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Abstract

Rudawska M. 1987. The influence of mineral nutrition on synthesis of growth
regulators in the host plant Pinus sylvestris L. and in the mycorrhizal fungus
Suillus luteus (L. ex Fr.) S. F. Gray. Arbor. Kérnickie 32: 221 -230.

Nitrogen in the ammonium form seems to be primarily responsible for the unfa-
vorable effect of mineral nutrition on mycorrhizal infection. Higher doses of
N in the growth medium decreased auxin and cytokinin production by the fungal
symbiont Suillus luteus and increased the hormone levels in roots of the host
plant Pinus sylvestris. These two effects of high doses of nutrients distrub the
hormonal balance of both mycorrhizal partners and can lead to the disappearance
of ectomycorrhizae in pines at higher fertility conditions.
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INTRODUCTION

Associations between fungi and roots of higher plants to form my-
corrhizae are common in nature and play an important part in plant
nutrition. The fungus absorbs inorganic nutrients from the soil and pas-
ses some of them on to the host plant, while receiving carbon compounds
from the host for its own nutrition. Mycorrhizal seedlings are generally
larger and darker green than nonmycorrhizal seedlings and accumulate

* This study was supported by research project MRII/16 coordinated by the Insti-
tute of Dendrology, Kérnik.
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more inorganic nutrients (Greene 1980). These effects may be due to
the increased absorptive surface in plants bearing mycorrhiza and to
the production of beneficial metabolites by the fungus (Harley 1969,
Slankis 1973). A number of ectomycorrhizal fungi produce auxins and
cytokinins in pure cultures (Urlich 1960, Miller 1967, Crafts
and Miller 1974, E k et al. 1983), which implies that these two hormo-
nes play an important role in inducing and maintaining the mycorrhizal
relationship. Application of auxin to excised roots of Pinus sylvestris L.
results in the formation of an increased number of short laterals, which
branch dichotomously and lack root hairs (Siankis 1973). Treated
with Kinetin, the roots also produced short, dichotomously branched
laterals, closely resembling mycorrhizae (Barnes and Naylor 1959).
On this basis one can suspect that factors which inhibit the development
of mycorrhiza, such as mineral fertilization (Siankis 1967, Lister
et al. 1968, Bjorkman 1970) may act through changes of auxin and
cytokinin synthesis by the mycorrhizal fungi.

On the other hand there exists a strict dependence between mineral
fertilization and the metabolism of growth regulators in higher plants.
However this problem was studied mainly in herbaceous plants and the
knowledge concerning the influence of mineral nutrition on the dynamics
of growth regulators in conifers is very scarce (Michniewicz et al
1976).

The effect of various levels and sources of mineral nutrition on
growth regulator production by mycorrhizal fungus Suillus luteus and
on the hormonal aspects of metabolism of the higher plant is the subject
of this paper.

MATERIALS AND METHODS

Cultivation of pine seedlings. One year old Scots pine seed-
lings with abundant unidentified mycorrhiza were transferred from
the nursery into the greenhouse and potted in forest soil. Over a 5
month period the seedlings were fertilized every second day with nitro-
gen or nitrogen and phosphorus supplied as ammonium tartrate and
phosphoric acid solution. By the end of the experiment the seedlings
were examined under a binocular (5X) and the presence of mycorrhizal
tips was estimated.

Cultures mycorrhizal symbiont. Common mycorrhizal
symbiont of young Scots pine stands Suillus luteus was used throuhgout
this work. Pure mycelium of S. luteus was grown in a liquid synthetic
medium (SM) (Rudawska 1982), as a surface culture in Roux flasks
at 23°C. For the experiments the levels of nitrogen and phosphorus
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were modified in the SM using variable quantities of ammonium, nitrate
or phosphoric ions as described previously (Rudawska 1983). After
30 days of growth in darkness, the mycelium dry weight, auxin
and cytokinin content in fungal filtrate were determined.

Auxin assay. Auxin was estimated in the culture filtrate and root
samples, using cold ether extraction according to Larsen (1955) and
assayed in the standard Avena coleoptile curvature test (Larsen 1955).
Cytokinins were extracted by the modified method of Biddington
and Thomas (1973). Extracts from roots of Scots pine seedlings (equi-
valent of 5 g of fresh weight) or filtrates of Suillus luteus cultures (equi-
valent of 1 Roux flask) were streaked onto filter paper sheets. The sheets
were chromatographed in water-saturated sec-butanol. Ten equal strips
according to Rf value were cut and eluted directly into 100 ml Erlen-
mayer flasks containing 50 ml of medium and planted with soybean
tissue (Glycine Max. L. Mevril var. Acme) as described by Miller
(1968).

Each Erlenmayer flask was planted with three pieces of soybean tissue,
maintained for 28 days and fresh weight of each piece was measured.

RESULTS AND DISCUSSION

The results presented here showed that nitrogen nutrition in ammo-
nium form, increased the level of auxin and cytokinin in the roots of
pine, simultaneously at higher concentrations completely arresting my-
corrhizal infection (Fig. 1 a, Fig. 2).

Phosphorus used together with ammonium was able to some extent,
to reduce the negative effect of nitrogen fertilization on mycorrhizal

28P112P 28PT12P 28P112P

Fig. 1. Effect of N (a) and NP nutrition (b) on the mycorrhizal infection and the
level of auxins in roots of pine seedlings. (N and P as mg/l given in solution of
ammonium tartrate and phosphoric acid every second day during 5 months)
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Fig. 2. Effect of N and NP nutrition on the level of cytokinins in roots of pine
seedlings (N and P as in Fig. 2)

infection but not at higher nitrogen doses (Fig. 1b, Fig. 2). Phosphorus
may act through increasing the nitrification factor in the soil (Nowo t-
ny-Mieczynska 1976) and thus can decrease ammonium availabi-
lity for the fungal symbiont. The results also emphasize the importance
of a proper balance between the essential elements, principally N and
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P for conifer seedlings growth and mycorrhiza formation in particular.
Whether the increased auxin and cytokinin levels in the roots have
a negative effects on the mycorrhizal relationship remains an open que-
stion. The distribution and frequency of lateral roots is of great impor-
tance for mycorrhiza formation. The physiology of lateral root branching
in mycorrhizae is complex, but it seems likely that some balance bet-
ween auxins and other substances, possibly cytokinins, is involved
(Crafts 1973). Nitrogen at high concentration decreased the length of
roots and the number of lateral roots (Rudawska 1981). Blakely
et al. (1972) found that cytokinin inhibited lateral root initiation. Phy-
siologists also believe that auxin controls root cell elongation. Some
authors (Torrey 1976) adhere to the model proposed by Burstrom
(1957) that auxin acts in a 2-phase system, one primarily stimulatory,
the other inhibitory. However probably, no basis exists for this case
in mycorrhizal relationship under higher doses of fertilizers. More work
is needed to answer these questions.

An effect of mineral nutrients oai the synthesis of the growth re-
gulators by the host plant tissue and by the fungal symbiont diffe-
red significantly. When S. luteus was grown in a liquid medium
at ammonium levels ranging from 0 to 3 g/1 of N, dry weight
increased up to the level of 0.3 g/l and only the highest amount
of N in the medium limited growth of the fungus (Fig. 3a). But
the highest auxin (Fig. 3 b) and cytokinin (Fig. 3 c) activity was exibited
by S. luteus at a low levels of ammonium N and increased doses of N
inhibited auxin and cytokinin release despite the excellent growth of
mycelium. These results confirm the earlier reports (Tomaszewski
and Wojciechowska 1974, Rudawska 1982, 1983) about unfa-
vourable effects of ammonium nutrients on growth regulator release by
mycorrhizal fungi. Nitrate appeared to be a very poor nitrogen source
for growth of S. luteus which is in agreement with other findings (L u n-
deberg 1970, Trappe 1967). A very low level of auxin was observed
in the presence of nitrate ions in the medium (Fig. 3 b) and no cytokinin
activity was shown (Fig. 3c). These findings may suggest that nitrate
fertilizers which are hardly utilized by the mycorrhizal symbiont can re-
sult in smaller changes in the fungal metabolism and finally be better
tolerated by the mycorrhizal association than the very readily utilized
ammonium form of nitrogen and urea. Phosphorus used even at very
high concentrations did not decrease the growth and cytokinin production
of S. luteus. Intense phosphate accumulation in the mycorrhizae and
in the fungal mantle (Bowen 1973) in the form of a nonmetabolic pool
of orthophates can explain this phenomenon.

These data demonstrate that nitrogen nutrition alters hormonal ba-
lance of the host plant and the fungal symbiont. The importance of a
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Fig. 3 a, b, c. Effect of different levels of ammonium (0-0) and nitrate (e-*) nitro-

gen and phosphorus (A-X) on the mycelium dry weight (a) and auxin (b) and

cytokinin (c) release by pure cultures of Suillus luteus. (The levels of N and P as

g/l in ammonium tartrate, potassium nitrate and potassium phosphate monobasic
respectively)

proper hormonal balance in mycorrhizae was streesed by Allen (1984).

Thus mineral nutrition must be consider as an important factor regu-
lating mycorrhizal symbiosis.

http://rcin.org.pl



THE INFLUENCE OF MINERAL NUTRITION . .. 227

SUMMARY

One year old Scots pine (Pinus sylvestris L.) seedlings with abundant
unidentified mycorrhiza were transferred from the nursery into the
greenhouse and potted in forest soil. Over a 5 month period the seedlings
were fertilized every second day with nitrogen and nitrogen and phos-
phorus nutrient solution. The results showed that nitrogen in ammonium
form increased level of auxin and cytokinin in the roots of pine, simul-
taneously at higher concentration (8 and 40 mg/l) completely arresting
mycorrhizal infection. Phosphorus used together with ammonium was
able to some extent to reduce the negative effect of nitrogen fertilization
on mycorrhizal infection and did not cause so high increasing of auxin
and cytokinin amount in the roots. Suillus luteus growing in liquid
medium on ammonium as nitrogen source released auxin and cytokinin
only at low level of N and increased doses of N inhibited auxin and
cytokinin release despite the excellent growth of mycelium. Nitrate
appeared to be a very poor nitrogen source for growth of S. luteus and
very low level of auxin and no cytokinin activity was shown. Phos-
phorus used even at very high concentration did not decrease the growth
and cytokinin activity of <5 luteus but the highest auxin activity was
observed in the medium without phosphorus. These data demonstrate
that nitrogen nutrition alters hormonal balance of the host plant and
the fungal symbiont. Proper hormonal balance between both mycorrhizal
symbionts seems to be of great significance for mycorrhizal relationship
and mineral nutrition belongs to important factors disturbing this

balance.
Accepted for publication 1987.

LITERATURE

1. Allen M. F., 1985 Phytohormone action: an intergrative approach to under-
standing diverse mysorrhizal responses. In: Proceedings of the 6th North
American Conference on Mycorrhizae Bend, Oregon, USA: 158 -160.

2. Barnes R. L, Naylor A. W, 1959. In vitro culture of pine roots and use
of Pinus serotina roots in metabolic studies. Forest Sei. 5: 158.

3. Biddington N. L, Thomas T. H.,, 1973. A modified Amaranthus beta-
cyanin bioassay for the rapid determination of cytokinin in plant extracts.
Planta 111: 183-186.

4, Bjorkman E., 1970. Mycorrhiza and tree nutrition in poor forest soils. Stu-
dia Forest. Suec. 83: 1-24.

5. Blakely L. M., Rodway S. J., Hollen L. B, Crocker S. G, 1972,
Control and kinetics of branch root formation in cultured root segments of
Haplopappus ravenii. Plant. Physiol. 50: 35 - 42.

6. Bowen G. D, 1973. Mineral nutrition of ectomycorrhizae. In: Ectomycorrhizae.
Ed. I\Z/(I)arks G. C.,, Kozlowski T. T., Academic Press, New York and London:
151 - 205.

http://rcin.org.pl



228

10.

11.
12.
13.
14.

15.
16.

17.
18.
19.
20.

21

22.
23.
24,

25,

26.

27.

28.

M. RUDAWSKA

Bur stron H,, 1957. Auxin and the mechanism of root growth. Symp. Soc.
exp. Biol. 11: 44-62.

Crafts C. B, 1973. Purification and identification of cytokinins produced by
mycorrhizal fungi. Ph. D. Thesis, Indiana University, Bloomington: 1 - 96.
Crafts C. B, Miller C. 0., 1974. Detection and identification of cytokinins
produced by mycorrhizal fungi. Plant Physiol. 54: 586 - 588.

Ek M. Ljungquist, Stenstrom E., 1983. Indole-3-acetic acid production
by mycorrhizal fungi determined by gas-chromatography — mas spectrometry.
New Phytol. 94: 401 - 407.

Greene E. M., 1980. Cytokinin production by microorganisms. The Bot. Rev.
46: 25-74.

Harley J. L, 1969. The Biology of Mycorrhiza. Ed. Leonard Hill, London,
3-112.

Larsen P., 1955. Growth substances in higher plants. In: Modern Methods
of Plant Analysis. Ed. Springer Verlag, Berlin, 3: 565 - 625.

Lister G. R, Slankis V., Krotkov G, Nelson C. D, 1968. The growth
and physiology of Pinus strobus L. seedlings as affected by various nutritional
levels of nitrogen and phosphorus. Ann. Bot. 32: 33 -43.

Lundeberg G., 1970. Utilization of various nitrogen sources in particular
bound soil nitrogen by mycorrhizal fungi. Studia Forest. Suec. 79: 1-95.
Michniewicz M, Rozej B., Stopinska J.,, 1976. The influence of ni-
trogen nutrition on the dynamics of growth and metabolism of endogenous
growth regulators in Scots pine (Pinus sylvestris L.) seedlings. Acta Soc. Bot.
Pol. 45: 495-510.

Miller C. O., 1967. Zeatin and zeatin riboside from a mycorrhizal fungus.
Science 157: 1055-1057.

Miller C. O., 1968. Biochemistry and physiology of plant growth substances.
Ed. F. Wightman and G. Selferfield, Ruge Press, Ottawa, Canada: 33-45.
Nowotny-Mieczynska A, 1976. Fizjologia mineralnego zywienia roslin.
Ed. PW.R. i L., Warszawa: 129.

Rudawska M., 1981. Wptyw pokarméw mineralnych na gospodarke auksyn
i cytokinin w mikoryzie sosny (Pinus sylvestris L.) Ph. D, Thesis. University
of A. Mickiewicz, Poznan: 1 - 69.

Rudawska M., 1982. Effect of various organic sources of nitrogen on the
growth of mycelium and content of auxin and cytokinin in cultures of some
mycorrhizal fungi. Acta Physiol. Plant. 4: 11 - 20.

Rudawska M., 1983. The effect of nitrogen and phosphorus on auxin and
cytokinin production by mycorrhizal fungi. Arboretum Kornickie 28: 219 - 236.
Slankis V., 1967. Renowed growth of ectotrophic mycorrhizae as an indica-
tion of an unstable symbiotic relationship. Proc. 14th IUFRO Congress: 84 - 99.
S lankis V., 1973. Hormonal relationship in mycorrhizae. In: Ectomycorrhizae,
Ed. G. C., Marks, T. T. Kozlowski, Academic Press, New York and London,
151 - 205.

Torrey J. G, 1976. Root hormones and plant growth. Ann. Rev. Plant
Physiol. 27: 435-459.

Tomaszewski M., Wojciechowska B., 1974. The role of growth re-
gulators released by fungi in pine mycorrhizae. In: Plant Growth Substances
Ed. Hirokawa Publishing Co. Tokyo, Japan.

Trappe J. M., 1967. Pure culture synthesis of Douglas-fir mycorrhizae with
species of Hebeloma, Suillus, Rhizopogon and Astaeus. For. Sei. 13: 121 -130.

Ulrich J. M., 1960. Auxin production by mycorrhizal fungi. Physiol. Plant.
13: 429-443.

http://rcin.org.pl



THE INFLUENCE OF MINERAL NUTRITION ... 229

Wptyw zywienia mineralnego na synteze regulatoréw wzrostu przez rosline-
-gospodarza Pinus sylvestris L. i symbionta mikoryzowego Suillus luteus (L. ex Fr.)
S. F. Gray

Streszczenie

Jednoroczne siewki sosny Pinus sylvestris L. z obfitg, niezidentyfikowang mi-
koryza przeniesiono ze szkotki do szklarni i umieszczono w doniczkach w glebie
leSnej. Przez 5 miesiecy siewki zasilano co drugi dzien roztworem azotu lub azo-
tu i fosforu. Stwierdzono, ze azot uzyty w formie amonowej zwiekszat znacznie
poziom auksyny i cytokininy w korzeniach siewek sosny, powodujac jednoczesnie
przy wyzszych dawkach (8 i 40 mg/l) catkowity zanik mikoryz. Fosfor uzyty tgcz-
nie z nawozeniem azotowym powodowat pewne ztagodzenie negatywnego wptywu
azotu na tworzenie mikoryz i nie tak znaczny wzrost poziomu auksyny i cytoki-
niny w korzeniach. Hodowany w czystej kulturze popularny symbiont mikoryzowy
sosny Suillus luteus syntetyzowat auksyne i cytokinine tylko w' warunkach niskiej
dostepnosci azotu amonowego w podiozu. Najwyzsza aktywnos¢ hormonalna tego
grzyba nie byta skorelowana z optymalnym wzrostem grzybni. Jon azotanowy byt
tylko w niewielkim stopniu wykorzystywany przez grzyb S. luteus i w filtratach
pohodowlanych stwierdzono tylko niewielka produkcje auksyny oraz brak aktyw-
nosci cytokininowej. Fosfor uzyty nawet w wysokim stezeniu (3000 mg/l) nie ha-
mowat wzrostu grzybni S. luteus i syntezy cytokininy, lecz najwyzsza aktywnosé
auksyny obserwowano na pozywce bez fosforu.

Uzyskane wyniki wskazuja, ze zywienie mineralne moze modyfikowaé synteze
hormonéw zaréwno przez symbionta grzybowego, jak i w roslinie-gospodarzu. Od-
powiednia réwnowaga hormonalna pomiedzy oboma partnerami mikoryzowymi jest
prawdopodobnie waznym elementem regulujgcym istnienie symbiozy mikoryzoweyj,
a nawozenie mineralne nalezy do istotnych czynnikéw naruszajacych te réwnowage.

BAvsiHne MuHepasibHOro MWTaHWSA Ha CUHTE3 PerynsiTopoB pocTa pacTeHMeM-X03siMHOM  Pinus
sylvestris L. v mMukopusHbiM cumbmnoHTom Suillus futeus

Pe3rome

OfHoneTHre cesiHUpbl CocHbl Pinus sylvestris L. ¢ 6yiiHO, HeuaeHTU(ULMpPO-
BaHHOV MVKOPW30Ii MepeHecn B TEMIULY M MOMECTWN B FOPLUKAX C JIECHON MOYBOIA.
B TeyeHue 5 MecAUEB CesHLbl MOLKAPMIMBAIN KaXKAblA BTOPOW AeHb pacTBOpamu
asota WM asota U o.chopa. OTMeYeHO, UTO a30T MPUMEHEHHbIA B aMMOHWUIAHON
(hopmMe 3HauWTeNIbHO YBENYMBAST YPOBEHb ayKCUMHA U LWUTOKMHWHA B KOPHSAX Ce-
SHLIEB COCHbI, BbI3blBas OJHOBPEMEHHO NpuU Gosee BbICOKMX fo3ax (8 u 10 mr/n)
MO/IHOE MCYE3HOBEHME MUKOPWU3bl. DPOCHOp MNPYMEHEHHbI OLHOBPEMEHHO C BHECe-
HMEM a30THOr0 YA00peHUs Bbi3blBa/l HEKOTPOE YMEHbLUEHNE OTPULIATENbHOIO [eli-
CTBMA a30Ta Ha BO3HWMKHOBEHME MWKOPU3bI M He TaK 3HAYMTENbHbIA POCT YPOBHS
ayKCUHA N LMTOKMHMHA B KOPHSX. BblpaliyBaeMblii B YUCTOW Ky/bType W3BECTHBLIN
MUKOPW3HbIA CUMOMOHT cocHbl Suillus luteus cuMHTe3MpoBan ayKCMH W LUTOKMHWH
NNWb B YCMOBUAX HE3HAYMTENbHOM [AOCTYMHOCTM aMMOHMIAHOTO asoTa B CybcTpate.
Camast BbICOKas ropMoHaibHas aKTWBHOCTb 3TOr0 rpuba He COOTBETCTBOBasia C OMTH-
Ma/lbHbIM POCTOM TPUOHULBL. HWTpaTHbIA MOH 6bil B HE3HAYNTE/IbHOW CTemneHu
ncnonb3oBaH rpubom 5. luteus n B KynbType HalifieHO NLb HE3HAYUTEeNIbHOE KON-
4eCTBO ayKCMHA W OTCYTCTBME aKTMBHOCTU LUTOKUHMHA. DPOCHOp NpUMEHSEMbIA faxe
B 6onblwnx Konmyectsax (3000 mr/n) He TOpPMO3WA pocTa rpubHuMubl S. luteus n cuH-

* AsTop: M. Pypascka.
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Te3a LUMTOKMHMHA, HO caMyk) GOMbLUYI0 aKTVMBHOCTb ayKCUMHa Habnwofany Ha cy6-
cTpate 6e3 ¢hocdopa.

MonyyeHHble pe3y/bTaTbl YKa3blBAOT Ha UTO, YTO MUHEPaslbHOE MUTaHWe MOXET
MOAMMULMPOBaTb CUHTE3 TOPMOHOB TaK FPUOHLIM CUMOMOHTOM, Kak W pacTeHueMm-
-X031MHOM. COOTBETCTBYIOLLEE T[OPMOHA/IbHOE PaBHOBECME MEXJY MWKOPU3HLIMU
napTHepamMu SBASETCA MO BCEW BEPOSATHOCTU CYLLUECTBEHHbIM 3/1EMEHTOM Peryampy-
IOLLMM CYLLLEECTBOBAHME MWKOPW3HOrO0 CMMOMO3a, a MUHepasbHOe YAo6peHve MmpuHaj-
NEXUT K YUCNY CYLLECTBEHHBIX (haKTOPOB HapyLLAHLLMX 3TO PaBHOBECUE.
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