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ABSTRACT: The study on the ef fect of pre-har vest chem i cal treat ments in Kinnow man da rin
was con ducted at Khalsa Col lege, Amritsar for two years. Pre-har vest fo liar ap pli ca tion of GA3

(10, 20, 30ppm), triacontanol (400, 600ppm), CaCl2 (4, 6%) and Ca(NO3)2 (0.1, 0.2, 0.3%) was
given to the Kinnow plants of fif teen years of age. The har vest ing of the fruits was done on
Jan u ary 1st, Jan u ary 15th, Feb ru ary 1st and Feb ru ary 15th dur ing both the years and yield of the
fruits was cal cu lated along with their phys i cal anal y sis.  It was ob served that the max i mum fruit
yield to the tune of 54.88kg/plant was re corded with the ap pli ca tion of GA3 at 30ppm and it was
proved to be the most ef fi ca cious treat ment for im prov ing fruit qual ity in re spect of fruit size,

weight and juice con tent. Max i mum peel thick ness was ob served with CaCl2 at 6 per cent. 
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Kinnow man da rin, a hy brid of King x
Wil low Leaf man da rin, grows suc cess fully in all
frost free, trop i cal and sub-trop i cal re gions of
In dia. Kinnow ap pears to be very ex act ing in its
cli ma tic re quire ments. The tree is vig or ous,
large, tall and co lum nar with dense fo liage. Fruits 
are me dium in size, mod er ate to slightly ob late
both base and apex flat tened or slightly
de pressed (Singh et al., 19). It is the dom i nat ing
fruit crop of Punjab and is ex pand ing fastly to the 
neighbouring states. Since the last two de cades,
large plan ta tion has been brought un der Kinnow
and con se quently it has be come the ma jor fruit
crop of the state (Chahal and Bal, 3).  

Es sen tial plant nu tri ents and growth reg u la tors 

like cal cium and GA3 are known to be in volved in
num ber of phys i o log i cal pro cesses con cern ing
mem brane struc ture, func tion ing and enzymatic
ac tiv ity. Their use for im prov ing fruit qual ity and 
in creas ing yield has good scope in Kinnow
man da rin. Keep ing this in view, the
in ves ti ga tions were con ducted with the aim to
study the ef fect of dif fer ent chem i cals on yield
and phys i cal fruit char ac ters in Kinnow with the

help of GA3, triacontanol and cal cium salts along

with their thresh hold levels.

MA TE RI ALS AND METH ODS

The uni form and dis ease free trees of
Kinnow with 15 years of age were se lected from
‘Punjab Gov ern ment Prog eny Or chard’ Attari,
Amritsar. The plants were ap plied with stan dard
doses of fer til iz ers and plant pro tec tion mea sures
as rec om mended by Punjab Ag ri cul tural
Uni ver sity, Ludhiana. Gibberellic acid (GA3) at
10, 20 and 30ppm, Vipul (Triacontanol) at 400
and 600ppm, Cal cium Chlo ride (CaCl2) at 4 and
6 per cent and Cal cium Ni trate {Ca(NO3)2} at
0.1, 0.2 and 0.3 per cent were ap plied as
pre-har vest treat ments on 25th Oc to ber dur ing
both the ex per i men tal years. The ex per i ment
con sisted of 11 treat ments. Two trees were kept
as unit treat ment and rep li cated three times. The
yield of the plants was cal cu lated on 15th Jan u ary
and the phys i cal anal y sis of the fruits was car ried
by har vest ing the fruits on four dif fer ent stages,
viz. Jan u ary 1st, Jan u ary 15th, Feb ru ary 1st, and
Feb ru ary 15th. The two year data was pooled and
an a lyzed sta tis ti cally.  

Received : 21.08.2013                    Accepted : 20.09.2013

HortFlora Research Spectrum, 2(4): 335-340 (Oct.-Dec. 2013)         ISSN : 2250-2823

abc
Typewritten Text
www.hortflorajournal.com                         ICV: 4.79



336 Chahal and Bal

RE SULTS AND DIS CUS SION

Fruit Yield

The data on fruit yield in di cates sig nif i cant

re sponse of GA3 sprays in in creas ing the yield of

Kinnow fruits per plant (Ta ble 1). Spray ing of

GA3 at 30ppm re corded the max i mum fruit yield

of 54.88kg/plant. GA3 at 20ppm was the next

best treat ment fol lowed by GA3 at 10ppm with

av er age yield of 53.70kg/plant and 52.32kg/

plant, re spec tively. A non-sig nif i cant vari a tion

was ob served be tween all the GA3 treat ments but

were sig nif i cantly higher than con trol. The

promotive ef fect of GA3 on yield per plant is due

to in cre ment in all yield at trib ut ing char ac ters.

These re sults elu ci date the find ings of Kaur et al.

(9) in Kinnow. The plants treated with cal cium

salts re sulted into lower fruit yield. The

min i mum fruit yield to the tune of 41.69kg/plant

was re corded with the treat ment CaCl2 at 6 per

cent, fol lowed by Ca(NO3)2 at 0.3 per cent

(44.37kg/plant). CaCl2 at 6 per cent was ob served 

to be sig nif i cantly lower than con trol while

Ca(NO3)2 at 0.3 per cent was found to be

sta tis ti cally at par with con trol and CaCl2 at 6 per

cent. The lower fruit yield with cal cium might be

due to the de creased fruit size and weight as

in creased cal cium ac cu mu la tion acts as

an tag o nists of GAs, thereby sup press ing the

ac tiv ity of phys i o log i cally ac tive GAs. Singh and 

Arora (20) re corded a de crease in fruit yield of

Flordasun peach with the ap pli ca tion of

Ca(NO3)2 and CaCl2, while Bhatt et al. (2)

ob served in creased yield with the aid of

chem i cals. The ap pli ca tion of triacontanol,

re sulted in de creas ing the yield. The de crease in

yield was ob served to be higher with triacontanol 

at 400ppm (45.29 kg/plant) while it was

com par a tively low with triacontanol at 600ppm

(45.85kg/plant). However, both these treatments

failed to produce any significant effect over

control.    

Phys i cal Char ac ters of Fruits 

The fruit size in term of length and breadth
of the Kinnow man da rin as in flu enced by
chem i cal ap pli ca tions re vealed that the chem i cal
treat ments were not able to ex ert any sig nif i cant
ef fect on the fruit length (Ta ble 2). How ever, the
max i mum value of fruit length was re corded to
be 5.83cm with the ap pli ca tion of GA3 at 30ppm.
The GA3 treat ments at 10ppm, 20ppm and
30ppm, showed higher level of fruit breadth in
com par i son to con trol (Ta ble 2), but the
max i mum fruit breadth (7.15cm) was also
achieved with GA3 at 30ppm level. The rea son
for this in crease in fruit size of Kinnow man da rin
dur ing the ex per i men ta tion can be ex plained as
the re sul tant of the rapid cell elon ga tion caused
by the pres ence of GA3 (Krishnamoorthy, 10).
The in crease in fruit size with GA3 ap pli ca tion
has also been well doc u mented by Dhillon et al.
(5) in Kinnow man da rin. Amongst the cal cium
treat ments, CaCl2 at 6 per cent reg is tered the
min i mum level of fruit length to the tune of
5.44cm. In case of fruit breadth also, the
min i mum value (6.58cm) was reg is tered in fruits
treated with CaCl2 6 per cent but showed
non-sig nif i cant vari a tion with con trol. The small
fruit size in cal cium treat ments can be owed to
the fact that in creased cal cium ac cu mu la tion acts
as an tag o nist to GAs, thereby sup press ing the
ac tiv ity of phys i o log i cally ac tive GAs. The
in crease in cal cium level in fruits may also cause
en dog e nous re stric tion of root growth, re sult ing
in re duced in ter fer ence of GAs (Saure, 15). This
ac tiv ity could not ef fect in the next year. The
re sults are in con for mity with the find ings of
Roychoudhury et al. (14) in case of li tchi.
Triacontanol could not ex ert any sig nif i cant
ef fect on fruit size con form ing to the find ings of
Jindal and Chandel (6) in plum.

The fruit weight of Kinnow man da rin (Ta ble 
3) showed an in creas ing trend with in crease in
GA3 con cen tra tion dur ing the re search
in ves ti ga tion. The max i mum fruit weight to the



value of 186.4g was sig nif i cantly higher than the
con trol and was re corded with GA3 30ppm. The

rea son for this in crease in fruit weight with GA3

treat ment may be that the in crease in sugar
mol e cules in the plant cells mo bi lizes the
nu tri ents to wards the fruits lead ing to in crease in
fruit growth and weight (Singh and Rajput, 18).
Sim i lar ob ser va tions were also made by Pal and
Mishra (13) in li tchi. Higher fruit qual ity
at trib utes in li tchi by pre har vest spray of GA3

were also ob served by Mishra et al. (12). The
min i mum fruit weight (156.3g) was ob served in
the fruits treated with CaCl2 6 per cent and
Ca(NO3)2 at 0.3 per cent, however the de crease
re corded was non-sig nif i cant with con trol. The
de crease in fruit weight in the cal cium treat ments
have been well doc u mented by Saure (15) who
had re ported that the de crease of cal cium
con cen tra tion re sults in in creased fruit mass and
the vice versa. The re sults are in ac cor dance with
the find ings of Sharma et al. (17) who had
re corded a de crease in fruit weight in Kagzi lime
with the ap pli ca tion of CaCl2. 
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Ta ble 2: Ef fect of GA3, triacontanol and cal cium salts on fruit length and breadth (cm) of Kinnow        
fruits har vested at dif fer ent dates.

Treatments Harvesting Dates

Fruit length (cm) Fruit breadth (cm)
1st

Jan
15th

Jan
1st

Feb
15th

Feb
Mean 1st

Jan
15th

Jan
1st

Feb
15th

Feb
Mean

GA3  10ppm 5.43 5.67 5.80 5.81 5.68 6.73 6.86 6.94 6.96 6.87
GA3  20ppm 5.45 5.74 5.85 5.85 5.72 6.85 7.00 7.09 7.11 7.01
GA3  30ppm 5.50 5.85 5.97 5.98 5.83 7.01 7.13 7.22 7.24 7.15
Tria  400ppm 5.20 5.50 5.60 5.61 5.48 6.52 6.66 6.76 6.76 6.68
Tria  600ppm 5.27 5.55 5.64 5.64 5.53 6.56 6.70 6.81 6.83 6.72
CaCl2  4% 5.29 5.47 5.55 5.56 5.48 6.55 6.66 6.75 6.76 6.68
CaCl2  6% 5.27 5.44 5.52 5.53 5.44 6.46 6.57 6.64 6.66 6.58
Ca(NO3)2  0.1% 5.34 5.55 5.67 5.67 5.56 6.56 6.75 6.80 6.81 6.73
Ca(NO3)2   0.2% 5.31 5.53 5.65 5.65 5.54 6.56 6.65 6.72 6.73 6.67
Ca(NO3)2  0.3% 5.30 5.49 5.60 5.60 5.50 6.47 6.60 6.68 6.70 6.61
Control 5.36 5.60 5.71 5.71 5.60 6.62 6.74 6.84 6.84 6.76
Mean 5.34 5.58 5.69 5.69 6.63 6.75 6.84 6.86

CD(P=0.05)    
  Fruit length:   Treat ments (A) – NS                Har vest ing dates (B) – 0.24                           AxB – NS
  Fruit breadth: Treatments (A) – 0.26             Harvesting dates (B) – 0.16                           AxB – NS 

Ta ble 1: Ef fect of GA3, triacontanol and cal cium
salts on fruit yield (kg/plant) per plant

Treatments Yield/Plant (Kg)

GA3  10 ppm 52.32

GA3  20 ppm 53.70

GA3  30 ppm 54.88

Tria 400 ppm 45.29

Tria 600 ppm 45.85

CaCl2  4% 45.75

CaCl2  6% 41.69

Ca(NO3)2  0.1% 45.80

Ca(NO3)2   0.2% 45.07

Ca(NO3)2  0.3% 44.37

Control 47.18

    CD (P=0.05)             4.27
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Ta ble 3: Ef fect of GA3, triacontanol and cal cium salts on fruit weight (g) and peel thick ness (cm) of 
        Kinnow fruits har vested at dif fer ent dates.

Treatments Harvesting Dates

Fruit weight (g) Peel thickness (cm)

1st

Jan
15th

Jan
1st

Feb
15th

Feb
Mean 1st

Jan
15th

Jan
1st

Feb
15th

Feb
Mean

GA3  10ppm 161.5 171.4 175.7 176.6 171.3 0.23 0.26 0.27 0.27 0.26

GA3  20ppm 172.0 181.1 184.5 185.0 180.7 0.25 0.26 0.28 0.28 0.27

GA3  30ppm 177.9 185.4 190.9 191.2 186.4 0.26 0.28 0.30 0.30 0.29

Tria  400ppm 139.9 154.4 166.2 166.7 156.8 0.25 0.26 0.29 0.29 0.27

Tria  600ppm 139.8 156.6 164.7 164.9 156.5 0.24 0.26 0.29 0.29 0.27

CaCl2  4% 145.1 158.9 165.6 166.0 158.9 0.26 0.27 0.28 0.28 0.27

CaCl2  6% 140.3 157.3 163.6 164.1 156.3 0.31 0.32 0.35 0.35 0.33

Ca(NO3)2  0.1% 151.7 161.6 165.2 166.7 161.3 0.26 0.27 0.28 0.28 0.27

Ca(NO3)2  0.2% 150.2 156.0 161.8 162.0 157.5 0.25 0.27 0.29 0.29 0.28

Ca(NO3)2  0.3% 148.9 156.1 159.7 160.5 156.3 0.29 0.31 0.32 0.32 0.31

Control 142.3 160.1 170.7 171.1 161.0 0.24 0.27 0.29 0.29 0.27

Mean 151.8 163.5 169.8 170.4 0.26 0.28 0.30 0.30

CD(P=0.05) 
  Fruit weight:   Treat ments (A) –5.9                  Har vest ing dates (B) –3.6                                 AxB – NS 

  Peel thicknes: Treat ments (A)  0.02                   Har vest ing dates (B) – 0.01                          AxB – NS  

Ta ble 4: Ef fect of GA3, triacontanol and cal cium salts on juice con tent (%) of Kinnow fruits                  

        har vested at dif fer ent dates.

Treatments Harvesting Dates

1st Jan 15th Jan 1st Feb 15th Feb Mean

GA3  10 ppm 47.61 49.14 51.26 51.44 49.86

GA3  20 ppm 48.65 50.17 52.18 52.62 50.91

GA3  30 ppm 48.50 50.44 52.55 52.75 51.06

Tria  400 ppm 41.33 43.03 45.11 45.60 43.77

Tria  600ppm 40.55 41.98 44.20 44.32 42.76

CaCl2  4% 38.62 39.75 41.94 42.46 40.69

CaCl2  6% 39.51 40.32 42.52 43.26 41.40

Ca(NO3)2  0.1% 38.90 39.70 42.87 42.61 41.02

Ca(NO3)2   0.2% 39.80 40.76 42.06 43.60 41.56

Ca(NO3)2  0.3% 38.95 39.76 42.86 42.65 41.06

Control 42.68 44.35 46.56 47.08 45.17

Mean 42.28 43.58 45.83 46.22

CD (P=0.05) : Treat ments (A)–1.43,   Har vest ing dates (B)–1.10,     AxB–NS  



The data (Ta ble 2 and 3) showed that length, 
di am e ter and weight of Kinnow fruits
con tin u ously in creased with ad vance ment of fruit 
de vel op ment upto 1st Feb ru ary. Af ter that the
fruit growth reg is tered neg li gi ble in crease. The
ini tial pe riod of fruit de vel op ment rep re sents the
pe riod of cell di vi sion and cell elon ga tion. The
slow growth later on can be at trib uted to the fact
that fruits had al ready ac quired the metabolites to 
its full capacity. 

A sig nif i cantly higher peel thick ness in
com par i son to con trol dur ing the two years of the 
in ves ti ga tion pe riod was re corded in the fruits
treated with CaCl2 at 6 per cent (Ta ble 3). This
treat ment re corded av er age peel thick ness of 0.33 
cm. Higher peel thick ness in the cal cium treated
fruits may be due to the ten dency of cal cium to
serve as a bind ing agent in the cell wall, in the
form of cal cium pectate (Sharma et al., 17),
which might have checked the mois ture loss from 
the peel. Kaur et al. (7) con cluded sim i lar re sults
with cal cium salts while work ing on sweet
or ange cv. Jaffa. The min i mum level of peel
thick ness to the value of 0.26 cm, though
non-sig nif i cant with con trol, was found in fruits
treated with GA3 at 10ppm dur ing the two year
eval u a tion. The de crease in peel thick ness may
be due to the fact that GA3 re duces the up take of
cal cium from the nu tri ent so lu tion and pre vent
the ac cu mu la tion of cal cium in the fruits (Saure,
15), thereby, re duc ing cal cium pectate con tent.
These re sults are in ac cor dance with Lima and
Davies (11) for Na vel or ange. A con tin u ous
in crease in peel thick ness of the fruits was
re corded from 1st Jan u ary har vest ing to 1st

Feb ru ary, af ter which it re mained al most static
till 15th Feb ru ary. Sim i lar in crease in peel
thick ness of Kinnow fruits from De cem ber end to 
Jan u ary end has been ad vo cated by Dharampal
and Saini (4). 

The data with re gard to juice con tent (Ta ble 4) 
showed that on an av er age the fruits treated with

GA3 re tained max i mum juice con tent as
com pared to con trol with the high est value of
51.06 per cent in those ap plied with GA3 30ppm.
This in crease in the juice per cent age may be
ex plained by the fact that growth reg u la tors play
a reg u lat ing role in mo bi li za tion of me tab o lites
within a plant to wards fruits (Singh, 21). These
ob ser va tions are in agree ment with the work of
Babu et al. (1) on Kagzi Lime. The juice con tent
ex pe ri enced a de clin ing trend with the
ap pli ca tion of triacontanol and cal cium salts in
the pres ent in ves ti ga tion. The min i mum juice
level (40.69 per cent) dur ing the study was
re ported with CaCl2 at 4 per cent. The lower juice 
con tent in cal cium treated fruits might be due to
its ten dency to de lay rip en ing (Sharma et al. 16)
which re tards juice de vel op ment. De crease in
juice per cent age with cal cium has also been
ad vo cated by Kaur et al. (8) in sweet or ange cv.
Mosambi. As an av er age of all the treat ments, the 
juice per cent age showed reg u lar in cre ment with
each de layed har vest ing. Ex actly sim i lar trend in
juice per cent age of Kinnow fruits was re corded

by Dharampal and Saini (4).  

From the above dis cus sion, it can be
con cluded that GA3 at 30ppm proved to be the
most ef fi ca cious treat ment among all the
chem i cals used, in term of im prov ing the yield
and phys i cal char ac ters of the fruits. How ever,
ap pli ca tion of triacontanol and Ca salts failed to
pro duce any sig nif i cantly pos i tive ef fect on yield
and qual ity of Kinnow fruits. Thus GA3 at 30ppm 
can help in in creas ing the fruit yield and thus
fetch ing the farm ers more profit from their

produce. 
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