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Abstracts
Sorghum [Sorghum bicolor (L.) Moench] serves as a low-cost alternative to corn (Zea mays L.) in semiarid regions of the world because of its high N and water use efficiencies. However, there has been a concern regarding N loss to the atmosphere as nitrous oxide (N2O) from semiarid drylands. This study investigated various soil C and N components, including CO2 and N2O emissions, and crop yield with a dairy compost (13.5 Mg ha-1) and four rates of chemical N fertilizer (0, 22.4, 44.8, and 67.3 kg ha-1) in dryland sorghum. There was no significant difference in soil C and N fractions among N fertilizer rates, although compost addition numerically increased soil C storage and 67.3 kg ha−1 N rate resulted the highest yield in both years. Potential nitrogen mineralization (PNM) was negatively related to crop yield and positively related to grain N content. Soils with greater inorganic N and PNM had lower carbon dioxide (CO2) emissions, while soils with greater potential C mineralization (PCM) had lower N2O emissions. This study shows no significant improvements in the yield of dryland sorghum in the semiarid environment of southern Great Plains in the short term. Compost and 44.8 kg N ha-1 applications were beneficial when both yield and quality were compared.

Introduction
Sorghum is a major cereal crop produced in the semiarid Southern and Central Great Plains. Dryland farmers in this region typically apply 2050 kg N ha1 to Sorghum. The response to applied N fertilizer varies with soil condition, climate, and growing season precipitation in a particular year (Kaizzi et al., 2012; Wortmann et al., 2007). Effects of N management on soil organic carbon (SOC) and nutrients have been extensively studied. Studies in subhumid regions of Canada showed an increase in SOC with N fertilizer application for several years, but no such difference was observed in the short term (<5 yr) (Lemke et al., 2010). Improved knowledge of SOC and nutrient dynamics in dryland cropping systems, specifically in the short term, could help in improving sustainable crop production in semiarid regions.
Compost and manure applications in hot, dry, semiarid regions may support sustainable crop production through increased soil C and N stocks, N availability, and water use efficiency. Long-term manure application increases the N availability for crops, other essential nutrients, C and N levels, SMC, and soil pH and electrical conductivity (EC) compared to chemical N fertilizers (Hepperly et al., 2009). In Snowville, UT, 16 yr of compost application at a rate of 50 Mg ha1 in dryland wheat (Triticum aestivum L.) increased soil nutrient availability, SOC, microbial biomass, enzyme activity, and wheat yield (Reeve et al., 2012). In eastern Oregon, the only treatment that maintained or improved SOC over 80 yr in dryland cropping systems was winter wheat-fallow rotation with cattle manure application (Ghimire et al., 2015). 
The main goal of this study was to evaluate the effects of different N management practices, such as compost and four different N fertilizer rates, on soil C and N pools, and crop yield in dryland sorghum production. We hypothesize that N addition can increase crop yield as well as soil health in semiarid dryland conditions.
 

Materials and Methods
The study was conducted at the New Mexico State University Agricultural Science Center at Clovis, NM (3435 N, 10312 W), in 2018 and 2019. The study area has a semiarid climate and Olton clay loam (fine, mixed, super active, thermic Aridic Paleustolls) soils.
The experimental field was in no-tillage winter wheat sorghumfallow (WSF) rotation since 2014 and followed for 11 mo before planting Sorghum each year. The study had a randomized complete block design with five treatments and four replications. The size of an individual plot was 9.14 by 9.14 m (30 by 30 ft). The N management treatments were N0, N20, N40, and N60, which represented 0, 22.4, 44.8, and 67.3 kg ha-1 (0, 20, 40, and 60 lb acre-1) of N application, respectively, as liquid urea-ammonium nitrate (UAN: 32–0–0) and a 13.5 Mg ha-1 (6 tons acre-1) dairy compost application. The compost was obtained from a dairy farm West of Clovis, NM, and was applied with a hand spreader (Agri-Fab). The liquid UAN was applied with a 9.14 m (30 ft) long liquid sprayer-boom mounted behind a tractor. Grain sorghum (Pioneer 86P20) was planted on 21 May in 2018 and on 23 May in 2019 and harvested on 22 October in 2018 and 25 September in 2019 at grain moisture <12%. In both years, planting was done by a four-row no-till planter (John Deere 1700 planter) with 76.2 cm (30 in.) row spacing at a rate of 66,700 seeds ha-1. Grain and biomass yield were estimated by manually harvesting a 3.05 m (10 ft) length of two rows in each plot at physiological maturity. Grain and biomass samples were oven-dried, and dry yields were calculated. 
Composite soil samples were collected with a soil core sampler of 3.18-cm i.d. from 0- to 10- and 10- to 20-cm depths of study plots before fertilizer application and planting of Sorghum each year. Soil samples were collected again from individual plots at the time of the sorghum harvest. The soil samples were collected from five randomly selected spots within each plot, homogenized, and composited by depth (010 and 1020 cm). Laboratory analysis for baseline samples included gravimetric soil water content, inorganic N, potential carbon mineralization (PCM), and potential nitrogen mineralization (PNM) in 72 h of aerobic incubation. Soil samples collected at harvest were analyzed for soil water content, inorganic N, PNM, PCM, SOC, and total soil nitrogen (TSN). Labile organic nitrogen (LON) was also measured in soil samples collected in 2019. Soil inorganic N was analyzed as a sum of potassium chloride (KCl) extractable NO3- and NH4+ in an automated flow injection N analyzer (Timberline Instruments, LLC). Soil PCM was measured by aerobic incubation of 22 g of field-moist soil in a 1-L Mason jar under field capacity moisture (23% v/v) for 72 h in room temperature and measuring CO2 produced in the jar using an infrared gas analyzer (LI-820, LiCor Inc.). Approximately 5 g of incubated samples were used to determine PNM by extracting soils with KCl as described for inorganic N. About 5 g of unincubated soil samples were boiled in a water bath with 25 ml 1 M KCl for 4 h in Pyrex glass tubes, and the extract was analyzed as inorganic N. The SOC and TSN were analyzed using the dry combustion method (Leco Corporation Inc.). 

Results 
Soil inorganic N and PNM at sorghum harvest were not significantly different between treatments, soil depths, and treatment interaction × soil depth in both years (2018 and 2019). Soil inorganic N was in the range of 1.363.21 mg kg1 in 2018 and 1.001.30 mg kg1 in 2019, whereas PNM was in the range of 0.551.23 mg kg1 in 2018 and 0.690.80 mg kg1 in 2019 (Table 1). Labile organic N was measured only in 2019, and it was not significantly different among treatments and treatment × soil depth interaction, while it was 33.1% greater in 010 cm than in 10- to 20-cm depth. The ranges of LON in different treatments were 4.364.81 mg kg1 and 2.654.00 mg kg1 in 0- to 10- and 10- to 20-cm depths, respectively.
Total soil N varied between soil depths but not between treatments and treatment × soil depth interaction in 2018. In 2019, there was no significant difference between N treatments and N treatment × soil depth interaction, but 0- to 10-cm soil had 14.8% more TSN than 10- to 20-cm soil when averaged across all treatments (Table 1).

[bookmark: tb1]Table 1. Inorganic N, potential nitrogen mineralization (PNM), labile organic nitrogen (LON), and total soil nitrogen (TSN) as influenced by treatments in 0- to 10-cm and 10- to 20-cm depths 
	Parameters
	Treatments
	2018
	2019

	
	
	0–10 cm
	10–20 cm
	0–10 cm
	10–20 cm

	Inorganic N, mg kg1
	N0
	3.09 ± 0.88
	1.39 ± 0.23
	1.08 ± 0.05
	1.13 ± 0.12

	
	N20
	1.86 ± 0.34
	2.07 ± 0.86
	1.26 ± 0.20
	1.30 ± 0.20

	
	N40
	1.74 ± 0.09
	1.36 ± 0.46
	1.10 ± 0.07
	1.16 ± 0.07

	
	N60
	2.62 ± 0.89
	3.09 ± 0.62
	1.09 ± 0.07
	1.10 ± 0.08

	
	Compost
	3.03 ± 0.48
	3.21 ± 1.81
	1.00 ± 0.09
	1.08 ± 0.05

	
	Baseline
	1.76
	5.44
	13
	10.14

	PNM, mg kg1
	N0
	1.02 ± 0.40
	0.55 ± 0.07
	0.78 ± 0.06
	0.75 ± 0.05

	
	N20
	0.75 ± 0.15
	0.81 ± 0.32
	0.78 ± 0.09
	0.69 ± 0.03

	
	N40
	0.71 ± 0.06
	0.64 ± 0.15
	0.78 ± 0.03
	0.71 ± 0.04

	
	N60
	0.95 ± 0.25
	1.14 ± 0.18
	0.75 ± 0.05
	0.68 ± 0.03

	
	Compost
	1.06 ± 0.20
	1.23 ± 0.57
	0.80 ± 0.05
	0.77 ± 0.06

	
	Baseline
	25.52
	7.22
	12.83
	9.61

	LON, mg kg1
	N0
	–
	–
	4.55 ± 0.11
	3.47 ± 0.41

	
	N20
	–
	–
	4.81 ± 0.15
	3.67 ± 0.39

	
	N40
	–
	–
	4.36 ± 0.13
	2.65 ± 0.33

	
	N60
	–
	–
	4.44 ± 0.32
	4.00 ± 0.49

	
	Compost
	–
	–
	4.68 ± 0.18
	3.37 ± 0.44

	
	Baseline
	–
	–
	13.96
	9.37

	TSN, g kg1
	N0
	0.77 ± 0.02
	0.68 ± 0.01
	0.87 ± 0.05
	0.75 ± 0.01

	
	N20
	0.73 ± 0.01
	0.65 ± 0.01
	0.82 ± 0.03
	0.77 ± 0.03

	
	N40
	0.73 ± 0.02
	0.64 ± 0.01
	0.87 ± 0.04
	0.76 ± 0.02

	
	N60
	0.72 ± 0.01
	0.68 ± 0.02
	0.83 ± 0.05
	0.75 ± 0.01

	
	Compost
	0.75 ± 0.01
	0.66 ± 0.01
	0.96 ± 0.02
	0.76 ± 0.01


Note. Data presented as a mean ± standard error.

Soil PCM did not vary between treatments and treatment × soil depth but did vary between soil depths in both years (Figure 1.). However, the 0- to 10-cm soils had significantly greater PCM than 10- to 20-cm soils. In 2018, soil PCM in 0- to 10-cm depth was 105% more than in 10- to 20-cm depth, while it was 45.6% greater in 2019.
In 2018, SOC was significantly different across treatments at p = .07 and soil depths at p = .003. There was no significant difference in treatment × soil depth interaction for SOC. The SOC in 0- to 10-cm depth was 13.3% greater than in 10- to 20-cm depth in 2018. In 2019, SOC differed due to soil depth (p < .001) and treatment × soil depth interaction (p = .08). The SOC was 21.4% greater in compost than N60 and 14.3% greater than N20 in 0- to 10-cm depth, but no treatment differences were observed in 10- to 20-cm depth. Soils at 0- to 10-cm depth had 18.2% greater SOC than at 10- to 20-cm depth.



[bookmark: fig1]Figure 1. Potential carbon mineralization (PCM) under different treatments in 0- to 10- and 10- to 20-cm depths of soil. The N fertilizer rates under N0, N20, N40 and N60 were 0, 22.4, 44.8, and 67.3 kg ha1 (0, 20, 40, and 60 lb/acre), respectively
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A

0-10 cm	10.501920538104018	5.1571833713936686	4.7762902070732407	8.8949208611228769	11.282047877819673	10.501920538104018	5.1571833713936686	4.7762902070732407	8.8949208611228769	11.282047877819673	N0	N20	N40	N60	compost	70.045803202551866	58.211145798212769	43.985014731527556	58.329698266565529	63.470923118621961	10-20 cm	5.2210874938811278	2.9465349318215242	3.6344173509308688	4.6198690160570672	2.6389189612429398	5.2210874938811278	2.9465349318215242	3.6344173509308688	4.6198690160570672	2.6389189612429398	N0	N20	N40	N60	compost	37.190193482051491	25.535058790602633	25.113337774966663	31.247224779432774	24.547969952671608	
PCM (mg kg-1)




B

0-10 cm	3.569030296835852	2.0972738813872915	0.98148794836208397	3.5636586715804142	4.0089995384406834	3.569030296835852	2.0972738813872915	0.98148794836208397	3.5636586715804142	4.0089995384406834	N0	N20	N40	N60	compost	24.202655818968189	19.506462901626072	21.373280565327374	22.833460986900779	24.680585797715949	10-20 cm	2.1435518547761769	3.0420114472010091	4.6304186034562997	3.9992758361175276	3.6923094172820869	2.1435518547761769	3.0420114472010091	4.6304186034562997	3.9992758361175276	3.6923094172820869	N0	N20	N40	N60	compost	14.112985283608246	13.318487611738128	15.600789338271388	19.105936542741809	15.189084851855197	Treatments


PCM (mg kg-1)



