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ABSTRACT

The effects of P and N amendment and its interactions on spore germination, root growth and colonized root
length byGlomus etunicaturBecker & Gerdemann (INVAM S329) was studied “in vitro” in RIiT - DNA
transformed roots ofnthylis vulnerariasub sp. Sampaiana (Kidney vetchijiree N media concentrations

(5, 10 and 50 mg/l) at P constant level (2 mg/l) and three P media concentrations (2, 10 and 20 mg/l) at N
constant level (5 mg/l) were utilized as a treatment. Bécard & Fortin medium was used as a basal medium for
root growth and colonized root length, and water/agar (0.8%) media was the control for spore germination.
Spore germination d@. etunicatunat low P level was reduced by N addition in relation to the control media,
and at low N level addition of P stimulated spore germination. Total root length was stimulated by N addtion
at low P level, but no significant differenc&£@05) was observed between 10 and 50 mg/l of N. P addition at
low N level media also stimulated total root growth, and a significant differeB@e€§) was observed among

P concentrations. Colonized root lengthayetunicatunincreased significantly §8.05) with P additions at

low N levels. Under low P level no significant differences was found between 10 and 50 mg/l of N. These
results demonstrate that the interaction between P and N affect differently spore germination, root growth
and colonized root lenght.
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INTRODUCTION Increase of available P levels in the soil or in the plant is
frequently associated with the reduction in the root colonization
Arbuscular mycorrhizal fungi (AMF) are associated witthy AMF as a result of less carbohydrate within the roots (27) or
the roots of nearly all agronomically important crop plants. Thiue to reducing the external mycelium growth in the soil at the
phosphorus (P) status of the soil has been reported to afflact phase of mycorrhiza formation (16) or the number of entry
the ability of AMF fungi to colonize the root, and its addition tgoints in the roots (2). Brucst al. (5) concluded that at very
the soil affects root colonization by reducing penetration poingsirly stages of colonization P exerts its effect via reduced growth
(23,25), depressing the development of internal and extermdlinfection units, and in P-deficient plants root colonization
hypha (1) and sporulation (18). Several reports (16,26) hawereases almost linearly with time and is substantially reduced
measured total root length and infected root length per plamt P amendment. However, small additions of P to low available
and found that P stimulated root growth while having no effetsoil can increase root colonization (4). When P limits the growth
on the length of infected root per plant. A result root colonizatiasf plants, infection of roots by AMF may lead to an increase in
was reduced emphasizing the importance of assessing rplaint growth through an improved uptake of P (13). Mycorrhiza
growth in mycorrhizal studies (5). formation byScutellospora calosporavas unaffected by the
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addition of P to the soil, whilsBlomussp. was observed to modified according to P and N concentrations. Ten disinfested
decrease in both percent colonization and mycorhizal root lengihores were placed about 5 mm to each piece of transformed
with the addition of P to the soil (19). root. The culture ofA. vulnerariatransformed roots by
The nitrogen (N) concentration in the soil or in the rooAgrobacterium rhizogenesere maintained in a solid media
tissue has been reported to affect root colonization, though €35 Water/agar (0.8%) medium was utilized as a control for spores
frequently than P. Most of the studies have been developgermination.
either in relation to the N source or in relation with P amendement. Plates were inculated at 26 + 2°C in the dark during 20 days.
Coxwell and Johnson (7) reported that N source had littEevaluations of spore germination and root lenght were made
influence on root colonization &fittosporum tobirgThunb.) every two days from plating, under a microscope. Total root
W.T. Aiton (Pittosporacead)y Glomus mosseaicolson & lenght and root colonization were evaluated after 20 days from
GerdemanrHeijneet al.(14) showed that AMF colonization of plating. Roots were removed gently from the plates and washed
Arnica montana.. andHieracium piloselld_. were not affected with distilled water. Then, they were cleared in 10% KOH, stained
by additional ammonium sulfate, whi#entennaria dioicgL.)  with 0.05% trypan blue (20) and total and colonized root length
Gaertner increased with increasing concentrations of ammoniware estimated by the gridline-intersect method (12). The data
sulfate. Mosse (17) suggested that extra N slowed down tivere analysed using the general linear model (GLM) procedure
decline of root colonization by AMF at high P levels in onionof SAS (22). Significance of treatments were evaluated by
A reduced root colonization of ryegrass Bygaspora Duncan’s test. Root colonization percentage was arc sine
margaritaBecker & Halldue to the addition of NFland NQ~  transformed prior to running the GLM procedure.
at P concentrations above the critical level for ryegrass was

reported by Buwalda and Goh (6). In contrast, Hepper (15) RESULTS AND DISCUSSION
reported increased root colonization of lettuce rooGlbynus
mosseaat three P levels with increasing N€oncentration. Nitrogen concentration in the media has been reported to

The objective of this work was to study the interactiv@ave little or no effect on spore germination (8,20). In this work,
effects of P .and N on spore germinatiorGoétunicatumroot  although spore germination increased in all different media

growth and colonized root length by AMF. composition, over the whole period of assessment, addition of
N to the media at low P concentration decrease spore germination
MATERIALS AND METHODS of G. etunicatum However, within N treatments, spore

germination was higher in the medium containing lower N
The factorial experiment had a completely randomized desigmendment (5 mg/l) (Fig. 1A). Significant differenc€@5)
with two treatments (P constant and N constant): three differemas observed between the media amended with N and control
N concentrations (5, 10 e 50 mg/l) were considered within Redium (water/agar). Although spore germination was higher
constant (2 mg/l) treatment and three different P concentrationlow N medium, it was lower than the control (Fig. 1A).
(2,10 e 20 mg/l) were utilized within N constant (5 mg/l) treatmertiowever, transformed root growth and total root lengtA. of
Concentrations of P and N at constant level were consideredvateraria did not differ significantly (0.05) for the media
a low level for these nutrients. The periods of evaluations wesemended with 10 and 50 mg/l of N at 20 days after plating (Table
2,4,6, 8, 10, 15 and 20 days after roots plating. Five replicatesIdr Lower total root length was observed at lower N media (5
each P x N and N x P were utilized. Bécard and Fortin (3) mediumg/l). Early studies in solution culture (11), and later studies in
was utilized as a basal medium (mg/l): MgSCH:0, 731; KNQ, soil and vermiculite (9) did not show root stimulation when
80; KCl, 65; KH PQ, 4.8; Ca(NQ).. 4 H0, 288; NaFeEDTA,8; KI, only N was present in the media, but a dense mass of silky roots
0.75; MnC}. 4 HO, 6; Zn SQ. 7 HO, 2.65; HBO;, 1.5; CuS@5 developed with the amendment of P. Increasing the
H-0, 0.13; NaMoO.. 2 HO, 0.0024; Glycine, 3.0; thiamine concentration of N in the media resulted in significaB0(p5)
hydrochloride, 0.1; pyridoxine hydrochloride, 0.1; nicotinic acidncrease in colonized root lenght 8y etunicatumtHowever in
0.5; myo inositol, 50; bacto agar, 10.000; sucrose, 8.0. this study no significant difference was found between the
Spores ofGlomus etunicatunBecker and Gerd (isolate media amended with 10 and 50 mg/I of N.

INVAM S329) were recovered from soil by wet-sieving and Spore germination @. etunicatunin the media with low N
decanting technique (10) and centrifugation in sucrose 50%@ncentration and amended with different P concentrations
Recovered spores were surface disinfested during five minutdmwed significant differencesf.05) among P amendments.
in a 10% solution of Chlorox plus Twin 20 (1 drop/100 ml). AfteiThe effect of increasing P concentration can be seen in Fig. 1B.
disinfestation spores were rinsed five times in sterile distilled/ilson et al. (28) reported that the spore germination was
water. Three pieces (30 mm) of RiT-DNA transformed roots @stimulated when the soil was amended with a level of P sufficient
Anthylis vulnerariasub sp. Sampaiana (Kidney vetaigre to overcome the P competition with other soil microorganism.
placed in Petri dishes (100 x 15 mm) containing solid media (S)queiraet al.(24) reported that small amounts of P to either soil
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Table 1."In vitro” root length and mycorrhizal colonized root lengthothylis vulnerarigby G. etunicatunin different P and N
levels at 20 days after plating. Means of 15 replicates.

P constant level (2 mg/l) N constant level (Smg/l)

TreatrP;ZE'?sl\(Img ) Total root length Colonized root length Total root length ~ Colonized root length

(cm) (cm) (cm) (cm)
Ns 720 1.6b -—-- -—--
Nio 7.7 ab 2.8a - -
Nso 8.0a 25a - -
P> - - 72¢ 1.6¢
Pio - - 12.5b 52b
P2 - - 14.5a 74 a

Means in the columns followed of the same letter do not differ siginificantly (p £ 0,05) by Duncan'’s test.
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@ 4.93333 +2.80946 x - 0.08661 x* r= 0.97
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Figure 1. Spore germination d&. etunicatum(A) media with different N concentrations (5, 10 and 50 mg/l) at low P level

8.80991 + 3.41483 x - 0.10915 x* r= 0.97
1.52848 + 2.25157 x - 0.06527 x’r= 0.98
4.43822 + 2.05652 x - 0.06036 x* r= 0.98

u
A
[ ]
v 1.89584 + 0.98032 x - 0.02538 x* r= 0.97

(2.0 mgl). (B) media with different P concentrations (2, 10 and 20 mg/l) at low N level (5.0 mg/l). WA (water/agar medium).
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or agar media improved spore germination and germ tube growth. RESUMO
Opposite results were obtained by Pons and Gianinazzi-Pearson
(21). The results obtained in this experiment showed that the ~ Efeito interativo do fosforo e nitrogénio na
addition of P to the medium increases spore germination in @grminacéo de esporos d&lomus etunicatumBecker
limiting conditions. However, as reported by Siquetral.(24) ~ & Gerdemann, crescimento de raizes e colonizagéo
the spore reserve is utilized to supply enough nutrition to the micorrizica "in vitro”
process of spore germination. The higher number of spore ] . ] .
germination observed in water/agar medium, as compared to OS €féitos da adicdo de P e N e suas interacdes sobre a
the basal media may be explained by the presence of so#feminacéo de esporos, crescimento e extensao de raizes de
nutrient either/or its concentration in the basal media whidnthylis vulnerariasub sp. Sampaiana (Kidney vetch) RiT-
could have inhibited the spore germination. Similar results weRVA transformadas e colonizadas gélomus etunicatum
observed by Hepper (15) f@indogonesp. spore germination Becker & GerdemanfiNVAM S329) foram estudadas em
in White’s medium. condi¢des “in vitro”. Em meios com baixo nivel de P (2 mg/l)
Phosphorus addition to low N media stimulated thfPram utilizadas trés concentracGes de N (5, 10 e 50 mg/l) e em
transformed root lenght and total root growth (Table 1) R0 nivel de N (5 mg/l) foram utilizadas trés concentragoes de
lenght increased until 10 days from plating for all media arfd (2: 10 € 20 mg/l). O meio de Bécard e Fortin foi utilizado como
tended to be stationary from this period. This effect may ha{@€i0 basico para o crescimento das raizes e colonizac&o por
been caused by a decrease in nutrients availability in the megfgnicatum.O meio agar-agua (0,8%) foi considerado como
due to root uptake. Within the range of the P utilized, the additiGRNtrole para a germinacéo dos esporos. A germinacao dos
of P to the media promoted significan£po5) increase in the €SPOros d&lomus etunicaturam meios com baixo nivel de P
total root length (Table 1). The highest total root length w48! diminuida pela adicdo de N em relacéo ao meio de controle,
observed at high P amendment, indicating that at low §€M MeIOS com baixo nivel de N a adicéo de P estmjulou a
concentration the addition of P can lead to an increase in §fgfminacao dos esporos. O comprimento total das raizes foi
total root growth. The colonized root growth®yetunicatum €Stimulado pela adicao de N em meios com baixo nivel de P,
showed the same trend. Highest colonized root growth at lowR@S n@o foi observada diferenca significativa entre as
concentration was verified in the highest P level. Althougigoncentracdes de 10 e 50 mg/l de N. A adicdo de P em meios
several workers have reported that P stimulated the total r&9M baixo nivel de N também estimulou o comprimento total
length leading to a reduction in total length of infected rodtas raizes, observando-se diferenca significati£@, (%) no
(27), the data obtained in this experiment showed an increas§§f"Primento total das raizes entre as concentracdes de P
the colonized root lenght with P addition. Brueeal. (5) utilizadas. A_ex'.tejnsgo dasraizes colomzada@pejunlcatum
concluded that at very early stages of colonization, P exerts@4mentou significativamente,05) com a adicdo de P nos
effect via reduced growth on infection units, and at later stag8€i0S com baixo nivel de N. Sob baixo nivel de P néo foi
an increase in the root growth and low rates of formation gPservada diferenca significativa entre a adicao de 10 e 50 mg/
secondary infection also contribute to the low values of percdile N- Os resultados mostram que a interacdo entre P e N afeta
colonization. The conflicting results among the data obtain&lférentemente a germinacéo de esporos, o crescimento das
in this experiment and the data reported in the literature codf§Zes € & extensao da colonizagéo.
be explained by differences in the conditions in which these o ) o
experiments were carried out. Compared to soil conditidrdlavras-chaveMicorriza,Glomus etunicatungerminacéo de
studies, the levels of P utilized under “in vitro” conditions werSPOT0s, colonizacate raizes, crescimento de raizes
relatively lower and lead to an increase in the root colonization
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