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Abstract 

Chloris truncata, a perennial grass that is native to Australia, has potential as a short-lived summer pasture in 

rotation with wheat and other winter crops in the low to medium rainfall zone of south-western Australia. In this 

paper we examine the nitrogen contributions from a C. truncata–wheat system, with the expectation that C. 

truncata may take up nitrate which would otherwise be lost to leaching, for later release to the following wheat 

crop. In glasshouse experiments, residual soil nitrate in bare soil was available for uptake and growth of wheat, 

with a greater response when N was applied. In contrast, wheat grown on C. truncata stubble was mostly reliant 

on recently mineralised nitrogen, as the previous rotation had depleted the soil of nitrate. Shoot stubble of C. 

truncata provided sufficient mineralised nitrogen such that the uptake of nitrogen and biomass of wheat equalled 

those from bare soil. Wheat grown on root stubble of C. truncata had half the biomass production of that grown 

on either bare soil or shoot stubble, with root + shoot stubble intermediate. In a field trial undertaken at Bruce 

Rock in Western Australia, nitrogen release from C. truncata stubble at low to intermediate stubble densities 

increased tiller production, nitrogen uptake, and growth of wheat, but not at the highest N rate in this season, 

which received below-average rainfall in July. These results provide initial evidence concerning how a C. 

truncata–wheat system could improve the N balance of the farming system, by potentially reducing the leaching 

loss of nitrate in autumn, and then releasing mineralised N from stubble when needed by a following wheat crop. 

While these results require further confirmation, especially in the field, they raise exciting prospects for an 

improved agronomic system, with potential benefits to N balance, carrying capacity, yield stability, and 

groundwater discharge. The system requires further study to quantify these processes, and explore their 

implications. 
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Introduction 

In south-western Australia, crop rotations typically include one or more years of wheat, barley, canola, 

or grain legumes, interspersed with Trifolium- or Medicago-based pastures grazed by sheep (Perry 

1992). The region is characterised by a Mediterranean-type climate of warm–hot, dry summers and 

mild, wet winters. Crops are sown or pastures regenerate from dormant seed shortly after the break of 

season in late autumn, and early growth coincides with the peak winter rainfall, which declines from 

around 500 mm during the May–November growing season in the high rainfall zone, to 200 mm in the 

low rainfall zone (Nix 1975). Around 30% of rain falls outside of the crop growing season and is 

intercepted by weeds or falls on bare soil, risking nutrient loss through leaching. 

Over summer, paddocks are maintained in fallow (Turner 2005), or stubble is retained to minimise 

soil erosion and degradation (Mason 1992). Stock feed is supplemented by hay or silage harvested in 

spring from excess pasture. Summer-active perennials such as lucerne provide an additional source of 

stock feed over summer (Latta et al. 2002), and have an additional environmental benefit of deep roots 

that deplete stored soil water to reduce groundwater discharge to the water table (Ward et al. 2002). 

Once established, however, lucerne can be difficult to eradicate, although various options are available 

for its removal (Davies et al. 2006). Short-lived, summer-active native grasses, such as Chloris 

truncata (windmill grass), may be an attractive alternative to perennial leguminous pastures in some 

circumstances. 

Chloris truncata is a stoloniferous, annual or perennial grass, 0.20–0.40 m tall with digitate 

racemes, and is widespread in temperate mainland Australia (Lamp et al. 2001). Photosynthesis of C. 

truncata is via the C4 pathway, and has a high optimum temperature for growth and improved water-

use efficiency compared with C3 grasses, confering adaptation to Australia’s hot, dry summers 

(Johnston 1996). A warm, wet climate is needed for C. truncata to perenniate, but in south-western 

Australia it predominately exhibits annual behaviour, germinating after summer rain and becoming 

dormant or producing seed and dying when air temperatures start to fall around April. C. truncata 

produces less herbage than other introduced grasses such as Eragrostis curvula cv. Consol, which 

perform well year-round (Mitchell et al. 2001). Traits that make C. truncata less suited as a perennial 

pasture species, such as poor persistence (Waters et al. 2005) and sensitivity to low temperature 

(Garden et al. 2005), may be desirable in a short-lived summer pasture in rotation with wheat and 

other winter crops in the low to medium rainfall zone of south-western Australia. Other advantages 

would include competition with summer weed species, reduced soil erosion, and uptake of nitrogen 

that would otherwise be leached or volatilised with summer rain (Johnston et al. 1999). Nutrients 

captured by C. truncata during summer may be returned to the soil either by plant decomposition or 

deposition of urine and faeces by stock. On the other hand, C. truncata is reported to be poorly 

adapted to drought (Huxtable and Whalley 1999; Michalk and Herbert 1978). Growth during summer 
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may create a green bridge for disease, in particular the root disease ‘take-all’ (caused by 

Gaeumannomyces graminis), as has been shown for other species such as annual brome grass (B. 

sterilis) (Gutteridge et al. 2006). Retention of C. truncata stubble may, however, immobilise nitrogen 

to reduce N-uptake and grain protein of subsequent crops. These factors may interact with nitrogen 

application, soil type, and season. 

This paper examines the impact of incorporated stubble of C. truncata on growth and N-balance of 

a subsequent wheat crop in glasshouse experiments and a field trial. Our objectives in this work were 

to determine (i) soil inorganic nitrogen, soil respiration, and biomass production of C. truncata 

compared with bare soil in response to 2 rates of applied nitrogen; (ii) the effect of 2 rates of applied 

nitrogen and C. truncata stubble (nil, stems, roots, or stems + roots) on soil inorganic nitrogen, soil 

respiration, N-uptake, and biomass production of wheat; and (iii) the effect of C. truncata stubble 

density and applied nitrogen on growth and nitrogen uptake of wheat grown at Bruce Rock in Western 

Australia. 

Materials and methods 

Experiment 1. N contributions and biomass production of C. truncata grown in the glasshouse 

The experiment comprised a 2 × 2 factorial design, with 2 C. truncata treatments (bare soil v. C. 

truncata), 2 rates of applied N (nil v. with N, equivalent to 25 kg N/ha as ammonium nitrate), and 9 

replications. Pots (400 mm tall by 300 mm diameter) were filled with a standard potting mix, and 

inorganic soil N was determined before sowing as described below. Seed of C. truncata (0.1 g per pot) 

were sown on 18 April 2005 at a depth of 10 mm, in a glasshouse at the University of Western 

Australia (UWA) with 23/15°C day/night temperature, a 10-h daylength, and 70% relative humidity. 

N-treated pots were amended weekly with an additional 1.1 kg N/ha, the total amount of applied N 

equalling approximately 32 kg N/ha. Pots were placed in shallow trays to minimise N losses through 

leaching. The number of plants per pot was counted following germination. Glyphosate (3.6 mg/L) as 

Roundup™ was applied at 44 days after sowing (DAS) and above-ground DM was harvested at 50 

DAS, dried at 45°C for 24 h, and the N concentration determined. 

Before placing the potting mix into the pots, the soil was air-dried and sieved to 2 mm, and 

inorganic soil N was measured. Soil respiration, an indicator of microbial activity, was measured from 

50 g of soil at 44 DAS, before RoundupTM was applied, in 2 replicates of each treatment at field 

capacity in 120-mL plastic vials. The vials were placed in air-tight, sealed jars, with 5 mL of water to 

maintain humidity and a 15-mL beaker containing 10 mL of 0.5 KOH, to adsorb carbon dioxide, with 

3 controls containing nil soil. Jars were placed in the dark at 25°C, and after 7 days, 10 mL of BaCl2 

was added to a 4-mL aliquot of the KOH to stop the reaction. This solution was titrated against 0.1 M 

HCl using phenolphthalein indicator. The amount of CO2 produced per day was calculated (D. 

Murphy, pers. comm.). 
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Experiment 2. N contributions and biomass production of wheat grown on C. truncata stubble in the 

glasshouse 

Root and shoot residues, per pot, from Expt 1 were cut into 2-cm lengths and incorporated in pots in a 

2 × 4 factorial design with 2 rates of applied N (as for Expt 1), and 4 C. truncata treatments (nil, 

shoots, roots, and roots plus shoots) with 3 replicates in a randomised complete block design. Seed of 

wheat cv. Wyalkatchem (Triticum aestivum L.) (50 seed per pot) were sown on 22 June 2005 and the 

number of seeds germinated recorded at 33 DAS. Plants were harvested at 65 DAS and the number of 

tillers and fully expanded main stem leaves recorded. Plant samples were separated into stems and 

leaves, and leaf area and dry weight were recorded and N concentration determined. Soil was air-dried 

and sieved to 2 mm, and soil tests were undertaken as described for Expt 1. 

Experiment 3. Field 

A field experiment was undertaken at Bruce Rock (32°52 43 S, 118°8 50 E) in the low rainfall, 

eastern wheatbelt of Western Australia. The soil was a sandy loam overlying a mottled sandy clay 

with ferruginous nodules, and classified as a Calcic Lixisol (Isbell 1996). The soil had a neutral to 

moderately acid pH and was well drained. Average soil characteristics were: electrical conductivity 16 

mS/m, pH(CaCL2) 5.4, total N 0.068%, ammonium-N 6 mg/kg, nitrate-N 46 mg/kg, phosphorus 39 

mg/kg, potassium 29 mg/kg. The site was divided into five 24 by 1 m transects and the density of 

dormant C. truncata plant clumps scored on a scale of 1 to 5 (1, low; 5, high). Wheat cv. Carnamah 

was machine-sown at a rate of 70 kg/ha at 30-mm sowing depth with 0.25-m row spacing on 10 May 

2005. Two replicates of each of 2 fertiliser treatments (24, 48 kg N/ha as urea), plus the control (nil 

N), were assigned at sowing to six 4 by 1 m blocks in each transect. Ten seedlings per plot were 

sampled on 12 September 2005, 95 DAS, for number of main stem leaves, tillers (excluding the main 

stem), and above-ground DM at low, medium, and high windmill grass densities for each fertiliser 

treatment. Plant samples were separated into leaves and stems and dried at 45°C for 5 days, the dry 

weight recorded, and N concentration determined. 

Statistical analyses 

Data for glasshouse experiments and the field trial were analysed with the generalised linear model 

procedure GLM in SAS (SAS 1990). 

Results 

Experiment 1 

Without N fertiliser, fewer C. truncata plants were established, biomass production and N-uptake were 

lower, and plants were stunted and chlorotic (Table 1). Little ammonium was present initially in soil, 

and little remained at 44 DAS (Fig. 1a). In contrast, from an initial concentration of 40 mg/kg, soil 

nitrate declined by 75% in bare soil and completely with C. truncata (Fig. 1b). With the application of 

N fertiliser, soil ammonium increased to 45 mg/kg, but by 44 DAS, most of the ammonium was 
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depleted in all treatments (Fig. 1a). From an initial nitrate concentration of 75 mg/kg with N applied, 

soil nitrate doubled in bare soil, but was halved in the presence of C. truncata (Fig. 1b). At 44 DAS, 

soil respiration was influenced by a significant interaction between C. truncata and the application of 

nitrogen fertiliser (Fig. 1c). Soil respiration was similar at both rates of N alone, slightly increased in 

the presence of C. truncata alone, but more than doubled when nitrogen fertiliser was applied in the 

presence of C. truncata (Fig. 1c). 

Experiment 2 

Soil ammonium-N and nitrate-N were depleted after wheat to only 1.6 and 2.5 mg/kg, respectively, 

with no significant differences between treatments. Soil respiration following wheat tended to increase 

with N application and decrease when roots of C. truncata stubble were incorporated, but these 

responses were not statistically significant (Table 2). 

Application of N and C. truncata stubble had large and significant effects on biomass partitioning to 

shoot components and N concentration of wheat (Table 2). All parameters were increased by nitrogen 

application. Root or root + shoot stubble of C. truncata almost halved the leaf and stem DM and leaf 

area of wheat compared with shoot stubble or bare soil (Table 2). Tiller number showed a similar but 

non-significant trend (P > 0.05). C. truncata stubble had no significant effect on the nitrogen 

concentration of wheat, although values were higher for root and root + shoot stubble. 

There were significant interactions between N application and C. truncata stubble for number of 

leaves per plant, above-ground DM, and N-uptake of wheat (Fig. 2). When no N fertiliser was applied, 

wheat produced more leaves per plant when grown on bare soil than with C. truncata stubble (Fig. 

2a). Without applied N, above-ground DM and N uptake of wheat were smaller with root + shoot 

stubble than in bare soil or with the other stubble treatments of C. truncata (Fig. 2b, c). When N was 

applied, wheat grown on root stubble of C. truncata tended to produce fewer leaves. When N was 

applied, above-ground DM and N-uptake of wheat grown in bare soil or with leaf stubble of C. 

truncata were double that grown with root stubble, while that with root + shoot stubble was 

intermediate (Fig. 2b, c). 

Experiment 3 

Maximum air temperatures at Merredin, 60 km north-east of Bruce Rock, were on average 35°C in 

summer and 16°C in winter, with minimum air temperatures about half these values (Table 3). 

Average monthly evaporation rates fell from a maximum of 270 mm in January, to a negligible 7 mm 

in June. Rainfall during the May–September growing season was above-average in May and June, but 

80% less than the long-term average in July (Table 3). 

Chloris truncata plants were already dormant when wheat was sown at the site on 10 May 2005. 

The N concentration and N uptake of wheat increased as N fertiliser was applied from 24 to 48 kg/ha 

(Table 4). High densities of C. truncata increased N uptake of wheat by 10% compared with either 
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low or medium densities (Table 4). A similar trend was observed for N concentration, although this 

was not significant (P > 0.05). 

There were significant interactions between applied N and C. truncata plant density for leaf and 

tiller number, and above-ground DM (Fig. 3). Without N fertiliser, tiller number of wheat increased by 

25% at high stubble densities of C. truncata, while leaf number and above-ground DM remained the 

same (Fig. 3). When 24 kg/ha of N fertiliser was applied, leaf and tiller number and above-ground DM 

of wheat all significantly increased at higher densities of C. truncata stubble (Fig. 3). In contrast, when 

48 kg/ha of N fertiliser was applied, tiller number and above-ground DM of wheat at high densities of 

C. truncata declined significantly by around 10 and 25%, respectively (Fig. 3b, c). A similar, although 

non-significant, trend was observed for leaf number (Fig. 3a). Overall, N application maximised tiller 

number and above-ground DM, with higher stubble densities at 0 and especially 24 kg N/ha increasing 

tiller number and above-ground DM to values obtained at 48 kg N/ha. 

Discussion 

Nitrogen contributions and biomass production of a C. truncata—wheat rotation grown in the 
glasshouse 

Almost all of the ammonium initially supplied by the application of ammonium nitrate was nitrified 

both in bare soil and in the presence of C. truncata (Fig. 1a, b). In bare soil, soil nitrate doubled from 

an initial concentration of 75 mg/kg (Fig. 1b), presumably through the combined contributions from 

nitrified ammonium and net nitrate mineralised by microbial activity from organic matter contained in 

the potting medium. In bare soil, residual soil nitrate was thus available for uptake and growth of 

wheat in the following rotation, and contributed to improved biomass production in applied N 

compared with the nil fertiliser treatment. In contrast, the presence of C. truncata increased microbial 

respiration (Fig. 1c), and together with the demand for N required for growth of C. truncata, depleted 

soil nitrate to 35 mg/kg by 44 DAS (Fig. 1b). Consequently, wheat grown on C. truncata stubble was 

mostly reliant on recently mineralised N, as the previous rotation had depleted the soil of nitrate, 

relative to the bare soil. Shoot stubble of C. truncata provided sufficient mineralised N such that the 

uptake of N and biomass production of wheat equalled that of bare soil (Fig. 2b, c). In contrast, wheat 

grown on root stubble had half the biomass production of that grown on either bare soil or shoot 

stubble, with root + shoot stubble intermediate. Following wheat, microbial respiration did not differ 

significantly between treatments (Table 2), and soil ammonium-N and soil nitrate-N were fully 

depleted. 

It is likely that such differences in N uptake and biomass partitioning of wheat grown on the 3 types 

of C. truncata stubble were related to their respective rates of decomposition and hence mineralisation. 

Straw degrades more quickly than root stubble, due to differences in cellulose and lignin content, and 

the higher N content of shoots (Puget and Drinkwater 2001). Consequently, faster mineralisation of C. 

truncata leaf stubble would promote greater N uptake and growth of wheat, compared with either root 

or root + shoot stubble. Field trials with wheat have shown that the effect of immobilisation on growth 
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may be overcome by additional application of N fertiliser (Mason 1992; Newton 2001). In field soils 

in south-western Australia, microbial activity has been reported to contribute 100–280 kg N/ha.year, 

depending on crop species, of which 13–37% was used in plant uptake (Murphy et al. 1998). 

Microbial respiration in soils relies on the availability of substrate and, consistent with our results, is 

reported to increase under stubble retention or reduced tillage (Dalal 1989). 

Greater biomass production of C. truncata in response to applied N provides further evidence that 

the herbage production of many native grasses is improved by the application of fertiliser (Lodge 

1979), contrary to the earlier reports (Donald 1970). This N response may have aided the early 

survival of emerging seedlings to improve plant establishment and biomass production with N 

application, consistent with Lodge (1979, 1981). Without applied N, seedlings of C. truncata in the 

glasshouse were observed to emerge and die, or were stunted and chlorotic (Syme 2005). 

Nitrate is very mobile in soil and is susceptible to leaching, particularly in field environments 

(Anderson et al. 1998b). Leaching of inorganic N was considered to be negligible in the glasshouse 

experiments, as pots were watered to field capacity and placed in trays to intercept any excess water. 

Thus, in the glasshouse system, nitrate accumulated in soil or in C. truncata in Expt 1, and was not 

lost to leaching. Consequently, nitrate could then be used by the following wheat crop, either from 

nitrate reserve (not leached), or from net N mineralisation from C. truncata stubble. 

Nitrogen contributions and biomass production of wheat grown on C. truncata stubble in the field 

Nitrogen uptake and growth of wheat increased in response to applied N fertiliser, supplemented with 

inorganic N derived from net mineralisation of the decomposing C. truncata stubble. The summer-

active C. truncata would usually grow into April in south-western Australia, but a particularly dry 

summer led to premature dormancy by March. A weak perennial, C. truncata has few mechanisms to 

tolerate prolonged drought compared with other native grasses (Michalk and Herbert 1978; Huxtable 

and Whalley 1999). Premature dormancy may actually be advantageous in a C. truncata–wheat 

system, as it may avoid the need for herbicides at seeding, provide a mulch to reduce soil evaporation, 

and provide a reserve of organic N for release to match crop demand. The interactions between C. 

truncata density and applied fertiliser on wheat development and biomass production are of particular 

agronomic interest, as in the field, any soil nitrate reserve may be leached below the root-zone. Hence, 

any capacity of C. truncata stubble to capture then release mineralised N, in harmony with crop 

demand, should result in greater wheat DM, with reduced losses to leaching or to production of 

excessive microbial biomass. 

Without N fertiliser, tiller number of wheat increased at high stubble densities of C. truncata, while 

leaf number and above-ground DM remained the same but lower than at high N. This was consistent 

with our results from the glasshouse experiments. When no N fertiliser was applied, soil nitrate was 

almost completely used by C. truncata, but subsequent biomass production of wheat grown on C. 

truncata leaf and root stubble was the same as for bare soil. When 24 kg/ha of N fertiliser was applied, 
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leaf and tiller number and above-ground DM of wheat all significantly increased at high densities of 

C. truncata stubble. Again, this was consistent with the results of our glasshouse experiments. When 

N fertiliser was applied, most of the soil nitrate provided by either nitrification or microbial activity 

was depleted by the growth of C. truncata. Net mineralisation, in particular of C. truncata shoots, 

provided sufficient N for wheat to produce the same amount of biomass as wheat grown on bare soil 

that had access to residual soil nitrate. In contrast, when 48 kg/ha of N fertiliser was applied, tiller 

number and above-ground DM of wheat at high densities of C. truncata stubble were reduced. 

The application of N fertiliser at high densities of C. truncata stubble suppressed plant development 

and biomass production of wheat. The response of wheat to applied N fertiliser by improved N 

concentration and uptake, greater leaf area per plant, and biomass production was consistent with 

previous studies (Syme 1967; Greenwood et al. 1970; Newton 2001). Applied N does not, however, 

always promote a yield increase in wheat in this low rainfall environment (Mason 1992). It is then of 

particular interest that, when no N fertiliser was applied, high densities of C. truncata stubble resulted 

in increased tillering of wheat. Presumably, mineralisation of the C. truncata stubble provided 

additional N to promote vegetative growth of wheat. Whether this extra growth would be expressed as 

yield would then depend on subsequent seasonal conditions. In a more favourable season, the 

responses to N may have been greater. 

Large quantities of cereal stubble have been reported to immobilise inorganic N (White et al. 1986; 

Bhogal et al. 1997), thereby depressing the growth of a following cereal crop. In the field, N would be 

immobilised by low soil temperatures, intermittent rainfall, and incomplete stubble incorporation, 

while higher temperatures and regular watering of soil in the glasshouse would be expected to 

accelerate stubble decomposition. The application of higher rates of N fertiliser in the field may have 

overcome immobilisation (White et al. 1986), although it has been reported that stubble residues of 

wheat of 1–3 t/ha were unlikely to be a major factor in determining the rate of fertiliser for a wheat 

crop in the low to medium rainfall areas of Western Australia (Mason 1992). It is likely that 

immobilisation of inorganic N should be less for C. truncata stubble than for cereal stubble, as the 

grasses have a lower C : N ratio (Puget and Drinkwater 2001). 

Alternatively, plants roots are very sensitive to phytotoxins released by decomposing stubble and 

may become short, thick, and necrotic (Patrick 1971). Shoots are stunted and necrotic, which is also 

symptomatic of nutrient deficiencies arising from N immobilisation (Purvis 1990). It is unlikely that 

the C. truncata stubble released allelopathic chemicals that suppressed wheat growth, given that no 

symptoms were observed at low densities at the highest rate of N application. Release of 

allelochemicals may help to explain the suppression of wheat growth by root stubble of C. truncata in 

the glasshouse. 
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Conclusions 

This paper has provided initial evidence concerning how a C. truncata–wheat system could improve 

the N balance of the farming system, by potentially reducing the leaching loss of nitrate in autumn, 

and then releasing mineralised N from stubble when needed by a following wheat crop. The principles 

of this relationship were clearly evident in controlled conditions in the glasshouse, and were supported 

by data from soil and plant sampling in the field at Bruce Rock. While these results require further 

confirmation, especially in the field, they raise exciting prospects for an improved agronomic system, 

with potential benefits to N balance, carrying capacity, yield stability, groundwater discharge, weed 

suppression, and reliance on herbicides when herbicide resistance is an increasing concern. The system 

requires further study to quantify these processes, and explore their implications. 
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Fig. 1. Expt 1. Effect of C. truncata (before sowing, open bars; bare soil, shaded bars; with C. truncata, solid 

bars) and applied nitrogen on soil: (a) ammonium, (b) nitrate-N, and (c) respiration of plants grown pots in the 

glasshouse at UWA. Bars represent s.e. 
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Fig. 2. Expt 2. Effect of C. truncata stubble (nil, open bars; shoots, shaded bars; roots, solid bars; roots + 

shoots, hashed bars) and applied nitrogen on growth of wheat for: (a) number of main stem leaves per plant, (b) 

above-ground DM, and (c) nitrogen uptake of plants grown in pots in the glasshouse at UWA. Bars represent s.e. 

Fig. 3. Expt 3. Effect of applied nitrogen and density of dormant C. truncata (low, open bars; medium, shaded 

bars; high, solid bars) on: (a) number of leaves per plant, (b) number of tillers per plant, and (c) above-ground 

DM of wheat grown at Bruce Rock, WA in 2005. Bars represent s.e. 

Table 1. Expt 1. Effect of applied nitrogen on growth and N-uptake of C. truncata grown in 

pots in the glasshouse at UWA in 2005 
N  No. of  Above- N N 

applied plants ground DM conc. uptake 

(kg/ha) per per (mg/plant) (mg/g) (mg/plant) 

0 86 77 20 1.6 

32  135 161 30 4.8 

l.s.d. (P = 0.05) 25 32 8 2.1 

Table 2. Expt 2. Effect of applied nitrogen and C. truncata stubble (nil, shoots, roots or roots + 

shoots), on shoot components and nitrogen concentration of wheat grown in pots in the 

glasshouse at UWA in 2005 

The interactions between nitrogen and C. truncata stubble were non-significant at P = 0.05 

 No. of Leaf  Stem  Leaf  N Soil 

tillers area DM DM conc. respiration 

per plant (cm
2
/plant) (mg/plant) (mg/g) (μg C/g soil.h) 

Nitrogen (kg/ha)       

0 0.5 14 62 57 12 1.61 

32  2.6 74 262 264 37 1.83 
l.s.d. (P = 0.05) 0.5 10 30 40 2 ns 

C. truncata       

Nil 1.9 56 170 205 24 1.80 

Shoots 1.6 64 185 224 21 1.90 

Roots 1.2 38 97 119 27 1.60 

Roots + shoots 1.4 26 85 104 25 1.57 

l.s.d. (P = 0.05) ns 15 20 100 ns ns 

Table 3. Weather statistics for Merredin for 2005, including average daily minimum and 

maximum air temperatures, monthly evaporation, and rainfall  

The long-term mean rainfall is from 1905 to 2005. Merredin is approximately 60 km north-east of 

Bruce Rock 

 Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Mean/ 
total 

Temp. (°C)              

Max. 16.7 17.8 19.3 13.0 12.5 6.9 4.2 4.5 5.7 6.9 10.6 11.8 10.8 

Min. 34.1 34.3 32.1 26.2 21.8 16.1 16.8 17.4 19.7 18.3 27.6 28.9 24.4 

Evap. (mm) 270 264 232 148 74 7 51 63 97 203 279 321 2009 

Rainfall (mm)              
2005 0 2 30 25 62 70 12 53 30 15 6 1 316 

Long-term 

mean 

13 16 21 24 42 51 52 39 25 16 14 14 327 

Table 4. Expt 3. Effect of applied nitrogen and C. truncata stubble density on nitrogen 

concentration and uptake of wheat grown in the field at Bruce Rock in 2005 

The interactions between nitrogen and C. truncata density were non-significant at P = 0.05 

 N concentration N-uptake  
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(mg/g) (mg/plant) 

Nitrogen (kg/ha)   

0 30 19 

24 34 25 

48 43 36 

l.s.d. (P = 0.05) 5 7 

C. truncata density   

Low 35 25 

Medium 36 26 

High 37 29 

l.s.d. (P = 0.10) n.s 2 
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