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Muc tiéu nghién ctru:

Phan lap, tuyén chon, dinh danh dugc ching vi sinh vat ¢6 kha nang ¢ dinh
nito va sinh tong hop indole -3- acetic (IAA) dé san xuét phan hiru co vi sinh
cho mét sb ciy trong tai Thai Nguyén.

Phwong phap nghién ciru:

Nghién ctru sir dung phuong phéap thu thap sb liéu thir cAp tir cac co quan
quan 1y trong tinh Thai Nguyén lam co s cho viéc nghién ctru dé tai; phuong
phéap phan l4p va tuyén chon vi sinh vat c¢6 kha ning cb dinh nito va sinh tong
hop TAA tir 175 méu thu thap ngau nhién tai 10 dia phuong sau dé tién hanh
nghién ctru dac diém hinh thai té bao, khuan lac va tinh chat nhuém Gram, dinh
danh dén loai chung vi sinh vat dua vao trinh tu gen 16SrRNA, gidi trinh tu h¢
gen vi sinh vat; danh gia dic diém sinh hoc ctia mét sé chung vi sinh vét tuyén
chon bao gé)m dic diém sinh ly, dac diém sinh hoa, phan tich so bd cAu trac hé
gen cta vi sinh vat 1am cin ctr dé phan tich trinh tu cac gen, vi tri gen, trinh tu
promoter bang cac phan mém chuyén dung. Trén co sé do, tién hanh xac dinh su
hién dién cta cic gen chirc ning bang phuong phap PCR, mét s6 chung tiém
nang duoc thir hoat tinh d6i khang 14n nhau bang phuong phép cy vach.

Tu mot s6 chung vi sinh vat duoc tuyén chon, tién hanh san xuit 05 mé lién
tiép phan hitu co vi sinh theo Quy trinh ma s6 MREC-QTCN-2022-03 cuia
Trung tAm M06i truong Tai nguyén Mién ndi ban hanh theo Quyét dinh sb
32/QD-TTMTTNMN ngay 28 thang 03 nim 2023. Chat luong phan HCVS
dugc danh gia theo cac chi tidu cia TCVN 7185:2002 vé phan hitu co vi sinh
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Str dung phuong phap danh gia anh hudng cta liéu luong phan hiru co vi
sinh trén cay lua va cdy ngd theo quyét dinh 726/QD-BNN-KN ngay 24 thang
02 nam 2022 ciia B6 Nong nghiép va Phat trién noéng thon (nay la Bo Nong
nghiép va Mdi truong) ban hanh dinh mie kinh té - k¥ thuat khuyén nong Trung
vong. Quy trinh cham s6c lta dugc thyc hién theo QCVN
01-55/2011/BNNPTNT vé khao nghiém gia tri canh tic va st dung cta gidng
laa; Quy trinh chiam séc cy ngd theo QCVN 01-56/2011/BNN&PTNT vé khao
nghiém gi tri canh tic va sir dung gidong ngd. Sau khi xac dinh dugc liéu lugng
sit dung cho hiéu qua t6t nhat ddi véi lua va ngo, tién hanh danh gia hiu qua
kinh té st dung phan boén hitu co vi sinh trén mo6 hinh dién rong (0,5 ha/ md
hinh) theo TCVN 12719:2019. Str dung cac phan mém SAS 9.1, Design-Expert
(DX 7.1.5), JASP 0.19.3., Microsoft excel 2015 dé tong hop va xir I s6 liéu va
t6i wu thong sb ky thuat.

Két qua chinh va két ludn

1. Két qud phan Idp va tuyén chon vi sinh vit c¢é khd néng cé dinh niito va
sinh tong hop IAA

- Ttr 175 mAu thu thip ngiu nhién trén 7 d6i tuong dat trong, ré cay tai 10 dia
phuong, st dung moi truong chon loc dac thu Ashby- vo dam da phan 1ap duoc
80 chung vi sinh vat c6 kha niang cb dinh nito. Trong d6 c6 38 chung c6 kha
nang dong thoi ¢d dinh nito va sinh tong hop IAA tip trung ¢ 3 d6i tuong chinh:
dat trong laa 14,42%; dat trong ngd 31,58% va dat trong ché 39,47%. Két qua
phan tich danh giad c6 6 chung vi sinh vat bao gém: NL1, NL3, MN&8, MN42,
MN47 va MN72 vira ¢6 kha nang ¢ dinh nito vira ¢6 kha nang sinh tong hop
IAA dat gia tri giéi han vé kha ning cd dinh nito (> 20 pg/ml); kha ning sinh
téng hop IAA (> 50 pg/ml); 6 chung déu c6 kha ning di dong.

- Két qua giai trinh tu gen 16STRNA cua 6 ching nghién ctru cho thiy su
tuong dong tir 99,20 %-100,00% véi cac trinh ty gen cla cac loai di duoc cong
bd trén ngan hang gen NCBI va trén Eztaxon, cac loi vi sinh vat nay déu co kha

nang cb dinh nito va sinh téng hop TAA.



- Qua trinh danh gia tuong tac gitra 6 chung sang loc, chon dugc 02 chung la
NL1 va NL3 khong d6i khang va khong thé hién sy trc ché/kim ham 1an nhau.

2. Két qua dic diém sinh hoc ciia mét so chiing tuyén chon

- Khi nudi cdy trén méi trudng Ashby, mat do té bao cua ching NLI1 dat gia
trj 16n nhat sau 5 ngdy nudi cy, trong khi chung NL3 sau 4 ngay nudi cdy, nhiét
d6 thich hop cho ca 2 ching phat trién 1a 32°C, pH thich hop cho NL1 va NL3
phat trién 1an luot 13 6,5 va 7,0 két qua nay tring khép véi thi nghiém t6i wu hoa
qua trinh nuoi cdy dugc thiét ké thir nghiém bang mé hinh Box-Behnken.

+ Chung Azospirillum sp. NL1: c6 nhiét d6 va pH t6i uvu cho qua trinh nudi
tang sinh trong moi truong long lan luot 1a 31,73 °C va 6,61; Thé hién 11/19
hoat tinh sinh enzyme va 37/53 chi ti€u hoa sinh dugc khao sat.

+ Chung Azotobacter sp. NL3: ¢6 nhiét d6 va pH tdi uu cho qué trinh nudi
ting sinh trong moi trudng long 1an luot 13 32,18°C, pH = 7,10; Thé hién 9/19
hoat tinh sinh enzyme va 25/53 chi ti€u hoa sinh dugc khao sat.

- Két qua phan tich by genome cua chung NL1 da xac dinh sy hién dién cta
cac gene lién quan dén con dudng cd dinh nito trong trinh ty bd gene cia mAu.
Két qua cho thiy trong genome ctia chung NL1 ¢4 29 gen tham gia vao qua trinh
cd dinh nito va 4 gen tham gia vao qu4 trinh tong hop IAA. Trong khi d6 chung
NL3 c6 45 gen lién quan tham gia vao qua trinh ¢b dinh nito va 07 gen tham gia
vao con dudng chuyén hoa IAA khi tham chiéu trén CSDL MetaCyc.

- Két qua danh gia an toan sinh hoc cua 2 chung vi sinh vat tuyén chon ching
NL1, NL3 duoc xac dinh dam bao an toan sinh hoc cép 1.

3. Két qud sdan xudt phén hitu co vi sinh véi mot sé chiing vi sinh vit tuyén
chon

- D3 san xuat dugc 2.000 kg phan hitu co vi sinh dat yéu cau vé phan hitu co
vi sinh theo QCVN 01-189: 2019/BNNPTNT vé chat luong phan bon va TCVN
7185:2002 vé phan hitu co vi sinh vat.

- Pba nghién ctru xac dinh duogc liéu luong stir dung phan hitu co phu hop ddi

v6i cay lta 1a 1,5 tAn/ ha, cdy ngd 2.0 tan /ha.



4. Két qua ddnh gid hiéu qua s dung phén hitu co vi sinh chita mét sé
chiing vi sinh vt tuyén chon trén cdy lita va ngé (quy mé 0,5 ha/ mé hinh)

- D3 danh gid duoc ning suit thuc té trén mo hinh ciy laa va ciy ngd su
dung phan hitu co vi sinh. Két qua trén cay lua dat 63,23 ta/ ha; cdy ngd 89,18
ta/ ha.

- P danh gia hiéu qua kinh té mé hinh cdy lta va cay ngd sir dung phan hitu
co vi sinh cy thé: mé hinh cay lua ting 16,62%, loi nhuan ting 10.062.000 dong
(twong duong 35,7%) so voi ddi chimg; mo hinh cdy ngd ting 15,67%, loi
nhuan ting 11.044.000 dong (twong duong 39,6 %) so véi dbi chung.

Nguoi hwéng din khoa hoc Nghién ciru sinh

TS. Tran Viin Chi  TS. Nguyén Thanh Hai Hoang Thi Lan Anh
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Research Objective

This study aimed to isolate, select, and identify microbial strains capable of
nitrogen fixation and indole-3-acetic acid (IAA) biosynthesis for the production
of microbial bio-fertilizer for selected crops in Thai Nguyen Province.

Materials and Methods

The study employed secondary data collection from administrative agencies
in Thai Nguyen Province as the basis for the research. Microbial strains capable
of nitrogen fixation and IAA biosynthesis were isolated and selected from 175
randomly collected samples across 10 localities. Morphological characteristics
of cells and colonies, Gram staining properties, and species-level identification
were conducted based on 16S rRNA gene sequencing and whole-genome
sequencing. The biological characteristics of selected microbial strains were
assessed, including their physiological and biochemical traits. Preliminary
analysis of microbial genome structure was performed to support gene sequence
analysis, gene location, and promoter sequence identification using specialized
software. The presence of functional genes was determined using PCR.
Antagonistic activity among potential strains was evaluated using the streak
method.

Selected microbial strains were used to produce five consecutive batches of
microbial organic fertilizer following Procedure Code MREC-QTCN-2022-03
issued by the Center for Mountainous Environmental Resources under Decision
No. 32/QD-TTMTTNMN dated March 28, 2023. Fertilizer quality was assessed
according to the criteria specified in TCVN 7185:2002 for microbial organic

fertilizers.



The impact of microbial organic fertilizer dosage on rice and maize was
evaluated based on Decision No. 726/QD-BNN-KN dated February 24, 2022,
issued by the Ministry of Agriculture and Rural Development (currently the
Ministry of Agriculture and Environment), which stipulates national
technical-economic norms for agricultural extension. Rice cultivation
procedures followed QCVN 01-55/2011/BNNPTNT, and maize cultivation
procedures followed QCVN 01-56/2011/BNN&PTNT, both concerning the
testing of cultivation and usage value of crop varieties. For large-scale model
development, one dosage formula demonstrating optimal effectiveness from the
trials was selected to assess the economic efficiency of fertilizer use. A
comparison was made between the experimental fertilizer and the control
fertilizer according to TCVN 12719:2019.

Data analysis and technical parameter optimization were conducted using
SAS 9.1, Design-Expert (DX 7.1.5), JASP 0.19.3, and Microsoft Excel 2015.

Results and Conclusions

1. Results of Isolation and Selection of Microorganisms Capable of
Nitrogen Fixation and IAA Biosynthesis

- From 175 randomly collected samples of cultivated soils and plant roots
across seven target cropping systems in 10 locations, 80 nitrogen-fixing
microbial strains were isolated using the selective nitrogen-free Ashby medium.
Among these, 38 strains exhibited both nitrogen fixation and IAA synthesis
capabilities, primarily found in three sample types: rice-cultivated soil (14,42%),
maize-cultivated soil (31,58%), and tea-cultivated soil (39,47%). Six strains,
including NL1, NL3, MNS88, MN42, MN47, and MN72, exhibited nitrogen
fixation capacity (= 20 pg/ml) and IAA biosynthesis capacity (> 50 pg/ml), and
all six strains were motile.

- The 16S rRNA gene sequencing of the six strains revealed
99,20%-100,00% similarity with published sequences in the NCBI GenBank
and EzTaxon databases. The identified species were demonstrated to possess

nitrogen fixation and IAA biosynthesis capabilities.
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- Interaction assessment among the six selected strains was presented
between NL1 and NL3, which were non-antagonistic and did not exhibit mutual
inhibition.

2. Biological Characteristics of Selected Microbial Strains

- Strain NL1 demonstrated the highest cell density after five days when
cultured on Ashby medium, while strain NL3 peaked after four days. The
optimal temperature for the growth of both strains was 32°C. The optimal pH for
NL1 and NL3 was 6,5 and 7,0 respectively. These results were consistent with
the culture optimization experiment designed using the Box-Behnken model.

+ Strain Azospirillum sp. NL1 exhibited optimal growth conditions in liquid
medium at 31,73°C and pH 6,61. It demonstrated 11 out of 19 enzymatic
activities and met 37 out of 53 biochemical criteria assessed.

+ Strain Azotobacter sp. NL3 exhibited optimal growth conditions in liquid
medium at 32.18°C and pH 7.10. It demonstrated 9 out of 19 enzymatic
activities and met 25 out of 53 biochemical criteria assessed.

- Genome analysis of strain NL1 confirmed the presence of genes associated
with the nitrogen fixation pathway. Specifically, 29 genes related to nitrogen
fixation and 4 genes related to IAA biosynthesis were identified. In comparison,
strain NL3 contained 45 genes associated with nitrogen fixation and 7 genes
involved in IAA metabolism, based on the MetaCyc database references.

- Biosafety assessment of strains NL1 and NL3 confirmed that both meet
biosafety level 1 standards.

3. Production of Microbial Organic Fertilizer Using Selected Microbial
Strains

- A total of 2.000 kg of microbial organic fertilizer was produced. The final
products meet the requirements of QCVN 01-189:2019/BNNPTNT on fertilizer
quality and TCVN 7185:2002 on microbial organic fertilizers.



- Suitable rates of fertilizer application to crops were determined as 1,5
tons/ha for rice and 2,0 tons/ha for maize.

4. Effectiveness Evaluation of Microbial Organic Fertilizer Containing
Selected Microbial Strains on Rice and Maize at the Model Scale of 0,5 ha

- Actual crop yields were assessed in rice and maize models using microbial
organic fertilizer. The yields of rice and maize reached 63,23 quintals/ha and
89,18 quintals/ha, respectively.

- Economic efficiency was evaluated, showing the yield of rice increased by
16,62%, with profit rising by VND 10.062.000 (equivalent to 35,7%) compared
to the control. For maize, the yield increased by 15.67%, with profit rising by
VND 11.044.000 (equivalent to 39,6%) compared to the control.



