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Sodic soils cover 28% of the Australian continent [1].  Sodicity is a specific soil condition where the exchangeable sodium percentage (ESP) at 0-100 cm is in the range of 6-14%.  Sodic soils exhibit poor water infiltration and soil dispersion on wetting, and surface crusting and hard setting as the soil dries.  Subsoils usually consist of dense impermeable clay.  These poor structural features impede seedling emergence and root development and severely reduce crop yields.
Gypsum (CaSO4. 2H2O) is commonly applied in the range of t ha-1 to remediate sodic soils, but few studies have been conducted on the effect of sodicity on plant-microbial interactions.  Therefore, the objective of the present study was to quantify the effect of application of four rates of gypsum (0, 2.5, 5 and 10 t ha-1) to a non-saline, alkaline sodic soil on symbiotic N2 fixation by faba bean grown in the field at Nhill, Victoria, Australia (36(33’47” S, 141(63’67” E) under temperate rainfed conditions.  The field experiment was described by Jarwal et al. [2].  Unconfined microplots (2.4 x 2.9 m) were labelled with 15NH4Cl (15.3 atom% 15N) at the rate of 8 kg N ha-1 in each replicated treatment.  Soil cores (0-15 cm) were taken in the microplots at 48, 62, 76, 90, 103, 121, 143, 158 and 183 days after sowing (DAS) and analysed for mineral-N (NH4+ + NO3-)-N and 15N abundance.  Plant tops were harvested at physiological maturity (158 DAS) and grain yield, dry matter (DM) yield, N concentration and 15N isotope-ratios were measured.  A model based on 15N isotope dilution [3] was used to obtain yield-independent estimates of the proportion of legume N derived from N2 fixation (Patm).
Very low rainfall was recorded during the first 4 months of 1997, but 50 mm was received during May prior to sowing (Fig. 1).  Rainfall was well below average during the 6-month period between sowing and harvest, when 239 mm were recorded (Fig. 1) compared with the 120-year average of 325 mm.  In addition, the rainfall distribution was uneven, with very low precipitation (< 25 mm) during the first two months following sowing (Fig. 1).

Fig. 1. Monthly rainfall at Nhill in 1997 compared with the 120-year average.
Plant population densities did not differ significantly between gypsum treatments (Table 1). Grain yield and DM production at physiological maturity were significantly higher than the control at 10 t ha–1 of gypsum (Table 1).  Similarly, the yield of soybean increased by 29 % when 20 t ha–1 of gypsum was applied to a non-saline, alkaline, sodic soil [4].  The N uptake in the tops of faba bean was approximately 30% higher at 5.0 and 10.0 t ha–1 gypsum compared with the zero or 2.5 t ha–1 gypsum rates (Table 1).
The symbiotic dependence (Patm) of faba bean was high in all treatments (≥ 0.74), and estimated amounts of fixed N at 5.0 and 10.0 t ha–1 gypsum were 50% higher compared with the 0 or 2.5 t ha–1 gypsum rates (Table 1).  The estimated amounts of fixed N in faba bean tops were in excess of 200 kg N ha–1 for the 5.0 and 10.0 t ha–1 gypsum rates, when extrapolated from the small plot (g m–2) estimates.

Table 1. EMERGENCE, YIELD AND N NUTRITION OF FABA BEAN

	Gypsum rate (t ha-1)
	Emergence (plants m-2)
	Grain yield 

(t ha-1)
	DM yield 

(g m-2)
	N uptake

(g m-2)
	Patm
	N fixed

(g m-2)

	  0
	21
	0.68
	  748
	19.3
	0.74
	14.3

	  2.5
	24
	1.01
	  842
	18.8
	0.81
	15.2

	  5.0
	25
	1.18
	1058
	24.8
	0.82
	20.3

	10.0
	25
	1.09
	1190
	26.6
	0.82
	21.8

	lsd (P < 0.05)
	ns
	0.24
	  310
	  7.3
	nsa
	  5.1


ans, not significant

Despite the low and erratic rainfall, faba bean nevertheless performed well in terms of symbiotic N2 fixation.  Estimated values of Patm were at the higher end of the range reported for different cultivars of faba bean [5], as estimated by the 15N dilution technique.  The Patm value of 0.74 at zero gypsum demonstrates that the functionality of the symbiosis was resilient to the combined effects of two abiotic stresses, sodicity and drought.  The lower than expected plant density may have been fortuitous in view of the lower than average rainfall received during crop growth.
In conclusion, the present study has shown that addition of gypsum to a non-saline, sodic soil improved DM yield and fixed N in faba bean, and therefore demonstrated the potential benefits of coupling soil amelioration with legumes in rotations for increased sustainability of dryland cropping systems in southern Australia.  Gypsum application gives a residual agronomic benefit over several years, but whether it constitutes an economic benefit to farmers requires further analysis.
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