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ABSTRACT

Reduced tillage (RT) or no-tillage (NT) practices and reducing fallow frequency can both decrease soil losses from wind erosion and conserve soil water in the semiarid regions of the US Great Plains. This study evaluated sorghum grain yield in 2013 and wheat grain yield in 2014 and 2015 as influenced by long-term nitrogen (N) fertilizer application rates (0, 20, 40, and 60 lb N ac-1) and tillage intensity [clean tillage (CT), RT, and NT] in dryland winter wheat–sorghum-fallow (W-S-F) cropping system. Tillage treatments had no effect on sorghum or wheat grain yields, but the yields were influenced by N treatments. Grain sorghum yield in 2013 and winter wheat yield in 2014 increased with the addition of N fertilizer compared with the unfertilized control. Regardless of tillage practice, grain sorghum yield with 40 lb was similar to that of 60 lb N ac-1.  Doubling the amount of N addition (0, 40, 80, and 120 lb N ac-1) in 2015 was partially related to increase wheat yield by 37% for 80 lb N ac-1 and 46% for 120 lb N ac-1 compared with 2014.  In general, precipitation timing influenced wheat grain yields more than tillage or N fertilizer application rate. 

INTRODUCTION

Conservation practices have been widely adapted in the semi-arid environments of the Great Plains region since the devastating event of the historic Dust Bowl in the 1930s (Stewart, 2004; Hansen et al., 2012). These conservation practices include the adoption of RT or NT, reducing fallow frequency, and residue management to maintain soil sustainability and reduce soil losses by erosion (Stewart, 2004; Mikha et al., 2010). The combination of continuous cropping and minimizing fallow frequency with NT or RT has become a successful practice (Smika and Wicks, 1968; Anderson et. al., 1999) because of increased precipitation storage efficiency.  However, the residue decomposition process and lack of residue returned during the fallow period could cause reduction in soil organic carbon (SOC) (Peterson et al., 1998; Mikha et al., 2010). 
In general, low precipitation inputs and drought conditions common to the Great Plains region is expected to reduce plant residue and the decomposition of soil organic matter (SOM), decrease nutrient movement through the soil profile, and reduce nutrient availability for crop production (Mikha et al., 2014).  Using conservation tillage in this semi-arid region, specifically NT, can benefit soils by promoting SOC accumulation, increasing water storage, enhancing microbial activity, improving grain yield, and reducing soil wind erosion compared to more intensive tillage practices (Nielsen et al., 2005). Furthermore, increased soil water conservation with NT makes it possible to adopt continuous cropping systems or reduce the fallow frequency in the Great Plains region. Nielsen et al. (2005) documented that with NT, grain production per unit of soil water increased with reduced fallow frequency when compared with other tillage practices. In contrast, surface residue incorporation and soil mixing associated with tillage increased residue decomposition rates, reduced SOC, and enhanced soil erosion potential (Blanco-Canqui et al., 2009). 
The objective of this study is to evaluate the long-term tillage effects on grain yields in a dryland wheat-sorghum-fallow (W-S-F) cropping system.  We also examined whether tillage practice enhances or has no effect on yield response to nitrogen (N) fertilizer application rate. We hypothesize that long-term NT will improve grain yield compared with CT and RT. 

MATERIALS AND METHODS

[bookmark: _Hlk22985722]The study was established in 1965 at the Kansas State University, Agricultural Research Center near Hays, Kansas with three tillage practices in a winter wheat-sorghum-fallow (W-S-F) cropping system. The soil series is Harney silt loam (fine, montmorillonite, mesic Typic Argiustoll) and field slopes of 0 to 1%. Mean annual temperature is 54 F and mean annual precipitation (Table 1) is approximately 22 inches (144-year average).  Surface soils (0-6 inches depth) range from 32 to 56% sand, 18 to 43% silt, and 24 to 36% clay. Approximately 77% of annual precipitation falls within April to September each year (~17 inches) (Table 1). 
Since 1965, the study site has been maintained in W-S-F rotation. Each phase of the W-S-F crop rotation was present in each year of the study. Winter wheat was planted at ~ 60 lb/ac seeding rate and Grain Sorghum by an average of 3 lb/ac. Three tillage treatments were arranged in a randomized complete block design with four replications as the main plots, and N rates were considered the sub-plot factor.  Plot sizes for individual tillage treatments were 67 ft by 100 ft. Tillage treatments were no-tillage (NT), reduced tillage (RT), and clean tillage (CT). Details of all field operations and crop management were reported in Thompson and Whitney (1998) and Thompson et al. (2000). The CT plots were plowed and disked to 6-inch depth with a tandem disk, a one-way plow and a mulch treader for crop residue incorporation. The RT tillage operation was implemented with a V-blade or sweep plow. The residue was left on the soil surface with the RT operation. During the fallow period and before winter wheat planting, approximately 3 to 4 tillage operations were made in CT while 2 tillage operations were made in the RT plots. Before sorghum planting, one tillage operation was done in the CT and RT plots to control weeds. With NT plots, weeds were controlled using herbicides only. During the growing season and fallow period, herbicides were used as needed to control weeds with all tillage practices. Two to four applications of glyphosate [isopropylamine salt of N-(phosphonomethyl) glycine] and 2, 4-dichlorophenoxyacetic acid were applied to kill emerged weeds before winter wheat planting. 
In the 1975, fertilizer N was applied at five N rates (0, 20, 40 and 60 lb N ac-1) as sub-plots. In fall 2014, the N rates were further modified to 0, 40, 80, and 120 lb N ac-1.  Ammonium nitrate was used from 1975 to 2002, and urea was used from 2002 to present. The N fertilizer was broadcasted in the fall before wheat planting and either incorporated in the RT and CT treatments or left on the soil surface under the NT treatment. 
Grain yields were evaluated by harvesting an area of 49.2 ft × 100.02 ft of each plot with a plot using a plot combine. In this study, we are only reporting the sorghum yield of 2013 and the wheat yield of 2014 and 2015. Tillage treatments and N rate effects on wheat and sorghum grain yields were tested with F-tests by fitting a linear mixed model appropriate for a split plot experiment with the PROC MIXED procedure. All results were considered significantly different at P < 0.05. 

	Table 1.  Annual and long-term precipitation inputs at Hays, Kansas.  Highlighted months represent the winter wheat growing season, and asterisks (*) represent the sorghum growing season.   

	
	--------------------------------------- Year -------------------------------------------

	Months
	2013
	2014
	2015
	Average
1868-2012

	
	---------------------------------------- Inch -------------------------------------------

	January
	0.70
	0.16
	0.46
	0.44

	February
	1.19
	0.92
	0.71
	0.72

	March
	0.78
	0.17
	0.09
	1.24

	April
	1.06
	0.91
	0.96
	2.07

	May
	  2.16*
	0.82
	6.44
	  3.18*

	June
	  2.73*
	9.45
	0.76
	  3.33*

	July
	  7.08*
	2.36
	4.11
	  3.22*

	August
	  0.59*
	1.64
	0.46
	  2.91*

	September
	  2.98*
	5.94
	0.42
	  2.15*

	October
	  0.99*
	2.15
	1.75
	  1.41*

	November
	  1.16*
	0.05
	1.83
	  0.83*

	December
	0.05
	0.73
	1.77
	0.65

	Yearly Total
	21.53
	25.30
	19.76
	22.15

	Wheat 
Growing Season
	
	14.63
	12.35
	16.33

	Sorghum Growing Season
	  17.69*
	
	
	   17.03*




RESULTS AND DISCUSSION

Total precipitation received during the 2013 sorghum growing season was not different from the long-term average (Table 1).  Sorghum grain yield (Fig. 1A) was significantly influenced by N-rate and tillage × N-rate interaction, but tillage effect was not significant. Sorghum grain yield was greater in the NT and CT with N fertilizer rate of 60 lb N ac-1 compared with lower N-rate (0 or 20 lb N ac-1), and yield with 40 lb N ac-1 was in between.  However, the greatest sorghum grain yield was achieved in RT with 40 lb N ac-1. In general, differences in sorghum yield among the N-rates were less pronounced with RT than NT and CT (Fig. 1). 
The precipitation throughout the wheat growing season of 2014 was 10% lower than the long-term average precipitation (~1.7 inches less) (Table 1).  Winter wheat grain yield measured in 2014 was only influenced by N-rate (Fig. 2). Applying N fertilizer increased winter wheat yield irrespectively of tillage (Fig. 2). However, there was no wheat yield response to N fertilizer addition beyond 20 lb N ac-1 (Fig 2). Limited response to N fertilizer in 2014 could possibly be related to low precipitation amounts or to other soil nutrients that are necessary for crop production. 



















[bookmark: _Hlk23755083]Figure 1.  Sorghum grain yield as influenced by tillage practices and N rates (0, 20, 40, and 60 lb N ac-1). The NT represents no-tillage; RT represents reduce tillage; and CT represents clean tillage. The bars represent standard errors of the mean. Different lowercase letters represent significant (P < 0.05) differences with tillage × N-rate interaction. 

In 2015, the annual precipitation throughout the wheat growing season was 25% lower than average (~4 inches less) (Table 1).  Tillage treatment did not influence wheat yield, but N rates increased wheat yield compared with control.  Doubling the N rates in 2015 could have some benefits for increasing wheat grain yield (Fig. 3), but the precipitation amount and timing remained the major factor influencing yield in this semi-arid region.  In May of 2015 (Table 1), the 6.44 inches of precipitation could have contributed to the increase in wheat yield despite the management practices. Across tillage treatments, wheat yield in 2015 associated with 0 and 40 lb/ac N fertilization were greater than the wheat yield in 2014 by an average of 37.5% (12 bu/ac).  


Figure 2.  Wheat grain yield as influenced by tillage practices and N rates (0, 20, 40, and 60 lb N ac-1). The NT represents no-tillage; RT represents reduce tillage; and CT represents clean tillage. The bars represent standard errors of the mean. Different lowercase letters represent significant (P < 0.05) differences with N-rate. 


Figure 3.  Wheat grain yield as influenced by tillage practices and N rates (0, 40, 80, and 120 lb N ac-1). The NT represents no-tillage; RT represents reduce tillage; and CT represents clean tillage. Different lowercase letters represent significant (P < 0.05) differences with tillage × N-rate interaction.

Precipitation from planting to May in 2014 was approximately 5.18 inches, which was less than the 11.6 inches recorded for that same growing period in 2015 (Table 1).   The low precipitation amounts in 2014 was the major factor contributing to the low wheat crop regardless of the management practices.  
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