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ABSTRACT: The parental, F,, F;, Bc; and Be; generations of the
two crosses Charleston Gray X Giza-1 and Charleston Gray X Sugar
Baby as well as their reciprocal crosses were evaluated in field and
pot experiments to study the inheritance and nature of drought
resistance and some component characteristics in watermelon
(Citrullus lanatus). There were highly significant root length increase
percentages under drought condition compared with that under
normal irrigation for P, P; and F; population. On the other haxd,
there were highly significant decrease percentages between Py, P
and F, populations of each cross concerning root size, fresh and dry
weights under drought condition compared with those under normal
irrigation. The drought resistance, leaf water loss ratio, total
yield/plant and leaf proline content were found to be inherited
quantitatively. Partial dominance for the highest levels of drought
resistance and leaf proline content over the low levels were detected.
Whereas, partial dominance for the lowest leaf area and total
yield/plant over the highest leaf area and total yield/plant were
" found. Broad and narrow sense heritability for drought resistance,
leaf area, total yield/plant and leaf proline content ranged from
intermediate to high percentages. The number of effective gene pairs
controlling drought resistance, leaf area, total yield/plant and leaf
- proline content ranged from 1 to 3, 2 to 4, 1 to 7 and 2 to 3,
respectively. Significant positive correlation was found between
drought resistance and each of fruit weight and total yield/plant.
Whereas, there was highly significant negative correlation between
drought resistance and each of fruit set percentage, leaf water loss
ratio, rind thickness and leaf area. Leaf proline content was
positively correlated with each of drought resistance, fruit length and
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diameter, and total yield/plant. Furthermore, there was significant
linear relationship between resistance to drought and the combined
effects of number of branches/planf, number of days from sowing
date to the first flower anthesis, fruit set percentage, fruit weight,
leaf water loss ratio, total yield/plant and leaf area. '

INTRODUCTION

Water shortage in the middle east
is expecting to be the limiting factor
for agriculture in the near future,
The demand for drought-resistant
cultivars is increasing due to the
limiting water sources, which are
not going to be enough for irrigation
of crops, especially with the
continuous increase of population.
Obtaining new watermelon cultivars
possessing resistance to drought will
be of great importance in water
conservation. Such drought-resistant
cultivars will be very suitable for the
new reclaimed lands, Watanabe et al.
(2001 and 2003) found that fruit
weight was closely related to total
leaf area per plant. Also, Orta er al.
(2003) showed that the yield was
directly correlated with mean of
crop water stress index values.AL-
Gosaibi (2001) illustrated that roots
did not grow deeper in the ground
especially at high rate of drip
irrigation regime and under high soil
moisture content in the root zone.

Meanwhile, Rajan ef al. (2002)
showed that various watermelon

hybrids exhibited both positive and
negative heterosis of varying
magnitudes for many economic
characters. Moreover, significant
genetic differences were detected
among watermelon germplasm
concerning  drought  resistance
(Zhang et al, 2002 a; Zhang-Ming
et al, 2002; Zhang et al, 2002 b).
The present research aims to
study the inheritance mode of
resistance to water stress in
watermelon plants and to examine
the nature of this resistance as well
as the correlation between drought-

resistant and some  economic
characters. Such information is
important when designing a

breeding program for developing
local watermelon cultivars which
are susceptible to drought.

MATERIALS AND
METHODS

This research was conducted at
the Agricultural-Experimental farm,
Department of Horticulture, College
of Agriculture-Moshtohor, Zagazig
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University, Benha Branch, during

the summer seasons of 2001 to 2003.

The watermelon  (Citrullus
lanatus) cultivars "Giza-1" and
"Sugar Baby", which are known for
their susceptibility to drought, and
"Charleston Gray", which is known
for its high resistance to drought,
were used as the parental genotypes
for the crosses made in this research.
Seeds of these cultivars were
obtained from the germplasm
preservation laboratory, Faculty of
Agriculture-Moshtohor, Department
of Horticulture, Moshtohor, Kalubia,
Egypt. Individual plants of those
cultivars were selfed for two
generations before initiation of this
research :

Seeds of the three cultivars were
planted in the field and crosses
between plants of the three cultivars
were made in the summer season of
2001 to obtain F, seeds of the
crosses; Charleston Gray X Giza-1,
Charleston Gray X Sugar Baby,
and/also  their reciprocals were
obtained. Seeds of the parents and
Fy s were planted in the summer
season of 2002, to obtain seeds of
the F; and backcross populations
and to obtain F; seeds of the crosses
made in the first season. The
backcrosses  populations  were
obtained by crossing each F; hybrid
with its respective parents.
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L Pots Experiment

On March 28, 2003, seeds of the
different  watermelon  parental
cultivars in addition to their F; seeds

~were planted separately in pots, 30

cm in diameter, containing sandy
clay soil(1:1, ¥ : V). Ten seeds were
planted in every pot. The seedlings
were thinned later to five plants/pot.
Ten pots were devoted for each
population. When the seedlings
reached the two true leaf stage, the
pots were divided into two groups,
each group consisted of five pots for
each population. The first group was
irrigated regularly and the second
one was not irrigated. Every week,
one pot from each population within
each one of the two groups was
taken. The roots of the individual
plants within each pot were washed
with water and the following data
were recorded:

(1) Root length (cm), (2) Root size
(em’), (3) Root fresh weight, and (4}
Root dry weight.

Representative soil samples were
taken on regular basis from each pot,
directly after taking the sample
plants for evaluation. Moisture of
soil in the pot was determined as

percentage of field capacity.

IL. Field Experiment

On Maich 28, 2003, seeds of the
parents, F, , Fa, Bc) and Be; were
planted in the field on one side of



2056

ridges spaced 2m apart, with two
seeds per hill and 40 cm apart. The
experimental design used for
evaluating the populations in this
eXperiment  was  randomized
complete block design with three
replicates. Plants of all populations
were two irrigations after sowing
irrigation. The first irrigation was
after two weeks from sowing date
and the second irrigation was at the
full blooming stage. All other
agriculture practices; ie.,
fertilization, weed, diseases and
pest control, were followed as
recommended for watermelon.

Data recorded

The individual plants of the
different populations were evaluated
under water stress conditions in the
field experiment by recording the
morphological traits and yield as
follows.

The percentage of healthy leaves
compared with total leaves/ plant,
number of branches/ plant, number
of days from sowing date to the first
flower anthesis, fruit set percentage,
fruit length, diameter and weight,
leaf water loss ratio(by weighting
the detached leaf every two hours
and calculate the ratio of water loss
in the laboratory), rind thickness (It
was measured by caliper), average
of leaf area (cm®). using five
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leaves/plant (on the base of fresh
weight) and total yield (kg) / plant.

Free proline was estimated
calorimetrically in dry plant leaves
using the method described by Bates
et al. (1973). Samples were taken
from the fourth and fifth fully
expanded leaf (from the top of the
plant) at the flowering stage.

Genetic Statistical Analysis:

1. Analysis of variance was
performed, on recorded data,
according to the method described
by Gomez and Gomez (1984).

2. Mid-parent heterosis
percentage was calculated, using the
following equation described by
Bhatt (1971).

Fi—MP

Heterosis = » 100

where: F; and MP are the means of
F, and mid-parent values= 4(P+P,),
respectively.

3. The nature of dominance was
determined by calculating the
potence ratio (P), using the
following equation suggested by
Smith(1952):

Potence ratio (P) = Fi-MP

B(P2-P)
where:
Fi =Fymean _
P; = smaller parent mean
P, = larger parent mean
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MP = mid-parent value =

V(P + Py) _
4. The minimum number of gene
pairs differentiating the two parental
genotypes was estimated using the
following method, which described

by Castle and Wright (1921):
2
w-_D
8(VF2-VEF)
where:

N = minimum number of
gene pairs by which the parental

genotypes differ.

D = mean of larger parent —
mean of smaller parent.

VF; = vanance of F;
population.

VF, = wvariance of F,
population.

5. Heritability in the broad sense-
(BSH) was estimated using the
following method described by
Allard (1960):

BSH = VFa—(VF1+VP +VP2)/3 .
VF:

6. Narrow sense heritability
(NSH) was estimated after Mather
and Jinkes (1971):

NSH = 2VFF2—(VBCi+VBC2)
VF:

100

*x 100

whereas: B

, VF; = variance of the first
filial generation, VI, = variance of

the 'second generation, VF; =

variance of the first parent, VP; =
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variance of the seeond parent, VBC,
= variance of the first backcross, and
VBC, = variance of the second
backcross. .

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

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

RESULTS AND
DISCUSSION

L. Pots Experiment

Data presented in Table 1 show
that, there were highly significant
differences between P;, P, and F,
plants in all crosses under study for
root traits; i.e., length, size, fresh and
dry weight, under normal irrigation
or drought, except that for root
length in the crosses of Charleston
Gray X Giza-l and Giza-l X
Charleston Gray, and for root DW in
cross Giza-1 X Charleston Gray
which was significant. In this
respect, the parental cultivar
Charleston Gray had the highest
values of root length, size, fresh and
dry weights, whereas these valics
reached to 39.00 cm, 18.00 cnr’,
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Table 1 Means of root characteristics and the percentage of increase or decrease of different
watermelon cultivars and their F, hybrids, under normal irrigation and water stress
conditions in pots experiment

Normal Stress Root  Decrease (%)
Cross Popula Root Root Root Root Root Root Root Root length  Root Roct Root
length sizz F.W. DW. length size F.W. D.W. Increase size FW. DW.

(cm) (m3)__ (g (g (m (md) (@ (@ ) md) (@ @

Charleston Gra P, 3900 1800 2380 431 4550 1100 912 22 1564 3889 61.68 4849
X - P, 3100 825 592 107 3510 650 433 0.99 1323 2121 2686 748
Giza-1 F, 3300 1175 1006 231 4075 925 105 179 2348 2128 306! 2251
L.S.D. 0.05 6.06 1.44 419 075 3.50 1.09 288 061 NS. 1035 1131 1014
0.01 NS. 209 609 109 500 158 419 089 NS. 1502 1642 1472
Giza-1 Py 3100 825 592 107 3510 650 433 0.99 1323 2121 2686 748
X P; 31900 1BOD 2380 431 4550 1100 912 222 1564 3889 6168 4849
Charleston Gray Fy 3420 1239 1156 243 4100 916 79! 1.87 1988 2607 3157 2308
LS.D. 0.05 5.87 1.41 413 (%31 343 218 263 098 NS. 1077 1150 1027
0.01 NS 205 &0 103 49 317 38 NS N.S. 1663 1669 145}
Charleston Gray P, 3900 1800 2380 431 4550 1100 912 222 1564 3889 6168 4849
X P> 2700 705 389 053 3000 625 37 079 111 1135 334 1505
Sugar Baby F; 3200 1150 -9.82 201 3850 900  7.03 1.55 2031 2174 2841 2289 -

L.S.D. 0.05 822 1.33 136 08 789 1.23 120 098 NS. 1010 1016 1015
001 119% 193 1.98 121 1148 179 175 1.42 NS. 1466 1475 1473
Sugar Baby P 2700 705 389  0%3 W00 625 376 079 11.11 1135 ° 334 1505
X P; 3900 1800 2380 431 4550 11.00 912 222 1564 3889 6168 4849
Charleston Gray 1340 1167° 1080 205 4020 921 69 153 2036 2108 3615 2537
LSD. 0.05 ' 7.94 1.64 3,64 146 7.56 1.97 1.77 0.72 NS. 1033 1137 1074
0.01 1155 23 530 213 1100 287 258 1.05 NS. 1499 1723 1559

Field capacity { %) . 2394 : 22.15
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23.80 g and 431 g, respectively
under normal irrigation, while these

values were 45.50 cm, 11.00 cm’,

9.12 g ‘and 2.22 g, respectively
under drought condition, followed
by cv Giza-1(31.00 cm, 8.25 cm’,
592 g and 1.07 g, respectively
under normal irrigation and 35.10
cm, 6.50 cm’, 4.33 g and 0.99 g,
respectively under drought
conditions) and cv Sugar Baby
(27.00 ecm, 705 cm’, 3.89 g and
0.93 g, respectively under normal
irrigation and 30.00 c¢m, 6.25 cm’,
3.76 g and 0.79 g, respectively
under drought conditions). These
results indicated that, <cultivar
Charleston Gray can be considered
as a good source for drought
resistance. The F; hybrids of all
crosses under study (Table 1) had

intermediate vaiues between the two-

parents of each cross under normal
irrigation or drought conditions. The
results (Table 1) illustrate that, root
length of all crosses population was
longer under stress than that under
- normal conditions. It also interest to
note that those trait had no maternal
effect, as shown from reciprocal.
Obtained results were supported by
those of AL-Gosaibi (2001), who
mentioned that roots did not grow
deeper in the ground at high rate of
- drip irrigation regime and under
high soil moisture content in the root
Zone.
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With regard to._the effect drought
conditions of root behaviour (Table
1), the cultivar Charleston Gray
gave the highest increase percentage
in root length (15.64%) followed by
cv Giza-1 (13.23%) and c¢v Sugar
Baby (11.11%). The increase of F,
root length percentage values was
higher than the two parents for each
cross. However, such increment did
not reach to the significant level. On
the other hand, there were highly
significant decrease percentages in
the root size, and both fresh and dry
weights for P;, P, and F, for each
cross, under drought condition
compared with normal irrigation
condition. The cultivar Charleston
Gray gave the highest decreases in
the previously mentioned characters,
followed by cv Giza-1 and cv Sugar
Baby, respectively. The decrease
percentage of F; root size, fresh
weight and dry weight values were
intermediate between the {wo
parents of each cross under study
(Table 1).

Data in Table 2 reveal that the
potence ratio (P-ratio) calculated for
root length, size, fresh and dry
weight under water stress in pots
experiment showed partial
dominance toward low parent value
in different crosses. Concerning
heterosis, the data in Table 2
showed that, there were slight mid-
parent heterosis for root length, size,
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Table 2 Potance ratio and heterosis of some root characteristics for
the plants of different watermelon crosses evaluated under
water stress conditions in pots experiment

: Root character
. | Length  Size Fresh Dry
Cross Parameter (em) (cm’) weight  weight
(g) ()
Charleston Gray P. ratio 0.09 0.22 0.14 0.31
X Heterosis 1.12 5.71 4.75 11.18
Giza-1
Giza-1 P. ratio 0.13 0.18 0.50 0.44
X Heterosis 1.74 4.69 17.53 16.15
Charleston Gray
Charleston Gray P. ratio 0.10 0.16 022 0.07
X Heterosis 1.99 4.29 9.16 2.65
Sugar Baby
Sugar Baby P. ratio 0.32 0.25 0.19 0.04
X Heterosis 6.49 6.72 8.07 1.32
Charleston Gray

fresh and dry weight in all crosses
under study. The highest values of
heterosis for root length and size
(6.49% and 6.72%, respectively)
were obtained from the cross Sugar
Baby X Charleston Gray.
Meanwhile, the lowest heterosis
value (1.12%) was obtained from
the cross Charleston Gray X Giza-1
for root length and (4.29%) from the
cross Charleston Gray X Sugar
Baby for root size. On the other
hand, the highest values of heterosis
for root fresh and dry weight were

obtained from the plants of the cross
Giza-1 X Charleston Gray, whereas,
the lowest value (4.75%) was
obtained from the plants of the cross
Charleston Gray X Giza-1 for root
fresh weight and (1.32%) from the
cross Sugar Baby X Charleston
Gray for root dry weight (Tabie 2).
Similar findings were obtained by
Rajan et al. (2002) who mentioned
that various watermelon hybrids
exhibited both positive and negative
heterosis of varying magnitudes for
all the economic characters.
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IL. Field Experiment
1. Drought Resistance )
Results presented in Table 3
indicate highly significant
differences between the parents; i.e.,

¢vs Charleston Gray, Giza-1, and.

Sugar Baby, concerning drought
resistance. The average drought
resistance ratio was 94.97% in case
of the cv Charleston Gray, while it
was 20.70% in case of the cultivar
jiza-1 and 15.30% in case of the
cultivar Sugar Baby, These results
indicated that ¢v Charleston Gray
was more resistant to drought than
the other cultivars. High resistance
of such cultivar may be due to high
values of root length and root size
(Table 1) and some other traits
compared with other cultivars.
Obtained results were supported by
those of Zhang et al (2002a),
Zhang- Ming et al (2002) and
Zhang et al. (2002b) who mentioned
that significant genetic differences
were detected among watermelon
. gemmplasm  concerning  drought
resistance.

The frequency distribution for
drought resistance in the F|,Fa, BC
and BC, populations of all crosses
under study were contentious which
indicated quantitative inheritance
segregation pattern for this character

(Table 3).
The I') means of ail crosses were
intermediate between the two
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parents for each’ cross. In addition,
the potence ratio (P) values ranged
from 0.147to 0.82 (Table 4). These
results indicated partial dominance
for the high level of resistance over
the low level. The frequency

distribution for this character in the

different populations of all crosses
supported the partial dominance of
high level of resistance.

The broad sense heritability
estimates for drought resistance
were 94.17%, 87.60%, 98.17% and
94.51%., while, the narrow sense
heritability estimates were 62.24%,
55.91%, 50.34% and 62.65% for the
crosses Charleston Gray X Giza-1,
Giza-1 X  Charleston Gray,
Charleston Gray X Sugar Baby and
Sugar Baby X Charleston Gray,
respectively (Table 4). These results
indicate that the additive genetic
variation associated with drought
resistance was more than the non-
additive and environmental variation.
Based on these results, selection for
high resistance to drought can be
made based on the performance of
individual plants in the segregating
generations. The number of
effective gene pairs controlling
drought resistance ranged from one
to three in all crosses under study
(Table 4).
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Table 3 Frequency distributions for plant reaction to drought resistance in
parents, F,, F;, Bc; and Be; segregations derived from some
watermelon crosses. .

Cross  Popuiation Upper class limils Total MeantSE Variance
: {% of healthy leaves/plant under water ~ No.of
stress | plants
0 20 30 40 50 60 70 B0 90 100 :
Py - - - T T T .75 25 3 9477:385 1974
Charleston p, - W10 - - - - - - - 30 270£38 1576
x Fi s - - -« - - 1020 - 30 88.10£386 3564
Gza1 F2 -1 4 6 1616 22 25 16 14 120 68652193 50683
BafFXPy) - - 9 167 6 9 13- - 60 59334273 38120
BeAFXP) - 19133 9 8 8 - - - 60 4475¢273 31624
LSD. 005 2086
0.01 4523
_ Py 0 10- - - - - - - 30 2070+348 1576
G'Zxaf' P S« - - L . . . 5 25 30 9477348 1971
Fe - - - 4 5 138 - - - 30 63072348 12746
Cheflston 2 5 7.7 8 9 10 14 28 23 9 120 6246174 43807
BofFXPy) - - - 8 8 128 7 17 - 60 6650£246 33088
BeAFXP) - - - - 7 9 4 8 18 14 60 7560£246 300.33
LSD. 005 26.95
0.01 40,83
Charleston P, - - - - - - - - 5 25 30 9477+401 1971
G;(ﬂv P, 4 % - - - - - - - - 30 15304401 1560
swgar . - - -« - 1515 . . 30 70302401 1980
Baby F2 6 8 12 11 28 12 16 11 10 6 120 5453x201 100362
BefFXP) - - - 2 7 8 1510 18 - 60 6582:284 81128
BefFXP2) - - - 6 11 16 15 12 - - 60 57.78+£2.84 690.72
LSD 005 31.05
0.01 47.05
Sugar - P, 4§ %- - - - - - - - 30 1530:404 1560
B;W Pz e - - - - - . . B 2 30 9477:404 1971
Chareston ! - - - - 7 185 - - - 3 67.70:404 9216
2 6 4 5 4 12121926 257 120 6098202 77451
BefFiXPy) - - 168 #1113 10 2 - 60  61.73:2.86 466.99
BafFoPy - 9 106 10137 5 - 60 69474286 59682
LSD. 005 31.26

0.0 . : 47.35
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Table 4 Potance ratio, broad and narrow sense .herifability and minimum
number of effective gene pairs estimates for the studied
characteristics in some watermelon crosses '

Cross ﬁwmought Leaf Total ‘Leaf
, resistance  area yield/  praline
Parameter plant  content
P. ratio 0.82 0.42 -0.14 -
Charleston Gray
X BSH 94.17 70.57 59.82 -
Giza-1 “NSH 6224 5300 2520 ;
No. of genes 2 3 1 -
Giral P. ratio 0.14 015 033 024
X sH ss91 49% 2574 1672
Charleston Gray No. of genes 3 3 1 3
P. ratio 0.38 -0.41 0.01 -
Cha"es)‘f“ Gray  psu 98.17 7946 7519 -
NSH 50.34 56.49 29.81 -
Sugar Baby No. of genes 1 2 2 L
Sugar Baby P. ratio 0.32 -0.13 -0.05 N
X NsH 265 121 2900 808
Charleston Gray No. of genes 2 4 7 2
2. Leaf Area between F; and the two parents in
Data presented in Table 5 all crosses under study.
indicate that the cultivar Charleston The frequency distribution for
Gray had the lowest area of the leaf leaf area of plants in F3, B¢, and Be,
(16.79 cm?®) comparing to the other populations for all crosses indicated
parental genotypes, cv Giza-1 (55.02 quantitative inheritance pattern for
cm?) and cv Sugar Baby (76.57 cm?).  this character. Leaf area may be one

The potence ratio (P) calculated
for the different crosses (Table 4)
indicated partial dominance towards
iow leaf area in ali crosses. There
were highly significant differences

of several factors responsible for
drought resistance. Leaves with
small area will have smaller water
loss ratio (Fig. 1). Leaf area can be
considered as one of the components
for drought resistance, which may
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have direct or indirect effect on
resistance to drought (Turner and
. Kramer, 1980).

With regard tc broad and narrow
sense heritability, all crosses had
values above 70.38% and 49.59%,
respectively, (Table 4). -These
indicated that the greater portion of
phenotypic variance was due to
additive genetic variance while
smaller part was due to non-additive
and environmental components.
Accordingly, selection for this
component of resistance to drought
in segregating generations of crosses

. between watermelon germplasm

would be effective.

Concerning number of the gene
pairs, data in Table 4 showed that
the minimum number of gene pairs

differentiating the two parental .

cultivars for leaf area ranged from
two to four.

3. Leaf water loss ratio

Data illustrated in Fig. | show
that there were highly significant
differences between Py, P,, Fy, Fs,
Be; and Bce; populations of all
crosses under study concerning
leaf water loss ratio after different
- times from leaf detachment from
the plant under laboratory
condition. The cultivar Charleston
Gray had the lowest leaf water loss
ratio (6.15%, 6.01%, 5.81%,
5.56% and 5.23% after two, four,

Badr and Khedr

six, eight and ten hours, .from leaf
detachment from the plant,
respectively), while the cultivar
Sugar Baby had the highest leaf
water loss ratio (9.60%, 8.81%,
7.80%, 7.72% and 7.38% after two,
four, six, eight and ten hours, from
leaf separation from the plant,
respectively) (Fig. 1), followed by
the cultivar Giza-1 which had leaf
water loss ratio of 7.64%, 7.43%,
7.24%, 7.23% and 6.76% after two,
four, six, eight and ten, hours from
ieaf detachment from the plant,
respectively. These results
indicated that the parental cultivar
Charleston Gray was the best
source for genes controlling the
low leaf water loss ratio which can
be considered as a component for
drought resistance. On the other
hand, leaf water loss ratio of the F,
plants was intermediate between
the two parental cultivars for each
cross (Fig. 1).

With regard to backcrosses,
leaves of BC, plants had the low
values of leaf water loss ratio
compared with the plants of Bc; in
the crosses Charleston Gray X Giza-
1 and Charleston Gray X Sugar
Baby, on the other hand, leaves of
BC, plants had the high values of
leaf water loss ratic compared with
the plants of BC; in their reciprocal
crosses under different times in
laboratory conditions. -
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Table 5 frequency distributions. for leaf area in different populations for

- some watermelon crosses

Total Mean £ SE

Range of leaf area {cm?) Variance
Cross  Population 30 30 40 50 60 70 80 90 Noof
plants
20 10 - - - - - - 30 1679168 2500
Charleston Gray p, - - - 1218 - - - 30 550241688 3708
Gl';(a-1 F; S - - - - - - W WHIHE8 11046
F2 161927 2217 8 9 1 120 31.00:084 19545
BolFiXPy 25 12 28 - - - - - 60  2560+1.19 10323
BoAFXP2) - 20 26 14 - B0 3255¢119 18400
S0, 005 1298
0.01 1967
. Py T - 1718 - % 55021227 37.09
G';M P, 2010 - - - - 30 1879L227 2500
Fi M1 - - - - - 30 RO A8
Charleston Gray 7 1426 23 16 14 19 1 120 2060113 10568
BG(FXP) - - 13 16 13 18 - - 60 39224160 53.69
BoFiXP) 8 15 17 20 - - - - B0 34074160 10526
S0 005, 1756
0.01 2.61
Charieston Gray P, 2010 - - T - 30 16792246 2500
X P, - - - < - 8 9 1330 7657:246 10323
Sugar Baby 188 6 - - - - 30 34512246 167.70
Fa 1427 8231112 2 2120 %BH2B 48023
BalFiXP) - 22 18 8 12 - - - 612174 U352
BaAFXP) - - 1 3516 8 - - 60 4300174 34568
{SD. 005 19.07
0.01 28.88
SugarBaby P, T - - - - 8 9 1330 76571252  103.23
X P 2010 - - ; - 30 1679:252 2500
Charteston Gray . S - 1614 - - - -3 42911252 12656
F, 1820 31 19 14 16 2 - 120 43524126 6244.30
Bo{FiXPy) 182319 - - - B0 41206178 15880
BeAFXP) - 171228 3 - - - 60 3513178 16538
LS.D. 0.05 ) 1947
0.01 2049
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Glza 1 x Charlestan Gray

Suger Baby x Charleston Gray,

Charteston Gray x Giza1

Charteston Gray x Sugar Baby

SIS

LSS

IS SIS,

Fig. 1 Leaf water loss ratio in parents, F,, F», Bc, and Bc; segregation

derived from some watermelon crosses under water stress. in

laboratory conditions
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4. Total yield per plant

Results illustrated in Table 6
indicate that the parental cultivar
Charleston Gray had highest total
yield/plant under water stress (11.57
kg), followed in descending order
by Giza-1 (6.95 kg) and Sugar Baby
(3.83 kg). These results indicated
that the cultivar Charleston Gray can
be a source for genes controlling
high total yield per plant under
water stress. The total yield/plant
of the F; populations of all crosses
under study was intermediate
between the two parents for each
cross. These results are supported by
the relative potence ratio of gene set
ratios calculated for this character in
the present study, which were -0.14,
-0.33 and -0.05(partial dominance
toward low yielding parent) and
0.01. (slightly partial dominance
toward high yielding parent), for the
crosses Charleston Gray X Giza-1,
Giza-1 X Charleston Gray, Sugar
Baby X Charleston Gray and
Charleston Gray X Sugar Baby,
respectively (Table 4).

In all crosses, frequency
distribution for total yield/plant in
the Pl, Pz, Fl, Fz, Bc; and BCz
populations indicated quantitative
inheritance pattern for this character
(Table 6).

The broad sense heritability
estimates for total yield per plant
were 59.82%, 66.86%, 75.79% and
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62.47% in the crosses Charleston
Gray X Giza-1, Giza-1 X Charleston
Gray, Charleston Gray X Sugar
Baby and Sugar Baby X Charleston
Gray, respectively (Table 4). On the
other hand, the narrow sense
heritability estimates ranged from
25.20% in the cross Charleston Gray
X Giza-1, to 29.03%, in the cross
Sugar Baby X Charleston Gray
(Table 4). These results indicated
that the effects of environment and
non-additive type of gene action had
a great influence on the variation
observed for this character. Based
on these results, selection for high
total yield/plant in the segregating
generations should be performed
based on family mean basis in
replicated experiments.

Numbers of minimum genes
controlling total yield/plant ranged
from one to seven gene pairs,

3. Leaf proline content

Significant  differences  were
observed between each of Giza-1,
Charleston Gray and Sugar Baby
cultivars in their leaf proline content
(Table 7). The cultivar Charleston
Gray had high leaf proline content
(3594 mg/100g D.W.), while the
cuitivar Sugar Baby had lower
amount (1655 mg/100g D.W.).
Obtaining a verity with high leaf
proline content and resistance to
water stress (Table 3) will be of
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Table 6 Frequency distributions for total yield/plant in different populations

for some watermelon crosses

Range of total yield/plant(kg)  Total

Popul

Cross a 4 6 8 10 12 14 16 No.of MeantSE Variance
plants
P, - 3 27 - - - - 30 11.5740.44 0.16
Charleston P, ~ - - - 28 - 30 £6.9540.44 9.92
Gray F, - - 8 139 - - 30 8.93+0.44 8.24
X F> 1 19 39 30 16 11 4 120 7.80:0.22 15.20
Giza-1 Be;, 10 24 13 13 - - - 60 7.91+0.31 12.76
Be, - 15 13 13 19 - - 60 8.16+0.31 13.81
L.S.D. 0.05 341
X)) 5.17
P, - . - . 228 - 30 6.95+0.44 9.92
Giza-1 P, - 3 27 - - - - 30 11.57+0.44 0.16
X F, - - 18 12 - - - 30 8.49+0.44 14.06
Charleston F; 15 19 40 40 2 2 2 120 7.40+0.22 2428
Gray Bc, - 19 20 21 - - - 60 8.86+0.31 19.41
Bc; 4 15 13 208 - - 60 7.5740.31 22.90
L.S.D. 0.05 3.39
0.01 5.14
Charleston P, - 3 27 - - - < 30 11.57+0.43 0.16
Gray | 219 - - - - - 30 3.33:043 2.13
X F 8 11 nn- - - - 30 7.68+0.43 1.56
Sugar F2 15 21 30 32 11 6 5 120 6.09+0.22 5.30
Baby Bey - 20 24 16 - - - 60 6.38+0.30 4.16
Be, 35 4 18 3 - - - 40 5,7540.30 4.86
LS.D. 0.05 3.34
0.01 5.06
Sugar Baby PI 209 - - -« - - 30 3.8340.46 2.13
X P; - 3 2 - - - - 30 11.57+0.46 0.16
Charleston F, 3 9 18 - - - - 30 7.51+0.46 8.18
Gray F; 15 20 25 25 16 12 7 120  6.73:0.23 9.30
Be, 259 1313 - - - 60 5.460.33 8.02
Be, - 30 17 13 - - - 60 6.504+0.33 7.88
L.S.D. 0.05 3.57

_0.01 5.41
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Table 7 Frequency distributions for leaf proline content in different
populations for some watermelon crosses -under drought

conditions -
Upper class limits Tod -
Cross Population {mg/100g D.W.} No.of MearaSE  Vaxiance
15_20 25 30 35 40 45 planis
Py 8 2 - - - - 30 185110 197
Giza1 P2 - - - - - 2B 5 3 3%1.10 141
X F1 - - - BT - - 3 BATHLI0 1949
Charleston F 1 19 18 32 21 20 9 120 268605 3922
Gray BOWFXPy - - 26 10 26 - - 60 3293078 2560
. BCAFXP) - - - - 21 39 60 35124078 2275
LSD 0.05 8.50
0.01 - 1288 .
Py 1119 - - 30 1655¢117 049
Sugar Baby P2 - - - - . 2% 5 30 3347 14
X Fi - - - X 6 - 30 27.35:147 74
Chadeston  F2 4 8 15 15 4 24 5 120 26111058 39.72
Gray BCiFXPy} - - 24 22 14 - - 60 28644083 209
BCAF1XP2) - - M 13 % - 680 3451083 2640
LSD 0.05 9.05
0 13.71

great importance especially when
selecting for drought resistance in.
segregating populations.

The potence ratio values in the
¢rosses Giza-1 X Charleston Gray
and Sugar Baby X Charleston Gray
were 0.24 and 0.11 which indicated

. slight partial dominance for high
. leaf proline conient (Table 4). The
average leaf proline content of F,
plants (29.17 and 27.35 mg/100g
_D.W.) were much higher than that
of the low leaf proline content
cultivars, Sugar Baby (1655
. mg/100g D.W.) and Giza-1 (18.15
mg/100g D.W), (Table 7). These
results indicate the possibility of

improving the selection for drought
resistance by using leaf proline
content as a selection criteria. These
result was supported by backcrosses
results where leaf proline content of
BC; populations in the crosses Giza-
1 X Charleston Gray and Sugar
Baby X Charieston Gray were
higher than that of BC; populations
(Table 7).

The frequency distribution for
leaf proline content in the F
populations of the crosses Giza-1 X
Charleston Gray and Sugar Baby X
Charleston Gray (Table 7) indicated
that this character was inherited
quantitatively.



2070

High estimate of broad sense
*heritability (81.26% and- 92.20%)

and narrow - sense  heritability -

(76.72% and 80.89%) in the crosses
- Giza-1- X ' Charleston - Gray -and
Sugar Baby X Charleston Gray for
leaf proline content, respectively
(Table 4) which indicated that
selection individual watermelon
plants with high leaf proline content
in the segregating generations will
be effective in improving the leaf
proline” content of watermelon
plants.

The minimum number of
effective genes controlling leaf
proline content in the crosses Giza-1
X Charleston Gray and Sugar Baby
X Charlesion Gray were ranged
from two to three gene pairs.

6. Simple correlation

Significant positive correlation
was found between drought
resistance and each of fruit weight
and total yield/plant in the F,
populations of the all crosses under
this study (Table 8). Whereas, there
was highly significant negative
correlation  between  drought
resistance and each of fruit set
‘percentage, leaf water loss ratio, rind
thickness and leaf area. These
results confirmed those obtained by
Orta et al. (2003) who showed that
the yield was directly correlated

Badr and Khedr

with mean of crop water stress index
values

“~Fruit weight was - significantly
and positively correlated with total

‘yield/ plant.<On the other hand, there

were significant negative correlation
between fruit weight and each of
leaf water loss ratio and rind
thickness in the F; plants of all
crosses. Many investigators working
on this character as Watanabe et al.
(2001, 2003) who found that fruit
weight was closely related to total
leaf area per plant.

Highly significant positive
correlation was found between leaf
water loss ratio and each of rind
thickness aiid leaf area. Meanwhile,
significant negative correlation was
detected between leaf water loss
ratio and total yield/plant in all
crosses under this study (Table 8).

Leaf proline content was
positively correlated with each of
drought resistance, fruit length and
diameter, and total yield/plant.
Meanwhile, significant negative
correlation was found between leaf
proline content and each of fruit set
percentage, leaf water loss ratio, rind
thickness and leaf area in the F;
plants of the crosses Giza-1X
Charleston Gray and Sugar Baby X
Charleston Gray (Table 8). The
relationship will ease the process of
selection for drought resistance.
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Table 8 Correlation coefficients between some measurements of drought resistance in

the F; of some watermelon crosses

Loa .
. Total
No. of Frotsel = Frok Frat Fk  water  Rind Leaf Proline
mmmmmmmm:mwnm
Dooghi maisiencs. 0T 008 2208~ 0aw o0 AN ORST 02" oM LI
Mo, olbranches oan L2 0ms " 008 L21F 01 0T 0188 DAEF
Eartnen o118 oJ™ 0™ 05T 00N  0Mr 0N 09
g Fra el parconiege L42r Q050 09  OXF 06 OWF 4%
, "g' Froll gl oMET O7TMT 00 0I66 0B 0
5 Frol dametr O G0t OS¢ pINT 028
Frlt waighi D00 O5G¢ 0™ 01N
Lowd waisr losg el Q2" 00" 083~
Fond ichnase Ei% oY L
Tolal yishdiplant 2290
Owought maisience 0071 0068 D/ AN OO 0N 09S¢ 424 048 D¢ O™
No. of branches QM o3 0033 0080 F0 T~ BT 025  0SN 00w
Exfren 0408 41 0 oM ows  OoM3 D43 OSWt 008
g Frall ool parcentags ET. T I T Y Y ) L080 QM D3N
~ & Frlwgh ATt 056" 0SS 4N 0N 0 O3
A8 Ftaww DA AN Q4T 03 LW G2
OF Frokweight L1 OETE  QMT 01D 0M8
Loaf woler ioum ralo aIM 0TS 04 Do
Rand ks Q35 Ml Lag
Totat yiskdiphent AN oM™
nlom Py
Omughtisaiines 0902 005 0420 o182 goH 0209 Do8T 0202 odX"  0IWT
No. of branches : 0508% s 408 AT D47 02 OBMT O4ET 0N
Eninem o4 0Hs  ol2f oMe™ D065 02E” 0119 0565
g Fruk sel parcesiege 0108 008) ant om0 o oNm
» ,§ Frolt aegh 0T 08T QAW OME 04Nt a0
Frolt champter DETS® 0OV OX05%  OdS1™ 0025
FroR waight 0269 0TI O5H™ 000
v Loaf woler oas raf paec om0
Rinl (Nichnaas: L2902
Tolshyiedipant 00
Diovgtmisros  ONTC 0162 Ty [T R Y TR T T oY T T Y T
No. of ramchs onr ame 412 01 04 oM ot a0t 0mF 03
Evlan 29 oS o DOME 0154 000 OM8F 06 0IR
® § Faestprcaninge LU 00 026" 0B 0BT 01N 008 0
i Frll agh oM OM2* 0N  OTI% Q51 0285 020
Frll davaler orze 0182 041" ot DNT 03
& Frokwaichd Qa0 OO oSt A0 AW
Loskusty lom 1o wxy A2 onr Qs
Rind hichasss 450" 0080 03
Totel yldipnt 08 0N
Lool poat -

* Significant at 5% level of significance

**Significant at 1% level of significmice
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Table 9 Multiple regression coefficients between drought resistance
and its studies components in the F; of some watermelon

crosses
Cross Involved indepent R* |Multiple -R [ Significance
variables
No. of branches
Charleston |Earliness
Gray Fruit set percentage
X Fruit weight
Giza-1 Leaf water loss ratio | 0:382| 0.939 **
Total yield/plant
Leaf area
No. of branches
Giza- 1 Earliness
X Charleston |Fruit set percentage
Gray Fruit weight
Leaf water loss ratio 0919| 0.959 >
Total yield/plant
Leaf area
No. of branches
Earliness
Charleston |Fruit set percentage
Gray Fruit weight
X Leaf water loss ratio 0.978 0.989 >
Sugar Baby |Total yield/plant
Leaf area
No. of branches
Sugar Baby X |Earliness
Charleston }Fruit set percentage
Gray Fruit weight
Leaf water loss ratio 0.941 0.970 b
Total yield/plant
Leaf area

**Significant at 1% level of significance
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7. Selection Index For Drought

Resistance

Data presented in Table 9 show
the results of the multiple regression
analysis which indicated that there
was significant linear relationship
between resistance to drought and
the combined effect of number of
branches/plant, number of days from
- sowing date to the first flower
anthesis, fruit set percentage, fruit
weight, leaf water loss ratio, total
yield/plant and leaf area, in the
crosses Charleston Gray X Giza-1
and Charleston Gray X Sugar Baby
as well as their reciprocal crosses.
These results indicated that 88.2%,
91.9%, 97.8% and 94.1% of the
variation in resistance to drought
observed in the F; populations of the
four crosses under study were
attributed to the genetic factor in the
plant. it means that there is a real
relationship  between  drought
resistance and the combined effect
of number of branches/plant,
number of days from planting date
to the first flower anthesis, fruit set
percentage, fruit weight, leaf water
loss ratio, total yield/plant and leaf
area. Therefore, based on the results
of the multiple regression analysis
Table 9, the above mentioned
characters should be considered
together as a selection index when
selecting for high resistance to
drought.
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