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Abstract. In southern New South Wales, grazing of wheat during the vegetative and early 

reproductive growth stages (typically during winter) can provide a valuable contribution of high 

quality feed during a period of low pasture growth. This paper reports results from a series of 

experiments investigating the agronomic management of grazed wheats in southern NSW. 

The effect of sowing date and grazing on dry matter production and subsequent grain 

yield of a range of wheat cultivars was measured in 5 experiments in 2004 and 2005. In all 

experiments results were compared to un-grazed spring wheat (cv. Diamondbird). Grain yield of 

the best winter cultivar was either the same or significantly greater than the spring cultivar in 

each of the 5 experiments. Within the winter wheat cultivars, there was significant variation in 

grain yield, protein content and screenings, depending on site and year with the cultivar 

Marombi out-yielding all others. Interestingly, this cultivar usually had the least dry matter 

(DM) post-grazing but the greatest DM by anthesis of the winter wheats. Generally, if sowing of 

the winter wheat was delayed, then the effects on yield were small or non-existent. 

The results are discussed with respect to the benefits of incorporating grazing cereals 

into cropping programs in the medium rainfall zone of southern Australia. 

 

 



Introduction 

Wheat production in south-eastern Australia relies mostly on spring-type cultivars which are 

usually sown in May-June and flower in September-October. As such, these cultivars have no 

vernalisation requirement and respond, in a development sense, to accumulated temperature and 

changing daylength. Increasingly, farmers in mixed-farming systems have been utilising winter 

wheat cultivars as dual-purpose crops which can be grazed for a brief period in winter and then 

allowed to recover to obtain grain yield. Winter-type cultivars have a vernalisation requirement 

that allows earlier sowing than spring-type cultivars without the risk of early flowering (and 

likely frost damage). Hence, farmers are able to sow earlier and make use of the extra vegetative 

dry matter as stock feed. This potential to graze is attractive as it increases feed availability on 

farm at a time in winter when pasture growth rates are slow. With the increasing utilisation of 

winter wheats in medium-rainfall cropping zones, key agronomic management decisions have 

needed to be evaluated with respect to interactions with grazing, namely: the time of sowing, the 

relative grain yield compared to conventional spring–types and the length and intensity of 

grazing. 

 

Early studies on the management and returns of long-season facultative and winter wheat 

cultivars in farming systems were confined to the higher rainfall, higher altitude tablelands 

(Dann et al. 1977; 1983) where grazing is the predominant form of farming activity with a 

relatively minor proportion of farm income generated from cropping. Nonetheless, dual-purpose 

crops were demonstrated to be more profitable than un-grazed crops in some years (Dann et al. 

1977). The extent to which dual-purpose crops were more profitable depended on the relative 

prices of meat, grain and hay (Dann et al. 1983). However, the locations in which these studies 

were conducted have distinct differences to those parts of the wheat-sheep zone in which winter 

wheats are now commonly being grown. Firstly, the cooler, higher rainfall climate of the 

tablelands environment of southern NSW allowed early sowing (usually March to April) to take 

place (Dann et al. 1977). In practice early sowing is rarely an option on the slopes and plains 

until the opening rains in late April or early May. From later sowings, the potential advantage of 

dual purpose crops over grain-only crops diminishes since the period of vegetative growth from 

sowing to grazing is shorter in these drier, warmer environments. 

 

A second issue that needs to be considered is the relative merit of the dual-purpose crop. If dual-

purpose wheat is to be grown then it must be in place of some other land use. The relative merit 

of the dual-purpose option should be compared to the next most likely crop to be grown. For 

dual-purpose wheat in the medium-rainfall mixed farming regions, the most appropriate 

comparison is with spring wheat. The implications of replacing spring wheat with dual-purpose 

wheat for the cropping rotation (control of weeds, pests, diseases) are minimal whereas utilising 



dual-purpose wheat instead of grazing pasture or growing a broadleaf crop has major financial 

and agronomic implications although this may be appropriate in the high rainfall zones. In any 

reasonable comparison with spring wheat it is important that winter cultivars used as dual-

purpose crops need to be sown earlier than spring cultivars. Dann et al. (1977) did this by 

comparing very early-sown winter wheat with spring wheats sown as late as July, although no 

statistical analysis was presented and, as argued above, the results from the tablelands 

environment are likely to have less relevance to the medium rainfall mixed farming zone. In 

addition, recent results from either the tableland (Kelman et al. 2006; Kelman and Dove 2007) 

or cropping (Virgona et al. 2006)  environments of southern NSW were based on contrasts with 

un-grazed crops of the same winter cultivar and are therefore of limited use in this practical 

sense. The appropriate comparison for the medium-rainfall mixed farming zone should be 

between a current commercial spring cultivar sown at its optimal time and a current commercial 

winter cultivar, sown at its optimal time and subsequently grazed. There have been many studies 

on optimal sowing windows for wheat in southern NSW although these have not necessarily 

utilised grazing when evaluating the winter wheat material (e.g. Gomez-McPherson and 

Richards 1995). Lack of grazing may have influenced the conclusions reached as a result of the 

large impact grazing can have on water use, reproductive allocation and grain yield recovery 

(Virgona et al. 2006). So, in addition to ensuring an appropriate comparison of dual-purpose and 

spring wheat performance, it is important that the impact of sowing time also be explored in 

winter cultivars that are grazed. 

 

A third reason for re-evaluating the role of dual-purpose crops arises through recent results with 

respect to dry matter production available for grazing. From the earlier tablelands-based 

research, often with cattle, it was concluded that the most biologically profitable combination of 

grain and grazing returns occurred if the crop was not grazed until it had accumulated 4 t ha
-1 

of 

DM (Dann et al. 1977). However, in the warmer, lower rainfall environments of the slopes and 

plains, rates of biomass accumulation are slow in late autumn and early winter, and reproductive 

development is more rapid than on the tablelands. For example, both Gummer (2005) and Muir 

(2006) found that the winter cultivar EGA Wedgetail, when sown in late April in southern NSW 

accumulated 4 t ha
-1

 by early September at which time the crop had reached the terminal spikelet 

stage of development. Delaying grazing until this point would most likely have a negative 

impact on grain yield as the completion of grazing is dictated by plant development and is not a 

management variable. Inevitably this leads to the questions regarding the timing and severity of 

grazing. For example, Virgona et al. (2006) reported a relatively minor impact on grain yield 

when crops were grazed to 500 kg ha
-1

DM over 45 days (4.7 t ha
-1

 compared to 5.9 t ha
-1

 un-

grazed) indicating that as long as grazing occurs before stem elongation (or growth stage 31, 

Zadoks et al. 1974) then the impact on grain yield may be minimal.  Indeed for one crop, 



Virgona et al. (2006) reported a positive impact of grazing (crops being grazed to leave around 

400 kg ha
-1 

of DM) on grain yield. In these studies only grazing duration varied and with it 

utilisation of DM, that is the longer the period of grazing the greater the utilisation. In the earlier 

study by Dann et al. (1977) crash grazing (by 240-740 adult sheep/ha) was imposed to achieve 

rapid rates of DM removal but more realistic stocking rates would be closer to 20-30 sheep ha
-1

. 

In order to be relevant to current farming systems in the medium rainfall zone, grazing must 

occur at realistic levels of DM availability and stocking density that are lower than those 

previously used and occur earlier in crop development.  

 

As part of the Murrumbidgee Grain&Graze program, a range of experiments examining the key 

agronomic factors discussed above were carried out in southern NSW over the years 2004-5.  

Primarily our aims were to address the economically relevant question – what are the 

implications in terms of grain yield (and thus returns) of growing a winter wheat? To address 

this question, agronomic experiments were established to explore the interaction between time of 

sowing and winter wheat cultivar at a range of locations in southern NSW in both 2004 and 

2005. In addition, each of these experiments also included a spring wheat sown at (or near) 

optimal sowing time. By comparing the spring wheat with early sown winter wheat it is possible 

to examine impact on grain yield in a way that is most relevant to the farming community. The 

data from these experiments can also be used to answer a second ancillary question – what is the 

cost, in terms of grain yield and quality, of sowing winter wheat late. This question arises when 

farmers buy seed before the break of season but may have to sow late depending on seasonal 

conditions. 

 



Material and Methods 

Experiments 1-3,  2004 

These experiments were designed as incomplete factorials set up as split-plots with time of 

sowing, TOS, (approximately April, May and June, designated as TOS1, TOS2 and TOS3, 

respectively) as main-plots and cultivar as sub-plots, each replicated four times. For each TOS 

the following winter wheat (Triticum aestivum L.) cultivars were sown: Lorikeet, Mackellar, 

Marombi, EGA Wedgetail, Whistler and Wylah. In addition at TOS2, a spring cultivar, 

Diamondbird, and second plot of EGA Wedgetail were also sown and fenced to exclude grazing.  

Grazing was imposed on the two earliest times of sowing at the dates shown (Table 1) but not 

for TOS3 for which DM accumulation was judged to be too little for grazing. Experiments 1 -3 

were conducted at three locations, Yerong Creek (33 23 E, 147 04 S), Marrar (34 53 S, 

147 20 E ) and Grenfell (33°45'S 148°6'E).  

 

Plots (2.4 x 20 m in size) were sown using a direct drill cone seeder  at a sowing rate of 80 kg 

ha
-1 

and row width of 220 mm. Prior to sowing  (for TOS1 and 2 at Yerong Creek  and Grenfell 

and TOS1 at Marrar), plots were sprayed with S-metachlor at 480 g a.i. ha
-1

and triasulfuron at 27 

g a.i. ha
-1

.  Fertiliser (monoammonium phosphate or MAP, 11% N, 22% P) was drilled at sowing 

at a rate of 100 kg ha
-1

. At the dates and for the duration shown (Table 1) grazing was imposed 

by placing 40 sheep ha
-1

 on the plots. At Marrar and Grenfell, the sheep were 35-40 kg cross-

bred weaners while at Yerong Creek 55-60 kg weaner rams were used. Sites were monitored and 

grazing ceased when approximately 500-600 kg DM was remaining. Within times of sowing all 

cultivars were grazed in common. A separate experiment in this journal has shown no significant 

animal preference between a number of wheat cultivars (Dove and McMullen, 2009).  

 

For each treatment, DM measurements commenced prior to the start of grazing. The 

comparative yield method of Haydock and Shaw (1975) was used to estimate crop DM yield. 

Ten visual scores of DM were used on each plot. These visual scores were calibrated against 15-

20 measurements of actual DM at each sampling time using linear regression. The regression 

coefficient (r
2
) averaged 0.94, with a range of 0.88 to 0.98. DM removed was calculated from 

estimates of DM prior to and after grazing. 

 

Plots were harvested using a plot header with a subsample taken to determine grain moisture and 

grain quality parameters. Grain yields are expressed in kg ha
-1

 and, as with grain protein, were 

adjusted to 12% (w/w) moisture content. Grain quality parameters included grain test weight 

determined using a 0.5 L chondrometer, grain screenings using a standard 2 mm slotted screen 

and grain protein using a whole grain NIR with commercial calibration. 



 

Insert  Table 1 here  

 

Experiments 4 and 5, 2005 

Both experiments sown in 2005 were incomplete factorials of TOS (2 treatments) and cultivar 

with three winter wheat cultivars sown at TOS1 (Whistler, EGA Wedgetail and Marombi) and 4 

cultivars sown at TOS2 (three from TOS1 plus Diamondbird, a spring cultivar) at two locations, 

Yerong Creek (33 23 S, 147 04 E) and Marrar (34 47 S, 147 23 E). The experiments were 

designed as split plots with TOS as the main plot and cultivar as sub plot, each combination 

replicated four times. In addition, an extra plot of EGA Wedgetail was sown at TOS2 and left 

un-grazed. Sowing and fertiliser details are as reported for experiment 1-3 with the exception of 

the following.  A further metsulfuron methyl at 3 g a.i. ha
-1

, MCPA 350 g a.i. ha
-1

 and clopyralid  

90 g a.i. ha
-1

 was applied for post-emergent weed control at the Yerong Creek site . At Marrar, 

the pre-emergent herbicides used were trifluralin at 480 g a.i. ha
-1

and triasulfuron at 27 g a.i. ha
-

1
, and a post-emergent application of triadimefon was applied at a rate of 62.5 g a.i. ha

-1
 on 

September 30 at Yerong Creek and 125 g a.i. ha
-1

 on November 10 at Marrar for the control of 

stripe rust (Puccinia striiformis). Grazing was conducted similarly to 2004 with the same 

number and sized animals used. Plant DM at the start and end of grazing was determined using 

the comparative method of Haydock and Shaw (1975) as described earlier. Grain yield and 

quality parameters were assessed as described above. Grain yield components were calculated 

using harvested grain weight and 1000 grain weights. 

 

 

Statistical analysis 

Two approaches were used to analyse data from experiments 1-3. Firstly, the effect of growing 

and grazing winter wheat versus spring wheat was investigated using an analysis of variance 

(ANOVA) that included only the winter cultivars sown at TOS1 and the spring cultivar at TOS2. 

To analyse the interaction between TOS and cultivar, a second ANOVA was performed on 

winter wheat cultivars only at each TOS but not for the Grenfell site due to the failure of TOS1 

and TOS3. For experiments 4 and 5, the same two analyses were performed. In all cases 

residuals were found to be normal or near normal and transformation was not deemed necessary. 

To examine the impact of grazing practices on grain yield across sites, all subsets multiple 

regression was used to explore relationships between mean yield of each cultivar (as a 

percentage relative to the spring cultivar) and any of the measured quantities directly related to 

grazing practices (pre- and post-grazing DM, DM removed by grazing). Selection of predictors 

was on the basis of the Schwarz or Bayesian information criterion (Quinn and Keough 2002). 

Multiple or simple linear regression with sites as groups was then used to fit relationships 



between relative grain yield and the significant predictors. These analyses were carried out 

across sites within years and across years using the data from the comparison of earliest sowing 

of the winter wheat cultivars with that of the spring wheat cultivar. All analyses were carried out 

using Genstat Ver 11. 



Results 

Experiments 1-3 

Opening seasonal rains occurred late in 2004 and growing season rainfall was 30-60 mm lower 

than the median, depending on site (Table 1). As a result, emergence from the earliest time of 

sowing in early-mid April did not occur until 25 May at Marrar and although not recorded for 

the other sites, it may be safely assumed that emergence did not take place until at least 5 weeks 

after sowing. The key features of the production of DM, and grain (yield and quality), presented 

in Table 2, result from an analysis that compared the winter wheat cultivars sown at TOS1 with 

the spring wheat cultivar (Diamondbird) at TOS2. 

 

Insert Table 2 here 

 

For each experiment, grain yield of any of the winter wheat cultivars was either greater than or 

equal to that of the spring wheat cultivar, significant variation occurring only at Yerong Creek 

and Marrar. Of the winter cultivars, Marombi had the highest grain yield across the three sites. 

At Yerong Creek and Marrar, the spring cultivar, Diamondbird, had the highest protein content 

and highest levels of screenings. At Grenfell, this was not the case as both protein content and 

screenings were higher in many of the winter cultivars than Diamondbird.  

 

There was significant variation between the winter cultivars in the amount of DM available 

before and after grazing and the amount removed by sheep depending on site (Table 2). On 

average 400-700 kg DM was removed although this amount varies depending on site and 

cultivar. The amount of DM left after final grazing was also highly variable but generally lower 

at the Marrar site with significant cultivar effects at each site. For each of the winter cultivars, 

independent of site, grazing decreased DM at anthesis compared to Diamondbird. The difference 

in anthesis DM could not be accounted for by the amount of DM removed during grazing. At 

Marrar and Yerong Creek, of the winter wheat cultivars, Marombi had significantly higher DM 

at anthesis despite having the least post-grazing DM, indicating that this cultivar was able to 

rapidly recover from grazing. The rapid rate of recovery was not as evident at the Grenfell site 

despite Marombi having comparatively low post-grazing DM. 

 

Insert Table 3 here 

 

Yield, protein and screenings were analysed for TOS by cultivar effects at both Yerong Creek 

and Marrar (Table 3). At Marrar there were no TOS effects on grain yield whereas at Yerong 

Creek there was a significant TOS x cultivar interaction in which the grain yield of Marombi, 

Whistler and Wylah were less affected by TOS than the others.  Protein content was affected 



mainly by TOS at both sites and to a lesser extent by cultivar – a significant interaction 

occurring at Yerong Creek but not Marrar. In essence, protein content increased with later 

sowing while differences between cultivars were minor in comparison. In contrast, the effect of 

these treatments on screenings was mainly through cultivar (even where a significant interaction 

was evident) rather than TOS.  

 

Experiments 4 and 5 

Rainfall before June was sparse at both sites but overall April-October rainfall was greater than 

the median by approximately 60 mm at both sites. At Yerong Creek, there was a sizeable effect 

of cultivar on grain yield but only minor effects on protein content and screenings (Table 4). At 

this site, grain yield was highest for Diamondbird and Marombi and significantly less for EGA 

Wedgetail and Whistler. In contrast, at the Marrar site, Marombi had significantly higher grain 

yield than each of the other cultivars – which were not significantly different from each other. 

Overall, protein content and screenings were higher at the Marrar site, indicating greater stress 

during grain-filling. In terms of DM production at the time of grazing, both sites showed 

consistent trends (Table 4). Marombi had the least DM available at the commencement of 

grazing, and at post-grazing, and post-grazing DM at Yerong Creek was much higher than at 

Marrar. As a result more DM was removed from plots containing Whistler and EGA Wedgetail 

than Marombi at both sites. Dry matter at anthesis was highest at both sites for Diamondbird and 

least for EGA Wedgetail - of the winter cultivars, Marombi had the greatest DM, significantly so 

at Yerong Creek but not at Marrar. This finding was similar to the results from 2004 where 

Marombi had the least DM post-grazing yet the greatest amount at anthesis, of the winter wheats 

(again significantly so at Yerong Creek but not at Marrar).  

 

Insert Table 4 Here 

 

There was a significant cultivar by TOS effect for grain yield at Yerong Creek with later time of 

sowing (14 June) decreasing grain yield by approximately 300-800 kg ha
-1

 depending on 

cultivar, compared to the earlier TOS of 13 April (Table 5). At Marrar, main effects of cultivar 

and TOS were both significant with delay in TOS (from 5 May to 15 June) decreasing grain 

yield across all cultivars by approximately 450 kg ha
-1

. Within sites, there were minor cultivar 

effects for grain protein and screenings and no effect of TOS.  

 

Insert Table 5 here 

 

Cross Site Analyses 



For the 2004 data, site and post-grazing DM accounted for 86.4% of yield variation in relative 

grain yield. Site effects were large but relative grain yield was negatively related to post-grazing 

DM (Table 6). In 2005, there were only two sites and three winter wheat cultivars but despite the 

low degrees of freedom, both post-grazing DM and amount of DM removed were negatively 

associated with relative grain yield and site was not a significant factor (Table 6). As 

experiments 1-5 were similar in design, all the data was combined and reanalysed using the 

same multiple regression approach. For the latter analysis, each year by site combination was 

used as a grouping factor which will be referred to as ‘site’. Site, post-grazing DM and pre-

grazing DM together accounted for 87.4% of variation in the grain yield of grazed winter wheats 

compared to the spring cultivar Diamondbird. Both post-grazing and pre-grazing DM were 

negatively related to relative grain yield.  

 

Insert Table 6 here. 



Discussion 

The central question that this paper addresses is an economic one – in the mixed farming zone 

how does incorporating a winter (dual-purpose) wheat into the cropping program affect wheat 

production? While no in-depth economic analysis is attempted here, the results of the 

experiments reported here demonstrate that grain yield and quality parameters depend on 

seasonal and site effects with overall grazing, at light to moderate intensity, having a minor 

effect on grain yield. Previous experiments (e.g. Virgona et al. 2006; Kelman et al. 2006; 

Kelman and Dove 2007) made comparisons between un-grazed and grazed winter wheats. While 

a sound experimental approach, this is not the most relevant analysis from the farm perspective. 

In theory there would be little to gain from sowing a winter cultivar early and not using the extra 

DM produced by grazing. It is possible that sowing early may increase the DM and pre-anthesis 

water use to such an extent that grain growth may be limited similar to the haying-off affect that 

results from over fertilisation with nitrogen (Van Herwaarden et al. 1998; Angus and van 

Herwaarden 2001). Hence, the most appropriate comparison is with a spring wheat, sown later 

than the winter cultivars, at a date closer to its optimum for grain yield. 

 

Using this approach, we have shown that in very few cases was the spring wheat (Diamondbird) 

superior in grain yield to the best of the winter wheats (usually the cultivar Marombi, see Tables 

2 and 4). Limited resources meant that only one spring wheat cultivar could be incorporated 

within the trial design but the cultivar chosen at the time was widely adopted by farmers, was 

comparatively high yielding and had good adaptation to acid soils (P. Martin, pers. comm.). In 

short, it is unlikely that the results presented here arise from the choice of a poor performing 

unrepresentative spring cultivar. It is more likely that these results, especially in 2004, may 

indicate excessive DM production by the un-grazed spring wheat. The lower levels of DM at 

anthesis of the grazed treatments were probably related to lower levels of pre-anthesis water use 

as suggested by Virgona et al. (2006). In turn, although water spared and subsequently 

transpired during grain filling is used under higher vapour pressure deficit conditions, 

transpiration at this stage of development is directly linked with grain growth (Angus and van 

Herwaarden 2001).  

 

Grazing did not incur any significant yield penalty compared to the un-grazed spring wheat in 

four out of the five experiments reported. In practical terms, this result means that the relative 

profitability of grazing wheat may exceed that of conventionally-grown spring wheat due to 

increases in grain yield plus any value captured from utilisation of the grazed DM. In addition, 

there are likely to be other potential impacts of incorporating a grazing wheat in the production 

system – such as faster liveweight gain and longer rest periods for pasture (e.g. Mokany et al. 

2008; Virgona et al. 2008). In only one experiment (expt. 4, Yerong Creek 2005) grazing 



reduced grain yield (by an average of 642 kg ha
-1

) but when comparing the grain yield of the 

spring cultivar to the highest yielding winter wheat cultivar, Marombi, then there was no 

significant difference (Table 3). Nonetheless, assuming wheat is valued at $300 per tonne and 

taking into account that the grazed wheats had at least 583 kg ha
-1

 of DM utilised, then the 

“cost“ of this DM in terms of grain yield forgone would amount to $0.33 kg
-1

 which is 

comparatively high for DM alone. However, it is likely that the utilisation of DM by livestock in 

these experiments is underestimated as no account is taken of growth during the grazing 

period(s). Overall, these results indicate that the replacement of some spring wheat production 

on farm with winter wheat, as long as it is grazed, will not incur any costs and is likely to 

significantly reward the farmer in terms of DM production and grain yield. 

 

As farmers usually have to commit to buying seed to plant before the opening rains occur, then it 

is reasonable to consider what the potential losses may be if winter wheat is sown late. In 2004, 

at both sites where the different times of sowing could be analysed, the effect of delayed sowing 

on grain yield was either marginal (Yerong Creek) or not significant (Marrar). However, TOS3 

was not grazed in that year so it would be reasonable to conclude that there could be losses, in 

terms of livestock production but not grain yield. Any losses in terms of grain yield should also 

be balanced against bonus payments for higher protein that also occurred at both sites in that 

year. In the milder year of 2005, delaying sowing actually increased grain yield at Yerong Creek 

and had no significant effect at Marrar. It should be noted that the earlier TOS was grazed twice 

at Yerong Creek compared to once for the later TOS. Hence the impact of TOS may be 

confounded. We can tentatively conclude that if farmers have committed to sowing winter wheat 

and opening rainfall does not occur until late, then sowing winter wheat late will not adversely 

affect grain yield. 

 

The cross-site analysis was aimed at deriving some robust practical guidelines that could be used 

to minimise the impact of grazing on grain yield. Under the less than average rainfall conditions 

of 2004, relative grain yield was negatively related to post-grazing biomass (Table 6). In effect 

this means that those cultivars that had the least amount of biomass at the end of grazing had 

yielded more grain relative to the spring cultivar. It is possible that much of this result was due 

to the performance of the cultivar Marombi. Marombi yielded the highest of any of the winter 

wheat cultivars (Table 2) and had the least post-grazing DM (averaged across sites). Nonetheless 

when this cultivar was excluded from the analysis, the result was still highly significant. Given 

that grain yield is being expressed in a relative sense – to an un-grazed spring wheat which, in 

each of the 2004-5 experiments had the highest DM of any treatment at anthesis, it may be 

concluded that in a poor season such as 2004, grazing to reduce DM to lower levels will 

accentuate any advantage (in terms of grain yield) of a grazed winter wheat over an un-grazed 



spring wheat. This conclusion is consistent with the hypothesis outlined by Virgona et al. (2006) 

that removal of excessive DM may spare water use to the grain-filling period. In 2005 also, post-

grazing DM was negatively related to grain yield as was the amount of DM removed by grazing. 

The latter parameter was largely due to the presence of Marombi – which did not produce high 

level of pre-grazing DM and therefore little was removed by livestock (Table 4). Marombi 

flowers later than EGA Wedgetail and Whistler and it may be that grazing these earlier 

flowering cultivars later in their development may have had a greater impact on grain yield. 

 

In conclusion, farmers in the mixed farming zone can replace a proportion of their spring wheat 

with winter wheat and not expect to pay a penalty in terms of grain yield. The limitations of this 

conclusion are that it needs to be broadened to take into account a range of spring and winter 

wheat cultivars as well as seasonal effects. In addition, even in situations where grain yield is 

adversely affected by the incorporation of winter wheat, proper accounting needs to be made of 

the DM utilised by livestock before an economic conclusion can be reached. 
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Table 1 Location, time of sowing (TOS), grazing times and growing season rainfall (GSR) for 

experiments 1-3 in 2004 and experiments 4 and 5 in 2005. 

Experiment Location Time of 

Sowing 

Grazing GSR (mm) 

(April-October) 

   Start Finish  

2004 

1 

 

Yerong 

Creek 

 

 

1    13 April 

 

2    23 May 

3    8  Jun 

 

10 Jul 

10 Aug 

10 Aug 

- 

 

13 Jul 

13 Aug 

13 Aug 

- 

 

261 

(324)* 

2 

 

Marrar 

 

1    13 April 

2     27 May 

3    8 June 

10 Aug 

10 Aug 

- 

14 Aug 

14 Aug 

- 

287 

(331) 

3 Grenfell 

 

1    5 April 

2    19 April 

3    28 May 

- 

25 Aug 

- 

- 

29 Aug 

- 

332 

(365) 

2005 

5 

 

Yerong 

Creek 

 

 

1    13 April 

 

2    14 Jun 

 

1 Aug 

23 Aug 

23 Aug 

 

16 Aug 

29 Aug 

29 Aug 

 

388 

4 Marrar 

 

1    5 May 

2    15 Jun 

25 Aug 

25 Aug 

1 Sep 

1 Sep 

389 

* median April-October rainfall for the nearest recording station. 



Table 2. Dry matter production, grain yield, protein and screenings (Screen.) of winter wheat 

cultivars and the spring wheat cultivar Diamondbird in 2004. At Yerong Creek and Marrar, 

results are from TOS1 for the winter wheat cultivars and TOS2 for Diamondbird. at Grenfell, 

the analysis is from all cultivars at TOS2. All least significant differences (LSD) are calculated 

at the P=0.05. 

 DRY MATTER Grain 

Yield 
Protein Screen. 

 Pre-grazing Removed Post-grazing Anthesis 

 ---------------------------------- (kg ha
-1

)---------------------------------- % % 

Yerong Creek  

Diamondbird - - - 9661 3148 14.1 17.4 

Lorikeet 891 795 1297 6802 3083 13.3 12.3 

Mackellar 593 259 1105 7239 3188 13.4 15.0 

Marombi 590 615 882 8502 3850 12.9 2.5 

EGA Wedgetail 1058 1038 1255 6860 3183 12.2 2.8 

Whistler 1058 875 1513 7032 3328 12.5 5.8 

Wylah 779 610 1183 7193 3290 13.0 8.6 

LSD 104 301 252 479 275 0.7 4.3 

Marrar  

Diamondbird - - - 8875 2073 15.0 18.3 

Lorikeet 1174 437 738 6988 2477 13.3 24.9 

Mackellar 558 0* 582 6838 2756 13.4 7.1 

Marombi 818 340 479 7756 2894 12.9 1.9 

EGA Wedgetail 981 445 536 6704 2748 12.2 2.7 

Whistler 1109 364 745 6980 2784 12.5 6.0 

Wylah 1085 465 620 6712 2525 13.0 9.0 

LSD 104 301 252 479 230 0.7 4.4 

Grenfell  

Diamondbird - - - 7738 4233 12.8 4.7 

Lorikeet 1640 558 1082 5659 3838 13.2 6.7 

Mackellar 987 389 598 5148 3805 13.4 11.3 

Marombi 1214 542 673 5290 4170 12.1 2.4 

EGA Wedgetail 1373 502 871 5290 3898 13.1 1.7 

Whistler 1481 465 1016 5800 3938 13.6 5.4 

Wylah 1472 549 923 5384 3993 13.8 6.6 

LSD 141 NS 125 325 NS 0.5 3.5 

*adjusted to 0, calculated DM removed -24kg ha
-1

. 



Table 3. Time of sowing (TOS) and cultivar effects at three sites in 2004. Significant 

main effects are printed in bold. All least significant differences (LSD) are calculated at 

the P=0.05. 

 
Lorikeet Mackellar Marombi 

EGA 

Wedgetail 
Whistler Wylah TOS 

TOS Main 

effect 

Grain Yield (kg ha
-1

) 

Yerong Creek: TOS x Cultivar* LSD = 338 (239 within TOS) 

TOS1 3083 3188 3850 3183 3328 3290   

TOS2 3463 3353 3733 3465 3295 3058   

TOS3 3018 2913 3548 2973 3153 3078   

Marrar: Cultivar** LSD = 140 

 2419 2561 2762 2630 2745 2429   

         

         

Grain protein (%) 

Yerong Creek: TOS x Cultivar***, LSD = 0.8 (0.6 within TOS) 

TOS1 13.3 13.4 12.9 12.2 12.5 13.0   

TOS2 13.5 13.7 13.5 13.5 14.1 14.3   

TOS3 14.5 14.7 14.3 15.6 15.4 15.5   

Marrar: Cultivar** LSD = 0.4, TOS* LSD = 0.4 

 14.9 14.9 15.3 15.5 15.3 15.4 1 14.7 

       2 15.3 

       3 15.6 

Screenings (%) 

Yerong Creek: TOS x Cultivar***, LSD = 4.0 (3.6 within TOS) 

TOS1 12.3 15.0 2.5 2.8 5.8 8.6   

TOS2 11.3 11.8 3.0 3.0 10.4 8.4   

TOS3 12.3 16.8 2.7 4.5 13.5 7.0   

Marrar: Cultivar** LSD = 2.0, TOS* LSD = 1.6 

 20.7 5.0 2.0 2.5 4.2 6.7 1 8.6 

       2 6.1 

       3 5.8 

*Significant at P<0.05, ** Significant at P<0.01 , ***Significant at P<0.001 

 



Table 4. Dry matter production, grain yield, protein content  and screenings (Screen.) of winter 

wheat cultivars at TOS1 and the spring wheat cultivar Diamondbird at TOS2 in 2005 at two 

locations. All least significant differences (LSD) are calculated at the P=0.05. 

 DRY MATTER Grain 

Yield 
Protein Screen. 

 Pre-grazing Removed Post-grazing Anthesis 

 ---------------------------------- (kg ha
-1

)---------------------------------- % % 

Yerong Creek 

Diamondbird     -      - - 11553 4541 10.9 2.1 

Marombi 1028 332 1472 8808 4396 10.0 0.9 

Whistler 1760 818 2082 7971 3675 11.1 1.1 

EGA Wedgetail  1581 599 2068 7756 3626 11.1 1.0 

LSD 221 124 419 567 260 0.7 0.6 

Marrar 

Diamondbird - - - 11906 3545 14.4 13.3 

Marombi 899 269 630 10019 4053 13.9 6.6 

Whistler 1367 693 674 9773 3638 14.3 9.3 

EGA Wedgetail 1288 639 649 8798 3612 14.5 7.0 

LSD 108 213 NS 1573 350 NS 2.8 

 

 



Table 5. Time of sowing (TOS) and cultivar effects at three sites in 2004, Significant main 

effects are printed in bold. All least significant differences (LSD) are calculated at the P=0.05. 

 Marombi Whistler EGA Wedgetail TOS TOS Main effect 

Grain Yield (kg ha
-1

) 

Yerong Creek: TOS x Cultivar*** LSD = 232 (162 within TOS) 

TOS1 4396 3675 3626   

TOS2 4688 4443 4063   

Marrar: Cultivar*** LSD = 162, TOS** LSD = 213 

 3803 3455 3346 1 3768 

    2 3302 

Grain protein (%) 

Yerong Creek: Cultivar*, LSD = 0.5 

 10.7 11.2 11.4   

Marrar: Cultivar*** LSD = 0.3 

 14.1 14.5 14.9   

Screenings (%) 

Yerong Creek: Cultivar*, LSD = 0.5 

 1.0 1.6 1.0   

Marrar: Cultivar*** LSD = 1.6 

 6.6 10.4 8.3   

*Significant at P<0.05, ** Significant at P<0.01, ***Significant at P<0.001 



Table 6 Parameters estimated from multiple regression across sites for experiments 1-3 in 2004, 

4-5 in 2005 and all the data analysed together for 2004/5 (experiments1-5).  

Year Predictor Parameter Estimate n r
2
 

Experiments 1-3, 2004 

2004 Post-grazing DM -0.0193 18 86.4 

 Grenfell 109.7   

 Marrar 142.0   

 Yerong 128.7   

     

Experiments 4-5, 2005 

2005 Constant 127.4 6 94.9 

 Post-grazing DM -0.0157   

 DM removed -0.0207   

     

Experiments 1-5, 2004/5 

2004/5 Post-grazing DM -0.0129 24 87.4 

 Pre – grazing DM -0.0088   

 Grenfell 116.2   

 Marrar 146.5   

 Yerong 125.1   

 Marrar, 2005 128.4   

 Yerong, 200505 122.9   

 


