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ABSTRACT: Two scasons (20002001 and 2001 /2002)
investigation was conducted in sandy soil at ElLKhattara
Experimental Farm of the Facully of Agriculture, Zagazig
University, to find out the response of two faba bean cultivars (Sakha
1 and Giza Blanca) to two N (10 and 20 kg N / fed), three P (0, 15.5
and 31.0 kg P205/ fed) and two K levels (0 and 24 kg K,O / fed ). -

Nodulation in the two faba bean cultivars was enhanced due to the
increase of N and P levels, as well as , the addition of K particularly
to Sakha 1 . This was expressed in the number of nodules / plant,
single nodule dry weight, and the percentage of dry weight of
nodules to total root dry weight. Sakha 1 had larger number of
nodules, but of lighter single nodule dry weight, than Giza Blanca.
-Also, the response to phosphorus was much higher than to the
increase of cither N or K level. This responsc was mostly quadratic
and of greater magnitude in the high N or K- fertilized than in the
low N or K- unfertilized ones, with more clear effect in Sakha 1 than
in Giza Blancs.

The number of flowers / plant was decreased due to the increase of
N, P or K level. However, flower, young pod and total shedding
percentages were decreased. This decrease was much more
- pronounced due to each P increment for the high N fertilized plants
of Giza Blanca or the X fertilized plants'of Sakha 1 .
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Slgnlﬁcant pos:tive assoclatlon was found within each of the two‘
faba bean cultivars between the seed yield / fed ‘and all the
nodulation criteria under study However, the two cultivars varied in
the contribution of these nodulation attributes. In Sakha 1, the total
root dry weight accounted the main source of seed yield variation
(40.98%) followed by the modules dry weight / plant (24.92%).
However, in Giza Blanca the nodules dry ‘'weight and number/plant
shared this contribution (33.54% and 31.99%, respectively) followed
by the total root dry weight / plant (26.66%). : Therefore, the total
contribution of root and nodulation growth attributes were much

hlgher in Giza Blanca (92 2%) than in Sakha 1 (70 07)

INTRODUCT ION

 Cultivation of faba bean under
sandy soil conditions is. faced by a .
_ avallable for nodulation ( Cassman

,number of yield. lmutmg factors
' among them is the poor population
of native

and hence an expected decrease in

nodulation and nitrogen fixation."

" In addition , these soils are of a
poor fertility level from macro and
micronutrients. However,
extension of field crop cultivation

~ in these soils has become a must to
" minimize the food gap which is’

wide’ due to the "ever - growing
population. To face these yield
limiting factors, seed -inoculation
was recommended to activate
atmospheric N fixation

-could be enhanced through -the
addition of low doses . from
nitrogen (Eaglesham ef a/., 1983
and Said,1998) along with addition

- Rhyzobium -
- leguminosarum (Loutfi et al,1980)

Karmity, 1990). This activation :

of phosphorus (Alexander 1961 )
as it increases root growth (Russel
, 1973 ) and hence more sites are

et al, 1980).
" "Root nodules ‘may utilize: from
100 to  30% of the ftotal

photosynthates produced by the
host plant (Schubert and Ryle,
1980). Potassium was found to
support translocation - of ' these
photosynthates from leaves to
nodules (Haeder, 1977) in addition
to its role in activating some
enzymes involved in N fixation
(Evans and Sorger ,1966).

Under Egyptian -conditions,
significant increase in faba bean
root dry weight was reported by
Ahmed et al (1992) due to the
addition of 31.0 kg P,0Os / fed .The
nodules number and weight were
found to- increase due to P

. biofertilization - with Mycorrhizae
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as reported by Nahed, El-Wafai
and Dahdouh(1992) .

Similar results were reported
due to addition of 30 kg N/ fed by
Derar and Gendy (1994) and the
addition of N, P and K with the use
of Mycorrhizae by Khalifa and
Badr (1992).

Yield is a complex character
determined by several variables
that affect plant growth through
the season . Hence , it is essential
to detect the best characters having
the great influence on yield and
their relative contribution to
variation of yield (Fayed,1987).

Therefore , the present study
was undertaken to find out the
response of Giza Blanca ( drought
tolerant cv.) and Sakha 1 cultivars
to different N , P and K levels
under sandy soil conditions with
respect of nodulation ,flowering
and shedding attributes .
Correlation and path analyses were
also investigated .

MATERIALS AND METHODS

This investigation was carried
out for two seasons (2000 / 2001
and 2001 / 2002) in sandy soil at
El-Khattara Experimental Farm of
the Faculty of Agriculture, Zagazig
University. The study aimed to
find out the response of two faba
bean cultivars (Sakha 1 and Giza
Blanca) to two N (10 and 20 kg N/
fed ), three P(0, 15.5 and 31.0 kg
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P,0s /fed ) and two K levels (0 and
24 kg K0 / fed ) and their
interactions . . |

A separate experiment was
devoted for each faba bean cultivar
in the two seasons. The 12
combinations of N , P and K were
allocated in a complete blocks
design of four replications.
Planting was on the first week of
November in the two seasons, in
rows 50 cm apart . Seeding was in
hills 15 cm apart for Sakha 1 and
20 cm apart for Giza Blanca as the
former had lighter seed index ( 80
-90 gm ) than the latter (110 - 120
gm).Accordingly, total populations
of 112,000 and 84,000 plants / fed
were maintained for Sakha 1 and
Giza Blanca , respectively . Seeds
were inoculated with the proper
inoculum of Rhyzobium

- leguminosarum br.viceae at the

rate of 2.5 gm / kg of seeds . Since
flowering was after 50 days in
Sakha 1 and 70 days in Giza
Blanca, harvest was made in the
last week of April in the former
and first week of May in the latter .

Nitrogen in the form of
ammonium sulphate (20.5 % N),
phosphorus in the form of super
phosphate (15.5% P,0s) and
potassium in the form of potassium
sulphate (48 % K;0) were mixed
and hand band placed 1" to.1.5 "
below the seeding level at planting.
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“" Each plot included 7 rows of 3m

length . The two outer rows were
left as borders . The two outer
~ rows to a three central ones , were
devoted for
nodulation, flowering -
shedding attributes . -

At flowering , six plants from
three successive hills ,from the
specified rows , were hand pulled
after making a proper groove .The
recovered roots and nodules were
oven dried for a constant weight at
70°C . The following nodulation
attributes were recorded :
1-Root dry weight / plant( gm ).
2-Nodules,dry weight / plant (gm). -
3-Total root dry weight /plant (gm)

(1+2).
4-Number of nodules / plant.
5-Single nodule dry weight ( mg )

2/4). ‘
6-Percentage of dry weight of

nodules to total root dry weight

(2/3x100).
7-Leaf area index (using disk
method ).

Since commence of flowering,
the number of flowers , young
pods and mature pods were
recorded on ten plants in five
successive hills in a prescribed
‘bordered row . These numbers
were recorded in one week
intervals up to harvest where the
following flowering attributes
were recorded and calculated

and

determination of

Abdul Galil] et ¢

according to Atta (1991):

- 1-Number of flowers / plant.

2-Number of young pods / plant.
3-Number of mature pods / plant.
4-Flower shedding percentage(1-2

/1 x 100). :

5- Young pod shedding percentage -

(2-3/2x100).

6- Total shedding percentage (1-3 /
1x100).

Flood irrigation was scheduled
at three to five days intervals.
Hand weeding was practiced up to
time of flowering. Faba bean was
preceded by a fallow in the two
seasons . The soil was sandy of an
alkaline reaction . ( pH of 8.57 )
and organic matter content of (0.70
% ) . The averages of available N ,
P and K contents of the upper 20
cm soil depth of the experimental
site were 17.4 , 4.6 and 83.5 ppm,
respectively .

Data were statistically analyzed
according to Snedecor and
Cochran (1967) . The response to
the three P levels for the high and
low N fertilized plants , as well as ,
for the K and K — unfertilized ones
was calculated using orthogonal
polynomial tables Interaction
tables are provided with response
equations and, as well, the
predicted maximum average ( ¥
max ) which could be obtained due
the addition of the predicted
maximum P level ( X max ) using
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the following equations according
to Abdul Galil et al (2003) :

¥ max =Y, + b/ 4c

X max = b/ 2c (u) (kg P,0s / fed).
where: Yo = average yield
recorded at the lowest P level.

b = the linear coefficient of the
response equation .

¢ = the quadratic coefficient of the
response equation .

u = unit of phosphorus ( 15.5 kg
P,0s/fed ). )

Capital and small Duncan letters
were used in interaction tables to
judge the significant differences
‘among rows and columns means,
respectively at. the 5% level of
significance according to
Duncan,(1955).

Within each faba bean cultivar,
the correlation between seed yield
/ fed and all the root and nodule
growth attributes was calculated .
Also , a path analysis was
performed to  define the
contribution of these attributes to
seed yield variation according to
Svab, (1973).

A test of heterogeneity of the
experimental error of the two
seasons was made. Data reported,
herein, are those of the combined
analysis of the two seasons for
each faba bean cultivar.

RESULS AND DISCUSSION

A. Root and nodule growth
attributes:

A.a. Nitrogen level effect:
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It is evident from Tahle (1) that:
doubling the level of N to 20 kg N
/ fed resulted .in a significant
increase in all the root and nodule
growth attributes of the two faba
bean cultivars. The increase in root
dry weight was from 2.094 to
2.836 gm in Sakha 1 ( 35.4% ) and
from 2.332 to-3.240gm in Giza
Blanca ( 38.9% ). The increase in
nodule dry weight was from 1.033
to 1.868 gm in the former (80.8% )
compared with an increase from
1.204 to 1.973 gm in the latter
(63.9% ).Therefore , the total root
dry weight was increased from
3.127 to 4.705gm (50.5% ) and
from 3.537 to 5.213 gm ( 47.4% )
in the two faba bean cultivars,
respectively. These differences
were also reflected in the
percentage of dry weight of
nodules to total root dry weight
which was increased from 32.38 to
39.85% in Sakha 1 and from 33.93
to 37.69% in Giza Blanca. This
was observed , also, in the number
of nodules / plant where this
number was much more increased
in Sakha 1 than in Giza Blanca.
This number was increased from
36.80 to 45.90( 24.7% ) in Sakha 1
and from 25.00 to 26.19 ( 4.8% )
in Giza Blanca due to doubling the
level of N. Consequently, Sakha |
had lighter single nodule dry
weight where the increase of N
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level caused an increase in this
weight from 27.85 to 41.05 mg
(47.4% ) in the former and from
48.12 to 77.23 mg (60.5% ) in the
latter.

These results support the view
that the increase of N level might
have had increased photosynthates,
and hence their availability for root
and nodule growth. This was more
clear in Sakha 1 than Giza Blanca
according to the percentage
increase in nodules dry weight due
to the increase of N level which
was higher in the former than in
the latter. The data further indicate
that the increase in the number of
nodules / plants, was not on the
expense of single nodule dry
weight where both were increased,
significantly due to the increase of

‘N level . This indicates that high N
fertilized plants did not suffer from
either inter root - nodule or intra -
nodule competition . In soybean,
Cassman et al (1980 ) found that
high N fertilized plants carried a
very large number of small
nodules(S to15mg / nodule) due to
the aforementioned competitions.
Under the present study, the single
nodule dry weight in Sakha 1 and
Giza Blanca (35 and 63 mg ,
respectively) show that they were
heavy enough to carry on an active
N fixation .

These date are in harmory with
those reported by Derar and Gendy

Abdul Galil, et. al.

(1994) as they found significant
increase in nodule number and
weight due to addition of 30 kg N /
fed.
A.b. Phosphorus level effect :
Results in Table (1) clearly
show that the increase of P level
from zero to 31.0 kg P,Os / fed
was accompanied by a significant
increase in each of the nodulation
criteria in the two faba bean
cultivars. The response, as
expressed by ‘the regression
coefficient, of the root dry weight /
plant was 0.495 gm in Sakha 1
compared with 0.245gm / plant in
Giza Blanca due to each P
increment. This response  was
0.266 and 0.238 gm / plant in
nodules dry weight / plant in the
two cultivars, respectively. There-
fore, the response of total root dry
weight amounted t00.762in Sakhal
compared with only 0.482 gm
/plant in Giza Blanca. Also , the
percentage of dry weight of
nodules to total root dry weight
responded to each P increment but
in Giza Blanca only where the
average response was 1.70%.
However , the number of nodules /
plant responded to each P
increment in the two cultivars
where the response was 3.68 and
4.87 nodule / plant in Sakha 1 and
Giza Blanca, in respective order.
Moreover, the single nodule dry
weight was also increased due to
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each P increment in Sakha 1 but

not in Giza Blanca. This response

was 3.35 per each P increment.

The present results clearly
indicate that almost all nodulation
criteria responded to the increase
of P level up to the higher one
- (31.0 kg P,Os / fed ) tried in this
study. The data further indicate
that nodulation improvement was
more pronounced in Sakha 1 than
in Giza Blanca. Certainly
phosphorus has a great role in root
multiplication and hence more root
sites were available for nitrogen
fixing bacteria to set nodules
( Cassman et al,1980 ). The
increase of P level was in favour of
nodule rather than root growth as
the percentage of their weights to
total root weight was consistently
increased with each P increment.
Moreover, Giza Blanca made use
of P in nodulation rather than
nodule growth, whereas the
reverse was true in Sakha 1. This
statement is based on the
magnitude of response of nodule
number and single nodule dry
weight due to the increase of P
level.

This was not true regarding the
effect of N level increase on
nodulation and nodule growth in
the two faba bean cultivars. In
Sakha 1 the N increment improved
both the nodule number ( 24.7% )
and single nodule dry weight
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(47.4% ). Whereas, in Giza Blanca
it improved single nodule dry
weight ( 60.5 % ) rather than
nodule number ( 4.8% ). This
refers to differential response to N
and P levels by the two cultivars
with regard to nodulation and
nodule growth. These results are in
accordance with those reported by
some authors regarding the
improvement of root growth and -
nodulation in faba bean due to the
addition of phosphorus ( Ahmed et
al , 1992 and Nahed, El- Wafai
and Dahdouh 1992) .

A.c . Potassium level effect:

It is obvious from Table (1) that
addition of K resulted in a -
significant increase in each of the
nodulation criteria of Sakha 1 only.
The root dry weight / plant was
increased from 2.330 to 2.599 gm
(11.5%) . Also, the nodules dry
weight / plant was increased
significantly where the average
increase was from 1.318 to 1.583
gm ( 20.1%) .Therefore, the total
root dry weight / plant was
increased from 3.649t04.182 gm
( 14.6% ) due to addition of K as
compared to the check K treatment.
Similar increase was observed in
the percentage of dry weight of
nodules to total root dry weight
where it was increased from 34.94
to 37.28%. As far as the number of
nodules / plant , addition of K
increased this number in the two
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faba bean cultivars where the
average increase was from 40.77 to
41,93 (2.9% ) in Sakha 1 compared
with an increase from 24.60 to
26.59 ( 8.1%) in Giza Blanca . This
addition increased the single
nodule dry weight of Sakha 1 only
where the increase was from31.57
t037.34 mg ( 18.3% ).

According to these results it
could be concluded that Sakha 1
was in more need than Giza Blanca
to K addition in order to improve
its root and nodule growth. The
reason could be the larger number
of nodules that was carried by the
former than by the latter, and, as
well, a differential preference in
dry matter partitioning between the
root and top of the two faba bean
cultivars. It seems that Giza Blanca
had more active top sink whereas,
Sakha 1 had more active root and
nodule sink.

These results support those
reported by other regarding the
favorable effect of added K on root
and nodule growth ( Khalifa and
Badr, 1992).

A.d.Interaction effect:

The N x P interaction affected
significantly the root and nodules
dry weights / plant , and hence the
total root dry weight / plant of
Sakha 1. The number of nodules
was also affected by this
interaction ( Table 1-a).

Abdul Galil, et. al.

It is evident from Table ( 1-a)that
the increase of root, nodules and
total root dry weights / plant of
Sakha 1 due to the increase of P
level was more consistent and was
caused by the linear component at
the high N level. However , this
increase was caused mainly by the
quadratic component at the low N
level where the 2™ P increment had
more effect than the 1** one in this
respect. These results clearly
indicate that high N fertilized plants
could make better use of P than low
N fertilized ones. In other words
N and P had complementary roles
in maximizing the root and nodules
dry weights of Sakha 1.

Regarding the N x P interaction
on the number of nodules / plant of
Sakha 1.1t is shown in Table( 1-a),
also, that this number showed
diminishing increase due to the
increase of P level for the high N
fertilized plants , but however,
nondiminishing increase in the low
N fertilized ones. Therefore, the
number of nodules / plant of Sakha
1 could be maximized to 49.96
nodule / plant due to the addition of
26.10 kg P20s / fed . This could be
attributed to the high rate of
increase in this number due to the
increase of P level for the high N
fertilized plants. This also could be
served to explain the consistent
increase in the nodules and hence
the total root dry weight / plant due
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to the increase of P level for the
high N fertilized plants of this
cultivar .

The N x K interaction affected
the single nodule dry weight and
the percentage of dry weight of
nodules to total root dry weight of
Sakha 1 ( Table 1- b ). It was

evident that K addition for the low-

N fertilized plants- secured
significant increase in the two
aforementioned nodulation
attributes. This was also true when
K was added to the high N
fertilized plants but the increase did
.not reach the level of significance .
This differential response could be
attributed to differential preference
in priorities of dry  matter
partitioning, It seems that low N
fertilized plants had weaker top and
hence stronger nodule sink than the
high N fertilized ones. Therefore
addition of K to the formers was in
favour of the stronger sink.

No additional information could
be detected from the P x K
interaction which affected the
nodules and total root dry weights
and as well the single nodule dry
weight of Sakha 1.This interaction
affected also the number of nodules
/ plant of Giza Blanca .It was
obvious that K-fertilized plants
made better use of added P than the
K-unfertilized ones in all
nodulation criteria respects.
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Therefore no separate tables were
devoted for this interaction .
B. Flowering and flower shedding
attributes and leaf area index:
B.a. Nitrogen level effect:
Doubling the level of N to 20 kg
N/fed. though decreased the
number of flowers/plant, it was
effective to decrease the flower
shedding percentage and hence
increased the number of young
pods / plant. This N level
increase, decreased significantly
the young pod shedding and total
shedding percentages but increased
LAl This was true in the two faba
bean cultivars where the decrease

in flower number / plant was

from 58.40to 52.69.( 9.9%)in

Sakha 1 and from 60.74 to 59.24
( 2.5% ) in Giza Blanca. However,
the flower shedding percentage
decrease was from 73.58 to 69.58%
in the former and from 78.21 to
77.44% in the latter. Therefore, the
number of young pods / plant was
increased from 15.10 to 15.79 (
4.6%) and from 12.96 to 13.33 (
29%) in the two cultivars,
respectively ( Table2) . It was
evident also, that doubling the level
of N to 20 kg N/fed caused a
significant decrease in the young
pod shedding percentage of Giza
Blanca only where the average
decrease was from 49.54 to
47.76%. - Accordingly, the total
shedding percentage was decreased
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from 87.74 to 85.56% in Sakha
land from 88.33 to 87.38%

in Giza Blanca. However, LAI was
increased from 3.80 to 5.79

( 52.4%) in Sakha land from 4.84
t0 5.42 (12% ) in Giza Blanca

( Table2).

These results are  quite
interesting as they clearly show that
the two faba bean cultivars were in
urgent need for the increase of N
level to 20 kg N /fed. This increase
improved all root and nodule
growth criteria ( Table 1 ) and
hence could account for the
improved flowering and fruiting
attributes
observed herein in Table 2.
The improvement of root growth
was reflected in better use and
uptake of plant nutrients and hence
improved = photosynthesis and
availability of enough assimilates
to keep on faba bean plants larger
number of young pods / plant due
to the decrease in flower shedding.
The decrease in the number of
flowers / plant due to the increase
of N level could be attribute to a
delay in  flowering  and
synchronization in termination of
flowering due to the increase of air
temperature with the advance the
growing season . In the two faba
bean cultivars this delay was about
one week by the high-N fertilized
plants particularly those of Sakha 1
(Data are not presented)

Abdul Galil, et. al.

The present findings are in
accordance with those reported by
AbdE! - Rahim et a/, 1983 )as they
found that flowering and flower
shedding in faba bean was
decreased due to addition of N .

B.b. Phosphorus level effect: _
The increase of P level up to
31.0 kg P,Os /fed had a significant
effect on each of the flowering and
fruiting attributes tabulated in

Table (2).

The number of flowers / plant
was consistently decreased due to
each P increment in the two faba
bean cultivars .Due to each P
increment the response was - 5.64
and - 5.52 flower / plant in Sakha 1
and Giza Blanca, respectively. The
flower shedding percentage was
also decreased where the average
response was - 4.03% in the
former compared with - 4.83% in
the latter. Therefore the number of
young pods / plant was increased
with response of 0.62 and 1.76
pod/plant due to each P increment,
in the two cultivars, respectively.
On the other hand, the young pod
shedding percentage was decreased
where the response was - 3.40% in
Sakha 1 and - 1.58% in Giza
Blanca Therefore the total
shedding percentage was decreased
with response of — 2.96% in the
former and - 2.59% in the latter.
Results in Table (2) show, also that
the increase of P level yielded
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significant increase in LAl in the
two faba bean cultivars where the
response was 1.01 and 1.14 with
each P increment in the two faba
bean cultivars, respectively.

These results clearly indicate
that all improvements observed -in
root and nodule growth criteria due
to increase of P level ( Tablel) -
were reflected in flowering ~and
fruiting of the two faba bean
cultivars. The results further
indicate that increments of P were
almost equally effective on
flower shedding and total shedding
percentages of the two faba bean
cultivars. However, these
increments had more favorable
effects on the number of, young
pods / plant and LAI of Giza
Blanca than those of Sakha 1 .

The present results are in
agreement with those reported by
others regarding the effect of P
level increase in flower and young
pod shedding( Moursi et al, 1976
and Atta, 1991), as well as ,
LAI(Mowafy, 1989 and Ibrahim
and Esmail, 1994 and Yousrya,
;Metwally 1995).

B.c. Potassium level effect:

Table (2) shows that addition of
24 kg K,O/ fed. decreased
significantly the number of flowers
/ plant in Sakha 1 was from 57.73
to 5336 ( 7.6% ) and in Giza
Blanca from 61.65 t058.32 (5.4%).
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Also,this addition decreased the
flower shedding percentage from
72.65 to 70.51% in the former and
from 78.50 to 77.14 % in the latter.
However , the number of young
pods / plant was not significantly
increased due to this addition , but
the young pod shedding percentage
was decreased from 55.19 to
51.53% and from 50.28 to 47.02%
in the two faba bean cultivars,
respectively. Therefore, the total
shedding percentage was decreased
in Sakha 1from 87.72 to 85.58%
and in Giza Blanca from 88.62
to 87.09%. Potassium addition
increased significantly LAI in the
two faba bean cultivars: from
4.55 to 5.04 (10.77% ) in Sakha
1and from 4.89 to 5.36 (9.61%)
in Giza Blanca.

These data clearly indicate that
addition of K improved flowering
and fruiting in the two faba bean
cultivars,  through  significant
decrease in the flower and young
pod shedding and hence total
shedding . This addition increased
also LAI, but was without
significant influence on the number
of young pod / plant. These
improvements were, almost, with
similar magnitudes in the two faba
bean cultivars,

. Since potassium has a great role
in dry matter partitioning (Haeder
,1977 ) the increase of LAl and the
decrease of total shedding clearly
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indicate that photosynthates of the
K fertilized plants were enough to
keep a larger number of flowers
against fall . Though the number of
young pods/ plant was not
significantly increased due to K
addition , the decrease of the total
shedding, refers to apossible
significant increase in the number
of mature pods/plant at harvest.

These results are in accordance -

with those reported by others
regarding the favorable effect of K
on flowering and fruiting of faba
bean ( Hussein et al , 1986 and
Magda and Sanaa,1995).
B. d. Interaction effect:

The N x P interaction affected
the number of flowers / plant and
flower shedding percentage of Giza
Blanca. The young pods shedding
and total shedding and LAI of the
two cultivars were affected also by
this interaction and are shown in
Table (2-a). .

The young pod shedding
percentage showed different trends
of decrease due to the increase of P
level for the high and low N
fertilized plants. These trends were
also different between the two
cultivars. For reason of simplicity
the comparison will be made for
the response of high N fertilized
plants of the two faba bean
cultivars 1o the increase of P level .
In Giza Blanca the decrease of
either young pod shedding or total

Abdul Galil, et. al.

shedding percentage due to the
increase of P level was mainly
linear and of higher magnitude than
in Sakha 1 . In the latter cultivar
this decrease was mainly quadratic
where the 2" P increment had
higher effect in this respect than the
1% one . It seems evident that young
pod and total shedding in Giza
Blanca were more responsive to the
increase of P level than those of
Sakha 1. This could be attributed to
the more response of LAI of the
former than in the latter to the
increase of P level by either the
high or the low N fertilized

~ plants(Table 2-a ). These results

clearly indicate that Giza Blanca
bad larger photosynthetic surface
and hence more photosythates were
available to keep larger number of
young pods against fall with greater
magnitude in Giza Blanca than in
Sakha 1.

The N x K interaction affected
the number of flowers / plant of
Sakha 1 and flower shedding of
Giza Blanca. This interaction
affected also the number of young
pods / plant in the two cultivars.
However, no particular clear trends
could be detected from these
interaction and hence they are not
presented or discussed .

The P x K interaction affected
significantly the number of flowers
and their shedding of Giza Blanca,
as well as , the number of young
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pods and their shedding of Sakha 1.
The most important P x K
interaction was that affecting the
total shedding percentage of the
two cultivars as shown in Table
(2-b). It was evident from that
the total shedding percentage
‘showed a significant decrease with
each P increment but with higher
magnitude in the K- fertilized than
in the K- unfertilized plants. Also ,
the ratc of decrease in this shedding
was much higher in Sakha 1 than in
Giza Blanca. In the former each P
increment secured 4.07% decrease
in total shedding compared with a
decrease of 2.67% only in Giza
Blanca. This response was mainly
linear as indicated by the response
equations. .

From the N x K and P x K
interactions it could be concluded
that Giza Blanca was in more need
for the increase of N level to
maximize the effect of P

increments in minimizing the total:

shedding percentage . Whereas ,
Sakha 1 was in more need for K
addition to  minimize this
percentage through the P level
increase. These results

refer to a differential response by
the two faba bean cultivars to the
increase of P level and could be
attributed to cultivar differences
with regard the most active sinks.
In Sakha 1 roots and their nodules
were the active sink whereas in
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Giza Blanca the top was the active

sink. It .is well known that N

activates the aboveground mass of

crop plants whereas K activates the
translocation . of = photosynthates
towards - active sinks ( Haeder,

1977) . Therefgre the role of P in

minimizing . total  shedding

complemented the role of N in Giza

Blanca, but however, the role of K

in Sakha 1. '

C . Simple correlation and path
coefficient analyses : .
Positive and significant

association was recorded between

seed yield / fed and each of ; total
root dry weight / plant , root dry
weight / plant , nodules dry weight

/ plant and number of nodules /

plant in both Sakha 1 and Giza

Blanca cultivars ( Table 3).

Data presented in Table ( 4 )
show direct and indirect effects of
root and , nodulation growth
attributes as percentage of seed
yield variation in both cultivars. It
is clear that the highest direct effect
on sced yield of Sakha 1 was
accounted by the total root dry
weight / plant followed by nodules

- dry weight / plant with relative

importance of 21.76 and 11.09 ,
respectively . Whereas , both root
dry weight / plant and number of
nodules / plant exhibited a little
effect in this respect.

Regarding the indirect effect it is
worthy to note that the® maximum
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indirect effect on seed yield
variation , was for total root dry
weight / plant via nodules dry
weight / plant followed by total
root dry weight / plant via root dry
weight / plant and then root dry
weight / plant via nodules dry
weight / plant with values of 30.403
, 3.77 and 2 .53% , respectively .
Whereas the other indirect effects
were negligible in this respect.
Generally , according to the total
contribution the most root and
nodules growth attribute was total
root dry weight / plant followed by
nodules dry weight , root dry
weight and then number of nodules
/ plant with values of 40.98 , 24.92
, 393 and then 024 % ,
respectively .. However , the highest
direct effect on Giza Blanca seed
yield was accounted for ncdules
dry weight / plant followed by total
root dry weight / plant and number
of nodules / plant with relative
importance of 18.13 , 12.971 and
7.44% , respectively . Whereas ,
root dry weight / plant exhibited a
little effect in this  respect .
Regarding the maximum indirect
effect on seed yield variation was
for total root dry weight / plant via
‘nodules dry weight / plant followed
by nodules dry weight / plant via
number of nodules / plant and then
total root dry weight via number of
nodules / plant with values 30.607 ,
12916 and then 10.0802 %

Abdul Galil, et. al.

respectively . Whereas the other
indirect effects were negligible in
this respect . Moreover , nodules
dry weight / plant had the highest
total contribution on Giza Blanca
seed yield variation followed by
number of nodules / plant , total
root dry weight / plant , and then
root dry weight / plant with values
of 33.537 , 31.999 , 26.663 and
then 0.0006%, respectively.
Therefore, the.total  contribution
of root and nodulation growth
attributes were much higher in Giza
Blanca (92.2002%) than in Sakha
1(70.07%).
These data are in harmory with
those reported by Fayed , (1987 )
who found that root dry weight
correlated significantly with pods
yield of groundnut .
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Table (1) : Root and nodule growth attributes of Sakha 1 (S.1) and Giza Blanca (G.B) faba bean cultivars as affected by
N, P and K levels and their interactions ( combined of the two seasons).

£00Z (S)'ON 0F * 10A “saYy 98y [ 8120807

Nodule / total
Main effects and Root dry Nodutes dry Total root dry root dry Number of Single nodule dry
interactions weight /plant weight / plant weight / plant weights nodules /plant weight
(gm) (gm) (gm) percentage (No} (mg)
(%)
S.1 G.B S.1 G.B S.1 G.B S.1 G.B S.1 G.B S.i. G.B

N level effect: (N)

10.0 ( kg N/fed) 2.094b 2.332b 1.033b 1.204b 3.127b 3.537 32385 33.93b 36.80b 25.00b 27.85b 48.12b

20.0 ( kg N/fed) 2.836a 3.240a 1.868a 1.973a 4705a  5.213a 39.85a 37.6% 45902 26.19a 4105a 77.23a

F test ¥ e % "t s *9 L 2 x4 *k % »e (2]

Difference % 354 389 80.8 63.9 50.5 474 - - 247 186 4740  60.50

P level effect: (P)

0 (check) 2.065¢ 2.505¢ 1.212¢ 1.351c 3.277c 3.857c 35.52 34.36bc 36.89¢ 21.)2¢ 3245bc 64.68

15.5 ( kg Pyos/ fed) 2.274b 2.85%9ab 1.396b 1.587b 31.670b 4.447H 37.16 35.30b 42.91ab 24 81b 31776 64.26

31.0 (kg Pyos/ fed) 3.055a 2.994a 1.744a 1.826a 4.8002° 4.820a 3565 37.76a 44.25a  30.86a 39.14a  59.07

F test - *” . - " . NS bl - - - NS.

Regression coeflicient 0.495 0.245 0.266 0.238 0.762 0.482 - 1.70 368 487 335 -

K tevet effect:(K)

0 (check) 23306 2.768 1.318b 1.556 3.64% 4324 34946 3546 40.77b  24.60b 31.57 64.14

24.0 (kg Kyo/ fed) 2.599 2.804 1.583a 1.621 41822 4425 37.28a  36.16 41932 2659 3734 61.20

F test hd NS. i N.S. ha NS * NS * e b NS.

Difference % 1.5 - 20.1 - 14.60 - - - 29 81 183 -

Interactions effects -

N x P ( Table 1- a) s NS. * NS. s N.S. NS. NS b NS. b b

N x K ( Table 1-b) NS. NS. N.S. NS. NS N.S. . N.S. NS. N.S. * N.S

P.x K{ Not presented) NS. NS * NS. bl NS. NS N.S. N.S. i * NS.
.. 3 Cultivar aversge 2.465 2.786 1.451 1.589 3.916 4375 36.42 3551 4135 25.60 3445 62.68

". ;‘tes‘ *% *h -8 NS. xR x%
*and ** refer to 5% and 1% probability levels, respectively. N. S Not Significant

£081
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Table ( 1- a ) : Some nodulation criteria of Sakha 1 as affected by N x P interactions,

N level P level ( kg P,O:) Response equation
(ke Y =a+bx+cx?
N/fed ) 0 18.5 31.0
Root dry weight / plant (gm )
C BC A
10 1.673b 1.778b 2.831b - 1.673-0.368"x+ 0.470"'x
C B A -
20 2457a 2.769a 3282a 2.457+0.413%x
: Noduies dry weight / plant (gm )
C BC A
10 0.750b 0.925b 1.426b 0.750+0.013"'x +0.162"x>
C B A .
20 1.674a 1.868a 2.063a 1.674+0.195"x
Total root dry weight / plant (gm )
C B A i
10 2.423b 2.703b 4.256b 2.423-0.356""x+0.640"'x*
C B A
20 4.132a 4.638a 5.345a 4.132+0.607"x
s Number of noduies / piant
. (o B AB :
10 33.98b 37.53 38.90b 33.98+2.46"x
‘ C B AB
20 39.81a 48.30a 49.60a 39.81+12.08"x-3.59"'x>  49.96° 26.1°

* The maximum predicted number of nodules / plant and the maximum predicted P fevel in kg P,Os /fed.

Table (1—b) : The percentage of dry weight of nodules to total root dry weight
and single nodule dry weight of Sakha 1 cultivar as affected

‘by N x K interaction .
N level (kgN/fed) Klevel (kg K;O/ fed) Differences %
Dry weight of nodules total root dry weight percentage
B A
10 30.11b 3466 -
AB A
20 39.78 a 319924 -
Single nodule dry weight (mg)
B A
10 23.37b 32340 384
B A .
20 . 39.77a 4234a 6.5

Difference % 70.2 309




Table (2) : Flowering and fruiting aftributes of Sakha 1 (S.1) and Giza Blanca (G.B) cultivars as affected by N, P and K level and
their interactions (combined of the two seasons).

t test

e

e

M'.“n eﬂ'ec'ts and Number of Flower Number of Young pod Total shedding .
interactions flowers shedding (%) young pods / shedding (%) (%) Leaf area index
/plant (No) €(7) " plant (No) £
S.1 G.B S.1 G.B S.1 G.B S.1 G.B S.1 G.B S.1 G.B

N level effect: (N) .
10.0 ( kg Nffed ) 58.40a 60.74a 73.58a 78.21a 15.10b 12.96b 5365 . 49.54a 87.74a 883 3.80b 4.84b
20.6 ( kg Nffed ) 52.69b $9.24b 69.58b 77.44b 15.79a 13.33a $3.57  47.76b 85.56b  87.38b 5.79% 542a
F test‘ " . o . . o A N.S. . . . . -
Difference % 99 25 - - 46 29 - - - - 524 12,0
P level effect: (P)
0 ( check ) 61.97a 65032  75.89a 82.12a 1483c 11.56¢ $6.52a 50.27a 89.64a 90.28a 38ic 4.00¢
15.8 (kg Pr0s/ fed ) 53.96b 60.93b 71016 78.87b 15466 12.7% $3.64b  48.57ab 86.57b 88.17h 4.74b 5.11b
31.0 (kg Pios / fed) 50.69c 54.00c 67.83c 724% 16.07a 15.08a 4972 47106 83.73¢ 85 Il 583 6.282
F test 2] .0 . [ 1] (1] (1] **e » ] L1] L 1] [1] [ 1]
Regression coefficient 564 552 403 483 0.62 1.76 340 -158 296 2.59 1.01 i.14
K fevel effect:(K) : .
0 ( check ) 57.73a 61.65 7265 78.50a 1547 1321 55192 5028 87.72a 88.62a 4.55b 4,89
24.0 (kg K;0/ fed ) $3.36b $8.32b 70516 77.14b 1542 1308 51.53b  47.02b 85.58b 87.09b 5.042 $5.36a
F mx 1 1] (1] [ 1] [ 1] Ns N_s e »”» [ 1] . " . (1] “ .
Difference % 7.6 54 - - - - - - - - 10.8 9.6
Interaction effects
N X P ( Table 2_ a) Ns .« N.S. [ 1] N.s (1] (1] L] " Ll (1] (1]
N x K ( Not presented) o N.S. N.S. . s . NS. NS. NS. N.S. N.S NS.
PxX(Table2-b) NS . NS. . b NS. 124 N.S. s . e NS.
Cultivar average 5555 5999 7158 183 1544 1315 53.61 48.65 86.65 87.86 4.80 513

* and ** refer to 5% and 1% probability levels, respectively.

N.S Not Significant

yA

31zody

£00Z (S)°ON 0f "10A “say “ou3y'[

SOSE.
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Table (2 —a ) : Young pod and total shedding percentages, as well as ,LAI
of the two faba bean cultivars

Nlevel ‘P level (kg P,Os/ fed ) Response equation
(kgN 0 155 310 V=a+bx+ex?
{ fed)
Young pod shedding percentage ( Giza Blanca )
A A A
10 4979 ab 50.27 a 48.54 a Insignificant response
A B B :
20 5074 a 4688 b 45.68 ab - 50.74 - 0.63™'x
Young pod shedding percentage ( Sakha 1)
A B B
10 5594ab 52.59b 52.41a 5594~ 1.77"x
A B C
20 5746 a 5470 a 47.04 b 57.46-0.30" X-246""X?
Total shedding percentage ( Sakha 1)
A B Lof
10 90.20 a 87.04a 8595a 90.20 -2.13"X
A B C
20 89.08 b 86.11 b 81.49b 89.08 - 3.80°°X
. Total shedding percentage ( Giza Blanca )
A B C
10 90.27ab  89.34a 8538 90.27-0.57"X -1.51"X*
A B C i
20 '90.28 a 87.01b 84.85b 90.28 - i.72"x
Leaf area index ( Sakha 1) :
- C B A 3 -
10 290 3.60b 4840 2.96+0357X +0.307X?
Cc’ B A '
20 467a 588a 683a 4.67+1.08"X
. Leaf area index ( Giza Blanca)
C B A
10 3710 468b 613b 371 +0.77X +0246'%°
C B A
20 4292 ~ 554a 6428 429 +1.07"X

Table (2-b) : Total shedding percentage of the two faba bean cultivars as affected
by P x K interaction and response equations .

Klevel P level (kgP:0s / fed ) Response equation
(kgN,O/fed) 0 155 310 ¥ = atbx+ex’
Sakhs 1
A B C
0 90.15a 87.78a 85.24 a 90.15-2.46"x
A B C
bz} i 89.i4 b 85.37b 82.22b 89.14-3.46""x
. Giza Blanca
A B C
0 90.62 a 89.18 a 86.05 a 90.62-2.29**x
A B C
24 89.94 b 87.17b 84.18b 89.94-2 88"'x
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Table (3) : Simple correlation coefTicient between seed yield / fed and nodulation
growth attributes of Sakha 1 (S.1)and Giza Blanca (G.B) cultivars

(combined).
Characters C.V X; X X. Seed vield /fed
Total root dry §.1 0.984': 0.978" 0.866™ 0.716" 0.910" 014"
weight / plant (X,) G.B 0.991° 0,998 0.513 0337 0.802" 0.600
Root dry S.1 0.924" 0.441 0.585" 0.858" 0.778"
weight / plant (X;) GB 0.960" 0.468 0.762" 0.806" 0.762"
Nodules dry S.1 0.879" 0.840" 0,939 0.608"
weight / plant (X3} G.B 0.556 0906  0.780" 0.639°
Number of S.1 0.694 0.669° 0.668°
nodules / plant ( X;) G8B 0.646° 0.073 0951
Nodules / total root S.1 0.848" 0.213
dry weights (%} (Xs) G.B o612° . 0.688°
Single nodule S.1 0.4%6
[ dry weight ( Xe) G.B 0.046

Table (4 ) : Direct and indirect effects of root and noduilation growth attributes as
percentage of seed yield variation in Sakha 1 (S.1) and Giza Blanca
(G.B) cuitivars (combined ).

Characters S.1 C.D
C.D RI% G.B R1%
Total root dry weidht/ plant 10.7163 21.76 1.1104 12971
Root dry weight / plant 0.0831 0.167 0.000002 0.0002
Nodules dry weight / plant 5.4667 11.102 1.5521 18.130
Number of nodules / plant 0.0002 0.0003 0.6370 7.440
Total root dry weight / plant x root dry weight /plant -1.8571 3.7170 -0.002 0.0288
‘Il;l):I‘root dry weight / plant x nodules dry weight -4 30.403 2.6203 30.607
Total root dry weight / plant x no. of nodules / plant 0.0712 0.230 -.8629 10.0802
Root dry weight / plant x nodules dry weight / plant 1.2485 153 0.0014 0.01%
Root dry weight / plant x no. of nodules / plant. -0.0032 0.007 0.0010 0.012
Nodules dry weight / plant x no . of nodules / plant -0,0509 0.1007 1.1057 12.916
LY 0.7007 70.07 0.922002 92.2002
Residual 0.2993 29.93 0.077998 7.7998
Total contribution
Total root dry weight / plant 2.3374 40,98 -0.63240 26.66343
Root dry weight / plant -0.2243 3.93 0.000022 0.00063
Nodules dry weight / plant ~1.4216 24.92 0.79543 33.583729
Number of nodules / plant 0.0083 0.24 0.7589% 31.99888
Total 0.7007 70.07 0.922002 92.2002
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