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Introduction 

Many bedding plants arc mycorrhiza-dependent. Plants with mycorrhizae 
arc potcntially morc effcctivc at minerał element and water acquisition and can 
grow bcttcr under stress conditions [AUGE 2001]. The techniquc employed for 
bcdding plant propagation by cuttings does not allow the formation of mycor
rhizac, becausc rooting substrates are usually sterilized or devoid of arbuscular 
mycorrhiza! fungi (AMF). lt was shown carlicr that mycorrhization of somc bed
ding plants is significantly rcduccd by high P concentration [KOIDE et al. 1999]. 
Since the AM fungi arc dependent on host photosynthesis, substantial amount of 
assimilates produccd in leaves is required for growth of fungus [JAKOI3SEN, ROSEN

DAHL 1990]. Carbohydrate limitation may inhibit growth rate of host plants 
[FITTER 1991 ]. On the olhcr hand, inoculation of cuttings during rooting in grcen
houses may be bcnelicial for furthcr growth of bedding plants in outdoor condi
tions. 

The aim of this work was to investigatc the effects of phosphorus nutrition 
and AMF inoculation on growth, flowering, and nutritional status of geranium 
(Pelargonium X hortorum L.H. BAILEY Tango Orange') during cultivation on 
ebb-and-llow benchcs. 

Materiał and methods 

Rootcd cuttings of geranium were used for the experiments. The cuttings 
were planted into sphagnum peat : perlite medium (3 : l,v/v ), pH 6.1. The sub-

1 This rcscarch was supported by a grant No 3 P06R 042 24 from the Polish State Com
mittce for Scicntific Research. 
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strate was inoculatcd by adding l dm3 mixture of osteospermum (Os!empermum 
ecklonis (DC.) NORL.) root picccs and substratc inoculatcd earlier with Endorize 
- TA AMF inoculum, containing a mixture of differcnt Glomus species (Biorizc 
Sari, France) to 10 dm3 of inoculated peat substrate. The substratc was not stcri
lized. The pcat used in this experiment was devoid of AM fungi as confirmed by 
the absence of colonization with the non-inoculate<l treatments. Mycorrhizal 
infection was estimated at the end of cultivation, after staining the roots with 
trypan blue [PHILLIPS, HAYMAN 1970]. 

The plants wcre cultivated under glass from May 27th to July 18th. The 
night ventilation set-point in the greenhouse was kepi at J 6°C, the day ventila
tion set-point at 22°C. Plants were fertigated by subirrigation ( cbb-an<l-flow 
benches, Clauhan Projekt A/S, Denmark). The nutrient solution containc<l: N
N03 12.08, K 5.49, Ca 3.1, Mg 0.76, S 1.1 (mmoldm-3 ), and Mn JO, Fe 22, l3 22, 
Cu 0.5, Mo 1, Zn 3 (fLmol·dm-3) . lwo P treatments of 0.28 anu 1.40 mmol dm-3 

werc applied. Electrical conJuctivity (EC) and pH of the nutrient solutions wcre 
1.8 S·m-1 and 6.0, respectively, regardless of P treatment. 

At the beginning of Howering whole plants werc harvcsted. Fresh and dry 
weights of upper parts, plant height, shoot number, number of days from plan
ting to llowcring, numbcrs of fl ower buds and flowers and root colonization by 
AMF were dctermincd. 

Lcaf nutrient contents and chemical propertics of growing media wcre 
determined as described earlier (TREDr,R et al. 1998]. 

The treatments were statistically analyzed by the analysis of variance and 
means were compared with the Duncan's multiple range test at 95r;-;; lcvel of sig
nificance. 

Results and discussion 

A month after inoculation the inoculated plants were infccted with mycor
rhiza! fungi . The control plants had no root infection. The mycorrhiza! fungal 
colonization of the plants that were fcrtilized at 0.28 mmol P·dm-3 was 83% 
while those fertilized at 1.40 mmol P·dm-3 was 77%. At the end of culture the 
plants were similar in appearance. The growth responses to P and mycorrhiza! 
inoculation were small (Tab. 1). A higher P lcvcl slightly increased fresh weight 
and hcight of inoculated plants, but <lid not a/Tect 11011-inoculated ones. Mycor
rhization slightly dccreased the hcight of plants grown at a )ower P level, hut <lid 
not affect the height of plants grown at a highcr P level. 'lypical symptom of P 
deliciency - a reddish coloration of leaves duc to the increased anthocyanin pro
duction [SHUMAN 1992] were not observed on plants grown at 0.28 mmol P·dm-3• 

The effect of P level and mycorrhization on llowering of geranium is prcsentcd 
in 'fab. 2. The non-inoculatcd and inoculatcd plants grown at 1.40 mmol P·dnr1 

had more flower buds, than those grown at 0.28 mmol P·dm-3. No cffect of 
mycorrhization on llowering of geranium was observed. 
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Table 1; Tabela 1 

The effects of P level and mycorrhiza! inoculation on the growth 
of geranium (Pelargonium x hortonan L.H. BAILEY 'Tango Orange') 

Wpływ po:óomu P i mikoryzacji na wzrost pelargonii rabatowej 
(Pelargonium X hortomm L.H. BAILEY 'fango Orange') 

Fresh mattcr of Dry wcight of Hcight of Shoot 
P lcvcl Mycorrhiza! plants planls p lants number 

Poziom fosforu inoculatio n Świeża masa Sucha masa Wysokość Liczba 
(mmol·dm·') Mikoryzacja rośliny rośliny rośliny pędów 

(g) (g) (cm) 

0.28 - 59.3ab 8.3a 29.lb 3.6ab 

+ 55 .5a 7.6a 26.2a 3.3a 

1.40 - 61.8ab 7.8a 30.4b 4.3c 

+ 65.7b 8.5a 29.lb 4.0bc 

Significance; Istotnoś ć 
P levcl; Poziom P XX n.s. xxx xxx 
Mycorrhiza! inoc.; Mikoryzacja n.s. n.s . xxx XX 

P lcvcl x mycor.; Poziom P x mikor. n.s. X n.s. n.s. 

The mcans fo llowcd by the same lcttc r(s) do not diffcr at a = 0.05 ; n.s. , x, xx, xxx - non significant 
or signilicant at a = O. I , 0 .05, 0 .001, respectively; Śrellnie oznaczone tymi samymi literami nic różnią 
si<; istotnie przy a = 0,05; n.s., x, xx, xxx - nieistotne lub istotne przy odpowiednio a = 0,1, 0,05, 
0,001. 

Table 2; Tabela 2 

The effccts of P level and mycorrhiza! inoculation on the fl owering 
of geranium (Pelargonium X hortomm L.H. BAILEY 'Tango Orange') 

Wpływ poziomu P i mikoryzacji na kwitnienie 
pelargonii rabatowej (Pelargonium X hortomm L.JI. BAILEY 'fango Orange') 

Number of 
Number of unlleve- Number o f open 

I' Icvcl Mycorrhiza! days to nowe-
!opełł in0orcscences inflorcscences 

Poziom fosforu inocu lation ring 
Liczba nicrozwinictych Liczba rozwinie;-

(rnmol·dm 3) Mikoryzacja Liczba dni do 
kwiatostanów tych bviatos t. 

zakwitania 

0 .28 - 47.6a 2.9a 1.Sa 
+ 48.Sab 2.7a 1.7a 

1.40 - 48.4ab 4.3b 1.4a 

+ 50.lb 3.9b 1.4a 

Significancc; Istotność 
P lcvel; Poziom P n.s. xxx n.s . 
Mycorrhiza! inoc.; Mikoryzacja X 11.S . n.s. 
P levcl x mycor.; Poziom I' x mikoryz. 11.S. 11.S . 11 .S. 

Explanations sec 'fobie I . Objaśnienia jak w tabeli I 

The cnhanccd host plant acquisition of minerał nutrients, cspecially I~ as a 
result of mycorrhization is very wcll documented fMARSCHNER, DELL l 994 J. In 
geran ium cultivatcd on cbb-and-llow benches myeorrhizal plants took up more P 
than non-inoculatcd ones (Tab. 3). A higher P conecntrat ion in nutrient solution 
rcsultcd a lso in its bcttcr uptakc and consequcntly increased P contcnt in leaf 
tissue in both non-inoculatcd and inoculated pla nts. The lca f content of nitrogen 
was not affcctcd neithcr by P nutrition nor by mycorrhization . At a highcr P 
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levcl, both inoculated and non-inoculated plants had less Ca in leavcs. Inocula
tion with AMf decreascd K and Ca contents and increased Mg con tent of 
leaves. The !ower potassium content in the shoots of inoculated planls can be 
explained by the reduction in root surfacc a rca and a rclativcly low K transport 
by hyphae [GEORGE et al. 1992]. Reports on the possiblc uptake of Ca and Mg by 
hyphae are contradictory, increased and decrcascd uptakc of thcsc clemcnts in 
mycorrhiza! plants comparing to non-inoculatcd oncs was obscrvcd [GEORGE 
2000]. Such conflicting results rnay be rclatcd to spccific propertics of AMF iso
lates or to expcrimental conditions. 

Table 3; 'fabcla 3 

The cffects of P level and mycorrhiza) inoculation on the minerał element con tent 
of geranium leaves (l'elargonium X hort.orum L.JI. 131\ILEY 'tango Orange') 

Wpływ poziomu P i mikoryzacji na zawartość składników mineralnych 
w liściach pelargonii rabatowej (Pelargonium X hort.orum L.H. BAIUóY 'lango Orange') 

P levcl 
Minerał element eontcnt (g·kg I liry mattcr) 

Mycorrhizal Zawartość sklauników mineralnych 
Poziom fosforu inneulation (g·kg I suchej masy) 

(mmol·dm-3) Mikoryzacja 
N p K Ca Mg 

0.28 
- 40a l.la 35b I9u 1.3a 
+ 38a 2.lb 29ab 13c 1.8b 

1.40 - 38a 2.0b 33h I lh 1.2a 
+ 36a 4.lc 23a 9a 2.lb 

Significance; Istotność 
P level; Poziom I' n.s. xxx X xxx n.s. 
Mycorrhizal inne.; Mikoryzacja n.s. xxx xxx xxx xxx 
P level x mycor.; Poziom P x mikoryz. n.s. xxx n.s. XX n.s. 

Explanations see Table l; Objaśnienia jak w Tabeli 1 

'fobie 4; 'fabcla 4 

The effccts of I' level and mycorrhiza] inoculation on chemical eharacteristic 
of growing medium at the end of geranium culture 

(Pelargonium X hort.orum L.H. BAILEY 'fango Orange') 

Wpływ poziomu I' i mikory1.acji na właściwości chemiczne podłoża 
po zakończeniu uprawy pelargonii rabatowej 

(Pelargonium X hort.omm L.ll. 13/\ ILEY 'fango Orange') 

Salt Macroclcmcnt contcnt 

P levcl Micorrhizal 
concentra- Zawartość makroelementów 

Poziom fosforu inoculation pH 
lion (mg·um -l) 

Stt;że nie 
(mmol·dm -3) Mikoryzacja 

soli N-N03 
p K Ca Mg 

(g·dm-3) 

0.28 - 7. l a 1.7b 350a 33a 696a 1066a 72a 
+ 6.9a 2.2c 457b 35a 753b 1054a 73a 

1.40 
- 7.2a 1.4a 353a 106c 647a 1027a 74a 
+ 7.la I.Sb 437b 90b 745b I 102a 88a 

Significance; Istotność 
P lcvel, poziom P n.s. xxx n.s. xxx n.s. n.s. 11.S. 

Mycorrhiza! inne.; Mikorytacja n.s. xxx xxx XX XX n.s. n.s. 
P level x mycor.; Poz. P x mik. n.s. xxx n.s. xxx XX n.s. n.s. 

Explanations see Table 1; Objaśnienia jak w 'fabcli 1 
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P lcvel and mycorrhization did not affect significantly the pH of growing 
media (fab. 4). Usually the pH of soil is decreased under a direct influence of 
hyphae [LI et al. 1991 ]. Mcasurements of total solu ble salts in the growing 
medium at the end of cultivation of geranium showed that both AMF and P 
levcl significantly affected salt accumulation in growing medium (Tab. 4). Higher 
amont of total solublc salts in AMF inoculated media can be due to a !ower K 
acquisition of mycorrhiza! geranium and as a result a higher contcnt 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 affcct total solublc salts, but 
cannot be cxplained by a !ower N acquisition in lcavcs of AM plants. The diffe 
renccs in chemical characteristics of a !ower laycr of growing media could be duc 
to different growth and distribution of root system of AMF inoculatcd and non
inoculated plants. Lower amount of total soluble salts in media fcrtilizcd with a 
higher P is also diflkult to cxplain. The minerał element contents of root system 
and othcr organs ( cxccpt fully devclopcd leaves) and cxtraradical hyphae were 
not determined, so the tota l amounts of minerał elements taken up from diffe
rcnt media arc unknown. Mycorrhiza! inoculation did not affect Ca, and Mg con
tents of the growing media. A higher lcvel of P in nutrient solution increased P 
contcnt in the growing media, but it did not affcct other macro-nutrients deter
mined. 

Conclusions 

1. High pcrcentagc of geranium root colonization by AMF during cultivation 
on ebb-and-flow benches is possible under both, low (0.28) and high (1.40) 
mmol-dm P lcvels in the nutrient solution. 

2. The effcct of mycorrhization on growth and fl owering of geranium culti
vatcd on cbb-and-flow bcnches un<lcr a high fcrtility lcvel is ncgligible. 

3. lnoculation with AMF changcs the macronutritional status of geranium 
kavcs. 
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Summary 

Greenhouse experiments wcre conducted to evaluate the effects of arbus
cular mycorrhiza] fungi (AMF) and phosphorus nutrition on root colonization, 
growth, flowering and macronutrilional status of geranium cultivated on ehh-and
flow benches. One month a(ter inoculation high percentages of root colonization 
by AMF under both, low (0.28) and high (1.40) mmol P·dnr3 lcvels in the 
nutrient solution wcrc noted. Mycorrhization decrcased slightly the hcight of 
plants grown at a !ower P level, but it did not affect the height of plants grown 
at a higher P lcvel. A higher P levcl incrcased slightly fresh weight and height of 
inoculated plants, but it did not affect non-inoculated ones. A highcr P levcl also 
incrcased shoot and flower bud numbers in both non-inoculated and inoculated 
plants. Inoculated plants contained morc P and Mg in leaves and less K and Ca 
than non-inoculated ones. A higher P concentration in the nutrient solution 
resultcd in its highcr contcnt in both non-inoculated and inoculatcd plants. At 
the end of cultivation high er amountg total soluble salts and N and K contents in 
AMF inoculated media were mcasurcd. A higher levcl of P in the nutrient solu
lion increased P content in the growing media and il <lid not affect other macro
nutrient content in the growing media , irrespectively of mycorrhization. 

WPŁYW FOSFORU I MIKORYZACJI NA WZROST; KWITNIENIE 
I ODŻYWIANIE MAKROELEMENTAMI 

PELARGONII (Pelargonium X hortorum Ul. B AII .EY) 
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Streszczenie 

W doświadczeniach szklarniowych oceniano wpływ mikoryzacji i poziomu 
P w pożywce na kolonizację korzeni, wzrost, kwitnienie i odżywienie makroele
mentami pelargonii uprawianej na stołach zalewowych. Po miesiącu od inokulacji 
stwierdzono wysoki procent zasiedlenia korzeni przez grzyby mikoryzowe 
zarówno przy niskim (0,28 mmol·dnr3) jak i przy wysokim (1,40 mmol·dm-3) 

poziomic fosforu w pożywce. Mikoryzacja hamowała w niewielkim stopniu wzrost 
roślin uprawianych przy niskim poziomic I~ ale nic wpływała na wzrost roślin 

uprawianych przy wyższym poziomic tego pierwiastka. Wysoki poziom P zwięk
szał śwież~} masę i wysokość roślin inokulowanych, ale nie wpływał na wzrost 
roślin nicinokulowanych. Wysoki poziom P zwiększał także liczbę pędów bocz
nych i liczbę pqków kwiatowych, zarówno u roślin inokulowanych jak i nicinoku
lowanych. Rośliny inokulowanc miały więcej P i Mg w liściach a mniej K i Ca niż 
rośliny nicinokulowanc. Wyższy poziom P w pożywce powodował wzrost zawar
tości tego pierwiastka w liściach roślin inokulowanych i nieinokulowanych. W 
końcowym okresie uprawy wyższe stężenie soli i wyższa zawartość N i K stwier
dzono w podłożach inokulowanych niż nicinokulowanych. Wysoki poziom P w 
pożywce powodował wzrost zawartości tego pierwiastka w podłożu, ale nic wpły
wał na zawartość innych makroskładników w podłożu, niezależnie od inokulacji. 
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