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Effect of reforestation with different tree species on soil water-holding capacity in

western Sichuan province
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Abstract . Reforestation of dégraded ecosystems (e.g., cut-clearing area or degraded secondary shrubland) is an important
forest practice to restore the soil ecological function. However, there is scarce information about the effects of conversion
from shrubland to plantations, of different tree species on water-holding capacity of soils. To evaluate the effect of
reforestation after-conversion from coppice on soil water-holding capacity in the eastern Tibetan Plateau, four plantations
stands were /selected ( each 28 years old, 1987—2015), each with a different dominant tree species ( namely
Cercidiphyllum japonicum, Pinus tabulaeformis, Larix kaempferi, and Pinus armandii). A native broad-leaf coppice was
used' as the control./The four plantations were cultivated on similar site conditions, by using the same patterns of planting
and management practices. We determined the soil bulk density, soil porosity, and soil water-holding capacity. Correlations
between the soil physical index and the stock of litter in the forest floor and fine root biomass were used to elucidate the
factors that influenced the changes in soil water-holding after replacing the native shrub by different tree species. Our results

showed that compared with native broad-leaf coppice, either the deciduous or the broad-leaved plantations ( C. japonicum
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and L. kaempferi) better improved the porosity and water-holding capacity of soils. In contrast, the evergreen pure
coniferous plantations ( P. armandii and P. tabulaeformis) decreased the porosity and water-holding capacity of the soils.
Low rate of litter decomposition in the P. armandii and P. tabulaeformis plantations hindered the turnover of organic
materials forming soil organic matter, and this may have indirectly contributed to the lower soil water-holding capacity, via
influencing soil physical porosity. Additionally, the fine root biomass in different plantations may be an important factor,
since it too can alter soil physical parameters, and thus, further affect the soil water-holding capacity. Our results
highlighted that reforestation in a degraded ecosystem with the aim to restore soil water-holding capacity should-avoid
planting pure stands of coniferous tree species. Deciduous or broad-leaved tree species are appropriate tree species for

improving the soil structure of monoculture plantations in the eastern Tibetan Plateau.
Key Words: reforestation; ecological restoration; plantation; tree species; soil water-holding capacity
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1.1 AFFIX [ R

SEYGRE MR AE P R B B Ll AR 7S R G0 ST 0 (103°547E,31°42'N) BFIE , V4K 1826 m,, fff
5 DX b ALR DU )1 23 1) e e P Ay, R DT L DX A B R YT 30, BT AT 758 B R 9 3, S Ly b Y S A%
AESER SR 9.3°C , M E i 30.9°C , M i - 13.5°C , 4F H FEII A 1373.8 h, 7R 200 d, 4F 2 [
ik 825.2 mm, AFZE K 968.7 mm' " ST LB T MR IR AR Sk w1 LS X BURAR 3R IR R A B 2 8 S
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1.2 FEHEEAE N

F 2015 4F 8 A BT SoH A e 883% B ( Cercidiphyllum japonicum) , JHFA ( Pinus tabulaeformis) , & 1L
( Pinus armandii) , 7% "5 (Larix kaempferi) 4 Ff TR, IR A= 75 & iH-E M\ ( Native broad-leaf shrub) S B
v A B g v R AR A 9 R A I AR A T SHA AR LA Dy SR AR A E AL R
(Corylus heterophylla var. sutchuenensis Franch. ) F3% MM ( Quercus aliena) 321", N T MM B AT, 322
LRI N T R VR S PRRME A 5 T B U A L b v I AR AT IE AN, I 1986 4R FHAR IR AR fR )5 , 1987
SRR BRI R % A 2500 A%/hm® , J5 BIARAE B0 IR G0 HEA T8 M AME 0 o N TS A B Y A R 2
I A TR AT AT L

AR AR Y BE 31 A Rk SR A A AL, A b AT PAD 88 A8 Ak L R 5 AE 809%—98% =2 IH] , i
TR e 5t 2 IR ARG BRAT S FE A T 1500—4500 #&/hm” Z [8] (£ 1) , MM 0—20 ek JZHIRA Y2
S (P<0.05) (£ 1) R s, AL, HA N TMAE L 522 F R B3 (P>0.05) , 25 FHb ] 4F
PR R 22 AN K (3R 1), A RE IR VR ) I A7 A 10 3 22 5 (P<0.05) , B LLIAS BT 1o 25 K T ity i
F W S HEN

F1 MERXFEREBEREME R

Table 1 The basic stand information of different secondary vegetation in this study area

%73 - o N W g MM AR REYICE IREYE
- . W e B A N
N TR Elevation/ 3] Slove/ g C Tree DBH Stand Annual Storage Fine root
Forest type m Aspect (nz);z ) (_)I,)e lanol]t)y height /em density/  litter fall/ o litter/ biomass/
posttion - Censty /m (K/bm?)  (Vhm?)  (Vhm?) (V/hm?)
r— A ‘
LW . 2050 Pk 14 HhI 0.88 10.2 11.4 1500 3.6 10.76(2.61)b  1.61(0.66)a
Cercidiphyllum japonicum
A Pinus tabulacformis 2060 Fidt 10 iAo 0.95 8.4 10.0 3500 42 24.07(237)a  0.57(0.21) ¢
AE1# Pinus armandii 2080 [liE]4 7 g 0.98 9.8 11.1 4500 5.1 24.93(3.49) a  0.67(0.33) be
IR Larix kaempferi 2085 Fidt 17 gl 0.80 11.3 12.9 2500 48  12.48(4.86)b  0.68(0.38)bc
2000 [iiE[ 25 ik 2 0.85 3.0 52 — 4.4 8.19(7.84) b 0.85(0.29) b

Native broad-leaf coppice

FIH S N R BUEFIR APRUEZE n=4; J5 /NG 7 BT RIRR I LRl — 2 ] 22 SRk 21 B35 k-

B+ 3T L B HE, 4 pH (E7E 45 JC i 35 22 5% (P>0.05) (% 2) , MMl -4 ¢ NP &
225 W E (P<0.05) , 38 Ml 4 E BRI VR AR GEFRE TR RN ) K75 T DA 8 STk (4
LI THIRA ) 3 MR | 4 i A e 18 2 1 25 K T A AR b ( P<0.05) |, AR 8 35/ NF HoAth A b ( P<0.05) , T
IANE TR N TARHL 22 R R 35 (P>0.05) ($22) . FEASHRHBZISHY | AR b % 25 8 R F s N AR, 75 AT
M R b Y RS D I AR T A TR, A A LA 3 AR R M ] - A A
FEF(P>0.05) (£ 2),

£2 ARAAIHZERE 0—10 cm B HIEERMER

Table 2 Soil basic properties in 0—10 cm depth in different plantations and shrub land

Bk A B Fois _ Fﬁﬂlﬁ?}% ot e
Forest type pH Soil bulk dfns'ly/ Organic C/ Total N/ Total P/
(g/cm”) (g/kg) (g/kg) (g'kg)
EFEW Cercidiphyllum japonicum 5.27(0.05) a 1.21(0.09) b 39.40(11.36) a  3.43(0.83) a 0.50(0.09) a
TEIEHA Larix kaempferi 5.09(0.19) a 1.08(0.08) ¢ 42.15(3.05) a 3.50(0.16) a 0.35(0.02) b
21K Pinus armandii 5.14(0.19) a 1.21(0.07) b 25.75(2.44) b 2.14(0.08) b 0.29(0.06) be
SIS Pinus tabulaeformis 5.08(0.20) a 1.31(0.03) ab  23.35(5.29) b 1.95(0.52) b 0.23(0.02) ¢
WEM\ Native broad-leaf coppice 5.27(0.29) a 1.39(0.06) a 47.03(1.14) a 3.62(0.11) a 0.31(0.02) b

TGS NI EUE IR NARIEZE n =45 TN FREAR ) R W R) — b J2 A0 T 7] 22 57 oA ik 1) (2 38 /K P
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1.3 HHERRSCRAE

2015 4F 8 J A7 - R S R AR TR PRI BENLAT 35 4 AN 3% Z2hRfERE 1L, 4 M 2 1] [ B& 2270 50 m,
AR E 1 AN TR (10 mx10 m) , TAEADFENEE b o R 3 > RHERME A, 7 RHERA
ABFHE B E A 1 mx 1 m P TE AV DI T R VA ) 0l I 5230 2 65°C 4t T R fE I PR Al 534
EERE, T&LHOREESIZE 1A B350, % 0—10,10—20 cm & 20—40 em3 NZE KR ERT]
+. B REES  HERNS em 15502 (0—10,10—20 cm F1 20—40 cm ) K5 H3ERES [F—FE IR0
[l — +JZ2 TR SEEL 1000 ¢ FEIR A FE . BHR GRS IT 2 mm LT 2Bk A1 6k , 4UAR A T15 309, i 5
Z 65 CH T B EIFRE M BE MR, AHS 0 AR 2548 i B ], BT B it KUK
T, T 5E + 5 pH, HHEAPLIR(TOC) 2R (TN) 4 (TP) Z45%5
1.4 F5bRIE

BRI 2 S IR AR AL B Y P A SRR AT ) BT e SR K FR )
P e LR AR BELIRE S FLR R B RK S SR bR ; 1 pH SR (K 1 H2.5:1)
PR P T-IN AE ; 1338 TOC Al TN SR HITZE /MY ( Vario Macro Analyzer, 75 ) 3¢ ; TP SRIHBRIASHEL T L (A7
1.5 b

Xof [7i]— - 82 AN [RIAF A A 1] - SRR AL T 25 S H8CR P B R 22 7725 73 B ( One-way ANOVA ) |, X [] —AE 28
TN ANA] 43382 18] 3 FRALFE AR R One-way ANOVA 43477, 22 55 P KGE6 K FH Duncan ¥, i 3 KR P<
0.05, THEYIIRHEREbR S5 IR I AR AR W) SRR AR DG A W R H person AHIE ST (SPSS 20.0)

2 EERSH

2.1 AR A LB i 5% 1

M 3% 0—10,10—20 em F1 20—40 cmJZ B ALBE 53 514 T 47.72%—63.71% ,40.08%—51.83% Fl
37.87%—44.84% Z 8] , BIHEM K 54.08% 42.93%F1 39.48% , 4%+ )2 0] + 3 MALBR 2% 55 W3 (P<0.05) |, Fifi
& T IRIREE AR MRS (2 3) o AFEFNEAR D 5200 T 138 S SLBE (P<0.05) 75 0—10 em 2K, i HK
O T I RFLBREE | EER AR P A TR 2 = T RN (P<0.05) , 76 AN T ARER IR, P50t

R 3 AR THRFN AR R i+ 1 5 R 4 A RRE

Table 3. Distribution of soil porosity in different plantations and shrub land

" o oum | Ovmx  vename
Forest type Soil depth/cm Total porosity/ % . -
porosity/ % porosity/ %
T Cercidiphyllum japonicum 0—10 54.18(3.46) Ab 48.45(1.81) Aa 5.63(0.72) Be
10—20 51.83(1.55) Aa 40.07(4.94) Ba 8.29(0.69) Aa
20—40 44.84(4.33) Ba 35.71(6.50) Ba 5.15(1.52) Ba
54 Lars kaetpferi 0—10 63.71(3.25) Aa 46.07(1.81) Aab 13.69(2.09) Aa
10—20 40.08(1.89) Bb 37.58(1.88) Bab 3.33(3.38) Bb
20—40 37.87(1.11) Bb 37.30(1.64) Ba 2.16(0.46) Bb
PN Pins armandii 0—10 54.19(2.71) Ab 43.11(3.17) Abe 10.75(1.34) Aab
10—20 40.00(1.89) Bb 36.02(1.77) Bb 3.58(0.29) Bb
20—40 38.23(1.48) Bb 34.71(1.64) Ba 3.45(0.92) Bab
JHMAA Pinus tabulaeformis 0—10 50.61(0.91) Abc 41.75(2.47) Ac 9.16(0.97) Ab
10—20 40.67(2.37) Bb 38.37(1.62) Bab 6.57(1.48) ABa
20—40 38.37(3.27) Bb 37.07(1.01) Ba 5.74(1.52) Ba
T\ Native broad-leaf coppice 0—10 47.72(2.21) Ac 44.20(3.81) Abc 10.29(2.87) Ab
10—20 42.08(3.67) Bb 38.15(1.58) Bab 7.32(1.51) ABa
20—40 38.11(1.44) Bb 35.11(1.36) Ba 4.20(1.48) Bab

RS N EIE IR NARIEZE n =45 /NG FREAR R R R) — o JZ A Tl 0] 22 57 R 3 B R 25K, S 7 R TR 2 W G [ — A A A [

A PR SUNTITE v/ S
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5002 JAE = 378

PN T AREE L+ 398 B LB I 2 7 T HA A TAK(P<0.05) . 7 10—20 cm F120—40 em 1 )2, 7% F WAk + 35
SAFLBRR R T A A ( P<0.05)

Sk b A LR TR A b (] AR AL R 35 S LB EE AL, i3 3 AT L, 0—10,10—20 em HI 20—40
em HZBE LB DN T 41.75%—48.45% . 36.02%—40.07% H1 34.71%—37.30% , LI{E 53 5] Jy 44.72% |
38.04% 1 35.98% (£ 3) . TIEBEFLBTE A HI )2 A 22 5 3 (P<0.05) , Fi 1 )2 R B 38 mmimi/h . 76
0—10 em JZ, T B FLIE T bt K, 35 5 T AREHE (P<0.05) 5 75N TR AU 2 [i] , 3% 740 A 1l Id
i T AAE L FARE L (P<0.05) o [FIAE, 7E 10—20 cm J2 , B F AL HIE B LR R, B & T8
ILIFAREHL (P<0.05) , H 5 B AR S HEABA B35 255 (P>0.05) . 20—40 cm ]2, &40 [R] + 1 B AL T
W E 25 (P>0.05)

ST IR BE LI, & e 2 B ERT FE(P<0.05) (£ 3), 13 0—10,10—20 cm H120—40 cm
AR LB A AT 3 A N 5.63%—13.69% 3.33%—8.29% Fll 2.16%—>5.74% #4143 314 9.90% .5.82%
M4.14%, #£0—10 cm 2, HHEAEBEFLBRIE M WA R, AW e/, 300y 75 AR > FE LA > E A > THIAA >
HERER . 75 10—20 em )2, EFW I SHENZ B 22 548 B3 (P>0.05) , H 82 KT LA B 75 v #s
FEHL(P<0.05) o 7E 20—40 cm JZIK THAS GEFR S, T AN B HE N 5485 N TRz AN 35 (P>0.05) .
2.2 ARG 3 S R5EKEE 1 5001 052

A 1 AL, 0—40 em JZ R F R ERK I 7E 4R i 0] 52 Y I 35 2257 (P<0.05) , 2 AW 75 A5 FE bt
HERTAENS A B HEM (P<0.05) . 0—40 em 2/ IR B FKE SR KR K E ML, & F R &
WBERTUHEN(P<0.05) AL TN SHENZ (0] 22 571 B3 (P>0.05) , 13 0—40 cm 21 AR SR %
TN ERTW B E K TR (P<0.05) FENSTEMATE B 525 5 ( P>0.05) , 7E45 N TAREE M ] | 3% 75 4 1 3%
KT HADEEHL (P<0.05) TR Z AR IR SIS TR 26 5 (P>0.05)
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Fig.1 Soil water-holding capacity in different plantations and shrub land
CJ . B Cercidiphyllum japonicum ;PT . WY Pinus tabulaeformis ; PA . AL 1A Pinus armandii; LK VEHH Larix kaempferi ; QC . % - I - EE A

Native broad-leaf forest

2.3\ AR AKX + 5853 Z 45K RE 01 59 1 152

TSR TR EFL BRI B Uk 2 W B 25 A AR, 3R 4 AT RS RN, & Ak Rk B
f Z MK (P<0.05),0—10,10—20 cm Fl 20—40 cm + )2 & KK 22846 35 B A T 33.03%—48.35% .
24.62%—27.32% 1 23.30%—24.35% Z [] , ¥I{E 5351 4 39.51% .25.67% F1 23.53% , N Tt MRE AL T 45 K¢ b
FHEREKPERE , 72 0—10 em 12, B FW E AR AR LLAS N T AR 2 5 TR AFE L (P<0.05) , FL#E M5 il
FAMAE 25 S AN (35 (P>0.05) , 7E N TORRFEHBIR] , 7 A FE b i 25K T H B AL (P<0.05) , YA KR L i 221K
THEFHL(P<0.05) , Ay N TREEHi ] 4 58 55 KK AT 1 35 25 5% (P>0.05) . #£ 10—20 cm 5 20—40
em JZUR, BN TAR R KR K & 3% m TR AU & N TAREE#L (P<0.05) , HoAx A T ARAS: Hi fi)
WA B EER(P>0.05),

0—10 cm A1 10—20 em 4B KK = {E 73 08 36.16% Fl 25.51% , & A Fl 43 34 T 30.09%—
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43.70%F1 22.68%—32.86% 2 [8] , Y& MK+ 3 T E K B BCEE SRR T N TSR (% 4) , 76 0—10 cm
+ )2 KM TAR IR FKE B2 5 THEMEHL (P<0.05) , A N TAKE 22 %A 1% (P>0.05) , 10—
20 em FEHBIE TR TARKEHD 0 225 THE B A TR ( P<0.05) o 20—40 cm )2, &R ] i) B4

R R B E 25 (P>0.05) ,

£4 TRATHRFERKRME LR ERKERE

Table 4 Soil water-holding capacity of different layers in different plantations and shrub land

- bR ﬁ'szﬁ#{k% %%%m% H AR EkER
Forest type Soil depths/cm Max. n?()lslure Capl.llary Natgral
capacity/ % capacity/ % capacity/ %
HEFW Cercidiphyllum japonicum 0—10 41.28(1.95) Ab 40.14(2.95) Aab 28.73(2.51)Aa
10—20 34.96(2.98) ABa 32.86(1.27) Aa 27.57(0.99) Aa
20—40 27.41(1.04) Ba 22.93(1.06) Ba 19160(1.02) Ba
FEMHS Larix kaempferi 0—10 48.35(3.01) Aa 43.70(2.86) Aa 22.42(1.41) Ab
10—20 24.75(3.55) Bb 23.27(3.45)"Bh 18.37(2.15) Bb
20—40 23.98(4.77) Bb 22.66(7.07) Ba 18.69(6.98) Ba
111K Pinus armandii 0—10 40.25(5.42) Ab 34.50(3.86) Aab 18.36(4.55) Ac
10—20 24.62(0.89) Bb 22.68(0.83) Bb 15.91(1.33) Be
20—40 22.50(1.24) Bb 21.22(1.14) Ba 16.67(0.89) Ba
AR Pinus tabulaeformis 0—10 34.65(2.88) Ac 32.39(1.24) Aab 16.38(1.05) Ac
10—20 27.32(1.77).Bb 24.78(1.51) Bb 16.67(0.86) ABbc
20—40 24.35(1.33) Cb 22.75(1.30) Ca 16.46(0.07) Aa
M\ Native broad-leaf coppice 0—10 33.03(1.14) Ae 30.09(1.36) Ab 27.37(0.35) Aa
10—20 25.97(1.25) Bb 23.95(0.96) Bb 17.38(0.63) Bbc
20—40 23.30(1.58) Bb 21.28(1.15) Ba 17.11(0.6) Ba

F AT S P BB FR WARUEDE n= 45 5 TH/ING TR R DR MR 22 53 5 5] 0 5 KT, RS R IR R W ) — 4 R )
R ]2 5o K 5 AT

0—10 em + )2 AR F KR IAE R22.42% , ZEALIE AT 16.38%—28.73% 2. [0] , BRVE I\ 5 34 T A B iy 15
AR EZFINP>0.05) , He N PR FAR 57K 38 0 25 I8 T HE AR ( P<0.05) |, B3R 8 A 1 > T > T%
HAASHE LA SIS . 7E 10—20 cm +J2 SN 19.00% , /T 15.91%—27.57% 22 6], FEFA A T AL HD 3%
T A N MR R 3 MABERL (P <0.05) , A8 LA 5 35 I T Ho At B M (P<0.05) , FR AR b ] G B 3% 24 5% (P>
0.05) . 7F 20—40 cm 12, &M B AR SRR TC R 2 5 (P>0.05) .

2.4 HIEEEK ) S R o BRI R ) 9 &R

AR OGS BT R B AR i S LR EE B LBRE R RKE  BERK R AR KR &
C.N.P i B &AM (P<0.05) (Kl 2), HEPAIRRAEY B HHAE SILEE BEILBE &K
ik BERKE  AREACRLK C N P & E#A B MmN (P<0.05) (K 3) , KR 2w 5%
R IR A ECR (P<0.05) , SHATERRIEE EMHKEKR (P<0.05), RAREY S5 RHEYIE X
A B FLBUEE AR A R (P>0.05) .

3 e
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Fig.2 Correlation of litter stock and partial soil indexes in different plantations and shrub land
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Fig.3 Correlation of fine roots biomass and partial soil indexes in different plantations and shrub land
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