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A field study was carried out under rainfed conditions during the growing season 2008/2009 in Maru (Northern Jordan) to evaluate
the phenological variation using heat-accumulated system and its relation with yield in sixteen durum wheat genotypes. Grain
yield was negatively correlated with growing degree days (GDDs) to maturity, while positively correlated with GDD to heading.
Increasing GDD to heading resulted in higher grain yield, while increasing grain fill duration had little effect. Rapid grain fill rate
was positively correlated with grain weight and negatively correlated with grain fill duration. Waha-1, Omrabi-5, and Massara-1
genotypes had the highest grain yields among genotypes studied. These three genotypes tended to have relatively longer preheading
periods with early maturity. The results of this study indicate that Mediterranean-adapted cultivars would have long preheading
periods, followed by short periods and high rates of grain fill and mature early to avoid late-season drought and high-temperature
stress and to attain high yields. Therefore, it is recommended for the development of high yielding wheat cultivars adapted to
semiarid environments to select the genotypes with early maturity and a relatively long time to heading.

1. Introduction

Durum wheat (Triticum turgidum L. cv. durum) is an impor-
tant cereal crop traditionally grown under rainfed condi-
tions in the Mediterranean region (e.g., Jordan) and other
marginal environments of the semiarid tropics. Drought and
high temperature stress at the terminal of growing season
usually constrain crop yield potential as these stresses coin-
cide with the grain filling period in these regions [1–4]. The
problem of heat stress is likely to become even worse in the
future under global environmental change which has become
one of the greatest challenges that humanity faces today. The
latest Assessment Report of the Intergovernmental Panel on
Climate Change projects that the drought occurrence will
increase especially for arid and semiarid regions and the
global average temperatures in 2100 will be 1.8 to 4.0◦C
higher than the 1980–2000 average [5]. However, even when
water is not a limiting factor (e.g., supplied by irrigation),
lower yields were obtained in dry and semidry environments

as a result of heat stress that occurs during anthesis and
grain filling periods [2, 6], which imposes negative effects
on wheat and other crops production. These stress factors
have negative influences on the movement of photosynthetic
products to the developing grains and inhibited starch
synthesis; thus, it causes lower grain weight which might
result in lower grain yields [7]. For healthy wheat growth and
a good yield, the range of the optimum temperatures was 18
to 24◦C. Temperatures above 28 to 32◦C for short periods
(e.g., 5 to 6 days) found to cause about 20% or more wheat
yield losses [8]. Acevedo et al. [9] have also reported that
every 1◦C increase over 17 to 24◦C in average temperature
during wheat grain filling causes four percent yield reduction
in grain weight from yield components.

Drought and heat stress are important environmental
factors affecting the rate of plant growth and development
[10–13]. Under these stress factors, the wheat crop completes
its life cycle much faster than under normal conditions [14];
consequently, crop growth stages will have a short duration,
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with fewer days to accumulate assimilates during life cycle,
and hence the production of biomass is reduced [15, 16].

Plants have a definite temperature requirement before
they attain certain phenological stages. The accumulative
heat units and system was adopted for determining the dates
to flowering/heading and maturity of different field crops
[13, 17–20]. However, different phenological stages differ
in their sensitivity to drought and high temperature stress,
and this depends on plant species and genotype as there
are great inter and intraspecific variations [12, 21]. It is
high time to develop high yielding wheat varieties that are
suitable to different stressful conditions. Future increases
in the potential yield of wheat will require an increase in
the photosynthetic area in early growth stages, in order to
augment the incident radiation intercepted by the crop and
the total biomass produced [22]. Moreover, crop cultivars
can fill their seeds/grains quickly and may have an advantage
in environments with prevailing of late-season drought and
heat stress during seed/grain filling periods [18, 23–25].
So, they can avoid the prematurely stop grain growth and
the acceleration of physiological maturity in late maturing
cultivars under stress environmental conditions such as high
temperature.

Some stress indicators or selection criteria, such as stay
green leaves at or after physiological maturity, have been
proposed as a way to identify genotypes with better stress
tolerance like late-season drought and heat stress. Some
researchers related between staying green plants and heat
tolerance [25–28]. It was stressed that healthy stay-green
plants are more producible for grain yield [29, 30]. Kumar et
al. [28] have reported that stay green or delayed senescence
is considered to play a crucial role in grain development in
wheat when assimilates are limited, and stay green cultivars
are well adapted to drought and heat-stressed conditions.

The objectives of this study are to evaluate the phe-
nological variation of sixteen durum wheat genotypes and
its relation with grain yield and to identify the genotypes
adapted to late-season high-temperature stress and drought
conditions in a semiarid location in Northern Jordan.

2. Materials and Methods

A field experiment was carried out during the 2008/2009
agricultural growing season under rainfed conditions in
a semiarid location (34◦40′N, 590 m elevation), in Maru,
Northern Jordan. The mean annual rainfall at this location
is 370 mm. This location typically experiences moderate
drought and high-temperature stress during the postanthesis
and grain-filling periods. The soil at the location is silty clay
(fine montmorillonitic, thermic, entic chromoxeret) with
low levels of organic matter (1.2%) and a pH of 7.9. At the
beginning of the season, the experimental area was prepared
with a moldboard plow followed by disking.

Sixteen durum wheat genotypes, consisting of one
Jordanian variety (Hourani-27), and 15 genotypes pro-
vided by the International Center for Agricultural Research
in the Dry Areas (ICARDA), Aleppo, Syria, which were
brought from different Mediterranean countries (Omguer-
5, Genil-3, Stork, Korifla, Omrabi-5, Waha-1, Stojocri-3,

Massara-1, Omsnima-1, Lagost-3, Heina, Ombar, Gersabil-
2, Moulsabil-2, and Zeina-3) were used in this study. These
genotypes represent a wide range of genetic variability for
physiological and agronomical traits [31]. Planting was
carried out during the second week of November. The
experimental design was a randomized complete block with
three replicates. Experimental plots were 2.1 m × 5 m with
six rows spaced 0.35 m apart and with 10 cm between plants.
Fertilizer was hand broadcasted prior to seeding at a rate
of 50 kg ha−1 of nitrogen (as urea) and 30 kg ha−1 of P2O5

(as triple superphosphate). Weeds were removed manually
as needed.

During the growth period, data was recorded on days to
heading (when approximately 50% of spikes had completely
emerged from the boot) and days to physiological maturity
(when approximately 60% of spikes had lost all green
color). For these and all other phenological measurements,
plant development was assessed using growing degree days
(GDDs), with a base temperature of 0◦C [32]. Daily GDDs
were calculated as Daily GDD = [(Tmax +Tmin)/2]−Tb, where
Tmax and Tmin are maximum and minimum temperatures
and Tb = minimum temperature at which growth ceases (the
base temperature). Accumulated GDDs were calculated by
summation of daily GDD of each developmental stage.

Beginning one week after heading, 50 spikes in one of the
center four rows in all replicates of a given genotype emerged
from the boot were tagged with colored yarn. Approximately
10 days later, five tagged spikes were sampled randomly from
each plot at approximately weekly intervals until harvesting.
Sampled spikes were dried immediately in air-forced drying
oven at 60◦C for 48 h and then threshed. The number and
weight of grains out of sampled spikes at each interval were
recorded. The average grain weight of each five-spike sample
was calculated as the weight of grains in each sample divided
by the number of grains.

Grain fill duration was calculated for each plot as accu-
mulated GDD from heading to physiological maturity. Grain
fill rate was estimated by fitting a linear regression equation
to the grain dry weights per GDD, at different sampling
dates for each plot, after the obviously nonlinear points
were eliminated [33]. Duration of life cycle was estimated as
accumulated GDD from planting to physiological maturity.

The stay-green rating was visually scored at or soon after
physiological maturity according to the procedures described
by Xu et al. [27]. Scoring was done on a 1–5 scale based
on the proportion of leaf area of normal-sized leaves which
had prematurely senesced and died. A rating of 1, 2, 3, and
4 indicated no leaf death, approximately 40, 60, and 80%
of mature leaf area are dead, respectively, while 5 indicated
100% plant (leaves and stem) death.

At physiological maturity stage, number of spikes were
counted on the basis of square meter in the three middle
rows. Ten spikes from each plot were sampled randomly, sun-
dried, and threshed for determination of grains number per
spike. The threshed grains were then added to the total for
determination of grain yield.

At harvest time (during June), heads from plants in
the three middle rows of each plot (excluding the row out
of which spikes were sampled) were harvested manually,
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sun-dried for 2 weeks, and threshed. Grains were weighed
for determination of grain yield. Grain weight (200 grain
sample) was determined from the grain yield samples.

Analyses of variance (ANOVA), correlation coefficients,
and least significant differences (LSD) were computed using
the MSTAT-C computer program [34].

3. Results and Discussion

The total rainfall received at the location of study during
2008/2009 growth season was 378 mm which was similar
to that of the average of rainfall in the area for the last 5
years which was 370 mm. However, the rainfall distribution
for the growth season was different than that for the
average of the last 5 years when most of rain fallen during
the growth season was received in February and March
(Figure 1). Favorable moisture conditions combined with
low temperatures prevailed during the vegetative stages
(November–February), and stressed moisture conditions
with high temperatures prevailed during the reproductive
stages (April–June) (Figures 1 and 2). Low to moderate
maximum temperatures prevailed during the beginning
of season and continued until the third week of March
(Figure 2). Linear increase in temperature started by the end
of March and reached about 30◦C by the third week of May.
High temperatures beyond 30◦C persisted in June. Overall,
high temperatures in the range of 30 to 34◦C prevailed from
second week of May to the second week of June.

The timing of heading and maturity are among the major
traits that related to the adaptation of wheat cultivars under
prevalent field conditions in particular areas. Under normal
environmental conditions, early heading and late maturity,
for example, permits a long grain-filling period during which
photosynthetic components remain green, improving grain
filling because the contribution of postanthesis assimilates
is important to grain yields in cereals [35, 36]. However,
high-temperature stress was found to induce modifications
in plants through altering the pattern of plant development
[15]. These responses may differ from one phenological stage
to another. Vulnerability of species and cultivars to high
temperatures may vary with the stage of plant development
but all vegetative and reproductive stages are affected by
heat stress to some extent [15, 24]. In this study, significant
differences existed among studied cultivars for GDD of
heading and maturity traits. Omsnima-1 and Moulsabil-
2 were among the earliest-heading genotypes and latest-
maturing studied genotypes (Table 1). Therefore, they have
the longer grain fill periods (1311 and 1319 GDD for
Omsnima-1 and Moulsabil, resp.) than the other genotypes
studied (Table 1). Genotypes of similar or somewhat early
heading (Omguer-5, Massara-1, Lagost-3, and Zeina-3), on
the other hand, tended to have shorter grain fill duration
(Table 1). Massara-1, for example, spent 14 GDD less than
Omsnima-1 in the pre-heading stage, but 172 GDD less than
Omsnima-1 in the grain fill stage. Omsnima-1 also had the
lowest grain yield of all genotypes studied.

Wheat adapted to environments characterized by late-
season rise in temperature has been reported to relatively
mature early to avoid heat stress at the critical stages of
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Figure 1: Rainfall during the growing season 2008/2009 and the
rainfall for the last 5 years at Maru, Northern Jordan.
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Figure 2: Maximum and minimum temperatures during the exper-
imental period during the 2008/2009 season at Maru, Northern
Jordan.

grain filling [37]. Among the sixteen genotypes studied,
the genotypes Waha-1, Omrabi-5, and Massara-1 had the
highest grain yields (4786, 4646, and 4526 kg ha−1 for Waha-
1 Omrabi-5, and Massara-1, resp.) under the prevailing
environmental conditions of the region. These three geno-
types tended to have longer pre-heading periods and early
maturity (Table 1). It can be said that these three genotypes
have more tolerance to late-season drought and high-
temperature stress than other genotypes studied. However,
the local genotype “Hourani-27” tended to have the longest
pre-heading period and relatively high grain yield. These
results suggest that the higher yield potential of genotypes
correlates with and may be due in part to longer pre-heading
periods relative to grain fill periods and relatively early
maturing. Àlvaro et al. [38] reported that high grain yield
in durum wheat was associated with an extended period of
the pre-heading stage. This is supported by results obtained
by Metzger et al. [39] who found that in genotypes those
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Table 1: Phenological traits1, grain filling rate, grain weight, and grain yield of durum wheat genotypes grown at Maru location.

Genotype
PL to HD PL to PM GF duration GF rate

mg/100 GDD
Spikes/m2 Grains/spike

Grain weight
mg/seed

Grain yield
kg/haGDD

Hourani-27 1230 2363 1133 3.75 215 42.3 42.5 3866

Omguer-5 1106 2396 1290 3.91 197 33.7 48.5 3213

Genil-3 1206 2389 1183 4.18 204 37.6 49.5 3800

Stork 1118 2396 1278 4.27 177 32.6 54.5 3333

Korifla 1156 2363 1207 3.19 191 38.1 38.6 2813

Omrabi-5 1218 2361 1143 3.98 316 32.3 45.5 4646

Waha-1 1188 2302 1114 3.57 318 37.1 40.5 4786

Stojocri-3 1143 2365 1222 4.44 154 33.7 55.5 2887

Massara-1 1166 2305 1139 4.11 275 32.2 51.0 4526

Omsnima-1 1180 2401 1311 3.44 170 33.9 45.1 2600

Lagost-3 1106 2396 1290 4.57 183 30.1 59.0 3246

Heina 1205 2387 1182 4.02 180 35.3 47.5 3013

Ombar 1094 2361 1267 4.14 191 34.8 52.5 3694

Gersabil-2 1081 2336 1255 3.9 175 36.2 49.0 3113

Moulsabil-2 1106 2425 1319 3.71 169 38.1 49.0 3166

Zeina-3 1095 2361 1266 3.83 196 36.2 48.5 3440

LSD (0.05) 32 43 47 0.6 34 3.6 2.5 492
1
PL: planting; HD: heading; PM: physiological maturity; GF: grain fill.

with shorter grain-fill periods and longer vegetative periods
tended to be higher yielding.

The genotypes with longer pre-heading periods and early
maturity might have two advantages over the early-heading
and late-maturity genotypes. First, when air temperatures are
lower and soil moisture is available which is generally more
favorable for more tiller number per plant and subsequently
higher spike density. Shezad et al. [40] reported that yield
components were assumed to develop sequentially, with
earlier-forming components (e.g., tillers) influencing those
developed later (e.g., spikes). Late maturing with long grain
filling period genotypes were assumed to influence only
kernel weight, because spike number per plant and kernel
number per spike were determined before the initiation
of grain fill. In this study, higher number of spikes m−2

resulted in higher grain yields in the genotypes Waha and
Omrabi-5 which had the highest number of spikes m−2

and highest yields among studied genotypes (Table 1). The
second advantage of long pre-heading period and early
maturity is that a greater fraction of grain filling occurs when
air temperatures are generally favorable for wheat. High
temperature during the grain filling period has been reported
to accelerate senescence and cause yield reductions [41].

Across all cultivars, grain fill duration ranged from a
low of 1133 GDD in Hourani-27 to a high of 1319 GDD
in Moulsabil-2. The association between grain fill duration
and GDD to physiological maturity was strong (Table 2).
For example, both Hourani-27 and Moulsabil-2 representing
extremes of grain fill duration were relatively early maturing
and late maturing for Hourani-27 and Moulsabil-2, respec-
tively. Grain filling period is under genetic control and can
be used for indirect yield selection in these genotypes. This is
supported by other researcher’s findings for wheat [24, 42].

Grain fill rate ranged from a low of 3.19 mg (100 GDD)−1

for Korifla to a high of 4.57 mg (100 GDD)−1 for Lagost-3
(Table 1). The genotypes of relatively slowest grain-fill rates
are relatively late maturing and thus not well adapted to
Mediterranean semiarid environments. Wheat genotypes
that can fill their grain quickly may have an advantage in
environments where crop plants experience moisture and
high-temperature stress during the grain filling periods [23].
So, to avoid the stress condition, they complete their life cycle
earlier.

Variation in grain yield among genotypes studied was
relatively high (Table 1). However, a part of this variation
is usually due to the environment [39]. Grain yield ranged
from a low of 2600 kg ha−1 for Omsnima-1 to a high of
4786 kg ha−1 for Waha-1 (Table 1). The highest yielding
genotypes were those of short-medium filling period, a
medium-late GDD to heading, and early-medium GDDs
to maturity. However, grain yield was low when the filling
period was relatively long, whether GDD to heading or to
maturity were medium or late. This suggests that proper
balancing of these developmental traits may facilitate a more
desirable combination which results in higher grain yields.

Correlations among the grain yield, grain fill rate, spikes
number m−2, grains number spike−1, and phenological
development characters are presented in Table 2. Grain
yield was strongly associated with spikes m−2 (0.92∗∗)
but not with grains spike−1. Rapid grain fill rate was
positively correlated with GDD to heading (0.23) but was
negatively correlated with GDD to physiological maturity
(−0.25∗). Wong and Baker [42] reported positive correla-
tions between days to maturity and days to heading and
negative correlations between days to maturity and filling
period in wheat cultivars. In this study, the length of



ISRN Agronomy 5

Table 2: Correlation coefficients among different characters1.

Character
PL to HD PL to PM GF duration GF rate

mg/100 GDD
Grain wt
mg/grain

Spikes/m2

No.
Grains/spike

No.GDD

Grain yield 0.20∗ −0.39∗ NS NS −0.21∗ 0.92∗ NS

PL to HD −0.17 −0.55∗∗ 0.23 NS 0.49∗ 0.30

PL to PM 0.49∗∗ −0.25∗ NS −0.65∗∗ NS

GF duration −0.29∗ 0.42∗ −0.74∗∗ −0.28

GF rate 0.92∗∗ −0.15 −0.57∗

Spikes/m2 −0.41 NS

the grain fill period was positively associated with time
to physiological maturity (0.49∗∗), since these periods are
not independent of each other. No significant correlations
were found between grain weight and GDD to heading or
GDD to physiological maturity. Grain fill rate and grain fill
duration were negatively correlated (−0.29∗), indicating that
environmental or genetic conditions that resulted in rapid
grain fill rate were associated with short grain fill duration.
This agrees with results obtained by Bruckner and Frohberg
[43] working with spring wheat. Grain fill rate was positively
correlated with high grain weight. Thus, higher grain fill
rate resulted in higher grain weight. Similar observations
were obtained by Nass and Reiser [44]. Higher grain weight,
however, would not result in significantly higher grain
yield because of the lack of relationship between grain
weight and grain yield [45]. Grain yield was negatively and
significantly correlated with GDD to maturity duration but
positively and significantly correlated with GDD to heading
(Table 2), however, no significant correlations between grain
yields with grain fill duration or rate. Selection for shorter
grain fill duration, while maintaining duration of the pre-
heading period, could therefore provide a means to shorten
time to maturity without reducing grain yield, through
avoiding terminal drought and high -temperature stress.
Thus, lengthening the pre-heading period of development
would provide a better means of increasing grain yield than
increasing the length of the grain fill period. Ney et al. [46]
reported that when pea plants were exposed to drought stress
during the late seed filling period, the seed growth rate
was not affected due to maintenance filling by mobilizing
reserved accumulated during the preflowering stage.

It has been reported that staying green of plants
under stress conditions is considered an important trait
for adaptation to drought and heat-stressed conditions. In
this study, stay-green scorings of the genotypes at or after
physiological maturity showed high variation (Figure 3). In
this connection, Omguer-5, Korifla, and Omsnima-1 had the
highest scores while Massara-1, Omrabi-5, Stork, Genil-5,
and Hourani-27 had the lowest scorings of stay-green. Low
scores means that the leaves/plants stay-green for longer
periods at or after physiological maturity. Bahar et al. [47]
found significant differences between bread wheat cultivars
for stay green duration under drought and heat stress
conditions. Long stay green duration would be beneficial that
allows plants to retain their leaves actively photosynthetic
under stress conditions [1].
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Figure 3: Variations for stay-green scoring of 16 durum wheat
genotypes grown during the 2008/2009 season at Maru, Northern
Jordan.

4. Conclusions

From the above study, the results indicate that variation in
length of the pre-heading stage influences grain yield more
than variation in length of grain filling. Lengthening the pre-
heading period increased grain yield, but lengthening the
grain fill stage did not affect yield. Simultaneously, selection
for early maturity and long pre-heading period is recom-
mended in the development of early maturing and high
yielding genotypes for the Mediterranean semiarid areas.
Waha-1, Omrabi-5, and Massara-1 were the best performing
genotypes at late-stage drought and high-temperature stress
conditions as they gave the highest grain yields among
genotypes studied. Plants of Omrabi-5 genotype showed also
to stay green for longer period after physiological maturity.
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