SOIL FUNGAL COMMUNITY~PLANT RHIZOSPHERE INTERACTIONS DURING THE EARLY

STAGES OF ECOSYSTEM DEVELOPMENT ON RECLAIMED COAL MINE SOILS1
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Abstract.-—-The reestablishment of microbial populatioms in
the rhizosphere of plants growing on reclaimed coal mine soils
is imperative to help accelerate revegetation by enhancing
biological activity and nutrient cycling processes. In the
present study, the microfungal community was evaluated in the
rhizosphere and ronrhizosphere zones of galleta (Hilaria
jamesii), alkali sacaton (Sporobolus airoides), and fourwing
saltbush (Atriplex canescens) growing on a reclaimed coal mine
soil after 0.25, 1.25, and 2.25 years of plant growth. Of the
three plant speeles, the rhizesphere of fourwing saltbush had
significantly higher fungal populations than the rhizosphere of
galleta or alkali sacston 2.25 years after plant establishment.
Although, the diversity of fungal groups in the rhizosphere and
nonrhizosphere zones of all three plant speciles generally
increased with plant age, the diversity of fungal groups in the
rhizosphere of all three plant species were still lower thanm in
the nonrhizosphere soll. Higher fungal populations and lower
fungal diversities were generally related to higher nutrient
contents in the rhizosphere, whereas lower fungal peopulations
and higher fungal diversities were generally related to lower
nutrient contents in the nonrhizosphere s0il. Fungal groups
changed between rhizosphere and nonrhizosphere zones, and among
and within plant species as the age of the plants increased.
Chrysosporium spp. dominated the rhizosphere and nonrhizosphere
of all three plant species after 0.25 years. After 2,25 years,
Aspergillus spp. dominated the rhizosphere of both grass
species, whereas Penicillium spp. dominated the rhizosphere of
fourwing saltbush.
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substantial amounts of nutrients for plant use
and acts as a buffer allowing plants to cope with
environmental stress. Also, the benefits of an
active rhizogphere environment are not only due
to an increase of nutxlents to the plant, but to
the excretion of growth regulators such as
gibberellins, auxins, cytokinins and indolyl
acedic acld (Russell 1973).

The microbial community is often respomsible
for the modification of adverse soll properties
(Alexander 1977). The reectablishment of micro-
organisms in the rhilzosphere may be of particular
importance in the revegetation and stabillization
of mining spoils where the soll properties are
unfavorable in the surrounding soil (away from
the root) for microbial growth (Cundell 1977).
The objective of this study was to determine the
microfungal component and soll chemical
properties in the rhizosphere and nonrhizosphere
of native grass and shrub species growing in a
reclaimed coal mine soil during the initial
stages of plant community development.

MATERIALS AND METHODS

Rhizosphere and monrhizosphere soll samples
were collected from plots on which galleta
(Hilaria jamesii), alkall sacaton (Sporobulus
airoides) and fourwing saltbush (Atriplex
canescens) were growing on a reclaimed coal mine
goil 0,25, 1.25 and 2,25 years after initial
plant establishment in July of 1982, 1983 and
1984, respectively. The disturbed area,
reclaimed in 1982, was on the San Juan Coal Mine
located 24 km west of Farmington, NM. This site
was revegetated by grading and leveling the
overburden spoll material, spreading stockpiled
topsoll material 20 to 30 cm deep over the
recontoured spoll, mulching with 4.5 metric toms
of grass hay / ha crimped 15 cm deep, fertilizing
with 72 kg N and 90 kg P/ ha, seeding with ten
native plant specles, and irrigating for two
growing seasons (Fresquez et al. 1986).

At each sampling period, rhizosphere and
nonrhizosphere samples for each plant specles
were collected randomly along each of four
permanently located transects. Each replicacion
of a plant species (4 replications per plant
species) included sampling the rhizosphere (0 to
7 em from the the stem of the plamt}, and non-
thizosphere (30 cm away from the stem of the
plant). The rhizosphere was collected by
carefully removing the plant(s), and placing the
roots and clinging soil in a sterile plastie bag.
The topgrowth was separated and placed in a
separate bag, each time by removing the
shootgrowth 6 mm above the crown of the plant,
The nonrhizosphere soil samples were collected
using a soil bucket auger (5 cm in diameter) to a
depth of 13 cm. Both plant and soil samples were
immediately cocled in an lce-chest for tramsport
to the lzboratory. At the laboratory, the
rhizosphere soil samples were separated into soll
and root material. All soll samples were passed
through a 2-mm sieve. An aliquot from each sample
was taken for chemical analysis at the New Mexico
State University Soll and Water Testing
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Laboratory. All methods of analyses have been
described previously (Fresquez and Lindemann
1983). Shootgrowth and rootgrowth were dried for
78 h at 60°C and weighed; root to shoot ratios
(R:8) were determined from this data.

Rhizosphere fungal populations were estimated
by methods similar to those described by Lochhead
(1940) and Starkey (1958), Approximately 9 g of
501l and the respective root system were placed in
a preweighed 125-mL bottle containing 95~mL of
sterile saline {0.85%) solution. For non-
rhizosphere soll 10 g of soil was ugsed, Dilutions
were plated in triplicate om rose- ‘
bengal-streptomycin agar (Martin 1950}, and
incubated at 25°C in the dark for 7 days.

After diluting and plating, the roots were
washed and removed. The wash water was collected
in the original bottle and evaporated to dryness
at 110°C. Both rhizosphere and nonrhizosphere
soll samples were treated in this manner. The
contents of the dilution bottles were weighed and
the number of fungal propagules computed on a per
gram of oven-dry material basis.

Variations in so0il chemical properties and in
the populations of fungi were analyzed using
standard analysls of variance. Fungl were
analyzed using natural log-transformed data. The
Least Significant Difference (L.S.D.) test was '~
used to compare soll chemical snd fungal popula-
tions means at the 5% probability level.

Fungal groups were igglated by evenly
distributing 1 'mL of & 10 ~ dilution from a 10-g
oven—dry welght equivalent sample in a Petri dish,
adding cooled rose~bengal-streptomycin agar, and
swirling for an even distribution., Ten plates
were 1lnoculated for each composited (4 replica-
tions per composite) soil sample, and incubated at
24°C 4in the dark for 7 days, After incubaticn, a
portion of every colony appearing on the rose-
bengal-streptomycin plates was transferred to a
carrot agar medium by removing a portion of the
agar contalning hyphal tips. The colony was
subcultured on a carrot agar plate to allow for
maximum fxulting potential and identification.
After a 4-day incubation period the colonles were .
ldentified using the taxonomic guides of Barmett
and Hunter (1972), Barron (1968), Gilman (1968)
and Domsch et al. (1980).

The following three indices were employed to
compare the dlstribution pattern for each of the
fungal groups 1solated. First was Shannon's index
of species diversity (Zar 1974), which estimates
communilty richness as:

k
H=2%p,log p
=11 1 (0

where Py = the proportion of group 1 in the
sample, and k = the number

of groups. The corresponding test for evenness
is:

J = H/Hmax (2)

where Hmax = the maxlimum possible diversity.




An estimate of the similarity in the fungal
composition among the sample populations was
calculated with Sorensen's presence community
coefficient (SPCC), which was desecribed by
Mueller-Dombois and Ellenberg (1974) as:

SPCC = 200C/A+B 3

where C is the total number of groups common to
two samples, A is the total number of groups in
Sample A, and B 1s the total number of groups in
Sample B. If the same groups were found in both
samples, then the community coefficient weould be
100, whereas if they had no groups in common, the
coefficient would be O.

RESULTS AND DISCUSSION

Galleta (Hija) and alkali sacaton {Spai) had
significantly higher R:S ratios (0.27 and 0.36)
than to fourwing saltbush (Atca) (0.03) after only
0.25 years of plant growth, After 2.25 years of
plant growth, however, fourwing saltbush had a
significantly higher R:S ratio (0.15) compared to
galleta (0.06) or slksli sacaton (0.06).

In general, most soll properties in the
rhizosphere, and especially in the nonrhizosphere

soll of galleta, alkall sacaton and fourwing
saltbush significantly decreased with reclemation
age (table 1). This decline probably reflects
the depletion of the added fertilizer and hay
amendments, decreased plant productivity after
irrigation was terminated and & reduced nutrient
cycle as succession advances,

With respect to the rhizosphere and non—-
rhizosphere zones after only 0.25 years of plant
growth, soil NO_-N, organic matter (OM),
electrical condictivity (EC), and the sodium
absorption ratio (SAR) were significantly lower in
the rhizosphere of galleta and alkall sacaton
compared to the nonrhizosphere soil. The
rhizosphere of fourwing saltbush had significantly
lower P and higher SAR compared to the non-
thizosphere. It was not until after 2.25 years of
plant growth that many soil chemical properties
were significantly higher in the rhizosphere of
galleta, alkall sacaton and fourwing saltbush
compared to the nonrhizosphere soil. For example,
the rhizosphere of galleta had significantly
higher P, NH,~N, TKN, OM and EC than in the
nonrhizosphere soil. Similarily, the rhizosphere
of alkall sacaton had significantly higher P,

NO _-N, OM, EC and SAR than in the nonrhizosphere
aogl, whereas, EC and SAR in the rhizosphere of
fourwing saltbush were significantly higher than

Table 1.-—Selected chemical properties in the rhizosphere (R) and nonrhizosphere
(NR) of galleta (Hija), alkalil sacaton (Spal) and fourwing saltbush
(Atca) growing on a reclaimed coal mine soil varying in age.

Plant Phosphorus and nitrogen Organic
specles P NH4-N NOB—N TKN matter EC pH SAR
-1 -1 -1
0.25-year—old ug & & ks dSm
Hija 1
R 4.4b° 1.0Db 4.5b 464 b 9.8 d '3.7b 7.9a 10.60b
NR 4,6 b 1,0b 18.1 a . 484 ab 11.4 ¢ 6.8a 7.6c 1l4,9a
Spal
R 4,0b 1.0b 4.2 b 450 b 9.7 4d 3.6b 7.8 be 10.2 b
NR 4.3b 1.0b 15.7 a 501 a 13,0 ah  6.7a 7.8bc 17.0a
Atca
R 3.5e¢ 1l.00b 5.2 b 430 be 1.1 ¢ 6.7a 7.7¢ 16.3 =8
NR 4,1b 1,2ab 9.4 h 484 ab 10.1 d 6.4a 7.8bc 8.8¢
1,25-year-old
Hija .
R 6.7 1.0 0.8 825 7.2 1.8 7.9 10.0
NR 3.5 0.5 1.3 335 7.8 5.0 7.8 11.3
Spal
R 2.4 0.2 1.8 389 11.1 1.8 8.0 9,1
NR 1.8 0.9 1.3 361 9.5 3.4 7.8 8.0
Atea
R 1.8 0.9 0.9 355 7.5 1.7 8.2 16.2
NR 4.1 1.2 1.4 402 10.8 3.7 8.0 14,5
2,25«~year-old
Hija
R 4.5b 1l.4a 1.1 ¢ 502 a 14.1 a l.6 ¢ 7.9ab 6.74d
NR 3.5e¢ 0.7bc 1,0 ed 362 ¢ 12,1 bc 0.8d 7.9 ab 6.44d
Spai
R 7.3 a 0.7 be 1.3 ¢ 402 ¢ 10.8ecd 1.5¢ 8.0a B.1l ¢
KR 2.9 ¢cd 0.9 c 0.84d 362 ¢ 8.5e 0.8d 8,0a 6.0 d
Atca
R 2.4d 0.7be 0.84d 362 ¢ 9.2de 2.9b 7.9ab 10.6D
NR 3.5 ¢ 1.6 & 1.0 cd  42B be 8.5 e l.l1 ed 8.0 a 9.5 ¢c

lneans within the same column followed by the same letter are not signifiantly
different at the 0.05 level by the LSD test.
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in the nonrhizogphere. Organic matter was the
only other soil parameter that was gemerally
higher in the rhizosphere of fourwing saltbush
than in the nonrhizosphere, but the values were
not significantly different, however. Soil P and
especially OM in the rhizosphere of both galleta
and alkall sacaton were significantly higher over
those soll properties in the nonrhizosphere. The
accumulation of many soll chemical properties,
particularly P, are found to be higher in the
rhizosphere in the presence of microorganisms
compared to the nonrhizosphere {(Bowen and Rivera
1960}.

Populations of fungl in the rhizosphere and
nonrhizosphere zones of galleta and alkali
sacaton, and in the nonrhizosphere soil of

fourwing saltbush generally decrease with
reclamation age (table 2). Of the three plant
species, the rhizosphere of fourwing saltbush had
significantly higher fungal populations than the
rhizosphere of galleta and alkali sacaten. Also,
the significantly higher fungal populations and
lower diversity of fungal groups in the
rhizosphere of fourwing saltbush compared to the
nonthizosphere soil after 2.25 years of plant
growth suggests a root environment highly con-
ducive to fungal growth.

A significantly higher fungal population in
the rhizosphere of fourwing saltbush compared to
the nonrhizosphere cannot be attributed to the
measured soll chemlcal properties alone, as EC
and SAR were the only soll chemical properties
that were significantly higher in the rhizosphere

Table 2,--Fungal propagules (10—3g_1) in the rhizosphere (R) and nonrhizosphere
(NR) of galleta (Hija), alkall sacaton (Spai) and fourwing saltbush
(Atca) growing on a reclaimed coal mine soll varying in age.

Hija Spai Atca

0.25-year-old 1

R 414 a A 460 b A 360 c A

KR 110 b 91 ¢ 82 4
1.25~year~old

R 148 b C 879 a B 1929 b A

NR 42 ¢ 24 d 27 4
2,25-year-old

R 71 c B 91 ¢ B 14339 a A

NR 13 d 10 4 28 d

lMeans within the same column followed by the same lower case letter are not
significantly different at the 5% probability level by the L.S.D. test.
Similarly, means within the same horlzontal row followed by the same upper
clags letter are not significantly different,

Table 3.—-Fungal diversity (H)} and evenness (J) in the rhizosphere (R)
and nonrhizosphere (NR) of galleta (Hija), alkali sacaton
{Spai) and fourwing saltbush (%tca) growing on a reclaimed
coal mine soil varying in age.

Hija Spal Atea
H J H J H J

0,25-year-old

R 0.68 0.57 0.72 0.60 0.82 0.65

NR 0.79 0.69 0.75 0.61 0.93 0.74
l.24~year-old

R 0.93 0.81 0.73 0.61 0,40 0,37

NR 0.78 0,62 0.68 0.63 1.01 0.79
2.25-year-old

R 1.04 0,76 0.78 0,70 0.98 0.73

KR 1.14 0.85 1.15 0,82 1.15 0.83

lDiversity calculated from isolatea occurring on ten 1:1000 soil dilution

plates,



of fourwing saltbush compared to the
nonrhizosphere. Also, the amount of CM in the
rhizosphere of fourwing saltbush after 2.25 years
of plant growth was generally lower than the O in
the rhizosphere of galleta or alkali sacatom. A
comparison of R:S5 ratlios, on theother hand, shows
that fourwing saltbush after 2.25 years of plant
growth had an R:5 ratio 2.5 times higher than
elither galleta or alkall sacaton. The amount of C
material released by plant roots may depend upon
root weight (Wood 1987). However, Bamberg et al.
(1973) have shown that the amount of fixed C
translocated to the roots by shrub species,
including fourwing saltbush was considerably lower
than grass specles. Thus, the stimulation of the
fungal community in the rhizosphere of galleta or
alkall sacaton may have been partially due to the
amount of root biomass, which may have influenced
the type rather than the amount of C released as
exudates by fourwing saltbush.

The diversity and evenness of fungal groups
in the rhizosphere and nonrhizosphere of galleta,
alkall sacaton and fourwing saltbush generally
increased with reclamation age (table 3). Aftcer
2.25 years of plant growth, however, the diversity
of fungal groups in the rhizosphere of galleta,
alkali sacaton and fourwing saltbush were
generally lower compared to the diversity im the
nonrhizosphere soil. Generally, higher fungal
populations and lower fungal diversities are
related to either adverse soll or surface con-
ditions, or to solils high in nutrient levels
(Guillemat and Montegut 1960, Joffe 1967, Dennis
and Fresquez, unpublished data). In contrast,
lower fungal populations and higher fungal
diversities are assoclated with moderately low
nutrient levels (Dennis and Fresquez, unpublished
data). Thus, while the soil nutrient status was
decreasing with reclamation age, the rhizosphere
of galleta, alkall sacaton and fourwing saltbush
provided a more conduclve envircnment to the
fungal community than in the nonrhizosphere where
there were less available nutrients.

The overall composition of fungal groups
changed between the rhizosphere and nenrhizosphere
zones, and among and within plant species as the
age of the plants iIncreased in age. With respect

to the composition of fumgal groups between the
rhizosphere and nonrhizesphere zones of galleta,
alkall sacaton and fourwing saltbush, it was found
that the percent similarity between these zones
decreased as the age of galleta and alkali sacatom
increase. In contrast, the similarity in the
composition of fungal groups between the
rhizosphere and nonrhizosphere of fourwing
saltbush increased slightly from 72 to 78% with
plant age. This suggested that the rhizosphere of
fourwing saltbush may have influenced the types of
fungal groups in the nonrhizosphere soil 2.25
years after plant establishment more than the
rhizosphere of galleta or alkali sacaton. The
rhizosphere of galleta, alkali sacaton and
fourwing saltbush changed among plant species as
the plants increased in age from 0.25 to 2.25
years. For example, the percent similaricy

(S8PCC) between plant species after 0.25 years of
plant growth was high ranging from 71 to B88%.
After 2.25 years of plant growth, the percent
similarity of fungal groups in the rhizosphere
between plant species decreased, ranging from 61
to 67%. Also, an overall decrease in the percent
similarity of fungal groups isolated in the
rhizosphere within the same plant specles occurred
with age. As the plants increased in age from
0.25 to 2.25 years, the fungal composition in the
rhizosphere of galleta decreased to 56%; alkali
sacaton decreased to 35%; and fourwing saltbush
decreased to 60%.

Different fungal groups dominated the rhizo-
sphere and nonrhizosphere of galleta, alkali
sacaton and fourwing saltbush as the plants
increased from 0.25 to 2.25 in age (table 4y,
Chrysosporium spp. dominated the rhizosphere and
nonrhizosphere of galleta, alkali sacaton and
fourwing saltbush 0.25 years after plant establigh-
ment, After 2.25 years of plant growth,
Aspergillus spp. dominated the rhizosphere of
galleta and alkali sacaton, while Penicillium
spp. dominated the rhizosphere of fourwing
saltbush. Penicillium spp. accounted for 33% of
the total isolates from the rhizosphere of
fqurwing saltbush and was probably the fungal
group most responsible for the majority of the
enumerated propagules in the rhizosphere of
fourwing saltbush 2.25 years after plant establish-
ment (table 4).

Table 4.--Major fungal groups in the rhizesphere (R) and nonrhizosphere (NR) of galleta (Hija), alkali
sacaton (Spal) and fourwing saltbush (Atca) growing on a reclaimed coal mine soil varying

in age. (% of total isolates).

Hija Spai Ateca
0,25-year-old
R Chrysosporium (43) Chrysosporium {(44) Chrysosporium (40)
NR Chrysosporium (44) Chryscsporium (463 Chrysosporium (33)
1.25-year-old
R Chaetomium (28) Penicillium (60} Myrothecium (77)
NR Chaetomium (50) Penicillium (25) Chaetomium (14)
2.25~year-old
R Aspergillus (31) Agpergillus (65) Penicillium (33)
NR Aspergillus (25) Chaetomium (28) Appergillus (24)
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CONCLUSIONS Gilman, J. C. 1968. A Manual of Soil Fungi.
Iowa State University Press, Ames.
These data show that an active rhizosphere

environment may be a vital attribute to the Guillemat, J, and J. Montegut. 1960. The effect
overall success of revegetation on reclamined of mineral fertilizers on aome soll fungi.
eoal mine soils. Each plant specles, however, pp. 98-111. In: D. Parkinson and J. S. Waild,
may affect or contribute differently to the editors. The Ecology of Soil Fungi.

overall success of revegetation. Of the three Liverpoel University Press, Liverpool.

plant species, the rhizosphere of the grass

specles had significantly higher N and P, and OM Joffe, A, A. 1967. The mycoflora of a light
accunulation than the rhizosphere of fourwing soil in a eitrus fertilizer trial in Israel.
saltbush, On the other hand, the rhizosphere of : E

fourwing saltbush had significantly higher EC and httos://doi.ora/10.1007/BF02049799

SAR than the rhizosphere of the grass speciles Lochhead, A. G. 1940. Influence of plant growth
2.25 years after plant establishment. The on the character of the bacterial flora.
rhizosphere of fourwing saltbush, however, was Can. J. Res. 18:42-53,

more conduclive to fungal growth than galleta or mnq-//dni nra/1N0 1120/cirAN-0N7 I

alkalil sacaton. As a result of this, the rhizo- Martin, J. P. 1950, Use of acld, rose bengal,
sphere of fourwing saltbush may contribute to and streptomycin in the plate count methed
greater decomposition and soll aggregation for estimating soil fungl. Soil Sci.
processes more deeply into the s0il profile than 69:215-233.

the rhizosphere of the two grass specles. In [hitne'//dni nrn/10 1097/00010NAAA-1050020N0N-00NNA |
contrast, the rhizosphere of galleta and alkali HueITer-Dombois, D. and H. Ellenberg. 1974.
sacaton may contribute more to nutrient cycling Alms and Methods of Vegetation Ecology.
processes, particularly N and P, and OM Wiley, New York, NY.

accumulation more near the soll surface than the

rhizosphere region of fourwing saltbush. Parker, L. W., N, Z, Elkins, E. F. Aldon and W. G. -

Whitford. 1987, Development of soil biota
and nutrient cycles on reclaimed coal mine
ACKNOWLEDGEMENT spolls in the arid Southwest. J. Biol.
Fertil, Soils, 4:129-135.
This work was conducted in cooperation with

Utah International Inc. The assistance this Rovira, A, D. and C. B. Davey. 1974. Bilology of
company has given in furnishing soil samples, The Rhizosphere. pp. 153-204, 1In: E. W.
labor, and facilitles is apprecilated. Carson, editor. The Plant Root and its

Environment. Univ, Press of Virginia,

REFERENCES Russell, E. W, 1973, Soil Conditions and Plant
Growth. Longman Publishing Co, New York, NY.
Alexander, M. 1977, Introduction to Soil
Miercbiology. John Wiley and Starkey, R. L. 1958. Interrelations between
Sons, Inc., New York, NY, microorganisms and plant roots in the
thizosphere. Bacteriol. Rev. 22:154~167.
Barnett, H., L. and B. B. Hunter. 1972.

Illustrated Genera of Imperfect Tillman, D. 1982. Resource Competition and
Fungi. 3rd edition. Burgess Publishing Co., Community Structure. Princeton University
Minneapolis, Minn, Barron, G. L. 1968, Press, Princeton, NJ.
The Genera of Hypomycetes From Soil. The
Williams and Wilkins Co., Baltimore, MD. Whipps, J. M. and J. M. Lynch, 1986, The
influence of the rhizosphere onr crop
Cundell, A. M. 1977. The role of microorganisms productivity. Adv. Microbial Ecol,
in the revegetation of strip-mined lands in 9:187-244,
the western United States. J. Range Man. Ihttn /Idx.doi.ora/10.1007/978-1-4757-0611-6 5 I
0:299-305 Wilson, H. &, 57, Effect of vegetation upon
Ihtto://dx.doi.ora/10.2307/3897311 | aggregation in strip mine spoils. Sotl Sei.
Domgeh, K, H., W. Gams and T. Anderson. 1980, Soc. Am. Proc. 21:637-640
Compendium of Soil Fungi. Volume 1. [httn-//dy dni arn/10 212A/Iccceai1 087 NRARTREOAENN21NNNANNT 7v|
Academic Press, London. Wilson, H. A. 1961, Rhizosphere bacteria of some
gtrip-mine vegetation. Proc. W. VA. Acad.
Fresquez, P, R., E. F. Aldon and ¥W. C. Lindemann. Sci. 33:15-20,
1986. Microbial reestablichment and the
diversity of fungal genera in reclaimed Wood, M. 1987. Predicted microbial biomass in the
coal mine spoils and soils. Reclsm. Reveg. rhizosphere of farley in the field. Plant
Ree. 4:245-258. and Soil. 97:303=314
[httn-//dx dai orn/10 1007/REN2383221 |
Fresquez, P. R. and W. C. Lindemann. 1983. Zar, J. H,, 1974. Bilostatistical Analysis.
Greenhouse and laboratory evaluations of Prentice-Hall, Englewood Cliffs, R.,J,

amended coal mine spolle. Reclam. Reveg.
Res. 2:205-215.

14


Richard
Text Box
http://dx.doi.org/10.2136/sssaj1957.03615995002100060017x
 

Richard
Text Box
http://dx.doi.org/10.1007/BF02383221

Richard
Text Box
http://dx.doi.org/10.1007/978-1-4757-0611-6_5

Richard
Text Box
http://dx.doi.org/10.2307/3897311

http://dx.doi.org/10.1007/978-1-4757-0611-6_5
http://dx.doi.org/10.2136/sssaj1957.03615995002100060017x
http://dx.doi.org/10.1007/BF02383221
http://dx.doi.org/10.2307/3897311
Richard
Text Box
https://doi.org/10.1007/BF02049799

Richard
Text Box
https://doi.org/10.1139/cjr40c-007

Richard
Text Box
https://doi.org/10.1097/00010694-195003000-00006

https://doi.org/10.1007/BF02049799
https://doi.org/10.1139/cjr40c-007
https://doi.org/10.1097/00010694-195003000-00006



