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Response of Balady and Valencia Orange Trees to Foliar
Applications of Iron, Zinc and Manganese
When Grown in Calcareous Soils
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King Saud University, Riyadh, Saudi Arabia

ABSTRACT. This investigation was carried out during 1992 and 1993 growing
seasons 1o study the effect of foliar applications of chelated- Fe, Zn and Mn (at
the rates of 500, 250 and 250 ppm, respectively) before bloom. after fruit set
and/or during fruit development on the yield, fruit quality and leaf mineral
composition of Balady and Valencia orange cultivars (Citrus sinensis, Osbeck)
when grown in calcareous soils in Riyadh, Saudi Arabia.

The results revealed that spraying Balady orange trees with Fe, Zn and Mn
three times per year increased the number of fruits and the yield per tree, only in
the first season. Whereas, spraying Valencia orange trees two times per year sig-
nificantly tncreased the number of fruits and the yield per tree as compared with
the control, during both seasons. Spraying Balady orange trees significantly
increased the fruit weight, diameter and peel thickness, but not other fruit prop-
erties conipared to the control. In Valencia orange the physical properties of
fruits and the total soluble solids were affected most by micro nutrient sprays.

Leaf analyses showed no obvious trends in the concentration of macronu-
trients of Balady and Valencia orange trees with the different treatments.
However, spraying Balady orange trees did not affect leaf Fe, but increased
leaf Zn and Mn as compared with the control. Meantime, increasing the num-
ber of spraying Valencia orange cultivar, gradually, increased leaf Fe, Zn and
Mn concentrations, as compared with the control in both seasons.

Introduction

Although only minor quantities of the micronutrients are needed, they are indispensable
to growth, yield and fruit quality of citrus trees, Labanauskas et al. (1963) and Koo
(1988). In addition, many investigators such as Embleton e al. (1965) and Saad-Alla ¢!
al. (1981) reported that micronutrient requirements vary from area to area and even
from orchard to orchard in a given area; therefore, this factor cannot be ignored to get
complete information about the optimum requirements of citrus trees.
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Many ciirus species and cultivars are grown successfully in certain districts of Saudi
Arabia, Their 1otal production amounted to 35233 tons in 1991. Soils of the central
region of Saudi Arabia, being a part of arid and semi-arid regions, are coarse-textured,
high in CaCO;, and low in organic matter, available Zn and Fe (Modaihsh, 1992),
Similarly, Al-Mustafa {1992) reported that the extractable- Mn was the lowest in
Riyadh area, Koo (1988) reported that on calcareous soils, manganese and zinc should
be applied as foliar sprays (o citrus trees. Likewise, Bennett (1993) found that foliar
sprays of iron are effective for citrus trees.

Our investigation determined whether foliar applications of chelated- Fe, Zn and Mn
could increase leaf content of the elements and thereby improve the yield and quality of
fruit from Balady and Valencia orange cultivars grown in Riyadh, Saudi Arabia.

Materials and Methods

The present study was carried out during 1992 and 1993 growing seasons on 20 and
13- year-old Balady and Valencia orange cultivars (Citrus sinensis, Osbeck), respec-
tively budded on sour orange rootstock and grown at Dirab Experimental and Research
Station, College of Agriculture, King Saud University. The scil of the experimental or-
chard was classified as calcareous sandy loam. Data Presented in Table (1) show some
physical and chemical properties of the soil of the experimental cichard.

Taoti: |, The physical and the chemical properties of the experimental orchard.
Organic DTPA - extractable
Texture pH E.C. CaCoO, matier ppm
dS/m S %o Fe Zn Mn
Sandy-loam | 7.5 715 33.80 0.25 0.38 0.29 1.37

Ail trees were nearly uniform in size and were under the cultural practices ordinarily
followed in the commercial orchards in Saudi Arabia. The Balady and Valencia orange
trees were grown in separate plots at the same orchard. Balady orange trees were
spaced at 5 x 5 meters apart. While, Valencia orange trees were spaced at 10 x 10
meters apart and were grown under palm trees. Prior to the establishment and through-
out this experiment, annual fertilizer applications per tree were 20 kg organic manure
added in December along with 3 kg of NPK fertilizer mixture (18- 18-5) divided into
three equal doses and applied n March, May and July in each year. The trees were irri-
gated by flood irrigation system using about 20000-23000 mg3/ha/year sewage water.
Table {2) show the analysis of final effiuent from Riyadh sewage treatment plant.

Visual symptoms of micronutrient deficiencies especially Fe, Zn and Mn frequently
appear on the leaves of Balady and Valencia orange trees grown on the calcareous soil
of the experimental orchard. Therefore, foliar applications of Fe, Zn and Mn are being
used as nutritional sprays.

Foliar spray treatments using chelated-iron {sodium ethylene diamine di-(O-hydroxy
phenyl acetate), Fe-EDDHA, containing 6% Fe] at the rate of 500 ppm Fe, zinc [sodi-
um ethylene diamine tetra acetate, Zn-EDTA, containing 14.2% Zn] at the rate of 250
ppm Zn and manganese [sodium ethylene tetra acetate, Mn-EDTA, containing 12%Mn]
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TapLk 2. Analysis of final effluent of Riyadh sewage water.

Determination Mean Determination | Mean
pH 73 Cl (meg/L)| 49
EC.  (mmhos) 1.6 SO, (meg/L)]| 6.9
NH,-N (mg/L) 20.6 HCO, (meg/L)| 3.2
PO,-P (mg/L) 70 Fe  (ugl) | 251
K (mg/L) 15.5 Zn {ug/L) 135
Ca (mg/L) 130 Mn (ug/L) 40
Mg (mg/L) 28 Pb (ug/lly | <<2
Na (mg/L) 146 Co (ug/L) < 2

at the rate of 250 ppm Mn. Tween-20 was added to the solutions as a surfactant. Each
tree was sprayed with 10 liters of solution using back sprayer. Each experimental tree
was surrounded by guard trees on all sides.

The treatments were as follows :

(1) Control (trees sprayed with water).

(2) Trees sprayed with a solution contatning a combination of chelated-Fe, Zn and
Mn, one time before bloom in mid-March. ,

(3) Trees sprayed with the same solution two times, before bloom in mid-March and
after fruit set in mid-May.

{4) Trees sprayed with Fe, Zn and Mn three times in mid-March, mid-May and dur-
ing fruit development in mid-July.

Yield was recorded at harvest time (October 15tk and January 15k for Balady and
Valencia orange cultivars, respectively) during both seasons. For the determination of
fruit properties, 10 fruits were taken from each tree. Fruit volume, diameter, length,
peel thickness and volume of juice per fruit were measured. In juice, total soluble solids
werce determined using a hand refractometer, percentage of acidity (as citric acid) by
titration with 0.1 N sodium hydroxide, and vitamin-C by titration with 2,6-dichlorophe-
nol indophenol blue dye (A.Q.A.C., 1980).

To determine the mineral composition, leaf samples were collected during the last
week of July in both seasons. Each sample was composed of 50 leaves taken at randoin
from non-fruiting shoots of spring flush. The leaves were washed several times with tap
water, distilled water and then oven dried at 70°. The dried leaves were ground and
digested with hydrogen peroxide and sulfuric acid for nutrient elements determinations
{Evanhuis and DeWaard, 1980). Total nitrogen was determined colorimetrically
according to Evanhuis (1976). Phosphorus was determined colorimetrically by the
ascorbic acid method (Murphy and Riley, 1962). Potassium was measured against a
standard using air propane flame photometer (Chapman and Pratt, 1961). Calcium,
magnesium, iron, zine, and manganese were measured using Perkin-Elmer atomic
absorption spectrophotometer Model 2380.

The experimental design for the present study was a completely randomized biock
design, with four replicates of one-tree plot, including sixteen trees of both Balady and
Valencia orange cultivars.
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Analysis of variance with Duncan's multiple range test at the 0.05 level of probabili-
ty for means comparison were used as statistical procedures (Steel and Torrie, 1980).
The statistical analysis were made for each of Balady and Valencia data separately
using SAS computer package (1986).

Results and Discussion

Response of Balady and Valencia Orange Trees to Foliar Applications of Chelated-
Fe, Zn, and Mn

(1) Yield

Data presented in Table (3) show that foliar applications of Fe, Zn and Mn three
times per year gave a significant increase in the number of fruits and the yield of
Balady orange trees, in the first season, as compared only with those sprayed one time.
However, no significant differences were found between treatments in the second sea-
son, In Valencia orange trees, spraying trees two times, during both seasons, signifi-
cantly increased the number of fruits and the yield per trees when compared with the
control.

TabLE: 3. Productivity of Balady and Valencia orange trees as affected by foliar

applications of Chelated-iron. zinc and manganese applicd to the trees in
1992 and 1993 scasons.

Balady orange Valencia orange
Numbers of foliar -
applications of chelated- Number of Yield Number of | Yield
Fe, Zn and Mn fruits per Iree fruits per tree
per tree (kg) per tree (kg)
1992
0 (Control) 233.0ab 29.0ab 108.5b 16.5 ¢
| 224.5b 28.5b 168.5 ab 27.0ab
2 277.5 ab 36.6 ab 198.3 a 313a
3 3100a 404a 1223 ab 20.0bc
1993
0 (Control) 226.3 ab 27.1a 1700b 243 b
1 2473 a 29.2a 183.8 ab 28.8 ab
2 3285a 43.0a 291.8a 453a
3 23784 33.4a 197.0 ab 347 ab

Means not sharing the same letter within columns are significantly different (P <
0.05), Duncan’s multiple range test.

The results were in general agreement with those obtained by Labanauskas er al.
(1963), El-Gazzar et al. (1979), Taha et al. (1979), Saad Alla er al. (1981), Koo (1988)
and Razeto et al. (1988). They worked on different orange and mandarin cultivars and
found that the foliar application of Fe, Zn and Mn was more effective either alone or in
different combinations at various dates and increased the yield of fruits per tree. On the
other hand, Manchanda er al. (1972) and El-Kassas (1984) found that soil or foliar
applications of Fe, Zn and Mn either alone or in different mixtures did not affect orange
and lime yields. Likewise, Bacha {1975) found that Zn foliar sprays did not affect the
yield of Succary and Balady orange cultivars.
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(1) : Fruit Quality

(a) : Physical Properties of the Fruits: The data presented in Table (4) show that
Balady orange trees sprayed with Fe, Zn and Mn, in both seasons, had no effect on fruit
volume and length as compared with the control. During the second year, threé applica-
tions caused a significant increased in fruit weight, diameter and peel thickness as com-
pared with the control, Spraying trees two or three times during the second season gave
a significant increase in the juice volume per fruit as compared with the control and
those sprayed one time.

Tabri 4. Effect of toliar application of chelated-iron, zinc and manganese on the physical properties of
Balady and Valencia orange fruits in 1992 and 1993 seasons.

d: Valenci
Numbers of foiat Balady orange alencia orange
applications of Fruit | Fruit | Juice | Fruit Fruit Peel Fruit | Fruit Juice | Fruit | Fruit | Peel
chelated- Fe, Zn, and | Weight | volume |volume / | length | diameter |thickness | weight | volume |volume /| length |diameterjthickness
Mn (g) | {ml) | fruit JCem) | (em) | (em) | (g) | (ml) frut | (em) | (em) | (cm)
(ml) (ml)
1992
0 {Comrol} 1254a [ [521a} 648a [629a | 66)a | 0502 | 1569a] 16850 | 76.0a |6.50a | 6.65a | 045a
i 127.2a [1633a] 669a 1650a | 664a | OS5la | 1683af 17452 | 77.0a |6.83ab} 7.082 | 0482
2 130.7a | 159.0a7 6730 | 6392 | 6.66a | 047a | 1583a] 170.0a | 88.0a {6.78ab] 6.832 | 0.50a
3 130.5a | 1539a| 6302 |623a | 6602 | 054a | 1737a) 180.8a | 90.5a [7.03a | 7.20a | 0362
1993
0 (Control) 1190b [1265a) 440b 6172 | 629b | 054b | 140b | 16350 | 71.0a |6.60a |658b | 0.56ab
I [170b [123.0af 428b [618a ] 6.16b | 058ab} 155ab [ 171.3b | 683a |690ab |6.80ab | 0521
2 132.0ab | 134.0a| Si5a [ 6280 | 644ab] 0.58ab| 154ab | 169.5b | 76.6a |6.70bc |6.58b | 0S5ib
3 14002 [1418a) S3la [652a | 670a | Q60a | 1752 | 20602 | 79.8a |7.20a |7.18a | 06la

Means tot sharing the same letter within columns are significantly different (P < 0.05), Duncan’s multiple range test.

Regarding Valencia orange cultivar, data listed in Table (4) show that the influence
of foliar spray treatments on the physical properties of the fruits was more noticeabie in
the second season. The highest values of fruit weight, volume, length, diameter and
peel thickness were induced by spraying trees with the Fe, Zn and Mn three times per
year. However, juice volume was not affected by the different treatments. Dube and
Saxena (1971), Talakvadze (1975), Khadr et al. (1978) and Mdinaradze (1981) reported
that the foliar applications of Fe, Zn and/or Mn on citrus trees had beneficial effects on
the physical characteristics of the fruits.

{b) : Chemical Properties of the Fruits: Foliar application of chelated-Fe, Zn and Mn
had no effect on the percentages of total soluble solids, acidity and vitamin-C contents
in Balady orange [ruits (Table 5). However, spraying Valencia orange cultivar two or
three times per year, in the first season, caused a significant increase in the percentage
of total soluble solids as compared with the control. No other significant differences
were found among treatments.
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TaBlI: 5. The chemical properties of Balady and Valencia orange fruits as affected by foliar application
of chelated-iron. zine and imanganese applied to the trees in 1992 and 1993 seasons.

Numbers of foliar Balady orange Valencia orange
applications of Total Vitamin - C Total Vitamin - C
chelated- Fe, Znand | soluble Acidity | (mg/l00mi | soluble | Acidity |(mg/100 ml
Mn solids (%) Jjuice ) solids (%) juice )
{ %) (%)
1992
0 (Control) 13.1a 14a 45.1a 12.9a 16a 386a
1 13.0a l.4a 46.1 a 14.1a 1.5a 40.7 a
2 136a 14a 46.0a 14.8a 1.6 a 4l6a
3 1454 i4a 47.1a 1482 l.6a 41.8a
1993
0 (Control) 12.3a 1.5a 44,3 2 11.5a l.6a 43.0a
| 1282 I.5a 457a 11.2a 1.5a 40.6 a
2 129a 1.5a 484 a 11.0a 1.6a 396a
3 12.6a 1.5a 433a il.6a 1.7a 423a

Means not sharing the same |eter within colunms are significantly different (P < 0.05). Duncan’s multiple range test.

Manchanda er al. (1972}, Nijjar and Brar (1977), Saad Alla et al. (1981), El-Kassas
(1984), Kovanci er al. (1983) and Alla er af. (1985) working on citrus trees, found that
the foliar application of Fe, Zn and Mn either alone or in different mixtures had no
appreciable effect on the chemical properties of the fruits. Labanauskas e al. (1963),
Bacha (1975), El-Gazzar er al. (1979) and Khera er al. (1985) working on different
orange cultivars, found that the foliar application of Fe, Zn and Mn either alone or in
different combinations improved fruit quality.

(1) : Leaf Mineral Composition

{(a) : Macronutrients: Daia presented in Table (6) show that spraying Balady orange
trees with chelated- Fe, Zn and Mn three times per year, in the second season only, sig-
nificantly increased the leaf nitrogen content as compared with the control and those
sprayed one time. While, spraying the trees one time, only in the second season, signifi-
cantly increased the leat phosporus content as compared with the control, Spraying the
trees one time, in the first season, and three times per year, in the second season, gave a
significant decrease in leat calcium content when compared with the control. Also,
spraying trees one lime, only in the first season, significantly reduced leaf magnesium
content as compared with the control and those sprayed three times per year. Polassium
was not affected by the different treatments.

Regarding Valencia orange cultivar, data listed in Table (7) show that spraying trees
one time, in the first season, significantly increased leaf nitrogen content as compared
with those sprayed two or three times per year. While, in the second season spraying
trees one, two or three times per year significantly increased leaf nitrogen content as
compared with the control. Spraying trees with Fe, Zn and Mn two times, only in the
second season, significantly reduced leaf potassium content as compared with the con-
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trol. Meanwhile, spraying trees two times, in the first season, significantly, increased
teaf calcium content as compared with those sprayed one or three times per year. But
spraying trees one, two or three times per year in the second season significantly
increased leaf calcium content as compared with the control. Spraying trecs one time
gave a significant increase in leaf magnesium content as compared with those sprayed
three times per year, win the first scason, and all of other treatments including the con-
trol, in the second scason. Leal phosphorus content was not affected by the different
treatments in both seasons.

TasLi: 6. Effect of foliar application of chelated-iron, zinc and manganese on the leat mineral composition of
Balady orange trees in 1992 and 1993 seasons.

Numbers of foliar % on dry weight basis ppm on dry weight basis
applications of chelated-
Fe, Zn and MN N T P r K l Ca T Mg Fe W 7n j Mn

1992

(3 (Control) 252a ] 020a 1.07a | 688a | 043a | 72.00a) 34.25b | 25.25b

l 254a i 0.18a 1.12a | 6.05b 039b | 73.00a) 36.00b | 26.00b

2 242a | O.18a 1.I1a | 688a 0.42ab) 92.00a| 43.25ab| 30.25a

3 2384 0.18 a 1.07a | 6.33ab | 043a | 63.25a| 55.00a | 27.50 ab
1993

0 (Control} 2105¢ | 019b | 094a | 6.25a 04la | 56754 28.00¢c | 32.75¢

l 241 bel 0232 096a | 6.58a 045a | 24.00a | 31.25be] 42.00b

2 259ab) 02lab | 091a | 625 0.45a | 57.50a| 3350b | 31.00a

3 282a ) 020ab | 083a | 488b | 042a | 29.00u ] 39.00a | 49754

Means not shanng the same leter within columas are significantly diferent (P < 0.05), Duncan’s multiple range twst.

TasLE 7. Effect of foliar applicarion of chelated-iron, zinc and manganese on the ieaf mineral composition of
Valencia orange trees in 1992 und 1993 seasons.

Tum.bcrs Uff fﬁﬁlaf . % on dry weight basis ppm on dry weight basis
P I};:‘“;Taich;J‘uc N T P j K I Ca j Mg Fe W Zn I Mn
) 1992
0 (Control) 224bcj 0.20a 1.24a [ 7.171ab} 040ab)] 86.25a| 30.00b | 25.50b
1 2.3%a | 020a 1274 {675b | 042a | 83.25b[ 26.00¢ | 22.00b
2 227baj 0.19a 1.1%a { 7.70a | 038ab|i21.50a ) 30.50b | 31.00a
3 2i4c | 0.19a 1.23a2 {1 671b | 0.35b 126.50a| 35500 | 33.25a
1993
0 {Control) 277b | 020a 1.02a 1 536b | 046b |182.25b} 33.25b | 36.75b
I 3.00a | 020a [.0lab| 800a | 062a 195.75b| 3325b [ 49.00a
2 308a | 0147a { 093Db | 8.18a | 033b |305.50a( 85.00a (51.75a
3 326a | 0.19a | 097abj 7.74a | 037b |233.75b) 87.25a | 47.00b

Means not sharing the same letter within columns are significantly diferent (P < 0.05), Duncan’s multiple range test.
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In general, spraying Balady and Valencia orange trees with chelated- Fe, Zn and Mn
caused changes in the leaf macronutrient concentrations, but there were no obvious
trend among treatments. Inconsistent results were reported by other authors. Dube and
Saxena (1971) on orange, found that Zn-EDTA foliar sprays was more effective in
respect of leaf N content. Manchanda (1974) on orange, found that foliar N was unaf-
fected, but foliar P was increased by Mn and Zn + Cu + Fe sprays and decreased by
Zn + Cu + Mn. Also, Rawash er al. (1983} on lime, found that foliar application of
chelated- Zn and Mn increased leaf N, but failed to decreased leaf Ca content. On the
other hand, Bacha (1975) on Succary and Balady oranges, found that Zn, Cu and
Zn + Cu foliar sprays did not affect the concentrations of N, P, Ca and Mg. Similarly,
Nijjar and Brar (1977) on mandarins, found that leat N, P and K contents were little
affected by Zn sprays. Also, Mann ef al. (1985) on orange, found that the foliar applica-
tion of micronutrients did not affect the levels of N, P and K in the leaves.

(b} : Micronutrients: The data in Table (6) show that spraying Balady orange trees
with Fe, Zn and Mn, in both seasons, did not affect leaf iron content as compared with
the control. Whereas, spraying trees three times per year, in both seasons, significantly
increased the leaf zinc content as compared to the control. While, spraying trees two
times, in the first season, and one, two or three times per year, in the second season,
significantly increased leaf manganese content when compared with the control.

Concerning Valencia orange trees, data of both seasons presented in Table (7) show
that increasing the number of spraying the trees with chelated- Fe, Zn and Mn, gradual-
ly, increased the leaf iron, zinc and manganese composition as compared with the con-
trol.

These findings were, generally, in agreement with those obtained by Manchanda
(1974) on orange, who found that the foliar application of Zn, Cu, Mn and Fe alone and
their combinations, increased the leaf concentrations of the elements being applied
without having antagonistic effects on the other micronutrients levels. Similarly, Bacha
(1975) on oranges and Nijjar and Brar (1977) on mandarins, found that Zn foliar sprays
increased leaf Zn content, but leaf Fe and Mn contents, however, were little affected.
Meanwhile, Rawash er af. (1983) on lime, found that the foliar spraying of chelated-Zn
and Mn increased leaf Zn and Mn contents, but decreased leaf Fe content. Mann ef al.
(1985) on orange, found that the foliar application of Zn, Cu, Mn and Fe increased the
concentrations of the respective nutrients in the leaves.

Generally, data of the soil analysis presented in Table (1) indicated that the soil of
the experimental orchard contained high percentages of CaCOj and low organic matter.
Also, the soil contained low extractable- Fe and Mn, according to the values obtained
by Lindsay and Norvell (1978). In addition, analysis of leaves of both orange cultivars
for the two growing seasons of the present study listed in Tables (6 and 7) revealed that
the iron, zinc and manganese concentrations of the control trees in Balady orange
ranged from 56.8 to 72, 28 and 34 and 25 to 33 ppm, respectively. Whereas, the con-
centration of these elements in Valencia orange trees ranged from 86 to 182, 30 to 33
and 23 to 37 ppm, respectively. It seems from the values of these elements reporied by
Chapman (1968) and Benett (1993) working on orange trees, that the leaf iron, zinc and
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manganese were at the satisfactory levels. Hence, the discussion of the results of this
investigation will be mainly concerned with studying the effect of these elements as
nutritional sprays on yield, fruit quality and nutrient concentrations in the leaves of both
Balady and Valencia orange trees.

Conclusion

Foliar applications of iron, zinc and manganese are being used as nutritional sprays
to correct visual symptoms of micronutrient. deficiencies that frequently appear on
leaves of Valencia and Balady orange trees grown on the calcareous sotil at Dirab
Experimental and Research Station, College of Agriculture, King Saud University.
Spraying Balady and Valencia orange trees with chelated- Fe, Zn and Mn caused slight
increase in the yield and improved the fruit quality as compared with the control.
Although, analysis of leaves in the present investigation did not indicate the existence
of iron, zinc or manganese deficiency, spraying Balady orange trees with Fe, Zn and
Mn had little effect on the leaf iron content, but significantly increased the leaf zinc and
manganese contents. In addition, increasing the number of spraying Valencia orange
trees with Fe, Zn and Mn, gradually increased the concentrations of these elements in
the leaves.
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