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Introduction

Many bedding plants arec mycorrhiza-dependent. Plants with mycorrhizae
are potentially more cffective at mineral elenient and water acquisition and can
grow better under stress conditions [AUGE 2001). The technique employed for
bedding plant propagation by cuttings does not allow the formation of mycor-
rhizae, because rooting substrates are usually sterilized or devoid of arbuscular
mycorrhizal fungi (AMI). It was shown earlicr that mycorrhization of some bed-
ding plants is significantly reduced by high P concentration [KOIDE et al. 1999).
Since the AM fungi are dependent on host photosynthesis, substantial amount of
assimilates produced in leaves is required {or growth of {fungus [JAKOBSEN, ROSEN-
DAHL 1990). Carbohydrate limitation may inhibit growth rate of host plants
[FITTER 1991]. On the other hand, inoculation of cuttings during rooting in green-
houses may be beueficial for further growth of bedding plants in outdoor condi-
tions.

The aim of this work was to investigate the cffects of phosphorus nutrition
and AMI inoculation on growth, flowering, and nutritional status of geranium
(Pelargonium X hortorum 1.H. BAILEY Tango Orange') during cultivation on
ebb-and-flow benches.

Material and methods

Rooted cuttings of geranium were used for the experiments. The cuttings
were planted into sphagnum peat : perlite medium (3 : 1,v/v ), pH 6.1. The sub-
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strate was inoculated by adding 1 dm? mixture of ostcospermum (Osteospermum
ecklonis (DC.) NORL.) root picces and substrate inoculated carlier with Endorize
- TA AMF inoculum, containing a mixture of dilferent Glomus species (Biorize
Sarl, France) to 10 dm? of inoculated peat substrate. The substrate was not steri-
lized. The peat used in this experiment was devoid of AM fungi as confirmed by
the absence of colonization with the non-inoculated treatments. Mycorrhizal
infection was estimated at the end of cultivation, after staining the roots with
trypan blue [PHILLIPS, HAYMAN 1970).

The plants were cultivated under glass from May 27th to July 18th. The
night ventilation set-point in the greenhouse was kept at 16°C, the day ventila-
tion set-point at 22°C. Plants were [ertigated by subirrigation (c¢bb-and-flow
benches, Clauhan Projekt A/S, Denmark). The nutrient solution contained: N-
NO, 12.08, K 5.49, Ca 3.1, Mg 0.76, S 1.1 (mmoldm=), and Mn 10, I'c 22, B 22,
Cu 0.5, Mo 1, Zn 3 (umoldm?). Two P treatments of 0.28 and 1.40 mmoldm=
were applied. Electrical conductivity (EC) and pll of the nutrient solutions were
1.8 Sm-t and 6.0, respectively, regardless of P treatment.

At the beginning of flowering whole plants were harvested. Fresh and dry
weights of upper parts, plant height, shoot number, number of days [rom plan-
ting to flowering, numbers of flower buds and flowers and root colonization by
AMF were determined.

Leaf nutrient contents and chemical properties of growing media were
determined as described carlier [TREDER et al. 1998].

The trecatments were statistically analyzed by the analysis of variance and
means were compared with the Duncan’s multiple range test at 95% level of sig-
nificance.

Results and discussion

A month after inoculation the inoculated plants were infected with nycor-
rhizal fungi. The control plants had no root infection. The mycorrhizal fungal
colonization of the plants that were fertilized at 0.28 mmol P-dm~? was 83%
while those fertilized at 1.40 mmol P-dm= was 77%. At the end ol culture the
plants were similar in appearance. The growth responses to PP and mycorrhizal
inoculation were small (Tab. 1). A higher P level slightly increased fresh weight
and height of inoculated plants, but did not affect non-inoculated ones. Mycor-
rhization slightly decreased the height of plants grown at a lower P level, but did
not affect the height of plants grown at a higher P level. ‘Typical symptom of P
deliciency — a reddish coloration of leaves due to the increased anthocyanin pro-
duction [SHUMAN 1992] were not obscrved on plants grown at 0.28 mmol P-dm-2.
The effect of P Ievel and mycorrhization on flowering of geranium 1s presented
in Tab. 2. The non-inoculated and inoculated plants grown at 1.40 mmol P-dm-
had more llower buds, than those grown at 0.28 mmol P-dm?. No cffect of
mycorrhization on flowering of geranium was obscrved.
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Table 1; Tabela 1

The effects of P level and mycorrhizal inoculation on the growth
of geranium (Pelargonium x hortorurn L.H. BAILEY “Tango Orange’)

Wplyw poziomu P i mikoryzacji na wzrost pelargonii rabatowe;]
(Pelargonium X hortorum L.H. BAILEY ‘Tango Orange’)

Iresh matter of | Dry weight of } Height of Shoot
P level Mycorrhizal plants plants plants number
Poziom fosforu inoculation Swieza masa Sucha masa Wysokosé Liczba
(mmol-dm-) Mikoryzacja roliny roliny rosliny peddéw
(®) ®) (cm)
028 - 59.3ab 83a 29.1b 3.6ab
+ 55.5a 7.6a 26.2a 33a
1.40 - 61.8ab 7.8a 30.4b 43¢
+ 65.70 8.5a 29.1b 4.0bc
Significance; Istotno$¢
P levcl; Poziom P XX n.s. XXX XXX
Mycorrhizal inoc.; Mikoryzacja ns. ns. XXX XX
P level x mycor.; Poziom P x mikor. ns. X ns. ns.

The means followed by the same letter(s) do not differ at a = 0.05; nss, X, xx, xxx — non significant
or significant at & = 0.1, 0.05, 0.001, respectively; Srednie oznaczone tymi samymi literami nic réznig
si¢ istotnic przy a = 0,05; n.s., X, XX, Xxx — nicistotnc lub istotne przy odpowiednio e = 0,1, 0,05,

0,001.

Table 2; Tabela 2

The cilects of P level and mycorrhizal inoculation on the flowering
of geranium (Pelargonium X hortorurn I.11. BAILEY ‘Tango Orange’)

Wplyw poziomu P 1 mikoryzacji na kwitnienie

pelargonii rabatowej (Pelargonium X hortonum LI BAILEY ‘Tango Orange')

. Number of Number of undeve- Number of open
P level Mycorrhizal | days to flowe- . .
. ) . . . loped inflorescences inflorescences
Poziom fosforu inoculation ring . . M . .
) . . . . Liczba nierozwinictych j Liczba rozwinig-
(mmol-dm-) Mikoryzacja | Liczba dni do . . .
. kwiatostanéw tych kwiatost.
zakwitania
- 47.6a 29a 1.8a
0.28
+ 48.5ab 2.7a 1.7a
1.40 - 48.4ab 4.3b 14a
’ + 50.1b 3.9b 1.4a
Significance; Istoinosc
P level; Poziom P n.s. XXX n.s.
Mycorrhizal inoc.; Mikoryzacja X ns. 1.s.
P level x mycor.; Poziom P x mikoryz. ns. ns. ns.

Explanations sec Table 1. Objaénicnia jak w tabeli 1

The enhanced host plant acquisition of mineral nutrients, especially P, as a
result of mycorrhization is very well documented [MARSCHNER, DEIL 1994]. In
geranium cultivated on ebb-and-flow benches mycorrhizal plants took up more P
than non-inoculated ones (Tab. 3). A higher P concentration in nutrient solution
resulted also in its better uptake and consequently increased P content in leaf
tissue in both non-inoculated and inoculated plants. The leaf content of nitrogen
was not affected neither by P nutrition nor by mycorrhization. At a higher P
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level, both inoculated and non-inoculated plants had less Ca in leaves. Inocula-
tion with AMI" decreased K and Ca contents and increased Mg content of
leaves. The lower potassium content in the shoots of inoculated plants can be
explained by the reduction in root surface arca and a relatively low K transport
by hyphae [GEORGE et al. 1992]. Reports on the possible uptake of Ca and Mg by
hyphae are contradictory, increased and decreased uptake of these clements in
mycorrhizal plants comparing to non-inoculated ones was observed [GEORGE
2000]. Such conflicting results may be related to specific properties of AMFE iso-
lates or to experimental conditions.

Table 3; Tabela 3

The cffects of P level and mycorrhizal inoculation on the mineral clement content
of geranium lcaves (Pelargonium X hortorum L.H. BALLEY “lango Orange')
Wplyw poziomu P i mikoryzacji na zawarto$¢ sktadnikéw mincralnych
w liSciach pelargonii rabatowej (Pelargonium X hortorum LI, BALLY “lango Orange’)

Mineral clement content (g-kg! dry matter)
P level Mycorrhizal Zawarto§¢ sktadnikéw mincralnych
Poziom fosforu inoculation (g-kg ! suchej masy)
(mmol-dm) Mikoryzacja
N P K Ca Mg
028 - 40a L.la 35b 19d 1.3a
+ 38a 2.1b 29ab 13¢ 1.8b
1.40 - 38a 2.0b 33b 11b 12a
+ 36a 4.1c 23a 9a 2.1b
Significance; Istotno$¢
P level; Poziom P n.s. XXX X XXX n.s.
Mycorrhizal inoc.; Mikoryzacja ns. X0 XXX XXX XXX
P level x mycor.; Poziom P x mikoryz. n.s. XXX ns. XX ns.

Explanations see Table 1; Objasnienia jak w Tabeli 1
lable 4; Tabela 4

The cffects of P level and mycorrhizal inoculation on chemical characteristic
of growing medium at the end of geranium culture
(Pelargonium X hortorum L.H. BAILEY "Tango Orange’)

Wplyw poziomu P i mikoryzacji na wlasciwosci chemiczne podtoza
po zakonczeniu uprawy pelargonii rabatowe]
(Pelargonium x hortorum L.I1. BAILEY ‘Tango Orange’)

Salt Macroelement content
P level Micorrhizal concentra- Zawarto$¢ makroclementéw
. . e i -dm~
Poziom fosforu inoculation pH lf.on. (mg-dm ")
B . . SteZenie
(mmol-dm-?) Mikoryzacja .
soli N-NO,| P K | Ca | Mg
{g-dm*)
028 - 7.1a 1.7b 350a | 33a | 6Y96a [1066a| T2a
’ + 6.9a 22¢ 457b | 35a ]753b |1054a] 73a
1.40 - 72a 14a 353a | 106¢ | 647a |1027a | 74a
’ + 7.1a 1.8b 437b | 90b | 745b [1102a| 88a
Significance; Istotnosé
P level, poziom P ns. XXX ns. XXX | ns. | ns. ns.
Mycorrhizal inoc.; Mikoryzacja ns. XX XXX XX XX ns. n.s.
P level x mycor.; Poz. P x mik. n.s. XXX ns. XXX XX ns. ns.

Explanations see Table 1; Objasnienia jak w Tabeli 1
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P level and mycorrhization did not affect significantly the pH of growing
media (Tab. 4). Usually the pH of soil is decreased under a direct influence of
hyphac [LI et al. 1991]. Mcasurements of total soluble salts in the growing
medium at the end of cultivation of geranium showed that both AMF and P
level significantly affected salt accumulation in growing medium (Tab. 4). Higher
amont of total soluble salts in AMF inoculated media can be due to a lower K
acquisition of mycorrhizal geranium and as a result a higher content of K in gro-
wing medium at the end of cultivation. A higher N content of the growing
medium inoculated with AMF can obviously also affect total soluble salts, but
cannot be explained by a lower N acquisition in leaves of AM plants. The diffe
rences in chemical characteristics of a lower layer of growing media could be duc
to diffcrent growth and distribution of root system of AMF inoculated and non-
inoculated plants. Lower amount of total soluble salts in media fertilized with a
higher P is also difficult to explain. The mineral element contents of root system
and other organs (except fully developed leaves) and extraradical hyphac werce
not determined, so the total amounts of mineral elements taken up from diffe-
rent media are unknown. Mycorrhizal inoculation did not affect Ca, and Mg con-
tents ol the growing media. A higher level of P in nutrient solution increased P
content in the growing media, but it did not affect other macro-nutrients deter-
mined.

Conclusions
1. High percentage of geranium root colonization by AMF during cultivation

on ebb-and-flow benches is possible under both, low (0.28) and high (1.40)

mmoldm P levels in the nutrient solution.

2. The effect of mycorrhization on growth and flowering of geranium culti-
vated on cbb-and-flow benches under a high fertility level is negligible.
3. Inoculation with AMF changes the macronutritional status of geranium
leaves.
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Summary

Greenhouse cxperiments were conducted to evaluate the effects of arbus-
cular mycorrhizal fungi (AMI%) and phosphorus nutrition on root colonization,
growth, flowering and macronutrilional status of geranium cultivated on ¢bb-and-
flow benches. One month after inoculation high percentages of root colonization
by AMI' under both, low (0.28) and high (1.40) mmol P-dm™ levels in the
nutrient solution were noted. Mycorrhization decrcased slightly the heiglit of
plants grown at a lower P level, but it did not affect the height of plants grown
at a higher P level. A higher P level increased slightly fresh weight and height of
inoculated plants, but it did not aflcct non-inoculated ones. A higher P level also
increased shoot and flower bud numbers in both non-inoculated and inoculated
plants. Inoculated plants contained more P and Mg in leaves and less K and Ca
than non-inoculated ones. A higher P concentration in the nutrient solution
resulted in its higher content in both non-inoculated and inoculated plants. At
the end of cultivation higher amountg total soluble salts and N and K contents in
AMF inoculated media were measured. A higher level of P in the nutrient solu-
tion increased P content in the growing media and it did not aflect other macro-
nutrient content in the growing media, irrespectively of mycorrhization.

WPEYW FOSFORU I MIKORYZACII NA WZROST, KWITNIENIE
I ODZYWIANIE MAKROELEMENTAMI
PELARGONII (Pelargonium X hortorum 1.11. BAILLY)

Joanna Nowak
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Stowa kluczowe:  Peargonium x hortorum L.H. BAuEY, mikoryzacja, nawoZenie
fosforem, odzywianie makroclementami



THE EFFECT OF PHOSPIHHIORUS NUTRITION AND MYCORRHIZATION ... 173

Streszezenie

W doswiadezeniach szklarniowych oceniano wplyw mikoryzacji i poziomu
P w pozywce na kolonizacje korzeni, wzrost, kwitnienie 1 odzywienie makroele-
mentami pelargonii uprawianej na stolach zalewowych. Po miesigcu od inokulagji
stwicrdzono wysoki procent zasiedlenia korzeni przez grzyby mikoryzowe
zarowno przy niskim (0,28 mmol-dm=) jak i przy wysokim (1,40 mmol-dm=)
poziomic fosforu w pozywce. Mikoryzacja hlamowata w niewielkim stopniu wzrost
rodlin uprawianych przy niskim poziomic ) ale nic wplywala na wzrost roélin
uprawianych przy wyZszym poziomic lego pierwiastka. Wysoki poziom P zwigk-
szal $wiczg mas¢ 1 wysoko$¢ rodlin inokulowanych, ale nie wplywal na wzrost
rodlin nicinokulowanych. Wysoki poziom P zwiekszat takze liczbe peddéw bocz-
nych i liczbe pakéw kwiatowych, zaréwno u roSlin inokulowanych jak i nieinoku-
lowanych. Roéliny inokulowane mialy wigeej P 1 Mg w lisciach a mniej K i Ca niz
ro§liny nicinokulowanc. Wyzszy poziom P w pozywce powodowal wzrost zawar-
todci tego pierwiastka w lisciach rodlin inokulowanych 1 niemmokulowanych. W
koficowym okresic uprawy wyzsze stgzenie soli 1 wyzsza zawarto$¢ N 1 K stwier-
dzono w podiozach inokulowanych niz nieinokulowanych. Wysoki poziom P w
pozywce powodowal wzrost zawartosci tego pierwiastka w podtozu, ale nic wply-
wal na zawarto$¢ mnych makroskladnikéw w podlozu, niezaleznic od inokulacji.
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