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ABSTRACT

In order to identify genotypes of high water efficiency and responsiveness, this
study was conducted to determine the differential performance under drought stress and
non-stress conditions at flowering stage among 3 groups of maize genotypes of narrow-
(single crosses), medium- (3-way crosses) and broad- (populations) genetic base
backgrounds in two seasons, i.e. 2009 and 2010. Performance of genotypes varied with
water supply and season. Water stress caused significant decreases in grain yield/plant
{GYPP), grain yield/fed (GYPF), ears/plant (EPF), kernels/plant (KPF), and 100-kernel
weight (100KW) and significant increase in anthesis-silking interval (ASI), barren stalks
. (BS), leaf rolling (LR) and leaf senescence (LS). The largest reduction was reached by
GYPP (= 38 %), but the largest increase was reached by LR (= 311 %) as a result of
water siress. Narrow genetic base genotypes exhibited the highest means for GYPP and
GYPF. Medium- and broad- genelic base genotypes came in the 2™ and 3™ rank,
respectively for same traits, Superiprity of tolerant (T) over sensitive (§) genotypes under
drought in GYPP (118.3 %) was due to superiority in all yield components, i.e. KPP
(25.78 %), EPP (24.71 %) and 100KW (3.89 %) as well as in drought adaptive traits, Le.
lower values in BS, LR, LS, ASI, days to anthesis and to silking and plant and ear height.
Single crosses SC 128, SC Ageeb, SC 101, SC 124, folfowed by SC 30D80, SC 3062, SC
30K08, and SC 10 were considered water efficient and responsive, while most of
populations were considered non-efficient and non-responsive. The superiority of SC
128, SC 191 and SC 3062 in GYPP could be atiributed to superiority in EPF, KPP, ASI
and LS while superiorily in GYPP of SC D80 and SC 30K08 could be due to superiority
in AST and LS and that of SC 10 due to superiority in EPP and KPP, Further studies
should be conducted to determine the underlying plant mechanisms contributing to the

water efficient selected hybrids of maize,
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INTRODUCTION

Growing maize under poor rainfed cenditions or in the sandy soils
of low water-holding capacity would expose maize plants to drought stress,
which could result in obtaining low grain yields under such conditions.
Moreover, the expected future shortage in irrigation. water necessitates that
maize breeders should pay great attention to develop drought tolerant maize
cultivars that could give high grain yield under both water-stress and non-
stress conditions. Maize crop was found to be particularly susceptible to
drought at flowering stage (Chapman et al 1996). Loss in grain yield is



particularly severe when drought stress occurs at this stage (Claassen and
Shaw 1970, Grant et al 1989 and El-Sayed 1998).

During the last decades, considerable efforts have been devoted to
improve yield performance of maize under drought stress conditions
through breeding, and to understand the mechanisms involved in drought
tolerance (Edmeades et al 1992). In that context, CIMMYT has improved
some tropical maize populations for drought tolerance while maintaining
their yield potential -under favorable conditions (Bolanos and Edmeades
1996). The problems have been the adoption of proper techniques of
identifying and selecting tolerant genotypes to soil water stress. This also
requires determining which trait should be recommended to the maize
breeders as most suitable for breeding drought tolerant maize.

Several investigators emphasized the role of maize genotypes in
drought tolerance. Tolerant genotypes of maize were characterized by
having shorter anthesis-silking interval {(ASI) (Bolanos and Edmeades 1993)
higher number of ears/plant (Edmeades ef a/ 1993 and Ribaut er al 1997)
and higher number of kernels/ear (Hall ef al 1982 and Ribaut ef al 1997)
than susceptible ones. The existence of genotypic differences in drought
tolerance would help plant breeder in initiating a successful breeding
program to improve such a complicated character.

Many investigators studied the correlations between yield and other
plant attributes under soil moisture stress in order to determine raptd and
accurate indirect selection criteria for drought tolerance. A strong negative
association was reported between grain yield and each of anthesis -silking
interval (Bolanos and Edmeades 1993) and barren stalks (Edmeades ef o/
1993). While a strong positive association was found between grain yield
yield and each of the number of ears/plant (Guei and Wassom 1992,
Terrazas ef @l 1995 and Ribaut ef al 1997) and number of kernels/row
(Weerathaworn er a/ 1992 and Ribaut er ol 1997). These investigators
suggested that mentioned traits could be used as indicators of drought
tolefance in maize. .-

To start a successful breeding programme for improving drought
tolerance, available maize germplasm should be screened under drought
stress and non-stress conditions to identify the best ones for further use in
extracting the best parental inbred lines for developing drought tolerant
single and three way cro.. hybrids. The objectives of the present
investigation were to examine the differential tolerance to drought at
flowering stage among three groups of maize genotypes, i.e. narrow,
medium and broad genetic base background, identify genotypes of high
water efficiency and responsiveness, estimate the magnitude of water stress
effect and identify characters of the strongest association with grain yield
under water stress.
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MATERIALS AND METHODS

Materials

Twenty eight maize (Zea mays L.) hybrids and populations were
used, namely 12 single cross (SC) and 8 three-way cross (TWC) hybrids and
8 open-pollinated populations as follows: SC 10 (1), SC 128 (2), SC 155
(3), SC 162 (4), SC Ageeb (5), SC 101 {(6), SC 124 (7), SC 30K09 (8), SC
30N11 (9), SC 30D80 (10), SC 3062 (11), SC 30K08 (12), TWC 352 (13),
TWC 329 (14), TWC 324 (15), TWC 314 (16), TWC 321 (17), TWC 310
(18), TWC 323 (19), TWC Majed (20), Cairo-1 (21), Pop-59E (22), DTP-1-
C-7 (23), Pop-45 (24), Comp-21 (25),Tep-5 (26), American Early Dent
(AED) (27) and Pop-Local yellow (28). These materials were kindly
provided by Pioneer International Co. (SC 30K09, SC 3011, SC 30D80, SC
3062, and SC 30K 08), Fine Seed International Co. (SC Ageeb and SC 101),
Nile Seed Co. (TWC Majed), Agronomy Dept., Fac. Agric., Cairo Univ.,
Egypt (Cairo-1) and the rest (19 entries) by Maize Res. Dept. of Agric. Res.
Center (ARC), Egypt.

Experimental Procedure

This study was carried out in the summer seasons of 2009 and 2010 at
the Experimental Station of the Faculty of Agriculture, Cairo University,
Giza, Egypt. Seed of the 28 cultivars and populations of maize were sown
under two irrigation regimes, i. e. well watering (WW) (contro! treatment)
where irrigation was added at 12 to 13 day intervals and drought stress (DS)
(stress treatment) by w1thhold1ng the 4™ and 5% irrigations; the irrigation
interval between the 3™ and next irrigation was 40 days, so water stress
period was 25 days just before and during flowering stage.

The soil of the experimental site was clayey loam, containing 35%
clay, 22% silt, 37% fine sand and 6% coarse sand with a PH of 7.8
(according to the analysis done at Soil and Water Res. Inst., ARC, Egypt).

Each main plot was surrounded with a wide ridge (1.5 m width), to

avoid leaching of water. Sowing date was May 1% in the 1*season and April .

4™ in the 2" season. Seeds were sown in hills at 25 cm apart, thereafter
(before the 1% irrigation) were thinned to one plant/hill. All other
agricultural practices were done accordmg to the recommendations of ARC,
Egypt.

Data were recorded on: number of days from planting to 50 %
anthesis (DTA), days from planting to 50 % silking (DTS), anthesis-silking
interval (ASI), plant height (PH) in cm, ear height (EH) in cm, barren stalks
percentage (BS %), leaf rolling (LR) at the eénd of stress according to
O’toole and Moy~ {1978) (scale from 1 to 5; where 1= unrolled and 5 =
tightly rolled lcaves: lcaf senescence (1.S) at the end of stress (scale from 1
to 10, where 1 = nu senescence and 10 = complete death), number of
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ears/plant ( number of ears per plot/number of plants/plot at harvest),
number of rows/ear (RPE), number of kernels/row (KPR), 100- kernel
weight (100 KW) in g, grain yield per plant (GYPP) in g and grain yield per
feddan (fed) (GYPF) in ardab (ard) (one fed = 4200 m’? and one ard =
140kg). Both GYPP and GYPF were adjusted at 15.5% grain moisture.

Biometrical analysis ‘

Combined analysis of variance of the split plot design across the two
years was computed if the homogeneity test was non-significant and LSD
values were calculated to test the significant of differences between means
according to Snedecor and Cochran (1989). Simple correlation coefficients
were calculated between grain yicld/plant and other studied traits under each
environment {(well or drought irrigation).

RESULTS AND DISCUSSION

Analysis of variance

Combined analysis of variance (Table 1) showed that mean squares
due to genotypes (28 hybrids and population) were highly significant for 12
out of 15 studied traits; the exceptions were barren stalks (BS) leaf rolling
(LR), kernels/row (KPR) and rows/ear (RPE) traits, where differences
between genotypes were not significant. Mean squares due to irrigation
regimes were highly significant for all studied characters, except for days to
anthesis (DTA) and KPR, indicating that soil moisture stress had a
significant effect on most studied traits. Mean squares due to years were
significant or highly significant for all studied traits, indicating the presence
of differences among 2009 and 2010 seasons in weather conditions;
especially temperature since date of planting was on May 1% in the 1™
season and April 4™ in the second one.

Mean squares due to genotype x irrigation reglme interaction were
significant and highly significant for ears/plant (EPP), 100-kernel weight
(100K W), kernels/plant (KPP), grain yleld/plant (GYPP) and grain yield/fed
(GYPF), indicating that means of grain yield and its components of
genotypes varied with water supply, confirming previous results (Denmead
and Shaw 1960, Moss and Downey 1971, El-Sayed 1998, Atta 2001 and Al-
Naggar ef al 2004 and 2008).

Mean squares due to genotype x year interaction were highly
significant for 10 out of 15 studied characters and non-significant for DTA,
BS, leaf rolling (RL), KPR and RPE. Mean squares due to genotype x
irrigation regime X year interaction were significant and highly significant
for leaf senescence (LS), 100KW, GYPP and GYPF, suggesting that the
performance of genotypes varied with water supply and season for these
traits,



Table 1. Combined analysis of variance across two years for studied traits of
maize genotypes evaluated wnder well watering (WW) and drought

stress {DS).
SOV daf Mean Squares

DTA DTS ASJ PH EH
Years (Y) 1 2263.05** 466.71**  602.68%*  5146.50** 11904.76**
Year/Reps 4 21.05 51.61 12.53 2398.96 301.19
Irrigation (I) 1 18.11  243.44**  10744** 18975.07** 17574.11**
Yxl 1 28.58 72.43* 476 9589.36%* 344,05
Error (a) 4 41.99 67.90 443 1508.78 962.65
Genotypes(G) 27 57.12%%  85.01%* 11.18%*  1542.80%**  727.39%*
GCxY 27 59.18 68.23%¢ 13.07%*  1422.43%*  585.78%*
G xl 27 4.7 7.42 3.50 370.75 207.59
GxIxY 27 6.27 8.73 4.83 336.89 185.25
Ervor (b) 216 4.63 6.72 492 342.45 174.51

BS LR LS EPP KPR

Years (Y) 1 249.81* 162.96** 276.86%* 2.61%*  2010.96%*
Year/Reps 4 73.89 3.23 091 0.15 210.94%*
Irrigation () 1 3605.78%* 122668** 923.36%* 3.56%* 1296.43
Y x| 1 457.71**  260.76** T1.50%* 0.35* 619.94*
Error (a) 4 69.05 1.68 27 0.45 165.38
Genotypes(G) 27 1746 1.82 5.71%¢ 0.10%* 38.20
GxY 27 9.66 3.68 3.25% 0.07** 30.56
G xI 27 1423 1.54 1.48 0.05* 37.60
GxIxY 27 15.74 368 2,42+ 0.03 24.11
Error (b) 216 13.77 2.98 1.47 0.03 29.26

RPE 100 KW KPP GYPP GYPF
Years (Y) 1 52.01%* 2129.55** 686962.35** 7837.35** 176.33**
Year/Reps 4 5.38 0.08 12219798 22949 5.16
Irrigation (I) 1 55.86**  477.52** B76898.55%% 98533.14%* 2217.14%*
¥xI 1 3.01 526.78* 686962.35** 9815.05%*  220.76**
Error (8) 4 2.75%¢ 0.08 58708.15**  407.66 9.17
Genotypes(G) 27 2.75 67.01%*  57803.34** 357621%*  80.45**
GxY 27 3.83%+ 44.45% 9277.11 762.30%%  17.15%*
G xI 27 1.76 3045%  25278.38**  848.19%*  19.09**
GxIxY 27 1.99 24.64* 9277.11 589.43%*  13.26"*
Error (b) 216 1.63 0.06 1334523 326.67 7.35

= and ** indicates significance at 0.05 and 0.01 probability levels, respectively
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Effect of drought stress

- Whattert> stress -scbadiﬁonsrsimp:mdﬁmxing?dhw‘eringf stage::causedfa !
significaht ‘reduction; :across-the twobstudied “years, ! grath “yield/plant
(37.93%) and grain yield/fed (30.96%) _g_’[ahl‘gﬂ)ﬂ Yield reductions due to
drought were accompanjed. ,by,!smlﬁcant losses in 100KW (7. 74%) KPP
(31 13%2 KPR (10.47%), RPE- (5 58‘77 afd earsfpra.nt {21.52%), i.e."in all
yield components'feduction 7 each yicid'compohéfit separately was not as
high as’ 'reductld}f i’ grair ﬁe‘i&iplanﬁik\‘s&ucf“ ioif ‘dué to Wwater deficit at
flowering stage in‘ntmber of’kérnels/glaht Q;vas muc ‘greater than that'in the

kerne'l ‘weight, gonﬁn ng reguL aw (1970), Grafit e az_;:
3»

(1989), Ngsmnh (199’1) El-
(2008). -

EG T :'- E I 2 ):f Rpog e

Tablg?.. ﬁnmmaxy Qf aneans and ranges o{«studled t;'nts for 28 maize cnltlvars ;
- »g:A0d popwiations lugder well watering (WW) and. drought ;stress

.~;(DS) candifions ( Data are combiped across fwo years). PP

X iz A R 28

Tra;is Mean "Range ’
a0 GIGE *EiH TRAR AT WWRRSEE Y DSED
HRO0iww DS Red 'A %ﬁ est Lovwest Hnghoiff deest ’I

%&Q". #*2g gLl]
DT 6003 B a9 50 A, sl G50 o7

DTS g,-anssa :@,36 24077850 6kg7 80.17; 6634 093 2.09 ig‘agm

ASI (dogks 4.87 »6.04 -2392* CEI7 2900 900003317 48 1{TWesS3na

PH(cm). 0£229.89°2 7494 6.59 *2850.84 19350 245.0091%4.17 562 14.89 29. fs* v

e &b ¥ &
RH(eafp T€114.52 10887 1262205067 o3 7S a7 S 1063 Jo40

BS% ac.0c 482 .87 -136. 11#§53 3gipe 15.8%.¢ +7.07 QR0 299 (4)2(%1&:1
LR 123 506 -31138 184 1.00 8.00_ 350 073 139 387

WAGOP o HH]
1S E:Y; 176, 'I‘g‘{) gv']%osgg p o+ Qr;s. faedd? 04 098 233y
gy #
. - EPP aie 079 ng‘i 2132”“!E§[;2 é 1.02 8L, 946 _0206 0.13 aqgfazm

RPE:+,; ¢yctd- ﬂ#l?e?éae 5585 gdfi99  8cf0rel5. 18 551220 041 1.Q3) aRiRBrsnt
KPR**37.0587.33+ ABARC 1047 4080 329072 38.67:078.64 177 4.35 187H2Y

KPP 7!.¢ 4850338505 31731 80357 37§%§ 454. 9*1*644 80 3536 92.96 ‘@)4F

100k WEH 5083  BIE 77 M 268 e e ofs 091" BEH"

cypa@“j@pz.stx,g?;g;g 3793 14850 66:34):102.14,736.56 444 14.54 234{ 3
GYPPGuyuiy 16.54++11.42: 30.96 723535 IRAAL 16.050¢ 7.97 067 2.18 '3.0% = i3

Red= rediiction = 1003WW- DSYWW. ¥ irvigatiofl Yekimes and G- penotypen . __ 183 23td
yisvinagass sisvsi vElidedosg 19.0 bos 209 1 sanasilingis estasibe: © " bog

A significant decrease was also recorded due to water stress in
number of days to anthesis (3.36 days or 4.91%), days to silking (1.77 days
or 2.40%), plant beight (6.59%) and ear height (12.62%).



On the contrary, a significant increase was shown by anthesis-silking
interval (1.17 days or 23.92%), BS (136.14%), LR (311.38%) and LS
(188.07%) due to water stress at flowering stage (Table 3). Elongation of
ASI in maize as a result of drought stress was reported by several
investigations (Bolanos and Edmeades 1993, El-Sayed 1998 Atta 2001 and
Ai-Naggar et al 2004 and 2008). 1t is interesting to record that reductions in
means of the 28 genotypes due to drought were accompanied by reductions
(narrowness) in their ranges (for GYPP, GYPF, KPP, KPR, DTA and DTS),
while increases in means due to drought were associated by broadness in
their ranges (for ASI, BS, LR and LS).

Genotypic differences under drought

Means of the 28 maize hybrids and populations showed a wide range
under well and drought stress conditions (Table 2). The four highest and
four lowest genotypes are presented in Table (3). Under drought conditions,
the highest mean grein.yield/feddan (16.05 ardab) was achieved by the
single cross SC 128 (developed by ARC, Egypt). The same cross was
among the four highest hybrid genotypes and populations for GYPP, KPP,
100KW and EPP and the four lowest (favorable} genotypes for LR, BS,
DTA and DTS under drought irrigation and GYPF, GYPP, KPP, 100KW
and EPP and the four lowest for LS and DTA under well watering
conditions.

Under drought stress conditions, the single crosses SC 124 and SC
128 (developed by ARC), SC Ageeb (developed by Fine Seed Co.) and SC
3062 (developed by Pioneer Intemn. Co.) ranked 1%, 2", 3" and 4%
respectively for grain yield/plant. These four crosses (SC 128, SC 124, SC
Ageeb and SC 3062) were considered the most tolerant genotypes to
drought in this study. Drought tolerance of single crosses expressed by grain
yield could be atiributed to their advanced rank in earliness (DTA and DTS)
(SC 128), shortness of ASI (SC 3062), shortness of plant height (SC 3062),
lowest ear pasition {SC 30k-8 and SC 101), lowest barren stalks ($SC 128),
lowest LR (SC 3062 and SC 128), highest number of ears (SC 3062, SC128
and SC 101), highest number of kernels/plant (SC 3062, SC 128, and SC -
101) and heaviest kernels (SC 128) (Tabie 3).

In contrast, Tep-5, DTP-1, Cairo and AED, all open-pollinated
populations, were the lowest for GYPP and GYPF. These genotypes were
therefore considered as the most sensitive genotypes to drought at flowering
stage.
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Table 3. The four highest and four lowest hybrids and populations for studies
traits under well watering (WW) and drought stress (DS) conditions
{Data are combined across seasons).

Parameter
WwW DS ww Ds WW DS
DTA BS RPE
Highest SC30NI1 SC30N11SC30D80 SC30k8 AED Comp2}
SC30k9 TepS  TWCMajed TWC310 Pops9 SC155
Tep$ TWC329 Cairol PopLocal Pop45 Pop59
TWCMajed SC30k9 PopLocal TepS TWC329 AED
Lowest  PopLocal PopLocal SCAgeeb SCi28 TWC323 TWCMajed
Pop59 PopS9  Tep5 §Ci0 8C101 TWC323
SC101 SC128 SCISsS DTP1 SC30N11 SC3062
SC128 sCi101  scio TWC323 SC30D80 TWC324
DTS LR 100KW
Highest  SC30N11 Teps TWC329 SC30N11 SCiI{l SC30k9
Tep5 SC30N11 Cairol AED SCi128 TWCMajed
TWCMajed SC30k9 Comp2} TWC323 SCAgeeb TWC314
SC30k9 TWC329 TWC324 TWC329 SCI10 SCi28
Lowest  PopLocal PopLocal TWC321 SC3062  PopLocal ~ PopLocal
Pop59 Pop59 TWC310 TWCMajedSC124 SCl124
SC101 5C128 SC30k8 5C128 S5C30D30 Tep5s
SC30D80 SC155 SC30D80 - Cairol TWC352 SC30KS&
- ASI is KPP
Highest Comp2l TWC314 Comp21 TWC321 - SCl162 SC155
TWC314 TWC310 Popd5 TWC352 SC30N11 5C 3062
Pop59 SCAgeeh TWC329 PopLocal SC128 SC128
AED Pop59 TWC324 Comp2] TWC321 SC101
Lowest  SC30D80 SC30D80DTP1 TWCMajedTeps Teps
' TWC324 SC3062 SCl62 Tep5 PopLocal TWC329
8C3062 DTP1  SC10 SC30N11 Pop59 TwWC324
PoplLocal SC155 Sci2g SC30k9 SCAgeeb SC30k9
PH EPP GYPP
Highest  Cairol Cairo! SC30N11 SC3062 SC30k8 8C124
SC30N11 SC30N115Ci62 SCl155 SC128 SCi28
TWC324 TWC314 SC128 SC128 TWC32t SCAgeeb
TWC329 sCio SC3062 SC101 SCl10 8C3062
Lowest PopLocal Pop59 Pop59 - TWC329 Teps Tep5
Pop5% PopLocal Tep5 . Tep5 Pops9 DTP1
DTPI SC3062 PopLocal SC124 AED Cairol
SCi124 SC30D80Pop45 TWC324 TWC352 AED
EH KPR - GYPF
Highest Cairol - SC30N11SC101 SC10 SC1g1 SC128
TWC324 Cairol TWC310 SCi162 5C124 SC124
TWC329 AED SCi24 SC101 SCAgecb SC30D80
Comp21 Teps  AED Cairol SC128 SCig1
Lowest 5C101 Pop59 SCApgeeb SC30N11 Pops59 AED
SC30k8 PopLocal SC30N11 SC30D80 Comp2! Cairol
Pop59 SC30k8 TWC352 TWCMajedTeps DTPI
DTP1 SC101  Cairol SC30k9 AED Teps
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Hybrids vs populations

Partitioning genotype degrees of freedom into its components, ie.,
single (SC) and 3-way (TWC) crosses and populations (Pop) for GYPP and
GYPF (Table 4) showed that mean squares due to SC's were highly
significant across seasons, indicating presence of significant differences
among single crosses for grain yield traits. Mean squares due to SC x year
and TWC x year interactions were significant and highly significant for both
yield traits, indicating that SC’s and TWC’s perform differently from year
to year.

Table 4. Partitioning genotype (G) degrees of freedom into single (SC) and 3-
way (TWC) hybrids (H) and populations (Pop) and their
interaction under drought stress (DS) conditions (Data are
combined across years)

Mean squares

Sov df
GYPP GYPF
Genotypes (G) 27 1165.44%* 26.23%*
Hybrids (H) ' 19 665.01+* 14.96%*
Single cross (SC) 11 854.04%* 19.23%*
3-way cross (TWC) 7 367.78 8.27
SCvs TWC i 666.20* : 14.94*
Popuitions (Pop) 7 137.38 3.10
Popvs H 1 17870.22%* 402.17%*
GxY - 27 5312.67** 13.68**
HxY 19 13181.35%* 16.27%*
SCxY 11 46762.26%* 19.59*%*
TWC xY 7 9545.33* 12.75*
SCvs TWC xY 1 1942.13 4.38*%
PopxY 7 1272.02 6.77
Popvs H > Y 1 304.52 12.79%*

Mean squares due to orthogonal comparisons, i.e. SC vs TWC and H
vs Pop were significant for both traits, indicating that the group of single
" crosses differs significantly from the group of 3-way crosses and group of
hybrids differs significantly from the group of populations.

- Comparing matze genotypes for drought tolerance, based on narrow-
vs medium vs broad base genetic background (Table 5), indicated on
average, that under drought, narrow-genetic base genotypes (single crosses)
showed the highest means for GYPP and GYPF. Medium genetic base
genotypes (3-way crosses) came in the second rank after single crosses,
while broad base genctypes (populations) exhibited the lowest means for
grain yields that express tolerance to drought. This indicates that, on average
the single crosses were the highest tolerant to drought, the 3-way crosses

Eae £5- 1
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Table 5. Comparison of drought tolerance among single and three-way crosses
and populations for grain yield/plant (GYPP) and grain yield/feddan
(GYPF), in the two seasons and combined across them.

2009 season 2010 season Combined

Genotypes GYPP GYPF GYPP GYPF GYPP GYPF
: @® (ard) ® (ard) (&) (ard)

Well Watering
Single crosses 132.08 19.50 124.67 18.70 128.38 19.10
Three-way crosses 117.99 16.07 116.34 17.45 117.17 16.76
Populations 87.70 13.00 81.47 12.22 84.59 12.61
Drought Stress
Singie crosses 63.92 10.84 97.15 14.57 80.54 12.71
Three-way crosses  49.20 10.51 89.75 13.46 69.48 11.99
Populations 41.71 7.90 67.29 10.09 -54.50 9.00
Reduction %
Single crosses 51.61 44.41 22.07 22.09 37.26 33.46
Three-way crosses  58.30 34.60 22.86 22.87 40.70 28.46
Populations 52.44 39.23 17.41 17.43 35.57 28.63

Reduction % = 100(Wel! watering — Drought stress)/Well watering

were of medium tolerance and the open-pollinated populations were of
lowest tolerance, for both and across years (Table 5). This might be
attributed to the high productivity of the newly developed single cross
hybrids under drought conditions as compared to 3-way crosses and
populations. These results are in agreement with those reported under low-
nitrogen conditions by Akinotoye ef al (1999) and Worku ez al (2007).

On the contrary, average reduction due to drought stress was at
minimum (favorable) for the set of studied populations expressed in GYPP
(Table 6). Maximum reduction due to water stress was shown by the group
of 3-way crosses for GYPP. Average reduction because of water deficit for
the group of single crosses was of medium magnitude for GYPP and-
maximum for GYPF. Thus, the group of single cross hybrids could be
considered the most tolerant genotypes, since they showed the highest
absolute estimates unde. drought for the most important traits expressing
drought tolerance and medium reduction in GYPP due to drought
conditions. In contrast, the group of populations could be considered the
most sensitive genotypes in the present study, because of their inferiority in
absolute estimates of GYPP and GYPF. The lowest reductions due to water
— deficit exhibited by populations may be attributed to the lowest absolute
means under well watering, i.¢. to their low potential performance.
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Superiority of tolerant over sensitive genotypes

To describe the differences between drought tolerant (T) and sensitive
(8) genotypes, data of studied characters were averaged for the two groups
of genotypes differing in their tolerance (Table 6). The four highest tolerant
genotypes (T) to drought were SC 128, SC 124, SC Ageeb and SC 3062,
while the four most sensitive (8) ones were Tep-5, DTP-1, AED and Cairo-
1 in both and across the two studied years.

Table 6. Average performance of selecte(l_ characters averaged over the four
highest and four lowest genotypes in grain yield and superiority (%) of
tolerant (T) over semsitive (S) genotypes wunder drought stress
conditions combined across seasons.

Characteristic Tolerant(T) ~ Semsitive (S)  Superiority %
No. of genotypes 4 4 :
DTA (day) 67.04 7121 585
DTS (day) ' 73.00 721 545
ASI (day) 592 6.00 -138
PH (cm) . 207.71 222.50 -6.65
EH (cm) ' 94.58 111.25 -14.98
BS (%) 9.33 11.31 1757
LR , - 458 5.75 2025
LS = 462 471 198
EPP (No) 0.80 0.64 24.71
100KW () 28.54 27.47 3.89

" KPP (No) 377.82 300.38 ' 25.78
GYPP (g) 99.38 45.53 118.30

Grain yield of tolerant (T) genotypes was greater than that of the
sensitive {S) ones by 118.30% across years. Superiority of T over S
genotypes under water stress in grain yield was due to superiority in the
three yield components; i.e. number of kernels/plant (25.78%), number of
ears/plant (24.71%) and 100 kerne! weight (3.89%). Superiority of T over §
under drought in number of kernels was more than six fold greater than such
superiority in kernel weight, - :

In contrast, significant lower values (desirable) exhibited in T than in
S by about 20.25% for leaf rolling, 17.57% for batren stalks, 14.98% for ear
height, 6.65% for plant height, 5.85% for days to anthesis, 5.45% for days to
silking, 1.78% for leaf senescence and 1.38% for anthesis silking interval,
indicating that T genotypes were earlier, shorter, of less leaf rolling and
senescence and less barrenness than S genotypes.
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Trait interrelationships

Under drought conditions across the two years, grain yield/plant had
significant and highly significant positive associations with kernels/plant,
100K'W, kernels/row, ears/plant, plant height and rows/ear (Table 7), but the
magnitude of such correlations was small (>0.39). On the contrary, grain
yield/plant showed a highly significant negative correlation coefficient with
anthesis-silking interval, barren stalks, leaf rolling and leaf senescence, all
are drought adaptive traits. This indicates that maize plant, to produce high
grain yield under drought stress should be characterized by short ASI, low
barrenness, low leaf rolling and low leaf senescence.

Table 7. Simple correlation coefficients between grain yield/plant and
other studied traits under well-watered and drought-stress
conditions in 2009 and 2010 seasons and their combined

Trait Well watering Drought stress

2009 2010 Combined 2009 2010 Combined
DTA -0.37%* -0.05 -0.19%* -0.16 004 0.18%*
DTS -0.32%+ ~0.12 -022* -0.27* -0.01 -0.05
ASI 0.04 -0.17 -0.03 -0.19 -0.08  -G.32*
PH 0l 0.10 0.10 0.13 0.18  0.28**
EH 0.09 -0.16 0.01 0.15 0.03 -0.09
BS 0.05 -0.16 -0.10 0.10 .. -015 -0.25%+*
LR -0.02 -0.29%* 017 -0.10 -0.02 -0.29%*
1SE 0.05 0.02 0.04 0.0 0.03 -0.28%*
EPP 0.01 0.13 0.05 : 0.13 0.17 0.32%*
KPR -0.04 -0.22* -0.08 0.11 0.i6 0.32**
RPE 0.03 0.04 0.00 0.08 -0.13 0.13*
100KW  032%* 0.41%* 0.33% -0.09 0.16 0.33%+
KPP - 0504 0.32%¢,  0.42% 0.32%s 0.07 0.39++

GYPF 1.00** 1.00** ° 1.00** 1.00** 1.00%* 1.00%*

An increased ASI (or asynchrony) has usually been associated with
reduction in grain yield (Classen and Shaw 1970, Moss and Downey 1971,
Edmeades et al 1993, Bolanos and Edmeades 1996 and Al-Naggar et al
2004 and 20C8). Under well watering, grain yield had significantly pocitive
correlations with KPP and 100KW and significant negative correlations
with LR, DTA and DTS. Under both drought stress and non-stress
conditions, GYPP had a very strong positive correlation coefficient (r=1.00)
with GYPF (Table 7).
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Identifying genotypes based on water efficiency and responsiveness

Mean grain yicld/plant combined across years of studied genotypes
under drought stress at flowering stage was plotted against mean grain yield
of the same genotypes under well irrigation (Fig.1), which made it possible
to distinguish between water efficient and inefficient genotypes on the basis
of above-average and below-average grain yield under drought stress,
respectively and responsive and non-responsive genotypes on the basis of
above-average and below-average grain yield under well watering
respectively (Sattelmacher et al 1994). Similarly, means of EPP, KPP, ASI
and LS under water stress were plotted against means of the same traits for
the same genotypes under well watering (Figures 1 2, 3, 4 and 5,
respectively).

Studied genotypes were classified into four groups, i.e. water efficient
and responsive, water efficient and non-responsive, water non-efficient and
responsive and water non-efficient and non-responsive based on GYPP,
EPP, KPP, ASI and LS traits, taking into consideration that the high values
of GYPP, EPP and KPP and low values of ASI and LS are favorable.
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Figure 1. Relationships between grain yields of 28 maize hybrids and
populations under well-watering and drought combined
across seasons. Broken lines represent mean grain yield.
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Figure 2. Relationships between number of ears/plant of 28 maize
hybrids and populations under well-watering and drought
combined across seasons. Brokem lines represent mean
number of ears/plant.
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Figure 3. Relationships between number of kernels/plant of 28 maize .
hybrids and populatious under well-watering and drought
combined across seasons. Broken lines represent mean
number of kernels/plant yield.
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Figure 4. Relationships between anthesis-silking interval of 28 maize

hybrids and populations under well-watering and drought

" combined across seasons. Broken lines represent mean
anthesis-silking interval.
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Figure 5. Relationships between leaf senescence of 28 maize hybrids and
populations under well-watering and drought combined
across seasons. Broken lines represent mean leaf senescence,
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Genotype 2 (SC 128) had the highest yield at well watering and highest
yield at drought stress, i.e. it could be considered as the most water efficient and
the most responsive genotype in this study (Fig. 1). Genotypes § (SC Ageeb), 6
(SC 101) and 7 (SC 124) came in the second rank after SC 128 followed by
genotypes 10 (SC 30D80), 11 (SC 3062), 12 (SC 30K08) and 1 (SC 10) and
could also be considered water efficient and responsive genotypes. On the
contrary, most studied populations wetre the lowest yield genotypes under both
drought stress and non-stress conditions and therefore, could be considered
water inefficient and non-responsive (Fig. 1). Genotypes 17 (TWC 321), 3 (SC
155) and 15 (TWC 324) are considered inefficient and responsive with respect
of GYPP.

The efficient and responsive genotypes classified based on grain yield,
viz. 2 (SC 128), 6 (SC 101) and 11 (SC 3062) were also efficient and responsive
based on ears/plant, kernels/plant, ASI and leaf senescence as illustrated in Figs.
(2, 3, 4 and 5, respectively). The genotype 10 (SC 3CD80) was amongst the
efficient and responsive ones for ASI (Fig. 4). The genotype 12 (SC 30K08) is
efficient and responsive for ASI (Fig. 4) and leaf senescence (Fig. 5). The
cfficient and responsive genotype 1 (SC 10) based on GYPP was also efficient
and responsive based on EPP (Fig. 2) and KPP (Fig. 3).

It is worthy to note that the inefficient and non-responsive genotypes for
GYPP were of high number of ears/plant (Fig. 2) and low leaf senescence (Fig.
5) under drought stress and non-stress conditions for genotype 9 {(SC 30N11)

‘and of high number of kernels/plant (Fig 3) under both environments for
genotype 23 (DTP- 1).

It could be concluded from thls study that the superiority of maize
genotypes under drought conditions could be a result of superiority in a
combination of EPP and KPP (grain yield traits) and ASI and LS (drought
adaptive traits) (SC 128, SC 101, and SC 3062) or a result of superiority in only
one component, i.e. either grain yield traits (SC 10) or only drought adaptive
traits (SC 30D80 and SC 30KO08). The present study suggested that further
investigation should be conducted to determine the underlying plant
mechanisms contributing to the water efficient selected hybrids of maize.
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