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Abstract 
Lentil production in the Victorian Mallee has been increasing at a rapid rate due to improved adaptation of 
lentil cultivars to dry environments and the rotational and financial benefits this crop provides.  Dune swale 
systems cover a large portion of cropping area in the region, where lighter textured (sandy) soils can be 
infertile and inherently lower yielding. Increased organic carbon improves soil fertility and can be enhanced 
through the addition of organic amendments such as poultry or pig litter or potentially almond hulls.  This 
study assessed the response of lentils to poultry litter, almond hulls and standard fertiliser across three soil 
types from the Victorian Mallee environment.  The glasshouse trial showed that poultry litter provided the 
greatest yield increase and stability across the three soil types compared to fertiliser, where increases were 6, 
29 and 24% for swale, mid slope and dune soils respectively.  Where almond hull was applied, yield was 
consistently lower than for fertiliser across respective soil types.  Importantly these results highlight the 
value of poultry litter increasing the productivity of sand dune type soils to the equivalent productivity of the 
heavier swale soil type.  Further work is required to assess the long-term benefits and the practicality of 
using such amendments in a large-scale farming context. 
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Introduction 
From 2006 to 2017, lentil production rapidly increased from 1.2 to 13.4% of the total cropped area in the low 
rainfall Mallee region of Victoria (Moodie, 2017), due to increased adaptation of lentil cultivars to dry 
environments combined with the rotational and economic benefits to growers.  Within Mallee dryland 
cropping systems, sandy soils types (associated with dune systems) typically have lower production potential 
compared with mid slope and swale regions, due to low cation exchange capacity, water holding capacity 
and inherent infertility (Davenport, 2014).  This can lead to poor growth and yield and can leave the soil 
exposed to erosion over harvest.  Consequently, the production potential and yield stability of lentil across 
the Mallee landscape can be highly variable.  There have been numerous studies that have assessed the value 
of organic amendments as surface applied and deep-placement on a range of soil types and agroecological 
regions to improve yield and underlying soil productivity (Armstrong et al 2017; Celestina et al. 2018), with 
variable outcomes.  For Mallee environments remediation of light textured soils through the application of 
various ameliorants have been successfully demonstrated (Adcock et al 2006; Trengove 2018).  For example, 
Trengove (2018) demonstrated a significant yield and profit increases by incorporating poultry litter by deep 
ripping, where yield was improved by an average of 1.3 t/ha over 3 years and marginal returns were 
$1249/ha (Trengove, 2018).  The current study investigated the effect on lentil growth two organic 
amendments (poultry litter and almond hulls) in comparison to inorganic fertiliser across three different soil 
types associated with the dune, mid-slope and swale of a Mallee landscape, and two levels of growing season 
water availability levels on lentil growth. 
 
Methods 
Trial design 
A glasshouse trial was sown at Irymple, Victoria on the 19/07/2018 in a factorial randomised complete block 
design with four replicates to assess the effect of a range of various soil amendments on a lentil crop.  The 
design was a combination of i) soil type (sand dune, mid slope and swale), ii) soil amendment (nil, poultry 
litter, almond hull and diammonium phosphate (DAP)), and iii) water rate (50 and 80% field capacity).  The 
organic soil amendments were poultry litter (3t/ha) and almond hulls (2.2t/ha), which were compared to DAP 
at 50kg/ha and a control (no nutrient amendment).  The rates used were selected based on commercial rates 
and were balanced for carbon (excluding DAP) and not balanced for nutrition.  The three soils used were 
collected from a paddock near Ouyen, Victoria and were extracted from the 0-10 cm layer of a sand dune, 
mid-slope and swale area. Square pots (16 cm × 16 cm × 20 cm) were filled with mixed soil that had the 
amendments within it (Fig 1.) and then an additional 2.5 cm of untreated soil was placed on top of the mixed 
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soil.  Six seeds (cv. PBA Jumbo 2) were planted per pot with 50kg/ha of starter diammonium phosphate 
(DAP) which was placed in the untreated (benign) layer of soil to assist with early crop growth. After the 
plants had fully emerged, plastic granules were applied to the surface to limit evaporative losses. The water 
regimes were equivalent to 50 and 80% of the field capacity for each soil type.  To maintain these water 
regimes, the pots were watered to weight every 2-3 days with reverse osmosis water. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. A diagram of the soil make-up of each pot (top left) and a photo of the seeding process and initial 
application of the starter fertilizer (top middle) and four photos (top right and all bottom) showing key growth 
stages during the season 
 
Results and Discussion 
The greatest yield response and stability across the three soil types was observed where poultry litter was 
added, whereas a variable pattern of response was observed for the control and fertiliser treatments (Fig 2).  
Poultry litter increased yield by 6, 29 and 24% compared with the fertilizer treatment for the swale, mid-
slope and dune soils respectively.  In contrast, where almond hulls were applied, yield was consistently lower 
than the fertiliser treatments across all soil types, which may reflect tie-up of nitrogen due to the high C:N 
ratio of the hulls 
 
The pattern of yield response in lentil reflected the visual pre-flowering biomass accumulation (Fig 1) and 
the grain set (Table 1), whereas there was no effect of soil amendment or soil type on grain weight.  Poultry 
litter increased grain set by 33, 45 and 21% compared to the nil, almond hull and fertiliser treatments 
respectively (Table 1).  Importantly these results highlight the value of poultry litter increasing the 
productivity of sandy dune type soils to the equivalent productivity to that was seen in the heavier swale soil 
type. Based on nutritional input from the treatments, the excess Nitrogen that was added through the poultry 
litter was deemed to have the biggest effect on yield increase. 
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Figure 2. Lentil yield response to a range of amendments across three different soil types.  Amendments tested 
were almond hulls, poultry litter and fertiliser.  Soil was extracted from the dune, mid-slope and swale region of 
a Mallee dune system.  LSD for the interaction between the amendment and soil is shown (LSD = 2.00). 
 
Table 1. Lentil response to a range of amendments across three different soil types.  Amendments tested were 
almond hulls, poultry litter and fertiliser.  Soil was extracted from the dune, mid-slope and swale region of a 
Mallee dune system.  Plant response variables are total root mass, plant total above-ground biomass and yield 
component, grain number. 
 

Soil Type (S)/ 
Amendment (A) 

Root 
Biomass 
(g/pot) 

Plant 
Biomass 
(g/pot) 

Grain 
Number 

(pot) 

Water Use 
(L/pot) 

 Dune 

Nil 5.51 29.3 291 8.79 

Almond Hull 4.32 28.1 274 8.64 

Poultry Litter 6.12 37.7 409 9.2 

Fertiliser 5.25 30.9 317 9.01 

 Mid-slope 

Nil 4.74 25.7 277 8.93 

Almond Hull 5.67 26.8 295 9.23 

Poultry Litter 6.62 39.0 429 11.27 

Fertiliser 4.80 29.5 317 10.3 

 Swale 

Nil 5.09 34.6 411 9.71 

Almond Hull 4.35 28.5 325 8.8 

Poultry Litter 5.71 40.8 460 10.26 

Fertiliser 5.54 37.1 440 10.43 

S × A lsd (P<0.05) ns 3.4 44 0.63 

A lsd (P<0.05) 0.69 - - - 

 
For root growth there was a significant interaction between water rate and amendment where for the dune 
and mid-slope soil and contrasting water treatment, the root growth was equivalent (5.4 g/pot), whereas for 
the swale soil, the root growth was significantly lower for the low-water compared with the high-water 
treatment (4.4 vs 6.0 g/pot).  There was no interaction between soil type and amendment treatments (Table 
1), although there was a significant main effect of amendment, where poultry litter increased root biomass by 
22% compared with the nil, almond hulls or fertiliser treatments.  For water use there was a significant 
interaction of amendment and soil type, where water use under poultry litter significantly increased 
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compared with fertiliser for the mid-slope soil but was equivalent for the sand and mid-slope soil.  Where 
almond hull was applied, water use was lower and equivalent across soil types. 
 
Conclusion 
For three Mallee soils which represent a dune, mid-slope and swale system, the addition of poultry litter 
effectively increased the growth and yield of lentil on the light textured sand dune to being equivalent to the 
heavier textured swale soil.  In contrast, large production differences across these soils were evident where 
DAP was applied.  Where almond hulls were applied, yield was consistently lower than for DAP treatments 
across all respective soil types, which may reflect tie-up of nitrogen due to the high C:N ratio of the hulls.  
Overall, these results highlight the value of poultry litter increasing the productivity for sand dune type soils 
to the equivalent to the heavier swale soil type, most likely through addressing the nutritional constraints. 
The next steps are to compare when amendments are balanced for nutrition and determine the practicality of 
using such amendments in a commercial context. 
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