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ABSTRACT

Crosses were made between the cultivars Tema and Oxyra, which are
tolerant to drough, as well as cv. Giza-6. Emy and Sigme, which arc susceptible
to drought, to study the inheritance and nature of drought tolerance and some
related characteristics which may have direct or indirect effects on drought
tolerance. There were highly significant differences between the previocusly
mentioned parental cultivars concerning root characters, i.¢. root tength, fresh and
dry weight under normal irrigation and drought conditions in pot experiment.
There were highly significant increase percentages in root length in P, P and F,
for each cross under water stress conditions compared with this percentage under
normal irrigation. On the other hand, there were highly significant decrease
percentages in root fresh and dry weight under water conditions. There were
slight partial dowminance for high root length and fresh and dry weight.

Drought tolerance, leaf water loss ratio. total yicld/plant and leaf proline
content were inherited quantitatively. Partial deminance was detected for high
level of drought tolerance, total vield/plant and leaf proline comtent over low
fevels. Whereas, partial dominance were found for low level of leaf water loss
ratio over high leaf water loss ratio. Broad sense heritability for drought
tolerance, leaf water loss ratio, and total dry seed yield/plant and leaf proline
content ranged from intermediate to high. Meanwhile, narrow sense heritability
for the same characters ranged from low 10 above intermediate. Number of major
genes controlling drought tolerance, leaf water loss ratio, total dry seed
yield/plant and lcaf proline content ranged from 1 to 4. 1to 3. 1 to 4 and 3 gene

pairs, respectively.

Drought tolerance was positively correlated with cach of number of
branches/plant, number of pods/plant. fruit set percentage. as well as with number
of sceds/pod, 100 seed weight and total dry seed vicld/piant. On the other hand.
drought tolerance was negatively correlated with each of number of days from
sowing date to the first flower bud anthesis. leaf water loss ratio and leaf area
Free proline content of plant leaves was positively correlated with each of
drought tolerance. number of branches/plant. aumber of seeds/pod. 100 sced
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weight and total dry seed yicld/plant. On the contrary, there was highly
significant negative correlation between free proline content of leaves and each of
number of days passed from sowing date 1o the first flower bud anthesis, leaf
walter loss ratio and leaf area. There were highly significant regression between
drought tolerance and each of number of days required from sowing date to the
first flower bud anthesis, number of branches/plant, fruit set percentage, 100 seed
weight, total dry seed yield/plant, leaf water loss ratio and leaf area.

INTRODUCTION

Environmental stresses manifest their effects in many forms, yet the
most prevalent impact of stresses is their common effect on plant water status.
The availability of water to perform its biological functions as soivent and
transport medium, as electron donor in the Hill reaction of photosynthesis, and as
evaporative coolant, is often impaired by environmental stress conditions.
Although all plant specics express sensitivity and response to the decrease in
water potential caused by drought, low temperature or high salinity, they have
different levels of capabilities for stress perception, signaling and response
Bohnert et al. (1995).

Availability and use of high-yielding drought-toierant of common bean
{Phaseolus vulgaris) cultivars would reduce dependence on irrigation water and
hence production costs, stabilize yield in drought-prone environments, and
potentially increase profit margins for growers. Among various selection criteria,
seed vield has been found to be the most effective one to improve drought
tolerance in common bean. Many investigators working on drought tolerance in
common bean plants, i.c. Pimentel and Cruz (2000), Moreno ef af.{ 2000),
Boutraa and Sanders ( 2001), Teran and Singh(2002) and Mejia et al (2003)
found that there were highly differences among common bean genotypes with
regard to drought resistance. Moreover, EL-Tohamy ef al. (1999a), Percz et af.
{1999), Pimentel and Cruz (2000), Aguirre ef of.( 2002), Kohashi ¢ a/.(2002) and
Mayek et 4l.(2002a) mentioned that there were genctic differences between
common bean cultivars concerning leaf water loss ratio. In this respect, Thomas
(1983) mentioncd that seed weight was controled by a large number of genes,
with both additive and dominance effects. Ramirez and Kelly (1998) showed that
the heritability estimates for seed yield were higher.

EL-Tohamy ef ol (1999b) indicated a high linear relationship between
yield and water stress levels. Mayek ef al. (2002b) itlustrated that drought stress
decreased transpiration rate and leaf area. Also, Teran and Singh (2002)
mentioned that 100-seed weight was slightly reduced in drought- stressed versus
non-stressed environments. Solanki ef al. (2003) found that days to flowering and
maturity had significant positive correlation with each other whife these traits had
significant negative correlation with grain yield, In addition, they found that
nuinber of Pods/plant, pod leagth and seeds/pod had significant positive
correlation with yicld. Maiti ef a/. (2000} showed that in all stress situations there
is an increase in the accumulation of free proline in bean plants. Moreover, Mejia
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et al. (2003) showed that proline increased under drought conditions in common
bean plants.

The objectives of the present work were to study the inheritance and
nature of drought tolerance in common bean plants and to obiain the genetic
parameters required to design a successful breeding programs for high tolerance
to water-stress in commmon bean plants. Iatroduction of tolerant varieties may be
useful in cultivation in new area.

MATERIAL AND METHODS

This research was conducted at the Agricultural Experimental Station of
the Horticulture Department, Faculty of Agriculture, Moshiohor, Zagazig
University, Benha Branch, during four summer seasons of 2001 to 2004,

A randomized complete block design with four replicates was adopted in
this expetiment 1o evaluate 30 cultivars of common bean to drought tolerance in
2001- summer season. Seeds of this cultivars were obtained from the Agriculiural
Technology Utilization and Transfer Project, Agricultural research center, Dokki,
Egypt. The cultivars Tema and Oxyra, which were found to be tolerant to drought
and the cultivars Giza-6, Emy and Sigme, which expressed susceptibility to
drought, were selected fo study the inheritance and nature of drought tolerance in
common bean plants.

Or March 22, 2002, seeds of all selected cultivars were sown in the
field. The following crosses were made between the parental genotypes: (Tema X
Giza-6), (Tema X Emy), (Oxyra X Giza-6) and (Oxyra X Sigme). Seeds of the
F\'s were harvested separately and kept for the next season,

On March 17", 2003, hybrid sceds of each cross and seeds of the
parental genotypes were planted in the field. Crosses between the parental
genotypes were repeated and F, plants were sclfed to obtain F, seeds.
Backcrosses populations were obtained by crossing each F, hybrid with its
respective parents.

L Pots experiment;

Oun Maxch 16, 2004, seeds of the different parental cultivars in addition
to their F1 seeds were planted separately in pots, 30 cm in diameter, containing
sandy clay soil 1:1(v.v). Five sceds were planted in each pot. Ten pots were
planted for each popilation. When the plants reached the two true leaves stage,
the pots were divided into two groups; each group consisted of five pots for each
population, The first group was irrigated regularly, while the second group was
not irrigated. Then, the pots were arranged according to the randomized complete
block design with five replicates. After four weeks, when the non-tolerant plants
started 10 wilt and die, all pots were taken and the roots of the plants were washed
with running water and left to dry. Then root lengths (cm), root fresh and dry
weight (g) of individual plants were recorded. Representativessoii samples were
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taken from each pot, directly after taking the sample plants for evaluation.
Moisture of soil in the pot was determined as field capacity percentage.

i1, Field experiment

On March 16™, 2004, seeds of the parental genotypes, Fy. F,, Be, and
Bc; populations of the different crosses were planted in the field for the purpose
of evaluating the individual plants for resistance to dronght. The experimental
design used in conducting this study was randomized complete block design with
three replicates. Fach replicate contained one ridge for each of the parental
genotypes and their F; plants and four ridges for the F, plants, meanwhile, two
ridges for each backcross population, Ten seeds were planted on opne side of
ridges 60 cm. width, with one seed per hill 30 cm apart. Plants of all populations
were irrigated two times after sowing irrigation; the first irrigation was after 10
days from sowing date while the second irrigation was performed at the full
blooming stage. All other agriculture practices, i.e. fertilization, weed control,
etc., were followed as commonly used in the district.

Data recorded:

The following measurements for drought tolerance and its coraponents
were recosded on the individual plants of the different populations under water
stress conditions in the field experiment:

Drought resistance (the percentage for healthy leaves compared with
total leaves/plant), earliness (number of days from sowing time to the first flower
bud anthesis), number of branches/plant, number of pod/plant, fruit set
percentage, number of seeds/pod, 100 seed weight (g), total dry seed yield/plant,
leaf water loss ratio (by weighting the fifth fully expanded leaf ,from the top of
the plant, in the laboratory every two hours and calculate the ratio of water loss
using the method described by Pimentel and Cruz, (2000) and teaf area cm® (It
was determined by the leaf area and weight relationship using leaf disks obtained
by a cork borerjusing the method described by Wallace and Munger(1965).

In dry plant leaves, free proline was estimated colorimetsically using the
method described by Bates ef al. (1973). Samples were taken from the third and
fourth fully expanded leaf {from the top of the plant).

Statistical Genetic analysis:

Estimates of the mean and its standard ervor and total variance of the
different quantitative characteristics in all populations were calculated using the
methods described by Briggs and Knowles (1977).

Type of inheritance was determined from the frequency distribution of
the different quantitative characteristics in the parental genotypes, Fy, F, Be, and
Bc, of each cross based on the method described by Briggs and Knowles (1977).

Mid anad better parent heterosis percentages were calculated using the
equation described by Bhatt (1971).
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The nature of dominance was determined by calculating the potence
ratio (P) using the equation given by Smith (1952).

Broad sense heritability (BSH) was estimated by the method which was
described by Altard (1960).

Narrow sense heritability (NSH) was estimated afier Mather and Jinkes
(1971).

The minimum number of the gene pairs differentiating the two parental
genotypes was estimated using the method which was described by Castle and
Wright (1921).

Coefficients of correlation between the different studied quantitative
characters and resistance measurements were calculated and multiple regression
analysis was performed using the mcthod described by Gomez and Gomez
(1984).

RESULTS AND DISCUSSION

L Pots experiment

Highly significant differences were observed between the parental
cultivars Tema, Giza-6, Emy, Oxyra and Sigme concerning root charactess ‘i'able
¢1). Oxyra gave the highest values for root characters, i.e. root length, fresh and
dry weight under normal irrigation, ie. 16.07 cm, 1.133 g and 0.210 g,
respectively and under drought conditions, i.e. 19.27 cm, 0.628 g and 0.195 g,
respectively. However, the other parental genotypes Tema, Sigme, Giza-6 and
Emy gave 14.40 cm, 0.764 g and 0.200 g; 11.27 cm, 0.682 g and 0.155 g; 10.17
cm, 0.593 g and 0.089 g; and 8.67 cm, 0.458 g and 0.076 g. respectively under
normal irnigation, while under drought conditions, the values were 15.57 cm,
0.593 gand 0.183 g; 15.10 cm, 0.405 g and 0.090 g; 14.60 cm, 0.345 g and 0.070
g and 12.30 cm, 0.237 g and 0.054 g, respectively. These results indicated that
the parental cultivars Oxyra and Tema were the most tolerant genotypes to water
stress as explained by its relatively high increase percentage of root length under
water stress conditions Table(l). Thesc results were supported by the results of
Sponchiado er al. (1989) and Hadidi (1999) who found highly significant
differences between common bean cultivars with regard to shoot and root fresh
and dry weight, root length and number of secondary roots, under water stress
conditions. The F, values were intermediate between the two parents for each
cross under study.

Under water stress, there was highly significant increase in root length
percentage in Py, P; and F; for cach cross under water siress compared with root
length under normal irrigation conditions (Table- 1).

The cultivar Oxyra gave the highest increase percentage in root length
(44.80%) followed by cv. Tema (35.90%), cv. Giza-6 (14.06%), cv. Sigme
(7.36%) and cv. Enty (7.27%). The increase in percentage of F, root length values
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was intermediate between the two parents for cach cross under this study. On the
other hand, there were highly significant decrcase percentage in the root fresh and
dry weight between Py, P; and F, populations for each cross under drought

_ conditions in pot experiment compared with normal irrigation conditions. The
cultivar Emy gave the highest decrease in root fresh weight, followed by cv.
Oxyra, cv. Giza-6, cv. Sigme, and cv. Tema. Meanwhile, the cultivar Sigme gave
the highest decrease in root dry weight, followed by cv. Emy, cv. Giza-6, cv.
Tema and cv. Oxyra, respectively. The decrease in percentage of Fi root fresh and
dry weight values was intermediate between the two parents of each cross in all
cross under study, Table: (1). In this respect, Hadidi (1999) mentioned that shoot
and root fresh and dry weights and Iengths and number of secondary roots, had
significantly decrcased with increasing of water stress.

Table (1): Mean of some root characteristics and percentages of increase or
decrease in these charvacteristics for the plamts of different
common bean parents and their ¥, hybrids, evaluated under
normal irrigation and water stress conditions in pots experiment.

Normal Stress Root | Decremse (%)

Roet Root | Root Root | Root

Cross | Popula { aeth ?"&‘ 31"&'. :-T& F.W. :.w. I-I:'::e Fw. | Dw.

(em) | (@) | (@ §(m) | (@ 1 (g | (%)

Tema | P1 }14.40(0.764[0.200]19.57{0.593{0.183] 35.90 {22.38; 9.29

X P2 [10.17]|0.593|0.089|11.60/0.345{0.070] 14.06 |41.82|21.35
Giza-6; F1 ]13.10/0.68410.159]16.20/0.499]0.139] 23.66 |27.05[12.58
LSD.{ 005 ]137(012;009]009|0.14]006 ] 14.59 }12.50;12.32
001 1200018 (0.§3]10.15102010.09)2L08 [1807]17.81
Tema | P1 [14.40]0.764]0.200]19.57]0.59310.183] 35.90 |22.38| 9.29

X P2 | 8.67 (0.458]0.076] 930 |0.237]0.054} 7.27 |48.25|28.95
Emy F1 ]13.00]/0.665|0.169]115.07/0.418]0.140] 15.92 [37.14117.16
LS.D.| 005 |]137]0.17)0.12]147|0.06|006] 1736 [1745[13.36
001 §2001025{0.18}1215]009}0.09] 2509 [2522]19.3]
Oxyra| P1 §16.07]1.13310.210}23.27|0.62810.195} 44.80 144 57| 7.14

X P2 110.17{0.59310.089}11.60{0.345|0.070} 14.06 {41.82]121.35
Giza-6| F1 [14.67]0896]|0.150]17.66(0.499]0.135] 20.38 {44.31{10.00
LS.D.[ 005 |[110[{028[006]230{0.18]0.12]13.93 | 6.12 | 9.67
001 11.60[041|009]3.34]0.26]10.17120.13 | 884 [13.97
Oxyra| P1 [16.07{1.133|0.210323.27[0.628]0.195] 44 80 {44.57] 7.14

X P2 111.2710.682|0.155]12.10{0.405]0.090] 7.36 (406214194
[ Sigme | F1  ]14.67]0.930]0.187]17.83]0.550]0.163] 21.54 |40.86}12.83
LSD.[ 005 [ 1630400081270 [015;006{ 985 |6.02 [14.16
0.01 1236]058]012]1395]|0.211009] 1423 |8.70[2046

Field capacity 79.42 22.40
” . .

With respect to potence ratio, data in Table (2) obviously show that the
potence ratio (p) calculated for root length, fresh and dry weight under drought
conditions in pot experiment showed slightly partial dominance for high parent
values in all crosses under this study. Meanwhile, the potence ratio calculated for
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root length increases and root fresh and dry weight decreases under the same
conditions showed slight partial dominance for low parent values in all crosses
under this study except that for the decrease percentages of root fresh weight in
the crosses (Tema x Emy) and (Oxyra x Giza-6) where the potance ratio showed
slight partial don.tinance for high parent values.

Concerning better- parent heterosis, the same data in Table (2) showed
that there were negative better-parent heterosis vigor for root length, fresh and dry
weight as well as the percentage of root length increases whereas, there were
positive better-parent heterosis for the percentages of root fresh and dry weight
decreases in all crosses under study. The highest value estimated for better-parent
heterosis for root length (-17.22%) was obtained from the cross (Tema X Giza-6).
Whereas, the highest values of belter-parent heterosis for root fresh and dry
weight (-12.42% and -16.41%, respectively) were obtained from the cross (Oxyra
X Sigme).

On the other hand, the lowest values for root length and dry weight (-
24.11% and -30.77%, respectively} were obtained from the plants of the cross
{Oxyra X Giza-6), whereas, the lowest value for root fresh weight (-29.51%) was
obtained from the plants of the cross (Tema X Emy) in Table (2). Also, the
highest value estimated of better-parent heterosis for the percentages of root
length increases (-34.09%) was obiained from the cross (Tema x Giza-6).
Meanwhile, the highest values of better-parent heterosis for the percentages of
root fresh and dry weight decreases (65.95% and 84.71%, respectively) were
obtained from the cross (Tema x Emy).

Table (2): Potance ratio and Better parent Heterosis of some root
characteristics for the plants of different common bean crosses
evaluated under water stress condition in pots experiment

Root characters

Root Root Roat
Cross Parameter | Root Root Root | (ogth | FW DW,
length | FW. | DW. "
Increase | Decrease | Decrease
(m) | @ ® % % %

Tema X P. ratio 016 | 024 § 022 | 012 | 052 | -0.45

Giza-6 He‘fB"l‘f)"% 1722 | 1585 | 24.05 | -34.09 | 20.87 | 35.41
P.ratio ] 012 | 002 | 033 | 0.40 | 0.14 | 0.20

Team X

Emy H“E’;‘l’,’;"’% 2299 -29.51 | -23.50 | -55.65 | 65.95 | 8471

Osyra X H::. rat!o“/ 004 | 009 | 005 | 0.59 | 0.81 | -0.60

Giza-6 g‘l’;" ®1.2411] 2054 ] -30.77] -54.51 | 5.95 | 40.06
P.ratio | 003 | 027 | 040 | 024 | 088 | 0.67

Oxyra X Heterosis%

Sigme svre L 233811242 | -16.41] -51.92 ] 0.59 | 79.69

BP)
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1L Field experiment
1, Drought tolerance:

Significant differences were observed between common bean cultivars,
Tema, Oxyra, Giza-6, Emy, and Sigme in their tolerance to drought, Table 3. The
cultivar Oxyra had the highest drought tolerance measured by percentage of
healthy leaves under stress conditions (88.70%), while the plants of the cuitivar
Emy had the lowest value (29.60%), this indicates that the cultivar Oxyra can be
considered as a good source for genes controlling high tolerance to drought. With
regard to varietal differences, many investigators, i.e. Moreno ef al. (2000),
Pimentel and Cruz (2000), Boutraa and Sanders (2001), Molina ef al. (2001)
Teran and Singh (2002) and Megjia ef al. (2003) observed differences among
common bean genotypes with regard to level of drought resistance.

The frequency distribution for drought tolerance in the F;, B, and B,
populations of the crosses (Tema X Giza-6), (Tema X Emy), (Ozyra X Giza-6)
and (Oxyra X Sigme), Table(3), indicated that this character was inherited
quantitatively.

The results obtained from the crosses between the involved parents showed
relative large differences between their degree of drought tolerance, i.e., (Tema X
Emy), (Tema X Giza-6), (Oxyra X Giza-6) and (Oxyra X Sigme). This may gave
clear and dependable information about the inheritance of drought tolerance. The
average drought tolerance for the plants of F; was much higher than that of the
low tolerance-parental cultivars in all crosses under study, These results may
indicate the possibitity of improving the drought tolerance of the local common
bean cultivars by using Oxyra or Tema cultivars as source of genes controlling
the high drought tolerance of common bean plants. The potence ratio values were
0.66, 0.81, 0.34 and 0.20 in the crosses (Tema X Giza-6), (Tema X Emy), (Oxyra
X Giza-6) and (Oxyra X Sigme) respectively, which may indicate that the high
level of drought tolerance was partially dominant over the low level of drought
tolerance (Table, 4).

_ Positive values for mid-parent (MP) heterosis % were estimated for
drought tolerance, i.e. 36,47%, 28.74%, 16.66% and 4.34% while the values of
the better-parent (BP) heterosis were negative, ie. -6.07%, -10.47%, -21.45% and
-15.41% for the crosses (Tema X Emy), (Tema X Giza-6), (Oxyra X Giza-6) and

{Oxyra X Sigme), respectively (Table, 4). The heterosis over the mid-parent
indicated the possibility of improving drought tolerance.

The broad sense heritability estimates for drought tolerance ranged from
intermediate (47.86%) to high (93.24%) in the different crosses (Table, 4).

Meanwhile, the narrow sense heritability values ranged from 19.34% to
50.26%. These results indicate the possibility of achieving success in selecting for
high level of drought tolerance in the segregating gencrations of the common
bean crosses.
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The minimum number of effective genes controlling drought tolerance
of the common bean plants ranged from 1 to 4 gene pairs (Table, 4).

Table (3): Frequency distributions for plant reaction to drought tolerance in
parent's, Fy, F;, Bc, and Bc,; segregations derived from some
Common bean crosses.

Upper class limit (% of |[Total
Cross |Population heﬂth’;v l:gesl;::;;iunder g:':; MeantSE [Variancel
10}20{30{40]50}60]70!80[90[100|

P, -1=T-T-1<[-13[6[11] 30 F8.60 249 18662
Tema B EXPY = | |~ [2]15]7 [7[8[11] - | 60 |57.0022.76] 457.9
X F oS- izis - - | 30 |70.37+2.69] 217.91
ira B2 51719 (14(16]22231171 3 | 120 |56.21+2.25| 608.95
Be,(F.XP.)| - 19|88 ]8[7]8[12]- 60 [52.00£2.99] 536.85
P, T-Tsisl- - -[=[-1-1 30 [30.73%2.56] 197.12

0.05 29.63

HLS'D' 0.01 44 88
P, T-T-[-1-T-T-T3I6[11] 30 |7860+:2.49] 186.62
Tema B X[ [-|- 216 |8 |13[12]~ |- |60 |53.68%2.92| 512.57
x [Fi Vo -T=T-1-1723[- - | 30 {73.8321.75| 91.97
Eny [ 416(6161611929]24]14] 6 | 120 |58.38%2.04] 499.08
Bey(F, XP)| - | - | - {14]15]15[16] - | - | - | 60 149.0022.55] 389.06
P, STslgial - -[-[-[-]- 1 30 [29.60+268| 214.92

0.05 26.96

[LSD. 501 40.84
P, T-1-T-T-T-1-]-N18[12] 30 (88.7040.58] 9.99
Be:(FXPY| - [--1-1-1-15128)27f - | 60 [78.12+2.05| 251.98
P‘,{"HF. === -18[2] - [ - | 30 [69.67x2.62] 256.75
R -] 3116]12}16}10121{19]13] 10| 120 [56.22%1.74] 363.11
Boy(F,XPo)| - | - I- 20012]9 [12]7]-] - | 60 |57.17%2.25| 304.50
P, =G < =< (=11 -1 30 [30.73:2.56] 197.12

0.05 24.64

ﬁ_s.n.r 0.01 37.33
P, T-T-1-1-1-T1-T-[18[12] 30 [88.700.58] 9.99
Bey(FXP) - |~ |- 1-1-]-25[12{15 8 | 60 |73.5742.46] 362.82
r’?{' Fy T -1-1<- kA8 -1 30 [75.03%1.14] 38.94
Sigme|F2 CT-T-T2[11[18[25[33[18{ 13| 120 |64.60£1.95| 456.68
Bo(F,XPy)| - {-1-1-17129115] 9]~ - | 60 |58.7522.31| 321.00
P, ST T-Tiopol - V11~ | 30 |54.53£1.21] 43.69

p. 005 2132

JLSD. 501 32.30
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Table (4): Potance raiio, mid and better parent heterosis, broad and narrow
gense beritability and minimum number of effective gene pairy
estimates for the studied characteristics in some common bean

CIosscs.

Leaf Total Leaf
Cross | Character | DROUSH | water | yield/pia | prolioe
parameter loas ratio nt content
P. ratio 0.66 0.46 0.01 K
H@“;)”'"% 2874 | -1066 | 026 K
Tema | Heterosis%(BP) | -10.47 16.46 27.66 K
X [BSH% 67.07 84.66 43.37 K
Giza-6 | NSH% 36.64 51.02 36.54 K
No. of genes 1.0 3.0 1.0 K
P. ratio 0.81 031 037 | K
Heteros% (MP) 36.47 -5.60 15.14 K
Tema | Beterosis%(BP) | -6.07 15.40 -18.01 K
x | BSH% 47.86 91.45 7145 K
£ NSH% 19.34 56.37 25.84 K
my -
No. of genes 1.0 1.0 1.0 K
P, ratio 0.34 0.05 0.01 0.21
Heterosis%(MP) | 16.66 -1.15 0.07 5.63
Oxyra’ Heterosis%(BP) | -21.45 42.11 -1528 | -16.40
x | BSH% 66.60 96.85 63.68 80.30
Giza-¢ | NSH% 46.75 65.27 57.86 73.14
o No. of genes 4.0 2.0 1.0 3.0
P, ratio 0.20 -0.05 0.29 K
Heterosis%(MP) | 434 -1.53 13.54 K
Oxyra Heterosis%(BP) | -15.41 41.10 -22.38 K
x| BSH% 93.24 99.50 54.26 K
Sigme | NSH% 50.26 80.11 31.10 K
_____{ No. of genes 1.0 1.0 4.0 K
K = not available
2. Leaf water loss ratio:

The results presented in Fig, 1 indicated that there were hlghly
s:gmﬁcant differences between parents, F,, >, Be; and Be, pOpulamns in all
crosses under this study concerning leaf water loss ratio at different times after
leaf cutting from the plants of the different populations. The parental cultivar
Tema had the lowes: leaf water loss ratios (12.20%, 7.84%, 7.03%, 5.61% and
5.39%) followed by cv. Oxyra (14.22%, 10.11%, 9.86%, 7.35% and 7.03%)
meanwhile, the parental cultivar Giza-6 had the highest leaf water loss
ratios(20.30%, 14.46%, 13.05%, 10.95% and 9-93%), after two, four, six, eight
and ten hours from leaf cutting from the plant, respectively. Whereas, leaf water
loss ratio of the F, plaats was intermediate between the two parental cultivars for
each cross under study (Fig., 1). These findings corroborate that of Perez et al.
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(1999), Aguirre ef al( 2002) and Mayek et al.( 2002a)who found highly
dxfferenc&sbetween commonbeangenotypes w:th regandtolmfwaterloss rauo

Thzleafofthcpmntalculuvatomahadawtalwateﬂossmnoequm
to 32.87% which was significantly lower than that of the parental cultivars Tema
(38.57%), Emy (55.72%), Sigme (61.27%) and Giza-6 (61.99%), (Table, 5).
These results indicated the value of Oxyra as a source for genes controlling low
water loss of leaves under drought conditions. These results agreed with those of
El-Tohamy et al. (1999a), Pimentel and Cruz (2000) and Kohashi et al. (2002)
who mentioned that there were genetic differences between common bean
cultivars concerning leaf water loss ratio.

The frequency distribution for leaf water loss ratio in the F2, Be, and Be,;
populations of all crosses under study showed quantitative inheritance pattern

(Table, 5).

Significant differences were found between leaf water loss ratio of F,
plants of all crosses under study and that of the two parental cultivars of each
cross. The values of water loss ratio of leaf for Fy's were intermediate between the
two parental cultivars of each cross (Table, 5). Furthermore, partial dominance
forlowwaterlmtauoofleafwasobsewedmallmssesasmdlmtedbythe
polance ratio , i.¢.. -0.46, -0.31, 0,05 and - 0.05 for the crosses (Tewa X Giza-6),

~ (Tema X Emy), (Oxyra X Giza-6} and (Oxyra X Sigme), respectively (Table, 4).
, Concerning backcross, leaves of B, plants had the lowest values of leaf water
loss ratio compared with the plauts of Bc, in the crosses(Tema X Giza-6), (Tema
X Emy), (Oxyra X Giza-6) and (Oxyra X Sigme) under laboratory condition in
different times in Fig.(1).

The estimated values of mid-parent (MP) heterosis percentage for leaf
wiater loss ratio after used drought stress were negative, i.e. -10.66, -5.60%, -
1.51%, and -1.53% while those of the better- parent (BP) were positive, ie.
16.46%, 15.40%, 42.11% and 41,10% for the crosses (Tema X Giza-6), (Tema X
Emy), (Oxyra X Giza-6) and (Oxyra X Sigme), respectlveiy( Table, 4). The better
parent heterosis indicated the possibility of improving drought tolerance by
decreasing leaf water loss under water stress conditions.

Relatively high estimates of broad and narrow sense heritability were
calculated for leaf water loss ratio, in the different crosses, (Table, 4). The broad
sense heritability estimates for leaf water loss ratio were 84.66%, 91.45%,
96.85% and 99.50%, meanwhile, the values of narrow sense heritability were
51.02%, 56.37%; 65.27% and 80.11% for the crosses (Tema X Giza-6), (Tema X
Emy), (Oxyra X Giza-6) and (Oxyra X Sigme), respectively. Such estimates
indicate the possibility of making progress in selecting for low leaf water loss
ratio under water stress conditions in breeding programs for drought tolerance of
common bean. .

The minimum number of gene pairs controlling the leaf water loss ratio
ranged from 1 to 3 gene pairs (Table, 4).
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Fig. (1): Leaf water loss ratio in parents, F,, F,, Bcy; and Bc,
segregation derived from some common bean crosses
under water stress in laboratory conditions.
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Trble (5 Frequency distributions of leaf water logs ratio in different
_populations for some Common bean crosses.

Range of leaf water loas (%) | Totel | 0
Cross | Population S VS DOV e D g R Noof | “cp™ | Varismce
P §-13F -1 -1T-1T-1T-1 30 13esp12] 040
Tema |BoFXPYL - [ - 126X -1 -1 -1 60 1444240671 2702
X F, - -] -1 -1 - 0 {44040871 25
Giza-6 F 161161461231 7 | 5] 7| 120 142614065 5034
BoFXPY - T T1a{ 191918 -1 60 [507305] 4871
3 - - -1 -1 -1 -131 30 [o19mb1z] o4
LSD. 605 ' 786
801 . 11.90 .
P, -3l - T - T-T-T-T1T3 [3sa12] 04
Tema (Be(FXP{ - [ 8 | 271251 - | - | - | 60 4357087 4505
X - ST - P -1 -1 -1 3 446120380 438
Enny ¥, Mi2nl4]0l7]s 121 120 141400727 57
B XP)!U T o] - 13011614 -1 60 [5141086] 48
2 -t - -t -Tizl8] -1 30 557062 1136
LSD.a0s TR
001 " 1L69
P, W f- - 1~ 1- |- I- 30 13281016] 03
Oxyra | BoFXP){- 126 {13 {15 |6 (- |- 6 143624107 63.%4
X ) Y - 19 i1y [~ |- 30 46714045 729
Gima-6 Y g 117119 130 |24 {10 [11 | 120 [42602084] 8519
BB XPR. 1 1. 21 (39 |- |- 60 |5465087] 4584 |
Py - - - - = t- 130 1730 letonnidl oM
LSD.0.08 ' 9.16
0.01 1387
P, W] - T -T-1T-1T-1-71 % [328616] o2
Oxym |BoEXP){- |- 150 110 |- {- |- &0 |70l
X |' F O R N N N 30 14630131 053
Sigme K, 3 124 138 126 [0 ]2 |7 120 1442451011 123231
Bo®XPyi- 1. 1. 124 |36 - |- 60 |5064x112] 7480
) 3 - - - 3 0 | a0 [stamnas] 10
LSD. a0s $67
201 14.65
3, Total yield per plant:

The parental cultivar Tema had the highest total dry seed yield/plant
{56.76 g), while the parental cultivar Sigme bad a relatively very low of total dry
sced yield/plant (19:44 g) Table (6). Whereas, the cuitivars Oxyra, Giza-6 and
Emy had a relatively intermediate total dry seed yield/plant (52.95, 36,70 and
24.07 g, respectively). These results indicated that the parental cultivar Tema was
the best source for genes controlling high total dry seed yield/plant under water -
stress conditions. In this respect, Ei-Tohamy et al. (199%) and Molina et al,
{2001) illustrated that there were genetic differsnces between common bean
germplasm with regard to total yicld/piant under drought condition.
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Quantitative inheritance pattern for total dry seed yield/plant under water
stress was detected from the frequency distribution of this character in the F», B
and Bc; populations of the crosses (Tema X Giza-6), (Tema X Emy), (Oxyra X
Giza-6) and (Oxyra X Sigme), (Table, 6). These results are in conformity with
those reporied by Thomas (1983) who found that sced weight was controlied by a
farge number of genes, with both additive and dominance effects.

The potence ratio values were 0.01, 0.37, 0.01 and 0.29 which indicated
slight partial dominance for high total dry seed yicld/plant under drought
conditions, (Table, 4). The F; hybrid of the cross (Tema X Giza-6) can be
considered the best hybrid because it had the highest total dry seed yield/plant
(46.85 g) comparing to the means of the other F, hybrids presented in Table, 6,
i.e. Tema X Emy (46.54 g), Oxyra X Giza-6 (44.86 g) and Oxyra X Sigme (41.10

8).

The estimated values of mid-parent (MP) heterosis percentages for dry
sced yield/plant under water stress were 15.14%, 13.54%, 0.26% and 0.07% and
that of the better parent (BP) heterosis percentages were -18.01%, -22.38%, -
27.66% and -15.28% for the crosses ( Tema X Emy), (Tema X Giza-6), (Oxyra X
Giza-6) and (Oxyra X Sigme), respectively (Table, 4).

The values of the broad semse heritability (BSH) for total dry seed
yicld/plant were 43.37%, 71.45%, 63.68% and 54.26%, while the narrow sense
heritability were 36.54%, 25.84%, 57.86% and 31.10% for all crosses under study
in Table (4). The observed low to intermediate estimate values of (WSH)
indicated that total dry seed yield/plant was highly affected by the environmental
conditions. Because of the relatively low (NSH) observed in most crosses, the
additive part of the genetic variance for this character is expected to be either low
or very low. Based on these results, selection for high total dry seed yield/plant in
the segregating generations should be based on family mean basis and not on
individuat plant basis. In this respect, Ramirez and Kelly (1998) showed that the
heritability estimates for seed yicld under water stress were higher.

Number of major genes controlling total dry seed yield/plant ranged
" from 1 to 4 gene pairs (Table, 4). These results are in conformity with those
obtained by Thomas (1983) wha found that seed weight was controlled by a large
number of genes, with both additive and dominance effects.

4. Leaf proline content

The two parental cultivars Oxyra and Giza-6 showed highly significant
differences in leaf proline content (Table, 7). Leaf proline content of cultivar
Oxyra was 34.81 mg/100 g dry weight while that of the cultivar Giza-6 was 20.29
mg/100g dry weight The value of F, leaf proline content was intermediate
between the two parents in the cross (Oxyra X Giza-6). These results agree with
those reported by Camacho and Gonzalez (1998), Maiti et al. (2000) and Mejia ef
al. (2003) who found that there were significant differences between common
bean germplasm with regard to leaf proline accumulation under drought
conditions.
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Table (6): Frequency distributions for total dry seed yield/plant in different
populations for some Common bean crosses.

Range of total yield/plant Totad Meant
c“"’““'“"‘ﬂmmmasoamsoso"“l“l SE |V
P, - -V -etan] - - 1 30 [%%274] 2500
Yems |Be®XPY] - | - | - [ {11311 -1 -~ | 60 |46672194] 22560
X ¥, st -l -3 IT -] -1 -1 3 (4ess103] 1SR
Gnsé} % -T2l tal 7123121 120 {50141 123747
W‘;""’"’ T - BIB16{13] -1 -1 -1 60 [s0s5165 | 16256
b -t i - -4 =1 -1 -1 30 {36m231 | 14689
LSD, wos 1262
0.0} - 1942
P, - - T -1 -Tofnl-1-1 3 [seramn|n500
Tema |Bo@®XPy| - | - (1215|201 13) = | - | - | 60 |#.14305] 556.9
X ¥y -l - -1 - i3 -1 -] -1 30 jasseiTi 4083
Emy Fr UiS{15[{3131(181 8151114/ 120|328 3920
"‘*‘;"""’ LT s {si M 0] -1 -1 ~1 60 [©os152]13830
ST 7] - -1 -1 -1-[ -1 30 [240m1%] 7604
LSD. Q.05 1663
001 2519
P, - -l -T-TieTR] -1 -1 -1 % [n9s ] 04" |
Onra (Be®XP)] - ) - | - 2121 10] -1 -1 -1 60 [4429¢1611156.17
X ¥, - -1 -1T1al16] - -1 -1 3 jdse2e] M2
Gizn 6 F, P sTaiss{2ol iz 41 - 1 120 { w9s5155 | 28605
Wf,m T - T % 18] - 11T & {35217 28181
: -l -Jisi-1-1-71-~1-1 3 [3sman} 14689
LSD. a0s 1639
.01 15.74
) - -l -T-TsTR] -7 -1 -1 30 [saoss174} 9042
JOrym {BegFiXP)} - [ - fid|n2i2sjut] -1 -1 -1 60 [@smast}3om
X Fy ] =1 -1219871-1-}]~]-1 30 [4.10:312]1291.82
Sgme] B ioji9[26141[1a{d 4] 2] - | 120 { 3891166 ] 33156
‘“‘;m IR R - [~ 1~~~ & {psmiw]2394
z 411719 -1 -§ %1 -0-1-+1 30 {1veasis6] RDIT7E
LS 0,05 16.50
Q01 { 2500

The mode of inheritance of leaf proline content was found to be
quantitative based on the frequency distribution of the F; plants in the cross
(Oxyra X Giza-6), (Table, 7).

In the cross Oxyra X Giza-6, the value of potence ratio (F) was 0.21
(Table, 4). These results indicate a slight partial dominance for high leaf proline
content under drought conditions. These results were supported by results of
backcrosses where leaf proline content of BC; population was higher than that of
BC; population in the same cross (Table, 7).

The estimated value of mid-parent (MP) heterosis percentages for leaf
prolinc content was 5.63%while these of the better-parent (BP)was negative(-
16.40%) for the cross(Oxyra X Giza-6), (Table, 4), The mid-parent heterosis
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indicaied the possibility of improving drought tolerance by sclection for high leaf
proline content under water stress conditions.

Table (7): Frequency distribution for leaf Proline content mg/i00g dry
weight (DW) in different populations of the cross {Oxyra X

Upper cass lamits g/ I0g DW. | Totnd

Cross | Population | 4o 19125 (30]35| 40 ;‘:ﬂ‘: MeartSE | Variance
P, T T8 30 | 30 |34.812083] 118

2, TRl 9 oo . T30 {202950.83] 1.06

o9 ¥, ST o123 8T -1 30 [29.105083] 12.54
Gioa. I Fs 5 110] 1640 |23 22 | 120 [27.4950.42] 3502
2 G XEy | - | - | - [20140] - | 60 |32.4350.50] 1661
Bo Xty | - 1 - 14|19 - 1 - | 60 125.48:0.59] 15.13

A relatively high broad acd narrow sense heritability estimates were
calculated for this character in the previously mentioned cross (Table, 7). The
broad sensc heritability estimate was 80.30% and the narrow sense heritability
was 73.14%. Based on these result, selection for high leaf proline content under
drought conditions in the scgregating generations should bz based on individual
plant basis. The relatively high broad and narrow sense heritability indicated that
selection for this possible component of resistance to drought can be made with
relatively high chance Tumncer and Kramer (1980},

Number of major genes controlling leaf proline content under drought
conditions was 3 gene pairs (Table, 4).

5. Simple correlation;

Drought tolerance measured by percentage of healthy leaves on
individual plants which exposed to drought, was positively correlated with each
of number of branches/plant, fruit set percentage, number of pods/plant, number
of seeds/pod, 100 seed weight and total dry seed yield/plant in the F; of all crosses
under study (Table, 8), On the other hand, drought tolerance was negatively
correlated with each of number of days from sowing daie to the first flower
anthesis, leaf water loss ratio and Jeaf area in the crosses Tema X Giza-6, Tema X

.Emy, Oxyra X Giza-6 and Oxyra X Sigme. These results are in accordance with
those reported by Perez ef al (1999) who mentioned that water siress
significantly reduced the seed weight. Teran and Singh (2002) menticned that
100-seed weight of common bean was slightly reduced in drought-stressed versus
nonh-stressed environments. In addition, they found Non-stressed environment
seed vields were positively correlated with drought-stressed vields.

Significant positive correlations were observed between total dry sced
vield/plant and each of drought tolerance, number of branches/plant, number of
pods/plant, fruit set percentage, number of sceds/pod and 100 seed weight.
Whereas, there were negatively corrclation between total dry seed yield/plant and
number of days frow sowisg daiv lo ihe first flower anthiesis. These results are also
in agreement with those of EL-Tohamy ef al.(1999b) who recorded high linear
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relationship between yield and water stress levels. Also, Boutraa and Sanders
(2001) found that water stress reduced yield and its components. The affected
components were seed weight, number of seeds per plant and number of pods per
plant. Time to maturity was slightly prolonged. Water stress reduced number of
main branches. Solanki er al. (2003) found that days 1o flower and maturity had
significant positive correlation with each other while these traits had significant
negative correlation with grain yield. Also they found number of Pods/plant, pod

length and seeds/pod had significant positive correlation with yield.

Table (8): Correlation coefficients between some charactenistics of the F; plants of

some common bean crosses exposed to drought stress.

. Leaf
Pod | Fruit | Seed | 100 ] Total .
Cross | Characters |Eariness bf:c:is Mol | set i NoJ ) seed | yield T:t:r ;re:a' :'oirni
plant | (%) | pod |weight] plant | 5% on
Drought folecance. | 0300 | 0424~ | 0400 | 0523 | 0.196 | 0164 | 0330~ | 0O7T4~ | D03
No. of branches 0676~ | 0395 | d28d | 0205°7| 05e0 | 030" | Dae
Tema | poq No fplant T Moo {623 [ozss [ o7 | ez ) o300
X {Fnal selpescentage 0006 | Q057 073"l o541 043t ne
Giza-6 | Seed No fpod 0153 | 0se9 | 0189 | 0109
0669~} 0188 | 0185
0308 § 0243
R e
[076r 0555 J0855” [08&T [ 094 | D90 |
0357" 024 10206 10260 }g 211 10229
0. of branches -"10676™ Jode [0Bag” Josee |.0575" 0682
Tema |pod 0795 Josae fogoe foser | %0e {0500
X | Frut setpe 0578 o074 Jodeo {07z {0760 na
Emy | SeedNo fpod 0807 10B846™ |.0498" [ 0585
092" |.C796™ | 0ase
0768 | D80
0682
0415~ 10756~ 10753~ [0708™ |5960™ (0477~ 10967 |
02y [ 0314 | 0276 (0273 O 174 {0255 10256
| 0016|046 043 (0518 | 078 | 0600 0596
Oxyra | 0610~ (00% | 0857" ;0180" 0188 10119
X 0004 QM7 10181 ) 618 | 0002
E . ) lonize [o7%* |o7% |07i0-
Giza-6 | i seed weght o76r {069 | 0751 [077¢
| Tolal yreldiplant Q676" 0674|0684
Leefwalerkﬁslam 0919 10633
Leaf afea 4991
Drought reswslance —|oTer= |07 055 o7 [068 JoTer | 0980 | 098
Earlmess 0386 D6 L0AG | 0430 10204 )03 HOIN6™ | 0273
ol bimaches 0940 Jo7ad losw (6900 o9 | ovea {07E
Oxyra | poyNo 075 loWe- (o9 |0970 | 0745 {0758
X |Fn 0660 {0693 |07 {0545 {0577 na
SIgme 0775 [0905" | 0746 {OTI0
0913 {0644~ | 0665
o 0708|0753
Leaf water loss raiip 0856
* =Significant at 5%, level of significance -

** =Significant at 1% leve! of significance
na = not available
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Leaf water loss ratio and leaf area was negatively correlated with each of
drought tolerance, number of branches/plant, number of pods/plant, fruit sct
percentage, number of seeds/pod, 100 sced weight and total dry sced yield/plant.
Whercas, there were highly positively correlation between leaf water loss ratio
and leaf arca and sumber of days from sowing date to the first flower amthesis in
alt crosses umder study (Table, 8). This has been also observed by Meacaccini and
Comstock (1999) who found that cultivars bred for cultivation in hot and dry
regions had significantly smaller leaves but higher transpiration rates per unit of
leaf area. Pimentel and Cruz (2000) found that leaf arca and shoot dry weight
were the morphological variables more sensitive to water stress. Mayek ef al.
- {2002b) showed that drought stress decreascd transpiration rate and leaf area.
Also, Navea ef al. (2002) mentioned that leaf area being bigger in genotypes from
warm and humid Iands than those from dry and temperate ones.

Free proline content of plant leaves was negatively correlated with each of
number of days from sowing date to the first flower anthesis, leaf watcr loss ratio
and leaf area. On the other hand, there were highly significant positive correlations
between proline content and each of drought tolerance, number of branches/plant,
number of seeds/pod, 100 secd weight and total dry seed yield/plant in the F2 plants
of the cross Oxyra X Giza-6. That was in accordance with the findings of Maiti ef
al. (2000) who showed that in all stress situation, there was an increase in the
accumulation of proling in common bean plants (P. vuigaris). Moreover, Mcjia et
al. (2003) mentioned that proline increased under drought conditions,

6. Multiple correlation:

The mmiltiple corrclation coefficients calculated for drought tolerance
and some characters from data of F, populations were significant. The results
presenfed in Table, 9 show highly significant positive correlation between
drought tolerance and each of number of days required from sowing date to the
first flower bud anthesis, number of branches/plant, fruit set percentage, 100 seed
weight, total dry seed yield/plant, leaf water loss ratio and leaf arca. Such R?
valves indicated that the proportion of the variance in the tolerance which can be
explained by all the studied characters was high Therefore, based on the results
of the multiple regression analysis presented in Table, 9, the number of days from
sowing date to the first flower anthesis, number of branches/plant, fruit sct
percentage, 100 sced weight, total dry sced yield/plant, leaf water loss ratio and
leaf area should be considered together when selecting for tolerance of common
bean plants to drought toierance.
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Table (9): Multiple correlation coefficients between drought tolerance and
some characteristics in the F; plants of some common bean crosses
exposed to drought.

Involved indepent

variables
Earliness
No. of branches
Tema | Fruit set percentage
X 100 seed weight 0.977 0.988 **
Giza-6 [ Total yield/plant
Leaf water loss ratio
Leaf area
Earliness
No. of branches
Tema | Fruit set percentage

Cross R-square | Multiple-R | Significance

*.

X 100 seed weight 0977 0.988 %
Emy Total yield/plant
Leaf water loss ratio
Leaf area
Earliness

No. of branches
Oxyra | Fruit set percentape
X 100 seed weight 0.984 0.992 **
Giza-6 Total yield/plant
Leaf water loss ratio
Leaf area
Earliness
No. of branches
Oxyra | Fruit set percentage

X 100 seed weight 0.989 0.994 = 1
Sigme Total yield/plant
Leaf water loss ratio -
Leaf area ]
** Significant at 1% level of significance
REFERENCES

Aguirre, M. 1. F, Acosta, G. J. A, Ruiz, P. L. M., Shibata, J. K. and Trejo, L.C.
(2002): Morphological differences on the leaf epidermis of common
bean and their relationship to drought tolerance. Agric. Tecnica en
Maxico, 28(1):53-64. {Database of Agricola- Internet).

Altard, R. W. (1960): Principles of plant Breeding. John Wiley and Sons, New
York, U 8. A

Bates, L. 5., Waldren, R P. and Teare, 1. D. (1973); Rapid determination of free
proline for water-stress studies. Plant Soil, 939:205-207.

Bhatt, G. M. (1971): Heterotic performance and combining ability in a diallel
cross among spring wheat’s (T. aestivum L.). Austr. J. of Agric. Res,,
22:359-369. (Database of Agricola- Internet).

Bohnert, H.J., Nelson, DE. and Jensen, RG. (1995). Adaptation to
environmental stresses. Plant Cell, 7:1099-1111.



1290 Annals Of Agric. Sc., Moshtohor, Vol. 42(3), 2004

Boutraa, T. and Sanders, F.E. (2001): Influcnce of walgr stress on grain yield and
vegetative growth of two cultivars of bean (Phaseolus vulgaris L.). J.
of Agronomy and Crop Sci., 187(4):251-257.

Briggs, N. F. and Knowiles, P.E. (1977): Introduction to Plant Breeding. Rcinhold
Publishing Corporation, USA.

Castle, W. E. and Wright, S. (1921): Ap improved method of estimating the
number of genetic factors concerned in cases of blending. Inheritance
Science, 54: 223,

Camacho, BM. and Gonzalez, M.E. (1998): Comparative study of enzymes
related to proline metabolism in tepary bean (Phaseolus acutifolius)
and common bean (Phaseolus vulgaris) under drought and irrigation
conditions, and various urea concentrations. Plant foods for Human
Nutrition, 52 (2): 119 -132,

EL-Tohamy, W., Schnitzler, W. H., EL-Behairy, U. and Abou-Hadid, A. F.
(1999a). Evaluation of drought and heat tolerance of common bean
(Phaseolus vulgaris L.). Angewandtc Botanik, 73(5/6):169-172.
{Database of Agricola- Internet).

EL-Tohamy, W., Schnitzler, W. H., EL-Behairy, U. and Singer, S. M. (1999b):
Effect of long-term drought stress on growth and yield of bean plants
(Phaseolus vulgaris L.). Angewandte Botanik, 73(5-6):173-177.
(Database of Agricola- Internet).

Gomez, K. A. and Gomez, A A. (1984): Statistical procedures for agricultural
research. 2™ ed John Wiely& Sons, New York.

Hadidi, N. A. (1999): Germination and early growth of two common bean
cultivars as affected by water stress and seed size. Dirasat Agric. Sci.,
26 (1):23-35. (Database of Agricola- Internet}.

Kohashi, S.J., Galvan, T M., Garcia, E. A, Yanez, J.P., Martinez, V.E. and Ruiz,
PL. (2002). Water stress effect on the growth of phytomers in
common bean (Phaseolus vulgaris L.). Agricu. Tecnica en Mexico 28
(1): 65-75. (Database of Agricola- Internet).

Maiti, R. K., Nunez, G. A., Wesche, E. P., Moreno, L. 8. L., Cardenas, A. M. L.
and Hemandez, p. j. L. (2000): Proline and protein profile as
indicators of resistance to biotic and a biotic stresses in bean
(Phaseolus vulgaris L.)-a review. Agric. Reviews, 21(4): 231-237.

Mather, K. and Jinks, J. L. (1971): Biometrical genetics, The study of continuous
vaniations. Comnell Univ. press, Ithaca, N. Y.

Maycek, P. N,, Acosta, G. J. A. and Lopez, C. C. (2002a): Relationship between
carly vigor of common bean (Phaseclus vilgaris L) and resistance to
water stress and to AMacrophomina phaseolina (Tassi) Goidanich.
Revista Mexicana de Fitopatologia, 20(2):133-140. (Database of
Agricola- Internet).

Mayek, P. N, Garcia, E. R., Lopez, C. C., Acosta, G. J. A. and Simpson, J.
(2002b): Water relations, histopathology and growth of common bean
(Phaseolus vulgaris L.) during pathogenesis of Macrophomina
phaseolina wnder drought stress. Physio. and Molecular Plant Patho
60(4):185-195.



Inheritance & Nature Of Drought Tolerance In Common Bean 1291

Mgjia, E. G., Martinez, R. V., Castano, T, E. and Lparca, P. G.(2003): Effect of
drought on polyamine metabolism, yield, protein comtent and in vitro
proteine digestibility in tepary (Phaseolus acutifoliusy and common
bean {(Phaseolus vulgaris) bean seeds. J. Sci. of food and Agric., 83
(10): 1022-1030.

Mencuccini, M. and Comstock, J. (1999): Variability in hydraulic architecture
and gas exchange of common bean (Phaseolus vulgaris) cultivars
under well-watered conditions: interactions with leaf size. Australian
J. of Plant Physio., 26(2):115-124. (Database of Agricola- Internet).

Molina, J. C., Moda, C. V., Fonseca, J. N, S., Faria. R. T. and Destro, D. (2001):
Response of common bean cultivars and lines to water stress. Crop
Breeding and Applied Biotechnology, 1 (4); 363-372.

Moreno, L. S., Maiti, R. K. and Nunez, G.A. (2000): Differential responses of
two bean cultivars (Phaseolus vulgaris L.) resistant and susceptible to
water stress in seedling growth and mineral uptake. Research on
Crops, 1(1) 20-24. (Database of Agricola- Internct).

Navea, C., Terrazas, T., Delgado, S. A. and Ramirez, V. P. (2002): Foliar
response of wild and domesticated Phaseolus vulgaris L. to water
stress. Genetic Resources and Crop Evolution, 49(2):125-132.

Perez, H. P, Acosta, D. E,, Padilla, R. S. and Acosta, G.J.A. (1999): Effect of
drought stress on seed quality of common bean (Phaseolus vulgaris
L.). Agric. Tecnica en Mexico, 25(2):107-114, (Database of Agricola-
Internet).

Pimentel, C. and Cruz, P.AJ. (2000); Establishinent of paramcters for water
siress tolerance evaluation on bean genotypes. Pesquisa Agropecuaria
Brasileira, 35(1):31-39. (Database of Agricola- Internet).

Ramirez, V. P. and Kelly, J. D. (1998): Traits related to drought resistance in
common bean. Euphytica, 99 (2): 127-136.

Smith, H H.(1952): Fixing transgressive vigor in Nicotiana rustica in Heterosis.
lowa state college press. Ames lowa, USA.

Solanki, S. D., Chavhan, R. M. and Tikkas, S. B. S. (2003): Character
associations over environments in moth bean. Advances in arid
legumes research, pp. 112-114. (Database of Agricola- Internet).

Sponchiado, B.N.; White, J W_; Castillo, J.A. and Jones, P.G. (1989): Root
growth of four common bean cultivars in relation to drought tolerance
in environments with contrasting soil types. Experimental Agric., 25
(2): 249-257.

Teran, H. and Singh, S. P. (2002): Selection for drought resistance in early
gencrations of common bean populations. Canadian J. of plant
Science, 82 (3):491-497. (Database of Agricola- Internet).

Thomas, C. V.(1983): Genetic, morphological and physiological studies of
drought and heat resistance in tepary bean (Phaseolus acutifolius A.
Gray) and common bean (P. vulgaris L.). Dissertation Abstracts
International, B, 44 (2) P. 410B. (Database of Agricola- Internet),

Tumner, N.C. and Kramer, P.J. (1980). Adaptation of plants to water and high
temperature stress. John Wiley &Sons. New York. P.482.

Wallace, D. H. and Munger, HM. (1965): Studies of the physiological basis for
yield differences, 1. Growth analysis of six dry bean varieties. Crop
Sci.5:343-348



1292 Annals Of Agric. Sc., Moshtohor, Vol. 42(3), 2004

Wl gealdll B Citipd) Jaaid daglial daglay Sy 0

"‘CJJQ&\..L“J’#mu);‘ﬁﬁpﬂmgum.\pqlﬂ
Al g f“‘.. sch_)}“ Sl ‘...J' t,_‘”_\w".ui'
e g o~ BB Al — e da1 ) 0 4

(aliad Jaas Citical ‘_,.,’ ajes) 3 L e gp ol 5

Ay (ilindl ulea Cilical A g) Lo 5 oy Yo e ciliall L) SIS,
Calially Alag )l Clivall ey wilinl Jaad Lo Ed Gegly Gu,s Tl
ua o any . Gliah Jaad Lo e 5 g 5L 8 G o aEey 3
G gy B edad Clica 6 5SHH Ak CilinaY) Gu Appiadl Alle UG
O Ay giah Tl L By sin 5303 in (f sy S s T3 b i
Ciliall Gyl cans et JS A W daadty SO GWY, DY OV 6 3
Soa o aey SIS o GaSad ey L Jhiidl (g N Gy sk ad Al ol 4l
Balpe AU . dall Gilally 25Ul 550 et 4y giadl Al 3 giaa Lslisl
C A Gl y 7 U0 gl el ek 8 Al U0 A 450

sl dw,;dii)jﬁidh‘JuuMQMui dny
S5 oy el padall ga il G5 g siaay Bl A0 Gl SN
Al gpraney Calinl Joad G Jalt (g ghiaall i ja B3l Hia o 22 g0 LS
e Ol Gl padall e S Gy ssiaay A )0 e
ank d.\M G u'AiMAn L;M 4.53_5} 3.)‘..1..-.1 CI.].;J Lci‘.p 'L).a.ia.u.“ L;_,'L.u]\
C_\!Jﬂ‘u_‘pi‘,.\m C.l_).}ij el a.‘_)_,“.ﬁﬂ lM!u!paL.H :\i_)_,“
Cin gh 5 Gy g1 ¥t padall e S G151 6 sy AT 00 . S
T HOA W I PR TN THORLIGYE. s R 6 IRV IPS 0 IS S e
Al Jdgall mly 3 e iy cadasgiadl G M OALE G L cuaa gl 5 Al
t.:l‘.e:\l‘d_,a&;)‘hﬂﬁ)_,“ﬁdhﬂJdﬁ#‘Mgﬁhﬁ%)ﬁ?rsaﬁ i |
Cin g 5 g r lae¥Y adall Ga el 3} (g fiaay Al 00 . N
B e AB N Jad gl ezt Py =Y Y 48 Gl

sey il g 5 ase e JS e U ge Y g Toli ) Jas ) Cilial Juas
3o Vo ey OO i ey LAl adad Xyt Tty Sl o,
el o R e e
O Sl Bl g o any ) Gabiay ol AN A Jaea, il
t)_ii 2ae g Giliad Jaod e IS g L g Ul )} Ja b ol 1 iraY! Qaaladl
I8 Ga K il Jgemnay o pd Ve gay guilly e 2, il
S ¥ Oule Laiadl Ao 4l iDL dla G aay Al e GSeD ey il
3> Ao 530 a5 e (Y 230 90 Sy Qg g1 iYW padtall (e LA (31
ix Aty i @Ju_o._rg‘m.\‘»o.ds,qu*uc.wd‘ga,gﬁ... \fl.\asi
Voo Oy plell kel oyl Gy Sl g i aaey e o 65 J) il
AaLu.‘, 61-4“ A-‘J)l‘ s d.\a‘, w‘ J,:\_\“ U“‘ ‘_'m‘ C..ILL'A]‘ dw, .):1!
.“J,}l






