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Abstract

provide theoretical guidance and technical reference for the rooting research of difficult-to-root plants such as citrus. [ Methods | Five citrus ro-

[ Objectives ] To explore the cutting propagation mode of citrus rootstock , improve the survival rooting rate of citrus rootstock , and

otstocks Citrus tangerina Tanaka ‘ Hongju’ , Citrus haniana Hort ‘ Suanju’ , Citrus limonia Osbeck ‘ Hongningmeng’ , Citrus sinensis x Poncir-
us trifoliata ‘ Zhicheng’ and Poncirus trifoliate (1) Raf. ‘Zhike’ were used as experimental materials to select the suitable cutting substrate
for citrus rootstocks by measuring the physical properties of the substrate. Cutting was carried out in spring, summer, autumn and winter re-
spectively. After cutting, the morphological changes of cuttings were observed regularly, and the callus rate, germination rate and rooting rate
of cuttings were recorded. [ Results] The best substrate for citrus rootstock cutting was peat soil , vermiculite and fine river sand (2 : 1 :1).
The callus of citrus rootstock in different cutting seasons began to appear in 10 =22 d, and the callus rate reached 55% -100%. In terms of
budding, the budding time was the earliest in summer and autumn, and slightly later in spring and winter; the germination rate of C. limonia
Osbeck ‘ Hongningmeng’ was the highest, and the germination rate of C. sinensis x P. trifoliata * Zhicheng’ and P. irifoliate (L) Raf.
‘Zhike’ was lower; in terms of rooting, C. limonia Osbeck ‘Hongningmeng’ had the earliest rooting time and the highest rooting rate and
could reach 100% in all seasons; the rooting rate of C. tangerina Tanaka ‘ Hongju’ was 50% -80% ; the rooting rate of C. haniana Hort
‘Suanju’ was 60% -80% ; C. sinensis X P. trifoliata ‘Zhicheng’ and P. trifoliate (L) Raf. ‘Zhike’ showed the earliest rooting time and
the highest rooting rate in summer, and the latest rooting time and the lowest rooting rate in winter, which were only 14.5% . Therefore, differ-
ent citrus rootstock varieties should choose the appropriate cutting time according to their own characteristics. [ Conclusions ] The results of

this study can provide a scientific basis for a large number of cutting propagation of different citrus rootstocks, and have practical guiding signif-

icance for large-scale planting.
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1 Introduction

Citrus, belonging to the subfamily Aurantioideae of Rutace-
ae, is the largest fruit in the world, and its cultivation area and
yield rank first'". Grafting is the most commonly used propagation
method in citrus production. Rootstock plays a fundamental role in
the grafted seedlings of citrus. It not only fixes and supports the
scion, but also forms plants together with the scion after healing,
thus affecting the growth, fruiting, yield and quality of citrus>.
In production, citrus rootstocks are mainly propagated by seeds,
but their long growth cycle and low reproductive rate limit the de-
velopment of citrus industry. Cutting propagation can maintain the
characteristics of the female parent, is not affected by the season,

is convenient to obtain materials, has fast seedling formation and

Received : August 20, 2024 Accepted : October 15, 2024

Supported by National Modern Agricultural Industry Technology System Project
of Ministry of Finance and Ministry of Agriculture and Rural Affairs ( CARS-
26) ; Guangdong Science and Technology Department Project of High-quality
Development in Hundred Counties, Thousands Towns and Ten Thousand Villa-
ges.

Liying GUO, master, experimentalist, research fields: laboratory management
and citrus related research.

# Corresponding author. Qianhua JI, PhD. , professor, research fields: po-

mology and biology teaching.

low cost, and is a technology for realizing large-scale rapid propa-

gation. At present, the research on citrus cutting propagation

4-6 . . . .
[4-el , Citrus sinensis X Poncirus
[8-9]

mainly focuses on citron”’ | lemon
trifoliata * Zhicheng’ "'

and substrate'”’. Wang Xiaoan’s research shows that branch matu-

, and mostly focuses on rooting agent

rity and leaf retention can promote the rooting and survival of cit-
ron cuttings, and rooting agent + mature branches + two and a
half leaves are most conducive to the germination of adventitious
roots of citron branches"™ . The application of C. sinensis x P. tri-
Jfoliata *Zhicheng’ semi-lignified branches, and the cutting effect
was the best when the ratio of peat soil; river sand: vermiculite
was2 :1:27,
jing" with 1 to 2 leaves was better, and the survival rate was high-
er than 93% .
indicated that 1 part of red soil + 1 part of perlite or vermiculite

Luo Jungin found that the cutting effect of " Bei-
The screening based on lemon cuttage substrate

is the ideal cuttage substrate for perfume lemon"®’. Huang Zongbo
et al."* used different concentrations of ABT series and GGR se-
ries for cutting seedlings of Satsuma Mandarin twigs, and found
that the rooting rate of ABT1 was the highest when it was soaked in
60 mg/kg for 12 h. Lemon branches were treated with different
concentrations of IAA, and the rooting effect of 500 mg/L bran-
ches was better, and the rooting rate was 90. 8% after 50 d of cut-

ting”’. There are many studies on the cutting of lemons, such as
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[s [6]

“Beijing” lemon"’ | perfume lemon'® and common lemon"’ | but
there are few studies on other citrus rootstocks. In this study, five
citrus rootstocks Citrus tangerina Tanaka ‘ Hongju’ , Citrus hani-
ana Hort ‘Suanju’ , Citrus limonia Osbeck ‘ Hongningmeng’ , C.
sinensis X P. trifoliata * Zhicheng’ and Poncirus trifoliate (L)
Raf. *Zhike’ commonly used in Zhaoqing area were used as used
as experimental materials. Cutting in different seasons was carried
out to evaluate its effects on tree growth, fruit quality and photo-
synthetic characteristics, so as to provide a reference for citrus ro-

otstock propagation.

2 Materials and methods

2.1 Opverview of the experimental site The experiment was
carried out in the Citrus Base of Fruit Tree Research Institute of
Zhaoqing City,

Zhaoqing University, Guangdong  Province.

Zhaoqing has a south subtropical monsoon climate, located be-
tween 22°47" —=24 °24' N and 111°21’" - 112°52’ E. The annual
average temperature is 21.2 °C and the annual average rainfall is
about 1 650 mm.

2.2 Experimental materials In spring, summer, autumn,
winter, the robust, pest and disease-free branches with full buds
were randomly selected from C. itangerina Tanaka ‘ Hongju’,
C. haniana Hort * Suanju’, C. limonia Osbeck ‘ Hongning-
meng’ , C. sinensis X P. trifoliata ‘ Zhicheng’ and P. trifoliate
(L) Raf. ‘Zhike’ plants.

2.3 Experimental methods

2.3.1 Determination of physical properties of substrates. There
were 11 treatments in the experiment. They are fine river sand
(T1), vermiculite (T2), perlite (T3), peat soil (T4), loess
(T5), loess : fine river sand (1 : 1) (T6), loess : perlite (1 : 1)
(T7), loess : vermiculite (1 : 1) (T8), loess : perlite :
lite (2:1:1) (T9), peat soil : fine river sand : loess (2 : 1 :1)

(T10) ; peat soil : vermiculite : fine river sand (2 : 1 : 1)

vermicu-

(T11). The physical properties of the substrate were determined
with reference to the method of Pu Shenghai'’.

2.3.2 Cuttage treatment method. Five citrus rootstock materials
were cut into cuttings with mature branches of about 20 e¢m, with
5 —8 plump buds, the upper end of the cuttings was cut flat, and
the base was cut obliquely at 45 degrees. The lower cut of the cut-
ting was soaked in rooting agent to the middle of the cutting for
2 h, and the upper cut was coated with Guoguang Hutu wound
healing agent with a brush. The rooting powder was GGR produced
by Beijing ABT Company with a concentration of 200 mg/L, and
Hutu wound healing agent product was produced by Guoguang
Company.

A planting pond with a length of 2 m and a width of 1 m was
used for cutting, and the row spacing of cuttings was 5 em x 10 em.
An arch shed with a height of 50 —60 cm was built with bamboo
chips on the slotting bed, covered with plastic film (to prevent
rainwater infiltration) , and then covered with a black sunshade
net (shading). Automatic intermittent mist spray devices were in-

stalled in the pool and on the roof of the shed. The water spraying

time was set to be 5 min each time, and the water spraying fre-
quency was adjusted according to the weather, and the frequency
was controlled to be 3 — 6 times. Each treatment of 30 branches
was repeated 3 times.
2.4 Measurement indicators
2.4.1 Determination of growth indicators of cuttings. After 10 d
of cuttage, the callus formation rate, budding time and rooting
time were observed and recorded. After 90 d of cutting, the germi-
nation rate, callus rate and rooting rate of each treatment were
counted; 5 plants were randomly selected from each treatment,
and the number of new buds, new leaves and total number of roots
were counted. The growth indicators of bud length and root length
were measured with vernier caliper. The longest root length was
the longest root measured from 5 randomly selected plants.
2.4.2 Calculation formula.

Germination rate (% ) = Number of germinated cuttings/To-
tal number of cuttings x 100% ;

Callus formation rate (% ) = Number of cuttings formed by
callus/Total number of cuttings x 100% ;

Rooting rate (% ) = Rooting cuttings/Total cuttings x 100% .
2.5 Morphological observation Cuttings cut from citrus trees
were used as materials, and the morphology of cuttings was
observed regularly with a microscope and photographed with a

camera.

3 Results and analysis

3.1 Physical property analysis of different substrate ratios
The substrate plays a very important role in cuttage propagation.
The tree species that are easy to root do not have high require-
ments for the substrate. On the contrary, the tree species that are
difficult to root, such as citrus, have strict requirements for the
substrate. The substrate needed by the cuttage can fix the citrus
cuttage seedlings and enable the root system to have a good growth
environment. Generally, roots with strong heat preservation, air
permeability and water holding capacity are conducive to root
growth. The results show that among the physical properties of fine
river sand, the bulk density is large, the grain is small, the water
retention and air permeability are poor, and the nutrient is insuffi-
cient, which is not conducive to root germination. Perlite has light
texture and good air permeability, but its bulk density is small,
which is not conducive to the fixation of roots; loess has large bulk
density and good water retention, but poor air permeability. Com-
bined with some substrates such as perlite with light texture or fine
river sand with high air permeability, the effect is more advanta-
geous than that of single substrate'" ™'

From Fig. 1, it can be seen that in this experiment, the maxi-
mum bulk density was T1, and the minimum bulk density was T3.
Too large bulk density or too small bulk density is not conducive to
cutting. Generally, the reasonable range of bulk density is 0.2 —
0.8 g/cm’; the total porosity is 60% —70% , and the suitable
substrates are T2, T10 and TI11; the water retention capacity is
55% —75% , and the suitable substrate is T11. According to the
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physical properties of various substrates and the successful appli-

cation of soilless culture, the substrate of peat soil : vermiculite :
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3.2 Morphological observation on rooting process of citrus
rootstock cuttings In the process of adventitious root formation,
a key stage is the formation of callus'™ . This tissue not only plays
a dual role of absorption and defense, but also plays a vital role
before the cuttings take root'"*'. Specifically, the callus can accel-
erate the healing process of the wound at the base of the cutting,
effectively prevent the wound from rotting and mildewing due to
exposure , and reduce the loss of effective substances inside . In
addition, it also undertakes the important task of transporting nu-
trients and water, providing necessary support for the subsequent
growth of cuttings and the formation of adventitious roots ™'
Therefore, the emergence of callus plays an important role in the
success of plant cutting propagation. In this study, the changes of
the base of cuttings were observed regularly from the O d of cut-
ting. Callus began to appear in 10 =22 d in the five rootstocks in
different seasons, and the callus rate reached 55% —100% (Fig.2).
In the early stage of cutting, the process of cell proliferation and
differentiation was initiated at the incision at the base of the cut-
ting, which showed that the cells at the edge of the incision
swelled, and then the initial white translucent callus was formed
(Fig.3A). In the middle stage of cutting, the callus entered the
rapid growth period, and the volume and quantity of the callus in-
creased significantly. Some cuttings induced adventitious roots un-
der the callus or epidermis (Fig.3B). With the extension of cut-
ting time, the adventitious roots underwent further morphological
development, including elongation, thickening and significant in-
crease in number (Fig.3C). In the late stage of cutting, the sec-
ondary lateral roots gradually appeared, the root system became
darker, and the rooting process was completed (Fig.3D).

fine river sand (2 : 1 : 1) was selected as the cutting substrate for

the follow-up experiment.
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The adventitious roots of cuttings can be divided into latent
root primordium and induced root primordium according to their

[15
sources

', Latent root primordium is a potential adventitious root
origin formed before the cutting is intercepted, which is originally
in a dormant state. When encountering a suitable cutting environ-
ment, the dormant root primordium is activated to continue its
growth and development process, and eventually differentiate into
adventitious roots'”’. Tree species with latent root primordia often
show stronger rooting ability in cutting propagation, which makes

Induced

root primordium is induced by external environment or hormone af-
(1)

the whole cutting process relatively easy to succeed® .
ter cutting In this study, the morphological observation
showed that ‘ Hongningmeng’ was easier to root, which may be-
long to the latent rooting type. The rootstocks of the other four va-
rieties were all induced rooting type. In addition, it was observed
that there were four stages in cutting propagation of citrus root-
stock, which were callus induction stage, adventitious root forma-
tion stage, root primordium transformation into adventitious root
and adventitious root further growth and development into plants.

3.3 Effects of different cutting seasons on the germination of
five citrus rootstocks The experimental results showed that the
germination time of citrus was different in different cutting peri-
ods, except ‘Zhicheng’ the germination time of other varieties was
summer, the germination time of autumn was the earliest, which
was 3 -5 d, and that of spring and winter was slightly later. The
germination time of ‘Zhicheng’ was later than that of the other
four rootstocks, from 18 to 43 d. ‘ Zhike’ had a very late germina-
tion time of 52 d. The average bud number was between 0 and 4.
The germination rate of ‘ Hongningmeng’ was the highest, which
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was 100% , followed by ‘Hongju’ and Suanju’ , which were be- germination rates of 0 —17.1% (except for the germination rate of
tween 50% and 100% ; Both *Zhicheng’ and ‘ Zhike’ had lower ‘Zhicheng’ in autumn) , as shown in Fig. 4.
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Fig.3 Morphological changes at the base of cuttings during rooting of citrus rootstock
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Fig.5 Rooting of five citrus rootstocks in different cutting seasons

3.4 Effects of different cutting seasons on rooting of 5 citrus
rootstocks There is a close correlation between the rooting rate of
cuttings and the cutting season, and different cutting seasons have
a significant impact on the survival rate of seedlings'™ . Studies
have shown that whether cuttings can take root is the key to their
survival ', Tt can be seen from Fig. 5 that the rooting time and
rooting rate of different citrus rootstocks were different in different
seasons. The rooting time of ‘ Hongningmeng’ was the earliest and
the rooting rate was the highest, which could reach 100% in each
period. The rooting rate of the ‘Suanju’ was between 60% and

80% . The rooting rate of ‘ Suanju’ ranged from 50% to 80% ,
and the rooting rate was the lowest in summer. Both ‘Zhicheng’ and
“Zhike’ showed the earliest rooting time and the highest rooting rate
in summer, and the latest rooting time and the lowest rooting rate in
winter, which were only 14.5% . Taking spring cuttage as an exam-
ple, ‘Hongningmeng’ ,‘hongju’, ‘Suanju’, ‘Zhike’, the callus
formation time of ‘Zhicheng’ was 10 d, and ‘ Hongningmeng’ had
formed adventitious roots 18 d after cutting, followed by ‘Zhike’
(24d), ‘Zhicheng’ (27 d); ‘hongju’ and ‘Suanju’, formed ad-
ventitious roots later, 44 d and 52 d, respectively (Fig.6).

NOTE Al ‘Hongningmeng’ 10 d; A2: ‘ Hongningmeng’ 18 d; B1: ‘Hongju’ 10 d; B2: . ‘Hongju’ 44 d; Cl: ‘Zhicheng’ 10 d; C2. ‘Zhicheng’ 27

d; DI: C. ‘Suanju’10 d; D2 C.
Fig.6 Rooting of citrus rootstock cuttings in spring

‘Suanju’52 d; El:‘Zhike’ 10 d; E2.‘Zhike’24 d.
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From Fig. 7 and Table 1, it can be seen that the average
number of roots of ‘ Hongningmeng’ is the most, which is signifi-
cantly better than that of other varieties; as far as ‘ Hongning-
meng’ variety was concerned, the average number of roots in sum-
mer was the most, which was 12.75% , and there was no signifi-
cant difference among other seasons. From the point of view of the
maximum rooting number, there were differences among different
rootstocks in different cutting periods. The Hongningmeng’ of
cutting in summer had the largest number of hairy roots, reaching
20 roots per plant; the rooting number of ‘hongju’ and *Suanju’
were the most in autumn and winter, which were 7 and 6 per
plant, respectively; the rooting number of Zhicheng’ was the
most in summer (12 roots per plant) and the least in winter, and
that of ‘Zhike’ was the most in spring (10 roots per plant) and
the least in winter.

A ,}“‘\
g
=

e
‘ R

NOTE A:. ‘ Hongningmeng’ ;
‘Zhicheng’ ; E. ‘Zhike’.
Fig.7 Rooting of different citrus rootstocks

B: “hongju’ ; C: ‘Suanju’; D.

4 Discussion and conclusions
4.1 Discussion

4.1.1
has an important impact on the rooting of plant cuttings, and it de-

Selection of citrus rootstocks for cuttage. The substrate

termines the root growth environment. The substrate should have
the characteristics of air permeability and water retention, which is
the key factor to determine the survival rate and growth of seed-
lings'" . Different types of substrates have different water and fer-
tilizer retention capacity, air permeability, nutrient types and con-
tents and other physical and chemical properties and microbial en-
vironment, which will affect the rooting effect of cuttings™ . At
present, a single substrate or a mixed substrate such as peat soil,
perlite, vermiculite and that like is usually use for the cuttage sub-
strate, and the cuttage substrate is adjusted accord to the charac-
teristics of the cuttage plant. In this experiment, peat soil, ver-

miculite and fine river sand (2 : 1 : 1) were used to determine

the physical properties of substrate, combined with the character-
istics of citrus seedling. The results showed that the substrate was
excellent in all aspects of citrus cutting, and it was suitable for

citrus cutting.

Table 1 Effect of cutting season on rooting of citrus rootstock cuttings

. Average number Max rooting
Rootstock Cutting of roots Average root number
season length // cm
pes/plant pes/plant

‘ Hongju’ Spring 2.80+0.28a 2.76+0.17 b 5
Summer 2.10+0.41 a 2.54 +£0.66 b 4
Autumn  2.00+0.16 a 8.81 £0.58 a 3
Winter 2.17+0.17a 7.95+ 1.36 a 7

¢ Suanju’ Spring 1.00£0.06 a 3.30+ 0.22 ¢ 3
Summer 2.00+0.60 a 6.30+0.22 b 5
Autumn  1.13+0.24a 6.22+1.19b 6
Winter 1.33+0.26a 11.34+2.63 a 3

‘ Hongningmeng’ Spring 7.60+£0.67b 6.99+0.41 ¢ 12
Summer 12.75+0.86 a 14.00+0.00 a 20
Autumn  5.00+£0.53 b  8.40x1.57 b
Winter 5.20+0.66 b  6.05+0.50 ¢

¢ Zhicheng’ Spring 1.00 £0.25a 5.45+0.41 b 5
Summer 2.25+0.57a 6.26+0.85b 12
Autumn  2.45+0.47a 9.92+1.14a
Winter 1.03+0.14 a 11.97+1.01 a

¢ Zhike’ Spring 1.96 £0.55a 5.32+0.38b 10
Summer 1.30+0.26 a 4.77+0.54 b 4
Autumn  1.10+0.41 a  5.00+0.18 b
Winter 1.05+0.12a 11.97+£3.39 a 1

4.1.2 Development of adventitious roots of citrus rootstock cut-
tings. The key to the survival of tree cuttings is the formation of
adventitious roots, which is not only related to the climate condi-
tions and the type of rooting agent selected, but also related to the
physiological state of the cuttings themselves'"”’. In the process of
plant adventitious root formation, the production of callus has the
function of absorption and defense, which can promote wound
healing, prevent wound decay, mildew and loss of effective sub-

stances (4]

. In this study, the rooting process of citrus cuttings was
dominated by callus rooting. The color of the callus of the cuttings
was white at first, and gradually changed to brown with the pas-
sage of time, showing an aging state. There were differences in
callus morphology and formation time among different citrus culti-
vars. Some cuttings produced calli, but did not take root or die.
The reason for this may be that there were too many calli, which
inhibited the rooting process of cuttings.

4.1.3 Effects of different citrus rootstocks on rooting rate of cut-
tings. Citrus is a fruit tree that is difficult to root by cutting, and
the rooting rate of different varieties is different under the same

8] The rooting rate of fruit tree cuttings is af-

cutting environment
fected by genetic factors, cutting position and water content, and
the formation of adventitious roots is a relatively complex physio-

logical process'™. In this experiment, the rooting rates of five cit-
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rus rootstocks were different in different cutting seasons. The
‘ Hongningmeng’ rootstock showed no difference in each cutting
season and showed good rooting rate, which indicated that the va-
riety was easy to survive by cutting. The rooting rates of ‘ Suanju’
and ‘hongju’ were slightly different in different seasons, but both
were above 50% , indicating that the two varieties were easy to
survive. The rooting rates of ‘Zhike’ and ‘Zhicheng’ were higher
in summer and lowest in winter, indicating that the cutting of
these two varieties was greatly affected by time.

4.1.4 Effects of cutting time on rooting of citrus rootstock. The
difficulty of cutting survival is not only closely related to the char-
acteristics of the plant itself, but also affected by multiple factors
such as temperature , air humidity and cutting season selection" .
Cutting in spring, especially around the rainy season in late
spring, is suitable for rooting and germination of cuttings. For cut-
ting in summer, the plant is in the period of vigorous growth, the
nutrient in the cutting is sufficient, and the cell division is active,
which is conducive to rooting and germination, but it may also
lead to excessive transpiration and water loss of the cutting, thus
affecting rooting and survival. Cutting in autumn has the advanta-
ges of suitable climate, high rooting rate and less pests and disea-
ses, but it also has the disadvantages of gradually decreasing tem-
perature, increasing difficulty in management, longer rooting time
and vulnerability to frost damage. Winter cutting has the advanta-
ges of saving labor and rooting before germination, but winter cut-
ting also faces some problems, such as too low temperature, slow
metabolism of cuttings in dormancy period, resulting in slow
growth of cuttings.

In this study, we found that there were significant differences
in the rooting rate of different citrus varieties in different seasons.
Five citrus rootstocks ‘ hongju’, ‘Suanju’, ‘Hongningmeng’,
‘Zhicheng’ , and ‘Zhike’ showed significant differences in the
rooting rate of citrus varieties in different seasons. In spring, the
cutting effect of ‘hongju’ and ‘ Hongningmeng’ was good, and
the rooting rate was high; in summer, the rooting rate of ‘Zhich-
eng’ and ‘Zhike’ was high; in autumn, the rooting rate of *Su-
anju’ and ‘Hongningmeng’ was high; in winter, the rooting rate
of ‘Zhike’, *Zhicheng’ cuttings was low. These suggest that
each cultivar has its own specific optimum period for rooting cut-
tings.

4. 2  Conclusions In conclusion, the cutting propagation
process of citrus is a complex and changeable process, and its suc-
cess rate and rooting effect are significantly affected by multiple

. (2]
environmental and management factors ™.

Different citrus root-
stock varieties should choose the appropriate cutting time accord-
ing to their own characteristics. In this study, the physical proper-
ties, cutting time and cutting varieties were compared and
analyzed. The results showed that the substrate of citrus rootstock
cutting propagation was peat soil, vermiculite and fine river sand
(2:1:1). The rooting rate of ‘ Hongningmeng’ was the highest

among the five rootstocks, and the rooting rate was 100% in

every season. The best cutting time of ‘hongju’ and °Suanju’
was in spring and winter. The best cutting time of Zhicheng’
and ‘Zhike’ was in summer. Therefore, different citrus rootstock
varieties should choose the appropriate cutting time according
to their own growth characteristics. This study is expected to pro-
vide a theoretical basis and technical support for the establishment
of citrus rapid propagation system and the promotion of citrus

cultivation.

References

[1] PENG Y. Discovery, identification and drought tolerance evaluation of

tetraploid citrange [ D ].

(in Chinese).

ZHU SP, CHEN CW, LIU Z], et al. Investigation and comparison of the

performance of carrizo citrange in China[ J]. South China Fruits, 2020,

49(3): 1 -8. (in Chinese).

WANG XA, CHEN WG, JIANG CC. Effect of maturity of shoots and

leave retention on rooting of cuttings of Citrus medica L. [ J]. South Chi-

na Fruits, 2023, 52(3) : 28 =30, 34. (in Chinese).

WU B, CHEN XR, LIN FN, et al. Study on cutting seedling raising of

Taiwan seedless green lemon[ J]. Tropical Forestry, 2019, 47(1): 12 -

15. (in Chinese).

LUO JQ, LI L, SUN JH, et al. Research on stem cutting technique of

meyer lemon with automobile atomizing[ J]. Acta Agriculturae Jiangxi,

2008(9) : 54 —55. (in Chinese).

LIN XX, WANG MS, LIN QJ, et al. Preliminary report on cutting exper-

iment of citrus lemon [ J]. Fujian Science & Technology of Tropical

Crops, 2016, 41(2): 4 -5, 8. (in Chinese).

[7] CHEN X, XIE YH, CHENG YQ. Analysis of main influence factors on
rooting of twig cutting of citrange[ J]. Southwest China Journal of Agri-
cultural Sciences, 2010, 23(4): 1220 —1224. (in Chinese).

[8] HUANG ZB, HUANG ZH, ZHONG HY. Study on effects of plant growth
regulators ABT & GGR in the shoot cutting of citrus[ J]. Jiangxi Forestry
Science and Technology, 2008(5) : 21 —=23. (in Chinese).

[9] YOU GC, WU JC, LIN WZ. Effects of different [AA concentrations on
rooting of lemon cuttings[ J]. Southeast Horticulture, 2016, 4(1): 8 —
9. (in Chinese).

[10] PU SH, FENG GP, LI P, et al. Studies on determination of the physical
and chemical characteristics of soilless cultivation substrates and their
application[ J]. Xinjiang Agricultural Sciences, 2012, 49(2) . 267 -
272. (in Chinese).

[11] LING N, GUI ZY, HOU JT. Effects of cutting medium and rooting
agents on the rooting of Cotinus coggyria[ J]. Modern Agricultural Sci-
ence and Technology, 2018(14) ; 144 — 146, 148. (in Chinese).

[12] LI X, LU GH, MENG S. Research status, existing problems and devel-
opment trend of substrate development[ J]. Anhui Agricultural Science
Bulletin, 2005(S1) : 28 =29, 34. (in Chinese).

[13] ZHANG EL, MA LL, YANG RT, et al. Transcriptome profiling of IBA-
induced adventitious root formation in softwood cuttings of Catalpa
bungei ‘Yu-1"[J]. Scientia Silvae Sinicae, 2018, 54 (5) . 48 - 61.
(in Chinese).

[14] WANG XG. Study on rooting anatomy and propagation techniques of Ro-

Zhanjiang; Gannan Normal University, 2020.

[2

[

(3

[

(4

[l

[5

[

(6

[

sa rugosa cutting[ D]. Taian; Shandong Agricultural University, 2012
(in Chinese).
(To page 43)



Shengping ZHONG et al. Growth and Diet Utilization Efficiencies of Overwinter Juvenile Mud Crabs Fed with Different Diets 43

soy protein concentrate| J]. Fishes, 2022, 7. 334.

[22] ATKINSON JL, HILTON JW, SLINGER SJ. Evaluation of acid-insolu-
ble ash as an indicator of feed digestibility in Rainbow Trout ( Salmo
gairdneri) [ J]. Canadian Journal of Fisheries and Aquatic Sciences,
1984, 41(9) ; 1384 —1386.

[23] KLEIN BRETELER WCM. Food consumption, growth and energy me-
tabolism of juvenile shore crabs, Carcinus maenas [ J]. Netherlands
Journal of Sea Research, 1975, 9. 255 —272.

[24] ELLIOTT JM. Energy loss in the waste products of brown trout ( Salmo
trutta L. )[J]. Journal of Animal Ecology, 1976, 45(2) ; 561 —580.

[25] LEVINE DM, SULKIN SD. Partitioning and utilization of energy during
the larval development of the xanthid crab, Rithropanopeus harrisii
(Gould) [ J]. Journal of Experimental Marine Biology and Ecology,
1979, 40, 247 -257.

[26] LEMOS D, PHAN VN. Energy partitioning into growth, respiration, ex-

s

cretion and exuviae during larval development of the shrimp Farfante-
penaeus paulensis[ J]. Aquaculture, 2001, 199 131 - 143.
[27] VU NU LEWIS LV, TRUONG TN, et al. Development of nursery cul-
ture techniques for the mud crab Seylla paramamosain[J]. Aquaculture
Research, 2007, 38 1563 - 1568.
CAI YL, ZHANG LB, HU GY, et al. Effects of different diets on growth

performance and environmental water quality of Seylla paramamosain cul-

—
[\]
oo

[

tured in carb apartment[ J]. Acta Agriculturae Zhejiangensis, 34(11) .
2404 —2415. (in Chinese).
SU GS, XIAO GQ, CAI JB, et al. Effects of different diets on growth

performance, enzyme activities and biochemical indexes of Scylla para-

[29

[

mamosain[ J]. Transactions of Oceanology and Limnology, 2022, 44

(2):41-48.

ZHOU F, PENG J, CHEN LZ, et al. Evaluation of the effects of formu-

lated diet and trash fish diet on the aquaculture of mud crab, Scylla pa-

ramamosain[ J]. Journal of Fisheries Research, 2020, 42(4): 356 —

365. (in Chinese).

XU Y, MA S. Effects of Different Diets on the Growth and Bioenergetics

of Swimming Crab Portunus Trituberculatus[ J]. Periodical of Ocean Uni-

versityof China, 2009, 39(Sup. ) : 353 —=358. (in Chinese).

[33] HUANG GQ, DONG SL, WANG F. Effects of different combinations of
diets on the growth and food conversion efficiency of Chinese shrimp,

South China Fisheries Science, 2005, 5

[30

s

[31

[

Fenneropenaeus chinensis[ J].
(1):26-30. (in Chinese).
HUANG GQ, DONG SL, WANG F. Growth, energy allocation, and bio-

chemical composition of the body of Chinese shrimp, Fenneropenaeus

[34

—

0®00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S

(From page 35)

[15] JIN JB, ZHU ZL, LIN QH. Rooting characteristics and anatomical
structure of Carpinus betulus cuttings[ J]. Journal of Northwest A&F
University ( Natural Science Edition), 2015, 43(2): 92 -98. (in
Chinese) .

[16]TANG Z, DU W, DU XL, et al. iTRAQ protein profiling of adventitious
root formation in mulberry hardwood cuttings [ J]. Journal of Plant
Growth Regulation, 2016, 35(3) : 618 -631.

[17] HUANG XX. Study on cutting propagation technology and rooting mech-
anism of Dendrocalamus latiflorus[ D ].
2022. (in Chinese).

[18] ZHANG JC, LI JW, WANG FM, et al. Effect of developmental stage

South China

Nanning: Guangxi University,

on rooting of 7 peach cultivars by hardwood cutting[ J].

Fruits, 2024, 53(4): 188 —194. (in Chinese).

chinensis, fed different diets[ J]. Crustaceana, 2005, 78 (2): 141 -
162.

[35] ESMAEILI N, MA HY, KADRI S, et al. Protein and lipid nutrition in
crabs[J]. Reviews in Aquaculture, 2024. DOI. 10. 1111/raq. 12908.

[36] DONG LF, TONG T, ZHANG Q, et al. Effect of dietary protein level on
growth performance, body composition, and digestive enzyme activities
in green mud crab ( Scylla paramamosain) juveniles [ J]. Journal of
Fishery Sciences of China, 2017, 24(3) . 524532. (in Chinese).

[37] ZHAO J, WEN XB, LI SK, et al. Effects of dietary lipid levels on

growth, feed utilization, body composition and antioxidants of juvenile

mud crab Seylla paramamosain ( Estampador) [ J]. Aquaculture, 2015,

435 200 - 206.

CAO QM, LIU QB, YU YQ, et al. Nutritional composition and safety of

cultured and wild sandworm ( Perinereis aibuhitensis) from a coastal area

[38

[l

of Shandong Province[ J]. Journal of Fishery Sciences of China, 2016,
23(5): 1164 =1172. (in Chinese).

[39] LINT, YANG Y, WANG SM, et al. Nutritional analysis and food safety

study of Perinereis aibuhitensis[ J]. Journal of Applied Oceanography,

2016, 35(3) : 412 =417. (in Chinese).

HU Y, CHEN R, HU LH, et al. Comparative analysis of nutrient com-

position between wild and cultured clamworm, Perinereis aibuhitensis

from different areas[ J]. Fisheries Science, 2018, 37 (1): 93 - 100.

(in Chinese).

AI CX, LIU JG, LIN QW, et al. Nutrient requirements and development

of formulated diets of mud crab, Seylla sp. [J]. Journal of Fisheries of

China, 2007, 31(suppl) ; 122 —=128. (in Chinese).

HUANG GQ, DONG SL, WANG F, et al. Effects of diet differences and

ration levels on the molting of Chinese shrimp, Fenneropenaeus chinensis

[J]. Periodical of Ocean University of China, 2004, 34(6) ; 942 —948.

(in Chinese).

[43] ZHU XM, LI SJ, SONG XY. Effects of temperature on oxygen consump-
tion and ammonia excretion of mud crab Zoea, Scylla serratal J]. Jour-
nal of Xiamen University ( Natural Sciences), 2003, 42(1): 92 -96.
(in Chinese).

[44] BELGRAD BA, GRIFFEN BD. The influence of diet composition on fit-
ness of the blue crab, Callinectes sapidus[J]. PLoS ONE, 2016, 11
(1) . e0145481.

[45] WANG ZF, TANG D, GUO HY, et al. Evolution of digestive enzyme
genes associated with dietary diversity of crabs [ J]. Genetica, 2020,
148 87 -99.

[40

[

—
~
jumy

i

[42

[

0O®00#00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S0

[19] ZHAO X, LI QY, JIANG QB, et al. Effects of substrates and rooting
regulators on rooting of cuttings in Manglietia conifera Dandy[ J]. Jour-
nal of Nanjing Forestry University: Natural Sciences Edition, 2019, 43
(2):23-30. (in Chinese).

[20] JIA ZY, GE XM, TANG LZ. Research progress in cutting propagation
technology for woody plants and its affecting factors[ J]. World Forestry
Research, 2015, 28( 2): 36 —41. (in Chinese).

[21] WANG FR, WANG HL, GONG LZ, et al. Hardwood cuttage rooting of
four varieties of peach rootstocks [ J]. Journal of Anhui Agricultural
Sciences, 2016, 44(17) : 39 —40, 60. (in Chinese).

[22] ZHU TF, LI X, SU XL, et al. Analysis of changes of substances in the
cuttings of four Rosaceae fruit trees during cutting[ J]. South China

Fruits, 2023, 52(2): 139 - 146. (in Chinese).



