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ABSTRACT 
The present investigation was conducted during 2005 and 20D6 seasons to 

evaluate date and number of foliar applications of chelated iron, zinc and manganese to 
Hindl-Be-Senara mango trees. The spraying dates were; in February (before full bloom), 
March (at full bloom), April (before fruit set) and May (at fruit set) The application of one 
spray in April followed by another in May proved to be the most effective foliar application 
date However, the dates of applications of February and May, March and Mayor April and 
May were superior for the two times foliar sprays. Spraying the chelated Fe + Zn + Mn once 
or twice times in any application date caused a significant increase in leaf Mg, Fe, Zn, Mn 
and chlorophyll contents and shoot length during both seasons. In general, spraying one or 
two foliar sprays resulted in a mar1<ed increase in fruit set, frUit retention and yield and 
decreased fruit drop. The foliar spray treatments increased fruit TSS and V.C contents, 
whereas. leaf N, P, K and Ca, frUit aCIdity, length and diameter were not affected. 

INTRODUCTION 
Recently, mango is starting to occupy a great acreage among all 

fruit trees grown in Egypt and the factors controlling its growth productivity 
are receiving the attention of many investigators (Kassem and Marzouk, 
2004). The nutritional status of the fruit tree is known to be one of the most 
important factors influencing its growth and productivity (Kulkarny, 2004). 
To introduce the foliar feeding method in the fertilization program of a fruit 
tree, it would be desirable first to determine the best date, rate and number 
of foliar applications needed (Taha et al., 1979). So far, most of the 
attention was given for establishing the best form and rate of applying 
different nutrients to the tree's foliage, while the suitable date and number 
of application was not extensively studied (Taha et al., 1979). Accordingly, 
the present study was carried out in order to evaluate the application time 
and number of chelated iron, zinc and manganese foliar sprays applied to 
mango trees. Zinc is known to be important for flowering and fruit set 
(Bahadur et al.. 1998). Also, Swietlik (2002) indicated that foliar applied Zn 
necessitates repeated spray application in order to obtain its effect. 
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MATERIALS AND METHODS 
The present study was carried out during 2005 and 2006 growing 

seasons on 23 years old Hindi-Be-Senara mango trees (Mangffera indica 
L.) grown in Abo EI-Matameer region near Alexandria. 

The soil was sandy clay, well drained with water table about 140 
em. Trees were planted at 6x7 m apart and irrigated with Nile water every 
15 days. The orchard was fertilized with organic manure and calcium 
superphosphate at the rate of 20 cubic meters and 150 kg per feddan, 
respectively, in December every season. Also, ammonium nitrate (350 
kg/fed.) was applied at two equal doses at mid-March and mid-June of 
each season. The physical and chemical properties of the orchard soil are 
presented in Table (1). 

Table (1 ): Soil analysis of the experimental orchard. 
Soil depth (em) 

Soil analysis 
0-30 30 - 60 60 - 90 

Cations, meq/I 
Ca 7.82 6.48 13.92 
Mg 3.85 6.35 0.66 
Na 2.16 1.97 2.73 
K 0.58 0.51 0.44 

Cations, ppm 
P 6.47 1.24 0.92 
Fe 2.02 2.00 1.94 
Cu 1.56 1.32 0.95 
Mn 5.49 4.81 6.30 
Zn 0.98 0.96 110 

CaC03 23.76 31.3 35.6 
pH 7.68 7.78 7.68 
EC (mmhos/cm) 1.23 1.27 196 
Organic matter (%) 2.76 0.94 0.68 
Texture sandy clay loam sandy loam sandy loam 

Eleven foliar spray treatments with a solution containing chelated 
0.1% Fe + 0.05% Zn + 0.05 Mn and water sprayer control were arranged in 
a randomized complete block design. Each treatment included five 
replications with one tree for each replicate. The solution was applied once 
or twice in the following dates: February (before full bloom), March (at full 
bloom), April (before fruit set) and May (at fruit set) and the eleven 
treatments were as follows: 
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1. Control (water spray only). 
2. One spray in February. 
3. One spray in March. 
4. One spray in April. 
5. One spray in May. 
6. Two sprays in February and March. 
7. Two sprays in February and April. 
8. Two sprays in February and May. 
9. Two sprays in March and April. 
10. Two sprays in March and May. 
11. Two sprays in April and May. 

Each tree received approximately 7 liters of the spray solution and 
the surfactant Biofilm (30 cm/100 I water) produced by Biotech-Egypt was 
added to the spray solution to obtain best spreading. The effect of the 
different treatments on tree growth as shoot length was estimated as 
follows: five main branches were tagged on the different sides of each tree 
in February and the length of spring non-fruiting shoots per branch was 
measured in September of both seasons. Also, the number of fruits on 
each panicle of the tagged branches was recorded after fruit set (late-May) 
and after June drop (late-June). Fruit set and fruit retention were then 
calculated as follow: 
Fruit set = Average fruits number per panicle 
Fruit retention = Number of remained fruits per tree after June drop / 

number of fruits per tree after fruit set. 
Yield as kilogram (kg) and number of fruits per tree was recorded at 

harvest time (mid-September) of both seasons. 
In order to determine leaf Fe, Zn, Mn and chlorophyll contents, leaf 

samples were collected in mid-September of both seasons at random from 
the medium parts of the non-fruiting previously tagged spring shoots. Each 
leaf sample consisted of 30 leaves for each replicate. A leaf sample of 25 
leaves was thoroughly washed with tap water, rinsed twice in distilled 
water, dried to a constant weight in air drying oven at 70°C, grounded and 
digested with H20 2 and H2S04 according to the method of Evinhauis and De 
Waard (1980). Iron, zinc and manganese were then determined using an 
atomic absorption spectrophotometer 3058. Leaf chlorophyll as mg/100 9 
fresh weight was measured calorimetrically according to Moran and Porth 
(1980). 

For determining fruit quality characters, a sample of twenty fruits 
were randomly collected once at harvest time from each tree in both 2005 
and 2006 seasons. In each sample fruit weight, diameter, length, juice TSS 
and acidity were determined. 
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The obtained data were statistically 
Snedecor and Cochran (1980). 

analyzed according to 

RESULTS AND DISCUSSION 
Shoot length 

The data presented in Tables 2 and 3 showed that spraying 
Fe+Zn+Mn once in May and twice in any spraying date significantly 
increased shoot length in both seasons as compared with the water 
sprayed control. However, in both seasons no significant differences were 
observed among the one foliar spray treatments (T2, T3, T4 or T5) and 
among the two foliar sprays treatments (T6, n, T8, T9, T10 and T11). EI
Kassas (1984a and b), working on Balady lime trees, reported that the 
vegetative growth was improved under different rates and methods of iron 
applications. Hassan et a/. (1995a) estimated an increase in shoot length of 
Washington Navel orange when sprayed three times with chelated Fe, Zn 
and Mn. However, Tones et a/. (2002) indicated that the dry matter of 
avocado trees was not affected by zinc foliar sprays. 

Leaf chlorophyll 
The data of 2005 and 2006 seasons revealed that all treatments, 

except one spray in February in the second season, gave a significant 
increase in leaf chlorophyll c( mparing with the control (Tables 2 and 3). In 
addition, trees sprayed twice in February and March (T6) contained lower 
leaf chlorophyll when compared with trees sprayed twice in February and 
May, March and Mayor April and May (T8, T10 and T11) in both seasons. 
However, no significant differences were observed in both seasons among 
the treatments number 8, 10 and 11 and among all the one spray 
treatments (T2, T3 T4 and T5). Qin et a/. (1993) and Nakhila (1998), 
working on orange and Supriya and Bhattacharyya (1993), working on 
lemon, reported that Zn and/or Fe foliar sprays increased leaf chlorophyll 
content. In addition, Hassan (1995a) reported an increase in leaf 
chlorophyll content of Valencia orange by spraying chelated Fe, Zn and Mn 
three times. 

Leaf mineral content 
The results obtained in both seasons showed that all Fe+Zn+Mn 

treatments did not significantly affect leaf nitrogen, phosphorous and 
potassium contents (Tables2 and 3). These findings partially agreed with 
those obtained by Mann and Sidha (1983) on mandarin, Malavolta and 
Pomper (1984), El-Shamy et a/. (1989) and Nakhlla (1998) working on 
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orange. In addition, magnesium content was significantly increased in both 
seasons by treatment 5 (one spray in May) and by all the two spray 
treatments (T6, T7, T8, T9, T10 and T11) as compared with the control 
These results agreed with those reported by EI-Kassas (1984b) and EI
Shamy et al. (1989). They found that leaf magnesium content of Balady 
lime or Navel orange was increased by the certain micro-nutrients foliar 
applications. However, in both seasons no significant differences in leaf 
magnesium content were obtained among the one or two spray treatments 
(Tables 2 and 3). 

With regard to the leaf micronutrients content, the data prese'lted 
in Tables 2 and 3 showed that one or two foliar spray treatments gave 
a considerable increase in leaf iron content comparing With the water 
sprayed control. Also, the data revealed that one spray in May (T5) resulted 
in a higher leaf iron content than one spray in March (T3) in both seasons 
or one spray in February (T2) in the first season only Moreover, leaf iron 
content was significantly higher in trees sprayed twice in February and May 
(T8), March and May (T10) and April and May (T11) than those sprayed 
twice in February and march (T6) or March and April (T9) in both seasons 
(Tables 1 and 2). Similarly, Taha et al. (1979) found that iron sprayed in 
June or in September was absorbed more rapidly than that sprayed in 
March. Wirth (1973) stated that iron absorption by the leaves is an energy 
consuming process depending on the photosynthetic energy. Thus, the 
great synthesis and accumulation of carbohydrates in the leaves during the 
period from June drop to September seems to support this notation. From 
the discussion above it might offer a reasonable explanation for the high 
efficiency of May sprays obtained in the present study. In addition, Patel et 
al.( 1997) reported that foliar iron spray increased active and total iron 
content of the leaves. 

With regard to leaf zinc content, it was found that all treatments 
significantly increased leaf zinc content in both seasons (Tables 2 and 3). 
Trees sprayed once in May (T5) contained higher leaf zinc than those 
sprayed once in February (T2), March (T3) or April (T4). In the mean time 
trees sprayed twice in March and May (T10) or in April and May (T11) 
contained higher leaf zinc when compared with all other treatments in both 
seasons (Tables 2 and 3). Generally, the two spray treatments resulted in 
higher zinc content than the one spray ones. EI-Gazzar et al. (1979) found 
that spraying orange trees in May with chelated Fe+Mn +Zn markedly 
increased zinc content in the leaves. Similarly, Swietlik and La Duke 
(1991), Wanas et al. (1992) and Zeerban et al. (1994) indicated that two or 
three foliar zinc sprays increased leaf zinc content of different citrus 
cultivars. 
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Table (2): Effect of Fe, Zn and Mn foliar sprays on shoot length, leaf chlorophyll and leaf mineral content of 
Hindi-Be-SenarClJllClf1lLo trees i~ 2005. _____.__ 

Shoot length Chlorophyll N p K Ca Mg Fe Zn Mn
Treatments 

Control (water spray only) 
One spray In February 
One spray ;n March 
One spray in April 
One spray In May 
Two sprays in February and March 
Two sprays in February and April 
Two sprays in February and May 
Two sprays in March and April 
Two sprays in March and May 
Two sprays in April and May 
L.S.Doos 

() content (%) (%) (%) (%) (%) ppm ppm ppmcm im 11QQ..ill ________. __.9. _ 
5.68 212 3.32 0.17 1.37 248 0.51 138 20 27 
7.78 252 2.16 0.15 1.60 2.12 0.54 157 25 30 
8.21	 263 1.98 0.17 1.23 2.59 0.56 160 27 34 

;;..8.32 270 2.22 0.16 142 2.26 0.53 172 29 38 c
9.68 278 2.06 0.13 1.67 247 060 178 34 41	 <' 

10.13 286 1.99 0.15 142 2.51 0.66 186 . 38 50	 ;;.. 
10.35 318 '1.99 0.14 1.38 2.65 0.72 202 43 53	 (g. 
11.77	 336 2.10 0.15 1.77 2.52 0.71 230 45 63 0 

:;v10.86 307 1.95 0.12 1.68 2.31 0.73 220 44 66 
v.12.36 342 2.23 0.17 1.67 247 0.71 238 50 76	 
~ 

13.52	 360 . 197 0.13 1.68 2.52 0.68 241 52 78 
'" >"3.88 40 NS NS NS NS 0.09 17 5 8 
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Table (3) Effect of Fe, Zn and Mn foliar sprays on shoot length, leaf chlorophyll and leaf mineral content of 
Hindi-8e-Sen_~ra_r1~~.9~t~E!E!sl~_:1()06,-~_______ 

Treatments 

----------_. _.... --~- _._-~_._-- -

Control (water spray only) 

Shoot len th 
g 

(cm) 

6.18 

Chlorophyll 
content 

(mg/100 g) 

220 

N 
(%) 

220 

p 
(%) 

0.20 

K 
(%) 

1 40 

Ca Mg 
(%) (%) 

226 0.41 

Fe 
ppm 

146 

In 
ppm 

21 

Mn 
ppm 

27 
One spray in February 8.26 ",50 232 0.18 1.46 250 0.46 161 29 28 
One spray in March 781 258 2.18 0.21 1.56 236 0.43 168 31 30 
One spray in April 
One spray in May 

896 
11 72 

255 
260 

2.26 
2.11 

020 
o 16 

160 
162 

2 18 
236 

050 
0.56 

173 
189 

30 
39 

35 
39 

)

9

<
0 
:-

Two sprays in February and March 
Two sprays in February and April 
Two sprays in February and May 
Two sprays in March and April 
Two sprays in March and May 
Two sprays in I-Ipril and May 
L.S.Do os 

10.89 
11b8 
1386 
12 12 
1562 
14.72 
4.52 

301 
320 
340 
326 
346 
340 
35 -

206 
2 13 
2.26 
2.36 
230 
2.28 
NS -----

o 17 1 52 248 063 196 43 
020 1 67 . 2 36 065 213 46 
018 1 62 250 0.68 236 45 
019 1 56 240 062 213 44 
020 172 248 070 240 53 
0.21 177,236 073 255 55 
NS NS NS 0.14 21 7 

----~ - - - - - ---------- 
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58 
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As for the manganese content, the data in (Tables 2 and 3) 
indicated that one spray in April (T4) or In June (T5) increased leaf 
manganese content in both seasons when compared with the control. 
However, no significant differences between the two treatments were 
obtained. In addition, all the two spray treatments (T6, T7, T8, T9, T10 and 
T11) resulted in a significant higher content of manganese one spray in 
May (T5) and the control in both seasons. Moreover. the results of both 
seasons clearly indicated that manganese content was highest by the two 
sprays treatments in March and May (T1 0) and in April and May (T11), and 
was intermediate by two sprays in February and May (T8) and in March 
and April (T9), and lowest by two sprays in February and March (T6) and in 
February and April (T7). EI-Gazzar et a/.(1979) reported that Zn+Mn or 
Fe+Zn+Mn sprays increased leaf manganese content when sprayed in 
May. Marchanda (1974) reported that foliar application of manganese in 
mixtures with zinc and/or iron corrected manganese deficiency symptoms 
of oranges and increased its concentration in the leaves. Taha et al. (1979) 
reported that foliar sNays of manganese were more effective in June or 
September. In general, two foliar sprays of combination of chelated Fe + Zn 

+Mn or Mn + Zn were found to increase leaf iron content according to Abd 
EI-Migeed (1996), Hassan (1995a) and EI-Safty (1998). 

Fruit set and retention 
The data presented in Table 5 stated that all treatments (except one 

spray In May in both seasons and one spray in April in the second season) 
significantly increased fruit set percent in both seasons comparing with the 
control One spray in March (T3) gave a significant higher fruit set percent 
than one spray in February (T2) and one spray in April (T4). 

Also, the data of both seasons indicated that all treatments retained 
more fruit as compared with the control. Additionally, trees received two 
sprays in March and April (T9) or in April and May (T11) retained more 
fruits than the one spray and all other two sprays treatments. These results 
are in agreement with those of Supriya and Bhattacharyya (1993). They 
reported that zinc sprays resulted in high fruit set percent of lemon trees 
Also, Nakhlla (1998) detected an increase in fruit set and retention of 

orange trees by spraying zinc 3, 6 or 9 times. 

Fruit drop 
The data in Table 4 indicated that all spray applications (except one 

spray in February in both seasons and one spray in March in the first 
season) significantly decreased fruit drop as compared with the control. 
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However, no significant differences among the one spray 
treatments were obtained in both seasons. In addition, in the second 
season trees sprayed twice in March and May (T10) or in April and May 
(T11) resulted in a lower fruit drop percent than those sprayed twice in 
February and March (T6) or in February and April (T7). Garcia et al. (1983) 
found that zinc and manganese foliar sprays decreased fruit drop of 
Valencia orange trees. Meanwhile, Nakhlla (1998) reported that monthly 
foliar sprays of zinc 3, 6 or 9 times decreased fruit drop of Navel oranges. 
Also, Kassem and Marzouk (2004) stated that 1, 2 or 3 zinc foliar spray 
decreased drop percent of mango fruits. 

Yield 
The results of both 2005 and 3006 seasons revealed that the yield 

as weight or number of fruits per tree was markedly increased by all 
treatments comparing with the control (Table 4). The data also showed 
that, during both seasons the average yield of trees sprayed once in April 
(T4) or in May (T5) was significantly higher than that of trees sprayed once 
in February (T2) or in March (T3). Also, trees sprayed twice in March and 
May (T10) or April and May (T11) were the best treatments comparing with 
all other spraying applications. In general, trees received two sprays gave 
higher yield than those sprayed once. Analogous results on different citrus 
species were obtained by Garcia et a/. (1983), EI-Shamy et a/. (1989), 
Egorashvili et a/. (1991), Qin et a/. (1993), Patel et a/.(1997) and Nakhlla 
(1998). Moreover, Swiethik (2002) reported that zinc sprays applied before 
anthesis might be most beneficial in terms of fruit yield in citrus. 

Fruit quality 
The data in Table 5 showed that trees sprayed once in May (T5) 

and all the two spray treatments significantly increased fruit TSS in both 
seasons as compared with the control. Additionally, the highest increment 
in TSS was noticed by the two sprays treatments in the second season 
only. On the other hand, fruit acidity, weight, length and diameter were not 
significantly affected by any of the spraying treatments in both seasons 
(Table 4). These results are, generally, in line with those of Qin et a/. 
(1993), Singh et a/. (1993), Langthosa and Bhattacharyya (1991), Nakhlla 
(1998), Torres et a/. (2002) and Kassem and Marzouk (2004) 
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2005 2006
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~ ~ __ ~_~_(!'~~_ (n/oL __~L __~ (%) __9 ree Itree_ _ llii___ 

C',nlr,,' (w;i:er spray 0nlv) 26 23 77 68 313 00 20 25 75 57 258 00 
One spray In Februarv 30 28 72 75 327 10 29 28 31 69 66 286 1579 
One spray ,n ~,J1arch 35 31 69 77 360 1323 36 34 66 67 293 1754 
One spr ay In April 29 35 65 80 367 1765 25 37 63 72 312 2632 
One sp<ay In May 25 38 62 85 379 25.00 23 38 62 73 319 28,07 
Two sprays in February 42 38 62 88 373 29.40 35 35 65 75 336 31,58 1'and March
 
Two sprays In February
 >
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Table (5): Effect of Fe. Zn and Mn foliar sprays on fruit weight, length. TSS and acidity of Hindi-Be-Senara mango 
trees in 2005 and 2006. 

2005 2006 

Treatments TSS 
(%) 

Acidity 
(%) 

Fruit 
weight 

(9) 

Fruit 
length 
(em) 

Fruit 
diameter 

(em) 

TSS 
(0;')

° 

A ilfty
~%; 

Fruit Fruit 
weight length 
(~(cm) 

Fruit 
diameter 

(em) 
Control (water spray only) 1648 0.34 218 12.07 6.82 1526 0.38 221 1213 6.28 
One spray in February 16.60 0.36 228 1178 6.63 15.40 0.38 231 1121 6.42 
One spray in March 16.80 0.35 214 1162 6.21 1520 036 229 1272 6.24 
One spray in April 17.00 0.36 218 12.01 676 1560 0.32 229 1288 6.36 
Onfilspray in May 17.40 10.38 224 1182 680 15.80 0.40 231 1212 6.28 
Two sprays in February and March 17.20 0.40 236 1166 6.22 16.28 0.38 229 11 82 6.23 
Two sprays in February and April 17.60 0.36 245 12.08 734 16.42 0.32 223 12.08 6.24 
Two sprays in February and May 1782038 244 11.86 725 16.640.36 210 11.66 6.02 

< Two sprays in March and April 17.260.40 236 11.80 7.12 16.46 0.40 208 11.86 6.21 
~ TWQspraysin March and May 17.60.0.38 231 11.62 6.62 16.60 0.38 218 12.08 6.12 

Two sprays in April and May 17.83 ~ 0.36 226 11.43 7.13 1!Ml6 0.40 221 12.62 621 
.;:. LS.Do05 0.66 NS NS NS NS 046 NS NS N~ __ ~~. __ 
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