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ABSTRACT

Effect of different sources of phosphorus, potassium, or calcium
alone or in combinations on ‘Manshiya’ clone guava was studied during
two successive seasons 1995 and 1996. Naphtalene Acetic Acid (NAA)
applications either alone or in combination with the three mentioned
minerals were also investigated. At harvest, the data indicated that
CaCl, treatment did not result in a significant increase in fiuit weight in
both seasons. However, the combination of CaCl, plus each of
potassium phosphate, calcium phosphate, or NAA caused a significant
increase in fruit weight as compared with the control, Similarly, the
combination of NAA plus either potassium phosphate, or calcium
phosphate, or CaCl, led to a significant increase in fruit weight as
compared with the control in both seasons. Fruit firmness at harvest was
significantly increased by CaCl, alone or in combination with NAA
during both seasons while calcium phosphate was not effective in
increasing flesh firmness either alone or plus NAA or potassium
phosphate when compared with the control. Moreover, NAA alone was
not able to significantly affect fruit firmness at harvest in both seasons.
Fruit abscission was significantly reduced by potassium phosphate plus
either NAA or CaCl, when compared with NAA or CaCl, alone in both
seasons. Calcium phosphate was significantly more effective than CaCl,
in reducing fruit abscission in both seasons. Carotenes in the fruit skin
at harvest were not significantly increased by phosphorus sources such
as potassium phosphate spray in both seasons as compared with the




control. The addition of calcium phosphate to potassium phosphate did
not result in a significant increase in carotene contents at harvest. After
the shelf life period, NAA alone was not able to retard the loss of fruit
firmness when compared with the control. However, the combination of
NAA plus CaCl, caused a significant retardation in the loss of firmness
in both seasons. Calcium chloride in addition to either calcium
phosphate or potassium phosphate resulted in higher fruit firmness after
7 days on the shelf as compared with the control. Tt could be concluded
that the combination of potassium phosphate plus NAA had positive
effects on fiuit quality and reduction of fruit abscission at harvest.
Phosphorus sources, however, such as potassium phosphate were not
effective in increasing carotenes at harvest even when combined with
NAA or calcium phosphate.

Key Words: Nutrients, Foliar application, Maturity, Senescence,
Storage.

INTRODUCTION

Guava is a popular fruit for fresh consumption in many countries.
The fruit could be also used for processing. These features, together
with the ease of culture and high nutritional value especially vitamin C,
mean that this fruit is important in the international trade as well as in
domestic economics of most tropical and subtropical countries (Samson,
1986).

Firm, yellow, fully mature guavas are desired for harvest but
they don’t keep well and are usually transported rapidly to processing
plants. Many attempts have been made to extend the shelf life of guava
fruits at room temperature (Dhoot et al., 1984). Most studies, however,
have focussed on postharvest treatments (Singh et al.,, 1981 and Tandon
et al., 1984).

Guava growers are also concerned with enhancing yellow color
development. Thus in Egypt, they add large amount of phosphorus
fertilizer to soil believing that it hastens yellow coloration. The role of
phosphorus in increasing carotene formation in some fruits has been
reported (Tucker et al,, 1995). Studies also indicated that mature fruits




show greater color and fexture changes afier harvest than less mature
fruits (Brown and Wills, 1983).

Guava fiuits falling off the tree prior to harvest occurs
frequently. Dropped fruils are ofien injured and become less valuable.
Preharvest guava drop may force guava growers to harvest earlier than
desired. NAA was effective in delaying drop of many fiuits (Weaver,
1972).  The importance of NAA increased after the removal of Alar
from the market.

The objectives of this study were to improve fruit quality at
harvest, reduce preharvest drop, and extend the shelf life of fruits by
using the spray method of NAA alone or in the presence of calcium,
potassium or phosphorus from different sources.

MATERIALS AND METHODS

This study was conducted during two successive seasons, 1995
and 1996. Trees of ‘Manshiya’ guava were eight years old, vegetatively
propagated by grafting on guava seedlings. They were nearly uniform,
healthy, and grown under standard cultural practices. The trees were
grown in a sand-loamy soil at Al-Maamoura area near Alexandria,
Egypt.

The trees were treated by spray using a hand sprayer to the point
of run off. Two sprays of each treatment were done on Oct. 11 and 20
during the two mentioned seasons and harvested 15 days after the
second spray. Treatments included: water (control); NAA at 10 ppm;
calcium superphosphate (mentioned as calcium phosphate) at 1000 ppm
of 15% commercial fertilizer after dissolving in water and filtration with
the supernatant used for preparing the spray solution; calcium chloride at
1000 ppm; NAA (10 ppm) plus calcium phosphate (1000 ppm); NAA
(10 ppm) plus calcium chloride (1000 ppm); calcium phosphate (1000
ppm) plus calcium chloride (1000 ppm); pure potassium dihydrogen
orthophosphate (mentioned as potassium phosphate at 1000 ppm);
potassium phosphate (1000 ppm ) plus NAA (10 ppm); potassium
phosphate (1000 ppm) plus calcium chloride (1000 ppm), and finally
potassium phosphate (1000 ppm) plus calcium phosphate (1000 ppm).
Tergitol-S-15, a nonionic surfactant, was used at 0.1%, v/v with all




treatments as a wetting agent. At harvest, twenty fruits were randomly
picked from each treated tree. The following measurements were taken
at harvest from 10 of them: fruit weight (gm); fruit length and diameter
using hand caliper (cm); fruit firmness using pressure tester (Lb/in%);
total soluble solids using hand refractometer (%); titratable acidity by
titration against 0.1 N NaOH (A.0.A.C., 1984); vitamin C content of the
flesh using the endophenol method (A.O.A.C., 1984); and chlorophylls a
and b and carotenes in the skin using spectrophotometric measurements
(Wintermans and Mots, 1965). The cumulative preharvest drop as a
percentage of the total number of fruits on three labeled main branches
on each tree was used to detect fruit abscission.

The other 10 fruits of each replicate from the above random
sample were left at 2142° C for 7 days to evaluate their shelf life. By the
end of the seven days, the following parameters were taken: weight loss
(%), flesh firmness (Ib/in®), total soluble solids, titratable acidity,
vitamin C content, chiorophylls a and b and carotenes. All
measurements were taken using the same mentioned procedures.

Four replicates were used with each treatment. One tree
represented one replication in a completely randomized design. The
least significant difference was used to compare the means. The SAS
computer program (1982) was used to obtain ANOVA and LSD (at
0.05).

RESULTS AND DISCUSSION

The results indicated that potassium containing combinations
such as potassium phosphate plus NAA or CaCl, resulted in a significant
increase in fruit weight as compared with the control in both seasons,
Moreover, calcium phosphate plus each of NAA and CaCly, led to a
significant increase in fruit weight as compared with the control in both
seasons. Furthermore, NAA in the presence of CaCl, caused a
significant increase in fruit weight in both season when compared with
the control. Potassium phosphate-treated fruits tended to have greater
fruit weight especially in the second season. Calcium chloride spray
alone was not able to increase fruit weight in both seasons.
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When calcium chloride was added to calcium phosphate, no
increase was found in fruit weight when compared with the control or
caleium chloride alone (Tables 1a and 2a).

A similar trend of results was obtained for fruit length.
Potassium phosphate plus each of NAA or calcium phosphate caused a
significant increase in fruit length in both seasons as compared with the
control. Calcium chloride alone or in the presence of calcium phosphate
did not cause a significant change in fruit length consistently. Potassium
phosphate alone increased fruit length significantly only in the second
season. Furthermore, NAA plus CaCl, resulted in significantly higher
fruit length than the control in both seasons (Tables 1a and 2a).

With regard to fruit diameter, NAA alone or plus calcium
chloride resulted in greater fruit diameter than the control. Moreover,
calcium phosphate caused a significant increase in fruit diameter in both
seasons when compared with the control. Calcium chloride alone or
plus calcium phosphate did not increase fruit diameter in both seasons.

_ Data of fruit firmness at harvest (Tables 1a and 2a) indicated that
cajcium chloride alone or in combination with NAA caused a significant
increase in fiuit firmness during both seasons. Calcium in the form of
calcium phosphate, however, was not effective in increasing flesh
firmness either alone or plus NAA or plus potassium phosphate. NAA
alone also was not able to significantly affect fruit firmness at harvest in
both seasons,

Data of fiuit abscission at harvest (Tables la and 2a) showed
that most treatments were effective in reducing this abscission in both
seasons. Calcium phosphate was significantly more effective than CaCl,
in reducing fruit abscission in both seasons. The addition of potassium
phosphate to either NAA or CaCl, further reduced fruit abscission as
compared with NAA or CaCl, alone in both seasons. However, fruit
abscission with NAA plus calcium phosphate or NAA plus calcium
chloride was not significantly higher than fruit abscission with calcium
phosphate or CaCl, alone. When we compared the effect of calcium
phosphate and potassium phosphate on fruit abscission, there was no
significant difference between both treatments in the two seasons. Total
soluble solids (TSS) values at harvest (Tables 1b and 2b) indicated that
cach of CaCly, NAA, calcium phosphate, or potassium phosphate was




not effective in changing TSS.

Furthermore, there was no significant difference between the
effect of either CaCly or calcium phosphate on TSS. The addition of
NAA to calcium phosphate did not result in significant difference in TSS
when compared with calcium phosphate alone. In a similar manner, the
addition of NAA to potassium phosphate resulted in similar TSS values
to that obtained with potassium phosphate. These trends were consistent
in both seasons.

With regard to fruit acidity at harvest, it was found that CaCl,,
calcium phosphate or potassium phosphate did not affect acidity as
compared with the control in both seasons. NAA alone or in
combination with other chemicals such as calcium phosphate, CaCly, or
potassium phosphate had a similar effect on acidity in both seasons.
Even the combination of potassivm phosphate plus CaCl, did not
significantly change fruit acidity at harvest in both seasons (Tables 1b
and 2b).

As shown in Tables 1b and 2b the fruits contained relatively high
amount of vitamin C. However, there was no significant difference
between the control and each of NAA, calcium phosphate, calcium
chloride, or potassium phosphate in both seasons. Furthermore, there
was no significant difference between NAA and its combinations with
calcium phosphate, CaCl, and potassium phosphate in both seasons.
The addition of CaCl, to potassium phosphate did not result in any
significant change in vitamin C in both seasons when compared with the
control.

The data in Tables 1b and 2b also indicated that there was no
significant difference in chlorophyll a between all treatments and the
control in both seasons. However, calcium phosphate plus calcium
chloride, potassium phosphate, and potassium phosphate plus calcium
phosphate caused a significant reduction in chlorophyll b as compared
with the control in both seasons, Moreover, NAA alone or in
combination with either CaCly or calcium phosphate did not result in
significant change in chlorophyll b in both seasons.

Concerning carotenes in the skin, the data showed that potassium
phosphate, as a source of phosphorus, did not result in a significant
increase in carotenes in both seasons as compared with the control.
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The addition of either NAA, CaCly, or calcium phosphate to
potassium phosphate did not cause any significant change in carotenes at
harvest.  However, the effect of calcium phosphate, as a spray
application, was not consistent, For example, calcium phosphate alone
or in combination with CaCl led to a significant increase in carotenes in
the first season only (Tables 1b and 2b),

With regard to postharvest changes after 7 days on the shelf
(Tables 3 and 4), the data indicated that there was no significant change
in weight loss when all treatments were compared with the control in
both seasons. The only treatment that increased weight loss percentage
was NAA during the first season. There was a trend of relatively higher
weight loss with the combination of NAA plus calcium phosphate in
both seasons. However, these values were not significantly higher than
NAA or calcium phosphate alone (Tables 3 and 4). Furthermore, NAA,
CaCly, or calcium phosphate-treated fruits did not vary significantly
from their combination in weight loss in both seasons.

Fruit firmness after 7 days on the shelf indicated that CaCl, plus
each of NAA, calcium phosphate , potassium phosphate resulted in a
significant increase in firmness as compared with the control in both
seasons. In addition CaCl, treatment alone resulted in higher fruit
firmness than the control in the first season. Calcium phosphate,
however, did not cause a significant change in firmness as compared
with the control. Moreover, NAA alone or in the presence of calcium
phosphate did not retard the loss of firmness in both seasons. The
combination of CaCl, and potassium phosphate caused a significant
increase in fruit firmness when compared with calcium phosphate in
both seasons (Tables 3 and 4).

Total soluble solids contents after 7 days on the shelf changed
with many treatments (Tables 3 and 4). There was a significant
reduction in TSS caused by NAA plus either calcium chloride or
calcium phosphate in both seasons compared with the control.
Moreover, NAA alone or potassium phosphate plus calcium phosphate
also caused a significant reduction in TSS by the end of the shelf life
period compared with the control., When we compare TSS values for
NAA alone or its combinations with other chemicals, it ‘was found that
the addition of potassium phosphate to NAA signiﬁgan‘tiy resulted in
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higher TSS than NAA alone after 7 days on the shelf. This was the only
combination of NAA that resulted in higher TSS than NAA alone in
both seasons,

" Tables 3 and 4 also showed that most acidity values were
significantly lower than the control in both seasons after 7 days on the
shelf during both seasons. The addition of NAA to potassium phosphate
significantly lowered the acidity compared to NAA or the control.
However, the addition of calcium chloride or calcium phosphate to
potassium phosphate significantly increased fruit acidity after the shelf
life period in both seasons as compared with the control. In a similar
way, the acidity of calcium phosphate treated fruits was significantly
lower than its combinations with potassium phosphate in both seasons.
Furthermore, fruit acidity with NAA alone was much higher than its
combination with potassium phosphate in both seasons (Tables 3 and 4).

The data in Tables 3 and 4 also indicated that there was a
significant reduction in vitamin C content in both seasons after 7 days on
the shelf by potassium phosphate, calcium phosphate plus CaCly, and
potassium phosphate plus NAA as compared with the control. However,
calcium sources such as calcium phosphate, CaCl,, or their combination
with NAA did not have a significant effect on vitamin C.

Values of chlorophyll a after 7 days on the shelf indicated that
there was no significant change in both seasons by all treatments.
Furthermore, chlorophyll a content was similar whether the fruit
received a single treatment or a combination. However, chlorophyll b
content in the skin was reduced by all treatments relative to the control
after 7 days on the shelf except with calcium phosphate in the first
season. In a similar way, there was no significant change in carotenes
after 7 days on the shelf (Tables 3 and 4) by all treatments in both
seasons except with the combination of potassium phosphate plus CaCl,
in the first season,

This study provided evidence on the possibility of improving
guava fruit quality and extending its shelf life using nutrient spray alone
ot in various combinations. Guava were found to be climacteric in their
respiratory behavior (Akamine and Goo, 1979) which explains their
short shelf life. Firm, yellow, fully mature fruits are selected for
harvesting. Mature guavas have a short storage life (Wilson, 1980).
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Singh et al,, (1981) found that calcium nitrate as a source of
calcium (0.5 to 2.0%) to guava caused a reduction in weight loss,
respiration rate, and maintained the edible quality of guavas for more
than 6 days on the shelf afier harvest. Treatment with calcium nitrate at
10% was found to be the most beneficial in prolonging the storage life of
guavas. ‘

Calcium chloride was found to increase fruit firmness either
alone or in combination with NAA. 1t has been reported that calcium
maintains the tissue integrity while NAA delays the progress towards
senescence (Thimann et al, 1980). Calcium was associated with
increased storage life of guavas (Chandra et al., 1985),

The effect of potassium on increasing fruit weight and
dimensions was reported for many fruits (Ryugo, 1988). This agrees
with our results where potassium formulations caused a significant
increase in fruit weight, length, and diameter. Pandey et al. (1988)
found that potassium sulphate at 1% increased fiuit weight, size, TSS,
and sugars of Sardar guava at harvest.

The role of NAA in reducing preharvest abscission was reported
for many fruit crops (Ryugo, 1988) which agrees with our finding,
Further reduction of fruit abscission was obtained when potassium
phosphate was combined with NAA. Singh et al. (1996) found that
NAA at 600 ppm reduced fruit drop and increased yield of Lucknow
guava.

Heavy applications of nitrogenous fertilizers to yellow fruits
such as peach, apricots, or guava delay the degradation of chlorophyll
and the onset of carotene synthesis (Ryugo, 1988). Thus, it is possible
to postulate that accelerated carotene formation of guava after heavy soil
application of phosphorus by some growers might be just due to
reducing the uptake of nitrogen. This explanation agrees with our
finding that phosphorus spray was not effective in increasing carotenes
in the fruit at harvest.

The present study provided evidence about the possibility of
using many potassium and calcium sources to improve fruit quality and
reduce abscission of guavas. However, direct application of phosphorus
sources to fruits did not show a consistent increase in carotenes in order
to improve the yellowing of guavas.
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