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Knowledge of proper conditions for
transplant pre- and postharvest hand-
ling and shipping are not under-
stood clearly by many shippers and
growers. In fact, few studies have

dealt with improving transplant performance and
early seedling growth via new shipping and han-
dling technology. My purpose is to bring into
focus some factors that directly or indirectly affect
pre- and postharvest transplant quality, betterearly
plant growth, and higher yield.

Price and Zandstra (1988) reported that any
cessation in plant growth caused adverse crop-
ping response (i.e., seedstalk development), greater
disease susceptibility, and, potentially, reduced
yield. Thus, plant growth should never be inter-
rupted, whether the crop is grown directly from
seed or from a transplant. This is difficult in prac-
tice, especially when one considers that trans-
plants might be shipped long distances in the
United States (1800 km), and that growers may be
forced to hold the plants for 7 or more days due to
adverse environmental conditions (Orzolek, 1989;
Wood, 1988). When this happens, transplants
may survive well in the tray or even in the field, but
subsequent growth may become slow and uneven,
and may negate any beneficial reasons for trans-
plant use (Wood, 1988).

Several pre- and postharvest handling factors
have been studied to a limited extent, and have been
relatedto improved transplant quality. They include:
1) controlling plant growth (by varying seedling
tray-cell size, fertilization, irrigation, and tempera-

ture), by mechanical root or shoot pruning, or using
chemical growth retardants; 2) age of the transplant:
and 3) conditions of the storage/handling procedures
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Preharvest factors that affect
postharvest transplant quality

Transplants grown in large tray-cell sizes
generally are taller and have greater leaf area and
shoot-root dry weights than those grown in small
tray-cell sizes. Weston and Zandstra (1983,1986)
found that plants from large cells suffered almost
nO transplant shock when compared with trans-
slants grown in small cell sizes. For both peppers
and tomatoes, they found that plants from larger
cells produced larger plants and greater early
yields. Harmon et al. (1991) observed similar re-
sults with eggplant. Hall (1989) found a similar
effect for watermelon, but the effect was cultivar-
dependent, Jones et al. (1991) increased broccoli
and cauliflower earliness, but not total yields, by
using larger SpeedIing celI sizes compared to smaller
cell sizes. Transplant size obviously will have a
profound effect on shipping cost and potentially on
plant quality after shipping. Larger plants are simply
more difficult to handle and are more expensive.

Dufault (1986) examined pretransplant nu-
tritional conditioning (PNC) as a means to im-
prove tolerance to transplant shock in muskmelon.
After examining nine PNC regimes, total harvest
did not differ, but earliness and uniform maturity
were enhanced as PNC regimes increased (Le.,
increased fertilization). Dufault proposed that high
PNC level predisposed the transplant to recover
from shock, and thus resume growth more rapidly
than low PNC regimes.

Commercial transplant growers must look
continually for methods to control transplantheight.
Optimum light, temperature, fertilization, and mois-
ture increase growth rate, succulence, and sus-
ceptibility to damage. In the past, growth retar-
dants have been used to control transplant height
(Hickman et al., 1989). Orzolek (1989) suggested
that growth retardantscan be beneficial both to the
transplant producer and farmer, especially if de-
lays occur due to transportation or inclement
weather. Unfortunately, daminozide (Alar, B-Nine),
the most widely used growth retardant on veg-
etable transplants (Jaworski et al., 1970; Pisaraczyk
and Splittstoesser, 1979; Taha et al., 1980) was
removed from the market in 1990. Transplant
growers still seek control of transplant height.

Jaworski (1966) first reported the use of
clipping transplants to control plant height. Clipped
transplants had thicker stems, and it was proposed
that such transplants would survive transplanting
shock better. If clipping was done 2 days before

transplant harvest, fruit yields of tomato were re-

duced compared to clipping 14 or 17 days prior to
transplant harvest (Jaworski and Webb, 1966).
More-severe clipping of tomato seedlings (2.5 cm
or more) reduced usable fruit yields compared to
nonclipped or moderately clipped transplants (Ja-
worski et al., 1969). McCarter and Jaworski (1968:
reported that clipping could disseminate certain
major tomato disease pathogens. They showed
that Pseudomonas solanacearum was spread
readily from diseased to healthy tomato plants by
various types of clipping. They postulated that
other diseases, such as bacterial wilt, could be
disseminated readily by clipping.

Brushing is another alternative method to
control transplant growth (Latimer, 1991; Latimer
and Thomas, 1991). Although brushing is not effec-
tive on all species, several, such as tomato (Latimer
and Thomas, 1991), responded to brushing by
decreasing plant height and leaf area without a
decrease in specific leaf dry weight. The potential
danger also exists for pathogen dissemination.

Recently, Carlson (1990) outlined strategies
o control transplant height using: 1) moisture
stress (especially where watering is done only at
light); 2) nutrient stress, especially withholding
phosphorus; and 3) growing plants under high
light intensity or cooler temperatures. The first two
methods may retard subsequent plant growth in
the field, while the last method may be too expen-
sive for transplant producers. Carlson has pub-
lished widely on the use of DIF (difference between
day and night temperatures) to control plant height.
If cost-effective, this may have the least-adverse
effect on plant growth after field-planting.

Lower transplant growing temperatures have
been identified as a method to control plant height.
Wien (1990) reported that maintaining day/night
temperatures of 16 to 18C and night temperatures
of 10 to 16C, respectively, for 1 week before trans-
planting, induced catfacing in tomato. The plants
were susceptible to low temperature when embry-
onic flower initials were first forming. Lower night

temperatures (5 to 8C) may reduce the potential for
catfacing. Temperatures much lower than this can
lead to chilling injury in the tomato plant. Wien
concluded by suggesting that temperature should
not be used to control tomato transplant growth.
Dufault and Melton (1990) exposed tomato trans-
plants to 2C for 3 to 18 h for 1 to 10 days before
transplanting and found no effect on earliness,
yield, or quality of tomato fruits. Apparently, differ-
ent cultivars may react diversely to cold stress.

From the worksummarized above, any tech-
nique that retards or interrupts plant growth may
be used to control transplant height and growth in
the greenhouse. Regardless of method used, all
methods may impact postharvest quality and sub-
sequent field growth and yield negatively.

Carlson (1990) stated that “younger plants
are shorter plants. Schedule to sell plants sooner
and they will be short enough for shipping.” This
may be the best advice to reduce greenhouse
production costs, limit exposure to disease (espe-
cially viruses),and maintain actively growing trans-
plants in a form that will ship well and initiate
regrowth rapidly after planting.

Age of the transplant and its effect
on postharvest quality

Various studies have reported the effects of
transplant age on seedling and field performance



(Marr and Jirak, 1990). Transplant age affects dif-
ferent species in different ways. Earlier yields were
obtained from 7-week-old lettuce transplants pro-
duced in open peat-pot containers compared to 3-
to 6-week-old plants (Wang and Kratky, 1976).
Wurr and Fellows (1986) produced lettuce trans-
plants in tightly packed Techniculture plugs, and
found less head weight variability among 13-and
19-day-old than among 25-day-old transplants.

Transplant age from 3- to 6-week-old plants
did not affect yield of Chinese cabbage yield grown
in cylindrical polyethylene sleeves (2.5, 3.75, 5,
and 7.5 cm in diameter and 6.4 cm deep) (Kratky
et al., 1982). Container size had a profound influ-
ence on plant growth. Plants from the largest
container size matured earlier, produced heavier
heads, and yielded 25% to 31% more than plants
from the smallest containers.

Weston (1988) reported that 60-day-old
pepper transplants had greater earlier yield of large
fruit than those grown for 30, 40, or 50 days. Total
yields of all fruit sizes were unaffected by trans-
plant age. Marketable cauliflower curd yields were
unaffected by using 5- to 8-week-old transplants
grown in small cells (Wurr et al., 1986). Transplant
age did not affect cabbage yields; however, older
broccoli and cauliflower transplants produced
greater early yields in fall plantings, but not neces-
sarily in the spring plantings (Jones et al., 1991).

In one of the first reports discussing the
benefits of younger transplants for tomato produc-
tion, Nicklow and Minges (1962) observed greater
early fruit yields from 3- to 5-week-old bare-root
tomato transplants than 7- or 9-week-old trans-
plants. They recorded fruit yields of 38 t•ha-1 from
43-day-old transplants, compared to 17 t•ha-1

from 60-day-old transplants. Plant height, leaf
area, and shoot weight increased uniformly as
transplant age of containerized transplants in-
creased from 3 to 6 weeks (when one growth
measurement was taken at the time of transplant-
ing) (Weston and Zandstra, 1989). The 4- and 5-
week-old transplants had the greatest early yield,
but total yields were similar from 3-, 4-, and 5-
week-old transplants.

Leskovar et al. (1991) studied the response
of different-aged transplants of ‘Sunny’ tomato
seedling growth and yield grown under fall and
spring conditions in Florida. The plants, grown in
commercial transplant houses, were planted and
harvested in commercial producer fields. Stem
length and leaf area increased linearly with in-
creasing transplant age 1 and 2 weeks after trans-
planting in the spring. However, during the first
week of growth, 3- and 4-week-old transplants
grew significantly faster [0.107 g•g-1•day-1 rela-
tive growth rate (RGR)] than older (0.064 g•g-1•
day-1) transplants. From 2 to 3 weeks after trans-
planting, 4-week-old plants had significantly
greater plant and root RGR (0.124 g•g-1•day-1)
than g-week-old (0.078) plants. Thus, younger
transplants had a greater capacity to resume growth
after transplanting than older transplants.
During seedling culture, older (5- and 6-
week) transplants can be exposed to more water
and nutrient stresses than younger (3- and 4-
week) transplants (Leskovar et al., 1990). Early
and total fruit yields were similar from all trans-
plant ages. However, 4- and 5-week transplants
yielded more large fruit early, and 4-week trans-
plants had more total yield of large fruit than 6-
week transplants. Therefore, younger (3- and 4-
week) transplants, producing similar or higher
yields, may be more advantageous to use than
older transplants.

In the fall, 4- or 5-week-old tomato trans-
plants were taller than 2-and 3-week plants. Leaf
area at transplanting increased linearly as trans-
plant age increased from 2 to 5 weeks, but these
differencesdiminished 1 week after transplanting.
Early and total marketable fruit yields were similar
among transplant age treatments. However, 4-
week transplants produced more early and total
extra large fruit than 5-week transplants.

These studies suggested that under Florida
conditions, no improvement in fruit yields could
be expected when using the traditional 5- and 6-
week-old transplants compared to younger 4- and
5-week transplants during spring and fall, respec-
tively. This work also reiterated that young trans-
plants resume growth faster in the field, and that
they can be produced at lower costs because of a
shorter greenhouse growth cycle.

Transplant storage and handling

Initially, the southern transplant industry
was based on field-grown bare-root plants that
were pulled, tied in bundles of 50, and packed with
peat and Kraft paper around the roots. These
bundles then were packed in hampers (300 to 450
plants) or wirebound crates (600 to 800 plants).
The crates were refrigerated in truck trailers via ice
bunkers and circulating fans and then shipped to
northern areas. During transport, the peat tended
to dry out, which can lead to desiccation of the
plants.

Jaworski and Webb (1966) stored bare-root
tomato transplants rolled and bundled in peat-
moss and Kraft paper and packed in keystone-
shaped crates for 5 and 10 days at 10C after the
normal 2 to 7 days necessary for transit and
handling. Neither transplant survival nor fruit yield
was reduced after 5 days storage, but fruit yields
were reduced by 10 days of storage.

Moran et al. (1962) reported that bare-root
tomato plants shipped in perforated polyethylene-
lined crates arrived in the similar condition as the
standard pack. As the number of perforations in the
liners increased, less mold, heating, and leaf yel-
lowing occurred in the plants. After 1962, bare-
root transplants were loosely packed (1000/crate)
intocrates in the field to reduce excessive physical
damage caused by bundling.

The production of bare-root transplants in
the south for use in northern production areas
cannot always be timed for immediate delivery
from the site of production to the area of use. Many
times, weather conditions prevent immediate use
of the transplant after arrival in the north. Also,
conditions of storage during transit can greatly
affect the transplant performance after arrival. ln an
experiment with four types of bare-root trans-
plants, Risse et al. (1985) packed field-grown
plants loosely (1000/crate), densely (1250/crate),
with soil adhering to the roots (1000/crate), and
moist plants with soil adhering to the roots (1000/
crate). The plants were then shipped from Georgia
to Ohio. Densely packed plants had internal crate
temperatures 4 to 5C higher than the other treat-
ments. Plant survival and yields were reduced by
dense packing. Another set of plants was packed
loosely and stored for 4 days at 10, 16, 21, or 27C.
As storage temperature increased, dry matter in the
stems increased and transplant survival decreased.

Containerized transplants commonly are
pulled by hand from growing trays and packed
loosely (800+ per box) in waxed, corrugated car-
tons for shipment in refrigerated trailers. Although
recommended shipping temperatures are 10 to
16C for 3 to 4 days, it is common for plant
temperatures to increase during shipment if the
plants are not precooled properly prior to loading.
In areas such as Florida, where producers are
relatively close to the transplant growing source,
transplants are shipped in the growing trays.

In an experiment with containerized trans-
plants, Risse et al. (1979) conducted storage tests
with ‘Walter’ tomatoes grown and pulled from the
cell trays and stored at temperatures from 5 to 21 C
for 5, 10, or 15 days. Plants stored at 5C main-
tained the highest plant vigor, although no wilt or
decay was found at any temperature. In field tests,
plants could be stored only 5 days at 5, 13, or 21C;
otherwise, plant survival, initial growth, and yield
were affected adversely compared to a nonstored
control.

In more recent work with containerized
‘Sunny’ tomato transplants, Leskovar and Cantliffe
(1990, 1991) examined transplant handling ef-
fects on early plant growth and yield after reduced-
ambient-temperature storage conditions, Trans-
plants either were pulled from the growing tray and
packed at a density of 850 plants/carton or shipped
directly in the transplant tray. Pulled transplants
stored at 5C had longer stems, higher stem dry
weights, more specific leaf area, highershoot: root
ratios, and lower root dry weights than nonpulled
transplants. Shoot growth of pulled transplants
may have been promoted by higher air tempera-
tures in the shoot and root environment caused by
the build-up of respiration heat induced by high
packing density (Risse et al., 1985). Root growth
limitation in pulled transplants may have been
caused by excess moisture and reduced oxygen
availability in the root environment. Specific leaf
area increased linearly from 0.213 to 0.250
cm2•mg-1 as storage time increased from 0 to 8
days, indicating that growth was maintained pri-
HortTechnology • Oct./Dec. 1993 3(4)



marily at the expense of roots. At 5C, leaf area of
pulled transplants increased for 4 days and in-
creased leaf area by 35% more than that of
nonpulled transplants. Nonpulled transplants
maintained about the same initial leaf area for the
duration of the experiment. Similar growth re-

sponses were found for plants stored at 15C;
however, leaf and stem growth continued to in-
crease for 4 days and then decreased. Lower leaves
began to turn yellow after 6 days, and leaf deterio-
ration was accentuated after 8 days of storage.

High ethylene concentrations in the atmo-
sphere can accelerate plant tissue senescence
greatly (Abeles, 1973). Ethylene evolved at 2.5
m l · g- 1  a t  5 C  a n d  2 . 2  m l · g- 1  a t  1 5 C  f o r
nonpulled plants, and 5.3 ml·g-1·h-1 at 5C and 2.1
ml·g -1g·h -1 at 15C for pulled plants (Leskovar and
Cantliffe, 1991). Increased ethylene production in
pulled plants at 5C might be attributed to the
additive effects of excessive moisture, chilling
temperature, and/or physical stress (Abeles, 1973).
During 15C storage, basal roots formed from the
hypocotyl, and proliferated in the upper root-
media zone, which is a less-anaerobic environ-
ment than the lower root zone. This new root
growth, more evident after 4 days, may have given
access to oxygen, thus reducing ethylene accumu-
lation in storage. In this study, transplants packed
at 2350 plants/m2 had significantly shorter stem
length and lower leaf area, stem dry weight, and
root dry weight than the nonpulled transplants
packed at 658 plants/m2. Under high packing
density, and in the presence of warmer air tem-
perature in the dark, pulled plants might be ex-
pected to deteriorate faster than nonpulled plants.
Pulled transplants had higher specific leaf area,
lower root dry weight, and higher shoot: root ratio
than nonpulled transplants after 2 days of storage.

Thus, plants left in the trays until field plant-
ing tend to have faster growth rates and larger fruit
production than those pulled and packed. In the
first and second fruit harvest, nonpulled trans-

plants had more (3.7 and 3.2 t·ha-1, respectively)
extra-large-size fruits than pulled transplants (2.2
and 1.9t·ha-1, respectively) (Leskovar and Cantliffe,
1991). Similarly, nonpulled plants produced 70%
more total extra large fruits than pulled plants, but
total marketable fruit yield was not affected by
handling method. Increasing transplant storage
time from 0 to 3 days generally did not decrease
fruit yield, but yield of extra-large fruits decreased
linearly from 3.5 to 2.4 t·ha-1 after transplant
storage of 0 to 3 days.

These studies indicated that transplant ma-
turity and handling affected transplant growth,
especially after 4 days of storage at either 5 or 15C.
Forty-five-day-old nonpulled transplants main-
tained superior shoot and root characteristics com-
pared to pulled transplants. Although tempera-
tures between 10 and 13C are suggested to sup-
press root growth (Hardenburg et al., 1986), the
above data clearly indicated that shoot and root
growth continued at temperatures as low as 5C.
After 6 days storage, plant separation was difficult
due to root knitting in pulled transplants. Storage
temperatures should be selected to avoid the pos-
sibility of chilling injury or physiological disor-
ders that may be expressed after planting (Wien,
1990). Growth and fruit yield of 35-day-old trans-

plants were more affected by transplant handling
through pulling and packing than by leaving them
in the original containers. Therefore, physical
stresses of pulling and packing should be mini-
mized. If planting is delayed beyond 2 days, stor-
age at lower than ambient temperatures is desir-
able.

S u m m a r y

Transplants are grown and shipped locally
or over long distances. Shipping conditions and
time in transit depend on the distance traveled.
Local growers may receive transplants in the trays
in which they were grown, while those shipped
long distances are pulled and then packed in
cartons or crates. Field performance of transplants
is directly related to seedling vigor at the time of
transplanting. Factors that can affect transplant
vigor negatively during growing and shipping
include the plant-hardening techniques used,
mechanical injury at any stage of plant growth,
container cell size, age of the transplant, shipping
and planting conditions, length and environmen-
tal conditions during transit, and storage length
and conditions prior to transplanting. Mechanical
injury begins as soon as the plants are removed
from the tray, while reduced watering and/or fertiIi-
zation during hardening may have a long-term
effect on plant productivity. High temperatures
during shipping, packing plants too densely, and
prolonged storage in the dark can reduce subse-
quent yields. Knowledge of proper conditions for
pre- and postharvest handling of transplants are
not clearly understood by many transplant grow-
ers. This knowledge can improve greatly trans-
plant vigor and potentially can give growers higher
yields.
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