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Abstract 
Biochar contains a high percentage of stable carbon and can improve soil quality by increasing the soil’s 
capacity to hold water and nutrients, and by enhancing biological activity. This paper shows how herbage 
mass (HM) of tropical grass pasture (Digitaria eriantha cv. Premier) grown on a degraded Vertosol was 
affected when poultry litter biochar was applied. Biochar at 10 ton/ha was mixed into the soil to a depth of 
10 cm on 12 of 24 experimental plots on 18 December 2009. The 12 remaining plots received no biochar. 
Pasture was sown on 6 January 2010 and allowed to mature until May 2010. In the subsequent growing 
seasons three different rates of nitrogen (N) fertiliser as urea (0, 50, and 100 kg N/ha/year) were applied. 
Half of the urea was applied in October and half in December. This produced six combinations of treatment, 
each with four replicates. Phosphorus fertiliser was applied annually as single superphosphate (200 kg/ha) to 
all plots. Growth was influenced by the change to the soil nitrogen level and available soil water. During the 
September 2010 to May 2011 growing season, the combined application of biochar and N fertiliser increased 
dry HM of the digit grass by 13-19%. Without N fertiliser, biochar had no significant effect on HM. During 
the same period, biochar improved the agronomic efficiency of applied N (AEN

 

) of the digit grass by 21% in 
the 50 kg N/ha treatment and by 13% in the 100 kg N/ha treatment. The cumulative pasture water use during 
the same period was similar for all treatments, but there was a trend of higher water use efficiency from the 
biochar amended plots when combined with fertiliser application. 
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Introduction 
Biochar contains a high percentage of carbon (C) in a highly stable form. When applied to soil it can 
improve soil quality by increasing soil C content, soil water holding capacity and water and fertiliser use 
efficiency (Chan 2008; Van Zwieten et al., 2010). However, long term data to support these claims are 
lacking for Australian farming systems. This study evaluated whether biochar made from poultry litter could 
enhance soil quality, water and fertiliser use efficiency and the production of sown tropical grass (Digitaria 
eriantha cv. Premier – digit grass) pasture in the North-West Slopes of northern NSW, Australia. 
 
Methods 
A field trial was established on 24 experimental plots (9 x 7m each) on a degraded red Vertosol in 
Tamworth, and consisted of six combinations of nitrogen (N) fertiliser as urea and poultry litter biochar (BC) 
treatments, each with 4 replicates: (1) nil N, nil BC, (2) nil N + 10 t/ha BC, (3) 50 kg N, nil BC, (4) 50 kg N 
+ 10 t/ha BC, (5) 100 kg N, nil BC, and (6) 100 kg N + 10 t/ha BC. Biochar used in this experiment was 
produced by Pacific Pyrolysis from wood base poultry litter at 550o

 

C. Prior to sowing grass, the biochar was 
incorporated into the top 10 cm of soil for biochar amended plots by spreading and raking on 18 December 
2009. All 24 plots were then rotary hoed.  The digit grass was sown on 6 January 2010 and was allowed to 
establish and mature before it was cut down to 45 mm above ground in May 2010. No fertiliser was applied 
to any plots during the establishment period.  All plots were fertilised with 200 kg of single superphosphate 
and a half of N rate (urea) on 2 October 2010. The other half of the urea was applied on 26 December 2010. 
Herbage mass (HM) was assessed monthly from September 2010 using the calibrated scoring method 
(Boschma et al., 2009) in three strata within each plot. Plant samples were collected at each HM assessment 
date for N and Phosphorus (P) analysis. Soil water to 200 cm depth at 20 cm depth intervals was measured at 
each HM assessment date using a neutron moisture meter probe. Soil samples from 0-10 cm depth were 
collected at the beginning and end of each growing period for C, N, pH and P analysis. 

HM assessment from the three strata for each sample date were analysed by ANOVA, with fertiliser, biochar 
and their interaction as terms in the model. The trial has a split plot design of four replicates with fertiliser as 
main plots and biochar as subplots. Hence the blocking terms were replicate, main plot within replicate, and 
subplot within main plot. For each subplot the water used (WU) was calculated from the difference in profile 
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water stored (within 200 cm soil depth) at the beginning and end of each season plus the cumulative rainfall 
recorded over the period. Total HM was calculated as the sum of all monthly HM data over the growing 
season. Water use efficiency (WUE) as kg DM/mm water was calculated using herbage mass and water use 
data. These were analysed by ANOVA with the same model as for HM but with replicate and main plot 
within replicate as the blocking terms. Total N uptake was calculated from the sum of N content of plant 
tissue on each HM assessment date for the whole growing season. The agronomic efficiency of applied N 
(AEN
 

) was calculated as per Dobermann (2005) as kg yield increase per kg N applied. 

Results 
Properties of biochar and soil 
The biochar used in this study contained 40% C, 1.7% N, and 2900 mg/kg Colwell P. Total N, C and 
available P were higher in plots amended with biochar compared to those without biochar (Table 1). The 
average increase of these elements in biochar amended plots was mainly due to the contribution of biochar 
added (0.26% of C, 18.8 mg/kg of P and 0.01% of N). 
 
Table 1. Chemical properties of soil across treatments over time 

Treatment Total N (%) Total C (%) Colwell P (mg/kg) 
6/1/10* 1/9/10* 12/5/11 6/1/10* 1/9/10* 12/5/11 6/1/10* 1/9/10* 12/5/11 

Nil N, Nil BC 0.14 0.10 0.13 1.83 1.80 1.85 33.5 31.80 32.8 
Nil N + BC 0.15 0.12 0.13 2.20 2.05 2.05 58.3 51.8 55.5 
50 kg N, Nil BC 0.14 0.11 0.13 1.90 1.83 1.83 32.8 32.3 29.5 
50 kg N + BC 0.15 0.11 0.14 2.08 1.98 2.03 50.0 48.8 46.3 
100 kg N, Nil BC 0.14 0.10 0.13 1.78 1.73 1.80 30.5 31.3 27.8 
100 kg N + BC 0.16 0.11 0.15 2.30 2.08 2.23 52.5 47.3 48.8 
LSD(P=0.05) 0.02 0.010 0.005 0.10 0.10 0.12 6.10 6.18 4.50 
*Measurements made before application of fertiliser.  
 
Herbage mass 
The average dry HM for Jan -May 2010 period was 5664 ± 288 kg DM/ha for plots with biochar and 4935 ± 
167 kg DM/ha for plots without biochar. This growth was most likely supported by stored N in the soil 
profile which explained the reduction of soil N over Jan- Sept 2010 period (Table 1). Digit grass grown on a 
non-degraded red Chromosol near Tamworth yielded 6800 kg DM/ha (Murphy, pers. comm 2012). 
 
Between 1 September 2010 and 11 May 2011, the monthly dry HM fluctuated but was highest in January 
2011 when it was warm and soil water was abundant. The cumulative HM during this first cutting season 
was highest in plots with biochar + 100 kg N/ha (Table 2), but was below the 16157 kg DM/ha reported by 
Murphy et al., (2008) for the first cutting season on a non degraded red Chromosol. The digit grass in the 
current study was grown on a degraded cropping soil that had been subjected to prolonged topsoil erosion. 
 
The cumulative dry HM was strongly affected by urea application indicating soil N was limiting. Biochar 
effect only became significant when it was applied in combination with N fertiliser (Table 2) and increased 
dry HM yield by 13-19 % for the 2010-2011 growing season. This yield increase was similar to that found in 
a parralel study in a rice system in Indonesia (Slavich et al., 2011). The effect of biochar on yield was 
stronger at 50kg N/ha than at 100 kg N/ha. Yield increase from Nil to 50 kg N/ha treatment was doubled on 
biochar plots, whilst yield increase from 50 kg to 100 kg N/ha was similar for biochar and non-biochar 
treatments.  Adding biochar to soil without adding N fertiliser had no effect on yield. 
 
Table 2. Average cumulative dry herbage mass (kg DM/ha) during 1 Sept 10-11 May 11 
N-rates (kg/ha/year) Nil Biochar 10 t/ha Biochar 
0 5651 5572aA 
50 

aA 
6921 8217abA 

100 
bcB 

9256 10465cdA 
Letter following the number in lower case indicates differences (LSD

dB 
0.05=2127.5); capital letter is used when comparing the effect of biochar within 

the same level(s) of fertiliser (LSD 0.05

 
=1131.4) 

Nitrogen and water use 
Cumulative N uptake between September 2010 and May 2011 increased with N rate, and it was higher in 
plots amended with biochar (Table 3). In plots without biochar the total above ground biomass N was 46-
71% of applied N, while in plots with biochar it was 88-95% of applied N. One or a combination of four 
possible explanations are: (1) the N retention capacity of the biochar is likely to have caused higher uptake of 
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N in the biochar amendend plot. A reduction in N leaching was found in biochar amended soil in a glass 
house study (Ding et al., 2010) and in a field study (Brockhoff et al., 2010); (2) if below ground N is 
assumed to be 32-36% of the total N (Evans et al., 1987; Khan et al., 2003), the total N uptake would exceed 
the sum of applied and stored soil N. This could be due to the contribution of native soil N mineralisation 
(priming effect) under biochar (Chan et al., 2008) or the contribution of bioavailable N from the biochar 
itself (Tagoe et al., 2008; Slavich et al., unpublished); (3) higher available soil P in the biochar treatment 
may have induced the higher N uptake by plant as suggested by Duru and Ducrocq (1997) and has been 
demonstrated when biochar was applied onto acidic soil (Slavich et al., unpublished). In our study, P uptake 
measured in the above ground biomass was higher in plots with biochar; and (4) N loss through volatilisation 
may have been reduced in the biochar amended soil (Wang et al., 2012; Scheer et al., 2011; Singh et al., 
2010). These processes were not the focus of this study and would require further investigation. 
 
Table 3. Average cumulative N uptake (kg N) during 1 Sept 10-11 May 11 (excluding below ground N) 
N-rates (kg/ha/year) Nil Biochar 10 t/ha Biochar Difference from Control 

Nil Biochar 10 t/ha Biochar 
0 74.0 72.4aA - aA -1.6 
50 97.2 116.4abA 23.2 bcB 44 
100 144.6 167.4cdA 70.6 dB 95 
Letter following the number in lower case indicates differences (LSD 0.05 = 41.05); capital letter is used when comparing effect of biochar within the 
same level (s) of fertiliser (LSD 0.05

 
=18.71) 

The agronomic efficiency of applied N (AEN) at 50 kg N/ha was better than that at 100 kg N/ha (Table 4). 
Fertiliser use efficiency is known to decrease as the fertilizer rate increases (Dobermann 2005). The increase 
in AEN
 

 due to biochar was 20.6% at 50 kg N/ha compared with an increase of 13.6% at 100 kgN/ha. 

Table 1. The agronomic efficiency of applied N (AEN
N-rates (kg/ha/year) 

), kg DM increase per kg N applied 
Nil Biochar 10 t/ha Biochar 

50 129 155.47 
100 86.81 98.63 
 
Assuming water loss to deep drainage and runoff was negligible, the cumulative water use for the September 
2010-May 2011 period was similar for all treatments ranging from 734 to 768 mm of water. This was made 
up of 140 to174 mm extracted from 0-200 cm soil depth plus 594 mm of cumulative rainfall over the period. 
Rooting depth as indicated by changes in soil water content over time was similar for all pasture (to about 
120-140 cm depth) which is consistent with Murphy et al., (2010) for the same pasture near Tamworth. In 
highly permeable sandy soil, biochar could minimise water loss and reduce overall profile water extraction 
(Gathorne-Hardy et al., 2010; Brockhoff et al., 2010). But in this study the application of biochar had not 
made a significant difference in water use, probably due to the high clay content of the red Vertosol on 
which the pasture was grown. The effect of biochar on soil water holding capacity is more likely to be more 
pronounced in sandier soil than in clay soil as shown in Baldock (unpublished cited in Krull et al., 2004). 
 
The cumulative water use efficiency (WUE) for September 2010 - May 2011 period tended to be higher on 
biochar + fertiliser treatments, but the effect was not significant. In contrast, the higher fertiliser rates 
significantly increased WUE (Table 5). On a monthly basis (data not presented), WUE at the beginning of 
the season (September and October 2010) was similar for all treatments and became increasingly different 
with fertiliser rate over time thereafter. During the fastest growing periods between Dec 2010 and Feb 2011, 
biochar amended plots had a significantly higher monthly WUE compared to the Nil Biochar treatments. 
 
Table 5. Mean and standard error of water use efficiency (kg /ha/mm) 1 September 2010-5 May 2011 
N-rates (kg/ha/year) Nil Biochar 10 t/ha Biochar 
0 6.77 6.74a 
50 

a 
8.59 9.93ab 

100 

b 
11.65 12.60cb 

Letter following the number in lower case indicates differences (LSD

b 
0.05

 
= 2.913) 

Conclusion 
Combined application of biochar + N fertiliser increased dry matter yield of digit grass by 13-19 % for the 
2010-2011 growing season. Without N fertiliser, biochar had no effect on dry matter yield. When applied in 
combination with fertiliser, biochar increased the agronomic efficiency of applied N for the digit grass by 
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20.6% at 50 kg/ha N rate and by 13.6% at 100 kg/ha N rate. The cumulative pasture water use on this 
degraded red Vertosol was similar for all treatments for this season. There is a potential for biochar to 
increase water use efficiency of the digit grass when it is applied with fertiliser, particularly during periods of 
high growth. This tendency will be examined over the next two growing seasons. 
 
Acknowledgements 
This research is funded by the Australian Centre for International Agriculture Research (ACIAR) and the 
NSW Department of Primary Industries. Victor Shoemark and Ross McLeod provided technical support. 
 
References 
Boschma SP, Lodge GM, Harden S (2009). Establishment and persistence of perennial grass and herb 

cultivars and lines in a recharge area, North-West Slopes, NSW. Crop & Pasture Sci 60, 753–767. 
Brockhoff SR, Christians NE, Killorn RJ, Horton R, and Davis DD (2010). Physical and Mineral-Nutrition 

Properties of Sand-Based Turfgrass Root Zones Amended with Biochar. Agron J.102(6), 1627-1631. 
Chan KY, Van Zwieten L, Meszaros I,  Downie A, Joseph S (2008). Using poultry litter biochar as a soil 

amendment. Australian Journal of Soil Research 46, 437–444. 
Ding Y, Liu YX, Wu WX, Shi DZ, Yand M and Zhong ZK (2010). Evaluation of biochar effects on nitrogen 

retention and leaching in multi-layered soil columns. Water air soil Pollut 213, 47-55. 
Dobermann A (2005). Nitrogen Use Efficiency-State of the Art. IFA International Workshop on Enhanced-

Efficiency Fertilizers, Frankfurt, Germany, 28-30 June 2005. 
http://www.fertilizer.org/ifacontent/download/6595/104696/. Accessed, 25 April 2012. 

Duru M, Ducrocq H (1997). A nitrogen and phosphorus herbage nutrient index as a tool for assessing the 
effect of N and P supply on the dry matter yield of permanent pastures. Nutrient Cycling in 
Agroecosystems 47,59–69. 

Gathorne-Hardy A, Knight Jand Woods J (2010). The use of bio-char to reduce summer water stress in 
cereal crops. Aspects of Applied Biology 88, 57 

Khan DF, Peoples MB, Shwencke GD, Felton WL, Chen D, Herridge DF (2003). Effects of below-ground 
nitrogen on N balances of field-grown fababean, chickpea, and barley. AJAR 54, 333-340.  

Krull ES, Skjemstad JO, Baldock JA (2004). Functions of Soil Organic Matter and the effect on soil 
properties. GRDC report, Project CSO 00029. http://www.grdc.com.au/uploads/documents/cso00029.pdf 

Murphy SR, Lodge GM, Brennan MA (2008). Water use indices of tropical grasses in a temperate 
environment.  In ‘Multifunctional Grasslands in a Changing World’ p. 837 (Edited by Organising 
Committee of IGC/IRC Congress. – Guangzhou), Guangdong People’s Publishing House. 

Murphy SR, Lodge GM, Brennan MA (2010). Tropical grasses capture winter rainfall. In ‘Adapting mixed 
farms to future environments’ pp: 137-140. Proceedings of the 25th Annual Conference of the Grassland 
Society of NSW, Dubbo, 28-29 July 2010. 

Scheer C, Grace PR, Rowlings DW, Kimber S and Van Zwieten L (2011). Effect of biochar amendment on 
the soil-atmosphere exchange of greenhouse gases from an intensive subtropical pasture in northern New 
South Wales, Australia.  Plant Soil 345, 47–58. 

Singh BP, Hatton BJ, Singh B, Cowie AL, Kathuria A (2010). Influence of biochars on nitrous oxide 
emission and nitrogen leaching from two contrasting soils. J Environ Qual 39, 1224–1235. 

Slavich P, McLeod M, Gani A, Chairunas, and Deddy Erfandy (2011). Rice husk biochar increases nitrogen 
uses efficiency of low land rice in Aceh. 2nd Asia Pacific Biochar Conference (Kyoto, Japan September 
15 – 18, 2011) Towards Human and Environmental Symbiosis Using Biochar. 

Tagoe SO, Horiuchi T, and Matsui T (2008). Effects of carbonized and dried chicken manures on the growth, 
yield, and N content of soybean. Plant and Soil 306, 211–220. 

Van Zwieten L, Kimber S, Morris S, Chan YK, Downie A, Rust J, Joseph S, and Cowie A (2010). Effects of 
biochar from slow pyrolysis of papermill waste on agronomic performance and soil fertility. Plant and 
Soil 327, 235–246. 

Wang J, Pan X, Liu Y, Zhang X and Xiong Z (2012). Effects of biochar amendment in two soils on 
greenhouse gas emissions and crop production. Plant and Soil 353, 1250-12533. 

 


	Introduction
	Methods
	Results
	Properties of biochar and soil
	Herbage mass
	Nitrogen and water use

	Conclusion
	Acknowledgements
	References

