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Abstract ; Soil enzyme activity and its stoichiometric ratio are important indicators reflecting soil nutrient availability and
microbial growth and metabolic nutrient requirements. However, the effects of nitrogen-fixing tree species on soil
aggregate-associated enzyme activities and ecoenzymatic stoichiometric characteristics in Eucalyptus plantations are still
unclear. In this study, an 11-year-old pure E. urophylla plantation (PP) and an 11-year-old mixed E. urophylla and
Dalbergia odorifera plantation (MP) in the Shaoping Experimental Field of the Tropical Forestry Experimental Centre of
Chinese Academy of Forestry were selected as the research objects. Soil aggregates which were collected from 0—10 ¢cm
soil layer were classified into >2 mm, 1-2 mm, 0.25-1 mm, and <0.25 mm fractions by the improved dry-sieving
procedure. And then the soil physicochemical properties and the activities of hydrolase [ 8 -glucosidase (BG) , N-acetyl-
glucosidase (NAG) , leucine aminopeptidase ( LAP) and acid phosphatase ( ACP) ] related to soil carbon (C),
nitrogen (N) and phosphorus (P) cycling in soil aggregates were measured and the effects of mixing nitrogen-fixing tree
species with Eucalyptus on soil enzyme activities and its stoichiometry were examined. The results were as follows: (1)
The dominant soil aggregates were >2 mm fractions which were higher than other aggregates. The contents of SOC, TN,
NO,™-N, AP, pH and activities of BG, NAG, ACP were significantly increased on each aggregate fractions except for
LAP, respectively, in MP than in PP. (2) pH, TN, AP, NO, -N, NH, -N had significant correlation with the
ecoenzymatic stoichiometry. The redundancy analysis (RDA) found that the contents of NO, -N, SOC, and AP were
key factors affecting the soil hydrolase enzyme activities and its stoichiometry. (3) The ecoenzymatic stoichiometry of C,
N, P in this area was 1 : 0.86 : 0.74 [ deviated from the global pattern (1: 1 : 1) ] which indicated that the soil
microorganisms in this area were easily limited by C source. The C : N and C : P ratio of enzyme stoichiometric in most
of the soil aggregates in MP were lower than those in PP, and significant differences were found in <0.25 mm fractions
(P<0.05). Our findings suggest that the introduction of nitrogen-fixing tree species into eucalyptus plantations can not
only alleviate the C source limitation of soil microbial growth and metabolism, but also effectively alleviate the N and P
limitation of soil in this region. Findings from this study provide a scientific basis for the application of nitrogen-fixing
tree species in improving soil quality and productivity of eucalyptus plantations.

Key words: soil enzyme activity, ecoenzymatic stoichiometry, FEucalyptus plantations, nitrogen-fixing tree species,
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Table 1  Main characteristics in plantations
o3 A 5273 g e N W53 e B 5 VERE2 7/ 27
Stand Altitude erdim Age SD DBH TH LF WA L
type (m) 7 : (a) (tree + hm™) (cm) (m) (kg+ hm? - a™) (C: Ny
4lifk PP 243 23° 11 1 034+63 14.36+2.03 21.74+1.85 5466.11+183.08 48.64+0.95
IRZEHK MP 239 24° 11 6 929.50+146.14 34.36=1.20
Fi FE bk Eucalyptus urophylla 981106 15.19+1.43 21.95+2.31
913+81 8.61+1.13 9.79+1.86

(% F T Dalbergia odorifera

T BUfE = VAR . SD. MAMEIE s DBH. Jofd; TH. W ; LE. WY h; C @ Ny, WEWBRALL, T,
Note: Value=x+s.. SD. Stand density; DBH. Diameter at breast height; TH. Tree height; LF. Litterfall mass; C : Ny . Litter carbon to

nitrogen ratio. The same below.
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>2 mm RAR AR 3, H & W & T HAb R AR
() AT B AR LV 0.25~1 mm 1 1~2 mm K43 A1 5
1, <0.25 mm Fife A RAK T mARXT AL, PP AT MP
ZIRIMS PR A RIE S B TR EES

MP 1 SOC . TN NO, -N AP #l pH {H 7£ % ki
AR E B2 S T PP, RIS A AR R
&, kR A RE P RS TR B E BT
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Table 2 Proportion distribution of soil aggregate
fractions in PP and MP

+ 12 A R AR 4
M Composition of soil aggregate (%)
Stand type
>2 mm 1~2mm 0.25~1 mm <0.25 mm
4litk PP 53.64x 16.37+ 17.87+ 12.11+
3.56a 0.35a 1.51a 2.17a
TRASHR MP 50.42+ 15.92+ 18.81% 14.84+
3.87a 0.74a 2.42a 1.16a

W AN /NG SRR R R R4 28 B R) 25 55 1 3 (P<
0.05), NI,

Note: Different lowercase letters indicate significant differences
between the two stand types (P<0.05). The same below.

22 ERR4MMBEEMENE L ERARKEE
HEFERL F T2

TE PP R G| AE EM R A RIS, W 2520 1
11 BG NAG 1 ACP &, MP ' BG NAG #l
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=T PP; il PP Fl MP Z[H] () LAP £ A [A] b 4% 4]
Rikh¥y i EES (K1),

MP (14 C : N Bgfb2# it & IL7E 1~2 mm,
0.25~1 mm F<0.25 mm K42 A B A& op 24 8 3%
KT PP(P<0.001) (&l 2:A) ;MP T3 C : P ik
it e HAE <0.25mm R AR A R IR B E (KT PP
(P<0.001) (E 2.B);MP + 3 N : P fiifk it &
FEAE 1~2mm 0.25 ~ Imm F1<0.25mm 742 A Bk
I B = T PP(P<0.01) (K 2:C)

23 HMEEMEERBUATERTUNETERER

ARSI E PP A1 MP Y C NP A 2 [H]
KR EEMCK R (K 3), HIEmLyit i
L5 4 g A Pk BT 22 ) B A G PE 3 AT (R 4) &
M. - 3% pH AP 5 Mfb 2=t & Ik n (BG) :
In(ACP) In(NAG+LAP) : In( ACP) £ #% & 3 (1)

IEAMSEXKZR (P<0.01) ;TN NH,"-N 5§kt
b In(BG) : In(ACP) 4% i 2 A IE M 5656 &
(P<0.01);NO, -N 5 kit & It In(BG) -
In(NAG+LAP) 2 i 2 1IEAH X C R (P<0.05) , {HH
5 In(NAG+LAP) : In( ACP) I 5 4 & 2 17 1 ¢
FZ (P<0.01),

- SR G 1 S H A AT S A S A
KA HE 4 G RDA HEF K45 1 Bos, 55—
EhAEE o B R AR Y 92.2% 1 6.1% , RDA
BRI o X 10 A F 25 H 7 347 HE)T 5 0
NO, -N(F=39.0,P=0.002) .SOC(F=19.0,P =
0.002) Fll AP(F=4.8,P=0.008) J& 5 i -+ 15 il 3%
P A 9 Bl b 2 T LAY A G B DK 3 IR (P <
0.05) , M1 B T -4 398 Bl 1% RN 1 MR Al AL 2
T ARG 50.7% (16.7% 11 3.8% (€ 4)

3 i

31 RN ERE& ATk T ERAR KT
SefAl

TR 2 5 A DL i A ) B
47 (Deng et al., 1994 ; Stemme et al., 1998) , A fif
RRFTFAE Y, IF E 47 2k Re vl i A W [] 4k A1)
YRR, I, IR R KNS
R MR A B B V11 5C & (Nannipieri et
al., 2012; Muscolo et al., 2015) , AWF5T 45 H %
B, B R A AlAR G | AT W R IR A At I, 2 4R
T T AORLAR I B AR BG AYTE I, UL B R Me 4l
ARG EMFPREGESE T 3 Rk SOC iy F%
Ao PR AT AR [ N ARG o AR R 5 N
MLEAVER, Ih S 54 % R 0l A X 1
B (40 BG) 1T 32 21 N 2R T e A 0] 8 2 g HL TG
PR, R 7 AL C 55 ff A1 %% 4K (Innangi
et al., 2017) ., H4b,Cusack FF(2011) @i FRMk +
BN AN S2 86 i wE 5T R B, e N R
ARG N, A5 1 HE AR M SR B B 2
G3UAFE AR K R, TR B R AR A ARG AR
P £ b A% 3 A R AR NAG 16 P B S 2 1 L (R
S TR B IR (LAP) 15 R 7F 45 R A2 1 e A R A
AT W E R, X S5HEES (2020) HF A H) it
JEHE it T 2% el -3 N Fe ALl (NAG) W PEFE 3% N
BT AR S AL, T ACP EE WA
MR R W, HIEPHHL P LS WAEHAE T AT
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Table 3 Soil physico chemical properties of PP and MP
+ B B AORIAE MY 30C TN NH,"-N  NO, -N TP AP
Soil aggregate  Stand (- ke') (g (mg -+ (mg - (g- (mg - pH C: N N:P C:P
size (mm)  type &7 E kg') ke') ke!) ke') kg')
>2 PP 18.18+ 0.86+ 57.86+ 727+ 0.30+ 4.17+ 5.17x 21.86+ 3.00+ 62.65+
1.50b 0.06b 1.17a 0.67b 0.02a 0.46b 0.02b 2.62a 0.42h 7.23b
MP 30.46+ 1.80+ 52.22+ 9.99+ 0.32+ 10.13+ 5.55+ 17.10+ 5.68+ 96.35+
0.38a 0.07a 0.75b 0.32a 0.02a 0.17a 0.03a 0.74a 0.39a 5.48a
1~2 pp 27.40+ 0.99+ 62.75+ 8.61+ 0.28+ 4.82+ 5.13+ 30.04+ 3.35+ 90.56+
0.46b 0.100b 2.22a 1.00b 0.03a 0.09b 0.03b 4.77a 0.59a 6.28a
MP 35.26+ 1.6+ 54.16+ 11.92+ 0.34+ 9.19+ 5.49+ 22.41+ 4.72+ 104.16+
1.63a 0.09a 1.23b 0.61a 0.01a 1.14a 0.06a 1.84a 0.41a 7.76a
0.25~1 PP 30.7x 1.52+ 93.55+ 8.64+ 0.27+ 3.25+ 5.14x 20.74+ 5.05+ 103.32+
1.04b 0.12b 1.88a 0.88b 0.03a 0.25b 0.06b 2.06a 0.24a 6.54a
MP 39.33+ 1.89+ 74.97+ 12.76+ 0.34+ 8.98+ 5.54+ 20.90+ 5.58+ 116.22+
0.86a 0.07a 1.78b 0.31a 0.02a 0.78a 0.09a 0.78a 0.43a 8.72a
<0.25 PP 40.05+ 1.50+ 78.73+ 8.27+ 0.26+ 3.48+ 5.18+ 26.8+ 4.30+ 115.3+
1.04b 0.01b 1.26a 0.69b 0.0la 0.19b 0.01b 0.73b 0.07a 3.48b
MP 53.47+ 1.69+ 64.32+ 10.85+ 0.35+ 5.94+ 5.51+ 31.76+ 4.85+ 153.93+
1.04a 0.05a 0.89b 0.19a 0.02a 0.57a 0.03a 1.24a 0.24a 9.51a

¥ SOC. H#lfk; TN. 2%; NH, -N. #& %A ; NO, N. A% ; TP. &0 ; AP. A% ; pH. MRME; C: N. AHLIKS LA MW

Al ; C: P. AR S BB LM, N: P. A5 2B HLE,

Note: SOC. Soil organic carbon; TN. Total nitrogen; NH,"-N. Ammonium nitrogen; NO, -N. Nitrate nitrogen; TP. Total phosphorus;

AP. Available phosphorus; pH. pH value; C : N. Ratio of organic carbon to total nitrogen; C : P. Ratio of organic carbon to total

phosphorus; N : P. Ratio of total nitrogen to total phosphorus.
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Table 4  Correlation coefficient between soil ecoenzymatic

stoichiometric ratios and soil physicochemical properties

THOGER e . '
. Soil 4 In( NAG+ In(BG) :  In(NAG+LAP) :
physicochemical LAP) In(ACP) In(ACP)
property
pH -0.133 0.424 = 0.480
SOC -0.211 0.145 0.309
TN 0.035 0.347 = 0.279
TP -0.164 0.177 0.304
AP -0.07 0.315 = 0.338 =
NH,"-N 0.047 0.324 = 0.255
NO, -N 0.374 = -0.168 —0.447 =
C:N -0.226 -0.262 -0.035
C:Pp -0.148 0.075 0.194
N:P 0.112 0.275 0.146

T+ FORBEHIC(P<0.05) 5 FRIEFEMIE(P<0.01),
Note:
##% indicates extremely significant correlations (P<0.01).

indicates significant correlations ( P < 0. 05 );

1.0
3 AP
(=)
N NAG
= i In(BG):In(NAG+LAP)
< INO; -
2 In(NAG+LAP)):In(AP)
:;i- NH,'-N
B
1]
® | soc e
CN[ NOy-N:£=39.0, P=0.002
SOC: =19.0, P=0.002
AP:F=4.8, P=0.008
-1.04,
1.0 0

—Hl Axis 1 (92.2%)

K4 LHERGTE MBI RS
b B TUAR 23 B
Fig. 4 Redundancy analysis (RDA) of soil enzyme
activities, soil ecoenzymatic stoichiometric ratios

and soil physicochemical properties
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