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A heat unit model developed in a previous study was compared (o the

standard method (average number of days to harvest) for ability to predict harvest
date in cucumber (Cuctmis sativies L.). Processing and fresh-market cucumbers were
evaluated in 3 years (1984 through 1986), three seasons (spring, summer, and fall),
and three North Carolina locations. The model predieted harvest date significantly
better than the standard method for processing, but not for fresh-market cucumbers,

Cucumbers are widely grown in the United
States for processing (pickling) and fresh-
market use. The crop is usually harvested by
hand six or more times. Some of the process-
ing crop is harvested once-ower by machine.
The trend is fo harvest fewer times, because
new cultivars provide a more concentrated
fruit set, and harvest costs are becoming a
larger part of production costs. Prior predic-
tion of harvest dale is important to ensure
that fruits are picked at the optimum stage
of development. As more production is han-
dled by machine harvest, scheduling of har-
vest dates will become more eritical,

The standard method for scheduling cu-
cumber harvest date is to use number of days
from planting 1o first harvest based on pre-
vious years of production. In areas where
more than ong crop can be grown each vear,
the estimate must be adjusted according 1o
whether the crop is planted in the spring,
summer, or fall.

In a previous study, which included an
extensive review of the heat unit literature,
14 methods to determing heal unil reguire-
ments for cucumber harvest were compared
(Perry et al., 1986). The best method, here-
after referred 1o as “redeced ceiling,™ was
to sum, over days from planting 1o harvest,
the difference between the daily maximum
and a base lemperature of 15.5C, but, if the
maximum exceeded 32C, it was replaced by
32C minus the difference between the max-
imum and 32C, before subtracting the base.
Data for the suwdly in which the model was
developed were taken from two growing sea-
sons (spring and summer) over 5 years (1980
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through 1984} al the Horticultural Crops Re-
search Station near Clinton, N.C. (35°1'N,
TE1T'W, 48-m elevation),

The objectives of this study wers to com-
pare the ability of the redueed ceiling method
and the standard method to predict harvest
dale of processing and fresh-market cocum-
bers during 3 years (1984 through 1986) and
three seasons (spring, summer, fall) a1 Clin-
ton, Clavton, and Castle Hayne, N.C, The
site in Clayton was the Central Crops Re-
sgarch Station (35739'N, TE30'W, 101 m
elevation) and in Castle Favne it was the
Horticultural Crops Research Station
PN, TTEF'W, 12-m elevation). The
Clinton and Castle Hayne stations are lo-
cated in the Southern Coastal Plain (Climate
Zome 6 of North Caroling). Clayveon is in Cli-
male Lone 7, the Central Coastal Plain,

Fxperimental methods, Plots were hand
seeded on raised beds in single rows 1.5 m
apart and 6 m long, Plots were thinned o
=70,0000 and 50,000 plants’ha for process-
ing and fresh-market cucumbers, respec-
tively., Observed harvest date was determined
as that time when the crop averaged 10%
oversized froits (diameter > 51 mm for
processing and > 60 mm for fresh-market
cucuembers).

Cultivars and hreeding lines used were cho-
sen lo represent the range of varability avail-
ahle for vield and earliness (Table 1), Standard
cultural practices were used for all crops. The
soil was treated the October before planting
with the nematicide 1,2-dichloropropanc, 1,3-
dichloropropene (dichloropropene) at 93 li-
ters-ha=*, Fertilizer (9ON-20P-T4K, kg-ha-t)
was broadeast in the spring before bed for-
mation. At that time, tank-mixed O O-his{]-
methylethyl)-5-[2-[(phenylsulfonyl lami-
nojethyl |phosphorodithioale] (bensulide) and
2-[{ L-naphthalenylamine)carbonyl [benzoic  acid
(maptalam) were incorporated at rates of 9.9
and 4.5 kg-ha -1, respectively, to controf weeds.
Post-plant fertilizer consisted of a sidedress ap-
plication of 34 kg N/ha. [rrigation was applied
using overhead sprinklers as needed 10 sup-
plement natural rainfall so that sach field re-
ceived a total of =25 10 38 mm of waler cach
wirek.

Model testing. The average hest unit sum-

Table 1. Cultivars pnd breeding lines of process-
ing and fresh-market cogumbers psed during 3
veirs o test the heat unit and standard methed
of harvest prodiction.

1984 and 1985 1986
Provessing Fresl-marker Provessing
Addis Aodai-Nazare  Addis
Calypsn Ashley Calypso
Carolina Castlehy 25306  Carolini
Casllepik Conlgreen Castlepik
Chipper Cypress Chipper
Commaznder DDasher 1 Clinton
Farlipik 14 Ciemini 7 Colet
v 144 Cruardian Earlipik 14
Cnomite Gy 37u Fremaont
Lucky Strike High Murk 11 Gy 3
M 21 Murketer Gy 144
Mutional Markeimore 70 Little John

Pickling
Panorama Markelmorz M 21

80OF

Pennant Monarch Marbel
Pikmaster Pacer Pioneer
Repal Palomar Repul
Score Poinsctt 76 Sumiter
SMR 58 Slice Mor Wautoma
Spear It Sprint 420 5§  Wis. SMRIS
Sumicr Sprint 440 [T W[ 19836
Tamor Straight 8 Wl 2757
Tempo Verino WI 50048
Table 2, Awverage heat unit summation and days

from planting 1o cnce-over harvest in five sea-
sons of cucumber prodoction (1980-84) at Clin-
ton, MN.C.!

Heat unit

Clcumber Dravs 1o harvest summation
typc Mean Low High F  *C
Processing 4B 4 54 1125 a07
Fresh-market 58 0 64 1373 743

“Heat units calculated vsing the reduced ceiling
method.

Table 3. Mean, standard deviation, minimum znd
maximam of predicied days from planting o
harvest minus actual days for the heat onit and
stundurd methods of prediclion for processing
and fresh-market cucumbers,

Processing Frash-marker

Method  Mean so Min Max Mean so Min Max
Meat unit —0.5 34 -6 +6 3.1 6.7 -3 +18

Standard 1.2 5.3 -9 410 2.3 5.6 -6 +12
i M5

“*H5%ipnificant at P o= 001 or nomsignifican,
respeciively.

mation for the reduced ceiling method and days
from planting to harvest for the two cucumber
tvpes arc presented in Table 2, These averpes
were obtained from the previous study (Peery
et al,, 1986), Data from Clinton (1984) were
used in developing the model, so they were
removed fram this test. Data from 1986 were
only #vailable for processing cucumbers from
Clinton, and the Fall 1984 crop al Castle Havne
was destroyved by o hurricane,

Temperature data were collected at the three
lecations by sutomatic recording stalions using
shielded thermistors located 1.5 m above

ans



Table 4. Analysis of variznce table for predicted days 1o harvest minus observed days for processing
cucumbers.

Source of Mecan F Prabahility of

varition df Sejurare vilue a larger F

Year Z T79.08 LIb, G (1.0334

Scason B k4a 4.07 0.1398
Efror 2 3 7.45

Liocation 2 39,12 39:12 0.1123

Loecation = seazon 4 17.67 17.67 0.1763
Error b 1 1.0

Meihod 1 32.82 57.43 000071

Method # location 2 7.15 12.51 0004

Method » scason 2 5351 93.73 0.0001

Method ® localion = season 4 1.23 2.15 0.1773
Error © 7 .57

Table 5.  Differences (avecoge over vear and seasons) between model-predicted and abserved harvest

dates psing actual observations throughout model un (Actual) and 20 davs post-planting plus his-

torical data (Historical).

Processing Fresh-markel
Lecation Actunl Historical Diffcrence Actual Historical Difference
Clinton 1.8 3.8 1,0~ 7.3 11.7 4.4¢
Clayton 29 2.7 0.0 3.3 3.2 — 0,178
Castle Hoyne 1.8 2.2 0.aME A6 4.8 1.2

finsufficient data for statistical analysis.
HENonsignificant.

ground. The model was run using two data
sets. The first data set was comprised of ob-
served air temperatures for 30 days post-
planting and then historical data (1951 through
1980 averages) for the remainder of the sea-
son. The ratienale behind choosing the 30-
day period was that a predictor should pro-
vide the grower with adequate lead time 10
be useful in making decisions, e.pg., labor
management, field replanting, and equip-
ment allocation. The sccond data set was
comprised entirely of observed air tempera-
tres. Each of these data sets was used sep-
aralely in the heat unit model until the
summation equaled or exceeded the average
values in Table 2.

An analysis of variance was carried oul 1o
determine if a significamt difference existed
between the ability of the model and the
standard methed to predict harvest, The pa-
rameter analyzed was the number of days
predicied by the heat unit model minus the
observed number and the number predicted
by the standard method minus the observed
number. A split-=split plot design was vsed
with the season as the main plot, location zs
subplal, and method of prediction (heal unil
model, standard method) a5 sub-sub plat,

The two metheds of predicting harvest were
significantly different for processing, but not
for fresh-market cucumbers (Table 3). For
processing cucumbers, the heat unit model
was better than the standard method of
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caunting days, since ils mean was closer o
zero (e, closer 10 the observed) and its
standard deviation was smaller. However,
significanl main effects also resulted from
year, indicating thal it would be difficult o
apply the heat unit model 1o widely varying
covironments (Table 4). Significant inter-
actions also exisied between method and
season, and method and location, ie., the
differences in the two methods of prediction
are not the same over all seasons or at each
location. Howewver, for a given location and
seasan, a processing cucumber grower could
find the hecat unit model 2 betler prediclor.

Originally, we sssumed a decrease in ac-
coracy was introduced in the heat unit mode]
by using 30 days post-plamting data followed
by historical data 1o run the model, We felt
an assessment of the medel using only sctual
observations compared to the 30 days post-
planting plus historical data would demon-
slrate how much accuracy was lost due (o
weather variabilily in the late stage of crop
development. [t would also show how much
could be gained by an accurate 2- 1o d-week
forecast.

However, it was necessary o delermine
whether the actual ohserved temperatures did
indeed deviste from the historical normals
for the period after 30 days post-planting,.
Historical summaries of climale dala are
available for North Carolina (ULS. Depart-
ment of Commerce, 19801986}, Each vear,

spring planting was in late April, summer
planting in mid-July, and fall planting in early
August, Therefore, after using 30 days of
tclual observations, the historical data were
substiteted in June for spring crops, mid-
August into September for summer crops,
and the last 3 weeks in September and first
2 weeks of October for the fresh-market crops
of fall.

We found that the actual observations did
deviate from the norms (data not presented),
causing us Lo expect accuracy to increase by
using only actual observations. However, no
significant differcnces between using only
actual observations and substituting histori-
cal data after the first 30 davs (Table 5} were
found for processing or fresh-market cucum-
bers at any location. Therefore, the model is
either flawed or, possibly, the crop devel-
apment response (o temperature decreases as
it matures (i.e., temperature has less effect
an the rate of crop development during the
period in which historical data are used). The
latter hypothesis suggests that an earlier stage
of development (e.g., flowering) may be
batter predicted by heat unit summation, but
after this stage has been achieved, counting
days appears 10 be just as pood.

Any attempt to explain the entire devel-
opmental and maturing process of 4 crap by
merely using a lemperalure model is an over-
simplification. Still, these results do show
that heat unit modeling has potemtial for op-
erational applications, although more work
is needed.

Air temperature i5 a good indicator of crop
temperature, but other environmental char-
acteristics also imfleence crop lemperature.
Atmospheric moisture and its effect on ra-
dinstion, and wind speed can cause varving
differences between air and planl lempera-
ture, Therefore, one way o improve the model
would be to incorporate such values directly
into the mode] {which would make it expen-
sive and difficult for a grower to use oper-
ationally). An aliernative would be to develop
an adjusiment approach, e.g., on clowdy and!
or windy days, it would use air temperature
as measured; on sunny days, a predeler-
mined number of degrees would be added 10
the measured air temperature; and on clear,
calm nights, a predetermined number of de-
grecs would be sublracted from the measuresd
air temperature.
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