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AB STRACT: The pres ent stud ies aimed at eval u at ing the ef fects of vary ing doses of GA3 on the
bio-chem i cal changes of ber fruit dur ing de vel op ment. GA3 @ 10, 30 and 50 ppm was ap plied at
fruit set stage and then su per im posed one month there af ter. The pe ri od i cal bio-chem i cal
anal y ses of de vel op ing ber fruits re vealed that to tal sol u ble sol ids con cen tra tion in creases
max i mum dur ing ini tial stages of fruit de vel op ment i.e. be tween in ter val of 25 to 50 days of GA3

ap pli ca tion while to tal sug ars and ascor bic acid in crease and acid ity de creases as the fruit
reaches ma tu rity i.e. be tween 75 to 100 days of GA3 ap pli ca tion. The GA3 50 ppm dose re sulted
in max i mum ex pres sion of acid ity, to tal sug ars and ascor bic acid at fi nal har vest of ber. Thus it is
im pli cated that GA3 ap pli ca tion is ben e fi cial in im prov ing fla vour and taste of ber.   
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Ber (Zizyphus mauritiana Lamk.) is
dis trib uted through out the trop i cal and sub-trop i cal
re gions of the world. It is one of the most hardy
fruit trees with wider adapt abil ity to ad verse soil
and cli ma tic con di tions and thus is rec om mended
for cul ti va tion on mar ginal land. In dia ranks first
among the ber grow ing coun tries of the world. The
fruit is equally rel ished by peo ple of all classes. A
com par i son of nu tri tive value of ber and ap ple
re veals that the ber is richer in the amount of
pro tein, min eral mat ter, cal cium, phos pho rus,
car o tene and vi ta min than that of ap ple. That’s why
ber is re ferred to as ‘the ap ple of arid zone’.

In Punjab, the flow er ing in ber starts from first 
week of Sep tem ber and con tin ues till first week of
No vem ber, whereas the fruit set ting starts in sec ond 
week of Oc to ber. The most ac tive phase of fruit
growth is first six weeks of fruit set (Bal and Mann,
2). Dur ing this time the de vel op ing fruits un dergo
nu mer ous phys i cal and bio-chem i cal changes
which in crease the fruit size and im prove the taste.
The ap pli ca tion of growth reg u la tors like
gibberellic acid (GA3) is re ported to have pro found
ef fects on im prov ing the fruit qual ity (Bal et al., 3,
Kale et al., 8; Singh and Randhawa, 13; and Singh
and Singh, 14). These ef fects are more pro nounced
if the ap pli ca tion is done dur ing ac tive growth

phase. In the pres ent stud ies the pe ri od i cal changes
in bio-chem i cal com po si tion of ber fruits as
brought about by vary ing doses GA3 were
eval u ated. 

MA TE RI ALS AND METH ODS

The pres ent in ves ti ga tions were car ried out in
the Fac ulty of Ag ri cul ture and For estry, Khalsa
Col lege, GNDU, Amritsar dur ing the year 2007-08
and 2008-09. Eight years old trees of ber cv Umran
with uni form size and vig our were se lected for the
ex per i ment. The trees were sprayed dur ing ac tive
growth phase in the 3rd week of Oc to ber and again
su per im posed spray was ap plied one month
there af ter. The growth reg u la tor i.e. gibberellic acid 
(GA3) was ap plied in vary ing con cen tra tions i.e. 10, 
30 and 50 ppm in ad di tion to wa ter sprayed con trol. 
There were three rep li ca tions each with one tree per 
rep li ca tion. The trees were sprayed uni formly by
us ing knap sack sprayer with flood jet noz zle. Five
uni form branches per tree were se lected and tagged. 
Af ter sec ond spray at 25 days in ter val (i.e. af ter 25
days, 50 days, 75 days, 100 days and then at
har vest), the de vel op ing fruits were pe ri od i cally
har vested and the ob ser va tions on four
bio-chem i cal traits viz., to tal sol u ble sol ids (%),
acid ity (%), to tal sug ars (%) and ascor bic acid
(mg/100g) were re corded to eval u ate changes in
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chem i cal com po si tion of de vel op ing ber fruits. To
re cord TSS per cent age, the juice of ten ran domly
se lected fruits from each rep li ca tion was ex tracted
and strained through a mus lin cloth and TSS
con tent of juice was mea sured with the help of
Bausch and Lomb hand refractometer. The val ues
of to tal sol u ble sol ids were then cor rected to 20º C
with the help of tem per a ture cor rec tion chart
(AOAC, 1). To de ter mine cit ric acid per cent age,
10g of fruit pulp was ex tracted and ti trated against
N/10 NaOH so lu tion us ing phenolphthalein as an
in di ca tor. The to tal sug ars were es ti mated by Lane
and Eynon method (AOAC, 1). The ascor bic acid
was de ter mined by ti tra tion method us ing 10 g of
fruit pulp mac er ated in 3 per  cent meta phos pho ric
acid so lu tion and ti trated against 2,6-dichloro-
phenol indophenol dye.  

RE SULTS AND DIS CUS SION

The data per tain ing to ef fect of vary ing
con cen tra tions of GA3 on TSS con tent of Umran
ber (Ta ble 1 and Fig ure I) revealed that at the fi nal
har vest, all the treat ments had im proved the TSS
over con trol, which re vealed that ap pli ca tion of
GA3 had di rect ef fect on as sim i la tion of met a bolic
com pounds within the fruits which im proved TSS
con trol and ul ti mately the fruit fla vour and taste.
Im prove ment in TSS is very im por tant from
pro cess ing point of view, as prod ucts like ber
candy; Jelly, dried ber etc. have di rect as so ci a tion
with TSS per cent age of the fruit. There was
max i mum in crease in TSS with ap pli ca tion of GA3

50 ppm fol lowed by GA3 30 ppm. The pe ri odic
in crease was sig nif i cant for all the treat ments as
TSS in creased sig nif i cantly from 25 days to
har vest, with the max i mum in crease ob tained from
25 to 50 days af ter sec ond spray. The stud ies
cor rob o rated with the find ings of Bal et al. (3), Kale 
et al. (8), Singh and Randhawa (13), and Singh and
Singh (14) who re ported ben e fi cial ef fects of GA3

in im prov ing TSS of ber fruits. 

Among the bio-chem i cal fruit char ac ter is tics,
acid ity is one of the most im por tant traits as it
sig ni fies the char ac ter is tic tangy fla vor of ber fruit. 
On pe ri odic in ter vals, the acid ity de creased

sig nif i cantly with ap pli ca tion of GA3 as com pared
to con trol (Ta ble 2 and Fig ure II). Sim i larly, all the
treat ments dif fered sig nif i cantly among each other
confirming to reports of Bankar and Prasad (4),
Sandhu et al. (12) and Singh and Randhawa (13). 
The max i mum pe ri odic de crease in acid ity of fruits
was seen in in ter val of 75 to 100 days af ter
ap pli ca tion i.e. as the fruit reaches to wards ma tu rity 
the acid ity de creased. The de crease in acid ity
to wards rip en ing may be at trib uted to faster
move ment of po tas sium into fruits with GA3

ap pli ca tion which in turn in creased the mem brane
per me abil ity of cells al low ing res pi ra tion of stored
ac ids within the cells, for ma tion of com plex
com pounds of malic acid (Kliewer, 9) and re duced
abil ity of fruits to syn the size or ganic ac ids to wards
ma tu rity (Hardy, 7).  

Like TSS, the fla vour and taste of any fruit is
largely de pend ent on the to tal sugar content of the
fruit. The ap pli ca tion of GA3 im proved the
per cent age of to tal sug ars in ber fruit at fi nal
har vest but the sig nif i cant im prove ment was
brought about by only 50 ppm dose of GA3 (Ta ble 2 
and Fig ure III). Bhati and Yadav (5) and Masalkar
and Wavhal (10) re ported sim i lar ben e fi cial ef fects
of GA3 in im prov ing fruit sug ars of ber. There was
sig nif i cant pe ri odic in crease in sug ars con tent at
ev ery in ter val with max i mum in crease re corded
be tween 75 to 100 days in ter val i.e. to wards fruit
ma tu rity. This in crease can be at trib uted to in crease
in con cen tra tion of vol a tile com po nents
con cen tra tion in fruits along with hy dro ly sis of
starchy com pounds to wards ma tu rity. These
hydrolytic changes usu ally lead to for ma tion of
sug ars. The ex tent of these hydrolytic changes
might have in creased with GA3 ap pli ca tion.
More over, the or ganic ac ids pres ent in fruits are
translocated into sug ars to wards ma tu rity and this
translocation is made faster with GA3 ap pli ca tion
(Drawert and Steffen, 6).  

Ber is one of the rich est sources of ascor bic
acid and is val ued for in nu tri tional prop er ties.
Like wise other bio chem i cal con stit u ents vi ta min C 
con tent is also di rectly in flu enced by ap pli ca tion of



PGRs as is ex pressed in Ta ble 2 and Fig ure IV.
There was sig nif i cant im prove ment in ascor bic acid 
con tent of ber fruits with GA3 50 ppm how ever, in
as so ci a tion to pres ent eval u a tions, GA3 (10 and 25
ppm) when ap plied at slow growth phase ex hib ited
the sig nif i cant in crease in ascor bic acid con tent of
fruits (Pandey, 11, and Singh and Randhawa, 13).

There was sig nif i cant pe ri odic im prove ment in
ascor bic acid con tent with ev ery in ter val of 25
days. The max i mum in crease was no ticed to wards
ma tu rity i.e. be tween 75 to 100 days in ter val.
Sim i lar pe ri odic im prove ment in ascor bic acid of
ber has been re ported by Sandhu et al. (12). 
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Ta ble 1: Ef fect of GA3 on TSS (%) and acid ity (%) of ber fruits dur ing de vel op ment.

Treatment Parameter

 Days after second spray

2007-08 2008-09

25 50 75 100 At
harvest

25 50 75 100 At
harvest

GA3 10 ppm TSS 8.37 10.17 10.88 12.28 13.26 9.04 10.38 12.27 13.10 13.21

Acidity 0.46 0.38 0.33 0.27 0.24 0.45 0.37 0.37 0.25 0.22

GA3 30 ppm TSS 8.90 10.91 12.22 13.23 14.62 8.63 11.37 12.40 13.41 15.00

Acidity 0.45 0.38 0.32 0.27 0.23 0.46 0.38 0.31 0.22 0.21

GA3 50 ppm TSS 9.73 11.59 12.54 13.54 15.29 9.21 11.17 12.42 13.62 15.72

Acidity 0.42 0.36 0.29 0.21 0.16 0.46 0.37 0.30 0.23 0.17

Control TSS 8.78 10.13 11.22 12.08 12.60 9.06 10.15 10.94 12.83 13.19

Acidity 0.48 0.43 0.38 0.28 0.22 0.49 0.46 0.38 0.28 0.23

TSS (%)      C.D. (P = 0.05) Acidity (%)

Intervals (A) 0.43 Year (B) NS Intervals (A) 0.013 Year (B) NS

Treatments (C) 0.38 AB NS Tratrments (C) 0.011 AB NS

AC NS BC NS AC 0.025 BC 0.016

ABC NS NS ABC NS

Ta ble 2: Ef fect of GA3 on to tal sug ars (%) and ascor bic acid (mg/100g) of ber fruits dur ing de vel op ment.

Treatment Parameter

 Days after second spray

2007-08 2008-09

25 50 75 100 At
harvest

25 50 75 100 At
harv
est

GA3 10ppm Total sugars 2.25 3.09 4.86 7.32 7.86 2.81 3.74 5.18 7.18 7.77

Ascorbic acid 13.22 27.50 47.02 69.54 81.90 13.11 26.65 45.45 67.97 79.22

GA3 30ppm Total sugars 2.62 3.52 4.97 7.14 8.34 2.58 3.77 5.08 7.20 8.60

Ascorbic acid 14.06 28.14 48.00 76.31 87.40 14.02 28.11 48.57 74.32 83.74

GA3 50ppm Total sugars 3.06 4.01 5.63 8.08 8.91 2.53 3.49 5.65 8.27 8.90

Ascorbic acid 14.77 33.90 52.99 82.01 91.50 15.01 33.47 51.57 81.27 90.17

Control Total sugars 2.07 3.37 5.47 7.63 8.12 2.20 3.30 5.33 7.55 7.99

Ascorbic acid 14.44 30.99 41.81 72.05 79.51 13.22 30.70 41.49 71.92 80.91

TSS (%)       C.D. (P = 0.05) Acidity (%)

Intervals (A) 0.22 Year (B) NS Intervals (A) 1.79 Year (B) NS

Treatments (C) 0.19 AB NS Tratrments (C) 1.60 AB NS

AC 0.43 BC NS AC 3.59 BC NS

ABC NS NS ABC NS
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