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SUMMARY

Twelve nraize (Zea mays L.) inbred parents previously
selected for their performance were crossed in a diallel scheme. These were
evaluated for general combining ability (GCA) and specific combining ability
(SCA), at tr.vo locations in the Universiti Putra Malaysia. The significant GCA
and SCA effects observed reflected the importance of both additive and non-
additive gene actions for yield and related characters in the hybrids. However, the
SCA variances for all the characters studied were much higher than their
respective GCA variances. Results of GCA showed that UPM-SM7-6, UPM-SW-
9, and UPM-MT-13 were the best general oombiners (giving high posilive effects)
lor grain yield and ear weight at both locations. For days to tasseling, UPM-TW-5
and UPM-TW-12 were the best general combiners for earliness (giving high
negative GCA effects), at Field 2 and Share Farm, respectively. For SCA effects,
at Field 2, the highest significant positive effect for grain yield was shor.vn by the
cross UPM-SW-9 X UPM-SM5-5 which also gave the highest  y ie ld (4763 kg/ha).
The highest SCA effect for ear weight was given by the cross UPM-SW-9 X
UPM-SM5-9,  whi le lor  p lant  height  by the cross UPM-MT-I3 X SM5-9.  At
Share Farm, the cross UPM-MT-5 X UPM-SM5-4 showed the best perlonnance
tbr grain yield (5948 kg/ha). This cross also gave the highest significant positive
SCA effects for grain yield and ear weight. For plant height, the cross UPM-MT-5
X UPM-SM5-5 gave the highest SCA effect. The crosses UPM-MT-5 X UPM-
SM5-5 and UPM-SW-9 X UPM-SM5-4 gave the highest negative SCA effects for
days to maturity, at Field 2 and Share Farm, respectively, indicating their
exp ress iono fgenes lo rea r l i ness inma tu r i t y .  Thehyb r i dsshowedah igh rangeo f
perfbrmance lor all characters investigated, and could be further exploited for
their  heterot ic  capaci t ies.

Key r .vords:  combining abi l i ty ,  GCA. SCA, hybr ids,  perfbrmance, maize.

Hybrid varieties in maize (Zea mays L.) have greater yield potential than the open-
pol l inated or  synthet ic  var iet ies,  especia l ly  when modern product ion pract ices are used
(CIMMYT, 1988).  The f i rs t  generat ion of  crosses among inbred l ines (s ingle-crosses) are

usual ly  p lanted to obtain uni formity in advanced product ion system.
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The general combining abi l i ty (GCA) and specif ic combining abi l i ty (SCA)
ef ' fects are important indicators of potential value of inbred l ines in hybrid combinations.
Diflerences in GCA ef'fects have been attributed to additive, additive X additive, and
higher-order interactions of addit ive genetic effects in the base populat ion, while
diff'erences in SCA effects have been attributed to non-additive genetic variance (Falconer,
198 l).  Ahloowalia and Dhawan (1963) reported that, with respect to SCA, six of 1l inbred
l ines studied gave signif icantly higher yields when crossed to inbreds ofdiverse origin than
if 'crossed to those of closer origin. A similar result was found by Pathul laev (1967) who
concluded that. in general,  the best combining abi l i ty was found in crosses between inbred
l ines of dif ferent geographical origin.

Evaluation of crosses among inbred lines is an important step towards the
development of hybrid variet ies in maize (Hallauer, 1990). Ideal ly, this process should be
through the evaluation of al l  possible crosses (dial lel  crosses), where the merits of each
inbred l ine can be determined. The dial lel  analysis provides good information on the
genetic identi ty of genotypes especial ly on dominance-recessive relat ions and some other
genetic interactions.

The present study was carried out as part of the on-going hybrid maize variety
development program conducted in Universit i  Putra Malaysia (UPM), as reported by Saleh
and Yap (1988). In this program, a series of selected maize inbred l ines previously
developed fol lowing six generations of self ing were entered into adial lel  crossing scheme.
and the crosses rvere evaluated for combining abi l i t ies. The populat ions from which these
inbred l ines were extracted had previously been selected based on their perlbrmance and
general combining abi l i ty (GCA) in the early generations. This study was conducted to
estimate general combining abi l i ty (GCA) and specif ic combining abi l i ty (SCA) among
these inbred l ines and, consequently, to identi ly superior single-cross hybrids developed
tiom them.

MATERIALS AND METHODS

Plant materials used as parents fbr crosses in this study were l2 selected superior
maize inbred l ines (Table l) .  These l ines were selected for their perfbrmance in previous
evaluation tr ials (Suj iprihati ,  1996). Al l  possible crosses among these inbred l ines rvere
made in a dial lel  crossing block. Sowing dates were adjusted to faci l i tate coincidence in
florvering to ensure that reciprocal parental lines were tasselled and silked at the same time
fbr crossing. In the crossing block, ten hybridizations were made for each cross
combination, to obtain ample Fr seeds. The inbred l ines were also concurrently selfed to
obtain seeds for inbred maintenance purposes. The hand pollination procedure for the
crosses and selfing follorved that of Russell and Hallauer (1980). A total of 66 cross
combinations rvere obtained throush hand pol l inations ofthe inbred l ines.

In the evaluation trials, all hybrids were grown at each of the two locations, Field 2
and Share  Farm,  in  UPM.  They  were  loca ted  a t  3o40 'Nor th ;  l0 lo42 'Eas t ,  and 3 l  meters
above sea level. Soi l  at Field 2 was a sandy loam (56% sand,23Vo si l t  and 2l% clay).
rvhereas at the Share Farm was a sandy clay loam (49% sand, 4lo/o clay, and l0% si l t) .
Monthly rainfal l  ranged f iom 100 to 500 mm, wiih an average of 200 mm, and
temperatures ranged from 27.5 'C to 29.0 oC. A randomized complete block design rvas
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used. with three repl icat ions, and planting density of 0.75 m X 0.25 rn under normal
cultural practices (Su.i ipr ihati ,  1996). Equal amounts o1'seeds ofa cross and i ts reciprocal
were combined, to avoid elTects of reciprocal dif f 'erences. Each plot consisted of f ive 6-m
Iong rows, where only the three middle rorvs measuring 5-m were used as the harvest area.
Dala were taken lbr -erain yield (kgiha), ear weight (g), plant height (cm), days to tassel ing
(days). and days to rlatulity (days). Grain yield and ear ra'eight \.r,ere taken at l5Vo grain
moisture content. Grain yield was represented by the harvest areaof each plot t l l .25 m'),
while ear weight and plant height were determined from average of l0 ears or plants
sampled randomly from each plot.  Ear weight was determined as dehusked ear weight per
plant. Days to tasseling were taken as the number of days from planting until 50% of plants
irr the harvest area had their pol len shed. while days to maturi ty rvere taken rvhen 95%o of
the plants in the hal lest area had their eal husks dry (turned blown).

Table 1. The l2 selected maize inbred l ines used in the dial lel  cross. their source
populations and mean performances for grain rveight per plant, days to tasselling
and days to si lking (Su.i ipr ihati ,  1996).

Inbred l ine Country ofsource
populat ion

Grain weight
per plant (g)

Days to Days to
tassel ing si lking

UPM.TW. I2
UPM-TW-5
UPM.SM5-9
UPM-SM5.5
L]PM-SM5-4
LlPt\4-SM7-6
uPN l -SM7- l0
UPM-SM7- I I
UPM-SW-2
UPM.SW-9
LJPM-MT.I3
UPM-MT.5

Phi l ipp ines
Ph i l ipp ines
Ph i l ipp ines
Ph i l ipp ines
Ph i l ipp ines
Ph i l ipp ines
Ph i l ipp ines
Ph i l ipp ines
'Ihai land

Thailand
Indonesia
Indonesia

3  6 .8
43.5
34.7
43.9
44.9
82.6
33. r
4 ) .  J

3  5 .8
29.4
39.7
54 .8

52.3
)o .6
57.2
5  6 .3
57.9
5 8 . 1
5  7 .8
56,  I
5  8.9
60. r
56.2
5  s . 8

57.9
6 1 . 0
5'7.9
b  l . J

63.6
60.  I
62.5
60. r
59.6
63 .0
59.4
59.9

S.E. 5 .73 0 . 1 5 0.60

Dial lel analysis of combining abi l i ty on data obtained f iom evaluations at both
locations was done, using Grif f ing's (1956) Method 2. Model l ,  with parents included. A
model rvi th f lxed elfects rvas assumed. The dial lel  analysis was conducted on the F1 data,
separatel l  for eaclr location. Mean values over repl icat ions were used in individual location
irnalysis. GCA and SCA mean squares rvere calculated using the method of Singh and
Charrdhary (\977). as fbl lows:

6 '

q :

" t l

* 'here.
g, :  CCA el lcct of rhe i 'h parenl.

Sr : CCA effect of the .j"' parent.
,,, : SCA effect ofthe cross betrveen the i'h andj'h parents, and

number of oarents involved.
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The interactions of GCA and SCA with locations could have been evaluated by
corlbined analysis of the data on the cross combinations and their respective parents fronr
both locations. Flowever, due to the signif icant interaction of GCA and SCA rvith locations,
a separate analy'sis was conducted fbr each location.

RESULTS

At both locations, the GCA and SCA effects were highly signif icant for grain yield
and al l  other characters studied (Table 2). Three inbred l ines, UPM-SM7-6, UPM-SW-9
and UPM-MT-13 consistently showed high posit ive GCA efl 'ects tbr grain yield at both
locations, indicating that they were good general combiners for grain yield ( l 'ables 3 and
4 ) .

Table 2. Mean scluares lbr cornbining abi l i ty for characters measured f iom a l2-l ine rnaize
dial lel  cross evaluated at trvo locations.

Source of
variat ion

Degrees
of
[rreedonr

Mean squares

Grain Ear
yielcl rveight

Plant Days to Dal's to
heieht tassel ing maturi ty

Ar Field 2:
B lock

Genotype
GCA
SCA
Error

.1t Share
Farm:

Block
Cenotype

GCA
SCA
Error

2  l r  l  l g 8 5 o * *
7',7 2500448**
I I 849346**
66 830839* ' r

I 54 t97987

2 439738
77 456'143 1++
I  1 338640**
66  I  7 l  861  7 * *

154 56578

695'7" 'o  1138**  7.38+* 29.20"*
1709**  1485**  14.43* ' t  12.07**
569*+  1368* *  2 .74+*  3 .64*+
570x*  349+"  5 .15* *  4 .09* *
170 63 0.2'7 0.93

5682** 8723** 0.40
2876**  l06 l*+ 16.37**
2 '77++  478* *  3 .80*+

10'72+* 333**  5.73**
7 8  5 8  0 . r 9

< . t  t 1 + +

I  1 . 6 7 + *
5 . 5 1 + *
3.62*'o
0 . 3  9

** Sigrr i f icant at p < 0.01.

UPM-SM7-6 and UPM-MT-13 also had the highest posit ive GCA effects lor ear
rveight at both locations, measuring 10.2 and 8.3. respectivel l , .  at Field 2;9.2 and 6.0.
respectively, at Share Farm.

Three inbred l ines, UPM-SM7-6, UPM-SM7-11 and UPM-MT-13 consistently
had high posit ive GCA ef ' fbcts for plant height, at both locations, measuring 5.1, 10.2 and
15.4 .  respec t ive ly .  a t  F ie ld  2 ;  5 .5 ,6 .9  and 10 .6 ,  respec t ive ly ,  a t  Share  Farm.
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Table 3. E,st imates of GCA effects measured on l2 maize inbred l ines. in a dial lel  cross
evaluated at Field 2.

Inbred l ine GCA eflects

Grain
y i e l d
(kg/ha)

Ear rveight Plant height Days to Days to
(g) (cm) tasseling maturity

LJPM-TW. I2

UPM-TW-5
UPM-SM5-9
UPM-SM5.5
I.JPM-SM5-4
UPM-SM7-6
UPM-SM7. I  O
U P M - S M 7 . I I

UPM-SW-2

UPM-SW.9
UPM-MT. I3
UPM-MT-5

-  1 6 6 . 6
-402.0**
-397.344
-40.1
- 7  t . 0
3 3 9 . 8 * *
I 4 3  5

8 . 0

304.9* *

264.6*
-120 0

- 6 . 8  8  *

-8 .46*
-9 .30**
-0 .87
-0.49
1 0 . 1 6 + +
5 . 5 4
1 2 8

1 . 3 8

3.84
8.28  *

4 .48

-3 .63

- 6 . 5 6 * +
-19.12**
- 1 0 . 7 6 r +
-7 .65**
5 .12*
l . 0 0

1 0 . 2 0 * *

6 . 0 1 * +

8.47**
|  5  4 2 * *

L J Z

-0 . t7  0 .44
-0 .79**  0 .58*
-0 .36**  -0 .30
-0 .40r*  -0 . I  I
-0 .48**  -0 .04
0.69**  0 .20
0 . 1 2  0 . 7 7 * *
0 .38**  -0 .04

0 . 2 1  - 1 . 0 4 + +

0.48  *  *  -0 .20
0 02  -0 .61  *

0.29* 0.32
sE (Gi )
sE (Gi - Cr)

I 1 3 . 9

l 3  8 . 2

3.3 3

4.92

2.04

3 . 0 1

0 1 3

0.20

0.25

0.37

* .**  Srgni f icant  at  p < 0.05 and p < 0.01,  respect ively

Table 4, Estimates of GCA eflects measured on l2 maize inbred l ines. in a dial lel  cross
evaluated at Share Farm.

Inbred l ine CCA effeots

Grain
yield
(ks/ha)

Ear rveight Plant height (crn)
(e)

Days to
tasseling

Days to
maturity

UPM-TW-12 -55 .0

UPM-TW-s 49 2
UPM-SM5-g  45  0
U P M - S M 5 - 5  - 1 3 2 . 8 *
UPM-SM5-4  130 2"
UPM-SM7-6  200.0**
UPM-SM7-  10  -2 t2  7**
U P M - S M 7 - l  I  - 1 6 1 . 9 * *
UPM-SW-2 -108.5
U P M - S W - g  1 3 1 . 8 +
UPM-MT-13 253.4**
UPM-MT-5 -  118.6+

2.30
1 8 8

- 1 . 0 4
)  1 A

-0 24
9 . 1 7 4 4
-5 .64  *
-4.42
- t  4 9
1 . 3 0
5 . 9 5 * *

-5 .02  r

-7 .77**
-2.03
-9 .00*  *
- 2 . t 7
L 5 3
5 . 5 3  *  *

-0 .07
6 . 8 5 * *
- 5 . 5 8 * *
t . 0 7

I  0 .60*  *

1 . 0 3

-0 .54  *  t
-0 .59  *  *
-0 .37**
-0 .68  *  *
-0.40 * *

0 .65  *  *
-0.04
-0 .53  +  *

0 .  l 5
0 .82*  *
-0.02
0.46*  *

0 . 5 8 * *
0 .22
-0 .06
-0.09
-0.28
0.96*  +

1 . 0 3 * *
-0.06
- 1 . 1 3 * r
-0 .66*  *
-0.33 "
- 0 .  t 8

sE (c i )
sE (ci - Gr)

0 .  l 6
0.24

60.9  2 .26
89.9  3  34

1 . 9 5
2 . 8  8

0 . 1  I
0 . 1 7

*,** Signif icant at p < 0.05 and p < 0.01, respectively
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With regard to days to tasseling, UPM-TW-5 gave the highest negative GCA
eff-ects at Field 2 (estimated as -0.79), while at Share Farm, the highest negative value was
given by UPM-SM5-5 (estimated as -0.68). For days to maturi ty, UPM-SW-2 was the best
early general combiner at both locations (estimated as -1.04 and -1.13, respectively at Field
2 and Share Farrn).

The SCA effects shown by the crosses on the characters studied at Field 2 and
Share Farm, are presented in Tables 5 and 6. respectively. The crosses l isted are the ten best
cross combinations based on their positive SCA el'f'ects tbr grain yield, supported by
general perforrnance for the other characters at each location. At Field 2, high positive SCA
et-fects for grain yield were shown by the crosses UPM-SW-9 X UPM-SM5-5 (1855.6),
UPM-MT-13 X UPM-SM5-9  (1223.3) ,  and UPM-SW-9 X UPM-SM5-9  (1168.3)  (Tab le
5). At Share Farm, the crosses UPM-MT-5 X UPM-SM5-4, UPM-MT-5 X UPM-SM5-9
and UPM-MT-5 X UPM-SM5-5 gave high posit ive SCA eff-ects, with estimates of 1934.0,
1582.1 and 1503.3, respectively (Table 6). The best specif lc combiners at each location
mentioned (UPM-SW-9 X UPM-SM5-5 at Field 2, and UPM-MT-5 X UPM-SM5-4 at
Share Farm) also revealed the best performance fbr grain yield at the specif ic location
(4763 kglha and 5948 kg/ha, respectively, for the trvo crosses), as presented in Tables 7 and
8 .

Table 5. Estimates of SCA effects fbr the top l0 specif ic combiners lrom a dial lel  cross
among l2 maize inbred l ines, evaluated at Field 2.

SCA effects
Cross combinat ion Grain yield Ear weight

(ks/ha) (s)
Plant height Days to Days to
(cm) tassel ins matur i tv

UPM-SM7-6  X UPM-TW-12 1050.8**

U P M - S M 7 - l l X U P M - T W - 1 2  9 2 9 . 7 + *
UPM-MT-5 X UPM-TW-12 584.7**
UPM-MT-5 X UPM-TW-5 1005.3**
UPM-SW-g X UPM-SMs-g  1168.3**
UPM.MT-I3 X UPM-SM5-g 1223,3**
UPM-MT-5 X UPM-SM5-5  IOO8,O**
UPM-SW-g X UPM-SM5-5  1855.6**
UPM-SW.2 X UPM-SM5-4  IO19. I * *
UPM.MT- I3  X  UPM.SM5.4  962,5*

34.3  *  *

3 l . 0 * *
28.4+
3 8 . 5 * *
39 .8  *  *
2 ?  / t *

2 t . 3
3  8 .7*  *

28.7**
25.9*

1 3 . 3 1 *

1 1 8
2 l . 0 * +
t 2 . l
3 6..1* *

3 8 . 1 * *
20 .  I  * *

1 7 . 0 *
1 7 . 5 * r
l 0 8

-2.40* * -0.37

-0  75  - l .47
-  1 . 9 9 * *  -  1 . 1 6
-0.04 -0.64
- 1  6 6 * *  1  4 4
- l  .21**  -0 .  l6
_ l  .47**  _3 .42**
- 1 . 6 1 * *  0 . 2 5
_2.28** L66*
-0 .7  5  -2 .7  54  *

sE (s i r )

sE (s,r _ s,k)

sE (sir . skr)

378.9

606.4

582.6

I l . l

t 7 . 7

1 7  0

6 .8

r 0.9
1 0 . 4

0 .44

0 7 ] '

0 .68

0 8 2

1 . 3 2

1 . 2 7

For ear rveight, the highest posit ive SCA effect was given by UPM-SW-9X UPM-
SM5-9 (39.8) at Field 2. while i t  was UPM-MT-5 X UPM-SM5-4 at Share Farm (43.9). For
plant height, the highest SCA efl 'ects were shown by the cross UPM-MT-13 X UPM-SM5-
9  (38 .1)  a t  F ie ld  2 ,andby UPM-MT-5 X UPM-SM5-5  (30 .1)  a t  Share  Farm.

For days to tassel ing, UPM-SM7-6 X UPM-TW-I2 were the best specif ic
combiners at Field 2 (SCA effects of -2.40), while UPM-SW-9 X UPM-SM5-4 was the best
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at Share Farm (SCA effects of -4.3 l). For days to maturity, the cross combination of UPM-
MT-5 X UPM-SM5-5 gave the best negative SCA estimates of -3.42, indicating earl iness at
F-ield 2; rvhi le the best negative value was given by UPM-SW-9 X UPM-SM5-4 at Share
Farm (SCA estimates of -3.39).

Table 6. Estimates of SCA eflects for the top l0 specif ic combiners from a dial lel  cross
among l2 maize inbred l ines at Share Farm.

SCA eflects

Grain y ie ld
(kg/ha)

Ear Plant  Days to Days to
weight height (cm) tasseling maturity
(e)

UPM.SM5.9 X UPM-'fW-5
UPM.SM5.5 X UI)M.' IW. I  2
u l , M - s w 5 - 4  x  u P M - l  w - 1 2
UPM-SW-2 X UI 'M-TW-5
UPM-SW-9 X UPM-SM5-9
UPM-MT-5 X UPM-SM5-9
UPM-MT-5 X UPM-SM5-5
UPM-SW-9 X UPM-SM5-4
UPM-MT- I3  X  UPM-SM5-4
UPM-MT-5 X UPM-SM5-4

1002.2xx 36.4rr
1 3 4 5 . 6 * *  3 7 . 2 * *
998.4**  34 .5**
999.6x*  30 .3**

I  099.9*  *  33 .4**
l 5 8 2 . l E *  2 7 . 3 + *
1 5 0 3 . 3 * *  3 6 . 7 * *
1374.7**  37 .6**
1 3 1 9 . 7 * *  3 0 . 2 * *
1 9 3 4 . 0 * *  4 3 . 9 * *

20 .7x*  _2 .00r r  0 .16
1 5 . 6 *  - 0 . 0 3  I  1 8 *
1 9 . 4 * *  - 0 . 3 1  0 . 3 7
2 6 . 1 * *  _ 3 . 4 5 x *  0 . 5 9
2 7 . 7 * *  _ l . 3 3 * *  0  7 3
1 6 . 5 E *  _ l . 9 8 * *  _ 2 . 4 1 * *
J 0 . l * *  0 . 3 3  - 0 . 7 2
_ 3 . 2  _ 4 . 3 1 * *  _ 3 . 3 9 * *
5 . I  - 0 . 4 8  - 1 . 7 2 + *

16.2*  -0 .62  -1 .53**

sE (s,1)
sE (s i r  .  s ik)

202 6

324.2

3 l l 4

7 . 5

t 2 . 0

I  t . 6

6 . 5

1 0 . 4

1 0 0

0 3'/
0 .60
0 5 8

0.53

0.85

0.82sE (s, r  _ srr )

Table 7. Perfbrmance of the top l0 yielding maize hybrids f iom the dial lel  crosses at Field')

Hybrid/ check variety
Grain Ear weight
Yield (e)
(ks/ha)

Plant Days to Days to
Irc ight  tassel ing matur i ty
(cm)

Hvbrid;

UPM-SM7-6  X UPM.TW-I2
UPM-SM7- I  I  X  UPM-TW-I2
UPM.MT.s  X UPM.TW. I2
UPM-MT-5 X UPM-TW-5
UPM-SW-9 X UPM-SM5-9
UPM-MT. I3  X  UPM.SM5.9
L]PM-N,1T-5 X UPM-SM5-9
UPM.SW-9 X UPM-SM5-5
UPM-SW-2 X UPM-SM5-4
UPM-M1' - I3  X  UPM-SM5.4

Check variety;
Survan I
Survan 3
Metro

3867
3400
2941

3126
3 7  1 9
3733
J  I J J

4763
3741
394 I

3 1 5 6
I  896
3400

I  1 9 . 3
t 0 7 . 2
98.8

t07 .3
l t 6  l
l 1 4 . l
89 .3

123.4
I  I 1 . 4
I  t t  )

I 1 1  0
5  5 . 4

1 0 8 . 7

t  5 7 . 9
1 6 1  . 5
t62 .0

1  5 0 . 1
1 6 8 . 9
1 7 7 . 4
t45.6
1 5 7  8
1 5 8  6
t61.7

50.3
51.7
50.3

5  1 . 7
50.7
50.7
50.7
50.7
49.7
5 1 0

> l . J

52.3
5 4 . 0

92.0
90.7
9 1 . 3
9 2 0
9 2 7
9 0 7
8 8 .3
9 t .7
89.0
8  8 .3

9 5 0
9 4 0
92.7

1 6 8  9
1 3 9 .  I
223.0

0.457.996.92S , E 2 6 1 . 8 0 8 0
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Table 8. Perfbrmance of the top l0 yielding maize hybrids from the dial lel  crosses at Share
Farm.

I{ybridi check variety
Grain yield Ear Plant
(kg/ha) weight height

(e )  ( cm)

Days to Days to
tasseling matunty

Hybrid:

UPM-SM5-9  X UPM.TW-5
UPM.SM5-5  X UPM-TW. I2
UPM-SW5-4 X UPM-TW-I2
UPM-SW-2 X UPM-TW-5
UPM.SW.9 X UPM-SM5-9
UPM-MT-5 X UPM.SM5-9
UPM.MT-5  X UPM-SM5.5
UPM-SW-9 X UPM-SM5-4
UPM-MT- I3  X  UPM-SM5-4
UPM-MT-s  X UPM-SM5-4

Check variety;
Sur.r'an I
Suu'an 3
Metro

5 0 1  5
5 t 8 5
5096
4963
5296
5 5 1  I
5259
5659
5726
5948

5430
447 4
5  104

149 2
1 4 8 . 4
1 5 0 . 1
t + t  )

1 4 5 . 3
t 3 2 . 8
1 4 0  6
1 5 0  3
147.5
1 5 0  3

1 3 9  I
t44 .2
t2l .7

1 6 9 . 0
170.6
1 7  8 . 2
1 8 3 . 5
1 8 4 . 8
I  t ) . 2

1 9 4 . 0
t64 .4
182.4
1 8 3 . 7

206.6
172.6
227.0

4 9 0
5 0 . 7
5 0 . 7
48.0
5 1 0
5 0 0
52.0
4 8 0
5  1 . 0
5 l . 0

52.0
52.3
54.0

9 t .7
92.7
9 t .7
90.7
9 l  . 0
88.3
90.0
86.7
8  8 . 7
89.0

8 9 7
9 1  3
93.0

1 5 0 . 2 3 .26 6.73 0.67 0 7 2

DISCUSSION

The results showed that both GCA and SCA effects were significant for grain
yield and other related characters studied, indicating that both additive and non-additive
gene actions were important for grain yield and other characters studied in the hybrids
generated from the diallel crosses. Negative efTects fbr the flowering character and maturity
were indications ofthe presence ofgenes fbr earl iness, which is a desirable trait  possessed
by the inbred l ines concerned.

From the results on GCA, the inbreds UPM-SM7-6, UPNI-SW-9 and UPM-MT-13
rvere the best general combiners for grain yield, at both locations. For ear weight, UPM-
SM7-6 and UPM-MT-13 were the best general combiners at both locations. I t  was noted
that inbred lines shoiving high GCA lbr the grain yield also had average to high GCA tbr
ear weight. In contrast, inbred l ines shorving high GCA for ear weight did not necessari ly
have high GCA for grain yield. For SCA effects, at Field 2, the highest signif icant posit ive
effect fbr grain yield rvas given by the cross UPM-SW-9 X UPM-SM5-5 which also
shorved the best yield peribrmance. At Share Farm. the cross UPM-MT-5 X UPM-SM5-4
showed the best performance for grain yield, and gave the highest signif icant posit ive SCA
efl-ects fbr grain yield. ear weight, and grain weight per ear.

As a basic principle, Sprague and Tatum (1942) emphasized that SCA is rnore
important than GCA among selected inbred l ines. However, GCA is relat ively more
important than SCA among unselected inbred lines, fbr yield characters. They interpreted
SCA as an indicator for the predominance of genes having dominance and epistatic effects.
rvhile GCA as indicative for predominance of genes having largely additive effects. These
conclusions were in agreement'"vi th the results of this study involving selected inbred l ines.

S . E
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This r.vas due to the non-additive gene effects, which comprised a major part of the genetic
variat ion lbr most characters among the selected maize inbred l ines which were used in the
production ofsingle cross hybrids. ln addit ion, fbr al l  characters studied, the SCA variances
were higher than those for GCA, indicating that non-additive gene eff'ects were greater than
the additive ones. The importance of non-additive gene action was also reported by Hansen
et al.  (1977), Beck et al.  (1991), and Alika (1994). They also found similar results for ear
Iength, ear height. and ear diameter. However, some other researchers found that the
addit ive gene eff-ect was relat ively more important especial ly in maize (Qadri et al. ,  1983;
Lin and Chen, 1986). These contrasting reports could be attr ibuted to dif ferences in size,
nature, and diversity of the materials studied, the environments in which the experiments
rvere conducted. and the methods of analvsis emoloved.

CONCLUSION

'l 'he 
single cross hybrids tested in this study showed a high range of perfbrmance

lbr al l  characters investigated. As such. they coulcl be exploited further for their heterotic
capacit ies. Both addit ive and non-addit ive gene et ' fects were signif icant for grain yield and
the yield components studied. The inbred l ines that revealed strong GCA efl-ects could be
further ut i l ized as sources fbr populat ion improvement towards the accumulation oI
f 'avourable addit ive genes in populat ions. Those with strong SCA effects could be advanced
tbr hybrid variety release after other yield stabi l i ty f-actors have been considered.

ACKNOWLEDGMENTS

This work was supported by the IRPA funds (Project No. 0l -02-04-0353) f'rom the
Ministry of Science, Technology and Environment, Malaysia, for the PhD. research of the
senior author, under the supervision of the second author, at Universit i  Putra Malaysia.

REFERENCES

Ahloowalia, B.S.. and N. L. Dhawan. 1963. Study of genetic diversity on combining abi l i ty
of inbred l ines of maize. Indian J. Genet. 23: 158-162.

AIika. J.E. 1994. Dial lel  analysis of ear morphological characters in maize (Zea ma,vs L).
Indian J. Genet. 54:22-26.

Beck. D.L., S.K. Vasal. and J. Crossa. 199 l .  Heterosis and combining abi l i ty among
subtropical and temperate intermediate-maturi ty maize germplasm. Crop Sci. 3l:  68-

CIMMYT. 1988. From agronomic dala to Jarmer recommenrl.ations: An economrcs
lraining manual, Mexico, D. F.

Falconer. D. S. 198 l. Inlroduction to Quantitative Genetics (2nd ed). New York: John
Wiley and Sons.

Grif f lng. B. 1956. Concept of general and specif ic combining abi l i ty in relat ion to Dial lel
crossing system. Aust. J. Biol.  Sci.9:463-493.

Hallauer. A.R. 1990. Methods used in developing maize inbreds. Maydica.35: l-16.
Hansen, L. A., J. R. Baggett,  and K. E. Rorve. 1977. Quanti tat ive genetic analysis of ten

characterist ics in sweet corn(Zea maysL.). J, Amer. Soc. Horl.  Sci.  102: 158-162.

I  1 9



Lin, S. F., and C. Chen. 1986. Studies on combining ability for major agronomic characters in maize
(Zea mays L.). J. Agric. Assoc. China. 136 6-14.

Pathul laev,  S.  I  967.  A study of  new inbred l ines of  maize and their  hybr ids.  Uzbek Biol .  Z.
4:  59-61 .

Qadri,  M.1., K.N. Agrawal, and A.K. Sanghi. 1983. Combining abi l i ty under two
population sizes for ear traits in maize. Indian J. Genet. 43 208-211.

Russell ,  W. A., and A. R. Hallauer. 1980. Corn. In W. R. Fehr and H. H. Hadley, eds,
Hybridization of crop plants. American Society of Agronomy and Crop Science.
Maidson,  W. l .

Saleh, G., and T. C. Yap. 1988. Development of inbred l ines in grain maize. In T.C. Yap,
and M.S. Saad, eds,, Progress report. Improvement of Food Crops: Rice, Corn and
Sweet Potato. Universiti Pertanian Malaysia, Serdang.

Singh, R. K., and B. D. Chaudhary.1977. Biometrical Methods in Quanti tat ive Genetic
Analysis. New Delhi,  India: Kalyani Publishers.

Sprague. G. F., and L. A. Tatum. 1942. General vs. speci l ic combining abi l i ty in single
crosses ofcorn. J. Amer. Soc. Agron.34 923-932.

Suiiprihati, S. 1996. f{eterosis, combining ability andyieldprediction in hybridsfrom local
maize inbred l ines. Ph. D. Thesis. Universit i  Pertanian Malaysia, Serdang.

t20


