J. Plant Production, Mansoura Univ., Vol. 7(12):1263 -1267, 2016

Combining Ability Estimation and Gene Action in Maize (Zea mays L.), Using
Line X Tester Method under Normal Irrigation and Water Stress Conditions
Sultan, M. S.'; M. A. Abdel-Moneam'and A. M. EL. Orabi?

! Department of Agronomy, Faculty of Agriculture, Mansoura Uniersity.
2 Misr Pioneer Seeds Company

ois Articy
s e

CHECKED

against plagiarism

TV
ABSTRACT

A line x tester analysis involving 28 top-crosses generated by crossing seven elites maize inbred lines (yellow) with four
testers (yellow single crosses) was conducted for different some traits during 2015 cropping season at the Experimental Farm of
Agricultural Faculty, Mansoura University, Egypt. The experimental design was the Randomized Complete Block Design
(RCBD), with three replications. The objectives of this study were to estimate of general and specific combining ability effects of
the parents (the inbred lines and the testers) and to evaluate the top-crosses performance of the hybrids for flowering, vegetative
and ears yield plant™ traits. The GCA/SCA ratio was found to be less than unity in all studied traits under both conditions, except
ear height under stress condition, revealing that non-additive gene effects were more important than additive gene effects in the
expression of these traits. Results showed that line (1), line (2), line (6), tester (1) and tester (2) were the best general combiners
among the parents for ears yield per plant. Top-crosses no. 3, 4, 7, 9, 13, 20 and 26 under both conditions, 10, 19, 21, 22, 27 and
28 under water stress condition and 14, 23, 24 and 25 under normal irrigation condition showed negative and highly significant
specific combining ability estimates for tasseling date. Top-Crosses no. 3, 4, 7, 9, 10, 13, 20 and 26 under both conditions, 19, 21,
22 and 28 under water stress condition and 6, 8, 23, 24 and 25 under normal irrigation condition showed negative and highly
significant specific combining ability estimates for silking date. Negative and significant or highly significant specific combining
ability estimates were detected for top-crosses no. 1, 11, 16, 19 and 26 under stress condition for ear height. Significant or highly
significant and negative specific combining ability estimates were detected for top-crosses no. 1, 6, 9, 16 and 20 under stress
water condition and 7, 12 and 13 under normal watering condition for plant height. Highly significant and positive specific
combining ability estimates were detected for top-crosses no. 3, 4, 10, 13, 17 and 24 under stress water condition, 1, 2, 9, 16 and

20 under normal water condition and 5, 8, 11, 15, 18, 22, 25 and 26 under both water conditions for ears yield per plant.
Keywords: Maize, Combining ability, Gene action, Line x Tester, Drought stress, Proportional contribution.

INTRODUTION

Drought is a worldwide phenomenon and is a
major production constraint, reducing crop Yyields.
Drought, like many other environmental stresses, has
adverse effects on crop yield. Low water availability is
one of the major causesforcrop yield reductions affecting
the majority of the farmed regions around the world. As
water resources foragronomic uses become more limiting,
the development of drought-tolerant lines becomes
increasingly more important. Although several methods
have been developed, it remains difficult to judge where
water is and whether it will be scare (Araus et al., 2002
and Tester and Bacic, 2005). Estimation of combining
ability and genetic variance components are important in
the breeding programs for hybridization (Fehr, 1993). In
any breeding program, the choice of the correct parents is
the secret of the success. One of the most important
criteria in breeding programs for identifying the hybrids
with high yield is knowledge of parents genetic structure
and information regarding their combining ability
(Ceyhan, 2003). To initiate effective hybrid breeding
program, information on the combining ability of inbred
lines is an essentialand critical factor. In the current study,
therefore, an attempt was made to generate information on
seven elites maize inbred lines (yellow) crossed to four
testers (yellowsingle cross) ofknown heterotic groups in
line x tester mating fashion and evaluated with the
objectives of estimation of the GCA and SCA effects of
the inbred lines and evaluation of the top- cross
performance of the hybrids for study traits.

The present investigation was accomplished to
get information regarding general and specific
combining abilities and gene action in the inheritance of
some earliness, vegetative and yield characters under
drought stress and non-drought stress for improving
drought tolerance in maize.

MATERIALS AND METHODS

1-Genetic materials: The genetic materials used in this
study were seven inbred lines (L1 (CML52), L2 (LZI3),
L3 (PHG35), L4 (LH123), L5 (Inb.204), L6 (Inb.209)
and L7 (R.39)) with four testers (T1 (S.C.167), T2
(5.C.168), T3 (S.C173 and T430M84) of diverse
genetic back ground. The first four inbred lines were
obtained from United States of America (USA). While,
the last inbred line (R39) was obtained from Quality
Techno Seed Company and two inbred lines (Inb. 204
and Inb. 209) were obtained by Agriculture Research
Center (ARC) and four testers were obtained by
Agriculture Research Center (ARC) and Misr Pioneer
Seeds Company.

Field experiments: In 2014 growing season, the seven
inbred lines and the four testers were planted on April
30" and May 15" in separate plots and top crosses were
made between lines and testers on according to line x
tester design 1l Kempthorne (1957). Each top cross was
constituted by collecting pollen from 40-50 protected
tassels, representing the tester, then top crossing on to
protected silks of 20 plants representing the inbred lines
by hand pollinating.

In 2015 summer growing season, each of seven
inbred lines, four testers and the 28 top crosses resulting
from the first season were sown in two experiments
representing two irrigation treatments, which were
every 12 days (normal) and every 18 days (stress) at
70cm between ridges and 25 cm between hills. Each
experiment was designated in a Randomized Complete
Blocks Design (RCBD) with three replicates.

Each experimental plot consisted of only one
ridge at five meters long. Plants were thinned to secure
one plant hill* after seedling emergence. Each
experiment was hoed twice, before 1 and 2"
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irrigations. Nitrogen (Urea, 46% N) at dose of 120 kg N
fad™. was added in two equal split doses, before the 1°
and 2" irrigations.

Phosphorus (calcium super phosphate, 155 %
P,05) at dose of 200 kg fad. was added to the soil
during seedbed preparation, and potassiumsulphate (48
% K,0) at a level of 50 kg fad™ was applied after
thinning. Moreover, other agriculture practices were
applied as recommended
Studied traits: The following measurements were
recorded: Tasseling date (days), silking date (days), ear
height (cm), plant height (cm) and ears yield per plant (g).
Statistical analysis: Statistical procedures used in this
study were done to the analysis of variance for
randomized complete blocks design as outlined by
Cochran and Cox (1957). Mean of values were
compared at 5% level of probability using least
significant difference (LSD).

An ordinary analysis of variance was performed
for the data collected from top crosses to test the
differences and significance of all genotypes. When
differences among top crosses were significant, the line

X tester analysis according to Kempthorne (1957) and
Singh and Chaudhary (1977) was done to estimate
variance due to general and specific combining ability
of the tested lines and testers interaction as well as
various types of the gene effects.

RESULTS AND DISCUSSION

1-Analysis of Variance :

The analysis of variance for maize genotypes
involved 28 top crosses resulting from (7 inbred lines x
4 testers) are presented in Table 1. Genotypes i.e.
parents and crosses exhibited highly significant
variation for all studied traits under normal irrigation
and water stress conditions, indicting differences among
these genotypes under investigation. Results presented
in Table 1 showed that mean squares of parents vs.
crosses (which indicated the variance due to heterosis)
were found to be significant and highly significant for
all studied characters, illustrating the wide range of
heterosis values among the hybrids for all studied traits
for both normal irrigation and water stress conditions.

Tablel. Mean squares of analysis of variance for studied maize traits (tasseling date, silking date, ear height,
plant height and ears yield per plant) under normal irrigation and water stress conditions:

Source of Tasselling date Silking date (Ear height(cm (Plant height(cm  (plant (g/Ears weight
Variation Df Normal Stress Normal Stress Normal Stress Normal Stress N S
Replication Y R ) Vet Y RR\YT YA 16.06%* FETY XYY KRYY) ) et Y
Genotypes  TA  FFOY .Y kk0) oF  KRNg T kR0 A) AXVIOY V) AE)O.Q LY KIFYIT YO KATEYL FE REVAYY YE KRV 4L
Parents(P) )+ F¥YEVE KLY N RRYE AL KROA LY KRV L. VE KK)E)) AT KXYEO) 00 FELEYT AY FE)VIAY £1FF)VAYY 04
Crosses(C) YV #%04 T k0. FY FETY FA FEOY VY KK)LEATY FFALY Yo FEVAGATY *K).00 9% *xE.0AEE FEYVIY X
P.VS.C Y oOREF LG ) REVYY AA KEYTY LY KXYOE VY FX)Q0TT 4 KRYAVY A 09 KKOVYFOE YYRROVOLE TY KK LYY 00 kK0 TA €0
Lines(L) KRN 0q ) KRYVY QY KHFYON V) KEY VY QY KERYTIA QY KRYVIOV V) KREIVO V) KRFALT YY) AX44V4 LY FXkT.)74)
Testers(T) Y KRN0 YO KkQ. 44 KRN0 OV KRAL YA KKEAQ QY RRAYY T4 KRATY UE KRYYO 0. KRYALT VY *kE¥qo VY
LXT VA REYT LY RERYY AT KRV Q) kkRYT QA KRYTY QY KFVVL P KRVYY LAY KRYEY OA KK)£OY OF KR\YY. AV
Error V1 N Y ) Y NARYS yov. Ay Y44 oA Y0 0A e Y

*and **, indicate significant at 0.05 and 0.01 levels of probability, respectively.

Further partitioning of crosses, mean squares i.e.
line x tester analysis indicated that the difference due to
both lines and testers were significant and highly
significant for all studied characters. Considering the
interaction of lines  x testers was highly  significant
differences for all the studied traits, indicating that
testers did not express similar orders of ranking
according to the performance of their crosses with the
four testers .Theseresultsare in similar with those obtained
by Sultan <t al «(Y+)Y) .Abdel-Moneam et al «(Y:)¢),
AbdekMoneam et al (Y+Y°) .and Attia et al (Y+1°).in
their maize genotypes.

2-The proportional contributions:

The proportional contributions of lines (female),
testers (male) and their interactions (top crosses) to total
variance for different traits (Table 2) under different
irrigation conditionsrevealed that females lines (maternal)
contributed higher compared to male testers (paternal)
underboth normalirrigation and water stress conditions in
all studied traits. Results showed that maternal parents
play the most important role under drought stress
conditions. Maternal parents should be used in further
programs to improve drought stress tolerance. Studies
have shown that proportional contributions of line, tester
and line x tester change for different traits.

Table 2. Proportional contribution of lines, testers and their interactions to total variance under normal and
water stress conditions for studied traits of maize.

Traits Tasseling date Silking date Ear height(cm) Plant height(cm) Ears yield /plant (g)
Source Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress
Due to lines 58.33 49.87 51.68 49.33 77.77 77.35 48.88 80.94 o0f ¢ £4.Y4
Due to testers 12.15 19.87 10.81 16.81 5.19 10.14 5.08 3.43 YV €A YA o
Due to lines x testers 29.52 30.25 37.50 33.85 17.04 12.52 46.04 15.63 YY.AA YY.VY

3-Combining ability analysis:

The results in Table 3 showed that the ratios of
GCA/SCA were lesser than unity for all studied traits
under normal and stress water conditions, except ear
height under stress water conditions, which mean that

non-additive gene effects played an important role in the
inheritance of these traits in table 3. Similar results were
obtained by Osman and lbrahim (2007), Majid et al.
(2010), Aslam et al. (2012), Aminu and lzge (2013) and
Aminu et al. (2014) in their maize genotypes.
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Table 3. Analysis of variance for general (GCA), specific (SCA) combining ability and GCA/SCA for studied
maize traits under normal irrigation and water stress conditions.

Source of Tasseling date Silking date Ear height(cm)  Plant height(cm) Ears yield/plant (g)
Variation Normal Stress Normal Stress Normal Stress Normal Stress Normal — Stress
“GCA “ Vi 0 IR < oA ALK YRYA Y. 0 AR SV AR SERA
o’SCA A A Y. YY e A.44 .40 £y YV A ey £AE 0 £EY 1
6°GCA/c*SCA e oA oA .0 R .ot vay ot . oY LY R

General combining ability effects (gi):

Results in Table 4 showed that lines namely: L2
(LZ13) and L3 (PHG35) had negative and highly
significant GCA effects for under both conditions,
indicating that these inbreds could be considered as

GCA effects, suggesting that these inbred lines are
the best general combiners for ear height (shortness).
Results show that testers under both water levels show
non-significant GCA effects for ear height. Shushay et
al. (2013) had similar results.

good general combiners under both conditions for Plant height (cm) results show that inbred
earliness. Results show that testers namely: T1 parents: L3 (PHG35) under normal water level,
(S.C.167) under normal watering and T3 (S.C.173) L5(Inb.204) and  L6(Inb.209) under water stress

under both conditions had negative and highly
significant GCA effects, indicating that these testers
could be considered as good general combiners for
earliness. Regarding silking date results show that lines
L2 (LZI3) and L3 (PHG35) under both water levels and
L6 (Inb.209) under stress water level had negative and
highly significant GCA effects, these result indicating
that parents: L2 (LZI3) and L3 (PHG35) under both
water conditions and L6 (Inb.209) under water stress
condition could be considered as good general combiner
for earliness. Results show that testers: T1 (S.C.167)
under water stress condition and T3 (S.C.173) under
both water conditions had negative and highly
significant GCA effects; these results indicate that
parents: T1 (S.C.167) under normal irrigation condition
and T3 (S.C.173) under both water conditions could be
considered as good general combiners for earliness. Ear
height (cm) of results show that lines: L3 (PHG35)
under normal irrigation condition and L7 (R.39) under
both water conditions show highly significant negative

condition and L7(R.39) under both water conditions
show significant and highly significant negative GCA
effects, suggesting that these inbred lines are the best
general combiners for plant shortness. Results show
that testers under both water levels show non-significant
GCA effects for plant height. Similar results were
obtained by Umar et al. (2014). Estimates of GCA
effects for ears weight per plant show that inbred
parents: L1 (CML52), L2(LZI3) and L6(Inb.209) under
both water levels had highly significant and positive
GCA effects, indicating that these inbred lines could be
considered as the best general combiners for increasing
ears weight plant® under both water conditions.
Estimates of GCA effects for ears weight plant™ show
that testers: T1 (S.C.167) and T2 (S.C.168) under both
water conditions had highly significant and positive
GCA effects, indicating that these testers could be
considered as the best general combiners for increasing
ears weight plant™® under both conditions.

Table 4. Estimates of general combining ability of maize inbred lines and testers for studied traits under
normal irrigation and water stress conditions.

Traits Tasselling date Silking date Ear height(cm) Plant height(cm)  plant (g/Ears yield)
Genotypes N S N S N S N S N S
Lines

L1 (CML52) **XY V4 R*Y TN F*Y ) **Y AY FEY) AT FEYAAY KAV 1. **VE YO FFEY TN BT AN
L2(LZ13) HEY QU RKY AYL REY YA ARY qYC “ N Y e VAl *%q 11 *%Y0 00
L3(PHG35) *k0 Q. kKo oV, AR NEL *ko iYL *\Y o)\ VYoo *)1 VA A.Ao HHVA Y- *%Y 9.
L4(LH123) HhYQ O RRY £ kk) T) RRY AY Y- o VA ERYS ¢ Vo *%Yq Y5 *xV§ .ol
L5(Inb.204) FEYVA O OFRY A RRTYT kR AY £Vo .ty AR *94 14. HRY Y'Y *%0 0.
L6(Inb.209) FEY VA KR EY kR P AR A 1 Ag- 5.0) *VY s *EYY QY *HY A
L7(R.39) FEY YD KXY TN AR T) KXY LY RRYFEYL RRYY A KVV ) e REVQ P kgL VAL xR Yo
SEg:a (Li) A OER! o) Y YV‘\~ vy, O v Y. A VoY KEA!
SEgca (Li-Lj) vt ey oy ot oy, oY VoV £4Y. N et
LSD at 5% COAY Y oy 0 \RRAF 4.4ve YY.VYe 9. 0¥ s
LSD at 1% CAYY g Y w4 YU AT y1.\vo YY YV¢ Yo £TA Y w4
Testers

T1(S.C.167) FoN EELYG kLYY kR L v.en €61 ¥AY YY. **%1EYq  **F\Y .0
T2(S.C.168) *XY 4§ kk) Oy kk) 4y Kk Yo Y CF 1o Y va. KEVY VY kYY) VY
T3(S.C.173) FRY Yoo KR aal RRY YA kXY Voo YAY- AVe. ¥.a4- A FEYY YA RRVY EA
T4(S.C.3084) *k, VY kk) Vg KRk, Y)Y **) o¢ ) ¢o ¢ o 1.4y AR *k YL Lt
SEgca (Ti) SR e e o) YA Y.Ve Y VAL Yav. NN )
SEgea (Ti-Tj) ot ey oy ey £.0. ¥ AAS oXE. YVY. oy
LSD at 5% Ty ey oy oy 9.0V LRTN YY.oYA  AVeY Y oy
LSD at 1% YA R et e YAYY YV.edh  YEYVe VA4 oy 1

*and **, indicate significant at 0.05 and 0.01 levels of probability, respectively.

Specific combining ability effects (Si): T3, L6 X T1, L6 X T2, L7 X T3 and L7 X T4 under

Results in table 5 show that top crosses: L1 X T3,
LI X T4, L2 X T3, L3 X T1, L4 XTL, L5 X T4 and L7
X T2 under both watering conditions, L3 X T2, L5 X

water stress and L4 X T2, L6 X T3, L6 X T4and L7 X
T1 had negative and highly significant SCA effects,
indicating that these crosses are the best combinations
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between lines and testers for tasseling date (days)
(earliness). Results of silking date (days) show that top
crosses: L1 X T3, L1 X T4, L2 X T3, L3 X T1, L3 X
T2, L4 X T1, L5 X T4 and L7 X T2under both water
conditions, L2 X T2, L2 X T4, L6 X T3, L6 X T4, and
L7 X T1 under normal water condition and L5 X T3, L5
X T4, L6 X T1, L6 X T2 and L7 X T4L2 X T4, L3 X
T1, L5 X T3, L6 X T1, L6 X T2 and L7 X T4 under
water stress had negative and highly significant SCA
effects, indicating that these crosses are the best
combinations between lines and testers for earliness.
Results of ear height (cm) show that crosses L1 X T1,
L3 X T3, L4 X T4, L5 X T3 and L7 X T2 under water
stress condition showed significant, highly significant
and negative SCA effects for ear height, indicating that
these crosses are the best combinations between lines
and testers for ear height shortness. Plant height (cm)

results show that top crosses: L2 X T3, L3 X T4 and L4
X T1 under normal irrigation and L1 X T1, L2 X T2, L3
X T1, L4 X T4 and L5 X T4under water stress showed
significant, highly significant and negative SCA effects
for plant height, indicating that these crosses are the best
combinations between lines and testers for plant height
shortness. Ears weight plant "(g) results show that top
crosses: L1 X T1, L1 X T2, L3 X T1, L4 X T4 and L5
X T4 under normal watering, L1 X T3, L1 X T4, L3 X
T2, L4 X T1, L5 X T1 and L6 X T4 under water stress
and L2 X T1, L2 X T4, L3 XT3, L4 X T3, L5 X T2, L6
X T2, L7 X T1 and L7 X T2 under both water
conditions showed highly significant positive SCA
effects for ears weight plant™, indicating that these
crosses are the best combinations between lines and
testers for increasing ears weight plant™.

Table 5. Estimates of the specific combining ability of maize top-crosses (line x tester) for tasseling date,
silking date, ear height (cm), plant height (cm) and ears yield per plant (g) under normal irrigation

and water stress conditions:

Traits Tasseling date Silking date Ear height(cm) Plant height(cm)  Ears yield /plant (g)
Line X Tester N S N S N S N S N S
L1 X T1(1) REY ¥ kK g KRV ¢ *EY L8 ¥ Ao *%q Vi Yo YA *A Y- FHEY L E) FRVT A
L1 X T2(2) LA AT N P = A *%, Vo Y AT . aY Vog € ¢ FEYP YRRV SA
L1 X T3(3) FRY 04 KXY Yoo KRV YA kX)) Yoo o ). Y- LV CATY RAE A EVARE A WY
L1 X T4(4) Hk) LV Kk, YA Rk, QUL Ak 0 AY A A VAT RkYg o0 kkVE QY. kkYT 00
L2 X T1(5) *KY V) kK, 9 Hkg o *%*, V4 oY) o FL% ) YY HHEPY ) *YY 40
L2 X T2(6) b i TR VL YA PN S AN e oyY- AR-H *A Y- HHE) QYL kYO YL
L2 X T3(7) *k) Voo kk) Voo o KKy AQ **Y o Yo £ AA XA VY- Y. Ao *%) o). *k, £V
L2 X T4(8) LT Y R N T AL Y4y YA 1Y XY oYY ety *EYE
L3 X T1(9) Ak AL KE) YA R, Y\ Ak, VYL Y AY- Y YV- YANQ RV PY. RRY LY *%10 Yo
L3 X T2(10) N A - A U A L BN Yo ¢ FXVY A Yed £ V- XY WA *%0 AV
L3 X T3(11) i TR A FOR S L P *RY 4 FAYS ARy VY- V¢ 0A ¢ 00 VY VE *%)§ OF
L3 X T4(12) *k, TN KRG AT kR VG RRLVY )4V o) FREW UV kk), Qo RRVY VY. Hko Yo
L4 X T1(13) *KO Vi AR YA RRA ST AR 4T Yo A *V 14 LARTAE T AT V- R - A PN *%, Vo
L4 X T2(14) Hky YA kR, EY Kk, AY *%, Vo 901 « oA VY oY AR FRY L GV KRV QYL
L4 X T3(15) FEE o *X0 a **0 1) **¢ Vo Yy va y.0) AR *1 Ao **)) Y4 FHVY YA
L4 X T4(16) *h, LY *RO AT **kY ot AN VY. AA **q va- YWY *xVY - *XYV XY *K0 v s
L5 X T1(17) dk YN KRV QT kk) VG kg g y.Aay ¢ £9 Y Ev *A VY LN A *%9 £0
L5 X T2(18) ST ST U VNN *%\ Vo VA ¢ A1 VY YY- £V *%Y L0 FHYY YA
L5 X T3(19) R U L S0 - N *%0 Yoo VYA *A Ao- VY Y ¢ Vo LA ES **0 Y.
L5 X T4(20) FRY LYo kKL AQL RRY YY) Kk, 0f T . foo Y TA *A\ ) o- *%q 0, *FKYO 4 s
L6 X T1(21) *XRY P **) Y4 **. V4 **, 1= AR S Y.ay- 1A v e *EYY Y- *EY AM
L6 X T2(22) *ERY YY) **) oV *ERY LY **Y Yo Y. v o \V- 14.v4- AR *EYY 0 **YY 40
|_6XT3(23) *RY 00 FEY *%x) N¢- **Y Yo T *%*q 1Y YV YA Y. 9. **) VAa- **YA oo
L6 X T4(24) AR VS kR AT RRY Y\ xk, g% £ AY- ) o VYAV £ VY- *%§ Yo HHEA OA
L7 X T1(25) *ARY VE RKY £ ARk ¢ ARG q.¢¢ Y AY TN e V.Y XY Y *%Y qo
L7 X T2(26) FXE YA KRG AYL XL A KXY oo « ¥4 *A q0. v oo *1 00 *%TYY *%Y9 A
L7 X T3(27) *EY o **., Yo *XY V) **, 0o ™ Y. A o Y- o Y. *xY) Y- *EA VY-
L7XT4(28) *RY LY xRk YA **kY ot **, Va- q.7v- ¥.r Ve V- Ve **Y)Y) VY- FRYE o
(TL)S.E.sca v 00 ey o) oY V.oV Y.ven 4.49. Y.av. vae0 ey
(TLl'Iz)S.E.Sca VoA VoY oY VoY Yo VY Y. AN YEONY. ARAN VoA EE
%OLSD at ~.\Y~ v 00 ~_~~Y v 200 \/\YVY 'koi‘\ Yf_h-l~ 'H‘\‘i ~.~\Y v 00
%VL.S.D. at < Ve eV Rl Y Y1 évo 9. 0AY YeAavq 9 14A Y oy

*, **significant at 0.05 and 0.01 level of probability, respectively.
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