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Introduction 
The concept of  no-till or reduced tillage has been proven to provide multiple environmental 
benefits on conventional farms, particularly in the area of  soil conservation, as well as reducing 
machinery, labor and fuel costs. On organic farms, no-tillage systems had been constrained by the 
prohibition of  herbicides to terminate cover crops. The Rodale Institute (RI) began investigating 
in 2005 using a roller/crimper to crush cover crops in lieu of  herbicide termination to fit within 
organic rules (Moyer, 2011). The objective of  this project included an investigation of  the 
feasibility of  adopting conservation tillage practices for organic squash production, including the 
effect on soil quality. 

Materials and Methods 
Cover crops of  hairy vetch and rye (hairy vetch at 25 lb/acre and rye at 1 bu/acre) were planted 
in 15 x 20 ft. plots on 18 October 2015, at the ISU Neely-Kinyon Farm, Greenfield, Iowa. On 18 
May 2016, cover crops were tilled under with a disk; or crushed using a no-till roller/crimper on 1 
June 2016 when the rye was at anthesis, based on previous research (Delate et al., 2012). Squash 
(an organic cultivar, Delicata, from Johnny’s Seed, Albion, ME) was seeded in the Iowa State 
University Dept. of  Horticulture greenhouse on 3 May 2016, and hand-transplanted into 
experimental plots on 14 June 2016.  Manure-based compost (made from local sources) was 
applied at a rate of  100 lb/acre of  nitrogen (N) in specific vegetable plots before planting, and an 
additional 50 lb N/acre (Midwest Bio-Ag organic 2-5-4 (N-P-K) fertilizer, Blue Mounds, WI) was 
side-dressed on 28 July, per ISU recommendations. Four replications were established of  the 
following  Treatments:  
1)  no cover crop, composted animal manure, tilled, mulch 
2)  no cover crop, composted animal manure, tilled, no mulch 
3)  cover crop, composted animal manure, no-tilled 
4)  cover crop, composted animal manure, tilled, mulched 
5)  cover crop, composted animal manure, tilled, no mulch; and 
6)  cover crop, no-tilled. 
     Tilled plots were maintained using typical organic weed management techniques, including 
cultivating between rows and hand-hoeing to maintain weeds below economic levels. Cover crop 
biomass when rolled/crimped was not as adequate as desired, and some hand-weeding was 
required in no-till plots at Neely-Kinyon Farm.  
     Crops were harvested at maturity using timely hand-harvesting to ensure quality vegetable 
crops, with harvest dates on 19 August and 8 September. Data collection included cover crop 
biomass amounts on 17 May, weed density on 9 June, and plant height and leaf  number on 9 
June. Yield, fruit number, fruit length, and fruit width were determined at harvest. Soils were 
sampled in the fall after harvest and before tillage to determine the effect of  these practices on soil 
quality. All analysis was conducted at ISU and USDA-ARS research labs (Ames, IA). 

Results 
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Figure 1. Squash growth parameters, Greenfield, IA, 2016. 

Fruit length (cm) 

Fruit width (cm) 

Fruit weight (g/100) 

Treatment 1: no cover crop, compost, tilled, mulched; Treatment 2: no cover crop, compost, tilled, no mulch; Treatment 
3: cover crop, compost, no-till; Treatment 4: cover crop, compost, tilled, mulched; Treatment 5: cover crop, compost, 
tilled, no mulch; Treatment 6: cover crop, no-till 
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Figure 2. Squash yield parameters, Greenfield, IA, 2016. 
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Over the course of  the experiment, there was a trend toward greater squash yield in 
tilled plots receiving compost. Across two harvest periods (Fig. 2), statistical differences 
showed that squash from tilled, compost, and mulch treatments (Treatment 1) had the 
greatest yields at 18,023 lb/acre, while squash from cover crop, compost, tilled, and no 
mulch treatment (Treatment 5) and no-till cover crop treatment (Treatment 6) were 
lowest, averaging 3,874 lb/acre. Yield in Treatment 1 was significantly greater than in 
Treatments 3, 4, 5, and 6; and yield in Treatments 5 and 6 was significantly lower than 
Treatments 1 and 2. Yields from plots with no cover crop, compost, tilled, and no mulch 
(Treatment 2) were significantly greater than Treatments 5 and 6 (cover crop, compost, 
tilled, no mulch; and no-till cover crop plots). Because of  high variability between plots, 
yields from Treatments 3 and 4 (cover crop, compost, no till; and cover crop, compost, 
tilled, mulch, respectively), which averaged 7,820 lb/acre were similar to yields in 
Treatment 2 (14,577 lb/acre) and Treatments 5 and 6 (averaging 3,874 lb/acre). 
    
Fruit number followed a similar pattern as fruit yield (Fig. 2). Total fruit number was 
greatest from Treatment 1 and 2 plots, averaging 14,098 fruits/acre. Fruit number in 
Treatments 3, 4 and 5 was intermediate, averaging 7,324 fruits/acre, with no statistical 
differences among these treatments. Fruit number in Treatment 5 did not differ from 
Treatment 6, which avereged 3,343 fruits/acre. No fruits were harvested from 
Treatment 3 plots (cover crop, compost, no till) at the second harvest. At the first 
harvest, 161 fruits were collected and weighed from 3 plots of  Treatment 3, versus 35-75 
fruits from 1-2 plots in the other Treatments. This result could have been due to a more 
rapid and uniform maturation of  fruits in this no-till treatment. 

Tilled vs. No-till Comparisons 
Several differences were found in squash characteristics and yields between tilled and no-till 
treatments in 2016. No differences were found in tilled vs. no-till squash fruit width or individual 
fruit weight, but tilled plots were numerically higher in both categories (Fig. 1). Fruit width in 
tilled treatments averaged 8.6 cm compared to7.8 cm in no-till treatments. Individual fruit weight 
averaged 481 g in tilled plots and 364 g in no-till plots. Fruit length was significantly greater in 
tilled plots (Treatments 1, 2, 4, and 5), where squash averaged 20 cm, compared to 18 cm in no-
till plots (Treatments 3 and 6) (Fig. 1). Squash yield was statistically greater in tilled plots, at 
11,702 lb/acre, compared to 4,590 lb/acre in no-till plots (Fig. 2). Fruits (number per acre) in 
tilled treatments were almost double that of  no-till treatments. Tilled plots averaged 10,592 fruits 
per acre, and no-till plots averaged 5,572 fruits per acre (Fig. 2).  

Squash on no-till hairy vetch/rye mulch at the 
Neely-Kinyon Farm, Greenfield, IA, 2016. 
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Greenfield, IA, 2016. 

Squash harvested from one plot 

Soil quality 
Despite yield decreases for no-till plots, soil quality results from 2014 showed higher soil quality 
in no-till plots, and in plots where cover crops were tilled before planting (Table 1). Soil organic 
carbon (SOC), total nitrogen (TN), and N mineralization potential (PMN) were higher in plots 
where cover crops were planted compared to no cover crop plots. The no-till plots had greater 
macroaggregation and higher microbial biomass C compared to tilled plots, highlighting the value 
of  no-till for maintaining soil structure and enhancing soil microbial populations to aid nutrient 
cycling. The on-going challenge in organic agriculture is to synchronize organic no-till vegetable 
crop production with release of  nutrients from cover crops to ensure rapid plant growth and high 
yields. 

Soil Quality Parameters No Cover 
Crop, Tilled 

Cover Crop, 
No-till 

Cover Crop, 
Tilled 

SOC 27.6 28.8 29.6 

TN (g/kg) 2.76 2.85 2.92 

POMC (g/kg) 4.64 4.87 6.38 

MBC (mg/kg) 219 292.5 285 

PotMinN (mg/kg) 55.65 69.25 69.65 

Macroaggs (%) 16.0 27.5 22.4 

Table 1. Soil quality analysis (6-inch depth) from Organic Vegetable Experiment, Greenfield, 
IA, 2014 (C. Cambardella, USDA-ARS, Ames, IA). 

Over both harvest dates, squash fruit length was statistically greater in Treatment 1 (no cover 
crop, compost, tilled, mulch), at 22 cm, than in Treatments 3, 4, and 6 (cover crop, compost, no-
till; cover crop, compost, tilled, mulch; and no-till, cover crop, respectively), which had 
statistically similar fruit lengths, averaging 18 cm (Fig. 1). There were no statistical differences in 
fruit width among treatments, but fruit width in the cover crop, compost, tilled, and mulched 
plots (Treatment 5) was numerically higher at 9.3 cm, compared to Treatment 6 at 7.6 cm. (Fig. 
1). Individual fruit weight did not vary significantly among treatments, but there was a trend 
towards heavier fruit in Treatment 1, where fruit averaged 593 grams compared to Treatment 6, 
averaging 308 grams. 

Fruit measurements 
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