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Patterns of soil ecoenzymatic stoichiometry and its influencing factors during

stand development in Camellia oleifera plantations
QIAO Hang', MO Xiaogin®, LUO Yanhua®, LIU Xingyuan', HU Yajun', Chen Xianghi', SU Yirong' "

1 Institute of Subtropical Agriculture, Chinese Academy of Sciences, Key Laboratory of Subtropical Agriculture Ecology, Changsha 410125
2 Shaoyang bureau of forestry, Shaoyang 422100

Abstract; The stoichiometry of soil enzymatic activity is a key indicator to predict microbial growth and metabolism and can
be used to evaluate soil nutrient limitation. Camellia oleifera, the main economically important woody oil-producing plant in
southern China, has received much attention recently; however, little is known about the soil ecoenzymatic stoichiometry
and microbial resource limitation in C. oleifera plantations. In this study, to understand soil nutrient limitations in C. oleifera
plantations in the subtropical region of China, we collected 96 soil samples from 32 sample site plantations with varying
levels of C. oleifera stand development and analyzed the soils’ enzymatic activities. Plantation with four different C. oleifera
stand ages were chosen: <9 years, 9 - 20 years, 21 - 60 years, and >60 years. We examined the activities of 1,4-B-

glucosidase (BG), a-cellulases (CBH) , leucine aminopeptidase ( LAP), 1,4-B-N-acetylglucosaminidase ( NAG) , and
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W #5 B A :2018-09-20; f&iT BHA:2019-02-26
# WIRAER Corresponding author.E-mail ; yrsu@ isa.ac.cn

http ://www.ecologica.cn



2 JAE = 39 %

alkaline phosphatases (AP), as well as soil physicochemical parameters. We analyzed the stoichiometric characteristics of
the enzymes and the relationships between the soils’ physicochemical properties and ecoenzymatic stoichiometry. The results
indicate that all soil enzyme activities increased with increasing stand age in the early stage, and then the activity of those
enzymes stabilized. In addition, AP activity was greater than those of BG, CBH, NAG, and LAP. According to a
correlation analysis, all soil enzyme activities were positively correlated with soil organic carbon (SOC) and total nitrogen
(TN) content but were not correlated to total phosphorus ( TP) or Olsen phosphorous (P) content. The ratios of Ln( CBH+
BG) :Ln(NAG+LAP) , Ln(CBH+BG) :Ln(AP) , and Ln(NAG+LAP) ;Ln( AP) showed a similar pattern of increase with
stand age. The soil ecoenzymatic C;N:P stoichiometry in our C. oleifera plantations was 1:1:1.5, which was inconsistent
with the 1:1:1 global pattern of C:N;P stoichiometry. This result suggests that C. oleifera plantations in the subtropical
region of China were limited by phosphorus. A canonical redundancy analysis (RDA) indicated that SOC was the dominant
factor affecting soil enzymatic activity and ecoenzymatic stoichiometry. Additionally, TP and pH were selected by the RDA
model as the significant environmental factors influencing soil ecoenzymatic stoichiometry. Our results suggest that carbon
and phosphorus adjustments could be an important strategy to improve soil enzymatic activities and alleviate the phosphorus
limitation of C. oleifera plantations. Our study provides solid data to support nutrient management and the sustainable

management of C. oleifera plantations in the subtropical region of China.
Key Words: Camellia oleifera; stand age; soil enzyme activity; soil ecoenzymatic stoichiometry; nutrient limitation
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A5 X LSR5 TR AR | IR A T A UIAR G SR W AN LU AE BN T AR X 3R
(75 2R 225, Sinsabaugh 25t IE AR T SRR AL A R AOES T L E AT ST R K U P Y Lo (CBH+
BG):Ln(NAG+LAP) .Ln(BG+CBH):Ln( AP) fll Ln(NAG+LAP):Ln(AP) 5+ C:N C:P FI N:P MEEER,
TR A 32 0 U A RS B R RN 2 0 TR e — 2 B L8R B a3, i 4
BRRUE I, Sinsabaugh %8 &3 A L +3E C N P ffb2AiT & g 1:1:1 f95CHR (Ln(CBH+BG) :Ln( NAG+
LAP):Ln(AP)= 1:1:1) , #8758 T 3R A5 Hox A= Wt kAL A G R Y B B

TERFE MRS R G, T BRI Y rY AR A2 B PRI P8 F5E 20 O BR 1 L %) 22 38 32 B PRI iy 4%
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(AP)F1 Ln(NAG+LAP) :Ln ( AP) UM, L3 B AL M i, U0 pH | 2 85 25 o RE WS 52 i £ HE (b 243 &
EEE BN . Xa 2506 3 [ R[] X AR Ak - S 52 R W, B pH 38K, -3 fb~# 3T & L Ln (BG+CBH) :Ln
(AP) Fl TRk 27118 [ Ln( NAG+LAP ) :Ln ( AP) U/ N3 | Peng 45 %f & [ 45 25 L0 5% & IR 4 W
5+ LA T R G Ln(NAG+LAP ) :Ln( AP) 2 W IEASE o b, - ElA 32 b TR bl S5 25 W R 7 1 5
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1A% (Camellia oleifera Abel.) | JE&ILZR)E ( Camellia L.) L1 Z5FL( Theaceae ) Hi¥) , J 8 L/ N AR | T8
LR A £ TR R S th SR DU R ARAR IRl 22— 200 s 3 A K A gk g O W #s X e s iy, LA
BORATINE , WHABERMAESINRE . W2 N TARYE b E A A5 EB R S8, BT A M iF5E il &
FAMAAR IS A R AR B b AP RS B AR R i B 2 ik e A IR R S b AR £
SR 1 Y 2250, 45 R 28 SR e 2 X6 M Ay DX N TARFR 237 SR B9 2 WEBR A o AR SCHE XKBURUE | DA
RIS N AR FIET G E 1238 C N P R AEEE P B - S BAC M o7 ) AR A i 2 i ) 2
e b ISR W SR A BRI PR 7, B 4R B AT DRI N ARG 3% 40 BR AR O00 B R A , AR Ry b 25 N AR ] 15 25
BGPTSR IIRTE T A TR RIS ISk 1 R IR BN CARBE AR S i, A
R A LTINS X A S R SR AR PRI R - M R A RS, 3R 9340 AR R AR Ak TR Z Y 5
M) - SPERARS P K L SRR AL A R Y eAh I N TR TR SR E NP 320, X i A [ AR
W B GAE y ml R SR A 0 2200, AT 0% S G AR W) 3 3 BRI PR 7 PRLHOAS SCHRTE MRS S 75 52 Wil - S il 17
PESBRE AL 2= T A N TR 1 58552 0 IR O 48 PR SR S AR} 2 B AR AT

1 HRF*E

1.1 AEHE RS XA O

RIS XA TR LR AL =4 . 1ZHX N
A T 2R G T2 7R X, TR 2R R 0 o 2100 5 R
1340 J5E M 370 J3 R Ja R BT 2 XU i
X, HEEIRLZW , A RAH , S 17 ¢, )
Uity e iR 39 °C M IRAIGIRE - 10 C |, PRk =2
1600 mm., ARG R F Bl AL BORE 7 76 12 X 38k Py 4 32 4%
32 ANHEHL (K L) iR 21 A TR 7 A4, L
B4, FEM IR EELIAT N 3, O
gk (1) o AR AN TR AR 43 >4 g A
MRESZ o< 9 4F (a) AT S AR 9 4~,9—20 4F (a)
AT R 10 4~,21—60 4 (a) AT ALAMK 6 1>, > 60
A (a) AT BHR 7 4,

1.2 Wk B1 s
1.2.1 *in%%%% ALI‘IE Fig.1 Soil sampling sites

T HERESL T 2017 4F 12 A £ 2018 4 1 AfEEEER
32 AR A N TR SR AR | B N TR 3 8 3 4 10 x 10 m YRS . FERRNRE DT kiR
KARBEARIL A9 =R 2SR, 76 BERRIM AR AY T 7K £ P9I 238 20—30 em Z [ BEALI 4 A4~ /5, B 0—15 em K2
8 REARETT N R A R A A AR R R AE A R E N R, 32 A
FEHIORAE 96 A~ L HERES, . L HERE SN AR M SE 0 = S PR AT AR R K F 3k 2 mm 0, FEAMIR A 14
OrFRE, — 0 FRE A ARX T e AR B o, — 0 PR T2 38 ¢ N P BTG PE, ZEIE +
SRBRE M Z W, R TSR . B 300 g RS A I E KLY 40 %, 7F 25 CAF T RAREE ISR 15 K,
D A AJE S
1.2.2 BTGP

S8 Saiya-Cork %™ B9 NG BE T I a2 - BTG PE . ARBF ST 2 1 FORP BT M, 40 B h B
(BG) -2 4 Z i (CBH) \B-Z BRI B (NAG) 2R PR LKA (LAP) FRYEWSRREE (AP) . W%
W7 ) T 20 R  FRICHT 48 1 ¢ T 200 mL KB SRFNEH, A 125 mL 50 mmol/L SRR 4H 2% #hil (pH
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= 5), B IAHFE 5 min (2 Ak, @RS ES ] 96 FLEEHRH 43 BRI AN A 250 L 28w 200 pl + 33
SIS0 pL AR% 50 wL JEY, BT 25 C R M FEFE 4 /MBS A 10 pl 1 mol/L A NaOH £
1R, R Z I REBEFRIYL ( SynergyH4 , BioTek ) Il 8 HOE VG . RERMERNG MR Y INFE 2 B,

R1 EMEARGR

Table 1 Basic characteristics of sampling sites

i b st PR (a) ’mfﬁiﬁf TR A
Sites Latitude Longitude Stand ages Camellia oleifera Soil textures Soil types
W TR B 28°52'36.84" 111°31'18.84" 5 20—30 B e
WMEHE TS 29°17'25.44" 113°17'57.12" 4 20—30 HERR ag:
WIREIH Y = VT4A 28°57'45.72" 113°19'14.16" 8 40—50 HERZ 1 2133
W TH 2 K R 28°50'18.96" 113°17'52.44" 8 40 A w4
T A 1 B 2 T B 28°45'34.20" 113°24'27.36" 15 80—90 e e AR
T8 e 1) PH Vb T B 28°20'06.36" 113°28'36.84" 16 90 R+ w4
WP HTE X 28°06'48.24" 113°03'05.04" 11 70—80 5 AL+ aR:
TR BRI R B 27°42'16.56" 113°06"21.60" ~90 100 g i [i7lc SN
R FRIN T & 27°33'22.32" 113°11'32.28" ~30 90 b oK 8 PRk 2o, 4
T T A4 P A 7R B 27°13'31.44" 113°04'26.40" ~40 100 R+ 4T 4
T 7 B 2R PR 26°3306.48" 112°57'30.24" 20 80—90 R+ 4T 4
R 2 B 26°3040.32" 113°1640.08" 15 70—80 R+ 4T 4
T T RN T L 25°58'41.16" 113°04"13.80" 10 70—75 R+ 4T 4
T8 v A BH 2R PH T 26°22'20.64" 112°43'26.76" >60 80—90 e 4y LT
00 P A PE R T T 26°22'33.60" 112°10"44.40" ~90 90—100 R+ 414
T A3 A PH B 26°32'50.64" 111°47'52.80" 85 30—40 HEE R+ ag:
1R AR FH 18 26°55'30.36" 111°22'05.16" 4 10 R+ w4
IR AR T 2 26°52'24.96" 110°28'17.76" 3 20—30 HeRR gL 1 R
R A AR 2 B 26°24'56.88" 111°23"18.96" 22 70—80 e 4y LT
WP A T i £ 25°21'05.40" 111°32/50.64" 20 80—90 e+ AR
TR 7K R 25°30'29.16" 111°50'45.96" 11 60—70 b2 45 i %
NI Dl wE s 25°55'02.64" 114°33'59.40" 7 60 HeE R+ aR: !
VLV TR IR 26°19'16.32" 115°02'51.72" 15 50 g+ AR
NI R 26°24'09.72" 114°56'36.60" >100 100 HER R+ g
TELHEES 26°49'13.80" 114°47'15.36" ~70 85 A w4
PN S & =Y 27°16'07.32" 115°29'18.96" 15 70 A s
TLPE T 22T LA 26°49'13.80" 115°34'47.28" ~30 85 HemAh 1 R
VANINEE TP RN 27°44'18.60" 114°13'38.28" ~30 90 R R+ 2T HE
WAL T B 29°12'54.00" 13°50'58.92" 3 10 e+ A
1AL 2 BE BT 29°42'06.12" 13°42'01.08" 6 30 HEFR A+ AR
WAL T8 £ 29°37'37.92" 14°35'02.04" ~60 75 b 4ig I g
WAL B A PR B 29°41'02.04" 15°02'45.96" ~90 100 Hhisge i

1.2.3 3 o @

+1% pH {ER KT 025 CO, 281K (F K EE:1:2.5, W/ V) 324 15 min, Ji] Mettler-toledo 320 pH 13l
T 5 HIHEEHURR (SOC) R HAMINHGE (IR TRE 9 180 °C , #i % 5 min) |, I H 5 IR A1 -BR B VA TR A AL A LI,
R R R AR T R I VA VRO 2 , DI T 6 1) e 5 TR R 3B BILB 5 5 2 R (TN SR Bl T IR -0
TSI BTN E B R AR SR AR B PR B IR T 28, 28 = MR 20 Ak, e A SR IR B s v Akt T 3
TS HTAL (AA3) H 3l EHLINE B 2 s 28 (TP ) R T & A AL AN Al- SR B0 50 L e B T S A
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SEAL BRI R, A5 L3 b SRR ) SO DB ) R AL O AT B IERRTR LR UK VE M v A0 2 K
VRS BB DT R S, A ST, T 0 Y BETEAE 700 nm B HU @, SO OB (L ; B ALHE ( Olsen-P ) 2R
FHBRTR 5N -SH BB 635, 1 0.5 mol/ LERTR ZU NN A KT 4 | 525 15 5% 30 min, 2 U8, BORE 5 W5 5H B8
P TSN, A BB AR, A O EETHTE 882 nm P L5, BEHUBOEAE ™

R2 TEBWMEESURKY

Table 2 The abbreviations of types and substrates of soil enzyme

+ 3R Soil enzyme 445 Abbreviations SN JEEH) Substrates
B-HI T il BG 4-Methylumbelliferyl B-D-glucopyranoside
oL AR CBH 4-MUB-b-D-cellobioside
B- LT AT R I NAG 4-MethylumbelliferyIN-acetyl-B-D-glucosaminide
Err N e R YIN LAP L-Leucine-7-amido-4-methylcoumarin hydrochloride
PR VE IR AP 4-Methylumbelliferyl phosphate

1.3 Bt

K HI SPSS 19.0 #4755 b BRAVEE 53 b7 , A [RIARS 3B B4 1 BT | - Sl 5 Pk S i LR L &R
77753 H7 (One-way ANOVA) H1 %) Duncan 35K 5 ; R FH Pearson A2 #7 3R EETE M | HIERE b2~ TR LS £
SEPRAPE BT Z A G 2R 5 2R ] Canoco 5 B L B G VAN 1 Sl (b 7 ek L S i 107 722 6 | - R HAL
i K C N P JTE I AR TIOR3 (RDA) o EIREIE R PP I Ar 25 30K

2 HERAW

2.1 AFEIPREE AT A AR A o

T2 N TR 48 pH ([E#HER (pH < 5) ,21—60 a MRIBZHAY L1 pH B2 5 T< 9 a.21—60 a Fil> 60 a
MIBLL , SOC F i BEMIBIE KM (P < 0.05) ,{HFE 21—60 a Fl> 60 a ML [H] 22 5 A8 835 TN % &2 Ff AR
WG R —E R EERIEIN, < 9 a MRIBZH BT HAR =ML ; T3 TP A1 Olsen-P 7E4- AR 2H T i
FEREF(RS),

R3 TRIEHFEA TR EERELRE

Table 3 The physicochemical properties of soil in Camellia oleifera plantation at different stand ages

INits pH fi EERIRTS BEA SR ARk
Stand ages/a pH SOC(g/ke) TN(g/kg) TP (g/kg) Olsen-P (mg/kg)
<9 4.39£0.22a 10.52+4.27a 1.14+0.32a 0.35+0.22a 4.33+2.46a
9—20 4.4+0.19a 17.67+6.02b 1.50+0.40b 0.40+0.23a 4.20+2.25a
21—60 4.64+0.77b 20.44+3.22bc 1.71+0.34b 0.30+0.09a 4.13x1.57a
> 60 4.24+0.23a 23.11+6.87c 1.85+0.59b 0.34+0.14a 5.09+1.65a

ARVNEFERRFEFHERE (P < 0.05) ; SOC: 3EFPLEK soil organic carbon; TN ; B4 total nitrogen; TP ; &L total phosphorus ; Olsen-P . i#
A% Olsen phosphorus

2.2 AEIBREE AT AR L RS M R Ak 2 T AR

S b - SEBEE PEREARIE S R — E RN (] 2) ,BG 1EHELE> 60 a MRIRA P s, 15 9—20 a
F121—60 a MBHB A R EESF HEER T< 9 a IR ;CBH {EMEE< 9 a f19—20 a WA R EER,
21—60 a > 60 a MIE4] CBH MR A B E 2R, HE EE T< 9 a fil 9—20 a M4 ;NAG 7E< 9 a M4
FRIEPE R 76 9—20 a F121—60 a LB FH2EF > 60 a PRI T E 5 T HAh = ARES 24 LAP F1 AP 35 PEAE
< 9 a PRISZH PG HERAR , 7 9—20 a .21—60 a Fll> 60 a =PI HE R EE R, 1350 C:N P {b2¥iT
it A Ln(CBH+BG) :Ln( NAG+LAP):Ln( AP) 7w, BVA L #GH XTI A5 AN TAK B3R fb=411 5 C NP fy
1:1:1.5, HIERHLA R L C N 75— E IR (< 60 a) HA B #a 3y - R L 2= 1 C P e A
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RIA L 0 25 25 57 5 3Rk R L N oP 16> 60 a ARIAZH W35 T Hofl = AR 4 (18] 3)
2.3 - EERAL PR A SRS T e R AL L A R

AR FF A AT AR SR C N P FEALEETE L2 0] 5 2 IEA G R (8] 4) , L HERIS 5 4 e
A J5 22 6] B AR e A 26 B . AP M 5 SOC M TN #R5: 2 IE ARG, LAP Fl CBH 5 pH & W3 1FAH

X0 AP Fl pH N B AR, TR AR L C N AYS HE NP SR IFEASE ; HaERg b2 A R Lk ¢ P

N:P 548 C:N 2B EFIEHE(P <0.05,%4), RDA HEFEIZ R R, 5 1 A 2 fhad e ras o5k
:_‘?“ 200 b
+ -
150
£ b [
3 100 a b
& g
B2 5 é $
=<8
E 1
20
2 <9 920 21-60  >60
Q3
=5 200
30 ¢ b ZE
Z4- % ET, 150
o020 [ Z35L : c
B2 2= 100 .
g 2% 1o a a b g2 2 g a ab
8§ I &L 5 50
'L e T g3 V1 0
S 0 T NE: 0 N
<9 920 21-—60  >60 =4 <9 920 21—60  >60
& 2 0T o 2~ 50 a ab ’ b
= %TA < g T;D 600 ‘[ b
o2 &< -
=2 B2 a0
2 = LN
S LERUE #Ho g
geE E§|§$ @g\zoo‘j—' l
T
®BE o0 0
2160  >60 <9 920 21—60  >60
AN TARbR S
Stand ages of Camellia oleifera plantitation/a
2 AEIRESRZE AN THRE T iEEE

Fig.2 Soil enzyme activities in Camellia oleifera plantation at different stand ages

BRI BT AR ING RN N R MR IR ] 22 53 .25 (P<0.05)

F4 TIEBFEEMEBALFITES TIEETFZ EE Pearson X 4T

Table 4 Pearson correlation between soil enzymes, ecoenzymatic stoichiometry and soil physicochemical properties

it pH {H EERIRS K B A WA e Lt AL
Enzyme pH socC TN TP Olsen-P C:N C:P N:P
BG -0.019  0.555"*  0.544** 0.088 0.074 0.365"  0.359* 0.272**
CBH 0.215*  0.505°*  0.471°* 0 0.061 0358 0.412* 0.323**
NAG -0.105  0.482°*  0.391** 0.019 0.036 0.420**  0.276*" 0.129
LAP 0.583**  0.370**  0.394** 0.202* 0.117 0.165 0.101 0.041
AP -0.219*  0.538"*  0.505**  -0.153 -0.104 0.355"*  0.513** 0.424**
Ln( CBH+BG):Ln( NAG+LAP) 0.055  0.067 0.112 0.035 0.039  -0.025 0.147 0.228"
In( CBH+BG):Ln( AP) 0.197  0.380**  0.362*" 0.268**  0.212* 0306  0.138 0.048
Ln(NAG+LAP):Ln( AP) 0.156  0.351**  0.267*" 0.215* 0.175 0.384**  0.045 -0.126

# 1E 0.05 K LB, o+ 7E0.01 K LB EA; A carbon to nitrogen ratio; C; P i#f b carbon to phosphorus ratio; N P & b

nitrogen to phosphorus ratio
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E 3 AREMEEHE A Tk L IEEEF T S AT
Fig.3 Ecoenzymatic stoichiometry in Camellia oleifera plantation at different stand ages
PREL I RR/ING FHEFOR AR ] 22 57 5.3 (P<0.05) 3 BG: B-Hi i1 i B-glucosidase; CBH ; a-£F- 4k Z i B-D-cellobiosidase; NAG : B-
BT B N-acetyl-B-glucosaminidase ; AP ; 52 & BR & I KB leucine aminopeptidase ; AP ; BRVEB R acid phosphatase ; Ln( CBH+BG):
Ln(NAG+LAP) /R H3EHH L1 & C:N;Ln( CBH+BG):Ln( AP) /R HHE#FL% 11 N :P;Ln(NAG+LAP):Ln( AP) /R H b2 B
N:P

40.05%%10.73% , +-4 SOC(F = 38.1; P = 0.002) .TP(F = 5.9; P = 0.016) Fl pH(F = 4.1; P = 0.03) /&5¥
M - S8 T P Rk 2 6 LU ) S 2 S o DR, o3 A RS 1 - A I M RN - S AL T LY 28.9% ,4.2%
2.9% W78 (KlS5)
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Fig.4 Relationships between ecoenzymatic stoichiometry in Camellia oleifera plantation at different stand ages
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