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ABSTRACT

Two experiments were conducted to study the performance of several wheat
genotypes for grain yield and other agronomic traits under field conditions or
simulated drought under greenhouse conditions.

Field experiments were carried out at three locations which were Ramiha
Agricultural Research Station where the average rainfall is 220mm, Mushaquar
Agricultural Research Station (350mm) and Jubeiha Station (470mm),

Sixteen wheat genotypes which are Hourani (local genotypes), Stork, Jubeiha
and thirteen advanced progeny lines derived from Hourani X Stork were evaluated at
the two experiments. Maru, Petra Om-Rabi-14 and Golan were also included in the
green-house experiment.

The genotypes varied in their biological and grain yields at the three
locations tested, indicating that the necessity fo practice selection in the target
environments. Few genotypes of Hourani X Stork cross were found to be superior to
Hourani at Ramtha, the driest site. The association between agronomic traits
studied showed that awn length was strongly associated with grain yield, biological
yield and fertile fillers at the driest location {Ramtha), whereas flag leaf area was
associated with kernel weight at wet sites (Mushaquar and Jubeiha). This shows the
importance of awns under moisture-limited conditions and flag leaf area under
favorable conditions. The genolype HNXST.13 gave high fertile tillers at Ramtha and
Jubeiha locations indicating that it could be a promising drought tolerance genotype.

The negalive correlations between heading date and most of the agronomic

fraits confirme the need to develop early heading cultivars as a way to escape from
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drought and high temperature during seed filling period.

In the greenhouse experiment, two irrigation treatments field capacity

treatment and one thired available water freatment were applied. The differences
between the méans of the two treatments were significant for biological yield,
Straw yield, peduncle length, number of fertile spikes per pot, heading and maturity
dates and water use effeciency. The interaction between irrigation treatments and
genolypes studied was not significant except for plant height, heading date, flag leaf
area and biological yield characters indicating each factor was acting independently.

Late heading genotypes suffered from high lemperature in the greenhouse
thus resulting in failure of spikes to produce fertile spikelets. Genotypes recieving
one third available water treatment headed and matured earlier as compared with
the field capacity treatment. Hourani produced the highest values for weight of roots
which could be an important factor for Hourani adaptation to rainfed conditions and

should be utilized as a source of root weight and length in breeding programs for
drought tolerance.
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INTRODUCTION ‘

Durum wheat (Triticum turgidym L. var. durum) is one of the most important
winter cereal crop grown under dry land conditions generally and in Jordan
particularly. 1t is consumed mainly in the form of bread. Currently, per capita
consumption is around 130-150 kg per annum. Despite it is importance in diets,
Jordan has to import on the average over 60% of it is wheat requirments. In years of
poor harvests, the self suffeciency ratio can drop to as low as 10-15 percent. It
grows in areas receiving 200-500 mm of rainfall and occupies the largest area
planted to a single crop under Jordanian condition. The Near East and the Maghreb
countries produce around 40 million tons of wheat per yeér, i.e 10% of the world

production. In Jordan the average area and production of wheat for the period 1980-

1988 were 56.12 thousand ha and 47.2 thousand Mt respectively, whereas the
average yield was 0.84 Mt'ha for the same period. (Appendix 2).

The major factors which determine the productivity and adaptability of wheat
under rainfed areas are yearly preciptation and distribution over the growing season.
Therefore the development of cultivars which tolerate drought and are adapted to
the wide range of moisture conditions differing from season to season and from
location to other is very important aim in plant breeding programs.

The present study aims at evaluting yield and some of the agronomical traits of

ditferent wheat genotypes grown under dry land conditions in the field or simulated

drought conditions in the green house.
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REVIEW OF LITERATURE

As one of the most important man's principal food crop, research was
conducted on wheat all over the world. Breeding, physiology and production
researches for wheat have focused on increasing yield potential. Average yield per

unit area has risen many folds in high moisture environments, while increasing

yield under dry conditions has been less impressive.

In this section drought and it is interaction with yield and other agronomic

characterisitcs of wheat is reviewed.

Drought and its effect on the yield and some agronomic traits:

The major climatic factor affecting crop productivity and adaptibility in dry
areas is yearly precipitation and its distribution patterns. Many definitions were
developed to discribe drought in many ways and means.

Kramer (1983) defined drought as a period of sufficient duration without rain
to cause injury to plants. Van Bavel and Verlinder (1956) cited by Kramer (1983)
defined agricultural drought that when the readily available water in the root zone
is exhausted, meaning that the soil water content has decreased to approximately
the permanent wilting percentage. Osmanzai et ai (1987) described drought as a
condition in which available soil moisture is reduced to the point where the plant
cannot absorb it rapidly enough to compensate for transpiration and the drought
occurs as a result of low precipitation, high temperature or wing.

Drought resistance is the ability of plants to obtain and retain water as well
as continue it's metabolic function during a period of low water potential in it's

tissue Osmanzai efal, (1987). Amon (1972) sited by Osmanizi etal (1987) defined
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Grought resistance as the abilly 1o sunvive drought conditions without injury.

Maxmov, cited by Nour AbdElatil (1978) suggested practical definition for
drought resistance as the ability of plants to withstand drought and recover readily
after permanent wilting with minimum damage to the plant and to the yield
produced. Todd and Webester {1965) stated that the ability to photosynthesize
while under water stress or to recover more quickly after rewatering might
contribute  to drought resistance. Levitt (1972} defined two major components of
the resistance which are dehydration avoidance which is characterized by
maintenance of favorable plant water status and is measured by the relative
maintenance of a higher plant water patential in a given genotype under conditions
of soil moisture stress and drought tolerance represent. mechanisms which allow
the plant to survive and produce under conditions of high internal water stress.

Quizenberry, cited by Osmanzai et al 1987 stated: that to plant breeders,
droug'ht resistance is the ability of one genolype to be more productive with a given
amount of soil water than another.

May and Mithorpe (1962) have defined drought resistance as the ability of
varieties or species to grow and yield satisfactorly in areas liable to periodic
drought. Also they divided drought resistance to three main types; drought escape or
ability to complete the life cycle befor being subjected to serious water stress,
drought endurance the ability to survive drought with high' internal water content

maintained during the drought period by virtue of adeep root system or by reducing

franspiration, and drought endurance with low internal waler content during the
drought but with the ability to recover and grow rapidly when the soil water is

replenished.
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Blum g1 3l (1961) proposed tha Genydration avoidance is the important
component of drought resistance, and he defined dehydfalion avoidance as plant
abilty to maintain a relatively higher leaf water potential under conditions of soil
moisture stress.

Kozlowski (1968) classified dry region planis into four groups; drought
escaping, drought evading, drought enduring and those that resist by storing up
awater supply to be used when soil moisture is scorce.

Keim and Kronstad (1979) stated that the main objective of breeding for
moisture stress areas should be the development of drought resistancé cultivars,
these same cullivars also should be adapted to the wide range of moisture
conditions encountered from season to season and location to location. Brucker and
Frohberg (1987) have stated that development of stress tolerant cultivars is an
objective of many breeding programs, but success has been limited due 1o
inadequale screening techniques and the lack of genotypes that show clear
differences in response to well defined environmental - stresses. Because total
drought resistance of a plant cannot yel be defined physiologically Blum et al
(1981), and simple tests of tissue for stress tolerance have not been developed
adequately (Fisher and Maurer, 1978), grain yield and yield stability under
enviranmental stress remian major selection criteria for stress tolerance in many
breeding progams (Brucker and Frohberg 1987).

Yield stability defined as the ability of a genotype to avoid substantial
fluctuations in yield over a range of environments. Heinrich gt a| (1983) proposed
that mechanisms in yield stability fall into four general categorigs, genatic

heterogeneity, yield component compensation, stress tolerance and capacity to
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recover rapidly from stress. Nachit, M. {1988) prdposed that stable varieties are
necessary to achieve reliable production in dry areas.

Quarrie (1980) had stated that for many years physiologists and breeders have
been looking for characters which reliably predict drought resistance, but
relatively little success was achieved. The problem is two fold; first, drought itself
often varies both in its severity and timing, and this determihes the way and extent
to which yield may be reduced. Second, few scientists studying the problem have
had adequate genetic materials for testing the effect of variation working with
breeders to create the genetic diversity necessary for this :'work.

Asana et al. (1958} and Kozlowski (1972) proposed that the best indicator of
drought resislance in cultivated plants is constant yield under field conditions.
However, this manner of evaluating drought resistance is the result of many
physiological processes and it depends, among other things, on the adaptation of the
plants developmental cycles to periodically occuring drought, on changes in the
anatomical-morphological structure of above-ground organs which protect tissue
against water loss and also on protplast dehydration tolerance.

Nachit and Guassou (1988) explained the acceptance of durum wheat by the
farmers in the dry areas due to the tolerance of this type of wheat to drought. The
objective of all dry land farming in water limited environments is to maximize
economic yield per unit of growing season rainfall (Furner et al 1987).

Plants differ in their response io water stress. In those which are drought
susceplible, the physiological processes are adversely affected even by a small
reduction in tissue hydration, those that are drought tolerance possess mor-

phological or metabolic proporties which enable them to maintain a high degree of
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lissue hydration even under |imiteg waler Supply Shinshi et al, (1982). Levit
(1972}, Shinshi et af (1982) proposed that truely drought-tolerant species can
servive long periods of low tissue hydration.

Hassan (1982) stated that breeding for the drought tolerance could save in the
amount of consumed water or produce more yield for the same amount of water
consumed. And he suggested few steps in breeding for drought stress including
evaluation of materials for individua! traits associated w:th drought resistance as
well as for yield performance under stress conditions, then intercrossing of
cultivars with anumber of these traits and subsequent selections in the segregating
generations of lines combining these characteristic with high yield under stress.

Harris et al (1987) reported that productivity is not only limited by low/or
uncertain rainfall, but also by both low and high extremes of temperature. The
overall reduction in yield of acrop depends on the number and duration of periods of
water stress' and the intensities there of experienced by the plant during ontogeny
(May and Milthorpe 1962).

Slatyer (1967) stated that water stress is one of the most wide spread
environmental variables affecting plant growth. It affectes all phases of plant
growth from the seedling to the mature plant. In addition water stress has a
prefound influence on plant metabolism from the subcellular to the plant organ
levels (Hsiao 1973).

McCree (1974) proposed that water stress affects the growth rate of a plant
in at least two ways : the rate of increasing of leaf area is slowed by loss of turgor,

and the rate of photosynthesis is decreased both by the closing of the stomata and

other means.
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It "has been shown with various ceregls that water stress at almogt any
growth stage between spike initiation and maturity is likely to cause a significant
decrease in grain yield, Aspinall et al (1964) and Gates 1968). However, effects
appear to be more pronounced in tissues and organs that are in the most rapid
stages of growth or development at the time of stress (Aspinall etal 1984, Begg
and Turner 1976).

Qosterhuis (1983) cited that Salter and Goode (1967) concluded from 2
compr-ehensive literature review that the phase of rapid stem elongation and
spike-emergence, when floret development occurs, was especially sensitive 1o
water stress and effects at this time were in many causes irreversible and could
not be compensated by providing optimum water conditions during later stages of
growth. Grain yield in wheat was particularly sensitive to plant water stress in the

phase of growth just prior to spike-emergence (Fischer, 1973).

1. Biological _Yield:

The biological yield of a cereal crop is the total yneld of plant materials which
IS an integrative major of the combined effects of photosynlhesns and respiration
during the growing season. Passioura (1977} proposed a simple mode! for above-
ground dry matter which equal to T X WUE where T is the amount of water
transplred by the crop and WUE is the efficiency in which this water is used. He
reported that biological yield in a water-limited production areas is directly
related to the water supply Passioura, (1981).

The usual effect of water stress in reducing biological yield and grain yield is

well established, but the intensity of the effects may be greatly influenced by the
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developmental stage at which the stress occurs (Donald and Hamblin 1976). The

organ which is growing most rapidly at the time of stress is the one most affected

(Aspinall etal. 1964).

ll. Grain Yield

Grain yield of a crop is the expression of it is genetic yield potential in 3 given
environment. Grain yield of a crop can be expressed as the product of biological

yield and harvest index Donald and Hamblin, (1976). Grafius (1956) represented

yield in oats as the volume of a paralleleprped whose edges represented the
components of yield : panicles per unit area (X), the average number of kernels per

panicle (Y) and the average kernel weight (Z). Thus yleld per unit area is the product,
(X) (Y} (Z) and he Suggested the importance of working with yield components which
are likely to be more simply inherited than yield itself. Yap and Harvey (1972)
reported that increased grain yield in cereal crops is achieved by selecting for grain
yield or for yield components such as the number of heads per plant, the number of
kernels per head or kernels weight.

Grignac (1973) defined yield as the product of the number of spikes at the

surface unit by the number of grains per spike and by the weight of one grain,

Ibrahim et al (1983) indicated that selection for yield components i.e., number of

spikes/plant, kerne! number per spike (product of number 0s spikelets/spike and
kernels number per spikelet), and kernel weight, which are under relatively simple
genetic control, has been more effecient than selection for y:eld per se. McNeal et al
(1954) concluded that yield increases are the result of mcreasrng number of head

per unit area, number of kernels per head and kernel weight. Donald (1968) stated
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that wheat breeding programs have been based on selection for yield by itself

rather than physiological characters which control yield,

Crop yield depends primarily on the amount of moisture available to the plant
during growing season. Miglietta etal {1987) considered cro;; yield as a result of an
interaction among amount of water available to a crop during the growth cycle,
water use effeciency and harvest index. The quantity of water available to a crop
depends on the amount of water stored in the soil profile at sowing plué infiltrated
rainfall during the crop life (Miglietta gtal 1987).

Fischer (1973) found that water stress applied 10 days befor spike emergence
has been shown to have agreater effect on wheal grain yield than when applied at
other stages of development.

Fischer et al (1977) found that the most sensitive period for water stress
which was largely associated with decrease in grain number extended from 25 days
before to 20 days after spike emergance. Thomas et al (1982} found that higher
grain yield was associated with improved moisture conditions over the growing
period, and the highest correlations being between grain yield and available soil
moisture level at ear emergence in the two crosses tested.

Aggarwa (1984) studied the effect of water stress on grain growth and
assimilate partitioning in two cultivars of wheat, he found that water stress

reduced leaf area, dry matter and grain yield significantly, and concluded that
water stress reduced the final grain weight by curtailing the duration of the grain

filling phase.
There is some controversy as to the relationship between yield and it's

components under stressed compared to non stressed growing conditions. Roy and

380572
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Murty (1970) reporied that selection for yield and it's components was more

effecient under optimal than under suboptimal growing conditions. Donlad, (1968),
Hurd (1971) concluded that cultivars selection under well irrigated conditions may
not perform well under water stress conditions. Blum (1973) evaluvated 21
different grain surghum hybrids under normal and stress conditions. He found that
-resistant hybrids performed better than the susceplible one understress by
producing relatively higher number of panicles per unit area, and more grains per
panicle branch. However, under nonstress irrigated conditions, susceptible hybrids
performed beiter than the resistance ones due to arelatively higher number of
paniéles per unit area and large 1000-kerne! weight.

Clarke el al (1984) observed significant differences between irrigated and
rainfed yield of ten genotypes of durum wheat exhibited highest grain yield in the
non stressed environments as compared to stressed environments. He concluded
that selection for high yielding and widely adapted genotypes would be preferable

to selection for high drought resistance per se.

Harvest index

Harvest index in cereals is defined as the ratio of grain yield to the biological
yield. It measures the effeciency of conversion of photosynthates into economic
yield. Harvest index has also been known as coefficient of effectiveness by
Nichiporovich (1960) and migration coefficient by others.

Harvest index has been recommended as a selection criteria for increasing
yield of cereals by several research workers., Singh and Stoskopf (1971), Fischer

and Kertesz, 1976 and sharma 1987.
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Bhatt (1967) stated that improved harvest index represents increased

physiological capacily to mobilize photosynthates and translate it to organs having
economic value. Harvest index is useful measure of yield potential and is relatively
easy lo measure on alarge number of plants. While kraljevic and Borojevic 1988,
have reported that no significant correlation between harvest index and yield.

The relation between plant height and harvest index was studied. A negative
correlation between harvest index and plant height was found, Sharma (1987),

Kralievic (1988) and Allan (1983).

Singh and Stoskopf (1971) have concluded that reduction in plant height
lowered the dry weight of the vegetative parls and thereby lowered the straw yield

which reflected an increased harvest index.

Heading Date:

Date of heading is the period from emergence or sowing date until the spike
emergence from the sheath of flag leaf. In an area with a mediterranean climate the
most important characteristic of drought resistance of a winter crop is earliness
of maturity (May and Milthorpe 1962).

Fischer and Turner (1978) proposed that one of the more successful
techniques for increasing yield in dry regions has been to breed for earlier
flowering because plants complete more of'their life cycles before the dry period
arrives and thus avoid the drought. Syme (1969) found that earlier maturity strains
of wheat have been shown to have a higher yield potential than later lines under

canditions of limited moisture supply.

Hsu and walton (1971) have found that late flowering plants gave higher yield
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because later plants had more ears, more spikelets and more but smaller kernels.
Hegazi etal (1978) have reported that earfiness is avery important character in
durum wheat to escape from many diseases such as rusts and bunts.

Nachit and Ketata (1986) have found a highly negative correlation between
grain yield and time to heading. Nachit (1987) reported tha_:t grain yield under stress

environments was highly and negatively associated with days to heading, but

positively correlated to heading under favorable environmental conditions.

Tillering capacity

Number of productive tillers per plant is one of the most important character
determine the productivity of the plant. HSU. and Walton (1971) found that ears
number per plant was the most important components in. determining yield per
plant and they found also a negative correlation between ear numbers and 1000-
kernel weight. They concluded that a wheat plant with moderately tillering
capacity should give a high yield per plant. Singh efal., (1970) found that grain yield

per plant was positively correlated with tillers per plant.

Keim and Kronstad ({1981) proposed that the final spikes number was

important in contributing 1o yield and they concluded that the ability to maintain a
high number of grain bearing until maturity was considered to be an important trait
contributing to yield under drought. Habib et al., (1980) reported that within the
limit, greater the spikes per plant, higher the number of kernels per spike with less
- 1000-kerne! weight, and they found spikes per plant was negatively correlated
with plant height. Singh et al (1986) reported that ftillering is an important yield

component in wheat. Osmanzai gtg] (1987) stated that tiller viability is important
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character for drought stress situations and should b,e“ considered in selecling

materials grown under limited moisture conditions.

Hurd (1971) stated that a high tillering ability may be an unwnated luxury in
dry areas because it is wasteful of soil moisture which may be needed later in
more critical stages of development.

Richards (1987) reported that several advantages to determinate fillering of
wheat for yield improvement. First control over leaf area development and hence
the opportunity 1o modify pre and post anthesis water use which may lead to
avoiding of severe drought in the period between flag leaf emergence and anthesis.
Second, it is a way of eliminating sterile tillers so that there is no water wasted in
their production during vegetative growth. Third, flowering is more synchronous,
which should increases harvest index when drought is terminal. And finally control
of population density. Higher yield were obtained by determinate tillering in dry

environments by Donald (1979), Islam and sedgley (1981), and Richards (1983a).

Kernel weight

Kernel weight is one of the most important yield components and quality
Vfactor in wheat. Bruckner and Frahbeg (1987) classified genotypes they used
occording to kernel weight into three groups; group one included widely adapted
genotypes had high kernel weight over environments, high predicted kerne! weight
in a stress environment and were highly responsive to more favourable grain fill
environements. Group two produced average kernel weights over all environments
and group three a low Kernel weight over ali environments.

Hochman (1982) found that stress during grain filling reduced the 1000-
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kernel weight and grain yield was 16% below the well watered control. Increase in
temperature during grain filling associated with reduction in grain weight was
observed by Peters etal (1971), Fischer and Maurer (1976). |

Habib gt al (1980) have cited that Deidda and Morros (1968) have found a
positive correlation between grain yield, number of ears per plant and 1000-kernel
weight. Singh et al (1970) found that negative correlation between grain yield per
plant and 1000-kerne! weight in durum wheat. Habib et al (1980) found asignificant
negative correlation between 1000-kernel weight and Spikelets per spike and
between 1000-kernel weight and Spikes per plant. Knott and Talukdar (1971) have
found that kernel weight was positively correlated with yield and negatively
correlated with number of Kernels per plot. Mohiuddin and Croy (1980} have found
that kernel weight was positively correlated with grain yield and negatively

~correlated with kernels per spike. They concluded to use of kernel weight as a

selection factor for increasing grain yield.

Spike length

Hsu and Walton (1971) have found that ear length of spring wheat is closely
correlated with yield per plant. And they found a positive correlation also between
ear length and spikelets and kernel number. HSU and Walton (1971) cited that
Morishima el al (1967) classified wheat varieties into ear number types and ear
weight or ear length types, then different weighting was given to the yield
components for different types of varieties.

Kramer et al (1983) concluded that development of the wheat spike is

extremely sensitive to water stress during two periods: during the late vegetative
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and transition phases and during internode elongation immediately prior to spike
emergence.
Spikelets per spike:

Singh etal (1970) found that yield per plant was positively correlated with
spikelets per ear, and spikelets per ear was positively correlated with grain per ear
and negatively correlated with tillers per plant. Hsu and Walton (1971) found a
closely correlation between yield per plant and n‘umber of spikelets per ear.

Habib et a! (1980} found a positive highly signiﬁbant correlation between
spikelets per spike and spikes per plant. Frank et al (1987) have found that grain
yield of spring wheat is influenced by the number of ‘spikelets produced per spike
and they found plants exposed to water stress starting 12 days after seedling

emergence had a shorter spikelet development stage resulting in fewer spikelets

per spike.

Kernels number

There was a close association between yield per plant and yield per ear. In
considering yield per ear, the kernels number per ear was the most closely
associated character Hsu and Walton (1971). Singth etal (1970) have found grain
yield per plant was positively correlated with grain per -ear. Habib et al (1980)
found a strong correlation between kernels per spike and 1000-kernel weight, and
he found also a highly significant and positive correlation between kernels per

spike and spikelets per spike, also kernels per spike was found to have positive and

highly significant correlation with spikes per plant.

Frank etal (1987) reported that the number of kernels per spike is a major
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yield components in hard red spring wheat. Knott and Talukdore (1971) have found
that the number of kernels per spike showed a high negative correlation with the
number of spikes per plot.

Ledent and Moss (1979) have reported that the variations between wheat
shoots for grain yield resulted from differential kernel number and kernel size and
they found kernels number was ranked first in it's closeness of association with
yield.

Ibrahim et al (1983} have found negative nonsignificant phenotypic
association between kernels number per spikelet and 200-kernel weight.

Yap and Harvey (1972) found in barley that number of kernels per head strong

positive correlated with grain yield in two year studied.

| Nachit (1987) reported that a genotypes having a high number of heads and a
medium to high number of grain per head were the highest yielders under dry
conditions. Hochman (1982) found that stress from lillering to anthesis reduced
leaf area index and grain number, and from booting to grain filling resulted in
reduced grain number and 1000-kernel weight.

Fischer and Maurer (1976) studied the effect of temperature during different

stages of wheat growth, they found that 1°C rise in temperalure between end of
tillering to begining of grain filling stage was associated with 4% reduction in

grain yield, this was related to effect on grain per meter square via changes in

spikes per meter square and grains per spikelet.

Flag leaft blade area

Numerous studies have shown a strong positive relationship between wheat
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yield and area and duration of photosynthstic structure above the flag leaf-node.

Thorne (1965} reported that in wheat 17% of the carbohydrate entering the
ear resulted from ear pholosynthesis and 83% was translocated from the flag leaf.
~He reported that photosynthesis in the flag leaves of wheat was greater than in the
flag leaves of barley due to their greater surface area. Stoy (1965), Wardlaw (1968)
have proposed that flag leaf and parts above it in wheat constitute 1o the main
source of assimilates for the developing grain. Fischer and Kohn (1966) Welbank et
al (1966) have found that wheat yield was strongly associated with flag leaf area
duration during grain development. Hsu and Walton (1971) cited that Smocek (1969)
found that flag leaf area was associated with kernel number per ear and average
kernel weight and he showed that maximum genetic advance could be expacted if
the flag leat area was used in combination with the components of yield. Hsu and
Waiton (1971) have found that the flag breadth, flag leaf sheath length were
positively correlated with spikelets and.kerne!s number per spike.

Evans et al (1975) reported that over 90% of the grain carbohydrates is
derived from CO, fixation by the flag leaf and ear during the grain filling period.
Patterson and Ohm (1975) found that removal of flag leaf reduced grain yield, test
weight and kernel weight significantly. Flag leaf area duration showed a positive
correlation with grain yield, kernel weight and a negative relationship with kernel
per spike Mohiuddin and Croay (1980} Singh efai (1983) have found that removal of
leal blades significanlly reduced the grain yield per plant and other yield
components. The removal of flag leaf-blade alone was responsible for more than
50% of the total reduction obtained by removing all leaves. .

Duwayri (1984) found that removal of flag leaf reduced grain yield by 10.7%

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



18

yield advantage was less (11 percent), and he concluded that the semi-dwarf lines

always yielded more grain than the talls in agiven environment, though their yield
advantages was some what reduced by drought.

Johnson etal (1966) found that plant height was significantly correlated with
kernel weight, spike length, maturity, grain yield, number of spikes/plant and
number of rachis internode and he found that short plant height was associated
with low kernel weight, short spike length, early maturity, low number of spikes
pér plant, low number of rachis internodes and low yield.

Briggle and Vogel (1968) reported that the high yields obtained from the
semidwart varieties in Washington state U.S.A. were lnot obtained when these
varieties were grown in areas of lower rainfall.

Buch et al (1981) reported that the semi-dwart chalracter has an advantages
under favorable yield conditions. Hadjichristodoulou (1981) found that tall varisties
of barley he tested tended to give higher yield than short varieties at the location
where plants were short. By contrast, at the location where plants were tall and
lodged, short varieties gave higher yield, and he concluded that the mean height
under dryland conditions of the highest yielding wheat varieties is 75-85 cm.

Singh etal (1983) have found that grain yield per plant of different varieties
studied was inversely proportional to plant height and they .concluded to use dwarf
varieties.

Kraljevic and Borojevi (1988) found that a significant negative correlation
between plant height and harvest index and a positive correlation between height
and grain yield. Donald and Hamblin (1976) have found that negative correlation of

harvest index with plant height and leaf length of barley, together with positive
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and kernel numbers per plant by 11.1%,

Ibrahim and Abu Elensin cited by Duwayri (1984) found that the flag leaf

contributed 41-43% to the grain weight due to increase in kerenl weight and kemel

number per spike.

Plant height

Plant height can range from 0.3 m in extreme dwarf varieties to 1.5 m in some
long-strawed European varieties {Evans et al 1976). Khalifa and Qualset (1975)
found that tall genotypes yielded less than those of intermediate height and they
found 15.6% greater yields were obtained by using short genotypes than tall ones.

Fischer and Maurer (1978) concluded that tall bread wheat and barley were
the most drought resistante ‘entries, dwarf bread wheats.were intermediate and
durum wheat and triticales were the most susceptible to drought. Jones (1977)
concluded that there is no relationship between height and drought resistance.

Nachit and Ketata {1986) found thal the association between grain yield and
plant height was positive in dry environments but negative in wetter conditions.
Nachit (1987, 1988) found that grain yield was associated to plant height by 6% and
he found low genotype environment interaction for plant height.

Laing and Fischer (1977) found that semi-dwarf wheat lines selected under
adequate moisture conditions generally yielded well under limited moisture
conditions as well.

Austin (1987) found that under fully irrigated treatment semi-dwarf lines
gave 13-15 percent greater than the tall control and they still gave greater yields

than the tall controls when subject either to an early or a late drought, but their
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relationships - with grain yield and it's components. Sharma gt a| (1987} found that

plant height showed a significant negative correlation with harvest index (r=-0.43)
which was expected because semi-dwarf wheat plants show high grain yield and
high harvest index as compaired to the standared height cultivars, and they also
found that positive significant correlation between grain .yield and plant height
(r=0.64).

Singh and Stoskopf (1971) have concluded that reduction in plant height
lowered the dry weight 6f the vegetative parts and there by lowered the straw
yield which reflected in an increased harvest index. Mcvetty and Evans (1980) have
suggested that selection for high grain yield potential be attempted by selecting for
biological yield in tall plants and for increased harvest index in short plants.

Sojka gt al (1981) stated thal the semi-dwarf cultivars were selected for
high yield under irrigation, however, the shorter cultivars may be associated with
poor yield under drought for this reason. Austin (1987) reported that semi-dwarf
lines more adversely affected by drought than tall ones.

- Peduncle length

Peduncle is the upper most internode of the stem. Hs'u and Walton (1971} have
found a negative relationship between peduncle length and yield per ear. Mohiuddin
and Coary (1980) have found a positive correlation between peduncle area duration
and grain yield, Kemel weight and negative correlation with kernels per spike and
they sugguested that use of peduncle area duration which is dependent on peduncle
length as aselection criteria in breeding for inereased grain yield. Nachit and Ketata
{(1986) have reported positive association of peduncle length and grain yield under

different moisture levels and suggested that long peduncle may be a useful
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indicator of yield capacity in dry environments as well as for favourable conditions.

Nachit, {1987, 1988} found a positive correlation between grain yield and
peduncle length and reported that grain yield was associated with peduncle length
and accounted for 6.6%.

Awn length \

Litzenberger and Green (1951) defined awn as a linear extension of vascular
tissue of the lemina. The presence of awns increases the photosynthetic rate of
wheat ear on the basis of their size and greenness (Evans and Dunston 1970, Evans
and Rawson 1970).

Olugbemi g1 al (1976) found that 4% increase ih ‘grain yield due to the
presence of awns. He found also awns increase CO, fixation by the entire ears by an
average of 7.6% in the tall and 11.6% in the dwarf genétypes and concluded that
awns increased ear net photosynthesis two to three folds.. Evans et al {1972) have
found that drought increased the proportion of assimilate contributed by ear
photosynthesis to grain filling from 13% to 24% in the awnless ear and from 34 to
43%, in the awned ears. They concluded that awns increased grain yield in the dry
but not in the irrigated treatments.

Olugbemi gt al (1976) have concluded that for British conditions where no
severe drought there is little advantage by bréeding awﬁed varieties of wheat.
Awned cultivars have significantly outyielded awnless ones only in dried years or
places, Evans g1al (1972). Atkins and Norris (1955) have found that awned types of
wheat out yielded awnless ones in years of drought stress and they found awned
types produced significantly higher yield, heavier kernels and highest test weight.

McNeal gtal (1969} have found that awned population had heavier kernels and
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lest weight and they yielded 7% more than awnless population. Watson, Thorne, and
French {1958) showed that 26% of the dry matter in the barley grain originated
from photosynthesis in the spike, including 10% from the awns. Thorne (1965)
reported that photosynthesis in awned barley ears was greater than wheat ears
because of their greater surface.

Duwayri (1984) found that removal of awns lead fo reduced grain yield of
wheat by 15.9%, kernel number per plant by 11.3% and kernel weight by 5.2%. Saghir
et al.,. (1968) reported that clipping awns at anthesis reduced grain yield by 21% and
kernel weight by 13%.

Coleoptile

Stand establishment is very important to maximizing wheat yield under
semiarid conditions Duwayri, (1983). The relationship between coleoptile length
and emergence rate was studied. Hoff efal (1973) found- that most wheat cultivars

with long coleoplile emerged better than those with short coleoptiles, especially

under adverse soil moisture conditions. Livers (1958) suggested that the coleoptile
may be important o seedling emergence, he pointed out that cultivars which
emerged well have long heavier coleoptiles than poorly emerged ones. In green
house study. Allan etal (1961) have reported that the rapid-emerging varieties had
longer coleoptiles than slow emerging varieties.

Sunderman (1964) found that plant height was positively correlated with
coleoptile length in three of five laboratory test and with emerge.nce percent in one
of two tests.

Allan etal (1961) stated that two main reasons for poor seediing emergence

of semi-drwarf winter selections first, growth rate and second coleoptile length.
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water being available at heading and the plants produced double the yield, He
concluded that plants should be bred for less roots so as to take up less water,
thereby conserving soil moisture. |

Hurd (1974) reported that cultivars with more root system yielded cultivars
with less root system and he stated that extensive root system is associated with
drought resistance in wheat and selection for high yield under moisture stress

conditions does select for larger root system.

Water use effeciency:

Water use effeciency defined as the amount of above ground dry matter per'

unit of water transpired Breeding for water use effeciency is an important
objective for the improvement in grain yield of crops grown in rain fed areas, which
~can be improved by either reducing the water use or increasing the dry matter
production (Aggarwal and Sinha, 1983). They found that water use effeciency of
wheat ranged from 0.5 to 13.8 g dry matler/kg water used depending upon the
growth stage, cultivar and water stress.

Singh and Bhushan (1980) cited by Abu-Shriha (1989) staled that
supplemental irrigation increased not only crop production but also helped the crop
to utilize moisture more effeciency. Luebs and laag {1967) found that yield and
water use elfeciency of barley were associated with low moisture stress during
heading and pollination. Mehrotra etal (1976) and singh et al (1979a) reported that
water used increased and water use effeciency of wheat decreased by increasing

number of irrigations and availability ot water.
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MATERIALS AND METHQDS

Experiment |

This experiment was designed to study the performance of different wheat
genotypes for yield and some of the agronomic characters under field conditions.
| . Genotypes description :

. Hourani:

Is a Jordanian landrace , well adapted to local ecological conditions, it is
tolerant to cold and drought , semi-all, late in maturity and susceptible to lodging
and diseases .

- Stork:

Is a semidwarf durum wheat which was produced in CIMMYT, Mexico. It has
been tested in Jordan since 1973 and proved to be high yielding. It is white awned ,
has large kernels, is resistant to lodging , heads and matures earlier than Hourani .

- rani_x rk_advan rogeny lin

The crosses form part of current breeding work at the university of Jordan,
and were designed to combine desirable characteristics frbm the two parents. They
were selected from among many entries based on their kernel weight.

- Jubeiha: ‘

Is a semi-tall bread wheat which was introduced :from Morocco known as
Nesmah. It has been tested in Jordan since 1982 and proved fo be high yielding. It is
short white awned , has large spike, heads and matures earlier than Hourani .

- Korifla = Petra, Sham 1= Maru. Durum wheat received from ICARDA and
were released in Jordan in 17988.

- Golan-bread wheat, the international nursery materials received from ICARDA.
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- Om-Rabi-14. Advanced durum wheat line received from ICARDA.

Il . Description of experimental sites:

tha jversi

Is located near Amman at 32° 01 north latitude and 35° 52 east longitude
with an elevation of 980 m above sea leve! . It is characterized by cold and rain
winters, the average rainfall at Jubeiha is 476 mm for thé period of 1938 - 1987,
(Appendix 1) . The soil is clay lcam .

- Ramth mih ricultural i : - It is located 10 km south of

Ramtha city in north Jordan . It is located at 32° 46 north latitude and 35° 95 East
longitude with an elevation of 590 m above the sea level , and an average annual
rainfall of 221.30 mm for the period of 1976 - 1987 (Appendix ).

Temperatures are usually high in spring where as the rainfall is low and
occurs usually in winler and ceases in the early spring . This location belong to the
barley growing zone of the Country and is characterized by sjlty clay soil .

Is about 10 km north of madaba at 31° 43 north latitude and 35° 48 east
longitude with an elevation of 785 m above sea level . It is characterized by cold
and rainy winters , the average rainfall was 358.4 mm for the period of 1973
-1987 ( Appendix 1}.

The soil was classified as fine , montmorillonitic, thermic, entenc,

Chromoxeret .
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it _Experimental Design :

A randomized complete block design with three repliéations was used in each
experimental site . Plots consisted of six rows 2.5m long and spaced 25 c¢m apart in
Jubeiha and Mushaquar while 30cm in Ramtha station .

Planting was carried out by hand on November 23, 1988 at Mushaquar,
December 6 at Jubeiha and on December 15 at Ramtha .

The seeding rate was equivalent to 100 kg/ha . Fertilizers were applied as
150 kg/ha of ammonium sulfate ( 21% N ) and 150 kg/ha of triple super phosphate
(46% P,Q. ) in Ramtha station while 200 kg/ha of ammonium sulfate and 150 kg/ha
of triple super phosphate at Jubeiha and Mushaquar stations. The ferlilizers were

broad casted before planting. Broad leaf weeds were controlled by appling 1000

cm’/ha 2,4-D. Handweeding was also practiced to keep the weeds under control.
At harvesting , only the middle four rows of each plot were harvested on June

first 1989 at Ramtha, June 15 at Mushaquar and June 20 at Jubeiha by hand.

IV_Characters studied :

The tollowing characters were recorded in the field : -

- Days to heading { Days ) : Number of days from emergénce to the day where 50

% of the spikes were above flagleaf sheath in the exberimental plot.

- Flag leaf blade area (cmz) obtained as lenght x maximum width x 0.68
(Shalaldeh, 1984 Ghosheh, 1989 ) , measured on intact leaves two weeks after
the beginning of heading on a sample of five leaves taken randomly from each
plot .

Plant height (cm) : At maturity , plant height was measured in centimeters
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from the soil surface 1o the top of uppermost spikelet awns exchuded .

At the end of the growing season , ten single plants were randomly selected

from each plot and kept in paper bag to study the following fraits :

Number of ferile tillers per plant : Number of spike bearing tillers per plant .
Peduncle lenght { cm } : Length of the top internode of the culm measured from
the base of the spike 1o the ligule of the flag leaf (Ledent, and Moss., 1879).

Awn length (cm) : Average length of ten awns taken randomly from each
spike . |

Spike length (cm) : Average length of the total ;spikes per each plant
measured from the base of the spike to the terminal spikelet , awn excluded .
Spikelets / spike : Average number of spikelets in each spike.

Kernels / spikelet : Average number of kernels per spikelet. Samples takeh to
study those traits were weighed and lhreshed to obtain biological and grain
yield which were added to the total plot weight .

To study the biological and grain yield , the four central rows of each plot
were harvested by hand , collected and weighed to obtaine the biological yield
per unit area . Threshing and cleaning were done with nursery equipment. The
clean seeds were weighed and the averaye grain vyield per hectar was
calculated. In all cases the weight of the 10 plants were included .

1000 - Kernel weight (g). 1000 - Kernels were counied by hand and then by
seed counter and weighed .

Harvest index : Estimated by dividing grain yiela to the biological yield

obtained from the plot .

..........
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ling trai
Fifteen seeds of each genotype were placed in" a plastic flat with the
dimensions 19.5x.14.5 ¢cm and & cm deep . Two filter papers were placed one below

and one above the seeds . f

Ten ml of distiled water were added to each flat then flats were placed in

totally darkened germinator maintained at 20° ¢ . Randomized complete block
design with three replications was used .

Flats were removed from the germinator when the primary leaves of all
seedlings had ruptured their coleoptile . Five seedlings from each flat were
rondomly chosen and the following parameters were measured :

1-  Average seminal roots number per seedlling
2-  Average seminal roots length per seedling (cm) .
3- Total semina!l roots length (cm) obtained by multiplying average

senimal rools number x average seminal roots length .

4 - Coleoptile length-average length of coleoptile for the five seedlings.
All data were statistically analysed according to Little and Hills (1978 ). The

mean values for factors studied were compared at 5% level of significance by LS.D

test.
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Experiment |l

The experiment was carried out in the green house to study the effect of two
irrigation treatments on grain yield and some of the agronomic traits for 20 wheat
genotypes.

Genotypes studied:

Twenty wheat genotypes were tested which included Hourani, stork, Jubeiha,
Maru, Golan, Petra, Om-Rabi-14 in addition to 13 fixed lines derived from Hourani X
stork cross which were included in Experiment I.

Germination Procedure:

Twenly five seeds from each genotype were placed in plastic flate with the

dimension 19.5x14.5 cm and 5 cm deep. Two filter papers wee placed one below and

one above the seuds, and 15 ml of distilled waler wore added to each flal. Flats wore

placed in totally darkned germinator maintained at 20°C. After four days when the
coleoptile length was about 3 cm, the seedlings were transplanted 1o the pots in the
greenhouse.

Planting procedure

A split plot design with three replicalions was used where the irrigation
treatments were the main plots and the genotypes were the subplots.

The seedlings were planted in plastic pots with the dimensions 26.5 cm
diameter and 25 cm deep. Each pot contained 7 kg oven dry soil. The -0.3 bar soil
water content was 32.8% and the -15 bar was 22.0% where the available water was
10.8%. To avoid water loss from the pot holes, glue (cementing materials) was used
to close all holes at the bottom of each pot. in each pot, plastic pipe (30 cm long)

was placed, one end of the pipe was located in the -center‘ of the pot whereas the
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other end was directed up for watering purposed and was closed by small piece of

aluminum foil.

Each pot received 0.41 g triple super phosphate (46% P,Gs), 1.00 g ammounium

sulphate (21% N) and 0.22 g urea (465 N) which was equivelant to 150 kg N/ha and

70 kg P,Cg/ha then mixed with soil before planting.

[rrigation treatments:

L Field capacity treatment (T1) : The moisture content maintained around the
field capacity with the range between 2/3 of the available water up to field
capacily. Pots were weighed daily to maintain moisture content range between
29.2 to 32.8%.

I One-third available water treatment (T2) : The rnoisfure content was between
1/3 available water and permanent wilting point, i.e the fange was between 22.0-
25.6%.

Before planting, all pots received the upperlimit of field capacity treatment.
Two uniform plants were planted in each pot and the pots were covered by aluminum
sheets to avoid evaporation from the pot surface. Planting was on November 2,
19839. Two unplanted pots were used as check.

One tenth strength of Hogland solution at each time of irrigation was added
(Acevedo et al. 1971). The following materials were used to prepare the nutrient
sojtution :

Macronutrients :

IMKH,PO,, IM KNO;, IM Ca (NO,),, IM MgSO,.

- Micronutrients :
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micronutrient solution 5 m! of 1M KNO3 and iM Ca (NO

2869 H;B0;, 1.81g MnCl, , 4,0, 0.22g £030;. TH,0, 0089 CuSO4. 5H,0, 0.02
H,MoO,.. H,0 (85% MoO,.
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One molar solution was prepared from each macronutrients by dissolving the

were dissolved in 10 liters of tap water.

relative humidity by thermohydrograph instruments,

molecular weight of each substance in one litter of distilled water and shaken by

using electrical shakar. To prepare 1/10 Hoglan solution 1 ml of 1M KH,PO, and from

3)2, @nd 2ml of 1M MgSO0,,

Daily maximum and minimum temperature, and daily maximum and minimum

growing season Appendix 3.

Plant characters:

The following plant characters were studied :

Plant height (cm) : Measured at maturity from the pot surface to the top of

upper most spikelet.

Days to heading : Number of days from planting to the day where the spikes

emerged above flag leaf.

Days to maturity : Number of days from planting till the glumes color turned
yeliow.

Flag leaf blade area {cm2) : Obtained as length x maximum width x 0.68 of

intact leaves two weeks after the heading on sample of two leaves/pot.

(Shalaldeh, 1984. Ghosheh, 1689).

Peduncle length (cm) : Length of the top internode of the culm measured from

the base of the spike to the ligule of the flag leaf (Ledent and Moss., 1979).

were recorded during the
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Spike length (om) : Average length of 3 SpIKGS per pot measured from the base
of the spike to the terminal spikelet, awn excluded.
Number of spikelets per spike : Number of spikelets in each spike.
Number of kernels per pot.
" Awn length (cm) : Average length of ten awns taken randomly from each
sample.

Biological yield : Total dry weight per pot which is the weight of spikes and
weight of straw.

- Weight of spikes and weight of straw.

Straw yield = Biological yield-grain yield.

Harvest index= grain yield divided by biological yielded.

Roots weight (g) : Roots were extracted from each pot and cleaned, then placed

in oven maintened at 75°C for 24 hours. The oven dry eight of the roots were

recorded for each pot,
- Water use effeciency : determined by

WUE = Biological yield (g/pot) .
~ Total water transpired (kg)’

Total water transpired was calculated-cumulative amount of water added at

each irrigation. The amount is the difference between initial and final weight of the

pots at each time of irrigation.
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RESULTS AND DISCUSSION

Experiment =
Environmental Conditions:

Total and distribution of rainfall, mean maximum and mean minimum
temperatures at three locations tested are presented in Tables 1,2 and 3.

At Ramtha Agricultural station the amount of rain fall in the growing season
1988/1989 was 147.9 mm. Which was less than the long term average for this site

(225.b mm). Rain fall distribution showed that about 47% of the total rain fall was

received in December. However no rainfall was received from mid March till

maturity which imposed a severe drought stress at the critical stage of plant
growth which is the reproductive stage. N

At Jubeiha location, 530.3 mm of rainfall was received during the growing
season, 43% of the total rainfall was in December, There watfs no rain from mid March
up to maturity which exposed the plants to moisture stres‘s-during seed filling and
maturity stages.

At Mushaquar location the total rain fall was 326.1 mm in the 1988/1989
growing season compared to the annual average of 358.4 mm. Rainfall distribution in
this location showed that the 37.6% of the total rainfall was received in December, -

however there was no rain in April which is the most critical month for seed filling

and crop maturity.

Grain Yield

Statistical analysis for grain yield at Ramtha location showed no significant

differences among genotypes studied. (Table 4) Genotype HNXST. 3 ranked the first in
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Table 1 : Montly rainfall distrigytion (mm), mean maximum and minimum temperature () at Ramtha

research station during 1988/1989 growing season.

Rainfall Temperature (OC)

% mean mean
month (mm) of total Max. Min.
September 0.00 0.00 — L
October 5.10 3.45 25.5 11.9
November 13.20 8.92 18.8 6.8
December 70.20 47.46 14.8 5.2
January 17.40 11.76 10.4 0.7
February 21.00 14.2 13.3 0.8
March 21.00 14.2 17.8 4.9
April 0.00 0.00 25.0 8.3
May 0.00 0.00 —_— —
Total 147.0

35
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Table 2 : Monthly rainfall distribution (mm), mean maximum and minimum temperature % at Jubeiha during

1988/1989 growing season.

Rainfall Ter_nperature (°C)

% mean mean
month (mm) of total Max. Min.
September 0.0 0.0 25.8 18.0
October 11.8 2.2 22.3 13.8
November 28.2 5.3 15.8 7.8
December 228.9 43.1 12.0 6.3
January 94.6 17.8 7.4 1.9
February 52.0 9.8 10.8 3.6
March 115.2 21.7 14.4 5.7
April 0.0 0.0 23.7 12.5
May 0.0 0.0 27.4 14.8
Total 530.7
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Table 3 : Monthly rainfall distribution (mm) mean maximum and minimum 1emperalure (G°) 8l Mushaquar

research station during 1988/1089 growing season.

Rainfall Temperature (OC)

% mean mean
month (mmy) of total Max. Min.
September 0.0 0.0 - —_
October 0.0 0.0 23.2 11.4
November 15.0 4.6 17.2 5.8
December 122.7 37.6 13.1 4.6
January 74.3 22.8 - -
February 49.3 15.1 11.4 0.9
March 64.8 19.9 15.7 4.6
April 0.0 0.0 24.3 9.4
May 0.0 0.0 —— _—

Total 326.1
Not available

—
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grain yield and Jubeiha genotype the lowest, Hourani genotype out yielded Stork at
this location even though the difference between them was not significant, which is
expected because Hourani is a land race cultivar and more adapted to rain fed
conditions than Stork which was developed under favorable conditions.

At Mushaquar location there were differences between the genotypes according
to grain yield. Genotypes HNXST 11. and 12 wers the heighest , whereas Jubeiha and
genotype HNXST 1 were the lowest. (Table 4

At Jubieha location genotype HNXST 7 ranked the first and genofypes HNXST 9
ranked the lowest . Hourani outyielded Stork even though the difference between
them was not significant. (Table 4; For all locations tested, genotypes HNXST 7 and
HNXST 10 were at the top whereas genotype HNXST. 1 was the lowest.(Table 4) The
relative performance of the top two yielder as compared with Hourani in the three
locations showed that genotype HNXST 7 gave 117.5 % , 106.6 % and 98.6 % and
HNXST. 10 gave 115.8%, 95.4% and 104.2% at Ramtha, Jubeiha and Mushaquar
locations, respectively. This means that in two sites those genotypes had better
performance than Hourani for grain yield. Genotype HNXST. 1 gave 91.0%, 63.3% and
85.1% of Hourani in the three locations Tables 5, 6, and 7).

The ranking of grain yield among locations tested showed that Mushaquar
location ranked first and was followed by Jubeiha and then Ramtha. The Site means
were 3930.5, 2481.9 and 493.7 kg/ha respectively. Ramtha location was the driest
among the lopations. Rainfall stopped around mid March in all locations, which is the
critical period for seed filling and development stage. In case of temperature,

Mushaquar location was more suitable for growth compared with Jubeiha and

Ramtha locations. Mean maximum temperature during April at Mushaquar was 24.3
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Table (4). Mean values of grain yield (kg/ha) for 16 wheat genotypes grown under

dryland conditions at the locations in 1988/1989 growing season.

Genotype Location
Ramtha Jubeiha Mushaguar . Mean

Stork 400.3 2341.0 3657.3 2132.9
Hourani 424.0 3169.3 3795.0 2462.8
Jubeiha 370.3 2287.3 3285.0 1980.0
HNXST. 1 386.0 2006.7 3231.0 1874.6
HNXST. 2 527.7 2241.0 4245.7 2338.1
HNXST. 3 587.7 2370.0 4026.3 2328.0
HNXST. 4 432.0 2702.3 4204.7 2446.3
HNXST . § §52.0 2464.3 4002.3 2339.6
HNXST. 6 534.7 2558.7 4160.0 2417.8
HNXST. 7 498.0 3377.3 37437 2539.7
HNXST. 8 5340 2314.7 4006.7 2285.1
HNXST. 9 506.3 1890.7 3563.0 1986.7
HNXST. 10 491.0 3024.0 3959.0 2491.3
HNXST, 11 544.3 2349.0 44323 2441.9
HNXST. 12 565.0 2297.3 4418.3 2426.9
HNXST. 13 546.3 2316.3 4158.0 2340.2
Mean 493.72 2481.87 3930.52 2302.04
LSD.g gs 186.18 1128.86 912.15 488.71
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Table (5). Mean values of some agronomic characters, the ranking of 16 wheat

genotypes for their grain yield and their ralative performance compared to Hourani %

grown at Ramtha location in 1988/1989 growing season.

Grain yield
Genotype kg/ha % of Rank Straw Biclogical ~ Harvest

Hourani Yield Yield Index

kgha kg/ha

Stork {P1) 400 94.41 14 1211 1611 0.24
Hourani (P2) 424 100 13 1265 1689 0.25
Jubseiha a7o 87/33 16 . 1141 1511 0.24
HNXST, 1 386 91.03 15 1225 1611 0.24
HNXST. 2 528 124.45 8 1139 1667 0.31
HNXSTL. 3 588 138.60 1 142fl 2012 0.29
HNXST. 4 432 101.88 12 1324 1758 0.24
HNXST . 5 552 130.18 3 1293 1845 0.30
HNXST. 6 535 126.10 6 1421 19586 0.27
HNXST. 7 498 117.45 10 1413 1911 0.26
'HNXST. 8 534 125.94 7 1422 1956 0.27
HNXST. 9 5086 119.41 9 1139 1645 0.30
HNXST. 10 481 115.80 11 1193 . 1684 0.29
HNXST. 11 544 128.37 5 1287 1811 0.30
HNXST. 12 565 133.25 2 1380 1945 0.29
HNXST. 13 546 128.84 4 1387 1933 0.28
Mean 493.72 . . 1290.2 1783.9 027

LSD.g gs 186.18 361.4 400.6 0.07
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Table (§). Mean values of some  agronomi oharacters, the ranking of 16 whea

genotypes for their grain yield and their ralative performance compared to Hourani

% grown at Jubeiha location in 1988/1989 growing season.

Grain yield

Genotype kgha % of Rank Straw Biological  Harvest

Hourani Yield Yield Index

kg'ha kg/ha

Stork {P1) 2341 73.86 9 4419 6760 0.34
Hourani (P2) 3169 100.00 2 5577 8747 0.36
Jubeiha 2287 7217 13 5979 8267 0.27
HNXST. 1 2007 63.31 15 4540 6547 0.30
HNXST. 2 2241 70.70 14 7112 9353 0.24
HNXST. 3 2370 74.77 7 4130 6500 0.38
HNXST. 4 2702 85.2¢6 4 5258 7960 0.33
HNXST .5 2464 77.75 ] 4956 7420 0.33
HNXST. 6 2559 80.73 5 5028 7587 0.33
HNXST. 7 3377 106.56 1 5983 9360 0.36
HNXST. 8 2315 73.03 11 5685 8000 0.28
HNXST. g 1891 59.65 16 4823 - 6713 0.28
HNXST. 10 3024 95.41 3 5823 8947 0.34
HNXST. 11 2349 74.11 8 5938 8287 0.28
HNXST. 12 2297 72.48 12 7663 9960 0.23
HNXST, 13 23186 73.0‘8 10 5004 7320 0.33
Mean 2481.9 o . 5498.1 7982.9 0.31

LSD.g.05 1128.9 - 2099.3 23728 0.129
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Table (7). Mean values of some agronomic characters, the ranking of 16 wheat

genotypes for their grain yield and their ralative performance compared to Hourani

"% grown at Mushaquar location in 1988/1989 growing season.

Grain yield
Genotype kg/ha % of Rank Straw Biological  Harvest

Hourani Yield Yiald Index

kgha kg/ha

Stork (P1) 3657 69.4 13 7278 10933 0.23
Hourani (P2) 3795 100.0 11 817 11967 0,32
Jubeiha 3285 86.8 15 7040 10325 0.32
HNXST. 1 3231 85.1 18 7969 11200 0.29
HNXST. 2 4248 1m.s 3 76623 115908 0.35
HNXST. 3 4026 106.1 7 7193.4 11220 0.38
HNXST. 4 4205 110.8 4 6720 , 10925 0.38
HNXST .5 4002 105.5 9 6673 10675 0.37
HNXST. 6 4160 109.6 5 6790 10959 0.38
HNXST.7 3747 98.5 12 8223 11967 0.1
HNXST. 8 4007 105.8 8 7393 11400.00 0.35
HNXST. § 3563 93.9 14 6212 9775 0.36
HNXST. 10 3959 104.3 10 6849 10808 0.36
HNXST. 11 4432 116.8 1 7618 12050 0.36
HNXST. 12 4418 116.4 2 7581 12000 0.37
HNXST. 13 4158 109.6 6 7400 11558 0.36
Mean 3930.52 . — 7300 11228.85 0.35

LSD.g gs 912.15 — 1551.17 2196.21  0.05
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T compared with 937 % for Jubeiha and the mean minimum temperature was 9.4

°C for Mashaquar compared with 12.5 °C during April at Jubeiha. Other possible
reason for high grain yield at Mushquar compare to Jubeiha could be at Mushaquar
location the land was fallowed previous year whereas legumes (lentil) were planted
at Jubeiha site previous year. Fallowing helps conserve soil mositure at Mushaquar
compared to Jubeiha site for that growing season. {Kharouf. 1989).

Biological yield

Genotypes grown at Ramtha location showed little differences among them.
Genotype HNXST. 3 ranked the first and Jubeiha rankedr the lowest although the
differences among the genotypes were not significant.{ Table; 8) Hourani produced
more biological yield than Stork. This could be due to the contribution of other traits
such as plant height and total number of tillers.

At Mushaquar location genotypes HNXST. 11 and 12 were the'highest whereas
genotypes HNXST. 9 and Jubeiha were the lowest. Table 8. Hourani production of dry
matler was more than Stork, this may be due to height of Hourani compared to Stork,
also Hourani produced more tillers than Stork and there was highly significant
difference between them in plant height.

At Jubeiha location there were significant differences among the genotlypes
yield. Genotype HNXST. 12 ranked the first among all genotypes whereas genolype
HNXST.3 ranked the lowest. Hourani genotype produced more biological yield than
Stork. (Table 8The mean of the genotype HNXST. 12 over the three locations ranked
the first in the biclogical yield whereas genotype HNXST. 9 ranked the lowest.

Genotype HNXST. 12 ranked the first in two of three locations, whereas genotype
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Table { 8). Mean value of biological yield (kg/ha) for 16 wheat genotypes grown under

dryland conditions at the three locations in 1988/1989 growing season.

Genolype Location
Ramtha : Jubeiha Mushaquar Mean

Stork 1611.3 6760.0 10933.3 6434.9
Haurani 1689.3 8746.7 11968.7 74676
Jubeiha | 1511.3 8266.7 10325.0 6701.0
HNXST. 1 1611.3 6546.7 11200.0 6452.7
HNXST. 2 1666.7 8353.3 11908.3 7642.8
HNXST. 3 2011.7 6500.0 11220.0 6577.2
HNXST. 4 1755.7 7960.0 10925.0 6880.2
HNXST .5 18447 7420.0 10675.0 6646.6
HNXST. 6 1955.7 7586.7 10950.0 6830.8
HNXST. 7 1911.3 9360.0 11966.7 7746.0
HNXST, 8 19557 8000.0 11400.0 7118.8
HNXST. 9 1645.0 6713.3 9775.0 6044.4
HNXST. 10 1683.7 8946.7 10808.3 7146.2
HNXST. 11 1811.3 8286.7 12050.¢ 7382.7
HNXST. 12 1945.0 9960.0 12000.0 7968.3
HNXST. 13 1833.3 7320.0 11558.3 6937.2
Mean 1783.94 7982.93 11228.85 6998.57
LSD.g 05 400,55 2372.843 2196.21 1180.14
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HNXST. 9 ranked the lower order in two of the three locations.

The ranking of locations for biclogical yield showed that Mushaquar location

ranked the first and was followed by Jubeiha whereas Ramtha location ranked the

lowest. The site means were 11228.8, 7988.9 and 1783.9 kg/ha respectively.

Ramtha is the driest location from rain fall point view. In January and February

the temperature was below zero °C for 22 days in Ramtha. Also the maximum
temperature during these month were not high for growth, so that vegetative growth
rate was slow. After mid March the iemperatura started to increase during the day
which accelarated flowering. In addition to that the flag leaves rolled the spikes
which may have reduced assimilates production and then reduced total dry matter
production.

At Mushaquar the weather was better than other locations although the amount
of rainfall was less than Jubeiha location but was better in distribution . The mean
maximum temperature during vegetative growth period was higher than Jubeiha and
the minimum temperature during the neight was lower, so we expected more

assimilates production during days and less assimilates lost during the night.

Straw Yield

Straw yield at Ramtha location showed littel  differences among genotypes
studied. Although genotype HNXSt. 3 » HNXST 6 and 8 were the highest , whereas

genotype HNXSt. 2 and 9 were the lowest . Hourani produced more straw yield than
stork even though the difference between them was not significant (Table 9)
At Jubeiha location, genotype HNXST. 12 ranked the first whereas genotype

HNXSt. 3 ranked the lowest even though without significant difference among most
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Table (13). Mean values of straw yiald (ko/ha) for 14 wheat genolypes grown under

dry land conditions at the three locations in 1988/1989 growing season.

Genotype Location

Ramtha Jubeiha - Mushauar Mean
Stork 1211, 4419, 7278, 4302,
Hourani 1285. 5577. 8171, 5004.
Jubeiha 1141, 5979. 7040. 4720,
HNXST. 1 1225. 4540, 7969. 4578.
HNXST. 2 1138 7112, 7662. 5304.
HNXST. 3 1424, 4130 7193. 4249,
HNXST, 4 1323. 5257. 6720. 4433,
HNXST .5 1202, 4955 6672. 4307.
HNXST. 1421, 5028. 6790. 4413,
HNXST. 7 1413, 5982 8223, 5208,
HNXST. 8 1421. 5685, 7393, 4833,
HNXST. 9 1138, 4822, 6212 4057,
HNXST. 10 1192, 5922 6849, 4654,
HNXST. 11 1267. 5937, 7617. 4940,
HNXST. 12 1380. 7662, 7581, 5541,
HNXST. 13 1387. 5003. 7400 5497.
Mean 1290. 5498, 7300. 4696,

LSD.g 5 361. 2099, 1551, 996.
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of other genotypes. Table 9 At Mushagar location, genotypes HNXSt. 7, Hourani and

HNXSt 1 were the highest. . while genotype HNXSt. 9 ranked the last.
(Table 9.) For the three locations, genotype HNXSt. 12 ranked the first while genotype
HNXSt. 9 ranked the last among all genotypes .

The 'ranking of locations to straw yield showed that, Mushaquar location ranked

the first and was followed by Jubeiha and then Ramtha with sites mean 7298, 5501
and 1290 kg/ha respectively.

1000-Kerne! weight

Kernel weight is one of the yield component which gives an indication about the
ability of plants to convert assimlates to kernels. Which affected by availability of
waler during seed filling period. Mean values of kernel weight at Ramtha location are
presented in Table 10 . Genotype HNXST. 3 produced heaver kernels whereas Stork
produced the lowest value for kernel weight among other genotypes.

At Jubeiha the mean values for kernel weight for all genotypes were higher than
values at Ramtha. Genotypes Hourani and HNXST. 13, were the first in kernel weight
whereas genotype HNXST. 1, Stork and HNXST.7 were the last among all other
genotypes.(Table 10},

At Mushquar location genotypes HNXST. 5 and 6 produced heavier kernels
whereas genotype HNXST. 7 was the lowest / Table 10.)

Hourani developed heavier kernels than Stork this may be due to adaptability of
Houram to dry land conditions than Stork genotype.

For all locations, Jubeiha and Mushaquer locations produced heavier kernels

compared with Ramtha which was mainly due to availability of moisture to plants
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Table (10). Mean values of 1000-kernel weight (g) for 16 wheal genotypes grown

under dryland conditions at the three locations in 1988/1089 growing season.

e
2
Genotype Location 8
)]
Ramtha Jubeiha Mushaquar Mean 2
g
|_
Stork 28.27 39.93 40.80 36.33 ol
Hourani 31.73 45.97 . 4343 40.38 )
=
Jubeiha 32,27 43,93 45.80 41.00 5
HNXST. 1 31.30 39.53 39.10 36.64 L.)
HNXST. 2 30.97 43.07 39.47 37.83 S
HNXST. 3 35.37 44.13 39.53 39.68 2
HNXST. 4 32.77 42.97 46.53 40.76 5
HNXST .5 30.63 . 44.87 48.53 41.34 2
HNXST. 6 30.90 43.90 48.13 40.98
HNXST. 7 30.97 39.97 36.80 35.91
HNXST. 8 33.73 44.90 46.43 41.69
HNXST. 9 32.03 45.63 41.27 39.64
HNXST. 10 32.50 42.17 40.07 38.24
HNXST. 11 31.47 44.37 43.67 39.83
HNXST. 12 30.40 41.90 44.43 38.91
HNXST. 13 31.73 45.87 43.17 40.26
Mean 31.69 43.32 43.01 39.34

LSD.g 5 3.60 3.551 4.79 2.08
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during kernel filling period, so it will be expected to obtain heavier kernels at
Jubeiha and Mushaquar locations compared to Ramtha (the driest site). The sites
mean for kernel weight were 43.3, 43.0 and 31.7 g for Jubeiha, Mushaquar and
Ramtha locations, respectively.

According to kernsl weight we can classifying the locations in two groups :
Ramtha location which produced the lowest mean kernel weight had highest stress
intensity during the grain fill period and were classified as high stress environment
for kernel weight. Jubeiha and Mushaquar locations produced the highest mean kernel
weight were calssified as low stress environemnts for kernel weight. Average

kernel weight was about 73% greater in the low stress environments.

Tillering capacity:

Tillering capacity is considered one of the yield components of the plant.
Genotypes varied in ftillering capacity across locations .t'ested. This character is
mainly controlled by environments and moisture availability the most important
factor.

At Ramtha (the driest site) genotype HNXST. 13 ranked first in production of
fertile tillers per plant, although no significant ditfernece among most of genotypes
in case of production fertile tillers. (Table 11) The ability of genotype to produce
more fertile tillers under dry conditions is considered as a mechanism for drought
tolerance. Genotype HNXST. 2 ranked the last in fertile tillers production per plant.
Hﬁurani produced more fertile tillers than Stork, even though the difference between
them was not significant.

At Mushaquar location genotype HNXST. 13 ranked first in production of fertile
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Table:(11). Mean values of ferie fillrsiplant for 16 wheal genolypes grown under

dryland conditions at the three locations in 1988/1989 growing season.

Genotype Location

Ramtha Jubaiha Mushaquar Mean
Stork 1.07 2.30 2.67 2.01
Hourani 1.27 1.80 2.77 1.94
Jubeiha 1.13 2.07 2.87 2.02
HNXST. 1 1.07 3.07 2.97 2.37
HNXST. 2 1.00 2.80 2.67 2.16
HNXST. 3 1.13 2.40 3.40 : 2.31
HNXST. 4 1.07 2.00 2.57 1.88
HNXST .5 1.20 2.00 3.17 2.12
HNXST. 6 1.27 2.43 2.93 2.21
HNXST. 7 1.07 1.93 3.50 217
HNXST. 8 1.80 1.60 3.67 2.36
HNXST. 9 2.27 1.87 3.73 2.62
HNXST. 10 1.23 1.70 2.70 1.88
HNXST. 11 1.57 1.93 2.83 2.1
HNXST, 12 1.90 2.47 2.43 - 2.27
HNXST. 13 2.83 2.40 4.43 . J.22
Mean 1.43 2.17 3.08 2.22
LS.D.g 05 1.23 1.137 1.41 0.70
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fillers per plant whereas genotype HNXST.12 ranked the last. Table 11)

Hourani produced more fertile tillers than Stork even though no significant
difference among them.

At Jubeiha locatign genotype HNXST. 1 ranked first and genotypes HNXST. 8
ranked the lowest in production of fertile tillers . Stork genotype produced more
fertile tillers than Hourani, although the difference between them was not
significant.’ Table 11.)

For the three locations, genotype HNXST. 13 ranked the first in fertile tillers
production, where in two locations ranked the first among all other genotypes, it
could be considered as drought tolerance genotype due to his ability to maintain
more fertile tillers at the end of the growing season.

The ranking in fertile tiller production among locations tested showed - that
Mushaquar location ranked the first followed by Jubeiha and then Ramtha locations.
The sites mean were 3.1, 2.2 and 1.4 fertile tillers per plant, respectively, This

ranking was expected because Mushaquar and Jubeiha locations were the wet sites

compare with Ramtha location.

Plant height

Statistical analysis showed that genotypes differed in plant height. At Ramtha
location Hourani and genotype HNXST. 12 were the tallest while genotypes HNXST.4
was the shortest { Table 12,

At Jubeiha location genotype HNXST. 1 was the tallest , whereas genotype
HNXST. 4 was the shortest. Hourani was taller than Stork although the difference

between them was not significant at this location.( Table 12.
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Table (12). Mean valugs of plan height (cm) for 16 wheat genolypes grown under

dryland conditions at the three locations in 1888/1989 growing season.

Genotype Location

Ramtha Jubgiha Mushagquar Mean
Stark 42.8 77.9 88.7 69.
Hourani ) 48.5 88.0 112.7 83.1
Jubeiha 435 80.2 94.3 72.6
HNXST. 1 45.6 85.0 115.3 85.3
HNXST., 2 44.9 76.4 79.0 66.8
HNXST. 3 43.9 82.9 78.6 68.5
HNXST. 4 40.0 68.1 82.2 63.5
HNXST .5 43.9 81.7 84.8 70.1
HNXST. 6 43.0 72.5 83.9 66.5
HNXST. 7 45.6 82.5 121.2 83.1
HNXST. 8 45.3 73.6 85.1 68.0
HNXST. 9 44.3 77.6 81.1 67.7
HNXST. 10 45.3 79.4 92.5 72.4
HNXST. 11 42.0 79.8 92,6 71.5
HNXST. 12 48.1 77.4 103.2 76.3
HNXST. 13 44.4 90.3 98.3 77.6
Mean 44.4 80.2 934 72.7
LSD.g s 5.0 22.3 8.7 9.1
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A[ Mushaquar location. genotypes HNXST. 7.1 and Houran; were the tallest
whereas genotype HNXST. 3 and 2 were the shortest. Hourani significantly differ in
height than Stork at this location. (Table 12)

Ranking of locations according to plant height showed that, Mushaquar location
ranked the first in plant height and was followed by Jubeiha and Ramtha location
was the last. Sites mean for plant height were 93.4, 80.2 and 44.4 cm for Mushaguar,
Jubeiha and Ramtha locations, respectively. At Mushaquar and Jubeiha, the

environmental conditions (Rainy temperature) were better which lead to production

of taller plants as compared to Ramtha site.

Heading date :

The difference between Hourani and Stork was not significant at Ramtha

location for heading date, however two groups of heading date was observed. Five

genotypes headed by six days later than the parents.

Genotypes HNXST. 8, 9, 10, 11, 12 and 13 headed later than other genotypes
whereas genotypes HNXST. 3, 4, 2, 5 were the earliest among others significant
where 9 days different between the earliest and latest cultivars: (Table 13.,

At Jubeiha location, the latest heading genotypes at Ramtha were the earliest
at Jubeiha location, no significant differnce between Hourani and stork at this

location was observed. Jubeiha genotype was the latest, there were seven days

different between the earliest and latest genotypes. (Table 13.).
At Mushaquar location, genotypes HNXST. 9 and HNXST 7 were headed earlier
than other genotypes while Hourani was late headed genotype , . Stork genolype

headed with four days earlier than Hourani at this location. Table 13) When
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Table (13). Mean values of Heading date for 16 wheat génotypes grown under dryland

conditions at the three locations in 1988/1989 growing season.

Genotypa Location

Ramtha Jubeiha Mushaquar Mean
Stork 98 105 99 101
Hourani S9 106 102 102
Jubeiha 98 107 99 101
HNXST. 1 100 104 101 102
HNXST, 2 98 106 100 101
HNXST. 3 97 104 101 1A
HNXST. 4 98 105 100 101
HNXST . 5 98 105 101 101
HNXST. 6 98 105 99 101
HNXST, 7 9¢ 104 101 101
HNXST. 8 105 101 98 101
HNXST. 9 1086 101 97 101
HNXST. 10 106 101 99 - 102
HNXST. 11 106 101 97 101
HNXST. 12 . 106 100 88 101
HNXST, 13 106 101 99 102
Mean 101. 104 99, 101.
LSDg s 2.1 2.5 2.6 1.7
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statistical analysis were done for all locations, no significant differences was
found, although Stork was early headed genotype whereas Hourani was late headed
genotype with about two days difference.

Mushaquare location ranked the first in heading date where as Jubeiha ranked
the last were about four days different between the two locations. Ramtha location

was the intermediate location in heading.

Spike characters

Spike is the reproductive organ of the wheat plants. spike characters studied

were; spike length, number of spikelets per spike, kernels per spikelets and awn
length.
Spike length : Mean vialues of spike length are presented in Table 14 . At Ramtha
location genotype HNXST. 10 produced longer spikes whereas HNXST. 7 and 4
produced short spikes compared with other genotypes . Hourani did not significantly
ditfer from Stork in spike length .

At Jubeiha location, Jubieha genotype produced Ionger. spike, whereas Hourani
genotype produced shortest spike with a significant difference from Stork genotype’
{ Table14).

At Mushaquar location, Jubicha genotype ranked the first in spike length with a
significant difference from other genotypes studied, also Hourani genotype ranked
the last in spike length with a significantly difference from stork genotype. (Table
14.) The ranking of locations for spike length showed Mushaquare location being the
first and was followed by Jubeiha and then Ramtha location with sites mean 6.26,

9.99 and 4.91 ¢m respectively, The availability of good conditions (moisture and
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Table (14). Mean values of Spike length {em) for 16 wheat genotypes grown under dry

land conditions at the three locations in 1988/1989 growing season.

Genotype Location

Ramtha Jubeiha Mushaquar Mean
Stork 5.10 6.03 7.17 6.10
Hourani 5.17 4.97 5.00 5.04
Jubeiha 5.23 9.33 10.07 8.21
HNXST. 1 4.10 5.20 5.60 4.96
HNXST. 2 5.77 5.67 5.70 5.71
HNXST. 3 5.17 5.67 5.97 5.80
HNXST. 4 4.03 5.70 6.00 - 5.24
HNXST .5 4.63 5.87 6.07 5.52
HNXST. 6 4.17 5.70 5.53 5.13
HNXST. 7 4.03 5.53 5.70 5.08
HNXST. 8 5.40 5.13 5.37 5.30
HNXST. 9 4.53 5.20 5.57 5.10
HNXST. 10 ' 5.83 6.37 6.87 6.35
HNXST. 11 4.73 6.37 6.60 5.90
HNXST. 12 5.20 6.37 5.57 6.04
HNXST. 13 5.47 6.67 6.43 6.19
Mean 4.91 5.99 6.26 5.72
LSD.g g5 1.54 0.734 1.04 0.58
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lemperataure) during spike development at Mushaguar and Jubeiha locations

compared fo Ramtha (the driest) location could be the reason for the differences

between locations for spike length .

Spikelets per spike:

Genotype HNXST. 8 ranked the first in production of spikelets per spike whereas
genotypes HNXST. 4 ranked the last at Ramtha location. (Table 15) Stork genotype
produced more spikelets per spike than Hourani, although the ditference between
them was not significant. This is known about the semidworf Mexican types.

At jubeiha location genotype HNXST. 13 ranked the first, whereas genotype
HNXST. 1 ranked the last.(Table 15 Hourani genotype produced more spikelets per
spike than Stork although the difference between them was not significant.

Al Mushaquar location, genotype HNXST. 11 and 3 were the first in Spikelets /
spike whereas genotype HNXST. 1 ranked the lowest .(Table 15) Stork produced more
spikelets per spike than Hourani at this location even though the difference between
them was not significant.

According to spikelets per spike production, Jubeiha location ranked the first
and was followed by Mushaquar and the Ramtha location was the last with siles

mean 15.6, 15.2 and 9.6 spikelets per spike respectively.

Number of Kernels per spikelet

Mean values of kernels per spikelet for the genotypes grown at Ramtha are
presented in Table 16 . Genotypes HNXST. 12 and 8 were in the top order whereas

genotype HNXST.4 was in the lower order in production of kernels / spikelet . Hourani
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Tadle (13). Mean values of Spikelels/spike for 16 wheat genotypes grown under dry

land conditions at the three locations in 1988/1989 growing season.

Genotype Location

Ramtha Jubetha - Mushaquar Mean
Stork 11.27 15.00 15.80 14.02
.Hourani 10.60 16.67 14.87 14.04
Jubeiha 9.07 14.27 15.73 13.02
HNXST. 1 8.40 13.73 13.40 11.84
HNXST. 2 9.63 16.13 15.53 13.76
HNXST. 3 10.33 14,60 16.07 13.66
HNXST. 4 7.80 16.50 13.90 12,73
HNXST .5 9.73 16.20 15.40 13.77
HNXST. 6 9.80 15.60 14.20 13.20
HNXST. 7 8.60 14.53 14.20 12.44
HNXST. 8 12.07 15.20 15.87 14.38
HNXST. 9 9.50 16.20 15.87 13.85
HNXST. 10 8.37 15.67 15.53 13.19
HNXST. 11 8.40 16.80 16.20 12.80
HNXST. 12 9.80 16.33 15.87 14,00
HNXST, 13 9.93 17.47 15.20 14.20
Mean 8.58 15.62 15.23 13.47
LSD.g g5 2.73 2.164 1.71 1.35
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Table (16). Mean values of kernels per spikelét for 16 wheat genotypes grown under

dry land conditions at the three locations in 1988/1989 growing season.

Genatype Location

Ramtha Jubetha Mushaquar Mean
Stork 1.73 2.33 2.53 2.19
Hourani 1.87 2.20 1.83 2.00
Jubeiha 1.33 2.33 2.13 . 1.89
HNXST. 1 1.60 2.20 2.00 : 1.83
HNXST. 2 1.90 2.73 2.87 2.50
HNXST. 3 1.67 2.60 2.07 2.1
HNXST. 4 1.13 2.40 2.53 2.02
HNXST .5 1.80 2.93 2.33 2.35
HNXST. 6 1.80 2.73 2.47 2.33
HNXST. 7 1.67 2.27 2.00 1.98
HNXST. 8 1.93 2.67 2.67 ) 2.42
HNXST. 9 1.73 2.73 2.53 2.33
HNXST. 10 1.83 2.80 2.47 2.36
HNXST. 11 1.60 2.87 233 2.26
HNXST. 12 1.93 2.73 2.47 2.37
HNXST. 13 1.80 3.00 2.47 2.42
Mean 1.7 2.59 2.36 2.22
LSD.g g5 0.78 0.43 0.48 0.29
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produced more kemals per spikelet than Stork although the difference between them
was not significant.

At Jubeiha location, genotypes HNXST. 13 ranked the first whereas genotypes

HNXST. 1 and Hourani were the lowest . Stork genotype produced more kernels per

spikelet than Hourani even though no significant ditference between them.

At Mushaquar location genotype HNXST. 2 ranked the first whereas Hourani

ranked the last . A significant difference between Haurani and Stork were observed

‘where Hourani produced less number of kernel per spikelet than Stork.

For the three locations, genotype HNXST. 2 ranked the first in production of
kernels per spikelet, whereas Jubeiha ranked the last, _

The ranking of iocations occrding to production of kerhels per spikelet showed

that Jubeiha location ranked the first followed by Mushauar and then Ramtha with
site means 2.59, 2.36 and 1.17 respectively.
Awn length:

At Ramtha location, genotype HNXST. 8 and 13 produced longer awns compared
with othe genotypes whersas Jubsiha genotype produced short awns (Table 17 Stork

produced longer awns than Hourani at this location even though the difference

between them was not significant.

At Jubeiha location, genotypes Hourani, HNXST. 8 produced longer awns whereas

Jubeiha produced short awns . Hourani produced longer awns than Stork eventhough

the difference between them was not significant.{ Table $7.)
At Mushaquar location genotype HNXST. 9, 10 and 2 were in the top while

Jubeiha was in the lower or—the in awn length . Stork produced longer awns than

Hourani, without significant differnces among them (Table 17.)
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Table {17). Mean values of awn length (cm) for 16 wheat genotypes grown under dry

land conditions at the three locations in 1988/1989 growing season.

Genotype Location

Ramtha Jubsiha Mushaguar Mean
Stork 8.43 10.80 9.37 9.53
Hourani 8.03 11.13 - 8.20 9.12
Jubeiha 6.57 7.43 8.73 6.91
HNXST. 1 7.40 9.43 9.67 8.83
HNXST. 2 8.10 10.73 11.47 10.10
HNXST. 3 7.90 9.50 11.20 9.53
HNXST. 4 - 7,93 10.10 10.90: 9.64
HNXST .5 8.80 10.70 10.70- 10.06
HNXST. 6 8.53 10.27 8.47 9.42
HNXST. 7 7.43 10.23 9.17 8.94
HNXST. 8 10.27 11.10 10.40 10.59
HNXST. 9 $.49 10.63 1217 10.73
HNXST. 10 8.33 10.90 11.60 10.27
HNXST. 11 9.63 10.13 9.30 9.68
HNXST. 12 9.73 10.57 10.77 10.35
HNXST. 13 10.00 10.27 10.60 10.29
Mean 8.53 10.24 10,11 9.62
L.SD.g g 3.44 1.22 3.03 1.84
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The ranking of locations for awn length where Jubeiha location ranked the first

and was followed by Mushaquare and Ramtha focations with sites mean of 10. 2,

10.1 and 853 cm respectively.

Peduncle length:

Mean values of the peduncle length for the genotypes are presented in Table 18.
At Ramtha location, genotype HNXST. 9 produced longer peduncle whereas genolype
HNXST. 4 produced short peduncle compared with othe genotypes .

Stork had longer peduncle than Hourani although the difference between them
was not significant.

At Jubeiha, genotype HNXST. 7 produced longer peduncle whereas genotypes
HNXST. 9, Jubeiha and HNXST. 5 produced short 'peduncles compared with other

genotypes . Table 1 8,

Hourani produced longer peduncle than Stork, although no significant difference

between them was found.

At Mushquar location Hourani produced longer peduncles, whereas Jubeiha

produced short peduncles , (Table 18) also Hourani produced longer peduncle than

Stork genotype at this location, even though the difference between them was not
significant.

The ranking of locations for peduncle length were Mushquar location ranked the
first and was followed by Jubeiha and then Ramtha locations with sites mean

13.61, 11.03 and 1.57 cm, respectively. At Ramtha location, the peduncles were

protected by rolled flag leaf and incomplete spike emergence.
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Tablg (18). Mean values of peduncle length (Gm) for 16 wheat genatypes grown under

dry lund conditions al the three locations in 1988/1989 growing season.

Genotype Location

Ramtha _ Jubeiha Mushaquar Mean
Stork 1.30 10.27 13.87 8.48
Hourani 1.27 13.70 17.47 10.88
Jubeiha 1.47 7.13 11.03 6.54
HNXST. 1.83 17.00 16.57 11.80
HNXST. 2 0.93 9.83 13.73 8.16
HNXST. 3 2.20 9.37 | 12.63 8.06
HNXST. 4 0.53 7.70 12.33. 6.85
HNXST .5 1.93 1.27 13.17. 7.45
HNXST. 6 1.13 14.80 13.47 9.80
HNXST. 7 1.33 19.87 12.23 11.13
HNXST. 8 1.87 9.73 11.80 7.80
HNXST. 9 3.37 6.87 12.77 787
HNXST. 10 1.00 10.13 14.07 8.40
HNXST. 11 2.10 10.70 13.27 8.69
HNXST. 12 1.63 9.67 14.60 8.63
HNXST. 13 1,23 12.40 14.73 9.45
Mean 1.57 11.03 13.61 8.73
LS.D.q o5 2.82 6.14 3.25 2.7
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Flag leaf blade area

Mean values of flag leaf blade area are presented in Table 19 . Genotype HNXST.
12 produced large flag leaf area compared with othe genotypes whereas genotypes
HNXST. 1 and 2 produced small flag leat area at Ramtha location. There was no

significant difference between Hourani and Stork in flag leaf area even though Stork
genotype had more falg leaf area,

At Jubeiha location genotypes Hourani HNXST. 5 and Jubeiha were in the first

order whereas Stork genotype was the last in the flag leaf area . Hourani

significantly  differ from stork ion flag leaf area at this location was found
19)

. (Table

At Mushaquar location genotypes HNXST. 9, 6 and 5 produced larg flag leaf area
whereas genotype HNXST. 12 produced small flag leat area among other genotypes .

(Table 19 . Stork genotype had more flag leaf area than Hourani although without

significant difference among them.
According to falg leaf blade area, Mushaquar location ranked the first followed

by Jubeiha and then Ramtha location with sites mean 24.74, 19.90 and 8.49 ¢m?

respectively. These results expected may be due to the present of better conditions

(moisture and temperature) at Mushaquar and Jubeiha than Ramtha (the driest

)

location where the flag leaves rolled to avoid water losses at Ramtha location.
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Table (19). Mean values of flag leaf blade ares () for 16 wheat genotypes grown

under dryland conditions at the three locations in 1988/1983 growing season.

Genotype Location
Ramtha Jubeiha Mushlaquar Mean

Stork .10 15.53 21.70 15.44
Hourani 7.97 23.57 20.33 17.29
Jubeiha 8.57 22.70 - 28.17 19.81
HNXST. 1 6.87 17.40 21.10 15.12
HNXST. 2 6.93 19.30 27.20 17.81
HNXST. 3 8.50 16.87 24.40 16.59
HNXST. 4 9.10 19.47 27.40 18.66
HNXST . 5 8.77 22,93 28.97 20.22
HNXST. 6 860 20.97 29.30 19.62
HNXST, 7 8.30 16.13 20.57 15.00
HNXST. 8 9.00 21.80 23.07 17.96
HNXST. 9 9.00 20.83 29.10 19.64
HNXST. 10 8.07 19.37 25.23 17.56
HNXST. 11 7.83 21.43 24,00 17.76
HNXST. 12 11.00 20.50 19.30 16.93
HNXST. 13 8.30 19.67 26.00 . 17.99
Mean 8.49 19.90 24.74 17.71
LSD.g 45 2.84 4.34 7.68 3.23

- . . .t
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Correlations among characters studied

Grain yield:

The coefficient of correlation between grain yield and other traits studied at
Ramtha are presented in Table 20. Grian yield showed a highly significant
correlation with biological yield (r=0.812**). This is expected where more
assimilates available to grain development is associated with more vegetative
growth. So, genotype HNXST. 3 produced more biological yield and more grain yield
than other genotypes, and Jubeiha genotype produced both less biological and grain
yield. Awn length associated secondary fo grain yield (r=0.633"). This result agreed
with many researches Evans (1972) ,Atkins and Norris, (1955) and Duwayri (1984) .
They noted that awns are very important character in correlation with grain yield
especially under dry conditions, because awns are‘ photosynthesize and the last
organ infroduced to senscence process. The thired trait associated with grain yield
(r=0.519") was kernels per spikelet which is one of the spike yield components and
SO yield per plant.

Biological yield significantly associated with grain yield (r=0.519*) and kernels
per spikelet also associated with grain yield (r=0.489*) at Mushaquar location .
Table 20. Genotypes HNXST. 11 and 12 produced more biological yield and so more
grain yieid, Jubeiha genotype production low of both bio'logical and grain yield.
Genotype HNXST. 1 produced less ‘spikelets per spike and kernels per spikelet. The
association between grain yield and awns length at this location showed apositive

but not significant correlation {r=0.412).

The correlation between grain yield and other traits studied at Jubeiha location
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Table (20) Correlation cosfficient (1) between grain Yield and other agronamic characters of 16 wheal gonolypes grown al

namlha, Jubetha and Mushaquar locations in 1988/1985 growing season.

Characters
Ramtha Jubeiha Mushaquar
Location

Biological Yield 0.812** 0.510° 0.519* )
gt;ahv;-;i_e;ld T ) 0.490* 0.147 0.354 B
) Fertile tillers 0.405 0.464 -0.110

1000-Kernel-wt 0.285 -0.130 0.255

Plant height 0.086 -0.021 i : -0.342

Headingdate 0.346 .0.174 -0.192

Spkelongh "0.196 -0.126  .0.293

Spikelets spike 0.198 -0.059 ‘ 0.267

Kernels/spikelet 0.519° -0.290 0.4s0*
Awn length 0.633"* 0.242 0.412
;e_d_t;r:d;?e_ng—m o 0.268 0.455 -0.051 o
Elag leaf area ) 0.241 -0.041 0.049 )

*. "™, Significant at 5% and 1% probability levels respectively
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- are presented in Table 20. Biological yield was the only trait Signifieantly
associated with grain yield at this location (r=0.510*). Genotype HNXST. 7 produced
more biological yield and also more grain yield whereas genotypes HNXST. 9 and 1
produced less biologica! yield and so grain yield. Genotype HNXST. 3 ranked the
lowest in biological yield and ranked intermediate in grain yield. This may be due to

contribution of other yield components such as 1000-kerne! weight.

Biological yield:

The coeffecient of correlation between biological yield and other traits studied
at Ramtha location are presented in Table 21 Biological yield showed a positive
correlations  with straw yield (r=0.820) and with awn length (r=0.506%). At
Mushaquar biological yield showed a positive and highly significant correlation with
straw yield { r= 0.903 ) . This is expected because straw yield is a portion of
biological yield . Also a positive but not significant correlation with plant height
was found (r=0.457) and heading date negatively correlated with other trails studied.
However at Jubeiha weak correlations were shown between biological yield and

other traits studied except with straw yield ( r=0.91) .(Table 21,

Straw yield:

The coeffecient of correlation between straw yield and other traits studied at
Ramtha are presented in Table 22 Straw yield was significantly correlated with
biological vyield with r=0.82h ** and with grain yield r=0.49*.This is due to
contribution of straw yield in total dry matter production. At Jubeiha straw yield

was significantly correlated only with biological yield (r=0.910**). The other traits

-
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Table {21) Correlation coefficiant {r) between biologica! yield and other agronamic characters of 16 wheat genotypes grown
al Ramtha, Jubeiha and Mushaquar locations in 198871989 growing season,

Cﬁ;;cters
Ramtha Jubeiha Mushaquar
Location

Straw yiald ) 0.820"* 0.910*" 0.903** B
Eertile tillers 0.312 0.196 ¢.129

;OOO-KerneI-wt 0.304 -0.107 -0.247

};I;:t;;r;r; hhhhhh 0.079 0.238 0.457 )
Heading date 0.175 -0.07 0.242

Spike length -0.076 0.157 | -0.330

Sphelets spke 0.264 0204 0,055

E;r;;l;r;;;kelel N 0.341 0.027 -0.103 )
;;;l;;g—th_ _________ 0.506° 0.178 0.134 )
Pedunde fength 0.034 0.178 0.134
Ela_g leal area 0.356 0.229 0.654*" -

" **, Significant at 5% and 1% probability levels respactively
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Table { 22) Correlation coefficient (r} betwsen straw yisld and other agronamic charabters of 16 wheat genotypes grown at
Ramtha, Jubeiha and Mushaquar locations in 1988/1989 growing season,

Characters
Ramtha Jubeiha Mushagquar
Location

;ertile lilers 0.370 -0.015 -0.020
1—000-Kernei-wt -0.043 0.175 -0.300
Plant height 0.334 -0.09 0.510°
Heading date -0.103 0.179 0.068
Spike length 0.244 0.208 -0.093
Spikelets spike 0.284 0171 -0.027
Eernels!spikelet 0.224 0.296 -0.160
Awn length 0.330 0.136 -0.07
Pedunde length 0.043 0.003 0.216
Flag leaf area o 0.423 0.270 ) -0.208 -

", ** ., Significant at 5% and 1% probability levels respectively
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showed weak correlations with straw yield.; Table 22,

Straw yield significantly correlated with biological yield and plant height with

r=0.903 and 0.51 respectively at Mushaquar location( Table 22,

Kernel weight:

The coeffecient of correlation between kernel weight and other traits at
Ramtha are presented in Table 23. Weak correlations were obtained with kernel

weight. Whereas at Jubieha, a strong correlation was found between Kernel weight

and fiag leaf blade area (r=0.747**) and was followed by spikelets per spike

(r=549") and Kernels per spikelet (r=0. 5017). (Table 23) Importance of flag leaf in

contribution for kernel weight is will known, since more flag leaf area contribute to

more assimilates for kernels growth and development which will increase kernel
weight.

However, flag leaf blade area showed positive but not significant correlation

with kernel weight (r=0.454) at Mushaquar location. Table 23,
Fertile tillers:

The cooefiecient of correlation between fertile tillers and other fraits studied

at Ramtha location are presented in Table 24. Awn length and heading date showed

highly significant correlation with fertile tillers capacity (r=0.766** and 0.764**)

respectively . Confiriming the important of awns under dry conditions .

Whereas, weak correlations were obtained between fertile tillers and other

traits at Mushaquar. Table 24 However kerngl weight and plant height gave positively

association with fertile fillers but without significantly mannar at Jubeiha location
( Table 24.,
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Table ( 23) Garrlation coeticien! 1) batwaan 1000-karnel w

! *
Blght and other agronamic characters of 16 wheat genotypes
grown at Ramtha, Jubeiha and Mushaquar locations in 1988/19

89 growing season,

Characters
Ramtha Jubeiha Mushaquar
Location

;l;nl height -0.069 -0.076 -0.360 -
Heading date 0.076 -0.205 -0.214

Spike length B 0.146 0.039 0.195

Spikelets spike -0.013 0.546° 0.060 B
R;';els/spikele!_ -0.188 0.501* 0.209 .
Awn length B -0.024 0.102 -0.224
l;;iunde length ) 0.201 -0.483 B -0.236
;i;g leaf area -0.094 0.747** 0.454

', **, Significant at 5% and 1% probability levels respactively

-
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Ramtha, Jubeiha and Mushaquar locations in 1988/1989 growing season.
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agronamic characters of 16 wheat genotypes grown at

Characters )
Ramtha Jubeiha Mushaquar
Location

1000-Kernekwt 0.077 oaz 0.007 o
Plant height - 0.159 0.346 0.003 )
Heading date 0.764"* 0.208 0.10t

Spike Ieng;r; ) 0.217 -0.017 -0.197

Spikelets spike ) 0.225 -0.192 0.075 o
Kemelsispikelet 0.311 0.095 0.033

;wn length 0.766"" -0.256 0.195

Pedunde length 0.383 0.269 -0.167

Flag leaf area 0.319 0.418 0.176
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Plant height:

The correlations between plant height and other traits studied at Ramtha are
presenied in Table 25. The heighest r value was cbtained with kernels per spikelet
(r=0.684"") and was followed by spike length (r=0.480). At Jubeiha, peduncie length
showed a positive correlation with plant height (r=0.469)(Table 25

Kernels per spikelet and flag leaf area negatively associated with plant hight
at Mushaquar (Table 25.)Peduncle length showed a positive. and significant correlation
(r=0.507") with plant height this is due to the contribution of peduncle length in the

total plant height.

Heading date:

A highly significant correlation was found between heading date and awn length
at Ramtha (Table 26) However negative correlations were oblained belween heading
date and spikelets/spike and kernels per spikelet at Mushaquar and Jubeiha( Table,
26.) Confirming the importance of developing early heading cultivars for dry land

conditions .

Spike length

The correlation between spike length and other traits siudied at Ramtha are
presented in Table 27. A weak correlation were observed between spike length and
qther traits except kernels per spikelet (r = 0.49*). Awn lenght negatively correlated
with Spike length at Mushagar and Jubeiha locations . A weak correlation was found
between spike length and other traits studied at Jubeiha and Mushaquar locations.

(Table 27)
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Tabla (25 ) Correlation coefficient (r) between plant height and other agronamic characters of 16 wheat genolypas grown at
Ramtha, Jubeiha and Mushaquar locations in 1988/1989 growing season.

Characters

Ramtha Jubeiha Mushaquar

Location

}_<lejading date 0.246 -0.066 0.340
gpikelength 0.480 -0.019 -0.053
Spikelets spike 0.314 -0.250 -0.461
Kemels/spikelet 0.684° 0192 -0.668*
Awn length 0.090 -0.174 -0.482
Pedunde length 0.106 0.498° _0.507*
Flag leaf area 0.063 -0.124 -0.708""

* A

., Significant at 5% and 1% probability levels respectively

Table ( 26) Correfation coefficient (r) between heading date and other agronamic character

Ramtha, Jubeiha and Mushaquar locations in 1988/1989 growing season,

s of 16 wheat genctypes grown at

Characters

Ramtha Jubeiha Mushaquar

Location

Spkelength "~ 0.300 0.154 -0.285
gpikele!s/ spike 0.015 -0.527* -0.567*
Eemels/spikelet 0.363 -0.638"* -0.599°*
Awn length o 0.750** -0.403 -0.187
Pedunde length 0.369 0.075 -0.321
Flag leaf area 0.248 -0.040 -0.187

*, ', Significant at 5% and 1% probability levels

respectively
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Table (27) Correlation coefiicient (r} between spike leangth and other agronamic characters of 16 wheat genotypes grown at
Ramtha, Jubsiha and Mushaquar locations in 1988/1989 growing season.

Characters
Ramtha Jubgiha Mushaquar
Location

Spikelets/ spike 0.429 0.055 0.322
Kernels/spikelet 0.490* ¢.058 0.073
Awn length 0.247 -0.744"" -0.492°
Eedunde length -0.123 -0.335 -0.411
Flag leaf area -0.016 0.211 0.191

*, *" ., Significant at 5% and 1% probability levels respectively

Table (28 ) Correlation coefficient (r) between spikelets per spike and other agronamic characters of 16 wheat genotypes
grown at Ramtha, Jubeiha and Mushagquar locations in 1988/1989 growing season,

Characlers
Ramtha Jubsiha Mushaquar
Location
Kernels/spikelet 0.596* 0.723** 0.322
Awn length 0.412 0.459 - 0.185
Pedunde length 0.179 -0.357 . -0.319
Flag leaf area 0.273 0.371 0.070

', **, Significant at 5% and 1% probability levels respectively
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Spikelets/spike

The correlations between spikelets per spike and other fraits studied af
Ramtha are presented in Table 28. A positive and significant correlation was found
between spikelets per spike and kernels per spikelet (r= 0.596') and was followed

by awn length but not significantly correlated (r= 0.412). At Jubieha kerenls per

spikelets also correlated significantly and in positive mannar with spikelets per
spike with (r=0.723**), awn length correlated with spikelets per spike but without
significantly mannar (r=0.459). (Table 28.)However weak correlations were observed

between this character and other traits studied at Mushaquar location. (Table 28

Kernels per spikelet:

The coeffecient of correlation between Kernels per spikelet and other traits
studied at Ramiha are presented in Table 29. Awn length only frait correlated with
kernels per spikelet positively and significantly with (r = 0.531*). At Jubiecha weak
correlations were found between kernels per spikelets and other traits.( Table 29).
However awn length significantly correlated with Kernels per spikelets with
(r=0.564"). At Mushaquar locations Table 29). The correlation between Kernels per
spikelet and awn length significantly correlated at two locations this support the
importance of awns for contribution of assimilates to kernels.

Awn length and Peduncle length:
~The correlation between awn length and with peduncle length and flag leaf area
are presented in Table 30. At three locations, a weak correlations were observed.

The correlation between peduncle length and flag leaf blade area showed a weak

correfation at all locations.( Table 30.)
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Table (29} Correlation cosfficient (r) betwean kernels per spiketets and awn length, paduncls length and flag area of 16 wheat
genotypes grown at Ramtha, Jubeiha and Mushaquar locations in 1988/1989 growing season,

Characters
Ramtha Jubeiha Mushaquar
Location
Awn length 0.531° 0.304 0.564°
Peduncle length 0.173 -0.399 -0.281
Flag leaf area 0.048 0.298 0.393

", Significant at 5% and 1% probability levels respectively

Table (30 ) Correlation coetiicient (r) between awn length, peduncle length and flag leaf area 16 wheat genotypes grown at 1
Ramtha, Jubeiha and Mushaquar locations in 1988/1989 growing season,

Location Ramtha Jubeiha ' Mushaquar
character Awn  Peduncle Flag Awn  Peduncle  Flag Awn Peduncle Flag
length  length leaf length  length leaf fength  length feaf
area area area
Awn length 1.000 0.320 0.394 1.000 0.076 0.004 1.000 -0.030 0.225
Peduncle length 1.000 0.127 1.000 -0.400 1.000 -0.479
Flag leaf area 1.000 1.000 1.000
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Seediing Characters;

Seminal roots number

Statistical analysis for seminal roots number are presented in Table;lf’etra
ranked the first with mean value (5.17) without significant difference from Hourani
with mean value (4.89) whereas genotype HNXS!. 12 ranked the lowest. Hourani
significantly differ from stork in porducing seminal roots number.

Average root length:

Genotype HNXSt. 12 produced longer seminal roots which was ranked the
first. This is may be due to less simenal roots number which was ranking the last
whereas Jubeiha genotype ranked the lowest. Stork has longer seminal roots than
Hourani although the difference between them was not significant. (Table 31).

Total roots length:

Petra significantly differ from other genotypes which ranked the first among
other genotypes. This is may be due to production of more simenal roots number,
whereas Jubeiha genotype ranked the last whic was produced shorter seminal roots
compared to other genotypes. The total roots length for Hourani is more than stork

even though the difference between them was not significant(Table 31)

Coleoptile length:

Hourani produced longer coleoptile compared with other genotypes with
mean value = 6.15 cm. genotypes HNXSt. 7 and 1were followed Hourani and they did
not differ significanlty from them with the mean values 5.97 and 5.77 cm,
respictively. Golan genotype ranked the lowest. Hourani produced longer coleoptile
than stork and the ditference between them was significant. This is could be reason

for the adaptability of Hourani to dry land conditions.
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Table (31). Mean values of Seminal roots number, average roots length, total roots
length and cofeoptile length for 20 wheat genotypes tested in the laboratory,

1989/1990.

Genotype Seminal roots average root langth lotal roots coleoptile length
number {cm) length {cm) {cm)
Stork 3.85 5.62 21,63 3.81
Hourani 4.89 5.03 24.59 6.15
HNXST. 1 4.00 7.33 29.32 5.77
HNXST. 2 3.67 5.94 21.79 3.58
HNXST. 3 417 6.29 26.23 3.65
HNXST. 4 4.17 5.06 21.10 375
HNXST .5 4.50 6.53 29.38 . 4.53
HNXST. 6 4.67 6.29 29.37 4.70
HNXST. 7 3.67 7.68 24.84 5.97
HNXST. 8 3.67 6.77 24.84 4.20
HNXST. 8 3.67 5.70 20.92 3.90
HNXST. 10 4.17 5.14 21.43 3.57
HNXST. 11 3.67 5.98 21.94 3.55
HNXST. 12 3.17 7.79 24.70 3.50
HNXST. 13 4.17 5.94 24.76 3.92
Jubeiha 3.67 4.20 15.41 4.88
Maru 4.67 6.04 28.20 4.10
Golan 417 4,68 19.51 .17
om-Rabi-14 4.83 4.63 22.38 4.28
Petra 5.17 7.16 37.01 4.58
Mean 4.12 5.99 24.46 4.27

LSD.ggs 0.86 1.69 6.14 0.52
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EXPERIMENT 11

Biological Yield:

Data on biological yield of the two treatments and the different genotypes are
presented in Table 32. Average biological yield for T1 was 36.1 g as compared 1o
29.7 g, the average biological yield for T2. The difference between the two
treatments was significant. This trend of results in agreement with the results
obtained by Frank et al. 1977; Fischer and Maurer, 1968; and Duwayri, 1984 who
reported higher biological yields at more favorable conditions.

The highest biological yield (48.1 g} at T1 was obtained by Golan whereas the
highest for T2 (42.1 g) was for Om-Rabi-14. The highest mean for both treatment
(42.1 g) was for Om-Rabi-14. Hourani was among the genolypes giving the highest
values at both treatments and only one of HN X ST progenies studied gave higher
values than Hourani for this character.

The interactions between the irrigation treatments and genotypes studied
were significant only for biological yield, straw yield, plant height, flag leat area

and heading date.

Grain Yield:

The results of the grain yield in the Table 32 showed that there were no
significant difference between irrigation treatments. However there were
significant differences among genotypes studied.

The mean values 6.8 and 6.4 g/pot were obtained for two irrigation treatments
T1 and T2, respectively (Table 32.), though this difference was not significant. The

genotypes Petra, Golan, Jubetha and HN X ST,6 produced the highest grain yield over
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he wo treaiments and were higher than Hourani by aimost 100%. The high

biological and grain yield of HN X ST 6 is of importance since it was stable over the

two treatments.

Straw Yield:

Significant difference between the two treatments for straw vyield was found.
The means were 29.2 and 22.3 g/pot for T1 and T2, respectively (LSD 0.05=6.71
g/pot) which agreed with Singh et al. 1971, and Duwayri; 1984 where straw yield
was associated with more moisture available to plants during growing season.

Mean values of straw yield at the two treatments for all genotypes are
presented in Table 32. At T1, Om-Rabi-14 ranked the first while Stork ranked the
last. Om-Rabi-14 also ranked the first at T2 while Jubeiha ranked the last. The high

ranking of Om-Rabi-14 is due to the low grain yield which resulted from the late

heading.

Harvest Index:

The harvest index for the field capacity treatment (Tt) was 0.18 as compared
to 0.24 for the 1/3 available water treatment (T2). The harvest index is higher at the
less favorable moisture conditions. The highest value at T1 was 0.28 for both Petra
and Stork. At T2, the highest value (0.38) was for HN X ST 11, HN X ST 3, HN X ST s,

HN X ST 10. Golan and Petra gave higher harvest index at this treatment (Table 32).

Number of Spikes per pot:

Significant difference between the two treatments in spikes per pot was
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Table (32). Mean values of Biological yield (o/pot) grain yield (g/pot), straw yield
(g/pot}, and harvest index of 20 wheat genotypes grown at two irrigation

treatments (T1,72)*, under glass house condition in 1989/1990.

Biological yield g/pot Grain yield g/pot Straw yield g/pot Harvest index
Genotype  T1 T2  Mean T T2  Mean Tt T2 Mean Tt T2 Mem

Stork 224 242 233 61 53 57 16.3 189 17.6 0.28 0.22 o0.25
Hourani 453 328 39.1 43 71 57 400 257 32.8 .10 0.21 o0.15
HNXST. 1 41,1 294 353 38 34 3.6 37.3 26,0 316 0.10 0.11 0.10
HNXST. 2 31.9 289 304 74 74 74 4.5 215 230 023 025 o0.24
HNXST. 3 33.1 250 29.0 88 88 8.8 24.3 182 20.2 0.26 0.35 0.30
HNXST. 4 28.1 29.7 289 62 62 6.2 219 235 227 0.22 0.20 0.21
HNXST. 5 283 313 298 43 43 43 240 27.0 25.5 0.15 014 0.14

HNXST. 6 46.1 346 40.3 108 1.3 111 35.3 233 293 0.23 0.33 0.28
HNXST. 7 339 378 359 45 25 315 29.4 353 224 0.13 0.06 0.10
HNXST. 8 37.8 281 330 64 58 6.0 31.4 225 2.9 017 0.2 0.18
HNXST. 9 41.0 300 355 4 50 42 376 250 31.3 0.08 011 0.0
HNXST. 10 30.7 222 254 82 82 82 225 140 18.2 0.27 037 032

HNXST. 11 336 239 237 893 93 9.3 243 148 194 0.27 0.39 0.33
HNXST. 12 274 272 973 39 39 3¢ 235 233 234 0.14 0.14 0.14
HNXST. 13 28.3 297 290 55 55 5.5 22.8 242 23.5 0.19 0.18 o0.18
Jubeiha 45.8 241 350 121 121 121 337 120 228 026 05 0.38
Maru 359 294 2326 8.1 81 8.1 27.8 213 248 0.22 0.27 024
Golan 481 314 398 1.0 110 110 371 204 287 0.22 0.35 o0.28
Om-Rabi-14 416 426 42,1 02 02 o2 414 424 419 0.004 0.005 0.004
Petra 421 325 373 120 120 120 301 205 253 0.28 0.37 0.32
Mean 361 297 329 68 64 638 29.3 229 261 018 024 0.21
LSD 0.05 for irrigation LSD 0.05 for wheat LSD 0.05 for
Character treatments means genolypes means interaction
Biological yield 6.0 7.0 9.9
Grain yield NS 3.6 : NS
Straw yield 6.7 1.2 ; 10.2

Harvest index 0.05 0.12 f NS

T1= Field capacity treatment, To=1/3 available water treatment
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found. Treatments means were 7.1 and 5.6 spikes per pot (LSD 0.05 = 1.31). Mean
values of number of spikes per pot are presented in Table 33,

At T1, Jubeiha ranked the first whereas genotype HN X ST 1 ranked the last. No
significant difference between Hourani and Stork in spikes per pot was found. At T2,
Jubeiha also ranked the first while Hourani and Om-Rabi-14 ranked the last without

significant difference from Stork (Table 33 ).

Spike length:

The results of spike length showed no significant difference between the two
treatments was found. Mean values of spike length are presented in Table 33. At T1,
Golan and Jubeiha genotypes produced longer spikes while genotypes HN X ST 12 and
2 were among the last. At T2, Jubeiha, HN X ST 13 and Golan genotypes produced
longer spikes whereas genotypes HN X ST 3 produced short ones. No significant

differences between Hourani and Stork in spike length was found at the two

treatments.

Spikelets per spike:

The mean values for the treatments T1 and T2 were 15.2 and 14.2,
respectively. Though no significant difference between the two treatments was
found (Table 33). At T1, genotypes Golan and HN X ST 7 produced more spikelets per
spike whereas genotype HN X ST 10 produced this number of spikelets per spike. At
T2, genotype Golan ranked the first while HN X ST 3 ranked the last. No significant
diffc-::rence between Hourani and Stork at the two treatments for spikelets per spike

was found. The high values of spikelets per spike for bread wheat genotypes could be

due to production longer spikes compared with durum genotypes.
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Number of Kernels per pot.

Water treatments did not result in significant differeces for number of

kernels per pot. At T1, Golan ranked the first in kernels per pot while Om-Rabi-14

ranked the last (Table 33 ). Stork produced more kernels than Hourani eventhough no
significant difference between them. At T2, Golan also ranked the first and Om-Rabi
-14 ranked the last. The ranking of Om-Rabi-14 in the last at the two treatments is
due to Jate heading of Om-Rabi-14 compared with other genotypes which was

resulted in exposed late heading genotypes to high temperature in the green house

lead to fail of spikes to produced fertile spikelets.

Plant Height:

Statistical analysis for plant height showed no significant difference between
the two treatments was found. The mean values for genolypes studied are presented
in Table 34. HN X ST 7 genotype is taller than any of its parents at both treatments.
HN X ST 3 is shorter than any parents at both treatments. At T1 Hourani significantly
differed from Stork in plant height. At T2, also genotype HN X ST 7 was the tallest
whereas genotypes HN X ST 3 and 2 where the shortest.

Hourani differed
significantly from Stork in plant height also.

Peduncle length:

Significant difference between the two treatments means was found where

the values were 14.2 and 12.6 cm for the T1 and T2, respectively (L.S.D, 45 =0.87 cm).

Mean values for genotypes are presented in Table 34. At (T1), Jubeiha produced

longer peduncie while genotype HN X ST. 3 produced short peduncles. Stork gave
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Table (33) Mean values number of Spikes/pot, spike length (cm), spikelets/spike,
Kernels/pot, for 20 wheat genotypes at two irrigation troalmonts (T1,72)*, grown

under glass house condition in 1989/1990,

Spike/pot Spike length {cm) Spikelets/spike number of Kernels /pot
Genotype  T1 T2 Mean T1 T2 Mean Tt T2 Mean T T2  Mean

Stork 5 4 4.5 6.0 52 58 16.1  13.2 14.6 157 135 148
Hourani 5 3 4.0 6.0 59 6.0 15.7 185 16.1 81 169 125
HNXST. 1 4 4 4.0 6.0 5.0 5.5 171 140 15.6 89 83 86
HNXST. 2 8 8 7.0 5.0 52 5.1 13.7 12.0 12.8 192 192 192
HNXST. 3 g 6 7.5 52 49 50 13.7 118 12.7 220 220 220
HNXST. 4 7 7 7.0 5.2 5.8 5.4 13.9 1458 14.2 181 160 161
HNXST.5 4 6 5.0 5.6 57 58 15.4 147 15.0 114 114 114
HNXST. 6 9 7 8.0 53 5.4 5.4 15.9 140 14.9 244 281 253
HNXST.7 5 4 4.5 6.8 5.6 8.2 181 13.2 15.6 124 78 101
HNXST.8 7 5 6.0 6.4 63 6.4 16.7 16.3 16.5 153 138 148
HNXST. 5 6 5 5.5 5.7 6.5 6.1 16.6 16.1 16.3 94 141 118
HNXST.10 9 5 7.0 5.5 57 586 124 145 134 208 208 208
HNXST.11 g 5 7.0 5.5 5.7 5.6 13.6 13.0 13.3 241 241 241
HNXST. 12 & 6 6.0 4.9 5.8 5.4 13.7 145 14.1 108 108 108
HNXST. 13 & 6 6.0 5.8 8.7 7.3 131 128 12.8 141 141 141
Jubeiha 12 8 10.0 8.8 B9 89 15,1 134 14.2 274 274 274
Maru 7 7 7.0 6.1 6.2 6.2 158 144 15.1 213. 213 213
Golan 9 6 7.5 9.3 83 8.8 183 175 17.9 367 367 367
om-Rabi-14 4 3 35 53 54 54 132 134 133 4 5 5

" Petra 9 6 7.5 5.9 6.0 6.0 16.2 1586 15.9 298 288 298
Mean 7.1 5.6 6.3 6.0 6.1 6.0 152 14,2 14.7 174 177 175

LSD 0.05 for irrigation LSD 0.05 for wheat LSD 0.05 for

Character lrealments means genotypes means interaction

Number of spikes/pot 1.3 2.7 NS

Spike length NS 1.1 NS
Spikelets/spike NS 2.3 NS

Number of kernels/pot NS 86.6 NS

T4 = Field capacity reatment, T=1/3 available water treatment
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longer peduncle than Hourani although the difference between them was not

significant. At (T2), Golan ranked the first in peduncle whereas genotype HNXST. 7

ranked the last, also Stork had longer peduncle than Hourani even though the

difference between them was not significant.

Awn length:

Statistical analysis for awn length showed no significant difference between
the two trealments was found. Mean values of awn length at two treatments are
presented in Table 34. Mary produced longer awns while Golan produced short awns
copmared with other genotypes at the two treatments, Golan and Jubeiha are bread

wheat genotypes and have shorter awns. No significant difference between Hourani

and Stork at both treatments in awn length was found,

Flag leaft blade area -
The difference between the two treatment was not significant for the flag

leaf area with treatments mean 27.7 and 24.67 cm? (L.S. Bo.os = 4.3 cm?). Mwan

values for flag leaf area are presented in Table 34.

At (T1), genotype om-Rabi-14 ranked the first in flag leaf area whereas

HNXST. 12 ranked the last, Hourani significantly differed from Stork at this

treatment. At (T2), genotype Golan ranked the first while genotypes HNXST. 2, Maru

HNXST. 3 and 4 were in the lower order. No significant difference between Hourani

and Stork in flag leaf area at T2 was found.
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Table (34 ) Mean values of Plant height (em), Peduncle length {cm), Awn fength (cm)

and Flag leaf blade area (cm®) for 20 wheat genotypes grown at two irrigation

treatments (T1,T2)*, grown under glass house condition in 1989/1990.

Plant height (cm) Peduncle length (cm) Awn length (cm) Flag toaf area (cm)2
Genotype T T2 Mean T T2 Mean Tt T2 ‘Mean Tt T2 Mean

Stork 61.0 61.0 610 13.0 15 14.0 101 9.9 10.0 23.4 227 230
Hourani 87.0 85.0 86.0 120 13.0 125 10.5 100 102 320 230 275
HNXST.1 1040 790 915 170 8.0 125 111 110 11.0 31.5 26.3 289
HNXST.2 490 530 510 13.0 11.0 120 104 95 10.0 202 204 20.3

HNXST.3 490 s50.0 50.0 1.0 140 125 10.5 10.1 10.3 231 205 21.8
HNXST.4  53.0 61.0 570 120 118 119 9.8 10.9 10.4 255 209 232
HNXST.5  58.0 59.0 599 13.0 12,0 125 a.7 10.4 9.6 273 238 258
HNXST. 6 66.0 56.0 61.0 120 110 115 9.5 10.4 10.0 29.3 223 2538
HNXST. 7 107.0 103.0 105.0 170 7.0 12.0 114 119 11.2 27.7 217 215
HNXST.8  58.0 590 59.0 13.0 110 120 0.5 107 10.6 35.7 232 295
HNXST.9  60.0 56.0 58.0 13.0 110 1290 104 8.9 9.6 31.2 223 267
HNXST. 10 60.0 64.0 62.0 18.0 150 165 9.8 9.4 9.6 19.8 239 218
HNXST. 11 610 s57.0 59.0 17.8 17.0 17.0 9.9 9.1 9.5 215 217 218
HNXST.12 530 590 56.0 140 140 140 9.7 9.4 8.5 16.5 27.2 218
HNXST. 13 540 590 56.5 15.0 13.0 14.0 1.4 98 10.5 225 27.7 251
Jubeiha 750 76.0 76.0 21.0 150 185 6.8 7.7 7.2 36.7 31.3 34.0
Maru 650 60.0 63.0 120 13.0 125 121 118 129 283 205 244
Golan 84.0 770 805 18.0 180 18.0 6.4 6.7 6.5 37.2 359 36.8
om-Rabi-14 67.0 60.0 635 110 9.0 10.0 103 10.0 10.1 395 298 348
Petra 62.0 63.0 63.0 120 140 13.0 1.7 101 10.9 248 245 248
Mean 66.7 649 658 142 126 134 0.1 938 9.9 27.7 247 26.2
LSD 0.05 for irrigation LSD 0.05 for wheat LSD 0.05 for
Character treatments means genolypes means interaction
Plant height NS 7.4 10.5
Peduncle length 0.8 3.8 NS
Awn length NS : 1.4 NS
Flag leaf area NS 54 7.7

Ty = Field capacity treatment, T2=1/3 available water treatment
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Heading date:

, Significant difference between the means of the two treatments for heading
date was found, where reduction of irrigation water resulted in earliess of two days
as compared with the field capacity treatment (L.S.Dg 45 = 0.73) . The mean values of
heading date for the genotypes studied are presented in Table 35.

At (T1), HNXSt. 4 and 11 genotypes were the earliest (52 days), while Om-
Rabi-14 was the iatest (113 days). Stork headed earlier than Hourani with

difference being significant. At (T2), genotypes HNXST. 10 was the earliest while

Om-Rabi-14 was the latest Stork also headed earlier than Hourani although the

difference between them was not significant.

Maturity date:

Statistical analysis showed significant  difference between the 1two
treatments for maturity date was found with treatments mean 110.0 and 105.4 days
for (T1) and (T2), respectively (L.S D 05=3.9 days). Mean valués of maturity dates for
the genotypes studied are presented in Table 35. At (T1), genotypes HNXST.4 and 10
matured earlier than other genotypes where as Om-Rabi-14 was the latest maturity
genotype. At (T2) , genotypes HNXST. 10 and 11 were the earliest while Om-Rabi-14
was the latest genotype. Significant difference between Hourani and Stork for

maturity date was found at both treatments. Stork matured about 47 and 25 days

earlier than Hourani at T1, and T2, respectively.

Roots weight:

The mean values of roots weight for T1 and T2 are 7.6 and 6.5 g, for the two
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Table (35). Mean values of heading date and maturity date (days) for 20 wheal
genotypes grown at two irrigation treatments (T1,72)* under glass house conditions
in 1989/1990.

Heading date (days) Maturity date (days)

Genotype T1 T2 Mean T1 T2 Mean
Stork (P1) 61 56 59 97 92 95
Hourani 101 72 87 144 117 131
HNXST. 1 88 101 95 118 140 128
HNXST. 2 62 55 59 97 91 94
HNXST. 3 54 55 55 94 89 g2
HNXST. 4 52 52 52 88 89 89
HNXST .5 60 60 60 100 101 101
HNXST. 6 93 69 81 128 120 124
HNXST. 7 76 92 84 115 130 123
HNXST, 8 92 g0 91 135 128 131
HNXST. 9 71 72 72 115 108 112
HNXST. 10 55 51 . 53 92 88 90
HNXST. 11 52 54 53 101 88 95
HNXST. 12 62 52 57 103 B9 96
HNXST. 13 53 52 53 102 89 96
Jubeiha 59 58 59 105 87 101
Maru 64 57 61 106 97 102
Golan 61 66 64 105 94 100
om-Rabi-14 13 113 13 165 165 165
Petra 58 59 59 96 95 98
Mean 69.0 67.0 68.0 110 105 108

LSD 0.05 for irrigation LSD 0.05 for wheat LSD 0.05 for
Character trealments means genolypes means interaction
Heading date 0.7 7.7 10.9
Maturity date 39 12.9 NS

Targat, Ty= Field capacity treatment, T2=13 available water treatment
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Irea(meﬂls, respeclively. However the difference between these two means was not
significant (LSD 0.05- 3.3 a/pot).

Hourani with a mean values of 19.6 and 13.8 g/pot at T1 and T2, respectively
was the highest in root weight (Table 36). This could be an important factor for

Hourani adaptation to rainfed conditions and should be utilized as a source of root

weight and length in breeding programs,

At (T1), HNXST 7 genotype gave 13.1 g/pot and was second to Hourani.

However, Om-Rabi-14 was second to Hourani at T2 and was followed by HNXST 7
genotype. Furthermore, Stork was inferior 1o Hourani in this respect and four of the

13 HNXST progenies were inferior fo Stork in this trait.

Water use effeciency

Significant ditference between the two treatments was found where

tfeatment means were 3.45 and 4.58 g dry matter/kg water for (T1) and (T2) ,

respectively {L.S.D, o5 =0.34). These findings agreed with Mehrota et aj (1976) and

Singh et al (1979a) where water use effeciency decreased by increasing number of

irrigations and water availability. Mean values of water use effeciency for the
genotypes are presented in Table a7.

At (T1) genotype HNXST. 13 significantly ditfered from al genotypes tested

while Om-Rabi-14 ranked the fast, this may be due to late heading and maturity of
Om-Rabi-14 which consumed more water during growing season compared with
total dry mater produced per uint of water transpired and also a negative correlation
was found between water use effeciency and maturity date. There was no

significant difference between Hourani and Stork for water use effeciency was

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



92

Table (36). Mean values of Weight of rools of 20 wheat genotypes grown at the two
irmigation treatments (T1, T2) under glass house condition in 1989/1990.

Roots weight g/pot

Genotype T1 T2 Mean
Stork 6.3 3.8 T 5.4
Hourani 19.6 13.8 16.7
HNXST. 1 10.8 5.1 ' 8.0
HNXST. 2 4.2 6.3 53
HNXST. 3 4.9 4.4 4.7
HNXST. 4 4.9 4.5 4.7
HNXST . 5 4.8 6.3 586
HNXST, 6 8.5 6.3 7.9
HNXST. 7 13.1 8.4 10.8
HNXST. 8 1.7 4.4 6.1
HNXST. 9 8.3 5.0 6.7
HNXST. 10 55 .7 4.6
HNXST. 11 4.2 4.6 4.4
HNXST. 12 5.0 54 5.2
HNXST. 13 5.3 6.5 59
Jubeiha 10.2 7.6 8.9
Maruy 7.1 7.0 7.1
Golan 7.1 6.8 7.0
Om-Rabi-14 6.5 12.8 9.6
Petra 6.5 66 6.6
Mean 7.6 6.5 7.1
LSD 0.05 for irrigation LSD0.05 for wheat genotypes LSD0.05 for
treatments means means interaction
NS 31 NS

Ty= Field capacity treatment, To=1/3 available water treatment

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



93

Table (37). Mean values of biological yield gipot, total waler Iranspired kgipot, and

waler use elfeciency for 20 wheat genotypes at two irrigation treatments (T1,72)

grown under glass house condition in 1989/1990.

Plant height (cm) Biclogical yield Total water franspired Watet use effeciency**
(g/pot) {kg/pot) (WUE)
Genotype T . T2 Mean T T2 Mean T1 T2 Mean
Stork 22.4 24.2 23.3 8.72 443 657 2.6 55 41
Hourani 453 328 39.0 20.37 975 15.06 2.2 3.7 3.0
HNXST, 1 411 29.4 35.3 1443 715 10.79 2.8 4.1 3.5
HNXST, 2 31.9 28.9 304 9.38 497  7.17 3.4 5.8 4.6
HNXST. 3 331 25.0 29.0 8.58 5.00 6.79 39 5.0 4.5
HNXST. 4 281 29.7 28.9 7.80 6.42 6.81 3.9 4.6 4.3
HNXST . 5 28.3 312 29.8 10.11  8.36 923 : 2.8 3.7 3.3
HNXST. 6 48.1 348 40.4 13.90  7.57 1073 3.3 4.6 4.0 .
HNXST. 7 33.9 37.8 35.9 8.45 10.93 6.69 4.0 3.5 38
HNXST. 8 37.8 28.1 33.0 1293 508 900 2.9 55 4.2
HNXST. 9 41.0 30.0 35.5 1275  7.00 9.87 3.2 4.3 3.8
HNXST. 10 30.6 22.2 26.4 7.55 425 5499 4.4 5.2 4.7
HNXST. 11 J3.6 23.9 28.7 9.88 546 7.67 3.4 4.4 3.9
HNXST. 12 27.4 27.2 271.3 g.21 543 7.32 3.0 5.0 4.0
HNXST. 13 28.3 29.7 29.0 5.39 6.73 6.06 5.2 4.4 4.8
Jubeiha 45.8 24.1 35.0 1278 8.81 10.79 3.8 2.7 3.2
Sham 1 35.9 29.4 32.7 1037 749 8.93 3.5 3.9 3.7
Golan 481 31.4 39.8 13.07 712 10.09 .7 4.4 4.1
om-Rabi-14 41.6 42.6 42.1 19.31  17.39 18,53 2.2 2.4 2.3
Korfila 42.1 32.5 37.3 1146 751 948 3.7 4.3 4.0
Mean 36.12 29.74 32.93 11.29  7.34 931 337 4.35 3.86
LSD 0.05 for irrigation LSD 0.05 for wheat LSD 0.05 for
Character Ireatments means genotypes means interaction
Biological yigld 6.0 70 9.0
Total water transpired 29 31 44
Water use efficency 0.34 14 o NS

Target,” Ty= Field capacity treatment, To=1/3 available water treatment

**, WVE = biological yieldotal water transpired.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



94

found. At (T2) genotypes HNXST. 2 ang Stork ranked the first while Om-Rabi-14

ranked the last, no significant difference between Hourani and Stork was found.

Correlation among the traits studied:

The coeffecients of correlation between the traits studied are presented in

Table 38. At (T1), grain yield significantly and positively correlated with biological

yield, number of Kernels, number of spikes per pot, spike length peduncle length,

harvest index and water use effeciency, but was negatively correlated with both

heading and maturity dates, At (T2), grain yield was positively and significantly

correlated with number of kernels per pot, spike length, harvest index, and peduncle

length but was negatively correlated with straw yeild , heading and maturily dates.

These findings agreed with (Fischer and Wood, 1979; El-Ajlauni, 1986 and Ghoshed,
1989},

At (T1) straw yield was positively and significantly correlated with biclogical

yield, plant height, spikelets per spike heading and maturity dates, flag leaf area,

weight of roots and water use effeciency, whereas it was negatively correlated

with harvest index. At (T2) straw yield was correlated positively and significantly

with biological yield, number of spikes per pot, heading and maturity dates, weight

of root and was negatively with number of kemels and harvest index.

At (T1} biological yield significantly and positively correlated with number of

kernels , plant height, number of spikes

(-]

per pol, spike length, spikelets per spike,
heading and maturity dates and roots weight and was negatively correlated with

harvest index. At (T2), biological yield was significantly and positively correlated

with number of spikes per pot, heading and maturity dates and roots weight and
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negatively correlated with harvest index.

Number of kernels was significantly correlated with number of spikes, spike
length, peduncle length, harvest index and water use effeciency and negatively
correlated with heading and maturity dates at (T1). At (T2), number of kernels was
positively and significantly correlated with peduncle length and harvest index while
was negatively correlated with heading and maturity dates.

Plant height significanlly correlated with peduncle length, spike length,
spikelets per spike, heading and maturity dates, flag leaf area and roots weight At
(T1) However, it was significantly correlated with heading date, flag leaf area and
roots weight at T2.

Peduncle length was correlated significantly with spike length but weakly
correlated with other traits studied under T1 treatment. It was negatively
correlated with heading and maturity dates at T2 treatment.

At T1, number of spike per pot wés significantly correlated with harvest index
but weakly correlaled with other traits. At T2, heading and maturity dates were
negatively and significantly correlated with number of spikes per pot whearas the
other traits were weakly correlated with number of spikes.

At T1, spike length was significantly correlated with spikelets per spike and
flag leaf area. At T2, spike length was significantly correlated with spikelets per
spike whereas it was weakly correlated with other traits.

At T1, spikelets per spike was significantly correlated with flag leaf area and
weight of roots, while weak correlations were found between spikelets per spike
and other traits at T2.

At T1, awn length was significantly correlated with flag area whereas a weak
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correlation was found with other traits, At T2, weak comelation between awn

length and other traits were found.

At T1, heading date was positively and significantly correlated with maturity

date, flag leaf area and weight of roots whereas it was negatively correlated with
harvest index and water use effeciency. At T2, heading date was significantly

correlated with maturiy date and roots weight while was negatively correlated with
harvest index.

Al T1, maturity date was significantly and positively correlated with flag leaf

area and weight of roots whereas it was negatively correlated with harvest index
and water use effeciency. At T2, maturity date was positively and significantly

correlated with roots weight and was negatively correlated with harvest index.

At T1, flag leaf area was significantly correlated with roots weight and

harvest index while was negatively correalted with water use effeciency. At T2,

weak correlations were found between flag leaf area and other traits.

Al T1, weight of roots was significantly correlated with water use effeciency

while at T2 a weak correlation was found.

At T1, number of kernels and harvest index were positively and significantly

correlated with water use effeciency whereas heading and maturity dates, flag leaf
area and straw yield were negatively correlated with water use effeciency. At T2,

weak correlations were found between traits studied and water use effeciency.
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Table (38 ) : Coefficient of correlation (r) ameng agronomic characters of 20 wheat genotypes grown at field capacity treatment {T1) and 1/3 available waEr (T2) under green house condition i

1989/1990.
Chasacter Tretm. GY Stwt  Bio KN. Ht PL SN sL SKIN AL HD. M.D. FL Awt HL  WE
o T1 1.06  -0.21  0.41'" 0.96°* -0.05 0.26° 0.82° 0.40'" 0.10 -0.14 -0.39°'* .0.42°" <314 -0.05 0.87°* 0.29°
T2 1.00  -0.58°* -0.23  0.95'* -0.09 0.34°*0.17 0.28* 0.2 -0.22 -0.45°" -0.45"" -312 -0.13 0.85"" -0.02
St.wi T 1.00  0.90°* -0.05 0.47°* 0.02 009 0.28° 0.44**-0.02 0.62** 0.67°* 0.70** 0.54'' -0.45''0.36""
T2 100  0.78° -0.55'* 0.12 -0.29°0.37** -0.13  0.0001 0.14  0.55'* 0.60** 008 0.40°'" -0.74°"-0.15
Bio T1 100 0.36°* 0.41°° 0.14 0.44°° 0.43°* 0.45°*.0.09 -0.40°" 0.45*" 0.57°* 0.47*'-0.04 -0.19
T2 100  -0.22 024 -0.13 0.47** -0.089 002 001  0.46°* 0.52** 0.009 0.50°-0.47"'-0.25
KN T 1.00  -0.04 0.30* 0.77** 0.47** 014 -0.18 -0.46'" -0.45'" -0.13 -0.14 0.83*° 0.33"
T2 1.00  -0.05 0.41°°0.15  0.29* 0.16 0.28° -0.46'" .0.48°" -204 -0.14 0.82** 0.001
Hi Tt 100 0.39°°-0.20 0.44°" 0.49°°-0.02 0.40°° 0.31*  0.42°° 0.57'*.0.26" -0.14
T2 100 -0.08 -0.23 0.13 012 004  0.34** 0.28° 032° 0.37'°-0.12 0.28"
PL T 1.00 019  0.52°° 0.14 -0.30" -0.22 -0.23 032 -0.007 017  0.19
T2 1.00 0.28° 0.11 001 -0.26° -0.53'* -0.51"* 311 .02 0.27° 0.3
SN. T 1.00  0.29° -0.06 -0.12 -0.32*°  .0.25 211 -0.02 0.677° 0.25
T2 .00 0.07 016 -0.13  -0.11 -0.08 221 040  -0.08 -0.17
SL T1 1.00 0.51°* .0.46"* -0.11 -0.06 T 48** 021 018 0.10
T2 1.00 0.33* -0.18 -0.16 018 -3 0.04 045 -0.23

Skt.N ™ 1.00 0.03 0.15 0.17 ¢ 42** 033" -0.08 -0.21
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Character  Tretm. GY St.wt Bio KN. Ht PL SN SL SKIN AL HO. M.D. FL Rwt.  HI WLE
T2 1.00 0.001 0.04 0.04 017 010 -0.07 -0.22
Al Tt o 1.00 0.06 0.02 -0.30° 0.004 -0.08 0.05 -
T2 1.00 0.10 0.15 -0.21 0.0t -0.22 0.03
HD Ti 1.00 0.87°" 0.59"" 0.50"" -0.56""-0.45"*"
T2 1.00 0.93*'" 0.9 -0.37°°-0.45""-0.14
MD T 1.00 0.65"* 0.42"" -0.63°"-0.43""
T2 1.00 0.17 0.48** -0.477"-0.22
FL T 1.00 0.38°" 0.43*" -0.36""
T2 100 023 -0.02 -0.29°
R.wt T 1.060 -0.23 .0.22
T2 1.00 -0.23 -0.38*"
HI T1 1.00 0.35""
T2 100 0.04

*" Significant at 5% and 1% prabability levels respectively.

GY= grain yeild , Stwi= siraw weight, Bio= biclogical yield, K.N= number of kemnels /pat, H.t= plant height, P.L= peduncle length, S.N= number of spikes/pot, S.L= spike length,

SKtN= spikele's'spike, A.L.= awn length, H.D= heading date, M.D=maturity date, F.L.=flag leaf area, R.wi= weight of roots, H.!= harvest index, WUE=water use effeciency.
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SUMMARY AND CONCLUSIONS

Two experiments (field and greenhouse) were conducted during 19881989
and 1989/1990 growing season to evaluate several wheat genotypes under different
environment or simulated moisture condmon

. Field Experiment -

The study was carried out to evaluate yield performance and some
agronomical traits of sixteen wheat genolypes at three locations during 1988/1989
growing season, The locations were Ramtha Agricultural Research Station, Jubeiha
Station (Jordan University Campus) and Mushagar Agricultural Research Station The
genotypes studied were Hourani land race locally adapted genotype, Stork, and 13
advanced progeny lines of Hourani X Stork cross and Jubeiha a bread wheat line. Total

rainfall was 147.0, 530.7 and 326.1 mm for Ramtha, Jubeiha and Mushagqar,
respectively.

The experiment was laid out in randomized complete block design with three

replications was used at each location. The character studied were : Biological, grain

and straw yields, harvest index,1000-kernels weight, plant height, heading date,
spike length, spikelets/spike, kernels/ spikelets, awn length, peduncle length, flag

leaf blade area, and fertile ftiller/plant. The most important results may be

summarized in the following points :
1-  Genotypes grown at the three locations varied in their grain and biological
yields, genotypes ranked first at Ramtha were ranked intermediate at Jubeiha and
Mushaqar locations. This indicates the necessity to practice selection in the target

environment. For all locations, the genotypes were HNXST 7 and HNXST 10 out
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Viéldéd Hourani whereas the other genotypes yielded less than Hourani.

2-  For biological yield, genotypes grown at Jubeiha and Mushaqar locations

produced more dry matter than at Ramtha due to high rainfall in Jubeiha and
Mushaqar compared to Ramtha (thedrier location). Genotype HNXST 12 ranked first in
Jubeiha and second at Mushaqar and ranked third at Ramtha, while over all locations

it ranked the first. it ranked first for straw yield, but last in harvest index where
more dry matter with less grain yield was produced.

3-  Association between grain yield and other traits showd that biological yield
was positively significantly associated with grain yield at the three locations
tested. Awn length was associated with grain yield and biological yield at the drier
location (Ramtha) whereas weakly correlated with biologica! and grain yields at
weller sites (Jubeiha and Mushagar),

4-  Genotypes grown at Jubeiha and Mushagar iocations produced kernels heavier

than Ramtha location. 1000 kernels weight values at Ramtha ranged from 28.3 to
35.4, whereas from 39.5 1o 46.0 g at Jubeiha and 36.8 to 48.5 g at Mushagar location,
5-  Flag leaf area was associated with 1000 kernels weight at wetted sites while
weakly correlated with kernel weight al Ramtha (drier site).

6 - Genotypes grown at Mushaqgar location produced more fertile tiller than other
locations. Genotype HNXST 13 ranked first in fertile tillers production for all
locations and ranked first in Ramtha and Jubeiha locations. According to keine and
kronstad (1981), this genotype would be classifed as drought tolerance due to the
ability of this genotype to maintain a high number of grain-bearing ftillers.

/- Awn length showed highly significant corelation with fertile tillerg at the

drier location (Ramtha) whereas it was weakly correlated with fert-ile tilers  at

: : "
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Jubaiha and Mushaqar locations.

8- For plant height, genotypes grown at Ramtha location were stunted compare

with other locations. Genotypes Hourani, HNXST 1 and HNXST 7 were the fallest
genotypes at the three locations, whereas genotype HNXST 4 was the shorter for all
locations. Peduncle length showed positive and significant correlation with plant
height at Mushaqar and Jubeiha locations where as weakly correlated with plant
height at Ramtha focation where the peduncle was rolled by flag leaf and incomplete
spike emergence.

9-  For spike characters, genotypes grown at Ramtha location produced short

spikes with less number of spikelets/spike, less kernels number/spikelet and short

awns compared with Jubeiha and Mushaqar locations.

10- Weak correlations were found spike characters and other traits except the
association betwseen spikelets/spike and kernels/spikelets at Ramtha, awn Ilength
and kernels per spikelets at Ramtha and Mushaqar loca-tions which support the
importance of awns in contribution assimilates to kernels.

11- For seedling characters, Hourani and Petra had more seminal roots number,

Petra  ranked first in total roots length whereas Hourani ranked intermediate.

Hourani had Iong coleOptnle length among all other genotypes.

Il. Greenhouse Experiment:
The experiment was carried out at glasshouse in the Jordan University Campus
in 1989/1990 growing season. Experiment was laid out split-plot design with three

replications was used where irrigation treatments were main piot and genotypes

sub-plot.
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GGHO[VDQS SiUd;Ed were Hourani, Stork, 13 advanced progeny lines derived

from Hourani X Stork corss, Jubeiha, Maru, Golan, Om-Rabi-14 and Petra,

Two irrigation treatments were applied :

1 - Field capacity treatment {T1} : MOisture contnet maintained around the field

capacity within the range between 2/3 of the available water (lower limit)

and field capacity (upper limit), the moisture percentage at the two limit were

29.2% and 32.8%, respectively. Pots were weighted daily to maintain this

range.

2- One-third available water treatment (T2) Mo'isture coninet was

maintained around the one-third available water within the range between

permenant wilting point (lower limit) and one-third available water (upper

limit), the moisture percentage at the two limits were 22.0% and 25.6%,

respectively. Pots were weighed daily to maintained this range.

The following parameters were taken : plant height, heading and maturity

dates, flag leaf blade area, peduncle length, number of spikes/pot, spike length,

number of spikelets/spike, number of kernels/spikelets, awn length, oven dried

roots weight, number of kernels per pot, kemels weight/pot (grain yield), straw

weight, harvest index, total dry matter (biological yield) and water use effeciency

determined by : Total dry matter weight (g/pot)
Total water transpired (kg/pot)

The most important results may be summarized in the following ones :

1-  The interaction was not significant between irrigation treatments and

genotypes for all studied characters except for biological yield, straw yield, plant

height, flag leaf area and heading date. These results indicated that each factor was

acting independently.
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2- Significant differences were obtained among irrigation treatments for
biological and straw yields, peduncle length, number of spikes per pot, heading and
maturity dates and water use effeciency whereas no significant difference were
obtained among them for other traits studied.

3- Om-Rabi-14 ranked the last among genotypes for grain yield at the lv-vo
treatment due to production of few kemnels per pol. The reason is that genotypes
that headed later was exposed to high temperature during heading in glasshouse
resulted in failure of spikes to produce fertile spikelets.

4 - Biological yield, number of kernels per pot, number of spikes per pot, spike
length and harvest index were positively and significantly associéted with grain
yield at T1 treatment, wh-ereas number of kernels per pot, harvest index and
peduncle length were assocaition with grain yield at T2. Heading and matuirity dates
were negatively and significantly associated with grain yield at both treatments.

5 - Biological yield and Straw yield, at T1 were higher than at T2. Number of
kernels per pot, plant height, number of spikes per pot, psike length, number of
spikelets per spike, heading and maturity dates, flag leaf area and weight of roots
were significantly and positively associated with biological yield at T1, and with
number of spikes per pot, heading and maturity dates and roots weight at T2. Harvest
index was negatively correlated with biological yield at T2.

6- .Number of Kernels per pot at the two treatments was positively correlated
with peduncle length and harvest index whereas was negativiely correlated with
heading and maturity dates.

7-  Plant height was significantly and positively correlated with heading date,

flag leaf area and roots weight at both treatments. Bread wheat produced longer

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



104

peduncles at the two treatments comparedwith durum types, where Jubeiha and

Golan were the top at the two treatments.

8- Peduncle length was positively correlated with spike length at T1 while was
negatively correlated with heading and maturity dates at T2 treatments.

9- Number of spikes per pot was negatively correated with heading and maturity
dates at T2. This may be due to exposure of late heading genotypes to high
temperatures in glasshouse during heading which resulted in fail tillers to produce
fertile spikes although later genotypes produced spikes but with few or without
kernels.

10- lrrigation treatments did not showed significantly different values among
them for spike length, spikelets/spike and awn length. Bread wheat genotypes
produced longer spike and more spikelets/spike and shorter awns as compared with
durum types. Spike length was positively and significantly correlated with
spikelets/spike at both treatments. Flag leaf area was significantly and positively
correlated with spike length whereas weak correlations were found at T2

11- Significantly difference among treatments were found for heading and
maturity dates where genotypes receiving T2 headed and matured earlier compared
with T1. Heading and maturity dates were positively coreelated with flag leaf area
and root weight but was negatively correlated with harvest index and water use
effeciency at T1. At T2, heading and maturity dates were positively correlated with
weight of roots and were negatively correlated harvest index.
12-— Flag leaf area was correlated positively with weight of roots and harvest
index while was negatively correlated with water use effecieﬁcy at T1,

13- Hourani significanlty differed from all genotypes in roots weight at both
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reatments which ranked first with signincamly difference [rom Stork. This may be
the reason for adaptability of Hourani to dry Jordanian conditions. Weight of roots
was significantly correlated with water use effeciency at T1 but weak correlation

was found at T2.

Genotypes receiving T2 were more effecient for water use as compare with
11,
in conclusion few genotypes of Hourani x Stork cross, were found 1o be

superior to Hourani in Ramtha, the dry site and also at T2, where the plants were

subjected to stress as compared to T1 ireatment.
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Appendix 1 : Mean Monthly rainfall average (mm) for Ramtha, Mushaquar and Jubeiha for several years, *

Month Ramtha Mushaquar Jubeiha
for the period for the period for the period
1976-1987 1973-1987 1938-1987
January 37.4 83.5 110.5
February 46.4 72.8 98.7
March 46.7 69.4 87.6
April 11.7 18.4 25.2
May 4.1 4.8 5.5
June 0.0 3.0 0.0
July 0.0 0.0 0.0
August 0.0 0.0 0.0
September 0.2 0.2 0.2
October 8.9 5.2 10.1
November 28.4 39.9 48.3
December 37.5 64.2 90.0
Total 221.3 358.4 476.1

"Source : Ministry of Agriculture. Directorate of Agricultural econemics and planning division of statistics. Amman

1989.
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Appendix 2. Wheat planted area and production in Jordan for the period of 1980-1989.*

104

Year Area (ha) Production {M1)
1980-1981 10607.2 59687.0
1981/1982 75990.1 29100.0
1982/1983 11065.9 11561.3
1983/1984 430021 24983.0
1984/1985 94355.6 62827.0
1985/1986 58435.5 30842.0
1986/1987 84319.3 78805.6
1987/1988 70176.8 78772.7
Average 56119.06 47197.3

* Source : Annual report of statistics. Department of statistics. Amman-Jordan 1988.
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Appendix 3. Mean maximum, mean minimum of temperatures and relative humidity of the glass house in 1989/1990,

Temperature Relative humidity
mean mean mean mean
Month Max. Min. Max. Min.
December 25.6 10.3 75.2 50.5
January 28.7 13.2 57.0 36.0
February 35.4 14.5 60.2 31.9
March 41.9 10.8 74.0 28.2
April 43.6 8.7 84.8 20.7
May 441 79 60.6 18.7
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LIST OF ABBREVIATIONS

Word or sentence Abbreviation
And others et al
Centimeter s st cm
Correlation COBMICIEN .....vevewvevereseeeeseesessesssesssssneneen — r
Grams gm
Heclar... : | ha
Kiogram....... kg
Metric fons ' . MT
MBS v rrrrrrrseeseren rsrseesssesran mm
Per : /
Percent .. %
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