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EFFECT OF SOME CHEMICALS AND GROWTH
REGULATORS ON THE MORPHOLOGICAL AND THE
HISTOLOGICAL STAGES OF THE TERMINAL FLOWERY
BUD IN SOME MANGO CULTIVARS.
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ABSTRACT

This study was carried out during seasons of 1899,2000 and 2001 on four
mango cultivars (Hindy Sinnara, Dabsha, Zebda and Ewais) in 'on’ and 'off years
through the period of September — February.

Data were indicated that the morphological and histological stages in all
studied cultivars were similar in ‘on’ and ‘off- year of the two studied seasons whith
some slowly and delay in these stages in ‘off- year season. The studied cultivars and
treatments had significant effect on the beginning time and period of bath the
histological and the morphological stages in all studied cultivars and the percentage of
the terminal flowery buds; the studied cultivars were affected differently by the studied
treatments in respect of earliness or delaying the flowering. The percentage of the
terminal flowery buds in ‘on’- year season was more than that of ‘off' - year season. Also,
the studied cultivars were great differed in the number and the histological features of
these stages in all studied cultivars.

Four morphological stages were determined as follows: fully swollen bud, bud
inception, developing panicle prior to full bloom and fully developed panicle at full
bloom.

Hindy Sinnara cultivar have nine stages (bud primeordium, scales initiation, flat
flowery bud, slightly dome- shaped flowery bud, dome- shaped flowery bud, stamens
and carpel primordia, differentiation of stamens and carpel, differentiation of the upper
part of carpel and differentiation of the lower part of carpel); Zebda cultivar have eight
stages (flat flowery bud, pre-dome-shaped flawery bud, slightly dome-shaped flowery
bud, dome- shaped flowery bud, stamens primordia initation, carpel initiation, closed
differentiated flowery bud and developed ovary); Ewais cultivar have eight stages
{appearance of active tissues, conical- shaped bud, rounded bud, conical like- shaped
grown apex, developed floral leaves, stamens and carpe! primardia, differentialed bud
and pre- burst bud) and Dabsha cultivar have five stages (undifferentiated bud, slighl
protrusion, active bud, early differentiation and axillary fleral bud initiation). In most
cases, the treatments of urea and its combinations caused buming of scales and
another parts of the terminal flowery bud; treatment of paclobutrazole caused excessive
differentiation of scales, NAA, BA and GAJ treatments caused some of upnormal
initiation and differentiation in the terminal flowery buds of all studied cultivars. Hindy
Sinnara cultivar have an early beginning time and short period in the most stages ,while
Dabsha cultivar have delay beginning time and long period in most stages and Zebda
and Ewais’ cultivars came between them, These results were oblained in ‘on’ and
‘off -year for the two studied seasons, -

INTRODUCTION

Few of the investigators were referred to the histological features of
the early initiation stages of mango flowery buds in respect of their anatomical
structure such as Azzouz, 1961 which described § steps of flower bud
differentiation of Hindy Sinnara and Pairi mango cultivars and elucidated their
time as follows: Inactive bud stage ,which charaterising by the apical meristem
is small cone like shape as vaegetative buds { it occurs during Augst to
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October); apical meristematic dome and broadly conical protuberances arise
stout from the axilla of some scales (on November and the first week of
December); conical shape flower bud; bud swelling and distal end of the main
axis and some of the side protuberances become rounded up and multilobed
due to the initiation of primary and secondary branches (second week of
December); conical, broading base, pointed towards the apex shape, all older
scales drop and floral primordia appear (first half of January); bud break and
bud burst which characterized by loosening of the scales , elongation of the
floral axes and profuse hairs(late January). Both floral differentiation and
bursting of mango buds were closely related. However, the presence of a mass
of actively growing cells in the axis of a bud scale and the enlargement of the
terminal bud are considered as the first sign of floral initiation. Three
successive stages of flower bud differentiation came next. On the other hand,
the hermaphrodite flower passes through five stages, whereas the staminate
flower was completely differentiated through eight stages of development.

Raafat et al.(1995) showed that the shoot apices of Hindy showed
earlier differentiation of flower buds than zebda as manifested by the
elongation of ‘the apical meristem and the appearance of lateral branch
primordial. Tongumpai ef al., 1997 reported that mango apical meristems of
control and paclobutrazol drench treated trees slowly developed increasing
amounts of leaf primordia and bud scales. After 91 days, 30% of apical buds
on paclobutrazol treaded trees developed floral primordia. Of the freated
shoots, 90 and 100% developed floral buds at 105 and 112 days after
treatment, respectively (Non of the terminal buds of the control trees
developed into flower buds.

Osuna Enciso et al. (2000) found that vegetative buds of Manila mango
had dome - shaped apical meristems and axillary protuberances only in the
basal nodes ,which appeared to be dormant during December and January.
However, during this period ,morphological changes related floral initiation
were observed. There was a slight elongation of the main axis, and axillary
meristematics protuberances formed in the leaf primordia at the base and
middle parts of the buds. Floral differentiation started in the first 2 weeks of
February and ended 4-6 weeks later.

Zora Singh and Dhillon (1998) described the stages of panicles growth
as follows: (1) Fully swollen buds, (Il) bud inception , (lil) full growth panicies
prior to full bloom and (V) full growth panicles at full bloom. Usha et. al. {1995)
mentioned that 4 developmental stages of mango culfivar. Amarapali shoots -
{fully swollen buds, bud inception, developing panicles and fully developed
panicles)

Bakr et al. (1981) found that GA; (200 ppm) or NAA (50 ppmj),
generally prevented the floral initiation and differentiation in mango.
Phayaphutanon et al. (2000) said that as vegetative growth of "Nam Dok Mai"
mango was inhibited by paclobutrazof drench in June ,also it was induced "off"
~ season flowering in September, while the control still grew vegetatively.
Machado and SaoJose (2000) reported that KNO; (3%) in November
promoted flowering of Tommy Atkins mango. Burondkar et. al. (2000)found
that Alphonso flowering of paclobutrazole ~ treated trees was linearly
advanced by 28.3 days and flower number stimulated by 85.71% compared
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with the control. EL-Tomy (1995) found spraying of mango iree by ethephon
and urea 1% treatment was increased hermaghradite flower percentage
Barros et al. (1998) found that spraying of KNC3 (2.4 and 6%) advanced the
flowering date of Tommy Atkins Dy up to 43 days and increased flowering
intensity. Salomon and Reuveni(1994yeported that without PBZ,25% of the
13-1 mango plants flowered ,while with PBZ 85-100% of 13-1 seedlings
flowered (64% of intact seedlings and 31% of autografted seedlings). Medina
Urrutia {1994). found that early flowering and the percentage of flowering
shoots was greater in the 2 and 3g. PBZ./Litrefha. Soil applied treatment(51.2
and 55.79%, respectively) tnan in control{7%). Mossak (1996} reported that
paclobutrazole treat was inducing early flowering of Jolic mango cultivar while
potassium nitrate (6% foliar spray did not give quite as good reslts as paclobut
razol. Rao et al. (1997} found that sprays of paclobutrazole {2000 ppm.) during
the critical period of fruit bud differentiation (October- November) promoted
flowering directly on fruiting shoots {62%) compared with control treatment
(5%). Maas (1989} found that the KNO; Spray (on 15 Nov.)} resulted in 100%
flowering 2 weeks iater in keitt and Tommy Atkins mango cultivars.

The aims of this study were as follows: foliow up, determine and
characterize the histological stages of initiation and differentiation of the
terminal fliowery buds in the upper part of the inflorescence, which had the
hermaphrodite fiowers; study the effect of different ireatments ( Urea 2%, GAs
at 70 ppm., KNO3 at 70g /L. BA 25%, Paclobutrazole 2%, NAA at 100 ppm and
their combinations) on the beginning time; period of both the histological and
the morphological stages in the terminal flowery bud;the percentage of initiated
and early differentiated terminal flowery buds and determine the suitable times
for applying the proper treatments and subsequently controlling in the time of
the flowering in the studied cultivars which lead to earliness or delaying the
fruiting and hence oblaining highly income or escaping from the unsuitable
climatic conditions or some diseases {malformation).

MATERIALS AND METHODS

Four vaneties mango {Mangifera indica) were used in this
investigation viz. Hindy Sinnara (early), Ewais (mid), Zebda (mid) and Dabsha
(late). The trees were grafted onto crdinary seedlings and planted in loamy
types of scil at Wardan region-Giza governorate, trees were more than 20
years old, planted 7 meters apart and subjected to ordinary field cultural
practices.The previcus recorded crops of the chosen trees for the two
successive years 1998/1999 and 1899/2000 show that all cultivars exhibit
bienniail bearing habit. Twenty four uniform budded trees {5 meters height),
from each of previous cultivars, were chosen at random for studying the
inflorescence initiation and early differentiation in respect of the time, features
of the histological stages and influencing by spraying the following
treatments :untreat (Control); 2% urea; 70 ppm. GA;; 70g/l KNO3; 25% BA: 2%
paclobutrazol; 100 p.p.m. NAA; mixture of Urea, KNO; and NAA; mixture of
urea, KNO; and BA; mixture of GA,, KNO, BA and pacloputrazole. The time of
treatments was started from 1st September, until 15" February (flower buds
became apparently seen by their swelling).
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The investigation was carried out during two successive seasons
1998/ 1999 and 1999/2000; the first year was ‘on’- year, while the second was
‘'off- year. The trees were chosen as follows: for each variety and in the first
year, 12 trees were in ‘on’- year and the others 12 trees were in ‘off- year, in
the second year, 12 trees, which were in ‘on’- year,in the first year, became in
‘off - year and the others 12 trees ,which were in ‘off- year, in the first year,
became in ‘on’- year, hence it could be consider that there are two successive
seasons of ‘'off - year and two successive seasons of ‘on’' -year.

On the previous season 1998 and the first year 1999, the vegetative
growth flushes of March and April (Spring) for each tree were labelled. The
labelled fiushes of 1998 season were used in the first studied season (1999),
while the labelled flushes of 1999 season were used in the second studied
season (2000).Each treatment consists of 3 replicates and each replicate have
3 random terminal buds of spring flushes(previously labelled flushes) (each
tree have at least 90 labelled flushes in every season).

Nine samples {terminal buds)were taken, for each treatment, at two
weeks intervals beginning September and until February 15" the terminals
buds (samples) were prepared for histological studies as follows: The buds
were put in F.AA solution, washed in 70% ethylalcohol immediately for one
week for the reason of kiling and fixing; then dehydration by tertiarty
butylalcohol according to Johansen (1940), the method recommended by
Mustard and Lynch(1946) and Singh (1958) on mangoes; infiltraton was
carried out according to Johansen (1940); Embedding in paraffin wax
(M.P,52-54) and cutting by the Rotary microtome into longitudinal sections at
10-15 micrones in thickness, then the investigation by light microscope was
carried out to detect the initiation of inflorescence in numerous terminal buds
sections and to determined the clear stages of inflorescence early
differentiation, hence calculating the percentage of terminal buds ,which
exhibit the earlier stages of inflorescence initiation and recorded the date of
each stage for each studied cultivar and tabulated data .Samples .which
exhibit clear different stages of initiation and differentiation of the
inflorescence(specially in the upper part of the inflorescence ,which included
the hermaphrodite flowers),were chosen and staining with safranin and fast
green according to Mustard and Lynch(1946) and Singh (1958) on mangoes,
cleared in xylene and mounted in Canada balsam, then microscopical
photocopy was carried out for the chosen sections to illustrate and discuss the
histological stages for each studied cultivar. Morphological study was carried
out, during December 1%- May 30" ,on the temminal buds, depending on
notice their appearance or their shapes, at week intervals ,in order to detect
the morphological stages of the terminal flower buds prior to full bloom (the
others previous labelled spring flushes influenced by the previous treatments
were used in the morphological study beside the previous labelled spring
flushes which have used in the histological study ,where each treatment
consists of 3 replicates and each replicate = 3 random labelled spring
flushes).Data of the morphological study have taken as photo graphs and
write down the most clear development (main stages) of the terminal flowery
buds, influenced by the previous treatments,in respect of the starting time of
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these stages for each of the studied cuitivars for more than 50% of the labelled
flushes.

Tabulated data of early intiated terminal flowery bud percentages in
both seascns were transformation and subjected to statistical analysis. the
differences between means were detected using L.S.D methed at 5% level of
significance according 10 Snedecor and Cochran (1980).

RESULTS AND DISCUSSIONS

Tabie (1) shows that Dabsha cultivar in zll treatments except
treatment of GA; + BA+KNQO; + paciobutrazole, gave the like dates of the final
histological stage (axrllar?/ floral bud initiation) as they started this stage
approximately on 1% - 15" February in the two studied seasons .while the
treatment of GA; +BA+ KNQO,+ paclobutrazal gave earlier date as the final
previous stage started on 1%, February in ‘'on’ and ‘off -year of the two studied
seasons, also KNO; treatment gave good result as the final stage started on 1%
February in the others times of lhe studied seasons. On the other hand,
GA;+BA+KNQ:+ paclobutrazole treatment gave the best result followed by
KNO; treatment in respect of the starting date of the first stage {(1* December
and 1%-15" December, respectively) as these resulls were confirmed with
those obtained by Perez-Barraza et al(2000) whose reported that
paclobulrazol drench in June suppressed vegetative flushing during summer
and autumn, allowing shoots to mature and initiate apical inflorescences earlier
than shoots of control which had flushed during autumn (flower anthesis was
28 -35 days earlier in PBZ treat).

Paclobutrazol treatment was gave earlier starting date of the first
stage in ‘on'- year only as cenfirmed with those obtained by Burondkar ef af,
2000. and Perez-Barraza; 2000, NAA,GA;z and urea treatments were delayed
the starting date of the first stage as these results confirmed with results
reported by Das et al. (1989) whose found that on langra mango cultivar, GAq
applied alone or with urea produeed a vagtative flush in both 'en’-and ‘off -
year shoots., while these results conflicted with results of Ei-Tomy, 1995 and
Abou - Rawash ef al. (1998) whose reported that sprayed Taimor mango trees
of NAA at 200 ppm.+ ethephon at 500 p.p.m. once in November advanced the
time of flower bud opening.BA treatment have satisfactory result as for the
starting date of the first stage (it was confirmed with results of Yamashita and
Ogawa (1998) found that Benzyladenine treat (50 p.p.m.. as a soil drench} at
the end of September promoted flower bud differentiation while paclobutrazol
at the same concentration and conditions did not. The others stages were
almost nearby in their starting dates ,so0 it could be concluded that the most
previous treatments have great effects on the first stages, some effects on the
last stage and little effect on the others stages in Dabsha cullivar, also most of
the treatments have good effects on the starting dates of these stages in 'off -
year of both studied seasons Without treatments (control), the five stages
began on 15" December in ‘on’ — year and on 1st, January in ‘off - year and
finished on 15" February as Dabsha is late maturity cultivar or have late
flowering date. This resuit was conflicted with results obtained by Ravishankar
(1978) who found that fruit bud differentiontion of cv. Alphonse and Totapuri
was intiated in Oclober and attained apeak in mid - November .
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By mid-December the buds were well developed and the panicle emerged in
early January.

The previous trends of the effects of the treatments on the starting dates of
the histological stages of Dabsha cultivar, were noticed in all of the studied
cultivars, but with differences in the starting dates specially in the first
stages.Hindy Sinnara have numerous stages whome occurs in few time and
hence the period of each stage was short compared with Dabsha
cultivar \which have only five stages and the period of each stage was long
while the others cultivars were between them. The effect of treatments was
more clear in the early flowering cultivar { Hindy Sinnara) than in the moderate
flowering times cultivars { Ewais and Zebda} while in the late flowering cultivar
(Dabsha) was less clear.Also, the effect the promoting treatments (KNO;,
GAs+ KNO; . paclobutrazole and paclobutrazole) was limited in acceleration of
these stages or shorting them and vice versa wag right as for the retardant
treatments (Urea, GA; and NAA).

Table (2) showed that great difference between the cultivars in their period
from the first to the last morphological stage in season of 1898 -1999 as
Dabsha cultivar have taken about 3-4 month, both Ewais and Zebda cultivars
have taken about 2-3 month, while Hindy sinnara cuitivar have takan 1-2
month.

Treatments of KNO;, BA+ KNO;+ urea and KNOs+ BA+ GAs+
paclobutrazole are giving more earlier dates of each stage for all of the studied
cultivars.On the other hand, treaments of urea, GA3& NAA in ‘on’- and ‘off
—year and treatment of paclobutrazol in ‘on’- year had retardant effect on these
stages or delay these stages and consequently increasing the period of these
stages. :

The previous trends were found in ail cultivars and in the two studied
seasons (Tables 2 & 3). These results were confirmed with those obtained by
Usha et al.,, 1995; Zora Singh and Dhillon, 1888 and Das et a/. {1989} whose
found that on Langra mango cultivar, GA; applied alone or with urea produeed
a vagtative flush in both ‘on’-and ‘off — year shoots and others while in some
points, these results were objected with those obtained by El-Tomy, 1995 and
Abou ~ Rawash et al. (1998) whose reported that sprayed Taimor mango trees
of NAA at 200 ppm.+ ethephon at 500 ppm. ance in November advanced the
time of flower bud epening.

Table (4): results showed that the percentage of early initiated and
differentiated terminat buds of mango cultivars were significantly affected by
both of the cultivars, the treatments and the dates in ‘on’- and ‘off’ — year of
1998-1998 seasons.Considering the cultivars, the highest percentages in "on’-
and ‘off - year (27.6 and 16.5 respectively) were recorded with Hindy Sinnara
cultivar with significant difference by Zebda cultivar, which came in the second
rank (21.7 and 15.8 in ‘on’- and ‘off'- year respectively), whilst Ewais and
Dabsha cuitivars came in the following ranks with significant differences by
Zebda cullivar and without significant difference between them in ‘on'-
year ,whiie in 'off- year, insignificant difference was noticed between Hindy
Sinnara and Zebda cultivars, but the differences between the two previous
cultivars and Dabsha and Ewais cultivars were significant ,while the difference
between Dabsna and Ewais cultivars was significant.
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As for the date of samples, there are significant differences between
most of the dates, the percercentages of early initiated and differentiated buds
were reached to the highest values in ‘on’- and 'off _ year (49.5 and 36.3%) on
the last date (15" of February) and reached to the lowest values (0.3 and 0.0%)
on the first date (first September). The pervious general effect or trend of dates
was found in each studied cultivar (these results were in partial harmeony with
Ravishankar, 1878 as mentioned before. On the other hand, the effect of the
treatments was great variant but almost similar in all of the cultivars as follows:
in respect of Hindy Sinnara cultivar, treatments of Urea; GA;; NAA and mix of
Urea +NAA+KNO; were resulted significantly lower percentages of early
initiated and differentiated buds. Also the treatments of BA and paclobutrazol
in ‘off’- year only were gave the same previous results (gave the lower values
with insignificant differences between them) whose lead to suggest that the
previous treatments had insignificant effects or had retardant effects on the
early initiation and differentiation stages of the terminal flowery bud in Hindy
Sinnara cultivar.

These results were confirmed with those obtained by Das et.al., 198%
as mentioned before,but the same results were in disharmony with those of
Abou-Rawash et.al.,1998; Yamashita and Ogawa,1998 and EL-Tomy (1995)
found that spraying of mango tree by ethephon and urea 1% treatment was
increased hermaphrodite flower percentage..On the Contrary, the treatment of
mix of GA;+ BA+KNO;+ paclobutrazole was gave the significantly highest
percentage of early initiated and differntated buds with significant difference
and followed by the treatments of KNO,; and BA in ‘on’- year and
paclobutrazole in ‘off- year with being of significant differences between
them.These resuits were in agreement with those obtained by Machadoe and
Saojose, 2000; and Phayaphutancn etal (2000) whose reported that as
vegetative growth of “Nam Dok Mai" mango was inhibited by paclobutrazol
drench in June ,also it was induced "off" — season flowering in September,
while the control still grew vegetatively.. The previous trends in respect of the
effects of the treatments were noticed in all of the studied cultivars.Considering
the effect of the interaction between the treatments and the dates, the results
indicated the same trend in all of the cultivars as the treatments of mix of
GA:+BA+KNO;+ paclobutrazol on first of January, 15™ of January, first of
February and on 15" Febrary were resulted the significantly highest values (in
‘on’-and 'off'-year(88 and 55%) compared with the others, whilst almost all the
treatments on the first of September were gave the significantly iower values in
‘on’- and ‘off’- year (0.0and 0.0%). The other treatments on the variant dates
were came between the previous trend of treatments on the previous
dates.The previous trends(in Hindy Sinnara) of the effect of the interaction
between the treatments and the dates, were similar and noticed in all of the ~
studied cultivars. In all cases, the ‘on’- year values were superior to the 'off -
year values. These results were in agreement with Perez-Barraza et a/.(2000)
Who reported that paclobutrazol drench in June suppressed vegetative
flushing during summer and autumn, allowing shoots to mature and initiate
apical inflorescences earlier than shoots of control which had flushed during
autumn (flower anthesis was 28 -35 days earlier in PBZ treat).
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Table(5): the previous trends (in season 1998/1999)of the
cultivars;treatments;the interaction between them and the dates were similar
and found in season 1999/2000(as in table(5). '
Histological features: T

In longitudinal sections of Dabsha mango cultivars (Fig1) it could be
obsereved 5 clear stages, during the period of Dec., 1% till- Febr, 15, through
longitudinal sections of terminal buds as the first stages were occurred on
December 1% and described by tiny conical- shape of bud which consists of
outer compact scales to form the conical shape (acute apex) separated by
space and surrounded by the inner compact scales which separated by inner
space and surrounded by the inner tissue of bud founded inside the tissue of
spring branch.

The stage name of undistinguished, inactive or initated bud as the
outer surface of the terminal bud have not any protuberances or flat surface of
the bud; the second stage is occurred on January 1% and called initiation of
slight protrusion on the surface of terminal bud, the inner strucutre showed the
outer compact scales, under the surface of meristematic grown
apex,separated from the inner compact scales by slight space, small
dome-shape of growh apex separated from the inner scales by small
space,also the whole meristematic tissue of the bud could be distinguished;
the third stage is named active bud which occurrd on January 15" and
described by spread apart of outer scales while, inner scales were still closed
to form small broadly conical shape and covered the rounded protuberance of
meristematic grown apex, appearance of sepals primordia and slight
elongation of the main axis of bud: the fourth stage is early differentiation stage
which charactrised by further opening of the scales, initiation and elongation of
both sepals, petals,stamens (androecium) and carpels (gyoecium) primordia
and the stamens primordia are advanced the carpels primordia in their
initiation. This stage occurred on Februar{\{l 1% The last stage is axillary florl bud
initiation which occurred on February 15" and described by differentiating the
carpels, complete the formation of ovary(appearance of ovary locule), further
secondary floral branches of panicles follows and developing(from the axils of
the mid scales)in the same manner of the main loral branch of panide so the
complete differentiation of Dabsha panicles were not occurred yet on February
15" even with the treatments and caused late maturity. The stages 1&2 can not
otserved by the eye and the previous stages were more clear in the treatment
of KNO3+GA3+BA+Paclobutrazol.On the other hand, the effect of treatments,
on the previous stages was limited in one or more of these stages as this figure
llustrate the different effect of treatments on the histological features of
"Dabsha" terminal bud in " off" and "on"year seasons during the two studied
seasons. The discussion was on the figure to give more understanding.

As for Ewais cultivar (fig3),eight clear stages of early initiation and
differentiation during December 1% -February 15" could be observed as
foliows: Stage-1 is beginning on December 1* almost ,name precursor of the
bugd and characterized by distinguishing the meristematic and parenchymatous
tissues (active cells) of the terminal bud in detected region without founding
any organs or specialized cells; stage 2 was occurred between December i
and prior to December 15" which described by the ordinary strcture of early
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initiated bud as the outer scales were formed the broadly conical shape (acute

apex}, while the inner scales were opened and the grown apex was
round ,outer scales were compact and separated from the inner scales by little
space as well as the inner scales were separated from the rounded grown
apex by another space,also the main axis was still short (conical-shaped
bud),stage-3 was called rounded bud as the scales were formed round shape
and included the growing apex of bud, which slightly elongated and form
semi-spherically shape (it occurs on December 15"); stag -4 was named
conical like-shape grown apex, accurred between December15 th. and
January 1%, and described by a great elongation of grown apex, loosening of
the most outer scales. beginning of secondary branch (bud) initiation which 1s
developing in the same manner of the primary or main branch of the panicle:
stage- 5 was named developed floral leaves, occurred on January 1% and
described by slight opening of inner scales, elongation of sepals, petals and
grown apex (all parts of bud were active), stage -6 was called sex pars
initiation or stamens and carpel primordia, occurred on January 15" and
described by differentiation of stamens into filaments and anthers and as well
as differentiation of carpel into stigma, side style and intiation of ovary; Stag -7
was named differentiated bud, occurred on February 1%, described by further
differentiation of carpel and stamens, stag -8 was called pre-burst bud,
occurred an February 15", as characterized by slight opened inner scales and
development of microsporangia from one-two fertile anthers which were
forming the pelien grains before the opening of flower while the petals were
not openining yet. The stages from 1 to 3 could not observed by the eye as the
bud was assumed in inactive case,the previous stages were more clear in the
treatments of KNO3, Urea + KNO3+ BA and KNO3 + GA3 + BA +
Paclobutrazole These results were partial agreement with those of Raafat et
al., 1895, Tongumpdi et af,, 1997; Osuna Enciso ef al., 2000 and Azzouz, 1961
whose described the stages of differentiation and the anatomical structure in
mango flowery bud.

On the other hand, the effects of the treatments on the previous stages
could be illustrated in fige {4)which showed the effects of some treatments on
the histological features of Ewais terminal bud in "off* and “on™- year seasons
during the two studied seasons. The discussion was on the figure to give more
under standing.

Fig (5) reveald that eight stages of early initiation and differentiation of
Zebda(middle season)cultivar through the longitudinal sections of terminal
bud,the most important histological features of these stages could illusrated as
follows: 1) Flat flowery bud:It occurs on December 1%, it could be observed two
types of the bud shapes; the first was false flat — shaped bud formed from the
outer tisse of bud which connected with the stem tissue and surrounded by the
true bud (the second type of bud) which has spherical shape and consisted of
compact outer scales, compact inner scales, leaf primordia {finger-shape} and
active or meristematic pulp of bud; also the flat- shaped bud was made a wide
angle with the surtace of stem -tip. 2) Pre- dome- shaped flowery bud:it occurs
during the period from December 15 st to December 15" and described by the
same previous structure in stage one except the angle between the false bud
and the stem —tip becomes more narrow than the previous angle in stage one
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due to the movement of the true bud towards the surface of the terminal bud
because of the growth of it and as a result the tissues of the terminai bud
surface were opening so slightly prominent on the surface of the bud could be
observed, also there was slightly elongation in the true bud.3)Slightly dome-
shaped flowery bud:it occurs during the period from December 1%.to
December 15" and described by appearance of clear dome-shaped grown
apex,thick compact outer scales,compact inner scales and the size of the frue
bud was larger than the prvious size in the stag- 2, also the main axis was
longer than the previous one and the surface of the terminal bud was
prominent. 4) Dome- shaped flowery bud:this stage couid be observed on
December 15th, and its characters were the slightly opened outer scales from
the dome- shaped of bud, while the inner scales were stil closed, and formed
semi-spherical-shape below the outer scales ,beginning the appearance of the
sepals primordia and petals primodia and the acute grown apex shape was
found with long main axis.5) Stamens primordia initiation::It occcurred on
January 1%, and characterized by elongation of sepals and petals primordia,
also the initiation of stamens primordia and could be observed the anther and
filaments primordia. §) Carpel initiation:

It occurs on January 15" and described by sepals(calyx) and
petals(corolla) were completely differentiated, continuous development of the
anthers and fillaments meanwhile, the basal part of pistil primordia were
elongated.?7) Closed differentiated flowery bud:

it occurs on February 1st and described by stamens were almost
completely differentiated, the upper portion of pistil elongated to form the
primordia of stigma and style and the inner scales were stil closed, while the
outer scales were almostly dropped. 8) Developed ovary stage:it occurs on
February 15", and described by complete differentiation of stamens,
primordium of ovule integuments started to form with fine traces of vascular
bundles through the tissues of both integuments and fillaments, little locules
were found in the base part of ovary, nucellus tissue and placenta appeared,
ovale was differentiated into two parts and attached to the ovary walls by
placenta tissue at the base of ovary.

Also, the scales were almost dropped and the flower covered with
calyx and corolla (pre-opening of the flower), The buds which in the stages
from 1to 3 ,can't see by the eye and the previous stages were more observed
in the treatments of KNO; KNO; + BA + GA; + paclobutrazol and Urea + KNO3
+ BA. As for the effects of the treatments{figt) ,it could be observed that the
effect of Urea, KNO3, BA, GA3, NAA, Pacloputrazole and their combinations
on some histological features of the terminal bud of Zebda mango cultivar
during the two seasons.The discussion was done on the figure to give more
understanding.

Fig- 7 showing the most clear stages of early initiation and
differentiation of flowery buds of Hindy Sinnara cultivar (early-season) as it
could be detected nine stages through the longitudinal sections of terminal
buds during the period of October 15" to February 15", These stages were as
follows: 1)-Bud primordium stage:it occurs on October 15", and characterized
by the appearance of meristematic tissue (condense stain) inside the terminal
bud tissue (light stain)and make as the bud primordium.
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2}-Scales initiation stage:it sccurs on November 1*, and described by the bud
primordium was characterized into meristematic pulp and scales(all parts were
inside the tissue of the terminal bud). 3)-Flat flowery bud stage: it occurs on
November 15" and described by two forms of these terminal buds.the first
was faise bud which has flat shape as form from the tissue of apical stem which
make narrow angle with the main surface of the terminat bud,while the second
form was true bud which has spherical shape and consists of compact outer
scales,compact inner scales,grown apex and main axis. The true bud grow
towards the surface of terminal bud 4)-Slightly dome-shaped flowery bud
stage:it occurs on December 1 and described by the true bud(it has the same
previous structure in stage 3) begins to protrude from the surface of terminal
bud to form slightly dome shape as a result of the elongation of grown apex of
the true bud towards the surface of terminal bud. 5)-Deme-shaped flowery bud
stage: it occurs on December 15". and described by the observation of
elongated grown apex,sepals and petals primordiathe overlapped inner
scales form the internal dome-shaped while the upper tissue of the terminal
bud and outar scales begin to open. 6)-Stamens and carpel primordia stage:it
occurs on Jnuary 1¥. and characterized by the appearance of clear stamens
primordia and initiation of carpel primordium,meanwhile the overlapped sepals
and overlapped petals cover the intemal paris,also the most outer scales were
dried and dropped. 7)-Differentiation of stamens and carpel stage:it occurs on
January 15™ and descrived by the appearance of ovary and style
primordia, stamens primordia,sepals and petals were elongated meanwhile the
remained scales were loosed. 8)-Differentiation of the upper part of carpel
stage: it occurs on February 1. and described by the continuous differentiation
of stamens into anther and fillament (short stamens may be unfertile),the side
style and stigma primordia were observed,also completion of the sepals and
petals differentiation was cbserved. 9)-Differentiation of the lower part of carpel
stageit occurs on February 15". And characterized by completion of the
differentiation of stamens as the short stamens were unfertile and vice versa
while the ovule structure,ovary walls,locules and part of the nucellus tissue
could be ohserved in this stage to complete the differentiation of whole panrs of
the flower, The buds have to be in the stages of 1 to 3,cann’t see with the eye
as the bud assumes inactive or at rest stage and the previous stages were
more observed in the treatments of KNO3 KNO3 + GA3 + BA + Paclobutrazole
and Urea + KNO3 + BA. In regarding the effects of treatments on the previous
hitological features as found in fige (8):it could be observed that the effect of
GA3.urea and urea + KNQ3 + NAA applications on some histological features
of the terminal bud of Hindy Sinnara mango cultivar during the fwo
seasons.The discuss was on the figure have given more understanding. It
could be concluded that almostiy in the all examined samples.the
hermaphrodite flowers were initiated and differentiated firstly as they were
observed in all samples Alsothere were short stamens having late
differentiation accompanied by the appearance of early differentiation cf one
stamen at least in the flower;the flowery buds were assumed inactive and
could not observed by the eye during the first histological stages of early
initiation{stages 1 to 3 in Hindy Sinnara ;Ewais and Zebda cuitivars and stages
1 and 2 in. Dabsha cultivar) ;the histological stages were almost similar in Hindy
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Sinnara ,Ewais and Zebda cultivars while in Dabsha,the first stages from 1 t0 3
were more late than those of the others cultivars then the final stages were
accelerated so we could not observed the previous clear final stages in the
others cultivars and the complete differentiation of panicle in Dabsha was nol
occurred until February 15" even with any treatment and cause late maturity in
Dabsha cultivar on the ocpposite of Hindy Sinnara,Ewais and Zebda cultivars as
the initiation of new secondary buds from Dabsha panicle was continuous untit
February 15". but with some treatments(KNO3 and...),the stamens and carpel
initiation was observed on January 1% for Hindy Sinnara cultivar,observed on
January 15". for Ewais and Zebda cultivars and observed on February 1% for
Dabsha cultivar.Considering the effects of treatments,the negative effects
were occurred in ‘off -year season in the most cases and in all of the studied
cultivars. In general,urea alone or its combinations treatments were cause
damage and burning of bud scales and burning of some of the inner
structure;paclobutrazol treatments were caused excessive growth of scales
and in Hindy Sinnara cultivar caused undifferentiation of carpel in ‘on’-year
season;NAA and GA3 treatments were caused undifferentiation or retarded
differntiation in all parts or in some parts of the flowery buds of the studied
cultivars;BA and KNO3 treatments have often a positive effects on
differntiation of the studied cultivars especially on the further regular
differentiation of the stamens and the carpel and on a good initiation and
development of primary and secondary branches of the panicles of the studied
cultivars.Also,the menticned stages of the studied cultivars were noticed in all
treatments almostly with some differnces in the occurrence dates of each
stage for the studied cultivars.

Morphological stages in figure(9) illustrated that there were four main
morphological stages of mango terminal flowery bud;these stages were fully
swollen bud which characterized by the swollen bud and spread the scales
and appearance of the surface of the flowery bud;the second stage was bud
inception as the bud become more swellen,slightly elongation and the scales
become more loosen;the third stage was developing panicle prior to full
bloom which described by increasing in elongation of the panicle,falling of the
old scales,loosening of the new scales and the panicle like the flush shape
and the fourth stage was fully developed panicle at the full bloom which the
panicle was full development and some of them have fruit set and the flowers
could be distinguish into male and hermaphrodite types.These results were
confirmed with those of Usha et. a/,1995 and Zora Singh and Dhillon,1988
whose mentioned the different morphological stages in mango flowery bud. It
could be concluded that ther are four stages of mango flowery bud
differntiation as follows:1-fully swollen bud. 2-bud inception. 3-developing
panicle prior to full bloom. 4-fullydeveloped panicle at full bloom.

These results were obtained in ‘on’ and ‘off'-year for the two studied
seasons.

3456



J. Agric. Sci. Mansoura Univ., 29 (6), June, 2004

(h) Epsow -
AN T Ay e e HAUIDI _. AR
VN QNN BN 0 SO8E Sos 1) pouad i Funnp w,roroay)
Dh-f o un)

o (Apsow

QLD 1pun A_m.v By e B N_«v

. "
Tumogs pug sanmadaa jo Aunung) -8

SIna0[) o1 i

J__..

¢ __..r.,__..:._.‘-_u,._ JOJUUNEA L
p O DD, osued Aupit o
WS | Arenuer uo(Apsow wauneon  fvp o | !

" {psowr .. A e
-t ) ajoznangoped o (Anisowr tpaf1 o, pue uo, uf)

e ¢
NN A Ul sasuo awox o || EME S8 Pavoud  Jewtou | 98T 0 Aurnp ofuei
mp adaon jo o0 aany spng Kewpd siagpo | HPUIS-04H Apun i 1o png - runum
, = s o Jorsaanea) jesidojong atos uo
aiym sp : | 1 | <
Auimol(s oampanys f| 1Y pRg - Aepuodasg

a5 R UOIRTIUA pun VVN + CONY 4 B[y pu vaug) iy

png o Asoaoy Jewoudn c phE a1 awos Jo a4 (x) Tl

R AR = -

e astealag) |
w d._.gq.s.n...:n:,

_..5_9::___ PRt e
5375

e A pageni kL 0 Q_:m

ng)

Bl

3457



Abd Ei- Zaher, M. H.

....:.,0.

| uondasul ping J_

PRY Aa o)) RUIuL) ofuew |
3 fojoydiout

“Wwoo|q 1jny ol _

| goud apaed Suidojaaag
bk :

pNg uajjoass Ajng

3458



J. Agric. Sci. Mansoura Univ., 23 (6), June, 2004

REFERENCE

Abou- Rawash, M.: N.A. EI-Nasr; H. EL-Masry and S Ebeed {1998). Effect of
spraying some chemical substances on flowering, fruit set, fruit drop,
vield and fruit quality of taimour mango trees. EgyptdJ Hort |, 25
(1) :83-99. (C.f Hort Abst. 69:5).

Azzouz, 5. (1961) Physiclogical and histological studies on the alternate
bearing in some mango varieties. Ph. D. Thesis, Faculty of Agnculture,
Cairo University, Egypt.

Bakr, E.l; K.M. Abdalla, MA Meligi and LA. Ismail {1981). Fioral
differentiation in Mango as affected by arowth requlators, ringing and
defoliation. Egypt. J. Hort. S¢. ,2: 161-166.

Barros, P.G.; G.A.P. DA Cunha; D.H. Reinhardt: N.Fonseca and N.M.L.
Barbosa (1998). Effect of potassium nitrate an flowering and fruit set of
mango trees (Mangifera indica L.) cv. Tommy Atkins in southwest Bahia.
Revista Brasileira de Fruticultura , 20 (2); 188-194. (C.F. Hort.
Abst. ,70:3).

Burondkar, M.M.; RT. Gunjate; M.B. Magdum and M.A. Govekar (2000).
Rejuvenation of old and overcrowded Alphonso mango orchard with
pruning and use of paclobutrazole. Acta Horticulturae |, 509:681-686.
(C.F. Hort. Abst. ,70:11).

Das, G.C.; S.C. Sahoo and D.P. Ray (1989). Studies on effect of gibberallic
acid and urea either alone or in combination on the growth and flowering
behavior of some ‘on’ and ‘off year shools in langra mango. Acta
Horticulturae , 231:495-499. (C.F. Hort. Abst. ,62:11).

El-Tomy, I. (1995). Mango Production Book. Egyptain Anglo Library, Cairo,
Egypt. -

Johansen, D.A. 1940. Plant microtechingue. Mc Graw- Hill, New York. 523,

Maas, E.F. (1989). In Nicaragua. Potassium nitrate foliar spray induces bioom
in mango orchard. Better crops International , 5 (1): 4-5. (C.F. Hort.
Abst. ,60:1).

Medina- Urrutia, V.M. (1994). Advancement of flowering in mango ‘Tommy
Atkins' with paclobutrazol applications. Proceedings of the
Interamerican Society for Tropical Horliclture, 38:56-61. (C.F. Hort
Abst. ,66:11).

Mossak, LI (1996). A study of early flowering in mango, part 1. Tropical fruits
News lefter , 21:6-8 [C.F. Hort Abst. 67:7).

Mustard, M.J. and S.J Lynch (1948). Flower bud formation and development in
manga (Mangifera indica L.} Bot. Gaz., 108: 136-140.

QOsuna - Enciso, T, EM. Engleman;, AE. Becerri- Roman;
R. Mosqueda- Vazquez; M. Soto- Hernandez and A. Castillo- Morales
(2000}. Floral initiation and differentiation in ‘Manila’ manga. Agrociencia,
34: (5):573-581.

Perez- Barraza, M.H., S. Salazar Garcia and V Vazquez- Valdivia (2000).
Delayed inflorescence bud initiation, a clue for the lack of response of
the “Tommy Atkins' mango to promoters of flowering. Acta Horticulturae |
509:567-572. (C.F. Hort. Abst. ,71:2).

3459



Abd El- Zaher, M. H.

Phayaphutanon, L.;K. Krisanapook; A. Pichakum and k. jutamanee (2000).
Changes of total non-structural carbchydrates within shoots of ‘Nam
Dok Mai’ mango after paclobutrazol application. Acta Horticult urae |, 509:
558-565. (C.F. Hort. Abst. ,71:9). -

Raafat, A.; S.H. EL- Deeb, and K .H. Neumann (1935) Investigation on the
endogenous activity of gibberellins and cytokinins of malformed mango
(Mangifera indica L.) in relation to disorders. [I. Floral malformation.
Angewandte- Botanik, 69: 1-2, 10-16.

Rao, M.M.; D. Srihari; V.S. Patil and M.B. Madalogeri {1997). Further studies
on chemical induction of flowering directly on fruited shoots in off phase
Alphonso mange trees. Karnataka J. of Agric. Sci. , 10 (2): 598-601.
(C.F. Hort. Abst. ,68:12).

Ravishankar, H. {1978). Studies on fruit bud differentiation and flowering in
mango (Mangifera indica L.) cv. Alphonso and Totapuri. Mysore J. of
Agric. Sci., 12 (1): 187-188. (C.F. Hort. Abst., 59:4).

Salomoen, E. and O. Reuveni (1994). Effect of paclobutrazol treatment on the
growth and first flowering of intact and autografted seedlings of mange.
Scientia Horticulturae , 60 (1/2): 81-87. (C.F. Hort. Abst. ,65: 6).

Singh, R.N. (1958). Studies in the differentiation and development of fruit buds
in mango (Mangifera indica L.) ll- Morphological and histological
changes. Hort. Adv., 2: 37-43.

Snedecor, G.W. and Cochran, W.G. (1980) Statistical Methods. 7th Ed. lowa
State University Press, Ames, lawa, USA.

Tongumpai, P.; S. Charnwichit; S. Subhadrabandhu; R. Ogata and U. Lavi
(1997). Anatomical study of terminal bud development of mango treated
with paclobutrazol. Acta Horticulturae, 455: 100-107.

Usha, k; P.C. Pande; H.C. Sharma; A.M. Goswami and Bhupinder Singh
(1995). Translocation studies in mango in relation to floral malformation.
Journal of Nuclear Agriculture and Biclogy , 24 (4); 253-255. (C.F. Hort.
Abst., 67:4).

Yamashita, K. ang S. Ogawa (1998). Promotion of flower bud differentiation
and improvement of bisexual flower formation in ‘Irwin’ mango.
Japanese J. of Trop. Agric. , 42 (3). 1563-158. (C.F. Hort. Abst., 69:4).

Zora Singh and B.S. Dhillon (1988). Presence of malformin- like substances in
malformed floral tissues of mango. J. of Phytopathology, 25 (2): 117-123.
{C F. Hort. Abst. ,60:1).

3460



J. Agric. Sci. Mansoura Univ., 28 (6), June, 2004

dgng ptilly g by gall Jalpall glo galll Cilaliiay Clyslagh Gty 0
sadkall ciliaal Glany (B AR g 3l ae sl

BalAll daala — Ao 5N A8 ~ Agslid oud

saildh e itiad Gl e 2001 52000 1999 aud ga el A i 038 2y
ik and Agaldl g il Jaadly e el Jeadl S g 8 (e ae 950 ) 4lan 8l s2is)
NETAY I E-W P SO S W.- J-SNUIC PPN g USSP IRCAR VS =S [ S TOU 5~ PO
FU [T JPUN PO U VRVPN IS VRN TP v L g PR L T B S N e
Cins I aleall g CitiaW cCamaal Jaad o e 4 dn) el ode (gl e pe
ond gy 2l g o sall Sal el e HS 5y Al DS e sl D8 A
Al Al Ay a W aed ) B dall Al o LS A SlaY) S A
JS o eom sl sl g 580 Sun e Bl a3 Sl L 35 8 AL oY)
e Jaadt e i e Bl B e 50 pel A sl A S A el il Cilieal)
s 3 alall Clially saadl (38 0 ZaHA) Al 2as AV il (eadl Sl i e
Cons ) S (B R gl s al e B maaS S8 R b gty R 0 b
;JLA:IS'I J.IEEJ}L::L:\.H AJ)J.“—‘;:_)A' Jﬁ_}é_,&_,_}.u-cljlh’l .JA:IS.&JI (J:_).L]l .U_L_:L.-.SE_L.JJ;]!
LS € A sall and i JE dny 3300 (dod el L e 3 ES) wie ZLASH 5 5l -y il
00 A (522} I g 3 sl 1 Ty 55 ot e 5 iy 550 bl (1S
ot M oo o — Nl el JSE 5 W g il = 5 0 Ol e all el — e sl -
pai— A Ky €l lied udi— AL KBy SN cliacd (ole ) seds — ALAKH G0 (K5
2 g 535 Jab e AL L IS 02 30 (RS i ¢l i o Ay S g el 6 500
?;)ﬁl—d‘ﬁajhjdﬁqﬁ_ﬂl(,.:,_}J|—Cu‘ahlqﬂ‘_—;_)h)]|r.c)ﬂ|]UJJH\L;})]]?;J_]'I
i — S oliac { gl sl ~ ALASD AEH JS3 5 p M am il DL AEN 4l JS5 5 e 3
AP g ) o oyl 85N (5 58 3 p ) ol ) iy paiall 5 3l o all 53y 5
oo 5 gl s = D lime 3l S 5 abee — 5 5kl &y ja 31501 — o 5
ol pa Aesad b ki AL 5 0 0 3l el Ll {{pm ll el i el 3540 A
Al aelpll 3L 5 Sl CRAEH — kil e gl — danl o gl - 2SR e ae )
il a3 5al g Al LS ja e g i 1 gl Cilels Cuns SV el B (s sl Aita
el jal i 5ol i ) i siKUIL Aeleal (gl (s 58 50 ae sl 5 AT 6 eV
JPRt O PR Ny RN B JCRI JUVCE P RON [N PR AU PR T P
o il Rgay il Jal all 3y 30 28 0 Ally A ol it e Y K 8 kN g )
SRR e g 1 S0 AV 5 Ly il Chive IS phliall y (2 (g g0 S ke
siiea Wb Jal el 3835 58 Jkath 5 ,als S A0 Ciia S Laiy SV el el el
e Jpmoall 540D (iiay s Ui sl Ciles S ddas e dn 0 AU gy adl 50y )
At el e el il Jeall s el Jasdt 2 i A ASGH 02

3461



