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Abstract: Agricultural microbiology plays an important role in the sustainable development of modern
agriculture. In order to keep pace with the profound innovation and promotion of the modern agricultural
industry in China nowadays, high-tech specialists will be highly in demand. Therefore, the content of
Microbiology course curriculum is renovated and optimized according to the feedback from the collaborating
enterprises. An online/offline integrated mode has been adopted, both theoretical and experimental course
have been integrated to reinforce students’ understanding and application of agricultural microbiology
techniques. The renovated course will be more practical and straightforward to prepare current students for
their future application in modern agricultural industry.
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Table 1 Content and class arrangement of Microbiology course

FIRNE Zih}
Content Number of class

1855 1 ARG (1) A SIS AR 3
Task 1 Identification of microbes (1) Microbial lab rules, microscope usage and maintenance

(2) FLPH A FLAZIRAE D) AR TR HATE &SR 51 6

(2) Identification of eukaryotic cells and microorganisms

(3) 4R SF A B A S REATE 2SR 6

(3) Identification of prokaryotic cells and microorganisms

(4) FRESFEA R A AL P A R AN 3

(4) Understanding of non-cellular microorganisms such as viruses

1155 2 WEERIIRRS45 ]

Task 2 Incubation of microbial culture

(1) WAL 4% 5 K 6

(1) Preparation and sterilization of microbial culture medium

() MAEYIR TR S EFR 6
(2) Isolation and incubation of microbial culture
() MEDEFMAAFER 2] 3

(3) Strain preservation and study review

1155 3 DIRERAE DRI
Task 3 Evaluation of functional
microorganisms performance

(1) TAEIEAO A = N 3
(1) Application of microbiology in agricultural industry

(2) DHREMETIEE YT A

(2) Activity analysis of functional microorganisms

@ TIN5 5

@ Developing the evaluation protocol

@ oIS

@ Implementation of the protocol
® iR S5IFM 3

@ Evaluation and comments on results

WHIRMA R, ERBUED A HER, RSN
Blo (3) A NEITHERR T A PIE IR AR
A PR AL A A IR PE A N Y s 5 I {E
BTN, el LR ORI . IR OD {E
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Table 2 Teaching aims of Microbiology technology course

Hin NZS
Aims Content
FIIE B (1) RERE IR Y) 2R B LR AR ARAE

Aims of knowledge

(1) Describe the major characteristics of different types of microbes

(2) REARURTIAE MRS ARG LR IR

(2) Describe the microbial growth stages and the control of incubation

(3) REFHA S AR A Py RIR

(3) Extend knowledge into agricultural microbiology

Q) FRMBMEAMTEEREEOR, BB TRIREMRIS . W5, KE, BaEwmaeE . i, aif,

(2) Learn to use microscope and its maintenance, prepare and sterilize microbial culture medium, isolate,

AEJT H R (1) REHCATHIES DAY AN RIS R
Aims of ability (1) Identify and compare different types of microbes
L
inoculate, purify and preserve the microbial strains
(3) REMABAEYAE TR A4
(3) Apply microbiology into agricultural industry
EYSEL 7R (1) BEFRALE AR P BRI AR HRME (1 2% R
Aims of quality (1) Instruct safety issues in the manufacture process and inspire the career interests

(2) BiFreeA s UMERIA A TAR IR

(2) Encourage student teamwork

(3) HEFRAABET . HORE . B TIRE AR

(3) Reinforce the qualities of integrity, precision, and originality

23 HEX—F L& TREAHFRN

TEARFHE A, WUEYI IR W 30 S Y 52
B, AR BTPESEE S, xR
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s R BT R IR L IR RE T FIE HERE I A
X ZE BN RRE A, SR T B S B — IR A Hy ik
REZ M LATE I 5 S AT I B G . <o,
PR B S E A AR T, R HAY
JEN TR B BRI o 2 A A S R A
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TR AE 90 114 ol SO 1 0 T B 1) SR 45 ol A
PIEARA T HAL R AR, & 2N A £ 5
PERT, Xt oA AT 55 7 Bo A 7 B BRAY B0 O
FEOME B TR AR BT IR . A AR 2 e B &R
G0 R ASIEE 5 U N 2 B s 7 Rl A ) R Rl
TR G R, IFANIE G R A PR
RO A YE T2, D T G A i i
BTG5 R, R AR TR R R

PEREE R IR -6 . R B R AR
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K, WONRERARERY ), 2 EL T IRARHF
(R E YR NIOES S S 78 M ke 2 Sl S J ek /o 1 S
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FREH ARV 7 RS M ERFE R, & ELLA E5% 5]
T TR 5P F, LT FEH T
Y Es N R Yl e
231 ZEHFFEMERSIEA

(1) AN MTEL TR LR D)

AR TE 28 FF i R F2 (Massive open  online
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*3 BEREMREERTHES

Table 3  Strain preservation methods

FF A9 B0 25 98 R T M DR A7 Ry AN 252 A i 4
AE, MESCZSG, AHRBAFREIZ T, Mehi
SRE O S i BB R A AN E S /s A =
K2 R R 5 1) — B (B 1)

S I e S S, AR AR AP R
A7 B D CEILUR 454 S5 S B R S R By, iR A /)N
MHIERA IR 89%. TR AP IRAE Z 5 I FF 15 R L
METIIZ 25%4RTH =) 40%, Tk T AL 5
FIAETE AR 50%-60%, aRHIZ 7 181
HAg—@migstasm, AWEZ Mg ; Hg®
WINZY 20%F% 2 10% AN, JCR IR BT,
POl ZFRAF 2GR . L= R E S 2018 4
R BE A 2 e ) LR — S5 2 . Bad RS
TURATIRP IS — A1k PR B ER Y B ) AS iy
4 20 min, RIS R IFA ] 2% ) R R
il sl E BB R R E T, AR RO N
WRAME S AR S 5E . R EA RS, S50
WIEIL SR EE A, DI SR, BAR
KT H M, (HELRS R EE
S ) PR —, URAR R 2P S0t A SR AE AE — M
JE, NS R AE 1A 2R, DU
o P

BRR A A RIALb IR . ﬁ?F?fUﬁ?E ' Tﬁﬁi?ﬁ%
Strain preservation methods Selection of culture Treatment of Discussion o.f preservation Drying of
culture protective agent culture
RHE G PEAE L v
Ordinary agar slant preservation method
W FTRS AT v
Liquid paraffin covered preservation method
A R v v v
Tube preservation method
[TERS RS v v v v
Sand storage method
WA A v v v
Liquid nitrogen storage method
HAS R TR IR v v v v

Freeze drying preservation method

T N XA T AR,

Note: V: The process is included in the strain preservation method.
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e 28 I #-42%>J Online study
*  Preview ) SERMIRAIT 5 Complete pre-class task
befor class

~ g EEFA PREATT 55174 Report of pre-class task

- olntroductioq“ AR A A case study of freeze dryzing preservation method

‘ A et IR IZE Study of bacterial growth curve

c@ Selceu‘ittiuor‘; of j ODfHIZE Determination of OD-value

| FasE W) A4 S% Selection of the culture at the stationary phase
T E R Vedio learning
8 Treatment of ﬂ}?ﬁé}%ﬂ Virtual simulation training
. IRy culture . SEEAREATE Experimental operation
ir? t:lc;)sls lﬁsﬁlﬂzﬁ%f ‘ JEPIFRSY Overview of protective mechanism
© &) preservation | ZU15H7 Case study of protective agent
protective agent | VPRI 577 Selection strategy for protective agent
Tﬂ'_‘l:‘ﬁfF‘ké‘té L Guest lecture from extramural professor
Sy 5 ) Dgz;glgr;)f fliE.25>] Virtual siumlation training
“ . { Sz Experimental operation
JSEYsES S
g Summaryof /Mt Online test for students
it class | ST B4 Class summary
~—— X %%  RRIEIE AR5 Y4t 1T Viable counts and contamination rate
aEZr\]lcei:;s [E] #1374+ Discussion on unexpected results

E1 EMREHFRITERE
Figure 1 Teaching design of strain preservation method
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WA BRI SE . DRI SRR H AR &
AR, SRS, RIS 95% D F AR A
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AT —4EM 2, R E RS ETY, 24
HF 70-80 43, 90 LA EAIRIAMEAR T, 4K 80 4rLA
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Table 4 Examination of Microbiology course

22 ST L 0 32t =S HLFON. L . 2 g )
2] qi ;ﬁf% 1% R <12 F- 75 Intelligent center of vocational education (80%) BRI LI & (20%)
) 2% 1 (30%) 28T (20%) FEML(30%) ZiR(20%) Virtual simulation and
Learning center and Online (30%) Offline (20%)  Assignment (30%)  Test (20%) training center (20%)
assessment ratio
BN PR XRAITEY . RESSE. FEAEL; 1 W [ e BN N a7
Learning resources  Z{5546 ; PRATIELAT S5 455 MABERES TAEMRGLISME.  Thefinal — FREAERKENE . HAR
PR FHE RN REIHRRI ERRAT S examination e g RSN E
Learning progress; Feedback Class Assignments; Gram staining of bacteria,

determination of microbial
culture and growth, strain
preservation, determination

on courseware, etc.; Online  participation, Work report is entered
before-class tasks; Classroom group discussion into the platform in the
sign-in, class Q&A, discussion and experiment form of a log-in

and quiz completion assignment of number of colonies
RS AN e IS VEMVSE RS s 2 2 Ak 22 sk 2= Bk

Evaluation aspects Learning attitude; Degree of = Learning attitude Degree of the completion Learning Learning effectiveness

the completion of work of work; Learning effectiveness
effectiveness
A
90 90
L 80 £ 80
5 S
2 70 2 70
Z 60 3 60
= 50 £ 50
Z 40 Z 40
£ 30 £ 30
3 20 S 20
10 i 10
0l 4 7101316192225283134374043 01 35 7 9 111315171921232527

Student

B2 WEMRAKRENERNA)SHERBEHRER

Student

Figure 2 Assessment results of Microbiology curriculum pre- (A) and post-reform (B)

P AKX 2 [ IR A T RS A i 30, R
BT+ 202 50 S+ 30 OB R T XH L — R
L, BFRE R, TR ARIN AR B A
HIRF L ae I AL R AR
3.2 BREMARKA~A, SFHAERREFHE
&e

BEFRA AN BREEEFEN . ORUHEREIR N, 2
BHMRANL, £ 2018 4EeEEF k&L, 2
P S BIE B ER IS T UHE, MBI
N WEEA . RERARLKE, =& TIER
AR E DO, 7E 2019 4F 2 A E S BRE R R E
FH ZE R St )y 58 ) Th BRI F 2N

AT B 77 AT BRI AR R AR A ARAS S A
Ao FH, LARFTREN R 2019 R AT
FONBETAREET ) RIREEORER AR O 27 LU
RIPAPAREEE, B SR AA IR, B HF S
T e SO B DOE T B, ST EE
ERIL AR RS F R R A EN, DR e
ARBRRAEBAAN AR h i E 2, SR ek
Al BT R A N 2278 TR ) O e B i 1 R
FENE, PIESITRMERE, SRR R
Framaia, SRR, sk |
ASRIEW, I EE PR a0l
BN A T T, LAl Sl A BRI A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2444

TEY I8

Microbiol. China

NFNZIIE SIS S o WA k-0 IVAEIk - e 7
BRI

REFERENCES

(1]

(2]

(31

[4]

(5]

(6]

Lu JZ, Lin M, Qiu DW. Development strategy and counter
measures for agricultural microorganism industry in China[J].
Journal of Agricultural Science and Technology, 2007, 9(4): 22-25
(in Chinese)

Rliep, AR, BRAESC. FREAROML LY Ik & J hmg 5 % 5
[7]. hERL R FH], 2007, 9(4): 22-25

Lu F. Promoting curriculum sharing and teaching reform to
improve university teaching quality[J]. China University
Teaching, 2014(1): 8-11 (in Chinese)

Rl 7. fl HE RS S B O AT R T R U R (D).
FpE 2R, 2014(1): 8-11

Zhang L. The study on professional quality oriented curricula
construction of higher vocational education[D]. Changsha:
Doctoral Dissertation of Hunan Normal University, 2012 (in Chinese)
KR O BUAL Y R AT IR A B ST [D]. Kb
BRI 3, 2012

Chen XD, Su HX, Yang CJ, et al. Reform and practice of the
examination method on environmental microbiology experiment
course for capability development[J]. Microbiology China, 2019,
46(1): 203-208 (in Chinese)

PRMGHR, IR0 5, i, 55 JETRE B I IR U E Y
SR URFE B MR R O S SRR (] PR AEE R, 2019,
46(1): 203-208

Liu XY, Li Y, Lyu HX, et al. The reform exploration of
Microbiology Experiment teaching oriented by active learning[J].
Microbiology China, 2018, 45(10): 2280-2284 (in Chinese)
XLODF, 2%, SR, 55 LIRS S iR st
B HEFBUE IR R ], MY FiE R, 2018, 45(10): 2280-2284
Chen R, Yang C. Blended learning for SPOC[J]. Distance

(7]

(8]

(9]

[10]

[11]

Education in China, 2015(5): 42-47,67 (in Chinese)

FRK, #l. SPOC RGBT hEZEAE,
2015(5): 42-47,67

Allen IE, Seaman J. Grade Level: Tracking Online Education in
the United StatesfM]. Babson Park, MA: Babson Survey
Research Group and Quahog Research Group, LLC, 2015

Shen LL, Han XB, Cheng JG. Post MOOC should eventually be
positioned in the systems of open and online education—an
analysis of the characteristics and trends reflected in the studies
on MOOCs between 2008-2014[J]. Modern Distance Education
Research, 2014(3): 17-26 (in Chinese)

MR, SR, FER. <5 MOOC W2k 8l I TF i te 4k
HUH—2008-2014 4 [ bR SCHRBT S AR 0475 A UE B ]
PR F WIS, 2014(3): 17-26

Wang SY, Xu JG, Zhang LH, et al. Preliminary study on the
application of virtual simulation experimental training system in
Microbiology[J]. Journal of Higher Education, 2018(22): 104-106
(in Chinese)

EET, A, KL, 5. A R B R A
KWIMIT). T, 2018(22): 104-106

The Communist Party of China (CPC) Central Committee and the
State Council. Several opinions of the CPC Central Committee
and the State Council on prioritizing the development of
agriculture and rural areas to address the issues relating to
agriculture, rural areas and rural people [EB/OL]. http://
english.gov.cn/policies/latest_releases/2019/02/20/content 28147

6529980376.htm

s, [® 55 B, kg [H 5B T RERLROAR AL
KA T« =4 TAE W # T & U [EB/OL]. hitp://www.
gov.cn/zhengce/2019-02/19/content 5366917 .htm

Ge L, Shao YJ, Xu CC, et al. Ideal source and cultivation path of
new professional farmers[J]. Jiangsu Agricultural Sciences, 2018,
46(24): 395-398 (in Chinese)

BE, AL, BEE, . BRI R B S B
BRAR[I). IR RLE, 2018, 46(24): 395-398

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



