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ABSTRACT

Persimmon is naturally divulged with bioactive molecules including tannins etc. and its utilization
may be helpful to reducing the diabetes mellitus. Therefore this research study was carried out to
enhance the shelf life of persimmon fruit at refrigeration and ambient temperature (Temperature 20-
230C Relative humidity 60-63%) during storage. The quality attribute such as weight loss, TSS
(°Brix), pH, titrable acidity total tannin (mg/100g) and ascorbic acid were studied at an interval of 3
days for a total period of 12 days. However, the treatment of T5 (sun dried + low density
polyethylene) was superior to all other treatments in retention of vitamin C, total soluble solids,
titratable acidity, total tannin and pH with minimum weight loss compared to control whereas the
treatment T6 (oven dried + HDPE) was found better to all other treatments during storage. The
treated persimmon fruit have increased storage life as compared to control. Present study was
proved helpful to evaluate the effect of storage condition on physico-chemical composition and
increase the postharvest life of treated fruits during storage.
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Introduction

Persimmon (Diospyros kaki L.) is deciduous
medium size fruit tree. It was first originated in
China and then introduced in Japan about 750
A.D. that is why it is called as Japanese
persimmon. It is extensively cultivated in Japan,
USA, India, China and Pakistan (ltamura et al.,
2005; Yokozawa et al., 2007). In recent years
persimmon production and consumption has
increased in the world. World-wide production of
persimmon is increasing with the passage of
time i.e. its production was 2,417,602 tons in
2000 which has increased to 3,263,021 tons in
2005 and more than 4,000,000 tons in 2010
(FAO, 2010).

In Pakistan, this fruit gaining more popularity. It
is cultivated in cool subtropical regions of
Malakand, Mardan, Hazara, Peshawer, Taxila,
Rawalpindi, Chakwal and Jhelum Division. It
gives flowers late in the spring and ripens early
to late October (Ali et al., 1999). Some varieties
grown in Pakistan are Hachiya, Fugu, Aman
Kaki, Marko, Italy, Jiro and Gosho (Ali et al.,
1999). The variety which is cultivated on
commercial basis is flat in shape and become in
deep orange color on ripening. This variety is
seedless but quit astringent and having berry
like structure varies in shape, size, color and
quality. The fruit is ready for picking in last week
of October. Persimmon is normally yellow
orange to red orange in color, depending on the
variety, varies in size from 1.5 to 9 cm diameter,
and may be spherical, acorn, or pumpkin in
shape. The calyx remain attached to the fruit
after harvesting, but easy to take away as it
ripens (Gorinstein et al., 1998).

Persimmon can be classified in two groups:
Astringent and non-astringent. Astringent may
not be used before ripening due to their high
level of soluble tannins, whereas non-astringent
varieties can be used before ripening. It is a

good source of carbohydrates, organic acids,
vitamins (mainly A and C), minerals, phenolic
compounds, dietary fiber and carotenoids
(Homnava et al., 1990). Glucose and fructose
are main sugar in persimmon fruit by a ratio of
more than 90% of total sugars. Sucrose found in
minor level (Ito, 1971).
Persimmons have great industrial value,
because it can be frozen, canned or dried. In
consummation of dried
Dried

persimmons provide good sensory attributes

oriental countries,

persimmons is already a practice.
and could be a valuable source of vitamin A and
ascorbic acid (Nicoleti et al.,, 2004). The most
attractive  industrial use of persimmons
processing is drying technique. In fact, the
Japanese and Chinese have always peeled, cut
and sun dried persimmons (Brackmann et al.,
1997). High temperatures are frequently used
for drying that decrease tannin contents,
whereas sugars occurred in the fruit radiate to
the surface where they crystallize, that provides
a sweet, tasteful and non-astringent dried
product. One of the main advantages of
persimmon drying is that is removes astringency

(Marder and Schoemaker, 1995).

Persimmon is widely grown in different areas of
Azad Jammu and Kashmir and in the present
studies during surveying it was observed that it
is found in Hurnamaira, Ternuti, Datot, Jihri,
Drake, Datot, Panyola, Khrick, Char, Parat,
Rehara, Mallot, Harighal, arja, kayyat, Dhamni,
Banjosa and many others areas in Azad Jammu
and Kashmir but unluckily currently no research
work available on post-harvest life of persimmon
and literature about persimmon is almost silent
in Azad Jammu and Kashmir. Peoples have lack
of awareness, attention toward its proper
harvesting, storage and utilization most of the
fruit is wasted every year and no product is

available in local market. In keeping in view this
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study was made to provide the knowledge about
this fruit to local inhabitants and also supply this
valuable fruit in local market by using cheap and
simple techniques that helps to retain chemical
composition and increase its storage life.

Materials and Methods

Collection of sample and preparatory operations
Persimmon fruits were harvested at ripening
stage from different areas, like Hurnamaira,
Ternuti, Datot, Jihri, Drak, Datot, Panyola,
Khrick, Char, Parat, Rehara, Mallot, Harighal,
arja, kayyat, Dhamni, and Banjosa of districts
Poonch and Bagh, Azad Jammu and Kashmir.
Harvested  fruits were  transported in
polyethylene bags to the laboratory of the
Department of Food Science & Technology,
University of The Poonch, Rawalakot, Azad
Jummu & Kashmir. Samples were washed with
tap water and were dried and cleaned with
muslin cloth. After drying and cleaning 400 fruits
were selected and separated in three equal lots
(hundred fruits for each lot). Lot one was used
for fresh fruit, lot 2™ and 3" were used for sun
and oven dried. For sun drying persimmon fruits
were cut into half then spread on plastic trays
and left in open sun for drying. The trays were
covered with muslin cloth to protect them from
dust and flies. The persimmon fruits were turned
occasionally until product was dried to the
moisture level of 8-10 %. For oven drying fruits
were cut into half and were placed on oven at
50°C for 24 hours. Total seven different
treatments were used. Treatments are followed
as control (Ty), fresh fruit + low density
polyethylene bags (at room temperature, T,),
fresh fruit + high density polyethylene bags (at
room temperature, T,), fresh fruit + low density
polyethylene bags (at refrigeration, T3), fresh
fruit + high density polyethylene bags (at
refrigeration, T,), sun dried + low density
polyethylene bags (at room temperature, Ts),
oven dried + high density polyethylene bags (at

room temperature, Tg¢). LDPE and HDPE have
thickness of 10 ym and 30 um respectively.
Changes in some physical and chemical fruit
properties were determined at three days
intervals for a total period of 12 days.

Physical and chemical analysis

Weight loss percentage

AOAC (1990) method was used to measure the
weight loss on electronic balance.

pH:
pH was measured with the help of pH meter and
pH paper according to AOAC (1990).

Total Soluble Solids (TSS):

A refractometer was used to determine the
soluble solids content according to AOAC
(1990).

Titratable acidity %

Titratable acidity (expressed as malic acid) was
determined by titrating 5 mL juice with 0.1N
sodium hydroxide using phenolphthalein as an
indicator (AOAC, 1990).

Ascorbic acid (mg/100g)

Ascorbic acid content was determined using 2, 6
dichlorophenol indophenols' titration methods as
described by (AOAC, 1990).

Total tannins content

Total tannins content were estimated as mg per
100gm
permanganate volumetric method according to
(Awan and Rehman, 1999).

fresh  weight using  potassium

Statistical Analysis

Data obtained from the study was statistically
analyze using MSTAT-C software, for analysis
of variance (ANOVA) by using 2-Factorial
Complete Randomized Design (CRD) and
Duncan’s Multiple Range Test (DMRT) to
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evaluate the mean values according to method
described by Steel and Torrie (1987) using
MSTAT-C software (Michigan State University,
1991, United States of America).

Results and Discussion

Weight loss

Results indicated weight loss of persimmon fruit
during storage. The maximum weight loss 10.20
percent was observed at 9" day of storage as
compare to first day having 0.000 percent
DMRT test indicated that
treatments are significantly different from each
other. Treatments T,, T; and T4 (5.72, 5.84,
5.31) or Ts and Tg (3.15, 3.26) indicated less
loss in weight as compare to control (Fig. 1).

weight  loss.

The minimum weight loss 3.152 was observed
in Ts followed by Tg (3.262) percent during
storage as compared to control having
maximum weight loss (10.20 percent) and
become unacceptable at o™ day of storage (Fig.
1). These results can be correlated with findings
of Chaudhry et al. (1999) who had observed that
persimmon had higher weight loss in control.
These results are also in line with the finding of
Dilawar et al. (2007) who had observed that
persimmon had maximum weight loss in control
as compare to fruits packed in polyethylene
bags. Hussain et al. (2004) also observed that
citrus fruits have maximum weight loss in control
and minimum weight loss in thick polyethylene
bag. Polyethylene might act as a Modified
Atmosphere Packaging (MAP) that might have
increased in relative humidity; CO, levels and
decrease O, levels which reduce respiration rate
and transpirations rate a result prevent water
loss and maintain fruit quality (Ladaniya and
Sonkar, 1997). These results are also in line
with the findings of lbrahim (2005) who had
observed that polyethylene bags showed a
significant decrease in weight loss in fruits.
There was a rapid loss in weight in control

treatment as compare to other treatments.
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Fig. 1. Effect of different storage conditions on
weight loss of persimmon fruit.
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Fig. 2. Effect of different storage conditions on
pH of persimmon fruit.

=t Control
25 7 ——T1
s T 2
A ———T3
201 f : I
oo —=T5
T6
15 +

10

5 4

0

0 | 3 I 6 | 9 | 12
Fig. 3. Effect of different storage conditions on
TSS (°Brix) of persimmon fruit.
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Fig. 4. Effect of different storage conditions on
acidity percentage of persimmon fruit.

The results revealed that all treatments, storage
intervals and their interactions were significantly
different from each other. DMR test indicated a
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significant difference except T,, T3 (5.74) and T,
(5.75). Data shows that there is an increasing
trend of pH in persimmon during storage (Fig.
2). Minimum pH (5.64) was observed in Ts
followed Tg (5.67) during storage. The minimum
pH was observed in Ts (5.64) might be due to
the fact that

polyethylene for

less air was available in

biochemical changes and
conversion of acid into sugar resulting less
increase in pH. Maximum pH was recorded in T,
(5.78) Control during storage might be due to
free atmospheric conditions of oxygen,
temperature and humidity that caused more
oxidation and degradation of acid as compare to
pack fruits. Husssain et al. (2004) and Chaudhry
et al. (1999) observed similar results. It is might
be due to the fact that polyethylene package
contributed to create modified atmosphere by
increasing in CO, concentration as ethylene
degraded into CO, and water cause slow
increase in pH during storage (Hayat et al.,
2005).
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Fig. 5. Effect of different storage conditions on
ascorbic acid content of persimmon fruit.
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Fig. 6. Effect of different storage conditions on
tannin contents of persimmon fruit.
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Total Soluble Solids (TSS)

The result revealed that all treatments, storage
intervals and their interactions had highly
significantly affect on total soluble solids
contents. DMR test shows that maximum TSS
was in Ts (20.16), followed by T, (19.66), Ts
(19.46), T, (19.14) and T, (19.04) as compare to
control having lower concentration of TSS
(18.540) during storage (Fig. 3). The highest
retention of total soluble solid contents in treated
fruits with the combination of polyethylene bags
was might be delay in ripening process in
modified atmosphere having lower ethylene
level and decrease in respiration or other
metabolic process during storage. These results
are in line with Arthey and Philip (2005) who
noticed that higher retention of total soluble
solids is due to slower alteration in cell wall
structure and breakdown into simple sugar.
These results also in agreement with Mohla and
Sing (2000). These results also in line with
Candir et al. (2009) who described that The
enhancement in TSS content might be due to
result of deprivation of starch during later stage
of harvest maturity.

Titratability acidity

The results revealed that all treatments and their
interactions had significant difference on percent
acidity of persimmon from each other except
expect T, (0.31) and T, (0.31). It is clear from
DMR test that maximum acidity 0.34 percent
was recorded in Ts followed by T, and T; (0.31)
percent whereas the minimum 0.26 percent
acidity was observed in T, (control) followed by
T3 (0.29) and T4 (0.30) percent during storage
(Fig. 4). The retention of titrable acidity was
higher in fruits packed in polyethylene bags it is
might be due to the reason that reduction in
metabolic changes of organic acid into carbon
dioxide and water. These results are agreement
with Naweto et al. (2013) and Chaudhry et al.
(1999). Minimum acidity was observed in T,
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(control) might be due to more oxidation as fruit
ripens it diminished its malic and citric acid
contents due to microbial activity (Martinez et
al., 1997). Husssain et al. (2004) also observed
the same behaviour in citrus fruit.

Ascorbic acid

The amount of ascorbic acid (mg/100g) was
significantly affected by the treatments and their
interactions. Maximum ascorbic acid was (13.41
mg/100g) was recorded in Ts followed by Tg
(13.23 mg/100g), T; (12.77 mg/100g) and
(12.58 mg/100g) in T, whereas the minimum
(11.53mg/100g) was observed in T, (control)
followed by T, (11.64 mg/100g), and T3 (11.99
mg/100g) during storage (Fig. 5). Fig. 5 shows
that higher retention of ascorbic acid was in Ts
(13.41 mg/100g). These results are in line with
Rathore et al. (2007) and Saira et al. (2009).
This retention of ascorbic acid is might be due to
lowering of respiration of fruit or oxidation of
ascorbic acid, which had reduced the loss of
ascorbic acid contents. This is an agreement of
those of Kalt (2006). Minimum ascorbic acid
was (11.53mg/100g) observed in T, (Control)
because oxidation of ascorbic acid was higher in
control that cause rapid decrease in ascorbic
acid during storage. These results are in line
with the findings of Dorria et al. (2011) and
Adisa (1986) who described that Fruits and
vegetables shows a gradual decrease in
ascorbic acid content as the storage duration
(1997) also
ascorbic acid is highly water soluble vitamins

increases. Ball reported that

that are easily oxidized during storage.

Total Tannins

The present investigations are clearly indicated
that total tannins contents of persimmon fruit
decrease during storage (Fig. 6). It decreases
from 0.45-0.24 during storage. Same results
were supported by Dorria et al. (2011), who
reported that persimmon total tannins contents

decrease with the advancement of storage
period. DMRT test revealed that that all
treatments, storage intervals and their
interactions were significantly different from
each other. Results show that maximum tannins
were observed in T3, T, and in T,;. Whereas,
minimum tannins were observed in Ts, Tg (0.31)
and in T, (0.30). These results are in line with
Bibi et al. (2007) who reported that some
astringent fruits show decrease in tannins during
ripening due to decrease in polymerization
accompanied by loss in fluidity. This process
caused a decrease in fruit astringency. These
results are also in line with EI-Wahab (2017)
who found that persimmon tannin decrease with
the advancement of storage. Candir et al.
(2009) found similar results in persimmon fruit.
Shela et al. (2001) described that one of the
main advantages of drying of persimmon is that

it removes astringency from the fruit.

Conclusion

Persimmon fruits were stored at different
conditions and during this period its physico-
chemical attributes were investigated for twelve
days. During this study, treatment sun dried +
LDPE + room temperature (Ts) was best with
the advancement of time whereas, T¢ (oven
dried + HDPE + room temperature) was also
better to maintain the quality attributes. Further
study will be made to evaluate the effect of dried
persimmon on diabetic peoples.

Conflict of Interest Statement
The authors declare that they have no conflict of
interest.

Acknowledgments

This research work was kindly supported by the
University of the Poonch, Rawalakot, Azad
Jammu and Kashmir.

26 |

Khurshid et al. Plant Sci. Arc. 2(1), 2019



Plant Science Archives

https://plantarc.com

References

Adisa V. 1986. The influence of molds and
some storage factors on the ascorbic acid
content of orange and pineapple fruits. Food
Chemistry 22(2), 139-146.

Ali S, Ayub M, Zeb A, Muneer S. 1999. Effect
of potassium metabisulfite on physico-chemical
properties of dried persimmon. Sarhad Journal
of Agriculture 17(4), 629-632.

AOAC. 1990. Official Methods of Analysis,
Association of Analytical Chemists. Ed 16™
Arlington Virginia, USA.

Arthey D, Philip RA. 2005. Fruit processing,
nutrition, product and quality management, Ed
2" Brijbasi Art press limited, India: p. 45.

Awan JA, Rehman S. 1999. Food Analysis
Manual. Uni. Tech. Publisher 498-B, Peoples
Colony Faisalabad, Pakistan.

Ball JA. 1997. Evaluation of two lipid-based
edible coatings for their ability to preserve post
harvest quality of green bell peppers. Master of
Science, Virginia Polytechnic Institute and State
University.

Bibi NA, Khattak B, Mehmood Z. 2007.
Quality improvement and shelf life extension of
persimmon fruit (Diospyros kaki). Journal of
Food Engineering 79(4), 1359-1363.
http://dx.doi.org/10.1016/j.jffoodeng.2006.04.016

Brackmann A, Mazaro S, Saquet AA. 1997.
Cold Storage of persimmons (Diospyros kaki L.)
cultivars fuyu and rama forte. Ciencia Rural
27(4), 561-565.

http://dx.doi.org/10.1590/S0103-
84781997000400006

Candir EE, Ozdemira AE, Tophia KM. 2009.
Physico-chemical changes during growth of
persimmon fruits in the east Mediterranean
climate region. Scientia Horticulturae 121(1), 42-
48.
http://dx.doi.org/10.1016/j.scienta.2009.01.009

Chaudhry MA, Khan F, Sattar A.1999. A
method of enhansing shelf life of persimmon by
institute of Food

film pakaging. Nuclear

Agriculture, Tarnab, Peshawar.

Dilawar K, Khan AR, Bibi S, Ali S, Khalil IA.
2007. Storage Stability of Persimmon fruits
(Diospyros Kaki) stored in different packaging
material. Journal of Agricultural and Biological
Science 2(2), 45-48.

Dorria MA, Yousef ARM, Sarrwy SMA. 2011.
Modified Atmosphere packaging for maintaining
quality and shelf life extension of persimmon
fruits. Asian Journal of Agricultural Sciences
3(4), 308-316.

El-Wahab SM, Kamel HM, Abd EL-Rahman A,
Abd El-Hafeez, Mahmoud TO. 2017.
Comparison of different ripening methods for
removing astringency in "costata" persimmon
fruits. Middle East Journal
Research 6(2), 569-583.

of Agriculture

FAO. 2010.
Databases.
http://faostat.fao.org on 15/12/2013.

FAO STAT, FAO Statiscal
Downloaded from

M, Haruenkit R,
Martin-Belloso O,

Gorinstein 'S, Zemser
Chuthakorn R,
Trakhtenberg S. 1998. Comparative content of
total polyphenols and dietary fiber in tropical
fruits and persimmon. The Journal of Nutritional
Biochemistry, 10(6), 367-371.

27

Khurshid et al. Plant Sci. Arc. 2(1), 2019


../../../Documents%20and%20Settings/Administrator/My%20Documents/My%20Pictures/AMIR%20NAZIR/Quality%20improvement%20and%20shelf%20life%20extension%20of%20persimmon%20fruit%20(Diospyros%20kaki).htm
../../../Documents%20and%20Settings/Administrator/My%20Documents/My%20Pictures/AMIR%20NAZIR/Quality%20improvement%20and%20shelf%20life%20extension%20of%20persimmon%20fruit%20(Diospyros%20kaki).htm
../../../Documents%20and%20Settings/Administrator/My%20Documents/My%20Pictures/AMIR%20NAZIR/Quality%20improvement%20and%20shelf%20life%20extension%20of%20persimmon%20fruit%20(Diospyros%20kaki).htm
http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science/journal/02608774/79/4
http://dx.doi.org/10.1016/j.jfoodeng.2006.04.016
http://dx.doi.org/10.1590/S0103-84781997000400006
http://dx.doi.org/10.1590/S0103-84781997000400006
http://dx.doi.org/10.1016/j.scienta.2009.01.009

Plant Science Archives

https://plantarc.com

Homnava A, Payne J, Koehler P, Eitenmiller
R. 1990. Provitamin A (alpha carotene, beta-
carotene and beta-cryptoxanthin) and

ascorbic acid content of Japanese and
American persimmons. Journal of Food Quality,
13(2), 85-95.

https://doi.org/10.1111/j.1745-

4557.1990.tb00009.x

Hussain I, Asif M, Ahmed M, Khan M, Shakir
I. 2004. Effect of uni-packaging on the post
harvest behavior of citrus fruits.  Pakistan
Journal Nutrition 3(6), 336-339.
http://dx.doi.org/10.3923/pjn.2004.336.339

Hayat I, Masud T, Rathore HA. 2005. Effect of
coating and wrapping material on the shelf life of
apple (Malus domestica cv. Borkh). Internet
Journal of Food Safey 5(5), 24-34.

ltamura H, Zheng Q, Akaura K. 2005. Industry
and research trend of Japanese persimmon.
Acta Horticulture 685, 37—44.

Ibrahim FE. 2005. Effect of
treatments on storage ability and keeping quality

postharvest

of Ammar apple fruits. Annals of Agricultural
Science Moshtohor Journal 43, 849-867.

Ito S. 1971.
biochemistry of fruits and their products, (Ed.
AC Hulme). Academic Press, New York, 281-
301pp.

The Persimmon. In: The

Kalt W. 2006. Effects of production and
processing factors on major fruit and vegetable
antioxidants. Journal Food Science 70(1), 11-
19.

Ladaniya MS, Sonkar RK. 1997. Effect of
curing, wax application and packaging on quality
of stored Nagpur mandarins. Indian Journal of
Agricultural Sciences 67(11), 500-503.

Martinese BE, Guevara CG, Contreras JM,
Rodriguez JR, Lavi U. 1997. Preservation of
mango Azucar variety (Magnifera indica L) at
different storages stages. Proceedings of 15"
Int. Mango symposium 2, 747-754.
https://doi.org/10.17660/ActaHortic.1997.455.95

Mohla R, Singh S. 2000. Shelf life of sub-
tropical sand pear as influenced by picking
dates and packing materials under ambient
conditions. VIl International Symposium on
Temperate Zone Fruits in the Tropics and

Subtropics - Part Two.

Marder RC, Schoemaker A. 1995. The solar
drying of persimmon fruits in Pakistan. Tropical
Science 35, 93-102.

Naweto M, Mostafa M, Salem AE. 2013. Effect
of irradiation, hot water and coating as post-
harvest treatments on storage ability of costata
persimmons. Arab Journal of Nuclear Science
and Applications 46(5), 257-268.

Nicoleti F, Vivaldo J, Romero SJ, Telis NRV.
2004.
convective drying of persimmons with fixed

Ascorbic acid degradation during
temperature inside the fruit. Proceedings of the
14™ International Drying Symposium (IDS 2004)
Sao Paulo, Brazil, 22-25 August, Vol. C, 1836 -

1843pp.

Rathore AH, Masood T, Sammi S, Soomro
AH. 2007. Effect of storage on physic-chemical
composition and sensory properties of mango
(Mangrifira indica L.) variety of dosehari.
Pakistan Journal of Nutrition 6(2), 143-148.
http://dx.doi.org/10.3923/pjn.2007.143.148

Saira |, Rathore HA, Masud T, Ali S. 2009.
Influence of post harvest calcium chloride
application, ethylene absorbent and modified
atmosphere on quality characteristic and shelf

28 |

Khurshid et al. Plant Sci. Arc. 2(1), 2019


https://doi.org/10.1111/j.1745-4557.1990.tb00009.x
https://doi.org/10.1111/j.1745-4557.1990.tb00009.x
http://dx.doi.org/10.3923/pjn.2004.336.339
http://aasj.bu.edu.eg/
http://aasj.bu.edu.eg/
https://doi.org/10.17660/ActaHortic.1997.455.95
http://dx.doi.org/10.3923/pjn.2007.143.148

Plant Science Archives

life of apricot fruit during storage. Pakistan
Journal of Nutrition 8(6), 861-865.
http://dx.doi.org/10.3923/pjn.2009.861.865

Shela G, Zofia Z, Maxia F, Henry K, Jadwiga
B, Marina P, Moshe Z, Sion WT, Martin BO.
2001. Comparative contents of dietary fiber,
Total phenolics and Minerals in Persimmons
and Apples. Journal of Agriculture and Food
Chemistry 49 (2), 952 — 957.

https://plantarc.com

Steel RGD, Torie JH.1987. Principles and
procedures of statistics. Mc-Graw Hill Book
Corporation, New York USA., 134-145pp.

Yokozawa T, Kim YA, Kim HY, Lee YA,
Nonaka G. 2007.
persimmon peels polyphenol

Protective effect of
against high
glucose-induced oxidative stress in LLCPK1
cells. Food and chemistry Toxicology 45(10),
1979-87.

http://dol.org/10.1016/j.fct.2007.04.018

29 I Khurshid et al. Plant Sci. Arc. 2(1), 2019


http://dx.doi.org/10.3923/pjn.2009.861.865
http://doi.org/10.1016/j.fct.2007.04.018

