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The impacts of thinning intensity on overland flow in a Chinese fir plantation
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Abstract: Thinning can significantly change the biomass and soil properties of forest ecosystems, thus affecting the
development of overland flow. To estimate the effects of thinning intensity, overland flow plots were established in a Chinese
fir plantation in the Huitong State Ecosystem Research Station. The rainfall intensity results showed that, in the absence of
downpours and super rainstorms, the overland flow after thinning was less than that in the control plots. Additionally, the
overland flow increased with increasing rainfall intensity. However, during downpours and super rainstorms, there were no
significant differences between the thinned and control states. Therefore, we suggest that thinning could significantly reduce
overland flow only in the absence of downpours and super rainstorms. Subsequently, we investigated the monthly changes in
rainfall and overland flow. During the dry season (from November to March) , low precipitation (light and moderate rain)
was prominent, and the corresponding overland flow was very low. However, during the rainy season (from April to
October) , heavy rain was dominant, resulting in a greater overland flow. Although the total rainfall in May was greater than
that in July, the corresponding overland flow was lower; this may be explained by increased frequency of super rainstorms in
July, directly leading to a greater overland flow. Consequently, it can be concluded that individual rainfall events rather

than total rainfall, was the primary reason for the formation of overland flow in the forest ecological system. Moreover, the
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overland flow decreased with increasing the thinning intensity, and a thinning intensity of 30% was the most effective in
reducing the overland flow. The results of an analysis of vegetation and soil properties under different thinning intensities
indicated that thinning could significantly increase the growth of undergrowth vegetation as well as improve soil fertility.
Thus, the undergrowth and litter biomass, coverage of the undergrowth plant layer, and plant species richness increased to
786.2 kg/hm*, 786.2 kg/hm’, 7.7% , and 0.56, respectively, with 15% thinning intensity, whereas the values increased
to 1658.9 kg/hm*, 1796.4 kg/hm*, 14.9% , and 0.94, respectively, with 30% thinning. Thinning promotes faster growth of
undergrowth plants by increasing light availability throughout the vegetation structure. Additionally, the noncapillary
porosity, capillary porosity, average particle size of the water stability soil aggregate ( APSWSSA) , organic carbon, rapidly
available potassium, rapidly available phosphorus, and rapidly available nitrogen under 15% thinning intensity were,
respectively, 1.22, 1.04, 1.28, 1.33, 1.10, 1.46, and 1.35 times the control values, whereas they were 1.33, 1.10, 1.
81, 1.90, 1.24, 1.92, and 2.24 times the control values under 30% thinning intensity. The soil bulk density decreased with
increasing thinning intensity, from 1.27 to 1.11, and to 1.02 under the control, 15%, and 30% thinning conditions,
respectively. The analysis of overland flow, vegetation, and soil factors indicated that leaf litter, coverage, noncapillary
porosity, and particle size of water-stable aggregates were significantly negatively correlated with overland flow. In contrast,
soil bulk density was significantly positively correlated. Thinning improved soil and water conservation by changing the
abovementioned factors. Additionally, under the experimental conditions, 30% thinning intensity had a more significant

effect on reducing overland flow.

Key Words: thinning intensity; overland flow; Chinese fir plantation; rainfall; vegetation; soil
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Table 1 Basic status of the experiment stands

e 3 e AR ST

(llzrfi) . Thin-ning Age/{;iifﬂziand Density/ A\-/erage Average di:ameter at ?:IZE;I)ZX:
intensity/ % (#k/hm?) height/m breast height/cm
I 0 25—38 2216 10.65 9.83 0.88
v 15 23—39 1873 11.31 10.22 0.72
v 30 22—40 1515 12.17 10.85 0.61
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Table 2 The amount and time of rainfall distributed in various rainfall intensities in 2006
[P %L Time of Rainfall

N S R
il A /N i K R KR KR Tt
Time (<10 mm) (10—25 mm) (25—50 mm) (50—100 mm)  (100—200 mm) (>200 mm) of rainfall/mm
Light rain Moderate rain Heavy rain Rainstorm Downpour Super rainstorm
1 17 2 0 0 0 0 54.5
2 8 3 0 0 0 0 62.7
3 13 1 0 0 0 0 55.7
4 9 3 5 0 0 0 101.7
5 1 2 3 3 1 0 291.3
6 1 4 2 2 0 0 194.9
7 0 1 2 0 0 1 256.2
8 3 2 3 2 0 0 172.6
9 4 5 3 0 0 0 103
10 7 3 2 0 0 0 94.4
11 15 1 0 0 0 0 19.3
12 9 4 0 0 0 0 26.1
&3t Total 87 31 20 7 1 1 1432.4
F3 AEIEMEFREKEE T RS R0
Table 3 Effect of thinning intensity on overland flow at different rainfall intensity
Fhesk &4 [k B E A& TR VR it Overland flow/mm W ZEL Overland flow/%
Rainfall Average Rainfall X1 5% 30%[ L 15%fi 30%
Intensity rainfall/mm frequency Control 15% thinning ~ 30% thinning Control 15% thinning 30% thinning
JINFR (<10
J, A <. ) 8.4+2.37 87 0 0 0 0.00 0.00 0.00
Light rain
i (10—25
i . ) 19.1+4.60 31 1.8£0.4 1.2+0.4 0.7£0.3 9.42+1.5 6.28+2.3 3.66+2.07
Moderate rain
i (25—50
RH( . ) 23.8+6.57 20 4.6+1.4 3312 1.1+0.8 19.33£2.0 13.87£2.2 4.62£2.0
Heavy rain
& (50—100
bm( ) 67.6+13.29 7 15.9+10.2 10.5+4.5 4.2+2.6 23.52+3.9 15.53£3.1 6.21x2.1
Rainstorm
&M (100—200
KR ) 158.3+15.41 1 48.5 33.7 27.3 30.64 21.29 17.25
Downpour
F RN (>200
FOCR(>200) 232.7+19.16 1 75.3 69.1 62.1 32.36 29.69 26.69

Super rainstorm

PBE— PG T R (X, mm) MRS AR AR R (Y, mm) B5CER  AHSCELE, SRR 0l .

PR Y=0.0005X>+ 0.2018X —-1.19163 R*=0.9828 (1)
15%][a)£%; Y=0.0009X>+ 0.1017X —1.1393 R*=0.9867 (2)
30%[a)1%; Y=0.0014X7-0.0435X + 0.4817 R*=0.9917 (3)
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Fig.1 Relation of rainfall and overland flow in rainfall event scale
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Fig.2 Monthly changes of rainfall and overland flow
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Table 4 Effect of thinning intensity on vegetation properties

Z 4 Parameters XF 1 Control 15%[a)4% 15% thinning 30%i)4¥; 30% thinning
MM 41 Undergrowth biomass/ (kg/hm?) 892.5 1478.7 2551.4
V&Y Litter biomass/ (kg/hm?) 589.7 1343.2 2386.1
THEAREARZ R Cover degree/% 29.7 37.4 44.6
BUARAEYI YR ZREME Diversity of species 2.21 2.77 3.15
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x5 MAWRKEEEZZEET LHEENLHELE(0—20 cm)
Table 5 Effect of thinning intensity on soil properties (0—20 cm)

R Parameters *F 18 Control 15%IA14% 15% thinning ~ 30%d]4¥; 30% thinning
FIEZTE Soil bulk density/ (g/cm®) 1.27 1.11 1.02

B FLBREE Noncapillary porosity/% 10.32 12.67 13.74
EEFLBRE Capillary porosity/% 44.32 46.21 48.79

JK e 98 P B AT 44 R 4%. APSWSSA/mm 2.1 2.7 3.8

F HUBR % B Organic carbon/ (mg/kg) 8.6 11.5 16.3

AN B Rapid available potassium/ ( mg/kg) 62.3 68.9 77.5

U 7 B Rapid available phosphorus/ ( mg/kg) 1.3 1.9 2.5
AR A B Rapid available nitrogen/ (mg/kg) 1.7 2.3 3.8

Fr APSWSSA ; average particle size of the water stability soil aggregate
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Table 6 The multivariate correlation analysis of overland flow, vegetation, and soil factors

; TR EAREA  EAHY 0 e KL
N HFRA ik it ) , THAE EEILBE "

RRM Sun”ace}IL R Littelr2 BYEE DRI Soil bulk LB Cz. illa X i
Correlation coefficient erland flow Undergrowth biomass Cover Diversity lensit Non-capillary P "[r} i

overanC i hiomass lomass degree of species densty porosity porostly APSWSSA
R . .
j@?@ z 1.000 ** -6.783 -0.994**  -0.998 " -0.642 0.893 " -0.902 ** -0.672 -0.999 **
Surface overland flow
MT*EW&I:%E 1.000**  0.897 " 0.765 0.806 "  -0.943"" 0.573 0.632 0.541
Undergrowth biomass
ﬁ%%g 1.000 ** 0.995** 0.583 -0.958 ** 0.903 ** 0.542 0.993 "~
Litter biomass
A A 2 i
AR AT 52 1.000 " 0782 -0.653 0.904 ** 0.567 0.868 *
Cover degree
e oy
Ezlimflﬁﬁ]%ﬁéﬁ e 1.000** -0.571 0.541 0.662 0.751
Diversity of species
TR
Soil bulk density 1.000 -0.904 0.741 0.674
Kty L000**  0.674 099"
Non—capillary porosity

= A5 [l R

B 1000%  0.631
Capillary porosity
KA - AR .
Kb T3 5 1,000

THRiE APSWSSA
e FIRTE 0.01 ﬁi%#ﬂ(‘?FE(ﬁﬁiﬁ:, *FINTE 0.05 ﬁﬁ%'ﬁﬂ(xfz?%ﬁj@ﬁ?;APSWSSA; average particle size of the water stability soil aggregate
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