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Response of water conservation function of typical protective forests in Bashang
area of northern China to stand structure

Cui Yue' YanBing' LiZhixue' Fan Mingyuan' Chang Xiaomin' Sun Libo’
(1. College of Forestry, Shanxi Agricultural University, Taigu 030801, Shanxi, China;
2. Institute of the Loess Plateau Research, Shanxi University, Taiyuan 030000, Shanxi, China)

Abstract: [Objective] The Bashang area, a crucial ecological barrier and water-conserving region in the
Beijing-Tianjin-Hebei region of northern China, is the focus of this study. Our aim is to explore the
influence of stand structure of typical protective forests on water conservation function of litter layer and soil
layer. [Method] Three types of typical protective forests (Pinus sylvestris var. mongolica forest, Larix

principis-rupprechtii forest, Pinus sylvestris var. mongolica and Larix principis-rupprechtii mixed forest) in
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the Yudaokou Forest Farm of the Bashang area were selected as research objects. Stand structure parameters
such as DBH, tree height, stand age, stand density, canopy closure, and leaf area index (LAI) were
investigated. The water-holding capacity of both litter layer and soil layer was assessed using the indoor
immersion method and the ring-knife technique. Redundancy analysis was employed to explore the
influence mechanism of protective forest structure on the water-holding properties of litter layer and soil
layer. [Result] (1) The thickness of litter layer, volume of litter, maximum water holding capacity of litter
and effective storage capacity of the mixed forest were greater than those of pure forest, and the difference of
thickness was significant (P < 0.05). (2) The total soil porosity, water content and maximum water holding
capacity of soil decreased as the soil layer deepened. The total soil porosity and maximum water holding
capacity in the 0—-30 cm soil layer showed Larix principis-rupprechtii forest > Pinus sylvestris var.
mongolica and Larix principis-rupprechtii mixed forest > Pinus sylvestris var. mongolica forest, and in the
30—60 cm soil layer, it was showed as Larix principis-rupprechtii forest > Pinus sylvestris var. mongolica
forest > Pinus sylvestris var. mongolica and Larix principis-rupprechtii mixed forest. (3) Redundancy
analysis demonstrated that stand structure was closely related to the function of water conservation. Stand
density and tree height had a significant influence on water conservation capacity of litter layer in different
protection forests. Additionally, tree height and stand age had a significant impact on the water conservation
capacity of soil layer in different protection forests (P < 0.05). [Conclusion] Among the three types of
typical protective forest, the Pinus sylvestris var. mongolica and Larix principis-rupprechtii mixed forest and
Larix principis-rupprechtii forest have the best water-conserving capacity in litter layer and soil layer,
respectively. Stand density, tree height, and stand age have a significant effect on their hydrological effects.
Therefore, when conducting afforestation in the Bashang area, appropriate tree species, reasonable density,
and scientific thinning methods should be selected according to the actual situation to improve the efficiency
of moisture utilization. This study provides an important scientific basis for the tending management and
stand optimization of typical protective forest in the Bashang area and has positive significance for
maintaining ecological balance and sustainable development in this area.

Key words: Bashang area; stand structure; water conservation; redundancy analysis; litter; hydrology; soil
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Fig. 1 Overview of study area
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Tab. 1 Basic characteristics of sample plots in typical protective forests
(TSRS LT AR FEyFA AL TR I FA TR AS AR
Il H Ttem Pinus sylvestris Larix principis- Pinus sylvestris var. mongolica and
var. mongolica forest rupprechtii forest Larix principis-rupprechtii mixed forest
FEHb & Number of sample plot 10 10 10
W53 BE/ (R -hm ™)

1833.00 +£276.51a 1583.00 £ 554.71a 1 766.00 + 475.88a

Stand density/(tree-ha™")

SEH MRS /a Average stand age/year  15.33 +2.17a 18.67 +£2.08a 20.33 +£2.52a
PREE Plant space/m 2.17+0. 53a 3.42+0.68a 2.37+0.37a

1T#E Row space/m 2.22+0.45a 3.51+£0.57a 2.12+0.44a
ALY Stand origin A LAk Plantation A L#K Plantation A L#k Plantation
Y FE Slope/(°) 8 8 12

1) Aspect BA¥% Sunny slope A3 Sunny slope A3 Sunny slope

i3 Slope position s34 Mid-slope position s 347 Mid-slope position T3 Mid-slope position

K Elevation/m 1366

Fro& 4358 )L Caragana korshinskii

1402 1402

WEAZL K Shrub composition
MO HEARTE th

Understory shrub coverage/%
WF AR R %
Understory herb coverage/%

468358 )L Caragana korshinskii - ¥r 5645358 )L Caragana korshinskii

27.00 £+ 3.29a 23.54+1.35a 13.18 + 1.56a

27.60 £ 1.77a 35.47 +3.69a 30.18 +2.96a

A3 Imperata cylindrica. 6 & Z5W R Potentilla kleiniana- YL Geranium wilfordiis

FAH

Herbal composition

HE Allium tenuissimums
eSS ERA B Thalictrum petaloideum-
BIUT Geum leppicum

LB Geranium wilfordii.
A3 Imperata cylindrica-
HHE Allium tenuissimum

6 & Z5Wi 2% Potentilla kleiniana-
Y& Artemisia scoparias
M3 Imperata cylindrica

VE: R 9 T EAR R, ARVNG RN AR Y 7] 2 57 23 (P < 0.05). T[H. Notes: data in the table are mean + standard error,
and different lowercase letters indicate significant differences (P < 0.05) between varied stand types. Same as below.
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2.2 WEWEMLIERKIEEFEINEE
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rupprechtii forest, Pinus sylvestris var. mongolica and Larix principis-rupprechtii mixed forest, respectively.

M. F1-F3 indicate Pinus sylvestris var. mongolica forest, Larix principis-

B2 ASEIRG AR AR 23 G5 R R

Fig. 2 Characteristics of stand structure of different protective forests
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Tab.2 Accumulation and water holding characteristics of litter in different forest types

i) B K 47K 7/ (t-hm™) ek AR
Pkt & IE B FEME/(thm ™ Max. water holding M #/(thm ™)
. . 1 R ax. water .
Stand type Litter layer Thickness/cm  Volume/(t-ha™) capacity of holding rate/% Effective storage
litter/(t-ha™) & capacity/(t-ha™)
RIoTfRZ
Undecomposed layer 1.67+0.29a 8.89+3.16a 18.07 £ 6.36a 203.32 £28.00b  13.84+2.92a
R RA MR A [
. . Sy
Pinus sylvestris . 0.77 £ 0.25a 16.39 £ 6.59a 31.58 +3.68a 177.22£19.67b  19.26 = 1.16b
. Semi-decomposed layer
var. mongolica forest " """
e 2.44+0.05b  25.28+2.92a 49.65+9.97a 190.27 £5.25b  33.10 £3.35b
Total litter layer : : ’ : ) ’ : ’ : :
N =l
AT 0.77 £0.25b 5.02+1.41a 12.72 £ 3.68a 252.48 +£17.23a 9.79 £ 2.84a
. Undecomposed layer
Larzxprmfzpzs- Semi-decomposed layer 1.50+0.30a 12.35+2.34a 3420 + 8.24a 239.35+27.94a  25.89 +£2.09a
rupprechtii forest o
SR
- 2.27+£0.06b 17.37+2.85a 46.92 £9.30a 245.92 £ 6.13a 35.68 = 2.88ab
Total litter layer
BT REILE s ROHRZ
TRAS MK Undecomposed layer 1.93+0.51a 11.76 £ 4.87a 20.50 £ 5.50a 265.45 +7.26a 15.19+4.28a
Pinus sylvestris var. By 4=
mon'golic'a 2'1n'd Semi-decomposed layer 1.50 +£ 0.50a 15.59 £ 5.82a 40.55 +2.10a 22254 +£13.66a 27.77+4.25a
Larix principis- A ,
rupprechtii BRI 343+0.12a 27.35+1.17a 61.05 +5.84a 244.00 £9.04a  42.96 + 6.00a

mixed forest Total litter layer

I, BRSBTS KR R R KFEKE
FH 1) 45 7K 1 DA B B 6 e 7K B 350 I8 VR I R 7T 93 /1 o
He b va A AR ) LR AR % LR TR A N
3 Tty 47 bR 338 5 K B ORIV O R S I RA BR
(5.91 + 1.14)% > BT IAMR(4.52 £ 1.22)% > K& T4
AL TE A VR AT PR (4.10 £ 1.08)% (& 3). 0~ 30 cm
T2 IS LR A g KRR R M REK R,
EEFKELRIEICTE AR > T Ra bk
A VR A B > F2 T A BR, 7E 30 ~ 60 em )2 4L

VR AR AR > BT RAMK > B FA SR ALVE I RA TR AR
2.3 MAEREKIFERFINENX R
PRI G54 5 R 0 2 K STRONE R TU AR 70 B 2

T 4, WRo SRR T AL T4 2 7K SCRUBLAR
1 84.51%(P < 0.05) (] 4a), fif R 32 K LK
N A% 5 1K) 89.90% (P < 0.05) (& 4b). Kk W& A&
MR B B AR B L LAT S5k 5y
SERIFRAR 2 A RBLIEAR GG R o 7E & 520 B 7 ot
R T )2 7K SCRONEAR S A 6 3 M 5 [ 2 2 i (F =
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