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Key Messages 

• Crop sequences that included lentils were at least 30% more profitable than the other rotations. 

• Short term break crop benefits were most evident in dry seasons. 

• Cereal yields were generally maximized with the application of 30 kg N/ha 

• Crop sequences with brown manure vetch and medic pasture maintained a neutral nitrogen balance 

with N fertiliser inputs 10 kg N/ha applied to cereal crops. 

• Lentil and vetch hay rotations required 50 kg N/ha to be applied to wheat and barley to balance N 
inputs with outputs 

• Crop sequences with no legume component (oaten hay and fallow) required at least 70 kg N/ha applied 

to wheat and barley to maintain a neutral nitrogen balance 

Background 

The cropping region in Southwestern NSW has evolved dramatically in the last one-two decades.  Traditionally 

cropping practices were highly conservative with one-two seasons of mechanical fallow between cereal crop phases 

before these rotations moved towards continuous cropping with cereal crops during the 2000’s.  This led to major 

gains in water use efficiency and environmental benefits from improvements in groundcover, however this system 

was not sustainable with the eventual development of agronomic issues such as brome grass and declining fertility. 

Over the past decade, there has been a further refinement in paddock rotations with the adoption of more diverse 

rotations.  Legume crops such as lentils, chickpea, field pea and vetch have become an important component of 

regional crop sequences and the added nitrogen (N) supply from these enterprises is providing significant vigour and 

yield benefits to subsequent cereal crops.   

Despite the obvious benefits from improved N supply, most farmers are reluctant to apply additional N inputs from 

inorganic fertiliser inputs.  Therefore, the question remains as to if further productivity gains can be achieved, 

particularly in better rainfall seasons, with improved N supply over and above what is supplied through the organic N 

sources from legumes.  Furthermore, while pulse crops can fix considerable quantities of N, significant quantities of 

N are also removed through products such as hay and grain.  Therefore, additional N fertiliser inputs may be 

required to prevent N being mined from the soil organic N pool. 

 

About the trial 

The trial site is located at Gol Gol in South Western NSW.  The site has a sandy and alkaline soil with key properties 

shown in Table 1.  Soil organic carbon and nitrogen stocks were characterised prior to commencement of the trials in 
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2020.  As shown in Table 2, the top 30 cm of soil contains an organic carbon pool of 2400 kg/ha and a total nitrogen 

pool of 733 kg/ha.   

The site was divided into three sub trials with each planted to a different phase of a three-year rotation in each 

season (Table 3).  Within the wheat and barley phases four different N rates were applied: 10, 30, 50, 70 kg N/ha 

(Table 3).  Details of sowing times and varieties used in each season are provided in Tables 4 and 5.   

Table 1.Key soil properties at the site 

Treatment 
Mineral N 

(kg/ha) 
Phosphorus 

(Colwell) 
PBI Sulphur 

(KCL) 
pH (CaCl2) Salinity 

(EC 1:5) 
Boron 
(Hot) 

Clay 
(%) 

Sand 
(%) 

Silt 
(%) 

0-10 9 32 61 5.9 7.6 0.13 1.7 19.3 70.0 11.3 

10-30 25   8.4 7.9 0.13 1.8 25.7 64.7 10.0 

30-60 28   6.7 8.1 0.16 2.6 35.3 49.3 15.3 

60-90 17   7.9 8.4 0.34 11.0 34.3 48.3 18.0 

90-120 15   15.3 8.4 0.42 19.7 36.6 46.0 17.6 

 

Table 2.Baseline organic carbon and organic N stocks in the top 30cm  

Treatment 0-10cm 10-30cm Total (0-30cm) 

Organic Carbon (kg/ha) 977 1430 2400 

Organic Nitrogen (kg/ha) 238 495 733 

 

Table 3. Details of treatment for each phase of the rotation 

Phase Crop Phase N treatment Seeding Fertiliser In crop Top-dress 

1 

Vetch Hay All 

Granulock Z at 48.7 kg/ha 
Nil Vetch Brown Manure All 

Medic Pasture All 

Oaten Hay All Urea @ 43 kg/ha 

Chemical Fallow All Nil Nil 

2 & 3 

Wheat and Barley 10 DAP S Z at 62.5 (kg/ha) Nil 

Wheat and Barley 30 DAP S Z at 62.5 (kg/ha) Urea @ 43 kg/ha 

Wheat and Barley 50 DAP S Z at 62.5 (kg/ha) Urea @ 87 kg/ha 

Wheat and Barley 70 DAP S Z at 62.5 (kg/ha) Urea @ 130 kg/ha 

 

 

Table 4. Details of treatments for each phase of the rotation 

Sowing Date 
Sowing 

Date 
Topdressing 

Date 
Comments 

2020 
3rd May 12th June Sown into good soil moisture.  Minimal rainfall fell at the site during June 

and July, and this possibly impeded crop uptake of the top-dressed urea 

2021 
7th May 12th July The site was sown dry on the 7th of May in 2021, with germination not 

occurring until early June 

2022 29th April 20th June Sown into good soil moisture.  

 

Table 5. Details of treatments for each phase of the rotation 

Crop 2020 2021 2022 

Lentil PBA Highland XT PBA Highland XT PBA Highland XT 
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Vetch Timok Timok Timok 

Medic Pasture Seraph Seraph Seraph 

Oaten Hay Kingbale Winteroo Kingbale 

Wheat Scepter Ballista Catapult 

Barley Sparticus Beast Commodus 

 

Results & Discussion 
 

Break Crop Phase 

 

In 2020 all crops and pastures were sown into good moisture 3rd of May.  Early establishment promoted good early 

growth of all legume crops which resulted in legume options producing 3 – 3.5 t/ha of biomass (Table 6).  Assuming a 

N fixation rate of 18 kg N per ton of biomass grown and that an additional one third of the nitrogen is fixed by legume 

root systems, N fixation by the legume break phases was estimated at 90-100 kg N/ha.  Lentil grain yield in 2020 was 

1.6 t/ha.  After accounting for N removed in hay and grain and N applied through fertiliser, net N inputs ranged from 

-47 kg N/ha for oaten hay to +93 kg/ha for brown manure vetch. 

 

The 2021 season was the driest of the trial years.  Crops were sown in early May, however germination was delayed 

until early June.  Delayed emergence limited biomass of vetch and lentils to 1 t/ha, while medic only produced only 

0.5 t/ha of dry matter (Table 7).  As biomass is the most important driver of N fixation, estimates were only 25-30 kg 

N/ha for vetch and lentils and just 13 kg N/ha for the medic pasture.  Net N inputs in 2021 ranged from -21 kg N/ha 

for oaten hay to +29 kg/ha for brown manure vetch.   

 

The 2022 season was very wet with 330 mm falling during the growing season.  This is double the normal amount of 

rainfall expected.  All crops were sown into excellent soil moisture on the 29th of April.  Lentil and medic biomass was 

8 t/ha while vetch produced 6 t/ha (Table 8).  Vetch biomass was lowest as the brown manure and hay treatments 

were terminated in September and therefore did not benefit from the high rainfall experienced during October. Lentil 

grain yield was also high at 3.3 t/ha; however multiple fungicide applications were applied to prevent the development 

of botrytis grey mould.  Estimates N fixation were very high with vetch fixing 160 kg N/ha and lentil and medic more 

than 200 kg N/ha.  However high production also led to high N exports with 125 and 140 kg N/ha removed in the vetch 

hay and lentil grain respectively.  Net N inputs varied between treatments by nearly 300 kg N/ha with the medic 

pasture contributing +217 kg N/ha while oaten hay exported -73 kg N/ha. 

 
Table 6. Productivity, estimated N fixation, N removal and Net N inputs for each break phase in 2020. 

Phase 1 
Dry Matter Yield 

(t/ha) 

Estimated 
N Fixed 
 (kg/ha) 

Grain  
Yield  
(t/ha) 

N Removed (kg/ha) Net N  
Input 

 (kg/ha) Dry Matter Grain 

Lentil 3.1 83 1.6 - 66 16 

Vetch Hay 3.5 93 - 72 - 21 

Vetch Brown Manure 3.4 93 - - - 93 

Medic Pasture 2.9 79 - - - 79 

Oaten Hay 4.7 0 - 49 - -49 

Chemical Fallow - - - - - 0 

 
Table 7. Productivity, estimated N fixation, N removal and Net N inputs for each break phase in 2021. 

Phase 1 Dry Matter Yield Estimated Grain  N Removed (kg/ha) Net N  
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(t/ha) N Fixed 
 (kg/ha) 

Yield  
(t/ha) 

Dry Matter Grain 
Input 

 (kg/ha) 

Lentil 0.9 25 0.26 - 11 14 

Vetch Hay 1.1 28 - 22 - 7 

Vetch Brown Manure 1.1 29 - - - 29 

Medic Pasture 0.5 13 - - - 13 

Oaten Hay 2 0 - 21 - -21 

Chemical Fallow - - - - - 0 

*% N measured for each from 2020 were used to calculate the N yield for each treatment. 

 

Table 8. Productivity, estimated N fixation, N removal and Net N inputs for each break phase in 2022. 

Phase 1 
Dry Matter Yield 

(t/ha) 

Estimated 
N Fixed 
 (kg/ha) 

Grain  
Yield  
(t/ha) 

N Removed (kg/ha) Net N  
Input 

 (kg/ha) Dry Matter Grain 

Lentil 8.0 217 3.3 - 140 77 

Vetch Hay 6.0 162 - 125 - 37 

Vetch Brown Manure 5.9 159 - - - 159 

Medic Pasture 8.0 217 - - - 217 

Oaten Hay 7.0 0 - 73 - -73 

Chemical Fallow - - - - - 0 

 

Effect of rotation on wheat and barley 

As break phases were first implemented in 2020, the assessment of their impact on subsequent cereal crops in 

limited to 2021 (wheat only) and 2022 (wheat and barley).   The 2020 break phase had a large impact on the grain 

yield of the 2021 wheat crop (Figure 1) with wheat following fallow producing highest yield 3.3 t/ha and wheat 

following medic pasture the lowest (2.7 t/ha).  Yield differences appeared to be driven by soil water with chemical 

fallow likely to have more stored soil water than medic which continued grow through the spring of 2020 to 

establish a regenerating pasture seed bank.  Vetch brown manure treatments were also slow to terminate in 2020 

and therefore the following wheat crop produced less yield than following vetch that had been cut for hay.  The 

medic and vetch brown manure treatments which had no legume biomass removed in 2020 had approximately 1% 

higher grain protein than the other break crop treatments.  However, some of this increase may have been due to 

reduced protein dilution as overall there was a trend of higher yielding crops having lower grain protein. 

 

 

Figure 1. Grain yield (black bars) and grain protein (grey bars) of wheat in 2021 following break phases in 2020. 
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The 2021 break crop phase had no effect of the grain yield or grain protein of wheat grown in the wet 2022 season 

(Figure 2).  However, the 2020 break phases had a small impact on the 2022 grain yield and protein of barley grown 

in 2022 (Figure 2).  An additional 300 kg/ha barley was grown following vetch, medic and fallow compared to where 

lentil and oaten hay was grown two seasons earlier.  The brown manure vetch systems also produced higher grain 

protein levels in the barley than the rotations that included oat hay, lentil and fallow.   

 

Figure 2. Grain yield (black bars) and grain protein (grey bars) wheat in 2022 following break phases in 2021 and barley in 20022 following 

break phases in 2020 and wheat in 2021. 

 

Effect of N rate on wheat and barley 

Cereal yield responses to N fertiliser rates were small and inconsistent across seasons (Figure 3).  In 2020, higher 

rates of N slightly improved grain yield with an additional 2.6 kg of wheat grown for each 1 kg of N applied.  The rate 

of return was slightly higher in barley with 4.3 kg of grain grown for each unit of N applied.  However, these grain 

yield responses were small and unlikely to cover the costs of the fertiliser inputs.  In the 2021, wheat yield was the 

same across all N rates while in barley yield was optimised at 30 kg/ha (Figure 4).  Application of higher N rates 

supressed barley yield which indicates slight “haying off” in the drier season.  In the wet 2022 season, grain yields of 

both wheat and barley were increased by approximately 0.5 t/ha after moving from 10 kg N/ha to the 30 kg N/ha 

rate (Figure 5).  Applying N at the two highest rates did not further increase grain yield.   

Nitrogen fertiliser inputs generally had a greater impact on grain protein than grain yield.  There was a linier increase 

in grain protein in response to N rate across all seasons for both wheat and barley (Figure 3, 4 & 5). 
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Figure 3. Effect of nitrogen rates on the grain yield (black bars) and grain protein (grey bars) of wheat and barley in 2020 

 

 

 

Figure 4. Effect of nitrogen rates on the grain yield (black bars) and grain protein (grey bars) of wheat and barley in 2021 

 

 

Figure 5. Effect of nitrogen rates on the grain yield (black bars) and grain protein (grey bars) of wheat and barley in 2022 

 

Gross Margins 

Lentils produced the highest gross margin of all the break phase options (Table 9).  The average on-farm lentil price 

across the three seasons was $678/t which provided for an extremely high gross margin of $1800/ha in 2023.  All 

break options produced negative gross margins in 2021, except for medic pasture where income from an assumed 

grazing system was applied.  Costs applied to the brown manure vetch system reflected the high level of 

management applied to that treatment, however it is possible that the brown manure vetch gross margin could be 

improved by either reducing input costs (e.g. fertiliser inputs, herbicides for weed control) and/or generating income 

using a grazing system. 

Wheat (Table 10) and barley (Table 11) gross margins also benefited from comparatively high prices across the 

seasons.  The average grain price used to calculate the gross margins for wheat was $308/t and barley $255/t.  

Barley gross margins were only around $100/ha in 2021, which was following wheat, however wheat grown in 2021 

following a break phase in 2020 produced much higher gross margins.  The highest gross margin in 2021 was more 
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than $700/ha for wheat following fallow.  Both cereal crops produced very high gross margins of more than 

$1000/ha in 2022.   

Gross margins were calculated for each break phase x N rate treatment across the entire three-year crop sequence 

(Table 12).  The highest average annual gross margins were produced by rotations that included lentils, with the 

highest average annual gross margin of 700/ha produced by the treatment with 30 kg N/ha applied during the cereal 

phase.   

Table 9. Annual gross margins of break phase treatments in each year of the trial. 

Break Phase 2020 2021 2022 

Lentil 700 -67 1799 

Vetch Hay 102 -105 636 

Vetch Brown Manure -156 -170 -232 

Medic Pasture 202 142 110 

Oaten Hay 8 -18 187 

Chemical Fallow -73 -73 -107 

 

Table 10. Annual gross margins of wheat treatments in each year of the trial. 

Break Phase 
2020 2021 2022 

10 30 50 70 10 30 50 70 10 30 50 70 

Lentil 

454 411 429 426 

512 489 441 410 1090 1338 1214 1141 

Vetch Hay 577 541 511 464 1232 1336 1216 1202 

Vetch Brown Manure 430 384 357 304 1193 1386 1362 1191 

Medic Pasture 281 220 250 186 1275 1339 1184 1151 

Oaten Hay 454 425 403 361 1078 1329 1125 1185 

Chemical Fallow 722 736 681 657 1259 1339 1248 1218 

 

Table 11. Annual gross margins of barley treatments in each year of the trial. 

Break Phase 
2020 2021 2022 

10 30 50 70 10 30 50 70 10 30 50 70 

Lentil 

260 253 241 245 152 150 111 57 

1057 1204 1136 1012 

Vetch Hay 1054 1230 1179 979 

Vetch Brown Manure 1221 1372 1177 995 

Medic Pasture 1228 1152 1121 1056 

Oaten Hay 1173 1337 1138 1157 

Chemical Fallow 1219 1277 1176 1099 

 

Table 12. Annual gross margin of each treatment, averaged across each 3 year crop sequence (break – wheat – barley) 

Break Phase 
N Rate 

Mean 
10 30 50 70 

Lentil 662 701 672 632 667 
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Vetch Hay 504 498 474 454 482 

Medic Pasture 455 456 427 402 435 

Chemical Fallow 419 442 399 390 412 

Oaten Hay 404 439 402 385 407 

Vetch Brown Manure 350 378 346 295 342 

Mean 465 485 453 426 458 

 

Net N inputs 

Net nitrogen inputs were calculated for each treatment across the 3-year cropping sequence (Table 12).  Net 

nitrogen inputs were calculated by accounting for N fixation by legumes, N removed in hay and grain and N applied 

through fertiliser applications. Neutral net N inputs is desirable to ensure that the soils organic N pool is not mined.  

Crop sequences with low export legumes systems (brown manure vetch and medic pasture) maintained neutral net 

N inputs with low N fertiliser rates of 10 kg N/ha applied to the cereal crops.  Lentil and vetch hay rotations required 

50 kg N/ha to be applied to wheat and barley to balance N inputs with outputs.  Sequences with no legume 

component required at least 70 kg N/ha applied to wheat and barley to maintain a neutral nitrogen balance, with 

the oaten hay treatment having negative net N input even 70 kg N/ha was applied to the cereal phase. 

Table 13. Net nitrogen inputs of each treatment across the 3 year crop sequence (break – wheat – barley).   

Break Phase 
N Rate 

10 30 50 70 

Medic Pasture 10 39 76 109 

Vetch Brown Manure -2 21 59 98 

Lentil -52 -31 6 41 

Vetch Hay -76 -47 -9 21 

Chemical Fallow -104 -80 -40 -9 

Oaten Hay -109 -86 -49 -17 

 

Implications for commercial practice 
 

This trial demonstrated that the current systems with moderate levels of N fertiliser inputs can supply enough N to 

meet the yield potential of cereal crops.  Even in the 2022 season with very high growing season rainfall, cereal crops 

yield of over 5 t/ha were achieved with N inputs of 30 kg N/ha.  This demonstrates good capacity of the soil organic 

N pool to supply N to crop through mineralisation. However, while responses to N fertiliser were small and variable, 

adequate N inputs are required to maintain soil organic N stocks.  In the long term it is important select a crop 

sequence that is profitable without mining the soil organic N pool.  The average annual gross margin for each break 

with the N rate treatment which provided the best balance between N inputs and outputs is shown in Table 14.  The 

lentil rotation with 50 kg N/ha applied was the most profitable treatment with an annual gross margin of $672/ha.  

This was $200/ha more profitable than vetch hay with equivalent N inputs.  Medic with low N inputs had a similar 

annual gross margin to the chemical fallow and oaten hay rotations with high N inputs applied.  The brown manure 

vetch treatment with low N rates with produced the lowest annal gross margin which at least $100/ha per year 

lower than all other options.  However, it may be possible to improve the gross margin of the brown manure vetch 

system by reducing input costs and/or generating profit through grazing of the vetch. 
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Table 14. Comparison of the average annual gross margins of the break phase x nitrogen (N) rate treatments that were closest to a neutral 
net N inputs. 

Break Phase N Rate Gross Margin ($/ha) 

Lentil 50 672 

Vetch Hay 50 474 

Medic 10 402 

Chem Fallow 70 390 

Oaten Hay 70* 385 

Vetch Brown Manure 10 295 

 

 

 

 

 

 

 


