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ABSTRACT

The performance of 16 cultivers of common wheat (Triticum
acstivum L. ) was studicd ot Kpong in 8 monthly plantings to
ascertaln the possibility of growing wheat on tho Accra
Pluins. The characters studied weres tillaring rate, fertile
tillering percentsige, number of leaves per plont ot anthnuis,
runber of days te anthesis, number of deys to maturity, plent
height, lodging and sced quality scores, totcl dry veight per
plant, grain yield por plant, grain yield per plot, number of
secds per spikclet, number of spikclets per ploant and 1,000 -
grain weight.

By meoans of on analytical procedure for doteormining
adeptation bosed orm cconomic yield (the rogression teehnigue),
¢ numericol grading of the planting dates showing their
favourability to wheat performance was obtainud., Meteorologicel.
doti colleeted during the studvy was alsoe uscd to adduce possible
recsans for the rolative performance of the crop over tha
SCN80ONS,

Apnrt from observed significant differences among
cultivars in respect of thoe characters studied, cultivars
shovicd morkeod differences in their adaptability as seen in
tho highly siconificent interactiomns obtsined betwoen planting
dates and cultivars. In nddition, ths sligh® secsonul varde-
tion in climatic foctors appenred to have markced efiects on

thi performance of the crop,



University of Ghana http://ugspace.ug.edu.gh

The June plantins was obsorved as tho most favourablc
to the crop followed by that of hay. The lcast favourable
was the September planting. The thyee most adog akle cultl
vars, all of Canadian nrigin, werc 74Z2 .. X, 7423 .. K4 amd
7438 - D (in that order},

1t is concluded tkat Heat was the Factor most Liwl'iing
to wheat performance en the Accra Plains ard thint Tno crop
could grow profitably if less Heal-sonzitive cultivares mould
be selected, and the most favourable planting peri=: deter-

mined, through similar studics in other locavions of similay

or cooler climate.
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I
INTRODUCTION!

Wheat (Triticum spp.) has served as an important source
of fibod since ancient times. It is generally believed that
prehistoric man cultivated a wheat-like plant from whickh he
ground and baked the grains. Today, millions of people derive
their livelihood from wheat and it forms an important part of
the daily diet of millions more, often preferred to any other
grain as human food. The approximate proportions of the totel
world production of whoat grain used for different purposcs
is as follows: Human consumption 74%; sced 11%; feed for live-
stock 14%; industrial use 1%. Whcat straw is usable as feed
and litter for livestock and as a protectant against soil
erosion. Industrially, it is used for the manufacture of straw
board, building board, paper and other pulp products. The
average composition gf the whole grain is: Protein 12y fat
2%y carbohydrates (starches and sugars) 6%%; crude fibre 2%;
mincrals 1.,5%; vitamins (particularly B8 vitamins) a fraction
of 1%; water 13%.

During the last two decades, there has bcen a great
increase in the consumption of bread (one of the chief pro-
ducts of wheat) in the tropics, where the food is non-indi-
genous., Initially,this applied to the higher income groups
in these countrics, Today, it has lost its status symbol,
having become more and morc a part of the daily dict of the
lower income groups as well. As a result, wheat-importing
countries like Ghana are finding it inecreasingly difficult
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to cope with the forcign exchange demands in return for wheat
and its products to meet their growing demand. Ghana for
example has had to settle, on thec average, the foreign ex-
change equivalent of about 44 million annually over the last
three yecars, being the cost of unmilled wheat alone. The
annual average toqpuge of wheat or flour imported into the
country in the late 1970’s was more than double that of the
carly 1960's. This trend is likely to continuc.

As a measurc to reduce thec importation of wheat, compo-
site flours arc being tried in somec countrics but this is yet
to catch on with the consumcr who is uscd to bread from wheat
flour., Another means of reducing wheat imports has been the
cultivation of the crop locelly, where this is possible,

Recent interest in rescarch into growing wheat in Ghana
is in linc with attempts by some non wheat-producing countries.
This thesis studicos the growth, development and yields of
sevoral wheat cultivars selectod for their reportodly good
performance in thn_trnpics; It also attempts, from the
measurcd responses, to find thc physiological basis underlying
their performance withh the view to establishing whether it is
possible to grow wheat on the Accra Plains and the Lowland

Tropics in general.
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I

REVIEW OF LITERATURE

1. QOrigin, Early History and Disseminaiion

L

The ancestors of common or bread wheat (Triticum
aestivum L, em Thell) originated from Western Asia, eiticr in
Mesopotamia (now Iraa) or in the highlands of Ethiopia
(Peterson, 1965; Janick et gl, 1969; Martin and Leonard, 1970;
Agric. Canada, 1977).

The history of the plant can bz traced bacic 10,9C0 to
15,000 years ago. The earliest traces of the plant were found
in the ruins of the Swiss lake dvzilers of that age. As fav
back as 01d Testament tinmos, eone 4,900 years ago, whsat weas
an important crop. Tn thozz days whzat was cilled called
"corn" as it was r:iferist to in $ha story of Jasenh whno storad
“"corn" in Egypt in the famiiiar blblical accouit (Agric,
Canada, 1977).

In an attempt to increase world production, the wheat
plant has been intrediczd in%c areas with environnents quite
different from that tf its origin. As Aacorson (1973) states,
"the record oy n=ar rscord crops of the developing countrinc
in the tropic ard subtropic areas has been the only saving
feature preveriting stervation on a assive scale.” Thus viheatl
Has become an international crop. Its dissemination has been
made possible thirough Breeding and selection from the originallyr
temperate-adapted speczas; The ohject:ve has been to increase

productivity, enhance stability and increass physiological
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efficiency of the plant while improving grain quality, under
various environmental conditions (Creech and Reitz, 1971).
According to Purseglove (1975]) wheat was Tirst domesti-
cated in the Middle East from where it coread gulsily through-
out Asia and Europe. It reached the Amn-ricas in the sixteenth
century and has now spread widely throughout all the temperate
regions of the world and to the higher altitudes in the
tropics. Lord Delamere is reported to have successfully
introduced wheat into Kenya early this century. Andrews (1968;
1969) indicates that wheat has been growing in Nigeria for
centuries, but up to 1960 ..n a marginal s~ale confined to

the Sahel and Sudan zones (12— 24°1) and 5n the Mambilla

plateau in a more southerly locatior.

Although imports of flour into Bhana (then Bold Coast)
began as early as 1529 when the Portugucsso were said to have
provided each person in Elmina fort wi®th a daily issue of
four loaves of bread (Youngs, 1972), it is doubtful if there
were any attempts to cultivate the crop in Ghana until 1964

when a number of experiments were canducted on wheat [Mensah,

1979).

Ze Taxnnomz

The term wheat refers to a number of species, belonging
tu the genus Triticum, which form a -olyploid series with 14,
28 and 42 chromosomes (Peterson, 1965). All membars of the
genus Triticum are annual grasses bel-nging to the tribe

Triticeae in the subfamily Pogideae of the family Gramineae.
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In this genus there are three different genomes designated

Ay, B and D which through hybridization and chromosome doubling
have given rise to the cultivqtaq wheats, The v'1ld species

T. boeoticum (2n = 17; A gonome), Aegilops speltoides

(2n = 14; B genome), I. dicoccoides (2n = 28; AB genome)

and Aegilops squarrgsa (2n = 14; D genome) are believed to

be the ancestors of the cultivated wheat species (Peterson,
1965; Purseglove, 1975). The contributions of these wild
ancestors have been summarised by Purseglove (1975) as

shown in Figure 1,

durum), Spelt wheat (T. spelta) and Emmer wheat (I. dicoccum)
are examples of important wheat species. Bread wheat, known
botanically as Triticum aestivum L., is of concern in this
project. This species is by far the most important due to its
high gluten content which confers gn its flour the property
of trapping the carbon dioxide produced by fernenting yeast,
so that upon leaven’'ng and baking, a characteristic porous

bread is obtuined;

3. Botanz

Wheat is a free tillering annual., On the average it
procduces 4 or 5 tillers per plant but under typical crowded
field conditions, only 2 or 3 tillers are produced, Under
very favourable conditions, howzver, it can produce up to 40
or 50 tillers. Each normal tiller produces leayes and termi-
nates in a head or spike. In the field it reaches 0.3m — 0.9m,
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T. boeoticum Ae. sngltoides Ae. squarrosa
2n = 14; A genome 2n = 14; B genone 2n = 14; D ge-ome
Viild Wild Wild
T. dicoccoides
Pn = 28; AB genomz
viild
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2n = 42; AED genoma
l Cultivated
T. dicoccum
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2n = 28; AB genome
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FIG. 1

L e

2n = 42; ABD genome
Cultivated

erivation of the cultivatod wheats.

(Purseglove, 1975)




while in the greenhouse it could reach 1.5m in height (Martin
and 'Leonard, 1970; Agric. Canada, 1977).

Seed germination is hypogeal with 2 types of roots:
about 3 to 6 seminal roots followed by adventitious roots,
Growth hebit maey be termed winter, intermediate or spring,
depending on whether the plant is prostrate, intermediate or
erect respectively in the early stages before true stems
appear, Stems are erect, simplo, usually glabrous with S to 7
nodes and usually hollow internodes (Peterson, 1965; Agric.
Canada, 1977).

The leaf has two main parts, the sheath and the blade.
The sheath is curved, forming a tube around the stem., The leaf
blade is narrow, flat and acuminate, about 20 - 37cm long and
1.2cm wide, with promincnt parallel veins (Peterson, 1965;
Purseglove, 1975).

The inflorescence is a terminal, cylindrical, compound
distichous spike, between 5 and 10cm long with tough non-
shattering axis (the rachis]. Spilkkelets are sessile,
arranged alternately in two rows with one terminal spikelet
(Fig.2). A spikclet contains a variable number of florets.

A fertile floret in turn consists of the lemma and palea
enclosing a caryopsis. The lemma, wiich is boat-shaped

usually has an awned espex. The paleg is thin and membranous.
The floret has 3 stamens with bilobed anthers, an obovate
ovary having 2 short styles with a feathery terminel stigma,
The flarets nre largely self-pollinatod, Each spikelet con.-
taine about 2 oval g®ains with a cerntral greove on the ventral
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surface, usually with a terminal tuft of hairs (the brush).

There are about 14 - 20 spikelets per spike, 1.000 - seed
weight is about S0g (Peterson, 1965;Agric. Canada, 1977).

4, Culturec and Adaptation

Wheat is primarily a temperate crop but has been grown
under a variety of conditions, It is poorly adapted to warm
or moist conditions but a combination of high temperature and
high atmospheric humidity usually leads to complete failure
or unthriftiness((Peterson, 1965; Martin and Leonard, 1970;
Purseglove, 1975). The temperaturc range for optimum growth
is 18° - 25°C (Friend et ol., 1963; Macdowall, 1973; Spiertz,
1974).

It is best adepted to fertile, medium-textured to heavy-
textured soils thet arc well drained, Silt and clay loams
give the highest yields. It requires fair quantities of
nitrogen (N), phosphorus (P), and potassium (K) together with
a balenced supply of the secondary and trece elements. It is
known that yield and $illering rete increase with increasing
levels of N, Beyond 100kg N per hectare, howevcr, tiller sur-
vival and lodging (especially in tall cultivars) become pro-
blems (Jessop and Pethica, 196%).

The secd may bg broadcast or drilled at a depth just
enough to give it adetuate moisture (cbout 2.5 - 5.0cm deep)
in rows 20 - 25cm apert., Sced rate varics from 50 - 200kg per
hectare deponding on culfivar and environmental conditiors

(Purseglove, 1975). Rainfall between 230mm and 1,800mm
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per annum can support the crop but supplementary irrigotiom
could increase yield considerably (Martin and Leonard, 1970),
Several pests and disecases attack the wheat crop. Accor-
ding to Purseglove (1975) and Mensah (1979), the most destruc—
tive diseases include stem and leaf rusts (Puccinia graminis
and P, triticina) and head blight (Fusarium spp. ). Other
diseases include bunt (Tilletia spp.), smut (Ulstilago tritici)

and mildew (Sclevospora macrospora). The latter group has not

been reported in Ghana (Mensah, 1979).

Time to maturity ranges from 95 - 150 days. The world
averags yield as given by the Food and Agricultural Organi-
sation (F,A.0.) in 1967 was 1,420kg/ha but yields vary con-
siderably around the world. Purseglove (1975) reported yield
averages of 900kg/ha and 1,000kg/ha for Asia and Kenya
respect@vely. The average yield in Canada has been given as
about 1,500kg/ha while yields of 4,000kg/ha are naot uncommon
in Denmark and the Netherlands., A world record yield of
8,808kg/ha obtained in England in 1952 is yet to be exceeded
(Agric. Canada, 1977).

5., Effects of Light on Wheat

As compared with other photo-sensitive temperate
species, wheat is knowm to have some resilience as regards
limitations by photuperiod; Most whoat cultivars are quanti-
tative long-day crops,tending to flower sooner the longer
the daylength, without a minimum daylength under which
flowering will not be initiated at all (Swaminathan, 1973;
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Evans et al, 1975). For example, Pugsley (1965) observed
that certain cultivars that usually come irto ear in 52 davs
under long days (13.5 - 14.5 hrs.) took 94 - 132 days to
reach that stage under short days (10.5 - 11.5 Hrs.). Martim
and Leonard (1970) also cite the examples of Kenya (12 hrs.
average daylength) and Alaska ( 20 hrs. daylength) where
wheat is known to grow to maturity, to show the wide range of
daylengths under which the crop can be cultivated, Obligate
long-dayy cultivars exist, liowover, which will not initlate
flowering when daylength falls below the critical 1imit of
12 houws, Rawson (1971) has reported, however, that extremoly
long days tend to reduce spikelet number, grain number and
therefcre yield. He noted an inverse relationzhip betuween
daylength and spikelet number in wheat,

In Bhana, daylength varies between 11.E8 and 12.4 hour's
throughout thie year, and this precludes the cultivatien of
photo-sensitive cultivars here, As reported by Aryeetey
(1970/71), a few of the cultiveas ircluded in a wheat trial
in Ghana did noi: initiate flowering at all. This may be
attributed to thizir photo-scnelicivity.

The effects of light intensity on wheat pcrformance
have also been studied, At atinspheric carbon dio»ide levels,
most wheat cultivars arc krown bo be saturated for light
needs at about 8.0 - 9.8 cal. cm-z h-l(Ewaminathmn, 1973;
Evans et al, 1975). Observatiors made by other experimenters
corroborate this low light saturation nocint in wheat. Ahbsolute

and relative grovtl: rates in most cultivars of wheat have been
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found to incroase with increasing light intensities up to

8.0 - 9.8 cal cm = h+ (about a third that of full sunlight)
when the leaves got light-saturated (Fricnd et al.,1962; 963;
Swaminathan, 1973; Spiertz, 1974). Tillering also is favourcd
and rate of apparent photosynthesis increased under increasing

& g (Friend,1966).

light inteonsities up to about 8.0 cal. cm

There is some evidencoe that high light intensities, as
pertains in the tropics on sunny days may prove deleteriaus
to wheat performance. Lockhart (1961) noted a destruction of
gibberellins in maize at full sunlight, limiting cell expan-
sion and stem elongation. If this observation will hold for
wheat, then the crop will be reduced in size in areas of high
light intensities, resulting in low productivity.

Light seems to have little effect on pollen though long
days of about 14 - 16 hours are known to reduce viability

slightly (Welsh and Klatt, 1971).

6, Effects of Temperature (Heat) on Wheat

Dptimal temperatures for germination and vegetative
growth of wheat lie between 20° and 25  C. The minimum and
maximum temperatures are 30- t:‘fJ C and 300 C respevtively.
From these cardinal tamperatures it is apparent that wheat
grows under cooler conditions in general than it will in
Ghana (in the Lowland Tropics) where temperatures are usually
higher, Consequently, exposing the crop to the relatively
high temperatures that pertain here could severely inhibit

growth,
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Generally as temperatures extend either below or above
the extreme limits for growth of any crop, thermal injury
increases 'intil ultimately the crop dies as a result of meta-
bolic failure (Langridge and McWilliam, 1967). According to
Langridge and WMcWilliam even at non-lethal temperatures,
metabolism could get disrupted as toxic products accumulate
with a depletion of essential metabolites in the crop.

As is apparent from the following cbservations, tempera-
tures above the optimal range for wheat growth,tend to affect
a number of physiological processes which often lead to poor

performance of the crop.

(1) Pre-gmergence and Vegetative Phases

Poor emergence and seedling mortality have been
obhserved in wheat where temperatures have exceeded o
maximum day temperature of SDD C (Swaminathan, 1973).
Chlorophyll formation in wheat also appears to have a
critical temperiture-dependence. At Sdac Friend gt al.
(1962) observed that an increase of about 0.5 C resulted
in yellowing, stunted growth and death,

Even though high temperatures have been reported
to stimulate tillering and leaf formation (Martin and
Leonard, 1970), maximal photosynthetic area is reportedly
reduced with increasing temperatures as a result of
narrower, thinner leaves and shortened stems (Friend,
1966), Ishag and Taha (1974) have alge attributed the
incidence of high tiller mgirtality lhey ubserved,to the
high temperaturcs (23°C by day; 18°C by night) that
prevailed during their experiment.



University of Ghana http://ugspace.ug.edu.gh

-14-

The importence of crown depth soil temperature has
also been demonstrated by Smika (1974). He found that
crowm depth temperatures accounted for 83 - 98% of the
variation in the yield components, number of ears/plant
and spikelets/head in spring wheat. With winter cultivars
he found a positively curvilinear correlation between
crown depth temperatures and the companents, tillers/plant,
heads/plant, spikelets/head and weight/heacd. Nbggle and
Frietz (1976) have reported results in maize consistent
with the above. They observed maize plants to increase
in size as root temperaturc was increased from 12U —260G
ancd then beyond that resulted in a decrease in plant
size. It is possible that the higher temperatures dis-
rupted certain physiologicel processes within the crown
of the plants, since tiller number and head size are
known to originate from the crown (Smike, 1974). The
optimum root zone temperature for wheat is 20°C (Nielson,

1974).
(i1) Reproductive Phase and Maturity

Owen (1971) and Macdowall (1973) have observed that
after car emergence in wheat, high temperatures resulted
in complete failure of the grain crop whareas these same
temperatures (350 and 30°C day temperatures; 18° and
13°%¢ night temperatures) imposed only up to floral ini-
tiation had na effect on 1,000-grain weight. This may be
due to the observation that grain size is determined

mainly by conditions after anthesis (Evans et al., 1975).
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According to Evans et al., high temperatures after anthesis
may even cause sterility.

Temperature has pronounced effects on the duration of
both the vegetative and reproductive phases in wheat.
Nuttonson (1955) found that the duration of tho vegetative
phase in wheat was strongly and linearly related to the
mean daily effective growing temperature. According to
van Dobben (1962) high temperatures shorten the period of
growth in wheat withbut giving sufficient compensation
by faster growth and as a result the plants remain smaller
than they would in cool climate, This affects photosynthe-
tic cepacity and hence yield. Duration of grain fillling
is also known to continue for a longer period at tempera-
tures lower than 2500 while higher ones tend to speed up
the course of development, resulting in lower grain yields
(Wattal, 1965; Spiertz, 1974). There is grain shrivelling
also when hot weather with maximum day temperatures
beyond 30°C sets in before grain filling is completed
(Bwaminathan, 1973). Asana and Williams (1965) observed
a 166 reduction in grain size due to shrivelling when
temperaturcs were increased from 25o to 3100. For
successful grain production in wheat therefore, the
criticel day temperaturc after anthesis lics between
32° and 38°c (Owen, 1971),

Ppllen viability and net assimilation rate (N.A.R.)
are kngwn to be reduced under high temperatures (Friend,
1969; Owen,1971; Welsh and Klatt, 1971). Friend (1969)
noted @ 47% reduction &n N.A.R. when temperatures were
increaged from the optimal range of 15"~ 20% to 25°- 300(;.
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Both dark and photo-respiration rates are increased with
increasing temperatures (Stoy, 1965; Jollife and Tregunna,
1968).

The effects of environmental conditions on protein
storage in wheat have not been extensively examined, High
temperatures however seem to reduce atarch storage more
than that of protein, resulting in small kernels rich in
gluten (Campbell and Read, 1968; Martin and Leonard, 1970).
The critical temperature above which baking quality of
high-protein wheats is lowered is about 32°C (Martin and
Leonard, 1970).

(iii) Thermoperiodicity

A plant that shows increased growth or performance
under alternating temperature conditions is said to be
thermoperiodic (Friend and Helson, 197G). Several plant
species are known to respond favourably to alternating
diurnal temperatures (usually high day and low night
temperatures) but the generality of the phenomenon has
been questioned since some species secm to be insensitive
to it., Generally, optimal temperatures for photo-
processas are higher than those for nycto-processes
(Friend and Helson, 1976), and nycto-processes are
particularly important since the growth of plants is
known to occur predominantly at night (Langridge and Me-
William , 1967).

According to Friend (1966) and Friend and Helson

(1976) there is some superiarity of constant temperatures
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over alternating day and night temperatures for growth and dry
matter accumulation in vtheat, peanuts and sugarcane., They found
the optimum temperature for both day and night as 2508 for
wheat., Peters et gl;[1971], however,have remarked that high
night temperatures reduce grain yields remarkably. Working
under induced night temperatures of B.QD,IS.SU and 25.5DG

they reported that the highest night temperature produced a
grain yield almost half that of the lowest temperature. They
attributed the reduced yield to earlier senescence and maturity,
and hence a shortened grain filling period which they asso-
ciated with the high night temperatures.

(iv) Ihermel Reguirements

It has been observed that certain plants require a
definite amount of heat to bring them through a complete cycle
from planting to maturity (Nuttonson, 1955; Langridge and
McWilliam, 1967), A number of synonymous units have been used
but that of "heat units" will bec employed in this thesis.

To determine the summation of heat units for a crop, a
base temperature, aften the minimum tempereture below which
very little physiologicel activity occurs in the crop, is
used (Peterson, 1965). The difference between the mean daily
temperature and the base temperature gives the number of heat
units for the day. The sum of these daily quantities througiout
the growth period gives the total heat requirement of the crop.
Sometimes the mean monthly or mean weekly temperatures are
used instead of the mearn daily ones in determining thermal
efficiency (haat requirement). The base temperature often used

for wheat is A4°C (Prterson, 1965).
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From observations made in wheat studies, the number of
total heat units required by each growth phase is nearly
constant (Nuttonson, 1953; Venkataraman and Kazi, 1972). The
higher the mean day temperature the shorter the duration of
growth,

The indiscriminate use of the heat unit system, however,
is not agreeable to some researchers. According to Went (1953)
the procedure proposed p linear relationship between mean day
temperatures and growth, which did not exist, especially for
thermoperiodic plants like gotato and chilli pepper in which
predominantly night temperatures control tuber and fruit
formation. Hn however submitted that it could be used over a
limited range of temperatures for crops that are less sensi-
tive to thermoperiodicity like wheat and peas. Brown (1960)
also contended that the system gave too much weight to tempera-
tures over 2700. He suggested that such temperatures may even
be detrimental to {be crans, Under this system, mean day
temperatures rather than the daily temperature ranges are
given prominence wheraas the ranges are often of more signifi-
cance (Chang, 1968).

In spite of its lack of theaoretical soundness, however,
the heat unit system may be helgful in cosroborating Hme
reports cited above on the effect of high temperatures in
shortening the developmental period of growth in crops, Using
meteorological data , the heat unit approach has been useful
in the determination and forecast of gowing cates, to ensire
the bestbduration of active growth prases for wheat in India

(Venkataraman and Kazi, 1972). In Canada, a similar type
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system is used to define ywhere and when different cultivars

of maize should be grown (Brown, 197G).

Effects of Moisture and Humidggx

Water requirements of wheat increase when the head
appears and grain begins to form. It has been estimated that
about 85 - 120 tonnes of water are required to produce 100kg
of wheat (Agric. Canada, 1977). Under moisture stress, there
are modifications in certain vegetative and reproductive
structures in wheat. Leaf area is reduced (Dubetz and Bole,
1973) and fewzr tillers are produced, Tillers that are pro-
duced have higher sterility levels and reduced seed set
(Peterson, 1965; Agric. Canacla, 1277). Excacs moisture can
also be detrimental [Cangapadyayu ard Cariker, 1967). Although
it is known that esbove averege miistire diring germination
and shortly thereafter is beneficizl to wheat, a similar
condition during tillering was found to bo detrimental
(Gangopadyaya aand Sarker, 1957). This may be due to the low
consumptive use of water by the croy et tle tillering stage.
The daily consumptive use of weter {or wheat is known to be
low up to the boot stage, increasing therecfzer up to grain
formation.There is a decrecase in water use of the crop
during the grain maturing period (Patil, 1976G).

Most plants grow well under high atmospheric humidities
except when saturated air pevsists for weeks and completely
stops transpiration. Mﬁny plants are capable of directly
absorbing ﬁoisture from unsatwated air of high humidity
(Chang, 1968). Acccrding to Baker (19€5) phatosynthetic rate
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increases with humidity in cotton, especially under high light
intensities. Peters (1960) noted a significantly higher rate
of water use in corn at 40% i.H. than at 954 H.d, in the early
stages of growth, With time, however, the difference in water
use as controlled by relative humidity became almost negligible
due to the faster rate of growth at 95 R.H., Under a mist
environment automatically activatad at ear temperatures above
2500, Laing and Fischer (1976) found a slower grain growth
during grain filling which they stiributed to lowered ear
temperature due to misting. According to them misting had ro
effect on final. grain size an- grain yleld.

High relative huridity per se therofore sppears to have
little or no adverse effects cn wheat performance. Vileat is
known, however, to perfora pooriy in ernviroraents with a come-
bination of high relative hurmidity and hot weather (Pcterson,
1965; Purseglove, 1975). From weils dnone Ly Al'tergot and
Mordkovich (1976) high relative huridity and hot eir affected
the water status of rudimentary ears thus dlsrupting ear
structure and decreasing grain yields. even uwiiler sonditions
of normal water supply.

Another reason for the poer pe: formance of wheat -n humid
regions ie the conducive environmenc created for fungal
diseasces., Leaf diseases are esprcially encouraged. A combina-
tion of warm and moist weathier is kmnown also to favomr rust
developmeyit, Martin and Leonard (1270) have reported t:tem or

black rus& (Puccivia graminis tritici), leaf rust (P. ryecon-

dita) and stripe rust (P. glumarum) as the most commen rusts

so encouraged ir wheat.
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MATERIALS AND METHODS

1. Kpong: The Project Environment

Kpong lies at the interception of latitude 06o 07’N and
longitude 00° D4°E, in the Eastern region of Ghana (West Africa)..
It forms part of a much larger low-lying land mass, the Accra
Plains, which is bounded in the west by the Akwapim Range and
Weija hills, in the north and east by the right bank of the
lower Volta River, and in the south by the sea, The gross
area of this climatic zone, the Accra Plains, is 335,540
hectares (Aryeetey, 1978). The area utilised for this research is

about B metres above sea level.

(11) Climate and Soil

¥pong experiences o rainy seasons as is characteristic
of the Accra Plains, with a mean annual rainfall of about
1270mm (Fig., 3). Air tenmperatures are highest during the main
dry season (November to February) and the lowest in the short
segson of July - August. Soil temperatures are relatively
higher than air temperatures but with a similar trend.

Atmospheric humicdity is generclly higher in the mornings
than in the afterncons with averages of 77% aund 64% respectively,
for 0900 hours and 1500 hours GAMT, Daylength is reesonably
constant,varying from about 11,8 hours in December to 12.4
hours in June, The climate here is characterised by constant
heat, daylength and humidity, the modest reduction i" tempera-
tures at night affordirg little relief to the daytime heat.
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The main soil type at the site of this project (the
University of Ghana's Agricultural Research Station, Kpong)
is the heavy black soil of the Akuse series, The characteristics
of this soil are as follows:-

Physically, there is considerable shrinkage with cracking
of the soil when it dries up. As it becomes wet, there is
swelling with expansion. This is because Montmorillonite is
the predominant clay mineral present; im the soil. It has a
clay content of 30% - 60%. The organic matter content of the
soil is about 4% in the first six inches, with a G/N ratio
of 12 ¢ 17, Soil pH is slightly acid or newtral near the
surface,becoming slightly alkaline in the deep sub-soil. The
average soil pH values at the irmedlate cenviranment of the
project were 7.3 and 7.5 for thz depths 0 — 5cm and 15 = 30cm

respectively,

The Cultivars

A collection of sixteen cultivars of comaon wheat
(Triticum aestivum L.} was assembled for this project. These
cultivars, brought into the country by the iSrains and Legumes
Development Board and the University of Ghana’s Agricultural
Research Station (Kpong) to be tested for tteir adaptation to
Ghanaian conditions, were from the following countries:
Canada (the Canada gene source cenive), Mexico (the Inter-
national Maize and Wheat Improvement Centre -+~ CIMMYT),
Pakistan, India ard Egypt. A’l available inigrm=tion on the

cultivares used in this project are as follaws:
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Accession Number Cultivar Origin
1. BLUE SILVER Pakistan
2 LYALLPUR=73 Pakistan
3. PUNJAB~OP ~78 India
4, 7438 - AE Canada
5. 7438 - AB Canada
6. 7423 - K& Canada
7 7438 - D Canada
B. 7450 - X Canada
9, 7438 - AY Canada

10, GIZA 157 Egypt
11, GIZA 158 Egypt
12, S.A. 42 Pakistan
13, S,A. 75 Pakistan
14, SANDAL "

15, MEXIPAK Mexico
16, CHENAB 70 Pakistan

”

Origin not known.
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3. Planting and Harvesting

The cultivars were planted in a four-replicate,
randomised complete block layout at the following planting
dates: 19th December 1978, 18th January, 23rd May, 20th June,
18th July, 20th August, 25th September, 22nd October, 23rd
November and 18th December 1979,

The plots, each of two rows (0.2m apart and 1,0m lang]
were sown 0,4m apart with pathways 1.0m wide between blocks
of plots., Seed was drilled at a rate of 6g per plot (150kgfha).
Where germination was very poor, additional seed was sown
after emergence to afford a fair stand.

The fertilizer mixture 15-15-15 (N-P-K) was applied as
split dressings to give a total of 100kg N per hectare. The
first dressing was done 10 days after germination and the
second 14 days later. The pluts were kopt ns weed-free as possi-
ble by either hand picking or hoeing. Supplementary irrigation
was done by means of watering cans when necessary, ®"Gammalin
20" was sprayed every fortnight as a measure against insect
pests, at 1% concentration, Poisoned baits were placed around
the experimzntal area to prevent rodent attacks,

Harvesting was done by cutting off spikes with a sickle
as they matured in the plots, The harvested spikes were then
stored in brown paper envelopes and kept in an air-conditioned
room until each plot was completely harvested, Threshing was

done by hand,

The first two plantings were used as a preliminary study.

This was because only accessions 1 - 9 were available by then,
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iherz ware no plantings in February, blarch and April because
not enough seeds were available, Furthermore, it is knowun

that when the stages from grein-Ffilling to meturity coincide
with wet wsather, wheat yields arc reduced and grein quality

is5 also lowered due to pests and diseases which are encouraged
by such an environm a‘al condition. Planting in Fobrunry - wpril
world have exposed the crop to the major rainy season (March-
April to mic-July) while in the critical stages mentioned

al-ove,

4. Duta Collecited

------- .

Tha Tollowing measurements were token,

Ae From Garmination to Anthesis

(1) Days to germination: The number of days from planting to
seedling emergenco in each plot.
(i) Initial stand: A visual appraisal of seadling
stand, done at 10 days after
planting.

(iii) Days to anthesis: The number of days from seedling
emergence until 507, of the plants
in a plot had flowered,.

(iv) Number of leaves The mean number of leaves per
per plant at anthesis: plant from a random sample of

5 plants from each plot.
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B fflexr Anthasis to Maturily,

(1) Tillering rote per The mean number of tillers per
plant: plant countcd Trom a random sample
of 5 plants from eacih plot during
grain-filling (including tion-
productive tillers).

(ii) Fertile tillering The proportion of secd-bearing
porcentage: tillers as against thc total
number of tillers counted within
a length of 0.4m in eech row of a
plot, during grain-filling.

(1ii) Days to maturity: The number of doys from seedling
emergence until the majority of
spikes had brown-matured in each

plot.

(iv) Plant height: The mean of measurements taken on
a random sample of 10 plants from
each plot; measuring from the
base of the plant to the tip of
the spike of the main axis (at
the base of the awns), at maturity.

(v) Lodging score: Done on the visual rating of
1 (when all plants were erect)
through 10 (whan all plants had

fallen on the ground) at harvest.



€. Harvesting and After

(1) Number of spikelets The mean number of spikelets per
par spike:s spike on £ spikes picked at ran-

dom from each plot,

(ii) Number of seeds Five spikes were randomly picked
per spikelet: from each plot. From each of these,
3 spikelets were removed (from the
distal, mid and proximal sections
of a spil(e]. The spikelets [15 in
all) were then threshed together
and the m~man number of seeds per

spikelet determinad,

(iii) Grain yield per Weight of seed (13% moisture)
plot: threshed from each plot.

(iv) Grain yield per Calculated from the weight of seed
plant: threshed from each plot, divided

by the number of plants per plot

at harvest.

(v) Total dry weicht Five whole plants were randomly
per plant: selected from each plot and up-

rooted at maturity. Seed from these
plants were threshed out and weighed
and the straw oven-—dried for about
48 hours at 110°C and weighed. Total
dry weight per plant was calculated
as the mean of the bulked weights of

oven-dried plants and threshed seed
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(vi) 1,000~ grain weight:

(vii)Number of spikelots

per nlant:

(viii)Seed quality score:

The moisture cosbent

from the 5 plants,

A sample of 200 sieds were picked
From total threshed seed for each
plot and weighed, 1,000-grain

weight was calculated by multiplying

this weight by the factor 5,

This was calculated as the product
of measurements B(1i), B(ii) and

C(i) for eich plot,

Done on the visual rating of

1 (Plump a:d disease-free looking
seed) through 10 (badly shrivelled
and diseased looking seed) for

each plat.

of harvegted seeds from suach plot:

was determined by megns of the Dickey-John Moisturs Tester

(Dickey-John Corp.; Auburn, Illinois, U.S.A.).

D. Climatic Data

Meteorological datsa which inclucled rainfall, air and soil

temperatures and daily sunshine duration were collected from a

meteorological station situated about 100m from the area of

the project. The mean manthly maximum, minimum and day tempera-

tures as well as relative humidity values were determined from

this data For the entirc poriod of the praoject,
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"daily heat unit accumulotions for each cultivar were
alsa rcowputed for each planting dote exporiment as @ u.oribed
in Section IT 6(iv). Ses Appendix IV. Average deily solor
rodilation Figures for a cloudless sky on latitude 06° 00°N are

ciea preconied dn Appencii TIT as quoted from Riley (1979).

Statistinal Treatuent of Data

Tha resulte of “he vhalie projest, which was laid out
uader sptih plot An Simz design, were analysed as described
b:r Stesl an! Torrie (1960).

A cintlatioal tochnloue which was deveoloped by Finlay
end Willkinean {1U53] was cdopted and used to compare the
negrforname of the whent cultivars sown at thz difTerent
planting dutes. For each cultivar, a linear rezgression of
individucl yield on the planting date mean (all culiivars
aoined] was cumputed and Trom  the regrussion coefficients
"pY obhhained, vonclusions vwore dravwn regarding the adept-
abilisy af thie cultivar. In She enlsviction of meuns and
regoession coefficionts referred to above, the basic ylelds
wara prasured on a logorithric scale in order to induce a
high degree of lineardity and e ressonchble degree of homogeneity
a? experieantnd orror (Fi y end Willinson, 1963).

In this thesis use is mado also of ancthzr stability
perangtar. the doviation from reogreassion mean square (53) as
a neagure of =uaid’lity [Ebnrhart ond Russell, 1966). These

pornmaters may e defined with the followin; model.
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th it
whera Yijiis the cultivar wmean of the i cultivar at the JL]

environmant, Ei is the mean of the ith cultivar over all

enviranments, hi is the regression coofficicont that measures
th

the »esponse of the i cultivar to varying enironments ,

is the

d
th 13 th
deviation from regrescion of the i cultivar at the j

(ceg. elimatic concitions dua to planting dates),

environment (pLunting date) and Ijﬁis the environmental index
ob*ained as the maon of all cultivers at the jth environment
minvs the goend mean (Eberhart and Russcll, 1966) .

Thrae imporcant stability parameters wore therefore

used in this study, namcly: (i) The regression coofficient (b),

(1i) the cultivar mean yield over

all environments [Ri) ancl

(iii) the deviation from rogression
2
mean square [Sd], which is the
sum of thn suercd deviotions,

dij' in the mmdel,

A HbY valuo approximating to 1.0 indicated averege stabil-

1ity. Wheo thas was @sociated with a hish mean yield, X,, the

il
cultivar had general adeptebility. When associated with o low
maan yiold, the cultivar as pcorly adaptud to wll cnvirons
ments. VWhen b volues increasingly devioted above or below 1.0,
they described cultivars with below @nd above averar+ stability -

vospectively (Finlay @nd filiinson, 1963).
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Tho cultiver mean yield over all planting dates provided
i comparaniive measure of performances of individual cultivars,

The smeller the valus of 83 y the more stable the cultivar
in that its yield in each enviromment (or for cach planting
dete) wor closely similar to the value predicied by its
regression line (Abingtan, 1972)..

LBy means of this technicue, the cultivir: used in this
nrojoct wore comparctd as regords stability. The plenting dutes
were ~lso compoyed by means of tho planting date mean vrlues
of all cultivers at gach planting (a compeonent of Ij in the
model ).

By wmaon: of the meteorplogicsl data, reasons were

adduced to explain thz relative performance of tho cultivars

in the different seasons (plonting dates).
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RESULTS AND DISGUSSION

1. General Obscrvations

The average number of days to seedling emergence was
4 - 5 days with a generally fuir crop stand. Incidence of
disease was no% severe, An unidentified rlisesase whose symptom
wiis the "white~hend" vas observed, hovrver, in all plantings
and in @il cultivars. The symptom mny be due to the common
root rot dissase (Helminthosporium and Fusarium spp.) which
is knoun to lead to this premature blighit symptom,. Sporadic
incidencs of stem and leaf rusts (Puccinia grominis and
P. triticina respectively) wore also observed.

The most important inscect pests noticad on the crop
vere the grassnopper (EEEEEEEHE 3ﬁ£iE£ﬂEH§] anc tha Ladybird
beetle (ﬂéﬂgﬂgﬁﬂéﬂ EEHXE?QEEE]' The:e were controlled by
sprayin; 19 "Bammelin 20" insecticide,

The importance of time of planting to the perfarmance
of whent was underscored by the hishly sicnificant effect of
plonting: dato on all the characters studiad [Appundices V -
VII). In the Lowlend Tropics whore climatic conditions are
generally not ideal for the growing of wheat, time of planting
appears to be an important factor to considor, See Plates 1(a)
and 1(b).

The results presentecd and discussed below are mainly
from deta collected from the May to December 1979 monthly
planting=. Indication is given where dota from the preli-

minary triasl is included,
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The mean monthly temporatures, relotive humidity, mean
duily percentage sunsiidnz and monthly reinfall during the

project ars shovn in Figs. 4(a) and 4(b).

Effzct of Plinting Date

Trencds in planting date mean vilues folloved a

chuy clerdistic bimodel pattern for most of tho eh:racters

studind (Figs. 5(1i) - (xiii) and Table 1). From this genernl

trond, three planting secsons con be demarcated, nomely:

(a) The first planting sesoson: Comprising the May, June and
July 1979 plantines. The
grovth of the crop in these
plantings lested fraom late

tiny to early Octoher 1979,

’h) The second planting secson: Comprising the Aunust,
September and October 1979
plantings. In these plantings
the grawth of the crap
lasted froon late August 1279

to early Jonusry 1980,

(c] The third planting season: Comp:iaing the November and
Decenber 1979 plantings.
Brovith of the crop in this
senson lasted from late
November 1979 to early
March 1200,
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MONTHS (DEC 1978 —MAR. 1980)
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FIG 4b

MONTHLY RAINFALL PATTERN DURING
(Dec 1978 —Mar |980)

PERIOD OF PROJECT
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TABLE 1: EFFECTS OF PLANTING DATE ON ALL CHARACTERS S
PLANTTNG DA'
(HARACTER 23RD MAY 1979 20TH JUNE 1979 | 18TH JULY'792 } 10TH AUGUSI
Total dry matter
. 1,32
it. per plant(g) 3.8 B 4.68 A 2.31 D F
Tillering rate b 5 A 5.7 A 4,8 B 3.4 (€
Fertlle teller- 67 CD 73 aB 63 DE 64 DE
ing percentage (%)
' plant height (cm) 54,5 B 59.9 A 37.5 E 37.9 E
No. of leaves/
-~ nlant at anthesis L 6. & 24 e 20 D
iTo of days to
: 4
snthecis 54 A 49 C 46 D 45 D
Vo. of days to
naturity 79 A 70 B 64 D 61
Lodging Score 2.00 A 1.50 B 50 B -
Seed quality scor¢ 3.3 aB 3.4 a 3.3 2» 3.3 aB
Grain yleld/
plant (g) 0095 B 1930 ﬂ 0q35 DE O.lo F
No. of seeds per I8 P 1.2 BC 1.3 AB 0.2 D
spikelet
lo of spikelets 74,9 B 84.0 A 56;3 € 39.3 D
»er rlant
Thous and-grain 2955 B 325 A 220 ¢ 20.5 D
weigl t(g)
Calculated mean
grain yteld/plot 903 B 1,435 A 245 ¢cp 135 D
(kg/ha) .

FOOT NOTE: Horizontal means with the same alphabet indicate non significance
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STUDIED ON 16 CULTIVARS OF WHEAT AT KPONG

DATF e e -
STANDARD
IST?'79 ’zsm SEPT,'79  P2ND OCT,'79 |23RD NOV.'79|18TH DEC.79| prror
F 0.44 ¢ 1.71 E 2.25 D 3.31¢ 0.1008
c 2.4 D 3.2 ¢ 3, 4¢ 4. 4 B 0.1426
E 67 CD 61 E 76 A 71 BC 1.4327
E 24,6 F 38.5 E 48,7 D 50,8 C 0.5238
D 7 F 17 P 23 ¢ 28 a 0.6662
D 52 B 48 C 43 E 48 C 0.4388
70 B 66 C 61 E 67 ¢ 0.4538
2,258 @ 1,0 1.5 B 1,0D 0.0545
1B 3.2 B 3.3 4B 2.9¢C 2.8 C 0.0515
F 0,05 0.25 E 0.40 D 0.70 C 0.0395
D 0,8 1.4 A 1.3 aB 1*2 s 0.0395
D 17 5 F 37.3 D 41,8 D 70.1 B 2.2860
D 19.5 D 25,0 C 29,5 B 29.0 B €.9782
D 38 »p 368 C 455 ¢ 823 B 39,3492

ce at the 5% level, under Duncan’s Multiple Range Test,
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The observed trends may be attributed to the variation

in clinatic factors during the project, See Figs. 4a and 4b.

2A. Effect of Planting Date on Yield Releted Charicters

(1) Total dry weight

per plant:

da & 4h)

Mean togal dry weight per plant for the
different planting dntes is illustrated
in Fig. 5(1i). The trend showed that the
first plantingiseason was significantly
the most favourable for the accumulatiom
of dry matter, the peak beino for the
June planting., This was followed by the
third senson with a peak in the December
planting. The second senson appeared the
least favourable, particularly the
September plonting. The comparatively
low temperatures (mean daily maximum of
a0° - 327C) and the high rainfall that
characterised thc first planting season(Figs.
nay account for the significantly higher
dry matter accumulation for thz plantings
in this season as compared to those of
the othor tweo seasons,

Genorally, high temperatures are

known to shorton the vegetative phase in

whea’ without sufficient compensation by

fastaer growth (ven Dobben, 1952; Andrews,
969) and hence a rediced potential for

dry matter accumulation.
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Rolative grouth rote (R.8.R.) which detor-
mincs dry mattor accumulation is also
known tn reducc with increasing tempern-
tures in vheat (Friend et ol., 1952). This
may be due to increaesed respirction rate
and its concowitans sharp roduction in
nat assimilation rate (N.A.R.) known to be
associuted with high temneratures (Friend,
19663 .Jallife and Treounna, 1969).

One could surmise that thes above

aohserviations weore the couse of the trend

in dry matter accumuliation.

(ii) Tiliering rate, The effoct of planting ditte on these
Fertile tiller- charncters Tollowed trends similar to
ing poercentage, that for total dry weight per pluant. From

plant height and the fTolloving observetinns, the some
number of leeves reasona given for the trend in dry weight
per nlant at per plant may hold here also (5ee Figs.
anthusiss 6(i1) = 8(v)).
It has been ohserved that when maxi=
mum oir temperatures  exceeded SDDG,
tillering in vheat was reduced due to a
shoxrtened vaogetative phase [Swaminathan¢
1973) . From the ohserved trend for
tillering rate (Fig.5(ii)) it appears
that there is a progressive reductiom
in tillering as temporature incressseel

beyond th: 30°C threshold. This may
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account Tor the poorer tillering ohserved

in th2 aegond and third planting seasons as

comparcd to thot of the first season. Tiller

mortnlity is nlso iknown to be associnted

with high temperatures (Ishag and Taha, 1974)
Although increases in both daylength

and total rodiation (a function of daily

percentane sunshine) tend to increase total

leaf number, temporatures above 2570

increasingly reduce it (Friend, 1966).

This may account for the significantly

higheo values obgorved in number of leaves

per plant at anthesis in the Tirst season

as compared with the other two seasons,

The significantly higher number of leaves

per plant observerl in the third secson

over that in th2 second scason, may also

be as o result of thoe relotively shorter

duration of doily sunshine in tha third

SEE50MN.

The relatively smoller plants
observed in the second anc third planting
seasons moy alse be accounted For by the
rolatively higher temperatures recorded in
these seasnns as comparad to those of the
first season., Although high light intnnsitiesf
are knoun to stimulote stem growth (Friend,

D 8
1966}, hich temporctures above 25°C tend ©o
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shorten thz period of vegetative growvth,
vesulting in smiller plants (van: Dabben,

15 Pjn

(1id) Mumber of duys  The phases, emergence ta anthesis and

tn anthasis cmergence to maturity wers longest during
and posunitys the first planting season, Tollowed by

the sccond aind then the third sceasons
(Figs. 5(vi) and 4(vii)). In consonance
with the heat unit concept uhich rupgests
an inverae relationsnip botvcon temperature
and the © horacters, doys o anthesis ond
days bo maturity, tomper: turcs were
ohsoywvad to generelly incroe .ss from the
first plenting season through the sccond
to the third season (Fig.4da). It follovs
frem th concdpt thot the higher the mea
coay tomporoturs, the shorter the duration
of growth nd vice versa (Hluttonson, 1935
VenkeSoramen ond Krzi, 1072), Ven Dabben
f1'GH] has also reported thiot thevrs wos

shoytonad durntion of grovth in wheot
cdue to high temperoiures.tiane.,; sLliohaugh
hich bonporatuscs often accelorido physio-
logicol orocesses, thoy tond to shorten
She doveloprents 1l perdod of growth in

vhasty
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(iv) Lodging nnd sced

quality scoires:

Planting date mean values for lodging score
(Fig. 5(viii)) indicate highost lodging
during tho first secson, fallowed by the
third and then the sccond seisons, The
heavy reins(and the winds that usually
accomocny them) during the first plonting
season may be responcible for the high
lodging observed in that season (Fig.db).
The rains toward the end of the third
planting season may be responsible for
the higher lodginc observed during that
season as compared to thot of the second
senson. There was little rainfall towards
the end of the second season which was
advantirgzous to the crop. According to
Neenar ond Spencer-Smith (1973) wind and
rain are smong the main couses of lodging
in wheat.

Seed quality(as cefined in this
project) was bost during the third season
(Fige 8(ix)). This may be attributed to the
relatively low rol-tive humidity (N.H.)
recorded during this periad as compared to
the gener=1ly high R.H. velues recorded in
the first and second planting seasons. riigh
humidity is kno'n to encourange fungol
activity on tho glumes and seeds, leading
to discoloured sceds (Petorson, 1965;

Mensah, 1U79) as was observed,



University of Ghana http://ugspace.ug.edu.gh

[7 14 15
E]m

IN WHEAT

Aar/19:4

EFFECT OF PLANTING DATE ON LODGING

FIG.5(VI)

' i
B
10.16
1,14

JHOIS HNISAOT



University of Ghana http://ugspace.ug.edu.gh

- SEED QUALITY SCORE

5‘0" a
ab 0,11 5
4.0 be 16 2,041 = - 2 10 a s / a 216 A
456 34.7)s 2368 23,47 2.4 |, 2.4,
ca [ 7. 13 8.9 /7 ob |7-10 b |5:7 ob |5:10 ob [5:13 ab !
- 15 i
123, i;; 156 13 145 }4 M ) 1.6. e 136 Eﬂ[l’l’( 1.3,9 II 2372
304 | 8 iz b |88 3 be L1214 o 17 be |10 JA s LI
ii 314, 15 S /
i3 1.4,5/12
12 g 13 “ 6,78 6,81
L] c cd <
| il
2.0 s 4
|
|,0—.
0 @2 al/ e/ 8 e/ A,
MAY JUNE JuLy AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER
PLANTING DATE (1979}
FIG. 5 (1X)

EFFECT OF PLANTING DATE ON SEED QUALITY (VISUAL)

N\



University of Ghana http://ugspace.ug.edu.gh

Groin shrivelling is nlso knoun to nccompnny

hich temperatures ot grain filling, especially
0

ns temperntures incrense cbove 30 C (Asana

nnd Willinms, 1963).

2B. Effect of Plinting Unte on Broin Yield ond its Cowponents

The first plonting senson (particul-rly the June planting)
wos significantly the most favoursble for grain production (Fig.
5(x))s This wes folloved by the third senson while the second
season proved the lenst Favourable. A similar trond was ohserved
im the expression of the yield components, nomely: pnumber of seeds
ner spikelet, number of spilielots psr plant and unit grain weight
(Figs. 6(xi)-(xiii)). This trend may be attributed to the varia-
tion in climatic conditions that pravailed during thz project.

Threa kay stages recognised in grain formeation and crop
yield in cereals are:

(i) The stage of floral initiation and inflorescepce

development when tha potantial spikaslet and floret
numbers cre determined (Ryle, 1966).

(ii)tha stage of anthesis and Fartiliseation when the degree
to which this potenticl is realised, is fixed (numbor
of seeds per spikelet) and

(i3i) thn stage of grain filling when grain weight is supposed
to progressively increase (Slatyer, 1970).

Optimum temperatures for the three stiges mentioned above
arc known to be between lﬂu and 2500 with moximum end minimum
temperatures riven as 10D and SEGE [Evnns et al., 1973) respec-—

tively,
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Temperatures below and above these miniuum and mardimum limits
pre dribilitnting and may res:1d in complete feilure or even
death of the crop., At high temperctures as wer: genorally
observad during the project, the crop is known to undergec stress,
particularly during the first two stages, wk :n the crop is most
susceptible (Owsn, 1971; iacdowall, 1973),

The combination of relatively low temperatures and good
roinfoll during the first planting season may account for the
best yield production in this season. At the high tempecrotures
(relative to optimum conditiond for wheat growth) that preovailed
during the project,adequate available moisture could well bz a
requisite For good performence of wheat. It i5 known that as a
aeans oy protection against heat (thermal injury) whest plants
und o rapid transpiration in order to maintain leaf temperatures
of about 1L - 2% below ambient temperaturss (Henckel, 1964) there-
by losing large volumes of moistura to tha atmosphere. Without
adetjuate scll moisture therefore, the crop is subjected to stress
which is known to affect several physiological processes in wheat.

According to Sloatyer (lbih] prolonged stress induces o
marked reduction in total spikelet number and grain nupber per
eoy in whent, Met photosynthetic rete is also reduced at tempero-
tures of about SDDC (Friond, 1966) thereby affectins the accumu-
1Totion of grein dry motter especielly when this coincidos with
the gredn filling period.

Ginca groin yiold nroduction in & crop like wheat is based,
to an approcisble extent, on its vegetative struckure (photo-
synShatic size) attained by the time of anthosis (Bunting and

Drennun, 10G6) tha yfeld related chorscters discucsed -hove,
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are likely to have had important direct effects on grain dry

matter accumulation and hence may partially account for the trend

observed in grain production.

It is apparent from the general trend in planting date

mean ualqu Tor all the chioracters studiesd that the first

planting season [the June planting in particular) was the most

favourable to the performance of wheat. This was followed by

the third season, The second season (particularly the September

planting) was the least favourable. As has been explained above,

the combination of relatively cool temperatures and good rain-

fall during the first planting season may likely be responsible

for the observed trend., It is possible that inadequate watering

during the second season may have led to the comparatively

better performa~#t of the crop in the third season even though

temperatures were slightly higher in the latter season than in

the former. One could surmise here that at high temperctures

such as prevailed during the project, moicture may be & factor

more limiting. to wheat performance than small increases in

temperature.

The Cultivars: Their Performance and Adeptability

Ae Porformance

(1) Grﬁwth duration
and potentiai
yield capacity:

Although the Qfﬁwth duraﬁinn of the crop
appeared to b; reduced, most probably due
to the high\temperétures that prevailéd )
during the pfuject, the cultivars céuld

be classified as follows, on the basis df
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theix overcll morn growth duration veluoss

() Early woturing cultivors with up to 60
drays duration, These vers cultivirs
(rcenssions) 10, 11 and 1.

(h) Hodium duretion cultivien with Gl - 95
dowys durntion, nmely; accessions 1, 2,
2, 4, 8, 6, 7, 8, 12 and 10.

(e) Late meturing cultivars with 76 - 0
days duraclon, comprising cccossions

9, 13 and 16,

Lincoy corrol:stinns vore coryvind out among the characters
studiod (using tho oversll cultivor meen values) end tha
coefficionts are presentad in Table 2. From these cocfficients,
rroth duration (numbor of diys o mebturity oo observed to
v n strang associntion with certrin characters, nomely;
nunbor of spikelets/ plont, tillering rote, nunber of doys
to anthosis, totul dry waeight / plant and fertile tillering
parczntage. Excapt for the lost chorpntos vhich rchoyvied o
oy Edwve ot strong correl-stion cdth grooth durction, the
pithiers gove panitive covre Lo tions. Thase relationships point
to the imwortonen of - long grovineg noriod in enhrncing the
netontinl ylold cup ediy in ¢ crop liks wheat (v.n Dobben,

G2 Dnwson, 19703 Yorhitls, 1u7ﬁ). The strong and nagrtive
corrolotion betvoen grovwth durption and fertile tilloring
perconteas ey be ettrdiutod to the high temperatures that
ronarally proveoiled durding the prajoct. High tompercturas
e noun Lo boe arsonisted with low pollen viebility and

Ei11 e mortolity (Khon 1., 19713Isheg ond Toho, 19724),
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LINEAR CORRELATIONS IiHQNG THE CHARACTERS STUDIE.

- 61

™

TABLE 2:
CONRELATION COEFFICIENTS
CHARMNCTER % X3 A X5 “
15 X ek
Graln yaald/ 1 |o.7e5™ | 0.221 | -0.239 0.594 0,291
plart
Sceds/spikelet Xé 0.016 -0.676 0.226 7.330
No of Spikelets/ X, . e
| plant - -0, 234 0.824 0.263
1000~Seed X ; —_
Total dry 35 *
weight/plant 0.532
; b4
Flant height(m) 6
Tillering rate Y;
No of days to 33
anthesis
No of daus to Xy
maturity E
Fertile tiller- %10
ing percentage (%)
ilo of leaves/ X113
vlant at anthesis
X
Lodginc Score 12
Seed alit X
Scorequ ¥ 13

FOOT NOTE. * and *¥ Indicate significance at 5% and 1% levels

respectively
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M5 (USTIC OVERALL CULTIVAR HEAW VALUES

i ) Xo _*10, %11 X12 WE
0.343 0.112 0.038 0.310 0.299 0.205 -0, 238
0.110 0.010 -0.001 0.19: 0.116 0,229 -0.210

EF 3 * ok
10.933"* | 0.921"" | 0.918 to0.682 |0.891 |-0.392 .07
i
0.253  |-0.391 |-0,308 | 0.286 [-0.272 (-0.2385 [-0.252
sk * * & * ok
0.853 0.705 0.723 I-0.302 0,326 ~0.131 -0.12¢
!
_ o
0. 330 0.352 0.360 Y o.012 0.012 0.489 ~0.671
& et F &t
0.917 0.895 }-0.436 0.944 -0 293 ~0.03¢
P EE *
0.975 |-0.654 0.955 -0.19¢ ~0.030
T 3 s
-0.606 0,934 -0.168 0,005
~0.495 0.267 | ~0.:27
|
-0.067 | -0.190
E -0.164
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It ves soparent thet total dry weight/plant (yield capacity
potentinl) was strongly and positively cssociated vith both grain
vield/plant and number of days to maturity: (Table 2 and Fig. 6a).
There was, hourver, a weak association between grovwth duration
and grain vield/plant (Table 2)« Although it is believed that
th longer the vegetative and grain filling phnses, the greater
the probubility of high yield in o cyop (Bunting and Drennan,
19063 Glatyer, 1970), long duration cultivars are not necessarily
efficient in producing high ncuﬁnmie yiold {grnin yimld/plnnt].
The folloving equition, introduced by Nichiporovich (1956),may
help to clucldote the relationship betveen yield capacity poten—

tinl #nd actual yiselu:

K
2C0N. 2C0on, ! Ybiul.

vhere Y . = economic yield (grain yield in cersals)
econ.

-~ = bhiclogical yicld (total dry matter
biol.

accunulsted) and
= harvost index (the coefficient of

IK
BCAMN.
effectiveness of formation of the

gconomic poart of total yield.

o

—_— is an inherent cultivia chuoructer known to differ
econ.,

fron cultivar tc cultivar (Yoshido, 1972) and expressod through
tho mediation of cnvironmental factors (Pinthus, 1964). So that

bial per se does not deteornine tho realisation of Y
Hinol, " -

econ.

For exomple the medium duration cultivars, accessions 3, 6, 7
cnd 0 of rolatively low total dry weight/plant volues were
significantly higher yi dders than the late maturing cultivars,

92, 17 and 1C with higher valucs o total dry weight/plant.
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Thus cultivars 3, 6, 7 and 3 vere relatively more efficient than

2, 13 and 16,

(ii) Yield cnd yizld Of the .yield components, number of sceds
componentss per spikelet appearsd to be the most
imnortant in the determination of grain
yield produstion as was Tound also by
Asan: and illi-ms (19653) and Simmons and
ioss (1976), The cultivars 6, 7 ancd 8
gnve the highest recorded values for num-
ber of seads/spikelut, and hence theiy
high values of grein yield/plant (Table 3),
Numbor of spik:lets/plant and unit grain
weight showed weuk associction with groin
yield, indicating the relotively low
importanca off these companents in grain
vield detorminotion (Fig. 6b). The negative,
though weolk association between grain yield
and unit groin weight seemns to suggest that
the large-~seeded culiivirs were gencrally
lover yielding thhn the smill-seeded ones
as apparent in Table 3. The large-szeded
cultivors, 12 nd 14 were observed to be
lover yvielding as commared to the smaller
seeded cultivaers, 4, 5, G, 7, 8 and 13,
The strong antd negative linecar

asspciatinn between the components, unit
grain weight and number of seeds/spikelet

(Fig. 7) suggesis the existence of &



TABLE: 3: OVERALL CULTIVAR MEANS
CHARACTER 1 2 3 4 7
Total dry wt. | 5 4012 10 |3.15 [2.30 2.55
ser plant(g) e L
Tillering 4.1 §3.9 $4.3 4.0 4.1
Fertile tilling]
percentage (%) 70 | 52 69 60 v 72
FPlant he}ght 46.3 143.7 |49.2 |46.5 45,6
(cm
No of leaves/
rlant at anthe-| 21 22 23 21 22
cis
o of éa sto |45 |52 P as | 49 47
anthesis
Ho of cays to
Gy 66 |70 65 | 70 67
=
.Lzodging score l.'; ‘ l.5 i.'; 1,4 l.?
Seed quality .
Sﬂc{e_* --9 3.3 3.2 3.3 3.2
CGrain yield/ 0,55¢ 0,30] 0,70} 0,40 0,50
Y pLant (c)
No of seeds 1.2-% 1.,0% 1,3} 21,2 15
per spikelet
|
No of splkelets|48.9 |52.9 |58.5 |53,5 47.6
2r plant
1000-sced
| we ight (g) 28.5 |26.0 |27.0 |21.0 |22.0 21,0_|23.
f‘al u.late d n
e /859 ?ea 588 | 320 | 658 | 420 | 523 758




- 65 -

1NS FOR THE CHARACTERS STUDIED

7L T VAR

a 9 10 i) 12 13 14 15 16

STANDARD ERROR
o b.15 1{1.75 |2.00 |2.65 }3.20 [1.80 [2.10 |3.30 0.1159
—F
5.4 3.4 [3.5 |3.5 |5.4 |3.5 [3.9 |[s5.1 0,1768
72 73 | 72 | 78 59 | 73 69 49 1.7166
0 |47.4 |34.4 |35.7 |46.9 |43.2 |43.5 |42.6 {42.5 0.7252
30 |1¢ |25 | 18 28 | 18 19 27 0. 185
60 |39 |39 | 42 61 | 43 46 59 0.5554
- 78 |57 |58 | 62 80 | 60 64 82 0.5987
¢ 2.4 Jalazlas p2)d3 J1:5 §1.2 0.0884
& 3.0 136137 )]|2.8 }3.0]2.8 |3.3 3.7 0.0707
1 3 5.5 4
9 | 0,55 | 0,35} 0,40] 0.55 | 0.65| 0 30 | 655 }{ Q35 0.0%33
? daw tad laoloe Lias o |18 {02 0,0530
8 lez.9 |z8.2 |z2.0 | 2.9 | 79.2| 43.7 f46.5 |77.7 3,2370
0 l26.0 l2g.0 l27.0 | 39.0 |72.0 | 33.0 |23.5 |27.5 0. 5550
533 | 305 58 4634

20 | 648 | 313 | 352 | 508 | 673 [ 330




FIG 6 HELATIONSHIP BETWEEN GRKAIN YIELD
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compensatory volatinnship betueen them. Such that

where secd set wis npoor, there wias generally a

production of larger sceds since competition
among the sceds for photosynthoate is thereby
raduced. A simllar relationship is known to exist
b ruen number of pluntefunit aren :nd the extent
of tillering in ¢ weals (Pinthus, 1964).

As regoards each charscter studied, Figs.
(1 - xiii) illustrate the relative performencs
of the cultivars at each planting date. From
these illustrations, the plinting dote mean
volues seem to give an indicntion @s to the
relative fovourability of the nlanting dates to
the expressinn of each character. The most
frvourabhle planting date for 11 cultivirs was
the June planting, followed by the fay and
December plontings. The most unfavour-ble

planting dnte was thot of September,

BeCulbtivar Adnpbabiliby

The regression technigque as devoloped by Finlay aind
Wilikinson (1963) for determining adeptobility anong cultivoss
was used here as cdescribed in Laterials and luethods, Overall
mean yields of the individual cultivars weye used s an index
of general individuol performance, while the average yield of
all cultivars at each planting dite (including those of the

preliminery tricl) was used to numerically grode the planting
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dates thus giving a useful evaluation of the environmental con-
ditions that prevailed during the growth period of each planting.

In this study the basic yields were transformed on a2 loga-
rithmic scale to induce a reasonable degree of linoarity in
the regressions as well as acme, amovnt of
homogeneity in experimental error (Finlay and Wilkinson, 1963).
The different types of cultivar response to planting date are
illustroated in Fig. B. The population mean with a regressdon
coefficient of unity (1) is also shown,

Cultivars characterised by regression coefficients of the
orcer 1.0 have average stability over all planting dates (Fig.9).
For example cultivars 2, 4, B and 13 showed ceefficients not
signaficantly different from 1.0 (Table 4) indicating consis-
tent performance in. all the plantings; however, the low over-
all mean yield of cultivar 2 implied that it was poorly adapted
to all planting dates. By the same reasoning, cultivar 8 with a
high mean yield exhibited consistently high yields at all plan-
ting dates and hence was adapted to all planting dates.

The high regression coefficients of cultivass 11 and 14
indicated that they were very sensitive to changes in environ-
ment (planting date). These cultivars were observed to produce
very low yields at the least favourable planting dates but as
favourability (planting date mean values) improved, their
yields increased at rates above average for the collection of
cultivars, indicating below average stability (Fig. 9).

The Sz values (Table 5) which are a measure of stability
as defined by Eberhart and Russel (1966) , also explain the

relative stabilities observed. The smaller the value the more
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P

TAOLE 43 LEAN GRAIN YIELD, REGRESSION COEFFICICENTS AND STABILITY

PARAVETERS OF 16 CULTIVARS OF COiliON WilEAT, SOYN OVER

TEN PLANTING DATES AT KPONG.

s ey r__“_. R A e L g et b e S SR et |
I CULTIVAR | NEAN GRAIN YIELD = I3
! (Lng g/plot) (Absoluts b S.E. of b 8. 4
: i 10 ; d
L . values ) K 1 i
E I B S . --! S AR A LR A St S AELA 8% & A 8 &AW e R AAS A B A A s AL ST W - e
; [ - T “‘I
1 | 1.3 24,7 1,121 | & 0,066 0.0085
2 | 1.08 1.9 | 04935 ! 4 0,236 0.1078
! .
| 3 1.89 24,6 0.861 | # 0,115 0.0255
"
4 1,20 16.0 1.047 { 4 0.212 0.0868
] | 2.36 21,9 1,336 | # 0.083 0,0132
EI llla‘f} 31.1 1.1:38 ] i: 0012'? 0.0310
’
7 1,49 30,9 | 0,066 E £ 0,060 0,0090
| o 1.65 46,9 | 1.089 { & 0.102 0,0200
' i
| @ | 1,09 20,4 | 0,609 + 0,173 0,0561
i 1
| 10 F 1.10 12,5 1,485 & 0.162 0,0606
¥
E 11 T 14,3 | 2,020 & 0.557 0.5655
4
E 12 P Lo 20.3 1.352| 4 0,210 ! 0.0805
{19 {149 26.9 1,143 { % 0,243 i 0.1075 |
’ '
14 L 1.2 13,3 2.273} +0.377 | 0.2566 |
' ' !
E 14 . 21.4 | 1,142| £ 0.097 | 0.0171
i 16 i 1.09 12.2 0.790{ 4 0,113 ! 0.0231
E l | :
L—.—ta B P e = e R e e et lr—h‘\----k LR 8 A LA AR L L I-I.-'- - ”—m—.—-“

FOOT NOTE:

In the crlculetions of regressions and stability parameters

in the nbove toblz, the busic yields were measured on.a

logarithmnic scele (after Finlay and Wilkinson, 1962).
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stibhlo th  cultivir in that its yiold at each planting is

closely similsr to that predicted by its regression line. Thus

cultivars 11 and 14 with the highest ohserved Sj valuas wuers
tha least stable.

By means of these porcmetors, the stoble (ideal) cultivaer
ia defined as the one with a high overall mecn yield, unit
rogrossion coefficient (b = 1.0) and minimum deviation from
the rogression line, i.e. Si = 0 (Eberhart and Russell, 1966).
By this definition, cultivars £ and 16 vere observed as the
Llecst stable and lenst arapted to Kpong. The most adapted were
cultivirs 8, 6 and 7 (in that order) which exhibited high
stability. The remaining cultivars exhibitod average adoapte
ability and stability. S5ee Fig. 9.

The grading of planting dates, from the most to the least
favournble were as follovs: June, ilay, and December (1979) and
then folloved by Decomber (1978), January, November, Octaber,
July, August and Septomber (1979). From this order, the rainy
secson appeired to be the most fovourcble perind for groving
wheat ot Kponrg, Chene (1977) heas reported siniler findings in
Taivin where whoot is soun to catch the cool temperatures
afforded by the roiny season in cartain locetions,

Two other observations could be made from tho planting
dite ordor of fovourability. Firstly, the positions of the
December, 1978 and December, 197% plantings seem to suggest thot
similar envdronmental conditions prevoiled during the growth of
tha cron in the two consecutive years, pointing to some

gencrality of the results. Sdeondly, even though nine cultivars

ware sown during the preliminary tricl as agoinst sixteen
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cultivers in the other plantings, the evaluation of plinting
dates by the two sets of cultivars ( 9 nnd 16) appearcd identi-
culs This is seen in the close positions of the two December
plontings , indicating that tho regression technique moy be re-
Mably used in eviluating cnvironmonts, irrespective of the

nubar of cultivars sown at particulsar locstions or dates,
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SUIARY. AND CONCLUSTON

1i Elanting Date

In a study such as this, in which the crop id sub jected
to an uncontrolled environment, one cannot be yery conclusive
in establishing ciuse-and-effoct relationships. It is likely,
hovever, that the slight seasonal variation ohsufuad in climatic
conditions (charccteristic of the Accra Plains) may heve: caused
the significint differences observed due to planting date.

The relatively cool weather and high roinfall thet charac-
terised the period from June to Septenmber, 1979 (Fig. 4a) may
explain why the June planting was observed as the most Tuvourable
of the plonting dates folloved by that of May. The roinfall
during this period may have provided adequate moisture in the
ryoot zona to suppluacnt the probable loss due to tho rapid
transpiration knovin to be ossociated with high temperaturas in
heat-scnsitive spocies (Henckel, 1964) such as wheat., Such an
adaptution is o meons of cooling the plunt fo prevent thermnl
injury.

The reolatively hot weather that characterised the minor
rainy secson and the dry season that immediately follovied it
(August, 1979 to liarch, 1980) were likely to hove led to the
poor performence of the crop in the the secgnd and third planting

58as008.

2, Guliivars

There were indicotions that the cultivars differed in their

adaptability as seen by the highly significont interaction
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between planting date and cultivears in almust every choracter
studied, By mecns of the regressitin tzchnique, the rel ctive
adaptability s well as stzbility of the cultivars verc deter-
minnd, Cultivers 6, 6 and 7 were the most adapt. ble (in descen-
ding ordior) as shown in Fig. 9. The lenst adoptnble were culti-

vitrss, 2 urdd 186,

3. Poiential Cultivar

An idoel cultiveyr foir the Lovland Tropics may boe one thot
will produce stable, high yields under o widzs ronge of environ-
mentnl conditionn, being reletively insensitive to heat and
photoperiod. Due to the reduction in plant size, known to be
nssociited with high temperctures in whe: ¢ (ven Dobben, 1962),
a potenticl cultivar ought to ba efficisnt in converting o high
proportion of iis biolngical yield into useful cconomic product.

In the present study, culbivar 0 wns observed as the nost
adaptable to Kpong (Fig. 9). It gove an overnll mern yield of
about 1,120 kg/ha while &1l the other cultivirs g ve corres—
ponding yiclis of below 1,000 keg/he. In addition to cultiver 8,
cultiviwes 6 and 7 cguld be selectod as potantials for Kpong and
other locations of similar or cooler climoate. The latter two
cultivars grve overzll mean vivlds of about 776 kg/ha.
Calculoted yiclds of these cultivars at the most favourable
planting date (June) were in the range of 2,245 - 2,625 kg/ha,

An exnmination of the cultivar reqgression coefficients

and other stubility parameters as given in Table 4, reveals

the potenticlities of these thiree cgltivars mentioned above.
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Their regression cosfficients were not significantly different
from 1.0 indicating consistent performance (yields) over all
planting dates. The relatively low deviation mean square (Si]
values also indicated low sensitivity to environmental changes.
Together with these parameters, their relatively high overall
mean cultivar yields implied that they produced consistently
good yields at all planting dates, Hence, these cultivars were
well adapted to the location (Kpong).

These three cultivars (accessions 6, 7 and 0) produced
the highest mean number of seeds per spikelet (the most
important component of grain yield as was observed in this
study ) as well. The author would therefore recommend the
cultivars, 7423 - K4, 7438 - D and 7438 - X (accessions 6, 7
and 8 rcspactively] as promising cultivars that are worth

considering for any further studies on common wheat in Ghana.

4, Concluding Remarks

It is apparent from the findings of this study that time
of planting is an important factor effecting wheat performance
in Ghana, For objective canclusions to be drawn, howover, on
the feasibility of growing wheat on a large scale hers,
further studies need to be made on the crop.

Such studies should include a repeat of this present
study at several locations in the country in order to deter
mine which seasons and locations will afford the most favour-

able conditions for wheat growth. Locations with facilities
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for irrigntion like Veya (near Bolgatanga) and Tono in the
Upper region of Ghana, as well as others with cooler cli-
mates (than that of Kpong) like Amedzofe in the Volta region
should be included in such a study,

Since wheat, like other heat-sensitive species, is
krioun Lo Lranspire excessively in hot environments as a
means of cooling the plant against thermal injury (Henckel,
1964), the author recommends that alongside field experi-
ments in different locations, greenhouse experiments be
conducted also in which regulated gquantities of water are
supplied to each plant. This would help to ascertain whether
or not a good supply of water (at ambient temperatures here)
would sustain any excessive transpiration without moisture
stress and possibly improve wheat performance and yield,

Alongside the cultivars recommended in this thesis,
more cultivars should be evaluated in such studies,
especially some of the cultivars recommended for their
supposedly good performance in warmer regions (from Pakistan,
Mexicn (CIMMYT) and India). Criteria for selecting promising
cultivars from such studies should include resistance or
tolerance to the most important crop diseases in Ghana.

The author is of the opinion that though it is too
early, @an the basis of the results of the present study, to
conclude that wheat will thrive in Ghana, it is yet too

early to write the crop off altogether.



University of Ghana http://ugspace.ug.edu.gh

Considering Ghana's foreign exchange expenditure on wheat
importation alone (Appendix I) all avenues, including mutation

breeding, should be explored before giving up on the crop.
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AIPEWDIX 1.4

0=

Whoat import:s (grein and/or flour) into Ghine from 1961-1979.

YEAR

L e .

1978| 116,913,00

%102, 453.00

1979| 124,209.00
X04,736.00

hem-g=a +» s miam A woe W

llﬁ.o..._n-‘-;l'.-&-c-A-at.om—lamilnao.qt‘.An

TONNAGE (mt)
e BER MBI TONNE .

e O R R ]

P e R R e R T S e

R I S

COo3T

1061 62,664,009 6 49.74 £5 3,115,781.00
1962| 50,145,33 £ 55,94 £6 2,805,192,00
1563| 32,562.05 £ 52,18 £6 1,695,135,00
19GL| 59,450,067 Ng136,92 Ng 8,139,755.00
2539| G2,010,65 113,30 Ng 2,116,690,00
1971 40,956,08 ¢ 07.46 ¢ 3,5682,211.00
1972 0£7,640,69 ¢ 99.64 ¢ &,736,706,00
1975| £©3,302.0¢ @2c9.79 ¢22,473,757.00
1977| 140,359.00

!130,359.UD @a7G6.71 #49,107,025.25

gaas,07

gav2.87

= T

e LT I T A I T R -

e B I e I O

e N T

T . APETR. S W 8 b A S S

e

TOTAL COST

e e emka o es e

#45,500,995,25

(O

36,035, 361,00

L e R e e T T e e T B R B ]

Tot L smount peid For (remainder being aid from Canada and

UsBofs)s

(Bource nf above figures: 1961 - 1975 = Central Burcau of statistics,

ACCrae

1977 - 1979 = Ghana National Procurcment Agency, Accra.
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APPENDIX 11: HEAT UNIT SUMMATIONS FOR WHEAT SHOWING NEAR CONSTANCY
GROWTH PHASE IN DIFFERE

(A) HEAT UNIT SUMMATIONS FOR NP WHEAT (FROI

AVERAGE DATES OF:
- l LAT. LONG SOWING COMMENCEMENT OF

SIATION on op FLOUZRING CO;‘IPLETI?i
Dharwar 150 26'|75° 06°' |22nd cct. 10th dec. 26th Dec
Par bhani 19 16 {76 47 |10th Oct. 6th Deccmber lst Januaz
i1 chad 20 06 |74 07 |26th Oct. 20th bec, 2nd Januar
{ Jalgaon 21 03 |75 34 23rd Oct. 14th Dec. 28th Dece
Lal handi 21 16 |81 30 | 19th Nov. 18th Jan. 9th Feb,

| pavarkhera | 22 44177 <42 | 31th oct 1st Jan, 18th Jan
Cchirisurah | 22 52|88 22 | 1lth Oct 13th Feb 2nd Marck

|

2 ur l 26 2880 21 6th Nov. 19th Jan. 7th Feb,

~licarh 27 504 7¢ 10 1lst Nov. 20th Jan. 11th Feb
Delhi 28 40| 77 10 | 11th Nov 8th Feb 1st Harctk
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ISTANCY IN TOTAL HEAR UNITS REQUIRE BY EACH
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YIFFERENT COUNTRIES

JAT(FROM VENKATARAMAN AND KAZI, 1972)

fPLETI ON OF HEZT UNIT ACCUMULATIONS AND AVERAGE TEMPERATORE (o C) IV THE
LOWERING PHASE
SOWING TO EAR EMERGENCE EAR EMERGENCE PHASE

th Dec 232 h.u. (22,2 ¢} 315 h.u. (23,7 ¢}
January 1,069 (23.0) 186 (22.6)
' January 936 (20.8) 252 (23.4)
th December| 1,053 (23.7) 303 (25,6)

h Jan. 1,001 (20.9) 256 (20.0)

h Feb, 260 (20.0) 427 (23.4)

h Jan 965 (19.6) 260 (12.3)
d March PED] (18.0) 305 (22.0)

h Feb. 1,005 (17.0) 247 (17.0)
h Fed c67 (18.8) 182 (12,3)

t iarch 970 (17.5) 241 (14,1)
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APPENDL II

(b) Summutions of Yhoat unit" ronuiroments of spring whoat in

Nortih Amcrdedn, tho Soviot Union and Finlgnd.

R LI T Y

COUNTRY & P

FINLAND

U.S. 0\

CANADS

U.8.8.R,

FINLAND

r'F‘"Um Nuttonson, flU)

O e e

iIGD OViEn

QF FEAT UNTTE
U.8.A. (262 crap

WA AT e s e e

WHICH MEAN FOR SUWMIATION

BAd LONEs

- 4 aw

. Ch i)
YRS

SANGDA (195 crop ycar

s)

U.8.5.R. (150 c:op yaows)

1653 ciop yuors)

.........

Soun o

husdad
N Ay

1 ] e ile
JesE

066

7.4

5V}

_aia ¥

e R I R A I T P

I"lLr-\ i

Hex

)

N e

L

UNITS ( F)

whead
ripn
9:.30. vaa
278
030

64

Coufficients of verdation( por cent)

5,0

L =

...... qu;cr

Sown to

ripo

A Il T -

2,110
1,972
2,183
1,832
6.3
a3
6.3

w
=4

5.

“rms o s L
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"PUERIX 111 MOTROROLOGICAT DAT2 FOR UNIVFRSITY OF GHANA'S AGRICULTUR.

(TITR AVER

DEC., JoN., I'FB. nrp., IPEIL "'y JiE . JULY
RainZall(rm) | 47 2 83 11 13 238 171 173
Aveirace for
21 yec.ss 36 21 33 115 13¢ 158 218 a9
fvarace day
lencth nver
te uears. b o 43,8 11.9 5 v e | ey 12 3 12,4 i e
(101s)
Nelative hupid-
e {00005 ™) 73 77 71 76 Zi 75 7¢ 20
% iveraye for '
17 nears 80 81 74 72 77 77 89 75
R:lative himi-
Fity (1500 GpT) 34 &e 60 70 57 71 73
& “varwe fcr .
1% szazrs 58 52 52 53 64 57 74 71
mozz caLimr
am. (°c) b B £ 36 35 35 23 32 30

32 23 35 35 i ki 31 30
Miop miwdltem
et 4 2C) 22 23 D4 2:nm 24 23 23 22
‘verzee for
& werrs 22 , 23 2 23 23 2 22
Meoan aaily
temserature 25.1 28 .2 29.7 20 .4 29,7 22l $75 26 7
(jrl
')

“verage for
1% noaars 26,9 27.2 29,2 29,2 28,6 28 1 25,7 25 38
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"RAL RFESFARCH _STATION AT KPONG, DECEIBERIS?9-MAPCH 108
— o e R TP IR S
PRACRS OVES TET YEAFS)

1
v aUg. SZPT ocm. o hre. JAN FrR, MARCH
3 e f i ot 39 5 b 28 10 59
2 A ] 142 100
3 12.3 12,1 12,6 11,9
0 76 75 77 75 50 7€ 72 £8
5 7c 77 78 77

a3 5 3 h9 a4 5 ) 52 9%
=3 (T 52 6% 65

ad

] 31 : b 3% 34 i) 35 35 35

10 0 a1 32 33 =
2 72 1 22 £y 22 23 24 24
- - b J
2 22 3 . . N =
1 261 25 4 27 .2 27 8 27 .2 28 7 20,6 28.7
“r - a ]
8 25,8 26 4 26.9 27 s das

coNT'D ON THE NEX¥T PAGF
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ZPE6DIZ 131(F): SOHF HETEOROLOGICAL

-94~

DATA FOr AMEDZOFE (VOLTA RECGION)

(1} ANEDTOFF(1971)

JAN

rEs MER APRIL  TAY

Wasr Meyiemem temp, ()

Average for IC ueaxrs

Moz irimarm emp. (P0F)

27 £
P

29,1 23,6 29,6 27,2

19,9

(i) RIERUB(1271)

Nzan Maximum temp. (C) 33,9 35, ¢ 35,2 34,2 ¥3.3
(for 1976)

Msan Mimm temp. (CC) 18,4 22 3 223 0 23 £
{2) MANGA(IZTI)

M:ay Naximam ters, (4C) b5 37.9 38 5 ia 3 26.9
Mean inimum termp. (PC) ic € 21,9 25.4 3.5 25.4
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ION) , ATEBUBU(BEONG ARAFO REGION) AND MANCA (UPPER REGION)

~ ~
v TN JULY AUG 3TPT. oCcT oV nrC
. b S N N s N +
27,2 25.0 3.7 231 24 1 256 27 .1 26 .8
¥ : v NN . *
19,9 12,0 8.7 JR.3 18 .4 a1 19,2 200
- ~ Y ow
~ ~ » -~ ~ % ~
33, 31,4 3IF5 0.8 ke A 317 32 7 32,3
¥ LY L L S Y
> 21 3 240 21,/ 21,7 2 2 215 19 &
~ ~ LY ~ -
- .
6.9 33.3 30 ¢ 29.59 20,7 4. 7 36 7 34,1
25.4 232 39 4 22,3 22.1 21,7 12.7 19.2
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oo
CoNTYD

DT, JA FER. MAR. . APRIZ, MAY  JUNE

29 sarth tarm. (90) 3.7 < 21
0900 GMT

30 .

Lo
o
hay

o
b
40

o
-~

Tt
o

L

s

A

Avarage for 13 urnars 25/ 4 FRGE 291 29.4 st 0 29T 283
2" earth temp(°C) 39,2 41,2 42,7 40,1 42.4 378 33,7

1500 @Mt

Average for 13 yeard 3z.5 33.7 35.3 35,4 34,4 34.0 31,4
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APPENDIX 1V 6=

(a) Heat unit summations for 16 cultivars of comaon brood whaot
govn over ton planting dates (showing meun heat units (DE] and
anefficicnt of variation (C.V.)).

P £ 1 e A ST S ettt e e e s e

CULTIVAR | Emergonce to ki Emergence to

nnghusis mugurity magurity
dean(TC) GuVe (%) #oan(C) C.V. (%) Mean(C) ©.V.(5)

1 236 10,6 534 23.3 1,568 13.2

2 1,207 11,5 a3a 12.8 1,696 9.0

L%

1,139 10.5 a0 12.6 1,502 11.8
a 1,209 14,4 ass 18.8 1,697 12.0
5 1,083 10.1 506 18.3 1,590 12.0
5 1,158 15,7 409 19.6 1,687 14,5
7 1,004 765 520 29.6 1,621 13.0
2 1,116 13.4 160 18.4 1,535 12.5
9 1,437 B4 429 1.9 1,668 8.1

10 609 B.2 410 19.8 1,317 6.9

53 896 10.8 an7 0 R 947

12 959 3.7 477 21,5 1,436 i0.2

13 1,415 10.0 456, 154 307 05

14 933 8.6 406 15.2 1,300 2.0

15 1,068 B.4 413 1G.4 1,405 6.3

16 1,373 0.9 540 el 18921 12.5

pemror v aar foaow ara B P P PP AP S P S ST ST SR S S S e sie S ee e S8 S Sy SR S 3

Note: Moan heat units were computed from daily uccumulugiuns
(cletermined by the mean daily temperature minus 4 C).

Cultivars that wore sown over eight [8) planting dates only.
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APPENDLX TV
summritions for 16 cultivars of common biond

(5] pi-n hoot unit Bam .
dates (with coefficicunts of verdio-

whoat at ten (lU) planting
Tion (%))t
e .....‘....-_.;._.....“._;._,..‘.,”

m_ '.:-J"I'.Tt.f 1.!‘. EJ.'.T:;. - Em.t rrl.ncc* to l Anthcrds to Emergence to
anthoesis mutugity matugity
nean(°C) iean( C) Menn(.ﬂl"“'J‘v'
3 ‘1'2,'{;‘{-.D-e-c..‘,'.‘l.i '7“ ]w,d'f? 2 605 1,942
259" Jan, 1070 1,310 538 1,040
25 ey , © 1,243 563 1,805
2™ June, 1,004 494 1,579
187 guly, © 1,026 396 1,473
20" August " 1,019 264 1,308
26> Boitie, 1,203 a4, 1,644
20" pot., " 1,129 433 1,563
23rﬁ Nove, " 1,001 472 1,473
13" bee., e BR. . LA -
“E‘o-n"f:‘-[‘: 1‘1;:.5..: ‘nt ‘D“F' LT 1[;:,3‘ﬁ 16.1 1.4
variction (%) I v R

P Y e o i
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00 -
GHAI!! YIELDS(g/onlot)OF 16 CULYIVARS OF WHEAT GRO /M AT KPONG
OVER TEN PLANTING DATES
S e e S Y
Dec. Jan. May June July Aug. Sept Oct. Nov. Dec. OVERALL|
19768 1979 1979 1979 1979 1979 1979 1979 1979 1979 LEAN
.2 28,0 48,1 62,3 7.2 4,5 1.3 i0.2 10,2 36,5 24,7
10,4 663 19,4 29.7 748 0.5 1.8 8.4 14.8 23,7 1.9
21,0 10.9 41.9 60.8 13.0 9.7 1.9 27.2 23.5 36.1 24,6
16.4 9.4 25.3 42.9 17,9 0.8 1.4 7.0 12.2 27.0 16G.0
38,1 26.9 30.3 71.8 5.4 4,3 0.5 8.1 15,2 31,7 22,9
20,1 17.2 66,3 97,9 9.9 3.0 1.6 25,7 26.3 43.3 31.1
9.3 27.0 44,3 89,8 20,4 6.7 3.4 21,5 18,0 38.1 30.9
76,9 45,3 77,5 1050238 17.0 1.8 17.5 32.8 51.2 44,9
23,7 12.3 44,9 55.0 4,2 7.0 6.4 21.0 22,5 46.7 24,4
- -~ 21,0 32,3 4.2 4.0 D.1 8.9 10,1 19.0 12,5
- -~ 11,7 26,2 15.1 8.2 0,05 7.8 19,5 26.2 14.3
- - 4.9 48,9 2.6 8.6 0.3 16,0 14.0 31.2 20.3
- ~ 32,1 73,8 2.8 8,9 1.5 32,9 12,2 49,06 26.9
- - 15.7 40,9 6.8 1.4 0,05 3.5 2.5 17.2 13.3
- - 35,9 45,5 13.1 4.4 0.0 10.4 24,7 36,0 2l.4
- - 22,187, 75 3.3 1.8 8.3 6,8 1480 12,2
30.3 20.5 26.2 57.4 10.0 5,5 1.5 14,7 18.2 33,0
G.56 4,21 4,50 6.11 1.63 1,03 0.40 2,53 1.68 2.84

b e v i

e e A e B T R A e B B AT A e T WS SR e § e A T e

yields (kg/ha), multiply cbsolute quantity by 25,

2

Harvested plot size = 0.4m ,

A

To transforn absolute yields (g/plot) into calculated
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APPZIDIX _VI: ANALYSIS OF VARTANCE FO? THE EFFECT OF PLANTING DATE ON A

—yg—

AT VPONG, (A) DECEMBED, 1978 STARTY

HEAN SQUAR
So=pes of c.f|Tillering Fertile tillering ilo of 1
veziziion rate nercentage seeds/szikelet

OIS 35 at
Replicites 3 1,62 979.29, 0.35
- . * %

Caltivass : 1.00 5358.56 0.55
LTTITS 24 1.1G 89.77 0.97

R T e

** Indicate significance of P= 9.05 a
(3) JANUADY,197S PLA
MEAN 8§07
e sy r—""""-J
Searce ¥ d. f.] Tillerin; Fertile tillexing Mo of He
Vesizticn rate percentage sseds/spikelet
TOTAT 35
feplicates 3| 2.24 17.07 0.30;
Cultivars g 1.27 240,09 0.44
3rror 24 0.81 121,89 1.05

*and

** jndicate significance at P =
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ON ALL THE CHARACTEPS STUDIED IN (9 CULTIVARS OF WHEAT

ARTINA(PRELININATY TPR41)

ARE SGB)

llo of spikelets 2rain | Plant Lodging | i'o, of Yo, of days of
ner head vield height | scorzs days to to maturity
ner anthesis
clant
1.05,, 0.28,,|69.58, | 0.33,, | 1s.44,, 9.62,,
4,60 i.11 61,32 1.29 201,57 £4.38
g.74 (.12 12.75 0,35 3.25 7.9%
05 2nd 0.01 respsciively.
PLANTINS(PRELI TilAZY TEMAL)
ETIARES (7S)
Yo. of spizeieys { “wzin | Plant Lodginz | Mo of No of days to
ner head | yield |height | Score | cays to R LEK
. i  wer anthesis
B '_‘;l:-:"zﬁt
& D4 d
1.46 0.08 |13.89 4.5 B3 32
6.75" 5.36 23.42 0.61 175,65 61.07
0‘63 0'34 16,51 0,20 b4t R
. bl
—————

P =0,05 and 0,01 reS?GCtively
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LNALYSIS OF VARIANCE FOD. THE EFFECT OF PLANTING DATE AN 2

(£) May, 1978 prs

MEAN SQUARES (

r 1_ Fertile Ho of
Source of {d.f. [Yotal dry [-illerins |tillering |leavss at | Flant :
variation wt/2lant rate nercentace fantihesis heirht :

28 3 I 3 _
7% = ]
Total p, 83 277
12 7 P 0. 59 - 'K g
Replicate {* 5 %.?7** 0,53 g%h.BS** dﬁ.?g** 15,024,
Cultivar 15 290 510 687.27 £8.7% 169,82
ErTor 43 3,24 1,75 147,51 18,99 31,07
* and ** indicate sisnificarice
(R) JUNE, 3979 PLANTIN(
Source of | & f. Total dry T llgrinr Pertile ife, 6F Tiant
Variation wt/plant rate tillering | leaves/ | hei-ht |4
percentare | Al at &
¥ iz
Total 53 L 5
Replicate 3 0,77 .1 9.74 482,07 §5.,73 72.89
Cultivay 15 2.74 3.37 334,36 | 125,47 | 242,85 |1
Error 45 1.37 1.77 87,14 19.69
* and ** indicate sirnificance
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H ALL CUARACTEPS STUDIED IN 16 CULTIVARS OF WHEAT AT XPONG

LENTING
3 (MS).

Ho of Ho of LoéfinJ cged | 3rzin i of o of 1200--
days: to [dz73 o |score quality| yiell | seeds snikelets/ | se=d
anthesis | maturity i score | ner

ver viant kwﬁﬁ
- — P 2 el |
alant | shilxsletd

23,47 21.31, fo.27, |o.25,.]¢
752,27 | 250,47 -5 1,08 | 9
22,54 135,58 Jo.29 |n.73 | o

e
»*
o
i
3
¥

-
feed
'
. = .
0O s
o
il
[

D & 0. 08 end = 01 resnectively

ING MEAN SQUARES {ms)

lc of s = Lodzing [Eeel ) Grairn | No. of Mo of 1205
davs to | dzve 2 score  jeua- | yiszii| sezds pex] snhikelels sead
intnssis asrsurdty Lity b —ex snikelet fner nlant | welzet
malwaTOLY e . R - * -
scord - lanw
*k oo
15,42 | 8,54 2,39 P.99) 225 | 2.23 996,77, | 22.00
T 2 58 0,78 | o.75" | iese, 58" |oo.00"
45 *i :48.\76 . II..- iPeEe o daz !::: ; v
11,38 8.1 5.14 .35 0.03 557,68 3,03
o . g
— : ]

ce at P = 0,08 2o~ 0,01 respectiively,
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APPENDIX VII (con%’c) (€) Juty, 1972 pLam

VEAN SRUARES

Source cf Total Ary| Tiilsring| Fextile Mo of mlant "o o
variation fd.€, | wt/plant ratsg tillarin: leasves/ [eirht iays
wercentaps | slant 2% anthe

ant“zsis

Total 53

* %

3 + . ” o -‘ g nqY 7Y - 272 A% >
Repl;ca;es 3 3, 34 Cigx .:JL“..;:,f -?Z‘Eg '§“°i§ 58,
Cultivars 1t 1.33 &G 573,45 252,51 7.3 1% 309,
ErTOoT 45 1,25 2,12 295,52 L4 32 25,57 17,

R T I e

* anl ** indiczte sipnificance ¢

©) ALGUST, 1979 PL!

MEAN SQUARES

Sourcs of Total Zry|Tiilsrinr | Tertile ilo, nf Plant | No.

variation|d, £, | wt/plant rzte |tillering leares/ | height | d2ys
uercentare | olant 2t anthe
~ |anthesis

TOTA L'J‘"E»Z“' ' - = ;
Roplicatey 3 D.24 1 §’ 524.-:-1 2.‘.%. 21 gg 26.:
Cultdvars| 15 | 0.31 085 Soad | 8 | o 1ol
Error as | 9.21 5.35 13772 | 27.8% | 15.88) 5

* and ** jndicate sirmificanee
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' PLAZITING

)
UARES
N\

Mo of Ho of Lodging | sesd Grain | Mo of Mo of 12700-

iays to | days to Jcore (|quality | yisli | seeus ner |suikelets | seed
anthesis | naturiy; score Der spitelst [per plant | wsight
. * - L 8 T yoe i A 8202 o mA
2845 58,359,1 .02 CrEE ?':f ”-%9 Y Ltk E
369,38 2687.2% G.46 3,43 3,22 G.71  |L451.3 90.00
17,59 9.08 J.%74 c.29 2.03 § i 491,87 8.00

ranice of B=3,0% zns 0,01 resnectively,
)79 PLANTING

WERES

No. of Mo, oF tofcing | Seed arain ile of No, of |1000-
d2ys to | days te scorze | auality | yield | seeds ner |soikelets|sssd
anthesis | ratu=iey SCOTE =1zt srikalet per plant|wsight

- e e

A A n " Ax "
26.29 7.47 .04 9.0% 2.31 167.25 | 2.00
150.50 | 152,57 n,47 0,02 0,7° 111,42 | 44,00
5.76 S e 7.14 0,01 9.11 83,56 | 15.00
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APPENDIX V[E CONT'D

-102-~

(E) SEPTEMBER, 1¢

HEAN ¢
Source of Total dry |Tillering Fertile No. of plant P No.
Varizatien d. €. Jwt/plant rote [Tillering [|leaves ney weipht Kays
| percentage |plant at ant!
-i‘ anthesis

Totel | 63 i ) 2
Replicates § 3 0.26, 2.40, ZEG.GS** 0.43 27'22* g0
Cultiver 15 0.43 1.90 436.29 3.95 79,37 | 29¢
Error , 45 0.88 0.22 233.78 2,52 7.54 20
* and ** indicate significanc
{F) NCTOBER, 13
MEAN SO

pre e . - -
Sovrce of Total dry |Tillering | Fertile No of Plant 0,
variation|d.f. | wt/piant rate | tillering | leaves pex weight | da)
percentage | plant at ant
anthesis
TOTAL 63 o - * ¥

Replicates 3 4.94 0.63 304,64 43,69 353.53} 3
Cuitivars 15 3.3% .89 621.50 }117.33 125.267 29;
Error 45 0.36 6.56 92.23 16.29 17.60 {

* and ** indicate significan
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1979 PLANTING

snres
o. of No, of |Lodging seed |[Grain | No. of No. of 1000-
ys to days to | score |quality lyield | seeds spikelets | seced
nthesis | maturity | score per per per plant jweight
spikelet
* % * % *
90,80 | 136.85 | 0.60 0.14 [o0.91 | 0.35 32,0 | 10.00
0o 88 | 41208 | o016 | 035 | o081 | 0.8 389.57 | 82.00
20,11 31,43 0.19 0.12 0.C2 0.07 137,92 7.00
mce at P = 0,05 and 0.01 respectively.
1979 PLANTING
_SQUARES
Yo. of Mo of Lodging | Seced Grain|{ No of No of 1000~
days to | days to score |auality | yield |sceds per|spikelets |seed
anthesis | maturity score per |spikelet |per plant |weight
ok b
39.4 0 47 0.21 0.02, | 0.42"} 0.3% 309.79 | 43.9)
2-?2.3%* 351,39 0.15 0.2%* | 2.11 | 0.41 305.43 | 77.95
6.79 13.55 0.15 0.07 | 0.04 |o0.04 220.37 | 7.00
!

ance at P = 0,05 and 0.01 respectively
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APPEIDIX VIL (cont’d) (€) NOVEMBER. 19
MEAN S0t
Scurce of Total dry | Tillering Fertile ilo, of Plant No ¢
Variation | d.f. jwt/plant rate | tillering [leaves per|weight |days
percentage | plant at ant}
anthesis
T TOURTKRL | o = "
goplicates 3 1.;4 1,15 ’.65.12* 15.56 16.22] 1o
Cuitivars 15 0.31 1.63 250,45 53,40 47,351 127
Evror 45| 0.23 7.69 =1.75 15,36 14,05 5
* and ** jndicate significa
(I') DECEMBER, 12
MEAN SC
Source of Total dry | Tillering] Fertile Ho of Plant | ‘lo.
Variation | d.f.|vt/plant rate [tillering |leaves uer|weight |days
percentage | nlant at anth
anthesis
m.—ﬁ
TOTAL| 63 "
Replicates 3 0. 3¢ 2 .51 11.23 26.63 5.00 28
. i %% 1
Tultivars 15| 3.40 5.63 32295 179,90 85.70 | 13
Error 45| 0.66 2.03 65,54 55.66 10.40 5
— s =

* and ** indicate significance a



University of Ghana http://ugspace.ug.edu.gh

1979 PLANTING

NIARES

o of Mo, of Lodging | Seed |Grain No. oFJNo. of ilﬁoh—
1ys to days to score jquality [yield |[seeds pey spikeletsg seed
inthesis | maturity score per |spikelet jper plant weight
% *
19,25 | 17,06 1.85 0.15 0,08] © 1; 529,73 | 2.99
E . * E * : * %
127,12 151,62 0.58 0.87 0.047 0.5 261,15 |67.00
5.5~ 10,50 0.27 0.22 n.02| 0.16 2.60 }
icance at P = N,05 and 0,01 resnectively
1979 PLANTING
! SQUARES _
. I Y 16 -
6. of o, of Lodging Seed G?a1n LNO. of N?f iftc ‘égg
ays to |days to score |quality yield ‘e?ds per 501~f1e E i=i;;r
nthesis | maturity score per Bpikelet [ipéx PRany WEIEEs
f - % %
1 o) P ’]}
23..1‘?‘; 1.38 9.13 c.cl ' 0,25 0.59 667 .21 16. %0
| * &
*¥ * % *-f \ A 36 -'] qs.ﬂ?
138,57 | 252.67 0.05 0.85 | ©.20] .62 ?;}-3-‘;7 i
£.35 | 11,15 n.06 0.11 | €.08| 0.11 e
|

e at P = 0.05 and 0.01 respectively.
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APPENDIA VIIIt Anclysis of Variince Tablus for All Chorccters

SGtudied,

1l.Anclysis o7 voriance tablu for toirl dry veight/plant

Source of Degrees of  Sum of Mean Varianco
v riatlon Fraedom SOUEYeS sCuUares rivtio

L e T o R e e e S e e = =

Replic tes (M) 3 0.99 0.33 0.77
Cultivurs (Cv) 18 145,19 9.01 21,00

Error(a) (R.Cv) as 19,13 0.43

L e I R S R T T = R e T B R SR A S o S Y

Vihal:: units 63 155,31

P A LTS B T A § B R OS ETE S b RS SS A ST S A P AR L Ak s 4 B P s A & A A& a.atmms

PLantings (P) 7 673.70 124,83 192.048°%

Plontidnrs X

Reps (P.h) 21 41,04 1.95 3.00™"

Plintings X
Cultivors (P,Cv) 185 116.05 T:31 192

Error (b a5 2085, (i 0.65

- W e e em " oW S B TN SR R L T SR SN R Y I T IR TR B A W Gl 4 G S . AV o e AL L L LI R
a 01 .57
TOTAL 8 132187 .
[ LI T S R S IR L S R A B L Y % b ATy @8 b A . .. - e w LR R R e et =

P = 0.,01)
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=105~
2 nnrlysls of varionce @bl: for groin yield/plant

LR T i S T L T T S R N o B ey - e

Sourcs of Dogrecs of ng of Leon Vordcnco
viardntion Froedon aquarcs soLUnres rutio

R L T O R e e . = U LR L B e e S

THoplianke a(R) 3 0.25 0.00 1,33
Cultivi vs(Cv) 15 13.90 0,99 B

Ervor (a) a5 2.64 0.06
".‘."n'biu e peulbneskesupsa i s s daah
o ‘.m (P)... e e e e D
v B 21 Gola .29 20907
2 s
P X Cv 105 10.76 0.13 1..60

Eryvor (b) 315 31,52 0.10

ik A A S\ N i i R s S A T g Wi o P
TOTAL 511 155,606
[ S N I R I Y ) A B B BN A W L& B A S BT LA S AR R R E R A BRSO Y R s e

3. Anlysis of v.riancu v :ble for nuaber o sceds/spikolet
- LA L T A e . L L L R I ) : # 4 8 & & % & B &S s Ea
anurP» of Degrees of Sum of Wean Vari.once

v riction {reedom sOuasas scunres ratio

[ o e L S b " B wey R =

Replicntos(f) 3 0.15 0.05 0.56

L L b L e e e

Cultivess (Cv) 15 30.9¢ 2,00 25,05™
Error (=) 45 4.24 0,09

L

o s o S e

P AR 21 6.40 030 3.00™"

> X Bv 105 27.00 0.20 2,00™%

Error (b} 315 31.83 0.10

TOTAL 811, 127, 7d

S (P = 0.01)
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G nnal,zvm of variance table Fﬂr' number of qnil\ 2lets/plant

'.::'Jur'?e aﬁ Daqr'u.-:rs of Sum of INIETET! Vrd‘irmc e

- QVEII l “‘1 ]q - i!‘!"l...d.ﬂ. l- -« s w4 i‘-f:iuo‘ ;r'_?.."; L TR bE Eq 'H’tif{ - -
Replic: u.eq(nJ 3 1915,.66 u-:!ﬂ.uﬁ 1.90
T " # . ; i R
Culitivers (Cv) 15 7100, 96 4773.03 14,74
Error (n] a5 150066, 57 355,30

L'tl'ltu.s.' l.."l...l...
Plantings()
BN ad

P X G

Erro= (b) a1l
LTOTAL sl
J.Analysis of vamance i

886

171,22
44007 .47

105354,73

------------

1 1,000

9.9

T 22E005,60

gizer

015,30
A1, 64

4 ﬂ. 5

L R e L |

veirit

Laflad B Sod .8 4§ AN b BN PRTE Bak B R S A S e e el ae g ik -

SDU; ca 0 .F
LN .;":l.'ﬂ:lﬂn L
RP JllCnuBS(“)

Gultivers (Cv)

Error (a)
VWhole units

P.-. ﬂ*ln'*‘R(P)
P R

T R e e

P e T

P X Ov
Eyrur (b)

“ToTaL

2 (e = 0i01)

L R

R . & LI SR R

Degmeq of
ERRECOE ...

N

3
18
45
G3

o

21

oll

e

e

q]um' o ‘

22,00
1091.3,00
433,00

'11360.00

515.00
3019.0u
19292.10

44177.10

Snuexes ..

ok nt 1.['}3 h(]‘

I LT

7+30
727.50

32585,09

VVarianco
L.Baueres

-

rotio |
0.73

72.00°"

-----------
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fia Anclysis of vardanco € bls for gr ain yi'r‘xldfplnf

Souw'cl u’F UGU; ees of  Sum of ean Vttl"lnnCP
vew kion  Freedom | squsres | squiwes | rafdo
Neplicates(R) 3 1636.00 65,00 3.12°
i g ‘ A P P4
Cultivara(Cv) 15 34218,31 2201.22 13.04

Error (a) a5 7075.17 175.00

Wholao undlts 63 4373140

Prentigs(P) 7 159162.71 22737.53  143.41 s

non o 1796223 B85, 34 5.39°%
E X Cv 105 41330.21 392,62 2,497

Eavor (b) 315 49943 ,905 158,55

O e e I L B T e et L S SUE S o T B TR L I B L R 5 L e ]
"I' L\ 5 I‘C“
. p':k- " -4 am 8 1_::‘.]:.3:.-._.. -—.a . 1..1] - TS e T W

7. Analysis of varicnce Lable for tillerine rale

BN AL A B B B W i B e B B W B W calls acedel s . R BN R AR S R

dourcn of Degrees of  Sun of Hnnn Variance
Jvepdiklon . freedom | squares . squares | ratio
lepitontea(R) 3 5.20 1:73 L3

Cultivies(ty) 15 217,90 14,53 14,537

- w0

Ertoy (1) a5 45,05 1.00

e * ar b L I I R e T O T . T A T S T R R L A
L] o~ -~ .
Ahela unit" 53 268.15

[ R N S N R I LR S S R S L R T U R SR DAL I RN TR S B B & S B AR s b A e AA

P ntings(P) 7 615,51 00,13 6y I, el
F AR 21 54,14 2,56 1.98
P X Cv 105 157,65 1.50 1:15
Ervosr (1) 415 410,04 1.30

R e e e T i e I

TOT/ L 511 1306.00

P R s - I T T e e u e S e = I ) LTI T e e e T R R I N I = E R

X ang = (P = 0,05 and 0.01 respectively),
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0. Anclysis of veriancu table for ,;.r'tilr tilleding pucontage

L T - S N SR O S O S O R W X - S S S e e e C Oy T R -

Sowree aof vegiruns of Sum of Lieon U wrinnoe
ceamdeteon  Sreedon | scuares souaras | retio

Replicates(R) 3 343,37 116,12 1.3
sultiv. ms(Cv) 35 A3697.65 PRAG,51 23,827

Exror (a) 45 A247.. B4 04,30

T L Al o, i A R R SO R R L Se ] T I e i O e R e A
o § A of topn o ] o | ~f pud
1.'!”[.-.;.'! LN LG5 63 SO ._a.fJL.-

Piontings(P) 9 12604, 34 1812.05  13.797%
P X R 21, G816 67 A10.70 2.7
P % v 105 23065, 46 227,40 1,937
Error (b) J15 41.301,60 131,37

e e B R R A A e S e g P EGmoA BNA S Skl Al Bl R R bk ekl R e S S
TOTAL G131 122767 .50,
. o [ TR T e i R e A W O L T ]

O.Anclysie of varionce table fur numher of lesvaes/olint at
an l.-he :.L"‘l

L L I o e e S R L B T e ancth bl

Sourcne of Dogreass of  Suwm of et Variance
o iwdniion frasdom souares SOUIYES rabio

I et AL SV P S e IR ST SRR S . = R e L e e ]

Roplico ﬂ"('U 3 80,70 16,93 078

o ] R L IR T TR I SR T A

. x{\
Cultivars(Gv) G (250,44 163,03 23477

Exror (a) as 964,86 21,44

L . PSS e A S a kR N B W ATE P e et e R L B b ek s A S mRE SRS b e o -
"
.Jh.'Jlrl uinid 3 10260.09
Sl A S W e b ALk B N B BE A B B B S8 Fed Ak & B s e % b s D L T L I T T e I ]

Plontings({P) b4 20570 ,09 293c,70 103.42
P AR 21. 734, G0 34,96 1.23
P X Ov 105 4455,39 42,44 1.49

Eryor (b) 315 8950 ¢ 50 20,41

[T e LA N LTI S S S

TOTAL 311 4493[) &'y

o ey T e R T T O e e R L I i T e ]

2 oA mm s D e A P i W T TS e -

A (P . ['-.Ul}
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W, Anudysis of vorinnce tablo for plant height
[ = = I . LA B G B R e e L B e e S B W B R e X R e L B R S

Eium'b of Derrees of Sum of klean Visrisnce
cVertdiation frecdom SUUAres sauores rotio

" Replicrio =[n] 3 10, 40 3.47 0.0
Gultivars{Cv) 15 615,93 50773 30.17°"%

Ervor () a5 757,32 16,03

=R s Ry W A2 W B R AT AR P FLE A LW MmN e L I R . N T T S I S SR G T W S S S
‘| Ja -y
Whole unita 53 ﬂ‘BB.’il
L R e R e I R I e e o e o e e e R i B e I o T T S .7 L W
T
J tal

PLoncings(P) 7 503753, 51 0193, 40 4779
P AR 21 :153:'-:.05 125,30 7.14"
P X Gy 105 4016, 50 30,27 2,107
Ermr (b) 315 5531, 56 17.56

L A < - 1 - B

1. Anrlysis of varicnce toble for number of days to anthesis

sourcs of Dngravr:. or Sum of ligan Variance
Lvardotion : Fraedon suuapes  osquares  ratio

A A

R R e L T e

Renlic bas(n) 3 A5, 50 681,99 0,307

Cultivirs(Cv) 5 23421.,94  1561.46 150,207
Ervor (a) a5 40, 01, 437

L R O e T S L Uy S Wi Y e T L L . T I e ]

HHK

PLontings(P) 2 5A07,06 77208 52,70
o A

PXR 21 874.07 42,10 2,80
HX

P X Cv W5 3924.00 8797 3,03

Erroy (b) 315 3060.67 12,372

AT o A N A s AT B S WSS 0 A AL (G A e ) ki
i) L B
TOT/L 511 37297.50
wanita i 7 e A 1 s i U7 S A A A 0 B LT L AR
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12. Andysis of vorience table for number of dn y" to e turiby
(o S TSPRCPREE SRGE S TR TSR PSS D T A & T S A o

Source of Degre.s of Suam of flean Varinnce

Lapdistlon o Treedom | stueres | osquores | rokio |

L 1 .y HAX
Replicatos(i] 3 199,35 56, 45 5,97
Cultivira(Cv) 15 16320.00  1754.72 157,66

Error (o) a5 500.034 11.13

Plantings(P) 7 1500867  2197.98 168,89°
P X R 21 561..90 29,71 2,347
P X Cv 106 4580 ,87 01,71 T

Error (b) a5 4116, 41 13,17

S0 TR A e el e PR S U e e S e BT R S R B R TS R AR
515 B
.;I.‘]J-.!'.‘E:. sy iy s mle_d Al A Jl-lg P . .").]:._J."I'Z_'é‘}.. D R T O e e N N e ]

13, Anslysis of variance hle for lodging scome

uuur-p—, LF f‘cr‘recﬁ -1,{ bum of ilenn Varianca
!-1\!-‘ ‘or‘al.' ‘bl{'".l I P‘ ad‘j PP .S“- L"i’;_:.lr.l".:".. L — .acv_l-'-u-i ltl-:-gns--* - - I"'"l LOi‘U"—“ LR
Replicate q(q] 3 8.31 0.10 0.40

. .
Cultivirs(Cv) 15 0.44 G.63 257
Errvor (a) a5 11.2% 0.25

‘Jhulu un'i.'!: nH3 20.98

CE R S e T P L T R T T T e T T LI T R e

KX
Plantings (P) G 31.00 5.18 25,90

B T e I e

I e e T

po 4
P XR 10 13.05 0.73 365
P A Cv a0 20,49 0.32 1.60
Error (b) 770 53.480 0,20

P ap———— v 1S T Y T S ¥ B T T T e S R S

TOTR i wiim s s xBTS,

L N ki

% (P = 0.01)
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L, Anelysis of voedlonce table for seed quality score

L e e L I e

Sourcn of Degrees off Sum of een Variance
vitysatsloh froedom sqyuAYes sOuUAYas ratio

R T R e I e e B e e o LT ST S Sy - W S S S S T S P PR =P S P P A

Neplicatas(n) s 0.22 0.07 0.44

Bulidvezr=(ty) 5 40,02 2.67 16,69™"

s o]
ETTm0d e a5 b 0.16

----- . - b A e e B R L ST et | i e b e e e
W "™ o B e, ~ " L
Wirha b g T e ] 63 ﬂ?n.ﬁ
. e ' BB Bl B s b ) AW A T B Bl T Bl s i T S | B e 4 e B R WA W

pantinga(P) 7 21,02 3.00 17,657
% N 2% 3,70 0.18 l.06

oy iy - __Xx
P R By 105 G T 0,35 2,03

...............................

THE END





