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Abstract

Aims Clonal integration contributes greatly to the adaption of clonal plants to heterogeneous habitats. However,
effects of transportation direction of photosynthate on microbial processes need to be further investigated in the
rhizosphere. The purpose of this study is to determine the effects of directional differences in photosynthate
transport on microbial processes in the rhizosphere of clonal plant Phyllostachys bissetii.

Methods By removing the aboveground parts of the ramets, acropetal treatment and basipetal treatment were
applied in this study to control the transportation direction of photosynthate. In acropetal treatment, aboveground
parts of distal ramets were cut off (with 20 cm above ground kept), and proximal ramets were left intact. While in
basipetal treatment, aboveground parts of proximal ramets were cut off (with 20 cm above ground kept), and distal
ramets were left intact. Rhizomes between the two ramets were either connected or severed. Carbon (C) and ni-
trogen (N) availabilities, and enzyme activities in the rhizosphere soils were measured.

Important findings In acropetal treatment, total organic carbon (TOC), dissolved organic carbon (DOC), dis-
solved organic nitrogen (DON) and soil inorganic nitrogen (NH;-N and NO;3-N) content in the rhizosphere soil of
distal ramets with connected rhizomes were significantly higher than those with severed rhizome. The activities of
urease, polyphenol oxidase (POXase), N-acetyl-B-D-Glucosaminidase (NAGase) were significantly enhanced.
Further, clonal integration had a significant effect on C and N availability, and microbial processes in the
rhizosphere soil of neighbouring ramets. In basipetal treatment, clonal integration did not show a significant effect
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on C availability in the rhizosphere soil of proximal ramets, but microbial processes along with soil enzyme ac-

tivities were altered accordingly. Effects of transportation direction of photosynthate on microbial processes in the
rhizosphere of P. bissetii provides insights into the adaptation mechanisms of clonal plant populations.
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akov, 2002; Jones et al., 2009; Rajaniemi & Allison,
2009), XL Zy i mR AL T AR AR K AR
B RE, R AR, B E . A
(N)PEH 233 F2(Schimel & Weintraub, 2003; Trudell
etal., 2004; Lei et al., 2014). A AR E S 45 FLHIESL,
FH I Fagus sylvaticakth b 73 B [F146 7 P 1A AR 5 1
&4, 2= B S5 PR I8 IR (C) A &tk 235 il
i A= it #2(Koranda et al., 2011).

AHECAE T REAEY), TCBEAE YDA NATAE 73 7k N i
Ry 5 R S R 2O AT R R, AR 1]
WAFAEN G T2 KR 355 R (TR R B4,
2001; Li et al., 2002; FEAESE, 2004; 55— 0%,
2013; HRIESE, 2015). X RKiE I F+(Glechoma he-
deracea). “F4%&(Hedysarum laeve). Carex bigelowii
THRAL A = I R R R B LR A, 6B = IAE
) PR () 2547 A T i) A% A AP0 25 1) 4% % (Jonsdttir
& Callaghan, 1990; Price & Hutchings, 1992; 7KFRE
S, 2001); 3 PRIA) 3 2200 BE R AL Hiks SR A2 TR A% i,
RV Mk 10 4 ) 73 Ak R P o A i EL AN 20570 Bk )
AR R W) o A% a2 88 45 2 (Pitelka & Ashm-
mun, 1985; Marshall, 1990; Stuefer, 1996; F K 57%%,
2006; FKICE, 2014), XFEN TR RS LA B
Z(Alpert et al., 2002).

L A AL A7) AR 1) G IR A% 0 PR 7 T A 222 S o & A
I3 MRAR I o 2 P ik R B 52 00 P AN T I, B0 A 4G
FHARRHMF . LeiZEQ014)HF LRI, /R A1)
e R A FH Ao 7508 B a2 i 23 IRAR B C . NIV A 251
RGN, AR A R AR R AL, R
PR R AR PRI A2 . 7E 23 7T (Phyllostachys bis-
setii)h, JE RS W G0 T IERH A IR AT 4 ik
MR BRCHIA 241, (HARR 25 U1 Ak 38 5 3% A %) JEE ]
3 IR o 200 BT PRV 45 ) 77 A . 285 1P 0 i (1 ) 45,
2018). M AT Re S EMFPRAFAG L, B BH
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A (A CRINY AN [7] 1 22 B H 1 AN TR 4% 6 7 1) 2% 1)
Ik (Alpert et al., 2002).

AR H [ AR AR (1 B B2 A o P SRAE
W AARA N W e B, v b AR KRR ST
Jo PR AR BT B R B & B e I (M R S, 2014). X
— 5 TG T 1 e o 1 AR B3 (R e R e R AR ) 2
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FEPERRAG AEASTHRE T 55 i e H 552 3 567E
(A MREE, 2013; XI9REE, 2013; BiGkE, 2017).
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Fig.1  Schematic diagram of experiment design.
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Tablel Effects of transportation direction of photosynthate on soil properties in the rhizosphere of Phyllostachys bissetii (mean + SD)

R e

T L4 Acropetal treatment

L 4i4H Basitpetal treatment

Soil rti "
off properties % Connected

YW Severed

JEH: Connected YW Severed

TOC (g'kg ") 8.859 4 0.139 8.22140.048” 8.513 +0.108 8.697 % 0.170
TN (g'kg™) 1.707 +0.149 1.560 +0.172 1.569 +0.073 1.617 +£0.088
DOC (mg-kg™") 62.683 + 0.293 58.23 +0.6217" 56.017 + 0.180 56.163 + 0.295
DON (mg-kg™) 7.99 +0.105 6.674+0.042"" 7.126 +0.079 7.422 +0.041"
MBC (mg-kg™) 20.052 + 1.725 14.621 £0.719" 21.467 +1.156 19.238 + 1.186
MBN (mg-kg ") 2456 £0.414 3.084 +0.151 2.522+0.244 1.599 £0.138™
MBC/MBN 8.282+ 1225 4750 £0.371" 8.551+0.716 12.083 +1.148"
NH;-N (mg-kg™) 7.206 + 0.234 5.557+0.368" 5.531+0.127 6.957+0.181""
NO:-N (mg-kg ™) 1.908 + 0.120 1.224+0.203" 1.467 +£0.175 2304 +0.441"

HUR 252 5 VW 70 vk IA) B 2 AR I KR 8 #%% p < 0.001; ** p<0.01; *, p< 0.05. DOC, ¥t A HLE%; DON, VA HLA; MBC, Mt yE

Bk; MBN, SUAEMAEYES; TN, B4 TOC, MATHUER.

The significant differences between rhizome connected ramets and rhizome severed ramets were indicated by *** (p < 0.001), ** (p < 0.01), and * (p < 0.05).
DOC, dissolved organic carbon; DON, dissolved organic nitrogen; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; TN, total nitrogen; TOC,

total organic carbon.
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) A AR A R B, AT S 1 3 3 43 RAR s
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A KA FEGRAZIRAZE, 2003), IR T A P4
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YIWT Severed

B2 Stf Mkt BT AR R SRR VR A R I (EERRHE (R 22). ***, p < 0.001; **, p< 0.01; *, p<0.05.
Fig. 2 Effects of transportation direction of photosynthate on soil enzyme activities in the rhizosphere of Phyllostachys bissetii
(means + SD). NAGase, N-acetyl-pf-D-glucosaminidase; POXase, phenol oxidase. ***, p<0.001; **, p<0.01; *, p<0.05.

2.0~
= ns o~ 0.60 ns
: ; 7B B
2 ] 2 04s)- *
g 1o / £ 030
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,'g 05r % f:g 0.15F
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Fig. 3 Effects of transportation direction of photosynthate on soil N mineralization rate(N;,) and nitrification rate(Ny;,;) in the
rhizosphere of Phyllostachys bissetii(means + D). *** p < 0.001; **, p<0.01; *, p<0.05.
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[RINHL A R, S 15 ARR 25 ORRR 32 2 1) B3 7T 3
I MRAR PR BAT B R N (R D), X 5 X Y
(R 70 45 R — S (Lei et al., 2014). MENAT™
W ) A A, RRCBR ZE R R 0 1 3 i 40 R AR B
NH;-NFINO;-Ny# & & Z R FUIWr otk . FIAL 3R
EESEIG R I, ARSI TE I 23 iR TT DLARRR 458 = (1)
IR RIS T, FIhReREL AR IS T B2 IR 15 8
SRAF ISR /INI B 3 ik, AERER 4040 IR IR T A 2
AAE K (Jonsdottir & Callaghan, 1990). Ak, e&7”
WL ) A i RRUIR 25 21 i AR AR R 3 W A HL
BrfEdE TR bR IR A A, RILH T B &1
WA YR, B R BRN ) 38 4+ 8 it 5 T
TR 8 TR B4, IX MR ) R B A DR NI 5
ORI FEIN B REESKRENEIA N EZIR
(Schimel & Bennett, 2004; =&, 2016). [FIt, HEx
TN RE A 52 2R R IR
TR DL B AR B - ENE A Al A A 25 2 7 THI IR 25 1
s, HAR R RE /1 SR R AFER . E
S (R AU IE T, 1984; #IE, 2016). [FRT,
TG AP EAN R T W) AR R 25 5, (15
A BB JE AT I 2 g 4 MRAR PRNE R
AT AR
32 FXEFYIEHNEMTRIR T IREE RIS

FR B X ok A= S5 v M T2 A2 SR R R
FRIAVE) Fe - S0 A W 7 45 M AH ORI R AR )
T 1 S5 R 3R 52 (Toberman et al., 2011) . 753285 7
PRARPR, HRDR 25 OR e e 12 (1 hl ke - SR i Vs 1 S 3
THRZEW P M fk . 1X 7E % 77 (Phyllostachys ni-
gra)(Fk = AEEIFS, 2017). W& LT (Lei et al., 2014)
A R, X ARR ZE AR R e 1 v 43 R AR
Prodid B A 1E IR T B 2 M SR ETR, BT
IR WA IR SR G PR K (Rajaniemi & Alli-
son, 2009). M AFIL#E|(Koranda et al., 2011) LA S
R (5K IBEE, 2005) f5 - 498 B v P AR b ) 42
HERH T IRATTIIA L 45 3

ECE B AR, RRUIR 218 R i 70 Pk
R bR £ 33 Urease F1 POXase ik 4 4K 1H /&1 T AR IR 25 1))
WT IR 3 4 Bk, TITNAGaseliE PEMS 1A 2, FRARZED)
30T g 2 o N 2 v TR ZE R FRE e i o ik . A
FAEYIIR 20 /1 5 Urease. POXaseli 4 1FAH < IHF
FT 45 FRAE /I (Ni cotiana tabacum)(ZEHiF-4%, 2016).
7 7t (Lycopersicon esculentum)(= 11 &%, 2015) 1 15FH
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WIE . Kb FRATHEMN 13 Urease IPOXase s P4 2814
AT Ae SR ZE B MR DI 7 bk AT B = AR R
WA 9%, AR PR NAGase 36 £ 5 1 3 H
Glomeromycota (BRFE R [ 1) 235 A O (ZETHAE,
2016) FRTE R AL bk A AH ) AR BRAR O F2 4K, 77
MNTE A SRR K R A BE A A7 . ER kAR,
JUEAERINT R A =R R A 2 DL 5]
RERTOC. DOCHKFE i 401k, (HAK AR 4ERF
A () AR B AR B AR A7, W S i AR B
NAGaseiG 1.

33 AEFUERNBERIRRTIENEY =S
fERISZMm

HEMAEMS S T HIEENUR SRR,
TR 50 A 5O R B SR F i R b R A B A
F (Bardgett et al., 2005). % KHMBC/MBNK T
W LI A P FhEE 25 44 (Paul & Clark, 1989). 5 15T
R, DEIRR WY 2 5 mm IR VS,
MAERR R 5 WA B e K, 40T 5 B R AR G 22 5
RAAR, R LR A VIR VE 454 (de Graaff et
al.,, 2010). FERDIRZECRIFIE S PIBIRTT 2 v /0 ARAR
bR, MBC it i3 m T UIWi o ik, 8z /v W otk
MBC/MBNZ 7 ., 22T AE BB S/EH T
Ui 7> RAR B UURUE FH 25 3R o Y& 7= T ) A 4 =K
56 HARCIR ZE DI 5 15 55 %A W MBN S &7 A
B2 . B 4% (Populus nigra) 7K 2 (Metasequoia glypto-
stroboi des) i B (A INSZ 36 R BH, C/NEE = (K 2 T
EAE N PR L IEMBN 2 B A 2 5 (1,
2016).

EA AP HE AR i, MBC/MBNTE (R £
FEMRIRAT 73 MRAR BR -5 HRIR ZE U)W 1) o ARAR B A7 7
BEZER, WonE R ZEER S T X i 2 RARBR
TR YRR A T AR . X ] B AR AR
REEVIWT 5 5 30 0ty 43 MR AR 2 3L 2E 1 R B AR B 2E
52 PR K (B50) J A6 30 314 2 19 5 Rl (Koranda. et al.,

2011).
34 REFPERBNERMITIRIRTIENT (L. fHik
RERFFIERY R0

N2 RIBREIE S — A s EE SR, Uk
Y HENY LR EEN S 5%, HEEGIURS
IR ERIUR T e 3 AE Y I 4 A F (Rajaniemi &
Allison, 2009). &[] 38 F a8 N 5 4 i HLER,
RIAR 28 43 W (¥ 384 o2 o3 sl 4 N 0 2
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1M 2 Bl A 1E 30K RN (Hamer & Marschner, 2005;
Kuzyakov et al., 2007)5% 580K RN (Kuzyakov &
Bol, 2006; Blagodatskaya €t al., 2007). de Graaff%
(2010) A X f2 AR 2 73 WA & ) e (1K B R 45 2R
FERATHIBEFEH, TEIRAE & 7 P Tl [ % il o
FAEH IR, Nipin B R AR E TR, Ny
AN AR F ) A A S Hh e e 7 ok B 25 v TR =R
TEorPhe BT SER IR AR R o i) i B 24T
WA, I — S5 RAOHLHEANE R Ak, WE )
TIENG L AR E T BRI AR, AN TR BR
C. NAT R J 3 g 5 25 B AR (Zhou et
al., 2011); [N, L3ENpny Now 2005 SRR
T2 (Mcemurtrie €t al., 2001; Zaman & Chang,
2004), Z= AR, X LN No B2 FIRF
FA W TR X — W 5T a5 R VR o

S, P SE s B G A AL R T R 2
S A AT AR A0 S AT O 7 IRAR B O R 7 R A
[F]AZAY,, T AR Pt SR B 4 S5 S AR M A 7 A
TANFIRIFENE, KA e R 73 BR IR & 7= A
AR RRIE . SGE TR AR S LR T
Ui 7> RAR BRNC 250, AT REAT A T 2 s I N
DA S 05 M R BT 7 k) 2R A (s 2R
S R AN AR K (B RS, 2009; R0, 2013).
T ARR 28 R RR T FE R 30 B 73 R L b3 20 B B J 1 R
f oy DhRe Rk, PREFE S IR 25 J) (Jonsdottir &
Callaghan, 1990), {EHARPRERINA RO LT
s T HARBRAFAE — € W8 FR e # (AT Re AL 45 4l i oy
PREGEIERAEYD) . DRI, IRT 70 R b3 B R
TE ) 73 BRI GG 7= AR X AR VAR 4, S 1 AR PR
WA RE, X AT REE BRI R Sh P B B R
REETIRAIA AU, X E & ke B,
AT BT v A et AL A7 P I aE S R T

LG R a2 o 7/ N S RO 0 N o - e
B %Bh, 4FuE6s!
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