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Lonicera japonica Thunb. Growth and Its Rhizosphere Environment
Characteristics with Application of Plant Growth-promoting Rhizobacteria
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Abstract: Plant growth-promoting rhizobacteria (PGPR) are beneficial native soil bacteria that colonize
the rhizosphere or plant roots and regulate the functional properties of agricultural systems. One of the
proposed mechanisms through which PGPR enhances plant growth is the production of plant growth
regulators, especially cytokinin. However, little information is available regarding cytokinin-producing
PGPR inoculation on growth and water stress consistence of Lonicera japonica Thunb. seedlings.
Therefore, a bacterial strain with high cytokinin production and known positive effects on plant growth was
selected for use in present investigation. Cross-linked polyacrylamide is a widely studied super-absorbent
polymer with segments of hydrophilic groups that can absorb and retain liquids, with the absorbed water it
is difficult to remove even under pressure. In addition, because of the water absorbing properties of these

macromolecules, cross-linked polyacrylamide were used in a wide range of applications in agriculture and
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forestry. Firstly, an inoculation experiment was conducted to determine whether -cross-linked
polyacrylamide could be used as carrier for PGPR by inoculating Bacillus cereus DZ1. And then, a
Lonicera japonica Thunb. afforestation experiment, including five treatments, i.e. PGPR (B. subtilis DZ1
inoculation alone) , CLP ( cross-linked polyacrylamide was applied alone) , C —P ( B. subtilis inoculation
with CLP) , CPG ( gel was made of PGPR and CLP), and CK ( neither B. subtilis nor CLP was applied)
was conducted. The experiment was to evaluate the effect of different ways of PGPR application on
Lonicera japonica Thunb. growth and microbial characteristics in rhizosphere soils. Results indicated that
compared with the diluted water treatment, the number of effective viable bacteria of bean sprout juice
dilution treatment in cross-linked polyacrylamide was significantly increased by 19.45% ~ 664.05% ,
which meant that CLP can be used as an carrier for B. subtilis DZ1. The root exudates, namely amino
acids, organic acids and total sugars in CPG treated Lonicera japonica Thunb. rhizosphere soils were
significantly increased by 37.36% , 30.04% and 8.18% than those in PGPR treatment. Although
B. subtilis DZ1 inoculation alone had no significant effect on microbial biomass carbon contents, the CPG
treatment evidently increased microbial biomass carbon and significantly enhanced microbial respiration,
showing 18.02% , 9.93% , 8.56% and 18.91%
treatments of PGPR, CLP, C — P and CK, respectively. At the same time, the metabolic quotient was

reduced by the CPG treatment, demonstrating 12.74% , 7.62% , 8.02% and 14.02% decreases,

increases in microbial respiration rate over the

respectively. Besides, the CPG treatment achieved the highest Simpson index, however the lowest
Shannon and Meclntosh index among all the treatments. CPG treatment had no significant effect on
afforestation survival rate, it was beneficial to the shoot and root dry matter accumulation of Lonicera
Japonica Thunb. Compared with C — P treatment, CPG treatment increased the relative water content of
Lonicera japonica Thunb. leaves by 10.34% , whereas decreased the relative electric conductance by
9.70% . As a result, the CLP — PGPR gel can alleviate the drought stress and interfere with the
suppression of plant growth through regulating the micro ecological environment of Lonicera japonica
Thunb. rhizosphere soil, showing a real potential to perform as a drought stress inhibitor in arid
environments.
Key words: cross-linked poly-

Lonicera japonica Thunb. ; plant growth-promoting rhizobacteria;

acrylamide; gel; rhizosphere
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1 T VAR5 A S 3R 50, B B I O DR AL IO
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TG AR TEE R T m x 1 m ARARFE 200 £,
FH 3 W, WS 5 A FE, 4 B Sy B2 F
B. subtilis DZ1( &% PGPR) i i CLP( f&i F& CLP) .
It Fl CLP 3f-4:F B. subtilis DZ1 (&% C — P) it il
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1.4 HiESMH

K Excel 2010 4b 35 - i 1], SPSS 13. 0 4t
TR AT J7 22 53 B F 2 H L 4K ( Least significant
difference , LSD)
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ANTRV B[] CLP 2844 o 9 A 20005 v gl an 141 1 B
No ATLLE W, TR M E KIS 2 E T E R
i T, A 800G TR BCTE 35 95 00 301 1 A R T B
[F] 2 R0 S0T B A L, 35 9% 5 3 R B, A AKTE TR AT
MIBEAR T 35.30% H146.21% . W5 6 KIFtG, 02
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TEHEBAE T 9.4 x 10° ~ 1.04 x 10" CFU/g Z[i];

TESS 24 d B, HAA ROE WAL B & T B, BRI 4
HHHL N 7 x 107 CFU/ g Xk 5 2F 178 37 0 B Ak
PR 2. 15% o Lh B Mkl , B. subtilis DZ1 w] LUIFE
CLP Hfg e e 4, 55 77 1 3% ) 1 7] — A W B o
KA,
1.4x10°
4
—~ 1.2x10¥
LOX10% —Oo—GEHTHIR K
8.0x107|
6.0x107

TE B EE/(CFU - g

4.0x107

4

T 2 ox107}

0 3 6 (‘) ll2 ll5 1’8 2‘1 24 2‘7 3‘0 3‘3 36 39 42 4‘5
REn
1 R[R)RE SR CLP A i) A 2500 4K
Fig. 1  Number of effective bacteria in CLP at different

inoculation time
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Tab.1 Effect of different application ways of PGPR on root exudates content in Lonicera japonica Thunb. rhizosphere soil

4k 3 AL R/ (mg-kg ) HHLBR T/ (mg-kg ") TR/ (gokg ™)

PGPR 0.886 +0.081° (22.321 £2.010) x10 % (15.925 +1.340) x10 %
CLP 0.961 0. 053" (23.421 £1.410) x10 73" (14.501 £2.050) x10 73"
c-P 0.973 0. 035" (28.516 +1.420) x10 3 (14.423 £1.410) x10 73"
CPG 1.217 0. 081° (29.021 +1.530) x 10~ (17.213 £1.053) x 10 3
CK 0.892 +0.052°¢ (22.011 £1.650) x10 73" (10.623 £1.120) x10 ~3

T B P2 = bR 22 R SR JG AN Rl /INS 71 3R AR B TR] 22 57 12 3% (P <0.05) , R Il o

2.3 AR IR A ACE S

SR W A W B 1 B S AR Bl M
TR 0T 09 A K T R AN BT T AR Y S TE SR BB
2 - AT LI B0 0 il 5 5% O ) G AR A B A
B, AN T Ak 3 - S e 1 T

PIEH (£ 2) i CLP RN FEE 4R TEY
W& &, 5l CK A1 [, CLP .C — P 1 CPG &b 3 {1y
O B & R W OE RS T 16.22% . 17.17% |
38.46% , 3 ' PGPR ({4 # J7 =X, [i] PGPR i1 C —
P AL FRAH L, CPG Ab 35 1) 5 2E W) 1t 43 i) Yl 355 42 v
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Tab.2 Microbial biomass carbon, microbial respiration and metabolic quotient in Lonicera japonica Thunb. rhizosphere soil

fib 3 PR Y RS R/ (mgekg ™) TR PV IR E 2/ (mg-kg ™' -h ') R /h !
PGPR 246.23 +19.25° 0. 666 0. 033" 2.70 £0.01°
CLP 279. 87 = 16. 85" 0.715 £0.019" 2.55 +0.02"
c-P 282.17 + 14. 18" 0.724 £0.042" 2.57 0. 10"
CPG 333.43 +£20.37* 0.784 0. 029" 2.36 £0.12°
CK 240.82 +17.23° 0.661 +0.035° 2.74 £0.15°

35.41% F1 18. 17% , 1 FL 4% £ Ff PGPR 4b 2§ I} 2 f
ik, 5 CK Z [ 27 R E#E,

M2 AT LUF H, PGPR A3 CK 2Z A 7 A=
I W R 2 S O I RN B, subtilis DZ1 X%
xR AEAR B - 58 1 1 A P P U HR S i N o R
PGPR F1 CLP A 45 4,2 Fiita i 7 2035 A [] A R 42
AR Y R R AR e L CPG B it T A%
R E . LIREAEM PGPR,IF N CLP X} 4
ERACAR B A S A P R R B R S e [
CK Ab#EAf EE ,C — P AL HL A CPG AL B 1 13 A= 10 P 1z
) i B 9. 53% M1 18.91% ., A EL T %
W CLP, CPG 4b FH 43 A Wy 0 W 3 % 0 35 42
8.55% . Al W, L CLP — PGPR ¥ Ji& it J5 =X 4 Fb
PGPR , Xif 8 S 25 90 (1 P A 25 119

PR A T - AR A O O SR R S AR )
WA I ER G o, HBUE AR A W AR i Y
KANFE P, 48 R & L A8 R G0 B iR
pE # 2 BR, CK bR PGPR Ab 3 i A i 4
e, HW #2222 A3, mimA CLP LL5,
HR B - 0 A 0 R AIK . W] CK AR B AR [, Ak

B CLP,C — P, CPG [ R ) 5 & 35 B Ik 6.76% .
6.36% 1 13.97% . [d] 53 4b 2 A~ CLP 4k B AH
F, CPG Ab 35 i1 £ 35 4 3 I B AIK 7. 62% F1 8. 08%
ZERRE . BRI RY, T RIS T iR B.
subtilis DZ1 % AR bR A 3 G0 A= 4 7 W o 6 R AR 52
M 45 /0N AH IS I CLP RALAG ) 4 5 AR B 1 48 14 fik
A O I R R BRI T AR, o L CLP -
PGPR #E i 7 207 FH sk SR 45k W
2.4 MEHERBEDINGESHKE

H 2 3 AT LA, A PGPR #2Fp 75 x0 2 [A]
SRS LM R E R W E ., BAREMT
FMEIEE B B. subtilis DZ1 {5 CPG &b 3 /¥ 41 1 %%
0 5 Hk PGPR F1 C — P 4b 7 i & 42 5 28. 32% Fil
11.72% , PGPR b3 [H] CK 4k B 2 A] 22 5% AN 2 % ,
UL T R EE T HAE R B, subtilis DZ1 3§ R X%t
SARAME AR bR Ly gl W AR R R, 5§
CK Zb¥EAH EL , CLP .C — P Il CPG Ak B [ 41 B £ &
WERN T 14.81% 13.07% 1 26.32% , X 1i W]
NI CLP X AR B A 498 v i) 40 18 25 5l H A B 1
M

*3 PGPRUEAARXWNERERFRIEAETREMSHFEERNF L
Tab.3 Effect of different application methods of PGPR on bacteria count and diversity indexes

in Lonicera japonica Thunb. rhizosphere soil

b B MR/ (CFU-g ™) Shannon 8 % Simpson $§ %k MclIntosh $§ %k
PGPR (1.08 £0.08) x 107 2.71 20. 15" 0.87 0. 02" 5.34 +£0.35"
CLP (1.26 £0.08) x 107" 3.41 +0.20" 0.76 +0. 04°¢ 4.99 +0. 44°
c-p (1.24 £0.10) x107" 3.45+0.17° 0.77 +0. 06° 4.68 +0.27"
CPG (1.38 £0.09) x 107 2.78 0. 14" 0.96 +0. 07" 4.13 +£0.30°
CK (1.09 £0.09) x 107 2.72 +0.09" 0.88 +0.01" 5.51 £0.36°

Shannon #§ %% 3 2 KL W ) Fh (1) F & B2, Simpson
P8R W TE V5 N B B WL AR i 0 B Melntosh
6B WS Rl B 23 3 RO R] PGPR
N7 H, € — P AL PR (% Shannon $8 %4 43 1) He
PGPR Fl CPG & 4/ 1 27.31% Fil 24.10% , 1fij
CK.PGPR il CPG bHZ [H] 22 S AN 3% . A L3R
H1, CPG b3 (1) McIntosh 4§ 05 {1% , i PGPR &b 3 1
CK At P fw o 3% 3 & 0] LB H, H %
B. subtilis DZ1 X 4 #R 16 M3 Br £ € /) Simpson 38 %

B/ {H CLP — PGPR BRI AL F 1Y Simpson 5 %k
BERN 5 PGPR 1 C — P 4-34H I, CPG 4b 3 {19
Simpson 5§ $ % & 2 5 10.34% F1 24.67% , LA b5
T3l , B3R B. subtilis DZ1 X 4 55 16 AR b 4= 12
M)A W) fig 2 FEPE 2 e 2/, {H DL CLP — PGPR
17 2t BEAIR T UE ) 2R PE R S0k 4R
T A A
2.5 4YEREBEREEFE

M4 AT LLEH,CLP .C — P 1 CPG b BE 1 i
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OB IE 2R 43 0 b CK 42 5 12.06% | 12.62% FiI
15.22% WA CLP [ 35 42 /5 T 4 4 A6 19 15 AR i i
L HEEF PGPR X 3 MRS TE R 5 A B % . H %
Rl PGPR X & 4R 46 T 9 B AR 258 i #5271, {H PGPR
[l CLP R &l AR T & THm AR, 3
Ff PGPR #:F J5 X, CPG Ab B 1% My 138 i & L
PGPR 1 C — P Ab 04y 932 &5 26. 11% 1 13.79% ,
R R R 32.33% F1 11.57% , 25 5 W 2%,

ULk, CPG Ab B ) 4 R AL I R AH XS &K R B T
HoAth AbFE 430 Fb A 4 A4S 40 B R 15, 64% |
8.85% ,10.34% 23.11% , 4k CLP f1 C — P ih
Z A A R 22 AN B 3 (AL CPG b3 4y
SR ERIN T 14.56% F110. 74% , 1 e al WL, B4R
FLHE Rl PGPR Xt 4 8 76 1) 5 K BT 258 52 i 452 /)N
{H CLP — PGPR ¥ 1B AR F T &R A6 4B K, AL
—ERRE LS T AR T RSN AT .

x4 PGPRHEAAFXMEREEMRMER . TYURMBMMNF EEFEHNR W

Tab.4 Effect of different application methods of PGPR on survival rate, dry matter accumulation and

leaf physiological property of Lonicera japonica Thunb.

Jib 2 FRIG /% o TR/ (g b)) HWFIET RS/ (g k') M AR KA % W A R HE SR %
PGPR 79.30 £5.20" 8.77 +0.35° 5.32+0.16° 66.18 +1.26" 57.06 £0.92°
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