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Effects of understory vegetation management on soil microbial biomass carbon
and nitrogen and extracellular enzyme activities in the early stages of poplar

plantation
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College of Forestry, Co—Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037, China

Abstract: Understory vegetation plays crucial roles on nutrient turnover and cycling in plantation soil by regulating soil
microbial biomass and extracellular enzyme activity. Under normal condition, the understory vegetation generally contains
diverse plant species in plantations. Whether increasing the species abundance of understory vegetation can change the effect
of understory vegetation is still inconclusive. In this study, a diversity gradient of understory vegetation species was setup to
study its effects on soil microbial biomass carbon ( MBC) and nitrogen ( MBN ), soil microbial communities’ metabolic

profiles, and enzyme activities that related to soil C and N turnover in a popular plantation. Three understory treatments
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were designed including the understory vegetation removal, the retention of single main understory vegetation species, and
the retention of natural diverse understory vegetation. The soils were sampled in June, August and October after one year
treatment for the analysis of corresponding soil microbial properties. The results showed that the understory vegetation
treatments had strong effects on 0—35 cm soil layer in August. Compared with understory vegetation removal , the retention of
single main understory species resulted in significant increases in soil MBC and MBN contents and the activities of soil B-
glucosidase, polyphenol oxidase and arylamidase by 27.91% , 54.48% , 14.74% , 32.53%, and 6.20%, respectively, in
the 0—5 cm soil layer in August; moreover, the retention of natural understory vegetation showed further increases by
4.88% , 14.93% , 9.22% , 13.63% , and 12.86% , respectively, when compared with the retention of single main understory
species. Understory vegetation treatments also changed soil microbial communities’ metabolic profiles, soil microbial
Shannon index of the 0—35 cm soil layer in August increased significantly with the increase in understory vegetation species.
The main carbon sources utilized by soil microorganism with understory removal treatment were a few kinds of
carbohydrates, amino acids and esters. By contrast, soil microorganisms under the retention of single main understory
species treatment improved the utilization capacity of the above-mentioned carbon sources, and expanded the available
carbon sources to some organic acids. At the same time, the retention of natural diverse understory vegetation enabled soil
microorganisms to effectively utilize all of the 31 carbon source types. Therefore, the retention of understory vegetation,
especially with high diversity, was beneficial to increase soil microbial biomass, improve soil microbial metabolism and

activities, and to a certain extent accelerate the decomposition of soil organic matter and nutrient cycling.

Key Words: poplar plantation; understory vegetation management; species diversity; soil microflora; extracellular

enzyme activity

T [ 25 AU ( Populus spp. ) N T A i 7776 3835 7 HER A JE A [l B2 SR R T AR A 19 )y 2
SRIEIEARBLAS 74 7= v AT T TG 3E 5 i bR 3R 58 N R 33 0316 0 Sk 4R N AR A 7 g 2 — Rl A 25
SUFAATRY I o A A M A A - S B o0 il AN SR o A R BN EEAE AT, AT DATEAR KRR B b5 + 3¢
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PEERFIBERE o PRI Bl b A8 AR T R 0 A 7T R A 388 s AR A 7 i E B

FARI N TN — RAFEYI R = 8 B T AR . 55— AR LA LG AR AR b = & B A 3
TXF 228 N B S 316 PR AN 35 0 G AL R P A A R s ), H TR A B 18 . — S5 U Rl F e R
1o AR AR 1T LA S0 b A BT N A 2 22 B 1) A A2 ) RN BR B 20220 TRI I , 220 A i AR sk 0 95
FIHR 28 43 WA 6 T Ay B2 40 P S M 0 e VR 88 - S 02 400 2 o R B e s ARl & A i 2 e =
PEFPZE B R AN IR] (4 A DTS I b 53-8 V% 400 1 A LA B 3% 43 040 R IO 6 3 1T 5% v 1) v it +
e o AL RN ACE A = T

BT BIRWEE S AR SCHE ASOCTEPIAN IR, (1) 5IEERART M L, PR B AR T A ) RE 75 iU T A= 9
HETE I Re , P2 m TIERCE Y AR Y A R IR ey (2) 5 — AR AR AR L, SR T A i )
Pl B R 2D 3 AR A Wy A Wy i A s R 2 BT XS bR ) R AR 2ok B AR K R R
GBS N AR T HE 1 7 BT bR - 38 G5l 2F ) 4 W) 1 Bk ( Microbial biomass carbon, MBC) | fl(2E ¥ 4 ) i
( Microbial biomass nitrogen, MBN) U2 W7 A4 10 0 A1 3 PR ¥ 52 e, LU SR A 0 N TR A 9
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IR A , SN AR 355 o S AL SR AL %
1 MR5TZE

1.1 R IXHEA

RIS HOAL T VL9548 i 1 1T 0t L e Ak 37 (33°32/N, 118°36'E) . Al 78 [X sk Ay v 45 35 1 vig A ~F 9 10 /< 4
X AR 14.6 C AR RE K& 893.9 mm , AFHJORE] 213 d,4F35 H BRI 2326.7 h,

R 0—10 em )2 HHER pH(H,0) N 7.03, A H K 1.33 g/cm’ , A HLIK &&= H 20.23 g/kg, A
Tk 2.03 g/kg,

1.2 5t

RIS A 2016 &AM N TR, @R T 2R DI AK 3804 4% (P. deltoides ¢ Nanlin—3804 ) , SR HI 1
SRR ARTE MR BRATHE 6 m x 6 m, I O AAIE HTE 95% L) I FE TG 35— i g ki
PR R B 55 24 90% , F B2 R EL ( Echinochloa crusgalli) =4 5 AR M8 B AE Y8 1) 60% 124, HiE
YRR A B A 2 32 40 45 19 B ¥ ( Setcreasea purpurea) | ¥ % ( Rhizoma cyperi) FlH 7K U8 3% ( Ammannia
coccinea) 5 , A=A 2 MK AR B SR DY 20% 10%F1 10%

F2 HEOMK T FE A R o5 B 18 (R U 8 3 3 MR T Rl b 3L, BIVIE B AR T e | D BR B — AR A (L)
FIE BB MRk 2 RE 1Y [ ARAK T RIBE , ASBFSE RHBEMLIX 41353, 7RI AR i B 3 AN XA, B X2 N A 14
3ANRLR 42 m x 12 m (IRE0/ N X, R PRI T BEMLZEHE 3 B T R g AR HE

F 2017 4F 8 H FFUAH4 BGRIG15THEAR T R E 1 T B, T SR AR R A PR AR T R e 2B bR e, R
BB KNE BRI R AT B 56 PR BR S — AR T R A B PR AR LA T AR T AR, 8 445 A N T8
PR AR UE B R S5 R, PR R A SRS AR A B4 B 3 A 5T i R R AN I U B RS TR £
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1.3 HURERN Bl e ik

T 2018 4ERY 6 A .8 H A 10 H#AT HHEHURE . FE R0 /N X N BEPLIEEL 3 SR 0—5 em Fl 5—10
em 200 HIERES A VK & PV RS0 R0 A WERR R IEP ZR 2 R It 2 mm 0BT 4 °C UKAR A,
FHF MBC \MBN | -3¢ fifa St 15 PR A S U E WD BE 2 AR I 2 o e e Bl s FHRURE S 1 R 52,

14 MBC F1 MBN FH& 5 2E7%,0.5 mol/L K, SO, LU , R FH B 4% FR A1 28 5t /0 Ak il e 38 MBC %
BTSRRI L G RE MBN S

ARWFFEME T H b S 5L A 2 P AMEGTE M, AL 5E B4 4 W5 17 B ( EC3.2.1.21) A1 2 B S AL il
(EC1.10.3.2) , I3 T +3erh 2 585 /L A5 JEBERE R (EC3.1.1.2) 1

e B AR A M I E B IR Adetunji 257 A4 D7 325, ) 2 R Sk -B-d -k TR A 2 BE TR AR R IR, T
37 CH;FE 1 h J5 14 0.5 mol/L CaClL 1 0.5 mol/L NaOH £ 11 52 17 , 4 Fil 435 0 B 0 2 £ i Ay o it e 1 55
SRR VR (4 = A, BT PR BN mg kg™ b

HHEZ W E AL BTG PR 2 S 08 Perucci 570 BT IE AR IME MRS, T 37 CRiFR 2 h IR ELEEMIH Z
Tk A% RO it 7= 0, 38 3 43 0 6 B I A 0 B T R e AR R S M 0 = K, WS R AN mg
ke h7',

- HET R S 0 2 IR Acosta-Martinez 25 1953 | L-52 R BE-B-Z5 R b IR R4 MY, T 37 C
K92 1 h JE 1 95% 1 CBEL R VL, (8 A0 a6 BE T s A i B-Z8 e 5 s AR SR TG 2 1% = K, I A 11
M7 mg kg™ b7,

K H Biolog-ECO TP MR 3243 M7 35 A 4 IX R (B IR T BE 1 . 648 BIOLOG f°F-AR H (1 ECO ARatEA T
TR R R A S R AR T B I ik BB S T S o T FAYEE T = A, A 45 mL R
K, 7% 30 min JEHEE 20 5 IFEFRN AR R 150 pL, RS BT 25 CIHIER A PR R, TH R G
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R 24 h i FHEEARSC E 590 nm AL FDGEE FEAE , 55350 R 168 h,
1.4 Hdukb

SR W T X R R 1 A FH B8 RN -3 B8 A8 1B R ((Average well color development, AWCD) &
7o TEHEFE 120 h LUE ,ECO M iyGEE BEEBACE TR2E , B #E R % 120 h MBI IT5 AWCD A= 904)
Fh ZFEVEFR B ( Shannon $880) 5] FEF8 50 ( Mclntosh 48 %%) Al 4 & FE 8 %0 ( Richness $8%0) . HARITE AR
wr.

AWCD = i (C, - R)/31
oGO § FLALRRERL, R AT IRILE AR, C,-R<0 3% 0.
Shannon ZEEHESEEC == 3. P, x InP,
St § ARG 5 S LA R 1 A9 L, 0,

31

P,¢=(C,¢—R)/Z(C5—R)

3
MclIntosh $84( = Z n;
i =1

Kb, n, A5 FLEYAHXT OGRS B n,=C,-R,

Richness 8 %4 . 85 A H IR B 2 H (C,.-R>0.25 BIFLED)

K FH 1434347 ( Principal components analysis, PCA ) EXFASEALEE T 8 H 3 i) 4 504 Wy e v A8 o
REHEAT 23T o

K Microsoft Excel 2013 XSHAKHHE#EAT 5T ; K A SPSS 21.0 XHR U6 #4147 5 18 2 05 22530 M7 ( One-
way ANOVA ) F1Z & H K ( Least-Significant Difference, LSD) ;2K H] SigmaPlot 12.5 ¥4 7EIE 2l

2 HR55%H

2.1 BRI B Ak 306 - S W A ) ek RO S

55 BRAR R R AL AR L, DR B — R S A AL B4 S T 0—5 em A1 5—10 em 12 1% 11 MBC 5 MBN
T, WUV TE 8 H AR RGN WIE ; Ak | 55 0% B —FhobR T AR b BROME B, AR 40 0 o 80 1) 348 s —
AR R T IEREY R YR (B 1) . (REYIRZEER A AR AL B 8 H 4y 0—5 em LJZAY L MBC 5 MBN
Py LR B B — R A A B ) S B RN T 4.88% F1 14.93% ( P<0.05) , 7340 6 Ay 5—10 em + 2+ MBN
B A ot BN T 9.75% (P<0.05) (& 1) , k44 MBC/MBN HLREMK A4 3 5 35 0 ) 28 Ak 3
55 MBC Il MBN & A i AN [A], 5 15 BRAR T AE S AE JAH L, R P SR — A AL B2 8 H {7y 0—5 em 12 J2 Y
MBC/MBN Lt 3 A 1 17.30% , Wi B P i -F 5 1 3 SRR Ak BEE— 20 0 35 (A, BRI 32 34 24.429% (P<
0.05)(E 1)
2.2 R AR AT IR WA VR DR B e

T IERAE YIRS AWCD {H Mclntosh 5 %041 Richness 88 L 0—5 ecm HERKF 5—10em HE(FE 1),
SiEBRART A B AL AR LY, PR B S — A AL FRAE 0—5 em Al 5—10 em )2 2 AN JE 2 BB AWCD 18 |
Shannon 5%l Richness ¥8 8354 r EF+,0—5 cm £ )2 H3E A Mclntosh 8 507E 8 Ay Bl R BFH (£ 1),
SR8 s — YA L AT AR AR R Xt 6 AT 10 A4 0—5 em £2H15—10 em 209 H 54
¥y AWCD {EJC 8. 52 (P>0.05) (HBF#R S T 8 A4y 0—5 em 1+ )29 HIER A Y AWCD {H . Shannon $5 %X
F1 Mclntosh $8%%( P<0.05) , UL & 5—10 ¢cm +JZ ) Mclntosh ¥8%0F0 Richness $880(F 1) .

FH T 45 A 38 SRR AE Wt R R O SXAE 8 H A i 25 Sl W I, DR IR i 9 e % 8 T i 4 - i AT
HERICE Wy R IR A 1 B85 38T, BT PCA (A SCPERR % | 55 — £ il 49 ( Principal component 1, PC1) FlI%
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Fig.1 Soil MBC and MBN contents and MBC/MBN ratios under different understory vegetation treatments

P B A BB AR IER (n=9) s Al P RAER ] — LR 6 — A i 7E AL BRI 22 53 .35 (P<0.05)

aa
’iﬂ
a
b
b
10

TGRS E] 71.87% , % F 4> PC1 AT PC2 BTHkES K (I

T A4 X E R T 0.7) FIBRTRZS R W 3% 2,EEF'XUL PC1 STk i K AR IR & F LR IS FA HLRRZE , Hk 2
26 BEISHIEEZE X PC2 TTERES K AYBRIE A HLER S RIS,

F1 FAEARTHEELSENTEMEDEE AWCD ER SR

Table 1 AWCD values and diversity indexes of soil microbial community under different understory vegetation treatments

@?

WAL w " "
+)2 Ay U Tﬂi‘f)fﬁ%ﬁ&[% AWCD {H Shannon 5 %% MeclIntosh F5%% Richness $5%%
Soil layer/cm Month nderstory vegetation AWCD value Shannon index Meclntosh index Richness index
treatment
0—5 6 T BRART M 8 1.27+0.02b 3.18+0.02b 7.75+0.11b 25.00+1.58b
LR B —AHY) 1.32+0.01a 3.28+0.0la 7.59+0.18b 29.33+2.08a
PREE H AR 1.33+0.02a 3.30+0.01a 7.92+0.03a 28.67+1.53a
8 TH BRART M B 0.95+0.03¢ 3.17+0.01¢ 5.2320.10¢ 21.00+1.00b
B B — ) 1.42+0.05b 3.34+0.02b 8.07+0.11b 30.33+1.16a
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+J2 At Unﬁrﬁﬁfﬁion AWCD fH Shannon 54X Mclntosh F%% Richness 5 %%
Soil layer/cm Month [reatme:l AWCD value Shannon index Melntosh index Richness index
TRER F AR 1.75+0.06a 3.39+0.02a 9.33+0.21a 30.00+1.00a

10 THBRAR T A 1.20+0.05h 3.25+0.05b 9.83+0.06a 27.33+1.53a

TR ER o — ) 1.33+0.02a 3.34+0.03a 8.35+0.05h 29.33+1.53a

TR FL AR AE 1.34+0.07a 3.31+0.01a 8.20+0.03¢ 28.00+3.61a

5—10 6 TR A B 0.93+0.05b 3.27+0.13a 5.38+0.16b 22.00+1.58b
PR o — A 1.23+0.06a 3.31+0.03a 7.69+0.12a 26.67+2.89a

TRER F AR 1.33+0.06a 3.30+0.02a 7.63+0.05a 27.67+0.58a

8 TH BB AR B 0.98+0.04a 3.14+0.04a 6.62+0.22a 20.00+1.08b

TR ER oA 1.02£0.02a 3.21+0.03a 5.90+0.09h 21.33+1.03b

- RERIN K 1.05+0.06a 3.22+0.04a 6.80+0.02a 24.67+1.73a

10 T BRI A B 1.12+0.04b 3.24+0.07a 6.85+0.11¢ 24.33+3.06a

TR oY) 1.21+0.03ab 3.26+0.08a 7.67+0.20a 27.00+1.73a

TR FARAE 1.27+0.07a 3.25+0.22a 7.27+0.04b 26.67+3.22a

AWCD ; P-4 A5 fk % ( Average well color development) ; R I AR EIR (n=9) s RREIFRACRTE — 12 R — A 4y 78 4b 3 7] 2%

553 (P<0.05)
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Pl T BT TG00 535, S e bR 30 o

SN T AR R AR R, € .

R — AR IO T MU Y — R S 1 .

BKHARMAI, R80PI SRR AR 53 .
UREITE PC2 I BT ISR SE, BUOIAR R RE AR 12 g

b L A A LIRS B R AR é_l .

P, 76 5—10 em 12, AbMIA A9 Sr RBET AN T £ -

0—5 em )2 WA FHIBEALBEAE PC2 1 S RIMR T 5 . . .
HEIBG 2 R B (940 57, T4 B B A 38 B T s ’

Principal component 1 (54.20%)

SRE (AN PCL | B S 55

ANFEAEE 8 Ay 0—5 em LEZM HIEFAEYT 31 mo REmTREATES 56 0+ s B R B A S

FRBRIEA G DA E— 20 0 A 45 2R (18] 3) R B W5 BRAK Soin
‘l:‘ ;‘:E%ﬂi ﬂ\}ﬂ E{J :ti% 1’4& H % jzg ;F[J }EH E@ ﬁj}%{}ﬁ @jﬁ a-D-?L Fig.2 Principal Component Analysis ( PCA) of soil microbial

community carbon sources metabolism in August under different

Wi B-H F-D-H A D-£F 4 SRR DL L-
RABREIR D-H &5 B 3R H g y-F2 38 TR N-&
BEEE-D- A N5, 55 BRAK T M AL BRAR 1L, £ B8 PR
—FEP AN R S T IRV E YT IR AR i S E S T R LT A R L e
FhE LRSS A HLRIEEIE IR (P<0.05) . PRER B SR AE B AL FR Y 4 S i A Mtk — 254 R T Xt
PR TE R, RIERUE Y LTl A ROR A B 31 Rl , A KPR B 2 & TR R — MR
I B (P<0.05) ,
2.3 R AF B AL BT - SB35

3 B AT B A Y SR BB TS MR 6 H Oy = 10 A& ETHE TR E S i 1 3 2 Wy A AL

understory vegetation treatments
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PEMIRREE ETH(E1 4) o SIEERARI AL FEAR LL , OR B B —AH W A0 P 42 T 1 6 A A1 8 H 45 0—5 em +
JZIR) 3 A S ARG P ( P<0.05) L B 53 T 10 A 05 T 3ERREFE LA DG 1Y B2 25 B B AN 22 i SR AL il
TEPE(P<0.05) . STEFRAR TR FEAR L, PR B PR — R A BR B R T 6 A 5—10 em )21 B-Hi % b
TPETEPEA 8 A 5—10 em + )2 1) 2 By S AL BRI SEBERCRE TG M (P<0.05) o UL, 508 B B — Y b 3 AH
b, PR ER FARAEBAL PR 0—5 om 2 B9 B-74 40 05 1 RN 55 S WM B 15 PE7E 6 H 0y 8 H 40343 il 5 2 14 in
17.04% ,10.58%F1 9.22% 12.86% ( P<0.05) , 13 Z By A AL B PETE 8 H 13 i 38 i 13.63% ( P<0.05) , &
AR A R BOE AR AA A AR A I IR 5—10 em 2 1) -7 454 AN 22 ) S AL RS (EAREE B
SRAE B AL 3 8 153 11 18 57 FE Mk e T 1 LU O B8 B — AR AR A B 8 2 0 10.05% ( P<0.05)

F2  ERSEERIREEEF (| H TR 1>0.70)

Table 2 Loading factors of carbon sources corresponding to the principle components ( |factor loading|>0.70)

B W TR i
Principal component Carbon source Factor loading
S— Sy FILTR LK R 0.869
Principal component 1 L-RABERE R 0.719
L- BN 2R 0.836
L-2 5% 0.814
L-75 3R 0.902
BB =R 0.992
LRI D-2fZL BN TR 0.887
2-FERH IR 0.899
y-FRET IR 0.766
AR 0.950
a- 1 AR 0.800
D-3F R 0.761
i L o 0.948
D-TH &7 0.825
D,L-a-Hh 0.864
Wl JHR 0.745
B-FH LA A 0.786
a-FR UG 0.854
fit i3 80 0.884
O %) AL A BRI R 0.770
Principal component 2 b D-2- 4 — % 0.809
i3 D1 %5 i R 0.770
3 itig

IR A R A S 2 Y R R R A R P R S 5 AR R, 5IEBRART
FEBAH L, PR B S — KN AR = 7 18 MBC \MBN 8 (& 1) A1 - B AR a1 (K] 4) , el 28 T3k v
TR AEFACPERE (36 1, 2 M 3) X S HT AR ZEF s as R —50 . KRR A A A
o R KR AR R T R - SRR AR T, TR, SV BRAK R R L, O B AR R B T
SRR B A T S ) A A R B A, DT T Ok - 48 R R A R AR RS MRS AR L UL
Ab, S NAECS LB SR B AR T AR L, T BRAK T R SRR A AR A &, X B OIS R
RS0 T AR HELBE B0 JR T D AR 2R iy 1) L 3RO BRAR A . &R T R BUMAA ( Cupressus funebris) N T.
PR A A= 4 ] 5 B REVE BRI R ID23.6% , 8 45 W & I3 4F A2 42 K ( Cunninghamialanceolata )
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