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ABSTRACT

This investigation was carried out during the two seasons of 1999 and 2000
in the Agricultural Experiment and Research Station of Faculty of Agriculture, Cairo
University, Giza, Egypt to study the response of the anatomical structure of mung
bean to different concentrations of ethrel, cycocel {CCC) and phosphorus.

Transections of main stem revealed that treatments with ethrel at 200 and
300ppm or with CCC at 1000 and 1500 ppm enhanced the growth of stem in width by
increasing the thickness of cortex, vascular tissues and diameter of pith. Most vessels
and ray cells of secondary xylem of ethrel treated stems tended to enlarge in radial
direction more than in tangential one. Fertilization of mung bean plants with moderate
rate of phosphorus (23.25 kg P:0Os/ feddan) produced stems with higher amount of
conductive tissues and wider xylem vessels than those fertilized with 15.5 or 31.00 kg
P05/ feddan /

Transverse sections of leaflet blades at the median region of main stem
showed that ethrel increased sizes of midrib, vascular bundle and cells of ground
tissue.

while the rate of 1000 ppm CCC increased the size of midrib and thickness
of blade (palisade and spongy tissues) the rate of 1500 ppm decreased them. Plants
received 23.25 kg P20Os / feddan produced leaf blades with higher amount of tissues
than those fertilized with 15.50 or 31.00 kg P20s / feddan.

INTRODUCTION

It has been found that treatment with ethrel stimulated the thickness
of plant tissues, and modified the celf growth pattern. It stimulated radial cell
expansion.

While cell elongation was reduced (Goeschl et a/.,, 1966, Ridge and

Osborine, 1968, Apelbaum and Burg, 1971, Poovaiah, 1974, El-Shaarawi
and El-Sahhar, 19786, El-Shaarawi and Golban, 1981, lbrahim et al., 1990
and Sanchez et a/., 1992),
Many workers reported that application of CCC to different legume plants
caused increase in stem thickness by promoting the thickness of different
tissues. On the other hand stem elongation was decreased due to CCC
treatment (El-Shaarawi and Megahed, 1976, Soliman, 1984, Khafaga et al.,
1986, El-Fouly et &/, 1988, Hussein, 1890 and Abdo, 1992,

Reductlion in number and area of vascular bundles in the transverse
sections of stem has been noticed under phosphorus starvation (Bakr, 1946).
Goma’a (1996) reported that phosphorus deficiencies decreased diameter of
xylem vessels and amount of vascular tissues.

This investigation aimed to study the effect of two growth regulators
(ethrel and CCC) and phosphorous on the internal structure of mungbean
plant.
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MATERIALS AND METHODS

This investigation was designed for studying the effect of ethrel at
200 and 300 ppm, cycocel at 1000 and 1500 ppm and phosphorus fertilizer at
15.5, 23.25 and 31.00 kg P20s / feddan on anatomical features of mung bean
plant. Spraying with the different concentrations of the two plant growth
regulators was carried out 30 days after sowing and the rates of phosphorous
were added to the soil before sowing. The experiments were carried out
during the two seasons of 1989 and 2000 in the Agricultural Experiment and
Research Station of Faculty of Agriculture, Cairo University, Giza, Egypt.

Sampies of main stem {basal, median and upper internodes) and leaf
(leaflet blades at the median region of main stem) at the two ages of 45 and
60 days were killed and fixed in F. A. A. (10 ml. Formalin, 5 ml. Glacial acetic
acid, 85 ml. Ethyl aicohol 70%). Fixed materials were dehydrated by normal
buty! alcohol method and embedded in paraffin wax, melting point 54 ~58 C°.
Sections 15 - 20 p thick were cut. Crystal violet-erythrosin combination
method (Jackson, 1926) was used for staining. Stained sections were
mounted in Canada balsam (Willey, 1971).

RESULTS AND DISCUSSION

Stemn Structure:
Effect of ethrel:

Transverse seclions were made in samples taken from different
levels of the main stem, upper, median and basal internodes. At the age of 45
daxs, two weeks after spraying, transections of the upper portion of the stem
(7" internode) showed different modifications in the primary structure of main
stem {Table 1 and Fig.1).The diameter of the whole section increased from
2560 p for untreated stem up to 3472 and 3441 u by treatments with 200 and
300 ppm of ethrel respectively. This increment was accompanied by increase
in number and size of vascular bundles, thickness of cortex and diameter of
pith.

Transverse sections of the median part of main stem (Fifth _internode)
revealed that treatment with ethrel especially at the rate of 200 ppm
enhanced the growth of stem in width. The values of whole section diameter
were 6751 and 5887 u for stems treated with 200 and 300 ppm of e threl,
respectively, against 5122 p for untreated stems. Thickness of vascular
cylinder increased from 785 p up to 1216 and 824 p by treatment with 200
and 300 ppm of ethrel, respectively. The increase in thickness of vascular
cylinder was due mainly to the increase in the thickness of xylem. Thickness
of cortex increased by ethrel treatment specially at the rate of 200 ppm, while
pith diameter decreased with the application of 300 ppm of ethrel. The
diameter of xylem cylinder increased from 4513 u for control up to 5495 and
4945 u by treatment with 200 and 300 ppm of ethrel, respectively.
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Flg 1: Trapsverse sectioms of main stem upper Internode of mungbean plant at
the age of 45 days as affected by different rates of ethrel, (x40).
a: control b: ethrel, 200 ppm ¢: ethref, 300 ppm
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Table (1): Means of different anatomical parameters of the upper
internode of mung bean main stem treated with ethrel and

cycocel.
Ethrel (ppm} CCC (ppm)
Treatments

parameters Control 1 550 300 | 1000 | 1500
{in micron)
Diameter of whole section 2560.6 3472.0 3441.0 3050.4 2480.0
Thickness of cortex 186 217.0 192.2 251.1 124.0
Number of vascular bundles 18 21 20 22 15
Length & width of :
Harge bundle:

length 496 620 620 520.8 372

width 310 372 558 ar2 434
ksmall bundle:

length 248 372 arz 372 2728

width 124 148.8 248 248 248
Mumber of vessels / bundle: 17 25 17 22 16
Diameter of pith 1798 2108 1891 1829 1767

Thus it could be concluded that treatment with ethrel especially at the
rate of 200 ppm increased the amount of xylem tissue of stem by enhancing
hoth thickness and diameter of xylem cylinder. This might be due to the
promoting effect of ethrel on secondary growth (Table 2 and Fig. 2).

Transverse sections of the third basal internode of untreated stems at
the age of 45 days revealed higher amount of secondary growth and the
effect of ethrel on stem structure was more pronounced at this level of meain
stern (Table 2 and Fig. 3). Diameter of the whole section of untreated stem
was 5848 y, increased up to 7222 and 8026 u by treatment with 200 and 300
ppm of ethrel, respectively. The other anatomical characters of this basal
internode such as thickness and diameter of xylem cylinder and diameter of
pith were enhanced by treatment with 200 or 300 ppm of ethrel. It is of
interest to notice that, despite of the cross sectional area appeared higher at
the rate of 300 ppm of ethrel when compared with the rate of 200 ppm, the
thickness of vascular cylinder was higher at the rate of 200 ppm. On the
contrary, pith and cortex of stems treated with 300 ppm of ethrel was wider
than those of stems treated with 200 ppm. It could be said that at the age of
45 days, mung bean stems treated with 200 ppm of ethre! had higher amount
of vascular tissues at the basal region than those treated with 300 ppm,
though the latter appeared wider.

Examination of transverse sections of main stem at the age of 60
days revealed that the effect of ethre! on stem structure showed nearly the
same trend as mentioned above at the age of 45 days, though stems of
treated and untreated plants showed more amount of different tissues at the
age of 60 days.

It could be concluded therefore, that spraying mung bean with ethrel
at the age of 30 days, enhanced the growth of main stem in width by
increasing the amount of different tissues, specially xylem and phloem. The
increment in vascular tissues of the median and basal internodes could be
attributed to the simulative effect of ethrel on cambial activity.
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Flg 2: Transverse sectioms of main stem median Internode of mungbean plant at
the age of 45 days as affected by different rates of ethrel. (x40).
a: control b: ethrel, 200 ppm c: ethrel, 300 ppm
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Fig 3: Transverse sectioms of main stem basal internode of mungbean plant at
the age of 45 days as affected by different rates of ethrel. (x40).
a: control b: ethrel, 200 ppm c: ethrel, 300 ppm
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Effect of CCC:

Transverse sections of the upper region of main stem (seventh
internode) at the age of 45 days revealed that the effect of CCC varied
according to concentration used. The rate of 1000 ppm of CCC increased
diameter of whole section, thickness of cortex, number of vascular bundles,
size of vascular bundle, number of vessels per bundle and diameter of pith
{Table 1 and Fig. 5). On the other hand, all of these anatomical characters
decreased when the rate of 1500 ppm CCC was used, in comparison with
control. 1t could be concluded therefore, that while the rate of 1000 ppm
stimulated the growth of upper internode in width the rate of 1500 ppm CCC
retarded it.

In addition to promotive effect of ethrel on the amount of stem tissues,
it modified the patlern of celt growth. The two rates 200 and 300 ppm of ethrel
increased the enlargement of cortical cells and xylem vessels in comparison
with those of untreated stems. Most vessels and ray celis of secondary xylem
of freated stems tended to enlarge in radial direction more than in tangential
one {Fig. 4). This modification in direction of cell growth might be shared in
the increased thickness of vascular cylinder.

It was observed also that the density of xylem vessels was deceased in
ethrel treated stems. The vessels appeared in control stems in clusters, long
radial chains and solitary. In ethrel treated stems the xylem vessels occurred
mostly in short chains and solitary {Fig. 3). This might be due to proliferation
of ray and axial parenchyma localized between the vessels in treated stems.

The modifications in the structure of mung bean stem recorded in the
present work due to treatment with ethrel are more or less in agreement with
the findings of some previous investigations on different legume plants.
Goeschl et al, (1966) recorded ilessened growth in length and radial
enlargement of tissues {swelling response) in pea seedlings in response to
ethylene. Ridge and Osborine {1969) reported that ethylene was found to
alter the direction of cortical cell expansion in pea. Apelbaum and Burge
(1971) worked on etiolated pea plants with ethrel and mentioned that the
polarity of cell expansion was altered due to changes in the direction of
deposition of cellulose micro fibrils at the inner surface at of the wall
Poovaiah {1974) reported that foliar application of ethephon to two week old
bean plants induced radial enlargement of stems, and swelling of the stem
was occurred about a week after the treatment. He mentioned that swelling
was the result of extensive radial enlargement of cells rather than cell division
in the vascular region following ethephon treatments. El-Shaarawi and Ei-
Sahhar (1976) mentioned that when Vicia faba plant sprayed with ethrel, the
rate of 200 ppm increased stem wall thickness, amount of conducting
elements and resulted in an expansion of pith and cortical cells in the radial
direction. The rate of 400 ppm decreased main stem diameter and amount of
vascular tissues.

Transverse sections of the median region (fifth internode) or basal one
(third internode) of mung bean main stem showed that treatment with 1000 ppm
or 1500 ppm of CCC promoted the radial growth of main stem at both regions.
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Fig 4; Transverse sectioms in basal internode of mungbean plent at the age of 45
days showing radial eniargement of xylem vessels and ray cells of ethrel

treated stem (x 160).
a: contrel b: ethrel, 200 ppm
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Flg §: Transverse sectioms of main atem npper [nternode of mungbean plant at
the age of 45 days as affected by different rates of cycocel. (x40).
& control b: cycocel, 1000 ppm ©; cycoce, 1500 ppm
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The promotive effect occurred through increasing diameter of xylem cylinder,
thickness of cortex, thickness of vascular cylinder, thickness of phloem and
diameter of pith, Consequently the diameter of whole section increased due
to treatment (Table 2, Fig. 6). Thickness of xylem increased by using the rate
of 1000 ppm and slightty decreased at the rate of 1500 ppm of CCC when
compared with that of unireated stems. The increase in thickness of cortex
could be attributed to the increase in number of cortical layers and size of
_cells. The suggested stimulative effect of CCC on cambial activity might be
responsible for the increased thickness of vascular cylinder of treated stems.
it is worthy to notice that, the two rates 1000 and 1500 ppm of CCC
enhanced the r adial growth of main stem when compared with control and
the stems treated with 1000 ppm of CCC surpassed those treated with 1500
ppm in this respect. These results are in accordance with the findings of El-
Shaarawi and Megahed (1976) and Sakr (1977) on bean, Soliman (1984} on
soybean, Khafaga et al., (1985) on pea, Khafaga ef al., (1986) on soybean,
Nagdy et al. (1989) on sybean, Hussein (1990) on pea, Abdo (1992) on bean,
and Hussein (1994) on Lupins.
Table (2): Means of different anatomical parameters of the median and

basal internodes of mung bean main stem treated with
ethrel and cycocel, :

Median internode Basal internode
Treatments Ethrel r
Ethrel {ppm}|CCC (ppm) (prr:l CCC {ppm)
o arameters Control Control
st T
(in mic,:n) 200 | 300 | 1000 {1500 200 | 300 | 1000 | 1500

(Drameter of whole secticn §122.1 6751.0 ) 5887.5 | 7967.8 }69&&5 58483 | 7222080266 (52818 (5387 &

iDiameter of xylem cylinder{  4513.6 54950 | 49455 | 4749.3 4B67.0) 3I76B.0 [ 53773 | 60445 ) 62015 (4867 C

Mhickness of cortex 2955 | 5208 | 354 | 6280 l6osae| 2155 | 1963 | 3336 | 4710 | 1788
Eﬁ’;‘;’““’mc‘”a’ 7850 [ 12168 | 8243 | 17466 [8046] 10508 | 1609.3 14326 | 19233 | 11382
Thickness of xylem 4906 | 8243 | 5220 | 12560 |a710! 7458 | 10794 ] 10508 [ 13738 ( 7281
rhickrrass of ghioem 2039 | 3925 | 340 | 4006 laazsl 3140 | 5209 | 3729 | sa85 | 4121
ionameter of pith 34344 | 32185 | 38065 | 43080 los20] 32070 |3728.8 | 39250 | 3611.0 | 34540
Effect of Phosphorus:

Transverse sections of the third basal internode of main stem were
examined at the two ages of 45 and 60 days to study the differences in stem
structure due to application of different levels of phosphorus to mung bean
plants. At the age of 45 days, stems of plants received 31.00 kg P,Os /
feddan were thinner than those of plants fertilized with 23.25 or 15.50 kg
P,05 !/ feddan. This differences in stem girth was due to the decrease in
thickness of different stem tissues at the level of 31.00 kg P;0s / feddan
(Table 3 and Fig. 7). Comparing between the two rates of 15.50 and 23.25 kg
P,Os / feddan, it is obvious that the rate of 23.25 kg P,0s / feddan showed a
slight increase in diameter of whole section and clear increase in thickness of
vascular cylinder (both xylem and phloem), a slight decrease in thickness of
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cortex and diameter of vascular cylinder, and no difference in pith diameter
than those recorded for the rate of 15.50 kg P;Os / feddan.

The thickness of xylem tissue was 612,745 and 431 p for stems
fertilized with 15.50, 23.25 and 31.00 kg P;0s / feddan respectively. The rate
of 23.25 kg P05 / feddan not only increased the thickness of xylem tissue but
also increased the enlargement of xylem vessels as cormpared with the other
two rates of phosphorus (Fig. 7).

At the age of 60 days, the difference between the rate of 23.25 kg
P.Os / feddan and the other two rates increased with respect to stem
structure. The values of whole section diameter were 6280, 7457 and 5495 p
for stems received 15.50, 23.25 and 31.00 kg P,0s / feddan, respectively.
The superiority of the medium rate in this respect was due to the increase in
thickness of vascular tissues and diameter of xylem cylinder. Diameter of pith
Fir2 in stems fertilized with the medium rate was lesser than that of stems
received lower or higher rate of phosphorus (Table 3 and Fig. 8).

It could be concluded therefore that fertilization of mung bean plants
with moderate rate of phosphorus (23.25 kg P,0s / feddan) produced stems
with higher amount of conductive tissues and wider xylem vessels.

In this connection, Bakr (1946} reported that when broad bean was
grown under phosphorus starvation, reduction in the number and area of
vascular bundles as well as in the size of their water ¢ cnducting e lements
were noticed in the transverse sections of stem. Goma’a (1996) found that
deficiency of phosphorus in bean plant decreased diameter of xylem vessels
and amount of vascular tissues specially the secondary xylem. Wanke et al.
(1988) found that cortical cells of roots in P-deficient plants had large
vacuoles, invagination of the plasmalemma and condensed forms of
mitochondria, which, were not seen in P-sufficient roots. Table 3
Table (3): Means of different anatomical parameters of the basal

internode of mung bean main stem treated with differen
levels of phosphorus.
| Plant age (day) 45

60

Treatments Phosphorus (kg P, Os / fed.)Phosphorus (kg P,
IParameters
(in micron) 15.50 23.25 31.00 15.50 23.25
Diameter of whole section 5809.0 5848.3 4631.5 £6280.0 7457.5 5495.0
Diarmeter of xylem cylinder 4199.8 3768.0 3454.0 4867.0 5809.0 4765.0
Thickness of cortex 3022 | 2159 2355 141.3 1570 | 1845
Thickness of vascular cylinder 8831 | 10598 £86.9 753.6 1923.3 608 4
Thickness of xylem 512.3 745.8 431.8 603.4 1432.8 451.4
Thickness of phtoem 2708 314.0 256.1 157.0 490.6 157 0
Diameter of pith ~ [ 32970 | 32970 | 26298 | 41058 | 30026 | 37680
Leaf structure:

Transverse s ections of | eaflet blades at the median region of main
stem 45 days-oid were examined to study the response of leaf structure to
treatment with ethrel, CCC and different levels of phosphorus.

it is clear from Table (4) and Fig. (9) that ethrel increased size of
midrib, midvascular bundle and cells of ground tissue.

The size of midvein increased due to increment in both length and
width of midvascular bundle. The thickness of blade decreased in ethrel
treated plants due to decrease in thickness of both palisade and spongy tissues.
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These results are in accordance with the findings of EI-Shaarawi and El-Sahhar
(1976) on Vicia faba L.

Response of leaf structure to CCC treatment varied {o some extent
according to concentration used. While, the rate of 1000 ppm CCC increased the
size of midrib, the rate of 1500 decreased it {Table 4 and Fig. 10). The area of
midvein in fransection decreased due to treatment with 1000 or 1500 ppm of
CCC, specially the latter rate as a result of decrease in both xylem and phloem
tissues. Thickness of leaflet blade, thickness of palisade and spongy tissues
increased with the rate of 1000 ppm of CCC and decreased with the rate of 1500
ppm of CCC. The increased thickness of |eaflet blade recorded in the present
work due to treatment with CCC, is in accordance with the findings of Sakr
(1977}, Khafaga et al (1985}, Hussein (1990) and Hussein (1994) on different
legume plants.

Table (4): Different anatomical parameter of mung bean leaf blade
treated with different levels of ethrel and cycocel.

Ethrel ppm CCC ppm
Treatments
° Control
Parameters 200 300 1000 1500
{in micron)
[Thickness of midrib 8920 1016.8 11780 1054 0 7812
Width of midnb 682.0 868.0 806.5 744 0 620.0
Dimensions of midivein:
Llength 3100 a72.0 3720 248.0 1860}
Lwidth 3100 456.0 3720 310.0 198.4
Lxytem thickness 2232 2480 2232 186.0 124.0
hloem thickness 86.8 124.0 148.8 820 62.0
umber of vessels:
Harge sundle 54 &1 a5 44 30
small bundle 5] 14 12 9 6
ickness of blade 260.4 7263 217.0 293.5 186.0
Thickress of palsade trssue 1736 151.8 136.4 2025 1116
[Thickness of spongy bssue 868 74.4 80 6 09 [ 744

With regard to the effect of different levels of phospherus on leaf
structure, it is clear from Table (5) and Fig. (11), that plants received 23.25 kg
P,Os / feddan produced leaf blades with higher amount of tissues than those
fertilized with15.50 or 31.00 kg P,0Os / feddan. The medium rate surpassed both
lower and higher rates with respect to sizes of midrib and midvein and thickness
of blade. The increase in medvein size was due to the enhancement of both
xylem and phlaem thickness, as well as the increase in blade thickness which
reasoned by higher thickness of both palisade and spongy tissues.

Table (5): Different anatomical parameter of mung bean leaf blade
treated with different levels of phosphorus fertilization.

Treatments Phosphorus ( kg P.Os/fed) |

Parameters

in micron) 15.50 23.25 31.00
[Thickness of midfib 818.4 992.0 868.0
Width of midnib 620.0 682.0 5880
Dimengion of midvein:
Hength 248.0 Jz24 248.0
Lwidth 3720 vz0 3100
Fxylem thickness 161.2 186.0 161.2
ohloem thickness 33.8 136.4 93.8
Number of vessels
FHarge bundle 30 2 r 24

mail bundle 3 10 3
Thickness of blade 257.2 269.7 257.3
Thickness of palisade tissue 184.3 176.7 157 4
[Thickness of spongy tissue $3.0 93.0 85.9
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Fig 6: Transverse sectioms of main stem med

(x40).
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the age of 45 days as affected by different rates of cycocel.
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b: cycocel, 1000 ppm

125



El-Shaarawi, A. l.et al.

e:31.00 kg P:104/ fed

-
-.l
g
.
H

3
[ ']
= E
o S
e o
g &
E 3
L)
e g
LY
=
uh...m
mw..:l..
£Eg
— &
z:
£E X
ETwn
& 0
S‘Du
ET ..
g
e
o
= T
E =&
[-3 N
- " .

o
EE¢
o %
Ew o
g2
v Yo
nﬂs
[
[ "R R
=7
o &
=
™=

126



J. Agric. Sci. Mansoura Univ., 29 (1), January, 2004

Fig 8: Transverse sectioms of main siem basal internode of munghean plant at
the age of 60 days as affected by different levels of phosphorus {(x40).
n: 1550 kg P205/fed b:13.25kg P205/fed c:31.00 kg P203/fed
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Fig 9: : Transverse sections of leaflet blades , at the age of 45 days, as affected by
different rates of ethrel. (x 40)

a: comrol. b: ethrel, 200 ppm. c: ethrel, 300 ppra.
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Figl0.; Transverse sections of leaflet blades , at the age of 45 days, as affected by
different rates of cycocel. (x 40)
a: control. b: cycocel, 1000 ppm. c: cycocel, 1500 ppm.
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a

Flgl1: Transverse sections of leaflet blades , at the age of 60 days, as affected by
different levels of phosphorus. (x 40)
8:15.50 kg POyfed.  b:23.25 kg POs/fed.  c: 31,00 kg P;Oy/fed.
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