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Effect of adding a combination of nitrogen and phosphorus on fine root

morphology and soil microbes of Machilus pauhoi seedling
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Abstract; One-year old seedlings of Machilus pauhoi were used to determine the effect of adding a combination of N and P
on the morphology of different orders of fine roots and soil microbes. For this, the phospholipid fatty acid (PLFA) analysis
and root system scanning methods were used. The results were as follows: (1) Combined addition of N and P significantly
improved (P<0.05) specific root length and specific root area of the first-order and second-order fine roots, while it
reduced specific root area of the third-order and fourth-order roots. (2) Root tissue density for the first-order and second-
order fine roots tended to decline, contrary to that for the third-order and fourth-order. (3) Root average diameter of the
first-order to the fourth-order roots was significantly reduced (P<0.05). (4) Total microbial, fungal, and bacterial biomass

all showed a tendency to reduce after first increasing, all reaching the maximum when treated with N;P in the ratio of 10:1.
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(5) Although the bacterial and fungal and actinomycetes biomass and total microbial were significantly and positively
correlated with specific root length and specific root area for the first- and second-order roots, they were negatively
correlated for the fourth-order roots. Although Gram-positive bacteria and fungal biomass were positive correlated with root
tissue density for the third-order and the fourth-order, no significant correlations with the first- and second-order roots were
observed. Root average diameter for all orders had no significant correlation with soil microbes. Our results suggest that the
effect of short-term addition of a combination of N and P was the best when treated with NP in the ratio of 10:1, which can
improve the efficiency of nutrient uptake of Machilus pauhoi seedlings’ fine roots. Plants may adapt to N deposition by
adjusting the fine root morphological characteristics. Meanwhile, the response of underground biological communities such as
soil microbes, and the relationship of microbes with fine roots, to N deposition also changes, which affects C and N cycles

and the nutrient flow in underground ecosystem.

Key Words: combination of N and P; fine root morphology; soil microbes; root order; Machilus pauhoi seedling

NI Sl A IREZ AN, B AR AL 25 e AR S R G R R — R 919284k, xF T A= YR
& (FEE AR LA W ) A R, AR AL IR A K A B < IR HIE SRR AR A AR A ] LU
e ML %53 KK A3 B SCR IR DL | 38 75 Ml 0 0 PR B AR AL 038 B R, AR AROBIFIE R AR R % AR
KNG A RUAR RN AR, AH % 7 ik Z 06 T R R G0 A0 AR 1 AE BRI B 25 5, ME 25 T AR 28 45 M RN T 8 =[] ) 16
F7 1M Pregizter 2 A AOAR 40 0 % U8k G 17 3k 6 [ R, R A b 4B /R A AR AR AR S RRAE L R TRIAR
T (R ARAR IR 25 6 1 3 SRV 5% 20 (0 WA A A (] B o 1, it 20 T S 3 14 H 4R i A1 ( Chamaecyparis obtusa ) 1—3
ARG UK, I S B R GV ) T A (pinus massoniana ) AHARAR K IR 24 i AR 6 s L i P 2 1
BEINAT AN R B B AR K — R AU A A P A 28— R R R X R R KRR 3 o A A R A
H AIE A ( Larixkaempfer) 222 34 (0—10em ) —ZARF- MR AF Z B MG 5 2 B FRAR, i %2 (10—
20cm ) — ZFAR Y 2H 2005 3 D kS5 1A, 0 I AR 9 I A 5 RO I 2R B 2 TR R ST- 349 A% % R Ml e %) g oz )
BRBEED,

A P R A TR Y D) — B LA R A, X ER B AR AL AEURR A ) TG PR RN 55 43 i Bl h & A
AR R I Heth A R, IR SR R W S B AE AR T R (PLFA) &5 5 A A0 R
M PLFA EYibric g (AX E i PLFA EWbsic B g m A B 7 g 3 (30g m™ a™') W
T IO B (Sg m? a) A (15g m™2 ™) QB0 (o 20/ 2 P AR 5 1E) L 265060 80 [
T RIS 00) S B SRR Tt o - SRR A S AR

AR AN - S VR T AR IR IR 0 R A R oy, o Z AR 2 B R AR A] Ry AR 4
PERRVEFIAR 2R /I 5354 | A W0 B4R e XRE B e AMAR SR e e 010 it L8 3 5 3R A 7 e 2%
VIR OC R IEXT 1% 0 0 AR AT A U SR T OC T A0AR | S W R 3855 43 — 38 T LA T 5G 28 A0 e i i
TR BT R, BRI, A SO ABIERE X 4 38 S AR , A7 58 BB IOt XA [T AR 1)
YR AR AE A 30 A Wy g ), I B B A 50 T AR A0 - 80 A= W (R) 9 A G R R AR 45 SR

At 4 R GRS BRI A A R U0 ) IV Aty el DX R AR 400 T A W A v e i A 25 R B 37 73 T 3l 9 R i 45
SRR

BITERS (Machilus pauhoi) 3 BFIHHIR , A4 BIAEME A S50 A1 T30 [ T 4AHS 9 — i Sk i o 7
Rl FC R b, SN S, RS2 S AR R SRR DRSS S BE LB . I A o AR B 5 2 24
X A LA IS, G0, BRI IR A R A T T 4y
W, 5 X R X 60 A 0 A4 B 6 PP 0 LR DGR , B AR ST 1 42 0l 4 o 4
NGRS B FE , AR LT LTI : (1) BIAERISY AR T A 48R 25 (LEARIC | AR,
P AR RIZH VA ) R AT b B RO MG 7 (2) 76 BB A 1 T, R R (0 AR 2515 L SR

http ; //www.ecologica.cn



7 TR A IR BCHE X 0 AE A A AR T 25 SR S A W R R 3

ZIRIFFAEfT R OG 2 7 BIFFELE R ] RS fooilh & B AE AR 4 v o B 2B 4 it N ASE 5, G vt A 2 1 B4R 30 , O
A A kDRI R g AR T AR W (R B2 AU T3 U W ) X A BRI AR Ak (A EDTRESE)
FR e 17 53 AL SRR BE IS 278 X T EST R SR IR AR S Al HRT S AE S R AR S R SRR E TR R R
AEERTLE L,

1 HRSTS

1.1 SR

TR ML TR A R S B (26°38'—27°121'N, 117°29'—118°14'E) , i% X I8 & T+ #4428 KU
SRR BN T, BHYG TR, DU B AR AR 18.9°C iR T 1 A 3 7.9°C i A 7 A
TSR 28.1°C , AE K B —FETE 1600—1900mm Z 8], (/K ZE P TE 2—9 1, 29 5 2R K &1
86.6% ; A TCFEII N 305d , 4F-F-1 H BRI 42 1740.7h,
1.2 LRt

ARSI A 34 FE T AR O B L 2.5m A KM N EA T, KM 509% 3% 56 25 Ay BH R 2855
ANEFPA DU R, SRR VLA )1 B 180 A% 1 AR AR GAEAH S AR PV i S0 1, SEI0 W MR IR /N AR
AR SERI AR 9 (4.520.11) mm , FEI0 5 4 (30£0.04) em, T 2014 4E 7 A 1 FEABCE I E H i b i 4 58
B LTI - AT S A 85, IR B ASEIR N, SE I A b L TR AR 4 318 32em Fl 20em, 5 30em Y
PVC AE4E, 3%+ B B 48 2em b (LIBE TG BE) | HIRRILA IRt R S 050 0 (3.747
+0.27) mg/g.(0.739£0.14) mg/g F1(0.0407+0.06 ) mg/ g, K T 6 BUH) B AR Hk 256 b H M LI AN, B4
A 1R FFEABAZN 1A H BARXRE G, e AR bk & AU iR A58 b , I TF G 17 A [R) 2
FCRSL S N SE G SCI0HE IR N St [ 1M P 3R IEASE NP EC#fE N 4% 100kg hm™ a™' 4l N
TR, AP et A T AR T AR B AR 30em 1157, HLiE 5 AN HUKE, RIS IR (CK, AL ) (NP1(#% N.P
9 8.1 M ELBIE ) NP2(4% NP Jy 101 W LLBIR ) NP3 (# N.P 2 121 BB ) NP4 (% N.P
15.1 W Lefgsm) B e i E 4 NEE B EEA 9 4,5 DA HEE 180 #5 ( Rl A~ ab#E 3t 36 #) . N AT
FH NH,NO,,P IEH P,O, B Frita5 % NH,NO, 5 P,O it ¥ 40 i 6 S50, B0 2 Jiit 1 vk, il 17 6 ¥k, MRAEA
[Fi] Ak 31 P S 6 2 S TR AR (B 36 AN ZR AR AR |, FL T AR IRCRE IR #5 AL BT 5 19 NHL,NO, 5 P, O, it i, Jf:
W HSE 2T 360mL 288K A4 RS O B 10mL ( CK AbFHAE 2 AL AR AN 10mL 2548 7K ) | W 7 N i
FENUY Tem ALIS)RTE | B, RFRSE I AR T 0 HUK -8 2
1.3 SCEOML | U

Tt AL S A5 12 A S AR TR A FExt R AR TR R AR A KA IR RS AR A TR A R
B A RIS A U A TSR, PR HE AR <2mm AOAIAR , IT4% B8 Pregizter 25 A48 AOAR T 20 2 ik iF
TTANMRAR T 3 B, SRR AR AR A2 S 1 AR, 1 AR M REAR 22 SR 2 AR, AR L 24, i A2 A 4 L4 AR
JH EPSON v370 494453 AR & AR 4B AR #6474 48, JF F WinRHIZO AR 2 B B B iF e A 4 AR B4R, B 4%
RPN AAR AR R AR P AR SRR A s SRR AR T i 40AR 43 0 A5 3 ar, B F 65°C fa iR Mt 4s b
W IHET 2 E A IOFRR T8, IR0 N AT GUR 7 09 BEARES | FOAR B R4 2% B AR 4 AR B 2
55 o

AR (SRL) = IR (m) /7 4IAR AP 1 (o)
FEAR IR (SRA ) = ZEARMR R TR (em® ) /MR A 3 (o)
HRALUEE (RTD) = QAR Yt (o) /4IARIAF (em?)

T30 A A PR A E AR A A A IR R A TE R BRI TR Y AR AR AR E B 400g 1 AE IR L
oy 2 Ay, — 0 D0 i 3 A 5, 59— (0 0 e 3
1.4 JE Tk

T HELF MR CN TR 571 ( Elementar Vario EL 111, Elementar , {2 & ) U2 , 28 5 &R L -

http ; //www.ecologica.cn



4 A E = 38 &

1o AR A AR US| IS Za sl Hr A E o 3R YIRS AR TR (PLFAs ) B9 5E EERZ I Bossio 48 A
75 B A ERAL IS 1 C19:0 S AR, 8 d SO G S (Agilent 6890 N, 35 ) #EA I 5 , R i i 1R
e BE 2 T AR C19:0 B EERITER , AR TR A HT nmol/g + H 3Rk,
1.5 Adiabr

iz 1 SPSS 21.0 B AF iy BN 2K 7 22 73 M 05 6 40 B AR S REE AR AN - e A W 4% TR Wi s
225t 15 ] Canoco 5 HEATAIMIE AL SARPR 1 3ERAYIHY RDA 2047, R Origing.0 ZKAFAEIE

Rk

2 HRE5S

2.1 FWEECHEXT R AL AR R EIE AS R B 5

1—2 FAREY SRL 7E 4 A AEALFE I35 3% & T4 IR (P<0.05) ,3 ZAR (1) SRL bR T 78 NP2 Ab P |22 53R
B (P>0.05) , 7EHAMEAL AL |35 538 T 4R (P<0.05) , 11 4 AR (9 SRL WI7E NP2 4b 38 |- g 2K T xf
M (P<0.05) , 7E HATH AR AL T | 5%} B8 22 FOR 8 25 (P>0.05) (& 1), SR b 3—4 el SRL (10 1 3% A 5
B AR A

1 FEAGENERBRCRK ERER ARTEMFHEEHZME

60
600
[JCK Aa Ab Bb
50 |  ZaNPI AbTAa Aa
— ESNP2 —. 500 Aa ﬂS
2 SYNP3 3 Bb
E 40 | [OONP4 & Ab
= S 400 Ab Ba_BC Bb
B0 <= 7 Bb
éﬁ 30 l:“ fgg 300 B W
S 20 = £ Cel
& - 2 200 %4 —
3 5 % =
2, N g ?? = ﬂ‘::
2 L CaCa 2 %% — \
10 - Bbazp Co 100 é} = -
C 7 = =
0 0 = i
1E5AR 2448 1A 2448 3R AR
0.7 | Aa
0.6 |
E 05 | §
i 2 E
WS 04 L %‘g
% T
o
“"“‘; 0.3 -BaBb H_ED Ba
2 5
& 0.2 CcCb E Bb
B BbBb~ Bb
Bc
0.1 - VE d1] RS
— NN
Al
N\ AL ZA—IN
0 Z=N N
1A 2448 LR AR 245 3L AR
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