16th IFOAM Organic World Congress, Modena, Italy, June 16-20, 2008
Archived at http://orgprints.org/12415

Cropping Intensity and Organic Amendments in Transitional Farming Systems: Effects on Soil Fertility, Weeds, Diseases and Insects
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Abstract 
The Windsor Organic Research Trial (WORT) is a farming systems experiment initiated in 2003 to investigate alternative strategies for transitioning to certified organic vegetable production that compares the influence of transition schemes that differ in management intensity (cropping, tillage) and organic matter inputs on weeds; soil organic matter and nutrient availability; soil invertebrate communities; and the relationship between soil fertility, plant health and insect/disease pressure.  Soil quality was improved during transition in all systems.  Conventional soil tests were unable to document differences among systems that were reflected in biotic indicators.  The pasture-based transition system was superior. 
Introduction 

The WORT study is an interdisciplinary project carried out in partnership between the Illinois Natural History Survey (INHS) and University of Illinois.  The project was an outgrowth of efforts that began in 2001–02: with experienced organic growers who became our advisors.  Six acres were planted to winter rye cover crop in 2002.  The broad objectives were to: to compare the influence of transition schemes that differ in: management intensity (cropping, tillage) and organic matter inputs on: weed populations, soil organic matter and fertility, soil invertebrates, and the relationship between soil fertility, plant health and insect/disease pressure.  
Materials and methods 

Three farming systems (treatments) representing different cropping intensities: 1) high-intensity transition (intensive vegetable production), 2) intermediate-intensity transition (organic cash-grain), and 3) low-intensity transition (perennial ley system). Treatments are divided into sub-treatments representing different strategies for organic matter and fertility management: a) plant inputs (e.g., cover crops) providing all organic inputs and N fertility, b) plant inputs plus composts, or c) plant inputs plus fresh wastes or manure. These transition strategies are being evaluated using a systems research approach. Baseline data was collected for comparison with variables at the completion of transition (2006). The site is a randomized complete block with four replicates that include fertility treatments applied as a split plot within.  Priorities established separately for each farming system-based transition scheme determined amendment applications. Sawdust-pack dairy manure and compost were applied to appropriate subplots in fall 2003 for the medium-intensity system and in spring 2004 for the other systems based on anticipated nutrient needs.  Initial soil test values (pH, P, K) were in the high to very high range for all plots; thus, no separate additions of lime or mineral K sources were made.  Manure and compost were added to appropriate subplots in all systems in fall 2005; winter rye was broadcast and incorporated in the high- and medium-intensity treatments only.  Rotations are summarized in Table 1.  The ley treatment plots were tilled under in spring 2006, and the rye in the other treatments was mowed and incorporated.  For 2006, three varieties of tomatoes and peppers were grown across all systems.  Plastic mulch and straw was used to control weeds in the vegetable crop system in 2003.  In all years, weeds emerged were controlled in the vegetable- and row crop transition systems as time allowed using both mechanical and hand methods.  Mowing and selected hoing of thistle were used in the ley system.  Rotation and crop choice were the principal tools used to control diseases and pests. Scoting for pests was used to determine application need.  Entrust (Spinosad) was applied in 2004 for control of cabbage caterpillar complex.   Blue Ballet (a hubbard-type squash) was planted in 2005 as a perimeter trap crop for squash insects with Pyganic EC (Pyrethrum) applied if needed. 
Soil-cores to 1 m were taken in 2003 & 2006 and work on biological attributes began in 2004. Variables considered include standard soil texts for pH, extractable P, K, base cations, total soil organic matter and  particulate organic matter (POM) after Mariott and Wander (2006), nematode community information after Ferris and Bongers (1999), soil N mineralization potential (PMN & ISNT) (after and Khan et al. 2001 ).  Disease ratings were taken each year in the field.  Soil samples taken throughout the study were used in greenhouse-based bioassays to evaluate their disease suppression characteristics against: Rhizoctonia root and stem rot, Phytophthora root and stem rot, and sudden death syndrome.  The influence of cropping intensity on predatory arthropods, such as spiders and ground beetles was evaluated during the transition phase of the study. Pitfall trapping was carried out each year to assess abundance/activity of ground beetles and other feeders on insect prey and/or weed seeds.  Bait stations and quadrat sampling were carried out in 2003 and 2004.  Emerged weed counts and seedbank estimations were carried out annually. Plant assays included measurement of yield with harvests in the vegetable crop system being carried out to estimate direct and whole sale markets. Tomato fruit quality (BRIX, pH) were evaluated in the Roma variety in 2003 and 2006.  Ascorbic acid was determined in 2006.  
Results 
Transition strategies used did not differ in their ability to build soils. Standard tests indicate fertility was improved in all cases by conversion to organic management (Tab 2).  The only difference among systems was their ability to change soil pH; pH was increased in the low input pasture-based scenario.  The calcium-to-magnesium ratio, which was already above the 7.5 value recommended by many, increased under organic management. Nematode maturity Index determinations during transition indicated that the nematode community was dominated by bacterial and fungal feeding nematodes that influence N mineralization. This was consistent with high levels of plant available N.  In 2006, regardless of amendment type, all three transition strategies maintained target POM-C concentrations and contained labile N concentrations (PMN, ISNT) that were high and possibly in excess.  This is suggested by the nematode enrichment index (EI) which indicates the presence of bacterial and fungal feeding nematodes responsive to N-enrichment. High structure index (SI) values suggest the nematode community was diverse and complex at the start of the transition year.  Values fell under intensive vegetable cultivation regardless of history.
Up until 2006, we saw no effect of cropping system or type of organic amendment on levels of disease severity or root system characteristics in the field. Diseases observed on tomatoes in 2006 included Septoria leaf and fruit spot, anthracnose, and some virus infections.  Pepper diseases included bacterial spot and Phytophthora fruit rot.  Levels of Septoria and anthracnose on tomatoes were significantly affected by previous cropping history and by type of organic amendment. 
Tab. 1:  Rotation and field management summary 

	Date
	Pasture (Ley)
	  Row crop
	Vegetable crop

	
	
	_Crop_
	_Mgt¥_
	_Crop_
	_Mgt_
	_Crop_
	_Mgt_

	03
	W
	Alfalfa, Red cover, Alsike clover, Timothy, Orchard grass
	
	Winter rye
	
	Winter rye
	

	
	S
	
	¥
	
	T
	
	2XT

	
	S
	
	2Xt
	Soybean
	3Xt
	Tomato
	3Xt;Mul;LF

	
	F
	
	
	Winter wheat
	
	
	

	04
	W
	
	
	
	
	Fallow
	t

	
	S
	
	
	
	
	Winter pea
	

	
	S
	
	M&C
	Fallow
	
	Broccoli
	3XT;2Xt;M&C 

	
	F
	
	
	Hairy vetch
	M&C
	
	t

	05
	W
	
	
	
	
	Wheat &
Vetch
	

	
	S
	
	
	Field corn
	T
	
	T

	
	S
	
	
	
	4Xt
	Winter squash
	

	
	F
	
	M&C
	Winter rye
	M&C
	
	2Xt; M&C

	06
	W
	
	
	
	
	Winter rye
	t

	
	S
	Tomatoes
	1X2
	Tomato
	1X2
	Tomato
	1X2

	
	S
	
	2X3
	
	2X3
	
	2X3


¥ Where T= disruptive tillage by aggressive means using moldboard plowing, spading or bed shaping; t= soil disturbances caused by field cultivation or disking.  The number eg: (2X) indicates the frequency of the operation during the season.  M&C indicates the times when manure and compost were added to appropriate subplots.  “Mul” refers to the use of plastic and wheat straw mulch and ‘LF” identifies when ≈ 0.5 L of dilute liquid fish emulsion was applied to M & C plots. 
The lowest levels of Septoria leaf spot were in the low-intensity (ley) and high-intensity (vegetable) system plots; highest levels occurred in the intermediate-intensity (grain crops) plots.  Septoria severity also was higher in non-amended subplots than in subplots receiving compost or manure.  Anthracnose levels were highest in the high-intensity system plots and in subplots not amended with compost or manure.  For bacterial spot on peppers, incidence levels were highest in the intermediate-intensity plots and lowest in the high-intensity plots.  Bacterial spot levels were not significantly affected by amendment treatments.  Based on greenhouse bioassays, we see a general reduction in disease severity and an increase in root system length and volume over the four years of the study. The number of emerged weeds per plot in the different systems decreased between 2003 and 2006.  In 2003, the ley-system had the most weeds, but in subsequent years it had fewer weeds than the other systems. Weed species composition changed depending on management intensity and year, while weed species diversity in the seed bank increased between 2003 and 2005.  Fewer lambsquarters (Chenopodium album) emerged due to later plantings, but there were more pigweed and waterhemp (Amaranthus spp.). Common purslane (Portulaca oleracea) was first found in 2005. Increasing weed pressure was encountered during 2006 & 2007. There was little evidence that soil fertility management altered insect pest abundance during the course of the study.  Investigations of abundance of carabid beetles (Pterostichus melanarius) conducted during the first two years of transition showed that the ley-system supported larger carabid beetle populations. 
Tab. 2. Changes in soil properties (0-6”) during four year transition from conventional cash grain based system to organic vegetable crop production
	Year
	
	Bray P
	K
	Ca 
	Mg
	SOC
	C/N
	pH

	
	
	_______________ ppm __________
	(%)
	
	

	2003
	
	53a
	167a
	2228a
	245a
	2.21a
	11.9a
	6.76

	2006
	
	61b
	261b
	3062b
	321b
	2.36b
	12.7b
	6.8

	2003
	ley(
	
	
	
	
	
	
	6.7a

	2006
	ley
	
	
	
	
	
	
	6.9b

	
	
	_______________ ppm __________

	
	
	0.03
	0.0001
	0.0001
	0.0001
	0.1
	0.006
	.08 


(Differences in pH were significant only in the pasture-based system

In 2006, when plots were eligible for organic certification, yields differed as a result of management with yields after the perennial-ley always exceeding those in the intermediate and high intensity annual cropping systems. Yields did not differ among the intermediate intensity grain and high intensity vegetable system for any of the tomato varieties but there was a significant increase in yield where fertilizers were applied within those treatments.  Yields of ‘Roma’ tomatoes were higher in 2003 than in 2006. Water and weed management are likely contributing factors. Fruit quality differed among varieties but did not vary based on management past except for brix, which were significantly greater in ‘Classica’ tomatoes  grown in vegetable transition plots than in ‘Classica ‘ tomatoes grown after ley-transition.  
Conclusions 
The three transition systems compared maintained different environmental conditions during transition that were apparent in beetle and nematode communities and disease suppression evaluated in the green house, appeared to increase in all instances.  The ley system minimized increases in weed populations. Despite extremely different management pasts, soil quality was improved during transition in all systems.  Conventional soil tests were unable to document differences that were apparent in nematode community structure, disease incidence in the field and yields achieved. These results indicate that the pasture-based transition system is superior
References
Bongers, T and H. Ferris. 1999. Nematode community structure as a bioindicator in environmental monitoring. TREE 14:224-228.

Khan S.A., R.L. Mulvaney and R.G. Hoeft. 2001. A simple soil test for detecting sites that are nonresponsive to nitrogen fertilization. Soil Sci. Soc. Am. J. 65:1751-1760.
Marriott, M.E, and M.M. Wander.  2006. Total and labile soil organic matter in organic farming systems.  Soil Sci. Soc. Am. J. 70:950-959.[image: image1.png]

































































































































































































































































































































� NRES, University of Illinois, 1102 S. Goodwin Ave, Urbana IL 61801, USA, � HYPERLINK "mailto:mwander@uiuc.edu" �mwander@uiuc.edu�









