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Abstract

Rice is the extensively consumed
cereal staple food grain crop. More than
50% of the world's human population,
particularly in Asia and Africa consume and
there are provide carbohydrates and protein
but in grain less amount present
micronutrient specially zinc and iron.
Micronutrient deficiency and hidden hunger
was major problems in the world wild
especially zinc (Zn). India declared new
Recommended Dietary Allowances (RDA)
of zinc is 17 mg for men and 13.2 mg for
women and in Global Hunger Index (2022),
India ranks 107" out of the 121 countries.
With a score of 29.1, India has a level of
hunger that is serious. Due to Zn deficiency
one forth part of world suffering for

different disease (weakened immune
system, losses of hair, diarrhea, eye and skin
lesions, and mental lethargy) Zinc

absorption from soil also dependent on soil
PH and other nutrient present in soil. Zn
distribution in grain it’s depended on
genetic  characteristic of the plant,
environmental factors, and crop
management application. Some protein
group (ZIP1, ZIP3, and ZIP4) present on
plasma membranes those are help for
absorption of Zn and different transporter
(OszIP1, OsZIP3 and OsZIP4) help in Zn
translocation in grain. Rice plant use has
different strategies for Zn distribution in
grains. In contrast to other plants, rice leaves
are not a source of zinc for grains so, plants
deliver Zn to grains at the time of post-
flowering through xylem transport.
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I. INTRODUCTION

In cereal crops, rice is the greatest widely consumed staple food grain crop for over
more than 50% of the world's human population, particularly in Asia and Africa. In all
agricultural products (grain-crops), production of rice highest in world, after sugarcane and
maize. Rice is the utmost vital food grain crop for human diet (nutrition) and caloric
consumption, provided that more than 20% of the calories spent worldwide by people. Rice
grains are composed of water (68%), carbohydrates (28%), protein (3%), and tiny fat but a
very small number of micronutrients especially zinc and iron.

Plants and humans required different essential nutrients were important for the
appropriate growth and development. Now a day, micronutrient deficiency and hidden
hunger was major problems in the world wild especially zinc (Zn). India declared new
Recommended Dietary Allowances (RDA) of zinc is 17 mg for men and 13.2 mg for women
(nutraingredients-Asia 2021) but inappropriately, the food system of people across the world
has an insufficient concentration of Zn for their adequate nutrition. In emerging nations of
Asia, Africa, and Latin America more than two billion persons were affected by these two
problems (Verma et al. 2021). About 17% population was affected by only zinc deficiency
globally, out of this 30% human population was affected in Afghanistan, Bangladesh,
Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka (Kamaral et al. 2021).

Zinc was important for different cellular processes including metabolic and
physiological processes, also required for regulation of different 300 enzymes and work as a
co-factor. A key role of zinc in synthesis or regulation of protein, nucleic acid, carbohydrate,
and lipid metabolism (Ishimaru et al. 2011). About 25% of humans in the world,
predominantly in kids and females suffer from zinc deficit related health difficulties such as
growth obstruction, loss of appetite, weakened immune function, losses of hair, diarrhea, eye
and skin lesions, loss of weight, delayed healing of wounds, and mental lethargy (Swamy et
al. 2016; Shukla et al. 2016 and Noulas et al. 2018). A first human case was reported in
Egyptian teenagers with serious zinc deficiency in humans, characterized by dwarfism and
delayed sexual maturation (Prasad 1991). According to Aiging et al. 2021, due to zinc
deficiency, nearly 433,000 kids die every year those age below 5 years, and nearly about 82%
of pregnant women suffering in worldwide.

Environmental
stress

Figure 1: Roles of zinc in plants (Verma et al. 2021).

Copyright © 2022 Authors Page | 25



Futuristic Trends in Agriculture Engineering & Food Science

e-1SBN: 978-93-5747-583-9

I1P Proceedings, Volume 2, Book 10, Part 1, Chapter 4

ZINC ABSORPTION IN RICE: UPTAKE, TRANSLOCATION AND TRANSFORMATION

More than 30% of the soils on Earth lack zinc and near about 80% of zinc decrease in
rice grain due to the lack of zinc in cultivated soil (Impa et al. 2013). Compared legumes and
cereals, particularly rice, were most probable to have a zinc scarcity in grain. This severe
deficiency problem resulted from either the overconsumption of polished rice grain, which is
naturally low zinc concentration, or from crop development on barren grounds. For this
reason, required an increased zinc concentration in rice grain using different techniques like
biofortification, fertilizer application in soil, and biotechnology approaches (Khush et al.
2012 and Mao et al. 2014).

Il. SOIL CONCENTRATIONS OF Zn AND FACTOR AFFECTING ABSORPTION
OF ZINC

Soil pH is the most important factor that is for the availability of zinc from soil to root
absorption. While increasing soil pH 5 to 7 considerably decreases zinc concentration (35 to
45-fold) in soil solution. Zn*? predominates formation when soil pH is more than 7.7, while
soil pH is between pH 7.7 and 9.1 formations of ZnOH" and Zn(OH), are formed while soil
pH is more than 9.1 (Marschner 1993 and Alloway, 2008). Low moisture levels in the soil,
high CaCOg, high P concentration in soil, high clay, and low soil organic matter are affecting
zinc solubility and acceptance by plant roots from the soil (Cakmak, 2008).\

Soll Factors Reducing
Solubility and Mobllity of Zn
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Rhuo:phovn * low organkc matter
* low sod mossture
Soil « high Fe and Al omdes
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and precipitation
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Figure 2: Different Physical and Chemical Soil Properties those Affected for Zn
Absorption by Roots (Gupta et al. 2016).

1. ZINC UPTAKE

The distribution of Zn in rice grain was impact by the genetic characteristic of the
plant, environmental factors, and crop management application. Root produced non-protein
amino acids such as phytosiderophore (PS) those are responsible for deficiency of zinc.
Storage of zinc in rice grains it was depending on uptake and translocation Zn from soil by
plants. This process involved different physiological processes at diverse levels in the rice
plant. Even if a small part of zinc crosses the root parts of a plant and succeeds to arrive in
xylem with the help of two different pathway (apoplastic or symplastic), but most probably
zinc transportation across the roots to the xylem by symplastic pathway (Zaman et al. 2018).
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Rice plant root, zinc ions are taken up from the rhizosphere regions in the form of
either Zn*? ions, Zn-DMS (Deoxymugineic acid) complexes, or Zn—phytosiderophore
complex (Kawakami and Bhullar 2018). The uptake of zinc at root surface is determined by
definite uptake transporter rice iron-regulated transporterl (OsIRT1) (Ishimaru et al. 2007).
Regularly, Zn—phytosiderophore complex and Zn*? ions, uptake by secondary transporter
Ca*? channels and transporters (OsZIP5, OsZIP8 and OsZIP9) are present on the plasma
membrane, but principally it is facilitated by ZIPs protein groups (ZIP1, ZIP3, and ZIP4)
(Palmgren et al. 2008 and Lee et al. 2010). Members of the ZIP family carry out Zn influx
into the cytosol, whereas members of the HMA family carry out Zn efflux to the apoplast. Zn
is sequestered into intracellular spaces like the vacuole and endoplasmic reticulum by the
MTP (MtZIP2) family. These are yellow stripe-like (YSL) proteins and PCR (plant cadmium
resistance) involved in uptake of Zn—phytosiderophore (Zn-PS) complexes in rice plants
(Gupta et al. 2016).

A higher concentration of zinc accumulated in the root due to express of OsIRT1
because this transporter also helps to take up Zn (Lee and An 2009). In the cytoplasm of a
plant cell, there are abundant Zn*? holding proteins, but a generally very low concentration of
Zn*? was found (Broadley et al. 2007). In xylem tissue, zinc may move like a Zn*? or as a
complex form viz., organic acids, nicotinamide (Zn-NA), or histidine. However, in the
vacuoles of plant zinc was collected as an organic acid complex (Leitenmaier and Kipper
2013). In rice, under zinc deficiency plant decreases secretion levels of PS and takes up Zn*?
higher as compared to Zn-DMA complex (Suzuki et al. 2008).

IV. ZINC TRANSLOCATION

When nutrients are absorbed by root surface from soil, they must be carried radially
via several root layers and finally transfer to root stele, where nutrient loading into the
vasculature occurs. In the root of rice, there are present two casparian strips (outer exodermis
and inner endodermis) made-up of suberin-containing coatings of cells that restricted flow of
water and nutrients from root surface to inside xylem or phloem via apoplastic pathway
(Sasaki et al. 2016 and Che et al. 2018). Aerenchyma tissue formation between the
exodermis and endodermis, that are participated in exchange of gases at the time of water
logging conditions (Coudert et al. 2010).

In rice different transporters help for translocation of Zn. OsZIP1, OsZIP3 and
OsZIP4, are involved in zinc translocation into vascular bundles and meristem also in phloem
Zn loading while OsZIP4 is expressed in phloem cell and OsZIP3 is highly expressed in rice
nodes and involved in zinc unloading from the xylem of vascular bundles and contributes to
the superior supply of zinc to new tissues (Ishimaru et al. 2005 and Sasaki et al. 2015).

P- type adenosine triphosphatase (OsHMAZ2) works as a chief Zn transporter from
roots to shoots in rice plants and at the time of reproductive stage OsHMAZ2 is highly
articulated in nodes and participated in superior distribution of zinc to developing tissues
(Takahashi et al. 2012 and Yamaji et al. 2013). Members of the ZIP family, HMA (P1B-type
ATPase) family, and MTP (metal tolerance protein) family help to influx of Zn*? into the leaf
section of the plant and ultimately transfer into the phloem tissue. (Ishimaru et al. 2005).
Moreover, YSL proteins help to transportation zinc in the phloem, and zinc is stored as a
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complex with protein in sink (rice grain) tissue from the phloem. Zinc mobility generally low
in the phloem tissue but it was depending upon the characteristic of the plant and species.

In rice, stem nodes play an important role in translocation of zinc from root to shoot
or reproductive parts (Yamaji and Ma 2014). Root taken up Zn then after, Zn is mainly
entered onto the xylem, which is driven by transpiration and translocation to shoot and leaf
area of plant. However, Zn distribution in young parts of plants because zinc requires for
different physiological functions. Each node actively contributed to the transfer of Zn from
the xylem to leaf to the upper nodes or organs and in this activity involved two zinc
transporters (OsZIP3 and OsHMA?2).

Shoot cells Grain celis

Cytosol _m_, Zn-NA

Cell wall

Xylem Phloem

Rhizosphere Root cells Root vascular bundles

Figure 3: Diagram of a Zn Uptake from Rhizosphere and Transport to Rice Grain

Uptake from soil (rhizosphere) preferentially in Zn*? form by different transporters
(IRT1 (iron-regulated transporter 1), IRT2, Zipl (Zn-regulated transporters), and Zip9). Also,
Zn can be uptake in complex form (DMA) which is secreted in the rhizosphere by TOM1
(transporter of mugineic acid phytosiderophore 1). The complex Zn*-DMA can be uptake by
a YLS transporter (yellow stripe-like protein). Zn*? transfer cytoplasm to vacuole by
transporter and after that root cells to root vascular bundles. Zinc transport root to shoot with
the help of HMA2 (heavy metal ATPase2). In shoots, Zn is transported by ZIP family protein
(Zip4, Zipb, Zip7, and Zip8). The Zinc transmission to rice grains is proposed to be
horizontally from xylem to phloem after that zinc transfer in rice grain.

V. ZINC TRANSFORMATION AND STORE IN GRAIN

Functionally, endosperm and embryo are symplastically collected from the rice plants
(Krishnan and Dayanandan 2003 and Palmgren et al. 2008). Rice grain requires efflux and
influx transporter for nutrient loading inside and outside of the grain side. Like micro-
nutrients, zinc is also remobilized in the plants from leaf (source) to grain (sink) tissues.

Transporter OsHMAZQ is located on the plasma membrane and is expressed stronger in
mature leaves than in young leaves and works as a Zn efflux transporter, while helpful in the
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export of Zn from mature leaves (Lee et al. 2007). OsZIP4 is highly expressed in flag leaves
and correlates with zinc stored in rice grains (Swamy et al. 2016). Accordingly, OsZIP7
essential role in Zn xylem loading in roots and inter- vascular transport in the basal node,
therefore zinc translocation toward leaves and rice grains (Tan et al. 2019). Finally, one more
rice gene (VIT), OsVIT5, and OsNAS3 have extremely expressed in panicles parts of the rice
plant and contribute to high Zn transportation, transformation, and accumulation in rice grain
(Neeraja et al. 2018).

Rice plant use has different strategies for Zn distribution in grains. In contrast to other
plants, rice leaves are not a source of zinc for grains so, plants deliver Zn to grains at the time
of post-flowering through xylem transport. Overall, different mechanisms use for
translocation of zinc in rice grains when sufficient and deficient concentration of zinc are
reported (Sperotto, 2013 and Wu et al. 2010). For instance, when Zn is not provided
adequately because leaves are not actively participated in Zn trmobilizr into grsin but plants
Zn stored in roots, stem, and sheath.

Apoplast

Symplast
— Cell membrane

Apoplast Symplast

Casparian

Root bands

Solution

Soil

Matrix

Figure 4: Pathway of zinc store in rice grain. Zinc uptake from soil to root cell via
symplastic pathway and allocation into xylem then after transfer in shoots with
transpiration stream and allocation in leaves. Replacement of zinc via phloem from
leaves to grains at the time of grain development stages (Schulin et al. 2015).
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Table 1: Role of Different Zinc Transporters in Rice For Zn Uptake, Translocation and

Storage

Transporter Function References
OsZIP1, Uptake of Zn in root, Zn transport into Gao et al. 2019, Liu et al.
OsZIP5, endodermis 2019 and Amini et al.
OsZIP8 2021
OsZIP3, Translocation of Zn in nodes and co- | Ramesh et al. 2003 and
OsZIP4 transporter of Zn*:-HCO, Ishimaru et al. 2005
OsZIP7 Zinc xylem loading in root, Tan et al. 2019 and

Zinc translocation in nodes Amini et al. 2021
OsZIP9 Zinc uptake and distribution Tan et al. 2020
OsHMAZ2 Zinc translocation into the shoot,

Zinc transpot into the phloem from xylem, | Amini et al. 2021

Zinc ransfer into the seed endosperm
OsNAS1 Zn enhancement in grain and increase Zn
OSNAS? concentration in seed up to 45-74% Johpspn et al. 2011 and

Amini et al. 2021

OsNAS3
OsVIT1 Zinc sequestration in vacuoles of .
OVITS flag leaves Amini et al. 2021
OsVIT5 Zinc accumulation in grain Amini et al. 2021

YSL family proteins i
Homolog OsHMA2 ‘ Remobilization

OsZIP8 | Grain ~, | Principle Sources

P4 j loadin ‘ ) v :
OsZIP4 Ing A Z/,-" @® Zn sufficient=- Continuous
\ root uptake
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OsZIP5 | Transport
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Zn - DMA

Zn>*
—— 4~ root interception
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OszZIP3 QA /| o 7 Diffusion

Zn’* > Zn - DMA

Zn deficiency ps - Phytosiderophores

Figure 5: Systemic diagram of zinc uptake and transport to loading into the rice grains
with the help of transporters. Different Zn transporters are involved in long distance
transportation and this flow inversely regulated by zinc availability in soil and stage of

rice plants (Nakandalage et al. 2016).
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