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Introduction

There is evidence (Hatch 1937; Lamb & Richards, 1971) that ectomycorrhizal fungi
greatly enhance plant growth and nutrient uptake, and Harley (19€9) reported thas under
certain conditions, inoculated plants grow better than the uninoculated controls. There are
also reports of physiological differences bistwsen ectomycorrhizal fungi in promoting tree
growth and improving nutrition (Bowen, 1068; Lamb & Richards, 1971} Thus good
ectomycorrhizal development on the roots of tree meedlings is a sine gua non for seedling
survival and growth.

Recent research (Lamb & Richards, 1970; Ekwebelam, 1977) has ehown that there
are mycorrhizal fungi capable of forming ectomycorrhizas which frait rarely or not at sll,
and which therefore have neither been ca tured nor ideotified. Pravious reports (Lamb
& Riochards, 1971; Lamb, 1974) showad thit in glas-house or nursery experiments, these
species stimulated growth and nutrient uptake of pine seedlings better than some named
mycorrhizal fungi.

This paper presents further evidence of differences bstween ectomycorrhizal fungi,
including unidentified speocies isulated from roots, in promoting growth and nutrient uptake
of pine seedlings in glasshouse studies.

Material and methods

Soil sterilization :—The potting medium used was taken from the top 12 em of the
‘Glasshouse Sand’ (Vallance, 1938), The soil ia extremely deficient in plant nutrients,
partioularly phosphorus ‘see Appendix 1), The soil was sterilized for 45 min. at 103 kN/m*
and then put in 70 sterile 10 cm diameter plastic pota (675 gm/pot), and watered with
de-ionized water a day prior to transplanting and inoculation of seedlings.

Seed aterilization :—Seeds of Carribean pine (Pinus cartbaea var. hondurensis Barr,
& Golf,) were surface-steri ized as previously desoribed (see Ekwebelam, 1977} and
aseptically planted on sterile nutrient agar, and incubated at 25--1° C in the dark, All
contaminated seeds were discarded.

Inoculum produciion : —The fungi used were 4 known mycorrhizal species [Pisclithus
tinctorius (Pers,) Coker & Couch; Rhizopogon luteolus ¥r. & Nordh; R. roseolus (Cords)
T.M. Fr. and Suillus granvlatus (L. ex Fr} O, Kuntze] and 8 unidentified basidiomycete
species isolated from myocorrhizal roota of pines (coded M 1—M 8) a4 previously deascribed
{Ekwebelam, 1977). The cunlture of Pisolithus, Suillus and R. lureolus were provided by
Dr. R.J. Lamb. Dapartment of Environmental Biology, School of Life Sciences, New South
Wales Institute of Technology, Gore Hill, NSW; Australia, The isolate (f R, roseolus osme
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from Dr. EJ. Hacskaylo of the Pathology Division, USDA Forest Service, Beltaville,
Md, Pure cultures were grown in bulk on sterile modified Hagemn agar (Modess, 1941)
at 22 4 1°C.

Planting and Inoculation :—Planting and inoculation were done simu taneously.
Replicate pots each containing 2 seedlings were aseptically incculated with agar diecs
(2 em diameter) five for each fungus. Pots were then placed on a wooden bench in a
glasshouse in a randomised block design; the controls duplicated. The pots were watered
with de-ionized water, and basal dressings of NaHzPO,. 2H,0 at the rate of 10 m)/pot of
80 ppm P wsolution (i.e, 0,6 mg P/pot) were applied at intervals of 10, 13 and 17 weeks
from planting. Plant height in centimeters taken from the cotyledonary scars to shoot apices
(see McComb, 1843) was first measured at ¢ months and at monthly intervala thereafier,
and the experiment was terminated at 6 montha.

Harvest : —At harvest, roots were cieansed of soil particles with running tap water
snd examined for the presence of mycorrhizas. Reisolations and wonfirmation of identity
of original fungi used for inoculation were effected a8 previously dascribed by Ekwebelam
(1877). Mycorrhizal wnfection per seedling war assessed by the purcentage mycorrhiza as
slaborated by Richards & Wilson (1963;. Whole plants dried in 8 mechanical convection
oven at 80°C for 48 hr. weighed and ground in a ’Casells’ grain mill to pass thiough a
1 mm sieve were used for the determination of total NPK. Nitrogen was determined by the
modified micro-kjedah! mathod (Bremuer, 1965), and after dry ashing, pho:phorus and
potassium were measured using Truog & Meyer (1929) phospho-molydate blue for P, and
& flame photometric method for K.

Results

Height development .—Mean seedling height over the 6 months “rom p'antieg {Table 1)
show that & growth differential was already apparent 2 months from plant ng. and although
there were consistent improvements in growth following inoeulation with funpi, there wele
statistically non-gignificant. However, inoculated plants generally grow better than the
uninoculated ocontrols. with §. gramulatus better than with K. roseolus and the un‘dentified
M4, a0d with P. timctorius the poorest. M2 and M1 stimulated growth early but this
was not sustained, This observantion supports the view that mycorrh.gas differ in their
rffectivenrrs and aame are m re effective than others in promoting tree growth (Harley,
1989; Lamb & Richa-ds, 1971).

Mycorrhizal status :—There wers signifieant differences at the 5% probabi ity ‘evcl
(Dunean’s Multiple Range Test) in ths proportion of short roots converted to mycorrhizas
by M1, Mt and M5 (Tabe 2) suggesting that treatment effects wate related to myecorrhizal
infection. R. roseolus was also isolated from some of these mycorrhizas, and from the
2 uninoculated controls which may account for the differences between them.

Dry matier content .—There were significant differences at the 5%, probability level
(Duncan’s Muitiple Range Test) between inooulated and uninoeulsted seedlings, ard
between the different fungal species (Table 2). Inoculation with M4 and K. rosesius gave
the highest, and with P, tinctoriue the lowes : dry matter.

Nutrient concentration :—Differences were evident ut the 5%, probability level
{Duncan’s Multiple Range Test) in the concentrations of nitrogen and potassium among the
different treatments (Table 3). Inoculation with M4 resulted in plants with low N and
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whereas M8, M7 and P. tinciorius increased the K concentration, M2 derreased it. Rogression
analyses indicated thet N (r? = 0.05) and K (r? = 0 15) concentrations were independent of
the intensity of mycorrhizal infection,

Higher smigniticant differences occurred with respect to P concentration of plants
inoculated with M1, M2 and M5. M| and M3 wers among those that produced largest pumbers
of mycorrhizas, thus supporting the widely held premise that plants with the highest levels
of mycorrhizal infection show the greatest absorption of P (Harley 1969) Regression

anslysia indicated that numbers of mycorrhizas were correlated with P concentration
(r*=0.48),

Nutrient comtent :—This reflects the combined influences of the different inocelum
species on dry matter content and natrienit concentrations (Table 3). There were significant
d flerences at the 5%, probability level (Dunean’s Multiple Range Test) in the uptake of
N, P, K between inoculated and uniniculated seedlings, the best csu-ing five-fold increape
in the uptake of P aver the better of the controls, R roseclus wae the only fungus to
increase the uptake of N, M1, M2 and M5 proved most effective in P uptake, and M5, M4
and MO gave a greater stimulus to K uptake, than did any of the other species, Ragression
anaiyses indicated that numbers of mycorrhizas (i e 9, roots) were correlated with the .
uptake of P (r* = 0.59) and K (r? = 0,30), but vot with the uptake of N (r? = U 14).

Table 1

‘Mean heighis (cm) of pine seedlings in response to inoculution with
‘named and unnamed mycorrhizal fungi

Monihs from pisning

Tnoculum o :

{Name or code namber) ‘2 3 Heigi*- fom' b . G |
Control (uninoculated) - 1.3 LG 19 2.1 2.2
Mi o 1.7 2.1 27 29 3.0
M2 - 1.4 22 2.1 30 3.0
M3 . 1.3 1.7 21 26 30
M4 y 1.4 18 23 217 3.1
M5 S 1.3 2.0 24 27 2.9
Mé ... 18 - 19 . 23 27 2.8
M7 ST e e 200 2 2
M8 ST . 1s - 200 0 24 26 28
Pisolithus tinctorine . . . 12 14 18 20 21
Rhizopogos luteolus . .oy o L8 20 - 23 27 30
R. roseolus S 1.5 . 19 22 2.8 33
Suillus grasulaius . 20 22 3y 0 356 7 40
Control (uninocnlated) .~ L1 1.3 1.5 19 20
LSD (P<0 01) S 0.8 0.9 1.2 1.3 1.4
LSD (P<0.05) 6.6 07 0.9 1.0 1.1

#All figures are means of 5 replicates, measuring from cotyledonary scars to shoot apices.
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Table 2

Effect of inneulation with different mycorrhizal fungs on mycorthizal infection and dry
maltter production ( f pine seedlings (All figures are means uf 5 replicates)

Inocu um . rrhi
(Name or code number) Mycorrhiza’ Myc(c';:]lilza Dry matter (g)
Controi (uninceul. ted) 1 9 4p* 2.1de
M1 -+ £2 3ub 2 bede
M2 + 57.6bed 2 6bede
M3 -+ 22 4efg 2. 4cde
M4 -+ 64 3abe 4 0a
Ma + g1 7a 2.6bcde
M6 —+ 4% dcde 3 bfabe
M7 + 47 8cde 2.5cde
MR + 29 4def 3 2abed
Pi-olithus tinctorius - 3R Ocdef 2 2cde
Rhizopogon [uieoiua + 45 hcde 3 4abed
R ro-eolus -+ 39 Hedef 3 9ab
Suillus granulatus + H8, 1bed 3.5abc
Comtrnl uninocu'ated) + 12 3fg 1,7e
! Mycorrhiza present (+) or ab ent (—). Proportion of short roots corverted to

mycorrhizas,

®In each parameter, means followrd by the same lower case letter are not pignificantly
different at the & per cent probability level {Duncan’s Multiple Range Test).

Table 3
Effect of snocwlation with different mycorrhizal fungs on nulrient status of pine
aeedlings (All figures are meana of 5 rep'icates)

I[n~cuium Concentration (%) Content (mg)

{Name or code number)  |—— 5~ i BT K ' N T PTT K
Control (uninocn ated) 0322be 0 010e 0.4004 8.83¢c 0.2'd I8 48¢
Ml 0 46.ab 0 048a 0.604abed 11,29b 1.18a 14.80abe
M2 0.451ab 0.048a 0 464d 11 90b 12la 12.26be
M3 - 0 46lab 0 017cde 0 628abed 10.93b 0.40¢ 14,8Babo
M4 0.285¢ 0014de O 548cd i131b 0 b6e 21.76a
Mb 0.35%abe 0 038h 0 B76a 10.16b 1,00ab 22 95a
M6 0 363abe 0 015cde (.616abed 12 32b 062¢c . 21.50a
M7 0, +35abh .020cd 0.836ab 10.95b 0.50¢ 20.90ab
M8 0.359abe  0.020ed 0,616abcd 11.45b 0.64c 19 é5ab
Pisolithus tinctoriua 0 4%6n 0.024¢ 0.784abe 10.84b 0.b4c 17.48ab
Rhizopogon luteolus 0,334bc 0.019¢ed 0,648cd 11 22b 0640  15.4lab
R roseolus 0 304abe 0.021cd 05632¢d L6.25a 0 8lbe 20 5%ab
Susllus granulatus 0.357abe  0.023cd  05688bed ~ 12.64b 0.81be  20.82ab
Control {uninoculated) 0.346abe 0,014de  0.450d 5.99¢ 0.24d 7.7 00

11n each parameter, means followed by the

same lowercaze letter are not significantly

different at the 5 per cent probability level (Duncan’s Multiple Range Teat).
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Apprndix 1
Chemical dat1 of Glagshonse Sand (Afier Vallanee, 19478)

Com position 9 0—10 10— 38 T,’e%;]:l_igl v 61—193
Ro0,* 2 630 4310 12 220 16120
F.O3 1.260 1,620 A REO 6 000
P05 oms3 0.021 0 020 0C18
Ca0 { 056 0.028 £.023 0 0356
MeO not4 0n38 0004 0 051
K,0 0.270 0.023 0023 0.042
Organic C 1.500 0.510 520 0.180
pH 6.0 5.8 40 58

*R;03 refers to iron aad aluminium seguioxides

Discassion

Inoeulation with mycorrhizal fangi, ivecluding unident.ficd species isolated from
myoorrhizal roota of pines in the glasshouse cau stimulate plant growih and nutrient uptake,
the magnitude of the effect differing fangi. Other workers Harley, 196Y; Theodoron &
Bowen, 1970; Lamb & Richards, 14/1) have reached similar coneiusiona. Althongh the
reacons for the differing effectiveness of varions fungi rcwan Luknown. Hateh (1#37) and
Harley ( 969) have suggested that the continved survival of eonif-r seed ings in an area is
(lependent on the presence of mycorrhizas as organs for absorptior and rranslocation.

Fungi differ markedly in their ability to form myecorrhizasand Melin (1925 classified
this in terms of activity’ and virulence’ of the fungua The former denotes inherent ability
of & fungi to form myeorrhizas with the host whose roots it countactr, and the latter the
ability of the fungus to produce suxin in concentration than will ensure 1he degree of
morphogenesis necessary for the establishment of mycorrhizal symbiosis Slankis, 988).
These phenomena can be altered by extraneous factors such as soil characterigticsa host
physiology and temperature (Mejstrik, 1870). These characters influence the cffiets of the
fungus on ihe bost, and the balance or lack of it in the symbiotic relationship (Trappe, |962).
Since Moalin’s observation of thesas phooomz3na. oocasional references on the effects of
nutritionsl factors and osher internal variables influencing physivlogical differences among
fungi, have been made (see Harley, 1969; Bowen & Theodorou, 1967). Wh.ch of these
possible mechanisms was operative in influencing the results of the present study is not

known.

Judging from the reau't: of the data in Table 1-—3 some of the unidentified fungi
appeared better than some recognised myoorrhizal apecies in taeir effects on myocorrhizal
development, dry matter production and nutrient status of the host seedlings, It is
interesting to note that although these fungi were isolated directly from mycorrhizal roots
of pibes, their identity ecould not be established even when compared with pure cultures of
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gporophores of suspocted mycorrhiza formers from the raine srea (see Ekwebelam, 1977),
These results supported by those of Lamb & Richards (1970, 1971) and Ekwebelam (1977)
confirm that much still remains to belearnt of the identity snd relative effectiveness of
the various myecorrhizal endophytes of pines, and open & new vista for research on the
biology and autecology of these ‘lesser’ know mycorrhizal syn.bionts,
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SUMMARY

Twelve ectomycorrhizal fangi (Pisolithus tinctorius, Rhszopogon  luteolus,
R. roseolus, Suillus granulatus and 8 unidentified species isolated frem Caribbean
pine) were compared for their effectiveness in stimulating growth and nutrient
uptake in glasshouse grown seedlings of Caribbean pine. Differences occurred
between the different fungiin their stimulation of growth and nutrient status of
host seedlings. Incculation with S, granulotus and R. roseolus gave the best
stimualation of height growth, and P, tinctoricus the poorest Some unidentified
fungi appeared superior to the known mycorrhizal species as shown by
mycorrhizal infection, dry matter production, and the quantity of phesphorus
and potassium absorbed The number of mycorrhizas produced was correlated

“with the conceutration of P, and the totzl quantity of P and K absorbed.

#Rfagis iz & qrai Y afy DT AeAFR IZAT IT AGFHAT FAF FT AT
FFT THoe Qo UFAAAR

T

\ T T ga AgNA FA%Y (featfagy feadiftaq, TN sgfeqan, o Afagiaq,
ggaq ¥ gA2q aqn #fefaart iz & qgx &Y 7 Wz wer wAgAAT wfqat) v Ffefaard «s
¥ wt= w7 § garg vt # afg Far @fra Igugw eaifgr $1 F fag goan 1 af ) QY Qe
Y afg qar Neargre feafa § ffm Tasi § weat o aar go 70w W go Afagan &1
AFT amy ¥ FAE agy § gaifas gwow fasdt 1 foo fexdifeay ¥ 9a® #w 1 o wAEAA 595
wta gu FAF &Y wawr Aesae fzard 7 Sar fF FAFAAAT GFAM, TOF qeq JeNIN, wqfaA
wERlTg g qerfgan arar ¥ ww gat | Saifiy wasgaar gear 1 GgHTTT GEER
g¥ezor, wgfug weweE s Qaifaan §7 g wv & frasrar qar

L
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Wirkung der mycorrhizalen Giftpilzen am Wuchs und am Nehrungbegreifen bei
Carribaen Fichte Simlingen

S A. EKWEBELAM
ZUSAMMLENFASSUNG

Zwolf ectomyoorrhizalen Gifrpilzen (Pésolithus tinetorius, Rhizopngon luteolus,
R, roseolus, Suillus granulotus und B unidentifizierten Arten, von Carribaen Fichte isoliert)
waren ura ihrer Wirksamlichkeit das Wachstum und Nahrungbegreifen bei den treibhausge-
wachsenen Simlingen dar Carribaen Fiohte zu ansparen, verglichen. Der Unterrchicd kommt
zwischen verschiedenen Giftpi'zen, um seiner Anregung das Wachstum und pabrunge
Btellung der gastgebere Pflanzen vor. Einimpfung mit 8. grenulatus und R rosiolus gab
die beaten Anregung das Hiohewachstums, und mit P- tinctorius die schlechtesten. Einigen
unidentifizierten Gifipilzen auch erscheinten t{iber den genannten mycorrhizalen Arten
besser, als das bei der myeorrhizale Aunsteckung, trockene atcffe Produkticn. and die
Quantitit der Absorption des Phosphors und des Kaliums argezeigt war, Die Zahl der
produzierten Mycorrhizalen war zur Konzentration des P, der gavn:e eingesaugten Quantitit
der P und K, verwasdt.

Effets de Champignons mycorrhizes sur la croissance et I’absorption de matidre
nutritive chez les cemis de *‘Carribbean Pine”.
par S.A. EEREKEBRLAM
Résumé

Cette étude porte sur douze copéces des Champignons mycorrhizes. (Pisolithus
tinctorins, Rhizopogon luteolus, R. roseolus, Suillus granulatus et 8 espéces non identifiées,
isoléea de “‘Carribbean Pine’’ et on les & comparées & I’égard de leur efficacité pour aetiver
la croissance et l’absorption de matiére nutritive chez les semis de ““Carribbean Pine”,
élevéns dans une chambre 3 verve. Les divera Champignons ont fait voir des différences
entre eux, 3 l'egard de l'activation de oroissance et l'absorption de matitre nutritive.
L’inoculation avec 8. granulatus et R. roseolus a sotivé au maximum et celle aveo P. tinctorius
le minimum, la croissance en hauteur. Quelques champignens non identifiés se sont montrés
supériour aux espéces mycorrhizes identifiés, ce qui est manifesté par I’sttaque des
Champignons mycorrhizes, la production de la matiére séche et la quantité de phospore et
potassium absorbée. La nombre de myoorrhizes produits était en correlation aveo la
coneentration de P et la quantité totale de P et K absorbée,
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