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Abstract 
Grain chalkiness greatly affects the grain appearance and milling, eating, cooking, and nutritional qualities, thus 
it is one of the most important traits of grain qualities. Based on the study of chalkiness characters in endosperm 
of different giant embryo rice, the relationship between the differences of chalkiness characters in endosperm of 
different giant embryo rice and the morphological structure, arrangement and development of starch granules in 
endosperm was clarified, which will lay a solid foundation for further revealing the formation mechanism of 
chalkiness characters in giant embryo rice and cultivating excellent new varieties of giant embryo rice. In this 
study, the chalkiness of endosperm (including chalkiness rate, chalkiness degree and chalkiness area) of 16 
different rice varieties were investigated and analyzed. The results showed that the chalkiness of endosperm was 
closely related to the morphological structure and arrangement of starch granules in endosperm cells of different 
kinds of giant embryo rice, and there were significant differences between the chalkiness of different parts of the 
same giant embryo rice and the morphological structure and arrangement of starch granules in endosperm cells. 
Therefore, the results of this study will provide important information for the improvement of quality characters 
and the breeding of new rice varieties.  
Keywords: giant embryo rice, chalkiness, endosperm, starch granule, scanning electron microscopy 

1. Introduction 
Rice (Oryza sativa L.) is one of the most important crops in the world. More than half of the world’s population 
uses rice as its main food. As the largest country of rice production and consumption, rice planting and 
processing has made an important contribution to the healthy and sustainable development of China’s economy. 
With the increase of the world population and the gradual improvement of people’s living standards, the market 
demand for rice, especially for high-quality rice, is also increasing (Tian et al., 2009; Kim et al., 2013; Zheng et 
al., 2012). Therefore, the grian quality of rice determines the competitive position and price of rice in the 
consumer market. 

Rice quality is a complex quantitative character, which is generally considered to include four aspects, namely 
cooking and eating quality, appearance quality, grinding and processing quality and nutritional quality (Peng et 
al., 2016). Appearance quality of rice includes grain length, grain width, grain thickness, length width ratio and 
chalkiness or transparency; Milling quality of rice mainly includes brown rice rate, milled rice rate and whole 
milled rice rate; Cooking and eating quality mainly includes amylose content, gel consistency and gelatinization 
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temperature; Nutrition quality mainly includes protein content, amino acid content, fatty acid content and various 
trace elements, etc. (Hu et al., 2003; Zhang et al., 2013). The results of previous studies show that the appearance 
of chalkiness will reduce the appearance quality of rice and have a great negative impact on farmers’ preference 
for rice varieties (Feng et al., 2017). Moreover, the grains with chalkiness are easy to be broken in the process of 
rice processing, which will greatly reduce the rate of whole rice, reduce the yield of rice, and affect the 
commodity value of rice. 

The formation of chalkiness always affects grain quality traits in rice, especially the appearance quality, which is 
the direct reflection of rice commercialization (Zhu, 2017; Feng et al., 2017). Chalkiness is a typical quantitative 
trait in rice. The formation of chalkiness is controlled by many genes. In addition to genetic factors, it is also 
affected by the external environmental conditions during the filling process, such as sunshine intensity and 
temperature (Peng et al., 2016; Li, 2017; Zhu et al., 2017). The chalkiness area of rice was sensitive to the 
change of environment, and increased with the increase of light hours, daily average light and relative humidity 
(Li et al., 1989). Compared without chalkiness rice, the short chain amylopectin of chalky rice increased 
significantly, while the amylose and long chain amylopectin decreased significantly, and the transparency and 
milled rice rate decreased significantly, resulting in the reduction of cooking and eating quality and yield of rice 
(Peng et al., 2016; Kang et al., 2007). Genetic factors are the main cause of chalkiness formation, which is 
regulated by the genetic effect of parents and the interaction between heredity and environment (Zhang et al., 
2017). At present, a large number of genes affecting rice chalkiness have been cloned from natural populations 
or mutants, such as OsPK2 (Cai, 2018), Chalk5 (Zhu, et al., 2017), OsPPDKB (Kang et al., 2014), GW2 (Song et 
al., 2007), SSIIIa (Fujita et al., 2007; Ryoo et al., 2007), flo2 (She et al., 2010) etc. The results of microstructural 
observation showed that chalkiness in endosperm was closely related to starch granule structure, arrangement 
and starch synthesis (Shen et al., 2000; Zhai et al., 1991). The structure and arrangement of starch granules is 
also an important character to determine the grain quality of rice. Chalkiness is formed by the opaque material 
refracted by light due to the round shape of composite starch granules, loose arrangement of starch and inflation 
between grains. 

Giant embryo rice is a kind of special functional rice, whose embryo is 2-3 times larger than that of ordinary rice. 
The main nutrient elements in rice are concentrated in embryo, and its protein, mineral, vitamin, fat, γ-amino 
acid, folic acid and other nutrients are higher than that of ordinary rice (Zhang et al., 2007; Tang et al., 2020), 
which makes rice breeders pay more attention to the breeding of many excellent characters (Zheng et al., 2012; 
Guo et al., 2011). Previous studies mainly focused on gene molecular markers, gene location, growth dynamics, 
nutritional components and processing technology of giant embryo rice. The formation mechanism of chalkiness 
in endosperm of giant embryo rice is still unclear. In this study, the chalkiness of the endosperm of 16 rice 
varieties were detected and analyzed, and the endosperm cells and starch granules of the rice were observed by 
scanning electron microscopy. Thus, our results will lay a foundation for the breeding of new giant embryo rice 
varieties in the later stage. 

2. Materials and Methods 
2.1 Materials 

All 16 giant embryo rice varieties originated from Xinyang Agriculture and Forestry University, all of which 
were non-glutinous. Among them, Baijupeishanghai, Juhongxuan-GB-19, Juhongxuanbai and Baijupei-GB-7 
were indica rice varieties and the rest were japonica varieties (including Jujingzhan-GB-21, Jujingzhan-GB-20, 
Jujingzhan-GB-19, Jujingzhan-GB-12, Jujingzhan-GB-11, Jujingzhan-GB-7, Jujingzhan-GB-6, Jujingzhan-GB-5, 
Jujingzhan-GB-4, Jujingzhan-GB-3, Jujingzhan-GB-2, Jujingzhan-GB-2). Each giant embryo rice variety was 
planted in 2 rows with 12 plants in each row, and the row spacing was 16.5 × 26.4 cm. From sowing to final seed 
maturity, the test materials were managed by conventional cultivation in the rice experimental field of Xinyang 
Normal University. The rice grains were dried naturally after maturity and stored at room temperature for three 
months. 

2.2 Methodology 

2.2.1 Determination of Chalkiness Character 

Cretaceous rate, chalkiness area and chalkiness degree of different giant embryo rice varieties were measured 
and analyzed according to the national standard GB/T17891-1999: 100 full and complete rice grains were 
randomly selected from each variety, and chalky rice grains were counted. According to the method of 
measuring chalkiness rate, the abdominal and cardiac white rates were determined (no back white grains were 
found), that is, 100 grains of fine rice were randomly selected from each variety, and the rice grains containing 
abdominal white and heart white were counted from them, repeated three times, and the average value was taken 



jas.ccsenet.

as the abd
SPSS softw

2.2.2 SEM

The chalki
tapped in t
2~3 mm th
glued to t
plated the 
different p

3. Results
3.1 Differe

The test re
the chalkin
finally cha
reaching 1
the chalkin
varies betw
very simil
Jujingzhan
varieties m
between 9
of Baijupe
exceeded 3
chalkiness
have a cha
chalkiness
relationshi
higher cha

 

Note. CR, 

 

3.2 Endosp

The repre
endosperm
were obse
Figure 2. T

org 

dominal and he
ware was used

M Observation 

iness grains we
the middle par
hick samples 
the copper sam

section, then 
parts of the gra

 
ences in Chalk

esults of the ch
ness trait with
alky degree. J
00.0%, respec
ness rate was 
ween 2.0% an
lar to the ch
n-GB-6, Jujing
mainly occur i
.4% and 56.6%
eishanghai, Ju
30.0 %. It is w
s traits is basic
alkiness rate o
s degree is 21
ip between cha
alkiness degree

Fi

chalkiness rat

perm Morphol

esentative poli
m cells, cell mo
erved by ordin
The arrangeme

eart white rate
d for the analys

ere randomly s
rt of the rice to
were made. O
mple table wi

placed the sa
ain section and 

kiness Characte

halkiness trait
h the largest di
Juhongxuanba
ctively. Howev

the lowest, o
nd 100.0%. Th
halkiness rate,
gzhan-GB-4 an
in the center 
%, and its chan
ujingzhan-GB-
worth noting th
cally not observ
of up to 100.0
1.1%, 9.4 %, 
alkiness rate a
e.  

igure 1. Chalk

e; CA, chalkin

logical Structu

ished rice wa
orphology, num
nary optical m
ent of endospe

Journal of A

es of each var
sis of the meas

selected from 
o make it break
One part was o

th conductive
ample under s
take pictures.

ers of Differen

s of giant emb
ifference amon
i, Jujingzhan-

ver, no chalkine
only 2.0%, res
he chalkiness d

 Baijupei-GB
nd Jujingzhan
of the endosp
nge trend diffe
-7 and Jujingz
hat in the varie
ved, while Juh

0%, and their c
11.6%, respec

and chalkiness 

iness character

ness area; CD, 

ure of Different

as selected fr
mber of cell la

microscope an
erm cells in the

Agricultural Sci

173 

riety; chalkine
sured data. 

each giant emb
k. Then the fra
observed by or
 adhesive. Th

scanning elect

nt Giant Embry

bryo rice varie
ng varieties is 
GB-12, Jujing
ess was observ
pectively. The

degree varies b
B-7, Juhongxu
n-GB-20 mainl
perm of rice. 
erent from the 
zhan-GB-2 we
eties of Jujing
hongxuanbai, J
chalkiness are
ctively. Furthe
degree, and v

rs of the 16 gia

chalkiness deg

t Japonica Ric

rom 16 giant 
ayers and the 
d electron mi
e cross section

ience

ess degree = ch

bryo rice varie
cture part was
rdinary optica

he HUS-5GB 
tron microscop

yo Rice Varieti

eties are shown
 chalkiness ra
gzhan-GB-11 
ved in Jujingzh
e chalkiness ra
between 0.4% 
uanbai, Jujingz
ly occurs in th
The variation 
chalkiness rat

ere not very h
gzhan-GB-7, Ju
Jujingzhan-GB
eas are 21.1%,
er analysis sh
varieties with h

ant embryo ric

gree. 

ce Varieties 

embryo rice 
distribution of

icroscope scan
n can be divide

halkiness rate 

ety, and the bac
 cut off with th
l microscope, 
vacuum film 

pe (RiLi S-48

ies 

n in Figure 1. 
ate, followed b
had the highe
han-GB-7，Juj
ate of 15 gian
and 21.0%. T

zhan-GB-12, 
he abdomen, a
range of the 

te and chalkine
high, but thei
ujingzhan-GB-
B-12, Jujingzh
, 9.4%, 11.6%

hows that ther
high chalkines

ce varieties 

varieties. Th
f starch granul
nning. The res
ed into four ca

Vol. 12, No. 8;

× chalkiness 

ck of the blade
he blade, and a
the other part
plating instru
00) to observ

It can be seen
by chalky area
est chalkiness 
ingzhan-GB-1

nt embryo vari
The change tre
Jujingzhan-GB
and the rest o
chalkiness ar

ess, chalkiness
ir chalkiness 
-1, the existen

han-GB-11 vari
%, respectively
re is a clear l
ss rate tend to 

 

he arrangemen
les in cross se
sults are show
ategories accor

2020 

area. 

e was 
about 
t was 

ument 
e the 

n that 
, and 
rate, 
, and 
ieties 
nd is 
B-11, 
of the 
rea is 
s rate 
areas 
ce of 
ieties 
; and 
inear 
have 

nt of 
ction 

wn in 
rding 



jas.ccsenet.

to whether
is that the
radiation 
Baijupeiish
is also rad
straight, o
Jujingzhan
2F). Altho
radiation 
Jujingzhan
(Figures 2
surroundin
Jujingzhan

Under the 
seen at a 
columnar 
mainly com
there are m
endosperm
with abdom
which th
Jujingzhan
chalkiness
polygonal 
Jujingzhan

 

Note. A, E
40 µm.  

org 

r they are radi
ere is obvious

is longer. I
hanghai and so

diated from th
or even some 
n-GB-19, Juho
ough category

is not obvi
n-GB-4 and th
2C and 2G). C
ngs. In this 
n-GB-2 (Figure

scanning elec
magnification
endosperm ce

mposed of var
multiple layers
m cells in Jujin
minal white. A

here are som
n-GB-12, Jujin
s on belly exis

columnar cel
n-GB-7 and Juj

Figure 2. Low

E: Baijupeishan

iating from the
s radiation fro
In this case
o on, which ar
e center of th
are bent toge

ongxuanbai an
y III is radiate
ious, belongs
he varieties w
Category IV ca

case, there a
es 2D and 2H)

ctron microsco
n of more than
ells in Jujingz
rieties of chalk
s of multilatera
ngzhan-GB-1, 
And the non ra

me multilatera
ngzhan-GB-4 a
t elliptical cell
lls, elliptical c

ujingzhan-GB-2

w magnificatio

nghai; B, F: Ju

Journal of A

e center to the
om the center 
, there are 
e mainly that f
e cross section
ether. In this 
d so on, which

ed outwards a
 to this kin
ith both focus
an hardly see 
are varieties 
). 

ope, the cell m
n 2000 times. 
zhan-GB-21, J
kiness in cente
al columnar ce
Jujingzhan-GB
adiation state 
al irregular 
and so on var
ls chimeric wi

cells and irreg
2 were not obv

on view of the 

ujingzhan-GB-

Agricultural Sci

174 

 periphery and
of rice cross
varieties su

focus chalkine
n of rice, but 
case, there ar
h are mainly t

along the cent
nd of situati
sing chalkines
any radiation 
with low or

morphology of 
It can be see

Jujingzhan-GB
r, and there ar

ells (Figure 2A
B-19, Juhongx
around the res
cells of dif

rieties with bo
ith each other 

gular cells of v
vious or even a

transversely fr

-1; C, G: Jujing

ience

d the obvious 
s section to th
uch as Jujing
ess on center (F

the endosperm
re mainly vari
that focus chal
ter of the end
ion has Baij
ss on center a

from the cent
r no chalkine

different japo
en that there a
B-11, Baijupe
re many elliptic
A). There are se
xuanbai and so
st is evenly di
fferent sizes 
th focusing ch
to form irregu
varieties with 
almost absent (

ractured midre

gzhan-GB-12;

degree of radi
he outer circu
gzhan-gb-21, 
Figures 2A and
m cells arrang
ieties such as
lkiness on bell

dosperm sectio
jupei-GB-7, 

and focusing c
ter of the rice
ess, such as 

nica rice varie
are several lay
ishanghai and
cal starch gran
everal layers o
o on, which ri
istributed starc

(Figure 2B)
halkiness on c
ular cell group

lower or no 
(Figure 2D).  

 
egion of the tes

 D, H: Jujingz

Vol. 12, No. 8;

iating: categor
umference, and

Jujingzhan-g
d 2E). Categor
ged radially ar
s Jujingzhan-G
ly (Figures 2B

on of rice, and
Jujingzhan-GB

chalkiness on 
e cut surface t

Jujingzhan-G

eties can be cl
yers of rectan
d so on which
nules around w
of oblong colu
ce varieties m

ch granules, am
); Baijupei-G

center and focu
ps (Figure 2C)
chalkiness suc

sted rice 

zhan- GB-11; B

2020 

ry Ⅰ 
d the 
b-11, 

ry Ⅱ 
e not 

GB-1, 
B and 
d the 
B-12, 
belly 
o the 

GB-7, 

early 
gular 
h are 
which 
mnar 
ainly 

mong 
GB-7, 
using 
. The 
ch as 

Bar = 



jas.ccsenet.

Observing
seen that t
uneven, an
density of 
of chalkine
of white b
both chalk
belly of ric
apparently
larger (Fig
arrangeme
cross secti

3.3 Starch 

The whole
above 16 
chalkiness
two adjace
were singl
large clear

By compa
difference 
diamonds 
3E, and 3F
arrangeme
develop, o

 

Figure 3

Note. A, D
the starch 

 

org 

g the distributio
the distribution
nd the starch g
starch granule
ess in the cent

belly giant emb
kiness in the ce
ce. The starch 

y relatively uni
gure 2). The 
ent of endosper
ion and the for

Granule Morp

e polished rice
varieties of g

s part of rice th
ent starch gran
le starch granu
rance and loose

aring the starc
in the starch 
in shape, whic
F). The above 
ent of endospe
otherwise the st

3. Scanning ele

D: the starch gr
granules in the

on of starch gr
n of starch gra
granules were 
es of different 
er giant embry

bryo rice varie
enter and whit
granules of gi
iformly distrib
above results 
rm cells on the
rmation of chal

phology of Ch

e with chalkine
giant embryo 
here were sphe
nules was rela

ules in free stat
e arrangement

ch granules of
granules betw

ch are polyhed
results show 

erm starch gra
tarch granules 

ectron microsc

ranules in the c
e non-chalky r

Journal of A

ranules in the 
anules of the g
mainly distrib
chalkiness gia

yo rice varietie
eties are mostly
te belly giant e
iant embryonic
buted througho

showed that 
e cross section
lkiness. 

alky and Non-

ess and the wh
rice for scan

erical starch gr
atively large. T
tion, with sma
t (Figures 3A a

f chalky rice 
ween them. M
dral corners, an
that the forma

anules. The low
 do not develo

copic observati
non

chalky rice; B,
rice; Bar = 20 µ

Agricultural Sci

175 

cut surface of 
giant embryo ri
buted in the cen
ant embryo rice
es are mainly d
y distributed in
embryo rice v
c rice cultivars
out the cross s
there was a 

n of rice sample

-chalky Grain 

hole polished r
nning electron 
ranules with no
The starch gra
all diameter an
and 3D).  

and non-chal
Most starch gra

nd starch gran
ation of chalki
wer the degre

op well.  

ion on starch g
n-chalky rice

 E: the starch g
µm. 

ience

f rice samples b
ice varieties w
nter and dorsa
e varieties is a
distributed in th
n the belly of 
arieties are mo
s without or wi
section, and th
linear relation
es and the dist

in Giant Embr

rice without ch
microscopy. 

o obvious edg
anules were un
nd irregular acc

lky rice, it is 
anules are unif
nule gaps are sm
iness in rice is
ee of chalkines

granules in end

granules in the

by electron mi
with chalkiness
al ventral diam
also different. T
he center, and 
rice, while the
ore and uneve
ith very low ch

he density of s
nship between
tribution of sta

ryo Rice Variet

halkiness were
The results s

ges and corners
neven in size, 
cumulation. St

found that th
form in size, r
mall or no gap

s closely relate
ss, the better t

dosperm cells o

e transparent p

Vol. 12, No. 8;

icroscope, it ca
s traits is obvio

meter direction
The starch gran
the starch gran

e starch granul
en in the center
halkiness rate 

starch granules
n the structure
arch granules o

ties 

e selected from
showed that in
s. The gap betw
and most of 

tarch granules 

here is no obv
regular polygo
ps (Figures 3B
ed to the shape
the starch gran

of the chalky a

parts of rice; C,

2020 

an be 
ously 
. The 
nules 
nules 
les of 
r and 
were 

s was 
e and 
n the 

m the 
n the 
ween 
them 
have 

vious 
on or 

B, 3C, 
e and 
nules 

 
and 

, F: 



jas.ccsenet.

Figure 

Note. 1~4
the center 
the endosp

 
3.4 Morph

According
white core
varieties w
center of e
space, loo
abdomen 
Jujingzhan
center and
endosperm
granules a
granules in
developed

 

org 

4. Scanning e

, Baijupeishan
of the endosp

perm; Bar = 50

hology of Starc

g to different p
e and white ba
were observed
endosperm of J
se arrangemen
of endosperm

n-GB-1, Jujing
d back of endos
m of Baijupei-
are poorly deve
n the center, b

d (Figure 4-4). 

lectron micros

nghai, Jujingzh
perm; B, starch
0 µm. 

ch Granules in 

arts of rice end
ack. The abdom
d by scanning 
Jujingzhan-GB
nt and poor de

m developed w
gzhan-GB-19 a
sperm are well
-GB-7, Jujing
eloped, while t
back and abdo

Journal of A

scopic observa
embry

han-GB-1, Juj
h granules in th

 Different Par

dosperm chalk
men, center an
electron micr

B-21, Jujingzha
evelopment of

well (Figure 4-
and Juhongxua
l developed (F

gzhan-GB-12 a
the starch gran
omen of endo

Agricultural Sci

176 

ation on starch 
yo rice varietie

ingzhan-GB-1
he endosperm 

ts of Chalkines

kiness, chalkine
nd back of ch
roscope. The r
an-GB-11 and
f starch granu
-1). The starc
anbai are poor

Figure 4-2). Th
and Jujingzha
nules on the ba
sperm of Jujin

ience

granules in di
s 

2 and Jujingz
of the belly; C

ss Rice Varieti

ess can be divi
alkiness rice o
results showed

d Baijupeishang
les, while the 

ch granules in
rly developed,
he starch granu
an-GB-4 are a
ack are well de
ngzhan-GB-7 

fferent part of 

zhan-GB-2; A,
C, starch granu

ies 

ided into three
of 16 different
d that the star
ghai varieties h
starch granul

n the abdomen
, while the sta
ules in the abdo
arranged loose
eveloped (Figu
and Jujingzha

Vol. 12, No. 8;

f the tested gian

, starch granul
ules on the ba

e types: white b
t giant embryo
rch granules in
had relatively 
es in the back

n of endosper
arch granules i
omen and cent
ely, and the s
ure 4-3). The s
an-GB-2 were 

2020 

 
nt 

les in 
ck of 

belly, 
o rice 
n the 
large 

k and 
m of 
n the 
ter of 
tarch 
tarch 
well 



jas.ccsenet.org Journal of Agricultural Science Vol. 12, No. 8; 2020 

177 

4. Discussion 

4.1 Distribution of Chalkiness and Starch Granules in Giant Embryo Rice 

Chalkiness not only affects the appearance quality of rice, but also affects the cooking and eating quality, milling 
quality and nutritional quality (Zheng et al., 2012; Liu et al., 2011; Yoshioka et al., 2007; Shen et al., 2007). The 
morphological structure of starch granules can be observed by scanning electron microscope, and the quality of 
rice can be judged preliminarily according to its morphological structure. The chalkiness was formed by oblong 
cells arranged in the direction of dorsal and ventral diameter (Zhai et al., 1991). The chalkiness was not only 
related to oblong cells, but also related to the arrangement and morphological results of starch granules in rice 
(Chang et al., 2006). In this experiment, through the observation of SEM, the starch granules of the varieties with 
higher chalkiness rate and chalkiness degree (Juhongxuanbai, Jujingzhan-GB-12 and Jujingzhan-GB-11) were 
obviously uneven in the cross section; the starch granules of the varieties with lower chalkiness rate and 
chalkiness degree (Jujingzhan-GB-7, Jujingzhan-GB-2, Baijupeishanghai, Jujingzhan-GB-2) were evenly 
distributed in the center of endosperm, abdomen and back. Through comprehensive analysis, we found that if the 
distribution of starch granules in the cross section is more uniform, the variety is not easy to produce chalkiness, 
and the corresponding chalkiness rate and chalkiness degree will be low or not. However, if the starch granules 
are distributed unevenly in the cross section and the gap between the starch granules is large, the arrangement is 
loose and the starch granules are poorly developed, which leads to the chalkiness easily, and the corresponding 
chalkiness rate and chalkiness degree will be higher. It is concluded that the starch granules distributed on the 
endosperm cross section of rice are closely related to the formation of chalkiness, which is consistent with 
previous studies. 

4.2 Development of Chalkiness and Starch Granules in the Same Giant Embryo Rice 

There are many granular starch granules in every starch body of rice, most of which are in the state of starch 
complex. Previous studies have found that the size of starch granules in the chalkiness part of rice is relatively 
smaller than that in the non chalkiness part (Zhao, 2015). By scanning electron microscopy, it was found that the 
starch granules in the endosperm of rice had different morphological structure and arrangement in different parts 
of the same giant embryo rice. By scanning electron microscopy, it was found that the starch granules in the 
endosperm of rice grain were also different in their morphological structure and arrangement in different parts of 
the same giant embryo rice. Compared with the non chalky part, there were spherical starch granules with 
different sizes in the chalky part of rice, and most of them were single starch granules in the free state. The 
arrangement of starch granules was loose and the gap was large, so they could not develop into starch granule 
complex produces chalkiness. If the starch granules in rice are closely arranged in a complex state, it is not easy 
to produce chalkiness. 

Previous studies have found that most of the chalkiness traits tend to grow in the middle or abdomen of rice, with 
little or no white back trait (Ying et al., 2019; Peng et al., 2016a; Peng et al., 2016b; Kang et al., 2003). There is 
a certain correlation between the formation of starch granule morphology and chalkiness phenotype. Among the 
endosperm of 16 giant embryo rice varieties in this study, no white back character was found, and the starch 
granules on the back of rice grains were regular rhombus or regular and other multilateral, angular. The starch 
granules had little or no gap, which indicated that the starch granules on the back of rice grain developed well. 
The reason may be related to the transport mode of nutrients, which were generally transported to the back first 
to the center and abdomen. It can be seen that the chalkiness of giant embryo rice is closely related to starch 
development. 

4.3 The Cause of Chalkiness in Giant Embryo Rice 

Chalkiness is a complex quantitative trait in rice, which is not only controlled by many genes, but also related to 
genetic factors, starch granule structure, arrangement and external environment (Peng et al., 2016a; Li, 2017; 
Zhu et al., 2017). Based on the previous research and the 16 giant embryo rice varieties in this experiment, there 
are obvious differences in chalkiness characters of rice endosperm, indicating that the chalkiness characters of 
rice are mainly controlled by genetic factors. However, the formation of chalkiness is a very complex process, 
and the generation of chalkiness may be related to the “source”, “sink” and “flow” in rice plants. If any of them 
changes or they are abnormal, it may lead to the occurrence of rice chalkiness (Yan et al., 2003). Therefore, it 
can be inferred from the results of this study that the occurrence and development of starch granules in rice 
endosperm and the precipitation of starch granules in the later stage are closely related to the formation of rice 
chalkiness. However, the distribution of starch granules, the early generation, the development process, the later 
deposition mode, this series of regulatory ways, how many genes are involved in the formation of chalkiness, 
need further research.  
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5. Conclusion 
By observing the microstructure of chalkiness characters (including chalkiness rate, chalkiness degree and 
chalkiness area) of the 16 giant embryo rice varieties, it was found that the chalkiness characters of different 
giant embryo rice endosperm were closely related to the morphological structure and arrangement of starch 
granules in endosperm cells. In different parts of the endosperm of the same giant embryo rice variety, there were 
obvious differences in chalkiness characters and starch granules in endosperm cells. Therefore, our results will 
provide an important reference for the improvement of chalkiness character and the breeding of new rice 
varieties. 
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