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ABSTRACT

Wth the aimof inproving the production of 'Gero
mllet, investigations were conducted at Samaru, Zaria, during
the 1903 and 1984 wet seasons to study the effects of three
pl ant popul ati ons (40,000 (1 ow); 00,000 (medium and 120, 000
pl ants/ha (high), three sowng dates and two varieties of
mllet (Ex-Borno and Dwnarf-CGero) on tiller survival and

grain yield of pearl mllet.

At the low plant population tiller contributed maxi num
(by 60% to the grain yield. Contribution of the tiller to
grain yield at medium and high plant popul ation was to the
extent of 57%and 50% respectively. The |low plant popul ation
resulted in relatively higher nunber of tillers per plant, and

lowtiller and nain-culmnortality.

The earliest sown mllet with a nean grain yield of 140
kg/ ha, perforned better than mllet sown at the second and
third sow ng dates by an average of 10%and 22% respectively.
Qain yield in the early sow plot was determned by the
nunber of harvestabl e heads, nunber of tillers per plant,
longer tine to - 50%- flowering as well as tiller contribution

to grain yield.

These results indicated that Dnaarf-Gero excell ed Ex- Hono
as judged by tine to 50%flowering to grain yield as well as

resi stance to drought.



P ant popul ation had significant effect on 'Gero

mllet grain yield. The Dwaarf-Gero out-yiel ded Ex-Borno by

a margin of alnost 50%in grain yield in 1903, while in

1984 when the rainfall was nore adequate, they both vyiel ded

at par, indicating the drought resistance of Dwarf-Cero.
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Chapter 1

INTRODUCTION

1.1 Origin and Distxibution

pearl millet (Pernisetum typhoides G. & H.) originatet

from Africe particularly the regions of Abyssinia and Sudan
(Uavilov, 1951)s HKeishnaswamy (1962) also states that most

of the earlier botanists considered Africa as the centre of
origin of pearl millet and that it was later introduced into
India and other parts of the world. Other areas of production

include China, United States of America, the Near and Far gEast.

1.2 Ecological Kdaptation

Pearl millet thrives on @ wide range of soile but it
generally prefers well-drained ones and it is particularly uwell
suited to loamy sand soil. It 1s, however, extensively groun
on shallouw mixed black red and lighter coloured snoils of south
India (ICAR, 1961a). Generally, millets are less tolerant of
water-logging than sorghum. They are early maturing and

resistant to intense heat and drought.

Millet is grown in areas with @n annual rainfell range of
between 125 to 900mm (Jain and Methur, 1961; Aiyer, 1947).
Where dry matter for fodder 1is required, Oegg (1971) estlwated
500mm of rainfsll e@s edequate and in areas where the crop 1is
grown for grain rainfall mey be much lesa, since the crop is

reserved for those areas where malze and sorghum fail becouse



of low reinfell or sdverse soil factors (Burton, 1951).

1.3 Production and Trend in Nigeria

The leading producers of millet in Africa are Nigeris,
Chad, Niger, Mali, Ethiopies and Tanzania, However, Nigeria
ig the highest producer: PMillet in Nigeria is second only
tu sorghum among the cereals hoth in total production and @noe
under cultivation (F.A.0., 1977). Total area under production
is estimated at sbout 5,0 million hectares, while annuel
production is estimated ot about 3.0 million tonnes (F.A.0.,
1900). 1t has been estimated over the years that the avertge
annual production hae been on the incresse due to increase in

production per unit ared (F.A.0., 1900).

Three cultivars of pearl millet ore generally grown in
Nigerie, mamely: the early moturing (75 - 100 days)
day-neutral 'Gero' tyne, the late maturing day length sensitive
typiwa', Ooth the 'Maiwa' end 1Daurc' are grown in the heavier
reinfall erees of northern and southern Guinea savanna while
tGero' which accounts for well over 00% of sll the millet
grown in Nigeria (kassam, 1976) is produced mainly in the Sudan

and S5ahel savanna parts of northern Guinea savanna.

1.4 Egonomic Importance

In Nigeria, millet is grown mainly for greins, while in
some parts of the world like the United States of Americe and

pustralia where it is grown mainly @8 forage. The protein



content of millet grains has been reported to vary from 10 - 20
per cent (Nwasike, 1977). The grains are used in differont

ways as spurce of food. They may be mashed; cooked and scten
with stew(burabyska) or 1t could bk turned into fholr end used
in making !tuwo', i fura' and many other pasteries: In eddition,
the bramn is used in feeding livestock, especially pouliry.

The stalks are also widely used in thatch makinge.

Even though Migerie is a leading producer of millet,
yield per unit @ree is low when compared to other countries
like India and China with 2stimated annual production of
6.0 million tons and 9.0 million tons produced on 4.0 million
and 4.0 million hectares, respectively (F.AR.0., 1500).
Nigeria's low yields are due to poor management of the crop.
Other factors responsible for the low yields in Nigeria are
low plant population, owing to the fact that millet is
usually intercropped with other crops like sorghum, cowped and
groundnuts. Untimely planting is anpther constraint that
results in low yields because farmers often rush to sow thoir
millet without waiting for the ra&ins to get establisheds. The
unpredictable weather and limited growing season result in
desiccation of the seedlings which consegquently affect the final

grain yield.

With the aim of introducing an improved variety (Duarf=Gerg)
as well as overcoming the above mentioned constraints, @ rescarch

proposal was initiated with the following objectives:



b)

4

_ o S
to determine the effect of plardt populaticn and

sowing date on tiller survivel and tillex

contridution to grain yield in two bultivars of

"Gero! milles,

4o deternife the nost sultable 'Gers' millat

veriaty For the northern Gulnes savanna ecologicol

Z0oN2a.



Chapter 2

LITERATURE REVIEW

| wéfaun (1952) has reviewed that the development and yicld
of crop plants and their physiolpgical processes depend upon the
plant genetic make up and environmental factors, for instance,
the number of tillers 1n millet depends wupon the cultivar and
the genetic constitution of the crop. Other factors which
affect the perfomnance of crops include plant density, time of
- sowing and the level of disemse and past infestation. Thase
:; factors, however, do vary in their effect from location to
location as well as from one crop species to snother. Such

information on pearl millet is not essily avaliable.

L

o

2,1 Plant Population

Optimum plant populetion was found to be dependent solely
ory avallable moisture, scil nutrient etatus as well a@s gize and
viability of the genotype baing sown (Cogget, 1970; Egharevba,
1970). Reallzation of maximum yield potential of a crop
warrants not only optimum lmvel of plant density but also opiinum
inter 8s well ag intra-row spacings. Gautam (1969), in his
studies om hybrld millet in north Indiza, suggested an inﬁer-rmu
spacing of 60 or 45cm with an intra-row spacing of 15cm 28 the
most favourable for getting waximum grain yield of the crope
Fatil (1959), and Singh et al. (15963) recommended 8 plant density

of 120,000 plants/ha as optimum for millet and this was found to



give the highest grain and fodder yield. In ancther study
involving three millet genotypes at the Institute for the
Semi-Arid Tropics (ICRI-SAT, 1977), tHyderabad, Indig, it wos
reported that plant populetion had no significant effect on
grain yield, provided fertility was adeqguate. In the same
study 1t was reported that the sowing pattern rather than
population density hud a significant effect on grain yieli’, and

this was independent of both genotype end population.

In & study conducted at Semoru, Nigeria, plant densitics
ranging from 20,000 tc 100,000 plants/ha have been tried
(Egharevba, 1970). OUn the basis of the study, population
density of about 20,000 plants/ha was said to be the most 1dool
for the Sahel savanna while about 60,000 plants/he was saicd To

be the optimum for the northern Guinea savanna.

Several studies on cereals have indicated that there was
increase in grain yield as plent population increased. In
sorghum, for exsmple, Seilinger (1926) and Karper (1929) reporied
increase in grain yield as plant population increased. They
expleined this increase on the ablility of the cereal to form
tillers. Anonymous (1900) reported on increase of 19% in grain
yleld of sorghum when plant population was increased from 335,000
to 50,000 plents/ha. Yield declined when plant population was

incressed to 56,000 plants/ha.

In maize, it has similarly been found that as plant

Population increased there was a corresponding increass in nrain



yield, leaf area index and tot2l dry matter production until @
certain optimum level was resched (Loomis and Williams, 1973
Krishnamurthy et 2l. 1974b). Individuol leaf area has, NOTEVEY,
heen reported to increose in maize with reduction in plant
population (Oishdr ond ahaloby, 1979). Darrol et al. (1963),
in their study on maize alsg arrived ot the conclusion thet
high plant population caysed an inereszs2 in the incidence of
st@lk lodging hecause of steady decrezse in the diameter of une
stalk, According to them, incresse in planting rates also

coused & decrease in ear size and uniformity.

Shimono and Gpsaki (1900) in their resesrch on wintos whntt
concluded thot increase in plant density gave increased Ll=af?
area index at anthesls, ingresced number of ears/mz at maturlly,
decrecsed dry matter in the top leaf blade end decressed nuah. of
grains/ear ot maturlty. Sharma et 21. (1960) alsg found thei in
wheat higher seed rate than the optimum might give higher nuaher
of nlants per unit area but would produce weak plants with

emall gralns.

2.2 Tillering

Tillering which is the 1atersl branching of a plant
develops from the buds in the axils of the jower leaves gitoched
tn the basal crowded nodes. Tillering occurs commonly awono
cergal crops. The tiller is an importent component of the nlant
hecause it conuributes both to the grain and dry matter

production. geveral reseerchers have reported that the nuin e
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of tillers per plant varies among cultivars of millet. While
lamond (1960) reported sbout 40 in some millet cultivars,
Uhardwa j and Webster (1971) reported between elght to four in

some locally grown ones.

Egharevba (1977a) has shown tillering to be of tremendous
advantoge when millet is grown for fodder, wheress tillering
could be disadvantageous when grein production is the primory
interest. He showed thot tiller in millet contributed about
60% of the total dry matter but only about 30% of the totisl
grain yleld. Similarly, Kessam et al. (1976) aleo reported
that tillers contributed sbout 22% of the totsl vyield of grain
in millets.

Gencorally, tillering appears to be regulated by scverel
genes, with low tillerimg dominant over profuse tillering
(Burton, 1951). Qeversl resesrchers hove found that the extent
of tiller sumwvival and yield differs with variety, soil
fertility and water status of the plent (Barley snd Naidu, 196h4;
Sym@, 1967). Kenki and Reitz (1955) reported that significont
difference exicsted among oat varieties in their tillering
ability at different population levels. Low temperature,
moisture deficit and nitrogen depletion have been reparted o
cause Teduction in tiller production in herbage grasses (Dounca,
1960). While Langer (1963) has reported that tillering in
pasture grasses is inversely proporticnal to plant density,

Quinlanana Sagar (1965) reported that in spring wheat, highex



mean number of productive tillers ere produced st lower
pepuletion densities. In some varieties of wheset, a large
number of tillers were found to die &t or before ear emergoence
and contribute nothing dirvectly te grein yield (Engledow, 19253

gmith, 1933),

Leaf area develpgpnent followa tiller formation closely with
leaf wrea being positively correlated with number of tillers.
Flant characters desired for fodder yield include higher number
of leaves, thin stems profuse tillering and medium plent hcicht.
Therefore, the more profuse the tillering the more the nunboveg
of leaves and hence the greater the fodder yield. In Alabama
(USA), Hoveland et al. (1567) obtained the highest forage yiold

in Gabi millet with high seeding rates: 33.6 kg/ha in 15.2cm rowa.

.Tillering alsp affects grain yield. The effect of tilleving
was studied on reinfed pennisetum by Ayyengar and Harihoran
(1935c). They found that the main Flush of flowering was spoecd
over a period of sbout 12 days, and the last of the tertiories
may continue flowering even after seeds have ripened on the
primaries. It was alsoc observed that flowering in pennisetun
usually started with the maein culm and proceeded to the nrimary
tillers, then to the secondary and lastly to the tertiary. In
terms of grain yield the secondary tillers yielded most with
about 50%, while primary tillers yielded about 35%, and the
main culm only about 10%. Ayyangar and Hariharan (1935c) further

studied tillering pattern in irrigeted pennisetum, where secondory
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tillers were found to make the least contribution to grain vield
of sbout 15%, while primary tillers produced abput 50% of the
grain yield. In short-ctemmed cereals like rice, wheat, borloy
and oats, grain yield has been shown to increase gradually uith
tillering. For example, Yoshida (1972) reported that in rice
grein yield incressed with tiller production, while Gregory
(1975) working an wheat clso reported positive carrelation
between graein yield end tiller number. Stoskopf and Reinbergs
(1966), on the contrary, reported that inmcresse in grain yield
in berley 8nd psts due to increase in tillering 1e rather -
insignificent and actually found tillers/plant to corrclate

negatively with grains per head.

Egharevba (1977a) concluded thot optimum yield wes gbtoinoed
from tiller in millet if the number of tillers ranged betweocn
three to five per plant. The contribution cof tillers to totel
grain yield of millet in Nigeria has been found to be beiuwzen
15 - 22% (Kassam, 1976). Reduced tiller number substantiolly
increased grain yield =2lthough reducino to just one tiller pox
stand had a negative effect. BSankaram and Kaliappa (1974)
reported that grain yield of millet is positively correlated wigh

number of productive surviving tillers.

Egharevba and Vanderlip (1983) reported that mare functlonal
tillers were formed at lower than higher plant populstion. UWhile
about 47% of the tillers formed at 60,000 plante/he produced

harvestahle heads, only 10% at 100,000 plants/ha produced



"

hervestable heads., They concluded that the magnitude of

tillers formed at different plant populations will indicate that
whether planted at low or high plant populstions pearl millet
will produce tillers, but tlllers produced et high population

densities are mainly rudimentery ond they seldom survive.

2.3 Time of Planting

Time of planting has always been known to have a8 markod
effect on growth and yield of crops in different parts of the
world, Within the optimum time renge, yields usually declin?
with late planting. 1In Nigeria, this optimum time renge has
been asscssed to be the beginning of the rains for most cropo.
Since the length of the rainy seeson varies from 230-90 days
from the southern Guinez savanna tp Sudan savenna zones of
Wigeria, the optimum time of planting is also expected o vary

from the south to the north.

The onset of rains in any given year, however, is difficult
to @2ssess with @ high degree of accurscy as this varies Trom
year to year end place %o ploce (Kowal and Knabe, 1972). This
thus makes it difficult to recommend @ definite time for souing
eny crop. However, for millet, Marchal (1950) and Egharzvha
(1979a) heve given the conditions thet need to be met to be able
to ascertain the esteblishment of rains. The condition which led
to considering the differences in the climatological zones stcte
that since the establishment of raine in iligeria is not the sone

in the different ecological zones the sowing date varies from
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April in the southern Guinee savenna to mid-June in Suden
savenna. Therefore, the most appropriate time to sow in the

northern Guinve savanna appesrs to be early te mid-May,

Balasubramanian (1959) has recommended 25mm of rainfull
immediately after sowing for good germination in sorghum and
millet. The relstionship of rainfall to growth and development
of millet has bzen studied by Arakeri (1947), He found thot
rainfall during the presowing period noverna the time of sominn
but does not affect the yields. However, heavy rainfall
during the germination period, particularly the first threz o
four days, results in poor germination and lowered yields,.
Heavy rains during flowering or ripening reduce seed set which
subsequently results ih low yields, poor grain quality, ond

lodoing.

The time when @ crop is sown is known to have & markod
effect on its growth end yield. while @ lot of work hus Guon
done on the influence of scwing date on the growth, maturity
and yield of maize, Zea mays L. (Zuber, 1966; Bunting, 19613)

and guinea corn, Sorghum bicolor L. (Stickler and Pauli, 1961;

kassam and Andrews, 1975) very little information 1s avsiluble

on the effect of sowing rate on the performance of millete.

Beceuse millet is regarded as drought tolerant, wany Fomaors
rush to sow thz crop immediately the first rain falls. Hovever,
in most ceses there is o long dry spell hefore another roinf: il.

During this period, most of the seedlinge sown have hecome
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desiccated owing to the intervening drought and inadedquasc lund
preparation. The few spedlings that manage to emerge oxe
atunted and by the time the rains begin to he more regular
spme of the farmers have loet a good percentage of their crop,
and at the time they decide to replant, 1t is already latcz, AS
a result of this uncerteinty, it is necessary to deterninc 2

more Teliable period for souing.

Generally, early planted cereal crops yield higher arains
because plants are able to utilize the initial flush of socil
nitrate at the onset of the reiny season (Greeland, 1950).
However, too early planting can be os bod as too lete. Too
garly planting may result in @ crop maturing during the raino
with consequent reduction in grein quality due to mouldy heed,
and attack by insects; and varieties which are planted too
late fail to fill their grains completely as @ result of lack
of water (Kassem, 1974). Stickler and Paull (1961) have 2150
indicated that early plenting in Kansas (USA) increased tillooing
and number of head per unit srea. 8Similarly, white, 1977, 1070;
and Bunting, 1960 reported thot garly planted meize shaouwerd
significant effect on grain yield =8 well as increase in foropo
quality. In their studles on winter wheat, Martin, 1926; Plitman
and Andrews, 1961; and Smid &nd Jenkinson, 1979, found thot
seeding dates later than optimum resulted in reduced yielio,

lower hectoliter weights, delayed hesding end late maturitye.

Lateness in planting was gencrally found to be detrimentol
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to nrain yield of crops by many researchers. In their stuly un
maize, Briggs end Attinaw (1979) concluded that sowing dates
(depending on the prevailing weather conditions) significantly
affected grain yield. Humar et al. (1902) also reported fraom

@ result obtained from Sakura (bokoto State), thet highest weize
yield was gbtained from plots sown in mid-Geptember, and thot
grain yield was reduced linearly with timc as date of sowing was
delayed. Similarly, Greaney (1946) found increased root rot ond

decreased yield when epring whest wes soun late in Manitoba (U3R).
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Chapter 3

MATERIALS AND METHODS

3.1 Experimental Site and Spil -?{3;

Field experiments irvolving 'Gero' millet were conducsod in
1903 and 1904 wet seasons et the Agronomy Research Farm of Gho
Institute for Agriculturel Research, Samaru, Zaria (11”11'N and
7°38'E; 650m above mean sea level) in the northern Guinea savapno
ecological zone. The goil 1s a fine textuféd,.well dralinaorl
gandy loam (Tomlinsom, 1965) derived from crystalline baseieend
compliex and classified as ferrugincous tropicél soil. The tnxtural
and chemical proporties of the scil are given in {Table 1). The
soil is slightly elkaline with low content of nitrogen and ovganie

carbon.
3.2 Trestments

freatmenfé 1ﬁ§e§tigated irnvolved two millet varieties,
three plant populctions and three sowing dates. The millet
varieties were: Ex~-Borno, an improved local variety which
matures early and grows to about 2.5 metres tall; and Owarf.Goro,
# selection from Ex~Borno which grows to apout 1.2m tall, The
B three plant populations tested were 44,000 (low); 00,000 (medium)
and 120,000 (high) plants/ha and three sowing dates spaced at
three~ wegk lntervals soon after the sstablishment of pains.

Detalls of socwing dutes and managamsnt operatione are given in

Teble 2.
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Table 1: Physico-Chemical properties of the scil (0-30cm) atb

the experimental site at Samaru.

503} Character Composition

Texture (%):

Coarse sand | 20.0
Fipe sand 35.2
511t 30.0
Clay 5.0
pH in water (1:1) | ~ Gab
Total nitrogen, N (%) f0.02%
Total phosphorus, P (ppm) ' 147,35
Orgenic carbon, T (%) 0.37

Exchangeable cationa (Meq/100g saoil)

Sodium, Na _ _ D.o0s%
Potassium, K 0.06
Calcium, Ca + Magnesium, Mg 1436
Cation exchange capacity, CEC (Meq/100g soil) H.70

fJase saturation (%) 31.283
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Table 2: DOetails of Management Operation on Millet during
the 1963 and 1964 growing seasons ot Samatru..

- -

S/No Operation Date Remarks

12 Seed bed preparation 14,5.1903 75cm ridge
5.541904 75em rirge

24 Fertilizer application 20.5.1903 Bard pleced on ridges
24,5.1984 at sbout 10cu deep
Jjust before sowing at
the rate of 65kg N/ha
and 45kg P, 0./ho as
calcium am%nﬁium
nitrate and sinple
super=nhosphote,
respectively.

. Sowing dates: Date I 25.5.1883 To he spaced 2t three
Date II  27.6.1903 uweeks interval, but
Date III 19,7.1903 the pattern of rainfall
caused modificotion
in time of sowing.

Sowing dotes: Date I 29.5.1584 As the rainfoll was
Date IT 19,6.1904 more reguloar in 1904

Date IIT1 10.7.1984 the sowing 1as more

timely than in 1983.

ke Weed Control - Pre-gmergence
application of atrazine
(GESAPRIM 500FW) at
De5kg B.is/ha Tollowed
by hoe weeding at 3 end
6 weeks after sowing.

5. Spacing - Inter~row spacing of
75cm and intra=-row
spacing of 33.3; 16.6
and 11.1cm to give
40,000; 00,000 and
120,000 plants/ha,

respectively.
6. Pest contrpol at Vetox '05' was sprayed
6 weeks after sowing - at the rate of 1.12kg

a.i./ha in 255 litres
of water tou control
spittle bugs (Locris
ruben) and stem=borer
Zﬂcigpna lgnerSaLLg
Hamps) .
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Table 2 {(Contd,)

5/No Operation - Date - -... Remarks

Y. Birds control from .'f - ' Birds were ocarod
flowering to harvest - away by hiroed mens

8. Harvesting | Date I  3.9.1983 For the respective

7.10.1983 sowing dates in
29,10.1983 1903,

Date I  L.9.1984 For the ruspective
25.9.1906  souwlng dates in 1904,
15.10,1984 |

ol - -k

g

33 Design and Plot S5ize

b

The experiment was laid ouk iﬁ 3 ﬁahdumised Complete Olock
design with three replicetions. The plot size was 6.0m x G.0m
while the total experimental arem was Stm igng and 36m wide
(0.19/ha). The gross plot contailned eight ridges of which the

inner four rowe were used as the net plot.

3. Measurements and Observations

3ok Meteorological data

The 1903 rainfall was sub-optimal. The meteorclogical dats
records of 1903 and 1984 ot the experimental site include the meen

annual rainfall and air temperatures os indicoted in Appendices

1-"’.

J.he2 Per cent seedling emergence

by

Per cent seedling emergence was recorded within the first
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week after spwinge This was scored by counting the numbor of

geedlings thet hove emerged within each plot.

3.4.3 Number of tillers per plant

The number of tillers per plont wos recorded from 0
pre-determined @rgn of 1m2 in each plet storting from the thisd veek
up to the eighth week ofter sowing ot weekly intervols. Tiller
formetion was complete by the time the plent storted headino ond the
nunber recorded then was regarded os the total number of tillirs

formed,
J.be lLeaf area

Leaf area and ieaf area index were determined at full
vegetative stage From three randomly selected plents taken Tron
different plont stands in the inper four rows ond their wcon values
were colculateds The linear method of length x widkh (at @he
broadest point) wes cdopted for leaf area (Egharevba, 1977a) while
for the leaf orea index (LAI) it was L x W x K divided by lond nres,

where K = 2 correction foctor of 0,75 (Egharevba, 1977a).

3.4,5 Time to 50¢% flowering

This was determined by recording the number of days o LIS
flowering, beginning from time to S0 seedling emergence. The 505
flowering which was regorded os when 50% of the plants In a plot

had flpwered was scored by countinga

3.b.6 Tiller mortality

Tiller mortality in this study is defined a2s the difiowonce

in number of established tillers ot full vegetative stane (hoading
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stage) and those recorded at harvest. Like the total numbor of
tillers formed, tiller mortelity was determined from o

pre-determined 1m2 plot inside each net plot.

3,4,7 Main-culm mortality

Main=culm mortality was also determined from the differonce
between the number of plants at thinning and the number of planto
2
at hervest, This was also colculeted from 8 pre-determined Im™

plot inside each net plot.

3.4.8 VYield and yield components

Heads were harvested oply from the net plot on 3rd Septenber,
7th October and 20th Detober, 1903, for the first, second ond thizd
sowing dates, respectively. In 1904, harvesting started on 4th
September; 1984, for the first sowing date, while 25th Sentzoliowe
and 15th October, were the harvesting dates for the second and third
sowing dates, respectively. The hends were sundried, theeshoed,
winnowed and the air dry grains weighed and recorded as grain vicld,
The grain yield per net plot wes divided by the number of h:cds Trom
which the grain were obtained and recovrded as grain weight oo
welght per harvestable head. 0ll the harvestable heads for soch net
plot were counted, weighed and recorded accordingly for the nunber
end weight of harvestshle heads. The 1000-grain weight wos soonled

from each net plot, weighed and recorded os 1000-grain weight.

3.5 Data Analysis

The date were subjected to statistical analysis with all the
factorial arrangements as described by LeClerg et al. (19G2). Where
F values showed statistical significant differences, the m2ans of
such treatments were compared wsing the Least Significant

Difference (LSD) at five per cent level of probability.
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RESULTS

e -

Lo,1 Per nengﬂﬁmergencé

hlnltﬁbugh;éouing date had no significant.ef?ect on per cent
acedling emergence (Table 3) for both years, the number of
seedlings that emerged frum the first sowing dote was lower tﬁah
those that emerged from the second ond third sowing dotes for
1983. Per cent emergence from the first suwing date was 700 os
ageinst 06% and B4%, respeciively, for the second and third
sowing dates. The per cent seedllng emergence fur 1984 whs,
however, higher at the first sowing date than at the subsefuent

sowing dates.

In both years the per cent seedling emergence was
significantly affected by plent populetion., The highest per cent

seedling emergence occurred at 40,000 plants/ha in both varictics.

Treatment interactions did not have apy significant effuct

on per cent emergence. There was no year effeot either,

4.2 Stand Count a8t Thinping

Stand count which wes meant to confirm the actual number of
plants that were established was recorded at the time of thinning.
Sowing date did not have ony significant effect on the number of

plants that were finally established for both years (Table 4).

Plant population had significant effect on stand count %
thinning in both years with the high plant populaticn having higher

¥
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Toble 3: Effect of plont populntion, sowinp dote and varicby

on per cent seedliing emergence of pearl milleh ot

Gamory, Zaria.

ke

Per cent seecling emz2runnce

Treatments
1953 1904 Mean
Plant populscions
40,000 plonts/ha 72.23 77.67 .95
40,000 plants/ha 8k.19 82.67 83,43
120,000 plonts/ha 91,53 97,83 94,60
5E () 2.65 2,96 2447
LED (P = 0,05) 10,05 18.51 0.77
Suming_datea
Date I _ - 76,20 87417 02.69
pate Y11 B6.19 86.00 56.09
Date IIT L _ 83.56 8% .00 Bl .20
SE (+) 2.85 Z2.96 2 47
LSD (P = 0,05) . N8 NG NG
Varieties
Ex-8orno 85.13 87.689 06451
Duarf~Gera - 66.00 B4 .22 65411
SE (&) 2,58 2.63 2.10
Yearly means _ B3438 BG.06

SE (:) : >
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Table b: gffect of plant population, gowing do

on stand count at thinnin

Samaruy Zarla.

ge and varicly

g of pearl millet at

gtand count

at thinning __.

Treatments
o 1983 1904 Mean __.
Plant populations
40,000 plants/he B81.61 88.50 p5.05
80,000 plants/ha 119,17 128.67 123.92
120,000 plants/ha 169.20 179.50 174439
8E (+) 4,07 k.67 bhe61
LsD (P = 0.05) 14,45 16.50 16437
Sowing date
Date 1 127.39 135.03 131.61
pate II 123.78 136450 130,14
pate 111 118.09 124.33 121.61
SE (:) 4.07 heB7 L6
Lsb (P = 0.05) NS NS NS
Varieties
Ex-30TN0 123.69 1334k 12067
puwarf-Gero 122.81% 133.00 127.91
SE (+) 3:33 3.96 heo10
Yearly means 123+35 132.47

SE (+)

3,51
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stand count than the medium end low plant populatlens.  Generally,

atand count was not affected by variety, but Ex-Borpo had a )

8lightly higher stand count than Dwarf-Garo.

There was mn siognificent interaction effects an stamt! cuund,

- neither was thecre any year effect.

L,3 QNumber of Tillers

The first sowing dete produced hijher number of tillers ooy
nlant than the second and third cowing daies in both yoowes, bat
anly in 1984 was @ statistically mignificant difference ohtalnud
(Table 5). Tiller number per plant decregsed 22 plant populntion
incressed., Thus, while plants st 40,000 piants/ha gave an
ayverage of socven tillers per plant, plants 2t &0,000 and 120,000
plants/ha qave four and three tillers per plant, respecuvivuly.

Verlety had no significant effect on number of tillers Furmd,

Neither the treatment interaction nor the year had any

gignificant effect on number of tillers Farmed.

Lot Leaf Area of Main-Culm

Flants of the first scwing date gave highor lezf aren %han
those nf subseduent sowing detes in both years. However, 1§ wes
only in 198k that a significant difference wes vecorded (Table G).
Plant population had a signifigant effect on leaf area of
main«culim only in 1984, The meen lgaf area of the main-culnm fur.

the 40,000 plants/ha was ahout 40% of the totsl leaf aren o 4he
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Table 5: Effect of plant populstion, snwing date and variety
on number of tillers per plant of pearl millet at

Sameru, Zaria,

Mumber tillers per plant

Treatments
19683 1984 Mean
Plant populations
40,000 plants/ha 6400 7.83 G492
80,000 plants/ha 4.00 4450 be25
120,000 plants/ha 2.89 3.00 2,95
BE (4) 0.39 0u41 0430
LSD (P = 01.05) 1.30 146 1.35
Sowing dctes
Date I 468 5.83 5.26
Date II k.64 5.67 5.15
Date III 3.63 3.83 3.73
SE (+) 0.39 D.41 D383
LSD (P = 0.05) NG 1.46 1435
Varieties
Ex=~Borno L.33 La.67 4«50
Duwarf-Gero L.hL8 5.56 5.02
SE (+) 0«36 0.38 0«34
Yearly means he31 5:1%

(SE (+) 0.29




26

Tahle 6: Effect of plant populsticn, sowing date and varioty on

lenf aren (dmz) of pearl millet at Samaru, Zeria,

L4
1963 4 1984
Treatments -

. e E b e e ——

Leaf area, (dm?) _F Leaf ares, (i)

. A A w AL e See———

Flant populstions Moin-culm Tiller Total Main-culm Tiller Total

40,000
80,000
120,000
plants/he 53,01 52,76 105477 56.21 52,03 108.15
BE (:) 2,01 2496 341 2.36 2490 3.63
LsD (P = 0,.05) NS 10.51 NG NG 1NHH 12.09

Sowing dates

Date I 57.16 T1.29 128.45 6B.56 93.01 168,37
Date III 54,13 65,02 119.15 58.60 52,11 110.71
BE(+) 2.01 2.9 341 2.36  2.90  3.63
LSD (P = 0.05) NS NG NG 8.30 gts 12.089
Varieties
Ex-Borno 55,16 B6.93 1L2.09 61.76 U5 154,94
Dwarf-Gero 56.19 88.16 1L44.35 5444 0301 147.45
SE (4) 1,83  2.63  3.19 2,15 266 3.3

Yearly means 55,75 73467 59.35 70,04
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whole plant while the main~culm lec aveas of the 80,000 and
and 120,000 piants/ba correspunded to 45% and 50% of the totnl
leaf area, Variety did not have any effect on the leaf sren oF

the maln culin. -

There was no significant interuction effect and yeaT pffect

on the leaf arca af main=-culme.

4.5 Leaf Ared of Tillers

Like in the nein-culm, higher lesf are2 wés recorded among
tiliers af the first sowing gate than among those of subseguent
sowing dates in both years. HOWRVET, gowing gote had no
significant effect on the leaf ares of tillers (Table 8.

Flant paopulation had significant gffect on 1eaf area of tillers
in hoth years., Over the twg years, the 1eaf srea of tillers Tuz
the low plant population was found to have contributed aboub
&0% of the total leaf area of the plant, while tilleres of the

medium and high nopulations contributed S4ss and 50%, reanccilvelye

There was No significant interaction or year effect on

1eaf area of tillers.

4.6 Days to S5O0% Floworing

This is the actusl number of days recorded ffuﬁ emérgencn
to when about 50% of the pl=nts had started flowering. For
both years sowlng dates had significant effect on time - o - 505
flogwering (Table 7). The first sowing dete took apout 59 days

‘l"'

’ & * _I"._. .
A
- _$}

L
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Table 7: Effect of plant ponulation, sowing date and varicty
on time to - 50% - flowering (days) of pearl inillet

at Samaru, Zaria. -

Days to - 50% - flowering

Treatmentsa
1283 1584 Mean
Piant populationg |
40,000 plants/he 54,12 56.30 55421
80,800 plants/ha 51.50 55.82 53.%
120,000 plants/ha 50471 54,01 52 41
SE (+) .96 D.98 De95
LSD (P = D.DS) NS NS hs
Sowing datés
Dete 1 . - Ss.hﬁ 59,41 58.91
Date II 53,20 57.72 55451
Dete III 45.02 49.20 47,70
BE (:) 0.96 g.58 0.95
LSD (F = D.05) 3,41 3.48 3,37
Uarietiéa
Ex-Borno 55,33 55,96 55.65
Buwarf-Gern 52,4k 53.77 53.12
SE (+) 0.67 0.68 D.Gh
Yeariy.meana . 52 .64 55427

SE (+#) R T

-
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to tesch 50% flowering as ogainst the respective 56 and 48 daye
recorded for the second and third sowing dates. Plant noulotion
had no significant effect on days - to - 50% flowering. Ex=.02n0
wes @lsp observed to take more numbzr of days - to = 506 flovering
than Dwarf-Gero in both yesrs, but only in 1983 was ther~e !

significant gffect.

There was no significent interaction effect on days - o -

50% flowering wes significantly higher in 1984 than in 1933.

4.7 Fein-Culm Mortality

Main-culm mortality as used in this study, is the diffoeience
in the number of established plants at thinning and those recanded

gt harvest.

Main-culm mortality was found to be affected by sowiny datts
The third sowing date had 8 higher per cent main-culm moricliiy
then the second and first sowing dates. The mean per cent
mein-culm mortality for the third sowing dete was 20% ao cuaparced
to 15% and 6% for the second and first sowing dates, respeciively
(Teble B)e« pPlant population had a significant effect on per cunt
main-culm mortality. The 40,000 plants/ha gave o mean ner cenb
main-culm mortality of 7% 8s against 10% and 23% for the a0,00c
and 120,000 plants/ha, respectively. Variety did not have @ny
significant effect on per cent main-culm mortality; however,

puarf-Gero had 2 lower mortality than Ex-Hornd.

There was & significant interaction betuween plant popul:sion
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Table 8: Effect of plant population, sowing date and varicty
per cent main-culm mortality of pearl millet o

Samaru, Zarid.

—

Per cent main-culm mortality

Treatments
1963 1984 Mean __
Plant populations
40,000 plants/ho B.bk G.1kh 7«29
60,000 plants/he B.73 11.82 1028
120,000 plents/ha 28.51 18.31 23.41
SE (4) 1.87 2.01 2.11
LSD (P = 0.05) 6.604 7.14 y
Sowing dates
Date I 5.93 5451 5e72
Date 1II 17.63 12434 14,99
Date III 22.12 18.52 20,32
SE (+) 1.87 2.01 2.1
LSD (P = 0.05) G.6L b 749
Varieties
Ex~-dorno 15.67 15.19 15643
Duarf=Gero 14.23 11.40 12.02
SE (+) 1653 1.688 193
Yearly means 15.16 12.L0

SE (#) 10604
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ond sowing date (Table 9)., The main-culm wortality Por ench
spwing dote increesed significantly with increase in plant
population. The yeor 1984 gave a lower per cent maip-culm

mortality thon 1983, but the difference wos not significunt.

Table 9: Interaction effect of nlant population and sowing
date on per cent main-culm mortality of pearl millet
in 19@3.

Plant populatians

—— - P

Sowing dates
40,008 plants/ha 80,000 plants/ha 120,000 plants/ha

Per cent main-culm mortalliy

date I 4,58 .61 8.16
Date II BN R 11,17
bate III 10.23 16.16 20.03

SE (+) 2.47 |
LSD (P = 0.05) 8.78

4.8 Tiller Mprtality

Tiller mortality was meant to asseas the difference in the
number of esteblished t$illers at full vegetative stage (hecding
stage) and those recorded at harvest., 5Sowing dete significently
affected per cent tillar mortality (Table 10). fQOver the o

years the plants sown on the first date had a lower tiller

V
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Table 10; Effect ef plant population, sowing dote and varlety

on per cent tilier mortality of pearl millet at

Samaru, Zaria.

Ppr cent tiller mortalliy

ke el it

Treatments
1983 1984 Mean _
olant papulations
40,000 plants/ha 19,56 25.04 22430
80,000 plants/hs 25.01 27.52 26427
120,000 plants/ha 30,52 33.31 31.92
S5E (+) 2,75 3.01 2.89
LSD (P = 3.05) g9.786 NG NG
Sﬁwing_dates
Date I 18.63 17.11 17.87
Date I1I 22.004 23.63 23.2h
Date III 33.62 45,23 39.43
8E (+) 2.75 3.01 2.09
LSD (P = D.05) .76 10.69 10.26
Varieties
Ex-Borno 23,719 35.76 29.43
Dwarf-Gero 17,02 2B.06 224.L4
SE (+) 2,39 2:.73 2,46
Yearly means 23,76 29.46
BE (#) 2,03
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mortelity (18%) as against 23% and 39% recorded, respectively,
for the second and third sowing dates. FPlant population had
significant effect on per cent tiller mortelity only in 1907,
but did not show any effect in 1984 (Table 10). Over the twn
years the mean per cent tiller mortality recerded for the low
plant populetion was lower than that for medium end high alunt
populations by 4% and 10%, respectively. Varietal differcncts
in tiller mortelity were not ginnificant. Houever, Dwarf-Gory
had @ lower per cent tiller wmortality of 23% as sgainst 30 for

Ex-HOTNO.

4.9 Number of Harvestable Hz2ads

The number of harvestable heards was significently af fuctnd
by sowing dates. In both yeers the first sowing date recorcad
higher number of harvestable heads than the second and third
spwing dates by 5% and 51%, respectively (Table 11). The numbey
of harvestable heads per plant was also affected by plant
sopulations. The mean number of harvestable heads per ilant
ogver the two years for the 40,000 plants/bha was five as cgoinat
three and two, respectively, for 80,000 and 120,000 plants/hil.
Duarf-Gero gove @ higher number of harvestable heads than

Ex-0orno, but the difference was not significant.

There was o significant interaction effect between varioty
and plant populations (Table 12). At all the plant populations,
pwarf-Gero geve & higher number of harvestable heads per plunt

than Ex-Borno. No yeer effect was obtained,
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Table 11: Effect of plant population, sowing fdate and
variety on number of harvestable heads per plant

of pearl millet at Gamard, zaria.

Number of harvestable heads/plent

Treatments
1983 1964 Mean
Plent populations
40,000 plants/ha L,B82 594 530
80,000 plants/he 3.03 3.32 3,10
120,000 plants/ha 2.01 233 2,17
SE (+) 0.31 0.32 Ne30
LSD(P =0.05) 1.10 1.14 1.07
Sowing data
Date I 3.84 L. 8L bo3h
Date II 3,70 451 hae11
Date III 2.32 2e2h 2.20
SE (#) 0.31 De32 0.0
LSD (P = 0.05) 1.10 1414 1.07
Varieties
Ex=Borno 3.33 3.00 3.17
Duarf=Gero 3373 4,00 3.07
SE (+) 0.28 0.29 0427
Yearly mean 3435 3,77

SE (+) 0.28
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Table 12: Interaction effect of variety ond plant populotion
on number of harvestable heads/plant of pearl

millet in 1983.

Uafietiea

Plant Populations e
~ Ex=Horno Dwerf-Gero |
40,000 plants/ha 3.72 3.81
80,000 plenta/ha 2.9 3,01
120,000 plants/ha 1.82 2.95
SE (+) 0.29
LSD (P = 0.05) 1.03

4.10 1000-Grain weight

The first sowing date in both years gave @ higher 1000-0r2in
weight than the subsequent dates for both tiller and main-culn,
but the differences were npt significant (Table 13). Although
plant population had no sionificant effect on 1000-grain weicht
of both tiller and main-culm, the low plant population in both
cases recorded a higher 1000-grain weight than medium or high
plant populations. The variety had no significont effect on
1000-grain weight either, but in both cases Ex=Uorno recoxiod o

lower 1000-grain weight than Dwarf-Gero.

There wes no significant interaction effect on 1000-gruin

weight and no year effect.
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Teble 13: Effect of plant population, spwing date and vario oty
on 1000-grain weight (gm) of pearl millet 2t

Gamaru, 2aria.

e S e B —

1p00-Grain Weight

Treatments et e
” 1983 1984 ...
Flunt population rain-culm _Tiller Main-culm _ Tiller
404000 plants/ha 10.70 10.14 10.90 10,20
804000 plants/ha 10.53 9.71 10472 110k
1204000 plants/ha 10,31 9.53 10,43 9451
SE (#) 0.23 0.22 Da24 (ie23
LSD (P = D.05) NS NS NG [
Sowing dates
Date I 10.82 9,91 10.61 1.2
Date II 10.50 9.84 10.63 91
Date IIIX 10.22 9.63 10.61 9482
SE (+) D.23 Ue22 De2h Ue23
LSD (P = 0.05) NS NG NS NG
Yarieties
Ex~B0rno 10.00 9.17 10.26 905
pwar f-Gero 10.36 9.38 1057 1G.16
SE (+) 0.19 0.19 0.20 319

Yearly means 1043 9.66 10,62 0,94
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4,11 Grain Yield

Sowing date had significant effect on total grain yicld
only in 1983. The highest total arain yield was reocorded at the
firet sowing date while the third date recorded the louest
(Table 14). On the average ghe first sowing date in hoth yuovs
yielded about 1,487 kg/ha as against 1,321 kg/ha and 1,704 23/ 1,y
respectively, for the second and third gowlng Hates. Tillew
grain yield was alep affected by sowing dates. The firsi sowing
date consistently recorded the highest t3ller grain yiold, wihile

the third date recnrded the lowest.

plant populaticn had significant effect on total grain
yield in pbath years. Tho mean grain yield OVET the two yiars
recorded @t 40,000 plants/ha was 1,506 kg/he as against 1,295
kg/te and 1,147 kg/ha for the 80,000 and 120,800 kg/ha,
respectively. In a similar trend, tiller grain yicld was aloo
significantly affected by plant population in both years. The
highest tiller grain yield was pbtained at the low plant
populatiaon. at this density, tillers contributed about 615
total grain yisld 88 against 57% and 50% for the medlum amie nigh
plant population, respectively. Vyarigtal effect on £illze and
total grain yleld was cheerved only in 1983, when Dwarf=Geru
gave higher yields than Ex=Sorpo. In 19@4, the differences
were not significant but Dwarf-Gero still maintained highaw

tiller/total grain yield than Ex-Bornc. ﬁﬁ'

The trestment 1ntéractimn ang year effect were not significant,.

by v i

¥

1
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Table Mt Effect of plont population, sowing dete and verioty on raln

yield (kg/ha) of pearl millet at Samaru

Zario,

e R —————

19Ch

Grein viclid, (lg/ha)

Treatments 1262
Grain vield, (kg/ha)
Plent populstions Main-culm Tiller Total
40,000 plents/ha 555,06 901.94 1457.00 | 580.11
60,000 plants/he 551,22  739.13 1290.35 || 566433
120,000 plants/ha  546.21 546.91 1093,12 551 o lile
SE (+) 50.06 51424 70,13 : 51.06
LSD (P = D.05) NS 181,90 28,40 | NS
Sowing dates
Date I 601.35  BB3.82 1485.17 | sbp.32
Date II 584 .12 70034 128446 | 551.52
Date III 467.02 603.82 1070.84 || 606,14
SE (4) 50,06 51.24 70,13 ) 51.06
LSD (P = 0.05) NS 181.90 NS E NS
|
Varieties :
Ex-Borno 500.23 549.23 1049.46 é 608.27
Dwarf-Gero 751.61 881.48 1570.09 3} 612,10
5E (+) 46.18 47431 5726 E 46« 90
Yearly means 569.60 72795 1287.61 ! 57704
SE () 79.32

iMain~culm Tillcr Totel

976430 1556.41
734421 1300.54
(5Uae20 1201,72
5314 76,42

100.65  271.29

Me13  14BB, L5
0U715  1358.67
GOS 41 1211.55

52e10 76442

10165 271.29

rir.:.lgzg 13{]7.56
772460 1344,.78
19,14 61,37

765417 1293443
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Chapter 5 _
DISCUSSION

5,1 Effect of Plant Population on Phyeidlogicul

Characters @nd Grain Vield

Per cent emergence a8 determincd by cauntiﬂg the seedliﬁ:a a
week after sowing was sighificantly affected by plant pouuilavlon,
More plants emerged @S nlant nopulstion jncreesed. The pex cant
EMETHRENCE Was relatively bigher in the secnnd yoar than in Ghe
preceeding yedT. This could be atiributed to the adefuets
rainfall recorded &% the period of emergence which resulied in
vigorous germination., This agrees with the Tinding by Pal ond
Gikka (1961) who attributed good germination of wheat saztu o

adequate moisture supnly.

stand count at thinning which was donz a week after wurgonce
was significantly affected by plant population. 1% exhibitad
similar pattern as plant emergence; oas plant population incraosned
higher stand count at thinnlng was obtained. The louer stand
count recorded during the 1983 growing season could a2lse be

attributed to the inadequate moisture supply sfter sowing.

Although plant population had no discernible effect un
time to 50% flowering, & clear trend was established whereby
time to 50% flowering wes longer in 1984 (55 days) then in 1903
(52 days). Higher tenperature and spvere moisture stress charinn

the vegetative phase 1in 1983 might have hastened the onset of
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reproductive phose among the §plantc. A similer observaiion s
made on maize by Hunter et all. (1975) who ohserved that 1o ani
high temperatures retard and ficcelorate the formation of

reproductive oroans, respectijely.

Leaf ares was markedly af'fected by plant population oe
total leaf srea per plent decreeeed with increase in plang
population. Geperally, the higher lensf ares adusnisge wos
mainly realised from the Digger and more vigorous tillers
formed 8t the lower nlent population, However, there wis no
significant difference in the leaf area of the main-culm. Tho
reason for the lpower leaf aree obtained from among the plants
from the higher plant populaticn could be explained on the beois
of inter-plant competition for nutrients, space and cther Foctore

necessary for growth.

In this study an average of seven tillers were formed 4
low plant population ns against four and three tillers,
respectively, at the medium ond high plant populations (Toble 5).
A possible explanation for the decreasing number of $illees
formed per plant as plant population increased is ths
inter-plant competition for space, water, nuiriasnts and otheor

growth factors.

The per cent tiller mertality recorded ot 120,000 plonts/iv
over the twe years was higher then that recorded at lower plant

populations, Colville and McGill (1962) obsarved in wheat

Triticum Bestivum L. that an increase in plant population donsity
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brought about general incroase in stalk breaking and tillex
mortality. The high per cent tiller mortality among the hicher
plant populetion could be explained by 8 number of reasons.

The high plant population could have caused inter-tiller
competition, molsture depletion due to closer spacing as well
ag competition for other necessary foctors for tiller survivale.
Thie agrees with the conclusion reached by Barley and seidu
(1964) and Syme (1967) that the extent of tiller survival ond
small grains produced was dependent on soil fertility and witer
status of the soil, There was also a higher diasease inci:lence
among the higher plant populstions which might have contributord

te the higher tiller mortality.

The number of harvesteble heads obtoined from the low ling
population over the two years was bhigher than that from €he
medium and high plant population. Apart from the fact that thove
was lower tiller and main-culm mortality in the Iow plont
population, there was also the fact that not all tillers Torand
at the high plant populction produced harvestable heads. Tihis
is in agreement with the earlier findings by Namond (19638) nnd
Egharevhba (1976) who reported thaet not all tillers automatipnlly

produced harvestable heeds in millet.

The mean grain yicld from the low plant populetion woe
4% and 24% higher than the mean from the medium and hioh nlant
populations, respectively. This confirms an earlier finding hy

Egharevbe (1978) that increase in plant populstion beyond 80,000
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plants/ha may be detrimental to grzin yield in millet. AL oo
low plant populetion, there wWere more developed plants thet
produced more harvestable heads which contributed to th: hih
grain yield. Plant mortelity, a reference to plants eabuhli v o
but which either being gead, stunted or rudimentary did no®
contribute to final grain yield, was lovest st the low plont
population. The finding in this etudy (Teble 14) that low plens
nopulation produced heavier grains is in agreement with th
garlier conclusion preached fFor wheat by Sharma et 2l. (196%)
that grains from higher seed rote were smeller and of poowaer

quality than grains from plants of lower seed rate.

542 Effect of Snwing:Date on Tiller Formation

and Contribution to Grain vield

A relatively higher per cent of plant emergence was
rpcorded for the second gowing date @s compared to first and
third sowing detes in 1983 seuson (Table 3), however higiner
number of tillers per plant were formed on plents seaded ot e
first sowing date than the subsequeni onEd. This could he
explained by the fuct that the early sown nlents had the
odventage of higher temperatures which wes close to ontLinuing
r1th a mean of og®c as ageinst 25°C and o49C (Appendix 3y fon
the second and third sowing dates, reepectively. This causnd
retardation of generel vegetative growth &nd development, ond
subsequently @ reduction in growth pnotential including the
ability to form tillers. 5econdly, the plants sown durine tho

first sowing date might have had an adventege of utilizing She
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initial flush of -oil nitrete which encourcoed vigorous CROnGig

snd this might hove led to higher number of tillers bains Toumire

The first soving date vecorded the lovest per cont Billow

mortzlity when compared to subsenunnt cowinn dates. That in

g5 the season progressed thore wes =n increase in tillew
mortality. This inoressed tiller wortality could have reaidiod
from the fact thet most tillers formed from the late soun

crops did not net the advantege of ndedquate moisture to dovolop,
coupled with poor sbility to compete for availeble nutrionio.
Subsequently, many of these tillers pither died or becowt:
rudimentery, either of these conditions being detrimentdl w0

tiller survivel.

The highest tiller contribution %o grain yield (63f%) won
ohtained from the first souwn millet. The second and third
sown crops contributed 59% and 50% of total grain yield,
respectively, from their tillerc. The lower tiller contyrihintion
to grain yield by the late-sown creps could have resultad P
the high incicence of disggses during the period, which aioht
hove reduced the tiller grain yield through reduction in tht
number of hervestahle heads peT stand. This ohservetion
agrees with Harris (1962) who reported thot laote sown milloto
suffer severe stem-DOTET atteck, =nd that stem=borer damonn
is one of the major factors limiting orain yield in poanl
millet. The number of hepvestable heods was also lowzat “nong
the late-sown plants. Furthermore, the highest tiller/moln=ctilm

mortelity occured among the late sown plontS.
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He3d Varipties

Millet variety Dwarf-Gern excelled in same agrnnnmic and
hhgsiological characters. Among the characters @sscessed, Duarf-
Gerp reached timoe tn - 50% - flowering sbout three days earlicr
than Ex-lorna; whereas the former took about 53 days the latter
took 56 days. Higher tiller ond toutal groin yield was also
recorded among the Dwerf-Gero. Inmfact, the final grain yield
obtained for Dwarf-Gerp in 1983 (o relatively dry year) was
Bbout 50% higher thoan thet obtainced for Ex-Borng indicating the
drought resistsnce of the farmer. In the Eeécﬁd seasgn when
ritdntell wes more favoursbly distribuwted, both verieties yiclded

at par,
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Chapter 6

SUMMARY AND CONCLUSION

Two varieties of 'Gero' millet (Ex-8orno and Dwarf-Gera)
were seeded directly in the field at three different scwing tlotes
with three wecks intervel between each date and at throce plant

populations (40,000; 60,000 and 120,000 plants/he).

Of the three plent populations the 40,000 plants/ha had the
highest number of tillers per plant, the lowest per cent tiller
and main-culm mortality and the highest tiller contribution to
grein yield. Over the twp years the mean grain yield for the
low plant populotion wae 14% ond 24% higher than the mean yields
for medium and high plant populations, respectively. 1n terms
of tiller contribution to grein yleld the 40,000 plents/ha
recorded the highest with 61% as ogainst 57% and 50% for the

80,000 and 120,000 plents/ha, respectively.

Among the three sowing dates tried, millet sown earliest
(on 25.5.1983 and 29.5.1984) out yielded that sown on 27.641983
and 19.6.1984, nnd the lote sown (on 19.7.83 ond 10,7.1904)
by 10% and 22%, respectively. The grein yield in the carly souwn
plot was determined by the highest number of harvestoble heads,
highest number of tillers, longer time to 50% flowering o8 well
ps greater tiller contribution to grain yield. Delayed sowing

resulted in high tiller mortality.
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Dworf-Gero variety eppeared to be superior to Ex~Bornu in
terms of number of tillers, tiller and main-culm mortelity, time

to 50% flowering os well as total grain yield.

From the foregoing, it cen be concluded thaet among the
plant populotions tried, the 40,000 plants/ho was the most
suitable for the optimum production of pearl millet wunder tho
seil and climatic conditions et Samoaru, Zaria., Planting millet
early with the establishment of rein (end of May) outylelded
moderately late sown crop (June 19th and 27th) and late sown
crop (July 10th and 19th) by 2 mergin of 10% and 22%, respectivoly.
Millet vericty Duwerf-Gero out yielded Ex-Borno by about 509 in
terms of grain yield in 1983, indiceting the drought resisiance
of the former. In the second season when the rainfall wos more

favourably distributed both varieties yiclded at par.
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Appendix 1: Relnfall dﬁtﬂ'?ur'épmaru {mm)~ 13083.

DAYS OF
THE
MONTH 1 F M A M J 3 &, 5 o N o
1 - = TN = =« - - 2.1 20 - = =
2 - % = = = 9.8 10 350 - - . -
3 “ = w o~ = b0 TR 14,5 = - - -
4 - - - = - - 97 11 41 - - .
5 - - - = - -~ ByB 0.8 21i0 - -
5 P IS D
7 “ e m e w9 276 = - - -
8 " om ow e - 02 C.3 0.5 1643 - - -
9 “ -~ = & 7R - - - - - - -
10 .- e = = = TR 1.2 17,8 - - - -
11 - - - =38 74 0,8 - 26 - - =
12 o - e w16 . - - - - - -
13 - w = = - S - T 2 A
1 “« = ~ «16.9 = - - - - - -
15 - =~ = = B = ~ 1280 = = =
16 - e = = B9 = 60 = MO = o~ =
17 - - = = O = - - - - w -
18 - = = = =~ TR - 4B 46 - - -
19 S (i - 21,0 16 m - -
2D .- e e 17,2 = 1.2 Y6 - - - -
21 ~ = w =~ = TR - - - - - -
22 - e e - - - 18,4 0.5 - - ..
23 - - = 2,0 - - B«2 TR - = =
24 - = = = 3.0 24,5 = - TR - -
25 - m = e o= 1,0 0.5 26,3 35 0= ~ =
26 S I - 24,7 = . - -
27 - . e = .- - 0.3 = - - - -
28 - - = « « 17.1 27.0 19.2 - -~ o=
29 - . - - - - -
30 - - - - - - - - - - ~
31 B ' « A - - - - -
73.3 74.3 107.5 259.7 93.b = GU0e2 mm
- = - «10 9 16 46 12 .- = w62 doys

TR = Trace,
506,2 mm,

fNumber
Mean for

of roiny days = 62,

1982 = 768mm,

Mean annual
Mean for the last

rainfall =
850 yenra = 9G0mm,

g
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Rppendix 2: Rainfall dots for Gomarw (mm) 1984,

DAYS OF
THE
MONTH J F M A M J J A S 0 n_D

1 - - - - - 3a7 Bl = 16.0 = - -
2 - - - - - - - - - LTy - -

3 - - - - - - - - - 1540 = =
b - - - - - s 7.0 = 315 = -~ -
5 - - - - 39.0 2 340 2343 07 = -

6 - - - - - 0.6 = " 1346 = - -

¥ § - - = - - - - - - - - %
8 “- = wm e 18.0 = - 49.0 = 50e5 =

9 - = 5,2 -= 2.6 = - - - Jel = =
10 - - - ~ - - - 7.0 = Uel = =
11 - . - - - - 17.9 - - - -
12 - - - - - 183 049 = - - - -
13 - - - - - 19.0 13.0 = - - - -
14 - - - - - - 20,1 = - - - -
15 - - - - - - - - - - -
16 - - - - - - - B1 = - - -
17 - - - 25,0 = - 10.0 27.0 53.11 = =
18 - - - - - - - - - - -
19 - - - - - Bt 7,2 1L - - . -
20 - = - TE - - Tolt = - - - -
21 - - - 13 = - - 12.6 336 =~ - =
22 - - - - - 10,0 L2 = - - - -
23 - - - 3.9 = De2 Do = - - - o~
2L - - - De2 = - 23,5 5,7 =~ - -
25 - - - - 5.7 = 142 (o6 = - - -
26 - = = W0 3.5 Db = TR 25,5 = - -
27 - - - - - - Beb = 3.0 = - -
28 - = 17 bob = 10,6 = 2,1 = - -
29 - - - - - R - 14,5 35,5 = - -
30 - - - 9.0 D5 = 34,1 121 = -~ - -
31 - - - - - - - - - - - -

5¢2 301 98.9 55.4 173.0 150.1 189.0 177.5=000.0mm
TR = Trace, Number of rainy days = 67,
Mean annual rainfall = 888.0mm.
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Appendix 3:

Temperaturc

=

Maximum

Minimum

Mren monthly meximum and minimum temperatures (°c) at Samaru-Zaria, 1503
F M A M J J " 5 0 g N
19
18.1 |17.0 {15.9 21.6 |19.6 | 23.b4 16.7 | 17.3 | 14.3 12,5

gource: Meteorclegicol Unit,

ol

-
-

A

23.6

13.0

——

Institute for Agricultural

Researchy

amaru-Zaria, (L3

L]

arill!l‘llll

31.0

12.9




56

190k

- - .l._-r|4||..ll|

e e i —

Appendix b: Mzon wsentihly paximum 2nd Minimum Tempere tures nn_nu at Samaru-Zoria,

Temperature L4 FEB MAR AFR MAY JUN JUL AUG SEP OcT Hov DEC

Maximomn 20e3 | 317 35,5 | 35.0 31.9 | 31.5 | 28.5 29.8 | 2945 30.5 |31.2 | 27.6

Minimum 11.0 | 14.8 | 207 22.7 | 213 20.5 | 19.2 | 19+3 15.2 | 1846 |13.6 12.8
llllll P S

gource: Meteozd

Institute for Agricul tural Research, Samaru-Zaria,

I S N N——
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Appendix 5: Stem~borer and downymildew caloulation Forulaas

——

Stem~borer and dounymildew incidences were scores from

the total number of plants per net plaot and calculatod ag

follouws;

. Number of plants attachud/netplot |
Incidence (%? ®  ¥otel number of plapts/fdet plot x 400
Incidence (%) o Number of smuttocd headg % 100

B0 randomly seiccted heBgs

Infection index (%)

% 100

Y(1=1)4¥ (21 )+::§i3y1 Y4¥ (o IV {513,

Y = Number of beads in each cstegory of scsle

1 = No symptoms

= Smutted grains covering 1 - 5% of the head
= OSmutited grains covering 6 - 20% of the head
Smutted grains covering 21 - 506 of the heod

= Smutted grains covering morc than 509 of the heod

= ()} K U (3% ]
]

= Total number of heads.
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Appendix 63 Individunl analyses of veriance for geedling

emergence and stond count of peerl millet.

e e Al . —

Mean sQuoTes

gource of Degﬁae ———
Unrietion freedom ¢ Seedling emergence gtend count

_ 1583 1904 1983 A0
Replications (R) 2 436,01 306401 932,25 25641k
gowing dates (0) 2 356436 LG .22 327,50 301411
Plant . 2 oLEa1. Ak 271671.63% 34820.96° 3091617
populationd (P) * *

varieties (V) 1 150431 160.98 1550 17470

U xP 2 360,10 309420 491443 5634043

v xD 2 201 .62 402436 20,35 29,3k
D xP b 10861 211 b 119,10 134430
DxPxV b 1,05 .63 514420 363,93 1S <51
Error 3 501431 489,39 298475 37341k

— A —

* Degnotes statistical significance at 0,05 level of prnhnhiliﬁy.
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Appendix 7: Individusl analyses of variance for number of

tillers and time to - 50% -~ flowering of penrl

mlllEt.
N Mean squares )
o Deqpoag  VUMOET OF TIme Lo = 50 =
Source of veriation gf tillers formed flowering

fraedom 4ons  qgqe 4983 1904

Replicotions (R) 2 Dolth D76 De22 D.27
Sowing dntea (D) 2 D.66 L,31%  L,16% 5.23
2

Plant populstiong (P) 5.1 g.72¢ 2,07 216

varictins (V) 1 D.06  0.07 20.16* 3.06
VxP 2 1,81 2,01 B.67 .73
v xD 2 U.16 0.15 1.06 T«
D x P 4 2,08 2,33 2,02 2.1
VUxDxp A 0,52  0.61 04617 0,19

" Errar 3l 0,61 092 0.58 1161

* Denotes statleticol significonce at 0.05 lovel of probrbilitye.
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Appendix 8: Individusl analyses of varience for tiller ond

mein-culm mortality of pearl millet.

Mean squares

P I e e ]

- o A A m——

Degrees  Tiller
Source of Variation of mortality Main—culm pontolity

freedom

1963 1984 1983 JASCh

Replications (R) 2 1.15 1,01 18467 17.61
Sowing dates (D) 2 13.03* 12.63* 3390.,17* 3201, 32%
Plent populations (P) 2. M0.72%  3.62 W541,06* 13621.92%
Varicties (V) 1 .M De13 88,17 0aD3
vV x P 2 2.09 1,99 343,39 341472
V xD 2 1499 1.76 L53.49 451,36
D xP s Dal1 0438 782,70 763464
VxDxP 4 1.13  4.21 267473 200,16
Error 34 1.18 1,09 214,01 216423

-—-- -

* Denotee statisticol significance at 0,05 level of probsbility.
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Appendix 9: Individual analyses of variance for number of
harvegtable heads and 1000-grain weight of

pearl millet.

Mean squares

ﬁggig:igﬁ DEE:ERE Number of 1000-grain
Piaaiin harvestable heads welight

1903 1984 1983 190
Replications (R) 2 - h96.L46  DD6.3h 0,56 0.61
Sowing dotes (D) 2 4274,01% 5131,17 DaB3 1,72
g:’)z;atmm - 2 3617.41% L189,20  1.39 1.4
Varieties (V) 1 216403 201.40 L,35 4,01
UxP 2 4131.62* 802.16 Q.71 001
UxD 2 781,66 516,12 2,93 2,96
DxP L 160.05 190,42 1.25 1,31
VUxDxP b 232.16 301.60 1.68 1.72
Error 34 363,10 007,32 1.16 1,21

* Denotes stotistical sinnificence at 0.05 level af
probohility.



fippendix 103 Individual anal

yield of pearl millet.

62

yses uf variance for grain

gource of varistion Deggeas Mgan squares . ...
B frascan 1903 1904 ___
Replicetions (R) 2 26134,2 21143.7
gowing dotes (D) 2 3431243 B8a5075.0%
1ant populctions (P) 2 505075 .68* 376214 3%
varizties (V) 1 4L96731.7* 49LB3.2

Uy x P 2 20713.4 641510

U xD 2 L1L62.3 1245043

D xP b 2437043 102510
UxDxP b 31373.4 103415.0
Error 34 24813.0 72632.2

* Denotes stotisticel gignificance at 0,05 level of

prohabilitye.
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Appendix 11t Combined analyses of voriance for seedling enargchict,
stand count, number of tillers and time-to=505%

flowering of pearl millet over 1983.and 190k.

i — . ——

Mean squares |

gource of Ragress - e of Tine toe
Variation frggdum 2;2:;2229 232;2 tiil;rs -5Uﬁ
__.FPlpuczing

peplications (R) 2 2066.12 116.21 0.51 Ne31
Sowing dotes (D) 2 301.16 411432 3.06* 6.21*
Flant populations(P) 2 20317.31*  19305.L0* 7 36* 2e01
varieties ) 1 20736 113.62 0.06 1,70
years (Y) 1 501.43 50732 1.21 5e12¢

v xV 1 119.63 102.87 096 1416

¥ X F 2 L06.32 309.36 D75 2407

Yy xD 2 501.43 404 .20 1.21 1,03

v xP 2 216.32 119.37 2.0 ['e76

vV xD 2 10176 90413 1.01 L

P xD 4 102436 56482 0.90 1,03
Error 60 309.26 181.36 0.56 (14,07

D A A

» Denotes statistical gignificence at D.05 level of probubilitye
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Appendix 12: Combined anolyses of variance for ma in=culm

and tiller wmortality of nocarl millet over

19p3 and 190hL.

— -

Mear sHuBTres

m— i ———

gource of Variation Deggees Maineculn Tiller
freedom mortolity mortality
Replicotions (R) 2 11433 1.03
sowing dotes (D) 2 1736.20% 11.63*
pPlant populations (P 2 908.16 9.90*
varieties (V) 1 59.32 0.12
years (Y) 1 073.14 1,05
Y xV 1 15016 0.90
Y x P 2 374,17 2.6
Y xD 2 L63.00 0,97
¥V xP 2 119.42 1.02
v xD 2 209,37 D46
PxD L 402491 1.73
Error 60 190.46 0.92

-

* Degnntes gtotisticol significance at 0.05 level of

probobility.
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Apperddix 13: Combined analyses of varinnce for yield charactra

of pearl millet over 1903 ond 190hL.

- i ia

Mean 80UAres

..——-.-.—4-._-—-.-“

gource of Degrees No. of

Varintion frzgdnm EEEZiStﬂblﬂ 1uﬂg;g§iin groin yiloeld
Replications (R) 2 806.27 0.36 10012142
gowing dotes (D) 2 2676.13* O.h2 0016350
‘p-‘;ﬁﬂiﬂ s1ore (P) 2013.42* 1.0z 241232.10%
yoricties (V) 1 11440 23 32416421
years (Y) 1 1090420 0.90 1014236
Y xV 1 1012.63 1.01 9126430

Y x P 2 9862k 0.62 012442
Yy xD 2 BLB.16 0.81 1072463
U xP 2 70144 ¥ P 001230
v xD 2 341.26 1456 7231.61
P xD L 106.73 0.B2 100231. 6k
Error 60 249,43 1.04 3562120

—— el

* Denotes stotisticol significence at 0,05 level of probahilitys
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