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Introduction
Revegetation of grasslands invaded by alien species and energy mine spoils reduces the negative impact of land 
degradation. This also adds value to existing condition through improved soil properties and benefits wildlife, 
pollinators, and soil environment. Perennial forbs and cool-season grasses are effective in restoring disturbed areas due 
to their deep root system, which provides stability to soil. Similarly, legumes improve the soil nutrient status by fixing 
atmospheric nitrogen. They also provide good ground cover in the disturbed sites which inhibits spread of invasive 
species. Some of the promising grass and legume species have potential to establish in disturbed environment. They 
can perform well if they are planted at favorable time and could compete with the invasive species if managed during 
early establishment period.

Objective
To evaluate the establishment of cool-season perennial grasses and legumes in harsh environments.

Materials and Methods
The study was conducted at the James C. Hageman Sustainable Agriculture Research Center (SAREC) in 2018. 
Treatments were: (a) 15 treatments of native grasses, non-native grasses, shrub and legume genotypes, and their 
mixtures; (b) three planting times (late spring, early fall, and late fall), and (c) two environmental conditions (irrigated 
and dryland). The experiment was set up in a split plot design with four replications. The planting time was the main 
plot with combination of grass, legume and shrub in monoculture or mixtures as the sub plots within the main plot. 
Seeding was done on June 1 (late spring planting), August 15 (early fall planting), and November 15 (late fall planting) 
in 2018 under dryland and irrigated conditions. Plots were managed (e.g., weeding) throughout the study. Emergence 
data was collected for late spring and early fall plantings.

Results and Discussion
Emergence of the plants were affected by the treatments. There was significantly higher emergence under irrigated 
than in dryland conditions (Figure 1). Compared to early fall planting, legume monocultures and legume mixtures 
had higher emergence in late spring planting (Figures 1 and 2). Whereas, non-native cool-season grasses had higher 
emergence in early fall planting than in late spring planting (Figure 2). This could be explained by the exposure of the 
plants to longer period in warm weather during spring and cold weather in fall. As a result, legume mixtures planted 
in late spring performed better than legumes mixtures planted in early fall. However, cool-season grass mixtures in 
fall planting had lower emergence than at late spring planting probably due to their exposure to low temperatures. 
Preliminary results suggest that species and planting time in conjunction with environmental conditions play a major 
role in plant establishment and growth, particularly when the plants are managed adequately. The study is on-going, 
and data will be collected on forage yield, nutritive value, and persistence of the plants to further explore their potential 
as a reclamation tool while providing forages for livestock and wildlife.
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Figure 1. Emergence of cool-season perennial grasses, legumes, and mixtures of grass-legume in late spring and early fall planting in irrigated 
and dryland conditions at SAREC in 2018. TF: tall fescue; CWG: crested wheatgrass; BFT: Birdsfoot trefoil; SF: sainfoin; CMV: cicer milkvetch; 
FK: forage kochia; NNP: Non-native perennial (TF ‘texoma’, TF ‘97TF1584’, and CWG; L: legume (BFT, SF, and CMV); NP: native perennial 
(thickspike wheatgrass, bluebunch wheatgrass, western wheatgrass, and basin wildrye)

Figure 2. Emergence of non-native cool-season grasses and legumes in irrigated condition in late spring and early fall planting at SAREC in 
2018.
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