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unprecedented large food imports in 1971-1981 period causing policy
makers to be acutely aware of imbalance between food supply and
demand arising from rapid population especially in high potential areas
(Economic Review, 1983). Further, agricultural land availability in NLB
which is less than ½ an acre per person (except around Busia) is poor,
pathetic and continuously declining especially around Kakamega due to
the high population growth rates with the danger of outstripping rational
food production. The WMO (1975) agrees that the weather and climate
are important especially their relevance to water-soil-crop relationships
but these represent human response to space and time through a wide
range of physical factors coupled with those of socio-economic nature.
Water is however essential for photosynthesis and a decline of this
deduces stress affecting this essential process by severing transpiration
(Rosenberg, 1961). Although the needs and tolerances of various
cultivars differ and depend on adequate supplies of light (solar
radiation), heat (temperatures), wind and water use are collectively
required for crop production, the impacts of drought can be better

© 2019 Discovery Publication. All Rights Reserved. www.discoveryjournals.org

OPEN ACCESS

Page

INTRODUCTION
Agriculture in Kenya is and will for some time remain the backbone of
the economy and in general offers employment including informal to the
majority, produces food and provides surpluses for export and local
industry (Heyer et al, 1976; Sunday Nation, 2 nd June 1985). Up to 90%
of the population living in rural Kenya depends on it while a further 5%
may be directly engaged in processing, storage and distribution of
associated agricultural products hence ranking significantly as a
contributor to the Gross Domestic Product and has previously given
higher returns than manufacturing and retail categories combined (Heyer
et al, 1976). Up to about 7,000 hectares is assigned to commercial
production whereby cash crops such as sugarcane, cotton, tea, coffee,
wheat, sunflower, rice and sometimes maize is produced with the rest
assigned to subsistence production. However agricultural production has
been lately at crossroads due to drought related reduction and
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It is generally observed that drought affects various stages of all the crops growth cycles and it was also more advantageous to plant
early in the south west and north east rainfall regions but a month later after rainfall onset in the south east rainfall region since the
off season rains seem to favour late planting in the last region. Drought stress in the early planted crops in the south east frequently
occurs in March interfering with the establishment stages but also the peak phases of some crops as well. Later planting foregoes
these drought stress problems with relatively few if any stress problems occurring. In the north east drought may affect the peak and
sometimes pre and post peak phases of late planted crops although cassava and potatoes are virtually unaffected by any drought
stress in this rainfall region. Late planted long maturing crop varieties perform better than short maturing crops. In the southwest,
drought stress is worse in the latter planted crops as compared with early planted ones although both plantings may suffer drought
stress from the pre peak phase all the way to the end of the season. Cassava and potatoes have better chances of survival in this
rainfall region than any of the other seven crops investigated. These inherent establishment phase stress intensities may however be
avoided by planting later in the season. In the south west more crops would suffer intense drought stress of the order of some 40
mm of rainfall deficiency from the pre-peak to post-peak phases. It is recommended that, upland rice (i.e. rice that do not require
flooding conditions) can by no means be grown particularly at KadengeYala swamp and Bunyala ‘s second season where otherwise
higher water supplements would be required especially in the peak phases of the crop, plant crops in later in April rather than March
in the southeast, plant early in March and apply irrigation schedule particularly in the crop establishment phases, planting should be
done as early as possible and it is even more advisable to plant dry about half a month before the onset of the rains especially in the
south west, fast-track, and if present expanded low water consuming plants, normally associated with C4 carbon pathway, use root
crops such as cassava and potatoes should be enhanced in addition to the usual crops especially in the drier south west rainfall
region and initiate irrigation programs to absorb the largely unemployed youthful labor force especially in the south western rainfall
region.

understood by investigating plant water relationships and essentially
implies water/rainfall variations and its effects on crop performance
(Brown and Cocheme, 1969; Otengi, 1982; Mwingira, 1980; Vitkevitch,
1960, Nieuwolt, 1973b). Changing planting dates have been applied for
management of crop production in various parts of the world.
This study involves an initial division of agricultural into its
components of livestock and crop production and considering only the
latter in some detail. It is approached by a determination of the nature of
rainfall seasonality in the NLB which forms a background used to
classify regions justifiable on the basis of the synoptic circulation
patterns. Estimation is then made of critical water requirements of nine
annual crops (per availability of information). The results are used
together with the drought aspects to attempt an assessment of drought
effects at two planting date alternatives on general growth stages of
these crops at the variously determined rainfall regions. Further
recommendations are given to farmers of when to grow the various
crops in the different areas.
The outlines of the objectives are summarized as:1. Assess the suitability of utilizing early and late planting dates by area
from analysis of expected frequencies and intensities of crop stress as
induced by drought over the years
2. Recommend by identifying some crops which crops may be grown
without much risk of drought stress and corresponding areas and
planting dates for growing them.
MATERIALS AND METHODS
Area of Study

Figure 1 Position of NLB (Western Kenya)

Nature and availability of data
The agricultural and climatic data used was based on available monthly
rainfall information from the Kenya Meteorological Department in
Nairobi. The assessment relied on the use of water balance equation
which outlines the outflow of water into the atmosphere whereas
monthly climatic data of radiation, temperature, wind-run and where
applicable hours of sunshine were assumed in the calculation of the
potential evaporation index as advocated in the Penman (1949). The
agricultural data collected from literature and the Ministry of
Agriculture and various libraries including the University of Nairobias
was available for the study area and was related to crop performance.

Table 1 shows the 22 rainfall stations used in this analysis with
diverse variation in data availability. The longest record period is of 47
years running from 1938 at Kisumu Airport Meteorological Station. Ten
of these stations belong to a 1931-1960 data period and four of these
have discontinuity of one form or another while the rest (12) of the
stations including Kisumu airport belong to the synoptic and agricultural
category (E.A.M.D., 1966). Their data run into recent periods (i.e.
1983-1984) and was available during the field work session in 1986.
Nzoia meteorological station had the shortest (i.e. 8 years) while Busia
station was slightly shifted with apparent loss of records. Ngirimoru
Koru and Mumias Sugar Research stations data were discontinuous for
unknown reasons and these inconsistencies are tabulated in table 2.
Monthly values has been considered more appropriate than the annual
values since the latter do not show periods in the season when the rains
fell (Apeldon, 1978). In Kisumu for example, although the first season is
high (i.e. 27 inches), optimal crop water requirements are unlikely to be
met in 4 out of 10 years during the second season because the chances of
satisfying these requirements are quite remote (Manning, 1956).
Agricultural data was located in various centers sometimes
considerable distances from each other making both appointments and
schedules less productive in terms of disappointments and time
consuming exercises. Although the climatic data was at one centre of the
Kenya Meteorological Department, Dagoretti corner, they were kept in
various and volumes requiring a cumbersome and time consuming
process to retrieve and compile. Further only nine stations had adequate
climatic data essential for calculating the Penman evaporation hence the
limited spatial coverage since the more rainfall stations that were
available had to be discarded or not used especially for the crop analyses
due to this limitation.
Rainfall deficiency including its variability in predominantly
agriculture-based East Africa has been identified as the main and direct
cause upsetting the environment on which human communities depend
(Sansom, 1965; Nieuwolt, 1978; Muriithi, 1979; Kenworthy and Glover,
1958; Gillman, 1938; Ogallo, 1981, 1982; Okoola, 1978; Alusa and
Gwyne, 1978; Alusa, 1978; Manning, 1956b). Nieuwolt (1974a; 1974b)
has used seasonal concentration index of 8% of annual rainfall as
appropriate for agricultural production and defines a drought month in
East Africa as that during which the actual rainfall is less than 50% of
the long term mean alongside any month with less than 100 mm of rain.
The water demands has previously been expressed as ratios of potential
evaporation to potential evapo-transpiration (Et/Eo) and obtained for
various stations in East Africa (Sansom, 1954; Woodhead, 1968;
Woodhead and Waweru, 1969; Rijks, 1968; Nyenzi, 1980; Obasi and
Kiangi, 1973, 1977; Pereira, 1959a, Blackie, 1965; Dagg and Blackie,
1965, 1970; Pereira and McCulloch, 1962). It has been considered
necessary to use the Penman method in this study since it is widely used
and is generally acceptable and convenient (Koslowsky, 1968; WMO,
1966; Monteith, 1965; McCulloch, 1965). The Penman method as
modified by McCulloch (1965) for altitude is used in this analysis
because:
1. It has widely been used without much controversy (Dorenbos and
Pruitt, 1977; Monteith, 1965; Wallen, 1967).
2. Its formulation includes logical considerations of physical
physiological aspects of crop growth
3. It avoids errors involved in measurements of physical and
physiological aspects whose relative significance in the evapotranspiration are not only assumed but are indeed difficult to measure
accurately.
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Table 1 Location of rainfall stations used in analysis
Number
1
2
3

4

Station
Ahero Kano irrigation
scheme
Bukura farm,
Kakamega
Bunyala irrigation
scheme
Busia cotton research
Station

13
14
15
16
17
18

Chemilil sugar
company
KadengeYala swamp
Kakamega district
Commissioner’s office
Kibos cotton Research
Station
Kibos sugar research
Station
Kisumu Airport
Meteorological station
Kisumu Town
Koru Coffee research
station
Ngirimori, Koru Estate
Lugari limited
MiwaniMillls
Miwani station
Miwani quarters
Muhoroni station

19

Mumias St. Marys

5
6
7
8
9
10
11
12

20
21
22

Mumias sugar
company
Nzoia Meteorological
station
West Kano irrigation
scheme

Registration
number

Altitude

Location

Data period

9034086

1219

0o 08’ S, 34o 56’ E

1962-85

8934002

1463

0o13’ N, 34o 37’ E

1971-84

8934139

1145

0o 7’ N, 34o 04’ E

1931-60

8934139

1220

0 29’ N, 34 08’ E

1957-84

9035274

1269

0o 04’ S, 35o 08’ E

1971-84

8934140

1168

0o 8’ S, 34o 56’ E

1971-83

8934001

1515

0 2’ N, 34 11’ E

1931-60

9034081

1173

0o17’ N, 34o 45’ E

1952-84

9034105

1214

0o 04’ S, 34o 48’ E

1952-83

9034025

1149

0o 02’ S, 34o 49’ E

1938-84

9034004

1146

0 06’ S, 34 45’ E

1931-60

9035230

1560

0o 06’ S, 34o 45’ E

90351017
9034008
9035032
9034009
9035016

1616
1616
1207
1220
1372
1300

0o 35’ S, 35o 17’ E
0o 08’ S, 35o 17’ E
0o 03’ S, 34o 57’ E
0o 05’ S, 34o 59’ E
0o 03’ S, 34o 57’ E
0o 09’ S, 35o 12’ E

1931-60
1931-60
1931-60
1931-60
1931-60
1931-60

8934013

1340

0o19’ N, 34o 30’ E

1931-60

8934133

1302

0o 22’ N 34o 30’ E

1971-84

8934138

1840

0o45’ N, 34o 56’ E

1976-84

9034133

1137

0o 12’ S, 34o 50’ E

1975-84

o

o

o

o

o

o

Remarks

1971 missing, 1976,
1981 incomplete 1980
estimated position
changed in 1974

1936, 1939, 1942, and
1953 data incomplete

Table 2 Nzoia meteorological station rainfall data showing rainy months (i.e. underlined)*
No. of rainy

Year

1977

1978

1979

1980

1981

1982

1983

1984

J

95.9

34.6

93.3

39.5

21.9

22.7

0.0

60.9

0

F

86.4

76.4

236.6

24.4

64.3

25.3

56.2

16.6

1

M

113.3

126.9

169.1

83.1

289.3

64.5

154.5

65.1

1

A

470.9

517.8

164.6

176.0

376.1

204.1

287.9

190.9

8

M

398.3

339.4

197.4

246.8

269.6

231.6

162.3

127.5

8

J

155.8

153.8

159.2

115.8

116.7

101.9

148.4

87.8

3

J

110.1

110.1

68.7

57.0

451.6

144.8

127.0

138.6

3

A

174.6

174.7

132.0

181.9

276.0

230.0

218.0

120.1

7

S

83.2

83.3

104.4

87.1

273.9

109.0

190.3

36.7

2

O

98.9

100.9

53.2

88.8

61.8

140.4

139.1

64.4

1

N

159.3

120.6

181.5

106.4

270.5

335.3

212.1

167.0

5

D

113.3

95.3

193.4

76.2

66.4

36.4

87.9

84.8

1

Total

2059.7

1933.8

1753.0

1283.0

2538.1

1646.6

1784.5

1160.4

40
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Table 3 Some environmental requirements of crops used in analysis (Source: Acland, 1972)

Beans
(Phaseolus vulgaris)

>2100

Bulrush millet
(Pennisetumtyphoidea)

< 1200

Cassava
(Mannihot sp.)

< 1500

Finger millet
(Eleusinecoracana)

0-2400 but
normally grown
above 900 m

Groundnuts
(Arachiahypogenea)

< 1500

Annual
water
needs
(mm)

Temperature/wind
and frost tolerance

500-625

900

0-2500

1800

Rice
(Oryza sativa)

< 1200

Between
910-1070
mm per
hectare
(e.g. at
Mwea)

Sensitive to
photoperiod and
flowers when day
length decreases

Sorghum
(Sorghum vulgare)

900-1500

Sweet potatoes
(Ipomeabatatas)

0-2100

Remarks

Requires free
draining moist soils
throughout growth
Performs better
under medium to
light textured soils
Requires free
draining soils (Not
shallow or stony as
this prevent tuber
development)

Rains at end of season
undesirable especially
for canning seeds

Requires fertile free
draining soils

Tolerates dry spells in
early stages of growth

Drought
resistant/evading

Very drought resistant

Requires moist
fertile and light soils
until harvesting
High night
temperatures lead to
high respiration rates
and limits yields. < 10
o
C, night temperatures
and light frost kills
crop.

Maize
(Zea mays)

Soil requirements

Requires well
drained soils with
good nutrient
supplies

Sandy soils support
good crop provided
there is plenty o
water

Require reasonably
fertile soils but
performs in
exhausted soils
Performs well in
wide range of soils
(i.e. From swampy
to eroded soils)

750 or
more

4. The estimate do not vary much from year to year like rainfall so that it
is possible to gauge effects of variation from the more variant rainfall
aspect, say in drought and non- drought years (Pereira and McCulloch,
1960).
The index of course has its limitations including in East Africa
where calculation of the radiation term is often estimated from cloud
amounts and/or sunshine hours or otherwise (Woodhead, 1966, 1967;
Glover and McCulloch, 1958, Pereira, 1959a). Also estimation of the
index by use of a conversion factor from pan readings involves a host of
complications ranging from the different pan types whose exposure are
subject to interferences by animals which would lead to fallacious and
hence incorrect estimates (Dagg, 1969a; Hutchinson and Farbrother,
1956). Further the assumption of constant evaporation is not always true
as has been observed for example in cotton where the process begins
promptly at 9.00 am but continues until 22.00 pm at night, indicating
physiognomy affects either directly or indirectly the nature of water
transfer (Lemon et al, 1960). From an agricultural point of view apart
from the overall complexities of the plant-atmosphere-water systems,

Every 25 mm that falls
before sowing leads to
about 180 kg/ha yield
loss. Optimum of 200
mm of rains required
within 2 weeks of
sowing
Varying requirements
for paddy rice including
soil permeability, length
of growing season,
rains in growing season,
efficiency in water
management
Drought resistant and
requires 300-360 mm
rains during growing
period. Popular in Kano
as can withstand short
waterlogging periods

comparisons are at its best only a crude indication of the potential of an
area (Stern. 1967). The ratio Et/Eo is considered constant and largely
independent of location so values can be used in other parts of the
tropical region without serious errors (Nieuwolt, 1978). Nieuwolt (1975)
actually provide values that compare well except for sugarcane,
although his data sources remain un-informative of how they were
obtained (Nieuwolt, 1973b; Blackie, 1965; Woodhead, 1970b).
The use of soil moisture data obtained using the neutron probe on
some four soil profiles per treatment were used to calculate estimates of
monthly water use for nine crops namely bean, bulrush and finger millet,
cassava, groundnut, maize, rice, sorghum and sweet potatoes were used
to estimate Eo values for individual stations in the NLB assuming soil
and cropping patterns are similar considered appropriate in the study
(Wangati et al, 1969). As an example beans had the ratio (Et/Eo) of 0.75
during the first month.

13

Altitude range
(m)

Et/Eo = 0.75
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Eo is the potential evaporation of open water as estimated by the
Penman equation (See also appendix part 3).
For the NLB the 0.75 will remain unchanged but both Et and Eo will
both be different. Values for the NLB were obtained by rearranging the
equation so as to make Et the subject as follows.
Et = 0.75*Eo
The values of Eo were then calculated using the Penman formula
with the climatic data obtained and substituted in the above equation.
The Eo values were of the main seasons were substituted in the main
equation to obtain values for the NLB. As an example the calculated
value for West Kano in March when the season begins is 109.6 mm. At
Ahero Kano where the season begins in February values are multiplied
by either 28 or 29 days depending on whether it is a leap year or not.
Being potential values (i.e. assuming sufficient water supplies) these
cannot be directly used as critical and need to be converted to critical
values in the light of the rainfall values. Attempts have often used the Eo
item and expressed the estimates of crop water needs (e.g. sugarcane) to
be 2/3 of Eo (Mungai, 1979; Kibe and Sogomo, 1979). Comparing the
2/3Eto estimate gives very low values of estimated water requirements
(estimated Et) and is contradiction to observational evidence and survey
analysis and suggest that no drought occurs for the nine crops under
investigation. Brown et al (1969) argues for the Eo item exceeds Et by
20% due to higher radiative reflection of plant cover compared with
water surface. This implies that
Eo = 1.20 Et
Hence Et = 5/6 * Eo
Thus 0.83 * Eo is the estimated water requirement.
This wouldn’t hold throughout since instances in the plant cycle
when Et is exceeded by Eo and so 0.83*Eo gives very low estimates of
Et for NLB and suggests that rains are invariably sufficient for crop
growth except very few months in the South west rainfall region. Recent
investigations show that actual evapotranspiration vary between 0.4Eo at
early crop stages and 0.8Eo at peak and hence averages 0.6Eo (Jaetzold
and Schmidt, 1882). Use of Et would be more appropriately related to
crops than Eo since even correlations between the two have been found
to be negative since the patterns occur influenced by different
physical/physiological conditions (Dagg et al, 1969; Brown et al, 1969).
The more realistic ratio of Et that was attempted was 2/5Et (0.4Et) and
seem to provide reasonable evaluation of crop stress limit and is in line
with a well-remembered drought lasting from late 1979 and into the year
1980 affecting all crops especially maize in the SE NLB can be
ascertained (Personal observation). Similarly years such as famine in
1975 were bad in the same area confirming a drought in 1974.
Two planting dates were used the second one given the second
month of the rainy season and is supposed to indicate whether or not
germination was poor and if this latter date would be more appropriate
against a drought (Manning, 1960; Gray, 1970). One year with the least
seasonal total was used in this investigation more or less along similar
indicators previously carried out (Gibbs and Maher, 1967). The
identified year represent the months of highest rainfall deficit over
record period and represent the most intense drought years. Whenever

the rainfall season was shorter than the period given in these calculations
values at the peak were averaged and the result used in place in the first
of the two peak months. At Chemelil for example the season is only 3
months long while the maize crop can grow for up to 6 months. The 3rd
and 4th peak readings of Eo are averaged to obtain a value which is
entered for analysis. It is assumed that when a season is short the crop
should be able to complete its cycle within this period and therefore
reaches its peak earlier than when the season is long and should
probably have a lower peak water demand. This is repeated until the
crop fits into the rainy season as indicated in chapter 5. Little emphasis
is given for the end of growing cycle since the period does not alter the
crop yields and if it does it would not be a direct influence of rainfall
availability and in any case most crops require drier periods at this stage
(Russel, 1960).
The growth cycles of the nine crops under investigation were
divided into 4 phases namely establishment (i.e. from planting/sowing to
before pre-peak), pre-peak (between establishment and peak phase),
peak (when the water demands are highest) and post peak (the rest of the
crop cycle). The post peak was only considered if there was at least two
months of the peak phase of the crop and if only one month occurs after
the peak, the period is assumed to be used for harvesting when rainfall
does not play an absolute role in influencing yields. Certain crops do not
show a marked peak period so that stress becomes difficult to classify
into the four phases as described above. At Busia for example the
groundnut crop in the 1974-1975 seasons with the stress situation in
November is referred to as the post peak phase while the December
situation is not investigated despite being of higher water demand and is
considered a period for harvesting. The NLB was classified into three
rainfall regions namely; those stations whose main season begin in
March (one case in February), those station whose main season begin in
April and those whose season begins between July and September.
RESULTS AND DISCUSSION
The South East region
Only 11 of the 22 stations had adequate data for these computations
while estimates had to be made for both Bunyala (station 2) and Nzoia
(station 10). March rainfall appears to be inadequate for establishment of
most crops with the drought in this month represented by the year 1973
although other years show similar deficiency period. This is noted in
west Kano and Kisumu in 1993 and at Ahero in 1984. The Aherokano
situation is apparently serious as two consecutive months of deficiency
are possible. March is a notoriously rainfall deficient month with its
worst effects seen at Kibos Cotton Research Station and Ahero Kano
where only 1.2 mm and 4.1 mm of rain fell in March 1973. None of the
nine crops could establish unless irrigation is used meaning most
subsistence farmers had to re-plant later in April. The other stress month
is May though this is relatively more reliable than March and since this
coincides with the peak crop requirement period they experienced stress
in West Kano in 1973 and 1979, Chemilil and Aherokano in 1984 and
Kisumu Airport in 1982. Analyses of specific effects of individual crops
now follow (Table 3).
Maize and Sorghum
Early planted maize could not establish at Kisumu, Ahero in 1984
(figures 2a), Chemelil in 1973 and 1984, Kibos and Bunyala in 1973 (fig
3a), wet Kano and Bunyala in 1973 (fig 4a) because of the sometimes
grossly inadequate March rains. The crop experienced drought in the
peak period in 1984 at Chemilil and pre peak at west Kano in 1983.
Although this crop established well at West kano in 1979, Kisumu
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Beans and pigeon peas
At Kisumu the bean was the only crop that seems to have survived in the
1984 drought, although this could be the usual physiological response
attributed to continuous rapid canopy development and ground coverage
observed under irrigation (Wangati et al, 1970).Generally however, the
early planted crop met with widespread failure at establishment at
Bunyala (fig 3b), Kibos in 1973, Ahero Kano in 1984 (fig 2b) and
Kisumu in 1982 and 1984. At west Kano drought affected not only the
establishment of the bean crop in 1983 but also the peak phase as well in
1983 and in 1979.The peak phases were also affected at Chemilil in
1984 and Kisumu while a slight stress was also encountered in 1969 at
Kibos in the second month of the growth cycle. The later planted crop
also failed to establish at Ahero Kano in 1984 (fig 3b) rendering the year
a relatively bad one for the bean crop in this year at the station. The 2 nd
planted crop also suffered stress at Kibos in 1973, at West Kano, prepeak at Chemelil in 1984 and at the peak phase at Kisumu in 1984.
drought stress has actually been noted to reduce plant heights, shoot dry
weight, leaf expansion and if extended in the vegetative phase reduction
of node numbers which is essentially potential leaf/flower bearing zones
of the plant and pods per plant while in pigeon peas drought favors dry
matter in roots as opposed to pods (El Nadi, 1969; Nyabuni, 1980).
The millets
Both bulrush and finger millets could not establish at Kisumu in 1984,
Kibos in 1973, Chemilil in 1973 and 1984 and West Kano in 1983. If
under supplemented water, the early planted crop was still affected by
stress in the peak phase at Chemelil in 1984 and West Kano in 1983,
otherwise performing well at Kibos and Kisumu. At Ahero Kano
irrigation needed to be administered for two consecutive months at the
beginning of the season (fig 2c). Later planted finger millet also suffered
drought stress a month after planting at West Kano in 1979 although this
did not affect bulrush millet. The later crop therefore by virtue of lower
water demand should preferably be grown instead of other grains as a
supplementary food source at Ahero Kano. Performances of the millets
in the latter planting schedules were more successful than was realized
in the earlier attempt.
Cassava and Sweet potatoes
These two crops usually maintain low water requirements throughout
their growing life cycle, however planting early were still checked by
drought at Ahero (fig 2c) Kisumu in 1984. If this early stage was

supplied with irrigation water, there would be no longer any drought
experienced in the latter phases. The latter planted crops were widely
successful and performed very well in the latter phases as well, suffering
very minimal and perhaps insignificant stress at Kibos in the last two
months of their life cycle. These two crops can therefore be extensively
in this region to supplement food resources in case of devastation by
drought on other crops but planting should be carried preferably in April
rather than March.
Rice
Rice (upland) is generally grown under irrigation and so it is clear why
this crop could not perform well at either Aherokano or West Kano
where it is usually grown. Should there be need to consider upland rice
(i.e. rain-fed) Ahero Kano should be preferable as the rainfall regime at
West Kano was grossly inadequate in the selected drought years. Even
at West Kano however, irrigation would be required in March, May and
June in drought years. At Ahero Kano, a more continuous irrigation
would be necessary otherwise the crop may suffer from defoliation and
increase grain weight per plant (Fukoshima, 1985).
The North East rainfall region
This has been represented by the Mumias Sugar company station but
consideration is also given of one long season that runs from April to
September but with a relatively drier month in July. Crops in a possible
second season would be expected to behave in a similar manner as
discussed in the previous section. For example, see Figure 5.
Maize, beans and sorghum
These crops performed better than in the SE region as observed at
Mumias during the droughts of 1978 and 1972 but if planted early (i.e.
April) this stress would be altogether avoided. At Nzoia slight stress
occurred for the early planted maize and bean crops in July of 1979
while the latter planted crops performed successfully in their growth life
cycles. In 1984, the situation is reversed, the early planted crop suffering
no stress problems while the latter planted crop experiencing slight
stress in September. Except for the slight stress in 1979, sorghum was
not affected by any of the droughts at Nzoia. If the long growing season
is utilized at Mumias, the early planted crop may have suffered stress in
July and in the latter planting, the pre-peak and peak phases. Arguing
that peak water demands are critical for proper yields it could have been
safe to recommend later planting of these crops in the region in drought
years such as 1978. In 1972 there was apparently no drought effect on
any of the crops regardless of when they were planted and it has been
reported for example that about 200 mm of optimal rains are required
for maize at five weeks after sowing (Acland, 1970).
However, in the NE region generally there is a higher probability
that the early planted crops will be successful than the later planted, but
if the long maturing crops are preferred then they should give better
returns when planted early. Planting early enables the peak requirement
phases to be effectively shifted from the drier July as observed at
Mumias and Nzoia into a more reliable rainfall month of August. Yields
would further be realized with both planting dates in good years (e.g.
1972) at Mumias when the July rains are in actual sense adequate.
The South West rainfall region
This is a region depicting high drought incidences in the main season
since the rains basically in the July-November period when the air
circulation is not very effective. The rains are not only poorly distributed
(e.g. in Busia) but also deficient in amounts.
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airport in 1982 and Kibos sugar in 1969, it still suffered stress in the
second month at Kibos, the third month at west Kano and the peak phase
at Kisumu Airport so reducing expected yields in these areas.Since
majority do not irrigate it is assumed a second planting was carried out
in the area when the unreliable march rains were replaced by the April
rains meaning good establishment of the maize crop in this second
attempt. The latter phases were however affected by inadequate rains at
Kibos in 1973 and Kisumu airport in 1984 and the pre-peak period, at
West kano in 1979 both stresses probably reducing yields. Similar
results were obtained for sorghum at the same stations and years. Under
supplemented moisture stress still occurred during peak requirements at
Chemilil in 1984 and pre-peak at west kano in 1983.Considering the two
planting dates poor yields were obtained extensively in his region as
indicated in 1973 at Kisumu in the earlier planting while better yields
were realized at Chemelil for planting later in this particular year and
therefore the effects of drought could have been minimized by planting
one month later.
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Figure 2a Water use at of beans at Ahero in 1976
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Figure 2b Water use at of bulrush millet at Ahero in 1976
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Figure 2c Water use at of cassava/potatoes at Ahero in 1976
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Figure 2d Water use at of finger millet at Ahero in 1976.
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Figure 2e Water use at of groundnuts at Ahero in 1976.
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Figure 2f Water use at of maize at Ahero in 1976.
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Figure 2g Water use at of rice at Ahero in 1976.
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Figure 2h Water use at of sorghum at Ahero in 1976
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Figure 3a Water use at of beans at Bunyala in 1973
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Figure 3b Water use of bulrush millet at Bunyala in 1973
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Figure 3c Water use of cassava/potato at Bunyala in 1973
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Figure 3d Water use of finger millet at Bunyala in 1973
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Figure 3e Water use of groundnuts at Bunyala in 1973
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Figure 3f Water use of maize at Bunyala in 1973
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Figure 3g Water use of sorghum at Bunyala in 1973
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Figure 4a Water use of beans at Kadenge in 1974/75
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Figure 4b Water use of bulrush millet at Kadenge in 1974/75
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Figure 4c Water use of cassava/potato at Kadenge in 1974/75
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Figure 4d Water use of finger millet at Kadenge in 1974/75
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Figure 4e Water use of groundnuts at Kadenge in 1974/75
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Figure 4f Water use of maize at Kadenge in 1974/75
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Figure 4g Water use of rice at Kadenge in 1974/75
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Figure 4h Water use of sorghum at Kadenge in 1974/75
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Beans
Neither the early nor the later planted crop established leaving the
November-December rains fall on parched gardens at Bunyala in 1979
(fig 4a). The situation in 1975 was also bad since none of the essential
phases of the crop were marched by adequate rains, thus spelling the
inevitable total disaster to the farmers. Although establishment was
successful at Busia in 1979 and 1974 and at Kadenge in 1979 (fig 4a),
the early planted crop failed entirely in 1974 at both stations and giving
poor results in 1976 and 1979. The crop did not establish at Kadenge
with traces being completely devastated in the second month of the
cycle in 1974 due to lack of rain. The Bunyala situation was severe in
1979 and 1984 when the essential peak phase requirement was not met
in the October rains. Dependence on beans in these years could have
been from the latter planting which although affected slightly at peak
phase perhaps managed to complete the growth cycle at Mumias. The
later planted crop at Busia was affected by drought in the pre-peak phase
onwards in 1979, with crop completely devastated in both years.
Sorghum
Like maize and beans sorghum failed to establish in both attempts at
Bunyala in 1979 (fig 4h) and was severely damaged in 1975.
Performance of the early crop was good for the first two months in 1979
or three months in 1974 at Busia, but was badly affected in the pre-peak
phase in 1979 and the rest of the growing cycle in 1974. At Kadenge
stress occurred from the pre-peak to peak phases in 1976 (fig 4h) and the
peak phase onwards in 1974, the first reducing yields considerably and
the second completely destroying the crop. At Mumias the crop
performed poorly due to inadequate rains in October which coincided
with the peak phases in 1979 and 1984. The latter planted crop was
however devastated in both 1979 and 1979 due to respective deficiency
in rains in the pre-peak and from the pre-peak phase onwards at Busia.
Devastation also occurred at Mumias in the pre peak period in 1979 and
at Kadenge in 1974 though it performed rather well two years later in
1976 (5h). Performance for the later sorghum crop was also good at
Mumias in 1974.
The Millets
Early planted bulrush millet suffered adverse stress in the pre-peak
phase at Kadenge in 1976 (fig 4b), the peak phase at Mumias and Busia

in 1979 but only slightly in 1984 at Mumias. Performance was good for
the early crop s at Busia in 1974 except for the last month when there
was some stress. The early crop failed at Kadenge in 1974 (fig 4b) while
at Bunyala it altogether failed to establish in 1979 (fig 2b) and after
successful establishment in 1975. The late crop performed remarkably
well in 1976 at Kadenge (fig 4), in 1984 at Mumias but totally failed
after good establishment at Kadenge in 1974 (fig 4b). In 1979 the latter
crop suffered stress at Mumias and Busia in the pre-peak phase, in 1974
at Busia from the peak phase onwards and was devastated at Bunyala in
1975 due to inadequate rains during the later phases (fig 4b and d). The
finger millet was largely similar to that of bulrush millet especially at
Bunyala and Kadenge. The later planted crop however endured extended
periods of stress at Busia while at Mumias both early and late planted
crops succeeded, reflecting a possibility of obtaining double yields at
this station.
Groundnuts
Performance of this crop at Bunyala in both 1975 and 1979 was very
poor because it established but failed to proceed properly in its
subsequent phases in 1975 (fig 3e) or failed completely in both early and
late plantings in 1979. At Kadenge the early planted crop suffered due to
stress in the second month in 1976 (fig 4e) and though establishing well
1974, failed to complete its cycle due to inadequate rains in October
onwards. The later planted crop however performed well in 1976 at
Kadenge (fig 4e) but suffered stress in 1979 at Mumias in the third
month. Both planting attempts at Mumias performed well in 1984
although the first attempt performed better than the second since to
deficient rains in November affected only the later phase of growth
when water was less critical while two consecutive months of stress
were realized in the high water demand phases of the later planted crop.
Cassava and Potatoes
Good yields were obtained at Mumias in 1984 and very little stress
inflicted on the crops in the latter two months. The Bunyala drought was
bad because although 1975 saw the establishment of the early planted
crops, there was stress afflicted to the crop in the latter two months of
the growing cycle (fig 2c) while the late planted crops were also badly
affected due to deficiencies in the latter two months of the growth cycle.
In 1979 both planting attempts performed very well although the early
crop had some stress in the second month but suffering stress in the last
two months when planted early and three months when planted late.
Rice
This has been grown at Bunyala for some time, the possibility of
growing it at Kadenge is still under investigation and so the climatic
assessment deserves mentioning (Van de Weg and Mbuvi, 1974).
However, it appears to be unwise to grow upland rice since the main
season at these two stations have very unreliable rains for proper growth
(fig 2g). The early crop would have established well at Kadenge in 1974
and 1976 at Kadenge, but would require substantial irrigation in most of
the latter growth phases without which the crop would clearly fail. The
drought effects in the latter planted rice would be worse since even
establishment cannot be assured in most years.
DISCUSSIONS
Critical water levels calculated agree well and are significantly
correlated (95%) to those by Woodhead (1968) although his data periods
are different (i.e. Ahero-kano (1963-1965, Busia cotton (1965), Kibos
(1963-65; Kisumu Meteorological station (1939-62) and Kisumu
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Maize
The early planted maize at Bunyala could not establish in 1979 and
required about two times as much water as was actually available from
the rains. If irrigated the crop established, but it still suffered drought
stress during the pre-peak to peak demand phases at Kadenge in 1974, in
1974 and 1979 at Busia and in 1974 in Mumias. See for example figure
4f.At Bunyala despite the heavy rains in November and December 1979
these were actually out of season and could not benefit the crops grown
earlier (fig 2f), the year standing out as a very bad drought year. Effects
of this drought were realized in the notorious “gorogoro*” famine of
1980 in a wide area of this region. See also section 6.4. The year 1974
was also a bad year in the region as shown at Kadenge where although
both planting dates were successful the crop underwent severe stress
resulting into complete devastation of the crop (fig 4f). This led to a
famine well known in the area as “Nyangweso*” in the following year.
In 1976 however the situation was partially saved by late planting at
Kadenge, and rendered the hurrying early planting farmers a laughing
stock by the later planting farmers. Late planting was also a little better
at Mumias in 1979 and significantly better in 1984.
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canopy in response to irrigation all the way to senescence (Wangati et al,
1970). In cotton high moisture consumption has been observed to reduce
yields in cotton via inducing flower shedding (Njogu (1977). This was
also observed at Kibos where high intensities of rain were however
found to be inefficient in wetting the soils due to poor infiltration
capacity which in turn checked cotton root growth at about 20 to 30 cm
below the soil surface while they grew deeper at Tabora (Njogu 1977).
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
It is generally observed that drought affects various stages of all the
crops growth cycles and it was also more advantageous to plant early in
the south west and north east rainfall regions but a month later after
rainfall onset in the south east rainfall region since the off season rains
seem to favour late planting in the last region. The late planted bulrush
millet at Ahero Kano in 1973 for example performed better than the
early planted crop but in the south west this was not common as shown
in the 1974-1975 season at Busia and Kadenge and second main season
at Bunyala. The Bunyala rainfall regime however provides similarities
with stations in the south east while in the north east the main season is
more reliable as shown at Mumias, although late planted beans and
beans grown in the single long season would still suffer stress as
occurred in 1978. Potatoes and cassava also appear to perform well at
Bunyala (e.g. in 1973).At Ahero Kano all the nine crops would suffer
stress at establishment to pre-peak phases if early planted while the least
droughts would be at Chemilil and Mumias where all the crops with an
exception of rice (i.e. at Chemelil), would perform well when planted
later in the season. Most crops would generally suffer more intense
drought stress in the south east, notably in Ahero Kano, Chemilil and
Kibos when early planted.
Drought stress in the early planted crops in the south east frequently
occurs in March interfering with the establishment stages but also the
peak phases of some crops as well. Later planting foregoes these
drought stress problems with relatively few if any stress problems
occurring. In the north east drought may affect the peak and sometimes
pre and post peak phases of late planted crops although cassava and
potatoes are virtually unaffected by any drought stress in this rainfall
region. Late planted long maturing crop varieties perform better than
short maturing crops. In the southwest, drought stress is worse in the
latter planted crops as compared with early planted ones although both
plantings may suffer drought stress from the pre peak phase all the way
to the end of the season. Cassava and potatoes have better chances of
survival in this rainfall region than any of the other seven crops
investigated. These inherent establishment phase stress intensities may
however be avoided by planting later in the season. In the south west
more crops would suffer intense drought stress of the order of some 40
mm of rainfall deficiency from the pre-peak to post-peak phases.
Recommendations
1. Upland rice (i.e. rice that do not require flooding conditions) can by no
means be grown particularly at KadengeYala swamp and Bunyala ‘s
second season where otherwise higher water supplements would be
required especially in the peak phases of the crop.
2. It is advisable to plant crops in later in April rather than March in the
southeast, or plant early in March and apply irrigation schedule
particularly in the crop establishment phases.
3. In the south west planting should be done as early as possible and it is
even more advisable to plant dry about half a month before the onset
of the rains.
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railway (1939)). The low correlation in Busia may be attributed to the
short data period in the Woodhead (1968) data readings. The significant
correlations and other independent daily estimates for Kisumu (6.5
mm/day) and annual computations for Winam (e.g. Eo – 2000-2200
mm) imply that any of the periods may safely be used in analysis with
insignificant errors (Kuria, 1977; Baker, 1977). Thornthwaites (1948)
index however give values which are on average 40% less than those of
Penman but this is about 60% on highland areas.
Otengi (1982) and Gwyne (1948) contend that it is not total rainfall
amounts but whether it is enough to cover the growing stages of the crop
even if grown on well fertilized soils. In the Kano plains rainfall
probabilities and the magnitude of their depletion from the mean were
observed to have repercussions on cotton yields and the expected
minimum rains is only theoretically sufficient when well distributed
during the growing season since there are departures from this rule of
thumb arising from high evaporation rates (Obara,.1983). It is important
to observe appropriate planting schedules as this has been determined to
pose considerable risks due to probable consequent low rainfall and
harvests for crops such as cotton (Manning, 1950). The precise moisture
required for maximum growth rates varies with plant species, its stage of
growth and other soil parameters such as soil texture (Webster and
Wilson, 1966; Acland, 1971). Further, late planting of cotton reduced
the grade of cotton by subjecting this to grain damage at Ukirunguru,
Tanzania and elsewhere subjected sorghum to falling-off of the germ
seed due to dry periods in the season (Peate and Brown, 1960; Jowett,
1965; Unger, 1984). Although about 500 to 750 mm per year of well
distributed rains are adequate for cotton timely sowing to enable
maximum requirements to coincide with peak rainfall is key to obtaining
maximum yields in cotton (Brown and Cocheme, 1972). Also a simple
mistake such as delaying bean plantation until after first weeding of
maize (about 10 days) may reduce the bean yields to zero (Owuor,
1977). The root to shoot ratio for maize has been determined to vary
between 33% in dry soils to 12.9% in wet soils but it increases sharply
when the moisture exceeds 80% of pore spaces probably due to
anaerobic respiration (Nye, 1977). The advantages noted in Kakamega
when maize was planted at the same time with beans were more than
when beans were planted 5 days later and included protection by the
maize from early hailstorms and hence increased chances of harvesting
the beans (Owuor, 1977). Also, flower shedding in beans (Vicia fava)
was aggravated when a wet treatment was delayed and applied during
flowering while a short day length reduced vegetative growth and
imbalances the root/shoot ratio and eventual tuber yields (El Nadi, 1969;
Rayner, 1945).
As for potatoes and cassava become very useful crops that would
provide supplementary food reserves during and after drought, dry
matter deposition have been recorded to favour the roots of plants such
as pigeon peas at the expense of shoots (Nyambuni1980). Additionally,
these two crops mature quickly and have relatively low water
requirements but cassava which can survive 4-6 months of drought has
especially been reported to produce more than 50% of calorific
requirements for 2 million people in Africa (Courier Magazine, 1983).
The importance of use of cowpeas, yams and vegetables after previous
drought is also evident from the list and has been shown for example, in
cowpeas which is adaptable and can grow in any soil type and is
resistant to both heat and drought (Wamari, 1984). Further, cowpeas are
significantly important to the farming communities in the NLB and is
notably grown in both Kakamega (46%) and Siaya (30%) districts of the
region (Wamari, 1984). While the case of rice can be appreciated the
beans response is explained to be due to rapid development of full
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4. Drought resistant experimentation including drought resistant cassava
and potatoes should be fasttracked, and if present expanded), or low
water consuming plants, normally associated with C4 carbon pathway
plants emphasized.
5. Since dry matter deposition favors the roots (of some plants) at the
expense of roots, the use of root crops such as cassava and potatoes
should be enhanced in addition to the usual crops especially in the
drier south west rainfall region.
6. Irrigation schedule programs should be initiated to not only to absorb
the largely unemployed youthful labor force especially in the south
western rainfall region.
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