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Summary. The experiment screened
two spring and two fall planting dates
in six regions within North Carolina,
South Carolina, and Georgia. The
objective was to extend the produc-
tion over the southeastern United
States rather than at a single location.
Spring harvests lasted from mid-April
to early July. Summer-to-winter
harvests lasted from mid-August to
late January. Collards were not
harvested in any of the locations from
late January to mid-April or from
early July to mid-August. More
extensive planting dates may further
increase the longevity of production.

1Department of Horticulture, Coastal Research and
Education Center, Clemson University, Charleston, SC
29414. To whom reprint requests should be addressed.
2Department of Horticulture, University of Georgia,
Athens, GA 31793.
3Department of Horticulture, Clemson University,
Clemson, SC 29634.
4Department of Vegetable Crops, University of Florida,
Belle Glade, FL 33430.
5Department of Horticulture, North Carolina State
University, Raleigh, NC 27695.
This study was funded from the U.S. Dept. of Agriculture
Grant “Agricultural Adjustment in the Southeast
though Alternative Cropping System.” All authors
contributed equally to this study.

R ecently, viability of agriculture
in the southeastern United
States has declined. Most farms

in the southeastern United States are
less than 165 ha in size, and these small
farms need profitable alternatives.
Continued survival of smaller family
farms depends on the extent to which
they adapt and compete economically.

Greens, such as collards, are an
important crop in the southeastern
United States. A major barrier to their
marketing is the inability of individual
producers to provide sufficient vol-
ume ofproduct for a reasonable period
of time (Epperson, 1982). The price
structure for collards at South Caro-
lina farmers’ sheds in 1990 was stable
and remained in the range of $7 to $9
per 12 bunches (0.3 to 0.5 kg/bunch)
from 6 Feb. to 18 Dec. (Federal-State
Market News Service, 1990). This price
does not represent a barrier to market-
ing. A cooperative effort within the
southeastern United States to produce
collards over most of the year would
strengthen the marketing ability more
than multiple plantings in a single lo-
cation.

The first step in developing a suc-
cessful production system is the iden-
tification of cultivars and specific
planting schedules for representative
regions within the southeastern United
States. Thus, the objective of this study
was to determine the suitability of
selected collard cultivars, spring and
fall planting dates, and potential har-
vest periods at seven regions within
Georgia, North Carolina, and South
Carolina.

Seven locations were chosen to
represent distinct regions within the
southeastern United States. They vary
in climate from conditions similar to
northern Florida (Attapulgus, Ga.) to
those with a comparatively short
growing season (Fletcher, N.C.) (Fig.
1). Climatic diversity may allow col-
lard production over most of the year.
The locations and general descriptions
were as follows: a) Mountain Horti-
cultural Research Station, Fletcher,
N.C.—southern Appalachian Moun-
tains; b) Peanut Belt Research Station,
Lewiston, N.C.—tidewater coastal
plain; c) Clemson Bottoms Research
Site, Clemson, S.C.—upper Piedmont;
d) Pee Dee Agricultural Research and
Extension Center, Florence, S.C.—
central upper coastal plain; e) Coastal
Research and Education Center,
Charleston, S.C.—lower eastern coastal

plain; f) Coastal Plain Experiment Sta-
tion, Plains, Ga.—central western
coastal plain; and g) Georgia Exten-
sion and Research Station, Attapulgus,
Ga.—lower southwestern coastal plain.
Two spring and two fall planting dates
were chosen for each location (Fig. 2).
The first spring and last fall planting
dates were considered to be the earliest
and latest practical dates, respectively,
for planting in each specific location.
The second spring and first fall plant-
ing dates generally were considered to
be safe dates for successful planting.

‘Champion’, ‘Georgia’, ‘Heavi-
crop’, and ‘Vates were chosen based
on commercial recommendations
(Graham and Cook, 1984). Individual
plots were 6.1 m long with beds spaced
1.8 m apart, measured from the cen-
ters of each bed. Three rows of trans-
plants were spaced 38 cm apart on
each bed, and ≈ 20 cm separated each
plant within the rows. A Latin square
design with four replications was used.
Standard commercial production
practices for each location were based
on local extension recommendations.
Collards were harvested when plants
produced at least 18 to 20 leaves. Total
marketable weight and number of
plants were recorded in each plot. Data
were analyzed by analysis of variance;
means were separated with least sig-
nificant difference at P = 0.05 if the F
test was significant.

Generally, the cultivars yielded
similarly, and no planting date or cul-
tivar was consistently superior to any
other. Yields, averaged over all culitvars,
planting dates, and years, were great-
est in the more northern locations in
the southern Appalachian Mountains,
tidewater coastal plains, and the upper
Piedmont and lowest in the central

Fig. 1. Locations of collard adaptation
research in the southeastern United States.
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Fig. 2. Sequence of collard planting and harvesting in seven southeastern locations within the
United States based on 1985-87 production studies using selected planting dates.

coastal plains and lower coastal plains
(Table 1). Temperatures in the more
northern regions tended to be warmer
during the growing season than the
southern regions (Table 2). Since the
planting dates in the southern regions
were earlier than the northern regions,
collards were generally exposed to
cooler temperatures during the grow-
ing seasons. In previous work, Dufault
et al. (1989) reported that higher mean,
minimum, and maximum air tempera-
tures in the more northern regions
during 1985 to 1987 may have in-
creased growth rates and biomass pro-
duction. The optimal temperature for
collards was estimated by Lorenz and
Maynard (1988) to be from 15.5 to
18.3C. Dufault et al. (1989) suggested
a formula for calculating heat unit
summations for collards using 13.4C
as the base temperature [rather than a
4.4C base, considered the minimum
temperature for growth (Lorenz and
Maynard, 1988)] and a maximum
temperature of 23.9C. Therefore, they
concluded that collards require higher
rather than lower temperatures for
optimal growth during the growing
season.

Although yields were’ higher in
some of the northern regions com-
pared to more southern regions of the
southeastern United States, collards
can be produced in one of the regions
during most of the year. Figure 2
illustrates the range of dates for plant-
ing and harvest.

Spring harvests in one of the seven
locations occurred continuously over
an 11 -week period from mid-April to
early July (Fig. 2). Harvests began in
the lower coastal areas, moved into the
central coastal plains, and terminated
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in the upland and mountain regions.
Planting of collards in spring began as
early as February in the lower coastal
plain and the lower southwestern
coastal plain and terminated in the
southern Appalachian Mountains as
late as mid-May. The earliest spring
harvests began in the lower coastal

plain in mid-April to late May. Al-
though only two spring planting dates
were screened each year in each re-
gion, it is probable that planting dates
after the last spring date and before fall
dates would extend the span of har-
vests even more.

The planting of fall collards be-
gan as early as mid- July to early August
in the southern Appalachian Moun-
tains and the tidewater coastal plain,
respectively (Fig. 2). The latest
plantings were made in the central
western coastal plain (late September
to late October) and lower south-
western coastal plain (early October to
late November). Collectively, fall
harvest in the region lasted ≈ 5.5
months. Harvest began in mid-August
in the mountains, the uplands, and
northern locations and ended in late
January in the central and southern
coastal locations. Since only one fall
planting occurred in the central upper
coastal plain (Clemson location), pre-
diction of the length of harvest is not
possible.

Table 1. Production of collards in seven locations in the southeastern United States from 1985 to
1987.

Table 2. Mean air temperatures at seven locations in North Carolina, South Carolina, and
Georgia for the 1985 to 1987growing  seasons.z
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The length of collard production
in the southeastern regions tested was
limited because of the planting dates
selected. Collards were not produced
for ≈ 11 weeks from late winter to early
spring and for 6 weeks in the summer.
Further work is needed to determine if
earlier and later planting dates would
extend the production season to fill in
those gaps.

This study demonstrated that the
wide range of environmental condi-
tions present in Georgia and the Caro-
linas allows production of collards
during most of the year. Thus, if coop-
erative marketing can be developed to
“hold” the markets longer, the south-
eastern production location could be
shifted throughout many regions. This
research indicates that, if growers and
buyers from the southeastern United
States cooperate, pool resources, and
develop regional plantings, their posi-
tion in the collard market could be
strengthened.
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A Nondestructive
Image Analysis
Technique for
Estimating

Area

1 and
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Additional index words. video imagery,
microdensitometry, silhouette area

Summary. The development of a
rapid, accurate, yet nondestructive
technique for expressing whole-tree
leaf area would be extremely useful in
studying various growth phenomena
in trees. The objective of this research
was to evaluate the accuracy of an
image analysis process adapted for
estimating the leaf surface area of four

ana
a L.

s
arsh.). Video images
of photographs taken of each tree
canopy were quantified by au image
analyzer into unitless surface area
values or silhouette areas. The
relationship between estimated leaf
area as calculated from silhouette area
and actual leaf area of these trees as
determined by a leaf area meter was
highly correlated. Use of this tech-
nique would enable a researcher,
simply from serial photographs of the
canopy, to retroactively estimate leaf
or canopy area at crucial interim
periods.

T he study of various growth
ex-
change processes in trees often

requires repeated estimations of leaf
area over time. No one method pres-
ently offers the researcher a quick,
nondestructive, and yet accurate pro-
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cess for quantifying leaf area at interim
periods of growth during the course of
an experiment.

Current nondestructive methods
for determining leaf areas of woody
plants are few and include: defining a
mathematical relationship between the
ae
;
oliar
area estimated by regression with
sapwood cross-sectional area (Rogers
l.,
1982); correlating shoot leaf area with
d Lakso,
f plant
shoots obtained through water dis-
placement with either fresh plant

1983) or planimetrically traced needle

these methods require tedious cali-
bration for individual leaves, cultivars,
or canopy types; can still require
knowing the total number of leaves on
a tree; or are applicable only to certain
species or a specific size of plant mate-
rial. Importantly, these methods offer
only an indirect estimation of canopy
size.

New and more promising proce-
dures involve various image analysis
systems that have been used to estimate
a range of plant indices other than leaf
area. Plant size, as documented pho-

with both fresh and dry weight of
et
e on
hemispherical photographs of apple
tree spur shoots was correlated with
levels of photosynthetically active ra-
).
An attempt has been made to relate
geometric volume of apple trees repre-
senting six distinct canopy forms to
calculations derived from photographs
nd
 was
correlated with percent shade as de-
termined by a pyranometer for five

d to de-
termine meaningful differences in
winter crown density for three other
er,
1986).

In all of the above studies, the
images were analyzed using computer-
controlled scanning microdensitom-
eters, which enable the user to digitize
the photographic image into isolated
moments or pixels. While this system
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