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ABSTRACT

Adequate water is indispensible for crop growth and rainfall is the most important
source 6 water for crop production in Zambia. Better utilization of water which
includesrainfall, surface water and ground water on the strategy to investigate on
crop water requirement for maximum yield production of a crop is essential. An
attempt of a problenof this kind on maize is employed in this study. Maize
growing periods from the years 19982007 were determined for the Southern
Province of Zambia using meteorological data from the meteorological department
and phenological data from the ministry oficulture (Zambia), dekadal records
were used to estimate the evapotraspiration for maize (Eto) and the Maize water
requirement for maximum yield (Etm) or crop water requirement (Etc), in this
case, maize is considered at the various annual stages and.sHae estimates of

the potential evapotranspiration were based on the-Peomteith approach, using
crop coefficient (Kc)- (agrometshell computer program), while maximum yield
and percentage of yield reduction were estimated using FAQ.ND? 33,
procedure. Correlation and Regression analysis were also used to discuss the yield
response to optimum maize water requirement under the diffstia@yes of plant
growth

Simple andMultiple regressioranalysishavebeen employed based on the water
balance peameters anthetrend.Results obtained indicated the water requirement
satisfaction index can be used in determining the general view of the expected
yield. The major contributors to the observed yield were the water excess and
actual evapotranspiratiat different stages of growth for the different districts. On
validation, the yield estimating model was found&a good predictor by 51% in

Choma, 70% in Kfue and 54% in Livingstone districts.
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1.0INTRODUCTION

Weather is one of the most important factors affecting the crop growth and yield.
The important meteorological variables which influence the growth, development
and yield of the crops are rainfall, solar radiation, temperature (amount and
distribution), réative humidity and wind velocity Abbateet al. 2004; meeena and
Daharma, 2004; Reddy and Redd003. Since crop yield is the culmination of
manytemporalplant processes and is affected by various external factors related to
soil, weather and techn@yg, parameterization of these factors and investigation of
their relationship with yield are essential for crop yielbdeling Agro
meteorologicalmaize yield forecasting models were developed for the distinc

the southern province ofatnhbia. This wold serve as a forecasting tool which will
contribute to improved food security, planning and povegleviation

management practices in the countries.

For crop forecasting, the impact of climate on crops is always transformed into a
certain loss of water.e. "evaporation”, which depends on the available water and

on available energy. In case of cropped surfaces, this continuous loss in the form of
vapour is called "evapotranspiration" since water loss is due to the combined
evaporation from the soil artle transpiration through plant surfaces.

For crops, it is important to evaluate maximum water loss under certain climatic
conditions and under unlimited water availability at the root system level, i.e. the

"maximum evapotranspiration” (ETM).

Maize isan important food, feed and cash crop in Zambia but its productivity is
greatly reduced by poor rains, floods, baiiter deficits, diseases etc. Delays on
the onset of the rainy season reduce the length of the growing period which may

result to lower yials. Variety based tolerance to soil types and drought/floods is a



cheap and sustainable way of increasing productivity for smallholder farmers who

are the predominant producers.

Several crops are grown #ambia both on commercial and small scale, oféhes

the staple foods grown are cassava, maize and groundnuts but the established main
staple food is Maize of which accounts to about 99.9% of pbpulations
dependenceSince the 1990s, crop production in the country has faced negative
iImpacts of extremelimate events which are believed to be manifestations of long
term climate change. Zambia has experienced some of its worst droughts and
floods in the last two decades. Significant rainfall deficits at critical stages of crop
growth have frequently led @ serious shortfall in crop productioag.the yield

during the severe drought of 1991/92 was less than half that of 1990/91. Notable
shortfalls in maize yield were also recorded in the seasons 1972/73, 1979/80,
1981/82, 1983/84, 1986/87, 1993/94 and94/95, most of which were
characterized as seasons with below normal rainfall by the Zambia Meteorological
Department. Drought has been the biggest shock to food security in the country
during the last two decades (MoA 2000; Muchinda 2001). The impacttrainge
climate events has been felt in substantial loss of livestock and fertile solil. In short,
changes in the supply of rainfall, whether in the total volume or in its distribution
within a season, have enormous consequences for agrtufitsductionin

Zambia.

In some years the yield has been only 40% of the-teng average. Major factors
contributing to this low yield have been the long dry spells within a season and the
shorter rainfall seasons which have been experienced by the country in the pas
years. Crop production data obtained from the Central Statistical Office (CSO)
indicates that the major crop of the Southern, Central and Eastern Provinces is
maize which occupies more than 70% of the total area cultivated in these

provinces.



2.0LITERA TURE REVIEW

Maize Zea mayd..) also referred to as corn or Indian corn originates from Latin
America. Its cultivation is considered to have sthatig 3000 BC at the latest.ift

a cereal plant of the Gramineae family of grasses that today constitetesost
widely distributed food plant in the world.(JAICAF)

The crop is grown in climates ranging from temperate to tropic during the period
when mean daily temperatures are above 15°C andffesst Adaptability of
varieties in different climates variewidely. Successful cultivation markedly
depends on the right choice of varieties so that the length of growing period of the
crop matches the length of the growing season and the purpose for which the crop
Is to be grown. Variety selection trials to idéptthe best suitable varieties for
given areas are frequently necessary. (F.A.O. 2009)

In Zambia, the crop was introduced from Latin America way back in the 16th
century and since then it 0,ghuscpoviding& at i o

crucial foal source for most of the population in the country.

Maize cultivation in Zambia is mostly rafed, which necessarily leads to
substantial fluctuation in production from one year to the next i.euafavorable
weather condition such as drought crealesrieed to import thmaize to fill the
deficit.

Maize is an efficient user of water in terms of total dry matter production and
among cereals it is potentially the highest yielding grain crop. For maximum
production a medium maturity grain crop requiregween 500 and 800 mm of
water depending on climatélatyer, R.OL967). To this, water losses during
conveyance and application must be added. The crop factor (kc) relating water
requirements (ETm) to reference evapotranspiration (ETo) for different crop
growth stages of grain maize is for the initial stage@33(15 to 30 days), the
development stage B85 (30 to 45 days) the mgkason stage 1.4152 (30 to 45



days), during the late season stage@3®(10 to 30 days), and at harvest 6056.

(FAO 20091 crop water information)

Zambian maize is mostly used as food, although it is also used for brewing and
animal consumption. As a staple crop, most of the maize is milled and then boiled
in hot water until it thickens like dough for eating. This Eajmod, known as
nsimain Zambia, is very similar in its preparation to what is calletbio Burkina

Faso and ugalin Kenya and Tanzania, both serving as staple food.(Japan
association for international collaboration of Agriculture and foregthAICAF)

2.1 DOMAIN OF STUDY REGION
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Fig 1.Location of Zambia with respect to Africa (nap created usingrc view

Zambia is a landlocked country in Southern Africa, and covers an area of about
752600 knf located between latitudes 8° and 18° South and laegt22° and 33°

East. A large part of Zambia is on the Central African plateau betwééf and
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1600 metres above sea level. Although Zambia is tropical, temperatures are
moderated by altitude. There are three seasons: the cool dry-Aguist), the bt

dry (AugustNovember) and the hot wet season (Novenfail). The average
temperatures range from a mean monthly minimum of about 10°C in June and July
to a mean monthly maximum of 30°C in October and November. Rainfall varies
from 700 mm in the soutto 1500 mm in the north, with most of it concentrated
over the period November to March. éhpopulation of Zambia is about
11,920million.

2.2 Area of Sudy

The location of this study is southern province. This is@nga mbi ads ni ne
provinces locatedtdatitude 153 0 Njs Casnuth ariddongitude 2&nd

28 A30NE . This province cuts across tw
region Il). The centre of the province, the Southern Plateau, has the largest
area of commercial farmland of any Zambian province, and pesdonost of

the maize crop, thereafter named the maize belt of Zambia.
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Fig 2 Location of southern province (map produced using surfer software).



1.2.1. Physical Features of the Study Region

Zambia is divided into three agexological zones with rainfall as the dominant
distinguishing climatic factor

These three zones are widely diverse in area, soil type, population density, number
of districts and gricultural practices, so to have a representative sample it was
considered inappropriate to select the same number of districts from each zone.
(Suman &in).

Republic of Zambia
Agro-Ecological Zones

|:| Region | {Less than 800mm)

[ Rregion Il a (800 - 1000 mm)
[ ] Region Il b (800 - 1000mm)
[ Region il (Above 1000mm)

The map in based on 30 year period 1961 to 1950 Produced by the Zambia Meteorological Department 2004

Fig 3.Agro ecological zones of Zambia

Zone lliesin the western and southern part of therdoy and accounts for about
15% of the land area. It receives less than 800mm of rain annually. It used to be
considered the bread basket of the nation but for the last 20 years it has been



experiencing low, unpredictable and poorly distributed rainféfie observed
meteorological data suggests that it is currently the driest zone, very prone to
drought and has limited potential for crop production.

Zone Il covers the central part of the country, extending from the east through to
the west. It is the mogpopulous zone with over 4 million inhabitants and has the
highest agricultural potential. The soils here are relatively fertile. It receives about
800" 1000mm of rainfall annually, which is evenly distributed throughout the crop
growing season.

Zone lll spans the northern part of the country and has a population of over 3.5
million. It receives over 1000mm of rainfall annually. The high rainfall in this
region has resulted in the soils becoming leached. It is suitable for late maturing

varieties of crop. Aout 65% of the region in this zone has yet to be exploited.

2.3.Justification:

Agriculture and food security are the some of major sensitive sectors of the
country. For food security, preparedness, planning and powaddyiation |
decided to take othe study of the southern province of Zambia which is the main
producer of this crop and for this it is known as the Maize belt of Zambia. This
area is adversely affected with droughty or floody weather conditions almost every
rain season as compared ther parts of the country. The economic activities of
Zambia rely very much on the performance of the rainy season which has been
affected by extreme climate events in recent years.

In order to achieve better crop production and for food security purpmsestic

and crop parameters of a given area and varieties need to be studied with a view to
identifying the crop whose climatological requirements especially water
requirement which fit those of the area and the crop.

The applications of climate inforation in agricultural production are of crucial

importance. We often emphasize on the importance of well documented onset and
7



cessation dates of seasonal rainfall as well as monitoring of the phenological stages
of crops for crop yield assessments in caurdry. However, it is also important to
carry out cost benefit analysis on determination and applications of appropriate
planting dates in order to take full advantage of limited soil moisture availability in

a shortened crop growing season. The drouglerdant crops can be grown in
zones where the prevailing soil moisture is the major climate constraint on yield.
The crop varieties that are higher yielding, more drought resistant, earlier
maturing, disease and pest tolerant are recommended in thesarenowststrained
zones for communitiesd sustained food s
There is also a need to invest in higher yielding crops during a good rainy season
by taking advantage of the timely early warning as well as improved awareness
seasonal climatconsensus forecastor example those issued by regional climate
outlook fora and Southerfrican Regional Climate érecast (SARCOFE)

2.40bjectives

The main objective of this study is to investigate the usefulness of critical crop
water requiremenfor maximum yield of maize varieties for estimating yield and
the average(possible) planting dekad (date) on the knowledge of rainfall
distribution and onset to avoid crop water stress over the growing season when it
needoptimumamounts to maximise yiglon small scale and commercial farmers.
Little has been done on peak crop water requirements periods in relation to
planting dates and the resulting yield relationship on the maize grown in Zambia.
2.4.1.The specific objectives is to
a) To investigate on op water requirement for maximum yield production
of the maize crop.
b) Come up with a possible tool for estimating the final yields ofidcal
maizevariety gravn in the southern province oarbia.
c) Investigatehe stage where the crop experienced mmateficits.



2.5STATIONS USED IN THE STUDY
The figure below indicates the spatial distribution of the meteorological network of

observing stations used in the study.
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Table 1: Longitudes and latitudes of stations used

STATION LONGITUDE (DE( LATITUDES (DE{ STATION LONGITUDE (DE( LATITUDES (DE
CHIPATA 32.58 -13.57 MANSA 28.85 -11.10
CHOMA 27.07 -16.85 MBALA 31.33 -8.85
ISOKA 32.63 -10.17 MFUWE 31.93 -13.27
KABOMPO 2420 -13.60 MISAMFU 31.22 -10.18
KABWE Met 28.48 -14.42 MONGU 23.17 -15.25
KABWE Agro 28.50 -14.40 MPIKA 31.43 -11.90
KAFIRONDA 28.17 -12.63 MSEKERA 32.57 -13.65
KAFUE 27.92 -15.77 MTMAKULU 28.32 -15.55
KALABO 22.70 -14.95 MUMBWA 27.07 -14.98
KAOMA 2480 -14.80 MWINILUNGA 24.43 -11.75
KASAMA 31.13 -10.22 NDOLA 28.66 -13.00
KAWAMBWA 29.08 -9.80 PETAUKA 31.28 -14.25
LIVINGSTONE 25.82 -17.82 SENANGA 23.27 -16.12
LUNDAZ| 33.20 -12.28 SERENJE 30.22 -13.23
LUSAKA 28.32 -15.42 SESHEKE 24.30 -17.47
LUSAKANT. AIRPOR] 28.43 -15.32 SOLWEZI 26.38 -12.18
MAGOYE 27.63 -16.13 ZAMBEZ| 23.12 -13.53
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