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ABSTRACT

This experiment was canied out during two successive seasons

lggS and1999 arZ!-year-old navel orange (citrus sinensis osbeck)

trees budded on sour orange rootstock in a private orchard.at El-

Monofia Governorate. theiffects of zinc, calcium, gibbrellic acid

unJ Uior"* on fruiting, yield , fruit quali6'and mineral contents were

recotded.
Spraying zinc sulfate alone or as a combination with calcium

chelatei biozim and gibbrillic acid treatments increased fruit- set ,

tree cfficiency ( as a nimber of fruits per 1 m3 tree canopy )' reduced

June and pre-harvest fruit drop whin oompared witlr the conirol

treatrnent. whereas, zinc sulfate plus caicium chelated and biozem

treatnent had more eff'ect in this respect . Furthermore , the above

menlioned treatrnents markedly increased fruit weight 
' - 

fruit size'

fr.rit fi*tr.ss and fruit height iwhich eauses a change in fruit shape)'

Mo.*"r"r, they had a slight effect on peei thickness. Zinc sulfate

alone or combined with ca'icium chelated significantly increased fruit

juice weight, TSS' TSS/ acid ratio and reduced acidrty'

Moreover,corrrbinationofzincsuifatewithcalciumchelated
and biozem or giUtretlic acid increased N, Ca (maero elements) and

ii, zn, Mn ( riicro elements ) in navel orange ieaves' On the other

hand, these, treatments had no effect on P and K contents '

Key words : calcium, citrus, zinc' 
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l.INTRODUCTION

In citrus, the majority of the produced orange abseise within
two months after anthesis . certain curtivars requiie poliination aad
seed developrrent for fruit set , while otrrers "* 6" set r*,ithout
pollination (seedless cultivars) whereas , a pollen stimulates fruit
setting only (Erickson and Brannaman 1960 ) .

washington navel orange tree is practically more sensitive to
environmental stresses , particularly water stress and microclimate
stability to a degree that they may suffer in many years from
excessive drop during May and June, which is reflected on reducing
fruit - set and yield ( Azr;b 1979 ) .

Zinc is kaown to stirnulate growth and its deficiency leads to
shortening of internodes in plants .This led ta the discovery that this
element is closely related ta auxin revel in the affected plants .In
addition, it was thought that zn deficiency causes the destruction of
iAA by an increase in oxidation due to the promotion of peroxides
activiff. Moreover, it was clearly shown thai a lower auxin level in
the plant due to Zn deficiency is an account of reduced synthesis of
tryptophan , a precursor of I AA ( Nason and Mc Elroy , 6Ay.

Spraying of Znsoa at 0-5ya significa,try increased thsnumber
of fiowers fcrmed on bearing shoots , fflrit set and reduced fruit
drop ( Nasr 1982 and Sharaf 1990 ) . Moreover, ZnSO+ application
improved leaf chlorophyll content ( patel and patel rlss )ano fruit
quality (Sharaf 1990 and Desai er al.,lg9l) .

It is well known that GA: and IAA significantiy :ffecr tree
yield (Giffillan et ql., tg74 a*d smit 1990 ) and fruit quaiiry ( Didda
1971,Lima& Davis i9B4 and Ibrahim et at.,1994) .

Application of caleium inhibited fruit abscission and derayed
its senesce*ce development (poovaiah and Leopold,1973), protected
the middle lamella from normal breakdown (poovaiah 19gg),
increased fruit pull force and firrnness ( Fa*st lg75 ) , reduced acid
concentration and enhanced sugar accumulation ( Xie et al., 1992) .

The aim of this investigation was to study the effect of faliar
applieation af sorne grorvth substances ( Znsoa, GA3, Biozeme aad
Ca - EDTA) on Navel orange trees fiuit set, fruit drop, tree
productivity and ftuit quality .



-r77-

2. MATfiRIAL AND METHODS

The present work was carried out during two successive

seasons(tq9gand1999)on25.yex-oldNavelorangetrees(Citrus
sinensis osbeck ) grafted on sour oratrge rootstock in a private

o."n*a at El - lienofia Govemorate and planted 5 m apart in a clay

loamy soil. The trees were selected at random and as uniform as

porriUt. in their growth vigour and yield' All the experimental trees

ir.r* t 
"ut*d 

a6fe in the]r cultural practices(60-80 kgm. animal

**uo plers 1.5 kgm super phosph{: 1l'5 % phosphoric acid in

December, 2 kgrn umonu* sulfate 20'6% N plus 1 kgm potasum

sulfate +g% ko H in tt'tarch and August aad I kgrn amonium nitrate

33% }l1 in May per tree ) except for the purpose of this experiment '

2.1.The treatments were as follows

1. Conirol ( sPraYed with water ) '
i,. znsoouis gn-l 1 - { at 75'h Feb' , 1" May a-1d. 15'h J}ry) 

r I,

f.ZnSOoat5-gm/l+-Ca-EDTAat0'5gmlt(at15*Feb'1'''May
and 15" July "

4. ZnSO+ at 5 gm 17 at 15th Feb, l"'May and 15'' July ) 
** 

Biozem at

1.5 m/1. Whiohwere sprayedat30%asd7}Yo of blooming'

5. ZnSOa at 5 WJ I (at t Sd feU., 1" May and I 5'i July) and gibberellic- 
*ia ,t I 5p[m which wefe spraye d at 30r/o and 7 \Ya of ..rlooming .

6. ZnSOa at 5 gm Jy+ Ca- EDTA ut O'S g"Vt ( at l5'h Feb''.l" May
" *JIi; l rhT) *a Biozem at i.5 ml - which were sprayed at3aYo

atd7}Yo of blooming '

7. ZnSOq at Sgrn/1. + ia -EDTA at 0'5 gm/i' ( at 15'h Feb'' l'r May' 
*a-rs;-lr?vl and gibbrillic acid at i5ppm which were sprayed

ar}}Yo a*d 7Ao/* of blooming '

,Ca-EDTA(10g6sequesteredcalciumchelatedbyethyl.diamineteffa-a

cetec acid .*Biozsr { Micro elemenb eq' 19'34 gm iL' ( 1'86 %) ( Fe 0'49 Yo ' Zn

0.34vo,Maa.D%, Mg 0.14 B/o , B 0.30%'and s 0.44% ) , biological

fror*oo*, (7S.87 % ) (dA 32.2ppm,lAA32'2ppm and Zeat;;lS3'2 ppm )'

Ingredients inerhes {19.27 %)1

A
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Each treatment was replicated three times with two trees in
each replicate in a complete randomized block ciesig. .Each tree rvas
individually sprayed with 8 litres of the solution rvhich war sutficieni
for a thorough coverage ofthe canopy 

"

Effects of treatments on fruit-set, June drop and pre-harvest
fruit-drop percentage were weasured as follows :
i. Fruit-set perceltage was calculated at fruit-setting stage (aftsr

petals fall atl'r May) as formula :

Fruit seto/o: Number_of fruits/ Shoot X100,
Total number of flowers /shoot

2. June drop percentage was recorded at 1,, July as follows:
J.D.(%): Number of fruits which dropped x 100

Total number of fruits

3. Prerharvest fruit-drop percentage was calculated atl5th December
as follows:

Pre-H.F.D(%):
Total number of fruits on tree

A sample of mature leaves from non fruiting spring flushes
were collected in september in both seasons , oven ar;.d utlo 'c and
analyznd for their contents of N,p, I! ca .Fe , zn and h.fn using the
standard procedures (Anderson et a1.,196g )

Fruit yield was recorded annuafiy. yield in reration to tree
volume was used as a measure of tree efficiency (Tree efficiency
equals number of fruits /m3 *,

canopy of, tree (Castle and phillips,
1e80).

2.2.Fruit ehernical and physica! properties at harvest
A sample of 20 fiuits per each replicate was coilected at

random at the 1"' week of January to determine fruit weight, fruit
vclume, fruit dimensions, fruit firmness, peer thiekness, lui"""weighr

'1vas calculated by the formula: a.5236 * height x diameter square (Turrell .
1e46 ) .
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total soluble solids (%), acidity percentage and T.S.S/ acid ratio (A.
o. A. c.,1960 ) .

A complete randomized design was used. The obtained data
were subjected to the analysis of,variance according to Snedecor and

Cochran {1972). Means between keatments were compared using the

LSD values at 0.05.and 0.01 level.

3. RESULTS AND DISCUSSION

3.1.Fruit set and tree yield efficiency
The obtained data in (Table 1) indicate that, fruit-set,June fruit-

drop, pre-harvest fruit drop as a percentage and tree yield efficiency
respectively were signiflrcantly increased by spraying ZnSOq alone or
in combinatian with Ca-EDTA, gibbrellic acid and biozem treatments.
Whereas ,these treatments clearly increased fruit-set and tree yield
effrciency and reduced June fruit drop and pre-harvest fruit drop

compared with the control treatment in both seasons . Similar findings
were reported by, Nasr (1982) & Sharaf (1990) who menticned that

,ZnSOa foliar application increased the number of flowers formed on

bearing shoots and fruit-set. Srnit (1990) concluded that GA: andIAA
improved fruit set and tree yield Our findings were in line with
Poovaiah & Leopold (1973) and El -Hamrnady et at. {2A0A) who
concluded that calcium application inhibited fruit abscission and

reduced fruit-drop .On the other hand , Embleton et at.{ 1973b)

found that fruit yield was not affected by the appiication of gibbrellic
asid.

Table( 1): EiTect crf some nutrient and gror#th sutlstanee keatmeBts on fruit set Yo, June drop Yo' Pre-harYest fruit
7o and Tree yield effieienc-v oi Havel orange trccs in wG sea;{o!{:i {} 91}li and 1999

Treatment FruitSet 7o June drop Yo Pre-harvesl
fruit drop Yo

Tree
efficiency

number / lrn3
1998 1999 1998 1999 1998 i 1999 I rtq* tq99

T Control 33.60 33.99 92.75 92.66 3.35 3.67 4.44 4.80

Tu Zn Soa at 5 gm,ri-. 36.08 34.57 91.01 90_44 1.79 1"81 6.69 6.43

T: Zn Son + Ca-EDTA at0.5gnfl. -1.1.61 35.1 1 9i.80 91.46 1.61 t73 5.6i 7.01

T+ Zn Soa + biozem at 1.5 mtL. 37.01 37.36 90.93 90.1 I 2.36 ?.98 6.is 8.70

T: Zn Soa + CA I ai 15 pprr -15. 
r,1 36.83 q 1.75 90.95 2.86 3.01 5.62 1,03

Tr Zn Sor + Ca- EDTA +biozem 37.86 90 33 s0.20 1.12 8.02 i0.43

Tt Zn So+ + Ca- EDTA + G.A -:6. a' j 37.01 913,a 90.83 0.93 cq9 6.44 8.18

L.S-D 5',
1" ,,

l+ 1.27 l.1B 1.30 0._10 0.40 0.11 0.1 5

: r! 2.24 2.19 2.03 0.92 2.27 t.l+ J .Vt
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3.2. Fruit qualitY-- - 
ft is it"u.iy observed that, ftuit weight , fruit s,ize.-' fruit

dimensions, fruit firminess and peel thickness were significanfiy'

affected by ZnSOa and their combination (Ca-EDTA'G! -*d
biozem) treatments. In this respect as shown in (Table 2i !nfo+'
pf*t C"-EOTA, ZnSo+ plus (Ca-EDTA and biozem) and ZnSO'r'

combinedwith(Ca-EDra*oGA3)treatmentstendedtoincrease
,rur"l orung" fruit weight and size compared with the control in

both seasois . These iesults are in line with Kojima (i999) *ho

indicated that, there is a positive relationship betrvesn lAA and

Ca, uoa the growth of plant organs and the development of nan'ual

il*" regulatcrs in plants , especiallyin citrus fruits' Hield et al "
if qgsl fJunO tnat ttre appl-ication of !A: had nc effect on navel

o,,ng"fruitsize'o.,,,"sult"alsorevealedthatfoliarapplicationsof
Znso'a aad their combinations of Ca- EDTAGA3 and biozem

significantly inereased navel orange dimensions and changed fiuit

s6"ape to ..oval shape,, eompared tJthe control "spherical shape - in

both seasons. However, no sigaificant differences s-ere found

between the treatments except TnSO+ plus GA-r *-hich *-as of a

rrigh"rt effect in this respect. A sirnilar conclusion tas reported b-v

Ibrahim et al ', (1994).
The results also indicated that fruit firm:ress and rind thickness

weresignificantlyincreasedbyfoliarapplieatioasofZaso+andtheir
combinitions . TLe highest rulrr*t for fruit firmness were obtained by

"ppiyi*g 
ZnS}aplus dA3, ZnSOaplus Ca-EDTA and ZnSoaplus Ca-

EDTA and biozem treatments respectively in both seasons - This

conclusion is in agreement with ihose of Poovaiah (i986 ) who

;;h.*4 out that calJium had an important role in maintaiaing the eell

iall structure and membrane iategrity , by the inter action of calcium

*itr, p""i" acid in cell waltr tc form calcium pectate . Moreover , GA3

, bior"* andZn (considered precursores ofendogenous lAA) caused

areductioninmaturityandripening.Thiseffectdelayedf?uit
softening associated with poiygalacturanase enzyme activity'

n g*diig the effeet of these treatments on fruit rind thickness . the

sa,iu obi"*ation was reported by Coggins et al'' (1960) -who

mentioned that GA: induced more thick-peeted fruits.Generally, it

can be noticed that there is a positive relationship betweel- ftuit peel

thickness and its firmness .
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Regarding ZnSo+ and its combination sprays , the resuhs
demonstrated that a significant increase was noticed in ftrit juice
weight when cornpared with the control in both seasons. The highest
value was resulted from Znsoa plus Ca-EDTA and GA: . These
findings are in agreement with those obtained by tsabu et ol ., (19M )
who mentioned that the percentage of fruit juice was the highest in
fruit treated with GA.3 at 20-4A ppm. Concerning total soluble solids ,
acidity and T.S.S/Acid ratio, the results revealed that ZnSoa and
ZnSoa plus Ca-EDTA treatrnents significantly increased T.S.S% and
reduced acidity . The results showed an increase in T.S.S la"id ratio in
navel orange fruit juice when compared with other treatments . These
finding are in line with those obtained by Xie et at., {1992} who
noticed that , IAA stimulated the transport af Ci* to the interior parts
of the fruit, which enhanced sugar accumulation, increased total
soluble solids and reduced acid concentration in the fruits .

3.3.Leaf rnineral comtents
Data in ( Table 3) show the effect af Zn SO+ and its

cornbination (Ca-EDTA , GA.r and biozpm) treatments on navel
orange leaf N,P,K arid Ca (percentage) and Fe, Zn and Mo (ppm)
contents . Results indicated that , ZnSoa plus (Ca-EDTA and GA:),
ZnSOa plus biozem , ZnSOa plus Ca-EDTA and ZnSOa plus (Ca -
EDTA and biozem ) treatments significantly increased leaf N
pereentage respectively in both seasons. On the other hand , ZnSOa
alone or plus GA3 had no effect on N eontent . From the results , it
can be concluded that there is a positive effect of Ca-EDTA on
nitrogen absorption. This conclusion is in agreement with those
obtained by Heweihua et al.,(1999) who mentioned that calcium
applied as foliar spray to apple trees enhanced N absorption which
caused an increase ofnitrogen content .

Furthermore, results clearly indicated that ZnSOa and its
combination keatinents insignificantly affect PYa and KoZ contents in
navel orange leaves. These results are in line with those found by
Bacha {1977) , who stated that with foliar spray of Zn tc tsalady
orange, P Yo ar'd KoZ were generally not affective.

Data in ( Table 3) indicated that ZnSAtand its combination
heatments significantly increased CaYa in leaves of navel orange
trees when compared with the control in both seasorls. The highest
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increments were in ealcium application treatments. These results are
in agreement with those obtained by Meyer et al - (1966 ) who
indicated that Znc is necessary in the synthesis of indol acetic acid
(IAA) which causes an increase in plant growth rate and subsequently
an increase in the leaf constituent of some major nutrients .

It is clear from the data presented in {Table 3) that , ZnSOa and
its combination (Ca-EDTA , GA3 and biozem ) treatments statistically
increased le,Zn and Mn of navel orange leaves content when
compared *-ith control treatment in both seasons . The highest eflect
may be due to biozem cornpound rvhich consists of GA ,IAA and
some micro elements . These results are in line with those obtained by
Meyer et al., {1966 ) and Ranvir & Missra (1980) who indicated that
foliar application of micronutrients on Kinnow mandarin caused an
increase of Fe , Zr and Mn contents . Moreover, ZnSO+ at 0.5% plus
borax at 0.2Y0 gave the best results in improving general tree
condition .

According to leaf standards guide of Ernbleton et al., {lg73b},
the results in (Table 3) showed that there was no nutrient defrciency in
navel orange trees under cantroi and no excess syrnptoms in trees
under treatments. This {neans that the improvement in yield , fruit
quality and tree gromh conditions will be due to ZnSAa and its
cornbination applications under this study .
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