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Brown manures of vetch, field pea and oats 
effectively increased pH and reduced aluminium 
in an acid soil (Sodosol). The greatest increases 
in crop shoot biomass were observed with vetch 
brown manure. Ca(NO3)2 improved plant growth 
with cereal brown manures, but not with legume 
brown manures in the Sodosol. 

Introduction 

Acid subsoils (pH < 5.5 in CaCl2) limit agricultural 
production primarily via high aluminium (Al3+) and 
manganese (Mn2+) concentrations that are toxic to 
plants. Lime application at the surface to increase 
pH is limited in treating soil acidity at depth. Deep 
ripping to incorporate lime and other materials is 
expensive. Hence cost-effective ameliorates and/or 
their combinations need to be identified.  

Opportunistic brown manuring to control weeds may 
be an attractive way to generate on-farm residues 
that could ameliorate subsoil acidity. Also, plants 
supplied with nitrogen as an anion (nitrate, NO3

-) 
rather than cation (ammonium, NH4

+) can increase 
pH in their root zone. This study aimed to a) evaluate 
the effectiveness of four commonly used brown 
manures as soil amendment to alleviate subsoil 
acidity and Al3+ toxicity in wheat (Triticum aestivum 

L.) crop, and b) assess whether Ca(NO3)2 can 
enhance the effectiveness of these on-farm 
amendments. 

Pot Experiment 

Soils were collected at 10-20 cm from a Dermosol 
from Kinglake West, Victoria and a Sodosol from 
Dirnaseer, near Cootamundra, New South Wales. 
The pH of the Dermosol was 3.9, with a pH buffer 
capacity of 86 mmolc/kg/pH and extractable Al3+ of 
38 µg/g. The Sodosol had pH of 3.9, a pH buffer 
capacity of 25 mmolc/kg/pH, extractable Al3+ of 9 
µg/g.  

Brown manures of field pea (Pisum sativum L.), oats 
(Avena sativa L.), vetch (Vicia sativa L.) and wheat 
were obtained by spray-toping in late spring. Crop 
residues were collected and allowed to naturally 
desiccate in the glasshouse for three weeks, before 
being chopped and ground to pass through a 2-mm 
sieve.  

Soils received basal nutrients, were amended with 
those crop residues at a rate of 16 g/kg soil, wetted 
to field capacity and pre-incubated for five weeks. 
Ten pre-germinated seeds of ES8 (Al-sensitive 
wheat genotype) were planted in each pot, and then 
thinned to 5 plants per pot. Al-tolerant (ET8) wheat 
was included for comparison.  

Figure 1. Shoot biomass of ES8 wheat in Dermosol 
(top) and Sodosol (bottom) with two N levels and four 
crop residues. Nil control (dotted lines) and ET8 
wheat were included for comparison. ***, P < 0.001; *, 
P < 0.05 and ns (not significant). 
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Figure 2. Soil pH after 6-week growth of ES8 wheat in 

Dermosol (top) and Sodosol (bottom) for with two N 

levels and four crop residues. Nil control (dotted 

lines) and ET8 wheat were included for comparison. 

Solid lines indicate initial soil pH. ***, P < 0.001; *, P < 

0.05) and ns (not significant).  

 

Figure 3. Soil Al after 6-week growth of ES8 wheat in 
Dermosol (top) and Sodosol (bottom) for with two N 
levels and four crop residues. Nil control (dotted 
lines) and ET8 wheat were included for comparison. 
Solid lines indicate initial Al concentration. ***, P < 

0.001. 

Ca(NO3)2 with two levels, 64 and 191 mg N/kg, were 
split and applied over 3 applications at 0, 19 and 33 
days after planting. Plants and soil within each pot 
were destructively harvested 6 weeks after planting. 
Shoots were cut off, roots extracted, and both 
washed. Plant samples were dried at 70°C. Soil 
from each pot was thoroughly mixed, subsampled 
and dried at 25°C. Soil pH and Al concentrations in 
0.01 M CaCl2 soil extracts (1:5) were determined.  

Results 

All amended soils had more shoot growth (Figure 1) 
associated with increased soil pH (Figure 2) and 
reduced Al concentrations (Figure 3). Vetch brown 
manure had the greatest ameliorative effect. Adding 
Ca(NO3)2 improved crop growth only in oat and 
wheat manure-amended Sodosol, but not in the 
Dermosol. Hence, for this treatment to work, plants 
must be able to take up NO3

- which was inhibited in 
Dermosol. Further, NO3

- needs be the main source 
of N. 

Key messages 

 Crop residues, especially vetch, increased pH, 

reduced Al and improved ES8 wheat growth. 

 Crop residues generated in situ do not result in 
any net change in alkalinity in that soil profile but 
represent a redistribution of alkalinity. 

 Ca(NO3)2 is likely to be effective in moderately 
acidic soils with low pH buffering capacity which 
allow sufficient root development. 

 Maximal alkalization requires the synchrony of 
NO3

- movement to the subsoil and its uptake by 
roots with minimal NO3

- leaching loss. 
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