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ABSTRACT

Seed potatoes, variety Anett, were raised at
three different altitudes: Thika (1440 m), Kabete
(1800 m) and Limuru (2225 m) and at each site in
soil transported from the other sites iIn large tins;
In two seasons. The seed raised at all sites was
planted the following season at Kabete for ware
production.

In the first experiment, Limuru site yielded
the highest number of tubers and fresh weight of
tubers, followed by Thika site despite the fact that
plants at Thika had -shomm a more vigorous vegetative
growth than Limuru plants. In the second experiment,
Thika site yielded the lowest number of tubers and
fresh weight of tubers per plant. Limuru site
yielded the largest number of tubers but Kabete
yielded the highest fresh weight of tubers per plant..

In storage, seed tubers from Thika were the
first to sprout, yet their sprout length and number
of sprouts were the least. Limuru seeds sprouted
last and had the highest sprout number and length,
but these were not significantly different from

those of Kabete seed.



In the field, Diants from Limuru seed were
the first to emerge, followed closely by plants
from Kabete seed. Plants from Thika seed were the
last to emerge and showed a poorer vegetative
growth than plants from Limuru and Kabete seeds.

The plants from Thika seed senesced earlier
than those from Limuru and Kabete seeds.

In the first experiment, the final ware yield
was highest iIn plants descended from Limuru seed and
lowest in plants from Thika seed. In the second

experiment, plants from Limuru seed yielded the

highest number of tubers, but plants from Kabete seed

yielded the highest fresh weight of tubers. The

lowest yield was obtained from plants descended Tfrom

Thikaseed.
It was concluded that in Kenya seed potatoes

perform better If raised in the medium and high

altitudes above 1400 m.



1. INTRODUCTION

1.1 History of the Potato

The original home of the potato (Solanum
tuberosum) i1s the Andean plateau of South America
(Pushkarnath, 1976) (Chapman, 1967). It was
introduced to Europe in the second half of the
sixteenth century (Pushkarnath, 1976) and to parts
of Africa iIn the seventeeth century (Harris 197S).

It gained recognition as an inexpensive and nutritive
food only iIn the eighteenth century (Pushkarnath,
1976) (Harris, 1978).

1.2 Importance of the Potato
1.2.1 In the World

Potato is the most abundantly produced edible food iIn
the world next only to cereals. The produce, when
compared with the small area devoted to the crop is
indeed very much higher than that of cereals
(Pushkarnath, 1976). The ability of the potato to
support a large number of people on a small acreage

of land is a means of withstanding population pressure.

1.2.2 In Kenya

In Kenya, the Irish potato is a major food



crop, particularly in the Central Province (Anon,
1976a) and (Anon 1978a). As a food crop it ranks

only second to cereals (maize).

1.3 Food Value of the Potato:

Potato is a wholesome food (Pushkarnath, 1976 ).
Apart from starch, of which i1t I1s a rich source, it
provides essential body building substances such as
vitamins, minerals and proteins (Talburt and Smith
1967). It contains practically all the essential
dietary constituents except fat. It 1s one of the
richest sources of calories needed to maintain day-
to-day output of human energy. Constituents:

(according to Talburt and Smith 1967) are:

Total solids 22.5%

Water 77.5%
Protei ns 2 .0%
Fat 0.1%

Carbo hydrates 19.4%
Ash 1 .0%

1.4 Limitations of the Potato:

The potato, despite its recognition as an

inexpensive and nutritive food, 1iIs not yet widely



grown in areas of the world where hunger and
malnutrition are already realities, namely, the

developing countries (Harris, 1978). Given 1its
bulk, even though it is a cheap food, trade In
potatoes will not be a means of directly alleviating
the problems iIn the developing countries. It 1is
important that the potato be established and its
productivity be increased in such hunger stricken
areas, especially iIn the tropics, including East

Africa.

1.5 Problems of Potato Production in the Tropics.
The potato was TfTirst domesticated at high
altitude iIn the Andes (Chapman, 1967) and 1is usually
adapted in the tropics only to areas of land altitudes
of 1000 metres above sea level or higher. In Kenya,
for example the 1i1deal potato growing areas are the?
highlands with altitudes ranging between 1600 and
2700 metres such as Kibirichia (Meru). At lower
altitudes however potato crops have been successfully
grown, under experimental conditions but disease
problems are rampant at such altitudes (Chapman, 1967),
and the yields are low.
1.6 Problems of Potato Production in /Kenya:

In the potato growing areas of Kenya, the



potential of potato cultivation has not been
sufficiently exploited up to now. (Ballestrem and
Holler, 1977). Thus, despite the increasing
importance of potatoes iIn the diets of the people In
Kenya potatoes have not always been available to the
people at prices most consumers can afford, owing

to the large fluctuation iIn production from season to
season (Mbogoh, 1976). The high fluctuations
indicate problems iIn production. These problems have

been listed by Durr and Lorenzl, (1979) as:

(i) Diseases

(11) Pests

(i11) Inadequate supply of certified seed
(iv) Poor husbandry practices

W) Poor marketing system.

In the Central Province, much effort has been put iInto
improving the expansion and development of potato
production, but this expansion and development 1is still
hampered by lack of certified seed material that is
free from bacterial wilt (Pseudomonas solanacearum)

and blight (Phytophthora infestans).



1.7 Importance of "Seedl Potato.

1.7.1 The "Seed" tuber

Unlike most crops where “true® seed is used for
raising a crop, potato is mostly propagated through
tubers. On an average a tuber has twelve eyes
distributed over the surface, the trow ed" having
a cluster of bud eyes. Each eye may have more than
one bud and from each eye several sprouts may emerge.

From these sprouts, new shoots are produced.

1.7.2 Seed quality

Seed quality i1s one of the most critical
factors iIn raising potato productivity in developing
countries. In fact In no other crop i1s the value
of good seed so important as iIn the potato
(Pushkarnath, 1976). With assured good seed, over
50% of the problems of production of the growers
can be overcome (Pushkarnath, 1976). A detailed
consideration of what i1s good seed and how It can be

secured is therefore important.

1.7.3 Good Seed

A good quality seed is that which has the



following attributes (Rfcaud and Felix, 1980)

(1) Puri ty of variety

D) Right physiological age

(1i1) Freedom from fungal and bacterial
diseases.

(iv) Reasonable freedom from virus diseases.

~) Freedom from nematodes.

These attributes are influenced by the way iIn which
the seed crop is grown iIn the field, the area where
It 1s grown, through the environmental factors e.g.
temperature and rainfall, and the way iIn which it 1is

stored. (Harris, 1978).

1.8 Seed Production Area.

It 1s well known that certain regions are more
favourable for the production of high quality seed-
than others (Niederhause®, 1978). Experiences in
different potato growing countries show yield
differences between seed of the same variety
originating 1in different locations. There have
been several reports on the effect of altitude on
performance of the seed thereof iIn subsequent crops.

The best seed growing regions are usually



characterised by lower temperatures (often provided
by higher altitudes), freedom from certain disease
(e.g. bacterial wilt and blight) and insect pests
(e.g- tuber moth) and by isolation from contaminated
areas.

In many tropical countries it should be
feasible to establish disease-free areas for seed
potato production and to apply strict plant
guarantine restrictions to maintain disease freedom
from such areas.

To establish such areas, further research is
needed to study the so-called 'piace-effect” (Chapman, 1967 ) and
to determine the probable causes. This '"place effect”
IS sometimes attributed to differences iIn seed
dormancy which can cause retarded or uneven emergence.
Other possible influences are tuber-transmitted
diseases differing in their virulence from place to
place, variable soil and moisture conditions and

possible natural selection of somatic mutations.

1.9 Seed production in Kenya.

Much effort has been put into improving the
expansion and development of potato production

through seed bulking exercises to iIncre"ase the



availability of planting material in all areas

(Anon 197o0a)with the aid of Agricultural

Development Corporation (A.D.C.) farms, iIn Farmers
Training Centres (F.T.C.) and by registered farmers,
but the demand for good clean seed iIn Kenya has still

to be met.

1-9.1 Problems limiting seed Production in Kenya.
1.9.1.1 Diseases

Bacterial wilt and late blight are still
seriously hampering seed production (Anon. 1976a

and Anon . 1978a) .

1.9.1.2 Climate

Seed production 1is highly recommended in
altitudes above 2300 metres, but potatoes are also
grown iIn the Rift Valley Province and the Coast
Province. These areas are characterised by high
rainfall which 1is conducive to diseases such as
bacterial wilt and late blight. (Ballestrem and
Holler, 1977). Thus the demand for clean seed In
all areas has yet to be met (Anon. 1976a), (Anon.
1978a) .



1.9.1.3 Land availability

The areas of Kibirichia (Meru) and Kinangop
are the only areas of concentrated potato growing
(Ballestrem and Holler, 1977). In other areas the
potential of potato cultivation has not been
sufficiently exploited up to now. Seed propagation
iIs highly recommended at high altitudes above 2300 m
and yet these are areas of ware crop production.

The land area available at such altitudes is limited
and there has been much discussion within Kenya
concerning the scope and size of the seed industry.
At one extreme, certified seed could not be used for
every potato crop every season. Given a final
annual ware production of 104,000 ha, this would
require 10,400 ha of certified seed crop each year.
IT every tenth crop were planted with certified

seed 1,040 ha of certified seed crop would be
necessary. This last figure represents about ten
times the current certified seed production
(Robinson, 1973).

1.9.1.4 Market structure

The marketing and transport infrastructure
existing in Kenya is limiting to the distribution
of seed potatoes produced at the higher altitudes

to the rest of the growing areas e.g. Coast Province
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As soon as some marketing problems are solved Kenya
will be able to figure prominently in seed potato
production iIn East Africa (Ballestrem and Holler,

1977) .

1.9.1.5 Limited Research

Very little documental evidence exists In
Kenya on the effect of location of seed production
on its quality"and subsequent performance. The reports
from other countries on the effect of altitude and
other factors on seed vigour vary widely and are not
reconcilable. Yet seed potato production cannot be carried
out everywhere, " since not all regions are

suitable for such production.

1.10 Objective of this study.

The aim of this study i1s to find out the
effect of altitude of seed production on potato seed

vigour as expressed by:

O) the number of eyes per seed tuber.

(11) the rate and amount of sprouting of
seed tubers.

(ii1) the rate of emergence in“"the field

(iv) the final ware yield of the subsequent

crop.



Since most of the ware crop is grown iIn the higher
altitudes (e.g. Kibirichia in Meru, North and

South Kinangop) it would be of iInterest to find out
iIf there 1is any advantage iIn raising seed at a
certain altitude so as to enable planners to
rationalise where best to concentrate seed production

for the country.
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2. LITERATURE REVIEW

SECTION A.

2.1 Effect of Altitude on:
2.1.1 Subsequent Yield.

There have been several reports of the
altitude at which seed tubers were produced affecting
subsequent ware yield. Rpnsen (1971) found that the
yield from seed grown in the previous year at low
altitude was greater than that from seed produced at
higher altitude, while Staikov and Chavdarov (1971)
found the reverse to be true.

However, Kozlowska (1963) showed that ware
yield increased progressively as the altitude of seed
production increased from sea level to 939 m above
sea level but that further increase iIn altitude gave
a reduction 1in yield.

In 1974-1975 certified Scottish seed tubers
were multiplied at four sites of different
altitudes 46 m, 15-30 m, 213-244m and 366 m, the
progeny, tubers were subsequently grown to produce a
ware crop at Wellsbourne, England, 46 m in 1975
and 1976 Wurr, 1979). In 1975 the effects of the

site of seed production on tuber yield of the ware
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crop were small, though there was an indication of
a negative relationship between total tuber yield and
the temperature at each site (Wurr, 1979). In 1976
the effect of site of seed production was more
marked. In the field the final yield by both
varieties was lowest from seed initially raised at
the lowest altitude and highest from seed initially
raised at the highest altitude. There was no
indication that the effect of the site of seed
production on tuber yieldcacurred as a result of
differences in stem density (Wurr, 1979).

In Cyprus, Vakis (1980) found that seed
performed equally well whether produced at low or
high altitude sites.

In the 1974-75 experiment with certified
Scottish seed tubers, Wurr (1979) found that the
effects of site of seed production on sprout growth
were small in 1975. In 1976, however, he found that
the effect was more marked. The total sprout
length per tuber of both varieties used was greater
from the lowest and least from the highest site.
However, Wurr (unpublished) found that seed tubers of
two out of four varieties grown at 365 m. above
sea level sprouted earlier than the tpbers of the

same size grown In the same way at three sites of



lower altitude.

2.1.2 Chemical composition of tubers.

Moreno (1978) grew potato plants at (&) low
altitude on the coast of Peru ( 100 m) and (b)
high altitude iIn the Andes ( 3000 m) in the open
and in each locality iIn soil transported from the
other locality iIn large pots. Potato tubers of a
parti cul ar cultivc:r grown on the coast differed in
chemical composition from those grown in the Andes.
His findings showed that, in general, tubers
from the low altitudes had a lower content of soluble
nitrogen than tubers from the higher altitudes.
Asparagine: Glutamine ratio iIn tubers from low
altitude was greater than 1 and almost three times
higher than iIn tubers from the high altitude.
Electrophoretic patterns of soluble basic and acidic
proteins were higher in (@ than In [b). It was
clearly shown that potato tubers from the Andes

differed i1nmetabolism and quality from those from the
coast of Peru (Moreno, 1978). This difference IiIn

metabolism i1s likely to affect the quality of tubers

as seeds.



3.1.3 Root Anatomy:

In a study of ten varieties grown for
several years at 595 m and 1450 m. above sea level,
Nikolayevskii and Nikolayevska (1977) reported that
the varieties differed iIn the changes which occurred
In root anatomy at higher altitudes. In five
varieties the area of the root cross section did not
change at all at higher altitudes, while in three
varieties it fell by 8-11% and In two varieties it
rose by 25-65%. Three groups of varieties were

distinguished:

O) those iIn which the relative development of the
phloem was reduced by 9-15% at higher altitudes
while the development of other-tissues was not

affected e.g. Lorkh.

(i1) those iIn which the development of the xylem
increased by 15-43% while that of the other
tissue remained the same or decreased

e.g. Atlanta.

)
-
-
-

o/

those In which there was a reduction iIn the
relative development of all the vascular

i
tissue including a 9-33% reduction in xylem

development e.g. Agra.
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Thus, in general, the altitude affected root
anatomy of all the varieties iIn one way or another.
It was not shown whether the differences in root
anatomy had any effect on the yield of tubers.
However other studies have shown differences in
tuber development and subsequent yield of potatoes
grown at different altitudes. The changes iIn root
anatomy could be one of the factors influencing tuber
growth and therefore could affect subsequent perfor-
mance of seed tubers grown at different altitudes.

Also differences in sprout development and
in chemical composition of tubers raised at
different altitudes account for the differences iIn
subsequent performance of seed tubers raised from
these altitudes. Therefore 1t iIs necessary to find
the altitude at which these factors combine in the
best way to give maximum subsequent performance of

seed.

SECTION B

2.2 Altitudes of seed Production in Various

Countries.

2.2.1 Peru Seed i1s mainly produced iIn the Central

highlands at 3200-3450 m. above sea level. At
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higher altitudes of 3950-4200 m. above sea level
yields are lower (Anon. 1978b) (Horton, 1981).
This i1mplies that seed production is more favoured
at the intermediate altitudes, not in the low

altitudes nor the very high altitudes.

2.2.2 Romania: Seed potatoes are initially grown
at Gheorghieni at an altitude of 1400 m., then
multiplied at Brasnov (800 m. above sea level)
before being grom commercially in the Danube basin
(Vender, 1981). This indicates that although
potatoes can be successfully grown at low altitudes
(Danube basin, 1.e. below 800 m.) 1t 1s preferable

to raise seed at the higher altitude.

2.2.3 Britain: Great advantage is taken of the
relatively cool, windy and comparatively aphid-frie
conditions of Northern Ireland, Scotland and
Northern England, to produce seed with minimal virus
infection (Wurr, 1978).

9
2.2.4 United States of America: In general seed area
extends along the Northern tier of states adjoining

/
Canada and includes certain areas of high altitude
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(1000 m.;in many Western states; where diseases spread
slowly, soil 1is productive, volunteer plants are not
a problem and the tubers can be stored economically

due to the low temperatures prevalent In these areas

(Smith, 1977). (Jehle et a], 1952).

2.2.5 Israel: Seed potatoes are grown in the
Golan heights at an altitude of 950 m. above sea
level (Oppenheimer, 1981). The growth 1is rapid due to
length of day and age of material planted.
(Oppenhe 1mer, 1981). This is particularly desired -to give
a quicker maturity period in the shorter growing
season of spring.

It can be seen from the foregoing that
altitude of seed production varies from country to
country (e.g. 3200 m in Peru, 1400 m. n Romania
and 950 m. in Israel). In Kenya, seed propagation
iIs highly recommended in altitudes above 2300 m. ~
above sea level (Ballestrem and Holler, 1977).

The common factor in all these countries cited
IS that seed is preferably grown at altitudes higher
than those generally used for ware production. In
Kenya for example, ware production 1is generally 1iIn
altitudes ranging from 1600 m. to 2700, while seed

IS recommended above 2300 m and In Romania, seed In
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produced at 1400 while ware production is below 800 m
above sea- level. It 1s necessary to find out how
altitude affects the seed quality so as to establish
an area best suited for seed production. In Kenya

little research has been done to this effect.

SECTION C

2.3 Factors through which altitude affects

potato growth.

2.3.1 Air temperature

Increasing altitude iIn general reduces the
average temperature during the growing season so that
seed grown at high altitude should be physiologically
younger than that grown at a lower altitude (Harris,
1978) (Accatino, 1978). By using physiologically
old seeds, less foliage growth occurs while tuber
initiation occurs earlier (Accatino, 1978). In many
areas, yield and quality of potatoes are kept below
maximum by the prevalence of high temperatures at the
stage of tuber initiation (Borah and Milthorpe,
1959). Higher temperatures, however, are .desirable
at emergence and early development up to tuber
initiation, when low temperature results iIn slow

emergence and growth. During the rapid tuber
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enlargement stage and beginning of maturation also
high temperatures increase yield (Borah and
Milthorpe, 1959). Low temperatures are desirable
during early storage when earlier break of dormancy
IS required. This effect of temperature refers to
potatoes In general, but it i1s bound to affect the
quality of the seed tuber through its influence on
tuber growth.

Went (1959) and Iritani (1968) reported that
tubers produced under cool conditions gave a higher
final yield than those produced iIn warm conditions.
They atributed this effect to the fact that seed
produced at a higher temperature tends to break
dormancy early and therefore becomes physiologically
older than seed produced under cooler conditions,
hence i1t gives a lower final yield at maturity. This
contradicts the contention by Borah and Milthorpe
(1959) and Wurr (unpublished) that low temperatures
induce earlier break of dormancy, but all concluded
that high temperatures reduce subsequent yield.

In this study, it will be seen whether in
Kenya, seed from the cooler environments has more
yield potential than comparable seed from the

warmer environments.
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2.3.2 Soil Temperature.

Influence of soil temperature on growth of
tubers is greatest when air temperature 1is not

conducive to tuber growth.

Jones, McKinney and Fellows (1922) found that
potatoes give maximum yields at a soil temperature
of 15 - 18°C. A lower soil temperature slows the growth
of the epigenous part of the plant and decreases
starch content of the tubers, and below 4.4°C growth
ceases. The contents of phosphorus and nitrate were

found to be much lower at 10 - 12°C than at

15 - 20°C (Barskaya, Novitskaya and Sycheva, 1960). One
of the principal causes of nutrient decrease of
potatoes in lower soil temperature is the reduced
mineral uptake (Barskaya et &, 1960). When
potatoes were grown at soil temperature of 10°C and

30°C for three weeks, the dry matter of tubers and
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rate of storage of carbohydrates iIn roots increased
as the soil temperature decreased to 10°C (Sekioka,
1964).

In California ,-earliest emergence and best
plant growth was obtained at 22-24°C soil temperature,
and the poorest emergence and growth at 10-13°C.
(Yamaguchi, Timm and Spurr, 1964). Many stolons are
formed at 10-130C and a large number are six inches
more in length with delayed tuber enlargement. At
the iIntermediate and high. temperatures (22-24°C) most
stolons were short or tubers were sessile to the stems.
At 27-29°C, some multiple tuber initiations on simple
thick stolons developed close to the soil surface.
Largest tubers were produced at a soil temperature of
15.5-18°C (Yamaguchi £t al., 1964).

Went (1959) found greater tuber iInitiation
at lower soil temperature. He suggested that a
tuber forming hormone may be present iIn plants
grown at low night temperatures. Plants grown at
intermediate soil temperatures (15.5-18°C, 22-24°C)
produced higher yields than those grown at lower
or higher soil temperatures. Specific gravity,
dry weight and starch content of tubers were higher

at the intermediate temperatures than at lower or higher
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temperatures (Yamaguchi et al , 1964). It was found
that potatoes suffered from '"heat" or'"drought"
necrosis near the time of harvesting at soil
temperatures above 22°C iIn Kern county, California

(Lorenz, 1950).

2.3.3 Rainfall.

Amount of rainfall is another major factor
limiting potato yield, therefore potato growth and
consequently seed tuber quality. The optimum
rainfall distribution for an early variety like
Anett 3-3% months) 1s a monthly mean of 150 mm.
(Ballestrem and Holler, 1977). The distribution of
rainfall during the growth period iIs more decisive
for the final crop yield than the amount of rain. A
well distributed rainfall of 220 mm during the growth
period iIs better than 350 mm in only two months at
altitude 1500 m above sea level (Ballestrem and Holler,
1977). A minimum monthly rainfall of 80 mm is necessary
In areas above 1500 m i1f a potato crop (variety Anett)

IS to be economical. Generally Kenya soils are well
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drained so that the potato crop iIs not negatively
affected by higher rainfall (Ballestrem and Holler,
1977).

2.3.4 Pests and Diseases.

There 1s greater occurrence of iInsect pests
e.g. tuber moth (Phthorimaea operculel 19 and diseases
e.g. bacterial wilt [Pseudomonas solanacearum) and
blignt (Phytophthora infesfans) in the lower altitudes
than in the higher altitudes in Kenya [Ballestrem and
Holler, 1977). “These greatly affect the choice of seed
area, as the seed iIs required to be free from these

pests and diseases.

SECTION D
2.4 Potato Properties through which the above climatic

conditions may influence seed vigour.

2.4.1 Chronological age.

Kawakami (1953) considered that the value
of seed tuber was not affected by its source other
than through the effect of the source on the

chronological age. He suggested that the optimum



25

chronological age of seed was approximately five
months from harvesting to planting. He 1ignored any
influence of the conditions under which the seed
was produced and stored. This implies that seed
from high altitude will give the same subsequent
yield with seed from the low altitude if both were
harvested at the same time and then planted at the
same time. It also implies that seed from low
altitude stored for five months will give higher
ware yield than seed from high altitude stored for

only two months or seven months, and vice versa.

2.4.2 Physiological age.

There are nevertheless many reports of seed of
the same chronological age from harvest to planting
giving differences iIn performance iIn the field, which
were attributed to physiological age (Wurr, 1978).

He maintained that the health of the seed tuber, its
physiological age and the way in which the seed crop
was grown in the field and the way in which 1t was
stored determined its certification grade and its
subsequent ware yield. Seed grown at high altitude
or low temperature should be physiologically
younger than that grown at lower altitude or higher
temperatures (Harris, 1978; Accatino,i 1978).

The effect of physiological age on yield depends on

the stage of growth of the crop at harvest
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(Harris, 1978). 1In a short growing season the use of
physiologically old seed may lead to higher yields
whereas iIn a longer growing season this 1is often

not the case (Accatino, 1978). Thus 1in Israel,

seed for the spring season is raised iIn the Golan
heights at an altitude of 950 m. 1in order to get
physiologically old seed which will give quicker
maturity period iIn the short growing season of

spring. (Oppenheimer, 1981), Yet In Peru, seed 1is raised
at 3200-3450m. above sea level because the growing
period i1s longer and physiologically younger seed

i1s more desirable. Plants grown from too old seeds

are often weak and their yield low. OId seeds give weak
sprouts, frequently giving less abundant growth of
potatoes, especially when the seeds are planted iIn

cold wet soil (Accatino, 1978).

2.4.3 Dormancy.

It is believed that low temperatures during
tuber iInitiation and early storage cause an
earlier break of dormancy. There may be a similar
effect on tubers subjected to low soil temperatures
prior to harvest (Borah and Milthorpe ,1959 ). Yet
Went, (1959) and Iritani (1968) reported that seed

produced at higher temperatures tends to break
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dormancy early and therefore becomes physiologically
older than seed produced under cooler conditions.

In either case the result i1s a lower yield by seed
from warm environments and higher yield iIn seed

from the cooler environments. In Kenya, high
temperature is .synonymous with low altitude and low

temperature with high altitude.

2.4.4 Sprout length.

Wurr (1979) found that seed tubers raised at
low altitude or high temperature gave greater sprout
length per tuber than those raised from higher
altitude or lower temperature, and sprout length had
a negative relationship to subsequent yield iIn the
field.

2.4.5 Freedom from Diseases.

Generally, seed raised at higher altitude
IS more free from bacterial, fungal and virus
diseases than seed from the lower altitude,
especially in the tropics, since these diseases
have higher occurrence at lower than at higher

altitudes. (Chapman, 1976). ,



The 7?bove five conditions of the potato tuber
partly determine the certification grade of the seed
and its subsequent yield (Wurr, 1978). The prime
aim of a seed certification system iIs to maintain the
varietal purity of seed stocks and to control the
spread of disease by presenting tolerances and
suitable (growing! conditions. To this end, most
countries are selective iIn their choice of seed
production area, as cited in Section B of this
chapter. In Kenya, too, a choice of seed area needs
to be selected, with suitable climatic conditions
ta. produce healthy and vigorous seeds. It has been
assumed that in Kenya seed 1is best produced in the
higher altitudes above 2300 m. above sea level
(Ballestrem and Holler, 1977) because it is at these
altitudes that occurrence of fungal and bacterial
and virus diseases i1s less. But there has been
little research iInto the effect of altitude on the
vigour of the seeds produced thereof. The objective
of this study therefore iIs to iInvestigate the effect
of altitude on seed vigour as reflected by performance
of the seed In subsequent season. By elucidating
possible yield advantages to be gained from seed
raised at a certain altitude i1t will then enable
planners rationalise where best to concentrate the

growing of potato seed for the country.



3. MATERIALS AND METHODS

Two experiments were conducted. In the Tfirst
experiment, seed was produced in October 1982 -
January 1983 and tested in April - August 1983. In
the second experiment seed was produced In May -

August 1983 and tested in December 1983 - March 1984.

3.1 Experiment 1.
3.1.1 Seed Production.

3.1.1.1 Seed Preparation. The variety Anett was
used. Seed tubers of the same size and age were
pre-sprouted using the natural method. The average
number of sprouts per tuber varied from four to

seven.

3.1 1.2 Sites. Three sites of different altitudes
were used for seed production: Thika (1440 m),

Kabete (1820 m) and Limuru (2225 m).

3.1.1.3 Soil. Soil from each site was transported
to all sites in large tins, each containing 22.5 kg.

of soil dug from a depth of 15 cn. to tjie surface.
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3.1.1.4 Experimental design. A split plot design was
used. The three different sites formed the main plots
or treatments, while the different soils formed the
subplots at each site. Each soil was replicated four
times at each site. Spacing was 75 cm between rows
and 30 cm within rows. Two guard rows were planted
around the perimeter, with the same spacing of

75 x 30 com.

3.1.1.5 Planting. This was done from 26 - 27
October, 1982, starting with Thika, then Limuru and
lastly Kabete. Seed tubers were planted iIn tins
which were previously washed, perforated for
drainage and filled with 22.5 kg of soil. The tins
were dug iInto the ground*to ensure that soil
temperature iIn the tins was the same as that of the
surrounding soil. Tins were used (Instead of plastic
buckets or pots) because tins conduct the temperature
from the surrounding soil to the soil inside the tins.
One tuber was planted in each tin. Drammonium
Phosphate (DAP) fertiliser was added at the rate of
500 kg/ha or 14 g. per plant. Aldrin (40% W.P.) dust
was applied for protection against tuber moth. All
the plants were well watered Immediately after

planting. For the rest of the season the plants were
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to depend on rainfalljfor water.

3.1.1.6 Management 1in the Field. Three weeks after
plant emergence, up to the end of the season, the
plants were sprayed with Dithane M45 once a week

and Ridomil every fortnight, to control early blight
(Phytophthora infestans) and late blight (Alternaria
solani) respectively. Weeding was done two months

after planting.

3.1.1.7 Parameters measured.

Weather. In addition to the weather data recorded
daily by the meteorological stations at the three
sites, soil moisture and soil temperature at each
site were monitored every week using the methods

described below:

Soil Moisture. Calibrated gypsum blocks were placed
in the soil at 5 and 15 cm depths. A resistance *
meter was used to relate the change in soil water

stat\is via the change of resistance of the block to

soil water potential by the use of calibration curves.

Soil Temperature. Previously calibrated thermistors

were placed into the soil at a depth of 5 cm and 15 cm.
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The thernistor connections were insulated with araldite

to prevent spurious resistance readings due to soil
water. A resistance meter was used to take readings
which were then transformed into temperature readings

(°C) wusing calibration curves. The calibration curves of
thermocouples resistance against temperature of water

(°C) had previously been produced in the laboratory.

Soil Chemical Analysis. A soil sample from each site
was analysed for pH, Carbon, Nitrogen, Phosphorus,
Calcium, Magnesium, Potassium, Sodium, Cation
Exchange Capacity (C.E.C.) and water retaining

capacity.

Plant Parameters.

Stems and leaves. Three weeks after emergence and
two months after emergence, the number of stems an<d
leaves per plant were determined. The stems
included the main stems and axillary branches. Two
months after emergence the number of nodes and

internodes per main stem were counted.

After harvesting the following parameters

were determined:
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O) Number of tubers per plant.
(i) Fresh weight of tubers per plant.
(iii) The mean fresh weight per tuber per plot

was calculated.

3.1.1.8 Harvesting. Plants from Thika were harvested
first, then plants from Limuru were harvested later
the same day and those from Kabete were harvested last

on the following day i1.e.from 20 - 21st January, 1983.

3.1.1.9 Storage. The tubers were treated with pyrethrin
dust and put in wooden trays in a well ventilated
store to sprout naturally for planting the following

season.

3.1.2 Testing of Seeds raised at different sites.

3.1.2.1 Number of Eyes. After three months 1in
storage, the number of eyes for 20 medium size tubers
(2-4 cm diameter) were counted and the average

number of eyes per tuber determined.



3.1.2.2 Sprout length. This was determined for 20
medium size tubers from each seed batch and
expressed as the number of sprouts per tuber 3 mm

long or longer.

3.1.2.3 Planting. Seed from all sites was planted
at Kabete during April-August 1983 to test its
performance. Seed tubers from a particular site and
soil combination were planted iIn rows of eight
plants in a completely randomised design on 28th
April. Three guard rows were planted around the
experimental plot. Management of the crop in the

field was identical to the first season.

3.1.2.4 Harvesting. All the plants were harvested
on 10th August 1983. Each row of eight plants was
harvested separately and the resultant tubers counted
and weighed separately. From this, the fresh

weight and number of tubers per plant were derived.

3.2 Experiment 2.

3.2.1 Seed production. This was done during the
season of April - August 1983, using the same

variety, seed preparation and sites as iIn the first
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experiment. Experimental design was the same as in
the first experiment except there were 12 replications

of each soil at each site.

Planting. Was done on 29-30 April, starting with

Thika and Limuru on the same day and then Kabete

the next day, In the same way as In experiment 1.
Plant management in the field and the

parameters measured were as In the Tirst experiment.

Harvesting. Plants from Thika and Limuru were
harvested on 8th August starting with Thika iIn the
morning and Limuru in the afternoon. Plants from
Kabete were harvested on 9th August 1983. Tubers
from each plant were harvested, counted and weighed

separately.

Storage. Tubers of twelve replications representing
one site and soil combination were pooled together
and stored together in wooden trays in a well
ventilated store. The tubers were treated with

pyrethrin dust and sprouted naturally.

DIVERSITY OF NAIROBI
LfRRARY
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3-2.2 Seed Testing. Was done during December

1983-March 1934.

3-2.2.1 Number of Eyes . Was determined as in the

first experiment.

3-2.2.2 Number of Sprouts. Was determined as in the

first experiment.

3.2.2.3 Planting. As iIn the first experiment, seed
from all sites was planted at Kabete to test its
performance. Small seeds, medium size seeds and

large seeds from each batch were planted separately.
Planting was on December 8th 1983. Seeds of a
particular site, soil and size combination were planted
in one row In a completely randomised design. Crop
management iIn the fieldwas as In the Tirst experiment.
Two months after planting, photographs were taken in

the field to show differences iIn vegetative growth.

3.2.2.4 Harvesting. All the plants were harvested
on March 12th 1984. Plants from each seed batch were
harvested separately, counted and weighed. Then the
number and fresh weight of tubers per plant were

derived.
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4. RESULTS

4.1 Experiment 1.
4.1.1 Seed Production.
4.1 .1-1 Emergence and vegetative growth .

The Tirst plants to emerge were those in
Thika, ten days after planting. Those iIn Limuru
emerged twelve days after planting, three days after
those iIn Kabete:; and four days after those iIn Thika.-

At all sites, plants iIn Kabete soil were the
first to emerge, followed by those in Limuru soil and
lastly those in Thika soil.

Three weeks after planting, at Kabete site,
two plants in Kabete soil and one iIn Thika soil had
not emerged and had to be replaced by new seed tubers.

Vegetative growth, measured in terms of
number of stems, leaves and internodes was as shown

in Tables 1,2 and 3.
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Table 1: Effect of site and soil on Number of
stems per plot, (Totals based on 4
replications).

SITE
Soi 1 Thika Limuru Kabete Total Mean
Thika 42 29 18 89 29.6
Limuru 62 35 22 119 39.6
Kabete 45 43 27 115 38.3
Total 149 107 67
Mean. 49.6 35.6 22.3

NB Numbers of stems includes the main stems and

axillary branches.

**

F (site) 60.59

i C*
F (soil) 9.59
LSD (P = 0.05) = 2.50

> . tig'." icai W C\i .. t.
The mean for Thika soil was significantly lower
than that of Kabete and Limuru soils. The mean for
Kabete and Limuru soils were not significantly

di fferent.
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Table 2: Effect of site and soil on Number of
Leaves per plot. (Totals based on 4
replications).

SITE

Soil Thika L imuru Kabete Total Mean
Th ika 261 216 112 589 196.33
Limuru 366 288 206 860 286.66
Kabete 345 327 194 866 288.66
Total 972 831 512
Mean 324 277 170.66

F (site) = 540.86**

F (soil) = 243.79

L.S.D. (P = 0.05) = 8.54

;1 S Wir. v 1 orO1

The mean for Thika soil was significantly
lower thani those of Kabete and Limuru soils . The
means for Kabete and Limuru soils were not

significantly different.
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Table 3: Effect of site and soil on Number of
Internodes per plant (Totals based
on 4 replications).

SITE

Soil Thi ka Limuru Kabete Total Mean
Thika 226 197 134 557 185.6
Limuru 246 289 135 670 223.3
Kabete 233 274 138 645 215.0
Total 705 760 407
Mean. 235 253.3 135.6

F (site) = 13.82

F (soil) = 0.48 NS.

LSD (P = 0.05) = 1.04

All the means for sites were significantly di£ferefit
whereas soil had no significant effect on the number

of internodes.

Plants at Thika showed the most vigorous
vegetative growth, having the largest number of stems
and leaves, while Diants at Kabete showed the Ileast
vigorous vegetative growth, with the least number of

stems and leaves. Limuru site had more vigorous
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vegetative growth than Kabete site, but less than
Thika site. Plants at Limuru had significantly
more internodes than the plants at Kabete and Thika.
At all sites, plants growing in Thika soil
showed the least vigorous vegetative growth, with
the least number of stems and leaves. Kabete soil

gave the most vigorous vegetative growth.

4.1.2 Flowering.

At Limuru site no flowering occurred at all.
At Thika site, two plants in Limuru soil had
flowered by November 26 1982, that is, one month
after planting. The other plants did not flower.
At Kabete site all plants flowered by November 30th,
1982, and later produced fruits.

4.1.3 Pi1seases .

The first signs of disease appeared at Kabete
on 25th November 1982, one month after planting.
There was virus infection on one plant in the guard
rons and one plant in Thika soil. There were also
symptoms of blight (Phytophthora infestans) in the
guard rows. However these did not spread as the
plants were sprayed regularly. Limuru s"ite was the

second to show symptoms of late blight; these were
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confined to the guard rows and did not spread. At
Thika site the blight symptoms showed latest and
spread very fast, but this was near the time of

harvesting.

4.1.4 Pests.

There were no pests at Limuru site. At
Kabete there were patridges which ate some plants
from the guard rows. There was also tuber moth
infestation by the time of harvesting. At Thika
there were porcupines and tuber moth iInfestations

were more marked than at Kabete.

4.1.5 Seed Tuber Yield.
The highest tuber yield was obtained from
Limuru and the lowest from Kabete as shown iIn

Tables 4 and 5.
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Table 4: Effect of site and soil on Number of
Tubers per plot (Totals based on 4
replications) .

SITE
Soil Thika Limuru Kabete Total Mean.
Thika 55 59 27 141 47
Limuru 20 66 54 . 140 46
Kabete 75 89 53 217 72
Total 150 214 134
Mean 50 71 44

*

F Gite)= 36.7
F (soil) = 33.7
LSO (P = 0.05) = 5.6

There was significant difference in mean number of
tubers between Limuru and the other sites; there
was no significant difference between Kabete and
Thika sites iIn Number of tubers. There was
significant difference iIn number of tubers between
Limuru and Thika soils.

Limuru site gave the largest m/mber of seed

tubers, followed by Thika. The lower yield at
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Kabete was attributed to the fact that three plants
had to be replaced three weeks after planting after
the planted seed failed to emerge. By the time of
harvesting the plants were three weeks younger than
the other plants and had not matured and tuber growth

was not complete.

Table 5: Effect of Site and Soil on Fresh Weight
of Tubers per plot (g) (based on 4
replications) .

SITE

Soil Thika Limuru Kabete Tota l Mean
Thika 1193 1393 5789 3165 1055
Limuru 825 1638 11334 3597 1199
Kabete 1875 2000 1077 4953 1651
Total 3893 5031 2790
Mean 1298 1677 929

F (site) = 210.22

F (soil) = 120.59

LSD (P = 0.05) 55.45
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The fresh weights of the seed tubers produced
were significantly different at all sites and iIn all
soils (Table 5).

Limuru site gave the highest yield of seed
tubers and Kabete site the lowest. Kabete soil
yielded highest, followed by Limuru soil and lastly
Thika soil.

The three sites and soils showed significant
differences in the size of tubers produced, with
Limuru site having the largest tubers and Kabete the
smallest tubers. Limuru soil also gave the largest

tubers and Kabete soil the smallest (Table 6).

Table 6: Effect of Site and Soil on Tuber size
(fresh weight per tuber (4.

SITE

Soil Thika L imuru Kabete Total Mean .
Thika 26.7 20.0 2l 6 68.5 22.8
Limuru 25.5 42.5 2 3 89.3 29.8
Kabete 2.7 25.7 17.7 65.1 2 .7
Total 73.1 88.2 60.6
Mean 2.4 29.7 20.2 /

F (site) = 10.73**

F (.site) = 10.59**

LSD (P = 0.05) = 5.55
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There were significant differences iIn tuber size
between all the sites. There was no significant
difference iIn tuber size between Thika and Kabete
soils; but Limuru soil gave significantly larger

tubers than Thika and Kabete soils (Table 6).

4.1.6 Seed Testing.

4.1.6.1 Effect of Site and Soil on Number of Eyes
and Sprouting.

Number of Eyes.

Seed from Limuru had the largest number of
eyes per tuber and seed from Thika had the lowest

number of eyes. (Table 7).
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Table 7: Mean Number of Eyes per Tuber.

SITE
Soil Thika Limuru Kabete Total Mean.
Thi ka 9.35 10.15 9.97 e 9.82
Limuru 9.55 10.24 10.10 29.89 9.96
Kabete 7.60 11 .90 10.62 32.12 10.70
Total 28.40 32.29 30.69
Mean 7.46 10.76 10.23

Sprouting.

Although all the seed was sprouted in the
same place, under the same conditions, seed tubers
from Thika sprouted about two days earlier than
those from Kabete and Limuru. There were differences
in the number and length of sprouts, with Limuru
seed having slightly more and larger sprouts than
Kabete seed (Table 8). There were significant
differences iIn the number of sprouts per seed tuber
3 mm long or longer. Limuru seed tubers had the
largest number of sprouts of 3 mm length, followed

by Kabete seed. Seed tubers from Thika, though the
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first to sprout had the fewest sprouts per tuber of
3 mm length or longer (Table 8).

Table 8: Number of sprouts per tuber with sprouts
3 mm. or longer.

SITE
Soil Thika Limuru Kabete Total Mean.
Thika 2.5 5.5 5.5 13.5 4.5
Limuru 3.5 6.0 4.5 14.5 4.6
Kabete 2.5 9.0 7.0 18.5 6.2
Total 8.5 20.5 17.0
Mean 2.8 6.8 5.7

4.1.6.2 Emergence and Vegetative Growth in the
Field.

Plants from Limuru seed were the first to
emerge, fTollowed by those from Kabete seed two days
later. Of the plants from Limuru seed and Kabete
seed, those from seed previously raised in Thika
soil and Limuru soil emerged before those from seed
produced iIn Kabete soil. Plants from,Thika seed

emerged last.
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Generally, plants from Thika seed had less
vigorous vegetative growth than plants from Kabete
and Limuru seed. The least vigorous vegetative
growth was shown by plants from Thika seed produced
in Thika soil. The most vigorous vegetative growth
was shown by plants from Limuru and Kabete seeds
raised in Kabete soil.

At maturity, that is three months after
planting, plants from Thika seed were the Tfirst to
show signs of senescence. Plants from Limuru and
Kabete seeds raised in Kabete soil were the last

to senesce.

4.1.6.3 Tuber Yield of Subsequent Crop.

Number of Tubers.

Seed from Limuru site gave a significantly
larger number of tubers per plant in the
subsequent season than seed from Thika and Kabete.
There was no significant difference iIn subsequent
number of tubers between Kabete seed and Thika
seed . (Table 9).

Seed raised iIn Thika soil gave a significantly
larger number of tubers per plant than that raised

in Limuru and Kabete soils (Table 9).



Table 9: Effect
Number
Soi 1 Thika
Thika 6.0
Li muru 5.2
Kabete 5.4
Total 16.6
Mean 5.5
F (site)
F (soil)
LSD (P =

50

of seed origin subsequent
of Tubers per Plant.
SITE
Limuru Kabete Total Mean .
7.0 7.1 20.1 6.6
6.0 5.3 16.5 5.5
6.2 5.4 17.0 5.6
19.2 17.8
6.4 5.9
* *
= 16.45
* *
= 47 .94
0.05) = 0.9

Fresh Weight of Tubers.

There were significant differences In

subsequent fresh weights of tubers per plant between

all the three sites of seed origin.

Seeds originating

from Kabete gave the highest subsequent yield in

fresh weight, followed by Limuru seed.

Seeds from

Thika site gave the lowest subsequent fr"esh weight.
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Seeds previously grown in Thika soil gave the
highest subsequent fresh weight of tubers per

plant, and seeds from Limuru soil the lowest.

Table 10:  Fresh Weight of Tubers per Plant ©

SITE
Soil Thika Limuru Kabete Total Mean
Thika 340.4 408.8 554.2 1303.4 427 .8

Limuru 419.0 504.6 451 .0 1374.6 458.2
Kabete 506.2 479.0 487.1 1492.3 490.8

Total 1262.6 1392.4 1492.1

Mean 421.5  464.1  497.4
F (site) = 3.93
*
F (soil ) = 3.03

LSD (P = 0.05) = 15.5
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4.2 Experiment 2.
4.2.1 Seed Production.
4.2.1.1 Emergence and Vegetative growth.

Plants at Limuru were the first to emerge
two weeks after planting, followed by those at
Kabete two days later. Plants at Thika emerged
three weeks after planting.

Plants at Limuru showed the most vigorous
vegetative growth and those at Thika the least
vigorous vegetative growth as shown by the number
of stems, leaves, and nodes (Tables 11, 12 and

13).

Table 11: Effect of site and soil on Number of main
sterms per plot (Totals based on 12
replications).

SITE

Soil Thika  Limuru Kabete Total Mean.
Thika 3 41 40 114 38.0
Limuru 40 52 % 146 48.6
Kabete 43 70 58 171 57.0
Total 116 163 152
Mean 38.6 54.3 50.6

F (site) = 179.2**

F (soil) = 242.0**
LSD (P = 0.05 = 1.0
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NS. Number of Main Stems does not iInclude the
axillary branches.

The means for Number of stems were significantly
different for all sites and all soils, with Limuru
site giving the largest number of stems and Thika
site the least (Table 11).

As iIn the first season, Kabete soil had the
largest number of stems and Thika soil the least.

There were also significant differences in
mean number of leaves between all the sites and all
the soils (Table 12).

Limuru site showed the most vigorous growth,
with the largest number of leaves, and Thika site the
least vigorous growth, with the least number of
leaves.

Again Kabete soil showed the most vigorous

growth and Thika soil the least.



Table 12: Effect of Site and Soil on Number of
leaves per plot (Totals based on 12
replications).

Site

Soil Thika Limuru Kabete Total Mean
Thika 239 315 291 845 281.6
Limuru 294 406 438 1138 379.3
Kabete 302 663 470 1435 478. 3
Toral 835 1384 1199
Me an 278.3 461.3 399.6

F (site) = 96.7**

F (Soil) = 107.9**

LSD (P = 0.05) = 15. 67

Table 13: Effect of Site and Soil on Number of
Nodes per Plot (based on. 12 replications).

Site

Soil Thika Limuru Kabete Total Mean
Thika 129 122 123 374 124 .6
Limuru 114 117 126 357 119.0
Kabete 119 117 132 368 122 .6
Total 362 356 381
Me an 120.2 118.6 127

F (Site) = 48.27**

F (Soil) = 21.07**

LSD P = 0.05) = 5.036
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All sites showed significant differences in
number of nodes, with Kabete site giving the
largest number followed by Thika site, and Limuru
site giving the least number of nodes. Thika soil
gave the largest number, followed by Kabete soil,
and Limuru soil gave the least number of nodes.
(Table 13). There does not seem to be a definite
relationship between the number of nodes or

internodes and vegetative growth.

4.2.1.2 Seed Tuber Yield.

Tuber Number per Plant

The largest number of tubers was again
obtained from Limuru site, and the lowest was from
Thika site (Table 14). There were significant
differences in number of tubers per plant between
all sites.

Limuru soil gave the largest number of

tubers and again Thika soil gave the least number



(Table
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14). There were significant differences

between all soils.

Table 14: Effect of site and soil on Number of

Soil

Thika
Limuru

Kabete

Total

Mean

Tubers per plant: (Means for 12

repli cations) .

SITE
Thika Li muru Kabete Total
2.2 7.0 7.2 16.4
$,2 10.0 S 22.9
4.1 9.8 8.0 21 1
10.5 26.8 "23.9
3.5 8.9 7.9
**
F (site) = 244.78
F (soil) = 39.52

LSD (P 5 0.05) = 0.976

Fresh Weight of Tubers.

There were significant differences

Mean .

5.5
7.6
7.0

in

fresh

weight of tubers per plant between all® the sites.
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Kabete site gave the highest yield in fresh
weight, followed by Limuru site, and Thika site

gave the lowest yield (Table 15).

Table 15: Effect of Site and Soil on Fresh Weight

of Tubers per plant (g) (Means for 12
repli cations ).

SITE
Soi 1 Thi ka Limuru Kabete Total Mean.

Thika 96.6 169.5 257.8 523.9 1747
Limuru 406.8 260.7 317.4 984.9 328.3
Kabete 112.7 295.3 326.8 732.7 244 .9

Total 585.1 725.5 906.0

Mean 195.0 241.8 300.7
**
F (site) = 19.45
**
F (site) = 49.77
LSD = P =0.05 =21 .6

There were significant differences in
fresh weight of tubers per plant between all the
soils, with Limuru soil giving the highest yield
followed by Kabete soil. Again Thika soil gave

the lowest yield. -
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Comparing the data in Tables 14 and 15, i1t is clear
that although Limuru site gave significantly more
number of tubers per plant, Kabete site gave the
highest fresh weight of tubers, implying that the
tubers produced at Kabete were larger in size than
those produced at Limuru. From these data the

average size of tubers can be derived (Table 16).

Table 16: Effect of Site and Soil on Tuber size
(average fresh weight per tuber (Q)).-

SITE
Soil Thika Limuru Kabete Total Mean.
Thika 440 24.2 35.7 103.9 34.6
Li muru 97.0 26.1 36.5 159.6 53.2
Kabete 27.5 30.1 40.9 98.5 32.8

Total "168.5 80.4 113.1
Mean 56.2 27.0 37.7

It is indicated that Thika site gave the largest
tubers , though fewest, while Limuru site gave the

smallest tubers but the largest number. The
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differences between all sites are significant.
Limuru soil gave significantly larger
tubers than Kabete and Thika soils, which were not

significantly different.

4.2.2 Effect of Site and Soil on Number of Eyes and
Sprouting.

Number of Eyes: There was no significant difference
In the number of eyes per tuber between sites, but
Kabete seed had the largest number of eyes per tuber
on average, Tollowed by Limuru seed. Seed tubers
from Thika had the fewest number of eyes per tuber
(Table 17). There was no significant difference

between soils of seed origin. (Table 17).

Table 17 : Mean Number of Eyes per tuber (for 20
medium size tubers).

SITE
Soil Thika Limuru Kabete Total Mean
Thika 9.0 9.9 10.9 30.8 10.2
Li muru 9.1 9.4 10.1 26.6 8.9
Kabete 9.9 10.9 10.9 32.1 10.7
Total 20.95 30.2 38.3

Mean 6.98 10.1 12.7
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Sprouti ng:  Seed tubers from Thika sprouted earlier
than those from Limuru and Kabete by about 4 days.
There was no significant difference iIn time of
sprouting between Kabete and Limuru seed and their
sprout length was not significantly different.

(Table 18). Soil had no significant effect on sprouting.

Table 18: Mean Number of Sprouts per tuber 3 mm

or longer.
SITE

Soi 1 Thika Limuru Kabete Total Mean.
Thi ka 5.7 7.0 6.9 19.6 6.5
Limuru 6.1 7.7 7.2 21 .0 7.0
Kabete 6.4 7.9 7.4 21.7 7.2
Total 18.2 22.6 21.5

Mean 6.0 7.5 7.1

4.2.3 Effect of Seed Origin on Seed Performance.

4.2.3.1 Emergence and Vegetative Growth.
The following plants were the first to

emerge, two weeks after planting, iIn that order:
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1. Seed from Limuru site, Kabete soil .
2. Seed from Kabete site, Kabete soil .
3. <eSeed from Limuru site, Limuru soil .

4. Seed from Kabete site, Limuru soil .

Four weeks after planting, all plants had
emerged, but all plants from Thika seed were
visibly smaller than the rest (Plates: 1, 4 and 7
indicating that they had emerged last while the
first ones to emerge were visibly taller and more
leafy than the rest. (Plates 5b, 8a and 9.

Generally, plants from Limuru and Kabete seed had
thicker and more main stems and branches and more
leaves than plants from Thika seed. At maturity,
plants from Thika seed were the first to senesce
while plants from Kabete and Limuru seeds were the

last.

4.2.3.2 Tuber Yield.

Number of Tubers. There were no significant
differences iIn the number of tubers per plant
between the sites of seed origin, though seed

originating from Kabete gave the largest number of
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, Plate 1. Plants from seed of Thika site Thika soil.

Plate 2. Plants from seed of Limuru site Thika soil.
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Plate 3. Plants from seed of Kabete site Thika soil.

Plate 4. Plants from seed of Thika site Limuru soil.
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Plate 6. Plants from seed of ICabete site Limuru soil
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Pl-ate 7. Plants- from seed of Thika site K.abete soil.

Plate 8. Plants from seed of Limuru site Kabete soil
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Plate 9. Plants from seed of Kabete site Kabete soil.
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tubers per plant, and seed from Thika the lowest
(Table 19).

Soil origin had no significant effect on
subsequent number of tubers per plant though seed
from Limuru soil gave the largest number of tubers

per plant and Thika soil the lowest (Table 19).

Table 19: Effect of Seed Origin on Subsequent
number of tubers per plant.

SITE
Soil Thika Limuru Kabete Total Mean
Th ika 4.3 6.0 5.0 15.3 5.1
Limuru 9.3 6.6 13.0 28.9 9.6
Kabete 5.0 9.0 10.0 24.0 8.0
Total 18.6 21 6 28.0

Mean 6.2 7.2 9.3



Fresh Weight of tubers.

There were significant differences in fresh
weight of tubers between the sites of seed origin.
Plants from Limuru seed gave the highest subsequent
yield in fresh weight, followed by those from Kabete
seed, and the lowest fresh weight was from plants
originating from Thika seed (Table 20).

Soil origin had some effect on tuber fresh
weight, with seed originating from Kabete and Limuru
soils yielding significantly higher than seed from
Thika. There was no significant difference In

Limuru and Kabete soils (Table 20).

Table 20: Effect of Seed origin on subsequent
Fresh weight of tubers per plant: (9) -

SITE
Soil Thika Limuru Kabete Total Mean

Thi ka 1707.6 2961 .3  2842.6 7511.5 2503.8
Limuru 1885.3 3623.0 3010.0 8518.3 2839.4
Kabete 1938.0 3147.6 3364.0 8449.6 2816.5

Total 5530.9 9731 9 9216.6

Mean 1844.0 3244.0 3076.0
F (site) = 84.0
F (soil) = 6.379*

LSD (P = 0.05) = 41.33
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S. DISCUSSION OF RESULTS

5.1 Emergence.
5.1.1. Effect of site on Emergence.

In the first experiment, plants at Thika were
the first to emerge, followed by those at Limuru, and
lastly, those at Kabete. This was probably due to
the fact that the three sites were planted in that order,
with a difference of one day in between planting. But
in the second season of seed production (April-August
1983) plants at Limuru were the first to emerge,
followed by those at Kabete, despite the fact that
Thika and Limuru sites were planted on the same day
and Kabete site was planted one day later than Thika
site. It 1s clear that it is not merely altitude
which i1nfluenced the emergence of the plants. The
three locations showed significant differences in air
temperature, soil temperature and rainfall
(Appendix Tables 1, 11, i1, 1v, v, vi, vii, and viii).
Thika had the highest air and soil temperature while
Limuru had the lowest in both seasons. Thika had the
highest air and soil temperatures while Limuru had the
lowest in both seasons (Appendix tables (iv to ix)
and (xiv to xviii)). Thika had the lowest rainfall
and Limuru the highest iIn both seasons prpendix
tables (1 to i111) and (xi to xiii)). However, in

the first season, all the
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sites had sufficient rainfall, well above the minimum
required for potato growth (Tables (1), (i1) and (111))
In the second season the rainfall at Thika was well

below the minimum required for potato growth.

(Table (xiv)). Thus iIn the first season, emergence

at Thika was Tirst, probably partly because of enough
rainfall and high air and soil temperatures (Tables (i),
(iv) and (vii)). High air and soil temperatures are known
to quicken emergence (Borah and Milthorpe, 1959). In the
second season, emergence at Thika was delayed despite

the high soil and air temperatures (Tables (iv) and (vii))
because of low rainfall which resulted in low soil

moisture (Table ()]. In the first season emergence at
Limuru and Kabete was later than at Thika because of the
!ower temperatures which are known to delay emergence
(Borah and Milthorpe, 1959). In the second season,
plants iIn Limuru and Kabete had 1-2 days difference in
emergence because of the difference in planting

time, since both had enough rainfall for emergence b
to take place (Tables (xi1) and (xai1). Emergence at
these two sites was faster in the first season

(10-12 days after planting) than in 1;he second

season (2 weeks after planting) probably due to

less rainfall in the second season (Tables (1), (1i1)

Gii) and (xiii)
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5.1.2 Effect of Soil on Emergence

Plants emerged first in Kabete soil at all
sites iIn both seasons, yet all soils at a given
site were having similar soil temperatures, and
rainfall. The quicker emergence iIn Kabete soil may
be attributed to its better chemical content
(Table (vit))and water holding capacity. Increased
supply of Nitrogen, Phosphorus and Potassium 1is
known to increase rate of sprouting and shoot
emergence (Headford, 1962; Morris, 1967). Kabete soil
had the highest percent Nitrogen, followed by Limuru
soil and Thika soil had the lowest. Potassium
was the same for Kabete and Limuru soils but less
in Thika soil. Phosphorus was highest iIn Limuru
soil and lowest In Thika soil (Table (vii). Percent
carbon and Cation Exchange Capacityewere highest in
Kabete and Limuru soils and lowest in Thika soil
(Table (vii)). This may be the explanation for the
quicker emergence iIn Kabete soil, then Limuru soil
and the delay in emergence in Thika soil. Also there

may be differences iIn the specific heat for the
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different soils which may have caused differences
in rate of emergence.
i

5.2 Vegetative Growth.

5.2.1 Effect of Site on Vegetative Growth.

In the first season, vegetative growth was
most vigorous at Thika, followed by Limuru, then
Kabete. This can be partly explained by the
emergence having been faster in Thika and last in
Kabete. It was also partly due to higher air and
soil temperatures in Thika, which are known to
promote vegetative growth (Harris, 1978; Borah and
Milthorpe, 1959), since all the sites had
sufficient rainfall to support potato growth, and
top growth i1s not affected by moisture content
as long as available moisture is
present for growth (Smith, 1977). The less
vigorous growth in Kabete, though the temperatures
were higher than In Limuru, was due to some plants
failing to emerge and being replaced after three
weeks. The plants which emerged first at Kabete
were as vigorous as those iIn Limuru.

In the second season, vegetative growth was

most vigorous at Limuru and least at Thika,
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probably due to the rainfall being highest in Limuru
and lowest in Thika (Tables (xi1) and (xij. The
vegetative growth iIn Thika was very poor, because
there was hardly enough rain to sustain potato
growth. The minimum amount of rainfall for an early
maturing variety like Annet (3-3J months) is 80 mm
per month (Ballestrem and Holler, 1977). In Thika,
the rainfall was not only below 80 mm per month, it
also stopped much earlier than at Kabete and
Limuru (Tables (x1), (xii1), and (xiir)), thus causing the
plants at Thika to senesce one week earlier than
expec ted.

Vegetative growth at Kabete and Limuru was
less vigorous iIn the second season than iIn the first

season because of less rainfall iIn the second

season. (Tables (i1), (1 xii) and (xiin)).

5.2.2 Effect of Soil on Vegetative growth.

In both seasons, plants In Kabete soil at all
sites showed more vigorous vegetative growth than
those iIn Limuru and Thika soils.

Those iIn Thika soil showed the least vigorous
vetetative growth, because of the lowest content of
Nitrogen, Phosphorus and Potassium, which is known

to reduce rate of emergence, and therefore vegetative
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growth (Headford, 1962; Morris, 1967). The carbon
content and Cation Exchange Capacity (CEC), were
also less iIn Thika soil, thus reducing the
vegetative growth. Water holding capacity of the
soil was also important, especially in the second
season at Thika where rainfall was so little that
the soil which could retain more moisture had an
advantage over the others. Thika soil had the
lowest water holding capacity and Kabete soil the

highest (Tables xXix), (). Thus the differences

In vegetative growth.

5.2.3 Effect of Site on Senescence.

Plants at Thika in all seasons senesced
earlier than at the other sites. In all seasons,
plants at Limuru and Kabete senesced at the same
time, and some plants had not fully senesced at
both sites by the time of harvesting. The earlier
senescence at Thika was atributed to the rainfall
stopping earlier, and combined with the higher air
temperatures, caused the plants to mature earlier.

Plants iIn Kabete soil at each site were
the last to senesce, while those iIn Thika soil were
the first to senesce, probably due to the higher

moisture content iIn Kabete soil. (Tables (xix) and (X))-
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5.3 Tuber Yield.

5.3.1 Effect of Site on Number of Tubers.

In the first experiment, though Thika site
had the most vigorous vegetative growth, it is
Limuru site which yielded the highest number of
tubers per plant. Thika site yielded more tubers
per plant than Kabete site which had the least
vigorous vegetative growth, but the difference in
number of tubers was not statistically significant.
The lower yield iIn Thika despite the vegetative
growth was probably due to the high air and soil
temperatures; which are conducive to more
vegetative growth but undesirable at the time of
tuber iInitiation (Borah and Milthorpe, 1959).
Tuber initiation and early tuber growth requires
low temperatures between 18 and 22°C (Yamaguchi et alL
1964 and Went, 1959). The young sprouts develop”
best at soil temperatures of 18°C. Tuber initiation
IS retarded at soil temperature above 20°C and
completely inhibited at 29°C (Martin and Leornard,
1967). Though the mean air temperatures at Thika
were not above the required 22°C, the soil
temperatures were above the ideal at the time of
tuber Initiation, and sometimes reachied the

critical 29°C. (Tab!e(vi 11)) thus retarding tuber
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production and causing tuber iInitiation to stop
early and so produce a lower number of tubers per
plant.

The lower yield at Kabete was attributed to
the fact that the three plants (out of twelve)
which had been replaced three weeks after planting
were not fully mature at the time of harvesting.
Those which had emerged first had the same number
of tubers per plant as those at Limuru and more
than those from Thika.

In the second season, Thika gave the lowest
number of tubers per plant corresponding to the
poor vegetative growth. The largest number of
tubers per plant was again obtained from Limuru,
corresponding to the most vigorous vegetative
growth. The higher the number of stems per plant
the higher the number of tubers produced (Smith,
1977). The higher the number of stems, the greater
the assimilation area and the higher the yield
(Smith, 1977). The Hlowest number of tubers per
plant was from Thika due to the lowest number of
stems. Kabete site had the second largest number
of stems per plant, and consequently the second

largest number of tubers per plant. <
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5.3.2 Fresh Weight of Tubers.

In the first season, yield In terms of fresh
weight of tubers per plant was highest in Limuru
and lowest iIn Kabete, like the number of tubers per
plant. The fresh weight of tubers from Thika was
higher than In Kabete and lower than in Limuru.

Yet iIn Limuru vegetative growth was less vigorous
than in Thika. The lower temperatures in Limuru
were more conducive to tuber production and the
longer period of rainfall provided a longer growing
season (13 days between rain cessation in Thika and
Limuru - Tables @)- (@11 Also the higher rainfall
In Limuru meant a higher soil moisture content
(Table(xix)) and more absorption of nutrients during
the growing season. Thus there was a longer period
when tuber bulking rate remained high resulting iIn
production of more and larger tubers iIn Limuru. In
Kabete the low temperatures were conducive to tuber
initiation and bulking but the rainfall ended

9 days earlier than in Limuru so that the bulking
period was shorter by 9 days. Also the plants
which had been planted three weeks later had not
matured. This resulted iIn smaller tubers and less
yield. In Thika, the high air and soil temperatures

may have reduced tuber initiation, and the shorter
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rainfall season (Table 1) meant a shorter bulking
period, leading to smaller tubers and less yield.
At soil temperature above 29°C the carbohydrates
consumed by respiration iIn the tuber exceed those
produced by photosynthesis, (Martin and Leornard,
1967) leading to less storage of carbohydrates,
hence, less bulking leading to smaller tubers and
less yield.

In the second season, though the highest
number of tubers per plant was from Limuru, It is
Kabete site which gave the highest fresh weight of
tubers per plant. The lower fresh weight iIn
Limuru was attributed to interplant competition,
for nutrients, air and moisture, as the number of
stems increased. Also as the number of tubers per
plant increases, average tuber size decreases
(Smith, 1977). Thus, in Limuru there were more
tubers per plant but of smaller size and less weight
than In Kabete. In Kabete the fewer stems meant
less interplant competition, resulting in fewer but
larger tubers. Thus the total fresh weight of
tubers produced and the average fresh weight of
tubers per plant was higher in Kabete than in
Limuru. In Thika the number of tubers and the fresh

weight of tubers per plant were the lowest, because
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of fewer stems producing fewer and smaller tubers

due to lack of rainfall and high temperatures.

5.4 Sprouting and Number of Eyes.

5.4.1 Effect of Site on Number of Eyes per tuber.

In both seasons seed tubers from Thika had
the fewest average number of eyes per tuber and
Limuru had the highest average, but the differences
were not significant. The small differences may be
due to altitude effect, as O"Brien and Allen (1977)
found that seed produced at lower altitude (30 m
above sea level) had slightly less number of eyes
per tuber than comparable seed tubers produced at

higher altitude (270 m above sea level).

5.4.2 Effect of Site on Sprouting.

Seed from Thika was the first to sprout iIn"
both seasons, but had the lowest number of sprouts
per tuber 3 mm long or above. The difference
between sprout [length between Kabete and Limuru
seeds was not significant. Thika seed sprouted earlier
yet had fewer and shorter sprouts may be due to the
seed being physiologically older than Limuru and

Kabete seed, being raised in a warmer environment.
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Seed produced in a warmer environment 1is physiologi-
cally older than comparable seed produced iIn a cooler
environment (Wurr, 1978). Thika seed being
physiologically older may have been at the stage of
dormancy break at the time of storage. At this stage
tubers are known to produce few or even single
sprouts as the growth of the apical bud occurs
rapidly and suppresses the growth of the other buds,
producing the apically dominant (or single sprout)
condition (Allen, 1978). It may also be due to less
amount of tuber substrate which i1s linearly related
to sprout growth (Headford, 1962). The less amount
of tuber substrate could be due to a shorter growing
period and also consumption of more carbohydrates
by respiration than are produced by photosynthesis
under higher air and soil temperatures (Martin and
Leonard, 1962). The early sprouting in Thika seed
was due to being physiologically older than seed ”
from Kabete and Limuru, and this resulted iIn earlier
senescence of the plants grown from Thika seed iIn
the subsequent season.

There was little difference iIn time of sprouting
between Limuru and Kabete seed but there were slight
differences in sprout length, with Li-muru seed

having more sprouts per tuber 3 mm or longer. The



small difference may be due to Limuru seed being
physiologically younger than Kabete seed because
of the lower temperatures at Limuru, therefore
having less apical dominance and sprouting later.
Late sprouting results In more sprouts per seed
piece (Toosey, 1962). It may also be that Limuru
seed had more tuber substrate due to a longer
growing period under cool conditions, which meant
that no more carbohydrates were consumed by
respiration than were produced by photosynthesis,
and probably there was more storage of starch in
the tubers since by the time of harvesting the

plants iIn Limuru had not fully senesced.

5.5 Effect of Site of Seed Production on

Subsequent Seed performance iIn the field.

5.5.1 Effect of Site of Seed Production on

subsequent Emergence.

In both seasons, plants from Limuru seed
emerged first, followed by those from Kabete seed
with no significant difference. Plants from Thika
seed were always .the last to emerge, ;—3 days after
those from Kabete seed in the first season and a

week later In the second season. This iIndicated
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that sprouts of seeds from Thika were weaker than
those from Limuru and Kabete, whereas seeds from
Limuru and Kabete were almost equally vigorous.
Limuru and Kabete seeds had more sprouts per tuber
of 3 mm or longer and it iIs known that increase

In sprout size at planting time results in earlier

emergence and tuber initiation (Headford, 1962).

5.5.2 Effect of Site of Seed Production on

subsequent Vegetative Growth.

In both seasons, plants from Limuru seed had
the largest number of stems per plant, though this
was not significantly different from that of
plants from Kabete seed. The large number of
stems per stem iIn plants resulting from Limuru and
Kabete seed was due to the higher number of eyes per
tuber. Seed tubers with a larger number of eyes-
produce more stems per plant (Smith, 1977). Also
seed from Limuru and Kabete had more and larger
sprouts having sprouted later than Thika seed. Late
sprouting produces more sprouts and results in more
plants per hill than early sprouting (Toosey, 1962).
Plants from Thika seed had the fewesE number of
stems and leaves per plant (Plates 1, 4 and 7)

because i1t had the lowest number of eyes and sprouts
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Plants resulting from Limuru seed had the largest
leaf cover (Plates 2, 5 and 8) and plants from

Thika seed the lowest (Plates 1, 4 and 7).

5.5.3 Effect of Site of Seed Production on

Senescence of Subsequent crops.

During both the first and second seasons,
plants from Thika seed were the first to senesce,
about one week earlier than those from Limuru and
Kabete ;seeds. This may be due to the seed from
Thika being physiologically older and therefore
maturing earlier. There was no significant
difference in the time of senescence iIn Limuru and
Kabete seeds but plants from limuru and Kabete
seeds raised iIn Kabete soil were the last to
senesce. Seed from the higher altitudes is
physiologically younger. This allowed the plants
a longer growing period, making better use of the

growing conditions.

5.5.4 Effect of Site of Seed Production on

Subsequent Tuber Yield.



84

5.5.4.1 Number of Tubers.

In the first season, plants from Limuru
seed gave the largest number of tubers per plant,
followed by plants from Kabete seed, and lastly
plants from Thika seed, though the differences were
not statistically significant. The larger number
of tubers per plant in plants from Limuru seed were
due to the larger number of stems per plant which
resulted from the larger number of eyes and sprouts
per seed tuber. As number of stems increases, the
number of tubers formed also increases (Smith, 1977).
Also the number of sprouts per seed piece 1is directly
related to the number of tubers produced (Toosey,
1962). Limuru seed had the largest number of sprouts
longer than 3 mm (Table 18). Thika seed gave the
lowest number of tubers iIn the subsequent season
because of the lowest number of eyes per seed tuber
and the lowest number of sprouts, and then stems
per plant. In the second season Kabete seed yielded
the highest number of tubers per plant, and Thika
seed yielded the lowest, for the same reasons as In
the first season. Kabete seed, though it had fewer
eyes and sprouts per medium sized tuber, than Limuru
seed, 1t had the highest fresh weight,of tubers per

plant, which meant larger seed tubers on the



average. The larger tubers resulted In more eyes
per tuber, and subsequently more stems per plant.
This 1s why 1t gave the largest number of tubers
subseq uentl"y.

In both seasons, Thika seed suffered from
"heat" or '"drought” necrosis, which is attributed
to high soil temperatures towards the time of
harvesting (Lorenz, 1950). This may have reduced
the seed vigour, partly contributing to the lower

yield by Thika seed in the subsequent crop.

5.5.4.2 Fresh Weight of Tubers.

In the first season, plants from Kabete seed
yielded the highest fresh weight of tubers per
plant, though they had yielded fewer tubers per
plant than those from Limuru seed. This indicated
that tubers resulting from Kabete seed were
larger iIn size than those from Limuru seed. The
larger tubers may be due to less interplant
competition because plants from Kabete seed had
less number of stems per plant than Limuru seed.
As the number of tubers per plant increases, the
average weight per tuber decreases (Toosey, 1962).
Plants from Limuru seed had more stems than those

from Kabete seed, and therefore had more interplant
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competition. They also produced .more tubers per
plant, reducing the average size of each tuber,
hence, less fresh weight of tubers per plant than
plants from Kabete seed. Plants from Thika seed,
although they gave the least subsequent number of
stems, did not produce as much fresh weight as those
from Kabete seed. This indicated that Thika seed was
less vigorous, may be due to its physiological age,
and also 1ts previous poorer nutrition or tuber
growth due to higher temperatures and lower

rainfall iIn Thika.

In the second experiment, the highest fresh
weight of tubers per plant was given by plants
resulting from Limuru seed. This was because iIn the
second season, plants from Limuru seed had a lower
number of tubers per plant than plants from Kabete
seed, therefore the average weight per tuber was
increased. The larger number of tubers per plant
from Kabete seeds meant less weight per tuber and
this may account for the less fresh weight of tubers
per plant in plants resulting from Kabete seed.
Kabete seed had a larger number of eyes per tuber
because of larger tubers, so they produced more
stems and tubers per plant, more competition, and

therefore smaller tubers. Plants from Thika seed
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generally had poor vegetative growth and so yielded

the lowest fresh weight of tubers per plant.

5.6 Conclusion.

Comparing the first and second experiments,
It can be seen that seed from Thika performed poorly
in both seasons, although iIn the first season
vegetative growth at Thika was better than at the
other sites and even seed tuber yield was better
than at Kabete. In both seasons, seed from Kabete
performed better than seed from Thika, despite the
fact that iIn the first season seed yield iIn Kabete
was low.

Seed from Kabete and Limuru performed
better than seed from Thika, and the differences in
subsequent number of tubers between them in both
seasons were not significant. However, they varied
in the fresh weight of tubers produced, depending
on which site had produced larger seed tubers. The
larger seed tubers subsequently yielded more tubers
but less weight and the smaller seed tubers yielded
less tubers but more weight. In the Tfirst season,
seed from Kabete produced higher subsequent fresh
weight of tubers and in the second season Limuru

seed performed better, <{his may be because 1iIn
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the first season there was a longer rainy season

in Limuru than Kabete, and i1t being colder 1in
Limuru the seed produced and harvested at the same
time with Kabete seed was not yet physiologically
mature iIn Limuru. Kabete, being warmer and the rain
having stoppedearlier» had physiologically more
mature seeds, which gave a higher subsequent yield
since it was not too old as that from Thika. Then
In the second season, the rainy period at Limuru
and Kabete was equally short, so seed from Limuru
was as mature as that from Kabete, but Kabete seed
tubers were fewer and larger, may be because of
higher temperatures, so the subsequent number of
tubers was higher than from Limuru seed but the
fresh weight of tubers was less because of the larger
numbers.

It can be concluded that altitudes 1400 m.
above sea level or lower are not suitable for
potato seed production iIn Kenya, because they are
characterised by high soil and air temperatures and
low rainfall which are not suitable for potato
growth. Altitudes of 1600 m. above sea level and
higher are equally suitable for seed production
iIT bacterial and fungal diseases are controlled.

The rainfall at these altitudes i1s sufficient
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for potato growth, and both the soil and air
temperatures are not limiting. However, the
suitability of each altitude varies from season to
season and depends on the farmers®™ seed requirements.
IfT seed i1s required in a short time, the lower
altitudes are more suitable for early maturing of
seed. Also if physiologically older seed is required,
the lower altitudes are more suitable.

In the higher altitudes above 2000 m, the
growing period is longer and plants take longer
to reach physiological maturity, so that the seed
yield is less in weight if harvested early. In the
medium altitudes about 1800 m. the growing period
IS shorter and plants take a shorter time to reach
physiological maturity. Seeds produced at both
altitudes at the same time and with the same
chronological age iIn the long rains will vary in
their physiological age, seed from the lower,
warmer altitudes being physiologically more
mature and higher yielding. In a situation where
seed is required in a shorter time the medium
altitudes, like Kabete, should be utilised for
seed production. If seed is not required In a short
time then the higher altitudes are more" suitable for

seed production. In this case more tubers per plant
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can be obtained and most seed producers aim at
getting more seed tubers of smaller size.

Seed of varieties which are late maturing
are more suitably produced in the higher altitudes
above 2000 m. while seed of the early maturing
varieties, like Anett, can be produced iIn the

medium altitude about 1800 m.
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7. APPENDIX

Table 1 : Rainfall at Thika in the 1st Season
(October 25th 1982 - January 11th 1983)(mm)

MONTH

Date October November December January
1 12.4 0.8 0.0
2 ° 0.0 17.9 0.0
3 3.0 18.1 0.0
4 0.0 6.3 0.0
5 0.0 0.0 0.0
6 0.0 12.2 1.0
7 0.0 8.4

8 0.0 0.0

9 0.0 3.0

10 0.4 0.0

1n 6.3 0.0

12 0.0 0.0

13 4.2 0.0

14 8.1 0.3

15 1.0 0.0

16 1.0 0.0

17 18.0 0.0
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Table 1 : cont.

MONTH

Date October November December Jaruary

18 8.1 0.8
19 0.8 00
20 0.0 00
21 P 00
22 - 00 00
23 7.4 00
24 8.9 0.0
25 0.0 3.7 0.0
26 00 442 0.0
27 00 15.1 0.0
28 5.4 5.8 0.0
29 19.2 0.0 00
30 14.0 11.5 0.0
31 8.6 00

Total for the season = 313 mm.

Total for 1st 1st week after planting = 47.2mm

Monthly mean for season = 101 mm.
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Table 11; Rainfall In Limum 1in 1st Season
(25th Oct. 1982 - Jan. 11th 1983)(mm)

MONTH

Date October November December January

o

20:2 18.0 0.0
2 9.6 21 .0 0.0
3 48.6 6.8 0.0
4 23.8 4.4 0.0
5 4.4 7.0 0.1
6 1.0 0.0 0.0
7 0.0 0.0 0.0
8 0.0 2.4
9 4.8 1.0
10 23.8 0.0
n 0.0 1.8
12 1.0 15.4
13 0.0 0.0
14 19.4 0.0
15 2.6 0.0
16 2.0 0.0
17 0.0 0.0
18 7.0 0.0
19 3.0 0.0 /
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Table 11 : cont.

MONTH

Date October November December January

20 5.4 00
21 00 0,0
2 0.0 18.2
23 o.o 00
24 4.4 0.0
25 00 12.0 0.0
26 00 54.0 o.o
27 00 8.2 0.0
28 0.0 1.0 0.0
29 8.0 22.0 0.0
30 28.2 8.2 0.0
3 6.0 0.0

Total for the Season = 434.1 mm.

Total for the 1st week after planting
= 62.4 mm..

Monthly mean for the season = 144.6 mm.
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Table 111; Rainfall iIn Kabete In 1st season

(Oct. 25th 1982 - Jan. 11th 1983)(mm)

MONTH

Date October November December January

1 30.3 I 0.0
2 2.4 17.5 0 0
3 00 65.0 00
4 0.0 8.3 0.0
5 00 0.n 0.0
6 0.0 0.6 0.1
7 00 3.1 0 0
8 18.2 0.0 0 0
9 1.6 2.9 0.0
10 0.0 4.4 0.0
il 4.2 0 0 0 0
12 0.0 0 § 0.0
13 21 .0 1.4
14 11.1 0.0
15 8.9 0.1
16 0.6 0.0
17 13.9 00
18 5.6 0.0

19 14 00 Ve



Table 4 cont.

MONTH

Date October November December January

20 0.0 0.0
21 0.0 0.0
22 0.0 0.0
23 0.0 oo
24 15.0 °.0
25 0.0 12.9 0.3
26 0.0 13.5 0.0
27 0.0 19.0 0.0
28 14.0 18.4 0.0
29 0.9 2.6 0.0
30 8.1 22.4 ole
3 0.2 0.0

Total for the season = 372 mm.
Total for the 1st week after planting = 59.3 nm

Monthly mean for the season = 124 mm.
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Iv; Mean Alr Temperature for Thika from

Oct. 25th 1982 to Jan.

October

MONTH

November

)S)
o

BERRRRRR
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18.2
19.2

11th 1983. (°C)
December Janua ry
20.2 18.9
20.9 18.8
21 .0 17.9
19.5 18.3
19.9 20.0
18.6 20.9
17.8 20.9
18.8 17.8
18.5 20.2
19.9 20.6
18.9 22.1
19.7
19.7
18.6
19.0
19.3
19.9
19.5
19.5
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Table 1iv: cont.

MONTH

Date October November December January

20 19.4 17.7
21 18.9 19.5
22 20.2 19.9
23 19.5 20.2
24 19.8 20.4
25 19.9 19.7 18.5
26 19.8 20.3 19.3
27 19.0 19.4 19.8
28 20.6 16.3 20.5
29 20.1 18.3 17.9
30 19.9 20.3 18.3
31 18.0 17.7

Mean for the season = 19.70C.

Mean around tuber iInitiation = 20.0°C.
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Table v: Mean air Temperature for LImuru from
Oct. 25th 1982 to Jan. 11th 1983. (°C)

MONTH

Date October November December January

1 14.5 15.5 16.0
2 16.0 15.5 16.0
3 16.0 16.0 14.0
4 15.5 15.5 16.5
5 16.5 15.0 15.2
6 16.0 14.5 - 16.0
7 17.0 14.5 16.5
8 15.5 13.5 15.5
9 17.0 14.0 15.5

10 16.0 16.0 16.5

n 17.0 15.7 16.0

12 15.5 16.0

13 15.5 15.5

14 16.0 15.0

15 15.0 15.0

16 15.0 15.7

17 15.5 16.0

18 15.5 15.5 /
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Table v " cont.

MONTH

Date October November December January

19 14.0 15 .0
20 14.5 13 .5
21 14.0 14 .5
22 16.0 155
23 16.0 155
24 15.5 16 .0
25 15.0 14.5 15 .0
26 15.0 16.0 16 .0
"27 15.5 15.0 15 .0
.28 15.5 15.5 16 .5
29 16.0 15.0 14 .5
30 15.2 16.0 14 .0
31 15.5 14 .5

Mean for the season = 15.6°C

Mean at and after tuber iInitiation = 15.6



Table vi :

Date

© 0O N O g b~ w N

N T O =
b & R B &HE R &K E B

October
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25th 1982 to Jan.

MONTH

November

18.
19.
19.
18.
19.
20.
19.
19.
19.
18.
17.
17.
18.
18.
17.
18.
18.
16.
17.

0
1
6

oo © r M~ O P b O© W O A DN W DN O ©

11th 1983.
December  January
18.1 18.2
19.2 19.0
19.1 17.$
18.0 17.7
17.3 19.1
16.7 18.2
15.6 18.1
17.7 19.2
16.9 18.7
18.2 18.2
18.0 17.0
17.9
17.2
17.2
17.1
17.7
18.4
18.4
17.2

Mean ailr Temperature for Kabete from
Oct.

(°o)
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Table v1: cont.

MONTH

Date October November December  January

20 17.5 18.9
21 18.1 18.8
22 18.6 19.1
23 17.6 18.9
24 18.5 17.9
25 17.5 18.0 18.7
26 17.8 17.2 19.7
27 18.0 19.1 19.0
08 19.0 16.5 18.1
29 18.1 17.0 19.4
30 18.9 18.6 18.3
3L 16.7 18.8
Mean for the season = 8 &%

Mean around tuber initiation = 18.3°C
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Table vii:Soil

Soil

Thi ka
Li muru

Kabete

pH
CaCl2

5.10
5.90
5.40

Chemical

h 20

5.80
6.70
5.90

Analysis Resultus

%C

1.1
3.51
3.51

%N

0.20
0.30
0.33

PPM

1.90
15.42
3.20

3.40
15.70
14.70

Me/100
Mg

1.40
1.40
1.20

g-
K

1.40
1.90
1.90

Na

1.00
0.80
0.90

CEC

9.6
20.80
19.70



Table viii: Mean Monthly Soil Temperature at Thika
from October 25th 1982 to January 11th

1983 (°C)
Month October November December January
Depth 5 cm 25.0 24.6 25.0 26.5
10 cm 22.8 22.6 22.0 24.0
Mi nimum for the Season™ o o

Maximum for the"Season = 36.2°C

Table ix: Mean Monthly Soil Temperature at Kabete
from October 25th 1983 to January 1lth

9 1983. (°0)
Month October November December January
Dept 5 cm 22.2 22.0 22.3 5. 27"
10 cm 20.6 20.5 20.8 23.5

- - (@)
Minimum for the Season ™ o o

Maximum for the Season = 31 .70C



Table x : Soil Temperatures for Kabete, Limuru and
Thika on certain days between 25th Oct.

1982 to 11th Jan..1983.

SOIL TEMP. (°C)

Date of Reading Thika Limuru Kabete
1 21 .0 17.1 18.2

2 23.2 17.4 20.7

3 246 18.0 22.0

4 23.0 17.8 22.3

5 23.6 19.1 22.8

6 242 20.0 23.1

7 26.8 21 .0 21 1

8 26.8 20.2 24.3

9 26.9 26.0 26.6

10 30.7 17.3 20.2
Total 8250.8 193.9 221 .3
Mean 25.1 19.4 22.13



Table xi :

Date

© 0 NN OO 0 b~ w N

T T =
b b R 65 &5 2 5K EBE B

Rainfall
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at Thika from April

August 11th 1983 (mm).

Apri 1

May

0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.7
0.4
3.5
0.0
0.0
0.0
0.6
0.0
0.0
0.0

MONTH

June

0.0
0.0
0.0
2.1
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5

July

0.0
0.0
0.0
0.0
o .O
0.0
0.0
0.0
0.0
0.0
0.0
Oe O
0.0
0.0
0.0
0.0
0.0

0.0

0.0

28th to

August

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0
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Table xi: cont.

MONTH

Date April May June July August

20 0.0 0.0 0.0
21 0.0 0.4 0.0
22 0.0 8.7 0.0
23 0.0 1.0 0.0
24 0.9 0.0 0.0
25 7.7 0.0 0.0
26 0.0 0.0 0.0
27 0.0 14.5 0.0
28 14.1 0.0 0.2 0.0
29 1.3 0.0 0.5 0.0
30 0.0 0.0 0.4 0.0
31 0.0

Total for the Season = 59 .4 mm
Total for 1st week after planting = 15.6 mm

Monthly mean for the Season = 19.8 mm
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Table vy.ii: Rainfall at Limuru from April 28th 1983
to August 11th 1983. (mm)

MONTH
Date April May June July August
1 4.2 0.0 1.0 2.0
2 3.0 0.0 0.0 0.0
3 4.8 0.0 0.0 0.0
4 - 0.0 0.0 0.0 0.0
5 2.4 1.0 0.0 0.0
6 7.6 0.4 0.0 0.0
7 36.8 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0
9 3.4 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0
1 6.6 0.0 0.0 0.0
12 3.8 0.0 0.0
13 3.4 0.0 0.0
14 2.4 0.0 0.0
15 0.0 1.0 3.2
16 0.0 0.0 28.0
17 2.5 0.0 16.6
18 0.2 0.0 0.0
19 0.0 0.0 0.0

N



Table xi i: cont.

MONTH
Date April May June July August

20 0.0 9.2 00
21 00 1.0 0.0
2 0.0 g o 00
23 00 12.2 00
24 0.0 2.4 00
25 4.5 00 00
26 00 0.0 00
27 0.0 0.0 0 0
28 4 0 0.0 15.2 0.0
29 15.0 0.0 14 00
30 12.8 4.8 9.0 0.0
3 0.0 0.0

Total for the Season = 280.2 mm.
Total for the first week after planting = 68 mm.

Monthly mean for the Season = 93.4 mm.
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Table xiii; Rainfall at Kabete from 28th Aptil to
11th August 1983. (mm)

MONTH

Date April May June July August

1 3.0 0.0 0.0
2 2.0 0.0 0.0
3 0.0 0.0 0.0
4 1.3 35.0 0.0
5 0.0 1.7 0.0
6 4.6 0.4 0.0
7 0.6 0.0 0.0
8 0.1 0.0 0.0
9 11.4 0.0 0.0
10 0.4 . 0.0 . 10.8
1 0.0 0.0

12 4.1 0.0

13 0.1 0.0

14 0.0 0.4~

15 0.0 0.0 12.7

16 9.4 o0 3.4

17 1.9 0.0 0.0

18 0.0 0.0 0.0

19 0.0 3.4 0.0



Table xiii: cont.

MONTH
Date Apri 1 May June July August

20 0.0 1.3 0.0
21 0.0 1.3 0.0
22 0.2 0.9 0.0
23 2.5 0.1 0.0
24 0.4 0.0 0.2
25 2.8 0.0 0.0
26 0.0 1.7 0.1
27 0.0 0.0 11
28 33.1 0.0 5.9 0.2
29 39.7 1.0 0.6 0.0
30 5.2 0.0 0.0
31 0.0

Total for the Season = 241 .1 mm.
Total for the first week after planting = 8

Monthly mean for the Season = 80.4 mm.



Table x1v:

Date
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April

April

119

Mean Air Temperature at Thika from

to August 11th 1983 (°0C)

28th
MONTH

May June
21 .0 18.8
214 199
2 3 18.0
20.3  18.9
20.0 19.3
20.8 20.4
2 .0 19.6
20.1 19.1
20.4 18.2
215 20.8
211 19.6
19.7 19.6
20.4 19.1
19.2 20.2
19.5 17.6
20.5 20.2
2 .0 20.4
20.2 20.4
20.4 18.4

July

17.8
18.0
19.1
18.9
18.
19.
19.
18.
18.
18.
19.
18.
20.
17.
20.
20.

SN

18.
17.

w W N O ©O© P P N N N OO N WD

17.

August

19.5
19.3
19.4
19.6
17.9
19.6
19.0
20.0
18.8
18.3
18.4
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Table xiv: cont.

MONTH
Date Apri 1 May June July August

20 20.6 17.1 17.6
21 19.9 18.7 18.1
22 20.5 19.2 18.7
23 21.1 20.2 18.3
24 21 3 211 15.6
25 19.7 19.2 19.6
26 20.1 19.0 18.6
27 20.9 19.0 19.7
28 2 0 20.7 18.8 19.8
29 20.8 20.7 19.7 19.7
30 20.9 20.5 18.9 17.9
31 20.7 19.3
Mean for the Season = 8 Co

Mean at tuber initiation = 20.5°C.



Table xv:

Date
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Mean Ailr Temperature at Limuru from
April 28th to August 11th 1983. (°C)
MONTH
April May June July August

16.5 15.0 13.0 14.5
16.5 14.5 13.0 14.5
18.5 15.0 12.5 14.0
16.0 15.0 13.5 14.0
15.5 14.5 12.0 14.0
16.0 14.0 14.0 14.0
16.5 15.0 14.0 15.5
16.5 14.0 13.7 14.5
15.5 16.0 14.0 14.0
16.5 15.5 14.0 16.0
16.5 15.5 14.0 15.5
15.5 15.5 15.0

16.0 15.0 14.0

14.0 15.0 13.5

13.5 14.0 15.5

13.5 13.0 15.5

13.5 15.0 15.5

15.5 15.5 13.0

16.0 16.0 12.5



Table xy- cont.

Date

20
21
22
23
24
25
26
27
28
29
30
31

Mean

Meat

MONTH
April May

15.0

15.5

16.0

16.5

16.5

16.5

18.0

16.0

16.5 16.5
17.0 16.5
16.5 15.5
0

for the Season

June July
16.0 1.0
14.5 13.5
14.5 12.0
15.5 12.0
15.0 12.5
16.0 12.5
16.0 13.5
15.0 15.0
15.5 14.7
15.5 15.0
14.5 15.0
15.0
= 14.9°c
initiation

at and after tuber

August

15.9°c
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Table xvi: Mean Air Temperature at Kabete from
28th to August 11th 1983. (Oc)

Date

© 00 N O o A~ W N P

=
© ® 8 6 &6 & o 8 B &

April

April

MONTH
May June
18.9 17.3
18.8 17.4
19.1 17.4
18.5 16.9
18.8 18.3
18.3 17.4
18.8 17.4
18.4 16.7
18.9  18.9
19.3 17.6
19.7  18.0
17.8 17.9
17.8 18.4
16.8  16.0
18.1  18.0
18.6 17.7
18.3  18.1
17.8 17.5
17.8 16.7

July

15.8
16.1
16.3
15.
14.
16.
17.
16.
16.
17.
17.
17.
18.
16.
19.
18.
15.
14.

o A b O © A N O W B P O W N 00 N

15.

August

17.
17.
17.
17.
15.
17.
17.
18.

N N N O o N O~ oW

19.
173
16.
15.
15.
13.
16.
16.
17.
17.

0o © o N N O B oo w

17.
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Table xvi: cont.

MONTH
Date April May June July August

20 17.4 16.1 15.3 18.5
21 18.5 16.1 14.5 16.9
22 18.3 18.2 17.7 17.8
23 19.5 18.3 17.1 16.6
24 18.7 18.3 14.3 16.8
25 19.0 17.9 17.5 15.7
26 18.4 18.2 16.1 18.1
27 18.8 17.2 16.0 16.4
28 18.7 18.9 1717 18.3 18.4
29 18.7 18.6 16.1 16.6 17.7
30 17.7 18.5 17.1 16.2 16.6
31 18.0 16.9 16.9

Mean Temperature for Season = 17.5°C
Mean Temperature at and after tuber initiation

18.5°C.
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Tablexvii: Mean Monthly Soil Temperature at Thika
from April 28th to August 11th 1983. (°C)

Month April May June July August

Depth 5 cm 26.0 24.4 23.5 2 .2 243
10 cm 23.0 24.2 22.4 21 .4 22.2

16.8°C

Mi nimum for the Season

Maximum for the Season 33.9°C

Table xviii: Mean Monthly Soil Temperature at Kabete
from April 28th to August 11th 1983.

Month April May June July  August

Depth 5 cm 25.4 25.2 24.0 22.6 25.3
10 cm 22.8 23.2 22.0 20.3 22.0

Mi nimum for the Season 17. 7°C

Maximum for the Season 30.7°C
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Table xix: Soil water potential (bars) at weekly intervals
at the three sites iIn the 1st season: (Oct. 25th 1982 to
Jan. 11th 1983).

SITE

WEEK THIKA LIMURU KABETE
1 -0.10 -0.70 -0.60
2 -0.50 -0.50 -0.65
3 0.00 -0.45 -0.40
4 -0.10 -0.40 -0.40
5 -0.50 -0.39 -0.35
6 0.00 -0.40 -0.30
7 0.00 -0.20 -0.30
8 2.00 -0.15 -0.10
9 1.00 -0.18 0.10
10 5.00 -0.18 0.10
11 7.00 0.10 0.10
12 10.00 0.20 0.10
TOTAL 23. 80 -3.25 -2.70
Mean 1.98 -0.27 -0.22

rngiVERSITY OF NAIROBI
ORRARY
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Table xx: Soil water potential (bars) at weekly intervals
at the three sites in the second season (April 28th to
August 11th 1983)

SITE
WEEK THIKA LIMURU KABETE
1 -0.50 -0.80 -0.45
2. -0.50 -0.60 -0.60
3 -0.20 -0.60 -0.60
4 0.00 -0.50 -0.65
5 0.10 -0.45 -0.25
6 0.00 -0.40 -0.15
7 0.00 -0 .40 -0.10 =~
8 0.50 -0.43 -0.30
9 0.60 -0.43 -0.20
10 2.50 -0.10 0.19
11 5.00 0.15 0.10
12 10.00 0 .09 0.10
Total 17.40 -4.47 -2.91

Mean 1.45 -0.37 -0.24



