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Abstract: This study aimed to evaluate the potential plant-
growth promoting effects of potassium polyacrylate, a super-
absorbent polymer, and Bacillus sp. SHIRPS, a family of
plant-growth-promoting bacteria. Potassium polyacrylate was
selected as the polymer for use due to its high molecular wei-
ght and its ability to retain and continuously supply moisture.
Plant-growth-promoting rhizobacteria (PGPR) were isolated
from the soil and applied to plants growing in dry environ-
ments, such as saline conditions. The moisture absorption and
retention abilities of potassium polyacrylate were evaluated at
a high temperature (50°C) and in a dry condition, during
which time the polymer showed a water retention potential of
19606.07% after 29 days. To overcome the reaming problem
in the soil environment, natural polymers (such as cellulose)
were mixed with the potassium acrylate. The shoot growths
of Peucedanum japonicum Thunb and Arundo donax were
significantly enhanced when treated with the mixture of the
isolated rhizosphere bacterium SHIRPS8 and potassium poly-
acrylate (63.5 and 124.3%, respectively).
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2. MATERIALS AND METHOD
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2.2. Bacillus sp. SHIRP83} SAP7} g&o] §-85 9]
A9 2R3N v E ¥ 87

Ee BTt ARG (FE 4%)E ANFFHAIL pota-
ssium A€ polyacrylate®} celluloseE 8:2 (w/w)L. 2 &35}
o] FH| SRt A EoFol vl P ER|RE HE M E 0.5% (W



& 8t 51oll M Bacillus sp. SH1IRP82} Polyacrylate Polymers7}

S 0|X|= FEofl 2t A7 99

v)A7Fske] SRt &, o] " Aol A Bt Ale SR
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o] EAfst= 2T A E & JFst= A7IEUE
(Peucedanum japonicum Thunb)} ZFY 2t (Arundo
donax)e AH&3FITE [16]. T2 A2 59 18], &2 1L/

SHEEFGITE 20~25°C 2ol A AW A el sk giTh.

2.3. Real time PCR& o] €% Bacillus sp. SHIRP82] #
F 24
E ko) £A)35}+= Bacillus sp. SHIRP8E: real time PCRS- 9|
&3l 3} sh3ith. DNA HE2 913t probe} primers®] T
21912 9J3}¢d, SHIRP84F2] 16S rDNA+= gene primer$]
27f (AGA GIT TGA TCM TGG CTC AG; M=C:A)9} 1492r
(TAC GGY TAC CTT GIT ACG ACTT; Y=C:T) primers&
0]-8-3}o] PCRES 43§35} %t} [17]. PCRLS 2x hot taq (PCRbio
HS taq mix, UK)S ©]-&-3}| =35} 4 th. PCRZ A2 pre-dena-
turationS 95°Cof| A 10, denaturation- 96°Coj| A 30%, an-
nealing2 56°CoJ| 4 30%, extensionS 70°Cof| 4] 30% 2 28
cycle A3 G of| 72°Co)| A 55 35St final extension 3}
T} 225 16S rDNA= PCR purification kit (QTAGEN GmbH,
Hilden, Germany)Z o]-8-3}0] A #)|5}9)c}. B4 % sequence
+ Basic Local Alignment Search Tool (BLAST)of| 4 z=A}s}
o] HFF9] £ 2213} T} [18]. National Center for Biotech-
nology and Information (NCBI) Blast search Z 3}, SHIRP82]
sequences FolA 54 FiS Ik SHIRPS +55 9|3
probe?} primersE t] A} 215}t

Real-time PCRE4 2 9]3} genomic DNA= EOF A| 2 2 K
E] F&35F4t) (Fast DNA SPIN for Soil kit, Q-BIOgene,
USA). 71 & DNAA|ZEE AA|3lo] (PCR Purification Kit,
QIAGEN, USA) qRT-PCRS =35} 4t} RT-PCR (illumine
real time PCR system, USA)-2 25 uL sampleZ MicroAmp
Optical 48-wello]| g ¢] MicroAmp Optical Caps (Applied Bio-
systems, USA)© & gl o] Uk-2-& A]#t} RT-PCR 30|, A%
3} a1A} 3= target gened] ¥ A o7 HUlsty] Y3l

Table 1. Biodegradability according to the mixing ratio of the polymer
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Fig. 1. Water uptake rate of the polymer in repeated dry environ-
ment (a) and water absorption according to the mixing ratio of the
polymer (b); P, polymer; C, cellulose.

RT-PCR Z 1} 4-& Ct (threshold cycle) 4F-& standard curveE
33 DNAsE== $HIstgith A|&2] DNA F%= THA|
cellsig® SHAF1 ST} WE A3& 3uhe o 2 ash oL,

3. RESULTS AND DISCUSSION

3.1. A SAPS| T}t P o Wi E F=EESTE F7)
2 Aol e =Tt ol &8kl a2l F3F 87 o
A AdAehe AlEY A AR 831 RS A
Z SAPE AAstaAt 579 polyacrylate®] =& F&
< v w3} T} (Fig. 1(a). E3H AF oA A4 % potassium
type polyacrylate®] 453l =& A 7] 7] el A A= cell-

Potassium type SAP : Cellulose (g CO,)

Days Blank (g CO,) 0:10 2.8 55 82 10:0
ThCO, 8250 6,783 3767 2567 0917 0
Bio-degradability (%) 83.23 69.29 56.64 48.05 10.55
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uloses AT W7 & o7 FES s (Fig.
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(22386.67%) Tr=< wj o} 7} FAFSEITH (Fig. 1(b)). E3,
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i, potassium polyacrylateZ 2] 1 9] H| & 0] ol A45E AHE
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Fig. 2. Effects of the inoculations of Bacillus sp.SHIRP8 and super
absorbent polymer on the growth of plants in soil mesocosm. (a)
Peucedanum japonicum Thunb., (b) Arundo donax L. var. versicolor
kunth. An asterisk (*) means the statistically significant differences
from control (*0.01<p<0.05; **0.001< p<0.01; ***p<0.001).
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3.3. Real time PCR& 0]&3% Bacillus sp. SHIRP82] 3
F 24

RT-PCRE ©]-&3 o HUYE - 913 SHIRP8S] 7] A
93 BEA3 & 5A3A ). Bacillus sp.2 57 % SHIRPS
BHS 7%ol7] 98] 574 primere} probe TlA-lakoAct.
Primers= forward+= 5'- ACG ATG AGT GCT AAG TGT TAG
G-3'¢} reverse= 5'- CCC AGG CGG AGT GCT TAA TG -3'
2 g }elsle] A|AsFS T E3E, probe sequence 5'- TTC
CGC CCC TTA GTIG-3'0] 2L 5'9]] FAM (6-carboxyfluorescein)
< labelings}o] A 25} ¢i k. A2 probe £} primerE o] &
3] EoFof ZR)35}+= Bacillus sp. SHIRP8S] A 7F A2 9|3
AFALS A3 AT} (Fig. 3). 31 A 2HE probe?} primer7}
SHIRP8RHS HZ&5k=A] 2R15l7] 9laf & A-AollA 2
gL Q= HAES o R AR S S35t (Table
2). 71 A3} 5 A0 A] A28 probeet primer’= So] .0
SHIRP8YHS A&3d)= AL sHol5ttt A= AL o]
L3 EF O 2 B E genomic DNAE %73t & RT-PCR43
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CFU/g9 11, 54 Zrj= 9.2x10° cells/g7} §-A) =] @l Th. 1]
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Fig. 3. Making of the RT PCR calibration curve of Bacillus sp.
SHIRPS; (a) Ct values vs. genomic DNA concentration of SHIRPS,
(b) genomic DNA concentration of SHIRPS vs. viable cell numbers
of SHIRPS.

Table 2. Comparison of RT-PCR threshold cycle values obtained
from RT-PCR using different bacteria DNA

Species of bacteria Threshold cycle values

Bacillus sp. SHIRP8 11.77
Tetrathiobacter sp. 31.57
Lactobacillus brevis 37.60
Brevundimonas diminuta 38.16
NTC 37.63

EAE s 25| AsliA = L= do] EAsh= o
A SHIRPSE EAA 2 AFRE 1] & AEHAE 935}3+
ol et =7F A7t E e stk Ay

PN A
T RT

Oll
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