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Effect of Pre-harvest Treatments (Gibberellic Acid and
Biofertilizers) and Postharvest Treatments on Fruit Characteristics
of Egypt Lime (Citrus aurantifolia) During Cold Storage

Gihan M. Ali*, Hamdy M. Marzouk, Farouk M. Mostafa and Ahmed H. Mansour
Horticulture Research Institute-Faculty of Agriculture, Assiut University*

ABSTRACT

The study was conducted to investigate the effect of organic fertilization, biological fertilization and spraying gibberellic acid
on the properties and behavior of the fruits of Egypt lime through some cold storage treatments during the 2003-2004 seasons.
Trees were treated with one of the following treatments during growth season: A) organic fertilizer as control trees, B) Organic
fertilizer with biofertilizer phosphorine, and C) Organic fertilizer with biofertilizer phosphorine afier fruit set plus gibberellic acid
(20 ppm)sprayed 2 weeks before harvest date. The fruits of each field treatments were treated with one of following treatments: 1)
Packaging fruits in polyethylene bags perforated, 2) dipping fruits in GA; 50 ppm,3) dipping fruits in Sida film 5%,4) dipping fruits
in (GA; 50 ppm, with Sida film 5%),5) wrapped in Silk paper,6) dipping the fruits in (GA; 50 ppm) then wrapping ,7) dipping the
fruits in a (SIDA film 5%) then wrapping and 8) dipping in (GA, 50 ppm +Sida film 5%) then wrap.

The results showed that fruit treated with phosphorine +GA; during growth season induced the highest weight, volume, rag
weight. Apply phosphorine plus spray GA; 20 ppm during the growing season as well as dipping fruits in Sida film5% + GA; 50
ppm were more effective in decreasing weight loss%, gave the lowest percentage of unmarketable fruits weight, resulted in the
highest level of juice weight %, the highest level of TSS%, the lowest level of TA%, the highest value in vitamin C content in juice

of stored fruit, keep good fruit quality and prolong cold storage period.

Key words:

INTRODUCTION

Citrus is the most important fruit crop in Egypt,
as far as its acreage, production and exporting poten-
tial are concerned. The economic value put citrus fruit
on the top of all other important fruit crops in Egypt.

Egyptian area of lemons and lime is equal to 0.0211%
of world area. On the other hand, Egyptian production of
lemons and limes is equal to 1.20% of world production
of lemons and limes as reported by the F A O (2004).
Egyptian lime is considered as the favorite fruit crop in
Egypt and it’s considered as one of the important source
of citric acid. They can grow under different environ-
mental conditions and soil types. One of the important
tools to increase its yield is the phosphorus fertilization.
Egyptian soils having alkaline pH are low in their avail-
able P that approximately 90-95% of P occurring as una-
vailable form; it is thought that P biofertilizers are of the
almost important for plant production and soil fertility
as they improve the biological, physical and chemical
properties of soils (Abd el- Rahman, 2002).

Growth regulators were used with film- forming or
without wax emulsion to eliminate decay and to improve
quality of citrus fruits during cold storage ( Farag ,2001).
El-Hammady et al.(2000)found that all preharvest treat-
ments with GA; were effective in reducing weight loss%
compared to control Balady mandarin fruits at 5 °C. Fruit
wrapping decreased weight loss during storage period
on Orablanco fruit (Citrus grandis L.xC. paradisimacr)
( Rodov et al., 2001).Therefore, the objectives of this
study were comparing the effectiveness of some field
treatments applied during growth seasons, i.e. farmyard
manure, farmyard manure+phosphorine and farmyard

manure+ phosphorine +GA;. As well as some storage
treatments wrapping, GA;, Sida film with or without
GA; in order to extend storage period and enhance phys-
ical and chemical properties of Egyptian Lime fruits at
harvest and during cold storage.

MATERIALS AND METHODS

This study was carried out on Egyptian Lime
grown at the Experimental Orchard, Faculty of Agricul-
ture, Assuit University in 2003 and 2004 seasons. Trees
were seedy and planted at 3.5%3.5 meters a part. Trees
were treated with one of the following treatments during
growth season: organic and bio-fertilizers were applied
to the selected trees as follows:

1- Organic fertilizer (Farmyard manure) as control in the
middle of December (50 kg /tree).

2- Organic fertilizer (Farmyard manure) + bio-fertilizer
phosphorine (phosphate dissolving bacteria, Bacil-
Tus megaterium) (100 g/ tree) after fruit set.

3- Organic fertilizer (Farmyard manure)+ bio-fertilizer
(phosphorine) after fruit set +GA; (20 ppm ) sprayed
2 weeks before harvest date. The fruits were hand-
picked and carefully were brought soon to Posthar-
vest Laboratory, Agriculture Research Station when
color of fruit was yellowish green skin, and juice per-
centage fruit was approximately 37%-40% as an in-
dicator of commercial fruit harvest standard. Mature
fruit samples were taken for physical and chemical
characteristics determination at harvest time (Weight,
volume, rag weight %, juice weight, TSS %, TA %,
TSS/TA ratio and Vitamin C). The other samples
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were divided into 8 equal groups; each of these was
treated with one of the following treatment:

a- Washing under tab water and then packing in per-
forated polyethylene bags

b- Dipping for 5 minutes in GA,(50ppm) and then
were packing.

c¢- Dipping for 5 minutes in Sida film 5% ( wetting
agent and surfactant compound, registered un-
der No.(072) and then were packing

d- Dipping for 5 minutes in GA; (50ppm) with Sida
film 5% and then were packed and stored

e- Washing and wrapping in silk paper then were
packed perforated polyethylene bags

f- Dipping for 5 minutes in GA; (50ppm) and were
wrapped and packed.

g- Dipping for 5 minutes in Sida film 5% and were
wrapping and packing.

h- Dipping for 5 minutes in GA; (50ppm) with Sida
film 5% and then wrapping and packing.

All the groups were stored at 7-10°C and 80-85%
R.H and the following determination were carried out
biweekly interval period through cold storage:

1- physical characteristics :
1-1- Fruit weight loss percentage
1-2- Fruit number unmarketable percentage
1-3- Juice weight percentage/fruit

2- Chemical fruits characteristics:

2-1 Total soluble solids percentage (TSS): was
determined by a hand refractometer

2-2- Titratable acidity according to the A.O.A.C.
(1985)

2-3- Total soluble solids/ acidity ratio (TSS/Acid
ratio)

2-4- Ascobic acid (V.C.) content according to the
A.0.A.C. (1985)

Statistical Analysis:

Means were compared by the L.S.D. value at 5%
level (Snedecor and Cochran,1990).

RESULTS

1- Effect of pre-harvest treatments of organic
fertilizer, phosphorine plus GA; on fruit
physical characteristics at harvest time:

1-1- Weight and volume of mature limes:

As shown in Table (A) it is clear that both of phos-
phorine or phosphorine plus GA; (20 ppm) applied at
2 weeks pre-anticipated harvest date resulted in signifi-
cant increase of fruit weight and volume in both seasons.
This positive influence of phosphorine might be due to
improving uptake of nutrients specially phosphate. The
positive effect of GA; could be attributed to enhance-
ment effects of GA; in cell division and enlargement
at pre-mature stage. These results are in harmony with
those found by Tawfiek and Gamal(2000) and Gamal
and Ragab(2003) on Balady mandarin.
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1-2- Percentage of rag weight and juice
weight:

Appling phosphorine to organically fertilized lime
trees resulted in significant decrease in rag weight %.
On the other hand, spraying GA; (20ppm) 2 week at
pre-anticipated harvest time induced significant increase
in rag weight%. It could be observed that phosphorine
caused an improve in juice weight %. While, spray-
ing GA; induced reduction in juice weight % of mature
fruits. These effects of GA; could be due to delaying
maturity degree of lime and decreasing juice %. These
results are in harmony with those found by Tawfiek and
Gamal (2000) and Attia er al.(2002).

2- Effect of pre-harvest treatments of organic
fertilizer, phosphorine plus GA3 on fruit
chemical characteristics at harvest time:

2-1- Total soluble solids% (TSS %)

It could be noticed that treated fruits with phospho-
rine induced the highest level of TSS% in first season,
while organic fertilizer gave the highest level of TSS%
in second season (Table A). These results are in agree-
ment with those reported by Tawfiek and Gamal (2000)
and Gamal and Ragab(2003)on balady mandarin

2-2- Titratable Acidity% (TA %)

Data in Table (A) showed that fruits treated with
phosphorine plus GA; during growth season induced the
highest level of TA% in 2003 while organic fertilizer
gave highest level in 2004 season, these results are in
agreement with those found by Gamal and Ragab(2003).

2-3- TSS/TA ratio

As shown in Table (A) treated fruits with phospho-
rine induced the highest level of TSS/TS ratio in both
season. the obtained results are in agreement with those
of Tbrahim ef al. (1994)they found that the application
of GA; increased TSS/acid ratio on Washington Navel
orange.

2-4- Vitamin C content in fruit juice

During the first season it was noticed that GA3 gave
the highest level of vitamin C, while during the second
season, it was found that organic fertilizer alone gave
the highest level. These results are in agreement with
those reported by Gamal and Ragab (2003) on Balady
mandarin.

3- Effect of storage treatments on physical
characteristics of Egyptian Lime fruits
treated with phosphorine or phosphorine
plus GA; applied during growth season:

3-1 Fruit weight loss percentage

Fruit weight loss % increased gradually as storage
period advanced, data presented in Table (1) indicated
that wrapping fruits gave the least percentage of loss
in comparison with unwrapped fruits (control fruits) or
unwrapped fruits treated with GA; or Sida film.



:29-37, 2017 Special Issue

Alex. J. Agric. Sci. 61(6)

I Int. Conf. Fac. Agric. Alex. Univ. 22-23 Feb., 2017

S0'0 18 'S T Aq uoneiedas ueajy

9891 D S091 qd¥+91 V6081 ! D 08¢ qg6791 V¥T Ll spouad 95e109s Jo aFr10AY
HEI'TI LLTI 801 e8¢l H6L'TI1 LETTI erot LO°E] wiy epIS+¢yD-+paddein-g
D 8Ll L901 26'el F8°€C1 D0l 901 651l 10%1 wiy epig+paddeim-7,
d 98¢l wrl 87Tl L9YI 4T8¢l Pradl £6'CI LTyl gvD-+paddein-g
46991 LEYI 9L91 6’81 H+191 9T¥l1 [ A L9991 spnyy paddeim-g
a sl C8LI S0'81 7881 acLletLl 98°LI F8LI 781 wiy epIS+gyo+paddernun-y
g6l vT6l 861 €T6l D598l 9'81 €8'81 £5°81 wiy epig+paddernun-¢
V +0°CC 61'1¢C £8°0C 60°¥C V¥0O' 1T L1°0T 80T 8¢°CC ¢yD+paddeimun-g
D 1681 61 8181 9761 g60'61 TT61 181 $6'61 (Jonuoo)symy paddermun -

sjudUIEAL) sjuduIEAL)
23ea0)s Jo AeadAy fyo 4+ dunioydsoyq durioydsoyg [opuo)  ATea0)s Jo IFeaday yo + durioydsoyg durioydsoyyg [0.3u0))
00T 007 JUIUEIT) ITLI0)S

spor1dd a3e.10)s Jo dZeaIAy

SUOSEIS H()7 PUL €T UI SIUIUIILAL) IFRI10)S Aq PIJIJJe SE UOSEIS YIMO0.IS ysnoay)
pandde(mddgy) fyo+aurioydsoyd pue surtoydsoyd ym pajeany symaj awry uendL{3y Jo a8ei0)s pjod surnp ©4ssof JYsam Ul saguerd adesday (1) aqel,

0'0 18 'S Aq uonesedas uedpy

al¥'6T af0'1 206 4€€°6 oFEIF v99'8¢ v00'6T vor'0g  (wdd gg) €vD + sunoydsoyd + sazipniay oruedio
SLL'ST vLO'T 49€'6 2006 v8T £F 2TL9S 40792 495°92 suttoydsoyd + saziniay owedi)  F00T
vES'EE al0’l v§S'6 vL9'6 aZ8 It a81'8¢S 20012 2S6'1T 12ZI[1)3F TUEFIO
vIF'SE all’l v8L'L 216 5S1'8¢€ V6819 v00'LT voL Lz (wdd o) vD + suuoydsoyd + 10z1[110) d1wedi0
281°§T vIT'1 2E9°L viT6 Vo0 OF oF0°6S a€€'ST 489°5T suttoydsoyd + 1aziniay owesI) €007
a€9'LT a61'1 a0L’L 807’6 a0t 6€ 40909 20861 20€°0T 12ZI[13Y TUEFIO
jur g J/sw onea o, A)Ipioe o ysm o ysm  (Fwd)awin  (3) Jysom
amlur )’A VI/SSL  20qeDIL  %SSL mp S0y -oANnIy Ny SJudWy AL} PPALY uoseds

SUOSEAs (07 PUL €007 uI symn.ay surr 3dASq
JO SOnSLIdJIRIRYD [edaT) pue [ed1sAyd uo (mddgy) fvo snid surioydsoyd pue surioydsoyd J1aznuaaj smuedio yim sjuaunean jsaadey-aid jo 129519 (V) 2[qe L

31



Alex. J. Agric. Sci. 61(6):29-37, 2017 Special Issue

It was found that wrapping fruits treated with GA,
plus Sida film was more effective in decreasing weight
loss % than treating with GA; or Sida film alone. Stored
fruits treated with phosphorine plus GA; during growth
season resulted in the lowest level of weight loss %
(15.80, 16.05%) followed by phosphorine (16.29,
16.44%), while untreated control fruits gave the highest
level of weight loss % (17.24, 18.09%). Furthermore,
unwrapped fruits treated with GA;(50ppm pre-storing)
gave the highest level of weight loss% (20.04, 22.04%),
while wrapped fruits treated with GA; (50ppm) plus
Sida film (5%pre-storing)resulted in the lowest level
of weight loss % (11.79,12.15%)under the condition of
cold storage in two season, respectively.

These obtained results are in harmony with those
found by Attia ef al. (1996) on Banzahir and Houssini
Lime, Ladaniya et al. (1997) on Nagpur Mandarin ,Sub-
edi(1999)on Mandarin and Oranges, Sonkar and Ladani-
va (1999)on Mandarin ,Tariq e a/. (2002) on Banzahir
Limes.

3-2- Unmarketable fruit number percent-

age:

It could be noticed that unmarketable fruit number
increased gradually as storage period advanced. Un-
wrapped fruits and unwrapped fruits plus Sida film gave
the highest percentage of unmarketable fruit number%o.
Table (2), wrapped fruits +Sida film 5%+GA3 (50ppm
pre-storage) gave the lowest unmarketable fruit number
(11.72, 14.86%). Fruits treated with phosphorine plus
GA3 (20ppm) during growth season resulted in the low-
est values of unmarketable fruit number (8.12, 8.60%),
while treated fruits with phosphorine gave the highest
level of unmarketable fruit number (26.85,26.20%) in
two season, respectively. These results are in harmony
with those found by El-Mughrabi(1999) on Baladi or-
ange, El-Hammady et al. (2000) on Balady Mandarin,

and El-Helaly (2002) on Banzahir Limes.

3-3- Fruit Juice weight%o:

Fruit Juice weight percentage gradually decreased
with prolonged storage duration. It could be noticed that
fruit treated with phosphorine during growth season
resulted in the highest level of juice weight %,( 40.86,
42.99%), table (3). It was also found that wrapped
fruit gave the highest value of juice weight %( 40.71,
42.71%). Wrapped fruits treated with phosphorine
+GA3 (50ppm pre-storing) plus Sida film resulted in the
highest level of juice weight %( 43.67, 46.33%) in the
two studied seasons. These obtained results are coincid-
ed with those found by El-Mughrabi (1999) on Balady
orange and Farag(2001) on Navel orange.

4- Effect of some storage treatments on chem-
ical characteristics of Egyptian lime fruits
treated with phosphorine or phosphorine
plus GA; applied during growth season

4-1- Total Soluble Solids% (TSS %)
TSS% gradually increased with prolonging storage
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period. However, it was clear that storage treatments in-
duced slight differences in TSS% in fruit juice under the
conditions of cold storage Data presented in Table (4)
indicated that wrapping fruits treated with GA; (50ppm
pre-storing) plus Sida film resulted in the highest val-
ues of TSS% (10.49,10.41%) in two season, respec-
tively. Moreover, fruits treated with phosphorine dur-
ing growth season induced the highest level of TSS %(
10.23%) in juice of pre-stored fruits during cold storage
in 2003 season, while fruits treated with phosphorine
plus GA; (20ppm) during growth season produced the
highest level of TSS %( 10.58%) in juice of stored fruits
in 2004 season. These obtained findings are in harmony
with those reported by Farag (2001) who reported that
TSS% on Navel oranges treated with GA did not differ
greatly than those of untreated ones. Meanwhile, El-
Helaly (2002) on Banzahir Limes obtained that waxed
fruits had lower values of TSS%.

4-2-Titratable acidity% (TA %) in fruit

juice:

All storage treatments reduced TA% in Lime juice,
and the reduction was associated with prolonging stor-
age period duration. Table (5) observed that treated
fruits with phosphorine plus GA; (20ppm) produced the
lowest level of TA% (6.65, 8.20%) in juice of stored
fruits during the two studies season. Moreover, it could
be noticed that both of unwrapped control (6.90, 9.11%)
or unwrapped fruits treated with Sida film resulted the
highest level of TA %( 7.36, 8.64%) in juice in two
season respectively. While, unwrapped fruit treated
with GA; (50ppm pre- storage) gave the lowest level in
TA% (6.75%) in 2003. Also, wrapped fruits treated with
GA; (50 ppm pre-storage) gave the lowest level of TA
%( 8.37%) in juice of stored fruit during season 2004.
Those results are in partical agreement with those found
by El-Mughrabi(1999) on Baladi orange and El-Hela-
ly (2002) on Banzahir Limes fruits, they reported that
waxed fruit treated with or without GA generally had
the least percentage of citric acid than those of the other
applied treatments.

4-3- Total soluble solids/ titratable acidity
ratio (TSS/TA ratio) in fruit juice:

TSS/TA ratio increased gradually as storage period
advanced. As shown in Table (6) data indicated that
fruits treated with phosphorine plus GA; (20ppm) gave
the highest value of TSS/TA ratio (1.51, 1.29%) in juice.
Wrapped fruits treated with or without GA; + Sida film
induced the highest level of TSS/TA (1.49, 1.25%) ra-
tio, meanwhile, unwrapped fruits (control) gave the least
value (1.42, 1.19%) in both seasons, respectively. These
obtained results are in harmony with those findings re-
ported by Farag (2001)

4-4- Vitamin C content in fruit juice:

Data presented in Table (7) indicated that phos-
phorine plus GA; (20ppm) induced slight differences in
response to effect of some storage treatment during cold
storage in the two studied season. It could be noticed that
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unwrapped fruits treated with GA; (50ppm pre-storage)
plus Sida film gave the highest value in vitamin C con-
tent in juice of stored fruit (32.76 mg/ 100ml), followed
by unwrapped content fruits (30.89 mg/ 100ml), while
unwrapped fruits treated with Sida film produced the
lowest value of V.C in season 2003. On the other hand,
wrapped fruits gave the highest level of V.C (37.28 mg/
100ml), followed by unwrapped content fruits, while
wrapped fruits treated with Sida film induced the least
value of V.C content (31.35 mg/100ml) in fruit juice
stored during the second season.

These obtained findings of this study are in agree-
ment with those reported by El- Maghrabi (1999) on
Balady orange who found that wrapping had no effect
on vitamin C. Moreover, Farag (2001) noticed that ,no
significant differences was noticed in V.C content of na-
vel oranges during storage .

CONCLUSION

Generally it could be concluded that Egyptian Lime
fruits treated with phosphorine (after fruit set) plus GA;
(20ppm 2 weeks before harvest date) during growth sea-
son resulted in the lowest values of weight loss%, the
lowest values of unmarketable fruit number%, the low-
est level of acidity %, the highest value of TSS/TA ratio
in juice of stored fruits during the two studies seasons.
Furthermore, wrapping treated fruits with GA; (50ppm)
plus Sida film (5% wetting agent) was more effective
in decreasing weight loss% than treating with GA; or
Sida film alone. Also, wrapping fruits +Sida film + GA;
(50ppm pre-storage) gave the lowest percentage of un-
marketable fruits number, the highest wvalue of juice
weight percentage , the highest level of TSS/TA ratio in
juice, keep good quality and prolong cold storage period
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