Egypt. J. Plawt Breod. 11(3): 55-63(2007)
SELECTION FOR DROUGHT TOLERANCE IN
ADVANEED GENERATIONS OF SOME BREAD WHEAT
' CROSSES
S.EES.S. Sobich ', RAK. Mowstafa' and RW. nc-ay

1- Plant Research Department. 2- Soil and Walcr Research Depantend, Neciear Rescanclh
Center, Atomic Encrgy Anthority, inshas, Fpypt. : .

ABSTRACT '

Tlmsm@mcaniedm-mm.vm-h—d&
experimental station of Nuclear Research Centes, Inshas. The eljective was & selext
wheat plants tolerant to drought The first growing seassm was devetrd o pesfarse
manual crossing between the high yiclding vawietics Suls 1, Conmmips 7 sund Gion 163 asd
the drought tolerans variety Sakel 1. -Obtaimed kyleid seeds weve sown i the sevonsll snd
third growing seasons under now-stressed conditions to ruise F, wnd F, popmilviios,
respectively. All F, plants were screemed fo identify amd seipet iliviidunly with kiph
Yielding ability. In the growing season of 2004/2005 seeds of exxli F; selected plasl wese
sown to raise F; progeny under non-stress (comtrel), mederate drongit stress (5t 1) and
severe drought stress (str.2) conditions. Fhenotypic corrvistion cocfficient betwarsy yivld
and its attributes were estimated for all F; progrsies grown undey wormal and dvwnght
stressed conditions. Results revesied that botk number of spilesiplant aund numnber of

grains/pike were the most important trails sxsecisted with proin pivldplant Ou shis

basis, a considerable number of variants were selecied aund prows in the winter seuwm of
2005/2006 as F, selected plant progewies. M_*ﬁ.ﬂﬂdql
stress caused marked reductions in grain yickd snd mest of its asvilates.

Active rooting deptbforﬂei.pﬁmm‘h:ﬁd
mwisture stress, where it reached o 43, “dﬂ-mﬁhﬁda
67.5 and 75 cm depth in April month for comtrel, Sk ] and Sx. 2 Sreatermsy,
respectively. As for actual water conswmptive nse of wheat, 3. 1 and Siv. 2 teeaturnts
were less than control treatment with 19.5 and 49.59 %, respectiocly.

Key words : Bread wheat — Cmui:g Vaviation — Corveintion — Selrction — H
tolerance. .

]NTRODUCT!ON

Wheat (Trmcum aestivum L.) is the workd™s most w-:l most
widely grown cereal crop. Its importance is derived from many propextics
and uses of its grains which marks it as a stable food for more than onc third
of the world’s population (Pochiman 1987).

Under dry areas the major limitation to cereal yiclds is the amoust of
available water (Auston 1987). Abiolic stresses Busit cyop productivity
(Araus et al 2002 and Boyer 1982) and play 2 major rolic in defcrsinimg the
distribution of plant species across different types of cuvircmments, .

Breeding for hlgh yield poteniial tndma biotic stresses apmﬂy
drought and salinity is ammdmhﬁgm
Several investigators such as Lal ef of (1978)., Clmke er of (1984).
Chowdhury (1990), Boyadjieva (1996), Ahmed ef of (1998) snd Mowssa



mmu (2004) comcluded that: water stress caused marked - --u
Won in.whent grain yield. Crain yield dnd its components remain a

#ajor selection eriterion for improving adaptation to stress enviggrments in

many breeding programs, Ehdaie ef ol (1988). 'Yadav and Mishra (1993)
found positive association between wheat grain yield/plant and number of
tillers/plant, number of spikelets/spike and 100 grain weight. On the other

hand, Sadiq er al (1994) concluded that high grain yield proved to be the

best indicator of drought tolerance, meanwhile, Ginkel van et al (1998)
declared that yield potential only partly explained the superior performance

under drought.

The present study aimed to develop genetic variability and select
drought tolerant genotypes in bread wheat populations following
hybridization between a tolerant cultivar to drought and others possessing
high yielding.

MATERIALS AND METHODS

A drought tolerant bread wheat variety namely Sahel 1 was crossed
with the commercial high yielding varieties, Sids 1, Gemmiza 7 and Giza
168 in order to combine the drought resistance of Sahel 1 with the high
yield potential of the other used varieties. Sahel 1 served as a male parent,
while Sids 1, Gemmiza 7 and Giza 168 were used as females.

In 2001/2002 growing season, the four parents were grown at the
experimental station belonging to the Nuclear Research Center, Inshas. The
obtained hybrid seeds were planted under non-stress conditions in the two
successive winter seasons of 2002/2003 and 2003/2004 to raise F, and F,,
respectively.

F2 populations of the three crosses were screened to identify and
select high yielding individual plants. Seeds of each F; selected plant were
sown in the growing season of 2004/2005 as a single plant progeny under
non-stress (0.4 bar), moderate drought stress (Str.1 = 0.8 bar) and severe
drought stress (Str.2 = 1.2 bar) conditions. The detecting soil moisture
stress was by using combination work between soil moisture retention curve
(van Genuchten 1980) and neutron scattering method, (IAEA 1976). It is
worth to mention that the best expression for drought stress is soil moisture
suction (stress, bar) because the experiment based on soil moisture suction
is valid to test at any region and under different air conditions. Here plant
makes work (Joules) to obtain water from the soil against adsorptive force.
The principal scale is number of Joules for water catching around the soil
particle. As for irrigation intervals such as 2, 3, ....., 13 days is not constant
for north delta or south Egypt because air temperature differs in both
regions in the same time. Time to reach 1.2 bar in north delta need 20 days,

J0



whenever, in south. of Egypt needs 5 days, for thil -reason: 80il; msture
stress Had been chosen.
At harvest, F3 progenies grown under different droug’ht twaﬁnems

were screened to identify and select high yielding individuals ‘via selegtion

for traits of direct association with grain yield. ‘In 2005/2006 winter séason,
three water treatments at 0.25, 0.8 and 1.2 bar soil matrix suction were
chosen to get different drought stresses before the wilting point and
represent control (normal irrigation), str. 1 and str. 2, respectively.

It is important to conclude that reduction soil matrix suction for
control treatment to be approximately 0.25 bar instead of 0.40 bar as
followed in 2004/2005 season, mainly aimed to keep the soil moisture
content around the field capacity to insure normal growth for the developed
plants under nonstress conditions. This would give a good indication
concerning the effect of drought stresses on plant characteristics and help us
to select outstanding variants showing grain yield close to that of the best
plants grown under normal field conditions.

In 2005/2006 growing season, seeds of selected individuals derived
from different progenies were sown to raise F4 progenies under normal and
drought conditions,

The field experiments were conducted using a split plot design with
three replications either in F3 or F4. The whole plots were devoted to the
drought treatments (control, str.] and str.2), while the sub plots contained F;
or F; progenies of different wheat crosses. In each plot, seeds were sown in
two rows, 3 m long and 20 cm apart. Individual seeds were spaced 10 cm
within rows. Consequently, the number of developed individual plants per
each progeny was about 180.

Soil analysis

. Mechanical and chemical analyses of the soil are presented in Tables
(1 and 2) respectively. The analysis indicated that the soil has coarse
particles and consequently macro-pores is the almost character, while the
micro-pores are very low, so, the total porosity values are low and therefore,
the soil water holding capacity is also low. The available nitrogen and
potassium are generally low, while the available phosphorus is moderate.

Table 1. Soil physical properties of Inshas.

:otlth Particle size-dlstrlbutnon Texture Total Soil bulk ECe ol
ep (%) class | poresity] %™} g5 | 128
(em) I"Sand | St | Clay glem’

015 | 942 | 32 | 26 | Sandy | 0411 | 1.5 | 0.70 7.8
1575 1 978 | 1.4 | 08 { Sandy | 0366 | 175 | 0.75 7.8




Table 2. Seil chemical jes of Inshas.
+  Solublecations | Selghlessisns . .|, Aversgewatricats

(meq/L) (meg/l)
o Mgt Nt | k¥ ooy [Booy] a [son ] v P | K
'4.00 "‘5“ 1.41 ess| - | a0 |50 ] 100 ] 300 | 006 |5ece
Irrigatlonschelhhng

Imgauonschedu}mghowmwhsmdinimm‘?
and when is irrigation process done.? the irrigation water quantity was to
enough the plant requirements. Imigation water quantity was messured
using . V-notch. : ‘Iirigation-process starts when the soil moistore saction.
reaches to 0.4, 08 and 1.2 bars for control. Str. 1 and Str. 2, respectively.
These tensions were chosen according to the shape of soil moisture retention
curve of Inshas sandy soil, where 0.8 and 1.2 represented medinm and high
soil water stress, respectively.

Soil moisture values were measured using pewtron probe for the

whole soil profile except 0-15 mhyuwhﬂnmedbygmvmﬁnc
method avoid neutron escape into the air (invalid determination).

Data recorded
‘ ’Ihefollomngtrmtswuemdedfmﬁndhwhmm
1-  Plant height (cm). '
2-  Spike length (cm).
3-  Number of spikes/planit.
4- " Weight of grainsispike (gm).
52 “Numbex of grains/spike.
6- 100-grain weight (gm).
7- Grain yield/plant (gm).

Reduchon(%)mﬂ;emeanofgmnywld!phtdmtodmnghsﬁmm
calculated as follows :

Mean snder non-stress - Mesn sndersiress | ..
Reduction (%) = rest - x 108

Statistical analysis- i

; “T‘hﬂobtmmddiﬁwuewmwmlmof'
variarice (Stedecor and Cochran 1969): 7 mx..snmw.smedﬁx
compansonbetweenﬁem(?laﬂumd])incml”). o P
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Correlation coefficient
Phenotypic correlation coefficients between yield and its components
for F3 progenies were calculated according to Leclerg (1962).

RESULTS AND DISCUSSION

Evaluation of F; progenies under stress and non-stress conditions
Effect of drought on yield and its components

~ The data given in Table (3) revealed that mean values of yield and its
attributes for Fy progenies derived from all the crosses and grown under str.
1 or str. 2 environments were generally less than means of the populations
grown under normal irrigation. Average grain yield of F; progenies -

originated from Sahel 1 x Sids 1, Sahel 1 x Gemmiza 7 and Sahel 1 x Giza

168 crosses were less under Str. 1 conditions by 4.90, 15.45 and 19.35 %,
respectively, as compared to the normal irrigated populations. Meanwhile,
yield reductions reached 11.48, 23.17 and 30.34 %, respectively under str. 2
environment.

It is worthy to mention that progenies derived from the cross Sahel 1

x Giza 168 were infiuenced by stress treatments more than the progenies of

Sahel 1 x Sids 1 or Sahel 1 X Gemmiza 7 crosses (Table 3). The differences

among wheat genotypes in their relative tolerance to drought were
previously reported by Bruckner and Frohberg (1987), Moustafa et al
(1996), Sharma and Bhargava (1996) and Kinyua ef af (2000).

Results in Table (3) also indicated that reduction in grain yield of ail
F; progenies due to drought stress was mainly accompanied by significant
decreases in most of yield components, especially number of spikes/plant
~ and number of grains/spike. In this respect, Mosaad et al (1995) evaluated a
number of wheat cultivars under water stress conditions their, results
revealed that the contribution of tillers to grain yield was higher in some
tested cultivars. Ragab and Sobieh (2000) stated that longer irrigation
interval significantly decreased plant height and number of grains/spike.
Taghian and Abo El-Wafa (2003) attributed the decreases of final grain
yield of wheat varieties grown under drought stress conditions to the marked
reduction in all yield components.
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Table3. Means of yield and yield attributes for F; progemies
originated from Sahel 1 x Sidsl, Sahel 1 X Gemmiza 7 and -
Sahel 1 x Giza 168.

piant | Spike | No.of | No.of | 190-

Treatment Crosses "1 height | length | spikes/ | grains/ wg'
cm Py

Grain
yickd/
em | piant | spike | (% ";)"'
1428

Sahel 1 x Sids1 7875 | 1283 | 943 | 4350 | 494

Normal

irrigation |Se!1 * Gemmiza7| 8322 | 12.26 | 1226 | 4856 | s22 | 1799
| Sabel1xGiza168 | 73.97 | 1190 | 993 | 48.40 | 419 | 1483
Treatment mean 7864 | 1233 | 1054 | 4682 | 478 | 1578

Moderate | Ssheilxsitst | 7376 | 1233 | 896 | 3793 | a1 | 1357
ey Jsamet1 x Gemmiza 7{ 8230 | 1155 |. 923 | 4350 | 455 | 1sm
St | Sanel1xGiat6s | 7053 | 1126 | 976 | 3960 | 362 | 1195

Treatment mean 7553 | 1.1 | 932 | 4034 | 419 | 1388
Severe Sahel1xSidst | 7206 | 1220 | 716 | 3653 | 433 | 26
‘;:g: Sahel 1 x Gemmiza7] 79.73 | 1136 | 735 | 4190 | 446 | 1339
(5tr.2) Sahel 1 xGiza 168 | 68.56 | 1093 | 670 | 3730 [ 363 | 1033

Treatment mean . | 345 { 1150 | 706 | 3857 | 414 | 1212
LSD 5 % (treatments) Ns |oas | 168 | 398 | 0379 | 28
LSD 5 % (crosses) 578 {0558 | NS | 399 | e229 | L1t

LSD 5 % (interaction) NS NS | Ns | Ns NS NS

NS = not significant

Phenotypic correlation coeflicients between yield and its contributing
traits for F; progenies originated from different wheat crosses

. Seed yield is the ultimate criterion which a plant breeder has always
t0 keep in view in his attempts to evolve improved types of any crop plant.
However, yield itself is not a unitary character but is the result of the
interaction of a number of factors in the plant as well as in the environment
in which the plant grows. It, therefore, becomes difficult to evaluate or
‘select for this complex character directly. Accordingly, one may resort to
more indirect methods such as determination of the association existing
between ‘other less variable characters and yield. Selection pressure may
then be more casily exerted on any of the traits which show close and
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significant association with yield. On this basis, simple correlation
coefficients (r) between yield and its effective traits were calculated for F;
wheat progenies to detect the most important characters that correlate with
grain yield/plant to be utilized as a selection criterion to pick out
outstanding variants from different drought stress treatments. Obtained
results revealed that number of spikes/plant and number of grains/spike
were the most important components associated with grain yield/plant for
the majority of F3 wheat progenies grown in both drought-stressed and non-
stressed environments (Table 4). Confirming results were obtained by Abd-
El-Moneim (1993) who found positive and significant phenotypic and
genotypic correlation coefficients between wheat grain yield and each of

Table4. Phenotypic correlation coefficients between grain yield /
plant and other studies of F3 progenies of bread wheat under

normal and drought conditions.

Treatments
: Non-stre Moderate Severe water
water stress stress
Characters
Sahel 1 x Sidsl
Plant height 0343 0.400 * -0.264
Spike length 0.599 *+* -0.149 0.137
No. of spikes/plant 0.958 ** 0203 0.762**
No. of grains/spike 0.221 0.285 -0.030
100-grain weight -0.133 0.319 0.079
Sahel 1 X Gemmizs 7

Plant height -0.070 0.089 0.255
Spike length 0214 -0.296 0.472 «*
No. of spikes/plant 0.762 ** 0.101 0.516 **
No. of grains/spike 0.524 ** 0373 * 0.490 **
100-grain weight -0.110 0.360 0.174

Sahkel 1 x Giza 168 _ '
Plant height 0.067 0432+ 0.212
Spike length 0.096 0.209 0.043
No. of spikes/plant 0.854 +* 0.489 ** 0.455 *
No. of grains/spike 0.265 0.564 ** 0.214
100-grain weight 0242 -0.138 0.554 *+*

* and ** indlcate significant and 0.85 and 0.81 probability level, respectively.




tillering capacity, number of spikes/plant and biological yield, while, -

Dhanda and Sethi (1996) stated that number of tillers/plant and biological
yield were important for wheat grain yield improvement under normal and
drought conditions. Onﬂleotherhmd,Afnf(Z(m)foundsiglﬁﬁcant
relationship between grain yield/plant and cach of heading date, plant
height, spikes/plant and 100 kernel weight in some bread wheat genotypes.
Meanwhile, Tammam et al (2000) reported that grain yield was positively
and significantly associated at phenotypic and/or genotypic level with each
of spikes/plant, grains/spike, 1000 kemel weight and spike length in bread
wheat under varying enviromments.

Based on the results of the comelation studies, it was planmed to
consider number of spikes/plant and number of grains/spike as good
selection criteria to screen the numerons number of plants derived from F;
progenies in order to detect high yielding genotypes based on the above
mentioned reliable traits. As a result, a considerable nomber of wheat
promising plants from str. 1 and str. 2 treatments baving grain yield equal to
. or more than that of the best normal irrigation (control) plants were selected
and grown in 2005/2006 winter season to raise the Fy individual plant
progeny rows,

Evaluation of F, progenies under stress and non-stress conditions
in 2005/2006 season.

1- Determination of the active rooting depth and the actusal water
consnmption

The active rooting depth and the actual consumption use
(Evapotranspiration, ET) for the F4 wheat progenies of F; selected plants
developed under control, str. 1 and str. 2 conditions were determined and
illustrated in Figs. (4) and (5). Results revealed that rooting zone for wheat

populations grown under str. 2 conditions extended downward more than
control and str. 1 treatment, especially during February and March (Fig. 4).
This gives an indication that wheat populations grown under str. 2
conditions were capable of with drawing water from the deeper soil to meet
their requirements especially through the period expanded from the later
vegetative growth up to grain filling.

ItlsworthmentlonmgthattheacmalwmwnmpuonfortheE
progenies grown under str. 1 and str. 2 conditions were less than the
consumption of control plant populahms by 1950 and 4959 %,

respectively (Fig. 5).
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Fig. ( 4 ) : Active rooting depth { ARD ) for F; wheat

populations under different drought stress
conditions.

Fig. (5) : Water consumption (m°/ha) for F, wheat populations
under different drought stress conditions.
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2- Effect of drought on yield and its components

Data conceming the effect of drought treatments on the yield and its
attributes for the F4 progenies are presented in Table 5. Tt could be observed
that drought treatments had significant effects on plant height, No. of
spikes/plant, No. of grain/spike, 100 grain weight and grain yield/plant.
Drought treatments did not significantly affect the spike length. Differences
between genotypes and the interaction between genotypes and drought
treatments did not reach the limits of significance as shown in Table (5).

Table 5. Means of yield and yield attributes for F; progenies
originated from Sahel 1 x Sidsl, Sahel 1 X Gemmiza 7 and
Sahel 1 x Giza 168.

Treatment Crosses :e i!ag r]'ltt lsegigl:fl SI:.?!.‘::I ;gl:sf’ gl?;)l;l (;i]:::ll.:

plant spike weight | plant

Sahel 1 x Sids1 | 7256 | 1042 { 502 | 4391 | s59 | 1167

i:_‘i:::i?n g:::‘:z: o | ™27 | 96 | 505 | 4399 | 526 | 1234
Sahel 1 x Giza 168} 7721 | 972 | 494 | 4328 | 489 | 11.29
Treatment mean 76.01 9.93 5.00 43,72 521 11.76
Moderate | Sahel 1 x Sids1 | 66.65 | 1012 | 469 | 3900 | 456 | 932
;:::: é:r‘::::\:z: o | 713 | 1076 | 481 | 4041 | am | a2
(Str.1)  ISanel 1 x Giza 168] 6464 | 1121 | 415 | 3910 | 465 | 885
Treatment mean 67.47 10.69 4.55 39.54 4.64 920
Severe Sahel 1 x Sidsl 58.75 10.16 4,08 36.03 4.44 8.45
;:::: g::::::z: o [ 6293 | 1000 | 418 | 3709 | 4s0 | s
(5tr2  ISahel1x Giza 168] 6139 | 1026 | 388 | 3543 | 429 | sas
Treatment mean 61.02 | 1017 | 405 | 3618 | 444 | 838
LSD § % (treatments) 5.280 NS 053% | 726 | 053 | 1740
LSD 5 % (crosses) 398 | NS NS NS NS NS
LSD 5 % (interaction) NS NS NS NS NS NS

NS = not significantTable 6. Average grain yield and water consumption of F, progenies derived
from wheat crosses.

Data given in Table (6) demonstrated that mean values of grain
yield/plant for the F4 progenies resulted from wheat crosses grown under
str.2 were less than the average grain yield of progenies developed under
str.1 by 8.90, but in the same time, the F; progenies under str. 2 treatment
consumed less water by about 30.9 %. This suggests that enhancement
drought tolerance, for breeding materials at hand, can be frequently

£
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Table 6. Average grain yield and water consumption of Fy progenies derived from wheat crosses,

Conti"ol treatment Str.1 treatment .- Str.2 treatment
F, ;
Lo No. of No. o :
progenies : u] Reduction % Reduction %
of wheat A;:I':. Water ﬁp;m":d A:::::‘ from Water J Reduction P;:E:;‘: A:::::' from | Water | Reduction
crosses : 12 - ) consumptlo control | comsumptiod from control |consumption) from
y"%"” (n*/ha) ::';;':5 ylel(:l‘;)llan pnpulntlonJ (m*/ha) | control 2?;"2 yl'ld(gh“ populations)  (m*/hs) control L
i plants (%) populations] . nts (%) - populations,
onarrx 1 rver- 8 | 932 | 2014 17 | s4s | 2789
el | 1234 o ]s | sa2 | 136 3 | &s2 | 3096
ey | nasy| 8 | 888 | 2161 | - 8 | 818 | 27.54
Maan 11.7‘(7"%‘ 3918 920 .79 3184 19.5 838 | 28,70 l 1978 49.59

—
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accelerated via conducting selection under str. 2 compared to str. | drought
conditions. Thus in the coming winter season, the Fs plant progenies will be
sown under str. 2 conditions only, while str. 1 treatment will be cancelled.
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