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ABSTRACT

The present investigation was conducted during 2002 and 2003 growing seasons in
order to evaluate the effect of three application times (before bloom, at bloom and at pea stage)
and number {1, 2 or 3} of potassium nitrate, zinc and horon sprays on Hindi-Be-Senara mango
trees. Shoot length and chlorophyil content were increased by Zn and KNO; sprays. Spraying
KNOQ; 1, 2 or 3 times significantly increased leaf N, K, Ca and B contents. Spraying Zn increased
leaf K, Ca, Mg and Zn contents while B sprays increased leaf K, Ca, Mg and B leaf contents.
However, Zn and B sprays decreased leaf P content whereas, leaf Fe content was decreased by
Zn sprays only. In general two or three sprays of Zn or B increased fruit set, fruit retention and
yield and decreased fruit drop percent. However, two and three sprays did not differ significantly.
Fruit retention, drop, weight, length, diameter, yield and V.C contents were affected by KNO;
treaiments. However, acidity was not affected by any treatment.

INTRODUCTION

Mango occupies the fifth planted area among fruit species produced in
Egypt. In the meantime, it became a fairly common commodity for the most
consumers in outlands. This supports the idea of encouraging the marketability
of the Egyptian mango 1o foreign countries such as Europe and the Far East.
Zebda and Hindi are of the promising mango varieties grown in Egypt {(Riad,
1997). The growth and productivity of the mango tree is known to relay mostly
on its nutritional status as well as the environmental and hormonal factors
(Kutkamni, 2004). Interrelations between growth, development and productivity
of mango tree and the macro and micro nutrient content in the leaves at the
vegetative and reproductive phase is reported (Guzman-Estrada, 2000). Foliar
application of most nutrients is recommended 1o increase mango ftrees
productivity. The effect of applying fertilizers containing potassium, zinc and/or
boron as foliar sprays were reported in many investigations. Potassium was
found to enhance flowering {Sergent et al., 1997 and Ataide and Jose, 2000),
tree growth {Shongwe and Roberts-Nkrumah, 1997 and Sergent et al., 2000),
fruit retention, yield and fruit quality of mango (Bhuyan and irabagon, 1992,
Sharma ef al, 1990, Oosthuyse, 1993, Oosthuyse, 1997, Ataide and Jose,
2000). Zinc is most important in the flowering and fruit set and the effect of foliar
application of zinc on zinc uptake, yield and fruit quality of mango was
investigated (Bahadur ef al, 1998). In addition, determining the time and
number of sprays of these elements is very important to obtain their best effect
on tree growth and productivity. Accordingly, the present study was aimed to
evaluate time and number of potassium nitrate, zinc and boron foliar sprays on
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fruit retention, growth yield and frurt quality of Hindl-Be Senara mango trees
_grown m a calcareous s0il. -

MATERIALS AND METHODS :

"The present study was carried out during the 2002 and 2003 growing
‘seasons on 28 years old Hindi-Be-Senara trees {(Mangifera indica, L.} grown in
Abou -El-Matameer fegion near Alexandria, The soil was sandy clay calcareous
with pH 7.76-7.82, CaCO; of 31% and water table leve! of about 130 cm from
the soit surface. Trees were planted at 6x7 m apart wngated with Nile water
every 15 days. The orchard was fertilized with orgamc manure and calcium
superphosphate at-the rate 'of -20 cubic meters and 150 kg per feddan,
respectively, ‘in Degcember every year. Orchard was also fertilized by
amsnonium nitrate at the rate of 350 kgifed. at two equal doses {mid-March and
Mid-June).: Ten follar spray freatments included spraying with: water only
(control); 20 g potassium nitrdte (46.2%K;0, 13.5% N), 0.5 g/l amino acid
.chelated ziné (12% Zn) and 0.7 g borax (17.5% B) and were arranged in a
rarrﬁcmtzed complete block de319?1 Each treatmem lncfuded_ t.hree rephcates
nutnents were separateély appliéd: cnce ‘twice or three times in the following
spraying dates: before bloom (BB, mid-March), at bloom {(AB, mid-April) and at
pea stage (APS, mid-May). Water was sprayed on the smalf panities of control
trdes . Eacly tree received approximately . 8. liters of the 8pray solution and the
surfactant Biofilm (30-em/4 DOL water) produced by Blotedh Egypt was added to
the Sprayed sciutlons T T
- m order to study the- aﬁect of the different treatments on tree growth,
five main branches were taggsd on the different sides of each tree in February
and- thelength: ‘'of -spring non-fruiting-shoots per branch was measured in
September: of bothseasons. In-both seasons; the number of fruils on each
panicie of the tagged:branches was recorded after fruit set (May) and after June
drop (July). Fruit set and fruit retention were calcufated as foﬁows Fruit set =
average-fruits numberper panicie B
Fruit retention = number of remamad frults per tree after June drop l number of
fruits per tree after fruitset. - - -

Yield as kg -and number of fruits per tree was recorded at harvest time
(mid-September) of both seasons. Leaf samples were collected at random from
the medium parts of-the non-fruiting shoots on the previous tagged branches in
mid-September of both seasons in order to determine Jeaf N, P, K, Ca, Mg, Fe,
Zn, Mn, B.and chiorophyli contents. Each leaf sample consisted of 30 leaves for
each replicate. Leaves were thoroughly washed: with -tap water, rinsed twice
with digtilled water, dried to a constant weight.in an air drying oven at 70 °C and
then they were- grounded and digested with H;0, and H,$0, according to the
method of Evinhauis and Dewaard (1980) Fe, Zn, Mn and 8 were determined
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using an atomic absorption spectrophotometer 305B. Leaf chlorophyll as
mg/100 g fresh weight was measured according to Moran and Porath (1980).

In order to determine fruit quality characters, twenty fruits were
randomly sampled once at harvest time from each tree in both seasons. In each
sample fruit weight, diameter, and length were measured. Also, juice TSS, V.C
and acidity contents were estimated. The data were statistically analyzed
according to Snedeceor and Cochran (1980).

RESULTS AND DISCUSSION
Shoot length :

The data presented in Tables (1 and 2) showed that one, two or three
sprays of KNO; significantly increased shoot length in both seasons when
compared with the control. However, no significant differences between one
and two potassium sprays were obtained in the first season, whereas, in the
second season spraying KNO, three times had a high effect than one spray. An
increase in growth of mango trees as a result of K sprays were reported {(Symal
and Mishra, 1988 and Sergent et al., 2000).In addition, spraying Zn two (AB
+APS) and three (BB + AB + APS) times significantly increased shoot length in
both seasons as compared with the water sprayed control. These results are in
line with those of Abo-Taleb et al. (1998). However, spraying B three times (BB
+ AB + AS) in both seasons and two times in first season increased shoot
length as compared with the control (Tables 1 and 2). Similar results were
obtained by Delcheva and Makariev (1982) and Marzouk ef al. (2003).

Leaf chiorophyll

The data of both seasons revealed that all potassium nitrate sprays
significantly increased leaf chiorophyll content as compared with the control.
However, spraying potassium nitrate three times (BB + AB + APS) had a higher
effect than one spray in the first season and one and two sprays in the second
season. It might be attributed to that the KNO; increased leaf N content. In
addition, zinc sprayed once in the first season only, two and three times in both
seasons had a significant effect on leaf chiorophyll content as compared with
the control. However, B did not affect leaf chlorophyll content in both seasons
(Tables1 and 2). These results are in line with those obtained by Qin ef al.
(1993), Nakhlla {1988) working on orange and Supriya and Bhattacharyya
(1993) working on lemon. They reported that Zn sprays increased leaf
chlorophyit content.

Leaf mineral content

Regarding nitrogen content, the resulis in tables 1 and 2 showed that alt
potassium nitrate sprays significantly increased the concentration of this
element in the leaves in both seasons as compared with the control. This
increase might be attributed to that potassium nitrate contained 13.5% N. In

vol. 8(2), 2004 301



J. Adv. Agric. Res. (Fac. Ag. Saba Basha)

addition no differences between potassium nitrate sprays were obtained.
Moreover, leaf phosphorous content was significantly decreased by two and
three Zn sprays in both seasons as compared with the control (Tables 1 and 2).
This might ‘be attributed to ‘the antagonistic reaction between Zn and P
{Rasoulisadaghni et al;, 2002). Also, two (first season only} and three (first and
second seasons) boron sprays gave a significant lower phosphorous leaf
content than the control. However, potasstum did not significantly affect leaf P
content (Tables 1 and 2).

Moreover, the data in Tables (1 and 2) showed that all potassium nitrate
sprays significantly increased leaf K content in both seasons. Similar results
were obtained by Abd El-Al et.-al (1994). Additionally, leaf K content was
significantly increased by spraying Zn two - (both seasons) and three (second
season orily) times comparing with the control. Moreover, three boron sprays
(BB + AB + APS) in both seasons. and two sprays in the first season increased
leaf K content in both-seasons. as compared with the control. Wojcik (1998)
found that the feaf K content was mcreased by aﬁer full bloom B sprays.

Leaf Ca content was hfgher than the control by two or three KNO;
sprays in both seasons. In addition, spraymg Zn or B two and three times
significantly increased leaf Ca content in both seasons as compared with the
water sprayed control (Tables 1 and 2). However, no significant differences
between .two. and three.sprays.of .these elements were obtained. Boron
encourages the uptake and mability of Ca {Atkinson et al., 1980 and Wojcik,
1998). However, leaf Mg content was S|gmf cantly - mcreased by all Zn and B
sprays in both seasons whereas, KNO;. had no.effect on leaf Mg content. In
addition, spraying Zn three times gave a higher Mg content than one spray in
the second season only. Marzouk et a/.(2003) found that spraymg B once after
full bloom increased. leaf Mg content. The results obtained in Tables (1 and 2)
showed that leaf Fe content was significantly decreased by ali Zn sprays in both
seasons as compared with the control. On the other hand, one and three foliar
sprays of KNO; and three sprays of B significantly increased leaf iron content in
the second season only. Marzouk ef al. (2003) found no effect on leaf Fe
contentby Znand Bsprays. . .., . -

The data of both seasons. reveal’ed that only zinc sprays significantly
affected leaf.Zn content as compared with the control (Tables 1 and 2). These
results are in line with those of EL-Gazzar et al. (1979). They found that
spraying orange trees in May with chelated Zn markedly increased leaf zinc
content. Also, Taha ef al. (1979) reported. that the zinc applied in June was
absorbed -more rapidly than that applied.in March or September. Nakhlla
(1998) stated that monthly zinc sprays increased leaf zinc content of Navel
orange. - Additionally, manganese content was not affected by any of the
treatments in both seasons. Boron was significantly increased by all B sprays

1 . -
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in both seasons and by alt KNO; sprays in the second season only comparing
with the control (Tables 1 and 2). Similar results were obtained by Marzouk et
al.(2003).

Fruit set and retention

The data in Table (3) showed that both KNO; and Zn sprayed two (BB
+ AB) or three times (BB + AB + APS) and all boron sprays significantly
increased fruit set and fruit retention in both seasons when compared with the
control. The increase in fruit set and retention of mango trees as a results of
potassium foliar sprays during flowering and just before fruit drop is evidenced
in many investigations (Oosthuyse, 1993; Costhuyse, 1997, Sergent et al.,
1997 and Ataide and Jose, 2000). In addition, boron needed for reproductive
growth in many crops is more than that needed for vegetative one. It stimulates
the transport of sugars throughout the piant, it affects auxin metabolism (Lovah,
1985) and it is also required for calcium uptake (Atkinson ef al, 1980).
Accordingly, boron plays an important role in increasing fruit set and reiention.
Also, Zn increased the auxin content in orange (Nakhila, 1998). Additionally, the
deficiency of boron and zinc may cause an increase in the misshapen and
abortion percentage of fruit. This explains their importance for fruit set and
retention.

Fruit drop

The data presented in Table (3} indicated that all treatments, except one
spray of KNO, BB, decreased fruit drop percent in both seasons comparing
with the control. Similar findings were obtained by Bhuyan and irabagon (1992)
working on Carabao mango.

Yield

The results of both seasons revealed that two and three sprays of
KNO: or Zn and all B sprays increased the yield significantly (Table 3). These
results are in line with those of Sharma et al (1990), Oosthuyse (1993),
Sergent ef al. (1997) and Bahadur et al.(1998) working on mango. The Hindi-
Be-Senara mango is polyembryonic. Nunez-Elisa (1987) reported that
polyembryonic mango gave higher yield than monoembryonic one as a result of
KNO; foliar sprays. Moreover, from the above data the repeated sprays of the
chleated zinc were most effective than the single one. Swietlik (2002) reported
that zinc sprays applied before anthesis might be most beneficial in terms of
fruit yield in citrus. In addition, the yield expressed as number of fruits was
significantly increased in both seasons by all treatments except a single spray
of Zn or KNO; (Table 3). The effect of KNO; on number of fruits per tree was
reported (Osman et al., 1990). Ataide and Jose (2000) indicated a high number
of fruits per tree in Tommy Atking mango by KNO, spraying intervals.
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Fruit quality

The data obtained in Table (4) showed that fruit acidity content was not
affected by any of the spraying treatments in both seasons. However, vitamin C
was significantly increased by ali KNO, sprays and three B sprays in the
second season only. These resulls agreed with those of EI-Otmani ef a/.(2004).
The total soluble solids were increased by all treatments, except single Zn
spray in both seasons, as compared with the control in both seasons. These
results agreed with those of Kumar and Kumar (1988). They found that two
sprays of zinc showed a positive effect on the TSS content of mango.
Moreover, fruit weight was significantly increased in both seasons by all KNO,
sprays only, except one spray in the first season. From the previous results,
leaf K content was increased by all KNO; sprays. A positive significant
correlation between leaf K concentration and fruit weight was reported by
Taheri and Talaie (2001). The data in Table 4 also showed that fruit length was
not affected by any of the Zn sprays whereas, it was significantly increased by
all KNQ; treatments and by spraying B three times (BB + AB + APS) in both
seasons. In addition, Zn and B sprays had not significant effect on fruit diameter
in both seasons. On the other hand, all KNO, treatments, except a single spray
in the first season, significantly increased fruit diameter in both seasons (Table
4). Evidence on increasing mango fruit size as a result of potassium sprays is
also reported by Singh and Tripathi (1978), Symal and Mishra (1988), Bhuyan
and Iragbagon {1992) and Oosthuyse (1993). Also, Wahid-Ali et al. (1991)
detected high quality characters by spraying boron to guava trees before
flowering and at fruit set.
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Table 1. Effect of Zn, B and KNO, foiiar sprays on leaf mineral and chlorophyll contents and shoot length of Hindi-Be-Sennara
mango trees in 2002 season.

Chlorophyll  Shoot

Treatment (,;I’) (;) (;o) (%:) Ff}é’) ( an) ( Z‘:n) (Mnm) ( Bm) (mg/100g  length

PP PP PP PP freshwt)  (cm)

Control 1.98 0.19 1.80 1.92 0.43 98 21 23 38 242 16.62
Zn 1 spray 22 0.19 190 240 0.53 76 34 23 40 286 2042
Zn 2gprays | 2,06 0.12 2.06 250 0.62 70 35 28 38 286 21.86
Zn 3gprays | 220 012 180 2562 0.56 80 40 30 40 284 22.86
B 1 spray 212 018 1.87 2.32 0.58 93 26 26 56 223 20.08
B 2sprays | 198 015 200 260 0.60 98 21 25 57 239 21.12
B 3sprays | 2.26 0.14 2.00 260 0.62 100 28 26 60 246 21.04
KNQO, 1 spray 2.32 0.20 2.00 241 0.50 102 22 23 43 292 22.26
KNG, 2sprays | 2.36 020 200 258 0.43 100 26 28 38 320 24,08
KNO, Jsprays | 2.32 0.19 2.06 2.52 0.43 96 26 25 38 346 26.07
L.S.Dges 0.30 0.03 0.18 0.52 0.10 10 11 N.S 12 32 3.88
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Table 2. Effect of Zn, B and KNO; foliar sprays on leaf mineral and chlorophyil contents and shoot length of Hindi-Be-Sennara mango trees in
2003 season.

Chiorophyll  Shoot

N P K Ca Mg Fe Zn Mn B

Tr

eatment ) 8 G (% Gem  eem)  (em)  em) (IS 09N
Control 2.00 0.16 1.54 1.98 0.40 102 23 22 a0 268 18.46
Zn 1 spray 1.93 0.14 1.4 2.12 0.48 88 36 28 36 272 20.24
Zn 2 sprays 1.90 0.12 2.06 2.36 0.52 82 39 KV 42 298 21.07
Zn 3 sprays 2.00 0.10 2.00 2.30 0.58 78 43 26 40 306 21.92
B 1 spray 1.50 0.17 1.80 2.06 0.50 98 28 23 58 274 19.21
B 2 sprays 2.06 0.13 1.92 2.36 0.57 100 30 25 60 288 20.06
B 3 sprays 212 0.11 2.02 242 0.53 112 3 24 63 272 20.82
KNO, 1 spray 2.27 0.17 2.00 2.13 0.43 118 32 28 52 300 22.08
KNO, 2 sprays 2.32 0.18 212 2.32 0.40 106 30 26 50 340 2327
KNO; 3 sprays 2.36 0.17 2.18 2.21 0.44 112 28 30 53 352 25.83
L.S.Doos 0.23 0.04 0.41 0.20 0.08 8 13 N.S 10 25 213

{Suseq eqes by e4) ‘sey DBy APY T
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Table 3. Effect of Zn, B and KNO, foliar sprays on fruit set, fruit ratention, fruit drop, fruit number and yield of Hindi-Be-Sennara mango trees

in 2002 and 2003 seasons.
2002 season ' 2003 season
. Fruit Fruit Fruit . field ) Fruit Fruit  Fruit ) Yield
Treatment Zr:t't retention drop number (k:'terlge) in;rement Zr:t't retention drop humber (ky;ﬁ_lge) increment

(%) (%) free (%) (%) (%)  ftree. 9 (%)

Control 8 10 a0 282 61 0.0 1 9 9 318 67 0.0
zZn 1 spray 11 16 84 32 72 18 12 12 82 356 76 13
Zn 2 sprays 14 17 83 350 78 25 15 16 84 386 86 28
Zn 3 sprays 18 18 82 370 84 38 18 17 83 406 88 a3
B 1 spray 13 17 83 336 75 23 17 17 83 378 82 22
B 2 sprays 13 20 80 366 80 3H 17 19 81 400 91 36
B 3 sprays 20 20 80 396 87 43 21 21 79 421 93 39
KNO, 1 spray 9 13 87 311 72 18 14 12 88 342 19 18
KNO, 2 sprays 13 18 82 336 80 31 18 16 B4 362 86 28
KNO, 3 sprays 14 17 83 340 82 34 16 15 85 365 87 30

L.5.Dg¢s5 5 7 5 48 14 4 5 6 43 13

(eyseq eqes Gy ded) "say uby Apy T
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Table 4, Effect of Zn, B and KNO, follar sprays on postharvest fruit quality of Hindi-Be-Sennara mango trees in 2002 and 2003 seasons.

2002 season . 2003 season

R . Ve . . V.C

- ruit Fruit Fruit ) - Fruit ruit ruit content

Treatment 1(-%? A?,:z;ty weight length diameter (rzg?:?}gt g 1(-‘?5? A(c;/(:')w weight length diameter {mg/100

(9) {cm) em)  fech wi) () (cm) (em) g me)sh
Control i5.4 0.32 218  11.32 6.38 14 15.06 022 220 1156 6.62 12
Zn 1 spray 16.2 0.28 221 12.00 6.63 12 15.88 0.21 212 11.60 6.60 14
Zn 2 sprays 16.8 0.30 218 11.72 6.21- 17 16.72 Q.19 220 12.08 8.21 11
Zn 3 sprays 17.4 0.26 22¢ 12.06 68,72 18 16.84 0.28 218 11.62 6.43 15
B 1 spray 17.0 0.31 222 11.82 6.80 13 16.80 0.22 218 12.21 1.32 13
B 2sprays | 178 0.25 218 12.12 6.28 15 17.06 (.26 228  12.00 7.08 14
B dsprays | 17.8 0.26 220 12.28 7.07 19 17.26 0.30 220 12,42 7.00 17
KNO, 1 spray 17.8 0.28 228 12.26 7.00 20 1748 023 230 1252 7.60 16
KN, 2 sprays 18.2 0.32 238 12,70 7.16 19 17.62 0.23 238 12.48 7.58 18
KNQ, dsprays | 196 0. 242 12.71 7.28 21 17.82 0.21 239 12.48 7.72 17
L.S.Dpes 1.2 N.S 14 0.86 0.78 N.S 1.6 N.S g 0.74 0,66 3
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