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The impact of bacterial-feeding nematodes on root growth of Arabidopsis thaliana

L. and the possible mechanisms

CHENG Yanhong'*, CHEN Xiaoyun', LIU Mangiang' , HU Feng', LI Huixin" "

1 College of Resources and Environmental Science, Nanjing Agriculture University, Nnjing 210095 , China
2 Red Soil Institute of Jiangxi Province, Nanchang 331717, China

Abstract: Bacterial-feeding nematodes, one of the primary grazers of soil bacteria, affect root growth in several plant
species. Most researches realized that the effects of bacterial-feeding nematodes on plant root growth resulted from direct or
indirect nutrient effects ( mainly nitrogen mineralization ). Bacterial-feeding nematodes grazing on bacteria accelerate
bacterial turnover and increase the turnover of soil organic matter, increased the nitrogen mineralization and improved the
supply of inorganic nitrogen, and subsequently the plant growth was stimulated. Several researchers, however, have
claimed that this process may not fully explain the mechanism of bacterial-feeding nematode stimulating plant growth.
Considering the similarly of the physiology and zoology between bacterial-feeding nematodes and protozoa, and that the
bacterial -feeding nematodes occur at equal or greater biomass in the rhizosphere than protozoa, it is believed that the activity
of bacterial-feeding nematodes in the rhizosphere will also stimulate root proliferation by hormonal effects as seen for
protozoan grazing.

To study the impacts andmechanisms of bacterial-feeding nematodes on the growth of plant,namely Arabidopsis thaliana
L. (Ecotype columbia ), a selected soil sample (sandy-loam alluvial soil) was mixed with pig manure and placed in mesh
bags. In order to get greater populations of bacterial-feeding nematodes (SM1) , the diameters of the openings were 1mm
and Spum. Then the mesh bags were buried under the soil (SM5) which was surrounded with outer layer of un-amended soil

for comparison and so as to determine the effects of bacterial-feeding nematodes on the root development of the plant
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seedlings. Nematodes were able to migrate through the 1 mm diameter mesh bag into the outer soil, thus giving greater
populations than the soil surrounded by a control treatment with the mesh bag openings 5 pwm in diameter, through which
nematodes could not migrate.

After 35 days incubation, the outer soil contained a 4. 1-fold increase of nematode numbers in the Imm treatment
compared to the Spum treatment. The root parameters (total length, average diameter, total surface area and number of
tips ) of the seedlings grown in the outer soil were measured after 15 days. Soil NH;-N and NO;-N contents were determined
using a continuous flow auto-analyzer ( AA3, Germany ). Soil auxins were measured using high performance liquid
chromatography ( HPLC). Soil bacterial community structure was analyzed by a Community-level physiological profile
(CLPP) , using Biolog ECO microplates ( Biolog, Hayward, CA, USA).

Results showed thatthe Arabidopsis thaliana seedlings grown in the soil with more bacterial-feeding nematodes (SM1)
could develop a highly branched root system with longer roots and bigger surface area. Soil NH;-N and auxin ( GA, and
TAA) contents were increased significantly in the presence of more nematodes. Furthermore, the potential for utilization of
substrates of the Biolog system obtained by BIOLOG ecoplate assay indicated that the presence of nematodes made large
differences in the catabolic capability of soil microbial communities. The mechanism was likely to include the nutritional

effects and hormonal effects as well.

Key Words: bacterial-feeding nematodes ; Arabidopsis thaliana; root growth; auxins; Biolog

EHEL AEN P AR BB EH 2 SR (AR VR F R R A A K s 5 R
THERFEFE W P, — M, A0 P HT DU AR A A K2 R Dy - 38 A0 A 4 A X A A R
Jon s w02 TE 20 BRI T, I T A A AL AR R A R T R A A SR A Bk
RN 1) B S A 3748 ARk T A A 0

SR, 3 4 1 25 0 0N SR IE A S 4 U A 26 K I ME— W JRLERL . Jentschke %53 i 3% 252 [n] b 3%
RN G & 575 DA BRI R HE Y A K B, 45 R R BUR A s A 7E i A Y s i IEJT 50% —
60% , It HAEYIEIN T HE L/ LR R RS . Bonkowski 55 AWF5E & B A h X AR 2 28 K= 2k 4
HEVE R RIS 2028 T AR PR IR B 450 3 m T 38 b ™= TAA S BT 5 A L), B9 T L3R
W[ 2, 2 (TAA) " BRI, Bonkowski 55 A S R S AE sh b w26 K AR EVE FI R T 3R 0808 2 41,

AR ER . B2 lil%%ﬂﬁ’ﬂi_%é‘rimﬁ& B A5 DSOS A AR s 1 Bl A W RIS 45 ) 5 HLZE AR B HL 4
AR S Y L A R A sh A O DR £ A0 B e O R AR R A K R A A AR A AR An R
SN AR Z 3 5 A R ) R HLER

AR SCEIE I A 1G5 , BT R AN B AR KR AR I AR R T A R A R 2R Uk
AR R AR W R 5 it e AR R (GA,) RIS R (TAA) 15 12 A8 AR iE S = e i A W B 445 # 1 el
PSP £ A B 4R HUR R RS T AR R AR KT BEAEAE R AR A B R R0
1 #R5RH*

1.1 Rk

(1) 13 B3R A M At AL & KA K VTR A BB 03 + (P RS £ ) . HIEBOCRE TR
0—20cm, 8 1 RAE 5, SRR AP KA+ B2 Py MARESF R AR5 1 2mm i 66 H . HHEA HLAR % 4 10. 87
o/kg BEAE SN 2. 15mg/kg, iBAEF N 28.03mg/kg M pH(H,0) K 6.43,

(2) %% WA 2mm 0, 2570,

1.2 ARt
1.2.1 i b g8k
IR R AR SR, 1 000 400 IR AT 14 LR (FE %) MBI E A 1 mm 505 pm R4S P, PG 2E
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U+ A A e A b e ANZE AT 650 K I, HIEAC A VR S K B ) i KR K
1) 60% (SLBra KN 23.4% ) 3T 22°CH;3 " XFTF 1 mm R4S (SM1) , AL 5 138 vh w5 b i 2k
DL K K IR S350 BENS 8 i M AT R B N2 05 T 5 o RI4% (SMS ) HIBH IE T & AT (HOK S 3770 BE
i i 3 AR Y BRI AN E I, G 3R BINFE R AY 1 mm AR AL (SML) | B AEAS IR K2R B w ALY Ah
JZEHE RSB SM1 FI SMS AL RAE 3 S F kR IN A12 4- ek cs: , RNAR e 2
JISE I (A SR 5 SMS AbFE 3B ) 4 £i5 0 L) FFIR AR

F1 REESRLHAIKLELE

Table 1 The treatments for the enrichment of nematodes

AEFHZRS Codes of the treatments N2 Inner R 4% Mesh AMZ Outer
SM1 g5 1 mm Bae
SM5 T+ e+ 5% 5 pm +3)

1.2.2 ST Ak

JEAE KGR S G IS Z 3R e T A TAR R A KRS . BEVLRE IS HLAS 3 S F R A2
8 A TL OB CE T SR S AT, RBP4 SMT A SMS AMZE HIEFE MR A, 4r BIFREL 50g 14
OIS IR IR, MR —BR TS & 2E B9 48 RS IF B (Arabidopsis thaliana L. Ecotype columbia, Fi-F7E 4°C VK56 &
fb2d J5F 25°C ARG & 28 3d) . T 22°C FEEFR, #2541 12h AYEIE (200 mmol ms™") | 12h FEERKT , I HAF K
IKBRFES KL, TAME 15d SR REE
1.3 w5 Ak

L UM B R AL PRI 50g R, IR R /05 48h J5 , e 4k B, X T A 4k e R BE T b AT
ot 8

14 NH;-N 1 NO3-N ] 2mol/L KCL iZ4& (M 1 F 5:1; 7% 30min) |, 122 FH 7 87 20 B AU 5 ( AA3,
Germany ) ; 3B /K i 2 FHMET 1 ,105°C 450 T 4L 8h, R ME S BRAR LR EHE 19 HPLC 351,

T E MRS DB Z AR A Biolog ECO AR 7125 ( Biolog, Hayward, CA, USA), HAR#R/E . FREL
5.00g Hrét +3 AR 45ml K# 0.85% (g/mL) NaCl ¥ H, #27% 30 min J5 B 1E Smin, B+ | &
We , FHK T 0. 85% NaCl IA TR W BE R AN B 5 85 AR 2 10° cfu/mL2) | W EUR B 3R B ECO i, FFL3 R it
150 wL, $EMPE ECO M T 25 °C 1597, 43 9IHE 0.1.2.3 4 .5d F1 6d £E 590 nm il & W G ( Optical density,
OD) A,

R AL BRI 6 #RVEE T, R AR R4 (LA1600+ scanner, Canada) JEF7H RIE S R MR R 47
rax 4 ( Winrhizo2003b, Canada) #EF7AH M RAEHR T -
1.4 Biasgiit

Biolog #5473 Arid ik 20 =X

Aik=1/2 Y (1(G+1) =1(j)) x (Cpu(j + 1) + Cra(j)) (j=1,2,3,4,5,6)

() R BRI R B[] X HLF Ol BRI B BI5E 6 K, C,, () Fnsh k AN ELAIEE @ A BRIEAE T
SERFIA] £ () FTELA A0 OD {E, W4 —ANBRIE , 76 3N R B i) P 158 3R A5 — A T B, B 31 R IR 4 7Sk
ST E RS 0T (PCA) P

BIGGRF SPSS 4eit4x i,
2 ER551
2.1 R A AR rh gk B AR A RRAE

TN 2E W E TR A EH (P< 0.002) , )\ 21d JFHG, 75 SMI B A2k b n (% 2) . 18
AR EE AT (K557 35d) ,SM1 AbBEANE L HUEUR: SMS ARBEAY 4.1 £%,
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ININSE ZEAEAE Rk B A I ) FNZ R K [R] B | A8 B (g oA T A2 R KB FR I BE B o], B3R 4h
AT, SM1 AZRFEAMZ A B 4 £ L LL ik 93. 9% I H EBLE/INTJE ( Rhabditis ) 26 BB,

Fz2 FNEE 1mm F Spm MBL/EBLRYE(K/g T1H)HBE
Table 2 Dynamic of nematode populations in outer soils amended with pig manure

12 5E0 0] Incubation time/d

HbFH Treatments

7 14 21 28 35
SM1 #MZ outer 7.63£0.43 10.92=0. 31 60.94+13.47 74.86+14.22 77.79+11.18
SM5 #MZ outer 6.95+0.71 8.19+0.51 11.57+1.58 13.28+1.26 18.99+0. 10

PR R AR L Bl 2.38 /g T4

2.2 BEHREAHIHUIR TR RIE S BIR0

SRR AR 5 SM5 HLE , SMI BN T LR I AR AR BB IR T AR S AR IAL, (B AR P AR A
FAR (1) o Ul I 20 T 4 HL % DR A7 L T DL e 400 B e R R N R T R B T 2 SRR R
ARG,
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E1 SHEEHEINBEFRARSHIZIN
Fig. 1 Effects of bacterial-feeding nematodes on root architecture of Arabidopsis thaliana

SM1 = Imm M4$;SM5= 5um M4g; * * P<0.01, * P<0.05

2.3 KB AIETCHLALTAA FI GA, &R AYASLRAE

TE B L SMI AL RSP 2 IR 838 A (NH;-N) S A (NOS-N) K BT AR & & ( NH;-N+NO;3-N)
55 SM5 AbBEAH LA W 255 SR YR AR, 5 SMS ARBRAR L, SM1 A i S B T R R A (MN) K
NH;-N (835, 1l NOJ-N & B 3578k, MTCIe R 10 & AR 45 R IA AR AL, SM1 Ab HIAS 1 25 4%
Iy LR 2 (Indole-3-acetic acid, TAA) FISREEZR (GA,) B B, 78 B AL 45 oINS FIAE P R HE 1) 0501 L
SM5 Ab PR T 52.22% ,72.04% F1 27.0% ,9.89% (3% 3) .,
2.4 HHERUEYIRER BRUEA I Z2E 5

SR HBRIR OD {E {h £ I i BUEL AT 32 B4 ( PCA) 2Fe S AN [) A BB A 9 A 7% e ik R L Ay 4%
LR IR E IR X 2 F sk, I 2b 7] I, 75 KISER JE 1, Carboxylic acids, Phenolic compounds 7l

http ; //www. ecologica. cn



22 4 BHELL A R AR R A RO R TR R AR R S S AL 6731

Polymers 5 [ 1 [AAHIEPESR | 1fiT Carbohydrates, Amino acides FlI Amines 5 K1 2 fyAH PSR . AR 4 A [A] &b
PR 0 o0 A SRR 2a, 705 RS RN, SM1 78 & v (19 037 5 3% B O i A Atk 66 [ ) A1) FH AR AL AT, T SMIS
PEFHF 1 B AR B A m] IR £2 89 Carboxylic acids 1 Polymers, 7EREY)RAER), PSM1 K 2 A
U] [R5~ 2 A E S i B8 , A B X Carbohydrates I FH A3 22 | 3 i % 14 Jit A ] BB -5 2kt R A K A DL I AR
FAAEY A RS A OC, TMGIT, PSMS Ak 375 P51 v (3% 37 5 DU 35 FF 6T il A e 368 S5 194 ) FH S A
(F2), BMAIMTE ALEE SM1 FI PSM1 B SR AE VI RER O B IR S RE (Y S S5 AL BE SMS il PSMS. Lk A= 2 4,
ViU AN 2k IR e E R B R T IR YRR A5 T RS R AR R S S T R T
Az
R3 REFERLENTELVE, 1AA 71 GA, SEMHM

Table 3 Effects of bacterial-feeding nematodes on soil inorganic nitrogen, IAA and GA; concentration Values are the mean+ standard error

T+ bR EE Sy TR B

Soil parameters SM1 SM5 SM1 SM5
AR NHE-N/(pg/g) 3.79£0.32 3.40+1.24 8.30+0.42* 3.48+0.12
HAZA NOT-N/(pe/g) 51.64+8.85 44.80+6.71 77.54+5.92 72.45+4.99
IR Mineral Nitrogen/ ( pg/g) 55.43+7.21 48.20+7.05 85.84+3.03 " 75.93+2.87
R GAy/ (pg/g) 328.09+46. 18 " 190.70+75. 12 808.47+77.13* 735.74=18.73
Ik 2R TAA/ (pe/g) 4.11+0.25" 2.70+1.10 4.52+0.19" 3.56+0.29

[Fl—A4T W * FoR AR RIALBE A 25k 2 57 (P<0.05, n=3)

20 20
] —A— PSM1 a ¢Cl mC2 AC3 b
S —m—PpSMS5 %« L5t oC4 OC5 ®C6
10} A& SMI 10}
—0—SMs 9 ¢
K 05 g 05
3 3 . o
[ ]
O -osf g = 05
A
-10} -1.0
—] 5 1 | | 1 | | ‘15 | | | |
215 -10 -05 0 05 10 15 210 -05 0 05 1.0
PC1 (43.91%) PC1 (43.91%)

B2 AELGETEREMEERENRAEHRSS S
Fig. 2 Principal component analysis (PCA) on soil microbial community from different treatments
a: A BB GERIE b ASEIRRIE 7R PSMI . K2k iU 45 + EFP SR T SMI plant with arabidopsis; PSM5 ; Jo2k 1 i 45 4 3 Fp A
FUREST SMS5 plant with arabidopsis; C1 #&7KfLA 4 Carbohydrates; C2 22 Carboxylic acids; C3 &S Amines; C4 ZFEMR Amino acids; C5 BHRIS
{bA % Phenolic compounds; C6 Z %4 Polymers

3 FitHitie

Imm LA B S Z L85 b B A0 TR 2R Ay 0 080 E 2R B N2 IR 2 iU SNE TR, kAU
e ERS AR R, T RN XA R BT B 4% ) DA B VRN T B | R R
SMERE 5 pm RIEAE AT DIBR I BUAITERS (L RIS HOR T Sum) EUZ IR AIEEAS 8 i 5 um AP HE,
H AL AT DL R HH SR R DL S AR — FO B0 T 2 U SRR AE a6 205 58 S 7 A st B FR 45 SR (35d)
Imm A1 5 pm PG40 P2 [AI 26 dORcRE 22 57 3 (3R 2) , 1l WA B ) 38 5 %0 NH -N Al NOS-N 35 i B30 (i
FH2EF (2 3) UM 5wm PGSR BHAT IV OB B 20 T 4 U g A UL I AR R AR AR T — B 338 1Y
XFHRALBE

55 SM5 AEFHAHLE, SM1 fe ZEAN RIS HR AR T CE R R IE R HA 20 UM IR R R4, X 52
AL — B AL R T HF ARV NER R LB T ERK A EL R ARG S, )20
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FE BRI AP AR A T L U o B A R i g A, i A B AR R R A TR AL, O
H AL NH}-N IR e mife s i A4 . R lRE T 15d J5,SMI1 Ab 3+ 387 5 0 ( MN) 75
TR T SMS Ab3E 8 H R NH;-N & 0 E I 800, X 5 DME RS R — 3, PH5aRy]
SRR NO; o NH; fE0515 SR Z R IR A A4 K B i 200

SRIMT, TTHLIR A I A R REMAAE AR 2R AE KA — R K, Bonkowski #1 Brandt 23 . JFA S WIFEAE T AL
PRHE T 38 B AR & SR, IR T IR YR A i, A e SR (TAA) 1T H TAA FEAN 2
SRUE TR A ) (PR L) A, T2 R L AR S 40 i BB el AR 1 A T R i 5 ) A 4 1 S i e, T L2 1
N7 EIEAHSE ™ TAA TR A5, S8R TAA SR, SEmAE o TR RISk Ar, Hik, 2
T A S A K IR A AR R B A TR R A Sh ) —FE £ 40 A 4R A BCES th RE A B AR Pt
A= BT SR I BRSBTS S A b B A 35 R Bl A R Biolog AN R TR A FH K 22 5 (181 3)
WRIA KB E L R AFTE T T HCE R RER 4510 . g rh R B E Al & duUs e o 1 e an i
(AN AN Y FR R 40 ) AOBCRE Y AR R R AU T 5 N AR IR, i LA AR AR R B 3 4
JRY L AR R IR A DX R, HE AR R R A AR KSR T Se R A B R4 SRR, H IR R
TS AT R A R (3R 3) M /R AEAME A e ST BT AL (SM1 ,SM5 ) B8R Y NH;-N \NO;-N & i Jfik
ABEES WA EZIEA ISR IR R A K A — R

BT 2 U R s R R BRI P U E MR A R 0 R A — e e (I 2) |, AT REFN AR S —FE R I 1
e — R A BRI SR TR R R AR, ARSI e AR A R A ) R AR, S
D2 B P A E (SMS FT PSMS ) AH EE A R i 2 HUR AR A0 B (SMI AT PSMIL) 35 55 1 3% GA HT TAA
M & (3R 3) , AR A IFRA R RN L ST DU 7 W Y P R 2 . S A S IR R oy SR K
R P VR F AT R A7 e S5 5 S LG < s 7 L (B iR T BIOLOG ik i SR PR , 1 4 i 6
HUFEAE T Tl A W T % 465 #8140 738 2 S 2 0 i A Bl ) — R AR E T AR B A 40 412 25 T8 ( plant growth-promoting
rhizobacteria , PGPR ) [ AE R B P , 3 1M1 B0 - S A Wi R 5 1 1 284 s AR AR 28 PR S an o) 1o 3 Fofr Pl 2
YDA S T YA BAE TS DR A R & B A A 1 Tk — Do
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