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ABSTRACT

Two field experiments were conducted at Giza Experimental
Station, ARC, during 1998 and 1999 seasons to study the effect of foliar
spray with micronutrients (Zn, Mn or B) on morphological,
physiological and anatomical parameters of two mungbean (Vigna
radiata (L.) Wilezek) cultivars V-2010 (Giza-1) and VC-1000. Zn (0.2
or 0.4 /1), Mn (1.5 or2.0 /), B (3.0 or 5.0 ¢/l) and a mixture of Zn,
Mn and B (0.2, 1.5 and 3.0 g/, respectively) in addition to distilled
water as control were sprayed once at 35 days after sowing (DAS).

The results showed that foliar spray with the adopted
concentrations of Zn, Mn or B alone or in a mixture, increased
significantly most of the growth parameters over the control in both
seasons. Application of Zn (0.2 g/l) alone followed by a mixture of
micronutrients resulted in better morphological and physiological
parameters [stem length (cm), No. of branches, No. of leaves, leaf area
(LA) (cm?), leaf area index (L.AI) and shoot dry weight (g) per plant]. It
was observed that mungbean cv. VC-1000 surpassed cv. V-2010 in all
parameters under investigation in both seasons.

The effect of spraying with low level of Zn, Mn, B and their mixture on
the internal structure of the vegetative growth of mungbean cv. VC-1000 was
investigated.
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1. INTRODUCTION

The mungbean (Vigna radiata (L.) Wilczek) is anew summer pulse
crop in Egypt. It is a rapid growth crop with short growing season ranging from
70 to 100 days. Mungbean is grown principally for its high protein seeds that
are used as human food. It is utilized in making soups, curries, bread sweets,
salads and many other culinary products (Poehlman 1991).

In the meantime, huge amounts of nutrients are continuously
removed from the Egyptian soils due to increasing yearly cropping
intensification. Although, micronutrients are successively removed from
the soil in addition to macronutrient, yet application of macronutrient
fertilizers only is still the prevailing field practice. Consequently,
nutrient imbalance and deficiency of micronutrients, particularly B, Mn
and Zn form one of the major yield limiting factors in Egypt.

Therefore, application of such micronutrients is promising for
increasing seed yield under local conditions (Shuman et al., 1979, on
soybean, Saleh and Foda 1980 and Nassar ef a/., (1985) on bean).

Many investigators demonstrated that morphological parameters
of legumes especially mungbean are influenced by Zn, Mn and B
application. In this respect, Singh and Badhoria (1984) stated that zinc
application (5 and 10 mg Zn/kg soil as ZnSo4.7H,0) was significantly
effective on dry matter accumulation at 50 days and at harvest. The dry
matter yield increased with increasing levels of zinc at all growth
stages, but the increase in the yield by Zn, was only marginally greater
than Zn; on greengram plants.

Nassar ef al., (1985) found that the micronutrients (Zn, Mn and
Fe) significantly increased plant height, number of branches/plant and
plant dry weight of the bean plant.

Singh and Singh (1995) reported that the application of 20 kg/ha
zinc oxide significantly increased leaf area (LA) and dry matter/plant.

Abd-El-Lateef ef al., (1998) studied the effect of foliar spray with
some nutrients on the growth of mungbean (variety Kawmy-1). The
foliar treatments were urea (1%) and four micronutrients [Fe (0.5%), Zn
(0.1%), Mn (0.2%) and CuSos (0.05%)], sprayed either alone or
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combined with urea at early pod-setting. They found that the effect of
foliar spray treatments was significant on mungbean plant height,
number of branches and leaves as well as total dry weight/plant. Zn
alone gave the tallest plant and increased the number of branches/plant.

Sarkar et.al, (1998) reported that the application of micronutrients
mixture and Zn alone resulted in better physiological parameters like dry
matter production and leaf area index (LAI) leading to higher growth.

Sharief and Said (1998) mentioned that foliar application with
micronutrients (Zn, Mn and Fe) either separately or in a mixture
significantly increased the number of branches per lentil plant.

The present investigation is an attempt to bring to light more
information about the effect of spraying micronutrients (Zn, Mn and B)
alone or in combined mixture on morphological, physiological and
anatomical characters of mungbean plants.

2. MATERIALS AND METHODS

Two field experiments were carried out at the Agricultural Experimental
Station, Agricultural Research Center (ARC), Giza during the two growing
seasons of 1998 and 1999. Two mungbean (Vigna radiata (L.) Wilczek)
cultivars V-2010 (Giza-1) and VC-1000 were used in this investigation to study
the effect of foliar spray treatments with some micronutrients on their growth
and anatomy. Eight treatments were applied as foliar spray after 35 days from
sowing and the treatments were as follows:

e Control (spray with water) e Zinc sulphate 0.2 g/ (Zny)

@ Zinc sulphate 0.4 g/l (Zny) ® Manganese (E.D.T.A) 1.5 g/l (Mn,)

e Manganese (E.D.T.A) 2.0 g/1 (Mn,) e Boric acid 3.0 g/l (By)

® Boric acid 5.0 g'1(B,) e Mixture (0.2 Zn, 1.5 Mn and 3.0 B ¢/)

The experxment was laid out in a randomized complete b]ock
design with four replications. The experimental plot area was 12.6 m°
consisted of 6 ridges 3 meters in length and 70 cm in width. Seeds were
inoculated with the specific Rhizobium strain (Bradyrhizobium
Japonicum) and immediately sown in hills on both sides of the ridge at
20 cm apart. Seeds were sown on May 31° " (first season) and on May

12" (second season) and the harvest was after 90 days from sowing
date; respectively. All agricultural practices were used as recommended.
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The mechanical and chemical analyses for the experimental soil are shown
in Table(1)and determined by using the method described by Chapman and
Prait (1961)and Jachson (1958).The following measurements were
recorded at three stages (50, 65 and 80 days after sowing date).

Stem length (cm), number of branches/plant, number of leaves/plant
leaf area (LA) in cm’, leaf area index (LAD=LA (cm )/ground area (cm )
and shoot dry we1ght (g)/plant. The obtained data were statistically
analyzed according to Snedecor and Cochran (1982).

It was intended to carry out a comparative microscopical
examination on plant material, which showed the most prominent
response of plant growth to investigated treatments.

Therefore, specimens of mungbean cv. VC-1000 were taken from
the seventh internode of the main stem as well as, from the median
leaflet of the corresponding compound leaf. Plants used for examination
were taken throughout the second season (1999), at the age of 55 days
(the stage of 50 % flowering) i.e., three weeks after treatments.

Specimens were killed and fixed for at least 48 hr. in F. A. A. (10
ml formalin, 5 ml glacial acetic acid and 85 ml ethyl alcohol 70 %). The
selected materials were washed in 50 % ethyl alcohol, dehydrated in a
normal butyl alcohol series, embedded in paraffin wax of melting point
56°C, sectioned to a thickness of 20 microns, double stained with crystal
violet-erythrosin, cleared in xylene and mounted in Canada balsam
(Willey, 1971).Sections were read to detect histological manifestations
of noticeable responses resulted from spraying with zinc (Zn),
manganese (Mn), boron (B) or their mixture.

Table (1);: Mechanical and chemical analyses of the experimental soil (means of 1998 and
1999 seasons).

Soil properties
Mechanical analysis Chemical analysis
Coarse sand (%) 1.5 pH 7.5
Fine sand (%) 38.7 Organic matter (%) 1.73
Silt (%) 372 Available N (ppm) 42.0
Clay (%) 22.6 Available P (ppm) 7.2
Soil texture Loam Available K (ppm) 487.0
Available Zn (ppm) 1.94
Available Mn (ppm) 9.6
Available B (ppm) 0.806
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3. RESULTS AND DISCUSSION

3.1. Vegetative growth
3.1.1. Stem length

Data in Tables (2 and 3) show that stem length of the two
mungbean cvs. V-2010 and VC-1000 was significantly increased by
foliar spray treatments of micronutrients at 50, 65 and 80 days after
sowing (DAS) in 1998 and 1999 seasons. Maximum increase was
obtained at 80 DAS by using Zn; and the combined treatments of
Zn+Mn+B; being 21.9 % over the control in the first season. The
maximum increase in the second season was 50.13 % over the control
for Zn; and it was 49.55 % over the control for combined treatment
(Zn;+Mn+By).

Similar results were reported by Singh and Badhoria (1984),
Nassar ef al., (1985) on bean, Abd-El-Lateef ez al.,(1998) and Sarkar ez
al., (1998) on mungbean. The favorable effect of zinc may be due to its
direct influence on auxin production which in turn enhanced the
elongation processes of plant development (Skoog, 1940).

3.1.2. Number of branches/plant

Results in Tables (2 and 3) indicate that all adopted
concentrations  of micronutrients had no statistical effect on the number
of branches/plant at 50 DAS in both seasons. On the other hand, Zn;
alone or in combination with Mn; and B, gave a significant increase in
the number of branches/plant at 80 DAS, being 35.78 and 43.77 % over
the control in the first season; respectively and 73.61 and 78.13% over
the control in the second season; respectively. These results are in
agreement with those obtained by Nassar et al, (1 985) on bean, Abd-
El-Lateef er al,, (1998) and Sharief and Said (1998) on lentil plants.

3.1.3. Number of leaves/plant

Number of leaves was increased linearly up to 65 and 80 DAS
and was maximum at maturity (80 days). Application of Zn; and
combined treatment (Zn;+Mn,+B,) resulted in a higher number of
leaves/plant at 80 DAS, being 34.03 and 28.62% over th control in the
first season, respectively and 88.37 and 83.72% over the control in the
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second season; respectively. These results confirm those of Abd-El-
Lateef et al., (1998). ’

Table (2): Effect of micronutrients on means of different morphological and
P Xsw ogical parameters 0 of two mungbean | cultivars in 1998 season

DAS DAS
v—,—-““k)'—‘l‘ "__rl’/l"/7 s Ty Ul
Treatments | 30 65 80 50 | 65 80 65 80
L e

\
|
| - -
| Stem length (cm) }NOA of branchcs/plantT No. of leavcs/piam olant |
l ; .

Comrol | 33.63 | 3875 4625 | 211 313 | 938 | 1513 | 2313
> | o AV_,,J
! 7 74138 | 4875 | 5638 | 225 425 | 13.13 | 1675 31004
w I \ 4300 | 4713 5413 31237 | 334 | 395 | 1338 | 21.75 | 2863
o3 142 bl it St
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\ Mn, | 4418 \ 443 438 | 222 | 31ﬁ 738 | 1238 | 2525 | 39.00 |
1 ] . /‘(/’,,‘,l,_g
| B TTa638 | 47.00 | 5:”: 3535 | 224 | 291 *\ 3350 | 14.00 | 20.13 | 2630 |
x B, | 2900 | 5063 15213 | 220 | 301 | 400 | 1463 7263 | 2850 |
b A S ) W = 1 |
| ZnMacB) | 46 7635 | 5538 | 5638 | 251 | 3.35 § 350 | 1475 | 27.00 | 2975 |
| LSD.(0.05) | ST 749 | 783 | 545 | NS 519 | 0.9 | NS | 744 | 4 6 |

Y2010 | 4628 | 4813 | 5275 | 220 | 316 | 376 \ 13.78 | 2091

B B Misanlh Beeiscs o S R e o
I VC-1000 | 4225 | 174844 | 55.09 \233 173.02 | 17390 | 69 2097 283 cisatill

ﬁf,_,T‘gF/r__—’_;,/ SR A DU

| L.S.D. (0.05) I 375 N.S 1 NS st \ NS | NS | NS \
L .

i

LA (cm’) LAl \ Shoot dry weight (2) | welght t(g) |

Contol 1122028165830 3012414, 95\ 349 | 473 | 7.03 | 1114 2475 | 3625
F 7 143813\7763w3!4660 60701 4.11 | 790 11.<0‘ 15.19 3426 | ¢ ’45
7o, |174231|3772.40[414540| 348 | 10.78 [ 13.09 1598+§697 | 6420 |
\T 157838 320595 | 3712.08| 5.66 | 9.16 11322 Wm 49 \ 644’81
Mn, T1636.87 | 3538.30 | 3560 j’—@es T10.11 | 12.09 | 1675 | 4001 | 5577 |
B, 1211477 | 2804.25 | 3670.15 605 | 801 1125|1963 3852 | 58.69 | 1
B 1184567!406813“34 528 | 11.63 mmwls 4141‘%331%

) | NS |145169 6822

545| 528 |

545 2 ‘
ZnFMnBr | 194170429790 4150. 57555 | 1229 | 1321 | 1846 | 346 | 47.04 | 69. 68 |
LSD. (0.05 S ; 15
[785.04 318538 | 352824 5.11

V-2010 ? :

VC-1000 16935 1333183 [3009.17| 484 | 955 | 1308 1695 447 | 63.58 |
_7%#_# ! b T

rLSD 0.05) | NS 34120 | NS | Ns | 172 | NS N.S N.sj

3.1.4. Leaf area (LA) and leaf area index (LAD
Concerning LA and LAI (Tables 2 and 3), mungbean cv. VC-



WO seasons. At 80 DAS, Zn; alone recorded appreciably higher LA
followed by Zn, + Mn; + B, being 92.99 and 71.86% more than the
control; respectively in the first season and 115.46 and 88.00% more
than the control; respectively in the second season. These results are in
harmony with those obtained by Singh and Singh (1995) and Sarkar ef
al., (1998).

Table (3):  Effect of micronutrients on means of different morphological and physiological

Treatments

l
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The good effects of Zn and combined of Zn, Mn and B are
probably due to their potent role on increased cell division and
elongation of leaves. Such a high LAT is indicative of high mobilizable
protein pools available at the beginning of the reproductive phase
(Boote et al., 1986). Application of B, followed by control treatment
resulted in considerably lower LA and LAI than all other treatments in
the two seasons. Similar results were reported by Howeler e al., (1978).

3.1.5. Dry matter production/plant (DM) )

Regarding dry matter (Tables 2 and 3), DM was increased
linearly up to 80 days and was maximum at maturity (80 DAS).
Application of Zn and the composite form of micronutrients resulted in
higher DM at all stages (except at 50 days in the first season), which
was appreciably higher compared with other micronutrients.

From the same Tables it can be realized that foliar spray with Zn,
alone or combined with Zn,+Mn;+B; gave higher DM, being 132.97
and 92.22% cver the control at 80 DAS in 1998 season; respectively.
Zn; or Zn+Mn;+B; significantly increased DM, being 82.69 and
56.56% over the control in 1999 season at 80 DAS; respectively.

Singh and Badhoria (1984) and Abd-El-Lateef et al, (1998)
reported the positive effects of Zn on the DM accumulation of
mungbean plants, being in agreement with the present findings.

Higher dry matter might be due to conductive influence of
combined micronutrients and Zn on crop growih. It was likely that
improvement in metabolic processes by Zn (Price et al, 1972)and
promotion of synergistic interaction by micronutrients (Sarkar et al.,
1998), favorably induced crop growth and dry matter yield.

Results of interaction revealed that the response of the two
cultivars to all spraying treatments showed the same trend.

3.2. Anatomical studies

It was aimed in this investigation to follow the internal structure
of vegetative parts, which exhibited the most noticeable response to
adopted treatments. The aforementioned findings concerning the
morphological characters of mungbean proved that the low level of each
of zinc, manganese or boron as well as, their mixture achieved the most
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remarkable effects among various tested treatments of micronutrients.
This may justify a further study on the effect of spraying with low level
of Zn, Mn, B and their mixture on the internal structure of mungbean.

Microscopical characters were examined through specimens of
the seventh internode of the main stem of mungbean cv. VC-1000 as
well as, of the median leaflet of the corresponding leaf. Sampling was
carried out during the second season (1999) at the flowering stage, three
weeks after spraying with micronutrients.

3.2.1. Anatomy of the main stem

Microscopical measurements of certain characters of the seventh
internode which resembled the median internode of the main stem of
mungbean cv. VC-1000 sprayed with micronutrients are given in Table
(4). Likewise, microphotographs depict these treatments are shown in
Figure (1).

Table (4): Measurements in microns of certain histological features in transverse sections
through the middle part of the seventh internode of the main stem of
mungbean cv. VC-1000 as affected by Zn, Mn,B or their mixture (Means of
three sections from three specimens).

Characters control | Zn + %to| Mn + %to| B + %to |Mixture +%to
control control control control
Stem diameter 5886 | 5545  -58 | 7334 +246 | 6788 +153 | 6176 +49
Stem wall thick. 2230 | 2180 2.2 | 2611 +17.1 | 3146 +41.1| 2899 +300
Epidermis thick, 18 20 +11.1 15 -16.7 16 -11.1 15 -16.7
Cortex thick. 225 220 =22 240 +6.7 230 +22 | 210 -6.7
Fibre strands thick. 150 125 -167 | 170  +133 [ 165 +100]| 205 +367
Phloem tissue thick. 310 250 -194 | 290 -6.5 330 +65 | 210 -323
Xylem tissue thick. 525 430 +181| 705 4343 ] 650 +23.8| 625 +19.1
Vessel diameter 39 43 +10.3 76 +94.9 42 +7.7 38 -2.6
Parenchymatous pith thick. 1002 | 1135 +133 [ 1191 +189 | 1755 +75.2| 1634 +63.1
Hollow pith diameter 1425 1187  -16.7 | 2113  +483 496 -65.2 381 -73.3

3.2.1.1 The effect of zinc

It is clear from Table (4) and Figures (1 A and B) that the low
used concentration of 0.2 g/l zinc sulphate slightly reduced the diameter
of the main stem at the seventh internode due mainly to the decrease in
the thickness of stem wall and in the diameter of hollow pith.The decre-
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A B

Fig. (1): Transverse sections through the seventh internode of
the main stem of mungbean cv. VC-1000 as affected

by spraying with micronutrients. (X52)

A- Untreated plant.
B- Plant treated with 0.2 g/l zinc sulphate.
(Cont.)
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C D

Fig. (1): Cont.
C- Plant treated with 1.5 g/l manganese (E.D.T.A.).
D- Plant treated with 3.0 g/l boric acid.
(Cont.)
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Fig. (1): Cont.
E- Plant treated with mixture of micronutrients
(0.2 g/l zinc sulphate + 1.5 g/l manganese + 3.0
g/l boric acid).
Details: cx, cortex; ep, epidermis; fi, fibre; h pi, hollow
pith; ph, phloem; pi, pith; s w, stem wall; vs,
vessel and xy, xylem.
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ment below the control amounted to 5.8, 2.2 and 16.7 % for internode
diameter, stem wall thickness and hollow pith diameter; respectively. It
is obvious that the decrease in stem wall thickness could be attributed to
the decrease in cortex (by 2.2 %), fibre strands (by 16.7 %), phloem
tissue (by 19.4 %) and xylem tissue (by 18.1 %) below the control.
Nevertheless, the thickness of the epidermis was increased by 11.1 %
and parenchymatous pith thickness was increased by 13.3 % over the
control. It is worthy to note that the most beneficial effect of zinc on
anatomical structure was observed in vessel diameter, which was
increased by 10.3 % over the control. Also, such treatment induced
more lignification in xylem tissue (Figures, 1 A and B).

3.2.1.2 The effect of manganese

The main stem diameter at the seventh internode was wider in the
treated plants by 24.6 % more than the control. This increment in
internode diameter was due to the prominent increase in the thickness of
stem wall and in the diameter of hollow pith, which was 17.1 and 48.3
% more than the control; respectively. Nevertheless, the thickness of
epidermis and of phloem tissue was decreased by 16.7 and 6.5 % less
than the control; respectively. Most of included tissues shared, to
different extents, in increasing the thickness of stem wall as a result of
spraying manganese. Thickness of cortex, fibre strands, xylem tissue
and parenchymatous pith was increased by 6.7, 13.3, 34.3 and 18.9 %
over the control; respectively. Moreover, xylem vessels had wider
cavities (Figures, 1 A and C), being 94.9 % more than the control,
which amounted to more total active conducting area to cope with
vigorous growth resulting from the tested treatment.

3.2.1.3 The effect of boron

It is realized from Table (4) and Figures (1 A and D) that the
concentration of 3 g/l boric acid increased the internode diameter by
15.3 % over the control. This increment in internode diameter was
mainly due to the prominent increase in the thickness of stem wall,
which was 41.1 % more than the control. However, the diameter of
hollow pith was decreased by 65.2 % less than the control. At the same
time, the thickness of parenchymatous pith area was increased by 75.2
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Fig. (2):Transverse sections through the blade of median leaflet
from seventh leaf developed on the main stem of mung

bean cv. VC-1000 as affected by spraying with micron-
utrients.

(X52)
A- Untreated plant.

B- Plant treated with 0.2 g/l zinc sulphate.
(Cont.)




-459-

Fig. (2): Cont.
C- Plant treated with 1.5 g/l manganese (E.D.T.A.).

D- Plant treated with 3.0 g/l boric acid.
(Cont.)
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Fig. (2): Cont.
E- Plant treated with mixture of micronutrients

(0.2 g/1 zinc sulphate + 1.5 g/l manganese + 3.0
g/l boric acid).

Details: ep, epidermis: mv, midvein; pal, palisade tissue;
Spo, spongy tissue and v b, vascular bundle.
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% more than the control and this compensate the reduction in the
diameter of hollow pith. The increase in the transverse sectional area as
a result of spraying boron could be attributed to the increase in the
thickness of tissues outside the hollow pith; i.e., stem wall components.
The only exception was observed in the thickness of epidermis, which
was reduced by 11.1 % less than the control. Cortex, fibre strands,
phloem tissue, xylem tissue and parenchymatous area of the pith were
2.2, 10.0, 6.5, 23.8 and 75.2 % more than the control; respectively.
Also, vessel diameter was increased by 7.7 % over the control.

3.2.1.4. The effect of micronutrients mixture

The application of micronutrients mixture (0.2 g/l zinc sulphate +
1.5 g/l manganese + 3.0 g/l boric acid) induced a little increase of 4.9 %
in stem diameter compared with the control. This enhancement was
mainly due to the increment in thickness of the stem wall, being 30.0 %
over the control. Nevertheless, the thickness of epidermis, cortex and
phloem tissue as well as, the diameter of hollow pith showed negative
response. The increase of stem wall thickness of treated plants was
attributed to the increase in the thickness of fibre strands by 36.7 %,
xylem tissue by 19.1 % and parenchymatous area of the pith by 63.1 %
more than the control.

3.2.2. Anatomy of the leaf

Results in Table (5) represent certain measurements of
microscopical characters of the blade of the median leaflet of the
seventh leaf developed on the main stem of mungbean cv. VC-1000
sprayed with micronutrients. Microphotographs depict these blades are
given in Figure (2).

3.2.2.1. The effect of zinc

It is noted from Table (5) and Figures (2 A and B) that spraying
zinc sulphate at a concentration of 0.2 g/l increased thickness of both
midvein and lamina of leaflet blades of mungbean cv. VC-1000 by 40.0
and 3.6 % more than the control; respectively. It is clear that the
increase in lamina thickness was accompanied with 17.5 % increment in
thickness of the spongy tissue and 3.7 % reduction in thickness of the
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palisade tissue compared with the control.

Table (5): Counts and measurements in microns of certain histological
features in transverse sections through the blade of the median
leaflet of the seventh leaf on the main stem of mungbean cv.
VC-1000 as affected by Zn, Mn, B or their mixture (Means of
three sections from three sge_c_ixggm

'\—_* Characters control| Zn  + % to‘ Mn + %to] B - + % to| Mixtur + % to |
} | control | control | control| e control |
Thickness of midvein 1'1153.8 | 1615.3 +40.0 1538.4 +33.3 | 1596.1 +38.3 | 13269 +15.0 \
{Thickness of lamina | 2692 [ 2788 +3.6 | 2499 -12 | 2885 +7.2 | 2894 7.5
I ——— _4‘___,1.iv___4!~__,__;__.ﬁ_,v.,, S |
Thickness of palisade 1396 | 1345 -3.7 | 1228 -12.0 l 147.8  +59 | 1412 +12 i
tissue | i l l

swe L A e | I—

| Thickness of spongy tissue [ 7819 \ 9.2 +17.5 | 184 43 | 963 +17.6 | 1054 +28.7
I _1_ _ . 4 e b

Dimensions of the main | | i i i |

Lb_ﬂ_fﬂid_.__“__.J_,_* I R R
Length 288.5 | 499, +73.2 | 480.7 +66.6 | 461.5 +60.0 346.2 +20.0
;4 | 4 i

—

8
wiah ‘izé’zf'v 760 4971 | 6154 +1103 | 7115 +143.1| 3846 4314

723 | 401 +79.8 | 448 +1009 526 +135.9i 312 +399

TNo. of v}sselg;nidvefn‘
bundle ) ] | ; L
[Vessel diameter 358 | 302 +17.1| 381 477 | 412 +59.7 ) 224 132

The main vascular bundle of the midvein increased in size as a
result of spraying zinc. The increment was mainly due to the increase in
length by 73.2 % and in width by 97.1 % over the control. Also, average
number of vessels per midvein bundle increased by 79.8 % over the
control. Moreover, xylem vessels had wider cavities, being 17.1 % more
than the control.

3.2.2.2. The effect of manganese

It is realized that manganese at 1.5 g/l increased thickness of the
leaflet at the portion of midvein by 33.3 % over the control. In contrast,
thickness of the leaflet at its marginal portion was decreased by 7.2 %
less than the control. It is obvious that the thinner lamina induced by
spraying manganese was mainly due to decrease in thickness of both the
palisade and the spongy tissues by 12.0 and 4.3 % below the control;
respectively. At the same time, dimensions of the middle bundie
increased by 66.6 % in length and 110.3 % in width in addition to an
increase in its number of vessels by 100.9 % over the control. It is
worthy to note that xylem vessels had wider cavities,being 47.7 % more
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than the control, which amounted to more total active conducting area
to cope with vigorous growth resulting from treatment with manganese.

3.2.2.3. The effect of boron

It is clear from Table (5) and Figures (2 A and D) that spraying
boron at the rate of 3.0 g/l boric acid on mungbean plants cv. VC-1000
resulted in thicker leaflets which had a relatively thick mesophyll, larger
middle bundle and higher number of vessels per middle bundle. The
obtained thicker leaflets could be attributed to an increase in thickness
of midvein and of lamina by 38.3 and 7.2 % more than the control;
respectively. The increase in lamina thickness was mainly due to the
increase of both the palisade and the spongy tissues by 5.9 and 17.6 %
over the control; respectively. Dimensions of the main vascular bundle
of the midvein increased by 60.0 % in length and by 143.1 % in width
in addition to an increase in its number of vessels by 135.9 % more than
the control. Moreover, xylem vessels had wider cavities, being 59.7 %
moere than the control, which amounted to more total active conducting
area to cope with vigorous growth resulting from spraying boric acid.

3.2.2.4. The effect of micronutrient mixture

Data presented in Table (5) and microphotographs shown in
Figures (2 A and E) indicate that spraying a mixture of micronutrients
containing zinc sulphate at a concentration of 0.2 g/l, manganese at a
concentration of 1.5 g/l and boric acid at concentration of 3.0 g/l
increased thickness of both midvein and lamina of leaflets blades of
mungbean cv. VC-1000 by 15.0 and 7.5 % more than the control;
respectively. The increase in lamina thickness was mainly due toa
prominent increase of 28.7 % in spongy tissue more than the control.
The main vascular bundle of the midvein increased in length by 20.0 %
and in width by 31.4 % over the control. Also, average number of
vessels per midvein bundle increased by 39.9 % more than the control.
However, such treatment decreased vessel diameter by 13.2 % less than
the control.

Such detailed information concerning the effect of micronutrients
on stem and leaf anatomy of mungbean plants are not available in
the literature.
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