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ABSTRACT 
 

Seven genotypes of six rowed type barley (five newly bred lines 
and two released varieties) were used to study the response of these 
genetic material under drought conditions with polyethylene glycol 
solutions having water potential of 0, -4, -8, and -12 bars, The 
objective was to select tolerant barley genotypes to water deficit stress 
during germination in relation to isozyme variations.  

The variables, abnormal seedling percentage (ASP%), dry 
weight of roots (DWR), dry weight of shoots (DWS) and dry weight 
of shoots +roots (DWSR) showed a variation coefficient of variability 
larger than 15%, which reflect a relative high random effect of the 
water stress on these traits. In meantime the other traits showed 
smaller variation coefficients, between 5.52 and 12.03%. 

The highest physiological grain quality was observed on the 
barley genotypes H10, H7 and L3 since they showed great 
germination percentage (GP%) and (DWSR) under the highest water 
deficit stress (-12 bar). G131 showed the lowest GP%, NSP%, SL 
(cm), RL (cm), DWS, DWR and DWSR under the same severe stress 
conditions. The large root length allowed a better soil exploration, 
however is not a guarantee of improved water absorption. GP% under 
-4 bar reached two times higher than under -12 bar, such performance 
well accepted by dry land farmers. 
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The reduction of water deficit stress from -12 bar to -4 bar 
caused about 42.5%, 90.6%, 82.7%, 87.8%, 87.8% and 90.3% 
increasing in GP%, NSP%, SL, RL, DWS, DWR, respectively. Hence, 
any barley genotypes could be sown in newly reclaimed areas where 
limited water supply reached -4 bar water potentiality. Meanwhile, 
under more than -4 bar water deficit conditions, the hulles barley line 
H10 is recommended for cultivation.  

Electrophoretic patterns of the three isozymes tested showed 
nine monomorphic bands under the four water potentials tested. The 
band (No.3) was present in all genotypes except genotypes H7, H10 
and G131 under water deficit levels. However, in regard to acid 
phosphatase densitometric analysis, the second band was presented in 
five genotypes (L3, L26, G126, H6 and G131) and missed for H7 
under all treatments. While, it presented only under control treatment 
of the drought tolerant genotype (H10). The first band fluctuated in its 
appearance in all genotypes tested under each of water deficit 
treatments and absent as a result of severe stress. Patterns of the three 
isozymes tested differentiate all barley genotypes under investigation 
and failed to give clear cut markers for drought tolerance. 
 

Key words: barley, abiotic stress, drought stress, isozymes, 
electrophoresis, polyethylene glycol     

 

INTRODUCTION 
 

Barley, (Hordeum vulgare L.), is one of the principal cereal 
crops in the world and is cultivated in all temperate areas (Von 
Bothmer et al., 1995). Water deficit is a major constraint on plant 
productivity with an evident effect on plant growth (Rampino et al., 
2006). This deficit has an evident effect on plant growth that depends 
on both severity and duration of the stress (Araus et al. 2002; Bartels 
and Souer 2004).  

Screening techniques should be fast, easy to apply, inexpensive, 
and capable to evaluate plant populations. Great advances have been 
made in recent years in the techniques used to identify markers linked 
to useful traits. While isozyme electrophoresis techniques have been 
the basis for most work in crop plants, useful markers have been 
generated using enzyme electrophoresis methods. The value of 
markers in analyzing the inheritance of traits in crop plants and 
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understanding genome structure and organization is now well 
established (Korzun, 2002).  

In vitro selection using polyethylene glycol has been frequently 
reported in several plant species (Gonzalez-Murua et al., 1985 and 
Mercado et al., 2000). Dolgikh et al. (1994) obtained in vitro selected 
drought resistant maize plants using variable levels of polyethylene 
glycol (PEG 6000). Efficient screening of genetic stocks for drought 
tolerance is possible if drought conditions are simulated in the 
laboratory by using osmotic agents which affects germination 
(Sullivan, 1971). Since the osmotic agent PEG 6000 is non toxic and 
does not penetrates into the seed it is recommended for several 
researchers (Willenborg et al., 2005).  Simulated drought conditions in 
the laboratory by using osmotic agents have demonstrated that all 
traits related with plant development are affected, where the most 
susceptible traits are seedling and root length, germination, and vigor 
(Dhanda et al., 2004 and Perez et al., 2007). 

Many types of genetic markers have been applied to diversity 
studies in barley. Interesting results came from some of early work 
using biochemical markers which showed more variations, and many 
alleles are associated with adaptation to specific environments (Nevo, 
1992). 

Isozymes, along with morphological and other protein markers, 
were used to build the first genetic maps of crops such as maize (Zea 
mays L.) (Goodman and Stuber 1983), tomato (Lycopersicum 
esculentum L.) (Rick, 1983), wheat (Triticum aestivum L.) (Hart, 
1983), barley (Hordeum vulgare L.) (Brown, 1983) and canola 
(Brassica napus L.) Ahmed and Afiah (2008). 

The aims of this study were to obtained biochemical markers for 
drought tolerance in barley, ascertain whether genotypes which treated 
with three drought levels (-4, -8, -12 bar) using PEG6000, to examine 
the effect of drought stress on α and β- esterase activity in barley 
evokes qualitatively similar effects as those under control (0 bar), as a 
quick and easy method to study response of barley genotypes under 
drought stress. 

MATERIALS AND METHODS 
 

1- Plant Material: 
Seven genotypes of six rowed type barley (five newly bred lines 

and two released varieties) were used to study the response of these 
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genetic material under drought conditions with polyethylene glycol 
solutions having water potential of 0, -4, -8, and -12 bars, Name, type, 
pedigree and/ or selection history of all varieties or newly bred lines 
are presented in table (1). 

The experiment was established in the plant pathology 
laboratory at Desert Research Center (DRC). Germination was 
performed in glass jars with constant volume of polyethylene glycol 
solutions having water potential of -4, -8, and -12 bars. Distillated 
water was used as control (0 bars). Glass jars were covered with 
plastic film to avoid changes in the water potential through 
evaporation solutions. Grains were placed during 13 days in chambers 
at constant temperature regimes of 20°C and 85 to 100 % relative 
humidity for germination according to Perez et al. (2007). Data 
collected from the three replicates of this experiment were arranged 
and statistically analyzed in a split plot design. Percentages of the 
three variables (germination, normal seedlings and abnormal 
seedlings) were analyzed on the transformed arcsin square root of 
percentage data, where data in table are untransformed.  

 
Table (1): Pedigree and classification of barley varieties/lines 
under investigation. 
 

Caryopsis 
type Name Pedigree and/or selection history 

Line 3 Hulled Giza126/(ICB 82-1451-8AP-OAP-9AB-0TR) F 3Sel,Mar. 8

Giza126/( Arar//2762/BC-2L-2Y-ICB 83-0687-7AP-0AP-1AP) FLine 26 Hulled 26Sel,Mar. 8

Giza126 Hulled Baladi Bahteem”/ “SD 729-Por12762-BC 

H6 Hulles Giza126/(ICNB F8 - 654 Sel, 5AP) F  H6 Sel, Mar. 8

H7 Hulles Giza126/(ICNB F8 - 654 Sel, 5AP) F8 H7 Sel, Mar. 

H10 Hulles Giza126/(ICNB F8 - 654 Sel, 5AP) F8 H10 Sel, Mar. 

CM67-B/CENTENO//CAM-B/3/ROW906. Giza131 Hulles 73/4/GLORIA-EAR/COME-B/5/FALCON-BAR/6/LINO 
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Evaluated variables: 
- Germination percentage: at the end of the assay (13 days), the       

number of germinated grains was assessed for each treatment and 
replication. 

- Normal seedlings percentage: when all seedlings were complete and 
healthy, with all their structures well developed they were 
considered normal. 

- Abnormal seedlings percentage: Partial and non healthy seedlings, 
with at least one none   well developed structure were considered 
abnormal. 

-  Root and seedling length: to determine these two traits, 10 normal 
seedlings from each    treatment in each  replicate were measured.  

- Dry weight of  roots or shoots and roots and roots+shoots: to 
determine dry weight, 10 normal roots and shoots of each seedling 
for each treatment in each replicate were placed in drying oven 
during 48 h at 80 ºC in paper envelopes. 

Isozymes Electrophoresis: 
Native-polyacrylamide gel electrophoresis (Native-PAGE) was 

conducted to identify isozymes variation among the studied seven 
barley genotypes. All samples were collected from lab. experiment 
under four levels of drought (0, -4, -8 and -12 bar) using PEG 6000. 
Grains were placed during 13 days in chambers at constant 
temperature regimes of 20 oC and 85 to 100% relative humidity for 
germination. Fresh shoot samples for each genotype under each 
treatment were used separately for isozymes extraction according to 
Stegemann et al. (1985).  Isozymes extraction from barley samples 
was performed separately by homogenizing 0.5g fresh shoot samples 
in one ml extraction buffer using a mortar and pestle. The extract was 
then transferred into clean eppendorf tubes and centrifuged at 10000 
rpm for five minutes. The supernatant was transferred to new clean 
eppendorf tubes and kept at –20oC until use for electrophoretic 
analysis. A volume of 50 μl extract of each sample was mixed with 
25μl of treatment buffer, then a volume of 50 μl from this mixture was 
applied to each well. After electrophoresis, the gels of α or β-esterase 
were soaked in 0.5 M borate buffer (pH 4.1) for 90 minutes at 4oC. 
This procedure lowers the pH of the gel from 8.8 to about 7 at which 
the reaction proceeds readily. The low temperature minimizes 
diffusion of the protein within the gel. The gel then was rinsed rapidly 
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in two changes of double distilled water. The gel was stained for 
esterase activity by incubation at 37oC in a solution of 100 mg α-
naphthyl acetate or β- naphthyl acetate (as a substrate) and 100 mg 
fast blue RR salt in 200 ml of 0.1 M phosphate buffer pH 6.5 
(Scandalios, 1964). For acid phosphatase, 
Statistical analyses: 

The data collected for all barley genotypes tested from lab. 
experiment were subjected to the ordinary analysis of variance of split 
plot design on ten seedlings mean basis in each of the three replicates 
as described by Gomez and Gomez (1984). Significance of differences 
among means of treatments (T), genotypes (G) and T×G were verified 
according Waller and Duncan (1969) New LSD. 
Densitometric scanning  

All gels resulted from protein and isozyme electrophoreses were 
scanned using Gel Doc 2001 Bio-Rad system. The densitometric 
scanning of the bands based on its three directions characters, where 
each band is recognized by its length, width and intensity. 
Accordingly, relative amount of each band quantity could be 
measured and scored. 

 

RESULTS AND DISCUSSION 
 

1- Genetic materials response under Drought stress by using PEG 
6000: 

From the analysis of variance, the mean of all genotypes tested 
differed statistically (α ≤0.05) for all evaluated traits. Also, differences 
among means of the osmotic concentrations for all evaluated traits and 
for the genotypes × osmotic pressure interactions were found as well. 
This means that the relative performance of the genotypes through the 
water stress pressures was not the same (Table, 2). Similar results 
were found by Blum et al. (1980) and Perez et al. (2007) in wheat 
using PEG 6000 where genotypes had a different germination rate 
under numerous osmotic concentrations. 

The variables, abnormal seedling percentage (ASP%), dry 
weight of roots (DWR), dry weight of shoots (DWS) and dry weight 
of shoots +roots (DWSR) showed a variation coefficient of variability 
larger than 15%, which reflect a relative high random effect of the 
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water stress on these traits. In meantime the other traits showed 
smaller variation coefficients, between 5.52 and 12.03% (Table, 2). 
Table (2): Means of germination and vigor of grains evaluated for seven 
barley genotypes under four polyethylene glycol water potentials. 
 

 
GP: germination percentage; NSP: normal seedling percentage; ASP: abnormal seedling 
percentage; RL: root length; DWR: dry weight of root; SL: seedling length; DWS: dry weight of 
seedling; LSD: least significant difference; T: water deficit treatments; G: the seven barley 
genotypes tested; CV: Coefficient of variability. 
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- Comparison of genotypes: 
Genotypic differences for tolerance to osmotic stress during 

germination were observed using both criteria; germination test and 
dry weight of shoots + roots as a scale of vigor. The highest 
physiological grain quality was observed on the barley genotypes 
H10, H7 and L3 since they showed great germination percentage 
(GP%) and (DWSR) under the highest water deficit stress (-12 bar). 
G131 showed the lowest GP%, NSP%, SL(cm), RL(cm), DWS, DWR 
and DWSR under the same severe stress conditions. The large root 
length allowed a better soil exploration, however is not a guarantee of 
improved water absorption (Dhanda et al., 2004). It could be argued 
that observed responses were more specific to the species rather than 
to the genotypes (Blum et al., 1980). 

- Effects of water stress: 
As the osmotic pressure was stronger, the manifestation of all 

traits was significantly (α ≤ 0.05) poorer, except for abnormal seedling 
percentage (ASP) (Table,2). The traits NSP%, SL and RL were highly 
vulnerable to water stress, since they showed smallest values under -8 
and -12 bars, which means that the starch could not be used by the 
embryo to produce in normal manner (Dhanda et al., 2004). It is 
important to set up that under -4 bars it was possible to reach a GP% 
and two times higher than -12 bar, performance well accepted by 
farmers from dry lands (Thill et al., 1979). Similar results have been 
found on wheat (Tritricum aestivum), barley (Hordeum vulgare), and 
rice (Oryza sativa) using PEG solutions (Dighe and Rajurkar, 1984). 

Ingeneral, the reduction of water deficit stress from -12 bar to -4 
bar caused about 42.5%, 90.6%, 82.7%, 87.8%, 87.8% and 90.3% 
increasing in GP%, NSP%, SL, RL, DWS, DWR, respectively (not 
shown in tables). Hence, any barley genotypes could be sown in 
newly reclaimed areas where limited water supply reached -4 bar 
water potentiality. Meanwhile, under more than -4 bar water deficit 
conditions, the hulles barley line H10 is recommended for cultivation. 
Tawfik et al. (2007) reported similar results in faba bean crop. Also, 
Afiah et al. (2010) reported similar trend of genotypic variation under 
salt stress in the same barley genotypes tested on the bases of 
molecular genetic markers (ISSR-PCR). 
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Biochemical genetic markers "Isozymes": 
Electrophoretic analysis of isozymes is known to be a good 

technique to qualitative methods for detection of genetic differences 
among individual genotypes. For this reason, three isozymes including 
esterase (Est.) and acid phosphatase (Acp.) were used to evaluate the 
effect of the environmental stress (water deficit) on the studied seven 
barley genotypes. 

Esterase is a gene family controlling enzymes that hydrolyze 
ester bond in lipids to produce plant energy for biochemical reactions. 
The data included in the present work were obtained by using two 
different substrates; α-naphthyl acetate and β- naphthyl acetate.  
α-esterase: 

Electrophoretic patterns of α-esterase isozyme for all genotypes 
are illustrated in figure (1-A) and densitometrically analyzed in table 
(3). and detected, nine bands, all of them were monomorphic under 
the four water potentials tested. The previously findings of Abdel-
Tawab et al. (1989) were in line with our results. 
β- esterase 

β-esterase electrophoretic patterns for the studied barley 
genotypes are visualized in Figure (1-B) and denistometrically 
analyzed as shown in table (3). The obtained result revealed that six 
bands were present. The band (No.3) was present in all genotypes 
except genotypes H7, H10 and G131. under all water deficit levels. 
These results agreed with those found by Abdelsalam et al. (2005), 
who reported a negatively correlated marker with drought tolerance in 
cotton genotypes. 
Acid phosphatase 

Acid phosphatase electrophoretic patterns are shown in figure 
(1-C) and densitometric analysis are summarized in table (3). Two 
bands were found and exhibited variation in their densities and 
intensities. However, the second band was presented in five genotypes 
(L3, L26, G126, H6 and G131) and missed for H7 under all 
treatments. While, it presented only under control treatment of the 
drought tolerant genotype (H10). The first band fluctuated in its 
appearance in all genotypes tested under each of water deficit 
treatments however, it absent as a result of severe stress for all barley 
genotypes under investigation. These results are in harmony with 
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those earlier reported by Abdelsalam et al. (1998) and El-Saied and 
Afiah (2004). 

These results lead to the assumption that acid phosphatase 
isozyme patterns did not give clear-cut markers for the discrimination 
between drought tolerance and drought sensitivity of the genotypes 
under study, except the first band which could be considered 
biochemical genetic marker as it absent for all genotypes tested under 
severe stress (-12 bar). 
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Figure (1): Electrophoresis banding-patterns of acid phosphatase, α- and β- 
esterases extracted from seven barley genotypes under four drought 
stress levels. A) α- esterase; B) β- esterase and C) acid phosphatase. 
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تحمل الشعير للجفاف وعلاقته بالكاشفات الوراثية البيوآيميائية 
  )مشابهات الإنزيمات(
  ، 3 ، خالد اسماعيل زآى2، سامى عبد العزيز عافية1خليل عبد الحميد الحلفاوى

3 و أحمد إسماعيل1محمد فتحى سالم

   مصر- معهد بحوث الهندسة الوراثية والتكنولوجيا الحيوية، جامعة المنوفية، مدينة السادات1
   مصر-  قسم الأصول الوراثية النباتية ، مرآز بحوث الصحراء، القاهرة2

   مصر- قسم وقاية النبات، مرآز بحوث الصحراء، القاهرة 3
  

خمѧسة سѧلالات   ( مѧن الѧشعير   أجرى هذا البحث للتعرف علѧى اسѧتجابة سѧبعة تراآيѧب وراثيѧة           
للاجهѧاد الجفѧافى باسѧتخدام محلѧول     ) مرباة حѧديثاً بالإضѧافة الѧى صѧنفين معتمѧدين للزراعѧة بمѧصر        

ويعتبѧر  .  ضѧغط جѧوى  12، 8، 4البولى ايثيلين جليكول حيث يحقق شد رطوبى بمѧستويات صѧفر،      
 مرحلѧة الانبѧات     الهدف من الدراسة هو انتخاب تراآيب وراثيѧة مѧن الѧشعير تتحمѧل الجفѧاف خѧلال                 

  .وعلاقة ذلك بالاختلافات فى مشابهات الانزيمات
النѧѧسبة المئويѧѧة للبѧѧادرات : لѧѧصفات%) 15أآبѧѧر مѧѧن ( آѧѧان معامѧѧل الاخѧѧتلاف مرتفعѧѧاً نѧѧسبياً  -
 الѧѧوزن الجѧѧاف للѧѧساق والأوراق وآѧѧذلك الѧѧوزن الجѧѧاف للبѧѧادرة      - الѧѧوزن الجѧѧاف للجѧѧذور  -الѧѧشاذة

ثير العѧѧشوائى  للإجهѧѧاد المѧѧائى علѧѧى هѧѧذه الѧѧصفات، وآѧѧان  بالكامѧѧل، ممѧѧا يعكѧѧس ارتفѧѧاع درجѧѧة التѧѧأ 
 و 5,52العكѧѧس صѧѧحيحاً فѧѧى بѧѧاقى الѧѧصفات تحѧѧت الدراسѧѧة حيѧѧث تѧѧراوح معامѧѧل الاخѧѧتلاف بѧѧين       

12,03 . 
 بدراسѧѧة الѧѧصفات المرتبطѧѧة بالكفѧѧاءة الفѧѧسيولوجية للحبѧѧوب عنѧѧد الانبѧѧات تحѧѧت أعلѧѧى شѧѧد         -

لى القيم لصفات النѧسبة المئويѧة للإنبѧات     أعL3, H7, H10حققت السلالات  ) bar 12-(رطوبى 
.  أقѧل القѧيم لمعظѧم الѧصفات قيѧد البحѧث       131والوزن الجاف للبادرة فى حѧين أبѧدى الѧصنف جيѧزة     

مѧѧاء (ومѧѧن الجѧѧدير بالѧѧذآر أن زيѧѧادة طѧѧول الجѧѧذر يѧѧسمح للنبѧѧات باسѧѧتغلال أمثѧѧل لظѧѧروف التربѧѧة       
  . ولكن لا يضمن تحسن درجة الامتصاص) وعناصر غذائية متاحة

 bar -4, -12 بحساب النسبة المئوية للنقص فى مستوى أداء الصفات مѧا بѧين شѧد رطѧوبى      -
 لنѧسبة البѧادرات العاديѧة،    % 90,6 لنѧسبة الانبѧات ،    % 42,5اتضح الارتفاع النسبى حيث وصل 

للѧѧوزن الجѧѧاف للѧѧسيقان والأوراق،  % 87,8لطѧѧول الجѧѧذر، % 78,8 لطѧѧول البѧѧادرات، % 82,7
ف للجذور مما يدعو للتوصية بزراعة أى تراآيب وراثية من الشعير بمنѧاطق       للوزن الجا % 90,3

 ضѧغط   4الاستصلاح التى تعانى من محدودية آميات الميѧاه المتاحѧة تحѧت شѧد رطѧوبى لا يتعѧدى       
  .H10جوى، أما إذا زاد الاجهاد الجفافى عن ذلك فيوصى بزراعة السلالة المرباة حديثاً 

ت الانزيميѧѧة لكافѧѧة التراآيѧѧب الوراثيѧѧة تحѧѧت معѧѧاملات الاجهѧѧاد      التفريѧѧد الكهربѧѧى للمѧѧشابها -
 وخمѧسة متماثلѧة بالاضѧافة الѧى        α-esteraseالمائى المختلفة حدد تѧسعة حѧزم آلهѧا متماثلѧة لإنѧزيم              

 فحѧدد حزمتѧان   acid phosphatase، أمѧا إنѧزيم   β-estersaeحزمة واحدة متباينة فى حالة انزيم 
  ).bar 12-( التراآيب الوراثية تحت مستوى الاجهاد الأعلى متباينتان غابت الأولى فى آافة

ومѧѧن الجѧѧدير بالѧѧذآر أن مѧѧشابهات الانزيمѧѧات تحѧѧت الدراسѧѧة نجحѧѧت فѧѧى التفريѧѧق بѧѧين آافѧѧة       
تراآيѧѧب الѧѧشعير المختبѧѧرة بѧѧالرغم مѧѧن أنهѧѧا لѧѧم تعطѧѧى حѧѧدود فاصѧѧلة لكاشѧѧفات وراثيѧѧة بيوآيميائيѧѧة    

  .خاصة بتحمل الإجهاد الجفافى
  

 


	From the analysis of variance, the mean of all genotypes tested differed statistically (α ≤0.05) for all evaluated traits. Also, differences among means of the osmotic concentrations for all evaluated traits and for the genotypes × osmotic pressure interactions were found as well. This means that the relative performance of the genotypes through the water stress pressures was not the same (Table, 2). Similar results were found by Blum et al. (1980) and Perez et al. (2007) in wheat using PEG 6000 where genotypes had a different germination rate under numerous osmotic concentrations. 
	GP: germination percentage; NSP: normal seedling percentage; ASP: abnormal seedling percentage; RL: root length; DWR: dry weight of root; SL: seedling length; DWS: dry weight of seedling; LSD: least significant difference; T: water deficit treatments; G: the seven barley genotypes tested; CV: Coefficient of variability. 
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