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Soil carbon, nitrogen and microbiological characteristics during bamboo high-

speed growth
WANG Xueqin, ZHANG Qichun” , YAO Huaiying

Department of Resource Science, College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310029, China

Abstract: The soil carbon, nitrogen dynamics and its microbiological ecological characteristic were investigated during
bamboo high-speed growth in typical bamboo ( Phyllostachys Pubescens) forests. The results showed that the content of
total nitrogen (TN) reduced by 13% , 22% and 6% respectively in the three testing spots. TN of soil showed a significant
positive correlation with alkaline hydrolysis nitrogen, ammonium nitrogen and nitrate nitrogen (R*=0.48", 0. 65",
0.70"" respectively) during bamboo high-speed growth indicating that the soil nitrogen was absorbed in different forms by
bamboo which caused soil total nitrogen reduction. Soil total organic carbon ( TOC) and dissolve organic carbon ( DOC)
including extraction at 20°C (20°C DOC) and at 80°C (80°C DOC) were significantly decreased during bamboo growth.
The results showed that TOC reduced by 26% , 20% and 24% respectively in three testing spots. The content of the 20°C
DOC reduced by 51% ,22% and 23% in three testing spot respectively, which was considerably greater ( P<0.05) than
the reduction of 80°C DOC in the testing spots. The relationship between soil total nitrogen (TN) and total organic carbon
(TOC) analysis showed that TN and TOC were strongly inter-correlated (R*=0.89"") indicating that the change of soil
carbon was closely related with the content of soil nitrogen during bamboo high-speed growth. Soil microorganisms are
important in the cycling of almost all the major plant nutrients including the turnover of organic matter. Environmental

conditions and perturbation are likely to affect microbial population structures and their functions in soils which may result
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in a change of overall soil properties. During high-speed growth, bamboo consumed soil carbon and soil nitrogen which lead
to soil nutrient deficiency, effected soil microbial biomass and excessive carbon reduction, it also changed the soil microbial
community. The content of soil microbial biomass carbon decreased from 800 mg/kg at the first sampling day to 589 mg/kg
at the last sampling day. Soil under different sampling date contained a variety of PLFAs composed of saturated,
unsaturated, methyl-branched and cyclopropane fatty acids. Thirty-four PLFAs with chain lengths from C12 to C20 were
identified. The PLFA concentration data were subjected to principal components analysis ( PCA). The first two principal
components (PC1 and PC2) accounted for 62.95% and 17.20% of the variation respectively, which showed soil microbial
community was changed significantly during bamboo growth. Specific identified PLFAs including saturated fatty acids
(14.0,16.0,18:0,20.0,i15.0,i16.:0,i17:0,i18:0, al5;0,al7:0) which represented bacteria were found to be
distributed on the right of the load diagram, while unsaturated fatty acids (18:2w6,9¢/18.0ANTE) which represented
fungi were found to be distributed on the left of the load diagram. Thus, these bacteria indicator PLFAs were more abundant
in the later soil sampling, while the fungi indicator PLFAs were more abundant in the early soil sampling, indicating that
with the soil nutrient consumption during bamboo high-speed growth, total PLFA and the PLFAs that represent bacteria
decreased, While the PLFAs that represent fungi increased. Thus, the change of soil carbon and soil nitrogen can

significantly affect soil microbial community structure in the bamboo forest soil.
Key Words; bamboo; soil carbon; soil nitrogen; microbial biomass; total PLFA

EAT (Phyllostachys pubescences ) s F ¥4 7 8 & (1) AR B L, HOGE A58 Jot £ A0 A S (e ) s 2/ I E
AT AE AT X L 6 B [ R 1 0 T Al AR A pR T ek 4 1 B L 3h 25 P B -
NE T3 FAR A AR 7 7 BRI, B AR R HEAE A e T i 4R S R — EUR SR RO A AR RIETE
BT IR A TR OIS T AR TV 280G m R SRR R 45 A M 3R A IR AT T
T, JEV AT A5 e o B A bR S DR (BT 5315 SR A 48 B R A R K 1 2518, A/
T BATAR A AR FLR & i 2 AR (L AN 2 o) o SRR e R T T F9E , R R IR A SR IR LR R AE &
VIR AR 1A AR R £

EATMOETR E FE B AR IEZE A N S EATARII ALY 70% A4, [RIE BAT AR KR, B E Co, fig
Fri, BA SRR AIBRICINRE" A SC BN GT BT i AR K I I AR 3N A B LA A A SRR B9 AR 1k
T, 383X BAT B A SIS AT, I AT TS R G BIRRI 5 4047 AN sh 25 A8 A R A S a4 i, %o B
VIR 72508 B LA B 2= 148 R
1 #R5H*

1.1 5T

TR A VT4 B T AT DX DU 7K R 38K, DU 7K 2267 W7 V128 AR I, A 907 DR R it o 3 30
J W3R Z KU X A2 15.3—16.2 °C A3 RN 1550 mm, PUI& 7K 28 it dsk hy 12780 g 1 s Al
ASIENGUE, JE TR e, R Ah Mt PR LT e AR A AR BB T Rk 95% L I AT MR 3R
KE]70% VUL AT AR ETRRAT 5000 223001,

1.2 5t

2009 4 4 H 4], IEHBAT 50, 8 et B Sm BT R BEEAR —BHE R K 3 F 7Tk
VE Ry i, 75 Fi g P AL 3 AR NI T i A 58, 70 55 ) FRLIE B 4 6, JH BB TE IR 2R 20 em A0 X
+ A 500 g A4 I SEI 5 AT . IS AR AT 59 I A A B e SR AR, ELACRFE B[] 2009 41 4 H
OH4HINH4H14HA4HI8HA4H20H 5 H4 HF5 A 15 H, IR 7 R, i HIEEAMEN UL 1,
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Table 1 Basic information of the sampling plots

.. Wl EERIR s B A AL SR AR
I;ILt Aspect pH Organic carbon  Total nitrogen Available P Available K DBH* Bamboo density
O spec
P /(&/ks) /(g/kg) /(mg/kg)  /(mg/kg) Jem /(Hk/hm?)
Pl ERT) 4.9 4.5 1.76 2.5 50.6 9.9 3435
P2 B[ ATES 4.9 55.5 3.29 2.7 51.6 10.0 3301
P3 el v 5.0 38.0 2.90 2.5 38.0 10.1 3268

= BTN

1.3 SyBram B B ik
FAERUA G RS0 S S B 224, i 2 mm 0, R P & L 1 O AR AL A SR W R RN B
ZAEHEINRE ; 55 1 0 AT 398 pH A 2 B A B A AR A LR TR ML
pH {ER ] pH BREETHE (KiR4R) M ; T4 AR AR — R H 1k, 4 B 3hdl I B E ; 5
fiff R BB B HIOE I 2 B A8 RN 28 8053 ) R T e 1 0 L G2 SR o G BE VR S o A LR R FH e i
AN K R AP A AL -2 ks ) R T M HLBR (DOC) SR 25 °C AT 80 °C W Fh 2548 K ik i2 42,25
CRIEAVURERAELFRUNT K53 2 mm G 95F ff 585 28180K (25 C) IR HL R 1:2.5 B LR &, 3R
% 30 min J5#EFT B0 10 min (4000 r/min) , 32428 0. 45 pum JEMERIE)S | 1E W H AO A HLBR 55 TOC-
VepH 2 HH I AE ,80 CIR4RA MUK /K IR A WAE 80 C IS F R FE 24 h, ¥ HJGid 0. 45 wm JEHE, 3§
W A LRS- FH 5 TOC-VepH ST G 35 AR W) e Al SR FH S0 BE 25 P B0 S | AR 4 2 78 LA 2
ZEAL P SRR IOR TP AT HLER SR 2 25 A IR DL R B 2. 64 SKAB MUY AR Wy i S R U RIS 4
¥ B R B RE B 2 ( PLFA ) A= MIbRic i, PLFA B4R BULFEFI 3 Hr 2% Frostegrd 5k |
1.4 BdEgitirtr
Bdi Ry 3 RE G D IME SR SPSS 13,0 B A5 BE #E 17 Ge it o0 b7, o b B 22 R 2 E I
AR H LSD ¥,
2 H#R5FR
2.1 EBEEARKEEHEAEDS 5 ¢ oPl o2
mE 1 iR, N4 Ho HE4 H26 H, HiEaEE

4
T RERE 3 AR e Y BRI 3 R 13% 229% F 6% g
XRIRAE BAT R A KRR I K 253 (AR 2 T gi
HEET HHEh—E AR, 4 A 26 HBITHM 14 2 HIF

Rer B AN RVREFE R334 3 56 Hb 18 0 43 531
12% 25% F133% . H3 5 R AE 1 358 0 B0 43 B vl g

AELE YRR LERAE AT LR RT AR, U AR, HLR ’
FEIS A B2 AT | PR BT 384 /S =

Xf ARG RR AT WK 2, 78 7 YORAE Y] ) B 1 EfiERtEsAsR
ARG EHD TR , MO EMEMAS T ESR S Fig.1 Soil total nitrogen content during bamboo growth
BRI B MR =0.48") X 5kir ) %85 1y P12 P

SR, DM, 30 2 S AN R A5 g b s e

I P R R A BRI R R B Rt Sk I LA RE I E AR — ) RS A
AR B AT A KT R BT RS W Z Bk B B EAHDC (R =0.66 ") 1 HAR S5 2 A
SEEW B EIEMNKE(R =0.65" ,R*=0.70"") ,
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2.2 EAEEAERKIN RS

ALYV P R e e, R R R )E LR A E BN TR % 00 A b R v B s TR A
1—3 cm, R 3 A HLBR A& B T, K2 KB4 Ho HE4 A 26 H 3 M6+ E A HL
e B R B BRI R B T 26% 20% M124% , X5 H 2R & WA bR ILAR 8, WiE 2 5 E
Y IEAASE (3 Mg R 435024 0.93°7,0.87,0.87 "), X 52 SRR K AR T I A5 SR — 3L

R2 ENBERKPFRBERSTE

Table 2 The change of different nitrogen forms during bamboo growth

TR ] 4 B )
TR Hh Content change FER
RERKGE Plit duri Ib Decreasing
; o uring sample
o . /17
Content of nitrogen/ ( mg/kg) period/ ( me/kg) range/ %
P1 P2 P3 P1 P2 P3 P1 P2 P3
WA WIWI & Y Initial content 200 202 274 o 30 s S s
Alkaline hydrolysis nitrogen JE I &) Later content 190 198 221 ' ’
A 739145 5 Initial content 44 50 51
B
. . 5.6 4.4 1.4 15 10 3
Ammonium nitrogen J5 & H Later content 38 46 50
AR #)3) # & Tnitial content 3.3 3.7 4.2
. . 0.8 0.4 1.2 34 13 40
Nitrate nitrogen J5 1 &H# Later content 2.5 3.3 3.0

a): Bl 3 YUCRBE:D) : J5 4 YORPE

IR EA HLEK ( DOC) HAY & 3 Lk 1R 40 ¢
AN AHIEAR R B SR R I B A LR R
BIGERIAr 2 —""  DOC & & 1Ak H U E Y
XA MRS R ZE A e AR 20 2%
SO - SE RS LRI S e, R PV AR R
BT EEAE 0—10 em )2, KRB FE —-o-p3
FYIEAIIEN . N 3 FTLIE H, DOC A EAR b5l 1 20 04-I09 04-|11 04-‘14 04-I18 O4-I26 05:04 05-|15

3571

30

—A—PI
25T —— P2

HHLER Organic carbon/%

. Hr25 °C DOC 1 3 SR H R IR 58 51% | R R Sampling date
22% F1 223% , 80 C DOC F& &4 91k 50% .54% Fi B2 EHAEKETEENESE

112% ﬁﬁﬂ‘ ?‘E%%Hﬂj:% EF'%(?E#@ E/‘J ﬁﬁ‘lﬁ%ﬁ [Iﬁ i%% % Fig.2 Soil oragnic carbon content during bamboo growth
AWRITEE AT K R T e BB AE
PRAEIE T T 20 i DOC, {H B P A 0t sl R AL s Bk 2, BT ] -2 DOC 2 i)

®3 BBEKHTAEENS(DOC) EX

Table 3 The change of DOC during bamboo high-speed growth
SRR R A

AR DOC F & e Content change F%n]m,
. . . . Decreasing
DOC content under different Experimental field during sample ranee/ %
temperature/ ( mg/kg) period/ ( mg/kg) 86
P1 P2 P3 P1 P2 P3 P1 P2 P3
13915 £t Initial content 265 229 288
25 C 89 42 199 51 22 223
J5 845 1 Later content 176 187 89
W]314 & Initial content 526 508 603
80 °C B 176 179 319 50 54 112
J 3% it Later content 350 330 284

2.3 BATE AR GHE YRS AL
ME3ATUEH N4 Ho HE4 H 26 HEATMME Y ERS & — B TR, N4 H 26 HFS
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15 H SRR YRRk ORIR BE A, A 820 mg/kg T REF] 525 mg/kg., X R MIBAT s AR K BV #E 138 57
o3 BESREZ AT RERR ] T AR Bl
WENRAR VTR (PLFA ) 23 BT 932 Huw T - e
YIZ REVERE ST TR s F S 2 I 200 LSRR W)
TETR LSRR A W o (5 202 e PLFA (A7 AE

1000 r a a

a a a a as
800-ilii l

= I b
o i T 45 A TR R A T % o
PLFA [ e 4R ek M mevE s (5 >, e &£ ]
200 r

BRI 21 453 A 398 o ARG I 380 45 5 0 A D7 TR | BR AN TR R
NENAER 22 AN ARG D5 R | 1 P9 e Mg 1 1 A R L s s 1R

04-09 04-11 04-14 04-18 04-26 05-04 05-15
TEWIY 34 Ff PLFAs, Hth 29 Ff PLFAs (14:0,15:0, SBEF 1 Sampling date
16:0,17:0,18:0,20:0,i15:0,il16:0,i17:0,i18:0, al5 .0,
al7:0,16:1 w5c,16:1 w9¢,17:1 w8¢,18:1 w9c,18:1
we,18:1 w5c,i16:1,i16: 1w7e/15 20H,16:1 20H, 18: 1
20H,18:3 w6e (6,9,12),20:4 w6,9,12,15¢,10Mel6:0,10Me 17:0,11 Mel8:1 w7c,cyl7:0,cy19:0 w8c) 7E
Ji A TR ARG . NEL 4 BT LLE 1,29 R AR i, & s E 0 6 FPIENTR (115:0,16:0,10Mel6:0,
18:1 w9c,18:1 w7c,cyl9:0 w8c) FIMRIRAMEA, & LG IIFR & 1Y 48% —53%

Microbial biomass carbon/(mg/kg)

3 EMEKERENERIE

Fig.3 Microbial biomass carbon content during bamboo growth
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Fig.4 Mol% of different PLFAs during bamboo growth

XA R B AR B AT T R kG RR A (PCA, [B15) 25— T PCL 3R PLFA %
AR S BRI 62.95% , 45 — My PC2 XL PLFA a8 5 BTHRAE 17.20% . AL S W& Y, BAT
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HAEKAABHHS PCL B L, 5 PC2 AIE H, R BAT
AR TR - AR W TR A R A AR, K6
FEWIAC R4 TR (9 1 F0 i 7 R (14.0,16:0,18:0,20:0,
i15.0,i16.0,i17.0,i18.0,al15.0,a17.:0) 3L #4015
e 2 V0 A 5 43R BT A AN TR AR D R 18 1 2w6,
9¢/18 :0ANTE 434 75 3£ 1l 53 2 far R I 22l 455 1 5
FE 6 st B AT AER, RIS E T
R, B S, SBEARIEN R & i N R (B 7)1
HIBAT Y e AR R - S f A ) B T 45 A 5 e A
LT
3 it

B R BRI, A A RS AN
BRI A NIRRT, R P AR
ZUARFRIE X AT, T3 E AR AE T
e, H8erh G PR nTE A AL S BB R R,

1.0 ¢

[ ]
051 ° 05-15 A
m

04-18 z 05-04
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Fig. 5 PCA showing variations in PLFA pattern during

bamboo growth
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18:2 w6,99/18:0 ANTE
L]
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g 02r 161 J0H J50ANTEIS
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Fig.6 PCA showing loading values for individual PLFAs
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