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ABSTRACT

Two field experiments, during the summer seasons of 2001 and 2002, at
the Experimental Farm, Faculty of Agriculture, Fayoum University, were
established in order to assess the response of vegetative growth, dry seeds yield
and chemical composition of bean plants cv. Nebraska to the foliar application of
Fe (200 and 400ppm), Zn (250, 375 and 500ppm) and Mn (250, 375, 500 and
625ppm). The experimental layout was a factorial experiment in a randomized
complete blocks design. Results displayed significant differences between Fe
concentrations with the superiority of 400ppm in plant height; leaf area leaf';
number and dry seeds yield and leaf Fe content. Increasing Zn concentration from
250 to 375ppm, but not further, increased plant height; dry weight of the canopy;
seed index, dry seeds yield and seed carbohydrates content, while leaf K and Zn
contents were the highest with the foliar application of 500ppm Zn. The foliar
application of Mn at 375 or 500ppm was pronounced and significantly augmented
the number and area of leaves; dry weight of vegetative aerial organs; number and
dry sceds yield as well as seed index contents of K, Fe and Mn in leaves and
carbohydrates in dry seeds than those achieved with 250 or 625ppm Mn. The
obtained results, also, illustrated that, the dry seeds yield of bean and its
components can be improve through the combined foliar application of Fe and Zn
together at 400 and 375 or 500ppm, orderly.

Key words: Common bean, Foliar application, Microelements, Iron, Zinc,
Manganese, Dry seeds yield, Yield components, Vegetative growth.

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is a leguminous vegetable crop
and considers one of the major crops grown in Egypt for local consumption and
exportation. Most of the bean cultivars are grown for the production of fresh pods
and / or dry seeds yield. It is well known that bean dry seeds had a peculiar
nutritional value due to its high content of protein, carbohydrates, vitamins and
minerals. According to 2002 statistic ®, the total area devoted for the production
of bean dry seeds yield was 34633 fed. This area produced a total dry seeds yield
of 40645 tons with an average of 1.17 tons fed” which is not satisfactory.

®Ministry of Agriculture and land Reclamation. Agriculture Statistics, 2002.
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Factors affect crop production in agriculture are multifarious. Of these,
mineral nutrition considers a basic factor in this concern. It is well established
that microelements are needed by plants in a relatively small amount. They
participate in many biochemical processes occwrring in cells, mainly through
increasing the activity of enzymes and provides the special lubricants required for
the variety of energy transfer mechanisms within organisms which by turn
encourage the growth and yield of plants to go forward. Most of the cultivated
area in Egypt was reported to suffer the deficit of available microelements
(Fawzi, 1991), limited soil application of organic manure, fast exhaustion of the
available micronutrients in soils as a consequence of cultivating high yielding
cultivars and / or extensive cropping two or three times yearly. Moreover, the
microelements applied as soil dressing, often, become unavailable to be utilized
by the plant owe to the high pH and the high content of calcium carbonate.
~ Therefore, the small quantities of microelements required by the plants are
" preferably supplied in the form of a dilute solution as foliar applications.

A large number of reports have denoted the valuable effects of spraying
Fe on the morphological characters, seed yield and chemical constituents of bean
plants (El-Naggar, 1998; El-Bendary et al., 1999; and El-Mansi et al., 1991).
Also, Zn was found to have a pronounced eﬁ‘ect on vegetative growth, yield and
chemical composition of beans (Helal 1995; El-Shamma, 1998; and Karaman et
al., 1999). Moreover, sevetal investigators pointed to the valuable influence of
Mn foliar application on bean gfowth, yield and chemical composition(El-
Basyouny, 1995; El-Naggar, 1998; and Firgany and Hussein, 1984).

The cutrent study was suggested in order to assess the influence of
spraying the canopy of béan cv. Nebraska with various concentrations of Fe, Zn
and Mn on the vegetative growth characters, dry seeds yield and its components
and some chemical constituents of leaves and dry seeds.

MATERIALS AND METHODS

The objective of the study reported herein was suggested to assess the
main effects of foliar nutrition with the micronutrients of iron (Fe), zinc (Zn) and
manganese (Mn) as well as their different degree of interactions on the
morphological characters, dry seeds yield and its components and the chemical
composition of the common bean (Phaseolus vulgaris L.) cv Nebraska. In order
to achieve the scope of the study, two field experiments, at the Experimental
Station Farm, Faculty of Agriculture, in Fayoum during the summer seasons of
2001 and 2002 were imposed.

Preceding the conduction of each experiment, soil samples of 25cm
depth, from each experimental site, were collected, analysed for some important
physical and chemical properties at the College of Agriculture Soil Testing
Laboratory according to the published procedures (Wilde e¢ al., 1985) and the
results are given in Table 1.
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Each experiment comprised all possible combinations of two Fe
concentrations (200 and 400ppm), three Zn concentrations (250, 375 and
500ppm) and four Mn concentrations (250, 375, 500 and 625ppm). The
respective source of the former micronutrients was Prosol; a commercial fertilizer
contained Fe, Zn or Mn in a chelated form and the chelating agent was citric acid.
The concentrations of Fe, Zn and Mn in Prosol were 20, 25 and 20%, orderly.
Local seeds of common bean cv. Nebraska were sown in the field on February 25,
2001 and March 2, 2002. After complete earthing were thinned to achieve within
row spacing of 5 — 7cm. The experimental layout was a factorial experiment in a
randomized complete blocks design with four replications. Each experimental
unit was planned to cover an area of 10.8m” including six rows of 3m long and
0.6m wide. Each two adjacent experimental unites were separated by 1.2m alley
to protect against border effects. After 35 and 45 days of seed sowing, plants were
sprayed with the specific micronutrients at the different concentrations to run off.

Table (1): Physical and chemical characteristics of the expurimental site
dunn the summer seasons of 2001 nnd 2002

[E—

Physncal

{ Clay %

i Silt %

| Fine sand %

| Coarse sand %

I oil texture

| Chemical:

\ pH of paste extract

{CEC (m Lq/lOO g soil)

| Orpanic matter(%)

: Calclum carbonate (%)

| Total nitrogen (%)

[Available K (mg'kg "soil)

| Available P (mg rko’ “soil)
Available n (mg'ke™ soil)

| Available Cu (mg'kg ™ soil)
Available Fe (mgp kg“ soil)

‘ vulable Mn (mgkg " soil)
ISoluble K" (meq100g™ soil)
Soluble Ca™” (meq'100g™ soil)

| Soluble Mg meq 100g " soil)
ISoluble Na me'100‘ soil)
Soluble HCO'; (meq'100g” soil)
|Soluble CI (meq'100g’ soil)
SoItTlﬁe SO, (meq'100g™" soil)

Basal soil dressing of 90, 31 and 48kg N, P,Os and K,Ofed’, as
ammonium nitrate (33.5% N), calcium superphosphate (15.5% P;Os) and
potassium sulphate (48% K,0), orderly, were applied. During soil preparation, a
fertilizer dose containing 31kg P,Os + 20kg Nfed' was broadcasted, meanwhile
the remainder amounts of the basal fertilizers were banded at two equal
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apphcatnons 21 and 40 days after seced sowing. All other recommended
agromanagements for dry seed production were practiced whenever it was
necessary. In each experimental unit, plants of the outer four rows were allocated
to measure the morphological characters and chemical composition of leaves,
whereas plants of the middle two rows were assigned to record the dry seed yield
and its components as well as the chemical composition of seeds.

A random sample consisted of 8 plants, from each experimental unit, for
morphological measurements, after 60 days from seed sowing was chosen. Plants
were carefully cut off at the ground level and immediately carried to the
laboratory where they were dissected into leaf-blades and shoots including leaf-
petioles and small immature pods Plant height was measured stamng from the
ground level to the terminal growing point, Number of leaves plant”, Leaves area
plant® using leaf area-leaf weight relationship as illustrated by Nassar (1986).
Leaf area leaf' was calculated

. -1
using the following formula: leaf area leaf' = Leaves arca plant

Number of leaves plant™ -1
and Dry weights of leaves and shoats plant” were gained by drying at 70°C ina
forced-air oven till the weight became constant. Canopy dry weight plant’ was
determined from oven dried leaves and shoots by summation.

In each experimental unit, plants of the two middle rows were left
‘growing till the pods approached the dry stage. The dry pods of one m’ were
picked, seeds were manually extracted, air dried till the moisture content reached
about 10% and then weighed and seed index were estimated.

‘Leaf samples for chemical determination were collected after 60 days
from planting, washed with tap water, and dried at 70°C in a forced-air oven till
constant weight. The dried leaf samples were finely ground and weights of 0.2g
““of the fine powder were digested using a mixture of sulphoric and perchloric
acids. The following determinations were performed: Leaf N content was
estimated using the Microkjeldahal apparatus as described in A.O.A.C
(1992).Leaf P cantent was colourimetrically estimated according to the Stannous
molybdate chloride method as illustrated in A.Q.A.C (1992). Leaf K content was
photometrically measured using Flamphotometer as mentioned by Wilde ef al.
(1985). Leaf Fe, Zn, Mn and Mg contents were determined using atomic
absorption spectrophotometer apparatus as outlined by Chapman and Pratt
(1961). Random seed samples, after complete drying for at least 96 hours at 70°C
in forced-air oven, were chosen. The dried seed samples were finely ground and
weights of 0.2g of the dried fine powder were prepared for the following
chemical determinations: Seed N Content was determined using the same
analytical method used for the determination of leaf N content. Seed N content
was multiplied by a factor of 6.25 for conversion of total N to protein percent
(Kelly and Bliss, 1975). Seed carbohydrates content was colourimetrically
estimated using the method exhibitive by Michel ef al. (1956).
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According to the experimental design used, appropriate analysis of
variance on results of each experiment were achieved. The new least Significant
Difference procedure at 0.05 level introduced by Al-Rawi and Khalf-Allah (1980)
was utilized to verify difference between treatment means.

RESULTS AND DISCUSSION

The results illustrating the general effects of spraying the above ground
vegetative organs of bean plants with different concentrations of three
microelements; Fe, Zn and Mn, two times; 35 and 45 days after seed sowing as
well as their different degree of interactions on the various measured features will
be presented under the following major headings; morphological characters, dry
seeds yield and its components and chemical composition of leaves and dry seeds.

Morphological Characters
Plant height

The analysis of variance on data of plant height proved, clearly, that the

general effects of the three studied microelements (Fe, Zn and Mn) were
significant and the trend was similar in both seasons (Table, 2). Fe-treated plants
at 400ppm displayed longer height than those treated with 200ppm Fe, in both
_years. The comparisons among Zn concentrations, obviously, indicated that
increasing the concentration of Zn, in the spray solution, from 250 to 375ppm,
markedly and significantly, increased the height of bean plant. However, further
increase of Zn concentration to 500ppm did not promote plant height to go
forward, in both 2001 and 2002 seasons. The comparisons among Mn
concentrations, in both years, showed that the measured values of plant height at
375 and 500ppm Mn did not significantly differ from each other, but they

appeared significantly higher than those achieved at 250 and 625ppm Mn.

The different degree of interactions between and among the three studied
factors, generally, did not seem to have any valuable influence on the height of
bean plant, in 2001 and 2002 seasons, except the interaction of Fe by Zn levels.
The comparisons indicated that at any level of Fe, increasing Zn concentration to
375ppm increased plant height, while further increase to 500ppm, generally, was
not effective or reduced plant height. Likely, at 250 and 375ppm Zn, increasing
Fe concentration increased plant height, but at 500ppm Zn, increasing Fe
concentration, generally, reduced plant height. Therefore, the treatment
combination of Fe and Zn at 400 and 375ppm, orderly reflected the best result on
plant height.

Dry weight of the vegetative aerial plant parts '

The dry weight of leaves plant’, significantly, responded to the foliar
application of Fe and the trend was exactly similar, in both seasons (Table, 2).
Spraying the aerial plant parts with Fe at 200ppm stand favorably and was
responsible for the statistical increase in leaves dry weight compared to 400ppm
Fe. On the other extreme, whether the foliar application of Fe was at 200 or
400ppm. shoots and canopy dry weights were similar, in both seasons (Table, 3).
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Table (2): Influence of foliar nutrition with the microelements of Fe, Zn and
Mn on the height of bean plant (cm) and leaves dry weight of bean
lant (g) during the summer seasons of 2001 and 2002,

Mn Zn v : Height of bean plant (cm)
conc. conc. ¥ ﬁ?" se;son : Secio;d st;ason
€ conc. (ppm ¢ conc. (ppm
(ppm) | (ppm) 300 - Avg. o b Avg.

250 23.3 2408 | 23.73 845 | 1924 | 1884
250 375 | 25.64 2777 | 26.70 | 2048 [ 2160 | 21.04
500 2791 | 2550 | 2670 | 2149 | 20.25 | 20.87
‘ 250 (2522 | 2975 | 2748 [ 2126 | 23.40 [ 2233
378 375 2848 | 30.60 | 29.54 | 32.83 | 23.77 | 23.30
500 30.03 | 2848 | 2925 | 23.29 | 2227 | 22.78
250 2484 | 2961 [ 2723 [ 2048 [ 2261 [ 2154
500 375 29.04 | 3032 [ 29.68 | 23.62 | 23.77 | 23.70

500 29.61 29.04 | 2933 | 2295 | 22.28 | 22.61
250 2538 | 27.06 | 2620 | 19.13 | 21.04 [ 20.08
628 375 2649 | 2748 | 26.99 | 21.60 | 20.81 | 21.21
300 | 2635 | 2451 | 3543 | 19.69 | 20.36 | 20.03

Main 250 [24.70d*|27.63bc[26.16 B | 19.83¢ | 21.57b [ 20.70 C
effects 375 ]2741bc| 29044 | 2823 A[22.13ab] 22.49a [223TA
500 2848 ab| 26.88¢ | 27.68 A [2185ab| 21.29b | 21578

25 2564 | 25. 2571 B| 20.14 | 20.36 |20.25B
375 27.91 | 2961 |28.76A| 22.46 | 23.15 |2280 A
500 2783 | 2966 |38 T4 A| 221 2289 (2267A
625 26.06 | 26.35 |26.21B]| 20.14 | 20.74 | 2044 B
Avg. [2686B[2785A 21.27B |21.78 A
Leaves dry weight of bean plant (g)
, 250 377 581 | 5.79 5.43 5351 547
250 375 6.06 6.20 6.13 5.53 S.77 5.67
500 6.04 5387 5.96 575 5.55 5.65
250 6.90 6.60 6.75 6.13 6.11 6.12
375 375 6.53 6.79 6.66 6.24 6.02 6.13
500 6.91 | 6.30 6.61 6.12 6.04 6.08
250 6.72 6.50 6.61 6.15 6.09 6.12
500 375 6.83 6.59 6.71 6.13 6.24 6.19
_ 500 6.63 6.61 | 6.62 6.33 5.73 6.03
250 5.92 6.26 6.09 5.59 5.44 551
625 375 | 6.64 533 6.24 585 5355 5.70
500 6.10 5.81 5.96 590 | 5.14 5.52
Main 250 |6.33ab*| 6.29ab | 6.31 |5.82abc| 5.79bc | 5.81
effects 375 651a [635ab| 643 [595ab|590ab | 5.92
500 642a | 6.15b | 628 | 603a | 5.61c | 5.82
250 5.96 596 | 5.96B | 5.58 561 | 560B
375 6.78 6.56 | 667A | 6.16 606 | 6.11A
500 6.73 6.57 | 6.65A | 6.20 602 | 611A
625 6.22 597 | 6.10B | S.78 538 | 5.58B

Av 642 A | 6.26B 593A | 5.77B

* Values marked with the different alphabetical letter (s) within a comparable group
of means are statistically different using revised L.S.D test at p= 0.05. Absence of
 the alphabetical letter (s) indicate a non-significant difference.
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Table (3): Influence of foliar nutrition with the microelements of Fe, Zn and
Mn on shoots dry weight of bean plant (g) and canopy dry weight
of bean plant (g) during the summer seasons of 2001 and 2002,

Shoots dry weight of bean plant
Mn conc. Z(lllJ con)c. First season season
(ppm) pm Fe conc. (ppm) Fe conc. (ppm)
o 200 | 400 | AY® [200 | 400 | A'E
250 432 4.98 4.65 420 4.74 447
250 378 5.50 543 547 487 4.70 479
500 5.26 498 $.12 4.93 4.76 484
250 5.30 545 537 4.62 5.08 485
375 378 582 5.69 5.75 5.26 498 5.12
500 5.86 529 5.58 5.09 5.10 5.10
250 5.26 5.53 5.40 4.70 5.14 492
500 378 585 571 S5.78 5.14 '5.09 5.11
500 5.64 5.45 5.55 5.26 4.74 5.00
250 444 5.34 4.89 447 .64 4.56
625 378 5.60 5.12 5.36 485 4.87 4.86
500 5.08 5.06 507 5.00 449 474
Main 250 483d* ] 532bc| 508C ] 450c |]490ab| 4.70B
off 378 569a [ 549ab| 559A | 503a [491ab| 497 A
ects 500 | 546ab | 520c | 5.33B | 507a | 477b | 492 A
250 5.03 5.13 508B 467 4.73 470B
375 5.66 548 557 A 4.99 5.05 502A
500 5.58 5.56 557 A 5.03 499 501 A
625 504 5.18 5.11B 477 4.67 472B
Avg_ | 533 | 534 487 | 486
Canopy dry weight of bean plant
250 10.10 10.79 10.44 962 10.26 994
250 378 11.56 11.63 11.60 10.45 10.47 10.46
500 11.30 10.86 11.08 10.68 10.31 10.49
250 12.20 12.05 12.12 10.75 11.19 10.97
375 378 12.35 12.48 12.42 11.50 11.00 11.25
500 12.78 11.59 12.18 11.21 11.14 11.18
250 11.99 12.03 12.01 10.85 11.24 11.04
500 378 12.67 12.30 12.49 11.27 11.33 11.30
500 12.27 12.05 12.16 11.59 10.47 11.03
250 10.36 11.60 0.98 0.06 10.08 10.07
625 378 12.24 10.95 1.60 10.70 10.42 10.56
500 11.19 10.88 11.03 10.90 9.62 10.26
Main 250 11.16d* | 11.62bc | 11.39B | 10.32d [ 1069bc | 10.51 B
effects 378 1221a|1184ab| 12.02A [1098ab| 1081 ab| 10.89 A
500 11.88ab | 11.34cd ] 1161B | 11.09a | 10.39c¢d ] 10.74 AB
250 10.98 11.09 | 11.04B | 10.25 10.35 | 10.30B
378 12.44 1204 | 1224 A | 11.15 1L11 | 1113 A
500 12.31 12.13 [ 1222 A ] 11.24 11.01 [11.12 A
625 11.26 11.14 [ 11.20B 10.55 10.04 | 10.30B
Avg, 11.75 11.60 10.80 10.63

* Values marked with the different alphabetical letter (s) within a comparable group
of means are statistically different using revised L.S.D test at p= 0.05. Absence of
the alphabetical letter (s) indicate a non-significant difference.
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The effect of Zn foliar application on the dry weight of leaves plant’
was not significant, in both seasons (Table 2). However, Zn foliar apphcatnon
reflected significant influences on the dry weight of shoots and canopy plant ™,
the two summer seasons of 2001 and 2002 (Table 3). Raising the concentration of
Zn, in the spray solution from 250 to 375ppm was adequate and significantly
augmented the dry weights of shoots and canopy plant’, in both years. The dry
weight of leaves, shoots and canopy plant” seemed to be significantly affected by
Mn applications and the response was exactly the same in 2001 and 2002 seasons
(Tables 2 and 3).

v All the interactions between and among the three studied variables (Fe,
Zn and Mn) dld not reflect any significant effect on leaves, shoots and canopy dry
welght plant”. The combined foliar apphcatnon of Fe at 200ppm with 375ppm Zn,
in the 1" season, and with 500ppm Zn, in the 2" one, achieved the heaviest dry
weights of leaves, shoots and canopy plant™.

Leaves area plant™ and its components

Foliar application of Fe at ZOOme, significantly, gave more number of
leaves plant” and smaller leaf area leaf” than those achieved at 400ppm Fe, in
both seasons. On the other dn'ectmn whether the foliar appllcauon of Fe was 200
-or 400ppm, total leaves area plant’ was not affected, in both summer seasons
(Tables 4 and 5).The foliar feequ of Zn did not prove to have any significant
influence on total leaves area plant™ (Table 5).

Comparisons among Mn concentrations obviously, indicated significant
dlﬁ‘erences at 375 and 500ppm Mn, number and total surface area of leaves plant’
! were similar, but both oonccntratlons resulted in, significantly, more number
and larger area of leaves plant” than those attained at 250 or 625ppm Mn (Tables
4 and 5). Likely, at 375 and 500ppm Mn, leaf area leaf' did not greatly differ
from each other, but both concentrations, unlikely, appeared to depress the leaf
area leaf” in comparison to that gained at 250 and 625ppm Mn (Table 4).

Comparisons within the mean values of leaves area plant’ and its
components showed that the sound of interaction effects between and among the
three studied factors, through the two growing summer seasons, was absem
except in case of the 1™ order interaction of Fe by Zn on leaves area plant’,
both seasons (Table 5). The treatment combination of 200-500ppm Fe-Zn
respectively was pronounced and associated with the greatest mean value of
leaves area plant™’,

This result might be explained on the ground that the effectiveness of Fe
on most of the metabolic process; carbohydrates and protein formations (Bidwell,
1980), chlorophyll synthesis and nucleic acid metabolism (Mohr and Schopfer,
1995), was better with the higher than the lower Fe concentration, with an
eventual increase on plant height. This result conforms those of El-Gharably and

.El-Razek (1982) and Helal (1995), who clarified that plant height of bean cvs
Giza 3 and Bronco was significantly longer with the foliar application of Fe at
200g fed' than the untreated control. Similar to the current results, Helal (1995)
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found that foliar application of Fe at 200g fed"' was sufficient for bean plants to
express their best performance on leaves fresh and dry weights. On the other side,
results of El-Sawah (1988) and El-Bendary ef al. (1999) did not coincide with the
gained results of shoots and canopy dry weights, orderly. The achieved results of
number of leaves plant” and leaf area leaf-1 was differed with those of El-Sayed
(1991) who observed that the number of leaves of bean plant was greater with the
foliar application of Fe at higher than lower concentration. El-Sawah (1988)
mentioned that increasing Fe applied level up to 160g fed” increased leaf area
ratio.

Regarding the effect of Zn foliar application on morphological
characters, the results of the current study might be discussed on the basis that Zn
is necessary to chiorophyll formation, the principle agent of photosynthesis
(Gilbeart and Collings, 1962), RNA and ribosomes synthesis, the major agents of
N-metabolism (Price ef al., 1972) and the activation of a variety of enzymes
particularly those of carbonic anhydrase and a number of dehydrogznises (Pillali,
1967) which in turn prompted the efficiency of photosynthesis to go forward with
‘an eventual increase in the shoots and canopy dry weights. The relationship
between Zn application and plant height was in a strong accordance with the
results of Helal (1995) who found that Zn application at 100g fed" significantly
increased plant height compared to the application of Zn either at 120 or 140g
fed'. The stimulatory impact of Zn application on shoots and canopy dry weights
appeared to be in close agreement with those reported by many investigators (El-
Koumey. 1998 and El-Shamma, 1998). El-Sayed (1991) noticed that increasing
the concentration of Zn application to 25ppm, significantly increased the dry
weight of bean plant, but further increase above 25ppm was valueless.

The results of Mn foliar application showed favourable effects with the
intermediate levels, such favourable effects of Mn on vegetative growth
characters could be expected, since Mn plays major and vital roles in activating a
number of enzymes, inducing a cycle of relations within the plants, splitting water
during photosynthesis, carbon dioxide assimilation and N-metabolism. Parallel to
the recorded results, plant height of common bean was demonstrated to be longer
with the foliar application of Mn at 50 than 100ppm (El-Sayed, 1991), but results
of Helal (1995), Abd El-Megeed et al. (1997) and El-Naggar (1998) exhibited
ineffective influence of Mn foliar application on length of bean plant. The
stimulatory effect on Mn on the dry weights of the vegetative aerial plant parts
linked well with the findings of (El-Sayed, 1991; El-Basyouny, 1995 and
Mohammed, 1998). The improving effect of Mn on number and area of leaves of
bean plant were held by the findings of Mohammed and Kandeel (1994), El-
Basyouny (1995) and Abd El-Megeed ef al. (1997).

The results of the interaction of Fe by Zn levels indicates that the
balance between the two studied microelements (Fe and Zn) is more important
than either alone and the efficiency of utilization for each depends, greatly, upon
the presence of a suitable dose of the other.
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Table (4): Influence of foliar nutrition with the microelements of Fc, Zn and
Mn on number of leaves of bean plant and leaf area leaf” of bean

lant cm durm the summer seasons of 2001 and 2002,
= : : e

“Number of leaves of bean

" First season

nd season

Fe conc. (ppm)

200

400

Avg

Fe conc. (ppm)

200

400

14.97

15.47

15.22

15.15

14.70

16.48

15.64

16.06

15.00

14.40

16.14

15.47

15.81

15.15

15.00

18.50

17.33

17.92

16.98

16.65

132

17.44

17.38

17.13

15.15

8.67

17.15

17.91

16.23

16.20

18.50

17.32

17.91

17.32

16.65

18.16

16.31

17.24

16.87

15.90

749

16

17.58

17.10

15.90

6.31

6.15

16.23

15.30

14.25

16.48

15.64

16.06

14.85

14.55

1547

15.47

1547

14.85

13.80

17.07

16.57

16.82

16.19

15.56

17.11

16.26

16.69

15.96

15.00

16.94

16.44

16.69

15.83

15.23

15.86

15.53

15.70B

15.10

14.70

18.16

1.31

1774 A

16.78

16.00

18.05

7.10

17.58 A

17.10

16.15

16.09

15.75

15.92B

15.00

14.20

17.04 A*

1642 B

15.99 A

1526 B

Leaf area leaf” of bean plant (cm”)

87.52

85.28

86.40

90.26

95.69

79.86

87.52

83.69

90.44

93.46

85.69

84.67

85.18

94.04

91.69

77.89

83.59

80.74

86.66

88.18

84.76

82.10

83.43

86.79

80.71

84.75

82.73

89.70

77.05

85.42

81.24

85.32

81.35

89.71

85.53

87.74

84.34

81.96

83.15

90.36

8122

87.74

84.48

89.36

85.93

87.91

86.92

96.38

89.21

86.23

87.72

96.10

80.92

85.51

83.21

87.90

82.97

86.81

84.89

90.34

84.99

84.40

84.70

92.55

84.36

85.82

85.09

9].58

81.12

83.48

82.30

87.712

80.91

85.70

83.31

87.80

85.45

87.29

86.37

93.95

| 85.57A

90.26 B

* Values markcdthh the dxﬁerent alphabeﬂcal letter (s) within a compamblegroup
of means are statistically different using revised L.S.D test at p= 0.05. Absence of
the alphabetical letter (s) indicate a non-significant difference.
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Table (5): Influence of foliar nutrition with the microelements of Fe, Zn and
Mn on total leaf area of bean plant (dm®) and total number of dry

bean pods m*during th

Ve marked will he diffrent aphabeUal JKer ) Withi & compazable roup

Fe conc. (ppm)
200 400
. 13.12 . . .
250 375 13.15 13.64 13.39 3.47 13.40 13.43
500 13.82 13.09 13.46 14.25 13.75 14.00 |
250 14.34 14.46 14.40 14.70 14.66 14.68 |
375 378 14.66 14.29 14.48 14.80 14.83 14.81 |
500 14.96 14.51 14.74 14.53 14.70 14.62 |
250 14.15 1479 | 1447 14.75 1522 14.99 |
500 378 14.74 14.61 14.67 14.73 14 98 14.85 |
500 14.68 14.45 14.57 15.42 14,51 1496 |
250 13.21 14.15 13.68 13.66 13.87 13.77 §
625 378 14.07 13.74 13.91 14.32 13.74 14.03
500 1379 | 1332 13.56 14.25 13.27 13.76
Main 250 13.70c* [ 14.13ab| 1391 [14.19ab[14.46ab| 14.32
effects 375 14.16ab| 14.07ab| 14.11 [1433ab[14.24ab| 14.28
500 1431a [13.84bc| 1408 | 1461a | 14.06b | 1434
250 13.36 13.28 [ 1332C | 13.78 13.74 11376 B
375 14.65 1442 | 1454 A] 1468 1473 [ 1470A
500 14.53 1462 | 1457TA | 14.96 1491 [ 1493 A
625 13.69 1374 [ 13.72B | 14.08 13.63 | 13.85B]
Avg. | 1406 14.02 14.38 14.25
Total number of dry bean pods m™
250 323.35 | 342.71 | 333.03 | 289.63 | 30641 | 298.02
250 375 326.42 | 34526 | 33584 | 300.78 | 300.69 | 300.74
200 324.85 | 33203 | 32844 | 298.11 | 303.57 | 300.84
250 341.16 | 34201 | 341.59 | 300.27 [ 311.04 | 305.66
378 375 337.84 | 35050 | 344.17 | 305.20 | 307.11 | 306.15
500 341.14 | 340.09 [ 34061 | 305.04 | 308.02 | 306.53
250 331.69 | 346.19 | 33894 | 29934 | 309.75 | 304.54
500 375 34034 | 354.17 [ 34726 | 30434 | 31190 | 308.12
$00 33790 | 342.62 | 340.26 | 304.82 | 305.00 [ 30491
2% 335.27 [ 339.47 | 337.37 | 298.04 | 312.10 [ 305.07
625 375 334.25 | 343.11 | 33868 | 301.70 | 301.72 [ 301.71
500 338.17 | 329.71 | 333.94 | 304.43 [ 303.96 | 304.20
Main 250 332.87 | 342.60 | 337.73 [296.82b*]309.83a| 303.32
effects 378 33471 | 348.26 | 341.49 [303.01ab]305.36a] 304.18
500 335.51 | 336.11 | 335.81 [303.10ab]305.14a| 304.12
250 324.87 | 340.00 | 33244B | 296.17 | 303.56 | 29987 B}
378 34004 | 34420 [ 342.12A] 303.50 | 30872 [306.11 A
500 336.65 | 347.66 | 342.15A [ 302.83 | 308.88 [ 30586 A
335.89 | 337.43 [336.66AB| 301.39 | 305.93 [303.66AB
[ Avg, | 33436B | 32.32A 300.98 B [ 306.77

of means are statistically different using revised L.S.D test at p= 0.05. Absence of

the alphabetical letter (s) indicate a non-significant difference.
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Dry Seed Yield and its Components
Number of dry bean pods

The response of dry bean pods to Fe foliar application was, howevet,
significant and the trend was similar in both years (Table 5). Comparisons
between the two investigated Fe concentrations indicated that total dry pods was
increased with increasing Fe level. Spraying the foliage of bean plants with
different concentrations of Zn did not appear to reflect any appreciable influence
on number of dry bean pods, in both 2001 and 2002 seasons (Table 5).

Applied Mn significantly, affected number of dry bean pods and the
trend was approximately similar, in both 2001 and 2002 seasons (Table 5). Foliar
application of Mn at 375 and 500ppm, significantly, resulted in more number of
dry bean pods, than those achieved with the foliar application of 250 and 625ppm
Mn, and the difference between the addition of 375 and 500ppm Mn was not

significant.

The interactions of the three studied main factors (Fe, Zn and Mn) did
not scem to be effectual on number of dry bean pods in both seasons, except the
interaction of Fe by Zn, comparisons indicated that the greatest number of dry
bean pods was recorded with the dual application of Fe at 400ppm and Zn at
250ppm.

Dry seeds yield

_ Results of the analysis of variance, obviously, showed that the dry seeds
yield significantly responded to the foliar application of Fe at 400ppm greater
than 200ppm, in both seasons (Table 6). In 2001 season, the increments in dry
seed yields at 400 over 200ppm Fe was 5.62%, while in 2002 season it was
4.97%, respectively.

The comparisons among means of the dry seeds yicld as affected by the
application of Zn at 250, 375 and 500ppm, in the two experiments of 2001 and
2002, reflected significant differences (Table 6). Increasing Zn concentration
from 250 to 375ppm was distinct and associated with enhancing effects on the dry
seeds yield. Further increase of Zn concentration to 500ppm, however, did not
appear to have any beneficial influence. The true increment in dry seeds yield of
bean pod was due to the application of Zn at 375 than 250ppm was 2.5% in 2001
season, while in 2002 season the increment was 4.2%, orderly.

Data of Table (6) clarified that spraying the canopy of bean plants with
various concentrations of Mn was responsible for the statistical differences
among the means of dry seeds yield in the two growing summer seasons of 2001
and 2002, Total dry seeds yield appeared significantly heavier with the addition
of 375 or 500 than 250 and 625ppm Mn. Difference between the application of
375 and 500ppm Mn, however, was not significant. The increments at 375 over
250 and 625ppm Mn were 12.0 and 8.7% in 2001 season and 9.8 and 7.3% in
2002 season, respectively. Meanwhile, the increments at 500 over 250 and
625ppm Mn averaged 11.8 and 8.5% in 2001 season and 10.8 and 8.3% in 2002

. season, consecutively.
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Table (6): Influence of foliar nutrition with the microelements of Fe, Zn and
Mn on total dry seeds yield of bean pods m™ (g) and seed index (g)
of dry bean pods during the summer seasons of 2001 and 2002,

Total dry seeds yield of bean pods m™ (g)
cl:f::. za) COD)C Fir(;tp se;son Secal:d season
pm Fe conc. (ppm KFe conc. (ppm
(ppm) 500 0 Avg, 500 % Avg
250 336.63 389.74 | 363.18 | 298.18 | 335.67 | 316.93
250 375 35599 | 39372 | 37485 | 32243 345.47 | 333.95
500 364.08 | 367.47 | 365.78 | 33169 | 33446 | 333.07
250 391.85 | 421.86 | 406.85 | 334.56 | 365.08 | 349.82
375 378 406.97 | 428.04 | 417.50 | 35696 | 379.54 | 368.25
500 414.14 | 40990 | 41202 | 364.51 | 360.56 | 362.53
250 378.83 | 426.29 | 402.56 | 33523 | 373.79 | 354.51
500 375 405.13 | 43134 | 41824 | 359.19 | 379.65 | 369.42
500 410.07 | 41648 | 413.28 | 365.77 | 366.92 | 366.34
250 362.87 [ 386.58 | 374.72 | 320.61 | 34467 | 332.64
625 378 37403 | 39983 | 386.93 | 33195 | 347.44 | 339.70
500 38221 36934 | 375.78 | 33946 | 329.18 | 334.32
Main 250 367.54c* [ 406.11 a2 /38683 B 322.15¢ | 354.80b [|33848B
effects 375 385.53b413.232]39938 A|34263d]363.03a /35283 A
500 392.63b[390.80b[391.71 B| 350.35bc | 347.78 cd [ 349.07 A
250 35223 ¢ [383.64cd (36794 C| 31743 338.53 (32798 C
375 404.32b141993a [412.12 A] 352.01 368.39 1360.20 A
500 39801b|424.70a [411.36 A| 35340 | 37345 [363.43 A
628 373.04d [ 385.25¢{379.14 B | 330.67 | 340.43 [33555B
Avg, 381.90B | 403.38 A 338.38B | 35520 A
‘ ~Seed mdg(#) of dry bean pods
250 | 50.55 | 5240 5147 ] 4999 51.35. 50.67
250 3758 52.59 52.85 5272 5175 53.37 52.56
500 5262 51.95 5228 | s1.45 51.56 51.50
250 5206 - | 5413 |-53.10 | 5156 52.92 5224
375 378 53.37 | 5468 -54.03 53.30 5474 | 5402
500 54.07 5348 | 53.78 53.63 52.63 53.13
250 | 51.96 53.88 52.92 51.39 53.30 5234
500 375 53.82 54.60 54.21 53.22 54.59 53.90
500 53.89 5371 53.80 53.40 53.14 53.27
250 51.04 53.06 52.05 50.88 51.69 5128
625 378 52.30 5341 52.86 51.52 53.28 52.40
500 53.31 52.05 52.68 52.28 50.86 51.57
Main 250 51.40b* | 53.37a 52.39 50.95¢c | 52.32b [ 51.64B
effects 378 5302a | 5389a 53.45 5245b | 54.00a [ 53.22 A
500 53.47a [5280ab| $53.13 [5269ab|52.05bc | 52.37AB
250 51.92 5240 [ 5216B | 51.06 5209 | 51.58B
378 53.17 5410 [ 5363 A 5283 53.43 53.13 A
500 53.22 5406 | 5364 A | 5267 5367 | 53.17A
628 52.22 5284 [5253AB]| 51.56 5195 | 51.75B
Av 52.63 53.35 52.03 5279

* Values marked with the different alphabetical letter (s) within a comparable
group of means are statistically different using revised L.S.D test at p= 0.05.
Absence of the alphabetical letter (s) indicate a non-significant difference.



1166 Annals Of Agric. Sc., Moshtohor, Vol. 44(3), 2006

The interaction of Fe by Zn concentrations indicated significant impacts
on the dry seeds yield (Table 6). Comparisons among means clearly, showed that
the heaviest dry seeds yield of bean was achieved as a result of the combination
between 400ppm Fe and 375ppm Zn. Generally, the treatment combination of Fe
at 400 by Mn at 375 or 500ppm gave the highest dry seeds yield.

Seed index ‘

The foliar application of Fe at two different concentrations; 200 and
400ppm, gave similar effects on seed index in both seasons (Table 6). The
statistical comparison among the mean values of the three studied concentrations
of Zn within the seed index was significant in the 2™ season. (Table 6). The mean
value of seed index, was generally, higher with the foliar application of 375 and
500 than 250ppm Zn.

Spraying the canopy of bean plants with four Mn concentrations, ranged
between 250-625ppm, reflected significant differences on seed index in the two
assessed seasons of 2001 and 2002 (Table 6). Comparisons among the four
concentrations of Mn indicated that at 375 and 500ppm, the mean value of seed
index for dry bean was significantly higher than that achieved at 250ppm Mn.
Difference between Mn concentrations of 375 and 500ppm, however, was not

significant.

The dual foliar application of Fe at 400ppm and Zn at 375ppm was
adequate and sufficient for the plants to express their best performance on seed
index .The overall evidence possessed from these results indicated that the
desirable influence of spraying Fe at the higher than the lower concentration on
the total dry seeds yield strongly and mainly associated with number of seeded
pods, but did not appear to be associated with the seed indices. Fema,ndcz and
Miller (1985) and Nassar (1986) declared that the number of pods plant’ was
generally the most sensitive yield component, but it was highly unstable and
generally influenced by physiological and morphological features of plant growth
and development and highly susceptible to environmental changes. The number
of pods was illustrated to be mﬂuenoed by Fe treatments. A positive relationship
between number of pods plant”’ and Fe application was documented, but there
was no a consensus on an optimal level of applied Fe (El-Sawah, 1988, Zaiter ef
al., 1992; Helal, 1995). Such relationship was evident under the oonditions of the
current study. Parallel to the results of the present study, El-Sawah ( 1988)
concluded a positive lmw association between Fe levels up to 160g fed." and
number of seeds pod which by turn increased the dry seeds yield. Zaiter et al.
(1992) reported that the increment in dry seeds yield of different bean cvs and
lines as a consequence of Fe application.

However, the dry seeds yield and seed index of bean seemed to be
* significantly heavier with increasing Zn application up to 375ppm, Khan and
Soltanpour (1978) mentioned that foliar application of Zn at 1% increased the dry
seeds yield of bean by 18-29% compared to the control. Likewise, Helal (1995)
obtained better results on welght of 100-seed with the foliar apphcauon of 120
than 100 or 140g Zn fed". El-Shamma (1998) reported that the increase in dry
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seeds yield of bean in relation to Zn application was due to increased number of
pods plant” and weight of 100-seed.

The overall evidence possessed from the results of spraying Mn
indicated a positive relationship between the application of 375 or 500ppm Mn
and the total dry seeds yield wluch is positively assocmted with its major
components i.e. number of pods plant”, number of seeds pod! and average seed
weight The promoting effect of spraying Mn on number of bean pods plant” was
in line with the findings of Mitkees (1974) who concluded that Mn application
had a peculiar stimulative influence on number of pods plant”. Results of Saeed
(1993) demonstrated a great increase on number of pods plant’. Likewise,
Firgany et al. (1988) and Kotecki (1990) working on other leguminous vegetable
crops emphasized the beneficial influence of spraying Mn on number of pods
plant’. Parallel to the results of dry seeds yield and 100-seed weight, Abd El-
Megeed, (1997) and El-Naggar (1998),mentioned that the foliar application of
100ppm Mn increased the total dry seceds yield and 100-sced weight of bean
plants.

Results of the two growing seasons clearly exhibited that the interaction
between and among the three studied main factors, .i.e., Fe, Zn and Mn did not
seem to show anl?' valuable effect on number of pod except the interaction of Fe
by Zn in the 2™ season. The stimulative impact of Fe-Zn fohar applncatxon at
particular concentrations on number of bean pods plant’ was in general
accordance with the results of Prcwous researchers. Saeed (1993) observed that
the number of bean pods plant” was comparatively higher with than without the
combined foliar application of 600ppm Fe + 300ppm Zn. Fawzi ef al. (1993),
working on pea, mentioned that the combined foliar application of Fe and Zn
each at lOOppm was superior and associated with the best results on number of
pods plant”. On the same direction, El-Bendary ef al. (1999) showed enhancing
impacts on number of bean pods plant” as a consequence of spraying the canopy
with chelated Fe and Zn. On the other extreme, the gained results did not agree
with those of El-Sawah (1988) and Ibrahim (1989) who found that the number of
bean pods plant” was at par whether the plant canopy was sprayed with Fe and
Zn each at 1.5g L' or not. On the same hand, the total dry seeds yield and 100
seed weight of pea were illustrated to improve with the foliar nutrition of Fe and
Zn together (Fawzi et al.,, 1993). Negm et al. (1997) reached similar results on
pea. El-Bendary er al. (1999) supported the current result of nutrition with Fe and
Zn or Mn, but Zn was more effective than Mn,

Chemical Composition

The content of macroelements (N, P, K and Mg) and microelements (Fe,
Zn and Mn) in leaves as well as the content of protein and carbohydrates in dry
seeds of bean plants treated with various concentrations of Fe, Zn and Mn, in the
two growing summer seasons of 2001 and 2002, are presented in Tables(7, 8,
9.10 and 11).
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The influence of foliar fertilization with Fe at 200 and 400ppm through
the vegetative growth stage, in 2001 and 2002 seasons, did not reflect any
significant difference on leaf N, P, K and Mg contents (Tables 7 and 8).

The foliar nutrition of bean plants with Zn at the concentrations of 250, 375
and 500ppm resulted in similar effects on leaf N, P and Mg content, in both seasons
(Tables 7 and 8). Oppositely, leaf K content showed significant difference, but the
trend was not exactly the same, in both years (Table 8). In 2001 season, the addition
of 375 and 500ppm Zn gave significantly better content of K in leaves than 250ppm
Zn. In 2002 season, the addition of 500ppm Zn only significantly achieved higher
content of K in leaves than 250ppm Zn.

The comparison among the four investigated concentrations of Mn (250,
375, 500 and 625ppm) within the leaf N, P and K contents of bean exhibited
significant differences, in both years (Tables 7and 8). Leaf Mg content, on the other
side, did not seem to be significantly affected as a consequence of Mn application
(Table 8). Mn, at 375 and 500ppm in comparison with 250 and 625ppm, significantly,
depressed leaf N content (Table 7), but showed positive significant effect on leaf K
content (Table 8). Difference between applied Mn at 375 and 500ppm on leaf N and
K contents, on the other direction, was not significant, in both seasons. The
relationship between Mn application and leaf P content was significant, but the trend
was not exactly the same in both years (Table 7). The addition of Mn at 250ppm, in
2001 season, and at 250, 375 and 500ppm, in 2002 scason significantly attained
higher leaf P content than the other Mn treatments. :

The interactions between and among the three studied variables on leaf
N, P, K and Mg contents was not significant; in both 2001 and 2002 seasons, except
the interaction of Fe by Zn on leaf N content (Tables 7 and 8). Generally, it was
noticed thit the treatment combination of Fe-Zn at 400-500ppm, consecutively
associated with the greatest mean value of leaf N content, in both seasons.

Applied Fe displayed significant differences on leaf Fe and Mn contents
and the trend was exactly the same, in both seasons (Tables 9 and 10). Increasing
the concentration of Fe from 200 to 400ppm, incréased leaf Fe content, but
depressed leaf Mn content, significantly. Leaf Zn content, on the other hand, did
not seem to be significantly affected by Fe application (Table 9).

The influence of foliar nutrition with Zn at different concentrations did
not exhibit any significant difference on leaf Fe and Mn contents, in both 2001
and 2002 seasons (Tables 9 and 10). Leaf Zn content, on the other extreme,
seemed to be significantly affected by Zn application with the superiority of 375
and 500 than 250ppm, in both seasons (Table 9).

Regarding the effect of nutrition with various Mn concentrations, results of
Tables (9 and 10) indicated significant differences on leaf Fe and Mn contents, in both
2001 and 2002 seasons. The comparison among means of Mn concentrations showed
clearly that leaf Fe and Mn contents were significantly higher with 375 and 500 than
250 and 625ppm Mn. Difference between the addition of 375 and 500ppm Mn.
however, was not significant. Unlikely, results of Table (9) indicated that the four
utilized concentrations of Mn liad similar impact on leaf Zn content, in both seasons.
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Table (7): Influence of foliar nutrition with the microelements of Fe, Zn and
Mn on leaf N content of bean plant (%) and leaf P content of bean
lant (%) during the summer scasons of 2001 and 2002,

Leaf N content of bean plant (%)
M(: CO';C- za 001‘)0 "~ First season d season
pm pm Fe conc. (ppm) Fe conc. (ppm)
300 | 400 ] AY® 200 | 400 | AY®
250 3.46 3.18 332 3.42 3.11 3.26
250 375 3.16 3.36 3.26 3.08 3.33 3.21
500 3.18 348 3.33 3.11 3.45 3.28
250 3.19 3.06 3.13 3.11 2.96 3.04
378 375 3.05 3.06 3.06 2.98 2.98 2.98
500 3.08 3.2 3.15 3.02 3.16 3.09
250 3.23 3.12 3.17 3.14 3.07 3.11
500 378 3.08 3.12 3.10 2.99 3.00 2.99
500 3.15 3.26 3.21 3.08 3.20 3.14
250 3.26 3.42 3.34 3.18 3.37 3.28
625 375 3.19 3.28 3.24 3.12 3.21 3.16
500 3.16 3.32 3.24 3.09 3.25 3.17
Mai 250 3.28ab* | 3.20 be 3.24 321a | 3.13bc 3.17
effects 378 3.12¢ | 3.21 3.16 3.04c | 3.13bc 3.08
[ 500 3.14c | 332a | 323 | 3.08bc | 3.27a | 3.17
250 3.27 3.34 330A 3.20 3.30 325A
375 3.11 3.11 3.11E 3.04 3.03 3.03B
500 3.15 317 316 3.07 3.09 3.08B
625 3.20 3.34 327A 3.13 3.28 321A
Avg | 318 3.24 3.11 3.17
Leaf P content of bean plant (%)
250 0.57 0.55 0.56 0.56 0.53 0.55
250 378 0.56 0.56 0.56 0.55 0.55 0.55
500 0.55 0.55 0.55 0.54 0.54 0.54
250 0.55 0.53 0.54 0.54 0.53 0.53
378 375 0.55 0.55 0.55 0.54 0.54 0.54
500 0.52 0.56 0.54 0.52 0.54 0.53
250 0.56 0.52 0.54 0.55 0.52 0.54
500 375 0.56 0.53 0.55 0.55 0.53 0.54
%00 0.53 0.55 0.54 0.52 0.53 0.53
250 0.50 0.52 0.51 048 0.51 0.50
625 375 0.53 0.52 0.53 - 0.52 0.50 0.51
50 | 051 0.52 0.52 0.50 0.51 0.50
Main 250 0.54 0.53 0.54 0.53 0.52 0.33
effects 378 0.55 0.54 0.33 0.54 0.53 0.53
500 0.53 0.55 0.34 0.52 0.53 0.52
250 0.56 0355 | 056A* | 035 054 | 034A
375 0.54 0.54 054B 0.53 0.54 053 A
500 0355 054 | 054B | 054 053 | 053A
628 0.51 052 | 052C | 050 0.51 | 050B
A 0.54 0.54 0.53 0.53

* Values marked with the different alphabetical letter (s) within a comparable group
of means are statistically different using revised L.S.D test at p= 0.05. Absence of the
alphabetical letter (s) indicate a non-significant difference.
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Table (8): Influence of foliar nutrition with the microelements of Fe, Zn and
Mn on leaf K content of bean plant (%) and leaf Mg content of
plant (%) during the summer seasons of 2001 and 2002,

~ First season ‘Second season
[ Fe conc. (ppm) A Fe conc. (ppm)
200 400 Ve 200 400
2.29 2.29 2.30 2.35
2.30 2.33 2.34
2.30 2.36 2.36
2.43 2.50 248
2.53 2.63 2.54
2.59 2.68 2.58
2.48 2.52 2.49
2.59 2.64 2.57
2.61 2.68 2.59
2.32 . 2.34
2.37 R 2.38
2.45 . 2.49
2.38 B* . 2.41
245A . 2.46
249 A . 2.50
230C . 2.35
252 A ). 2.53
2.56 A ). 2.55
2.38B

i

g ot P o B g
] W ON
N OO = ~J]| |t

content of béan pl
0.99 0.99

P EREEEE RS

= O O O 2| O 2ot =) O O et

L _Ave | .20 | L8 L 2 L oo | )

* Values marked with the different alphabetical letter (s) within a comparable group
of means are statistically different using revised L.S.D test at p= 0.05. Absence of
the alphabetical letter (s) indicate a non-significant difference.
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Table (9): Influence of foliar nutrition with the microelements of Fe, Zn and Mn
on leaf Fe content of bean plant (mg kg™) and leaf Za content of bean

lant (mg kg?) during the summer seasons of 2001 and 2002.
Leaf Fe content of bean plant (m
M(: col;c- Zznp con)c. First season Second season
pm pm Fe conc. (ppm) Fe conc. (ppm)
200 | 400 | A% [0 | 400 | A%
250 177.67 | 163.00 | 170.33 | 172.67 | 162.00 | 167.33
250 3758 155.00 | 186.67 | 170.83 | 154.00 | 182.33 | 168.17
%00 153.00 | 177.33 | 165.17 | 152.00 | 17633 | 164.17
250 185.67 | 192.67 | 189.17 | 184.67 | 191.33 | 183.00
378 375 191.00 | 226.00 | 208.50 | 190.00 | 22433 | 207.17
500 189.00 | 197.00 | 193.00 | 188.00 | 196.00 | 192.00
250 195.67 | 219.33 | 207.50 | 194.33 | 218.00 | 206.17
500 378 208.00 | 209.00 | 208.50 | 206.67 | 207.67 | 207.17
500 186.00 | 221.67 | 203.83 | 184.67 | 220.00 | 202.33
250 18467 | 164.33 | 174.50 | 183.33 | 163.33 | 173.33
625 378 177.00 | 201.33 | 189.17 [ 17567 | 199.33 | 187.50
00 182.33 | 202.00 | 192.17 | 181.00 | 199.33 | 190.17
Main 250 [185.92b*| 184.83b| 185.38 [ 183.75b | 183.67b] 183.71
effects 375 [182.75b[205.75a| 194.25 |181.58b[203.42a| 192.50
500 |[177.58b]199.50a] 18854 | 176.42b|197.92a| 187.17
250 161.89 | 175.67 |168.78 C| 159.56 | 173.56 | 166.56 C
375 188.56 | 205.22 |196.89 A| 187.56 | 203.89 [195.72
500 196.56 | 216.67 [206.61 A| 195.22 | 21522 [205.22 A
625 181.33 | 189.22 [185.28 B| 180.00 | 187.33 [183.67B
Avg. [182.08B] 19%6.69A 180.58 B] 195.00A
content of p_!ant (mgkg™)
250 56.67 59.00 57.83 576 58.00 57.83
250 375 6033 | 60.00 | 60.17 | 59.67 | 5867 | 59.17
500 62.00 | 60.00 | 61.00 | 60.00 | 6133 | 60.67
250 59.67 | 60.00 | 59.83 | 60.33 | 60.33 | 60.33
375 37 60.67 | 6167 | 61.17 | 6267 | 62.00 | 6233
500 63.00 | 6333 | 63.17 | 6367 | 6167 | 6267
250 60.67 | 5967 | 60.17 | 60.00 | 5933 | 59.67
500 375 6200 | 6167 | 6183 | 6333 | 62.00 | 62.67
500 6300 | 6233 | 6267 | 6433 | 6200 | 63.17
250 56.67 | 5800 | 5733 | 5633 | 5167 | 51.00
625 375 61.00 | 6033 | 6067 | 59.33 | 59.67 | 59.50
500 6100 | 61.00 | 61.00 | 61.67 | 60.33 | 61.00
Main 250 5842 | 59.17 |58.79B*| 5858 | 5883 | 58.71B
effects | 3719 61.00 | 6092 [6096A | 61.25 | 60.58 | 60.92AB
500 62.25 | 6167 [61.96A| 6242 | 6133 | 6183 A
250 59.67 | 5967 | 59.67 | 59.11 | 5933 | 59.22
375 61.11 | 6167 | 6139 | 6222 | 6133 | 61.78
500 6189 | 6122 | 61.56 | 62.56 | 61.11 | 6183
625 59.56 | 59.78 | 5967 | $9.11 [ 5922 | 59.17
A 60.56 60.58 60.75 60.25

* Values marked with the different alphabetical letter (s) within a comparable group
of means are statistically different using revised L.S.D test at p= 0.05. Absence of

the alphabetical letter (s) indicate a non-significant difference.
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The interactions of the three examined variables generally did not appear
to exert any considerable influence on leaf Fe, Zn and Mn contents except for leaf
Fe content as affected by Zn in both seasons of 2001 and 2002 (Tables 9 and 10).

The general effect of spraying Fe, Zn and Mn to the growing bean
plants, on the protein content of dry seeds was not significant, in 2001 and 2002
seasons (Table 10). However, seed carbohydrates content was significantly
affected by all the three variables and the trend was homologous, in both seasons
(Table 11). The comparison made between the two assessed Fe concentrations
indicated higher seed carbohydrates content with 200 than 400ppm. With regard
to Zn application the mean values of seed carbohydrates content were similar
when the addition of Zn was at 250 and 375ppm, but both concentrations
significantly gave higher mean values of seed carbohydrates content than 500ppm
Zn. Regarding the effect of spraying Mn, to the growing bean plants, the results
given in Table (11) showed significant differences on the content of
carbohydrates in dry seeds throughout the two seasons. The different comparisons
among Mn concentrations clarified that the mean values of carbohydrates content
in dry seeds did not significantly differ from each other at 375 and 500ppm, but
both concentrations appeared to result in higher mean values of carbohydrates
content than those achieved at 250 and 625ppm. The exception was in 2002
season, where the difference between Mn applications at 250 and 500ppm on seed
carbohydrates content was not true.

- The sound of interactions between and among the three studied main
variables (Fe, Zn and Mn) on the content of protein in the dry seeds of bean was
absent, in 2001 and 2002 seasons (Table 10). Nevertheless, results of Table (11)
obviously, illustrated that all the interactions of the three studied factors, except
that of Fe by Mn, reflected significant effects on the content of carbohydrates in
dry seeds, in both seasons. The comparisons across the six treatment
combinations of Fe by Zn revealed that the greatest content of carbohydrates in
dry seeds was recorded when 200ppm Fe together with 375ppm Zn were applied.
The comparisons along with the twelve treatments of the interaction between Zn
and Mn concentrations displayed that the highest mean value of carbohydrates
content was accomplished with 250ppm Zn plus 375ppm Mn. Also, the
comparisons among the twenty four combined treatments of the three studied
microclements cleared that the combined treatment of Fe, Zn and Mn at 200, 250
and 375ppm, orderly was favorable and tended to maximize the carbohydrate
content in the dry seeds of bean.

Parallel to the current results, Hurley ef al. (1986) reached to the
conclusion that leaf Fe concentration was a function of Fe applied level. Sadiq
and Hussain (1994) concluded that the use of ferric nitrate in fertilizing bean
- plants increased the content of Fe in the tissues. The favorable influence of Fe
application at the lower than the higher concentration on leaf Mn content was in
agreement with those of Sadiq and Hussain (1994). Karaman ef al. (1999) who
exhibited that the foliar application of 10 or 20ppm Fe caused a significant
depression on leaf Mn content of bean. Regarding the contents of protein and
carbohydrates in dry seeds, Singh ef al. (1995) coincided the gained results when



Effect Of Iron, Zinc & Manganese Foliar Application..... 1173

the application of Skg Fe ha, to the grown bean plants, did not show any
appreciable impact on the content of protein in dry seeds. Meanwhile, results of
Saeced (1993) displayed that the protein content of dry bean seeds tended to
increase as a result of spraying Fe at 600ppm. The retarding influence of
increasing Fe concentration from 200 to 400ppm on the content of carbohydrates
in dry seeds was not in parallel with the results of EI Sawah (1988). Who
demonstrated that the application of Fe up to 160g fed" was accompanied by a
successive increase in protein percent, while the carbohydrates percent was not
affected.

Regarding the influence of spraying various concentrations of Zn on the
chemical composition of leaves and dry seeds of bean, results of the two
experimental summer seasons was in full accordance with the results of Dahdoh
and Moussa (2000) who pointed out that increasing Zn application to faba bean
plants was accompanied with a corresponding increment in K uptake. On the
same extreme, Abdel-Reheem ef al. (1992a) indicated that the highest K content
in leaves of broad bean was found as a result of Zn and K applications. The
promoting influence of Zn application at the higher than the lower Zn
concentration on leaf Zn content may be explained on the ground that the
optimum concentration of Zn in young mature leaves of bean at early flower stage
was documented to be 23ppm (Halliady ef al., 1992), whereas the estimated
amounts of avmlable Zn in the soil of the experimental fields were found to be
0.77 and 0.80mg kg soil in 2001 and 2002 scasons, orderly; which were too low
to meet the requirements of normal and healthy growth. Several investigators as
Hussain et al. (1988) and Hussain and Ramarao (1989) reported a positive
association between Zn foliar application and foliage Zn content of bean.
Moraghan (1994) stated that the relationship between Zn application, to a
particular rate, and Zn contents of leaf blades, stem and dry seeds of bean, at
maturity, was parallel. Results of the chemical analysis of bean dry seeds showed
that non of the utilized Zn concentrations seemed to have any valuable influence
on the content of protein. Meanwhile, seed carbohydrates content appeared to be
significantly affected by Zn foliar applications with the superiority of 37Sppm.
The desirable impacts of the aforementioned Zn concentration may be raised as a
result of indirect action on leaf K content. Perusal of the tabulated results it was
clear that at 375ppm Zn, values of leaf K content was 2.45 and 2.48% in 2001 and
2002 seasons, orderly which seemed to be like the optimal content of K in young
mature leaves of bean at early flower stage i.e 2.4%, on dry matter basis (Halliday
et al, 1992). The major and effective roles of K in enzyme activation,
stabilization of the native conformation of enzymes and metabolism of
carbohydrates are well known. The present results appeared to be in close
agreement with the results reported by Miranova and Kloloptsera (1964, c. a. Abo
El-Hassan, 1974) who mentioned that foliar application of Zn at a particular dose
increased the synthesis of sucrose and starch and encouraged the translocation of
carbohydrates to pea seced. Hassan (1982) showed that spraying Zn at 0.4%
increased the soluble carbohydrates in seeds of faba bean with an eventual
increase in the total carbohydrates content.
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Table (10): Influence of foliar nutrition with the microelements of Fe, Zn and Mn
on leaf Mn content of bean plant (mg kg™) and seed protein content
of bean plant (%) during the summer seasons of 2001 and 2002,

. Leaf Mn content of bean plant (mg kg™)
T
e conc. (ppm ‘e conc, (ppm
(ppm) 200 | 400 | A% [200 | 400 | A'®
350 | 103,00 | 97.00 | 101.00 | 104.00 T 96.67 ] 10033
250 [ 375 [ 95.00 | 9433 | 9467 | 95.00 | 9467 | 9483
$00 | 9533 | 9000 | 92.67 | 9367 | 90.00 | 9183
380 [ 11933 [ 11133 | 11533 | 117.93 [ 111.33 | 114.63
375 375 [ 118.00 | 110.67 | 11433 [ 11667 | 109.33 | 113.00
500 | 118.00 | 10567 | 111.83 | 115.67 | 10500 | 11033
250 | 120.67 | 11633 | 118.30 | 119.00 | 11333 | 116.17
500 375 [ 119.00 | 109.67 | 11433 | 11833 ] 109.00 | 113.67
50 | 118.67 | 10433 | 111.50 | 11733 ] 103.33 | 110.33
250 | 11167 | 101.00 | 106.33 | 108.67 ] 100.00 | 104.33
625 378 100,67 | 99.00 | 99.65 | 99.00 | 97.33 | 98.17
500 | 98.67 [ 100.33 | 99.50 | 98.00 | 99.00 | 98.50
Mo |29 | 114.17 [ 106.42 | 11029 | 112.40 | 10533 | 108.87
ofain | 375 | 108.17 [ 103.42 | 105.79 | 107.25 | 102,58 | 104.92
50 [ 107.67 | 10008 | 10388 | 106.17 | 99.33 | 102.75
750 98.44 | 93.78 |9611B] 97.56 | 93.78 | 95678
375 118.44 ] 10922 11383 A 116.76 | 108.56 | 11266 A
%00 11944 [ 110.11 [11478A] 11822 | 108.56 [ 113394
625 110367 | 100.11 | 101898 | 101.89 | 9878 | 10033 B
Avg. 110.00A*| 103.31 B 10861 A|10242B

Seed protein content of bean plant (%
250 18.65 18.84 18.75 18.20 18.51 18.36
250 375 18.89 19.12 19.00 1848 | 18.60 18.54
500 18.60 19.12 18.86 18.83 18.60 18.71
250 18.62 19.69 19.15 18.55 18.93 18.74
378 378 18.83 19.49 19.16 18.98 20.00 19.49

500 18.83 19.15 18.99 19.33 19.58 19.46
: 250 19.67 18.55 19.11 19.23 18.89 19.06
500 375 19.28 19.82 19.55 1945 | 20.00 19.72
500 18.83 18.83 18.83 18.60 19.67 19.13
250 18.28 18.16 18.22 18.20 19.26 18.73
625 375 19.23 19.91 19.57 18.83 19.49 19.16
500 18.16 18.83 18.50 18.60 18.88 18.74
Main 250 18.80 18.81 18.81 18.55 18.90 18.72
effects 375 19.06 19.58 19.32 18.93 19.52 19.23
500 18.60 18.98 18.79 18.84 19.18 19.01
250 18.71 19.02 18.87 18.50 18.57 18.54
375 18.76 19.44 19.10 18.96 19.50 19.23
500 19.26 19.07 19.16 19.09 19.52 19.30
625 18.56 18.97 18.76 18.54 19.21 18.88

Av; 18.82 19.13 18.77 19.20

* Values marked with the different alphabetical letter (s) within a comparable
‘group of means are statistically different using revised L.S.D test at p= 0.05.
Absence of the alphabetical letter (s) indicate a non-significant difference.
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Table (11): Influence of foliar nutrition with the microelements of Fe, Zn
and Mn on seed carbohydrates content of bean plant (%) during
the summer seasons of 2001 and 2002,

Seed carbohydrates content of bean plant (%) |
( ) First) season
ppm Fe cone. (ppm
(ppm) 50 00 Avg.
250 54.651* 58.94 fgh 56.79 ¢
250 375 64.41 abc 61.28 bedef 62.84 ab
500 60.11 defgh 56.99 hu 58.55 de
250 65.58a 62.84 abcde 64.21 a
375 378 63.24 abcd 58.16 fghi 60.70 bed
500 60.11 defgh 58.16 fghi 59.14 cde
250 59.33 efgh 64.80 ab 62.06 ab
500 375 64.02 abc 58.94 f; 61.48 bc
$00 60.89 cdef] 57.38 ghi 59.14 cde
250 60.11 defg 57.77 fghi 58.94 de
628 . 378 58.94 fgh 56.60 hi 57.77¢
500 58.55 fgh 57.77 fghi 58.16 ¢
! Main 250 59.92 be 61.09 ab 60.50 A
| effects 375 62.65a 58.75cd 60.70 A
‘ 500 59.92 be 57.57d 58.75B
250 59.72 59.07 59.40 B
375 62.97 59.72 61.35A
500 61.41 60.37 60.89 A
625 59.20 $7.38 58.29B
Avg. 60.83 A 59.14B
_ Second season
250 $5.90h 60.30 defp 58.101
250 375 65.89a 62.69 abcde 64.29 ab
500 61.49 bedef; 58.30 fgh 59.90 def
250 66.42 a 64.29 abcd 65.35a
378 375 64.69 abc 59.50 efgh 62.09 bede
500 61.49 bedefg 59.50 efgh 60.50 cdef
250 60.70 cdefg 66.29 a 63.49 abc
500 375 65.49 ab 60.30 def; 62.89 abcd
S00 62.29 abcdef 58.70 cf;E 60.50 cdef
250 61.49 bedefg 59.10 ¢ 60.30 def
625 375 60.30 defg 57.90 59.10 ef
500 59.90 efgh 59.10 efgh 59.50 ef
| Main 250 61.13bc - 62.49 61.81 A
| effects 378 64.09 a 60.10 cd 62.09 A
500 61.29bc 58.90d 60.10 B
250 61.09 60.43 60.76 BC
375 64.20 61.09 62.65 A
500 62.83 61.76 62.29 AB
625 60.56 58.70 59.63C
Avp, ~ 62.17A 60.50 B

* Values marked with the different alphabetical letier (s) within 8 comparable
group of means are statistically different using revised L.S.D test at p= 0.05.
Absence of the alphabetical letter (s) indicate a non-significant difference.
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‘ Regarding the effects of spraying various Mn concentrations on the
studied chemical constituents of bean plant, Firgany and Hussain (1984) who
demonstrated that'leaf K concentration of bean significantly increased when the
addition of Mn increased to lppm in the nutrient solution. In a like manner,
Tbrahim (1989) reported that spraying the foliage of pea plants increased the
content of K in the different vegetative plant organs. Similarly, Mohammed
(1998) found that increasing Mn application was responsible for the staumcally
increment in the content of K, Firgany and Hussain (1984) stated that increasing
Mn concentration, in the nutrient solution was adequate and aided in attainment
highest content of Fe in leaves of bean. Firgany et al. (1988) demonstrated a
positiye significant influence on Fe concentration of soybean plants as a
consequence of spraying Mn. Likewise, Ibrahim (1989) working on pea reached
similar results. Wallace (1989) illustrated a reverse relationship between leaf Fe
concentration of bean and Mn applied rate. The enhancing influence on leaf Mn
content due to increasing Mn foliar application from 250 to 375 or 500ppm, in the
current study, can be discussed on the basis that the optimal concentration of Mn
in young mature leaves at early flower growth stage for normal and healthy
growth of bean plants was found to be 92ppm as illustrated by Halliday e al.
(1992). On the other hand, the chemical analysis of the experimental sites (Table
1) declared that the available amounts of Mn in 2001 and 2002 seasons were 7.63
and 7.75ppm, orderly. The estimated soil Mn amounts seemed too small to face
the elevated Mn requirements of bean plants. Therefore, the response of leaf Mn
content to increasing Mn application, up to a particular level, appeared to be
positive. A number of investigators coincided the pervious results. A consistent
increase in leaf Mn content of bean was arised due increasing Mn application in
the nutrient solution, (Firgany and Hussain, 1984). The foliar application of
Nervanid or Pholase Mn reflected positive effect on leaf Mn content of soybean
(Firgany et al., 1988). The improving effects of Mn foliar application at 375 and
500ppm on the content of carbohydrates in seeds can be expected as Mn
applications at the aforementioned concentrations augmented the content of K in
leaves to a level similar to the optimum one in young mature leaves at early
flower stage (Halliday et al, 1992), which by turn probably enhanced the
synthesis and translocation of carbohydrates to the seeds. Similar to the obtained
results, spraying the canopy of bean with the intermediate concentration of Mn
gave significantly higher seed carbohydrates content than the lower or higher
concentration (Firgany and Hussain, 1984).
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