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Stability of Soil Aggregates- at Different Altitudes in anllng Mountalns and Its

Coupling Relatlonshlp with Soil Enzyme Act1v1t1es L \

MA Huan-fei' ~HU Han', LI Yi' GUQ Yao-‘ ¥ F REN Cheng-jie’ ZHAO Ta- Zl’l}ll -
(1. Shaanx1 Key Laboratory of Earth Surfaces Systém and Env1r0nmental Canymg Capa(nty, College of Urban and Env1r0nmental"al
Sciences , Northwest Un1verﬂ1ty, Xi’an 710127, /China; 2. College of Life S(1ences ,f‘ Northwest University, Xi’an 710127, Chlna
3. Gellege of Agronomy, Northwest A&F Unlver51ty, Yaflghng 712100, China)

Abstpact "To explore changes in soil aggregate stal)lhty along an‘elevation gradient, and its regulating factors, soil samples were taken
from the (l 10! e’ surface Tlayer at 3 different, elevations -on Talbd1 Mountain. We measured and analyzed the distribution of soil
aggregates, phys1cal and chemical properties, microbial® blomass and extracellular enzymes. The results showed that; (D the soil
aggregales "from the 3 elevations had mean weight diameters (MWD) of 2. 17 mm, 1.83 mm, and 1. 82 mm (increasing elevation) ,
and geometne mean diameters (GMD) of 1. 66 mm, 1.39 mm, and 1. 32 mm, respectively. @ The change in soil aggregate stability
along an elevation gradient was regulated by extracellular enzymes in the soil, in particular, the LAP in soil meso-aggregate and the BG
in soil micro-aggregate. (3) Microorganisms can alleviate the N limitation at high elevations by adjusting the relative production of
extracellular enzymes and altering nutrient utilization efficiency, which also changes soil aggregate stability along an elevation gradient.
The results of this study have important scientific significance for soil quality evaluation and ecological environment protection in Taibai
Mountain.

Key words: altitude ; aggregate ability; enzyme activity; microbial nutrient limitation; element use efficiency
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: MBN) (8 R 5 1 3B U5 In (SOC: TP) 544
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(P >0.05) 0}, S HERUE Y TE S O0RARAS 2 HY
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N T HERA IR B Py 845 o6 2 )
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Hl Ter C: P) K i A= 4y 0 0 471 il 90 12 B R
AR, ] S FT A S AR
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Ter C: P = (ﬁ MBC)/e
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X, BG Jy - w W W B G 1, LAP N2 &
iR 2 SE R 1 BTG M, NAG Ry B-N-Z, Tk 2 5 7 4
Wt (%) B 05 1, ACP A R T W IR I Y 1 0 T,
MBC \MBN H1 MBP 735l & 75 i A= W i | o 2E P
RABE Y R & . ny /8 InBG XF In (LAP +
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o P SRR R P 0] P SR AR AR,
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R 50 [B1 VA 2 AT BT A5 2 A R A b o = Bl [
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[26]

(mean weight diameter,

( geometric mean diameter, GMD)

MWD = ixi X w,
i=1

i w,; X lnxl]

Z w
K x, N ‘&I%Mﬂ%ﬂ]ﬁh(mm) w, N
A BRI o5 o i AR
i B /N 3 1 B AR AR A ( partial least .squares
path models, PLS-PM/) 42— 55 Wi lﬁr ke
SIHTITEE, Wﬁ%ﬁﬁéz{iﬁi%ﬁﬁﬁﬁﬁm‘ﬂﬂz
GUITHEST L LI PLS-PM gt R A R
EPERE bR MWD F1GMD | St 3980 1 157 4 LA
Yt H’Ml\@ﬁ{ﬁ ﬁt&%ﬂﬁ@fri RT3 IEEHEIH? £
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GMD = exp

I FH A ?ﬁ%f %ﬁ( one-way ANOVA) h%f*’
v 4 A AR R i Pl T g
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EVER IR SR T, B 4
Brik BEAE SPSS 19.0 H#E 17, H Origin 8.5 # fF
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2 HREH

2.1 ZRURUEIRBEFE b A 3 B AL M T R AR WV
FHIE

B LR 4 U AR T RO AR
TERFIEREA — 3 (3R 2) , BIBE & 4k Tt i 1 35 1
(P <0.05). 13 C: N, C:P, N: P Z&H M pH 1
R MHAE T BERKTI(P<0.05) M), 1
e KR I A M0 B T I 25 K T e B 1
(P <0.05) . AN[FITE AR AR DL RE 75 FRAE W2 3.
2.2 ZRUARORE B b IR R 4 Ao AR Ak

BG NAG 1 ACP Jiff i 4 7 ¥ 5 16 b (9 A2 4k
AR 3 BRI T B AT LA,
BG BEEME T 00 3 KT 11 116.14% (P <
0.05, 95% CI: 84.32% ~ 147.96% ) F 1l 101. 16%
(P <0.05, 95% CI:71.55% ~ 130.78% ) ; NAG [i§
WPE T A KT 249. 11% (P <0.05, 95%
CI:211.23% ~286.98% ) F 1l 319.93% (P <0.05,
95% CI1:274.37% ~365.49% ) ; ACP g% 1 435
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Table 2 Physical and chemical properties of soil at different altitudes

N TR

+ R P B i I m

AL g kg ™! 47.41 £2.81¢ 58.11 £2.07b 62.63 +0.52a
42H/g kg ™! 2.49 £0.09¢ 3.12 £0. 11b 3.96 +£0.07a
4/ g kg ™! 0.38 £0.0lc 0.61 £0.01b 0.86 +0. 03a
A H 19.01 £1.09a 18.61 +0. 39a 15.79 +0. 18b
T L 121.99 +7. 00a 94.00 =3.73b 72.74 1. 75¢
AW 6.42 £0.23a 5.06 +0.25b 4.60 +0. 06b
A /g-om > 1.45 +0.04a 1.06 +0. 02b 1.03 £0.01b
K E/ % 25.96 +2.21b 25.50 +1. 54b 36.27 +2. 46a
pH 6.06 £0.03a 5.98 0. 05ab 5.87 £0.01b

D) IEIRBERE T RBEAERAR, 1503 m, IEHRBERE [T AL ZRARAR, 1915 m, IGHBHBE LT HERR, 2 405 m; RRE/ING FRHMCRIGIR A 22 72 3% (P
<0.05), N[

£3 REBROEHEBESE BT 260.06% (P <0.05, 95% CI:190. 11%

Table 3 Characteristics of vegetation comm;?;y;;;t‘ different altitudes ~330.01% ) ﬂgn M 206. 89% ( P < 0.05 , 95% CI.
N N 18 E >, N i

B R ; I m 147. 27% ~266. 51% ). 1] LAP % P 22300 1 5 2

/ ay N

FEE 8.00£0.58b 10.00£0.58a 6.00 0.58¢ KF 1 35.49% (P <.0.05, 95% Cl: '1'3;'54'% ~
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Fig. 1 Soil enzyme activities at different altitudes
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Table 4  Stoichiometric steady state of C: N and C: P at the level of soil microbial communities at different altitudes

(TS ki g myEp:z R? P H'
C:N B HR y=0.283x +0.924 0. 085 0.41 —
C:N T HRER y=0.597x -0. 419 0.771 <0.01* 1. 68
C:N LTt y=0.133x +1.521 0. 003 0.88 —
C:P BV AR y =0. 898x +0. 087 0. 280 0.12 —
C:P IR R y= —0.045x +5.027 0. 039 0.59 —
C:P LT y =0.400x +3. 321 0.525 0.01°* 2.50
1)y /% In(SOC: TN) 5 In( SOC: TP) ,x /R In( MBC: MBN) 2 In( MBC: MBP) ; * /R [ilIH )5 #2404 & (P <0.05) ; “—" F/m A A H 77

BIUEARE(P>0.05) ,HILEX

®5 EWMBEEHIS T RARGREMENHEXES T

Table 5 Correlation analysis of plant community characteristics and soil aggregate stability

S IR AR FHAR
: FEE Simpson #§%X  Shannon 8%t  FEE Simpson ¥8%4  Shannon %4  FEE  Simpson $§5L  Shannon F5%(
GMD  0.022 0.292 -0.152 -0.914 0.919 -0.991 0. 809 -0.855 0. 837

MWD 0.201 0.116 0.028 -0.972 0.975 -0.999 * 0. 691 -0.748 0.726
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Fig. 5 Partial least squares path models (PLS-PM) of the drivers of soil aggregate stability
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