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ABSTRACT

Two sets of experinents were conducted with the
broad objective of assessing the effects of sone cultural
practices on the reduction of tenperature around tomato
plants grown during hot periods in the Northern Quinea
Savanah ecol ogi cal zone of N geria. Each experinent
was conducted at two locations in 1985 (Samaru, 11°11'N,
7°38'E, and Kadawa 11°39'N, 8°2'E) and one | ocation
(Kadawa) in 1986.

In the first experiment, three types of spatia
arrangenents were conpared to ascertain what beneficial
effects arrangenent conferred on heat-stressed tomato
plants. The results showed that plants arranged on both
sides of the furrow or in a sunken bed had better growh,,
devel opnment, and yield than those on only one side of
the furrow Nunber of days fromsowing to flowering and

maturity were, however, not influenced by treatnents.

In the second trial, the effect of a shade crop
of maize on the mcro-environment around tomato plants
was studied. Shading depressed growh and devel opnent
of tomato plants. Al though a higher proportion of
flowers set fruits under shade, fewer flowers were
formed in the shade treatnents than in the sole tonato

treat ment.
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CHAPTER 4

INTRODUCTION

The tomato plant (Lycopersicon esculentum Mill):;_
is a member of the solanaceae family of flowering plants.
The family embraces about 75 genera and over 2,000
species of plants which include peppers (Copsicum spp),

tobacco (Nicotiana tabacum 1}, Irish potato (8olanum

tuberosum L), and the garden egg (Solanum spp.). The
tomato plant is native to the Peru~Ecuador area of

South America but it is now cultivated In varying soaleé
111l over the world, The crop tolerntes a range Df.
climate though it has bheen classified ns n warm seasoﬁ-

crop (Richard, 1967).

Tomﬁto fruits can be eaten raw or cooked and cnn
be processed into julce, ketchup, puree, paste and
powder, The tomnto is therefore an important industrial
crop. Green fruits can nlso be used as preserves and
pickles, In 1973, tomaito assumed the position of one
of the most important fruits in terms of worlid tonnage
produced {about 33 million metric tons), being exceeded
only by oranges, grapes nnd bananns, FEurope and North
America accounted for as much as 68% of the total
hectarage and 77% of total world production (Anonymous,

1972).
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In Nigeria, tomato is mainly cultivated in the
Northern Guinea Savananh ecologicnl zone between latitudes
10°N and 12030' N, The average yield in these areans has
been put at 25 metric tons/ha although given adequate
management, yield of up to 37 metric tons/ha can be
obtained (Anonymous, 1976). Tomato production trend
in Nigerin shows a progressive increase in land area
under its cultivation and total fruit production,

Between 1961-65, average 2nnual production in Nigeria
was 186,000 metric tons which rose to about 225,000

tong between 1973-77 (Villareal, 1980), By 1980,
production was as high =s }00,000 metric tons (Anonymous,
1980). This increase in annurl production was a result
of increasing land arez under cultivation and incrense

in yield per hectare (table 1),

Table 1., Tomato Production Trend in Nigeria

Toas Land Area Yield Production
Cultivated (ha) (kg/ha) (Thousand Metric
tons)
1967=71 22,000 9,985 220
1978 33,000 10,152 335
1979 35,000 10,286 360
1980 38,000 10,526 Loo

Source -~ F,A,0 Production Year Book Vol. 34 (1980).
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Thé relatively low level of tomnto production in
Nigeria over the vears 1s due to both managerial and
environmental frctors. Quinn {(1971) observed that
tomatoes transplanted during the menths of January -
April in the Northern Guinea Savannh hnad uneconomicﬁl
yields due moinly to high temperature, If temperature
could be modificd close to optimum (26/16°C day/night)
during this same period, tomnto production could be made
profitable becouse of the low incidences of leaf spot

diseases and fruit rottening.

There is wvery little information available on the
use of crop spatial arrangements and crop shelter to
reduce the deleterious effects of high temperatures on
crops. Blackman and Wilson (1951) reported that shading
tomato plants to about 50% full day lisht reduced growth
only slightly, Marshall (1967) pointed out that shelter
shade modifies environmental temperature, and yields of

some crops could he greater when sheltered, »

This study explores the guitability of some spatial
arrangements and use of crop shelter in modifying the

micro~environment of tomatoes grown during hot sensons,
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CHAPTER 2

REVIEW OF LITERATURIS

2.1, Plant=Environment Interaction:

The environnent of the plant comprises soil around
its root zone nnd the above ground surrocunding of the
shoot. According to Bannister, (1976), the interaction
between plants and the environment is complex, the |
physical environment determines the plant that grows

and the plants influence the physical environment,

Certain environmental factors can limit growth of
actively regulate i1t by selective or specific action
affecting growth processes like seed germination, bud
dormancy and growth, flowering and fruit set, Chu gt al
(1971) pointed out that the interaction between the
effects of temperature extremes and tissue woter
potentinl, on growth and metabolism of plants is complex,
It is, however, clear th+t supra-~optimal temperatures
regult in rapid transpiration and lowering of tissue
water potential of pl-ant,

Some piants have the ability to survive extremes
of temperature without suffering permanent injury. Such
plantg are said to be temperature resigtant. The tempera-
turc resistance of a plant results from the ability of the
protoplasm to tolerate cold or heat {(tolerance) and the
effectiveness of the mechanism aimed 2t delaying and

preventing temperature damage or injury (avoidance).
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These two mechanisms make up the tempernture resisteonce
of a plant and it is summarised as, Resistance = Avoidance +

Tolerance (Larcher, 1973). !a

2.2. Temperature and Growth:

The tomate plant tolerates a range of {(environmental)
temperatures though it requires a fafly precise optimum%
for its moximum growth, Went (1957) recorded the fastest
growth rate in tomato seedlings at o day temperature of |
26°C and night temperature of 20°C, With day/night
temperatures of 23°C/17°C, growth rate was slow but

plants were more sturdy,

Hussey (196l1) worked on tomato plants under a
controlled environment and obsgerved that dry matier
~accunulation was maximum at 26°C, Opinions differ -
as to which of shoot and root temperature influences
growth more., It was reported by Went (194l) that zrowth
rate of tomate is influenced mainly by shoot temperature
and that root temperature is only important when other
root environmental factors are sub-optimnl, A similar
observation was male by Shishido and Hori (1980). They
worked with day/night air (shoot) temperatures of 24,9C/
1700, 1708/120C and reported that growth rate of the
tomato plant was slower at the low shoot temperature
(17°C/12°0) irrvespcctive of three root temperatures,
This suggests 2 greater role of shoot temperature in

growth rate,
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Some other workers concentrated thelr efforts wciniy
on determining optimum root temperature for optimum growth,
Lingle ant Dovis (1959) observed maximum growlh rate ol
young tomate plants at soil temperaturc between 26.7 -
29.4°c, and Boxall (1962) reported that young tomato
plants had their maximum growth rate at soll temperature

of 25°%.,

Specific effects of shoot and root temperatures
were reported by Phatak et al. (1966). They explained
that shont temperature determines the position of the
first inflorecscence (ns to number of noles before flower- T
ing) becnuse shoot temperature of 10-13°C reduced the |
nurnber of nodus before first inflorescence ns comparod
to 16-21°C, Conversely, with root temperature of 10-13°C,
the number of flowers per infloregcence was greatér than

at 16-21°C,

Similarly, the different effects of day and night
temperatures haove been explained. Went (1957) reported
that 80-80% of plant growth takes place at night., Night
temperature influcnces the number of lenves the tomato
plant produces before first inflorescence (a2 function of
earlincss) and the number of flowers per inflorescence
(n function of crop size or vicid) {(Huxl.y, 1862). He
explained that night temperature lower than optimum
reduces the number of leavis before first inflorescence
(enhances earliness) and induces high number of flowers

per inflorescence (High crop size). The corollary can
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thercfore be true that high night temperature delays

maturity (First harvest) and reluccs yield,

2.3. Temper2ture ~nd Stem Growth:

Went (1957) reported that the rate of stem elongation
in tomato plant is night temperature ‘lepenicnt, and .blel=-
Rahman et al. (1957) observed slow growth rote of tomnto
plant stem under low night temperature., /. decrease in
night temperature from 25.3°C to 9,2°C with constant
day temperature resulted in 63% reduction in shoot weight.
The rate of stem elongntion is often used to express the
growth intensity of plants, and stem growth has been found
to be dependent on environmental temperature, Ting (1982)
stated that linear measurements of stem growth are ordina-
rily good inlications of growth of the vntire plant since

growth is always co-orlinated.

2.4. Temperature and Leaf Growth:

Leaves, as the major source of photosynthates in
the plant are indices of photosynthetic potential and
they can affect the plant's net assimilation rate, Lang
(1952) explaine! that leaf count can be used as an index

of the amount of vegetative growth before flowering.

In the tomato plant, thoe number of leaves produced,
especially before first flowering, is influenced by the
prevailing temperature. Roodenbourg (1947) recorled low
number of leaves before flowering in tomntoes grown

under lower (unspecified) day an! night temperatures.
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Calvert (1957) made a similar observation at 26°c/15%
(High/Low) anl explained that the means of the day and
night temperature is the determining factor, He noted
inter-varietal differences in number of lcaves before
first inflorescence, Phatak et al (1966) also observel
fewer number of leaves boefore first flowering in tomatoes

grown under low temperatures of 10-13°¢.

2.5. Temperature and Flowering:

The procegs of flower formation in the tomato has
been variously reported aos being influcnced by the pre-
vailing environmental tcmperature (Went 194}, Learner
and Wittwer 1953, Wittwer 1963)., The flowering process
can be induced, delayed or modified by both day and
night temperatures. The modification can take n number
of forms ranging from varying the number of dnys from
sowing to anthesis, number of flowers per inflorescence,
to induction of flower abortion. Each of these forms
of heat effects had been observed by vorious workers,
Huxley (1962) indicoted thot night tempernture offects
especially the number of flowers per inflorescence of
~tomato plants. Wherens high night temperature {above
1800) results in increngsed number cof Tlower per infloreg-
cence, low night temperature (14-18°C) reduces the
number, But Phatak (1967) cmphasised thot the flower
number per inflorescence is solely influenced by the
- root temperature becausc a low range of root temperature
- {10-13°C) resulted in more number of flowers per

" inflorescence when compared with a range of 15-20°C,
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Lewis (1953) subjected tomato scudlings to threc
teaperature regimes of 14°C, 25°C, and 30°C iwmmetiately
after cotyledon expansion and observed that the lowest
tempernture, (14°C), gave the highest number of flowers
per inflorescence. In the opinion of Calvert (1957) the
number of flowers per infloresccence 1s grectly affected
by the prevailing temperature between the 9th and 15th

day after cotyledon expansion,

2.6, Floral Devoelopmunt:

Studies have shown that temperature, among other
environmental factors, influences the morphology and
development of floral parts in tomato. This 1s the
most likely explanotion for yield differences between
seasons, Iwnhori and Takahashi (1964) subjected tomato
plants to daily 3 hour period of LO°C nnd observed thnt
the flowering process wns @bst sensitive to this tumperow
ture 5-9 days before anthesis, and up to 2 dnys after
anthesis, This is the period of active meiosis in the
anther, It was suggested that this temperature must hove
offected only the stamen bhecouse plants grown unde=r the
same temperature but hand-pollinaterl with normal pollen

set fruits normalily.

In agreement with the foregoing authors, Fugishita
(1970) reported that the period of tTempersture sensitivity
is hetween 10-18 days before anthesis, a period which
incluies meiotic and premeiotic nhases of anther develop-

ment., However, the pistillate flower could also be
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affected by oxtremes of temperature. Smith (1932)

observed abortion of embryo sac in tomato plants grown 2t
36.7°C in the field, This was Jue to lack of fertilisa-
tiom caused by slow growth of the pellen tube awl heat
gensitivity of the ovule. He 2lso obzerved ovule degencra-
tion at that temperature which he cxplnincd was largely

due to faijure of fertilisation,

Much as it is established that hich temperature
affects both pollen germinntion and ovule development,
cpinions vary as regards optimal temperature for pollen
germination and pollen tube growth, For example, Calvert
(196)) put it about 27.500, Torfs (1967) and Dempsey (1970)
put it at 25°C while Abd~lla and Verkerk (1968) reported
27°C, The variation between estimates of the differont
authors might be due to differcential heat tolerance
ability of the different cultivars used, among other

things.

2.7. Floral Morphology:

High tempernture effects on floral morphology in
tomntoes have been variously reported (Howlet 1934, 1939,
Johnson and Hull 1953). Morphological disorders have an
adverse effect on both pollination an? fertilizatiocn.
According to Howlet (1939), the length of the tomato
flower pistil in relation to the stawen is influcnced by
high temperature, The pistil is normall? supposed to be
poniticned under the staminal coné, but under certain

conditions, the pistil can malform such that the stigma
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organ involved, For example, in leaves, abscission

layer ig crented acroess the petioles where thoe leéaves
later sever. .ccording to Salisbury ond Ross (1969),
nbscisic Acial, (£Ba), is swvcreted when plants are exposgel

to injury, liseage and cenvironmental siresses,

2,9. Temperatures and Fruit Set:

Varieties with ability to set fruits unler
temperature stress are essentinl for tomato proluction
in the tropics. Night temperaturce is said to be more
critienl than day temperature for tomato fruit set
arrl fruits will only set under n limited range of night
temperature of 15-20"C (Went, 1944, 1949). It was also
observed in sweet pepper (Olarewaju, 1980) that high
night temperature results in low fruit set as 2 result
of incrensed post-nnthesis flower shedding. Experionce
ot the fAsi~n Vegetable Resvarch andbDevelopment Centre
(AVRDC), Taiwan, shows that under natural conditions,
both day and night temperatures could affect fruit setting
process (Villarerl, 1980). Out of the 1,600 tomato
nccessions screcnod at the AVRDC, only 39 were found +o
have heavy fruit set under high (unspecified) day and
night temperatures. Villarenl (1980) pointed out that the
physiological Lasis of tolerance of the cultivars varies,
while some hnve high ovule and/er pollen vinbility,
others possess high pollen production ability and

registance to extrusion.
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Ten cultivars wer. grown under high night tompera-
ture by Schaible (1962) and only two set fruits at night
temperatures botween 22,8-26,7°C,  The other cultivars
coul?d cenly set fruits when night tuemperature wns between
13.9-16,7°C.  similar report was nnde by Huxley (1962)
who observed that no fruit would set in most tomato
cultivars when night temperature was hizher than 25%%.
Shelby (1975) woerked on 3 cultivars of tomato and
concluded that sipnificont Adiffercnces occur in their

ability to set fruit naturally under high temperaturc,

amans et al. (198€) reported significant differcnces
in yic¢lds of tomato cultivars transvlanted in Februazry
in the guinen savanah zone of Wireria., They observed
superior performance in a linu characterised bty largc

fruit size 2and prolific habit.

Reasons for varietal -liffercnces in ability teo
thrive and set fruits under high temperature arc not
yet clear, 3ome authors give physiologicnal reasons,
others exploined it with purely genetic reasons, Johnson
and Hull (1953) reported that varietal differences in
fruit set ability under heat stross were due to cither
difference in the ability to activate auxin or differcnce
in the atility to resist auxin destruction by heat.
Giving renetic reasons, Powers et al, (1950) opined

that the high fruit set ability of the tomato cuitivar
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"Porter" was detcrmined by L major gene pairs, and that
one pair, of the four, had an effect as great as the
other three put together. But Salvieli (1963) had a
contrasting opinion as he¢ observed that the ability of
fruit set under heat stress wos determined by a simple

recessive gene,

More recently, a yet different genetic reason was
adduced by Shelby (1975) who explained that fruit sct
ability under heat is controlled by one¢ Jdominant gene
with minor modifiers, and thnt the obsurved Adiffer necs
betweecn varietics are due to genetic reasons unrclated

te pollination and fertilization,

The complex nature of hent tolerance ability, however,
suggests a polygenic inheritance, This has been suspoected
by some of the early workers on this topic (Went, 1957,
Schaible, 1962),

Cer’t‘:lin varietal characteristics have also buen
linked with hent"tulerance ability in tomatoes and the
relationship is either by genetic linknge or pleiotropy.
For example, Mullison and Mullison (1948) indicated that
determinate cultivars are superior to indetcrminate under

heat.



- 15 =
CHAPTER 3

RESE.\RCH PROCEDURES

3.1. Experiments and objcctives

Two scts of experiments werc conducted at two
locations (Samaru, 11711, 7°38'E, and Kadowa, 11°39' N,
8°2'E) in the 1984/85 dry season, and at onc location
(Knadawa) in the 1985/86 dAry season, Experiment T was to
examine the effect of microclimate - created by three
types of spatial arran cments on the performances »f two
cultivars of tomato, (Ife 1 and Harvester) pgrown durin,’
hot periods., Experiment II was aimed at assessini the
possible cooliny; effect of maize, (Zen moys cv. Western
yellow), as a shale crop, on the growth and yicld of

tomato cultivar Roma VF i:rown in 2 hot cnvironment,

3.2, Experiment 1

3.2.1. Fxperimental procedure

Seeds of tomoto cvs. Ife 1 an?d Harvester werce scwn
at Samaru on 17 January 1985 and at Kadawa on 15 January
1985 in the first year, and on 20 January 1986 2t Kadawa
in the second year., Followin:® recommended nursery manaige-
ment practices, seedlings were transplanted Y§ weeks after

sowing in all cases.

3.2.2. Description of cultivars

The two tomato cultivars used have been descriled
by Quinn (1980). They are both determinate in hobit.
Ife 1 is early maturing while Harvester is medium-to-

late maturin:,
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3.2,3., Experimental NDesi;m

The design was 2 3 x 2 split plot factorial, with
spatial arrangements as the main treatments and cultivers

as the sub=treatments.

There were 3 spatial arrangements corded thus:-

A = Planting along single sides of water lines of
ridges.,

A2 = Planting on both sides of water lines of ridges

A3 = Planting on sunken bcds,

The two tomat> cultivars were coded nsi-
C1 - Ife 1

C2 = Harvester.

There were 3 replications and sub-plot size was
6 x 2m with spacing at 50 c¢m between plants in a row and
60 cm between ridges. Crops were irrigated once n weck

throughout their field life,

3.2.4. Fertilizer .pplication

There was 2 basal application of 2 compound fertilizer
(N.P.K, 15=15-15) in nll cases during land preparation at
the rate of 300 kg/ha, Growing plants were top=dressed
with C~lcium Zmmonium Nitrate (C.i.N, 26% N) at the rate
of 250 kg/ha applied in two split doses at 3 and € wecks

after transplanting.

3.2.5., Data Collection

Data were collected on a total of 13 parameters.,

Datn collected on the field were based on 10 plants
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randomly selected in the 2 mid-rows of each plot. The
various parameters arei-

(1) Plant Heipght - Taken os the length of the shoot apex

of maoin axis of a plant to the ground level, measured

with & meter rule. Measurement was made weekly from L
weeks after transplanting till first harvest (8 weeks

after transplanting).

(1i1) Number of Leaves = Weekly counts of th¢ numbar of

leaves per plant were made for 5 weeks starting from I
weeks after trangplanting.

(iii) Leaf area = Leaf areas of selected plants per
plot were measured at 7 weeks after transplanting (peak
of vegotative growth) using a planimeter in 1985. In
the 1986 experiment, it was not measured because of
limitations faced in the absence of o planimeter.

(iv) Number of Branches = The number of primary branches

per plant was recorded at first harvest (maturity).

{(v) Number of Leaves before flowering - Taken as the

number of leaves per plant on the day visible evidence
of flowering was noticed,

(vi) DNumber of flowers = Number of flowers wns recerded

weekly from first flowering to maturity.

(vii) ©Number of fruits - The total nuwmber of mature
fruits (marketoble and wmnrketable) set per plent was
recorderl,

(viii) Percentage flowers resulting in frult set - The

proportion of the total flowers that resulted 1in fruits
taken ns a percentange, This was calculated ag follows:

Fruit per plant x 100
Flowers per plant 1
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(ix) PFruit Diameter - The mean of Vencer calliper

readings of top, middle and bottom diameters of 5 randonly
selected frults per plot, taken in centimeters,

(x) Fruit Length = Mean len;;th of 5 randomly selocted

frults per plot,

(x1) Davs to 50% flowering = Number of days from sowing

to the day 50% of plants in a plot showed anthesis.

(x1ii) Days to Maturity - Number of days from sowing to

the day of first harvest, that is, when fruits show
vigible signs of ripeness,

(xiii) Totol fruit yield -« Cumulative fresh weight of

harvested marketable fruits expressed in kg/plant.

342.6, Temperature Data

Daily records of maximum and minimum air temperatur~s
were token for the periods of the experiments (Pigureg -
3). Data were taken nt meteorolopical stations about
1 km and 0.3 km away from experimental sites at Samaru

and Kadawa respectively.

3.2.7. Statistical inalysis

Split pleot analysis of variance was done on the
parameters taoken to draw inferonces, The form of annlysis
of variance for each parameter wns based on the following

sketcht! =
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.Sources of varintion d.f.

Total ral - 1
Replication r -
Pactor "AM A o=
Error 'a! (a=1)(r-1)
Factor 'B! b1

AB Interaction (n=1) (b=1)
Error 'b! n{b-=1)(r-1)

3.3. Experiment II

3.3.17. Nursery = Seeds of tomato cultivar Roma VI were
sown at Samaru and Kadawa on 17 January 1985 and 15
January 1985 respectively and on 20 January 1986 at
Kadawn. Adequate nursery care was given until seedlings

were transplanted,

3.,3.2. Iransplanting - Seedlings were transplanted L

weeks after sowing nt Kadawn and 5 weeks after sowing
at Samaru, Malze, {Zea mays) Cv. Western Yellow, was

planted L weeks before transplonting at ench location,

v 3,3,3. Experimental Dwsism - In both locations, tho

1 design was a Randomised Complete Block (RCB) with L
replicntes, There were 5 treatments, vize-
L = 2 rows of maize with a row of tomato in-between
B - 1 row of mmijze between 2 rows of tomato

C = 2 rows of maize with 2 rows of tomate in-betwecn
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D = Malrge-tomato mixturce on same rows

E -~ Jole tomato but plontel on Lot sides of
ridree to give n full canopy cover.

Figure L} illustrates the relative tomato-mtize

mixtures,

3.,3.4, Plot size - Because of the varintion in land
space required by the different treatments, plot sizes
varied., Sizes ranged from 6 x 2 m to 6 x 4 m., All

datn were ther.fore collected on per plant bhasis,

3,3.5. Spacing - S8pacing for maize in 2ll cases was

75 cm intra ridges. Inter-ridge spacing was 60 cwm.
Tomnte spacing was 50 em intra-ridge except in
treatment D where each tomato plant was between two

maize stoands,

3.3.6. PFertilizer /pplication - The 1nn? used was bose -

dressed with N,F.K, (15-15-15)at the rate of 300 kg/ha,
The maize plants received 2 further dose of N, F.K,
(15-15-15) a2t tasselling stage at the rate of 150 ke/ha,
The tomato plants were top-drcessed with Calcium aArmemium
Nitrate (C.i.N., 26% N) at the rote of 250 kg/ha in two
split doses of 125 kg/ha each at 3 and 6 weeks after
transplanting. |

"3,3.7. Data Collection ~ This was done as in Experiment
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3.3.8, Statistical .inolysis - Analysis of varianc:

(..NOVA) was done for the same parameters as in Experi-

ment I.
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CHAPTER U

RESULTS

b.1. Experiment T

lhe1.1 Lenf formation, Leaf Area and Leaves at Flowering

The records of the number of leaves per plant in 2ll
the experiments are shown in appendix tables 1 and 2,
The rate of leaf formation was initially slow, increasing
sharply between 5=8 weeks after transplanting, There
was no significant difference in the number of leaves
per plant under the different arrangements throughout
the period of measurement. Leaf area per plnant 7 weeks
after transplanting Aid not differ significantly for
each cultivar under different arrangements in the 1985

experiments as shown in tables 2 - 5,

The number of leaves per plant at the onset of
flowering wns within a narrow range in all the experi-
ments, This is indicated for each cultivar and each
experiment in tables 2 - 7. A&t Samaru in 1985, it was
& - 7 leaves while it was 8 - 10 and € ~ 9 at Kadawa in

1985 and 1986 respectively.

he1.2. Flower formation: The total number of flowers

set per plant under the different arrangements was not
statistically different in all the experiments (Tables
2 =~ 7). Weekly monitoring of flower formation for 5
weeks showed that there was a progressive Increase in

the cumulative number of flowers produced up to 8§ weeks



Tatle 2: Fffects of 3 Spatinl fArranzemsnts on Growth, Yiel? and Yield Related

s

Tarnmeters on Tonato cv Ife 1 grown uring hot scascons in Stmaru (19385)
e tiaoncic A A < L«SD
Chinracter ] A2 «.u SsE.D, mmuﬂO V
Yiel? (kg/plant) 0.29 0,39 0.57 .13 e85
Number of Fruits/plant 14 26 36 L4.50 12451
Bichest nurber cof
mw.ﬁrwm\ ylont Sk 67 65 10.31 s S
% Flowers fcesulting
Hﬁ H.JH.CMﬁ s¢t Nm-n\uw wm.ma mr.omm. u-Ow .NLL.N
Pruit Diancter (com) 3.30 .38 3.89 0.14 n.s.
Fruit Lengzh (cm) 3.82 3.96 3.86 0.14 0.39
Flant Height (cm)
at first Hrrvest .30 Ll . 90 Lo.L3 3.59 n.s
Broanches/Plant ot
first Harvest 10 9 9 C.92 Nes
N::y of Leaves at
HUH.;«G.WH.M.HH@. ﬂ ﬂ m Ooma NeS,
Loef :qrqm r plant .
7 WAT (cm®) 1196 875 1768 492,85 YW
Days tc 50% Flowering (AS) L5 50 L7 L.31 RaSs
Days to Maturity (.S) 109 105 102 2.86 NeS.
i = Flanvineg in single water lines, A2 - Planting in dcuble water lincs.
A3 = Planting in sunken beds Wed,T.» Weeks after Tronsplanting

deSe= Aftr sowing, n.s. Not significant.



Table 3: Effects of 3 spatial irrangements op Growth, Yiel! ani Yiell=Relntel
carameters on Temate cve, Harvester prown during hot sedasons in
S~maru (1985)
Character A A2 A3 S.E.D., L.S.D,
nmno.omu
Yicld (kg/plaont) 0.18 0,59 0.33 0,18 Badi
Number of Fruits/pl-nt 12 27 28 L« 50 12,51
fdizhest Number of
®lowers /Pl nt 50 65 71 10 N.S.
% Hishcest Flowers
Resultin: in Fruit Set 244,00 U1.5L 39.4L 3.03 7.L2
Fruit Diameter (cm) 2,28 2,57 2450 0.14 NeS.
Fruit Lenzth (cn) 4.80 5.06 6.28 0.14 0.39
Flant Heisht (cn) ~t
First Harvest 39.53 38.53 35.20 3.59 n,s.
Branches/Flant at
First Harvest 10 10 10 0.92 NeSe
Number of Leaves at
Flowering 7 6 6 0,51 NeSe
Leaf Arec,per Flant
7 WaT (cm®) 658 1248 1099 492,85 NeSe
Days to S0% Flcwering(as) sh 50 50 431 NeSs
Days to Maturity (AS) 107 105 107 2.86 NeSe
1 -« ¥lantinm in single water lines, A2 = Planting in Jlouble water lines,
#3 = Planting in sunken beds W.A. T~ Weeks 2fter transplonting
AeSe= After sowing n.s. = Not simificant,
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Takle 4: Effects :f 3 Spatial arrancements on Growth, Yield and YielieRelotad
Faraneters on Tomatos cv Ife 1 gr wr durin: h:t season in Xalawa (128%)

Character oy Al _.w Se*eDe L+S:Ds

(P=0.05%)

Yiell (kz/Flant) 0.31 .34 0.48 0.20 N.S.

Humber of Fruits/plen 17 19 33 1.60 holi

Highest Nunber cf

Flowers/Fl-nt 62 63 6l 6.68 NeSe

% Flowers Pesultiny in

Fruit Set 27.42 30.16 51.56 0.75 2.07

Fruit Diameter (cm) 3.90 L.43 L.10 0.08 0.23

Fruit Length (cn) 3,89 L.10 3.75 O.2L N.S.

Plant Heizht (en) at

First Harvest 66,33 68,30 66,80 3.4 N.Se

Pranches/Flant at

First Harvest 8 10 11 1.59 NeSe

Number =f Leaves at

Flowering 9 8 8 1.10 N.Se

Leaf :%mnmﬂmw Plant

7 VAT (em®) 1258 1371 1360 114.26 D

Days to 50% Flowerin~(.S) Ll L3 L3 1.80 N.sS.

Days to Maturity (AS) 105 101 10l L.86 NeSe

/i1 = Planting in single water lines, A2 = Flanting in double water lines.,

a3 = Tl-nting in sunken beds WeidoaToe= Weeks after transplanting.

HheSe= . fter sowing n.s.=- Not significant.
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Mlile 5: Effccts of 3 Spatizl .rransements on Growth, Yiel? and Yiel! Ralated
Npﬁammwmdm on Tomate ev Harvester -rowvm luring hot seascn in Kalawa

Character A% He 3 SEDs LS D

F=0,05)

Yiell (kz/plent) 0.17 0.39 0.30 0,20 n.s.

Number <f Fruits/plan 18 30 27 1.60 Loty

Hizhest Number of

Flowers/Flant 70 70 7C 6,68 NsSe

% Flowers Rosulting in

Fruit Set 25.71 L2.86 38.57 0.7% 2.07

Fruit Diameter (cm) 2.63 2,80 2.83 0.08 NeS.

Fruit Lengtn (cm) 5.80 6.20 6,34 0.24 Ne8,

Flont Heipht (cm)

at Fi#st Harvest 67.23 66.53 66,33 3.1 NeS.

Branches/Fl-nt at

First Horvest 9 10 11 1.59 o

Humber of Leaves at

Flowering 10 9 8 1,10 Bl

Leaf .ren wow plant

7 WAT (cm? 1508 1385 1872 114,26 N.S.

Days to 50% Flowering(..S) L6 L5 L9 1.80 N.S.

Days to Maturity (.S) 113 104 10 L.86 NeSs

n1 = Planting in sin;le water lines. L2 = Planting in double wnter lines,

43 = PFlanting in sunken beds WeiiaTe= Wceks after transplanting,
JdeSe= [Tfter scwing n.s.- Not simificant,
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- L i e o - T -
) 9 Lot OV L-...ﬂ...u

f 3 Spatial ‘rrangements c¢n nwmiﬁrw Yield ani Yield Rclatesd
s 1 grown luring hot seas.ms in Kalawa (1386)

Charncter 3l

Yield (ki/plant) 0.33
Number of Fruits/pliant 9,68

il shest Mumber of
Flowers/vlant

% Flowers Resulting in
Fruit Set 1372

Fruit Diameter (cn) 3,60
Fruit Lerngth (ca) L.63
rl-nt Heizht (cm) at

First harvest Y g
Sranches/plant at first

harvest 2.00
Humber of Leaves a

Flowering 7.83

Days to 50% Flowering (4iS)
Days to Maturity (..8)

53.00
100,00

2 .3 S«E.D. L.S.D.
k ﬁﬁ_oomv

O.wm D.wm O-Ow NeSe
16.13 18,55 1.40 NeSe

.M.N-JO mm.mq ;—No~1w NeSe

23.02 21.85 6.16 NeSe
w-m: utE._. O._.__m NeSe
b Ry 4f 3,72 0.37 NeSs

52.67 4740 2427 NeSe
6.53 G.33 0.48 fieSe

7.33 6.93 0.16 NeSe
Fﬂ.mﬁ mw.wm NaWﬂ NeSe
95,67 95,67 1.59 NeSe

i1 = Flanting in single water lines
.3 = Flonting in sunken beds
weSe= sfter sowing

. -— - R ]

2 = Planting in deuble water lines,
WeiieTe= Weeks after transplanting
NeS.~ Mot sisnificant,
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Table 7: Effcets of Spatinl rrangements on Growth, 7ield Related Param
on Temato cv Minrvester srcwn ‘luriny hot seas ns i

cters
1 Kadawn (1986)

[

- — — F=E

— m— S ——

e & a— — -

Character e | 52 N SeBsDs L:5:D.
AMH.HQ ._Omu

Yield (ka/vlart) 0«21 0.31 0,32 ¢,03 n,s.
Number =f Fruits/slant 11..60 16.16 16.74 1.40 Niss
Hiches® Number of Flowers/ )

>lant 62,43 65.73 61.60 1e.43 T8

]

% Fluwers Resitlting in
m.u.N.._L.M.#_. mr.ﬁ \_.wohrm Nm.m-d N@.@O mb._m NeSe

Fruit Diameter (cm) 2,35 2.25 2.3, CG.18 N.Se
Fruit Length (cr) 5.16 L 51 513 C.39 n.s.
Flant Heizht (cn) at

First Harvest 38.23 39.67 L1.10 227 N.Se

Branches/plant ot
Pirst Harvest 8.47 €.93 TliT 0.48 N.Se

Yumber of Leaves at

Flowering 6.80 7.00 727 0.16 N.S.
Doys to 50% Flowering (.S)  53.33 52.00 53,33 2487 .S
Dhys to Maturity (..S) 101.00 101.00 98,33 1.59 NS,
.1 = Flanting in Single Water lines A2 = Planting in Dzsuble Water lines
.3 = PFPlantine in Sunken beds WeleTe= YWeeks after Transilanting

fieSe= .JIter suwing Nn.s.= Wut siznificant.

5
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after transplanting as shown in Appendix tables 3 and I,

This observation was true for all the experiments,

he1.3. Plant Height and Branchcs per Ilant

AT maturity, the height 2% plants wmder the Aifferent
arrangements wore not significantly different in any of
the experiments, The values fell within a narrow range

in ench experiment (tables 2 = 7).

Plant height monitored L, - 8 weeks after trans-
planting as an index of growth showed that there wns
no statistical difference in the height of plants under
the AdAifferent arrangements at any point in time. s
shown in appendix tables 5 and 6, slight differences
only occurred during the first few weeks after trans-
planting and tended to level up at around 7 - 8 wecks

after transplanting.

The number of primary branches produced per plant
at maturity was not significantly altere! Ly arrange-
ment in all the experiments (tables 2 - 7)., For each
cultivar at same location and same year, there was a
very narrow range of thoe number of primary brancheg

per plant,

h.1.he Percentage Flowers Resulting in Fruit sct

There was a highly sipgnificant effect of arrange-
ment on the proportion of the highest number of flowers

set that actually resulted in fruit set in both locations
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in 1985 (tables 2 = 5). Low percentages were generally

obtained under the single water line arrangement,

There was also a significant arrangement x cultivar
interaction at both locations as shown in firure 5,
With Ife 1, the number of flowers which Adevelope? into
fruits was highest under the sunken be! arrangement,
followed by the double water lines. In Harvester, a
different trend was observed as the highest percentage

was obtaincd in double water line, followed by sunken bed,

The percentages of flowers resulting in fruit set
in 1986 were gencrally lower than the 1985 figures and
arrangements showed no significant effects, However,
as shown in tables 6 and 7, 2 similar trend with the

1985 result was observed for each cultivar.

L.1.5. Fruit per Flant: Interaction betwecen arrangement

and cultivar was significant on number of fruits set
per plant in Samaru in 1985 as shown in figure 6, both
cultivars hal least number of fruits in the single water
line arrangement, Harvestcor set more fruits than Ife 1
in double water linc¢ but both cultivars set hiphost
number of fruits in the sunken bed arrangement. Such
an interaction was not observed in nny of the Kadawa

experiments,
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Arrangement as a factor had sicnificant eff.cts on
the total number of fruits set per plant in both loca-
tions in 1835, Highcer number of fruits were set per
plant under the sunken bed arrangement excent at Kadawa
where Harvester set more fruits in the double water

linc arrangement (table 5),

No significant effect of arrangement was observed
in 1986, but for both cultivars, more fruits were sct
in the double water line and sunken bed arrangements

than in the single water line arrangement (Tables 6 and 7).

h.1.6. Fruit Diameter and Length: The effect of arran:e-

ments on fruit diameter was significant only for cv Ife 1
in the 1985 experiments in both locations. Fruits of
both cultivars were, however, relatively larger under
tiie double water line and sunken bed arrangements than
in the single water line arrangement. In both locotions
and with both cultivars, the order was, double water

liney sunken bed> single water line,

Ife 1 fruit is normally larger than Harvester and
this was reflected in the observations. In the 1985
experiments, arrangement had significant effects on
fruit length in Samaru in both cultivars (Tables 2 and
3). Though no significant effect was obscrved at
Kndawa, a similar trend to Samaru was obtained, The

trend for each cultivar was as followeg:-
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Ife 1 : Sunken bed™ Double water line D Single

water line,

Harvester : Double water line™ Sunken bed% Sinjile

water line

Arrangements had no significont effect on frult

length in the 1986 experiment (tables 6 and 7)., Harvest.r

fruits are normally longer than

Ife 1 fruits and this

wag reflected in the observations.

.1.7. Days to B0¥% Flowering and Days to Maturity

Arrangements did not significantly affect the

number of days from sowing to S0% flowering. Plants at

Samaru generally attained 50% flowering within a tine

range of [J5 -~ 50 days (tables 2
it was 4 - L9 and L7 - 53 days
tively (tables L - 7).

and 3) while at Kadawa

in 1985 and 1986 respec~

There was no significant effect of arrangements

on the number of days from sowing to moturity in all the

experiments. In the 1985 experiments, days to maturity

ranged from 102 - 109 and 101 -

113 in Samaru and Kadawa

respectively with the single water line arrarngement

generally in the upper 1imit of
The abserved range for 1986 was

sowing as shown in tables 6 and

L.1.8. 7Yiecld (Kg/plant) - In

experiment in 1985, there was a

each range (tables 2 - 5).
95 ~ 101 days after
7.

hoth locations of the

significant interaction

between arrangements and cultivars on yield as shown in
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Fizure 7. There were marked differencesg in the roesponscs
of the cultivars to the arrangements; cv. Harvester
produced thc highest yield under the double-water-line
arrangement, and cv Ife 1 under the sunken bed arrancee
ment, Both cultivars had significantly lower yicld in
the single water line arrangencnt, Thoere was no signi-
ficant interaction between arrangement and cultivar on
yield in the 1986 Kadawa experiment although it was
observed that Ife 1 was supcerior to Harvestur under all
arrangements (Tables 6 and 7)., The yiclds of Ife 1

under thc sunken bed nand double water line ~rrangements
in 1986 were at par and higher than in the single water
line arrangement. The difference was however not
significant, Harvester, in contradiction to the 1985
observntion, had highest yield in the sunken Led arrange-

ments,

Considering arrangements as ~ foctor, yields
obtaincd under the single water line 2rrangement were
generally lower than werc obt~incd under the sunkon bed
nnd double water line arrangements in all the experiments,
the differences were however not gstatistically sipgnificant

(t"bles 2 - 5).

L.2. Expcrinent II

he2.1. Leaf formation anl Leaf area per Plnnt

Leaf formation rccorded weckly for S weeks in hoth
locaticns in 1985 and at Kadawa in 1986 are represented
by figures 8 and 9 respectively. At Kadawa, simnificant
differvnces were observed in the number of leaves per

plant in a1l the 5 weeks in 1985 and from Sth to 8th
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weeks after transplanting in 1986, At 7 wecks after
transplanting, there was a significant treatment ffect
on leaf aren in both locations in 1985 as shown in

tables 8 and 9,

At Samaru, leaf aren data 7 weeks after transe
planting showed thot EZ B>A = C = D whil: the
data at Kadawa indicated that E$C = B34 %D. Leaf
aren was not taken in Kadawa in 1986 to allow for a

comparison Auc to lack of appropriate instrument.,

l}e2.2. Flower formaticn: More flowers were produced

at Kadawn than 2t Samaru in 1985 (tables 10 2nd 11), At
Samaru, more flowers were formed unider treatment B and
E than in the other 3 treatments which 4ild not differ
in the number of flowers formed, At Kndawa, F set
significantly more flowers than the other troatuents

while trcotment D had the lowest.

In the 1986 experiment, hirhcst number of flowers
was formed in treatment By it was, nowever, not statis-
tically higher than these in treatments E, C and 7

(table 12),

Weekly count of flowers produced from 5 - 9 wecks
after transplanting showerl the somce tren! among treat-
ments at the same location in 1985, At Kadawa, simi-
ficant differences in cumulative number of flowess

were observed 7 - 9 wecks nfter transplanting, Morc
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Table 8: Effcect ~f Maize shade on scme vegetntive -rowth
Paramet=rs of Tomato (cv Roma VF) Durins the hot
senson at Samaru (1985)

trestmants Lt Melnt irtmry s ne lenf reo
(cm) at Vaturity vloiiﬁinr 7 ?.SZTJ
cn®)
A 35.7 bec .9 bec 7.6 4o7.3 ¢
B 5.6 ab B.% ab 7.87 703.8 b
5 45.3 abe 6.9 be 8.2 465.1 be
D 36.8 be .9 he 6.7 352.4 ¢
1> 50,0 = 9.2 = 8.9 1028.7 -
S.E.D, L.y 1.0 C.9 106.1
L.S.D. (0.05) 9.6 2.1 NS 235.5

Mgans followed by the same letter in the same eclumn are not
significantly Qifferent at 5% loevel of prebability.

WeiiaTe = Wecks after Transplanting

i = cne row of tomato between 2 rows of Moize

= One row of maize Letween 2 rows of tom-to

- 2 rows of tomato between 2 rows of maize

= Mnize=tomate mixture on same rows

1 Ow

- Sole temate,
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Takle 9: =Iffect of Maize Shade on some Vepetative Growth
PFarameters of Tomato ch Roma VFa Durin~ the Jiot
Season at Kadawa (1985),

v mmenme PLOGNT HEIGHT FRIMARY  NUMBER OF  LE.F ..RE.

TREALTMENTS  “ 7'M TURITY BRANCHES LR.VES . T IR PLANT
(CM) AT FIRA 7 w.é.r.

MATURITY FLOWERING {(c17=)

Ak

4 6204 7.0 ab 8.4 1236.3 ¢
B 65,2 8.1 ab 8.8 . ~ 1305.5 b
C 66.7 6.9b 9.0 1349,9 b
D 59.4 0.8 b 7.9 2L3. a
E 73.7 9.3 a 10.1 1538,5 a
S.E.D, 4.8 1.0 1.2 26.3
L3p (0.05) N.s. 2.3 n.5. 5743

Means followed by the same letter in the same column are
not significantly different and %% level of probability.
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Tatle 10: Effect of Maize Shade cocn E~frliness and Yiel? Uarameters of Tonoto

(cv Foma VF) Durinr the Hot season at Sacreru (1985)

_u.h, u:4ﬂ0mowa:pmeo“ﬂ;mwm wwwowmmwwmcHnﬂmmHmmHmru\
IUHIER OF  pyovering (5 TURITY OF FRUITS RESULTING DI.= LENGTH ©DL..NT

iFRS ( .m:w . (.eS.) TFER TL.NT 1IN FRUIT NMETER (CH) (X3)
R TL e sTa ET (ci2)

{i 3.2 b LE.S 110.3 4w”w c r:-rmw.ﬂ o m.m‘M.:mﬂ gb 0.18 ¢
B 45.32 L6.0 112.0 17.2akc 37.8¢c 2,25 5.2b  0.27b
> 35.5b L6.3 106.8 17.7at 48.7a 2,52 5,2bh 1©,32b
u wu.m# rq.o Jow.m Am.oro m.om m.
m

R AT TS
5 ITMERTS

52 L.7¢  0.17c
h._.gtﬂ)o r-m-o ‘_O“to A@cmm u.ﬂl.ﬂn NOE-“J..__... .,\...n....\r\..,; O.mm.u.

——— . . - e

S.E:D, wtg_ Ao_._. w-a 11 .._o...‘.u .u_. O.A O-Ow

LsD (0.05) 6.8 Nn.s. N.s. 2.3 . 0.2 0.3 C.07

- = - - — — s - e o —

- A Be v e b e s

. -

;omﬁmmuwuusonu%ﬁwmmmnmwmaﬂmwwnﬁwmmmgmnaHCBSmﬂmzoﬁmwwnwpwnmudwwnwmmmﬂmSﬁ
t 5% level «<f probatility.

- «ofter scwing

- Cne row of tomato between 2 rows of linaize,
= (One row cof maize bhetween 2 rows »f tomnto.
2 rcws of tonmnto between 2 rows of maize.
- Maize=tomato mixture,

= Sole tomato.

Hoaw!
1
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Table Lffect of dalze Shade on Tarliness rnd rield Iarameters of Tomats
(cv Roma VF) During the Hot Seascn £t Kidawa (1965)
oo mymeme  JIGHEST  DOYS TO RS TO WU ER .mMMWMMMWMImwcHa |:mwammwfﬂmmwmw
ARk . JUMBER OF mnm: ) MLTURITY OF m.qmﬂ Huommme; DI/METER LENGTH FL.MT
h...M‘Fuﬂ...J}urmm m.;.mlﬁ.wmw.;H.._H F.. ‘e ..ﬂ-... v m -....m ”JHL r- _‘H . = m”.q“H_ Ag.mv A Hmv AHﬁoJ
56.1 bc L5.5 ab 30.0 134 32.8 ¢ 2.7 5.2 be 0.27 ¢
B 55.1 be L[5.3 b 90.0 13.4 b 35.1 b 2.5 Bé2 ¢ 0.31 Db
c €1.0 b L5 ¢ 90.0 c1.0n 38.9 a 2.6 5.3 bc 0,30 b
D Ll € ¢ 43,0 = 93.5 13.7 ¢ 30:T7 ¢ 27 LS c ©.13 d
E G1.2 = 43.8 b 90,0 2h,0a 27.3 4 2.6 61 2 0,51 2
S.E.D GeT 4i2 3.3 1.8 1.0 0.1 0.3 0.01
LsD (0.05) 1L4.5 2.7 n.s. 3.9 241 f.Ss 0.5 0.02

Means focllowed

at 5% level 3f probahility.

nfrer sowing

Onc row of tomate between 2 rows >f maize,
Cne row of maize between 2 rows ol tomato.
2 rows cf tomato hetween 2 rows ol raize,
Maize~tomato mixture.

Sole tomato.

by the sare letter in the same column are not significantly different
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Taltle 12 : Effect of Mnize shade on Earliness and Yield larnmeters of Tomato (ov Rema
vt

VF) Durinc the Hot season at kadawa (1986

)

TR TUENTS HIGHES D.YS TG D-YS TC MUMBER OF i FLOWEZRS FRUIT FRUIT YTELD/
PREe NERAS T VUNBER OF 50% 1L TURITY FRUITS SET RESULTING DIL.METER LENCT' tL..NT
FLO /ERS SET Flowerings (...S.) “ER 3% FRUIT (cu (cu) (KG)
‘. mmﬁJ ,H..»H- ﬁg...llmu..l.cl. - e Mlh.?qnm..lll MMHN\H. i e =t
e £1.2 be €6.0 a 101.0 26.5 a 67.4 2 2.1 b 47 2 CJy0
m ,.m.n.wow g.w _).._) oﬁmbu le-_ .N mm‘m n... N.u ....w w-p ..-..u Oorv-a
C Eh.6 b 62.5 & 99.3 26.3 a 52.2 A 1:7 & v o 043
D 33:3. ¢ 59.0 ¢ 99,2 11.3 b 1.1 b 1.9 %¢ L.1 =t 0.21
B Gm..-.d b \moo C 1M .0 N..w-r. = wmow alb s_o@ ,.»..O r.-ﬂ a O.rzu
...r.\..w..ul_ - @.m J..m -.Nl@ M.T.m Jw.r O.J wa O.qu
LsD (0.05) 20.1 3l n.s, 10.1 29.3 0.3 0.7 NeSs

Means followed by the saie letter in the same column are not sinificantly different at

5% level of probability.

..im. = :ﬂﬂmHo m_ﬂf.swﬁ.wmul

. - One row of tomato between 2 rows ¢f maize,
B = Cne row of naize hetween 2 rows of tomato,
& - 2 rows of tom~to ltetween 2 rows of maize.
D -~ HMaize-tomatc mixture,

1 - 8S~le tomato,
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flowers werc formed by F than by any other troatuwents,
Treatment B compared f~vourably with E throughout the

5 weeks 1t Samaru and  the 2 treatments had simmificontly
more flowers than the other treatments at 8 anl 9 weeks

after transplanting (Figure 10),

The 1986 weekly count of flowers ~t Kadawa nlso
showed that differences in flower formation between
treatments became significant only at 8 wecks after

transplanting (Figure 11).

he2.3. Plont Height anl Primary Branches:

Height at maturity wns significantly affected by
treatments at both loecations in 1985, The shortest
plants were recorde! under treatments A and D in Somaru
and D in Kadawa and mean plant height was higher at
Eadawa for all treatments (tables 8 anl 9)., However in
the 1986 experiment at Kadnwn, plant height at maturity

did not differ between treatments as shown on table 13,

Weekly recording of plant heizht showed that at
Kadawn (1985), significant Qifferences only existed
between plants under various treatments at 5 and 6
weeks after transplanting. In Samaru, however, plant
height was significantly different throuphout the 5
wecks (Fisure 12). Treatment difforences in height
throughout the 5 week periol were neot significant in

1986 nt Kalawa (Figure 13).
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Table 13: Effect of Maize Shade on some Vegetative Growtl:
i‘araneters of Tomato %cv Roma VF) Durins the

Hot season at Kadawa (1986 ).

. . TFFLLNT HEIGHT FRIM..RY NUMBER OF

TREATMENTS 9" mumITY  BR..NCHES LE VES AT
(CM) al FIRST FLOWERING
M, . THRITY

i 37 . 2 f;. 7 () . 6

R 3'C] . 8‘ h.o 6 - ‘ q - 8

£ 33.0 haed 5.1

D 33.0 oS DT

E 36.4 7.5 o T
SeEeDbs Bt 0.9 21
LsD(0.05) NS, Nn.s, N.S.

A = One row of tomato between 2 rows of Maize

B « One row of Maize between 2 rows of t mato
C = 2 rows of tomato between 2 rows of maize

D « Maize-Tomate mixture on same rows

E = Sole tomato.
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it meoturity, there was a significant effect of
treatments on the number of primary branches pur plant
nt both locations in 1985, No such ‘ifference was,
however, obscrved in 1986, The foruntion of primory
branches per plont was highest under treatments E and
B at both locations in 1985 with treatmunt D prolucing
the least number of primary branches (Tables 8 an? 9),
The 1986 result showed that treatment E a2lso had the
highest number of primnry branches per plant which was,
however, not statistically lifferent from the values

unrler other treatments ns shown in Table 13,

he.2.4, Percentage Flowers Resulting in Fruit Sct

There werc highly significant effects of treatments
m the percentage flowers that resultel in fruits at
Yoth loeations in 1985, an? higher percentages were

sbserved in Samaru in 211 trectments, (Tables 10 and 17),

Treatuent C hatl the highest percentage in both
loecations, anl was sigmificantly higher than E in both
locations, The intermedlinte regimes of shale (A anl B)
had higher percentages than E. The heaviest shade

regime, (D) alse na? higher fruit set percentage than E,

There was 2l1so a significant treatment effect on
the observe:! percentages of flowers resulting in fruit

set 1t Kadawa in 1986 with the highest percentage

2N rna



recorled in treatment & (Table 1), This was not
statistically higher than values of treatments B, C,
and E. The lowest percentage was obscerve” un'er trect-
ment D, a2 value that was not significantly lower than

that of E (Sole tomnte).

he2.,5. Fruits Set Per Ploant : The total number of

fruits set per plant was rel~tively low under 211
treatments and was shown to be significantly affected

by treatment in all the experiments,

In the 19685 experiment, greoter number of fruits
were set per plant at Kadawa than at Samaru (Tables 19
an! 11 . Treatm:nt E, (Sole tomnto), was simil~r to
B and C at Samaru and C in Kadawa as far ns fruit set
was concerne?, Fruits per plant was le2st in treatment
D at Kadawa and in A and D at Samaru, In 1986, fruit
set was similar in treatments A, B, C an? E, an! signi-

ficantly higher than in D as shown c¢n Table 12,

he2.6, Fruit Diamcter and Length : There was 2 signi-

ficant treatment effect on fruit liameter at Samaru in
1985 anl at Kadawn in 1985, Fruit liameter a2t Samaru,
in 1985, was similar in trestmencs 4, C, D and E an?!
were higher than in B, while at Kadawa, (1986), B had
the highest ‘liamcter anl C the least, (Tobles 12-12),
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The effect of treatment on fruit length wns highly
significant in 211 the experiments. Results in both
years showerd thot the longest fruits were obtaine! unler
treatment E, the sole tonatec., All regimes of shnle
resillted in fruit length reduction, This trend was

observed in all the experiments (Tables 10 - 12),

h.2.7. Doys to 50% Flowering =nd Days to Maturity:

The number c¢f Aays from sowing to 50% flowering in
1685 at Samaru was U5-47. In the same year a2t Knlawa,
it was Lh4-i8 2ays, with plants under treatment D taking
longer time than other treatments to attain 50% flowering,

These are shown in Tables "N and 71,

Longer ‘dnys to flowering were observe?! in the
1986 Kndawa experiment than in 1985; 50% flowering
stage was only reachel between 59 and 66 d~ys after
sowing. Contrary to the 1985 observ-~ticn, plants under
treatment D attainel S50% flowering earlier than others

except FE. This is shewn on Table 12

The number cf days from sowing to maturity was not
significantly different between trentments in 21l the
experiments as shown on tables 10, 71 and 12. The
highest number of days to maturity was observed in
Samaru in 1985 where 2ll plonts matured between 105 -
112 Adays; at Kadawa in the same yenr, it was between
90 = 93 days. The 1986 range =2t Kadawa was 99 - 101

days anfter sowing.
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h.2,8, Yield: In both locations in 1985, yiell wns
significantly highest in the sole tomato treatment
(Treatment E) as shown in tables '0 and 11, Treatments
B anid C (both mild shnde trentments), dil not differ in
yiell while treatment D, (highest regime of shade) had
the lowest yiell, The 1986 yiel! at Kadawa 'i1 not
1iffer significantly between trentments (Table 2Z) but

trentment D ha? the lowest yield,



CHAPTER

DISCUSSION

5.1, Experiment I

Be1.1. Effect of Arrangement on Leaves at First
Flowerin~. Leaf Formation, and Teanf Area

.- i

Unider Heat Stress

The ncn-sijmificant lifference in the number of
leaves nt first flowering under the 3 »rrongements was
due tc the fact that the expected canopy that would
mcdify the micro-environment was not yet formed at the
orset of flowering, The high tempernture effect was
trerefore the same on all the arrangements ot this stagc.
Because the number of leaves for each varicty was not
significantly !ifferent at any stage of the plant pgrowth,
it could be inferred thet whotever temperature me (ifi~n.
tion any of the three¢ arrangements imposed on the plants
was not enough to alter the potential leaf formation rote

o the plants under heat stress,

Using leaf pro'uction ns ~n inlev rf the piant
vegetative srowth (Lang, 1952), the plants grew at equnl
rate under heat stress regordless of arrangements., That
leaf area 7 weeks after transplanting was also not sipgni--
ficant means that the rate »f leaf area develcopment was
the same under all arrangements, .\ possible explanation
for this is that the leaves were unprntectad an?l equolly

exposed to hent hazard in 211l the arrangements.
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5.1.2, Effect of Arrongements on Plant Height and
Primary Brancheg at Maturity under Heat Stress:

It cannot be Inferred from this stuly that whatever
alteration the arrangements made on the plant's immediate
cnvironment affected the ultimate height and the bronching
capacity of the plants differently. The linenr mensure-
ment of plant helght as a growth index over a period of
time as recommen'ed by Ting (1982) showed that growth
rate of the plant under heat stress was not altered by
any of the three arrangements, meaning that the magnitude
of the modifying effect of any of the arrangements on the
environment was not enough tc have nny sipgniflcant effect
onn the rate of stem clongntion and the ultimate plant

height at maturity,

5.1.3., BEffect of Plant \rrangement on Pruit Set

The: count of the rnumber of fruits set per plant in

adldition to fruit weight was made because

(a} fruit set is probably the parameter most
affected by hent stress,

(b) not all fruits that were set 2ctunlly result
in the ultimate marketable yield because fruits
can drop before they mature or get rotten |
before they are harvested,

(¢c) fruits of different varieties differ in
average weight, ond since yield was recorded
in weight, th< numerical valu: of the fruits
set in varicties under similar treatments was

a good bagis for comparison,
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The low number of fruits sct per plant in loth
cultivars at both locations anl both years (at Kadawa)
is prcbably a lircect result of the effcet of heat stross

on the process ¢f fruit develooment,

While the number of flowers forwe! per plant di:
not Qiffer between arrangements, there was n significant
{iffercnce in number of fruits per plant in both loecations
and both varieties in 1985, It can therefeore be speculaterd
thnat differcnces that existed between the ~rrangements
must hav.: affcctel the processes leading to fruit
formation rother than flower foruation itself. This ir
in arrecment with the findings of Iwahori and Takahashi
(1961) thné low fruit set under hert stress was not a
result of non-formation of flowers but = result of pcor
process of floral development preparatory to fruit

formation,

The wide gap between number of fruits avd number
of flowers per plont suggests 2 high degree of flower
abortion in all arrangements but morc so in the single
woter line arrangement, It could also he due to mere

lower abscission rather than aborticn bucnuse in most
cnses, anthesis was reached before flowers droppe’.
Both phcnomuna which were clearly differentiated by
Olarewaju (1980) could be responsible for the low
percentages of fruit set wvspecially in the single watoer

line arrangement, The flower abscission phenomenon is
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mogt probable in this case because of the role of heat

stress in influencing the gecretion of nbscissic ceil,

The critical month for the flowering process in
this experiment was March, It was the mnonth most orf the
flowers were formed, iAverage temperatures at both
locations were very high in this month (35.1OC ani 35,2°C
at Samaru and Kadawa respectively in 1685 and 35.900 nt
Kadawa in 1986), These were close to Smith's (1932)
36.700 which resulted in asbortion of ewhryo sac anl ovule
degeneration in tomato flower, and they were algo within
ne 32,8 -~ 37.8°C range of Johnson and Hull (1953) wiiich
induced floral malformation that hindered normal pollina-
tion, The temperatures which prevailed during the life
of these experiments are also higher than the variously
estimate’ optimum for tTomato growth by several authors
(Calvert 196lL, Torfs 1967, Verkerk 19G8 and Rempsey 1970).
The laily minimum temperature which is tie nearest to
night temperature was higher than 20°C in most of the

days in the months of March and april (fisures 1-3),

The significant interanction between arrangement and
cultivar in nercentage flowers resulting in fruit set in
both locationg in 1985 indicnted that while cv Ife 1 would
set highest number of fruits under heant stress when planted
on sunken berls, cv, Harvester would do better on double
water lines arranrement. The rezson for this interaction
observed in hoth locations in 1985 can not be easily

explained,
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5:1.4, Effect of irrangements on I'ruit Digmeter and
Length under Heat Stress

It is Qifficult to explain the observed significant
difference in fruit diameter of cv Ife 1 under the
various arrangements in 1985 in terms of heat stress.
Fruit diameter was cbserved to be greater under the
sunken bed and double water line arrangements than in
tiie single water line arrangement. It could be thnot the
metabolic procegses of respiration and photosynthesis were
more adversely affected in the single water line arrange-
ment. The effect could be in form of a more rapi” rate
of degradntion of assimilate than rate of accunmulation
in tlie developing fruit., This could have nffected the
fruit size resulting in smaller fruits where the heat

stress effect was more severa,

The non=signiflicant difference in fruit dinmeter
observed at Kadawa in 1986 was due to the poor estatlish-
ment of plants in 2ll arrangements that year, a situation
which altered tie expected canopy form under each

arrangement.

The same factors that affected the Truit :linmeter
under ench arrangement ﬁere likely to have affected the
fruit length, hence longer fruits were got from the
sunken hed and double water line arrangements than in
the single water line in 198%, The contradictory
obgervation in 1986 coul.’ alsc be due to the pnor

establishment of transplanted seedlings,
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5.1.5. Effect of .rrancement on Days to 50% Flowering
and Doys to Maturity under Heat Stress

These two parnmeters are indices of earliness in
the crop. That none of them was significantly affectel
by arrangements means that earliness of the crop as
affected by heat stress could not be altered. The foct
that in all tle experiments, plants reached 50% flowering:
}5-52 days after sowing means that the month of February
was the critical month {for this experiment) for the
parameter because seeds were gown in mid-Janunry, and
by inference it is also the critical month for days to
maturity because plants of the same varicly which
flowered at the some time would normally mature at the

same time,

Maximum temperature in February at both locations
was not very hign, it is likely therefere that therc
was no adverse effecl of temperature on thege parameters
because the observation for days to 50% flowering agreed
with the earlier report by Nuamnh (1976) who screcne’ 7
temato cultivars in Ghann and observed a range of [ 3-68
days from sowing to anthesis, He also recorded 71-110
days to maturity which compares favourably with the

range of 97-107 days observed in this study.

5.1.6. Effect of Arrangement on Yield under Heat Stiress

The comparatively low yields cbtaincd under the three
arrangements in all the experiments can be attributed to
the prevailing high temperatures during the period of the

experiment, A similar observntion was wade by Quinn (1971)
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wien he reported uneconomicnl yields in tomatoes grow:

between January and April ns a2 result of high temperature,

The observed difference in the performance of the
two varieties agrees with report by Shelby (1975) who
also observed differvnces in fruit sct abilities of
three tomate cultivars grown unicr high tempourature,

The higher yields (though non-significant) that were
recorded under the double water linc and sunken bed
arrangements can be attributed to an assume” lower
micro-environmcnt temperature imposed on the plonts by
these arrangenents, This micro-environment, in the
context of its use here comprises the space between the
top of the plant canopy and the first 5-10 cm soil depth
wnere most of the roots are concentratefi. The close
c2nopy formed under these arrangements had the ability

to reduce water loss in the soil more than in the single
water line arrangement; this water loss reiluction ability
is a condition similar to frequent irrigation which
according to Owonubi and Yayock (1981) can lower sub=-scil
temperanturce relative to the surface temperature, This
might be one of the mechanisms with which the crop c¢on
combat heat stress because soil/root tumperature greater
than optimum h21 been found to adversely affect the
tomato plant, (Lingle and Davis 1959, Boxall 1962 and
Pnatak et al. 1966).



Another reason for the higher yiel!'!s under the
double wnter line an! sunken bed arrangemcrts coul?! have
been that the air temperature immedintely above the scil
surface was cooler (becouse of the canopy cov.r) than
under the single water line arrangement where the canopy
covurage was not cntire, This presente? a conlition
similar to bare soilj the air tempernture wns thorcetfore
unmo!ifie?, ~nd becouse the 2ir temperature was high,
the soil temperature wes similzarly high becouse air and
soil temperature are positively correlnted, This is in

line with the finding of Owonubi and Yayock (1981),

The low yiel?! in thce single woter line arrangement
should not bc mistaken for a water stress effect boecnuse
the weekly irrigation given in all arrangemonts was

adequate for the tomotoes,

Much as the effcet of heat stress in yiell rcduction
in this study is not undermined, mention shoul?! be mede
of the high incidence of leaf curl virus disease, lespite
insecticilal sproys against the white fly vector, Tiais
would have reduced thic photosynihotic «fficiency of the

leaves an! therefeore their rate of Ary matter accumulation,

The significont inturaction butween arrangement and
cultivar on vicl! in both locations in 1985 indiecate’ that
the best arrangement for highest viell under heat stress
varied with cultivars. This might be partly due to the
growth habit of liffercnt cultivars as well as different

levels of susceptibility of the cultivars to heat stress,
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5.2. Experiment II

5.2.1. Plont Vegetative Growth: There wos no simificant

difference betwecen treatments in the number of leaves por
plant at first flowering becnuse the maize shelter was yot
to pro‘luce enough shade thet coul’l give a 'iffervnce at
that stage of tomato growth, The significant difference
that existoel between treatments in the number of leaves
per plant generally from 7 weeks after troansplonting is
expected, This is the penk of vegetntive growth in btoth
the tom~to an! maize plants, That the unshaled treatment
was more vogetative at this stape of growth in 21l the
experiments supports the view of Marshall (1967) that
shade cnst by shelter cnn lepress growth in some crop
species, This n2lso explains why 2t 7 weeks aftor trans—
rlanting, leaf arca was greatest in the no=shade treatment
in 1985 when leaf areameasurement was taken, This larger
leaf aren in the unshaded! treatment means 2 gnod canory
which, in addition to good int.rcepticn of incoming
rasliation, has n goo!l so0il coverapge which is effective

in reducing both soil surf-ce 2nl root zone tomporaturcs,

Plant height wnas the vergetative paramctoer most
affcct.d by shade especinlly in the 1985 ¢xperiment at
both locations. Theé response of the number of prim-ry
branches to the treatments wns in linc with those of other
growth indices because growth is n concerted process in 211
the plant parts, The importance of the number of primary

branches w~s ‘liscussed in experiment I,
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Fe2s2, Flower Formation anl Percontage Flowers resultinge

in Fruit Set

The high rate of flower formaticn in the scle tomnto
(nc=shade) troeatment compared to the shade treatment in
both locations in 1985 points to the possibility th~t cven
under heat stress, the floworins potential of the tomato
plant is rcduced if shadled, However, in 1986, thc no-
shade treatment was only significantly better than only

the heaviest shale treatment,

The simnificontly hicher percentace flowers that
resulted in fruit set indicate? that shnale provided a
good condition fer fruit set under heat stress, This had
no positive relationship with observe? yields because
fewer flowwrs were forme! unler shalde treatments, The
molifying effect of shade hoere might be in terms of
providing optimum relative humi'ity conlition for pollen

germination an? pollen tube growth,

5.2.3. Fruit Diameter ~nd Length

The inconsistency obscrve! in fruit Jiameter in the
various experiments means thoat the parameter was not
influenced by any of the shale regimes., The sisnificant
treatment effect on fruit length ~t both locations in
1985 an?! the wi'le (though insignificont) difference in
fruit lengsth betwoeen sheltired an! unsheltered treatments
suzgest th~t sheltor shade ha?! influence?! fruit length,

The length of the fruit in this cose determined the fruit
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gsizc as the liameter il not significantly iffer between
treatments, The unshelteredl trceatment hal longer Iruit,
an! thercfore better fruit size, because of more efficiunt
photosynthetic process 'ue to bettor exposure of the leaves

to incoming sclzr roalintion,

B.2.4. Yicld: The facts th~t the no=sheltor treatiment

hnd significantly hisher yields nt beth locations in 1965,

)

nnl the heavicst shale treatment the lowest yiells in all
the experiments, inlic~te th~t the tomnato crop is possibly
not tolerant to shadle even un'er heat stress, A threshold
regime of shade that woul! reduce temperatures around the
plant and enhance yiell was not also estoblished in this
stuly, This is becouse all the intermelinte regimes of
shade between the two extremes, (the no shnle treatment
anl tomato-maize mixture treatment) di? not yield better
than, an! in some cases yielle:! significantly lower than,

the no shole truatment,

The cultivar used in this stuly, Roma VF, which is
a determinnte cultivar, cannot be userl to make any
general remark regnrding the responsce of the specics

Lycopersicon esculentum to shade trentments, According

to Stoeckeler (1963), varictics within species may (differ
in their physiologicnl response to shade proviled by creop
shelter, Marshn1l (1967) =lso report.?! that crop yicld

coul! be highur where there is a shelter effect but added
that such an observation weul! depen! on specics, climate

an? soil,
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It is easy toc conclude frem this stuly th~t even
uniler hich temporature regime, the prenter the intensity
of shade on the tomnto crop, the lowcr the yicll, The
tomate lenf probnbly ncerds a2 high degree of licht intore
ception for optimum photosynthesis, 2 condition that was

made less possible unler the shale trentments,

It wns not thot there was no couling of any kind
in the plant envircnment in the no=ghade treatment becnuse
the planting arrangement of the tometoe wns such that pave
a pgoc!l cover no the soil surface, 2 conlitien that coul!
reduce temperature in the crop roct zone accorling to
Precht et 2l (1973), The beneficinl effect of reluced
root temperature on heat=-stresse!l tomatocs was ~bsurv.d by
Quinn (1971) when he recommenle? mulching 28 2 mcans of

combating high soil temperature,
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SUMMARY AND CONCLUSION

Studics were corried out to assess the effects cf
spatial arrancemcnts anl shelter shale on the performnnces
of non=heat=tolerant tomnto enltivars orown lurine the
hot perio! c¢f February = May at Samhru an?! Kalaw2 in

1985 an! at Kalawa in 1986,

Two sets of oxperiments were conducted, In Expoeriment
I, the c¢ffect of 3 diffecrent spatinl arrangements on
growth, <cvelopment nn' yield! cf two tomnto cultivars
(Ife an! Harvester) was assesscedl, The 3 spatial arranse-
ments were: ‘
(a) planting on single siles of water lines
of ridges,
(b) planting on double siles of water lines of
ridses,
(¢) planting »n sunken bed,
In Experiment II, four ifferent maize shade regimes and

a no=shale troeatment were assesse® using tomato cv, Roma VF,

Results showel that the sunken bed ~n! Jlouble water
linc¢ arrangements were better than siornle water line for
growth, devilopment an' yielll, This obscrvation was a
result of hisher leaf area inlex (LAI) in the sunken bed
and double water lines thon in the single woater line
arrangement, High LAI means 2 eco! scil coveraze which
can reduce the impact of hent on the surface anl sube

surface scil temperature, (Appendix table 7).
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In Experiment II, the use of shelter shnde was not
an effective means of combating heat stress in tomato,
Shelter shale of any regime suppressed srowth and
development of the tomato plant, as shaded plants formed
fewer number of lenves, branches, ~nl flowcrs, Theugth
shelter shnle fovoure? fruit settineg, this coull not

compcensate for its role in flower number roduction,

From this stuly it is ccneluled thot heat stress on
a tomato plant cannot be cembnt.? by the provision of
an overhend shale, It is bettur combatel through planting
arrangements thot cnan cool the tomato plant cnvironment
without necessorily nffecting its licht interception,
This implies that the rocot environment of heat-stresscd
tomatc plant is easier to control than the shoot

cnvircnment,

Because of the high labour input needed in censtructin:
sunkcn be:ls, the 'cuble water line planting is recommentled
for tomato cultivation under high temperature regimes,

-

Plants purformaice 1id not “iifcer significantly unlder
the twoe arranscements (sunken bed an! louble woter line)

and both were better than the single woter line planting,
Further stulies in this Jirecticn shoul! attompt to:

1. Quantify the¢ proportion of yiel! reduction lue to
leaf curl virus ‘lisense in pceriols of heat stress
and that due to heat pur se., This becnmes necessary
in view of the hirh incidence of the disease on t mato

arount the months of M~rch an?! April.
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Explore the use of auxin spray on heat stressed
tomato as auxin inactivation had been adduced as
a physinlogical renson for poor performance under
heat stress,

Screen vorieties for heat tolerance becnuse A

L]

pronounce ' vorietal 'ifference in response to

treatment wrs observed in Experiment I,
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ippendix table 1: Effects of 3 types of spatial arrangements on cumulative numbher of leaves
per plant at Samaru and Kadawa (1985)

- —— . — - — e R b B ea—— . .

4/ RR.NGE=- CULTIV4R WEEKS AFTER TR..NSPL..NTING
! ENT#* L 5 6 7 8
Samaru Kadawa Samaru Kadawa Samaru Kadawa Samaru Kadeawa Samaru Kadawa

| Ife 1 18.61 10.4C 42,80 37.60 59.70 62.30 67.87 75.77 65.27 75.17
At Harvester 15.55 9.66 L44.97 33.37 66.60 50,07 64.00 53,73 58.77 55.43
3 Ife 1 14,90 14.,0C L4.97 48,67 62,23 58,53 65,58 72,L0 62,37 7hL.10
N Harvester 12,80 15,73 35.43 L47.13 50.90 64.63 48.53 75.93 4S.60 77.8C
. Ife 1 14.50 13.93 37.27 L7.57 €2.70 6€7.90 60.47 8C.80 57.47 82.80
N Harvaster 10,60 14.53 38.9C 51.23 73.40 66.83 67,73 72.83 67.40 80,80

S5 S 5.1  9.75 6.37 13.54 10,58 5.9 8.89 5.72 L.01

L.Se.Ds (G.05)(..rrangement) n.s. nNeSe No.Se NeSe NeSe NeSe Ne.Se N.Se NeSe Nu.S,

s —— - -~ ——— R - = W e (A

A1 -~ Planting along single sides ¢f water lines of ridges.
«2 = Flanting along double sides of water lines of ridges,
.3 ~ Planting on sunken beds.,

Nes.- Nct significant.
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wnendix table 2: Effects of 3 types of sparial arranse-
ments on cumulative numter of leaves
per plant at Kadawa (1986)

i MGIEMENT-- CULTIV..R WEEKS . FTER TR NMBIL. NTING
L 5 6 7 8
i1

Harvester 33,37 L4L4.07 53.73 55.43 655,02
Ife 1 48,67 58,53 72,40 74.10 75.560

a2

Harvester }7.57 64.63 69,93 77.80 77.90
. Ife 1 L47.57 67.90 80.80 82,80 82,05
- Harvester 51,23 66,83 79.83 80,80 80,02

“.1 = Ilanting con sin7le sides of water lines of rid«es,
w2 =~ Flanting in double sides of water lines of ridres,

43 = Tlanting in sunken beds,
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Apnandix tehle 33 Effects of 3 types of spetial arranrements on numier of flowers
rer plant a2t Samaru & Kodowa (1985)
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Samaru Kadawa Seznorue Kndaws Snmoru Kerdnwes Samoru Kaodawe  Saosra Kadewn

i Ife 1 0.72  12.42 6.53 33.57 2h .80 53.17 53,93  61.50 B33 4S.60
Horvaester C.73 12.77 8,03 35.23 31,03 B3.67  47.20  70.13 45,03 L8.7C

L2 Ifz 1 2.37  12.83 9.17 33.00 37.37 L3.83 67.hL3  63.17 66,70 16,50
Hervester Ll,80 12,33 15.77 3L.83 13,13 E5%,53 64,30 70.07 ©£5.13 53,83

!

Menn 2.52  13.25 . 10,52 34,94 35,28 52,38  G1.10 66,46 50.16 47.91
S.E.D. 2.81 2,15 5.3  L.85 5.29 8,19 6.33 5. 26 5.30 5.3

L.5.D. (®,05){rronvement) n.s. n,s, NeS. 1eSa N.S. NeSe NeSe NeSe n.s, N, S,

%41 = TFlanting ~2lons sinzle sides of water line
£2 ~ Fleatirs along fouble sides of water line
53 - Flsntirs on sunken tels



.82 .

lppendix table lj: Effects of 3 types of spatial arrange=-
ments on cumulative number of flowers
per plant at Kadawa (1986)

ARRANGEMENT* WEEKS AFTER TRINSPLANTING
CULTIVAR 5 6 7 8 9
M Ife 1 G.53 24.80 53,93 54.33 43,07
Harvester 6.03 31.03 §47.20 L6.03 37.03
" Ife 1 9.77 37.37 67.43 67.70 5SL.40
' Harveater 15.77 L3.13 64.30 65,13 5§1.80
3 Ife 1 9.17 33.10 62.83 66,17 5L.70
I
Harvester 13,87 42.27 70.93 62,60 49,10
Mean 10,52 35,21 6&1.10 60.33 48.35
S.E.D. 2,75 5.84 8,16 6,26 5,43

LsD (0.05)( irrangement) n.s, n,s. n,8, DN.E. N.S,

L

#41 = Planting in single sides of water lines of ridges,
2 = Flanting in double sides of water lilnes »f ridges,

A3 = Planting in sunken beds,



w B s

= £ - - -
e A L (W -

Jane ru & Kadawe (1985)

#._._mw.hom‘@ﬁa CULTIViR VZEEKS . PTER TRONSIL . NTING
L 5 € 3
Samaru Kadawa  Szmaru Kadawa  Samaru Kadawa mmeWc Karlawa Samaru xm.wMMi

A1 Ife 1 36.90 39.27 39.27 LLk.03  L43.50 €€.37  L43.,00 66,70 Lh4,30 56,83

Harvester 32,57 34,70 36,13 39.63 39.LC €6.40 39.37 66,93 9.53 A7.23
A2 Ife 1 31.93  46.93  L41.50 52.93  LL.87 98,53  LL4.BO 68.13 L4.90 58,30

Harvester  32.47 41,87 35.67 U47.30 38.73 66,23 38.57 66,37 38.53 66.53
h3 Ife 34.13 43,57 36,30 50.03 39.63 65.63 40,03 56,33 LO.43 66,80

Harvester 28,97 Ly.23 32,37 52.77 35.28 68.17 35.07 68,30 35.20 £8.33
Mean 32,83 41,77 36,88 L47.78  Lo.2L 66.91  LO.14 67.13  LO.48 357.34
S.E.D. 3.91 L.32 L7 huLS L.15  3.54 3.93 3.36  3.83 3.39
L.S.D.(0.05) (4irranzement) n.s. N.S. NeSe MNeSe B8y BB N.S, N.Se. NeSe N.S.

—

*n1 = Flanting along single sides of water lines
A2 = Planting 2long double sides of water lines

A3 = Flantini: on sunken beds



Appendix table 6:

-8, -

at Kadawa (1986)

Effects of 3 types of spatial
arrangements on Flant height (cm)

ARRANGEMENT* CULTIVAR

WEEKS AFTER TRANSFLANTING

4 5 6 7 .8

Ife 1 43.26 LJ7.30 66.37 66,70 66,83
A1

Harvester 39,27 LL4.03 66.4,0 66,93 67.23

Ife 1 40,27 39.63 68.53 68.13 68,30
A2

Harvester 46,93 52,93 66,23 66,37 66.53
B Ife 1 43.90 50,03 65,73 66,33 66,80
' Harvester 4,3.57 52.77 68.17 68,30 68.33
Mean 42,89 47.80 66,91 67.13 67.3L
S.E.D. 1-32 L 45 3.8, 3.36 3,40
L.S.,D.(0,05) (Arrangement) n.s, n.s. n.s, N.S, N.S.

*A1 -
L2 -
A3 -

Planting in sunken beds.

-

———

Planting in single sides of water lines of ridges.
Planting in double sides of water lines of ridges.
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Spnendix table 7: Lensf Area Index (L.I; %stimate for
the 3 spatiazl srranrenents (1985)
7 "‘in.-.To

Smle B BB AW S Bk A8 B Rk T T T R e W T

= . o
Samaru Kadawa Samaru Kadnwn Samaru Kadaws

...... e I Iy

045 0,37 0.62

Bbas e e — D e N . e - DR

‘iarvester 0.22 0,50 D442

L L T O Y ST

lear 0,39 0441 0.51

SN S-S B Wk R R B E B BrR e s § et B B Sy e Lo e e e fes semn A e s e e e



