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Abstract. Sixteen media prepared from peat, coir, vermiculite, or perlite were used to
determine the optimum growing media for tomato (Lycopersicum esculentum Mill.)
transplants. M edium composition did not affect tomato seed emer gence, although seedling
emer gencewashigher in winter (90%) than summer (85%). Greatest transplant root dry
weight, stem diameter, and |leaf area were achieved in 50% to 75% peat + 25% to 50%
vermiculitein summer. Inwinter, greatest transplant root dry weight, stem diameter, and
leaf areawer eachieved in eight media: 100% peat, 75% peat + 25% ver miculite, 75% peat
+25% perlite, 50% peat +50% ver miculite, 50% peat + 50% perlite, 25% peat +50% coir
+ 25% vermiculite, 50% peat + 25%coir + 25% vermiculite, and 25% peat +25% coir
+25% vermiculite +25% perlite. Transplants grown with >50% coir exhibited reduced
plant growth compar ed to peat-grown transplants, aresponsethat may beassociated with
high N immobilization by microor ganismsand high C:N ratio. Despitetransplant growth
differencesduringthesummer, fruit yieldsgener ally wer eunaffected by transplant media.

About 25 billion ornamental and vegetable
transplant plugs were produced in the United
Statesin 1996 (Styer and K oranski, 1997), and
Floridavegetableplugsaccounted for 5% (1.3
billion) of thetotal production (Arenas, 1999).
Peat moss has long been the primary compo-
nent of transplant and potting media for both
vegetable and ornamental plants. The stan-
dardvegetabletransplant mediuminFloridais
70% peat and 30% (by volume) vermiculitein
summer, and 60% peat and 40% (by volume)
vermiculitein winter. Although use of peat is
substantial, the use of an alternative organic
material was deemed worthy of consideration
according to atransplant grower survey (Are-
nas, 1999). Whereas peat costshaveincreased
annually, thepricereceivedfor vegetabletrans-
plants has changed little since 1995 (Zimet
and Vavrina, 1995).

Coconut (Cocus nucifera L.) pith or coir,
themesocarp of thefruit, isawaste product of
the coconut industry and has been proposed as
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apossible aternative to peat in growth media
duetoitssuitable physical and chemical prop-
erties(Braggetal., 1993; Savithri and Hameed,
1994). In addition, coir is similar to peat in
price(TheScottsCompany, Marysville, Ohio,
persona communication). Coir hasbeentested
as a horticultural medium for several orna-
mental and agronomic crops with acceptable
results (Creswell, 1992; Evans and Stamps,
1996; Meerow, 1994; Pill and Ridley, 1998).
However, little work has been done with coir
as a medium component in vegetable trans-
plant production.

The objective of this study was to assess
coir and peat, alone and in combination with
other ingredients such as vermiculite or per-
lite, asmediafor tomato transplant production
and to determine commercial acceptability of
transplants grown in these media through an
evaluation by commercial transplant produc-
tion managers.

Materialsand Methods

Coir and peat physical and chemical prop-
erties. Coir from Sri Lankaand sphagnum peat
from Canadaparticle size, bulk density (BD),
particle density (PD), total pore space (TPS),
water-holding capacity (WHC), and volume
shrinkage (VS) were measured according to

themethodsof DeBoodtandVerdonck (1972).
Particle sizedistribution was cal culated using
Martinez' s (1992) method. Chemical proper-
ties of coir and peat media were measured
following methods proposed by the Univ. of
Florida, Institute for Food and Agricultural
Science, Soil Testing Laboratory (ESTL) and
Analytical Research Laboratory (ARL)
(Hanlon et al., 1996). Coir and peat C:N ratio
andthenitrogenimmobilizationindex (NDI )
weremeasured using themethodsof Handreck
(1992). The NDI,5 index measures soluble
nitrogen utilization by medium microbes and
estimates additional nitrogen demand neces-
sary to support appropriate plant growth in
such media (Bragg and Whiteley, 1995).
Growth media. Sixteen mediawereformu-
lated using peat and coir asthe organic compo-
nents, and vermiculite and perlite asthe inor-
ganic components (Table 1). No preplant fer-
tilization was included in the media. The
Scotts Company supplied the coir and peat
organicmaterials. Vermiculite(Fafard, Ander-
son, S.C.; US. grade # 2; bulk density 0.14
g-cm™) and perlite (Fafard; US grade #3; bulk
density 0.05 g-cm=) were purchased locally.
Cultural practices. Four greenhousetrials
were conducted in June 1997, Aug. 1997, Jan.
1998, and Feb. 1998. Individua 242-cell
Styrofoam flats (2.5 x 2.5 x 6.5 cm; 24 cm?/
inverted pyramid cell; Speedling, Sun City,
Fla.) of the various media were sown (one
seed/cell) with ‘Agriset 761’ tomato seeds
(Petoseed Co., Saticoy, Calif.) Seedlingswere
grown in an open-sided greenhouse in
Immokalee, Fla, in natural conditions. Flats
of the 16 mediawere arranged in randomized
completeblockswithfour replicationsonrails
within the greenhouse. A rotation of the trays
within blocks was performed daily to avoid
positional bias. All plants were grown for 6
weeks. Transplants were overhead-irrigated
daily and fertigated twiceweekly with N at 50
mg-L from 20N-8.6P-16.6K fertilizer (Pro-
lific, Riverside/TerraCorp, Sioux City, lowa).
Manzate 200 DF (zinc ion and manganese
ethylenebisolithiocarbamate 75%) and K ocide
100 (copper sulfate 98%) wereapplied weekly
to control fungi and bacteria. Dipel 2X (Bacil-
lus thuringiensis var. kurstaki 6.4%) was

Table 1. Components of the 16 transplant media
evaluated.

Caoir Peat Vermiculite Perlite
-------------------- (% by volume) ------------=--=---
100 0 0 0

0 100 0 0
50 50 0 0
50 0 50 0
50 0 0 50

0 50 50 0

0 50 0 50
75 0 25 0
75 0 0 25

[ o 75 25 0 ]

0 75 0 25
50 25 25 0
50 25 0 25
25 50 25 0
25 50 0 25
25 25 25 25

Industry standard: 75% peat + 25% vermiculite.
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sprayed asneeded for larval Lepidoptera con-
trol. Six-week-old transplants from the Aug.
1997 experiment wereplantedinthefieldinan
Immokalee fine sand (sandy, silicaceous, hy-
perthermic, Aenic Haplaguod). Generalized
Florida transplant production techniques
harden plants; therefore, noadditional harden-
ing techniques were employed.

Field-set transplantswere arranged in ran-
domized complete blocks with four replica-
tions. Each plot contained 14 plants at 45-cm
in-row and 1.8-m between-row spacing. Field
fertilization was determined by soil test P and
Univ. of Florida Extension N and K recom-
mendations (Hochmuth and Maynard, 1998.)
A granular 5SN-6.8P-6.6K fertilizer wasbroad-
castatarateof N at 39 kg-ha™ prior to bedding.
Soil was subsequently fumigated with methyl
bromide (300 kg-ha broadcast) while the 80-
cm-wide bedswerebeing formed and covered
withwhite-on-black plasticmulch (0.003-mm.)
Drip irrigation was employed using Netafilm
SL-80 drip tape with an emitter spacing of
45.7cmandaflowrateof 1.4L -h™. Fertigation
began 2 weeks after transplanting with twice-
weekly injections. In Fal 1997, N at 197
kg-ha' (8N-OP-6.6K; 614 L) was injected
during the season.

Datacollection. Total emergence(TE) and
mean days to emergence (MDE) were re-
corded for each trial. MDE was quantified
using the formula proposed by Gerson and
Honma(1978). Plant growth measurementsof
the 6-week-old tomato transplants included
shoot and root dry weight, leaf area, stem
length, stem diameter (measured above coty-
ledons), and leaf chlorophyll concentration of
secondtrueleaf. Dataweretabul ated by eval u-
ating five individua transplants per experi-
mental unit. L eaf areawasrecordedusingal |-
3000A portableareameter (LI-COR, Lincoln,
Nebr.); stem diameter was quantified by an
ultra-call Mark 111 electronic caliper (Fred. V.
Fowler Co., Newton, Mass.); and leaf chloro-
phyll concentration by a Spad-502 chloro-
phyll meter (MinoltaCameraCo. Ltd., Osaka,
Japan). Tomato fresh weight yield was re-
corded at each of three harvests (10-d inter-
vals) by separating color and mature green
fruit according to USDA (1998) size grades.

Florida transplant grower survey. Green-
house managers from four vegetable trans-
plant nurseries |ocated in the Immokal ee area
of Florida(Barnett-Partin PlantsInc., Johnson
Plants, LaBelle Plant World, and TransGrow
Plant Co.) visualy rated the plant growth of
the 6-week-old transplants from the growth
medium trial concluded in Feb. 1998. Trans-
plant growthratingwasbased onascaewhere:
1=poor, 2=fair, 3=acceptable, 4=good, and
5 = excellent. General plant habit, color, stem
diameter, root development, ease of removal
fromtray, and medialossasaresult of removal
were evaluated. Florida transplant growers
generally basetransplant growthonthreemajor
parameters: root devel opment, stem diameter,
and leaf area (Arenas, 1999).

Satistical analysis. Datawere subjected to
analysisof variance(ANOVA). Gupta smean
separation test was performed on each of the
plant growth and yield parameters measured
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inorder togroup thembest toworst (Guptaand
Sobel, 1957). Gupta stest ispreferred to least
significant difference (Lsp) or Duncan’s pro-
cedurewhen, at aspecificlevel of confidence,
onewishesto say, “Wefeel X% confident the
best treatment is among those in this quality
grouping.” The other procedures—isp and
Duncan’ s—simply compare means on apair-
wise basis.

Results and Discussion

Coir vs. peat physical and chemical prop-
erties. Coir and peat particle size distribution
was predominantly withintherange (0.25-2.5
mm) suggested to be optimal for a growth
medium (Abad et a ., 1992): 89% (by weight)
for coir and 60% (by weight) for peat. Bragg et
al. (1993), and Evans et a. (1996) reported
similar particle size for coir between 0.5 and
2.0 mm in diameter.

Coir and peat had similar BD and PD, but
coir had higher TPS, WHC, pH, EC, C:N, and
NDI 5 than peat (Table 2). The results pre-
sented in Table 2 were consistent with those
citedby Martinezetal. (1997), Prasad (1997a),
and Wever and Leeuwen (1994).

Coir was less acidic than peat and had
higher EC. Both coir and peat exhibited simi-
lar organic matter (>90%) and mineral content
(<10%) (data not shown) and were within an
acceptable range cited by Abad et al. (1992).

Coir C:N ratio valuewas considerably greater
thanthat of peat. Coir C:N ratioreportedinthe
literature ranged from 60:1 (Savithri and
Hameed, 1994) to 220:1 (Lemaire, 1997),
depending on the coir source.

The coir N drawdown index (NDl), a
measure of soluble nitrogen immobilization
by microorganisms, was 0.79, while that of
peat was 1.07. These values are consistent
with determinations by Creswell (1992),
Handreck (1992), and Prasad (1997b). NDI
values <1 indicate that microorganisms are
consuming soluble nitrogen in the medium
nutritional solution, and values>1 indicate no
N immobilization. The NDI; value generally
isinversely related to the C:N ratio.

Germination. Media composition did not
affect TE (data not shown); however, MDE
varied from 6.7 and 7.1 d between media
Differencesin M DE between mediaweregen-
erally <8 h, indicating fair uniformity across
al 16 media. These MDE values were within
the recommended range (4—7 d) for tomato as
suggested by Styer and Koranski (1997). Per-
lite media significantly delayed germination,
resulting in the highest MDE values. This
delay could berelated tothefact that peat, coir,
and vermiculiteall have higher water-holding
capacities than perlite (Styer and Koranski,
1997), akey factor in optimizing germination
(Cantliffe, 1998.)

Seeding date x media interaction effects

Table2. Total pore space (TPS), bulk density (BD), particle density (PD), water-holding capacity (WHC),
pH, electrical conductivity (EC), carbon to nitrogen ratio (C:N), and nitrogen drawdown index (NDl )

of coir and peat.
TPS BD PD WHC EC
(%) (gem®)  (gemd) (% by wt) pH?  (dSm?) CN NDI
Coir 94.64 0.06 154 763 5.36 0.75 1171 079
Peat 93.54 0.07 151 695 4.16 0.18 46:1  1.07
Significance * NS NS * * * * *

zpH and EC were determined via saturated paste extract 1 part medium to 2 parts water.

YNDI5 index has no units.
vs*Nonsignificant or significant at P < 0.05.

Table 3. Transplant growers' evaluation of 6-week-old tomato transplants grown in media prepared from
coir (C), peat (P), vermiculite (V), or perlite (Pr), Feb. 1998.

Transplant growth rating?

Medium components Root Stem  Leaf Easeof remova Media General
C P \% Pr devy diam  color from tray loss  appearance
100 0 0 0 2.50 375 425 2.75 2.50 3.75
0 100 0 0 4.50° 4.00° 4.00° 4,75 4,75 4.00°
50 50 0 0 3.25° 300 325 3.25 3.75 3.00°
50 0 50 0 175 2.50 3.50 2.75 2.50 2.50
50 0 0 50 1.00 1.00 1.00 1.00 1.00 1.00
0 50 50 0 2.75 325 4.00 2.75 2.50 3.50°
0 50 0 50 3.25° 2.75 3.25° 3.50° 3.50° 2,75
75 0 25 0 1.50 2.00 3.00 2.00 2.50 2.50
75 0 0 25 1.75 2.00 2.75 1.50 1.50 2.50
[ o 7% 25 0 3.50° 3.000 350 3.50° 3.75 350 |
0 75 0 25 3.50° 2.75 3.25° 3.25 3.75° 3.00°
50 25 25 0 2.75 2.50 3.00 2.75 3.25 2.50
50 25 0 25 2.75 2.25 3.25° 3.00 3.25° 2,75
25 50 25 0 3.25 2.75 3.50" 3.50" 3.00 3.00°
25 50 0 25 2.75 2.50 3.00 2.75 2.50 2.50
25 25 25 25 3.75% 325 375 3.75 3.50 3.50°
Gupta's (P < 0.05) * * * * * *

*Grading scale: 1 = poor; 2 = fair; 3 = acceptable; 4 = good; 5 = excellent.

YRoot development.
*Industry standard: 75% peat + 25% vermiculite.

“Means are expected to be among the best (P < 0.05) as determined by Gupta’ s test.
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werenonsignificant; however, theoverall seed-
ing date effect showed MDE was shorter in
June (6.04) thanin January (7.51) or February
(7.09); by contrast, TE was higher in January
and February (89% and 90%, respectively)
than in June and August (86% and 83%, re-
spectively). The combination of greater soil
temperatures, higher irradiance levels, and
increased irrigation frequencies during the
summer trials was more conducive to rapid
initial emergence (i.e., lower MDE). How-
ever, these sameenvironmental stresses, espe-
cially temperatures>30°C, canreduceoverall
emergence(Vavrina, 1996). Optimal tempera-
turefor tomato seed germinationis21t024°C
(Styer and Koranski, 1997).

Florida transplant grower survey. Visua
ratingsby Floridatransplant growers(Table3)
indicated that transplantsin all peat mediaand
seven media containing coir were acceptable
by industry standards (Arenas, 1999). Media
containing 50% or 75% coir with perlite or
vermiculite were rejected due to small stem
diametersand root systems, variables deemed
most important by Floridatransplant growers
(Arenas, 1999). High correlation coefficients
were found between grower ratings and mea-
sured values for root system, stem diameter,
and general plant habit (r = 0.85, 0.79, and
0.70, respectively, P < 0.01).

Transplant growthandyield. Tomatotrans-
plants grown during the summer exhibited
greater growth when grownin peat rather than
coir (Table 4). Transplants grown in 100%
peat, 75% peat + 25% vermiculite, or 50% peat
+50% vermiculitehad greater root dry weight,
stemdiameter, | eaf area, shoot dry weight, and
stem length than transplants grown in other
media. Leaf chlorophyll concentration was
unaffected by growth media.

Based on root dry weight and stem diam-
eter (two Florida transplant grower criteria),
eight media generated larger transplants in
Winter 1998: five mediawith peat as the sole
organic component, and threemediawith peat
and coir as the organic component (Table 5).
Shoot dry weightsweresimilar for 14 of the 16
media, but the higher leaf chlorophyll concen-
tration of peat-grown plants was useful in
assessing winter transplant quality.

Transplantsgrownin ahigh content of coir
(=50% coir) did not grow as vigorously as
peat-grown transplants when fertilized twice
weekly with N at 50 mg-L= in both summer
and winter. Additional trialsdesigned to over-
comecoir NDlI . deficiencies (datanot shown)
indicated that N at 75 to 100 mg-L™* was
sufficient toreducevisual differencesbetween
peat and coir transplants, but the grower panel
assessment of transplant quality among the 16
media remained unchanged (Arenas, 1999).

Merrow (1994) al so reported reduced plant
growthin coir-based mediacompared to peat-
based media (four coir/peat + one sand; by
volume) for Ixora coccinea L. in Florida. Re-
duced plant growthwasattributedtothesoluble
N immobilization by coir microorganisms, as
suggested by our coir 0.79 NDI 5 value and
those of other studies (Cresswell, 1992;
Handreck, 1992; Prasad, 1997b). Pill and Rid-
ley (1998) reported no plant growth differ-
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Table4. Growth of 6-week-old tomato transpl antsin mediaprepared fromcoir (C), peat (P), vermiculite(V),

or perlite (Pr), Summer 1997.

Summer 1997
Root Stem L eaf Shoot Stem L eaf

Media components (%) dry wt diam area dry wt length chlorophyll
C P \ Pr (mg) (mm) (cm?) (mg) (cm) concn
100 0 0 0 31 2.60 17.27 118 9.30 26.45
0 100 0 0 48 2.85 16.69 174 10.59 29.17
50 50 0 0 32 2.58 16.42 107 8.71 2177
50 0 &0 0 32 2.64 15.00 117 9.14 29.23
50 0 0 50 30 2.61 14.84 109 9.19 28.01
0 50 50 0 52" 2.95 22.39 183 11.91" 29.34
0 50 0 50 45 2.69 18.13 136 9.68 28.51
75 0 25 0 32 2.66 14.94 120 9.60 26.98
75 0 0 25 33 2.67 15.08 121 9.04 27.68

[ o 1 25 0 48 2.95 19.92' 175 10.80 28.56" |
0 75 0 25 45 2.82 19.74 152 10.21 29.22
50 25 25 0 30 2.56 13.22 106 8.84 26.96
50 25 0 25 31 2.56 13.66 104 8.87 27.55
25 50 25 0 36 2.69 15.18 120 9.34 28.94°
25 50 0 25 38 272 16.16 132 9.47 28.54
25 25 25 25 32 2.58 13.70 120 9.06 27.64

Industry standard: 75% pest + 25% vermiculite.

“Means expected to be among the best (P < 0.05) as determined by Gupta' s test.

Table5. Growth of 6-week-old tomato transplantsin mediaprepared fromcoir (C), peat (P), vermiculite(V),

or perlite (Pr), Winter 1998.

Winter 1998
Root Stem L eaf Shoot Stem L eaf

M edia components (%) dry wt diam area dry wt length chlorophyll
C P \% Pr (mg) (mm) (cm?) (mg) (cm) concn
100 0 0 0 24 2.25 15.22 83 9.60° 27.33
0 100 0 0 30 2.34 18.69 93 9.91" 30.35
50 50 0 0 24 2.15 14.50 88 8.95 26.82
50 0 50 0 20 221 14.31 77 9.70 27.73
50 0 0 50 20 1.99 13.15 82 8.58 27.41
0 50 50 0 27 2.35 18.87 95" 10.70 29.42
0 50 0 50 28 2.20° 16.71 97 9.35 29.04
75 0 25 0 22 213 13.49 87 8.87 27.06
75 0 0 25 22 2.17 13.68 80 8.84 27.54

[ o 7% 25 0 29 231 18.31" 2y 9.93 30.88" |
0 75 0 25 28" 227 18.32 85 9.39 29.26
50 25 25 0 26" 2.28 16.91" 81 10.08 26.83
50 25 0 25 23 214 14.96 81 8.97 27.05
25 50 25 0 26" 2.25 17.47 86" 9.76 29.45
25 50 0 25 25 2.15 15.25 90 8.82 28.74
25 25 25 25 26" 227 16.25 85" 9.65 28.14

?Industry standard: 75% peat + 25% vermiculite.

“Means expected to be among the best (P < 0.05) as determined by Gupta’ s test.

ences between 5-week-old transplants grown
in coir media vs. peat media using weekly
fertilizations with N at 350 mg-L* or with
Osmocote (10N-0.4P-14.9K) incorporated at
4Kg-m2medium.Vavrinaetal. (1998) showed
that increasing transplant fertilizationin south
Florida resulted in leggy transplants and re-
duced yield in fall-grown tomato; therefore,
overcoming the NDI for coir-grown trans-
plants might require increasing management
inputs.

Despite obvious transplant growth differ-
ences among media, total fall tomato yields
weregenerally unaffected by transplant media
(Table 6). Tomato yields over three harvests
ranged from 39.8 to 49.1 MT-ha? and were
similar to average yields of 36.0 to 40.0
MT hat in Florida (Hochmuth and Maynard,
1998). Atfirst harvest, maturegreenfruityield
in both extra-large (XL; P < 0.05) and total
fruit production (P = 0.065) were greatest for
transplantsgrownin 50% coir +50% vermicu-

lite. Transplantsgrown in all mediahad simi-
lar yieldstothetransplantsgrownintheindus-
try standard media (75% peat + 25% vermicu-
lite), with the exception of the medium con-
taining 25% each of coir, peat, vermiculite,
and perlite. Coir transplants generated similar
or greater tomato yields than peat transplants.
These data suggest that visual estimates of
transplant growth were not closely associated
with subsequent fruit yield.

In summary, we were unable to determine
an optimal medium formulation for tomato
transplants due to seasonal variation in plant
growth and incongruities between visual as-
sessment of transplantsand field yield. While
peat + vermiculite mediaresulted in superior
transplant growth in the summer, subsequent
fall tomato yields were unaffected by trans-
plant media. Tomato transplantsgrownin coir
produced first harvest yields (extralarge and
total) that were comparable to, or higher than
the industry standard 75% peat + 25% ver-
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Table6. Red/breaker and maturegreen ‘ Agriset 671’ tomatoyield at first harvest and sum of three harvests

from the 16-media study, Fall 1997.

1st Harvest (T-ha?)
Red/breaker Mature green Total 3 Harvests
Medium components (%) Extra Extra (Red and T-hat
Coir Peat Vermiculite Perlite large  Tota large Tota green) Tota
100 0 0 0 143 143 10.66 10.96" 12.39 45.27
0 100 0 0 235 248 8.50 8.97 11.45 45.30
50 50 0 0 4.04 424 8.64 9.18 13.42 44.24
50 0 50 0 048 092 1495 15.00° 16.30 49.05
50 0 0 50 161 161 7.53 8.03 9.63 40.97
0 50 50 0 291 294 9.12 9.68 12.63 4191
0 50 0 50 2.18 218 1098 11.82 13.99 47.56
75 0 25 0 110 110 8.56 9.34 10.44 40.48
75 0 0 25 092 092 10.29 10.68" 11.59 43.92
[ o 52 25 0 093 093 1212 12.67° 13.59 46.12 |
0 75 0 25 145 153 8.28 8.83 10.36 4751
50 25 25 0 210 214 1018 10.50° 12.64 42.44
50 25 0 25 1.00 1.00 8.58 9.25 10.24 43.54
25 50 25 0 108 108 1231 12.88 13.95 42.62
25 50 0 25 0.74 0.80 9.18 10.49 11.29 42.12
25 25 25 25 095 095 5.70 6.23 7.19 39.79
Gupta's (P < 0.05) NS NS * * NS NS

?Industry standard: 75% peat + 25% vermiculite.

“Means expected to be among the best (P < 0.05) as determined by Gupta' s test.

“Nonsignificant.

miculite transplants. In winter conditions, use
of up to 25% coir did not compromise trans-
plant growth visually.

Coir showed promise as an aternative
medium to peat in transplant production.
Floridatransplant growers approved of trans-
plants produced in 100% coir medium and all
combinations of coir plus peat. Growers did
not liketransplantsfrom mediablended solely
with coir and inorganic materials at any per-
centage. Reduced plant growth after 6 weeks
inhigh-content (>50%) coir blendswasthought
to be explained by microbial N immobiliza-
tion, so further research should focus on
whether transplant growth (and possibleyiel ds)
could beincreased by fertilizer and irrigation
modification. In addition, the relationship be-
tweentraditional attributesof transplant growth
(i.e., stem diameter, root dry weight, etc.),
visual quality, and fruit yield should beinves-
tigated further.
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