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ABSTRACT

This study was performed at Sakha Agricultural Research Station, Kafer El-Sheikh, Egypt, in
2014/2015 and 2015/2016 seasons under normal (five irrigation) and reduced irrigation (only one irrigation
after planting one) regimes. Eighteen bread wheat genotypes were used to study the agronomic and morpho-
physiological characters and tolerance indices to distinguish wheat high yielding genotypes under reduced
irrigation. The used genotypes were evaluated using randomized complete block design. The results revealed
that reduced irrigation caused noticeable reduction in earliness, yield and yield components, harvest index and
morpho-physiological in both growing seasons except 1000 kernels weight. Lines 3, 4 and 5 were the earliest
ones for earliness characters and could be used in breeding program for earliness. It is obvious that lines 1 and 9
recorded the maximum values for most studied characters, especially, grain yield. Lines 1, 4, 6, 9, 10 and
cultivar Misr 1, Giza 171 and shandweell had the highest relative water content and rate of water loss in both
seasons. Also, Line 1 and Line 9 recorded the highest values for water use efficiency. Based on drought
tolerance indices of mean productivity, geometric mean of productivity, stress tolerance index, yield index,
harmonic mean and modified stress tolerance index, Line 1 and Line 9 were identified as suitable genotypes
under well-watered and water deficit conditions. Misr 1, Misr 2, Giza 171, Lines 2, 6, 8, 10, 11, 12 and 13 were
moderate for drought tolerance index and the others wheat genotypes were sensitive for water deficit.

Keywords: Triticum aestivum L, Earliness, Relative water content, Drought tolerance indices, Water
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INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most grown
crops worldwide and provides more than a quarter of the total
world cereal output. In Egypt, wheat is one of the oldest and
highest important cereal crops and it is considered the first food
grain for urban and rural societies and the main source of straw
yield for animals. In addition, wheat is on the top of the list of
cereal crops in terms of area and production. However, its
productivity varies from year to year and from region to region,
due to various factors, including nutritional deficiency,
diseases, pests, soil fertility, climate changes and limitation of
water resources. Egypt is one of the countries fronting great
challenges, due to its a fixed share of limited Nile water. \Water
shortage is a major environmental problem which affects
agricultural land in Egypt. Therefore, water shortage events
have gained increasing importance in both the scientific and
political agendas. Water reduction is the most significant
environmental stress in agriculture worldwide and improving
yield under drought conditions is a major goal of plant breeding
(Cattivelli et al., 2008).

The better crop management and developing for high
yielding cultivars characterized by tolerance to biotic and abiotic
stress, so, efforts have been made for a long time to develop
such crop cultivars which could cope against biotic and abiotic
stress and give more production. The stable yield performance
of genotypes under both favorable and drought circumstances is
vital for plant breeders to identify drought tolerant genotypes
(Pirayvatlou 2001). Since the recognition of the analytical
approach to crop improvement under water-limiting conditions,
the use of physiological traits is extensively advocated.
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Therefore, the use of physiological traits as an indirect selection
would be important in augmenting Yield-based selection
procedures. Selection efficiency could be improved if particular
physiological and morphological attributes related to yield under
a stress environment could be identified and employed as
selection criteria for complementing traditional plant breeding
(Acevedo, 1991). These efforts have been focused mostly on
exploiting high vyield potential and genotype selection for
morphological, physiological and agronomic traits indicative of
drought tolerance in field conditions (Dhanda et al., 2004).
Early maturity period is one of the important traits that help
genotypes in different ways to cope with various abiotic and
biotic stresses (Al-Otayk, 2019).

Generally, different strategies have been proposed for
the selection of relative drought tolerance. So, some
researchers proposed selection under non-stress conditions
(Rajaram and Van Ginkle, 2001), others have suggested
selection in the target stress conditions (Ceccarelli and
Grando, 2000). Many studies used drought indices to select
stable genotypes according to their performance under
favorable and stress conditions (Mursalova et al., 2015).

Maximizing water use efficiency will be essential in
areas where water is the most limiting factor for wheat
production. On a global scale the water use efficiency of wheat
ranges typically from 0.4 to 2.0 kg/m®, but there are substantial
differences between the regions. As reported in some works,
the values of water use efficiency were greater under reduced
than normal irrigation conditions (Wang et al., 2012).

There are differences among researchers in terms of
their assessment to face the risk of water shortage. Also,
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studying all available methods, whether at the level of water
deficit, wheat genotypes, early and late maturity, high
yielding and important physiological characteristics are vital
steps to get high yielding and drought tolerance genotypes.

This work aimed to evaluate the response of agronomic,
morph-physiological, drought indices and yield characters for
18 wheat genotypes at normal and reduced water irrigation.

MATERIALS AND METHODS

Eighteen bread wheat genotypes (Table 1), including
five high yielding cultivars and 13 promising lines selected
form Sakha wheat breeding program different in early
heading, maturity, plant height, leaves erection, size and also,
grain yield were used in this study. The used genotypes were
evaluated under two irrigation regime experiments in 2014/
2015 and 2015 /2016 seasons at the Experimental Farm of

Table 1. Name and pedigree of used bread wheat genotypes.

Sakha Agricultural Research Station, Kafr EI-Sheikh, Egypt.
The first water regime, representing normal irrigation, was
irrigated four times after planting irrigation (5 irrigations in
the season) while the second regime was water deficit
treatment and represented by one irrigation after planting
(only two irrigations in the season). A wide border (20 m)
was used to minimize the underground water permeability
surrounded each experiment. In each treatment, the aimed
entries were experimented in a randomized complete block
design (RCBD) with three replications. The experimental plot
area was 4.8 m2. Each plot contained of 6 rows, 4 m-long and
20 cm apart. The harvested area was 3.2 m? included the four
guarded rows. Sowing dates were 28" November and 1%
December in 1% and 2" seasons, respectively. The soil was a
clay and pH of 7.8 and 8.2 in both seasons, respectively. The
pervious crop was maize in the two seasons.

No. Name Pedigree and selection history

1 Misrl
Misr2
Gizal71

OASIS/SKAUZ//4*BCN/3/2*PASTOR  CMSS00Y01881T-050M- 030Y-030M- 030WGY- 33M-0Y-0S
SKAUZ /BAV92 CMSS96M03611S-1M- 010SY- 010M- 010SY-8M-0Y-0S
SAKHA93 /GEMMEIZA9 S.6-1GZ- 4GZ- 1GZ- 2GZ-0S

Gemmeiza 11 BOW"S"/ KVZ"S"l/ 7C/ SER182/3 / GIZA168/ SAKHA61 GM7892-2GM-1GM- 2GM-1GM-0GM

Line 1 ATTILA*2/ PBW65*2 [KACHU. CMSS06Y00582T-099TOPM-099Y-099ZTM-099Y- 099M-10WGY-0B- OEGY.

BAV92//IRENA/KAUZ/3/HUITES/4/GONDO/TNMU/5/  BAVI2//IRENA/KAUZ/3/HUITES CMSS06B00918T-

Line 2

099TOPY-099ZTM-099Y-0FUS-6WGY-0B-0EGY

2
3
4
5 Shandweel 1  SITE/ MO/4/ NAC/ TH.AC//3* PVN/3/MIRLO/ BUC CMSS93B00567S-72Y-010M -010Y-010M-3Y- OM- OHTY-0SH
6
7
8

ATTILA*2/PBW65 /4/CHEN / AEGILOPS SQUARROSA (TAUS) // BCN/3/ 2*KAUZ. S.16233-01S-06S-5S-0S.
ATTILA*2/ PBWG5 /4/CHEN / AEGILOPS SQUARROSA (TAUS) // BCN/3/ 2*KAUZ. S.16233-01S-08S-0SY-1S-0S.

TACUPETO F2001*2 /BRAMBLING// KIRITATI/ 2*TRCH CMSS08Y00140S -099Y-099M- 099NJ-29WGY-0B
TACUPETOF2001*2 /BRAMBLING/3/KIRITATI// PBW65/2* SERI.1B /4/ TACUPETO F2001*2/BRAMBLING

BABAX*2/4/SNI/  TRAP  #1/3/ KAUZ* 2/TRAP/IKAUZ

CMSS07Y00982T-099TOPM-099Y-099M-099NJ-099NJ-17WGY-0B

PCAFLR/KINGBIRD #U/KIRITATI/2*TRCH ~ CMSS07B00594T-099TOPY-099M-099Y-099M-5WGY-0B

Line 3

9 Line4

10 Line5 SIDS1/ ATTILA/ GOUMRIA-17  S. 16498-0425-013S-15S -0S

11 Line6

12 Line7
CMSS08Y00675T-099TOPM-099Y-099M-099Y-3M-0WGY

13 Lines WBLL1*2/ BRAMBLING/5/BABAX/LR42//
CMSS08B00196S-099M-099NJ-099NJ-18RGY-0B

14 Line9 WBLL1*2/BRAMBLING/5/BABAX/LR42//BABAX*
2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//IKAUZ CMSS08B00196S-099M-099NJ-099NJ-20RGY-0B

15 Line10 MUTUS*2/JUCHI

16 Linel1l SUP15 2/VILLA JUAREZ F2009 CMSS07B00144S-099M-099Y-099M-5WGY-0B

17  Linel2

18 Line13 FRANCOLIN #1*2/MUU  CMSS07Y00938T-099TOPM-099Y-099M-099NJ-099NJ-1WGY-0B

According to the data of Wheat Research Department, ARC.

Nitrogen fertilizer (N) was added as recommended in
two splits dose; one third after sowing and before the planting
irrigation and two third before the first irrigation. All other
cultural practices were applied as recommended for wheat
cultivation in North Delta Region. The meteorological data
for 2014/015 and 2015/016 winter seasons is given in Table
2. The amount of applied irrigation water, rainfall and
seasonal water applied in each irrigation treatments in the two
seasons were calculated and shown in Table 3.

Agronomical characters

In both growing seasons, collected data were recorded
for all plots including earliness characters., days to 50%
heading (DTH, day), days to 50 % anthesis (DTA, day), days
to 50 % maturity (DTM, day) and grain filling period (GFP,
day), equal to the number of days from anthesis to maturity, as
well as grain filling rate (GFR, kg fed? day?), equal to grain
yield (kg) per feddan divided by grain filling period. The
previous earliness characters were recorded on plot basis. At
harvest, data on grain yield and its attributes were recorded as
follows: number of spikes m? (NSm?), 1000-kernel weight
(1000 KW; g), number of kernels spike™ (NKS?), spike length
(SL, cm), biological yield (BY, ton fed™), straw yield (SY, ton
fed™), harvest index (HI) and grain yield (GY, ardab feddan,
Ardab =150 kg).

Table 2. Monthly mean of air temperatures (AT, C),
relative humidity (RH %) and rainfall (mm
/month) in winter seasons of 2014/2015 and
2015/2016 at Sakha location.

Temperature o .
Month 2014715 201506 "H%  Rainfall (mm)
Max. Min Max. Min, 2014 2015 2014 2015
SVinMax M- s 6 ns 1
Nov 2430 13.79 24.75 14.42 7415 7562 2460 1215
Dec 2227 972 2036 833 7605 7827 570 2500
Jan 1870 646 1840 630 7460 7410 5255 42.70
Feb  19.01 7.65 2353 670 7475 7000 3880 -
Mar 2269 11692367 1161 7059 69.76 625 13.20
Apr 276413703003 14.22 6340 6172 2390 -
May 301918793115 190 6170 5833 - -

Max = maximum temperature, Min = minimum temperature

Morpho-physiological characters
Plant height (PH, cm), flag leaf area (FLA, cm?),
relative water content (RWC %) according to Ritchie et al.,
(1990) and rate of water loss (RWL) according to Yang et al.,
(1991).
Water measurements
1- Amount of irrigation water applied for each treatment
m?3/fed.: This amount was measured using water counter.
Total amount of applied water for each treatment was
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calculated by adding amount of irrigation water plus the
total rainfall amount (Table 3).

2 - Water use efficiency (kg/m3): This formula was
expressed as the weight of grain yield in kg of water
transpired and evaporated (m®) during the growing seasons.
It was computed according to Doorenbos and Pruitt (1975)
as follows:

WUE = Total yield, (kg) / Total applied water, (mq).

Table 3. Calculated applied irrigation water, total rainfall

and seasonal water delivered to each irrigation
treatment during the two-growing season,

2014/15 and 2015/16.
Season
2014/2015 2015/2016
Treatment NI RI NI RI
Irrigation water (m*feddan) 1898 797 1927 808
Total rainfall (m®feddan) ~ 53424 53424 339.78 339.78

Seasonal water applied 2432.24 133124 2266.78 1147.78
NI= Normal irrigation and RI= reduced irrigation

Drought tolerance indices

For each genotype, six indices of tolerance were
estimated using the average grain yield under normal (Y»)
and water deficit stress () treatments under the two seasons.
Table 4 shows names, equations and references of the
tolerance indices. One samples t-test or t-confidence interval
was performed to obtain the significance differences among
six stress tolerance indices as proposed by Gomez and
Gomez (1984).
Statistical analysis

Data were analyzed in individual and combined
manner over the two cultivated trials (normal irrigation and
water shortage) for each season (Gomez and Gomez, 1984).
The homogeneity of individual error terms was performed
according to Levene (1960) prior to the combined analysis.
The significance of the differences among the genotypes was
tested using least significant difference (LSD) at probability
level (0.05).

Table 4. The names, equations and references of six drought indices.

No. Name Formula Reference
The high values of these indices indicated to drought tolerance
1 Mean productivity (MP) (YntYs)/2 (Rosielle and Hamblin, 1981)
2 Harmonic mean (HM) %Y *Y)(Yn+Ys) (Jafari et al., 2009)
3 Geometric mean productivity (GMP) (Yn*Ys)® (Fernandez, 1992)
4 Stress tolerance index (STI) (YoxY LY n)? (Fernandez, 1992)
5 Yield index (Y1) YdY s (Gavuzzi et al., 1997)
6 Modified stress tolerance index (MSTI) (YD>*STI (Farshadfar and Sutka, 2002)

- Ynand Y indicate to average grain yield of each genotype under normal and stress conditions respectively, Y ,and Y ; indicate to average grain

yield overall genotypes under normal and stress conditions respectively.

RESULTS AND DISCUSSION

The weather conditions

The weather conditions, minimum and maximum
temperatures (°C) reached during each month in 1% and 2™
seasons are given in Table 2. Seasonal rainfall was 127.20
and 80.90 mm in the first and second growing sea in 1% and
2" seasons, respectively. The 2014/ 2015 season was
characterized by less average temperature during the period
from Feb. to May. compared with 2015/2016 season.
Whereas the second (2015-2016) season was considered
extremely dry due to low rainfall and high temperatures by
the end of season. This result is considered one of factors that
affect on all agronomic traits, especially, earliness characters
i.e., days to heading and maturity.
Earliness characters

Levene test (1960) proved the homogeneity of
separate error variances for all studied traits that permits
to apply combined analysis. Our results (Table; 5)
indicated that reduced number of irrigations from five to
two recorded the lowest values for all earliness characters
in both growing seasons. Abd El-Rahman and Hammad
(2014) and Farhat (2015) indicated that reduced irrigation
from 5 to 2 irrigations decreased all earliness characters.
This may be due to the water deficit was occur in end of
elongation stage and relatively high temperature until
early flowering and speed up maturation. These results
coincide with the findings of El Hag (2017) and Noreldin
and Mahmoud (2017).

The results (Table 5) indicated highly significant
differences among the 18 bread wheat genotypes under study
in all earliness characters in both growing seasons.

These variations among the studied genotypes
might referred to their different genetic backgrounds. The
timing of heading and maturity are among the major traits
that related to the adaptation of wheat genotypes under
dominant field conditions in particular areas. Generally,
Lines 5, 3 and 4 were the earliest wheat genotypes for days
to heading, anthesis, maturity and have long grain filling
period. On the other hand, Misr 2 cultivar was the latest
one for these characters in both growing seasons. Gab Alla
et al., (2018) and Al-Otayk (2019) revealed that the earliest
wheat genotypes for days to heading might be usually the
earliest for days to maturity, also, indicated that the early
maturing genotypes had long grain filling period and the
reverse for late genotypes. The results indicated that Lines
5, 3 and 4 (Early lines) recorded the longest grain filling
period. While, Line 1 recorded the lowest values for grain
filling period in the two growing seasons. Gemmeiza 11
had recorder the lowest values for grain filling rate in the
two seasons. Line 1 and Line 9 recorded the highest values
for grain filling rate in both seasons, respectively.
Pireivatlou et.al., (2011) reported that, the short effective
grain filling period and high grain filling rate are major
factors for producing higher grain yield in wheat. These
results indicate the possibility of superiority of these
genotypes under some abiotic stresses especially heat stress
conditions (Gab Alla et al., 2018). The wheat breeders
prefer to select the wheat plants that characterized by short
grain filling period and high grain filling rate. These results
were in line with Abd EI-Rahman and Hammad (2014),
Farhat (2015), El Hag (2017), Noreldin and Mahmoud
(2017) and Al-Otayk (2019).
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Table 5. Effect of irrigation treatments, bread wheat genotypes and their interaction on days to heading, anthesis,
maturity, grain filling period and grain filling rate during 2014/2015 and 2015/2016 seasons.
Earliness characters

Factor Days to heading Days to anthesis Daysto maturity ~ Grainfilling period ~ Grainfilling rate
(day) (day) (day) (day) (Kg/fed/day)
Irrigation (1) 1tseason 2™ season 1% season 2" season 1% season 2™ season 1%season 2™ season 1% season 2™ season
Normal irrigation 97.80 94.17 10791 10246 14969 14217 41.78 39.70 90.84 89.23
Water deficit 96.09 92.50 105.78 100.43 144.89 138.15 39.11 37.72 85.09 83.29
Wheat genotype (G)
Misr 1 99.00 95.17 108.33 102.00 148.67 139.33 40.33 37.33 89.28 93.15
Misr 2 101.67 98.50 112.00 107.50 152.17 144.17 40.17 36.67 84.99 88.59
Gizal7l 98.83 95.67 109.67 103.17 151.67 14350 42.00 40.33 8251 82.95
Gemmeiza 11 96.67 96.00 107.00 104.00 148.33 14250 41.33 38.50 71.19 68.92
Shandaweel 1 98.00 96.83 110.00 103.50 151.67 144.17 41.67 40.67 75.46 78.49
Line1 99.83 95.50 109.50 102.67 147.83 138.67 38.33 36.00 109.42 109.19
Line 2 98.83 94.50 109.17 103.00 151.67 142.67 42.50 39.67 87.77 89.33
Line 3 90.50 85.67 100.00 94.83 141.17 135.17 41.17 40.33 82.76 77.43
Line 4 89.83 85.83 98.17 93.83 141.00 135.50 42.83 41.67 73.23 71.023
Line5 87.17 82.33 96.00 93.17 138.83 133,67 42.83 40.50 81.69 76.037
Line 6 97.83 94.50 107.33 103.00 146.67 141.00 39.33 38.00 95.47 86.02
Line 7 96.33 93.67 105.67 101.50 144,00 139.50 38.33 38.00 85.57 85.15
Line 8 97.00 93.83 108.00 102.33 148.33 141.00 40.33 38.67 89.17 84.15
Line 9 97.83 94.33 108.00 101.33 147.67 139.83 39.67 38.50 106.52 103.78
Line 10 100.17 97.67 109.17 106.17 148.67 142.33 39.50 36.17 90.29 91.65
Line 11 96.00 89.67 104.83 98.17 144.67 137.17 39.83 39.00 87.79 89.49
Line 12 100.50 94.50 111.33 102.83 150.33 140.50 39.00 37.67 92.01 90.78
Line 13 99.00 95.83 109.00 103.00 147.83 142.17 38.83 39.17 98.26 86.53
LSD 005 1.08 111 1.45 154 1.70 1.89 1.36 1.63 6.34 7.87
I1xG. NS NS NS NS * NS el NS * NS

The interaction between studied genotypes and
irrigation treatments were significant for days to maturity,
grain filling period and grain filling rate in the first season,
as shown in Table 6. According to these results, the wheat
genotypes were different to water regime for these traits
and it is possible to select the most tolerant genotypes

Table 6. Effect of the interaction between irrigation
treatments and 18 bread wheat genotypes on
days to maturity, grain filling period and grain
filling rate in 2015/2016 season.

Days to maturity ~ Grain filling
(day) period (day)

Grain filling rate
kg fed.” day™*

among them. Lines 3, 4 and 5 (Early lines) were the Trait ‘Normal Water Normal Water Normal Water
earliest matured genotypes under normal and water deficit '(\BA?”Oi[ype 'ri's?fg?” fzg(g; wqgiagl?on %%f'gg 'rgg"ggon %%f'gét
conditions while the latest wheat genotypes were Misr 2, M:::z 15533 14900 4200 3833 8536 8462
Giza 171, Shandweel 1 and Line 2. These results agree  Giza171 15400 14933 4233 4167 8287 8214
with the work of Abd EI-Rahman and Hammad (2014) and  Gemmeiza1ll 15033 14633 4167 4100 7774 6465
El Hag (2017) where they found significant interaction Shandaweell 15367 14967 4233 4100 7723 7368
between wheat genotypes and irrigation treatment. Linel 14967 14600 3933 3733 11043 10841
However, the shortest grain filling period were recorded by ~ Line2 15367 14967 4367 4133 8976 8577
Lines 1, 6 and 9 under normal irrigation and Lines 1, 3 and tmgi ﬂi'g;’ g;gg ig'gg gg'g gggi %'gé
7 under water deficit treatment. The longest grain filling ;.5 14267 13500 4567 4000 8405 79.33
period were obtained by Lines 3, 4 and 5 under normal | jne6 14833 14500 39.67 39.00 10770 83.24
irrigation while Genotypes; Giza 171, Gemmeiza 11, Line7 14633 14167 4000 3667 8956 8158
Shandaweel 1 and Line 2 had the longest period for grain Line8 15000 146.67 4100 3967 9017 8817
filling under the water shortage treatment. Lines 9 and 1  Line9 14833 14700 3967 3967 11240 100.64
gave the highest grain filling rate under both normal and ~ Line10 15133 14600 4133 37.67 9083 89.76
water irrigation deficit. The lowest grain filling rate was tmg ﬁ igg'g; ﬂé'g; 2(1)88 gggg gg;g gégg
observed by Line 4 and Gemmeiza 11 under water deficit | ;,013 15000 14567 3967 3800 9948 9704
treatment. LSD oos 241 192 8.69

Grain yield and its components

The results in Table 7 displayed significant
differences between irrigation treatments and 18 bread
wheat genotypes for all yield components. The interaction
between treatments of irrigation and bread wheat
genotypes were significant for 1000 kernels weight in the
second season and kernels number per spike in both
growing seasons.

Concerning irrigations treatments, results exhibited
that the average values of these studied characters over all
genotypes decreased under the reduced irrigation treatments,
except for 1000-kernel weight in both growing seasons. Farhat
(2015), Zaman et al., (2016), El Hag (2017) and Noreldin and
Mahmoud (2017) showed that number of spikes m2, number
of kernels spike® and 1000-kemel weight was affected by
diverse irrigation treatments. Also, they reported that the
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above-mentioned characters were higher under normal
irrigations than the water deficit conditions. Menshawy and
Hagras (2008) reported that mean value of 1000-kernel weight
under water stress conditions (two irrigations) was higher than
normal irrigation conditions (five irrigations).

Number of spikes m? 1000-kernel weight and
number of kernels per spike are important characters for
wheat crop production. These differences among the wheat
genotypes might partially reflect their different genetic
backgrounds. Generally, Linel gave the maximum number
of spikes m? without significant differences among Misr 2,
Line 8 and Line 13 in the 1% season and Line 8 in the 2™
second season. While cultivar Gemmeiza 11 recorded the
lowest values of these trait in both growing seasons. These

results are similar with Abdelkhalek etal., (2015), Farhat
(2015), El- Esmail et al., (2016), El Hag (2017) and Noreldin
and Mahmoud (2017).

Regarding the weight of 1000-kernel, it is the second
important characteristic of grain yield. The highest values of
1000.kernels weight were obtained by wheat genotypes; Giza
171, Gemmeiza 11 cultivars and Line 6. While, the lowest
values for 1000-kernel weight were recorded by cultivars;
Misr 2 and Shandaweel 1 in both growing seasons. The
results of our study showed the significant variations found
among the wheat genotypes referring the influence of the
estimate of genotypes performance under the studied
environments in order to identify the superior genetic make
up for a particular environment.

Table 7. Effect of irrigation treatments, 18 bread wheat genotypes and their interaction on number of spikes m, 1000-
kernel weight, number of kernels spike™ and spike length in 2014/2015 and 2015/2016 seasons.

Trait Number of spikes m?  1000-kernel weight (g) Number of kernels spike? Spike length (cm)
Factor 1%season 2Mseason 1%tseason 2"season 1tseason  2™season  1tseason 2" season
Normal irrigation 396.92 385.33 43.35 4253 54.67 5141 12.93 11.79
Water deficit 346.44 33047 46.85 46.47 49.21 46.87 11.59 10.88
Genotype (G)

Misr 1 337.67 34517 45.10 45.20 57.65 49.88 12.47 1141
Misr 2 408.50 381.83 38.50 37.62 51.16 50.41 11.17 1041
Gizal71 325.83 322,50 51.76 50.15 52.45 49.05 13.02 11.66
Gemmeiza 11 267.50 302.00 50.36 46.66 51.83 44.05 14.62 12.98
Shandaweel 1 366.17 361.00 37.25 37.72 54.94 52.67 13.60 12.28
Line 1 427.00 424.17 47.17 45.18 52.56 50.53 11.67 11.47
Line 2 381.83 37750 45.46 4355 53.61 50.38 12.80 11.95
Line 3 390.00 338.33 45,04 4483 49.12 48.65 11.18 10.25
Line 4 356.33 32317 43.45 46.54 48.13 45.97 11.72 10.28
Line5 344.67 339.33 47.45 43.80 51.99 49.48 10.95 10.81
Line 6 375.00 372.00 48.83 48.00 51.54 43.58 12.62 10.95
Line 7 379.83 342.00 43.63 45.96 49.75 49.42 12.82 11.78
Line 8 416.33 393.00 43.77 41.05 49.28 47.70 12.23 11.82
Line9 389.17 380.50 44,87 44.64 57.66 53.64 11.77 11.03
Line 10 370.83 352.50 43.34 4354 53.89 51.62 12.15 11.68
Line 11 382.83 378.33 42.31 45.62 51.20 49.42 12.80 10.59
Line 12 361.50 348.67 48.69 45.10 50.20 50.30 11.97 10.72
Line 13 409.17 360.25 44.86 45.90 47.96 47.77 11.18 11.98
F Test ** ** ** ** *% *% ** **
LSD o005 35.12 38.59 2.34 2.08 2.74 3.08 1.03 0.90
IXG NS NS NS *x * *x NS NS

With respect to number of kernels spike, it is among
the most important components of grain yield after the
number of spikes m2. The results indicated that genotypes;
Line 9 and Shandaweell had the highest number of kernels
spike? in the both growing seasons. While, the lowest
number of kernels spike™ were obtained by Lines 4 and 13 in
the 1% season and Gemmeiza 11, Line 4 and Line 6 in the 2™
season. It is obvious that local wheat cultivars; Gemmeiza 11
and Shandaweell were superior in spike length in both
seasons, while three earliest matured genotypes being Lines
3, 4 and 5 recorded lower values for spike length under this
experiment. Generally, these results are in line with those
found by Farhat (2015), Esmail et al., (2016), El Hag (2017),
Noreldin and Mahmoud (2017) and Al-Otayk (2019).

Concerning biological and straw yields, harvest index
and grain yield data are shown in Table 8 which illustrate the
effects of irrigation treatments, 18 bread wheat genotypes and
their interaction on these traits in the two growing seasons.
Values of these traits were decreased under less water
treatment (two irrigations) compared to full irrigation, except
the harvest index in the 1% season (without significance). The

reduction in the final grain yield of wheat under water deficit
treatment was caused by a reduction in many Yyield
components especially the number of spikes m, the number
of kernels spike? and the weight of single grain. In this study,
reduction in biological and straw yields may be corelated
with reduced number of spikes and plant height under deficit
irrigation treatment. Abd El-Rahman and Hammad (2014),
Farhat (2015) and El Hag (2017) indicated that reduced
irrigation decreased all yield characters.

There existed highly significant differences among 18
bread wheat genotypes for all characters (Table 8). To
understand the causes of variation in final grain yield, its
components must be studied along with the growth of the
crop. These differences among genotypes might partially
reflect their different genetic backgrounds. Results
represented that Lines 1 and 9 produced the highest values for
biological and straw yields in the two growing seasons. The
lowest values of biological and straw yields were obtained by
Gemmeiza 11, as well as the three earliest matured genotypes
being Lines 3, 4 and 5 in both growing seasons, indicating
that the earliest matured genotypes produce low yields under
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the current study. The highest values of harvest index, were

obtained by Lines 3 and 5 in the first season and Lines 1, 4, 8

and 9 in the 2" season with insignificant differences among

them, while the lowest harvest indices were obtained by local
cultivar Giza 171 in both seasons. In grain yield, generally,

Lines 1 (27.95 and 26.20 ardab fed™) and 9 (28.16 and 26.63

ardab fed™) recorded the maximum grain yield in 1% and 2™

seasons, respectively, which giving the justification to use

these genotypes in the advanced yield trials. Gemmeiza 11

and Line 4 produced the lowest grain yield in both seasons.

Our results are in parallel line with those reported by Esmail

etal., (2016), El Hag (2017), Noreldin and Mahmoud (2017)

Gab Alla et al., (2018), Patel et al., (2019) and Al-Otayk

(2019).

Table 8. Effect of irrigation treatments, 18 bread wheat
genotypes and their interaction on biological
yield, straw vyield, harvest index and grain yield
in 2014/2015 and 2015/2016 seasons.

Irrigation Biological Strawyield Harvest  Grainyield

yield (Tfed?) (T fed?) index (%) (Ard.fed?)
treatment = — s o0 x M = o
(I) SEAs0N SEasoN SEason SEasoN SEas0N SEAsON SEason  season
Normal 10.88 9.67 7.11 6.14 34.83 36.63 25.19 2353
Water deficit 9.31 8.82 5.99 5.69 35.96 35.60 22.14 20.88
F Test o K m NS MR o w

Genotype (G)

Misrl 1064 10.26 7.04 6.78 33.89 33.91 24.00 23.17
Misr2 1020 9.17 6.79 5.92 33.76 35.50 22.77 21.68
Gizal7l  11.20 10.80 7.74 7.6 31.03 30.99 23.11 22.30
Gemmeizall 850 812 555 546 3524 32.71 19.63 17.72
Shandaweell 9.74 9.09 6.59 590 32.37 35.13 20.97 21.29
Line1 1197 1023 7.78 6.30 35.17 38.64 27.95 26.20
Line 2 10.18 958 6.44 6.02 36.85 37.08 24.89 23.68
Line 3 886 849 545 536 38.50 36.90 22.73 20.88
Line 4 9.03 7.78 589 482 3503 3822 20.96 19.73
Line5 892 880 541 572 3945 35.07 23.36 20.53
Line 6 10.19 861 6.43 534 36.94 37.93 25.03 21.78
Line 7 952 888 6.23 5.63 34.76 36.49 2191 21.63
Line 8 995 849 6.36 5.23 36.28 38.39 23.96 21.68
Line 9 12,67 10.30 845 6.31 33.37 38.81 28.16 26.63
Line 10 10.12 931 655 6.00 35.39 35.62 23.78 22.11
Line 11 965 9.80 6.15 6.30 36.24 35.59 23.36 23.31
Line 12 10.17 9.10 6.58 5.68 3559 37.63 23.94 22.82
Line 13 1026 959 6.44 6.21 37.25 3553 2543 22.58

F_Test *% *% *x ** *% **% *% *%
LSD o005 090 103 071 076 178 198 163 215
IXG NS NS NS NS NS NS * NS
Regarding the interaction effects, only the
significant effects will be shown and discussed. The
interaction between genotypes and treatments of irrigation
was significant for 1000.kernels weight (1% season), grain
yield (2" season), and number of kernels spike (both
seasons) as shown in Tables 7 and 8. The results (Table,9)
presented that genotypes; Misr 1 and Line.9 recorded the
maximum number of kernels spike? under both full and
reduced irrigation in the 1% season. Meanwhile, the
minimum number of kernels spike™ was obtained by Line
8 and Line 4 under normal and less irrigation water,
respectively. In the 2" season, the highest number of
kernels spike® were observed in Lines 2 and 7 under
normal irrigation and Shandaweell, Lines 1, 9 and 10
under less irrigation water conditions. However, the lowest
number of kernels spike™ was produced by Gemmeizall
and Line 6 under adequate irrigation and Lines 6 and 7
under less irrigation water conditions. Grain yield under

both normal and limited irrigated conditions of the 1%

season, Line 9 produced maximum grain yield with

insignificant difference than Line 1. The minimum grain
yield was recorded by Gemmeizalland Shandaweell

under normal irrigation and Gemmeiza 11, Lines 4 and 11

under less irrigation water. With respect to 1000-kernel

weight under both adequate and limited irrigated
conditions, genotypes; Giza 171 and Line 6 gave the
heaviest weight of 1000-kernel weight, while Misr 2 and

Shandaweel 1 had the lightest 1000-kernel weight. Similar

conclusion was reported by previous investigators Omar

etal., (2014) and Abdelkhalek et al., (2015).

Table 9. Effect of the interaction between irrigation
treatments and 18 bread wheat genotypes on
number of kernels spike?, 1000 kernels weight
and grain yield in 2014 / 2015 and 2015 / 2016

Seasons.
2014 /2015 2015/2016
Wheat Number of Grain yield 1000-kernel Number of
genotype  kernels spike® (Ardb/fed) weight (g) kernels spike™
N S N S N S N S

Misr 1 59.15 56.15 24.87 23.12 44.44 45.96 50.37 49.40
Misr 2 53.28 49.03 23.90 21.63 36.00 39.23 53.42 47.40
Giza171 53.08 51.82 23.39 22.83 46.22 54.07 50.67 47.43
Gemmeizall 5355 50.10 21.59 17.66 46.60 46.71 45.10 43.00
Shandaweel 1 56.02 53.87 21.79 20.16 36.90 38.54 54.73 50.60
Linel 56.77 48.35 28.92 26.99 44.42 45.94 50.67 50.40
Line 2 56.68 50.53 26.13 23.64 38.13 48.97 56.60 44.17
Line 3 52.04 46.20 24.73 20.72 43.08 46,57 53.07 44.23
Line4 53.53 42.72 2317 18.74 44.54 4854 4380 43.13
Line5 54.73 49.25 2557 21.15 41.79 45.80 51.27 47.69
Line 6 54.63 4845 28.42 21.64 46.04 49.96 44.47 42.70
Line 7 54.60 44.90 23.88 19.93 43.20 48.73 57.07 41.77
Line 8 51.37 47.18 24.60 23.31 39.99 42.11 48.33 47.07
Line9 59.18 56.13 29.70 26.61 43.47 45.80 55.00 52.27
Line 10 55.92 51.87 25.01 22.55 41.16 45.92 52.93 50.30
Line 11 55.25 47.15 25.81 20.90 43.34 47.90 50.70 48.13
Line 12 52.25 48.15 2554 22.34 41.77 4842 54.33 46.27
Line 13 52.03 43.88 26.32 24.55 44.47 47.33 47.90 47.63
LSDoos 3.87 2.30 230 4.36

Morpho-physiological measurements

The results in Table 10 showed significant differences
between irrigation treatments and 18 bread wheat genotypes
in Morpho-physiological measurements i.e. plant height
(cm), flag leaf area (cm?), relative water content and rate of
water loss in the two growing seasons. The interaction
between treatments of irrigation and bread wheat genotypes
were significant for relative water content in the 2™ season.

Variations of plant height due to irrigation treatments
were highly significant in the two seasons, (Table,10). Well-
watered treatment resulted in taller wheat plants than those
received low number of irrigations. Similar results are in
agreement with those obtained by Amin and Tork (2015),
Farhat (2015) El Hag (2017) and Zeboon et al., (2017) they
indicated that plant height was decreased at water shortage
conditions. Reduction of plant height in response to water
deficiency may be because of the reduction in relative
turgidity and dehydration of protoplasm, which is related to
the absence of turgor and reduced expansion of cell and cell
division (Mahfuz et al., 2014).

Variation among genotypes in plant height were
highly significant in both seasons. Line 11 produced the
tallest plants (125 and 118.33 cm) in both growing seasons,
meanwhile there were insignificant differences with Line 13
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in plant height at the studied seasons. While, Line 4 produced
the shortest plants (107.50 and 100.83 cm) in 1% and 2™
seasons. Our results were in line with Farhat (2015), El Hag
(2017) and Zeboon et al., (2017) they indicated that there
were highly significant effects of wheat genotypes on plant
height. Blum and Pnuel (1990) concluded that taller wheat
cultivars had a greater capacity to support grain filling from
stem reserves under drought because of their greater storage.
Flag leaf area is the most important leaf in cereals
like wheat, because it provides the maximum photosynthetic

assimilates to be stored in the grain. A greater flag leaf area
will eventually help to increase the photosynthetic efficiency
by increasing the production of photosynthesis, which had
then translocated into grains and increasing their weights.
Therefore, flag leaf area has a direct relationship with grain
yield. Results (Table 10) indicated that, the variation because
of irrigation treatments were highly significant in the two
growing seasons. The results showed that decreasing water
irrigation led to decrease in flag leaf area.

Table 10. Effect of irrigation treatments, 18 bread wheat genotypes and their interaction on plant height, flag leaf area,
relative water content, rate of water loss and water use efficiency in 2014 /2015 and 2015/ 2016 seasons.

Irrigation plant height (cm)  Flag leaf area (cm?) Relative water content Rate of water loss WUE (kg m'®)
treatment (I) 1%season 2™ season 1%season 2season 1%season 2Mseason 1%season 2Mseason 1tseason 2™ season
Normal 120.19 11454 52.48 47.03 81.18 83.66 70.58 75.23 155 156
Water deficit 111.20 105.09 42.39 40.92 65.34 69.91 57.60 60.43 249 2.712
F Test *k *%x *% * * * * * *% *%
Wheat genotype (G)

Misrl 110.00 105.00 47.84 44.84 78.98 79.31 73.76 76.88 2.07 2.26
Misr2 119.17 11417 42.09 40.01 74.43 76.82 60.86 57.39 1.96 2.10
Gizal7l 11750 112,50 52.45 50.73 77.56 80.20 64.31 75.76 201 2.16
Gemmeizall 115.83 108.33 55.99 53.69 68.69 71.19 56.75 63.53 1.66 1.69
Shandaweell 115.83 110.00 40.98 41.35 76.87 81.57 60.57 72.69 181 2.08
Line1 115.00 111.67 46.50 39.87 81.97 81.23 74.16 73.35 241 2.55
Line 2 115.83 110.83 51.81 48.73 66.78 77.145 66.41 72.42 214 2.27
Line 3 109.17 103.33 46.63 43.95 63.47 69.71 57.78 62.34 1.93 1.99
Line4 107.50 100.83 4747 43.82 79.20 80.86 69.18 69.75 177 193
Line5 109.17 100.83 46.11 43.32 72.21 71.16 64.22 66.57 1.98 1.96
Line 6 115.83 110.00 48.38 43.96 78.47 82.32 69.00 73.23 2.10 2.10
Line 7 11750 113.33 45.26 44.98 63.52 67.42 56.00 56.09 1.86 2.06
Line 8 11750 111.67 50.05 46.82 69.75 78.95 58.93 68.84 2.07 213
Line 9 116.67 107.50 43.33 36.77 77.64 82.25 71.52 69.56 241 2.59
Line 10 115.00 112,50 46.01 44.94 80.00 79.85 70.72 75.68 2.04 213
Line 11 125.00 118.33 47.62 38.93 73.79 7454 60.26 56.42 197 221
Line 12 115.83 110.00 45,03 4484 68.68 73.12 61.54 70.23 2.05 2.20
Line 13 124.17 115.83 52.47 51.67 66.73 74.42 57.67 60.02 219 2.18
LSD 005 3.32 4.1 5.17 39 6.32 5.46 5.86 6.96 0.15 0.21
IXG NS NS NS NS * NS NS w* NS

These results agreed with those obtained by Esamil et
al., (2016), Hafez and Gharib (2016) and Zeboon et al.,
(2017), they showed that flag leaf area was decreased with
water deficit.

Data in Table 10 showed highly significant
differences in flag leaf area among the tested wheat
genotypes in both seasons. This may be due to the differences
in genetic background of the tested genotypes. Gemmeiza 11
cultivar recorded the largest flag leaf area (55.99 and 53.69
cm?), meanwhile there were insignificant differences with
Giza 171 and Line 13 in both seasons. Shandaweell and Line
9 had the lowest values (40.98 and 36.77cn) in the two
growing seasons, respectively. These results are in agreement
with Esamil et al., (2016) and Hafez and Gharib (2016).
Wery et al., (1994) pointed out that, reduction in leaf area is
an important adaptive mechanism for drought stress and it is
usually the first strategy a plant adapts when water become
limiting.

The results (Table, 10) showed that with the increase
in the duration of water stress period there was advanced
decrease in the relative water content of flag leaves. Higher
relative water content (RWC) values 81.18% and 83.66%
were recorded at well-watered treatment in both growing
seasons, respectively. Whereas, lower RWC values 65.34%
and 69.91% were recorded at water deficit treatment in both

seasons, respectively. Saeidi et al., (2015), Hafez and Gharib
(2016) and Hafiz Ghulam et al., (2019) showed that relative
water content decreased under drought or water stress
condition.

Results indicated that 18 bread wheat genotypes were
highly significant differed in RWC character. This variation
in relative water content between wheat genotypes may be
attributed to differences in the ability of genotypes to absorb
more water from the soil and or the ability to control water
loss through the stomata (Keyvan, 2010). Khakwani et al.,
(2011) reported that relative water content for all varieties
was significantly decreased when subjected to stress
conditions as compared to control. Relative water content of
the leaves has been proposed as a good indicator to water
stress than other growth or biochemical parameters of the
plants (Sinclair and Ludlow, 1985). Schonfeld et al., (1988)
they observed a decline in the amount of relative water
content in wheat due to drought stress and reported the
highest relative water content in the tolerant genotype.
Relative water content of leaves has been reported as direct
indicator of plant water deficit conditions (Lugojan and
Ciulca 2011). These results are in agreement with Saeidi et
al., (2015) and Zeboon et al., (2017).

Reducing number of irrigations from 5 to 2
significantly influenced rate of water loss character (Table 10)
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and caused decrease in rate of water loss. Water deficit caused
a decline in rate of water loss (RWL) which may indicate
some inhibiting mechanisms of water loss under drought
stress. This result is consistent with that of Golestani and Asad
(1998) who observed decrease in the rate of water loss under
stress condition in wheat. These results are in conformity with
those obtained by Lonbani and Arzani (2011).

The results (Table 10) indicated that the highest value
was recorded by wheat genotypes (Line 1 and Misr 1) in the
two seasons, respectively. While, the lowest value for rate of
water loss recorded by wheat genotype (Line 7) in rate of
water loss in both growing seasons (Table 10). In this study
may indicate some inhibiting mechanism of less water under
drought stress. These results consistent with Golestani and
Asad (1998) who observed decrease in the rate of water loss
under stress condition in wheat.

Water use efficiency

Table 10 showed highly significant differences
between irrigation treatments and bread wheat genotypes in
both seasons and their interaction in the first season only for
water use efficiency. Normal irrigation treatment recorded the
lowest values (1.55 and 1.56 kg m®), while reduced irrigation
treatment recorded the highest values (2.49 and 2.72 kg m)
in both growing seasons, respectively. Gab Alla (2007) found
the highest values of water use efficiency recorded by one
irrigation applied at tillering stage, while the lowest values
were obtained from the well-watered (5 irrigations). Similar
results were found by Singh et al., (2018).

The differences among the wheat genotypes for water
utilization efficiency in both growing seasons were highly
significant. The values of water utilization efficiency for
different wheat genotypes ranged from 1.66 to 2.41 and 1.69 to
2.59 kg m?®, in the two growing seasons, respectively. The
highest values of water use efficiency 2.41 and 2.59 kg m?
were recorded by Line 1 and Line 9, while the lowest values
were recorded by Gemmeiza 11 (1.66 and 1.69 kg m?) in both
seasons. Waraich et al., (2010) reported that WUE indicates the
performance of a crop growth under any environment. These
results coincide with the findings of Allahverdiyev (2015).

Data (Table 11) indicated that water treatments x
genotypes interaction was highly significant. These results
indicate that wheat genotypes responded differently to water
treatments. Regarding water productivity of tested genotypes,
data showed that, the highest values of water use efficiency
were recorded with Lines 1 and 9. This is may be due to their
tolerant to abiotic stress particularly drought and temperature,
favoring their productivity compared with other genotypes.
Meanwhile, the lowest values were noticed with Lines 4 and
9, indicating their sensitivity to less water reducing yield. The
obtained results clearly showed that applying two irrigation,
under this area (Kafer EI-Sheikh) with the tested genotypes is
more effective to save water, which could be, used for other
crops or for more wheat cultivated areas.

Drought tolerance indices

Mean values of grain yield (ardab fed™.) of thirteen
wheat genotypes and five checks under water stress and non-
stress conditions in both growing seasons 2014/2015 and
2015/2016 are presented in Table 12. Using grain yield
across non-stress (Yn) and water stress circumstance (Y's), Six
quantitative stress tolerant indices and their respective ranks
were calculated under the two seasons (Table 12).

The genotypes with high values of these six tolerance
indices parameters can be selected as tolerant genotypes to
water deficit. Under normal irrigation, the grain yield varied
from 20.51 ardab fed™ for Gemmeiza 11 to 28.71 ardab fed
for Line 9, by average of 24.36 ardab fed™, while the average
grain yield of genotypes across water stress treatment ranged
from 16.83 ardab fed? for Gemmeiza 11 to 26.14 ardab fed™
for Line 1, by average grain yield equal 21.51 ardab fed™.

Table 11. Effect of the interaction between irrigation
treatments and wheat genotypes on water use
efficiency (WUE) in 2014/2015 and relative
water content (RWC) in 2015/2016 seasons.

Wheat 20\}\4;8215 20&5\}/\5?:16
genotype

N S N S
Misrl 1.53 2.61 87.22 71.40
Misr2 1.47 244 80.52 73.13
Gizal7l 1.44 2.57 8656 73.84
Gemmeizall 1.33 1.99 7494 6744
Shandaweell 1.34 2.27 90.35 72.79
Line 1 1.78 3.04 90.01 7245
Line 2 1.61 2.66 86.82 67.48
Line 3 153 2.33 7737  62.06
Line 4 1.43 211 89.29 7244
Line5 1.58 2.38 81.04 6128
Line 6 1.75 244 86.81 77.84
Line 7 1.47 2.25 7217 6267
Line 8 152 2.63 8420 73.70
Line 9 1.83 3.00 89.12  75.38
Line 10 154 2.54 8494 7477
Line 11 1.59 2.35 8394 65.15
Line 12 1.58 252 80.03 66.21
Line 13 1.62 2.77 8050 68.34
LSD o5 0.23 7.72

Two promising genotypes being Line 9 followed by
Line 1 gave the highest grain yield with average across the
two treatments 27.40 and 27.08 ardab fed™, respectively, as
well as they gained the lowest reduction % in grain yield
(ardab fed.), recording 9.16 and 6.71%, respectively.
However, the lowest grain yield across the two sites was
obtained by check genotype Gemmeiza 11 (18.67 ardab fed?),
while the highest estimate of reduction in grain yield (19.75%)
was shown by Line 11 with moderate average grain yield
23.34 (ardab fed™). The current results were also reported by
previous investigators such as, Sharafi et al., (2011).

There were obvious differences among genotypes for
grain yield under non-stressed and water stressed treatments
which reflect high genetic diversity among them that make
possible to screen water shortage tolerant genotypes.

It is noted that the three indices of harmonic mean
(HM), geometric mean of productivity (GMP), and stress
tolerance index (STI) gave identical ranks for water stress
tolerance. The similarity of the three indices in categorizing
genotypes for water stress tolerance may be because that
these indices are function of each other and they could be
interchangeably used as a substitute for each other. The ranks
of MP index were very close to the ranks belong to the three
aforementioned indices while the two indices of yield index
(YI) and modified stress tolerance index (MSTI) gave
different tolerance ranks. Overall the six stress tolerance
indices, results indicated that Line 9 and Line 1 had the first
and second ranks of water stress tolerance with highly
significant differences with the other genotypes.
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Table 12. Estimates of six stress tolerance indices (ST1) and their respective ranks for 18 bread wheat genotypes based
on grain yield under normal and water stress sites combined over the two seasons.

Grain yield (ardab/fed) Stress Tolerance Index (ST1) Water less
Genotypes Yn  Ys average Red.% MP Rank HM GMP  STI Rank Yl Rank MSTI Rankt‘(’]'lgger‘gge
Misr 1 2440 22.77 2359 6.65 23.58 5 235 2357 094 5 105 4 105 5
Misr 2 2332 2112 22.22 9.45 2222 12 2217 2219 083 12 098 10 080 12 Moderate
Giza 17l 2336 2205 2271 562 2270 11 2268 2269 087 11 102 7 091 8
Gemmeizall 2051 16.83 1867 1793 18.67** 18 18.49** 1858** (0.58** 18 0.78** 18 0.36** 18 Sensitive
Shandweel 1 21.78 2048 21.13 5.98 2113 16 21.11* 21.12* 075 16 095 13 068* 14
Linel 2802 2614 27.08 671  27.08* 2 27.05% 27.06** 123** 2 122 1 182> 2 High
Line 2 2582 2275 2429 1188 2428 3 2419 2424 099 3 106 5 111 3 Moderate
Line 3 2381 19.79 2180 1689 21.80* 14 2162* 21.71* 0.79* 14 092 15 067 15
Line 4 2158 1911 2035 1146  20.34* 17 2027 2031* 0.69* 17 089* 17 055 17 Sensitive
Line5 2403 1987 2195 1730 21.95* 13 21.75* 21.85* 0.81* 13 0.92* 14 0.69* 13
Line 6 2585 2096 2341 1891 23.40 6 2315 2328 091 7 097 11 087 10 Moderate
Line 7 2380 19.74 2177 17.07 2177 15 2158 2167 079 15 0.92* 16 067* 16 Sensitive
Line 8 2328 2236 2282 396 2282 10 2281 2282 08 10 104 6 095 6 Moderate
Line 9 28.71 26.08 27.40 916 2739 1 27.33** 27.36** 126 1 121 2 185 1 High
Line 10 2424 2165 2295 1067 2294 9 2287 2291 08 9 101 9 09 9
Line 11 2589 20.78 2334 1975 2333 8 2305 2319 091 8 097 12 08 1 Moderate
Line 12 2496 2180 2338 1264 2338 7 2327 2333 092 6 101 8 094 7
Line 13 2511 2290 24.01 8.80 2401 4 2396 2398* 097 4 106 3 110 4

Yn: Grain yield under non-stress, Ys: Grain yield under water deficit conditions, MP: mean productivity, GMP: geometric mean of productivity, STI:
stress tolerance index, Y1: yield index, HM: harmonic mean, MSTI: Modified stress tolerance index, * and ** significant and highly significant at 0.05

and 0.01 probability levels, respectively.

Therefore, the above mentioned two Lines 9 and 1
were considered high tolerant to water stress conditions.
Fortunately, they also were had the greatest grain yield in
normal and shortage irrigations and reflected the lowest
reduction % of grain yield between the two sites, as above
shown. Accordingly, Line 9 and Line 1 were preferred to be
cultivated whether under the normal or water stress conditions.

Significantly, the two check genotypes of
Gemmeizall and Shandweell and four lines namely: Lines
3,4, 5and 7 were sensitive to water stress with lower values
of the six stress tolerance indices recording the latest
tolerance ranks. Consequently, it is not advisable to cultivate
these genotypes in water stress environments. The rest
genotypes of Misrl, Misr 2, Giza 171, Lines 2, 6, 8, 10, 11,
12 and 13 gave intermediate estimates of grain yield and
satisfactory degree of drought tolerance. Mohammadi-joo et
al., (2015) indicated that STI, MP and GMP are the suitable
indices for screening tolerant genotypes that produce higher
yields in both stress and normal conditions. The same trend
was reported by Singh et al., (2015), Abdelghany et al.,
(2016), Gadallah et al., (2017) and Patel et al., (2019).
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