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BE: [ 88 ) BHREFDZTRACAILA A EA LA LI R8I0 e H Lk 2, EBHREFYRE TR
W XITA TR EIEACF W R fefh A B A DYk, TAHBERE TN SHF AR PRE, [FE] AT T
Bl R & wHir Ulmus pumila “Jinge’ ATAHRTFFRiXS, #E0aM. B, AWRESE 3 BHEF B TR F
1. 2, 4kgm?3MET# L E0EMAEF, KA Biolog-ECO #-FAREN E LIEMAEMRMIBE, 54 T TR HAFese F
FAEE pH, Ao MBS, MAEMBRARNEREFA R SR Y R, (B ] O3FHHHREGT LEA LK
FalE B RR B, DA AIEIC R R EEIRT 530t L3860 pH, sTEARPARBERESHTARK; PR HEL
MRS T L3 pH, BIKTAZEFALBR T H; Q LEMA YT IRF) AAZE foft A WBEE L S AR KE
ARR ARy SRRe. AR OF 6 EBRR T, BE . BB EfRAR KT R 5B A YT 3 A A B £
AR RARE 3AAISRBE T RIE M A BB AR R A A R, AR T SR ABRBIR G R, DAL T MA
WA BB, BRAMERRANRBRT AR AL, LAY R RAETHRAEDTHELERNAZZ; @ RF&8Ex LEH
AR RAN RO EFREE, MAR TR MAEDNFEENR SRR mES, [ &8 ] BREFHHAEY. Hie
BAMRFHRE—ERE LREAIRLERE, L7, HAYFE A 23 RIS Mok 138 pH., 3w L3R e ) B4R
HEIEMAMBEE DR SRR R TAMEY, B3 E4433
KEEIR: BMEFA; A MR, AW, Biolog-BCO; A 48R A A
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Effects of garden waste reuse treatments on soil nutrients and microbial
carbon source utilization in plantation soil

YAN Fangbin', ZHENG Jingming', GONG Yinting?, ZHAO Yichen?, ZHANG Jiagi’

(1. School of Ecology and Nature Conservation, Beijing Forestry University, Beijing 100083, China; 2. Academy of
Forest Inventory and Planning, National Forestry and Grassland Administration, Beijing 100714, China)

Abstract: [Objective] Resource utilization of garden waste is an effective way to improve soil fertility and
enhance carbon sink function of plantations. Study on the effects of different reuse treatments of garden waste
on soil chemical properties and microbial community in the plantation soil can provide scientific basis for
efficient utilization of garden waste. [Method] Experiments were carried out in an Ulmus pumila ‘ Jinye’

plantation, in Fangshan District, Beijing City. Experimentation including three types of garden wastes products,
crushed material, compost and biochar, and 1, 2 and 4 kg* m™* carbon-based amounts were set up. Biolog-ECO
microplate method combined with conventional soil chemical properties measurement were conducted in order
to analyze the effects of different materials of garden waste and their application amounts on soil pH, nutrient

content, microbial carbon source utilization and functional diversity indices of soil microbial community.
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[Result] (1) All three types of organic materials increased the content of soil organic carbon and nitrate
nitrogen while crushed material and compost significantly reduced the pH value of weakly alkaline soil, with
little impact on the content of ammonium nitrogen and available phosphorus. Meanwhile, biochar increased the
soil pH value and decreased the content of ammonium nitrogen and available phosphorus; (2) The microbial
utilization of carbon sources and the functional diversity of microbial community are as follows: crushed
material > compost> biochar. (3) Among the six types of carbon sources, carbohydrate, carboxylic acids and
amino acid carbon source were the main carbon sources used by microorganisms, which could distinguish the
three treatments of garden waste. The three organic materials all promoted the microbial utilization of phenolic
acid carbon source and reduced the utilization of amino acid carbon source. The utilization of amino acid,
polymer and other carbon sources by carbon-oriented microorganisms in treatment of crushed materials and
compost were stronger than that of biochar while the microbial utilization of carbohydrate carbon source in
biochar is the strongest among the three treatments; (4) The effect of application amounts on soil microbial
carbon source utilization was not significant, and functional diversity of microbial community increased with
the increase of application amounts. [Conclusion] Garden waste could be used to improve the soil quality of
plantation by three types of treatments. Compared to biochar, crushed material and compost were more effective
in reducing the pH of weakly alkaline soil, increasing soil fertility, and improving the functional diversity of soil
microbial community. [Ch, 3 fig. 4 tab. 33 ref.]

Key words: garden waste; crushed materials; compost; biochar; Biolog-ECO; microbial utilization of carbon

sources
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HER M BRSORAE 4 a J5 A R R,
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PR 11.6 ¢, 4 FHREKE RN 602.5 mm, W44 MM Ulmus pumila  ‘Jinye” N T.HK, J&F
2018 AEAL TP IR IE MORIE X, R P RRERD BT £, BOKORIERE R 2, HIEFEEAEMER . &
R 041 g-kg'. 20045 gokg'. AHLEK 541 grkg!'. FHA A (NO;-N) 1.40 mg-kg ', £ &% (NH;-N)
0.72 mg-kg'. AXWE 0.08 mg-kg'. pH841, &K 1.45g-cm ™,
1.2 i{5&igit

B R AR 724 3 AN R 98 5 A b 3 07 =0 7= it pR bt o o [ el A= ) TR A PR w4t
BFERTEY (GW1). HENE (GW2) FIZEY IR (GW3), 3 A= S Bl 1 s .

F1 EREFY 3 MHFRELLERAVESHEXIERR

Table 1 Fertility related indexes of three treatment methods of garden waste
PRt pH EE/Ng-ke)  B(gkg)  APRA(g kg  MIAA/(mg kg)  HEAE/(mg-kg) AR (mg-kg™)

GW1 - 2.85 0.54 60.22 - 1.62 3.83
GW2 8.41 5.13 1.33 34.66 22.10 1.10 2.58
GW3 9.21 1.13 1.29 53.54 3.78 0.21 4.79

il —FORTCEIIE o

2021 4F 6 A B HCFH | M) . RHES T/ N A R TARYE R R, IR ST AR
WREATIR B Y . R BENLIX 3T, 3 FA PR R E R 1, 2, 4kg-m 2 B ED, H55045
WCN TI~T3, & EANHATTYRME ST IR (ck), 310 AN, fEAN b3 3 AN, Mob 4 RE 7 T AR
N 10 m?, FHEJ7TZ B8 2 m BB o Bt FH YR s O O 5 R e BRI 0 kS 20 om TR 444
RA.

1.3 HRRESNE

131 2EHBRELMRE 20214 12 A, EDHITNBEHLEER 5 A8, KR HIERZREY, %
£ 0~20 cm RJZ IR, EBRATR . YRR RERY), TMRSEE—MRS LM, AT
RS 4 °C IGRMAE, 4 EIEFEST 2 mm 06, —#B0r RHERA 4 C VKFRRAE, 1 JEINETT Biolog-
ECO 43#1, 74b—or ST T -5 o

132 H3EAF RN E L3 pH W RABAE, FKFE N 1.0:2.5; A HUIRR FH % R A A 1L
AN s B ECRHSEM I L 0k S S ZRHERME R AR HAHST L AkE0,
1.3.3 Biolog-ECO ix B A oh 8 % ARkt 5 IR TUE WA V% 41 R FH Biolog-ECO T ik 43
BT, 207 RS A W SRS R R E A T Re A A ikl BRI D RS
SCHR [17]0 #F  Fh 4 (1) Biolog-ECO My 75 4 75 1, LA 25 °C MY E5 32 4 v 85 3% 216 ho A I 24 h
FHRGHRAAE 590 nm I £ FLI I OG BEDS), 40538 H e it 6 25 31 Rk IR (f 46 10 FtlZs . 7 b
BIRZE . 6 FPE LIRSS . 4 FVR AL 2 IS 2 R IR ) O3B (4 A8 LR (AWCD), AWCD #&
K, FERAE WX m TR 50 B R5E . SR 168 h i 5 FR RS 20 - SRR MR EVR XX 6 S B TR A )
FERAE, 115 Simpson L # E H%0 . Shannon ZFEVEFEEUA McIntosh Y51 FEHE4L, Fon HIERUE MR
LI REZFEENT

1.4 HiELE

K] SPSS 25.0 XIS AT WA 2K )5 00T (two-way ANOVA), #63 %8 JE AL 5 = 57t FH B S A2 H.
YRR A2 e i . B PR A R TR 2 AR g i 9 25 55 B 25 M, R LSD ik T 2 E ik .
K R 4.1.1 4 “FactoMineR” 1 “Factoextra” X} 168 h +$E4k AR Wy A ) A —mie Y5 A P 304 T 3 80004
Mro >R Origin 2022 224,

2 HEREMN

2.1 AE4AIEIT N MR
mE 20 W, 5 ck AHEL, i REARE FE YA 5] 9 AL MR B R T 3% pH (P<<0.001), Hp
GW1 Il GW2 4b 3 g KT GW3 Ab 3 (P<<0.05), Bkt AERN, GWI1 F1 GW2 4B F + 4 pH ) B &
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FEAIG (P<<0.001), GW1-T3 A4bH T £ 3 pH 4 ck AMFRFEAR I W I . (R0 6.78%),  HRIRIWEHRIAS [F] it
FHE RIAETEAR 25 22 HAE T (P<<0.001),

5 ck ML, JH 3 Rt A HLER TS B W SR (P<<0.001), H GW3 Ab3E + A ALK
U 3 R T GWL T GW2 (P<<0.05). Bt FHEEHE N, GW2 1 GW3 ZbBRAT LA T & 70 Foh b & 4
= (P<<0.001), GW3-T2 HIEAHLIRIETECR IR, K ck T 1 386.94%. A[FGEHALALH T AR
[Fi it FH 16T S WL T 12 B30 W S 328 AR (P<<0.001),

TSR THAENE SO AR R LA Rt = e B AR AR R RS, +
A AT S R T 19.63%~343.93%, H AL PR 25 SOR 2 . Bl R, A AbER ) 4
HERS AR T U S I (P<<0.01). A GW1 I GW2 J5, TSR E a5t E2 4, (Hit
I GW3 J5, s SR 05U 2 AR (P<<0.01), H GW3-T1 R R k&, % ck FRIK T 54.72%.
BTt FHEE RGN, GW1 AR BT () 3B S AU R - 8O i 8 Ak, GW2 i GW3 b3 R Y H I S AU
B R AR (P<<0.01). A W] ¥ JE Ak 5 28 RUA ] it et %o - 3 B S R oy B sS BVE D B
(P<0.05). AR HLY A FH G A B X - 33 R0 B o B S iR 4R B 25

F2 FELEX T pH MFSREH HHIZNT

Table 2  Effects of different treatments on soil pH and nutrient contents

posiil pH THEEPR /(g kg™) HAZ/(mg kg™ A /(mg-kg ™) R (mg-kg™)

ck 8.41+0.18 Aa 7.35+2.22 Ce 1.07+0.18 Ab 0.53+0.06 Aa 0.27+0.38 Aa
GWI1-T1 8.02+0.03 Bb 9.56+0.80 Bc 1.28+0.25 Ab 0.46+0.63 Aa 0.13+0.06 Aa
GWI-T2 7.89+0.06 Bb 10.60+0.39 Bc 1.60£0.95 Ab 0.49£0.06 Aa 0.17£0.06 Aa
GW1-T3 7.84+0.08 Bb 11.08+0.52 Bc 4.23+0.99 Aa 0.58+0.11 Aa 0.17+0.06 Aa
GW2-T1 7.99+0.07 Bb 13.30+0.17 Bbc 2.47+0.35 Aab 0.46+0.08 Aab 0.47+0.27 Aa
GW2-T2 8.09+0.14 Bb 14.74+1.81 Bab 4.53+0.51 Aa 0.33+0.02 Bb 0.21£0.19 Aa
GW2-T3 7.94+0.16 Bb 26.76+0.35 ABa 3.10+1.56 Aab 0.46+0.02 Aab 0.40+0.37 Aa
GW3-T1 8.18+0.08 Bb 14.00+1.02 Bb 2.13£1.39 Ab 0.24+0.04 Bb 0.05£0.04 Aa
GW3-T2 8.42:+0.06 Aa 35.79<1.11 Aa 3.02+0.47 Aab 0.41+0.13 ABc 0.04+0.02 Aa
GW3-T3 8.52+0.14 Aa 29.44+1.02 Aa 475+3.29 Aa 0.38+0.03 Be 0.07£0.04 Aa

Ykt 27.618%* 22.106%** 0.751ns 8.265%* 2.868 ns

F it FH 5 15.716%** 23.366%** 6.959%* 6.293%* 0.447 ns

ZEHAEH 5.913%k* 6.806%** 1.440 ns 2.826% 0.551 ns

ULIH . BUE MR, SEEKT, FIIRFEZHEREREE (P<0.05), K5 FHHT RIAE YA R A7 8
B, NEERHFARRMHRR b, WEREFTZ0, =, o oeap 5508 P<0.05. P<0.01. P<<0.001, ns &R
ERANGE.

22 AREAEX T EREYRIER AEERN RN

Bifi 155 35 I ) 0 B 1, AN [ A BT B TSGR X 31 R U A 255 R FH B G R (8 1), fEEE SR
0~24 h N, AS[RIALHR () B 360 A8 AL RN T 0.1, 3 oA Wy wb e PR A BE ik, TG PERES s 1F
24~168 h Pk AR E G K B, fUEWIEPEIE RS 168 h JG 4L S8 i T . IS FRFa 5 168 h i [a] i ok
F, GWI1 Al GW2 4B A W AHE M s T GW3, ANl i P AR e s R 2
2.3 AR TR AEY BRI SR RNE

M 300 i GWL Al GW2, +EEMA MR IRe 2 et ie 8 S kW E R AR E; HH
GW3 Ut 25 B AR T+ A= W B 9% Simpson L % B2 45 £0F1 Mclntosh 34 5] F 5 %t (P<<0.05), XJ + 3
Shannon = & FEFR BT B 52 M o ANt FH 0] 380004 ) 2 REEFR B i R B 32 (P> 0.05),  {HLBHita H
O, 3 MRS RS R R
2.4 AREAEX R WRIER AR

M 2 AT 0L AF 6 Jetkiirh, RAWIIE HRUEY TR HMIEFIZE, BE25 | SOLMAARIR
KRz, ByRREMBERA M. 5 ck ML, HH 3 Fyrsl 838 i 7 36 A 23 i e 2 i i F
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OR, Horh GW1 AP B 3 T GW2 Fl GW3 (P<
0.05), iyt FH 2 A 38, T R S e U R FH 5 i 3 0
I (P<<0.05). {Hits FH Yt ik 25 B AR T - 498 il A o X
BILRRAHAT A FHRCR (P<0.05). A [E YR
FH AN + A Prnh FoA 4 S8R 25 53
ANEE, AT E, GWI F GW2 &b BB 459
. R, MR AR B =, GW3 XTHEZE
IR FHRE e o
2.5 A EEIEXS TR A B R 5 B STk

- A W R R B — e R R R 1 T Ay BT

(F 3) £ . /5 A F R BT 22 Tk R ik
81.7%, HHs 1 Eaisyr (PC1) BTk E N 30.2%, 55

2 FHS (PC2) I BTHRAN 18.8%, HEHL PC1 Fll PC2
Sy M R IESCE Y RRIE A I Ol . AR TRAE ML RN
T, fEPCLH L, GWI M AfEIE T, ck 434 fE
T, GW2 Ml GW3 16 IE iy nl B4 4045 7E
PC2 4l |, ck 1 GW1 4345 1 PC2 BYIETr ], GW2
Iy AEAE PC2 W7 Ih), GW3 fE1E 7 i) 454 4%
fiio WMAFGEIEENT, 7 PClHI L, T3 /0 fifElE
Jrla), ck A AAEG )T, T1 A1 T2 £EIE )7 1) 4%
oA A8 PC2 il b &t F & ORI o B8 44T
5, ANFEACEET 0 ERUE MRS SRR, Bk
FEREM/NBI KA GWT, GW2, GW3,

TE MR 3 — 22 8 T 31 FPa IR 7E PC1.
PC2 F AT (B, 287 (8 2 8 75 W 1o i 5 % 3 B
IYREEI R B, e 4 UL X PCT STRRER K
WUR (1>0.5)F 17 Fff, EZAIEHEI 6 . R
6 Fh . AILMRA 3 AR 2 B, XF PC2 BTk
BRI 8 Fp, FEAUFEEILMRI I, BAEWRE

1.6

GWI-T1 llll GW1-T2Jllll GW1-T3 GW2-T1Aa
a ].4 1= (JWZ T2 GW2-T3 GW3-T1 GW3-T2 GW3-T3 Aa
O AdA j\
B 142 L Aa Aa
Z .
;; 1.0
g 0.8 . il
& 06 A
=
% 0.4
502
0.0 L
: o
w @ w
k‘ @ @j@%
TR RN

KR F 7 2 5 BB (P<0.05), K55 8T b
SRR AL 7 3 B, /NS R T i R
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Figure 2 Utilization of 6 types of carbon sources by soil microbial
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community under three treatments
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Figure 1 Change of microbial AWCD against incubation time for

different treatments
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Table 3 Functional diversity indices for soil microbial community

fb Simpson Shannon Mclntosh
RS FEERK Bo) R
ck 0.94+0.02 Aa  2.99+0.23 Aa  5.65+0.67 Aa
GWI-T1 0.95+0.01 Aa 3.06+0.17 Aa 5.92+1.47 Aa
GWI-T2  0.95+0.01 Aa  3.10+0.11 Aa  5.80+0.94 Aa
GWI1-T3 0.95+0.01 Aa  3.13+0.17 Aa  6.04+1.50 Aa
GW2-T1 0.94+0.01 Aa  2.95£0.16 Aa  5.08+0.54 ABa
GW2-T2  0.95+£0.01 Aa  3.09+0.07 Aa  5.40+0.93 ABa
GW2-T3 0.95£0.01 Aa  3.12£0.09 Aa  5.36+0.68 ABa
GW3-T1 0.94£0.01 Ba  2.76£0.09 Aa  3.56+0.40 Ba
GW3-T2  0.94+0.03 Ba  2.74+0.37 Aa  3.91+1.26 Ba
GW3-T3 0.95+0.01 Ba  3.10+0.12 Aa  5.81+0.08 Ba
VR BUE NI (bR 2T LECD, PR RS
FIRFERLFE (P<0.05), KRGFRHITRIARES
WARI G TR LA, NG TR TR A
FH A ] H AR
GWI1-T3
1+ *GW3-T3
GWI1-Tle
ck GWI1-T2
—~ 0 GW3-T1
Q\Q
& GW2-T3
=3 GW2-T1 GW2-T2,
& br
O
=]
-2 L
GW3-T2
73 1 1
-2 -1 0 1
PC1 (30.2%)

B3 LEMAMBE R S A RS 5T

Figure 3 PCA of functional diversity of soil microbial communitiy
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x4 AEBELE PC1 70 PC2 ERIEFE

Table 4 Loading values of different carbon sources on PC1 and PC2

IR PCl1 PC2 IR PC1 PC2
-5 80 0.574 LK AR 0.764
REWHk ) - e
liiziid 0.565 IS NS 713 -0.553 0.643
R LR N R 0.750
2- BRI R 0.605 L2224 -0.793
ﬁj}@g‘iﬂi y s N V= N
4-FRHOR R 0.716 HEmE-L- A =R 0.575
ek Jé§ 1 -0.909 o-D-FLBE 0.714
B-FH 3L-D-A A —0.840
PR e 0.844 IR EEHH 0.772
D-HHE R 0.723 s D-TH B 0.742
_ A LES I
— D-2PFL B R -0.506 0.782 N-ZBt-DAj i HE R 0.872
BT 0.503 D, L-o-BfFR H M 0.617
o- ] HAfR 0.574 D--FLBERy- N Tig -0.611
D3RR 0.833

PAIT: P T AR (X ] > 0. SRR
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GELLEES S e

3 4tk

30 REAIER LR F R

ATIS R SHOBY B FUEACAR L, A0 55 T B S 430 pHL, 502 th AR 52
B A+ SR ISR 20 B 90500 7 RS R (O B S TRTRR 5). 5 e ey
B A P ANRONE , TR 8 pHI iAW) BAR (pH 9.21) A S flrE, HL & KRR, IS
WAL T RS AR B ToCT, E30E pH T . MEPH A MR Tk WG -3 o, (AT
O S R,

R PR S 3 IR [ )7 2 T B80T M A LR MR, LA R
AT RS ROE P .35 . DR MRS S RN =0 A S i S AT, A T I T 3
ATHUR &, FLA SRR il — b B 7 R S0 S 0 L IR 0 5 S
(SRR VLR I ST TSR, T (RRAE M T K TR, R, AR R T
UL M DL LS4

B 3 FRDRHY ST A RTRESM A, WA TR A TR D I RO B e R
M LA 0t VR FEPE T, G F AR B, S0 AR, R S
AR TP T RS R AR B BEPTRM TR ORI, 6 L
BCEPPECR RO, ST T SRR, S5 RO R A (A B A
FEBLARI T A T AN 9 T P 5 4275 08 L, 08T T - M L L 838
B 5 U A7,

32 AR EX L ERE YRR R SRR

AHEFELE A PR TP RO RERSHE N - I BRI R RG240 R ) 2
T B REEABARIG R . GRS R B R SR 00, BHAMR 2
VAT DALY, 0 RO L B SO 0 b G s S MR -
IR AR, B D RESA T U 0 P B 12 90 5 22 = 0 4 i
EREMER AR (L4 . DR TRHLEL BEHIXTBEZ FLBRI LT, AU AR, 53
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18, ARERMHESE SRR S M BRIE 5, SEGUEMZHAEIET . AERN . Ao
af i AR 2 SRR ™ A AR U2 QAW A RE R IR B PR d At S I 4 4 (05, 0 il 2 S
NE, BECEHETER, @AW Binch S A EEE . L. SIZEYBMZ 7Gx M E YA Y,
T A AR AR B AR Pt A= ) S B S B A A RO K RO BRAR MR A= 4 2
REZRENE, SCRF TSR —MRE, SR AENLHNE 75 20— 2P IR0

T 3 TR AR 1 L S A Wy E BRI A A, S0 T X RS B IR A, X AT RE S
THERERSRD A ABPFERW . KL 2 e i vk O . Akl L
FiFd A 200 T 1 S i A 200 I 25 R I BE R O B, i T SR IRBR IR ) R T2 AT TS i U T PE AR
FEYIMBA BINA . B, SEIOHUIERE, RTREd TA R A R 1A P28 R 1 B e My D Re
RERLER s BeAh, PRl RE ST A ME SR TSR, AU DI MRS IR i) 1 e i i

ABIFFE AN R IR A AL 317 3T SR A Uy e PR A A IR U AT W B i 25 5, R RS IX
OISR | SRS A M) S (Y R R, BRI ISR DX A5 R ) M M A SRR BRI o TR S IR R A ik
P, o-D-FLBE. D-HEEEE . N-CBE-D A4 . D, L-a-BEIR H M RN ERAR R . D-SP2RIR . y-2 T
M. o- THARZ . D-HIMERGRR(E PC1L EOMIEAE, ByoRpy MEILA: T PCLIERN, RUIBTEY AL & T+
SERUEYIXTIX 4 PO 5 FORIRISERIEA AT . WA BFFE R AR 7P 2 25 e v LRl A= Mg
B FDR PR B IR A A DY, TR B MRS E T, LKL . L- SR Al H & -L-4 2R 75 PC2 4l 124
IEAH, RUBREYISE R T IR EYIXNE 3 R IR IS B IR AR, BT LIRS 044 R AL s Z5OR A U5
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