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SUMMARY. In the southwestern U.S.
growing region, which includes
southern New Mexico, west Texas,
and southeastern Arizona, mechanical
harvest of chile peppers (Capsicum
annuum) is increasing because of the
high cost of hand labor. Mechanical
harvesters have been developed, but
there is limited information on the
performance of chile cultivars when
machine harvested. Four red chile
pepper cultivars (New Mexico 6-4,
Sonora, B-18, and B-58) were grown
in a farmer’s field near Las Cruces,
N.M., and harvested in October 2000
using a double-helix-type harvester.
Ethephon was applied 3 weeks before
harvest at 1.5 pt/acre (1.75 L·ha–1 ) to
promote uniform ripening. Ethephon
caused fruit of ‘B-18’ and ‘B-58’ to
drop before harvest, thereby affecting
yield results. Treatment with ethyl-
ene-releasing compounds is not
recommended for these cultivars.
‘Sonora’ and ‘New Mexico 6-4’

PGRs successfully inhibited stem
elongation of the three Hibiscus spp.
This information, combined with pre-
viously identified impacts of photope-
riod and temperature on floral initia-
tion of H. radiatus and H. trionum
(Warner and Erwin, 2001) provide a
basis for developing production sched-
ules for these species. Further work is
needed to understand floral inductive
requirements of H. coccineus.
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machine harvested chile, and on best
management practices for producing
chile intended for machine harvest.

Experimental pepper harvesters
were first developed in the 1970s, and
included a picking head, and collect-
ing, cleaning, and fruit transporting
components. A chile pepper harvester
built by Ernest Riggs, of Las Cruces,
N.M., for Cal-Compack Foods, was in
use during 1976 (Gentry et al., 1978).
Many different picking mechanisms
have been tested, including spring-
tines (Gentry et al., 1978), rubber
finger rakes (Lenker and Nascimento,
1982), open double-helixes, and forced
balanced shakers with stem cutting
heads (Marshall, 1986; Wolf and Alper,
1984). Marshall and Boese (1998)
reported that 230 machines have been
built worldwide, with 30 different pep-
per removal concepts, harvesting at
least 20 different types of peppers.

The different picking mechanisms
all work fairly well, depending on crop
condition and machine adjustments.
Equipment is being improved to re-
duce the number of fruit dropped on
the ground during harvest. Recovery
rates of marketable fruit are reported
to range between 70% to 90% of full
yield potential, with losses attributed
to dropped and damaged fruit (Lenker
and Nascimento, 1982; Marshall,
1986; Wolf and Alper, 1984). Re-
moval of leaves, stems, trash, and un-
desirable fruit from machine-picked
product remains the greatest obstacle
to buyer acceptance of mechanically
harvested crops. Cleaning components
may include air grading (Marshall et
al., 1990), counter-rotating rollers and
star wheels (Wolf and Alper, 1984),
reflexed rubber-finger shakers (Lenker
and Nascimento, 1982), combing belts
(Marshall, 1984a) and conveyor belts
for hand sorting (Gentry et al., 1978).
Improved destemming equipment also
will advance mechanical harvest, as
many pepper types require hand
destemming during the picking opera-
tion (Marshall and Boese, 1998).

Plant growth habit has a signifi-
cant influence on machine harvest ef-
ficiency. Higher planting densities that
result in taller plants, with narrow
branch angles improve harvest. Higher
planting density can reduce yield per
plant, but increase yield per acre
(Cavero et al., 2001; Lenker and
Nascimento, 1982; Marshall, 1984a,
1984b, 1997). Also, weed-free fields
and well rooted plants are important

for machine harvest efficiency (Wolf
and Alper, 1984). Direct-seeded plants
have fewer branches and less lodging
and uprooting than transplants
(Cooksey et al., 1994a), and hilling
soil around the base of plants during
weed cultivation reduces uprooting
during machine harvest (Boese and
Marshall, 1998; Marshall, 1984b;
McCullough et al., 1995).

Several cultivar characteristics
improve machine harvest of chile, in-
cluding an upright plant habit with
narrow branch angles, and a dispersed
fruit set placed higher on the plant
(Marshall, 1984b, 1997; Wolf and
Alper, 1984). A small number of basal
branches near the soil surface reduces
branch breakage during mechanical
harvest (Palevitch and Levy, 1984),
and cultivars that have larger stem
diameters are less susceptible to lodg-
ing (Kahn, 1985). Fruit diameter and
pedicel diameter are correlated posi-
tively with fruit detachment force
(Setiamihardja and Knavel, 1990).
Long, narrow, pendant fruit with small
pedicel scars detach easily from the
plant during machine harvest.

We determined the yield, harvest
efficiency, and fruit quality of four red
chile cultivars following machine har-
vest in southern New Mexico. The
four cultivars are commonly grown in
the southwestern U.S. and dehydrated
for paprika or mild red chile powder.

Materials and methods
During the 2000 season, a large-

scale on-farm trial was conducted. Plots
were seeded 4 Apr. 2000 with 5 lb/
acre (5.6 kg·ha–1) seed in a single line
on 40-inch (101.6-cm) center-to-cen-
ter beds in a grower’s field near Las
Cruces, N.M. Four cultivars of chile
peppers (‘New Mexico 6-4’, ‘B-18’,
‘B-58’ and ‘Sonora’) were planted in
12-row plots in a randomized com-
plete block design with four blocks.
Plots varied from 924 to 1320 ft long
(0.85 to 1.21 acres/plot) [281.6 to
402.3 m long (0.344 to 0.490 ha/
plot)], and the entire experimental
field was about 16 acres (6.5 ha). Ac-
tual acreage for each plot was obtained
through a global positioning system
(GPS). The field was plowed, disced,
listed, and laser leveled before plant-
ing. At planting, carbofuran insecti-
cide [Furadan 4F (FMC Corp., Phila-
delphia, Pa.) at 1 qt/acre (2.3 L·ha–1)]
and metalaxyl fungicide [Ridomil Gold
(Syngenta, Greensboro, N.C.) at 2 fl

dropped much less fruit than ‘B-18’
and ‘B-58’ after the ethephon
treatment. Dry weight marketable
yield ranged from 1419 to 2589 lb/
acre (1590.5 to 2901.8 kg·ha–1), and
total yield potential (discounting
dropped fruit) ranged from about
2500 to 3100 lb/acre (2802.1 to
3474.6 kg·ha–1), depending on
cultivar. Harvest efficiencies of 73% to
83% were observed among the
cultivars. Trash content of the
harvested chile varied from 25% to
42% of dry weight. Trash was pre-
dominantly diseased and off-color
fruit, leaves, and small stems. Trash
content was highest for ‘Sonora’.
‘New Mexico 6-4’ had the greatest
marketable yield and harvest efficiency
among the cultivars evaluated in this
study.

Chile peppers are a major
crop in the southwestern
U.S., which includes south-

ern New Mexico, western Texas, and
southeastern Arizona. Fabian Garcia
developed the modern chile pepper at
New Mexico State University (Garcia,
1921). New Mexico is the U.S. center
for chile processing, with about 19,000
acres (7689 ha) of chile grown in New
Mexico during 2000 (New Mexico
Agricultural Statistics Service, 2000).
Several types of chile peppers are grown
regionally, including long green chile
for fresh market and canning, and dried
red chile for pungent powder, paprika,
and oleoresin. Jalapeño and cayenne
peppers also are major crops in this
region.

Chile imports into the U.S. have
increased dramatically, since the imple-
mentation of the North American Free
Trade Agreement, the devaluation of
the Mexican peso, and the increase in
the U.S. minimum wage (Eastman et
al., 1997). Mechanical harvest will be
necessary for sustainable production
of chile peppers in the southwest U.S.
growing region because of the high
cost of hand harvest. Labor costs ac-
count for about 50% of the total pro-
duction costs when hand harvest is
used, but decrease to less than 10% of
production costs with machine harvest
(Eastman et al., 1997). Presently there
are innovative growers, custom har-
vesters, and equipment manufacturers
developing machines to harvest chile
with promising results. However, there
is limited information on agronomic
performance of chile cultivars for ma-
chine harvest, on yields and quality of
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oz/acre (146 mL·ha–1)] treatments
were applied in the seedbed. The field
was furrow irrigated, and crop man-
agement followed standard grower
practices as recommended by Bosland
et al. (1994). Fertilizer [nitrogen at
150 lb/acre (168.1 kg·ha–1) and phos-
phorus at 100 lb/acre (112.1 kg·ha–1)]
was broadcast preplant as ammonium
phosphate and in the irrigation water
as urea and ammonium nitrate. Irriga-
tions were scheduled biweekly until
June, and then weekly until Septem-
ber. Weeds were managed with culti-
vation and hoeing.

Standard red chile and paprika
cultivars were chosen, and represented
different plant habit and fruit set pat-
terns. ‘New Mexico 6-4’ is determi-
nate, with a concentrated fruit set of
moderately pungent fruit. ‘Sonora’ is
semideterminate, with a concentrated
set of mild fruit. ‘B-18’ and ‘B-58’ are
indeterminate, with dispersed sets of
mild (‘B-18’) or nonpungent fruit (‘B-
58’). Plots were thinned in late April to
a final plant spacing of 5.6 to 6.0
inches (14.22 to 15.24 cm) between
plants [26,000 to 28,000 plants/acre
(64,245 to 69,187 plants/ha)].

A ripening and defoliating treat-
ment of 1.5 pt/acre ethephon plus 8
lb/acre (9.0 kg·ha–1) sodium chloride
was applied 18 d before harvest (28
Sept.), immediately after plant archi-
tecture measurements were made, and
before the transect and fruit detach-
ment data were collected. On 26 Sept.,
20 plants were randomly sampled from
each cultivar per block, for a total of 80
plants per cultivar. Plant heights were
obtained in the field by measuring
from the soil level to the top of the
plant. The plants were then clipped at
soil level, placed in plastic bags, and
transported immediately to the labo-
ratory, where all fruit were removed
from the plants. The total number of
red fruit and green fruit was recorded.
The length of the main stem was mea-
sured from the soil line to the major
stem branch position, and the diam-
eter of the main stem was measured
0.4 inch (1 cm) above the soil line. The
number of basal lateral branches within
3.9 inches (10 cm) of the soil line was
counted, the height to the bottom
fruit set was recorded, and the angle of
the first major stem branch was mea-
sured. Three red fruit were randomly
selected from each plant (240 fruit per
cultivar), and the length and diameter
of the pedicel and the fruit were mea-

sured. Pedicel length was measured
from the top of the pedicel to the top
of the calyx, and pedicel diameter was
measured at the top of the pedicel
where it detached from the plant. Fruit
length was measured from calyx to
fruit tip, and fruit width was measured
at the widest point.

Several days before harvest (12 to
13 Oct.), 15 sampling locations were
randomly selected in each plot, for a
total of 60 locations per cultivar.
Transects [40 × 60 inches (101.6 ×
152.4 cm)] were placed over the row
at these locations. All of the red fruit
on the ground and the green and red
fruit on the plants within the transect
were counted. Fruit on the ground
were removed from the sampling loca-
tion at this time, and the location was
marked for future identification. The
day before harvest, fruit detachment
force was measured using a digital
force gauge (model DFG51; Omega
Engineering, Inc., Stamford, Conn.).
Measurements were obtained in the
peak tension mode, so that the highest
force attained when pulling fruit from
the plant was recorded. Fully mature
fruit were detached from 20 randomly
selected plants for each cultivar per
block. Three fruit were detached, from
the top, middle, and bottom of each
plant (three fruit per plant; 240 total
fruit per cultivar).

A mechanical harvester (Peter
Piper Pepper; McClendon Pepper Co.,
Tulia, Texas) was used in the trial. The
machine is a self-propelled, open
double-helix model, four row har-
vester, with a self-contained collection
basket. The Biad Chili Co. (Leasburg,
N.M.) received and dehydrated the
harvested material. The processor tared
harvest bins, and obtained the wet
weight of harvested chile, the wet
weight of culled chile, and the dry
weight of marketable chile for each
cultivar per block.

The crop was harvested on 17 to
19 Oct., before the first freeze. The
machine operated at a speed of 1 mile/
h (1.6 km·h–1) during this test. As the
machine harvested each 12-row plot,
six samples of harvested material were
obtained directly from the collection
basket. Six 5-gal (18.9-L) buckets were
used to collect this material. These
samples were individually bagged and
weighed. Twenty red fruit were ran-
domly sampled to determine dry mat-
ter content and extractable color using
method 20.1 of the American Spice

Trade Assoc. (ASTA, 1985). Material
sampled from each plot was dried at
130 °F (54.4 °C), and then sorted into
categories to describe the quality of
the machine harvested chile. The qual-
ity data were expressed as the percent-
age of the total dry weight of the
harvested material. The categories in-
cluded 1) marketable red fruit, 2) dis-
eased and discolored fruit, 3) green
fruit, 4) small trash and leaves, and 5)
stems and branches. Fruit classified as
marketable were red and defect-free,
although fruit classified as diseased or
discolored sometimes are not removed
as culls by the processors.

The contents of the machine’s
collection hopper was dumped into
preweighed bins, keeping material from
each plot separate. Total wet weights
were obtained at the chile processing
plant. Harvested material for each cul-
tivar per block was processed sepa-
rately to obtain net dry weights for
each plot. The processor also weighed
the culled fruit and trash from each
plot.

Immediately after harvest, the
same transect areas sampled before
harvest were located to determine the
amount of marketable chile left in the
field after machine harvest. All of the
red fruit left on the plant and on the
ground were gathered from the transect
areas, counted, and bagged separately.
Fresh and dry weights were obtained
for these samples. The total number of
plants, and the number of lodged or
uprooted plants within the transect
area were counted at this time.

Results and discussion
CULTIVAR DIFFERENCES. In late Sep-

tember, ‘B-18’ plants were taller and
had a larger main stem diameter as
compared to the other cultivars (Table
1). Also, the height to the primary fruit
set was greatest for ‘B-18’ and ‘B-58’.
‘Sonora’ plants had the widest branch
angle and ‘New Mexico 6-4’ had the
most narrow branch angle. Wide
branch angles have been associated
with branch breakage during harvest,
whereas narrow branch angles may
facilitate machine harvest with less
branch breakage (Marshall, 1984b;
Wolf and Alper, 1984). All cultivars
had a low number of basal branches,
especially ‘New Mexico 6-4’ and
‘Sonora’ (Table 1). Dry matter con-
tent of marketable red fruit was not
significantly different among cultivars,
and ranged from 25% for ‘Sonora’ to
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33% for ‘B-18’(data not presented).
Before ethephon application and har-
vest, ‘B-58’ and ‘B-18’ had the highest
number of red and green fruit per
plant, followed by ‘New Mexico 6-4’
and ‘Sonora’ (Table 2). The longest
fruit [7.5 inches (19.10 cm)] were
produced on ‘Sonora’ plants. Correla-
tions between plant habit and harvest
efficiency could not be determined
accurately in this study, because
preharvest fruit drop reduced yields, as
discussed below.

PREHARVEST FRUIT DROP. After ethe-
phon application, a large number of red
fruit dropped, contributing to yield losses
of 1408 lb/acre (1578.1 kg·ha–1) and
1234 lb/acre (1383.1 kg·ha–1) for ‘B-
58’ and ‘B-18’, respectively (Table 3).

‘New Mexico 6-4’ dropped 463 lb/
acre (518.9 kg·ha–1), and ‘Sonora’, a
late maturing cultivar with large fruit
and high stem detachment force (Table
2), had the lowest fruit drop after the
ethephon treatment (Table 3).

Fruit detachment forces at har-
vest were 0.29 and 0.33 kg [2.844 and
3.236 N (0.639 and 0.728 lb force)]
for ‘B-58’ and ‘B-18’, respectively,
illustrating the negative effect that ethe-
phon had on loosening of fruit stems
of these cultivars (Table 2). ‘B-18’ and
‘B-58’ plants had smaller, narrower
fruit on shorter pedicels, and lower
fruit detachment forces, than ‘New
Mexico 6-4’ and ‘Sonora’ (Table 2).
Fruit detachment force has been posi-
tively correlated with pedicel length

and diameter, and fruit length and
diameter in other studies
(Setiamihardja and Knavel, 1990).
Pedicel diameter was not related to
fruit detachment force in the present
study. ‘New Mexico 6-4’ had an inter-
mediate detachment force [0.93 kg
(9.120 N or 2.050 lb force)], and the
greatest harvest efficiency (83.2%)
(Table 3). Marshall (1984b) has sug-
gested that a moderate fruit detach-
ment force is most desirable for me-
chanical harvest of paprika.

LODGING AND UPROOTING. Before
harvest, no differences were found
among cultivars for the number of
lodged plants. Lodging ranged from
1908 plants/acre (4715 plants/ha) for
‘New Mexico 6-4’ to 2875 plants/acre

Table 3. Dry weight of preharvest fruit dropped following ethephon application, postharvest fruit left in the field after
mechanical harvest, and final marketable yield of mechanically harvested chile peppers received by processor.

Preharvest Postharvest Postharvest Postharvest Marketable Harvest
fruit dropz fruit dropy fruit on plantsx yield lossw dry yieldv efficiencyu

Cultivar (lb/acre) (lb/acre) (lb/acre) (lb/acre) (lb/acre) (%)

B18 1233.6 592.3 78.2 670.5 1820.2 73.1
B58 1407.8 426.9 61.9 488.8 1418.6 74.4
NM 6-4 462.8 391.1 131.2 522.3 2588.5 83.2
Sonora 92.0 263.0 162.5 425.5 2078.5 83.0
LSDt 276.6 183.0 51.5 234.5 474.9
zDry weight of marketable red fruit dropped on the ground after ethephon application, but before harvest. Values are means of 60 sampling locations; 1.0 lb/acre = 1.12 kg·ha–1.
yDry weight of marketable red fruit dropped on the ground after mechanical harvest. Values are means of 60 sampling locations.
xDry weight of marketable red fruit left on the plant after mechanical harvest. Values are means of 60 sampling locations.
wTotal marketable yield left in field (on ground and plants) after mechanical harvest. Does not include preharvest fruit drop. Values are means of 60 sampling locations.
vMarketable yield at processor. Values are means of four replications.
uCalculated from 100 × [marketable dry yield ÷ (marketable dry yield + postharvest yield loss)].
tLeast significant difference for comparing means within a column (P ≤ 0.05).

Table 2. Fruit characteristics of four cultivars of red chile peppers grown in southern New Mexico.z

Red Green Pedicel Pedicel Fruit Fruit Fruit
fruit fruit length diam length width detachment

Cultivar (no./plant) (no./plant) (inches)y (inches) (inches) (inches) (kg force)y

B18 14.1 ± 0.9 6.7 ± 0.6 1.80 ± 0.020 0.18 ± 0.004 5.76 ± 0.04 1.36 ± 0.02 0.33 ± 0.02
B58 15.2 ± 1.0 8.1 ± 1.0 1.84 ± 0.019 0.22 ± 0.003 5.52 ± 0.07 1.36 ± 0.02 0.29 ± 0.01
NM 6-4 13.0 ± 0.7 3.6 ± 0.4 2.06 ± 0.022 0.21 ± 0.004 6.20 ± 0.07 1.72 ± 0.02 0.93 ± 0.10
Sonora 9.5 ± 0.6 3.3 ± 0.3 1.93 ± 0.022 0.22 ± 0.004 7.52 ± 0.10 1.68 ± 0.02 1.30 ± 0.11
zAll parameters were measured before ethephon treatment, except for fruit detachment force. Red and green fruit numbers per plant are means of 80 plants ± SE. All remaining
values are means of 240 observations ± SE.
y1.00 inch = 2.540 cm; 1.00 kg force = 9.807 N = 0.454 lb force.

Table 1. Plant characteristics of four cultivars of red chile peppers grown in southern New Mexico.z

Main Main Ht to Primary
Plant stem stem Basal fruit branch

ht lengthy diam branches set angle
Cultivar (inches) (inches) (inches) (no.) (inches) (degrees)

B18 36.0 ± 0.64 12.6 ± 0.28 0.58 ± 0.014 1.3 ± 0.15 16.7 ± 0.37 41.8 ± 0.99
B58 30.6 ± 0.55 12.7 ± 0.34 0.54 ± 0.013 1.0 ± 0.12 16.2 ± 0.32 40.8 ± 0.96
NM 6-4 28.4 ± 0.58 9.8 ± 0.25 0.54 ± 0.011 0.2 ± 0.05 13.9 ± 0.35 37.3 ± 0.99
Sonora 29.7 ± 0.60 11.5 ± 0.29 0.55 ± 0.010 0.5 ± 0.09 15.5 ± 0.34 44.1 ± 1.02
zAll values are means of 80 observations ± SE; 1.0 inch = 2.54 cm.
yMeasured from the soil to the major stem branch position.
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(7104 plants/ha) for ‘Sonora’. During
mechanical harvest, few plants were
uprooted by the machine. The number
of uprooted plants per acre was 0, 174,
261, and 653 (0, 430, 645, and 1614
per ha) for ‘Sonora’, New Mexico 6-4’,
‘B-58’, and ‘B-18’, respectively. Means
for ‘Sonora’ and ‘B-18’ were signifi-
cantly different. Uprooting was rela-
tively low, because the crop was direct-
seeded and the soil was hilled around
the stem bases early in the season to
improve plant support.

YIELD. Dry yield of marketable red
fruit delivered to the processor was high-
est for ‘New Mexico 6-4’, followed by
‘Sonora’, ‘B-18’ and ‘B-58’ (Table 3).
Low yield for ‘B-18’ and ‘B-58’ was
caused by preharvest fruit drop after
ethephon application, which proved to
be an unadvisable treatment for these
cultivars. When the effects of ethephon
were discounted, yield loss attributed to
fruit remaining on the plant after har-
vest and dropped on the ground during
harvest was similar for all cultivars, ex-
cept that ‘B-18’ yield loss was signifi-
cantly higher than ‘Sonora’ yield loss
(Table 3).

The total marketable dry yield po-
tential, which includes preharvest fruit
drop, fruit remaining in the field after
harvest, and net yield at the processor,
was 3724, 3574, 3315, and 2596 lb/
acre (4174.0, 4005.8, 3715.6, and
2909.7 kg·ha–1) for ‘B-18’,‘New Mexico
6-4’, ‘B-58’, and ‘Sonora’, respectively.
‘Sonora’, which is usually grown at lower
planting densities [10 to 12 inches (25.4
to 30.5 cm) between plants in 36 to 40
inches (91.4 to 101.6 cm) row spac-
ing;14,500 to 16,000 plants/acre
(35,829 to 39,535 plants/ha)], had the
lowest total marketable yield potential,
presumably because ‘Sonora’ did not
set fruit well at the 26,000 to 28,000
plants/acre (64,245 to 69,187 plants/
ha) density used in this study. ‘New

Mexico 6-4’ is often grown at a 14,500
to 16,000 plants/acre (35,829 to
39,535 plants/ha) density, but also per-
formed well at the densities used in this
study. This may indicate that ‘New
Mexico 6-4’ has more adaptable plant
morphology and fruiting characteristics
than ‘Sonora’.

Harvest efficiency of these culti-
vars, when considering only the
postharvest yield loss and the market-
able dry yield at the processor, was
83.2% for ‘New Mexico 6-4’, 83% for
‘Sonora’, 74.4% for ‘B-58’, and 73% for
‘B-18’ (Table 3). In previous studies,
total fruit recovery rates averaged 75%
to 90% for red chile (Marshall, 1979)
and 70% to 90% for paprika (Wolf and
Alper, 1984) using open helix picking
units. Highest recovery rates were
achieved when field conditions and
machine adjustments were optimal (Wolf
and Alper, 1984).

QUALITY OF MACHINE HARVESTED CHILE

CULTIVARS. Samples removed from the
harvest bin as the machine moved
through the field were dried and sepa-
rated into five categories to determine
the quality of harvested material, ex-
pressed as a percentage of the total dry
weight (Table 4). ‘B-18’ and ‘B-58’ had
the lowest amount (4%) of small trash
and leaves, followed by ‘New Mexico 6-
4’ (6%) and ‘Sonora’ (8%). The percent-
age of stems and branches was similar
among cultivars and ranged from 1.2%
for ‘B-58’ to 2.3% for ‘New Mexico 6-
4’. The percentage of green fruit culls
was highest for ‘B-18’ (5%) and ‘B-58’
(3%), because a large number of red fruit
dropped to the ground after the ethep-
hon application. Overall, the machine
harvested ‘Sonora’ had the poorest qual-
ity, with 31% diseased and discolored
fruit and 58% marketable red fruit. ‘New
Mexico 6-4’ had the highest quality
harvested crop, with 16% diseased and
discolored fruit and 75% marketable red

fruit.
These data differ somewhat from

the cull data collected at the processing
plant (Table 5), where only wet weights
were measured and all diseased or dis-
colored fruit were not necessarily re-
moved before dehydration. In this case,
marketable fresh weights ranged from
90% to 93% of the total wet weight
received at the dehydration facility. This
indicates that processors may not have
adequate facilities to sort cull fruit for
those cultivars that have a high percent-
age of cull fruit after mechanical harvest.
This is further illustrated by the differ-
ence in ASTA extractable color deter-
mined by the processor on the final
marketable yield, as compared to the
ASTA color potentials that were deter-
mined on only high quality red fruit
sampled from the machine bins. At the
processor, extractable color values were
138, 124, and 100 ASTA units for ‘B-
58’, ‘B-18’, and ‘Sonora’, respectively.
‘New Mexico 6-4’ was not evaluated. In
contrast, samples from the “marketable
red fruit” category from the harvest bins
had ASTA color potentials of 224, 191,
and 218 for ‘B-58’, ‘B-18’, and ‘Sonora’,
respectively.

The processor was able to perform
remedial cleaning of trash from this
harvest and deemed the machine har-
vested crops acceptable. Significant im-
provements in trash removal during
harvest will be required to produce crop
quality similar to hand harvest, although
local growers report that when crop
conditions are ideal, machine harvested
jalapeños and red chile compare favor-
ably to the quality of hand-picked crops.
Some producers mechanically harvest
their crops until a hard freeze occurs,
when plants become brittle and trash
content increases in the machine-har-
vested material. Hand harvest is then
used to finish the late crop. Also, the
New Mexico Chile Task Force is devel-

Table 4. Quality of mechanically harvested chile peppers grown in southern New Mexico.z

Percent of total dry wt
Marketable Diseased or Culled Small trash Stems and

Cultivar red fruit discolored green fruit and leaves branches

B18 72.6 16.5 5.4 4.0 1.5
B58 70.7 21.2 3.2 3.7 1.2
NM 6-4 75.1 15.5 1.3 5.8 2.3
Sonora 57.8 30.9 1.7 7.9 1.8
LSDy 5.2 5.0 2.1 2.7 NSx

zAll values are means of 24 observations. Samples were removed directly from the harvester collection bin before the crop was processed.
yLeast significant difference for comparing means within a column (P ≤ 0.05).
xMeans within the column are not significantly different (P ≥ 0.05).

RR2 2/25/03, 10:58 AM300

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-01 via free access



301 � April–June 2003   13(2)

oping improved cleaning and sorting
equipment for field and processor op-
erations.

The experiment was harvested en-
tirely on one day, which may have con-
founded results, relative to waiting for
each cultivar to reach optimal maturity
before harvest. These cultivars were
grown under the same crop manage-
ment and plant spacing, whereas opti-
mal management and planting density
may vary for each cultivar. ‘New Mexico
6-4’ was at optimal maturity at the
time of ethephon application and har-
vest. The quality of ‘Sonora’ may have
improved if the harvest had been de-
layed by one or two weeks. ‘B-18’ and
‘B-58’ quality was good, considering
the preharvest fruit drop observed for
these cultivars. The use of ethephon to
concentrate fruit maturity, improve
harvestability, and increase marketable
yield should be determined for each
cultivar in multiple environments. Re-
ports vary on the effectiveness of ethe-
phon as a fruit ripening agent for pep-
pers, depending on cultivar, tempera-
ture, rate and maturity (Batal and
Granberry, 1982; Cantliff and
Goodwin, 1975; Cooksey et al., 1994b;
Sims et al., 1974). Premature fruit
abscission can occur at high concen-
trations of ethephon (Cantliffe and
Goodwin, 1975), although the rate
applied by the grower in the current
study was within the recommended
amounts. Kahn et al. (1997) increased
the percentage of marketable red pa-
prika fruit by applying ethephon once
to remove late flowers and green fruit.
Also, growers in arid regions typically
cease irrigation before harvest to pro-
mote fruit ripening and drying for
once-over harvest. This practice saves
energy at the dehydration plant, and

Table 5. Fresh weight of mechanically harvested chile peppers and cull material
received by processor.z

Total fresh Green fruit Small trash Net fresh
wt and branches and leaves wty

Cultivar (lb/acre) (lb/acre) (lb/acre) (lb/acre)

B18 6171 402 188 5581
B58 5564 415 151 4998
NM 6-4 9745 500 230 9015
Sonora 8781 386 258 8137
LSDx 2264 NSv 65 2118
zAll values are means of four replications. Samples were weighed by the processor before dehydration of crop. 1 lb/
acre = 1.1 kg·ha–1.
yNet marketable fruit fresh weight.
xLeast significant difference for comparing means within a column (P ≤ 0.05).
vMeans within the column are not significantly different (P ≥ 0.05).

increases fruit dry matter content and
color intensity (Palevitch et al., 1975).
For some cultivars, such as ‘B-18’ and
‘B-58’, this field dry-down may be
sufficient preparation for mechanical
harvest without the use of ethephon.

Conclusions
The marketable dry yield of ma-

chine harvested red chile cultivars was
highest for ‘New Mexico 6-4’, followed
by ‘Sonora’, ‘B-18’ and ‘B-58’. Signifi-
cant preharvest fruit drop occurred for
‘B-18’ and ‘B-58’ following ethephon
application. ‘B-18’ and ‘B-58’ generally
are favored by growers for machine
harvest, because the plants are upright
with a dispersed fruit set. Ethephon
treatment is not recommended for these
cultivars. ‘Sonora’ is not suitable for
mechanical harvest, because the plants
had high stem detachment forces even
after ethephon application. In this study,
‘New Mexico 6-4’ was at an optimal
maturity stage for harvest, and had a
desirable combination of narrow branch
angles and moderate stem detachment
force. The harvest efficiency of the four
red chile cultivars ranged from 73% to
83%, when considering only the
postharvest yield loss and the market-
able dry yield at the processor. These
results were achieved using existing va-
rieties, standard cultural practices, and
minimal cleaning equipment. The ma-
chine used in this study is an advanced
version of several earlier models. Ma-
chine performance was satisfactory and
did not appear to limit harvest effi-
ciency. The current focus of researchers
and industry groups is on improving
cleaning equipment, optimizing crop
management, and breeding cultivars for
mechanical harvest.
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SUMMARY. Eighteen cultivars of hosta
(Hosta spp.), selected to represent a
wide range of size, leaf shape and
color, and genetics, were evaluated for
reaction to Sclerotium rolfsii var.
delphinii in a greenhouse in Ames,
Iowa in 2000 and 2001. Bare-root,
single-eye plants were planted in 15.2-
cm (6-inch) pots in a soil-containing
(2000) and soilless (2001) mix and
grown in a greenhouse for 3 months.
Plants were then inoculated by
placing a carrot disk infested with
mycelium of S. rolfsii at the base of
the plant. Disease severity was
assessed weekly for 6 weeks as percent
symptomatic petioles. Disease devel-
opment varied significantly (P < 0.05)
among cultivars. Overall, ‘Lemon
Lime’, ‘Munchkin’, ‘Nakaiana’,
‘Platinum Tiara’, and ‘Tardiflora’ had
the most severe symptoms and
‘Halcyon’ showed the least disease.

Petiole rot of hosta was once
thought to be confined to
the southern U.S. Increasing

reports of petiole rot in the midwest
U.S. during the past decade, however,
have caused concern among wholesale
producers and homeowners.

Petiole rot, which has many other
common names including southern
blight, white mold, stalk rot, and crown
rot, is caused by one of two fungi
depending on location. Sclerotium
rolfsii is widespread in areas with warm
temperate winters such as the south-
ern U.S (Aycock, 1966). A closely
related fungus, Sclerotium rolfsii var.
delphinii, is tolerant of cooler tem-
peratures and is found in the northern
and midwestern U.S (Harlton et al.,
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1995). This geographic distribution
pattern has been noted through an
informal survey of plant pathologists,
but a comprehensive assessment of
disease distribution has not been done.

The taxonomic status of Sclero-
tium rolfsii var. delphinii is not fully
resolved. Although it was initially con-
sidered to be a separate species, Sclero-
tium delphinii, recent genetic studies
suggest that the fungus should be con-
sidered a subspecies, Sclerotium rolfsii
var. delphinii (Harlton et al., 1995;
Okabe et al., 1998). In another study,
Sclerotium rolfsii differed from Sclero-
tium rolfsii var. delphinii in optimal
growth temperature, host range,
colony morphology, and size of scle-
rotia (Punja and Damiani, 1996). Fur-
ther studies are needed to conclusively
determine the taxonomic designation
of this fungus (Harlton et al., 1995;
Okabe et al., 1998; Punja and Damiani,
1996). In any case, both fungi pro-
duce similar symptoms on hosta and
are managed similarly.

Sclerotium rolfsii var. delphinii
attacks the base of petioles and crown
tissue, causing yellowed, wilted, easily
detached petioles and, in severe cases,
death of entire crowns (Edmunds et
al., 2000). Bases of diseased petioles
become brown and softened. White
mycelium may occur on either the
plant tissue or the surface of the sur-
rounding soil. Sclerotia, the overwin-
tering bodies of the fungus, will be
present as numerous, 1.1- to 2-mm-
diameter (0.04- to 0.08-inch), red-
dish-brown spheres on the soil or in-
fected tissues. Sclerotia are the most
important diagnostic indicator of peti-
ole rot, and enable the fungus to sur-
vive in the soil for two or more years
(Javed and Coley-Smith, 1973). Scle-
rotia attached to the crowns are also
probably the primary means of long-
distance dissemination.

Management of petiole rot is usu-
ally directed at preventing dissemina-
tion and germination of the sclerotia.
Fungicides such as flutolanil and
pentachloronitrobenzene (PCNB) can
be used, but large volumes are typi-
cally necessary (Edmunds et al., 2000;
Punja, 1985). Cultural strategies, such
as deep burial of the sclerotia and
infected plant material and rotation to
nonhost species, are only partially ef-
fective in managing hosta petiole rot
(Punja, 1985). Information on levels
of genetic resistance among hosta cul-
tivars is almost nonexistent. Anecdotal

Department of Plant Pathology, Iowa State University,
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