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HE growth and fruit yield of many trees are totally depended on several factors, including

environmental and soil conditions, cultivars, agricultural operations particularly the
fertilization and irrigation, as well as the tree nutritional status. Many wrong agricultural
operations might cause serious problem for the crop productivity like cracking in fruits.
Many strategies for protecting crop from fruits cracking and its management are essential
to guarantee producing the high yield. The application of nanomaterials to overcome a lot
of problems facing crop productivity with high quality especially abiotic/biotic stress has
been confirmed by several studies. Nanofertilizers as nanomaterials have several benefits,
which can support the crop production under stressful conditions through improving shell
life, quantity and quality of crops, increasing nutrient use efficiency and plant bioavailability
and extending the duration of nutrients release into rhizosphere up to 30-50 days. The using
of nanofertilizers for cracked fruits is still a new approach in fighting fruit cracking, which
needs more investigations. These studies open many questions including which kind of
nanofertilizers could be used against fruit cracking? And which applied dose could be used

and when?

Introduction

Base on the several problems of conventional
fertilizers, which have raised due to high
demand for food production after the green
revolution. Beside low and poor use efficiency
of conventional fertilizers (about 18-20, 30-35,
35-40% or less of the applied PNK-fertilizers)
(Guo et al. 2018), which is used by the crop plant,
the rest being leached to the ground water and
rivers or mineralized, causing issues of costs,
eutrophication problem and pollution for human
health (Fatima et al. 2021; Sharma et al. 2021).
Nanofertilizers are considered promising tools
for both sustainable agriculture and environment
(Al-Mamun et al. 2021; El-Saadony et al.
2021a; Rahman et al. 2021). Nanofertilizers are

alternative fertilizers that have unique properties
of nanoparticles, which include physicochemical
characteristics at the nanoscale. There are several
benefits of nanofertilizers such as enhancing fruit
productivity, improving yield quality and shelf
life via their positive effects on morphological,
anatomical, physicochemical physiological, and
molecular traits (Fatima et al. 2021; Sharma et
al. 2021).

Cracking of fruits is a physiological
phenomenon, by which pericarp cracks due to
the pressure from fruit internal growth exceeds
the strength given by pericarp growth (Wang et
al. 2021). Cracks over the skin of fruits reduce
the quality, decrease shelf life and cold storage
of the fruits, then impact consumer preferences
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(Khadivi-Khub 2015). Cracking rates varied
among crops depending on the cultivars and
the precipitations during different stages of the
fruit growth (Fan et al. 2021). Several factors
are controlling the cracking in fruits including
external factors (i.e., all factors related to the
environment and orchard management like
light, temperature, humidity, applied nutrients,
etc.), internal factors (i.e., all factors related to
cultivated crop including nutrient content, plant
hormone regulation, sugar content, mechanical
properties of the fruit skin, fruit shape and size,
and expansion rate of the skin and fruit)(Li and
Chen 2017; Zhu et al. 2020; Volschenk 2021).
The cracking of fruit is considered one of the
serious physiological disorders in many fruit
species such as apple, avocado, banana, citrus,
grape, litchi, pomegranate, plum, persimmon,
pistachio, and sweet cherry, which decreases
the yield and quality of fruits (Davarpanah et al.
2018; Zhu et al. 2020).

Therefore, this work is a call for submission
articles about the cracking of fruits as a serious
problem in fruit production using new approaches
(like nanofertilizers) and new tools like portable
Near Infrared Spectrometer. The main causes of
cracking and how to mange this problem will be
also discussed.

Are nano-fertilizers emerging fertilizers?

Agriculture is a very vital sector in our life,
which supply us with our necessary demands from
food, feed, fiber and fuel. This industry depends on
several factors including water (irrigation or soil
moisture content) and soil supply (soil fertility and
its nutrient content), beside different agricultural
operations (Fig. 1), which may decrease the
agricultural productivity (EI-Ghamry et al. 2021).
Agricultural production needs some requirements
like the fertilizers, which are essential resources
for crop growth and development (Olad et al.
2018). The conventional fertilizers have many
problems including insolubility, degradation,
leaching, and decomposition, which lead to
lower crop yield as well as low quality due to
insufficient bioavailability of nutrients for plants
(Basavegowda et al. 2021).

No doubt that, nano-fertilizers have caused a
“revolution” in the world of fertilizers because
they can provide some nutrients in a nano-form,
which enhance plant growth and its production
(Dimkpa and Bindraban 2016). Nano-fertilizers
could be classified into three categories based
on the nutrient needs of plants including macro-
nanofertilizers, micro-nanofertilizers, and
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nanoparticulate fertilizers. Nanofertilizers have
many features, which could be presented in
Table (1). Nano-fertilizers have distinguished
properties like a high sorption capability, large
surface area, and continuous release of nutrients
in the rhizosphere up to 50 days, making them
a smart delivery system (Rahman et al. 2021).
Nanofertilizers have many other names like
nano-carriers, nano-enabled fertilizers, bio-
nanofertilizers, controlled released nano-
fertilizers, NPs-based nutrient, nano-based
delivery systems of micronutrients, which often
deliver nutrients at the right time and in the right
place (Fellet et al. 2021; Gomes et al. 2021; Al-
Mamun et al. 2021). Therefore, several studies
discussed the uptake and translocation of nano-
fertilizers through the roots and leaves, their role
of plant tolerance to abiotic/biotic stress, their
impacts on crop productivity and its yield quality,
as well as their role in mitigating the heavy metal
toxicity reduction (Table 1).

Cracking of fruits: causes and control

The fruits cracking is a common phenomenon
in several orchards, which could be described as
a physiological disorder (like in pomegranate
fruits, that occurs when the cuticle fractures or
fruit peel or split). Cracking of fruits may be
triggered by insufficient and irregular irrigation
system or due to excessive rainfall, especially
during fruit ripening (Volschenk 2021). Cracking
in fruits may reduce the marketability of fruits
and provide access for diseases and pests, causing
significant income loss in the fresh market and
processing industries (Khadivi-Khub 2015;
Volschenk 2021). The cracking rate of some
grape cultivars in South China may reach 90%
during the ripening stage. The main features of
fruit cracking, as a physiological disorder, include
appearing cracks in the both flesh and skin. This
disorder of cracking may affect fruit appearance,
increasing its susceptibility to pathogen infection,
and then lead to enormous commercial losses to
grape yield (Zhu et al. 2020). Cracking of fruits
is a serious problem for many fruits such as apple
(Kasai et al. 2008; Ginzberg and Stern 2019),
sweet cherry (Correia et al. 2018; Michailidis et
al. 2020; Schumann et al. 2020; Quero-Garcia et
al. 2021), citrus (Cronjéet al. 2013; Li and Chen
2017), grape (Yuet al. 2020; Zhang et al. 2020;
Zhu et al. 2020), litchi (Marboh et al. 2017;
Wang et al. 2019, 2021), peach (Gibert et al.
2010), pears (Choi et al. 2020), and pomegranate
(Davarpanahet al. 2018; Singh et al. 2021;
Volschenk 2021), as reported in Table 2 and Fig.
2.
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Fig. 1. Several abnormal disorders could be noticed in many cultivated fruit crops like
in grapes, which might result from errors in agricultural operations such as (A)
cracked fruits, (B) dry fruits, (C) irregular fruit size, and (D) boron deficiency

Fig. 2. Cracked fruits is a common phenomenon, which may as a result of errors
in agricultural operations. (A) orange fruit (B) peach fruit (C) mango
fruitcomparing with (D) cracked stem mango.
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TABLE 1. The main features of nano-fertilizers that can be used for plant nutrition.

Main features

Nano-fertilizer details

References

(items)
Nano-fertilizers are nanomaterials or nanoform or Dimkpa and Bindraban (2016);
Definition nanoparticles of some nutrients, which could support Chbhipa (2017); ElI-Ghamry et al.
plant growth and its production (2018); El-Saadony et al. (2021)
Mainly physical, chemical and biological methods Hassanien et al. (2020);
Methods of . . . . . P )
fabrication with preferring the biological one (ecofriendly, safe, Siddiqi and Husen(2020);
economic and high yield) El-Saadony et al. (2021¢)
1- Improving shell life, quantity and quality of crops Sharma et al. (2021)
Benefits for crop and ) ) ]
fruit production 2- Increasing nutrient use efficiency and plant Basavegowda and Back (2021)

Nanofertilizer types

Possible mechanism
of the uptake

Phytotoxicity

Mechanism of action
of phytotoxicity

Nano-fertilizer
kinetics

Other common names
of nano-fertilizers

Nano-fertilizer
limitations

bioavailability (up to 70%)

3- Extending the duration of nutrients release into
rhizosphere up to 30-50 days

4- Preventing the environmental pollution

5- Promoting growth and production under biotic and
abiotic stress

Any nano-nutrient of essential (Nano-Cu, Zn, N, P, K,
Ca, Fe, B, Mo, Mn) or beneficial nutrients like silicon
(Si), selenium (Se)

The root and foliar uptake could be achieved by
apoplast or symplast pathways

May include cell membrane integrity, lipid oxidation,
ion leakage then cell death

1- Protein and DNA damage,

2-Generation of reactive oxygen species (ROS),
3- Damage to cell membrane integrity,
4-Altered gene expression, and

5-Altered enzyme activities

Maybe nano-nutrients penetrate stomatal pores less
than 50 nm (like Vicia faba L.), NPs link to carrier
proteins by ion channels, aquaporin, and endocytosis,
which allows NPs to uptake

Nano-enabled fertilizers,bio-nanofertilizers,
controlled released nano-fertilizers, NPs-
based nutrient, nano-based delivery systems of
micronutrients

- Lack of risk management for nano-fertilizers,

- Higher production costs,

- Difficulty in Controlling the nutrient size,

- Higher and continuous applied might increase the
heavy metals and phytotoxicity

Some common applied dose to different crops

- Nano-ZnO
- Nano-Cu

- Nano-apatite

- Nano-Fe

- Nano-Se
-Nano-silica (SiO,)

Wheat, maize, eggplant (20, 10, 5-20 mg L, res.)
Lettuce, coriander, spinach, wheat (10-660, 20-80,
200, 500 mg kg™')

Lettuce, soybean, (200, 100 mgL™")

Cumin (500-1000 mg L")

Cucumber, chrysanthemum (25, 150 mg L")
Maize, wheat (15 kg ha'', 30-60 mgL")

Rahman et al. (2021)

Astaneh et al. (2021)

Badawy et al. (2021); Shalaby et
al. (2021); Josko et al. (2021)
Siddiqi and Husen (2020);
Tarafder et al. (2020); Fellet et al.
(2021)

Rahman et al. (2021)

Rahman et al. (2021)

El-Saadony et al. (2021a);
Rahman et al. (2021)

Nair et al. (2010); Javazmi et al.
(2021)

Guo et al. (2018); Fellet et al.
(2021); Rahman et al. (2021);
Gomes et al. (2021); Al-Mamun
et al. (2021)

Leon-Silva et al. (2018); Rahman
et al. (2021); Sharma et al. (2021)

Xin et al. (2020); Seliem et al.
(2020); Shalaby et al. (02021);
Seleiman et al. (2021); Rahman
et al. (2021);Basavegowda and
Baek (2021)
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TABLE 2. The main features of fruits cracking.

Main features (items)

Details about each item of cracking

References

Definition

“Cracking of fruit is a physiological disorder in which cracks appear in the skin
and flesh, which increases its susceptibility to pathogen infection, resulting in loss

marketability”

Main causes of cracking phenomenon

- External factors

- Internal factors

Cracking fruits in general

Orchard management and the environmental conditions
(light, temperature, humidity, applied nutrients, etc.)

Mineral nutrition, plant hormone regulation, sugar
content, mechanical properties of the fruit skin, fruit
shape and size, and expansion rate of the skin and fruit

Maybe triggered by insufficient and irregular irrigation
or by excessive rainfall, especially during fruit ripening

Cracking management and their strategies

1- Rain covers protection
2- Foliar mineral nutrient
3- Foliar antitranspirants
4- Plant growth regulators
5- New approaches

6- New techniques (tools)

Plastic rain covers

Foliar application of Ca, B, or Cu

Like Vaporgard® and RainGard™

Gibberellic acid (GA,)

Foliar nanofertilizers, salicylic acid, and biostimulants

Portable Near-infrared (NIR) spectrometer

Possible mechanism of fruit cracking

On the physiological level

On the genetic level

On the physical level

Most common cracking fruits

Based on microscopic structure of grape skin, it has
lower ratio of longitudinal and radial subepidermal cell
dimensions, and fewer cells in subepidermal cell layer

The thickness of cell wall and the size of subepidermal
cells were closely related to the susceptibility gene

Water penetration through the cuticle causing
separation of the cuticle from the epidermal cell wall

- Sweet cherry (Prunus avium L.)
- Citrus (Citrus sp.)

- Pomegranate (Punica granatum)
- Grape (Vitis vinifera L.)

- Apple (Malus domestica L.)

- Pears (Pyrus pyrifolia)

- Litchi (Litchi chinensis Sonn.)

Jiang et al. (2019);
Zhu et al. (2020)

Li and Chen (2017);
Zhu et al. (2020)

Volschenk (2021)

Correia et al. (2018)
Ghanbarpour et al. (2019)
Khadivi-Khub (2015)
Xue et al. (2020)

Sharma et al. (2021)

Fan et al. (2021)

Zhu et al. (2020)

Wang et al. (2021b)

Correia et al. (2018)

Michailidis et al. (2020)
Li and Chen (2017)
Volschenk T (2021)
Zhu et al. (2020)

Opara et al. (2000)
Choi et al. (2020)

Wang et al. (2019, 2021a)
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The physiology of fruit cracking could be
explained as lose in the ability of tissues of skin
to divide and enlarge during drought period, and
after a dry spell, water supply is greatly increased,
the meristematic tissues (not the strengthened
tissues) quickly resume growth (Singh et al.
2020). The main causes of fruit cracking may
include all factors related to the environmental
conditions or external factors and internal factors,
which include all factors linked to cultivated
crop like nutrient contents, sugar content, plant
hormone regulation, mechanical properties of the
fruit skin, fruit shape and size, and expansion rate
of the skin and fruit (Li and Chen 2017; Ozturk
et al. 2018; Zhu et al. 2020; Volschenk 2021).
Many strategies could be adapted to overcome
the cracking phenomenon like using plastic rain
covers, foliar application of many nutrients (e.g.,
Ca, B, or Cu)(Correia et al. 2018; Ghanbarpour
et al. 2019), foliar antitranspirants (Khadivi-
Khub 2015), applied plant growth regulators
like gibberellic acid (Xue et al. 2020), using new
approaches like foliar nanofertilizers, salicylic
acid, and biostimulants (Sharma et al. 2021) and
using new techniques like portable Near-infrared
spectrometer (Fan et al. 2021). The cracking of
fruits may cause lose in the yield of horticultural
crops like pomegranateas 65% (Singh et al.
2020).

Nano-fertilizers for cracking of fruits

The modern agriculture faces several
troubles, which mainly impact on the global food
production. Many problems have been solved by
application of nano-enabled agriculture (Wu and
Li 2021), which included many new approaches
such as nano-plant nutrition (El-Ramady et
al. 2018), nano-biofortification (El-Ramady et
al. 2021a, b), nano-remediation (Abdul Azeez
et al. 2021), bio-nanofertilizer (Kumari and
Singh 2020; El-Ghamry et al. 2021), and nano-
fertilizers (Al-Mamun et al 2021).Several studies
confirmed the promising role of nanofertilizers in
delivering controlled nano-nutrients, improving
stress tolerance, and promoting yield quality
of several crops (Kumari and Singh 2020), but
using nanofertilizers against cracking fruits
is still in the enfant stage. This is a call for
articles concerning the using of nanofertilizers
in treating the cracked fruits, which may include
different side of this problem basically the
physiological level, beside the nutritional level,
and environmental dimension. There are few
published studies, which focused on the role of
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nanofertilizer against cracking fruits like foliar
nano-Ca fertilizer (Davarpanah et al. 2018), and
coating alginate/oil nano-emulsion (Gutiérrez-
Jara et al. 2021).

Conclusions

No doubt that, the fruit cracking problem
is a complex phenomenon, which control by
several factors playing a contributory role. Day
by day, advances in research on cracking fruit in
relation to its causes, physiology, and effective
management clearly elucidate, but this problem
should take into account including both external
and internal conditions. Much of the work has
been attempted to the fruit cracking management
based on the role of climate, the anatomical
features of the fruit, pericarp thickness, and
pattern of fruit growth as well as the genetic
constitution and endogenous Ca of the cultivars.
The distinguished roles of nanofertilizers in
the global food production accelerated by time
and a real marketing for nanofertilizers already
established in many countries like the USA,
China, India and Iran. The role of nanofertilizers
in managing crop productivity under different
agricultural conditions has been discussed in
many studies, but its use against cracking fruits
is still need more investigations.

Ethics approval and consent to participate:
This article does not contain any studies with
human participants or animals performed by any
of the authors.

Consent for publication: All authors declare
their consent for publication.

Funding: This research received no external
funding.

Author contribution: All authors have read
and agreed to the published version of the
manuscript.

Conflicts of Interest: The author declares no
conflict of interest.

Acknowledgments: The authors thank the
staff members of Physiology and Breeding
of Horticultural Crops Laboratory, Dept. of
Horticulture, Faculty of Agriculture, Kafrelsheikh
University, Kafr El-Sheikh, Egypt for conducting
the most parameters as well as they helped in
completing this work.

References

Abdul Azeez N, Dash SS, Gummadi SN, Deepa



FOLIAR APPLICATION OF NANO-FERTILIZERS FOR FRUIT CRACKING ... 241

VS (2021). Nano-remediation of toxic heavy
metal contamination: Hexavalent chromium
[Cr(VD)]. Chemosphere 266, 129204. https://doi.
org/10.1016/j.chemosphere.2020.129204

Al-Mamun MR, Hasan MR, Ahommed MS, Bacchu
MS, Ali MR, KhanMZH (2021). Nanofertilizers
towards sustainable agriculture and environment.
Environmental Technology & Innovation 23,
101658. https://doi.org/10.1016/j.eti.2021.101658

Astaneh N, Bazrafshan F, Zare M, Amiri B, Bahrani
A (2021). Nano-fertilizer prevents environmental
pollution and improves physiological traits of
wheat grown under drought stress conditions.
Scientia Agropecuaria 12(1), 41 — 47. https://
dx.doi.org/10.17268/sci.agropecu.2021.005

Badawy SA, Zayed BA, Bassiouni SMA, Mahdi
AHA, Majrashi A, Ali EF, Seleiman MF (2021).
Influence of Nano Silicon and Nano Selenium on
Root Characters, Growth, Ion Selectivity, Yield,
and Yield Components of Rice (Oryza sativa L.)
under Salinity Conditions. Plants, 10, 1657. https://
doi.org/10.3390/plants10081657

Basavegowda N, BackK-H (2021). Current and future
perspectives on the use of nanofertilizers for
sustainable agriculture: the case of phosphorus
nanofertilizer. 3 Biotech 11, 357.https:/doi.
0rg/10.1007/s13205-021-02907-4

Chhipa H (2017). Nanofertilizers and nanopesticides
for agriculture. Environ Chem Lett 15, 15-22.
DOI: 10.1007/s10311-016-0600-4

Choi J-H, Lee BH, Gu M, Lee U-Y, KimM-S,
JungS-K, Choi H-S (2020). Course offruit cracking
in‘Whansan’ pears.Horticulture, Environment, and
Biotechnology 61, 51-59.https://doi.org/10.1007/
s13580-019-00200-1

Correia S, Schouten R, Silva AP, Gongalves B
(2018). Sweet cherry fruit cracking mechanisms
and prevention strategies: A review. Scientia
Horticulturae 240, 369-377. https://doi.
org/10.1016/j.scienta.2018.06.042

Cronjé PJR, Stander OPJ, Theronm KI (2013). Fruit
Splitting in Citrus. Hortic. Rev., 41, 177-200.

Davarpanah S, Tehranifar A, Abadia J, Val J,
Davarynejad G, Aran M, Khorassani R (2018).
Foliar calcium fertilization reduces fruit cracking
in pomegranate (Punica granatum cv. Ardestani).
Sci. Hortic., 230, 86-91.

Dimkpa CO, Bindraban PS (2016). Fortification of
micronutrients for efficient agronomic production:
a review. Agron. Sustain. Dev. 36(1), 7.

El-Ghamry A, El-Khateeb A, Mosa AA, El-Ramady
H (2021). Bio-Nano Fertilizers Preparation Using
a Fully-Automated Apparatus: A Case Study of
Nano-Selenium. Env. Biodiv. Soil Security, vol.
5,DOI: 10.21608/JENVBS.2021.88095.1139

El-Ghamry AM, Mosa AA, Alshaal TA, El-RamadyHR
(2018). Nanofertilizers vs. Biofertilizers: New
Insights. Env. Biodiv. Soil Security 2, 51 — 72.
DOI:10.21608/jenvbs.2018.3880.1029

El-Ramady H, Abdalla N, Elbasiouny H, Elbehiry F,
Elsakhawy T, Omara AED, Amer M, Bayoumi Y,
Shalaby TA, Eid Y, Zia-ur-Rehman M (2021a).
Nano-biofortification of different crops to immune
against COVID-19: A review. Ecotoxicology and
Environmental Safety, 222, 112500.https:/doi.
org/10.1016/j.ecoenv.2021.112500

El-Ramady H, Abdalla N, Taha HS, Alshaal T, El-
Henawy A, Elmahrouk M, Bayoumi Y, Shalaby
T, Al-Saeedi AH, Amer M, Shehata S, Fari M,
Domokos-SzabolcsyE, Sztrik A, Prokisch J,
Pilon-SmitsEAH, Pilon M, Selmar D, Haneklaus
S, Schnug E (2018). Plant nano-nutrition:
perspectives and challenges. In: KMGothandam
et al. (eds.), Nanotechnology, Food Security and
Water Treatment,Environmental Chemistry for a
Sustainable World 11,https://doi.org/10.1007/978-
3-319-70166-0_4, Springer
Publishing AG

International

El-Ramady H, EI-Mahdy S, Awad A, Nassar S, Osman
O, Metwally E, Aly E, Fares E, El-Henawy A
(2021D). Is nano-biofortification the right approach
for malnutrition in the era of COVID-19 and
climate change?Egypt. J. Soil Sci., 61 (2), 141-
150, DOI 10.21608/¢jss.2021.75653.1445

El-Saadony MT, ALmoshadak AS, Shafi ME,
Albagami NM, Saad AM, El-Tahan AM, Desoky
EM, Elnahal ASM, Almakas A, Abd El-Mageed
TA, Taha AE, Elrys AS, Helmy AM (2021a). Vital
roles of sustainable nano-fertilizers in improving
plant quality and quantity-an updated review,
Saudi Journal of Biological Sciences, https://doi.
0rg/10.1016/].sjbs.2021.08.032

El-Saadony MT, Saad AM, Taha FT, Najjar AA,
Zabermawi NM, Nader MM, AbuQamar Synan
F, El-Tarabily KA, Salama A (2021b). Selenium
nanoparticles, from Lactobacillus paracasei
HMI capable of antagonizing animal pathogenic
fungi, as a new source from human breast milk.
Saudi J. Biol. Sci.https://doi.org/10.1016/].
8jbs.2021.07.059

Env. Biodiv. Soil Security Vol. 5§ (2021)



242 HASSAN EL-RAMADY et al.

Fan L, Zhang C, Zhao R, He L, Fan W, Wu C, Huang Y
(2021). Rapid and Nondestructive Determination
of origin, volatile oil, sanshoamides and crack rate
in the ‘Sichuan Pepper’ Based on a Novel Portable
Near Infrared Spectrometer.Journal of Food
Composition and Analysis 101, 103942. https:/
doi.org/10.1016/j.jfca.2021.103942

Fatima F, Hashim A, Anees S (2021). Efficacy of
nanoparticles as nanofertilizer production: a
review. Environmental Science and Pollution
Research 28, 1292-1303. https://doi.org/10.1007/
s11356-020-11218-9

Fellet G, Pilotto L, Marchiol L, Braidot E (2021). Tools
for Nano-Enabled Agriculture: Fertilizers Based
on Calcium Phosphate, Silicon, and Chitosan
Nanostructures. Agronomy, 11, 1239. https://doi.
org/10.3390/agronomy 11061239

Ghanbarpour E, Rezaei M, Lawson S (2019).
Reduction of Cracking in Pomegranate Fruit After
Foliar Application of Humic Acid, Calcium-boron
and Kaolin During Water Stress. Erwerbs-Obstbau
61, 29-37. https://doi.org/10.1007/s10341-018-
0386-6

Gibert C, Genard M, Vercambre G, Lescourret F
(2010). Quantification and modelling of the
stomatal, cuticular and crack components of peach
fruit surface conductance. Funct. Plant Biol., 37,
264-274.

Ginzberg I, Stern RA (2019). Control of Fruit Cracking
by Shaping Skin Traits—Apple as a Model. Crit.
Rev. Plant Sci., 38, 401-410.

Gomes DG, Pieretti JC, Rolim WR, Seabra AB,
Oliveira HC (2021). Advances in nano-based
delivery systems of micronutrients for a greener
agriculture. In: S. Jogaiah et al. (Eds.), Advances
in Nano-Fertilizers and Nano-Pesticides in
Agriculture, A Smart Delivery System for Crop
Improvement, Woodhead Publishing Series in
Food Science, Technology and Nutritionhttps://
doi.org/10.1016/B978-0-12-820092-6.00005-7,
Pp: 111 — 143.

Guo H, White JC, Wang Z, Xing B (2018). Nano-
enabled fertilizers to control the release and
use efficiency of nutrients. Current Opinion in
Environmental Science & Health, 6, 77-83. https:/
doi.org/10.1016/j.coesh.2018.07.009

Gutiérrez-Jara C, Bilbao-Sainz C, McHugh T, Chiou
B-S, Williams T, Villalobos-Carvajal R (2021).
Effect of Cross-Linked Alginate/Oil Nanoemulsion
Coating on Cracking and Quality Parameters

Env. Biodiv. Soil Security Vol. 5 (2021)

of Sweet Cherries. Foods, 10, 449. https://doi.
org/10.3390/foods10020449

Javazmi L, Young A, Ash GJ, Low T (2021). Kinetics
of slow release of nitrogen fertiliser from
multi-layered  nanofbrous = structures.Scientifc
Reports, 11:4871. https://doi.org/10.1038/s41598-
021-84460-x

Jiang FL, Lopez A, Jeon S, de Freitas ST, Yu QH, Wu
7, Labavitch JM, Tian SK, Powell ALT, Mitcham
E (2019). Disassembly of the fruit cell wall by
the ripening-associated poly-galacturonase and
expansion influences tomato cracking. Hortic Res
6:17. https://doi.org/10.1038/s41438-018-0105-3

Josko I, Kusiak M, Xing B, Oleszczuk P (2021).
Combined effect of nano-CuO and nano-ZnO
in plant-related system: From bioavailability
in soil to transcriptional regulation of metal
homeostasis in barley. Journal of Hazardous
Materials 416, 126230. https://doi.org/10.1016/].

jhazmat.2021.126230

Kasai S, Hayama H, Kashimura Y, Kudo S, Osanai
Y (2008). Relationship between fruit cracking
and expression of the expansin gene MdEXPA3
in ‘Fuji’ apples (Malus domestica Borkh.). Sci.
Hortic., 116, 194-198.

Khadivi-Khub A (2015). Physiological and genetic
factors influencing fruit cracking. Acta Physiol
Plant 37, 1718. DOT 10.1007/s11738-014-1718-2

Khalid U, Sher F, Noreen S, Lima EC, Rasheed T,
Sehar S, Amami R (2021). Comparative effects
of conventional and nano-enabled fertilizers on
morphological and physiological attributes of
Caesalpinia bonducella plants. Journal of the
Saudi Society of Agricultural Sciences, https://doi.
org/10.1016/j.jssas.2021.06.011

Kumari R, Singh DP (2020). Nano-biofertilizer: An
Emerging Eco-friendly Approach for Sustainable
Agriculture. Proc. Natl. Acad. Sci., India, Sect. B
Biol. Sci. 90(4), 733—741.https://doi.org/10.1007/
s40011-019-01133-6

Ledn-Silva S, Arrieta-Cortes R, Fernandez-Luquetio F,
Lopez-Valdez F (2018). Design and Production of
Nanofertilizers. In: Lépez-Valdez F., Fernandez-
Luqueiio F. (eds.) Agricultural Nanobiotechnology.
Springer, Cham.https://doi.org/10.1007/978-3-
319-96719-6_2

Li J, and Chen J (2017). Citrus Fruit-Cracking:
Causes and Occurrence. Horticultural Plant
Journal, 3 (6), 255-260. https://doi.org/10.1016/j.
hp;j.2017.08.0022468




FOLIAR APPLICATION OF NANO-FERTILIZERS FOR FRUIT CRACKING ... 243

Marboh E, Singh SK, Swapnil P, NathV, Gupta AK,
Pongener A (2017). Fruit cracking in litchi (Litchi
chinensis): An overview. Indian J. Agric. Res., 87,
3-11.

Michailidis M, Karagiannis E, Tanou G, Sarrou
E, Karamanoli K, Lazaridou A, Martens S,
Molassiotis A (2020). Sweet cherry fruit cracking:
follow-up testing methods and cultivar-metabolic
screening. Plant Methods 16, 51.https:/doi.
org/10.1186/s13007-020-00593-6

Nair R, Varghese SH, Nair BG, Mackawa T, Yoshida
Y, Kumar DS (2010). Nanoparticulate material
delivery to plants. Plant Sci. 179, 154-163.

Olad A, Zebhi H, Salari D, Mirmohseni A, Tabar AR
(2018). Slow-release NPK fertilizer encapsulated
by carboxymethyl cellulose-based nanocomposite
with the function of water retention in soil. Mater
Sci Eng C 90:333-340. https://doi.org/10.1016/].
msec.2018.04.083

Opara LU, Hodson AD, Studman SP (2000). Stem-end
splitting and internal ring-cracking of ‘Gala’ apples
as influenced by orchard management practices. J.
Hortic. Sci. Biotechnol., 75, 465-469.

Ozturk B, Bektas E, Aglar E, Karakaya O, Gun S (2018).
Cracking and quality attributes of jujube fruits as
affected by covering and pre-harvest Parka and
GA3 treatments. Scientia Horticulturae 240, 65-71.
https://doi.org/10.1016/j.scienta.2018.06.004

Quero-GarcialJ, Letourmy P, Campoy JC, Branchereau
C, Malchev S, Barreneche T, Dirlewanger E (2021).
Multi-year analyses on three populations reveal the
first stable QTLs for tolerance to rain-induced fruit
cracking in sweet cherry (Prunus avium L.). Hortic
Res. 8, 136. doi: 10.1038/s41438-021-00571-6

Rahman MH, Shamsul Haque KM, Khan MZH (2021).
A review on application of controlled released
fertilizers influencing the sustainable agricultural
production: A Cleaner production process.
Environmental Technology & Innovation 23,
101697. https://doi.org/10.1016/j.eti.2021.101697

Schumann C, Sitzenstock S, Erz L, Knoche M (2020).
Decreased deposition andincreased swelling ofcell
walls contribute toincreased cracking susceptibility
ofdeveloping sweet cherry fruit. Planta 252,
96.https://doi.org/10.1007/s00425-020-03494-z

Seleiman MF, Almutairi KF, Alotaibi M, Shami A,
Alhammad BA, Battaglia ML (2021). Nano-
fertilization as an emerging fertilization technique:
Why can modern agriculture benefit from its use?

Plants 10 (1), 1-27. http://dx.doi.org/10.3390/
plants10010002.

Seliem MK, Hafez YM, El-Ramady HR (2020). Using
Nano - Selenium in Reducing the Negative Effects
of High Temperature Stress on Chrysanthemum
morifolium Ramat. J. Sus. Agric. Sci. 46 (3), 47-
59. DOI: 10.21608/jsas.2020.23905.1203.

Shalaby TA, Abd-Alkarim E, El-Aidy F, Hamed E,
Sharaf-Eldin M, Taha N, El-Ramady H, Bayoumi Y,
Reis ARD (2021). Nano-selenium, silicon and H,0,
boost growth and productivity of cucumber under
combined salinity and heat stress. Ecotoxicology
and Environmental Safety 212, 111962. https://doi.
org/10.1016/j.ecoenv.2021.111962

Sharma S, Rana VS, Pawar R, Lakra J, Racchapannavar
VK (2021). Nanofertilizers forsustainable fruit
production: areview. Environmental Chemistry
Letters 19, 1693—-1714.https://doi.org/10.1007/
s10311-020-01125-3

Siddigi KS, Husen A (2020). Current status of plant
metabolite-based fabrication of copper/copper
oxide nanoparticles and their applications: a
review. Biomaterials Research 24, 11.https://doi.
org/10.1186/s40824-020-00188-1

Singh A, Shukla AK, Meghwal PR (2020). Fruit
Cracking in Pomegranate: Extent, Cause, and
Management — A Review. International Journal of
Fruit Science, 20, S3, S1234-S1253 https://doi.org
/10.1080/15538362.2020.1784074

Tarafder C, Daizy M, Alam MM, Ali MR, Islam MJ,
Islam I, Ahommed MS,Aly MAS, Khan MZH
(2020). Formulation of a Hybrid Nanofertilizer for
Slow and Sustainable Release of Micronutrients.
ACS Omega, 5, 23960-23966. https://dx.doi.
org/10.1021/acsomega.0c03233

Volschenk T (2021). Effect of water deficits on
pomegranate tree performance and fruit quality
— A review. Agricultural Water Management
246, 106499. https://doi.org/10.1016/j.
agwat.2020.106499

Wang J, Wu XF, Tang Y, Li JG, Zhao ML (2021a).
RNA-Seq Provides New Insights into the
Molecular Events Involved in “Ball-Skin versus
Bladder Effect” on Fruit Cracking in Litchi. Int J
Mol Sci. 22(1), 454. doi: 10.3390/ijms22010454

Wang JG, Gao XM, Ma ZL, Chen J, Liu YN, Shi
WQ (2019). Metabolomic and transcriptomic
profiling of three types of litchi pericarps reveals
that changes in the hormone balance constitute the

Env. Biodiv. Soil Security Vol. 5§ (2021)



244 HASSAN EL-RAMADY et al.

molecular basis of the fruit cracking susceptibility
of Litchi chinensis cv. Baitangying. Mol. Biol.
Rep., 46, 5.

Wang Y, Guo L, Zhao X, Zhao Y, Hao Z, Luo H, Yuan
Z (2021b). Advances in Mechanisms and Omics
Pertaining to Fruit Cracking in Horticultural Plants.
Agronomy, 11, 1045. https://doi.org/10.3390/
agronomy11061045

Wu H,Li Z (2021). Recent advances in nano-enabled
agriculture for improving plant performance.
The Crop Journal, https:/doi.org/10.1016/.

¢j.2021.06.002

Xin X, Judy JD, Sumerlin BB, He Z (2020). Nano-
enabled agriculture: From nanoparticles to smart
nanodelivery systems. Environ. Chem. 17 (6),
413-425. http://dx.doi.org/10.1071/EN19254.

Xue L, Sun M, Wu Z, Yu L, Yu Q, Tang Y, Jiang F
(2020). LncRNA regulates tomato fruit cracking
by coordinating gene expression via a hormone-
redox-cell wall network.BMC Plant Biology 20,
162.https://doi.org/10.1186/s12870-020-02373-9

YulJ, Zhu MT, Bai M, Xu YS, Fan SG, Yang GS (2020).
Effect of calcium on relieving berry cracking in
grape (Vitis vinifera L.) ‘Xiangfei’. Peer], §, €9896.

Zhang C, Guan L, Fan X, Zheng T, Dong T, Liu C, Fang
J (2020). Anatomical characteristics associated
with different degrees of berry cracking in grapes.
Sci. Hortic. 261, 108992

Zhu M, Yu J, Zhao M, Wang M, Yang G (2020).
Transcriptome analysis of  metabolisms
related tofruit cracking during ripening of a
cracking-susceptible grape berry cv. Xiangfei
(Vitis vinifera L.). Genes & Genomics 42, 639—
650.https://doi.org/10.1007/s13258-020-00930-y

Env. Biodiv. Soil Security Vol. 5 (2021)



