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Abstract: Agricultural nutrient pollution is of major concern throughout the world for its 

effects on water quality. In silviculture systems, excess and inappropriate fertilizer 

additions have the potential to cause over-productive waterways and eutrophication. 

Examining the impacts of slope steepness and runoff volume on water quality parameters 

(total suspended solids, electrical conductivity, pH, and dissolved oxygen) will allow for 

a better development of best management techniques for personalized silviculture 

practices. We assessed the effects of forest ecosystems in southwestern China on surface 

water quality closely adjacent to these forests. Results implicate a positive significant 

relationship between three of four water quality parameters (total suspended solids, 

electrical conductivity, and pH) and slope steepness. Using slope to predict amount of 

storm water runoff within these areas may allow for more efficient and environmentally 

sound agriculture practices.  
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INTRODUCTION 

Over the past decade, the Eucalyptus commercial forestry programs in Guangxi, 

China have been experiencing large economic growth. In 2001 there were approximately 

350,000 ha of eucalyptus plantations in the Guangxi province (UNDP 2006). By the end 

of 2010, there were over 1.5 million ha of plantations (ITTO 2011, Pei 2012) and, in 

2011 alone, over 150,000 ha of new eucalyptus plantations were established in the 

province (IWMG 2012). With the increased demand for eucalyptus products, China's 

plywood production grew rapidly over the past 15 years from around 9 M m3 yr-1 in the 

mid-1990s to over 55 M m3 yr-1 by 2011 (R.J. Arnold et al., 2013). Eucalyptus expansion 

is of utmost concern to the region because Eucalyptus is perceived to have negative 

impacts on the landscape due to high moisture demand and decrease of soil quality. 

Water quality of surrounding minor waterways has not been previously studied to 

understand some of the impacts of silviculture.  

 

METHODOLOGY 

1.1 Study Area 

This study was conducted in the forests surrounding the Guangxi Eco-

Engineering Technical and Vocational School near the city of Liuzhou in the Guangxi 

Province. The forest (approximately N24o29’ latitude, E109o22’ longitude) occupies 

1,215 hectares and is comprised mostly of planted stands of Chinese fir (Cunninghamia 

lanceolata), Masson pine (Pinus massoniana), and eucalyptus hybrid (Eucalyptus 

urophylla x E. grandis). This region lies within the southeastern edge of the subtropical 

monsoon climate areas of China (Kang et al. 2006). The mean annual temperature within 
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the region is 21.1oC, with a maximum of 40.3oC in the summer and − 1.5oC in winter. 

The average annual precipitation ranges from 1200 to 1500 mm with average relative 

humidity ranging from 80 to 84%. The main geomorphic types are lower mountains and 

hills, characterized by rolling topography, which are dominated by moderately developed 

arenaceous shale red soils and strongly developed clay arenaceous shale red soils (Zheng 

et al. 2008).  

1.2 Data Collection 

Chinese fir (Cunninghamia lanceolata), eucalyptus (Eucalyptus urophylla x E. 

grandis) and Masson pine (Pinus massoniana) stands (table 1) were sampled in May of 

2013 by establishing three circular 0.05 ha plots in each forest. Each plot was divided 

into quadrants to better facilitate the measurement of all trees on the plot. The diameter-

at-breast-height (dbh) was measured and recorded to the nearest 0.1cm for each tree on 

the plot. At the plot center the slope percent and aspect were measured at the plot center 

using a clinometer and compass, respectively. The percent canopy closure was measured 

at each plot center with a spherical densiometer by taking readings in the four cardinal 

directions of north, east, south, and west, and averaging those four readings.  

Two trees were selected from each quadrant (for a total of 8 per plot) that represented the 

diameter distribution in the plot for more detailed measurement. The crown diameter was 

recorded by measuring the longest crown diameter and the diameter 90 degrees to that 

axis to the nearest 1.0 m. The quadratic mean of these two diameter measurements was 

used as the final crown diameter. Total tree height and height to live crown was measured 

to the nearest 1.0 meter with a clinometer. 
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Water runoff from the forest was measured by first locating pooled or flowing 

water immediately adjacent to the forest and in the direction of surface flow. This 

sometimes was small streams or drainage ditches next to the forest.  A Hanna Instruments 

pH/Conductivity/TDS high-range tester was used to sample water at four locations next 

to the forest. The water temperature (0.1oC), pH (0.01), EC (0.01 mS/cm) and total 

dissolved solids (0.01 ppt) were measured and recorded at each sampling point. Total 

dissolved oxygen was also measured and recorded with Extech ExStik II Dissolved 

Oxygen Meter, with a range of 0 to 200.0% (saturation mode) 0 to 20.00ppm (mg/L, 

concentration mode). 

 Data found was then analyzed in a statistical software program and a one-way 

analysis of variance (ANOVAs) was run for all of the quantitative data (n=4). 

Relationships were then observed statistically and graphically, from which we 

determined significant correlations (or lack there of). 

 

RESULTS 

 Data from the study revealed three ANOVA correlations showed statistical 

significance, with p-values being observed at less than 0.0001 (Table 2). These findings 

suggest slope is positively correlated with total suspended solids, pH, and electrical 

conductivity (in water). However, the relationship between dissolved oxygen and slope 

was found to be insignificant. 

 

 

 



	   5	  

DISCUSSION 

 Most of the data (75%) found from the study met our original expected outcome 

for the relationship of forest slope to water quality, measured through four primary 

parameters: dissolved oxygen, total suspended solids, electrical conductivity, and pH. 

Total suspended solids, electrical conductivity, and pH all positively correlated to forest 

slope; dissolved oxygen was found to have insignificant correlation to slope. Akbarimehr 

et al. (2012) demonstrates a significant positive correlation between slope and runoff 

volume within natural forest in northern Iran. If the forest studied in Guangxi, China has 

a similar relationship between slope and runoff volume, this could be a likely cause for 

decreasing water quality with increasing slope steepness. Because of fertilizer used on 

silviculture forests, steeper slopes may be likely to lose more fertilizer post-storm event 

than compared to a similar forest of lesser slope. Jacobs et al. (2005) determine the 

effects of fertilizer on soil pH and electrical conductivity. Fertilizer use is often 

associated with changes in soil pH and electrical conductivity, either positively or 

negatively depending on the type of fertilizer used. Electrical conductivity, in terms of 

specific conductance, is typically affected by fertilizer because of the nature of the 

nutrients within fertilizer as salts. Electrical conductivity tends to increase with increasing 

nutrient salt content (2005). Total suspended solids should show a positive correlation 

with slope steepness due to the increase in runoff volume associated with slope steepness. 

As runoff volume increases due to slope steepness, larger amounts of total suspended 

solids will be likely to occur due to greater runoff, a source of total suspended solids 

(Akbarimehr et al., 2012).  
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Tables and Figures 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Table 1. Relationship between water quality variables and forest slope. 

 TSS EC pH 
R2 0.9384 0.9220 0.8597 
p <0.0001 <0.0001 <0.0001 
df 5 5 5 


