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OVERVIEW OF PRESENTATION 

- recent advances in CT systems in California 

- merging no-till and overhead irrigation 
technologies 



Possible benefits of conservation tillage 
 

- saves fuel 
- saves soil 
- saves time 
- saves labor 
- saves machinery 
- permits timely planting 
- reduces run-off 
- increases soil moisture 
- increases soil organic matter 
- sequesters carbon 
- improves habitat for beneficial organisms 

Dr. Sharad Phatak, University of Georgia, 1999 

- dust (PM10 and PM2.5) emissions mitigation 

- surface water (sediment, nutrient and 

pesticide) runoff reduction (?) 

- reducing GHG emission (?) 



Standard TillageStandard Tillage
With cover crop
Without cover crop

Conservation TillageConservation Tillage
With cover crop
Without cover crop

Conservation / Standard Tillage 
Comparison Study 
(1999 – ongoing) 

An example of developing alternative tillage systems
 



EXPERIMENTAL METHODS 

1)	 tomato / cotton rotation with and without winter 
triticale/rye/common vetch cover crops 

2)	 10 X 90 m plots, replicated 4 times in RCBD 

3)	 “reduce tillage to greatest extent possible” 
in CT systems 

4)	 monitor all inputs and operations for 
economic analysis 

5)	 machine harvest yield determinations
 



    

  

  

    

Standard Tillage Tomato System
 

(Coming Out of Cotton) 

Year 1Year 1 (going into(going into totommaattooeess)) Year 2Year 2 (going into(going into ccoottontton)) 

•• shred cotton stalksshred cotton stalks •• flail chop tomato residueflail chop tomato residue 

•• undercut cotton plantsundercut cotton plants •• disk 2Xdisk 2X 

•• disk 2Xdisk 2X •• chiselchisel 

•• chiselchisel •• diskdisk 

•• listlist •• listlist 

•• ccuultimulchltimulch •• winter weed controlwinter weed control 

•• winter weed controlwinter weed control •• applyapply preplantpreplant herbicideherbicide 

•• applyapply preplantpreplant herbicideherbicide •• plant cottonplant cotton 

•• recultimulchrecultimulch bedsbeds •• irrigateirrigate 

•• transplant tomatoestransplant tomatoes •• cultivatecultivate 

•• irrigateirrigate •• fertilizefertilize 

•• cultivatecultivate •• cultivatecultivate 

•• fertilizefertilize •• harvestharvest 

•• cultivatecultivate 

•• harvestharvest 



        

Conservation Tillage Tomato System 
(Coming Out of Cotton) 

Year 1Year 1 (going into(going into totommaattooeess)) Year 2Year 2 (going into(going into ccoottontton)) 

•• shred and undercut cottonshred and undercut cotton •• spring herbicide applicationspring herbicide application 

•• sweep furrowssweep furrows •• plant cottonplant cotton 

•• spring herbicide applicationspring herbicide application •• irrigateirrigate 

•• transplant tomatoestransplant tomatoes •• cultivatecultivate 

•• irrigateirrigate •• fertilizefertilize 

•• cultivatecultivate •• cultivatecultivate 

•• harvestharvest •• harvestharvest 



Conservation tillage system 
following tomato harvest and 

before cotton planting 

Five Points, CA 2000 



Surface residue in CTCC system 
Five Points, CA 2003 

Rye /Rye / triticaletriticale / vetch cover/ vetch cover 

crop in CTCC systemcrop in CTCC system 

Five Points, CA 2000Five Points, CA 2000 



Standard tillage 
with cover crop 

10% + 4 

Standard tillage 
no cover crop 

7% + 3 

Conservation tillage 
with cover crop 

90% + 4 

Conservation 
tillage 

no cover crop 
55% + 10 

Following 
2005 Tomatoes 
November 2, 5005 



No-till transplanting processing tomatoes into cotton residues 
Five Points, CA 

April 2007 



No-till cotton planting into tomato residue 
April 2007 

Five Points, CA 





                                        

            

DiscDisc 
ChiselChisel 
List BedsList Beds 
Clean FurrowsClean Furrows 

Compact FurrowsCompact Furrows 
SpraySpray TreflanTreflan 
LillistonLilliston 
Chain BedsChain Beds 

Plant Cover CropPlant Cover Crop 
Mow Cover CropMow Cover Crop 
Spray RoundupSpray Roundup 
Plant CottonPlant Cotton 
Fertilize***Fertilize*** 

CultivateCultivate 
SpraySpray Grnd-Grnd-Insctcds/GrwthInsctcds/Grwth RegReg 

SpraySpray GrndGrnd--Custom: DefoliantsCustom: Defoliants 
Spray Air-Spray Air-Custom:InsecticidesCustom:Insecticides 
HarvestHarvest 

Times over fieldTimes over field 
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XXXX 
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XXXXXX 
XX 
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XX 

99 

XX 

XX 

XXXX 
XX 

XXXXXX 
XX 
XX 
XX 

1111 

No cover CoverNo cover Cover No cover CoverNo cover Cover 

Standard TillageStandard Tillage** Conservation TillageConservation Tillage**** 

Comparison of Standard and Conservation TillageComparison of Standard and Conservation Tillage 

Costs and Resource Use - Cotton 2001Costs and Resource Use - Cotton 2001 

OperationOperation 

*30*30”” rows **60rows **60”” rows ***Applied with irrigation waterrows ***Applied with irrigation water 



    

         

     

        

        

 

      

    

      

     

Tomato yields 2000 – 2004 
(tons/acre) 

2000  2001 2002 2003 2004 

STNO 58 + 1 58 + 1 46 + 3 42 + 2  46  + 4 

STCC 53 + 1 63 + 2
 45 +

 3 45 + 3  42 + 5 

CTNO 56 + 1 62 + 2 56 + 1 54 + 4  52 + 3 

CTCC 51 + 1
 61 + 

1 43 + 2 52 + 3  48  + 3 



   

   

        

             

         

    

Cotton yields 2000 – 2006 
(lbs lint/acre) 

2000  2001  2002  2003
 2004 

2005 2006 

STNO 360 a 1783 1930 a 1228 ab 2217a     1528 1306 

STCC 360 a 1405  1921 a 1336 a 1990 ab 1595 1213 

CTNO 200 a  1579  1736 b 1058 b 1816 bc 1498  1257 

CTCC  372 a  1454  1252 c 1157 ab 1486 c 1528 1170 



TreatmentTreatment 

Size FractionSize Fraction 

Land PreparationLand Preparation 

DiscDisc 

ChiselChisel 

List BedsList Beds 

RingrollRingroll BedsBeds 

Power IncorporatePower Incorporate 

Plant Cover CropPlant Cover Crop 

Mow/ChopMow/Chop CvrCvr CropCrop 

Compact FurrowCompact Furrow 

SubtotalSubtotal 

In Season OperationsIn Season Operations 

SpraySpray 

LillistonLilliston 

Cultivate TomatoCultivate Tomato 

Cultivate CottonCultivate Cotton 

SubtotalSubtotal 

TotalTotal 

9898 

2020 

1212 

4444 

127127 

300300 

1212 

9292 

3434 

316316 

455455 

Dust Production by Treatment and Operation (�g/L)Dust Production by Treatment and Operation (�g/L) 

**There were detectable dust measurements for these operations, but they rounded to 0There were detectable dust measurements for these operations, but they rounded to 0 

with this number of significant figures.with this number of significant figures. 

RespResp.. 

1414 

11 

33 

77 

2020 

4444 

33 

44 

22 

88 

1717 

TotalTotal 

8181 

1111 

1111 

3939 

9393 

44 

2222 

99 

270270 

2828 

222222 

250250 

TotalTotal 

1010 

11 

22 

2424 

77 

tracetrace** 

99 

66 

5858 

22 

1010 

1212 

TotalTotal 

55 

7575 

8080 

TotalTotal 

22 

44 

66 

TotalTotal 

2121 

6161 

8282 

22 

7575 

7777 

TotalTotal 

44 

66 

99 

11 

77 

88 

STNOSTNO STCCSTCC CTNOCTNO CTCCCTCC 



Planting / HarvestPlanting / Harvest 

Plant CottonPlant Cotton 

Transplant TomatoTransplant Tomato 

Clean FurrowClean Furrow 

Shred-BedShred-Bed 

MowMow 

UndercutUndercut 

Harvest CottonHarvest Cotton 

SubtotalSubtotal 

CumulativeCumulative 

Dust ProductionDust Production 

11 

22 

3838 

2929 

1111 

8181 

837837 

Dust Production by Treatment and Operation (�g/L)Dust Production by Treatment and Operation (�g/L) 

(continued)(continued)  

**There were detectable dust measurements for these operations, but they rounded to 0There were detectable dust measurements for these operations, but they rounded to 0 

with this number of significant figures.with this number of significant figures. 
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STNOSTNO STCCSTCC CTNOCTNO CTCCCTCC 

Baker, Southard and Mitchell 
JEQ, 2004 







Short-season triticale cover crop 
preceding processing tomatoes 

Firebaugh, CA 2005 



Strip-till planted processing tomatoes 
Firebaugh, CA 2006 



PROCESSING TOMATOES 
STRIP-TILL PLANTED INTO 
TRITICALE COVER CROP 

FIREBAUGH, CA 2005 



“This is the first worm I’ve 
seen in these fields in 30 years.” 

Alan Sano 
Sano Farms 

Firebaugh, CA 
May 4, 2006 



Steve Groff 
Pennsylvania no-till 

tomato producer visiting 
Sano Farms 

Firebaugh, CA 
May 2006 



Rolling stalk chopper knocking down bell bean 
 

cover crop ahead of strip-tilling and transplanting
 

processing tomatoes
 
Davis, CA
 

April 2006 
 



Modified Orthman 1-tRIPr strip-tiller 
preceding tomato transplanting 

Davis, CA May 2006 





Standard tillage land preparation following 
 

alfalfa or winter forage consisting of disking
 

cross checks prior to broadcast disking
 

entire field 
 

Rollin Dairy, Burrell, CA 2004
 



Tom Barcellos 
2006 CT Farmer Innovator Award Recipient 

Tipton, CA 2004 



Sampling agricultural dust emissions 
Dairy corn production field, 

Tipton, CA 2004 



 
     

 

Fields and Operations 

ST Corn CT Corn 

Disk (0ff-Set) 2X CT Drill 

Listing 

Disk-Bedder (Go-Devil) 

Bed Mulcher 

Ring Roller 

Planter 

Ring Roller 

ST Corn CT Corn 

Disk (Off-Set) Strip-Till 

2nd Disk (0ff-Set w/ Roller) 2X CT Drill 

Corn Planter 

Sweet Haven 

Location: Burrel, CA
 Soil: 

Sandy Loam
 Crop: 

Oats => Corn 

Barcellos Farm 

Location: Tipton, CA
 Soil: 

CT Loam, 
ST Sandy Loam

 Crop: 

Wheat => Corn 



    

    

Barcellos Farms, Tipton, CA 

• CT emissions 
reduced 93% 

• CT emissions 
reduced 88% 

Operations 

AVG. EF 

(mg/m 2) 

CARB EF 

(mg/m 2) 

Test 

Grades 

Avg 

GWC 

Disk (0ff-Set) 252 135 A,C,B 0.06 

2nd Disk (0ff-Set) 917 135 A,A,A 0.06 

Listing 615 90 B,A,A 0.07 

Disk-Bedder (Go-Devil) 25 135 B,B 0.15 

Bed Mulcher 89 135 A,A 0.11 

Ring Roller 566 90 A,A 0.10 

Planter 96 90 A,G 0.14 

Ring Roller 186 90 C,B 0.08 

CT Drill 198 90 B,E 0.26 

CT Corn 

SPRING 2004 
ST Corn 

Operations 

AVG. EF 

(mg/m 
2
) 

CARB EF 

(mg/m 
2
) 

Test 

Grades 

Avg 

GWC 

Disk (0ff-Set) 51 135 A,A,A 0.21 

2nd Disk (0ff-Set) 123 135 A,A,A 0.19 

Circle Harrow w/ Roller 264 1403 B,C,D 0.18 

Listing 466 90 B,B,B 0.19 

Disk-Bedder (Go-Devil) 109 135 A,B,B 0.17 

Bed Mulcher 384 135 B,A,A 0.15 

Planter 481 90 B,A,A 0.17 

CT Drill 224 90 C,B 0.19 

CT Corn 

SPRING 2005 
ST Corn 



    

    

Sweet Haven Dairy, Burrell, CA 

• CT emissions 
reduced 81% 

• CT emissions 
reduced 52% 

Operations 

AVG. EF 

(mg/m 2) 

CARB EF 

(mg/m 2) 

Test 

Grades 

Avg 

GWC 

Disk (Off-Set) 316 135 C,B,B 0.06 

2nd Disk (0ff-Set w/Roller) 1035 135 A,A,A 0.05 

3rd Disk (0ff-Set w/Roller) 135 135 E,B,A 0.15 

Planter 96 90 C,A,B 0.08 

Strip-Till 181 135 A,F,E 0.11 

CT Drill 115 90 C,B,C 0.10

 SPRING 2004 
ST Corn 

CT Corn 

Operations 

AVG. EF 

(mg/m 2) 

CARB EF 

(mg/m 2) 

Test 

Grades 

Avg 

GWC 

Disk (Off-Set) 145 135 B,C,B 0.14 

2nd Disk (0ff-Set w/Roller) 375 135 B,B,B 0.10 

3rd Disk (0ff-Set w/Roller) 404 135 A,A,B 0.16 

Planter 263 90 A,A,A 0.16 

Strip-Till 180 135 A,A,A 0.17 

CT Drill 385 90 A,A 0.16 

CT Corn 

SPRING 2005 
ST Corn 



California Waste Discharge Permit Requirement 
General Order 55-2007-0035 for Milk Cow Dairies 



Dairy forage triple-cropping 
as a means to increase forage 

production and nutrient 
uptake 



    

Side-by-side comparison of traditional tillage (left) 
and strip-till corn production (right) 

Gwerder Dairy • May 31, 2007 



Harvesting winter forage wheat, strip-tilling 
and planting corn, Tipton, CA, May 2005 



Corn planting following strip-tilling wheat residue 
Barcellos Farms, Tipton, CA 2005 



Triple-crop no-till planting of sorghum sudan 
following wheat and corn 

Barcellos Farms, Tipton, CA 2005 



 

No-till vs. Conventional 
Double Cropped Corn following Wheat 

per acre comparison 

No-till Conventional 
Seed $50 $36 1
 

Fertilizer $60 $60
 

1. No-till seed is Round-upPesticide	 $12 $12 
Ready

Herbicide 	 $41 $18 2 2. Round-up used for weed 
Field Operation	 control, multiple 

Disc 2X $0 $28 applications as needed 
3. No-till planter uses coulterLandplane $0 $14 

openers and fertilizerRip 	 $0 $20 
attachment 

List 	 $0 $12 4. No-till= coulter, 
Disc Bedder $0 $12 conventional=knife 

Mulcher 	 $0 $15 5. No-till is two applications 
vs. one applicationRoller $0 $5 
 

Plant $28 $16 3
 

Cultivate $0 $10
 

Fertilizer App. $7 $10 4
 

Layby $0 $10 
 

Herbicide App. $20 $10 5
 

Irrigation 2.5 a/f $150 $150 

Total savings 
Total Cost $368 $438 $70 per acre! 

Data compiled by Tom Barcellos, Dairyman, Tipton, CA, 2006
 









No-till soybeans in corn residue 
Center pivot irrigated 

Dakota Lakes Research Farm 
Pierre, SD 
July 2005 



CENTER PIVOT, OVERHEAD 
IRRIGATED NO-TILL COTTON 

BUSHLAND, TX 2006 





Coupling overhead irrigation systems with
 

conservation tillage: A means for optimizing cheap, 
 

efficient and resource-conserving production systems?
 

Twenty 160-acre center pivot
 

systems installed in Western 


Fresno County in last 6 months
 



Developing new crop 


production systems that 


couple overhead irrigation 


with no-till practices
 

Five Points, CA
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Overhead, low-pressure irrigation 
 

coupled with continuous no-till 
 

• cotton 

• tomatoes 

• wheat 

• corn  

• 4 crops / 4 years 

• wheat 

• cotton 

• cover crop 

• tomatoes 

• sorghum sudan 

• wheat 

• cotton 

• wheat/green chop 

• corn  

• sorghum sudan 

• 10 crops / 4 years 







Conservation tillage /
 

overhead irrigation and
 

industrial / bioenergy 
 

crop production: 
 

An ideal match?
 
No-till planting of sorghum into wheat residue 
 

Five Points, CA 2003
 





CONCLUSIONS 

- considerable innovation underway with CT 
systems for forage production and to some 
extent for tomato production systems 

- rather recent and emerging interest in 
merging overhead irrigation with CT 
technologies, but cost / benefit evaluations 
are needed 



- there are tremendous opportunities and 
needs for far greater connections between CT 
research, extension and impact making in 
terms of 

- resource quality 
- economics 
- ag engineering and cropping 

systems design 

- future goals 
- biofuel production systems design 
- integrated animal / crop systems, and 
- sustaining CT production through 

more diverse rotations including 
vegetables and root crops 



Thank you very much.
 


