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Methods: The trial was conducted west of Soledad in cooperation with Dave Costa Farms. The soil at the site was located immediately adjacent to the Salinas River and was mapped as psamments and fluvents with a loamy sand texture; the soil had the following characteristics: pH – 7.6; organic matter content – 0.96%; sand – 84%; silt – 10%; and clay – 6%. Beds 80 inches wide were formed and preplant fertilizer (13-0-16) was applied on May 3 by LA Hearne Company using a 3 80-inch bed applicator. The applicator was turned off to create the zero N plots. The field was seeded to the variety ‘Avenger’ on May 7 and received the first germination water the same day. The field was topdressed with urea on May 26 at the 1-2 true leaf stage. Measurements of soil minteral nitrogen were taken to 8 inches deep in the soil on a weekly basis and biomass and tissue N content evaluations were made two times during the growth cycle. The field was sprinkler irrigated throughout the growing cycle. See tables for treatments and evaluation dates. 
Results: Soil nitrate levels were low to moderate at all evaluation dates, but soil ammonium levels were high on June 1 (Table 1). Soil ammonium levels returned to more normal levels on June 11, but were still elevated in the 200 and 300 lbs N/A treatments. High soil ammonium levels are rare in warm summer soils where nitrification rapidly occurs; presumably the use of high levels of topdressed urea which must be converted to ammonium before nitrification to nitrate resulted in the observed levels. All rates of N fertilizer over 50 lb/A had higher fresh biomass, lower dry matter content, greater whole plant N content, lower C:N ratio and greater biomass N than the 0 and 50 lbs N/A treatments on June 1 (Table 2). Final harvest occurred on June 9, 34 days after germination water. The highest fresh yields occurred at 150 or greater lbs N/A (Table 3); these treatments also had the lowest dry matter content, highest whole plant N content, and the highest biomass N content. Nitrogen uptake in these treatments was >8.0 lbs N/A/day. Highest percent uptake of N in relation to applied fertilizer N (nitrogen use efficiency – NUE) was in the 100 and 150 lb N/A treatments. 
Table 1. Soil ammonium-N and nitrate-N levels on four dates
	Treatment

Lbs N/A
	Preplant 

Lbs N/A 
	 Topdress

Lbs N/A 
	NH4-N (mg/kg soil)
	NO3-N (mg/kg soil)

	
	
	
	May 12
	May 19
	June 1
	June 11
	May 12
	May 19
	June 1
	June 11

	
	
	
	6 DAG1
	13 DAG
	26 DAG
	36 DAG
	6 DAG
	13 DAG
	26 DAG
	36 DAG

	0 
	---
	---
	0.3
	0.5
	0.8
	0.6
	3.9
	4.4
	0.7
	0.4

	502
	50
	---
	1.1
	0.5
	0.4
	0.5
	6.3
	5.6
	0.5
	0.4

	100
	50
	50
	0.9
	0.5
	5.7
	0.7
	6.2
	6.8
	4.2
	0.8

	1503
	50
	100
	1.1
	0.5
	28.4
	1.7
	5.8
	7.2
	8.5
	2.6

	200
	50
	150
	0.9
	0.4
	42.2
	5.6
	6.8
	6.7
	9.4
	10.4

	300
	50
	250
	0.7
	0.5
	49.8
	8.0
	5.7
	6.2
	9.7
	10.2

	
	
	  Pr>Treat
	0.596
	0.938
	<0.001
	0.030
	0.396
	0.279
	<0.001
	<0.001

	
	
	  Pr>Block
	0.270
	0.780
	0.738
	0.511
	0.720
	0.355
	0.262
	0.319

	
	
	  LSD0.05
	NS
	NS
	16.7
	5.2
	NS
	NS
	2.5
	4.8


1 – days after germination; 2 – preplant application of 13-0-16, no subsequent topdress; 3 – Grower standard

Table 2. Biomass and tissue nitrogen evaluations on June 1 (26 days after germination)

	Treatment

Lbs N/A
	Preplant 

Lbs N/A 
	 Topdress

Lbs N/A 
	Spinach, fresh (tons/A)
	Dry matter 

(%)
	Leaf and 
petiole N 
(%)
	Whole plant N (%)
	Whole plant 
C:N ratio
	Biomass N 
(lbs/A)

	0 
	---
	---
	1.7
	11.3
	2.7
	2.8
	14.5
	11.0

	501
	50
	---
	2.4
	11.1
	2.8
	2.9
	13.8
	15.9

	100
	50
	50
	3.5
	9.2
	4.2
	4.6
	8.4
	29.7

	1502
	50
	100
	4.1
	8.6
	4.7
	5.4
	7.2
	37.7

	200
	50
	150
	4.6
	8.5
	4.7
	5.4
	7.2
	40.9

	300
	50
	250
	3.6
	9.4
	5.0
	5.3
	7.3
	36.6

	
	
	  Pr>Treat
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	
	
	  Pr>Block
	0.734
	0.500
	0.845
	0.906
	0.852
	0.799

	
	
	  LSD0.05
	1.0
	0.9
	0.6
	0.6
	2.2
	9.2


Table 3. Yield and biomass nitrogen evaluation on June 9 (34 days after germination)

	Treatment

Lbs N/A
	Preplant 

Lbs N/A 
	 Topdress

Lbs N/A 
	Spinach, fresh (tons/A)
	Dry matter 

(%)
	Whole plant N (%)
	Whole plant 
C:N ratio
	Biomass 
N 
(lbs/A)
	N Uptake              
rate

(lbs N/A/day)
	NUE1 
(%)

	0 
	---
	---
	3.8
	12.7
	2.2
	17.8
	22.5
	1.4
	-

	501
	50
	---
	4.8
	11.6
	2.4
	16.4
	26.8
	1.4
	54

	100
	50
	50
	8.9
	9.2
	4.8
	7.8
	75.6
	5.7
	76

	1502
	50
	100
	13.5
	7.6
	5.3
	7.0
	108.0
	8.8
	72

	200
	50
	150
	11.6
	7.8
	6.1
	6.2
	107.0
	8.3
	53

	300
	50
	250
	11.4
	7.6
	6.3
	6.1
	106.3
	8.7
	35

	
	
	  Pr>Treat
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	
	

	
	
	  Pr>Block
	0.136
	0.095
	0.707
	0.686
	0.403
	
	

	
	
	  LSD0.05
	3.0
	1.7
	0.5
	3.6
	19.7
	
	


1 – Nitrogen Use Efficiency (NUE): based on percent of N in plants vs amount applied. 
