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ABSTRACT

In an attenpt to extend and i nprove on the production
of '"Dauro' mllet, an investigation was conducted at two
| ocations (Samaru-Zaria and Samaru-Kataf) using three
pl anti ng nethods (direct seeding, slant transplanting and
upright transplanting) and three plant popul ati ons (55, 000,
65,000 and 75,000 plants/ha) during the rainy seasons of
1981 and 1982. Two cultivars (Ex-Bondon and Ex-Zonkwa)

wer e used.

The average grain yield at Samaru-Kataf, a location in
the 'Dauro’ producing area, was 1130 kg/ ha whereas at Sanaru-
Zaria located outside the 'Dauro' ecology, the yield was
only 35.0% of that obtained at the former |ocation. The
nunmber and wei ght of heads, grain weight per head and 1000-
grain weight followed simlar pattern as the grain yield
while the plant height and nortality were higher at Samaru-

Zari a.

Direct seeding significantly increased grain yield over
both transplanti ng nmethods at Samaru-Kataf |ocation. The
mean grain yield of 1319 kg/ha obtained fromit was 26 and
29% hi gher than those obtained from the upright and sl ant
transpl anti ngs, respectively. Although the grain yields
among the planting methods at Sanmaru-Zaria were not statis-
tically different the yields for direct seeding were | owest
with an average of 6 and 14% | ower than those from upri ght
and slant transplanting nethods, respectively. Direct seed-
ing also resulted in the tallest plants and the highest

nunber of tillers per plant and plant nortality at both



Y
| ocations. The two transplanting nethods had essentially

the seme effect.

Pl ant populations in this study had no effect on 'Dauro
grain yield. They affected only plant nortality which
increased with plant density. The two cultivars were not
different from each other in the characters assessed with

regard to | ocations, planting nethods and plant popul ati ons.

Poor grain yield performance of 'Dauro’ at Samaru-Zaria
shows that the production of the crop outside its natura
ecol ogy m ght not be profitable. Unless for other reasons,
the results of this study do not justify transplanting be
it slant or upright. Plant population in this study had

no effect on 'Dauro’' grain yield.
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Chapter 1.

INTRODUCTION

'Dauro* millet is one of the three types of pearl millet

(Pennisetum typhoides (Burm.) Stapf and Hubbard) produced

in Nigeria. The other two types are 'Gero' millet and
'Maiwa' millet. ‘'Dauro', 'Gero' and 'Maiwa' are local
(Hausa) names for the pearl millet types in Nigeria. Pearl
millet is a cereal crop in the grass family, Gramineae.

It is the most drought tolerant of all the cereals and is
best adapted to the dry tropics of Africa and Asia where it
constitutes one of the major staple food crops. In Africa,
Nigeria is the leading producer of pearl millet (Anonymous,

1981).

Both 'Dauro' and 'Maiwa' are photosensitive and late-
maturing and are produced in limited areas of the savanna
region but 'Maiwa' is produced more extensively. The pro-
duction of 'Dauro' is presently localized to the south of
latitude 11°N and on high altitude areas (600-950m above
sea level) of the southern part of Kaduna State and the
northern part of Plateau State. The whole area of its
production lies largely in the Southern Guinea savanna and
extencdg into the immediate environ of the Northern Guinea
savanna (Fig.1). In contrast, 'Gero' is non-photosensitive
and early--maturing and is produced more extensively through-
out the savanna region of the ccuntry than both 'Dauro' and
*Maiwa', A major distinction between 'Dauro' and both 'Gero'
and 'Maiwa' is that the former is established mainly by

transplanting while the latter are by direct seeding. Both
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'Gero! and 'Maiwa' are seeded directly in £he field at the
beginning of }ainy season but 'Gero' ls sown earllier.
tDauro’ is first seeded in the nursery by July to raise
seedlings which are subsequently transplanted in the field
by August or September. One of the advantages with trans-
planting 1s that it overcomes the problems of poor seedling
emergence and the subsequent sub-optimal stand establishment
which are often associated with the direct seeding in 'Gero!
and 'Malwa'. The effect of tramsplanting on grain yield as
compared to direct seeding has never been investigated in
'‘Dauro', but there are reports from India that transplanting
'Bajra' millet {(which 1s similar to 'Gero' in Nigeria)
increased grain yield over direct seeding (Tomer et al.,
1974; Pal, 19763 Bagga, 1979; Gurha, 1980).

"Dauro' is produced more extensively in Kaduna State
than in Plateau State. This is probably connected with the
historic length of time 'Dauro' has been associated with
Kaduna State. According to oral history, Hausas were
trading in this millet during the trade by barter. It is
alleged that the Hausa millet traders had often used:the
phrase 'dora ni’, inferring a request for assistance in
lifting the load of the purchased grain on tb the head, It.is
believed that due to the languzge barrier between the Hausas
and the people popularly known today as the Southern Zaria
people, at the time, the women selling this millet were
using the word ‘'‘dora’ to call the attention of the Hausa
millet traders. So frequent was the word 'dora' used in
the sale transactions of this millet that 'dora' eventually

became the name for this type of pearl millet as 'Dauro’.



Where 'Dauro' is produced in both states, it is one of
the most important cereal food crops. It is consumed as
delicacy, especially in the southern part of Kaduna State
known as Southern Zaria. Some of the local dishes prepared
from 'Dauro' grain are 'tuwo' Ethick porridge), ‘'akamu' (palp),
‘kunu' (soft drink) and 'fura'. 'Dauro' is said to be the
best millet for 'fura'. The demand for its grain extends
beyond the boundary of its area of production. ‘'Dauro' is
usually grown after groundnuts either during the same
cropping season or in the following season. Consequently,
the field fertilization of 'Dauro' is achieved generally
by this cropping sequence. Late planting of 'Dauro' also
gives the advantage of the field carrying two crops with
separate growth cycles per cropping season. This also saves
the labour which could have been used in clearing a new

piece of land for the cultivation of 'Dauro’'.

Considering the local importance of 'Dauro', a study
aimed at improving its yield was conducted wih the following
objectives:

(1) To determine whether 'Dauro' could be successfully

produced outside its present ecological area.

(2) To determine the rationale in transplanting 'Dauro’

millet.

(3) To determine the effect of plant populations on

*Dauro' grain yield.



Chapter 2.

LITERATURE REVIEW

The production of fDauro' millet is localized and besides,
very little work has been done on the crop. Consequently,
no information about the crop is avallable in literature.
In view of lack of information on 'Dauro' millet per se, the
literature review is based on cultural and management aspects
which are common to those documented in other types of pearl

millet. :

2.1 Land Preparation

Land preparation for the planting of 'Dauro' differs
from that of both 'Gero' and 'Maiwa'. The land preparation
for *'Dauro' is normally more thorough especially as it 1s
cultivated during the most rainy period of the year.
Generally, land preparation starts with well prepared
nursery beds for ralsing seedlings and ends with well pre-
pared ridges in the field on which the seedlings are subse-
quently transplanted. ‘'Gero' and "Maiwa' as currently
produced by the Nigerian farmers, do not get good land
preparation (Egharevba, 127%). Generally, farmers plant
especially 'Gero! after the first rain at the time the land
is still dry for proper tillage., Since thorough land culti-
vation is not possible more go as the land is usually quite
bare at the end of dry season, seeds are thereforeplantedonly
on the spots thal are loosened by a hoe. However, 1In some parts
of the Southern Guinea savanna ecologlcal zone of the coutry,

seeds are also broadcast and the land ploughed over with hoe.



Thorough land preparstion is appropriate for 'Dauro!
production since the crop is established by transplanting.
This is because the roots of seedlings transplanted on a
poorly presared land might not easily penetrate the soil
thereby resulting in poor establlishment. Goed land prepara-
tion, especially in some parts of the tropical region where
heavy rainfalls cause considerable soili compaction is
necessary to loosen the scil for easy root penetration of
any arablc crop and water infiltration and also lessen the
problem of weeds. Chopart and Nicou (1976} found that good
land preparation baefore plantinglpearl millet had increased
the rate of root growth, maximum root depth and water use
efficiency. Other investigators (Oswal and Dakshinamurtj,
19763 Reddy et al., 1977; Egharevba, 1979; Nicou, 1979) also
reported that good land preparation in millet resulted in
increased grain yields. Extending the production of 'Dauro!
millet intoqkhe main 'Gero' producing area might give good
yield since the latter still give good yield on such poorly

prepared land.

2.7 Time of Plianting

'Dauroc! millet is mormally planted at the time rains have
been well established unlike the 'Gere' and 'Maiwa'’ millet,
Planting millet early at the beginning of ralny season prior
tc the establishment of rains has been found to cause poor
seedling emergence and conseguently resulted in sub-optimal
plant stands (Egharevba, 1978). Although eariy planting is

one of the important factors in ensuring good yield in millet



(Koli, 1975; Tomer et al., 1976; Egharevba, 1978; West-
rhalon ~nd Jacqu;s, 1978; Bagga, 1979)7 ‘it does so only when
it is carried out at the time rains are established (Egha-
revba, 1978). Because 'Dauro' is planted at the time rains
are well established, the risks of poor seedling emergence
and subsequent sub-~optimal plant stand establishment which
are often ascociated with early planting in 'Gero' are
eliminated. This infers that extending the production of

'Dauro' millet into the main 'Gero' producing area will

give advantage over the risks connected with early planting

in 'Gero'.

2.3 Methods of Planting

Pearl millet is planted by either direct seeding or
transplanting. Direct seeding is accomplished by planting
a few seeds in a hole and the energed seedlings later
thinned tobone plant per stand. It could also be accomplished
by seed broadcast especially as practised in the Tiv area
of Benue State in the Southern Guinea savanna. Transplanting

is accomplished by planting seedlings.

The traditional nursery practice in raising 'Dauro’
seedlincs 1o Lo prepare a nursery bed well manured with
household refus: including droppings from chicken and goats,
and the seeds broadcast thickly over the bed. The need for
a well manured nursery bed in raising millet seedlings has
been stressed by Siband et al. (1979). These workers showed
that the translocation of stored mineral nutrients from

seeds to ceedlings in millet lasted for a short time thereby



leaving the seedlings totally dependent on &he soil for
mineral nutrients. In this wise, seedling growth in soil

of low fertility would consequently be adversely affected.
Increasing the fertility status of nursery beds, esmpecially
with the nitrocen fertilizers, has been found to increase
the millot seedling vigour and their subsequent grain yields
(Bagga, 1279). Maenured nursery beds have also been found to
produce heaEFhier and more vigorous seedlings in rice
(Sethi,” 1940; Grist, 1963). Grist (1963) found that the
rice seedlings from manured nursery beds had better developed
root systems .nd were 15 days ahead of the seedlings from

the unmanurad nursery beds.

'Dauro' scedlings are invariably transplanted in a slant
position of chout 45°. Al though the production of 'Bajra’
millet by transplanting has been widely reported in India
(Tomer et al., 1974; Pal, 1976; Bagga, 1979; Gurha, 1980),

mention has not been made of its mode of transplanting.

Several investigators have reported on the advantages
of raising crops hy transplanting. For example, transplant-
ing 'Bajra' has resulted in increased grain yields compared
with direct sceding (Tomer et al., 1974; Pal, 1976; Gurha,
1980). Yield advantages of transplanting over direct seed-
ing have also been reported in rice (Ramiah, 1954; Gad El
Hak, 19€3:; Grist, 1975). Other advantages of transplanting
include offsctting the effect of low seed viability common
with direct seceding and giving regular stands thereby faci-
litating weeding, shortening the period during which the

crop occunies the land and in some cases serving as a



protection against pests {(Tempany, 1932; Anonymous, 1967).
Gurha (1980} -reported that kransplanting 'Bajra' has

reduced the Intensity of downy mildew disease (Sclerospcora

graminicola) by 18.5% compared to the direct-sown controls.
In view of the literature support for transplanting and the
fact that the larger proportion of millet produced in
Nigeria i by direct seeding, 'Dauro' was planted in three
different wvays to esteblish the effect of the traditional
slant transplanting over direct seeding and upright trans-

planting.

2,4 Plant Population

The optimisation of plant density is an important
agronomic practice that has been generally used to step up
the grain production of millet. The optimum plant density
for millet varies from place to place, depending on the
ccologicsl area and probably the cultivar used., While there
is no decumented information on 'Dauro' in this respect,
Egharevba (1978) found that the grain yield in 'Gero' was
increased up to 40,000 and 60,000 plants/ha in the Sudan
and Northern Guinea ecological zones of Nigeria, respectivély.
Investigations in other parts of the world show that higher
optimum plant densities for millet than those reported 1n
Nigeria have been recorded. The optimum plant densities of
148,000 nlants/ha (Malik and Sharma, 1979; Singh and Kanwar,
1979) and 175,000 plants/ha (Pal and Kaushik, 1972; De, 1974)
have been reported mainly in India. If ‘'Dauro' wculd perform

in similar way like the other types of pearl mlllet, its

t
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optimum nlant densities in the Northern and Southern Guinea
savannas, respectively, might not be the same hence there i
was a need to }nvestigate its production at different plant

populations,

2.5 Tillering Habit

The tillering habit of pearl millet varies considerably
depending on the cultivar, the mode of planting and/or the
~plant denzity used. The number of tillers per plant as
reported in direct-sown millet ranges between six and 40.
Ramond (1968) reported 40 tillers per plant in late-maturing
cultivars while six to 14 tillers per plant have been
reported in some of the early-maturing cultivars in Nigeria

(Bhardwaj and Webster, 1971; Egharevba, 1977b).

¥

Very little is known of the tillering ability of 'Dauro!
but as generally observed on the farmers' fields, itris poor in
tillering. This is probably the consequences of raising
the seedlings in nursery beds at high density and their

subsequent transplanting. The plant density as it affects |

&

the number of tillers produced per plant was reported by o
Egharevba (1977b) in a direct-sown 'Gero' cultivar, Ex- i
Bornu, where tha number of tillers per plant dropped from i
12 at 50,000 plants/ha to six at 80,000 plants/ha. As R
regards the effect of transplanting tiller appearances in |
eérlywmaturing millet cultivars were reported from the
second to sixth week after seedling emergence (Begg, 1965;
Ramond, 1968; Egharevba, 1977b) which infers that since

'Dauro' seedlings are traditionally transplanted at about
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five weeks old, the formation of tillers are probably
tempared with. Seeding 'Dauro’ éirectly.in the field like
'Gero' might increase the number of tillers per plant and

consequently improve the grain yield.

4.6 Photoperiodism and Its Aqronomic Significance
in Millet

The process of plant reaching anthesislin response to
the relative duration of light and dark perieds 1s referred
to a= photoreriodism. Types of pearl millet like 'Dauro’
and 'Maiwa' in Nigerla and 'Sanic' in Senegal reach anthesis
when the duration of light becomes relatively shorter than
the period of darkness. On the other hand, such mlllet
typeg like 'Bajra' in India, 'Gero' in Nigeria and 'Souna’
in Senegal are reported to reach anthesis at any time
regardless of the duration of the light (Bilquez, 1963:

Burton, 1%65: Bhardwa) and Webster, 1971).

The agronomic significance of photoperiodism in pearl
millet includes the suitability of the photosensitive millet
for forage production because it stays longer in the field
than the non--photosensitive millet used for ¢grain production
(Barton, 1965; Barton and Powell, 1968; Patil et al., 1978;
Winter, 197%). Although 'Dauro' could be more suitable for
forage production on account of its photosensitivity, 1t is
currently being cultivated for grain production only. By
raising seedlings in the nursery and transplanting them in
the field later, farmers are able to reduce the long period
of field occupation with the vegetative growth of 'Dauro!

to a short one most suiltable for grain production. Burton
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(1965) also reported that delayed planting of the short-

day forage mille} types resulted in the shorter plants which

facilitated gainful grain produczion. This is one of the

advantages of transplanting 'Dauro' millet.
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Chapter 3. .

Eal .
- .

“MATERIALS AND METHODS *

iy

7 3.7 TIreatments

Field investigé£ions involving 'Daurc' millet Qere
conducted in 1981 and 1982 at Samaru-Zaria (11°11'N,
07°38'E, 4558m above sea level) and Samaru-Kataf (09°44'N,
OBOEE'E, §23m above szes level)., Samaru~Zaria is in the
Northern Guinea savanna while Samaru~Kataf is in the Southern

Guinea savanng.

Treatments investigated involved two 'Daurc' cultivars
(Ex-Bondon and Ex-Zonkwa), three planting methods (direct
seeding, slank tramsplanting anc¢ upright transplanting) and
three plant populations (55,000, 65,000 and 75,000 plants/
ha). The 'Dauro! seeés were ﬁrocured from Bondon and Zonkwa
villages in the southern part of Kaduna State and were |

accordingly named Ex-Bondon and Ex~Zonkwa.

3.2 Soi_l_:.s_

The solls at bhoth locatioﬁs were well drained sandy loam.
Tomlinson {(1965) alsc described the soils of both areas as
well drained sandy loam derived frem crystalline basement
complex and classified them as fefruginous tropical soil for
Samaru-Zaria area and undifferentiated and weakly developed
tropical soill for Samaru-=Kataf area, Textural and some
chemical pronerties of soils sampled from the twe locations

are shown in taeble 1,
3 ]

[y
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Table 1: Some of the physio~chemical profperties of the
soll sample from the experimental sites at
Samaru~Zaria and Samaru-Kataf, 1981,

T N L N mmm I I T T s I T N S R S N S N I S I L I N S EmI =

Soil Composition _ _ . Sararu-—Zaria Samaru~Kataf

L

Textures (%):

sand T 56.0  68.0
sttt o 3s.0 o 1440
Clay | | o 6.0 18,0
pH in water (13 1) . 3 . 6.4 jJ.; 4,7
. Total nitrogen, N (%) f' . 0.025 .; '”i 0.039
Total phosphorus, P (ppm) | _ 147.39 k 145,02 ’
Organic carbon, C (%) o Ti 0.37 - 0.62

Exchangeable cations (meq/100g soil):

Sodiwn, Na . 0.05 _ - 0.05
Potassium, K - | 0.06 "Ji1 0,07
Calcium, Ca+ Magnesium, Mg _ 1,36 1.40
Cation exchange capacity, CEC | o '
(meq/100g soil) . . _ . 4.70 o 5.60
Base saturation (%) - Voo 31,28 | 27.14
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3.3 Design _and Plot Size
The: experiméﬁt wés laid oué in a Réndomized Complete
Block design with three replications. There were gaps of
1.5m between blocks and 1.0m between plots within a block.
Each grozs plot was 6.0m long and 6,0m wide and net plots
measured 6,0m long and 3.6m wide, The gross plot contained

ten ridges of vhich the inner six ridges were for the net

plot.

3.4 Land Preparation and FPertilizer
Applications

Each experimeﬁtal area was ploughed, harrowed and ridged
at 60cm apart. Basal application of 65 kg N/ha as calcium
éhhonium nltrate éﬁd 45 kg P205/ha as single superphosphate
were madc before ridging. Additional 12 kg ons/ha was
applied at sowing in direct seeded plots and at transplanting
in transplanted plots while 30 kg N/ha and 15 kg KZO/ha as

muriate of potash were side-dressed to the entire crop at

two weeks after transplanting.

3.5 Planting
The dates of planting were generally dictated by the
pattern ¢of rainfall at both locations. In each year and at
each location, seeds were sown directly in the field and in
the nursery on the same day on 22 June, 1981 and 21 June,
19872 at Samaru~Zaria and 6 July, 1981 and 27 July, 1982 at
Samaru--Kataf. Seedlings in the direct-seeded plots were

thinned to one plant per stand on the same day the seedlings
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from the nursery beds were transplanted on 24 July, 1981

-

and 28 July, 1982 at Samaru=Zaria and 13 August, 1981 and
b September, 1982 at Samaru-Kataf. Planting was at the
intra~row spacings of 30, 26 and 22cm to give 55,000; 65,000

and 75,000 plants/ha, respectively.

4

3.6 Weed, Insect and Bird Controls

Weeds were controlled manually hy hoeing twice during
‘the growth of each crop. Vetox 85 was sprayed at 1.12 kg
a.-i./ha in 255 litres of water to control the adults of

spittlebugs (Locris ruben) and stem borers (Acigona ignefusalis

Hamps.?) in both years at Samaru-Zaria., Birds which infested
the 'Dauro?! grains in each year at Samaru-Zaria were scared
away by human belngs. There was neither insect nor bird-

démage on the crop at Samaru-Kataf in both years.

3.7 Data Collecticon

3.7.17 Metecrological data

Meteorological data collected at both locations includedl
daily rainfall and air temperatures. While the data at
Samaru-Zaria were recorded at the research farm of the
Institute for Agricultural Research where the experiment Qas
slted, those for Samaru-Kataf were recorded at Kafanchan
(09°36'N, 03%4B'E, 762m above sea level), about 20 km away

from the experimental site,

3.7.2 Pest, disease and crop data

Stem borers {Acigona ignefusalis Hamps.) attacked 'Dauro!

millet in both years at Samaru-2aria but it was scored only
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in 1981 when thk attack was substantial enough to give a
meaningful statistical difference. The disease data were

collected on downy mildew (Sclerospora graminicola (Sacc.)

Schroet.) at Samaru-Kataf and on smut (Tolyposporium

penicillariae Bref.) at both locations. Downy mildew also
attacked 'Dauro' at both locations but the attack at Samaru-
Zaria was not severe to be scored for statistical analysis.
The crop data collected were number of tillers, plant
height, plant mortality, number of harvestable heads, weight
of harvestable heads, grain weight per harvestable head,
1000=-grain weight as well as grain yield. Data were

collected in the following ways:

Stem borer and downy mildew incidences: These were the

percent attacked plants scored out of the total number of

plants per net plot.

Incidence (%) = Number of plants attacked per net plot x 100
Total number of plants per net plot

Smut incidence and infection index: The incidence was

scored by determining the percent smutted heads out of 50
randomly selected heads. The same heads were also used in
the assessment of the infectior index. The smut infection
index (a measure of disease severity/intensity) of each head
was scored on a percentage scale using the standard pearl
millet smut severity assessment key of the IPMAT 4, ICRISAT®

and the total infection index of the 50 heads was calculated.

-— - -

*IPMAT 4 -~ Fourth Internationa. Pearl Millet Adaptation
Trial 1978.

ICRISAT = International Crop Research Institute for
Semi-Arid Tropics.
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Number of smutted heads
50 randomly selected heads

Incidence (%) = x 100

Infection

index (%) = Y-+ Y(2-1) + Y(3-1) + ¥{4-1) + Y(5~1)

4N

x 100
Whers -
Y = Number of heads in.each category of scale
1l = No symptoms.
-2 = Smutted gralns covering 1=-5% of the head
3 = Smutted grains covering 6-~20% of the head

4 = Smutted grains covering 21-50% of the head

5 = Smutted grains coﬁering more than 50% of
the head

't

N ‘Total number of heads,

Number of tillers per plant: Tillers were counted at

i s M el e

six weeks after transplanting from five randomly selected

plants and their mean value per plant worked out.
i , . .

Plant height: This was determined by finding the mean

height of five randemly selected plants at harvest. The
height of cach plant was measured from the ground level to

the head tipn of the main culm.

Plant mortality: The percent dead plants at harvest was .

determined out of the total number of plants counted at two

weeks after transnlanting.

_ Number of dead plants at harvest - 100
- Total number of plants at two weeks ’
after transplanting

Plant mortality (%)

 z£g£qM¢omponents and grain vield: Heads were harvested

only from the net plots on 1 November, 1981 and 3 November,
1982 at Samaru-Zaria and 3 Decenber, 1981 and 11 December,

1982 at Samaru-Kataf. Only the heads which had at least one
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third of their areas covered with grains were regarded as
harvestable heads. All harvestablé heads for each net plot
were counted, weighed and recorded accordingly for the
number and weight of harvestable heads. The harvestable
heads for each net plot were dried, threshed, winnowed and
the grain weighed and recorded as grain yield. Grain yield
per net plot was divided by the number of heads from which
the grains were obtained and recorded as grain weight per
harvestable head. One 1000 grains were sampled from each

net plot, weighed and recorded &s the 1000-grain weight.

3.8 Data Aralysis

The data collected were statisgically analysed as
described by LeClerg et al. (1962). Where F value showed
statistical significance, the means of such treatments were
compared using the technique of Least Significant Difference

(L.S.D.) at five percent level of probability.
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Chanter 4,

RESULTS

1.1 Climatic Conditions

Rainfall at Samaru-Zaria totalled 1019.1mm in 1981 and
766.5mm in 1982 while at Samaru-Kataf 1247.9mm and 1220.0mm
were recorded in 1981 and 1982, respectively. Out of these
amounts, 7:6,5mm in 1981 and 55€.9mm in 1982 at Samaru-Z2aria
and 640,%am in 1581 and 737.3mm in 19E2 at Samaru-Kataf fell
between the period of sowing anc harvesting (Appendices A-1 -

A"'4).

The maoan monthly maximum and minimum air temperatures
recorded during the growth periods of the crop were relatively
lower than the pre-plant and post~harvest air temperatures

during both vears at both locations (Appendix B).

4.2 Number of Tillers

Locations had no effect on the number of tillers produced

per plant (Table 2). Significantly higher number of tillers

from any of the two transplanting methods in both years at
Samaru--Zuria, Both transplanting methods had statistically
the same number of tillers per plant. At Samaru-Kataf,
statistical differences were found only in 1982, Direct seed-
ing and slant transplanting methods had the same number of
tillers ner 2lant which were statistically higher than the

number of tillers per plant from the upright transplanting
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Table 2: Effects of location , planting method , plant
population and cultivar on the number of tillers
per nlant of 'Dauro' millet.

sr==sasssSSsssSSSCSSSSSSSSSSSSSSSSESSSSESSSSSS=SESssSSsSsssSsssTEs=s
Samaru~Z2aria Samaru-Kataf

treatments . 1981  198: Mean 1981 1982 Mean
Planting Methods

Direct seeding 1.8 3,0 2.4 2o 1.6 2.2
Slant transplanting 1.1 22 1.7 2.3 1.6 2.0
Upright transplanting 1.2 1.9 1.6 2.3 143 1.8
SeBe # 0.07 0.23 0.11 0.17 0.09 0.10
L.5.D. (P = 0.05) 0.19 0.€4 0.30 NS 0.25 NS

Plant populations (plants/ha)

55,000 s 2.3 1.8 2.2 1.6 1.9
65,000 1.4 243 1.9 256 1.3 2.0
75,000 1.3 2:9 1.9 2.6 2.1
SBu % 0.07 0.23 0.11 0.17 0.09 0.10
L+S.Da (P = 0,05) NS NS NS NS NS NS

Cultivars

Ex-Bondon 1.4 245 2.0 2.5 1.6 2.1
Ex~Zonkwa 1.3 2.2 1.8 2.4 1.4 1.9
S.E. 0.06 0.19 0.09 0,14 0.07 0.08
L.S.D. (P = 0,05) NS NE NS NS 0.19 NS
Means of years 1.4 2.4 2.5 1.5

S.E. & 0.09 0.08

Means of locations 1.9 2.0
S.E. & 0.06
semEzsmsssEEnGESCEEEsSSAESSSSSSESESSsSsssSSSsSSssSSsssssSsSssssss=

The following abbreviations are applicable to this table and other
subsequent fables:

NS - Not Significant; S.E. - Standard Error; LSD (P= 0,05) - Least
Significant Difference at 5% level.
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methbd, Plant pepulations had no effect on the number of
tillers per'plant at both locations. Generally, the cultivar

Ex~Bondon produced higher number of tillers per plant than

Ex--Zonkwa but only at Samaru-Kataf in 1982 was a statistical

" difference recorded.

Treatment interactions did not exert significant effect
on the number of tillers per plant. On vear effect, the
number of tillers per plant increased significantly in 1982
at Samaru--Zaria while at Samaru-Kataf, a significant decrease

was recorded in the same year,

4.3 Plant Height

The mean rnlant height at Samaru-Zaria was significantly
~higher than at Samaru-Kataf (Table 3}. Plants from the direct
seeding melthod were generally taller than those from either
the slant or upright transplanting method in both years and
locationz but only in 1982 at Samaru-kKataf were di.fferences
in height significant. Plants from both transplanting method.s.
had statistically the same helght but those from the slant
transplanting method were taller. Neither plant populations

nor cultivarsz had effect on plant height.

There were significant interaction effects on plant height
involving cultivars and planting methods at Samaru-~Kataf in
1981 and cultivars and plant populations at Samaru-~Zaria, Ex-

Bondon produced significantly sheorter plants when transplanted

in a slant position than when 1t was either seeded directly or:;-

transplanted in an upright position (Table 4). The plant

height of Ex--Zonkwa increased significantly up te 65,000
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" Table 3: LEffects of location:, planting method , plant '
population and cultivar on the plant height _ |
(m) of 'Pauro' millet.

T amsruzaria | Samaruokataf
Treatments : 1687 1085 HMesn 1987 1987  Tean
- Planting Methods
Direct seeding ' 2.91 3.32 3.12 3,05 2,85 2,95
. 8lant transplanting 2.86 3.26 3. 06 2.95 2.42 2.69
Upright transplanting 2.77 3.29 3,03 3.05 2,27 2.606
S.E. + 0.07 0,06 0.04  0.06 0.06 0.04
L.S.D. (P = 0.05) ‘N§ NS NS NS . 0.17  0.11
Plant populations (plants/ha) i
55,000 ' 2,76 3,22 2.99 3.02  2.60 2.81 ;
65,000 2.83  3.37 3,10  2.99 2.49 2.74
75,000 . 2.95 3.28  3.12 3.05  2.45  2.75
S.E. + 0.07 0.06 0.04 0.06 0.06 0.04
L.S.D. (P ; 0.05) NS. NS NS NS NS NS

# |

Cultivars _ _hj ?
Ex-Bondon .. 2.77  3.30 3.04 3.02 2.54 2.78 i
Ex-Zonkwa . 2.92 3,26 3.09 3,01 2.48 2,75
S.E. + | 0.06 0.05 0.03 0.05 0.05 0.03
L.5.D. (P = Q0.05) NS NS N3 NS NS NS
Means of years 2.85 3.27 3.02 2.51
S.E. + 0.03 e 0,03 |
Means of lccations | 3.07 | 2.77
SeBa # 2,03 |
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plants/ha and then decreased significantly with further
increase in plant density (Table 5). There were significant
year effects on plant helght at both locations. At Samaru-
'Zaria,.plants were taller in 1982 than in 19871 and vice |

versa at Samaru—Kataf.

4.4 Plant Mortality

Plankt mortality in this study refers to the difference in
the humbe: of established plants at two weeks after trans-

planting and those recorded at harvest,

There was sighificantly higher plant mortality at Samaruw
Zaria than at Samaru-Kataf (Table 6). The number of dead
plants recorded was significantly higher from the direct
seeding than from either the slant Qr upright transplanting
method in both years at Samaru-Zaria and in 1981 at Samaru-
Kataf. There was no statistical difference in plant mortality
recorded between the twé transplanting methods. Compared with
direct seeding, both slant and upright transplantings reduced
the mean plant mortality by 11.5 and 12.1% at Samaru-Zaria

and 5.5 and 5.1% at Samaru~Kataf, respectively.

Plant ponulations also had significant effect on the plant
mortality in beth years at both locations. For every increase
in plant density, there was a significant increase in plant
mortality except in 1982 at Samaru~Zaria where a significant
difference was recorded only between 55,000 and 75,000 piantsf

ha. Cultivars did not have any effect on the plant mertality.

There was a significant treatment interaction in 1981

involving plant populations and planting methods at Samaru=-
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Table 4: Interaction effect of cultivars and planting
mothods on plant height {(m) of '"Daureo!' millet

at Samaru-Kataf, 1981.

Cultivars
Planting Methods
“Ex-Bondon Ex-Zonkwa
Direct seeding o 3.15 2.94
Slant transplanting 2.80 3,10
Upright transplanting 3.11 2,98
S.E ko 0.08
L.S.D. (P = 0,05) 0.22
T N T e R TR R T R RS SIS I SR F SN NN SRR SN T E TSR Eo eSS
Table 5: Interaction effect of cultivars and plant
populations on plant height (m) of ‘Dauro’
millet at Samaru-~Zaria, 1982.
T Cultivars
Plant populations ' “Ex~Boridon Ex-Zonkwa
55,000 plants/ha 3 3,22 1,21
65,000 plants/ha  3.27 3,46
75,000 plants/ha 3,40 3,16
S.E. + . 0.08
L.S.D. (0 = 0.05) o 0.22

o T e A e e e e e e A e A A e m o A A A m AT MmN —— —
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Table 6: Lffects of location » pPlanting method , plant
population and cultivar on the plant mortality
(%) of 'Dauro' millet.

Samaru-~Zaria Samaru-Kataf
1981 1987 Mean 1981 1387 Mean.

[ FerRE N

Planting Methods

Pirect seeding 24,27 26,73 25.53 16.64 8.12 17.38

Slant transplanting 14,26 13.85 14.06 7.64 16,04 11.84
Upright transplanting 15.39 11.49 13.44 9.56 14,98 12.27
S, E, + ' 1.55% 3.45 1.26 1.34 1.34 0.26
L.S.D., (P = 0.05) 4,30 9.55 3.49 3.71 NS 2.66

P

55,000 ! 12087 10.51‘3 11.73 4.33 6008 502‘1

65,000 | 17,58  17.56  17.57 8.42 15.49 11,96
75,000 . 23,48 23,99 23,74 21,09 27.55 24,32
S.E. + 1.55 3.45 1.26 1.34 1.34 0.96

2.66

L.S.D. (P = C.05) 4. 30 9.56 3.49 3.71 3.71

Cultivars

Ex-Bondon _ 17.27 19.05 18.17 11.10 16.52 13.81
Ex~Zonkwa - - 18.67 15.70  17.19 11,46  16.23  12.85
S.E. + o 1.27 2.81 1.03 1.09 1.10 0. 73
L.3.D, (P = 0,0%) NS NS NS NS NS NS
Means of years C17.97 17,38 11,28  16.38

S.E. + o 1.03 0.78

Means of locations _ ' 17.68 - 12.83

e e e oo o e s e s M e e e mw m rh e et e e ek L e LR e e e g e e e e o i S e e M e e mm e e B v s e e i T AR e e s A R e
P N e e e R R e
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Kataf, The plant mortality for each planting method increased
significantly with increases in population density (Table 7).
The year effect on plant mortality was significant only at
Samaru-Kataf where rate of mortality was higher in 1982 than

in 1981,

Table 7: Interaction effect of planting methods and
nlant populations on the plant mortality
(%) of 'Dauro' millet at Samaru-Kataf, 1981.

Planting methods  Plant populations (plants/ma)
55,000 65,000 75,000

Direct seeding 5.42 12.64 31.87

Slant transplanting 3.99 2.64 15.10

Upright transplanting 3.58 8.80 16.29

S.E. + 2.3

L.S.D. (¢ = 0,05) 6.41

4.5 5Stem Borer Attack

Stem bhorer attack on 'Dauro' was observed only at Samaru-
Zaria but only the attack in 1981 was heavy enough to be
reported. There were significant effects of the planting
methods and cultivars on the incidence of stem borers (Table
8). Thec attacks of stem borers for' slant and upright trans-
plantina were essentially the same and significantly lower
than the value recorded f¢r direct seeding. Ex-Zonkwa
cultivar had a higher stem borer incidence than Ex-Bondon
cultivar. Plant population had no effect on the incidence of

stem borer:.
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4,6 Downy Mildew

Downy mildew.iﬁfecéed fDauro' millet at both locations
but only at Samaru-—Kataf was the infectién heavy enough to
give a meaningful statistical difference and has been |
reported here, Among the three factors investigated, only
cultivars had significant effect on the downy mildew incidence
in 1982 (Table 9). The infection was more on Ex-Bondon

cultivar than on Ex-~Zonkwa cultivar.

There was gignificant treatment interaction involving
cultivars and planting methods in 1982 (Table 10). For both
methods of transplanting, Ex-Bondon had significantly higher

incidence of downy mildew than Ex--Zconkwa,

Table 10: Interaction effect of cultivars and planting
methods on the incidence (%) of downy mildew
on ‘'Dauro’ millet at Samaru-Kataf, 1982,

s Cultivars

i

Planting Methods

- Ex-Bondon Ex—Zoricwa
Direct seeding _ : 13.71 16.22
Slant transplanting ' 17.79 | 9,81
Upright transplanting 20,09 : _ 12.82
SeEo + | 2.19
L.3.D, (P = C,05) 6.07



30

Table 9: Effects of planting method , plant population
and cultivar on the incidence (%) of downy
mildew on 'Dauro' millet, at Samaru-Kataf.

E - s L o e P - R R &

Treatments 1981 1982 Mean

-

Planting Methods

Direct sceding 18,03 14,97 16.50
Slant transplanting 17.55 13.80 15.68
Upright transplanting 20,15 16.46 18,31
S.E. ¢ 2.41 1.55 1.42
L.S.D. (P = 0,05) NS NS NS

Plant populations (plants/ha)

55,000 19.76 16.36 18.06
65,000 17.80 15.00 16.40
75,000 18.17 13.86 16.02
S.E. + 2.41 1,55 1,42
L.S.D. (P = 0,05) NS NS NS
Cultivars

Ex=-Bondon 20.66 17.20 18.93
Ex=-Zonkwa 16.49 12.95 14.72
S.E. 2 1.97 1.26 1.16
L.S.D. (P = 0,05) NS 3.49 3.22
Means of years 18.58 15.08

S.E. % 1,16

EE T 3 - E E S e F e e i R



31

4.7 Millet Smut

Effect of location on the smut attack cannot be correctly
deduced since the second year data at Samaru-Kataf were not
recorded. Among the treatments tested, only planting methods
at Samaru--Zaria in 1981 had effec: on the smut attack. The
attack on the direct seeded plants was highest, however, it
was significantly higher than only the attack on the upright
transplants (Table 11). Neither plant populations nor
cultivars had any significant effzct on the incidence of smut
at both locations. On infection imdex significant effect
was recordcd only between cultivars at Samaru-Zaria in 1981,
Ex-Zonkwa had higher infection index than Ex-Bopdon (Table
12). The infection index of the disease refers to the
disease scverity while the disease incidence is the frequency

of the disease occurrence out ot a total count,

None of the treatment interactions had a significant
effect on either smut incidence or its infection index. The
incidence of smut at Samaru-Zaria was significantly higher
in 1982 than in 1981 while the infecticon index in the same

years showed a reverse trend.

4.8 Number of Harvestable Heads

The number of harvestable heads averaged over the two
years was significantly higher at Samaru-Kataf than at
Samaru-Zaria (Table 13). Planting methods had significant
effect on the number of harvestable heads at both locations
in 1982, The number of heads harvested was highest from the

slant transplanting but statistical significance was recorded
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Table *1: Effects of location , planting methods, plant

L2 B

population and cultivar on the incldence
(%) of millet smut on 'Dauro' millet.

Preatments ' Samaru-Zaria Samaru-Kataf
N 1981 1982 Mean 1981
Planting Methods _
Direct seeding 67;22 98.33 82.78 65,11
Slant transplanting 61.33 99.23 80.28 75.22 ;
Upright transplanting 58, 78 99,33 79.06 66.89 3
5.E. + 2.23 0.59 1.12 2.88
L.S.D. (P = 0.05) 6.18 NS - NS _ NS ;
Plant populations (plants/ha)
55,000 63.44 99,44 81,44 70.00
65,000 p 64.44 98.67 81.56 67,67
75,000 59.44 98.78 79.11 69,56 T
S.E. + 2,23 0.59 1.12 2.88
L.S.D, (P = 0,05) N3 NS NS NS .
Lultivars
Ex-Bondon 59.92 99.48 72.70 67.19
Ex-Zonkwa 64.96 98.44 - 81.70 70.96
SeBa. & 1.82 0.48 0.92 2.35
L.S.b. (P = 0,05) NS i NS NS NS
Means of years

S.E. + L,

E S E-F T F F - F - 1 21 1 3 B

62-44 98096 N ’ . ’ 69.08

R EmRE AN AR SN T S SR S RESF TR ES T AT N ST
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Table 12: Effects of location , planting method , plant
population and cultivar~ on the infection index
(%) of millet smut on 'Dauro' millet.

Treatments ) Samaru-Zaria Samaru—-Kataf
1981 19872 Mean 1981
Planting Methocds _ .
Direct seeding _“ - 23,06 o 15.73 | R ¥9.40 _ 23.44 
Slant transplanting 20,19 17,45 - _. 18.82 22,42
' Upright transplanting 21,50 17,73 19.62 22.14
S.E.: * 1.14 1.52 0.97 1.65

L.5.D. (P = 0.05) NS NS ’ NS NS

Plant populations (plants/ha)

—

55,000 21.53 17.70 = 19.62 23.67
65,000 4o . 22.56 - 16.78 19,67 21.75
75,000 | 20.67  16.42 - 18,55 22.58
S.E. % | - 1.14 1.52 0.97 1,65
L.S.D, (P = 0,.05) _ NS : NS NS | NS

Cultivars

Ex-Bondon - 19,85 18,15 19.00 22.13
Ex~Zonkwa 23.31 15,78 19.55 23,20
S.E. # | . 0.87 1.24 0,79 1,135
L.S.D. (P = 0,05) 2.41° NS NS NS
Means of years 21.59 16.97 : 22.67
S.E. + 0,79
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population and cultivar on the number of

harves}able heads of 'Dauro' millet per plot.
. semaru-zaria Samaru-kataf

o 1981 1982 Mean 1981 1982 Mean
Planting Methods
Direct seeding 92.4 110.6 101,5 182.0 185.6 183.8
Slant transplanting 91.0 141.2 116.1 190.8 188.1 189.5
Upright transplenting 87.7 129.3 108.5 174.6 152,9 163.8
S.E. ¢ 4.5 4.3 3.2 2.6 9.3 6.9
L.S.D. (P = 0.05) NS 11.9 8.9 NS 25,8 19.
Plant populations (plants/ha)
55,000 92:1 120.6 106.4 175.8 186.6 i81,2
65,000 87.4 126.8 107.1 182.7 160.9 171.8
75,000 91.6 133.6 112.6 188.8 179.2 184.0
S.E. & 4.5 4.3 3.2 9.6 943 6.9
L.S.D. (P = 0.05) NS NS NS NS NS NS
Cultivars
Ex-Bondon 91.2 125.1 108.2 179.9 188.2 184.!
Ex-Zonkwa 89.6 128.9 109.3 185.0 162.9 174.0
S.E. ¢ 3.7 3.5 2.6 7.8 7.6 57
L.S.D. (P = 0.05) NS NS NS NS i P | NS
Means of years 90.4 127.0 182.4 175.6
S.E. ¢ 2.6 5.7
Means of locations 108.7 179.0
S.E. + 3,19

e Sm TS S S S S S E S S S E T S S S S mES S S s S S E S S ESESESSSSESESSESEESSsEE=EEsSEEEEESEES
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only betvicen direct seeding at Samaru~Zsria and upright
transplanting at Samaru-Kataf. The number of harvestable
heads averaged over the two vyears for each planting methods
at each locations also followed a similar trend as has beenl
described for each location. Plant populations had no
effect on the number of harvestable heads., Cultivars had
significant effect on the number of harvestable heads only
in 1982 at Samaru-Kataf where Ex-Bondon gave higher number

of harvestable heads than Ex-Zonkkwa.

There was no significant treatment interacticn at both?;
locations,., However, the number of harvestable heads at
Samaru-Zaria increased significantly by 41% in 1982 over

the value in 1981,

4,9 Weight of Harvestable Heads

The mean weight of harvestable heads was significantly
higher at Sumaru-Kataf than at Samaru-Zaria (Table 14),
Planting methods significantly affected the weight of
harvestable heads in both yvears at Samaru-Kataf and in 1982
at Samaru--Zaria. However, in 211 the three cases there was
ne common trend of weight variation among the planting methods.
When the welghts of heads were averaged over the two years,

there was highest weight for the slant transplanting and

lowest for direct seeding at Samaru-Zsria while at Samaru~Kataf

the highest weight was for direct seeding and the lowest
weight for slant transplanting. Plant populations had no
detectable effect on the weight of harvestable heads. Culti-

vars exhibited significant differences in harvestable head
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Table 14: Eiffects of location , planting method :, plant

ponulation

and cultivar

on the weight (kg) of

harvestable heads of 'Dauro' millet per plot.

R T ER T N SR TSI T T R R NS T L I R N S N L I NSNS TS SRS TRNET =D

Samaru-—-Zaria

Samaﬁu—Kataf

Treatments

o 1981 1982 Mean 1981 1982 Mean
Planting Methods
Direct seeding 1.43 2.05 1.74 4.74 4.74 4,74
Slant transplanting 1.47 2,67 2.07 3.67 4,69 4,18
Upright trancplanting 1.58 2.34 1.96 5.01 3.67 4,34
S.E. 1 0.08 0.13 0.08 0.29 0.2 0.18
L.8.D, (P = £.05) NS 0.36 0,22 0.80 G.61  0.50
Plant populations {(plants/ha)
55,000 1.63 2.29 1.96 3.93 4,70 4.32
65,000 1,44 2.51 1.98 4.87  4.19  4.53
75,000 1.41 2.26 1.84 4.62 4.2% 4.42
S.E. & 0.08 0.13 0.08 0.29 Q.22 0.18
L.S.D, (P = 0,05) NS NS NS NS NS N5
Cultivars
Ex-Bonden 1.64 2.32 1.98 4,25 4.77 4.51
Ex-Zonkwa 1.38 2.39 7.87 4,70 3.97 4,34
S.E. % 0.07 0.11 0.06 D.74 0.18 Q.13
L.S.D., (P = 0.05} 0.79 NS NS NS 0.50 NS
Means of years 1.49 2,35 4,47 4.37
S.E. g 0.06 0.15
Means of leocations 1.93 4,42
S.E. 3 0.09

R D e AN A T AR E S ST TS S RS TR TS T e s e e s N R D EE I RN ST
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welght ot Samaru-Zaria in 1981 and at Samaru-Kataf in 1987.
The harvestable heads of Ex-Bondon cultivar welghed signi-
ficently more than those of Ex-Zonkwa cultivar at both

locations.

None of the treatment interactions was significant at
any of thc lochtions. However, harvestable head weight at

Samaru-~Ziria was slgnificantly higher in 1982 than in 15B1.

14,10 Grain Weight per Harvestable Head

The avcrage grain weight per harvestable head over the
two years was significantly higrer at Samaru-Kataf than at
Samaru~Zaria (Table 15), Planting methods exerted a signi-
ficant effect on grain weight per harvestable head only at
Samaru~Kataf in 1981, The grain welght per harvestable head
for direct seeding and upright transplanting methods were
statistically the same and were, respectively, significantly
higher than that recorded for the slant transplanting method.
Plant monulations did not have any effect on graln weight per
harvestable heesd. Cultivars had effect on the grain weight
per harvestsble head only at Samaru-Zaria in 1981. The grain

weight ner head was higher for Ex-Bondon than for Ex-~Zonkwa.

There was no significant treatment interaction but there
were significant year interactions involving cultivars at
Samaru-laria and planting methods at Samaru-Kataf as found
in gable 15, In 1982, the graln weight per head decreased
significantly in Ex-Bondon while it increased significantly
in Ex--Zonkwa. Only the grain welght per head for the slant
transplanting method differed significantly between the years

with the grain weight in 1982 being higher.
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4.11 1000~grain Weight

The average 1000-grain weight over- the two years was
significantly higher by 27% at Samaru-Kataf than at Samaru-
Z2aria (Table 16). Planting methods significantly affected
the 1000-grain weight at Samaru-Kataf in 1982. The highest
weight was recorded from upright transplanting followed by
those from direct seeding and slant transplanting in a
decreasing order, respectively. However, only the difference
between the two methods of transplanting was significant.
Although planting methods did not significantly affect
1000-grain weight at Samaru-Zaria in both years, the
difference between the mean 1000--grain weight over the two
years for unright transplanting and direct seeding attained
statistical significance. Neitner plant populations nor

cul tivars had any effect on 1002~grain weight.

No treatment interaction exerted any significant effect
on 1000~grain weight. There was neither year effect on the

1000-grain weight.

4,12 Grain Yield

The mean grain yield obtained over the two years at
Samaru-Zaria was only 35.8% of the yield obtained at Samaru-
Kataf over the same years (Table 17). Planting methods had
significant effect on 'Dauro' crain yield only at Samaru-
Kataf in both years. The highest grain yield was obtained
from direct seeding with slant transplanting yielding lowest
in 1981 and upright transplanting in 1982, The mean grain

vield over the two years from direct seeding was significantly
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Table 16: Effects of location , planting method , plant
population and cultivar on the 1000-grain
velght (g) of 'Dauro! millet,

e e v X T 1T - TP Rpe e
Treatments Samaru-~Zaria Samaru—Kataf )
1981 1982  Mean 1981 1982  Mean
Planting Methods
Direct seeding 6.87 7434 7.11 9.50 9.56 9.53
Slant transplanting 7.38 7.68 753 9.45 9,12 9,29
Upright transplanting 8,18 7.58 7.88 9.59 9.85 9.72
S.E. & 0.38 0.13 0.19 0.20 0.19 0.16
L.S.D, (P = 0.05) NS NS 0.53 NS 0.53 NS

Plant populations (plants/ha)

55,000 7.64  7.62 7.63 9.46  9.82 3,64
65,000 7073 7,63 7,68 9,50 9,38 S.44
75,000 * 7,05 7.35 7.20 9.59  9.32 9.46
S.E. + 0.38 ¢.13 0.19 0.20 0,19 0,10
L.5.D. (P = 0.05) NS NS NS NS N3 NS

Cultivars

Ex-Bondon 7.41 7.47 7.44 .56 9.44 9.50
Ex--Zonkwa 7.53 7.60 TeB7 747 9,57 9.52
S.E, + 0.31 0.11 0.16 0.17 0.16 0.12
L.S.D., (P = 0.08) NS NS NS NS NS NS
Means of years 7.47 7«53 .52 9.51

5.E. + 0.16 0.12

Means of locations 7.51 9,501
5.E. + 0.10
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Table 17: Effects of location , planting method , plant
porulation and cultivar. on the grain yield
(kg/ha) of 'Dauro' millet.

-4+ttt F 1+ -t +1-+1+ 3 3% it %+ttt a2ttt
Treatmenté Samaru-Zaria Samaru-Kataf
1981 1982  Wean 1981 1982 Mean

-

Direct secding 321.5 429.1 375.3  1348,3 1289.7 1312.0
Slant transplanting 344.6 530.9 437.8 798.7 1251.2 1025.0
Upright troasplanting 334.4 466.5 400.5 1133.3 960.0 104G."
S.E. & 30.5 36.8 23.4 134.9 65.8 73.0

L.S.,D. (P = 0.05) NS NS N5 374.0 182.4 20242

Plant populations (plants/ha)

55,000 344.6 487.0 415.8 902.0 1229.8 1065.7
65,000 ' 303.5 498.0 400.8 1152.3 1133.6 1743.0
75,000 352.4 441.6 397.0 1226.0 1137.5 1181.2
5.8 & 30.5 36.8 23.4 134.9 65.8 73.0
L.S.D. (P = 0.05) NS NS NS NS NS NS

Cultivagg

Ex-Bondon 396.1 453,92 425.0 1045.1 1277.4 1161.3
Ex=Zonkwa 270.9 497.1 384.0 1141.8 1056.5 1099.2
S.E. & 24,9 30.1 132 IR | 110:2 53.7 59.6
L.S.D. (P = 0,05) 69.1 S NS NS 148.8 NS
Means of ycars 333.5 475.5 1093.4 1167.0

S.E. + 19.10 59.63

Means of locations 404.5 1130,.2
SsBa 33.46
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higher by 206 and 29% than those from upright and slant
transplanting methods, respectively. Although planting
methods had no significant effect on 'Dauro' grainyield at
Samaru--Zaria, the grain yields in both years followed the
same general trend. The mean grain yield over the two years
at this location was lowest for direct seeding and highest
for slont transplanting. The mean grain yield for direct
seeding wac lower by 6 and 14% :than those for the upright
and slent transplanting methods, respectively. Plant
populations did not have significant effect on grain yield.
Differences in grain yleld of both cultivars were significant
only in 12471 at Samaru-Zaria and in 1982 at Samaru-Kataf with

Ex-Bondon consistently giving higher yields.

None of the treatment interactions had any effect on
grain yield. There was a significant year effect on thegrain
yield at Samaru--Zaria. The grain yield was 43% higher in

1962 than in 1981,
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Chapter 5.

DISCUSSION

Lower grain yield was obtained when higher rainfall was
recorded during the crop growth in 1981 at Samaru-Zaria
whereas at Samaru~Kataf, higher grain yield was cbtained in
1982 when the rainfall was also higher. Better crop growth
wags observed at Samaru-Zaria than at Samaru-~Kataf but the
grain yield was poor. The patterns of 'Dauro' grewth and
vyield did not show that the ¢limatic and s0il conditions at
both locations were sclely responsible for the performance
of the crop. Therefore the effect of these envirenmental
cenditions on the performance of 'Daurc' millet could not

be stated with certainty.

5.1 Location

The effect of location on Zhe vegetative aspect of
'Dauro!' millet was apparent only on plant height, The average
plant heiqght alk Samaru-~Zaria was 30cm taller than at Samaru-
Kataf. This shows that the conditions for vegetative growth
of 'Dauro! plants thatceveloped up to the reprodoctive phase
ware better at Samaru-Zaria than at Samaru-Kataf. However,
these condiltions might not be the same with those for the
survival of the plants as higher plants mortality was recorded
at the former than at the latter location. This phenomenon
might be explained to mean that while the conditions for
veqgetative growth of 'Dauro' rillet may have been better at
Samaru—~Zarlia, those for the survival of the plants were more

ample at Samaru-Kataf.
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The stem borer attack on 'Dauro' was localized at Samaru~-
Zaria, This may have been one of the reasons why 'Dauro’
millet is still not grown extensively in the Northern Guinea
savanna. On the other hand the attack of downy mildew on
'‘Dauro' millet at Samaru-Zaria was very mild which could be
interpreted to mean that it is not a major problem in the

production of 'Dauro' millet unlike at Samaru-Kataf.

The number of harvestable heads obtained at Samaru-Zaria
was lower than at Samaru-Kataf. This could be attributed to
the stem borer attack and grain damage by birds. The stem
borer attack which occurred at the reproductive stage of the
crop could have destroyed some >f the head-bearing culms.
Ajayi (1980) has also found that the attack of stem borers
on millet at late vegetative stage usually renders some
heads unharvestable. The attack of quelea birds damaged
and reduced the number of grains on the heads. Consequently,
some of such heads fell short of the definition as harvest-
able heads. Harvestable heads were defined as those heads
that had at least one third of their areas covered with
grains. The cffects of these factors show that the ecology
of Samaru--Kataf is better suited for the production of 'Dauro’

millet than the ccology of Samaru-Zaria.

The wecight of harvestable heads, grain weight per
harvestable head and 1000-grair weight were also higher at
Samaru-Kataf than at Samaru-Zaria. Higher values of head
weight and grain weight per head at Samaru-Kataf could be
explained on the higher grain weight and the absence of

grain damagc by gquelea birds and higher grain weight while
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the 1000-grain weight could be on higher grain weight only.
At Samaru--Zariz where the reverse was the case, some of the
harvestable hceads attacked by quelea birds had less grains
and conscquently weighed much less. Similarly light grains
rcsulted in lower grain weight per head. The low "000-grain
weight at Samaru-Zaria could be attributed to the cffect of
dry harnattan wind. This wind which has a characteristic
of dryina up any available soil moisture within a short
period, arrivcd during the grain filling stagce of 'Dauro!
millct at Samaru-Zaria. Consequently, 'Dauro' plants were
stresscd and maturity hastened, the effect which gave risc
to light grain becing produced. At Samaru-Kataf where the
grain filling stagc of 'Dauro' millet preceded the arrival
of the harmattan wind, heavier grains were produced. The
effcect of the harmattan wind on the grain weight of 'Mauro!
millct as explained on the water stress agrees with that of
imposced water stress at the grain filling stage of wheat
(E1 Nadi, 1969; Surma, 1981; Datiri, 1982) Similar
explanation could also be given for the weight of harvest-

able heads and the grain weight per head.

The avorage grain yield over the two years at Samaru--
Zaria vias only 35.8% of the average grain yield at Samaru-
Kataf., Thce poor grain yield at Samaru-Zaria could be
attributcd to the light grains, low numbecr of harvestable
hecads and thoe grain damage by quelea birds. Comparcd to
the grain yicld at Samaru-Kataf, thesc factors accounted
for yicld losses of 9.5, 23.2 and 3°.5%, respectively,

(Appendix C),
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The reduccion in grain yield at Samaru-Zaria - as a result of
light drains caused by deficient moisture during the grain
filling stage agrees with the findings of other investigators
(Kanitkar, 7944; Lahiri and Kharabanda, 1965; Phillips and
Norman, 1967) who concluded that moisture deficiency at the
reproductive stage of pearl millet reduces grain yield of
the crop reca<dless of its drought resistance. The large
grain yield loss due to the grain damage by quelea birds
further conf{irms the conclusion by Crook and Ward (1968)
for a cuelea birds as being a very serious pest of cereals
and the most destructive bird in the world. In Nigeria,
quelea wirds have been reported to cause large annual
losses of cercals (Hitchcock, 19€0; Ward, 1964), Ward (1964)
cited the Lake Chad region of Nigeria where some fields of
pearl millet were abandoned because of complete grain
damage insnite of vigorous attempts by famrers to protect
the grains. Although better vegetative growth of 'Dauro’
millet was observed at Samaru-Zaria, the grain yield was
however poor due mainly to the effects of quelea birds,
stem borers and harmattan wind. Therefore, since the grain
yield of 'Rauro' is of utmost importance, Samaru-Zaria
could not be regarded as a suitable location for 'Daurc!

production,

5.2 Planting Methods

More tillers were produced per plant under direct
seeding than when transplanted. However, the highest

average number of tillers per plant did not exceed three
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-

the basgl »art with soll also might have danaged some of the

*potential tillers.

’

Although planting methods had no discernible effects on
plant hecight, a clear trend was cstablished whereby taller
plants were produced when 'Daurc' was sceded directly in the
field than when transplanted. The shorter plants from trans-
planting could be as a result of growth retardation suffered

before thn transplanted plants were adequately re-established.

Plante established by direct seeding had a higher rate
of plant mortality than when established bf'transplanting.
The higher death rate of the direct seeded plants could be
as a result of longer exposure to adverse field conditions.
Plants raiscd by direct seeding were on the field for about

four weelk: before those transplanted.

Therz was lower incidence of stem borer attack on the
iransplanted plants than the direct seeded plants. This
result could be compared with observations in rice where
transplanling also served as a protection against pests morec
than direct secding .Tempany, 1932; Anonymous, 1967). This
is an indication that stem borer infestation in 'Dauro’
millet can be minimised by transplanting. Planting methods
did not significantly affect the level of downy mildew
attack. This result contrasts Wwith the repért by*Gurha (1920)
which showad that downy mildew attack on 'Bajra' millet was
significantly reduced under transplanting as compared to

direct seeding.
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The number of harvestable heads recorded from slant
tranSpla;ting was consistently higher than those from either
the unright transplanting or direct seeding in spite of the
fact that higher number of tillers was recorded consistntly
from direct seeding than either of the two transplanting
methods. Two possible reasons why the direct seeded plants
had more tillers but produced less harvestable heads could
be advanced. The highest plant mortality was recorded from
direct secding and consequently the number of stands was
reduced Lo the extent that these which survived probably had
less toial number of head-bearing culms compared with either
of the two transplanting methods. Seceondly, not all tillers
recarded from direct seeding could have produced harvestable
heads, Earlier studies on the viability of tillers in other
types of nearl millet showed that neot all tillers produced
automatically reculted in harvestable heads {(Ramond, 1968;
Egharevba, 1977b). However, more tillers resulting in less
harvestable heads in respect of Samaru-Zaria location could
be further attributed to stem borer attack and grain damage
by birds as explained arlier for locations. In respect of
mlanting methods, the highest incidence of stem borer attack
on the cre; was from direct seeding and this could have
destroyed some of the head-bearing tillers. Secondly, the
direct zeeded nlants were ahead of the transplanted plants
in develowment and therefore got to anthesis and formed
grains carlicr thereby becoming the 1Initial target of attack
for gquelea birds that damaged and reduced the number of
grains on the heads. Consequently, some of such heads fell

short of the heads defined as harvestable.



50

Although"ﬁlanting methods had significant effect on the
weight of harvestable heads since there was no common trend
in the variatioﬁ of head weight among the planting methods,
the significant effects could not be regarded as meaningful.
Planting methods had no effect on the grain weight per
harvestable head and 1000-grain weight of 'Dauro' millet.

Similar result has been reported in maize (Egharevba, 1977a).

Planting methods had significant effect on 'Dauro’ grain
Yield only at Samaru~Kataf. Although the differences in
grain yield among the planting methods followed no consis-
tent trend, direct seeding gave conssistently the highest
grain yields. The mean grain yleld for direct seeding was
26 and 29% higher than the mean yields from the upright
and slant transplanting methods, respectively which 1s
contrary to higher groain yields reported for transplanting
'‘Bajra' in India (Tomer et al., 1974; Pal, *976; Gurha,
t1980). This is an indication that the grain yvield of 'Dauro’
millet realized from transplanting in Samaru-Kataf area cah
be improved by direct seeding. At Samaru-~Zaria where the
differences in grain yield did not attain any statistical
significance, direct seeding gave consistently the lowest
yields. Although yield differences at Samaru-Zaria were
not statistically significant in view of the consistent
trend among the planting methods, the lowest grain vield
for direct cceeding could be explained on four factors,
First, as explained in respect of harvestable heads, the

grain damage by quelea birds consequently reduced the grain



51

yield for the direct seeded plots., Secondly, the highest
incidence of stem boref attack from direct seeing also
reduced %he grain yield through the reduction in number of
harvestable heads. Harris (1962) who reported that late:
maturing millet usually suffers severe stem borer attack,
concluded that stem borers are one of the major factors
lilmiting yield in pearl millet. .Thirdly, plant mortality
(a measure of established plants not developing to produce
grain) was highest for direct seeding. Finally, the lowest
1000~grain weights recorded for direct seeding showed how

light the gralns were and this could have also contributed

to the low yields in direct seeding.

5.3 Plant Populations

Plant populations had significant effect only on plant
mortality. N posglble explanation for the increased plant
mortality with population density could betlrriacreased inter—
ptant competition for nutrients, space and other factors
necessary for the plant survival. The narrow range of the
blant populations and the increase in plant mortality with
the population dencsity were probably responsgsible for the lack
of plant population effect on other characters of 'Dauroc!
millet., ©On the number of tillers per plant, the lack of
plant population effect gontrasts with what is usually reported
fof 'Gero' millet where the number of tillers per plant

decreases as the population density increases (Egharevba,

1977b; Egharevba gt al., 1983},
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5.4 Cultivars and Years

The evaluation of the two cultivars 6f ‘Dauro' millet

‘used in this investigetion did not show that both Ex~Bondon
and Ex—Zonkwa cultivars were different. However, among the
characters assessed, Ex-Bondon appeared to be superior over
Ex-Zonkwa it the number of tillers per plants, resistance

to stem borer and smut attacks; number and grain welght of.
harvestable heads, grain weight per harvestable head and

grain yicld, Although low incidence of stem borer attack

on Ex~Bondon bordered on resistance this ~ould not be sald with

!
certainty since the result was based on one year data.

The effects of years on the performance of 'Dauro’
millet werc not the same at both locations. Whereas the
values of the characters assessed generally lncreased in the
second vyear of the study at Samaru-Zaria, there were decreases
at Samaru--Kataf. The decresases at Samaru-Kataf could hke

attributed mainly to delay in planhting.
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Chapter 6.

SUMMARY AND CONCLUSIONS

Investigations involving 'Dauro’ millet were conducted
in 1981 and 1982 rainy seasons at Samaru-Zaria and Samaru-
Kataf to explore the possibility of productnyg: the crop
outside its present ecological area and also to determine
the rationale in slant transplanting the crop as well as
the effect of plant populations on its grain yield. Two
cultivars of 'Dauro' (Ex-Bondon and Ex-Zonkwa) were seeded
directly in the field while their seedlings raised in the
nursery bed:s were transplanted in slant and upright positions

at three populations (55,000, 65,000 and 75,000 plants/ha).

'‘Dauro' millet at Samaru-Zaria showed better vegetative
growth than what was observed in its natural ecology at
Samaru--Kataf., The mean plant height of 3.07m at the former
compared with 2,77m at the latter location exemplifies this
fact. llowever only an average grain yield of 405 kg/ha was
realized at Samaru-~2Zaria compared with 1130 kg/ha at Samaru-
Kataf. The poor grain yield at Samaru-Zaria was caused by
light grains, low number of harvestable heads and the grain
damage by nuclea birds which represented 9.5, 23.2 and 31.5%
yield losses, respectively, when compared with the grain yield

at Samaru--Kataf.

Among the three planting methods studied, direct seeding
resulted in tallest plants and highest number of tillers per
plant and plant mortality. Direct seeding also resulted in

highest grain yields at Samaru-Kataf while it resulted in
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lowest grain‘yields at Samaru~Zaria. Poor grain yield
performance for direct seeding at Samaru-Zaria was due to
stem borer and bird attacks arid plant mortality., Over the
two vears, the mean grain yield for direct seeding at
Samaru~Xatal was 26 and 29% higher than the mean vyields

for upright and sglant transplanting, respectively, whereas

at Samaru--Zaria it was 6 and 14% lower tharn those for

upright and slant transplantings, respectively.

Planting 'Dauro' millet at the population range between
55,000 and 75,000 plants/ha did not give any agronomic
advantage on clther the grain vield or some of the agronomic

characters investigated. Increases in plant density resulted

in increases in plant mortality. There was also no statistical

difference batween the two cultivars evaluated although Ex-

Bondon cultivar appeared superior to Ex-~Zonkwa cultivar in

few resﬁ%cts.

From the foregoing, it can be inferred that Samaru-Zaria
is not a suitable location for the production of 'Dauro!
millet in view of the prevailing menames of quelea birds,
stem borers and the dry harmattan winaa Except, perhaps when
and where such menaces are not pronouced or where they can be
effectively checked, for instance, by means other than the
traditional bird scaring. In respect of planting methods,
direct seeding in Samaru-Kataf area can improve 'Dauro’ grain
vield over transplanting. Although the opposite may be said
of Samaru--Zaria area, the average grain yield over the two

locations still shows that direct seeding can improve the

grain yield realized from transplanting. This shows that
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the rationale¢ for transplanting 'Deuro’ wmillet might not be
actually” vied to higher grain yield but could be due to some
oéher socio~economic factors such as the possibility of
producing two different crops at separate intervals on the
same picce of land during the same rainy season, spreading
and saving labour during the rainfed cropping season., -

On the mode of transplanting, no yileld advantage of the
traditicnal slant transplanting could be established over
the upright transplanting. Finally, plant populations in

_ the range of 55,000 to 75,000 plants/ha had no agronomic
advantage on 'Dauro’ grain yield probably because the range
used was too close. There is therefore a need for further
investigation into population effect on 'Daure' millet.

The two cultivars used in the iﬁvestigation of the three

objectives were essentially the same.
Qc)" '
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APPENDICES

Appendix A--l: Dafly rainfall (mm) at Samaru-Zaria, 1981,

e e s e s e
Date April May June July August Sept.
1 27.2 0.8
2 0.8
3 14.1 8.6 1.3
4 TR . 14.5
5 14.2 2.5 0.1
6 0.6 0.5
7 12.0
8 1.9 25.0 33.0
9 2+3
10 5.5 9.5
11 21.0 TR 4.8
12 30,2 14.5 0.4
13 8.8 19.4
14
15 6.7
16 40.5 26,2 20.7 2.7
17 27.8 110
18 26.2 14.0 21.8 24.0 1.9 24.4
19 20.3
20 3.0 8.0 TR
21 2%1:5 32,0
22 24.7 3.4 0.5
23 44,8 11.8 0.4 46,7
24 0.5 34.0
25 7.8 2.2
26 3 7 2.3 29.0
27 12,8 5.6 47.6 7.3
28 12.9 15,0 41,5 21.3
29 1.0 1.4 2.2
30 4.0 4.5 .
31 13.3 3.1
Monthly
Total 100,7 90.7 159.0 254.8 280.6 133.3
Source: Meteorological Unit, Institute for Agricultural

TR =~

Research, Samaru, Zaria, Nigeria.

trace,
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Appendix A--2: Daily rainfall (mm) at Samaru-Zaria, 1982,

= EEESSCECEEESSSSSESSSTCESSSESSSESESSSISISSSISSSISRSScSss=sss
Date April May June July August Sept. October
1 TR TR 2w 12,2 5.5
2 5.0
3
4 2aD - TR
S 6.2 5. 5.5 29.5
6 24.7 8.8 1a3
7 4.9
8 2.0 0.6 TR
G TR TR 237 19.0 19.6 40,3
10 203 10,5 . 3.3
11 16,2 19.0 3.5 8.6
12
13 5.1 845
14 5«5 45.1 T+3 0.4
15 1.2 TR
16 133 5.3 28.0 12.4 1,8
1% 28.0
18 2:2 TR
19 4.6 TR
20 16,8 25:9 15.5
21 7.4
22 TR 11,1 52.0 8.8
23 Tal
24 9.0 TR T TR
25 4.7 2.9
26 5.6 0.2 37,0 243
27 T
28 0.4 22.4 553
29 16,7
30 TR TR 1.9 26.7
31 22.0 TR
Monthly
Total 59.17 72.1 113.9 166.7 190.7 117.6 45.8
BEECESCSIEEsSESE S S ssEE RS CaS NS ECASESSNeRISs SREATASAERESESEES

Source: Meteorological Unit, Institute for Agricultural
Research, Samaru, Zaria, Nigeria.

TR trace.
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Appendix A-3: Daily rainfall (mm) at Kafanchan, 1981.

e T e e S e e R e e e T

Date April May June  July August S5ept. Octoher
1 2.3 8.6 2.8 27.9 3.6 2.9
2 15.0 1.5 _ .
3 13.0 : - 35.4

- 4 16,2 | 32.8 1.5 8.9
5 + 0.2 28.5 3.6 4.0 4.5 4,2
6 9.2  11.0 7.8 4.0 6.9
7 5.8 22,5 20.3 . 25,0
8 ' 2.2 1.1
9 18,8 | 2.0 27,4
10 19.5  10.0 '

11 24,8 ' . 12.0 0.5

12 7.0 2.0 13.0 R 13,8
13 ' 7.4 28,3 6.5

14 11,5 17.2 16.9

15 13.2 2.2 4.7 2.1 8.1

16 9.4 4.8 23.8 '

17 6.7 4.9

18 2.0 33,8 1.4

19 6.0 1.6 G.8 4.0

20 .

21 42.0 3,2 4.8 7.9

22 36.0  15.0  71.0 2.4 1.2

23 7.0 : 3.0 6.4

24 0,1 - ' 31,2

25 17.0 31.0 3.1

26 14.0 0.1 1.9

27 12.8 0.1 9.6 21.0 2.9 4.4

28 23.8 14.0  23.8 8.0 6.8 1.8

29 12.8 36,0 6.0 R 4.9
30 0.6 2.8 0.1 5.0 2.5

31 3.2 . 14,9

Monthly

Total 95,2 228.0 273.9 170.6 235,7 200.9 39.6

Source : Meteorological Unit, Kaduna State Water Board,
Kafanchan, Nigeria.
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Appendix A-~-4: Daily rainfall (mm) at Kafanchan, 1982.

.
et e e 2 2 S 2

Date .  March April May June July Aug, BSept. Oct. Nov.
1 TR 0.7 24.8 8.0 27.0
2 25,0 27.2 12,5 0.2 24.0
3 50.1 0.6
4 2.0 24.3 0.2
5 5.0 1.8 17.0 1.5 5.0
6 2.0 3.0 1.9
7 36.0 3.0
8 1.0 14.2 4.0 4.7 10.2
9 2.0 0.3 4.0 1.1 4.0 10,0

10 . . 0.2
11 1.9 0.1

12 0.2 1.1 46.4 1.4

13 10.2 19.0 0.6

14 11.5 14.9 20.6 2.2

15 1.2 13.2 21,5

16 16.0 7.2 0.2

17 .0 10.8 27.3 25.5
18 30.1 2.1 - 4.7 76.5 15.4

19 "0.5 2.0 28.7

20 - 10 32.6 4.9

21 10.2 .2 21.6 5.7

22 17.0 3.3 32.6

23 2.0 2.2 2.9 18,9

24 5.2 7.2 9.4

25 3.1 11.7

26 16.0 0.4 5.0 14.2 1.8 8.0
27 12.3 2.0 1,9 6.8

28 8.0 29.6 7.9

29 8.5 0.7 17.5

30 19.0 12.9 4.5 24.5

31 14.5 25.9

Monthly
Total 6.0 - 9649 88.0 150.0 153.4 438.1 159.7 90.9 27.0

Source: Meteorological Unit, Kaduna State Water Board,
Kafanchan, Nigeria.

TR = trace.
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Appepdix B: Mean'Monthly Maximum and Minimum Temperatures (OC)°
T T gamarunzaria . Samaru-Kataf
1987 1987 1981 1982 h
:@é%;:ifﬁ?ﬁt Max, Min, Max, Min_, Max, Min%’“
January 2062 11.5 29.8 13.9 - * 31.3 19.5
February 32,9 15.4 31.0 15.1 * * 32.5 21.6
March 34,08 i8,9 34,6 19.5 h * 33.1 21.7
April 36,0 20,1 35,7 21.5 * * 32,4 2244
May 31,9 20,9 3.4 21.8 31.4 18,7 29.2 21.5
June 5007 20.5 30.9 21,0 27,9 20.1 27.7 20.6
July 28,1 15,5 29.5 19.9 26,5 20.7 25.8 18,9
Augusl 2544 13.5 28.0 19.5 26.3 20.1 26,9 20.5
Septembar 30,71 19.4 29,6 19.5 26.6 20,2 27.3 15.9
October 32.5 17.3 30.9 18,7 29.1 20.5 28.1 19,4
Nevember 29,1 14,2 30.2 12,9 31.5 22.4 30.5 14,5
December 30.3 12.7 30.2 14.0 32.9 16.2 32.9 14,4
cadessEEEsTS eSS Es S SSSSSE SRS SR SFTSSRSSIRASESSRRISsSssssszsusss
Scureess: Samaru-Zaria - Meteorological Unit, Institute for

Max. -

Min, -

Katanchan

May imua

Minimum

* Data not avallable.

Agricul tural Research, Samaru, Zaria,
Nigeria.

- Meteorological Unit, Kaduna State Water
Nigeria.

Board,

Kafanchan,
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Appendix C: Ho, the figures for 'Dauro! grain yield losses due

to the low number” of harvestable heads, low grain
wzlght and the graln damage by quelea birds at
Sumaru--Zaria were arrived at.

Mean
Number 1000-grain Grain yield
of huads weight (g) (kg/ha)
Samaru-Zaria “08.7 7.51 404.5
Samaru-Katai 279.0 9,51 1130.2
ie Yield loss due to the number of harvestable heads;
If there was a mean of 179 heads at Samaru-Zaria the grain
yield would have been 404.5 kg/ha x 179
108.7
= €66.1 kg/ha
e« Yield loss = 6€66.17 kg/ha - 404.5 kg/ha
= 261.6 kg/ha or 23.2% of the grain
yield at Samaru-Kataf.
ii Yield loss due to low grain weight:
If the 1000 grains at Samaru-Zaria had a mean weight of
9.51g, th» grain yield would have been 404.5 kg/ha x 9,5%g
.ng ,
= 512,2 kg/ha
<. Yield loss = 512.2 kg/ha - 404.5 kg ha
= 107.7 kg/ha or 9.5% of the grain yield
at Samaru-Kataf.
iii. Yield loss due to the grain damage by quelea birds:

The mean grain yield (1130.2 kg/ha) at Samaru-Kataf less the
sum of the mean grain yield (404.5 kg/ha), and the mean
grain yiecld losses due to the lower number of harvestable
heads (2G%.6 kg/ha) and lower 1000-grain weight (107.7
kg/ha) at Samaru-Zaria gave the yield loss due to the grain
damage bv quelea birds. That is

1130.2 kg/ha - (404.5+ 261.6+ 107.7) kag/ha
= 1130.2 kg/ha - 773.8 kg/ha
= 356.4 kg/ha or 31.5% of the grain yield at
Samaru-Kataf.
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Appendix D--1: Individual analyses of variance feor number of

tillers per plant of 'Daure' millet.

"""""""""  pegrees  Mean squares
Source of variation of Samaru-~Zaria Samaru-Kataf

- freedom — 1gg4 19872 1981 1982
Cultivars (C) 1 0,060 1.850 0.167 0.644"
Planting methoeds (M) 2 2.469* 5.545" 0.908 0,551
C ox M - 2 0.071 1.515 0.056 0,097
Plant populations {(P) 2 0.036 0.355 1.185 0.272
C x P 2 0.087 0.295 0.223 0,084

=3
pX

)
.

D.037 0,785 0,185 0,054

Cx M x P 4 Q0.177 0.488 0.111 0,318
Error 34 0.095 0,927 0.496 0.131

Appendix D.-2: Individual analyses of varlance for plant height
of 'Dauro' millet.

T eqrees . Mean squares N
Source of variation of Samaru-~Zaria Samaru=-Kataf
L o freedom “og7 1982 1981 1987
Cultivars (C) 1 0,300 0,006 0,002 0.057
Planting methods (M) 2 0,090 G.e14 0.058 1.640%
Cx M : 2 Q.025 - Q,044 0.331* 0.156
Plant populetions (P) 2 G.160 0.103 0,008 0.3715
C x P 2 0.015 0,222* 0.008 0.041
M x P 4 4,015 0,048 0.053 0.50
CxMx P 4 Q0.225 0.015 0.015 0,017
Error 34 0,095 0,058 0.054 0.069

»
Denctes statistical significance at 0,05 level
of probability.
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Appendix D-2: Individual analyses of variance for plant
¢ 3 mortality in 'Dauro' millet.

. Deqgrees ' Mean squares
Source of variation of : S K P g
freedomn Samaru-~Zaria amaru- agg
1981 1982 1981 1987
Planting methods (M) 2 540,34 1219.48* 404,37+ 45,50
C x™M 2 43,40 195,77 51.27 35.86
Plant Populations (P) 2 508.80* 809.46* 1374.44< 2084 30"
C x P 2 20.93 1,60 40,00 2.82
M x P 4 88.54 90.59 121.45" 10. 34
CxMxP 4 114,26 129.04 5429 13.33
Error 34 43.48 60.16 32.13 32.49

* Denotes statistical significance at 0.05 level
of probability.

Appendix D.-4: Individual analyses of variance for stem borer
incidence at Samaru-Zaria in 1987 and downy mildew
incidence at Samaru-Kataf in 1981 and 1982 in
'‘Dafro' millet.

STSSESESESS8SSs misEEeTmssaeasmL.T SEESs=Z== ESSSE=EE=S = T S T S S s T ES SIS TR S SES s EEES

Degrees . Mean squares _
Source of variation of Stem borer poyny Mildew Incidence

f reedom incidence ;

1981 1982

Cultivars (C) 1 48, 38" 235.21 243,21°
Planting methods (M) 2 413.07* 34.48 31.89
CxM 2 85.61 13.70 154.60¢
Plant populations (p) > 24.30 19.61 28.09
CxP 2 37.50 11.59 7.92
M x P 4 62.90 87.98 81.33
CxMxP 4 56.54 86.53 28.03

Error 34 7771 1C4, 75 43.18

* Denotes statistical significance at 0.05 level
of provability.
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Appendix D--5: Individual analyses of variance for smut
incidence in 'Dauro' millet.

i A A P I e R 4 m = Erm 8w AN el mrp ek by m® MR mAy o A s s mis AL M mit 4P M S M ME me e T M W M o M Cn e 4R TN W MU Moy mwn Tem e s s s e

. ¢ varinti Degrees Mean squares
wource of variation of Samaru-Zaria Samaru-Kataf
freedom 1981 1982 1981
Cultivars (C) ' 1 342,53 14,52 192,67
Planting wmathods (M) 2 337.56* 5,41 5.25
C x M P 6H.96 1,47 854.90
Plant populations (P) 2 126,07 3.19 27.64
C x P " 2 212.51 6.74 216.22
M x P 4 80.272 5.85 9.52
C x MxP 4 46,97 2.96 50.11
Error 34 89.84 6,27 149,585
* Denotes statistical significance at 0.05 level
of probability.
Appendix Dw6: Individual analyses of variance for smut
infection index in 'Dauro' millet.
Degrees | Mean squares
Source of wvariation of -
freedom Samaru=Zaria Samaru-Kataf

L 1981 1982 1981
Cultivars (C) 1 161.83* 75.86 15.57
Flanting metheods (P) 2 36.93 21.13 8.52
C x M 2 32.15 17.80 5.67
Plant populations (P) 2 16, 10 7.81 16.63
C x P 2 15.59 47,87 44,93
Mx P 4 32.99 25.62 3.83
Cx Mx P 4 16,09 3.8% 23.50
Error 34 23.55 41,53 49,08

* Denotes statistical significance at 0.05 level
of probability.
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Individual analyses of variance

for the number

of harvestable heads of 'Dauro' millet.

Dea; Mean sqguares
_ _ . eqrees e

Source of varlation of Samaru~Zaria Samaru~-Kata¥f

freedom et s mm
e 1081 1962 1981 1982
Cultivars (C) 1 34,24 196,46 347.60 B689, 36#
Planting methods (1) 2 106.02 4289,.02~" 1179.05 &952.80%
Cx M 2 ©45. 35 148.69 1658,55 499,02
Plant populations (P) 2 119,91 760,96 761,40 1258.57
C x P 2 929.69 93,41 6.75  3142,.30
M x P 4 189,32 256.88 2058,18 558.82
CxMx P 4 112.55 160,05 2344.08 4109. 16
Error 34 364,37 332.56 1644,.69 1542,.27

* Denotes
of probability,

Appendix b-«G:

statistical significance at 0.05 level

Individual analyses of variance for the weight of

harvestable heads of 'Dauro’ millet.
T hegtees | Mean squares
Source of variation of

freedom EEEELE:E%?&E samaru-~Kataf

~ 1981 9H2 1981 1982
Cultivars (C) 1 1.130* 0.064 2. 750 B.6407
Planting mebthods (M) 2 0.120 1.776% 9.010* 6.608"
C x M 2 0.340 G.041 0.080 0.190
Plant populations 2 0.275 0,323 4,240 1.511
C x P 2 0.035 0.082 0,025 1,420
M x B 4 0.075 0.251 1,033 0.601
CxMx?P 4 0.060 0.392 0.660 1.4971
Error 34 0,123 0,306 1.536 0,897

* Denotes statistical significance at 0.05 level

of probability.
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Appendix D--9: Individual analyses of variance for grain weight
per harvestable head of 'Dauro' millet.

Degrees Mean squares
Source of variation of
freedom Samaru-Zaria Samaru-Kataf
- 1981 1982 1081 1980
Cultivars (C) 1 11151 2.28 20,41 4,33
Planting methods (M) 2 16.66 1.16  258.64* 4.80
CxM 2 18,76 17,50 81.24 7.586
Plant populations (P) 2 4,95 13.07 29.43 6. 36
CxP 2 14,77 1.68 139.23 0.94
M x P 4 2+ 75 5.08 56,53 1.23
CxMxP 4 5.60 8.45 84,78 13.41
Error 34 8,24 7.25 54,30 6.41

* Denotes statistical significance at 0.05 level
of probability.

Appendix D-10: 1Individual analyses of variance for 1000-grain
weight of 'Dauro' millet.

i - ;;g;ee;— Mean squares
Source of variation freggom Samaru-Zaria Samaru-Kataf

R 1981 1982 1981 1982
Cultivars (C) 1 0.190 0.230 0.130 0.220
Planting methods (M) 2 7.861 0.560 0.85 2.350°¢
Cx M 2 0.047 0.560 1.120 0.875
Plant populationsz (P) 2 2.528 0.47% 0.085 1,355
Cx P 2 5.123 0.065 0.015 0.680
M x P 4 3.795 0.480 0.595 0.893
CxMxP 4 0.144 0.468 0.140 1.770
Error 34 2,654 0.318 0.736 0.671

* Denotes statistical significance at 0.05 level
of probability.
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Appendix D-~211: .Individual analyses of variance for grain yield
of 'Dauro' millet. ' -

P o T o m o I S T T o LI e A ME AT e B aw o rw o rer Tt e e P A TE TE MR e ms T e e me am SR ok o Eh sms bt W I e e e e o T T e W
e ER L s T R S N I I I e o S I N s e I R o TR TR o T

Degrees ° ' Mean squares
Source of vzriation of Samaru=-Zaria Samaru-Kataf
freedom 989 1982 1981 1982
Cultivars (C) 1 211.537.7%25172,6 126150,0 658880,2%
Planting methods (M) 2 2414.,2 47742.9 1381296.0* 585075.8*

C x M ‘ 2 46113,.5 44928.1 30022,9 494%4 ., 3

o

Plant populations (P) 12430, 16073.5 518358.5 53389.¢

C x P : 2 26324.9  9952.6 745820.5 64151.0
M x P 4 7359.0 20738.9 480533.8  12458.3
CxMxP 4 A877.2 31373.4 250060.5 101405.8
Error 34 16790.5 24374.3 327733.2  77833.2

* Denotes Btatistical significance at 0,05 level
of probability. _ |
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Appendix D--17:; Combined ahafyses of variance for number of
tillers per plant and plant height of 'Dauro’
millet over 198, and 1982,

""""""""""""""""" benrces . Mean squares
grees
Source of variation of. No.of tillers/plant Plant height
freedom  Samaru- Samaru~ Samaru- Samaru-
I _Zaria  Kataf _ Zaria___Ketaf _
Years (Y) 1 27.200* 26,.700* 5.176* 6.790*
Cultivars (C) 1 1.29 0730 0.010 N.039
Y % C 1 0.620 0.080 0,300" 0.019
Planting mcithods (i) 2 7.505* 1.110 0.025 0.927"
Y x M * 2 0.510 0.350 0.080 0.768*
CxM 2 1.005 0.055 0.087 0.C18
Plant populations {(P) 2 0. 120 0.270 0.113 P.057
Y x P P 0,275 1.185+* 1.148" 0.065
CxP 2 0,040 0.110 0,212* 0.040
MxP 4 0.470 0.133 0.053 0,064
Error 86 0.475 0,361 0.0582 0.065
=555 1 21 1 3+t 2+ >+ 2 -t -+ 3 F = 22 4 3 t-F - & 54 3 & R4 F-F3 J 3+ 1 3 54

* Denotes statistical significance at 0.05 levél
of probability.
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Appendix D-13: Combined analyses of variance for infection
of 'Dauro' millet over, 1981 and 1982,

====:==:::-.====7.::—_,=:.-::x::::z:z-_-:-_-:::-.-_--_-::-.-::zz:z::::::::::a:::r-::::z::::z
DegreeS Mean Squares

Source of variation ¢ ?g Zaria-Samaru Samaru-Kataf
reedom Smut Smut infec—= Downy mildew

— incidence tign index _ incidencce
~Years (Y) 1 36007.26¢ 576. 39" 331.10*

Cultivars (C) 1 108.00 8,06 478, 38*%

Y x C _ 1 245,04°" 229.68* 0.03

Planting methods (M) 2 129.60 6.00 65.05

Y x M 2 213,37+ 52.06 1.32

Cx M 2 24,45 10,94 76.59

Plant populations (P) 2 68.60 14,418 42,52

Y % P 2 60,59 9,43 5.17

Cx P 2 137,33 6,07 4,04

M x P 4 84,07 35.407 140.471

Error 86 45,44 33,858 72.76

* Denotes staticstical significance at 0.05 level
of prokability.
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Appendix D-id4: > Combined analyses of variance for plant mortality
L J

and number of harvestable heads of

tDauro?

, wmillet over 7987 and 1982,
""""""""""""""""" S — e —
Source of variation of Plant mortallty heads
freedom Samaru- Samaru— Samaru-— Samaru .

e Zaria Kataf Zarie ___ Kataf ?
Years (Y) . 1 9,69 701.81* 36300.0" 1295.1 [
Cultivars (C) 1 25.52 0.02 33,3 2780.6 )
Y x ¢ 1 151.94 2.77 197.4  6256.4 }
PlantIag methods (M) 2 1666.90% 341.58*  415.4  6565.4%
Y x M 2 92,92 108.59* 2472.8* 1566.5 '{
C x M 2 28.89 24.76 108,7 55735 f
Plant populations (P) 2 1298,41% 332,16 415.4 1468, 4 |
Y x P 2 ' 15.84 76.57 465, 5 2435.5
C x P 2 5,50 11.07 744,7 604,8 |
N x P 4 118,62 32,21 144.7 345.3
Error 86 57,38 32,98 366,9 1724.4

* Denotas statistical significance at 0.05 level

of probability.
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Appendix D~15: Combined analyses of variance for weight of
' harvestable heads and grain weight per harvest~
able head of 'Daure' millet over 1981 and 1982,

Degrees M?ai squares :
Source of variation of Welght of heads Sriin welght per
frecdom i head
Samaru- Samaru- Samaru~ Samaru-
— Zaria Kataf Zaria Kataf
Years (Y) 1 19,935+ 0.301 0.004 27.50
Cultivars (C) 1 Q.335 G.818 40,94 2.96
Y x C 1 0.853* 10.57€* 72.86* 21.79
Planting methods (1) 2 1.041%  2.969 5.45 142,917
Y x M 2 0.853* 12.652 12.37 120.537
C x M 2 0,202 0.021 29,08 22.93
Plant populations (P) 2 0.215 0.408 17.02 15,74
Y x P 2 0.381 5.345* 1.00 20.05
C x P 2 C.114 0.839 4.94 61,05
M x P 4 0.096 0.258 6.25 32.71
Error 86 0.211 1.214 7,50 34.15

* Denotes statistical significance at 0.05 level
of probability.
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Appendix D-~16G: Combined analyses of variance for 1000-grain
weight and grain yield of 'Dauro' millet over
1981 and 1982,

Source of variation of 1000~-grain weiqght Grain yleld
freedom Samaru=- Samaru- Samaru- Samaru-
o Zaria Kataf Zaria Kataf
Years (Y) 1 0.089 0.002 544,585* 146,000
Cultivars (C) 1 0.415 0.006 45,351 104,000
Y% C 1 0.001 0.333 191,259* 680,000
Planting methods (M) 2 5.388* 1.655 35,560 967,000¢%
Y x M 2 3.030 0.807 14,598 999,000"
CxM 2 0.212 0.17C 58,611 151,000
Plant populations (P) 2 2.592 0.444 3,544 125,000
¥ %P 2 0.409 0.991 24,960 447,000
CxP 2 2.501 0.858 30,067 529,000
M xP 4 2.976 0.978 10,059 522,250
Error 86 1.339 0.724 19,705 192,035
T T P

* Denotes statistical significance at 0.05 level
of probability.
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Appendix D-17: Owerail combined analyses of variance for some
characters over both years and locations.

’
NS ES S T N TN EE I S TS SSTT r SE E EE E E E S CSrC EEEE rFEE TEE S RS SESESSESERD SEEEESSSEEES

Degrees Mean squares

Source of variation of No. of pimpit Plant No.of har-
freedom tillers morta- vestable

i _perplant height 1ity heads
Years (Y) 1 0.002 0.048 273.30 11940,9°
Locations (L) 1 0.680 4.973* 798.60* 266985,3°
Y x L 1 53.200* 12.017°* 438,19* 25654, 3¢
Cultivars (C) 1 1.980* 0.009 1.93 1102,.5
Yx C ! 0.560 0.171 97.84 2115,6
L x C 1 0.040 0.140 13.62 1711,4
Planting methods (M) 2 7.050° 0,750¢ 1753.81° 5061.6*
Y x M 2 0.450 0.274* 48.11 1068. 3
LxM 2 1565 0.252* 254.66" 3426,1"°
Cx M 2 0.690 0.058 40.24 553.8
Plant populations (F) 2 0.370 0.014 4411.82+ 1404.7
Y %P 2 0.575 0.129 85.58 549,.1
LxP 2 0.015 0.206 268.,75* 479,0
¢ i P 2 0.135 0.102 0.92 1318.2
M x P 4 0.120 0.046 117,31 72.1
Error 187 0.433 0.077 46,02 1100.9

* Denotas statistical significance at 0.05 level
of probability.
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Appendix D-18: Overall combined analy
characters over both years and locations,

Y N AT

ses of variance for yield

E A 2 ST S T+ - 2 2t 2+ 2 F T - 2 b b 2 L F R

Mean squares

Source of variation Degg?es zﬁiﬁgﬁ_ g;?ézt 1000~ Seakn
freedom vestable PeF har- grain yield
headia vestable weight
L head o

Years 1 7.669* 14.21 0.030 627,000¢°
Locations (L) 3 337,250* 1880. 35° 217.800 28,438,000°
{ x L 1 12,587 13.30 0.060 63,000
Cultivars (C) 1 1,098 10.93 0.26% 143,000
Y x C 1 2.711 7.48 0.190 75,000
L x C 1 0.054 32.99 0.170 6,000
Planting methods (M) 2 0.249 80.08* 4.665¢* 345,000
Y x M 2 8.969°* 71.64° 0.890 614,000¢
L x M 2 3.761* 68.29° 2.380 657,000¢*
C x M 2 0.106 31.88 0.025 151,500
Plant populations (P) 2 0.347 11,24 1.885 43,500
Y x P 2 12527 14.33 0.358 253,500
L xP 2 0.276 21.53 1.150 85,000
Cx P 2 0.756 19.58 0.270 388,000*
M x P 4 0.122 15,12 2.770 121,250
Error 187 0.855 21.58 1.099 120,941
P S S T T T LT T

* Denotes statistical significance at 0.05 level

of probability.
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