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Screening and identification of superior associative nitrogen fixing
bacteria in rhizosphere of Hordeum vulgare

HE Jian-qing, ZHANG Ge-jie, ZHAO Wei-jing, WANG Xiao-xian
( Biotechnology Center of Tibet Agriculture and Animal Husbandry College ,Linzhi, Tibet 860000, China)

Abstract: In order to screen the combined nitrogen-fixing bacteria, which can promote barley growth, soil
samples were collected from the rhizosphere of barley in different regions of Tibet. The strains were isolated on Ash-
by nitrogen-free medium. The fixed nitrogen content of the isolates was determined by Kjeldahl method. The germi-
nation of barley seeds and seedlings were determined by the method of culture dish paper germination. According to
the strain morphology, physical and chemical characteristics, and 16S rDNA sequence analysis, nitrogen-fixing
strains were identified. The results showed that 72 strains of associative nitrogen-fixing bacteria were isolated from
barley rhizosphere in Tibet. The fixed nitrogen amount was between 0.30~26.07 mg - L', of which 10 strains had
higher nitrogen-fixing amount. Compared with CK, the fixed nitrogen amount increased by 17.01~26.07 mg + L™".
The results of seed germination and seedling growth test showed that 6 of the 10 strains had better comprehensive
promoting effect, namely strains 20-2, 22-5, 23-3, 26-1, 35-2 and 39-5. Compared with CK, seed germination
rate increased by =7.149% ~25.00% , stem diameter increased by 1.53% ~13.74%, plant height increased by —9.52%
~7.60%, root length increased by 9.41% ~38.09%, fibrous root number increased by —11.26% ~12.57%, fresh weight
increased by —4.97% ~57.73%. The six strains belonged to Rhizobium, Bacillus, Achrobacter and Pseudomonas.
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Table 1  Nitrogen increment of some associative
nitrogen-fixing bacteria
- T
LS [T SO
Isolated . . Isolated . .
. Nitrogen increment . Nitrogen increment
strain strain
20-2 17.12+0.16d 24-2 26.07+0.06a
21-1 21.58+0.40c 26-1 17.01+0.01d
22-5 17.26+0.37d 35-2 21.44+0.17¢
23-2 17.11£0.15d 39-5 17.13+£0.18d
23-3 23.05+0.05b 40-4 21.51+0.07¢

R RIVING SRR A B 25 573 .25 (P<0.05) , R,
Note: Different lowercase letters mean significant difference between

treatments ( P<0.05) , the same below.

iR 23.05 mg - L7, A SRR 211,
35-2F140-4 , A I4E A>9I 0 21.58 21.44 mg - L7 Al
21.51 mg + L', HARH MR EE R II1E 17 mg - L7
PIE,
23 BABRRENBERMFHELMAENZME
231 KRAEBERAMNFRMATHLG Y0 EHE
1110 BRIEHEAT RN R (R 2) , SRR
WY« A% At I 260 TR R ) 7 B R 2R i AN [
FCK AL, 10 BRER Y & 2 323G IR -7.14% ~
25.00% ., KZEEM (4 20-2, 24-2 26-1.35-2
Fl 404 5 ) W75 BRFP 8 A BT AR EAE O
TR R 20-2 RURCR b, i & %23k 87.50% , 8 CK
PER T 25.00% , HLUOZR TR K 26-1 1 40-4, 1 & %
14 85.0% , 1l CK M EL , R ZFRIEE T 21.43% , K
TR R ZFARBUN K 2R AR,
232 KRAEBRAMNFRYGERGYw B
I 2R R X 7 RS v AR A s e e A A (3R 3) R
BT H RIS A (R E ], H2E R B2 (P
<0.05) , WORBAF I E PR 23-2, F CK AH L, 25
FHIEIN T 18.32% ; KB/ bk (21-1,23-2 .23-3
%2 BAEAAEEMHMNBEREMTFHENEN

Table 2 Effects of soaking seeds with associative nitrogen-fixing

bacteria on seed germination of Hordeum vulgare

Bk K/ % KR % REFHREL
Strain Germination rate Germination potential Germination index
20-2 87.50+0.08a 75.00+0.01ab 17.90+0.73a
21-1 65.00+0.05d 62.50+0.07b 14.84x1.41¢
24-2 82.50+0.02abc 70.00+0.01ab 16.54+0.29b
22-5 77.50+0.17 abed ~ 75.00+0.02ab 16.57+2.62b
23-2 72.50+0.25 abed  65.00£0.00bc 16.17+0.67b
23-3 67.50+0.17cd 60.00+0.01¢ 13.90+2.47¢
26-1 85.00+0.05ab 82.50+0.02a 17.55+0.88a
35-2 80.00+0.10abed 60.00+0.00¢ 16.10+1.03b
39-5 65.00+0.00d 60.00+0.05¢ 14.59+0.41c
40-4 85.00+0.05ab 72.50+0.02ab 16.57+0.32b
CK 70.00+0.00bed 65.00+0.00bc 14.68+0.24¢

*3 BAERERMNERYBHERHIN
Table 3 Effects of soaking seeds with associative nitrogen-fixing

bacteria on growth of Hordeum vulgare seedlings

~ E
H Rk ZOM/mm R/ cm HRE/em AR
. . . Number of
Strain ~ Stem diameter Plant height ~ Root length .
fibrous roots
20-2 1.45£0.04cd 10.83+0.11e 7.44+0.20g 6.00+0.17a
21-1 1.53+£0.04ab 12.38+0.21b  9.06+0.09¢  5.43+0.15a
24-2 1.46£0.04cd 11.48+0.12¢ 8.66+0.23d  5.57+0.06b
22-5 1.43£0.03d 11.26£0.23cd  7.99+0.21f 4.73+0.12bc
23-2 1.55+£0.03a 12.13£0.32b 10.37+0.31a 6.00£0.1bcd

23-3 1.49+0.02bc  12.35+£0.33b 9.11£0.10bc 5.40+0.1bcde
26-1 1.46+0.04cd 10.89+0.19de 8.38+0.14de 5.5+0.17bcde
35-2 1.41£0.02de 12.26+0.12b 8.49+0.09d 5.63+0.15cde
39-5 1.33+0.03fg  12.88+0.39a 9.39+0.25b 5.53+0.12de
40-4 1.37£0.04ef 10.72+0.11e 6.81+0.07h  5.33+0.06e
CK 1.31£0.03g 11.97+0.21b  6.80+0.14h  5.33+0.15e
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FEARITE R 2 LR, B R R FENE (E 1),
SE O AN EA AR BR A AL ARAE (WLFE S) | 1l E AR AR 43
B 0 A A AU TR AR 35-2 FH 395 B TARJE
B8 Rhizobium Rk 22-5 J& T H B Paeni-
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Table 4 Effects of associative nitrogen-fixing bacteria on seedling biomass of Hordeum vulgare/ (g « 10plant™)

ESE7S fitf FRff F 2 T R FTE
Strain Fresh weight Root fresh weight Shoot fresh weight Dry weight Root dry weight Shoot dry weight
20-2 4.36+0.05e 3.13+0.04 1.25+0.01f 0.86+0.05b 0.51+0.01d 0.40+0.01b
21-1 3.93+0.05f 2.60+0.01 1.35+0.04e 0.53+0.01g 0.51+0.01d 0.19+0.01¢g
24-2 3.35+0.06i 2.45+0.01 0.98+0.04h 0.44+0.01h 0.31+£0.01f 0.13+0.00h
22-5 5.71+0.01b 3.97+0.04 1.79+0.04b 0.73+0.04d 0.56+0.01b 0.19+0.02¢
23-2 2.95+0.01k 2.10+0.01 0.84+0.041 0.38+0.011 0.19+0.00g 0.18+0.00g
23-3 7.62+0.01a 5.39+0.01 2.23+0.01a 1.27+0.03a 0.68+0.01a 0.62+0.01a
26-1 5.06+0.02¢ 3.63+0.02 1.48+0.02d 0.81+0.01¢ 0.55+0.00b 0.25+0.01f
35-2 4.45+0.02d 3.29+0.01 1.19+£0.01g 0.66+0.01e 0.38+0.01e 0.30+0.01e
39-5 3.44+0.03h 2.23+0.01 1.23+0.04{g 0.61+£0.01f 0.30+0.01f 0.32+0.01d
40-4 3.15+0.01; 1.66+0.03 1.53+0.04¢ 0.85+0.01be 0.54+0.01¢ 0.32+0.00d
CK 3.62+0.03g 2.27+0.04 1.33+0.03e 0.87+0.02b 0.52+0.01d 0.36+0.00c
RS5 o RITEERAIEMEE
Table 5  Physiological and biochemical characteristics of screened strains
20-2 22-5 23-3 26-1 35-2 39-5
FAIEAR Morphology FFAR Rod FFEAR Rod FFEAR Rod FFAR Rod FFAR Rod FFAR Rod
BRI Strain size/ um 1.0x(3.0-4.0) 1.0x(2.5-5.0) 1.0x(2.0-5.0) 1.0x(2.0-4.0) 0.9x(1.2-4.0) 0.8x(1.3-3.0)

H22 YL Gram stain G G* G G G” G~

2ol Spore forming — — — — —

1Ml Catalase test + + + + + +

AL Oxidase — — _ _ _ o

V-P 5 V-P test + + + - + +

D-Hi & R D—glucose acid yield + + + + + +

D-H # & D-mannitol + + + + + +

AL Starch hydrolysis
7 H,S H,S production
£ AL Milk peptone

BRI JL# Nitrate reductase

VENIKfi# Starch hydrolysis

o+ o+

TE 7 R AR B 22 PO (N B 5 = 3R A A SO B 22 R 5 A

Note: “+” denotes positive biochemical reaction (or gram stain) ; “~" denotes negative biochemical reaction (or gram stain).
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Neorhizobium huautlense S02
Neorhizobium alkalisoli CCABWU 01393
Rhizobium wenxiniae 166

Rhizobium yantingense H66

Rhizobium smilacinae PTYR-5

35-2

Rhizobium soli DS-42 EF363715

100—Agrobacterium salinitolerans YIC 5082
Rhizobium pusense LMG 25623
9T—Rhizobium skierniewicense Chll
Rhizobium rubi NBRC 13261

43— Rhizobium radiobacter ATCC 19385
39-5

Rhizobium nepotum 39/7

36 22-5
100 ’_EI’LIL‘VI//JLIL'///II.\' typhae CGMCC 1.11012
>aenibacillus albidus Q4-3
25
62

Paenibacillus odorifer DSM 15391
Paenibacillus borealis DSM 13188

51 gchromobacter deleyi LMG 3458

Achromobacter kerstersii LMG 3441

871 Achromobacter spanius LMG 5911
23-3

100 Achromobacter marplatensis B2

\— Achromobacter piechaudii ATCC 43553
71— Pseudomonas kilonensis DSM 13647

41 Pseudomonas corrugata ATCC 29736
Pseudomonas brassicacearum subsp. neoaurantiaca ATCC 49054
Pseudomonas brassicacearum subsp. brassicacearum DBK11
100
42
29
78

100

Pseudomonas thivervalensis DSM 13194
20-2
26-1
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Fig.1 Dendrogram showing the phylogenetic position of the associative nitrogen-fixing bacteria
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