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Abstract A study was conducted to assess the long-term impacts of the on-site retention of residues following clear-
felling on soil quality, tree nutrition and productivity of a second rotation F1 hybrid exotic pine, Pinus elliottii var., 
plantation. Soil was investigated for total carbon (C), total nitrogen (N), microbial biomass carbon (MBC), microbial 
nitrogen (MBN), hot-water extractable carbon (HWEC) and hot-water extractable total nitrogen (HWETN). Foliage 
and litter total N, P, K, Ca, Mg, and δ13C and δ15N isotopic compositions were determined. Results showed that soil 
organic matter quality, as indicated by the labile C and N pools, was greater where harvest residues were retained. 
Residue retention also improved tree growth. However, foliar and litter analysis showed no significant differences in 
treatments, except for K and δ 13C, which were positively correlated with tree diameter at breast height (DBH) (r2 = 
0.67; p<0.005), suggesting greater water use and photosynthetic rates by trees where residues were retained.  
 
Introduction 
Harvest residue retention on site following clear-felling 
of a plantation has become a common practice in 
southeast Queensland in the last 10 years. Initial results 
indicated positive impacts on soil organic matter (SOM) 
quality and productivity of second rotation plantations 
(Mathers & Xu, 2003; Simpson et al 2004; Chen & Xu 
2005). It is unknown, however, if these benefits will be 
sustained in the long-term in the sandy soils common in 
these plantations. Thus, this study aimed to investigate 
the long-term impacts of harvest residue retention on 
plantation soil quality, nutrition, growth and litter C and 
nutrient recycling of exotic pines.  
 
Materials and Methods 
This study was carried out in an existing harvest residue 
retention experiment established in July 1996 at Toolara 
State Forest, Southeast Queensland, described in detail 
by Simpson et al (2004). The assessment of the long-
term impacts focussed on three treatments or harvest 
residues loading rates, which were (1) zero level residue 
retention, where all harvest residues were removed, (2) 
Single level residue retention, which is the operational 
harvest residue loading rate, and (3) Double level 
residue retention, which is twice that of operational 
levels. Each treatment has four replicates, arranged in a 
randomised complete block design. The plots were 
planted with the F1 hybrid exotic pine. In July 2006, 
growth was measured and foliage (fresh needles) 
sampled according to Simpson et al (2004). Litter fall 
was measured quarterly over 15 months from July 2005 
to October 2006. Five soil cores (0 – 10 cm depth; 80 
mm diam.) were taken per plot and pooled before being 

passed through a 2.0 mm sieve. Foliage was analysed 
for total P, K, Ca and Mg, and litter needles for total 
P and K, following HNO3/ClO4

- acid digestion. Total 
C, N, and δ 13C and δ 15N of plant and soil samples 
were determined by mass spectrometery. Hotwater 
extractable C (HWEC) and N (HWETN), microbial 
biomass C and N and mineral N pools were 
determined according to Chen & Xu (2005). 
 
Table 1. Effect of harvest residue retention on DBH, 
basal area and height of exotic pines. 

Treat-
ment 

Basal Area 
(cm2) 

DBH 
(cm) 

Height 
(m) 

Zero 24.90c 21.37c 15.45b 
Single 26.53b 22.00b 15.73ab 
Double 28.31a 22.86a 16.00a 

*Figures with the same letter were not significantly 
different at p<0.05. 
 
Results and Discussion 
 All tree growth indices measured (Table 1) showed 
significant differences (p<0.005) between the 
treatments. Foliar analysis showed no significant 
differences in total N, P, Ca and Mg concentrations 
(Table 2), and that all nutrient concentrations, except 
that of P, were above critical levels. Foliar K, 
however, showed significant differences between the 
treatments at p<0.05, and was positively correlated to 
both DBH (r2 = 0.65; p<0.05) and foliar δ 13C (r2 = 
0.65; p<0.005). The δ 13C, although not significantly 
different between the treatments at p<0.05, was also 
positively correlated to DBH (r2 = 0.67; p<0.005). 

 
Table 2. Foliar nutrient contents of exotic pines in a 10 year old plantation under three harvest residue management 
regimes as measured in July 2006. 

Treatments N P Ca Mg K δ 13C δ 15N C/N ratio C/P 
Zero 1.08a 0.068a 0.16a 0.15a 0.34b -29.30a 0.08a 48.81a 764a 

Single 1.03a 0.073a 0.21a 0.17a 0.45a -29.08a -0.16a 51.22a 786a 
Double 1.13a 0.067a 0.16a 0.15a 0.50a -28.88a -0.33a 48.81a 765a 

 
Litter biomass production and total N recycled were 
significantly higher in the double treatment than both 
zero and single residue retention treatments (Table 3). 
This trend was also observed seasonally, especially in  

 
the spring to autumn seasons (data not supplied). 
However, there were no correlations between these 
litter parameters, including litter total P, with tree 
growth parameters or residue retention rates,  
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Table 3. Effect of harvest residue retention on annual 
Litter biomass, N and P recycled  

Treat-
ments 

Litter 
Biomass 

(kg/ha/yr) 

Total N  
(kg/ha/yr) 

Total P  
(g/ha/yr) 

Zero 1947 b 7.18 b 372a 
Single 1795 b 7.04 b 473a 
Double 2138 a 8.33 a 392a 

 
indicating other factors might be influential. Litter δ 13C 
compositions showed significant treatment effects and 
seasonal variations (Fig. 1). The δ 13C determined in 
two seasons, was strongly correlated to DBH (r2 = 0.6; 
p<0.005) (Fig 2). Litter K (data not supplied) also 
showed similar relationships as foliage. These 
observations suggested that residue retention has a 
periodic influence on soil water availability, resulting in 
greater transpiration and photosynthetic rates as 
demonstrated by the seasonal shifts in δ 13C, and overall 
increase in growth indices. Other studies also showed 
that leaf δ 13C and K are related to plant water use and 
net photosynthesis (Pervez et al., 2004; Fernandez et al, 
2006), and that δ 13C can be used as an integrative 
measure of water use efficiency (Farquhar, 1982).  
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Figure 1. Litter needle δ 13C over 15 months under three 
harvest residue management regimes.  
 
Soil organic C and N pools (Tables 4 & 5) were  
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Figure 2. The relationship between DBH and litter 
needles δ 13C composition collected in Jul-Sept 2005. 
 
significantly higher in both the single and double 
residue treatments compared to the zero residue 
treatment, showing a significant input of C into the 
soil. There were no differences detected in soil 
mineral N pools, which could be influenced by tree 
uptake or leaching. The HWEC and MBC were 
positively related to soil total C (r2 = 0.89 and 0.64, 
respectively at p<0.0001). These pools were the labile 
pools of SOM, important for biogeochemical cycling 
of nutrients (Chen & Xu 2005).  
 
Table 4. Effect of harvest residue retention on soil 
carbon pools 

Treat-
ment 

Total C 
(t/ha) 

HWEC  
(µg/g soil) 

MBC 
(µg/g soil) 

Zero 14.56c 255.70c 110.38b 
Single 20.18b 365.80b 185.00a 
Double 24.35a 458.44a 222.97a 

 
Thus harvest residue retention continued to have an 
impact on both soil C storage and C quality, which 
are important for maintaining productivity and 
ecosystem health. Further work is needed to quantify 
the resistant C pool, and hence the contribution of 
residue management to long-term C sequestration. 
 

 
Table 5. Effect of harvest residue retention on soil nitrogen pools in an exotic pine plantation  

Treatments Total N 
(kg/ha) 

HWETN  
(µg/g soil) 

MBN  
(µg/g soil) 

N-NH4
+ 

(µg/g soil) 
N-NO3

- 
(µg/g soil) 

δ15N  
(%) 

Zero 500.29b 14.10c 16.16b 9.50a 0.26a 2.78a 
Single 668.31a 17.21b  19.20a 10.53a 0.36a 2.58a 
Double 723.41a 22.50a 19.84a 10.62a 0.36a 2.18a 

 
References 
Chen, CR, and ZH Xu. 2005. Soil carbon and nitrogen 

pools and microbial properties in a 6-year-old slash 
pine plantation of subtropical Australia: impacts of 
harvest residue management. For. Ecol. Man., 206, 
237 - 247. 

Farquhar, GD, O’Leary, MH and Berry, JA 1982. On 
the relationship between carbon isotope 
discrimination and the intercellular carbon dioxide 
concentration in leaves. Aust. J. Plant Physiol., 9, 
121-137 

Fernandez, M, Novillo, C, and Pardos, JA 2006. Effect 
of water and nutrient availability in Pinus pinaster 
Ait. Open pollinated families at an early age: growth, 
gas exchange and water relations. New Forests, 31, 
321-342 

Mathers, NJ, and Xu, Z.H 2003. Solid-state 13C NMR 
spectroscopy:characterization of soil organic 
matter under two contrasting residue management 
regimes in a 2-year-old pine plantation of 
subtropical Australia. Geoderma 114, 19 - 31. 

Pervez, H, Ashraf, M and Makhdum, MI 2004. 
Influence of potassium nutrition on gas exchange 
characteristics and water relations in cotton 
(Gossypium hirsutum L.). Photosynth., 42, 251-255 

Simpson, J.A., T.E. Smith, P.T. Keay, D.O. Osborne, 
Z.H. Xu, and M.I. Podberscek. 2004. Impact of 
inter-rotation site management on tree growth and 
soil properties in the first 6.4 years of a hybrid pine 
plantation in subtropical Australia, p. 139 - 149, In 
E. K. S. Nambiar, et al., eds. Site management and 
productivity in tropical plantation forests: 
workshop proceedings 2003, CIFOR. 


	Introduction
	Materials and Methods
	Results and Discussion
	References


