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Abstract. Strawberry growers face rising production costs combined with competition
from foreign imports. Relay cropping vegetables with strawberries is a unique approach
that can diversify income and reduce the risk associated with strawberry production.
Planting vegetable transplants on the same bed before strawberry crop termination
enables continued berry harvesting while the new vegetable transplants become
established. Relay cropping techniques of strawberry with eggplants were evaluated
during the 201617 and 2017-18 seasons in Balm, FL. The strawberry crop was planted
in September, and eggplant was transplanted into the beds either as a sole crop or with
strawberry plants. Two experiments were conducted to optimize the planting date of
strawberries and the termination date of strawberries. The objective of the research was
to examine the competitive relationship between strawberry and eggplant crops and to
define the optimal planting date for the eggplant and termination date of strawberries to
minimize the competitive interaction and maximize the yield of both crops. Strawberry
yields were unaffected (P = 0.938) by relay cropping or by the planting date of the
eggplant. Eggplants grown without strawberries had 27% to 32% higher yields (P =
0.004) compared with relay-cropped eggplants, and eggplant yield decreased with later
planting dates (P <0.001). A partial budget analysis showed that transplant dates of 4 and
18 Jan. for eggplants with strawberries resulted in increased profits of $7320 and $3461
per ha, respectively, over the baseline treatment of strawberries alone, but later planting
dates resulted in an overall economic loss ($7800-$16,000/ha). Strawberry termination
dates did not affect eggplant yields. In conclusion, relay cropping eggplants with
strawberries resulted in no effect on strawberry yields, reduced eggplant yields, but
increased overall profits when eggplant were transplanted in early to mid-January. Relay
cropping of strawberries with eggplants in early February to early March is less
profitable than a monocrop of strawberries.

Modern agriculture is typically focused
on monoculture techniques that are often
economically and environmentally expen-
sive, have high input costs, and deplete nat-
ural resources (Horwith, 2006). Many of the
problems associated with monocropping
could be minimized by growing two or more
different crops together, which is known as
intercropping (Karley et al., 2014). Intercrop-
ping consists of many different types of
production systems (mixed cropping, relay
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cropping, and strip cropping). Relay cropping
involves planting a secondary crop on the bed
before the harvesting of the main crop, which
results in the overlap of their distinctive life
cycles (Queen et al., 2009; Tanveer et al.,
2017). Benefits to relay cropping include
increased crop productivity, crop diversity,
and land-resource use efficiency by using
residual fertilizers, reusing plastic mulch
and drip irrigation lines, and growing two
crops with a single fumigation treatment (Li
and Zhang, 2003; Theunissen, 1997). Relay
cropping can enhance the economic return by
growing and harvesting two crops in a short
period (one season) of time with fewer input
costs per crop (Tanveer etal., 2017). However,
the established first crop does have a compet-
itive advantage and could impede the second
crop (Coolman and Hoyt, 1993). Moreover,
relay cropping facilitates a wider range of
planting dates/harvesting dates especially for
growers practicing contract farming.

In relay cropping, the interspecific competi-
tion between the crops becomes a major chal-
lenge when two critical growth stages of the crop
plants occur at the same time (Coolman and Hoyt,
1993). For example, tomatoes relay cropped with

okra had reduced yields compared with
monocrop production (Olasantan, 1985). How-
ever, relay crops of melons, squash, and
cucumber had no effect on strawberry yield,
aboveground biomass, or canopy diameter
when the strawberries were planted in early
October, and secondary crops were trans-
planted at 15-day intervals from 25 Jan. to 23
Mar. (Santos et al., 2008).

Strawberry is a major winter crop grown
on plastic-covered raised beds in Florida. The
strawberry growing season extends from
September to March, depending on the market
(Chandler et al., 2009). Among strawberry-
producing states, Florida stands second to Cal-
ifornia in strawberry production, with an eco-
nomic value of $291 million in 2015-16
(USDA/NASS, 2017). However, in recent
years, the strawberry market in Florida has
faced high production costs, foreign competi-
tion, and limited labor availability (Suh et al.,
2017). Many growers in the region relay-crop
melons (Cucumis melo var. cantalupensis Ser.),
eggplants (Solanum melongena L.), and bell
peppers (Capsicum annum L.) or other crops
into the strawberry crop 3 to 4 weeks before
strawberry crop termination (Duval, 2005), to
overcome the challenges. Partial economic anal-
ysis on annual plasticulture-produced straw-
berries double-cropped with muskmelons has
shown that the second crop can recover 60% of
the strawberry production cost (Poling and
Lamont, 1997). Further research is needed to
improve this production system.

In Florida, weather events such as low
temperature and freezing during the win-
ter months are the primary concerns for
scheduling planting dates of the second crop.
Eggplant (Solanum melongena L.) is a warm-
season Solanaceae fresh-market vegetable
and is very sensitive to cold temperatures.
In 2007, Florida ranked second in annual
eggplant production, and it is commonly
planted as a double-crop (USDA-NAAS,
2009). Average minimum temperatures of
10 °C can reduce total biomass, lower repro-
ductive growth, and decreased fruit weight in
eggplants (Romano and Leonardi, 1994).
However, to our knowledge there are no
studies done on strawberries relay-cropped
with tall stature and heavily shading crops
like eggplant. Although strawberry plants are
shade tolerant (Chandler et al., 1992), the
robust and vigorous growth pattern of egg-
plants could result in excessive shading, be-
lowground competition, and impact yield.
Planting date optimization for the second
crop is, therefore, a critical consideration
for growers. There have been few studies
conducted on planting date optimization of
cucurbits when relay cropped with straw-
berries (Santos et al., 2008), but there are
no studies reported on strawberry relay crop-
ping with eggplants or other Solanaceae
crops.

We hypothesized that eggplants growing
with strawberries would have lower yields
than the ones planted as a monocrop and that
the late planting dates would have higher
eggplant yields due to fewer overlapping
growth stages. The objectives of the research
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were 1) to evaluate the effect of relay crop-
ping on the yield of strawberries and egg-
plants, 2) to optimize the planting date of the
secondary crop to reduce competition, 3) to
analyze and compare the economic returns of
different treatment, and 4) to determine the
effect of strawberry termination date on the
yield of the secondary crop.

Materials and Methods

Experimental setup

Field experiments were conducted at the
research site of University of Florida (Gulf
Coast Research and Education Center, Balm
27°N, 82°W), in 2016-17 and repeated in
2017-18. The soil was Myakka fine sand
(sandy, siliceous, hyperthermic Oxyaquic
Alorthod) with soil texture comprising of
98% sand, 1% silt, and 1% clay. The soil
was composed of 0.8% organic matter and
had a pH of 5.5 to 6.0. Standard bed shaping
equipment was used to make raised beds with
a bed top width of 66 cm and height of 30.5
cmon 10 Sept. and 15 Aug. in2016 and 2017,
respectively (Kennco Manufacturing, Ruskin,
FL). The beds were fumigated with 63.4% 1,
3-dichloropropene and 34.7% chloropicrin
(Telone C35; Dow AgroSciences, Indianap-
olis, IN) at 341 kg/ha. Drip tape was installed
on the surface in the middle of the beds (Jain
Irrigation Inc., Haines City, FL) with a flow
rate of 0.95 L/min and emitters every 30 cm.
The beds were covered with black, virtually
impermeable film in 2016 and totally imper-
meable film in 2017 (Berry Plastics Corp.,
Evansville, IN).

Strawberry (cv. Radiance™) was trans-
planted on 12 and 10 Oct. in 2016 and 2017,
respectively, on 6-m-long plots in two paral-
lel rows with 38 cm spacing between plants
and 30 cm spacing between rows. Overhead
irrigation was applied to protect the straw-
berry plants from heat stress and better es-
tablishment for 10 to 14 d after the transplant
as needed. The nutrient, irrigation, and dis-
ease and pest management of both crops
followed industry recommendations (Liu
et al., 2018; Whitaker et al., 2018). All the
fertilizer was applied through drip irrigation
system to all the plots.
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Fig. 1. Strawberry yield on different transplant
dates at Gulf Coast Research and Education
Center in 2017 and 2018. Data are mean + S of
strawberry yield of 2 years pooled together.
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In both trials, eggplants (cv. Night Shad-
ow™) were transplanted in the middle of the
bed, and spacing between plants was kept
standard at 76.2 cm as per University of
Florida/Institute of Food and Agricultural
Sciences (UF/IFAS) recommendations (Mca-
voy et al., 2018). Strawberry plants were ended
manually by hand-pulling the plants at the end
of the season for both years.

Planting date for the relay crop. The
experimental design was a 2 X 5 factorial,
randomized complete block with four repli-
cations, and the experiment was conducted
twice. The first factor was the presence or
absence of strawberry plants. The second
factor was eggplant transplanting dates with
five dates: 4 Jan., 18 Jan., 1 Feb., 15 Feb., and
1 Mar., with a nonplanted control in Spring
2017. Transplanting dates for eggplant were
delayed by 1 week in 2018 due to severe
weather and occurred on 11 Jan., 25 Jan., 8
Feb., 22 Feb., and 8 Mar. The results are
presented as an average of 2 years of data.

Land equivalent ratio

Land equivalent ratio (LER) is calculated
to measure the productivity and efficacy of
intercropping (Amanullah et al., 2016). LER
can be defined as the “sum of the ratio of the
yields of crops under intercropping and
yields of the sole crop at the same manage-
ment level” (Seserman et al., 2018).

LER = Yield (Strawberry) intercropped N

Yield (Strawberry) monocropped
Yield (eggplant) intercropped

Yield (eggplant) monocropped

Strawberry termination. A randomized
complete block with four replications was
used, and the experiment was conducted
twice. In both the years, eggplants were
transplanted into established strawberries on
1 Feb. (as per grower’s practices) as a sec-
ondary crop. The main treatment effect was
the strawberry termination date, conducted at
weekly intervals (7, 14, 21, and 28 Feb. and 7
Mar., and a nonplanted control). The non-
planted control had only eggplants.

Data collection

For all experiments, berries were har-
vested biweekly from the first week of Jan-
uary to the first week of March. Only
marketable berries were hand-picked,
weighed, and counted at each harvest. Straw-
berry plant photosynthesis was measured
once at the end of the strawberry season in
the first week of March with LICOR-6400XT
portable photosynthesis system (LICOR Bio-
sciences, Lincoln, NE) to measure the effects
of shading when eggplant was at peak canopy
size. Two plants per plot were selected ran-
domly, and photosynthesis data were recorded
on two leaves per plant. Brix measurements
(once in a whole season) were performed on
strawberries growing alone and with eggplants
with a pocket refractometer (PAL-1; ATAGO
Co., LTD., Tokyo, Japan). Seven berries were
selected randomly from freshly harvested lot

from each treatment and berry juice was
squeezed with hand. Two to three drops of
berry juice were used to measure the Brix.
Eggplant height was recorded every 15 d after
transplanting up to 90 d. Eggplant fruits were
hand-picked and weighed once a week from
May to the first week of June. The same
number of harvests were done for each harvest
date to ensure the same number of pickings for
each treatment.

Partial budget analysis

Yield prices. Daily prices collected from
the U.S. Department of Agriculture (USDA)
Agricultural Marketing Service were used to
calculate strawberry and eggplant price per
pound. The average price for 5 consecutive
years was used because both crops have
volatile markets, and prices vary significantly
from day to day and year to year. The 2-year
average revenue for each treatment was cal-
culated by multiplying price and yield per
harvest.

Input costs. Input units costs were largely
based on previous work that examined Flor-
ida strawberry production costs and trends
(Guan et al., 2017). Additional cost estimates
were also collected (Food and Resource Eco-
nomics Department, 2008) and the prices
were updated for the 2016-17 year using
the Producers Price Index (U.S. Bureau of
Labor Statistics, 2016). Eggplant cost was
estimated based on a survey among growers
(Z.F. Guan and F. Wu, personal communica-
tion). The prices of Glyphosate and Gramax-
one were collected from local distributors
when the experiment was conducted. The
standard farm labor wage rate was obtained
for farmworkers and laborers, crop, nursery,
and greenhouse workers (U.S. Department of
Labor, 2017).

Data analysis. Data were analyzed with
analysis of variance (ANOVA) using the
Glimmix procedure in SAS (Version 9.2;
SAS Institute, Inc., Cary, NC). Assumptions
of ANOVA were checked. No data transfor-
mations were performed. Block and year
were considered as a random effect, while
the date of planting and presence or absence
of a relay crop was considered as a fixed
effect. Linear regression analysis was done to
analyze the relationship (growth rate) be-
tween days after planting and eggplant height
using Sigma plot (Systat Software Inc., San
Jose, CA). A Student’s ¢ test was done to
compare the slopes of height (Andrade and
Estévez-Pérez, 2014). Mean separation was
conducted using Tukey’s honestly significant
difference test (oo = 0.05). In the second
experiment, the block was considered a ran-
dom effect and the date of strawberry termi-
nation was considered as a fixed effect.

Results

Planting date for the relay crop

The season X planting date X presence or
absence of strawberries interaction was not
significant (P = 0.318), so the two seasons of
data were pooled and analyzed together for
all data.
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Strawberry yields. Strawberry yields were
unaffected by the presence of a relay crop on
all transplant dates (P = 0.938) (Fig. 1).
Strawberry Brix values (P = 0.945) and
photosynthesis rate (P < 0.342) ranging be-
tween 15 and 22 umol-m2.s™' were unaf-
fected by the relay cropping.

Eggplant heights. The presence of straw-
berries affected the growth rate of eggplants
except when they were transplanted on 15
Feb. (Fig. 2). Similarly, further analysis
showed that growth rate as measured by plant

height of eggplants planted with strawberries
at the early planting date (4 Jan.) was higher
than mid to late planting dates; however, the
results were reversed when eggplants were
planted alone on 4 Jan. The eggplants growing
without strawberries when planted on 18 Jan.
and 1 Feb. grew at the same rate, and their
growth rate was significantly higher than the
eggplants planted on other planting dates.
Eggplant yield. The interaction between
the date of the planting of eggplants and the
presence/absence of strawberries was not

significant (P = 0.1545) for eggplant yields.
The eggplants relay cropped with straw-
berries had significantly lower yields than
eggplants grown without strawberries (P =
0.0035) (Fig. 3). The date of planting had a
significant effect on eggplant yield (P <
0.0001). The early eggplant planting dates,
4 Jan. and 18 Jan., resulted in the highest
yields of 72,469 and 75,196 kg/ha, respec-
tively. The mid to late eggplant planting dates
(1 Feb., 15 Feb., and 1 Mar.) resulted in lower
yields (Fig. 4).
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Fig. 2. Eggplant heights (A) 4 Jan., (B) 18 Jan., (C) 1 Feb., (D) 15 Feb., and (E) 1 Mar. at Gulf Coast Research and Education Center in 2017 and 2018. Data are
mean + s (WS = with strawberries and W/OS = without strawberries) with 2 years pooled together recorded at 15, 30, 45, 60, 75, and 90 days after
transplanting. *Significant (P < 0.005) difference between the slope of eggplant height growing with and without strawberries at a specific date of planting.
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Table 1. Land equivalent ratios (LERs) for
respective eggplant transplanting dates.

Eggplant planting date LER
4 Jan. 1.69
18 Jan. 1.62
1 Feb. 1.78
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1 Mar. 2.19
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The number of eggplant fruits was also
significantly lower (P = 0.008) when planted
with strawberries vs. a sole crop with an
average count of 118,818 and 154,210 fruits
per hectare, respectively. The date of planting
also significantly affected (P < 0.001) the
number of fruits. However, the interaction
between the presence of strawberries and
date of planting did not affect (P = 0.336)
the number of eggplant fruits. Eggplants
planted on 18 Jan. had significantly higher
fruit numbers followed by eggplants planted
on 4 Jan. with an average count of 186,686
and 178,324 fruits per hectare.

Land equivalent ratio. LER value was
calculated for every eggplant transplanting
date (Table 1).

Strawberry termination

Strawberry termination date had no effect
on eggplant yields and height. As mentioned
previously, the major factor that drives crop
loss is early season competition or competi-
tion duration. Therefore, our results indicate
that competition duration had no impact on
crop growth and yield. It also suggests that
there is no benefit in terms of eggplant yield
to end the strawberry crop early to favor
eggplant yields. Moreover, leaving the plant-
ing holes empty in the plastic by ending the
strawberries early could promote weed
growth in the planting holes and result in
extended competition as well as hinder plas-
tic removal.

Partial budget analysis: net economic
revenue analysis. Relay cropping of straw-
berries with eggplants resulted in net profits
with early planting dates. The revenue of
$7320/ha was obtained when eggplants were
relay cropped with strawberries on 4 Jan.
followed by revenue of $3461/ha produced
by relay-cropped eggplants planted on 18
Jan. with strawberries. There was a 45.7%
decrease in eggplant revenues when egg-
plants were planted on Jan. 18 with straw-
berries vs. those that were planted on 4 Jan.
due to reduced yields. The eggplants when
relay cropped with strawberries at later plant-
ing dates (after 1 Feb.) resulted in overall
losses ($6500-$15,000/ha) compared with

Fig. 5. Daily hourly temperature (at 2 m) in January, at Gulf Coast Research and Education Center, Balm,
in 2017 and 2018. Max = maximum. (Source: Florida Automated Weather Network, 2017-18).
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eggplants planted on early planting dates.
Eggplants planted alone on 18 Jan. produced
revenues of $6446.6/ha. Eggplants planted
alone on all other different planting dates
resulted in net losses.

Discussion

In this study, strawberry yields were un-
affected by the presence of eggplants. Similar
results were reported in studies performed on
strawberries relay cropped with melons, cu-
cumbers, and bell peppers (Santos et al.,
2008; Yu et al., 2018). The strawberry crop
was planted in early October and was grown
as a sole crop during the critical growth
period for strawberry, which corresponds to
the first 3 months (Duval, 2005; Santos et al.,
2008). Eggplant was transplanted after straw-
berry establishment and did not affect yield
because of the lack of early growth stage
competition due to the seasonal difference in
the planting dates of two crops. Similarly, a
study that reported on strawberries planted
with sudan-grass for 1 month showed that the
early competition reduced strawberry yield
by 20% and that 1 month of interspecific
competition at later stages did not affect the
strawberry yields (Pritts and Kelly, 2001).
Another study on intercropping of straw-
berries with lettuce, radish, and onions re-
ported having no effect on strawberry yields
(Karlidag and Yildirim, 2009). Strawberries
are relatively tolerant of shading, with shad-
ing having limited effects on berry yields
(Chandler et al., 1992).

Relay cropping had no effect on sugar
concentrations in the berries. Karlidag and
Yildirim (2009) also found that total soluble
sugar (Brix %) in strawberries intercropped
with vegetables was the same as strawberries
planted as a sole crop. The primary factor
determining sugar accumulation in fruits is
photosynthesis (Hubbard et al., 2019; Zhou
et al., 2000). Given that we did not observe
any differences in photosynthesis, it is not
surprising that the presence of the relay crop
had no effect on sugar accumulation in the
fruit.

Weather is a critical variable in the growth
and yield of crops. The maximum air tem-
perature in 2017 and 2018 in January dropped
below the freezing point (0 to 5 °C) (Fig. 5)
right after eggplant transplant and damaged
the eggplants growing without strawberries.
In the relay crop, eggplants transplanted with
strawberries were protected and shielded
against freezing winds by strawberries. Av-
erage temperatures below 10 °C are known to
restrict height in crops in the Solanaceae
family because of a reduction in internodes
formed (number of leaves) (Criddle et al.,
1997; Nieuwhof et al., 1997; Van Der Ploeg
and Heuvelink, 2005). The eggplants planted
in late February and early March had reduced
growth rates and height likely because of
high average temperature at very early
growth stages. The stems of eggplants are
very susceptible to sun scalding, especially 5
to 14 d after transplanting under high-
temperature conditions (Orzolek, 2018),
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Table 2. Average maximum and minimum monthly temperature in Balm from January to June in 2017 and

2018. (Source: Florida Automated Weather Network, 2017-18)

2017 2018
Month T avg (°C) T min (°C) T max (°C) T avg (°C) T min (°C) T max (°C)
January 17.3 0.1 30.0 13.5 -3.8 28.0
February 19.0 5.0 30.2 21.2 8.3 30.3
March 19.1 1.7 313 17.3 2.0 29.5
April 23.1 7.6 357 21.8 9.3 315
May 24.8 10.7 34.6 239 13.8 32.7
June 25.7 20.2 34.1 26.7 19.7 349

which could affect plant growth and devel-

opment.

Eggplants planted with strawberries had
lower yields than the eggplants planted alone.
All plots received the same fertilizer, includ-
ing the control plots that were empty until
January. The increase in yields could possi-
bly be attributed to accumulation of the
preplant fertilizer. However, Florida has spo-
dosol soils that are very prone to surface

Table 3. The total cost and revenue comparison between strawberry productions vs. strawberry relay cropped with eggplant. A negative sign indicates reduced
costs, returns, and profits compared with strawberries alone.

Added costs Reduced returns Reduced costs Added returns Total positive effects Net effects relative

of the alternative of the alternative of the alternative of the alternative of the alternative to baseline
Treatments* treatment ($/ha) treatment ($/ha) treatment ($/ha) treatment ($/ha) treatment ($/ha) treatment ($/ha)”
Only strawberries™ 0 0 0 0 0 0
S+E (4 Jan.) 38,075.9 0 0 45,396.6 45,396.6 7,320.6
S+E (18 Jan.) 38,075.9 0 0 41,537.2 41,537.2 3,461.3
S+E (1 Feb.) 38,075.9 0 0 30,262.3 30,262.3 -7,813.6
S+E (15 Feb.) 38,075.9 0 0 26,301.1 26,301.1 -11,774.8
S+E (1 Mar.) 38,075.9 0 0 22,103.4 22,103.4 —15,972.5
E (4 Jan.) 0 -71,908.6 —-23,580.9 58,805.0 70,307.6 10,477.3
E (18 Jan.) 0 —71,908.6 —23,580.9 66,852.5 78,355.2 18,524.8
E (1 Feb.) 0 -71,908.6 -23,580.9 41,858.4 53,361.1 —-6,469.3
E (15 Feb.) 0 —71,908.6 -23,580.9 30,382.5 41,885.2 —17,945.2
E (1 Mar.) 0 —71,908.6 —23,580.9 19,223.3 30,726.0 —29,104.4

“Treatments: S = strawberry; E = eggplant.
YNet profits were compared with baseline treatment (only strawberries).
*Baseline treatment (only strawberries).

Table 4. The major cost items of the baseline treatments and eggplant treatments. The dashes indicate that there is no difference in cost.

Strawberry production

Change in costs associated with

Differences between baseline and

Input names costs ($/ha) relay cropped eggplant ($/ha) eggplant-only treatments ($/ha)
Fumigant (C35/Kpam)” 1,931.1 - -
Drip tape¥ 571.5 - -
Glyphosate” 27.5 - -27.5
Gramaxone” 37.2 -8.4 -37.2
Plastic mulchY 1,007.3 — -1,007.3
Seed and transplants” 6,811.2 - -6,811.2
Fungicide” 1,594.1 - -1,594.1
Herbicide” 351.3 - -351.3
Insecticide” 1,378.0 - -1,378.0
Fertilizer” 3,585.7 - -3,585.7
Spraying” 117.6 - -117.6
Tractor: Fuel cost” 1,638.9 - -1,638.9
Tractor: Lubrication cost” 163.9 - -163.9
Cutting, hoeing, and hand weeding” 2,706.5 - -2,706.5
Waste disposal’ 287.1 - -287.1
Picking (at peak time)* 24,586.6 - -12,508.3
End-of-season clean-up labor* 978.5 - -978.5
Bedding” 508.3 - -508.3
Planting” 1,008.3 - -1,008.3
Cooling” 3,674.8 - -3,674.8
Packing materials¥ 10,622.5 - -10,622.5
Disking™¥ 72.0 - -
Eggplants transplants® - 990.9 990.9
Strawberry hand-pull cost* - 563.4 -
Herbicides (eggplant)** - 120.1 120.1
Fungicide and insecticide (eggplant)* - 2,605.1 2,605.1
Fertilizer (eggplant)* - 2,214.1 2,214.1
Stake and tie (eggplant)* - 4,324.3 4,324.3
Tractor: Fuel cost (eggplant) - 149.6 149.6
Picking (eggplant)* - 18,540.3 18,540.3
Clean-up (eggplant)* - 2,626.7 2,626.7
Packing costs (eggplant)* - 4,388.6 4,388.6
Cooling costs (eggplant)* - 1,544.4 1,544.4
Total 63,659.7 38,075.9 —11,502.6

“Cost collected from local distributors.

YGuan et al. (2017) and U.S. Bureau of Labor Statistics (2016).
*Cost estimated based on a survey among growers and U.S. Department of Labor.
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leaching (Santos, 2015), which makes the
accumulation of preplant fertilizer unlikely.
Early interspecific crop competition is very
critical in intercropping or relay cropping and
is a more likely explanation of the yield
difference (O’Donovan et al., 1985). The
yield reduction could be attributed to detec-
tion of neighboring plants, as was noted in
several studies focused on corn and early
season weed competition, which found re-
duced corn yields even without competition
for resources (Bosnic and Swanton, 1997).
The yield reduction also could be explained
by the increased planting density with the
addition of the second crop on the same beds,
which could lead to higher interplant compe-
tition. A study reported that root competition
was linearly increased from 5% to 20% with
increased ratio of number of interplant roots
from 1:1 to 1:4, respectively (Rubio et al.,
2001). The plants with shallow root systems
like strawberries also have the advantage of
higher phosphorus uptake compared with
moderately deep root system plants (Rubio
et al, 2001), which would affect plant
growth.

Another potential explanation for the ef-
fect on eggplant growth and yield could be
the allelopathic effects of strawberry roots.
Strawberry roots are known to produce root
exudates like succinic acid, adipic acid,
benzoic acid, methyl esters of lactic acid,
and p-hydroxybenzoic acid (Kitazawa et al.,
2005). These root exudates are known to be
auto toxic and could also affect the growth of
companion plants. The plants with shallow
root systems like strawberries also have the
advantage of higher phosphorus uptake com-
pared with moderately deep root system
plants (Rubio et al., 2001), which would
affect plant growth.

The air temperature was high, greater than
29.4 °C, during April, May, and June, which
overlaps with the flowering stage of egg-
plants planted on 15 Feb. and 1 Mar.
(Table 2). High temperatures (>29.4 °C) have
been shown to decrease the percentage of
fruit set in another Solanaceae crop, such as
tomatoes (Sato et al., 2000) and may explain
the reduced yield observed in this trial. In
2018, during the month of March, the mean
average temperature dropped to 10 °C, which
hampered the growth of freshly transplanted
eggplant seedlings (15 Feb. and 1 Mar. plant-
ing dates). Criddle et al. (1997) explained that
temperatures below 11.6 °C could cease
growth and result in no growth of tomato
plants.

Similarly, the eggplant vegetative growth
was affected by lower temperatures, which
could have resulted in lower fruit yields.
However, there are no known peer-
reviewed studies that examine planting date
optimization for eggplant production in Flor-
ida. Furthermore, eggplant yields and heights
do not strongly correlate with each other.
However, the later planting dates (15 Feb.
and 1 Mar.) resulted in the lowest yields with
shorter plants. The eggplants planted earlier
in the season were protected by strawberry
plants, hence, resulted in better yields com-
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pared with later planting dates. This may
have been caused by the harsh weather con-
ditions at the end of spring season.

Relay cropping of eggplants at early
planting dates resulted in higher economic
returns (Table 3). The total production cost of
the strawberry (baseline treatment), includ-
ing fumigation, plastic mulch, drip tape, bed
preparation, transplant, crop management,
harvest, and post-harvest costs was $49,789.
Some of the management costs (=$13,000/
ha) can be distributed between the strawberry
and eggplant crops, such as the cost of bed
preparation, the plastic used to cover the
beds, soil fumigation, fertilizer, and pesticide
cost. Relay cropping does incur some addi-
tional costs associated with hand-pulling of
strawberry plants of $563/ha. Relay cropping
eggplants does add significant costs associ-
ated with pesticide inputs, staking/tying, and
harvest of $2605, $4324, and $18,540/ha,
respectively (Table 4). Therefore, crop yields
need to be adequate to cover these costs to
ensure additional income is acquired.

As a result, the production costs of relay
cropping eggplants with strawberry was
$36,952/ha higher than the baseline treatment
of strawberries alone. However, the produc-
tion costs of treatments in which eggplants
were planted alone were $10,816/ha less than
the baseline treatment (Table 4) because of
the lack of strawberry production costs. Ma-
jor cost differences are associated with post-
harvest management of both the crops in case
of relay cropping of strawberries with egg-
plants. The strawberry packing and cooling
costs were 83% and 81% higher when com-
pared with packing and cooling of eggplants,
respectively. The high production cost of
eggplants makes it an expensive and low-
revenue crop to grow if planted alone.
However, relay cropping eggplants with
strawberries on optimum planting dates dis-
tributes the production costs between two
crops. It is important to note, however, that
the date of planting of the secondary crop is
very important, and relay cropping does not
always result in improved economic returns
(Ott et al., 2019).

LER values of more than 1 suggested that
relay cropping of eggplants resulted in higher
land-resource use efficiency. Overall, it is
beneficial to relay crop strawberries with
eggplants without affecting strawberry yields
with the highest eggplant yields obtained
with early planting dates. However, there
could be variability in yields and profits
depending on the weather conditions.

Conclusion

Strawberry yield was unaffected by relay
cropping. Eggplants relay cropped with
strawberry generally had lower yields than
eggplants grown alone. However, when egg-
plants were planted on 4 and 18 Jan., the
yields were high enough to cover the in-
creased cost associated with relay cropping
and increase overall profit per hectare than
planting two crops at the same bed at differ-
ent times. Conversely, relay cropping of

eggplants with strawberries resulted in eco-
nomic losses when eggplant transplanting
was done later in the season. The eggplants
grown by themselves resulted in losses at all
the planting dates. We conclude that relay
cropping is economically beneficial only
when eggplant yields are adequate to offset
increased production costs, which occurred
when they were transplanted early in the
season, but lower yields associated with later
planting dates can lead to economic losses.
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