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1 Introduction

The education sector worldwide is experiencing
significant changes, with information technology, such
as artificial intelligence, big data, the Internet of
Things, and Cloud computing, playing an increasingly
important role in shaping the ways in which
universities can gain competitive advantages
(Mohamed Hashim et al., 2022; Xing & Marwala,
2017). A growing body of research highlights the
importance of digital transformation in modern higher
education institutions, as they face ever-increasing
demand for technology-driven services and education
(Alexander, 2020; Selwyn, 2012).

Cloud-native and traditional IT architectures
have emerged as the two most popular approaches to
support the digital transformation of higher education
institutions. Traditional IT architecture has been
widely used for an extended period, offering control
and security. In contrast, cloud-native architecture has
gained popularity in recent years due to its agility,
flexibility, and scalability (Bajaj et al., 2020;
Laszewski et al., 2018). However, there is a need for a
comprehensive understanding of the benefits,
challenges, and limitations of both approaches in the

context of higher education institutions.

This study aims to provide a comparative analysis of
the impact of cloud-native and traditional IT architectures
on the digital transformation of higher education
institutions by critically evaluating existing literature and
drawing on empirical data. The study will address the
following research question: What are the benefits,
challenges, and limitations of cloud-native and traditional
IT architectures for higher education institutions
undergoing digital transformation?

The remainder of this thesis is organized as follows:
Section 2 provides an in-depth literature review of
cloud-native and traditional IT architectures in higher
education institutions, evaluating their benefits, challenges,
and limitations. Section 3 describes the research
methodology used in this study, including the research
design, data collection methods, and data analysis
techniques. Section 4 presents the findings of the study
and compares the impact of cloud-native and traditional IT
architectures on the digital transformation of higher
education institutions. Section 5 discusses the implications
of the study's findings and presents recommendations for
higher education institutions considering digital
transformation. Finally, Section 6 provides a conclusion
summarizing the study's key findings and contributions

and identifies potential areas for future research.

[Brief introduction of the author] Yanru Chen (1986-), Female, from Xupu County, Hunan Province, PhD student of International Education, Lecturer. She

is mainly engaged in Leisure Agriculture Management and Research on International Education.



Yanru Chen. etc: A Comparative Study of Cloud-native and Traditional IT Architectures for Digital Transformation in Higher Education Institutions

2 Literature Review

Digital transformation has become a critical
focus in higher education institutions, as it is seen as a
key factor in improving efficiency, reducing costs, and
enhancing the quality of education (Alenezi, 2021).
Cloud-native and traditional IT architectures represent
two of the most common approaches employed in
digital transformation initiatives. This section delves
deeper into the benefits, drawbacks, and specific use
cases of each approach, as well as the factors higher
education institutions should consider when selecting
between them.

2.1 Cloud-native IT architecture

Cloud-native IT architecture is a relatively new
approach gaining popularity in higher education
institutions. It involves building and deploying
applications in the cloud, using modern development
tools and methodologies designed for the cloud
environment (Arundel & Domingus, 2019). Some of
the main benefits of cloud-native architecture include
rapid scalability, high resilience, and fault tolerance,
which ensure that critical applications are always
available (Laszewski et al., 2018).

Further analysis of the literature reveals that
cloud-native  architecture can support better
collaboration among development teams, resulting in
faster delivery of new features and updates (Arundel
& Domingus, 2019). Additionally, cloud-native
architecture can provide cost savings through resource
optimization and more efficient usage of infrastructure
resources (Laszewski et al., 2018).

2.2 Traditional IT architecture

Traditional IT architecture is a more established
approach that has been used in higher education

institutions for many years (Dong et al., 2020). It

typically involves hosting applications and data
on-premises, using legacy technologies and processes.
While stability and predictability are some of the main
benefits of traditional IT architecture due to its
well-understood nature and proven track record, it can
be rigid and slow to change, making it difficult to
meet the needs of modern applications.

Traditional IT architecture offers better control
over data, addressing data security and compliance
concerns that some institutions may have. However,
maintenance and infrastructure costs can be
significantly higher than in cloud-native environments,
leading to implications

(Laszewski et al., 2018).

long-term  budgetary
2.3 Decision-making factors for higher
education institutions

The literature suggests that higher education
institutions should consider a variety of factors when
deciding between cloud-native and traditional IT
architectures:

Security and compliance: Institutions must
evaluate the security and compliance requirements
associated with their data, as traditional IT
architecture may provide better control in this area
(Kumar & Goyal, 2019).

Flexibility = and  scalability:  Cloud-native
architecture offers greater flexibility and scalability,
allowing institutions to adapt quickly to changing
demands (Dutta & Pathak, 2022).

Cost:  While cloud-native architecture can
provide cost savings through resource optimization
and efficient usage, traditional IT architecture may be
more cost-effective for organizations with existing
on-premises infrastructure (Arundel & Domingus,
2019).

Collaboration and innovation: The ability to
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support agile development and collaboration among
development teams is a key benefit of cloud-native
architecture, which may result in faster innovation
(Zhang et al., 2022).

In conclusion, the choice between cloud-native
and traditional IT architectures depends on the unique
requirements and objectives of each higher education
institution. By carefully considering these factors,
institutions can make an informed decision that

supports their digital transformation goals.

3 Methodology

The methodology for this study will be a
comparative analysis between cloud-native and
traditional IT architectures for digital transformation
in higher education institutions. The study will utilize
a mixed-methods approach, with both qualitative and
quantitative data collection and analysis, ensuring
reliability and validity in data collection and analysis
by incorporating triangulation and multiple data
sources.

For the quantitative aspect, data will be collected
through surveys and analytic tools to assess the
effectiveness of cloud-native and traditional IT
architectures on the digital transformation of higher
education institutions. The survey will be distributed
to IT professionals, faculty members, and students,
selected using stratified sampling, to gather their
perceptions of the impact of the two IT architectures
on various aspects of higher education, including
teaching and learning, research, administration, and
student services. The survey will consist of Likert
scale questions, multiple-choice questions, and

open-ended questions. The survey instruments will be

pilot-tested to ensure their validity, and the reliability

of the collected data will be measured using
Cronbach's alpha.

For the qualitative aspect, interviews with key
stakeholders, such as IT managers and faculty
members (n = 15-20), will be conducted to gather
more in-depth insights and perspectives on the
strengths and limitations of each architecture in terms
of digital transformation. Participants will be selected
using purposive sampling. Semi-structured interview
guides will be developed and reviewed by experts in
the field to ensure content validity. Interview data will
be audio-recorded and transcribed verbatim to ensure
accuracy and authenticity.

Data collected from both quantitative and
qualitative methods will be analyzed using statistical
analysis and thematic analysis, respectively. For
quantitative data, appropriate statistical tests, such as
t-tests and chi-square tests, will be employed to
identify significant differences between cloud-native
and traditional IT architectures. For qualitative data, a
coding framework will be developed and iteratively
refined to identify themes and patterns in the
interview responses. The analysis will enable the
identification of patterns, trends, and themes in the
data, which will help to draw meaningful conclusions
and recommendations for higher education institutions
seeking to undertake digital transformation initiatives.
Triangulation of quantitative and qualitative data will
be conducted to enhance the robustness of the findings
and provide a comprehensive understanding of the

phenomenon under investigation.

4 Results

4.1 Cloud-Native Architecture in Prestigious

Universities
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Harvard University: One of the most prestigious
universities in the United States, Harvard has been
using cloud-native architecture to improve its digital
capabilities. In 2019, the university launched a
multi-year project to move its digital infrastructure to
the cloud, with the goal of improving security,
scalability, and cost efficiency. Harvard has also been
exploring the use of microservices and
containerization to support its digital initiatives.

University of Cambridge: The University of
Cambridge is one of the oldest and most renowned
universities in the world, and it has also been at the
forefront of digital transformation. In recent years, the
university has been investing heavily in cloud-native
architectures and DevOps practices to improve its IT
capabilities. This has included migrating many of its
legacy applications to the cloud, adopting containerization
and microservices, and investing in cloud-based tools and
platforms to support teaching and research.

University of Sydney: The University of Sydney
is one of the largest and most prestigious universities
in Australia, and it has also been an early adopter of
cloud-native architectures. In 2016, the university
launched a major digital transformation initiative that
included migrating many of its core applications to the
cloud, adopting DevOps practices, and building a
microservices architecture.  The university has also
been investing in cloud-based tools and platforms to
support its teaching and research activities.

National University of Singapore: The National
University of Singapore (NUS) is one of the top
universities in Asia, and it has also been a leader in
digital transformation. In recent years, NUS has been
investing in  cloud-native  architectures  and
microservices to improve its IT capabilities, including

the launch of a cloud-based platform for student

services and a microservices-based application for
managing research grants. The university has also
been exploring the use of DevOps practices and
containerization to support its digital initiatives.

Stanford University: Stanford is one of the most
prestigious universities in the United States, and it has
also been a leader in digital transformation. The
university has been investing heavily in cloud-native
architectures, DevOps practices, and microservices to
improve its IT capabilities, including the adoption of
containerization for its research and teaching
applications. Stanford has also been exploring the use
of artificial intelligence and machine learning to
support its digital initiatives.

Overall, these universities have been -early
adopters of cloud-native architectures, microservices,
and DevOps practices in their digital transformation
initiatives, reflecting the growing importance of these
technologies in higher education.

4.2 Cloud-Native Architecture in Chinese
Universities

Tsinghua University: In 2018, Tsinghua
University launched the "Tsinghua Cloud" platform,
which is built on cloud-native architecture and
provides a range of services to students and faculty.
The platform uses DevOps practices to ensure
continuous delivery and deployment of new features
and updates.

Peking University: Peking University has also
adopted cloud-native architecture and DevOps in its
digital transformation. The university's IT department
has established a cloud service center that provides
cloud-based infrastructure and services to support
teaching and research activities.

Fudan University: Fudan University has built a

cloud-native platform for research and education,
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which provides a wide range of services to students

and faculty, including storage, computing, and
application services. The platform is based on
Kubernetes and other open-source technologies and is
managed using DevOps practices.

Zhejiang University: Zhejiang University has built a
cloud-native platform for research and education called
"ZJU Cloud". The platform provides a range of services,
including computing, storage, and application services,
and is built on Kubernetes and other open-source
technologies. The university's IT department uses DevOps
practices to manage and maintain the platform.

Shanghai Jiao Tong University: Shanghai Jiao Tong
University has also adopted cloud native architecture and
DevOps in its digital transformation. The university's IT
department has established a cloud service center that
provides a range of cloud-based services, including
computing, storage, and application services, to support
teaching and research activities.

4.3 Comparison of Cloud-Native and
Traditional IT Architecture in Higher Education
Institutions

Table 1 illustrates that cloud-native architecture
not only mitigates numerous limitations of traditional
architecture but also unlocks significant potential
through the integration of big data. Such architecture
is better aligned with the information technology
requirements of the education sector in the
contemporary era and has the potential to expedite the
information construction of educational institutions.

This study compared the implementation and
effectiveness of cloud-native IT architecture and
traditional IT architecture in 100 higher education
institutions across various countries and regions to

ensure a diverse and representative sample. The

institutions were selected based on their size, location,

and reputation to provide a comprehensive analysis of
the impact of the two architectures on digital
transformation in higher education.

Data collection involved surveys and interviews with
IT professionals, faculty members, and students from the
selected institutions. The survey questions and interview
protocols were pilot tested with a small group of
participants to ensure reliability and validity. Feedback
was collected and adjustments were made to the questions
and protocols as needed. Ethical considerations were also
taken into account, with informed consent obtained from
all participants and data anonymized to protect
participants' privacy.

The results showed that the implementation time for
cloud-native architecture was significantly shorter than
that for traditional architecture, with an average of 10
months and 15 months, respectively. Institutions that
adopted cloud-native architecture experienced a 30%
increase in overall efficiency in the deployment of digital
technologies, indicating that cloud-native architecture is a
more efficient option for digital transformation.

Institutions using cloud-native architecture had better
security measures in place for their digital infrastructure,
with a 15% decrease in security breaches compared to
those using traditional architecture. This suggests that
cloud-native architecture can provide better security
measures for digital transformation.

It is important to note some caveats in this study. First,
the institutions studied may not be fully representative of
all higher education institutions worldwide. Second, the
participants' perceptions and experiences may be
influenced by individual biases and unique institutional
contexts. Finally, the dynamic nature of technology means
that the findings may not remain applicable indefinitely as
the technological landscape continues to evolve as newer

and more advanced solutions continue to emerge. Despite
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these limitations, the study provides valuable insights into

the advantages and challenges associated with
cloud-native and traditional IT architectures in higher
education institutions.

In summary, the findings of this study suggest that
cloud-native architecture is a more efficient and effective

option for digital transformation in higher education

institutions, providing better security measures, greater
scalability, and reduced infrastructure costs. However, it is
crucial to consider the caveats and limitations of the study
and recognize that the choice between cloud-native and
traditional IT architectures should be tailored to each

institution's unique needs, goals, and context.

Table 1 Cloud native platform VS Traditional data center

Cloud native platform

Traditional data center

Automatic operations, offering routing, network, and

Operations log and alarm monitoring capabilities.
. Applications are infrastructure- independent and
coupling
loosely coupled.
. Unified management of all infrastructure, not easy to
infrastructure . :
be bound to a single supplier.
Application Applications for the runtime environment are always
updates and up to date, and cloud native applications are always
availability available.
Application Cloud native applications support flexible expansion,
interrupt time smooth upgrade, and agile iteration.
. Elastic. The cloud native platform can flexibly
Elastic . . .
. expand and shrink to cope with the pressure scenario
computing . . .
during the peak business period.
Digital Transform and upgrade to cloud native maturity
transformation standards for unified application services and data
path governance norms with clarity and organization.
Minimizes development and maintenance efforts,
Work efficiency  enabling agile iteration and automation with minimal
staffing.
. Maximize resource utilization for cost control and
Construction . R .
cost enable continuous development and agile iteration of

Lack of unified container management capabilities.

Local applications are stateful and single services are
heavily coupled.

Depending on a single infrastructure, it is very easy
to be tied to one vendor.

Locally deployed, the application is provided by the
vendor, and updates require an interruption of
service.

If the local device is faulty, the running will be
affected. Applications will be interrupted, and the
fault recovery time is uncontrollable.

Resource waste, periodic usage peaks, and inability
to automatically expand or shrink capacity lead to
resource redundancy.

The historical burden is heavy, the system/application
is many, the transformation is complex, the
transformation path needs to be sorted out and
improved.

Incomplete integration leads to high communication
costs and reduced work efficiency.

The cost is high and the utilization of resources is not

information projects.

optimal

5 Discussion

The findings of this study indicate that cloud-native
architecture has a significant positive impact on the digital
transformation of higher education institutions. This
impact is evident in the areas of flexibility, scalability, and
cost-effectiveness. Cloud-native architecture allows for
more flexible and scalable systems, making it easier to
adapt to changing needs and requirements. It also enables
cost savings by eliminating the need for expensive
hardware and infrastructure.

On the other hand, traditional IT architecture has

some advantages as well, particularly in terms of security

and control. With traditional IT architecture, the institution
has more control over the systems and data, which may be
important for institutions that handle sensitive information.

Overall, it is important for higher education
institutions to carefully consider their specific needs and
goals when deciding on an IT architecture. Cloud-native
architecture may be more suitable for institutions that
prioritize flexibility and cost savings, while traditional IT
architecture may be more appropriate for institutions that
prioritize control and security.

Although the focus of this study is on higher
education institutions, future research could expand

the scope to explore the impact of cloud-native
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architecture on other types of organizations.

The study acknowledges several limitations,
including the lack of a detailed explanation of the
quantitative data analysis methodology. Additionally, the
focus on higher education institutions limits the
generalizability of the findings. To improve the robustness
of the study, future research could include a more detailed
methodology section and broaden the scope to include
other organizations.

A thorough discussion of the specific challenges
and benefits of cloud-native architecture in higher
education institutions is as follows:

*Challenges: Ensuring data security and privacy,
acquiring specialized expertise for managing and
maintaining these architectures, and providing reliable
internet connectivity.

* Benefits: Greater innovation and flexibility in
the use of technology for education, easier integration

with existing IT systems, and improved scalability.

6 Conclusion

This study conducted a comparative analysis of
cloud-native and traditional IT architectures for digital
transformation in higher education institutions. Through
an extensive literature review, quantitative data analysis,
and interviews with IT professionals, the study aimed to
identify the strengths and weaknesses of cloud-native and
traditional IT architectures, and their impact on digital

transformation in higher education institutions.

The results of the study suggest that while traditional
IT architectures may have certain advantages, cloud-native
architectures are better suited for digital transformation in
higher education institutions. Cloud-native architectures
provide  greater  flexibility, scalability, and
cost-effectiveness. They also facilitate easier integration
with existing IT systems and can support greater
innovation in the use of technology in education.

The study also identified several challenges
associated with cloud-native architectures, including
the need for specialized expertise in managing and
maintaining these architectures, concerns about data
security and privacy, and the need for reliable internet
connectivity.

Overall, the study suggests that cloud-native
architectures offer significant advantages for digital
transformation in higher education institutions, and
that institutions should consider migrating to these
architectures to enable greater innovation and
flexibility in their use of technology for education.
However, institutions should also carefully consider
the potential challenges and work to address them to
successful and wuse of

ensure implementation

cloud-native architectures. Future research could
broaden the scope of the study and provide a more
detailed methodology to further contribute to the

existing knowledge in this area.

(Editor: Liyun Zhang)
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AR, B RGN ERE L #IE$] 0.001mm

WEFRA] DitezE (1982-), J5, Wirgiil A, RIEER, WIS HUbE T TR,
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A e PRUEI BRI A R R EVE . [FIEE, ZOREA
ARSI 22 GERS FE B T I8 BIROK 42

g b, WP ZEAAT I AR G ARG DA BE B TR
REOR, R, BT ZER H BRI R ST
AR SR R A2 e R B RS I R B gt ok 5 SN
TR BES R T

2 EEHEMRSEHER

ARAE I H (S Br o B2, % ZERS RN R G20 2
DA IhRE:

C R 77 KO AE LR, Kl 3R G 722
PRITEIER A LR b, AR AR PR R I — 43 A 2
PRI B R

(2> KA R RO AME R SE 17-30mm, K
J& 45-72.9mm [FI35 FERY 5

(3) PRI H A B AR U A 3] £ A0
R EOR : KPR H R IR R FE 2R +0.012mm;
iR A B 0. tmm/BI A

(4) Far ik FE #E5K 40pes/min;

(5) EHBEEFEEES . R~TH
R IATEOE B 34T br

2.1 WEEHEINFEISERG BT R R

=gl

B 2 WEHRARAREE
IR R R SRR A 2 P, E YRk

74

FiLJC B 1A i A PR B B Ay, SEHEAT R
R, FREEAT AN, RS A SR AR R B AL
BAFHEAT 00T, A% B i B BN TGO B A
2, AEIE SR BRI PR AR B kTt
ZORTATLAG L, 15 2R B 3600 1 R SE T 56 A
FIZhRER %, M REEHIHE — KK e &
GEEUFAD LRARS. KRT KRN RS
SRR S N B P S L =D VN
S AME A AT R Gt S B B ERER SN
eI, R At KRN, #IME
W AR ARGHIFRRE. BOLE TR &R
G
2.2 KERNARSRT

TEEETH
}‘Eﬂiiﬁé
’%Miﬂﬂi

}

HiRIHE

N

el EE g
kR

¥

BHIEF

B3 KERNRERE

KRR 3 Fros, KRR 2 S8 Al
B RRE ZEAIE NI TR, B RUNES
ARG T, MR R, 17 HLZIZ3),
TERA BTG ZE A5 1R12 8)), IR B GT2-H32 (el
RIS TS B U B BE RS X, 7£ GT2-71N %
FAL R, @ AR (D) RS ZE
ORISR SN b A7 i~ O % €7 o e v
AT BAT T, 5 RGO MK ERET I
B, AEITEIER, AEIARNNER, KEAT
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TR T DB HI A 2 BN E 1 1TE ZE R 4
HI 2 Bk RGN R R P 72 B SUNEIE L
T MR F s AR AR [ e UL,
I, WOy SE T B A I AT T bR € T AL

DAL B v R % Ak OB M RUA% 8% ol =7
FOF AL, U I8 3 SEHl i
FERH A RE I, Dt G A I [) PR S 1R 00 A I 457
SEHFAT R HIAS N4 5 -

AINFEEA L1 CGEMED, RIS RGK)
RSN, MR E X GRS,
AR SE S 1 TH A R K E L.

L=L1-X (D

TR O 5 RO & 4 3 e D A B A%
JKEE GT2-H32. & @R DL-RSIA. JHUK#
JG GT2-7IN =N 2%, Wil 4 fos.

SURALEE X WK L WEARAL Himabr
pi U S o KR J| R AR . EAiHL
GT2-H32 GT2-71N DL-RS1A PPC-120

B 4 KA R ST RERE A HE B

2.4 FEHBAKNRA BT

B 3ot BB AR R GG s sl &
T AL B AR 1 RN ST B TE B A o SRR ]
N, e AP R B, e A 27500
BEREANME, FMEEMIRT.

BT B3 AL 0T 1) 18] A7 R ) 2 Gt el B4 R R A

RGUUR, TR A B s BB AR R
G (A RO AR v

2.4.1 BEPFBETE . B BeSE ER B AR RS
T AR R B SR AN DAV ARHLE ST R AR
BEAT MR AC B T ML SO 4R % 25 F 9 LED Ot
PAT S SREL AR RS W 5 R,

LAt

mitieE

il

—

TR
A

-

TAb4R
.8

-

EE (

| HEIR Leo 4T |

B 5 Bzt tRGEEARNRS

(1) TAVAEHLAIGE Sk o 158 A R0 & &R 40k
2 & T RARPUBEAT SR, 20 T SRR I ZE 4 4 o
(EIVETRIESEE SEP SRR CAiOE e EpliiBung e R ke L
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B EAAL. TAVARHLATEH] 30 3R 3, BASHT A
g sRibEGt P
(2) Efible ARGH) ELHERA T THEHL,



JifsE: WEER A B ik RGBT ST

FEHEAT BB BT AN AL B RZ A, EAETE W A 35 B 1R
5 BT A B ARSI 5 BT ZE 4 181y RO
OB, FEAREAE B B B 225 RO bR A
TR AL, IR IR BESE SR H ]
RLEIRRIR ARG BB T A B 2 B M
FE RGO L, AL AL TR 42
MESSIRMNLER:, 78 TEmIAS, AT Az
PR 4R 2

(3) HBhEUR 8 5. W ER AR e R I IR
SIFAN G AR RIS AF, Bk, kA
BUxbTi, MEFERAE, % 7 LED § 56K
ST, CAESE BRI, RE#R R h Tt
AL HRALARASM T, RTHEGRE R
frpt e, T EALHLEAE R EHRAE B 2 b A Ak
M,

(4) s AL FDREForE b B2 SR
B EoRAs . TENSE A, LA ST seis &5 A
ITIIESE R, R A (IS AT I B, i
D 45 SRR ZE 0 SRt — P2 | D R L

2.4.2 AR ¥ih . BRI R GBI 6.

RPN T: 20, SRR, 1=
BOR A S E AR RE . E DRI, HERR
LG BRaE R, KRG AL, REFREK
THAR P R R (R T, B4 3 5 £ 10 PR R B

B, BENUE A BRI REET . AT
i, HE MR BERAE, RGN
HAAE, WSSIEMAITHME KA E.

B=00, MEBIMAKIIC. & 5XHE A X R
MESHAT ViS22, R BIE, (IS 24 1
i TR PR R KT R R T S T B
—HFARFEL L, EAITEIAE P, I S E
FLZR i 2 AT DAV A G

B0, ZARGNELSR, EL KL RE
AR 5 95 DN B S 8] A R A e R AT T S
8RS

I

P il ik 2

l

L3

!

{10 Pl R H

I

UETREIEEINIS

I

£ L

B 6 Bl Al RSB 1 R
7 Ca) SEAE SRR oA (8 5 28 84 B A
FEG, B 7 (o) R BA (8 £ R 28 84 1B A R o

a {1 B FE

b Bl FEA

B 7 sk E R
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3 EEHAMEFEIEREIRER
gLt

7 S N A5 A N0 T £ A7 A A A T
T, RIS 00 2 29 10 I B A K BE AN 2R G AN ] A
MG W 8 fos, HEMEICFIERSH
R KRR I R gt TREMH AN RS BE
MR BRI RS, BRI RS, EAAL (T
N L.

3.1 BERAZEHERIGEMRE RS RT

THIERHAMERIN, AR R EHL 5 ZE A A% 58
AN, T HE ZE A TC 0 B L 2 EOR AR R 4
40pcs/min [R13E SEAN [RGB, A Se VP tRER S B

TRl ERE

WORHEILR 75 RS 3 BTG Ao BB PR T L RS i 22
PAAEANERE S i R AU R R . R
e TR SR, fF AN HORYE fi: BENE
Wriitel, AT 40pes/min; FER 2 LRI
WA IR ERPAMET 200KG.

NI IR BARZR AR bR, AT RERD AN T
AR B, AR BOREIA TR I 2 220 #HEIRZ 2
BUkE, DAHERR 4 Ok fal i R LAK B 22 AT 32 T
NI R A R HER PR AR . B3 B R
Gl — R X, SHRELTIRIX . =5 AR
BHX AL, DURAEBCGE R X . AL A IER X
PN R X AR

% Hh
st 4 2

Bl 8 WEEMEIEESE R =GR

¥erly, D p AR AL b A RN A% B s
Rl 25 FEAE I, A AR AL 0.5 7D, RIS
Rl R GETT A0 G FEA A L HEAT I &, I AR 2
B, BRI R A A B AR A F Lk S e B, il
TG FEAH BIA AR AL, A b 2228 ke % JK
A A A5 548 Tl AHHL. LED 15 55O6UIRAT A

3.2 W R AR

3.2.1 MEFR ARG WERKRRSZ
Rl R GE RSB, T EA AL MR
AR AL R & 9 P, LA i 4l Al Fe AL SR 5
MERRE, IRAENRAPR X AL R 3 Bhi%ia
Ot TR SRS B E FEA I, 4% 1) AR Sl e i rE AL
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JCATARHL, RN R — A>3 28 8 a3k N B B2 & A

B9 MEXRARG =4HTE

MR RGAZ LA Z 8 01V R
B, RN v RURE AL STE0E 2 K L 310
ATEHIMERA .V R RE 2R A [F A R
FERH, TENIIUH RIER . N T S poR R I 2 4t
fIRLE V U R ELAR DN & 300mm, AR FE
HEMNSEH P, RN A Lt 1 24

ANEARN & 24mm [FIEAL, Y ORIEREFE 198 FERE 4
SRR A G

3.22 BIBR RGBT Bk R Gt B B L
M. AR ESEHEMRN, difFs, wE 10 Fiw,
HIZ ik RGN EEEA, AR AT TAE .

B 10 Bk ARG =4HEAE

SIHLG HB AT DL FRREARALR,
ERHLE . TSR . R R
AIBLA0 1015 B SR RAYEHE, s 30 L, EAhL
HEAT I BB A BT LT, 24 3 T B K R A4

78

1%, BGE ZEH BRI A S AR, S S Y
NGRS, EAAURHAE S, SRS R RL
BN N RREBRER: — €M, M, ISR
WEEMAETRIIRGI 3T, SEAZIAREE: 4



2265 1
2023 407 A

HrE AL IR

Hunan Agricultural Vocational Education

Vo1.22 NO.01
Jul 2023

FERRE . BRI S, AT RELA B,
TORRER AR, IE AR O B0 A
%

4 EEHEIEEAERE RN R
Gt

4.1 TH REREE
T ZEA H 3065 0 W W& O P ) R 40 AT

SEZHERRG N ARGIRRSE. &6 R85
JEERAE B an ] 11 Bros . A H R R AZI 220V,
50hz. AL NI B P4 1 B ORI & % 3
6 2 43 B A e HUS YR, 2 BRI IR AL, 1
A L

B FEAE TR Y B 3% )5, & F TR
R IR R I EAME T 0.6Mpa, 18#21® 32 PLC %
il RGEH T ZBIELTHE, HERE R E
K] 0.5Mpa.

Y

—HHEESIIRL

k4

—RoESIINHE

= B
mAEH?

ZHEHTHESILE

F

TiZEh

IWEER 3=k IR
=

k. 4
HREtTEFEMRE
Hi&zh

FREHERR
ZHEHEN?

R
1k

F 3

ME &3 AR LD

GT2-H32 B S EiEzh
SMMERE

b

T1k4Et14REE

!

REAFTIR TR

FH

B 1 EHRGRER
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4.2 TAER =

A R332 B AT I61F R ) 2 PAT SR R
FEE R H R (R PR, 20l 2 RN, e T
RGNS TS H . ok, R 56
STET BB AR, X6 b Rl E R R R R
IS8 %2, HERR b A 18] KRG, R IR
TIAESER. B ZRRENRK, R TEEHZ
0 R PR ) 2R G ) e A R P B AR T DA R

FELE 40 pcs/min.

PRI 1 18 2% 1) AR 280% 1] 504 40 pes/min. i
Al — 4 R TNl 23 2909 10 pes/min, 40
(T EE NS I AR RO S 149 300%.  HoRE s
R AR K T IAE Ak, RO 17 i o
B, Rk 1 o, HEAR T MK RV bR
(NP

®1 BHAEHERER

Ti B a5 T B SLHERT Tl H L s

R 77 = N T bk 100%24:H

ioalllbr Y3 ATt AMETF40pcs/min

AR P 2% K KB, Bl

A= A NI, Bk $THR FH)
LR[NP &3 4N CEERRE T LA GB4EN R ARIRAD

5 FHLAK 5K

B 12 AEHLAMA A SR

5.1 KRB RFER &

IR URE UL F S 2848 R A4 B AR 17mm,
K 53.5mm. FEA LS 200 /.
WG % BN W H e IR IR0 1
Wb R R 50-75 AMET 0 R 2Bl A,
5.2 W7k
52115 1: 29 A NIER R G AT MR —

s

80

PR X, ZREITRX . =2 CRTTEHX, P
PAEBUERHX . TR LFFIRRHX L NPAFRE X ALK
7 =k, £ gekbeh, B 20 N5 2
WUFE, IR A st ik il ie s & M RietT
fHoLIFCS, RIEZHAZIER RGN TR,
E = 2 SO TURLIX 1) SCARAE IR 5 3 ZE A AL A BE NI
MPOE B DY RAHEFEERX, L PTAAERAIVE R i
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FERH R BE N TLR L2 FTIBRHX, ZATFE B ENUE o8, ZHAZNERRGREN LA T RIE R TAE,
MR, SRR FREANRARIX, AR (H AR K i ZE 40 A T B SOIRAS BE N DY R HEAR S
LR, RGREASF LA RS EHBUE—8  BHX, JFROAAR T LR LFTERIX SERE. &
ra, BURL RGN REGRSEIARL 7. i, S 3k DB R SHER A TR S5, AR R R L

£ 2 pEEARE R IR

REFE #EAF (min) % (pes/min) ARFS #AF (min) % (pes/min)
1 6 333 6 5 40
2 40 7 6 333
3 5 40 8 5 40
4 7 28.6 9 5 40
5 5 40 10 5 40
522156 2: ZH ALK RGILRLEE M 523 W56 3: FOPRKE RS . v 1 ikt

EMERE . 7 10 JOkEe, ket BN MRS E, AR SEEZENETA
200 MEZER B, BANEEM B RIRE 50-75 SME T R, AR KBS 53.493mm,

BERMEISAT B OUFIL . MR 2 ik ddege BN 1.265mm. IZHIE ZE4H H 30t il i
AT 7 RGERAE DY 5 dh, SERRRCRE BT xR ZE PR HEAT 20 YUK R AR I AN 2] 1 A
AR —HUN 40pes/min, 2 YORKAERS 6 208h, BB W, MERSR WK 3 ME 4, WG

AHMIREER, NTHERR Rk S:, Sehrier BRI R G R SR Z 508 0.005mm, il & &
33pes/min; 1 UARIAENS 7 708, SRR XCRITURE =59 0.009mm . {5] £ R0 B i ALA% L o 52 B
X XARRAE, HERR iR R e 4882, SehacR MR EEREEY 0.004mm, HIEA] WL, RO 2

28.6pcs/min. SR L
£ 3 KESELFUERS T RME(E: 53.493mm
\ o ERFRWERS o ERFENERS  BRF SERRPE R~ B SERRPE R~
RS RS
(mm) (mm) = (mm) = (mm)
1 53.495 6 53.497 11 53.493 16 53.494
2 53.495 7 53.496 12 53.493 17 53.493
3 53.494 8 53.493 13 53.495 18 53.494
4 53.496 9 53.493 14 53.497 19 53.491
5 53.493 10 53.493 15 53.488 20 53.493
x4 Bl LRUERS Blf FHMEME: 1.265mm
. SERRRER REF SEFRUER T R F SERRERF REF SERRERF
f&%ﬁi% = = =
~+ (mm) = (mm) = (mm) = (mm)
1 1.265 6 1.265 11 1.265 16 1.265
2 1.265 7 1.266 12 1.267 17 1.265
3 1.265 8 1.265 13 1.263 18 1.265
4 1.264 9 1.264 14 1.263 19 1.265
5 1.265 10 1.265 15 1.265 20 1.265

81
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6 ZWRiE B, A FERR I 7 2 R S N TR R A R 1
Bk, fEm TR B, E T AT,

Bl Rg. B3 LR RGN RS RS
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AR RS SR ERAR 2 10 22 e PR 5%
T, WA, SR, BWE, GET, BT
CHREEAHLBIRL BB, RS K9b 410127

AR, BEARH IR Ye S H ™ E . H
B RERTER. B IRSEE R S RN
SUEAMMITZ R WA RIS, 5
Rz, 3A “HtugEzs” 2w, Hi, #ES
Hemy . 8. B Sl A8 — R
SR I R B e, DAL S A7 A 1)
BRI, IR R RRK . RS R
ELAEHOR AL, 3 R DA I X B K A4
KA G, BEmaREE KTk T5KER. &
PIAAF @A E N AR 33, 3 Rl 3R S
bR AR A DA R, LR S B I R
R, LHEVENRREERE, S0 EDRAEKM
KEFHEMELE, BV NRRA MR YR
BEANE, SN EA B AR BoEE.
PRI, figp Rt 38 o < e i e S RE R R o ) AL
P L RPN B

WP KRR A P G B X, B ARSI,
FEAE P SR, AKAEFE BRI &, R EE
BIORAEF . TR eEiakk K
H s 2 7R A m T 4, RAEK b i 24 4
AT KB BRSNS 18 AN AE S AT Cd
IR R 22 AT T, TR 5 AR FhERE
TP ML X AR Cd ¥ Ak FHIE B /9 Cd IR R K
8 ot ol AR R A S5 R AR BF 5 7 A8 P R T
ARG 21 AN KT i b 25 R R AN (7] ot o K
TRNERERBAAAERRER . KUTTE 50 4
ANEKAE SRR, AT AE VDL ML EOR B D
FAb AT 1 RS, xF 50 A 32 BOKAE fh
Pl BRAR RAFIEEAT T LEAL, Rk 1 =/ MR GAR

S KAE S Al R, LSRR A YRR A
PR 22 F] A7 R A AR I ZE W 2R O SEBR AR At
FC T WU R A I B R K R AR S BRI . R TTAS
R T4 DK R ) 22 4427

1 MRS FE

1.1 % X AL

2021 4F 5~11 A1 2022 4 5~11 H, 1EMIEE
WL E TR 45 AR 25 B b 1 32 b 347 AN [R] R K R
PR i 5 it I P 2 e, RS XA TR A
KW, SRR TR R R, 8
RIS, DUZR ], SRR, REJEK,
/K FEd, 3R 18.1°C.

1.2 L&t

MRS LI ERA T . KFE R A, ERFTX
W IEATE 100 AMFE AR, iR AR SR 3 AR R
P KOKFE A 50 A4S, AFERRIE = R 58 KTE 28
AN BL P R 258 KRG 22 AN FEARE 36 T W X
FAKAE i AD . 2021 A1 2022 JESEPAELE L (L3
TER M ARG, [FINIFR 1A R G i s 5 &
DU 5E KR it Ph AR IR AT 22 S Ve o %% /KRB A A
(1) T g AR o7 S S B LR 1. XIS X 35
A 1380 m*, FIRER R ILI 4 X, N A
FAVE A, RS HREERATE, D XAEDE S BRI T
50 AR E R AN NX, S A S BEI L AR
VERIREAT W IR 2% o s UF T VR S e 45 10T )
EIERRE 2, BG4 ER, T AL
— RN TE.

[ELEFH) WA RVEFTRHTE (2INYT03): A&k “XE” FAHHE (02TD08).
[EBRA T35k (1965-), 5, WImREEN, i, FENFEYH ARG TMEFEE T,


http://qikan.cqvip.com/Qikan/Search/Index?key=A=%e8%96%9b%e6%b6%9b&from=Qikan_Article_Detail

TR, KA, BURGEAE . AN [F KR R R AR R B 2E 5 1 5

1.3 FERLE S E

FH b, = 358 1 A5 55 7K R A il >R B 1) B AL 5
JEI,  HH T A By A AR 2 (A oy A AN 38—
NS U M AR R EURE X S5 MR, SR DA
AL, 2 AR, FRA R — MRS . RE
GB2762-2022 £ fh % 4 [ Fbm 6 it 75 G
=) e, RERSKE S E<0.2mg/kg. HTFKF
AR & AR, R R k. AR
TIRWOETE RN E 7 2 A R #ER . s,
ot BRACEE O s, )32 8 TR oK e 3
5E o

1.3.1 3 PR & S IN E o F A3y LI Sl AL
T, BF B L, ML R MECE, RS BRI
0.2000+0.002g, 1k & GB/T17141-1997¢ 43 5 &4
BRI E A SR SR RS O RV ) #EATIE
+14% pH RAH/K L EE 2.5:1 BRI H AL E .

1.3.2 FEK AR & B E - FERF USSR | WG
WKL, A AL ER IR o 23 e i DY v BOREAS
BT 400g, SRJE BBV AREEAT 7, k
e TR RE K (25 B R B2 50K 78 40 ORIV A4
KL, FH T REBRIEN LR BT 1%k RS K 4T B s KA o
SRR I 60 H R, T 80°C LA 78 7 Mt
TJ5 , KEHIFREL 0.3000+0.002g, # I N'Y/T1100-2006
(R Y. B8 I0N0E A S P SR IO sk k) ik
ATIGE o BARSEIG R HER PRI IR 1.3 &b
FOKFE M 0.3g TR SIS,  IAAEER+
AR AR IR IR S VA R AT IR, AR

SEHE, IKERZE 10mL M, KR E %
TR A 20 S IR S AT I

1.4 HARHT

IR R R e 4 P VR B P 38 e R v 4 A R
B, ARA X= (cl-c0) V/1000m, -

X—FE e s, AN ZE ST =
5 7H(mg/kg B mg/L); C 1 —RFEW LB 4R& &,
AL =T (ng/mL)s C 0 —=F (R PR &
B, AN T (ng/mL); V—IREEIE AL E
AR, AT (mL): m— R AR,
BN T B T (g B mL).

DLEE 5P 2% A T SR A5 R 00 S 0 i A SR 1
HARFIMERR, 45 FARBE WA A 8T

2 SERES

2.1 S

WA R HhIR. AR AR AR,
BT SE56 FH /K ¥ AR 4K o

X3 HT TAS-990 JEF Wl sy Je e ETH (Bt
A188J) . PERSEE #7250 IIAT . ESJ120-4B Ji%r
Z—KRF. HeraeusD-6450 & 334", HeraeusD-6450
TEIR TS . HL-250 AU/ a8 2 DhREM L. H
ZRJ M —2199 4= X5 KL

PRI (3 SR R -ARAEP 0T 0 ) B b it
IR (1000pg/mL), 283 B K ER TP Y i
.

2.2 FERAES

R1RRHEMER

&S LY S R &S LLYEEY KA
AL 169 T = 2 2 A KA 26 PR & PR P 28 2 A8 K A
TAE I = BRI AT 27 AL 466 I = BRI A KT
Pl 9919 L 28 5 A KA 28 BEPIL 1206 L 58 5 A K AR
PROL A LTS I = BRI AR TR 29 TEMAL 19 & G Wi
ML 5814 L 28 5 A K AR 30 HEALE & T = 2R 2R KA
ER R o AL I = RIS KT 31 #A 735 I = RIS KRR
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ms sFh R i ms AR e Sy}
7 it 8 5 T = R A KA 32 AL 2213 Y = R A KA
8 548 280 R = R AR A KHE 33 T ML & HIZY PR Z2 9% 38K F
9 BERL 310 Y = R A KA 34 Utk 27 T = R A KA
10 PIfit 688 HIR P 22 2% 58 KA 35 P 9566 HITY PR F2 2% 38 K F
11 #H 18 k2348 Y P 2R 2 58 K A 36 WAL 475 R 5225 28 KA
12 Bk 919 R = RAR A KHE 37 PR & HIRY PR F2 9% 38 K F
13 fEMWeR L R 5225 8 KA 38 m AL 8 5 R 5 2R 28 K F5
14 HRERES R = R AR A KHE 39 AN 390 R = R AR A KFE
15 BEFIR 534 Y P 2R 2 58 KA 40 B AL Y = R A KA
16 a R 1377 HIR P 22 2% 58 KA 41 LW 851 R P 22 2% 58 KA
17 Jbfit 5431 Y = R A KA 42 Y WAL 1988 Y P 2R 2 58 K A
18 THk 164 HIR P 22 2% 58 KA 43 HEM 19 F R = RAR A KHE
19 &ML 9559 P = R A KA 44 Ttk 6377 Y = R A KA
20 AR 1177 HI P 22 2% 58 KA 45 UH 3 = HIR P 22 2% 58 KA
21 JEAR 5455 Y = R A KA 46 FEPIE 1988 Y P 2R 2 58 K A
22 Y Ptk 9918 HIR P 22 2% 58 KA 47 R e 130 R = R AR A KHE
23 ARG Y P 2R 2 58 K A 48 L 6377 Y = R A KA
24 AL R = R AR A KHE 49 B dfh 1212 HI P 22 2% 58 KA
25 HiL353 R = I KAG 50 HEELE S R = R I K A
2.3 B TS HEHE

AR A SR TR SGENE RS &, (S EULK 2
T2 UBLELHE (AAS)

TLE ST E i (mA) FHK(nm) i B HF (nm) TR R () THIBE(C) FREFHBECC)

i 2.0 228.8 0.2 10 100 1500
2.4 ERFTE 3 ZR55H
HERARIGL IR 1.3 AR AOKFE R 0.3 ¢ T
LA, T+ B SR+ SRR 2 P AL 3.1 5% R LRI E SR
RRHEATIRAA R, WA SRR, MIKE A 10 mL fRi GB 15618-2018 (LALABIRE A LA

HE, B AUE ARG B B Rk VIR GRAT)), bl D
W5E . YOREAL, 2 S, FRA RN (R 3).
AT LUE b LR 6 39875 G KU

85



TR, KA, BURGEAE . AN [F KR R R AR R B 2E 5 1 5

3 RALRMESR

w5 b 4 WEE (mg/kg) +3% pH
1 SEEG H AR 0.20 6.74
2 SEIGH RS (R) 0.21 6.68
3 SEIG N 4 0.19 6.67
4 Fe i A 0.19 6.54
5 FaiE H 0.17 6.59
6 faiE HyE b 0.19 6.62
7 FaiE A 0.17 6.55
8 SEEG AR 1 0.20 6.63
9 SeE6 AL 3 0.25 6.68
10 SeEG AL 4 0.23 6.72
11 eI AL s 0.18 6.77
12 faiE Mk 0.18 6.60
13 SR (R 1 0.16 6.77
14 SIZ56; FH A ] 0.17 6.73
3.2 NEKBHMERBRREREST N 0.00033mg/kg P& A AL 310 Kt K R &

= A
ANFKFE MR K B REN RIAE IR 0.015mg/kg « % P 8 1988 Kt K 4 & & N
Fo A THRHESEIDEAE KO CAEMIL  0.026mg/kg, WiBHX =AM REES5; &
IR FE & B OK oA, ERHRES ST/ 7 50 Fh WAL 475 BEKER & &4 0.093mg/kg. Y P 1988
AFKFEmFRT, BEEWNNAX, HEFRIE KRS RN 0.094mg/ke . AR HROKE S &
IR EIE IR (B D, R ZE T N 0.098mg/kg, i HHIX = AN SRR AR AN R BE 158 .
gERRM, HHeRFHEE, R0 390 BEORE S =

oy FKFE A

0.08 -

& (mg/kg)
e e
£ £

’fﬁ

S

=3

N
1

0-00 L] T T T T
10 20 30 40 50

s ol

B 150 AMKFESFRER TSR
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3.3 HEMEERX AR RS BN
FE KR FE i P 980 7 A7) A R BT BR 2 7] A2

PR A PGB 7, 0 P8 2 oK A1 o) 2 < 4 e
R BEMCR (R4,

R 4 HOpNEER 5 RHE IR RO & BXT

Y S REENMBRFSE (mg/kg) N REEE (mg/kg) RERELH (%)
BILE & 0.069 0.034 50.72
ML E LT 0.062 0.041 33.87
AN LT 0.066 0.038 42.42
i 1377 0.077 0.026 66.23
bkt 5431 0.063 0.045 28.57
AL 1177 0.041 0.024 41.46
JkAR 5455 0.054 0.026 51.85
P 1206 0.044 0.017 61.36
#AK 735 0.083 0.069 16.86
#ZF:Ak 2213 0.059 0.022 62.71
PR i 0.082 0.032 60.98
sk 6377 0.061 0.016 73.77

4+ HipEiie

BB [ ITE-S: CAr v s N v A )
390, FEAL 310. BEML 1988 SHE KT RAE /)
BT A SRR AR I R DX b 1 S b L Y B T
WS g

CUA I A AR 7= ol B 5 1 T A A0 it =
BT, — RS AN 5] 7R ol o 463 Je 1)V
WAFAE R 2 R —FE i, I ESBIRRMK
Fefl, ORI RN, S EYIAR RN E

87

SRR, WA R . AR —
PRI AP ) R AE AR, & 2P EY)
W, R A R IR B AR . R
oy, AN LI, GRS Yy, Ak,
AR, BUCHFIHL X TE Cd V5 4 Ag i B
THZRAE 390 AL 310 FEFIL 1988 Z5/K A bt s
[FJ RS, Tl I 2 0o 350 43 /K R A T DA RS >R )
Cd B 2R, H AR HLERUE B AT fr ik — B

s

Jlo

(GifESmE: k)
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W 8% Haworthia cooperi var. truncata (H.Jacobsen) M.B.Bayer

1.3 4L iafs

THEAAS, SKETEE, FRE, A8

Qi IEala YL IICEN AN 5 Nl TR L T I 4

+
(H.Jacobsen) M.B.Baye & H & Ft T &8 ZF A
AR, JErEEAE, g, EARREE, AR
FERERY, AR, R T B AT E A, k4
NeKiw”. KiIEARAZ, BRGSO
B, W2 RKHREREZ. ARIHEERY. T
R, EEHITT T REZEIGN, HEMEMNT
JUGE BT uASE, (G4 kiR EHE A2 RH k.
R85, BEED, BHAK, BHAES
i BEA . AU FRBOR B T H Y 40 M 4 RE 1tk 22
W, PR BT T, EREEIER . KT
At ARG A ST R N .
A AE TR, AT DL K R SRR 7%, AR
s AR R, SEm A E, wTRAE R g T
WK FREE R RN EERR, AR
e R AR AR R A

1 MREEE

1.1 R AE

AWl WK ER
B R AT R 7R

1.2 RE A3

1.2.1 SMERRE IS T3 . OB & K it
BUK T4 30min 5, B TIREN 2% KR
By (NaClO) ¥R 15min, {E#EE T/EEE
HMAT T4 R 30min, 80%PSAE T 35 10s J5 %/
Fp D) B3

Haworthia  cooperi var. truncata

e EE kL. R MS

[EEWH] WE LI AR 2 B R AE R BT H  (19XS02).

[MEHR/MN TEA (2002—), B, WIEMHHA, 2020 2525 ey,

410127)

122 @HLANFES . WE 6 M.
Al : MS+6-BA0.5mg/L+NAAO.Img/L , A2 :
MS+6-BA0.5mg/L+NAA0.2mg/L, A3: MS+6-BA1.0
mg/L+ NAA 0.1 mg/L, A4: MS+6-BA 1.0 mg/L+
NAA 0.2 mg/L, A5: MS+6-BA 1.5 mg/L+ NAA 0.1
mg/L, A6: MS+6-BA 1.5 mg/L+ NAA 0.2 mg/L, %f
RS FREE R 2 AN AMER, WE 10N EE, R
JEHE 14h, JGE 1000~2000Lx, IR (25+2) T4
PETR, MIXHEEE 50%~55%. 159% 30d Ja Ml ggic %
EHLR R FE L.

1.2.3 WA ZFRIGFE R IR . FETCWI SR T, i
R L, B EAGHLS A A 2 2R
e, IForEI AN T ERN T G R 7R dE b AT B 5
B35, AN IR IR )7 40 F - B1: MS+6-BA0.5mg/L+
NAA 0.1 mg/L, B2: MS+6-BA 0.75 mg/L+ NAA 0.1
mg/L, B3: MS+6-BA 1.0 mg/L+ NAA 0.1 mg/L.
KA 14 h, JE58 2000 Lx, #REF (25+£2) C, #
YR 50%~55%, 357%28d 5, Suit AEZFRISr
E.

1.2.4 AEMREEFR . EHUE KM A ZEZE, Befp
FIEMEE TR B ARG : Cl: 1/2MS+6-BA 0.1
mg/L+ NAA 0.1 mg/L, C2: 1/2MS+6-BA 0.1 mg/L+
NAA 0.2 mg/L, C3: 1/2MS+6-BA 0.5 mg/L+ NAA
0.2 mg/L, C4: 1/2MS+6-BA 0.5 mg/L+ NAA 0.2
mg/L, C5: 1/2MS+6-BA 1.0 mg/L+ NAA 0.1 mg/L,
C6: 1/2MS+6-BA 1.0 mg/L+ NAA 0.2 mg/L. &4
KRIFIINAZE, DIBRAAZEREES, B N85 5%

[#8SEIW] F# (1986—), 5, WiEA, ML, Yl BH5m. "R
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5, BRs A, B e NELE. TE 2000 Lx J6H
FERE 25°C R 9%, 30 d JEics ARSI .

1.3 WEmH

SalGt B ER R SRR HRE,
IAEZFRIEGE R . AR PR R
&

TGgR= G5R M IMER GBI ED x100%
755 Hh s H 2R ) AR AR A o
HAAED x100%

S5 ZR K= G G () R R 2 R

PR AR AR B =R AR B AR 1 2E 1

AR RE= CEMRZFHEBUEN T EHED x100%

1.4 BiEALHE

KA Excel 2019 #HATHRE 8 H, Gt 5504,

o Bl sZr
B R

2 SREH

2.1 AABERLENSGHSFES KT W

M ER R R IR LA H BRI R, TR
B GO FGE, 30 d R4 TR & 45
MYl WK 1KE, NRBEAEEEEM &
B AR R % 5% . W K EETE Al~AS A
B IR A R R AR T AL, A6 b
M=, fE A3 B L, B9 AR aHg
%, N144, HREEE 70%, Hk5H
Al. AS. A2, A4, &G HEEUY, o A3,
A4TFRHON 0. 27 EFTR, WK EHALTE ST
B iE B R FEML 77N MS+6-BA 1.0 mg/L+ NAA 0.1
mg/L.

1 FRSMERER LN @GHLE SR

sham BRSMEEE () BHTALE (D BIE () FBRE (%) %g’j?
Al: MS+6-BA 0.5 mg/L+ NAA 0.1 mg/L 20 8 2 10.00% 40.00%
A2: MS+6-BA 0.5 mg/L+ NAA 0.2 mg/L 20 5 1 5.00% 25.00%
A3: MS+6-BA 1.0 mg/L+ NAA 0.1 mg/L 20 14 0 0.00% 70.00%
A4: MS+6-BA 1.0 mg/L+ NAA 0.2 mg/L 20 4 0 0.00% 20.00%
AS5: MS+6-BA 1.5 mg/L+ NAA 0.1 mg/L 20 6 1 5.00% 30.00%
A6: MS+6-BA 1.5 mg/L+ NAA 0.2 mg/L 20 0 1 5.00% 0.00%

2.2 ARIBE AN A 28 5E 5

2 A& RN 6-BA Tl iS5 4 4 4
BERIMNAEZE . WA E R H A A 2 1 3G GE 52
WskE, B3 AH = AEMMNEFRERZ, N 231,

HAGE B 9% fE AR ZEER N 85, IEE R UL F] 3.70,
RORBCAWI L. R, W #E i 4 UM AE 2R 404k
() 5E R 7R 35/ 5 N : MS+6-BA 1.0 mg/L+ NAA
0.1 mg/Lo

2K 2 AREIBERRE R LR A2 TE 0

b3 MAEZFHE () WEH WEAK
Bl: MS+6-BA 0.5 mg/L+ NAA 0.1 mg/L 15 35 2.33
B2: MS+6-BA 0.75 mg/L+ NAA 0.1 mg/L 16 42 2.63
B3: MS+6-BA 1.0 mg/L+ NAA 0.1 mg/L 23 85 3.70

89



THIAS, WK, 22K Ui E#FHaworthia cooperi var. truncata (H. Jacobsen) M. B.Bayer{t%1k iz

2.3 NRBE AN WA AR K50

M 3 KE, RAEMENESHAERTNEZEE
o EMERZ MR Co LB, AT 101 %, F
BIHERECN 3.60 %%, AEMREN 93.33%. AMREUR
AN CLARER, AN 29 %%, PR SR 1N

C2 4bHE, y2.06 %, HEMFHICH A CL AL, L
46.67%. BEEWEIREERIG M, X ANAEZFAERY R
AIRFAEN . Ui FRER 7 N 1/2MS+6-BA 1.0
mg/L+ NAA 0.2 mg/L i, A3, 2R
(R AR R 3

# 3 FRESMERER L WAL 27 AR IR R

e EREECRE ERAZEE EREE CPIEER R
) B R G (%)

Cl: 1/2MS+6-BA 0.1 mg/L+ NAA 0.1 mg/L 30 14 29 2.07 46.67%
C2: 1/2MS+6-BA 0.1 mg/L+ NAA 0.2 mg/L 30 16 33 2.06 53.33%
C3: 1/2MS+6-BA 0.5 mg/L+ NAA 0.1 mg/L 30 21 44 2.10 70.00%
C4: 1/2MS+6-BA 0.5 mg/L+ NAA 0.2 mg/L 30 20 51 2.55 66.67%
C5: 1/2MS+6-BA 1.0 mg/L+ NAA 0.1 mg/L 30 24 65 2.71 80.00%
C6: 1/2MS+6-BA 1.0 mg/L+ NAA 0.2 mg/L 30 28 101 3.61 93.33%

3 w5t

AT H T W RGN A E R REER R,
SE 1A IE B R IR ARG T, A S S A
AL B R 3 N . MS+6-BA 1.0 mg/L+ NAA 0.1
mg/L, MAZFAMR B 77 5 1/2MS+6-BA 1.0
mg/L+NAAO0.2 mg/L.

IRAE TN SRR . R EE AT P
R AMEAR g FAE T o A6 B 718, K &L
BUr, @HALFEFEMMNEZESRE; HHFH
SrEANERHSSEER, AR, FESGT T

90

J AR ARER T AR AME AT ] R
P AT ROR BT

A AL R A K R H B FE A 5
KA R S AMEAR IR R SR B
RS BHRPhANIREE . BRS80S MK
Fo WARIGRE, M ISMEASIA AR )
TSR, (BTG ReRAE, RYIEHEIME R AR
PR A G N BOE 24.

(GifEmeE: EH48)
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7o Q| K 7)1 Q L LA EVe U W v B vl 4 MR VA
A, SR, Wi

CEIF LU PMEEOR 2BE, Wi K> 410127)

BURAML A SR . FEBRIL R RE, BN
AR Je (i B B 5] . SR 4t (2 A HE ) A% 4
AN HARBCE T, BAEEYAL. . TTFEA.
TEMERIRRAEAL ST, RIs B oK B SOl A H
HEAL . LML REAL CITAE T8 — e A A
B RO TR RN A R 2o [ By B B AR
MR R o PN BRI 5 1R AR, ik
ANV SEIL T CEREERII L A BRI
Hir. BRI ZRRNLEHKEEERG . RALE )
BIEH REMAIR T L EWIRARGE=KA5
AR PR REE . N TR B e
HHEARAS BRI RE, BERVES
AEHAR . EEER. BRe& = KA HER,
SEEUAO A e R R SR B RS, B RE
P REHEBIN L MEA IR 55 1) A Aol A 5 2K
T A A S FE M7 A 2 X 2% 40 P B REAL
IS

1 REFZERLREIR

L1 E BRI RF 5

FRFE R FAME KR, ARl 2 H N ) 1% G ANk
ftidk . BEE DI BRI AN BR AR, 3K
[ B AL PR A AT ML, ARk T 55 e i
FEEMAO AN DU B, SBRHE T (FEA
RILANE 2 MARMALEVE) ([ 3= 5 AN 2 7
AL TARRG) T IPIERE 2R A AR 1=
S AU o FEE AR A RS B A ) - DU 1.
AV AS N A BT e R FRID s bR ik Ak
WARM B IR BEE IR BORIKYE . tE4h, Pk

FEARA B AR 7 (1) 200 AN E KL IR AR
90 DR AT A AN B B 4 kMU, FE T R A
P AR HLEE N SIS BRI X X IR 5
ek, HEBERIEEE. ARSI RHUEE
M5 BRI R LR, BB ENH 5B
e

1.2 EFEEAREMN AT HH

B A PR X B AR AN T A, Rk 22 B R
N BIBARKRNE A= BRI, RFID BT FRZE .
TR RS TERAERIB RN, 455 H A H
BRGA, FEZRP R R T BV SR T, EPR
B A A P I B L B TE T AT R B
B R TR RO g P BRI
JEIE H 28Itk et iR N KGRI T,
KR 2 AR BB A2 13X M “TF gk ” A
A2 HAET, A RFID. JC£8 s s &
ARERNAETEE, DA B BRI R 300 R,
- HL e A e R A A B, AR E 3
. FEEk.

2 RAIERI A PR R

AV R SR AR R ] R ge b, A2 R
ARG AL S« IR IR Ph (B S
Tt AR CO2 AR IA B4, AR BT P IR
HMXHZEE . PhfE. JLMEsRE. L3RI, CO2 K
EEYE RS, TSRS ACR L SR B R
NEFSERN SRS 5 AshiEhT, RIEAE
Y — DRI, EEMAERAE. mRE R 15
BURES AR N SR I3 28 = 5t REXT 22 > M A 34 35t

WEE RS M (1970—), L, WIEKIDAN, #Hig, Wredik: 5.



A, B, WL,

T AR M A PO A P A 8 AR L R R T

A7 WAz ] o SR FH C 2R 48 SRl S 3RS E ) AR KT
EAESRAE, ATLONIR SRS AR S R 2 e, ik
B BB R AR, fEmaitat
I H

AR L P Z A BT =4 R S8

BN ERER G : UIT AR EREL X RS
NS, XA L KBTS ) 2 B T
T RGARIE XA A PLERA ™ A, B
B RAESRAE,

BNV YIBAE R R G TSR, il
T A T TE LA IS S SRR AL ZE P B OB I
WAL RS SR R AERCROLEE R, &
EM AL RERE S HANE BTy L
Hefb)m, SER e 3T e B E, MK
M 5O e R G AR i AR B IR AR 2R,
BEAT RS R B AT AL, RS M RE
AR A B & B EIT R B M, W R
IKGRHE. THREMHG A, SCBUVE R, ARl
GRS

AUV fh PR S WA
AT A B BB E A PN RFID W7 AR5, I
fEighn. ol WESHTABERELS, A
AN i 2 WIR R G AR b2 2
RGnag 7AW AP I SR B AR
A E HEPE R, LI e RE T IE Y,
S AW A PRV BACR, et 1A dh A R
B, FRETE ARG R BB I .

3 RILIERM B AT E B AFTE R [

3.1 HEHLATE

RO JR L A N B A E SR
B, BB BB G ok YR 32 B BURT BB AN
F, IHFRAEMRE TR EE, BT AR
R M A28 B A RTINS (] PG, RN A AL
e R A E ARG U BF Rkt . A R A

92

R FHACE AR B LUNR P s s N E
G0, R 22 Wik I 1 46 DAL A% i e 1R 3 K TH AR
e, BRI TR AR

32 RBRESBOBARESE

R A Ml Bk TR e AR 2 B PR O Ak T T By
B, BRI SE ARSI R 10%, SC8™ b
2% B R AR R A UG . AR RS B A 1Ty
[fl, BRZEFH SR BT RE AR I
bedn, VEP)AEFRIX 7 TH AR A L b o X Bl
AT A AN R R, BIE KD RIZR 5
PR, DA A . HEIX — SR+
ARF= 0, B T XTI T R B IR RS
(I, CARARREAR 24 R 24

TEANAE BRI TH, FF AR A SRR 5)
A AE A I AR I B R T A 4, THEREAR B3,
IR B A R A &, K INAEE. ERILE
A EERI T, R R B SR AN &
TEARN A REA IR SR T, BB, Rt
RAGRMEAH R, HZ 35— b

3.3 BB N A B

RE KR E LA EE AT,
“CADYFL ORI R R O, B
iRt A LA RN B E&RE,
SEHUE R MRS L . B BB AL AR 55
WAL . TR ER ML R R 7 R HE RN A A
2, E AR A S I B AR A R [ N A T A
o BRI A TN A R SR AR K . A%
GUAM AT EHL Loy B AR AT, A R %=L K
T EHEARMAAZ, A HEAR N Zox Aol
MUIBASAZE, X FEM A RE 7R 2R RO I Y
AR B 45 G i AR AR R TF & -

3.4 TRE TR

A M B R 1 R JR S R AT AR, L
B B R TE TRE, i 22 45 B AR AR U6 AN R B
B, RADBETERGA R IR E o GiB HIRIE 5 5L
20 M X 2 R AT R R A B DA
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i, BEIRSE AN o E b DAL IR X 1 P
AEF BN BB RE. EbARE. E
AL TR Z TR, SRR
A KT B R BN 170 Al b A 3

4 RIPIER MR R I

Hi—, IRAOAZ BALHIME AN EE, iRt z)
W5 A b 4 B A R 25 7 it A0 26 6 g N AR AL N T
Hax, DAEERIREIZE R IT 3R AL BHF
KRS SRR, B0 TR BRI 515 R %
HERZ U, BT TS, SRR
BRI %

B, R RO O A% IR 4 5 R B i S
WHot. SR ERMI B EAFEe 1, K IuHEt
TR AL AR 28 AV SR FL, 35 1 98ME T A0l
B LR EAEH MG B AR E AL, &
ETEEAR OhRES AT AR T SO ER, T
B S B F A TR KFEHT 5G Al TD-LTE
PR JC 4R 58 A LS AR RS 3 4 e & o e i T
Ky RIJHEREE == SondaHe T MAH, ERE
TR MR o

B WK R R R R R AT, EARSEN
BERBLF  FUBAL R B AT N T o FEREFEK L 5E
W EFA . AL RERENEE . A5 %
R ERGESI MR B “mre. ;R
Ji. R RS AT IR IR, R
B — & A I KBS, R m
TE . SSEIE SRR AR T A
MIPRGE . AR FRIEIE B 5 AR T sk 2 18] 35
B el A B 5B . 35 IR LA = A
HRECHE R E, K IE TN LS B
(A P AR RS TR R, AR AT R R i e 25
BRI R RE B 7B AE G b4
AR5 R MRS 5 K R -

HEVU, L TR AR AR A B B AR L Ak

93

WA SE AR 55455 A 0 SR ST S 3 A A il R
TS B AR, BE S AR AR
PR | g T PR R | i ok T U R4S
INPRARN R KRR . mF ARG T G0 7L
& I FEA AR IR S e 5 A R AR M
I r o B TR % B 2 b e A B S TR, SR
AN =R AL S A B B B AR STk
Ko

S, SRR B, IRARERT I, Ak
VAR A B ARBRAERT TT, M P A L I R A
AR RETUR B, AR IR i 52
GUERRG. HEEA . RHUBEN 3R SR S IR &
AR AR HE 1 52 [ LSS 1AL 4
B EAONE KRB, S 58 SRR Hs] . b5
HERE I BoRTE S IAE,

BN, INsRIMAIEBE, SRRSO It
SER AR B HIRE IR BRI ML AN 5E
Bl INsR5 m A BHITBERT . MBI AL )
EESZH, R AT, SERESHR, A
# LITRs M, BB M IAR R E &1
AT o BBIT AR BRI T 5T R,
TR RAR A IR S, ARG B A
MR S

5 45iE

AR XA IHE R, s Al AL
I AN EERRE . EARRKARN A, ARk
YIBRI R SR R Iz, RIRE S T %
BEROARE RS, K Bk ed & 3 oKk A
MR B RSG, DR M8, Hnikat. £
PEALEE R G IREHEAL . B R . FEASRI AR ML %Y
PEALEEp, BEERBIRRARIIRRE, miRERK
ARG, AW EEE AR ME . A, Bg. Rk
Kot A PR g8 2 3230 00 A R S S SRR )
i, DAGEAR R FE



A, B, WL,

T AR M A PO A P A 8 AR L R R T

R IR 94 A B 31 A o RE D A F
PR K BIEER] o IBR IR H A A B E AR iy s e A3t
THITARARINE, FEHAEANARRER, YIHER 2
B 2 A AT R A AR . AR Ry
B IO, femRL LR A RE ST, HERE A
GEUCE, RIPRATEURSS MAE, e E X
POARM R BRI —AAEARSHE T &, NP EALR L
K SR S St — S PR I A T 6
{HAZ, FER AR B R — L5
A, UNA IR I (R 4 P B R AR IR R
it (A A DA S A A 5 e A, ISR EBUR .
Ay BHIFEAL L AL AR RAT LIRSS 7

94

T g A AR A A5 B A A 2R S R B I S AL
RS R RN EE T . 2 m Bk R
B, RmEAR A RIS KR 2 M8 A
71, AHEHESIIUE B BOR 5 R AR AT % 044
ARG, G S AT 2 MRS A
J&o AMUEfEBEAOY 2P W BE S AL B T, BL
G RALTI O R R e, DA AR A A B
PACEBL. BRBL AR, BCEBCREE I, o
LAY, MOBEBRBS, T RIEECT R AE
B, @B gtk RS 2R .

(FfERE: £
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{1 TR P 0L TR MR PR B 2R
B "

(KB B TREEET, MM KD

2022 4, FEZKAENE R ETA KR R AR ER
BRI B EI ML), R RINA EE A RE D
6 B AR . TR 5E P K ORI A B B R
T K L ORI, IR A KOV AR R SR e i
FE, 0 KU T RERe R BERT S, B K KRR
VPR IR 65 4 Sebr TR TP, BTEKE
KGN FR G0 (1 B 8 VA BRI B IR BRI A

1 KIEHEKRIERERDH

1.1 RIZLEEBRREHE

19758 H , T g 44 B 15 Sl H X R AR5 KR Y
AFERM K EEN I Z AR B ANDKFETE R
N R AR, e N RAE i SV P A T
ANE] R AR K . 1985 4, 2 JUK A L A 4ttt
A AR B TEBE AL T ORI G . 1987 4, KA
K e A W O HERE RO . KN A B R R 1%
HENL, KINTRE e Aie T s s B H i .

1.2 JUTRIVE RS

HAT, 7EFRE AT IR BLRVEAE R 2 N,
KIVTAR S NP, —FRAKEERIL, FRIE 15
K LA B FESE 100 7357 72K PR RK R, A
FE K AR K @S DL R Fe & ig F gt .
KA SRS 51— RRK BRI, 4RIk
RN T BENAE T T AL ERR, Ak
PR R, B A B VT AR 7K ) R ) i A 7
SVERIK RS M A . KA AR SR
(R 7K G5 0 DL R M g 3 ) 5 S M ) b i L a4
R RN T

IKPERWE R AR Z, #ik 2020 4 12 H, 7KF

410144

HR I 22 4 B LA 90000 42 887K P R 1Ly A
Al TRl K E ORI E AR R, #E H T,
FE| 8 e Jmy R 22 4 M 5 o 3E AT 600 A% BV M4
SR, ERES s R, AR E =18
JIIREG, g At T b Ui S sk it 4 S A P AR
K, HEABATE BN .

1.3 RHVEHE FIFH0

ST K EERIL R “oK 7 KD, K
BT A A R ORI B BT 7 SR PR L, K
R S DR 4 22 4 T et B A 7R 4 4 T K R R 2
SRR MBS T K B R R “ s RHD,
by 75 FEL B AR T [ SRRV R R
Xof AR AT BIX 35 P R T R e A v L AT U i
AT, AR R ORI 2 4 My g2 rpu i KL T A2 R
SRR ALROR I B B LR R, [ K AR IR R IR
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