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Optimization of liquid inoculant of a nitrogen-fixing bacterium and
its colonization on maize phyllosphere
GE An-Hui*® FANG Ping® XIONG Chao'® ZHANG Li-Mei'*" HE Ji-Zheng'?
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Chinese Academy of Sciences, Beijing 100085, China)
(2. College of Environmental & Resource Science of Zhejiang University, Hangzhou, Zhejiang 310058, China)
(3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Background] Associative nitrogen-fixing bacteria are non-host specific, and widely
distributed in soil and phyllosphere environments, playing an important role in nitrogen supply for
ecosystem. They also can promote plant growth indirectly via producing hormone for host plants or
protecting plant from disease attacking, therein have great potential for agriculture application.
However, the application of microbial inoculant into soil is limited owing to the unstable efficiency
in field, due to the competition from indigenous microorganisms and inhibition effect of soils.
Compared to soil habitat, phyllosphere is relatively simple and constitute large areas. Foliar
application of associative nitrogen fixing bacterial inoculant provides an alternative way instead of
soil application in agriculture. [Objective] To optimize the liquid inoculant of an associative
nitrogen-fixing bacteria strain W12 by adding different additives, and to track its colonization on the
phyllosphere of maize after foliar application. [Methods] Firstly, the 16S rRNA and nifH gene of
strain W12 were sequenced to identify its taxonomy. The effects of carboxymethyl cellulose (CMC)
and glycerol (Gly) used as liquid inoculant additives on the growth and nitrogenase activity of strain
W12 were evaluated in liquid culture and the liquid inoculant was prepared based on the optimized
condition, and then the colonization of strain W12 on the phyllosphere of maize after spraying of
liquid inoculant were estimated by plate counting on a low-nitrogen agar. After harvest, the grain
yield and nitrogen content of grain, stem and leaf of maize in field were measured. Meanwhile, we
also inspected the shelf life of inoculant under different storage conditions. [Results] The phylogeny
analysis based on 16S rRNA and nifH gene both suggested that strain W12 is closely related to the
species Klebsiella variicola. CMC and glycerol addition in liquid media showed no significant
influence on the growth of strain W12, but remarkably improved the nitrogenase activity by 3.7 and
24.2 times, respectively. After the foliar application of liquid inoculant via leaf spraying, the
recovered strain W12-similar colonies on low-nitrogen media were up to 1.7x10° and 4.3x10° CFU/g
leaf from maize phyllosphere in pot and field experiments, significantly higher than the control
without inoculation, while the nitrogen content of grain, stem and leaf of maize in inoculation
treatment were higher than those treatments without inoculation. The number of viable strain W12
decreased over the storage time while storage at 4 °C maintained much higher viable bacteria than at
room temperature, with the viable bacteria number more than 1.0x10® CFU/mL after storage at 4 °C
for 90 days. [Conclusion] CMC and glycerol used as additives of liquid inoculant are favorable for
bacteria adhesion on leaves and could remarkably improve nitrogenase activity of strain W12.
Storage at 4 °C can sustain long shelf life of strain W12 liquid inoculation, compared with room
temperature. After foliar application in field, strain W12 could successfully colonize in the
phyllosphere and inoculation significantly improved the nitrogen content of maize grain and plant.
Our results exhibit new insights on the preparation and application of foliar inoculant, and set a good
example for field application of nitrogen fixing bacteria to reduce the nitrogen fertilizer application
and stabilize crop yield.

Keywords: Associative nitrogen fixation, Additive, Liquid inoculant, Leaf colonization
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Figure 1 Phylogenetic trees of strain W12 based on 16S rRNA gene (A) and nifH gene (B)

GenBank ; 1 000 50
Note: Numbers in brackets represent GenBank accession numbers; The number of the nodes means the bootstrap value, representing the
percentage of occurrence in 1 000 replications, the value lower than 50 has been deleted; The scale bar means branch distance unit of
phylogenetic tree.

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



1308 (P ESTE Microbiol. China
A s B 80 000
£
~ ?
=4
S 1of g_i 60 000
z —CK 55
z —— 0.1% CMC g8
a=} [= =]
= —— 0.3% CMC 5]
S 05t —— 0.5% CMC ;g“é 15 000
= —— 1.0% Gly Z = 10000
c —e 2.0%Gly als)
—— 3.0% Gly E 5000
0.0 . . . 2 ' . = 0 - . . .
6 1224 36 48 72 o l(jgéa R re L IRC L B C
[ncubation time (h) Q.\"‘“ Q_n;‘:" @iv” (BT A0 Q
B2 R Evk W12 £Kthik(A)FE RESE 1 (B) KIS0
Figure 2 Impacts of CMC and glycerol addition on the growth curve (A) and nitrogenase activity (B) of strain W12 in liquid media
( 2B) 2 0.3% CMC (P<0.05)
0.3% CMC  2.0% (4 °C)
2.0%
2.2.2  FEFRFINCGEE AT (A AU AR TG
2.3 EREEMFIERXERMPRHEE
0 7 15 30
60 90d 3
90 d 4 40 d ( 130 d)
4 °C 4
8
3 1.0x10° CFU/mL 1-2d W12
o 7 o
25°C 1.7x10" CFU/mL 4°C 2.5 mm
4°C 2% 4°C
1 mm
15 W12
_ —=—25°C
2 I 4A W12
= —a— 4 °C+0.3% CMC
2 1oL —— 4°C+2.0% Gly 130d
LI
s E
=0 4.3x10° CFU/g W12
ERS)
Sw or W12
g W12
2 GT W12 31.41%
0 0 7 530 60 9 W12
Storage time (d) 2.49%

B3 AFEEAR TEREEMTRERFER
Figure 3 The shelf life of inoculant stored at different
conditions

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



1309

A 10 - B
a [ Red soil ] \Ovtl;;rs
I Fluvo-aquic soil |
= : 8 i
£ 5
£3 68.59%
= -
2
E 2 Inoculated
2 X
S=
[~
O
" ¢ C 2 49%
O o e e O A49%
\N\?')(Q. QT o ' Uninoculated

4 E W12 ERH ERMHPRAERZE (A) S Fr & EEfi(B)
Figure 4 The amount of W12-similar bacteria recovered from maize leaves (A) and its proportion among all culturable
bacteria (B) on the phyllosphere in pot experiment

24 EMFAAEXRHERMFHNEERENE 30d 70 d
S5E#ESAENFN W12 W12
W12 1.9x10° CFU/qg
5.5x10* CFU/g
w12 6.8x10° CFU/g ( 5B)
30d 8.2x10* CFU/g
( 5A) 12.4 t/hm?
70 d W12 (11.0-11.6 t/hm?)
30 d ( 6A) 6B
1.7x10° CFU/g 1.4x10° CFU/g ( 5B) W12
A B
E‘E 150 - E‘ 30.0 w2 A
l‘.: i:; 100 F a = %D 200 - - Others ﬁ AB AB
E = 5= 10.0
S = & (n-) = a
£Z s0f Ei=
2T F £y 2
§ E Second spraying b 2 ::
< E 2k after 20 days g = L5
3 @ % Eﬁ
B = = E 10
5E L : B
I — £ sl i e :
o £ . . W\ LGY % Y e\ %
0 1 30 70 %Qofoﬂ* %Qo/o\“ %00/0‘\“‘&%00/0\)\* %Qujoﬁ %Qofuﬂk
£(d) 30d 70d

&5 KXHEGEEEMTAREERG W12 £ IR EE =
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