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Hydro-ecological effects of artificial Pinus tabulaeformis carr. and Hippophae
rhamnoides stands in low mountainous upland of western Liaoning Province, China

WEI Jing, WU Gang"  ( State Key Laborotary of Systems Ecology , Research Center for Eco-Environmental Sciences , Chinese Academy of Sciences , Beijing ,
China, 100085, China).Acta Ecologica Sinica ,2006,26(7) :2087 ~ 2092,

Abstract: Pinus tabulaeformis carr. and Hippophae rhamnoides are widely planted in the low mountainous upland and loess
plateau, and are main species for afforestation in the semiarid region. In order to expound their roles in controlling serious soil and
water loss and the mechanism of role, a study on the hydro-ecological effects of the stands was carried out in the period from 2002
to 2004, using the method of runoff plot set up in different stands and soil physical and chemical analyses.

The experimental stands are located in the low mountainous upland of western Liaoning Province, where the annual average
air temperature is 5.4 ~ 8.7°C, the annual precipitation is 450 ~ 580mm, of which in June averages 238.9mm, the annual
average humidity is 38% ~ 82% . Vegetation cover is 28% of entire land area. The age of Pinus tabulaeformis Carr .stand is 28
year old, and its density is 2825 tree/hm’ , and forest crown coverage is 0.75; while those Hippophae rhamnoides stand is 11 year
old, 8950 tree/hm®, 0.90, respectively.

The results showed that the intercepting rates of canopy in Pinus tabulaeformis carr. and Hippophae rhamnoides stand were
23.08% and 32.28% . The litter intercepting rate averaged 14.17% in Pinus tabulaeformis carr. and 20.8% in Hippophae
rhamnoides stands, respectively. The runoff depths were 2.516mm and 0.893mm in Pinus tabulaeformis carr. and Hippophae

rhamnoides stands while erosion amounts 15.57 t km~* and 0.76 t km™?, respectively. Under the comprehensive action of the
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artificial stands, the runoff depth and erosion amount from woodland were, respectively, 1/20 and 1/50 of that from wasteland,
which indicated the great hydro-ecological functions of Pinus tabulagformis carr. and Hippophae rhamnoides forests.

Litter and died roots may be decomposed into organic matter and nutrient substances with the help of microbe; thus will be
distinctly improved the physical and chemical properties of its soil after death. In comparison with wasteland, the bulk density of
soil decreased in woodland, while the content of organic matter, total N, total K and available K significantly increased. The
physical properties of soil in woodland, such as total porosity, non-capillary porosity, saturated moisture content, non-capillary
water-holding capacity etc. , were distinctly higher in surface soil (O ~ 20 ¢m) than those of soil at the depth of 20 ~ 40 cm. There
was no significant difference in pH.total P and available P among different land types or different soil depth. The non-capillary
water-holding capacities in Pinus tabulaeformis carr. and Hippophae rhamnoides stands were 182.1% and 275.9% times in
wasteland, respectively.

Key words:low upland; artificial Pinus tabulaeformis carr . ; Hippophae rhamnoides; hydro-ecological effects

TRKENFESBKLUEEREITEASHAEERBNHBX , B TREESL , M AABEIR, HEAPR
ok - F R KERE, ERKERE, FEHAIHHRNAFRESRE. KEMREA LS E
WEK,BPERT KHENEREARBAEAM=Z2NEZER WEEH BN BHEURIW =AW
WXBEEAKESL, B, KASHENRE N TFTRAIAERAFTRE RELZREEXERERENIEM.

WA R KERREGRK L REH#ITESKENFTERFFZ—, REMNRAY A RS K R
FRAKWE RFK L RAP AR ES T EA B A REER, B X L B XA T30 AA AR A8 B K S04
BB FHTEBEMR, AUBEITZR K L REEEHITERT, MABB N IE L TFREX AT
MASKERAEBKE. B, 2 XUZRH FEERMAFRAAYHIAEERRNR, BAEXER(E
2 ) A 2SR B 4 T IR AN FEFE R AL
1 MRRHER

KB AR LU B KA T A2 1189507 ~ 121°207, 4L 45 40°24" ~ 42°20", Hisb NS # + B RS MIZ R
GAL, BT LAMKLULER, HEAERY 12867.91kn’ , Bk L Fisk BN 6603. 18k’ , i I 8 &
B 51.3% . ZXBILIRT R EE T RREEZERSME, FBFEKH 450 ~ 580mm, K& 6 ~ 8 A KK G LE
80% Ll b, E¥SIR 5.4 ~8.7C, £ H B i 2600 ~ 2900h, KX F 10C FH 1R 2800 ~ 3500C , EEH X K &
2100mm, X IBE 38% ~ 82% , LFEH 120 ~ 156d. MMM REHRE N 8.82 12 m’, B Fi & N 14800
m'/s, VB H 03 t. KPNBEBLAEILEYRXAMAFRHHEYX AN IES BRAEREY. RE/NE
TR LS HE BB B SRR D E R R IR, RR KT SARBEEENSM AT, IEA W
B AMEEZ, EAEYUAKE T BRFE 4 BE FHESHNE  BRBEZEEN 28%. LEERTE
RIFEEL B EALAXNY L, LREARE, LEEE,

2 MRAE
2.1 BR/PXERE

7E AN AR (PREE 28, 5 BF 2825ind . /hm® , FHIBIZE 6.9em, VW B 4. 7m, B B 0.75; FAIR , 4 15°) .
VAR (AR 11, % F 8950ind. /hm’ , B BIZE 4 . 3cm, FHIWE 1.9m, BRE E 0.90; P, 3 F 24 15°) FI¥E
(Y 102, FHYE B EA 15°)3 MARMEFRERR /DM, MR 100 m° (20 mx 5 m), MHEA KA H 35cm
(#1 Lk 20cm, T 15em) K EHE, £/ MR T HHRIFMMEEZFE, EHET FERBERS, KAMEHEKS .
AMERANERE BERER MERLRRALLGNEERBMAKEEEZREE BENENSTYERITEL
BEME;FRAERTENERRARR - EIHE B . HTEY,

2.2 R CRE AN S bt B R

F 2002.2003.2004 7€ 3 F AR K G HAR R N 5 Fl £k 3 NS LEHE, # 0 ~ 20cm 1 20 ~ 40cm

SEBERELE, ARBEUE LB KE ANRIENE L REE BELRE WASKE, LHAIRE.
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SR 28 20 ENA EXR ERE pHESRAFMARAETENE Y, BiE L RILBREM+ EEE
HELEKE,
2.3 HOE R TEE &

T 2002.2003.2004 B4F 6 AFE 3 MARMEK S IRER AR THERE KAFER W TRREN RN,
WEFTEABRESFREMFRBEARAE)MAAEER . BERBE  EHITEMBEAE 3 THES
WEKRKHER, SR YMSEMME T AR FERANFE 0N TFATMRESUE RN EBET; LK
WA I MRENIFERS IR, EBRTH 12 m LAREZHEEREIRSEN T, E3 I BIW TERKES
RMEMTERE), WEBREEERAR.P.=P-P, -P, HE, X% ,P, INEREE; P IREETE;
P, ATTAW T ERE; P, W FEWE,

2.4 REYLEMFFKEDE

T 2002.,2003.2004 £E7E 3 FhA 7] 3 28 1) 45 B b v 3t P9 1 X £ 288 20 em x 20 em BY/PETT 54, 0 B AL TR
VEWEEFWEETTHREHEY , ENRTHRE, UGHEYRN BRI KESTE, IER S EHAKY
HEYT &R %R AHKENE HRKE,

3 GRAN
3.1 ATHMARYDBRANKNEREERAKTRRE

REFEKBE TS KM BRIFHRRB KRS, ERBALFEKERD ., WERHREERAR
B THTREE, MEBERTEREREY , #E8REaEZW AR W ERD JER B % R EF K
RIBE S SRR SRR RN ABAESSHERER" Y  SBRENERREEIERANER, E4%
a BN MELERCGR DRA, ARERHREREREERBE K. 2004 £ 6 A FEFHE L 2002 F1 2003 48 [7] #4351
HINT 31.7mm # 52.6mm, EEBEH 4S5BT 11.2mm (HA).14.08mm (¥ HR) F1 13.5mm ().
12.72mm(¥ ) . RHE 2 HS 5 FOR43 A7 1] 51,2004 4F 6 F BIFEK & DL B 4 B R T B X B B, BO TR 58 ok, B
B4, FETASFEMR. AT, RRKSBEKESN, EmpoE R E BN FEEH 72 MW R E M % 50 AT,
2002 ~ 2004 48] ,6 H [ K K 238.9mm B , JHAA AR F VD BOAR R o 4R B B 4 5K 55.5mm F 76.05mm, F 1Y
BB RN 23.08% M 32.28% , A 1/4 ~1/3 MK BHAERE, B ARRES, X5 MRS
FEA—F, M 2002 ~ 2004 F R BEFEILCEXA Tlmske A FHRFRKEN 7.96mm, 5K 3.37%
(£1),XE5XM V" ERLELHREROFAEROIMTREREN 12.8mm WK, T HEHEK 330EE
—, ATHMAR TFERERRENERRELAMRAFNEMKTESZ ALNHTERE.

F 1 AEAREAELEBEX A T2 5D 8k 2 A SR ()
Table 1 Canopy intercepting amount of artificial Pinus tabulaeformis carr and Hippophae rhamnoides in Dalinghe River watershed(mm)

Bk TSR Pinus tabulaeformis carr YRR Hippophae rhamnoides
N 6
i O FPE Thmmkm HEREER AGREE WTIAE  SA%  AARKR AOREE  AOAEE
Time in June Rainfall under Intercepting  Intercepting Stem flow Stem flow  Rainfall under Intercepting Intercepting
canopy amount rate( %) amount rate (%) canopy amount rate (%)
2002.6 235.2 162.98 65.1 27.68 10.12 4.3 154 81.2 34.5
2003.6 214.7 147.18 57.4 26.73 6.65 3.1 134.86 79.84 37.19
2004.6 266.9 216.35 43.9 16.45 7.12 2.7 199.78 67.12 25.15
S Ave. 238.9 175.5 55.5 23.23 7.96 3.33 162.88 76.05 31.83

3.2 ATHMHNYBAEAZRYERER

ARBRESREN, ABEYRENEE AR, KBOKEEGRRAR" Y, 2 ABLUEBERA
THmAMDBRAREY R KEBRER, 6 ARWE D 238.9mm, MR A KV EERE 33.83mm, FHE
BHEN14.17%; MPRA T EEDERERE 48.5mm, FHBE RN 20.8%, 2R 2 /M, BRATRAEY
BLABEERC AT ATMAK, XEERO TYBRAEM X, ZHES , HRAER, SXt6tE AN E
BERAR , RA T IR Y508 , BT LABK A R 3 P B ek
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£2 ALARKMIEAEEORER
Table 2 Litter intercepting amount of artificial Pinus tabulaeformis carr. and Hippophae rhamnoides in Dalinghe River watershed

M SR Pinus tabulaeformis carr VBB Hippophae rhamnoides
6 Ak E REMxT6 A HWEwte A
, AEDRER AEDAFR @AEYE
BE Reinfal ! MEORE g X wRER RE® . BORER pxwmak REE
X R Litter Litter . . Litter Litter . X
Time in June . Intercepting  Intercepting . Intercepting  Intercepting
amount thickness K amount thickness K
(mm) 2 amount of litter  rate (%) 2 amount of litter  rate( %)
(kg-hm~2) (cm) (kg-hm~?) (cm)
(mm) (mm)
2002-06 235.2 2378.1 1.9 34.5 14.7 5578.1 3.9 45.7 19.4
2003-06 214.7 2285.9 1.9 29.1 13.6 6425.2 4.1 49.6 23.1
2004-06 266.9 2409.4 2.1 37.9 14.2 6719.3 4.4 53.2 19.9
35 Ave. 238.9 2357.8 1.97 33.83 14.17 6240.87 4.13 48.5 20.8

3.3 AL TARAR U BRI A 59 + SR AL R

MEIREH, BRLEAEZI,0~20cm LEEARE FEELRE BASKENEEERKER
BT 20~40cm 2, HHARHP AT I EYBEERABE TR, IRFRRE LERPHRRAEY
HBENTE R EBEE SR U BRI AR5 35 B 5 K& LT H 43 3 2 57 i 275.9% 0
182.1% , B M 7EAR L1 F B8 XA TARME YD RRFI H A BB 96 B 28 B 3454, B R TR $5 K L, Bl 1k KK 3
Ko ARPIRRY ESRETRNBBERERRTHEBELR ERAFKET, FBELRTHENE
HKEREKFERAENEEMNERT ", B, EERRNPOHRRE B L RIEBEILRERNMER
HTAESRELREKEH KD EERF, FAEHLBEREERITELRE KRR,

£3 ALk, DKM 0~ 40m THYBHRR

Table 3 Physical properties of soil (0 ~ 40cm) in artificial Pinus tabulaeformis carr., Hippophae rhamnoides forest and wasteland
EEELRE HwHSKE EEERKE

+ FE
i;j type Soil fpth Bulk de{njity Tsj l;);f:ty No:;i::im S::;:z:: ::Z:::lg:yg
(om) (grem™) (%) (%) content (% ) capacity (mm)
AR Pinus tabulacformis carr. 0~20 1.23 53.36 7.12 45.78 14.24
20 ~ 40 1.26 52.37 4.73 41.53 9.46
YWB A Hippophae rhamnoides 0~20 1.05 59.3 10.71 57.4 21.42
20 ~ 40 1.09 57.88 8.22 50.95 16.44
Fi s Wasteland 0~20 1.31 50.72 3.91 37.95 7.82
20 ~ 40 1.33 50.06 3.56 36.02 7.12

BERKSW FET JBEMABEY S EE LR AREMNKRE L ENEE VR LS AR
ErEEBEEYW. BRIVEEUHRBAEL, pH. 2N ENBEARMENLEREEEER AR,
2R EHNERHATEEMMRAMY KL BT BER TR, AR —t 2K+ ,0~ 40cm L EFHEE
BELR  HYRAEWMHKAY KRS SR EERT RN, EEBBAET,0~20m RELFHEHATES 20
~40cm TP ERERRE,

3.4 AWM PEBRARRHNEREMRME

£ 54 2002 ~ 2004 4 6 ~ 8 A A TIHMAR AN ARREMRME . WA BN 3 FH2
WESFE 2.516mm F1 0.893mm; T FME D F & 15.57 tkm > F 0.76 t km ; REFEME M B AN FEHE
172081 1/50, R\ HA MR ERE FR P RER ML ERME, AV HNBRBY R L BMATF XFERH
B AR EER HEEM T EBEAERELREAERNER,

4 HFigHitie .
4.1 2002 ~ 2004 4F 6 A FHIFEK K 238.9mm BT , AR YD BRAKR EH E & 3a F39% 55.5mm 1 76.05mm,
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FHEE RN 23.08% F132.28% B AHF 1/4 ~ 173 WEKEHRERE , MATHMBA a FHMTEREN
7.96mm, HFEKER 3.37%. FARIEHEXE D, MENBERYIERAXBEER, PHEEEN 16.45% ~

37.19% ,

a4 ATMBEKDOHEKITTH 0~ 40em LML EHER

Table 4 Chemical properties of soil (0 ~ 40cm) in artificial Pinus tabulaeformis carr., Hippophae rhamnoides and wasteland

% +E %‘fmﬁ £N £Pp £K EB&% ﬁa&ﬂ? ﬁi&ﬁ’

Land type Soil depth pH  Organic inauer Total_N Total_P Tom.l_K Avalla.blfz N Avalla.bl_e P Avalla.bljz K

(cm) (gke™")  (gke™") (gkg™') (gkg™') (mgkg™') (mgkg™') (mgkg')
WA Pinus tabulaeformis carr 0~20 8.5a 12.2a 0.77a 0.6la 27.81a 4.517b 0.038a 5.381a
20 ~ 40 8.3a 8.34a 0.6a 0.63a 25.02a 3.052a 0.076a 4.108a
YA Hippophae rhamnoides 0~20 8.5a 13.87a 0.98a 0.65a 31.98a 7.512a 0.042a 7.033a
20 ~ 40 8.4a 10.62a 0.74a 0.71a 27.7a 5.021a 0.083a 5.056a
Fe s Wasteland 0~20 8.6a 9.89b 0.63b 0.73a 21.25b 3.844c 0.05a 4.007b
20 ~ 40 8.8a 5.89b 0.53b 0.53a 19.87b 2.453b 0.075a 3.501b

ERPA—EHRRAFEHRT BERESHK VP EERBE ANIHBBERILFREANGRAEER, MK AREKRE, The different

letters in the same column shows that there is significant difference at the level of 5% ; The planted forest grows in a natural state.

25 AT D RAKT T R HER A E

Table 5 Runoff depth and erosion amount from Pinus tabulaeformis carr., Hippophae rhamnoides and wasteland

%P BHE Runoff depth(mm)

B4 Erosion amount (t km~?)

HEFEREK

ﬂﬁflil Rainfall in summer T4 Ak Uﬁ% — THAABK YRR —_—
Time (mm) Pinus tabulae- Hippophae Wasteland Pinus tabul Hippoph Wasteland
formis carr rhamnoides formis carr rhamnoides
2002-06 ~ 08 309 2.912 0.795 34.642 15.64 0.9 789.87
2003-06 ~ 08 282.1 2.854 0.908 37.534 14.01 0.99 829.96
2004-06 ~ 08 350.7 1.782 0.976 54.342 17.07 0.39 913.23
T Ave. 313.9 2.516 0.893 42.17 15.57 0.76 844.35

4.2 WHMAPRAZEDBEEER 33.83mm, FPHHEE RN V.17%; M BEAPRAEZYHEEER 48.5mm, 5
BEER20.8%, WEDBEKRIFKRLAE 269.8% ~315.2% 28, ANEETEN2.7~-3.21%, K1 EAE=R
ZH B 0~20cm TRBILEEE EEBELRE MASKEMEBEFKERET 20 ~40cm -2, Hil
MR BEAP X EYEERAER TR, XEFRAERE LKA BEE DI E LN &R 8
BRENER, DHATEMANEEERKESFIRTHA 275.9% M 182.1%, HP+ERANE .28 .2

HHESHSBEOLEER TR,

4.3 2002 ~ 2004 £ 6 ~ 8 H JlH AR ARV BAK 32 F 2
B EA2BIR 2.516mm 1 0.893mm; 1 51t & 2 5l &
15.57 t km > 1 0.76 t km™* ; 22 W R AR 1k B 24 D0 37 b
1 1/20 #1 1/50, MHKABRBRREMRELEWHE

Fo HRLERB(VEHEAEDR. I MOBEER(X)HERH
£
Table 6 Regression equation between runoff and litter, physical

properties in forestland

TRZ, FEZHEWE FEWIRE PR R A
PR R KB MHMABEYER L REM T REEN
R HEERAEOEERW S BT H—
PTHRREARLEREARMEDHRERES

Soil non-capillary porosity

mH B3 5 1 R?

Content Regression equation (n=15)
%Y R’ Litter amount Y =7136.2 - 156.91X 0.8422
LA E Buk density Y =0.9743 + 0.0072X 0.9312
LREEHARE Y=12.02-0.1274X 0.933

FEYR . CEYERE KR, AR R —# S8 7 (15 x 3) BREAATE 547, AR RA KRB WK
LWERXANBERERESHAREYRE T EEEBEARELEREAMAK ST RAERRFEMR(E
6) o 3X K LAJS FE R W VA W I 5 s L W4 IR SR B F IR TR BT R A RBIS J7 1, FlB N XX &R AR
BEHASKERM T FLBEENE RS
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