ISSN 1110-0419

Annals Of Agric. Sc., Moshtohor,
Vol. 42 (3): 1215-1232, (2004) .

GENETIC STUDIES ON COLD TOLERANCE IN SNAP BEAN
(Phaseolus vulgaris 1..)
BY

Badr, L. A. A,
Hort. Depart., Fac. of Agric., Moshtohor, Zagazig University "Benha Branch”.

ABSTRACT

Crosses between snap bean cultivars, /.e., Paulista, Oxyra and Bronco
(tolerant to cold) and Primera, Samantha and Giza-6 (susceptible 1o cold) were
made to study the inheritance and nature of cold tolerance and some related
characters. Cold tolerance, Earliness and total green pod yield per plant were
found to be inherited quantitatively. Partial dominance were detected for high
cold tolerance, high number of days calculated from sowing date to the first
flower bud anthesis and high total green pod yield per plant over low levels of
these characters. The estimates of broad sense heritability ranged from 47.59% to
82.47%, 47.00% to 63.46% and 58.67% to 60.95%, while those of the narrow
sense heritability ranged from 39.44% to 58.01%, 9.73% to 38.05% and 24.90 to
40.27% for cold tolerance, earliness and total green pod yield per plant,
respectively. The minimum number of effective gene pairs controlling cold
tolerance, earliness and total green pod yield per plant ranged from 1 10 4, 1 to 4
and 1 to 5 genc pairs, respectively. There were highly significant differences
between parents, F,, F;, B¢, and Bc; populations of the crosses Paulista x
Samantha and Oxyra x Giza-6 in photosynthetic pigments (chlorophyll a, b and
total carotenoides) and sugars content (reducing, non-reducing and total). The
cultivar Oxyra, which was tolerant to low temperature, had the highest contents of
photosynthetic pigments and sugars, while the cultivar Giza-6, which was
susceptible to low temperature, had the lowest content. Cold tolerance was
positively correlated with each of number of days from planting date to the first
flower bud anthesis, number of branches per plant, number of pods per plant, fruit
sct percentage and total green pod yield per plant in the F, populations of all
crosses, and with cach of reducing, non-reducing and total sugars, chlorophyll a,
b and total carotenoides in the F; populations of the crosses Paulista x Samantha
and Oxyra x Giza-6. In the crosses Paulista x Primera and Bronco x Giza-6,
number of days from planting date to the first flower bud anthesis, number of
branches per plant, number of pods per plant, fruit set percentage, and total green
pod yield per plant were found to have a significant combined effect on cold
tolerance. Moreover, in the crosses Paulista x Samantha and Oxyra x Giza-6, the
combined effect of number of days from planting date to the first flower bud
anthesis, number of branches per plant, number of pods per plant, fruit set
percentage, total green pod yield per plant, total sugars and chlorophyll a was
significantly correlated with cold tolerance.
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INTRODUCTION

Snap bean (Phaseolus vuigaris 1..) is one of the most popular vegetable
crops in Egypt which is important for both local market and export. There were
highly shortage in cultivars which can be cultivated under cold conditions and
produce high yield and good quality. Thus, breeding for cold tolerance to improve
local cultivars is very important. Genetic differences in cold tolerance between
snap bean cultivars and lines were reported by Hardwick and Andrews (1981),
Klein (1981), Farlow (1983), Drijthout (1984), Hennig and Dube (1988), Santos
et al. (1990), Chalyk (1991), Santos et al. (1993), Zaiter ef al. (1994), Melo et al.
(1997) and Ferrao et al. (2002).

Klein (1981) showed that cold tolerance during germination was
inherited as a recessive character when the maternal parent was more susceptible
than the pollinator to cold. In the reciprocal cross, tolerance in the F, was
intermediate. He also found that, cold tolerance at the seedling stage tended to be
inherited as a dominant character. In addition, Dickson and Petzoldt (1987)
mentioned that cold tolerance at different stages was inherited quantitatively and
independently. The ability to set pods at 16°C behaved as a recessive,
quantitatively inherited character. Narrow sense heritabilities for seed
germination at 5°C, seedling vigour and days to flowering at 16°C were 28, 56
and 45%, respectively. Chalyk (1991) mentioned that differences in cold
resistance in the varieties studied were conditioned by 2 genes that differed in
dominance depending on the cross. Mclo er al (1997) obscrved genetic
differences among Phaseolus germplasm concerning flowering period and grain
yield under low temperature conditions at the adult phase. In addition, additive
effects of the genes were observed for the flowering period under such conditions.

Narikawa and Muira (1974) found that the reduction of photosynthetic
efficiency by low temperature was due to a reduction in !eaf chlorophyll content.
Wu (1978) showed that the area, dry weight and chlorophyll concentration of
leaves of 15 cultivars grown at low temperature in the fietd were lower than in
control plants grown at normal temperature in the greenhouse. In addition, Badr
{2003) on tomato, mentioned that highly significant positive correlations
between foliage cold tolerance and chemical compaosition of plant foliage, /e,
chlorophyll a, b and totat carotenoides as well as reducing, non-reducing and total
sugars were detected.

Wu (1978) found that soyabean seed yield was positively correlated with
chlorophyll concentration of leaves. Ferrao ef al. (2002) showed that grain yield
and number of pods per plot were the less important characteristics influencing
genetic diversity. However, as they showed low genotypic correlation with the
other characteristics.

The main objective of this rescarch was to study the inheritance and
nature of cold tolerance in snap bean and the genetic behavior of some related
characters under low temperature conditions in order to develop a dependable
selection index for cold tolerance under winter conditions of Egypt.
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MATERIALS AND METHODS

This study was carried out in the experimental Research Farm and
germplasm preservation Laboratory, Department of Horticulture, College of
Agriculture, Moshtohor, Zagazig University, Benha Branch, during the seasons of
2000 to 2003.

On October 14, 2000, thirty snap bean (Phaseclus vulgaris L.) genotypes
were evaluated for resistant to low temperature in field experiment with three
replicates by using randomize complete block design. Seeds of this germplasm
were obtained from Agricultural Technology Utilization and Transfer Project,
Agricultural Research Center, Dokki, Egypt. The highest resistant cultivars to low
temperature, i.e., Paulista, Oxyra and Bronco were selected. Moreover, the
highest susceptible cultivars, i.e., Primera, Samantha and Giza-6 were selected.
Crosses were made in summer season of 2001 between the selected cultivars to
obtain the following ¥, hybrids:

Paulista x Primera, Paulista x Samantha, Oxyra x Giza-6 and Bronco x
Giza-6.

Seeds of the parental cultivars and F,populations of the previous
mentioned crosses were planted in the field in the suminer season of 2002. Plants
of F, populations were selfed to obtain seeds of F, populations and crossed to
both parental cultivars to obtain seeds of backcross populations. In addition, the
previous mentioned crosses between the parental cultivars were repeated to obtain
enough seeds of F, populations.

On October 11, 2002 seeds of parental cultivars, Fy, F;, Bc, and Bc,
populations were planted in the open field on one side of ridges spaced 70 cm.
wide with three seeds per hill 25 cm, apart, using a randomized complete block
design with three replicates. Each replicate contained one ridge for each of the
parental cultivars and the F, plants, four ridges for each F, plants and two ridges
for each backcross plants. This planting date was selected to record the
performance of the planis of the different populations under the relatively cold
weather conditions which was expected. All other agricultural practices, i.e.,
irrigation, fertilization, weed control .. etc., were done as followed in the district.

Data recorded:-
The following characters were recorded for the individual plants of the
different populations of the different crosses;-

Cold tolerance (percentage of healthy leaves to total number of plant
leaves), Earliness (number of days from planting date to the first flower bud
anthesis), number of branches/plant, number of pods/plant, fruit set percentage,
pod length and diameter (cm) and total green pod yield/plant.

Reducing, non-reducing and total sugars were assayed calorimetrically in
plant leaves using the method described by Flood and Priestly (1973). Morcover,
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photosynthetic pigments and carotenoides were determined in fresh leaves as
described in AQOAC (1975).

Pollen Grain fertility:-

Pollen fertility was estimated by the germination of pollen grains on a
cultural media (Shahine, 1961). Germination of pollen grains took place on slides
surrounded by water (to control humidity) at iow temperature (about 5+2°C) in
Petri dishes in the laboratory on the media mentioned by Darlington and La-Cour
(1960). The culture media was made up of 100ml-distilled water, (6g. Cane sugar,
2g. Agar and 2g. Gelatin). Inspection and counts of germinated and non-
germinated pollen grains were carried- out after 48 hours to calculate the
percentage of pollen germination,

Statistical analysis:-
The nature of dominance was determined by calculating the potence
ratio (P) using the equation given by Smith (1952).
F1-M.P.

Potence ratio (P) = —————
1/2(P2-P1)

Where:
F, = F, mean, P, = The smaller parent mean, P; = The larger parent
mean, M.P. = Mid parent value = 14(P, + ).

Broad sense hentability (BSH) was estimated by the following method
which was described by Allard (1960),
VE2 ~(VF1+VP1+VP2)/3
x 100
VF2

Narrow sense heritability (NSH) was estimated after Mather and Jinkes
(1971),

BSH =

2VF2 - (VBcl +VBe2)
x
VF2

NSH = 100

Where:

VF; = Variance 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 VBc, = 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)

8(VF2-VFI)
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.
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‘ _Estimatesofﬂncmcanandils standard deviation, total variance and type
of inheritance of the studied characters for all populations were calculated using
the methods described by Briggs and Knowles (1977).

Coeflicients 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

Cold tolerance:

Using percentage of unaffected leaves per plant as a measure for
tolerance to low temperature, it was found that cultivar Paulista had the highest
degree of tolerance comparing to the other parental snap bean cultivars (Table, 1).
The average percentage of tolerance was 90.23%, 37.57%, 44.18%, 89.50%,
35.67% and 78.83% for Paulista, Primera, Samantha, Oxyra, Giza-6 and Bronco,
respectively. The results indicated that cvs. Paulista, Oxyra and Bronco were
more tolerance to low temperature, the differences between them was not
significant, than the other cultivars, These results corroborate those of Hardwick
and Andrews (1981), Klein (1981), Farlow (1983), Drijthout (1984), Hennig and
Dube (1988), Santos et al. (1990), Chalyk (1991), Santos et al. (1993), Zaiter et
al. (1994), Melo et al. (1997) and Ferrao er al. (2002) who mentioned that there
were genetic differences in cold tolerance between snap bean cultivars or lines.

The frequency distribution for tolerance to low temperature in Py, P, F,,
F2, Bc, and Bc; populations for all crosses under this study indicated the
quantitative inheritance pattern for this character (Table, 1).Same pattern of
inheritance was detected by Dickson and Petzoidt (1987) who mentioned that
cold tolerance at different stages was inherited quantitatively and independently,
In addition, Badr (2003), working on tomato, found that the inberitance of cold
tolerance was in quantitative pattern.

The F, values estimates were intermediate between the two parental
cultivars for each cross (Table, 1). This has bean also observed by Klein (1981)
who working on snap bean and Badr (2003) who working on tomato.

The potence ratios (P) were 0.69, 0.34, 0.26 and 0.95 for the crosses
Paulista x Primera, Paulista x Samantha, Oxyra x Giza-6 and Bronco x Giza-6,
zespectively. This indicated the partial dominance for high tolerance over low
level of tolerance. Obtained results were supported by those of Klein (1981) who
mentioned that cold tolerance at the scedling stage tended to be inherited as a
dominant character.
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Table (1): Frequeacy distribution and segregation for plant reaction to cold
tolerance in parents, F,, F;, Bc, and Bc; generations in some
snap bean crosses.

Frequency distyfiation snd segregation for plat reaction; | Totsl
Gemerations %) Noof | MeaniSE | Variamce
10[20 | 30|40 | 50|60 ] 7|80 ] 9 (100 | plmb
Pudba By ! - | - § -1 -1 -1-7-1-119}11 30 9024377 12232
Primem(P) | - | - | - J 18| 120 - | - |- -1 - | 30 |35ma77] 1317
F -] et -] -] -1-114]16] - 30 | RiI7TATT| 10465
K 4 5 7 7 NiIwjIB] 7 b 120 | 67944189 [ 68487
Boy®XPy ) -V - -1 -1 -1~ -~ 12513} - 60 | 82084267 | 42833
Bg®XP | - | - [ -]J2Z7f1n2ji21] -] -1 - - 60 | 4600:267 | 56096
LSD. 005 292t
o 4425
Palletn Py | - | - -] -1 -] -1 -1-1t19]111 30 | 023:4453] 12232
-l -1l <2n]l9]-1-1- - 30 | 44104453 41603
F ) -1-1-1-1-117j13] - - 30 | 75004453 F 71212
K 6|9 jw|nrRix|M4/18[21]12] 5 120 | 6532+226 | 79524
BoFXP) | - | - L -1 -1 -1-1-129]31] - 60 | 77424320 | 61076
Bo@FXP) | - | - [ -{-[1-13%]|24)] -] - - 60 | 58924320 | 65536
LSD. 005 3505
om 53.09
O @01 - | -1 -1 -1 -1-]-1-]07]i3] % (®s50405] 922
Caé ®)| -] -] -18|2] -} -~-1]-1- - 30 | 3567:403 | 10650
F, -l -1 -1 -1-1-]116]14] - - 30 | 967405 | 54140
F; 4216 ]12]15]w6{27]19]17] 2 120 | 60554208 | 76729
Bey(F:XPy | - | - | -1 - -1 -1 -1251]35 60 | 88424286 | 58190
X st -]l -1 -1 -13}j24] -1 - - 60 | 5900+236 | 50760
LS. 008 3134
an 4748
Bromco P94 - ! - | -} -1 -t-1-j18]12] - 30 | 788u343| 37173
Gl 6 ~ (-] -]18{2]-]-]-]- - 30 | 3561:343 | 20650
F -l -1 -5 -1-]6]2a] - 0 |73 ] N6
F; - 3l gt3lisiBl22i13112] 10§ 120 | 6208171 ¢ 351348
B®XPy | - -1 -]-{-]18|]D3]|2 - 60 | 68834242 | 49447
Be@®EXP) | - | - -] -]15]20]{25] -] - - 60 | 576742421 32996
LSD. 008 2654
LT 4020

The broad sense heritability estimates for tolerance to low temperature
ranged from 47.59% to 82.47% (Table, 2). Whereas, narrow sense heritability
estimates ranged from 39.44% to 58.01%. Based on these estimates, which
ranged from intermediate to above intermediate, it is advisable to select for cold
tolerance using percentage of healthy leaves per plant as a criteria based on
family mean basis in replicated experiments to remove, as much as possible, the
environmental effects.

The mintmum number of effective gene pairs controlling cold tolerance
ranged from 1 to 4 gene pairs. In this respect, Chalyk (1991) mentioned that
differences in resistance in the varieties studied were conditioned by 2 genes that
differed in dominance depending on the cross.
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Table (2): Potence ratio, broad (BSH) and narrow sense heritability (NSH)
and minimum number of effective gene pairs estimates for some

snap bean crosses,
aract Cold tolerance Earliness (days) Total yield/,
c P . No ? No r No of]
rosses y H [NSH [gene| ° | BSH | NSH | gene | - | BSH | NSH | gene
ratlo poiry | 0 pairs | ™t pains
Paulista
x 0.69182.47|55.55] 1 )0.58]51.5234.54| 2 ]0.5866.51P39.50} 1
Primera
| Paulista

x 0.34147.5940.79] 4 10.80[63.46[38.05] 1 10.76 F5.68’40‘27 2
Samantha
Oxyra

X 0.26/67.63/58.01f 2 10.57T47.00/19.73| 4 [0.77 58.67?5.74 5
Giza-6
Bronco

X 0.95|56.4939.44] 1 |0.38{53.47[23.02f 2 [0.92 66‘9534.90 1
Giza-6

Pollen grain fertility

The pollen grain of the cultivar Paulista had the highest percentage of
germination (57.32%) when measured at full blooming stage, followed cv. Oxyra
(53.98%), cv. Bronco (46.87%), cv. Samantha (30.33%), cv. Primera (28.67%)
and Giza-6 (28.33%), (Table, 3). These results agree with those of plant foliage
cold tolerance (Table, 1), where these results indicate that cvs. Paulista and Oxyra
can be considered as a good sources for high pollen grain germination under cold
conditions, which is one of the most important determinations for cold tolerance
cultivars. In this respect, Abd El-Rahman (1994) found that there were highly
differences between common bean cultivars for pollen grain fertility.

The F, and F; hybrids of the cross Paulista x Samantha had the highest
values of pollen grain germination which were 50.10% and 44.17%, whereas,
plants of the F, and F, of the cross Bronco x Giza-6 had the lowest values
(44.69% and 38.08%, respectively) (Table, 3). Backcrosses of F) plants of all
crosses under study with the highest parent for germination gave the highest
germination values compared with crosses of F, plants with the lowest parent
(Table, 3). Bc) and Bc; of the cross Paulista x Samantha gave the highest values
for pollen grain germination compared with the Bc, and Be, plants of the other
crosses under this study (Table, 3).

Earliness of flowering

Under the conditions of planting date, the cultivar Primera had the
shortest periods from planting date to the first flower bud anthesis (45.10 days),
followed by the cultivar Giza-6 (46.00 days). On the other hand, cultivar Paulista
had the longest period from planting date to the first flower bud anthesis (65.33
days), while cultivar Oxyra had significant short period (63.33 days), (Table, 4).
It is worth mentioning here that the relatively extreme short period from planting
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date to the first flower bud anthesis observed with cultivar Primera could be due
to high semsitivity of this cultivar to low temperature which may result in
unperfected green pod and dry seed maturity. Based on these results, it can be
suggested that cultivar Primera has genes for early flowering under the conditions
of low temperature, Obtained results were supported by those of Melo ef o/
(1997) who mentioned that parents differed in flowering period and grain yield
under low temperature conditions at the adult phase.

Table (3): Pollen grain germination (%) in parents, F;, F;, B¢, and Bc;
nerations under cold conditions for some snap bean crosses.

Bronco Ozxyra Paulista Paulista C
x x X X

Giza-6 Giza-6 Samantha Primera opulations
46.87 53.98 57.32 57.32 P,
28.33 28.33 30.33 28.67 P,
44.69 47.68 50.10 49.13 F,
38.08 39.96 44.17 42.55 F;
4589 52,73 55.89 56,22 Be,
40.42 43.83 47.24 45.33 Bc,
9.46 11.59 12,51 12.91 L.S.D. 0.05
14.33 17.56 18.95 19.56 0.01

The relative potence of gene set (P) for the period from planting date to
first flower bud anthesis indicate the partial dominance of late flowering under
the conditions of low temperature in all crosses (Table, 2). The number of days
from planting date to the first flower bud anthesis for plants was intermediate
between the two parents for each cross. The frequency distribution for earliness in
the F,, F;, Bc; and Bc, populations of different crosses indicate quantitative
inheritance for this character (Table, 4).

The broad sense heritability estimates for the period from sowing date to
the first flower bud anthesis were 51.52%, 63.46%, 47.00% and 53.47% in the
crosses Paulista x Primera, Paulista x Samantha, Oxyra x Giza-6 and Bronco x
Giza-6, respectively (Table, 2). On the other hand, the narrow sense heritability
were 34.54%, 38.05%, 9.73% and 23.02% in the same crosses respectively
{Table, 2). These results indicate high influence of non-additive type of gene
actions on the inheritance of this character, which should be considered when
selecting for earliness of flowering under the conditions of low temperature. In
this respect, Dickson and Petzoldt (1987) mentioned that narrow sense heritability
for germination (at 5°C), seedling vigour and days to flowering (all at 16°C) were
28, 56 and 45, respectively. In addition, Otubo et al. (1996) and Melo ef al.
(1997) found that additive effects of the genes were observed for the flowering
period.
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Table (4): Frequency distribution for earliness in different populations of
some snap bean crosses.

Variance | MeantSE | otal N Upper class Kinits (dnys Populations
fplamtsl 80 | 75 {70 | 65 | 60 | 55 [ 50 ] 45
39.59 65.33+1.22 30 - -T2 - 1777 -1 - 1 Paulista (P)
2225 [ 4510:122 ] 30 -l -1 -1-1-7114716| Primera (Py) |
53.10 61.10+1.22 30 - -1 -1is]wss]-T1-71- F;
79.03 6142x061 | 120 12 1sfis] 3132 [ 473 F
67.14 55.4740.87 60 -l -1 -Jwlwia] -T] -1 By(FXP
63.62 52.40+0.87 60 -l -l -1 -1ufalis] - | B@XP)
9.47 LS.D. 0.08
14.35 0.01
29.59 65.33x1.39 30 -1 -Jsi2] -1 1 -1 - | Pauilista (P,
30.03 $3.77£1.39 30 - § - [ -1 - 117137 - T - | Samantha (P,
45.02 64.17+1.39 30 - -jg 2] -1-1T-1- Fy
95.45 6242+070 | 120 J 4 J12{25 3613|1401 ] - P
79.06 63.33+:0.98 60 - 2(16[22] -1 .7 - | Bey FXP)
73.52 59.90+0.98 60 -l -1 -J2f27l 12 -7 - | By FXPy)
10.76 LS.D. 005
16.30 0.01
18.52 63.23+1.20 30 - F-Jgf 2T -7 -1 -1T-1Togm @)
2147 | 46.00+1.20 30 st-1-1-1T-T-15B17]| Gass Py
39.71 $9.50+1.20 30 - - -JTul{ - 1T-T- ¥,
50.13 55734060 | 120 | 3 [ 3 b4 |1 [33j42]15]9 A
49.00 $7.9240.85 60 -l -l -Jws]al3] -1 -] ByFXPY
46.38 51.73£0.85 60 -4 -l -] -1 -1zl -] B (FiXP)
9.26 LSD. 008
14.02 0,01
36.55 64.40+1.16 30 - -T9tl21] -1-7-1-1nronco ()
31.47 " | 46.00+1.16 30 -l -1 -1 -1 -1 . 12331 7] Ghasé (P
50.91 $8.73x1.16 30 - -T-Twliwelw] -1 - F,
85.20 5§732:058 | 120 | 1 | 4 14|13 [26046[12] 4 F;
69.54 54.8240.82 60 - -1 -] - 122738 -] -] Bey@"XP)
8128 52.50+0.82 60 -l -t -1 -1T-Tal2wl -] B@XP)
895 LSD. 0.0%
13.56 0.01

Number of major genes controlling earliness of flowering ranged from 1
to 4 gene pairs (Table, 2).

Total green pod yield per plant

The results presented in Table, 5 indicate that the parental cultivar
Oxyra had the highest total green pod yield per plant (87.00 g.) followed, in
descending order, by Paulista (69.84 g.). Bronco (65.25 g.), Giza-6 (56.00 g.},
Samantha (39.65 g.) and Primera (36.65 g.}. These results indicated that cultivar
Oxyra can be a source for genes controlling high total green pod yield per plant.
Similar findings were obtained by Melo et al. (1997) who mentioned that the
parents differed in flowering period and grain yield under low temperature
conditions at the adult phase.

The total green pod yield per plant of the F, plants of the cross Oxyra X
Giza-6 (83.48 g.) was significantly higher than those of the oth¥r crosses under
study. The potence ratio of gene set (P) calcudated in all crosses under study
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indicated partial dominance for high total green pod yield/plant over low total
yield/plant (Table, 2). The frequency distribution for total green pod yield/plant in
the F;, Bc, and Bc; populations of afl crosses under this study indicate
quantitative inheritance pattern for this character (Table, 5). This has been also
observed by Badr (2003) who working on tomato and found that the inheritance
of total yield/plant was in quantitative pattern.

The broad sense heritability estimates for total green pod yield/plant were
66.51%, 65.68%, 58.67% and 66.95% in the crosses Paulista x Primera, Paulista x
Samantha, Oxyra x Giza-6 and Bronco x Giza-6, respectively (Table, 2). On the other
hand, the narrow sense heritability estimates ranged from 24.90% to 40.27%. These
results indicate that the effects of environment and non-additive type of gene actions had
a great influence on the variation observed for this character. Based on these results,
sclection for high total green pod yield/plant in the segregating generations should be
performed in replicated experiments, on family means basis.

The number of effective gene pairs controlling total green pod yield per plant
ranged from 1 to 5 gene pairs (Table, 2). This has been also observed in tomato by Badr
(2003) who mentioned that the minimum number of effective gene pairs controlling
~ total yield/plant under low temperature conditions were 1 to 4 gene pairs.

Leaves chemical composition

The results presented in Table, 6 show that there were highly significant
differences between Py, Py, F, F,, Bc, and Bc; populations of the crosses Paulista x
Samantha and Oxyra x Giza-6 in photosynthetic pigments (chlorophyll a and b as well
as total carotenoidesy and sugars content (reducing, non-reducing and total). The
parental cultivar Oxyra had the highest photosynthetic pigments content, /e. chioroplryll
a, b and total carotenoides (54.45, 43.16 and 100.41 mg/100 g £w,, respectively, and
sugars, i.e. reducing, non-reducing and total (6.64, 15.24 and 21.88 mg/100g fw.,
respectively), followed by cv. Paulista where the photosynthetic pigments were 44.47,
42.95 and 62.53 mg/100g f.w. for chlorophyll a and b and total carotencides as well as
sugars values which were 6.76, 12.31 and 19.07 mg/100g fw. for reducing, non-
reducing and total, respectively. On the other hand, leaves of Giza-6 cultivar was
contained lower amounts of photosynthetic pigments and sugars. These results are in
acoordance with those reported by Sicbeneichler et af. (2000) who showed that the non-
reducing sugar levels had a higher increase in cv. Vermelho, an evidence of iis greater
cold tolerance, than other cultivar. The Fjvalues estimates were intermediate between
two parents in each cross for photosynthetic pigments and sugars content (Table, 6).
Moreover, Be, valucs were higher than Bc, values in each cross for all chemical
composition characters mentioned above. In this regard, Narikawa and Muira (1974)
showed that the reduction of photosynthetic efficiency by low temperature was due to a
reduction in leaf chiorophyll content. Wu (1978) showed that the area, dry weight and
chlorophyll concentration of leaves of 15 cultivars grown at low temperature in the field
were lower than in control plants grown at normal temperature in the greenhouse. In
addition, Badr (2003) on tomato, mentioned that highly significant positive correlations
between foliage cold tolerance and chemical composition of plant foliage, i.e.
chlorophyll a and b and total carotenocides as well as reducing, non-reducing and total
sugars were detected.
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Table (5): Frequency distribution for total green pod yield per plant in
different populations for some snap bean crosses.

Total _Upper class Humits (
Variance | MeaniSE :I;'n‘:: 110 100 [ 90 [ 20 | 70 {60 | 50 [ 40 | 30 | 20 | Populations
26394 | 69842930 30 [ - | = [~ 18107 <= -1 - - Potita )
10520 1366552301 30 | - 1 - -1 -1 -1-112118] - | - | Primera ()
10920 162902230 30 1 - | - 1 -1-fi4j6l -1 -1 -1~ F,
471983 | 56002115 120 | - | 2 |14 |9 |60]24|17]3 |- F
39182 |s€84xi62] 60 | - 1 - |- |- 12634 - | - | - | - | Be,(FX Py
37832 | 49635162 60 1 - | - 1~ § -1 - 122]18}20] - | = | By (F,X Py
1778 LSD. 005
26.93 0.0
63.74 | 69842396 30 | - | - 1 - |03{ 07} -1 -1 -1 - - | Pantista (P,
6432 |39.65396] 30 | =) = | -1 -1 -] - 114]16] - [ - |Samantha (P,
56787 |66212396] 30 | - 1 - -5 s - [-1-1-1-~ F,
676.00 | 59082198 ] 120 | 4 | 5 |3 [10]12]13]133 23]13] 5 F
44374 | 68881280 60 | - | - 9116125 - 1 - [ - [ - | B (FX P
637.06 61,25:2.80 ] 60 | - | - 1~ - 136124 - | -1~ T - B (FX Py
2965 LSD. 008
4492 0.01
7750 18700366 30 | - (2 18] -4 - 1-1-1-1-1-0om @
62.57 [5600366 ] 30 [ -1 - | -|-1- 12218 -1-{-1Gias 7y
45790 |#3.48:366] 30 | - | - Jo i -1-1-1-1-1~ ¥,
48224 [6955.183] 120 | 2 | 2 [ 819 (27121 16| 16011 % F,
35068 |70.7412.58 | 60 | - | - |- (30030171 - - | - [ - | BaFX Py
48968 165095258 60 | - | - [ -1 -130]1a[16] -1 -] - | B, (F,X Py
2102 LSD. 008
31.85 0.01
196.56 | 65.25+3.15 30 - - = {6124 -1 -1 <1 -1-1]Bronco {P)
12.57 | %6.002315] 30 | - | - 1~ 1-1-122]8 -1 -~ Guuas (Fp
19161 | 6290315 30 | - | - [ -1 -J2000] -] -1-1- F,
45454 | 59.5321,57] 120 | 2 | 3 |5 [1418]2120]17]10] 10 F,
37752 159200223 ] 60 1 - 1 - | -1 - 128{15]17] - | - | - | B (FX Py
41837 8425023 60 | - | - 1=l -{-119123[18] = | - | B (X Py
.37 LsD. 008
12.68 0.01

Simple correlation

_ Cold tolerance was positively correlated with each of number of days
from sowing date to the first flower bud anthesis, number of branches/plant,
number of pods/plant, fruit set percentage and total green pod yield/plant in the F,
population of all crosses under study, and with each of reducing, non-reducing
and total sugars, chlorophylt a, b and total carotenoides in the F; population of the
crosses Paulista x Samantha and Oxyra x Giza-6 (Table, 7). Based on these
results, it can be used the above mentioned characters for selecting to cold
tolerance in snap bean plants. Positive correlation was reported by Badr (2003) on
topato, who showed that there were highly significant positive correlation
between foliage cold tolerance and chemical composition of plant foliage, i.e.,

- " chlorophyll a and b and total carotenoides as well as reducing, non-reducing and

total sugars.
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Table {6): Leaf chemical composition of parents, F;, ¥;, Beyand Bey
populations derived from the crosses Paulista x Samantha and
Oxyra x Giza-6 as affected by low temperature f.w,

Sugars (ng/100g. fresh weight) '(! EL“;’M"‘:&":E{:&"__ Charsctln
Non - .| Carotencides| Chlorophyll
Total reducing Reducing b a ations
19.07 12.31 6.76 62.53 4295 [ 44.47 Paulista (P,
933 401 532 3634 15.86 | 17.49 [ Samantha
1)
14.65 9.90 4.75 67.57 34.63 [ 38.93 F,
19.60 12.54 7.06 $5.47 38.22 [ 38.50 F,
18.88 12.14 6.74 71.58 38.47 | 39.32 [ Be, (Fyx Py)
13.64 8.52 5.12 51.91 31.94 | 33.08 | Be, (Fyx Py)
6.85 5.94 1.20 19.29 1415 1419 [LS.D. 0.0
10.37 9.00 1.82 29.23 21.44 21.49]L 0.0
21.88 15.24 6.64 100.41 43.16 | 54.45 [Oxyra  (P))
10.59 6.19 4.40 29.33 13.38 ] 12.99 [Giza6  (P,)
16.61 13.06 3.55 54.21 30.05 | 32.40 A
18.02 13.25 4.77 64.47 34.32) 3825 F;
22.03 16.70 533 92.64 39.71 | 48.23 | Be, (Fyx Py)
13.94 9.36 458 45.53 22.71 | 22.00 | Bc, (Fyx Py)
9.08 7.85 145 28.66 13351 17.12 LS.D. 0.0
13.76 11.89 2.19 43.41 20.23 | 25.94 0.01

Significant positive correlations were obscrved between fiuit sct percentage
and towal green pod yield/plant in the F, population of all crosses under study, and
with each of reducing, non-reducing and total sugars, chlorophyll a and b as well as
total carotenoides in the crosses Paulista x Samantha and Oxyra x Giza-6. On the
other hand, highly significant negative correlation was detected between fruit set
percentage and pod diameter in all crosses.

Total green pod yield/plant was positively correlated with each of cold
tolerance, number of branches/plant, number of pods/plant and fruit set
percentage in all crosses under study, and with chemical composition of plant
leaves, i.e. reducing, non-reducing and total sugars as well as chlorophyll a, b and
total carotenoides in the crosses Paulista x Samantha and Oxyra x Giza-6. On the
other hand, significant negative correlation was detected between total green pod
yield/plant and number of days from sowing date to the first flower bud anthesis
in the F; populations of all crosses. These results are in accordance with those
reported by Wu (1978) who found that seed yield was positively correlated with
the chlorophyll concentration of leaves. Whereas, Ferrao et al. (2002) showed
that grain yield and number of pods per plot were less important characteristics
influencing genetic diversity. However, as they showed low genotypic correlation
with other characteristics.
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{ r) of different characters for some snap bean crosses.

Table (7): Cotrelation cocflicient values

15 AR AR
veiene i X 1 ] .
MR RERRRE - .
1 &
- - ') C_J - L)
Cold tolerance | 39, [ o550 | 0233 | 0290 | 0200 | 000 | 0522
) [ - - -
Eartiness 0088 [ 0262 | 0284 { 0354 § 0263 | 0475
Nﬂ.ﬂf - - -
, branches 0534 | 0188 | a1z | o057 | oses
Paulista
N No. of - .-
Primer ‘plant 0488 | 0.112 | 0106 | 0904
Fruit set - -
reentage 0075 | 0298 | 053
Pod length o108 | aom
Pod diameter 0033
[ - - - L J L) " [ L] L 1) [ )
Coldtaleramce | 437 ! gaas | 0812 | 0748 | 0006 | 0067 | 0691 | 0940 | 0980 | 098s | 09r2 | 0930 | oesi
* ) * L] - - - - L) L]
Eartine 0232 {03559 | 0141 | 0142 | 0180 | 0577 | 0396 | 0319 | 0332 | 0334 | 0336 | 0322
N’ o'. k' - - [ 1] - L L] - E . ”e
0. of brasche: o220 | 00 | 00m | ooes { 0756 [ 0738 | onos | om0 | o7 | ore | 0260
N " L) L] - L) " L) ] L1 -
. of puda/plag o7s | oo | o237 | o9 | oo | o [ome [ o L omy ) arse
ﬁl."m - -y -y - - -y -4 -
reeatage 0030 | 040 | ose9 | 077 | a0 | omo | oms | assi { osm
LL—Q- 4 :
Paclieta Pod length 0533 { 0069 | 0025 | 0022 | 0622 | 0036 ) 0030 | oo
samartha [Pod dlamter 0.169 | 0085 | 00s0 | 0055 | 0057 | 0062 | 00ss
T ' w “ L. ] - L] " -y L)
etal yleld/pla 069 | 0648 | 0661 | 0sst | 0628 | 0643
- L) -y - .
Reducing sugar 0899 | 0921 | 0933 | 0917 | 09m:
[Now-reducing - [0 C )
|sagar 0999 1 0991 | 0910 | 0975
-y L] -
Tatal sugar 0995 } 0921 | 091
- -
Chiorophyll a 0929 | 0971
-
ChlorophyHl b 0866
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Table (7): Continued
E E ; } } - F-
Cronses Characlen g - § ! g !
s s
: ? -
2| £ | %3 H 3 ]
[
- = - 3 ry 3 ] £y 3 3 -'T"J
Codtolerance | 200 | 723 | 0784 | 0608 | 0017 | 0.085 { 032 [ 0.960 | 0512 | 0000 | vore | 092t [ oser
Enrtiness 0185 | 0291 0006 | 0207 | 0098 | 1272 | 0147 { 00400129 | 0353 | 0138 | 0.3
- - - 3 - g - .
Wa. of branches 0.639 { 0475 | 0.008 | 0.080 | 0757 | 0746 { 0700 | 0751 [ 0r20 | 0748 | 0618
No. of podalptent 0752 | 0.078 | 0.063 | 0.955 | 0792 | 0.775 | 0.847 { 0750 { 0.772 | 0610
Froll oot perceniage 0008 | 0643 | 0.722 | 0.ses | 0604 | 0855 { 0605 | 0.604 | 0498
Onpra Pod length 0811 { 0.109 | 0.054 | 0.007 | .0.005 | 0019 | .08 | 0.00¢
* Pod diameter 0023 | 0.073 | 0017 | 0.000 ) 0052 | 009 { 008
Giza-6 - - =3 [ - e}
Totl pvdigont 0856 | 0832 | 0478 | 0.821 | ous | oers
Redwcing sugar 0860 | 0.4 | 0.965 { 0.961 | 0.851 -
Hon-reducing sugar 0.548 | 0.810 | 0.870 | 0.651
Yol suger 0902 | 0540 | 0750
Chiarophyll 2 0982 | o915
Chlorophyttb o
Cold soterance | , 72 ) o.aat | 0.209 0529 | 0005 | 0120 | o300
Eaciiness 200 | 2% | o100 | o043 | o001 | 03m7
0. of branches -
Bronco 0477 | 021 | o0an | 0062 | 050
x No. of poduiplant
o 0.3% | 0140 | 0032 | 0489
Frukt sst percentage 0.064 | 0288 | 0533
Pod bngth 0228 { 00%2 L
Pod diamater 2%
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Compound correlation

In the crosses Paulista x Primera and Bronco x Giza-6, number of days
from planting date to the first flower bud anthesis, number of branches/plant, number
of pods/plant, fruit set percentage and total green pod yield/plant were found to have a
significant combiged effect on cold tolerance (Table, 8). The multiple correlation
coefficient (R-Square) were 0.680 and 0.483 and the multiple-R were 0.824 and
0.695, respectively. These results indicate that 68.0% and 48.3% of the variation in
cold tolerance can be atiributed to variation in earliness, number of branches/plant,
number of pods/plant, fruit set percentage and total green pod yield/ptant. Based on
this, the previously mentioned characters should be considered during selection under
low temperature conditions to obtain plants with high productivity under such
conditions,

Table (8): Multiple regression coefficients between cold tolerance and some
characters in some snap bean crosses.

Signifi- | Multiple | R-square | Involved indepent Crosses
cance R variables
Earliness
No. of branches/plant Paulista
** 0.824 0.680 | No. of pods/plant x
Fruit set percentage Primera
Total yield/plant
Earliness
No. of branches/plant
No. of pods/plant Paulista
** 0.991 0.982  |Fruit set percentage x
Total yield/plant Samantha
Total sugars
Chlorophyll-a
Earliness
No. of branches/plant
No. of pods/plant Oxyra
** 0.979 0.958  [Fruit set percentage %
Total vield/plant Giza-6
Total sugars
Chlorophyll-a
Earliness
No. of branches/plant Bronco
o 0.695 0.483 No. of pods/plant x
. Fruit set percentage Giza-6
Total yield/plant

*+ Significant at 1% level of significance

In the crosses Paulista x Samantha and Oxyrax Giza-6, the combined
effect of number of days from planting date to the first flower bud anthesis,
number of branches/plant, number of pods/plant, fruit set percentage, total green
pod yield/plant, total sugars and chlorophyll a was significantly correlated with
cold tolerance. The multiple correlation coefficient were 0.991and 0.979 and R-
square were 0.982 and 0.958, respectively (Table, 8). These results indicated the
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importance of the previously mentioned characters when selecting for cold
tolerance in the segregating generations under low temperature conditions.
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