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Response Relationships Between Afforestation Densities and Water
Conservation Functions of Picea crassifolia
HUANG Qian, YANG Hailong, ZHU Zhu, ZHAOQO Jiawei

(Faculty of Soil and Water Conservation, Key Laboratory of State Forestry
Administration on Soil and Water Conservation s Beijing Forestry University , Beijing 100083)
Abstract: Seven afforestation densities of Picea crassifolia plantations were taken as the study object in this
article in Anmentan small watershed, Datong County, Qinghai Province. Flooding method and ring knife
method were used to determine water holding capacity of litter, herbaceous layer and 0—60 cm soil layer.
This study quantified water conservation functions of Picea crassifolia plantation with different densities.
The results showed that: (1) The maximum water holding capacities of litter varied from 1.97 m?®/hm?* to
7.60 m*/hm? for different afforestation densities. The afforestation density with the maximum litter water
holding capacity was 1 725 plants/hm?, whereas the afforestation density of 2 300 plants/hm’® gave the
minimum. The variation range of water holding capacities of understory herbaceous layer with different
afforestation densities was as followed: 1.97 ~7.17 m®/hm?. The maximum water holding capacity of
understory herbaceous layer was 1 575 plants/hm?. (2) The water conservation functions of 0—60 cm soil
layer were closely related to soil physical properties, soil permeability and water storage. The variation range
of soil bulk density was 1.20~1.43 g/cm®. The total porosity in soil varied from 46.53% to 53.30%. There
was a negative correlation between soil bulk density and soil total porosity with afforestation density. The
forest land with density of 1 575 plants/hm’had the smallest soil bulk density and maximum soil total porosity.
The permeability of soil mainly depended on the non-capillary porosity of the soil. They had a significant
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correlation. The permeability of the soil with the density of 1 575 plants/hm*® was the strongest, and the

worst with the density of 2 300 plants/hm?*. The range of saturated water storage in 0—60 cm soil layer was

between 2 792.50 to 3 197.90 m*/hm’. The soil saturated water storage with afforestation density of 1 575

plants/hm® was the largest. (3) The water conservation functions were evaluated by using the total water

storage of forest land. The order of total forest water storage was D575 (3 207.37 m®/hm?*) > D5, (3 164.67
I‘l’ls/hn'lZ )>D19()() (3 157.17 ms/hmz)>D,55() (3 141.12 ms/hmz )>D|175 (3 105.91 mi/hmz )>D|725 (2 998.32
m®/hm?*)>D;;, (2 803.68 m*/hm?). This results matched with the local afforestation specifications of 2 m X

3 m. These findings provides a theoretical basis for the sustainable management of Piceacrassifolia

plantation in the high and cold region of Loess Plateau of Qinghai Province.

Keywords: Loess high and cold region; Piceacrassifolia forest; water conservation function; planting density
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1475 20—40 1069.20 975.12 94,08
40—60 1052.90 965.50 87.40

(3096.20) (2829.57) (266.63)

0—20 1069.10 972.70 96.40

1575 20—40 1077.50 971.95 105.55
40—60 1051.30 951.95 99.35

(3197.90) (2896.60) (301.30)

0—20 1023.40 940.80 82.60

1650 20—40 1087.15 996.75 90.40
40—60 1020.45 951.05 69.40

(3131.00) (2888.60) (242.40)

0—20 966.40 913.95 52.45

1725 20—40 1049.55 967.25 82.30
40—60 971.85 894.65 77.20

(2987.80) (2775.85) (211.95)

0—20 1102.33 1040.13 62.20

1900 20—40 1036.93 969.50 67.43
40—60 1011.53 953.90 57.63

(3150.80) (2963.53) (187.27)

0—20 1029.07 968.23 60.83

2300 20—40 1089.23 1019.90 69.33
40—60 1042.43 991.27 51.17

(3160.73) (2979.40) (181.33)

VE PR R 0 £ O
13 6 AT 7E 0—60 cm - J2 i, AN [ 25 BE AR 43 1Y
AR K A AR AVE L D 2 792.50~3 197.90 m*/

hm? , K /MK IR : Digzs => Dysgo = Digoy = Digso > Dy >
Dyros =>Diso s TIHEBE & Kt B FEI 2 633.10~
2 979.40 m’/hm’,2 300 #/hm’ 1 AR FE 1) 1 98 HA B
K HIEREFKE: TEEEEFKEEHTR LK
SCIETDIRER EZIF M A8 45 0, th & 6 AT LLAE th, +- 4
R BE & KBRS R 1575 #k/hm’ , R
FEE/KE N 301.30 m®/hm*, 1M 1 350 #k/hm?® % & )
THEARBEE KRN 159.40 m*/hm?*,
2.3 BB AIMKIERSEINEETN

RIS K B T B A5 A VR ) BORR T AR B K
A HEE K R[] B A BB K LR 7

x7 BEEEARAEREZTETHHKRIBAEKSE

! M EE W&y R Ligil M
whem, e CRRE R
G ) #kE/ Fkit/ ki BEKE
(m*+hm™*) (m’+hm %) (m®+hm ?) (m®+hm %)
1350 7.17 4,02 2792.50 2803.68
1475 6.55 3.16 3096.20 3105.91
1575 5.17 4,30 3197.90 3207.37
1650 3.03 7.09 3131.00 3141.12
1725 2.92 7.60 2987.80 2998.32
1900 2.21 4,16 3150.80 315717
2300 1.97 1.97 3160.73 3164.67

H 7 AT, 7 R I o A2 38 RO B B bR kb S
KEAEALTEE K 2 803.68~3 207.37 m®/hm?, HEJF
K H = Disrs = Dosoo = Digos = Digso = Dyyrs = Dy =
Dysso s HHEE KR SR A B KB 99 % LA B, 2
Hi B K ARy .

3 ww

A2 N A V& ) & Bt Bl 3 AR R 1Y
B SIS b R L 1 725 BR/hm® AR A
W E R R, = T AR RSN 1 900,2 300 f&/
hm® AR ML L I H T e 25 B2 3 AR 2 bk 1 3 4 hn Jal
T AR N & B 32 B 3, X5 B A 5 R Y
1o 5 BEAZ AOMR A Y ) 75 R A B B/ 1 45 R A —
B RUA LR W) B BE A i R R I 3 5 5% T /N 1Y
G E TR EMR AR TR T Rk
I 4 B ] 1 A 0 ek ek 2D, 33k 5 0 i B AED ) B BIF O 4
Re—3, (A, 76 B 5 B A A= ) i B PR % R AR AR
R R B R S R R E A
Py ARXT AT A8 Ak R BE B R HL 5 R ks Y, i
IR 3 PR B B AR LA AR W 1t 85 v HL R AR BE /DN
X5 4 T 1 2 A2 R R 58 AR AR A B X R AR A
Yy fa 50 BN G 4 T I o A2 RO A A )
F B SR e - HEK S, R 1 AR AR
FA A W) R T bR R R 3 A2 - HE SR Ay KOK 4y
N ESNIRE N
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fE0—60 cm LJRWH N, TIEAHEME - 2L
e Sess /NG 8, 5 a0 NS B R AR R 1 )2
TR FE S8 i B I ) 458 A8 58 42— B0 X 2 T LA
Hi R SR B, 2 W 58 DX s T b A A7 AR T
WOAFNE X R 2 I A R, 23 0—20 em
+EMNHIERE ST 20—40 em +/2,20—60 em +
J2 (1) A S A R AT Y s AL S B AL
Bt i i bR AR Ak 1) AR Ak ks B ) L 2R 28 Y 7
KRG W 1L MR - 48 B B 50 b i 45 1 4 48 B A LB
AL B A AR LA AR AL R R S AL
Wit B Bt 5 3o PR B ) AR b S B A OC X 5 A
R T S

TE 0—60 cm 20 [ N, A [ 5 FE Ak 43 19 + 1
WG R RS R AL 5 AR B LB B Y A8 b B
A —F U] TR SRR R T R AR
FLBRBE , 3835 05 P o L Ud W 1 3R A% i e A Oy 1
Hh UL B ML T AR A Y RE T AR DA T e R K R Y
A JLER BB i, X 5 X0 IS (1 F 5T 4 R —
AR AN E K S R LB R VA OC X 2
TR E K 32 A7 R RE N L B RE R L T
T IZEE— T . AL K, R E
KRR, % B2 1 575 BR/hm® MK 43 3 B A B
Ky R E K,

AR B T8 55 K IR RE IR I K & LR
BRI 99 % LA L, vl B b 2 AR AROK IR R R 1
BLIPOK I 3X 5 TS B 5T 45 5 — B0 R N
1 575 ¥k /hm’® 135 1 = A2 R B & K &2 3 207.37
m®/hm® , 7E 7 B AR B2 bbb B & K i s, B
7 Tl B v AR 1 KR TR 3R T RE L 1 R AN R
R EME RN 1 550 Bk /hm? 0] L2 = A £ 38 1Y
A B PERE I 1S I K IR SR e ) A SCF R H 1 =
MRS ZAHAE .

HINSRE G2 N TAAEF I m R RS
B R SCIE SR 7 R R o A2 AR B
AN [R] 3 AR BE T AL T ) FORR T AR 200 K g
g A B R R K R B X 15~
17 4719 Sl 8 AR HE AT AF 5% X 3 AR 3 1 % 5 R i
— 0 WY R T B 3 R X AR AT RS, ROk
TASIRITE T A v 2 1 75 28 ) £ S5 VR 38 A 15 1
G o AL 3G 055 16 2= A2 RIS B B2 R AF 5800 24 1 75 ¥ ==
2N LI AREOR Yk 2 2B R B2,

4 5w

1) Hili v 0 78RR B Tl o 32 78 Ak 2 S P 2 2 Ak
P AL JEE R 0.72~2.50 t/hm?,1 725 ¥k/hm? %
JE TR PR b A Vi 4 25 RR B e KL 7 Rl PR B A VR

RHR K BT N 1.97 ~7.60 m®/hm?, # ¥
S} :Dir2s = Disso = Disrs = Digoo = Disso = Disrs = Diasos 5
F A A ) ek B A i PR ) RN S e R L
T MR BE S I o AR B R ) R R
53 KooK 3 il 29 T AR A 8K 78 4% 75 1 = A2 AR AR AR FAD
W R R B AR T A R EER R
AR KK BEAIEE N 1.97~7.17 m® /hm?*, HEJF
7 :D1yso = Diuzs = Diszs =Disso = Diros = Diggo = Dasos

()FE0—60 cm )2, LR T SILWE . £
LI BE SR B 4 LB T 34 i o b 2 R 1Y 8 Ak 2% S
3 (P<C0.05) , 1 e 5 G LB BE Bl % 1 K% B
P A Ak 5 B AH G Y A8 fb s B, 1 4 TS AR E Lo
1.19~1.42 g/em’ s KA Digso = Dyras = Dogoo =>Dyyrs =
D450 > Digoo = Dyars 5 &0 LB EE A fL G Ry 46.53 % ~
53.30 % s IR M Disrs = Dasoo = Digoy = Digso = Dyyrs >
D705 > Diggo s Bl 5 15 B B 19 A8 1k, + 58 B 48 FL IR
LS LB B BAT B A AH [ 1 28 A B, B FL B AR
B R 43.89 % ~49.66 % . B FE S 2 300 Bk /hm’ [y
MR BAT B R B 45 LB RE 33 DROK Pk BB B b 5
FE 1575 Bk/hm” MR 73 AE B LB e K, B
B o 0 3 E S S E K .

(3)FE 0—60 cm H 2, HIEMWIBHR 5B M
R R BE 1 AR b 25 S 1 W 3 (P <C0.05) , B i bR
JEREN, 485 ORI AR b 2 SR B Bl e
+ 50198 A AE L JE R 2.45~13.07 mm/min. f&
BRI ALIEE D 2.27~10.92 mm/min, ¥]BHF 5
B R F A L HEF R Disss > Digso = Diggs =
Dyr2s = Do = Digoo = Doy, s Fifi 385 AR5 BE A2 b 1- A
5 LIEAEEE L A M, LIER
7 Pk RE R 55 2 B A7 AR A LR S e, 1 bR
1575 MR/ hm® I = A2 KB EPERELE 7 Fh i Ak
R v A L Ml R AR T e Ak O S b IR R AR R
B8 1 Bz K 0k 1 & A JLR BE T i

(4)0—60 cm +JZH HIEMAMZE KRB EHRE 1
8 LI A [, JFC B s b B AR AR R R 2 792.50~
3197.90 m*/hm’ , K IR & B Disss = Dasoo = Digoo >
D550 =>Diizs = Dings > Dyys 5 T3 B B K 2L H
J92633.10~2 979.40 m* /hm”,2 300 ¥k /hm? & k2%
JER B EE K EEKGIEEE E KRR N
231.95~381.30 m* /hm* K IK FKIL N Dy >Dygs0 >
D1175 = Digoo = Diysoo = Digso = Do

(5) MR - 10 0 5 /K o A Vi 0 3 R OB B
AR ROl B R K D A A K TR 3R )
Al R AN E K R M R K Y 9990, S AR AROK
VR TE I B UL R 4Y 7 b AR Y 75 0 2 A2 RO
ML EKHEF N Digss (3 207,37 m®/hm? ) =Dy (3 164.67
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%33 &

m’ /hm®)>Dyg (3 157.17 m*/hm®) >Dyg, (3 141,12 m®*/
hm?)>Dyys (3 105.91 m’/hm®) >D70: (2 998.32 m®/
hm?) >D;. (2 803.68 m®/hm?),

g5 BRI ARYEAT IS YR AR RS2 1 FE K &

RN E K, LKL A B G TN AR

15~17 4 1Y A [) 3 AR % B2 09 55 18 = A2 MoK IR

FRINBE B EN 1 575 ¥k /hm® W07 ¥ = K EA 7 Fp

5% B rh R A K DR SR RE T L I B BE AR Y T M 2 X

3m® MEAREAE . BIAES S = A2 AR A

T 3 AR B 7% T T R ARy, DR G b 4B
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