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AB STRACT : The pres ent study was un der taken at Punjab Gov ern ment Prog eny Or chard and
Nurs ery, Attari, Amritsar, to judge the ef fi cacy of dif fer ent lev els of Cal cium Chlo ride (CaCl2) and  
Cal cium Ni trate {Ca(NO3)2} for re tain ing the fruit qual ity dur ing de layed har vest ing. There were
six chem i cal treat ments and the ex per i ment was rep li cated three times. The fruits from the trees
were har vested at dif fer ent stages of ma tu rity (1st Jan u ary, 15th Jan u ary, 1st Feb ru ary and 15th

Feb ru ary) and were sub jected to physico-chem i cal eval u a tion. On the ba sis of two years
ob ser va tion, Cal cium Chlo ride (CaCl2) at 6 per cent and Cal cium Ni trate {Ca(NO3)2}at 0.3 per
cent proved their ef fec tive ness in de lay ing the har vest ma tu rity of the fruits. How ever, the TSS,
to tal sug ars and re duc ing sug ars level of these treated fruits was find to be lower in com par i son

to con trol. The acid ity level was re corded to be higher than con trol. 

Keywords : Cal cium chlo ride, cal cium ni trate, ap par ent ma tu rity.

In In dia Cit rus is grown in an ex tremely var ied 
con di tions, right from arid and semi-arid ar eas of
Rajasthen, Punjab and Haryana to hu mid trop i cal
ar eas of north-east In dia, con sid ered to be the
pos si ble place from where cit rus has trav elled to
coun tries which are to day claimed to have
revolutionarised the art of cit rus pro duc tion. This
has given cit rus a sta tus of most prom is ing fruit
crop which has a great scope of world trade (Singh
and Srivastava, 14). Man da rins are the most
prom i nent among cit rus fruits in In dia. The
man da rin cultivar Kinnow oc cu pies a pre dom i nant
po si tion in Punjab and has be come a highly
suc cess ful com mer cial fruit crop.   

A large plan ta tion has been brought un der
Kinnow fruit crop dur ing the last two de cades in
Punjab, con se quently, in creased pro duc tion is
pos ing se ri ous han dling prob lems and in vites
re search on ex pand ing the har vest ing ma tu rity. As
the har vest ing of Kinnow is con fined to a lim ited
pe riod, mar ket glut is the se ri ous prob lem faced by
the grow ers, which en gage the at ten tion of
hor ti cul tur ists to de lay its har vest ing pe riod. This
pro cess can help to over come the hur dles in fur ther
ex pan sion and reg u la tion of mar ket ing. In our
coun try, cool chain sys tem has not de vel oped yet

which ne ces si tates to find out al ter na tive mea sures
for reg u lated mar ket.

The ef fi ciency of cal cium salts in check ing the 
time of har vest ing in cit rus has been ad vo cated by
very few in ves ti ga tors. Cal cium salts 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
en zyme ac tiv ity. The in ves ti ga tions were con ducted 
with the aim to find out the pos si bil ity of ex pand ing 
the har vest ing pe riod with the help of CaCl2 and

Ca(NO3)2 along with their thresh old lev els.

MA TE RIALS AND METH ODS

The uni form and dis ease free trees of Kinnow
of 15 years age were se lected for the in ves ti ga tions
from ‘Punjab Gov ern ment Prog eny Or chard’ Attari, 
Amritsar. All 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. The pre-har vest treat ments of Cal cium
Chlo ride (CaCl2) 4, 6 per cent, Cal cium Ni trate
{Ca(NO3)2} 0.1, 0.2 0.3 per cent and con trol (Spray 
of wa ter) were ap plied on 25th Oc to ber dur ing both
the ex per i men tal years.

Dur ing the ex per i ment 6 treat ments were
car ried out. Two trees were kept as unit treat ment
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and rep li cated three times. The har vest ing ma tu rity
of the treated trees was judged 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
ob ser va tions were re corded for TSS, Acid ity, TSS:
Acid ra tio, to tal sug ars and re duc ing sug ars in

re la tion to ap par ent ma tu rity. 

RE SULTS AND DIS CUS SION

All the cal cium salt treat ments showed
sig nif i cantly lower TSS value over con trol (Ta ble
1). The min i mum level of the pa ram e ter was
re corded with Ca(NO3)2 at 0.3 per cent fol lowed by
CaCl2 at 6 per cent. The lower TSS level in the
cal cium treated fruits may be due to low res pi ra tion
rate which could have slowed down the con ver sion
of starch and other poly sac cha rides in sug ars
(Mukherjee and Datta, 9). De crease in TSS with
cal cium ap pli ca tion has been ob served by Sandhu
et al. (11) in Kinnow fruits. There was a con tin u ous
in crease in TSS with each de lay in har vest ing date.
This might be due to de po si tion of sug ars in the
fruits as poly sac cha rides. In creased TSS was also
ob served with ad vance ment of ma tu rity by Singh et 
al. (13) in Kinnow.  

The data pre sented in Ta ble 2 rev eal that the
treat ments of cal cium pro duced fruits with higher
acid con tent. The max i mum level of acid ity was
ob served in the fruits from the plants treated with
CaCl2 at 6 per cent and Ca(NO3)2 at 0.3 per cent.
The higher acid con tent of the Kinnow fruits with
cal cium ap pli ca tion may be at trib uted to its role in
low er ing mem brane per me abil ity and hence
re duced res pi ra tion rate (Godara et al., 4). Sim i lar
re sults have also been re ported by Ramakrishna et
al. (10) in pa paya. As a gen eral trend to wards
ma tu rity, the acid ity pe ri od i cally de creased in all
the treat ments. De cline in acid ity dur ing rip en ing
has also been re ported in cit rus by Joolka and
Awasthi (6).

The sig nif i cantly lower level of TSS/acid ra tio 
than con trol was ob served in the fruits from the
treat ment of Ca(NO3)2 at 0.3 per cent which was
closely fol lowed by CaCl2 at 6 per cent (Ta ble 3).

The de crease in TSS/acid ra tio with cal cium
ap pli ca tion can be at trib uted to lower gap be tween
the TSS and acid level of the fruits. The pres ent
re sults re lat ing to cal cium treat ments cor rob o rate
the pre vi ous find ings of Brahmachari et al. (2) in
guava. The ex ten sion of har vest pe riod at each
in ter val re sulted in a gen eral in crease in TSS/acid
ra tio. This in crease can be at trib uted to reg u lar
in crease of to tal sug ars and de crease of acid ity as
the nat u ral phe nom e non of rip en ing. Sim i lar
in crease in TSS/acid ra tio with de layed har vest ing
was ob served by Ladaniya (8), though the in crease
was non-sig nif i cant. 

The data in Ta ble 4 and 5 re gard ing to tal
sug ars and re duc ing sug ars, re spec tively de picts
that all the cal cium treat ments reg is tered
sig nif i cantly lower level of the to tal and re duc ing
sug ars. The Ca(NO3)2 treat ment at 0.3 per cent
re sulted in low est sug ars con tent. The de crease in
the sugar con tent of the cal cium treated fruits may
be at trib uted to the fact that cal cium prob a bly
re duces the res pi ra tion rate and the hy dro ly sis of
starch into sug ars (Faust and Klein, 3). These
re sults are in con fir ma tion with the find ings of
Ramakrishna et al. (19) in pa paya. 

De lay in har vest ing date re corded a
con tin u ous in crease in re duc ing as well as to tal
sug ars of the fruits in all the treat ments. This might
be due to con ver sion of poly sac cha rides, the
com plex sug ars into monosaccharides, the sim ple
sug ars. The find ings of the pres ent study are in
con for mity with those of Goswami et al. (5) and
Singh et al. (13) in Kinnow man da rin.  

Ca(NO3)2 at 0.3 per cent and CaCl2 at 6 per
cent played a key role in de lay ing the ma tu rity as
the fruits of these treat ments were last to at tain the
ma tu rity (Be tween 1st Feb ru ary and 15th Feb ru ary)
amongst all the treat ments (Ta ble 6). In the rest
treat ments, ex cept con trol, ma tu rity stage was
at tained be tween 15th Jan u ary and 1st Feb ru ary.
The de layed ma tu rity due to cal cium has been
ex plained by Bangerth et al. (1) who sug gested that
cal cium could have re duced the en dog e nous
sub strate ca tab o lism dur ing res pi ra tion by lim it ing
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Ta ble 1: Ef fect of cal cium salts on TSS level (per cent) of kinnow fruits har vested at dif fer ent dates.

Treatments  Harvesting Dates

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

CaCl2  4% 9.18 9.34 9.51 9.71 9.44

CaCl2  6% 9.08 9.21 9.40 9.50 9.30

Ca(NO3)2 0.1% 9.23 9.44 9.55 9.74 9.49

Ca(NO3)2 0.2% 9.17 9.42 9.53 9.71 9.46

Ca(NO3)2 0.3% 9.08 9.22 9.36 9.46 9.28

Control 10.08 10.19 10.34 10.50 10.28

Mean 9.30 9.47 9.62 9.77

 CD(P=0.05) : Treatments (A) – 0.51; Harvesting dates (B) – 0.31;     A×B – NS                                                                                                  

Ta ble 2: Ef fect of cal cium salts on acid ity level (per cent) of kinnow fruits har vested at dif fer ent dates.

Treatments Harvesting Dates 

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

CaCl2  4% 0.85 0.83 0.79 0.76 0.81

CaCl2  6% 0.88 0.85 0.82 0.79 0.84

Ca(NO3)2 0.1% 0.85 0.82 0.79 0.77 0.81

Ca(NO3)2 0.2% 0.87 0.83 0.80 0.78 0.82

Ca(NO3)2 0.3% 0.89 0.85 0.82 0.80 0.84

Control 0.80 0.76 0.74 0.71 0.75

Mean 0.86 0.82 0.79 0.77

CD (P=0.05)  :Treatments (A) – 0.03; Harvesting dates (B) – 0.02; A×B – NS

Ta ble 3: Ef fect of cal cium salts on TSS/acid ra tio of kinnow fruits har vested at dif fer ent dates.

Treatments Harvesting Dates 

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

CaCl2  4% 10.80 11.32 12.74 12.77 11.91

CaCl2  6% 10.38 10.84 11.54 12.03 11.20

Ca(NO3)2 0.1% 10.86 11.52 12.09 12.73 11.80

Ca(NO3)2 0.2% 10.61 11.35 11.91 12.45 11.58

Ca(NO3)2 0.3% 10.26 10.85 11.42 11.90 11.11

Control 12.59 13.50 14.07 14.79 13.74

Mean 10.92 11.56 12.30 12.78

CD (P=0.05)  : Treatments (A) – 0.42;  Harvesting dates (B) – 0.25;   A×B – NS

Ta ble 4: Ef fect of cal cium salts on to tal sug ars level (per cent) of kinnow fruits har vested at dif fer ent dates.

Treatments   Harvesting Dates

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

CaCl2  4% 5.93 6.12 6.22 6.34 6.15

CaCl2  6% 5.63 5.82 5.99 6.09 5.88

Ca(NO3)2  0.1% 5.94 6.15 6.27 6.40 6.19

Ca(NO3)2   0.2% 5.82 6.01 6.15 6.25 6.06

Ca(NO3)2  0.3% 5.59 5.80 5.92 6.09 5.85

Control 6.56 6.73 6.84 6.96 6.77

Mean 5.91 6.11 6.23 6.36

CD(P=0.05) : Treatments (A) – 0.18; Harvesting dates (B) – 0.11;  A×B – NS  



the dif fu sion of sub strate from vac u ole to the
cy to plasm and fa voured the up take of sorbital, thus
dis al low ing its in volve ment in re ac tions re lated to
in ter nal break down. Jones et al. (7) con tended that
cal cium con trolled the dis in te gra tion of
mi to chon dria, endoplasmic re tic u lum and
cy to plas mic mem branes and thus helped in
re tard ing res pi ra tion rate and de lay ing ma tu rity.
De lay in fruit ma tu rity with cal cium ap pli ca tion has 
been ad vo cated by Sharma et al. (14) in Kinnow.
The as cer tained de lay of ap par ent ma tu rity by the
chem i cal treat ments can be of great uti li za tion to
pro long the har vest pe riod thereby avoid ing gluts,
lead ing to en sured mar ket ing for the Kinnow

grow ers of Punjab and the ad join ing states.
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