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Soil nutritional properties and moisture gradient of the ecotone between dry

valley and montane forest of the Minjiang River

LIU Bin', LUO Chengde" ", ZHANG Jian', YANG Wangqin', BAI Jingwen®, LIU Mu', JU Jialing'
1 Faculty of Forestry, Sichuan Agriculture University, Ya'an 625014, China
2 Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China

Abstract; The ecotone between dry valley and subalpine forest (EDM) does not only play principle and non-substitute roles
in inhabiting the expansion of dry valle(DV) and extending the ecological functions of subalpine forest(SF), but also is
one of the important residential areas for Zang and Qiang minorities, and is always the primary ecological restoration region
after “5.12” Wengchuan Earthquake. The soil moisture and nutrient is one of the main limiting factors on plants growth in
arid and semiarid areas, and is also the key issues in ecological restoration on earthquake-damaged ecosystem at EDM.
Many previous studies have been documented the soil physical properties, plant photosynthesis characteristics, water use
efficiency and nutrient use efficiency of native plants in this ecotone system. However, most of these researches have a
comprehensive knowledge on EDM as an extending areas of dry valley according to the results from controlled experiments
such as water controlling and nutrient supplying, little attention have been paid to soil nutrient properties along soil moisture
gradient caused by natural physiognomy and climate ( altitude, precipitation, species) as well as present vegetation.
Therefore, the spatial heterogeneity of five plots(i.e. DV, SF, EDM I , EDM Il , EDM) and three layers(i.e. L1, [2,
L3) of soil were selected in the present study. Soil moisture ( volumetric water content) , was monitored using 6050X3K1
time-domain reflectrometry (TDR) in a representative date. At the same time, soil nutrient characteristics, including soil
organic matter (SOM ) , nitrate nitrogen (NN), ammonium nitrogen ( AN) , total nitrogen (TN), available phosphorus
(AP), total phosphorus (TP) , were also investigated respectively. The results indicate that, soil water content in the same
layer have significant gradient spatial heterogeneity at different plots and increase with the increase of altitudes, showed the

order as; DV <EDM <EDM I <EDMII <SF, but soil water content in different layers are non-significant in the same plot
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except SF. And what’ s more, outside of EDM, total carbon was highest in the subalpine forest (16.59 mg/kg, 18.28 mg/
kg, 10.06 mg/kg) , at an intermediate level in the EDM (7.32 mg/kg, 3.30 mg/kg, 2.56 mg/kg) , and it was lowest in
the dry valley (4.24 mg/kg. 4.18 mg/kg, 4.92 mg/kg). Meanwhile, EDM, Comparing to DV, can supply more suitable
soil phosphorus environment, but did not represent nitrogen accumulation. Furthermore, inside of EDM, the moisture and
nutrition of soil showed significant difference due to the difference of plant species and communities structure. For soil
profile of each pedon, soil water in L1, within the altitudinal gradient, observed significant correlation with nutrition except
nitrate nitrogen( P <0.01). The available nutrition all showed no sigificant correlation in 3. By contrast, the correlation
between soil water and nutrition of different layer in the same site (i. e. EDM, EDM I ) was not significant.
Comprehensively understanding, soil is pivotal in determining the construction and the development of plants communities
and is always a difficult scientific issue in restoration of fragile dry valley ecosystems due to their extreme climates. The
research suggested that EDM has better soil water and some nutrient environmen( e. g. phosphorus) than dry valley and has
more frequent fluctuating and exchange of nutrients, which could plays an ecological carrier function in inhabiting the
expansion of dry valley. Though instantaneous measurements of soil nutrient along soil water gradient are essential,

researches about the transformation and exchanging as well as redistributing of nutrient and water are also needed.

Key Words: ecotone between dry valley and subalpine forest; soil moisture; nutrient properties
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b ] P AR L b P ARSIV g L AT I b - L e ) A T L A i 5, B Ly M - L A A - A
T HE A, FE T I HB SR | SR R B R IR 4 A A0 A 25 ik ] R T R4 (DV) (EDM |
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Table 1 The basic characteristics of the plot

FEl WER/m o SRR/ (0) 4 HHE em RETRARE
Plot Altitude Slope/ Aspect Soil type Soil depth Community characteristics
DV 1800 35/NE32 PR 1 60—80 SR AE A0 A T 5T 2 g 1 A
EDM I 2000 35/NE45 #H + 80 T X -Z 8% i A
EDM 2200 35/NE45 #w+ 80—100 T X RERUAERR, B 20a, 3t 94 F5 B
EDMII 2386 30/NE25 Frig 90 e LLBIHEN MR T T A S
SF 2610 30/NE35 iRPRE 60—90 TG WAL RS R W 200, MBS RS

1.3 5

IR E K& (VWC) K TDR 6T B3 2 UG E (5HEG SRR D 7] H 3L 4 °C R A7 AR
FHB R TR He AN E A A (NN) | S B R - B 85 be 0k g S A (AN) s T 45T 2 mm i, SR
HC1-H, SO, XU R $ 100 1 3w ( AP) 3 X+ 4t 0. 25mm i, 2R FH 5 8% R 4 480 A4 M #4200 5 + 38 AL
Jit, BILEG A8 A AE 2 A (TN | BB L Gkl s & (TP) 10
1.3 Sttt

KPR R J5 225081 (one way-ANOVA ) 1 Duncan 25 T HL B B0 R b |+ )2 [R] 0 3 {22 527, Pearson XL
NS 56 S LK o7 B A LT O A A BRI

2 GBREHSH
2.1 EHOKSH RSB 0r e L
RRBBIR LB R KRR B e | L A |
PR R ThE , IR EKE AR TS B (UE EDM —o— LI - /M s g
1(2000 m) B sh, SF K5 KPR (17.83%, 5 | |, 2
25.43%, 31.57%, Ll <12 < 13),EDM Il )k = £ 2107 1
(13.53%, 15. 67% , 14.7%, L1 <13 <12),EDM, & 1900 | -mg
EDM I 1, DV K73 522, EDM I 37K 73 2 F 1700 | 15
(6.16% , 7.26% , 5.8%, 13 <12 < L1) &+F EDM 1500 0

DV EDMI EDM EDMII SF

(4.3% , 4.9% , 3.86% , 13 <12 <L1) &1, ke Plot

2.2 AHLBE EFHE
I 2a AT WL, FE4RIE A 25 R S5 h (DV EDM  SF) B1 AE#L RS EENHRHE
':F' Ll + E E/‘Jﬁ HI. }Jﬁ: /H\ % % @ :,l:ji ™ j]l]ﬁﬁ ﬂ‘_[‘% % %’1 E% Fig.1 Characteristics of soil water in different site ( volumetric
b E] AJ M
waler content, % )
(n=4, P<0.05), 12 Fl L3 A HLETE EAEA [FFEHbE]
FES R 12 AHLBTE RS REARE THE , TAE L3 0 )2 Bl - 39K % 5 25 AR, 3 ] RE 2 PR A Iy 1L 2R Ak 13

http : //www. ecologica. cn



1 XM AF RS- LRSS S AT 1K I35 3R STk 61

TR AR A R gt S RS R R K S S R A Y T S AR SRR A A L A
SEERE N AR TR — 12 22 5 W, DL EDM I deeisy [R]— AR v A AL 5 i J22 % 1100 184 7 sk 2L,
lz] Zbo

BLI @12 OL3
14

b

13 +
12 +
= = 11 r
E 5 10}
= E ot
s s 8f
= = ‘Jf_
: 5ol
S e} .
<3 B i
= z 4r
= & 3t
2_
1 F

EDM

FEHI Plot ¥ Plot

B2 AREBTEGIREES A

Fig.2 Characteristics of soil organic matter in different sites
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TEARIE AR RS , DV M EDM (19 L1 -2 NN 2 R IF AR  EDM 19 12 L3 + )2 NN & & W) & 18T
DV F1 SF, & 3(a) ; EDM #1128 AN & 53 KT DV Hl SF (UHRZ 109 TN 5 =8 T DV Al I,
FHECEST T 504 EDM IR RN AP ) HIRR RIS . AESCHE T N, NN AR )2 R W3 22 5,
EDM I #/ (12. 18 £0. 57 ) mg/kg; AN WIAF L1 1.3 BB B & 25 5L EDM I £ 55 ( (6.87 £0.50) mg/
kg) ;TN 76 L1 3R & 25 5 (H7E EDM | F1 EDM [ R £ L B EEF X R RGN 3 MR
HufR] AR APy K 5B HARL B i TA R EAR (R 1)  ARAFIESES L2 h (UHZERZE 1) &S
HE2ES K 3b, d, f,

M-SR Z KA NN 76 DV 2L 13 & S fie i (14.65 + 1. 44) me/kg, 7EHABRE AP R0 L1 >
12 >13, AN 7E EDM AN+ )22 38 03, AR Rl S0 B (1 34 i 2 B AL PEAR (b, TN 76584871 4
(DV . SF) , LB A I8 2 S fe s, eSS4 N, EDM T A P2 S s EDM T/ LT S & & T 12,
13,EDM WIZREN L1 >12 > 13,
2.4 BETEFHE

T 250 AT 2R WY, 25 M ) 3R )2 A R) %) R SO 25 S ¥ 2K AR 12 )2 ,EDM 1 5 EDM I \EDM 22 =R i
F AT EDM #Z0 X8 EDM 5 Fii% EDM T 2 5 3% , 1 DV F1 SF 45 EDM f77F . 3% 22 55 1.3 [k DV M
EDM IT H BB ARAE 25 57 R i 5 40, oA RE i) 35 25 55 W 38 5 A I 4, b W] L, SAKCA & 70 T b R vy | DG (2
HHILTE EDM 3 R B EDM A g A A< SR B B 4 1) + IR AT

FESRIEH 3 MR RGET, [Al— 12 W 2B T A3 = BRI o340 B AR A S s 1 3525 5% L SF
HHAbA R 22 F B EDM 5 DV 2R3 AR5, SF3 M+ 2w & R, FI BA I m a0 # R 4w %
J1o AEARFEEME, S EDM 5 DV Al — 1 )2 T2 & 22 S AR (H7ECEEH N 3 AL EDM
I K2+ 205 W T ST N HAb A b
2.4 THOKS Sk A B EOCER

L1 3K RS FAM AR R E , SHEFR IR EHIL(P <0.01) . L3 | @S5 15
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AHXGHE, T7E EDM I A SF 203680 A 6 (£ 2) .

http : //www. ecologica. cn



31 &

#H

¥

62

BL BL2 QL3

EDMII

EDM

EDM II

EDM

EDM II

EDM
FEHh Plot

z SRS 2 o

= |25 m uﬁ
€

L 1 1 1 1 1 1 Il 1 L 1 1 Aﬂ
(Fy/Bw)/usfoniu wniuownuy BEEpE e S < S s i_.ﬂ

o4/uaonu [e10 B E i

g

.T_

..... i

TS & &

: K

en

E

1 1 1 1 1 1

EDM

RN A

EDM

DV

[+

AR

EDM
FEHh Plot

Fig.3 Characteristics of different nitrogen modality in different sites

DV

L
oo o -+ () = o0 b=l
—_

—_— - e —

(8x/Bw)uaonu aenin R

L
f=] wy =+ o (o] — =

(By/Bw)uaoniu winpuowwy BSPE

040

035

1
=
at}
=

1
wy
o
=]

0.20

9% /uafoniu (o],

S
WE

0.10
0.05

it
3.1 MK B S B

JE AU IR H RO AE PR R 1 LA KCE A RIS TR S5 A0 A5 D 3R R

=
=]

TR SR
T 5 B B AR Ak AR SR A 1O B o L B T R A B 1 AR A X R ], SRR K B T

http : //www. ecologica. cn



1 XM AF RS- LRSS S AT 1K I35 3R STk 63

BLl EL2 ML3
30 - 30 -

25

20

W Available phosphorus/(mg/kg)
7
T

M Available phosphorus/(mg/kg)

R RS

EDM
0.30 0.16
¢
0.25

3 3

£ 020 £

= =

(=3 (=3

8 8

e 015 F =

E E

= 0.10 =

g0 2

& &

FEH Plot HEH Plot
4 AEEMTIRENE, 2HEES BT
Fig. 4 Characteristics of different phosphorus modality in different sites
F2 FEEHTEKS S R BENEXE
Table 2 The pearson correlation between soil valume water and carbon, nitrogen, phosphorus

+ )2/ R HHLE & Nitrogen % Phosphorus
Layer/Plot Organic matter A% NN FAZA AN 2% TN 2 AP 2 TP
L1 0.954 "~ 0.950 "~ 0.368 0.948 ** -0.809 " 0.884 "
12 0.813 " 0.814 " 0.399 0.731 " -0.176 0.772*"
L3 -0.799 " 0.084 0.080 0.575*" 0.067 0.901 **
DV -0.773 " -0.957"" -0.251 0.494 0.049 0.408
EDM I -0.100 -0.044 0.477 -0.036 -0.318 -0.041
EDM 0.057 0.151 0.459 0.252 -0.909 0.445
EDM I -0.884"" -0.854"" -0.886"" -0.814"" 0.779 ** -0.882""
SF -0.784"" -0.838"" -0.058 -0.369 0.669 ** -0.704 "

# FIRTE 95% BAFKV-BEAMR, = = FIRAME 9% BRIV EHR

Wb BERY ET RGN, SAF GRS 30 1) o i 5T RGN R i R P 2 V1 e W kA
JEE (78 A A5 T2 18] RURE R P BC i A ) B i DR 2R B3 MK 745 G T/ | v g IR /K e 2 22
K F AR RE MK SR . B2 1 AT L, SF ORI EDM T AT B PR3 B /N 8 L TOURR 5 B 3 b /K R =
F MK ST Af . 153, Bakker F1 Bavel "' it - 391 S 81 119 7K 53 1553 e 7T R S i A - 30K 4345 i) 22
SIS R 73— BN , SF A FI YR R 5 JE LA P BE A5 v | Sl W B 1A K 4 7 ) J22 S O bk o
SERGA T ELAEH A RO ARy 2 EDM IR e L i S iy o 95 b B, T TR 5 ) A B Wy o 22
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FE 0 2 LLAITE DB, 7K o S5 PEAR X E F EDM A LR, 45 EDM Kb F 38 545 A% 00 DXk, 25 W0 & L %
MET, HHOK 46044 T EDM 1, il G5 EDM T BT A4 B 2 J2 T 52T 23 1 SiE [ T et e R A i B 6
SR EDM EDM T 35 3t B | 384 & RE B A28 # 38 — 30, (HE R p ) S R TE 25 22 S 3% (£ 1) . EDM
FELL 20a 5 ILER M BERE SR A AR, 1 EDM T Ry ILER-Z2 46 35 308 R I ARE AN . Hirobe 251 5T

BT BT D\ TR B 85 SR EE D) (H EDM T DA IR BB 3000 5 /R A= A5 R GE DV (8] Y - 3K 73 58 4t
ATFRADII

25 M Yy P2z A R [R]— B 2 IR PR AE AR R ZS (a7 8 B B B 22 5 ) 3K 43 1923 8] S B kB 2R
FEMEAR A 25 1A R, ) — b 5 R W] 2 A7 e 22 5 v ) BF9T &80, I SF 4b, oA fith 1 2 1) 22 7 IF R
B BRENIEHSSEEK F B RET A 22 540, Burgess 251 R R WK 4> 22 5 EAE K
SR I AR TR A% A SR L AT 2 Z B A — K 2% KR A e kA, A0SR
MEZE IR EE ) 30 em +20REAR B LS E07 A KA, U5 05 AP o8 45 BRAFE R —E 2 Ab,
RGN, 2 RS IR— 2 IR BK 36 BE 11 3SR AR AE v] HERR R AR b AR [R] )2 (8] - HOK 25 57 TEIRA
W55 EDM 3 3253 X6 7K 43 F- 40 e 0 A 25K SCERR M TR 9 K - R BEZ IR
3.2 EHHOKGSEHEGSR M ECR

Maestre 251" 45 H7E A4 BRAEAR B o £ BARE 9 R ER AL R 5 R K BRFI M REE R Z TR 5
N RRG AN E LK i —e 4R 5| K R HRCR DL R A P A B A5 7750 R AR 55
GRS e 4T IE LARE AR A A AR AR R 7K 4 B 35243 et 7K 43 6 i 157 A P ) 0T B A B EDM
FEA KRBT L X GRS B A A S R G L5 DB B R . Amodor 2517 IACH , - HEK FIRR R4
I3 Z A1 HURE G 2 38 5 7K IR 0 IR 49 A Wi A B 5 35 43 Rl A S 2 BAE TR SE 3, 98 R 3R,
TEANTR K 4346 BE T 338 HILIR 5 & T i B AR , YAEAE 3 e (3 2) . T Minkkinen F Laine! " A K+
SR I IT S50 3 SR RS O 1 k) SR W e, TR % A8 ML SR AR A0 i CO, IR ICES 3, ABESE L
L2+ 252 R BT e S e B7E 13 )2, A PSR 38 B K 2 T B BRI, 5 AR AAAEAS
— 5, AT 3P A Y fE P BR300 B FEBR A 1k AR A LS A R HA F A Y R )
WF5E & B, EDM AV R o PRI R R /- 3 . 45 EDM L3 + 20K 40 & i, (0 R e ik a7k
LI AR IA WL A RIER , X 7] G S 7E R AR A +)2 HHOK 2 22 R A B E BT, & R YR &
XF 245 KB AR 0—20em TR PEEREA DG, AH LS, EDM HIEFR A o B (A S AL
SRR ) B bRy 75 8 (4 A ) 76 AN RV BB B2 AN K 20 B 1 R 6 B [0 A ML B 25 = A [R] 14 43 A R A0E
Ohrui %5 AR AR TR 28 [ B Y 3R P Ja T BE RS [|] A9 A HILEUZE FK AR AR AN TR] . L1 A 12 )2
TS AS B A 43 o K R N B BT, A T SR 0 3 o I v TS T S R Y PN A5 R ) 25 R
% . Stanford 1 Epstein' " I\ KB +K & BT, E0 (Ll 5 R s i RE L T R i, B 3K & R
D 2 22, SR 4 A= K 2 v e (I A U B BT BE 2 RN R A AR RV E T Ik L, X i
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