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INHERITANCE AND NATURE OF COLD TOLERANCE
IN TOMATO
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Hort, Dept., Fac. of Agric., Moshtohor, Zagarzig University” Benha Branch’’.
ABSTRACT

Interspecific ¢rosses were made between three cultivars, i.e. Edkawi,
Floradade and UC, 97-3, which belong to Lycopersicon esculentum, and
LA1383, which belongs to Lycopersicon hirsutum, to study the inheritance and
nature of cold tolerance. Al obtained populations, i.e. Py, P;, ¥\, F;, Bc , and
Be ; for all possible interspecific crosses were evaluated in a field experiment
as individual plants. Genetic differences were detected among the different
parental genotypes concerning foliage cold tolerance, fruit set percentage and
total yield/plant. The inheritance of coid tolerance, fruit set percentage and
total yield/plant was in quantitative pattern. The high level of cold tolerance
was partial dominant over the low level. The low percentage of fruit set under
low temperature showed partial dominance over the high percentage of fruit
set. Over dominance was observed for high yield/plant in the interspecific
cross UC, 97-3 X LA1383, The broad sense heritability estimates for foliage
cold tolerance were 98.73%, 87.19% and 60.91% while the estimates of the
narrow sense heritability were 75.56%, 63.22% and 56.97% for the
interspecific cresses Edkawi X L.A1383, Floradade X 1L.A1383 and UC. 97-3 X
LA1383, respectively. The minimum number of effective gene pairs
controlling foliage cold tolerance, percentage of fruit set and total yield/plant
vnder low temperature were 1-4,2-3 and 14 gene pairs, respectively.
Significant positive correlation was detected between foliage cold iolerance
and total yield / plant. However, foliage cold tolerance was negatively
correlated with each of Earliness, fruit weight and fruit length in the
interspecific crosses Edkawi X LA1383 and Fleradade X LA1383. Highly
significant positive correlations between foliage cold tolerance and chemical
composition of plant foliage, i.e. chlorophyll 2 and b and total caretenocides as
well as reducing, non-reducing and total sugars were detected. The combined
effect of fruit weight, number of fruit/plant, fruit length and diameter was
found to have highly significant correlation with total yield/plant under low
temperature conditions.

Key words: Interspecific, Broad and narrow heritability, Correlation, Tomato,
Lycopersicon kybrids.
INTRODUCTION

Tomato (Lycopersicon esculentum Mill) is one of the most
popular vegetable crops in many parts of the world. However, there



are serious problems assoctated with the winter season planting of
tomato in Egypt including frost damage, and low percentage of fruit
set (Hassan 1988). Cultivars of tomato recommended for the winter
season should be tolerant to low temperature conditions to reduce as
much as possible the damage associated with the low temperature
during the winter season. The market in Egypt needs more adapted
tomato genotypes, which are tolerant to cold conditions. In the open
field, under environmental conditions of Kalubia Governorate Egypt,
Radwan et af (1986) and Agwah and Mahmoud (1994) suggested that
sowing seeds in QOctober and transplanting 1n November was a good
timing to evaluate Lycopersicon esculentum cultivars for tolerance to
low temperature. In addition, EL-Saka (1997) mentioned that the
frequency distribution for foliage cold tolerance m the F, of some
crosses between L. esculentum genotypes indicated quantitative
mheritance pattern for foliage cold tolerance.

The ability of tomato plants to fruits set under low temperature
conditions was inherited quantitatively with partial domunance for
high percentage of fruit set (Ibrahim 1984). In addition, he found that
the heritability estimates for the high percentage of fruit set under low
temperature conditions were very low indicating the high mfluence of
the environmental effects on the expression of ths character. On the
other hand, Kalloo and Baberjee (1990) observed qualitative
mhernitance pattemn for percentage of fruit set under low temperature in
the segregating generation of crosses between L. esculentum and
L.pimpinellifolium. Moreover, EL-Saka (1997) found that number of
major effective genes controlling foliage cold tolerance, percentage of
fruit set under low temperature conditions, and total yield/plant under
low temperature were 1-3, 1, 3-39 gene paurs, respectively.

Maisonneuve et al (1986) mentioned that the foliage of the cold
tolerant tormato genotypes, when exposed to low temperature
conditions, it lost part of chlorophyll content at very low rate at night
and then will compensated the lost chlorophyll at the day time. In
addition, Kamps et al (1987) evaluated different tomato germplasm
for resistance to chilling injury by subjecting the plants at the 4 to 11
leaf development stage to temperature of 2.5°C for 72 hours and found
high correlation between the wisual ratmg of plant damage and
chlorophyll fluorescence which was found to be the most precise
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assay to quantify chilling, Byrd et al (1995) recorded decrease in leaf
photosynthesis when tomato plants were exposed to low temperature
of 4°C. Moreover, Keller and Steffen (1995) observed that during the
chilling treatment, levels of soluble sugars per leaf dry weight
increased. They pointed out the involvement of soluble sugar level in
the acclimatization of tomato plants to chilling.

Furthermore, sugars have been reported to be highly correlated
with freezing tolerance in many plants (Levitt 1980 and Gusta ef a/
1996). EL-Saka (1997) mentioned that significant positive correlations
between cold tolerance of adult plant foliage and the studied chemical
characteristics of fruits, 7.e. vitamin C content, juice acidity, and total
sugars content,

The objectives of this research were to study the inhentance of
cold tolerance at adult plant stage and to develop a selection criteria
for cold resistance. Such information will be of great importance to
design a successful breeding program for cold tolerance in tomato.

MATERIALS AND METHODS

This research was conducted at the Agnicultural Experimental
Station of the Department of Horticulture, Faculty of Agriculture
Moshtohor, Zagazig University, Benha Branch, during 2000 to 2002.
Four parental genotypes of tomato, i.e. U.C. 97-3, Floradade, Edkawi,
which belong to Lycopersicon esculentum, and 1.A1383, which
belongs to L. hirsutum, were used in this study. The hirsutum line
1383 1s known for its high foliage resistance to low temperature and
its high capacity to set fruit under such cold condition. Seeds of the
different cultivars were obtained from the section of self-pollinated
vegetable crops breeding, Department of vegetable crops, Agricultural
Research center, Dokki, Egypt. Seeds of hirsutum LA1383 were
kindly provided by Dr. Rick Jones. Prof of plant breeding, University
of California, Davis, US.A. Plants of all parental genotype were
selfed for two generations before starting the research and making the
Crosses.

Seeds of the different parental genotypes were planted in the
nursery separately on February 15, 2000 Ten seedlings per parent
were transplanted in the field on April 8, 2000. The following crosses
were made between the parental genotypes:-
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U.C. 97-3 X LA1383, Floradade X LA1383 and Edkawi X LA1383.

On February 24, 2001, seeds of the different parental genotypes
and their Fi’s were planted. On April 18, 2001, ten seedlings from
each of the parents and F,’s were transplanted in the field separately.
The F, plants of each cross were saved to obtain the F; seeds and
backcrossed to each of the two involved parents to obtain seeds of
backcross populations .

Seedlings of the different populations, i.e. Py, Ps, Fy, F2, Beg
and Bc; of all crosses were transplanted in the field on November 2,
2001 for evaluating the plants of each population individually .The
experimental design used m conducting this experiment was
randomized complete block design with three replicates. Each
replicate contained one ridge for each of the parental genotypes and
theirr F| plants, four ridges for F, plants and two ridges for each
backcross plants. Ten seedlings were transplanted on one side of each
ridge of 3.5 meters length and 90 cm wde, with one seedling per hill
at 35 c¢m a part. All other agriculture practices, ie. irrigation,
fertilization, weed control,. .etc., were followed as in the district.
Minimum and maximum temperature degrees were recorded daily
during the experimental period. The recorded temperature degrees are
as follows:

Month Average recorded temperature ( °C)
Maximum Minimum
November 27.00 12.90
December 20.20 11.60
January 19.80 9.90
February 19.70 10.10
March 22.40 10.60
April 35.70 8.80

Foliage cold tolerance

A scale from 1 to 9 was used in evaluating the tolerance level
of the individual plants, 10 weeks after transplanting. The evaluation
scale used by El-Saka (1997) was modified as follows:
1 =More than 50% of plant leaves were totally or partially burned .
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2 = Less than 50% of plant leaves were totally or partially burned .

3 = More than 50% of plant leaves were curled but no sign for any
burns .

4 = Less than 50% of plant leaves were curled but no sign for any
burns .

5 = More than 50% of plant leaves showed visible anthocyanin
pigment (purple colour).

6 = Less than 50% of plant leaves showed visible anthocyanin
pigment (purple colour).

7 = Plant leaves showed pale anthocyanin pigment in the top of the
plant only.

8 = Plant leaves showed dark green colour with no sign of
anthocyanin formation .

9 = Plant leaves were totally healthy with normal colour.

Data recorded

The following characteristics were recorded for the indrvidual
plants of the different population:- earliness of flowering, fruit set
percentage, number of branches, number of fruits/plant, fruit weight,
total yield/ plant and fruit length and diameter .

Sugar content of leaves was determined using the method
described by Flood and Priesty (1973).

Photosynthetic pigments and carotenoides were determined in
fresh leaves as described in A O.A.C. (1975).
Statistical Genetic analysis

Means, standard dewiation, total varance and type of
inheritance were calculated as described by Briggs and Knowles
(1977).
_ The nature of dominance was determined by calculating the
potence ratio (P) using the equation given by Smith (1952).

Potence ratio (P) = F-MP
1/2(P.~ P)
Where:

F; = F; mean, P; = The smaller parent mean, P, = The larger
parent mean, and M. P. = Mid parent value = (P, + Py)

Broad sense heritability (BSH) was estimated by the following
method which was described by Allard (1960).
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VI — (VF, +VP|+VP:)/3
VF,
Narrow sense heritability (NSH) was estimated after Mather
and Jinkes (1971).
NSH = 2VF: - (VBCl + V:BCz) X100

VEF.
‘Whereas: -

VF; = Vanance of the first generation, VF, = variance of the
second generation, VP, = variance of the first parent, VP, = variance
of the second parent, VBc, = variance of the first backcross, and V Bc;
= variance of the second backcross.

The minimum number of the gene pairs differentiating the two
parents was estimated using the method given by Castle and Wright

1921).
(1921) o

N= yty-VE)

Where : -

N = minimum number of gene pairs by which the parental
differ, D = Mean of larger parent-Mean of smaller parent, VF; =
variance of F; population, and VF, = variance of F, population.

Estimates of the mean and its standard deviation and total
variance of the studied characters for all populations were calculated
using the methods described by Briggs and Knowles (1977).

Coefficients of correlation between different characters in F,
populations and multiple regression analyses were performed using
the methods described by Gomez and Gomez (1984 ).

BSH = X100

RESULTS AND DISCUSSION

Foliage celd tolerance

The results presented in Table (1) indicated sigmficant
differences among the different parental germplasm concerning the
degree of foliage cold tolerance. On a scale ranged from 1
(susceptibility) to 9 (tolerance), the parental LA1383 had the highest
degree of foliage cold tolerance (8.23), followed by cv. Floradade
(3.73), ¢v. Edkawi (3.03) and cv. UC.97-3 (2.23). Based on these
results, the parental LA1383 can be considered as good source for the
useful genes controlling foliage cold tolerance in tomato plants.
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Table 1. Frequency distribution for foliage cold tolerance in the parents, F,,
¥;, Be; and Be; of some tomato interspecific crosses.

o Scale ofal
opulation Noof Mesan SE. |Variance
1 12 |3 5 |6 7 plants

Edkawi{P1) 07113 - b= 30 1303 112 181
LA1383(P2) -l -1-f{-1-1- 151108451 30 1823 112] 081
Fy -]l - -th 10141 - 30 637 112] 066
F; WM 156 (1211517123313 4 | 120 |659 o56| 80.60
Bc1{F1XP1) 5110|2319 (3| -|-1}-]- 60 (308 079] 50.02
Be2(F1XP2) -] -] -{114]10)1822]| 5 60 (718 0.79| 50.28
LSD. 005 4,43

0.01 4.83
Floradade(P)| - | - |14 |7 ;9| - | -|-1]- 30 (373 038( 1.23
LA1383(P2) -l -b-1-]-15110([15| 30 {823 038! 081
F -l -] - - |00 8 1] - 30 (603 038 0.79
F, 101127111111 13124 116115 81 120 |484 019] 7.34
Be1(F1XP1) 1136911109 |8 4 80 |557 0271 504
Bc2(F1XP2) - 1319151911011t 9 (41 80 1572 027 5
L.SD. 0.05 288

0.01 313
UC97-3(Pf) (101t 3 1861 -1 -|-]-1- 30 1223 035 1.5
LA1333(P2) -l f -t - -] -15[10}115| 30 [823 035| 081
Fi - -0 - 41919161 -1 30 (643 035] 537
Fz 9 |14 ] 14 14115 118:16 | 9 | 120 1503 018] 68
Be1{F1XP1) -1 5] 14 141335 |8 - 60 [472 025| 542
Bc2(F1XP2) -1 -1 12114 | 14116 2 | 60 {618 025| 402
L.SD. 0.05 219

0.01 2.88

Differences among L. esculentum cultivars concerning foliage cold
resistance have been reported (Radwan et a/ 1986, Kamps et al 1987
and Foolad and Lin 2001). The L. esculentum cultivars Super
Marmande and Marmande were reported to be cold tolerant {Agwah
and Mahmoud 1994 and Khan et a/ 1995). EL-Saka (1997) found that
there were significant differences in the degree of foliage cold
tolerance between cultivar Super Marmande and each of the tomato
genotypes Castle Rock and UC. 97-3.

The relative potence ratio (P) values were 0.28 for the
interspecific cross Edkawi X LA1383, 0.02 for the interspecific cross
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Floradade X LA1383 and 0.40 for the interspecific cross UC. 97-3 X
LA1383 (Table 2). This indicated that the high level of foliage cold
tolerance was partially dominant over the low level of cold tolerance.
This result can be supported by the result of Kamps ef al (1987) who
made intergeneric crosses between L. esculentum and Solanum
lycopersicoides to study the inheritance of resistance to chilling injury
and suggested dominant nuclear gene control for this character.
Moreover, Foolad and Lin (2001) indicated that the variation among
generations with regard to cold tolerance was genetically controlled,
with additive effects.

Table 2. Potence ratio, broad and narrow sense heritability and minimum number of
effective gene pairs estimates for some tomato interspecific crosses .

Characters /|Foliage cold tolerance Fruit set percentage Total yield / plant
AR-AR-E AAR-AE-REIFIN -
B 2| Ela|lB 2|2 |alB|2|2]s
b . o - b @ [~] b v «
3 - 3
L o ]
B
L H &
0sses
Edkawi X
LA1383 028 198737556 1 |-064 7818 4849 | 2 |056/6040 | 1563} 4
Floradade X
LA1383 602 (87196322 1 | 074172015339 | 3 |-1.0819702 | 5132 1
U.C97-3 X
LA1383 049 {6091 ]5697 | 4 |-023 (8257|1996} 3 |126(4949( 649 | 2

The F, hybrids of all crosses (Table 1) had intermediate degree
of foliage cold tolerance between the two parents indicating that
resistance to cold was dominant over the low level of cold tolerance.
The frequency distribution of F,, Be; and Bec , of different
interspecific crosses (Table 1) indicated a quantitative inheritance
pattern for foliage cold tolerance. This result can be supported by
Vallejos (1979) who mentioned that the physiological disorder caused
by low temperature is complex phenomenon. In addition, Daubeny
(1959) reported that the development of tomato plants at low
temperature was not a simple character. EL-Saka (1997) showed that
the frequency distribution for foliage cold tolerance in the F, of some
crosses between L. esculentum genotypes indicated quantitative
mheritance pattern for foliage cold tolerance.
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The broad sense heritability estimates for foliage cold tolerance
ranged from intermediate (60.91%) to high (98.73%) in the different
interspecific crosses (Table 2). The same data in Table (2) revealed
that all used interspecific crosses had values above 60.91% and
56.97% for broad and narrow sense heritability, respectively. Such
results indicated that the greater part of phenotypic variance was due
to genetic variance. These results indicated the possibility of achieving
success in selecting for high foliage cold tolerance in the segregating
generations of the crosses between L. esculentum and L. hirsutum. In
addition, it may be suggested that selection would be effective for this
character in all interspecific crosses under study. In this respect, EL-
Saka (1997) mentioned that the broad sense hertability estimates
ranged from 74.69% to 91.23% while the estimates of the narrow
sense heritability ranged from 5.09% to 77.54% in some crosses
between L. esculentum genotypes.

The minimum number of effective gene pairs controlling cold
tolerance in tomato plants ranged from 1 to 4 (Table 2) Similar
findings were obtained by EL-Saka (1997) who found that the number
of the major effective genes controlling foliage cold tolerance ranged
from 1 to 2 gene pairs.

Fruit set percentage

The parental LA1383 had the highest fruit set values (84.65%)
followed by cv.Edkawi (43.78 % ), cv. Floradade (31.44%) and cv.
UC. 97-3 (26.90%) (Table 3). The differences between the parental
genotypes were highly significant. This conclusion is supported by
Robinson and Echim (1988) who found considerable variation among
200 cultivars and breeding lines of L. esculentum. In addition, the
presence of L esculentum genotypes which show high fruit set under
low temperature have been reported (Radwan et al 1986, Agwah and
Mahmoud 1994 and Fernandez-Munoz et al 1995)

The potence ratio (P) values were — 0.64 ,- 0.74 and — 0.23 for
the interspecific crosses Edkawi X LA1383, Floradade X LA1383 and
UC. 97-3 X LA1383, respectively (Table 2). These results indicated
partial dominance for the low fruit set percentage under low
temperature conditions in the different interspecific crosses. These
results agree with those of Kemp (1966) who found that the highest
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percentage of fruit set of L. esculentum genotypes at low night
temperature (40 F) was recessive. On the other hand, Ibrahim (1984)
found partial dominance for high percentage of fruit set under low
temperature conditions.

Fruit set percentage under low temperature conditions was
found to be inherited quantitatively, based on the frequency
distribution of this character in the F,, Bc, and Bc; populations of the
studied interspecific crosses (Table 3). Similar quantitative inheritance
pattern has been reported by Ibrahim (1984) who found that the ability
of tomato plants to fruit set under low temperature conditions was
inherited quantitatively. On the other hand, Kalloo and Baberjee
(1990) observed quantitative inheritance pattern for percentage of fruit
set under low temperature in the segregating generation of crosses
between L. esculentum and L. pimpinellifolium.

Table 3. Frequency distribution for fruit set percentage under low temperature
conditions in the parents, F;, F, Bc, and Be; populations of some tomato

imterspecific crosses.

. class limils Total Neo. Meen A
Poputation T T ] o é%g 70 [ 85 [ 8 | ofplants SE Ve
Edkawi(P1) - - - 0| 14 | 6 . 30 a8 5 B
LAISBHPZ) - - - - N & ] BB 25 BB
Fi - - B 7 - ; X | 5B S 5]
Fa Z 0 7 LA & 16| W ] 20 ¥8 1D A
BCl(FIXP1) 6 | 14 | 2 | 14| 4 X . 0 17 BT
BFTXP2) . - - 5 6 | ] BB 177 &0
[5D. 005 (73

0.01 10
Floadade(p) 5 i ] A - - - - ] 34 2B )
(A1383(p2) N - N . . - pi 30 [ BB
Fr - | 5B 51 8 - - 30 D B D
F2 7|2 | 85|01 7 3 120 A5 ¥ | BE
BeT{F 1XP1) 2 w0 % | - ! &0 o0 2w R3]
Be2(F 1XF2) - . I ® | 7] 4186 &0 o8 AV 2404
[SD 00 %

001 ]

UC97-3FT) S THal e o] - - - . 0 X0 28 6
(AT3B3P2) } ) . - . N ; Pl % b 28 B
Fy - - . T8 | 1] - - Kl or 28 70
Fz 2 | %5 | 5| & | 3 | 61 4 3 120 3 1B 255
B 1FIXPT) 8 |12 14 50 &2 174 ]
Be2{F1XP2) 26 |3 1 60 4338 174 (9312
L.S.D. 0.05 154

0.01 2006
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The broad sense hentability estimates for fruit set percentage
were 78.18, 72.01 and 82.57 and the narrow sense were 48.49, 53.39
and 19.96 for the mnterspecific crosses Edkawi X LA1383, Floradade
X LAI1383 and UC. 97-3 X LA1383, respectively (Table 2). Such
estimates give an indication for the validity of selection to improve
this character. These results corroborate those of EL-Saka (1997) who
found that the broad sense heritability estimates ranged from 93.72% -
96.40% in some crosses between L. esculentum genotypes.

The mmimum number of gene pairs controlling the fruit set
percentage ranged from 2 to 3 gene pairs (Table 2). These result
agreed with those reported by Kemp (1966) who reported that fruit set
of L.esculentum genotypes at might temperature of 40 F was found to
be controlled by one recessive gene pair. Also, EL-Saka (1997)
showed that one gene pair was found to be controlling fruit set under
low temperature.

Total yield per plant

Highly significant differences were observed between the
parental genotypes LA1383, Edkawi, Floradade and UC. 97-3
concerning total yield/plant (Table 4) under low temperature
conditions. Line 1383 gave the highest yield per plant (2315.5g).
However, the other parental genotypes Edkawi, Floradade and UC.
97-3 gave 1212.67, 1676.33 and 849.5 g per plant, respectively. These
results indicated that the parental LA1383 was the most tolerant
genotype to low temperature as explained by its relatively high total
yield per plant obtained under low temperature conditions. These
findings corroborate that of EL-Saka (1997) who mentioned that
highly significant differences were observed between the
Lycopersicon parental genotypes, i.e., Super Marmande, Castle Rock,
UC. 97-3, Line 3 and Floradade conceming total yield/plant.

The potence ratio (P) calculated for the total yield/plant under
low temperature conditions in the different interspecific crosses (Table
2) indicated partial dominance for high yield in the interspecific cross
Edkawi X 1.A1383 and for low yield in the cross Floradade X LA1383
as well as over dominance in the cross UC. 97-3 X LA1383. These
results are in accordance with those reported by EL-Saka (1997) who
found partial dominance for both low and high yicld under low
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temperature conditions, in some crosses between L. esculentum
genotypes. Such differences in nature of dominance for total
yield/plant under low temperature conditions are environmental
effects on this characters.

The frequency distribution for total yield/plant in the F;, Bc,
and Bc; populations in the different interspecific crosses (Table 4)
showed continuous variation in the expression of this character which
indicates quantitative inheritance pattern for this character. Therefore,
the obtained results are similar to those reported by EL-Saka (1997)
who indicated that a quantitative inheritance pattern for total
yield/plant under low temperature conditions was observed.

The broad sense heritability estimates for fotal yield/plant
ranged from intermediates (49.49%) to high (97.02%) in the different
interspecific crosses (Table 2). Narrow sense ranged from low
(6.49%) to intermediates (51.32%). These results indicated the
possibility of making progress through selection for this character.
These results agree with those reported by EL-Saka (1997) who
mentioned that the values of the broad sense heritability for total
yield/plant ranged from 25.95% to 68.74% in some crosses between L.
esculentum genotypes.

The minimum number of gene pairs controlling the total yield
per plant of tomato ranged from 1 to 4 gene pairs (Table 2). Obtained
results were supported by those of EL-Saka (1997) who mentioned
that number of major genes controlling total yield per plant under cold
conditions ranged from 3 to 39 gene pairs.

Simple correlation

Highly significant positive correlation was detected between
foliage cold tolerance and each of chlorophyll-a and b, carotenoides,
reducing sugars, non-reducing sugars and total sugars in the interspecific
crosses Edkawi X LA1383 and Floradade X LA1383 (Table 5). This
result agreed with those of Dolstra et af (2002) who found significant
chloroplast — related differences m photosynthetic performance under
low temperature. Moreover, significan: positive correlation was found
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Table 4. Frequency distribution of Py, P;, Fy, F;, Bc; and Be; populations for total
yield/plant (g) under lew tcmperature conditions for the different tomato

interspecific crosses.
oot Upper class limit (g. Total
pulation AD0 (8O0 |200 (1600 (2000 [2400{280C 13200 |3600(4000 |4400 (4800 ;::n:: Mean SE | Varian

Ediawi (IP1) -8 3 fae} - T-T -1 -1-1T-1-1-173 |121267 2506 | 1155048
LA:1383( P2) - {- - [ -1 -T-Taa"9s 71 -[-1T-1 30 | 23155 2506 |4218632
Fi e 4 t13|3]10] - -8 -[-1- 30 | 20740 22056 |2551111.7
F2 - 1816 |27 [ 46 [13] 1 [ 1 Fa[ 0 6] - | 120 | 18338 1253 |2599735.4)
ch1gl_=1 X P1} BEEAEAFTEe R 60 | 16260 1772 (40227523
Be2(Ft X P2) -[6l12] 6 (11 [85] s {12 (2{1§-7- 60 1936.1 7704100
LS.D.0.405 517 67

0.01 £81.42
FloradadefPl) | - [ -] 9 1 4] 7 J1o] - -1l - 0-10 - 30 | 16763 418.4 |364948.9
LA:A383(g2) - - - - -]l 7] -7-1]- 30 ] 23155 418.4 | 4218632
Fs -1 -1171 49l - - - -] - 30 | 1649.7 4184 |196328.8
F - i1{3 |2 i2n|{6|14|14 |50 4 a]|12] 120 30121 2092 1100:569.
Bei(F1 X#P1) -isl et nls|[ 111 4]-]- 6t | 7252.7 295.9 [40678453
Be2{F1XP*2\ - b-tTnltnal2liol (3 00 11 - 60 | 19376 2959 12894738
LS.D. 0. 05 548 35

0.8 653.44
Uc.87-3(P1) - [20] 10 | - - T-T - - |- - - 30 | 8495 1284 ] 357134
LA1383(p02) - -T1 - - [Tt e vl -1-1- 30 | 23155 1284 | 421863.2
F1 - -1 - - s [3]e6e 113 |-1-1-7- 30 | 2507.7 128.4 | 4153114
P - (16117 | 32 [ 29 J15] 7 [ 1 (3] - F-1 - | 120 | 16318 64.2 | S78G40.9
Bel{F1XP™1) -lal3 17 ]1sl6f 1 1 13- [-1-+- 60 | 16641 90.8 |807679.7
Bc2(F1XP*2) 2 [3] 4 24241101 1 V- -1-701- 60 | 15364 908 |310873.2
LSD.0.05 265.22

.M 349.12

between foliage cold tolerance and total vield/plant in the interspecific
cross Floradade X LA1383. This relationship could be partially due to
the relatively high biological efficiency, especially concemning
photossynthesis, of the plants with high level of foliage tolerance to low
temperature. However, foltage cold tolerance was negatively comrelated
with each of earliness, fruit weight and fruit length in the same
mnterspecific crosses. The observed significant positive correlations
between foliage cold tolerance and sugars percentage in the crosses is
supported by the findings of Keller and Steffen (1995) who mentioned
that dwuring chilling treatments, levels of soluble sugars per leaf dry
weight increased and suggested the involvement of soluble sugar levels
in acclimatization to chilling, In addition, many investigators found that
there wvwere high relationship between foliage cold tolerance and each of
chlorophyll and sugars content in plant leaves (Levith 1980,
Maisorineuve et al 1986, Kamps et af 1987, Byrd et al 1995, Gusta et af
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1996 and EL-Saka 1997).

Fruit weight was negatively correlated with each of chlorophyll-a
and b, carotenoides, reducing sugars, non-reducing sugars and total
sugars. However, it was positively correlated with fruit length and
diameter in the interspecific crosses Edkawi X LA 1383 and Floradade X
1. A1383 (Table 5).

Highly significant positive correlation was observed in the F,
population of the interspecific cross Edkawi X 1. A1383 between total
yield/plant and each of chlorophyll-a and b, carotenoides, reducing
sugars, non-reducing sugars and total sugars. This relationship seems
to be logic because the relatively high tolerance of plant foliage under
low temperature will result in high biological efficiency of the plant
which wiil have positive effects on the total yield/plant and its
components. In this regard, EL-Saka (1997) found that there were
significant positive correlation between total yield/plant under low
temperature conditions and foliage cold tolerance.

Multiple correlation

Concerning total yield per plant as the dependent variable in
the cross Edkawi X LA1383, the combined effect of fruit weight,
number of fruits/plant, fruit length and diameter was found to have
highly significant relationship with total yield/plant under low
temperature condition. In addition, significant relationship was found
between total yield / plant and number of branches/plant (Table 6).

The value of R squared was 0.47 which indicates that 47% of
the variation in total yield/plant observed in the F, plants was related
to a relationship between total yield/plant and the combined effect of
fruit weight, number of fruits/plant, fruit length and diameter and
number of branches/plant. The value of multiple correlation
coefficient was 0.68. The previously mentioned characters together
will have a dircct or indirect effect on total yield/plant under low
temperature condition. These results were agree with those reported
by EL-Saka (1997) who found that, concerming the cross Super
Marmande X Floradade, significant correlation was observed between
total yield/plant and the combined effect of number of branches/ plant,
number of fruit/plant and fruit weight. Whereas, the multiple R was
0.87 and R squared was 0.76.
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Table 5. Coefficient of correlation values ( r ) of different characters for some

Interspecific crosses.
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Table 6. Multiple regression coefficients between foliage cold tolerance and other
characters in the interspecific cross Edkawi X LA1383.

Involved dependent variables R-square | Multiple reg, Significance

Number of branches/plant *

No. of fruits/plant -

Fruit weight 0.467 0.683 *H

Fruit length "N

Fruit diameter e
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