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Arbuscular
Mycorrhiza and
Growth Responses
of Several
Ornamental Plants
Grown in Soilless
Peat-based Medium
Amended with
Coconut Dust (Coir)

R.G. Linderman' and
E.A. Davis?

ADDITIONAL INDEX WORDS. endomycor-
rhiza, potting mixes, marigold, mini-
rose, zinnia, germander, lavender

Summary. Coconut fiber dust (coir)

is being used as a peat substitute or
amendment to potting mixes with
varied results. However, its microbial
composition and compatibility with
beneficial microbes that might be
added to growth media in the nursery,
such as mycorrhizal fungi, has not
been determined. In this study, coir
was amended to a peat-based medium
(15%, 30%, 45%, and 60% by volume)
to determine its effects on growth of
several ornamental plants and on the
formation and function of the arbus-
cular mycorrhizal (AM) fungus Glo-
mus intraradices. Mycorrhizae formed
as well, and usually better, in all the
coir-amended peat treatments as in
peat alone. The magnitude of growth
enhancement due to mycorrhizae was
small for the plants tested in these
media compared to that which usually
occurs in soil-based media. In this
experiment, plant growth responses
appeared to be independent of level
of mycorrhizal colonization and were
plant species dependent. Consistent
growth enhancement from mycor-
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rhizae only occurred with marigold
(Tagetes patula). With germander
(Teucrium fruticans), growth was
depressed with mycorrhizal inocula-
tion in the medium composed of 60%
coir. Growth of lavender (Lavandula
augustifolia) was depressed in all
coir-amended media, with or without
AM inoculation, compared to the
nonamended control. These results
confirm previous reports of varied
response of plant species to coir, and
indicate the lack of any detrimental
effects of coir on mycorrhiza forma-
tion.

he use of coir as a suitable plant

growth substrate has been re-

ported for many greenhouse
plants: rose (Rosa spp.) (Raviv et al.,
2001 ); australian native pea ( Pultenacn
spp. ), australian native aster ( Brachycome
spp.), australian native correa (Correa
spp.), eucalypt ( Eucalyptusspp. ), spider
flower (Grevillea spp.), and australian
native lomandra ( Lomandra spp.) (Of-
ford et al., 1998); tickseed (Coreopsis
spp.) and tomato (Lycopersicon spp.)
(Pill and Ridley, 1998); arrowwood
(Viburnum spp.) and lilac (Syringa
spp.) (Evans and Iles, 1997); dumb
cane ( Dieffenbachia spp.), madagascar
dragontree (Dracaenaspp.),and peace
lily (Spathiphyllum spp.) (Stamps and
Evans, 1997, 1999); rhododendrons
(Rhododendyon spp.) (Knight et al.,
1998); balsam ( Impatiens spp.) (Argo
and Biernbaum, 1997); jungle gerani-
um (Ixora spp.) and star cluster ( Pentas
spp.) (Meerow, 1994); sunflower ( He-
Lanthus spp.), marigold ( Tagetesspp.),
petunia (Petunia xhybrida), and gera-
nium (Pelargonium spp.) (Evans and
Stamps, 1994); poinsettia (Euphorbin
spp.) and lily ( Lelsum spp.) (Argo and
Biernbaum, 1995; Waber and Evans,
1996); tailflower (Anthuriumspp.) and
magesty palm ( Raveneaspp.) (Meerow,
1995).

Most reports indicate that coir
is suitable for potting mixes, but re-
ported growth responses are as varied
as the plant species grown, the potting
substrate mixes, the fertilizer regime,
the typc of peatmoss used in the mix
(i.e.,sphagnumversussedge) (Meerow,
1994, 1995), and the actual sources of
the coir (Abad et al., 2002; Evansetal.,
1996; Konduru et al., 1999). This last
factor may be one of the most crucial;
the live coconut plantation site and the
coir process of drying, grinding, and
compression can significantly affect
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its physical and chemical properties
(Konduru et al., 1999). Of the chemi-
cal constituents, exchangeable salts are
the most variable, affected primarily by
levels of potassium (K), sodium (Na),
and chlorine (Cl), whichare now known
to be inherently high in the long husk
fibers themselves. Additionally, the
proximity of the coir storage to the
ocean influences the salt accumulation
from coastal spray.

Growers of nursery crops are
increasingly interested in biologically-
based approaches to plant production
that reduce the use of high rates of
chemical fertilizers and pesticides.
Mycorrhizal fungi form a symbiotic
relationship with the roots of most
plants and provide increased fertilizer-
and water-use efficiency. Mycorrhizae
also enhance resistance to diseases
(Linderman, 1994, 2000) and soil
toxicities, such as salinity (Cantrell
and Linderman, 2001), improve trans-
plantability (Biermannand Linderman,
1983a; Chang, 1992) and cause earlier
flowering (Hunter, 1997). Arbuscular
mycorrhiza (AM) is the predominant
association on most cultivated plants.
Certain tree species form ectomycorrhi-
zac [such as oaks ( Quercus spp.), pines
(Pinusspp.), firs (Abiesspp.), eucalypts
(Eucalyptusspp. ), birches ( Betulaspp.),
and beeches ( Fagus spp.)] (Brundette,
1991) and ericaceous shrubs or berries
(e.g., Rbododendron spp., Vaccinium
spp.) form ericoid mycorrhizae (Smith
and Read, 1997).

Mycorrhizaeare very common and
often are essential components of most
ecosystems. However, mycorrhizae are
rarely present in soilless media used in
container nurseries. If growth media
have soil included, the soil could carry
inoculum or it could be introduced as
an airborne contaminant in dust. But
consistent presence of mycorrhizae in
containers is rare without intentional
inoculation and management by the
grower.

Media containing peatmoss as a
major component have been shown to
suppress AM fungal establishment. Dif-
ferent peats have been shown to cause
varied extent of suppression of the AM
association (Linderman and Davis,
2003). It has been thought that sup-
pression may be due to the heavy rates
of fertilizer application to these mixes
(Biermannand Linderman, 1983b), but
other factors might also be involved. A
high rate of phosphorus (P) in potting
mixes suppresses AM fungi (Datnoff et
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al., 1991). Slowly available sources of
P, such as rock phosphate (Graham and
Timmer, 1984), some composts (Lin-
derman and Davis, 2001), or organic
fertilizer sources appear to be more
conducive to AM establishment than
high rates of soluble, inorganic fertilizers
that often have high levels of P.

The purpose of this study was to
determine if adding coir to peat would
affect the formation and activity of AM
fungi. We examined the effects of coir
amended to a peat-based soilless me-
dium on AM fungal colonization and
plant growth of five different ornamen-
tal plants.

Materials and methods

PREPARATION AND BIOLOGICAL MA-
TERIALS. This experiment included 10
treatments of five coir rates and two
AM fungal inoculum levels combined
in a 5 x 2 factorial arrangement. Each
treatment was tested using five dif-
ferent plant species: ‘Lady’ lavender,
germander, ‘Aurora Light Yellow’
marigold, ‘Peter Pan Scarlet’ zinnia
(Zinnin elegans), and ‘Orange Cupido’
[PP10820] miniature rose.

Coir (CocoLite; Coconut Palm
Resources, Hillsboro, Ore.) was
mixed manually with peatmoss (Lake-
land Peat; Sun Gro Horticulture, Inc.,
Hubbard, Ore.)atratesof0,15,30,45,
and 60%. As each coir-peat treatment
was mixed, horticultural grade perlite
(Supreme Perlite, Portland, Ore.) was
added at 20% of total volume of the
mix along with dolomitic limestone at
2.97 kg-m™ (5 Ib/yard?). Mixes were
stored in plastic waste containers until
used for planting.

Square plastic pots [10.2 cm (4
inches)] were filled with each substrate
[about 0.6 L (0.63 qt)] and leached to
remove cxcess salts by irrigation with
tap water from a hose until gravimetric
water was released from the bottom of
the pot. Each pot was leached twice
before AM fungal inocula were applied
and two times more before any experi-
mental plants were transplanted.’

Lavender, marigold, and zinnia
seeds were germinated in plug flats con-
taining a 60 peat : 30 sandy loam : 10
perlite mix (by volume). The loam was
pasteurized with aerated steam [ 30 min
at 60°C (140.0°F)] to eliminate patho-
gens and mycorrhizal fungi. Seedlings
were transplanted (one plant per pot)
when two true leaf pairs had formed,
at about 5 weeks, 2 weeks, and 4 weeks
from germination, respectively. Two-

node cuttings of miniature rose and
germander were stuck in Oasis cubes
(Smithers-Oasis USA, Kent, Ohio) and
placed under mist until two to three
roots formed on each.

Half of all coir—peat treatments
were inoculated with the AM fungus
Glomus intraradices which previously
had been pot-cultured with ‘Guards-
man’ bunching onions (Allium cepa)
grown in 1:1 loam:sand. Inoculum for
the study consisted of a mixture of the
soil medium, extraradical hyphac and
spores, and colonized root segments
[=4 mm (0.16 inch) in length]. Evalu-
ation of the inoculum potential of G.
intraradices before the study, using
the most probable number method
(Woomer, 1994), indicated that the
soil medium had 11 propagules/cm?
(180 propagules /inch?). The remaining
containersreccived non-mycorrhizal in-
oculum produced in the same manner as
was used for G. intraradices inoculum
production but without inoculating
with AM fungi. In all treatments, 5 cm?
(about 1 teaspoon) of the appropriate
inoculum were placed in the middle of
a pot just under the transplant zone.

To standardize qualitatively the
rhizosphere soil microflora of the AM
treatments, root washings from the pot
cultures were applied to pots after being
passed through a 38-pm sieve (Tyler
equivalent400-mesh)and Whatman #1
filter paper. Across all coir—peat rates,
control pots each received 50 mL (1.7
fl oz) of G. intraradices filtrate, and G.
intraradices-inoculated pots received
50 mL of non-mycorrhizal plant soil
filtrate. These solutions were applied
2 to 3 d before any transplant.

GROWTH AND HARVEST. After trans-
planting, plants were lightly moistened
and placed on greenhouse benches.
Pots were arranged in a randomized
complete-block design with 6 to 8
replications per treatment. Greenhouse
controls were maintained at 27 /18° C
(80.6/64.4° F)day/night temperatures
and supplemental lighting by high-pres-
sure multi-vapor lamps provided 14-h
daylengths of 600 to 800 pmol-m=2-s7!
at canopy level (from beginning to end
of each study). All plants were fertil-
ized once or twice weekly, depending
on the plant species and coir—peat ratio.
Beginning 6 d after transplanting, plants
were fertigated using soluble 13-2-13
(13N-0.9P-10.8K) fertilizer (Plant
Marvel; Plant Marvel Laboratories,
Inc., Chicago), providing 200 mg-L!
(ppm) nitrogen (N) and K, and 16
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mg-L! P. Between scheduled fertiliza-
tions, additional selective watering of
individuals was necessary depending
upon the coir—peat ratio and plant age.
Coir-amended mixces arec known to have
higher moisture holding capacities than
peat-based mixes (Stamps and Evans,
1997) and we typically watered or fer-
tilized the higher coir—peat treatments
at one-third the frequency needed for
no-coir or low coir—peat treatments.
Fertilizer or water was applied in excess
to ensure complete drainage through
the pot.

Plants were harvested when they
reached marketable liner size. Tops of
plants were cutat the soil line and dried
in a convection drying-oven at 65 °C
(149.0F) for 48 h. Roots were washed
clean of potting mix, blotted dry on
paper towels, weighed, and each one
randomly subsampled and evaluated
microscopically for mycorrhizae, then
re-weighed and oven-dried for final
dry weights.

Portions of roots sampled for
mycorrhizal evaluation were cleared
and stained by a modified Phillips and
Hayman (1970) technique, replac-
ing lacto-phenol with lacto-glycerin.
Stained roots were arranged on a grid
with 1 ¢m (0.4 inch) sections, and then
100 intersections per sample were ex-
amined for the presence or absence of
vesicles and /or arbuscules (Giovanetti
and Mosse, 1980).

Data fromindividual host bioassays
were tested by multiway analysis of vari-
ance (Systat 8.0; SPSS, Inc., Chicago).
Treatment means were comparced where
appropriate using Fisher’s protected
least significant difference test at P =
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0.05.
CHEMICAL ANALYSES OF COIR, COIR—
PEAT MIXTURES AND LEACHATES. Four
different sources of coir were analyzed
for chemical properties by the Central
Analytical Services at Oregon State
University, Corvallis for comparative
purposes and to select one for further
testing. Theyvaried substantiallyin elec-
trical conductance (EC), and content
of'iron (Fe), manganese (Mn), copper
(Cu), zinc (Zn), chlorine (Cl), and N.
Cocolite, a blend from Sri Lanka, was
selected for the reported study, to be
used in various combinations with a
peat-based medium. Analyses of pre-
plant mixes and post-harvest residuals
of unplanted containers are shown in
Table 1.

Leachates of unplanted containers
of each of the mixes were collected at
the time of the initial saturation, at trans-
plant,and at harvest,and were analyzed
aswell by the Central Analytical Services
at Oregon State University (Table 2).
Three replicate samples of leachates
from each treatment were collected
separately and then pooled for analysis,
thus precluding any statistical analysis.

Results and discussion
Chemical analyses of the different
coirs(data notpresented) substantiated
other reports on the variability in coir
sources (Abad, et al.; 2002; Evans, et
al., 1996; Handreck, 1993; Meerow,
1994; Noguera, etal., 1997) including
high concentrations of K, Na, and Cl.
Analyses of our coir—peat mixesindicat-
edincreasingly high levels of K, Na, and
Cl with increased coir content (Table
1), consistent with previous reports.

Leachate analyses (Table 2) paralleled
this trend, with high concentrations
of Cl being leached after initial satura-
tion. By the time of transplant (after
two leachings), however, Cl content
was substantially reduced, while K,
calcium (Ca), magnesium (Mg), Cu,
and nitrate (NO,") increased.

Coir typically has a lower cation
exchange capacity (CEC) and higher
pH relative to peat (Abad et al., 2002),
but there are conflicting reports about
the nature of its buffering capacity.
Handreck (1993) claimed that coir
has a low ability to retain cations, low
pH and buffer capacity, and suggested
that additional N, Ca, sulfur (S), Cu,
and Fe was needed to bring the media
to adequate supply levels. However,
Kithome etal. (1999) used an isotherm
modecl to show that given its surface
area and the types of functional groups
that aftect its CEC, coir has the ability
to absorb considerable amounts of am-
monium (NH,"),and, dependingupon
whether it is acidified or deprotonized,
its CEC can be decreased or increased.
This reaction would be influenced by
the nature of fertilizer application and
starter charges to the growth medium.
Inourstudy, initial mixes contained low-
er NH,* with increased coir rates (Table
1). After harvest, the same solid samples
contained lower amounts of NH,' in
the lower coir rates but slightly elevated
amounts as the rates increased.

Atharvest, Kand NO," concentra-
tions were further elevated in both re-
sidual soiland leachates(Tables 1 and 2).
Thisislikelyareflection ofthe exchange
capacities of the mixes throughout the
water-fertilizer regime applied to the

Table 1. Chemical analyses* of coir—-peat mixes, the coir (CocoLite), and peat used in the current study, analyzed before
planting (initial mixes) and at the time of harvest but without plants (at harvest).

Coir-peat P K Ca Mg Na CEC EC Fe Mn Cu Zn NH-NNO-N CI TC TN
treatment’ pH (mg-kgt) (cmol-kg1)* (dS-m)x (mg-kgt)* (g-kgt)
Initial mixes
0:100 5.3 22 115 153 42 030 547 04 187 160 1.22 94 931 249 99 353 8.1
15:85 5.8 32 317 19.1 52 070 67.0 0.6 221 88 1.40 79 582 382 418 378 10.1
30:70 5.9 24 678 18.6 5.1 1.35 55.8 0.7 167 51 1.47 6.9 9.5 4.4 901 367 9.1
45:55 6.0 19 910 192 55 1.73 56.6 0.7 155 35 1.24 7.0 7.6 1.2 1153 355 8.6
60:40 6.2 24 1350 19.3 58 251 759 1.0 131 23 1.33 9.2 52 1.0 1135 358 7.7
Cocolite® 5.6 51 7995 70 86 878 573 09 52 10 1.30 483 233 0.5 4305 472 5.0
Pecat® 4.7 27 101 368 164 028 121.0 0.6 600 112 4.00 6.60 114 110 264 471 138
At harvest
0:100 5.3 119 927 128 45 046 n/a 6.3 172 67 444 122 195 2675 229 281 103
15:85 5.9 79 1170 18.1 6.0 0.66 n/a 4.0 93 28 3.69 11.3 11.9 2955 334 332 1206
30:70 6.1 69 2680 298 105 194 n/a 5.2 58 27 342 145 11.1 3976 827 318 13.0
45:55 6.2 69 2940 296 105 245 n/a 4.7 47 18 320 124 11.7 3971 1011 339 134
60:40 6.4 55 2690 27.3 9.3 231 n/a 4.4 35 19 384 121 96 3538 890 333 116

'D = plant available phosphorus (Bray); K = potassium; Ca = calcium; Mg = magnesium; Na = sodium; CEC = cation exchange capacity; EC = exchangable salts; I'e = iron;
Mn = manganese; Cu = copper; Zn = zinc; NH -N = ammonium-nitrogen; NO -N = nitrate-nitrogen; CI = chloride; I'C = total carbon; TN = rortal nitrogen.

*Coir—peat mix (vol/vol), further amended with 20% perlite (v/v) and 2.97 kg-m™ (5 Ib/vard?) dolomitic lime.
*1.0 mg-kg ' = 1.0 ppm; 1.0 cmolkg ' = 1.0 meq,/100g; 1.0 dS-m'! = 1.0 mmhos/cm; 1.0 g-kg™? = 0.1%.
“CocoLite = coir product from Sri Lanka; peat = Lakeland peatmoss.
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Table 2. Chemical analyses of leachates collected from coir—peat mixes without plants over the duration of the

6-week study.

Coir—-peat Chemical [mg-kg™ (ppm)]? EC
treatment” Dy PO,-P K Ca Mg Fe Mn Cu Zn NH,-N NO,-N Cl (dS-m™)
Initial saturation®
0:100 9 6 20 23 10 0.14 0.39 0.04 0.35 5.9 4.0 16 0.34
15:85 7 6 65 39 17 0.15 0.22 0.03 0.17 12.5 16.2 78 0.77
30:70 [ 5 126 37 17 0.15 0.20 0.02 0.04 0.6 15.2 157 1.09
45:55 5 3 142 29 13 0.15 0.09 0.02 0.09 1.0 12.7 171 1.01
60:40 4 3 158 16 8 0.15 0.04 0.02 0.04 0.2 1.4 193 1.12
Transplant
0:100 8 6 79 108 40 0.15 0.09 0.18 0.18 10.8 150.6 8 0.49
15:85 6 6 98 96 36 0.10 0.04 0.21 0.21 7.8 152.4 17 0.44
30:70 4 4 131 50 20 0.07 0.01 0.16 0.16 0.5 208.4 21 0.42
45:55 7 6 224 88 57 0.03 0.01 0.24 0.19 0.6 2252 22 0.38
60:40 3 2 184 26 10 0.07 0.01 0.17 0.17 0.7 98.5 23 0.53
Harvest
0:100 9 7 228 138 56 0.08 0.03 0.24 0.24 1.8 223.8 8 2.02
15:85 8 6 233 152 60 0.06 0.01 0.26 0.26 0.6 243.1 9 2.15
30:70 8 5 226 130 56 0.03 0.02 0.25 0.25 0.9 2219 9 2.01
45:55 4 3 224 125 60 0.02 0.01 0.26 0.24 0.5 119.5 11 2.02
60:40 7 6 228 48 17 0.01 0.01 0.29 0.29 0.7 220.6 9 1.98

‘P = total phosphorus; PO,-P = plant available phosphorus; K = potassium; Ca = calcium; Mg = magnesium; Na = sodium; CEC = cation exchange capacity; Fe = iron; Mn
= mangancsc; Cu = copper; Zn = zinc; NH, N = ammonium-nitrogen; NO,-N = nitrate-nitrogen; Cl = chloride; TC = toral carbon; TN = total nitrogen; EC = exchangable

salts; 1.0 dS-mi! = 1.0 mmos /cm.

‘Coir-peat mix (v/v), further amended with 20% perlite (v/v) and 2.97 kg-m= (5 1b /yard®) dolomitic lime.
*Analyses of leachates taken after initial saturation; at transplant, after four water leachings; and at harvest, simulating the complete water and fertilizer regiment applicd to

nonplanted containers during a 6-week study.

study without mediation by a plant.
The complex natures of peat and coir
are likely compounded within these
mixes. Given coir’s inherently higher
amounts of K, Na, and CI relative to
peat’s higher amounts of Ca, Mg, Fe,
Mn,and N forms, and with the addition
of water-soluble fertilizers, the exchange
of nutrients in these mixes may cause
pH fluctuations over longer periods
of time, affecting plant sensitivity and
response. Other nutrient concentra-
tions in our study fluctuated (Tables 1
and 2) but are not casily compared to
other studies because of the differences
in mixes and the inconsistencics in the
physicochemical nature of the coirs and
plant growth responses.

Coir, mycorrhiza, and their inter-
action showed significant influence on
growth of the assayed hosts (Table 3).
Coir amendment significantly affected
shoot biomass of all host plants, but re-
sponse varied with plant species (Fig. 1).
Zinnia and marigold grew equally well
across all coir levels in non-AM treat-
ments. Zinnia grew slightly larger at the
45% coirrate in AM treatments. Lavender
growth in both AM and non-AM media
wassignificantly lesswhen aslittle as 15%
coir was added. Shoot biomass of non-
AMrosesdecreased when planted in 30%
or higher rates of coir. In contrast, AM
rose plant biomass increased at the 45%
and 60% coir rates.

The AM growth eftect itself was
not always significant, whether as a
single factor or intcractive with coir
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(Table 3). With the varied patterns of
growth responscs, generalizations are
difficult. However, a significant growth
increase occurred at the 45% rate for all
AM host plants compared to the non-
AM plants (Fig. 1).

AM colonization over the range of
host plants was also variable, but was
significantly influenced by rate of coir
amendment (Table 3; Fig. 1). Coloniza-
tion percentages were the lowest in 0%
coir and highest in 45% coir.

While AM colonization was neg-
ligible with little or no coir present in
the mix, shoot growth was sometimes
greater when coir was absent. Sev-
eral explanations are possible from the
microbiological viewpoint. First, all
non-AM control plants were treated
with filtrates from the G. intraradices
inoculum, which may have contributed
plant growth-promoting rhizosphere
(PGPR) microorganisms nototherwise
found in the peat-coir media (Andrade
etal., 1997). These microbes may have
been stimulated more by peat than by
coir, and thus were responsible for en-
hancing growth, while the AM fungus
itself was not stimulated.

Second, the microbespresenteither
in coir or stimulated by coiralsoshould be
considered. Although we did not assess
microbial populationsin thisstudy, other
work in progress indicates that popula-
tions of antagonistic bacteria and other
groups of rhizosphere microbes differ
substantially between sourcesand brands
of coir mixes (Linderman, Marlow, and

Davis, unpublished).

Ditferences in plant growth in re-
sponse to coir have been attributed to
agenerally higherinitial moisture hold-
ing capacity relative to peat (Mcerow,
1995). However, peat may have an in-
creased moisture holding capacity overa
longer period of time. Although we did
notspecifically monitor such capacity in
our studies, we visually and manually
sensed plant moisture needsand thereby
maintained similar moisture contents
between treatments. Thus, itis unlikely
that any slight moisture difterences in
the media mixtures would have had any
pronounced cffect on the growth effects
or AM root colonizations.

The interactions of the physico-
chemical and microbiological aspects
of coir, along with individual host
responses to mycorrhizal inoculation,
also may contribute to variable results.
In previous studies, we found these
cultivars of lavender, rose, and ger-
mander to be highly growth-responsive
to inoculation with this same Glomus
intravadices isolate when grown in a
P-limited sandy-loam—peat mix. Cul-
tivars of marigold or zinnia were not
includedin those studies. After finishing
thisexperiment, we determined that the
‘Peter Pan’ zinnia hybrid used here is
not very AM-responsive compared to
other zinnia hybrids.

Conclusion
The conclusion drawn from this
study is that coir amendment to a peat-
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Table 3. Analysis of variance probability values describing effects of coir rate (C)
and mycorrhiza (AM) on growth parameters of bioassay hosts and percentage of
roots with Glomus intraradices colonization.

>
Shoot Root
Source biomass biomass
Host factor (S) (R) R:S Colonization
Marigold C <0.001 <0.001 <0.001 <0.001
AM 0.508 <0.001 0.001
Cx AM 0.626 0.631 0.360
Zinnia C 0.033 0.006 0.007 <0.001
AM 0.049 0.491 0.727
CxAM 0.004 <0.001 0.036
Germander C <0.001 <0.001 0.019 <0.001
AM 0.186 0.002 0.035
C x AM 0.004 0.008 0.732
Lavender C <0.001 <0.001 0.584 <0.001
AM 0.006 <0.001 0.001
CxAM 0.832 0.664 0.360
Miniature-rose C <0.001 0.012 0.127 <0.001
AM 0.510 0.510 0.003
C x AM 0.009 0.009 0.277

“Analyses of log-transformed biomass data and arcsin-transformed colonization data.

based medium influences plant growth,
possibly due to its nutrient-binding
properties, and growth responses
will vary depending upon the plant.
Colonization by the AM fungus, G.
intraradices, was also affected by coir
amendment, oftenincreasing with more
coir in the mix, to a maximum of 45%
coir amendment to peat. Our study

documents potential effects of coir on
the activity of one AM fungus on a se-
lect small group of host bedding plants.
While considerable variation existsin the
chemical properties of different coirs,
more important may be differences in
microbiological properties. The com-
plex nature of coirand the diverse results
reported in the literature justify more
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Fig. 1. Shoot biomass and percentage root colonization by the arbuscular mycor-
rhizal (AM) fungus, Glomus intravadices, for five horticultural plants grown in
increasing levels of coir amended to a potting medium of peat and perlite. Verti-
cal bars represent standard error (n = 6). Percentages over columns indicate the
percent of root length with AM colonization.
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examination of this unique amendment,
particularly with respect to potential ef-
fectsonrhizosphere organisms, aswellas
elucidation ofappropriate potting media
mix and fertilizer regimes.
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Sowing Dates and
Priming Influence
African Marigold
Field Emergence
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priming, emergence time, emergence
uniformity, total emergence percent-
age, direct-seeded, stand establish-
ment, Tagetes evecta

Summary. Field seedling emergence of
four african marigold ( Tagetes evecta)
breeding lines, A-975, E-1236, I-822,
and ‘Orange Lady’, was examined us-
ing three or four spring sowing dates
and either osmotic or solid matrix
priming. Delayed sowing decreased
emergence time. Sowing from middle
to late April [average soil tempera-
tures 77.0 to 84.2 °F (25 to 29 °C)]
resulted in the highest total emergence
percentages. Greater flower quanti-
ties [4.9 to 5.1 million/acre (12.11
to 12.60 million/ha)] and estimated
yield [7.5 to 10.8 tons/acre (16.81

to 24.20 t-ha!)] indicate mid to late
April is the optimum time period for
direct sowing unprimed seed in the
southern Great Plains. Differences be-
tween lines were evident in emergence
parameters and flower harvest data for
each year examined, but results were
inconsistent from year to year. How-
ever, A-975 and E-1236 produced
harvestable flowers most quickly,
about 15 d before I-822, which could
result in an additional harvest during
a season. Osmotic priming of E-1236
and I-822 seed shortened emergence
time, increased emergence unifor-
mity, and increased total emergence
percentage at early sowing dates as
compared to both solid matrix primed
and unprimed seed.
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