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Differences of soil physicochemical property,phenolic acid and
enzyme activities in different Eucalyptus mixed plantations
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Abstract; [Objective] The effects of mixed Eucalyptus and different broad-leaved species on soil phys-
icochemical properties, phenolic acid content and enzyme activities were studied and the relationship be-
tween phenolic acid and enzyme activities was analyzed to provide referable evidence for improving soil
quality, rational management and selection of suitable mixed tree species for Eucalyptus plantations.

[Method]) Six-year-old pure and mixed plantations of Eucalyptus with Castanopsis hystrix ,Dalbergia
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odori fera and Erythrophleum fordii were selected in Pingxiang, Guangxi. Physical and chemical proper-
ties, phenolic acids content and enzyme activities of rhizosphere and non-rhizosphere soils of Eucalyptus in
different stands were determined. Correlation and redundancy analysis were used to reveal the correlations
between phenolic acids and enzyme activities. [Result) (1) The pH,natural water, total organic carbon, to-
tal nitrogen,nitrate nitrogen and ammoniacal nitrogen contents in rhizosphere and non-rhizosphere soil of
Eucalyptus mixed plantations were higher than that of pure plantation. (2) Compared with pure forest,
mixed plantations of Fucalyptus increased contents of phenolic acids in rhizosphere soil, and the contents
were in the order of mixed plantation of Eucalyptus and Castanopsis hystrixz (50.01 pug/g) > mixed plan-
tation of Eucalyptus and Erythrophleum fordii (38.39 pg/g) > mixed plantation of Eucalyptus and Dal-
bergia odorifera (36.94 pg/g)>>pure plantation of Eucalyptus (27.76 pg/g). In addition, mixed planta-
tions of Eucalyptus reduced contents of phenolic acids in non-rhizosphere soil and the contents were in the
order of pure plantation of Eucalyptus (21.45 pg/g) >> mixed plantation of Eucalyptus and Dalbergia
odorifera (16.35 pg/g) = mixed plantation of Eucalyptus and Erythrophleum fordii (15.50 pg/g) >
mixed plantation of Eucalyptus and Castanopsis hystriz (13.52 pg/g). (3) The activities of protease,in-
vertase,urease and catalase in rhizosphere and non-rhizosphere soil of Fucalyptus mixed plantations were
higher than those in pure forest. The activity of polyphenol oxidase in rhizosphere soil of Eucalyptus mixed
plantations was lower than that of pure forest, while the activity of polyphenol oxidase in non-rhizosphere
soil was significantly higher than that of pure forest. (4) Correlation and redundancy analysis showed that
there were high correlations between soil phenolic acids and soil enzyme activities, and contents of ferulic
acid, p-hydroxybenzoic acid and vanillic acid could explain the differences in enzyme activities between rhi-
zosphere and non-rhizosphere soils. [Conclusion) Mixed afforestation had significant effects on phenolic
acids contents and enzyme activities in rhizosphere and non-rhizosphere soils of Eucalyptus plantations.
Mixed afforestation could increase the accumulation of phenolic acid in rhizosphere soil,decrease the accu-
mulation of phenolic acid in non-rhizosphere soil, and improve soil nutrients and enzyme activities. The
mixed plantations of Eucalyptus and Castanopsis hystrixz had more advantages in maintaining soil fertility.

Key words: Fucalyptus mixed plantations;phenolic acids in soil;soil enzyme activity;soil physicochem-

ical property
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Table 1 Basic information of sample plots in different Eucalyptus stand types
- RN WOy B/ o
i A ) ! . N 5
MRy WO Wit/a  WEUhm B - hm ®)  WEH/m i P )
Stand ., . Stand . . Slope .
Generation . Age Afforestation Stand Altitude Aspect .. Slope
type origin . positions
area density

PE 1 #H T Stock planting 6 7.60 1250 210 P4t North-West #1 Midslope 25
MEC 1 FH T Stock planting 6 14.70 833/417 220 Pt North-West 1 Midslope 25
MED 1 HHH Stock planting 6 16. 10 833/417 220 PG4t North-West 1 Midslope 25
MEE 1 Fi# Stock planting 6 12. 30 833/417 220 P4 dt North-West 1 Midslope 25

1 PE. M B 2l Ak s MEC. #e i X 214 s MED. #2# X B 77 3048 MEE. M X8 AR . /BB AR i 1 5 /)5 B8 0 TR 5 B b 2 1
Note: PE. Pure plantation of Fucalyptus; MEC. Mixed plantation of Eucalyptusd and Castanopsis hystrixz s MED. Mixed plantation of Euca-
lyptusd and Dalbergia odorifera ; MEE. Mixed plantation of Eucalyptusd and Erythrophleum fordii. /the previous data is Fucalyp-

tus density, /the latter data is mixed species density.
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FEFEI IR A e R I3k 3 9 3 iy A 3 AT
. P AR R T I B AR R B AR IS, 2 H

] 5206 % JEAT T — 2P Ab B,
L3 WEmMBSAHE

(D&M, 2% CBk[15-16], -3 A
SR KR L 2 0 5 . pH{E SR T H A7 1500 2
A BB B 1R A PR % R B AR b A I e A
R R B RV - O L A A R
Py R L 0,72 I 5 0 25 R0 o R ] S AR R IR 4
BE T 0 LU A v L T E

(2) ey R & . By IR & R B IR
HPLC 37007 i FH 38 [ Water 85 2084 3% X
Il Water 2487 28 AM kI 2% . N2000 i T4 uf %5 4
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KM 280 nm, M 30 CL,m#E AN 1. 1 mL/min.,

(3) LI/ G M 4 3 AR IS 0 B =
P €8 Y11 00 2 5 DR A 3 O FH R T -k R 4 L
RN I E RS T MR 3. 5- AN LK B R L
kI 2 A U TS M 0.1 mol/mL
e T2 P R R L 22 1 R R O PR R AT R =
oy d 5, 75 0 5
L4 HiELESSH

B ¥ 24 Microsoft Excel 2010 #4440 1 J5 , {#
SPSS 26. 0 #AFBEAT 43 B » BT A7 Bdie 1 o = $ H +
PRt 2E” . JE B R 5 25 43 BT RV REAS ¢ K
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M35 2 AT % T MEE b, Hofth bk 43 2 50 4 g
PR+ HEW pH 38 T AEAR PR 485 4 Fhobk oy 2%
RUAR PR AT E AR B - 5809 pH ¥ R M h MEE >
MED>MEC>PE, AJ Il #% # 1& 22 bk + iy pH %8
AR, 4 FAR AR AR B R A 2K K
RAW 2R SR ESA S EYE T IR
L PR S R E R E B EKT ., Nig
R PR - HE A S R AR PR+ 48 ke W TR BE R Y 35 40 & i
SR T AR
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Table 2 Rhizosphere and non-rhizosphere soil physicochemical properties in different Eucalyptus stand types

(¥ N . IR/ - HAA A/
WD mam R k%) % L S5/ &R BRI
A . (g kg D) o (mg* kg™ 1) (mg* kg™ 1)
Soil pH Natural water . (g kg™ . ;
Stand . Total organic Nitrate Ammoniacal
location content Total N . .
type carbon nitrogen nitrogen
PE R 4.7240.10 B* 34.35+1.53 B* 11.38+0.70 C* 1.02£0.16 B 21.56+0.64 C* 26.0540.92 B*
S 5.21+0.18 b 30.18+1.27 b 8.96+1.28 ¢ 0.8440.04 b 20.2240. 26 ab 22.30+1.23 b
MEC R 4.9840.18 AB* 39.26+2.22 A~ 19.45+2.38 A~ 1.564+0.29 A 26.454+2.12 A~ 32.11+1.44 A
S 5.56+0.23 ab 33.16£0.77 a 15.57+1.08 a 1.214+0.15 a 18.20+0.70 b 28.34+2.89 a
MED R 5.18+0.17 A* 29.064+1.79 C 15.54+2.16 B* 1.354+0.10 AB* 22.554+0.53 BC 26.984+1.65 B
S 5.64+0.20 a 25.97+1.67 ¢ 13.64+1.32 b 1.0140.19 ab 20.5041.82 ab 24.4041. 39 ab
MEE R 5.31+0.26 A 34.61+£1.87 B~ 16.29+1.54 AB~* 1.4740.20 A 24.66+1.51 AB 30.43+2.14 A
S 5.7540.20 a 31.41£0.69 b 12.81+£1.02 b 1.13£0.16 a 22.03+1.70 a 26.95+£2.51b

R FRRER £ 585 S FoRAERBR L1, FHEIE G bR A F/NG T8 2R R R JE AR PR + 58 18] 22 53 8 3% (P<C0. 05) , b AN il K5 F 4
TR AN TR AR 3 MR B 4 HE 8] 25 57 . 3% (P<<0. 05) . % FRn ] — MR AR B 55 AR AR B £ 4 2 1] 25 5 3% (P<<0. 05), T[],

Notes: R stands for rhizosphere; S stands for non-rhizosphere. Different small letters mean significant difference among non-rhizosphere

soils in different stands (P<C0. 05), while different capital letters mean significant difference among rhizosphere soils in different

stands (P<C0.05). * represents significant difference between rhizosphere soil and non-rhizosphere soil in same stands (P<Z0. 05).

The same below.
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HH 2% 3 AT FEAR PR - 1 v, 4 ki bR 43 1)
i v ok 2/ Bk MEC>MEE>MED > PE,
MEC.MED.,MEE () i i & & 43 5l )& PE /9 1. 80,
1.33 1 1. 38 £ 54 Fpaks» A rp , MEC [ X) 32 528

R L R I TR A I . MED K 4 R
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fi

1% 3 AT, ZE AR AR B 48 opr L 4 bR AR Ak 40 10
TR s & ok 3 /N % B8 PE > MED > MEE >
MEC, MEC,.MED,MEE [ % i &4 PE 43 % i %
Fefik T 36.97%.23. 78 Fll 27. 74 %, 4 Fhbk4y 2
R PE [ 2 3K W R & R L BB R i i
> MED [ 7 52 K W R K IR & & e s
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Table 3 Change of soil phenolic acids in rhizosphere soil and non-rhizosphere soil under
different stand types of Eucalyptus ng/g
e 7 K g [ oA H " n . T 2 1
vl e FA #um £ K Wit
¢ - prhydroxy Vanillic acid Ferulic acid Coumaric acid Benzoic acid Salicylic acid Total
type location benzoic acid
PE R 18.76+2.64 C 3.9940.40 A 2.28+0.15 B* 1.5440.20 C* 0.98+0.04 C* 0.22+0.03 B 27.7642.60 C*
S 15.07+1.44 b 3.28+0.31 b 1.4940.11 b 0.88+0.02 a 0.55+0.02 b 0.18+0.01 a 21.45+1.33 a
MEC R 38.84+1.35 A*  3.484+0.07 B*  3.0940.16 A~ 2.73+0.30 B~ 1.614+0.11 A~ 0.26+0.03 AB* 50.01£1.52 A~
S 9.46+1.17 a 1.96+0.08 a 0.79£0.14 a 0.78%0.06 b 0.3540.03 d 0.17£0.01 a 13.52+1.21 ¢
MED R 26,40+2.89 B*  3.3740.22 B* 1.8940.08 C* 3.43+0.24 A* 1.5640.15 A~ 0.30+0,02 A" 36.94+3.04 B
S 11.1940.28 a 2.36+0.24 a 0.96+0.17 a 0.96+0.05 a 0.70+0.01 a 0.19740.02 a 16.35+0.49 b
MEE R 29.43+3.01 B*  2.2840.08 C 1.66+0.20 C* 3.5240.57 A~ 1.23+0.12 B* 0.2840.02 A* 38.39+2.46 B*
S 10.90£0.41 a 2.14£0.11 a 0.90£0.22 a 0.94£0.04 a 0.45£0.04 ¢ 0.18£0.01a  15.5040.62 b
A* 1.2+ A A A*
30 F AB* B* % a
. —_ — a
7 C* & 7 a — ‘|’ a
=) — < — =]
ay a —la * 08+ B — — J_
wa 20 a — "o 8 — —
« ® — « 8 —] —
EE — g~ — —
s ] =~ 7 1
# ol — g 04r — —
Nt} — B — —
& — — —
0 L L M — ) 0.0 M — M — L L
20 - PE MEC MED MEE 20r PE MEC MED MEE
T & = - i i A* -
To16r = L6l —
" B* i ¢ B 2 —a a .
— I
T 8 — =2 — E3 =
S8 12 i a a — wd 12f —
SoIE == — < —
g E b =i E/g —
&~ st = — E@U 0.8 —
— — i —
& — — ~ —
4r = — w04 —
0 — ! . P L 0.0 M — L L |
PE MEC MED MEE PE MEC MED MEE
1.6F A* #R4> 26 A Stand type
) i B
2212 B —] *
|m§ — A* B
. % a ] .
o ) — % H 4R Fx 1 38 Rhizosphere soil;
§§ 0.8F — b b I 9E#R Br 1= 3 Non-rhizosphere soil
g5 ==
S —T — L
gé 0.4} — —
® — —
0.0 P — P — L L
PE MEC MED MEE
4> JE R Stand type
I FE EAR A RN F 8RR AR 43 AR AR PR 18 22 7 i 35 (P<<0. 05) AR AN ) K5 T8 3R 7R AN [ AR 43 HR B - 1 1)
ZF W E(P<0.05) . * FoR [l — ko AR PR -5 AR AR PR £ e M) 22 57 035 (P<C0. 05)

Different small letters mean significant difference among non-rhizosphere soils in different stands (P<0. 05) , while different
capital letters mean significant difference among rhizosphere soils in different stands (P<C0. 05). * represents significant
difference between rhizosphere soil and non-rhizosphere soil in same stands (P<Z0. 05)

1 TRIbR 4320 TR RS A AR o 5 A AR s - 398 A il 07
Fig. 1 Change of enzymatic activities in rhizosphere soil and non-rhizosphere soil under different stand types of Eucalyptus
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Table 4 Pearson correlation coefficients of soil enzyme activities and physicochemical properties

- et Bk e mmmee AR B
Soil location soil physicochemical ProTegse Urgqse Invgrt'ase Catalase Polyphenol
property activity activity activity activity oxidase activity
pH 0.442 0.535 0.658~ 0. 390 —0.128
A 9% ¥ 7K % Natural water content 0.269 0.137 0.251 0.114 0.542
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Notes: * Represents significant correlation(P<C0. 05); * * Represents extremely significant correlation(P<Z0. 01). The same below.
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Table 5 Pearson correlation coefficients of soil enzyme activities and phenolic acids
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Fig. 2 Redundancy analysis of soil phenolic acids and soil enzyme activities across different stand types of
Eucalyptus within rhizosphere soil and non-rhizosphere soil
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