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SUMMARY

A complete set of diallel cross experiments was conducted involving six
sunflower (Helianthus annuus L.) inbred lines under non-saline and saline
soil conditions during 1992-1994. The inbreds were selected on the basis of
their salt tolerance and included two salt tolerant, two moderately tolerant and
two salt sensitive lines. The experiments, which included the parents and their
F1 and F2 generations under non-saline and saline soil conditions, were
repeated in subsequent years. It was observed t}tat additive and non-additive
gene effects were frequent over the environments. Cytoplasmtc inheritance was
more pronounced under saline than under non-saline conditions. The per-
formance of inbreds and their combinations was variable under the different
environments. GIMSUN-856 invariably exhibited hig[ general combining abil-
ity in both, non-saline and saline solls. Slmilarly, the reciprocal combination
GIMSUN-79O x GIMSUN-63O remained immutable under different soil condf
tions. Direct crosses between moderately tolerant and sensitive lines were
promising under saline conditions and so were reciprocal crosses between
moderately tolerant and tolerant lines. Direct and reciprocal crosses showed
more promise under non-saline and saline soils, respectively. It appeared that
salt tolerance potential was contributed more by the male than by the female
parent.

Key words: sunflower, Helianthas.rnnuus L., combining abillty, yield and
yleld components, non-saline and saline solls

INTRODUCTION

Sunflower is generally considered moderately tolerant to soil salinity (Hardwick
and Ferguson, 1978; Heikal et al., 1980; Blamey et al., 1986). Increasing levels of
salinity reduced achene mass and head diameter (Farah et al., lg80; Gharsalli ef
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al., L982; Hussain and Rehman, 1992). Evidences are also available on stimulatory
effects of low and to some extent moderate salinity levels on growth and yield of
plants (Abel and Mackenzic, 1964) and sunflower (Ahmed et aI., 1979; Hussain
and Rehman, 1992). Higher salinity decreased plant heiglrt (Gharsalli et al., 1982:
Girdhar, 1989; Rehman and Hussain, 1992), achene mass and achene yield
(Cheng, 1984; Girdhar, 1989; Hussain and Rehman, 1992) by accelerating achene
formation which decreased their growth period (Asaliev, 1976). Genetic variability
in sunflower is reported for plant growth and development (Rehman and Hussain,
19921, achene yield and yield components (Hussain and Rehman, 1992).

Putt (f 966) indicated that specific combining ability was more important than
general combining ability for plant height. It was suggested that non-additive gene
effects were more important (Putt, 1966; Dua and Yadava, 1982; Rao et al., l9g2).
Head diameter in sunflower ls greatly lnfluenced by environmental factors, espe-
cially by plant population, soil moisture and sotl fertllity. Thus, the portion qf total
variation in head size attributable to genetlc effects is often less than it is for certain
other agronomic traits (Ffck, 1978). Significant heterosis was obtained for head
diameter in crosses between inbred lines with relative contributlon of both additive
and non-additive genetic effects (Putt, 1966; Khair et al., L9921.

The components of general and specific combining ability for loOO-seed mass
were approxlmately equal, suggesting that both additive and non-additlve gene
effects were important in the control of seed mass (Putt, 1966). Many researchers
involved in hybrid sunflower development have encountered marked differences
€rmong inbred lines in combining ablltty for seed yteld (Unrau, Lg4Z; Putt, 1966;
Marinkovté, 1993). The heritability of good general comblner lines is high, ranging
from 60 to 86% when the relative combtning ability of tnbreds was comparable to
the combining abllity of the source populations (Voskoboinik and Soldatov, 1974).
Putt (1966) studied combining ability in a diallel cross of lO tnbred lines and
reported that spectfic comblning abtlity was more important than general combin-
ing ability for seed yield, suggesting that non-additive genetic variance was relatively
more important than additive in affecting seed yield. Similar results were reported
by Rao et aI. (1992). In cases when the yleld is determined primarily by additive
genetic varlance, selection procedures that utilize s1 or 52 progeny evaluation might
prove most effective. Conversely, if a relatively large non-addltive genetic component
is involved, breeding procedures following some t1æe of testcross evaluation might
be more effective in the selecilon for seed yield (Fick, lgZS).

The genotypes previously marked for their ability of salt tolerance (Rehman and
Hussain, 1992; Hussain and Rehman, 1992) are now included in this study to eval-
uate their performance in hybrid combinations. The diallel analysis is an efficient
and appropriate systematic method of evaluating populations or selecting groups of
inbreds for combining ability ln hybrid combinations (Griffing, 1956). The concept
of general and specilic combining ability has become increasin$y important to
plant breeders because of the w'idespread use of hybrid cultivars in many crops.
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General combining ability provides information for each parental inbred while spe-
ciflc combining ability provides information for hybrids; thus, performance of spe-
ciflc genotypes can be evaluated.

MATERIALS AND METHODS

The genetic material included in the study consisted of six inbreds, GIMSUN-
157, GIMSUN-232, GIMSUN-603, GIMSUN-764, GIMSUN-79O and GIMSUN-8S6.
These lines were developed from segregating populations of commercial hybrids
from the United States, through six successive years of self-pollinaûon. These were
malntained by selfing and sibmating, alternatively. The geneuc material was
assessed for the response to salinity and categorized as tolerant (GIMSUN-g56,
GIMSUN-6O3), moderately tolerant (GIMSUN-764, GIMSUN-79O) and sensitive
(GIMSUN-IS7, GIMSUN-232) before the start of these studies (Hussain and Reh-
man, 1992, 1993, 1994; Rehman and Hussain, L992, 1999, 1994, l99S).

The inbreds were crossed in all possible comblnations in a diallel fashion.
includi:rg direct and reciprocal crosses. In the sunflower, anthesis begi:rs in the out-
ermost whorl of florets in a head and proceeds inwards. Florvers ir: each capitulum
were hand emasculated early ln the morning and all necessary precautions taken to
avold contamlnation by foreign pollen. To produce sufflclent F6 seed, the maximum
possible number of florets ln each head was emasculated and the rest from the
middle of the head removed with a scalpel. Each head was covefed with a kraft
paper bag (35 x 45 cm) one day before the start of anthesis and kept covered. unll
seed setting. Pollen from Ûre male parent, which had also been previously bagged,
was collected in the bag by giving a gentle shake to the head. The pollen was t}ren
transferred to a sterllized petri dish. Pollen was dusted onto the stigma of the emas-
culated florets by using soft camelhair brush and covered again with its respective
kraft paper bag. Before moving to the next pollination, hands and the entire equip-
ment ln use were sterllized with absolute alcohol. Fp seed was harvested separately
for each cross, at maturity. Fresh F9 seeds were developed for second year experi-
ments. Durtng February 1993, the experirnents were laid out at two separate loca-
tions' on non-saline and saline soils. The experiment on non-saline soil was planted
in the research area of the Department of Plant Breeding and Genetics, University of
Agriculture, Faisalabad, pakistan. The other exlperirnent was planted in a salt_
affected fleld at a private farm about 3 km (north-west) from the site of the first
oçeriment. The salt'affected field having clay loam soil with an EC" 12.lo to lb.7b
dsm-I, sAR lz.2s to lg.g5 and pH g.g2 to g.79 was selected. The clayey soil due to
its compact texture minimized the rapid. leaching of salts to lower soil profiles and
helped to maintain an almost uniform salt level tlroughout the experiment. The
replicatlons were so designed that there should be mùrimum variation within each
replication.
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Hybrid seed of thirty crosses and six parental lines were planted in a rand-
omized complete block design with three replications on non-saline soil and with
six replications on salt-affected soil. The number of replications was increased
keeping in view ttre soil heterogeneity of the salt-affected soil. In all the experiments
sowtng was done by dibbling four seeds per hill to ensure uniform stand which was

thinned to one plant per hill at four-leaves stage. Each row was 5 m long while
plant-to-plant and row-to-row distances were kept 23 and 60 cm, respectively. Nor-
mal cultural practices were repeated next year, in spring 1994.

The data on the following plant characters were recorded on 5O plants per rep-
lication for each parent and cross in Fl:

1. plant height (cm),

2. head diameter (cm),

3. 1OO-achene mass (g),

4. achene yield per plant (g),

5. oil yield ($plant).

Statistlcal analyses

The data recorded for flve parameters in each of the 36 entries were averaged
for replications and subJected to analysis of variance techntque (Steel and Torrie,
1980) in order to determlne genot]æic dlfferences for each parameter. Further anal-
ysis was performed only in the case of signiflcant genotJæic differences. The data on
F1 hybrids and parental lines thus collected were subJected to combùri:rg ability
analysis using procedures outllned by Griffing (1956) Method I, Model II. The vari-
ance due to crosses was partitioned into the variance due to general combining abil-
tty effects, specillc combtning ability effects and reciprocal effects.

RESULTS AND DISCUSSION

Combinl:rg abiltty analysls ls of special importance ln cross-pollinated crops
like sunflower as lt helps in identiSdng potential inbreds that can be used for pro-
ducing hybrids and synthetics; thus, it helps in isolating basic material on which
the success of any breeding program primarily depends. Some lùres produce out-
standing progenies on crossing, while others prove to be poor parents althoug! they
appeared equally promising. The inbreds included in the present study were previ-
ously assessed for their ability of salt tolerance thus information on their combining
ability estimates are very important.

The data on different agronomic parameters were subjected to analysis of vari-
ance technlque to confirm the presence of genetic variabiltty for different plant
traits ln the F1 generation under non'saline and saline conditions. Genotypic differ-
ences were found significant (p<O.Ol) for all plant characters under non-saline and
saline conditions in both years, 1993 and 1994 (Table 1), which confirmed the
presence of variability in the genetic material. The sigpificant differences among
genotypes allowed the data to proceed further to the combining ability analysis.
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Table l: Mean squares for different plant haits in sunflower (Heltanthus o,nnuus L.) under
non-saline and saline conditions

Non - saline Saline

Plant trait Year 1993 Year 1994 Year 1 993 Year 1 994

Source of variation
Genotype Error Genotype Error Genotype Enor Genotype Enor
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Plant height 
/FJ2.4O.*

T:ead 
diameter 

6.84**

1€o-achene mass O.S*

Achene yield per plant 
æ0.1f*

lnitvieta 
per plant 

æ.sg*

6.53 42553s 10.13 758.Fr

0.08 5.66** 0.33 9.57**

0.014 1.06x* 0.11 1.49**

'1.12 1n.g** 02. 724r*

1.14 24.15** 0.06 11.46**

1056 468.71** 2A3

0.11 10.2|€}* 0.m

0.m 137** 0.@

0.85 71.97** 035

0.19 14.æ* 0.6

**, * - Signilicant at 0.01 and 0.05 probability level, respectively
NS - Non-significant

The abllity of an inbred to transmlt deslrable performance to lts hybrid proge-
nles is referred to as combini:rg abillty. Those parental ltnes / genotypes which
prove as good donors and good comblners for destrable plant traits are considered
to be superlor from breedlng polnt of vlew. Breeding for sallnity tolerance needs the
best combiners and deslrable donors whlch could be helpful in developing hybrtds
and synthetics that would successfully grow in salt-alfected areas. The total genegc
varlability observed in the analysis of each character was partiuoned tnto its com-
ponents, i.e., general and speciflc comblnlng ability as defined by sprague and
Tatum (1942) and reciprocal effects as outllned by Grlfftng ( lgb6).

Table 2: Mean squares due to ge-neral comblning abiltty (GCA), specillc combinlng ability(ScA) and reclprocal effects for dlfferent ptant tratts ln sunflower (Heftantfuts
annuus L.) under non-saline soil conditions

(5)! (1s) (15) (70) (5)! (15) (15) (70)

Trait

(cm)

Head diameter
(cm)

go.74l"ls 166.S** 1Æ.07** 2.18 æ.701'{5 125.69* j36.6** g.gs

4.59* 1.æ** 0.1'1

1oO-achene mass O.ËNs O.U**

Achene yield per plant 12.66Às 96.04**

Oil yield per ptant æ.,gtls 15.72r*

2.19n

0.æ**

0.4?*

1.10*

0.æ

0.æ01

037

0.08

34ils

o.81Ns 0.47'*

1.gg*

0.æ*

241**

1.60**

0.04

0.07

0.02

138.N 5o.5rr

243âs 9.06**

*, ** - Significant at 0.05 and 0.01 probability level, respectively
NS - Non-significant, ! - Degree,s of freedom
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Combtntng ability analysis under non-sallne soll conditions

The analysis of variance for combining ability showed that mean squares (Table

2) due to general combinlng ability effects were signiflcant (p<0.05) only for head
diameter for the year 1993. SCA were slgntficant at 0.01 probabiltty level for all the
characters for the years 1993 and 1994. The mean squares for reclprocals were
also signiflcant (p<O.Ol) for all the characters and both years. These results i:rdi-
cated that non-additive gene effects were lmportant for the control of these charac-
ters along with a stgniflcant role of cytoplasmic inheritance. The variance
components (Table 3) were esflmated to determine precisely the relative impor-
tance of additive and dominance components in the control of characters under
study. High SCA effects were observed for almost all characters and both years,
1993 and 1994, except for lOO-achene mass where GCA effects were higlrer for the
year 1993. These results showed higler non-additive effects for all the characters.
lO0-achene mass seemed to be under additlve control in the year 1993, whereas
hig[ non-additlve effects were present in the year 1994. These results were sup-
ported by GCA/SCA ratio which was almost one for lOO-achene mass for the year
1993 and very low for the other characters.

Hlgh reciprocal effects were found for head diameter and lOO-achene mass for
both years, 1993 and 1994, however, reclprocal effects were low for lOO-achene
mass for the year '1994. Low reciprocal effects were observed in the cases of achene
and oil yield per plant for both years, 1993 and 1994. However, a high proportion
of reciprocal effects, but lower than SCA effects, was present for plant height for
both years, 1993 and 1994. The contributlon of reciprocal effects exhibited the
involvement of cytoplasmic lnheritance, along with the non-additive gene effects, ln
the control of different parameters ln sunflower under non-sallne soil conditions.
However, the relative contrlbution of addttive effects was very small.

The estimates of general combinùrg abtllty effects (GCA) under non-saline soils
(Table 4) demonstrated that variable number of tnbreds showed stgnificant GCA
effects for different plant traits. The inbred GIMSUN-IS7 exhibited high positive
general combining abtltties for plant height, head diameter, achene yield per plant
and oll yield per plant for the year 1993. The same inbred demonstrated high nega-
tlve general combining ability effects for lOO-achene mass. GIMSUN-l57 proved to
be a good general combiner for achene yield, oil yield and the other related parame-
ters. Thls inbred line demonstrated almost similar results in both years (Table 4),
except it did not show htglr general combining ability for plant height in the year
1994. Otherwise, it was consistently superior to the other inbreds over the years.
The ùnbred other than GIMSUN-IS7 which dtsplayed htgh general combining ability
was GIMSUN-856. It was the best general combiner for loo-achene mass and sec-
ond in plant heiglrt, head diameter, achene yield and oil per plant. It demonstrated
simtlar performance for the year 19g4, when it was a good general combiner for
plant height and loO-achene mass. It was found second in head diameter and oil
yield per plant. Therefore, it is suggested on the basis of results presentecl in Table
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4 that GIMSUN-l57 and GIMSUN-856 were good general combiners. Hence, these
lines could be used as donor parents for specific characters in hybridization pro-
grams.

Table 5 shows that variable number of crosses expressed positive specific com-
bining ability effects for different parameters. A comparison of crosses involving
hig! specific combining ability effects for achene yield along with other traits, for
both years, showed that ttre crosses GIMSUN-856 x GIMSUN-764 and GIMSUN-856
x GIMSUN-157 exhibited positive specific combining ability effects for plant height,
head diameter, achene yield and oil yield. TWo cross combinations, GIMSUN-79O x
GIMSUN-157 and GIMSUN-232 x GIMSUN-157, exhibited higlr positive SCA effects
for head diameter, achene mass, achene yield and oil yield. There were two other
crosses, GIMSUN-764 x GIMSUN-79O and GIMSUN-764 x GIMSUN-157, which had
higlt positive specific combining ability effects for oil yield and its related pararne-
ters. Therefore, it was concluded that six cross combinaûons, GIMSUN-856 x GIM,
SUN-764, GIMSUN-856 x GIMSUN-l57, GIMSUN-79O x GIMSUN-IS7, GIMSUN-
232 x GIMSUN-l57, GIMSUN-764 x GIMSUN-79O and GIMSUN-264 x GIMSUN-
157, showed potential for non-saline soil conditions over years with litûe difference
between each other. The inbreds GIMSUN-l57, GIMSUN-764 and GIMSUN-856
demonstrated good combining ability and proved valuable.

Specific combining ability effect (Table 5) and reciprocal effects (Table 6) were
compared with each other and maximum positive effects for plant height were
observed in reciprocal crosses over the years. All other plant traits produced maxi-
mum positive or negative effects in direct crosses. The cross GIMSUN-764 x GIM-
SUN-6O3 had maximum positive reciprocal effects for plant height while ttre
combination GIMSUN-79O x GIMSUN-603 had maximum negailve reciprocal effects
for plant height for both years, 1993 and 1994. The combination GIMSUN-157 x
GIMSUN-232 was the best reciprocal cross as it exhibited positive reciprocal effects
for oil yield. similarly, the combination GIMSUN-79O x GIMSUN-603 expressed
positive reciprocal effects for lOO-achene mass and oil vield and showed more
potential than its direct cross.

Combining ability analysis revealed that cytoplasmic inheritance is very impor-
tant, in addition to additive and non-additive gene effects, for different plant param-
eters in sunflower under non-saline soils. The inbred lines GIMSUN-l57 and
GIMSUN-856 displayed high general combining ability. There were six cross combi-
nations, GIMSUN-856 x GIMSUN-764, cIMsuN-8b6 x GIMSUN-157. GIMSUN-764
x GIMSUN-79O, GIMSUN-232 x GIMSUN-IS7, cIMSUN-z9o x GTMSUN-I57. and
GIMSUN-764 x GIMSUN-157, which demonstrated capability for production under
non-saline soils, wittr small differences between each other. Reciprocal crosses
exPressed maximum positive effects for plant height while direct crosses expressed
superior results for achene yield and oil yield. However, only GIMSUN-79O x GIM-
SUN-603 was better than its direct cross.
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Combinlng ability analysis under saline soil conditions

The analysis of variance for combining ability showed that mean squares (Table

7) due to GCA effects were significant for achene mass for the year 1993, and for
achene yield and oil yleld for the year 1994. Specific combining ability effects and
reciprocal effects were significant for all the traits over the years of 1993 and 1994.
The preliminary results demonstrated the contribution of both additive and non-
additive gene effects to the control of various plant parameters in sunflower under
saline soil conditions. In addition, cytoplasmic inheritance appeared to play a sig
nificant role in the control of all traits in both years.

The components of variance (Table 8) were estimated to distinguish accurately
the relative importance of additive and dominance components in the control of dif-
ferent plant traits in sunflower under saline soil conditions. High SCA effects were
found for almost all plant parameters in both years, 1993 and 1994. Virtually bal-
anced contributions of GCA and SCA effects were observed in the cases of achene
yield and oil yield for the year 1994. The situation was even clearer when additive
and non-additive variances were compared. Additive variance was higher than non-
additive variance for achene yield per plant and oil yield per plant for the year 1994,
whereas these were roughly equivalent for lOO-achene mass for the year 1993. The
GCA:SCA ratio was close to one for achene yield and oil yield for the year 1994 and
approximately 0.5 for lOO-achene mass for the year 1993. The conclusion that may
be drawn from the results presented in Table 8 is that non-additive control of vari-
ous plant parameters was present in the above lines. However, both types of gene
effects were important for l0O-achene mass, achene yield and oil yield under saline
soil conditions. The contribution of reciprocal effects was higher for IOO-achene
mass for the year 1993, showing that the maternal or cytoplasmic effects were more
irnportant for lO0-achene mass under saline soil conditions.

The estimates for general combtning ability effects (Table 9) gve a good illustra-
tion of the situation found under saline soil conditions. There were only two
inbreds (GIMSUN-856 and GIMSUN,603) which demonstrated high general com-
bining ability effects for all the parameters under study consistently over the years
of 1993 and 1994. GIMSUN-856 manifested positive GCA effects for achene yield,
oil yield, head diameter, lOO-achene mass and plant height. The second inbred,
GIMSUN-6O3, had higlr positive GCA effects for all traits except head diameter.

specific combining ability estimates for the years of 1993 and 1994 (Table l0)
showed that variable number of crosses displayed positive and negative SCA effects
for different plant traits under saline soil conditions. There were only three crosses
which had positive scA effects for achene yield in both years, l9g3 and 1994. when
the same crosses were compared for positive scA effects for the other plant param-
eters over the years, it was found that two cross combinations were consistently the
best performers over the years. The combination GIMSUN-zgo x GIMSUN-232
expressed positive sCA effects for head diameter, loO-achene mass, achene yield
and oil yield. The other combination, GIMSUN-264 x GIMSUN-232. demonstrated
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positive SCA effects for plant heiglrt, head diameter, achene yield and oil yield.

Therefore, it was concluded that the combinations involving the inbred lines GIM'
SUN-79O, GIMSUN-764 and GIMSUN-232 are valuable for future breeding pro-
grams.

Specific combining ability effects (Table 10) and reciprocal effects (Table lf )

were compared and highest positive effects for plant height, head diameter' 1OO-

achene mass, achene yield and oil yield were identified in reciprocal crosses over

the years. There were many cross combinations which indicated change in direction
and magnitude of combining ability effects while shifting from specific to reciprocal
effects. It was found that the combinations GIMSUN-79O x GIMSUN-603 and GIM-

SUN-232 x GIMSUN-603 extribited positive reciprocal effects for head diameter,
Ioo-achene mass, achene yield and oil yield over tJle years of 1993 and 1994. The

combination GIMSUN-764 x GIMSUN-6O3 displayed positlve reciprocal effects for
plant height, head diameter, achene yield and oil yield. GIMSUN-I 57 x GIMSUN-

764 exhibited positive reciprocal effects for plant height, head diameter, 100-

achene mass and oil yield. There were two other combinations, GIMSUN-232 x
GIMSUN-764 and GIMSUN-232 x GIMSUN-79O, which showed some promise
under saline soils but their performance was not stable over the years. However, the
direct cross GIMSUN-79O x GIMSUN-232 was much better than its reciprocal.
Three reciprocal combinations, GIMSUN-79O x GIMSUN-603, GIMSUN-764 x GIM-
SUN-6O3 and GIMSUN-232 x GIMSUN-6O3, showed more potential under saline
soils. Reciprocal crosses demonstrated higher potential than direct crosses under
saline soils, as confirmed by the fact that eleven out of fifteen reciprocal crosses had
positive effects for achene yield, whereas only three dlrect crosses expressed posi-
tive SCA effects for this trait.

Combining ability analysis under saline soils indicated the presence of non-
additive control of different plant traits. However, both additive and non-additive
gene effects were decislve for achene mass, achene yleld and oil yield. The excep-

tional role of reciprocal effects for all the traits bestowed the promise of using cyto-
plasmic inheritance for monitoring various plant traits in addition to additive and
non'additive genetic effects.

The inbreds GIMSUN-856 and.GIMSUN-603 exhibited an explicit behavior
under saline soils and displayed high general combining abilities for most of the
parameters. There were only two direct crosses which demonstrated a combination
of positive SCA effects for achene yield and other plant traits. GIMSUN-79O x GIM-
SUN-232 and GIMSUN-764 x GIMSUN-232 appeared promising under saline soil
conditions. However, the reciprocal crosses extribited htgher potentials than the
direct crosses. Three reciprocal crosses, GIMSUN-79O x GIMSUN-603, GIMSUN-
764 x GIMSUN-603 and GIMSUN-232 x GIMSUN-603, exhibited high potentials
under saline soil conditions.

It was generally concluded that additive and non-additive gene effects were fre-
quent over the environments. Cytoplasmic inheritance was more pronounced under
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saline soil conditions than non-saline soils. The inbreds and their combinations

failed to show uniform performance under different environments. Only GIMSUN-

856 invariably showed higlr general combining ability, under non-sali:re and saline

soil conditions. Similarly to GIMSUN-856, the reciprocal combination GIMSUN-

790 x GIMSUN-603 was performed steadily under different soil conditions.
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ESTIMACIÔN PP CAPACIDADES DE COMBINACIÔN EN
LOS GENôTIPOS DE GIRASOL (Helianthus annuus L.)
TOLERAIIITES Y SENSIBLES A LA SALINIDAD Y
PARAIVTETROS MORI.OLÔGICOS

RESUMEN

En el periodo de 1992-94 fueron realizados los experimentos con dialilo
completo incluyendo sels lineas lnbred de girasol (Helianthus annuus L.). Los
experimentos se reallzaban en los suelos salino y no salino. Las lineas inbred
eran seleccionadas a base de la tolerancia de salinidad incluyendo dos lineas
tolerantes, dos modicamente tolerantes y dos sensibles. Los experimentos con
Ios padres y la generaci6n F1 y F2, realizados en los suelos no salino y salino,
eran repetidos en los aflos sucesivos. Fué notado que los efectos aditivos y no
aditlvos de genes eran frecuentes en ambas localidades. La herencia de cito-
plasma era mâs manifestada en las condiciones de salinidad que en esas de no
salinidad. Las performances de las lineas inbred variaban en dependencia de
localidad. GIMSUN-856 mostro la mâs grande capacidad de combinaciôn sm
consideraci6n con la localidad. sinilmente, la combinacidn reciproca de GIM-
SUN-790 x GIMSUN-630 no se cambiaba baJo el influJo de diversas condi-
clones del suelo. Los cruces dlrectos entre las lineas modicamente tolerantes y
esas senslbles se mostraron prometedores en las condlciones de salinidad,
como Io mostraron también los cruces reciprocos entre las lineas tolerantes y
resistentes. Los cruces directos se mostraron mejores en la parcela salina.
Parece que el padre masculino contribuye al potencial de resistencia a Ia salin!
dad mâs que ese femenino.
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ESTIMATION DES APTITUDES COMBINATOIRES DAI\IS
LES GENOTYPES DE TOURNESOL TOLERAI{TS OU
SENSIBLES A LA SALINITE ET PARAMETRES
MORPHOLOGTgUES

RÉSUMÉ

Entre 1992 et 1994, des expériences diallèles complètes ont été menées
sur slx lignes inbred de tournesol (Heltanthtts o,nnuus L. ) dans des sols salins
et non salins. Les lignes inbred avaient été choisies pour leur tolérance à la
saltnité et comprenaient deux ligpes tolérantes, deux lignes modérément
tolérantes et deux lignes sensibles. Les expériences sur les parents et leurs
génératlons F1 et F2 menées dans des sols salins et non salins ont été répétées
les années suivantes. On a pu observer que les effets additifs et non additifs
des gènes étaient fréquents dans les deux environnements. L'héritage cltoplas-
mique était plus prononcé dans les conditions de salinité que dans les condi-
tions de non salinité. Les performances des Iignes inbred variaient selon la
Iocalité. GIMSUN-856 a montré la plus grande aptttude à la combinaison,
lndépendamment de Ia localité. De façon semblable, la combinaison récip-
roque GIMSUN-79O X GIMSUN-630 est restée inchangée dans des conditions
différentes. Les croisements dtrects entre des lignes modérément tolérantes et
des Iignes sensibles se sont montrés prometteurs dans Ies conditions de salin-
tté de même que des crolsements réclproques entre les lig;nes modérément
tolérantes et Ies lignes résistantes. Les croisements directs se sont montrés
meilleurs dans les parcelles non salines, les croisements réciproques, erD(,
dans les parcelles sallnes. Il semble que le parent mâle contribue pour une
plus grande part au potentiel de résistance à la satinité que Ie parent femelle.
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