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Abstract Taking Betula platyphylla forest and Quercus wutaishanica forest, two main vegetation types in Mt.
Dongling, Beijing as study object, we sampled paired rhizosphere and bulk soils in spring (May), summer (July),
autumn (September) and winter (December) in 2017, and measured soil physiochemical properties, microbial
biomass, functional traits of plant leaves and fine roots, activities of three hydrolases (BG, NAG, AP) and two
oxidases (POX, PER) as well as their temperature sensitivities and vector characteristics. The results showed that
EEA, Qjo and vector angle of soil in both forests had significant seasonal variation trends, and the seasonal
variation trends of hydrolase activity and temperature sensitivity were opposite to those of oxidase. EEA, Q; and
vector characteristics of rhizosphere soil and bulk soil were different, but their seasonal variation trends were
similar. Temperature was an important driving factor of the seasonal dynamics of soil EEA, Qj, and vector
characteristics. Soil pH, soil nutrient content, leaf nutrient content, fine root biomass and fine root density showed
significant effects on soil EEA, Oy, and vector characteristics.

Key words soil extracellular enzyme; temperature sensitivity (Qjo); stoichiometry; rhizosphere; seasonal
dynamics
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Table 1  Soil physiochemical properties and microbial biomass

¥ ke A ILRER
- i % ] * % % ] R %
o ro 4214590 457+28% 18.8+2.1°  457+11.1% 9.6+4.3° 30.8£2.4% 133165 26.122.9°
w4 IK =/ %
43.6+4.4% 44.9+2 44 16.8+1.5" 46.3+15.2" 21.0+6.5" 29.8+3.24 12.6£1.7°  243+3.7°"
R o) 5.48+0.16€  5.97+0.37" 6.45£0.32%  5.89+0.14"%C 5.64£0.14°  555+026°  6.20+0.34% 5.57+0.38"
R (p
6.41£0.11*  6.39+0.48" 6.65£0.28"  6.46+0.26" 6.34£0.16"  5.82+0.12%  6.44+0.26" 5.55+0.43"
- AU r 66.0£13.0°  63.2+7.0* 58.9+11.9%  88.1x41.2% 37.5£2.1% 35.6£2.7" 39.8+6.7%  36.0£5.2"
(mg-g™) b 59.0+11.4%  55.1+4.8® 46.0+8.18 86.6+37.1% 35.743.5% 33.9+4.8% 38.5+7.2%  34.6+5.2%
X » 5.16+0.86"  5.19£0.65%  4.54x0.86"  6.65+2.98" 3.18+0.11%  2.95£0.28%  3.27£0.48" 3.01x0.46"
HBR/mg g ) AB AB B A A A A A
4.73+0.84 4.55+0.46 3.79+0.53 6.6542.75 3.12+0.38 2.85+0.46 3.15£0.53*  2.91+0.43
JT—— ro 127x07°% 1224037 12,8503 13.120.7" 11.840.6" 12.120.6* 122¢05"  12.0£03%
A
b 12.5+03% 12.1£0.2° 12.120.4° 13.0£0.3% 11.5+0.6" 12.0£0.6* 122403 11.9+0.3*
THRECE N (mg T 1420.06425.6 1552.2£286.7% 741.5:251.8° 491.32202°  955.4x1554" 1092.3163.3% 494.2487.0° 263.9+40.5
C-kg™ soil) b 1175.1£277.1" 1289.8+193.5% 485.6+139.6% 437.7+149.8°  922.9+227.9* 1092.1+205.4* 404.5+91.8% 242.7+26.8°
B ML (mg T 13823370 135.6£21.5%  50.5+223%  67.030.3° 86.2£10.8°  100.3+4.2%  31.8+5.0°  31.9+3.6°
N-kg™' soil) b 101.0£23.3%  110.4£10.6*  39.9+10.8°  59.0+16.7° 82.0£16.2*  93.749.0" 28.5+3.1%  34.0+1.88
ATHF A (g ro 18.1£32%  17.522.5° 9.7+2.6" 32.2+14.74 12.7+1.5° 20.0+6.4% 8.6£1.2°  11.5£1.0°
N-g™" soil) b 1112225 1514158 6.9+2.0° 23.6£7.5% 8.8+3.28 16.11.8% 5.040.2¢ 11.442.3%

B R T 12244414327 1456.14230.6 1202.4+237.6" 1362.14581.6%  509.1+120.8°  732.7+79.1°  920.2+147.9%447.7+80.7°
/(mg C'kg " soil) b 1222.6£281.7" 1160.6£145.1%% 692.1+133.8% 1048.5£590.2%*  648.2+208.2* 608.3+108.2* 405.7£92.9% 487.3+143.6"%
AR 210551150 22563060 86942228 13724583°  663:107°  105.64158% 62941858 407489
(mg N-kg ™" soil) b 187.3+53.6% 187.5£38.4%  67.8+15.7° 14044833 93.7+294%  100.1+12.7%  36.1+1.7°  51.4+19.6°

VLI o ARRARPR, bACRAEMPR . 7 220 M4 R F R IC IR R R, AR E F8EF R [/l — R AS [5) 2245 ) -+ e A v o A i A 90 A=
HWER, TH,

F2 HEYRMER
Table 2  Plant root and leaf traits

WFh oy S & - G %
e A (m? kg ™) 33.143.14 29.1+4.14 22.5+1.5° NA
TR g g 0.19+0.01° 0.17+0.01° 0.26+0.02%* NA
RGN Il NA 481.2+14.1% 490.7+3.3* NA
A A NA 27.4+1.94 21.2+1.4° NA
i R AL NA 17.7+1.6° 23.2+1.6" NA
T T 2125350 256457 3764540 64+0.5¢
R B ik 489.2+15.0° 463.3+12.8° 483.6+10.6%¢ 517.9+5.54
iSYN A& 12.3+0.9* 10.0+£1.348 9.3+0.6° 11.242.278
MR L 40.1+4.3" 47.246.1°8 52.1+4.4% 48.249.6""
AR 1077.3+252.88 1285.4+321.58 2091.0+300.3* NA
"""""""""""""""""" HHERm kg ) 204¢2.5%  l64+l6®  161=05°  NA
YA (g g 0.22+0.028 0.21+0.01° 0.35+0.01% NA
RGN A B 457.8+1.5¢ 480.0+5.4* 467.4+4.28 NA
A A 56.1+1.3% 27.5+1.1° 21.2410.7¢ NA
e S ... . . s 2o NA
AR 15.9+2.6° 25.8+2.5% 28.7+5.5% 6.7+1.7¢
R B ik 500.1+7.8* 494.0+15.7% 496.5+16.7* 506.8+2.1%
AR WA 9.7+1.2% 9.1+0.7* 9.741.9* 8.4+0.74
AR A L 52.7+6.9* 54.5+5.34 53.7+12.4% 61.9£9.0*
YR 580.4+155.9° 1437.1+140.6" 1592.9+306.4" NA
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A7 nmol-mg 'MBC-h ™' il pmol-mg ' MBC-h™',
FHTRIRE ()07 350 BIAE 4°C, 15°CH1 35°CF 5555
FES OKMREETE 4°C, 15°C R 53R 3 /NI, 35°C F B 5%
1.5 /NI AL BETE 3 B R EE T 3355 3% 24 /i), DU
FE IR ANEETE R, AT R U (00):
Q1= eloiu,

Horb, a HUBEFREEE N A AR & . DOZIR BN B P
Y SR AT EIE A AR i, 4006 Gtk [ 3 J7 R A R 6
In(EEA) = a-T+b,

Hrp, TRHIBFRIREE@45°C, 159, 25°CH135C), EEA

KT B B D
1.2.5 RESDH

A R AE A e Bk AN SR BRI IR B, 2R F Moor-
head %5523 J5 3k a0 47 4 48 Jt0 A1 Bl T35 1 2 k44T
W 38 S 5 AR B RS 1 A I 00 A6 5 35 1R x,
Z 55 B8 IR 20 00 AR TR Sy, R AR AR
¥) 5 B 50, 0)AHE T i< i, K it K (vector
length)ZR1iF +3€ 1 B8 f AT F 3743 (C vs. nutrient) )
FRAIRREE, O /A B2 ] T 3R AE - b PAIXS T N (P
vs. N B il i 1230

KAHEE = SQRT(x ),
KA = DEGREES((ATAN2(x, 1)),

Horp, x Ay BB A RS0 T
x =BG/(BG+AP),
y=BG/(BG+NAG).

1.3 BIESIT 55

2 VEIR A OV A A (linear mixed-effect model)
MT I ZEEREKL) . BRI EEAER PR) &
TH B AR A v SR A
Jif 71 T e R H TR e RN R e RRAE SRS AR 1 B
Wi, LA 2 AR A [ RN, A Ry BE ML
FALK 257 2240 BT (one-way ANOVA)JH T-43 by 37
AP L Al e B R R R R R R AE A
ANTR) 21T 0] 25 S 04 W 3 1, A/ B3 1 25 7 (least
significant difference, LSD)K 5 T Xf 8L & )5 22
S BT R AT 2 5 A (P=0.05) .

SERGT AR B S Sl I A O SR T A
B 5 M R 2, AR T4 53 BT (RDA) FiTEZ /R £k (Pear-
son) A AT, i R AR B S R A S LI A
B KA IE S AR YE R . AR R 2
] A DG OC R o A A AR I R 4 2 i sl 2k

(KB LR EY), R e e PEiT . L
A ) A ) AR AR PR 20 R AT 20 #T

5 22 18 K K F(variance inflation factor, VIF)
g g B AR e Z AR R AAE 2 H AL M 2 0<
VIF<10 i}, AFEAEZ BHLZ P 24 10<VIF<100 B,
FEER R 2 f LM XY VIF=100, fFfE/“H L E
L. SOC Al TN Y VIF>100, 776 ™ & £ &4t
A, PRSI B 3 T A 722 o 0 PR AT T AR 43 B
Pearson A &P 437

AHEFEITA B G 0 BT R I R (version 4.0.5)
F Excel (2019)544:, F|FJ R (version 4.0.5)1EK .

2 £R
2.1 TERSMEFREMNZETIE

LR TR A N AR R A AT 45 SRR, I MERIAL AR
BRAR AR, - i A Bl TG P 34 52 21 2 [ B 5 TR
(P<0.05); =55 (AR PRuldE M BR) X 3 FoK fi# i (BG,
NAG Fl AP) T M 09 52 i i 2, X & 4k il (POX 1
PER) i V£ 1Y 52 W A & 3 (P>0.05) . BRI R BR Ak
) BG FIINAG #b, Z=735 Fil A= 5% 14 38 BAE T + e
SN PE B W R (R 3) . AR AR R RO,
PER ¥ PF 1 48 55 2 B0 (1 HEAK 81.23%, 1L 7R AR Ak
77.18%) K F /K f il Fl POX (% 4).

WE AR, EEAR AL AR BR AR b K A il ) 2=
WA ARSI aY, Rk R KERZ
Wk, R R 2Z (R K A BTG 0 22 5O S B3
AR 44 W 28K it TG 1 0 35 A0S R 2 (AL AR AR AR
HAP BRAM) . AR B 3 3 oK A BTG PR AR T
HRPR 138, HARBR 5 3R AR Fr A 3 v K i s P 1) 2
AR

PR AR, POX FIl PER 3% M (1% 2545 748 fk i #h
FHIA]: F 2 2 2 g PR AR, kR 2 & =I5 1 [l o,
ok 5 S0 Tl 05 P e AIG (9 ME AR POX B 23905 1 B 1K,
BI1) o ERERR AR By A 3 b A Bl S AR HEAR B
-, AR R R A T PR AR AR PR S JEAR B
ez B i 25 5 R 3 (B 1Ak 3).

2.2 TEMSMEREEHRESBYEQBIET

;M

KSR WIS VR 010 52 205 09 W 35 52, T AR B8
XFHGE AR B2 . A ALEE POX TG TR Q1052 2103
Wi S, AR B R ZE T AR B A2 HAE IR Q40 [POX] X
BREEMW, 0 [PERINZZET, AR —HZLH
YEF I RZ I (R 3)-
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Table 3 Linear mixed-effect model for effects of season, habitat and their interactions on soil physiochemical properties, microbial
biomass, soil extracellular enzyme activity, Q1o and vector characteristics

_ " FIHE AR
iR 2H — — — R
Z= R Z R 2= A8 A<
K ok ns ns hokk ns ook
I B *k ns ns ns ns ns
(== EES
e AL ns ns ns ns ns
IO -
T AL *kk * ns ns ns ns
AT PRI B *hk *k ns kx ns ns
ATEICA LA ok o ns ok ns ns
A HPER ok o ns ook o ns
D N 7 E 1L ns o s s e oo
WA YEER T F e
A EY A HAE ns ns ko ns *k
""""""""""""""""""""""""""" BG wx T Taax T T T e T T e T T T e T
NAG sk kK ns sk ns kK
g M AP Hkk *x ns Hokk * ns
POX HkK *k ns * ns ns
-~ . PER *k ns ns Hokk ns ns
FIRIINEE  cmmm e mm e o S S BS B
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_____________________________________________ PER __oms_____..ms_ M M Ms s
, Rt E * HEE ns ns HAE ns
S BERRT -
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PilT: #p<0.05, **p<0.01, **%p<0.001; ns FR A i3, p>0.05,

F4 TERESMEEMN. BEHRMEQW. REKE. XERENREXE. R/MEREREHY

Table 4 Maximum, minimum and coefficient of variation of soil extracellular enzyme activity, temperature sensitivity,
vector length and vector angle

W 28 f/IME ESON 1 A5 R Y%
BG 245 37.64 55.84
VB ME/(nmol -mg ™! NAG 247 30.75 61.31
MBC-h' & pmol-mg™! AP 14.36 69.92 42.77
MBC-h™) POX 1.76 11.56 46.93
PER 0.05 27.55 81.23
e owBG] T 7 201 T 712 T
01[NAG] 1.44 1.98 7.54
L HUEHE(O10) 010[AP] 1.26 1.82 8.29
010[POX] 1.37 2.18 10.25
________________________________ OulPER] W32 A% 3BIS
R 0.43 0.79 16.33
KAL) 51.32 76.66 10.24
- 202 2739 6397
Ve PE/(nmol-mg ™! NAG 4.10 32.98 56.78
MBC-h™' & umol-mg™' AP 25.50 91.56 34.47
MBC-h™) POX 5.83 24.80 40.46
__________________________________ PER 000 4939 TH8
010[BG] 1.34 1.90 8.28
IRk 010[NAG] 1.35 1.83 8.63
T U (O10) 010[AP] 1.24 1.80 9.24
010[POX] 1.35 2.69 14.27
________________________________ QuIPER] L MAT L ASO
R 0.23 0.65 20.59
A EE/(°) 56.74 82.25 8.31
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