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Abstract: In order to identify combining ability of some lines and components of genetic variance, the results
of crosses between 9 seed-early maturity lines and 4 testers were studied in an augmented design in Research
center of Safiabad-Dezful located in Khuzestan province-Iran, during 2008-2009. Results obtained from analysis
of variance indicated significant differences among hybrids, lines and testers and the combination of line by
tester for all studied traits in  = 0.01. The estimation of the ratio /  indicated the more importance of2 2

gca sca

additive variance compared to none-additive variance in controlling traits such as grain yield, grain number per
row, row number per ear, grain depth, branches number per tassel, leaf number and ear length. For other traits
such as days to fertilization, days for physiologic maturity, grain filling period, plant height, ear diameter, the
weight of 1000 grains and ear length, none-additive variance had more effects compared to additive variance.
Finally, according to general combining ability for each trait, appropriate lines and testers were selected. In
order to line screening for the next step of inbreeding, lines 2/7/1 and 2/517 and also testers Mo17 and 2/29/14
were selected based on general combining ability. Based on SCA for the highest yield and most of related traits
which had the most effects on yield, the crosses between 2/7/1×2/29/14¡ 1/9/4×Mo17 and 2/7/1×Mo17 were
selected as the best combinations. 
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INTRODUCTION evaluation pretty hard and time-consuming. In order to

Maize (Zea mays L.) is the world leading cereal crop. are out crossed to a common tester for yield and general
It possesses enormous genetic variability which coupled performance. Lines with poor combing abilities are
with its biological diversity make it a model crop for study discarded and only good performance lines are further
of genetic principles which are of practical significance to selfed and selected in subsequent cycles of selection [5].
plant breeders [1]. It does not survive in its wild form Considering to different climate conditions of maize-
probably because of the highly cross pollinated nature cultivated regions of the world, the production of
[2]. The ultimate goal of various breeding methods in improved hybrids with good performance for a single
maize is the production of improved genotypes. Hence climate is of great value. Because same genotypes in
short cut but efficient methods are needed for isolation different climates may not show the same performance.
and identification of superior genotypes which can be Rahman et al. [6] tested 24 maize S2 lines using line x
used in hybrid breeding programs [3]. For selection of tester analysis for some traits related to earlier flowering
inbred lines tolerant to inbreeding depression and being and ear height and revealed highly significant differences
superior in genetic potential, early generation testing is among the testcrosses for measured parameters. They
desirable [4]. In a breeding program for hybrid production, recommended these testcrosses to be included in further
too many lines are produced making their handling and breeding programs for developing maize germplasm with

solve this problem, early generations of selfed progeny
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earlier flowering and desirable plant and ear height according to the procedures developed by Kempthorne
attributes.  Hence  the  objective  of  this  study  was  to [8] and adopted by Singh and Choudhry [9]. In this
evaluate some maize testcrosses for grain yield and some method each observation in the cross i×j in repetition k is
morphological parameters to: as follows:

Study general combining ability and specific Y = µ+g +g +s +r +e
combining ability as potential source in the
production of improved maize germplasm, adapted to In which Y is the observed quantity of given trait in the
the agro-climatic conditions of Khuzestan province cross i×j in repetition k, µ is the effect of the average of
(A hottest region of Iran), population, g  is the effect of general combining ability of
Identify the kind of genes affecting yield and some parent i, g  is the effect of general combining ability of
important agronomic traits, parent j, s is the specific combining ability for cross i×j, r
Determine an efficient breeding method for is the effect of repetition and e is the environmental
populations obtained from the mentioned crosses for effects.
combining ability. 

MATERIAL AND METHODS

Nine maize lines as paternal along with four testers as the effect of crosses was significant for all traits in =0.01
maternal parents were crossed and studied in the (Table 1) and this matter indicated that there are adequate
experimental field of Safiabad-Dezful located in Khuzestan genetic variations among crosses for these traits.
province-Iran, during 2008-2009. The evaluated lines were Therefore line by tester analysis was performed to study
selected from a S  population of early maturity genetic combinations and gene effects. The analysis of crosses0

materials. These lines included: L1=Ms14, L2=48/1/1, effects to its components based on line by tester, showed
L3=H2/1/9, L4=2/7/1, L5=2/1/40, L6=H1/9/12, L7=Ms17/3, that the difference between lines and testers was
L8=2/5/17, L9=1/9/4. The testers of four inbred lines were significant for all traits in =0.01. The observed significant
A=2/10/25, B=Mo17, C=2/29/14, D=1/55/1 that based on difference between lines and testers implied the presence
combining abilities and evaluated traits were of great of additive gene effects in controlling the mentioned traits
value. The seeds of 36 genotypes obtained from line by (Table 1). Besides, the significant difference of the effects
tester cross along with witness (SC704) were evaluated in of line by tester implies the role of dominance and none-
an augmented design during 2008-2009. Each plot additive effects in all traits. Therefore, both additive and
consisted of 3 rows with 6 meter long, row distances of 75 none-additive effects were responsible for controlling
cm and plant distances of 17 cm. For each 5 combinations these traits. The preponderance of additive component for
of crosses, the witness was cultivated so that in the entire expression of grain yield and other traits indicate the
experiment it was repeated 49 times. Each block consisted amenability of these traits to improvement through simple
of 15 testcross combinations plus witness for 5 times. The selection procedure. But one of the important implications
test crosses were distributed in this experiment in a of existence of substantial amount of epistatic component
dispersal form. The studied traits were measured on 5 is that selection procedure shall not be fruitful in
competitor plants situated in the middle lines. They immediate progenies and process has to be delayed to
included grain yield (based on 14% moisture and in terms later generations when appreciable homozygosity is
of t ha , the weight of 1000 grains, grain number per row, achieved. Recurrent selection procedures may be useful-1

row number per ear, ear length, ear diameter, the number in the sense that it will exploit both additive and non-
of  branches  per  tassel,  grain   depth,   leaf   number,   ear additive components of genetic variation for bringing
height, plant height, days to fertilization, days to about improvement in grain yield and its related attributes.
physiologic maturity and grain filling period. After Such a strategy will help increase frequency of favourable
recording  the  observations  for  each  trait,  the  analysis alleles while maintaining genetic variation in breeding
of variance was carried out according to Gomez and population (Doerksen et al. 2003). In fact reciprocal
Gomez  [7].  The  mean squares from line x tester design recurrent   selection    sets   in   favourable   changes  in
and the general combing ability (GCA) and specific the   population   performances   and   is   designed to
combing (SCA) variances and effects were calculated make  use of both additive an non-additive components.

ijk i j ij k ijk
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i
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RESULTS AND DISCUSSION

Analysis of variance for different traits indicated that
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Table 1: Analysis of variance of different traits of maize based on line by tester

Grain Days to The weight
S.O.V df filling period physiologic maturity of 1000 grains Row per ear Grain per ear Grain yield

Block 18 21.6 12.5 1164.16 1.44 263.61 5.6
Cross 35 822.85 ** 980.1 ** 45745 ** 77.25 ** 1015.7** **676.95
Line 8 1510.2 ** 917.5 ** 2393.2 ** 130 ** 322 ** **90
Tester 3 184.41 ** 1647.9 ** 10547 ** 8949.2 ** 5247.9 ** 4964.6 **
Line × tester 24 949.75 ** 917.5 ** 45550 ** 117.34 ** 71.8** 336.65**
Error 30 3.67 15.48 289.77 1.56 41.63 6.5
C.V 2.97 3.03 6.38 7.13 15.95 18.9

Table 1-Continue: Analysis of variance of different traits of maize based on line by tester

No. of branches Days number
S.O.V df Ear length Ear diameter Grain depth per tassel Leaf number Plant height Ear height to fertilization

Block 18 45.98 75.80 11.02 5.75 1.55 807.41 100.75 12
Cross 35 257.42** 891.60** 45.50** 102.60** 32** 1689.20** 5808.24** 641.37**
Line 8 344.25** 522** 45.20** 24.25** 128.16** 15131.25** 2840** 407.52**
Tester 3 162.60** 585** 83.60** 134.64** 219.90** 29700** 1594.80** 930.71**
Line × tester 24 254.92** 671.70** 40.90** 124.22** 380.16** 5881.24** 7324.66** 455.44**
Error 30 5.76 9.12 3.13 0.56 0.74 90.41 57.81 76.25
C.V 12.21 11.22 18.90 5.36 7.90 47.37 10.80 46.22

Table 2: Genetic Parameters of studied traits

V V V V V H H COV COV S S /S Dominance valueG p e A D b n HS F.S sca GCA SCA
2 2 2 2 2

Days number to fertilization 54 79.5 25.5 23.12 18.26 67.8 29 5.78 661.6 18.26 0.32 1.25
Days to physiologic maturity 95.4 110.9 15.4 25 86 31 8.66 1125.2 25 0.34 1.236.64*

Grain filling period 73.14 76.8 3.67 95.2 22.5 857.6 0.32 1.7417.28* 26.28** 8.64* 26.28**

Plant height 1678.9 1769.3 90.41 94.9 31 140.14 64289 0.31 1.25560.5** 438.63** 438.63**

Ear height 321.8 379.61 57.81 84.7 6 4351.16 1 1.86115.9* 201.85** 209.78** 201.85**

Leaf number 10.47 11.21 0.74 93.4 18.3 137.95 0.8 1.694.25** 6.09** 5.13** 6.09*

No. of branches per tassel 7.82 8.38 0.56 93.31 14.5 74.78 0.8 1.274.22** 3.45** 3.04** 3.45**

Ear diameter 48.64 57.76 9.12 84.21 39 5.76 750.36 0.3 1.2623.06* 18.4* 18.4*

Ear length 20.67 26.43 5.76 6.88 6.92 78.2 26 1.72 244.13 6.92 0.12 1.41
Grain depth 4.45 7.5 3.13 2.56 1.04 58.7 33 0.64 51.97 1.04 0.61 0.9
Row no. per ear 255.3 256.8 1.56 99.4 16.3 2328 0.9 1.29138.60** 115.70** 105.12** 115.78**

Grain no. per row 171.2 212.8 41.6 18.8 80.43 78 41.19 1958.3 18.8 2.1 0.47167.70**

The weight of 1000 grains 4835.6 5125.4 289.7 107.8 94.36 2 26.95 58027.93 0.02 4.821257.2** 1257**

Grain yield 149.19 155.7 6.5 9.17 95.81 12 1680.93 9.17 5.12 0.36138.40** 47**

It is to be noted that, for being significant of cross effects estimations of lines and testers in order to identify
of a single trait, not all components (lines, testers and line appropriate and practical combinations have been listed
by testers) are needed to be significant but also being in table 3. Lines and testers indicated a significant and
significant of just one component can make cross effect different GCA. In the case of grain yield of lines L4 and L8
significant [8]. The study of genetic parameters (Table 2) and testers B and C, their high yield is attributed to
indicated that except for grain yield, grain number per row suitable  GCA  of  their yield components. Lines L1, L2
and to some extent row number per ear, the other traits and  L4  indicated  a  significant  positive  combining
were affected by dominant genes and specific combining ability for thousand grain weight, Moreover, L6 for grain
ability. Hence, breeding in homozygote methods (pedigree number, L4, L7 and L8 for row number per ear; L2, L4, L8
method) is feasible just for 3 traits and in case of selecting and L9 for ear length; L1, L6, L7 and L8 for ear diameter;
homozygotes, 93%, 78% and 54% of offsprings will L2, L5 for grain depth; L2, L4, L8 for plant height; and L1,
resemble selected parent. Besides, if parents are selected L4, L5 for leaf number indicated a significant positive
appropriately, the yield, grain number per row and row combining ability. The other traits which are more
number per ear will increase significantly. GCA important  in  selecting the lines are underlined in table 3.
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Table 3: General Combining Ability of lines and testers for different traits of maize

GCA of Lines Grain Yield Grain per row Row per ear The weight of 1000 grains Days to physiologic maturity Grain filling period

Ms14 (L1) -1.33 **e -2.3**d -0.25cd 3.78*b 1.56**ab 2.39**a

48/1/1 (L2) 0.2 abc -0.8bcd -0.5**d 28**a 1.10*bc 1.89**a

H2/1/9 (L3) -0.23 cd -0.8bcd 0.05bcd. -3.47*c 1.10*bc 0.14bc

2/7/1 (L4) 1.3** a 0.7bc 0.75**ab 4.28*b 0.1bc 0.61**cd

2/1/40 (L5) -0.9** cde 1.2b 2-**e -0.22bc 3.1**a -0.36cd

H1/9/12 (L6) -0.07 bc 4.7 ** a -0.25cd -5.72**cd -4.15**d -1.61**e

MS17/3 (L7) 0.06 bc 1.2 b 1**a -11.97**de -4.18**d -3.61**e

2/5/17 (L8) 0.84** ab -1.8*cd 1**a 3.03b 1.35**abc 2.39**a

1/9/4 (L9) 0.21 abc -1.3 bcd 0.25bc -17.72**e 0.350bc 0.61**b

S.E 0.8 2.03 0.4 5.36 1.24 0.6gi %1

C.D (gi-gj ) 1.14 2.87 0.57 7.6 1.75 0.84%1

2/10/25 (A) -2.23 ** c -1.2**b -2.16**c -5.3**c -1.17**c 0.97**a

MO17 (B) 0.99** b 5.86**a -3.72**d 23.25**a 1.17**ab 0.52**ab

2/29/14 (C) 5.32** a -0.8 b 7.83**a 2.14b -2.51**d -1.8**c

1/55/1 (D) -3.34** b 3.46-**c -1.72**b 20-**d 2.15**a 0.29b

S.E 0.54 1.35 0.26 3.57 0.82 0.4gi %1

C.D ( gi-gj) 0.76 1.9 0.36 5.04 1.15 0.57%1

Table 3-Continue: General Combining Ability of lines and testers for different traits of maize

GCA of Lines Ear length Ear diameter Grain depth Leaf number No. branches of tassel ear height Plant height days to fertilization

Ms14(L1) -1.44**c 1.34** ab -0.61**c 0.87**a 0.31**ab 5.31**a 1.67c -0.63ab

48/1/1(L2) 2.09** a 0.09cd 0.39*ab -0.13cd -0.69**e -3.44**c 10.42**b 2.13*a

H2/1/9(L3) -2.41**e -1.16**d -0.11bc -0.13b -0.20*cd 2.90**c -10.83**d 1.12ab

2/7/1(L4) 0.59*c -0.66cd -0.86**c 0.37**b 0.56**a 5.81**a 5.42**c 1.87a

2/1/40(L5) -1.66**e -0.91*cd 0.89**a 0.37**b -0.44**de -3.44**c 1.67c 1.37a

H1/9/12(L6) 0.09 cd 1.84**a -0.11bc 0.12bc 0.31**qb -3.19**c -17.08**e -2.38*bc

MS17/3(L7) 0.34 c 1.84**a 0.40*ab -0.88**e 0.06bc -4.94**c -10.00*d -0.38ab

2/5/17(L8) 1.84**ab 1.59**a -0.36bc -0.13cd 0.31**ab 5.06**ab 15.42**a -0.88ab

1/9/4(L9) 0.59*c -3.91**e 0.39*ab -0.38**d -0.20*cd 1.81*b 0.42c 2.12*a

S.E 0.75 0.95 0.55 0.27 0.23 2.40 2.99 2.58gi %1

C.D (gi-gj ) 1.06 1.34 0.77 0.38 0.32 3.40 4.23 3.65%1

2/10/25(A) 0.56**a 0.75**a -0.13b 0.23**a -0.16**b 0.56ab 14.17**a -1.99**b

MO17(B) 0.45*a -0.75**b 0.75**a -0.21**b 0.61**a 0.11ab -6.90**c 0.56ab

2/29/14(C) -0.99**c -1.75**c -0.36*bc 0a 0.39**b 2.33**a -3.60**b -0.54ab

1/55/1(D) 0 ab 1.42**a -0.24bc 0a -0.82d -2.99**c -3.60**b 2.00**a

S.E 0.50 0.63 0.37 0.18 0.15 1.60 1.99 1.83gi %1

C.D ( gi-gj) 0.70 0.90 0.52 0.25 0.21 2.26 2.81 2.58%1

Hence, the mentioned lines could be considered as lines in which grain filling period does not decrease.
promising cultivars for breeding mentioned traits. Taking Besides, they should be early maturity lines. Accordingly,
this fact in to account that in early maturity maize cultivars lines L1, L2, L8 and L9 are suitable with significant and
one of the main goals is to decrease the length of growth positive GCA. The four utilized testers showed different
period, therefore in the case of days number to responses, compared to each others, though they were
physiologic maturity, a negative GCA is of greater value. good remarkable lines for different characteristics. Testers
Accordingly, Lines L6 and L7 for days number to B and C had higher yield compared to two other testers
physiologic maturity were the earliest maturity lines. and this case was observed similarly for GCA of the
Considering that oe of the main goals of this study is an weight of 1000 grains. The results of specific combining
overall evaluation of all lines and testers, we should select ability of different crosses have been illustrated in table 4.
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Table 4: The amounts of Specific Combining Ability for different traits of maize
Cross Grain yield The weight of 1000 grains Grain per row Row per ear ear length ear diameter grain depth no of branches per tassel
L1×A 1.81 c-g 24.56 -1.20 0.92 3.19 2.00 0.39 -0.08** ** ** ** **

L2×A 1.29 c-i 30.31 1.30 -0.83 -0.31 -0.75 0.39 0.92* ** ** **

L3×A 1.27 c-i 11.81 1.30 0.17 1.19 3.50 1.89 0.42* ** * ** ** *

L4×A 1.70 c-g -15.94 3.80 1.92 1.19 -1.00 0.64 1.67** ** * ** * **

L5×A 0.18 c-n -11.44 1.30 0.67 -0.56 -2.57 -0.11 1.67** ** **

L6×A -1.00 i-p -20.94 -4.20 0.92 -2.31 2.50 -1.11 -3.08** ** ** ** ** **

L7×A -0.40 g-o -9.70 -0.70 -0.33 -2.56 -0.50 0.39 2.17* ** **

L8×A -2.67 o-q -14.70 -0.70 -2.33 -2.06 -2.25 -1.86 -3.00** ** ** ** ** ** **

L9×A -2.00 m-q 6.00 -1.20 -1.58 2.19 3.25 -0.61 -0.58** * * ** **

L1×B -2.03 n-q -51.00 5.70 -1.25 -2.70 5.67 -0.50 1.19** ** ** ** ** ** **

L2×B 0.67 c-j 1.75 0.20 0.73 2.80 3.54 -0.50 0.19** **

L3×B 0.30 d-m 35.25 4.20 -2.27 2.30 -3.17 -1.00 1.42** ** ** ** ** **

L4×B 6.60 a -29.50 9.30 -2.52 -2.70 4.33 0.75 0.94** ** ** ** ** ** **

L5×B -3.68 q -30.00 -5.80 0.23 -0.55 2.57 0 -1.00** ** ** ** **

L6×B 2.43 c-e 60.50 4.70 -1.52 3.80 0.83 0 1.19** ** ** ** ** **

L7×B -0.14 f-n -28.25 0.20 1.23 1.55 1.83 -1.50 -2.56** ** ** * ** **

L8×B 2.71 bc 31.75 -3.80 3.23 -1.95 0.08 2.25 0.19** ** * ** **

L9×B 6.18  a 9.50 3.70 1.98 -3.70 -6.42 0.50 -0.31** * * ** ** **

L1×C 1.30 c-i 47.11 2.30 -2.08 2.75 -3.67 0.61 1.39** ** ** ** ** **

L2×C -4.00 q -47.11 -3.20 -0.83 -2.75 -1.42 0.61 0.39** ** * ** ** *

L3×C 1.73 c-g 6.36 -1.20 2.17 0.75 1.32 -0.89 -0.11** **

L4×C 5.00 b 46.61 3.80 0.92 0.75 2.33 -1.14 -1.86** ** * ** ** ** **

L5×C 2.39 c-e 11.11 4.80 -1.33 1.00 -2.42 -0.89 -0.86** ** ** ** ** **

L6×C -2.50 o-q -33.40 -2.70 -0.08 -2.75 -2.17 0.11 0.39** ** ** ** *

L7×C -2.00 m-q -17.40 -5.20 1.67 0 0.83 0.61 -2.36** ** ** ** **

L8×C 0.53 c-l 2.86 0.80 -0.33 0.50 -0.92 0.36 1.39**

L9×C -2.43 o-q- 16.40 0.30 -0.58 0.25 3.58 0.61 -0.31** ** **

L1×D -1.11 j-p -20.00 -7.20 2.48 -3.25 11.33 -0.50 -2.41** ** ** ** ** **

L2×D 2.00 c-f 15.00 1.50 0.73 -0.25 1.42 -0.50 -1.41** ** * **

L3×D -3.30 pq -53.41 -4.50 -0.27 -4.25 -8.17 0 -0.91** ** ** ** ** **

L4×D -0.10 f-n -1.16 2.00 -0.52 0.75 -5.67 -0.25 -0.66* ** **

L5×D 1.11 c-j 30.34 -0.50 0.23 -1.00 2.58 1.00 0.34** **

L7×D 2.53 cd 55.00 5.50 -2.77 1.00 -2.17 0.50 2.84** ** ** ** ** **

L7×D 2.53 cd 55.00 5.50 -2.77 1.00 -2.17 0.50 2.84** ** ** ** ** **

L8×D -0.59 h-o -19.83 3.50 -0.77 3.50 3.08 -0.75 1.59** * * ** ** **

L9×D -1.70 l-q 0.84 -3.00 -0.02 1.75 -0.42 -0.50 -0.91** ** **

S.D(S ) 1.61 10.74 4.07 0.78 1.51 1.90 1.11 0.47ij %1
S.D(Sij-Sji) 2.27 15.18 5.75 1.10 2.13 2.69 1.57 0.66

Table 4-Continue: The amounts of Specific Combining Ability for different traits of maize
Cross Leaf no. Ear height Plant height Days no. until fertilization Days no. until physiologic maturity grain filling period
L1×A 0.02 7.69 13.33 -1.25 -2.80 -1.72 gh* ** ** **

L2×A 1.02 -1.56 -5.42 1.25 -2.30 -2.22**h** * *

L3×A 1.02 1.94 -9.17 4.13 -2.30 -6.47 j** ** ** * **

L4×A -1.48 -6.81 -10.42 -2.75 -1.30 1.28 f** ** ** **

L5×A -0.48 -9.50 18.33 -0.25 4.70 4.78 cd** ** ** ** **

L6×A 1.77 4.19 -27.92 0.50 -1.05 -1.72  gh** ** ** **

L7×A -1.23 8.95 12.08 -1.50 -0.05 1.28  f** ** ** **

L8×A 0.02 -21.00 -5.42 3.00 7.45 4.28 cd** * ** **

L9×A -0.73 16.19 14.58 -3.00 -2.55 0.28 f** ** ** *

L1×B 1.47 14.19 9.45 2.19 3.30 1.73 e** ** ** ** **

L2×B -0.53 2.94 -24.30 -6.31 -3.20 -1.77 gh* ** ** ** **

L3×B -0.53 -7.56 11.95 2.44 2.80 0.98 f* ** ** ** **

L4×B 0.98 -1.31 0.70 3.70 2.80 -0.27 fg** **

L5×B -1.03 7.90 4.45 4.19 1.80 -1.77 gh** ** * ** * **

L6×B -0.76 -0.31 33.20 -2.06 -3.95 -1.72 gh** ** ** **
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Table 4: Continue
Cross Leaf no. Ear height Plant height Days no. until fertilization Days no. until physiologic maturity grain filling period
L7×B 1.22 -2.56 -16.80 2.94 -3.95 -6.27  j** ** ** **

L8×B -0.53 -15.50 -29.30 -2.56 3.55 6.73  b* ** ** ** **

L9×B -0.28 2.70 10.70 -4.56 -3.45 1.73 e** ** ** **

L1×C -0.75 -9.00 11.11 0.30 -4.40 -4.94 ij** ** ** ** **

L2×C -0.25 -12.26 12.36 -1.20 2.10 4.56 cd** ** * **

L3×C -0.75 0.24 -6.40 -1.45 -0.90 0.34 f** **

L4×C 0.75 -3.51 2.36 -0.20 -8.10 8.06 a** ** **

L5×C 0.75 -9.26 -38.90 1.30 -2.90 -4.44  i** ** ** ** **

L6×C 0 10.50 4.86 2.05 0.35 -1.94 gh** * **

L7×C 0 -8.75 -10.14 -1.95 -0.65 1.06 f** ** *

L8×C 0.25 42.20 32.36 4.55 -1.15 -5.94 ij** ** * **

L9×C 1.50 -9.50 -7.46 -3.45 -0.15 3.06 de** ** ** **

L1×D -0.75 -12.71 -33.90 -1.25 3.90 4.95 c** ** ** ** **

L2×D 1.02 11.04 17.36 6.25 3.40 -1.55 gh** ** ** ** ** **

L3×D 0.25 5.54 3.61 -5.00 0.40 5.20 bc** * **

L4×D -0.25 11.80 7.36 -0.75 9.60 -9.05 k** ** ** **

L5×D 0.75 11.00 16.11 -5.25 -3.60 1.45 ef** ** ** ** ** **

L6×D -1.00 -14.21 -10.14 -0.50 4.65 4.95 c** ** ** ** **

L7×D 0 2.54 14.86 0.50 4.65 3.95 cd** ** **

L8×D 0.25 -5.46 2.36 -5.00 -9.85 -5.05 ij** * ** **

L9×D -0.50 -9.21 -17.64 11.00 6.15 -5.05  ij* ** ** ** ** **

S.D(S ) 0.54 4.80 5.99 5.50 2.48 1.20ij %1

S.D(S -S ) 0.76 6.79 8.47 7.77 3.50 1.70ij ji

In the case of grain yield, crosses B×L4, B×L9 and C×L4 3. Arshad, M., A. Bakhash, M. Zubair and A. Ghafoor,
had significant and positive specific combining ability. 2003. Genetic variability and correlation studies in
Although the combine of C×L4 (2/7/1× 2/29/14) was laid chickpea (Cicer arietinumL.). Pakistan J. Botany,
in the second group (b) of Duncan test (with due regard 35(4): 605-611.
to grain yield) but considering its first group (in view of 4. Barata, C. and M.J. Carena, 2006. Classification of
early maturity with SCA=-8.10 and prolonged grain filling North Dakota maize inbred lines into heterotic groups
period with SCA=8.06), they are among the best crosses. based   on   molecular   and   testcross  data.
In this experiment, if the aim is to select the lines for the Euphytica, 154: 339-349.
next steps of inbreeding, in breeding programs, it will be 5. Kempthorne, O., 1957. An Introduction to Genetic
expected that selected lines will have acceptable GCA for Statistics. John Wiley and Sons, New York, U.S.A.,
most traits. Accordingly, taking in to account that pp: 191-200.
selecting lines for the next step of inbreeding should be in 6. Ram,      H.H.      and       H.G.       Singh,       2003.
a way that prevent genetic erosion and maintain genetic Maize. In: Crop Breeding and Genetics, pp: 105-109.
diversity, line 4 and line 8 could be introduced as the best Kalyni publishers, India.
lines among the others. Considering that, testers B and C 7. Doerksen, T.,  L.  Kannenberg  and  L.  Lee,  2003.
were in better circumstances compared to the other Effect of recurrent selection on combining abilitry in
testers, therefore at the end of the inbreeding program, we maize breeding populations. Crop Sci., 43: 1652-1658.
can use mentioned lines to obtain the best early maturity 8. Gomez,    K.A. and    A.A.    Gomez,    1984.
hybrids. Statistical   Producers   for   Agriculture  Research.
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