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25 FER e AUK SRR RRAR, AT TS R E i 48 A LRUAH AR Al MR MK A A A R SR | B A ) 26 R R AR
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LU AT BT A SRR - (1)5 Fivbk o 28 BUHG 75 W e KA /K LI TR A A v A I o, 38 T A A B 3 S T 4 bk o3 2 G 95 )
IR R AT A 35 2 5, P4 3 TS5 F 7 (4. 038 + 0.497) t/hm®> IR AL (3. 583 + 0.521) t/hm®> #1525 £ 7
(3.243 + 0.455) t/hm’> IR (2. 841 = 0.656) t/hm*> 1M (2.272 + 0.580) tv/hm’, (2) HHER A /KB HET b3 Bas
IR (180.59+ 14.83) mm > FPRBEEEA! (173.84 = 18.06) mm > PR EE A (169.27 = 13.20) mm > {RFF R (162. 57 =
8.79)mm > jFHHY(150.77 + 5.08) mm, i FESH UM S5 IHAR 4 PR Z MIAEAE R E 225, (3)6 WML 7~ Vb =t HE T
3 ELEE I (360. 07 kg/ hm?) < FPILEF B #1 (577. 08 kg/ hm®) < W5 % i #0 (625. 98 kg/ hm®) < K% & £ (878. 51 kg/
hm?) < 3% #(1026. 74 kg/ hm® ) ,5 FFAARMO A =YD 10 2 [0 I 7F 70 B B Tl B 22 5
SRR P B X5 AR B3P bR 5 385 PR A 2544 5 K SCBRUR

The suitable stand structure and hydrological effects of the cypress protection

forests in the central Sichuan hilly region

GONG Gutang, LI Yangiong, ZHU Zhifang, CHEN Junhua, MU Changlong” , WU Xuexian, ZHENG Shaowei
Institute of Ecology, Sichuan Academy of Forestry, Chengdu 610081, China

Abstract; The study area is situated in the central Sichuan hilly region. Due to the long-term deforestation of natural ever-
green broad-leaf vegetation, this area had been suffered from soil erosion over time and was regarded as one of the most
serious eroded region in the upper reach of the Yangtze River. In order to mitigate soil erosion, a large area of cypress
( Cuppressus funebris) protection forests was established starting early 1970s. However, the current cypress forests were in a
quite poor state in terms of stand structure, natural regeneration, stand stability, product supply and ecological functions.
The objective of the study was to identify optimum stand structure aiming to improve soil conservation functions of the
cypress monoculture. Through the survey of 48 sample plots and analysis of the relationship between canopy closure and the
coverage and biomass of shrubs, grasses and litter, the canopy closures of 0. 6—0.7 was regarded as the most suitable one,
and 5 stand types of cypress monoculture was categorized, that is, low density type, medium-low density type, suitable
density type, medium-high density type and over-dense type. The following results were found through a comparative study

of the hydrological effects of the 5 stand types. (1) The maximal water-holding capacity of the litter in the 5 stand types
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depended on the total litter storage, and it ranked from higher to lower as: suitable density type (4.038 + 0.497) t/hm’>
medium-low density type (3.583 + 0.521) t/hm’> medium-high density type (3.243 = 0.455) t/hm’> low density type
(2.841 = 0.656) t/hm’> over-dense type (2.272 + 0.580) t/hm’. (2) The maximal water-holding capacity of soil was
in the order of suitable density type (180.59 + 14.83) mm > medium-low density type (173.84 + 18.06) mm > medium-
high density type(169.27 + 13.20) mm > low density type (162.57 + 8.79) mm > over-dense type (150.77 + 5.08)
mm; and the suitable density type had significant difference with other four types. (3) The data from runoff plot observation
for six times of rainfall has indicated that the sediment yield of the 5 stand types ranked from lower to higher as suitable type
(360.07 kg/ hm’) < medium-low density type (577.08 kg/ hm*) < medium-high density type (625.98 kg/ hm®) < low
density type (878.51 kg/ hm®) < over-dense type (1026.74 kg/ hm’) , and significant difference existed among the 5
stand types.

Key Words: Central Sichuan hilly region; cypress protection forests; suitable stand structure; hydrological effects
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S A S O N 7 N b e N = O D B 8 AL o WU A P/ e ¢ ) S o111 % D O e A R
THRE BRI ST 2 TEAE T A2 A0 2L B 4 8 Tt &% T X VR A R A 2 AR AR 5 AR 2 3 ot 1A A b4y
I PA] B ] B8 N T AR R ARAR 22 TR AR AL | J2 S B T ali bk i) AR ARIK B A 8 F Btz — 10
VAR, — B2 B T 3 T AR R B AE i bR 3 2 4 25 R G SRR AR 2 My T ARV 5 R4 AR T b
BEAE R G5 R AR Y B 22— AR SO B XK T AT A 5 47 bR 22 5 a0 A 65 ) 1 4 A S B
TR R R R SEARAR A3 283 B K SCRRIE AT T LU 5, SR A T R MR Bl 9 iR Bl 2 B R I S %
A
1 WRMESHEFE
1.1 WS

RS DXASE T DU 23 s P | SR IR o B M8, T 4K 350—700 m, 3% X o IV AT e i 2 XUk, AR 23R
FE13.7—16. 1°C AEXIRERT & 800—1200 mm, FEAEHTE 5—8 H , HEEHZ FE KD R A ERWD S
TUA A, BIELERE N E ) KON BRI R A S RS, AR MY 2 8 o A0 DA A A 22
20 2 70—80 AFAR KL rpfcal i TR B @ N THIARLIMR, H T, KRZHIAGEMAR S %5 B i K, PR
B AR, RAREH AN R, K B4R RE 15817
1.2 WUk
1.2.1 FEHiZE

BEPE 25—35 a MAALIAR, 530 AS [RVAR PA B2 AN [7) T A 55 58 R A 55 6 ) L 780 o B 15 e el A8 A 32 0
T3 R FAXT AR RELR L AR B = et el i A B/ R RS B T 5T SR A AR AR AR M 48 A~ MRS
FEHUARIH B BEAR TS WA 35 B M AYE W) 55 8 5 48 AR ZEMAE LRI 4> g 5 FhARAPSEFIZERI (K1)
1.2.2 FERFNGY) & LAY

FE_ 3R 48 AFEHLE DU A AN E S AN 2 m x2 m BRI A EA RIS 56 R A R EEAREE T A T A
WE 1 mx1 m/IMEJs TESREAAE YRS 56 B R = B, DA SR o ) i B REE R, ER 3t 25 AR, REAHE )
G bR R R 58 A VE 3 AR S IR R S 2 o3 R SR AR E B T I S5 3 7 80 CLAH
Ht S e R S TR PRI HEBEEOR ARG YR pA A AT R O AR AR A S B T kiR
24 h JEFRRE, TMERTEDIRKEE S MYE YRR R KR (vhm® ) = AYEPIERE R ( vhm®) x KT
BRFFKFE (%),
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R1 MAKRAWHKS HEHEEE SR

Table 1 Structural characteristics of different cypress stand types

J5H! Stand type LEFFFAE Structural characteristics FEHLEL No. of plots
| i HIAIRE < 0.4, MERERE > 50% , HARMEE < 45% MiEPEE > 60% 5
1T v e £ ABHAE 0.4—0.6 ,HERFTIE > 50% , FARE > 45% Wik E > 60% 9
I 38 25 i ABHIRE 0.6—0.7 KR E 35% —50% , AT > 45% Wik Wi > 60% 11
IV s S A ABFARE 0.7—0. 8, ERTEIE 20% —35% , AT > 45% MV W35 E 50% —60% 15
V i ABHARE >0.8 , HEARTE < 20% , WA < 45% ,HiVEYHE < 50% 8
I : low density type, II ; medium-low density type, Il ; suitable density type, IV: medium-high density type, V : over-dense type

1.2.3 e ELM: ORI K i

BEAREH R 3 ST, SR I FR T1 48 0—20 cm F1 20—40 cm P2 BURE | I 52 398 28 5 F0 3L
B, IR O 0] 43 R B LR R R AR AR B A LR A B A 2 B, o REK R R Dy - 4
WK O T R, SRS — DL 40 em )R REEHEIN KR,

W._=1000P.H ; W, = 1000P.H ; W, =W, + W,

K, w, W AW A0 K A RN K B (mm) AR IEK R (mm) A FIINK & (mm) 5P, P, 53 51R
EELBRE (%) AEBEIBE(%); H W H)ZHE(m)
1.2.4 RS-0

FE S Fpbfsr 2 H PVC BERIGEHET/NMX ) NX R 2 m x 4 m, W2 A R 2500 R, AR R RS

AR =V 4L{J|L/J\|:|3TM/\?E$/]€§#5I\,/\/%\ FRM AR —EL
2 ZEREHH
2.1 PP RE S R e N

48 AFE AR A FE 5 HE A Yy i 045 S5 2R o HER A W et AR 53 A8 P R S R sl ), B AR AR it S AT

P IR (B 1)

Y =— 3.5159X + 4. 0629 R? =0.8623 (n=48) (1)
Y =— 6.7882X> + 8.0228X — 1. 0464 R® =0.7338 (n=48) (2)
A X AR B, Y 43 B N RE AR B A A= B
X (2) gk A . Y =— 13.5764X + 8.0228
Y =0, X =0.59, BIARSMEBATEE R 0.59 B AR YRR, MM ERIA FE L 0.7 LIE , BARLE

Py pRE R
48 /e HE AR REAS 35 JBE S5 AR AT B8 A 4045 R T - DR AR i BE 5 AR AT B8 S ) A 9 R SR G, T AR S
TIRPH B LR (K 2)

Y =— 90. 288X + 94. 128 R? =0.8657 (n =48) (3)
Y =— 415. 19X> + 496. 13X - 82. 552 R® =0.7549 (n =48) (4)
o X SRR EE Y A3 B R E AR R B A 2
P (4) Rk S5 7). Y =- 830.38X + 496. 13

A Y =0, X =0.60, HEIAKIMEREEE Jy 0. 60 W, A 36 BE Ok, 520 2 J1HA 45 0

BFFE 2B KPR AR AR AR ARE AR 35 AN BN T 30% % HARAR (3), ﬁ%ﬁﬁ BB A B N
0.71,
2.2 FHRFABE S A5 Y a5 B N A )

48 MR HIARIA E S5 A 75 ) 5 B A A= W e UL A 2R W AR ) 5 B AN i SR R SR e R (R 3)
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Fig. 1 The relationships between canopy closure and shrub and
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3 MOWMAESHENESEMENE
Fig. 3 The relationships between canopy closure and litter’s coverage and biomass
Y =— 357.22X° + 414.2X - 48. 159 R* =0.7858 (n =48) (5)
Y == 7.7225X* + 9.5972X - 1.0453 R* =0.5387 (n =48) (6)
X ARIIERE Y 3 0 A T ) B R W
X (5) R A5 5 Y == 717.44X + 414.2
Ay =0, X =0.58,
X (6) R T35 Y =—15.445X +9.5972

LY =0, X =0.62, H, MAESHEEAE 0. 6 ZEAT B Al Py 2 FE A W) e K

ZRGHRPA B S RER 5 BRI AE A AR PAE 5 R A 5 B RN AR W e BB DA BE 5 A VR ) 55 B R AE ) R OC RO
F, N THIARF P RIS AR FEAE 0.6—0.7 Z I H
2.3 R[RIBRGT GRS AL K SR
2.3.1 MEWAEY SRR

5 ARG G5 R SR A TE AR B AR 55 B 25 S 0K AT ) AR W R I W W 22 5 0 6 B A ARG 2R B
4 2.317 vhm? | 33 BRI RIS Y A Wi A 1,304 vhm? | 38 BG5S BUAR > 5 HE 4 RhAR 2 BIAS 754
YRR EES (K 4) , DR ,S PRk o 540 25 B I ) e KRRk G Gk T AR Al P W A2 I i 38
HEAH RIS G5 HE 4 bk o3 2R V5 W) B RFFK AP A 0 35 22 55, HEJP 45 R Oy - 1 H 45 # U (4. 038 +
0.497)t/hm*> HILE EER(3.583 + 0.521)v/hm®> HE 2 ER(3.243 + 0.455) v/hm® > IR R (2. 841 +
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0.656) t/hm*> % (2.272 + 0.580) t/hm’,

ORMRE  BYSWE O
3.000 50
a o~ 45

&

2.500 |
20001 ¢

1.500 |

K& PRk

Litter water-holding capacity/(t/hm

1.000 -

Tl e
Litterbiomass/(t/hm?)

0.500 +

il 1 il
FRA 2 Stand type FRAr2 A Stand type

B4 AEHRSEBRBEYEYEMNFHKE
Fig. 4 The biomass and water—holding capacity of litter in different stand types

2.3.2  LIEYEYE UM K R

IR GERG ISR RS 3B T AR 2 TR 2 RGP J2 0 SR IR XM b+ 7= A R TR s, 36
2 R 5 MR R 2R 1 0—40 em JEBELBREN AR EZS , KT il E 4R (6. 84% ) >
R L (6. 10% ) > (KB (5.26% ) > TR B B (4.70% ) > 1% (3.82% ) ., 5 PR Z5 RIS
TR B K i 2 AR S 3 25 55 T LAGE LA A B A K AR ANIE K S HE T il B 45 44 Y (180. 59 mm) >
HR R (173, 84 mm) > H R B (169,27 mm) > (KB (162.57 mm) > 358 (150. 77 mm) , & H
SEF IR 5 HAY 4 FhbRO> 2 () B A7 AR 0 3 25 5 (H rp v 2 B TR R P IR 23 JEE bR 23 2 ) 22 S R i

R2 ARMAAKS LB T EYRERIEKE

Table 2  Soil physical features and water-holding capacity of different cypress stand types

o Y BF At it =3 ) . . P
oy REEBE - BRARE o RARE el im0 mmekm® RrokE®
Stand t Non-cap porosity  Capillary porosity Total porosity p p ,

and type /% /% /% mm mm mm

| I (i girii 5.26+0.69 a 35.39+1.59ab  40.64+2.20bc  21.02+#2.77a  141.54+6.35ab  162.57+8.79 bc
T H i i A 6.10£0.67 b  37.36+4.36a  43.46+4.52b 24.42+2.69b  149.42+17.42a  173.84+18.06 b
|| BTN APIA 6.84+0.51 ¢ 38.31+3.42 a 45.15+3.71 a 27.37+2.06 ¢ 153.22+13.68a  180.59+14.83 a
IV g i R 4.70+0.59 d 37.623.17 a 42.32+3.30 b 18.79+2.35d  150.48+12.68 a  169.27+13.20 b
A\ or3ii 3.82£0.55 e 33.88+1.33b  37.69+1.27 ¢ 15.27+2.22 e 135.50+5.31 b 150.77+5.08 ¢

(D non-capillary water-holding capacity; @ capillary water-holding capacity; () maximal water-holding capacity

2.3.3 BRRSmE

TEHES FhbRk 245 F 2570 1 LR T BB 158 2 mo x 4 m IR ISPA S UL /N X %F 6 Y SHL TR 48 T 1) ) &4
W 3 Fon, 5 PRI 2= i = b i B — Sl s, Hod, = v HE P N Il B A5 A 7Y (360. 07 ke/
hm?®) < HPREEEE R (577.08 kg/ hm®) <FP R 8 Y (625. 98 kg/ hm®) < K% JE Y (878. 51 kg/ hm?) < %
(1026.74 kg/ hm?) .

B REAS ¢ K55 43 BT R T <5 bR o3 G AR A v SR AP 2 3 AL 5 v vy 28 B AR IR TR TG 26 ) A, HAR A 2 (1]
FEAE D3 B 5 25 5 5 T 5 FPAR 3 G5 A S P Vb s AP e B il 5 25 5 (3R 4)

AWFFELEE TR AR 0.6—0.7 HEAK T 35% —50% HEASTE B> 45% 38 T 45 F AR 37k +
5T fE s AR E>0. 8 MEARTEE < 20% FEATEFE < 45% Wi BRI e 2
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%3 FEMRAKS KB R BRI E
Table 3 Surface runoff and sediment yield of different cypress stand types

I (&% 2R LD IT A i J3 2 ML 38 E 454 7 SD IV i 2% FE 2 MH V%% 0D
Wi e RTjiH BRE Rl BWE R BT Rl B R [EXRZN R
Rainfall Runoff ~ Sediment ~ Runoff ~ Sediment  Runoff  Sediment  Runoff  Sediment  Runoff Sediment
/mm /(H;Wnﬁi ) depth  Yield depth  Yield depth  Yield depth  Yield depth Yield
/mm  /(kg/hm?) /mm  /(kg/hm?) /mm  /(kg/hm?) /mm  /(kg/hm?) /mm /(kg/hm*)
20.7 0.04 9.8 94.08 7.50 61.50 7.40 36.26 8.10 76.95 10.30 103. 00
32.4 0.18 14.9 168.37 13.50 117.45 12.70 68.58 14.10 129.72 15.30 180. 54
38.5 0.25 13.5 156. 60 12.60 107.10 11.20 63.84 14.40 105.12 16.30 202.12
42.9 0.07 11.2 108. 64 10.40 79.04 9.60 50.88 11.10 91.02 12.60 134.82
56.3 0.03 13.5 140. 40 11.40 85.50 10.10 63.63 12.80 88.32 14.30 167.31
74.1 0.05 16.7 210. 42 13.90 126. 49 12.40 76.88 15.50 134.85 17.70 238.95
A1 Total — 79.6 878.51 69.30 577.08 63.40 360.07 76.00 625.98 86.50 1026. 74
F4 TRAMAHRSERREBFRMF=DEHT  RIEH p &
Table 4 P values of paired t-test on surface runoff and sediment yield of different cypress stand types
PP Stand type T iR fE Al T iR i A | Bk Al IV e 2 A Vi ##!
I ik g Al 0.0067 ** 0.0023 ** 0.1784 0.0181 "
T v 285 i A 0.0018 ** 0.0008 ** 0.0036 ** 0.0010 **
|| BEN AT apin 0.0009 ** 0.0012 ** 0.0018 ** 0.0009 **
IV i o A 0.0038 ** 0.0361* 0.0012 ** 0.0003 **
Vil ##! 0.0031 ** 0.0007 ** 0.0005 ** 0.0034 **

XA EARFORARRIR ¢ K56 P B 42 FRRRAR Uit ¢ 130 PAH; = 3ROR P<0.05, 253 W3 + = FK P<0.01, 2R 3%

3 i
3.1 HRMIRE S RERE)ZAR L

ARSNGB S HEA | B A Wy i 56 8 0 2R M & RS 4 BRI v e g XN T A A 4l Mo ‘i PAT 3
4 0.6—0. 7 ; TERLABIAT BEE Bl MR MR REAR IR A APl i F 3 55 I8 |, 5 PR 1L S AR A
WRTT. I Y A A AP 430 8 o AT VR 0 14 R i R — 370 S W A A AP bR e s 0 5t R« St 4
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