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ى البيولوجية التغيرات ت ف ض المقاوم الشعير طمإ ض لمر الدقيقى البيا

ي عامر محمد إبرإهيم طف ص ي احمد نبيلة و فهيم محمد وم طف ص  ذ م

م ■“الذرية الطاقة هيئة “ النووية البحوث مركز — النباتية البحوث قسم ” 1  ٠ ع ٠ ج.

م “ القاهرؤ جامعة الزراعة كلية ” الثبات أمرإدض قسم —2 .ع , ج.

شعير أمرإض قسم“ 3 م “ الززل-عية البحوث مركز — ال ع ٠ ج.

س خا مل

عة الدراسات أذلهربت شعير لطفرإت الفسيولوجية المقاومة طبي ة والمنيعة المقاومة ال صاب أل  ل

ن وجود الى الدقيقى البيادنى بمرجض ى ش عه الكلورغيل من الورقة محتوى ف الثة بأنوا و (رج الث

(b) و (b ى ا +لة ة حالة ف صاب أل آلباء ا ت مقارنة ل ى المقاومة بالطفرإ ت ل ت ا هن نل ضا ا ي ا

ص ى نق الثة بأنواعه الكلورنجل ف ة وجود مع الث د ى زا ة ف غ ى الكاروتين صب ة حالة ف صاب أل  ا

ت كما ة أد صاب أل ل ى ا آلت محتوى زيادة ال ى والمرتبطة والحرق الكلية آلفينئ  الطفرإت ف

ك المقاومة ى زيادة وكذل ط ف شا ت ن ما ألنزي ل المؤكسدة ا  والبيرواكسيدز أوكسيدز فينول البولى مث

ت عن ألباء ر ؛*مطفر الغير النباتا ت بينما ^ا ة أد صاب أل ص وجود الى ا ى نق ت كمية ف سكريا  ال

ة والغير المختنلة الكلية ختنل ى م ألباء مقارنة والمنيعة المقاومة الطفرإت ف با

ABSTRACT
Physiological studies showed that all kinds o f chlorophyll (a), (b) and (a +

b) content in infected plant were decreased while, the carotenes pigment were 
increased. Infection generally reduced total sugars content o f all resistant mu-

tants. Infected resistant mutant showed more phenols content and peroxidase,
polyphenoloxidase activities than healthy ones ofthe mutants.



INTRODUCTION
Hordeum is an important barley genus from 400 genera eom- 

prising family (Gramineae) Poaceae. Among 16-20 speeies belonging 
to this genus, Hordeum vulgare L. is the prevailing in the world, espe- 
eially in the temperate regions . The common usages of barley plants 
are: (a) as a green fodder or grain feed to livestock and poultry, (b) as 
malt for manufacturing beverage or for malt enriched food products,
( c) as medicinal usages and (d) as human food in the form of flour for 
flat bread.
The impact of barley powdery mildew and its development, in general, 
depend on the growing genotypes and the prevailing pathogen patho- 
types and their compatibility with the genetic constitution ofthe hosts. 
Therefore, continuous evaluation and selecting resistant genotypes are 
needed. Screening barely resistant genotypes was carried out in Egypt
by many workers ٠ ٠ . Barley plants (Hordeum vulgare L.) are liable to
infection with powdery mildew incited by Erysiphe gram in is I  sp. 
hordei. This infection caused great reduction mainly in the obtained 
grain yield as well as the other crop parameters. Mutation induction 
program was carried out to improve the resistance of two barley CVS., 
i.e. Giza 124 and Giza 125 to powdery mildew using chemicals muta- 
gens, /. ء. maleic hydrazide (MH) and ethylmethane $ulphonate (EMS) 
and/or physical mutagen, i.e. gamma rays.
The aim of the present work was expanded to study the effect of the 
mutagenized materials on some biochemical and morphological 
changes ofthe grown resistant or tolerant progenies.

MATERIALS AND METHODS
1. original materials :
The selected resistant mutant lines derived from material originally sub- 
jected to the physical, chemical mutagenesis and their combined treat- 
ments.
2.Biochemical ehanges associated with mutagenie treatment (Ms 
generation):.
The progenies of M 4  generation were grown in greenhouse experiment 
at Cereals Diseases Research Department, Plant Diseases, Research In- 
stitute. Agriculture Research Center, Egypt. The grains of the resistant 
(R) and immune plants of M 5 generation were sown in pots containing 
autoclaved silt soil. Ten grains from any ofthe mutant lines were sown



in each pot and 10 pots were used for each treatment. The same was 
done for the grains of control treatment. The grown mutant plants of 
each treatment as well as control plants were divided into two 
groups(each group contains 5 pots). $ixty days after sowing, the grown 
plants in M5 ofthe first group were artificially inoculated by generally 
shaking naturally infected barley leaves on the grown plants and the 
second group plants were left without any inoculation in a separated 
site in the same greenhouse. The experimental design was Split Ran- 
domized Complete Block (SRCBD).
2.1. Determination ©^ot©synthctic pigments:
The photosynthetic pigments (chlorophyll a, b and carotenoid) W'-ere de- 
termined in the fresh leaves of inoculated and uninoculated mutage- 
nized plants i.e.,R ,immune and unmutagenized plants (control) grown 
in the greenhouse, 15 days after inoculation, according to the described 
method by (4). Five discs (1.0 cm in diameter) representing each treat- 
ment were weighed, ground in a mortar with 5 ml 85% acetone, 0.5g 
purified sand to facilitate grinding and 0.5g Ca CO3 salt to neutralize the 
acidity ofthe sap for preventing transformation of chlorophyll to pheo- 
phytin. The homogenate was filtered through a glass ftinnel of fine po- 
rosity, and the residue was washed with 5 ml acetone to free the pig- 
ments. The filtrate was completed to 20 ml with 85% acetone. The opt- 
ical density (E) of diluted filtrate was colorimetrically measured at 
wave lengths of 662, 644 and 440 nm. The concentration of photosyn- 
thetic pigments was calculated as follows:
C.a(mg/l)=9.784xE662-0.999xE644 
Chl.b (mg/1) -  21.426 X E644 - 4.65 X E662
Carot. (mg/1) = 4.695 X E440 - 0.268 (Chl.a + Chl.b)
Where: E =  optical density.
Chl.a =  concentration of chlorophyll (a).
Chl.b = concentration of chlorophyll (b).
Carot. = concentration of carotenoids.
2.2. Determination of oxidative reductive enzyme activities:
The activities of peroxidase and polyphenoloxidase were measured in
two grams tissue of healthy and diseased fresh barley leaves of the R
and control plants, 15 days after inoculation. The samples were cut into 
small portions, transferred to a mortar and ground in the presence ofpu- 
rified sand plus 4 ml of phosphate buffer pH =  7.1 (2ml buffer/g of



fresh leaf ti$$ue) as described by (5). The homogenate was strained 
through 4 lasers of cheesecloth, then the filtrates were centrifuged at 
3000 r.p.m. for 20 minutes at 6°c according؛؛* . The supernatant fluids 
were used for enzymes assay
2.2.1. Polyphenoloxidase activity: The activity of pol^hcnoloxidase 
was measured as mentioned by(7). The reaction mixture consisted of 0.3 
ml sample extract,1.0 ml phosphate buffer (pH =  7.0), 1.0 ml 10' 3 M 
catechol, and then the volume was completed with distilled water up to 
6.0 ml. The enzyme activity was assayed at 440 run and expressed as 
the change in absorbency /3.0 minutes /l.o g fresh weight.
2.2.2. Peroxidase activity: The activity of peroxidase was measured 
according to the method described by . Oxidation ofpyrogallol to pur- 
purogallin was determined in the presence 2ه آ خ ب م  at 425 ran. The reac- 
tion mixture contained 0.5 ml ©fo.l M sodium phosphate buffer solu- 
tion at pH 7 .00 .3 ml enzyme extract; 0.3 ml 0.05 M pyrogallol and 0.1 ؛ 
ml 1.0% H2 O2 . The m ixture w as com pleted  with d istilled  w a- 
ter up to 3 m l. The abs©rbance o f  lm l was recorded and perox-
idase activity was expressed as the change in absorbance /minute / l.Og 
fresh weight
2.3. Determination of phenolic compounds:
Free, total and conjugated phenols were determined in the selected 
mutagenized resistant plants ofthe two cultivars, as mg equivalent of 
chlorogenic acid / 1 0 0  g fresh weight in fresh leaves, obtained from 
healthy and infected R, immune and control barely plants, 15 days af- 
ter inoculation. The collected leaves of each sample were cut into 
small portions, immediately plunged in 50 ml of 95 % ethanol inside 
1 0 0  ml brown bottles and left in the dark at room temperature for one 
month. The ethanol extracts ofthe samples were subjected to air cur- 
rent till approximately dryness, then redissolved in 5 ml of 50% iso- 
propanol to obtain extracts for the above mentioned determination, us- 
ing ^os^otungisfi(>^© s^om olybd؛c acid reagent (Folin and Ci- 
ocalteu) as described b y (9).
2.3.1. Free phenols: One ml of Folin and Oiocalteu reagents and 3 ml 
of 20 % sodium carbonate solution were added to 0.3 ml of barley leaf 
extract, then completed up to 1 0  ml with warm distilled water (30 - 
35°€). After 20 min. the optical density was colorimetrically measured 
at 520 run against a reagent blank.



2.3.2. Total phenols: Ten drops of the concentrated HCI were added
to 0 .3 ml of leaf extract, boiled rapidly over a free flame and placed in a 
boiling water bath for 10 min. After cooling 1.0 ml of the reagent as 
well as 3.0  ml of 20  % sodium carbonate solution were added and the 
mixture was completed up to 10 ml with distilled water. Twenty min. 
later, the optical density was measured at 520  against a reagent blank. 
Results were expressed as milligrams equivalent of chlorogenic acid 
per gram fresh weight of leaves using a standard curve.
2.3.3. Conjugated phenols: Conjugated phenols were calculated by 
subtracting the free phenols from the total phenols.
2.4. Determination of sugars:
Reducing and total sugars were determined c^o^metrically with the 

picric acid method ( . The sugar content was calculated as glucose
from a standard curve prepared for glucose. Two solutions were used 
for determination of reducing and total sugars.
2.4.1. Picrate-picric solution: Thirty-six grams of picric acid were 
added to 500  ml of 1.0%  solution of sodium hydroxide and 4 0 0  ml of 
hot distilled water. The mixture was $ال ض ال  occasionally until the picric 
acid was dissolved. After cooling the mixture was diluted to one liter.
2.4.2. Sodium carbonate solution: Twenty grams of sodium carbonate 
were dissolved in 1 0 0  ml of distilled water.
2.4.3. Total sugars: Reducing, non-reducing and total sugars were 
quantitatively determined in healthy and infected barley plants with E. 
g. hordei of both mutagenized and unmutagenizcd (control) plants as 
mg equivalent of glucose per 1 0 0  gram fresh weight. ? ٥٢ determination 
of total soluble sugars, 0.3 ml from any sample was placed in one test 
tube containing 5 ml of distilled water plus 4 ml ?icrate-picric solution. 
The mixture was boiled for 1 0  min. in water-bath. After cooling, so- 
dium carbonate was added and the mixture was boiled again for 1 0  min. 
After it was cooled, the volumes were completed to 50  ml with distilled 
water. The optical density of the developed color was measured using 
Specol spectrocolourimeter in the presence of a blank at 540  nm.
2.4.4. Reducing sugars: The total sugar technique was also applied for 
determination of reducing sugars except that Picrate-picric and sodium 
carbonate were added together at the same time and boiled only for 1 0

min



2.4.5. Non-reducing sugars: Non-reducing sugars were determined as 
the difference between total and reducing sugars. All these determina- 
tions were calculated as mg gluco$e per 1 0 0  g fresh weight.

RESULTS AND DISCUSSION
1. Piginents content:
Data presented in Table ( 1 ) shows the contents of chlorophyll a, b 

and a ا  b as well as carotein of inoculated and uninoculated barley mu- 
tants plants in comparison with unmutagenized ones (control). The re- 
suits indicated that all kinds of chlorophyll recorded considerable de- 
crease, while carotein pigment recorded great increase due to inocula- 
tion with E. g. hordei if compared with uninoculated plants of both the 
mutant genotypes and untreated- uninoculated plants (control). In addi- 
tion, the percent of increase in carotein pigment and vice versa for the 
decrease in all kinds of chlorophyll were more pronounced in the mu- 
tant lines than that in the control. In this respect, the mutagenized plants 
of (Mutl-3-R23) recorded the highest decrease in chlorophyll (a) as 
compared to the other mutant lines, being 35.9% followed by (Mut2-4- 
R6 ) and (Mut2-7-RI2) being 34.6 and 34.2 %, respectively. Meanwhile, 
the mutagenizcd plants of (Mutl-15-16) recorded the lowest decrease 
in the same chlorophyll, being 6.9% followed by (Mutl-9-R10) being 
8.7 '/o . Comparison among mutant lines revealed that the mutagenized 
plants of (Mut2-4-R6) recorded the highest decrease in chlorophyll (b) 
and (a + b) being 28.6ه/  - and 32.5% respectively, followed by (Mut2-7 ه
RI2), being 25.0% and 30.3%. In addition, no variation in chlorophyll b 
of the mutagenized plants of (Mut2-12-R 7) and (Mut2 -14-R8) was 
recorded. Meanwhile, the lowest decrease in chlorophyll (a + b),being 
2.0% was recorded in the mutagcnized plants of(M ut 1 - 15-16). Con- 
cerning carotein pigment, the highest increase was recorded in (Mut2- 
12 - R 7) and (Mutl-4-R6) mutants, being 334.8 and 294.6%, respec- 
tively. Meanwhile, the lowest increase being2.8% was recorded in 
(Mut2- 1 4 - R8) as shown in Table ( 1 ).
In case of uninoculated plants, five mutant lines exhibited higher content 
of chlorophyll (a + b) than the other mutants and the control Mean- 
while, the higher content in four of them was due to the increase in 
chlorophyll (a) and one of them (Mutl-4-R6) was due to the increase in 
chlorophyll (b)..



Moreover, all re$i$tant mutants showed higher chlorophyll (a) ,  and رط)
(a + b) content than those ©fthe original cultivars after inoculation.

T a b le  ( 1 ) :  C h lo r o p h y l l  an d  c a r o te n e  c o n te n t  (m g |L )  in 
th e  s e le c te d  r e s is ta n t  m u ta n t  lines  in M 5 (a r t if ic ia l  in o cu -  
la t io n )  s e le c te d  fro m  Giza 124 and Giza 125.

Variety

Mutant line

Chlorophyll
(a)

Chlorophyll
(b)

Chlorophyll 
(a + b )

Carotenes

A
B

D A
B

D A
B

D A c

1 G izal24  
("control ١١

0.9 2.5 64.0 1.9 3.1 38.7 5.6 50.0 ١ ™ ٨ ١ ? 21.6

2 Mutl-3-R23 2.5 3.9 35.9 2 6 3.0 13.3 6.9 26.1 2.02 0.95 112.6

3 Mutl-4-R6 17 2.5 32.0 3.6 4.4 18.2 5.3 6.9 23.3 1.46 0.37 294.6

4 Mutl-9-RI0 21 2.3 ؟ .? 2.2 2.4
8

4.3 4.7 2.26 1.16 94.8

5 Mutl-15-16* 2.7 2.9 6.9 2.0 2.1 4.8 4.9 5.0 2.0 2.07 0.69 200.0

6 Gizal25  
(control ^١

0.3 3.2 92.2 1.7 3.0 43.3 2.9 6.2 52.4 2.46 127 93.7

7 Mut2-4-R6 3.4 5.2 34.6 2.8 28.6 5.4
8 0

32.5 1.16 0.30 286.6

8

Mut2-7-R12 2.5
3

34.2 2.1 25.0 4.6
6 6

30.3 1.29 0.66 95.5

9 Mut2-12-R7 3.6 4.1 12.2 21 2.1 0 5 7 6.2
8•أ

2.00 0.46 334.8

10 Mut 2-14-R8 3.4 3.7
8 - 1

0 6.2 6.5 4.6 ا . اا 1.08 2.8

ا- ا'ا آ،ا ا؛ا ا ا =c ؛٠ا  % Increase relative .آ؛ا(س ال إ)،ا آ ال؛ال،ن،ل B=آال]أ €ها ٠ Awnlessspikes A = ااا
lated plants. D= %  Decrease relative to uninoculated plants

The decrease in chlorophyll content and/or photosynthetic activity due 
to infection with the causal pathogens was previously reported by other 
investigator (11). However, contents of chlorophyll (a + b) and caroteno- 
ids increased in infected wheat plants treated with ethephon, IAA, ki- 

netin and cobalt, than only inoculated wheat plants with leaf rust were
.(12)found



2. The acti^ ؛ty of oxidative- reduetive enzymes:
Data presented ؛١١  table (2) indicates that artificial inoculation of both 
mutagenized and unmutagenized (control) barley plants with spores of 
E. g. hordei increased the activity ofthe two estimated oxidative reduc-
five

Table (2): Activity' of oxidative - reductive enzymes (minute|g) ؛١١  the re-
sistant mutagenized plants of Ms generation (artificial inoculation) se-
lected from cultivars Giza 124 and Giza 125.

Variety Peroxidase activity Polyphenoloxidase activi-
tv

Mutant line Inocu-
lated

Uninoc-
ulated

% icrea- Inoclat-
ed

Unincu-
lated

0/oicrea-

ل
Giza 124 (con- 
trol 1) 5.411 5.246 3.1 0.291 0.283 2-8

2 Muti-3-R23 9.691 8.816 9.9 0.655 0.626 4.6

3 Mut|-4-R6 7.213 6.883 4.8 0.842 0.769 9.5

4 Mut|-9-R10 8-395 5.506 52.5 1.400 1.205 16 2

و Mutl-15-16* 8.310 7.043 18.0 0.820 0.373 119.8

6 Giza 125 (con- 
trol 2)

4 86^ 4.853 0.2 0.041 0.040 2.5

7 Mut2-4-R6 7.242 6.642 9.0 0.900 0.892 0.9

8 Mutr7-R12 7.220 6-329 14.1 0.891 0-788 13.1

9 Mut2-12-R7 8.040 7.735 3.9 1.987 1.836 8.2

10Mut2-14-R8 6.960 6.699 3.9 1.989 1.953 -ا8

* The plant has awnless spikes.
** Increase relative to uninfected plants.
enzymes i.e.,peroxidase and ^lyphenoloxidase with different degrees. 
This increase, in most cases, was more pronounced in the mutagenized 
plants than in the unmutagenized ones.



2.1. Peroxidase: With respect to peroxidase enzyme (Table 2), the 
muntagenized plants of(M utl-9- RIO) recorded the highest percentage 
of increase ط  the enzyme activity, being 52.5% followed by (Mutl-15-
16)and(Mut2-7-12) being 18.0 and 14.1%, respectively. Meanwhile, 
plants of (Mut2-12-R7) and (Mut2-14-R8) recorded the lowest percen- 
tage of increase, being 3.9% for both mutants followed by (Mutl-4-R6) 
mutant being 4.80/0. Control treatments of CVS. Giza 124 and Giza 125 
recorded 3.1 and 0.2% increase, respectively. The highest peroxidase 
activity was found in Mutl-3-R23either uninfected or infected mate- 
rials followed by Mut2-12-R 7 (uninfected material) or Mutl-9-R10and 
Mutl-15-R6 (infected materials) as shown in table(2).

2.2. Pol^enolox idase: Data in Table (2) shows that the recorded ac- 
tivity of polyphenoloxidase enzyme was far less than that o f peroxidase 
enzyme in both inoculated and uninoculated plants. The highest percen- 
tage of increase in the activity of polyphenoloxidase was recorded in 
the mutant (Mutl-15-16), being 119.8م/،> followed by (Mutl- 9-RJO), 
being 16.2%. Meanwhile, the lowest percentage of increase was roc- 
orded by mutant Mut2-4-R6, being 0.9% followed by Mut2 - 14- R8, 
being 1.8م/،>. It could be noticed that increasing of polyphenoloxidase ac- 
tivity after inoculation was associated with increasing of peroxidase ac- 
tivity as illustrated in Mut2-14-R8, Mutl-9-RI0 and M utl-15-16. Con- 
trol treatments of CVS. Giza 124 and Giza 125 recorded 2.8 and 2.5% 
increase, respectively. This increase was attributed to the activation of 
latent enzyme which already present in the host cells؛' . Other invest؛- 
gators showed that new peroxidase isoenzymes were found to occur in 
plant tissues only after infection . In this respect مق'م reported that pe- 
roxidase activity participates in the oxidation of aromatic materials and 
phenol.

3. Content of phenolie compounds:

In general, phenolic compounds content in unmutagenized plants of 
CVS. Giza 124 and Giza 125, either infected or not, were far less than 
that recorded in the infected or uninfected mutagenized plants Table
(3). Moreover, there was an increase in phenolic compounds content,
i.e. free, conjugated and total phenols in infected mutagenized p la n ts  
th a n  th a t  r e c o r d e d  in  u n in f e c te d  m u ta g e n iz e d  p la n ts .  
The percentages o f increase fluctuated between 25.9% (free phenols)



and 22.4%  (conjugated phenols) for cv. G iza 124 and betw een 18.5 and 
12.9% for cv. G iza 125.

T a b le  (3 ): P h e n o lic  c o m p o u n d s  c o n te n t  in  th e  s e le c te d  
m u ta g e n iz e  r e s is ta n t  p la n ts (m g /1 0 0 g  f .w t .)  o f  M 5 genera- 
tion (artificial inoculation).

¥ariety Free phenols Conjugated phenols Total phenols

Mutant
line

Inocu-
lated

Uninoc-
ulated

*%incre Inocu-
lated

Unlno-
culated

nc* % ؛ -
reuse

Inocu-
lated

Uninoc-
ulated

*%inc-
reuse

Giza 124 13.8 11.0 25.9 28.2 23.0 22.4 42.0 34.0 23.6

Mutl-3-
R23 59.4 53.8 10.4 49.4 44.6 10.8 108.8 98.4 10.6

Mutl-4-
R6 59.0 59.0 0.0 117.8 110.2

6 •9
176.8 169.7. 4.5

Mutl-9-
RIO 17.9-7. 109.6 17.9 100.4 93.0

7 •9
229.6 202.6 13.3

Mutl-15-
16 *

94.4 27.8 239.6 185.8 160.2 16.0 280.2 188.0 49.0

٨١™  125 25.6 7.1-6 18.5 29.6 26.2 12.9 55.2 47.8 15.5

Mut2-4-
R^ 154.4 101.0 52.9 108.4 95.4 13.6 7 6 7 8 196.4 33.1

Mut2-7-
R12 56.2 54.2 3.7 41.4 41.6 -0 .5 97.6 95.8 >.٠

Mut2-12-
R7 88-0 62.6 40.6 80.4 5 87 36.9 168.4 121.3 38.9

Mut2-14-
R8 79.3 61.6 78.7 50.6 44.7 13.2 129.9 106.3 14.7

* T he p lan ts have aw nless sp ikes., * * ٠/© Increase re lative to  un in fected  p lants

3.1. Free phenols: D ata presented in Table (3) show s that free phenols 
in all cases, recorded an increase in their contents for both euhivars and 
m utants as a result o f  infection, w ith the exception o f  (M u tl-4 -R  6) o f  
cv. G iza 124, w here no change was recorded betw een both inoculated 
and uninoculated plants. The highest percentage increase was detected



in the plants of M utl-15-16 being 239.6% followed by Mut2-4-R6 be- 
ing 52.9م/،> (Table 3). On the other hand, the lowest percentage of in- 
crease was recorded in Mut2-7-R12 being 3.69%. However, all mutant 
lines exhibited higher free phenol content than those of the control in 
both inoculated and uninoculated plants (Table 3).
3.2. Conjugated phenols:The conjugated phenols, also, recorded an in- 
crease in their content in the inoculated plants compared to uninocu- 
lated ones,with the exception of plants ©f(Mut2-7-R12)which recorded 
a decreased amount of 0.48% (Table 3). Plants of Mut2-12 -R7) record- 
ed the highest of 36.97% followed by the control cv. Giza 124, being 
22 .40 after plants inoculation ام
3.3. Total phenols: In general, total phenolic compounds (Table 3) 
recorded different degrees of increase in the inoculated plants than 
that of the uninoculated ones. In this respect, the highest percentage of 
increase was detected in the plants of (Mutl-15-16), being 49.04% 
followed by plants of(M ut2-12-R7), being 38.9%. On the other hand, 
plants of (Mut2-7-R12) recorded the lowest percentage of increase, 
being 1.9%. Meanwhile, the highest total phenolic compounds after 
inoculation were found in Mutl-15-16 followed by Mut2- 4-R 6 (Ta- 
ble3).
For many years great attention has been given to the role of oxidative- 
reductive enzymes in the defensive reactions of the infected plants, 
where various phenolic compounds were found to be toxic to the pa- 
thogens and might be of great value in understanding the h©st-parasite 
interactions (12’ ٠ . On the other hand reported that the high activity 
of polyphenoloxidase is often inactivated during catalyzed oxidation of 
dihydroxy phenols due to the high chemical reactivity of the resulting 
quinons. Also, different phenolic compounds contents are higher in the 
infected resistant and moderately resistant plants than in susceptible 
ones.
4. Sugars content:
Table (4) shows that all the estimated sugars contents in the mutage- 
nized and control barley plants were less in inculcated plants compared 
with uninculcated ones. This decrease was higher in the parental (con- 
trol) plants than the mutants, with the exception of mutant (Mutl-3- 
R23) which exhibited a high percentage of decrease in non-reducing 
sugars (71.9%) than both controls.



M utant (M utl-3- R23) expressed the lowest non-reducing sugar 
content and vice versa for reducing and total sugars after inocula- 
tion. In contrast, all mutant lines showed higher sugars content after 
in fection  than the control.

Table (4): Determination o f  reducing, non-reducing and total sugars 
(mg/lOOg fresh weight) in healthy and infected lea¥؛؛s o f  mutant resistant 
plants o f  Ms generation.

Variety

Mutant
line

Reducing Non-reducing Total

Un-
،nocu-

0/ode-
crease

Inocu-
lateri

Un-
inocu-

%de-
crease

Inocu-
lated

Un-
inocu-

%de-
crease

١ Giza 124
(cantroll)

68.0 216.2 6؟ 8 54.4 108.5 49.9 122.4 324.7 62.3

2 Mutl-3-
R23

506.6 562.7 10.0 39.1 139.4 71.9 545.7 702-1 22.3

3 Mutl-4-R6 219.3 228.5 4.0 161.5 165.9 2-7 380.8 394.4 3.4

4 Mutl-9-
RIO

153.6 2 2 1 7 30.7 121-8 135.3 10.0 275.4 357.0 22.9

5 Mutl-15-
16*

273.3 281.3 2.8 102.4 109.0 6.1 375.7 389.3 3.5

6 Giza 125 93.5 232.9 59.9 71.4 239.7 70.2 164.9 472.6 65.1

7 Mut2-4-
R6

264.5 346.8 23-7 146.9 170.0 13.6 411.4 516.8 20.4

8
Mut2-7-

R12
157.9 195.6 19.3 111.2 1206 7.8 269.1 316-2 14.9

9 Mut2-12-
R7 240.0 306.0 216 1©3.4 107.1 3.5 343.4 413.1 16.9

١٥Mut2-14-
R8

352.1 375.7 6.3 2 1 1 7 243.1 12.9 563.8 618.8 8.9

* The plant has awnless spikes. **Percentage o f  decrease relative to أاال؛آاآا(الن - 
lated plants

Similar trend was al$o detected in uninfected leaves of mutagenized 
plants,with the exception of Mut2-7-R12 which exhibited the lowest 
reducing and total sugar content (Table 4). In comparison among mu- 
tant lines, the highest reduction in the reducing sugars (30.71%) was



found in the plants of (M utl- 9-R 10) followed by plants of (Mut2-4- 
R6), (Mut2-12-R7) and Mut2-7-R12 being 23.7, 21.6 and 19.3%, re- 
spectively. On the other hand, plants of (Mutl - 15- 16) recorded the 
lowest decrease in the reducing sugars (2 .8%), followed by plants of 
(M utl-4 -R6) being 4.0%.. €oncerning non-reducing sugars, the high- 
est decrease in their amount (71.9%) was recorded in plants of M utl-3- 
R 23. This reduction was even more than that recorded in both con tro ls-  
On the other hand, the lowest reduction was found in the extraction of
M utl- 4 - R6 and Mut2 - 12 - R7, being 2.7 and 3.5 ٠٧٠, respectively. In
case of the total sugars, there were also great fluctuation in amounts. 
Mutant (Mut 1 - 9 -  RIO), (M utl- 3 - R23) and (Mut2-4-R6) recorded 
the highest reduction, being 22.9, 22.3 and 20.4%, respectively. On the 
other hand, plants of M utl-15-I6 and Mutl-4-R6 recorded the lowest 
reduction, being 3.5 and 3.4%, respectively. The highest total sugars 
was observed in Mut2 - 14 - R8 after infection and M utl-3-R 23 fol- 
lowed by Mut2-14-R8 without infection as shown in Table (4), many 
investigators found that the infection with the pathogens resulted in a 
decrease in all kinds ofsugars^*'**. Although the majority of induced 
mutant lines showed high contents of reducing and non-reducing sugar 
without inoculation, however the decreases in the sugar content, result- 
ing from infection were lower than those of the parents. The involve- 
ment of carbohydrates during pathogenicity, serving as constant energy 
source for the growing pathogens has been indicated for Helminthospo- 
rium maydis.H. carbonum and H. ٣ ؛٤٢٤̂ ٠ . In this respect ٠ mentioned 
that total reducing and non-reducing sugars were more higher in 
healthy barley leaves than in m ildewed ones.

Conclusion
After in،)Culati©n barley plants with E.g.hordei, all kinds o f  chlorophyll as 

well as sagar content recorded considerable decreases. The decrease was 
higher in the controls than that in the mutant lines, while carotein pigment 
recorded great increase due to inoculation. The percent o f  the increases were 
more pronounced in the mutant lines than that in the control, the same trend 
was also found for peroxides and polyphenoloxides activities. Also, The CO- 
tent o f  phenolic compound was increased by the artificial infection o f  
plants.The increase percentage was more in mutant lines than in the controls.
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