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ABSTRACT

Investications to find the effect of water stress
during the reproductive phase of wheat under different
| evel s of nitrogen and phosphorus fertilizers were carried

out at Samaru, Zaria (Lat. 11° 11 N, Long, 07° 38 E).

Water stress was inposed during the flowering, mlk,
and m | k-dough periods. Water stress reduced the grain
yield by 31%when stress occured at flowering, and by
15.46% and 14.893" at m | k and m | k-dough peri ods,
respectively. The yield reduction occured through
reduction in the nunber of grains/spike in case of stress
at flowering, and through reduction in grain weight/spike

in case of stress at mlk and m | k-dough peri ods.

Ni trogen | evels used were 0, 60 and 120kg N ha.
Ni trogen positively increased all the paraneters exam ned,
especially the vegetative growth. Mst of the reproductive

conmponents responded significantly to only 60 N kg/ ha.

Zero and 30kg P,0Os/ ha levels of phosphorus were used
Phosphorus on its own did not significantly affect nost
of the paranmeters except the |leaf area/plant and grain
yi el d.

However, the nitrogen-phosphorus interaction showed
that nitrogen application w thout30kg P,0s / ha produced
little effect above 60kg N ha. Application of 30kg P,0s/ ha



wi thout nitrogen tended to have negative effect or no
significant effect all but the yield of wheat crop

responded significantly to the application of 120kg N ha
when 30kg P,0s / ha was appli ed.
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CHAPTER 1
INTRODUCTION

Importance and Uses of Wheat

Bread wheat, (Triticum aestivum L.), is one of the
most important food cereals in the world., On global
basis, it occupies about 237 million hectres of land
with a total output of 420 million tons/annum (Anonymous,
1980), The origin of wheat crop is not very clear, but
it was known in the Middle East as far back as four to

five centuries B.C.

According to Lewicki, (1974), wheat was introduced
into West Africa around the 12th century by the Arab
trader# through Sudan, and then into the northern states
of Nigeria, Here, cultivation was then restricted to
small irrigated gardens along the river banks or using
residual moisture in 'fadamas' during the cool dry
harmattan season. The locally produced wheat is used for

preparation of local dishes like 'alkaki' and 'gurasaf',

After the Second World War, the returning soldiers
contributed in no small measure to the bread-eating habit
in Nigeria, This, coupled with the development of elite
groupt and increasing rate of urbanisation led more to the
demand on bread and other wheat products. This relative
change in food habit accounts for the presence of bread
in virtually every corner of Nigeria, Average consumption

of wheat/head/day was put at 26,3g in 1977, ranging from



162g/head/day in Lagos town to negligible figures in rural
areas inland probably because of reduced income or lack

of familiarity.

To meet this demand, the Federal Government of Nigeria
resorted to first, flour, and later wheat grain importation
at a steadily increasing rate as shown in table 1,1 below,

Table 1,1, Wheat and Wheat Flour importation in
Nigeria 1954-1975 (tons).

Year Grains Flour Total (tons)
1954 - 57 ,000,00 57 ,000.00
1955 - 48,000,000 48,000,00
1956 » 51,000,00 51,000,00
1957 - 64,000,00 64 ,000,00
1958 - 67,000.00 67.000.00
1959 - 83,000,00 83,000,00
1960 e 79,000,00 79,000,00
1961 - 96, 000,00 96,000, 00
1662 2,000,00 96,000,00 98,000,00
1963 39,000,00 34,000,00 73,000,00
1964 53,000, 00 4,000,00 57,000,00
1965 72,000,00 2,000,00 74,000,00
1966 136,000,00 3,000,00 139,000,00
1967 165,000.00 5,000,00 170,000,000
1968 125,000,00 5,000,00 130,000,00
1969 143,000,00 1,000,00 144 ,000,00
1970 214,000,00 - 214,000,00
1971 376,000,00 9,000,00 385,000,00
1972 279,000,00 71,000,00 350,000,00
1973 300, 000,00 4,000,00 304,000.00
1974 310,000,00 1,000,00 311,000.00
1975 294,000,00 8,000,00 302,000,00

Sources: Nigeria Trade Journal, Oct, 1961, P, 154
and Report on Wheat Production and Marketing

in Nigeria, P.28., AERLS, 1979,



Between 1974 and 1976 imports increased from 400,000
to 733,000 tons, and costing the Federal Government of
Nigeria about ¥97 million in foreign exchange,

(Anonymous, 1979).

Major Areas of Production

Using temperature as a guide, Kowal and Knabe (1972),
defined the wheat zone in the northern states of Nigeria
as that area north of latitude IOON, where the maximum
temperatures are consistently below 32.5°C, and the minimum
temperatures are mostly below 15°% during the cool dry
harmattan period (November to February). Below this
latitude, the temperatures are tcoo warm for satisfactory
tillering and the development of large spikes necessary
for higher yields, The altitude of the wheat growing areas
is between 240-360m above sea level (Olugbemi, 1973).

This area as defined above, fortunately covers greater
part of the northern states of Nigeria, However, the most
suitable areas are those where the maximum temperatures

of below 32,5°C occur for 70-115 days, and the minimum
below 15°C for 80-95 days between November and February

(Anonymous, 1979),

Efforts are, therefore, currently being geared
towards increase in the local production of wheat crop in
the wheat growing areas of the northern states of Nigeria,
It is proposed that by 1991, about 345,000 hectres will

be under irrigation. About 50% of this area will be



alloted to wheat. It is also estimated that about 500,000
tons over and above 330,000 tons based on the current
level of production will be realized (Anonymous, 1979).
Thus, though wheat is basically a temperate crop, it

can be successfully grown under irrigation during the

cool dry harmattan season in the northern states of
Nigeria (Fig. 1), Wheat prcducticn during the rainy
season on the plateau of Jos and Mambilla in Nigeria is
handicapped by the disease causing fungal organism
(Fusarium), which is associated with cool temperatures and

high rainfall (Anonymous, 1979),

Average Yields

The technology of wheat production has increased over
the years, but the average yield for all the wheat
producing areas of the world is low, For example wheat
yields averaged about 1.5 tons/ha between 1969-1971, In
the late 1970s world average yields increased to an
average of 1.8 tons/ha, (Anonymous, 1980). In the
developing countries such as Nigeria, average production/
has reported ranged from 0,75 - 3 tons/ha, (Anonymous,
1979).

These average production figures were reported under
different levels of inputs (fertilizer and water) and
environmental conditions., It is, therefore, appropriate

to investigate the problems associated with wheat



produétion under the present environment., The grain
formation and development period, as identified by Kumar
and Yayock (1980), is characterized by high = %
evaportranspiration {9.lmm Pan - see Appendix), therefore,
any water stress around this time may adversely affect
the grains, yields and yield components, The water
necessary to avoid this stress is costly, It is,
therefore, necessary to examine the effect of this lack
of irrigation water especially under different levels of

nitrogen and phosphorus, on yield and its components,

An increase in yvield must have come with increa#e of
water and fertilizer requirements before components like
radiation are considered, This increase, therefore,
depends on these resourées which are costly and limited,
Whether the main limitation is mineral fertilizer - which
has to be paid for in foreign exchange -~ or water pumped
from rivers and lakes at considerable expenditure. The
use of these costly limited rescurces should be kept as
low as possible, that is to achieve maximum effect with

minimum inputs (Langer, 1978).

It is against this background that the present

study was initiated tos

1, Assess the effect of water stress on grain
formation, development, yield and its

. attributes,



2,

3,

Investigate the effect of nitrogen and
phosphorus fertilizers and their interactions
on the growth of wheat, grain development and

yield and its components.

Investigate the interacting effect of NP
fertilizers and water stress during grain

development stage on yield and its components.



CHAFPTER 2

LITERATURE REVIEW

Wheat, basically a temperate crop, requires cool
temperatures where the maximum is consistently below
32.5°C and the minimum temperatures mostly below 15°C for
satisfactory tillering and large spikes formation which
are necessary for satisfactory yield, This crop,
however, is successfully grown under irrigation in Arid
and Semi Arid areas in the Tropics, including most
parts of the northern states of Nigeria, This is because
this range of cool temperatures prevails during the cool
dry harmattan period., In addition to the required
irrigation water, adequate supply of nutrients is
essential for satisfactory crop growth and yield., A
number of workers, in both the Tempexate and the Tropics,
hawe reported their findings on wheat growth and
development under essential plant nutrients like nitrogen
and phosphorus in the presence of various soil moisture

regime, |

Different levels of phosphorus and nitrogen under
water stress conditions have been reported to affect the
vegetative as well as the reproductive phase of the crop
by different manifestations on the individual growth
compoments,. Tillering, leaf areas, dry mattexr, plant

height as well as grain develcpment and yield components



like the number of spike per square meter, weight of
grains, are all affected in various degrees, Some of

these findings as they affect the above are cited below.

Effect of Nitrcegen on Growth

|
Growth and all its componcents generally incfease whan
nitrogen is applied, and this increase in growth with the
increasing rate of nitrogen., El-Sharkawy, et al. (1976,
1977), using nitrogen rates of 0, 60, 100 and 140kg N/ha,
reported positive linear increase in tiller humber/plant,
dry matter accumulation and leaf area/plant with increasing
rate of nifrogen. Singh and Verma, (1965) also reported
that improved growth due to nitrogen fertilization was
accompanied by increase in dry matter even at 45kg N/ha.
Singh and Gupta, (1970} and Sarkar, et al. (1975) are of -
the view that the increase in the dry matter accumulation
is more rapid between 70 and 120 days after sowing, and
the rate falls off thereafter., Saleh, (198l1) reported
that the increase in dry matter accumulation occured
mostly at booting, heading and about 10 days post harvest,
Panect (1976) and Saleh (1977), also reported increase in
plant height and leaf areas or Leaf Area Index with
nitregen application. Additiomally, nitrogen application
increases the number of tillers/plant (Sorour, ¢t al.,
1977 , Whingwiri, 1980), Results of Cooper (1980),
however, showed that the increase in plant height of

wheat was at a decreasing rate with the advancement of

-



growth, but number of tillers/plant responded to nitrogen
fertilization even with advance in growth while leaf area/
plant and Leaf Area Index (LAI), responded to nitrogen
fertilization at a decreasing rate with advance in age.
Flag leaf area increased in response to nitrogen
application and so was the number of days to 75% heading
(Bassioury, 1979). Delay in 50% flowering due to nitrogen
application was reported by Verma, et al., (1978); and

Rathore and Singh (1973, 1970).

Effect of Nitrogen on Grain Development

Yousef, et al., (1977), using 60, 120 and 180kg
N/ha under one, two and three irrigations reported
increase in grain number/plant as well as grain weight
with increasing levels of nitrogen, El-Sharkawy, et al.,
(1976 and 1977), and El-Dababy, et al., (1978), also
reported increase in the number of grains/plant, grain
size as well as ear number/plant as nitrogen levels
increase under different moisture regimes, Number of
grains/spike was also favourably affected by increase
application of nitrogen (Silva, et al., 1975; Gomaa, et al.,
1977 and Dougherty, et al., 1978)., But Singh and Sharma
(1973), could not record any response in this character
to nitrogen application, and Hussain, et al., (1978),

opined that the response depended on the cultivar,

Spike grain weight is also influenced by the

application of nitrogen., Sandbu and Gill (1971), found



10

that the spike grain weight responded positively to
nitrxogen application up to 32kg/ha. Similar views were
reported by Hagras (1972) and Ibrahim and Assey (1976),
However, Mahendra Singh and Sharma (1973) were unable

to record significant effect of nitrogen on spike grain
weight., Boyles (1977) used 75 and 150kg N/ha in 82
separate experiments. In 51 and 32% of these experiments
respectively, he found no evidence of poor grain filling,
but in 41 and 71% of the experiments showed evidence of
poor filling, manifested in at least one yield attribute,
like the 1,000-grain weight. In 9 and 10% of the
experiments respectively, 1,000~grain weight increased
by nitrcgen application., Improvement in grain filling
took place with irrigation at high rates of nitrogen
suggesting that moisture limitations at those rates could
contribute to poor grain filling, He further concluded
that varying the time of the nitrogen application has |
little effect on the grain filiing, and that there was no
relation with site characteristics like scil texture,
residual fertilizer or previous cropping, and reduction
in grain filling could even occur in absence of disease

and lodging.

BEffect of Nitrogen on Yield and Yield Components -

Application of nitrogen affects wheat yield and yielad
components in various degrees, Components such as the

number of spikes/mz, number of grains/spike, length of



_ .Fijyﬁ,
spike, spikelets number/spiké, number of fertile and b
sterile spikelets/spike, tiller mortality, 1,000-grain
weight, straw and grain yield are all affected, . .-
El-Sharkawy, et al., (1977), reported linear increase

in ear length, number of grains/ear and the average
grain weight, and nitrogen effects on the weight of

- 1,000~grain. While Misra and Singh (1971); Hussain,

et al., {1976) and Ibrahim and Assey (1976), found a
significant response in respect of 1,000-grain weight..

Jat, et al,, (1976) reported a decrease in 1,000~grain

weight with increasing nitrogen application.,

It is generally reported in the literature that
nitrogen application increase the number of spikes
produced, and this has direct bearing on the yield since
grains develope on the spikes, This was observed by

Gomaa, et al., (1977), and Ellen and Spiertz (1980),

———

Nitrogen fertilization significantly increases
spike length which is usually accompanied by increéae in
the number of fertile spikelets/spike, and the increase
is positive with increasing nitrcgen levels (Villanuera

and Montjoy, 1973). Rathore and Singh {1973}, cobsexved

that increased ftitrogen uptake generally increased dry
matter production, but of the yield c¢omponents ear length
and the number of grains per ear were most related to

grain yield (Verma, et al., 1970),
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The optimum level of nitrogen fertilization depends
on the soil type, initial fertility levels, and wheat
cultivar, The environmental conditions alsc vary, so
as the availability of growth factors like irrigation.
Singh (1968), in India obtained response on a loamy
soil up to 84kg N/ha, Misra and Singh (1971) also in
India, reported response up to 200kg N/ha, Singh and
Srivastava (1971), reported 120kg N/ha as the optimum,
while 8aleh (1981) working in Egypt, reported significant
yield increase even at 142,80kg N/ha. El-Sharkawy,
et al., (1977) reported, among other things, grain and
straw yield increases from 0,53 tons/ha to 4,65 t/ha and
2,77 to 9.41 t/ha respectively with nitrogen levels
ranging from O to 120kg N/ha at 0,5 bar moisture stress
by Jat, et al., (1976). Singh and Aggarwal, (1976) also
reported highest yields of 4.29 t/ha with moisture level
and 40 kg N/ha., Others who reported increase in yield
and its components with nitrogen application include

Agha and Tunio (1973) and Rathore and Singh (1973).

Effect of phosphorus on Growth

Application and uptake of phosphorus favourably
affect the general growth of wheat crop through
satisfactory establishment of root system and uptake of
nitrogen. The increase in growth is manifested in
increase in tiller number, dry matter accumulation,

height of the plant and the leaf area., Verma, et al.,
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(1970) reported consistent increase in tillering and
vigorous root development when phosphorus was applied,
They attributed the early rocot and shoct growth to
available phosphorus which might have favoured cell
division which is slow in phosphorus deficient socils,
However, they found no significant difference between
33,5 and 67kg ons/ha. Yousef, et al., (1977) also found
that phosphorus application increased plant height,
number of tillers per plant and dry matter, Rathore

and Singh (1973), used O, and 30kg ons/ha to achieve an
increase in growth, Ibrahim and Assey (1976), using

0, 36,89 and 73,78 onskg/ha were unable to find any
effect of phosphorus fertilization and different at levels

on plant height,

Effect of phosphorus on grain development, Yield and

Yield components

Phosphorus, an essential nutrient, affects grain
development, yield and yield components of wheat depending
on the rate of applicaticn, With increase in vigour and
growth, grain development potential is expected to be
higher. Plumb and well developed grains can only come
from plants with sufficient nutrient status. Yousef,
et al., (1977), reported favourable grain development
with increasing level of phosphorus, Using semi dwarf
wheat cultivars, they repcrted grain yield increase from

1,75 to 2.43 t/ha with increasing phosphorus levels from
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zexo to 72kg/ha. Ear length; grain weight, number of
Qrain per ear, grain number per plant, all increasead

with increasing level of phosphorus, Verma, et al.,
(1970}, also repoerted consistant increase in yield from
22 to 28% owver the contryoel by using 33.5 ond 87kg ons/ha.
Agha and Tunio (1973) were of the view that the most |
economical dose is 34.05kg/ha. Rathore and Singh (1973,
1978) and Singh (1981), reported that response was more
favourable at 30kg P,0./ha. Rathore and Singh (1978)
reported that for every lkg phosphorus uptake, thers was

corresponding increase of 132.8%kg grain/ha,

Effect «of Water stress ob Grain Development and Yield and

Yiceld components

Water ¢s a constituent of protoplasm, solvent for
nutrients and a réag@nt is the most important ingredient
of plant growth, developmont and productivity. Its
shortaqge, esnecially at critical stages like the
reprocductive phase, has marked effect on grain developmeﬁt,
vield and its components. 4 number of workers like Misra,
et al,, (1969) and ElDababy, et al,, (1978) hav: reported
effacts of these stresses during the reproductive phase

under various levels of fertility by withholding irrigation

water either at flowering, milk or milk~dough stages,

Understandably, waterstress after anthesis will have

no mffect on the producticn of spikes because this must
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have been determined during the vegetative phase (Coo@éf,
1980). Assey, et al,, (1979) used four, five and six
irrigations, and found that six irrigations were superior
to four irrigations in terms of 1,000-grain weight,
Misra, et al., (1969) demonstrated that withholding
irrigation water at either milk-ripe or dough-ripe stages
significantly decrease grain size, and irxrrigating at
crown roct initiation, late tillering, flowering and
dough stages increased 1,000~grain weight, Others like
Misra, et al., (1976) and El-Dababy, et al., (1978) are
of similar opinion, Assey, et al., (1979) attributed the
decrease in grain size to water stress which hastens i:;
grain filling, resulting in decreased grain size,

Connor (1975}, concluded that the reasons could be due

to premature yellowing of leaves and spikes.' But Cooper
(1980}, however, argued to the contrary on account that
frequent irrigations encourage the formation of late
tillers which have less time for grain development and in

turn result in smaller grain size,

Shrotriya, et al.,, (1970) found that withholding
irrigation water at either milk—riﬁe cor dough-ripe stages
had little effect on the number of grains and spikelets
per ear, hussain, et al., (1978), however, found that
the highest number of spikelets was obtained from four
to six irrigations and the lowest number of grains per one

irrigation. -Water stress at three wecks after ear
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emergence significantly reduced grain number per ear

(Langer, 1978).

Sufficient soil moisture at flowering stage ensures
sound and healthy grain development. Withholding
irrigation water at this stage, therefore, will directly
affect grain development (Verma et al., 1978). Jat,
et al., (1976) and Boyles (1977), have reported grain
filling improvement due to irrigation at high nitrogen
level, and suggested that moisture limitations at these
levels could contribute to poor grain filling and

development,

Withholding irrigation at different critical stages
affect grain yield differently. Bhardwaj, et al., (1971)
calculated the reduction in grain yield as 18,2, 1.9,
10.7, 11,8 and zero % as against withholding irrigation
at crown root initiation, late tillering, flowering, milk
and dough stages respectively, Fatel and Patel, (1975)
arrange the critical stages for water in wheat crop as
milk-ripe, followed by booting, than by late-=jointing,
crown root initiation and finally by flowering, in this
order, They argued that water stress at milk and dough
stages lead to premature drying which significantly
decrease the 1,000-grain weight., Grain yield is severely
reduced especially when the stress is prolonged for two
successive stages of plant growth (Shrotriya, et al,,

1970), Singh, et al., (1975) arranged the most sensitive
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stages to water stress as crown root initiation, late

tillering, flowering and milk ripe stages.

Ear length amd ear weight, grains per ear, 1,000-grain
weight, all increase generally with igcrease frequency of
irrigation {(Ibrahim, et al,.,, 1979 and El-Dababy, et al.,
1978)., Asana, et al., (1971} reported a decrease in the
grain/floret ratio with increasing floret number/ear
under water stress or no water stress; while grain number
depend on the floret number/ear, The uptake of nitrogen
is increased while that of phosphorus is decreased under
water stress, They opined that water stress reduces grain J
yield partly through its effect on uptake of phosphorus

and proportiocnal protein synthesis,

Dantur, ot al., {(1973) irrigated at scil moisture
deplesion of 40%, 55%, 70% and B85% field capacity and
concluded that grain yield was closely correlated with
days soil moisture tension was 1.35 atmospheres during
jointing and milk-ripc stage and suggested irrigation at

moisture depletion of 40% to 50% field capacity,. -

However, El-Sharkawy, et al,, (1976) using soil
moisture tension of 60 ¢ bars was unable to record any
sngnificant effect of water stress after anthesis on straw
and grain yield, number and weight of grains per plant,
mamber of caxrs per plant or 1,000~grain weight as recoxded

by others,
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Interacticon Effect of Irrigation, nitrogen and phosphorus

on grain yvield of Wheat

Applied plant nutrients like nitrogen and phosphorus
as well as irrigation deo not often exexrt their influences
on growth and development of the crops individually, but
interact with one another. For example presence of
nitrogen will affect the uptake and use of phosphorus.
Pxesence of soil meoisture determines uptake of nitrogen

and phosphorus.,

| Sinha, et al., (1973) reported optimum yields of
wheat from combinations of 124kg N + 22kg P205/ha, and
that in the absence of phosphorus, there was no yield
response to nitrogen which mostly accumulated in the soil,
In fact nitrogen and phosphorus contents of the grains
. were proportional to the applied nitrogen and phosphorus,
But there was no competetion in the uptake of nitrogen and ;
phosphorus, and the wetter the soil the more uptake, |
when three moisture regimes of 75%, 50% and 25% of fielad
capacity were tried with two levels of nitrogen - 75kg N
and 150kg N/ha (Verma, 1976), Wheat can even respond to
lower dose of nitrogen significantly (Ibrahim and Assey,
1976). These researchers recorded significant interaction
between nitrogen and phosphorus on 1,000«grain weight, ”
grain vield and number of spikes per plant at different
levels of nitrogen and phosphorus. Similar results were
obtained by Nagre and Bathkal, (1978)}. However, the

interaction and the increase in yield arising thereof was
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only recorded for 33.5kg P205/ha level, giving percentage
increase in yield of 15.9%, 37.2% and 20% over the three
years trial., After that there was no increase as phosphorus
was deficient in the soil and, therefore, could become a
limiting factoxr (Verma, et al., 1970). But Agha and Tunio,
(1973) were unable to record any significant interaction

Latween irrigation frequency and fertilizer rates,

Significant interaction between nitrogen and
irrigation on grain yield and the number of grains per
plant was reported using O, 100, 150 and 120kg N/ha under
2C, 40 and 70 ¢ bar soil moisture tension. Thousand grain
waeight and grain size all increased as nitrogen rates
increased, and soil moisture decreased (El-Sharkawy, et al.,
1977). The absence of nitrogen would decrease soil
moisture extraction during the grain filling stage
(Shimshi and Kafkafi, 1978). These workers also found

significant interaction effect between nitrogen and

irrigation.

An interaction between soil moisture and appliecd
phosphorus showed an increase in yield with increasing
level of phosphorus at lcew moisture level or with
increasing soil moisture at low phosphorus level

(Semawanshi and Goswani, 1980), '



CHAPTER 3
MATERIALS AND METHODS
Site

The experiment was conducted under irrigatién duriﬁg
the 1981-1982 dry season at the irrigation site of the
Ahmadu Bello University Farm, Samaru, Zaria (Lat, 11711 N,
Long, 07° 38'E and altitude 686 m}. Samaru is located
within the Noxthern Guinea savannah zone, The climatic
conditions of the site are reported below in tables 3.1

and 3.2 {(also appendix}.

The soil is o fertile lcamy sand. The result of.the
chemical and physical analysis of the soil and cropping

history are shown in tables 3.3 and 3.4, respectively.

Land Preparation

The experimental field was irrigated, ploughed,
harrowed twice and fine cultivated to a fine seed bed,
The land was subseqnently divided intco required plots with
~drrigation channels and bordexs as necessary before

planting.

Fertilizex Application

Three levels of nitrogen, 0, 60 and 120kg N/ha in
form of urea (46% N), and two levels of phosphorus, 0 and
30kg P,0-/ha in form of single super phosphate 18% P,0.)

were used, The fertilizers, in all possible combinations,



21

were incorporated into the soil before sowing, This gives

six fertilizer treatments in all,

A dwarf Mexican wheat variety, Cieto cerros, was
drilled at the rate of 100ky seed/ha in 25cm row spacing

on 22 November, 1981,

_ Irrigation Treatment

irrigation water was applied at weekly intexvals
to ensure adequate scil moisture during the vegetative
phase. During the reproductive phase, four irrigation
treatments were applied by withholding irxrrigation water

and creating water stress at the periods mentioned below,

1, Stress at flowering period
2, Stress at milk perind
3, Stress at milkedough period

4. No stress (control)

Each of the stress pericds was of the length of 18-20

days after which irrigation continued till harvest.

Plot size and Bxperimental design

The experimental layocut was a strip-plot design
replicated four times. Strips of 2m x 19,5m were alloted
to each of the four irrigation treatments at random.
Within each of these strips, six plots of 2m x 3m were
demarcated, with 0,3m separating adjacent plots. These

plots were randomly alloted to fertilizer treatments,
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Table 3,1, Mean Maximum and Minimum monthly temperatures

(°c) at Samaru, Zaria

Nov , Dac., Jan. Feb, ' March

Max 29,1 30,2 29,7 31,6 34.6
1081 /82
Min 14,1 12,7 13.8 15.6 19,70

Table 3.2, The Mean Maximum and Minimum Temperatures imn

10~-day periods between 20 Novembexr 1981 and
20 March 1982 at Samaru, Zaria

Months DAS* Max Min Mean
20-30 Nov 8 26,8 13,1 19.98
1-10 Dec 18 30.1 13.4 21,75
11-20 Dec 28 28,8 12.4 20.6
2L31 Dec 39 31,7 12.3 22
1-10 Jan 49 = 27.8 11.8 19.8
11.20 Jan 59 31,9 15,0 23,45
21-31 Jan 70 20.5 14,7 22,1
1-10 Feb 80 26,8 12,9 19,85
11-20 Feb 90 32.6 14.8  23.7
21-28 Feb " oa 35.4 19,3 27,35
1-10 March 108 31,5 16.2 23.85
10-20 March B 35,9 20,6 28,25

* Number of days after sowing
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Table 3,3. Physical and Chemical characteristics of

soils at the experimental site at Samaru

Particle Analysis PH in Textural
Horizon
sand silt clay Hzo Kcl class
cm % % G
Loamy
0=3- 45 41 14 5.75 4,9 sand
Total N r K Ca Mg Na CEC
% ppm ppm ppm ppm Ppm 56
0.05005 113,79 140.0 625.,0 100,00 24,00 19,69

Table 3.4.

Previocus cropping history of the

experimental site

Year

History

1979 Rainy Season
1979/80 Dry Season
1980 Rainy Season

1981 /82 Dry Season

Fallow
Maize
Fallow

Wheat
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The harvest was taken from the net plot size of 2m x 1lm,

Data Collected

A, Vegetative phase.

i)

ii)

3ii)

Germination count: this was taken 14 days afterx

sowing on four meter length row (i.e. two rows)

in each 2m x 3m plot.

Growth Indiccoes

Te find the influence of nitrogen and phosphorus
on growth, five plants from each plot were taken
at random at 46, 53 and 61 days after sowing.
Fresh leaves were removed from their base on
each plant, their length and breadth (from the
widest point) were measured with a ruler, A
factor of 0.72 was used in calculating the leaf
areas, The length of the stems were measured,
and their number counted to determine tillerxring,
From these, successive plant heights, number

of tillers, leaf area/plant, Leaf Area Index
were all determined. The plants and leaves
{(including dead ones) from each plot were then
over-dried and weighed. The dry matter/plant,

dry matter/m2 were determined.

Flag Leaf Area after ear emergence

Flag leaf area after 100% heading was determined
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in a similar manner as described above. Flag
leaves from 20 plants were excised from their

base at random from each plot for this purpose.

Reproductive Phase

After water stress imposition at flowering,

i)
ii)

iii)

Post

Spike grain number (g)

Spike grain weight (g9) and

1,000-grain weight (g) were determined by taking
twenty spikes from their base at random from
each plot at five days interval., These spikes
were then sun-dried, threshed and the grains
counted and weighed to progressively follow

the grain development,

harvest yield and yield compcnents

Length of Spike: Ten spikes were selected at

random in each plot. An average length from
the base to apex of the ten spikes was taken,

using a rulex,

Spikes number/mzz The number was determined by

counting the spikes from four meter length in
each plot. This alsc facilitated calculation
of tiller motarlity by comparing this spike

number with the germination count,
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A

Number of grainS/épike: This was obtained by

counting all the grains in twenty spikes randomly
selected from éach plot after drying and

threshing.: This number of grains was then

divided by 20 to fiqd the_average; |-

Weighﬁ of'gfaiﬁSXSDikezn TWeﬁty spikgs were taken
at random from eéchipldto' These wer§ air-dried,
tﬁresﬁed'aﬁd wéighed. The weight?of'gxains/
spike was determined by dividing the weight by

the number of spikes used,

Thousand grain weight: This was obtained by

taking grains at random from the yield of each

plot and weighed using the metler balance,

.Partile apd Sterile Spikelets/Spike: Ten spikes

Sélgcﬁed at random from each plot. Spikelets

with and without grains. were counted and recorded,

-

viiJ “Grain“Yieldf(kg/halzj This was calculated from

viii)

ot

_;tﬁéfyiéld of individﬁél.plot which was recorded

in gm/plot.

Straw Yield (kg/ha): After harvest, the straw

was cut at about two centimeters above the ground
level and weighed for each plot, Statistical
analysis was carried out on the strip plot

design as described by Gomez and Gomez (1976).
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CHAPTER 4

RESULTS

A, EFFECT OF NITROGEN AND_PHOSPHORUS ON THE GROWTH OF WHEAT

1) Plant height

There was a positive and significant response
in the height of plants to the application of
nitrogen, The differences were highly significant,
The plant height increased with an increase in the
level of nitrogen up to the heighest dose of
120kg N/ha (Table 4.1).: This was true for all the
sampling periods of 46, 53 and 61 days after sowing.

This can be seen in plates I, II;,III and IV.

There was no significant response to the
application of 30kg P205/ha at the three sampling

stages. S i

However, thexe wés a significant interaction
effect between nitrogen and phosphorus at 46 days
after sowing, but none was recorded at 53 and 61
days after sowing (Table 4.2); fhis table shows
T ' that in the absence of phosphorus, there was
response to nitrogen'application up to 60kg N/ha
whereas when 30kg ons/ha was applied, the crop

responded up to 120kg N/ha,
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Plate.I.HIShows the vigorous vegetative growth effect of
nitrogen (60kg N/ha) in combination with 30kg P,0./ha
(PyN;), rand 30 kg P2(_:5/ha with Okg N/ha combination.

Plate I1I

The same plots shot at a later date when heading started.
The effect of 60kg N/ha is clearly visible on the right side
of the photograph.
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Plate I1III

A general view of a 'Strip! showing differential vegetative
growth due to the different fertilizer treatments

“ "Plate IV

A closer view of part of the !'Strip'. The plot with the
yellowish colour and stunted growth is F )
applied).
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Number of tillers

The influence of nitrogen and phosphorus
lavels on the number of tillers/plant of wheat in
Samaru at different sampling periods arc presented

in tables 4,3 and 4.4,

There was a positive increase in the number
of tillers per plant as rates of nitrogen increased,
This increase was highly significant at all the
three nitrogen lewvels, and at all the sampling
periods with the highest number of tillers per
plant occuring at 53 days after sowing under the
level of 120kg N/ha. However, the tiller numbex

tend to reduce towards 61 days after sowing.

No significant difference was observed between
the control and 30kg onsfha. However a tendency
of increase in the number of tiller could be seen

as a result of phosphorus application (Table 4.3).

A significant interaction effect between
nitrogen and phosphorus was observed at 46 and at
%3 days after sowing (Table 4.4)., At 46 days
after sowing, under zero nitrogen level treatment,
there was a negative response to the application of
30kg P4Og/ba. There was no significant xesponse to
phosphorus application under 60kg N/ha, but at

120kg N/ha, the response was positively high.
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Table 4,1. Plant height (cm) of wheat as influenced by
nitrogen and phosphorus levels at Samaru during
the 1981-82 dry season sampled at 46, 53 and
61 days after sowing (DAS).

Treatments 46 DAS 53 DAS 61 DAS
Nitrogen
O kg N/ha (control) 16,79 30.19 38,41
60 kg N/ha | 20.69 30.19 38.41
120 kg N/ha | 22,47 37.60 52,01
F Test _ *H * % ¥* %
L.S.D. 1.36 3,40 2,47
Phosphorus
0 kg P,0./ha (control) 19,63 33,83 46,20
30 kg P205/ha 20,21 35,5 47.02
F Test N.S N.S N.S
Interactions
NXP *% N.S N.S
* Sig 5%
** Sig %
N.S5 = Not Significant

L.S5.D., = Was computed at 5% level of significance
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Table 4,2. Interaction effect of nitrogen and phosphorus

iii)

on plant height (cm) of wheat at Samaru during
the 1981-82 dry season sampled at 46 days

after sowing.

Kg N/ha
Kg P205/ha 0 60 120
0 17,37 20,03 21,48
30 16,22 20,95 23,46

L.S.D. = 1.91

Again under zero phosphorus level (control) tiller
number did increase by the application of 60kg N/ha,
and above this, the response was not significant.
When 30 kg P205/ha was applied, the parameter
responded positively to the application of nitrogen

up to 120kg N/ha.

At 53 days after sowing also there was
significant interaction effect between nitrogen
and phosphorus. The observed effect was similar to

the one described at 46 days after (Table 4.4).

Leaf Area per plant

The effect of nitrogen and phosphorus on leaf
area (cm) per plant of wheat at Samaru at different

sampling periods is presented in tables 4,5 and 4.6.
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Table 4.3, Tiller number per plant as influenced by
nitrogen and phosphorus levels at Samaru during
the 1681-82 dry season sampled at 46, 53 and

61 days after sowing (DAS),

Treatments 46 DAS 53 DAS 61 DAS
Nitrogen
0 kg N/ha (control) 2,23 1.93 1.25
60 kg N/ha 3.07 3,00 2.05
120 kg N/ha 3.39 3.88 2,75
F Test * ¥ * % * ¥
L.5.D. 0,34 .85 G, 52
Phosphorus
0 kg P205/ha {control) 2.81 2,73 1.92
30 kg I,0./ha 2.98 3.13 2.12
F Test N'S N.S N.S
Interactions
N X P * * N.S
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Table 4.4. Tiller number per plant as influenced by the

interaction effect of nitrogen and phosphorus

at Samaru during the 1981-82 dry season sampled

at 46 and 53 days after sowing (DAS).
Kg P,0c/ha
Kg N/ha 46 _DAS 53 DAS
0 30 0 30
0O 2.40 2,06 2,15 1,70
60 2,96 3.18 3,00 3.00
120 3.08 3.70 3.05 4,70
L.S.D. 0.23 1.19
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Table 4.5, Leaf area per plant (sz) of wheat as influenced
by nitrogen and phosphorus levels at Samaru
during the 1981-82 dry season sampled at 46, 53

and 61 days after sowing (DAS).

Treatments 46 DAS 53 DAS 61 DAS
Nitrogen
0 kg N/ha (control) 80,09 73,90 | 32,05
60 kg N/ha 128,49 | 137,98 | 68,54
120 kg N/ha 168,79 | 207,25 | 99,06
F Test W N.S **
L.S.D. 25,91 N.S 16,98
Fhosphorus

0 kg r205/ha {control) 115,32 122,63 54,08

30 kg P205/ha 136,26 | 156,79 | 79.04

F Test * % N.S *%

Interactions

N X F * N.S -
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Table 4,6, Interaction effect of nitrogen and phosphorus
on the leaf area per plant {sq., cm,) of wheat
at Samaru during the 1981-82 dry season sampled -

at 46 and 61 days after sowing (DAS),

Kg P,0/ha
Kg N/ha 46 DAS - 61 DAS
0 30 ) 0 30
o 80,96 79,22 35,06 29,10
60 124,36 132,62 53,29 83,79
120 140,65 166,92 54.08 79,04
L.S.D, 36,64 24,00
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As the nitrogen rate increased, the leaf area
per plant also increased; This increase was
highly significant at 46 and at 61 days after
sowing. The highest leaf area recorded (207.25
sq. cm, ) was recorded at 53 days after sowing

sampling period,

A highly significant response was also reccorded
at 46 and at 61 days after sowing when O and 3Ckg

P205/ha was applied (Table 4.5).

There was 2 significant intéiaction effect
between nitrogen and phosphorus at 46 and at 61
days after sowing. #At 53 days after sowing,
however, there was only a tendency in leaf area

increase (Table 4.6).

At 46 days after scowing, nitrogen effect was
only significant at 60kg N/ha with 30kg ons/ha,
and phosphorus with zero level of nitrogen has
little effect on leaf areca per plant. {#lso there
was non-significant difference between 60kg N/ha
and 120kg N/ha when no phosphorus was applied. At
61 days after sowing, the same trend was obsexrved
as that of 46 days after sowing except that this
time, there was a positive response to nitrogen
application up to 120kg N/ha when 30Kg P205/ha was

applied,
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Leaf Area Index {(LAI)

Data partaining to leaf area index of wheat as
influenced by nitrogen and phosphorus at Samaru are

presented in table 4,7,

Application of nitrogen has a highly significahf.
effect on the leaf area index at the periods of
vegetative growth examined, that is at 46, 53 and
61 days after sowing. The highest leaf area index
(5.07) occured at 53 days after sowing, and the

value reduced aftexr this period (Table 4.7).

Application of O and 30kg P205/ha has no
significant effect on leaf area index, though there
was a tendency to increase when 30kg P205/ha was

applied.

There was nc nitrogen<phosphorus interaction

observed on this character,

Dry matter per plant

The influence of nitrogen and phosphorus
levels on dry matter accumulation {(g/plant)} for
wheat at Samaru sampled at 46, 53 and at 61 days

after sowing is presented in tables 4.8 and 4.9

There was a highly significant increase in

dry matter accumulation due to the application of
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Table 4,7. Leaf area index of wheat as influenced by
nitrogen and phosphorus levels at Samaru during
the 1981-82 dry scason sampled at 46, 53 and at

61 days after sowing {DAS),

. _Treatments 46 DAS 53 DAS 61 DAS
Nitrogen
0 kg N/ha (control) 1,89 1,53 0.67
60 kg N/ha 3.15 3,27 1,59
120 kg N/ha 3.87 5.07 2.45
F Test * % e L33
L.S.D, 0.57 1,50 0.75

I’hosphorus

O kg P,0g/ha (control) 2.87 3,17 1,14

30 kg P205/ha 3,07 3.41 1.71

F Test N,S N.S N.S
Interaction

NXPF N.S N.S N.S
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Table 4.8, Dry matter accumulation/plant of wheat (g/plant)
as influenced by nitrogen and phosphorus levels
at Samaru during the 1981-82 dry season sampled

at 46, 53 and 61 days after sowing (DAS).

Treatments 6 DAS 53 DAS 61 DAS
Nitrogen
0 kg N/ha (control) 0,61 0,97 1,28
60 kg N/ha 1,01 1,66 1.83
120 kg N/ha 1.18 1,93 2,22
F ‘I‘est * * *# * ¥
L.S.D. 0,12 0,44 0.68

Phosphorus

0 kg P205/ha (control) 0.87 1,41 1.67
30 kg P,0./ha 0.99 1,63 1.88
F Test * N.S N.S

Interaction

NXFP W * N.S
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Table 4.9. Interaction effect of nitrogen and phosphorus
on the dry matter accumulation/plant (g/plant)
of wheat at Samaru during the 1981-82 dry season

sampled at 46 and 53 days after sowing (DAS).

Kg P205/ha
Kg N/ha 46 DAS 53 DAS
0 30 o 30
0 0.64 0.59 1.08 0,87
60 0.93  1.08 1,61 1.71
120 1,05 1,30 1.55 2,32
L.S.D. 0.16 0062
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nitrogen up to 61 days aftex sowing. The highest
dry matter accumulation(2.229) occured at 61 days
after sowing under 120kg N/ha, and the lowest
(0.61g) occured under zero nitrogen treatment at
46 days after sowing sampling period, Application
of phosphorus was observed to significantly
affecting dry matter accumulation only at 46 days
after sowing, though there was a positive but
non-significant tendency of increase at 53 and

61 days after sowing {Table 4.8),

However, there was a significant nitrogen-
phosphorus interacticn at 46 and at 53 days after
sowing., At 46 days, when po phosphorus was applied,
response to nitrogen application was only up to
60kg N/ha, but when 30kg ons/ha was applied,
plants responded to nitrogen applicaticn up to

120kg N/ha (Table 4.9).

Thixty kg P205/ha without nitrogen tend to
depress dry matter accumulation/plant. A similar
situation could be secn at 53 days after sowing

sampling period,

Dry matter per square metre

The influence of nitrogen and phosphorus

levels on the dry matter accumulation/square metre
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(g/mz) of wheat at Samaru sampled at 46, 53 and
61 days after sowing (DAS) is presented in table

4,10,

There was a positive increase in dry matter
accumulation/m2 as nitrogen and phosphorus rates
increased, Nitrogen effect was highly significant
at 46, 53 and 61 days after sowing, FPhosphorus
has no significant effect, but there was a tendency
for increase (except at 61 days after sowing) when

30kg P O-/ha was applied (Table 4.10).

Thexe was no nitrogen and phosphorus

interaction effect observed.,

Flag Leaf Area

The effect of nitrogen and phosphorus levels
on the flag leaf area (sq. cm.)} of wheat at Samaru
during the 1981=82 dry seascn aftex 100% head

emergence is presented in, Tables 4,11 and 4,12,

There was a highly significant response
to nitrogen application with 47,.85% increase in

flag leaf area over the control.

Application of phosphorus 30kg P205/ha, did
not have any significant effect on the flag leaf

area (Table 4,12).
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Table 4.,10. Dry matter aCCumulation/m2 of wheat (g/mz)
as influenced by nitrogen and phosphorus
levels at Samary during the 1981-82 dry season
sampled at 46, 53 and 61 days after sowing

(DAS).
Treatment ] 46 DAS | 53 DAS | 61 DAS
. Nitrogen
0 kg N/ha (control) 145,10 | 200,79 | 267.38
60 kg N/ha 247.83 | 390.81 | 428,50
120 kg N/ha 286,48 | 470.78 | 546,22
F Test *# ¥* % +*#*
L.S,D. 38.33 | 114,93 | 186.56
Phosphorus

0 kg ons/ha (control) | 217.48 | 352,19 | 417,73

30 kg P205/ha 235,45 | 356.06 | 410.09
F Test N.S N.S N.5
Intexractions

NXP N.S N.5 N.S
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Table 4.11, Flag leaf area (cm2) of wheat as influenced
by nitrogen and phosphorus levels after 100%
head emergence at Samary during the 1981-82

dry season,

Treatments : Area (Bq cm)
Nitrogen'

0 kg N/ha (control) 11,87
60 kg N/ha 14.55
120 kg N/ha 17,55
F Test * %

1..5.D, 1,78
Phosphorus
0 kg }’205/ha (control) 14.14
30 kg P205/ha. 15,18

F Teoest N.S
Interactions

NXP #




44

Table 4,12, The interaction effect of nitrogen and
ph05phorus'on the flag leaf area (sq cm) of
wheat after 100% head emergence at Samaru

during the 1981-82 dry season,

Kg N/ha
Kg P205/ha
o 60 120
0 12,00 15,06 15,35
30 11.75 14,05 19,74

L.S.Ds = 2,51
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A highly significant interaction effect
between nitrogen and phosphorus was observed
(Table 4.12). It is clear that the response to
nitrogen application was only up to 68 kg N/ha in
the absence of phosphorus application, but when
30kg P205/ha was applied, significant response
was observed up to 120kg N/ha, On the other hand,
Plants responded to phosphorus application only
when as much as 120kg N/ha was applied. Under
no nitrogen treatment, there was no effect of

application of 30kg F,0c/ha.
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THE INFLUENCE OF IRRIGATION, NITROGEN AND FHOSPHORUS
LEVELS ON SPIKE GRAIN WEIGHT AND THOUSAND GRAIN

WEIGHT AT FIVE DAYS INTERVALS.

i) Spike Grain Weight

The irrigation treatment effects were not
pronounced at the early stages of grain development,
that is, at 72 and 77 days after sowing. The no
stress treatment and the stress at milk stage
produced the lightest spike grain weight at 72 and
77 days after sowing, while in both the stress
intexvals, the heaviest spike grains occured
when the water stress occured at the milk-dough
stage, The differences between treatments at
both stages were not significant. At 82 and 87
days after sowing, irrigation treatments
significantly affected the grains/spike. At these
sampling periods, stress at milk-dough stage gave
the highest spike grain weight, followed by the
control (no stress), then stress at flowering and
finally stress at milk-stage gave the lowest spike
grain weight., Note that at 82 and 87 days aftex
sowing, the no stress treatment was fast gaining
weight, However, at 92 days after sowing, the
differences between the irrigation treatments were
not statistically significant, but the control

(no stress) treatment continued to show that the
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grains gained more weight in accumulated substrates.
This led to the production of the heaviest spike
grain weight (733,50 mg), followed by the stress

at milk-dough stage. The least spike grain weight
were recorded for stress at flowering and milk

stages.

Nitrogen application significantly affected
the spike grain weight throughout the grain filling
periﬁd. At 72, 82, B7 and 92 days after sowing
there was more response to the application of
60kg N/ha than to the 120kg N/ha, however,
differences due to 60 and 120kg N/ha were not
significant. At 77 days after sowing, the
application of 120kg N/ha produced the heaviest
spike grain weight than did 60kg N/ha, At all
the stages, the central (no nitrogen) treatment
consistently gave the lowest spike grain weight
over the other nitrogen treatments. Generally,
the 60kg N/ha treatment gave the heaviest spike

grain weight at the sampling periods.

Phosphorus application of 30kg P205/ha had
no significant effaect on the spike grain weight
at any of the stages examined., Though treatment
differences were non-significant at any one stage,
application of 30kg P205/ha tended to depress

spike grain weight at the early stages of grain
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development, but consistently tended to increase

spike grain weight thereafter (Table 4.13).

However, phosphorus application interacted
significantly with the nitrogen levels {except at
early stages of grain development). At 77 days
after sowing, there was a negative response to
phosphorus application in the absence of nitrogen,
but when 60kg N/ha was applied, the response was
highest, even higher than when 120kg N/ha was
applied. In the absence of phosphorus, a positive
response was obtained up to 120kg N/ha., At 82 and
87 days sowing, an exactly the same picture amerged-

as that of 77 days after sowing (Table 4.14).

However, at 92 days after sowing, a slightly
different picture was obtained. As the other
stages, under no nitrogen treatment, 30kg P205/ha
phosphorus application tended to have a negative
effect on the spike grain weight. When nitrogen
was applied, spike grain weight responded up to
120kg N/ha in presence of 30kg P,0g/ha. But when
nce phosphorus was applied, the response to

nitrogen application was only to 60kg N/ha,

Thousand grain weight

The effect of irrigation, nitrogen and

phosphorus treatments on grain filling of wheat
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*

Spike grain weight (my) recorded at 5~day

interval to show grain development as affected

by irrigation treatment, nitrogen and
phosphorus levels at Samaru during the 1981-82
dry season at 72, 77, 82, 87 and 92 days
after sowing (DAS),

Treatments 72 DAS | 77 DAS | 82 DAS | 287 DaAS | 92 DAS
Irrigation
No stress {(control) 131,00 | 285,20 | 408,70 | 561,50 | 733.50
Stress at flowering
stage 138,90} 2B2.30 | 370,00 1] 455,70 | 631,70
Stress at milk-stage 146,70 | 272,30 | 367,30 1 434,40 | 642,30
Stress at milk~dough
stage 185,001 312.60 | 473,00 606,20 712,20
F  Test N.S N.&S * * N.S
LISQD. - o 92400 117.20 -
Nitrogen
0 kg N/ha (contrel) | 117,50 224,90 | 215,80 § 413,50 | 571,70
60 kg N/ha 173,30} 314,90 | 452,30} 581,401 742,80
120 kg N/ha 162,70 | 324,50 | 437.60} 548,40 | 726,70
g Toat * * ¥ W *
L.S.D. 44, 50 61,90 77,801 104,90 | 112.90
Fhosphorus
O kg ons/ha
(control) 155,20 267.70 | 380,70 476,90 | 656,00
30 kg PZOS/ha 147.20{ 308,50 | 428,60 552,00 | 704.80
F Test N.S N.S N.S N.S N.8
Interactions
I x N NIS NIS NIS N.S N.S
IXP N,S N.S N.S N.5 N.5
NXP N.3 * * * *
L.S5.D. - 72,101 110,001 148,301 159,60




Table %2el4., The Muﬂmﬁmnﬁwq: effect of nitrogen and Phosphorus levels op the spike
graom weisht (mg) developrment of Wheat at Samary during the 198132 dry
Season sampled at Hmcmlamw intervals of 77, 82, 87 and 92 days after
sowing (DAS),

9 ©50-/ha
X3 N/ha 77 DAS 82 DAS 87 DAS 92 DAS
:.. e 4 a (s &vr
o) 30 C 30 0 30__ 0 30
> 237.30 212,50 349.20 293,30 431.80 395,30 607.90 535,60
60 269,40 360, 30 394,70 s11.10 08.40 556,40 €97.40 788.19
120 296.30 352,60 398,80 476,40 492,60 604,30 662.80 790,70
L:S.D, 72.10 110,00 148,30 159,60 IL
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(1,000~grain weight) recorded at five-day intervals

is presented in tables 4¢15, 4416 and 4,17 in om,

The effect of irrigation treatments was
pronounced at 72 days after sowing, the no stress
treatment produced the lowest 1,000~grain weight
(5.71g), followed by the treatment at milk-dough
stage. The other two treatments (stress at
flowering and at milk-stages) produced the
heaviest grains and the differences were
statistically significant, A4t 77 days after
sowing, the no stress (control) treatment
continued te give the lowest value among the
four treatments, but the lifferences werxe not
significant, &t 82 days after sowing, the
treatment of stress at milk=clough stage was
Superior to the other three treatments. The
same trend was also observed at 87 days after
sowing, but the differences were not statistically
significant, However, at o2 days after sowing,
the differcnces were significant., The no stress
treatment emerged to have the highest
1,000-grain weight {33.399g). All the other stress
treatments did not differ among themselves

significantly.

Nitrogen applicaticn affected significantly

the 1,000-grain weight only at the early skages
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of grainp development. The application of 120kg
N/ha caused increage ip the 1,006agrain weight
over cithey that of control or the 6Ckg N/ha
treatment.' This wag the case at 72 days after
Sowing, byt at 77 days, the response Trecorded
Was at 60kg N/ha ane there wag g Tesponse to
the additionay 6Cky N/ha (120Kky N/ha treatment),
Thereafter, no significant difference was
observed a1 any of the later stagesg {at 82, a7

and 92 dayg after Scwing),

Application of 30kg Peos/ha had na significant
effect on the l,OOG—grain weight at any of the

Sampling Pericods {Table 4415},

nitrogen, This was the Case in all the sampling
pPeriods examined (Tanla 218), At o days after
sowing, there wag negative Iesponse to the
application of 30k Va0s/ha undey Zero level of
nitrogen, POSitive response under 60kg N/ha and
NS response under the highest level of nitrogen
(120kg N/ha), Again under NS phosphorys
application, there wag negative response tn the
application of 60kg N/ha, When 30k Y505 /ha
Phosphorys was applied, the Tesponse wasg Positive,

The same picture was observe &t 77 days Sowing,



53

and it is worth mentioning here, that application
of 120kg N/ha caused a reduction in the 1,000-
grain weight undexr 30kg F2Os/ha, At 82, 87 and
92 days after sowing, similar trends were
obgerved, and the negative c¢r positive response
were statistically significant., The negative
response to the application of 120kg N/ha was
observed only when no phosphorus was applied,

and the response was up to 60kg N/ha under

30kg PZOS/ha trectment,

There was interaction effect between
irrigation treatments and nitrogen levels
observed at 77 days after scwing (Table 4,17).
Under no stress treatment (IO), there was a
positive response to nitrogen application up to
60kg N/ha. When the stress occured at flowering
(I,)s the response was also up to 60kg N/ha,
when 120kg N/ha was applied, the 1,000-grain
weight reduced significantly. When irrigation
was missed at milk stage (12), the response was
up to 60kg N/ha, and there was no difference
between 60 and 120 N/ha treatments. Under water
stress at milk-dough stage (13), there was

response up to 12Ckg N/ha (Table 4,17).



Table 4,15, Thousand qgrain weight (g) recorded at S—day

interval to show grain development of wheat
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as affected by irrigation treatment, nitrogen

and phosphorus levels at Samaru during the

1921~82 dry seascn at 72, 77, 92, €7 and 92

days after sowing (DAS).

’,‘L.

Treatments 72 DAS ) 77 DAS| 82 DAS A7 DAS | 92 DAS
Irrigation
No stress (control) 5.71 15,72 16,91 25,05 33.39
Stress at flowering '
stage 6,30 11,79 16,70 24.25 3l.33
Stress at milk stage 6,430 11,77 16,75 23,83 29,59
Stress at milk~dough
stage 0.06 11.75 18,58 26.25 20,55
F Test * N.5 * H.S **
L.5.D. 3.27 - 1,19 - 1.86
Nitrogen
O kg N/ha {control) | 6.06 | 10.91 | 16.73 |24,07 | 30,96
60 kg N/ha 5,04 | 11,72 | 17,12 |24,67 |} 31,31
120 kg N/ha 6.43 | 11,07 | 17.86 {25.7% | 30,63
F Test * * N.S N.S N.S
L.S.D, 0.21 0,30 - - -
ihosphorus
O kg ons/ha
(control) 5,18 11.55 17,31 25,17 31,13
30 kg P,0./ha 6,09 11,49 | 17,16 |[24.52 | 30,00
F Test N.S N5 MeS N.5 N.5
Interactions
I XN N.S * N.S N.S N.S
I X¥v N.S5 N.S N.S N.S N.S
N X 1 * * ¥ * * %
L.3.b, V.25 Q,43 Q.73 Q.93 1,32
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Table 4,16, The interaction effect of nitrogen and Phosrhorus levels on the
1,000-5rain weight (9) of wheat at Samaru during the 1981-82 dry seascn
samplcd at five-day intervals of 72, 77, 32, 87 ana 92 days after sowing
AU».—mv.

—
mﬁ,.l. rMP..M\Sm.-.

Ko N/ha 72 DAS ) - ~ E
72 pas 77 Das 22 Dis 87 Das 92 Dis
0 30 °_ _30 — X o 3 -2 30

8 6.67 5.45 11,90 9,51 15,26 15,21 26,21 21,93 255 29,41

GO 5.41 6447 10.74 12,82 15,60 15,65 23,06 26,28 3C.89 31,73

120 6.45 6.35 12,00 AL75 15,07 17.64 26,24 24.35 29,4 31,26
L.S.D, O.25 0.43 0.73 0.93 1.32
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Table 4.17, The interaction effect of irrigation
treatments and nitrogen levels on the
'1,000=grain weight (y) of wheat at Samaru
during the 1981-82 dry season sampled at
77 days after sowing.

Irrigation treatments
Kg N/ha
o Il 12 I3
O 10,54 5,86 11,48 11.74
60 10,85 12,96 12,286 11,07
120 10,95 12,54 11,57 12,44
L_.S .D. 0.2::3
1, = no stress (control)
I, = stress at flewoering
I, = stross at milk stage
I = stress at milke~dough stage
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cC. THE EFFECT OF IRRIGATION TREATMENTS,

NITROGEN AND
PHOSPHORUS LEVE].

S ON YIELD AND YIELD COMPONENTS

1)  Plant height at harvest

However, nitrogen effect was highly

significant, with the maximum height (53,34 cm)

occuring under 60kg N/ha, but the difference

between the twe nitrogen levels Was not significant,

Though application of Phosphorus tended to

increase plant height, there Was no significant

difference between the Zero and 30kg P,0./ha,

Finally, alil the factors

ected independently
on plant height,

since no interaction of any
order was found to be significant st

atistically
(Table 4,18),

ii) Spike length

The effect of irrigation treatments,

nitrogen and pPhosphorus levels on the spike
length (cm) of wheat at harvest jg Presented jin

tables 4,19 and 4,20,

Irrigation dig not statistically affect
the length of spike, The spike length under no
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stress (control) was almost at par with the spike

length when water stress was imposed at milk stage,

Howevex, nitrogen application has highly a
significant effect on spike length. The
significant response rxecerded was up to 6Ckg N/ha
only, and there was no significant interaction
between nitrogen and irrigation (I X N),
irrigation and phosphorus (I X P). However,
there was a significant interaction effect
between nitrogen and phosphorus (N X P). In
the absence of phosphorus application, response
to nitrogen was only up 60kg N/ha, after this
dose, the response was not significant. With
the application of 30kg onsfha, significant
response up to 120kg N/ha was observed,. At
zero level of nitrogen, application of 320kg
P205/ha did not improve spike length, in fact

it tended to depress it (Table 4,20),

Spike number per square moetre

" The effect of irrigation, nitrogen and
phosphorus levels on the spike number/m2 of wheat

at Samaru is presented in tables 4,21 and 4.22.

There was no significant effect of irrigation
recorded, though least number of spike per square

metre occured under water at milk-stage which is
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Table 4.18, Plant height {(em) of wheat at harvest as
influenced hy irrigation, nitrogen and
phosphorus levels in Samaru during the
1981-82 dry scason.

Treatments l Height (em)
Irrigation
No stress {control) 49,74
Stress at flowering stage 47 .67
Stress at milk stage 51,21
Stress at milke-dough stage 52,80
F Test N,S
O kg N/nha {control) 45,98
60 kg N/ha 53,34
120 kg N/ha 51,74
F Test "
L.s.D, 3,19
Phosphorus
0 kg P205/ha (control) 49,36
30 kg pzos/na 51,35
F Test N.5
Intcractions
I XN N.S
I XP N,S
NXP N,S
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Table 4,10, Spike length (cin) of wheat At harvest ag
influcnced by irrigaticn, nitrogen and
Phosphorus levels at Samary during the
1981.82 dry Season,

Troatments Length (cm)
Irrigation ;
No stress (contrul) ; 8.15
! Stress at flowcring stage i 85,09
Stress ot millc stage 8,17
Stress at milk-dough Stage 5,03
F  Test N,S
Nitrogen
O kg N/ha (centrod) 7.49
60 kg N/ha £,13
120 k9 N/ha 8,70
F  Test *e
L.S.D. 0.40
PhOSEhOIUS
0 kg P,0./ha f 5,20
30 kg P,0./ha 8,02
F  Test N.S
Interactions
I XN N.S
I Xp N.S
NXP %
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Table 4.,20: The interaction effect of nitrogen and
phosphorus levels on the spike length (cm)
of wheat at harvest in Samaru during the

1981-82 dry season,

Kg N/ha
Kg P,05/ha
0 60 120
0 ?.’4’0 8.34 8.46
30 7.21 7.89 8.94
L.S.D. = 0‘5?

is 21% less spikes than the control.

Similarly, there was no significant effect
of nitrogen and phosphorus application (Table
4.,21)., However, significant interaction effect
between irrigation and nitrogen, and irrigation
and phosphorus werce observed, Under ne nitrogen
application, missing irrigation at milk stage
increased the mortality of the spikes., When
60kg N/ha was applied, the stress at milk and
milk-dough stages adversely affected the spike
number per sdquare metre, However, under full
dose of nitrogen fertilizexr (120kg N/ha), all
stress treatments had significantly less number
of spike as compared to the contrel., ©On the

other hand, wheat responded positively to the
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Table 4.21. Spike number/square metre of wheat as influonced
‘ by ixrigation, nitrogen and phosphorus levels
at Samaru during the 1981-82 dry season,

Treatments Numher
Irrigation
Mo stress (contral) 263,46
Stress at flowering staqe 225.33
Stress at milk stage 208,00
Stress at milk-dough stage 234,29
F. Test N.S
Nitrogen
0 kg N/ha {control) 229,19
60 kg N/ha 237.59
12C kg N/ha 231,91
F Test MN.S
Phosphorus
0 kg P,0./ha (centrol) 237,50
30 kg P,0-/ha 228,29
F  Test N.S
Interactions
I XN | »
IXP *
NXPF N.B




Stresg treatment. Negative re

N 6Cky N/ha was
at flowering

Sponseg Were
observed whe

ApPplied under the
Stresg

and milk—dough Stages
&t milk g

wasg recorded up to 60kg

But
undey Stregsg

age, Positive Tesponse

N/ha (Table 4.22),

The Second Signific

ant interaction Was that
of irrig

ation anpg phOSphOruS.

Under ne phosphorus

superiority over the

fertilizer treatment, the

Cther treatments of no Str

ess (control)
treatme

nt wag Obse

s huwever, the

1k-dough stages, and
the leagt Number of Spikes wag Tecorded under
Stress treatment 21 milk stage,

atment at fIOWerng
stage, Nega tive Yesponsag to phosphorus applicatlon
were seen at ne Stresg (IC) Stresg at milk-stage
(1,)

and stresgg at milk—dough stage (IB}.
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Table 4,22, Interactinn effect betweeon irrigatinn and
nitrogen and irrigation

SqQuare meter

amary during the
1981.82 dry Season,
Irrigaticn Treatments
Furtilizer F——
s I . _ i3
Kg N/ha
0 243,63 237,38 196,63 236,13
120 274,75 218,13 209,88 224,88
L.S.D, 12,52
Kg P,0./ha
(0] 271,75 215,92 218,67 243,67
30 i 255,17 234,75 197,50 225,75
L.S,D, 10,23
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wheat at harvest in Samaru is presented in

table 4,23 and 4,24,

The grain number per spike was significantly
affected by irrigation, with the least grain
number (31.45) occuring at stress during the

{flowering stage,

Nitrogen application has o highly significant
effect on the grain number per spike. The hifhest
grain number (37,34) occured under nitrogen rate
of 120kg N/ha as comparcd to both control and

60kg N/ha.

There was no significant effect of
phosphorus application of 30kyg ons/ha on this

character,

There was a marginal nitrogen and phosphorus
interaction. There was no significant response
to nitrogen application under zerc level of
phosphorus, but under 30kg ons/ha, a positive
and significant response to the application of

120kg N over the control was observed., On the

other hand, there was no response to the application

of phosphorus under 60kg N/ha level as far as

this character is concerned,

Spike grain weight at harvest

The effect of irrigatiocn, nitrogen and



Table

by irrigation, nitrogen

At Samary during the

«23, Grainp Number per Spike of Wheat sg

3 Phosphorys le
1651 .p0 dry so

Treatments Numbé;- ‘—7
Irrigation
No stross (cmntrrl) 36,07
Stress at flOWurinJ Stage 31,45
Stress at milk-dcugh Stage 35,50
F  Test * |
L.5.D, 3.02 |
Nitroqen
0 kg N/ha (contrwl) 33,03
60 k¢ N/ha 33.64
120 kg N/ha 37.34
F  Test *
L.s,D, 2,61
PhnsEhnrus
0 kg Pzﬂs/hn (contrul) 34,54
30 kg F,0./ha 341.80
F Test N,S
Interactinns
I XN N.S
I Xp N.S
NXp *
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Table 4.24, Interaction effect of nitrogen and phospiiorus
on grain number per spike of wheat at Samaru

during the 1981-82 dry season taken at harvest,

Ky N/ha
Koy ons/ha
0 60 120
O 32,67 34,84 35,79
30 33,10 32,40 38.89

phosphorus levels on the spike grain weight (g)
at hnarvest of wheat at Samaru is reported in

table 4.25,

This character was significantly affected
by irrigation treatment. The highest spike grain
weight (1.42g) was cbtained under no stress
treatment (contrxol). The lowest spike grain
waight occured under water stress at milk stage,
but differences hetween stress at flowering,
milk and milk-dough stages were not statistically

significant.

Applicaticrn of 60 and 120kg N/ha of nitrogen
did nct affect this parameter significantly.
However, a positive response was cbserved up to

120kg N/ha.
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¥Yhosphorus application up to 30kg ons/ha
Adid not significantly affect spike grain weight

(Table 4.25).

Thousand grain weight at harvest

The effect of irrigation, anitrogen and
phosphorus levels on the 1,000-grain weight (g)
of wheat at harvest in Samaru is presented in

tables 4.26 and 4.27.

Thousand grain weight was significantly
affected by irrigation treatment. The highest
1,000~grain weight (36,96%) was obtainced underx
no strass treatment (control), followed by water
stress at flowering. The lowest 1,000~grain
weight occured under water stress treatment at
milk stage. Water stress at flowering did not
have significantly different effect with control,
but stress at milk and milk-dcough stages
significantly differ with ccntrol. Nitrogen
application did not significantly affect
1,000-grain weight, In fact, there was a
tendency that nitrogen application reduced the
1,000-grain waight because both 60kg and 120kg
N/ha wore less than control, even theough the

differences were not statistically significant,

Similar results were obtained when 30kg

ons/ha phosphorus was applied., The tendency was
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Table 4,25. Spike grain weight (g) of wheat at harvest
| as influenced by irrigation, nitrogen and
phosphorus levels at Samaru taken at harvest
during the 198182 dry season,

Treatments Weight (g)
Irrigation
No stress {control) 1,42
Stress at flowexring stage 1,20
Stress at wmilk stage 1,09
Stress at milk-dough stage 1.6l
F Test #
L.5.D. 0.20
__Nitrogen
C kg N/ha {control) 1.1l4
60 kg N/ha 1.21
120 kg N/ha 1.29
F Test N.S
Phosphorus
0 kg P205/ha (control) 1,25
30 kg P205/ha 1,18
F  Test NS
Interactions
I ¥ N N.S
I X P N.S
NXP N,S
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Table 4,26, Thousand grain weight (g) at harvest as
influenced by irrigation, nitrogen and

Treatments Weight (g)
Irrigation
No stress (control) 36.96
Stress at flowcring stage 35.85
Stress at milk stage 33,89
Stress at milk-dough stage 34,12
F  Test 4
L.S.D, 2,11
Nitrogen
0 kg N/ha (control) 35,93
60 kg N/ha 34,89
120 kg N/ha 34,79
F  Test N.S
Phosphorus
0 kg P,0./ha (control) 35.46
30 kg P,0./ha 34,95
F  Test N.S
Interactiqgg
I XN N,S
I Xp N.S
NXPpP *
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towards lower 1,000~grain weight with the
application of 30kg P,0./hz, though differences S

with control wcre not significant,

Howevex, there was some interaction between
nitrocen and phosphorus fertilizers, Application
of 30kg P205/ha without nitrogen significantly
reduced the 1,000=grain weight, The same tendency
was observed at 60kg N/ha, but the difference
was not significant. Only at a higher dose of
nitrogen (120kg N/ha) did 1,000-grain weight
responded positively to the application of
30kg P O./ha, It was also observed that under
zero phosphorus, 1,000~grain weight kept on

declining with increasing rate of nitrogen.

Table 4,27. Interaction effect between nitrogen and
phosphorus lavels on the 1,000-grain weight
(o) at harvest at Samaru during the 1981562

dry Season.

{

Ky N/ha
Kg P205/ha
0 60 120
0 36.91 35.45 33.84
30 34,95 34.33 35,57

vii) Fertile Spikelets per Spike

The effect of irrigation, nitrogen and

phosphorus on the fertile spikelets per spike of
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wheat atrSaparu during the 1981-82 dry season is

presented in table 4.28.

Irrigation treatment did not have any
significant offect on fertility of spikelets,
thougbh higher fertility was recorded under no

stress treatment.

Nitrogen application effect was highly
significant for both 60 and 120kg N/ha, but
the difference between the twe nitrogen treatments

levels was not significant (Table 4.28),

Application of 30kg F205/ha phosphorus had
no significant c¢ffect on the fertility of

spikelets per spike.

No significant interaction effect was

observed,

Sterile Spikeclets per Spike

The cffect of irrigation, nitrogen and
phosphorus on the sterile spikelets per spike of
wheat at Samaru during the 1981-82 dry scason is

presented in table 4,29,

Irrigation did not significantly affect the

number of sterile spikelets per spike,

Nitrogen and phosphorus had significant

effect on this character, Application of 60kg N/ha
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Table 4.28, Fertile Spikelets/spike of wheat as influenced
by irrigation, nitrogen and phosphorus at
Samaru during the 1981-82 dry scason.

Treatments Number

Irrigation

No stress (control) 15,30
Stress at flowering stage 14,73
Stress at milk stage 14,91
Stress at milk-dough stage 14,73
F Test N.S
Nitrogen
0 kg N/ha (control) 13,96
60 kg N/ha 15,00
120 kg N/ha 15,79
F Test **
L.S.D. 1.04

Phosphorus

0 kg P205/ha (control) 15,00
30 kg P205/ha 14,84
F Test N.S
Interaction
I XN N.S
1XP N.S

NXP N.S
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Table 4.29, Sterile Spikelets/spike of wheat as influenced
by irrigation, nitrogen and phosphorus at
- Samaru during the 108182 dry season,

Treatments Number
Irrigation
No stress (control) 2,06
Stress at flowering stage 1,83
Stress at milk stage 1.95
Stress at milk-dough stage 2,00
F Test N.S
Nitxogen
O kg N/ha {(control) 1.89
60 kg N/ha 2,21
120 kg N/ha 1.77
F Test o
LOSIDI 0.20
hosphorus
Q kg P,0./ha (control) 1,87
30 kg P205/ha 2.04
F Test *
Interactions
I XN N.S
I XPF N.S
NXF N.5
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increased the number of sterile spikeléts, but
this number decreased as nitrogen level increased
to 120kg N/ha. However, application of 30kg
P,0./ha did increar sterile spike.: ‘s per spike

Significantly., pNo interaction effect was recorded.

Srain vield

The effect of irrigation, nitrogen and
phosphorus on the grain yield of wheat at Samaru
during the 1981-g2 dry season is Presented in

tables 4,30 and 1.31,

Irrigaticn treatment affected the grain
vield significantly. The lowest yield (1,324,.00
kg/ha) was recorded under the treatment of water
stress at flowering, However, the vields obtained
in stress treatments at milk stage and milk-dough
s$tage were significantly lower than that recorded

under no stress (control),

The response to nitrogen application was
significant only when 60kg N/ha was applied and
there was no significant difference between

the yield of the two nitrogen levels {60 and 120kg),

Phosphorus application of 30kg P,0./ha has

also affected the gra‘n yicld si~nificant1y.
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Table 4.30, Grajn yield (kg/ha) of wheat as influenced by
irrigation, nitrogen and phosphorus at Samaru
during the 1981-82 dry season.

Treatments - Yield kg/ha
Irxigation
Ne stress (control) 1,922,320
Stress at flowering stage 1,324.00
Stress At milk stage 1,625,00
Stress at milk~dough stage 1,636,060
F Test * %
L.3.D. 213,50
Nitrogen
O kg N/ha (control) 1,275.70
60 kg N/ha ' 1,721,80
120 kg N/ha 1,883,51
F  Test *3
L.s,D. . 171,00
Fhcsphorus
0 kg F205/ha (control) 1,533,990
30 kg ons/ha 1,720.00
F Taest * 4
Interactions
I XN MN.5
IXF N.S
NXTF *
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31, Intecaction effect of nitrogen and
phosphorus on grain yield (kg/ha) of wheat
at Samaru during the 1981-82 dry season,

Kg N/ha
Kg ons/ha
0 60 120
0 1,254,600 | 1,646,401 1,70L,00
1
30 1,206,280 ( 1,797.20 { 2,066,10

L.S.D. = 241,80

A significant interaction effect between
nitrogen and phosphorus was ohserved., The
interaction table {table 4,31) shows that grain
vield responded to nitrogen application up to
60kg N/ha when no phosphorus was applied, but
in the present of 30kg P205/ha, the response to
nitrogen was up to 120kg N/ha. Phosphorus in
the absence of nitrogen and under 60kg N/ha had
no effect on the grain yield, but under the
higher level of nitrogen 120kg thore was
sngmnificant and positive response to the

application of 30kg PzOs/ha.

Straw yield

Effect of irrigation, nitrogen and
phosphorus on straw yicld {(ko/ha) of wheat at

Samaru is presented in tables 4.32 and 4.33,
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Table 4,32. Straw yield (kg/ha) of wheat as influenced
by irrigation, nitrogen and phosphorus at
Samaru during the 1981-82 dry season.

Treatments Yield kg/ha
Irrigation
No stress {contxol) 4,496.00
Stress at flowering 3,584.00
Stress at milk stage 3,542,00
Stress at milk-dough stage 3,81€,00
F  Test N.S
Nitrogen
0 kg N/ha (control) 1,711,00
60 kg N/ha 2,912,000
120 ky N/ha 3,094,00
F Test *
L.S.D, 396,00

Phasphorus

0 kg PZOB/ha (centrol) 2,441,00
30 kg ¥,0./ha 2,708.,00
F  Test N.5
Interactions
I XN N.S
I Xpr N.S

NXF *
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Table 4,33, The interaction effect of nitrogen and
Phosphorus levels on straw vield (kg/ha)
of wheat at Samary during the 1981.a2
dry season,

|
Ko N/ha
Kg i",0./ha 7
0 50 120
o) 1,681.00 | 2,962.00 2,680,00
30 1,782.00 | 2,365,00 3,511.00

L.e5,D. = 560,00

Water stress at reproductive phase had no
Significant effect on the straw yield, though
least straw yield (3, 542,00 kg/ha) was recorded

under watoyx stress at milk Stage,

The effect of nitrogen application on straw
vield was highly significant, Straw yield
incroeased by the application of all levels of

nitrogen.

Application of 30kg ons/ha has no significant
effect on straw yield though there was positive

increase,

There was nitrogen and phesphorus interaction
in respect of straw yicld (Table 4¢33). There was

@ Xesponse up to 60kg N/ha under zoro level of
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phosph 'rus. Application of 30kg P,0./ha
without nitrogen had littie effect on straw
yield, This respcnse to nitrogen cpplication

under 30kg F,0./ha was up to 120kg N/ha,
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CHAPTER 5

DISCUSSION

A.- EFFECT OF NITROGEN AND I'HOSPHORUS ON THE VEGETATIVE

GROWTH OF WHEAT,

i) Nitrogen

Nitrogen is one of the major elements
in crop production. Cereal crops require the
application of nitrogen fertilizer since most
of the crop land under cereals worldwide arxe
not in a position to supply these crops with
their requirements of nitrogen for their
potential production. Nitrogen deficiency
affects the vegetative growth examined in the
different growth parameters. The vigour of
vegetative growth is decided, to a far extent,
by the nitrogen level in the soil. The plant
height measured at different periods of "
vegetative phase was influenced by different
levels of nitrogen. This effect was clea; and
pronounced during all the three sampling pefiods.
It is worth mentioning here, that the rate of
increase in plant height under no nitrogen
treatment was faster as the initial stages., At:
later stages, the rate was about 38% forxr nitrogen

level of 120kg N/ha when compared to the control
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(272). This probably indicates that high nitrogenﬁ;
levels may ‘cause slowing down growth, and |
consequently delaying it for more accumulation
of dry matter as can be scen how nitrogen levels
finally and significantly affected plant height
at harvest., This is sipilar to what Ibrahim and

Assey (1976} observed,

Production of tillers is also another
important character to examine in the vegetativé
growth because of its important relation to
yield. The application of nitrogen at 120kg
N/ha resulted in significant increase in the
tillex number per plant (from about 2 -« 4) as
can be seen in table 4.3, It is to be noted
here, that with the progress in plant age, a
reduction in the tiller number pexr plant was
observed. At 46 days after sowing, the average
tiller number was reduced to 2,02, This was due
tiller mortality,and this aspect is very important
as about 30%of ¢grain yield might come Ffrom |
tillers (Rawson and Bremmer, 1978), The rate
of the tiller reduction obsexrved was different
among the different levels of nitrogen. The
number of tillers reduced by 49% under the controi
treatment. The figures for 60 and 120kg N/ha
were 32% and 18% respectively, indicating the

need for high level of nitrogen for cffective
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tiller vitality. Similar views were expressed

by Verma, gt al., 19703 and El-Sharkawy, gt al.,

1976, 1977,

Leaf area reccrded per planf was also
affected by the application of nitrogen :
fertilizers (Table 4,5). The response waé
significant at 46 and 61 days after sowing up to
the highest fertilizer level, As with the -
tiller number, leaf area went on decreasing'ﬁith
" the preogress in age, incicating that leaf area
ceiling tock place arscund 46 days after sowing.
The rate of decrease also differed under the
various nitrogen levels, It amounted to 49,

46 and 41% under control, S0kg and 120ky N/ha
treatments, respectively. This indicates the
favourable effect of nitrogen in keeping larger
photosynthetic surface for longer period, This
agrees with findings and views of El-Sharkawy,

et al., (1976); and Evans, gt al., 1975,

Similarly, leaf area index (LAi) responded
to the application of pitrogen up tc 120kg/ha
(Table 4.7). The favourable effect was significant
at all the sampling periods, ¥Plant height and
tiller number per plant were increased with
nitrogen application. These two parameters

decide the number of leaves per plant, leading to
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higher leaf area per plant and consequently
larger leaf area index which reached its peak
Jjust bhefore head emergence, and progressively
fell off after that. These results are in
agreement with the chservations of Evans, et al,,

1975 and Cooper, 1980,

The favourable effect of nitrogen on plant
height, tiller number and leaf areas led to the
favourable effect of nitrogen application on
the dry matter accumulation which was reccorded
as dry matter per plant (Table 4,8)., Nitrogen
application up to 120kg N/ha increased the dry
matter accumulation, but the response was
significant cnly tc¢ 60kg N/ha treatment. The
accurulation of dry matter per square metrie
showed the same effect (Table 4,10), Other
workers who reported increased in dry matter to
ﬁitrogen application include Sigh and Verma,

1965, and Singh and Gupta, 1970,

The last parameter measured duxing the
vegetative phase was the flag leaf area. The
role of the flag leaf area in the eontribution
of assimilates towards the spikes was reported
by various workers who only differed in the
magnitude of the ccontribution. fArchboldts

investigations, as cited by Rawson and Bremner
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(1978), conclusively showed that grain filling

was overwhelmingly the product of current
assimilation (that is materials stored before
grain setting plays little role), This means
areas and duration of organs most active in
photosynthesis during the grain filling arxe

the flag leaf, the ear and the upper part of the.

stem, The flag leaf contributes the main source

of carbohydrate to the grains (Evans, et al.,

1975; and Rawsonland Bremnex, 1978). In this
study, the effect of nitrogen was clear on the
flag leaf arcea., Nitrogen at all levels
increased the flag leaf axcea (Table 4.11). As
previously mentioned that nitrogen favcourably
affected plant height and the number of tillers
per plant, which led one to expect that larger
number of leaves were carried by single plants,
Here, the area of individual leaf which was also
influenced favourabhly by high level of nitrogen,
coupled with larger leaf number, resulted
ultimately in larger leaf area per plant and

consequently the leaf area index,

Fhosphorus

vhosphorus, another essential element though
present in relatively large quantities, its

availability to the crops is restricted in most
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soils, making it a problem element (Buckman and
Braddy, 1969), HNonetheless, its application at
the rate of 30kg F,Cg/ha in this study did nct
make it exert independent and significant
effects on most of the parameters examined in
what crop at Samaxu during the 198182 dry |
season. Except for leaf area per plant, thé
application cf 30kg P,0./ha phosphorus only
tended to increase the plant height; tiller
number per plant, leaf arez index, dry matter
accumulation, (2ll measured at different
periolds) and the flag leaf area, hut the

differences were not statistically significant,

Leaf arca per plant was significantly
increased Ly the application of 30kg PzQs/ha at
46 and 61 days after sowing (Table 4.5). The |
maximum leaf area per plant was obtained just
before heading when the flag leaf has full emerged,

as also observed Ly Evans, et 2al., (1973),

iii) Nitrogen and Phosphorus interaction

Although the application of 30kg PzOs/ha
phosphorus did not independently affect most
parameters measured (except grain yield and the
leaf area per plant), yvet it interacted

significantly in most cases with the different
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levels of nitrogen, Thesc interaction were
ot:served in the case of plant height, tiller
numbexr per plant, and the flag leaf area. 1In
all cases application of 30kg ons/ha underx
zero level of nitrogen treatment cause cithex

no positive effect or a reduction in the value
cf the parameter measured. Under 60kg N/ha
nitrogen, the application of 30kg ons/ha
phosphorus had not significant change on the
parameter except the leaf area per plant at

46 days after sowing. However, at higher

level of nitrogen (120 kg/ha) a significant
effect was evident. On the othexr direction
these parameters which were significantly
influenced Ly nitrogen~phosphorus interaction
did xespond cnly to 60kg N/ha under zero level
of phosphorus;- But with the application of

30kg P205/ha, the affected parameters menticned
above did respond to the application of 120ky
N/ha. This indicate that protably the soil was
al:Je to supply the crop with some phosphorus
“when only 60kg N/ha was applied, When this
level was increased to 120kg N/ha, phosphcrus
level should alse increase in order to obtain
further positive response., This further indicates
the nced for a nutrient L:alance in the soil, and

therefore, should be considered seriously in any
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fertilizer programme. Similaxr observation was
reported by Verme, et al., (1970), and Rathore
and Singh {(1978) who attributed the need for
more phosphorus as nitrogen level inerease for
the production of more dry matter with more
increase in nitrogen content in the plant, which

lead to diluticn of the abscrbed phosphorus,

B, EFFECT OF IRRIGATION TREATMENTS, NITROGEMN AND PHOSFHORUS

LEVELS ON GRAIN FILLING AND DEVELOFMENT OF WHEAT CROY.

i) Irrigation

Water 2s a constituent of protoplasm,
éolvent for nutrients and reagent, is the nmost
important factor for plant growth, development
and yield, The shortoage of water at critiecal
stages, especially the reproductive phase, had a
marked effect on grain development, yield and
yvield components, In this study, the effect
of water stress at flowering, milk and milk~dough
stages on the spike grain weight taken at 5-day
interval (Table 4.13) was significant., When a
rlant is faced with unfavourahle environmental
constraint (like water stress), it tends to
complete its life cycle as saon as pessible by
accelerating the rate of different physiological

processes like the grain filling (Slatyer, 1973).
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This was evident in this study, that the rate of
translccation of assimilates towards the grains
under the stress treatment was faster than the
no stress treatment. In the control, maximum |
accumalation of assimilates in the grains
occured bhetween 8§7-92 days after sowing, in the
stress treatments it occured earlier Letween

82-87 days after sowing, When water stress

occuraed at milk-~dough stage, the rate of
accumulation of assimilates intc the grains was

higher than the other stress treatments,

Likewisa, the 1 ,000~grain weioht recorded
at 5 days interval (Table 4,15) of wheat was
influenced by the water stress treatments, At
an early stage (72 days after sowing) all the
stress treatments resulted in heavier grain
weight than the contrel (no stress)., This may
e <due to hastening of maturation as observed
by Slatyer (1973). 4t later stages, however,
the situation changed, and the no stress
treatment gave the heaviest 1,000-grain weight
followed by the treatment of sarly stress at
flowering, and then stress at milk ond milk-dough

treatments. It is generally accepted that post

P
%,

flowering conditions in influencing the weight °
of grains. The assimilates stored during the

vegetative phase contribute little to the growth
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of sceds which mainly depend on current
photosynthesis (Slatyer, 1973, Rawson and
Rremner, 19732) of the flag leaf and the ear or
translocation from stored reserve in stems

under prolonged water stress (Evans, gt al.,
1975). It is c¢lear, therefore, that water stress
by reducing photocsynthesis at this time may lead
to reduced yield through direct effect of
photosynthesis in the car, leaves and the stem,
This may possibly lower the grain weight in the
stressed plants., Grain filling, heing a .
relatively rapid and terminal process, and
because most of the increase in weight after
anthesis involve grain development, it follows
that the reduced photasynthesis at any point of
‘the post anthesis may have effect on grain
weight which may nct be compensated for by
activity of any other stages of grain filling.
Slatyer (1973), is also of the wview that
hastened senescence of leaves of stressed plants
ogcuring late in the ¢grain filling stage may not
be compensated for by calling reserve stored in
stems unless the stress occured early enough in
which case enhanced translocation of assimilates
from the stem may help (Asana and Basu, 1963),
Fhotosynthesis, therefore, may be said to be
affected by water stress in this study, which

affected grain development,
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Despite the fall in photosynthesis, the grain
filling in this study progressively increased up
to a point by the time the grains matured.
Thereafter, the rate of translocation of the
assim . lates started to decrease, This is
observable in hoth the spike grain weight and ;
the 1,000-grain weight sampled at 5-day interval
(Tables 4,13 and 4,15), This behaviour was also
reported hy Evans gt al., (1975) and Rawson and
Bremnar, (1978). It was also clear that water
stress hastened grain filling, and this, as
these workers argued may alsc be due to increase
rate of cell division at the initial rate of
grain growth, but lead to final reduction in

grain weight.

Though thea duration and rate of grain growth

may have Dbeen hastened by water stress as observed,

it was unlikely to Le affected by the prevailing
temperatures since they did not exceed 30°C
(Rawson and Bremner, 1978) at the time of the

grain filling,

Similar effects of water stress on grain
filling and development were reported by Asana

and Bagga, (1966} and Wardlaw, (1967).
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'Nitrogen

The effect of nitrogen application on the
spike grain weight development was significant
all through (TalLle 4.13), The favourable effect
of nitrogen on the spike grain weight could he
observed during the period of 72-92 days after
sowing, Spike grain weight increased significantly
dur to the application of 60kg N/ha, and additional
application of another 6Ckg N/ha did not cause
significant change, This positive response to
nitrogen application is rather explainable in
the present investigations., Reference to the
growth parameters measurcd in this study would
reveal that the plants fertilized with nitrogen
were more vigorous and healthy than the control
(no nitrogen). In particular, the leaf area
which was enlarged as a result of nitrogen
application (Table 4.,5) may have contributed
to the heavier spikes produced in the fertilized
plots, Ibrahim, et al., (1979) also found
similar result on spike grain weight of two
wheat cultivars (cne tall and one dwarf) which

differed in their growth habit,

The thousand grain weight taken at different
stages was also influenced by nitrogen applicaticn,

The effect was significant cnly at the early stages
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of graiwn development (Table 4,15), that is at
.72 and 77 days after sowing. A positive and
significant response was observed when 120kg
N/ha and 60kg N/ha were applied at 72 and 77
days after scwing raspectively. This may be due
to the faster rate of grain development at early
stages of water stress as observed earlier. At
77 days after sowing, there was no significant

effect of nitrogen on the 1,000-grain weight,

iii) rhosphorus

Both characters, that is the spike grain
weight and the 1,000-«grain weight sampled at
S5~day interval were not influenced significantly
by the application of 30kg F,0./ha phosphorus.
This was true for all the sampling periods

(Tables 4.13 and 4.15),

iv) Nitrogen and phosphorus interaction

It is true that the favourahle effect of
nitrogen independently from phosphorus was
significant in all the stages examined, but
phosphorus application did not affect the spike
grain weight independently. Howewver, phosphorus
interacted significantly with the twc nitrogen
levels (60 and 12Ckg N/ha). Under the control

(Okg N/ha) treatment, the application of
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30kg P205/h§ ﬁhosphorus tended to décrease the.
spike grain weight with non-significant
difference, The effect of phosphorus'was
significant only when 60kg N/ha was applied., On
the other direction, spike grain weight did
respond to 60kg N/ha only when phosphorusi
fertilizer was added, In all cases, there was
no response to the application of 120kg N/ha
under bhoth phosphorus levels, In other words,
60kg N/ha coupled with 30kg ons/ha was the only
ferxtilizer combination which caused significant
response. This may be explained that applying
either fertilizers alone may cause nutrient
imbalance, especially with the macro-nutrients
elements which are required in relatively larger
quantities. The effect of NP interaction was
also significant on most of the physiological
parameters measured during the vegetative
growth phase as already cbserved, The continﬁation
of this effect on the spike grain weight
throughout most of the grain formation stage

is to he expected especially when the flag

leaf area was also influenced significantly by |
such interaction. The differxence in the response
was that the vegetative growth parameters did
respond to as much as 120kg N/ha under 30kg

P,O./ha. This may be explained that nitrogen
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generalily encourages the vegetative grow+h
(Tisdale and Nelson, 1975), so that response to

higher nitrogen levels is not unexpected,

Likewise, the 1,000-grain weight was
influenced significantly by the same interaction.
Application of phosphorus fertilizex without
nitrogen reduced significantly the 1,000-grain
weight, This was true at all the stage.
Response to phosphorus application was positivél
and significant when 60kgy N/ha was applied.
Application of 30kg P,0-/ba had inconsistent
effect on this parameter under 120kg N/ha
treatment, but toward the later stage, the
effect was significant an? positive, This is
is line with findings of Sinha, et. al., 1973;

Ibrahim and Assey, 1976,

IC. EFFECT OF IRRIGATION, MITROGEN AND PHOSFHORUS LEVELS

ON YIELD AND YIELD COMPONENTS OF WHEAT o

i)

Irrigation ' |

The number of spikes per square metre
{Table 4.21) determines the quantity of grains
to he carried, hence the yield, This parameter
was not significantly affected Ly water stress
treatment at any stage from the flowering to

milk~dough stages though there were more spikes
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per square metre under control than when water
stress was imposed. Thisz, of ¢ourse; hay be
expected since the number of spikes must have
been (letermined before flowering when the water

stress commenced,

The number of ears on a mature planfﬂislaé.
a result of a sequence of tiller production and
tiller death without production of yrains, and -
the death of productive tillers begin sbon aftééﬁ
tillexring has stopped and goes on to anthesis
(Rawson and Bremner, 1978). This parameter,
therefore, might not have been affected by
irrigation after anthesis, This was also

observed by El-Dababy, et al., (1978),

Spike length indicates the number of the
grains which may lodge there, and possibly the
size, Irrigation treatment did not significantly
affect this parameter probably because aftex
flowering any appreciable increase in dry
matter is diverted to the grain development
(Table 4.19). Abdel-Gawad, ¢t al., {1979) also

reported a similar result,

Spike grain number at harvest (Tables 4.23
and 4,.,24) were significantly affected by the

irrigation treatment. It can be seen that the



97

grain number per spike under the ﬁo stress
treatment (306.07) was nighex than other stress
treatments, though at par with the stress at |
milk-dough stage (35.50}. Water stress at
flowering proviuced the least number of grains
(31,45) per spike., This represents 13% reduction
in grain number over the contrel as against 6.7%
and 3% for stress at milk and milk-=dough stages
respectively. Though Shrotriya, et al., (1978)
did not observe this significant effect, they
reported that witholding irrigation at either
milk ripe or dough stages had little or no

effect in the grain number per spike,

Spike grain weight.at harvest was significanfiy
affected by irrigation treatment (Table 4.25).,
The heaviest spike grain weight occcured under water
stress at milk-dough stage (but this did not
significantly differ from that of the control),
The lowest grain weight occured under stress IR
treatment at milk stage, followed by stress at
flowering (these two did not differ significantly
as well). This observation may be explained as
water stress occuring at late stages of grain
filling led to more rapid and accelerated - ~
senescence and yellowing of leaves, ears and stem
than earlier stages of grain filling, and this _ﬁ:ﬁufj

can not be compensated for by rapid translocation
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of substrates frem the stem., Similar resultis
were also raported by Slatyer, (1l973) and

Ibrahim, et al., (1579).

The thousand grain weight at harvest
{Table 4.26) showed exactly the same picture as
that of the spike grain weight at harvest, The
reasons may be the same - that of accelerated
sencence, Withholding irrigation at those stages
of grain development have hteen shown to reduce
the 1,000-grain weight by Misra, et al.,

(1969, 1976),

Fertile and sterile spikelets numbex per
spike were not significantly affected by water
stress treatment at any of the grain development
stages (Tables 4.28 and 4.29). In both cases,
the highest number of fertile and sterile spikelets
per spike occured under the no stress treatment,
and the lowest number tended to appear under
stress at flowering. Though differences between
stress treatments were not significant, this
observation reflects the spike length as well as
the grain number per spike, They all followed

a similar pattern,

The grain yield (Table 4,30 and 4,31) was
influenced significantly by withholding irrigation

at one of the critical stages during ¢grain formation
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and filling phase, The least yield was obtained
when irrigation was not given at flowering, and

the yield was reduced by 31%, Withholding irrigatidﬁu
at milk or milk-~dough stages reduced the grain yield
by about 15{'. This marked reduction in yield when
water stress was imposed at flowering was opined

by Slatyer (1973) as due to reduced fertilization
and grain set, and because of dehydration of pollen
grains or probably pocr germination of the pollen

or failure of growth of the tube from the stigma

to the ovules. Verma, et al.,, (1970}, further
asserted that irrigation at flowering stage

ensures fertilization, sound and héalthy grain
development is only possible when there is
sufficient moisture in the soil. The reduction

of yield when irrigation was missed at flowering

may Also be attributed to the reduction in the

number of grains per spike,

Thousand grain weight was not affected by

- withholding irrigation at flowering as was also
reported by El-Sharkawy, et al., (1976). The

spike grain weight was significantly affected.

The 15 reduction in g¢grain yield when no irrigation
was given at milk or milk-dough stages may be due

to reduced gyain size, Reference to the 1,000-grain

weight and consequently spike grain weight
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clearly reveal this., Reduction in grain yield

due to water stress at flowering was more severe
than the subsequent stages (Bhardwaj, et al.,

1971; and Singh, gt al., 1975). Others who found
either milk flowering or milk and milk-cdough
stages followed by flowering as the most critical
stages for water stress to occur in oxder tb reduce

vield by various degrees, are Shrotriyo, et al.,

———— -

1970, and latel and Iatel, 1975,

Since irrigation treatments commenced during
the reproductive phase, and after the vegetative
has presumably ceased, it is expected that straw
vield (a function of vegstative growth), may not
be affected Ly missing irrigation at any of the
grain filling stages. Data in table 4,32 show
this and the differences were statistically not

significant,

Nitrogen

Though nitrogen did not significantly affect
spike npumber per square meter, a pesitive trend
up to 60kg N/ha was obtained (Table 4.21). This
is in line with the earlier ohservation on the
favourable effect of nitrogen application in tiller
survival. Other workers who reported increase in
spike number per unit areas as the result of

application of nitrogen includes Sharme, et al.,
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(1970), and Ellen and Spiextz (1980).

Application of ritrogen significantly
improved spike length (Talble 4,19 and 4,20), _
The positive response observed was up to 120kg N/hé.
This observation fit into the pattern that nitrogen
application increased plant height, leaf areas
and general vigour of the plants as observed
earlier, These vigorous plants are, therefeore,
capable of producing larger spikes., This is
confirmed by the works of Verma, et al., 1970,

- and Gomata, et al., 1977, who alsc reported that

spike length increased with increasing rate of

nitrogen.

Nitrogen application significantly increased
the number of grains per spike (Table 4.23), This - -
parameter is a2 function of fertile spikelets per
spike, and nitrogen deficiaency has been suggested
as the most probable cause of failure of upper
florets (Evans, gt al., 1975; and Rawson and Bremner,
1978), This also means higher number of fertile
- spikelets is required to give a good numbexr of

grains per spike, 7The highest grain number per
spike (37.34) was observed under 120ks N/ha,
fallowed by 60kg N/ha. This finding comforms to
that of Sancdhu and Gill (1971) and Silva, et al.,

(1975).
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Spike grain weight at harvestl(Table 4:@5)
did hot significantly increase with increasing
level of nitrogen. lionetheless, a positive
response was observed. The heaviest grains per
spike was observed under the heaviest dose of
nitrogen (120kg N/ha), and lightest spike grain
weight occured under no nitrogeﬁ; This is hecause
as nitrogen application significantly increased
spike grain number (as earlier discussed), the
orains had to share whatever assimilates they got;i'
hence they become lighter as the grain number
increased. This agrees with the works of Sandhu

and Gill (1971); and Ibrahim and Assey (1976),

A similar picture emerged in 1,000-grain
weight as that of the spike grain weight (Table
4,25}, There was a negative response when 120kg
N/ha was applied. This is expected since large
number of grains as significantly influcnced by
nitrogen application had te be filled with
assimilates, the effect would manifest itself
in decreasing 1,000~grain weight., This also
explains why the control (no nitrogen) has higher
1,000=grain weight, This was also the view of

El-Sharkawy, et al., (1570).

The effect ¢f nitrogen application was highly

significant on both fertile spikelets/spike and



103

sterile spikelets/spike (Tables 4.28 and 4.29),
The differences hetween application of 60 and
120kg N/ha were not statistically significant as
far as fertile spikelets/spike is concerned,
Nitrogen application, when compared to no nitrogen
treatment, the ¢ffect was highly significant.
Nonetheless, there is a positive response as
nitrogen level increased, Similarly, in the
sterile spikelets/spike, it can be observed that
as nitrogen level is increased from 60 to 120kg
N/ha, the number of sterile spikelets/spike
decreased from 2,21 to 1,77, This is because
nitrogen increased plant fertility and its
capacity to produce grains hence increase in
yield through increase in grains number per spike,
that is reducing sterility of spikelets, This
observation agrees with earlier discussed results
of increased grains number per spike by nitrogen
application because if nutrients become limiting,
grain set will ke poor and this may lead te
reduced yield Rawson and Bremner (1978), Ibrahim

and Assey, (1976) also made the same observations.

The effect of nitrogen was alsce significant.
As was shown earlier, that the grain vield
responded significantly to the application of
60kg N/ha, but not when 120kg N/ha was applied.

Application of 60kg N/ha increased the grain
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vield over the tontrol by about 35%, Most workers
recorded increase in yield with application of
nitrogen. They include Agha and Tunio (1973);
Singh (1973 and 1978) and Jat, et al., (1676)

———

As it was shown earlicr thaf application of
nitrogen was in favour of all the growth parameters
mentioned in this study, it is expected that straw
yield may also be favoured by nitrogen application.
Straw yield did respond significantly to the
application of even Gdkg N/ha, and the incrcase
over the control was about 70%. A reference to
the plant height, dry matter per plant, dry
matter per sguare meter and tiller number per plant
all taken at different pericds, and to the data
of plant height recorded at harvest, would reveal
that all these parameters were significantly m
increased by the application of nitrogen.
Therefore, a 70% increase in straw yield due to
the application of cven 60kg N/ha and 80% for

120kg N/ha is not unexpected,

Phosphorus

Spike number per mcetexr sguare was not
significantly affected by application of 30kg
F205/ha. fhis is chause right f-om vegetative
growth periods of 46, 53 and 61 days after sowing

phosphorus application did not significantly
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affect plant height (Tahble 4,1) and number of

tillers/plant (Table 4.3).

A similar trend is presented in respect of

spike length, with a similar reasoning.

Application of_phOSphorusldid not significantly
affect spike grain number at harvest (Table 4,23),.
Nonetheless, a positive response was obtained
from phosphorus application. The plants might
have used the small quantity of P205 and N in
protein synthesis in grains. This positive

increase in spike grain weight was also reported

by Youssef, et al., (1977).

Application of 30kg ons/ha did not

significantly affect both spike grain weight and
1000-grain weight at harvest (Tabiles 4.25 and
4,26), but there was a positive trend as for the
1,000~grain weight was concerned, As phosphorus
was concernad with protein synthesis and
meristematic growth, perhaps only small quantities
of it is used in grain production, Other workers
who recorded positive xesponse of 1,000-grain
weight to phosphorus application were Ibrahim,

t al., (1979),

Fertile spikelets per spike were not

significantly affected by phosphorus application
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(Table 4.28)., This observation was also made by
Ibrahim and Asscy (1976), DBut in this study,
application of 30kg P,0./ha tended to increase

spikelets sterility (Table 4,29).

Application of 30 ky F,0;/ha increased
significantly the grain yield by about 12%, Though
application of phosphorus fertilizer did not affect
all the growth parameters measured in this study
except that of leaf area per plant, and though this
application has not affected any of the yield
components significantly on its own, yet is
affected the grain yield significantly, as

explained below:

Similarly, these parametexs of growth have not
been significantly influenced by the application
of 30kg P205/ha alone, Alsc, it is not strange
that straw yield which is o function of these
parameters, is not significantly affected by

phosphorus applicaticon,

Irrigation_and nitrogen interaction

Interaction effect of these two factors was
significant (Table 4.21) on spike number per square
meter., It was observed that when no nitrogen was
applied, water stress at milk stage increased spike

motality. Negative response occured under 60kg N/ha



under stress conditions. Fwven 120kg N/bha under
waterstress conditions had less number of spikes
per square meter than under no stress conditions
when response was favourable to even 60kg N/ha,
1t may, therefore, he advisable to use less
nitrogen under dry conditions. This may be
tecause, water as a solvent, may not be availalble

to dissolve encugh nitregen for translocation.

i

Transpiration will be less and sco less water
intake., Furthermore, if the water stress occured
late in the season (at milk~dough) the plants had
sufficient water to dissclve the nitrogen, hence
comparatively more spikes/meter square were
recorded under stress at milk«cdough than underx

milk oxr flewering stages,

Irrigation and phosphorus interaction

Number of spikes/meter square responded
significantly to the interaction between
irrigation and phosphorus., It can be observed
that under 30kg }"’205/1'13 control treatment had the
highest number of spikes per square meter compared
to all the stress treatments. This suggests theoe
importance of phosphorus as an essential element,
but only when there is enough moisture in the
s0il can its presence in the soil be useful to the

crop. It may, therefore, »e unwise to apply high
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doses of phosphorus when water source is not
assured because of possible reduced phosphiorus
uptake under water stress conditions as observed

by Asana, et al.,(1971).

Nitrogen and phosphorus intexaction

A significant interaction effect was noticed
between nitrogen and phosphorus in respect of the
spike length (Table 4.20), When 3Ckg F,0./ha
phosphorus was applied, response to nitrogen
application was up to 120kg N/ha as against only
60kg N/ha in the al'sence of phosphorus. And in
the absence of nitrogen, application of 30kg
P,0./ba even tended to suppress spike length. This
result further emphasizes the need for balanced
nutrients in the soil, in the absence of which
yvield and all its components may be affected,
Spike length is related to the number of grains
that would lodge there, production of longer
spikes is an advantage, but only vigorous and
healthy growing plants can produce such spikes,
This may explain the tendency for nitrogen and
phosphorus interactions from plant height,
tiller number per plant, leaf area per plant,
dry matter accumulation and the flag leaf area

as previously seen,
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Nitrogen and phosphorus interacted significantly
on the spike grain number at harvest {Tahle 4.,24),.
It was clear that no significant response to
nitrogen application was obtained in the absence
of phosphorus application, but with 30kg P205/ha,
the response was up to 120kg N/ha, On the other
hand, there was no response to 30kg PBOS/ha if
the level of nitrogen was not above 60kg N/ha.
This again complements the spike length. These
spikes have to carry grains for better yield,
and this needed balanced nutrients like
nitrogen and phosphorus in the soil, For higher
spike grain numbex, therefore, the best fertilizer

combination may Le 30kg PzOs/ha plus 120kg N/ha.

Throughout this study, which was classified
into three phases, namely, vegetative, grain
filling and post harvest stages, the interaction
effect of nitrogen and phosphorus levels was
significant, The grain yield responded to the
application of phosphorus only when 60kg N/ha was
applied, and only significantly so when 30kg
P205/ha was applied, Almost the same conclusion
was drawn when the data of the threé¢ phases
were studied. For example, flag leaf area data
gave exactly the same trend. Grain number pex
spike and spike grain weight showed similar trend.

This indicates that high level of nitrogen alone may
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proaduce dense vegetative growth and may have no
effect at all on the grain yield. High nitrogen
level should, therefore, be ccupled with the
application of phosphorus, On the other hand,
applic%fion of 30kg ons/ha 2id nothing significant
when no aitrogen was applied cor applied at 60kg
N/ha. A similar nitrogen pheosphorus interaction

on grain yield was also obtained by Verma, 2t al.,
1970; Sinha, ¢t al., 1973; and Nagre and Bathkal,

1978,

However, almost all these parameters were
influenced by the nitrogen-phosphorus interastion
(Table 4.31). It means that phosphorus effect was
dependent on the presence and level of nitrogen.,
Straw yvield responded to 120kg N/ha when 30kg
ons/ha was applied, and responded to only 60kg
N/ha under zero phosphorus treatment, On the
other direction, straw yield responded to the
application of 30kg ons/ha and 120kg W/ha was
applied. These same trend were observed with the
growth parameters date, This indicates the need fdr_
nutrient balance in the s01) when deciding on any
fertilizer programme for crops, Other workers who
made similar observation on straw vield include
El~-Sharkawy, et al.,, 1976 and El-Dababy, et al,.,

1978,
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CHAPTER ©

SUMMARY AND CONCLUSION

This investigation was carried out at the irrigation
site of the Ahmadu Bellc University Farm, Samaru o
(fat, 11°12'K, Long 07°38'E and altitude 646m), Zaria, in
the Northern Savannah zone during the dry season of

198182, Maximum temperatures during the growing season

do not exceed 32.50C andl the minimum not above 150C.

The design used was the strip plot design replicated
four times on a fertile lcamy sand, Four levels of
irrigation were used, missing irrigation at flowering,
milk stage, milk~dough stage, and control. Six levels of
nitrogen and phosphorus fertilizer treatments were used,
Zero, 60kg and 120kg/ha for nitrogen plus control. Zexo
and 30kg F,0./ha was used for phosphorus. The fertilizer
treatments were randomized within each of the irrigation
treatments which take the full length of the strips. The
wheat variety used was Sieto Cerros at the rate of |

100kg seed/ha.,

As bread wheat is assuming a new dimension in the
econcmy of this country, it is necessary to examine some
problems of local production, therefore, the aims and

objectives of this study are as follows:

1. Assess the effect of water stress on grain formation,
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development, yvield and its attrilates,

2, Investigate the effect of nitrogen and phosphorus
fertilizers and their interactions on the growth of

wheat, grain develcepment and yield and its compocnents,

3. Investigate the interacticon effect of NP fertilizers
and water stress treatments during the grain development

stage on vield and its components.

Wheat crep requires Loth nitrogen and phosphorus
fertilizers, In some cases they act independently, but

in most cases they interact and supplement each cther,

Nitrogen was found to increase significantly, the
plant height, tiller numier/plant, dry matter accumulation,
all at different stages, Leaf area Index, flag leaf area
and leaf area/plant measured at 46 and 61 days after sowing
were all affected. Spike grain weignt taken at different
times (that is at 72, 77, 82, 87, 92 and at harvest) were
all significantly affected by nitrogen application.
Thousand grain weight was affected at 72 and 77 DAS only.
Similarly, plant height at harvest, length of spike, grain
number /spike, fertile and sterile spikelets/spike, grain and
straw vield were all significantly affected by nitrogen

levels.

Application of 30kg P205/ha only significantly
affected leaf area/plant at 46 and 61 DAS, and also dry

matter accumulction at 4€ DAS, sterile spikelets/spike and

grain yield.
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However, NP interactions were cbserved on tiller
number/plant at 46 and 53 D&S and on dry matter accumulation
only at 46 and 53 DAS, T[hosphorus has alsc significantly
affected the flag leaf area, During the grain development
stages, NP interaction was observed to affect significantly
the spike grain weight and the 1,000-grain weight throughout.
Spike length, spike grain number, grain weight/spike, |
1,000-grain weight at harvest, grain yield and straw yield
were all significantly affected by the phosphorus-nitrogen

interaction.,

Irrigation-nitrogen interaction was only recorded on
the 1,000-grain weidght at 77 DAS during the grain development
stage, Spike number/m2 was also significantly affected by

this interaction.

Irrigation-phosphorus interaction also occured in

respect of spike numbeX per square metre,

Irrigation treatment significantly affected spike
grain weight taken at 82, 87 DAS and at harvest as well as
1,000-grain yield taken at 72, 82, 92 DAS and at harvest,
Grain weight/spike, and grain yield were also significantly

affected Ly irrigation, so was grain number/spike.

In most cases (for example the grain yield), response
to nitrogen application was only up to 60kg N/ha in the
absenae of 30ky Pgos/ha, and no significant effect is
obtained when the dose is pushed up to 120kg N/ha, unless

phosphorus is supplierd.



114

Application of 30kj P,C./ha in the ahbsence of nitrogen

did not produce any significant effect,

it is, therefore, clear that nitrogen application alone
has limited use, unless phosphorus is alsc applied, When
phosphorus is not available do nct use high dose of

L. trogen.

If irrigation water or its cost of application
becomes a limiting factor, missing irrigation at flowering
stage has more serious effect on yield reduction (31%) than
either missing irrigation at milk stage (15,50%) or at

milk-dough stage {(14.90%),
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