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ABSTRACT

A field experiment was conducted under irrigation
at the Irrigation Research Station, Kadawa, in the
Sudan savanna ecological zone of northern Nigeria
during the 1986/87 dry season to study the effects of
different irrigation levels at different stages of growth
and sowing date on the growth, yield and malting quality

of barley (Hordeurn vulgare L.).

The treatments consisted of four irrigation levels
(optimum irrigation water throughout growth period,
50% optimum water at the vegetative stage only, 50%
optimum water at the reproductive stage only and 50%
optimum water throughout growth period) usingIW/CPE
ratio; and three sowing dates (early-November, late-

November and mid-December),

Barley supplied with optimum irrigation water
throughout growth period produced the highest grain
yield of 3209 kg/ha which was reduced by about 30, 23
and 48% when 50% optimum water was withheld at the
vegetative stage, reproductive stage and throughout
growth period, respectively. All growth parameters,
yield components and WUE were highest when the crop was
supplied optimum irrigation water throughout. However,
the grain protein content was lowest when plants were
supplied optimum water throughout, while withholding

50% irrigation water throughout growth resulted in the
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highest grain protein content. Similarly, all growth
parameters, yield and yield components and WUE were
highest with late-November sowing, but grain protein

content was lowest compared to early-November and mid-

December sowings.

The interaction was significant on number of
spikes per square meter, length of spike, number of
grains per spike, grain yield, straw yield and grain
protein content. Mog of the parameters measured were
significantly and positively correlated to grain yield.
Grain protein content was however, negatively correlated

tograinyield.
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Chapter 1

INTRODUCTION

Barle} (Hoéﬁedﬁ vﬁlgare L.) 5eiongs to tre faxzily
gramineae, It is believed to be cne of the world's
oldest domesticated crops and probably shares with
wheat the distinction of being the first plant wild
form brought under cultivation (Matz, 1963), Though
considered a temperate crop, barley is world wide in
distribution and adaptation. It is believed to be the
moat widely adapted cereal crop and is possibly toe

most extensively grown of the cereals in the world
(Kipps, 1970).

In Nigeria, barley cultivation is presently on
experimental scale, entirely under irrigatiom in tre
savenna ecological zone of the country (between
latitudes 10 and 13° N). It is grown during tce dry
season between the months of November and ipril, Iuring
the growing season, which coincides with the c:tol dry
harmattan period, the optimum temperatures for gertina-
tion (15 -~ 20°C), growth (16 ~ 17°C), and fertilization
and grain development {18 - 20°C) are met (Xumar et al,
1982). In this zone, betiween the months of November
and Pebruary, the maximum temperatures are conegistently
below 32.5°C and the minimum mostly around 15.2°C which

provides the ideal thermal requirement of the crop.
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The principal use of barley in Nigeria, as in most
parts of the world, is making malt products. It is
regarded as the principal malting grain in the production
of beer,whiskey and other malt products inéluding some

types of beverages.

Since the local production of btarley is practically
nil, the existing breweries and distilling industries
rely almost entirely on imported barley’malt for their
raw material. For example, in 1983, thgnggg?gitagiiea
Nigeria Limited alone imported about 88,000 tons of
barley malt valued at an estimated cost of &40 million
(Anonymous, 1984). In order to curb this drain in the
country's foreign reserves, the government recently
announced the banning of barely importation with effect
from 1988. Thus, the breweries and distilling industries
are faced with the challenge of obilaining tuheir raw

materiels locally.

parley cultivation in Kigeriz is entirely under
irrigation during the dry season, and irrigation water
is olten a limited resource, it is therefore essential
to determine the optimum quantity ol water required by
the crop and the appropriate time to apply it in order
to optimize yield. It is alsc necessary to determine
the most suitable time of planting to provide the ideal
temperature requirements of the crop for optimum yield

and malting quality.
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Published data on the irrigation practices of this
crop in Nigeria are limited, In virtually =21l the works -
reported to date, irrigation water was applied at pre~
determined intervals of one week, two weeks or three -
weeks (Ahmed et al. 1977; Falaki, 1978, 1980; Falaki
and Ibrahim, 1982). Although this method may te easily -
understood and simple to adopt by the small scale farmer,
it is unscientific and often results in over- or under-
irrigation as irrigation water may not be given at the
time when it is most reguired by the c‘rop. A better”.
approach will therefore seem to be one that is based on
the soill conditions, prevailing weather of the area, and
water use of the crop. This is becaﬁse irrigation .
frequency is controlled by the climatic conditions and
the available soil water holding capacity of the root

zone (Kumar et al, 1977; Choudhary and EKumar, 34981).

Temperature plays a dominant role in determining
barley productivity, and is not amenable to direct
control. The influence of temperature may, ho#ever, be
modified by correct choice of sowing date, Furthermors,
in order to get the full benefits of irrigatiecn water,
it is important to sow barley at the right time. The

duration of the cold season suitzble for growizng Ltarley -

- - € ¥ omy G
. e = e T e opwe B e e -
- =& e 2T - - B . A an .

N “ g . L . P e T -
LoLllady ), winn aaliivic oL Llia gend HUstay Plelcb .ol

crops late.
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In this study therefore, an experimenti was
conducted to cdetermine the optimum quantity of irrigation
water and its time of application for barley crop sown

on three different dates. The general objectives were:

(1) To deterzine the optimum irrigation waier for

barley ip the Sudan savanna zone of Nigeria.

(2) To investigate the effects of differerxt irrigation
levels on the growth, yield and maltirg quality of

barley.

(3) To deterzine the effect of sowing date on the growth
yield and malting quality of barley.

4

(4) To study the interaction of irrigatior levels and
sowing date on the growth, yield and malting

gquality of barley.
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LITERATURE REVIEW

2.1 Moisture mtress .

Moisture supply plays a dominant role in crop
production, Plant growth and yield are often reduced
by meisture deficits because the internal water talance
of a plant controls the various physiological processes
in the plant including quantity and quality of dry
matter production (Slatyer, 1973). According to Segg
and Turner (1376), deficit of water is the single most
important factor Jlimiting crop growith and yield: and
the reductions are dependent on the degree and duration

of the defjecit.

Moisture stress results from imbalance between
the supply of moisture furnished by the soil and the
amount needed by the plant as determined by atmospheric
demand (Shaw and Laing, 1965). The daily cycle of water
use is controlled mainly by the rate of trazmspiration,
but long term reductions in plant water potential are

controlled by the soil water potential {Slatyer, 1967).

2.1.1 BSensitivity of barley erop tc water stress at
different growth stages

The phenology of barley have been outlined and
described by large (1954). Also, Ninzing et al. (1987)

have studied the duration of the various growth stages
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of barley 1in relation to growing seascn at Kadawa and

Samaru, and determined the critical stages.

A critical stage for water use has been defined
as & distinct stage at which if water ie not given, the
growth and yield of the crop will be drastically affected
(Large, 1954). Singh and Kumar (1979) found that with-
holding irrigation at any critical stage affected the
growth and yield of barley and wheat. Also Kumar and
Yayock (1980); Nimzing (1986); Nimzing et al. (1986 and
1987) have observed and reported similar effect of water

stress on barley yield.

Adequate moisture supply.at germination is very
necessary to ensure good gprouts and plant establishment
since number of plants per unit area, which is an
important yield component is determined at this stage.

It ie therefore necessary in most cases to irrigate the
crop before or immediately after sowing. Hughes and
Metcalfe (1972) ascertained that inadequate scil moisture
at germination leads to seed rottening in the soil, while
Malhotra and Cheema (1977) observed that pre-sowing

irrigation increased the yield and water use efficiency

of barley.

Aspinall et al. (1964) observed that water stress
during the early growth stages of barliey has.great effect
on tillering of the crop. Chowdhary and Kumar (1981)

working on wheat subjected the crop to water stress at
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maximum tillering to flowering stages and recorded

grain yield reduction resulting from fewer grains per
ear and a lower 1000-grain weight., On re-watering, they
observed that mildlystressed plants showed recovery in
plant height, tiller number and yield., Kumar and Singh
(1976) reported a two-year average grain yield of 2.38
t/ha when barley was irrigated only at tillering stage,
compared with 1.79 t/ha and 1.74 t/ha when irrigated
only at flag-leaf and milk-ripe stages respectively.
They concluded that the critical periods for water
requirement by a barley crop were from tillering to
flag-leaf stage, and from flag-leaf to milk-ripe stage.
Similar observations were also reported by angh et al.
(1978). In another finding, Kumar and Singh (13977)
reported that water stress between the active tillering
stage and the flag-leaf stage of barley was most critical

for grain yield.

Streseing barley for water at jointing stage was
found by Day and Thampson (1975) to result in shorter
plants, reduced lodging, more tillering and more heads
per unit area. They further observed that water siress
at this stage did not reduce yield, but increased it due
to deeper root penetration and development, and a stronger
plant which withstood wind actions and resisted lodging
more effectively under irrigation. In contrast, Day and

Intalop (1970) found that moisture stress at jointing
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reduced grain yield of wheat due to reductions in
plant size, photesynthetic area, heads per unit area,

and peeds per spike.

Navas (1975) reported that the heading stage of
barley was one of the most sensitive stages for moisture.
He found that water stress during this stage resulted
in reduction in the number of spikes per unit area,
spikelets per spike and grains per spike. Similarly,

in an earlier work with wheat, Robins and Domingo
(1962) reported maximum reduction in yield for soil
water stress occuring during and after heading., They
suggested that moisture stress be avoided from booting
to grain filling stage. This view has been corroborated
by the findings of other researchers (Aspinall et al.

1964, Fischer, 1973; Singh, 1981).

The reproductive stages of both barley and wheat
are highly critical for grain yield with respect to the
availability of scil moisture (Singh and Xumar, 1979).
Aspinall et al. (1964) and Kumar et al, (1977) also
found damaging effects of water stress at grain develop-
ment stage of barley and wheat. Aspinall et al. (1964)
reported that grain number per ear was seriously affectec
by strese cccurring prior to anthesis, an effect asso-
ciated with the process of spikelet initiation and
formation of the gametes. Grain size on the other hand
was reduced more by stress at or shortly after anthesis.

Day and Intalop (1970) observed that moisture stress
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occurring at the flowering and dough stages reduced
grain yield due to lighter-seed weight, and it &lso
hastened maturity, Day and Thampson (1975) in their
investigation found that moisture stress at flowering
stage of barley resulted in fewer seeds per head because

some geeds failed to develop at low moisture conditions.

2.1.2 Effects of water stress on yield and vield
components

water stress limits crop growth and yield, and the
extent of reductions depends on the degree, duration
and the timing of the stress, and the proportion of the
total yield that ccmprises the economically useful part
of the crop (Sepaskhah and Ardekani, 1976). The
components that are influenced by water stress depend
largely on the tizing of stress in relation to the deve-
lopment of the part of the crop that is economically
useful. In general, a plant organ is most sensitive to
water strees during its period of rapid development
(Sanchez~-Diaz and gramer, 1971 and Choudhury and Kumar,

1981).

Aspinall et al. (1964) found that moisture stress
in barley prior tc anthesis had adverse effects on number
of grains per ear, and grain size was reduced more by
stress at anthesies or shortly after. They also reported
that stress before flowering produced as many ears as
the unstressed plants, but a moisture stress beginning

during grain filling even reduced grain size significantly.
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However, Fischer (1973) observed that the period 5-15
days before ear emergence in wheat was the most
sernsitive stage for moisture, He found tnat when the
-croﬁ was stressed for water, the yield components most

affected were the number of grains set per ear.

2.1.3 Effects of moisture gstress om the malting
quality of barley

Water stress influences not only economic yield,
but alse the quality of a crop. It has bteen reported
that water stress increases the nitrogen tercent of
small grains such as barley and wheat {Storrier, 1365;.
Campbell et al. 196%). 4An increase in the nitrogen
content of the grains would increase the feeding and
baking qualities of both barley and wheat: (Miller,
1938), but this would reduce the malting quality of
barley due to excessive enzymatic activity and foaming
&uring malting process, and a haze in the finished
product (Chapzan and Carter, 1976; Palmer and Zathgate,
1976).

Protein content of the grain is the zajor quality
cozponent in the production of barley for maliing
(Pcaoeranz et al. 1976). The best culturzl practices
for malting barley production are those inat combine
high yields with low protein contents. =2 good malting
barley should be plump and well filled, free {from

diseases and btroken and skinned kernels, brigkbt in
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colour, moderate in protein and capable of vigorous
uni form germination (Pomeranz et al, 1976; Palmer and
Bathgate, 1976; Rehm and Moomaw, 1980). Protein
lévéls for”grains for' malting should range between
11.5 - 13,0% for 6-row barley and 10.0 - 12.0% for

the 2-row cultivars (Chapman and Carter, 1976).

2.1.4 Recovery from water siress

Rewatering stressed plants results in increased
water potential of the plant, and thus recovery of
turger. However, stomatal opening and photosynthesis
do not normally resume immediately after rewatering
{Schneider and Childers, 1941; Stafelt, 1955; Iljin,
1957; Glover, 1959).

Removal of stress was found to result in transi-
tory greater rates of leafl enlargement (Boyer, 1970;
Hsio et al. 1970; Acevedo et al. 1971). This effect
according to Acevédo et al. (1971) might be due to cell
exteneibility during water stress. However, according
to Boyer (1970), the rate of leaf enlargement was not
as rapid as in the well watered plants., Thus, with
brief stiress, full recovery was possible (Acevedo et al.

1971), but with long or severe stiress, full recovery

was not observed (Boyer, 1370; Acevedo et al. 1971).

Sanchez-Diaz and Xramer (1971) found that alle=-

viation of water stress during floral development
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resulted in a more rapid development of the floral

organs whose development was hindered by stress,

2.1.5 Water-use efficiency .

Water-use efficiéncy refers to a parameter g
yleld, and is defined as the ratio of dry matter cr
marketable yield of a crop produced per unit area over
the delta of water (ET) used toc produce the crop. It

is represented as:

WIE = Y / ET
where WUE = water use efficiency
Y = economic yield of crop

ET = evapotranspiration or seasonzl

water use of crop.

Water use efficiency implies the beneficial
utilization of water for producing a comhercial cIop,
while on the other hand, ET implies a water loss wnich
should be reduced to the lowest possible level in srder
to Increase #UE. Therefore WUE can be impproved Lty
either increasing dry matter production {Y) or by
decreasing water use (ET), or by increasing ¥, at zhe

game time decreasing ET (Begg and Turner, 1976).

water loss from soil and plant surfaces can te
reduced through cultural practices sucn as mulching and
use of anti-transpirants, These two metheds, however,

have 1ittle practical significance on crep production
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on a large scale. Practices like eZlective weed
control, insects and disease contrcl are very effective

in increasing the WUE of crops on field scale.

For most of the grain crops, tne general trend
of crop water use during the whole period of growth
and development is that it starts from a minimum at
the beginning of germination, increases continuously
to a certain maximum at the flowerirg stage, and then
again decreases continuously until the harvesting stage.
In field conditions, crop water use is subject to the

changing atmospheric evaporative dezand.

Day et al. (1978) reported a linear relationship
between yield and water use of bariey. They further
stated that prolonged drought during the early growth

stages had a great effect on both yield and water use,

Kumar and Singh (1976) reporte: that WUE of barley
was maximum with one irrigation at active tillering
stage (12.80 kg/ha-mm), closely followed by two irriga-
tions at active tillering and flag-leaf stage (12.45
kg/ka-mm), This indicated that water stress in barley
cduring the active tillering to flag-leaf stage was

zoset harmful.

_ Hochman (1982) reported that water stress from
booting to grain filling stage reduced the grain yield
and WUE of wheat by 36% due to reductions in the number

of grains per spike and 1000~grain weight. Also
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Choudhary and Kumar (1981) have found reductions in tke
grain yield and WUE of wheat when given stress during

geeding to maximum tiller-stage.

-

Comparing barley and wheat Singh.én& Kﬂmar'(1979)
observed that under all levels of stress, leaf water
potential of barley was higher than that of wheat, and
recovery of leaf water potential was also faster in
barley indicating that barley was more resistant to
drought than wheat. They also reported that on the
average, a decrease in the leaf water potential by - 1
bar at soft dough stage decreased barley and wheat yields
by 70 kg/ha and 150 kg/ha respectively indicating tigher

drought tolerance capacity of barley over wheat,

?.1.6 Irrigaticn scheduling

To achieve better crop productivity, it is important
to work out an efficient and economic irrigation scnedule
for use under any given set of agro-climatic conditions.
Since response ol a crop to irrigation is influencel by
s80il, plant and atmospheric factors, the potential advan-
tages of basing irrigation schedule on soil-crop-climate
data have been exphasized by many researchers (Sepaskhah,

1978; Singh, 1978; Chari and Maurya, 1980}.

Several methods of scheduling irrigation of crops
are available and investigations have been made on the
effectes of each method based on various conceptis and aprro-

aches on yield and WUE of crops. The common approacaes
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that have been used for scheduling'irrigation of crops

include:
1) Irrigation scheduling based on a fixed time
interval; | R

Several researchers have optimized the yield and

WOE oI barley by applying fixed amounts of irrigatiozn
water at fixed intervals (Johanson, 1977). Falaki

et al. (1980) and Palaki and Ibrahim (1982) irri-
'gated barley at one, two and three weeks intervals,
and they suggested that the crop should be irrigated
at 10 days intervals for attainment of maximum yield

and WUE in the Sudan savanna zone of Nigeria.

ii) Irrigation scheduling based on critical stages:
Thig is mainly concerned with irrigation at the
critical stage of growth for water need of the crop.
This approach has been described as the most practical
criterion for scheduling irrigation of small-grain
erop like barley (Falaki et g;..1979). Some of
the critical stages for water requirement by a
barley crop are germination, tillering, jointing,
heading, flag-leaf, flowering, and dough stage

(Large, 19%54).

i1i) Irrigation scheduling based on depletion of
available s0il moisture (ASM) from the soil profile:
This approach is based on the fact that crop growth

under irrigation is stimulated by moderate guantities
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of soil moisture and retarded by deficient
quantities. The ASM in the active root zone is
the amount of moisture available for the crop use.,
Depletion of the ASM from the active root zone is
accompanied by loss of moisture for the crop.
Bajpai and Mertia (1977) reported that grain
yield and WUE of barley were highest with 505
depletion of ASM irrigation than with 80% or 70%
ASM depletion. Also Sepaskhan and Arde Kani (1576)
suggested that irrigation at 50» ASM would result
in higher grain yields and WUE. Singh et al. (1980)
reported that irrigation of wheat at 50% ASM
resulted in greatest'yield per centimeter of water

used by the crop.

Irrigation scheduling based on the ratio of a
fixed amount of irrigation water applied (IW) to
commulative pan evaporation (CPE):

In this approach, the fixed amount of irrigetion
water has relevance to available soil moisture
capacity, moisture deficit before next irrigation
and the effective root zone depth of the crop
(Chari and Naurya, 1980). On the other hand, pan
evaporation generally has a relation with the crop
water requirement or loss of water by the crop
through ET - due to atmosphere and crop factors.
In this approach, various ratios between the depth

of irrigation water and cummulative pan evaporation
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are used to find the best irrigation frequency

for a particular crop.

v) - Irrigation scheduling based on the ratio of
actual evapotranspiration (4ET) to potential
evapotranspiration (PET):

This is a prediction method for crop water
regquirement., Different ratios between AET to

PET are used for a particular crop to get the
cptimum yield and WUE. 4 number of researchers
have optimized the yield and WUE of barley and
wheat ueing this approach, Ratey et al. (1978)
reported that optimum yield and WUE of wheat may
be obtained at AET/PET ratios of between 0.5 - 0,7,

Generally, amohg fhe séveral approaches of sche-
duling irrigation, methods based on fixed time intervals
may not be completely satisfactory under all given setis
of agro-climatic conditions. This method is unscientifi: 
in the sense that irrigation is given too frequenily in
most cases irrespective of the crop water reguirements,
the soil type and the prevailing weather conditions.

As such the method often results in wactage of water due
to excess application.

The critical stage apprcach too may Het be quite

appropriate in the arid and semi-arid climate as high ETI

demand may result in rapid depletion of available soil
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moisture thereby drying the rcot zone before irrigation
is due at the next critical stage, This approach can be
applied successfully under the conditions of high water

holding capaclty as in heavy textured soils with low ET.

2.2 Effects of sowing date on the growth and yield of
barley

- Time of planting has a marked effect on the growth,
Iyield and guality of barley {(Bockstaele and Maddens, 1965).
Yields generally decline with sowings done earlier or
later than an optimum period due to effects of environ-
mental factors such as drought {(as a result of late start
or eérly ceasation of rainfall under rainfed conditions),

solar radiation and temperature (Mark, 1965; Singh et al.
1975). |

~Kumar et al. {1982) indicated that temperature
-constitutes the major limiting factor to barley produc-
tivity and growing season in Northern Nigeria, because its
cultivation in the country is entirely under irrigation
during the dry harmattan period. According to these
1'researchers, by late February/mid-March in the savanna,
air temperature rises abruptly, and the high maxioum
temperature (above 35%C) coupled with low relative humi-
dity (about 20%) could adversely affect flowering, grair®
development and time of maturity of the crop. They
concluded that the time of planting of barley during the

. dry season should be adjusted such that the crop utilizes
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as —uch as possible the favourable growing season

(12 - 13D days) to accumulate maximum economic yield.

Some researchers in Nigeria have grown and reported
the performance of malting barley varieties to different
dates of sowing, and suggested suitable times for planting
barley varieties in the barley growing zone of the

Nigerian savanna.

Sinha (1982) reported that the best time for sowing
bar.ey varieties at Kadawa is mid-November. Sinha and
Falzki (1982), working on three barley varieties
(Berenice, Ketch and Trampf) sown on five dates at
forinnightly intervals beginn;ng late October to late
Decexber also observed that November sowings gave higher
grain yields than sowings made in October and December,
In another report by Asenime and Sinha (1983), sowings
dore in mid-hovember to late-December resulted in higher

graein yields than early November sowing.

Summarizing all research works on the sowing date
of zarley in the Nigerian savanna, Asenime and Sinha (1986)
rec:umended that in a normal season when there is no
severe and protracted harmattan, sowing barley from the
secznd week of November to first week of December would
recilt in optimum yield, But when harmattan is severe
anc prolonged, sowing from the second week of November

to first week of December is recommended.

Several researchers in different parts of the world

have reported decreases in yields of barley with late
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sowing. Park (1975), working on the sowing date of

barley in Scuth Korea, reported that timely sowing of
the croy gave early emergence, earlier greatest tillering,
higher rumber of tillers per square meter, higher nuzber

of ears per unit area, and higher dry matter accumulation.

Kurar and Yayock (1980) in Nigeria also found that
timely-vlanted wheat (mid-November) produced a yield of
4640 kg /na, while the late-planted {mid-December) crop
yielded 59% less grain due to reductions in dry weight,

head lerzgth, grain number per head and 1000-grain weight.

Apert from yield reductions, late sowing of barley
may alec encourage the build-up of diseases (Francis,
1974),.. Johnston (1976) reported a 55% yield reduction

in barley due to root rot disease (Cochlicblus sativus)

when sowing was delayed by one week, Similarly,
Machacek {1943) observed great reduction in the tillering

of whea< due to root rot disease as a result of late

sowing.

2.2.1 ZzZifect of sowing date on malting guality of barley

Tize of sowing has a marked effect on the malting
quality »f barley grains (Munro et al. 1274; Munro and
Ann, 1977; Ondruch, 1977). Bockstaele and Maddens (1965)
found tzat grain protein content was lower in barley sown
early; rield of extract during malting was 1.7% lower in
the early crop compared with the late sown. Antosgzewaska

and Ulirskl (1966) reported an increase in grain protein,
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phosphorus and potassium contents with two weeks delay

in sowing. Nunro et al. {1974) observed a mean increase
in grain nitrogen content of G,15% when sowing was delayed
for 4-6 weeks. Mundy and Page (1972) observed that early
sown crops produced grains with a lower nitrogen content
compared to late sown crops. Ondruch (1977) found a

| decrease in the grain malting gquality with 10 or 20 days

delay in sowing.

Decreases in the malting quality of barley ;ith
lateness in sowing have also been reported in Nigeria

(Sinha 1982; Sinha and Falaki, 1982; Asenime and Sinha,

1983 and 1984).

2.3 Irrigation and sowing date interactions

Crop growth and yield under irrigation with adequate
supply of water could perhaps be limited by uvther environ-
. mental factors like temperature, solar radiation and wind

movenent,

Singh and Kumér (1979) indicated that the interaction
between irrigation and time of sowing is due to the effects
of differing atmospheric demands, In an experiment in the
gsemi-arid part of India, they found that soil moisture
status differed on two dates of sowing {November 11 and
December 11) with consequent reductions in the leaf water

potentials of both barley and wheat under the late sowing
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~due to excessive loss of water by evapotranspiration

as a result of high evaporative demand of the weather,

i .-Parmer (1978).found that the interaction betweer
1rrigatibn aﬁd planting time was significant in the post-
flowering period of wheat., He observed greater
reduction in grain yield due to infrequent irrigation

in the late sown wheat due to the effect of high tempere-

tures (in March) at grain development stage.

The interaction between irrigation practices and
sowing date was also found to be highly influenced by
cultivar (Anonymous, 1977). It was observed that early
maturing varieties of wheat yielded well when sown lzte
by maturing before the onset of damaging by high
temperatures in March, while longer season varieties
. gave their maximum yields at early sowing dates under

- same irrigation treatments at Kadawa.
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Chapter 3

MATERIALS AND METHODS

3.1 Experimental site .

The experiment was conducted at the Irrigation
Research Station Kadawa (Kano State) of the Institute
for Agricultural Kesearch, Anmadu Bello University,
during the 1986/87 dry season. Kadawa is located in
the Sudan savanna ecological zone of Northern Nigeria

(11° 33" N, 08° 02' E and 500m above sea level).

3.2 Soil analysis

A composite soil sample was collected from various
points on the field at 0-30 cm and 30-60cm depths for
analyses for the physico-chemical properties. Results

of the analyses are given in Appendix A,

%.%2 Soil moisture relations

The field capacity (FC) and the permanent wilting
point (PwP) levels of the soil were estimated from the
moisture characteristic curves of the experimental field
as determined by Nwadukwe (1986). The 7C was estimated
at -0.2 bar and the PAP at -15 bar, From these values,
the available soil moisture (ASM) was estimated by the
difference. From the curves, moisture content at FC was

38,6% by volume and that at PWP was 18.2% by volume; and

therefore the ASK was 20.4% by volume,
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The 20.4% moisture content by wvolume implies
0.204 cc of water/cc of soil,which was multiplied by -
the depth of the s0il profile under consideration for
conversion te depth basis. 1In this experiment, the - - .
effective root zone depth of barley was taken as_GO-ém
(Anonymous, 1979). Therefore for 60~cm s0il depth, the
ASM was 0.204 x 60 = 12.24 cm of water/60cm soil depth,
Assuming 50% allowable depletion of the ASM in this
soil profile, irrigation was therefore given when-
6.12cm of water was assumed to be depleted, and thus
the addition of 6.12 cm depth of irrigation water to
the plots was considered as the "optimum irrigation -

water levelV.

Optimum water level is a condition whereby the
crop was irrigated with Jjust enough water required for

its growth, no excess, no stress. - -

3.4 Experimental treatments

The treatments tested included four irrigation
levels and three sowing dates. Details of the

treatments are as foellows:
i

Irrigation levels

I, = optimum irrigation level throughout the growth

IW, pr

" -atio ze desceribed Lelow.

LAl

naricAd ooy g

Ceta i

stage only.

50% of optimum irrigation level at the repreductis

L]

stage only. .

—
e
n
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I4 = 50% of optlizmum irrigation level throughout the

growtr period,

Sowing date

D, = Early - November (November 4),
D, = late - November (November 25},

D3 = Mid - Zecember (December 16).

The irrigation treatments were based on the concept
of the ratio of irrigation water (IW) to cummulative pan
evaporation (ZPE), i.e. Iw/CPE ratio - (Kumar et al.
19773 Choudhary and Kumar, 1981), Daily pan evaporation
data was collected from a class 'A' U.,S. open pan
evaporimeter installed at the adjoining field in

determining wzen to give irrigaticn.
The concept of irrigation scheduling using the

Iw/CPE ratioc is based on the fact that cummulative actual

evapotranspiration of a ¢rop is given by the eguaiion.

CAET = Kc¢. Pc CPE = IW (1)
where CA:T = cummulative actual evapotranspiration.
¢ = crop coefficient
¢ = pan ccefficient
2?2 = cummulative pan evaporation
£ _d = irrigation water

From equztion (1) above:

“%/CPE = Ke. Po _ (2)



26

Pc is usually constant, depending on the mature : .= ©:u:

of.the site of the.pan, and is taken as 0.7 at Kadawa .«
(Abdulmumin 1988). But K¢ changes during the growth - .. :.

. season of the crop. 1t may vary from 0.3 at the ool

establishment stage, to 0.7 at the mid-vegetative
stage and 1.0 at peak:végetativeto early flowering stage, ..
and to 0.6 at the grain filling stage., These K¢ values .
. were established for wheat crop varieties by Abdulmumin .

(1988), but were used in this experiment beczuse of .

barley's similarities with wheat in growth and water use . -

" (Anonymous, 1379).
Prom the information above, therefore, the
irrigation frequencies of the crop were based on the

following ratios at the different growth stages, .
Mid-vegetative stage.

3

IW/0pE = Ke. Pe v

= 0,7 x 0,7 = 0.49
Peak-vegetative and early flowering.
IW/CPE = 1.0 x 0.7 = 0.7

Grain filling stage.

IW/cpr = ke, Po

= rE - T 042
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Therefore the crop in I plots was irrigated when

Iw/CPE ratios were 0.47 at the mid-vegetative stage,

0.70 at the peak-vegetative and early flowering stage,

and 0.42 at the grain filling to maturity stage by
applying 6.12 cm depth of irrigation water at each
irrigation as the"optimum irrigation level”", Then the
subsequent stress treatments of 50% of the optimum
irrigation water were given by applying 3.06 cm depth
of irrigation water to the stress plots at the

appropriate stages.

3.5 Freguency of irrigation

From the equation I""/CIPL'E = Ke. Pe
IwW

Kc. pe

CPE =
(3)

The times of irrigation which were dependent on

the CPE at the different growth stages were:

Mid-vegetative = 6,12
0.49 = 124.9 om

Peak-vegetative and early flowering = 6.12

Oo? = 870‘:

-
=
N

Grain filling stage = 6
0042 = 145.7 mm

mm
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3.6 Wwater application to the plots

Tre irrigation method was by surface flow using
check vasin system in plots size of S x 3 m. water
was conveyed from the supply channel to the plots using
calibrated syphon tubes. The guantity of water applied

at each irrigation was calculated on volume basis thus:

Cptimum irrigation level = 5x 3 x 6.12
100

z
= 0,518z” of water/plot.

50 of optimum (stress) = 5 x 3 x 3.06
100

- 0.45913 of water/plot.

The different volumes of water applied in the
different treatment plots at each irrigation were
controlled by timing a stopwatch. This was achieved ty
determining the flow rate (Q) of the syphon tubes in
litree/second using a clitrated bucket each time to give

an irrigation.

In addition to the initial irrigation given
immediately after sowing, two general irrigations were
given 12 all the treatments at & and 16 days after sowing
to ensure good stand establishment., Thereafter, the
different treatments were applied. Tables 3,}, 2,2
and 3.> showed the records for the periods of irrigation

and the cummulative depths of water applied in the
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different irrigation treatments for the first, second
and third sowings, respectively.

S:i]1 moeisture content was determined before each

irrigation and two days after at 0-30 and 30-6Qcm depi:is.

3.7 'wzzer table depth:

Tr.e water table depth was determined at variocus
peints of the field before the experiment started. It
‘varied etween 100 and 120cm below the soll surface.
During ihe experiment, water table fluctuation was
monitored using a locally designed instrument called
"Samarv Plop water Level Sounder" (Kwa, 1982). It was
made fr:mo kenaf stalk about 1,%cm long and calibrated
in centimeters, A small light cork is attached to the
bottom end of the stalk so that it can float on water
surface and the instrument mzkes a sound as soon as it
touches the water surface (Figure A)}. This instrument
was lowered through the piezometer tubes fixed in each
plot ar: the depth of water level was determined from
the point where it made a.sound. The water iable deptn

Fluctuzsed between 80 and 90 cm below.
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e . KE NAF STACK
{ Calibrated 1n cm)

bt 2bbb’ AN Al s i 1kt o

- LIGHT CORK

Figure A:

SAMARU PLOP WATEKR LEVEL SOUNDER
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%.8 Experimental design

The experiment was laid out as a Randomized

Complete Block Design with four replications.

Treatments were allocated as follows:

Irrigation levels = 4
Sowlng date = 3
Repiications = 4

Total number of treatments = 4 x 3 = 12

Total number of plots = 12 x 4 = 48

TMreatnent combinations

T, = 1, D, T, = 1, D, Ty = T, Dy
T2 = 12 D1 T6 = 12 D2 TTO = IZ D
T, = I, D, I, = I, D, Tyq = Iy Jg
Ty = 14 P Tg = 34 P2 Ti2 = 14 23

3.9 Cutural practices

The land was prepared by plowing once and harrowing
twice to get a fine tilth, The field was then divided into
plots of 5 x 3 m sige. Irrigation and drainage channels
were well constructed for efficient water distribution
to the plois, Individual plots were separated by one

meter gap to aveid seepage of water from adjacement plots.
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Pertilizer at the rate of 60 kg N/ha and 40 kg
P205/ha were app.ied to each plot and incorporated

three days before sowing.

Barley (culzivar Berenice), which matures in 100-
120 days was hand-drilled in rows of 20 cm apart at a
seed rate of 120 kg/na. There were 12 rows in each
plot. The second and eleventh rows were earmarked for
sampling, while grain yield was determined from the
eight cenire rows. Weedlng was done by hand pulling

whenever necessary,

2.10 Observations recorded

i, Crop ezergence: This was recorded at 8 days

zfter sowing. Plants were counted from an

area ol one sguare meter,

ii, Tillers: These were recorded at ? weeks
intervzel beginning 3 WAS until physiological
maturity. All plants were counted from &
25-cm row length and then expressed per square
meter. The nurzber of ear-bearing tillers was
also recorded at harvest,

iii, Plant reight: 10 plants were randomly selected

and tagged from each plot. The height of each
plant was measured from the ground level to the

tip of the longest leaf at 3 weeks intervals.,
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vi,

vii.
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Leaf area per plant: Five plants were taken from

each plot., The length and breadth of each functionai
leaf was measured using a ruler and multiplied by a
factor of 0.876 (Rao et al. 1967). The areas of the
individual leaves from the five plants were added

together and divided by the number of plants.

Leaf area index: This was determined by multiplying

the leaf area per plant (iv above) by the number of

plants in a meter square area and then dividing by

the land area,

Dry matter accumulation: This was determined by

taking all the plants froz a 25-cm row length cut

from the base with a sharp knife, and leaves and stems
separated and oven-dried at 80°C for 48 hours and then
weighed, This was then converted to dry matter

accumulation in grammes per square meter,

Number of days to 50% flowering: Days from sowing to

LI T
the time above 50% of the plants in each plot had

flowered,

Nupber of days to maturity: Days from sowing to the

time plant rachis was dried In about 50% of the

spikes,
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Crop growtn rate: It was calculated using the

following formula:
We = W1
27 M

CGR =

where W1 = total dry wt, at 1;1
Wy = total dry wt. at t2

Number of spikes per square meter: This was

counted at harvest from each plot.

Length of spike: 1t was measured at harvest using

a ruler by taking 10 spikes froz each plot.

Number of grains per spike: This was determined

using 10 spikes from each plot and counting the

number of grains on each spike.

1000-grair. weight: 1000-grains were counted from

each plot and weighed.

Grain vield: Weight in grammes of the grains frox

the plants in 4.0m length of the eight centre rows
(i.e 6.4 2 net plot) was taken and converted to
kg/ha. All the plants from the harvest area were
cut from tne base, bundled and properly sun-dried
in a protected area before weighing. The plants
were then threshed manually, winnowed, and the

grains cleaned and weighed accurately and then

converted to kg/ha.
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XV, Straw yield: The straw yield was determined by

obtaining the difference between the total dry
weight and the grain weight from the harvest

area of each plot and then converting to kg/ha.

xvi, Grain protein content: This was obtained by

estimating the nitrogen content of the grains (%)
as described by Jennings (1961). The nitrogen
percent was then multiplied by 6.25 to convert

it to crude protein content (Jackson, 1962).

xvii. Cummulative water use: The water use was

estimated by summing up the depths of irrigation

water applied at each treatment for the crop

duration.

xviii. water-use efficiency (WUE): It was estimated

using the following formula:

Grain yield (kg/ha)
cummulative depth of water used.

WUE

Data Analyeis

All data collected were subjected to statistical
analyses for significance of differences as described

by Snedecor and Cochran (1367).



emuwm.u.AH Periods of irrigation and cummulative depths of water applied for Lo * irrigation
treatments for barley sown in early-November

Days from sowing Depth of water application (cm) per irrigation per plot - Irrigation
“Optimum water DO% opt. water 0% Oopt. water bO% Opt. watl.r interval
) throughout at veg. stage &t repr. stage  throughout (days)
’ ’ 9
Gen. irrigs. 8 6.12 6.12 .12 J.dr S
16 6.12 6.12 6,12 .12 8
Xe = 0.7 30 . 6.12 3.06 6.12 u.Om 14
44 6.12 3.06 6.12 3.00 14
54 6.12 3.06 6.12 3.06 10
26 m el 64 6.12 3.06 6.12 3.06 10
74 6.12 6.12 3.06 3.06 10
to « 0.6 90 6.12 6.12 3.06 u.Om 16
106 6.12 6.12 3.06 3.006 16

To tal 55.08 cm 42.84 cm 45.90 em 33.66 cm
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Table 3.2: Periods of irrigation and cummulation depths of water applied for
treatments for barley sown in late-November

Depth of water application (cm) per irrigation per plot

ir irrigation

Days from sowing optimum water 50% opt. water 50% opt. water 50% opt.

throughout at veg., stage at repr. stage throughou

8 6.12 b.12 6.12 6.12

Gen. irrigs. ¢ 6.12 612 6.12 6.12
29 6,12 3.06 6.12 3,0t

Lo = 0.0 4% 6,12 3,06 6.12 3.0
54 6.12 3.06 - 6.12 3.0¢

Ke = 1,0 65 6.12 3.06 6:12 3.0¢
76 6.12 6.12 3.06 3.06

Ko = 6.6 g2 6.12 6.12 3.06 3.0¢
108 6.12 6.12 3.06 3,0¢

Total 55.08 cm 42.84 cm 45.90 cm 33.66

Irrigation
interval
(days)

8
8

13
14

11
1
1

16
16
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treatments for barley sown in mid-December .

Depth of water application (cm) per irrigation uww.mHoe

. Irrigation
Days from sowing Optimum water 50% opt. water DOUX opit, water DO% opf. water Interval
throughout ~at veg. atage &t repr. stage throughout (days)

8 6,12 6.12 6.12 _ 0.12 _ 8

Gen. irrigs. . 6.12 6.12 6.12 6.12 8
- mlun -

Ke = 0.7 29 6.12 3.06 2 3.06 dm-

42 6.12 3.06 6,12 3.06 i3

52 6,12 3.06 6.12 3.06 10
Ke = 1.0 63 6,12 . 3.06 6,12 3.06 11

.NA. @.‘__N .h mCAN u.om u.oa ’ x_o

89 6,12 £.12 o . 3.06 %.06 15
Ke = 0.6 104 6.12 6.12 3.06 3,06 15

Po tal 55.08 "cm 42.84 cm 45.90 cm 33,66 cu
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Chapter 4
RESULTS

4.1 Growth characters

4,1,1 Germination count

Regardless of the levels of irrigaticn, all
treatments produced statistically tne same number of

plants per square meter at 2 days alter sowing (Table 4.1).

The late-November scwing produced significantly
higher number of plants per square —eter av 8 days after
sowing than the other two sowings wiich were statistically’
at par.

The interaction between irrigation levels and
sowing date on the number of plants per scuare meter at

8 days after sowing was not significant.

4.1.2 Plant height

Plant height waé'highly influenced by the different
levels of irrigation given at the different growth stages
of barley {(Figure 1)}, Plants supplied with optimum
irrigation water throughout the growzh periosd (11) and
those supplied with 50% of optimum wzter a1 the reproduc-
tive phase (13) had similar heights, Those plants supplied
with 0% of the optimum irrigation weter either at vegeta-
tive stage only (I,) or throughout the growih period (14)
also had similar heightis, but were significantly shorter

than plants in treatments I, and I
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Table 4.1: Emergence count at 8 days after sowing.

Treatments

Number of plants/

2

m

Irrigation levels

I,-- Cptimum water throughout

I, - 50% optimum water at
vegetative stage only

- 50% optimum water at
reproductive stage only

1, - 50% optimum water throughout

S.E. *
1.5.D. {P = 0,0%)

. Sowing date

D1 - Novemnber 4
D2 - November &5
D3 - December 16

S.E. *
L.S.D. {P = 0.05)

129.2

106.1

107.8

110.3

97.3
121.3

104.9
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Significant differences in tne reight oI plants
were also observed with the different dates -7 scwing
(Figure 2). Crop sown in late-Ncwvemter (D,) zad the
tallest heights, while early-Novezter (D,) and |
mid-December (53) sowings producei significartly

same heights,

The interaction between irrigstion levels and

sowing date on plant height was n:t significant.

4.1,3. Leaf area per plant

Treatment supplied with optizum water trn-oughout
growth period and.those suppliec «Itr 5Cx of cpticum
water at the reproductive stage -:_y rroduced larger
leaf area thap treatments supplieéz with 50% I optimum
irrigation water either at vegetlzzive stage cnly or
throughout the growth period (Figure 3). leaf area of
I, and I were similar up to 12 weeks after sowing (WAS),
thereafter, I1 had a larger leaf zrea. In tre saze
manner, leaf area of I, and Ig were siuilar up to 12
wAS, from where I4 showed & more rapid decline axnd
having the lowest leaf area, In &ll the irrigation

treatments, leaf area reached a pezak at 9 WAZ, thereafter,

there was 2 decline due to leaf sernescence,

Mean differences in the leaf area per plant with
date of sowing are presented in Figure 4. The late-

November sown crop had the largest leaf area per plant,
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followed by the mid-December sown crop. Sowing in
early-November produced the smallest leaf area per
plant. The differences in the leaf area of the early-
November and mid-December sown plants were largely

insignificant statistically.

The interaction between irrigation levels and

sowing date on leaf are per plant was not significant.

4.1.4 Leaf area index (La&I)

Irrigation levels and sowing date beoth influenced
the leaf area index (Figures 5 and 6)}. Treatments I,
and I3 supplied with optimum irrigation water throughout
the growtih periecd and during ﬁegetative stage only,

respectively had statistically higher and similar LAI

- T head +hea hishsaed

~ TA Vo an
' A,_] o Ny Tk e g ..‘.u - el S [P )

. kew .
1, and I, treatments that recéived 50% of the optimum
irrigation water at the vegetative stage only and
throughout the growth period, respectively had statis-
tically lower but similar LAT up to 12 WAS compared with

the other treafments. From 12 WAS, I4 had the lowest LAI.

Among the dates of sowing, late-November sowing
had the highest LAI wvalues at all the sarxpling dates.
This was follawed by the mid-DTecember sowing. The early-

Lk as ' o o T T-J thG

e -

sampling aates, the LAL vaiues welc sigualicanily

different with the different sowing dates except at 3 wis

L}
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and 15 WAS only, where the early-November and the mid-.

December sowings had statistically the same wvalues,

The interaction between the different irrigation

levels and sowing date on LAl was not significant, .

4,1.5 Number of tillers per sguare meter

Plants supplied with optimum irrigation water -
either throughout the growth period (I,) or at the
vegetative stage (13) produced similar-and the highest
number of tillers per square meter up to 12 WAS =
(Pigure 7). At 15 WAS, 11 treatment had the highest
number of tillers. In the same manner, plants given
50% of the optimum irrigation water either at the. |

_ vegetativé stage only (12) or throughout the growth
period of the crop (I,) had similar and lower number
of tillers per square meter up to 12 WAS, thereafter,
I, bad the lowest tiller number which was statistically

at par with I,.

Among the dates of sowing, the highest number of
tillers per square meter was produced by plants sown in
late-November at 21l the sampling dates (Figures 8).
This was followed by the mid-December sowing which was
gignificantly higker than the early-November except at

16 WA

......
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Interaction between the different irrigation
levels and sowing date on the number of tillers per

square meter was not significant.

4.1.6 leaf dry weight

Leaf dry weight was higher in I, and I3 treatments
that received oﬁtimum irrigation water throughout the
growih period and during the vegetative stage,
respectively (Figure 9), These were followed by the
other two treatments that received 50% of optimum
irrigation water either at vegetative stage only (12)
or throughout the growth period (I4). I1 and 13 as a

and I
group, and 12/as another were statistically the same at
the sampling dates except at 15 WAS, when I1 had the
highest leaf dry weight, followed by 13. then 12 and
finally 14 which had the lowest. All the treatments

were significantly different at 15 WAS,

Late~November sowing of barley produced the
highest leaf dry weight, followed by the mid-December
sowing which was statistically higher than the ear;y-
November sowing at' 9 and 12 WAS only, but on the oiher

éampling dates, they were not significantly different.

Interaction betiween different irrigation levels

~and sowing date on leaf dry weight was not significant.
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4.1.7 Stem dry weight

At 3 WAS, all treatments were not significantly
different; but from 6 to 12 WAS, I, and I3 produced
higher stem dry weight than 12 and 14. thereafter, 1,
had the highest stem dry weight followed by 13. Stem
weights of I, and I, were similar up to 12 WAS after
which Iz‘produced significantly higher stem dry weight

than 14.

At all sampling dates, plants sown in late-
November produced the highest stem dry weight. This
was followed by the mid-December sowing and then the
early-November sowing. These two latter dates were
statistically the same except at 9 and 12 WAS when the
mid~December sowing had significantly higher stem dry

weight than the early-November sowing.

The interaction between the different irrigation
levels and sowing date on the stem dry weight was

significant only at 15 WAS.

4.1.,8 Total dry matter accumulation

Treatments given optimum irrigation water throughout

the growth period (I,) and at vegetative stage only (I,)

-

treatments were significantly different, with I, having higher
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dry matter. Similarly, witinholaing 50% of the optizum
irrigation water either at the vegetative stage ornly

(I,) or throughout the grow:h period (14) had similar

and lower total dry matter accuzulation up to 12 WiS.

At 15 WAS also, the two treztments were significantly
different with 12 having higher dry matter accumulztion
than I,. At this sampling period, all the four irrigation

4
treatments were significantly different,

Sowing barley in the late-lNovember pericd proEsced
the highest dry matter accumulation throughout the
sampling dates (Figure 14). Dry matter accumulation in
plants sown in early~Novemcer and mid-December periods
were significantly different at 6, 9 and 12 WAS witn the
mid-December sowing having higher, But at 3 and 1% WAS,

the two dates were not significantly different.

The interaction of irrigation levels and sowing on

the total dry matter production was not significant.

4.1.9 Absolute crop growth rate

In all treatments, maximum crop growth rate wes
obtained approximately between € 2nd 9 WAS (Table 4.2).
Those plants supplied with optimuz irrigation water
either throughout the growth pericd or at the vegetative
stage only had similar growth retes up to approximztely
12 WAS. Thereafter, I, had higher growth rate, Likewise,
I, receiving 50% optimum water taroughout the growth period

had similar rate of growth until about 12 WLS, after which
12 had higher growth rate than I,.
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lete of scwing also affected trhe rate of barley
growth. Tnrougrout the sazpling daves, late-November
sown pliantis ﬁad the highest growth rate up to atout
12 WAS." Betweez 5 and 9 w25, mid-December sown plants
had higher growth rate than the early-November sown
plants, but betiwecen 9 and 12 WAS, they had signifi-
cantly the same rate af growth., Betitween 12 and 15 wAS,
early-ﬁovember sowing had the highest growth rate,

followed by the late~November sowing; while the mid-

December sowing had the lowest,

4.1.10 BNumber <f days to 50% flowering and number

of days to maturiiy:

Plants flowered and matured relatively'earliEr wher.
supplied with 57:. of optilimum water either during
vegetative growih only or throughout growth period
compared with those supplied opilimuzm water throughouz
growth pericd or supplied 30% optimuz water at the

reproductive stage only (Tadle 4.3).

Early-Novezber and mii-December sown crops alse
flowered and reached maturity relatively earlier tha-w

the late-Novemter sown croyp.

Trhe interzction between irrigations levels and

sowing date on these parameters were not significant.
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“able 4.2: Absolute crop growth rate (gm/mg/week) of
barley grown at Fadawa during 1986/87 éry
season &s affected by irrigation levels
and date of sowing.

Y

weeks after sowing

Treatments
3-6 €-9 9=-12 12-15
Irrigation levels
I, - Optimun water 74.7  160.0  90.6  69.3
throught
I2 50% opt%mum water at
vegetative stage 58.6 122,2 58.3 32.0
I3 509% optimum water at
reproductive ctage 77.3  165,1 69,3 21.1
1, 50% optimum throughout 61.3  128.0 42,7 14.0
S.E., + 4.5 6.9 5.0 4.2
L.5.D. (P = 0,05) 1341 20.0 14.3 12.1
Sowing date
D, - November 4 - 37.6 123.2 69.8 26.0
o = hovember 25 69.0 165.3 858.2 21.1
Dy - December 16 56,0 144.0 74.7 16.3
S.E. + 3.5 6.4 4.5 2.8
L.S.D. (P = 0.05) 0.2 18.4 13.0 7.9
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Table 4.37: Nuzber of days to 50% flowering and nuober
of days to tarley zaturity as affected by
irrigaticn levels and date of sowing ai
Kaefawa during 198€/57 dry season.

..
Y

Tumber of days Number of days
Treatments to 50% to maturity
flowering

Irrigation levels

I1 - Optimum water throughout 18 115

I, - 50% optimum water at 74 110
vegetative stage only

I3 50% optimum water c¢?f 78 11%
reproductive stage only

I4 50% optimum water T4 110

_ throughout

S.E. % 1.3 1.5

L.8.D. (T = 0.05) 3.6 | 4.4

Sowing date

D, - November 4 74 | 119
D, - November 25 78 114

D3 - December 15 T4 115 |
S.E. & 1.1 1.4
L.8.D. (P = 0,35) 3.2 2.9

Interaction N.5. N.,S5.
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4.2 Yield and Yield Components

4.2, Grzin yield

Plants supplied with optioum irrigation water
throughout the growth period produced significantly
higher grain yield (Table 4.4). Treatments that
received 50% of optimum irrigation water either curing
vegetative or reproductive phase gave statistically
similar grain yields, Withholding 50% of the cptizum
irrigation water throughout the growth period resulted
in the procduction of the lowest grain yield. <There was
as much as 48% yileld reduction when 50% of the opiimur
water was withheld throughout the growth period
compared with the optimum water treatment throughcut
growth period, whilst the corresponding yield reduztions
for 50% optimum water treatments at vegetative and
reproductive stages were 30% &and ZjﬁarESpectively

compared t2 the optimum.

Sowing date also had a significant effect on the
grain yield (Table 4.4). Tate-November sowing marredly
out-yielcd toth early-November and mid-lJecember sowings.
Yield reductions were 22% and 20% when sowing of tarley
was done inlgérly-November and oid-December perioccs,

respectively compared with late-November scowing.
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Teble 4.4: Grain yield, straw yield and grain protein
content of barley grown at Kadawa during
1986/87 dry season as affected by irrigetion
levels and date of sowing.

Grain Straw zrain |
Treatments yield yield protein
(kg/ha) (kg/ha) content
(%)
Irrigation levels
11 - Optimum water throughout 32209 8929 10.0
12 - 50% Optimum at vegetative
stage only 2243 7016 117
13 50% optimum at reproductive
stage only 2467 8567 11.4
14 50% optimum water 1685 6567 13.:2
throughout
S.E. + 108 146 O.1
Sowing date
D1 - November 4 2186 7168 12.0
D2 - November 25 2797 8514 10.8
D3 - December 16 2220 7627 12.0
S.E. 102 139 0.08
Interaction * * *

* Significant at 5% level of probability.
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Table 4.5: Spike characteristics of barley grown =zt
Kadawa during 1986/87 dry season as af’ected
by irrigation levels and date of sowinz.

No. of, Lengih No. of 1900~

Treatments spikes/m of graineg/ grain
spike spike wt.(gc)
(cz)
Irrigation levels
I, - Opt. water 2
1 throughout 344 9.5 27.6 34.4
stage only
I3 - 50% opt. at repr. 319 9.4 23.9 B2
stage only
14 - 50¥ opt. water 284 8.0 19.1 30,8
throughout !
S.E. 4 0.2 0.6 2.9
LcSaDo (P = 005) 12 005 10? 205

Sowing date

D, - November 4 300 8.3 23.5 2143
D, - November 25 337 9.5 26.1 33.6
D3 - December 16 291 8.5 21:1 32.7
.S.E, # 3 0.1 0.5 0.7
L.S.D. (P = 0.05) 9 0.4 1.5 2.0
Interaction ' * ® N.S.

# Significant at 5& probability,
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Tahle 4.6; Interactlon of irrigation levels and date of sowing on the graln yield of barley
(kg/ha) at Kadawa during 1986/87 dry season.

Tt

sowing Date

Irrigation levels November 4§ November 25 December 16

I, - Optimum water througheout 2890 be 3682 a 3054 b
I, - 50% optimum water at vegetable mammm only 1900 ef 2521 ed 2309 de
Hu - 50% optimum water at reproduction stage only 2263 de 3020 b 2118 def
H# - 50% optimum water throughout | 1690 fg 1965 ef 1400 g

S.E. + {174) |

Means fellowed by same letters within the ﬁﬂmmﬁamzﬁm are not significantly different at 5%
level using DMRT,
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The interaction between irrigation levels and
sowing date was significant (Table 4.6). The grain
yields of treatment supplied 50 optimum water at the
reproductive stage was significantly higher than that
supplied 50% optimum water at the vegetative stage
when barley was sown in late-November, whereas,
with early-November and mid-Decexber sowings, with-
holding 50% water either at vegetative or reproductive

stage gave similar grain yields.

4.2.2 Straw yield

Straw yield of barley was also influenced by the
levels of irrigation given (Table 4.4). Plants that .
had optimum water throughout and those that had 50%
of optimum water at the reproductive stage produced
higher straw yields. Supplying 50% of optimum water
either at the vegetative stage only or throughout
growth period reduced the straw yield or barley signi-
ficantly. However, straw yield of plants that received
50% optimum water at the vegetative stage was signifi-
cantly higher than those that had 50% optimum water

throughout the growth period.

Highest straw yield was produced by the crop sown
in late-November, followed by the mid-December sown
crop which in turn produced significantly higher straw
yield than the early-November sowing (Table 4.4).
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Table 4.7: Interaction of irrigation levels and date of sowing on the straw yield of barley
(kg/ha) at Kadawa during 1986/87 dry season

sowing Date
Irrigation levels

November 4  November 25 November 16
I, - Optimum water throughout 8089 c¢ 9871 a | 8827 be
I, - 50% optimum water at vegetative stage only 6312 £ T 7692 ¢ 7043 de
Hu - 50% optimum water of reproductive stage only 7999 ¢ 9423 ab 8278 ¢
I, - 50% optimum water throughout 6270 f 7069 4 6360 T

S.E. + (218)

Mean followed by same letters within the treatmenis are notl statistically significant at
5% level usiag DMRT.
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Interaction effect between irrigation levels and
sowing date was significant (Table 4.7). Straw yields
s early-November sown barley were signifiecantly the
szzme when S0% oplimum water was withheld at thoe
vegetative growth or throughcut growth pericd; whilst
with the later two sowings, withholding 50% ocptimum
wzter at the vegetative stage resulted in & significantly
higher straw yield than withholding 50% water throughout

growth.

4.2.3 Number of spikes/m°

The data on the effects of irrigation levels and
.Eowing date on the number of spikes per sguare meter are
presented in Table 4.5. Treaimenis that received optimunm
irrigation water throughout growih ﬁeriod produced the
highegt number of spikes per sguare meter, Tnese were
followed by treatments that received 50) optirum water
&7 the reproductive stage only. Iowest nuznber of spikes
rer unit area was produced by treatments supplied with
0% optimum water either at the vegetative stage only or

t=roughout the growth period.

Date of sowing toc had some influence on the number
of spikes produced per square meter (Table 4.5}, The
early-November and the mid~-December sowings produced
significantly lower number of spikes per square meter

compared with the late-November sowing.
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Interaction between irrigation levels and sowing
date (Table 4.8} indicated that nuzber of spikes of
early-November sown barley were statistically similar
when}the crop was stressed either at the vegetative
phase, reproductive phase or throughout growth period.
Fowever, with lzte-November and mid-December sowings,
plants supplied 50% optimum water at reproductive
stage had a higher number of spikes per square meter
than those given 50% optimum water at the vegetative
stage or throughout growth period. Furthermore, _
supnlying barley with optimum water throughout or S0¥
water at reproductive Stage only resulted in the
productioh of similar number of spikes per square
meter; alsc sgupplying 50% optimum water either at the
vegetative stage or throughout growth period resulted
in the production of similar number of spikee when the
crop was sown in late-November; whereas with mid-
December sowing, all treatments had different number

of spikes per square meter.

4.2,4 CEpike length

"

when 50% water was withheld elther at the vegeta-
tive growth or throughout growth period, it resulted in
producing shorter spikes compared to when optimum water
was given throughout or when 50% optimum water was

given at the reproductive stage only (Table 4.5).
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Table 4.8: Interaction of irrigation levels and date of sowing on the number of barley

spikes per aquare meter at Kadawa during 1986/87 dry season.

wowing Dute
Irrigation levels

at 5% level using DMRT.

Hovember 4 November 25 Movember 16
I, - Optimum water throughout : 332 b 365 a 335 b
I, - 50% optimum water at vegetative stage only 288 de 317 be 280 e
1z - 50% optimum water at reproductive stage only 299 cd 358 a 299 cd
.Hh - 50% optimum water throughout 281 de 309 ¢ 251 ¢
S.E. + (6)
Means {ollowed by same letters within the treatments are not statistically significant
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with sowing date, early-Novenber axd mic-Jeczcber
sowings Lad produced spikes wiich were significarn-ly

shorter tran the late-November sown crcp (Table 4.35).

-

The interaction of irrigatiﬁn leveis ana sowlin
date on spike length indicated that wiin early-Kovexber
sowing, spike lengths of all irrigaticz treatzents were
statistically the same, whereas on the itwo later siwing
dates, plants supplied optimum water ithroughou<t or 50%
optimum water at reproductive stage had statisticelly
longer spikes than those supplied 50% cptimum water at

either vegetative or throughout growth period (Tzile 4.9).

4,2.5 Nucber of grains per spike

Number of grains per spike was significaztly

affected by the guantity of water received {Tatle f.%).

The highest number of grains per spilke was preduce? by
plants that received optimum water throughout. Flants
that were gifén 50% optimum wzter either at vegetetive
or at reproductive phase had statistically saze ruizber
of grains per spike, but significantly higher tha~ in

plants supplied with 50% water throughsut.

Differences in the mean zumber of gralns rer spike
recorded for the three sowing dates were alse sigr:ficant
(Table 4.5). The late-Noverber sown crop proiucec the
highest number of grains per spike thas the early-
November sowing which in turn wag significantly hLigher

than mid-lecember sowing,
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Pable 4.9: Interaction of irrigation levels and date of sowling on the length of barley
spike (cm) at Kadawa during 1986/87 dry season.

.

Suwing Date

Lrrlgution levelw November 4 November 2% November 16

Mo

H4 - Optimum water throughout 8.6 ¢ 10.5 a 9,5 b
I, - mom optimum water at vegetative stage only 8.0 cd 8.9 ¢ 7.3 4
_Hu - 50% optimum water at reproductive stage only 8.4 ¢ 0.4 a 9.5 b
H.HP - 50% optimum water throughout 8,0 cd 8.6 ¢ 7.5 d

S.E. + (0.3)

Means followed by same letters within the treatmenis are not statistically significant
at 5% level using DMRET.
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Tr.e interaction between irrigation levels znd

sowing date was highly significant (Table 4.10),
Barley supplied with optimum water taroughout and SO%
optimum water at reproductive stagé had similafjnumber
of grains/spike in the early-November or late-November
sowings, but when given 50% of optimum water either at
vegetative stage or throughout, was not simiilar in the
late-liovember sowing. Wwith the mid-December sowing,

hbwever, plants supplied with optimum water throughout

produced grains more than any other treatment.

4,2.6 1000 - grain weight

The 1000-grain weights four all the irrigation
treatments were statistically the same except between
treatments supplied with optimum water throughout &nd
those supplied with 50% of optimum water througnout

(Table 4.5).

With sowing date, late-November sown crop
produced significantly heavier grains than early-
¥ovember and mid-December sown crop which had

statistically similar grain weights (lable 4.5).

Interaction between irrigation levels and sowing

date was not significant.
i
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Table 4.10: Interaction of irrigation levels and date of sowing on the number of grains
per barley spike at Kadawa during 1986/87 dry season.

Irrigation levels

Sowing

Date

ilovember 4

November 25 November 16

HA ~ Optimum water throughout 26.7 be
Hw - 50% optimum water at vegetative stage only 23.0 de
Hu - 50% optimum water at reproductive stage only 24.3 cd
Ha - 50% optimum water throughout 21.1 ef

29.8

26,0

26.3 be
22.1 def
20,0 1
16.0 g

Means followed by same letters within the treatments are not statistically significant

at 5% level using DMRT.
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4.% Grain Protein Content

The highest percentage cf the grain protein
content of barley was obtained in plants supplied with"
50% of optimum water throughout growth pericd (Table
4.4}, This was followed by plants that received 50%
of optimum water either at vegetative or reproductive
stage., The lowest grain protein was produced bty plants

supplied with optimum water throughout growth period.

Sowing barley in early-November and mid-December
periods produced statistically the same and higher
grain protein content of barley grains than crop sown

in late-November périod.

The interaction between irrigation levels and
sowing date was significant (Table 4.11). With late-
November sowing, wlithholding 50% of optimum water atz
vegetative stage resulted in higher grain protein
contént than withholding at the reproductive stage,
whilst for early-November and mid-December sowings,
the grain protein contenits were not influenced Ty
stressing the crop for water either at vegetative cr

reproductive stage.
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Table 4.11;  Interaction of irrigation levels and date of sowing on the wuﬁub ﬁuoaoha
content of barley (%) at Kudawa during 1986/8'f dry season

Sowing Date

Irrigation levels November 4 November 2% November 16

Hd - Dptimum water throughout o 10.5 ef 9.3 8 1.1 £
I, - 50% optimum water of vegetative stage only 12,3 cd 11.0 e 11.8 d
Hw - 50¥% optimum water at reproductive mdmmm~obww | 12,0 4 10,2 £ - 12.1 d
1 - 50% optimum water throughout w 13.0 b 12.7 be 13.8 a

S.E. + (0.2)

_zmnzm followed by same letters within the treatments are not statistically mumuuwwomzd

at S% Hmdmw using DMKT,

R -
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4.4 Water-use Efficiency

Wwater-use efficiency was higher when optimum

irrigation was given throughout the growth period;
whereas plants given 50% of optimum irrigation water
either at the vegetative or reproductive stage had
statistically similar water-use efficiency (Table 4.12).
WUE was lowest when 50% of optimum water was given
throughout the growth period, but this was not
significantly different from the treatment that received

50% of optimum water at the vegetative stage.

With the date of sowing, water was used more

efficiently by sowing barley in late-Nocvember compared

with the earlier or later sowing (Table 4.12).

There was a eignificant interaction between irri-
gation levels and sowing date (Table 4.13), Wwhen tarley
was sown in mid-December and supplied 50% optimum water
at vegetative stage, used water more efficiently tran
those supplied 50% optimum water throughout, wherezs
with the two earlier sowings, WUE values for plantis
stressed at vegetative stage or throughout growth period
were statistically at par. Purthermore, plants given
optimum water throughout and those stressed at repro-
ductive stage had similar WUE when sown in early-

November and late-November, whereas with delay in sowing
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water use efficiency of barley grown at
Kadawa during 198€/87 dry season as

influenced by irrigation levels and date
of sowing,

Treatments

w,U.E, (kg/ha/cm)

Irrigation levels

I
. stage only
13_
stage only
L
S5.E. #

L.S.D. (P = 0.05)

Sowing date

D, -~ Kovember 4

1

D, - November 25

2

D3 - December 16

L.8.D. (P = 0,05)

Interaction

I, - Optimum water throughout

- 50% optimum water of vegetative
50% optimum water of reproductive

- 50% optimum water throughout |

5843
52.5

54.1

50. 1
1.2
3.4

49.3

63.0

50.4_
2.8

* Significant at 5%

level of probability.
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Table 4.13: Interactions of irrigation levels and date of sowing on the water use
efficiency of barley (kg/ha/cm) at Kadawa during 1986/87 dry season.

. Sowing Date
Irripation levels

November 4 November 295 November 16

Hd - Optimum water throughout 52,5 def 66.9 a 55.4 cde
I, - 50% optimum water at vegelative stage only 44.4 gh ._ 60.2 be 43.9 efg
Hw - 50% optimum water at reproductive stage only 49.3 efg €5.5 ab - 47.5 fgh
I, - 50% optimum water throughout - . 48,2 fg  58.4 cd 41.6 b

S.E. + (2.2) .

zmmamHouwosonvwmmamwmﬁdmﬂmipﬁrwsdsmﬁﬁmmﬂsmbﬂmwwchﬁmﬁmﬁwmdwomupwmpmu»w»omsﬁmﬂ
5% level using DMRT. _ : e ]
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ti1l zid-December, those plants supplied with optimum
water throughout made use of water more efficiently thazn

those\given 50% of optimur water of reproductive stage,

4.5 Cerrelation studies

Simple correlation studies carried out on the
growts. parameters, yield and yield components showed
that slmost all the paraceiers recorded were signifi-
cantly and positively correlated to grain yield, excépt
the grain protiein content which was negatively correlated
to yield (Table 4.14). Trere was however no significant
correlation between plant height and leaf dry weight;
leaf zrea and stem dry weight, number of grains per
spike and 1000-grain weight; number of tillers pér
square meter and spike length; leaf dry weight and number
of spikesn per'square meter, length of spike, number of
grains per spike and 1000-grain weight; stem dry weight
and grain protein content; number of spikes per sguare

meter and spike length; and siraw yield and number of

grains per spike.



Table Lo14 Simple correlatisn coefficients (r) between growth parameters, yield and yield components

2lant helght

.eaf araa

No. of wwwwmuuxsn
Leaf dry weight
Stem dry weight
Total dry matter
Tumber of spikes/m® ]
Spike lenzth

lo. of goulns/splke
“Q00=grain weight
Srain yield

Straw yield

“rain protein comtent

Plant height

—

0.580%*
0,298+
0,174
0. 427+
0o67**
0.301%
0. 854 **
O.Liion
0, 362%
.hy25%
0.651#+

Leaf area

d

0.767**

0.51 3%
0.171
0.68,%*
0.551%#
0.375*
0.162
0.147
0.390%
C.l15%

<0.551%*_0.L,68+
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0,530%% 0. LLO* 1
0.83L** 0.531*% C.669**
0.885%* (0,152 0.50z%*

0.203 0,18  0.3007

0.360% C.181 0.L12*

0,353% 0.202 0.L01#
0.801%* 0,301* 0,L00%

0.H03%*  0,368% 0,503%*
=0,515%% «0,315% «0.2449

'
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1
Q.717%% T
0.4k8% 0,200 1
D.593%* 0,305% 0,626%* r - -

0.613%% 0.359%  0.642%% 0,5,9** 1

0.701*% 0,8L,7% 0,639%* 0,875 0.602%% 1

0.,371**  0,765%%  0,593** 0,186  0.203  O.541++ 1
=0.56L%% ~0,632#% ~0,560%* =0,65L** =0,605%% 0,085 «Qp S 1



Chapter 5

DISCUSSION

5.1 Effect of Ifrigatian levels on Parley.

5.1.1 Growth

The results obtéined in this experiment revealed
that depth of irrigation water application at different
Erowth stages had marked influence on the growth of
barley. Plant height, leaf area, ILAI, number of tillecss
per unit area and dry maiter accuczulation of plant were
enhanced by application of optimum irrigation water
throughout the growth period of the crop. However, the
effect of depth of irrigation water was more pronounced
when plants were given less water during the vegetative
rhase only or throughout growth period where all the
growth parameters mentioned above were reduced., Slatyer
(1967) has demonstrated that plant growth and development
are controlled primarily by adeguate supply of soil
moigture, This could perhaps acccunt for the fact tha:
though water was applied to all treatments at the same
time, yet the growth and development of those plants
supplied with optimum water requirement per irrigation
superceded those that were supplied with 50% of optimux
irrigation water. It appears that the 50% optimum water
did not wet the entire soil profile within the root zone
of the crop, or that soil moisture in the profile of thre

root zone was depleted faster in treatments that received
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50% optimum water resulting into drying of the rost
zone before next irrigation. Thus, only the grow:a
stages or the developmental processes taking place at
the time irrigaticn was given or shortly after were
probably favoured. Acevodo et al. (1971) have also
observed reduced growth in maize with less moisture

during the vegetative phase,.

Since plants were stressed for water either at the
vegetative or reproductive period in the present study,
it is possible that the critical stages for water use
at the vegetative stage like tillering, jointing, heading,
flag-leaf (Kumar et al. 1977) might have been drastically
affected, It is well known that inadequate moisture at
any of the critical stages could be detrimental t: the
crop (Singh and Kumar, 1979; Kumar and Yayock, 1%520;
Nimzing et al. 1986 and 1987). This is probably zhe
reagon why treatments that received optimum irrigation
water at the vegetative stage had taller plants larger
leaf arez, higher rumber of tillers per unit arez and
higher dry matter accumulation than those that received
50% irrigation water at that stage, though irrigaied at
the same time, Day and Thampson (1975) have showz that

stem elongation in barley was adversely affected ty water

“ gtress at the tillering and jointing stages., Nizzing

(1986) also observed a similar effect and he attrituted

this to inhibition of nutrient uptake and distritution

within the plant.
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5.1.2 Yield and yield components

The grain yield of barley and its components were
found to be highly affected by the quantity of irrigation
water given at the vegetative or reproductive phase of
growth., The application of optimum irrigation water
throughout growth period produced the highest grain
yield which was reduced by about 30, 23 and 48% when
50% of optimum water was withheld at the vegetative
stage, reproductive stage and throughout growth period,
respectively (Table 4.4)., The reductione in the grain
yield with water stress at the vegetative stage was
mainly due to observed reductions in the number of
spikes per square meter and length of spike, while that
at reproductive stage could be atiributed to reduced
number of grains per spike and 1000-grain weight, A
combination of reductions in the number of spikes per
square meter, length of spike, number of grains per
spike and 1000-grain weight accounted for tne yield
reduction observed when 50% optimum water was withheld
throughout growth period. Slatyer (1973) attributed
the reductions in the grain yields of crops with water
stress at the reproductive stage to reduced fertiliza-
tion and grain set resulting from dehydration of pollen
grains, ﬁbar germination of the pollen and failure of
the growth of the pollen tube from the stigma to the

ovules. Verma et al. (1976) found that adequate
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irrigation at the flowering stage enhanced rfertilizaticz.
They indicated that sound and healthy grain developmen:
are only possible when there is sufficient moisture in

the soil.

Contrary to the findings of several researcrers
(Aspinall et al. 1964; Day and Thampson, 1975; Nimzing,
1986) that moisture stress at the reproductive stage
of barley was more critical for grain yield than that
at the vegetative stage, in this study, with timely
sowing (late-November), more reduction in grain yield
was observed when stress was imposed at the vegetative
thgn at reproductive growth. On the other two sowing
dates, the grain yields of plants stressed at either
vegetative or reproductive growth stages were not
significantly different. Thie could be attributed to
the problem of high water table at Kadawa (80 - 120cz)
caused by the presence of hard pan down below (hwa, 1922),
By the time the plants reached the reproductive stage,
they had developed extensive root system which was able
to tap water from the rising water table, This yield
reduction was therefore not as great as expected when
stress was imposed at the redproductive phase, Similar
obgservations had been reported earlier for wheat by
Chari and Maurya (1980).

Straw yield, which is a function of vegetative
growth was highest in treatments that were supplied

optimum water throughout and those given 50% of optimur
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at the reproductive stage only because plants from
these treatments w»ere taller and producec more tillers
which increased tze straw yield substantially compared
to the treatments supplied 50% optimum water either at
the vegetative st=ge only or throughout growth period

(Table 4.4).

The number o7 spikes per square meter and length
of spike were reZuced by supplying 50¥% optimum water
either at the vegetative stage only or throughout growth
period because t-e plants did not form many tillers,
while the spikes were shorter compared to those plants
supplied coptimuc water throughout or given 50% of
optimum wate£ at the reproductive stage cnly (Table 4.5).
Similar effects were also observed by Aspinall et al.
(1964): Day et al. (1978) and Kumar and Yayock (1980)
who reported that water stress during the vegetative
growth of barley and wheat had a detrimental effect on
the tillering anZ Jjointing which consequently reduced
the number of spixes produced per unit area and head

length, and hence the grain yield.

The number cI grains produced per srike was
drastically reduced when plants were stressed at the
reproductive stzge because many spikelets were unable
to £ill their greins. Purthermore, those grains that
were filled had lighter weight which reduced the 1000~
grain weight. T™is is similar to the findings of Day

and Thampson (1975) and Kumar et al. (1977) who reported
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dazaging effects of water stress ofl the grain develop-~
ment stage of barley and wheat and an increase in the
proportion of small grains which led to lower grain

yields,

5.1.3 Malting guality

The grain protein content is the principal
determinant of the malting quality of barley (FPomerang
et al. 1976). In this study, the protein content of
barley was found to be higher in the treatments that
produced lower grain yields. Aspinall et al., (1964)
observed and reported that barley supplied with
sufficient irrigation water had high grain yield with
_relatively lower grain protein content compared to that
stressed which had low grain yield and relatively higher
grain protein content. It must be emphasized, however,
that even though water stress increased grain protein
in this study, the values cbtained for all the treatments
were within the desirable range for malting as recommexnded

by Chapman and Carter (1976).

5.1.4 Water-use efficiency

Highest water-use efficiency was obtained in plants
that were supplied optimum water throughout growth

period compared with the other treatments (Table 4.12).
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This is because in the optimum water treatment, plants
produced more grain yield in relation to amount of water
used. Day et al. (1978), who observed a linear relation-
ship between grain yield and water-use of barley, stated
that prolonged moisture deficit during the early growth

stages had a negative effect on the WUE,

An important objective of this study was to device
ways of saving irrigation water, especially in & place
like the Sudan savanna ecological zone where irrigation
water is very limited. Results of previous works
could be used to compare the efficiency of the irrigation
method used in the present study, Iw/CPE ratio with the
weekly irrigation generally adopted by farmers in this
zone, With weekly application of irrigation water, the
variety of barley, Berenice used here would require z
total of 84.00 cm of water (6.0cm depth of irrigation
water per week for about 14 weeks) from sowing to
maturity. However, basing irrigation schedule on the
s0il, prevailing weather conditions of the area and the
water use of the crop, the same variety was given a
total of 55.08 cm of water within the same period., It
is noteworthy that the highest grain yield of 3682 kg/ha
obtained when optimum irrigation water was given in this
study {Table 4.6) was similar to the ylelds of 3271 to_
3819 kg/ha earlier reported (Ahmed et al. 1977; Falaki

et al, 1980 and Falakl and Ibrahim 1982) at Kadawa for
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the sa;e variety when weekly irrigation was applied.
Thus, it appears that irrigation scheduling based or
the soil, prevéiling weather of the area and the water
use of the crop as done here was more efficient in
terms ¢f water use than weekly irrigation which is

genera:iy practiced by farmers in this zone.

5.2 tffect of Sowing Date on Barley

5.2.1 Srowth

Tre differences in the emergence and growth of
barley sown on the three dates could be attributed to
variations in temperature within the period from sowing
to maturity. DPercent emergence was relatively higher
when tarley was sown in late-November compared toc early-
November or mid-December, The air temperature records
(Appencix B) show that the average minimum and maximum
temperature (18.9 and 34.1°C), one week after the early~-
November crop was sown were relatively higher than the
recommended optimum range of 15-20°C for good germinaticn
of barley (Kumar et al., 1982). On the other hand, minimum
and marimum temperatures one week after the late-November
and mid-Depember sowings were done were closer to the
recomwsnded temperature range which favoured the gerwina~
tion ard growth of the crep more compared to the early-

November sowing,
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Plart height, leaf area, LAI, number of tillers per
unit arez and dry matter accumulation of plant were hichest
in the laie-November sowing, followed by the mid-Decerber
sowing. 3arley sown in early-November produced the lowest
values ir all these parameters. Tsala (1985) and Yusuf
(1985) also observed differences in maize and millet growth

with different dates of sowing at Kadawa due to variations

in temperature,

-

5.2.2 Yield and yield components

Grain yield was higher when barley was sown in late-
November compared with earlier or late SOWing. This is
due mainly to favourable temperature, the late-November
sown bro; enjoyed from sowing to maturity. The mid-
December sown crop on the other hand, suffered the adverse
effect of nigh temperatures at the grain filling stage
(in late-¥arch). Many spikelets were unable to fill their
grains as a result of damaging effect of high temperatures,
while number of spikes per unit area were reduced due to
tiller mortality which consequently reduced the grain yield.
Although temperatures during the grain filling of the early-
November sown crep (in February) were close to the optimum
range for grain development (18 - 2000), temperatures at
the seedling emergence were high resulting in reductions
in stand establishment with consequent reduction in nuzber
of tillers per unit area and length of spike which contri=-

buted to the reduction in the grain yield. These results



93
are in line with the previous reports of Sinha (1982);
Sinha and Falaki (1982) and Asenime and Sinha (1386)
indicating that the best time for sowing barley at
Kadawa was mid-November to early-December to avoid the
damaging effect of high temperatures in March and

April on grain development,

5.2.3 Malting quality

Grain protein content increased with decrease in
grain yield. Thus, early-November and mid-December
sowings which had low grain yields had higher grain
protein contents, This can be related to the explana-
tion given by Asenime and Sinha (1983) that fewer number
of plants established per unit area with late sowing
accumulated more nitrogen which was later transferred

to the fewer grains formed.

5.2.4 Water-use efficiency

Water was used more efficiently by crop sown in
late-November compared with the two other dates. This
is because the late-November sowing had the highest
grain yield per centimeter of water used. Even though
all the sowing date treatments received same guantities
of irrigation water, late-November sowing produced more
grain yield. Bengtsson (1977) reported that barley sown

at the right time yield more grain per centimeter of

water used.
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5.3 Interaction Between Irrigation Levels and Sowing
Date

The iﬁtera?tipn_between irrigation level and sowing
‘date was not significart for all the growth attributes
measured suggesting that irrigation level and sowing

date may be acting.independently of each other in
determining the growth of barley. However, the interac-
tion effects of irrigation level and sowing date on grain
yield and yield compornents except 1000-grain weight were
significant. T™his indicates that the grain yield

response of barley to water at different growth stages

would vary with time of sowing.

5.4 Correlation

Correlation studies indicated that almast all the
parameters meazsurecd were significantly and vpositively
correlated to grain yield except the grain protein
content which was negatively correlated. This is due
f, to the fact that durins the process of growih, photo-
synthates produced were made available for the plant
- growth and developrent. The highly significant correla-
tion of number of svikes per square meter, spike length,
number of grains per szike and 1000-grain weight to the
grain yield indicated that these were very important
components and critical determinants of yield. The
negative correlation ol the grain protein content to the

grain yield indicated that the lower the grain yield,
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the higher the grain proteir content due to accumulation

of more nitrogein in the fewer grains,
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Chapter 6

SUMMARY AND CONCLUSION

-

Barley (Hordeum vulgare L.), variety Berenice

was grown under irrigation at the Irrigation Research
Station, Kadawa, in the Sudan savanna ecological

zone of northern Nigeria during the 1986/87 dry
season. Treatments itested consisted of four irrigation
ievels (optimum irrigation water throughout growth
period, 50% optimum water at the vegetative stage
only, 50% optimum water at the reproductive stage only
and 50% optimum water throughout growth period) using
Iw/CPE ratic; and three sowing dates (early-November,
late-November and mid-December), The treatments were
laid out in a complete randomized block design

replicated four times.

Giving optimum irrigation water throughout growth
period produced the highest grain yield., Yield
reductions were as much as 48, 30 and 23% when 50%
of the optimum irrigation water was withheld throughout
growth period, at the vegetative stage conly and at the
reproductive stage only, respectively. Flant height,
leaf area, LAI, number of tillers per unit area and
dry matter accumulation by plants were highest with
the optimum water treatment throughout growth period.
Number of spikes per square meter, length of spike,

number of grains per spike and 1000-~grain weight were
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also highest with the application of optimum irrigation
water throughout growth periocd. This was followed ty
the 50% optimum water treatment either atlthe vezetative
or reproductive stage only which.were statisti;ally at
par. The lowest grain yield was obtained when tre crop
.was given 50% optimum irrigation water throughout growtt

preriod, Grain protein content on the other hancd

increased with increase in water stress.

The growth and yield of barley were found t¢ be
best when the crop was sown in late-hovember., 7Yield
decreases were 22 and 20% when sowing was done in early-
.November and mid-December, respectively., In the late=-
November sowing, plants grew taller with longer spikes,
more spikes per unit area and more grains per s:iike
compared to the other sowing dates. Interactiors were
significant on the grain yield and its componentz excep:

the 1000-grain weight,

Based on these results, it can te concludec that
stressing barley for water either at the vegetative or
reproductive phase was harzful, However, the grain
yield was more adversely alfected when the crop was
stressed at the vegetative compared with reproductive
phase under the condition of high water table at Kadawa,
Sg;ing varley between mid-November and early-December
period would result to optimum in optimum yield and
malting quality in the Sudan savanna ecological zone of

" northern Nigeria. TLikewise, basing irrigation schedule
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on tre soil conditions, prevailing weather of the area
and tine water use of the crop would result ir optimum
grair.-yield and high WUE with less wastage of water

compzred to the weékly irrigation.

:n this study, the imposition of moderate to
severe water stress resulted in drastic reductions in
barley yield, Further work would be needed on the effect
of mild stress compared with no stress in orcer to

deter-ine whether the limited irrigation water could be

conserved by imposing mild stress.
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Lppendix A,

Physico-chemical properties of the soil of the
experimental plot from a composite sample of

60cm depth.

, , Methcd of . .
Soil properties ) Characteristics
analysis

——

Physical proper- Hydrometer method Proportion (%)
ties -

Sand ' 72.76
Silt - | 1143
Cley ' 12,75
Bulk density 1.69
Texture ' : Sandy loam

Chiemical proper-

ties
pH in water Glass electrode b 6.43
methed :
PH in 0.01m
Caci2 W 5.87
Ca++ ) ttomic atsorpltion
Spectrophntometry  1.52 meq./100gm soil,
mgtt " 1.16 L
x* Flame photometry 0.45 "
Na™t " " 0.02 "

Organic carbon Walkley-Black method 0,23%
Total nitrogen Micre~Kjeldahl 0.02%

Available phos- Pnosphenolybdate
phorus method 57.79 ppm
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- ﬂ
‘ppendix B, Daily temperzturce records ("C) for
Kzdewe fror Novembher 1956 to Farch 1987.

Days Lhrvember 438~ December 1986
Max, il Max. Min.
1 3 21 27 12
2 3y 21 24 14
3 3L 2r 25 N
b 35 2n 26 13
.5 35 19 24 N
6 35 20 2l 10
7 5 (e 25 10
8 35 18 27 1
9 34 19 28 11
10 30 17 28 1
11 29 1R 29 10
12 5 16 29 12
13 29 11 29 13
14 5 12 30 11
15 20 13 27 12
16 29 14 26 12
17 30 13 28 12
18 31 1 25 12
19 32 13 25 12
20 33 33 22 1
21 33 14 21 13
22 32 1% 25 11
23 33 14 2¢ 11
2l 29 1A 31 12
25 30 I 20 13
26 3n 14 2c 11
27 28 14 33 13
28 29 14 27 12
29 30 14 25 11
32 28 15 22 11
31 - 2h 13
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Days January 198" Februsry 1987 March 1987
Max, Min. Max, Min, Max, Min.

1 34 12 31 12 33 13
2 32 13 31 12 30 13
3 31 13 28 14 27 16
N 31 11 27 15 23 yn
5 29 12 29 14 32 16
6 2L 12 30 16 33 16
7 22 11 31 16 33 16
8 26 - 11 31 16 34 g
9 27 11 29 14 33 18
10 29 11 32 13 33 19
11 28 11 32 13 33 19
12 29 12 36 1k 3L 16
13 29 14 35 17 34 19
g 29 13 36 18 3L 20
15 31 12 31 18 36 18
16 34 11 31 18 37 18
17 35 12 3e 17 37 22
18 3L 12 32 16 38 22
19 35 12 33 dh 39 22
20 33 12 3l 16 39 22
21 173 15 35 16 e 2l
22 32 1A 36 16 37 2l
23 30 N 34 16 33 22
2l 29 13 3l 18 7 23
25 29 13 35 (¥ 35 32
26 29 13 32 19 34 23
27 27 12 33 17 33 32
28 27 13 33 18 31 22
29 28 13 - - 36 25
30 29 11 - - 37 26
31 29 1 - - 36 26

Source: NMeteorological Office, I.A.R./A.B,U, Samaru;
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Appendix C, Teotg]l Monthly rainfall record for Kadawa for
the period NMarch-November 1986

Month Rainfall (mm)
March | 0.0
April 7 13.2
May - T71.1
June’ - | 105.6
July 167.9
August 234.0
September - 113.7
October ' 18,7
Novenmber 0.0

Source: Meteorological Office, I.A.R./A.B,U. Samaru,

Appendix D, Mean monthly relative humidity record for Kedawa
during the experimental period (November 1566 =

March 1687)

Month Relative humidity (%)
November _ 62.9

December 47.3

January | L8,6

February L47.6

March 62,1

Source: Meteorclogical Office, 1.A.R./A.B.U, Samaru,
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