Rootstock Affected In- and Poststorage
Performance of Grafted Watermelon Seedlings
at Low Temperature

Hans Spalholz and Chieri Kubota'

ADDITIONAL INDEX WORDS. Citrullus lanatus, controlled environment, cold storage,
Cucurbita maxima X Cucurbita moschata, Cucurbitaceae, greenhouse, Lagenaria
sicevaria, vegetable grafting

SuMmMARY. Low-temperature storage is a technique to hold seedlings for a short
period of time to adjust the production schedule of young seedlings. Labor-
intensive grafting propagation can potentially benefit from the effective use of this
technique to minimize peak labor inputs. Watermelon ( Citrullus lanatus) seedlings
are generally chilling sensitive and therefore difficult to store at low temperatures.
However, the rootstocks used for watermelon grafting, interspecific squash
(Cucurbita maxima x Cucurbita moschata) and bottle gourd (Lagenaria sicevaria)
are known to be chilling tolerant. To examine the influence of rootstocks on
storability of watermelon seedlings, young seedlings of “Tri-X-313’ seedless
watermelon grafted onto ‘Strong Tosa’ interspecific squash, ‘Emphasis’ bottle
gourd, and “Tri-X-313’ watermelon as rootstock were placed for 2 or 4 weeks under
12 °C air temperature and 12 pmol-m~2-s~! photosynthetic photon flux ( PPF).
Nongrafted watermelon seedlings were also treated in these same conditions. In
addition, nonstored (grafted and nongrafted) seedlings were prepared for com-
parison. Regardless of seedling type (nongrafted or grafted with different root-
stocks), all seedlings stored for 2 weeks had lower dry weight, comparable or greater
number of leaves and stem length, when compared with their respective nonstored
control groups after 2 weeks in the greenhouse. Seedlings stored for 4 weeks had
lower number of leaves and stem length after 2 weeks in the greenhouse, except for
those grafted onto the interspecific squash rootstock. Nongrafted and grafted
watermelon seedlings with the same watermelon cultivar as rootstock showed
significantly lower leaf net photosynthetic rates after 2 weeks in the greenhouse after
the 2-week storage than those of nonstored control groups. In contrast, when
grafted onto interspecific squash and bottle gourd rootstocks, seedlings showed
comparable net photosynthetic rate to the control group. For all seedling types, 20%
to 35% of seedlings died during 4-week storage or poststorage in the greenhouse,
whereas all seedlings survived for the 2-week storage, except when grafted onto
watermelon as rootstock. Therefore, chilling-tolerant rootstocks ‘Strong Tosa’
interspecific squash and ‘Emphasis’ bottle gourd improved storability of grafted
“Tri-X-313’ watermelon seedlings but could not extend the storability beyond

2 weeks.

egetable grafting is the process
of combining two compatible
seedlings (scion and rootstock)
to comprise one new seedling. Grafting
onto rootstocks resistant to soil-
borne diseases can reduce the dis-
ease incidence of scion and improve
the yield. For this reason, vegetable
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grafting has been used to overcome
issues associated with intensive cul-
tivation in Asia and Europe (Lee
etal.;2010), and recently evaluated
in the United States (Pullano, 2016).
Other advantages of grafting onto
superior rootstocks include abiotic-
stress tolerance, such as tolerance to
low temperature (Davis et al., 2008;

Ntatsi et al., 2014) or saline environ-
ments (Collaetal., 2010), overcoming
nutrient deficiencies (Schwarz et al.,
2013), and improving fruit quality
(King et al., 2010).

Despite the benefits of vegetable
grafting, this technology is currently
underused by commercial vegetable
growers in the United States. Current
capacity of vegetable nurseries to sup-
ply grafted seedlings is insufficient to
meet the large, narrow-window, sea-
sonal demand required by growers at
time of transplanting. Low-temperature
storage of grafted seedlings is one
strategy to augment labor-intensive
grafted seedling production. Using
low-temperature storage allows propa-
gators to maintain a more stable la-
bor input while allowing an earlier
start to seedling production. Grafting
new seedlings while others are stored
allows propagators to amass larger
quantities of grafted seedlings that
will have emerged from storage at
the same stage of growth. The tech-
nique of low-temperature storage has
been successfully demonstrated using
ornamental plugs (Heins et al., 1995)
and vegetable seedlings including wa-
termelon (Ding et al., 2011; Duan
et al., 2014), muskmelon [ Cucumis
melo (Justus and Kubota, 2010)], egg-
plant [Solanum melongena (Kubota
et al,, 2002; Wang et al., 2009)],
pepper [Capsicum annuum (Kwack
and Chun, 2015)], and tomato [ Sola-
num lycopersicum (Park and Fujiwara,
2009, 2015)]. However, some species
are chilling sensitive, which results in
deteriorating seedling quality during
and after low-temperature storage.
For chilling-sensitive plants, a higher
storage temperature must be selected
to avoid loss of seedlings. Crop species
in the cucurbit family (Cucurbitaceae)
are generally known to be chilling
sensitive, which limits the storability.
For example, Ding et al. (2011) and
Duan et al. (2014) could store water-
melon seedlings at 15 °C up to 6 d,

Units
To convert U.S. to SI, To convert Sl to U.S.,
multiply by U.S. unit Sl unit multiply by
0.3048 ft m 3.2808
3.7854 gal L 0.2642
2.54 inch(es) cm 0.3937
28,350 oz mg 3.5274 x10°°
7.4892 oz/gal gL! 0.1335
1 ppm mg-L™! 1
1 ppm uL-L* 1
(°F-32)+ 1.8 °F °C (°Cx1.8)+32
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whereas Park and Fujiwara (2015)
stored tomato seedlings at 10 °C for
21 d. Obviously, a longer duration of
storage is desired to provide more
flexibility in managing production.

Within the same family, sensitiv-
ities to low temperature vary for dif-
ferent species. We examined seedling
response of 22 nightshade (Solana-
ceae) and cucurbit scions and root-
stocks treated in low-temperature
storage (Spalholz, 2013). The study
determined that watermelon was
highly chilling sensitive when com-
pared with other cucurbit species.
In the cucurbits, interspecific hybrid
squash was the most chilling tolerant,
followed by bottle gourd. These two
species are used widely as rootstock to
graft watermelon seedlings.

Acquisition of chilling tolerance
by grafting chilling-susceptible scion
onto chilling-tolerant rootstock is
one of the widely practiced objectives
for grafting cucurbit crops. For exam-
ple, productivity of cucumber (Cucu-
mis satiyus) was improved when grafted
onto figleaf gourd ( Cucurbita ficifolin)
under cooler soil conditions (Ahn etal.,
1999). Petropoulos et al. (2012) ex-
amined three different rootstocks,
including gourd (two forms of
L. sicevarin) and ‘RS 841 F1” interspecific
hybrid squash, for two different water-
melon cultivars Sugar Baby and Crim-
son Sweet, and showed that a specific
combination of watermelon scion and
rootstock performed better than other
combinations under low postgrafting
temperatures. Therefore, grafting onto
chilling-tolerant rootstock can be
expected to improve the storability of
chilling-susceptible scions in low-
temperature storage. In fact, Justus
and Kubota (2010) showed that stor-
ability of chilling-sensitive ‘Olympic
Gold’ muskmelon was enhanced when
grafted onto chilling-tolerant “Tetsu-
kabuto’ interspecific squash rootstock.
Another study reported by Ding et al.
(2011) showed that ‘Zaojia 84-24’
watermelon seedlings grafted onto
‘Zhuangshi’ squash ( C. moschata) root-
stock retained higher chlorophyll and
soluble sugar during storage and ex-
hibited higher net photosynthetic rate
during the poststorage recovery than
nongrafted watermelon seedlings.

In the present study, we grafted
chilling-sensitive watermelon onto
two selected rootstocks of interspe-
cific hybrid squash and bottle gourd
that were previously shown as chilling
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tolerant as well as the same water-
melon cultivar, and stored them for 2
or 4 weeks to observe low-temperature
storage response.

Materials and methods

PrLANT MATERIALS. “Tri-X-313°
seedless watermelon seeds (Syngenta
Seeds, Boise, ID) were sown into
98-cell trays filled with a mix of a com-
mercial substrate (Sunshine Mix #3;
Sun Gro Horticulture, Bellevue, WA)
and perlite (West, Chandler, AZ) at
a ratio of 3:1. Seeded trays were
placed in a growth chamber at 29 °C
for 48 h and then moved to the
greenhouse. Seeding was done 11
and 16 d before grafting when used
as scion and rootstock, respectively.
Seedlings were subirrigated with
water as needed and with nutrient
solution consisting of the following
nutrients (in milligrams per liter): 70
nitrogen [N (nitrate form)], 7 N
(ammonium form), 21 phosphorus,
117 potassium, 85 calcium, 12 mag-
nesium, 16 sulfur, as well as micro-
nutrients on day 11 (scion) and day
15 (rootstock) after seeding. Another
set of “Tri-X-313” watermelon seeds
were sown to prepare nongrafted
seedlings using the same germination
method described above. Nongrafted
seedlings were sown 16 d before
storage.

‘Strong Tosa’ interspecific hy-
brid squash rootstock seeds (Syn-
genta Seeds) were germinated on
moist filter papers in petri dishes
placed in a dark growth chamber at
29 °C. After 36 h, germinated seeds
were placed into 98-cell trays filled
with the same substrate mix, covered
with vermiculite, and moved to the
greenhouse. Seeding was performed
11 d before grafting. Seedlings were
subirrigated with water as needed and
once with the same nutrient solution
before grafting.

‘Emphasis’ bottle gourd root-
stock seeds (Syngenta Seeds) were
sown into 98-cell trays filled with the
same substrate mix. The seeds were
then covered with a layer of vermicu-
lite and then placed in a temperature-
controlled chamber set at 29 °C. After
48 h, the sceds were moved to the
greenhouse. Seeding was performed
12 d before grafting. Seedlings were
subirrigated with water as needed and
once with the same nutrient solution
before grafting.

In addition, each nonstored
seedling seeding date was scheduled
to correspond with the removal of
seedlings from storage. The non-
stored seedlings were to be at the
same growth stage as the stored seed-
lings were at the start of storage.
Nonstored seedlings (grafted and
nongrafted) were grown using the
same procedure as the stored seed-
lings from 2 and 4 weeks prior, re-
spectively. All grafting was done on
29 Oct. 2012 for stored seedlings and
15 and 29 Nov. 2012 for nonstored
seedlings to compare with 2- and
4-week-stored seedlings, respectively.
Removal of seedlings from 2 and 4
weeks of storage was on 24 Nov. and
8 Dec. 2012, respectively.

GREENHOUSE CONDITIONS. A
greenhouse (Tucson, AZ) covered
with rigid double-layer acrylic panels
was used in this experiment. Pad-
and-fan evaporative cooling system
and overhead air heating system
were used for ambient temperature
control. In addition, a high-pressure
fogging system was used for humid-
ification with a minimum set point of
55% relative humidity. When moved
to the greenhouse, the seedlings
were placed on thermostatically con-
trolled heating mats and covered
with a plastic tent during the night
to maintain a nighttime substrate
temperature of 20 °C. Greenhouse
air temperature and PPF were mea-
sured using an aspirated and radiation-
shielded sensor (CS500; Campbell
Scientific, Logan, UT) placed at the
center of the greenhouse and a quan-
tum sensor (LI-190; LI-COR, Lin-
coln, NE) placed above the gutter
height (9 ft), respectively. The sensor
readings were scanned every minute
and averaged every 15 min to record in
a data logger (CR-10; Campbell Sci-
entific). Daytime PPF was integrated
to compute the daily light integral
(400 to 700 nm) assuming that the
average PPF was not changed over
each 15 min recording interval. Aver-
age daytime and nighttime air temper-
atures and daily light integral inside
the greenhouse during the experiment
(13 Oct. 2012 to 17 Feb. 2013) were
21.7 £ 1.3 °C (day), 15.4 = 0.67 °C
(night), and 20.1 = 4.13 mol-m=2-d*,
respectively (Fig. 1).

GRAFTING AND HEALING
CONDITIONS. Sixty-six seedlings
were grafted for each combination
of scion and rootstock, using the
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Fig. 1. Daily light integral and air temperature recorded in the greenhouse during the experiment (from 13 Oct. 2012 to 17

Feb. 2013); (°C x 1.8) + 32 = °F.

single-cotyledon method as described
by Hassell et al. (2008). The newly
grafted seedlings were placed into
clear 14-gal containers with about
1.5 cm of water at the bottom and
covered by a single layer of polyeth-
ylene plastic film held down by elas-
tic bands. Seedlings were sprayed with
0.52 g-L™! myclobutanil (Rally 40WSP;
Dow Agrosciences, Indianapolis, IN)
and 0.04 mL-L™! mefenoxam (Rido-
mil Gold; Syngenta, Basel, Switzer-
land) to prevent fungal infection
before the healing boxes were sealed.
Healing boxes were then placed in
a temperature-controlled chamber
tor 7 d. The first 24 h of healing were
in complete darkness followed by the
remainder of healing under continu-
ous light at 65 pmol-m™=-s™* PPF, at
a height 0f40 cm from the bottom of
the shelf. Cool-white fluorescent
lamps (F40T12/CW PLUS/ALTO;
Philips Lighting, Amsterdam, The
Netherlands) were used as the light

Horflechnology * February 2017 27(1)

source. Air temperature inside the
healing boxes was maintained at
29 °C. Relative humidity was 100%
in the healing boxes for 4 d and
was then gradually reduced to am-
bient humidity conditions within
the remaining 3 d. At the end of
the 7-d healing period, the seed-
lings were moved to the greenhouse
for acclimatization under 80% shade-
cloth on the first day and 50% on
the second. Grafted seedlings were
given 3 d of full sun after acclima-
tization before placement into stor-
age. Irrigation with the same nutrient
solution was applied during this
period.

STORAGE CONDITIONS. A total of
40 seedlings from each of the grafted
and nongrafted groups were selected
randomly from those prepared for
2- or 4-week storage. These seedlings
were then placed into the same 14-gal
containers (20 seedlings per con-
tainer, two containers per each type

of seedlings) and covered by a single
layer of polyethylene plastic film. The
top corners of the container were left
free of polyethylene plastic to allow
for ventilation to prevent container
conditions from reaching 100% hu-
midity. Seedlings were sprayed with
myclobutanil and mefenoxam at the
same rates as described earlier to pre-
vent fungal infection before the boxes
were placed into storage. After being
sprayed, seedlings were placed into
a walk-in cold room controlled at
12 °C. Cool white fluorescent lamps
were used as the light source, were
positioned at a height about 75 cm
from the shelf surface and delivered
an average PPF of 12 umol-m™=s7.
Seedlings were subirrigated with wa-
ter as needed. Storage box tempera-
ture was monitored by using data
loggers (Hobo Pro Series; Onset,
Pocasset, MA).

POSTSTORAGE CONDITIONS. After
the 2- and 4-week storage treatments,
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seedlings were placed back in the
greenhouse to observe and compare
poststorage growth and development
with nonstored control seedlings. Stored
seedlings required a 2-d poststorage
acclimatization under 80% shadecloth
on the first day and 50% on the second.
One week after the final day of stor-
age, all seedlings were transplanted
into 3-inch pots. The seedlings were
subirrigated when necessary with the
same nutrient solution as described
carlier to maintain ample substrate
moisture. Water was substituted for
nutrient solution every third sub-
irrigation to prevent the accumula-
tion of salt.

PLANT GROWTH AND
PHOTOSYNTHESIS MEASUREMENTS
AND OBSERVATION. Number of leaves
(>1 cm leaf blade), stem length, and
shoot dry weight were measured [n =
20, unless there was a loss due to
chilling injury (CI)] on day 0 (before
storage), after 2 or 4 weeks in storage,
and finally after 2 weeks in the green-
house after storage. Fresh shoot sam-
ples were oven-dried at 80 °C for 72 h
in folded paper envelopes to obtain
samples of dry weight.

Poststorage photosynthetic ca-
pacity was assessed using a portable
photosynthesis system (Ciras-2; PP
systems, Amesbury, MA) set at
400 umol-mol™ carbon dioxide and
1000 pmol-m2-s™' PPF. Measurements
were taken between 0800 and 1400
HR after 2 weeks in the greenhouse
after 2-week storage on leaves that
developed during the poststorage
phase. The youngest fully matured
leat’ of both stored and nonstored
seedlings (n = 8) were used for mea-
surement. No measurements were
taken on 4-week stored seedlings
due to inadequate leaf size and loss
of measurable leaves due to the CI.

A small number of seedlings (n =
4) from both stored and nonstored

PRELIMINARY AND REGIONAL REPORTS

seedling groups were kept in the
greenhouse to observe their flower
development, to preliminary assess
possible effects of storage on early
flower development. Days to flower
for both male and female flowers were
recorded for each plant.

STATISTICAL ANALYSIS AND
EXPERIMENTAL DESIGN. All data were
analyzed by ¢ test using JMP software
(version 9.0; SAS Institute, Cary,
NC). The experiment was conducted
using a completely randomized de-
sign once between Oct. 2012 and
Feb. 2013, with two storage con-
tainers for each scion-rootstock
combination subject to 2- or 4-week
storage. There was no interaction
between seedlings in these two con-
tainers and the data were therefore
pooled (n = 20, unless otherwise
specified).

Results and discussion

PLANT SURVIVAL IN STORAGE. All
seedlings survived the 2-week stor-
age; however, 5% of seedlings grafted
on watermelon died after 3 d in post-
storage (data not shown). Water-
melon seedlings were shown to be
storable for 6 d at 15 °C in darkness
(Ding et al., 2011). Grafting to
squash rootstock (Ding et al., 2011)
and illumination in storage (Duan
et al., 2014) were shown to improve
the in- and poststorage plant physiol-
ogy and growth. The relatively short
storage time (only 6 d) used by these
studies was likely due to the higher
storage temperature (15 °C), com-
pared with our study (12 °C). Table 1
shows the progress of plant mortality
caused by 4-week storage in our pres-
ent experiment. Loss of seedlings due
to CI was not evident up to 3 weeks
in storage. However, 5% to 15% of
seedlings were dead by end of stor-
age and 10% to 35% of scedlings were
lost after 2 weeks of poststorage.

Although majority of seedlings could
survive the 4-week storage, it is not
recommended due to the high risk of
losing seedlings.

POSTSTORAGE SHOOT DRY WEIGHT
INCREASE, DEVELOPMENT, AND
PHOTOSYNTHESIS. All seedlings stored
for 2 weeks maintained the shoot
fresh or dry weight at a similar level
as prior to the storage and increased
the shoot weight and number of
leaves steadily with time after storage
(data not shown). However, we
found that nonstored grafted seed-
lings had 18% to 31% greater dry
weight when compared after the
2-week poststorage period, whereas
number of leaves was similar to or
fewer than those of stored seedlings
of the corresponding type (Table 2).
When grafted onto interspecific hy-
brid squash or bottle gourd, net
photosynthetic rates of 2-week stored
seedlings were not significantly differ-
ent from those of nonstored control
seedlings, whereas net photosynthetic
rates were reduced significantly for
seedlings grafted onto watermelon
or nongrafted seedlings. These ob-
servations suggest that the 2-week
storage reduced the growth of
watermelon seedlings in storage but
their photosynthetic capacity was re-
covered during the poststorage when
grafted onto interspecific hybrid
squash or bottle gourd. Ding et al.
(2011) also found that leaf net pho-
tosynthetic rate of watermelon seed-
lings that were dark stored for 6 d at
15 °C was greater when grafted on
squash rootstock.

Stem length was 10% to 21%
greater for 2-week stored seedlings
than nonstored seedlings, except the
seedlings grafted onto interspecific
hybrid squash rootstock. Stem exten-
sion during storage is not desirable, as
compact plant architecture is often
desired for transplants. More studies

Table 1. In- and poststorage mortality of grafted and nongrafted seedlings when stored for 4 weeks at 12 °C (53.6 °F) and

2, —1

12 pmol-m™

gourd (WM/BG), watermelon (WM/WM), or not grafted.

s~ ! photosynthetic photon flux. Watermelon seedlings were grafted onto interspecific squash (WM/IS), bottle

Plant type Mortality in storage (%)” Mortality poststorage (%)”
(scion/rootstock) Day 0 Day 1 Day 7 Day 14 Day 21 Day 28 Day 31 Day 42
Grated seedlings
WM/1S 0 0 0 0 0 5 35 35
WM/BG 0 0 0 0 0 5 25 30
WM,/WM 0 0 0 0 0 5 20 20
Nongrafted seedlings 0 0 0 0 0 0 10 25
“n = 40.
“n = 20.
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Table 2. Poststorage growth parameters and leaf net photosynthetic rate (NPR) of watermelon seedlings, as affected by 2- or
4-week storage at 12 °C (53.6 °F) and 12 pmol-m~2-s7! photosynthetic photon flux when seedlings were grafted on
interspecific squash (WM/IS), bottle gourd (WM/BG), watermelon (WM /WM) rootstock, or not grafted. Measurements

were taken after 2 weeks of poststorage growth in the greenhouse.

2-week storage (mean + SE)”

4-week storage (mean + SE)”

Plant type
(scion/rootstock)

Shoot dry wt
(mg/plant)”

Leaves Stem

NPR

Shoot dry

Leaves

(no./plant) length (cm)’ (pmol'm~2s~') wt (mg/plant) (no./plant)

Stem
length (cm)

Grafted seedlings

WM/IS, stored 514.6 + 28.3*
WM/IS, nonstored  668.6 = 19.2
WM /BG, stored 4434 +19.7*
WM/BG, nonstored 522.8 + 19.7
WM,/WM, stored 307.3 = 14.6*

WM,/WM, nonstored 402.9 + 14.2
Nongrafted seedlings, 241.2 = 11.3*
stored
Nongrafted seedlings, 342.2 +11.8
nonstored

55+£027% 7.5+0.20® 21.0+1.26™
5.0+0.17 7.7 £0.15 234 +0.56
5.6+0.20® 10.1 £0.38* 214 +1.04™
52 +0.18 9.2+0.22 242 +0.77
55+0.28% 85+0.25* 12.8=+1.46*
5.0+0.14 7.7 +0.19 226 £1.12
4.0+0.07* 73+022* 164 +1.68*
34+0.11 6.0+0.13 22.7+0.49

512.9 + 33.4* 5.7 +0.21* 8.5x1.54™
5999 £17.16 5.1+0.14 9.43+0.81
302.6 £ 19.2* 5.1 +0.40* 10.0 +1.85*
621.0+31.1 6.3+£0.24 15.2=+2.58
188.1 £+ 12.7* 4.4 +0.42* 7.4 +1.04*
4885+264 62=x017 13.6x2.44
114.1 £ 6.1* 34 +0.17" 5.3 +0.69*
283.3+114 34x0.12 6.8 £ 0.85

“n =20, 20, 19, and 20 for 2-week storage group; n = 13, 14, 16, and 15 for 4-wecek storage group for WM /IS, WM /BG, WM /WM, and non-grafted seedlings, respectively;
n = 20 for nonstored control seedlings; and n = 8 for NPR for all plant type.

Y1 mg = 3.5274 x 107 0z, 1 cm = 0.3937 inch.

™ *Nonsignificant or significant difference between stored and nonstored seedlings at P < 0.05, respectively.

need to be done to prevent stretch-
ing, including optimizing the light
environment and water management
during storage.

Four-week stored seedlings grafted
on interspecific squash, bottle gourd, or
watermelon had lower dry weight than
the nonstored comparison group after 2
weeks of poststorage in the greenhouse.
The reduction of dry weight was the
smallest (15%) when grafted onto in-
terspecific squash. Number of leaves and
stem length of stored seedlings were
similar or greater than the correspond-
ing nonstored group, when grafted on
interspecific hybrid squash, but were
significantly smaller when grafted on
bottle gourd, watermelon as rootstock,
or nongrafted (except the number of
leaves for nongrafted seedlings). Al-
though 4-week storage may not be
practical at nurseries due to the risk of
losing some plants as stated before,
these differences in plant response be-
tween rootstocks indicate the impact
of rootstock chilling tolerance on
scion storability. CI is often associated
with loss of water conductivity in roots,
likely caused by the altered “gating” of
root-specific aquaporins. For example,
Lee et al. (2005a, 2005b) suggested
that chilling-sensitive cucumber root
aquaporins exhibited conformational
changes that likely reduced water con-
ductivity, more than chilling-tolerant
figleat gourd roots. Of interest, Ahamed
et al. (2012) suggested a shoot to root
signal was likely involved for inducing
the expression of aquaporin genes in

Horflechnology * February 2017 27(1)

the root. Chilling stress also induces
anatomical [e.g., endodermal suberi-
zation (Lee et al., 2005a)] and bio-
chemical difference in roots [e.g.,
membrane fatty acid profile (Ko
et al., 2006)] between sensitive and
tolerant plants. In storage, root zone
temperature is typically at a similar
temperature as the air temperature. It
would be interesting to examine pos-
sible influence of root-zone tempera-
ture control during low-temperature
storage.

In the present experiment, light
intensity (PPF) during storage was
selected based on our previous study
of storing melon seedlings at the same
temperature of 12 °C (Justus and
Kubota, 2010). Earlier studies on
low-temperature storage of vegetable
seedlings showed that the optimum
light intensity for storage was at
the whole-plant light compensation
point where plant net photosynthetic
rate and therefore carbon balance
equal null (e.g., Kubota et al.,
2002). Light quality has been also
known to affect the changes in seed-
ling quality during storage (Kubota
etal., 1996) and green light-emitting
diodes were more effective to preserve
plant quality (Park and Fujiwara,
2009, 2015). Further optimization
of light intensity as well as light
quality in storage may contribute to
extending the storage time of grafted
watermelon.

FLOWER DEVELOPMENT. In the
present experiment, only a small number

of seedlings (n = 4) were kept in the
greenhouse to observe flower devel-
opment as affected by the storage
duration and rootstock. Therefore,
the results discussed here are consid-
ered preliminary. However, all plants
developed first male and female
flowers after 37 to 43 d and 40 to
44 d after 2-week storage, respectively.
There was no significant difference in
days to flowering for both first male
and female flowers between plants
stored vs. nonstored at the seedling
stage (data not shown). These find-
ings are similar to what Justus and
Kubota (2010) found in their study
when observing flowering in musk-
melon grafted onto ‘Tetsukabuto’ in-
terspecific hybrid squash rootstock.
When seedlings were stored for 4
weeks, however, rootstock affected
the days to first male and female
flowers. When grafted onto interspe-
cific hybrid squash rootstock or bottle
gourd, the days to flower was un-
affected by the storage; whereas flow-
ering was significantly delayed by 16
to 22 d when grafted onto water-
melon as rootstock or were nongrafted
(data not shown). This indicates the
benefit of low-temperature-tolerant
rootstocks when low-temperature
storage is intended for chilling-
sensitive scions.

Conclusion

Our preliminary data of flower de-
velopment, along with the plant growth,
development, and leaf photosynthesis
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data from the 2-week storage exper-
iment, suggests that 2-week storage
is feasible for grafted watermelon
seedlings especially when grafted onto
interspecific hybrid squash or bottle
gourd rootstock. However, 4-week
storage caused loss of seedlings re-
gardless of rootstock. Further in-
vestigation is needed to determine
optimal conditions for storage pe-
riods longer than 2 weeks to reduce
seedling death and improve post-
storage recovery.
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