Research
Reports

Soil Amendment
with Different
Peatmosses Affects
Mycorrhizae of
Nnion

R.G. Linderman! ahd
E.A. Davis?

ADDITIONAL INDEX WORDS. Allium cepa,
arbuscular-mycorrhiza, growth -
enhancement, phosphorus uptake,
symbiosis, VAMF

Summary. Formation of arbuscular
mycorrhizae (AM) has been inhibited
1 soilless potting mixes that usually
contain some proportion of peat
moss. The cause of the inhibition has
heen thought to be high fertilizer P
content in the media that suppresses
spread of the fungal symbiont in the
root tissue. However, there has also
“een some suggestion that the peats
themselves may contribute to the
inhibition. That possibility was
explored in this study. A sandy-loam
-oil, in which mycorrhizae consis-
tently enhance plant growth under P-
limiting conditions, was amended
with six different peats. Onions
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(Allinm cepa "White Lisbon’), as an
indicator host, were grown in the
mixes under P-limiting conditions,
and were inoculated or not with the
AM fungi Glomus deserticola or
Gigaspora rosea. Plant growth re-
sponse to inoculation with AM fungi
(AMF) varied with the type of peat
and AMF isolate. Inoculated plants
generally had the highest root
biomass when grown in soil amended
with peat. Root colonization by the
two fungal symbionts was also
affected differently by different peat
amendments. Root colonization by
Glomus deserticola and Gigaspora rosea
was inhibited by at least half of the
peat types. However, the types of peat
inhibitory to Gigaspora resea coloniza-
tion were not the same as those

‘inhibitory to Glomus deserticola

colonization. These results indicate
that different peat amendments can
suppress or enhance mycorrhiza
formation on onion roots and
resultant growth benefit under P-
limiting conditions, depending on the
mycorrhizal fungus used.

he ability of arbuscular-

mycorrhizal fungi [also

known as vesicular-arbuscular
mycorrhizal (VAM) fungi] to colonize
roots and enhance growth in diverse
horticultural potting media has been
well documented (Biermann and
Linderman, 1983; Caron etal., 1985;
Maroneketal., 1981; Matsubaraetal.,
1995; Menge etal., 1982; Plenchettet
al., 1982; Snellgrove and Stribley,
1986). However, determining the
optimal combinations of growth me-
dium, host plant, and fungal isolate
requires continual investigation.
Nemec (1992) studied the effects of
various potting media commonly used
for citrus (Citrusspp.) seedling estab-

lishment on AMF, and Datnoff et al.
(1991) evaluated the effects of many
commercial vegetable potting mixes
on Glomus intraradices activity and
tomato (Lycopersicon esculentnm)
growth. In bothstudies, different mixes
either favored or suppressed mycor-
rhiza formation due to differences in
composition and/or fertilizer supple-
mentation.

The wide range of potting mixes
may contain primarily mineral soil
amended with various types and
amounts of organic substances, or more
likely may be comprised totally of soil-
less materials, such as vermiculite, peat,
compost, perlite, and bark. Many com-
mercial mixesare further supplemented
with fertilizers.

Generally, most research has sup-
ported the theory that higher levels of
organic matter (Menge et al., 1982)
and fertility (Biermann and Linderman,
1983) in potting mixes will decrease
mycorrhizal colonization and function.
The inhibitory impact of the mixes
may be due to high soluble P, ammo-
nium, fertilizer saltlevels, and the acid-
ity of peats. However, peat is often the
dominant component of many mixes,
and its specific characteristics may have
a significant influence on AMF.
Biermann and Linderman (1983) re-
ported that the type of sphagnum peat
was not a significant factor on root
colonization by AMF unless the me-
dium was 100% peat. Adding 25% soil
or sand reduced the inhibitory effect.
In contrast, 100% hypnum peat was
less inhibitory than the sphagnum
peats, apparently due to its different
capacity to bind or chelate nutrients.
Preliminary trials by us using four AMF
isolates indicated that there could be
specificity in the interactions of the
fungal isolates, peat type, and level of
peat amendment to the medium.

The objective of the present study
was to determine if different peat
mosses would have different, possibly
inhibitory, effects on the establishment
and performance of arbuscular mycor-
rhizae. We amended a sand-loam mix-
ture with three rates of sphagnum or
hypnum peats from six different
sources, inoculated each mixture with
each of two AMF species, and bioas-
sayed mycorrhiza formation and
growth response using onions. Based
onour many experiments and the pub-
lished literature, onions benefit sig-
nificantly from mycorrhizae under the
P-limiting test conditions, and thus
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are good indicators with which to ex-
amine interactions between peat type,
level of amendment, and AMF isolate.

Materials and methods

The soil medium used in the study
was an uncultivated Willamette Valley
alluvial loam mixed 1:1 by volume
with river sand. This mix contained
low available Bray I P {12 mgkg™?
(ppm)]and 0.13 g-kg™ (1.3%) organic
matter, and had a pH of 6.3 (2:1 water
supernatant). Soil was air-steam pas-
teurized at 70 °C (158.0°F) for 1 h to
eliminate any indigenous mycorrhizal
or pathogenic fungi.

' The peats used in the study were
mainly sphagnum- or hypnum-based,
and were obtained from different bog/
swamp deposits. These included 1) a
hypnum peat from Mt. Peco, Mont.
(Peco); 2) a hypnum peat from Wash-
ington (Bonaparte; Bonaparte Peat,
Tonasket, Wash.); 3) asphagnum peat
for potting mixes (Sunshine; SunGro
Horticulture, Bellevue, Wash.); 4) a
hypnum peat from Indiana (Indiana);
5) a sphagnum peat from Manitoba,
Canada (Manitoba);and 6) ahypnum/
sphagnum mixed peat from North
Dakota (North Dakota).

All peatswere air-dried and passed
through a 2-mm (0.08-inch) sieve
before mixing with the 1 loam : 1 sand
mix, Each unsterilized peat was mixed
into the base soil at rates of 10%, 20%,
or 30% (by volume) in a twin-shell dry
blender for 5 min. Inocula for the
mycorrhiza treatments were also mixed
in with the peat x soil treatments in the
same process, with adjustments made
to equalize inoculum potential by vary-
ing inoculum quantity.

Two mycorrhizal fungi and a
nonmycorrhizal control comprised the
mycorrhiza treatments. Gigaspora rosea

inoculum was obtained from the In-
ternational Culture Collection of
Arbuscular and Mycorrhizal Fungi

- (INVAM), Morgantown, W.V. (cul-

ture ID# BR151). This AM fungus
was selected because of its isolation
from a highly organic tropical soil.
Glomus deserticola inoculum was an
in-house culture, originally isolated
from a southern California ficld site.
Both fungi were propagated on ‘White
Lisbon’ bunching onions grown in 1
loam: 1 sand (by volume ) under green-
house conditions for 5 months. In-
oculum for the study consisted of a
mixture of the loam-sand, extraradical
hyphae and spores, and colonized on-
ion root segments. Nonmycorrhizal

~ control inoculum was cultured simi-

larly, without the presence of AMF.
Propagule numbers were determined
for each inoculum by the Most Prob-
ably Number method (Woomer,
1994), and inoculum quantities suffi-
cient to provide 100 propagules per
plant container were added to the
peat:soil treatments.

Plastic tubular Super-Cell con-
tainers (Stuewe and Sons, Inc.,
Corvallis, Ore.) were filled to near
capacity with 160 cm?® (9.8 inch?) of
soil mix from each treatmentand lightly
misted with water. Three onion seeds
were planted in each container, and
covered withanother 20 cm?® (1.2 inch®)
of soil mix. A final misting with water
wet the seed and soil profile.

Root washings from the pot cul-
tures were applied to all containers,
after being passed through a 38-um
(Tyler equivalent 400-mesh) sieve and
Whatman #1 filter paper. Each con-
tainer received 20 mL (0.68 fl oz) of
filtrate from the combined sievings of
all mycorrhizal and nonmycorrhizal
pot cultures to standardize the rhizo-

sphere microflora in all treatments.
After seed germination and seed-
ling establishment, plants were wa-
tered according to need rather than on
a preset schedule. Long Ashton Nutri-
ent Solution (Hewitt, 1966) was ap-
plied weekly with P limited to half-
strength (20 mg-kg™!). Water or fertil-

izer was applied to each plant in equal

amounts. Onions were thinned to one
per container 2 weeks after emergence
(about 3 weeks after seeding). Green-
house controls were set to maintain
23/18 °C (73.4/64.4 °F) day/night
temperatures, and supplemental light-
ing by high-pressure multivapor lamps
supplied anaverage of 550 pumol-s*-m? (at
container level) for 14-h daylengths.

Growth responses were assessed
10 weeks after seedling emergence. All
roots were washed and cut from the
bulb-shoots. The washed roots were
blot-dried on paper towels, weighed
and sub-sampled for microscopic evalu-
ation of root colonization by AMF.
The remaining rootsystemsand bulbs/
shoots were oven-dried at 70 °C for 48
h, and weights were obtained for all
dried plant material.

Portions of roots sampled for
mycorrhiza evaluation were cutinto 1-
cm (0.39-inch) segments, then cleared
and stained by a modified Phillips and
Hayman (1970) procedure in which
lacto-phenol was replaced with lacto-
glycerin. Fungal colonization in roots
was determined by observing the
stained root segments using the grid-
line intersect method (Giovannetti and
Mosse, 1980). Percentage of roots
colonized by AMF was determined
based on the presence or absence of
vesicles and /or arbuscules in 100 root
intersections per root sample.

Soils amended with the different
peats were analyzed at the start of the

Table 1. Extractable nutrient levels for a sand-loam soil mixture amended with six different peats at a 20% (by volume)

amendment rate.

P’ K Ca Mg Na CEC
Peat® pH (mg-kg™)* (cmol-kg™)*
None 6.3 12 74 7.8 3.6 0.2 12.0
Peco 6.4 11 74 9.7 3.7 0.2 15.3
Sunshine 6.4 9 74 8.0 35 0.2 13.6
Bonaparte 6.2 10 74 102 3.7 0.3 15.6
North Dakota 6.3 11 70 9.8 41 0.3 14.7
Manitoba 5.9 11 74 82 3.7 0.2 15.0
Indiana 6.2 10 74 115 40 0.3 17.4

“None = unamended 1 sand : 1 loam mix; Peco = hypnum peat from Mt. Peco, Mont.; Sunshine = Sunshine sphagnum peat for potting mixes (SunGro Horticulture,
Bellevue, Wash.); Bonaparte = Bonaparte 50 hypnum : 50 sphagnum peat (Bonaparte Pcat Tonasket, Wash. ); North Dakota = hypnum/sphagnum mixed peat from
North Dakota Manitoba = sphagnum peat from Manitoba, Canada; Indiana = hypnum peat from Indiana.
YP = plant- avaxlable P (Bray 1), CEC = calculated cation-exchange capacity, TN = total N.

*1.0 mg-kg? = 1.0 ppm, 1.0 cmol-kg! = 1.0 meq/100 g, 1.0 g-kg™ = 0.1%.
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study for nutrient content by the Soil
Zesting Laboratory at Oregon State
University. Extractable P was analyzed
by the Bray dilute acid-fluoride
+ethod. Extractable K, Ca, Mg, and
Na, and calculated cation exchange
capacity (CEC) were determined with
atomic absorption spectrophotometry
ollowing extraction with ammonium
acetate. Other extractable nutrientlev-
els were determined by routine meth-
»ds of the laboratory (Berg and
Gardner 1978). The nutrient levels for
the base soil medium amended with
the various peats at the 20% (by vol-
ume) amendment rate are listed in
Table 1.

All treatments were replicated 8
times in a randomized complete block
design. Treatments were arranged as a
factorial with mycorrhizal treatment
(M), peat amendment (PA), and rate
of amendment as factors. Dry weights
of shoots and roots were square-root
transformed, and the percentage of
roots colonized by AMF were arcsin
transformed to correct for unequal
variance and best model fit. Data were
subjected to analysis of variance (Systat
8.0; SPSS, Inc., Evanston, Ill.),
whereby the rate effect was determined
to be insignificant at P < 0.05, and
removed as a factor in the model.
Comparisons between groups of treat-
ments are based on orthogonal con-
trast probabilities, and data are ex-
pressed as averages (transformed back
to original units) over replications by
rates.

Results

Root colonization by the mycor-
rhizal fungi was significantly influenced
by the presence of peat, being inhib-
ited in the majority of peats examined,
compared with the nonamended soil
base (Table 2). Differences in root

colonization occurred between Glo-
mus deserticoln and Glomus rosea for
differentpeats, contributing toa highly
significant interaction (P<0.001). All
noninoculated onion roots were free
of any signs of AMF colonization.

Peat amendment to sandy loam
significantly influenced onion biomass
both as a factor alone (PA) and inter-
actively with M (Table 2). Shoot bio-
mass of nonmycorrhizal onions was
not significantly increased when peats
were added, while root biomass was
significantly reduced. Mycorrhizal
onions responded differently to peat
amendments, depending upon the fun-
gal isolate. Glomus deserticola-inocu-
lated plants grown in soil amended
with peat had significantly reduced
shoot weights but increased root
weights, compared to nonamended
soil. However, Glomus rosea-inocu-
lated plants did not follow this pattern,
and were less affected by the addition
of peat (Table 2).

Individual peats increased or de-
creased onion biomass in conjunction
with a particular AM treatment. Myc-
orrhizal onions grown in soil amended
with Manitoba peat had lower shoot
and rootbiomassrelative to other peats,
regardless of the AMF species, whereas
the corresponding nonmycorrhizal
plants had some of the highest growth
compared to amendment with other
peats.

In general, root weights of onions
inoculated with either AMF isolate
were substantially greater when grown
in Peco, Bonaparte, and Indiana peats
(52% to 80%). compared to
nonamended soil.

Analyses of nutrient levels of
peat:soil mixes (Table 1) generally did
not show any pronounced differences
between types of peat amended to the
sandy loam base. Ammonium and ni-

trate-forms of nitrogen fluctuated with
various peats, while iron and manga-
nese levels were slightly elevated when
peats were present. Iron was distinctly
elevated in some peat mixes (33% to
362% increase). However, the vari-
ability in the levels of nutrients did not
indicate trends that related to data.

Discussion

The organic matter content in
nursery container potting mixes is
thought to suppress AM establishment
and function. The exact components
of the mixes that contributed to this
inhibition, however, had not been clari-
fied. Menge et al. (1982) determined
that the organic matter content in the
medium or soil above a certain level
influenced mycorrhiza establishment
and effectiveness on citrus, especially
in nursery potting mixes. They were
not able to implicate any component
of the mixes as the inhibiting agent,
however. Biermann and Linderman
(1983) suggested that the poor nutri-
ent-holding capacity of potting mixes
with high peat content necessitates the
use of high rates of plant fertilization
that results in high concentrations of P
in the soil solution that inhibited AMF.
Adding soil or river sand (including silt)
or other-nutrient-binding materials to
the mixes largely negated the effect.
This effect was also related more to
sphagnum than hypnum peats (with
high humic content) where P-retaining
properties of the latter are more soil-
like.

Thestudy ofdifferent potting mixes
by Datnoff et al. (1991) suggested that
inhibition of Glomusintraradicesinsome
mixes was the result of the fertilizer
charge incorporated in the mix. The
possibility thatsome peatsin those mixes
might have some inherent inhibitory
capacity on mycorrhiza establishment

TN NH,_-N NO,-N Fe Mn Cu Zn
(kg (mg kg )"
3.0 9.4 5.7 80 4.8 1.6 0.7
1.0 28 134 106 7.1 1.6 1.0
0.5 10.2 26 110 7.8 2.0 0.8
1.2 3.1 135 152 7.9 1.9 0.9
0.9 8.1 12.2 82 ' 4.0 15 0.8
0.6 14.9 25 136 13.0 1.9 0.9
1.3 35 11.2 370 7.4 1.8 1.1
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was not considered. We considered that
possibility in this study, and demon-
strated that different peats do indeed
have some deleterious effect on mycor-
rhiza formation and on the potential for
mycorrhiza-induced plant growth en-
hancementunderP-limiting conditions.
The nature of the inhibitory factor,
however, remains unknown.

A further finding in this study is
that different peats interact differently
with different mycorrhizal fungi. A re-
duction in AMF colonization level usu-
ally resulted in reduced plant growth,
butnotalways. Areductioninintraradical
colonization by an AMF may not re-
duce its effectiveness in P uptake if the
fungus compensates by producing more
extraradical hyphae in the soil. We did
not measure extraradical hyphae in this
study, but there is reason to suspect that
soil or medium factors could have re-
stricted their development (Graham et
al., 1982).

Many factors could reduce either
intraradical or extraradical hyphal devel-
opment, including nutrient levels or
nutrient-holding properties of the me-
dium, other chemical factors in the soil
mixes, or biological factors in the soil
mixes. We measured the extractable
nutrient levels in the various soil-peat
mixtures in this study and found no
striking variation in pH (except it was
lower in Manitoba peat than any of the
other peats) or nutrient elements from
the base soil without peat amendment,
except possibly the high Mn level in
Manitoba peat and the varied levels of
ammonium-N and nitrate-N as well as
Fe content among the various soil-peat
mixtures. We did not evaluate differ-
encesin microbial content ofthe various
peats, although some could have con-
tained mycorrhiza-suppressive microbes.

The myriad of AMF isolates now
documented and catalogued in reposi-
tories throughout the world is testi-
mony to the fact that AM fungi re-
trieved from diverse soil environments
may have evolved specificity for charac-
teristics of the site of origin. An isolate
may perform efficiently when inocu-
lated into a medium with chemical char-
acteristics similar to its indigenous envi-
ronment, be it of low or high fertlity,
but it may become inactive or sup-
pressed when subjected to inherently
adverse characteristics (Abbott and
Robson, 1978; Davis et al., 1985). Be-
cause it is not always possible to ascer-
tain a pot-cultured isolate’s indigenous
soil environment, the isolates tested in
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Table 2. Plant biomass and root colonization (C) of ‘White Lisbon’ onion grown
in a sandy loam base as affected by arbuscular mycorrhizal fungal inoculation

and peat amendment (PA).
Mycorrhiza Shoot Root
treatment dry wt* dry wt*
o1y PAY (g/plant) __(gfplant)  C (%)
-AM None (NPA) 0.041 0.024 -
Peco . 0.058 0.023 -
Sunshine - 0.043 0.020 ---
Bonaparte 0.078 - 0.031 - ---
North Dakota 0.052 0.018 ---
Manitoba 0.084 0.023 ’ ---
Indiana 0.067 0.020 ---
Glomus deserticoln (Gd) None (NPA) 0.534 0.046 571
Peco 0.507 0.070 59.0
Sunshine 0.404 0.058 34.4
Bonaparte 0.479 0.071 525
North Dakota 0.492 0.067 29.7
Manitoba 0.341 0.058 52.3
Indiana 0.494 0.083 27.8
Gigaspora rosea (Gr) None (NPA) 0.503 0.045 51.1
Peco 0.602 0.065 45.1
Sunshine 0.443 0.061 49.4
Bonaparte 0.547 0.064 64.0
North Dakota 0.365 0.054 29.3
Manitoba 0.347 0.044 395
Indiana 0.505 0.065 50.1
Analysis of variance (P) ‘
M <0.001 <0.001 0.509
PA <0.001 <0.001 <0.001
MxPA <0.001 0.008 <0.001
MSE 0.014 0.002 0.005
Contrasts (P)
—AM:NPA vs. all PA 0.386 0.001 <0.001
Gd:NPA vs. all PA 0.002 0.002 <0.001
Gr:NPA vs. all PA 0.184 0.049 <0.001
+PA:-AM vs. (Gd+Gr) <0.001 <0.001 -
+PA:Gd vs. Gr 0.527 0.165 <0.001
NPA:-AM vs. (Gd+Gr) <0.001 <0.001 -
NPA:Gd vs. Gr 0.877 <0.001

0.367

*Mycorrhiza treatment = M; treatment without inoculation = -AM, or inoculation with two fungual isolates = Gd or

Gr.

YNPA =1 sand : 1 loam mix without peat amendment; Peco = hypnum peat from Mt. Peco, Mont.; Sunshine =
Sunshine sphagnum peat for potting mixes (SunGro Horticulture, Bellevue, Wash.); Bonaparte = Bonaparte 50
hypnum : 50 sphagnum peat (Bonaparte Peat, Tonasket, Wash.); North Dakota = hypnum-sphagnum mixed peat
from North Dakota; Manitoba = sphagnum peat from Manitoba, Canada; Indiana = hypnum peat from Indiana.
*Each mean calculated from 24 observations (8 replications x 3 rates). MSE = mean square error term derived from
analysis of variance. Em dashes indicate data or analysis not applicable (1.000 g = 0.0353 oz).

many documented studies realistically
may not be suited to the growth me-
dium used. Thus, there is continued need
to examine the interactions of growth
media, plant hosts, and AMF isolates.
While we only examined two AMF iso-
lates in this study, we demonstrated
variation in their behavior in a mycor-
rhiza-conducive soil medium amended
with different peatmosses, but no differ-
ences in their ability to colonize and
enhance growth of onions. The results
underscore the potental for different
fungi in different media to behave dif-
ferently.

Insummary, many factors can come
into play when artificial media, espe-
cially soilless media, are prepared with
the expectation that inoculation with
mycorrhizal fungi would be successful
in benefiting plant growth and health.
This study demonstrated that all peats
are not equal in physical, chemical, and
biological ways, so one could not pre-
dict the outcome of mycorrhizal inocu-
lations into media with peat variation.
From our study, some appear to have
deleterious effects on mycorrhizae es-
tablishment and function, independent
offertilizer supplementationasis seenin
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many commercial mixes. Development
o7 management strategies to compen-
sate for those possible deleterious ef-
fects from the use of peats will require
firther research.
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Ferric
Ethylenediamine-
tetraacetic Acid
Photodegradation in
a Commercially
Produced Soluble
Fertilizer Affects Iron
Uptake in Tomato

Joseph P. Albano'and
William B. Miller?

ADDITIONAL INDEX WORDS. plant nutri-
tion, iron chelate, FeDTPA, photo-
chemistry

SummaRy. Irradiating a ferric
ethylenediaminetetraacetic acid
(FeEDTA)-containing commercially

available soluble fertilizer with

ultraviolet (UV) and blue radiation

from high intensity discharge (HID) |
lamps caused the photooxidation of the

FeEDTA complex, resulting in the loss l
of 98% of soluble iron. The loss of

soluble iron coincided with the
development of a precipitate that was
mostly composed of iron. The effects
of using an irradiated FeEDTA-
containing fertilizer solution on plant
growth and nutrition under commer-
cial conditions were studied. Applica-
tion of the irradiated fertilizer solu-
tions to greenhouse grown tomato
plants (Lycopersicon esculentum)
resulted in lower levels of iron (6%)
and zinc (9%), and higher levels of
manganese (8%) and copper (25%) in
leaf tissue compared to control plants
that received a nonirradiated fertilizer
solution. Leaf macronutrient levels
(phosphorous, potassium, calcium, and
magnesium), leaf dry weight, leaf
number, and plant height was not
affected by application of the irradi- !
ated fertilizer solution.
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