First-year production of salt-tolerant pasture in response to salinity and wetness
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Abstract

A saline site in south-western Victoria was sown to a pasture mix comprising tall wheatgrass, Persian clover, Balansa clover and strawberry clover.  Pasture growth of sown and unsown areas in the first 8 months after sowing were negatively correlated with topsoil electrical conductivity, and the duration of high water tables measured in 3 m piezometers.  Salt distribution within the soil profile comprised 2 types: (1) salinity high near the surface but declining rapidly with depth, or (2) low to moderate near the surface but increasing with depth.  Type (1) profiles were associated with lower pasture growth, a longer duration of high water tables, and fresher groundwater than Type (2) profiles. These relationships were all significant at the 0.1% or 1% levels, and explained between 49 and 97% of variation. Type 1 profiles are more challenging for pasture establishment, and may require soil bedding systems or highly salt-tolerant pioneer species such as saltbush to cause salts to move further into the profile, and allow moderately salt-tolerant species to establish.
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Introduction

Establishment of pastures on saline land is a high-risk activity compared with establishment on non-saline land.  The risks are particularly great when moderate to high levels of salinity coincide with waterlogging and inundation.  Relationships between plant performance and salinity (eg (1)) can help guide landholders toward planting in the areas where returns on pasture development investment are more reliable.

In this paper, the first-year performance of tall wheatgrass-based pastures is assessed in relation to soil salinity, wetness, and distribution of salt within the profile, at the Victorian research site of the Sustainable Grazing on Saline Lands project.

Methods 

The study was undertaken on a 25-hectare area of saline land near Dunkeld, southwest Victoria.  The site is typical of many areas of secondary salinity on the basalt plains of western Victoria, with the occurrence of salinity partially controlled by geology.  To the north of the site is a sandy strandline, and to the south drainage is restricted by a basalt flow.  The area was divided into 12 plots comprising treatments of (i) tall wheatgrass (Thyinopyrum ponticum cv Dundas) with commercially available legumes Balansa clover (Trifolium michelianum cv Bolta), Persian clover (T. resupinatum cv Nitro Plus) and strawberry clover (T. fragiferum cv Palestine), (ii) tall wheatgrass with Melilotus albus, and (iii) an unimproved control.  Sown treatments were mounded into ploughbeds with drains every 10-20 m, and sown 11 April 2003.  Plot size varied from 1 ha for sown treatments to 2 ha for the unimproved control, and treatments were replicated 4 times.  In 4 plots where pasture growth exceeded 2 tonnes/ha, sheep were introduced for short periods of crash grazing in August and October.  Herbage mass was assessed by a rising plate meter before and after grazing, then for all plots by cutting 30 x 0.5 m2 quadrats per plot in early December 2003.  Annual pasture growth was calculated as pasture mass in December, plus the difference between pre and post grazing measurements in plots that had been grazed. 

In each plot, 3 piezometers were installed to a depth of 3 m in February 2003, and depth to water measured fortnightly.  The piezometers were slotted between 1.75 and 3.0 m, and the installation hole sealed with bentonite above the slotted depth. Soil samples were obtained from one piezometer in each plot in 50 cm increments.  A further 2 soil cores per plot were taken in June 2003 with samples in 20 cm increments to 2 m.  Plot scale soil samples (0-10 cm) were collected in February and December 2003, each sample comprising 30 bulked cores.  In plots where there were there were at least 2-fold differences in pasture growth between one half of the plot and another, separate soil samples and herbage mass measurements were taken from low- and high-growth sections in December 2003.  Soil samples were analysed for EC 1:5 and ECe measured in the saturation paste extract ((2) methods 3A1, 14A1 and 14A4).  ECe was converted to Cl- (mg/kg) after allowing for moisture in the original sample, the amount of water added to make the saturation paste, and conversion factors derived from major element analyses of groundwater in the surrounding area.  In early December 2003 an electromagnetic induction survey was conducted on a 25 m grid spacing using an EM38 sensor.  In late December 2003 groundwater samples were taken from each piezometer and analysed for ECw.

Data were analysed by regression using treatment (sown or unsown) as grouping factors; there were no significant differences between the 2 sown treatments.  Log transformations were used where necessary to ensure homogeneity of variance.  Two wetness indices were used (i) the number of fortnightly piezometer readings when the water level was above the surface, and (ii) the number of readings when water level was within 20 cm of the surface.  Statistical calculations were conducted using Genstat 6.

Results

Pasture growth ranged from 1 to nearly 10 t/ha on sown treatments, and 2 to 5 t/ha on unsown treatments.  Growth was negatively correlated with both ECe (0-10 cm, Figure 1 (a), Table 1 equation 1) and EC 1:5 (Table 1, eq. 2 and 3).  There was a negative relationship between pasture growth and the 2 wetness indices (Figure 1 (b), Table 1 eq. 4 and 5), but no significant relationship between growth and EM38 readings.
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Areas where the watertable remained closer to the surface for extended periods tended to have higher ECe in the top 10 cm (Table 1 eq. 6).  Soil cores indicated two patterns of salt distribution down the profile. The first (Type 1) shows high ECe values near the surface, but declines rapidly with depth, whereas the second (Type 2) exhibits low-moderate ECe values near the surface, but increases with depth (Figure 2).  A salt distribution ratio was calculated as (ECe 0-20 cm)/(ECe 20-140 cm) to provide a quantitative measure of salt distribution.  High ratios (typical of Type 1 profiles) were associated with longer periods of wetness, poorer pasture growth and interestingly fresher groundwater (Table 1 eq. 7, 8 and 9).  These profile types were most common in the northern part of the site adjacent to the sandy ridge. Groundwater EC’s at a 3m depth ranged from 1.2 to 32 mS/cm, and were strongly correlated with soil chloride at a 2-3 m depth (Table 1.10).  Higher groundwater EC’s were associated with greater pasture growth (Table 1.11).

Figure 1(a) Pasture growth (kg/ha) during 2003 in relation to ECe (dS/m) sampled in December 2003. (b) Pasture growth in relation to wetness index (ii), the number of fortnightly piezometer readings when the water level was within 20cm of the surface.  Solid lines and symbols refer to sown treatments, open symbols and dashed lines to unsown treatments.

Table 1.  Regression relationships reported in this paper.

	Eq. no.
	Response variate (y)
	Explanatory variate (x)
	Treatment1
	Relationship
	R2
	P
	n

	1.
	Annual pasture growth (kg/ha)
	ECe December (dS/m)
	Sown
	y = 10410 – 221.9 x
	0.883
	<0.001
	15

	
	
	
	Unsown
	y = 5685 – 117.9 x
	
	
	

	2.
	Annual pasture growth (kg/ha)
	EC 1:5 December (dS/m)
	Sown
	y = 10333 – 1220 x
	0.941
	<0.001
	15

	
	
	
	Unsown
	y = 5640 – 834 x
	
	
	

	3.
	Annual pasture growth (kg/ha)
	EC 1:5 February (dS/m)
	Sown
	y = 4318 + 16669 * 0.0978x 
	0.967
	<0.001
	12

	
	
	
	Unsown
	y = 1746 + 6203 * 0.0978x
	
	
	

	4.
	Annual pasture growth (kg/ha)
	Wetness index (i)
	Both
	y = 2353 + 6046 * 0.337x
	0.904
	<0.01
	15

	5.
	Annual pasture growth (kg/ha)
	Wetness index (ii)
	Both
	y = 1969 + 31748 * 0.6318x
	0.895
	<0.01
	15

	6.
	ECe December (dS/m)
	Wetness index (ii)
	Both
	y = 32.13 – 79.0 * 0.707x
	0.555
	<0.01
	16

	7.
	Salt distribution ratio
	Wetness index (ii)
	Both
	y = 0.051 + 0.1164 ln(x)
	0.499
	<0.01
	15

	8.
	Annual pasture growth (kg/ha)
	Salt distribution ratio
	Sown
	y = 7727 – 2324 ln(x)
	0.495
	<0.01
	14

	
	
	
	Unsown
	y = 4800 – 2324 ln(x)
	
	
	

	9.
	Groundwater EC (mS/m)
	Salt distribution ratio
	Both
	y = exp(2.21 – 0.707 ln(x))
	0.657
	<0.001
	24

	10.
	Groundwater EC (mS/m)
	Soil chloride 2-3 m (mg/L)
	Both
	y = -1.075 + 0.0027 x
	0.923
	<0.001
	14

	11.
	Annual pasture growth (kg/ha)
	Groundwater EC (mS/cm)
	Sown
	y = -1064 + 3348 ln(x)
	0.684
	<0.01
	15

	
	
	
	Unsown
	y = 3013 + 20 ln(x)
	
	
	


1. “Both” indicates no significant differences between coefficients for sown and unsown
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 Figure 2.  Salt distribution of (a) 6 Type 1 profiles and (b) 6 Type 2 profiles.

Discussion and Conclusions

This study showed a strong relationship between pasture growth and soil salinity, which accounted for up to 95% of variation.  Because soil EC was correlated with wetness, the data set was unable to resolve the extent to which establishment was limited by either salt or excessive water.  In practice, in southern Australia salinity, waterlogging and inundation would tend to go together, and plants for saline areas need to cope with these stressors simultaneously.  Figure 1(a) shows little advantage in sowing tall wheatgrass-based pastures at ECe levels greater than about 25 dS/m.  This ECe value should not be taken as definitive at this stage, because salinity in the top 10 cm changes substantially in response to wetting and drying cycles.  The tall wheatgrass salinity response was similar to that reported by Semple et al. (1). 

A surprising result from this study was that the most difficult parts of the site to establish pastures had the freshest groundwater.  This area was in the northern part of the site, where a high rate of recharge on the adjacent sandy ridge have presumably led to enhanced discharge in the northern part of the site.  The high discharge rate and the small amount of water-using plant cover apparently allowed salts to accumulate in the top 20 cm, where it has a more pronounced effect on plant establishment and growth than salts deeper in the profile.  Possible options to revegetate these areas with Type 2 salinity profiles include bedding systems to improve drainage and allow salt movement away from the rootzone, and pioneer species tolerant of high salinity, such as saltbush and native Distichlis. Once high water-using species establish in these areas, salts should tend to move deeper into the profile, allowing other species less tolerant of severe salinity such as tall wheatgrass to establish.  The summer growth potential of these areas should, however, be good because groundwater is available within 0.5 m of the surface.  
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