2006 – 2007  Broccoli Cover Crop x Fertility Study 

Richard Smith, Vegetable Crop and Weed Science Farm Advisor, Monterey County, Joji Muramoto, Research Scientist, UCSC and Miriam Silva Ruiz, Research Assistant, Monterey County
Objective: To examine the release of nitrogen from a legume/cereal mix cover crop and from feather meal fertilizer on broccoli growth. 
Methods: The trial was conducted at the Hartnell East Campus Research Facility on East Alisal Street in Salinas, CA.  Plots with and without legume mix cover crop were established in the winter of 2006-07 and, in the spring after cover crop incorporation, the plots were subdivided into four fertilizer treatments. Cover crop and fertilizer treatments were place on the same location used in 2005-06. Broccoli was grown the spring and early summer prior to the establishment of the trial and the field was fallow for the summer until the winter cover crop was planted. A legume mix cover crop was planted on the winter cover crop plots at the rate of 110 lbs per acre on October 22. The proportion of the different varieties was the following: 18% ‘Cayuse’ oats (Avena sativa); 38% Bell beans (Vicia faba); 20% ‘Lana’ wooly pod vetch (Vicia villosa ssp. dasycarpa); and 25% ‘Magnus’ pea (Pisum sativum). The seed was drilled into the soil with a Great Plains® drill to a depth of two inches.  All legume seed was inoculated with vetch/pea Rhizobium sp. immediately prior to planting. The field was sprinkler irrigated on October 23 to germinate the seed. The non-cover cropped plots were rototilled on December 19, 2006 and February 15, 2007 to control weeds. 

Cover crop biomass was measured on March 20, 2007 and it was mowed and rototilled into the soil on March 22, 2007.  Soil samples for mineral nitrogen were collected from each main plot March 28, April 3 and xx. (xx sampling dates) to evaluate nitrogen mineralization from the cover crop. Rainfall events and soil temperatures were evaluated to better understand the pattern of mineral nitrogen release from the soil between incorporation of the cover crop and the initiation of the broccoli planting and fertilizer evaluations. 

The broccoli variety ‘Marathon’ was seeded in an organic commercial greenhouse (Grower’s Transplant, Salinas) on March 27. The field was chiseled on April 5, irrigated with 0.5” of water on April 6 and then rototilled, listed and lillistoned on April 12. The beds were shaped on April 17 and Feather meal (12-0-0) was shanked into the beds (two shanks per bed and the depth of application was level with the furrow bottom) with a small plot fertilizer applicator on April 18; fertilizer was applied at four rates: 0, 75, 150 and 225 lbs N/A and the beds were power mulched with a Marvin bed mulcher immediately following; broccoli was transplanted on April 19 with a mechanical transplanter at 12 inch spacing and plants were hand transplanted between each plant to make the final spacing 6 inches apart. 0.33 inch of sprinkler irrigation water was used to set the plants on April 19 and 0.23 and 0.32 inch of rain fell on April 20 and 21, respectively. See figures and tables for evaluation and harvest dates. 

Results: Less rain fell on the cover crop residue following incorporation into the soil but before planting broccoli in 2007 than in 2006 (Figure 1); in addition, given the drier conditions, there was higher soil temperatures in 2007 than in 2006 (Figure 2). Soil sampling of the cover crop residue following incorporation prior to planting broccoli indicated that there was lower levels of mineral nitrogen in the soil in 2007 than in 2006 (Figure 3); this was an unexpected observation because higher mineral nitrogen levels in the soil following cover crop incorporation are frequently observed. However, this pattern could be the release pattern observed in 2006 is commonly observed. A possible explanation for the difference between 2006 and 2007 could be due to the percent nitrogen contained in the cover crop residue prior to incorporation into the soil; in 2007 the percent N was 2.07 vs 2006 which was 3.10 (Table 1); the lower N content of the cover crop in 2007 may have immobilized nitrogen. The cause for lower N content of the cover crop is not readily apparent as the same cover crop mix was used in both years. It is possible that colder weather in the 2006-07 winter may have reduced legume development in the cover crop, but no assessment of the proportion of legume in the cover crop mix at incorporation was conducted. 
There was significantly less mineral nitrogen in the soil of the cover crop treatments than in the non-cover crop treatments on the April 24 sampling date (Table 2); there was no significant difference in soil mineral nitrogen between cover cropped and non-cover cropped treatments on the other sampling dates. Fertilizer applications significantly increased mineral nitrogen levels in the soil with the highest rate of fertilizer having the greatest impact. The impact of fertilizer on soil mineral nitrogen levels declined over time. 
There were no differences in the nitrogen content of broccoli biomass between cover cropped and non-cover cropped treatments (Table 3). The nitrogen content of the broccoli was significantly affected by rate of fertilizer. Total nitrogen uptake by broccoli at harvest in the no fertilizer treatment was 53.7 lbs/A and in the 225 lbs N/A treatment was 121.3 lbs/A. There was a trend indicating less nitrogen uptake by the cover crop treatments than the non-cover crop treatments at the same level of N fertilization. 
There was no difference in the yield components between cover cropped and non-cover cropped treatments (Table 4). There were significant differences in yield components among the fertilizer treatments. There were differences in the tonnage of heads in the non-cover cropped treatment between 2006 and 2007. The increase in tonnage in the non-cover cropped treatment may indicate a response to more favorable nitrogen nutrition in 2007; this is evidenced by the trend indicating greater tonnage and mean head weight in the non-cover cropped treatment (Table 5).  
 Deep sampling of the soil to 32 inches depth at the conclusion of harvest was conducted to look for movement of nitrate below the root zone. There were no differences between the cover crop and non-cover cropped treatments. There were some differences between the 225 lbs N/A treatment and the 75 lbs N/A treatment, but not the 0 lbs N/A treatment; it is hard to interpret this effect.  
Summary: The two years of this trial differed in substantial ways. The cover crop in 2006 had a greater percentage and total amount of N in the tops (3.10% and 194.5 lbs N/A) than in 2007 (2.07 and 153.42 lbs N/A).  If the percent of N in a cover crop is too low, the cover crop residue has the potential to tie up nitrogen. That may have been the case in 2007 where lower percent N in the cover crop residue eliminated any nitrogen status or yield benefit from the cover crop as was observed in 2006.  This set of trials indicates the importance of having sufficient N in the cover crop in order to derive yield benefit from it. Deep soil sampling conducted after harvest in the 2007 season indicated no significant leaching from the cover crop or fertilizer plots. 
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Figure 1. Rainfall on cover crop residue prior to planting broccoli 2006(left) -2007(right).
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Figure 2. Soil temperatures between cover crop incorporation and planting 2006(left) -2007(right).
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Figure 3. Mineral nitrogen between cover crop incorporation and planting broccoli 2006(left) -2007(right).
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Table 1. Baseline soil analyses of the trial site at the early stage of cover crop planting.  
	Year
	Baseline Soil Analysis
	Winter Cover Crop

	
	N
	C
	NO3-N
	Olsen-P
	X-K
	X-Na
	X-Ca
	X-Mg
	pH
	EC
	Cl (SP)
	OM
	Biomass
	%N
	Nitrogen

	
	%
	%
	ppm
	ppm
	ppm
	ppm
	meq/100 g
	meq/100 g
	
	ds/m
	meq/L:
	
	T/A
	
	lbs/A

	Dec 1, 2005
	0.11
	1.39
	14.80
	60.30
	141
	167
	12.30
	2.71
	7.43
	1.51
	7.35
	ND
	3.21
	3.10
	194.50

	Oct 31, 2006
	0.11
	1.43
	14.84
	59.38
	137
	193
	13.15
	2.93
	7.55
	1.50
	7.06
	1.90
	3.709
	2.07
	153.42


Table 2. 2007. Mineral-N (mg/K) in soil during the Broccoli cropping cycle.
	Cover Crop Treatments
	24-Apr
	1-May
	10-May
	17-May
	23-May
	31-May
	7-Jun
	14-Jun
	21-Jun
	Total

	
	
	
	
	
	
	
	
	
	
	

	Cover Crop
	10.313
	16.076
	21.801
	9.624
	3.1671
	4.189
	4.862
	2.483
	1.2214
	8.207

	No Cover Crop
	16.631
	19.438
	22.202
	10.065
	3.3562
	4.525
	3.707
	2.2321
	1.4387
	10.366

	LSD
	5.353
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Fertilizer Treatments Lbs N/A
	
	
	
	
	
	
	
	
	
	

	0
	10.244
	7.946
	6.831
	1.719
	1.881
	0.968
	1.212
	1.253
	1.119
	3.686

	75
	11.513
	19.245
	21.122
	5.308
	2.466
	1.127
	1.176
	1.310
	0.888
	7.093

	150
	18.719
	20.935
	20.980
	11.910
	3.972
	1.940
	3.274
	1.432
	1.291
	9.334

	225
	12.771
	23.508
	39.074
	20.441
	5.038
	14.658
	12.586
	5.893
	2.106
	17.033

	LSD
	5.3098
	11.712
	13.472
	9.4159
	1.999
	7.639
	9.0129
	1.7875
	0.6939
	4.8973

	Cover Crop x Fertilizer Treat
	
	
	
	
	
	
	
	
	
	

	No cover crop - 0
	12.726
	7.816
	8.013
	1.732
	1.917
	0.884
	1.288
	1.225
	1.183
	4.087

	No cover crop - 75
	13.752
	23.574
	27.295
	6.814
	2.116
	0.957
	1.064
	1.288
	0.884
	8.566

	No cover crop - 75
	23.602
	20.220
	14.966
	12.224
	4.085
	1.663
	1.174
	1.464
	1.392
	8.977

	No cover crop - 225
	15.178
	26.142
	38.534
	19.491
	5.633
	17.875
	13.841
	5.787
	2.677
	19.833

	Cover crop - 0
	7.763
	8.077
	5.648
	1.706
	1.844
	1.052
	1.136
	1.281
	1.055
	3.284

	Cover crop - 75
	9.289
	14.917
	14.948
	3.802
	2.816
	1.298
	1.289
	1.331
	0.892
	5.620

	Cover crop - 150
	13.837
	22.752
	26.994
	11.595
	3.990
	2.217
	5.375
	1.400
	1.189
	9.692

	Cover crop - 225
	10.364
	20.874
	39.614
	21.391
	4.350
	12.187
	11.647
	5.920
	1.750
	14.233


Table 3. 2007. Broccoli tissue and biomass evaluations on two dates during the Broccoli cycle 2007

	Cover Crop Treatments
	May 22, 2007 (Midgrowth)
	June 28, 2007 (Harvest)

	
	Petioles ppm NO3-N
	Blades %N
	Biomass (T/A)
	Biomass (% N)
	Biomass (N lbs/ A)
	Biomass (T/A)
	Biomass (% N)
	Biomass (N lbs/ A)

	No Cover Crop
	5765
	4.325
	0.692
	4.1875
	60.067
	3.1881
	1.59
	103.701

	Cover Crop
	6598
	4.8767
	0.646
	3.8025
	50.475
	3.2458
	1.4467
	96.316

	LSD (0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Fertilizer Treatments lbs N /A
	
	
	
	
	
	
	
	

	0
	63
	2.67
	0.524
	2.66
	28.283
	2.222
	1.20
	53.694

	75
	4305
	4.10
	0.712
	3.88
	56.517
	3.597
	1.47
	107.860

	150
	9417
	5.38
	0.760
	4.59
	69.867
	3.428
	1.74
	117.211

	225
	10940
	6.24
	0.680
	4.84
	66.417
	3.621
	1.66
	121.270

	LSD (0.05)
	9807.6
	2.1171
	0.2619
	1.5115
	27.949
	2.1405 NS
	NS
	38.02

	Fertilizer Treatments x Cover crop
	
	
	
	
	
	
	
	

	No cover crop - 0
	83
	2.40
	0.520
	2.64
	28.267
	2.429
	1.19
	59.320

	No cover crop - 75
	5060
	3.86
	0.808
	4.55
	73.367
	3.86733
	1.58
	124.986

	No cover crop - 150
	8223
	4.98
	0.760
	4.84
	73.933
	3.20166
	1.99
	126.020

	No cover crop - 225
	9693
	6.06
	0.680
	4.72
	64.700
	3.2543
	1.60
	104.479

	Cover crop - 0
	43
	2.95
	0.528
	2.68
	28.300
	2.0143
	1.20
	48.068

	Cover crop - 75
	3550
	4.35
	0.616
	3.22
	39.667
	3.32666
	1.36
	90.734

	Cover crop - 150
	10610
	5.78
	0.760
	4.34
	65.800
	3.654
	1.49
	108.402

	Cover crop - 225
	12187
	6.43
	0.680
	4.96
	68.133
	3.988
	1.73
	138.060


Table 4. 2007. Broccoli harvest evaluations 
	Cover Crop Treatments
	6/29/2007
	7/3/2007
	Total 2007

	
	Heads No. /A
	Heads T/A
	Mean head (Lbs)
	Heads No. /A
	Heads T/A
	Mean head (Lbs)
	Heads No. /A
	Heads T/A
	Mean head (Lbs)

	No Cover Crop
	41439
	5.330
	0.243
	10892
	0.612
	0.136
	52,331
	5.942
	0.226

	Cover Crop
	39106
	4.232
	0.207
	12250
	0.815
	0.141
	51,356
	5.047
	0.194

	LSD (0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Fertilizer Treatments lbs N /A
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	0
	27088
	1.741
	0.127
	23111
	1.058
	0.090
	50,200
	2.799
	0.112

	75
	41786
	4.317
	0.207
	8637
	0.569
	0.131
	50,423
	4.886
	0.193

	150
	44389
	5.872
	0.264
	7580
	0.619
	0.158
	51,969
	6.491
	0.250

	225
	47825
	7.194
	0.302
	6957
	0.609
	0.172
	54,782
	7.803
	0.285

	LSD (0.05)
	5056
	0.4447
	0.0326
	3296.8
	0.2911
	0.0332
	43,46.2
	0.5498
	0.0247

	Cover Crop Treatments x Fertilizer level
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	No cover crop - 0
	27654
	1.714
	0.121
	22488
	0.734
	0.064
	50,142
	2.448
	0.098

	No cover crop - 75
	44628
	5.236
	0.235
	8910
	0.676
	0.155
	53,538
	5.912
	0.221

	No cover crop - 150
	44694
	6.909
	0.309
	6621
	0.536
	0.154
	51,316
	7.445
	0.290

	No cover crop - 225
	48779
	7.461
	0.308
	5550
	0.504
	0.170
	54,329
	7.965
	0.294

	Cover Crop - 0
	26523
	1.768
	0.133
	23735
	1.381
	0.117
	50,258
	3.149
	0.125

	Cover Crop - 75
	38944
	3.400
	0.178
	8364
	0.462
	0.108
	47,308
	3.860
	0.165

	Cover Crop - 150
	44084
	4.835
	0.219
	8538
	0.701
	0.163
	52,622
	5.537
	0.210

	Cover Crop - 225
	46872
	6.926
	0.296
	8364
	0.714
	0.174
	55,236
	7.641
	0.277


Table 5. Yield and mean head weight comparison 2006-2007
	Cover Crop Treatments
	2006
	2007
	2006
	2007

	
	 (T/A)
	 (T/A)
	Mean head wt (Lbs)
	Mean head wt (Lbs)

	No Cover Crop
	3.955
	5.942
	0.22
	0.23

	Cover Crop
	5.496
	5.046
	0.28
	0.19

	LSD (0.05)
	1.348
	NS
	NS
	NS

	
	
	2006
	2007
	2006
	2007

	Fertilizer Treatments 
lbs N /A
	
	
	
	

	
	
	
	
	

	0
	1.50
	2.80
	0.15
	0.11

	75
	4.04
	4.89
	0.24
	0.19

	150
	6.03
	6.49
	0.28
	0.25

	225
	7.33
	7.80
	0.32
	0.29

	LSD (0.05)
	1.96
	0.5498
	0.09
	0.02

	CC * Fertilizer
	
	
	
	

	No Cover - 0
	0.290
	2.448
	0.12
	0.10

	No Cover - 75
	3.425
	5.911
	0.21
	0.22

	No Cover - 150
	5.212
	7.444
	0.26
	0.29

	No Cover - 225
	6.892
	7.964
	0.30
	0.29

	Cover Crop - 0
	2.715
	3.149
	0.19
	0.12

	Cover Crop - 75
	4.662
	3.859
	0.28
	0.16

	Cover Crop - 150
	6.847
	5.536
	0.30
	0.21

	Cover Crop - 225
	7.760
	7.640
	0.33
	0.28


Table 6. 2007. Mineral nitrogen at 12”,24” and 32” soil depths
	Cover Crop
	Total mineral

(N mg Kgsoil-1)
	Nitrate

(NO3mg  Kg soil-1)
	Ammonium

(NH4 mg Kgsoil-1)



	CC
	2.250
	1.103
	1.147

	NC
	2.197
	1.329
	0.868

	LSD (0.05)
	NS
	NS
	NS

	Fertility (Lbs N)
	 
	 
	 

	0
	2.238
	1.235
	1.003

	75
	1.746
	0.868
	0.878

	150
	2.039
	1.081
	0.958

	225
	2.870
	1.679
	1.191

	LSD (0.05)
	0.984
	0.6828
	NS

	Depth (Inches) 
	 
	
	 

	12
	2.957
	1.441
	1.516

	24
	1.453
	0.725
	0.728

	32
	2.260
	1.482
	0.778

	LSD (0.05)
	0.781
	0.5099
	0.3608


Appendix A
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Table 7. 2006. Total mineral N in soil during the broccoli cropping cycle. 

	Cover Crop 

Treatments
	28-Apr
	5-May
	10-May
	18-May
	25-May
	1-Jun
	8-Jun
	15-Jun
	22-Jun
	TOTAL

	Cover Crop
	21.33
	34.37
	37.24
	46.81
	7.36
	8.80
	11.63
	1.70
	2.02
	19.03

	No Cover Crop
	14.68
	33.83
	52.36
	58.84
	18.42
	18.78
	14.68
	8.49
	8.98
	25.2

	LSD
	ns
	ns
	ns
	ns
	10.90
	ns
	ns
	5.91
	5.54
	ns

	Fertilizer Treatments

Lbs N/A
	
	
	
	
	
	
	
	
	
	

	0
	7.20
	14.77
	3.32
	4.22
	1.28
	1.03
	12.20
	0.63
	0.74
	4.54

	75
	11.30
	37.36
	33.46
	38.89
	4.91
	2.37
	8.90
	0.83
	0.96
	15.44

	150
	26.50
	37.00
	69.36
	81.85
	12.65
	18.66
	14.92
	2.64
	3.37
	29.66

	225
	27.04
	47.27
	73.07
	86.34
	32.73
	33.11
	16.60
	16.29
	16.94
	38.82

	LSD
	ns
	ns
	38.99
	43.06
	15.07
	20.11
	ns
	8.57
	8.76
	11.61

	Cover Crop x Fertilizer Treatment
	
	
	
	
	
	
	
	
	
	

	Cover Crop – 0
	9.66
	25.82
	4.28
	5.50
	1.28
	1.04
	2.54
	0.58
	0.70
	5.71

	Cover Crop – 75
	17.07
	48.29
	53.52
	60.50
	3.64
	2.78
	16.08
	0.62
	0.76
	22.58

	Cover Crop – 150
	42.92
	17.47
	18.06
	30.44
	4.60
	8.20
	10.55
	1.52
	1.80
	15.06

	Cover Crop – 225
	15.69
	45.89
	73.12
	90.79
	19.92
	23.18
	17.34
	4.09
	4.83
	32.76

	No Cover Crop – 0
	4.75
	3.73
	2.36
	2.94
	1.28
	1.03
	21.86
	0.67
	0.78
	3.37

	No Cover Crop – 75
	5.54
	26.42
	13.39
	17.28
	6.18
	1.96
	1.72
	1.04
	1.16
	8.3

	No Cover Crop – 150
	10.07
	56.54
	120.66
	133.25
	20.70
	29.11
	19.30
	3.77
	4.94
	44.26

	No Cover Crop – 225
	38.39
	48.65
	73.02
	81.90
	45.54
	43.04
	15.86
	28.50
	29.04
	44.88

	LSD
	33.78
	n.s.
	57.39
	64.25
	19.63
	24.31
	n.s.
	11.78
	11.97
	17.98


Table 8. 2006. Broccoli tissue and biomass evaluations on two dates

	
	May 23 (midgrowth)
	July 5 (harvest)

	Cover Crop Treatments
	Petioles

ppm NO3-N
	Leaves

% N
	Biomass

T/A
	Biomass

% N
	Biomass

N/A
	Biomass T/A
	Biomass

% N
	Biomass

N/A

	No Cover Crop
	5475.3
	5.20
	0.578
	4.50
	54.4
	3.176
	1.62
	106.4

	Cover Crop
	7434.0
	5.58
	0.776
	4.74
	75.1
	3.941
	1.66
	133.3

	   LSD (0.05)
	718.4
	n.s.
	n.s.
	n.s.
	n.s.
	0.723
	n.s.
	n.s.

	Fertilizer Treatments

Lbs N/A
	
	
	
	
	
	
	
	

	0
	947.5
	4.17
	0.427
	3.72
	32.6
	2.468
	1.16
	57.3

	75
	5582.5
	5.40
	0.712
	4.67
	67.4
	3.809
	1.48
	111.9

	150
	8844.3
	5.80
	0.757
	4.92
	74.9
	3.734
	1.96
	144.9

	225
	10,444.3
	6.20
	0.811
	5.16
	84.1
	4.222
	1.96
	165.0

	   LSD (0.05)
	3290.5
	0.46
	0.171
	0.35
	18.4
	1.025
	0.29
	30.1

	Cover Crop x Fertilizer Treatment
	
	
	
	
	
	
	
	

	No Cover Crop – 0
	112.5
	3.81
	0.287
	3.56
	20.7
	2.105
	1.15
	48.9

	No Cover Crop – 75
	6402.5
	5.24
	0.500
	4.53
	46.1
	3.017
	1.49
	90.1

	No Cover Crop – 150
	6322.5
	5.74
	0.795
	4.80
	76.4
	3.654
	1.99
	144.1

	No Cover Crop – 225
	9063.7
	6.02
	0.730
	5.10
	74.5
	3.927
	1.83
	142.3

	Cover Crop – 0
	1782.5
	4.53
	0.567
	3.88
	44.5
	2.832
	1.16
	65.6

	Cover Crop – 75
	4762.5
	5.56
	0.925
	4.80
	88.8
	4.602
	1.47
	133.9

	Cover Crop – 150
	11366.2
	5.87
	0.720
	5.04
	73.5
	3.814
	1.93
	145.9

	Cover Crop – 225 
	11824.9
	6.38
	0.892
	5.23
	93.8
	4.516
	2.08
	187.7

	   LSD (0.05)
	4461.5
	0.69
	0.26
	0.51
	28.1
	1.231
	0.41
	38.9


Table 9. 2006. Broccoli harvest evaluations

	
	June 30
	July 5
	Total

	Cover Crop Treatments
	Heads

No./A
	Heads

T/A
	Mean

Head (lb)
	Heads

No./A
	Heads

T/A
	Mean

Head (lb)
	Heads

No./A
	Heads

T/A
	Mean

Head (lb)

	No Cover Crop
	15,975.6
	2.248
	0.23
	14,587.2
	1.712
	0.20
	30,562.8
	3.959
	0.22

	Cover Crop
	22,559.3
	3.544
	0.31
	16,645.8
	1.958
	0.22
	39,205.2
	5.502
	0.27

	   LSD (0.05)
	5,218.7
	0.678
	n.s.
	n.s.
	n.s.
	n.s.
	4,953.7
	1.348
	n.s.

	
	
	
	
	
	
	
	
	
	

	Fertilizer Treatments

Lbs N/A
	
	
	
	
	
	
	
	
	

	0
	7,056.7
	0.767
	0.15
	8,755.6
	0.736
	0.14
	15,812.3
	1.503
	0.15

	75
	17,184.4
	2.340
	0.29
	17,805.1
	1.708
	0.19
	34,989.6
	4.048
	0.24

	150
	25,222.1
	3.825
	0.31
	17,250.4
	2.210
	0.25
	42,472.6
	6.036
	0.28

	225
	27,606.7
	4.651
	0.35
	18,654.8
	2.685
	0.28
	46,261.5
	7.337
	0.32

	   LSD (0.05)
	8,044.0
	0.814
	0.09
	6,554.4
	0.964
	0.05
	9,987.8
	1.156
	0.06

	Cover Crop x Fertilizer Treatment
	
	
	
	
	
	
	
	
	

	No Cover Crop – 0
	980.1
	0.079
	0.08
	2,744.3
	0.211
	0.11
	3,724.4
	0.290
	0.12

	No Cover Crop – 75
	13,590.7
	1.548
	0.23
	19,536.7
	1.880
	0.19
	33,127.4
	3.428
	0.21

	No Cover Crop – 150
	23,130.4
	3.278
	0.29
	16,465.7
	1.939
	0.22
	39,596.0
	5.217
	0.26

	No Cover Crop – 225
	26,201.3
	4.085
	0.33
	19,602.0
	2.818
	0.27
	45,803.3
	3.903
	0.30

	Cover Crop – 0
	13,133.3
	1.455
	0.21
	14,766.8
	1.261
	0.16
	27,900.2
	2.716
	0.19

	Cover Crop – 75
	20,778.1
	3.132
	0.35
	16,073.6
	1.536
	0.19
	36,851.8
	4.668
	0.28

	Cover Crop – 150
	27,313.9
	4.372
	0.33
	18,035.2
	2.481
	0.27
	45,349.1
	6.854
	0.30

	Cover Crop – 225 
	29,012.0
	5.217
	0.36
	17,707.6
	2.553
	0.29
	46,719.6
	7.770
	0.33

	   LSD (0.05)
	11,532.0
	1.241
	0.12
	9,984.6
	1.463
	0.07
	13,242.1
	1.656
	0.08


Figure 4. Summary graph of mineral N at three soil depths 
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Table 10. 2007 Irrigation dates and rates and cultural 
practice operations

	Date
	Operation
	Date 
	Operation

	April 19
	Transplant

Irrigate 0.33”
	April 20
	Rain 0.23”

	April 21
	Irrigate 0.32”
	April 27
	Irrigate 0.25”

	May 3
	Cultivate
	May 7
	Irrigate 0.66”

	May 10
	Cultivate
	May 10
	Irrigate 0.66”

	May 14
	Irrigate 0.50”
	May 17
	Cultivate/weed

	May 17
	Irrigate 0.25”
	May 23
	Irrigate 0.66”

	May 28
	Irrigate 0.25”
	May 31
	Irrigate 0.33”

	June 4
	Irrigate 0.50”
	June 8
	Irrigate 0.33”

	June 11
	Irrigate 0.33”
	June 14
	Irrigate 0.33”

	June 18
	Irrigate 0.50”
	June 21
	Irrigate 0.50”

	June 25
	Irrigate 0.33”
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Cumulative rainfall (in)
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