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Abstract

In 1997, Iowa State University established the first U.S. Land Grant University permanent faculty position in organic agriculture to assist farmers in the rapid expansion of organic production in that state. Research agendas, developed in consultation with organic farmers and processors, led to the establishment of the Neely-Kinyon Long-Term Agroecological Research (LTAR) site in Greenfield, Iowa, in 1998 to study the long-term effects of organic production in terms of yield and economic performance, in addition to other system effects. Over nine years of comparison, there was no significant difference in corn or soybean yields in the organic and conventional systems. Organic corn yields in the longest rotation (C-S-O/A-A) over a 9–yr period were 9914 kg/ha compared to 10113 kg/ha in the conventional system and organic soybeans in the same rotation yielded 3043 kg/ha while conventional yields averaged 2906 kg/ha. Soil quality remains high in the organic system, with soil organic carbon and mineralizable nitrogen greater in the organic rotations relative to conventional, demonstrating greater C sequestration potential and N-use efficiency in the organic system. Over nine years, revenues generated from organic corn crops increased average revenues by a factor of 1.67 over conventional corn, while organic soybean revenues were 2.32 times greater than conventional soybean revenues.

Introduction 

Because the state of Iowa advanced quite rapidly in organic production from 1992 to 1996 (USDA-ERS, 2007), Iowa State University (ISU) established the first U.S. Land Grant University permanent faculty position in organic agriculture in 1997. Research agendas were developed in consultation with organic farmers and processors in order to address the needs of the organic community. The Iowa State University Neely-Kinyon Long-Term Agroecological Research (LTAR) site was established in 1998 to study the long-term effects of organic production in Iowa, U.S. In the LTAR, we have involved organic farmers in the design and analysis, and in complementary on–farm trials examining soil processes in the organic transition and beyond certification. The State of Iowa Department of Agriculture organic division, which is accredited by the USDA–National Organic Program, certifies the LTAR organic plots on an annual basis.

Materials and methods

Treatments at the LTAR site, replicated four times in a completely randomized design, include the following rotations: conventional Corn-Soybean (C-S), organic Corn-Soybean-Oats/Alfalfa (C-S-O/A), organic Corn-Soybean-Oats/Alfalfa-Alfalfa (C-S-O/A-A), and Soybean-Wheat with a frost-seeding of red clover (S-W/RC). For purposes of this paper, we will discuss the first three rotations. A 9.1–m buffer separates the certified organic and conventional plots within the forty-four plots, measuring 42 by 21 m each, that constitutes the experiment. Crop variety selections vary annually, according to recommendations from the farmer association affiliated with the LTAR site. Sowing dates and seeding rates follow local organic practices (Table 1). Following harvest of the organic corn plots in all years, winter rye is no-till drilled at a rate of 78 kg/ha into plots going to soybean to provide allelopathic control of future weed populations. Compost, made from a mixture of manure and corn stover that is removed from deep-bedded swine ‘hoop-house’ structures, is composted for one year and averages 7.8, 9.6, and 13.7 g/kg N, P, and K, respectively.  The compost is applied to organic plots at rates intended to apply 134 kg N/ha during the corn phase of the rotation. Organic oat plots receive compost at a rate to apply 78 kg N/ha. Conventionally managed corn is fertilized at planting with 28% urea ammonium nitrate at a rate of 134 kg N/ha. Herbicides and insecticides are applied in conventional plots according to ISU recommended rates; no pesticides were applied in organic plots over the nine years of the experiment. Weed management in the organic plots included an average of four mechanical cultivations (two rotary-hoeings and two row cultivations) per season in the corn and soybean plots; no weed management was needed in the oat, wheat and alfalfa plots. Crops were mechanically harvested with combines and hay rakes/balers per local organic farm practices in the nine years of the experiment.

Tab. 1: Sowing and harvesting data for all crops in the rotations at the LTAR, 1998–2006.

	Crop
	Sowing Dates
	Seeding Rate
	Harvest Dates

	Corn
	17–27 May 
	79,040 seeds/ha
	9 October–1 November 

	Soybean
	15–28 May 
	407,550 seeds/ha
	9–27 October

	Oats
	29 March–18 April
	108 kg/ha
	14 July–3 August

	Alfalfa
	29 March–18 April (seeded with oats)
	18 kg/ha
	26 May–25 August (green manure)

	Wheat
	15–24 October
	101 kg/ha
	8–25 July

	Red Clover
	1–9 March
	28 kg/ha
	Retained for green manure


Soils were sampled in the fall of each year from five randomly located 3.3-cm diameter soil cores collected to a depth of 15 cm from each plot, one from each of four quadrants and one core from the plot center. The five cores were combined into one composite sample, stored in plastic zip-lock bags, and kept cool during transport to the laboratory. A 10-g sub-sample of field moist 8-mm-sieved soil was extracted with 50-mL of 2M KCl, and inorganic N (NO2 + NO3) in the filtrate was quantified using flow injection technology (Lachat Instruments, Milwaukee, WI). Five grams of the sub-sample was ground pass a 250-(m diameter sieve and used to determine total organic C and total N (TN). Total organic C (after removal of carbonates with 1 M H2SO4) and TN were quantified by dry combustion using a Carlo-Erba NA 1500 NCS elemental analyzer (Haake Buchler Instruments, Paterson, NJ). Potentially mineralizable N was measured using an aerobic 28-day incubation method described by Drinkwater et al. (1996).  All analyses were conducted at the USDA-ARS National Soil Tilth Laboratory, and the Iowa State University Agronomy Soil Analysis Laboratory, Ames, Iowa. Because farmers converting to organic production were particularly interested in the revenue generated from organic crops, we maintained records on all crops sold into commercial organic and conventional markets over the course of the experiment. Revenue was determined by multiplying the price received in the market by the yields from each crop in each rotation (Delate et al., 2006).

Results and Discussion
In each of the nine years of production (1998 to 2006), organic corn and soybean yields in the LTAR have equaled or exceeded conventional crop yields, with no statistical difference between conventional and organic crops over the combined 9-year period (Table 2).

Tab. 2: Average 9-yr yields in organic and conventional rotations at the LTAR, 1998–2006.

	Rotation
	9-Yr Corn Yield (kg/ha)
	9-Yr Soybean Yield

(kg/ha)
	9-Yr Oat Yield

(kg/ha)
	9-Yr Alfalfa Yield

(t/ha)

	Conventional C-S1
	10113a
	2906a
	N/A
	N/A

	Org. C-S-O/A-A
	9914a
	3043a
	3260a
	8.6 

	Organic C-S-O/A
	8387a
	2959a
	3309a
	N/A (green manure)

	Significance 

(0.05 level)
	NS2
	NS
	NS
	__


1 C = corn, S = soybean, O = oat, A = alfalfa, 2 not significant (LSD test p ≤ 0.05)
Despite the lower external N input in the organic system, the organic crop rotations appeared to maintain adequate N levels throughout the season, as demonstrated by high organic corn yields, especially following two years of alfalfa. Soybean, not relying on external N, produced yields in both systems that were equivalent throughout the experiment. Organic corn yields in the longest rotation (C-S-O/A-A) over a 9–yr period were 9914 kg/ha compared to 10113 kg/ha in the conventional system; organic soybeans yielded 3043 kg/ha while conventional yielded 2906 kg/ha. Oat yields did not vary between the three- and four-year rotations. Soil data, when combined across all crops in each system, indicated that organic soils have the potential to cycle and store plant nutrients more efficiently and sequester more C than conventional soils (Table 3). After nine years of organic management, the organic soils had more total soil organic carbon and higher mineralizable N than the conventional soils. This result was particularly important in light of the four tillage operations in each of the corn and soybean years. The inclusion of the small grain crop and alfalfa in the rotation, in addition to the compost applications in the corn and oat years, led to significantly greater carbon and nitrogen pools in the organic system. 

Tab. 3: Soil quality at the LTAR site after the first and ninth year of the experiment.

	System
	1998
	
	2006

	
	SOC1 

(Mg C/ha)
	Mineralizable N

(kg N/ha)
	SOC 

(Mg C/ha)
	Mineralizable N

(kg N/ha)

	Conventional
	40.9a2
	72a
	44.4b2
	95b

	Organic 
	40.9a
	65a
	45.4a
	114a

	Signif. (0.05)
	NS
	NS
	*
	*


1 Soil organic carbon, sampling depth 15 cm, 2 ,significant (LSD test p ≤ 0.05).
Economic returns were a critical metric for farmers following the results of this experiment. The revenue received for the organic crops (during the two transition years and the seven certified years) was highest in the organic corn and soybean crops, followed by the alfalfa and oat crops (not shown). While income generated from the small grain crop produced the least revenue, the inclusion of the small grain/legume intercrop in the rotation is essential for soil building and pest management.

Conclusions

Over nine years of comparison, there was no significant difference in corn or soybean yields in the organic and conventional systems (Table 1). In a related study, costs of production were found to be lower in the organic system (Delate et al., 2006) while prices received for the organic crops increased significantly over conventional prices after certification in the third year. Organic corn increased average revenues by a factor of 1.67 over conventional corn, while organic soybean revenues were 2.32 times greater than conventional soybean revenues. Soil quality remained high in the organic system, with soil organic carbon and mineralizable nitrogen greater in the organic rotations. The critical issue of communicating results from this research is enabled through field days, workshops, internet broadcasts, and lectures in Iowa and across the U.S. (Delate et al., 2006). 
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