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ABSTRACT

Field trials were conducted at the Irrigation

Research Station, Kadawa if Institute for Agricul tural

Research, Ahnmadu Bello University,
and 1985/86 dry seasons,

during the 1984/ 85
to study the effects of
noi sture stress inposed at various growh stages under

different nitrogen levels on yield and quality of
mal ting barl ey,

Moi sture stress inposed ,by mssing irrigation at
any growth stage before dough stage reduced nost of

the growth parameters viz: plant height, nunber of

tillers per plant, |eaf area per plant,
I ndex,

| eaf area

flag leaf area ana dry matter production.

However, N application increased these growh

paraneters, Mssing irrigation at jointing and

headi ng stages reduced the nmean nunber of days to
maturity whereas nitrogen application upto 60 kg

N ha increased the nunber of daysto maturity.

Mssing irrigation during early stages from
tillering to heading reduced the nunber of spikes

per netre square and nunber of grains per spike.

The final grain yield was adversely affected by

withholding irrigation at any stage of growth except

headi ng stage. The nmaxi numyield reductions of 13

and 32 per cent were observed when irrigation was m ssed

at jointing stage in 1985 and 1986, respectively.
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A nitrogen fertilizer rate of 60 kg N ha was found
to be eptinumfor efficient water utilization and

acceptable grain protein content in nmalting barley.
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Chapter 1

INTRODUCTION

Barley (Hordeum vulgare L.) which belongs to the
grass family, is one of the oldest cereals known to man,
Basically, it is a crop which thrives well in the
temperate regions and it is also grown in hotter and
drier regions of Asia Minor, North Africa and the
Mediterranean., However, barley grown in Nigeria at
present is mainly on experimental scale, and entirely

under irrigation in the savanna ecological zone.

Barley contains 68 and 12 per cent of carbohydrate
and protein, respectively, As a human food and animal
feed, protein is one of the important constitutents.
For brewing industry, a high protein content is
undesirable as it replaces starch which is converted to
maltose and imparts disagreeable odour and taste to the

material brewed from it,

In Nigeria, barley is mainly used for malt
preparations, However, all the existing brewing and
distilling industries rely entirely on imported malt as
their source of raw material., For example, one of the

thirty-two breweries, the Nigerian Breweries Limited (NBL)
alone imported about 80,000 tons of malt at an estimated
value of 38 million Naira in 1979 (Asenime ct al., 1980).
Similarly the number of breweries keep increasing almost

at a geometrical rate,

The increasing demand for malt products, with the

consequent increase in the amount of foreign reserves
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needed to import sufficient malt for the num erous
pbreweries constitutes a major drain on the country's
foreign reserves. The brewing industry 1is therefore
largely affected by government directives of obtaining
their raw materials internally, particularly in terms
of malting barley. However, locally produced cereal
substitutes which have been tried such as sorghum
(Sorghum bicolor) and maize (Zea mays) may not compete
with barley successfully for malting purposes because
of their low enzymatic content and absence of hull
which protects the micropile during malting process.
For example, North Breweries Limited, Kano has only
been able to use sorghum for substitution upto 10 per cent
1evel (Fowowe, 1983). In order to maintain the quality
of product, the only alternative is to embark on the
local production of malting barley in Nigeria. Ahmed
et al, (1977), Falaki (1980) Ikwelle (1985) have
successfully grown and reported on the periormance Ol
several elite malting varieties in two locations in

the Nigerian savanna.

Although some work on varietal adaptability,
fertilizer and other management requirements of
malting barley are at various stages of investigation
in Nigeria, there is paucity of intormation
regarding the yield and quality response of the crop
to moisture stress, and its interaction with nitrogen

fertilization,
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Since barley cultivation is entirely under
irrigation in Nigeria, available soil moisture could
be a major yield determining factor. Moreover, the
consistent rise of water table at Kadawa and its
surroundings during the irrigation cropping season
(Nwa, 1978) poses a threat of water logging conditions
in future if irrigation water is not Judiciously applied,
Consequently, water economy for crop preoduction under
irrigation will therefore, be inevitable when more area

is brought under irrigation,

The judgement of the farmer about the time of
irrigation and the amount of water needed with each
irrigation is an important factor contributing to low
average yields as well as poor crop quality. Inspite
of the fact that plants have a number of ways of
avoiding the build up of water deficits (Loviii, 1972)
some growth stages have been found to be more sensitive
to moisture stress than others (Aspinall et al., 196l4;
Lahane and Staple, 1962). Such;:ensitive stage is also
referred to as the critical stage. Yield suffers if one
or two irrigations are missed at a critical stage of
growth, and if the drought experienced is severe the
crop may fail,

Nitrogen is considered the most important single
nutrient element affecting both the grain yicld and
quality of the crop, The initial soil nitro-en

content, its degree of availability and the quantity of
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externally applied nitrogen are among important factors
which determine the level of barley productivity as
well as the guality of the grain. Thus, knowledge
regarding the above mentioned factors is necessary in
achieving high productivity of barley grain of

high quality for industrial use.

In the light of the above background, the present

study was undertaken with the following objectives:

Te To study the influence of moisture stress at
certain critical stages of crop growth on grain

yield, grain protein and seed weight,

2, To study the interaction of nitrogen levels
and moisture stress at critical stages of
growth on grain yield and the above seed

quality aspects,



Chapter 2

LITERATURE REVIEW

Barley research in Nigeria is in its infancy and
virtually no work has been carried out on the effects
of moisture stress and nitrogen levels on the crop.
However, there is some work published on this subject
in other barley producing parts of the world, [ne
literature on irrigation is scanty as barley is mostly

grown as a rainfed crop in other parts of t - world,

2.1 Effects of Moisture Stress at Different

Growth Stages on Yield of Barley

Soil moisture is considered the single most
important factor limiting crop yields, Moisture siress
results from an inbalance between the supply of moisture
furnished by the soil and the amount needed by the plant
as determined by atmospheric demand (Singh and Kunar,
1979)., 1t is generally agreed that even the plant
water deficit that develops at any point in time is
the result of a complex combination of soil, plant
and atmospheric factors, all of which interact to
control the rates of water absorption and water loss

(Kramer, - 1963 and Vaadia, et al., 1961),

Although it is generally established that
moisture stress reduces yields, the degree of yield

reduction, however, depends on envirommental
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conditions, soils, crop variety and the growth stage
at which the stress occured, Lahane and Staple
(1962) reported that plant characteristics, stage of
development, soil and climatic conditions are
important variables in determining the relationship

between moisture and crop production,

Germination and seedling emergence are the first
two critical stages of growth in dryland farming.
Obtaining an adequate crop stand for optimum crop
production is difficult in many dryland conditions
because of the adverse effects of low scil moisture
content on germination and seedling emergernce of crops.
‘On the other hand, however, excessive moisture supply
decreased the rate of germination of wheat (Dasberg
and Mendel, 1971). In their study with many grasses,
Wright et al, (1978) also observed that both rate and
total emergence of seeds declined with soil moisture
deficit, However, Doneen and McGillworay (1943)
concluded that seed germination was proportionately
delayed as the initial soil moisture percentage was
decreased, and the germination percentage for some
crops is lowered as the soil moisture is decreased

towards the wilting coefficient,

Moisture stress during tillering reduces yields,
Kumar and Singh (1977) observed that water stress
between active tillering and the flag leaf stages was
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most critical for reducing grain yields, Yield
decreased significantly with stress occuring at the
onset of tillering (Heapy et al., 1976 and Day et ul,,
1978). Mkamanga and Singh (1976) observed that
avoiding moisture stress at the tillering stage in-
creased grain yield of malting barley. Day et al,
\ +279) also reported that variations in number of
ears per unit area was largely accounted for by the
s0il moisture deficit which occured at tiller production

and spikelet initiation periods,

During jointing, moisture stress reduced wheat
grain yield due to reduction in plant size,
ﬁhotosynthetic area, heads per unit area and fewer
seeds per spike (Day and Intalap, 1970 and Falaki et al,,
1979), and research with barley by Starterry and —
Schrieber (1965) and Stanberry and Lowrey (1965) also
indicated a behaviour similar to that of wheat.

However, Day and Thompson (1975) observed that
withholding irrigation water during the jointing stage
of spring barley did not reduce grain yield and in some
cases increased it., They found that stressing barley
for water at jointing resulted in shorter plants, less
lodging, and more tillering and more heads per unit
area. In contrary with this finding, however, it was
found that the number of ears per unit area reduced

with moisture stress at jointing (Day et al., 1978),
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Moisture stress at heading has been reported to
cause reduction in number of grainsper ear, Sepaskah
(1978) found that grain yield of barley was hignest
with irrigation at heading and flowering stages.

Navas (1975) observed heading stage to be one of the
most sensitive periods for moisture stress in barley.
He further observed that stress during heading greatly
induced tiller production, and stress at any stage but
especially during heading decreased grain yields,
Safely (1974) reported that in general, for all crops,
stress at almost any stage between floral initiation

and maturity was likely to result in yield variatiocn,

Day and Thompson (1975) reported that water stress
at flowering and dough stages decreased grain yicld, at
flowering stage decreased number of grains per ear and
at dough stage decreased seed-weight, Moisture stress
at tiller and spikelet death, and anthesis was found
to cause yield variation in the number of grains per
splke and moisture stress at grain filling caused
reduction in mean grain mass (Day, et al., 1979).
Working in Southerm Iran, Sepaskah (1978) found that
one irrigation at the flowering stage resulted in an
average grain yield increase of 35% compared with no
irrigation treatment and was found to be preferable
to irrigations at any other stages of growth with
re spect to both grain yield production and water use

efficiency, He also reported that lower grain yields
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due to moisture stress at dough stage resulted mainly
from lower seed weight. Robins and Domingo (1902)
observed that the greatest yield reductions were
obtained when stress was imposed during and after
heading stage., Salim et al. (1965) reported that the
most critical period for most small grains was during
the heading stage; and stress at the flowering and
dough stages hastened maturity (Day and Intalap, 1970).

As rggards which stage of growth is the most
critical to moisture stress, Navas (1975) reported that
tillering stage was the most critical for moisture
_étress as regards dry matter production and that stress
during earing and pollination gave the greatest decrease
in grain yield, Similarly, Sepaskah and Raeissi-
Ardekani (1976) and Sepaskah (1978) fournd that both
grain yield and water use efficiency were highest with
irrigation at flpwering stage. On the contrary, however,
the heading stage has been identified as most critical
(Salim et gl., 1975 and Robins and Domingo, 1962)
whereas Day and Intalap (1970) reported jointing stage
to be the most critical stage because moisture stress
at this stage resulted in fewer days from planting to
flowering and reduced yield, They concluded, however,
that moisture stress at any stage decreased yield, but

that the Jointing stage was the most critical,



2.2 Effect of Moisture Stress on Yield

and Yield Components

Both yield and yield components of barley are

affected by moisture stress at varying degrees,

Day et al. (1978 and 1979) reported that moisture
stress occuring during tillering and ear formation
reduced number of grains per ear and for the reduction
of number of spikes per unit area, the relevant period
included stem extension and tiller death whereas grain
weight reduction is caused by water étress at grain

£illingd

Sepaskah (1978) revealed that 1000-grain weight
was reduced when drought occured at the dough stage,
Day and Thompson (1975) reported that water stress
imposed -for seven days at the jointing stage tended
to reduce plant height, increased tillering and ears
per unit area, They also observed that water stress
at flowering stage decreased number of grains per ear
and at dough stage decreased seed weight, Water stress
at the jointing stage has been found to result in tewer
heads per unit area and fewer seeds per head, Also
lighter seed weight was observed with moisture stress

occuring at flowering and dougn stages.
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2+3 Recovery from Moisture Stress and Consegquent

Compensatory Growth

A more rapid rate of growth and development than
in unstressed controls ig frequently observed in plants
recovering from stress (Gates, 1974, 1960), Similarly,
leaf enlargement has also been found to be nigaer for
the stressed than for control plants on recovery (Boyer,
1970; Hsiao et all., 1970; Acevedo et al., 1971). Acevedo
et aly (1971) reported that tull recovery is possible it
the stress is brier, but with long or severe stress full
recovery did not occur (Boyer, 19Y/0; Acevedo et al, 1971).
Also, photosynthetic rate of leaves subjected to stress
haa been ifouna to be greater on recovery than ior leaves
of similar chronological age tnat had not unaergone

stress (Ludlow ana Ng. 1974).

As regaras yieiQ compensatiion, Nicrnolls anu mMay
(19Y03) observeu Lua. the rate of primodia production of
the apex was reduced by soil water deficit, but
alleviation of stress caused an accelerated rate of
primodium formation so that the final number of
primodia and the apex length were the same as the

controls,

2.4 Effect of Moisture Stress on Crain Protein

Content

Grain protein content is one of the most

important quality parameters of malting barley,



The grain protein content of malting barley was
found to decrease under irrigation when coupared to
barley grown under rainfed conditions (Hooda et al,,
1977; Navas, 1975), The work of Fedak and Mack (1977)
was in agreement with this finding, They reported
that increasing moisture levels resulted in decreased
grain protein content, Protein content was found to
increase with increase in moisture tension from 0,45

to 0,75 bars, but reduced grain yield,

235 Effect of Nitrogen on Yield and
Yield Components

Nitrogen is considered the most important single

element affecting both yield and quality of malting
barley,

Several researchers have reported a positive and
significant yield in malting barley to application of
nitrogen fertilizers. Mkamanga and Singh (1976) reported
that grain yields of barley cultivar clipper increased
from 2,32 tonnes per hectare without nitrogen to 2,78
and 2,99 t/ha with 20 and L0 kg N/ha, respectively,

In a three-year barley study with irrigation and
nitrogen Stanberry and Lowrey (1965) reported that
nitrogen rate increased barley yields appreciably and
moisture utilization efficiency was favoured by higher
nitrogen rates and the drier moisture regimes, Menta
and Shakhawat (1970) have found that application of

nitrogen fertilizer increased grain yield of barley,
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Average-grain weight is one of the characters
contributing to grain yield, However, opinions seem 1o
vary about the effect of nitrogen épplication on 1000-
grain weight of malting barley, For example, Badan
and Poehlman (1968) reported a negative response of
this character to 40 and 80 kg N/ha but not lower
rates; Jevtic (1973) also reported a negative
response at all levels of nitrogen beyond 60 kg N/ha,
Other workers reporting similar reductions in 1000-grain
weight as the level of nitrogen is increased include
Reisenauer and Dickson (1961); Day et al. (1963);
Poulsen and Skov (1973) and Gothard et al, (1978),
Contrary to these findings however, Dubetz and Wells
(1965), Stanberry and Schrieber (1965), Misra (1976)
and Falaki (1980) found that this yield character was
increased with increasing level of nitrogen while
Baghott et al. (1968) and Ahmed et al. (1983) found no

significant response irrespective of nitrogen level,

The number of eftective tillers or the nuaber of
spikes produced per plant or per unit area of land is
also influenced by the application of nitrogen
fertilizer, Dubetz and Wells (1965); Stanberry and
Lowrey (1965) found a significant increase in the number
of spikes per unit area with application of nitrogen
fertilizer in spring malting barley, Similarly, Badan
and Poehlman (1968) ; Jevtic (1973); Misra (197€) and
Falaki (1980) reported a positive and significant increase
in number of spikes per unit area with nitrogen fertilizer

application on malting barley.
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2,6 Effect of Nitrogen on Grain Protein Countent

Nitrogen fertilizer application has a considerable

influence on the grain protein content of malting barley,

Most researéhers have feported increase iIn grain
| protein content of malting barley with nitrogen
fertilizer application, Kandera and Zatko (1976)
found that grain protein content was increased by 1.5%
with 90 kg N/ha as compared with P and K fértilizer
alone,i Hooda et al, (1977) Kopecky (1981) and
Pomeranz et al, (1976) all reported that grain protein
content increased linearly with increasing nitrogen

- rate., OGrain protein content was closely correlated

with important malt parameters (Pomeranz et al., 1976),

I2;7 Moisture and Nitrogen Interaction on

Yield and Yield Components

Nitrogen and irrigation normally interact in dry
land farming to exert their influence on growth and
' _development of crops. Soil moisture is known to

determine the uptake of nitrogen to a great extent,

Yield increase in malting barley due to interaction
effects of nitrogen and irrigation has been reported by
Krishchenko and Dashdendev (1978), Jenkins et al. (1979)
also reported a large irrigation x nitrogen interaction,
- Recently in India, Jain and Jain (1979) reported that

application ot 4O kg N/ha was optimun for lower levels

-
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- of irrigation, but 70 kg N/ha was required tfor higher
.f_ levels, They found that the highest yields for two

 _years were given by applications of 130 kg N/ha with

9 irrigations and 100 kg N/ha with 7 irrigations,
Singh et al. (1978) also reported a significant
irrigation x nitrogen level irteraction, However,
they found that yieids with one irrigation and 40O kg
N/ha and two irrigations and 20 kg N/ha were similar,
Besides, Singn (1973) found that application of 120 kg

N/ha increased grain yields of spring barley from 1,39

. t/ha without nitrogen to 4,17 t/ha under rainfed

conditions and from 1,16 to 4.93 t/ha with irrigation,
indicating that irrigation without nitrogen decreased
yietds, Kuszelewski and Labetawicz (1974) in their
- study of interactions between fertilizer application and
irrigation found that yields ol spring barley grain were
increased by 5-1U% with irrigation and applied NMK as

compared with NPK fertilizer zalone.

The uptake of several other elements has also been
shown to be reduced by water stress (Greenway and Klepper,
1969; Gates, 1974). These results clearly suggest that
the reduced growth observed as a result of moderate water
deficit may, in part, arise from a disturbance in mineral
- nutrition as well as any direct effect of water deficits

(Turner and Begg, 1978)s - =~
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Water Use Efficiency

Water use efficiency (WUE) in terms of the gruin
yield per unit of water used in evapotranspiration is } 

very important when the supply of water is limited,

Irrigation at certain staéeshof cfop growfh has a
marked effect on both yield and WUE. Sepaskah (1978)
observed that grain yield of barley was highest with
irrigation at heading and flowering, but wue was
highest with irrigation at the flowering stage only,
However, Malhotra and Cheema (1976) reported that

~wue was highest with presowing irrigation, which

- f increased barley yield by 31%, When barley cultivar

K 18 was subjected to various soil moisture stresses

- of 0,15, 0430, CO,45, 0.60 and 0,75 atmospheric tension,

B throughout the crop growth period, it was found that

e plants maintained at 0,45 atm tension had the best Wug L

(Singh et al., 1979). Similarly, Singh (1978) found
that wu& per unit wgter was reduced with increase in

- water supply. He alsc reported that adequately
nourished plants showed a reduction in the width of

the stomatal aperture and used water more efficiently
than poorly nourished plants, Improvement in wue was
particularly favoured by higher nitrogen rates and
drier regimes (Stanberry and Lowrey, 1965)}; and only
the judicious use of water and fertilizer would improve

each other's efficiency,
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Chapter 3

MATERIALS AND METHODS

3.1 Experiwental Site

The experiment was conducted under irrigation
during the 1984/85 and 1985/86 dry seasons at the
Irrigation Research Station of the Institute for
Agricultural Research, Ahmadu Bello University, Kadawa
(11939°N, 08° 02' E and 500 metres above sea level)
located in the savanna ecological zone of Nigeria, The
climatic and soil conditions of the location and the
cropping history of the field in which the experiment

was conducted are given in appendices A1, A2, B and C,

3.2 Treatments

3.2.1 Moisture stress

Moisture stress was created at different growth
stages by missing/iiiigation at Tillering, Jointing,
Heading and Dough stages and compared with a control in
which normal irrigation was supplied at all growth
stages. Normal irrigation was given whenever Cummulative

Pan Evaporation (CPE) deficit builds upto 90 wmm, The

moisture stress treatments were:l

So - Irrigating at all é?owth stages (control)
51 - Stress at tillering
S - Stress at Jjointing
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'53: ‘= Stress at heading

Sh ~ Stress at Dough stage,

3.2.2 Nitrogen levels

Three levels of applied nitrogen of 30, 60 and 90

Kg/ha along with a control were used.

Thus a total combination of twenty treatments
(5 x L)}, were replicated four times in a randomized
complete block design, The gross and net plot sizes

were S x 2 m and 4.5 x 1.5 m, respectively,

3.3 Cultural Operations

3o3.1 Land preparation

The experimental area was ploughed once and harrowed
twice before making basins. The basins were hand

levelled for uniform irrigation,

3.3.2 Fertilizer application »

Single superphosphate was applied uniformly to
.supply LO kg P205/ha before second harrcwing. Nitrogen
was applied as per the treatment at sowing through
calcium ammonium nitrate (CAN, 26% N).

3.3-3 M: g

The seed of barley variety 'Ketch' was scwn by

: hand drilling at the rate of 100 kg/ha on 2nd and 10th
':,December, 198 and 1985, respectively; in 5 m rows 20 cm
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apart on the well prepared basins., The plots were

immediately irrigated,

3¢3s4 Irrigation:

Irrigation was done by gravitational method, Water
was conveyed from the main charnel into sub-channels
that led into plots using plastic pipe siphons, Two
general irrigations were given, one immediately after
sowing and another 9 days after sowing to ensure good
germination and establishement of seedlings.
Thereafter,‘differential irrigation as per treatment
started, applying 6 cm of water during each irrigation,
Soil meoisture content was recorded before and after each

irrigation (appendix D).

3¢3.5 MWeeding:

The crop was manually weeded once at four weeks

after sowing, in both years.,

3.3.6 Harvesting:

The barley crop was harvested at fully ripe stage
at 90 and 93 days after sowing in 1985 and 1986 seasons,
respectively. Net plots were harvested for yield
assessment; while the rest of the plot was harvested in
bulk, Manual labour was used for harvesting, threshing
winnowing and cleaning of seeds., The seeds were
carefully weighed in the laboratory and grain yield per

hectare was calculated,
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3.4 Assessment of Growth, Yield and Yield

Characters
3el}e1 Growth characters:

For the purpose of determining various growth
characters, samples were either taken from 25 cm row
of the crop or from ten plants randomly (excluding
the net plot area) at four sampling dates (at 20-25;
35-10; S50-55 and 70-75 days after sowing) coinciding
with tillering, Jjointing, heading and dough stages,

respectively in the two seasons.

(a) PFlant height (cm): Plant height was measured

soil
from thessurface to shoot apex or tip of the ear after
heading excluding awns, A metre rule was used for

this exercise,

(b) Number of tillers per plant: The number of tillers

was counted from 25 cm row to determine the number of
tillers per plant, The number of effective tillers
(ear-bearing tillers) was also recorded at harvest for
each treatment. The number of tillers was calculated

per metre square there from,

(c) Leaf area per plant (cmz): Leaf area per plant

was measured by sampling ten plants from each treatment
and measuring length and width (widest point) of all
leaves. Only functional (green) leaves'were used for
this measurement, Leaf area per plant was then

yroduct of _
calculated by multiplying the/ engf% and width of each
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leaf with a factor of 0,72 (Hassan, 1983) on each of

the plants. The fluy leaf area was determined similarly

after 100 per cent heading.

(d) Leaf gpArea Index (LAI): This was determined by
multiplying the number of plauts per m° by |

per plant gnd dividing the result by 10,0

(e) Dry matter production (g{mz): The aerial portion

of the crop from 25 cm row of each treatment were oven
dried at 70°C until constunt weisyht to d

matter per square mctre,

(f) Maturity: Number of days to maturity for each plot
was recorded when the plant rachis was dried in 50% of

the spikes.

(g) Length of spikes (cm): Ten spikes were measured

randomly from each plot using a metre rule,

3.5 Post Harvest Yield and Yield Components

3.541 Number of grains per spike:

Ten spikes were sampled randomly per plot and the
number of grains per spike counted, The mean nuwber of

grains per spike was then calculated,

3.5.2 1000-Kernel weight:

Two samples of 250 seeds were counted from each
treatment to determine the 1000-kernel weight on the

basis of mean of two samples.
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3,543 Grain yield (kgfha):'_-

s -

The crop from the net plot was cut close to the
‘ground bundled in sheaves and properly sun dried in a
protected area until they attained a constant weight,

The crop was threshed, winnowed and the clean seeds

were carefully weighed, From this the grain yield

per hectare was calculated,

3¢5.4 Straw yieid (kg/ha)s
Straw yield was determined by cbtaining the
difference between the total dry matter (excluding roots)

and the grain yield for each net plot.

3.5.5. Grain protein content:

_ The grains were analysed for nitrogen using micro-
Kjeldahl method as described by Jennings (1961).
Nitrogen content was multiplied by 6.25 to convert

into crude protein content (Jackson, 1962).

3,5.6, Cummulative depth of water used:

This was obtained by multiplying the water applied
during each irrigation (6 cm) by the total number of

irrigations for the c¢rop duration,



-2~

o 3,5.7 Water Use Efficiency (WUE):

. Water use efficiency was estimated as:

. WE Grain yield (kg/ha)

Cumnulative depth of water used (cm)
(Hoque, 1981). ”

3.6 Statistical Treatuent of Data

The data collected were subjected to analysis of
variance as described by Snedecor and Cochran (1967),
Duncan's Multiple Range Test (IMRT) was used to compare

the means for significant differences as described by
Duncan (1955).,
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RESULTS

4.1 The Effect of Moisture Stress gt Different

Growth Stages snd Mitrogen lLevels on

The Growth of Bgrley

h.1.1 Plsnt height

' The effects of molsture stress and nitroven levels
- on plant height at different stages of growlh are

sresented in Table L.1,

Iuposing moisture stress during.tillering in 196%
produced significantly shorter plants than the other
four stress treatments which produced plants statistically
of the sane height, In 1386, there was no significant
effect of moisture stress on plert height at tillering

stage.

There were highly significent differerces in plant
height due to the application cf nitroger in toth 1985
and 1986 ceasons, at tilleriny stage, The highest dose
of nitrogen (90 kg/ha) produced significantly taller
plants than the cther two rates (20 ancd &0 kg/hz) which
produced plants of the same height, . The control treatment
(O kg N/ha) produced the shtortest plants. This trend was

the same for toth years.
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Table 4.1 : The effect of moisture stress and nitrogen
levels on plant height (cm) of barley at
different growth steges in 1985 at Kadawa.

. Stage of growth
??fﬁfﬁﬁft o Tillering - Jointing Heading Dough

MOISTURE STRESS AT

Control o 17.15a 40.80a 51.25 £8.91a
Tillering * | ' 12.14b 37,720 51,49 52.03b
Jointing -~ . 17.6%9a  3.00c 51,38  52,79p
Heading ' 17.3k4a LO.78a 50,03 54 .93ab
Dough = | 17.46a 40.70a  50.00 53,79b
SE () 1.002 0846  0.769  0.042

Significance : * B N.5 L

N-levels (kg/ha)

0 (comtrol) . 9.67c  32.00d  2.254  47.76b

30 D 13.36b 3h.65¢ 9.468¢ 57.72a
60 . h9b 37.49b 2,260 55.87a
%0 27.90a  50.52a  9.33a  56,61a
SE (&) 0,897 0.757  0.688 1.827
Significence | B ) ) o, 4
Interaction , . “
Nitrogen x stress *  N.s N.S

Means followed by the same letter within a treatment group
for a particular character are not significant statistically.
N.S. = Not significant; *and ¥* = significant at 5 and 1
rer cent, respectively,



Table 4.2 : The effect of moisture stress and nitr ren

levels on plant height (cm) of barley at
barley at different growth stages in 1986
at Kadawa.

Stage of growth
Tillering Jointing Heading  Dough

Treatment

f

MOISTURE STRESS AT

Control 26.59 L6,33a 5S8.L4a 66.15
. Tillering 27.01 he72b 59,.67a 6l 31
Jointing 24,55 L41.,93¢ 53.56b 62.33
Heading ' 28,00 L6.43a 50.04c  65.83
Dough 27.43 L6.46a S8.39a 65.40
SE {(4) 1,759 0.635 00,789 2,325
Significance N.S o b N.S

N-leve kg/ha)

0 (control) 17.53¢ 35.908 L41.91d  52.0h¢
30 26,72b 41.12¢  L4B,73c 6l;.57b
60 29.62b 48.,17b  62.41b 68.24b
90 32,99a 56.,51a 71.0La Th.36a
SE (%) 1,573 0.568 0,706 2,079
Significance " bk " o

Interaction
Nitrogen x stress N.S N.S * N,S

Means followed by the same letter within a treatment group
for a particular character are not significant statistically,
NeS = Not significant; * and ** a« significant at S

and 1 per cent, respectively,
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Table Lo3:

Effect of noisture stress X Nitrogen le

stage in 1385 dry season at Kadawa.

vels on plant hei

ght during tillering

N-levels (kg/ha)

Molst ire siress at

Control Tillering Jointing Heading Dough
") 10, 35cdef H 8.83f 10.75cdef 8,98ef 9. h5def
30 - 12,50bcdef 113, 28bcdef 11, 25bcd 13,83bcde 12.95becdef
60 15.00bc 11.45bcdef 15,00bc 15, 30be 15.70Db
90 30.75a | 15,00bc 30.75a 11,252 31,75a
T —

SE

£

2,005
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However, there was a significent interaction
between moisture stress and nitrogen levels in 1985
season (Table L.3). When the eifect of moisture stress
at different growth stages was studied at the sane nitrogen
level, it was observed that stress et tillering produced
significantly shorter plants than all other stress
treatments, indicating that tnis is the most critical stage
in respect of plant height. There was no di:leretce within
all other nitrogen levels when looked at the different prowth

stages.

At Jointing stage for both years; control and stress
aﬁ heading and dough stage treat.ents produced plants of
statistically same heights and were‘%aller than plants
which were stressed at tillering or inting, Stress

at tillering resulted in taller plents than Jointing,

There was a progressive incresse in plant height
with increase in the level of nitrogen upto the highest
dose of 90 kg/ha in both years. &Lech increase in nitrogen
significantiy increased the height. No interuction between
nitrogen levels and moisture stiress was observed for plant

height in the two seasons,

Missing irrigation at heading did not produce a
significant efiect on plant neight in 1985, but in 1986
it was significantly affected. The control and stress at

tillering arnd dough stages produced plants of the sane
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heights and were taller than those stressed at jolnting

and headiny in that order,

The effect of nitrogen levels on plant reight was
highly significant and similar ir. both 1985 and 1586,
In both years, plant height significantly increased
with each increase in nitrogen upto the hijhest level

of 90 kg/ha.

The interaction between moisture stress and
nitrogen 1evgls on plant height at heading was
significant in both years. In 19€5 (Table L.) ), there
was no significant difference in the height of plants
from the applied nitrogen rates of 30 and 60 kg/ha in no
stress as well as stress at tillering and jointing
treatments, But with stress at heading and dough stages,
plants from ©O kg N/ha were significantly taller than those
of 30 kg N/ha. In all the stress treatients, 90 kg N/ha
produced the tallest and O k= !./ha resulted in the shortest
plants. In 1966 (Table L.4) plant height penerally
increased with each increase in nitrogen level from O to
90 kg/ha in control and stress at tillering, heading, and
dough stages, but with stress at jointing, there was

response to nitrogen application only upteo £€C kg/ha,

The effect of moisture stress on plant height at

dough stage of growth (Table l}.1) was statistically
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Table L.t Effect of moisTurs stress x NitTrogen Jevels on plant neignt of terley
during neadinZ stsie In 1G85 7 and 1G85 iry seasons at Yedawa,.
A
.,\Jm 2

Vpoisture siress at

N-lavels (keg/ta)

Control Tillering Jointing Heading Tough
C 60,852 £3,1cde £3,50cde g2.2Ce £1.1%e
30 71.8b 70.8b 71.2Cb 46,50cd 47.C0cd
50 - 72.9b 71.15b 71.25b 73,200 72.8Cb
a0 79.5a 80.85a 79.55a 77 .70a 79.05a
SE (+) = 1.538
198
0 1,3.5h 10,684 42.0hi 1,0.0i ;3. 38hi
30 51.0f 18.38fg 18,25fg 45.0zgh 51.0f
60 6l..0d 6$9,13c 60.25d 5h.93e 63.75d
90 75.250 80.50a £3.75d 60,25d 75.45b
SE (&) = 1,580
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significant in 1985, The control produced taller plants
than all other stress treatments in which irrigation hed
been missed , except stress at heading,
The effect of missing irrigation on plant nelgnt was

not significant in 1986,

Mean heights due to nitrogen levels were nignly
significant in both 1985 and 1986, 1In 1985, all the
three levels of applied nitrogen, which were at par,
produced significantly taller plants than the conirol,
In 1986, 90 kg N/ha produced significantly taller plants
than €0 and 30 kg /ha which were at par and produced
taller plants than the control., There was no
significant interaction between moisture stress and

nitrogen levels on plant height at the dough stage.

lie1.2 Number of tillers per plant

—————

The data showing the mean number of tillers per
plant at different growth stages as influenced by
moisture stress and nitrogen levels are presented in

Table L.s.

In 1985, missing irrigation significantly reduced
the number of tillers per plant at tillering stopc. e
other stress treatments in which irrigation was not
missed before taking.the observation were at par,

The same trend and significance were observed in 1900,
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Table L.5:The effects of moisture stress and nitrogen levels
at different growth stages on number of tillers
per plant of barley in 1985 at Kadawa.

Growth stage

Treatwents

Tillering Jointing Heading Dough
Lﬂg.um:_mﬁu
Control 4,06a 3.44 4,69b 2.43
Tillering 2,01b .37 L,.90a 2.13
Jointing k.03a 3,38 4.91a 2.36
Heading k,03a 3.43 4.93a 2.00
Dough | 4.19a 3.51 4.94a 2.41
SE (1) 0.395 0.915 0.083 0.249
Significance % N.S * N.S
77Ty
0 (control) 1.95d 2.48d 3.574 1.52p
30 3.40¢ 3.06¢ 4, hée 2.28a
60 k.25b 3.62b 5.06b 2.72a
90 5.06a k.56a 6.40a 2.54a
SE (+) 0.353 0.082 0.074 0.223
siéniricﬂnc, o ok * * %
Interaetion
Nitrogen x stress N.S N.S * N.S

Means followed by the same letter within a treatment group
for a particular character are not significant statistically,

N.S, = Not significant; * and ** = gignificant at 5 and 1
percent, respectively,
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Table u 6: The effects of molsture stress and mitrogen levels
at different growth stages on number of tillers
per plant of barley in 1986 at Kadawa.

Growth stages

Treatuwents
Tillering Jointing Heading Dough

Ho;stugg stress

at o .
Control - &.38a kLo 4,88b h.b6hab
Tillering 3.35b 4,44 5.30a 4.39b
Jointing ”';: 4,27a 4,30 4.83b 4,31b
Hoading . h.3'a 4.36 4 .84p 4 . 46b
Dough o 4,.28a 4.1 4,840 5.16a
SE {+) . J 0.345 | 0.091 ) 0,107 0.28t

Significance * N.S_  ‘ * *

6 (control)  2.00c , 2.5d 2.554  3.03c

6 . b.26b° 3.98¢ 4,340 % ,66b
66 |  " 4.99a - 5.01b 5.64b 5.02b
9 - 5.22a  6.10a  T.23a  5.66a
sE (1) i  '~_ _'0.308 . o.082 0,096 0.252
Significaﬁca o '.'_ f* = * % * %
Iﬂtergétiog ﬁ

Nitrogen x atress N,8 . = N,8 * N.S

- Means followed by the same letter within a treatment group

for a particular character are not significant statistically,

fo

N.S. = Not aigniricnnt: * and ** o pignificant at 5 and 1
percent, respectively,
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As regards response to nitrogen, highly signiilcant

differences were observed in both years., In 1935, euch
increase in nitrogen level significantly increased ile
number of tillers, In 1986, however, the response Lo
nitrogen was significant only upto 60 kg /ha, wunicwn
was statistically the same with SO kg ./ha. The
interaction between moisture stress and nitrogen

levels was not significant for number of tillers In

beth seasons.

At jointing stage of growth, response to moisture
stress was not significant in both seasons., The
differences in mean number of tillers due to nitro eun
were highly significant, The response of Aitrogen Vas
exactly the same in both seasons. Each increase in
nitrogen significantly increased the number of tillers
per plant. There was no significant interaction betuween

moisture stress and nitrogen levels on tiller per plunt

in either year.

Moisture stress at heading
significantly affected the number of tillers per plant
in both seasons, In 1885, the number of tillers per
plant was the same in stress at tillering, Jointing
and heading, in which irrigation had been missed =nd
these were also the same with stress at dough stae
in which irrigation was not missed. No strise tregtsont

produced significantly lower number of tillers thun
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all other stress treatments, In 1666, missing
irrigation at tillering stage produced more tillers
than the other four stress treatnents which produced

statistically the same number of tillers p.r ulanut,

The differences in the mean nunber of tillers
due to nitrogen levels were highly significant. The
different treatnents followed tihe same pattern of

significance as at Jointing stage, for botin years,

Significant interactions Letween moisture stress
and nitrogen,levels were observed for both years, In
1985 (Table L4.7), when the effect of nitrogen levels
was studied at the same stage of moisture stress, it
was observed that in control and stress at tillering,
the nitrogen levels of 30 and €0 kg/ha which were at
par, and higher than O kg N/ha, produced significantly
less tillers than 90 kg N/ha, However, in stress at
Jeinting, heading and dough stages, each increase in
nitrogen level significantly incressed the number of
tillers per plant. When the effect of moisture stress
was studied at the same level of nitrogen, it was
observed that at the zero level moisture stress at any
stage did not produce a significant charie ir the number
of tillers per plant, At 30 kg MN/ha, no stress, stress
at tillering and Jointing were statistically at par with
each other, but stress at joirtin; was also statistically

the same with stress at headin: and dough stages,
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At €0 kg N/ha, the confrol;stress ot tillering anc
jointing were statistically the ceme, Stresc st Jointing
and heading were also found to te the éamc. Stress at
heading and dough stages were statistically the same

and stress at dough stage produced significantly hi‘her
number of tillers than Jjointing. At 90 k¢ I./hz, stress
at tillering, Jointing, heaa.nf anc dough &tupes were
statistically at par with each otlrer and hi;Ler than
contrcl, In 1986 (Table 4,7), when the e!fect of
moisture stress was studied zt the same level of
nitrogen, it was founé that at O and 30 kg MN/ha, all

the stress treatments were statisticelly a«t par with
each other. At 60 and 90 kg i/La, no stress, stress

at jointing, heading and dou'h stages were

statistically at par with each other .and significantly
less than stress at tillering., VWhen the effect of
nitrogen levels was studied ut ithe same stare of strecs,
it was observed that the mean number of tillers per plant
significantly increased with each increase in nitrogen

level from O to 90 kg/ha.

At dough starge (Table u.ﬁ), the effect of nmoisture
stress on number of tillers per plant was significant
only in 1986, At the time of teking observation
at dough stage, irrigation has previously teen missed
at tillering, jointing and hezcing stages.

Stress at dough stage, in which irrigation
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missed - _
had just been [/ produced higher number of tillers per

plant than the other treatments except ric siress treatment,
However, the number of tillers pef plant in ¢ontrol and
stress at tillering, Jointing and heading was

statistically the same,

The effect of nitrogen was highly signiticant

..at the dough stége both in 1985 and 1986, 1In 1985,
application of nitrogen significanily increased the
number of tillers per plant, but the differences auong
the three levels of applied nitrogen were not
significant, In 1986, the highest level of 90 kg H/ha
produced significantly higher tillers than 30 and €0 kg/
ha which were statistically at par and in turn higher
than control. The interaction between moisture stress

and nitrogen levels was not significant in either year,

L.1.3 Leaf Area per Plant

The effects of moisture stress and nitrogen leovels
on leaf area per plant at different growth stages are

shown in Table L, 8

At tillering stage, the effect of moisture stress
on leaf area was significant in 1985, “but not
significant in 1986, 1In 1985, stress at tillering in
which one irrigation was missed produced significantly
smaller leaf area than the other treatments wherein

irrigation was not missed,



- 10 -

Table 4.8 ¢ The effect of moisture stress at different

_ growth stages and nitrogen levels on leaf
- area of barley in 1985 at Kadawa.

Growth stages

Treatmenta Tillering Jointing Heading
Moisture stress at
Control 67.43a 77.86a 112,2La
Ti1lering 61.137b 71.80Db 99.89b
Jointing 66,.49a 68,23b 92.49¢
. Heading 66.19a 77.66a 85,73d
Dough 66,,46a T7.77a 112, 39a
SE (&) 1,327 2,013 | 2,423
Significance = * . | *
Mitrogen ievelg (kg/ha) N
0 (control) 59.47c 60,724 65.43d
30 . 63.97Tb  67.13¢ 90.77¢
60 6585 Ti3p 11397
9 i o 73,28a 96,54a 132.03a
- SE (&) :::- 1,187 1,600 2,167
significance = ** | e *
Intéraction = L
- ;@QNitrpgen x stfess N.S N.S \d

Mean followed by the same letter within a treatment group
for a partlicular character are not significant statistically.
N.S, = Not significant; * and ** « significant at 5 and 1

'  percent, respectively.
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Table 4.9 : The effect of moisture stress at different
growth stages and nitrogen levels on leaf
area of barley and flag leaf area in 1986
at Kadawa,
Crowth stages Flag
Treatments T{iTering Jolnting Weading Dough leaf
* area

Moisture stress at

Control
Tillering
Jointing
Heading
Dough
SE (4)

Significance

70.72 78.73a 113,61a 53.66 12.23a
69.89 73.11b  100,65b 53,91 12.1%
70,19 68.75¢ 93.72¢ 54.18 12.16a
70.19 78.77a 98.46bc 53.97 11,54b
68,86 78.83a 113.83a 52.4L,0 12.1Ba
L4497 0.791 2.857 1.424 0,23
N.S * * N.S *

Nitrogen levels (kg/ha)

0 (control)

61,57d 61.01d 65.73d 20,49d 8,704

30 68,44 ¢ 68.04¢ 91,68¢ 32.00¢c 11.13c¢
60 72.87b 75.97b  115.74b 64.45b 13.32b
90 77.01a 97.54a 143.08a 97.55a 15.12a
SE () 1.339 0,708 2.555 1.273 0.20
Significance x " -~ *% -
Interaction
Nitrogen x stress N.S * * N.S N.S

Means followed by the same letter within a treatment group for
a particular character are not significant statistically.

NS, = Not significant; * and ** = gignificant at 5 and 1
percent, respectively.
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Nitrogen application signifiﬁanﬁiy iﬁcreased leaf

area per plant in both 1985 and 1986, seasems, In 1985,
significantly higher leaf area was recorded at the
highest dose of 90 kg N/ha, This was followed by ©0
and 30 kg N/ha which were statistically at par with
each other but significantly higher than contrel., In
1986, each increase in nitrogen level significantly
increased the leaf area. There was no significant
interaction between moisture stress and nitrogen levels

in both seasons.

At Jointing stage, the differences due to streus
treatments were significant in 1985 and highly
significant in 1986  season, Stress at
tillering and Jjointing . in which irrigation
had been missed, produced smazller leaf area than tre
other three stress treatments in toth senzong wherein
irrigation had not yet been missed upto jointing stage.
However," stress at tillering and Jjointing difrcred
significantly in 1986, Stress at Jointing producing

smaller leaf area than tillering,

- The etffect of nitrogen application at Jjointing
stage both in 1985 and 1986 followed the same trend as
at tillering stage in 1986, There was ne C
significant interaction between moisture stress and

nitrogen levels on leaf area at Jointing stage.
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At the time of measuring leaf area per plant at
heading stage (Table L.8), irrigation had teer missed
at three stages, namely tillering, jointing and heading,
These stages produced leaves smaller than the other two
treatments, (control and Stress at dough stage) in which
irrigation was not missed, both in 1965 and 1986,
However, in 198f£, leaf area decreased with missing
irrigation at tillering, Jointing and headin;, in 'hat
order, whereas in 1986, the reduction in leaf ares was
highest when stress occured at jointing althouzh this

was not statistically different from stress at heading,

The differences in leaf area due to nitrogen were
highly significant in both years, Each increase in
nitrogen level significantly incressed tne leafl area,
in both years, The same trend was observed at tillering

in 1986 and Jjointing in both 1985 anc 198€,

There were signific ant interactions between
moisture stress and nitrogen levels on lest area per
plant at heading stage in 1985 and 186, In 198%
(Table L.10), there was a general tendency of ircreasing
leaf area as the nitrogen level was increased upto 90 kg/
ha, However, in control and stress at dougsh stage, in
which irrigation was not missed upto heading stage
nitrogen level progressively increased leaf area per
plant from O to 90 kg N/ha, In other stress treatnents
wherein irriration has previously been missed either
during tillering, Jeinting or heading, there was no

significant difference in leaf areas of 60 ard 90 kg N/ha,



Table L, 103 Effect of moisture stress x N=-leve zf area at heading in 1985 ard 75f
dry season at Kadawa,
..\.m..n.
€ stress at
N-levels (kg/ha)
Control Tillering Jointing Heading Cough
0 68.113fgh 65.08gh 63.25h 62.63h 68.05fgh
30 100, 25de 96.13e 80.70f 75.501fg 101.25de
60 120.18b 118.88b 110.75bcd 59.80de 120,25b
S0 160.40a 119.50b 115.25bc 105,.cde 16Ca
SE + L.8LS
1986
0 69.55ef €6.10f 63.13f 60.88f €9.0
30 102.13¢ g6.75d 83.25de 74 .80ef 101.45¢
&0 122.13b 118.25b 114.0bc 101.80¢ 122,500
fe 160.613a 121.50b 114 .50bc 156. 38a 162, 38a
SE + = 5.713
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In 1986 (Table 4,10), in no stress and stress at
dough stage, leaf area increased es the level of
nitrogen increased from 0 to 90 kg/ha, However, there
was response to nitrogen application upto €0 kg/ha in
stress treatments at tillerin: snc Jjointing., Leaf area
was significantly increased at all levels of applied

nitrozen when stress was applied during heading,

At dough stage (Table 4.8), leaf area was reccrded
only during 19686, The differences in leaf area means
for the various irrigation treatments were not

statistically significant,

The effect of nitrogen on leaf area was the sauwe
as the trend observed for nitrogen effects at heading,
Jointing, and tillering in 1986, There was no
significant interaction between moisture stress and

nitrogen levels at the dough stege,

Le.1.4 Flag leaf area

Flag leaf area (Table 4.9), was reccraed in 198¢,
Missing irrigation at heading stage Jjust before flag
messurement
leaf area/produced significantly smaller flag leaves
than the other four stress treat: ents which were

statistically the same,
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Bach level of nitrogen ci/rificantly increased
flag leaf area from O to 90 ki /he. The interaction
between moisture stress and nitrogen levels was not

signi~icant,

4.1.5 Leaf Area Index (L.A.I.) *

The data relating the effects of moisture stress
and nitrogen levels on L,A.1l, 21 different :rowth stages

are presented in Table 4.11.

The anelysis of data revcaled that the differences
in stress treatment means were not significant
statistically at tillering and Jjointing stapes but they
reached a level of significance at¥per cent level at
heading and dough stages in 2all experiments., L.A.I.
values were significantly lower when stress was arplied
at heading and the differences in the means of all other
stress treatn:ents were not statistically signiticant
during 1585 and 1986 seasons, ‘lhe L.A.I. wes
significantly lower when the stress was applied at the
dough stage and other means were stetistically at par
with each other in 1986, TIhuc, upto Jjeint ng stage
the L.,A.I, was not significantly irnfluenced and
thereafter it was found to oe lower for the stage during

wnich strecs treatment was applied.

The effect of nitrogen levels on L.A.l. was highly
significant at all stages of ,1cwtk for botr years,

Nitrogen application significantly increased L.A.I. at
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' Table 4.11 : The effects of molsture stress at different
' growth stages and nitrogen levels on leaf
area index (I.A.I.) of barley in 1985,

Growth stage
Tillering Jointing Heading Dough

Treatmént

Moisture stress at
A i i —

Control 3 2.28 3.21a  0,B4a
Pillering . . 1.35 2,27 3.2%a 0.8ha
Jointing 1.3 . 2,25  3,22a 0.83a
Heading . o 1431 2.27 ©3.1b 0,82
Dough B 8 ¥ 2,27 3.2ka 0.7hb
SE (+) , 0,012 0,012 0.031 0,024
Signifiﬁance S N.S j N.S # %%

Nitrogen levels (kg/ha)

‘.O-(control) 0.,40d | -|1-h5d f 1.524  0.3%
30 : . 0.99¢ - 2.01¢ 2.84c 0.79
S 60 o 1.29b 2.60b 3420 0.97

- 90 . 2.59a 3.00a 5.01a  1.20

SE (4) . 0.011 0,011 0,028 0,022
Significance . *h T e . ** *e
Interaction
Nitrogen x stress * - N.S N,S N.S

Means followed by the same letter within a treatment group
for a particular character are not significant statistically.
N.S, = Not significant; * and ** =significant at 5 and 1
percent, respectively, : : .
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Table [}.12: The effects of moisture stress at different

growth stages and nitrogen levels on leaf
area index (I.A.I.) of barley in 1986 at
Kadawa.

Growth stage

Treatments Tillering Jointing Heading

Moisture stress at

Control 1.45 2.51 3.12a
Tillering 1.6 2.45 3.12a
Jointing 1.45 2.41 3.11a
Heading ' 1.61 2.45 2.85b
Dough 1.145 2.46 3.11a
SE () 0,057 0,058 0,033
Significance N.S N.S *

Nitrogen levels (kg/ha)

0 (control) 0.45d 1.51d 1.51d
30 1,026 2.29c¢ 2.83¢
60 1.51b 2.84b 3.17b
90 2.8%a 3.18a L.74a
SE (1) 0,051 0,052 0,030
Significance - b e
Interaction
Nitrogen x stress * N.S *

Means followed by the same letter within a treatment group
for a particular character are not significant statistically.

N.S. = Not significant; * and * = Significant at 5 and 1
percent, respectively.
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each level upto 90 kg /na from tillering to aoug;h

stage in both 1985 and 1986 experirents.

All interactions petween moisture Siress and
nitrogen levels were not statisticelly significant
except at tillering in 1985 and at heading in 1935,
At tillering in 1986 (rable L. 13) all stress treatments
were found to have a Very similar pattern of signiliccrcCes
When the data was analysed for the same stress treutment
at varying levels of nitroger, it was observed thut each
increase in'nitrogen level significantly increased L.iol.
within a stress treatment. Wwhen the data was examined
at the same level of nitrogen for different stages of
stress treatments, the differences were not signiticant
within a nitrogen 1evel except 60 and 90 kg N/ha al
tillering stage which recorded higher. L.A.l. thun the

other stress treatments - in each nitrogen level,

The interaction petween moisture stress and nitrogen
levels at heading stage in 1986 (Table Le1l) indicated
that each increase in nitrogen level significantly
inéreased the L.A.I. within each stress-treatment. When
the same nitrogen ljevel was studied at varying sta .es
of stress treatments, no significant difference was
observed within zero level and 30 kg N/ha, Both in
60 and 90 kg N/ha, stress at heading stage resulted in
significantly lower L.A.I. than jointing, tillering

and control and all other stress treatments, respeciivelye.
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Table 443 : Effect of moisture stress x N-levels on LAl
during tillering stagefn 1565 dry season
at Kadawa,

Ne~levels tlolsture stress -1t
{kg/ha) Control Tillering Jointing Heading  Dough

0 Qubif 0, 37f O.Laf Oyt O 411
30 1.00e 0.99e 1.00e 1.Q0e 0.%8e
60 1.30c Tayea 1.00¢ 1.00e 0.98e

90 2.54D 2.81a 2.54b 2.53b 2.53b

SE + = 0,024

Table L. ) Effect of moisture stress x U-levels on LAT
during heading stage in 177F ary season
at Kadawa,

N~levels Moisture stress ot
{kg/ha)
Control Tillering Jointing lHeading Dcugh
o) 1,521 1.54€ 1,521 ToLOf 1.53f
30 2.55e 2.85e 2.85¢ Ze7le 2.85e
60 3.23¢ 3.21c¢ 3.20c 3.02d 3. 18cd
Q0 ly,88a L.,87a . 86a L.19b ;. 89a
SE _-L = O - 0 67
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L.1.6 Dry matter accumulation

The mean dry matter accumulatior (g/nlunt) at
different stages of growtn us in’luenced by moisture

stress ana nitrogen levels are presented in laole ). 15

Analysis of the data reveals that trhe aifferernces
due to moisture stress were nct gigniticz t at
tillering in both seasons anu gt headin, ara dou/h
stages in 1966, At jointiar in 1909, moisture streas
produced the lowest dry matier, but thic was
statisticzlly the same with stress st tillering,
However, mean dry matter of vlaents in which irrigation
was not missed upto Jointin stsfe were stotistically
at par with control, In 13¢5, stress at jointing also
produced significantly lower dry matter :han all other
stress treatments which were statistically at par with
each other, Stress at headin” stage significantly
produced the lowest dry matter in 1985, The cry
matter accumulation in stress et douph,tillering and
control were found to be the sare but strecs at
Jointing produced lower dry matter thon control and
stress at aough stage, Hoislure stress at dough stage
in 1985, accumulated the lowest wusilil, ol i Lop
per plant, The mean dry matier velues of plants
previously stressed at heading, joj;thg or tillering
stages were the same but tiat of control was

statistically higher than necuing ana cou;t. stages,
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Table L.15:The effects of moisture stress at diffarent
growth stages and nitrogen levels omn dry watter
accumulation (g) of barley in 1985 at Kadawa,

Growth stages

Treatments
- Tillering Joiptiug Heading  Dough
igtures
Control 119.87 166,09a 281.10a 415.25a
Tillering 109.50 161,.28ab 273.44ab 405,75ab
Jointing 118.69 152,43b 268.94b  413,50ab
Heading 118,91 168,06a 231,00c  397.00b
Dough 118,38 166,13a  280.93a  377.88¢c
SE (+) 3.867 4,676 4,974 8.122
Significance N,.S * * *
QO (control) 94 ,72¢ 107.29d  185.72d 243,654
30 99,.88¢ 128,58¢ 230,60c  334,50¢
60 128,60b 183.98b 280.30b  451.50b
90 145,08a 231.35a 371.70a  577.85a
sE () 3.459 h,182 U 4b9 T 265
. Significance s 3 *% *
Interaction
Nitrogen x stress N.S N.S * N.S

Means followed by the same letter within a treatment group
far a particular character are not significant statistically,

N.S., =

Not significanti

* and **

paxrcent, respectively,

significant at 5 acd 1



' Treatmoents
Tillering Jointing Heading Dough

Molsture g% B S
Control fﬁf;f 120.38 185%5,06a 313.oo W42 .88 o
Tillering . 114,16 179.81a 317.%6 hh3.56i_£{;ﬁﬁ
Jointing jf;}  121,06 167.06b 317,38 hhz.sgyﬂ"
Heading  -:_” 120.69 180,132 316,38 443,00
Dough "'} ;’120.84 180.25a 314,19 hh2.50
SE(2) . 5.769 K.018 6,765  ©0.708 -
Significance NS % NS N.s o o h

i1trof o 8 *;
© (control) _f' f 98.380 119,954 200,154 250.35d
30 ;  if 100,60¢  148.2%¢ 256.90e  390.2%5c
60 -  ;§ﬁf_ 129,30Db 198,805 360,006  1490,55b
90 o "i;_ 149,43a 246,85a . 449,75a 640,55a
SE (4) . .. 5,159 3.594 6.051 0.627
significanc& e - B L
Nitrogen x atQaaa R.S ' ﬁ.s. NS N.S

o o .

Table li.16:The effects of moisture stress at different
growth stages and nitrogen levels on dry matter
accumulation (g) of barley in 1986 at Kadawa.

Growth stages

Means followed by the same letter within a treatment group
for a particular character are not significant atatistically.

N.S, = Not aignificant; ¥ and ** = gignificant at 5 and 1
percent, respectively, e
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The effect of nitrogen application on dry matter
accumulation was highly significant at all stages of
sampling and in both years. The response of dry matter
was statistically the same when the nitrogen level was
increased from 0 to 30 kg . /ha, but the dry matter
production was significantly ® higher when nitrogen
level was increased either to 60 or 90 kg /ha.
However, at Jjointing, heading and dough stages each
increase in nitrogen level significantly increased the

dry matter accumulation in both years,

The interaction between moisture stress and

nitrogen levels on dryvmatter accumulation was only
significant at heading in 1985 (Table lL.17). When
the effect of moisture stress was studied at the same
level of nitrogen, 1t was observed that moisture stress
at any stage did not significantly affect dry matter
production at O kg ha. However, with 30 and 90 kg nitrogen
/ha, moisture stress significantly reduced dry matter
production at heading stage only. At 60 kg N/ha, nq
stress and stress at dough stage produced statistically
the same dry matter values, and stress at tillering
produced higher dry matter than stress at heading which
is at par with stress at jointing., When the effect of
nitrogen was studied at the same stage of moisture stress,

it was observed that each increase in nitrogen level
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Table UL, 9723 Ettect of moisture stress N-levels on dry mat ccumulati g) at
eading in dry season at Kaaawa,

N-levels Moisture stress at

(kg/ha) Control Tillering Jointing Heading Dough
0 192.15gh 167.75gh 186gh 1714'¢5h 190,95gn
30 240,251 239.'(5%F 229,75f 202,50¢g 210, 75f
00 300,75b 27(ca 212.T>de 249, 75ef 301.25b
90 391.2ba 389,.25a 387 e 252 3U0be 390,75a

ok ﬁHy = @o mb.m
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significantly increased the dry matter accumulation in

all stages of moisture stress.

L.1.7 Length of spike

The effects of moisture stress at different growth
stages and nitrogen levels on length of spike (cm)
measured at maturity (two weeks before harvesting) are

presented in Table L.18.

Moisture stress did not significantly influence
spike length in 1985, 1In 1986, missing irrigation at
tillering and Jjointing produced significantly shorter
spikes than dough stage. The differences among the
spike lengths of control, and stress at heading and

dough stages were statistically at par with one another,

In both seasons, each increment in nitrogen
significantly increased the spike length, except in
1986 wherein 30 kg N/ha produced statistically same
spike length as 60 kg /ha. The interaction between

moisture stress and nitrogen levels was not significant,

b.2. Effects of Moisture Stress at Different Growth

Stages and Nitrogen Levels on Yield Components

and Yield of Barley

Le2.1 Number of grains per spike

The effects of moisture stress at.different growth

stages and nitrogen levels on number of grains per spike

are presented in Table l.1q.
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Table L,18: The effect of N-levels and moisture stress

at different growth stages of barley on spike
length at harvest (cm) in 1985 and 1986 dry
seasons at Kadawa,

Treatments Sk Length Lo 6

Moisture stress

Irrigating at all growth

stages (control) 17.18 19.61ab
Missing irrigation at

tillering, 17«14 18.85b
Missing irrigaetion at

jointing. 17.21 18.88b
Missing irrigation at

heading. 17 19.33ab
Missing irrigation at

dough 17.69 20,11a
SE (1) 0,27 0037
Significance N.S *

N-levels (kg/ha)

0 (control) 11, 30d 16,71¢c
30 1,88¢c 19.65b
60 '19.62b 20.11b
90 20,17a 20,95a
SE (+) ‘ 0.24 0434
Significance ' #*

* % *
Interaction
N xS N.S N.S

¥ and ** = gignitficant at 5 and 1 per cent, respectively

NeS = not signitficant,
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In 1985, moisture stress had no significant effect
on the number of grains per spike, In 1986, missing
irrigation at dough stage produced the highest number
of grains, but this was statistically the same as no stress
treatment Stress at tillering, Jjointing and heading
produced the same number of grains per spike,
However, stress at jointing produced significantly

lower grains per spike than the control,

In 1985, application of nitrogen significantly
increased graiﬂ number, but differences émong the three
applied levels of nitrogen wvere not statistically
significant, In 1986, the control resulted in
significantly lower number of grains pet spike than
all other nitrogen treatments, Increasing nitrogen level
from 30 to 60 kg /ha did not increase the number of
grains per spike, however, a further increase in the
nitrogen level to 90 kg /ha significantly increased
the grain number per spike, There was no significant
interaction between moisture stress and nitrogen levels

in either seasone

he2,2 Grain weight

The effects of moisture stress at differcnt growtn

stages and nitrogen levels on thousand grain welght (g)

are presented in Table L. 9.

The effect of moisture stress on 1000-yr,in

weight was not significant in the two experimonts,
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In 91985, increasing the nitrogen level either to

30 or 60 kg/ha did not increase the grain weight., The

highest level of 90 kg N/ha, however, significantly
increased grain weight more than all other nitrogen
levels, The response of grain weight EP nitrogen levels
was not significant in 1986, There was no significant

interaction between moisture stress and nitrogen levels

in this parameter,

Le2.3 Spikes per Unit area

The data reléting the effects of moisture stress
at different growth stahes and nitrogen levels on the

number of spikes per 1is presented in Table L,/*,

The eifect of moisture stress was not significant on
the number of spikes in 1985, 1In 1966, moisture stress
significantly influenced the number of spikes produced at
5% level of significance, Stress at dough stage produced
significantly more spikes per unit area than stress at all
other stages except no stress treatient, However, the
control and stress at tillering, Jointing and heading

were statistically at par with each other,

The effect of nitrogen levels on number of spikes
produced was highly significant in both seasons. In
1985, the three applied nitrogen levels were statistically
at par and higher than control, In 1986, the 90 kg nitrogen/
ha level resulted in significantly higher number of spikes

than 60 and 30 kg/ha which were at par and higher than control,



Table L.49:

=2

The effect of moisture stiress at different zrowth stages and nitrogen levels
on spikes m °, number of grains per spi

ke and 100C-grain weight,

Prastments Spikes unm No of Zrains per spike 1000=grain imMNWﬂ
1985 19€6 1985 1986 1985 196¢
Moisture stress at i
Control 137,73 263ab 13.00 16.8Gab 50,88 58.88
Tillering 120.73 248.83b 11.13 15.25bc 50,19 59.13
Jointing 133.76  2LL.29D 11.14 14.91¢c 53.13 57.63
§ Heading 113.36  252.79b 11.65 15. 30bc 51.25 57.75
3" Dough 136,60 292.L47a 11.63 17.35a 52,4l 57.50
. SE (+) 10,464  17.24kL 0.730 0,701 1.121 1,720
Significance N.S * N.S * N.S N.S
Nitrogen levels (kg/ha)
0 (Control) 66,150 171.7hec 10b 11.96c¢ 50b 56.50
30 129.23a 264.13b 12.59a 16.37b 50,500 59.50
60 154.17a 28L.53b 11.72a 16.95b 50.L0b 57.30
90 143.97a 320.81a 12.52a 18.48a 55.40a 59.L0
SE (+) 52.922 55.014 0,560 '0.630 1.001  1.530
Significance * ** % * ** N.S

Means followed by the same letter withi

significant statistically.

N.S. = Not significant;*and ** = significant at 5 and 1 percent, respectively.

n a treatment group Ior a particular character are not
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he2, Grain yield (kg/ha)

The data relating the etftects of moisture stress
at different growth stages and nitrogen levels are
presented in Table L, 20.

Analysis of the data revealed that the ditterences
due to moisture stress were significant at 5% level in

bothn years,

In 1985, missing irrigation at the jointing stage
produced significantly lower grain yield than all other
treatments, The differences in yield of tne other
stress treatments were statistically at par with one
another, Similarly, in 1986, stress at jointing’
resulted in the lowest yield and it was significantly
at par with stress at tillering and dough stage, Grain
yield of no ztresgfress at tillering and dough stages
were statistically the same, but significantly lower
than stress at heading. The yields of control and

stress at heading and dough stages constitute the

same significant group,

The difterences in the mean grain yield of
nitrogen levels were highly significant in both years,
In 1985, nitrogen application increased grain yield
upto 60 kg . /ha. A furtner increase of nitrogen from

60 to 90 kg did not increase the yielid
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Table L,20 : The effects of umoisture stress at different growth stazges and nitrogen
levels on *tre gSrain ang straw yields of barley in 1985 and 19856 dry seasons
at Fadawa,

o irain vield (ke/ha) S Straw yield {(ks/ha)
Treatrents . CEs 1G85 : 1585 "9FF
Volsture stress gt
Control R 2007 . 25%992eb 7378 1,2
Tillerinz T S et -~ 2093te 6098 11,213
Jointing . . . - 182%b - 1780c . . 5379  10,1%6
Heading = ~°- .- - .. 2206a . 2876a - 734k 11,5C0
Dough . . .o . 2380a ... 2358abe - -0 BO2h o 11,30h
SE (&) .. . 129,00 0 291,210 - 921.Lk1 0 1429.L68
Signifiecance ... ~ -~ . % . % 0 NS - NS
Nitrogen levels xu _ _ . . L T

O (conmtrol) ° . 1688¢ - 11386 . . . Sk L72Sc .

i o e 20 . 2628a . . 5884 . 11,175b
60 ... ... 2496a .. 2830a .~ 7827a ' 13,7COab
90 o 2289a v 2772a . 8791a . 1L,82%5a
SE (+) e 11301 . 260.k70 . 82L.,160 - 1278,551
Significance R o EE . . ¥* % ) | X% .. . N | *¥
Interaction - . s . L o \
Nitroven x stress * N,S | N.S N.S

Means followed by the same letter within a treatmernt group for a particular character are not
significant statistically.

ii.3, = Not significant; * and *" = significant at § and 1 per cent, respectively,
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significantly. In 1986, all the three levels of
applied nitrogen were at par and produced

significantly hignher grain yield than control,

Interaction between moisture stress and nitrogen
levels was only signiticant in 1985 (Table L.16 ).
When the eftect of moisture stress was considered at
tne same level of nitrogen upto 60O kg /ha, it was
observed that stress at Jjointing resulted in
signiticantly lower yield tnan all otne} stress
treatments within the same level cof nitrogen. However,
at 90 kg N/ha, there was no difference in grain yields

of all stress treatments.

lie2sb Straw yield (kg/ha)

The data relating the etiects of moisture stress
on straw vield
at ditterent growth stages and nitrogen levels/is

presenteda in Table 4,20 ,

Moisture stress aid not iniluence straw yleld in
either season, However, tne dillerences were nighly
signiricant tor nitrogen lLevels in both seasons,
Nitrogen increased straw yiela signiticantly upto oU
kg /ha, ‘I'nere was no signiticant aiirerence in straw
yiela petween bu ana YU kg N/na. Tni? trena was similar
for 19ob, In 1Y0b also tnere was slgnilicant increase

nitrogen

in straw yield upto ou Kg[}/na. I'ne dilIerence between

DU anu Yu or bu and 3V Kg/ha was not statlsticasly
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Taole Le2q% ElIect 0@ molsture stress X N=levels on grain yield (kg/ha) in 35 AJrpy
season, Kadawa,
N=leveLls liolsture stress at
(kg/na)
Control Tillering Jointing Heading Dough
0 1561de 1580de g82f 2067bcde 2100bcde
30 1963cde 21l41bcde 1665de 2183bed 225Labe
60 2523abc 2603ab 2196bc 2292abc 2866a
S0 2335abe 2178bcde 2L465abe 2283abce 2182bcd
SE ﬁ-—.v = Nmﬁ.- wwm
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significant, The interaction between moisture stress

and nitrogen levels was not significant in both years,

L.3. The Effects of Moisture Stress :nd Nitrogen

Levels on Number of Days to Maturity

The data relating the effects of moisture c-tiress

are
and nitrogen levels / presented in Table L4.21,

Moisture stress significently affected the mean
number of days to maturity in both years. In 1985,
withholding irrigation at jointing produced plants
which matured significantly earlier than thoce of the
other stress treatments, which matured at about the
seme time, In 1986, plants stressed for water at
jointing and heading stages reached maturity at the
same time but were significantly earlier than plants

of other treatments, which were at par,

The effect of nitrogen on the mean number of days

to maturity was highly significant for both years, In

both 1985 and 1986, control and 30 kg mitrcs /o natured
were '
at the same time and /significantly shorter than

those of 60 and 90 kg /ha which were also at par with

each other,

There was a significant interaction between
moisture stress and nitrogen levels on mean nuuber of
days to maturity in 1986 (Table L.2B). When the data

was examined for the same stage of moisture stress at
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30

Tatle L, 22:

The effects of meisture stress at different growth stazges ard nitrogen levels
on W.,U.E., Days to maturity and Grade prolein content at ¥zdawa.

© ' Nitrogen levels (kg/ha)

WJUL.E (ko/hafem water)  Days to meturity Crude Protein cortent (%)
Treatments _
1888 1686 1985 19EH . 1685 1386
sicisture stress at
" . Control - o m,uammo. _ 6.26ab . 86.50a B87.00a 931 10.87
o Tillering "  » . - - L.b43b  S.,i4be” . 86,502  B87.56a -  B8.50 - 9.59
. Jointing = 3.,80c  L.3e . 83,31  B85.13b 8,52  9.75
o Heading ﬁ; H - _m.._@.F.mwmd 7.05a - - 86,69a 85.4bb . B.31 . 9,72
. Dough . h.90a  5.79v 86.56a  86,69a - 9.22 10,73
T USE () ©0.263 0,705 . 0.657 0,603 0,583  0.635
Significance 7 ¥ T ek L ok oxx  N,S . NLS

3.38¢c ~ 3.02¢  83.750  8L.00b . 6.56c  B8.60c

0 (control). | -
| . 4,16b - 6.33b . 8L.4Sb  8L.SOb 6.82¢ 9.07¢
.60 : 5.08a  6.85a = = 87.50a  88,20a 8,50b  10.72b
90 L.6ba 6.65a - . 88.00a €8.75a 13.20a 12.13a
.U SE (&) | 0,235 0,631 - 0.587  0.539 0.521 0,568
.;.@ Signiricance *# m *3 . * % RS % *%
Interaction o .
L_my .zH&ﬂomms x stress «,_u._ * . N.3 __ ) z.w. o N.S N.S

Means followed by the same letter within a treatment group for a particular nsmmedmﬂ are not
significant statistically.

-~

4 N.S. = Not significant; * and ** = signi€icant at 5 and 1 percent, respectively. S PR
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Table L,23: Zffect of moisture stress x litrogen levels on mean nuxber of s o
waturity cf barley in 1 iry season at Kadawa,
Mocisture stress at
N-levels (kg/ha)
Control Tillering Jointing Heading Dough
0 8L.25gh 84.25gh 83.0h 8lL.25ng 8L.25gh
30 84.0gh 85.25fzh 84.25gh 84.75gh 8l4.25gh
€0 88,50bcde 88.75becd 86.50defg 87.0cdefg 90,25abe
30 91,25ab 92,02 86.75defg 85.75efgh 88,.0cdef
SE (+) = 1,205



varying levels of nitrogen at rno stress and stress at

dough stage, 90 srnd 60 kg nitroyen/ba resultec in
significantly longer period to mature than 30 arnu O kg/

ha, which were statistically at par with each other, At
tillering stage, 90 kg nitrogen/ha took the longest period

to mature. This was followed by 60 kg/ha which also

matured in significantly longer period than 30 and 0 kg lN/ha,
At Jjeinting stage, 90 and 50 kg nitrogen/ha were statistically
&t par and resulted in more days to wature than 30 and O kg/
ha which were zlso statistically «t par. At hezdiny, there w
was no significent difference in number of days to maturity
at all levels of nitrogen, When the cata was stualed for

the same level of nitrogen at differeﬁt'stages of molisture
stress, no sipgnificant difference was recorded in the mean

number of days to maturity within control and 30 kg N/ha,

" At 50 kg N/ha, stress at dough stage resulted in

significantly longer period to reach maturity thun stress
at jointing, At 90 kg nitrogen/ha the mean number of days

to maturity of plants In no stress snd stress st tillering

L was statistically at par and more then stress at Jjointing,

heading snd dough stages which vere also Statistically not

different from each other,

['3';? by Water Use Efficicricy (UUEj

The effects of moisture stress at different growth

. stages and nitrogen levels on W.U.E. is givern an Table

W
W,
[
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The effects of moisture stress treatments on
W.U.E. was highly significant in both years. In
1985, the control and stress at jointing produced
similar W,U.E, values which were significantly lower
than other stress treatments. Stress at tillering
resulted in lower W.U.E. than stress at dough stage
but this was significantly at par with stress at
heading, The W.U.E. of plants stressed at heading
and dough stages were also statistically at par with
each other, In 1986, moisture stress at Jjointing
produced the lowest W.U.EZ, and was statistically at
par with stress at tillering and dough stages. This

treatments
was followed by stress at dough, tillering and ;. ctress
which constituted the same significant group. The
stress

next significant group constituted no J/ . and stress

at dough znd heading stages,

Nitrogen application significantly increaced
W.U.E. in both 1985 and 1986, 1In 1985, responce of
Ww.U.E, to nitrogen was significant upto 60 kg ./ha,
whereas in 1986, the response was significant only

upto 30 kg ../ha,

The interaction between moisture stress and
nitrogen levels on W.U.E. was significant only in
1985 (Table 4. 2)). When the data was studied at the
same nitrogen level for the different stress ireatments,

the lowest and highest applied nitrogen level:s bad



statistically the same W.U.E, vazlues for all stress

treatments. However, at the medium level of €C kg nitrogen/
ha, W.U.E, value of plants stressed at dougl stage was the
same with plants stressed at tillering and hezdin., but

it was significantly higher than those stressed =zt

Jointing and control, The W.J.E. velues of plants

stressed at tillering, Jjointinz, heeding anc no stress

were statistically same at the 6C kg nitrogern/ha, Within

O kg nitrogen/ha, moisture stress at jointing had the lowest
W.U.E. value, but this was statistically the same with no
stress, Moistu;e stress at tillering, heading and dough
stages also produced statistically the same W,.U.bk, values
with no appiied nitrogen, The ¥W.U.,bk, of plants stressed

at tillering and no stress were also found to be the same,

When the mean W.U.E, 'Values were studied at the

same stress level there was no dilference arony the three
levels of applied nitrogen in no stress and stress at
tillering, Jjointing and also heading which had no
difference among all nitrogen levels, However, with

stress at dough stage, 60 kg nitrogen/ha, was

statistically at par with 30 kg/ha and was significantly
higher;" ; Jthan O and 90 kg/ha, In no stress treatment,
ther'e was no significant difference between 0 and 130 kg '
nitrogen/ha., At Jjointing, all the spplied levels of

nitrogen produced significantly
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-7

Control Tillering Jointing Heading Dough
2.891g 3.29ef 2.04g Le31bcde 4o 27bcde
3,.6licderf L. ébcde 3.47def lt,53bcde L, 70abcd
L.67bcd S.42ab 4. 57bcde 4. 77abec 5.97a
li.32bcde l1.Shbecde S.13ab L. 76abed l,,5Sbcde

0.526
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higher W.U,E., values than control, However, when

stress was iqPosed at tillering or dough stages, 30
nitrogen

and 90 kg /. /ha produced statistically the same W.,U.E,

values as the control,

L5 Crude Protein Content

The data relating the eftects of moisture stress
at different growth stages and nitrogen levels on

grain crude protein content (%) are shown in Table L.22.

In both seasons, moisture stress treatment did not
significantly intluence grain crude protein content,
However, the ditterences due to nitrogen levels were
highly signiticant in tne two experiments. In both
years increasing the nitrogen level from O to 30 kg
/ha did not increase the protein content, %ﬁ?ﬂyf{?ogpn
a further increase from 30 to 60 or 60U to 90 kg //ha
signilicantly increased the crude protein content,

The difterence between bU and 90 kg ../ha was also

significant,’

Interaction between moisture stress and nitrogen
levels on crudae protein content was not signilicant in

eitner season,

L.b, Corretation Studaies

Correlation studies were carrieda out between yieldq,
yield components and within yield components tnemselves

(Table L4425,)
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Table 1,252 Simple and Partial Correlation Coefficients between Yield and Yield

components ard within yield components,

Correlation Coefficient

3imple correlation | o _ _ _ 1685 1286
Yield Vs, grain weight o e _ 0,39%* Q,29+%
Yield Vs, number of grains/spike A __M.._QH 0433 0 0.06%
Yield Vs, number of mﬁwwmm\sm T :____ﬂ  _L;_ T 0.35%% . 0,65%k
Grain weight Vs. number of grains/spike . .~ . . ' 0,20NS 0.21NS
Grain weight Vs. number of mﬁwwmm\sm LT e 0.l 1%x  0.IONS
Grain number Vs. spikes number .. S . BRI O o B S 0.80%%

Partial Correlation

Yield Vs, grain weight, keeping grain number constant  0,36%% . 0.16NS
Yield Vs, grain weight, keeping spikes number constant = 0,29% ___Hm 0.24NS
Yield Vs, grain number, keeping grain weight constant | 0,28+ - 0.82%»
Yield Vs, grain number, keeping spikes number constant 0.25¢ 0, 31*
Yield Vs, spikes number, keepinhg grain weight constant = 0,98+%* . 0,80%%
Yield Vs, spikes number, keeping grain number constant = 0,28#% w; 0.27%*-

NB: N3 = Not significant; ** and * = Significant at 1 and 5% levels, respectively,
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All simple correlations petweer. yield, yield

components and within yield components were pocitive

and highly significant except correlation between yield
and grain weight in 1986, yield and number of grains per
spike, grain number and spike number both in 1585 were
significant at 5% level; grain weight versus number of
grains per spike was not significant in both years and
grain weight versus number of spikes per square metre was

also not significant statistically in 1986,

The partial’ correlation coeflficients between yield
and grain weight, keeping grain numbter as constant was
highly significant in 1985 and not signifi cant in 1986,
Similarly, yield versus grain weizht, keeping spike
number constant was found to be cignificant in 1945
and not significant in 1986. The partial correlation
between yield and grain number, keeping grain weipgnt
constant was significant in 1935 and highly significant
in 1986. Pertial correlation coefficients between the
same factors keeping spike number constant was ‘ourd to

be significant at 5 per cent level in both years,

The partial correlation coefficient betweer. yiela
and spike number was found to be hiphly significant in
both years when grain weight was kept constant and

significant when the grain number wes kept corstant,
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Chapter !

DISCUSSION

.1 Effects of Moisture Stress at Different Growth

Siapes and Nitrogen Levels on the Growth of Barley

5.1.1 lMoisture stress

“ater being a constituent of protoplasm, sclvent for
nutrients and a reagent, is the most important factor for
crop growth, development and yield, especially for dry

season crops such as wheat and barley,

Moicture stress at early critical sta ges which
include tillering, Jjointing and heading was found to affect
plant hei nt markedly, However, when the stress was applied
at the dourh stage, the effect on height was not observed,
The reduction in height as a result of stress treatment in
the early growth stages was also reported by Musick and

Dusek (1980), Datiri (1982) and Hassan (1983).

The number of tillers per plant reduced with
moisture stress at various growth stages. On tillering
the @ffect of moisture stress was greater when it was
applied diring tillering and jointing. This is because
stress was imposed at the time of tiller initiation and
stem elor~ation which supressed the vital process of

probably
tillerins, This/affected nutrient uptake and distribution
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within the plant, The staggered or delayed tillering

stimulation after resumption of irrigation was clearly
observed in treatments that suffered moisture stress
during the tillering stage. In fect, these sane
treatments had significantly hi her number of total tillers
than even the control in both 1985 end 1986 seasons.
According to Gardner and Nieman (1964), cell division
may continue during moisture stress, though their
enlargement is arrested, until guite severe concitions
exist, Angus and Muncor (1977) further observed that
when water supply is resumed, a temporary rapid rate of
development resulted, This enabled the stressed plantes
to catch up with no stress crop at jointing and continue

tillering even during heading stage.

{ Withholding irrigation at any growth stage from
tillering to heading reduced gErowth as measured by the
leaf area, L.A.l. and dry matter production, The numbter
of tillers per plant determine the number of leaves
produced. Imposing moisture stress st tillering had
reduced the plant height and number of tillers per plant,
These reductions caused general reduction in size and
number of leaves per plant, low leaf area index and
consequently smaller dry matter accumulation, During
the moisture stress periods, protoplasmic dehyaration

reduced certain physiological activities of the cells,

particularly in tissues which require water supnly

crucially for their development. Similar results were
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also reported by Salter and Goode (1967), Fanek (1976),
Musick and Dusek (1980) and Hassan (1983) who supported
the view tiret moisture stress had similar eifect as
observed in the present investication on these rowth

characters,

Among leaves, the flag l:af erea is an important
parameter in estimating the grain yield of cereal crops,
The flag leaf accounts for 4O per cent of the grain dry
matter and variation in grain yiela and dry matter
accumulation was found to be greatly correlated with
the mean flag leaf area (Miltharpe, 1956). Moisture
stress at the heading stage significently reduced the
growth of flag leaves due to the adverse effect of

stress on flag leaf development,

Moisture stress significantly affected the duration
of maturity in barley, Moisture siress occuring at
jointing or heading reduced the period of vegetative
growth and consequently shortened the mean time to
maturity., Other workers who renorted similar findings

include Aspinall et al, (1964) and Day and Intalap (1970),
51,2 Nitrogen

The effect of nitrogen coula te seen very clearly
on the colour of leaves, The control treatrent produced
plants which were light green in appearance while those

from plots with 90 kg N/ha were derk green ir colour,
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The.light green leaves senesced earlier than the dark
coloured leaves, indicating the fact that nitrogen

prolongs the productive period of leaves,

Nitrogen deficiency affects the vegetative growth
examined in the different growth parameters. There was
a pronounced effect of nitrogen on plant height measured
at different growth stages. Plant height was found to
increase progressively with an increase in nitrogen rate
upto 90 kg nitrogen per ha., Similar effect of nitrogen
on plant height has been reported by Aspinall et al,
(1964) and Bello (1983).

The production of tillers is another important
parameter to examine in the vegetative growth because of
its impact on yield, The number of tillers per plant
increased progressively with increase in nitrogen rate
upto the highest dose of 90 kg/ha., A reduction in mean
number of tillers per plant was noticed at dough stage,
probably due to tiller mortality, Nitrogen fertilization
thus stimulated the production of tillers at all levels

tested in this investigation,

There were significant responses of nitrogen on leaf
area and L.A.I. at all sampling peridds from tillering
to dough stages of growth, Plant height and tiller
nunber per plant were increased by nitrogen application.
These two characters decide the number of leaves per plant

which in turn leads to higher leaf area per plant and
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consequently larger L.A.I. As with tiller number, both
leaf area and L.A.I. increased upto heading and thereafter
decreased at dough stage., The amount of decrease also
differed under different nitrogen levels. This indicated
the favourable effect of nitrogen in keeping larger
phostosynthetic surface for longer periodes The results

of the present investigation was found to be in conformity
with those reported by Evans et al. (1975) and Cooper
(1980) ¢

As a consequence of the favourable effect of ni;rogen
on plant height, number of tillers and leaf area, the dry
matter accumulation recorded at different growth stages
was also fayourably influenced., Other workers who reported
similar increase in dry matter to nitrogen application
include Khalifa (1973); McNeal et al, (1966) and Singh

and Gupta (1970),

The rcle of the flag leaf in the contribution of
assimilates towards the spikes cannot be overemphasized,
Rawson and Bremner (1978) conclusively showed that grain
filling was overwhelmingly the product of current
assimilation which means materials stored before grain
setting play comparatively a little role, Thus, areas
and duration of organs most active in photosynthesis
during the grain filling such as the flag leaf, the ear
and the upper part of the stem are very important,

The flag leaf contributes the main source of carbohydrate

to the grains, In this study, nitrogen increased the
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flag leaf area at all levels from 0 to 90 kg per ha due

to its favourable effect on leaf growth,

Spike length indicates the number of the grains which
may be produced in the splke. Application of nitrogen
significantly increased spike length (Table L.18).

The positive response observed was upto 90 kg nitrogen
per has; This observation support the general idea that
nitrogen application increased plant height, leaf areas
and general vigor of the plants. These yigorous plants
are, therefore, ?apable of producing larger spikes, This
is confirmed by the work of Verma, et al. (1970) Goma'a,
et g;.u(1977)and Bello_(ﬁ983)who.also reported that spike

length increased with increasing rate of nitrogen,

541%3 Moisture stress and nitrogen interaction on

vegetative growth

| Dﬁfing.the.vegetafi#e gfowfh, hiffogén and moisture
stress interaction significantly affected plant height of
barley at tillering in 1985 and at heading in both 1985
and 1986 seasons., At tillering in 1985 (Table L.7), the
height of planis responded to the increase in nitrogen
level in a similar manner in all stress treatments except
when the irrigation was withheld at tillering. In the
stress treatment at tillering it was cbserved that the
effect of nitrogen on plant height was not significant
in all the applied levels, This suggests that moisture

stress during tillering suppressed the favourable effect

.*_.



of nltrogen fertlllzer on plant helght. Slmllarly,

S at heading (Table L ly) moisture stress suppressed the

influence of nitrogen on plant height. However, at

__;  higher nitrogen rates of 60 and 90 kg/ha, plants stressed

:'95 at tillering were observed to be significantly taller than

" those of other stress treatments, This indicates that with

- adequate nitrogen fertilization, moisture siress at early

';f stage of growth (tillering) stimulates tillering on

- rewatering, Similarly, Gates (1968 and 1974) reported

¢ that a more rapid rate of growth and development than in

; unstressed controls is frequently observed in plants
recovering from stress; and Ludlow and Ng (1974) also
observed that the photosynthetic rate of leaves subjected

to stress was greater on recovery than for leaves of similar

chronclogical age that had not undergone stress,

The interaction between moisture stress and

" nitrogen levels was also significant in some other

parameters examined during the vegetative growth. These
include leaf area per plant at heading stage in both 1985
and 1986, L.A.I. at tillering in 1985 and at heading in
1986 and dry matter accumulation at heading in 1985,

Moisture stress consistently reduced the favourable

effect of nitrogen on all of these parameters. A critical
study of the data revealed that throughout the investigation,
any interaction between moisture stress and nitrogen

during the vegetative growth occured either early at

tillering stage, or at the attainment of maximum growth
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at heading, This indicates that nitrogen applied to
barley at seeding was actively utilized throughout the

vegetative growth period. This suports single dose

application of nitrogen to barley._' 

5.2 Effects of Moisture Stress at Different Growth

Stages and Nitrogen lLevels on Yield

Components and Yield of Barle

5¢2+1 Moisture stress

The numﬁer of spikes per Qﬁit area, the number of
grains per spike and the seed weight are considered to be
the most important yield components of the Z-row malting
barley,

The number of spikes pér square metfe is a funéfion
of ear bearing tillers and this determines the quantity
of grains to beﬂéarfied, hence the yield. The number of
spikes per unit area was reduced by moisture stress
occuring at early growth stages, particularly from
tillering to heading, while moisture stress imposed only
at the dough stage increased this parameter., This is
because effective tillers was decided between tillering
and heading stages; stress at dough stage, could not do
much to reduce the number of effective tillers. This
finding conforms with the work of Day et al. (1979} who

_also observed that variations in number of ears per unit

.V-; area was largely ac..unted for by the soil moisture

0 deficit which occured at tiller production and spikelet
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initiation periods; and Day and Thompson (1975) and Day

-f} et al. (1978) also reported the reduction in number of

ears per unit area with moisture stress at jointing,

“ The number of grains per spike (Table L.19) was not

- affected by moisture stress in 1985, but significantly

. affected by moisture stress in 1986, The number of

grains per spike is established during inflorescence
development., In fact, any moisture stress during these

decisive stages will affect the number of grains per spike.

' Moisture stress at any stage from tillering to heading

* reduced the number of grains per spike, the most

deterimental effect being at jointing stage. The
reduction caused by stress at tillering could be due to
reduction in spike length, whereas the reduction caused

by moisture stress during Jjointing and heading could be
agsociated with its adverse effects on spikelet initiation
and formation of gametes.Aspinal et al. (1964) also made

similar observations,

" The effect of moisture stress on 1000~grain weight

' was not significant in both years of trial, Thus grain

welght was fairly constant regardless of the period of
imposing moisture stress during the crop growth in this
investigation, This is because the stress during dough
stage was probably not very severe as irrigation was

missed only once, S



-84 -

Grain yield was significantly affectgg by moisture
stress treatments in both years (Table u.zfﬂ. Withholding
irrigation during the early stages of growth reduced grain
yield considerably. Moisture stress occuring during the
Jointing stage was most deleterious. In 1985, grain yield
decreased by 13 per cent when irrigation was withheld at
the jointing stage. Similarly grain yield decreased by
32 per cent over the control in 1986, Losses in grain
yield at tillering and Jjointing were due to reductions in
the number of spikes per unit area and number of grains
per spike, Losses in grain yield due to moisture stress
at dough stage was due to lighter grains caused by
incomplete grain filling or maturation, Similar findings
have been reported by many workers (Aspinall et al., 196l;
Stanberry and Schreiber, 1965; Stanberry and Lowrey, 1965;
Day and Intalap, 1970; Falaki, .. 1980; Datiri, 1981
and Hassan, 1983).

Straw yield was not affected by meisture stress in
both years of this investigation. This is probably because
growth resumed on rewatering and moisture stress affects

grain yield and its attributes more than vegetative

development,

5.2.2 Nitrogen

Nitrogen application significantly increased the
number of spikes per square metre in two years of

investigation, This indicates that nitrogen nutrition

reduces tiller mortality.
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The number of grains per spike and 1000-grain

weight were also increased by nitrogen application,
Similar increases in number of grains per spike due to
nitrogen application have been reported by Stanberry and
Lowrey (1965), Hefni (1976) and Falaki (1980), Since
nitrogen deficiency has been recognised as the most
probable cause of failure of upper florets (Evans et al.,
1975; and Rawson and Bremner, 1978), the increased spike
grain number was due to increase in fertile spikelets
which contained the grains. Similar results were observed
by Dubetz and Wells (1965), Stanberry and Schrieber (1965),
Misra (1976) and Falaki (1980). The non-significant
response of 1000~grain weight irrespective of nitrogen
level in 1986 is in conformity with the findings of
Baghott et al, (1968) and Anmed et al. (1983).

Grain yield significantly responded to the
application of nitrogen upto 60 kg per ha, although
this was not statistically different from 30 and 90 kg
in 1986, The application of 60 kg nitrogen per ha
increased the grain yield over the control by about 51
and 149 per cent in 1985 and 1966, respectively. Other
workers who recorded grain yield increase due to application
of nitrogen include Schilbach (1969); Bengston (1973);
Jevtic (1973); Sergeeva (1973); Poulsen and Skov (1973),
Mkamanga and Singh (1976), Wilten and Vermaire (1976);
Falaki (1980) and Christensen and Killorn (1981),
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As earlier shown, the application of nitrogen
increased all growth parameters in this study, hence,
it is expected that straw yield was also significantly
increased by its application, Nitrogen increased plant
size by increasing number of tillers, number of leaves
and plant height, consequently the straw yield was
similarly increased by nitrogen, Similar findings have
been reported by Mc Neal et al., (1966) and Christensen
and Killorn (1981),

5.2.3 Moisture’'stress and nitrogen interaction on yield

components and yield

There was no interaction between nitrogen and
moisture stress for all the yield components in the two
years of study, However, grain yield responded
significantly to the interaction between moisture stress
and nitrogen levels in 1985 only (Table Le21)e The lowest
grain yield was recorded with stress at jointing stage at
0 kg nitrogen/ha, Plants in this group also hurriedly
reached maturity and this probably reduced the period
of assimilate accumulation., Similar findings have been
reported by Aspinall et al. (196L4) and Day and Intalap
(1970).
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£e3 Effects of Moisture Stress and Nitrogen on

Grain Qualitx

'Bai3e1 Moisture stress

Grain protein and 1000~-grain weight are two
important characters of the grain freguently consideréd
for malting purposes. Moisture stress treatments did
not influence these two characters even at the 5 per cent

level of significance,

54342 Nitrogen.

Malst%rs prefer plump seeds because.or their high
starch and high germinative capacity. Grain weight
| was not influenced by nitrogen upto by kg/ha, but was
significantly increased by nitrogen at90 kg per ha,

Crain protein content increased significantly with

- each increase in applied nitrogen upto the highest

nitrogen dose of 90 kg per ha, Many workers have similarly

- .reported increases in grain protein content due to nitrogen

application (Hooda et al., 1977; Kopecky, 1981; Falaki,
1980 and Ahmed et al., 1985)., One of the most desirable
characters in malting barley is low protein content,

- This is because barley protein is reflected in malt and
wort nitrogen, A high barley protein as reported by Ahmed
gﬁ,gla(1985) results in low malt extract and reduces barley
and malt quality. Thus, based on the findings in this
investigation, 60 kg N/ha is preferred in relation to

grain protein content,
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5.4 Water Use Efficiency

Data for water use efficiency are presented in
Table L .22, The control treatment received L8 cm total
irrigation water, whereas stress treatments (ninus one

Arrigation) received 42 cm,.

Although W.U.E. was generally low in this study,
withholding irrigation at Jointing has produced the
most unfavourable effect of stress. Stress at Jjointing
as earlier reported had caused reduction in number of
tillers and leaf area per plant and also reduced plant
heights, These consequently reduced the W.U.E, of the
crop, which depends so much on the general vigor of

the pl ant,

Nitrogen application also significantly affected
the W.U.,E. The application of nitrogen increased W.U.E.
due 1o its favourable effects on the general growth and

vigor of the plant,

5ahe1 Interaction between moisture stress and nitrogen

on the number of days to maturity and WUE

The interaction between moisture stress and nitrogen
significantly affected the mean number of days to maturity
(Table 4e.23. This interaction reveals that plants
hurriedly reached maturity at O and 30 kg nitrogen per ha
regardless of the period of moisture stress occurence.

However, moisture stress had a pronounced effect of
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shertening duration of maturity at higher.nitrogen

rates, particularly 90 kg nitrogen per ha,

4

| Interaction between moisture Stress and nitrogen
was significant for W,U.E, The application of 60 kg/ha
was favourable te WUE when irrigation was missed
preferably at the dough stage. Missing one irrigation
at jointing without nitrogen application produced the
most adverse effect on WUE of barley, However, nitrogen
application upto 90 kg per ha compensated for the lack of
“nitrogen at this stage of growth, Thus, adequate niirogen
fertilization improved the WUE of malting barley under

limited water supply.



=90 -
.Chépter 6

SUFMARY AND CONCLUSIGNS

'i: Field trials were cenducted at the Irriration

| Research Statien, Kadawa, of Institute fer
Agricultural Research, Ahmadu Belle University ducing
the 1984 /85 and 1985/86 dry seasenste stuay the ellccls
of meisture stress imposed at various growth stasesg
under different nitregen levels on yield and some

quality aspects of malting barley.

+ -

: Mﬁiéfuré”stréss:was.creatéd:éf'differéht gfowth
stagesby missing irrigation at tillering, Jeintin;,
heading and deugh stages wnich were cempared wiitn a
contrel in which nermal irrigation was supplied at
all grewth stages whenever Cummulative Pan Evaporalion
(CPE) deficit built upte 90 mm, Three levels of
applied nitregen of 30, 60 and 90 kg N/ha aleng with a

contrel censtituted the second factor.ax

The differences in mean plant height, number of
'tillers per plant, leaf area, flag leaf area, leaf
area index and dry matter productien were significantly
decreased by meisture stress at different stages of
grewth, Nitregen application significantly increased
the abeve mentiened parameters., The flag leaf area

and spike length were also found te increase witﬁ

increase in nitregen level, but moisture stress at
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heading stage significantly decreased the spike length,
Withholding irrigation at jointing and heading stages
reduced the mean number of days to maturity whereas
nitrogen application upto 60 kg N/ha increased the

number of days to maturity,

Missing irrigation during early stages from
tillering to heading reduced the number of spikeg per
squart metre and number of grains per spike. Nitrogen
application significantly increased all the yield
components viz: number of spikes per square metre,

nunber of grains per spike and 1000-grain weight,

'.Thé grain yield ﬁ;s adverself éffécted by
withholding irrigation at any growth stage except heading
stage, The maximum yield reduction levels of 13 and 32
per cent were observed when irrigation was missed at
jointing stage in 1985 and 1986, respectively., Nitrogen
application significantly increased grain yield upto 60 kg
N/hags Grain yield increased by about 51 and 149 per cent
in 1985 and 1986 over the control, respectively due to
..nitrogen application of 60 kg/ha, Straw yield also
responded to nitrogen application only uptoe 60 kg/ha in

both years, .

Grain yield was found to be strongly associated with

all the yield components which were positive and highly

significant,
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The water use efficiency (WUE) was more adversely
affected by withholding irrigation at jointing stage in
both years. However, nitrogen application increased the

mean WUE values only upto 60 kg N/ha,

Grain protein content increased significantly with
each increase in applied nitrogen upto the highest dose

of 90 kg/ha, but w:s not affected by moistur: streogg,

Based on the present investigations, it is
concluded that moisture stress at any growth stage results
in reduction in growth, yield components and yield of
barley, If one has to unafoidably economise irrigation
by missing one irrigation, it is safer to miss it after
jointing, Jointing,tillering and dough stages were found
to be the most critical stages in that order to soil
moisture stress, Also, a nitrogen fertilizer rate of 60
kg/ha applied at sowing is recommended for optimum grain
yield with acceptable grain protein content for malting

barleys
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Appendix A-1: Mean monthly air temperature (“C) :na
evaporation (mm) during the barl«y prowing
period at Kadawa in 198L4/85 drv ceason,

Temmperature
month Mean iLean ' menn
maximum minimum evaroration(mn)

November, 1984 33,67 15.70 9,51
December, 19bh 28,23 17.90 7« 60
January, 1985 268,13 15.1b H.b13
February, 1985 20,74 1379 Q,n1
Marchn, 1985 35.508 20,00 8,02
April, 1985 34 .43 21,20 #,'76

O~
Appendix A=2: Mean montniy airr temperature ( C) ana
evanoration (mn) during the bdarley rrowing
period at Kadawa in 19pb/8b arv feason,

Temnerature

Montn Mean llean Mean

maximum minimum vanhorationimm)
Novemper, 1ythH 44,07 1. 30 7«08
December, 1905 20,26 13.29 7.0
January, 1ybb 20,78 10629 7.2
Feoruary, 1ybb  2b.9Y0 11,01 .50
Harch, 1900 (.20 210U .99

Apral, 1960 30,27 Z3ely Y. 3V
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Appendix Be

The physical and chiemical properties of the
seil collected zt upto a depth of
the experimental cite at Kadawsa,

30 ¢om from

Soil Properties

Characterictics

Phyvcical: properties

Sandsh

Silty

Clayy _
Textural class

Chemical properties

pll in HEO
pll in G,01 m CaC12
Exchangeable Cations
(meg/100r g of so0il)
" Na -
g
‘Ca
Mg
Total P (ppm)
Total N (%) in 0,048 N H2SOM
CEC {meg/100 )

£1.58
3%.40
8,10
Sandy loam

£.5
5.8

0.148
C.117
3,250
0,989
10C, 00
0, 021
5.93

Appendix C: Previous cronoing

site at Kadawa.

tiistory of the exoerimental

Seascn Crop
et Dry et T
. 1983 1983/8!_‘_ ) F’_‘lllcw ‘I':‘h(.'at
108L. 1981 /85 Fallow Barley
1985/86 Frllow Sl
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Appendix D: Variation in soil moisture reading (%) from
tillering to dough stages of barley before
and after irrigation at Kadawa, in 1984/85
and 1985/86 dry seasons,

Moisture content (%)
Moisture stress treatwment Before After Before After

~- o
stauges (control). 7.90 12,10 8,12 11,0
S, = Stress at tillering 650 10,50 6.70 9,80
S, = Stress at ‘jointing 6.20 9,80 6.95 9.45
S3 - Stress at heading 6.00 G.00 7.40 12.00
S), = Stress at dough 8.75 12,95 6.82 9.40




- 10&4

Appendix BE-1:  Analysis of varisnce table for ruin
L yield in 1981./8% dry season,

Sources S TR 38 0 s aM& F
Replications . 3 = 11099 382996 -
Stress _ -'f:1i":'” u._ 235234 58833 L2
Mitropen '.:;3; 1j13 - 779113 2597010 19, 516%+
Stress x Nitrogen 12 322679 268899 2,001%
Error I 57 758565 133082 -

*  and kX -_vlgniflcant at b and A perccent, recpectively,

Appendix E=-2: Analyﬁi% of varia ce table for ;rain'yield
in 14$85/86 dry season,

Source DF 35 MS F

Replications_' ' 3 260686 884, 86 -
Stress _  : o 4 116560 2913990 | Pt
witrogenm . 3 30218700 13082900 19, 08l %
Stress 2 Nitrogen 12 10121.1C0 813676 1.2LL NS
Error o 57 28570L,00 67828 -

* and ¥¥ « sirnificant at 5 and 1 per cent, recpictively,
NS - Not sipgnificant, “ S
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