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Abstract

Green house experiment was designed using ZnSC>4 as single
element or in a mixture of "ZnSO4 + MnSO4 + FeSCV at rates of 0.5
and 1.0 % of these compounds. Different solution were adjusted at pH
6.0 and Tween-20 at 0.5 % (V/V) was added. The prepared solutions
were labelled with Zn-6S carrier-free. In a complete randomized design
with three replicates orange seedlings two-year old were arranged.
Labelled solution, in small droplets, were added on the upper surface of
certain leaves (middle leaves) of seedlings.

Retained Zn-65 in the treated leaves with ZnSC>4 alone was
significantly higher than that in leaves sprayed with a mixture of Zn, Mn
and Fe sulphates.

Upward and downward translocation of Zn-65 was highly related to
its absorption through treated leaves and the translocation rate of
upward direction was more pronounced than downward.

Total absorption of Zn-65 was higher with ZnSC>4 than with the
mixture. Utilization percent of foliar application of Zn was significantly
decreased as the rate of ZnSC>4 increased from 0.5 to 1.0 % either alone
or in combinaton with Fe and Mn sulphates. Moreover, it was also
reduced due to the presence of Fe and Mn with Zn in the spraying
solution.

The present findings indicate that spraying with ZnSO4 in
paraticular at 0.5 %, caused the highest utilization and was efficient for
supplying orange plants with Zn.

Introduction

Foliar application of Mn-Zn mixtures resulted in lower Mn
concentrations in orange leaves than that in leaves from trees sprayed
with Mn alone. Spring flush leaves which developed 10 months after the
foliar application of Zn to orange trees contained higher Zn and lower
Mn concentration than analogous leaves from trees not sprayed with Zn.
Spraying with Zn-Urea, Zn-Mn or Zn-Mn-Urea mixtures increased Zn
concentration in the leaves as much as in trees sprayed with Zn alone
[1].

Spraying Valencia orange trees once a year with Zn and Mn alone
or in mixture, increased concentration of Zn and Mn in sprayed leaves
[2]. Four sprays of Zn-EDTA at 0.25 % or ZnSO4 at 0.5% on sweet

774



orange trees increased Zn level in leaves and Zn-EDTA was the more
effective for N, Fe and Zn uptake [3]. Leaf Zn content of sweet orange
was increased in response to soil or foliar application of ZnSC>4. The
immediate response of 2 or 3 sprays of ZnSC>4 at 0.5% was greater than
to soil application of S, 10 or IS ppm [4]. Foliar application of ZnSC>4 at
0.5 - 1.0% twice a year on young kinnow mandarin trees increased leaf
Zn content and it was rose with increasing ZnSC>4 concentration, [5].

When chelated iron, zinc and manganese sprayed on Wastington
Navel orange plants, Leaf analysis showed high values for each element
whether applied alone or in mixtures, and leaf Zn and Mn were
increased as the concentration of each element in the spray solution was
increased. A negative interaction was detected when the three elements
were sprayed together [6]. Foliar application of chelated Zn and/or Mn
combined with ureaon Valencia orange trees, increased leaf content of
Zn and Mn. High Zn and Mn concentration induced more increase in
Zn and Mn leaf content than any other treatment [7]. Foliar absorption
of Zn-65 by olive leaves was increased by increasing pH value from 2
up to 7 and Zn concentration in the spray solution as well as the
presence of surfactant in particular at 0.5 % [8]. Spray solution
containing 0. 1 S and 0.45% of 65ZnSC>4 in combination with 0.0,
0.0375, 0. 1125 and 0.225% Ca(OH)2 were applied to one-month-old
sweet orange leaves which were detected 96 hr. after treatment.
Increasing rates of Ca (OH)2 lowered 65Zn absorption by the leaves and
this effect decreased with increasing ^ZnSO4 [9] Tn addition, Zn level
in orange leaves was gradually increased as the Zn concentration
increased and these increases were 2.4, 3.8 and 4.6 ppm for 65Zn
Metalosate at 17.34 and 68 ppm Zn, respectively [10].

The present work was carried out to estimate foliar absorption,
translocation and utilization of Zn-65 by Balady orange plants in order
to study the possibility of using ZnSC>4 to correct Zn dificiency in
orange orchards.

Material and Methods

Greenhouse experiment was designed using Zn as single element
(ZnSO4) or in a mixture of ZnSC>4 + FeSC>4 + MnSC>4 at rates of 0.5
and 1.0 %. Solution adjusted at pH 6.0 and tween-20 at 0.5 % (V/V),
was added [11]. The prepared solution were labelled with 65Zn-carrier
free.
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In complete randomized design, two-year-old orange seedlings were
arranged and one shoot per seedling was selected. The middle leaf of
each shoot was fixed and treated. Labelled solution volume per leaf just
enough to wet the upper surface without causing run-off, was 0.75 ml.
Thus? 0.75 ml containing 65Zn to give 240,000 and 480,000 count per
minute (cpm) for 0.5 and 1.0 % ZnSC>4, respectively, was added in small
droplets using a micro-pipette onto each treated leaf at the end of the
day. The treated seedlings were allowed seven days to the absorbtion
and translocation of Zn-65.

The treated leaves were washed to remove non-absorbed
radionoclides according to Wallace e ta! [12]. Activites of 65Zn in leaf
samples were assayed by using a single-channel analyzer "Gamma
Counter" Model P-2000 scintillation.

The obtained data were used to calculate amount of absorbed
element, its translocation and utilization percent as mentioned by
Mohamed [8J.

Statistical analysis of data was carried out for analysis of variance
according to Snedecor and Cochran [13]. Means were compared using
the New L.S.D. values at 0.5 % level according to Waller and Duncan
[14].

Results and Discussion :

Data in table (1) clearly show that foliar absorption and
translocation of Zn-65 in orange seedlings were significantly affected
by Zn concentration and the source of Zn either ZnSC>4 alone or in a
mixture of Zn, Fe and Mn sulphate. In this concern, leaves sprayed with
ZnSC>4 singly retained more Zn than those sprayed with the mixture and
increments were about 59 %. Moreover when ZnSC>4 concentration in
the spraying solution raised from 0.5 up to 1.0 %, retained Zn in the
treated leaves was increased by nearly 51 %.

Upward translocation of absorbed Zn was not significantly affected
by the source of Zn, however spraying with the mixture slightly
increased its rate as compared with that of ZnSC>4 alone. In addition,
upward translocation rate of Zn was significantly increased by
increasing ZnSC>4 concentration from 0.5 to 1.0%. Regarding the
downward translocation of Zn, it was increased by increasing ZnSC>4
level in the spraying solution. Moreover, its rate was higher with mixture
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at 0.5 % than that of ZnSO4 alone whereas the difference was slight at
1.0 %.

Total absorption of the labbelled Zn by orangeleaves either as cpm
of Zn-65 /shoot (Table, I) or as UgZn/shoot (Table, 2) was significantly
affected by source and rate of Zn in the spraying solution. In this
concern, total absorption of Zn was higher with Z11SO4 alone than that
of the mixture at both rates of ZnSC>4. The total absorption of Zn was
increased by 50 % as the concentration of ZnSO4 increased from 0.5 to
1.0 %.

It can be noticed that Zn retained in the treated leaves represents
more than 90 % of total absorption. Thus, total absorption and retained
Zn were higher with ZnSO4 than with the mixture which might be
attributed to the antagonestic effect of Fe and Mn on the foliar
absorption of Zn by orange leaves.

Nevertheless, presence of Fe, Mn and Zn together in the sprayed
leaves enhanced mobility of the absorbed Zn which related to the
balance of combined nutrients into the plant tissues. Furthermore,
upward translocation of Zn was higher than its downward. This is
because of the nutrients requirements being more for young leaves and
growing points of the plant. Similar trends were also obtained by
Mohamed [81 and Awad [10].

Data in table (3) clearly show that utilization percent of foliar
application of Zn was significantly decreased as the rate of ZnSC>4
increased from 0.5 to 1.0% either alone or in combination with Fe and
Mn sulphate. Moreover, it was also reduced due to the presence of Fe
and Mn with Zn in the spraying solution at both rates of ZnSC>4. In this
concern, average of utilizationwas reduced by 25% as a result of
increasing ZnSC>4 rate from 0.5 to 1.0 % and reduced by 35% due to
addition of FeSC>4 and MnSo4 with ZnSO4.

Generally, the decrease in utilization percent of Zn when ZnSO4 in
the spraying solution raised from 0.5 to 1.0%, could be attributed to that
foliar absorption of Zn was not proportional to the application rate of
ZnSC>4. These results agree with those obtained by Mohamed [8J.
Mohamed and Ragab [11] and Awad [ 10] .

The previous results indicate that the spraying solution containing
ZnSC>4 alone in particular at 0.5%, achieved the highest utilization and
was efficient for supplying orange leaves with Zn. Therefore, it is useful,
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from the economical point of view, to use 0.5 % ZnSC>4 for correcting
the deficiency of this element in orange orchards.

TABLE I: FOLIAR ABSORPTION AND TRANSLOCATION OF
ZN-65 IN BALADY ORANGE SEEDLINGS.

Concentration

Retained Zn-65 (cpm/leaf)
0.50%
1.00%

Average
N.L.S.D. 5% comp.
Upward Translocation

(cpm/shoot)
0.50%
1.00%

Average
N.L.S.D. 5% comp.
Downward Translocation

(cpm/shoot)
0.50%
1.00%

Average
N.L.S.D. 5% comp.

Total Absorption
(cpm/shoot)

0.50%
1.00%

Average
N.L.S.D. 5% comp.

ZnSO4

15278
22903
19090
1456

535
712
624
N.S

414
595
505
21

16227
24210
20219
1448

Mixture

9526
14512
12019

cone. 1456

582
719
624

cone. 40

502
582
542

cone. 21

10610
15813
13212

cone. 1448

Average

12402
18708

Inter. N.S

559
716

Inter. N.S

458
589

Inter. 30

13418
20012

Inter. N.S

778



TABLE II: TOTAL ABSORPTION OF ZN IN BALADY ORANGE
SEEDLINGS (Ug/SHOOT).

Concentration
0.50%
1.00%

Average
N.L.S.D. 5% comp.

ZnSO4
57.33
86.00
56.76
5.06

Mixture
37.67
56.33
47.00

cone. 5.06

Average
47.50
71.17

Inter. N.S

TABLE HI : UTILIZATION PERCENT OF ZN-65 THROUGH
LEAVES OF BALADY ORANGE SEEDLINGS.

Concentration
0.50%
1.00%

Average
N.L.S.D. 5% comp.

ZnSO4
6.76
5.04
5.9

0.33

Mixture
4.42
3.29
3.86

cone. 0.33

Average
5.59
4.17

Inter. N.S

Downward translocation (cpm/shoot)
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