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THE CORNELL SOIL HEALTH ASSESSMENT PROTOCOL AND

THE CONNECTIONS BETWEEN

SOIL HEALTH AND ROOT HEALTH

George S. Abawi1, John W. Ludwig1, and Beth K. Gugino2

1 Dept. of Plant Pathology, NYSAES, Cornell Univ., Geneva, NY 14456
2 Dept. of Plant Pathology, The Pennsylvania State Univ., University Park, PA.

Introduction

Intensive production of agronomic crops in New York State and the Northeast has contributed to a gradual
overall deterioration in soil health and function and resulted in reduced crop productivity and perceived
farm profitability. Signs of unhealthy soils include erosion, compaction, surface crusting, low organic
matter content, poor nutrient cycling, and increased damage from diseases, parasitic-nematodes, weeds, and
other pests. In addition, growers and extension educators have become aware and concerned with lower soil
productivity that no longer can be compensated by increasing production inputs (fertilizers, pesticides,
tillage intensity, etc). Thus, there is a great interest by growers and other land managers in assessing health
status of their soils and in the implementation of sustainable soil management practices. As a result,
numerous conferences and symposia have been organized to discuss soil health issues and to identify
practical solutions. The latter also resulted in numerous publications on defining soil health, methods for
assessing soil health status and identifications of major constraints, soil processes impacted, and possible
management practices (Doran et al., 1994; Doran and Jones, 1996; Magdoff and van Es, 2000). The
emerging concept of soil health deals with integrating and optimizing the soil physical, chemical and
biological properties for improving soil functions and crop productivity in a sustainable and
environmentally friendly manner. Soil health management practices consist of numerous modifications and
combinations of reduced tillage systems, crop rotations, cover crops and/or soil amendments. Individually
or in combinations, these practices significantly impact the soil physical, chemical and/or biological
properties, thus soil health in general. Accordingly, soil health assessment and management is a holistic,
long-term, and whole-farm process.

The Cornell Soil Health Program Work Team (PWT)

The Soil Health PWT at Cornell was established in 2003 to address soil health issues, develop a cost-
effective assessment protocol, develop practical solutions to identified constraints, and provide the needed
educational program for their implementation. The team consists of growers, extension educators, multi-
disciplinary faculty and staff as well as other interested agricultural service providers. Our team has made
significant progress in increasing awareness of soil health issues (Gugino et al., 2007), developing a cost-
effective protocol for assessing soil health status (Idowu et al., 2008; Figures 1 and 2), facilitated on-farm
soil health demonstrations by interested growers, promoting multi-disciplinary research and outreach,
establishing a new 14-acre, long-term soil health site at the Gates farm of the NYSAES, and establishing a
soil health website (http://soilhealth.cals.cornell.edu).



The Cornell Soil Health assessment Protocol/Test (CSHT)
Currently, soil health status can only be assessed indirectly by measuring a set of soil quality indicators.
Initially, 39 potential soil properties were measured on large number of samples collected from long-term,
replicated research sites; commercial production fields; and other sites throughout New York State. The
developed CSHT consists of measuring four physical, four biological and 7 chemical indicators. Also, the
textural composition of the soil sample is determined and provided in the report. The selection of the
indicators was based on their sensitivity to management practices, precision of the method, relevance to
important functional soil processes, ease and cost of sampling, and cost of analysis (Moebius-Clune, et al.,
2007). The results of the soil health analyses of each submitted sample are presented in a visually enhanced
format in the CSHT report, which is color coded to aid practitioners in targeting their management practices
to identified soil health constraints. Also, a set of short-term and long-term soil management practices are
suggested as guidelines for consideration in improving identified constraints. Detailed information on soil
health sampling, indicator assessment procedures, development of scoring functions, interpretation of the
auto-generated report and general management recommendations can be found in the Cornell Soil health
Training Manual, which can be downloaded from the website.

Connections Between Soil Health and Root Health

All soil health management practices directly or indirectly impact populations of root pathogens, severity of
root diseases, and often the quality and quantity of marketable yield (Abawi and Widmer, 2000; Widmer, et
al., 2002). In addition, root pathogens are most damaging to beans and other agronomic crops in poor
quality soils. Thus, root health assessment is a good indicator of overall soil health status, as roots are
influenced greatly by soil physical, chemical and biological properties. In contrast, improving soil health
will result in healthier roots and reduced damage caused by root pathogens. Roots growing in healthy soils
are generally large, coarse, white, penetrate deeper into soil, have large number of fine fibrous rootlets, and
exhibit limited or no symptoms of damage by root pathogens. Accordingly, the challenge is to implement
soil health management practices that are also suppressive to root pathogens as well as other pests. The
latter requires the diagnosis and frequent monitoring of root pathogens and other pests and to implement
new or modify current practices on as needed basis.
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Figure 1. Measured soil health indicators.



Figure 2. Soil health report.
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BIOFUMIGATION AND SOIL HEALTH WITH

MUSTARD COVER CROPS

Mathieu Ngouajio
Department of Horticulture
Michigan State University
East Lansing, MI 48824

Brassica (a.k.a. mustard) cover crops used commonly in agricultural production include oilseed
radish, brown mustard, oriental mustard, yellow mustard, turnip, and rape. These cover crops provide
multiple benefits in cropping systems. Brassica species produce glucosinolates which are secondary
metabolites used by plants to defend themselves against biotic and abiotic stresses.

Upon hydrolysis of glucosinolates by thioglucosidase (myrosinase) enzymes, a number of
chemicals are released from brassica plant tissue, in which isothiocyanates, thiocyanates, and nitriles are
known to be active. They suppress pests, including phytophagous insects, nematodes, weeds, and fungi.
Because of the ability of brassica species to produce those volatile toxic compounds, brassica cover crops
are also called biofumigants. The process of breaking down brassica cover crop tissues to release toxic
volatile compounds and incorporating them in the soil is called “biofumigation”. When managed
adequately, biofumigants have helped reduce population of nematodes, weeds, and diseases in cropping
systems. The following tips will help maximize the benefits of biofumigants:

1. Use a species or cultivar with high glucosinolates content
2. Maximize biomass production (appropriate seeding rate and time)
3. Break down plant tissue to trigger the glucosinolate-myrosinase reaction (a flail mower will do an

excellent job)
4. Incorporate the residue immediately because most of the break down products are volatile
5. Seal the soil surface (with irrigation or a packer if possible)
6. Observe a cash crop plant back period of at least 2-3 weeks (depending on the crop).

Seeding rate
In field trials, the total amount of plant residue (biomass) produced by brassica cover crops

reduced significantly when seeding rates were higher than those suggested (Table 1). For oilseed radish

for example, the optimum seeding rate was 7 Lb/A for cultivar ‘Defender’ and 10 Lb/A for cultivar

‘Diakon’.
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Table 1. Suggested seeding rates based on field testing under Michigan conditions

Seeding rate (Lb/A)
Cover crop Variety

Range Suggested*

Oilseed radish Diakon 10-25 10
Oilseed radish Defender 10-25 7
Brown mustard Common brown 4-8 6
Oriental mustard Forge 4-8 6
Yellow mustard Tilney 10-14 8

*These suggested rates are based on field testing in Michigan

Weed populations
A study comparing Metam sodium (Sectagon) fumigation with mustard biofumigation showed

that Metam sodium reduced both weed density and dry weight (Table 2). Metam sodium treatment gave a
visual weed control rating of 86%. The brassica cover crops also helped reduce weed populations.
However, the level of weed suppression was limited (visual weed control rating of less than 10%)
especially during the cash crop growing season and was not adequate for season long weed management.
Therefore, other weed management tools should be used to supplement the use of brassica cover crops.

Table 2. Effects of Brassica cover crops on weed density, visual weed control percentage, and weed
dry weight three weeks after cover crop incorporation on a mineral soil in Oceana Co. MI. in 2008.

Weed evaluation1

Treatment Density (# plants/0.25
m2)

% control Weight (g)

Control 33.3 a2
0 c 3.6 a

Brown mustard 35.7 a 8 b 4.8 a

Oriental mustard 29.2 a 5 b 2.2 a

Oilseed radish 39.2 a 3 bc 4.8 a

Metam sodium 3.5 b 86 a 0.1 b
1 Density and weight measured using a 50- by 50-cm quadrat. Visual evaluation was conducted on a
scale of 0% (no control) to 100% (complete control).
2 Values within a column followed by the same letter are not significantly different (P = 0.05).

Crop yield

Celery Trial: An o-farm study in Hamilton MI, comparing the performance of celery after various cover
crops showed that plants from the cereal rye plots were shorter and smaller compared to other treatments.
The brassica cover crops improved celery yield (untrimmed weight, weight after trimming, marketable
yield, and stalk number) compared to cereal rye and control treatments (Table 3). The brassica cover
crops increased celery marketable stalk number by 8.2-12.9% and marketable weight by 19.0 – 21.4%
compared to the control treatment.

Onion Trial: Brassica cover crops significantly increased onion total yield on muck soil (Table 4).
Onions in the yellow mustard and oilseed radish treatments had higher total marketable yield compared to
the control. Additionally onion stand was improved significantly after the cover crops. .

Melon Trial: A study comparing brassica cover crops, used as biofumigants, to methyl bromide for
muskmelon production showed significant stand reduction in the muskmelon. Direct seeded melon stand
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was less than 5% in the cover crop plots compared to 85 to 88% in the methyl bromide and control plots.
Melon injury was likely due to the biofumigation effect of the cover crops and more specifically to the
short plant back period of eight days between biofumigation (cover crop incorporation) and melon
seeding.

Table 3. Effects of cover crops on celery yield (weight) in Hamilton, Michigan in 2004 and 2005

After trimming
Cover Crops

Untrimmed weight
(Ton/ha)

Marketable
Weight (Ton/ha)

Non-marketable
Weight (Ton/ha)

Total weight
(Ton/ha)

Oilseed radish 127 a* 78 a 20 b 84 a
Oriental mustard 124 a 79 a 19 b 81 ab
Yellow mustard 128 a 75 a 23 ab 84 a
Cereal rye 114 b 65 b 33 a 73 bc
Control 116 b 69 b 29 ab 77 c

20 plants were sampled. Data combined for two years.

Table 4. Effects of cover crops on bulb count and weight for 4 grades of onions*.

Marketable
Total >3 inch 2.5-3 inch 2-2.5 inchCover Crop

Number of Bulbs Weight Bulbs Weight Bulbs Weight Bulbs Weight
Control 155 32 45 13 50 10 61 8
Oilseed Radish 209 34 16 4 62 12 132 17
Yellow Mustard 207 34 19 5 64 13 124 17
LSD 11.8 1.3 5.6 1.6 6.0 1.3 15.6 1.8
* Yield and bulb count for a 10 feet section of a bed.

Nematode population

Studies were conducted on muck soils to test the effect of brassica cover crops on plant parasitic
nematodes (root-knot nematodes, pin nematodes, and cyst nematodes). There was low population of
plant-parasitic nematodes in the onion field, and cover crop treatments did not affect their counts (Table
5). The oilseed radish and oriental mustard increased the population of bacterial feeding nematodes
compared to the yellow mustard, sudangrass, and control treatments. Sorghum sudangrass plots had more
mycorrhizal fungi than all other treatments.

In the celery experiment, oilseed radish reduced plant-parasitic nematode populations by 55.7%
and increased bacterial feeders by 262% compared to the control treatment (Table 5). There was no
difference among the treatments for mycorrhizal fungi and oligocheates populations due to large
variations in the data.
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Table 5. Plant-parasitic nematode and other microbial populations as affected by various cover
crops in onion experiment (2005 and 2006 in Laingsburg, Michigan) and celery experiment (2004
and 2005 in Hamilton, Michigan). The number of microorganisms in 100 cm3 soil was counted
after cover crop incorporation prior to onion and celery planting.

Other microorganism
experiment Cover crops

Parasitic
nematodes

Bacteria feeding
nematodes Mycorrhizal fungi Oligochaetes

----------------------------- (count/100 cm3 soil) -------------------------
Oilseed radish 0.5 1846.3 a* 31.3 b 56.3

Oriental mustard 5.0 1307.5 a 18.8 b 35.0
Yellow mustard 2.5 1000.0 b 22.5 b 52.5
Brown mustard 6.8 1243.8 ab 10.0 b 33.8

Sudangrass 7.3 907.5 b 142.5 a 36.3

Onion

Control 2.8 667.5 b 13.8 b 31.3

Oilseed radish 79.0 b 1382.0 a 20.0 28.3
Oriental mustard 101.7 ab 683.5 ab 8.3 10.0
Yellow mustard 114.0 ab 533.3 ab 8.3 16.7

Cereal rye 96.7 ab 498.3 ab 6.7 10.0
Celery

No cover crop 178.3 a 382.8 b 15.0 10.0
* For each experiment, all numbers within a column followed by the same letter are not statistically
different at the probability level of 0.05. For each experiment data for two years were combined prior to
means separation using Fisher’s protected LSD (least significant difference).

Conclusion

Brassica cover crops have shown excellent potential for use as biofumigants in vegetable
cropping systems especially for production on muck soils. However, one-size-fits-all concept does not
apply. Poor stand establishment of melon ‘Athena’ was observed (on mineral soils) after biofumigation.
This problem was exacerbated when the crop was sown too soon after the biofumigation process.
Therefore, growers should allow at least two weeks (preferably more than 3 weeks) between brassica
cover crop incorporation and crop planting.



SWEET POTATOES: THE NEXT BIG CROP FOR UP NORTH?

Steve Reiners (sr43@cornell.edu) and Jim Ballerstein
Dept. of Horticultural Sciences
NYSAES, Cornell University

Geneva, NY 14456

Traditionally thought of as a crop only to be grown in warm climates, we’ve been evaluating sweet
potatoes under upstate NY conditions since 2004. Small, diversified growers have expressed an interest
in the crop for roadside stand sales. In addition, as the interest in local foods has increased, sweet
potatoes could provide a valuable addition to traditional winter storage crops like potatoes, cabbage,
onions, and other roots. Unfortunately, little was known on the culture of sweet potatoes in the Northeast.

Starting in 2004, we have planted trials designed to evaluate varieties, spacing/plant populations, and the
effects of different plastic mulches. All trials were planted at the NYS Ag Experiment Station farm in
Geneva, NY. The soils here are heavier than traditional sweet potato soils and the soil used was a well-
drained silt loam. All plantings were made into plastic mulch, on approximately six-foot centers, on an
approximate 3-5 inch bed. Trickle irrigation was used under the plastic to provide water and a source of
soluble fertilizers. In all years we added 75 to 100 pounds of N per acre, and 20-40 pounds of P and K,
which was dependent on the soil tests. Transplants were traditional sweet potato slips, obtained from
Scott Farms. Planting date varied by the season, and that information, along with in-row spacing is
included with each table presented at the end of this document.

The 2004 season was relatively cool and wet and yields were relatively low (Table 1). Three varieties
were dropped based on these results, Vardaman, Georgia Jet, and Centennial. The 18-inch spacing
resulted in roots that were deemed too large so a 15-inch spacing was used in 2005.

In 2005, a study was repeated with 5 varieties. Yields were higher in 2005, likely due to a warmer, dryer
growing season and a closer in-row spacing (Table 2). In 2006, the closer in-row spacing was evaluated
to see if yield and uniformity could be improved (Table 3). Usually, closer planting and more plants per
acre results in smaller individual roots and less root weight per plant, but more pounds per acre since the
number of plants per acre is increased. Results however were inconsistent.

Still not satisfied with the size and quality of the roots in 2006, we looked at 15 and 18 inch spacing for
2007, using the varieties Beauregard, Carolina Ruby, and O’Henry (Table 4). The 15-inch spacing
seemed to be the best for sweet potatoes grown in our system. At 12 inches, there are more roots but
often too small. At 18 inches, there are more jumbos, some of which may be too big for most consumers.

In 2009, we evaluated Covington, a new and improved Beauregard type, for yield on two types of plastic
mulch. In the past, we always used black plastic mulch. This year, we compared black plastic to IRT
mulch. IRT, or “infrared transmitting” mulch, allows for higher soil temperatures than standard black
mulch, which could improve yield. The IRT mulch did lead to a significant increase in yield, and seems
to be worth the additional cost (Table 5).



Pest Observations

In our northern climate, deer and mice seem to be the major pests. Deer eat the leaves and the mice will
chew on the tubers under the plastic. We average 5-to10% losses due to mice and other rodents. In
addition, the mice cut holes in the trickle tape as they searched for water. A deer fence controlled deer,
but failure to manage deer could result in significant crop losses.

Transplant use

All of our plantings were made using traditional sweet potato slips. Although sweet potato slips are
capable of surviving sever transplant shock, the time it takes to recover and resume growth can limit
production in our short season. In 2010, we plan to evaluate true sweet potato transplants. Slips will be
produced in the normal fashion and cuttings made from these and placed in transplant flats in a
greenhouse. Work in Asia suggests that about 25 days is needed to get rooted plants useable for
transplanting. Unfortunately, sweet potatoes in small cells can quickly become root bound and when
planted outside, produce coiled, unmarketable roots. We will evaluate the optimum cell size and length
of time needed to produce productive transplants.

Post Harvest Curing

Roots must be harvested before frost and prior to cool soil cool temperatures. If you want the roots to
store, curing is essential. Curing thickens the skin and heals over small cuts or scrapes that are prime areas
for rot or decay to occur. Optimum curing conditions are 80 to 85F, >90% relative humidity, for 6 to 8
days. We cured ours in a greenhouse at 75 to 80F with a humidity that varied from 60% to 90%.
Although not perfect curing conditions, our roots lasted several months. Ideal storage temperatures are
about 55F and a relative humidity around 85%.

Variety Observations

Carolina Ruby –Green stems and long runners; plant mortality after transplanting was slightly higher
than the others; red skinned tubers with orange flesh; skin was thicker than others; tubers not as uniform
in size as preferred, but were concentrated tightly underneath the plant; decent yield and good percentage
of marketable tubers make this cultivar well worth trying for both home garden or possibly farm market;
skin color was not the traditional copper color seen in stores so consumer acceptance may require
additional marketing.

Beauregard – Beauregard is the industry standard in North Carolina. Plants had green stems; tubers had
the traditional copper colored skin with orange flesh; it was similar to Carolina Ruby in that they both had
good yield and a decent percentage of marketable tubers; Beauregard did have a more uniform tuber size
than Carolina Ruby; good yield and traditional skin color and flesh color make this well worth trying
either in a home garden or for farm market.

O’Henry – Green stems; tubers tightly concentrated underneath the plant, white skinned tubers with
yellow white flesh, uniform tuber size with good yield and a decent marketable percentage; this cultivar
does not make large tubers and less than optimum growing conditions kept tubers small in 2007; good
flavor; tuber uniformity and decent yield make this cultivar worth trying; tubers did show a superficial
blackening of the skin during storage which would have prohibited marketing; special marketing would
probably be needed with this cultivar due to its unconventional skin and flesh color.



Hernandez – Purple stems with distinctive leaf shape. Roots have traditional copper colored skin with
orange flesh. Poorest yield of tested varieties, but sweetest flavor. Twice the amount of beta-carotene
than Beauregard. Small diameter, long roots are not very uniform. Needs a longer season than what we
have here to get larger roots. Probably better for home gardens than commercial production.

Japanese – Developed for the Asian market, it has red, thins skin with white flesh. Unlike other roots,
skins did not thicken during curing process. Dryer flesh than others. Would be perfect for stir-frying.
Although it needs a long season, consistently recovered much more quickly from transplant shock.

Covington – Very similar to Beauregard. Plants had green stems; tubers had the traditional copper
colored skin with orange flesh; one year results show that it out yielded the other three cultivars; it also
showed higher marketable percentage at the higher in row spacing; shows potential but needs further
evaluation.

Table 1. Results from 2004 variety trial, planted June 9 and harvested October 10*, spaced at 18
inches in-row.

Variety Source
Skin
Color

Flesh
Color

Root Weight
per plant (lbs)

Marketable**
Roots (lb/A)

%
Marketable

Japanese Scott Farms Red White 2.1 10,280 86
O’Henry Scott Farms White Yel-Whi 2.2 9,480 75
Beauregard Gurney’s Copper Orange 2.0 9,040 79
Hernandez Scott Farms Copper Orange 2.0 7,680 65
Georgia Jet Gurney’s Copper Orange 1.6 6,200 66
Vardaman Gurney’s Brown Orange 1.5 5,400 64
Centennial Gurney’s Golden Orange 1.3 4,720 64
Carolina Ruby Scott Farms Red Orange 1.7 4,200 54
*Harvest occurred about 10 days after a light frost
**Roots were graded for marketability and small, distorted, and injured roots removed

Table 2. Results from 2005 variety trial, planted May 26 and harvested September 24, spaced at 15
inches in-row.

Variety Source
Skin
Color

Flesh
Color

Root Weight
per plant (lbs)

Marketable
Roots (lb/A)

%
Marketable

Japanese Scott Farms Red White 5.6 21,720 76
O’Henry Scott Farms White Yel-Whi 6.6 29,756 84
Beauregard Scott Farms Copper Orange 4.6 12,433 51
Hernandez Scott Farms Copper Orange 5.2 18,705 68
Carolina Ruby Scott Farms Red Orange 7.8 30,132 76
*Roots were graded for marketability and small, distorted, injured, rotted roots removed



Table 3. Results from 2006 variety trial, planted June 2, harvested September 24, spaced at 12 or 15
inches.

12 inch in-row spacing 15 inch in-row spacing

Variety
Root Weight per

plant (lbs)
Marketable Roots

(lb/A)
Root Weight per

plant (lbs)
Marketable Roots

(lb/A)
Japanese 2.6 18,400 2.8 16,200
O’Henry 2.5 18,200 3.1 17,600
Beauregard 2.5 17,800 3.5 19,800
Hernandez 1.8 12,600 2.0 11,000
Carolina Ruby 2.9 19,200 4.0 19,800
*Roots were graded for marketability and small, distorted, injured, rotted roots removed

Table 4. Results from the 2007 variety trial, planted May 25 and harvested September 25, spaced at
15 or 18 inches.

15 inch in-row spacing 18 inch in-row spacing

Variety
Root Weight per

plant (lbs)
Marketable Roots

(lb/A)
Root Weight per

plant (lbs)
Marketable Roots

(lb/A)
Beauregard 2.1 12,200 2.0 9,600
Carolina Ruby 2.5 13,800 2.6 11,400
O’Henry 2.0 10,800 2.1 10,200
*Roots were graded for marketability and small, distorted, injured, rotted roots removed

Table 5. Effect of mulch on sweet potato yield, planted May 26 and harvested October 3, spaced at
15 inches.

Treatment
Marketable Roots

(lb/A)
Black plastic 12,208
IRT 15,335


