 and 2000-2001). This

area requires further probing.

The times of sowing had no significant influence on earhead length in both the
~crops (1999-2000 and 2000-2001) probably due to non influence of these treatments

on this parameter.

The crop sown under D; sowing recorded significantly higher number of

grains earhead™ than crop sown under D, sowing during 1999-2000 (above average
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rainfall year). This was because, in D; sowing, there was no soil moisture stress
observed up to 77 DAS, whereas it was only up to 70 DAS in D, sowing (Tables 34,
34a, 35 and 35a). But such significance was absent during 2000-2001 (below average
rainfall year). The existence of moisture stress condition during panicle development

and grain filling stages would be the reason for such non significance results.

In general, the grain and straw yields were lesser during 2000-2001 (below
average rainfall year) than that of 1999-2000 (above average rainfall year) irrespective
of varieties, times of sowing and nutrient levels. This was due to inadequate and ill
distributed rainfall noticed during the cropping period of 2000-2001 (second crop).
During the first crop of 1999, the rainfall received by the crop was 427.6 mm in 27
rainy days under D; sowing and 391 mm in 23 rainy days under D, sowing. In both
D; and D, sowings of the first crop (1999-2000), the rainfall was well distributed
through out the entire crop growth period especially at vegetative and flowering
stagés, which kept the crop under moisture stress free condition. But in respect of
2000-2001 cropping period, the rainfall received by the crop was 284 mm in 18 rainy
days and 123.3 mm in 13 rainy days under D; and D, sowings, respectively. Hence,
when compared to the first crop, the rainfall distribution in the second crop was
highly varying both in terms of quantity and distribution. This led to inadequate
moisture supply to the crop right from the late vegetative stage to maturity stage
(Tables 35 and 35a). The growth of plant was proportional to the amount of water
present. Water was required for the manufacture of carbohydrates, to maintain
hydration of protoplasm, and also as a vehicle for translocation of carbohydrates and
nutrients. Internal moisture -stress caused reduction in both cell division and cell
elongation, and hence reflected on growth. Water stress occurred when the
extractable water in the root zone was insufficient to meet the plant’s transpirational
demands (Tisdale et al., 1997). From Tables 30 and 32, it was clear that the first crop
(1999-2000) satisfied more thaﬁ 70 per cent of the crop water requirement (AET),
whereas the second crop was satisfied only up to 60 per cent of the crop water
requirement (AET) irrespective of varieties and times of sowing. This resulted in
reduction in leaf area index and root development, which ultimately affected the
process of photosynthesis and finally reduced the total DMP. The reduced DMP led

to poor yield components viz., earhead length, number of grains per earhead and test
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weight and this was the reason for the second crop’s lower grain and straw yields as

compared to first crop.

In respect of grain yield, D, sown crop had recorded significantly higher grain
yield over D, sown crop (Fig. 10) during 1999-2000 (above average rainfall year)
whereas the difference in yield was not significant during 2000-2001 (below average

rainfall year).

During 1999-2000 (above average rainfall year), both grain and straw yields
were higher to an extent of 20 and 13 per cent, respectively under Dl sown crop over
D,. With sowing before the onset of the monsoon, by nature the crop had been given
an opportunity to utilize all the environmental resources effectively. This argument
was supported by Periyathambi (1980) from his exﬁerimental results. The crop sown
before the onset of monsoon had shown higher water use efficiency (Table 29). This
led to improved LAI and DMP (Tables 13, 14, 10 and 11). This phenomenon could
read through increased CGR, RGR and NAR in most of the vegetative, flowering and
maturity stages of crop growth period. With increase in growth, due to right
proportion of synthates movement from source to sink, the yield components were
also positively influenced in the D; treatment (Table 25). As a result of this continued
relay action, the yield under D; was greater than D,. As indicated elsewhere, the
mean actual soil moisture also was not limited up to 77 DAS (late flowering stage) for
D, whereas it was only upto 70 DAS (mid flowering stage) for D, sown crop. As a
result of extended favourable soil moisture environment, the N, P and K uptake were
comparatively higher with D;. These factors put together made the yield higher for D,
treatment. This finding was in agreement with the findings of Balasubramahian et al.
(1993) who reported 33 and 8 per cent increase in grain and straw yields due to
sowing before the onset of monsoon (during 38"_39"™ MSW) over sowing after the

monsoon rain under Coimbatore condition.

During 2000-2001 (below average rainfall year), irrespective of treatments,
the crop growth and yield were affected because of the prolonged moisture stress as
experienced by the crop. Seetharama ef al. (1982) reported that prolonged moisture
stress directly affected the crop with reduced photosynthates, reduced mineral nutrient

supply,,, reduced protein synthesis and malmetabolism, which all might have affected
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leaf area development, stem elongation, panicle growth and partitioning of dry matter

to different plant parts.

Bonnett (1979) reported that moisture stress occurring at panicle initiation to
flowering stage affected the normal development of panicle and hence affected the
development of the florets and size of the vegetative shoot (source). Moisture stress
at grain filling stage affected the normal process of fertilization, seed setting and the
size of the grains. As a whole, moisture stress occurred at critical stages of crop of

sorghum and ultimately affected the yield of sorghum.

During 2000-2001 also, D; sown crop performed better than D, and D,
recorded 9 and 4 per cent higher grain and straw yields over D,. This was due to
lesser moisture stress experienced by D; sown crop than D, sown crop. This result is
in accordance with the findings of Das ef al. (1993) who reported that sorghum yield
was inversely proportional to the stress period and the larger the stress duration, the

lower was the grain yield.

The non significance of harvest index between D; and D, in both the crops
(1999-2000 and 2000-2001) might be due to the uniform percentage of partition of

photosynthates irrespective of biomass produced.

In general, the trend in nutrient (N, P and K) uptake was similar to that of
DMP between sowing times studied. In both the years of study (1999-2000 and 2000-
2001),,D1 sowing registered its superiority for higher nutrient uptake over D, sowing
significantly in most of the crop growth stages evaluated. The increased nutrient
uptake under D; sown crop was mainly due to increased DMP \recorded
(Somasundaram, 2000). The better root growth coupled with extended moisture
availability under D; sowing might have also helped for higher nutrient uptake,
especially N and P uptake (Tisdale et al., 1997). The increased uptake of N and P
under D; sowing might have also helped to extract more K from the soil (Roy and
Wrightj, 1974 and Devarani, 1996).
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S.1.5 Effect of nutrient levels on the growth and yield parameters and yield of

sorghum

It was established that nutrient application did improve the yield up to 40 per
cent under the influence of optimum irrigation. However such quantitative

information does not precisely established for crops raised under dfyland condition.

In the present investigation, nutrient application positively influenced the
sorghum plant height during 1999-2000 (above average rainfall year) and application
of 60: 30: 0 kg N: P,0s: K,0 ha™ had produced taller plants over control (no nutrient
application) at vegetative and flowering stages. At early vegetative stage of first crop
(14, 21, 28 and 35 DAS), F; and F, levels of nutrient application were at par and
produced taller plants than F; level. At late vegetative stage (42 and 49 DAS) and at
early flowering stage (56 DAS), F; level of nutrient application produced tallest plants
over F, and Fy levels of nutrient application. At 63 and 70 DAS of flowering stage, F3
and F; levels were at par and produced taller plants than F; level. The increased plant
height with NP fertilization was because of increase in cell division (Levitt, 1972). In
general, elongation of the stem internodes began shortly after panicle initiation and
increased rapidly and the rate of elongation was at its peak at the flag leaf stage in
sorghum. Since, this peak elongation fell between 42 and 56 DAS, the availability of
optimum soil moisture coupled with higher level of available nutrients under F3 level
had pronounced effect on the plant height increment. There was an increase in
nutrient uptake with availability of more extractable water as reported by Tisdale et
al. (1997).

But during 2000-2001 (below average rainfall year), the plant height was not
altered by nutrient application. There was lesser uptake due to moisture shortage
(Tables 35 and 35a). The lack of adequate soil moisture in the root zone retarded
nutrient availability to the crop by impairing the mass flow and diffusion processes
through which N and P were mainly taken up by the crop as reported by Tisdale et al.
(1997). When N was not available sufficiently for the plants at its peak vegetative
stage, the plant got shortened (Ratikanta Maiti, 1996).

In respect of LAI F3 (60: 30: 0 kg N: P,Os: KO ha'l) registered higher LAI
than F (40: 20: 0 kg N: P,0s: K20 ha™") and F, (control) in the first crop (Plates 2 and .
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Plate 2. View of the D, sown CSV 15 sorghum under
F, level at vegetative stage
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3) and the difference was significant at 28 and 42 DAS, while F3 was at par with F, at
35 and 49 DAS of vegetative stage and 56 DAS of flowering stage. Leaf growth
could be related to increment in plant height. This was in agreement with the ﬁndings
of Devarani (1996). But during 2000-2001 (below average rainfall year), the nutrient
application did not alter the LAI and this was due to reduced plant height recorded.
The combined effect of nitrogen and moisture stress reduced the leaf area
development as reported by Seetharama ef al. (1982). Inhibition of leaf growth in
sorghum by water stress also observed by Stout ef al. (1978).

Adequate fertilization encouraged not only greater top (shoot) growth but also
vigourous and extensive root system (Plates 4, 5, 6 and 7). This stimulation was
mainly due to build up of N and P nutrients in the cells that hastened division and
elongation of root cells. During 1999-2000 (above average rainfall year), higher level
of nutrient (F3) application (60: 30: 0 kg N: P,Os: K,0 ha') did record higher root
volume at all the crop growth stages except at 14 DAS of vegetative stage. Warsi and
Wright (1973) also reported increased root growth especially during early stages with
increased N levels in sorghum. Suraj Bhan er al. (1995) also reported gradual

increase in root development with the application of N up to 80 kg ha'.

During 2000-2001 (below average rainfall year), at vegetative stage F; level of
nutrient application resulted in higher root volume while at flowering and maturity
stages F3 and F; levels were at par and produced significantly higher root volume than
F; (control) level of nutrient application. This was because at vegetative stage, the
soil moisture was enough to meet crop demand and hence higher level of N and P
application gave higher root volume as that of first crop. But at flowering and
maturity stages because of inadequate soil moisture plants were not able to absorb
enough nutrients to its demand from the top soil layer. But in case of F; (no nutrient
application), the root development was poor at vegetative stage itself and this
condition continued as a chain action at the flowering and maturity stages as well and
resulted in lower root volume as compared to F3 and F; levels. This was in agreement
with the findings of Smith and Myers (1978) who found 'that much of the N and P
uptake in water stressed dryland sorghum took place from the sub soil layer during

grain filling stage than surface soil layer.
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Plate 6. Influence of nutrient levels on the root system of
D, sown CSV 15 sorghum

Plate 7. Influence of nutrient levels on the root system of
D, sown CSV 15 sorghum
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As a result of increased root volume under higher nutrient level, Root: Shoot
ratio was also higher in F3 level in both the crops (1999-2000 and 2000-2001), except
at 70 and 84 DAS of second crop in which F, registered higher Root: Shoot ratio than

F3 level.

In respect of Dry Matter Production (DMP), during 1999-2000 (above average
rainfall year), higher level of nutrient application (Fs) resulted in higher DMP as
compared to F, and F, levels at all the stages of crop growth (Tables 10 and 11 and
Fig. 12). This was due to the increased LAI under F; level, which jntercepted more
solar radiation and accumulated more DMP over F, and F levels, since solar radiation
was not a constraint as reported elsewhere during crop growth period. In addition to
this, the higher resource use efficiencies viz, TRUE, ERUE and WUE were also
higher under F; level as compared to F, and F; levels. The increased resource use
efficiencies under F; level of nutrient application gave an indication on the proper

utilization of nutrients applied under stored soil moisture situation (Kanwar et al.,
1984).

In general, the F; level of nutrient application resulted-in higher CGR and
NAR during 1999-2000 (above average rainfall year) and this had increased
physiological processes and thus higher DMP was obtained under F3 level of nutrient

application.

During 2000-2001(below average rainfall year), F; level of nutrient
application produced higher dry matter at vegetative stage and there after F, and Fs
levels were at par and produced higher DMP than F; level (Fig. 12). This indicated
‘that F3 level was not so efficient as observed in the first crop because of reduced soil
moisture noted in the second crop. This means that at early vegetative stage, the soil
moisture availability was highly favourable for crop growth and hence response was
obtained for higher nutrient level. But at flowering and maturity stages, the crop had
experienced severe moisture stress and the available soil moisture even fell below
Permanent Wilting Point (PWP) and the crop was not able to take sufficient nutrients.
The results were in agreement with the findings of Myers and Asher (1982) who
reporte.d lower response of sorghum crop to fertilizer application under lower rainfall
amount. Rama Mohan Rao ef al. (1995) reported that higher sorghum grain yield was
obtained under 20 kg N ha over control (530 kg ha™), but this result was at par with
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the yield obtained under 40 and 60 kg N ha’!, during subnormal rainfall years (bad
years) in medium black soils of Bellary. During 2000-2001 (below average rainfall
year), the CGR, RGR and NAR under F; and F; levels were at par and higher than Fy

level.

In both the crops (1999-2000 and 2000-2001), higher level of nutrient
application did improve panicle length. Jagtap and Pharande (1982) reported

significant increase in panicle length under higher doses of N application in sorghum.

In respect of nutrient application, sorghum responded positively in terms of
number of grains earhead”’. During 1999-2000 (above average rainfall year), higher
level of nutrient application (F3 level) gave higher number of grains earhead™ than F,
and F; level. Increased panicle length as observed would give answer for this
performance. Increase in DMP after anthesis was largely responsible for better grain

filling (Yellamanda Reddy and Sankara Reddi, 1995).

During 2000-2001 (below average rainfall year), F; and F3 levels of nutrient
application produced higher number of grains earhead™! whigh were at par and
significantly better than F; level. This was due to lack of response of sorghum crop to
higher level of nutrient application (F3) during below average rainfall year. The result

was in agreement with the findings of Rama Mohan Rao et al. (1995).

Investigation on the effect of different levels of nutrients on the grain 'yield
and straw yield indicated a significant increase in the grain and straw yields at higher

level of nutrient application during both the years.

During 1999-2000 (above average rainfall year), the grain and straw yields
increased significantly with increasing NP fertilization (Table 26 and 27 and Fig. 10).
The nutrient level F; (60: 30: 0 kg N: P,Os: K20 ha') gave the highest grain yield
(Plate 8) followed by F, (40: 20: 0 kg N: P,0s: K,0 ha") and the increase was 63 and
34 per cent over F; (Control). F; also recorded the highest straw yield, though the
difference was not significant. The higher yield of grain under higher nutrient level
(F3) was due to higher growth and yield attributes obtained. F; recorded an average of
21, 8, 15 and 51, 13 25 per cent higher total DMP, panicle length and number of
grains per panicle over F, and Fy, respectively. Porwal and Pushpendra Singh (1992)

also gave similar findings from their experimentation. Fj also registered the highest



Plate 8. View of D, sown CSV 15 sorghum under F,
level at flowering stage (I crop)
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root volume and a positive relationship between root development and nutrient uptake

in sorghum was already felt by Myers (1980).

Warsi and Wright (1973) reported that increasing N levels had increased the
root growth. Hence application of higher level of N to sorghum (F3) resulted in
higher root development which led to increased N, P and K uptake and ultimately

increased the grain yield under the presence of favourable soil moisture condition.

During 2000-2001(below normal rainfall year), F, registered the highest grain
yield (796 kg ha™'; Plate 9) which was at par with F3 (746 kg ha™!) and significantly
higher than F; (503 kg ha'). Higher grain yield at F, was through obtaining higher
values in the growth and yield components, especially number of grains per panicle.
Similarly, highest straw yield was also recorded with F,, though the difference was
not significant. The insufficient soil moisture condition during the crop growth period
had resulted reduction in grain and straw yields under increased nutrient levels
beyond F,. This was because soil moisture had a pronounced effect on the uptake of
plant nutrients. Low levels of extractable water in the root zone retarded the nutrient
availability to the plant by impairing the nutrient uptake processes viz., diffusion,
mass flow and root interception and though the rhizosphere was rich in available
nutrients, the plant was not able to absorb it for want of moisture (Tisdale et al.,
1997). The results are in agreement with the findings of Rama Mohan Rao et al.
(1995).

Myers and Asher (1982) also reported that during low rainfall years, the
response to fertilizer application was less and for crops grown predominantly on
stored soil moisture, progressive drying of soil from the surface downwards starved
the upper part of the soil for mineral nutrients. Rainfall (soil moisture) played an
important role on the uptake of nutrients and thereby the response of the crop to the

applied higher level of nutrients was absent.

In both the crops (1999-2000 and 2000-2001), nutrient application brought
changes in nutrient uptake by sorghum. But the weather factors especially rainfall
(moisture) played an indispensable role in deciding the crops response to different
levels of nutrient application. This was because soil moisture level had a pronounced

effect on the uptake of plant nutrients. Low levels of extractable water in the root
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zone retarded nutrient availability by impairing the nutrient uptake processes viz.,
mass flow, diffusion and root interception. As a general rule, there was an increase in

nutrient uptake when extractable water was high rather than low (Tisdale ef al., 1997).

During 1999-2000 (above average rainfall year), F3 level of nutrient
application resulted in significantly higher nutrient (N, P and K) uptake in all the
vegetative, flowering and maturity stages. This was due to the higher DMP recorded
by Fs level of nutrient application as a result of existence of favourable soil moisture
regime. Response of sorghum to higher level of nutrient application during good
rainfall year was also reported by Balasubramanian ef al. (1993) and Rama Mohan
Rao et al. (1995).

During 2000-2001 (below average rainfall year), higher uptake of nutrients (N,
P and K) was recorded by F, and F3 levels of nutrient application which were at par
and significantly superior over F; level (control) indicating the interaction between
soil moisture and nutrients uptake. This result recorded concurrently indicated that
even under low rainfall situation, crop needed nutrients for its better productivity

though not on higher side.

5.2 Part II Evaluation of DSSAT V.3.5 CERES-Sorghum model

5.2.1 Phenological development

The perusal of data presented in Table 47 revealed that the CERES-Sorghum
model predicted the dates of panicle initiation closer to that of the observed dates of
panicle initiation (Fig. 13) during 1999-2000 (above average rainfall year). .The mean
date of panicle initiation of all the treatments was 31 DAS, against the model
prediction of 34 DAS. The RMSE was 3.2 and per cent of RMSE with observed
values was around 10 per cent. Since the error was less than or approximately equal
to 10 per cent, predictions of panicle initiation were considered genuine under
Coimbatore condition (Varshneya, 1999). But in 2000-2001, (below average rainfall
year), the model over estimated the dates of panicle initiation (Fig. 14). The predicted
mean date of panicle initiation for various treatments was 36 DAS as against the
observed mean panicle initiation date of 31 DAS. The RMSE was 5.69 and the per

cent of RMSE with observed values was around 19 per cent for all the treatments.
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Varshneya et al. (1998) also reported similar results of closer predictions of date of

panicle initiation by CERES-Sorghum model in Rahuri, Maharashtra.

The anthesis time also well predicted in both the years (1999-2000 and 2000- '
2001). In 1999-2000 (above average rainfall year), the model estimated 71 DAS as
the mean anthesis date, while the mean observed anthesis time was 74 DAS (Fig. 15).
The RMSE value was 4.97. In 2000-2001 (below average rainfall year) also, the
model predicted the anthesis date closer to that of the observed time (Fig. 16). The
model estimated 70 DAS as the mean anthesis date, while the mean observed anthesis
date was 72 DAS and the RMSE value was 4.34. In both the years, the per cent of
RMSE with observed values was less than 10 per cent which indicated that the

predictions were correct.

The physiological maturity was slightly under estimated by the model in both
the years (1999-2000 and 2000-2001). In 1999-2000, the model predicted 110 DAS
as the mean physiological maturity date as against the observed mean value of 114
DAS (Fig. 17). In 2000-2001, the model predicted 109 DAS as the physiological
maturity stage as against the observed mean value of 118 DAS (Fig. 18). The
CERES-Sorghum probably does not account for the soil moisture extraction from
deeper soil layers, which the crop was extracting under moisture deficit conditions.
Thus, it was very essential to record complete soil profile moisture measurements
upto 2 m depth of soil as suggested by Varshneya er al. (1998). However in both the
years, the per cent of RMSE with the observed values was with in 10 per cent which

indicated that the predictions were correct.
5.2.2 Biomass yield

In general, the model under estimated the biomass yield in both the years
(1999-2000 and 2000-2001). In 1999-2000 (above average rainfall year), the mean
observed biomass production was 10802 kg ha™!, while the model predicted 6417 kg
ha! (Fig. 19). The RMSE was 4606 and the per cent of RMSE with observed values
was 32 and 62 per cent with a mean value of 44.5 per cent. The deviation of observed
value with predicted value was lesser under higher level of nutrientéapplication and as
the nutrient 1ei/e1 came down, the deviation got increased. In 2000-2001 (below

average rainfall year) also, the model under predicted the biomass yield and the mean
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Fig. 15. Observed and model predicied anthesis date of
sorghum (I crop)
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Fig.17. Observed and model predicted Physiological

Maturity (PM) date of sorghum (I crop)
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Fig. 19. Observed and model predicted biomass yield (kg ha™) of

sorghum (I crop )
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predicted biomass yield was 4139 kg ha™ for all the treatments while the observed
biomass yield was 6180 kg ha™ (Fig. 20). The RMSE was 2131 and the per cent of
RMSE with observed values ranged from 29 to 47 per cent with a mean value of 35
per cent. In 2000-2001 also the model highly under predicted the biomass yield under
control (no fertilizer nutrient application). Thus the model needed refinement with
reference to biomass yield prediction. Varshneya ef al. (1998) also reported under

prediction of biomass yield by CERES-Sorghum model in Rahuri, Maharashtra.

5.2.3 Number of grains per earhead

In 1999-2000 (above average rainfall year), the model closely predicted the |
number of grains earhead™ in nutrient applied treatments (F2 and Fj levels) and highly
under estimated the number of grains earhead™ in control (no nutrient application) and
was depicted in Fig. 21. The mean predicted number of grains earhead’ was 847 as
against the mean observed value of 1013. The mean RMSE was 351 and the per cent
of RMSE with observed values ranged from 30 to 45 per cent with a mean value of 32
per cent. In contrast, during 2000-2001 (below average rainfall year), the model
closely predicted the number of grains earhead™ in the case of-control (no nutrient
application) and the model over estimated the number of grains earhead™ in nutrients
applied (F2 and Fj levels) treatments (Fig. 22). The RMSE value was 171 and the per
cent of RMSE with observed values ranged from 36 to 76 per cent with a mean value

of 51 per cent.
5.2.4 Single grain weight

Kernel weight estimated by the model differed from the observed\ values in
both the years (1999-2000 and 2000-2001). The predicted values were lesser than
that of the observed values during 1999-2000 (Fig. 23) and higher than the observed
values during 2000-2001 (Fig. 24). This was because, the model estimated kernel
weight by dividing the grain weight panicle'1 by the grain number panicle”. The
grain weight was estimated as panicle weight multiplied by th;ashing percentage,
whereas, total panicle weight depends on the rate of grain filling, panicle aging factor,
panicle growth constant and soil moisture stress. In actual practice, earhead size
varied under stress condition, but with emerged earhead irrespective of length, grain

filling took -place and kernel weight did not differ much, while in model panicle size
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Fig. 21. Observed and model predicted grains earhead ™ of
sorghum (1 crop)
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Single grain weight (g)

Fig. 23. Observed and model predicted single grain weight (g) of
sorghum (I crop)
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did not change, whereas total panicle weight changed under stress condition, hence,
kernel weight was widely different. Hence the model needed modification for correct

prediction of kernel weight as suggested by Varshneya et al. (1998).

5.2.5 Grain yield

The perusal of data revealed that during 1999-2000, the yield was closely
predicted in nutrients applied treatments (F, and F3 levels) and in control (no nutrient
application), the yield was highly under estimated irrespective of varieties and times
of sowing evaluated (Fig. 25). The mean observed yield was 2466 kg ha™! while the
model predicted 2143 kg ha™ as mean grain yield. The RMSE was 648 and the per
cent of RMSE with observed values ranged from 18 to 58 per cent with a mean value

of 30 per cent.

During 2000-2001 (below average rainfall year), the model slightly over
estimated the yield of control (no nutrient application) treatment irrespective of
varieties and times of sowing (Fig. 26). In respect of nutrient applied (F, and Fy
levels) treatments, the model highly over estimated the grain yield irrespective of
varieties and times of sowing. The mean observed grain yield wa;s 682 kg ha™', while
the model predicted 1759 kg ha™' as the mean grain yield. The RMSE value is 1251
and the per cent of RMSE with observed values ranged from 142 to 277 per cent with
a mean value of 194 per cent which indicated the failure of the model in predicting the

grain yield under moisture stress condition.

The model estimates yield by using the following equation (Ritchie and
Algarswamy, 1989).

GROPAN= RGFIL* PGC* PAF* SWDF,

Where,
GROPAN = rate of growth of panicle | ¢
PGFIL = the rate of grain filling which is a temperature dependent
function, becomes 1 between 20 — 25°C of minimum
temperature, while linearly decreases and becomes 0 at < 8 °C
and > 40 °C.
PGC = the panicle growth constant depends on the panicle size, a

varietal character
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Fig. 25. Observed and model predicted grain yield (kg ha™ )
of sorghum (I crop)
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PAF = the panicle aging factor which depends upon the age of the
panicle after flowering

SWDF, = the soil moisture stress factor

During severe stress conditions, the panicle size was influenced by soil
moisture deficit under field condition and the panicle size of a variety would be
smaller or larger depending upon the moisture availability. But model did not
adequately account for these variations in PGC factor. This resulted in over
estimation of grain numbers earhead™ and kernel weight (Tables 51 and 52) and

resulted in over estimation of yield as reported by Varshneya et al. (1998).
5.2.6 Sensitivity analysis

The sensitivity analysis option available in DSSAT V.3.5 CERES-Sorghum
model allowed the user to evaluate the alternate management strategies or to make
tactical or strategic decisions by modifying the default values in the original
experiment. The results (simulated yield) of the sensitivity analysis done by
modifying the default values of nutrient levels and dates of sowing in the original
TNCB 9901.SGX and TNCB0001.SGX experimental files indicated that sorghum

varieties differed in their response to N application under different times of sowing.

In the case of CSV 15 during 1999-2000 (above average rainfall year), the
grain yield was increased with increased levels of N application (Fig. 27) up to 500 kg
ha™ for 26" September sowing (D)) as well as for 1% October sowing (D2). But when
sowing was delayed the response of sorghum to applied N was got reduced and the
maximum grain yields obtained under 400 and 120 kg ha™ for 6™ October (D3) and
11™ October (Dy4) sowings. From the simulated yields, economically viable dose of N
application was worked out by comparing the cost involved (fertilizer cost) and

returns obtained (grain yield) between two consecutive levels of N application.

In the case of CSV 15 sown during 1999-2000 for various dates of sowing of
N economically viable N dose was 180, 160, 120 and 120 kg ha™! for 26" September
(D}), 1% October (D), 6™ October (D3) and 11" October (D4) sowings, respectively.
Similarly for CO 26, the economically viable dose of N application was 140, 140, 120
and 80 kg ha for 26™ September (D), 1% October (D,), 6™ October (Ds) and 11%
October (D4) sowings, respectively during 1999-2000 (Fig. 28).
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During 2000-2001 (below average rainfall year), the variety CSV 15 produced
maximum grain yield when the 19" September (D)), 24™ September (D,), 29"
September (D3) and 4™ October (D4) sown crop were supplied with 100, 140, 180 and
40 kg N ha” (Fig. 29). The economically viable dose of N application was 40, 80, 60
and 40 kg ha™' for the 19" September (D), 24" September (Dy), 29" September (Ds)
and 4™ October (D4) sown crop. Similarly the variety CO 26 also produced maximum
grain yield under 19" September (D)), 24™ September (D), 29" September (Ds) and
4™ October (D4) sowings when the crop was supplied with 60, 80, 120 and 40 kg N
ha™, respectively (Fig. 30). The economically viable dose of N was 40 kg ha™',

irrespective of the sowing dates used.

It is finally concluded that sensitivity analysis of DSSAT V.3.5 could be used
for simulating sorghum yield for varying situations of rainfall, different dates of
sowing and different levels of N, when seasonal climate forecast information are

available so as to communicate to farmers to reduce risk under dryland situations.
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SUMMARY AND GONGLUSION



CHAPTER VI
SUMMARY AND CONCLUSION

Field experiments were conducted at Tamil Nadu Agricultural University
Farm, Coimbatore during Northeast monsoon seasons of 1999 and 2000 for
evaluating the performance of different sorghum (Sorghum bicolor (L.) Moench.)
varieties under different sowing dates and levels of Nitrogen and Phosphorus under
dryland condition. The study also aimed to evaluate DSSAT V.3.5 Decision Support
System (CERES-Sorghum model) for key management practices like choice of

-~
varieties, times of sowing and nutrient levels.

The field experiments were laid out in sandy clay loam (Vertic ustropept) soils
at Eastern Block of Tamil Nadu Agricultural University Farm. Split plot design was
adopted and the treatments were replicated thrice in both the years. The treatments
consisted of two sowing times (sowing before the receipt of monsoon rainfall (D))
and sowing after the receipt of monsoon rainfall (D,)) and two varieties (CO 26 (V)
and CSV 15 (V3)). These two factors were assigned to main plots. Three nutrient
levels viz., No nutrient application (F;), 40: 20: 0 kg N: P,0s: K,;0 ha™! (F2) and 60:
30: 0 kg N: P,0s5: K0 ha'! (F3) were allotted to subplots.

An uniform spacing of 45 x 15 cm was adopted and plant samples were
harvested at 7 days interval from 14 DAS onwards for various growth component

analysis. All the relevant observations were recorded as indicated ifi the chapter II1.

The inferences and conclusions drawn from the experimental results are

presented in this chapter.

¢ The 94 years (1907-2000) average rainfall of NEM season of Coimbatore is 324.8
mm and the rainfall received during 1999 NEM season (427.6 mm) was well
above the long term average where as the rainfall received during 2000 NEM
season (284 mm) was below the long term average rainfall. The returning period
worked out by using 94 years NEM season rainfall indicated that the chances for
getting the average NEM rainfall of 324.8 mm was 4/9 (four years out of nine
years), while the repeatability of NEM of 1999 and 2000 (427.6 and 284 mm)
would be 4/18 and 1/2, respectively.
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Between the first crop of 1999 and second crop of 2000, there were

differences in the quantum of rainfall received as well as its distribution. In the first

crop, the rainfall was well distributed through out the entire crop growth period

especially at vegetative and flowering stages, which kept the crop under moisture

stress free condition. But in the second crop, the rainfall distribution was highly

varying both in terms of quantity and distribution and the crop faced prolonged

moisture stress from the flowering stage onwards till maturity.
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The water balance components viz., cumulative rainfall, effective rainfall, water
use, soil moisture change, deficit and surplus water were not differed between
varieties in both the years. However, the mean water requirement (AET) was

lesser for CSV 15 as compared to CO 26 during 1999-2000 (above average

rainfall year).

Water balance components worked out for different times of sowing in general
showed a decreasing trend as the sowing was delayed in both the years. Sowing
before the receipt of monsoon rainfall (D) received more cumulative rainfall and
effective rainfall in both the years (above and below average rainfall years) as

compared to sowing after the receipt of monsoon rainfall (D,).

Soil moisture dynamics observed by both water balance model (Gupta model) and
actual measurement (Gravimetric method) showed the same trend for available

soil moisture, but this magnitude varied.

Varieties and times of sowing had not altered the plant height in both the crops
(1999-2000 and 2000-2001), while higher level of nutrient application \produced
taller plants at vegetative and flowering stages of first crop (above average rainfall
year) and such influence was not observed in the second crop (below average

rainfall year).

The variety CSV 15 and D; sowing (sowing before the receipt of monsoon
rainfall) produced significantly higher Dry Matter Production (DMP) at all the
vegetative, flowering and maturity stages of both the years (1999-2000 and 2000-
2001).
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Higher level of nutrient application (F; level) resulted in significantly higher DMP
at all stages of first crop (above average rainfall year) as well as at the vegetative
stage of the second crop (below average rainfall year). At flowering and maturity
stages of second crop, F3 and F, levels of nutrient application were at par and

produced significantly higher DMP,

Variety CO 26 and D; sowing (sowing before the receipt of monsoon rainfall)
recorded higher Leaf Area Index (LAI) at flowering and maturity stages of first
crop (above average rainfall year) while in the second crop, D2 sowing (sowing

after the receipt of monsoon rainfall) resulted in higher LAI at flowering stage.

Higher level of nutrients application (60: 30: 0 kg N: P,0s: K,0 ha™') registered
higher LAIT at vegetative stage of first crop (above average rainfall year) as well as
at 56 DAS of first crop in which Fj3 level was at par with F; level of nutrient
application. In respect of second crop, nutrient application had no significant

impact on LAI at any of the crop growth stage studied.

Higher Crop Growth Rate (CGR) values were registered by CSV 15 at 14-28, 42-
56 and 56-70 DAS of second crop (below average rainfallvuyear). In respect of
times of sowing, D, sowing (sowing after the receipt of _monsoon rainfall)
registered higher CGR at 28-42 DAS of first crop while D-l sowing recorded
superior CGR at 42-56 DAS of second crop. |

Higher level of nutrient application (F3 level) registered increased CGR at 14-28,
28-42 and 42-56 DAS of first crop (above average rainfall year), where as in the

second crop (below averagé rainfall year), F, level resulted in higher éGR at 56-
70 and 70-84 DAS.

Relative Growth Rate (RGR) was not differed significantly between varieties in
both the crops except at 28-42 DAS of second crop (2000-2001) in which CO 26
recorded higher RGR. With reference to times of sowing, in both the crops, at
early vegetative stage (28-42 DAS), D, sowing recorded superior RGR, while at
maturity stage (84 DAS-Harvest), D sowing registered higher RGR.
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Nutrient levels had no influence on the RGR of first crop, where as in the second
crop, F, and F3 levels were at par and produced significantly higher RGR at
vegetative stage (14-28 and 28-42 DAS).

The variety CSV 15 registered higher Net Assimilation Rate (NAR) between 28
and 42 DAS and between 84 DAS and harvest of first crop (1999-2000), while in
the second crop, CO 26 recorded higher NAR between 84 DAS and harvest. The
different times of sowing had no impact on NAR in both the crops except at 28-42
DAS of first crop in which D, sowing recorded higher NAR.

The F3 and F, levels of nutrient application were at par and registered higher NAR
at vegetative stage (28-42 DAS) of first crop and at most of the crop growth stages
of second crop (2000-2001) except at 56-70 DAS in which F, level resulted in
superior NAR.

Higher root volume and Root: Shoot ratio were recorded by CSV 15 in both the
crops (1999-2000 and 2000-2001). In respect of times of sowing, D; sowing
produced increased root volume and Root: Shoot ratio in most of the crop growth

stages.

With reference to the impact of nutrient application on root volume and Root:
shoot ratio, F3 level resulted in higher root volume and Root: Shoot ratio in all the
growth stages of first crop (above average rainfall year). In the second crop
(below average rainfall year), F3 level of nutrient application recorded higher root
volume at vegetative stage while at flowering and maturity stages, F> and F; levels
were at par and produced superior root volume. In all the growth stages\of second

crop, F; level recorded higher Root: Shoot ratio.

Varieties had no significant difference for earhead length in the first crop (above
average rainfall year), where as in the second crop (below average rainfall year),

CSV 15 produced lengthier earheads.

The variety CSV 15 produced significantly more number of grains earhead” in
both the years (1999-2000 and 2000-2001).
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Sowing before the receipt of monsoon rainfall (D) produced higher number of

grains earhead™ than sowing after the receipt of monsoon rainfall (D;) during

1999-2000 (above average rainfall year).

Higher level of nutrient application (60: 30: 0 kg N: P,Os: K;0 ha) gave
lengthier earheads with more number of grains earhead™ in both the years (1999-
2000 and 2000-2001).

Higher grain yield was registered by the variety CSV 15 in both the years (1999-
2000 and 2000-2001).

Sowing before the receipt of monsoon rainfall (D) produced higher grain yield in
the first year (above average rainfall year) while in the second year (below

average rainfall year), the difference was not significant.

Highest grain yield was registered by higher level of nutrient application (F; level)
in the first year (above average rainfall year), whereas in the second year (below
average rainfall year), F, and Fs levels were at par and produced significantly

higher grain yields than control (no nutrient application).

All treatments had not influenced the straw yield in both the years (1999-2000 and
2000-2001). |

The variety CSV 15 registered significantly higher harvest index in the first crop

(above average rainfall year).

Higher resource use efficiencies viz., Total Rainfall Use Efficiency' (TRUE),
Effective Rainfall Use Efficiency (ERUE) and Water Use Efficiency (WUE) were
recorded by the variety CSV 15 in both the years.

Sowing after the receipt of monsoon rainfall (D, sowing) in the second year

registered higher TRUE and ERUE.

Higher level of nutrient application (60: 30: 0 kg N: P,0s: K0 ha™') resulted in
higher resource use efficiencies in the first year (above average rainfall year),

whereas in the second year F3 and F, levels were at par and registered higher

resource use efficiencies.
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The variety CSV 15 and D, sowing recorded higher nutrient uptake (N, P and K)
in most of the crop growth stages of both the years (above and below average

rainfall years).

In the first year (1999-2000), higher level of nutrient application (60: 30: 0 kg N:
P,0s: K50 ha™') resulted in higher nutrient uptake, whereas in the second year
(2000-2001), F, and F3 levels were at par and recorded significantly higher NPK
uptake in most of the crop growth stages.

All the treatments had no significant influence on the soil available N, P and K

levels at post harvest stage in both the years (1999-2000 and 2000-2001).

Sowing of CSV 15 before the receipt of monsoon rainfall with higher level of
nutrient application (F3 level) recorded maximum Benefit: Cost ratio (B: C ratio)
during 1999-2000 (above average rainfall year) and during 2000-2001 (below
average rainfall year), sowing of CSV 15 before the receipt of monsoon rainfall

with F, level of nutrient application recorded the maximum B: C ratio.

DSSAT V.3.5 Decision Support System’s CERES-Sorghum model was evaluated
for Coimbatore condition by generating genetic coefficients for the test crop
varieties CO 26 and CSV 15. Genetic calculator program of DSSAT V. 3.5 was
used for this purpose and Minimum Data Set (MDS) acquired from the separate

plots assigned for these purposes were used.

DSSAT V.3.5 Decision Support System’s CERES-Sorghum model predicted the
phenological development of sorghum like panicle initiation, anthesis and

physiological maturity closer to that of the observed values in both the years
(1999-2000 and 2000-2001).

The CERES-Sorghum model under estimated the total biomass production in both
the crops (1999-2000 and 2000-2001).

The model closely predicted the number of grains earhead™ in the nutrient applied
treatments of first year (1999-2000) irrespective of varieties and times of sowing

while in the control (no nutrient applied treatments) of first year, the model highly

‘under predicted the number of grains earhead™.
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In the second year (2000-2001), the model over predicted the number of
grains earhead” in the nutrient applied treatments and in control (no nutrient
applied treatments), the model predictions closely matched with the observed

values irrespective of varieties and times of sowing.

The deviation between predicted and observed values of single grain weight were

higher in both the years (1999-2000 and 2000-2001).

The model closely predicted the grain yield to that of the observed yield in the
nutrient applied treatments of first crop whereas, the model highly under predicted
the grain yield under control (no nutrient applied treatments) irrespective of the

varieties and dates of sowing evaluated.

In respect of second crop, the deviation between the observed yield and
predicted yield was very high because of model’s over prediction under prolonged

moisture stress condition.

The sensitivity analysis option provided alternate management strategies for
making tactical decision on selecting management practices like level of N

application under various dates of sowing.

From the above research highlights given the following conclusions are being drawn:

L)

In both the years of experimentation (above and below average rainfall years),
sowing before the receipt of monsoon rainfall positively influenced most of the

growth and yield parameters and finally resulted in higher sorghum grain yield.

The variety CSV 15 performed better than CO 26 under both above and below

average rainfall situations and resulted in higher grain yield.

Application of higher level of nutrients (60: 30: 0 kg N: P,0s: K0 ha™) resulted
in higher yield as we;ll as higher B: C ratio irrespective of varieties and time§7 of
sowing during above average rainfall year (1999-2000). But during below
average rainfall year (2000-2001), application of 40: 20: 0 kg N: P,0s: K,0 ha™

resulted in higher grain yield as well as higher B: C ratio.
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% DSSAT V.3.5 CERES-Sorghum model predicted the phenological development of
sorghum quite well in both the crops. But inability of the model to correctly
predict the growth and yield components especially under moisture stress
condition resulted in poor grain yield prediction in the second crop (2000-2001)

though the model prediction was fairly good for the first crop (1999-2000).

Considering this, it is recommended that for Vertisols of Coimbatore region,
sowing of sorghum variety CSV 15 before the receipt of monsoon rainfall with higher
level of nutrient application (60: 30: 0 kg N: P,Os: K,0 ha™') during above average
rainfall years would be economical and with application 40: 20: 0 kg N: P,0Os: K,0

ha during below average rainfall years.
The suggested futurology based on the experimentation is as follows:

The sensitivity analysis option of DSSAT V.3.5 may be integrated with agro

advisory bulletin of medium range weather forecast and test verified.

Under Seasonal Climate Forecast (SCF), since total seasonal rainfall is
predicted well before the start of the season, the tactical decision developed from

sensitivity analysis option could be studied with farmers group and assessed.
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Appendix I. Weekly water balance of sorghum crop for Coimbatore

1.*¥*Weekly water balance of sorghum crop for 37" standard week during 1999-2000

Week PPT PET Kec WR wu PPT- SMR SPL DEF WRSI
(mm) WR

37 1640 3654  0.58 21.19 16.40 -4.79 0.00 0.00 4.79 98.70
38 2090 37.17 039 1450  14.50 6.40 6.40 0.00 0.00 98.70
39 22.10 3024 032 9.68 9.68 12.42 18.83 0.00 0.00 98.70
40 3090 2835 033 9.36 9.36 21.54 4037 0.00 0.00 98.70
41 3420 2583 0.79 2041 2041 13.79  54.17 0.00 0.00 98.70
42 42.10 2394 095 2274 2274 1936 73.52 0.00 0.00 98.70
43 47.80  22.05 1.09 24.03  24.03 2377 9729 0.00 0.00 98.70
44 46.80  20.16 1.65 3326 33.26 1354  100.00 10.82 0.00 98.70
45 43.00 18.27 1.47 26.86  26.86 16.14 100.00 16.14 0.00 98.70
46 38.00 2079  0.92 19.13 19.13 18.87 100.00 18.87 0.00 98.70
47 34.00 1827 1.27 2320 23.20 10.80  100.00 10.80 0.00 98.70
48 25.70 2142 1.61 3449 3449 879 9121 0.00 0.00 98.70
49 24.00  22.05 124 2734 2734 -3.34 87.87 0.00 0.00 98.70
50 21.10  22.05 1.18 2602 26.02 -4.92 82.95 0.00 0.00 98.70

51 9.90 2142 098 2099 2099 -11.09 71.86 0.00 0.00 98.70

52 13.00 2646 0.70 18.52 18.52 552 6634 0.00 0.00 98.70

1 2370 2580  0.63 16.25 16.25 7.45 73.79 0.00 0.00 98.70
493.60 368.00 363.20

2. *Weekly water balance of sorghum crop for 38" standard week during 1999-2000

Week PPT  PET Kc WR WU  PPT- SMR SPL  DEF  WRSI
(mm) WR

38 2090 37.17 0.58 21.56 2090 -0.66 0.00 0.00 0.66 99.82
39 22.10 3024 039 1.79  11.79 10.31 10.31 0.00 0.00 99.82
40 3090 2835 032 9.07 9.07 2183 3213 0.00 0.00 99.82
41 3420 2583 0.33 8.52 8.52 25.68 5781 0.00 0.00 99.82
42 4210 2394 079 18.91 18.91 23.19 81.0 0.00 0.00 99.82
43 47.80 2205 095 2095 2095 2685 100.00 7.85 0.00 99.82
44 46.80  20.16  1.09 21.97 2197 2483 100.00 24.83 0.00 99.82
45 43.00 18.27 1.65 30,15 30.15 12.85 100.00 12.85 0.00 99.82
46 38.00 2079 147 30.56  30.56 744 10000 744 0.00 99.82
47 34.00 1827 0.92 16.81 16.81 17.19  100.00 17.19 0.00 99.82
48 2570  21.42 1.27 - 2720 27.20 -1.50  98.50 0.00 0.00 99.82
49 24.00  22.05 1.61 3550 3550 -11.50 87.00 0.00 0.00 99.82
50 21.10 2205 1.24 2734  27.34 -6.24 80.75 0.00 0.00 99.82

51 9.90 21.42 1.18 2528 2528  -15.38 6538 0.00 0.00 99.82

52 13.00 2646  0.98 2593 2593  -1293 5245 0.00 0.00 99.82

1 23.70 2580 0.70 18.06 18.06 5.64 58.09 0.00 0.00 99.82

2 11.20 2580 0.63 16.25 16.25 -5.05 53.03 0.00 0.00 99.82
488.40 365.90  365.20

- * These sowing weeks have been taken for analeis based on expérimental results of
- Somasundaram (2000)

PPT = Precipitation (mm) PET = potential Evapotranspiration (mm)
Kc = Crop coefficient WR = Water requirement (mm)

wuU = Water used (mm) SMR = Soil moisture (mm)

SPL = Surplus (mm) DEF = Deficit (mm)

WRSI = Water Requirement Saturation Index
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Appendix III. Description of various growth stages of sorghum

1. Vegetative stage

Germination
00 Seed
01 Start of imbibition
02 Imbibition
03 Imbibition completed
@ Radicle emergence from coleoptile
05 Radicle emergence from coleoptile
06 , Coleoptile emerged from seed coat
07 Coleoptile emerged from seed coat
. 08 Leaf just at coleoptile tip
09 Leaf just at coleoptile tip
2. Seedlinng growth
10 First leaf through coleoptile
11 First leaf unfolded
12 Two leaves unfolded
13 Three leaves unfolded
14 ~~Four leaves unfolded
15 Five leaves unfolded
16 Six leaves unfolded
17 Seven leaves unfolded
18 Eight leaves unfolded
19 Nine leaves unfolded
3. Tillering _
20 Main shoot only
21 Main shoot and one tiller
22 Main shoot and two tiller
23

Main shoot and three tiller

Cont’d.,



Cont’n.,

4. Stem elongation

30
31
32
33
34
35
36
37

" 38
39

S. Booting
40

41
42
43

44

45
46
47
48
49

Nodes not detectable
1* node detectable
2" node detectable
3" node detectable
4™ node detectable
5™ node detectable
6" node detectable
Flag leaf just visible
Flag leaf just visible

Flag leaf ligule just visible

Flag leaf ligule just visible
Flag leaf sheath extenting
Flag leaf sheath extenting
Boot just visibily swollen

Boot just visibily swollen

Boot swollen

Boot swollen

Flag leaf sheath opening
Flag leaf sheath opening

First awns visible

6. Reproductive stage

Emeg:gence
<)
51
52
53
54
55
56
57
58
59

First spikelet of ear just visible

First spikelet of ear just visible

1/4™ of ear emerged
1/4" of ear emerged
2 of ear emerged

72 of ear emerged
3/4™ of ear emerged
3/4™ of ear emerged
Complete emergence

Complete emergence

Cont’d.,



Cont’n.,

7. Flowering

6(3 ‘ Beginning of flowering
61 Beginning of flowering
62 . Flowering (1/4™ completed)
63 Flowering (1/4™ completed)
64 Flowering (1/4™ completed)
6@; Flowering halfway
66/ Flowering halfway

v 67 Flowering (3/4™ completed)
68 Flowering (3/4™ completed)
69 Complete flowering

8. Milk development
70 Seed coat water ripe
71 Seed coat water ripe
72 Seed coat water ripe
73 -+ Early milk
74 Early milk
75 Medium milk (increase in solids of liquid endosperm, notable when
crushing the seed between fingers
76 Medium milk (increase in solids of liquid endosperm, notable when
crushing the seed between fingers
77 Late milk
78 Late milk
79 Late milk
9. Dough development

80 Late milk stage
81 Late milk stage
82 Late milk stage
83 Early dough
84 Early dough
85 Soft dough (Finger nail impression not held)
86 Soft dough (Finger nail impression not held)

Cont’d.,



Cont’n..,

87
88
89
90
91
92
93

Hard dough (Finger nail impression held, head loosing chlorophyll)
Hard dough (Finger nail impression held, head loosing chlorophyll)
Hard dough (Finger nail impression held, head loosing chlorophyil)
Hard dough (Finger nail impression held, head loosing chlorophyll)
Seed coat hard (Difficult to divide by thumb nail)

Seed coat hard (can no longer be detected by thumb nail)

Seed coat loosening in day time



Appendix [V. Effect of varieties and times of sowing on the daily water balance
components of sorghum crop during 1999 NEM and 2000 NEM
1. Daily water balance components of CO 26 variety (V) under D sowing
(1999 NEM)

Date Ep Kp PET K¢ Etsorghum RF RF-ET SM SPL  DEF
(mm) {mm) (mmy) (mm) (mm) (mm) (mm) (mm)

09/13/99 6.8 0.8 544  0.20 1.09 0.00 -1.09 0.00 0 0.00
09/14/99 7.80 080 624 0.20 1.25 0.00 -1.25 0.00 0.00 0.00
09/15/99 7.00 0.80 560 0.20 1.12 0.00 -1.12 0.00 0.00 0.00
09/16/99  "6.80 080 544 020 1.09 0.00 -1.09 0.00 0.00 0.00
09/17/99 6.00 0.80 4.80 0.20 0.96 0.00 -0.96 0.00 0.00 0.00
09/18/99 4.60 0.80 3.68 0.20 0.74 0.00 -0.74 0.00 0.00 0.00
09/19/99 5.20 080 416 020 0.83 0.00 -0.83 0.00 0.00 0.00
09/20/99 6.00 0.80 4.80 0.20 0.96 0.00 -0.96 0.00 0.00 0.00
09/21/99 5.60 0.80 448 0.20 0.90 0.00 -0.90 0.00 0.00 0.00
09/22/99 5.40 0.80 432 0.20 0.86 0.00 -0.86 0.00 0.00 0.00
09/23/99 6.40 0.80 512 020 1.02 0.00 -1.02 0.00 0.00  0.00
09/24/99 6.00 0.80 480 020 0.96 0.00 -0.96 0.00 0.00 0.00
09/25/99 5.60 0.80 448 0.20 0.90 0.00 -0.90 0.00 0.00 0.00
09/26/99 6.00 0.80 480 0.20 0.96 0.00 -0.96 0.00 0.00 0.00
09/27/99 4.00 0.80 320 0.58 1.86 1820 16.34 1634  0.00 0.00
09/28/99 2.00 0.80 1.60 0.58 0.93 3.80 2.87 1922 0.00 0.00
09/29/99 3.00 080 240 0.58 1.39 5.60 421 2342 0.00 0.00
09/30/99 3.40 080 272 0.58 1.58 9.00 7.42 30.85 0.00 0.00
10/01/99 5.80 0.80 464 058 2.69 0.00 -2.69 2816 0.00 1.62
10/02/99 4.40 0.80 352 058 2.04 10,00 796  36.11 0.00 0.00
10/03/99 3.00 080 240 0.58 1.39 0.00 -139 3472 0.00 0.84
10/04/99 4.00 0.80 320 0.58 1.86 26,00 24.14 58.87 0.00 0.00
10/05/99 3.00 080 240 0.58 1.39 2640 25.01 83.87 0.00 0.00
10/06/99 2.00 080 1.60 0.39 0.62 050 -0.12 83.75 0.00 0.30
10/07/99 3.50 080 2.80 0.39 1.09 1550 1441 98.16 0.00 0.00
10/08/99 3.40 080 272 039 1.06 3.70 2.64 100.00 0.80 0.00-
10/09/99 4.70 080 376 0.39 1.47 17.50 16.03 100.00 16.03 0.00
10/10/99 4.20 080 336 039 1.31 060 071 9929 0.00 1.08
10/11/99 4.60 0.80 3.68 0.39 1.44 000 -144 97.85 0.00 1.84
10/12/99 4.40 080 352 039 1.37 050 -0.87 96.98 0.00 1.26
10/13/99 4.00 0.80 320 032 1.02 1.80 078 9776 0.00 0.00
10/14/99 4.00 0.80 320 032 1.02 2.40 1.38  99.13  0.00 0.00
10/15/99 4.20 0.80 336 032 1.08 7.00 592 100.00 5.06 0.00
10/16/99 3.50 080 280 0.32 0.90 67.40 66.50 100.00 6650 0.00
10/17/99 3.50 080 280 032 0.90 51.00 50.10 100.00 50.10- 0.00
10/18/99 2.80 0.80 224 0.32 0.72 17.00 16.28 100.00 16.28 0.00
10/19/99 3.60 0.80 288 0.32 0.92 0.50 -0.42 99.58 0.00 1.52
10/20/99 3.30 080 264 033 0.87 26.50 25.63 100.00 2521  0.00
10/21/99 3.00 0.80 240 033 0.79 1.00 021 100.00 0.21 0.68
10/22/99 3.00 0.80 240 033 0.79 0.00 -079 9921 0.00 1.68
10/23/99 4.50 080 3.60 033 1.19 10.50 931 100.00 8.52 0.00
10/24/99 3.95 080 3.16 0.33 1.04 1040 9.36  100.00 9.36 0.00
10/25/99 3.40 080 272 033 0.90 3.50  2.60 100.00 2.60 0.00
10/26/99 3.00 0.80 240 033 0.79 2.50 1.71  100.00 1.71 0.00
10/27/99 2.00 080 1.60 0.79 1.26 0.00 -1.26 98.74 0.00 1.12
10/28/99 2.00 080 1.60 079 1.26 0.00 -126 9747 0.00 1.12

Cont’d.,



Cont’n.,

Date Ep Kp PET Kc¢ Etsorghum RF RF-ET SM SPL  DEF |
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

10/29/99 4.00 080 320 0.79 2.53 1.00  -1.53 9594 0.00 1.56
10/30/99 300 '0.80 240 079 1.90 0.00 -190 94.05 0.00 1.92
10/31/99 2.40 0.80 192 079 1.52 0.00 -1.52 92,53 0.00 1.54
11/01/99 3.40 0.80 272 0.79 2.15 0.00 -2.15 9038 0.00 2.18
11/02/99 3.60 080 288 079 228 0.00 -228 88.11 0.00 2.30
11/03/99 3.00 0.80 240 095 2.28 0.00 -228 8583 0.00 1.92
11/04/99 3.00 0.80 240 095 2.28 000 -228 8355 0.00 1.92
11/05/99 2.70 0.80 216 095 2.05 4.80 275 86.30 0.00 0.00
11/06/99 ~ 2.70 0.80 216 095 2.05 23.00 2095 100.00 7.24 0.00
11/07/99 240 0.80 192 095 1.82 0.00 -1.82 98.18 0.00 1.54
11/08/99 3.20 0.80 256 0.95 2.43 000 243 9574 0.00 2.05
11/09/99 3.80 080 3.04 095 2.89 0.00 -2.89 9286 0.00 243
11710/99 4.20 0.80 3.36 1.09 3.66 000 -3.66 89.19 0.00 2.69
11/11/99 3.80 0.80 3.04 1.09 3.31 0.00 -331 85.88 0.00 243
11/12/99 4.00 0.80 3.20 1.09 3.49 0.00 -349 8239 000 2.56
11/13/99 3.00 0.80 240 1.09 2.62 000 -262 79.78 0.00 1.92
11/14/99 3.20 0.80 256 1.09 2.79 0.00 -279 7699 0.00 2.05
11/15/99 4.40 0.80 3.52 1.09 3.84 0.00 -3.84 73.15 0.00 2.82
11/16/99 3.80 0.80 3.04 1.09 3.31 000 -331 69834 0.00 243
11/17/99 4.00 0.80 320 1.65 5.28 000 -528 6456 000 256
11/18/99  °3.00 0.80 240 1.65 3.96 000 -396 60.60 0.00 240
11/19/99 4.60 0.80 3.68 1.65 6.07 0.00 -6.07 54.52 0.00 3.68
11/20/99 2.20 080 176 ~ 1.65 290 220 -0.70 53.82 0.00 0.00
11/21/99 420 0.80 336 1.65 554 1.00 -4.54 4928 0.00 2.36
11/22/99 3.40 080 272 1.65 4.49 12.50  8.01 5729  0.00 0.00
11/23/99 3.20 0.80 256 1.65 422 17.60 13.38 70.66 0.00 0.00
11/24/99 3.00 0.80 - 240 1.29 3.10 1.60 -1.50 69.17 0.00 1.14
11/25/99 3.80 0.80 3.04 1.29 3.92 0.00 392 6525 0.00 347
11/26/99 3.00 0.80 240 129 3.10 0.00 -3.10 62.15 0.00 274
11/27/99 3.00 0.80 240 1.29 3.10 0.00 -3.10 59.05 0.00 274
11/28/99 3.60 0.80 2.88 1.29 3.72 0.00 -372 5534 0.00 3.28
11/29/99 3.40 0.80 272 1.29 3.51 0.00 -3.51 51.83 0.00 3.10
11/30/99 3.00 080 240 129 .3.10 4.50 140 5323 0.00 0.00
12/01/99 3.40 080 272 129 3.51 120 -231 5092 0.00 1.90
12/02/99 3.20 0.80 256 1.29 3.30 0.00 -330 4762 0.00 2,92
12/03/99 3.00 0.80 240 1.29 3.10 1.00 -2.10 4553 0.00 1.64
12/04/99  2.00 0.80 1.60 1.29 2.06 0.00 -2.06 4346 0.00 1.76
12/05/99 3.80 0.80 3.04 1.29 3.92 0.00 -392 3954 0.00 3.34
12/06/99 3.00 0.80 240 1.29 3.10 0.00 -3.10 3644 000 2.64
12/07/99 3.00 0.80 240 129 3.10 0.00 -3.10 3335 0.00 2.64
12/08/99 2.00 080 160 129 206 . 000 206 3128 0.00 1.76
12/09/99 2.40 0.80 192 1.29 248 0.00 -2.48 28.81 0.00 211
12/10/99 3.20 0.80 2.56 1.29 3.30 0.00 -330 2551 0.00 2.82
12/11/99 3.00 080 2.40 1.29 3.10 0.00 -3.10 2241 0.00 2.64
12/12/99 4.00 0.80 3.20 1.29 4.13 0.00 -4.13 18.28 0.00 3.52
12/13/99 2.60 0.80 2.08 1.29 2.68 4.00 1.32 19.60  0.00 0.00
12/14/99 2.00 0.80 1.60 1.29 2.06 0.00 -206 17.53 0.00 1.76
12/15/99 2.40 0.80 192 1.29 248 0.00 -248 1506 0.00 2.11
12/16/99 3.00 0.80 240 1.29 3.10 0.00 -3.10 1196 0.00 2.64
12/17/99 2.80 080 224 1.29 2.89 0.00 -2.89 9.07 000 246

Cont’d.,



Cont’n.,

Date Ep Kp PET Ke¢ Etsorghum RF RF-ET SM SPL  DEF
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
12/18/99 2.60 0.80 2.08 1.29 2.68 0.00 -2.68 6.39 0.00 1.87
12/19/99 2.80 0.80 224 1.29 2.89 0.00 -2.89 3.50 0.00 2.02
12/20/99 3.00 0.80 240 1.29 3.10 0.00 -3.10 0.40 0.00 2.16
12/21/99 3.00 0.80 240 1.29 3.10 0.00 -3.10 -2.69  0.00 2.16
12/22/99 3.20 0.80 256 1.29 3.30 0.00 -3.30 -6.00  0.00 2.30
12/23/99 2.80 0.80 224 1.29 2.89 0.00 -2.89 -8.88  0.00 1.79
12/24/99 1.80 0.80 1.44 1.29 1.86 8.00 6.14 -2.74  0.00 0.00
12/25/99 4.00 0.80 3.20 1.29 4.13 0.00 -4.13 -6.87 0.00 2.56
12/26/99 2.80 0.80 2.24 1.29 2.89 1.00 -1.89 -8.76  0.00 0.79
12/27/99 3.00 0.80 240 1.29 3.10 0.00 -3.10  -11.86 0.00 1.92
12/28/99 3.40 0.80 272 1.29 3.51 0.00 -3.51  -15.36  0.00 1.90
12/29/99 3.10 0.80 248 1.00 2.47 0.00 -247 -17.83 0.00 1.74
12/30/99 4.00 0.80 3.20 1.00 3.19 0.00 -3.19 -21.02 0.00 2.24
12/31/99 3.00 0.80 240 1.00 2.39 0.00 -239 -2341 0.00 1.68
01/01/00 2.60 0.80 2.08 1.00 2.07 000 -2.07 -2548 0.00 1.46
01/02/00 3.20 0.80 2.56 1.00 2.55 0.00 -2.55 -28.03 0.00 1.54
01/03/00 3.00 0.80 2.40 1.00 2.39 0.00 -2.39 -30.42 0.00 1.44
01/04/00 2.20 0.80 1.76 1.00 1.75 0.00 -1.75 -32.18 0.00 1.06
01/05/00 4.40 0.80 3.52 1.00 3.51 0.00 -3.51  -35.68 0.00 2.11
01/06/00 4.20 080 336 1.00 3.35 0.00 -3.35 -39.03 0.00 2.02
01/07/00 4.40 0.80 3.52 1.00 3.51 0.00 -3.51 -42.54 0.00 1.76
01/08/00 4.20 0.80 336 1.00 3.35 0.00 -3.35 -45.88 0.00 1.68
01/09/00 3.40 0.80 2.72 - 1.00 2.71 0.00 -271 -4859 0.00 1.36
01/10/00 380 0.80 3.04 1.00 303 © 0.00 -3.03 -51.62 0.00 1.52
01/11/00 3.00 0.80 240 1.00 2.39 5.00 2.61 -49.01  0.00 0.00
01/12/00 3.00 0.80 240 1.00 2.39 0.00 -239 -51.40 0.00 1.20
01/13/00 3.40 0.80 2.72 1.00 2.71 040 -231 -53.71 0.00 0.96
01/14/00 3.50 0.80 2.80 1.00 2.79 0.00 -2.79  -56.50 0.00 1.40
01/15/00 3.20 0.80 2.56 1.00 2.55 0.00 -2.55 -59.05 0.00 1.28 .-
01/16/00 3.00 0.80 2.40 1.00 2.39 000 -239 -61.44 0.00 1.20
01/17/00 3.40 0.80 272 1.00 2.71 0.00 -271 -64.15 0.00 1.36
01/18/00 4.65 0.80 © 3.72 1.00 3.71 0.00 -3.71 © -67.85 0.00 1.36
Total 307.20 110.13 286.79 427.60 208.82
Where,
Ep = Pan evaporation (mm)
Kp = Pan coefficient
PET = Potential Evapotranspiration (mm)
Ke = Crop coefficient '
ET = Evapotranspiration (mm)
RF = Rainfall (mm)
RF-ET = Rainfall (mm) - Evapotranspiration (mm)
SM = Soil moisture (mm)
SPL = Surplus (mm)
DEF = Deficit (mm)



2. Daily water balance components of CSV 15 variety (V) under D, sowing (1999 NEM)

DATE Ep Kp PET Kc  Etsorghum RF RF-ET SM SPL DEF
(mm) (mm) (mm) {mm) {mm) (mm) (mm) (mm)

09/13/99 6.8 0.8 544  0.20 1.09 0 -1.09 0.00 0.00 0.00
09/14/99 7.80 0.80 6.24 0.20 1.25 0.00 -1.25 0.00 0.00 0.00
09/15/99 7.00 0.80 5.60 -~ 0.20 1.12 0.00 -1.12 0.00 0.00 0.00
09/16/99 6.80 0.80 544 020 1.09 0.00 -1.09 0.00 0.00 0.00
09/17/99 6.00 0.80 480 0.20 0.96 0.00 -0.96 0.00 0.00 0.00
09/18/99 4.60 0.80 368 020 0.74 0.00 -0.74 0.00 0.00 0.00
09/19/99 5.20 0.80 4.16 0.20 0.83 0.00 -0.83 0.00 0.00 0.00
09/20/99 6.00 0.80 480 0.20 0.96 0.00 -0.96 0.00 0.00 0.00
09/21/99 5.60 0.80 448 0.20 0.90 0.00 -0.90 0.00 0.00 0.00
09/22/99 5.40 0.80 432 0.20 0.86 0.00 -0.86 0.00 0.00 0.00
- 09/23/99  6.40 0.80 5.12 0.20 1.02 0.00 -1.02 0.00 0.00 0.00
09/24/99 6.00 0.80 480 0.20 0.96 0.00 -0.96 0.00 0.00 0.00
09/25/99  5.60 0.80 448  0.20 0.90 0.00 -0.90 0.00 0.00 0.00
09/26/99  6.00 0.80 480 0.20 0.96 0.00 -0.96 0.00 0.00 0.00
09/27/99  4.00 0.80 320 0.58 1.86 18.20 16.34 16.34 0.00 0.00
09/28/99 2.00 0.80 1.60  0.58 0.93 3.80 2.87 19.22 0.00 0.00
09/29/99 3.00 0.80 240 0.58 1.39 5.60 4.21 23.42 0.00 0.00
09/30/99 3.40 0.80 272 0.58 1.58 9.00 7.42 30.85 0.00 0.00
10/01/99 5.80 0.80 4.64 ~ 0.58 2.69 0.00 -2.69 28.16 0.00 1.62
10/02/99 4.40  0.80 3.52 0.58 2.04 10.00 7.96 36.11 0.00 0.00
10/03/99 3.00 0.80 240 058 1.39 0.00 -1.39 34.72 0.00 0.84
10/04/99  4.00 0.80 320 058 1.86 26.00 24.14 58.87 0.00 0.00
10/05/99 3.00  0.80 240 0.58 ‘1.39 2640 25.01 83.87 0.00 0.00
10/06/99 2.00  0.80 1.60  0.39 0.62 0.50 -0.12 83.75 0.00 0.30
10/07/99 3.50 0.80 2.80 0.39 1.09 15,50 1441 98.16 0.00 0.00
10/08/99 3.40 0.80 272 . 0.39 1.06 3.70 2.64 100.00 0.80 0.00
10/09/99 4.70 0.80 3.76  0.39 1.47 17.50 16.03 100.00 16.03 0.00
10/10/99 4.20 0.80 336 0.39 1.31 0.60 -0.71 99.29 0.00 1.08
10/11/99 4.60  0.80 3.68 0.39 1.44 0.00 -1.44 97.85 0.00 1“.84"
10/12/99 440  0.80 352 0.39 1.37 0.50 -0.87 96.98 0.00 1.26
10/13/99 4.00 0.80 320  0.32 1.02 1.80 0.78 97.76 0.00 0.00
10/14/99 4.00 0.80 320 0.32 1.02 2.40 1.38 99.13 0.00 0.00
10/15/99 4.20 0.80 336 032 1.08 7.00 5.92 100.00 5.06 0.00
10/16/99  3.50 0.80 2.80 032 0.90 6740 66.50 100.00 66.50 0.00
10/17/99  3.50 0.80 2.80 0.32 0.90 51.00 50.10 100.00 50.10 0.00
10/18/99 2.80 0.80 224 032 0.72 17.00 1628 100.00 16.28 0.00
10/19/99  3.60 0.80 2.88 0.32 0.92 0.50 -0.42 99.58 0.00 1.52
10/20/99 3.30 0.80 264 033 0.87 26.50 2563 100.00 2521 0.00
10/21/99 3.00 0.80 240 033 0.79 1.00 0.21 100.00 0.21 0.68
10/22/99  3.00 0.80 240 0.33 0.79 0.00 -0.79 99.21 0.00 1.68
10/23/99  4.50 0.80 3.60 0.33 1.19 10.50 9.31 100.00 8.52 0.00
10/24/99 3.95 0.80 3.16 0.33 1.04 10.40 9.36 100.00 9.36 0.00
10/25/99 3.40 0.80 272 033 0.90 3.50 2.60 100.00 2.60 0.00
10/26/99 3.00 0.80 240 0.33 0.79 2.50 1.71 100.00 1.71 0.00
10/27/99  2.00 0.80 1.60 0.79 1.26 0.00 -1.26 98.74 0.00 1.12
10/28/99 2.00 0.80 1.60 0.79 1.26 0.00 -1.26 97.47 0.00 1.12
10/29/99  4.00 0.80 320 0.79 2.53 1.00 -1.53 95.94 0.00 1.56
10/30/99  3.00 0.80 240 0.79 1.90 0.00 -1.90 94.05 0.00 1.92
10/31/99  2.40 0.80 1.92  0.79 1.52 0.00 -1.52 92.53 0.00 1.54

Cont’d.,



Cont’n.,

DATE Ep Kp PET Kc Etsorghum RF RF-ET SM SPL DEF
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

11/01/99 3.40  0.80 272 0.79 2.15 0.00 -2.15  90.38 0.00 218 .
11/02/99 3.60  0.80 2.88 0.79 2.28 0.00 -2.28  88.11 0.00 2.30
11/03/99 3.00  0.80 240 095 228 0.00 -2.28  85.83 0.00 1.92
11/04/99 3.00  0.80 240 095 228 0.00 -2.28  83.55 0.00 1.92
11/05/99 2.90  0.80 2.16 095 2.05 4.80 275 86.30 0.00 0.00
11/06/99 2.70  0.80 2.16 0.95 2.05 23.00 20.95 100.00 7.24 0.00
11/07/99 240  0.80 1.92 095 1.82 0.00 -1.82  98.18 0.00 1.54
11/08/99 3.20  0.80 256 095 243 0.00 -243 9574 0.00 2.05
11/09/99 3.80  0.80 3.04 095 2.89 0.00 -2.89  92.86 0.00 243
11/10/99 420  0.80 336 1.09 3.66 0.00 -3.66  89.19 0.00 2.69
11/11/99 3.80  0.80 3.04 1.09 3.31 0.00 -3.31 85.88 0.00 243
11/12/99  4.00  0.80 320 1.09 3.49 0.00 -3.49 8239 0.00 2.56
11/13/99 3.00 0.80 240  1.09 2.62 0.00 2,62 79.78 0.00 1.92
11/14/99 320  0.80 256 1.09 2.79 0.00 279 76.99 0.00 2.05
11/15/99 4.40  0.80 352 1.09 3.84 0.00 -3.84  73.15 0.00 2.82
11/16/99 3.80  0.80 3.04  1.09 3.31 0.00 . -3.3! 69.84 0.00 243
11/17/99 4.00  0.80 320 1.65 5.28 0.00 -528  64.56 0.00 2.56
11/18/99 3.00 0.80 240 1.65 3.96 0.00 -3.96  60.60 0.00 2.40
11/19/99 4.60  0.80 3.68 1.65 6.07 0.00 -6.07  54.52 0.00 3.68
11/20/99 220 0.80 176 1.65 2.90 220 -0.70  53.82 0.00 0.00
11/21/99 420  0.80 336 1.65 5.54 1.00 -4.54  49.28 0.00 2.36
11/22/99 3.40  0.80 272 1.65 4.49 12.50 8.01 57.29 0.00 0.00
11/23/99 320 0.80 256  1.65 4.22 17.60 1338  70.66 0.00 0.00
11/24/99 3.00  0.80 240 1.29 3.10 1.60 -1.50  69.17 0.00 1.14
11/25/99 3.80 0.80 3.04 129 3.92 0.00 -3.92 65.25 0.00 3.47
11/26/99 3.00  0.80 240 1.29 3.10 0.00 -3.10  62.15 0.00 274
11/27/99 3.00  0.80 240 1.29 3.10 0.00 -3.10  59.05 0.00 2.74
11/28/99 3.60  0.80 2.88 129 372 0.00 -3.72 5534 0.00 3.28
11/29/99 3.40  0.80 272 129 3.51 0.00 -3.51 51.83 0.00 3.10
11/30/99 3.00  0.80 240 129 3.10 4.50 1.40 53.23 0.00 0.00
12/01/99 340 080 - 272 1.29 3.51 1.20 -2.31 50.92 0.00 1.90
12/02/99 320 0.80 256 129 3.30 0.00 -3.30 47.62 0.00 2.92
12/03/99 3.00 0.80 2400 1.29 3.10 1.00 2,10 4553 0.00 1.64
12/04/99 2.00  0.80 1.60 1.29 2.06 0.00 -206 4346 0.00 1.76
12/05/99 3.80  0.80 3.04  1.29 3.92 0.00 -3.92 39.54 0.00 334
12/06/99 3.00  0.80 240 1.29 3.10 0.00 -3.10  36.44 0.00 2.64
12/07/99 3.00  0.30 240 129 3.10 0.00 -3.10 3335 0.00 2.64
12/08/99 2.00  0.80 1.60 1.29 2.06 0.00 206  31.28 0.00 1.76
12/09/99 240  0.80 1.92 1.29 248 0.00 -248  28.81 0.00 2.11
12/10/99 320  0.80 256 1.29 3.30 0.00 -3.30 25.51 0.00 2.82
12/11/99 3.00 0.80 240 129 3.10 0.00 -3.10 2241 0.00 2.64
12/12/99 4.00  0.80 320 1.29 4.13 0.00 -4.13 18.28 0.00 3.52
12/13/99 2.60  0.80 208 129 2.68 4.00 1.32 19.60 0.00 0.00
12/14/99 2.00  0.80 1.60 1.29 2.06 0.00 -2.06 17.53 0.00 1.76
12/15/99 240  0.80 1.92 1.29 248 0.00 -2.48 15.06 0.00 2.11
12/16/99 3.00. 0.80 240 1.29 3.10 0.00 -3.10 11.96 0.00 2.64
12/17/99 2.80  0.80 224 129 2.89 0.00 -2.89 9.07 0.00 2.46 .
12/18/99 2.60  0.80 208 129 2.68 0.00 -2.68 6.39 0.00 1.87
12/19/99 2.80  0.80 224 129 2.89 0.00 -2.89 3.50 0.00 2.02

Cont’d.,



Cont’n.,

307.20 110.13

DATE Ep Kp PET Kc Etsorghum RF RF-ET SM SPL DEF
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm).
12/20/99 3.00  0.80 240 129 3.10 0.00 -3.10 0.40 0.00 2.16
12/21/99 3.00  0.80 240 1.29 3.10 0.00 -3.10 -2.69 0.00 2.16
12/22/99 320  0.80 2.56 1.29 3.30 0.00 -3.30 -6.00 0.00 2.30
12/23/99 2.80 0.80 224 129 2.89 0.00 -2.89 -8.88 0.00 1.79
12/24/99 1.80  0.80 144 129 1.86 8.00 6.14 -2.74 0.00 0.00
12/25/99 4.00  0.80 320 129 4.13 0.00 -4.13 -6.87  0.00 2.56
12/26/99 2.80  0.80 224 129 2.89 1.00 -1.89 -8.76 0.00 0.79
12/27/99 3.00  0.80 240 1.29 3.10 0.00 -3.10 -11.86 0.00 1.92
12/28/99 340  0.80 272 129 3.51 0.00 -3.51  -15.36 0.00 1.90
12/29/99 3.10  0.80 248 1.00 2.47 0.00 -2.47  -17.83 0.00 1.74
12/30/99 4.00  0.80 320 1.00 3.19 0.00 -3.19  -21.02 0.00 2.24
12/31/99 3 0.80 240  1.00 2.39 0.00 239 2341 0.00 1.68
01/01/00 2.6 0.80 2.08 1.00 2.07 0.00 -2.07 2548 0.00 1.46
01/02/00 3.2 0.80 256 1.00 2.55 0.00 -2.55  -28.03 0.00 1.54
01/03/00 3 0.80 240 100 239 0.00 -2.39 -30.42 0.00 1.44
01/04/00 2.2 0.80 1.76  1.00 1.75 0.00 -1.75  -32.18 0.00 1.06
01/05/00 4.4 0.80 352 1.00 3.51 0.00 -3.51  -35.68 0.00 2.11
01/06/00 4.2 0.80 336 1.00 3.35 0.00 -3.35  -39.03 0.00 2.02
01/07/00 4.4 0.80 3.52  1.00 3.51 0.00 -3.51 -42.54 0.00 1.76
01/08/00 4.2 0.80 336  1.00 3.35 0.00 -3.35  -45.88 0.00 1.68
01/09/00 3.4 0.80 272 1.00 2.71 0.00 271  -48.59 0.00 1.36
01/10/00 3.8 0.80 3.04 1.00 3.03 0.00 -3.03  -51.62 0.00 1.52
01/11/00 3 0.80 240 1.00 2.39 5 2.61 -49.01 0.00 0
01/12/00 3 .. 0.80 240 1.00 2.39 0 <239 -51.40 0.00 1.2
01/13/00 34 0.80 272  1.00 2.71 04 -2.31 -53.71 0.00 0.96
01/14/00 3.5 0.80 2.80 1.00 2.79 0 279  -56.50 0.00 1.4
01/15/00 3.2 0.80 256 1.00 2.55 0 -2.55  -59.05 0.00 1.28
01/16/00 3 0.80 240 1.00 2.39 0 239  -61.44 0.00 1.2
01/17/00 3.4 0.80 272 1.00 2.71 0 271  -64.15 0.00 1.36
01/18/00 465 0.80 3.72  1.00 3.7 0.00 -371 -67.85 0.00 1.36
Total 289.79 427.60 208.82




3. Daily water balance components of CO 26 variety (V) under D; sowing (1999 NEM)

DATE Ep Kp PET K¢ Etsorghum RF RF-ET SM SPL  DEF
(mm) (mm) mm) - (mm) (mm) (mm) (mm) (mm)
09/13/99 6.8 0.8 544 0.20 1.09 0.00 -1.09 0.00 0.00 1.09
09/14/99  7.80 080 624 0.0 1.25 0.00 -1.25 0.00 0.00 125.
09/15/99  7.00 0.80 5.60 020 1.12 0.00 -1.12 000 0.00 112
09/16/99  6.80 080 544 0.20 1.09 0.00 -1.09 000 0.00 1.09
09/17/99  6.00 0.80 480 020 0.96 0.00 -0.96 0.00 0.00 096
09/18/99 4.60 0.80 3.68 020 0.74 0.00 -0.74 0.00 0.00 0.74
09/19/99 5.20 0.80 4.16 0.20 0.83 0.00 -0.83 0.00 0.00 -0.83
09/20/99  6.00 080 4.80 020 0.96 0.00 -096 - 000 0.00 096
09/21/99  5.60 080 448 020 0.90 0.00 -0.90 0.00 0.00 0.9
09/22/99 540 0.80 432 020 0.86 0.00 -0.86 0.00 0.00 0.86
09/23/99 640 080 512 020 1.02 0.00 -1.02 0.00 0.00 - 1.02
09/24/99 6.00 0.80 480 0.20 0.96 0.00 -0.96 0.00 0.00 0.96
09/25/99  5.60 080 448 020 0.90 0.00 -0.90 0.00 0.00 0.90
09/26/99  6.00 080 480 020 0.96 0.00 -0.96 0.00 0.00 0.96
09/27/99 - 4.00 080 320 020 0.64 18.20 17.56 17.56  0.00  0.00
09/28/99 2.00 0.80 1.60 020 0.32 3.80 348 21.04 0.00 0.00
09/29/99 3.00 0.80 240  0.20 0.48 5.60 5.12 26.16 0.00 0.00
09/30/99 340 080 272 020 0.54 9.00 8.46 3462 0.00 0.00
10/01/99 5.80 0.80 4.64 020 0.93 0.00 -0.93 33.69 0.00 1.62
10/02/99 440 080 3.52 0.58 2.04 10.00 7.96 41.65 0.00 0.00
10/03/99  3.00 0.80 240 0.58 1.39 0.00 -1.39 4025 000 0.84
10/04/99 400 080 320 0.58 1.86 26.00 24.14 64.40 000 0.00
10/05/99  3.00 080 240 0.58 1.39 26.40 25.01 89.41 0.00 0.00
10/06/99  2.00  0.80 1.60  0.58 0.93 0.50 -0.43 8898 0.00 0.30
10/07/99 3.50 0.80 280 0.58 1.62 15.50 13.88 100.00 2.85 0.00
10/08/99 340 080 272 0.58 1.58 3.70 2.12 100.00 2.12  0.00
10/09/99 470 080 376 0.58 2.18 17.50 15.32 100.00 1532 0.00
10/10/99 420 080 336 0.58 1.95 0.60 -1.35 98.65 0.00 1.08
10/11/99 460 080 3.68 0.39 1.44 0.00 -1.44 9722 000 184
10/12/99 4.40 0.80 3.52  0.39 1.37 0.50 -0.87 96.34  0.00 126
10/13/99  4.00 0.80 320 0.39 1.25 1.80 0.55 9690 0.00 0.00
10/14/99 400 080 320 0.39 1.25 2.40 1.15 98.05 0.00 0.00
10/15/99 420 080 336 039 1.31 7.00 5.69 100.00 3.74  0.00
10/16/99 350 080 2.80 0.39 1.09 67.40 66.31 100.00 66.31  0.00
10/17/99 350 080 280 0.39 1.09 51.00 4991 100.00 4991 0.00
10/18/99  2.80 080 224 032 0.72 17.00 16.28 100.00 16.28 0.00
10/19/99  3.60 0.80 2.88  0.32 0.92 0.50 -0.42 99.58 0.00 1.52
10/20/99 330 080 264 032 0.84 26.50 25.66 100.00 2523 0.00
10/21/99  3.00 080 240 032 0.77 1.00 0.23 100.00 023  0.68
10/22/99  3.00 080 240 0.32 0.77 0.00 -0.77 9923  0.00 1.68
10/23/99 4.50 0.80 3,60 0.32 1.15 10.50 9.35 100.00 8.58 0.00
10/24/99 395 080 316 0.32 1.01 10.40 9.39 100.00 9.39  0.00
10/25/99 340 0.80 272 033 0.90 3.50 2.60 100.00 2.60  0.00
10/26/99  3.00 0.80 240 033 0.79 2.50 1.71 100.00 171  0.00
10/27/99  2.00  0.80 1.60 0.33 0.53 0.00 -0.53 99.47 0.00 1.12
Cont’d.,
m

’._’-A,-\



Cont’n.,

DATE Ep Kp PET Kc¢  Etsorghum RF RF-ET SM SPL  DEF

(mm) (mm) (mm) (mm) {mm) (mm) (mm) . (mm)
10/28/99 2.00 0.80 1.60 0.33 0.53 0.00 -0.53 98.94 0.00 1.12
10/29/99 4.00 0.80 320 033 1.06 1.00 -0.06 98.89  0.00 1.56 °
10/30/99 3.00 0.80 240 0.33 0.79 0.00 -0.79 98.10 0.00 1.92
10/31/99 2.40 0.80 1.92 0.33 0.63 0.00 -0.63 97.46  0.00 1.54
11/01/99 340 0.80 272 0.79 2.15 0.00 -2.15 95.31 0.00 2.18
11/02/99 3.60 0.80 2.88 0.79 2.28 0.00 -2.28 93.04 0.00 230
11/03/99 3.00 0.80 2.40 0.79 1.90 0.00 -1.90 91.14 0.00 1.92
11/04/99 3.00 0.80 240 0.79 1.90 0.00 -1.90 89.25 0.00 1.92
11/05/99 2.70 0.80 2.16 0.79 1.71 4.80 3.09 9234 0.00 0.00°
11/06/99 2.70 0.80 2.16 0.79 1.71 23.00 21.29 100.00 13.63 0.00
11/07/99 2.40 0.80 1.92 0.79 1.52 0.00 -1.52 98.48 0.00 1.54
11/08/99 3.20 0.80 2.56  0.95 2.43 0.00 -2.43 96.05 0.00 2.05
11/09/99 3.80 0.80 3.04 095 2.89 0.00 -2.89 93.16 0.00 243
11/10/99 4.20 0.80 336 0.95 3.19 0.00 -3.19 8997 0.00 2.69
11/11/99 3.80 0.80 3.04 095 2.89 0.00 -2.89 87.08 0.00 2.43
11/12/99 4.00 0.80 320 0.95 3.04 0.00 -3.04 84.04 0.00 2.56
11/13/99 3.00 0.80 240 095 2.28 0.00 -2.28 81.76 0.00 1.92

11/14/99 3.20 0.80 256 095 243 0.00 -2.43 7933 0.00 2.05
11/15/99 4.40 0.80 352 1.09 3.84 0.00 -3.84 7549  0.00 282

11/16/99 3.80 0.80 3.04 1.09 3.31 0.00 -3.31 72.18 0.00 243
11/17/99 4.00 0.80 320 1.09 3.49 0.00 -3.49 68.69 0.00 2.56
11/18/99 3.00 080 240 1.09 2.62 0.00 -2.62 66.08 0.00 240
11/19/99 4.60 0.80 368 1.09 4.01 0.00 -4.01 62.07 0.00 3.68
11/20/99 220 0.80 1.76  1.09 1.92 2.20 0.28 62.35 0.00 0.00
11/21/99 4.20 0.80 336 1.09 3.66 1.00 -2.66 59.68 0.00 236

11/22/99 3.40 0.80 272 1.65 4.49 12.50 8.01 67.70 0.00 0.00
11/23/99 3.20 0.80 256 1.65 422 17.60 13.38 81.07 0.00 0.00
11/24/99 3.00 0.80 240 1.65 3.96 1.60 -2.36 78.71  0.00 1.14
11/25/99 3.80 0.80 3.04 1.65 5.02 0.00 -5.02 73.70  0.00 347 .
11/26/99 3.00 0.80 240 1.65 3.96 0.00 -3.96 69.74 0.00 -2.74
11/27/99 3.00 0.80 240 1.65 3.96 0.00 -3.96 6578 000 274

11/28/99 3.60 080 288 1.65 4.75 0.00 -4.75 61.02 0.00 3.28
11/29/99 3.40 0.80 272 1.29 3.51 0.00 -3.51 57.52  0.00 3.10
11/30/99 3.00 0.80 240 1.29 3.10 4.50 1.40 58.92 0.00 0.00
12/01/99 3.40 0.80 272 129 3.51 1.20 -2.31 56.61 0.00 1.90
12/02/99 3.20 0.80 256  1.29 3.30 0.00 -3.30 5331 0.00 292
12/03/99 3.00 0.80 240 129 3.10 1.00 -2.10 5121 0.00 1.64
12/04/99 2.00 0.80 1.60 129 2.06 0.00 -2.06 49.15  0.00 1.76
12/05/99 3.80 0.80 3.04 129 3.92 0.00 -3.92 4523 000 3.34
12/06/99 3.00 0.80 240 129 3.10 0.00 -3.10 42.13  0.00 2.64
12/07/99 3.00 0.80 240 129 3.10 0.00 ~3.10 - 39.04 0.00 2.64
12/08/99 2.00 0.80 1.60 129 2.06 0.00 -2.06 36.97 0.00 1.76
12/09/99 2.40 0.80 1.92 129 2.48 0.00 -2.48 3449 0.00 211
12/10/99 3.20 0.80 256 129 3.30 0.00 -3.30 31.19 0.00 2.82
12/11/99 3.00 0.80 240 129 3.10 0.00 -3.10 28.10 0.00 2.64

<

Cont’d.,



Cont’n.,

DATE Ep Kp PET Kc Etsorghum RF RF-ET SM SPL  DEF
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
12/12/99 4.00 0.80 320 129 4.13 0.00 -4.13 2397 0.00 3.52
12/13/99 2.60 0.80 208 1.29 2.68 4.00 1.32 2528 0.00 0.00
12/14/99 2.00 0.80 1.60 1.29 2.06 0.00 -2.06 2322 000 176
12/15/99 2.40 0.80 192  1.29 2.48 0.00 -2.48 20.74 0.00 2.11
12/16/99 3:00 0.80 240 1.29 3.10 0.00 -3.10 17.65 0.00 2.64
12/17/99 2.80 0.80 224 129 2.89 0.00 -2.89 14.76  0.00 246
12/18/99 2.60 0.80 208 129 2.68 0.00 -2.68 12.08 0.00 1.87
12/19/99 2.80 0.80 224 129 2.89 0.00 -2.89 9.19 0.00 2.02
12/20/99 3.00 080 240 129 3.10 0.00 -3.10 609 000 216
12/21/99 3.00 0.80 240 1.29 3.10 0.00 -3.10 299  0.00 216
12/22/99 3.20 0.80 256 1.29 3.30 0.00 -3.30 031 0.00 230
12/23/99 2.80 080 224 129 2.89 0.00 -2.89 -3.20  0.00 1.79
12/24/99 1.80 0.80 144 129 1.86 8.00 6.14 294 0.00 0.00
12/25/99 4.00 0.80 320 129 4.13 0.00 -4.13 -1.18 000 2.56
12/26/99 2.80 .0.80 224 129 2.89 1.00 -1.89 -3.07 000 0.79
12/27/99 3.00 0.80 240 129 3.10 0.00 -3.10 -6.17  0.00 192
12/28/99 3.40 080 272 129 3.51 0.00 -3.51 968 000 1.90
12/29/99 3.10 0.80 248 129 3.20 0.00 -3.20 -12.88 0.00 1.74
12/30/99 4.00 0.80 320 129 4.13 0.00 -4.13 -17.01  0.00 2.24
12/31/99 3 0.80 240 -1.29 3.10 0.00 -3.10 <20.10 0.00 1.68
01/01/00 2. 0.80 208 129 2.68 0.00 -2.68 -22.78  0.00 1.46
01/02/00 3.2 0.80 256  1.29 3.30 0.00 -3.30 -26.09 0.00 154
01/03/00 3 0.80 240 1.00 239 0.00 -2.39 -2848 0.00 1.44
01/04/00 2.2 0.80 176 1.00 175 0.00 -1.75 -30.23  0.00 1.06
01/05/00 44 0.80 352 1.00 3.51 0.00 -3.51 -33.74 0.00 2.11
01/06/00 42 0.80 336 1.00 3.35 0.00 -3.35 -37.08 0.00 2.02
01/07/00 44 0.80 352 1.00 3.51 0.00 -3.51 -40.59  0.00 1.76
01/08/00 42 0.80 336 1.00 3.35 0.00 -3.35 -43.94 0.00 1.68
01/09/00 34 0.80 272 1.00 271 0.00 -2.71 -46.64 0.00 136 .
01/10/00 3.8 0.80 3.04 1.00 3.03 0.00 -3.03 -49.67 0.00 1.52
01/11/00 3 080 240 1.00 2.39 5 2.61 -47.06 0.00 0
01/12/00 3 080 240 100 2.39 0 -2.39 -49.45  0.00 1.2
01/13/00 34 080 272 1.00 2.71 0.4 -2.31 -51.76  0.00 0.96
01/14/00 3.5 0.80 280 1.00 2.79 0 -2.79 -54.55  0.00 1.4
01/15/00 32 0.80 2.56  1.00 2.55 0 -2.55 -57.10 0.00 1.28
01/16/00 3 0.80 240 1.00 2.39 0 -2.39 -59.49  0.00 1.2
01/17/00 34 0.80 272 1.00 2.71 0 -2.71 -62.20 0.00 1.36
01/18/00 4,65 0.80 372 1.00 3.71 0 -3.71 -6591 0.00 1.36
01/19/00 4,65 0.30 3.72 1.00 3.71 0 -3.71 -69.61  0.00 1.36
01/20/00 4.65 0.80 372 1.00 37 0 -3.71 -73.32  0.00 1.36
~ 01/21/00 4.65 0.80 372 1.00 3.71 0 371 -77.02  0.00 1.36
. 01/22/00 4.7 0.80 3.76  1.00 3.74 0 -3.74 -80.77  0.00 1.36
01/23/00 4.7 0.80 3.76  1.00 3.74 0 -3.74 -84.51  0.00 1.36
01/24/00 4.7 0.80 376 1.00 3.74 0 -3.74 -88.26  0.00
Total 314.92 295.96  391.00 217.90




4. Daily water balance components of CSV 15 variety (V) under D, sowing (1999 NEM)

DATE Ep Kp PET Kc Et sorghum RF RF-ET SM SPL DEF
(mm) {mm) (mm) mm) (mm) {mm) (mm) (mm)
09/13/99 6.8 0.8 5.44 0.2 1.09 0.00 -1.09 0.00 0.00 - 1.09
09/14/99 7.80 0.80 6.24 0.20 1.25 0.00 -1.25 0.00 0.00 125
09/15/99 7.00 0.80 5.60 0.20 - 1.12 0.00 -1.12 0.00 0.00 1.12
09/16/99 6.80 0.80 5.44 0.20 1.09 0.00 -1.09 0.00 0.00 1.09
09/17/99 6.00 0.80 4.80 0.20 0.96 0.00 -0.96 0.00 0.00 0.96
09/18/99 4.60 0.80 3.68 0.20 0.74 0.00 -0.74 0.00 0.00 0.74
09/19/99 5.20 0.80 4.16 0.20 0.83 0.00 -0.83 0.00 0.00 0.83
09/20/99 6.00 0.80 4.80 0.20 0.96 0.00 -0.96 0.00 0.00 0.96
09/21/99 5.60 0.80 448 0.20 0.90 0.00 -0.90 0.00 0.00 0.90
09/22/99  5.40 0.80 4.32 0.20 0.86 0.00 -0.86 0.00 0.00 0.86
09/23/99 6.40 0.80 5.12 0.20 1.02 0.00 -1.02 0.00 0.00 1.02
09/24/99  6.00 0.80 4.80 0.20 0.96 0.00 -0.96 0.00 0.00 0.96
09/25/99  -5.60 0.80 4.48 0.20 0.90 0.00 -0.90 0.00 0.00 0.90
09/26/99  6.00 0.80 4.80 0.20 0.96 0.00 -0.96 0.00 0.00 0.96
09/27/99  4.00 0.80 3.20 0.20 0.64 18.20 17.56 17.56 0.00 0.00
09/28/99  2.00 0.80 1.60 0.20 0.32 3.80 3.48 21.04 0.00 0.00
09/29/99  3.00 0.80 2.40 0.20 0.48 5.60 5.12 26.16 0.00 0.00
09/30/99  3.40 0.80 2.72 0.20 0.54 9.00 8.46 34.62 0.00 0.00
10/01/99  5.80 0.80 4.6% 0.20 0.93 0.00 -0.93 33.69 0.00 1.62
10/02/99  4.40 0.80 3.52 0.58 2.04 10.00 7.96 41.65 0.00 0.00°
10/03/99 3.00 0.80 2.40 0.58 1.39 0.00 -1.39 40.25 0.00 0.84
10/04/99  4.00 0.80 3.20 0.58 1.86 26.00 24.14 64.40 0.00 0.00
10/05/99  3.00 0.80 2.40 0.58 1.39 26.40 25.01 89.41 0.00 0.00
10/06/99  2.00 0.80 1.60 0.58 0.93 0.50 -0.43 88.98 0.00 0.30
10/07/99 3.50 0.80 2.80 0.58 1.62 15.50 13.88 100.00 2.85 0.00
10/08/99  3.40 0.80 2.72 0.58 1.58 3.70 2.12 100.00 2.12 0.00
10/09/99  4.70 0.80 3.76 0.58 2.18 17.50 15.32 100.00 15.32 0.00
10/10/99  4.20 0.80 3.36 0.58 1.95 0.60 -1.35 98.65 0.00 1.08
10/11/99  4.60 0.80 3.68 0.39 1.44 0.00 -1.44 97.22 000 . 184
10/12/99 4.40 0.80 3.52 0.39 1.37 0.50 -0.87 96.34 0.00 1.26
10/13/99 4.00 0.80 3.20 0.39 -1.25 1.80 0.55 96.90 0.00 0.00
10/14/99  4.00 0.80 320 039 1.25 2.40 1.15 98.05 0.00 0.00
10/15/99 4.20 0.80 3.36 0.39 1.31 7.00 5.69 100.00 3.74 0.00
10/16/99 3.50 0.80 2.80 0.39 1.09 67.40 66.31 100.00 66.31 0.00
10/17/99 3.50 0.80 2.80 0.39 1.09 51.00 49.91 100.00 4991 0.00
10/18/99 2.80 0.80 2.24 0.32 0.72 17.00 16.28 100.00 16.28 0.00
10/19/99  3.60 0.80 2.88 0.32 0.92 0.50 -0.42 99.58 0.00 1.52
10/20/99  3.30 0.80 2.64 0.32 0.84 26.50 25.66 100.00  25.23 0.00
10/21/99  3.00 0.80 2.40 0.32 0.77 1.00 0.23 100.00 0.23 0.68
10/22/99  3.00 0.80 2.40 0.32 0.77 0.00 -0.77 99.23 0.00 1.68
10/23/99  4.50 0.80 3.60 0.32 1.15 10.50 9.35 100.00 8.58 0.00
10/24/99  3.95 0.80 3.16 0.32 1.01 10.40 9.39 100.00 9.39 0.00
10/25/99 3.40 0.80 2.72 0.33 0.90 3.50 2.60 100.00 2.60 0.00
10/26/99 3.00 0.80 2.40 0.33 0.79 2.50 1.71 100.00 1.71 0.00
10/27/99 2.00 0.80 1.60 0.33 0.53 0.00 -0.53 99.47 0.00 1.12
10/28/99  2.00 0.80 1.60 0.33 0.53 0.00 -0.53 98.94 0.00 1.12
10/29/99, 4.00 0.80 3.20 0.33 1.06 1.00 -0.06 98.89 0.00 1.56
10/30/99  3.00 0.80 2.40 0.33 0.79 0.00 -0.79 98.10 0.00 1.92
2.40 0.80 1.92 0.33 0.63 0.00 -0.63 97.46 0.00 1.54

10/31/99

Cont’d.,



Cont’n.,

DATE

Ep Kp PET Kc Et sorghum RF RF-ET SM SPL DEF
{mm) (mm) (mm) mm) (mm) (mm) (mm) (mm)
11/01/99 3.40  0.80 2.72 0.79 2.15 0.00 2.15 95.31 0.00 2.18
11/02/99 3.60  0.80 2.88 0.79 2.28 0.00 228 93.04 0.00 230
11/03/99  3.00  0.80 240 0.79 1.90 0.00 -1.90 91.14 0.00 1.92
11/04/99  3.00  0.80 2.40 0.79 1.90 0.00 -1.90 89.25 0.00 1.92
11/05/99 270  0.80 2.16 0.79 1.71 4.80 3.09 92.34 0.00 0.00
11/06/99 270  0.80 2.16 0.79 1.71 23.00 21.29 100.00  13.63 0.00 -
11/07/99 240  0.80 1.92 0.79 1.52 0.00 -1.52 98.48 0.00 1.54
11/08/99 320  0.80 2.56 0.95 2.43 0.00 2.43 96.05 0.00 2.05
11/09/99 3.80  0.80 3.04 0.95 2.89 0.00 -2.89 93.16 0.00 2.43
11/10/99 420  0.80 3.36 0.95 3.19 0.00 -3.19 89.97 0.00 2.69
11/11/99 3.80  0.80 3.04 0.95 . 2.89 0.00 2.89 87.08 0.00 2.43
11/12/99  4.00  0.80 3.20 0.95 3.04 0.00 -3.04 84.04 0.00 2.56
11/13/99 300  0.80 2.40 0.95 2.28 0.00 2.28 81.76 0.00 1.92
11/14/99 320 080  2.56 0.95 243 0.00 C 243 79.33 0.00 2.05
11/15/99 440 080 = 3.52 1.09 3.84 0.00 -3.84 75.49 0.00 2.82
11/16/99 3.80  0.80 3.04 1.09 3.31 0.00 -3.31 72.18 0.00 2.43
11/17/99  4.00  0.80 3.20 1.09 3.49 0.00 -3.49 68.69 0.00 2.56
11/18/99  3.00  0.80 2.40 1.09 2.62 0.00 -2.62 66.08 0.00 2.40
11/19/99 4.60  0.80 3.68 1.09 4.01 0.00 -4.01 62.07 0.00 3.68
11/20/99 220  0.80 1.76 1.09 1.92 220 0.28 62.35 0.00 0.00
112199 420  0.80 3.36 1.09 3.66 1.00 -2.66 59.68 0.00 2.36
11/22/99 340  0.80 2.72 1.65 4.49 12.50 8.01 67.70 0.00 0.00
11/23/99 320  0.80 256 165 4.22 17.60 13.38 81.07 0.00 0.00
11/24/99  3.00  0.80 2.40 1.65 3.96 1.60 2.36 78.71 0.00 1.14
11/25/99  3.80  0.80 3.04 1.65 5.02 0.00 -5.02 73.70 0.00 3.47
11/26/99 3.00  0.80 2.40 1.65 3.96 0.00 -3.96 69.74 0.00 2.74
11/27/99  3.00  0.80 2.40 1.65 3.96 0.00 -3.96 65.78 0.00 2.74
11/28/99 3.60  0.80 2.88 1.65 4.75 0.00 -4.75 61.02 0.00 3.28
11/29/99  3.40  0.80 2.72 1.29 3.51 0.00 -3.51 57.52 0.00 .- 3.10
11/30/99  3.00  0.80 2.40 1.29 3.10 4.50 1.40 58.92 0.00 0.00
12/01/99 340  0.80 2.72 1.29 3.51 1.20 231 56.61 0.00 1.90
12/02/99 320  0.80 2.56 1.29 3.30 0.00 -3.30 53.31 0.00 2.92
12/03/99  3.00  0.80 2.40 1.29 3.10 1.00 2.10 51.21 0.00 1.64
12/04/99  2.00  0.80 160 129 2.06 0.00 2.06 49.15 0.00 1.76
12/05/99 3.80  0.80 3.04 1.29 3.92 0.00 -3.92 45.23 0.00 3.34
12/06/99  3.00  0.80 2.40 1.29 3.10 0.00 -3.10 42.13 0.00 2.64
12/07/99  3.00  0.80 2.40 1.29 3.10 0.00 -3.10 39.04 0.00 2.64
12/08/99  2.00  0.80 1.60 1.29 2.06 0.00 2.06 36.97 0.00- 1.76
12/09/99 240  0.80 1.92 1.29 248 0.00 248 34.49 0.00 2.11
12/10/99 320  0.80 2.56 1.29 3.30 0.00 -3.30 31.19 0.00 2.82
12/11/99  3.00  0.80 2.40 1.29 3.10 0.00 -3.10 28.10 0.00 2.64
12/12/99  4.00  0.80 3.20 1.29 4.13 0.00 -4.13 23.97 0.00 3.52
12/13/99  2.60  0.80 2.08 1.29 2.68 4.00 1.32 25.28 0.00 0.00
12/14/99  2.00  0.80 1.60 1.29 2.06 0.00 2.06 2322 0.00 1.76
12/15/99 240  0.80 1.92 1.29 2.48 0.00 2.48 20.74 0.00 2.11
12/16/99  3.00  0.80 2.40 1.29 3.10 0.00 -3.10 17.65 0.00 2.64
12/17/99  2.80  0.80 2.24 1.29 2.89 0.00 -2.89 14.76 0.00 246
12/18/99 260  0.80 2.08 1.29 2.68 0.00 2.68 12.08 0.00 1.87
12/19/99  2.80  0.80 2.24 1.29 2.89 0.00 -2.89 9.19 0.00 2.02

Cont’d.,



Cont’n.,

DATE Ep Kp PET Kc Et sorghum RF RF-ET SM SPL DEF

(mm) (mm) (mm) mm) (mm) (mm) (mm) (mm)
12/20/99  3.00 0.80 240 1.29 3.10 0.00 -3.10 6.09 0.00 2.16
12/21/99  3.00 0.80 240 1.29 3.10 0.00 -3.10 2.99 0.00 2.16.
12/22/99  3.20 0.80 2.56 1.29 3.30 0.00 -3.30 -0.31 0.00 230
12/23/99  2.80 0.80 2.24 1.29 2.89 0.00 -2.89 -3.20 0.00 1.79
12/24/99  1.80 0.80 1.44 1.29 1.86 8.00 6.14 2.94 0.00 0.00
12/25/99  4.00 0.80 3.20 1.29 4.13 0.00 -4.13 -1.18 0.00 2.56
12/26/99  2.80 0.80 2.24 1.29 2.89 1.00 -1.89 -3.07 0.00 0.79
12/27/99  3.00 0.80 2.40 1.29 3.10 0.00 -3.10 -6.17 0.00 1.92
12/28/99  3.40 0.80 2.72 1.29 3.51 0.00 -3.51 -9.68 0.00 1.90
12/29/99  3.10 0.80 - 2.48 1.29 3.20 0.00 -3.20 -12.88 0.00 1.74
12/30/99  4.00 0.80 3.20 1.29 4.13 0.00 -4.13 -17.01 0.00 2.24
12/31/99 3 0.80 2.40 1.2y 3.10 0.00 -3.10 -20.10 0.00 1.68
01/01/00 2.6 0.80 2.08 1.29 2.68 0.00 -2.68 -22.78 0.00 1.46
01/02/00 32 0.80 2.56 1.29 3.30 0.00 -3.30 -26.09 0.00 1.54
01/03/00 3 0.80 2.40 1.00 2.39 0.00 -2.39 -28.48 0.00 1.44
01/04/00 22 0.80 1.76 1.00 1.75 0.00 -1.75 -30.23 0.00 1.06
01/05/00 44 0.80 3.52 1.00 3.51 0.00 -3.51 -33.74 0.00 211
01/06/00 4.2 0.80 3.36 1.00 3.35 0.00 -3.35 -37.08 0.00 2.02
01/07/00 44 0.80 3.2 1.00 3.51 0.00 -3.51 -40.59 0.00 1.76
01/08/00 4.2 0.80 3.36 1.00 3.35 0.00 -3.35 -43.94 0.00 1.68
01/09/00 34 0.80 2.72 1.00 2.71 0.00 2,71 -46.64 0.00 1.36
01/10/00 3.8 0.80 3.04 1.00 3.03 0.00 -3.03 -49.67 0.00 1.52
01/11/00 3 0.80 2.40 1.00 2.39 5 2.61 -47.06 0.00 0
01/12/00 3 0.80 2.40 1.00 2.39 0 -2.39 -49.45 0.00 1.2
01/13/00 34 080 272 1.00 2.71 0.4 -2.31 -51.76 0.00 0.96
01/14/00 3.5 0.80 2.80 1.00 2.79 0 -2.79 -54.55 0.00 1.4
01/15/00 3.2 0.80 2.56 1.00 2.55 0 -2.55 -57.10 0.00 1.28
01/16/00 3 0.80 2.40 1.00 2.39 0 -2.39 -59.49 0.00 1.2
01/17/00 34 0.80 2.72 1.00 2.71 0 -2.71 -62.20 0.00 1.36
01/18/00  4.65 0.80 3.72 1.00 3.71 0 -3.71 -65.91 0.00 . 136
Total 292.48 273.61 391.00 217.90




5. Daily water balance components of CO 26 and CSV 15 (Vyand V; varieties) under
D, sowing (2000 NEM)

DATE Ep Kp PET Kc¢ Etsorghum RF RF-ET SM SPL DEF
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

09/13/00 6.70 0.80 536 0.20 1.07 0.00 -1.07 0.00 0.00 0.00
09/14/00  3.20 0.80 256 020 0.51 3.20 2.69 269 0.00 0.00
09/15/00 520 0.80 4.16 0.20 0.83 0.00 -0.83 1.86  0.00 0.00
09/16/00 540 080 432 020 0.86 0.00 -0.86 0.99  0.00 0.00
09/17/00 5.60 0.80 4.48 020 0.90 4.80 3.90 490 0.00 0.00
09/18/00 6.50 0.80 520 0.20 1.04 0.00 -1.04 3.86 0.00 0.00
09/19/00  5.00 0.80 4.00 0.20 0.80 0.60 -0.20 3.66  0.00 0.00
09/20/00 3.80 0.80 "™ 3.04 0.20 0.61 0.00 -0.61 3.05 0.00 0.00
09/21/00 300 0.80 240 0.20 0.48 4.80 4.32 737  0.00 0.00
09/22/00  3.30 0.80 2.64 020 0.53 0.20 -0.33 7.04  0.00 0.00
09/23/00 0.00 0.80 0.00 0.20 0.00 90.50 90.50 97.54 0.00 0.00
09/24/00 560 080 448 020 0.90 15.60 14.70 100.00 1224  0.00
09/25/00 290 0.80 232 0.20 0.46 2.40 194 10000 1.94 0.00
09/26/00 420 0.80 336 020 0.67 6.40° 5.73 100.00 5.73 0.00
09/27/00 320 0.80 256 0.20 0.51 0.00 -0.51 99.49  0.00 0.00
09/28/00  0.00 0.80 0.00 020 0.00 4020 40.20 100.00 39.69 0.00
09/29/00 500 0.80 4.00 0.20 0.80 0.00 -0.80  99.20 0.00 0.00
09/30/00 2.00 0.80 160 020 0.32 24.60 2428 100.00 23.48 0.00
10/01/00  3.00 0.80 240 0.58 1.39 3.60 2.21 100.00 2.21 0.00
10/02/00 3.80 0.80 3.04 0.58 1.76 2.80 1.04  100.00 1.04 0.00
10/03/00  3.00 0.80 240 0.58 1.39 1.50 0.11 100.00 0.11 0.00
10/04/00 3.40 0.80 272 0.58 1.58 0.00 -1.58 9842 0.00 0.00
10/05/00 400 0.80 320 0.58 1.86 0.00 -1.86  96.57 0.00 0.00
10/06/00 420 0.80 336 0.58 1.95 0.00 -195  94.62 0.00 0.00
10/07/00 440 0.80 352 0.58 2.04 0.00 -2.04  92.58 0.00 0.00
10/08/00 3.80 0.80 3.04 0.58 1.76 5.80 4,04 96.61  0.00 0.00
10/09/00 4.00 0.80 3.20 0.58 1.86 2.50 0.64 9726 0.00 0.00
10/10/00 3.00 0.80 240 0.39 0.94 0.00 -0.94 9632 0.00 0.00-
10/11/00 520 080 4.16 0.39 1.62 0.00 -1.62  94.70 0.00 0.00
10/12/00 6.00 0.80 4.80 0.39 1.87 0.00 -1.87  92.83 0.00 0.00
10/13/00 400 0.80 320 0.39 1.25 0.00 -125  91.58 0.00 0.00
10/14/00 270 0.80 2.16 0.39 0.84 3.80 2.96 94.54  0.00 0.00
10/15/00 440 0.80 352 0.39 1.37 0.00 -1.37 9316 0.00 0.00
10/16/00  2.60 0.80 2.08 0.39 0.81 0.00 -0.81 9235 0.00 0.00
10/17/00  4.00 0.80 320 0.32 1.02 0.00 -1.02  91.33  0.00 0.00
10/18/00 3.40 080 272 0.32 0.87 0.00 -0.87  90.46 0.00 0.00
10/19/00 400 0.80 320 0.32 1.02 2.40 1.38 91.83 0.00 0.00
10/20/00 520 0.80 4.16 0.32 1.33 0.00 -1.33  90.50 0.00 0.00
10/21/00 400 080 320 0.32 1.02 0.00 -1.02 8948 0.00 0.00
10/22/00 5.60 0.80 448 0.32 1.43 0.00 -1.43 88.04  0.00 0.00
10/23/00 320 080 256 0.32 0.82 0.00 -0.82 8723 0.00 0.00
10/24/00 440 080 3.52 0.33 1.16 0.00 -1.16  86.06 0.00 0.00

10/25/00 320 080 256 0.33 0.84 0.00 -0.84 8522 0.00 0.00

Cont’d.,



Cont’n.,

DATE  Ep Kp PET Kc Etsorghum RF  RF-ET SM  SPL  DEF
(mm) (mm) (mm) _ (nm) (mm) (mm) (mm) (mm)
10/26/00 4.80 0.80 3.84 033 127 000 -127 8395 0.00 0.0
10/27/00 540 0.80 ° 432  0.33 1.43 0.00 -143 8253 000 0.0
10/28/00 4.60 0.80 3.68 0.33 121 000 -121 8131 0.00 0.0
10/29/00 400 0.80 320 033  1.06 000 -1.06 8026 0.00 - 0.00
10/30/00 440 0.80 3.52 033 1.16 000 -1.16 79.09 0.00  0.00
10/31/00  3.00 0.80 240 079  1.90 000 -1.90 77.20 0.0  0.00
11/01/00 3.80 080 3.04 079 240 000 -240 74.80 0.00  0.00
11/02/00 2.80 0.80 224 079 177 000 -1.77 73.03 0.0  0.00
11/03/00  2.00 0.80 160 079  1.26 000 -126 7176 0.00  0.00
11/04/00 3.00 0.80 240 079  1.90 0.00 -1.90 69.87 0.00  0.00
11/05/00 3.80 0.80 3.04 079  2.40 000 -240 6747 000  0.00
11/06/00 320 0.80 256 079  2.02 000 2.02 6544 0.00 0.0
11/07/00  5.60 0.80 4.48 095  4.26 000 426 61.19 000 0.0
11/08/00 420 080 336 095  3.19 000 -3.19 5800 0.0  0.00
11/09/00 4.60 0.80 3.68 095  3.50 000 -3.50 5450 0.0  0.00
11/10/00 3.80 0.80 3.04 095  2.89 000 -289 51.61 000 0.0
11/11/00  6.00 0.80 4.80 095 456 000 -456 47.05 0.00  0.00
11/12/00  3.60 0.80 2.88 095 274 0.00 274 4432 000  0.00
11/13/00  4.60 0.80 3.68 095  3.50 000 -3.50 40.82 0.00  0.00
11/14/00 340 0.80 272 109 296 000 -296 37.85 0.0 0.0
11/15/00 ~ 3.00 0.80 240 1.09  2.62 000 262 3524 000  0.00
11/16/00 520 0.80 4.16 1.09  4.53 000 -453 3070 0.00 0.0
11/17/00 560 0.80 448 1.09  4.88 000 -4.88 2582 0.0 0.0
11/18/00  4:60 0.80 3.68 1.09  4.01 000 -401 21.81 0.0  0.00
11/19/00 190 0.80 1.52 109  1.66 0.00 -1.66 20.15 0.00 0.0
11/20/00 120 080 096 109  1.05 0.60 -045 1971 0.00  0.00
11/21/00  1.60 0.80 128 1.65  2.11 000 211 1759 0.0  0.00
11/22/00 220 080 1.76 1.65 290 1540 1250 3009 0.00  0.00
11/23/00  3.50 0.80 2.80 1.65  4.62 250 212 2797 000 0.0 -
11/24/00  2.00 080 160 165  2.64 1580 13.16 41.13 000  0.00
[1/25/00 460 080 3.68 165  6.07 000 -607 3506 000 0.0
11/26/00 320 0.80 256 165  4.22 0.00 -422 30.83 000 0.0
11/27/00 340 080 272 165 449 000 -449 2635 0.00  0.00
11/28/00 520 0.80 4.16 129 537 000 -537 2098 0.00 0.0
11/29/00 460 0.80 3.68 129  4.75 000 -475 1623 000  0.00
11/30/00 3.60 080 288 129 372 2400 2028 3652 0.00 0.0
12/01/00 320 0.80 256 129 330 520 190 3842 000 0.0
12/02/00 2.80 0.80 224 129  2.89 000 -2.89 3553 0.00 0.0
12/03/00 2.80 0.80 224 129  2.89 000 -2.89 3264 0.00 0.0
12/04/00  5.00 0.80 4.00 129  5.16 000 -516 2748 000  0.00
12/05/00 3.00 0.80 240 129  3.10 000 -3.10 2438 0.00 0.0
12/06/00 320 0.80 256 129 330 000 -330 21.08 000 0.0
12/07/00  3.60 0.80 2.88 129  3.72 000 -372 1736 0.0  0.00
12/08/00  3.00 0.80 240 129  3.10 0.00 -3.10 1427 0.0  0.00
12/09/00 420 0.80 336 129 433 000 -433 993 000 0.0

Cont’d.,



Cont’n.,

DATE Ep Kp PET Kc¢ Etsorghum RF RF-ET SM SPL DEF
(mm) (mm) (mm) (mm)  (mm) (mm) (mm) (mm)

12/10/00 3.80 080 3.04 1.29 3.92 0.00 -3.92 6.01 0.00  0.00
12/11/00 620 0.80 496 1.29 6.40 0.00 -6.40 -0.39  0.00 0.00
12/12/00 440 0.80 3.52 1.29 4.54 0.00 -4.54 -4.93  0.00 0.00
12/13/00 320 0.80 256 129 3.30 0.00 -3.30 -823  0.00 0.00
12/14/00 540 080 432 129 5.57 0.00 -5.57  -13.80 0.00 0.00
12/15/00 4.60 0.80 3.68 129 4.75 0.00 -4.75  -18.55  0.00 0.00
12/16/00 240 080 192 129 248 0.00 -248  -21.03  0.00 0.00
12/17/00  3.20 0.80 2.56 1.29 3.30 0.00 -3.30  -2433  0.00 0.00
12/18/00 500 0.80 4.00 1.29 5.16 0.00 -5.16 <2949  0.00 0.00
12/19/00 ~ 4.00 0.80 320 1.29 4.13 0.00 -4.13  -33.62 0.00 0.00
12/20/00  3.00 080 240 1.29 3.10 0.00 -3.10 -36.71  0.00 0.00
12/21/00 5.60 0.80 448 1.29 5.78 0.00 -5.78  -42.49 0.00 0.00
12/22/00  4.00 080 320 129 4.13 0.00 -4.13  -46.62 0.00 0.00
12/23/00 480 0.80 3.84 1.29 495 0.00 -495  -51.58 0.00 0.00
12/24/00 4,80 080 3.84 1.29 4.95 0.00 -4.95  -56.53 0.00 0.00
12/25/00 460 080 3.68 1.29 4.75 0.00 -4.75  -61.28 0.00 0.00
12/26/00 520 0380 4.16 1.29 5.37 0.00 -5.37  -66.64 0.00 0.00
12/27/00 320 080 256 1.29 3.30 0.00 - -3.30 -6994 0.00 0.00
12/28/00 320 0.80 256 1.29 3.30 8.80 550  -64.45 0.00 0.00
12/29/00 230 080 1.84. 1.29 2.37 4.00 1.63 -62.82 0.00 0.00
12/30/00 2.80 0.80 224 129 2.89 0.00 -2.89  -65.71 0.00 0.00
12/31/00  3.00 0.80 240 1.29 3.10 0.00 -3.10  -68.81 0.00 0.00
01/01/01 2.00 0.80 1.60 1.29 2.06 0.00 -2.06 -70.87 0.00 0.00
01/02/01  2.00 080 1.60 1.00 1.59 0.00 -1.59  -72.46 0.00 0.00
01/03/01  3.00 0.80 240 1.00 2.39 0.00 -2.39  -74.85 0.00 0.00
01/04/01 580 0.80 4.64 1.00 4.62 0.00 -4.62  -79.48 0.00 0.00
01/05/01 4.60 0.80 3.68 1.00 3.67 0.00 -3.67 -83.14 0.00 0.00
01/06/01 3.60 080 2.88 1.00 2.87 0.00 -2.87  -86.01 0.00 0.00
01/07/01  5.00 030 4.00 1.00 3.98 0.00 -398 -89.99 0.00 0.00-
01/08/01 460 0.80 3.68 1.00 3.67 0.00 -3.67 -93.66 0.00 0.00
01/09/01 340 0.80 272 1.00 2.71 0.00 <271 -96.37 0.00 0.00
01/10/01 320 0.80 256 1.00 2.55 0.00 -2.55 9892 0.00 0.00
01/11/01 340 080 272 1.00 2.71 0.00 -2.71  -101.63 0.00 0.00
01/12/01 540 0.80 432 1.00 4.30 0.00 430 -10593 0.00 0.00
01/13/01 580 0.80 4.64 1.00 4.62 0.00 -4.62  -110.55 0.00 0.00
01/14/01 420 080 336 1.00 3.35 0.00 -3.35  -113.90 0.00 0.00
01/15/01  6.00 0.80 4.80 1.00 4.78 0.00 -478 - -118.68 0.00 0.00
01/16/01 3.00 0.80 240 1.00 2.39 0.00 -2.39  -121.07 0.00 0.00
01/17/01  3.00 0.80 240 1.00 239 0.00 -2.39  -123.46 0.00 0.00
01/18/01 440 0.80 3.52 1.00 3.51 0.00 -3.51  -126.97 0.00 0.00
01/19/01 560 080 448 1.00 4.46 0.00 -4.46 -131.43 0.00 0.00

Total 351.20 327.89 (23.30 26.84




6. Daily Water balance components of CO 26 and CSV 15 (V; and V, varieties) under
D, sowing (2000 NEM)

DATE Ep Kp PET Kc¢ Etsorghum RF RF-ET SM SPL DEF
{mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

09/13/00 6.70 080 536 0.20 1.07 0.00 -1.07 0.00  0.00 0.00
09/14/00 320 080 2.56 020 0.51 3.20 2.69 2.69 0.00  0.00
09/15/00 520 0.80 4.16 0.20 0.83 0.00 -0.83 1.86  0.00 0.00
09/16/00 540 0.80 432 0.20 0.86 0.00 -0.86 099  0.00 0.00
09/17/00  5.60 080 448 0.20 0.90 4.80 3.90 490  0.00 0.00
09/18/00  6.50 0.80 520 0.20 1.04 0.00 -1.04 3.86  0.00 0.00
09/19/00  5.00 0.80 4.00 0.20 0.80 0.60 -0.20 366 0.00 0.00
09/20/00 3.80 0.80 3.04 0.20 0.61 0.00 -0.61 3.05 0.00 0.00
09/21/00  3.00 0.80 240 0.20 048 4.80 4.32 737 0.00 0.00
09/22/00 330 080 2.64 0.20 0.53 0.20 -0.33 7.04  0.00 0.00
09/23/00 0.00 0.80 0.00 0.20 0.00 90.50 * 90.50 97.54 0.00 0.00
09/24/00 5.60 0.80 448 020 0.90 15.60 14.70 100.00 1224  0.00
09/25/00 290 080 232 0.20 0.46 240 1.94 100.00 1.94 0.00
09/26/00 420 0.80 336 020 0.67 6.40 5.73 100.00 5.73 0.00
09/27/00 320 080 256 0.20 0.51 0.00 -0.51 9949  0.00 0.00
09/28/00  0.00 0.80 0.00 0.20 0.00 40.20 40.20 100.00 39.69 0.00
09/29/00 5.00 080 4.00 0.20 0.80 0.00 -0.80  99.20 0.00 0.00
09/30/00 2.00 0.80 1.60 0.20 0.32 24.60 2428 100.00 23.48 0.00.
10/01/00  3.00 0.80 2.40 0.58 1.39 3.60 221 100.00 2.21 0.00
10/02/00 3.80 0.80 3.04 0.58 1.76 2.80 1.04  100.00 1.04 0.00
10/03/00  3.00 0.80 240 0.58 1.39 1.50 0.11 100.00 0.11 0.00
10/04/00 340 0.80 272 0.58 - 1.58 0.00 -1.58 9842 0.00 0.00
10/05/00  4.00 0.80 320 0.58 1.86 0.00 -1.86 9657 0.00 0.00
10/06/00 420 0.80 336 0.58 1.95 0.00 -1.95 9462 0.00 0.00
10/07/00 440 0.80 352 0.58 2.04 0.00 -2.04 9258 0.00 0.00
10/08/00 3.80 0.80 3.04 0.58 1.76 5.80 4.04  96.61 0.00 0.00
10/09/00 4.00 0.80 320 0.58 1.86 2.50 0.64 9726  0.00 0.00
10/10/00  3.00 0.80 240 0.39 0.94 0.00 -0.94 9632 0.00 0.00 -
10/11/00 520 0.80 4.16 0.39 1.62 0.00 -1.62  94.70 0.00 0.00
10/12/00  6.00 0.80 4.80 0.39 1.87 0.00 -1.87 9283 0.00 0.00
10/13/00  4.00 0.80 3.20 0.39 1.25 0.00 -1.25  91.58 0.00 0.00
10/14/00 270 0.80 2.16 0.39 0.84 3.80 2.96 94.54  0.00 0.00
10/15/00 4.40 0.80 3.52 0.39 1.37 0.00 -137 9316 0.00 0.00
10/16/00 2.60 0.80 2.08 0.39 0.81 0.00 -0.81 92.35 0.00 0.00
10/17/00  4.00 080 320 0.32 1.02 0.00 -1.02 91.33 0.00 0.00
10/18/00  3.40 080 272 0.32 0.87 .0.00 -0.87 9046 0.00 0.00
10/19/00 4.00 080 320 0.32 1.02 2.40 1.38 91.83 0.00 0.00
10/20/00 520 080 4.16 0.32 1.33 0.00 -1.33 90.50 0.00 0.00
10/21/00  4.00 080 320 0.32 1.02 0.00 -1.02  89.48 0.00 0.00
10/22/00 560 080 448 0.32 1.43 0.00 -1.43 88.04  0.00 0.00
10/23/00 3.20 0.80 2.56 0.32 0.82 0.00 -0.82 8723 0.00 0.00
10/24/00 440 080 3.52 0.33 1.16 0.00 -1.16  86.06  0.00 0.00
10/25/00 "320 0.80 2.56 0.33 0.84 - 0.00 -0.84 8522 0.00 0.00

Cont’d.,



Cont’n.,

DATE

PET

Ke

Ep Kp Etsorghum RF RF-ET SM  SPL  DEF
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
10/26/00 480 0.80 3.84 0.33 1.27 0.00 -1.27 83.95 0.00 0.00
10/27/00 540 080 432 033 1.43 0.00 - -1.43 8253  0.00 0.00
10/28/00 4.60 0.80 3.68 0.33 1.21 0.00 -1.21 81.31 0.00 0.00
10/29/00 400 0.80 320 0.33 1.06 0.00 -1.06 80.26 0.00 0.00
10/30/00 440 0.80 3.52 0.33 1.16 0.00 -1.16 79.09 0.00 0.00
10/31/00 3.00 0.80 240 0.79 1.90 0.00 -1.90 7720  0.00 0.00
11/1/00 380 0.80 3.04 0.79 2.40 0.00 -2.40 74.80  0.00 0.00
. 11/2/00 2.80 080 224 0.79 1.77 0.00 -1.77 73.03  0.00 0.00
11/3/00 200 080 160 0.79 1.26 0.00 -1.26 7176  0.00 0.00
11/4/00 3.00 080 240 0.79 1.90 0.00 -1.90 69.87 0.00 0.00
11/5/00 380 080 3.04 0.79 2.40 0.00 -2.40 67.47 0.00 0.00
11/6/00 320 080 2.56 0.79 2.02 0.00 -2.02 65.44 0.00 0.00
11/7/00 5,60 0.80 4.48 0.95 4.26 0.00 -4.26 61.19 0.00 0.00
11/8/00 420 0.80 336 095 3.19 0.00 -3.19 58.00 0.00 0.00
11/9/00 460 080 3.68 095 3.50 0.00 -3.50 54.50  0.00 0.00
11/10/00 3.80 0.80 3.04 095 2.89 0.00 -2.89 51.61  0.00 0.00
11/11/00  6.00 0.80 4.80 0.95 4.56 0.00 -4.56 47.05 0.00 0.00
11/12/00  3.60. 0.80 2.88 0.95 2.74 0.00 -2.74 44.32  0.00 0.00
11/13/00 4.60 0.80 3.68 0095 3.50 0.00 -3.50 40.82 0.00 0.00
11/14/00 3.40 080 272 1.09 2.96 0.00 -2.96 37.85 0.00 0.00
11/15/00 3.00 0.80 240 1.09 2.62 0.00 -2.62 3524 0.00 0.00
11/16/00 520 0.80 4.16 1.09 4.53 0.00 -4.53 30.70  0.00 0.00
11/17/00 560 0.80 448 1.09 -4.88 0.00 -4.88 25.82  0.00 0.00
11/18/00 460 0.80 3.68 1.09 4,01 0.00 -4.01 21.81 0.00 0.00
11/19/00 190 0.80 152 1.09 1.66 0.00 -1.66 © 20.15 0.00 0.00
11/20/00 120 0.80 096 1.09 1.05 0.60 -0.45 19.71  0.00 0.00
11/21/00 1.60 0.80 1.28 1.65 2.11 0.00 -2.11 17.59  0.00 0.00
11/22/00 220 0.80 1.76 1.65 2.90 15.40 12.50  30.09 0.00 0.00
11/23/00  3.50 0.80 280 1.65 4.62 2.50 2.12 2797 0.00 0.00 -~
11/24/00 2.00 0.80 1.60 1.65 2.64 15.80 13,16 41.13 0.00 0.00
11/25/00 4.60 0.80 3.68 1.65 6.07 0.00 -6.07 35.06 0.00 0.00
11/26/00 320 0.80 2.56 1.65 4.22 0.00 -4.22 30.83 0.00 0.00
11/27/00 340 0.80 272 1.65 4.49 0.00 -4.49 26.35 0.00 0.00
11/28/00 520 0.80 4.16 129 5.37 0.00 -5.37 2098 0.00 0.00
11/29/00 460 0.80 368 1.29 475 0.00 -4.75 1623  0.00 0.00
11/30/00 3.60 080 288 129 372 24.00 20.28 36.52 0.00 0.00
12/01/00 320 0.80 256 1.29 3.30 5.20 1.90 38.42 0.00 0.00
12/02/00 2.80 0.80 224 129 2.89 0.00 -2.89 35.53 0.00 0.00
12/03/00 2.80 0.80 224 1.29 2.89 0.00 -2.89 32.64 0.00 0.00
12/04/00 500 0.80 4.00 129 5.16 0.00 -5.16 2748 0.00 0.00
12/05/00 3.00 080 240 1.29 3.10 0.00 -3.10 2438 0.00 0.00
12/06/00 320 0.80 256 1.29 3.30 0.00 -3.30 21.08 0.00 0.00
12/07/00 3.60 080 2.88 129  3.72 0.00 -3.72 17.36  0.00 0.00
12/08/00  3.00 0.80 240 1.29 3.10 0.00 -3.10 1427 0.00 0.00

Cont’d.,



Cont’n.,

DATE Ep Kp PET Kc¢ Etsorghum RF RF-ET SM SPL DEF
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

12/09/00 420 0.80 3.36 1.29 433 0.00 -4.33 993  0.00 0.00
12/10/00 3.80 0.80 3.04 1.29 3.92 0.00 -3.92 6.01 0.00 0.00
12/11/00 620 0.80 496 1.29 6.40 0.00 -6.40 -0.39  0.00 0.00
12/12/00 440 0.80 352 1.29 4.54 0.00 -4.54 -493  0.00 0.00
12/13/00 320 0.80 256 1.29 3.30 0.00 -3.30 -8.23  0.00 0.00
12/14/00 540 080 432 129 5.57 0.00 -5.57  -13.80 0.00 0.00
12/15/00 4.60 0.80 3.68 1.29 4.75 0.00 -4.75  -18.55 0.00 0.00
12/16/00 240 080 1.92 . 1.29 2.48 0.00 -2.48 -21.03 0.00 0.00
12/17/00 320 080 256 1.29 3.30 0.00 -330 2433 0.00 0.00
12/18/00 5.00 0.80 4.00 129 5.16 0.00 -5.16  -29.49 0.00 0.00
12/19/00  4.00 0.80 320 1.29 4.13 0.00 -4.13  -33.62 0.00 0.00
12/20/00 3.00 0.80 240 1.29 3.10 0.00 -3.10  -36.71 0.00 0.00
12/21/00 560 0.80 4.48 1.29 5.78 0.00 -5.78 4249 0.00 0.00
12/22/00 400 0.80 3.20 1.29 4.13 0.00 -4,13  -46.62 0.00 0.00
12/23/00 480 0.80 3.84 129 495 0.00 -495  -51.58 0.00 0.00
12/24/00 480 080 3.84 1.29 4.95 0.00 -4.95  -56.53 0.00 0.00
12/25/00 460 0.80 3.68 1.29 4.75 0.00 -475 -61.28 0.00 0.00
12/26/00 520 0.80 4.16 1.29 5.37 0.00 -5.37  -66.64 0.00 0.00
12/27/00 320 080 256 1.29 3.30 0.00 -3.30  -6994 0.00- 0.00
12/28/00 320 0.80 256 1.29 3.30 8.80 550 -6445 0.00 0.00
12/29/00 230 0.80 184 129 2.37 4.00 1.63  -62.82 0.00 0.00
12/30/00 2.80 080 224 129 2.89 0.00 -2.89 <6571 0.00 0.00
12/31/00 3.00 0.80 240 1.29 3.10 0.00 -3.10  -68.81 0.00 0.00
01/01/01 200 0.80 1.60 129 2.06 0.00 -2.06 -70.87 0.00 0.00
01/02/01 2.00 0.80 160 1.00 1.59 0.00 -1.59 7246 0.00 0.00
01/03/01  3.00 080 240 1.00 2.39 0.00 -239  -74.85 0.00 0.00
01/04/01 580 0.80 4.64 1.00 4.62 0.00. -462 -7948 0.00 0.00
01/05/01 4.60 0.80 3.68 1.00 3.67 0.00 -3.67 -83.14 0.00 0.00
01/06/01 360 0.80 2.88 1.00 2.87 0.00 -2.87  -86.01 0.00 0.00 -
01/07/01 500 0.80 4.00 1.00 3.98 0.00 -3.98  -89.99 0.00 0.00
01/08/01 460 0.80 3.68 1.00 3.67 0.00 -3.67  -93.66 0.00 0.00
01/09/01 340 0380 272 1.00 2.71 0.00 271 -96.37  0.00 0.00
01/10/01 320 080 256 1.00 2.55 0.00 -2.55  -98.92 0.00 0.00
01/11/01 340 0.80 272 1.00 2.71 0.00 -2.71  -101.63 0.00 0.00
01/12/01 540 0.80 432 1.00 4.30 0.00 -430 -105.93 0.00 0.00
01/13/01 580 080 4.64 1.00 4.62 0.00 -4.62 -110.55 0.00 0.00
01/14/01 420 080 336 1,00 3.35 0.00 -3.35  -113.90 0.00 0.00
01/15/01 6.00 0.80 4.80 1.00 4.78 0.00 -4.78 -118.68 0.00 0.00
01/16/01  3.00 080 240 1.00- 239 0.00 -2.39  -121.07 0.00 0.00
01/17/01 3.00 0.80 240 1.00 2.39 0.00 -2.39  -12346 0.00 0.00
01/18/01 440 080 352 1.00 3.51 0.00 -3.51  -126.97 0.00 0.00
01/19/01 560 080 4.48 1.00 4.46 0.00 -446 -131.43 0.00 0.00

Total 351.20 327.89  123.30 26.84
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Appendix VI. Returning period for Northeast monsoon season of Coimbatore

NEM Rainfall Cumulative Returnin . Corrected
YEAR  total  (Ascending N?lglilir Frequency  1-CF period"""g l\g;lllet: g{]?:; Returning
RF(mm) order) (CF)* (uncorrected) period .

1907 305.4 82.8 1 0.0105 0.9895 1.0106 1 1.01 1/1
1908 283.7 97.2 2 0.0211 0.9789 1.0215 1 1.02 111
1909 212.5 108.6 3 0.0316 0.9684 1.0326 1 1.03 1/1
1910 364.7 120.8 4 0.0421 0.9579 1.0440 1 1.04 1/%
1911 277.6 126.2 5 0.0526 0.9474 1.0556 1 1.06 1/1
1912 5154 131.8 6 0.0632 0.9368 1.0674 1 1.07 1/1
1913 258.3 134.7 7 0.0737 0.9263 1.0795 1 1.08 1/1
1914 255.5 138.0 8 0.0842 0.9158 1.0920 1 1.09 1/1
1915 2242 147.7 9 0.0947 0.9053 1.1047 1 1.10 171
1916 2227 165.6 10 0.1053 0.8947 1.1176 9 10.06 9/10
1917 261.7 167.8 11 0.1158 0.8842 1.1310 8 9.05 8/9
1918 475.8 170.8 12 0.1263 0.8737 1.1446 7 8.01 - 7/8
1919 347.7 177.8 13 0.1368 0.8632 1.1585 6 6.95 6/7
1920 218.7 182.6 14 0.1474 0.8526 1.1728 "6 7.04 6/7
1921 251.7 190.5 15 0.1579 0.8421 1.1875 5 5.94 5/6
1922 439.1 194.3 16 0.1684 0.8316 1.2025 5 6.01 5/6
1923 190.5 209.8 17 0.1789 0.8211 1.2179 5  6.09 5/6
1924 305.8 210.0 18 0.1895 ° 0.8105 1.2338 4 494 4/5
1925 382.1 212.5 19 0.2000 0.8000 1.2500 4  5.00 4/5
1926 318.8 215.6 20 0.2105 0.7895 1.2667 4 507 4/5
1927 302.8 218.7 21 0.2211 0.7789 1.2838 7 899 7/9
1928 227.1 222.7 22 0.2316 0.7684 1.3014 3 3.90 3/4
1929 182.6- 224.2 23 0.2421 0.7579 1.3194 3 3.96 3/4
1930 662.3 225.0 24 0.2526 0.7474 1.3380 3 401 3/4
1931 242.8 227.1 25 0.2632 0.7368 1.3571 3 4.07 3/4
1932 3529 229.0 26 0.2737 0.7263 1.3768 8 1101  8/11
1933 2994 233.7 27 0.2842 0.7158 1.3971 5 699 5/7
1934 302.5 237.6 28 0.2947 0.7053 . 1.4179 5 7.09 57 .
1935 242.1 238.4 29 0.3053 0.6947 1.4394 9 1295 9/13
1936 210.0 242.1 30 0.3158 0.6842 1.4615 2 292 2/3
1937 165.6 242.8 31 0.3263 0.6737 1.4844 2 297 2/3
1938 126.2 250.0 32 0.3368 0.6632 1.5079 2 3.02 2/3
1939 431.6 251.7 33 0.3474 .0.6526 1.5323 2 3.06 2/3
1940 474.0 252.2 34 0.3579 0.6421  1.5574 9 1402 9/14
1941 274.4 255.5 35 0.3684 0.6316 1.5833 7 11.08  7/11
1942 276.6 258.3 36 0.3789 0.6211 1.6102 5 8.05 5/8
1943 335.1 259.7 37 0.3895 0.6105 1.6379 3 491 3/5
1944 584.5 261.7 38 0.4000 0.6000 1.6667 . 3 500 3/5
1945 4349 2619 39 0.4105 0.5895 1.6964 3 5.09 3/5
1946 518.8 262.1 40 0.4211 0.5789 1.7273 7 12.09 7/12
1947 120.8 273.6 41 0.4316 0.5684 1.7593 4 7.04 4/7
1948 2384 274.4 42 0.4421 0.5579 1.7925 5 8.96 5/9
1949 177.8 276.6 43 0.4526 0.5474 1.8269 6 10.96 6/11
1950 225.0 277.6 44 0.4632 0.5368 1.8627 7 13.04 713
1951 2522 283.7 45 0.4737 ©  0.5263 1.9000 1 1.90 172
1952 170.8 299.0 46 0.4842 0.5158 1.9388 1 1.94 172
1953 273.6 299.4 47 0.4947 0.5053 1.9792 1 1.98 12
1954 3223 302.5 48 0.5053 0.4947 2.0213 2 4.04 2/4

Cont’d.,



Cont’n.,

YEAR NEM Rainfall  Order Cumulative 1-CF Returning  Multi- Pro- Corrected

total  (Ascending Number Frequency period** Plier duct Returning

RF(mm) order) (CF)* (uncorrected) period
1955 131.8 302.8 49 7.5158 0.4842 2.0652 2 413 2/4
1956 3954 3054 50 0.5263 0.4737 2.1111 9 19.00 9/19
1957 683.8 305.8 51 0.5368 0.4632 2.1591 6 1295  6/13
1958 2619 318.8 52 0.5474 0.4526 22093 5 11.05 511
1959 372.6 3223 53 0.5579 0.4421 2.2619 4 9,05 4/9
1960 386.7 331.8 54 0.5684 0.4316 23171 3 695 3/7
1961 262.1 335.1 55 0.5789 0.4211 2.3750 8 19.00 8/19
1962 4242 341.9 56 0.5895 0.4105 2.4359 7 1705 717
1963 2337 347.7 57 0.6000 0.4000 2.5000 4 1000 4/10
1964 331.8 3529 58 0.6105 0.3895 2.5676 7 1797 718
1965 250.0 353.1 59 0.6211 0.3789 2.6389 3 792 3/8
1966 405.9 364.7 60 0.6316 0.3684 = 2.7143 7 19.00 719
1967 147.7 372.6 61 0.6421 0.3579 2.7941 7 1956  7/20
1968 167.8 376.2 62 0.6526 0.3474 '2.8788 8 23.03 8/23
1969 4443 382.1 63 0.6632 0.3368 2.9688 1 2.97 1/3
1970 194.3 384.2 64 0.6737 0.3263 3.0645 1 3.06 173
1971 384.2 386.7 65 0.6842 0.3158 3.1667 6 1900 6/19
1972 654.0 392.0 66 0.6947 0.3053 3.2759 7 2293 723
1973 450.2 395.4 67 0.7053 0.2947 3.3929 S 16.96 517
1974 82.8 401.4 68 0.7158 0.2842 3.5185 4 1407 4/14
1975 138.0 401.8 69 0.7263 0.2737 3.6538 3 1096  3/11
1976 259.7 405.7 70 0.7368 0.2632 3.8000 5 19.00 5/19
1977 564.1 417.0 71 0.7474 0.2526 3.9583 1 3.96 1/4
1978 392.0 4242 72 0.7579 0.2421 4.1304 8 33.04 833
1979 8324 425.0 73 0.7684 0.2316 43182 31295  3/13
1980 401.4 430.3 74 0.7789 0.2211, 4.5238 4 1810  4/18
1981 341.9 431.6 75 0.7895 0.2105 . 4.7500 4 1900 4/19
1982 353.1 4323 76 0.8000 0.2000 5.0000 1 5.00 /5 .
1983 425.0 433.5 77 0.8105  0.1895 52778 7 3694  7/37
1984 417.0 434.9 78 0.8211 - 0.178% 5.5882 5 2794 5728
1985 229.0 439.1 79 0.8316 0.1684 5.9375 1 5.94 1/6
1986 215.6 4443 80 0.8421 0.1579 6.3333 3 1900 3119
1987 509.0 450.2 81 0.8526 0.1474 6.7857 5 3393  5/34
1988 972 474.0 82 0.8632 0.1368 7.3077 3 2192 3122
1989 299.0 475.8 83 0.8737 0.1263 = 79167 1 7.92 1/8
1990 237.6 495.3 84 0.8842 0.1158 -8.6364 3 2591 3126
1991 108.6 509.0 85 0.8947 0.1053 9.5000 2 1900 2/19
1992 401.8 5154 86 0.9053 0.0947 . 10.5556 9 9500 9/95
1993 4323 518.8 87 0.9158 0.0842 11.8750 8 9500 895
1994 430.3 564.1 88 0.9263 0.0737 13.5714 7  95.00 795
1995 209.8 584.5 89 0.9368 0.0632 15.8333 6 9500  6/95
1996 376.2 595.4 90 0.9474 0.0526 19.0000 1 1900 1/19
1997 595.4 654.0 91 0.9579 0.0421 23.7500 4 9500 4/95°
1998 4953 662.3 92 0.9684 0.0316 31.6667 3 9500 3/95
1999 433.5 683.8 93 0.9789 0.0211 47.5000 2 9500 2/95
2000 1347 832.4 94 0.9895 0.0105 95.0000 1 95.00 1/95

__Number of the concerned order
Total number of order + 1
1

1- cumulative frequency

* Cumulative frequency

** Return period ==





