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AB STRACT: Mango, the na tional fruit of In dia, has de vel oped its own im por tance all over the
world. Be ing a use ful and de li cious fruit, it is the part of cul ture and re li gion since long time, and
now, it is rec og nized as one of the best fruits in the world mar ket. Cal cium and po tas sium
amongst ma jor nu tri ents as well as zinc, bo ron amongst mi cro nu tri ents have been found to play
a ma jor role in main te nance of mango fruit qual ity. More over, for rapid re sponse and cor rec tion
of de fi cien cies of min eral nu tri ents, fo liar spray of nu tri ents es pe cially Ca, B, Zn and K have been 
used sin gly or in com bi na tion. The ex per i ment was con ducted on mango cv. Dashehari at
Hor ti cul ture Re search Cen tre, Patharchatta, G.B. Pant Univesity of Ag ri cul ture and Tech nol ogy,
Pantnagar. The ex per i ment in volved the pre-har vest fo liar spray of nu tri ents at ‘mar vel stage’ of
mango fruits. The treat ments in cluded CaCl2@1.2%, Bo rax@0.5%, K2SO4 @ 0.5%, Ca
(NO3)2@1.0%, ZnSO4@0.5%, ZnCl2@0.3% and con trol. The re sults ob tained in di cated that the
trees sprayed with 0.5% bo rax showed max i mum fruit yield, fruit weight, fruit vol ume, T.S.S.,
re duc ing sugar, non re duc ing sugar and ascor bic acid con tent, how ever, this treat ment found to
be at par with 1% Ca(NO3)2. While with re gard to main te nance of post har vest fruit qual ity in
mango, the min i mum phys i o log i cal loss in weight was re ported in 1.0% Ca(NO3)2  fol lowed by
CaCl2 (1.2%) up to the end of 12th day. Other qual ity pa ram e ters like fruit TSS, sugar and
ascor bic acid con tent were best main tained by bo rax, cal cium and po tas sium treat ments.

Keywords: Fo liar ap pli ca tion, Ca, B, Zn, K, mango, qual ity, shelf life.

Mango is the na tional fruit of In dia and is the
ma jor fruit of Asia. It has de vel oped its own
im por tance all over the world. Be ing a use ful and
de li cious fruit, it is the part of cul ture and re li gion
since long time. From an cient time, it has been the
fa vour ite of the kings and com mon ers be cause of its 
nu tri tive value, taste, at trac tive fra grance and
health pro mot ing qual i ties and now, it is rec og nized 
as one of the best fruits in the world mar ket.
Cal cium is an im por tant nu tri ent, plays a cru cial
role in sev eral phys i o log i cal func tions viz., fruit
firm ness re ten tion, pro tect ing the plant against
sa lin ity stress, cal lus fri a bil ity and so matic
embryogenesis. Romero et al. (18) found that the
ap pli ca tion of cal cium as pre-har vest spray
in creased fruit qual ity of mango fruit. Singh et al.
(22) re ported that the Cal cium ni trate at lower
con cen tra tion i.e. 1.0% showed ben e fi cial ef fects in 
pro long ing the stor age life of guava fruits. Bo ron
also af fects fruit ma tu rity and qual ity. Ac cord ing to
Chap man et al. (6), the fruits from the bo ron
de fi cient pa paya plants ripen un evenly and have

low sugar con tent. Aly and Isamail (1) re ported that 
bo ron as pre har vest spray has ben e fi cial ef fect on
qual ity of guava fruits. More over, for rapid
re sponse and cor rec tion of de fi cien cies of min eral
nu tri ents, fo liar feeding of nu tri ents es pe cially Ca,
B, Zn, and K, sin gly or in com bi na tion, is ben e fi cial 
for ac cel er at ing de vel op ment of growth char ac ters,

flow er ing, fruit ing, qual ity and shelf life of fruits.

MA TE RI ALS AND METH ODS

The pres ent in ves ti ga tion was car ried out at

Hor ti cul ture Re search Cen tre, Patharchatta of G.B.

Pant Uni ver sity of Ag ri cul ture and Tech nol ogy,

Pantnagar dur ing 2008 (Jan u ary to July). The

pre-har vest fo liar spray of nu tri ents on 6 years old

trees of mango cv. Dashehari was done at mar vel

stage of fruits, planted at a dis tance of 10x10m. The 

ex per i ment was con sisted of eight treat ments viz.

T1-1.2% CaCl2, T2-0.5% Bo rax, T3-0.5% K2SO4, T4

-1.0% Ca(NO3)2, T5-0.5% ZnSO4, T6-0.3% ZnCl2,

and T7-con trol with three rep li ca tions in ran dom ize

block de sign. There was sin gle tree per treat ment

HortFlora Research Spectrum, 1(4): 300-305 (2012)                                     ISSN : 2250-2823

Received : 14.6.2012                                     Accepted : 04.8.2012                    



per rep li ca tion. The fruits were har vested at ma ture

stage and five fruits were taken from each tree for

re cord ing data on phys i cal and chem i cal at trib utes

of fruits. Phys i o log i cal loss in fruit weight (PLW)

and chem i cal at trib utes were re corded at ev ery 2

days in ter val up to the end of shelf life at am bi ent

stor age. The T.S.S. of fruit was re corded at room

tem per a ture us ing hand refractometer and it was

ex pressed in °Brix and chem i cal qual ity at trib utes

were de ter mined as per stan dard pro ce dure

decribed in AOAC (2).

RE SULTS AND DIS CUS SION

Ef fect on fruit weight, fruit vol ume and fruit yield

The data pre sented in Ta ble 1 re vealed that
sig nif i cantly higher fruit weight (167.29 g) and
fruit vol ume (164.52 ml) were ob served with the
treat ment of 0.5% bo rax which was found
sta tis ti cally at par with treat ment 1.0% Ca(NO3)2

(163.41g and 160.11ml) and 1.2% CaCl2 (157.86g
and 154.84 ml), while min i mum (143.99 and
139.04 ml) was in con trol. Ap pre cia ble im prove -
ment in fruit weight by bo rax ap pli ca tion has been
also re ported by Dutta et al. (8) in li tchi and Dutta
(7) in mango cv. Himsagar. The in crease in fruit
weight with the sprays of bo rax was might be due to 
the in volve ment in hor monal me tab o lism, in crease
in cell di vi sion and expension of cell. Bo ron is also
known to stim u late rapid mo bi li za tion of wa ter and

sugar in the fruit. 

The max i mum fruit yield (28.52 kg/tree) was
re corded with the treat ment of 0.5% bo rax as
com pared to other treat ments and min i mum in
con trol. Bhatia et al. (5) re ported max i mum fruit
weight and con se quently the yield of guava with
the ap pli ca tion of 1.0% H3BO3. In crease in fruit
weight, fruit vol ume and fruit yield in mango cv.
Dashehari as pre-har vest ap pli ca tion of 0.5% bo rax
was re ported by Gaya (9). The sig nif i cant in crease
in yield by bo ron ap pli ca tion may be ac cred ited to
the pos i tive ef fect of bo ron on in creas ing the rates
of car bo hy drate and RNA me tab o lism (Parr and

Loughman, 16).

Ef fect on T.S.S., re duc ing sugar, non re duc ing

sugar and ascor bic acid

A perusal of Ta ble 2 showed that fo liar sprays
of nu tri ents had sig nif i cant ef fect on TSS con tent of 
mango fruits for dif fer ent treat ments. Max i mum
T.S.S con tent (17.8 °B) was re corded in 0.5%
bo rax, whereas, it was found min i mum in con trol
(14.65 °B). Sim i lar re sults have also been ob tained
by Dutta (7) in guava and Gaya (9) in mango. The
in crease in T.S.S. up to cer tain pe riod sig ni fied the
pe riod of ac tive syn the sis of car bo hy drates in fruits, 
while de clin ing trend in T.S.S fol lowed there af ter,
in di cated the deg ra da tion and fer men ta tion of
sug ars sig nal ing the on set of se nes cence stage

(Ryall and Pentzer, 19). 

Data in di cate the max i mum re duc ing sugar
con tent (6.42 per  cent) in treat ment with 0.5%
bo rax which was found sta tis ti cally at par with
0.5% ZnSO4 (5.64 per cent) and 1.2% CaCl2 (5.5
per  cent), re spec tively (Ta ble 3) and min i mum in
con trol (4.30 per  cent). Sim i lar re sults have been
ob tained by Gaya (9). Kahlon and Uppal (11)
sug gested that con ver sion of starches and
poly sac cha rides into sim ple sugar with the
ad vance ment of stor age was re spon si ble for the
in crease of re duc ing sugar, and on ward de cline was
due to the uti li za tion of sugar in evapo-

tran spi ra tion and other bio chem i cal ac tiv i ties.

Non re duc ing sugar was re ported to be
max i mum (9.29 per  cent) in fruits treated with 0.5% 
bo rax which was found sta tis ti cally at par with
1.2% CaCl2 (8.86 per  cent), 1.0% Ca (NO3)2 (8.73
per  cent) and 0.5% ZnSO4 (8.36 per  cent) whereas,
it was found to be min i mum (6.58 per  cent) in
con trol (Table 4). These re sults elu ci dated the
find ings of Babu and Singh (3) and Dutta (7). It was 
ob served that the pro por tion of re duc ing sugar
con tent was less as com pared to non re duc ing sugar  
both at ripe and at the end of shelf life supporting

the findings of Sudhavani and Ravisankar (23).

It is re vealed from the Ta ble 5 that

sig nif i cantly max i mum ascor bic acid con tent

(34.05 mg/100g pulp) was re corded in 0.5% bo rax
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Ta ble 1: Ef fect of pre har vest fo liar spray of nu tri ents on fruit yield and phys i cal qual ity at trib utes of mango cv.
        Dashehari.

Treatment Fruit weight (g) Fruit volume (ml) Fruit yield (Kg/Tree)

T1-CaCl2 (1.2%) 157.86 154.84      25.73

T2-Borax (0.5%) 167.29 164.52      28.52

T3-K2SO4 (0.5%) 149.74 144.03      23.86

T4-Ca(NO3)2 (1.0%) 163.41 160.11      26.67

T5-ZnSO4 (0.5%) 154.72 149.06      24.22

T6-ZnCl2 (0.3%) 147.95 143.12      22.54

T7-Control 143.99 139.04      20.95

C.D. (P = 0.05) 11.73 12.32       1.06

Ta ble 2: Ef fect of pre har vest fo liar spray of nu tri ents on PLW of mango cv. Dashehari at am bi ent stor age.

Treatments Initial        
fruit 

weight
(g)

Physiological loss in weight (%) at different storage period (days)

3 

days

4 

days

6 

days

8 

days

  10 

days 

12
days

Mean 

T1 CaCl2 (1.2%) 160.44 5.67 9.26 11.73 18.42 25.59 30.33 16.83

T2 Borax (0.5%) 183.96 5.92 10.27 14.22 22.12 27.48 34.62 19.11

T3 K2SO4 (0.5%) 154.05 6.32 8.76 12.65 17.87 26.28 32.75 17.44

T4 Ca(NO3)2 (1.0%) 175.39. 5.40 8.60 11.61 17.36 25.12 30.22 16.39

T5 ZnSO4 (0.5%) 146.98 6.42 10.41 14.51 20.17 26.73 33.46 18.62

T6 ZnCl2 (0.3%) 138.08 6.77 10.71 14.77 19.30 27.84 33.87 18.88

T7 Control 125.14 7.50 11.77 15.23 22.81 28.43 36.36 20.35

Mean — 6.29 9.97 13.53 19.72 26.78 33.09

Storage days          Treatment Storage days x Treatment 

C.D. (P=0.05)     0.79 0.85 NS

Ta ble 3: Ef fect of pre har vest fo liar spray of nu tri ents on TSS (°Brix) of mango cv. Dashehari at am bi ent tem per a ture.

Treatments Storage period

0 day 2 days 4 days 6 days 8 days 10 days Mean

T1 CaCl2 (1.2%) 9.53 12.67 17.60 20.27 19.23 18.67 16.32

T2 Borax (0.5%) 11.40 15.40 18.73 21.67 20.03 19.57 17.80

T3 K2SO4 (0.5%) 9.33 12.40 15.70 18.60 17.50 16.67 15.03

T4 Ca(NO3)2 (1.0%) 10.20 13.80 16.53 19.87 18.27 17.80 16.07

T5 ZnSO4 (0.5%) 8.40 14.04 18.23 20.03 19.80 18.00 16.47

T6 ZnCl2 (0.3%) 8.16 13.57 17.30 19.30 18.17 17.40 15.65

T7 Control 7.47 12.00 16.30 18.17 17.40 16.56 14.65

Mean 9.21 13.46 17.20 19.70 18.62 17.80

Storage days Treatment Storage days x Treatment 

C.D.(P=0.05)    1.07 1.15 NS
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T able 4: Ef fect of pre har vest fo liar spray of nu tri ents on re duc ing sugar (%) of mango cv. Dashehari at am bi ent
         storage.

Treatments Storage period 

0 day 2 days 4 days 6 days 8 days 10 days Mean

T1 CaCl2 (1.2%) 2.19 3.34 6.30 7.54 7.12 6.92 5.57

T2 Borax (0.5%) 2.97 5.82 7.25 7.78 7.55 7.15 6.42

T3 K2SO4 (0.5%) 2.06 4.09 4.84 6.64 6.31 6.19 5.02

T4 Ca(NO3)2 (1.0%) 2.17 4.46 5.49 7.23 6.37 6.28 5.33

T5 ZnSO4 (0.5%) 1.59 5.55 6.62 6.83 6.65 6.57 5.64

T6 ZnCl2 (0.3%) 1.73 4.83 7.13 6.30 5.86 5.47 5.22

T7 Control 1.54 3.38 4.16 5.80 5.77 5.12 4.30

Mean 2.04 4.50 5.97 6.87 6.52 6.24

Storage days Treatment Storage days  ́ Treatment

C.D.(P=0.05) 0.99 1.07           NS

Ta ble 5: Ef fect of pre har vest fo liar spray of nu tri ents on non re duc ing sugar (%) of mango cv. Dashehari at am bi ent storage.

Treatments Storage period 

0 day 2 days 4 days 6 days 8 days 10 days Mean

T1 CaCl2 (1.2%) 5.30 7.45 9.10 10.98 10.46 9.85 8.86

T2 Borax (0.5%) 5.38 7.85 9.33 11.86 10.91 10.42 9.29

T3 K2SO4 (0.5%) 4.26 5.65 7.87 9.74 9.48 8.94 7.66

T4 Ca(NO3)2 (1.0%) 4.46 6.94 8.73 11.13 10.78 10.32 8.73

T5 ZnSO4 (0.5%) 4.30 6.67 8.55 10.74 10.13 9.78 8.36

T6 ZnCl2 (0.3%) 3.75 5.33 7.58 10.50 9.87 8.14 7.53

T7 Control 3.10 5.24 6.56 8.84 8.31 7.40 6.58

Mean 4.36 6.45 8.25 10.54 9.99 9.26

Storage days Treatment Storage days x Treatment 

C.D. (P=0.05)    0.92    1.00 NS

Ta ble 6: Ef fect of pre har vest fo liar spray of nu tri ents on ascor bic acid (mg/100 g pulp) of mango cv. Dashehari at
       am bi ent storage.

Treatments Storage period

0 day 2 days 4 days 6 days 8 days 10 days Mean

T1 CaCl2 (1.2%) 44.62 39.09 34.24 26.50 22.79 18.63 30.98

T2 Borax (0.5%) 47.62 42.22 37.46 31.26 25.53 20.19 34.05

T3 K2SO4 (0.5%) 43.73 37.58 33.69 25.62 20.46 18.36 29.91

T4 Ca(NO3)2 (1.0%) 45.49 42.31 35.37 29.53 24.39 19.73 32.80

T5 ZnSO4 (0.5%) 43.21 36.68 32.65 24.77 20.68 18.24 29.37

T6 ZnCl2 (0.3%) 42.31 34.56 31.51 23.30 19.18 17.38 28.04

T7 Control 40.78 32.77 30.23 21.49 18.13 16.75 26.69

Mean 43.97 37.09 33.59 26.07 21.59 18.47

Storage days Treatment Storage days x Treatment 

C.D.(P=0.05)   1.37 1.489 NS
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which was found  sta tis ti cally at par with 1.0%

Ca(NO3)2 (32.80 mg/100g pulp), whereas it was

found to be min i mum (26.69 mg/100g pulp) in

con trol. Higher level of ascor bic acid by

ap pli ca tion of bo ron was due to higher con tent of

ascor bic acid as syn the sized from sugar. Al most

sim i lar re sults were also re ported by Kar et al. (2) in 

pine ap ple. Losses in ascor bic acid con tent of

fruits were di rectly pro por tional to the length of

stor age pe riod. Mapson (14) sug gested that loss

in ascor bic acid on pro longed stor age is

at trib uted to the rapid con ver sion of L-ascor bic

acid into dehydro-ascor bic acid in pres ence of

ascorbinase en zyme.

Ef fect on phys i o log i cal loss in weight

The data pre sented in Ta ble 6 clearly re vealed

that min i mum loss in weight (16.39 per  cent) was

re corded in treat ment with 1.0% Ca(NO3)2 which

was sta tis ti cally at par with 1.2% CaCl2 (16.83 per 

cent PLW), while the max i mum loss in weight

(20.35 per  cent) was re ported in con trol. Sim i lar

re sults have also been ob tained by Roychaudhary et 

al. (17) in guava, Saha et al. (20) in li tchi and Gaya

(9) in mango cv. Dashehari. The in crease in

evapo-tran spi ra tion changes with prog ress of

stor age pe riod might be re spon si ble for high PLW

of fruits as re ported by Khader et al. (13). The

de crease in weight loss by the ap pli ca tion of

cal cium may be due to its role in the main te nance of 

fruit firm ness, re tar da tion of re spi ra tory rates as

well as tran spi ra tion and de layed se nes cence

(Bangirth et al., 4; Jones et al., 10;  Mika, 15; Singh 

et al., 21).

The pre-har vest fo liar spray of nu tri ents at

mar vel stage of fruits found to be ef fec tive for

in crease in yield, qual ity and shelf life of mango cv. 

Dashehari. How ever, spray of bo rax @ 0.5% was

ef fec tive for yield and qual ity, while Ca(NO3)2 @

1.0% was ef fec tive for shelf life of  shelf life of

mango fruits.
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