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Abstract

The relationship between fungal biomass in the mycorrhizae measured in terms of glucosamine
content and the yield of sporophores of mycorrhizal fungi was studied in one fertilized and
one unfertilized loblolly pine (Pinus taeda) plantation in Mississippi, USA. The correlation
between glucosamine and the total biomass of sporophores in the subplots was significant in
the fertilized stand (r=0.616, p <0.001).

Introduction

Sporophore biomass production in ectomycorrhizal fungi has been used as an
estimate for changes in the forest ecosystems, although it does not necessarily
represent the status of the mycorrhizal symbiosis in the roots. The aim here was to
determine the intensity of mycorrhizal involvement in the roots of mature loblolly
pines by analyzing the glucosamine (chitin) content of the fine roots. The fungal
biomass in the roots was then compared with the sporophore production of the
mycorrhizal fungi. Determination of glucosamine has been used earlier in young pine
seedlings (Plassard et al., 1983), but no attempts have been made to assess chemically
the fungal biomass in the roots of mature trees.

Material and Methods

The stands of loblolly pine (Pinus taeda L.) concerned are located near Gulfport,
Mississippi, where the soils are fine upland sandy loams originally low in N and P.
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The pine seedlings were row planted at spacings of about 3 x 3m in 1960, and each
study site consisted of 144 such subplots. One of the sites was dressed with 4483 kg/ha
of a fertilizer (10% N; 5% P; 5% K) in 1961 (Cibula and Ovrebo 1989).

Spores of ectomycorrhizal fungi were recorded weekly during the summer of 1984,
the average dry weight of each species being multiplied by the number of sporophores
in order to estimate the biomass.

Root samples for mycorrhizal investigations were collected from a depth of 0-20 cm
in August 1984 with a 2 cm wide soil borer. Seven subsamples taken from each subplot
were pooled into one sample and the cores washed on two 2 mm sieves. All pine roots
with a diameter of less than 2 mm were collected under a dissection microscope from
random subsamples, dried at 50°C and weighed.

Samples of 15+ 5 mg pulverized roots were weighed for hydrolyzation in screw-cap
tubes in 2ml 6 N HCI at 80°C for 16 h, and their glucosamine content was determined
(Wieckowska 1968) using glucosamine hydrochloride as a standard.

Results

Two thirds of the subplots were occupied by mycorrhizal fungi in both loblolly pine
stands, the total number of mycorrhizal taxa and the biomass of the ten dominant
species being higher in the fertilized plot (Table 1). Russula vesicatoria, Suillus decipiens

Table 1. Sporophore data from Pinus taeda stands

Fertilized Unfertilized
stand stand

Percentage of subplots 66 65

occupied by mycorrhizal fungi
Total number 28 17

of mycorrhizal species
Total number of sporophores 647 1244
Total biomass of sporophores 980 550

of ten major species

(g dry wt.)

and Cantharellus cibarius alone produced about 80% of the total biomass, R.
vesicatoria occurring only in the fertilized stand. The amount of glucosamine per soil
volume correlated positively with both the total biomass and the total number of
sporophores as well as with the biomass of Russula vesicatoria and Suillus decipiens
in the subplots of the fertilized stand, but no such correlations were found in the
unfertilized stand (Table 2). The amount of glucosamine was on average 1.27 mg/g
root DW in the fertilized stand and 1.58 in the unfertilized one.
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Table 2. Coefficients of correlation between glucosamine content in the mycorrhizae and sporophore yield
in a fertilized and an unfertilized Pinus taeda stand. GLUNH2 = glucosamine mg/dm? soil, SPOROP =total
numbser of sporophores /m?, RUSBIO = biomass of sporophores of Russula vesicatoria /m?, SUIBIO =biomass
of sporophores of Suillus decipiens /m?, CANBIO =biomass of sporophores of Cantharellus cibarius /m?,
TOTBIO = biomass of sporophores of ten major species /m%. ***P <0.001, *P <0.05, NS =non-significant.

Fertilized stand

GLUNH2 SPOROP RUSBIO SUIBIO CANBIO
SPOROP 0.546%**
RUSBIO (55278 0-414%*+
SUIBIO 0-469*** 0:794*** 0-005S NS
CANBIO 0.021 NS 0-250* —0-069 NS —0-003 NS
TOTBIO 0.616*** 0.598*** 0.973*** 0.230NS —-0.008 NS
Unfertilized stand
GLUNH2 SPOROP SUIBIO CANBIO
SPOROP 0.103NS
SUIBIO —0.005NS 0.346%**
CANBIO 0.102NS 0.905*** —0.066 NS
TOTBIO 0.075NS 0.934*** 0.645*** 0.720%**

Discussion

The number of mycorrhizal short roots has been found to correlate positively with
the number of sporophores in single species studies (Laiho 1970, Cotter and Bills
1985), and a correlation has been thought to exist between fungal biomass and
sporophore production in a forest stand with several fungal symbionts (Menge and
Grand 1978, Bills et al., 1986). Similarly, earlier work on fertilized loblolly pine
plantations has shown the total numbers of living mycorrhizal tips correlate well with
the numbers of sporophores of all mycorrhizal fungi (Menge and Grand 1978). It has
to be kept in mind, that fungal biomass measured in terms of glucosamine content
consists of both active and non-active mycorrhizae (even dead ones) thus probably
overestimating the functional biomass. The lack of any significant correlation between
the above-ground and below-ground fungal biomasses in the present unfertilized
stand may also imply that a distinct relationship of this kind occurs only in forest
ecosystems dominated by a small number of species.
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