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ABSTRACT

Two field experiments involving (a) Sow ng date x Water
Stress x Variety and (b) Ntrogen |level and Water stress were
conducted at the Irrigation Research Station, Kadawa (11°
39'N, 08° 02'E and 500m above sea level), Institute for
Agricultural Research, Ahmadu Bello University, Zaria. The
Irrigation station is located in the Sudan Savanna ecol ogi cal
zone of northern N geria. The investigations were carried
out for three consecutive years during 1983/84 to 1985/86 dry
seasons (CQctober to March) to study the effect of time of
planting, water stress on tw varieties in the first
experiment and nitrogen fertilization and water stress inthe
second experinment. A supporting experinent was al so conduct ed
under growth chanber condition at the Hydrotechnical
Laboratory of Royal Veterinary and Agricultural University,
Copenhagen (Denmark) to nonitor crucial paranmeters related to

soil and plant water status.

Delay in sow ng wheat from 10th Novenber to 1st and 22nd
Decenber significantly reduced grain yield by 14.8 and 20.8
percent, respectively. Gain yield and yield conmponents were
significantly reduced by increase in water stress using | WCPE
(Irrigation water/Cumul ati ve pan evaporation) ratio of 1.00
(no stress), 0.75 (noderate stress) and 0.50 (severe stress).

Moderately and severely stressed crop produced 19.7 and 46.0
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percent lower grain yield respectively when conpared wth
unstressed control (IWCPE ratio = 1.0). Response of the
grain yield to N fertilization was quadratic. The optinmm
| evel of N worked out to be 120kg/ ha. Wheat variety 'Siete
Cerros' significantly outyielded 'Sonalika in ternms of grain
yield, yield conponents and water-use efficiency (WJE), which
decreased with delay in sowing and with increased water
stress. Ni trogent application increased WJE linearly up to
150kg/ ha.

In the sowing date x water stress experinent, there was
a positive and very cl ose associ ati on between grain yield with
1000-grain weight followed by spikes/nf and nunber of
grai ns/ spi ke. Wereas in nitrogen x water stress experinent,
a high association was observed between grain yield wth
nunber of grains/spike followed closely by spikes/nf. The
correlation between the grain yield and 1000-grain wei ght was
not as strong conpared with the other two conponents

Except in one experinment, in both sowi ng date and water
stress treatnents, there was a negative |inear response
between the grain yield and the two treatnents, whereas in
nitrogen x water stress treatnment a quadratic response was
found to be significant for nitrogen in all the 3 years and
conbi ned data anal ysi s. The response to water stress |evel
was quadratic in the first two seasons and linear in the third

season and conbi ned anal ysi s.
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In the growth chamber experiment, the rate of
transpiration decreased with increase in soil matric potential
in descending order from the least to the most stressed
plants. ‘Sonalika’ showed a higher rate of transpiration
throughout the season than ‘Siete Cerros’. Stomatal
resistance, total water, osmotic and pressure potentials,
water content and relative water contents in leaves decreased
with increasing soil matric potential throughout the period of
observation. ‘Siete Cerros’' showed a lower stomatal
resistance, total water and osmotic potential, but higher
water content, relative water content and pressure potential
in leaves than ‘Sonalika’ which recorded a negative pressure
potential (- 1.2MPa) in the severely stressed crop. Moisture
stress also reduced number of spikes/pot, spike length, number
of grains/spike, grain weight/spike and 1000-grain weight but
gave lower number of grains/spike. Moisture stress

significantly reduced both straw and grain yields.
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CHAPTER 1.
1.0 INTRODUCTION

Nigeria has within the past two decades, developed a lot
of water resources through the large-scale dam constructions
by the River Basin Authorities to irrigate about 0.8 million
hectares. Out of the 135,000ha envisaged to be developed by
1990, only about 48,000 ha (36%) has actually been developed
for irrigation. Majority of the developed area (65%) is under
wheat and the rest is used for dry season vegetables, maize,
rice and sugarcane. With funds coming from the World Bank for
Fadama Development Programme, it is envisaged that small scale
farmers will put more land under wheat production in order to
bridge the gap between local production and actual requirement
(Appendix 1) .

Effective irrigation scheduling is necessary for
successful wheat production especially on a limited hecterage
and under water limited environment. Under such situation,
vield reduction from variable soil moisture deficit throughout
the crop life circle must be known and quantified. Several
workers have quantified such yield reductions by imposing
water stress through a fixed irrigation schedule based upon
growth stages.

In recent efforts to increase yield and water-use
efficiency of dwarf wheat varieties, several scientists have

pased their irrigation schedule on irrigation water/
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cummulative pan evaporation (IW/CPE) ratio approach which
reduces stress compared with the fixed irrigation schedule
based on growth stages. Pan evaporation measures the drying
ability of air which is a function of radiation, wind,
temperature and vapour pressure deficit. Meteorological
factors are known to have a similar effect on evaporation from
free water and moist soil surface and transpiration from plant
surfaces. Differences in the rate of water loss may be
expected from:

(a) wvariable crop coverage during the growing season.

(b) availability of water for evaporation from the

soil surface, and

(c) differences in the energy absorption characteristics

of the crop and open water surface.

The optimum time for wheat planting is mid-November. The
late sown crops suffers severely from environmental stress
during the reproductive stage due to their variable responses
to water stress. Late sown wheat was observed to be exposed
to mean temperature of 24°c at jointing stage and maximum
temperature of 32.5°c during flowering and grain development,
which reduced reproductive stage by about 18 days (Kumar and
Yayock, 1980). The low grain yield of late sown wheat was due
to decrease in number of productive shoots by 30 percent
compared with timely sown crop as a result of crop being

exposed to high temperature stress.
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The response of wheat to wvarious combinations of
irrigation and fertility levels has been a subject of minimum
studies. The response function usually showed a positive
interaction of irrigation and fertility level. 1In general,
response of wheat to irrigation is increased at higher
nitrogen level (Shimshi and Kafkafi, 1978; Singh and Kumar,
1981 and Singh et al. 1987). 8Such response however, depended
upon the water availability and time of sowing.

With the existing facilities and equipment at Irrigation
Research Station Kadawa, it was not possible to study and
monitor the water status in the plant as well as in the soil
in order to get a good picture of the crop performance under
different stress levels. This entails studying the internal
water balance which controls various physiological processes
in wheat crop that affect the growth, development, yield
components and ultimately the yield. Such studies needed to
be undertaken under controlled condition. The studies were
therefore undertaken in growth chambers at the Hydrotechnical
Laboratory, Royal Veterinary and Agricultural University,
Copenhagen, Denmark for one season.

Based on the above background, this work was undertaken
to:

(a) study the effect of water stress and time of planting on
the yield components, yield and water-use efficiency of

two dwarf wheat varieties ‘Siete Cerros’ (SAMWHIT-5) and



‘Sonalika’ (SAMWHIT-8).

evaluate the effect of water stress and nitrogen
fertilization on the yield and water use efficiency of
wheat variety ‘Siete Cerros’ (SAMWITH-5).

assess and monitor crucial soil moisture parameters of
SAMWITH-5 and 8 in relation to total water, osmoticand
pressure potential and other plant processes in relation
to growth, yield components and grain yield under growth

chamber conditions.



CHAPTER 2
2.0 LITERATURE REVIEW
2.1 P Water Balan

Moisture stress is the result of an imbalance between the
supply furnished by the scil water and the amount transpired
by the crop as determined by the atmosphere, assuming a
complete crop cover. The minimum water potential gradient
developed during the day will be a function of the soil
moisture supply as it determines the base level of turgor, the
evaporative demand and the capacity of the soil to supply
water. Thus water stress occurs in crops because the rate of
water loss (Transpiration) often exceeds the rate of
absorption by roots.

Although the two processes are partly independent,
absorption is controlled chiefly by soil factors including
soil water potential and the unsaturated conductivity and
transpiration chiefly Dby atmospheric factors such as
radiation, air temperature, relative humidity and wind speed
which often occur at different rates. According to Taylor and
Ashcroft (1972), a crop’s response to water is evidently more
closely related to soil water potential than to any other
single factor.

A progressive change in soil and crop water potential as
the soil dries out, based on the assumption that the same

evaporative demand conditions prevail daily was first
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presented by Slayter (1967). He hypothesized that the upper
limiting curve representing soil water potential progressively
declined, indicating that the crop water status is mainly
governed by soil water stress. It is also apparent that the
positive turger would not be maintained regardless of the
length of the recovery period.

Crop water deficit induced by so0il moisture and
atmospheric stresses affects the crop in several ways such as
{a} change in rate of transpiration, (b) crop water relations,
(c) stomatal conductance, (d) photosynthesis, (e) respiration,
(f) growth characteristics, (g) photosynthetic area and (h)
dry matter accumulation which in turn affects the yield and
yield components. Giunta et al. (1983) reported that severe
water stress affected all grain yield components in wheat
particularly number of fertile ears per unit area ( - 60%) and
grain number per ear ( - 48%). Harvest index was also
significantly reduced. Thus, in order to quantify the effect
of short and long term moisture stress in crops, knowledge to
relate crop water status with growth and yield is vital.

The status of water in plant parts is dynamic and changes
in response to many environmental and indigenous factors,
(Turner and Begg, 1973; Hatfield, 1975). Likewise leaf water
potential is affected by the later factors (Recosky et al.
1975; Nel and Berliner, 1990).

Crop growth is directly associated with internal crop



7
water status and consequently affected by internal crop water
deficits because they affect numerous internal processes and
conditions such as turgidity, cell enlargement; photosynthesis
and respiration (Begg and Turner, 1976). Changes in these
processes and conditions modify both the quantity and quality
of crop growth.

Sionit et al. (1980) showed that wheat plants had little
osmotic adjustment to rapid development of water stress and
further indicated that they were most sensitive to low leaf
water potential during anthesis resulting in negative pressure
potential because of low ability of the tissue to accumulate
osmotically active solutes for adjustments as compared to the
other stages. Li et al. (1993) suggested that osmotic
adjustment could result from an imbalance between production,
consumption and translocation of photosynthates under stressed
conditions. Also, Gunasekera and Berkowitz (1992) reported
that wheat genotypes osmotic adjustment was important
acclimation mechanism which could allow for the maintenance of
relatively greater metabolic function at low 1leaf water
potential.

Leaf water potential, over the past decade has gained
wide acceptance as a fundamental measure of crop water status
and when quantified can even be used for scheduling irrigation
of wheat under specific soil and climate conditions (Nel and

Berliner, 1990). Leaf water potential could also be an



8
important index for predicting soil water potential of the
roat zone and thus a useful means for water management and
irrigation (Hassan and Al-Anbary, 1989). Li, et al. (19%2)
reported that soil water stress increased the leaf water
potential, relative water content and grain yield decreased
and the osmotic adjustment ability and stomatal resistance
increased.

The most promising indices of water stress in field
conditions are leaf water potential (Brady et al. 1974; Misra
and Pant, 1981), leaf water potential and stomatal conductance
(Shimshi and Ephrat, 1975; Sivakumar and Shaw, 1978, and
Oosterhuis 1984) leaf osmotic potential (Clarke and Simpson,
1978), water potential, pressure potential and stomatal
resistance (Kirkham, 1978 and Singh and Singh, 1989), changes
in leaf angle (Peinetti and Ledent, 1988). Qosterhuis and
Walke (1987) reported that the sensitivity of stomatal
response to moisture stress in wheat, ease of measurement with
steady state porometer, consistency or stomatal diffusive
resistance (r,) values, low variability between well-watered
wheat plants and lack of need for a control, wmakes r,
potentially useful and reliable plant indicator of crop

moisture stress.



2.2 Water a
2.2.1 wth an velopm

Crop growth and development are influenced by
temperature, soil-water availability, crop-water status and
atmospheric evaporative demand. Soil moisture stress during
the growth period affects morphological and physiological
processes like shoot height, number of leaves, number of
tillers, leaf area, spikelet size, number of grains/spike,
grain filling, dry matter accumulation/distribution, grain
yield and quality.

Singh et al. (1979) reported that water stress at crown
root initiation (CRI) was critical for tillering and grain
yield. Gajri and Prihar (1983) and Lawlor et al. (1981)
reported that early season (30 days from seeding) water stress
decreased the rate of dry matter accumulation in wheat as well
ag reduced the number of tillers/m? row length and stem
length.

Water stress at tillering has been found to cause losses
in yield (Bhardwaj et al. 1971 and Kumar and Singh, 1977) due
to reduction in number of spikes/plant as a result of
increased tiller and stem senescence. Choudhury and Kumar
(1980) revealed that sowing to maximum tillering period was
the most sensitive to water stress, while Hochman (1882)

reported tillering to anthesis stress reduced leaf area index.
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During jointing, moisture stress reduced crop yield due
to reduction in plant size, photosynthetic area, fewer
spikes/unit area and seeds/spike (Day and Intalap, 1970 and
Surma et al. 1980). Davidson (1987) revealed that increased
moisture stress reduced tiller production/plant and in general
moisture stress brought forward flowering and
maturity.

Cheoudhury and Kumar (1980) found that at all stages
moderate and severe meisture stress decreased plant height,
tiller numbers and leaf area of dwarf wheat in comparison to
mild and control treatments. However, reduced number of
tillers and reduced growth and development organs (already
initiated) were observed due to imposition of severe stress at
seeding to maximum tillering stage.

Kumar (1979) reported that CRI and heading were most
critical stages in wheat. He indicated that irrigation at
these stages will give maximum water-use efficiency (WUE)
under limited irrigation. On the other hand, Choudhury and
Kumar (1980) found higher reduction in grain yield and water
use efficiency of wheat to be caused by reduction in number of
spikelets and grains/spikelet when severe water stress was
imposed during seeding to maximum tillering.

Crop yield is directly controlled by moisture stress
occurring at critical stages of growth. Numerous studies

concerning the critical growth stages have been reported by
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many workers. These include crown root inititation (Cheema et
al. 1973) seedling growth to maximum tillering (Choudhury and
Kumar, 1980), jointing (Mogensen, 1980), booting (Campbell et
al. 1981), heading (Morgan and Riggs, 1981), flowering (Bello,
1983), beooting to early grain filling (Hochman, 1982), milk
and dough (Patel et al. 1971) and flowering to grain filling
{(Sionit et al. 1980; Morgan and Riggs, 1981).

2.2.2 Yield Components, vield and water-use efficiency

Irrigating crops to avoid yield reduction as a result of
moisture stress may not be the most natural use of water in
the economic sense. An alternative way is to use less water
per unit area and irrigate more land to compensate for lower
yields and thus get higher returns overall. Several workers
have studied the effect of soil water stress on yield and
yield components of wheat in pots, greenhouses and fields
under different agroclimatic environments.

Salter and Gooae (1967) reviewing the results of earlier
workers (1900 - 1965), reported that the reproductive organs
were severely damaged and the number of grains was reduced
when stress was given during the heading and flowering stages.
The booting stages was alsc found to be sensitive to water
stress which reduced the number of spikes, spikeslets and
florets in the spike and thus reduced the total number of
grains, Soil moisture stress at the early growth and

development of crop has been found to be less sensitive to
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grain yield, thereby producing better yield and increase in
water use efficiency.

Lawlor et al. (1981) revealed that moisture stress at the
early growth period decreased tillering, tiller ear production
and grains/ear of barley, whereas water stress at the
reproductive phase reduced the grain size due to significant
reduction in photosynthetic surface area. Rab et al. (1984)
reported that when moisture stress was impesed in the early
development stages, late tillers developed subsequently and
maximum reduction in grain yield occurred with imposition of
stress during and after heading. Water stress at this stage
regsulted in fewer spikes, fewer spikelets/spike and fewer
grains/spike. The 1000-grain weight was generally reduced
when stress was imposed at the soft dough stage. The
suggestion of avoiding soil moisture stress from booting to
grain filling stages has been supported by many more
investigators (Fischer, 1973; Frank et al. 1973; Angus and
Moncur, 1977; Innes and Blackwell, 1981 and Singh, 1981).

Increasing or decreasing moisture stress at different
growth stages had little effect on the number of florets/head
or the mean kernel weight, but the number of heads and percent
seed set were the main components influencing grain yield.
Singh et al. (1980) observed reduction in yield and water-use
efficiency of wheat when repeated soil moisture stregs at 25

percent available soil moisture based on IW/CPE ratio of 0.75
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was given at 0-60 cm soil profile throughout the entire growth
period.

Hochman (1982) reported that stress from booting to grain
filling reduced the grain yield of wheat (36 percent) and
water-use efficiency by reducing the grain number and 1000-
grain weight. However, stress from tillering to anthesis
reduced the grain yield (28 percent) mainly due to reduction
in leaf area index and grain number.

Hassan (1983) found that moisture stress at any of the
physiological growth stages will reduce the growth, yield
components and yield of wheat. While tillering, jointing and
flowering were found to be the critical stages to moisture
stress, the jointing was the most critical stage. However, in
his findings, Bello (1983) revealed that missing irrigation at
flowering stage had more serious effect on grain yield
reduction (31 percent) than either missing irrigation at milk
stage (15.5 percent) or at milk-dough stage (15.0 percent).

Al-Janabi (1988) reported a decrease in water-use
efficiency (WUE) of wheat with increase in moisture stress
while Heithholt (1989) cbserved that mild moisture stress did
not consistently affect WUE of wheat, but a more severe stress
consistently decreased WUE especially under sub-optimal

nitrogen supply.
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2.3 Irrigation Scheduling

To achieve better productivity in wheat, it is important to
work out an efficient and economic irrigation schedule for use
under any given agroclimatic conditions. Since response of
wheat to irrigation is influenced by soil, plant and
atmospheric factors, the potential advantages of scheduling
irrigation in wheat production, based upon soil-crop-climate
data have been suggested by several workers (Jensen et al.
1971; Singh, 1978; Green and Kirkham, 1980).

Several methods exist for scheduling irrigation to crops.
Investigations have been made on the effects of different
irrigation schedules based on various concepts and approaches
in yield and water-use efficiency of wheat. The common
approaches that have been used as criteria for scheduling
irrigation to crops are based upon crop growth stages;
depletion of available water in the root zone to a given
level, the ratio of a fixed amount of irrigation water (IW) to
the cummulative pan evaporation (CPE) i.e. IW/CPE and the
ratio between the actual evapotranspiration (ETa) to the
potential evapotrangpiration (ETp).

231 row age

The approach for scheduling irrigation according to the
growth and development stages is mainly concerned with the
most sensitive stage {(critical) at which any water stress has

a very pronounced effect. These stages are classified in
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order of their magnitude for a particular crop.

From the results of both pot and field experiments, it
has been reported that in most of the cases the booting to
milk ripe stages were found to be most critical for water
stregs. Although, in some other studies early stages like
crown root intitiation and jointing were also reported to be
critical (Misra et al. 1969; Day and Intalap, 1970; Sepaskhah
and Ardekani, 1976; Mogensen, 1980; Sionit et al. 1980; Morgan

and Riggs, 1981; Singh, 1981; Green and Kirkham, 1980; El-Rab

er al. 1988).
2.3.2 Available Soil Water

The effect of irrigation scheduling based upon depletion
of available water in a certain depth of scil has also been
investigated (Chauhan and Tripathi, 1872; Bapna and Khuspe,
1980). From their findings, it appeared that highest yield
and water-use efficiency of wheat can be obtained by
irrigating at 20 - 25 percent depletion of soil at active root
zone. However, Singh et al. (1980) reported that irrigation
at S50 percent available soil water resulted in the highest
yield per cm water use by crop and consumptive use of water
was maximum when irrigation was applied at 70 percent
available scil moisture.

2.3.3 1IW/CPE ratic

Numerous investigations have been carried out in

scheduling irrigation of wheat based on wvarious ratios of
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IW/CPE in relation to optimum yield and water-use efficiency.
Several workers reported maximum grain yield and WUE with
IW/CPE ratio of 0.75 and 1.0 and écm irrigation depth (Govind
et al. 1983; Majumdar and Mandal, 1984; Pendey et al. 1986;
Sinha et al. 1986; Panda et al. 1988; Chavan and Pawar, 1988
and Gill and Lenvain, 19%2). However, Sandhu et al. (1984)
reported that grain yield and WUE were highest with IW/CPE
ratio of 0.75 with 9cm irrigation depth. Similarly, Singh et
al. (1987) found that grain yield and yield attributes of
wheat were highest and irrigation efficiency maximum with
IW/CPE ratio of 0.75 but with 6cm depth of irrigation. Sharma
et al. {1987) revealed that grain yields were highest with
irrigation at 5.0cm CPE than with 7.0cm CPE, but the different
was not significant. However, they indicated that WUE was
highest with irrigation at 5.00cm CPE. Chavan and Pawar (1987)
reported that grain yields and water-use efficiency increased
with increase in the IW/CPE ratio and decreased with increase
in the irrigation depth when it was irrigated at IW/CPE ratio
of 0.6, 0.8, 1.0 and 1.2 with irrigation depth of 6.0 or
8.0cm.

Chari (1980) using IW/CPE ratios of 0.8, 1.0 and 1.2 at
irrigation depth of 2.0, 4.0 and 6.0cm to schedule irrigation
for wheat at Bakura (Sokoto State), reported that grain yield
and WUE were highest at 2.0cm depth of irrigation water and

decreased significantly as the depth of irrigation water
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increased. The effect of IW/CPE ratio was significant for
grain yield in the second season only when IW/CPE ratio was
1.20 which was superior to IW/CPE ratio of 1.00 or 0.8. He
concluded that in the savanna areas of Nigeria, pan
evaporation could form a useful tool in decision making on the
irrigation frequency but the operational methods to make use
of these toocl need to be experimented further to develop a
raticnal approach.

2.3.4 Ratio of Eta/Etp

Some investigators (Agarwal, 1977, Stegman et al. 1977;
Rafey et al. 1978) have suggested the approach of relative
evapotranspiration (ETa/Etp) for scheduling wheat irrigation.
In these studies, irrigation at Eta/Etp of 0.5 to 0.7 gave
optimum yield and water-use efficiency. However, the general
concept of this approach to obtain maximum yield is to
irrigate by maintaining Eta almost equal to Etp (Eta/Etp=1}.

There are two important aspects to be taken into
consideration while scheduling irrigation for wheat. The
first is scheduling for maximum yield under optimum moisture
supply conditions. The second aspect is scheduling for
optimum yield with maximum water-use efficiency under limiting
and expensive water supply conditions.

For maximum wheat production while moisture supply is not
a limiting factor, the concept of irrigation at IW/CPE of 1.0

or irrigation at field capacity or at 20 percent available
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soil moisture depletion (ASMD) in 0-60cm soil depth,
throughout growth period can be used as a guide for scheduling
irrigation. However, the general concept of irrigation for
maximum wheat production under abundant water supply is to
irrigate at the field capacity in maintaining the
evapotransipiration rate at the potential level (Eta/Etp = 1)
throughout the growth period, although many workers have
reported no significant increase in grain yield and water-use
efficiently for irrigation at the early and the last stages of
growth except in severe soil water stress conditions (Salter
and Goode, 1967).

In scheduling irrigation under limiting water supply
conditions, the various concepts of scheduling irrigation in
wheat production might be combined teogether with special
attention to the critical stages of plant growth and
development for water stress and water supply in order to
obtain the maximum water-use efficiency with acceptable level
of grain yield. Under limiting water supply conditions,
increasing water-use efficiency is of prime importance.
However, there must be a satisfactory compromise between yield

and water-use efficiency.
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2.4 Nitrogen

2.4.1 Yield and Yield Components

Fertilization of high yielding dwarf wheat varieties
should take into consideration how much of the wvarious
nutrients have been depleted by the previous crop. With the
intensification of wet season cropping, fertilizer requirement
especially nitrogen is likely to increase in the irrigated
areas of the savanna.

El-Sharkawy et al. (1977) reported a linear increasge in
ear length, number of grains/ear and the average grain
weight/ear as well as 1000-grain weight with increase in N-
level. Several workers have also reported a significant
response of wheat to N fertilization in respect of 1000-grain
weight (Hussaini et al. 1976; Ibrahim and Assey, 1976; Patra,
1990) .

It is commonly reported that nitrogen application
increases the number of spikes produced which has a direct
bearing on the yield since grains develop on the spikes (Gomaf
et al. 1977; Ellen and Spiertz, 1980 and Patra, 1990). 1In
their work, Villanuera and Montjoy (1973) reported that
increased nitrogen application significantly increased spike
length which is usually accompanied by increase in the number
of fertile spikelets/spike. Rathore and Singh (1973) observed
that increased nitrogen uptake generally resulted in increased

dry matter production.
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An increase in wheat yield with increase in N-levels from
60 to 150kgN/ha was reported by a number of researchers such
as 60kg/ha (Muir, 1989 and Woldeab, 1989), 90kg/ha (Chaudhry
et al. 1987), 100kg/ha (Singh and Balasubramanian, 1982;
Olugbemi, 1984 and Behura and Sharma, 1990), 120kg/ha (Singh
et al. 1980; Gami et al. 1986; Bharti et al. 1987; Davidkov
and Stamboliev, 1987; Dubey et al. 1987; Panda et al. 1988;
Pawar et al. 1988; Sarkar et al. 1989 and Pradhan et al.
1990), 150kg/ha (Amer et al . 1989).

Mayaki and Kumar (1982) reported the response of wheat to
nitrogen upto 180kg/ha boosted the grain yield by 230 percent
above control. Corresponding yield increase by 120 and 180kgN
over the preceding N level was 22 percent and 10 percent only.
Optimum N level of wheat worked out to be 150kg/ha. Goffart
et al . (1992) reported that excessive N application reduced
uptake and increased nitrate leaching to soil depths below

1.5m where the wheat roots do not usually penetrate.

2.5 Nitrogen and Irrigation

2.5.1 Yield and Yield Components

Nitrogen and irrigation normally interact to exert their
influence on growth and development of crops. Soil moisture

to a greater extent determines the uptake of nitrogen.
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El-Sharkawy et 1. (1977) reported a significant
interaction between nitrogen and irrigation on grain yield
and the number of grins per plant. Grain size and 1000-grain
weight increased as nitrogen rates increased but decreased
with water stress. Shimshi and Kafkafi (1978) reported that
the absence of nitrogen decreased s0il moisture extraction
during the grain filling stage. Patra (1990) revealed that
increase in fertilizer and irrigation rates, increased the
number of ears/m?, grains/ear and 1000-grain weight.
Singh (1978) reported that grain yields with 60kgN/ha
were the highest when irrigated at 75mm CPE and with 120
kgN/ha when irrigated at 75mm CPE up to the earing stage and
thereafter at 50mm CPE upto maturity. Singh et al. (1980)
revealed that yield of wheat was significantly affected by
irrigation water and N treatments. Maximum yield was obtained
with irrigation at 50 percent available soil moisture and
addition of 120kgN/ha. On the contrary, Malik et al . (1986)
reported that wheat grain yields were not significantly
affected by irrigation frequencies when 4 nitrogen rates were
used (0, 60, 120 and 180kgN/ha). The highest yield of
4 .68t /ha was obtained with 120kgN/ha.
Aremu (1983) using five levels of N (0, 50, 100, 120, and
150kg/ha and three irrigation intervals (5, 7 and 9 days) at
Bakura, reported significant increases in grain yield of wheat

with the application of 100kgN/ha after which there was no
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appreciable increase. Effect of moisture regime was
significant but the interaction between nitrogen and moisture
was not significant. Further, the crop yield decreased with
nitrogen application as irrigation interval from 5 to 7 days
caused a yield reduction of 14 percent while further delay of
irrigation to 9 days resulted in 25 percent yield reducticn.
Chari et al. (1980) testing wheat crop response to nitrogen
levels (0, 5, 100, 150 and 200kg/ha) under two irrigation
intervals (7 and 14 days) at Kadawa, reported a maximum yield

of 3.3t/ha with 150kgN/ha under 7-day irrigation schedule.

2.6 Sowing Date

The quality as well as the yield obtained from a crop
depends upon the various agronomic practices employed during
the growth and development period of the crop. Amongst all
the practices, date of sowing appears to be the most important
single factor limiting yield especially in wheat. The wheat
season in Nigeria is characterized by wide fluctuation of day
and night temperatures. The temperature decreases from
October to January and increases from February. The rising
temperature thus limits the growing season and the wheat yield
in relation to planting dates (Kumar et al. 1982). Date of
sowing, depending on the temperature conditions influences the
maturation period and the leaf area duration (LAD) of crops.

Date of sowing (depending on the prevailing weather
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conditions) significantly affected the days to wmaturity,
protein percentage and grain yield of wheat (Briggs and
Attinaw, 1979). Doyle and Marcellos (1974) associated low
grain yield of wheat from late sown crop to lower leaf area
and duration obtained after flowering. Nerson et al. (1979)
showed that early sowing increased the number of days to
anthesis but decreased the number of tillers/m? resulting in
lower grain yield.

Singh and Dixit (1985) reported that 5 wheat cultivars
shown between 10 and 25 November and 10 and 25 December gave
average grain vyields of 5.18, 5.64, 5.09 and 3.90t/ha,
respectively. The number of grains/ear and 1000-grain weight
decreased in the late sown crops. Afzal and Nazir (1986)
working with 2 wheat cultivars sown on December 12 and January
4 reported that yield was greater in both cultivars from
sowing in December rather than January. However, there was no
significant difference in straw yield between sowing dates or
cultivars. The 1000-grain weight was greater in early sown
wheat (December) and in cultivar LU26 and the number of
grains/spike was greater from sowing in December and in
cultivar SA 75.

Delaying sowing date decreased yield (Ibrahim et al. 1976
and Drewit et al. 1978) as a result of smaller number of
grains/ear, fewer ears/m? and a lower grain weight. Alsg,

concerning delay in sowing date, Singh and Kumar (1981)
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reported a decrease in water-use efficiency in wheat with
delay in sowing date. Ansari et al. (1989) reported a decline
in the number of tillers/plant, grains/spike, 1000-grain
weight and grain yield as sowing was delayed from November 1,
10, 20 to December 1, 10 and 20. Various other reports
(Larter et al. 1971; Lensik, 1971; Anonymous 1979; Jain et al.
1992) have alsoc shown that late sowing decreased grain yield
by decreasing tillering and the number of grains/plant.

Kumar (1985) reported low grain yield of 0.81 - 1.92t/ha
with 5 wheat cultivars grown under late sown conditions
(December 19 and 31). Kalyan et al. (1985) in their trials
with 3 new wheat cultivars sown on November 6, November 21 and
December 6, reported that the crops Sown on November 21
resulted in 6.9 and 18.0 percent higher yields than those sown
on December 6 in the two seasons, respectively. This sowing
date also produced an increase of 11.5 percent in yield over
the November 6 sowing date. Chaudhary et al. (1988) reported
that for wheat sown at biweekly intervals from late October to
early January, the yield showed a quadratic relationship with
the number of days after sowing on 23 October; the opt imum
sowing date was around 12 November. Crops sown at the optimum
date induced greater rooting in the profile.

Sharma et al. (1989) in assessing grain and straw yields
of 4 varieties of wheat at 3 sowing dates (10 and 30 November

and 15 December), reported that variety WH 711 gave
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significantly higher yields than the other varieties when sown
on the normal date (10 November). There were no significant
differences when the varieties were sown on 30 November. The
varieties PBW 34 and DWL 5023 were significantly better than
the others with late sowing.

Sandhu et al. (1978) working on 3 sowing dates (November
10, December 5 and 30) of wheat, repcrted that maximum grain
yield of 3.76t/ha was obtained by sowing on November 10; which
declined to 2.90 and 1.54t/ha when sowing was delayed to
December 5 and 30, respectively. Similarly, Habib and Makki
(1979) in their trials with wheat cultivar Super-X sown on 4
sowing dates between November 1 and January 9, revealed that
the optimum sowing date of wheat was in November giving
average grain yield of 4.40 to 6.76t/ha. Yield and yield
components decreased greatly with later sowings. Prasad
{1979) also found that delay in sowing at 2-week intervals
between November 15 and January 11 produced decreases in grain
yields of wheat from 3.48 to 1.25t/ha. FKumar and Mayaki
(1982) also reported significant decline in grain yield with
delay in planting beyond November which was attributed to
reduction in head length and 1000-grain weight. Similarly,
Palmer-Jones (1978) also working at Kadawa reported that
planting wheat in November gave significantly higher grain
yield compared with the December planting. Kumar and Yayock

(1980) reported a grain yield of 4640kg/ha for timely sown
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(mid-November) wheat as against 59 percent lower grain for
late sown (mid-December) crop. This reduction was as a result
of the decrease by 35, 24 and 23 percent in the 3 yield
components of number of grains per head, 1000-grain weight and
the number of productive shoots per unit area, respectively.
Cooper (1992) in his work revealed that yield reduction
increased with later sowing date. For each day later than 15
November, the mean grain yield fell by 1.3% or about
68kg/ha/day. Rising temperatures not moisture stress seemed
to be the factor causing the decreases in yield with late
sowing. However, Winter and Musick (1993) attributed the
reduction in grain yield in relation to late sowing of wheat
to insufficiet rcoting to fully extract soil water from blow

the root zone.
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CHAPTER 3.

3.0 MATERIALS AND METHODS

3.1 Growth Chamber Experiment

A growth chamber experiment was conducted at the
Hydrotechnical Laboratory, Royal Veterinary and Agricultural
University, Copenhagen (Denmark) between June and November,
1984 . The object of the experiment was to evaluate the
performance of two dwarf wheat varieties under 4 moisture
stresg treatments with emphasis on crop and soil water status.
3.1.1 hysical pr i il

Some physical properties of the soil used for the growth
chamber experiment are given in Appendix 1. the texture of
the soil was determined after passing the air dried soil
through a 4mm sieve. Texturally the soil was loamy sand
similar to Kadawa soil which was moderately deep sandy clay
loam with loamy sand tops.

3.1.2 Scil moisture characteristic curve

The so0il moisture at Field Capacity (FC), permanent
wilting point (PWP), and available moisture content for the
g0il used was determined from moisture characteristic curve
using pressure plate (Fig. 1). The FC and PWP of the soil

were 14.00 and 3.60 percent respectively on dry wet basis.
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3.1.3 Treatment and design

Two dwarf spring wheat (Triticum aestivum L.) varieties
‘Scnalika’ and ‘Siete (Cerros' were subjected to three stress
treatments (0.0, 0.25, 0.50 and 0.75 FC 1loss) making 8
treatments. Each treatment was repeated 6 times in completely
randomised design.

The wheat plants were grown in pots 23c¢m in diameter and
27cm in height. The pots were randomly placed in two growth
chambers and were rotated frequently in order to eliminate any
effect due to their positioning in the chambers. Two set of
pots (16 pots}) were used for sampling for the plant water
relation studies and soil moisture determination. Thus, four
sets (32 pots) were used for growth, yield components and
grain yield determination.

Each pot contained 21kg of air dry soil to which 11.0g
(NH,) , HP%; 6.0g urea (NH,), CD; 12.2g MgS0,. 7H,0; 3.0g CaCD,;
0.99 MnS0,.H,0; 0.5g CuS0,.5H,0 and 11.5g K,S0, coressponding to
5.1g N; 2.6g P; 1.0g Mg; 1.2g Ca; 0.16g Mn; 0.13g Cu and 5.0g
K, respectively were applied.

3.1.4 Weather parameters in growth chamber

The day and night mean temperatures were maintained at 22
and 12°C, respectively. The day light intensity used was
400uE/S/m? (400 - 700nm) which corresponded with the
photosynthetically active rediation (PAR), the only light

waveband to which plants respond. The dark and light periods
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used were 14 and 10 hours, respectively.
2.14% s _an win
Prior to sowing, 2.5 litres of distilled water was
applied to each pot to bring the soil to saturation level.
Twenty four hours after saturation, 50 seeds were sown on 25th
July and 10 days later the seedlings were thinned to 25.
Before sowing, the seeds were soaked in distilled water and
kept under aeration for 24 hours to ensure good germination.
The pots were covered with aluminium paper for 2 days to
prevent evaporation l1oss until the seeds began to germinate
under screen house condition. Four days after seedling
emergence, the pot surface was covered with 2.0cm thick layer
of perlite to minimize the direct evaporation loss from the
soil surface.

3.1.6 Moisture SCYess

Moisture stress was imposed from the third week after
germination up to two weeks before harvest. the stress was
imposed by withholding water application until the moisture in
the soil reached the desired level (0.0 (no stress), 0.25, 0.50
and 0.75 of the field capacity of the soil) and thereafter
water was added to return the soil moisture content to field
capacity level. This was accomplished by taking pot weights
daily using an electric balance. Bagsed on soil moisture
deficit, irrigation was scheduled out daily in the control or

fully irrigated treatments throughout the entire crop growing
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period in order to maintain optimum soil moisture condition.
Similarly, all other pots were irrigated after attaining the
desired moisture depletion level.

3.1.7 Observations, measurements, calculations and analysis.

3.1.7.1 Plant growth and development

Plant height was measured weekly from soil level to the
tip of the tallest leaf before jointing stage and the top of
plant /ear after jointing and heading excluding awns.
3.1.7.2 ranspirati n i - | nti

The transpiration rate was determined daily by weighing
the pots about 2 hours after the light was switched on. The
daily change in soil water content during the stress period
was calculated by subtracting the daily transpiration from the
field capacity level.

The soil matric potential corresponding to the respective
soil water content was determined by collecting soil samples
from the whole soil profile (0-1 and 15-27cm) using a small
auger at the end of each stress cycle.

3.1.8 Crop water status

Stomatal resistance, total water and osmotic potentials,
water content and relative water content of the second
youngest leaves (next to the flag leaf) were studies from éth
week to 13th week about 4 hours after the light was switched
on. The same leaves were used for measuring the following

parameters.
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3.1.8.1 Stomatal resistance (r,)

Stomatal resistance against water vapour diffusion on the
abaxial 1leaf surface was measured weekly by a diffusion
porometer L1 - 700 (Lambda Instruments Corp., USA). The
diffusive rate porometer gave direct readings for counts.
From the counts using the calibration curve of the porometer
obtained from counts against known resistance, the stomatal
registance was determined. Since the calibration of the
porometer varied with level of humidity and with changes in
air temperature, the porometer was kept for some time in the
same condition as the plants. The measurement for stomatal
resistance was made on both upper and lower surfaces of 3
fully expanded leaves per pot under each treatment.

3.1.8.2 Leaf water status

In order to obtain some information on leaf water status
under various treatments, the total leaf water potential (y1,)
leaf osmotic potential (ylwm), leaf water content (W) and
relative water content (RWC), were measured in the same leaves
per pot used for measuring stomatal resistance.
3.1.8.3 Total leaf water potential (y1,)

The total 1leaf water potential was measured on the
detached leaf with the leaf sheath by pressure chamber method

as described by Slavik, (1974) and Miller and Hansen, (1975).
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One fully 2nd expanded leaf from each treatment was cut
with a sharp blade and carried in a plastic box immediately to
the pressure chamber for measuring the total water potential.
3.1.8.4 ate (=} W nd r ive w r _conte

ARWC)

Soon after measuring total leaf water potential, the
leaves were kept in a specially designed highly humid box in
order to prevent leaf evaporation. The RWC in leaves were
determined as per the procedure given by Barrs and Weatherly
(1962). Within minutes two segments of the fresh leaf each of
about 2.0cm were cut and weighed (Wt,) and then placed in a
water bath at 18°C (almost similar to leaf temperature) for 4
hours under weak light intensity in order to obtain turgid
weight. After saturation and taking the turgor weight (Wt,),
the leaf segments were oven dried at 80°C for 24 hours and
were weighed again to obtain dry weight (Wt,). Leaf water
content (W) and relative water content (RWC) were then

calculated as follows:

Water content, W = ~-----=---- x 100

Relative water content, RWC = --=--=--~--- x 100
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3.1.8.5 Leaf osmotic potential (y'm)

After taking the samples for W and RWC, the rest of the
fresh leaf segment was frozen at - 20°C for 3 days in order to
kill the tissue. After thawing and squeezing, the osmotic
potential of the extracted leaf sap was determined by a vapour
pressure osmometer using the thermocouple psychrometric method
as described by Slavik, (1974).

3.1.8.6 Leaf pressure potential (y')

Leaf pressure potential or 1leaf turgor pressure was
calculated from the measured wvalues of total leaf water
potential and 1leaf osmotic potential according to the
equation:

Ve = ¥ o+ Wi

3.1.9 XYield d yi omponen

The wheat crop was harvested at two stages. Post harvest
parameters namely length of spike, grains/spike and grain
weight were determined from 5 spikes/pot prior to harvest
about 100 days after sowing, and the secondary tillers were
harvested 10 days later. The stalks were harvested 4 days
after secondary spikes were harvested. The produce was oven
dried for 24 hours at 70°C. Seeds were threshed, winnowed,
separated and weighed for 1000-grain weight and grain yield

per pot.
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3.2 Fi xperi

3.2:3 Field Experiment I - Effect of water stressg, sowing
and vari

3.2.1.1 Experi al Degign and Treatm

Field experiments were conducted in a split-plot design
using 3 water stress levels X 3 sowing dates as main treatment
in a factorial arrangement and two dwarf wvarieties as
subtreatments. Water stress levels were based upon Irrigation
water/Cummulative pan evaporation (IW/CPE) ratio of 0.50, 0.75
and 1.00 allowing CPE to build up to 120, 80 and 60mm for the
3 stress treatments, respectively. Sixty millimeters (6.0cm)
depth of water was supplied at each irrigation using water
flow meter and based upon the soil moisture characteristics
given in Appendix 2. The 3 sowing dates were 10th November

(early), lst December (medium) and 22nd December (late). The

two dwarf wheat wvarieties wused were ‘Sonalika’ (early
maturing) and ‘Siete Cerros’ (medium maturing). The size of
the subplot was 5 x 2m. To avoid any seepage effect, an

unirrigated strip of 1.5m width was left between all main
treatment. The subplot accommodated nine rows out of which 3
were treated as border rows, 2 for destructive sampling and
for yield estimation, 4 rows were harvested (1x5m) as net
plot. A representative field layout sketch during 1983/84 is

ghown in Appendix 3.
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3.2,1:2 Lan re atio

The land was irrigated, ploughed and harrowed twice to a
fine tilth and was divided into subplots of 5m x 2m with
vacant strips of 1.5m around all main plots. Provision for
irrigation channel to lead water to each subplot was also
made.
3.2.1.3 Soil analysis

Soil samples were taken at the beginning of each season
at random throughout the field at a depth of 0 - 60cm prior to
fertilization and the fertility status of the field determined
from a composite sample of all random samples of the field.
The soil samples were analysed for N, P and K using Kjeldhal,
Bray 1 and Ammonium acetate (PH = 7.0) methods, respectively
(Appendix 4).
3.2.1.4 Fertilizer application

The recommended dose of 50kgN, 45kg P,0, and 30kg K,0/ha
were broadcast ana incorporated into the socil using CAN,
single superphosphate and muriate of potash. A second dose of
50kgN/ha was top-dressed at 4 weeks after sowing using urea
(46%N) .

3.2.1.5 Seedg and sowing

The recommended seedrate of 100kg/ha was dressed with
Aldrex T and sown as per the sowing date treatments. The
seeds were sown by hand in a drill at 2.5cm depth and 25cm

between rows.
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3.2.1.6 Weed control

Weeds were controlled twice by hand weeding at 4 and 7
weeks after planting. Thereafter, there was no weed problem
as the crop canopy gave a good ground cover. However, later
in the season (mid-February), with rise in temperatures, a few
broadleaved weeds appeared in the field but did not pose any
problem toc the crop.
3.2.1.7 Meteorological data

Meteorological data recorded for the 3 experimental
seasons 1is given in Appendix 6. The daily pan evaporation
values recorded were used 1in scheduling irrigation as
described earlier.

3.2.1.8 Observations

The detailed procedures for recording various soil and
plant parameters in the two field experiments are described
below:

(a) Pre-harvest crop obsgservations

For periodic observaticns during the crop growth, 10
samples plants were used for some parameters, while inothers
as in tillers and spike counts, 0.5m linear length was used
and the number was estimated/m? therefrom.

(i) Plant height

Height of the main shoot from the sampled plant was
recorded in cms from soil to the tip of spike

excluding awns at maturity.
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(ii) Number of tillers

(iii)

(iv)

(b)
(1)

(ii)

Number of tillers was recorded from each
subtreatment at 7 and 8 weeks after planting for
‘Sonalika’ and ‘Siete cerros’ and the number of
tillers/m? calculated. The two varieties completed
tillering at this age.

D a cumu
The plants were sampled at 3, 6, 9 and 12 weeks
after sowing, sun-dried and then transferred to an
oven and dried at 75°C till they attained a
constant weight which was recorded. The dry matter
content was determined/m? therefrom.
Number of spikes/m?
The number of spikes were counted from 0.5m row and

the number of spikes/m? determined therefrom.

v rva

Len f ik

Length of spike was measured in cm from 10 sampled
plants in each treatment and recorded.

Weigh rai

Weight of grains from 10 sampled plants in each
treatment was recorded in grains and weight of

grains/spike was worked out therefrom.
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(1ii) Number of grains/spike
The number of grains from 10 sampled plants were
counted and grain number/spike worked out
therefrom.

{iv) - in wei
Three samples of 250 seeds each were counted from
each subplot and weighed. One thousand grain
weight in grams was estimated therefrom.

(v) Straw yvield

The plants were cut from the base as close to the
ground as posgible, dried in the field and followed
by drying in the oven at 75°C until they attained a
constant weight. The weight of straw from sampled
plants was also added to the weight of straw/plot.
The data was converted from g/plot to kg/ha.

(vi) Grain yield
Yields of subplot inclusive of 10 sampled plants
was dried until they attained a constant weight.
The yields in g/plot were converted into kg/ha.

(¢) Soil moisture obsgervation

Soil moisture determinations were made by gravimetric
method from sowing up to two weeks before harvest at periodic
intervals to get some basic parameters. These studies were
done in one replication only therefore was not analysed

statistically. Soil samples were taken from three different
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soil depth namely 0-30, 30-60 and 60-90cm by means of an
auger. Soil moisture percentage was determined by oven drying
the soil samples at 105°C for 24 hours and the moisture
content calculated on dry weight basis with the help of the

following formula:

Where:
PW = percent soil water
WS, weight of wet soil
WS, weight of dry soil

The loss in moisture was expressed as percentage of oven

dry soil.

(1) soil moisture depletion pattern
Soil moisture depletion was worked out layerwise for
three different depths (SMD, - SMD,) for the period between two
successive soil samplings during the crop growth. After this,
the total moisture depleted (SMD) from the root zone depth
(0 -90cm) was calculated using the expression:
SMD* = SMD, + SMD, + SMD,
Moisture depletion for each layer was expressed as

percentage of total soil moisture depletion in each period.
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3.2.1.9 Water-use efficiency (WUE)

WUE of the crop was calculated viz:

Weight of the grains (Y) in kg/ha

Consumptive use (CU) of water in mm/ha

3.2.2.0 Statistical analysis

The date collected were subjected to statistical analysis
of wvariance as described by Snedecor and Cochran (1967).
Regression analysis was done to determine yield potential
using response of different degrees of peclynomials for dates
of sowing, water stress and nitrogen levels as per the
procedure described by Little and Hills (1978).

Path-coefficient analysis was conducted to establish the
relative importance of major determinants of grain yield in
each of the two field experiments as well as in combined
analysis. Three wvariables were included in the path-
coefficient analysis namely (1) 1000-grain weight (2) grain
number/spike (3) spikes number/m2 and their relative
contribution was examined on grain yield (4). The nature of
the causal system was also represented in path diagrams with
double arrowed lines indicating mutual associations measured
through simple correlation coefficients (r,,, r,, and r,,) and
single arrowed lines representing direct influence as measured
by path coefficients constants (P,,, P,, and P,,). The direct

and indirect coefficients with grain yield for all possible
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comparisons were worked out and tabulated as described by
Johnsen (1973).

Polynomial response or multiple correlation measures the
combined relation between a dependent and a series of
independent variables. It is the correlation between the
observed values of the dependent variable and its estimated
values for the independent variate values, estimated with the
help of the multiple regression equation.

If the deviations between observed and expected of a
response will not fit in, the deviations between observed and
expected of the next degree of polynomial is tested. If the
deviations are not significant using a chi-square test, it
signifies the goodness of fit of that particular degree of

polynomial response.

3.2.3 Field Experim I - W r

1.2.3.% Experimental Design and Treatments

The experiments were conducted in a randomised block
design involving 4 nitrogen levels (0, 75, 150 and 225kg/ha)
and 3 water stress levels of 0.50, 0.75 and 1.00 based upon
IW/CPE ratios as in Field experiment I. Thus, 4 x 3 factorial
combinations were allocated randomly to each replications

(Appendix 7). The gross plot size was 5 x 2m with a strip of
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1.5m wide all around the individual treatment plot to avoid
seepage. Out of the nine rows in each gross plot, 3 rows were
treated as border, 2 rows for destructive sampling and the
remaining 4 rows were harvested as net plot (1 x 5m) for yield
estimation.

3.2.3.2 Other Experimental Details

Land preparation, soil analysis, seeds and sowing, weed
control measuresg, irrigation, meteorological data and
procedures for taking observations were described in detail in
experiment I. Only one variety (Siete cerros) was used in
this experiment.
3.2.3.3 P ilizer i

The two fertilizer, single superphosphate (18% P,0,) and
muriate of potash (60%K,0) were applied uniformly to the
experimental plots before sowing. Nitrogen was applied in two
equal splits at sowing and 4 weeks after sowing through Urea

(46%N) to the plots as per the layout of the experiment.
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CHAPTER 4
4.0 RESULTS
4.3 Growth Chamber Experiment
4.1.1. Plant height

Taller plants were produced by the control (no stress)

followed by 0.25 field capacity loss (mild stress), than the
moderate and severe stress levels, respectively. Water stress
effects were found to be more pronounced on ‘Siete Cerros’
than on ‘Sonalika’ (Fig.2 and 3).

Plant height in ‘Sonalika’ reached its maximum at 77 days
after emergence although the 0.50 FC loss (Fig.2). The control
and 0.50 FC loss stress produced taller plants that continued
growing even after 77 days from emergence in ‘Sonalika‘.
Similar response was recorded in ‘Siete Cerros’. Growth was
generally higher in ‘Siete Cerros’ at all levels of stress
except the control indicating its better response to water

stress as compared to ‘Sonalika’.

4.2. Crop Water Relations

4.2.1 Transpiration

Both varieties grown under no stress transpired more

water than stressed conditions. A general trend of appreciable
decrease in transpiration rate was observed at 70 days after
sowing irrespective of stress level or variety. During the

peak transpiration period, 100 days after sowing (DAS), under






