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ABSTRACT

This study was carried out to evaluate the effect of Calcium nitrate
(Ca(NO3),) at 0.1% and Gibberellic acid (GAs) at 25 ppm on grapefruit trees during
the petal fall (PF) through the two successive seasons 1999/2000 and 2000/2001. It
could be concluded that, (Ca(NOs3)2) and GA; increased the fruit yield per tree. In
addition to,the application of (Ca(NOs);) or GAs, separately or combined together
significantly |mproved the physical and chemical fruit properties; e.g. fruit weight
(g),fruit size (cm) peel thickness (cm), juice %, TSS %, acidity %, TSS/acidity ratio,
total sugar (mg), vitamin C (mg). In addition to, Chlorophyll (A and B) content in leaf
tissues. All treatments also significantly increased leaf mineral content. The
anatomical results indicated that, treatments fundamentally affected the internal
features of both the juncture of pedicel and fruitiet as well as the leaf structure.
Combined treatments gave the best results in reducing abscission as the thickness of
both the juncture zone and the pedicel as well as degree of both connections of
vascular system and cell adhesion in union zone were the highest. Moreover, the
anatomical leaf features were the best as the combined treatments were applied.

INTRODUCTION

Grapefruit (Citrus paradisi Macf.) belongs to the family Rutaceae
(order. Sapindales) which consists of 150 genera and 900 species
(Cronquist, 1981). Grapefruit is cultivated in Egypt on a commercial scale for
exportation and as a source for hard currency. Grapefruit is not a popular fruit
for Egyptians, although some people use the fresh fruits for medical purposes
as the fruits contain vital constituents such as flavanones (naringin,
narirutionosides (NR) limonin 17-B-D glucopyranoside (LG) and Vitamin C.
These compounds were found to have potential human health benefits,
including cancer cardiovas disease prevention. (Patil et. al., 2000). For these
reasons, this study was carried out forincreasing yield and improving fruit
quality (physical and chemical fruits properties) by using (Ca(NOs),) or GA3
separately or their combination.

Concerning the effect of Calcium, many investigators reported that it
has a critical role in cell division, cell development, carbohydrate movement,
neutralization of cell acids, cell wall deposition and the formation of pectate
salts in middle lamella (Huber,1980). Moreover, Zhou et. al.(1998) found that
chlorophyll reached its maXImum concentration with Ca application and John
and Bower.(2000) found that Ca*? application appears to decrease the effects
of water stress.

Additionally, Smith (1964) found that vigorous trees occurred when
leaf Ca was 2.5 percent or above, while values over 4 percent were
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associated with a sparse fruiting habit. Xie et. al., (1992) reported that the Ca
status of the fruit may be responsible for basipetal transport of IAA and may
regulate the movement of IAA. Regarding the effect of GA;, Farmahan (1999)
reported that spraying with GA; during the on year at 30 and 23 days before
anthesis reduced the production of fruits compared to the control treatment,
which resulted in significantly higher average fruit weight and higher fruit yield
per tree. GA; also increased fruit number and average fruit weight in both off
years compared with controls in Kinnow mandarin trees .In addition, Davies
et. al. (1999) found that sprayed fruits of orange trees with GA; at color break
stage had statistically greater juice yield than those of non sprayed ones.
Moreover, spraying with 10 ppm. GA; at the beginning of vegetative growth
increased the number of fruits and fruit yield of naval orange (Koller et. al.,
2000).

Fruitlets abscission phenomenon is one of the most critical problems
facing the growers of fruit trees , which cause a great loss of yield and in turn
in mass of income (Hollman,1995). This phenomenon has been
demonstrated as a complicated correlative process , which involves
phytohormones and nutrition status, as well as environmental conditions
(Guinn,1984).

Fruits abscise in different stages of development. The location of the
abscission zone varies in different fruits. In citrus the separation layer is
formed beneath the ovary where the vascular diverge from the receptacle into
the carple.The degree of differentiation of the abscission zone varies in
different fruits. In citrus, large quantities of starch accumulate in the
abscission region and pectin disappears, with the consequent weakening of
cell walls. The abscission zone in most fruits is often structurally weak in
having reduced amounts of sclerified tissue and a vascular system that is
condensed in the center instead of distributed near the periphery
(Esau,1976).

This investigation was carried out on grapefruit trees to overcome the
fruitlets drop phenomenon by using GA; and / or calcium treatments as
spraying solutions , which could delay dropping of the fruitlets till reaching
the maturity or reducing the percentage of fruit set abscission .

To give more details about the reasons of fruitlets abscission,
anatomical study was carried out on abscission zone using different
treatments to find out whether these treatments would stimulate or inhibit this
phenomenon and to study the anatomical features of the abscission zone of
both cases.

MATERIALS AND METHODS

This study was carried out during two successive seasons (1999-
2000 & 2000-2001) on 28 years old grapefruit trees (Citrus paradisi Macf. cv.
Ruby red), nearly similar in vigour, budded on sour orange rootstock (Citrus
aurantium L.) grown in Hort. Res. Inst, Agri. Res. Center,Giza. The trees
were grown in a clay loam soil under flooding irrigation system and spaced at
5 X 5 meters. Twenty four trees particularly uniform in vigour and productivity
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were chosen for this study and treated as a complete randomized block
experimental design (CRBD) with three replicates, each replicate consisted of
one tree. . .

Treatments were as follows:

1- Control trees = left without foliar spray

2- Ca(NO,), sprayed only at 30% PF

nitrate only  at 30% of petal fall.

3- Ca(NQOa,), sprayed only at 75% PF

nitrate only at75% of petal fall.

4- Ca(NQOs), sprayed 6 times (every 30 days) = six times frequent foliar spray
with calcium nitrate, starting from end of February to end of July, i.e. one
month between each spray.

GA; sprayed only at 30% PF = a single foliar spray with gibberellic acid
only at 30% of petal fall.

6- GA; sprayed only at75% PF = a single foliar spray with gibberellic acid

only at 75% of petal fall.

7- GA; + Ca(NO;), (only at 30% PF) = a single foliar spray with mixture of
calcium nitrate + gibberellic acid only at 30% of petal fall.

GAs+ Ca(NQO,), (only at 75% PF) = a single foliar spray with mixture of
calcium nitrate + gibberellic acid only at 75% of petal fall.

a single foliar spray with calcium

1]

a single foliar spray with calcium

5

8

In this study calcium nitrate (Ca(NO;),); (15.5% N, 18.8% Ca) and
gibberellic acid (GA;) were used at 0.1% and 25ppm, respectively. Each tree
was individually sprayed with 10 litres of solution which was sufficient for a
thorough coverage of the canopy salient-film as a wetting agent at 0.3% was
used as a wetting agent.

A sample of ten frwts was taken from each replicate to be tested
for fruit weight (g), fruit size (cm®), peel thickness (cm) juice %, total soluble
solids (TSS) %, acudlty% total sugar (mg /100 cm? juice) and ascorbic acid
(VC) as mg /100 cm® juice .All these analyses were evaluated according to
A.O.A.C. methods (1977). Leaf chlorophyll (A & B) contents as mg /g of
mature fresh leaf tissue were estimated according to Arnon (1945).

Yield as weight of fruits (kg) per tree was recorded at harvest. Leaf
samples for both chlorophyll and leaf mineral contents were taken from
mature leaves of each treatment and washed several times with tap water
then with distilled water, oven dried at 60-70°C. The dried ground samples
were digested with sulphuric acid and hydrogen peroxide according to
Evnhuis and waard (1980) to determine N, P, K, Ca, Mg, Fe, Zn, and Mn,
contents. N was determined by micro -Kjeldahl method as outlined by Pregl
(1945), Phosphorus was colorimetrically determined according to Murphy and
Riley (1962). K, Mg, and Ca were determined by using Flame Photometer as
mentioned by Brown and Lilleland (1946). Fe, Zn, and Mn were determined
by using Perkin Elemer Atomic Absorption Spectrophotometer. Data were
statistically analysed according to Snedecor and Cochran (1972).
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Anatomical studies:
For anatomical studies of the juncture of the fruitlet and the pedicel,

and its relationship with the leaf anatomical features, 3 samples of fruitlets
(including the pedicel ), and leaves of each treatment were taken 30 days
after fruit set in the second season (2000/2001).

Specimens were killed and fixed for at least 48 hours in F.A.A. (10 ml
formalin, 5 ml glacial acetic acid, 50 ml ethanol 95% and 35 ml distilled
water). Thereafter, samples were washed in 50% ethanol and dehydrated in
a normal butanol series before being embedded in paraffin wax (m.p. 56-
58°C). Longitudinal sections 20 p thick were cut using rotary microtome,
stained with crystal violet/erythrosin in leaves, or safranin/light green in
fruittets and mounted in Canada balsam (Sass,1967). Slides were
microscopically examined and photomicrographed.

Microscopical counts and measurements (u) were taken through
specimens of the median leaf of the corresponding twings and conjunction
zone between the fruitlet and the pedicel. Ten readings from 5 slides were
taken for each treatment.

RESULTS AND DISCUSSION

I-Yield:

Results in Tables (1 and 2) indicate that spraying grapefruit trees with
calcium nitrate (Ca(NOs),) at 30% and 75% of petal fall (PF) or each 30 days
significantly increased the yield than the control trees. Amongst the three
Ca(NQOs), treatments, the highest yield was obtained by spraying Ca(NOs;),
each 30 days; 175.5 and 243.5 Kg/tree for the two successive seasons,
respectively.

Concerning GA; treatments, it could be noticed that the yield was
significantly increased by spraying GA; at both 30 and 75 % PF .The highest
values were obtained by foliar application of GA; at 75% PF compared with
the other treatment being 199.3 and 260.3 kg/tree for both seasons,
respectively.

Maximum vyield occurred when trees sprayed with GA;+Ca(NO;), at
30 % PF being 232.2 and 283.9 kg/tree in both seasons, respectively, as
compared with the other treatments. These results are in line with Fidalski et.
al. (2000) on Valencia orange; Ouyang Guochun (1998) on Satsuma
mandarin who found that good yields were obtained by Ca application. In the
same respect. Dai (1995) found that spraying calcium had positive effects on
flower bud formation and increment in yield due to increment in fruit set.
Moreover several workers (Ibrahim et. al., 1994, EI-Wazzan et. al., 1993 and
Tafazoli et. al.,1989) reported that spraying GA; at different concentrations
during flowering increased the yield of navel orange and Valencia orange.
These increments also could be attributed to the stimulated of GA; sprays on
cell elongation of fruit tissue (Brion and Hemming, 1958). In the same
respect, Wang and Yu (2000) found that the fruit set increased by spraying
GA; after flowering on C. medica.
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lI-Fruit quality:
The effect of Ca(NO;), singly on fruit quality:
1- Physical properties:

Generally, Ca(NO;), treatments when sprayed on grapefruit trees
improved fruit quality (physical properties) as compared with control in both
seasons. Ca(NO,), each 30 days gave the highest values in both seasons
compared with the other Ca(NO,), treatments, it gave (313.3, 326.1, 0.56 and
46.68) in the first season and (320.3, 332.1, 0.65 and 45.41) in the second
season for fruit weight, fruit size, peel thickness and juice percentage,
respectively. These results are logic since Ca++ plays an important role in the
auxin induction inside plant cells. Also auxin caused cell elongation seems to
require Ca™ (Jones, 1990). In addition, Shishova and Lindberg (1999) who
found that Calcium provides cell wall rigidity by cross - linking the pectic
chains of the middle lamella, and Treeby et. al. (2000) who cleared that, Ca
sprays reduce creasing approximately 30%, attributed to the increase of
thickness, and also Fidalsk et. al. (2000) who reported that, the fruit weight
was related with both Ca™* content of leaves and soil solution which gave the
highest orchards productivity. .

2- Chemical properties:

Chemical properties as affected with Ca(NO;), each 30 days gave
the highest values in both seasons compared with the other Ca(NOs;),
treatments, it gave 11.13 %, 1.75%, 5.78 %, 47.08, 23.37 and (2.240 &
0.814) in the first season and (11.83%, 1.57 %, 7.52 %, 54.02, 24.43 and
(1.637 & 0.535) in the second season for TSS, Acidity, TSS/acidity, total
sugar, V.C and chlorophyll (A & B), respectively. These results are in
accordance with those obtained by Kim et al. (2000) who found that,
spraying Ca™ on Satsuma mandarin in increased fruit quality such as total
sugar and TSS. Moreover, Zhou et al. (1998) and Thukral et. al. (1994) on
Citrus limonum and Lavon et. al. (1995) on rough lemon reported that, leaf
chlorophyll content increased with Ca spraying.

The effect of GA; singly or plus Ca(NO,),on fruit quality:
1- Physical properties:
' Data in Tables (1&2) indicate that spraying GAs; singly or in
combination with Ca(NOs;), improved fruit quality (physical properties)
compared with control in both seasons. GA;+Ca(NQ;), at 75% PF gave the
highest values in both seasons (347.2, 380.9, 0.55 and 48.75) in the first
season and (370.2, 385.1, 0.61 and 49.41) in the second season for fruit
weight, fruit size, peel thickness and juice percentage, respectively. These
findings are in harmony with those obtained by Mazumdar and Bhatt (1977)
who reported that, spraying GA; increased fruit size on sweet orange and
lima, also the similar results was reported by Tafazoli et. al (1989) on
Valencia orange trees.
2- Chemical properties:

Data presented in Table (1&2) show that, GA; singly or plus
Ca(NO3), improved chemical properties, as GA; + Ca(NO3), at 75% PF gave
the highest values with TSS, acidity, TSS/acidity, total sugar, V.C and
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chlorophyll (A&B) content (11.83, 2.13, 5.56, 62.40, 25.40 and (2.589 &
0.902) in the first season, respectively, while in the second season were
12.33, 1.88, 6.55, 54.53, 25.35 and (1.869 & 0.623), respectively. These
results are in line with the findings of El-Wazzan, et. al. (1993) on Navel
orange that the ascorbic acid content increased slightly with spraying GAs.
Moreover, Casagrande et al. (1999) showed that, citric acid percentage
(acidity%) increased with increasing GA; concentration on tangerine. While
Davies, et. al. (1999) reported that, GA; sprays on Hammlin orange gave
peels with higher (peel puncture), peel colour, and Juice yield. On the other
hand, Matthew and Frederick (2000) reported that, citric acid was
significantly reduced (about 0.5% - 0.8 % compared with control) when
Hamlins and Valencia orange trees were sprayed with GA;.

ll-The leaf mineral content:
1-The effect of Ca(NO;), singly:

Data presented in Tables (3&4) indicated that the different
experimented treatments have increased the values of leaf mineral content
as compared with the untreated trees in both seasons. Also when the trees
sprayed with solution of Ca(NO;), each 30 days, the leaf calcium content
increased than the control in both seasons. Moreover, this treatment
recorded the highest values (5.45% and 3.10 %) in the first season and (5.28
% and 3.21 %) in the second season for both treatments (Ca(NO;), each 30
days and control), respectively. These results are in accordance with those
reported by Li et al. (1999) on navel orange thatas the concentration of
nutrient in the solution rises, the contents of the nutrient in the plant increase
accordingly.
2-The effect of GA; singly or plus Ca(NO;),:

The effect of GA; plus Ca(NO;), treatments gave values higher than
control for all elements except nitrogen had no significant in the first season
while it was significant in the second season, but GA; plus Ca(NOs), at 75%
PF gave the higher values than GA; plus Ca(NQO;), at 30% PF, being (0.159,
0.83, 5.32,0.34, 69.34, 36.00 and 32.67) in the first season and (0.145, 0.75,
4.79, 0.42, 94.14, 62.66 and 43.37) in the second season for P, K, Ca, Mg,
Fe, Znand Mn, respectively. Generally, these results are in harmony with the
findings of Ibrahim et. al. (1994) and Shawki et. al. (1978) on navel orange.

in conclusion, it is evident from these data that spraying grapefruit cv.
Ruby red trees with calcium nitrate each 30 days or GA; plus Ca(NOs), at
75% PF followed by GA; plus Ca(NO;); at 30% PF gave the highest values
for the yield, fruit quality, leaf mineral content and Chlorophy!l (A&B) content
compared with the control.

IV- Anatomical studies:

The anatomical study was designed to find out the effect of spraying
different doses of GA; and calcium nitrate, separately or in combination, on
both quantity and quality of fruityield. Thus, the anatomical features of the
juncture of the fruitlet and the pedicel as well as the fruitlet pedicel were used
as criteria, measuring the changes which may have occurred in the
abscission zone as a result of treatments.

1245



Sayed, R.A. etal.

eJ 1eod =4d

102 062 582 ¥0°0 620 900 00 0 600 % G 18 Q'S
LEEY 9929 ARG Zvo 6L Y SL'0 SY10 09¢ 4d%S . 1 U wnided+ Yo -8
62'6€ £C'SY 00°GL rAN} oty €L'0 9eL'0 052 4d%0¢ 1e 31eIu wndjed+ £y -L
XA 8L vy zZT'18 1E0 €9 9,0 $eL0 1 3d%SL 'Y -9
0s'Lg L9°0¥ 9818 820 vL€ €L0 yrL0 92’2 4d%0¢ 1 £tv9 -§
8L'SY €82 ¥S901 95°0 82'S 98°0 L0 2Le sAep 0¢ Yyoea jesu wndED Y
SLLE 8562 9806 oo ¥y 690 GELo S92 4d%S. ¥e denu wnjen -¢
e 08'82 ov'i8 ze0 ye'y ¥9°0 vyL°0 092 4d %0¢ e aeniu wnije) -2
1092 1592 0v'SS 82°0 1z'e 190 ¥Z10 0 jonuod -1

(wdd) uy (wdd) uz (wdd)ag by %eD %N %d %N * sjuauneas]

(100Z2/000Z) uoseas puodas ay) buunp pas Agny seanjns yinijadesb jo Juajuod jeiauiw jea uo sheids
uoneuIqWod Jiay) pue (cy o) pioe s1j212qqib (z{cOoN)eD) a1eniu wnidjed jo uonesdde seijo) jo 1033 :( ¥ )ajqel

liej 1eod =4d
12z o'y $8¢ 200 610 900 L1000 S'N %S 18 '0'S

. - " . A ; . z 4d%S . 1€ 31U wnidjed+ £y -8
19'2¢ 00'9¢ ¥£'69 ¥€'0 Ze's €80 6510 09 )
£ele 00 0¢ 99't§ rAN] 9z's L90 Zrio 152 4d%0¢ 1€ 3jes)u WNIdjeD+ ¢y -4
00'8¢ ve'8C 99'v9 620 SEy 990 SvL'0 Ve u_n_”\..mh ”M M«w -M
19'9¢ 1962 9999 1z0 oL's vL°0 AN ov'e 4d%0¢ o vo s
L9'1€ 00°0S ve'SYL 8€°0 S¥'S 180 LyLo 19T sAep 0f Uoea 3jeAU WNIIED -
1992 £€'6C ve'es £€'0 Lv'e 990 9eL0 952 4d%S. Je 31eniu wnidjed .n
19'8¢ £€'8¢ vE'SL 9z'0 ove 290 geLo A4 3d %0¢ 1e aenu Enm_wc_mw w
19'92 £€ 92 ve'L9 9z'0 oL'e S0 zzL0 0£¢ !

J]
(wdd) uy (wdd) uz (wdd) a4 %bW %ed %A %d %N sjuauneall

(000Z/6661) uoseas 1511 ay) Buunp pas Aqny seanins nnijadesb Jo Juauod jeiduIW JEIT UO

sAeids uoneuiquwos J1dY) pue (o) ploe 21112129016 ‘(z(EON

JeD) aresiu wnidged jo uonesydde seijoj Jo 10943 (¢ )alqelr

1246



J. Agric. Sci. Mansoura Univ., 29 (3), March, 2004

The fruit quality found in the previous results could be related to the changes
which may have occurred in leaf structure due to the treatments.

A- Anatomical features of the juncture of the fruitlet and the pedicel:

Anatomical counts and measurements at the junction of fruitlet
and pedicel for treated grapefruit trees are presented in Table (5). ltis
obvious that, trees regularly sprayed at 30 days intervals by 0.1% calcium
nitrate showed a remarkable increase in thickness of both union zone and
pedicel by 154 6 and 10.6%. respectively, as compared with their respective
control. However, these plants showed well brought-up degree of vascular
connection and enough amounts of cells adhesion in the union zone
comparing with the untreated plants (Figure , 1 A and B) . The same trend
was observed by GA; treatments , since 25 ppm GA; sprayed at 75% PF
increased the thickness of both union zone and pedicel by 159.1 and 23.7%,
respectively, as compared with their respective control. This increase in
thickness of both pedicel and union zone is relatively equivalent to that
occurred as a result of calcium nitrate treatments. More consistency was
observed in union zone either for vascular connection or amount of cells
adhesion due to GA; treatments, comparing with that of control plants
(Figure,1 A and C).

Regarding the effect of the combined treatment of GA; and calcium
nitrate at 75% PF, data presented in Table ( 5§ ) and Figure, 1(A and D)
proved highly positive synergistic effect on the anatomical features of
abscission zone at the junction of fruitlet and pedicel when compared with the
untreated plants, since the increase in thickening measurements of the
juncture of the fruitlet and the pedicel reached 263.6%. However, this
increase was accompanied with an increase of 39.5% in pedicel thickness.
Moreover, relative to the control, these treatments resulted in increasing the
fruitlet pedicel junction (i.e; degree of connection in the vascular system
especially xylem as well as degree of cells adhesion in attachment
zone),consequently prevented fruitlet abscission.

Anatomical observations for the treatments under study revealed that
abscission zone at the junction of fruitlet and pedicel occurred with intense
vascular system development as a result to spraying grapefruit trees with
GA; and / or Ca solutions relative to the control.

Table (5): Measurements (u) of the abscission zone at the juncture of
the fruitlet and the pedicel of grapefruit trees untreated
and treated with calcium nitrate and/or GA; .
:’ Degree of ‘ Degree of
Measuremer—(\:]s)! T_hick. of | Thick. of | connection cell adhesion
Treatments | union zone pedicel - | of vascular l in union
i system zone
Control 770 1380 + i +
| Ca(NO1); each30days | 1960 1526 ++ ] ++
| GAsat 75% PF . 1995 1707 | 44+ | 44+
| Ca (NO:):+GA; at 75% PF. 2800 1925 [ 444+ | 44+
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The rapid development of the vascular system within a relatively
short period could be attributed to that GA; moves in all plant tissues
(including xylem and phloem) and promotes cambial activity, producing thick
xylem and phloem layers. Addition of GA; in the basal medium induced
cell divisions as well as promoting xylogenesis in Citrus limonum Risso
tissue cultures (Aysha Khan,1996). Moreover, increase in GA; level is
associated with the decline of the endogenous inhibitors (such as abscisic
acid ) . GA; also promotes auxin production,hence producing considerable
amounts of auxins by citrus fruitlets at early stages of development will
induce cambial activity and vascular proliferation (Goldschmidt,
1976).Thus,the cambial contacts between the fruitiet and pedicel as well as
the vascular connection will grow most rapidly and export more assimilates
and water into the fruits through the pedicel (Sachs,1991). Auxin also
increases the secondary thickening of the pedicel which might be the reason
for the bigger size of fruits. In addition to the direct effect of auxin on fruit
growth (Bustan et.al.,1995).

An unusual upsurge in the flow rate of assimilates and water in the
vascular system may act as a signal for the expansion of the vascular
tissues. On the other hand, it is possible that the increase in fruit growth rate
enhances the production and basipetal export of more growth substances by
the fruit. This in turn, may enhance cambial activity and differentiation of
additional phloem and xylem (Aloni,1987).As soon as the new vascular
elements become active, the capacity of the system increases and more
substrate is available to the fruit, hence increasing fruit growth rate.

Furthermore, calcium is considered one of the main constituents of
cell wall-middlelamella. Thus, spraying trees with GA; and / or Ca caused
higher transport capacity which might be responsible for retarding the fruitiet
abscission processes , and consequently improving fruit set.

B- Anatomical features of the leaf:

Data in Table ( 6 ) represent certain microscopical measurements of
grape fruit leaf blade as treated by different doses of gibberellic acid or
calcium nitrate and their combined treatment. Photomicrographs that illustrate
the effects of such treatments are given in Figure , 2 (A,B,C and D).

It is confirmed that calcium nitrate treatments of 0.1%, sprayed
regularly each 30 days increased thickness of both leaf midvein and lamina of
grapefruit leaves by 33.3 and 6.7% over the thickness of the untreated control
for both traits, respectively. However, comparing with the control, the
increase in lamina thickness was accornpanied by an appreciable increment
in thickness of both leaf palisade and spongy tissues, being 3.3% and 12.0%
for the two tissues, respectively. Calcium nitrate treatments also affected the
dimensions of the midvein bundles, since 39.1 and 73.3% increments were
observed in length and width of midvein bundle, respectively, compared to
the control. Nevertheless, the increase in bundle dimensions was positively
coupled by an increase in thickness of xylem by 81.8 % and phioem by
20.0%. Moreover, xylem vessels showed wider vessels being 18.2% more
than the control(Figure ,2 A and B). ’
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Regarding gibberellic acid treatments, data presented in Table (6 )
and Figure 2 (A and C) indicate that spraying 25 ppm GA; at 75% PF
resulted in increasing thickness of both leaf midvein and lamina by 45.8%
and 40.0% , respectively, more than the control. However, the increase in
lamina thickness was mainly due to the increase in thickness of both palisade
and spongy tissues, which amounted to 10.0% and 50.0% over the control,
respectively. Moreover, dimensions of the main vascular bundle increased by
65.2% in length and 60.0% in width over the control. Though, the increase in
vascular bundle dimensions is principally attributable to the increment in
thickness of xylem tissue by 118.2% and phloem tissue by 28.0% over the
control. Moreover, vessel diameter increased by 27.3% comparing with the
control.

Regarding the effect of combined treatment of 0.1% calcium nitrate
and 25 ppm GA; sprayed at 75% petal fall, data proved that this treatment
gave the highest records in microscopical measurements of leaf anatomical
features Table (6 ) and Figure 2 (A and D). Comparing to the control, leaves
of the treated plants showed an increase in midvein and lamina thickness by
66.7% for both. The increase in lamina thickness was mainly due to the
prominent increase of about 50.0% in palisade tissue and 80.0% in spongy
tissue comparing with the control. However, the main vascular bundle of the
midvein increased in length by 87.0% and in width by 80.0% over the control.
Furthermore, leaves of treated plants showed an abundant increase in
thickness of both xylem and phloem tissues. These increases amounted to
172.7% and 60.0% over the control for both xylem and phioem, respectively.
Likewise, such treatment increased vessel diameter by 63.6% as compared
with the control.

Table ( 6 ): Measurements (p) and its relative percentages to the control
of grapefruit leaf blade as treated by calcium nitrate and /or

GA;.
Treatments
Ca(NOs;); Ca (NO,); + GA
Control Each 30 days fﬁ} au 7o PE 4 - M
Measurements (i) +% to control o to control | 4 o, to control
Midvein thickness 672.0 896.0 +333 (9800 + 45.8]11200 +66.7 |
Lamina thickness 210.0 2240 + 6.7 [294.0 + 40.0( 350.0 +66.7
. Palisade thickness 42.0 434 + 33 46.2 + 10.0| 63.0 +50.0
Spongy thickness 140.0 1568 +120 |210.0 + 50.0| 252.0 +80.0
Main bundle dimen.
Length 322.0 4480 +39.1 (5320 + 65.2| 602.0 +87.0
Width 420.0 7280 +733 6720 + 60.0/ 756.0 +80.0
Xylem thickness 77.0 1400 +81.8 [168.0 +118.2] 210.0 +172.7 |
Phioem thickness 35.0 420 +200 448 + 280 56.0 +60.0 |
Vessel diameter 15.4 182 +182 [196 + 27.3] 252 +63.6 |

The importance of leaves to the inflorescences for fruit set is well
known, and has been reported for many varieties and species of citrus by a
number of investigators (Erner and Bravdo,1983). The correlation found
between carbohydrates and fruit set has been claimed to be the major factor
in the enhancement of fruit set (Goldschmidt and Golomb ,1982 ). The
preferential set on shoots bearing leaves and flowers has been explained
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mainly in terms of the supply of photosynthate to the developing fruits from
the adjacent young leaves , an optimal supply being needed to enhance fruit
set (Moss etal,1972). Leaves have been known to induce and cantrol the
development of vascular tissues along the plant axis by means of steady
polar flow of auxins (Aloni, 1992 )

It is clear from the anatomical study that the used treatments
fundamentally affected the anatomical features of both the juncture of pedicel
and fruitlet as well as the leaf. These changes in different characters
produced by treatments occurred to different extents. As a remarkable trend
of increments was observed in microscopical measurements. The lowest was
caused by calcium nitrate treatment, followed by GA; treatment, and finally
the largest changes were found as a result of the combined treatments of
both calcium nitrate and GA; treatment. Thus, the anatornical study may give
an indication for the previously obtained results concerning the effect of
spraying 0.1% calcium nitrate and 25 ppm GA; separately or in their
combination, on both quantity and quality of grapefruit yield.

The present study emphasizes the importance of the fruitlet-pedicel
juncture for fruit set and provides a possible explanation for the better set
(quantity and quality) on grapefruit trees treated with calcium nitrate and / or
gibberellic acid comparing with the untreated control.
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