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 الرابع االشعاعي الجبل من المنتخبة الديورم قمح من سالالت لستة المحصول و النمو صفات تقييم
.الجفاف ظروف تحت الخامس و

بسيوفي السيد احمد **محمد - قاسم محمد قاسم **محمد - نسيم العال ابو رمضان *محمد - الدعدع خليل *محمد
جيا *فرع و ول سي ت ف نباتا ل ت قسم — ا ة — الزراعي النبا مع هرة جا قا ر — ال ص م

مصر — الذرية الطاقة هينة — النووية البحوث مركز س النباتية البحوث **قسم

A bstrac t
Grain ٠٢ two durum wheat cultivars, Sohag 3 and Beni Suef 3 were irradiated with gamma ray 
doses ٥, 150, 250 and 350 Gy to obtain new durum wheat lines, eharacterized by high yielding 
and drought toleranee. Irradiated grains were eultivated in the field under normal and drought 
eonditions during 2005 -  2010 seasons. 20 grain (Ml) from each treatment was planed as in the 
first season. In the second season (M2), grains of 61 plants were selected as they had the 
following higher criteria, i.e. yield, grain yield / plant, plant height, tillering and 100 grains 
W'eight. The selected variants should exceed by 50% or more than control. Grains of the 61 
selected plants were individually sown under normal and drought conditions. At the end of this 
season, six selected putative lines had superiority over their parents. The SI and S2 lines had an 
excellent grain yield per plant under normal condition but S3 and S4 lines had superiority for 
grain yield per ^lant binder drought conditions as compared to parent Sohag 3. B1 and B2 lines 
had the superiority for grain per plant under normal conditions comparing with the parent Beni 
Suef 3. In the fourth seasoi^ (M4), growth, chemical compositions and yield as well as its 
components of the six putative lines as well as the parents Sohag 3 and Beni Suef 3 were 
determined under normal and drought conditions. The results showed a significant increase in the 
number of leaves on the main stem and tillering number / plant for SI, S2, B l, B2 as compared 
with their corresponding parent under normal condition. Also, S3 and S4 lines had the same 
results comparing with the parent Sohag3 under drought condition. The results of S3 and S4 
showed an accumulation of organic protective asmolytes such as sugar, proline and free amino 
acid. As well as N, P, K and Ca concentrations in shoots and roots as compared to the parent 
Sohag 3. The putative lines SI, S2 and Bl showed significant increase for grain yield per plant 
comparing with the parents under normal conditions. Also S3 and S4 lines showed a significant 
increase in grain yield per plant than their parent Sohag 3 under drought condition. However, B2 
line showed a significant decrease in plant height equal to 26% from the parent Beni Suef 3 but 
had significant increase in grain yield per plant equal 12% compared to the parent Beni Suef3. In 
M5 generation, the data of yield characters for SI, S2, S3 and S4 lines indicated that, the number 
of spikes, spike length, No. of spiklets, 100 grain weight, grain yield / plant and grain yield / 
ardab faddan significant increase compared to their parents Sohag 3 under normal conditions, but 
S3 and S4 lines were sigificantly  increased in the same yield characters under drought condition 
too. The data of the same yield character for Bl and B2 lines were significantly increased under 
normal and drought conditions, but Bl superiority B2 in the yield characters.
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خالصة

ت جري ب ا ر جا الل معملية و حقلية ت ك و 20ل)( — 2005 متتالية مواسم خمسة خ ض ذل بغر

سة  اجل من إ3 سويف بني و 3 )سوهاج الديورم قمح من صنفين علي جاما اشعة تأثير درا

صول ت علي الح ت جديدة سالال ت ذا ي القدرة لديها كذلك و مرتفعة انتاجية صفا الجفاف تحمل ط

ث عة قبل الحبوب ئشعيع تم حي ت جاما بأشعة الزرا جرعا صفر ب ا 350 و 250 و 150 و ) ي را  ج

عة تمت ثم ض في مباشرة الزرا الر ث في المستديمة ا ال ت ث ت باستخدام مكررا كاملة القطاعا

ت كل من ممظة كعينة حبة 20 اخد تم الموسم نهاية في و العشوائية ت من نبا عتها ليتم نباتا زرا

الول الموسم في المتبع التصميم بنفس الثاني الموسم في نباتآ 61 انتخاب تم الموسم نهاية في و ا

ظوقآ صول وزن في اكقر و %50 بنسبة ابائه علي م ب مح  حبة 100 وزن و الواحد النبات حبو

الث عدد و السنابل طول و السنابل عدد و النبات طول  الموسم في ثم الواحدة السنبلة في المنيب

ب تقييم تم الثالث ت 61 حبو ت نبا ف تح ت و الطبيعية الظرو ف تح ف ظرو باستخدام ذلك و الجفا

الول الموسمين خالل المتبع التصميم نفسم ي الثاني و ا سالالت 6 علي الحصول تم الموسم نهايو ف

(B2 j B 1 j S 4 j S 2 j S 2 j  S1) ي متفوقة ي الماللة ابائها ط ول أل الب من ناتجة S1 ؛ا  ا

ي 250 بالجرعة المشعع 3 سوهاج را ب من ناتجة S2 الثانية السالله و ج ال المشعع 3 سوهاج ا

ي 150 بالجرعة صل بزيادة يتميز كالهما و جرا ب عن الواحد النبات حبوب حا ال تحت ا

ف الب عن ناتج فكالهما S4 و S3 السالالت اما الطبيعية البيئية الظرو  المشعع 3 سوهاج ا

ي 350 بالجرعة صل بزيادة يشهنا و جرا ب حا ت حبو ب عن الواحد النبا ال ت ذلك و ا ح ف ت  ظرو

الب عن ناتجة فهي B1 الخامسة الساللة اما الجفاف ي 250 بالجرعة المشعع 3 سويف بني ا  جرا

ع تتميز هي و صول بارتفا ب عن الواحد النبات حبوب مح ال ت ا ف تح  الماللة بينما الطبيعية الظرو

الب عن ناتجة فهي B2 السادسة ي ا جر المشعع 3 سويف بن ي 350 عةبال را تتميز هي و ج

ها بانخفاهض صل ارئفاء و طول ب حا و الموسمحب

ت تقييم اءاجر ال ال س ث الموسم عن الناتجة الستة لل ف تحت الثال ت و الطبيعية الظرو ف تح  ظرو

ف جفا ل المتبع التصميم نفس بأتسخدام ال ال ث خ ال ث سم ال ظ قد و السابقة موا ح و ت ان ل ال ال س ل السنة ا

ق عدد في بزيادة تتميز  الرئيسية الساق علي االورا

ل إلى ص حا ل ك و مكوناته و ا ت بالنسبة ذل ال ال س ؛2 لل
الب ضافة ا ال با

طبيعية الظروف ال

ف تحت S4 و S3 السالالتين و ف ظرو جفا ك ال كم لوحظ كذل ت ترا ت من كبيرة كميا السكريا

صة ن بالنسبة المختزلة غير خا اللتي م ض و البرولين و البروتين كذلك و S4 و S3 لل الحماد  ا

المينية حر ا سيوم و البوتاسيوم و النيتروجين و هال خل الكال ل دا  و الساق النباتيين النسيجين من ك

ألباء بالمقارنة ذلك و الجذر ج با ت 3 سويف بني و 3 سوها ف تح ظرو ت و الطبيعية ال ف تح ظرو

ضحت قد و الجفاف ي الستة للسالالت المطلق التفوق الناتج او ث من آبائها ط المعدالت حي

ث االنتاجية ي تفوقتا S2 و S1 الساللتين ان وجد حي ب ط ال ي ا ل ف صل انتاج معت حبوب حا



ف تحت %60 الي 52 من يتراوح بمقدار الواحد الثبات ة الظرو طبيعي  و S3 المالكين بينما ال

S4 ب علي تفوقتا ال ل في 3 سوهاج ا صل انتاح معل ت حبوب حا  من يتراوح بمقدار الواحد الثبا

ت %75 الي 58 ف تح ف ظرو ق فأنها B1 الماللة اما الجفا ب علي تقو ال  في 3 سويف بني ا

صل انتاج معدل ف تحت %46 بمقدار الواحد النبات حبوب حا  B2 الساللة بينما الطبيعية الظرو
 %ا2 مبقدار الواحد النبات حبوب حمصول انتاج معبل يف 3 سويف بين االب علي تثوق فاهنا
ف حتت و ر ظ ل طبيعية ا ت اطول بان علما ال و .2o% بمقدار االب عن ئتخفهض الساللة هذه نباتا

ث من السابقة المنة السالالت ئقييم تم الخامس الموسم في ل كمية حي و ص ح م ل ب ا ألرن  عالوة فدان با

ت علي ت في نقوقتا S4 و S3 المالكين ان نبت حيث المحصول مكونا و المحصول صفا

ث من مكوناته ضافة حبة 100 وزن و السنيبالت عدد و المتبلة طول و السنابل عدد حي ال  إلي با

صل ت حا ت ذلك و الحبوب من النبا ف تح ف و الطبيعية الظرو ب ؛علي الجفا أل ج ا  لكن و 3 سوها

S2 j السالالتني S l ن ت يف التفوق هلم كا ت مكوناته و المحصول صفا  الطبيعية الظروف تح
و1 السالالتين اما فقط ن B2 ة ي التفوق لهم كا الب ط المحصول في فقط و سويف بني ا

ب رد أل ا ت مكوناته و ب ح ف ت ظرو طبيعية ال ط ال .فق

Introduction

Durum wheat (Triticum س س  desf.) is crop adopted to semi-arid climate of 
Mediterranean basin. At present, it uses for preparing some kinds of foods as pasta, 
cuscus, burger... etc in addition to macaroni production. Thus, there is a great need to 
overcome this gap between the local national production and the consumption demand, 
through the increasing of durum wheat productivity per unit area which can be achieved 
through exposing to different d©$es of gamma rays to obtain new varities resistant and/or 
tolerance to abiotic stresses (drought, salinity and heat) which could help increase area by 
cultivate durum wheat through expansion of its cultivation into the newly reclaimed 
marginal areas. Also it is possible to introduce its cultivation into rain fed areas in the 
North West Coast and Sinai in addition to other areas which suffer from salinity, heat and 
drought.

Water stress is of common and wide occurrence in nature. It occurs whenever water 
absorption by the crop is lower than the evaporative demand of the atmosphere. Two 
major processes are involved: (i) water absorption by the crop, which is controlled by 
root characteristics and soil physical properties; and (؛؛) crop e v ^ t r ^ p i r a t io n ,  which 
depends on atmospheric properties, notably net radiation and vapor pressure deficit and 
crop characteristics, such as crop ground cover and stomatal conductance. The adaptation 
for drought could be achieved during specific physiological treatments such as irradiation 
treatments with gamma, biofertilizers treatments, soil and foliar fertilization, applying of



the specific growth regulators and involves changes in the plant behavior and expression 
of properties that were not evident before treatment.

Irradiation with gamma rays may provide insight into the mechanism of action of the 
radiation in the producing physiological and genetic variability, thus have been used 
directly to produce useful variation in quantitively inherited characters [I], therefore, the 
results previously obtained by many authors suggested the possibility of successful 
application of the gamma rays [2], [3] to improve drought and salinity tolerance of the 
sensitive wheat cultivars, since the mutagen agents including gamma rays are the effect 
tools for inducing genetical changes in the treated plant material.

Materials and Methods

These experiments were conducted in the field and Biotechnology Laboratory ofthe plant 
Research Department, Nuclear Research Center, Atomic Energy Authority, Anshas, 
Egypt, chemical analysis was conducted in Food Technology Research Institute, 
Agriculture Research Center, Giza, Egypt during 2005 -  2010.

Mutagen treatment:

Three gamma ray doses 150, 250 and 350 Gy were used on dry grains ofthe two cultivars 
Sohag 3 and Beni Suef 3 in order to make a useful genetical variation. Irradiation 
treatments were achieved by Co gamma unit and exposure time was equivalent to the 
chosen doses.

M l g^ieration 2005/2006:

Durum wheat grains from each treatment, i.e. (0, 150, 250, and 350 Gy) of each cultivar 
were immediately sown on 23rd Nov. 2005 in separate plots to obtain Ml plant. The 
distance between each row 20 cm, and between plants were 15 cm. at harvest, twenty 
grains were taken from each MI plant (M2 grains) were mixed together and kept for 
cultivation in the second season.

M2 generation 2006/2007:

Grains ofthe first generation were sown on 21 Nov. 2006 with a randomized complete 
block design with three replicates for each treatment. At the harvest, ten plants were 
taken from each plot in M2 generation for recording data. The selection of M2 plants 
depend on time of heading, plant height, tillers number, 100 grains weight and grain yield 
per plant. The selected variants should exceed the average of control by 50% or more.

M3 generation 2007/2008:

In the third season, grains from individual plants (61 individual plants) obtained from the 
second generation were sown on 19 ؟ f  Nov., 2007. Field experiment was designed as 
previously mentioned in the ١؛؟  and 2nd seasons. The individual grains were sown under



١^ ^٨٠٢  and drought. Under drought condition, the interval between irrigations was 22 
days starting from 21 days after sowing for drought condition, whereas under normal 
condition was ا ا  days. All of theses experiments were designed in a randomized 
complete block design with two factors.

M4 generation 2008/2009:

Grains of six putative selected lines were sown as previously mentioned in the third 
experiment under normal and drought conditions. In each putative line, samples were 
taken, i.e 90 days after sowing from each treatment. In each treatment, twenty one plants 
were taken and arranged to 3 replicates, each containing 7 plants. Each plant separated 
into shoot and root and the following growth characters were recorded: plant height, 
Average number of tillers / plant, Average number of leaves / plant and shoot dry weight. 
At harvest (150 days after sowing) the following yield components were recorded: plant 
height, spike length, number of spike/plant, number of spiklets/spike, 100 grain weight 
(g), grain yield/plant (g).

M5 generation 2009 / 2010.

١٨ the 5th season, grains of selected six putative lines were sown in plots 4X5 m in rows 
20 cm apart. The treatments were arranged in complete randomized block design with 
three replications. Under normal and drought conditions. At harvest, 10 plants were taken 
at random from every experimental unit to record data. Yield traits were recorded. Plant 
height (cm), spike length (cm), 100 grain weight (g), No. of spikes. No. of spikelets and 
the plant in the inner one square meter of each plant were harvested for estimated grain
yield !٨ ardah / Faddan 

Determination of carbohydrates:

Reducing, non-reducing, and total sugar concentration in both root and shoot extracts 
were determined by phosphomolybdic acid according to [4].

Determination of total free amino acids:

The total free amino acids concentration was determined in both root and shoot extracts 
by using ninhydrin reagent, as described by [5].

Determination of total free proline؛

Fresh sample was taken tor determination of free proline concentration. Free proline 
concentration was measured calorimetrically according to[6].

Mineral elements:

The total N, p, K and € a  concentrations were determined using the modified -  micro- 
م1اص ب ح ا غ  methods as described by ا7ل . Crude protein (C.P) was calculated by



multiplying N percent by factor 6.25. Phosphorus was determined 
se^etrophotometrically by using stannous chloride method according to [4]. Potassium 
and calcium were determined by the Atomic Absorption Spectrophotometer (GBC, 932 
AA).

Satistical analysis:

Data of growth characters and yield component were statistically analyzed by using tow 
factorial completely randomized design and the mean values were compared using the 
least significant difference test (New L.S.D.) at 5% level [8].

Results and Discussions 

Growth characters:

Data of difference plant growth characters, i.e. plant height, number of leaves on the main 
stem, number of tillers and shoot fresh and dry weight of the six putative durum wheat 
lines (SI, S2, S3, S4, Bl and B2) as well as Sohag 3 and Bbni Suef 3 as controls grown 
under normal and drought conditions were presented in tables 1 and 2 .

Plant height:

Results in table 1 showed a significant decrease in plant height of 90 days stage for the 
selected lines SI and S2 comparing to control (Sohag 3) and the selected lines Bl and B2 
comparing to control (Beni Suef 3) under normal and drought conditions. The decrease in 
plant height was ranged from 15 to 32% below controls. This decrease in plant height 
might be due to the effect of gamma radiation. [9] found that wheat plant height was 
decreased in increasing gamma ray dose above 7.5 Kard. The other selected lines S3 and 
S4 showed significant increase in plant height compared to the parent Sohag 3 under 
drought conditions. This increase in plant height was ranged from 8 to 23% for the two 
selected lines S3 and S4. This increase in plant height under drought stress might be 
attributed to the effect of gamma radiation on improving plant water content leading to 
enhanced call expansion and enlargement processes that are responsible for plant
e longa tion  [ ١٨]

Number of leaves:

The results in table 1 showed a significant increase in the number of leaves on the main 
stem for the selected lines SI and S2 comparing to the parent Sohag 3 and the selected 
line Bl as compared to the parent Beni Suef 3 under normal condition. These increase in 
number of leaves ranged from 11 to 41%. In this concern, [11] reported the simultaneous 
increase in specific leaf weight number of Salvia aplendens was obtained by radiation, 
which might indicate that irradiation could induce a significant accumulation of
photosynthesis in leaf blades.



The other selected lines S3 and S4 showed a significant increase as compared to Sohag 3 
under drought condition, increase in the number of leaves ranged from 28% to 42%. This 
increase might be due to the genetical changes caused by irradiation. In this regard, [12], 
(2004) found a decrease in leaf area index, green area index and leaf expansion in wheat 
plants under drought condition due to the loss of cell turgor pressure and reduce the time 
reaching leaf area index and green area index to the maximum amount causing an 
acceleration ofthe onset of plant senescence.

Number of tillers:

Results in table ا showed a significant increase in number of tillers for the selected lines 
SI and S2 comparing to Sohag 3 and the selected lines B1 and B2 comparing to Beni 
Suef 3 under normal condition. The increase in the number of tillers ranged from 34 to 
93%. This increase might refer to the effect of gamma radiation on inducing useful 
genetical changes in the treated plants.



Table (1): Growth characters after 90 days for4 lines of Sohag 3 and 2 lines
of Beni Suef 3 selected from M4 -  irradiated populations under normal and
drought conditions.

C h a ra c te r ؛(٨٠ Normal Drought Mean b
Sohagو 76.70 45.80 61.25

ص ح S1 68.40 49.18 ر 58ي
E S2 69.75 51.47 60.61
ب S3 69.04 54.93 61.98
ج S4 67.93 49.41 58.67
O) Mean a 70.39 50.15

LSD 0.06 a==0.46 b=2.06 axb،=2.92
X Beni Suef3 71.32 59.34 65.33
c B1 68-74 58.12 63.43
ع B2 51.65 ص87 ه76.^4 Mean a 63.90 53.78

LSDa.05 a=1.12 b=1.58 ع24 س .
Sohag 3 9.11 6.06 7.58

S1 د 5.38 8.11
S2 9.68 5.23 7.45

آت S3 11-51 7.81 9.66
م S4 10.86 7.43 9.14
ج Mean a 10.32 638
ج LSD QjQ$ a=0.89 b=1.26 axb=1.43

Beni Suef 3 7.84 4.87 6.36
Z B1 10.16 7.32 8.74

B2 6.55 4.21 5.38
Mean a 8.18 5.47
LSDbos a=1.12 b=1.64 ax^2-23

Sohag 3 7.14 4.38 5.76
S1 11.02 5.43 8.22
S2 9.84 5.00 7.42

ه S3 8.57 7.03 7.80
S4 8.49 7.11 7.80

'ء Mean a 9.01 5.79
د LSD ثه.ه a=0.20 b؛=0,89 axb=1.96

- Beni Suef3 6.52 4.13 5.33
ق B1 10.89 5.36 8.12

B2 8.74 3.11 5.92
Mean a 4.20
LSDa.05 a=0.02 b=139 axb=1.96

Sohag 3 29.86 11.26 20.56
م ل S1 32.39 16.09 24.24
ء S2 31.57 16.00 23.78٠٠١ S3 36.42 17.13 26-77
ع S4 34.89 17.22 26.05
ع Mean a 33.02 15.54
م LSD صدم a=0.Q9 ،>=1.17 axb=1.66ء Beni $٧٠؛ 3 26.19 15.93 21.06
يم B1 30.44 17.52 23.98

B2 22.79 14.32 15.56
ءء ح
CA ءة Mean a 26.47 ص ت15.92 LSDq.05 a=1.06 h=189 axb=3.04

Sohag 3 3.04 1.56 >مم2.30 S1 4.75 1.89 ة32
ب S2 4.14 ئ 292

S3 4.53 2.91 3.72٠١ S4 4.12 2.42 327
ء Mean a 4.11 2.02
ح LSD همه a=0.65 b=1.05 س س
ا 3 Suef ؛Ben 2.41 0.98 1.70
ه B1 3.11 2.01 2.56
و B2 1.43 0.53 0.98
ب Mean a 2.32 1.17

مهةا هم. a=0.09 b=031 axb=0.44



The other $elected lines S3 and S4 showed ة  significant increase in 
number of tillers as compared to Sohag 3 under drought condition. This 
increase was ranged from 46 to 62%. [13] found that high tillering
varieties of wheat have a higher resistance under drought conditions 
than low tillering ones.

Shoot fresh and dry weight:

Results in table 1 showed $؛gn؛ficant increase ؛n shoot fresh weight for 
the selected lines SI and S2 comparing to Sohag 3 and the select^  line 
Bl as compared to Beni Suef 3 under normal condition. The increase 
percentage was ranged from 5 to 33% over the controls. The other 
selected lines S3 and S4 showed a significant increase in shoot fresh 
weight as compared to Sohag 3 under drought condition. This increase 
ranged from 29 to 52%.

?or shoot dry weight, the results showed a significant increase in the 
seleted line SI as compared to Sohag 3 and the selected line Bl 
comparing with Beni Seuf3 under normal condition. However, B2 line 
showed ه  significant decrease as compar،^ to Beni Suef 3 under
normal condition

Under drought condition, there was a significant increase for the
selected line S3 at both growth stag^ over Sohag 3 . indicated that ل14]
increasing or decreasing total dry matter of shoot depending on 
genotypes and the ability of plants to improve water soluble 
carbohydrates.

Chemical im position: 

Reducing, non-reducing, total sugar, total protein and total free 
amino acids:

The concentrations of reducing, non-reducing, total sugar, total protein 
and total free amino acids in shoots and roots ofthe six putative durum 
wheat lines (SI, S2, S3, S4, Bl and B2) as well as Sohag 3 and Beni 
Suef 3 cultivars as controls during 90 days grown under normal and 
drought conditions are presented in table 2. The results revealed a 
significant increase were recorded in reducing, non-reducing and total 
sugar in both plant parts ofthe putative SI and S2 lines as compared to 
Sohag 3 during both stares growing under normal condition. The same 
results were found in B l comparing with Beni Suef3

Data of putative S3 and S4 lines indicated a significant increase ط  
reducing, non-reducing, total sugar, total protein and total free amino

10



acids concentrations as compared to Sohag 3 under drought condition 
for both plant parts. The increase in non-reducing sugar was much 
higher than in reducing sugar ofboth plant parts.

 mentioned that the tolerance mechanism in water deficit might be ل15]
associated with accumulation of osmoprotectants like sugar is strongly 
correlated to the acqu؛$؛tion of drought tolerance in plants. A complex
essential role in sugar in plant metabolism is well known as products of 
hydrol̂ rtic processes, substrate in biosynthesis processes, energy 
production but also in a sugar sending and signaling system. [23] 
reported that protection against dehydration by the formation of sugar 
was CO !related with the increase in shoot and roots. Sugar might display 
as a typical osmoprot^ant stabilizing cellular membranes and 
maintaining turgor. Accumulation of soluble carbohydrates might be 
counter the osmotic stress. How metabolic flux of soluble 
carbohydrates altered under drought condition and how much 
modulation of many enzymes activities in carbohydrate metabolic 
pathways should be involved, remains to be solved [16].

[17] reported that radiation increased soluble protein ط  durum wheat 
leaves under field conditions. Also, it might induce the synthesis of a 
new set or protein in both chloropla$t and cytoplasm which could 
protect against structural and functional damage. [18] found that with 
drought stress there was an overall decrease in total protein s)^thes؛s, 
along with specific increase and decrease in distinct polypeptides by 
incorporation of(^؛S) methionine label into proteins to demonstrate that 
leaf tissue rtained its ability to synthesize new proteins. This might 
aminotrasnferase (AspAT; EC 2.6.1.1) and aspartat aminotransferase 
(AspAT;£C 2.6.1.1) in the plant upon drought stress is based on the
fact that there is no need for an increase in theses enzymes activities, 
not that the plant is unable to synthesize specific proteins.

[19] examined the accumulation of free amino acids during drought
stress and upon subsequent rehydration and demonstrated that the 
increase in the levels of amino acids; alanine and aspartate, resulted
from an increase in precursor pool size and does not require the 
induction of AlaAT of AspAT. [20] suggests that the accumulation of
amino acids is an active proems, brought by the onset of drought stress. 
[21] stadied the accumulation of alanine and aspartate during drought. 
Alanine was increased 3.6-fold and aspartate concentration was 
increased approximately 4-fold during the onset of drought. This was 
accompanied by an increase in its tow procureosrs, pyruvate and 
glutamate.
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Table (2): Chemical analysis ٢٠٢ shoot and root after 90 da^ for 4 lines of
Sohag ق and 2 lines of Beni Suef 3 selected from M4 -  irradiated ^pulation
under normal and drought conditions.

Charac. line Normal Drought Mean b Normal Drought Mean b

Root
Sohag3 43.94 50.09 47.02 10.41 14.65 12.53

خ S1 50.87 53.64 52.26 13.11 18.12 15.62
D) S2 52.37 55ص 53.71 15.50 20.03 17.77
5 S3 54.47 60.60 57.54 18.50 23.54 21.02
٠٠ S4 51.11 64.16 57.64 16.60 21.04 18.82

Mean a 50.55 56.71 14.82 19.48
u LSD ءءه a=0.24 b=2.26 axb=3.20 a=0.17 b=1.59 axb=2.24

% Beni Suef 3 38.87 43.17 41.02 8.83 11.34 10.09
48.11 51-86 49.99 12.05 14.86 13.46

ذ B2 35.08 38.44 36.76 10.94 10.87 10.90
Mean a 40.69 44.49 10.60 12.36
LSDms a=0.85 b=1.85 axb=2.93 =ه0.2إل b=1.28 axb=؛1.81
Sohag 3 50.13 57.36 53.75 17.91 21.43 19.67

m S1 55.59 60.13 57.86 20.97 مح24 , 23.16
٠ ) S2 54.72 63.12 58.92 22.12 28.15 25.إل
،A S3 62.69 80.24 71.47 29.55 40.03 34.79
٠٠ S4 57.78 74.77 66.28 25.41 36.09 30.75
•mm Mean a 55.57 67.12 23.19 30.39
ق LSD ٠٠٠٠ a=0.69 b=2.73 axb=؛3.86 a=0.56 b؛=1.88 axb=2.66
م٦٠ Beni Suef 3 40.72 51.98 46.35 14.51 16.84 15.68
ء B1 43.66 56.61 50.14 20.14 23.88 22.01
ء B2 33.87 40.18 37.03 12.61 15.03 13.82
z Mean a 39.42 49.59 16.09 13-58

LSD،.W a=0.77 b=1.91 axb=2.71 a=0.42 b=1.76 axb=2.50
Sohag 3 94.07 107.45 100.76 ^8.32 36.08 32.20

S1 106.42 113.77 110.11 34.08 44.36 39.22
S2 107.09 118.17 112.63 37.62 48.18 42.90

ت S3 117.16 140.84 129.00 48.05 K3.57 55.81
و S4 108.89 138-33 123.91 42.01 57.13 49 57
ق Mean a 106.72 123.83 38.01 49.86

LSD QJ& a=0-56 b=2.53 axb=3.59 a=0.37 b=2،56 axb=3.64
و Beni Suef 3 79.59 95.15 87.37 23.34 28.18 25.76
ء B1 91.77 108.47 100.12 32.19 38.74 35.47

B2 68.95 78.62 73.79 23.مح 25.90 24.42
Mean a 80.10 94.08 26.16 30.94
LSDios a=2.83 سم07 م axb=2.93 a=0.36 b=2.11 axb=2.99
Sohag 3 177.88 113.69 145.78 107.94 85.44 96.69

S1 194.43 122.75 158.59 123.63 106.50 115.06
S2 193.37 125.13 159.25 120.68 80.56 100.62

٠٠Mk S3 218.06 179.81 198.94 147.00 125.31 136.16
ء S4 207.56 164.31 185.94 132.19 114.63 123.41
ء Mean a 198.26 141.14 ' 126.28 102-49
ح LSD 0.06 a=1.77 , b؛=3.05 axb=4.31 a=Q.48 م5 .س ه axb؛=5.45
ء Beni Suef 3 166.63 105.44 136.03 99.63 75.13 87.38
.٧ B1 196.43 120.06 158.24 121.62 92.94 107.28٢ B2 191.93 75.50 133.71 118.31 65.75 92.03

Mean a 184.99 100.33 113.18 77.94
LSD(.U a=2.36 b=2.40 axb=3.40 a=1.25 b=2.54 axb=3.59

Sohag3 6.05 7.62 6.84 300 3.82 3.41
S1 8.14 8.93 8.54 390 5.13 4.52

ح S2 822 8.06 8.14 3.93 4.89 4.41
ء S3 3.61 11.4 10.01 4.51 6.74 ء5.63 S4 7.95 10.73 9.34 3.86 5.98 4.92

ص ق Mean a 779 9.35 3.84 5.31
LSD 0.86 a=Q.35 b؛=1.32 axb=1.87 a=0.18 b=1.13 axb=1.61

ت ٠٠ Ben( Suef 3 5.97 7.01 6.49 2.08 2.63 2.36
ه B1 7.37 8.13 7.75 3.89 4.70 4.30
1— B2 4.24 6.02 5.13 1.14 176 1.45■

Mean a 5.86 7.05 2.37 3.03
LSDq.m a=0.61 b=0.87 axb=1.23 a=0.09 b=0.57 axb=؛0.80
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The concentration of proline, nitrogen, phosphorus, potassium and 
calcium in shoots and roots ofthe six putative durum wheat lines (SI, 
S2, S3, S4, Bl and B2) during growth stage grown under normal and
drought conditions are represented in table 3.

Results in table 3 indicated a significant increase in proline 
concenttation for both plant parts of putative lines S3 and S4 as 
compared to Sohag 3 under drought condition except ofthe root ofS4  
line. Accumulation of proline in plants under drought condition was a 
result of reciprocal reflation of two pathways: increasing proline 
synthetic enzymes expression and reprised activity of proline 
degradation [22], Also, [23ل assumed that plants which considered 
drought tolerant might evolve ه  mechanism to coordinate synthesis, 
catabolism and transport activities for proline accumulation.

[24] explained the reduction in nitrogen under drought conditions 
might be due to decrease in N uptake by root as well as reduction and 
protein synthesis and ammonium uptake. Also they found significant 
correlations between maximum N update rate and maximum crop
growth rate because N is a major constitaent of enzymes responsible
for photosynthesis and chlorophylls. Thus a low N level in stressed
plants results in suppressed photosynthetic rate and lowering of the 
carbohydrate supply for growth.

Data in table 3 indicated a significant increase in phosphorus
concentration for SI line as compared to Sohag 3 and Bl line
comparing with Beni Suef 3 under normal conditions for both plant
parts. On the other hand, the putative line S3 showed a si^iificant 
increase in phosphoms concentration in both plant parts comparing
with Sohag 3 grown under drought condition.

[25] attributed the reduction in p concentration and its uptake by plants 
under stress conditions to a decrease in the p upward translocation 
through the stem because ofthe increase in the osmotic pressure also, 
they mentioned that drought decrease p concentration in plant tissue,
resulting in an inhibition in the translocation of p from root to shoot,
leading to reduce the cellular tolerance for p accumulation in wheat. In 
addition to, the decrease in arthophosphate concentration as a result of 
drought stress cause a decrease in ATP concentration and in the energy 
charge of adenylate system.

Proline, Nitrogen, Phosphorus potassium and calcium:

5!v؛/؛vv’^
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4 3:) Prolins and mineral elements for shoot and root after 90 days for) س ء
Beni Suef 3 selected from M4-irradiated ٥؛ lines of Sohag 3 and 2 lines

pulation under normal and drought conditions■
\ T r e a t

CharacNv
Tine Normal Drought Mean b Normal Drought Meanb

Shoot ^ ٠٠١
Sohagو 3.07 3.64 3.36 2.31 2.56 2.44

S1 3.89 4د1 4.05 2.84 3.39 3.12
S2 3.99 3.72 3.85 2.63 3.10 2.87

س S3 4.66 5.89 5.28 3.19 4.12 3.66
مء S4 4.17 5.64 4.90 3.03 3.89 3.46
0 Mean a 3.95 4.62 2.80 3.41
ء LSD ءءه a=0.02 b=1.38 axb=1.95 a=0.re b؛=0.99 axb=1.41

Beni Suef 3 2.92 3.27 3.10 1.52 1.70 1.61
B1 3.43 4.12 3.78 2.23 2.93 2.58
B2 2.20 2.63 2.41 1.20 1.41 1.31

Mean a 2.85 3.34 1.65 2.01
LSDa* a=0.47 b=0.38 axb=؛1.16 a=0.36 سم27 . axb=0.39

Sohag3 3.98 3.41 3.70 2.76 2.49 2.62
S1 5.86 4.38 5.02 4.21 2.91 3.56
S2 4.81 3.97 4.39 3.97 2.02 2.90

3 S3 6.11 5.41 5.76 4.33 3.88 4.10
ء S4 5.60 4.94 5.27 3.91 3.21 3.56
ع Mean a 5.23 4.42 3.80 2.90
ء LSD a<K a=0.28 b=1.16 axb؛=1.65 a=0.34 b؛=0.95 axb=1.35
٠ Bent Suef 3 3.33 2.66 3.00 2.31 1.88 2.10
٤ B1 4.59 3.71 4.15 3-24 ■̂62 2.93

B2 2-51 2.07 2.29 1.62 1.45 1.53
Mean a 3.47 2.81 2.29 193
LSDolos a=0.30 b=057 axb=0.80 a=0.45 b=0.5 7 axb=0.68

Sohag3 41.00 33.41 37.21 29.04 21.96 25.50
S1 45.44 37.56 39.00 33.00 25.38 29.19
S2 44.91 35.73 37.82 30.88 24.49 27.68

ء S3 49.15 42.50 45.83 37-23 33.14 35.19٠
S4 44.32 39.68 42.00 34.61 30.27 32.44

ص Mean a 42.96 37.78 32.95 27.05
LSDaos a=0.87 b=2.45 axb=3.47 a؛؛؛0,24 b=؛2.47 axb=3.49ب

Beni Suef 3 34-81 26.15 30.48 21.41 16.82 19.12
Q■ B1 39.46 30.32 34.89 26.56 21.84 24.20

B2 37.57 23.06 30.31 24.64 14.17 19.40
Mean a 37.28 26.51 24.20 17.61
LSObb* _____ a=1.75 t>-2.21 axb=2.48 a=1.48 b=2.11 axb؛؛=2.99

Sohag3 6.11 7.07 6.59 4.29 5.31 4.80
S1 7.97 8.29 8.13 6.14 663 6.38
S2 7.63 7.91 7.77 5.85 6.21 6.03
S3 7.85 9.96 8.91 6.13 8.15 7.14

E S4 7.32 9.08 8.20 5.87 7.77 6.82
.و Mean a 7-37 8.46 5.65 6.8̂
oد LSD OL05 a=؛0.18 b=0.98 axb=1.39 a=0.18 b؛=0.95 axb=؛1.34
ة Beni Suef 3 5.31 6.11 5.71 3.39 4.26 3.83

B1 7.89 8.36 8.12 5.3^ 6.40 5.86
B2 7.34 7.80 7ك7 5.09 5.54 5.31

Mean a 6.84 7ص 5.60 5.40
LSDgjs a=ns b=1.38 axb=ns a=0.26 b=Q.95 axb؛=1.34

Results in table 3 revealed a significant increase in potassium
concentration in putative line SI comparing with Sohag 3 and putative 
lines Bl and B2 comparing with Beni Suef 3 under normal conditions 
for both plant parts. In addition, shoots ofS2 line showed a significant 
increase in potassium concentration as compared to Sohag 3 under 
normal conditions. Under drought conditions, also, results in this table
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showed a significant increase in potassium concentration in both plant
parts ofS3 and S4 as well as comparing with Sohag 3.

Potassium is needed at high concentration inside the plant from earl^ 
stages ٠؛  vegetative growth. However, to withstand osmotic stress 
stresses that caused prior accumulation 0؛  K is shown to reduce the 
damage plants. Combined effects of low temperature and low moisture 
could be alleviated by increasing K concentration plant in the soil
[26],

[27] found that maize and wheat cultivars could maintain higher leaf 
water potential, turgor potential and relative water content and lower 
osmotic potential as compared to confrol plants under drought 
conditions as a result ofhigh concenfration ofK .

Data in table 3 showed a significant increase in calcium concentration 
for putative SI and S2 lines comparing with Sohag 3 grown under 
normal conditions for both plant parts. Meanwhile under drought 
conditions putative S3 and S4 lines as compared to Sohag 3 for both 
plant parts. Also, in this table data revealed significant increase in 
calcium concentration for putative B1 and B2 lines as compared to 
Beni Suef 3 under normal conditions for both plant parts except ofCa"^ 
in plants during growth stage.[36ل studied the fijnctions of calcium as a 
signal during plant drought resistance. In plant cells, calcium lays an 
important role as a second messenger coupling a wide range of 
e*^acellular stimuli with intracellular responses. Different extracellular 
stimuli trigger specific calcium signatures: dynamics, amplitode and 
duration of calcium transients specify the nature, implication and 
intensity of stimuli antiporters and Ca -ATPases which have been 
responsible for directly or indirectly drought-stress signal transduction.

[28] indicated that Ca^ level in leaf treated with PEG remarkably 
increased in the cytoplasm, but considerably decreased in vacuoles and 
intercellular gaps. Also, the level of Ca increased in the chloroplast 
and nucleus.

Yield and its components:

Different characteristics of yield and its components, i.e. plant height, 
number of spikes, spike length, number of spikelets per spike, 100- 
grain weight and grain yield per plant for the six putative durum wheat ■ ١ 
lines (SI, S2, S3, S4, BI, and B2) as well as Sohag 3 and Beni Suef 3 ٢ 
as controls under normal and drought conditions were presented in 
table 4.



Table (4): Grain yield and Ks components for4 lines of Sohag 3 and 2 lines of
radiated populations under؛ - Beni Suef 3 selected from M4 

____________________.normal and drought conditions
Ch

ar
a.

 
ر

١١٨٠ Normal Drought Meanb

C
ha

ra
,

Normal Drought Mean b

Sohagو 104.97 75.80 90.38 10.83 5.13 7.98
م S1 94.27 75.63 84.95 15.90 6.00 10.95
E S2 92.87 75.23 84.05 - 18.33 5.50 11.92
ب S3 93.17 70.80 81.98 ٠١ 11.23 8.20 9.71
ء S4 92.90 70.13 81.51 ٠٠،د 13.07 8.20 10.64
O) Mean a 95.63 73.51 و 13.87 6.60
Q ) LSD «L0S a=0.54 b=2.83 axb=4.00 ٠ ٠ ءه0.23 b؛=1.38 axb=1.95
ء Beni Suef 3 100.13 70.40 85.27 ٠ 11.40 6.00 8.70
د B1 96.37 73.57 84.97 ب 17.43 6.57 12,00
ء B2 73.60 67.67 70.64

د 14.20 5.40 ح9.80 Mean a 90.03 70.55 14.34 5.99
LSDe.0؛ a=1.82 b=2.24 axb*3-17 a=1.36 b=؛1.71 axb=2.41

Sohag 3 3.97 5.46 7.21 20.13 17.47 18.80
ص S1 11.47 6.36 8.91 23-10 16.76 19.93
E S2 11.63 5.80 8.71 ه 22-67 20.23 21.45

S3 10.37 8.13 9.25 21.40 20.15 20.77
٠٠ S4 10.83 7.49 9.16 ؤ 22.70 17.38 20.04
٧ ) Mean a 10.65 6.64 ه 22.ro 18.39
ة LSD ءم.م a؛=0.21 b=1.22 axb=؛1.72 a=0.04 b=1.45 axb=2.05س

Beni Suef 3 9.35 4.03 6.69
د 21.28 ا7و7 19.27

د ، B1 11.93 6.29 8.75 ر 24.17 18.20 21.18
دسه B2 10.20 6.17 9.11 ء 20.43 18.55 19.49

Mean a 10.49 5.50 22.49 18.67
LSD،U* a=1.79 b=1.58 axb=2.23 a=1.35 b=1.71 axb=2.43

Sohag3 5.44 4.63 5.03 س 32.74 13.18 صص27
٠١ S1 5.63 4.93 5.28 ٠٠

ب 49.78 13.35 س31.56
S2 5.87 5.13 5.40 52.43 14.35 33.39

أ S3 5.77 4.02 5.08 ؛؛؛ 41.51 24.16 32.83
S4 6.17 4.1و 5.18 ح 47.00 21.84 34.42

ء Mean a 5.73 4.65 ٠٠٠٠٠٠ 44.69 17.50
ء LSD O.QS a=0.05 b=ns axb=ns a=1,02 b=2.01 سaxb؛=2.85 m
ء 3 Suef ؛Ben 5.77 5-43 5.60 -ء 42.19 13.44 27 82
B ) B1 5.84 4.56 5.20 ء 61.78 14.28 38.03
٠ B2 570 4.39 5.05 ء 47.39 13.10 30.25
٣ Mean a 5.77 4.79 mm

آلء 50.45 13.61
LSDo.os a=0.32 b=ns axb=ns

٩٠۴

3=0.66 b؛=2.47 axb=3.49

Plant heigh،:

Results in table 4 showed a significant decrease in plant height for the 
selected lines SI and S2 as compared to parent Sohag 3 as well as B1 
and B2 as compared to parent Beni Suef 3 under normal condition. The 
decrease percentages in plant height reached 10 -  12% for SI and S2 
lines and 4 -  26% for both s e le c t  lines B1 and B2. The other selected 
liens S3 and S4 showed a significant decrease in plant height as
compared to Sohag 3 under drought condition. This decrease in plant 
height might be as an effect of gamma radiation and drought stress
conditions which causes as decrease in relative turgidity and
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dehydration of protoplasm, which asso€؛ated with a loss of turgor and 
reduced expansion of cell division [29]

Number of spikes and spike length:

Results in table 4 showed a significant increase in number of spikes and 
spike length for the selrcted lines SI and S2 as compared to Sohag 3 
and lines Bl and B2 comparing with Beni Suef 3 under normal 
condition. This increase in number of spikes for mentioned lines ranged 
from 24 to 69%. Meanwhile, the increase in spike length ranged from 
27 to 29%.

Under drought condition, the results showed a significant increase in 
number of spikes and spike length for thejtff^ selected liens S3 and S4 
as compared to Sohag 3. The increase reached about 59% for the 
number of spikes and ranged from 37 to 48% for the spike length. This 
might be related to gamma irradiation [30]. Also, several investigator 
reported that wheat genotypes differed in spikes number per plant 
under both drought and normal conditions [31 ] and [32].

Number ofspikelets/spike:

Results in table 4 showed a significant increase in the number of 
spikelets for the two selected lines SI and S2 as compared to Sohag 3 
and the line Bl comparing with Beni Suef 3 under normal condition. 
This increase ranged from 12 to 14% above the controls. The other 
selected line S3 showed a significant increase in number ofspikelets as
compared to Sohag 3 under drought conditions. This increase reached 
15% over Sohag 3. [33] reported that non stressed wheat plants had 
significant increase values for number of spikelets per spike than that 
grown under drought conditions.

Grain yield per plant:

Results in table 4 showed a significant increase in grain yield per plant
for the selected lines SI and S2 as compared to Sohag 3 and die 
selected lines Bl and B2 as compared to Beni Suef 3 under normal 
condition. The increase reached about 12 to 52% over the control 
plants. The other selected lines S3 and S4 had a significant increase in 
grain yield per plant under drought condition as compared to Sohag 3 
the increase ranged about 58 to 75% over the control. This increase 
might refer to the increase in the number of tillere and number of 
spikes. The above mentioned results are in agreement with [34] and
[35],
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It could conclude from the above results that most noticeable increase 
in yield and its components £٠٢ the selected lines under either drought 
or normal condition might be a step forwards for induction a new 
genotypes could help the plant breeder for increase the efficiency of 
selection for drought tolerance.

Table (5): Grain yield and it components for 4 lines of $ohag 3 and 2 lines of
Benj Suef selected from M5 -  irradiated population under normal 
and drought condittons

ى
ء

Normal Drought Normal Drought
٠ Line

Cont.
Exist
toCont
%

Cont.
Exist 

to Con،
%

ق
٠٠̂

Exist

Cont
%

Cont.
Exist

Cont
%

Sohag3

32
53
54

9.46
17.00
16.30
12-70
13.30

7ة.7
723
34.2
40.6

5.00
6.20
6.44
8.56
7.94

2ن0
8.0
71.2
58.8

س
ج
£٠١٠٠

5.03
5.94
5.72
5.36
5.99

18.1
13.7
6.6
19.1

4.17
4.07
4.38
5.02
5.00

-24
5.0
20.4
19.9

Mean 13.75 56.7 مء3 40.5 5.51 14.38 4.53 10.73

تم ا .و ذ 0.31 ٠ 0ءد 0 ؟ 0.05 ■ N.S ٠

z
Bent Suef و 

B2

11.07
16-33
13.46

47.5
21.5

5.36
5.57
5.06

3*9
-5.6

٠١ء

م

6-07
6.00
581

18.3
14.6

5.33
4.31
4.06

-19.1
-2.4

**٠٠" 13.92 34.5 5.33 -1.7 5.63 19.5 4.57 -10م

L.S.Dtutt 1.22 ٠ 1م4 ٠ 0.21 - N.S ٠

ص
Eoب

Sohagو

52
53
54

8.41
13.12
12-06
11.22
10.62

56.0
43.4
33.4 
18.9

5.72
5.62
5.13
6.94
7.05

as.؛
21.3
22.4

٠

30.52
54.41
52.22
43.25
44.88

78.3
71.1 
41.7
47.1

12.35
8.41
1109
27.27
21.84

31.9
10.2
120.8
768

Mean 11.09 37.93 ه09 7.93 ٠٠٠٠٠٠٠ه 45.06 59.55 16.20 58.93
ج
ه

ه
CD

L*S.Doutt 0.32 ٠ 1.09 ■ ٠٠ 1.10 ٠ 2.30 -
Beni Suef 3 

B1 
B2

9.11
11.42
10.00

25.4
9.8

4.03
5.69
5.78

41.2
43.4

٠٠

VMM
ة

44.28
69.49
47.53

56.9
7.3

7-13 
3 47 
7.79

32.8
9.3

Mean 10.18 17.م 5.17 42.3 53.77 3ة1 S-13 21.1

ا ه مه. م 1.84 - 1.55 ٠ 0.74 ٠ 2-32 ■

ء
ه

Sohag3 
SI 
$2
53
54

19.18
24.16
23.22
2462
22.10

2ة.0
21.1
28.4
14.7

^7.26
14.83

15.12.2
0م6

18.44

-1ن1
12.4-
15.9
4.3

ب س

> *٠١٠٠

1755
26.84
24.26
21.16
20.90

5ون
38.2
20,6
19.1

5.94
4.13

14.19
9.81

غ5
4.4-

138.9
65.2

22.66 22.66 17.14 -6.3 ء 22.14 32.70 7.05 169.20
ح L.S.Do.M مم.م - 1.024 - ٠٠٠٠٠

٠٠ 0.012 ٠ 0.034 ٠

z
BentSuef3

B1
B2

21.65
24.84
19.62

14.7
-9.4

15.49
17.34
16.41

11.9
5.9

.ه

أ

24.00
33.29
23 23

3ن7
3.2-

3.61
4.65
3.87

28.8
7.2

Mean 22.04 6.3 16.41 17.B o 26.84 20.5 4.04 18.0

ها.لم ه- م ما م - ءا2 ■ 006 - ٠٠٠ ٠
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The results in table 5 cleared that. No, of $pike, spike length, No. of 
spikelets in spike, ١٠٠ grain weight (g), grain yield per plant (g), and 
grain yield per Faddan for putative lines SI, S2, S3, S4, B1 and B2 and 
their parents Sohag 3 and Beni Suef3 in M5 generation under normal 
and drought conditions.

No of spikes

No. of spikes of putative lines SI, S2, S3 and S4 were significantly 
increased comparing to their parent Sohag 3, the increase in 
percentages were 79.7%, 72.3%, 34.2% and 40.6% respectively under 
nonnal condition and their were 24.0%, 8.0%, 71.2% and 58.8% 
respectively under drought condition. The putative line SI superior 
over all lines S2, S3, and S4 under normal condition but the putative 
line S3 superior over all lines SI, S2 and S4 under drought condition. 
No. of spikes of putative ا ٠١ ذ  and B2 were significantly increased 
comparing to their parent Beni Suef 3, the increase in percentages were
and 21.5% comparing to the parent Beni Suef 3 under nonnal %ث.47
condition, but in drought conditions, the putative line B1 was increased 
in percentage 3.9% and decreased in percentage 5.6% comparing to me 
parent Bani Suef 3. The increase might be related to the effect of
gamma irradiation

Spike length

The spike length (cm) of putative lines SI, S2, S3, S4, B1 and B2 were
significantly increased over the parents Sohag 3 and Beni Suef3 under 
normal condition, the percentages were 56.0%, 43.4%, 33.4%, 25.4%
and 9.8% respectively, the data cleared that The putative line SI had
the highest percentage 56.0% and B2 had the lowest value 9.8% for
spike length.
The spike length (cm) under drought condition for putative lines S3, 
S4, B1 and B2 were significantly increased over their parents Sohag 3
and Beni Suef 3, the increase in percentages were 21.3%, 22.4%,
41.2% and 43.4% respectively as well as the putative lines B1 and B2 
were increased over lines SI and S2 under drought conditions. On the
other hand, the line SI and S2 were decreased comparing to the parent
Sohag3

No. ٠٢ spikelets per spike

No. of spikelets per spike of putative lines SI, S2, S3, S4 and B1 were 
significantly increased comparing to their parents Sohag 3 and Beni 
Suef3, the increase in percentages were 26.0%, 21.1%, 28.4%, 14.7%



and 14.7% respe€tiveJy. But line B2 was decreased in No. ©f spikelets
per spike comparing to Beni Suef 3 under normal condition, but under 
drought condition the putative lines S3, S4, B1 and B2 were 
significantly increased over their parents Sohag 3 and Beni Suef 3, the
increase in No. of spikelets per spike ranged from 15.9% to 4.3% , and
the line S3 had the biggest value, as we؛؛ as the line S4 had the lowest 
value. On the other hand, the lines SI and S2 decreased in No. of 
spikelets per spike comparing to their parent Sohag 3.

100 grain weight (g)

100 grain weight (g) of putative lines SI, S2, S3, S4, B1 and B2 were 
significantly increased comparing to their parents Sohag 3 and Beni 
Suef 3 under normal conditions, the increase in percentages ranged 
from 19.1% to 6.6% besides, the lines S3 and S4 were significantly 
increased over parent Sohag 3 under drought conditions.

Grain yield per plant (g)

Grain yield per plant (g) of putative lines SI, S2, S3, S4, B1 and B2 
were significantly increased comparing to their parents Sohag 3 and 
Beni Suef 3 under normal and drought conditions. The increase ranged 
from 41.7% to 78.3% comparing to Sohag 3 and 7.3% to 56.9% 
comparing to Beni Suef 3 under normal conditions, but under drought 
condtions the increase ranged from 10.2% to 1 2 8 م. % comparing to 
Sohag 3 and 9.3% to 32.8% comparing to Beni Suef 3. The highest 
value was 78.8% for putative line SI under nonnal condtion and it was 
120.8% for putative line S3 under drought condtion.

Grain yield Ardab Fadden

Grain yield Ardab per Faddan of putative lines SI, S2, S3, S4 and B1 
were significantly increased comparing to their parents Sohag 3 and 
Beni Suef 3 under normal conditions, the increase in percentages were 
52.9%, 38.2%, 20.6%, 19.1% and 38.7% resprctively, but under 
drought conditions the increase in percentages were 138.9%, 65.2%, 
28.8% and 7.2% for putative lines S3, S4, B1 and B2 respectively. 
There for the putative line S3 superior over all lines and varieties in 
grain yield Ardab / Fadden and putative lines S4 after that
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