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EVALUATION OF SOME PROPERTIES FOR DROUGHT RESISTANCE IN BREAD
WHEAT*

Ilkay YAVAS', Aydin UNAY’

ABSTRACT

One of the most important factors limiting wheat yield is drought, due to inadequate rainfall and its erratic
distrubition. The drought which was occurred during especially grain filling in Aegean Region leads to
significantly declined yield. For this purpose, bread wheat varieties which were Golia 99, Basribey 95,
Cumhuriyet 75, Sagittario, Pamukova 97 and Negev evaluated for drought tolerance. The study was conducted
irrigated and rainfed conditions as field and germination observations. The examined characters were evaluated,
in terms of resistance to non-irrigated conditions. The plant height, spike number per square meter, grain yield,
coleoptile length and radicle length were concluded to be taken into consideration. Cumhuriyet 75, Negev and
Sagittario varieties may be more efficient in drought years and these varieties can be said to use succesfully the
drought resistance breeding works.
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Ekmeklik Bugdayda Kuraga Dayamkhlik i¢in Baz1 Ozelliklerin Degerlendirilmesi

OZET

Bugday verimini sinirlayan en 6nemli faktorlerden birisi yagisin yetersiz ve diizensiz dagilimindan kaynaklanan
kurakliktir. Ege Bolgesi'nde 6zellikle tane dolumu siiresince meydana gelen kuraklik verimin azalmasina neden
olmaktadir. Bu nedenle Golia 99, Basribey 95, Cumhuriyet 75, Sagittario, Pamukova 97 ve Negev ekmeklik
bugday ¢esitleri kurakliga tolerans i¢in degerlendirilmistir. Calisma, sulama ve yagis kosullarinda tarlada ve
cimlenme gozlemleri olarak yiiriitiilmiistiir. Incelenen ozellikler susuz kosullarda dayaniklilik acisindan
degerlendirilmistir. Bitki boyu, metrekarede basak sayisi, tane verimi, koleoptil uzunlugu ve kokgilik
uzunlugunun goéz oniinde bulundurulmasi gerektigi sonucuna varilmistir. Cumhuriyet 75, Negev ve Sagittario
cesitlerinin kurak yillarda daha verimli ve kurakliga dayanikli 1slah caligmalarinda basarili bir sekilde

kullanabilecegi sdylenebilir.

Anahtar Sozciikler: Bugday, kuraklik, tiriin fizyolojisi, verim, verim komponenti

INTRODUCTION

Drought stress, which is a natural stress factor,
has the highest percentage with 26% part when the
usable areas on the earth are classified in view of
stress factors. It is followed by mineral stress with
20% part, cold and freezing stress with 15% part.
Whole the other stress get 29% part whereas only
10% area is not exposed ant stress factors. Therefore
drought stress is one of the most widespread
environmental stresses, which affects growing and
productivity; it induces many physiological,
biochemical and molecular response on plants, so
that plants able to develop tolerance mechanisms
which will provide to be adapted to limited
environmental conditions. Plants exposed to
numerous stress factors during their life. These stress
factors, which are rarely able to have an effect apart
on plants, usually affect plants synchronously. Biotic
(pathogen, competition with other organisms) and
abiotic (drought, salinity, radiation, high temperature
or freezing etc.) stresses cause changes in normal
physiological functions of all plants, including
economically important cereals as well. All these
stress factors reduce biosynthetic capacity of plants

and might cause damages that would be able to
destroy plants (Kalefetoglu and Ekmekci, 2005).

Water deficit is considered to be among the
most severe environmental stresses and the major
constraint on plant productivity; losses in crop yield
due to water stress probably exceed the loss from all
other causes combined. This deficit has an evident
effect on plant growth that depends on both severity
and duration of the stress (Rampino et al 2006).
Drought induces a diverse set of physiollogical,
biochemical and molecular responses in plants,
which provide the ability of adaptation to limited
environmental conditions, depending on intensity
and periods of stress, interactive effects of the other
stress types, development stage and genotype of
plants (Kalefetoglu and Ekmekci, 2005).

Among all the factors limiting the wheat
productivity, drought remains the single most
important factor affecting the world security and
sustainability in agricultural production. At least 60
million ha of wheat is grown in marginal rainfed
environments in developing countries. For improving
yields under dryland conditions, the development of
new wheat cultivars with high grain yield potential
through identifying drought tolerance mechanism is
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of great significance (Rajaram et al. 1996). The
severity of drought experienced by a crop is
determined by both the intensity and duration of
water is determined by both the intensity and duration
of water deficit. Selection mainly for grain yield
under drought stress conditions is difficult due to its
low heritability resulting from variations in the
intensity of the stress throughout the field (Blum,
1988). The improvement of yield under stress must
combine a reasonably high yield potential with
specific factors which would buffer against a severe
yield reduction under stress. It appears that no
singular drought-adaptive trait conferring adaptation
to dry environments is predictive of plant response to
stress and that multiple physiological selection
criteria are required (Acevedo and Ceccarelli, 1989).
The present study was undertaken to investigate plant
traits which are associated with drought tolerance in
bread wheat and to determine suitable selection
criteria for selecting genotypes tolerant to drought
stress conditions.

Moisture deficiency, especially after anthesis,

is one of the main constrains of wheat production.
Therefore, selection and breeding for drought
tolerance has been the main challenge of wheat
breeders and wheat scientists throughout the last 50
years. Drought stress is the main problem of the
wheat production in many parts of the world.
Drought stress can reduce grain yield. Drought stress
may occur throughout the growing season, early or
late season, but its effect on yield reduction is highest
when it occurs after anthesis. Morphological
characters such as root length, tiller, number of spike
per m’, grain per spike number, fertile tillers, tillers
per plant, 1000 grain weight, peduncle length, spike
weight, stem weight, awn length, grain weight per
spike etc. affect the wheat tolerance to the moisture
shortage in the soil. Also some physiological
characters of the wheat cultivars, such as rate of root
respiration increase in higher absisic acid and air CO,
concentrations and phenological traits such as
number of days to heading, anthesis and maturity
influence the drought to tolerance of the wheat
cultivars. Selecting wheat genotypes that could
tolerate drought stress and produce acceptable yield
has been the major challenge for the wheatbreeders in
the past 50 years. It has been found that under the
drought stress conditions, those genotypes showed
that the highest harvest index and highest yield
stability are drought tolerant.

MATERIALS and METHODS

An experiment was conducted in 2007-2009 at
the Field Crops Department of the Faculty of
Agriculture at Adnan Menderes University in Aydin,
Turkey. Aydin province is stuated at 37° 39' E and 27°
52'Nin the west Aegeon Region of Turkey, and typical
Mediterranean climatic conditions are dominant in
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Aydin. Six cultivars, Golia, Basribey, Cumhuriyet 75,
Sagittario, Pamukova and Negev were tested in fields
and petri. The 9 kg NPK da” was applied as 15-15-15
fertilizer with sowing and 5 kg NPK da™ was applied
as 20-20-0 at tillering stage at the first year of
experiment in the field. Trial plots were S m x 1.2 m
sizes and sowing density was 600 plants per square
meter and 20 cm row.The other half of N were given
tillering (4.5 kg N da’ as ammonium nitrate) and
jointing (4.5 kg N da” as urea) stages, respectively in
the first year. The second year the other parts of N were
given tillering (7 kg/da as ammonium nitrate) and
jointing (6 kg N da”' as urea) stages, respectively.
Irrigated plots to be irrigated during flowering period
was 50 mm. Weeds were controlled by Topic
(2mlda")in the first year, and Grandstar (20 mlda™) in
the second year. After coming to physiological
maturity plants were harvest.

Polyethylene glicol was used for germination
test. The 100 seeds were placed every germination
plates. Three application was applied (control, 10 %
PEG 4000, 16 % PEG 4000). At the end of the fifth
day, the germination measurements were made. The
experiments were designed in Split-Split Plot Design
with 3 replications.

RESULTS and DISCUSSIONS

Drought, which is generally defined as the
rainfall values below the average of underground and
surface water values, is in the first place of the natural
disasters in the world. Human activities like burning
of fossil fuel, destroying forests, industrial activities
cause increasing the “greenhouse gases” such as
carbon dioxide, methane, ozone and dinitrogen and as
a result of that the climatic changes increases in the
world. Drought, which may cause reduction in
feeding capacity of the natural resources and as a
result of that millions people may die due to
starvation, is the major threat for all biologic life. For
this reason, research works on determination the
plant species tolerant to drought, determining the
tolerance mechanisms, conservation and
transformation of the gene resources of the plants
resistant to drought will play an important role in
preventing the drought particularly caused by global
warming, to become a major problem for all
organisms in the future (Kalefetoglu and Ekmekci,
2005).

Plants are exposed to numerous stress factors
during their lives, which is of a significant effect on
the growth of plants. Biotic stress (pathogen, salinity,
radiation, high temperature or freezing etc.) cause
changes in normal physiological functions of all
plants, including econonically important cereals as
well.

The study was conducted irrigated and rainfed
conditions as field trials and germination
observations. Firstly, plant height, number of spikes



per square meter and grain yield at field conditions
were analyzed. The first year of trial showed that
application and variety factors and interaction were
occured statisticially significant. The application and
variety factors were significant in the second year
(Table 1). The plant height for all varieties were
decreased under drought conditions. Golia had been
the least affected variety by drought. On the other
hand, Negev had been the most affected variety
(Table 2). The bread wheat (Triticum aestivum L.),
durum wheat (T turgidum L.), triticale (X Tritosecale
Wittmack) and barley (Hordeum vulgare L)
determined both under drought and non-drought
conditions. Drought susceptibility appeared to be
related to variation in height (Fischer and Wood,
1979).

The results of analysis of variance for the
number of spikes per square meter were statisticially
important both application and variety factors and
interaction in both years (Table 3). Drought conditions
have led to a decrease in the number of spikes per
square meter. Negev has been most affected variety at
drought conditions (Table 4). Drought and high
temperatures has a negative effect on the number of
spikes per square meter and number of grains per spike
and thousand grain weight (Garcia del Moral et al.
2003). Similarly, the number of spikes per square
meter of wheat in irrigated areas (589 number) was
emphasized more than non irrigated areas (505
number) (Cekic, 2007). Guttieri et al (2001) were
revealed that drought affects all the agronomic
characters except for spike density.The first and
second year grain yield data of the experiment showed
that application and variety factors and interaction

Table 1. The results of analysis of variance for plant height.

were occured statisticially significant (Table 5).
Drought stress decreased amount of grain yield and
genotype x environmental interaction for grain yield
was significant (Shahryari et al. 2008). Drought
conditions led to a reduction in grain yield in both
years. It was observed that Negev was the most
affected variety by the lack of water. The grain yield
was decreased with drought conditions in the second
year. The highest yield was observed in Cumhuriyet
75. Basribey had been adversely affected in drought
conditions (Table 6). Similarly, the study was
conducted to determine the effects of drought on the
grain yield. Results showed that the grain yield was
decreased 1.5-33.3 % (Baric et al. 2006).

Gupta et al. (2001) observed that drought at
grain filling period was caused to decrease grain
number, harvest index and grain yield. In the other
hand the drought at jointing stage was decreased the
plant height and tiller number. The variance analysis of
coleoptile length showed that the application, variety
and application x variety interaction were statisticially
significant (Table 7). Poliethylene glikol was caused
to reduction of coleoptile length. Increasing the dose
of PEG increased the reduction in coleoptile length
(Table 8). Similarly Karahan (1996), was revealed that
the coleoptile lengths were 4.6 cm and 0.1 cm at 20 %
PEG and 30 % PEG applications respectively
compared with control (10.8 cm).

The variance analysis of radicle length showed
that the application, variety and applicationxvariety
interaction were statisticially significant (Table 9).
Polyethylene glycol applications have led to reduction
of radicle length. The radicle length was decreased
with increasing dose of PEG 4000 has continued. The

Variation df Calculated means of square
Source 2007-2008 2008-2009
Block 2 0.5 6.8
Application (A) 1 277.8 ** 1042.2 *
Error 1 2 0.6 10.7
Variety (B) 5 33.1 ** 549.0 **
AxB 10 8.4% 19.3
Error 2 20 1.8 9.6
General 35
*, % Significant p<0.05 and 0.01, respectively.
Table 2. The mean values for plant height (cm).

2007-2008 2008-2009
Varieties Irrigated Rainfed Irrigated Rainfed Average
Golia 100.2 a 1054 a 111.0 126.1 118.6a
Basribey 98.6 ab 104.5 ab 89.5 101.0 953¢
Cumhuriyet 75 92.6d 102.5 be 103.3 108.6 106.0 b
Sagittario 96.4 be 100.8 cd 89.2 102.6 959¢
Pamukova 94.2 cd 99.3d 106.9 117.9 1124 a
Negev 98.8 a 101.7¢ 86.8 100.7 93.8¢
Average 97.8b 109.5a

LSD (axp)=2.3 LSD (4=3.7 LSD (g=4.7
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radicle lengths of Golia, Basribey, Cumhuriyet 75 and
Sagittario were decreased in both doses of PEG 4000
(Table 10). Results of studies conducted in wheat
showed that the PEG effect on radicle length had many

Table 3. The results of analysis of variance for the number

variation (Kalayci et al. 1998). The bread wheat
genotypes in the study were subjected to drought
stresss, which occured during the growing season, but
with increases in drought conditions due to the low

of spikes per square meter

Variation df Calculated means of square
Source 2007-2008 2008-2009
Block 2 2.6 7.9
Application (A) 1 23149.6%* 53762.1 **
Error 1 2 2.2 1.1
Variety (B) 5 26293.2%* 6798.2 **
AxB 10 2416.7 ** 2599.2 **
Error 2 20 5.2 0.1
General 35
** Significant p<0.01.
Table 4. The mean values for number of spikes per square meter (number/m’).
2007-2008 2008-2009
Varieties Irrigated Rainfed Irrigated Rainfed
Golia 3783 ¢ 480.1¢ 479.5¢ 521.8¢
Basribey 490.2d 504.3d 481.3d 520.8d
Cumhuriyet 75 520.6 ¢ 520.8 ¢ 4832 ¢ 5195e
Sagittario 572.8 a 620.9 a 503.9b 619.5b
Pamukova 5134b 563.5b 506.9 a 620.1 a
Negev 380.1 470.1¢ 503.8b 620.7 a
LSD (AXB):2'2 LSD (AXB):0'6

Table 5. The results of analysis of variance for the gain yield.

Variation df Calculated means of square
Source 2007-2008 2008-2009
Block 2 435 0.0
Application (A) 1 315806.5 ** 108175.2 **
Error 1 2 99.7 2.5
Variety (B) 5 2209.6 ** 42177.8 **
AxB 10 12741.5 ** 19596.8 **
Error 2 20 50.1 5.0
General 35

** Significant p<0.01.

Table 6. The mean values for grain yield (kg da™)

2007-2008 2008-2009

Varieties Irrigated Rainfed Irrigated Rainfed
Golia 425.0d 680.3 ¢ 4313¢ 5373 f
Basribey 620.1b 8252 a 4226 f 747.6 b
Cumhuriyet 75 640.5 a 760.0 ¢ 728.6 a 7534 a
Sagittario 630.3 ab 735.7d 559.4b 619.8d
Pamukova 620.0b 720.3d 531.6d 658.5¢
Negev 470.7 ¢ 800.0 b 548.8 ¢ 563.5¢

LSD (AXB):2'3

Table 7. The results of analysis of variance for coleoptile length.

Variation Source df Calculated means of square
Application (A) 2 5.6 **

Varieties (B) 5 0.6 **

AxB 10 0.6 **

Error 36 0.0

General 53

** Significant p<0.01.
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Table 8. The mean values for coleoptil length (cm)

Varieties Rainfed 10% PEG 4000 16% PEG 4000
Golia 22a 1.5b 0.6¢
Basribey l.6a 0.7b 05¢
Cumbhuriyet 75 1.5b 08¢ 19a
Sagittario 19a 0.7b 05¢
Pamukova 2.0a 0.7b 05¢
Negev 1.8a 0.6b 04c

LSD (AxB)=0.02

Table 9. The results of analysis of variance for radicle length.

Variation Source df Calculated means of square
Application (A) 2 5.3 %%

Varieties (B) 5 1.1 **

AxB 10 0.5 **

Error 36 0.0

General 53

** Significant p<0.01.

Table 10. The mean values for radicle length (cm)

Varieties Rainfed 10% PEG 4000 16% PEG 4000
Golia 40a 2.1b 2.1b
Basribey 1.9a 1.6b 15¢
Cumbhuriyet 75 29a 24b l4c
Sagittario 27a 23b 2.1c
Pamukova 23a 23a 1.5b
Negev 26a 26a l4c

LSD (AxB)=0.03
rainfall.

The drought which was occured during
especially grain filling in Aegean Region leads to
significantly declied yield. The examined characters
were evaluated, in terms of resistance ton on-irrigated
conditions the plant height, spike number per square
meter and coleoptile length in germination studies
with PEG 4000 was concluded to be taken into
consideration. When the varieties were compared
Cumbhuriyet 75, Negev and Sagittario may be more
efficient in drought years and these varieties can be
said to use succesfully the drought resistance breeding
studies.
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