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Effects of N-fixing tree species ( Alnus sibirica) on amino sugars in the soils of a

Larix kaempferi plantation in eastern Liaoning Province, China
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Abstract ;. Microbial residues are an important component of soil stable carbon (C) pools. However, their response to N-
fixing tree species is still unclear. The present study investigated the effects of alder (Alnus sibirica) on microbial residues
(as indicated by amino sugars) in the rhizosphere and non-rhizosphere soils of a larch ( Larix kaempferi) plantation in
eastern Liaoning Province, China. The contents of individual amino sugars significantly increased in the larch rhizosphere
and non-rhizosphere soils in the mixed plantation relative to the pure plantation, indicating that alder benefits microbial
residue accumulation. Specifically, the glucosamine ( GluN) contents were 99.5% ( P<0.01) and 154% (P<0.01) higher
in the larch rhizosphere and non-rhizosphere soils in the mixed plantation than in the pure plantation, respectively, while
the muramic acid (MurN) contents in the rhizosphere and non-rhizosphere soils were 66.1% ( P<0.01) and 132.3% ( P<O0.
01) higher in the mixed plantation than in the pure plantation, respectively. We found that alder had no effect on the GluN/
MurN ratio, but significantly enriched the amino sugar proportion of soil organic C. Redundancy analysis revealed that total
nitrogen was the dominant factor driving changes in amino sugars. This study indicates that alder would significantly
stimulate the microbial fixation of C and the stability of soil organic C, which means that it plays a vital role in managing

larch plantations.
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TEMEHA (Larix spp. ) 238 E 07 B0 PR F TR L 5 ARG XN TR 55% ) R4k K R ik
SUMR I R T B0 TR M  RE R R B BRI R Y R N TR AT RS it AU RS A R
VE AR L IR S8 ARt A 7= 7T SR A2 UIE 4 A 7 0 FH R AT RS R R IR 8 T MR AR
W= AR S 5 — RGNV BT & B U RV R A2k b v TR S MRAR IS A 048 v 1T
PAREIN Vi v Vs Rl DN WY ¥ < Vel I v ) A B R NI =R L (B S et =Y U e e s G i e 1 N A B 2
KIERHEERIEZ —,

TR YR SR MG IR £ B IR 3 R RS AR AR S R G FT RS R R OCHE 1  A |
N RENS A S B AR 1 37 00 RN BE B, A 0 fof 2k e i R R i LR YR 450 7 B TR IR TE )
TEVE KN BRI 78 A, AR b, Bl (0T 5 B R A - i A R B Wt 5 2 35 R )
B BRI T A S v P gk U P R o AR M A LT T RN AL R TR T R
B BE DT 2 AR G 18 MR 7, Xof T TN R4S BEAR AR Sk Sh S FAT T S, B T W A i R 1 2 R R
g3 AR BEARE T, TTLE R RAE W1 5% B8 W AR IR ) R A8 /s o A W ok DR i i (25 1), ) W A= 0+ 08
AHUBRATIRRT . 72T 4 B0 Z RS SR | ZUE A 4588 ( Glucosamine, GluN ) 32 B2k FH FUTA , il BE iR
(Muramic acid, MurN) ME—3K H 405 , 232 FLBH ( Galactosamine , GalN ) Fl1H & B % ( Mannosamine , ManN ) [
RUFIE A E T R R SR BRI S S A M/ R R IR L (L s LA RN A T X 1A L
R ARG TR 20 I 9 3 I R0 R 0 AR R R R A B R AR R R B A ML 1 T
BRI BRI, AU R R S ) A S B A R B 2 R DR TE AR E DAL AR L DX A bR B
H 5 ARG E R R 547 BIRASHO BT G IRV I8 A% 5 | AXHR SR 5 A AR BR  AEAR PR 4 18 2 BpE R
FAFE AR, $a 7R W 5 B 5 DI Z [ R OC R DU IR T i A BT ORNAS E B 3 WP
FHPL 2 BRIS FEA S P& A TR A B2 8 SR AR

1 #R57EE

1.1 AKX

T DAV T3 T A AS B T i R A TR ] B A B T A AR I I S Bk 3g (123°34753"—
125°45'42"E, 40°48'50"—41°33'50"N) , iZHuIXJ@ Tty ARl 2 MU, ARS8 B2 6.1°C AR [T 1R
926.3mm, FELNTE 6—8 iy, TLFEHI N 124—144d,, SIS FR OURRAR L 32, 135 o 22 By b3 I,
pH {64 5.5—6.2, MR T AMHY X R, BARRU KRR AEM N £, N TAREZRE HATE A (Larix
kaempferi) HAN (P. tabuliformis) LKA (P. koraiensis ) S5 51 AR, AR HEAR T2 A 24 (Lonicera altamanni) |
BT ( Corylus mandshurica) . T2 ( Euonyrnus alatus) 55 ; 5 A £ 245 Bk ( Preridium spp.) . ¥ 16 & ( Herba
artemisiae) W5 ( Filipendula palmata) % ,
1.2 FEHUBE RS

2016 4F 7 F A THH ARG O, PeBf 7 b 25 1 S A S it A T %) H AR I B SRR 7% A - 2 A IR TR
SEMR (TR : 5 =7 .3) e AS 3 (R 1) FEHLIET RN 20mx30m, TEAEARINIESE 3 BRIE HHAMPRIEAR  TEIR
RN BRI AR FIR PR EAR S 3 ¥R, FERE—RARHEA ) J8] BBl 42 BEAS [R] 7 (3 B 4 A RAE A 42 AR I
K BN R EMR PR LR AR . FEAFEH PR “S” TEREE 0—10em MYAEMRPR HEAIR S HE M. TR
AR B R AT RS2 00 3 2ok 2mm 0 HR D AR AT L AAE R AR AR R AP SRR T R
JoT A A I 5
1.3 srbririk

345 HL % (soil organic carbon, SOC) 14 % ( total nitrogen, TN) R FH 7T & 43 H14L % ( Heraeus
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Elementar Vario EL, Hanau,Germany) ; +-3% pH {EH pH 110 5E ; 4% (total phosphorous, TP) 2R FH ¥ i 2 114 7 -
FABRHT LRI E ;75 R0 R FH BRI S 90 B0k ; U 2R TR B e 2 U W RV 45 K R T iR
Ae iR s ( PLFAs) M52, Ho 40 B BE V% F 14.00, 14 : Oiso, 15 Oiso, 15 : Oanteiso, 16:00, 16 Oiso, 17 ; Oiso, 17
Oanteiso, 16 1w7c, 17:00, 17 Ocyclo, 18: low7c, 19: Ocyclo P HE M 18 109c¢, 18: 2wbe, 16 losc 5
AR IO R HDMIENG 2 BT A SO e Y B BRINT 4% 0.3 mg N 9 XUT R HCA
KA, 105°C ERIRK AR 8h i Ve SN E R . KA 100 L B NLES, IR 48 S Jnad ig . B RONTeE % 2%
RAGET BRI ZR K s i, 7 KOH 871 pH £ 6.6—6.8, K5 5.0 (3000 v/min) . BB T4
AR B AW T R B O T RS L (3000 o/min) o BYE R BIRTA T, JHAE TR T (45°C) IIA 1 mL
JKHT 100 L N-FVEEGELA A0 , V2 VR TS AT A B B I SRR A . AT AR IR CTR-TE C B i
fil FER R A AT OIS E ( GC-7890B, Agilent, USA, HP-5 B4 (3% 30 mx0.25 mmx0.
25 pm)

x1 FHERER

Table 1 General situation of plots

‘ y ) w1
Hsrem - s R it Wi b
1 type Aspec Species Age DBH/¢
Stand type gradient/ (°) spect pecies ge/a /cm (B /bm?)
HE PG FE PN
ARSI 5—10 [N ik .. 21 12.32+1.6 1535+16.4
Pure larch L.kaempferi
I MNVEL 2R PN
AN S 6—8 P L 21 12.8522.1 1102+8.3
Mixed plantations L. kaempferi
jlﬁ&’ .. 21 13.17+1.1 625+10.1
A. sibirica
14 IR S R
AERETHE AN
m=mA ./ AR, (1)

S, S GO TCRE A, A, 351 A o A AL T L R 450 A 0 AFX 1 A
PRI RE e BRI OB I8 57,
L5 Hdib s

K H SPSS 16.0 #17 ANOVA J5 255087 M Z H L8 (1SD) . K H Origin 8.5 il El,  Canoco 4.5 43 #r 2 %
B SRR TR K.

2 EREH

2.1 BIEMR

3R 2 ATUAE AR BS R PUAR | 4 A R Bl R W AR i v TAEAR PR 1 SR IR BrAE F
C/N T3 pH A WA/ E I W E W, 55| AN T 5EA PR 2R C/N, T3 pH A | #AwE i
it RN ) A ) 50 ) 2 TR S PR A AR B b S AT ML | 4 RURN A W A i b SRR ) v
74.1% 93.4% 1 52.4% , AR BRA> 9 H 45.6% (125.29% F1 58.2% o FRAY RN + 184 B R L 1/ 200 81 S 0 S
W3, I 58 pH A B E LTRSS G #s 4 {3 38 Z (A At - 3P B e B 22 7
22 AEMESE

P& 1 AT, A TR) A B AR o 2 366 A 0 | M e i o 2 LB A A2 1k Y5 BB 43 531 R 1099.5—2193.3 . 80.
6—141.7 mg/kg F1 361.1—920.4 mg/ke; AEAR Fr (9 22 1k 75 [l 43 51| 24 488.9—1320.9,20.1—65.2 mg/kg F
218.6—585.2mg/ kg, -5 A AR HEARBR S ARRRPR & 2 5 AR & i, o A L TR SRR I
HRIR K AR B 398 4 b A b 5 20 0t 99.5% (P<0.01) Fl 154% ( P<0.01) it ik 75 A # 34 b5 a3
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2 W — 5, TR SRS I R AR B AR B 1 398 i B R Hb 4l Ak 4301 i+ 66.1% ( P<0.01) FT 132.3% ( P<O.
01) . SR, IR ASARIE AN RN A% 2 (] 4% E M R S B B 5 2 5

Table 2 Soil chemical properties in rhizosphere and non- rhizosphere soils of different stand types

R2 FREMSEBRREIFRE T EER

Moyl 13 3 Bk Ko WAL " X
Stand type Soil site SOC/ (g/kg) Total N/ (g/kg) C/N P Total P /(g/kg)
4liy% Pure larch icdin 33.32+5.4 Ba 2.26+0.29 Ba 14.58+0.57 Aa 5.25+0.09 Aa 0.45£0.04 Aa
S S
e L . 58.01+£3.09 Aa 4.37£0.15 Aa 13.28+0.55 ABa  5.03+0.06 Aa 0.41£0.01 Aa
Larch in mixed plantation
vE
o L . 50.62+3.54 Aa 4.16£0.29 Aa 12.16+0.12 Ba 4.56+0.13 Ba 0.38+0.01 Aa
Alder in mixed plantation
4% Pure larch FEHRPR 18.77+¢2.04 Ba  1.03£0.07 Bb  18.21+1.51 Aa  5.46=0.03 Aa 0.420.03 Aa
YE S
it L . 27.38+1.86 Ab 2.32+0.17 Ab 11.83+0.07 Ba 5.06+£0.01 Ba 0.33+0.04 ABa
Larch in mixed plantation
vE -
iRk L. . 26.88+1.09 Ab 2.30+0.11 Ab 11.68+0.3 Ba 4.64+0.09 Ca 0.30+0.07 Ba
Alder in mixed plantation
e . A TR 2R WA
P i e
RGP j:fi% Available P Alkali-hydrolyzable ~ Total PLFAs/ EE‘ leil_
Stand type Soil site Fungi/Bacteria
/(mg/kg) N /(mg/kg) (nmol/g)

4iij% Pure larch PR 9.17+0.81Ba  301.00+42.19Ba  82.00+4.7Ba 0.09+0.00Aa
N=N/ 3
i L . 12.50+1.19Aa 469.00+42.58Aa  125.00+16.6Aa 0.08+0.01Aa
Larch in mixed plantation
vE
R L. . 10.60+0.48ABa  476.00+16.16Aa  118.10+6.1Aa 0.07 £0.01Aa
Alder in mixed plantation
4liy% Pure larch AEARBR 5.31+0.93Ab 217.00+28.29Aa 65.8+3.5Bb 0.11+0.02Aa
YE e
it . . 4.19+0.37Ab 305.67+22.26Ab  104.10+13.1Aa 0.08+0.00 Aa
Larch in mixed plantation
HEYIS

6.34+1.1Ab 249.67+60.53Ab  100.00+10.7Aa 0.09+0.01 Aa

Alder in mixed plantation

AT AR YT AL IR VE IR AR BT A ; TR AR AURIR MR B 247 s B AU P B AR DR (n = 3) s ARV RS FREAUSR AR
Iy ZE S B R NE TR R S AR PR ) 22 5 3% (P<0.05)

SN EA SR PR S LA 2 W T B I LA mT DA FE 7R B A B ) 3 ML A R (%) R X
DUk, HTIEl 2 WL R DA AR B e LA A A/ i BE R LA ) AR AR R R 13.7—16.4, AEARBRIG Ak Bk
17.8—21.7,, 754551 AXAR R S AR AR Prad SL A A0/ MO BE FR 52 i A .3 . AN [R) b B 20 M ) 1= 58 MLAKk 119
TTHRAE LT A 39.4—61.9 mg/g, TR ASHMR PR KL AR MR PR B X 384G HILAR (1) ST ik 4 & 25 i etk (& 3)
2.3 AR R S G R

TORATREME 2 AR A W IR - X - 3 s s R B, XPAR B R R AR B = S B E AT T U0 i
(FE 4) 255K, HIEEIN S H A DL 22U A & 2 IEAAH SR (B R R & 505 1 i 3=
BT (P<0.01) o S—HE P A —HE il o ks 1 2 S 99.7% F10.3% 7% 5

3 e

3.1 xRS

DARERFFSE A B, 86 U g | A oo kit L 39 S i 3R 077 L i AR e 45 R — B0, i b 5 Al
e UIEM IS N TR IR IR IPIRGL . 7RI AR AE SRS, RUE FRGIAE D A K B S A 1, PRI, [ 280 Aol
SIATT REZRAR 1 S - R ) U B o AR v 7 O T KR e e T T e RO A e
I U RS P R T P 3R A IR ™) T 25 LS M T 1 (3R 2) DR SR 2 fin 1 39 2 1 [ 455
FATid K B SR b i RA A Z 1] ) E 3SR 0 5 22 SN B35 (R 2) I AT R TR v MR RE S J id .
PR bR AR 2R IR SR U8 V& W 53 R o 3R ARS8
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1 AEHS TREMIERFELESEGER BEBNSELIABESE
Fig.1 The contents of glucosamine, muramic acid and galactosamine in rhizosphere and non-rhizosphere soils of different stand types

BRI ARER (n=3) s RIS F BRI Z 0122 50 035, R /NG T ERGRARBR S AR AR PR 2 0] 22 53 1. 35 (P<0.05)

28 — 100
R % m=p
o kR e W R
T 24 |- = E s
3 o)
o g’
#E Ba
220 =8 60
2 E : i Ba
&3 =E Ba
EZE 16 |- % % H S 40 |-
3 g
® 8 5 25
= i o
CRPYS 2 20
£
g
8 I I I < 0
Pure larch Larch in mixed Alder in mixed Pure larch Larch in mixed  Alder in mixed
plantation plantation plantation plantation
B2 AE#HS TREEMIEREEEREE/ MERILE B3 AE#S TRERFIIERRSEET L EF VR Tk
Fig.2 The glucosamine / muramic acid ratio in rhizosphere and Fig.3 The amino sugar proportion in SOC in rhizosphere and

non-rhizosphere soils of different stand types

non-rhizosphere soils of different stand types

B AR AR DR (n=3) s AR RS TR MRS Z ) 22

BAsA QR ELAR DR (n=3) s RREIKRE PR M Z 1 22

SRE ,AR/NG PR FEAR R S AEAR PR 2 8] 25 57 8.3 (P<0.05) SR E RE/NG SR FEAR R SRR 2 0 2% 5 5 % (P<0.05)

BTSSR 5 pH (BT TR AR (K 2) , B AR ST AINIRD 19 A N TARE LSRR AL JE
VF 222525 0 T U A B F At — B 20 1 e AR B 4 0 i PR T A2 — T [T U R 9 5 LAY 58
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THEMAERS A TEZM A, S, |,
AR Fp 3+ S A S = SRR R TP
A RS B g = AR RO R b AP 1\ oON
b, T REE— 25 ] T AR 3 BH B R K
32 Xt IR S LS

AWFTE I, AR B - 198 S R 25 0 B R 57
R E S TAERPR £ A ORI I D P R
TARBR R AR W TARR PR (% 2) . RBRfE
FXS A P A e s S AP SR A5 SR — 30 L R
[F B ol LA R 1) Bl 0 3 R 0 B SRR Y TR
[ G A 5 LT RE X MR A= W ok BR W HLA T S 17 #h RDAL (99.7%)
ABRTERIL, RIS L R RS IS @y mrmssmet i RS L R TR AT
FHETamRE ) R EIAB R T LT AEY  Fig. 4 Redundancy analysis of amino sugars in pure larch
FREW R, DR A, Y+ h 330t = if,  plantation and a mixed larch and alder plantation soils
S LIV Sy o T L 2 g T NN x o« f0F P<0.01. 3G PLEE, SOC; 2%, TN; 14 C/N [, C/N;
(R LT RBLR 0 R GRgg A T DA ARS TR AN
BT SR BR IR AR (3 2) ST IR Y A=Y
SRR R A E BRI A ST I R B A X v i FA AR AR PR - SRR A 1 P ) S s AR B
+ RS T AT IR E P ) sk W R R R, 2R R, AR AR SR AR A R R B,
FEFFAS NS | S B A HLBT 4398 b B 3 i B vas T A DL 008, X AT RB S PR A 55 MR B 4 v Ay vl R A
FAH L AERR R E A AR s 20 (3R 2) , A 5 ) AT AR B - 9 0 e P R s e sk TR
GIRTES R 2 FUR I Z 0 B (B 4) W — A R SR T I 45

WA | SR IR AR 8] 1 S B A A W/ M BE R LU 2 55 AN 3 (81 2) BRI ARA% 5 | AV I R bk - 4 v
L ARV Z0 A A AF X DT AR 5/ L TR R A TR (1 5 P A R R AL T A S IR ES . Zhang 55 R B 11 4F
FIRIN(150 kg N hm™ a™") F0f S AT 26 W/ B B %2 EE AL, TATIR 20 (S0 kg N hm ™ a7") XL TERE M, PRI, AR AF
FEARME 7R ARG 5 AGREE (V&M 350 7.3) AT RE AL TAR AN AR, U EML AL FAR SR F 2 v)
F ARG 5 g 7400 FC (B S e T I i) ROBE (R el VR sh A TR, A JE RS ORI [ 3R
PRICHAR )25 W0 S B 5 A R s 5 A Bt o ] 94 A28 A Bh KA IR T e 1 U0 o 52 )+ 498 22 08
2/ M BE TR LUAE A B

VEA 3R T B PR 11 B T o, e A R Ik R P iy i A Y S AlboH L TR SR
Hh R ) ST B AL BTRR (B 3) D R 5 | A R 3 4R VA AR R ML AR e e RS R
[V EF B80T 3 BURR LA S S B0 & i, SR AT AR R 3 AL (0 38 i B S35 o T S SRS in i (P <O
01) , BEIWIAE R I A HLERA R T AR PR LG Bl h B VR BE . SR, SX Al BEVE IO RAFAE TARPR £
T R PRI A 11 Ay T 0RO AR T 7 A A 5 00 O ) 2 L 5 B ) A ) — AR T AR S R A b BE A &
FOW I ok T oo AR AR 3 B TR AR AR PR

MurN pH

2451 RDA2 (0.3%)

=
iy

it

IR T AR R It A S8 v 25 R SR R SR G T S AR o i 4 Wl Y B R 119 ke R4 PR T I
WRPR L, TR 51 AAS R M b BB 200 1 5k B 00 B3R R X SR, L S 5 08 ot e A X - S ML Y BT
Bk ABEFEUN 2505 A RGE TR IR B, el SRR i, R TR S AR A W ke B ) AR 1 i
o PRI, DASR R pRHIE g B8 HE S F A EA T AL 7R I XN T AR i) DU 3075 S8 5 A kA, (B2 3 5
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