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JOINT ICRISAT/WMO SYMPOSIUM/PLANNING MEETING ON THE AGRO-
METEOROLOGY OF SORGHUM AND MILLET IN THE SEMI-ARID TROPICS

SUMMARY

Agriculturists and climatologists from 18 countries joined ICRISAT
scientists for wide-ranging discussions the past two weeks an how agro-
climatology can be put to better use in improving the production of
sorghum and millet.

The planning meetings and international symposium on “The Agro-
metearology of Sorghum and Millet in the Semi-Arid Tropics" were
spansored by ICRISAT and the World Meteorological Organization (WD),
an agency of the United Nations. Co-sponsors were the Food and Agri-
cultural Organization of the UN (FAO), INTSCRMIL, a program of inter-
national research on sorghum and millet spansored by the U.S. Govern-
ment, and Texas A&M University, USA.

A total of 112 scientists participated in the sessions that began
with a series of planning meetings 8 Hovember and ended with a S5-day
symposium 15-19 Noverber. The meetings were held at ICRISAT Center,
the headquarters and main research farm of the Intemational Crops
Research Institute for the Semi-Arid Tropics at Patancheru, near
Hyderabad.

Participants reviewed the present state of knowledge regarding
the agroclimatological factors that primarily influence the growth
and development of sorchum and millet and identified the gaps, current
needs, and future perspectives in research cn how weather affects these
crops.

They recamended among other things:

e Establishment of an interagency data bank on agroclimatological
information and a glabal system for disseminating knowledge on
agroclimatology in relatian to agricultural and other research
areas.

o Increased emphasis on training in the oollection and use of
agroclimatological data in the semi-arid tropics.

e Research in laboratory and field to assess the thresholds of
damaging temperatures far sorghum and millet. This concems
high temperatures in relation to plant emergence and crop
establishment as well as low temperatures with regard to pos-
sibly extending the crop in high altitude regions.



o Increased attention to root penetration characteristics in
evaluating gemplasm and selecting crops that will be more
resistant to drought.

o Improvement and antinued use of crop-weather models in
making agroclimatic assessments for particular regions.
Such models as already chveloped should be critically
examined and validated in the region of application for
which they are intended.

ICRISAT's Director of Research, R.W. Gibbons, noted in opening
the final session that yields of sorghum and millet have remained low
and unstable in the semi-arid tropics mainly because of the undependable
rainfall and harsh envircnments in which these crops are grown. The
recamendations of the symposium, he said, will undoubtedly be of great
significance in identifying priority items of research in agroclimato~
lagy as it relates to sorghum and millet.

S.M., Varmani, principal agroclimatologist and leader of the
ICRISAT Farmung Systems Research Program, was Coordinator of the
symposiun/planning meetings.



JOINT ICRISAT/WMO SYMPOSIUM/PLANNING MEETING ON THE AGRO-
METEOROLOGY OF SORGHUM AND MILLET IN THE SEMI-ARID TROPICS

The planning meetings and intermational symposium an "The Agrameteo-
rology of Sorghum and Millet in the Semi-Arid Tropics" were sponsored
by the Internatianal Craps Research Institute for the Semi-Arid
Tropics (ICRISAT) and the Warld Meteorological Qrganization (WMO),

and co-spansared by the Food & Agricultural Organization of the United
Natians, INTSORMIL—a program of Intermatianal Research on Sorghum and
Millet sponsored by the US Govermment, and Texas A&M University, USA.
The symposium was hosted by ICRISAT at its headquarters, Andhra
Pradesh, India.

The sessians began with a sernes of preparatory planning meetings
8 Novenber and ended with a 5-day symposium 15-19 Novenber 1982,

jective

The meeting's dbjective was to pramote the use of climatic data
infomation and knawledge to increase the production of sorghum and
millet craps and to reduce their vulnerability to climatic hazards.
The objectives included: (a) reviewing the state of agroclimatological
knawledge that primarily influences the growth and development of
sorghum and millet and identify gaps, current needs, and research
needed; (b) reviewinqg, evaluating, and promulgating techniques and
methods to describe and better understand the extent and intensity

of climatic or weather risks, particularly drought to sorghun and
millet, and to quantify the respanse of those crops to their growing
enviranments; (c) formulating a plan to identify priority items of
research in various areas with emphasis an interdisciplinary
approaches for arriving at answers quickly; collecting evidence fram
the field to improve and apply knowledge on crop/climate relationships;
increasing climatic awareness among meteorologists; (d) involving
national and intematicnal operational and research institutians in
exchanging ideas, collaborative work, and disseminating existing
techniques and methods and research results at all levels, including
farmers.

I. Preparatory Meeting 8-14 November

Participants at the Preparatory Planning Meeting were individual
experts engaged in applied research and in cperational work, mwened
by ICRISAT who had prepared papers for the Planning Meeting using
different analysis techniques of climatic data fram their countries.
Their techniques were tested and made operational an ICRISAT's
canputers. ‘The experts highlighted research needs and potentials



fram applying research results in their areas. Detailed report of the
pre-planning meeting is given an pages 1721 (Anneocure I).

1I. Symposium/Planning Meeting 15-19 November

Participants reviewed the state of knowledge regarding agroclimatologi-
cal factors that primarily influence the growth and development of
sorghum and millet and identified the gaps, current needs, and future
perspectives in research an how weather effects sorghum and millet.

In the planning meeting three main groys (Asia and Australia,
Africa, and Americas) discussed the framework of future data needs,
experiments needed to acquire basic arop and enviranmental data,
applying climate/crap results, and disseminating infarmation to the
users.,

Organization and attendance

The symposium/planning meetings were coordinated by Dr. S.M. Vimmani,
principal agroclimatologist and leader of the ICRISAT Farming Systems
Research Program. The three types of participants were:

a. Individually invited lecturers engaged in research in academic
institutions with knowledge about the response of sorghum/
millet crgps to their climatic environment.

b. Individually invited participants inwolved in applying climatic
knowledge to increase production in the sorghum/millet based
cropping systems in the SAT areas of the developing world.

c. Nonlecturing participants designated by states, engaged or
likely to be engaged in projects involving extensive use
of c¢limatic data/information/knowledge, in planning agri-
cultural research or dewvelomment proiects in sorghum- and
millet-growing areas.

The preparatory planning/symposia/planning meetings involved 82
scientists fram throughout the world. Additionally about 30 ICRISAT
staff fram administration, faming systems, econamics, crcp physiology,
canputer services, and information services participated.

Opening Qeremony

Dr. A. Bozzini, chief, crops and grassland production service, FAO,
in welcaning remarks, said that sorghum and millets as cereals are
very important for mankind in arid and semi-arid tropics and sub~
tropics where most of the developing caumtries are located. We must
increasingly use our knowledge of climatic influences on sorghum and
millets to increase agricultural production in tropics, which are




inhabitated by mwllions of pecple. He said that getting two grows,
agronanists and climatologists, together with a definite purpose is
a special happening; we must put the results to maximum use to in-
crease food production. Meteorologists, agronamists, and plant
breeders, he said, havwe distinct but camplementary, synergistic, and
interdependent ﬁnctla\s so any nodificaticn ar action proposed by
any of them must be dxsqssed fram different angles to see possible
outaames ar results. The exercise needs to be omtinuous, inter-
disciphinary, and dynamic to increase food praduction.

Dr. L.D. Swindale, director-general of the International Crops
Research Institute for the Semu-Arid Trapics (ICRISAT), also weloomed
the partacipants to the symposium, and explained ICRISAT's mandate
and its responsibility for agricultural develogment in the gemi-arid
tropics. He said that as ICRISAT 1s an intermational institute, the
principles of everything we do, including management and data collec-
tin, are very important for extending the benefits of research to
all SAT areas.

Because we need to understand more about climate and its effects,
he said, the conference is very appropriate. And it is necessary for
us to try to inprowe forecasting of climate and weather.

Increased food production, he said, is more important than merely
gathering and analysing data. The data must be synthesized and applied
to food production. Becawse sorghum and mullet are crops of small
famers in the semi-arid tropics (the food crops of the developing
world) what you do is ingortant because it helps the large number of
people who need the bencfits of science and technology. He asked the
participants to cane up with valuable and practical recammendations.

Mr. H.M. Choudhury, additianal director general of meteorology,
meteorological office, Pune, India, welcamed the participants an be-
half of India. He reminded them that production of sorghum and
millets is attended with severe natural canstraints, and he reviewed
the history of dryland agriculture in India and efforts of the Indian
Council of Agricultural Research (ICAR) in pramoting research in dry
farming. He discussed recent progress by the India Meteorological
Department (IMD) in weather farecasting and farm advisory work.

Dr. V. Krishnamurthy fram the World Climate Program Office of
the World Metearological Organization (WMD) welcamed the participants
on behalf of the Secretary-General of WMO. He outlined WMO activities
in agrameteorology and in co-spmsonng the symposium. He said that
WMD has been involved with UNESCO in agrameteorological surveys of
various regions and these activities have been intensified to under-
stand the effect of weather ar climate on food production.



Dr. S.M. Vimmani, principal agroclimatologist and leader of the
Faming Systems Research Program at ICRISAT, discussed the need,
relevance, and cbjectives of the symposium. He said that our task is
to review and discuss the technological advances made in environmental
studies, particularly climate applications that help increase and
stabilize agricultural production in the semi-arid tropics (SAT). He
said SAT is a large eamlogical zane where famine and drought have
recurred in cycles. The widening gap between production and demand,
he said, stems partly from lack of suitable technologies. The purpose
of this meeting is to review the status of agricultural research an
sorghum and millets with particular reference to research planning and
development in the next decade. It is to pramote the use of climatic
data information, and knowledge to increased productiaon of sorghum and
millets and to reduce their vulnerability to natural calamities.

Dr. N.J. Rosenberg, director, Center for Agricultural Meteorology
and Climatology, University of Nebraska, USA, in his keynote address,
discussed the role of meteorologist and climatologist in improwving food
production capabilities of the semi-arid trgpics. He speculated the
future of the arid and semi~arid regions in meeting the future world
food needs. He repeated that water is the key to increased food
production and emphasized the importance of increasing water use
efficiency and described a few ways to manipulate the envirament
to use water efficiently and increase crop productian. Crop modeling,
he said, is a good exercise that should not be overdone.

SYMPOSIA SESSINS
Session I

Session I was chaired by Dr. A. Bozzini, chief, Crops and Grassland
Production Service, Food and Agricultural Organization (FAO). ‘The
first session was devoted to global production of sorghum and millets.
Physical envirament and ecological zoning of sarghum and millats in
the world were discussed. Physical enviromment of millet and sorghm
growing areas in south Asia, West Africa, and Americas were discussed
separately. Predictions were also made on the future gldbal production
and demand for sorghum and millets.

Session II

Dr. V. Krishnamurthy, World Climate Program Office, World Meteorologi-
cal Organization (WMD), chaired the second session, which was devoted
to the climatic requirements of sorghum and millet crops. Responses
of millet and sorghum to licht, temperature, and drought stress were
highlighted. Water requirement and water-use efficiencies of sorghum
and millet also were discussed.



Session III

The third session was chaired by Dr. H.M. Choudhury, additicnal directar
general of meteorology, India Meteorological Department (IMD). Its four
presentations were devoted to agroclimatological studies in sorghum and
millet-growing regians. Speakers presented several agroclimatic nodels
and analyses of climatic data, which they have either used or sujgest as
being suited to delineating potential sorghum and millet-production
regions. In general the models required mnimal infomation for execu-
tion, attributes which lend themselves to their intended application,
and which make them worth cmnsidering.

Session IV

This session was chaired by Dr. J.L. Monteith, Department of Physiology
and Envircnmental Studies, University of Nottingham, UK, and was devoted
to modeling climatic respanses. Minimum data set for modeling sorghum
growth and development were discussed. Exanples of using models to
forecast crop productian and to assess drought were cited. The frame-
work of a mllet model was presented and model problems were recognized.
The role of agroclimatic studies in increasing and stabilizing production
of sorchum- and millet-based farming systems in SAT was discussed.

Planning Meeting

The planning sessian with five speakers was chaired by Dr. R.L. Vander-
lip, agronanist, Kansas State University, USA. Need, relevance, and
cbjectives of the pre-planning meeting were discussed and overall
achievements highlighted. Participants in the pre-planning said the
pre-planning meeting was uwseful in that it exposed them to methodologies
avallable at ICRISAT and other institutes of the SAT for data analysis
and interpretation in agricultural planning. The participants divided
into three working grogs--Asia and Australia, Africa, and Americas—to
discuss data needs, disseminating research infomation, and future
training.

Plenﬂ Session

Mr. R.W. Gibbans, director of re.earch, ICRISAT, who chaired this ses-
sion said in opening remarks that yields of sorghum and millet have
remained low and unstable in the semi-arid tropics because of harsh
envirorments and undependable rainfall. Recommendaticns of the sympo-
sium, he said, undowbtedly will have great significance in identifying
priority items of research in agroclimatology as it relates to sorghum
and millet. Then the chaimmen of various sessions presented their
reports followed by the report of the pre-planning meeting.

Dr. S.M. Virmani thanked all the participants for their active
participation in making the sympcsium a success.



OUMMARY AMD RECOMMENDATIONS OF THE SYMPOSIUM

fession I—~Sumary

the five papers presented can be subdivided into two growps. The first
two provided general information on the "ecological zanes of sorghum
and millet production in the world" (M. Frere) and an “"global productian
and demand for sorghum and millet to the year 2000" (J.G. Ryan and M.
von Oypen),  Mr, Frere, using FAO data, compared production and produc-
tivity of somhum and millet with maize, the other important coarse-
«rain cereal. The three cereals’ respective areas were analyzed in
relation to agroecological and climatological factors. Possible trends
in expanding or oontracting each cereal's area and production were
discussed with special reference to competition between maize and
sorghum and between sorghum and millet. The secand paper analyzed more
gpecifically the seven semi-arid tropical reqgions of the world and the
function of gorghum and millet in the nutrition of millions of people
in developing countries.

Future trends were projected, based on recent past, and taking
into acoount the possible role of recently established natianal and
intermational research and develogment efforts. Glabal and regicnal
roduction and demand also were projected as a function of grawing
respective populations, Special emphasis was given to the Indian sub-
antinent and Africa south of Sahara, with projections on sorghum and
millet production, consumption, and prices toward 2000 A.D. Pessible
factors modifying the projected trends also were discussed, with parti-
cular reference to food habits and preferences, socio-political influence,
basic food availability connected mainly with climatic conditions in
critical areas.

The next three lectures gave mare detailed information an sorghum
and millet production with emphasis on the agroclimatological environ—-
ments in south Asia, West Africa, and the Americas. Each paper proposed
methodologies for improving or assessing sorghum and millet production.
Dr. M.V.K. Sivakumar (physical enviranment of sorghum and millet growing
areas in south Asia), in particular, considered the function of sail
fertilaty, water retention, temperature,and precipitation extremes and
variations in relation to production. He emphasized assessing the pos-
sibility of increasing production stability by breeding short-seasm of
growing period. He wsed the results of three years data fram a multi-
location sorghum-modeling experiment to illustrate how to collect
appropriate data for use in designing crop-development models.

Mr. M. Konate reported on the mechanisms of weather behaviour in
Vest Africa related to winter (dry) and sumer (wet) conditions. In the
western part of the continent where rainfall is fram 250 to 500 mm, millet
is found; where rainfall is fram 500 to 1000 mm, both millet and sorghum.



Maize generally 1S grown 1n areas where rainfall exceeds 1000 mm.
Photopegiodic response affects several land races that are specifically
selected and adapted to narrow eclogical conditions.

Mr. R.E. Neild underlined the dramatic increases in areas where
sorghum 1s produced in USA, Mexico, and Argentina, using hybrid vigor
and genetic dwarfing that permuts mechanical harvest with the same
harvester used for wheat. To contribute to the improvement of lesser
developed areas interested in the sorghum and millet cultivation, Mr
Neild propcsed a model that considers climatic data and the crop's
physiology and phenology and their interrelations to determine for
each area the best planting time oconsidering duration of the growing
seasan and evaluatians of different varieties or even different species
(like maize) i1n mnocroppling or multiple-croppirg sequances.

2. Dascussian

All papers were followed by lively discussions. Important items
questianed were:

. The criterian for classification and the extent of areas
that oould be amsidered belonging to the SAT.

b. The importance of the stability of yield in SAT areas
and how agrameteorology can cntribute to stability.

c. The value of simulation models, their limitations and
advantages to provide infommation for agronamists, plant
breeders, and even fammers to improve production levels
and stability.

d. The advantages and need of interdisciplinary research to
achieve the basic goals mentianed in b and c.

e. The need of more informatian an the basic value and the
possibility of improving simulation models considering
other important factors including variability among
locations, varieties, and management systems.

3. Recaimendatians

Recamendations fram Session 1 can be summarized as follows:

1. Set up an interagency data bank an agroclimatological
information.

2. Assure that data relevant to agroeconamic oonditions
are being properly collected.



3. Make data available for application in various fields
such as forecasting, plamning, and monitoring. Models -
that simulate water balance, phenology, crop production,
and other plant characteristics will be required to under-
stand the complexity of the relatianships measured and
to help identify gaps in existing knowledge.

4, Establish a system to disseminate knowledge an agro-
climatology in relation to agricultural and other
regsearch areas. In the interest of general agricultural
development, do not restrict it to only sorghum and
millet or the SAT but for global use an all crops.

5. Establish training of persans to collect and use agro-
climatological data.

Session II--Summary

The first paper, "response of pearl millet to light and temperatures”

by C.K. Gng and J.L. Mnteith was presented by Ong, who stressed the
importance of temperature on the rate pearl millet develops and grows.
He suggested further work on response of plants to damaging temperatures.
His presentation gave infarmation wseful for modeling temperature and
light effects on pearl millet. However, all their work has been carried
out in growth chambers and/or green houses, so their results need to be
verified in field experiments.

Dr. J.M. Peacock and Dr. G.M. Heinrich's paper an "light and
temperature responses in sorghum” demonstrated that same germplasm
sources can withstand extremely high temperatures, a gemmplasm ¢haracter-
istic that should pemit better establishment and development of sorghum
and stabilized yields.

They suggested that agrameteorologists, among others, develop a
clearer picture of temperature conditians, particularly the timing and
range of extremes throughout the sorghum-growing areas.

The third paper by N. Seetharama et al. on "response of sorghum
and millet crops to drought stress in semi-arid India" concluded that
breeding and management strategies to cbtain consistently high yields
should take into account the rapid establishment of the crop canopy to
maximize transpirational water use (during rainy season) and ability to
withstand sparadic droughts. They also stressed conservation of water
during vegetative growth in the postrainy season and considering both
transpiration during grain filling and sorghum's ability to use soil
moisture from deeper soil layers. In discussing "water use and water-
use efficiency of pearl millet" by Dr. E.T. Kanemasu et al., Dr. Kane-
masu stressed the importance of water use and water-use efficiency of
the millet crop in managing production strategies. His fundamental
work gave useful infomation faor modeling this important crop.
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future experimentation on millet and sorghum crops should
be carefully mmitored xugardmg soil and atmospheric
enviroments to allow precise evaluations of the contrib-
ution of climatic factors. A series of multi-local
experiments could be launched similar to those being
undertaken for rice by the International Rice Research
Institute in cooperation with WD, WMO, in cooperation
with ICRISAT, shauld initiate such action.

Sesgion 11I-—-Summary

Dr. P. Franquin, reporting on results of his studies in Africa, spcke
of the prablem of establishing probability characteristics on the
duration and time of the vegetation growth period. The sinplest,
immediate procedure is to analyze reinfall, at suitably spaced inter-
vals, but it is more useful he said, to draw up a water balance as
the results can be used in evaluating and statistically analyzing the
AET/PET ratio as an index of dry matter production. That index has
been used for constructing the prabability model of the growth period
called the vegetation-frequency period.

Dr. R.P. Sarker presented an analysis of rainfall and caleaulation
of assured rainfall in different periods of the sorghum crop's life in
India. Evapotranspiration (ET) data fram three stations were examined
in relation to the march of rainfall, evaporation power of air, and
crop growth. The weekly distribution of the ratio of ET to evaporation
indicates the critical period (peak consumption of water) by s@rghum.
shiftaing sowing to an early period appears worth considering. He also
suggested harvesting the dryland crop on the basis of physiological
maturity to conserve root-zone moisture.

Dr. R.P.P. Rables showed present practices in sorghum and muillet
cultivation 1n Mexico with a set of pictures. He mentioned the dif-
ferent regions, different altitudes, and variations in tenperature
where sorghum 1s cultivated, emphasizing enviranmental effects in pest
and disease 1ncidence.

Hargreaves's paper touched several basiC issues, stressing
improved management for increased production, and wider application
of basic relatianshipe among climate, management, and crop yields.
He identified energy, water, and feruility as three cardinal factors
largely governing yields of sorghum and maize. He presented procedures
for estamating the dependability of rainfall amounts and suggested
developing an econamical model relating yield vo applied nitrogen.
He also stressed that mare trained professionals and technicians are
needed 1n this field.

12



Recanmendations

1. Proper analyses of available meteorological infarmatian,
suitable far use by faming conmnities are a prime
necessity. Such analyses either of basic ar derived
data need to be encouraged.

2. Close interaction of meteorologists and aqgriculture
scientists is necessary and shauld be further encouraged.

3. Studies of general atmospheric conditions, which oould be
associated with agricultural drought oonditions particu-
larly on a medium to long-temm basis, should be undertaken.

4. Models (cropweather) are useful far making agroclimatic
assessments. Models that have been deve loped need to be
critically examined and validated for application, keeping
in mind the specific uses far which the models were
intended.

Session IV—Summary

In Session IV a set of puayers by crkin, Dages, Huda, Vanderlip, et al.
described various aspects of a cmputer simulation for sorghum (SORGF)
developed in USA; and the possibility of extending the model to millet.
The paper by Frere and Popov abserved a mechanistic model for relating
crop growth and water supply. Viman: showed how a prototype tank and
watershed developed at ICRISAT was tested at other sites with various
degrees of success.

Discussion of sorghun and millet madels can be divided into three
categories: requests for infarmation about details; comments an defi-
ciencies and limitations; and skepticism about the future values of
modeling. Same of the skepticism was based on imperfect understanding
of what modelers are trying to do. The authors sparitedly defined
their work and convinced most of the audience of 1ts current and
potential value. They made no attempt to disguise weaknesses of their
models.

Questions needing to be clarified oconcern the procedure for
estimating soil evaporation and foliar transpiration, the choice of
plant population, generation of variances associated with different
types of management, applicability to many cultivars, and extrapolation
to nearby areas. Deficiencies identified in the current model include
the lack of a subroutine for tillering, inability to deal with soil
nutrient status or with extremes of temperature and photoperiod, the
empirical and unrealistic treatment of water stress (especially in
relation to leaf expansion and root elongation), the arbitrary as-
sumption of a constant plant population because losses during germina-
tion and establishment cannot yet be modeled, and doubt about the
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appropriateness of base temperatures derived by extrapolation. Still
the sorghum madel probably has been tested as thoroughly as other
models of crop growth, most of which share similar defects.

It appears that SORGF can be adopted for millet with little
structural change but much less information is available about millet's
physiological responses to weather. But same such infomation has
appeared in the proosedings of this meeting and the rest will be sought
in field and growth-chamber experiments. Questions about millet
concermed tillering, leaf area in relation to temperature, partitioning
dry matter, and modeling losses from pests.

Discussing his paper, Mr. M. Frere said his model could be used to
farecast crop yields quantitatively and that it tock acoount of drainage
but not runoff.

The discussion of Dr. Vimani's paper returned to defining the
distribution of the semi-arid tropics. He confirmed that ICRISAT has
adopted Troll's method—also that the Farming Systems Program at ICRISAT
has made substantial research contributions on intercropping. An IARI
participant referred to improving sorghum yields by retaining ideotypes
with shorter stems and larger harvest indices. And Dr. Virmani agreed
with another IARI participant that the technology developed by govern-—
ment and international institutes could not be applied directly to SAT
famms until relevant envirormental factors have been defined and
measured.

In a more general discussion, another participant suggested that
soll fertility and sociceconamic factors should be oconsidered for
defining the SAT. Because farmers in the SAT generally owned little
land (72% own less than 2 ha in India), technology, as summarized by
models, should be specific to individual farmers as well as to sites.
The problam of predicting yield from plant size at the time of spikelet
initiation was dealt with briefly.

While same participants were unduly pessimistic about the utility
of models, others were realistically expecting models to link together
more than two levels of organization—the plant and the crop. No model
can be expected to encampass behaviours of the individual plants, of
crop stands, and of farming systems.

It was perhaps unfortimate that same of the time spent an a
camputer simulation of crop growth was not used on such relevant topics
as the models used by microclimatologists and measurements they are
trained to use. Their models provide subroutines far larger models of
crops where infamation is extremely scanty in some areas. For example,
we do not yet estimate well sail and meristem temperatures from screen
temperatures.
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The session ended with a general feeling that modeling is to be
encouraged, providing the modeling components are based an repeatable
cbservations. It is likely that model building in the sense of ocamputer
simulation will remain the prerogatiwe of relatively few specific groups,
and it would be dangerous to distribute such models indiscriminately to
potential users who do not understand how they work. less oomplex
mechanistic models like the Penman fomula (which would have been called
a model had it been developed recently) are more appropriate for general
use,

Finally, building a model that works can bring great satisfaction
to the builders, but such activity should not be indulged into exocess,
as Noman Rosenberg reminded us in the opening session.

Planning Meeting——Summary and Recamendations

Three working groups--Asia and Australia, Africa, Americas—-ocmwened and
discussed the needs for data, disseminating research information, and
training. Reports fram the three areas were similar with needs sum-
marized as follows:

Environmental definition

1. Definition of the SAT.

2. Collection of a minimum macroclimatological data set using
methods and instruments recamwrended by WMO.

3. Camputerize data where feasible and insure ready availability
of data in a usable form,

4. Description of special data needs, e.q., soil moisture, rain-
fall intensity, wind speed.

5. Develop a standard microclimatic and crogp-data set for all
research needs.
Research needs

1. Increased synthesis of research results.
2. Increased fam-lewel reseaich.

3. Increased basic and applied research, particularly on
pearl millet because as it has received much less
attentiaon than sorghum.

4. Among the wide range of research toplcs than discussed,
no single one appeared to have priarity.
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Infomation and Training

1.

2,

Another conference on the Agroclimatology of Sorghum
and Millet should be held within three years.

The next conference should be supplemented by
regional and national conferences.

There should be wider circulatiaon of data and results
through printed and other media—both technical and
pomular information and involving the national extensian
services.

A list of resource persans knowledgeable in sorghum
and millet agroclimatology should be drawn up for
each country in the SAT.

More workshops in which the participants can work
with their osn data, learn measurement techniques,
etc. should be held.

A training manual should be developed to cover
meteoroclogy and crop phenology with how to take
data and what measurement units to use.
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Annexure 1

REPORT OF THE PRE-PLANNING MEETING OF THE JOINT ICRISAT/WMD SYMPOSIUM/
PLANNING MEETING (N SORGHIM AND MILIET IN THE SEMI-ARID TROPICS

Opening of the Pre-Planning Meeting

Dr. B.C.G. Gunasekara, acting directar, Intemational Cogperation, ICRISAT,
copened the preparatory plawning meeting at 10.00 8 November 1982, Dr.
S.M. Vimani, on behalf of ICRISAT, weloamed the participants. He said
that ICRISAT valued highly the cooperation of WMO in organizing this
symposium/planning meeting. He was particularly grateful to WO for
having a representative (Dr. Krishnamurthy) here from the start of the
session. He welcamed Dr. Krishnamurthy and the permanent representatives
of same WO menber cowntries, who were present as participants. He wished
the participants a fruitful meeting and a pleasant stay. The list of

the participants is appended.

Dr. D.L. Oswalt presented a 15-minute video program cn ICRISAT and
its main functions, which followed by a presentation of glides. Partici-
pants were provided a program for the five days (appended).

Participants then were taken an a field tour where Dr. S.M. Vimani
stressed the important role that agrameteorology can play in assessing
the agricultural potential of a region. His presentation included the
following:

1. Faming systems

ICRISAT, using agroclimatological data has convinced farmers to
raise two crops during the year instead of using the traditicnal
ane—-crop System.

II. Intercropping

ICRISAT has demonstrated that taking into accownt crop maturity
period, two crops oould be raised at the same time.

I1II, Famming operations

Agroclimatic data have helped bring about efficient use of
machinery for preparing fields well before sowing time.

IV. Evapotranspiration

Hydraulic lysimeters are more useful than gravimetric ones.
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V. Wind

Wind-energy equipment should be recammended cnly after careful
scrutiny of wind data, particularly of maximum speed in gusts
over 24-hour periods.

VI. Soil moisture

Neutron prabe to determine soil moisture is not particularly
useful in clay soils when they are tracking from moisture
deficiency.

After the tour, Dr. Virmani explained the purpose of the meeting
and asked Dr. Krishnamurthy to explain the WMO training program. Dr.
said the WMO Caomission for Agrxmltural Meteorology has
been actively involved in omganizing symposia of single crops and that
symposia on wheat, maize, and rice have been held. During the symposium
on rice, a planning meeting was organized to review the requirements for
further research needed to understand the agroclimatology of the rice
crop. As a result of the planning meeting, he said the intemational

rice-weather experiments are being carried out in many countries with
UNDP funds.

The WMO/ICRISAT organizaticnal meeting not only agreed to plamning
a similar meeting but decided also to oonvene a pre-planning ar prepa-
ratory meeting, with the main purpose of training experts working
the sorghum and millet crops in the use of operational models and
methodologies developed by ICRISAT. Participants could use their
countries' data an the ICRISAT camputers, and use ICRISAT models for
which ready programs were available. They were, however, free to use
models and methodologies of their own choice in analyzing their data.
He concluded by saying that the pre-planning meeting fits the cbjectives
of the World Climate Program very well because transfer of tectmology
is a priority of all major WMO programs.

Brief introductions to ICRISAT camputers were then given by Mr.

J.W. Estes and Mr. J.G. Sekaran. Programs available to participants
included:

I. COONDRP Onditional probabilities week-wise acocording
to Markov cnain model.

II. GAMRA Proportimmal prababilities using gamma
distribution.

III. MINTHSTD Monthly statistics of rainfall.
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IV. WATBAL Sail water balance "Keig and McAlpine".
V. [ILAYER Modified Ritchie's soil muisture model.

VIi. BAIER Baier's sail moisture model.

Dr. S.M. Vimani lectured on "climatological features of the
semi-arid tropics of agranamic relevance." His lecture was followed
by a workshop on prabability analysis of rainfall using Markov Chain
Model.

A practical exercise on rainfall probability analysis was given.

Three locatins 'Hyderabad,' 'Charwar,' and 'Gulbarga,' all having
about the same annual rainfall and lying almost an the same latitudes
were chosen. Fram the rainfall probability estimates (Research Bulletin
No. 1 of ICRISAT) the trainees were asked to locate the best station for
raising a dryland crop (choosing 70% prabability of rainfall as adequate
for growth).

A lecture and an exercise on incamplete gamma analysis of rainfall
data was presented. Several participants oontributed to the discussion
that followed. Several other analyses for a better understanding of the
prablem were proposed fram the floor. It was made clear to participants
that the preparatory planning meeting was attempting to infam trainees
about available models in operation at ICRISAT; to introduce data analysis;
and to let participants work on ICRISAT camputer using any model of their
own available.

Dr. Piara Singh, aided by slides, gave a detailed acoount of water-
balance studies carried out in ICRISAT. He said that water-balance
models were developed mainly to estimate soil moisture for use in crop-
yield models.

Dr. M.V.K. Sivakumar lectured on the water-balance models operaticnal
at ICRISAT camputers. He said that for dryland crops Ritchie's water
balance model, as modified in ICRISAT, gives highly camparable results.

The general consensus among participants was that Baier and Rebertsan'’s
varasatile soil-moisture model, because of its simplicity and applicability,
is more adoptable to all conditions.

Participants then briefly presented models used in their omntries
and expressed thair interests in adopting cne model or another to help
serve the agricultural sectors of their countries. The part;lcipanu; and
experts concluded that models should be simple and applicatlm or@.entad,
and that mare dialogue between meteorologists and agriculturists is needed
in this field.
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Dr. N.V. Joshi, Indian Institute of Science, Bangalore gave simr
lating lecture an methodology and application of cluster analysis. He
gave practical examples of agroclimatic classifications of India using
cluster analysis. It was concluded that cluster analysis ocould be used
to locate new stations (metearological) and to transfer agrotechnology
fran a regian to a location to be determined.

Dr. J.I. Stewart gave same practical applications (from his wark
in Califarnia and Kenya) of climatic data for gperational management.
He stimulated an interesting discussion an further applicatians of
climatic data for management practices.

Friday 12 November 1982 participants joined the meeting an Multi-
location Scrghum Modeling Research Program (appended).

The pmrpose of the preparatory planning meeting seemed to be fully
met as participants were satisfied with the training and practical
exercises given an modeling techniques, their applications and useful-
ness. Many expressed a keen desire to use models in their respective
camtries with modifications if needed.
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The pre-planning meeting: a participant's viewpoint

Mama Konate

It was quite judicious an the part of the organizers to hold a pre-
planning meeting before the symposium. It enabled the participants to
get to know certain methodologies used at ICRISAT and other institutes
of the semi-arid tropics for data analysis and interpretation and their
use 1n agraicultural planning. Besides, 1t also provided for fruitful
exchanges of experience during plenary sessions as well as in persanal
discussians. Certain data-analysis and data~processing tedchiniques
already used at ICRISAT seamed very interesting because of their
relevance to same of our problems (rainfall data analysis by the
Markov Chain method and incamplete Gamma dastribution, cluster analysis,
etc.). I would like to mention here that I(RISAT is collaborating
with Mali to bring ocut an agroclimatology report on Mali, Other
Sahelian countries may follow this example. Mareover, I hawe learned
recently of ICRISAT's cantributian to umproving farming techniques

and the rigor with which basic data are collected.

Sahelian farmers have yet to adapt to the camplete disryption of
the cropping schedule by the changing rainfall pattern in this roagion
over the last 10 years., It is the responsibility of agrameteorolagists
and agronausts working in multidisciplinary teams, to help them adopt
a cropping calendar that allows for weather and climatic fluctuations.
In Malh, we are currently involved in a pilot project whose dbjective
is to develop a set of methodologies to enable more raticnal decisins
on cropping operaticns. In this, the pre-planning meeting and the
symposium were of great help to my work.

I would like to thank the organizers for the excellent arrange-
ments and facilities provided to us. Thank you.
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Annexare 1T
PROGPAM FOR THE PRE-PLANNING MEETING
08-13 llovember 1982

Honday 08 lloverber

0630 rarticipants asserble/legistration S.M. VimaniM.V.K. Sivakumar/
S. Krishnan
0840 telome
0900 Video show an ICRIGAT D.L. Oswalt/B., Diwakar
Slide presentation S.K. Das Gupta/A. Laminarayana
1030 Fiecld tour S.M. Vimani

1400 Purpose of the meeting and discussion S.M. Vimmani V. Krishnamrthy
on progran fomat

1530 Familiarization with ICRISAT Camputer J.W. Estes/D.L. Oswalt/
and working on teminals J.G. Sekaran

1700 Adjowrmment

Tuesday 09 lovarber

0830 Climatological features of the semi- S.M. Virmani
arid tropics of agronamic relevance

1030 Probability analysis of rainfall: M.V.K. Sivakumar
Markov Chain Model

1400 Intry of data sets and their J.G. Sekaran
verification

1700 Adjourrment

llednesday 10 November

0830 Incauwplete Gawwa analysis, results S.M. Virmani/J.G. Sekaran
and discussion

1030 Water balance studies and inter- Piara Singh
pretation of water balance results

1400 Camputer water balance models M.V.K. Sivakumar
operational at ICRISAT Center
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1600

1700

Discussian an the relevance of water
balance data far crop planning

Adjournment

Thursday 11 Novermber

0830
1030

1130

1330

1530

1700

Pattern analysis: theory and practioc

Discussion of results of pattern
analysis program

Sorghum mode ling

Use of climatic data far operaticnal
management

Discussion

Adjournment

Friday 12 November

a.m.

p.m.

Participants join sorghum modeling
meeting.

Writing of reports

Saturday 13 Novenber

Finalization of reports

#44
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PROGRAM OF THE COOPERATORS' MEETING ON MULTILOCATION SORGHUM

MODELING RESEARCH, 12-13 NOVEMBER 1982

Friday 12 November

0830
0840

0900

1030

1100

1145
1400

1430

1500

1700

Segsion 1 : Overall validation of SORGF model
Chaiman : R.W. Gibbons
Rapporteur : M.V.K. Sivakumar

Weloome address: R.W. Gibbans

Need and relevance of crgp modeling research in the context of
farming systems research - S.M. Vimmani

Presentation of the report an ocollaborative multilocation
sarghum modeling experiment - validation of the SORGF model in
the SAT - A.K.S. Huda

Discussion

Sessian II  : Discussion on specific SORGF subroutines
Chairman : G.F. Arkin

Rapporteur : N. Seetharama

Evaluation of subroutines on light interception, dry matter
acamulation and soil water - M.V.K. Sivakumar

Discussion

Effects of moisture stress an phenology, leaf area, dry matter
accunulation and partitioning - A.K.S. Huda

Discussion

Session III : Improvements in SORGF - Review by cooperators,
demonstration on the use of SORGF on ICRISAT
camputers

Chaiman : S.M. Vimani

Rapporteur : Sardar Singh/J.G. Sekaran

The participating cooperating scientists from Temple,

Coinbatore, Delhi, Hissar, Kenya (KARI), ¥hon Kaen, Indhiana,

Parbhani, Patancheru (ICRISAT), Pune, Rahuri and Sholapur
present the progress made in sorghum modeling research.

Adjourrment

24




Saturday 13 November

0830

0930

1000

1045

1145

1245

Sessian II1 continued

Session IV : Planning future strategies
Chairman : J.M. Peacodk

Rapparteur : G. Alagarswamy

Enviramental and genotypic effects on sorghum yield
aomponents - N. Seetharama

Discussian

Discussion an proposal of pearl millet modeling research
- A.K.S. Huda

Identifying gaps in knowledge and planning for future
research - S.M. Vimani/M.V.K. Sivakumar

Vote of thanks - A.K.S. Huda

#e e
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PROGRAM OF THE ICRISAT-WMO SYMPOSIUM/PLANNING MEETING ON THE
AGROMETEOROLOGY OF SORGHUM AND MILLET IN THE SEMI-ARID TROPICS

15-19 November 1982

Sunday 14 Novenber 1982

1800 Registration
Monday 15 Novernber 1982

0800 Registration continues
OPENING SESSIN

0900 M.Bozzini, FAO - Opening remarks/weloame
Weloome address

0915 L.D. Swindale, ICRISAT

0925 H.M. Choudhury, IMD

0935 V. Krishnamurthy, WO

0945 S.M. Virmani, ICRISAT - Need, relevance and dbjectives of the
Symposium
1000 N.J. Rosenbery, Gearge Holmes, University of Nebraska - Key-note

address: Role of the Meteorologist and Climatologist in improving
food production capabilities in the semi-arid regions.

SESSIN I - Glabal Sorghum and Millet Production
Chaiman : A.Bozzini, FAO
Qo-Chairman : M. van Oppen, ICRISAT
Rapporteur : A.K.S. Huda, ICRISAT
1100 haiman's opening remarks

1100 M. Frere, FAO - Eoological Zanes of Sorghum and Millet Production
in the Warld.

1140 J.G. Ryan and M. von Oppen, ICRISAT - Global Production and
Demand for Sorghum and Millet to the year 2000.

1210 M.V.K. Sivakumar, A.K.S. Huda, and S.M. Virmmani, ICRISAT -
Physical Environment of Sorghum and Millet Growing Areas in
South Asia.
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1240
1430

1500

1600

1645

Discussion

M. Konate, Division Agrametecrologie, Metearologie Naticnale du
Malh - Study of the Mnvirament with Particular Reference to
Climate, of the Sorghum and Millet Cultivation Areas in Semi-
Arid Tropical Regions of West Africa.

RE. Neild, University of Nebraska - Agroclimatoloqy of
Sorghum - The Americas

Summdation

Adjournment

Tuesday 16 November 1982

0830

0840

0910

0940

1010

1100

1130

1200

SESSIMN II - Climatic Requirements of Sorghum and Millet Crops

Chaiman : V. Knishnamurthy, WMO
Co-Chairman : M., Frere, FAO
Rapporteur : Piara Singh, ICRISAT

Chaiman's opening remarks

C.K. Ong and J.L. Mnteith, University of Nottingham -
Respanse of Pearl Millet to laght and Tenperature.

J.M. Peacock and G.M. Heanrich, ICRISAT - laght and Temperature
Respanses 1n Sarghum,

N. Seetharama, V. !Mahalakshmi, F.R. Bidinger, and Sardar Singh,
ICRISAT - Respanse of Sorghum and Millet Crops to Drought Stress
in Semi-Arid India

Discussion

E.T. Kanemasu, Kansas State University, Piara Singh, ICRISAT;
and U.N. Chaudhuri, Kansas State University - Vater Use and
Water Use Efficiency of Pearl Millet (Fennisetwn Americanum (L.)
and Sorghum (Sorghwr bicolor (L.) Muench).

F. Forest, IRAT - Influence of the Rainfall Pattern an
Fluctuations in an Intensified Sorghum Crop Yield
(paper presented by P. Franqun).

Sumation
SESSION III1 - Agroclimatological Studies in Sorghum and Millet
Growing Areas
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1400
1410

1440

1510

1600

1630

1700
1730

Chai man : H.M. Ghoudury, IMD
Co-Chaiman : G.F. Arkin, Texas AsM University
Rapporteur : N, Seetharama

Chaimman's opening remarks

P. Franquin, ORSTOM - Agroclimatological Studies in Sorghum and
Millet Growing Regions in Africa - Climatic Hazards

R.P., Sarker, IMD - Sane Agroclimatological Aspects of Sorghum
Crop in India

Discussian

R.P. Peregrina Robles, Instituto Nacional de Investigaciones
Agrioolas - Agroclimatic Research to Delimit Optimal Areas for
Sorghum and Millet Cultivated for Grain

G.H. Hargreaves, Utah State University - Developing Practical
Agroclimatic Models for Sorghum and Millet

Sumatian

Adjournment

Wednesday 17 November 1982

0830

0840

0910

0940

1010

SESSIN IV - Modeling of Climatic Respanse
Chairman : J.L. Monteith, University of Nottingham, UK
Co-Chaiman : P. Franquin, ORSTQOM
Rapparteur  : G. Alagarswamy, ICRISAT
Chaiman's opening remarks
A.K.S. Huda, M.V.K. Sivakumar, S.M. Virmani, N. Seetharama,
Sardar Singh, and J.G. Sekaran, ICRISAT - Enviranmental Factors
and Modeling Sorghum Growth and Development

G.F. Arkin and W.A. Dugas, Texas A&M University - Evaluating
Grain Sorghum Productiaon Strategies Using a Crop Model

W.A. Dugas, G.F. Arkin, and Fred Ainsworth, Texas AsM University
- Making Agricultural Drought Assessments with Crop Models

Discussion
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1100

1130
1210

1240
1300
1400

1600

A.K.S. Huda, M.V.K. Sivakumar, G. Alagarswamy, S.M. Virmani,
ICRISAT and R.L. Vanderlip, Kansas State University - Prcblems
and Prospects in Modeling Pearl Millet Growth and Development:
A Suggested Framework for Millet Model.

G.F. Popov, FAO - Crop Monitaring and Farecasting

S.M. Vimmani, ICRISAT - Increased and Stabilized Production of
Sorghum/Mi11let-based Faming Systems in the Semi-Arid Tropics:
Role of Agroclimatic Studies

Sumation

Adjournment

Field Tour

Poster Sessim

Thursday 18 November 1982

0830
0840

0900

0910

0925

0955

1010

PLANNING MEETING

Chairman : R.L. Vanderlip, INTSORMIL
Co~Chairman : H.E. Dandaula, Meteoroloagical Department,
Ma lawi

Rapporteur : V. Mahalakshmi
Chairman's Opening Remarks

S.M. Virmani, ICRISAT - Need, Relevance and (bjectives of the
Pre-Planning Meeting

M. Konate, Division Agrameteorologie, Meteorologie Natianale
du Mali - Pre-Planning Meeting: A Participant's View Point

V. Krishnamurthy, WMO - Overall Achievements of the Pre-
Planning Meeting

J. Ian Steﬂart,' USAID, Kenya - Integrating Available Infomation
for Strategic Planning

M.V.K. Sivakumar, ICRISAT - Bibliography of Agrameteorology -
Initial Synthesis and Gaps in Knowledge

Chairman's Remarks
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1100

1600

1615
1630
1645
1700

PLANNING MEETING SESSINS

I) Asia .. Discussion
Leaders

II) Africa .. Discussim
Isaders

III) Americas .. Discussian

leaders

Reports of Discussion Leaders

: J.M. Peacock, ICRISAT
R.P. Singh, AICRPDA

: J. Ian Stewart,
USAID, Kenya
M. Konate, Division
Agrameteorologie,
Metearologie Naticnale
du Mali.

: G.H. Hargreaves, Utah

State University
Everaldo Rocha Porto,

Asia - J.M. Peacock, ICRISAT

Africa - J. lan Stewart, USAID, Kenya

Americas - G.H. Hargreaves, Utah State University
Sumatiaon

Adjournment

Friday 19 November 1982

0830
0840

1000

PLENARY SESSIMON
Chai mman

: R.W. Gibbans, ICRISAT

Co-Chairman : V. Krishnamurthy, WMO

Rapporteur
Chairmman's Opening Remarks
Raports of Symposium Sessions
Session I - A. Bozzini, FAO

: M.V.K. Sivakumar, ICRISAT

Seesion II - V., Krishnamrthy, WO

Session III - H.M. Choudhury, IMD

Session IV - J.L. Monteith, University of Nottingham

Discussion
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1100
1120
1200
1220

p.m.

Report of Plamning Meeting - R.1. Vander lip,
Discussion

Concluding remarks by the Chairman

Vote of Thanks - S.M. Virmani

Visit to Hyderabad Caty
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Participants

Dr. G. Alagarswamy
Millet Physiologist
ICRISAT

Mr. D.J. Andrews
Principal Plant Breeder
ICRISAT

Dr. G.F. Arkin

Professor

Texas A& University
College of Agriculture

Texas Agril. Expt. Station
Blackland Research Center
Box 748, Temple, Texas 76501
USA

Dr. D.R. Bapat
Sr. Sorghum Breeder
Mahatma Phule Krishi Vidyapeeth

Dr. B.G. Bathkal

Director of Research
Punijabrao Krishi Vidyapeeth
Krishinagar

Akola, Maharashtra 444 104
India

Dr. F.R. Bidinger
Principal Millet Physiologist
ICRISAT

Dr. B.C. Biswas

Meteorologist

India Meteorological Department
Pune 411 005, Maharashtra
India

Mr. M.N.S. Bcse

Cartogragphic Assistant
ICRISAT
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Dr. A. Bozzini

Chief

Crops & (rassland Production
Service, FAO

viadelle temme di Caracalla
00100 Rome

Italy

Mr. Peter Carberry
Research Scholar
Millet Mhysiology
ICRISAT

Dr. Robert Chase
1290 D Maunakea St.
Suite 2003
Honolulu, H1 96817
USA

Dr. Muhammad Qasim Chatha
Natianal Agricultural Research
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