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Abstract

Response ofour rice varieties namelguijing 5, Longjing27, Fujisawa 138, and Koshihikaao saltalkali stress can
assist in understanding the physiological and molecular mechanisms -afkakltstress.The sensitivity differences of
microstructural changes under alkali stress between different rice esnetire examined and found that the alignment and
integrity of root cells of different varieties of rice were compromised by alkali stress. The root cells of Longjing 27 were
more sensitive to alkali stress, and its morphology more easily changed. terdifiee varieties the formation of branch
roots, the proportion of vascular columns and large vascular bundles in the roatentims were increased along with the
increase of the diameter of the vascular column and large vascular bundles, andhethaaasistent transport of nutrients
to compensate for the root function. In all resistance to alkali stress was chloroplasts and mitochondria were al$yy affected
alkali stress, while Suijing 5 was more resistant to alkali stress. Chloroplast straturfeinction in Suijing 5 were
relatively intact. Suijing 5 could still complete photosynthesis but could not complete the transport of synthetic products.
The structure and function of mitochondria and chloroplasts in the other three rice species eretg sepaired, and
photosynthesis and product transportation were blocked. Suijing 5 was thaldadistesistantrice variety according to
microstructural analysis.
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Introduction mitochandria will change accordingly. This can even
trigger programmed cell death (Petretval,, 2015; Qing
Different plant species have different ways ofetal, 1999).
adapting to stress. These different mediation Rice Oryza sativalL.) is one of the most widely
mechanisms can give certain plants a competitivadistributed and commonly cultivated plant species by
advantage over other plants (Mukherjeeal, 2021). human bei ngs. More than hal
Even if the difference in the mediation mechanism isconsiders rice a staple food, especially in developing
small, it may cause plants to adapt in ways that lead t@ountries. It is one of the most important food crops in
the evolution of new species (Let al, 2006). Natural the wald, having also been planted near N50° in the
stressors include biological factors (pests, diseases, etmprthern latitudes of China. This area is covered in rich
and nonbiological abiotic environment (Geographical soil, much of which has a concentration of salilali.
conditions, soil types, extreme wiate, etc.) (Kosovét Rice has an adaptability to the sakakkali environment,
al., 2011). Salinized soil is considered an abiotic stressoand its yield and quality are affeed by salinealkali
of plant growth. Species, breeds, and gene familiestress. However, there are still some differences between
(Xiong et al, 2002) exhibit adaptive differences when varieties. Studies on sadlkali stress in rice have
exposed to this abiotic stressor (Negr@bal, 2013; focused on morphological and physiological functions
Yamaneet al.,, 2008). These adaptive differences are(Flowerset al, 1995). Some microscopic studies have
derived from genes and proteomes (Baidal, 2013), also shown thatthere are differences in the ukra
which are reflected in changes to plant growth andstructure of leaf cells across different varieties €t.al,
microstructure (Miyakeet al, 2002; Zhacet al, 2014).  2000). There are no relevant studies about whether this
Understanding the response of plants to-alddi stress  difference is related to the ability to adapt to the saline
is important to understand the salt and alkali resistancalkali environment. In this study, we #&d the
of plants. Research on the response of planseedlings of different rice cultivars with saltaékali
microstructure to saliralkali stress has been performed stress and analyzed the response of root morphological
on a large number of plant species. Relevant researahanges, leaf cell and subcellular structure of the
shows that plant chloroplast ithe most sensitive different cultivars. We then examined the microscopic
subcellular structure to salt stress (Zbu al, 2000; characterization and changesn the operational
Jianget al, 2001) which can cause membrane systenmechanisms of each organelle function of rice under
disorder disintegration (Chinnusamayal., 2005). Under alkali stress from a microscopic perspective.
these conditions, the blade PSII reaction center could
also be destroyk (Geissleret al, 2009). Under high  Materials and Methods
intensity stress, the chloroplast will rapidly age, the
lamellae structure will become distorted, the matrix will Site and soil details: An experimental field was
become thinner, the osmiophilic granules will beestablished in Jiamusi City, located in the east part of
hollowed out, and the structure and quantity ofHeilongjiang Province, China. This region has a climate
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of cold humid monsoon with annual average temperaturBiological indicator measurements: Measurement of

of 3JC, annual average precipitation of 468.4 mm, annualascular tube diameter, center column diameter, root
sunshine of 2046.2 h, and annual active accumulativeliameter: We took 20 roots from the control and
temperature of 25Q. The annual average ffree  treatment group and observed the cross section under an
period is 128.9 days. The organic matter of meadow blacklectron microscope. Data was obtained by the electron
soil was 2.49%, available nitrogen was 86.3 md;kg microscope image processing software. Multiplying the
available ~phosphorus  wa$4.6 .mg-kgl, available  atip of each index by 100% gave us théioraf the
potassium was 79.9 mg-kgtotal nitrogen was 0.14%, \ascylar beam diameter to the medium cylinder diameter

total phosphorus wa8.14%,total potassium was 3.12%, 4o the center pillar diameter/root diameter, and the

pH was 6.5. The soil Pb background value was 0.24 | le di t t di t
mg kg™, Cd was 0.031 mg-ky vascular bundle diameter/root diameter.

Measurement of cell length and width: We took 20
roots from the control and treatment groamd observed
the longitudinal section under an electron microscope.
Data was obtained by the electron microscope image
Processing software. The longitudinal direction is the
cell length and the lateral direction is the width. The
ratio of each index was tdined from the cell aspect
ratio, the midcolumn cell aspect ratio, the stele cell
length/thin wall cell length, and the stele cell width/thin
wall cell width.

Test materials: The tested rice cultivars included four
cultivars: Longjing 27, Suijing 5, Fujisawa 138 and
Koshihikari. Rice Research Institute dfieilongjiang
Academy of Agricultural Sciences of China provided
Longjing 27 and Suijing 5 samples. Waseda University o
Japan provided Fujisawa 138 and Koshihikari samples.

Experimental design

Early culture of seedlings: The seeds were immersed
and steilized by 0'1.% potassium pe_rmanganate for 24Measurement of the number of vascular bundles: We
hours_, then spread in a tray containing quartz sand, Tht%ok 20 roots from the control and treatmgnbup and
jv?;dlzncgma(r)r;o:;; dvﬁznlct)r?g/.rsnggdes t@%ewssr:;&/exgmobserved and counted the number of vascular bundles
P Jﬁ’nder an electron microscope. Data was obtained by the

0.5cm of sand was then poured on top of the see ﬁ . . .

S . . €lectron microscope image processing software. The
bringing total sand height to 2.5¢cm. The incubator WaSnumber of vascular bundles was obtained by taking the
set at a temperature of 30°C, and after 72 hours the y 9

seedlings were removed from the incubator. After?Verage value of the bundies.

removal, the seeds were grown at room temperature
9 P tﬁ)/leasurr-zment of vascular bundle area, stele area, root

the two leaf stage. cross-sectional area: We printed the image to be tested
Late culture of seedlings: The culture solution was on standard paper, cut the indicator image to be measured,

carried out in the Kimura culture medium. The upper parfﬁnd then weighed it. The standard length was the side

of the culture box was 30x20cm. The side and bottomength' which was obtained by usiflge software. We

were closed with a lighthielding paper. The culture box drew a square on the same standard paper, calculated the

was covered with a 1cm thick foam carrier. The carrierarea and weighed it. The relevant data was obtained by

plate wasevenly penetrated with 20 culture holes with athe calculation of the specific gravity method. Multiplying

. . . the ratio of each indicator by 100% gave us the ratio of
diameter of 1.0cm (adjacent whole margin 5 x 5cm). A .
: .vascular bundle area/mid column area, stele area/root

two leaf seedling was selected from each well. The main .
: ) S . crosssectional area, vascular bundle areal/root eross

stem was wrapped with a thin sponge strip, inserted Intgectional area
the culture well, fixed on the culture pgaand cultured in '

the wood culture medium. The culture solution WaSqpcervation objectives and treatment methods
replaced every 2 days.

Root cell observation method: We used a German Leica

Treatmer_ﬂ of reage_nt anc_l period: The treatment reagent p\M4000B electron microscope to observél eéignment
was a mixed alkali solution of Na0; and NaHC(?, The iy the crosssection and longitudinal section of each part
mass ratio of these two kinds of reagent was 1:3,t@d 4t the crown. After the sections were stained with a

mass concentration of the aqueous solution was O'ZO(yPnethyI red solution, photographs were immediately taken
Control (CK) and 0.20% treatment (CL) were conductedy 4 eyepiece magnification of 10 x 122 and an objective
under outdoor conditions with 3 replicates. When the 3rdmagnificati0n ofx10 times.

instar seedlings were completely unfolded, the culture

liquid was replaced with the Kiara culture liquid (Now  processing  method of blade ultrastructure:
referred to as the treatment liquid) containing the mixedbrocedures of the leaf treatment: the removed leaf
alkali. The seedlings of CK were grown in the Kimurasamples were immediately placed in 2.5%
culture liquid, and the treatment and culture liquid wasglutaraldehyde for préixation. We then vacuum
replaced every 2 days. After 10 days, the middle sectiopumped to sink the material, and placed it in a
of the first fully expanded blade was removed for refrigerator & 4°C for 2 days. The materials were then
observation and measurement. rinsed three times for 10 minutes each with pH 7.2
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phosphate buffer, fixed with 2% tetrahydrogen The above results indicated that alkali stress
monoxide for 1.5 h, and again rinsed three times (for 1@ignificantly disrupted the neat and compact arrangement
minutes each) with pH 7.2 phosphate buffer.of rice root cells, inhibited thiarmation of large vascular

Dehydration wagarried out with 50%, 70%, 80%, 90%, pundles, and increased the number of undeveloped

and 100% ethanol for 10 to 15 minutes each timeyascular bundles. Alkali stress inhibited the growth of
Dehydration with 100% ethanol was performed threegot hair, promoted the lignification of roots and

times and other dehydration solutions one time, themyomoted the growth of shoots. There were some unclear

replaced the solutions with 100% ethano.l: acetone = 1:3;.0\vn areas in & cross section of the main root of the
pure acetoe, each for 10 minutes. Soaking the samplei

in pure acetone: epoxy resin 812 embedding agent (1- ice under alkali stress (Fig-b-8-n). It is likely that the
1:2, 1:3) for 1h. 2h. B days respectively. The samples ell fluid leaked due to the high external osmotic pressure,

were placed in incubator at a constant temperature fo]f:{anI the degree of color change was related to the cell
polymerization, setting conditions at 40°@rf17h, at uid exuded in this area, indicating that the physiological

45°C for 24h, and at 60°C for 24h. An ULTRATUTE Cell function of these areas had changed.
ultra-thin slicer was used to slice the samples. The slices The diameter and area of the vascul_ar bundle, stele,
were stained with uranyl acetate and lead citrate at 25°@nd root were all measured after alkali treatment. The
for 15-20 minutes, rinsed with double distilled water and"€Sults showed that the root trend of Longjing 27 was in
placed in a cultureigh. The photographs were observedaccordance with Koshihikari. That is, the number and the
under a JSM25610LV transmission electron microscopediameter of vascular bundles, and thameter of the stele

of rice roots were decreased significantly, and the ratio of

Data processing: The data was analyzed using Excel,diameter to root diameter of the stele and the ratio of

DPS and SPSS software. vascular bundle diameter to root diameter increased
significantly (Table 11). The area of the vascular bundle
Results and analysis in thestele of roots was significantly reduced due to alkali

stress (Table-2), the proportion of the stele and vascular
Effect of alkali stress on rice root cells: Since the rootis pundles in the cross section of roots increased
the first organ to be exposed to the alkali solution, ricesignificantly (Table 12). Although the number of
will first respond to the stress at its root. Therefore, thesascular bundles, the ratio of its diamretand the cross
morphology of rice root cells was first observed. Oursectional area to stele decreased after treatment, the ratio
results showed that the trend of morphological changes iof its diameter and crossectional area to root was
root eells were the same for the four rice cultivars. Furtheiincreased significantly showing that the single vascular
observation indicated that there were differences in théundle thickened after treatment, and the total eross
sensitivity of rice varieties to alkali stress. Longjing 27 sectional ara of intracellular vascular bundle was
and Koshihikari were examples of the differences ofrelatively increased. In order to adapt to the alkali
sensitivity in this section. environment, rice could maintain the transportation of

nutrients and water by increasing the proportion of the

Observation of cross-section cells of rice roots:  yascular column and the vascular bundle in the comss
Through observing the cross section of the root cells Viggction to maintain growth and development.

electron microscope (Fidl), we found that the cells in

the radicles of the control group were arranged neatlyCells in a longitudinal section of rice: The longitudinal
clearly, compactly, with regular delshape and section of the root (Fig. 2) showed that the root cells of
stereoscopic properties. This indicated that the root cellghe control group were arranged neatly and orderly. The
had biological activity (Fig1-a). The epidermis of the ¢ortical parenchyma cells werd¢eseoscopic, indicating
control group was covered with dense root hair tissugnat the root cells of the control group were active. After
(Fig. 1-aH), and cortical parenchyma cells were gy i siress treatment, the cells in each root were shorter

;’irrangeo(lj_frlom the 'nigm tlhoe SUtS'def in a small t(_)hand less stereoscopic, the parenchyma cells in the middle
arge radial pattern. After ays of treatment with,, .. polygonal, the parenchyma cells near the outer

0 i . ,
0.2% alkali solution, the cortical parenchyma cells WerCeortex were small cuboids, and the longitudinal length of

loose and disordered compared with the control 9'0UPssme cells was shorter than its width. The parenchyma

the color distribution after staining was uneven, and the .
root hair of the epidermis was short and Hile (Fig. 1- cells near the endothelium were round or short columnar

b-5). After treatment, the number of primary large (Fig. 2b-4, 7), with relatively poor ordering, and the
vascular bundles in the root vascular column wagPidermal cells were detached dFi2b-4). The sheath
decreased by-3x compared with the control, with large cells were significantly shorter and thinner than th_at of the
vascular bundles that were not fully develogEiy. 1-b-  control group. In contrast to the re_sults of cresstional
9-m). In the control group, the endothelial cells and thedbservations, the longitudinal section cells were arranged
stele sheath cells were closely arranged and the cell sizBore tightly than the crossectional cells. After
remained the same. The endothelial cells and the stefeeatment, there were numerous dark spots in the rice
sheath cells in the treatment group were looselycortex parenchyma cells and the stele sheath cells (Fig. 2
arranged, and the ridgirea was obvious and lignified. b-7), and the color near the endothelial parenchyma cells
The number of branches in the control group was smallvas deeper, indicating that the cells in these sites were
but increased after treatment. severely affected by alkadtress.
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Koshihikari

Longjing 27 Koshihikari

Fig. 1. Cell structure of radicle cross section. Fig. 2. Cell structure of radicle cross section.

Table 1-1. Diameter changes of vascular bundles, stele, and roots after alkali treatment.

Testing Number of vascular Vas.cularlbeam diam_eter/ Center col_umn diameter / Vasculgr diameter /
materials bundles medium diameter ratio (%) root diameter (%) root diameter (%)
CK | cL CK | CL CK ] CL CK | cL
Longjing 27 5.1 4 .3** 15.6 13.2** 22.7 30.7** 3.6 4.1*
Koshihikari 4.7 3.4** 18.2 13.7** 20.5 33.8** 3.7 4.7*
Note: “*” and “**"represent significant and extremely
Table 1-2. Comparison of the area of vascular bundle, stele, and roots after alkali treatment.
Vascular bundle area/ center Center column area/ root cross- | Vascular bundle area / root cross-
Testing materials column area (%) sectional area (%) sectional area (%0)
CK | CL CK | CL CK | CL
Longjing 27 12.0 6.8** 5.2 9.4** 0.65 0.69*
Koshihikari 15.3 5.7* 4.2 11.7* 0.63 0.72**
Note: “*” and “**"represent significant and extremely

Table 2. Changes in root length and width after alkali treatment.

. - Stelecell length / thin wall | Stele cell width / parenchyma
Testing materials Cell aspect ratio Stele cell aspect ratio cell Igength cell widF';h Y
CK | cL CK | cL CK | cL CK | CL
Longjing 27 2.77 0.89** 5.30 0.90** 0.863 1.011* 0.451 1.006**
Koshihikari 2.97 1.44* 3.74 1.95% 0.880 0.857 0.699 0.634*
Not e: “*" a nsifnificant-afidrexremely significant difference from CK

The above results indicated that alkali stresscells showed that the cross dentof the branches were
significantly inhibited the longitudinal elongation of rice beginning to form, and the roots of the control group
root cells, resulting in the slow growth of roots. Thewere few indicating that alkali stress promoted the
threedimersional sense of cells was decreased due tformation of branch roots. While the main root was
stress, suggesting that the roots had been lignifieddestroyed, more branch roots would form to maintain
Cortical parenchyma cells and some of the stele sheathe transportation ofiutrients and water to ensure that
cells were necrotic due to alkali stress. The parenchymtne plants could grow and develop.
cells near the endothelium were more seriously The aspect ratio of the thin wall cells and stele
impaired, and the physiological characteristics of someells of rice after treatment was decreased significantly
cell populations had changed. The epidermal cells of théTable 2) showing that the cell length was significantly
treatment group shed earlier than the control groupinhibited and that the length of Longjing 27 was more
Results from the longitudinal section observation of rootinhibited. The ratio of stele cell tgth to parenchyma
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cell length indicated that there was a reverse tren@€hanges of the ratio of surface area of chloroplasts,
between these two varieties: compared with the stelenitochondria, and amyloplasts in cells: The above
cells of Longjing 27, the alkali stress had a greatefesults indicate that the synthesis or degradation pathway
ability to inhibit the length of the parenchyma cell but of photasynthetic pigments are affected by alkali stress,
the length of the tim-wall cells and the stele cells of \yhich may be caused by structural damage of chloroplasts
Koshihikari was proportionally inhibited. The ratio of by structural damage of mitochondria. Therefore, the
stele cell width to parenchyma width showed that alkalig|ative number of mitochondria and chloroplasts was
stress significantly inhibited the width of parenchymaobserved and measured for further stutlye surface of

c.ells_.. For bpth. ITongjing 27 and Koshi_hikari, it was chloroplasts, mitochondria, and amyloplasts in cells
significantly inhibited. The above analysis showed thatdiﬁered depending on the rice varieties (Table 4). After

alkali stress had a significant or extremely S'gn'f'camalkali stress treatment, the surface area ratio of

gffgc_t on the morphology of rice root cells, and thechIoropIasts and mitochondria to leaf cells of Longjing
inhibitory effect on parenchyma cells was stronger thar‘b7 Suijing 5 and Koshikari increased significantly, but

that of the stele cells. Howeverhe strength of the anifi | duced in Fuii 138.Th ¢
inhibition varied among different rice varieties. This Was significantly reduced in Fujisawa 138.The surface

study found that the root cells of Longjing 27 were &'€2 rati'(.) of amyloplasts to phlproplasts in Longjing 27
more sensitive to alkali stress and its morphology wag&nd Fujisawa 138 was significantly decreased but
easier to change. The results of this ana|ysi§ncreased significantly in Koshihikari, and displayed no
demonstrated the differende alkali tolerance between Significant change in Suijing 5.The surface area ratio of
different rice varieties based on the morphology andnitochondria to chloroplasts showed that the surface area

guantity of root cells. of mitochondria in Longjing 27 and Koshihikari was
significantly increased and significantly reduced in
Changes in photosynthetic pigments after alkali stress Fujisawa 138, and there was no sigrdfit change in

Suijing 5.The surface area ratio of mitochondria to
Changes in pigment: It is well known that chloroplasts amyloplasts was significantly increased in Longjing 27
are severely impaired under alkali stress. Therefore, iand Fujisawa 138, while there was no significant change
order to investigate the changes of chloroplast structur# Suijing 5 and Koshihikara. These results showed that
in different rice varieties after alkali stress, we firstthe relative quantityor volume of chloroplasts and
measured the content of photosynthetic pigmefitee  Mitochondria did undergo significant changes under alkali
results showed that the content of chlorophyll A, B, andstress, resulting in corresponding damage to their
carotenoids significantly decreased after treatment witfunctions. While the volume of chloroplasts and

0.20% alkali solution for 10 days and the descend ratglitochondria was significantly changed, its structure
between the varieties was significantly different. After COUld @lso beféected. Therefore, it is necessary to further

the treatment with 0.20%alkali solution, the Study these functional changes by observing the
photosynthetic pigments of all the rice Varietiesultrastructure of chloroplasts and mitochondria.

decreased significantly. The descend rate Offfects of alkali stress on the ultrastructure of rice leaf
photosynthetic pigments of Longjing 27 and Fujisawace|ls

138 was higher than Suijing 5 and Koshihikari. The ) §

value of chlorophyll A/B of Longjing27 and Fujisawa Ultrastructure of leaf cells in Longjing 27: The
138 showed a significant downward trend, indicaﬁngmtracellular chloroplasts of the Longjing 27 control group
that the inhibition of chlorophyll A was stronger than Were fusiform, with rich lamellar structure, uniform and
that of chlorophyll B. The ratio of chlorophyll A/B of wide distribution of granule thylakoids, more basal lamellar
Suijing 5 and Koshihikari did not decrease or decreasel@/ers: and observable stromfylakoid (Fig. 3). The
insignificantly, indiating that chlorophyll A and Chioroplasts of Logjing 27 were inlaid with many
chlorophyll B exhibited isocratic inhibition. amyloplasts composed of larger starch granules (FR), 3

. - ith a small number of mitochondria and nuclei (Fig.,3
The pigment content of all tested varieties decrease T )
L o : o ), and less osmiophilic granules. After alkali treatment,
significantly, indicating that alkali stress had significant . .
A . there were still a large number of chloroplastshie cells,
effects on the pigment content of rice leaves (Table 3

: - . but their distribution was disordered and stacked (Fig). 3
Chlor(_)phyl Ain Lf’”g"”g 17 and Fujisawa 138 was most The chloroplast was inlaid with a small number of smaller
sensitive to alkali stress, followed by chlorophyll B and

) r ) starch granules. Most of the chloroplasts were swollen (Fig.
carotenoids. The sensitivity of nucleoside was the; gy ang the thylakoids were biased toward the chloroplast
smallest; there was no difference in susceptibility to alkalgjge  The granules of the chloroplasts were significantly
stress between chlorophyll A and chiphyll B in Suijing  thinner and more chaotic (Fig-43 8), indicating that the

5 and Koshihikari, and carotenoid was least sensitive tehylakoids were degrading. Compared with the control
alkali stress. This analysis indicated that alkali stresgroup, mitochondria in the treatment group were still
could inhibit the synthesis of photosynthetic pigments oristributed around the chloroplasnd relatively abundant.
promote the degradation of photosynthetic pigments. IHowever, it was obviously swollen, its inner ridge was
also demastrated that different rice varieties hadsparse, and the osmiophilic granulescules increased
different sensitivities to alkali stress. slightly, indicating it had suffered damage.



1186 HAIT XITHNAET AL. ,

Table 3. Effect on photosynthetic pigments of testing materials under 0.20% concentration mixed alkali stress
(Na,CO5;+NaHCO; mg/g).

Chlorophyll B descend Carotinoid descend Chlorophyll A/B descend

rate (%0) rate (%) rate (%)
CK cL DR | ck | cL | bR | ck | cL | DR
Longjing 27 2.23 1.17* 474 0.66 0.38** 427 042 0.28* 322 3.36 3.08* 8.3
Suijing 5 224 154 313 065 044 315 046 0.36* 211 347 347 0
Fujisawa 138 2,52 151 40.0 0.71 046 346 049 0.34* 30,5 357 3.27* 8.2
Koshihikari 2.77 2.08** 250 082 0.62* 242 0.53 0.42* 201 337 334 1.1
Note: “*” and “**"represent significant and extremely

Testing Chlorophyll A
materials

Table 4. Changes in the surface area ration of chloroplasts, mitochondria, and amyloplasts in leaf cells.

Indicators Longjing 27 Suijing 5 Fujisawa 138 Koshihikara
CK CL CK CL CK CL CK CL

Chloroplasts / Cell 0.435 0.456* 0.494 0.688* 0.620 0.510** 0.590 0.681**

Mitochondria / Cell 0.017 0.031* 0.026  0.037** 0.041 0.028** 0.013 0.030**

Amyloplasts / Chloroplast 0.347 0.014*  0.116 0.115 0.123 0.017* 0.260 0.514*
Mitochondria / Chloroplasts ~ 0.040 0.068**  0.052 0.053 0.066 0.055* 0.023 0.044*
Mitochondria / Amyloplasts 0.114 4.841**  0.451 0.462 0.536 3.237** 0.087 0.086
Note: “**” amelpresent significant and extremely signifi

Control Treatment

Fig. 3. Ultrastructure of Longjing 27 in the control group andFig. 4.Ultrastructure of CK Suijing 5 and one treated with 0.2%
Longjing 27 treated with 0.2% concentration alkali concentration alkali

1. distributionof chloroplast, mitochondria and amyloplast in 1 chloroplast and mitochondria in CK cells x 25000 2.
CK cells x 8000; 2. chloroplast, mitochondria and amyl°p|a5tchloroplast, mitochondria and amyloplast in CK cells x 7000; 3.

in CK cells x 8000; 3. cell nucleus in CK x 10000; 4. . . L .
chloroplast and mitochondria in treated one x 15000: 5.chloroplast, mitochondria and osmiophilic granule in GHscx

mitochondria in treated one x 20006; chloroplastgrana 20000 4. distribution of chloroplast, mitochondria and
amplifying; 7. distribution of organelles in treated cells x Proteosome in treated one x 12000; 5. distribution of cell
10000; 8. chloroplast in treated one x 5000. (M. mitochondriaorganelle in treated one x 12000; 6. distribution of mitochondria
CN. cell nucleus, N. nucleolus, Ch. chloroplast, Sg.nearby chloroplast x 8000; 7. big amyloplast in chloroplast in
amyloplast, S. starch grain. The same as below). treakd cells x 8000; 8. amyloplast in chloroplast x 5000.
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was high, and the spacing between two adjacent granules
reasonable. The matrix layer between the connecting
granules was relatively clear (Fi¢r3) and the number of
amyloplasts embedded in the chloroplast was high. @&ig

2). After treatment, the chloroplasts in the cells were rich in
eosinophils (Fig 4-5), the number of chloroplasts was
large, the mitochondria differed in shape, and the inner
ridge was abundant and tlibuted around the chloroplasts
(Fig. 4-5, 6). The distance between the granules was not
uniform, and the stroratiylakoids between granules were
relatively clear. Some chloroplast granules had a complex
order, indicating that the damage was serious. Some
chloroplasts contained large amounts of large starch
granules (Fig 4-8), which squeezed the chloroplast
granules to the edges, but the granules were relatively clear.
In some amyloplasts, there was a filamentous connection
between the small starch graesiland the large starch
granules. The large starch granules were connected with the
chloroplast membrane envelope and amyloplast membrane
envelope. The proliferated small starch granules also
continued to grow by the starch compound provided by the
large $arch granules. Our results showed that the synthesis
and differentiation of starch in Suijing 5 was more intense
after alkali treatment.

Compared with the control group, the amyloplast
volume in the chloroplast of the treatment group was larger.
This indicated that the alkali treatment had less effect on
the activity of starch synthase in the chloroplast of Suijing
5, and the photosynthetic products were stored more than in
Fig. 5. Ultrastructure of CK Tengxi 138 and the one treated witithe control group. The stardilamentous connection in
0.2% concentration alkali Fig. 4-7 showed the functits of starch synthesis, storage,

1. chloroplast, mitochondria, amyloplast and osmioplgifnule  and differentiation were still strong. But the starch granules
in CK cells; 2. structure_ of chlor(_)plgst and mitochondria in CKwere too |arge, Causing some Ch|or0p|asts to be Serious|y
cells; 3. chloroplast, mitochondria in CK cells; 4. chloroplast,impajred indicating that the differentiation of amyloplasts
mitochondria and proteosome in treated one; 5. mltochonera Nas passive and the abnormal accumulation
treated one; 6._change of chIoropIas_.t grana in tremted 7. big hot theti ducts should b d by the ab |
amyloplast in disordered chloroplast in treated one. photosynthetic products shou € caused by the abnorma
migration of sugar. The transportation of photosynthetic

This analysis showed that the microscopic damage tBroducts in the chloroplast was inefficient, resulting in

the Lingjing 27 seedlings by alkali stress mainl occurreaover.Sized amylop_last_s. The mitochondrial . ridge was
i the %hlgroplast andg miz)chondria. Accordi)rqg to therelatlvely clear, indicatinghiat the damage was lighter. This

internal structural chams of the chloroplast and the analysis showed that although the shape of chloroplasts in

) 4 vol f th ool he d the leaves of Suijing 5 was significantly altered after alkali
quantity and volume of the amyloplasts, the amagd&ress, it maintained a certain photosynthetic function.

affected the formation of photosynthetic products.piering the balance of photosynthetic protumigration
Although the number of mitochondria was increasing, dug,,q synthesis was the main cause of physiological
to the small number of inner ridges and swelling, thegisorders. All of these results indicated that among the four
respiratory casumption was enhanced and its functiontested rice varieties, Suijing 5 was least affected by alkali
was reduced. The photosynthetic products of chloroplasiiress and is more resistant to both salt and alkali.
synthesis were fewer, the starch synthesis was reduced,

and the transported sugar was also reduced such that tdétrastructure of leaf cells in Fujisawa 138: A large
physiological functions of the plants were inst@ate of number of mitochondria were distributed around
disorder and starvation. This will cause stunted growthchloroplast in the control group (Figh-1), and its

and eventually lead to the plants becoming withered. structure was normal with a relatively clear inner ridge.
The shape of chloroplast in the control group was

Ultrastructure of leaf cells in Suijing 5: The structure of fusiform, and the granules were widely distributed with a
cell organs in Suijing 5 without alkali treatment wasnormal structure. The granule thylakoids and stroma
relatively clear (Fig4), and the mitochondria were linear, thylakoids in the control group were clearly observable,
elliptical or circular, with a clearly visible ridge (Fig-1).  and chloroplasts contained abundant amyloplasts 8ig

Its actual shape was rich, indicating a strong metabolisn2, 3). After treatment, a large numbefr mitochondria

Most of the chloroplasts were of fusiform or elliptical were distributed around chloroplast and its inner ridge
shape, had a relatively clear granlayer structure, and had was clear, indicating a strong metabolic function.
a wide granule thickness. The number of stacked thylakoiddowever, the thickness of the granules in chloroplasts
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was significantly thinner (Figs-4) or swelling (Fig5-6).  become smaller (Skirycet al, 2011; Huanget al, 1997).
The granules werarranged in a disorderly fashion. The This study found that the length of parenchyma cells and
inlaid amyloplasts were reduced, the number ofstele cells significantly shortened, which was consistent with
osmiophilic granules was increased, resulting theprevious research. The suberization and lignification of the
deepened osmium level. inner and outer cortical cells is considered to be an important
After treatment with the alkali solution, the feature of plant adaptation to stress. The roots of plants
chloroplast granules in Fujisawa 138 were reducedijgd  promote the transport of,@ molecules through lignification
spheroidization occurred, disordered, and its number waand restrict the free migration of N&C&" and Md" ions to
decreased. The number of synthetic amyloplasts wathe outside to improve its resistance to stress (Yamaichi
decreased, but had little effect on mitochondrial structurel., 1996). Tis study identified the lignification of cortical
and function, and migration of carbohydrates. Incells under alkali stress in different rice varieties, and found
summary, the main effect of alkatress on Fujisawa 138 that rice changed its root structure to adapt to stress. The
led to the structural damage of chloroplasts thus reducingascular bundle is the main wateansporting tissue. It has
the photosynthetic function, with a subsequent reductiotbeen found that soe stress can promote the radial
in synthetic products. This means there is an insufficienthickening of the vascular column, the deepening of
supply of raw materials for cell metabolism, the mainlignification of the roots, and an increase in the number of
cause of plant damage. vessels to improve the transport capacity of the roots (Bruns
et al, 1990). However, our study showed thatlemalkali
Ultrastructure of leaf cells in Koshihikari: In the  stress, the number of large vascular bundles in rice roots was
control group, chloroplasts were inlaid with a largedecreased, and the number of vascular bundles with
number of amyloplasts. Most of the chloroplasts werdncomplete development was increased. However, some
fusiform, and a large number of granules were orderlymages and data (Fidj-b-8) showed that the area proportion
arranged. There wenmeumerous mitochondria that varied of vascular bundke to radiant roots was increased. It is
in shape, and were distributed around the chloroplast (Fighought that this is the result of an adaptive response of rice
6-2). Its inner ridge was relatively clear (Fi§-3), roots to the stress environment, which is consistent with
indicating that the metabolism was strong. The amounsome of the results reported in this study.
and volume of amyloplasts after alkali treatment was
significantly greater than that of the control group. ThereEffects of alkali stress on rice leaf subcellular structure:
were between one and three larger starch granules in eadfhen it comes to microstructural changes of plant cells
amyloplast, surrounded by a larger number of smalunder stress, researchers agree that stress can degrade or
amyloplasts (Fig6-4). After treatment, the volume of the destroy the ultrastructures of chloroplasts, mitochondria,
amyloplastswas too large, causing the chloroplast to beand other organelles (Lét al, 2015; Ashraf& Harris,
nearly circular, the granules to be narrow and the2004). The rsults of this study indicate that alkali stress
thylakoids to be sparse (Fig-5, 8). They were also can cause the deformation of chloroplast and the swelling
widely distributed in the chloroplast. The number ofof granules or reduction of the number of lamellae.
mitochondria decreased significantly relative to theHowever, these effects vary depending on the variety of
control group (Fig6-6, 9), and the number of inner ridges rice, which is consistent with previousigported research
was decreased indicating that metabolic function wa§Yang et al, 2016). The change of ultrastructure is a
affected, and respiration was enhanced. complicated and dynamic process. Maintaining the balance
After alkali treatment, the thylakoids in chloroplasts of physiological functions under stress should be the
changed greatly but retained their clear stmagtso litte  fundamental cause of microstructural changes. Therefore, it
effect on photosynthetic function was shown. According tacannot be clracterized by a single change in the number,
the changes in the number and volume of amyloplasts, #hape or position of an organelle. In this study, we
was shown that the conversion of amyloplast to glucosebserved and analyzed the rice varieties from China and
was blocked. Mitochondria were seriously impaired byJapan, and found that the changes in microstructure had
alkali stress. Thefore, the physiological characteristics of comprehensive or integral characteristics. eféh are
Koshihikari under alkali stress were as follows: thesimilarities and differences in these characteristics across
chloroplast structure was affected but photosynthesis wegdifferent rice varieties.
still ongoing, the transportation of sugar was blocked, and Chloroplasts are the organelles most sensitive to
the structure and function of mitochoranivere seriously stress. The main changes of chloroplasts identified by this
impaired, resulting in photosynthetic synthesis. Finally, thestudy were that the lamellar structure of the granule
photosynthetic product was accumulated in large quantitiegylakoids was reduced and some of the thylakoids
in the leaves, and the formation of the amyloplasts coulg@onnected by stroma were arranged in aordierly

not be transported resulting in hindered plant growth. fashion (Liuet al, 2007). There were also differences in
the structural changes of chloroplasts between varieties,
Discussion and conclusions and the vesicles of some were biased toward the side of

the chloroplast. The thylakoids of some varieties were
Effects of alkali stress on rice root cells: Under stress, the biased to the sidef ¢he chloroplast (Longjing 27), while
morphology of plant cells change accordingly and thechanges in the position of the thylakoids of other rice
meristems undergo abnormal differentiation (Wangal,  varieties (Suijing 5, Fujisawa 138, Koshihikari) were not
2017; Bonaventur&t al, 2005). It has been reported that obvious. The number and structure of mitochondria also
under salt stress, the epidermis cellguabidopsis thaliana varied between rice varieties. The number of
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