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ABSTRACT

The effect of increasing P nutrition and mycorrhizal grcwth response of Latus cornicuatusand
of Lotus glaber were studied on asoil of low P availatiiity where thetwo species usualy
colonize. Interms of P utilization, L. cornicila‘usperformed better than L. glaber. It produced
larger yield of shoat per unit of Pin shoct tissue. The critical P concentration measured as %P in
shoot required to achieve 90% of rmaximumn shoot yield was 0.22 in L. coriculatusand 0.28 in L.
glaber. The roots of thetwo species were heavily infeded by vesicuar-arbuscular micorrhizal
(VAM), and both, myceivhizal and non-mycorrhizal plants responded strongly to added Pin soil.
The two species show=d similar values for mycorrhizal dependency, 1.74 for L. corniculatusand
1.84for L. giaixy. The confidence intervals for these estimates values overlapped suggesting that
the two species have no advantage or disadvantage each other to produce shoot yield for
mycorriizal relative to non-mycorrhizal plants. The fraction of roots colonized by VAM fungi
differed between species at low levd of added P but was similar at high added P. The specific
roat length (cm/g) of mycarrhizal plantswas greated in L. coriculatuswhen Pwas insufficient

to achieve maximum growth. The lowest critical P concentration and the highest specific root



length at low levels of P nutritionof L. corniculatussuggest that the ability of L. g/aberto spread
and to grow in awide range of sail is not related with its ability to grow better than L.
corniculatusin soils of low P availability. Previous woks suggested that the toleranceto grow in

flooding areas may be one of the propertiesinvolved.

INTRODUCTION

The gerus Latusis bang increasingy employed for pastures arounc: ihe world because of
its productivity on wide range of soils. The importance of the L afusspeciesin Chile, Uruguay,
Canada and USA has been reparted by Seany and Henson (1970). L. corriculatusis widely
grown as aforage legumein USA (Grant and Marten, 1985). I New Zedland, L. comicuatus
and L. pedunculatushave been reparted asimportant tor pastures in soils of low P availability
(Davies, 1991). In Argerting, two species of L«fusare important for pastures, broadlesf birdsfoot
trefoil (L. corniculatusg and narrowleat hirdsioot trefoil (L. gl/aber). Both legumes constitute an
important forage resource for beef and dairy cattle farms in the Pampas of Buenos Aires.

The narrowleaf trefoi!, Latus glabe Mill. (syn. L. tenuisWaldst. Et Kit.), isanaturalized
legume spread in araige of soils of Argenting s Pampas including, flooding areas and heavy and
nutrient deficient sotis. The other important L ofusspecie in Argentinais L. coriculatuslL. It
colonizes save areasthat L. g/aber but showed alower expangon (Mazzanti et al., 1988;
Vigndio e al., 1995). At | east there are two reasons have determined that L. corriculatusis
being lower used for pasture than L. g/aber. Oneisthe high capaaty of L. g/aberto spread
naturaly (Mazzanti et a., 1988: Vignolio et d., 1994; 1995), and the other is the hypothesis that
the greater spread of L. glaberthan L. corniculatusin awide range of soils may be related with

the ability to grow better at low levds of P availahility in soil. Unfortunately, there have been few



experiments in which the comparison between the two species have been studied in an attempt to
explain the mayor presence of L. g/aber on awide range of soils. The few evidences reported
suggested that L. corniculatushad both, lowest recuperation and seed germination after flooding
(Vignolio et a., 1994; 1995); and other evidence isthat L. corriculatusgrew better than L. glaber
at low P availability in soil (Mendoza and Gigli, 1995). In addition, Davies (1991) found that L.
corniculatushad a better growth than other pasture legumes (not L. glaber but L. pedncidatus
included) at low P availability, suggeding tha one reason would be an efficient asssaiation with
avesicuar-arbuscular micorrhizal (VAM).

Vesicular-arbuscular mycorrhizal fungi can increase plant growih kzy increasing the
uptake of P by plart at low P availability (Tinker, 1978). Mog of the soilsin the Pampas are low
in P avalahility for pasture growth (Darwich, 1983), and theroas of L. corniculatusand L.
glaber have showed an important VAM infectionin 2 range of soil (Picon, 1984; Mendoza ard
Gigli, 1995). Inaddition, L. g/aber showed a deperxiency for mycorrhizal infection to absorb P
from the soil (Mendoza and Pagani, 1995), buit unfortunately there is no previous repart
comparing the two L atusspecies in arder to know their presence in soil of low P availability.

Next to Nitrogen, P ranks zs the nutrient most widdy deficient in many part of the
Argertinean Pampas. T herels, therefore, a need for legumes capable of growing well under
conditions of low 30 P availability. In addition, due to there are few experimentsin which L.
cornicula sssnd L. glaber are studied, it would beinteresting to compere their relative
performances influenced by P nutrition. The aim of this work was to study and to compare the
performance of L. corniculatusand L. glaberto grow at arange of P availability in soil. Then, if
the perfarmance between species differ, to relatethe resuts with aspects of the VAM-plant
association.. The aspeds studied were i) the ahility to grow a arange of P availability

insufficient to achieve maximum growth, ii) the mycorrhiza dependence to absorb P from a



typical soil where the two species usualy colonize, and iii) to idertify differences between

species in propertiestha may be involved in P nutrition.

MATERIALSAND METHODS

Soil Used

The soil was a Typic Natraguoll from Chascomus (south Buenos Aires Provirice,
Argerting) over which grew many communitiesof both Lafus cornicuatusecsi £ aus glabe.
Previous experiments with thissoil have showed strong responsesto addedt "oy L. glaberand L.
corniculatusas well as a heavy vesicular-arbuscular infection in reiois by Glomussp. (Mendoza
and Gigli, 1995). Some properties of the soil are: pH in 0.01 M ¢z cium chloridg 5.2; organic
matter, 4.0 %; total nitrogen, 0.25 %; exchangeabl e calciurn, magnesium, potassium and sodium,
12.4, 2.5, 0.6 and 1.0 mequiv. per 100 g respectively; extracted P (Bray 1) 3.5 mg kg1 of oil,

and relative sorption capacity, 37 mg P kgt of s0il (Mendoza and Barrow, 1987).

Relative Growth Response of Friosphorus for Mycorrhizal and Non-mycorrhizal Plants
The top soil was cci!ected and either fumigated with methyl bromide or |eft non sterile.
Undrained pots of 1.6 L. were filled with 760 g of sail (dry weight) fertilized with several

amounts of i4oK X33 in solution in order to describe adequately the P response curve (0 - 200 mg

P kgl of sail). Fifteen mL of afiltrate through a37 um sieve from adilution (1:10) of non
fumigai=d soil was added to the pots of fumigated soils. A basal doses of nutrients except P
(Ozanne et al., 1969) were mixed with the soil to ensure tha plant growth was limited only by P.
Sterilized sand was placed on top of the soil of each pat to form aband of 1.5 cm thick, in order

to decrease soil water evaporation. Surface sterilized (alcohol 95 % plus HO2in 100 vol) of L.



corniculatusand L. glaber were germinated in a humid environment and six pre-germinated
seedlings per pot were planted and grown in agreenhousefor 35 days. The potswere maintained
near field capecity (33 % w/w) by watering daily and bringing them to a constant weight thricea
week. Tops and rootswere harvested separately and weighed.

The Mitscherlich equation was used to fit the respanse curve of both mycorrhizd (M) and
non-mycarrhizal (NM) plants to P applications (Abbott and Robson, 1991; Mendoza 2nd Pagan,

1995):

Y=A-Bexp(-CX) (1)

whereY isplant yield per pot at any level of added P (), A Isthe maximum yield when P does
not limit growth, A-B isthe yield without P, and C isthe curvature constant. Coefficient Cis
commonly related to the adsorption capacity of the soil, and an effective mycorrhizal infectionis
expected to change the value of C. When P dces nat limit growth, mycorrhizd and non-
mycarrhizal plantsdo not differ in growth gpproaching the same maximum yield (A). Thevalue
of Bissimilar for mycorrhiza anct non-mycarrhizal plantsin soils that arelow in native P
(Abbatt and Robson, 1931). in soils with higher status of P availability, B may be smaller for
mycarrhizal than 7or incn-mycorrhizal plants (Stribley et al ., 1980). Where A and B approach to

asamevaive i myoorrhizal and for non-mycorrhizal plants, Eq.(1), can be written,

Y=A-B exp ((-CM Xl) + (-CNM Xz)) (2)

where X1 and X are the levels of added P for mycorrhizal (M) and non-mycorrhizal plants (NM)

respectively. In terms of efficiency of P applications for plant growth, the ratio between the



slopes of the response curves Cyw/Ci represents a measure of therelative effectiveness (RE)

between non-mycarrhizal and mycarrhizal plants. Eq. (2), can bewritten asfdlow,
Y=A-Bexp (-Cu (X1 +REX2) (3)

where RE is the rel ative effediveness, and Cym = RE.Cy . The RE isthereciprocal of the
substitution rate (K) that represents the amount of source 2 (X2) required to give the same effect
onyield as a given amount of source 1 (X3). Interms of mycorrhiza associdion, the vdue of K
represents the dependence of the host on mycorrhizas in a specific soil (A boott and Robson,
1987). Equation (3) was used to calculate the values of the coefficients to estimate the measures
of Cu, Cum, RE and K.

Ovendried (70 °C for 48 hs) shoot tissue was ciested in nitric:perchloric acid (3:1), and

P was determined by the mdybdovanado phosphoric acid method (Jackson, 1958).

Critical Phosphorus Concentration
The critical P concentratic:i in shoot to give 90% of maximum shoot growth was
calculated from arescaed version of the Mitscherlich equation used previoudly by Barrow and

Mendoza (1990),

y=a(l-exp (-xCI o @

wherey isthe dry weight of shoots (g), x is the concentration of P in shoots (%), and a, d and ¢

are coefficients. The flexibility of this equation can be found in a previous paper (Barrow and



Mendoza, 1990). Thisequationis able to describe adequately sigmodial responseforms and was

used to cdculate the critical P concentration in shoot for the L afusspecies.

Mycorrhizal Infection

M easuremerts of mycorrhizal infection were donein fresh roots clearedin 10 % KOH for

30 minutes at 90 OC, and stained in lactic-glycerol blue. Roat length was determined Ly thieline
intercept method and expressed as percentageof roat length colonized.

The procedure usad to distinguish the morphological features of the infection and identify
the sporeswere as described by Abbott and Robson (1978; 1979), Abbct{1982), Morton (1938),
and Hall and Abbott (1988). On thisbasis, the most prevaling V.AN: fungus was a Glomussp. It
resembled G/omus fascicuatum(Thaxter) Gerdemamn and Trzppe, (Hall, personal
communication) . No further attempts were dore to diiT<rentiate VAM fungi present.

The effect of supplying Pon VAM irfection was described by anon linear peak equation

used in a previous experiment (Mendoza and Pagani, 1995):

R=Z/1+((XN-DYE2 (5)

where the coefficieit Z represents the maximum vdue of root length infected (R) that isreached,

whenthe dose of added P (X) raised to the power nis equal to D. Increasing additions of P, the

vaue of R decreases at arate controlled by coefficient E



Statistical Anaysis

The comparison between thetwo species of Latuswere analyzed by fitting curves. The
statistical difference between curves were tested by a significant variation (P < 0.05) of the
residual sum of squaresof observed values. When the compared equations differed in number of
coefficients, the net effect was that one equation of fewer coefficients was preferred if the change
of the residual sum of squares was not significant (P < 0.05). The ssmplex methaa of Nelder and
Mead (1965) was used to locate the values of the coefficients that gave the smailest resdua sum
of squares. Plant yield was log transformed for this andysis.

The corfidenceintervd of the estimates values of the rel &ive effectiveness (RE) or
mycorrhizal dependency (K) was calculated using a program with varied the value of this
parameter in Eq. (3), until theresidual sum of squares of deviations was significant (P<0.05)
increased. More details of this statistical compai scr can be found in a previous paper (Barrow

and Mendoza, 1990).

RESULTS

Mycorrhizal adnon-mycorrhizal plants responded strongly to addition of Pin the sail
(Fig. 1). Non-wyycorrhizal plants required more added Pto obtain the sameyield as mycorrhizal
plants, exczpot at the lowest and the highest levels of added P. At these two levels, mycorrhizal
and non-mycoarrhizal plants approached to a same vdues of shoots growth. Hence, differencesin
shape between response curves fitted by Eq. (2) were characterized by differencesin the vdue of

coefficients Gy and Cun (Table 1).



The berefit in shoat yield from the mycorrhizal association as assessed by the
effectiveness of P growth resporse (RE) for non-mycorrhizal related to myaorrhizal plants

(Cum/Cy) Was about 0.574 and 0.543 for L. cornculatusand L. glaber respectively (Table 1).

These vdues represent amycorrhizal dependency (K = 1/RE) of 1.742 and 1.842, suggesting that
non-mycarrhizal plantsrequired near 1.74 or 1.84 timesmore added P to obtain the same yidld of
mycorrhizal plants (Table 1). If the levels of added P for non-mycarrhizal plants(Hg i), are
divided by 0.574 and 0.543, and thus expressedin added P for mycorrhizal plentsequivaents,
the paints fall on acommon fitting curve (Fig. 2).

The confidence interva of the estimates values of therelative effectiveness (RE) or
mycarrhizal dependency (K) overlapped, suggesting no difference (2 < 0.05 in RE and K
between species (Table 1). Thisindicates that the two L ¥ussecies nave no difference in the
ability to obtain the added P from the soil by myaorrhizz plants rel ative to non-mycorrhizal
plants.

The relationship between the P conceritration in shoads and the dry weight of shoots was
the same for mycarrhizal and non-mycarrizal plants (Hg. 3). This suggests that for each specie
separately, the difference of growih in the shape of the response curve reflects differencesin the
uptake of P rather than its utilization within the plant. This relationship was sigmadal (Fg. 3),
and fitted adeaueiely Hy the rescaled version of the Mitscherlich equation discussed by Barrow
and Menceza {1990). When P in shoot was insufficient to reach maximum growth, the slope of
the retaticnship differed between species (Fig. 3). At low and intermediate levels of Pin shoot, L.
cornicuratusperformed better than L. g/aber. That is, for the same value of P concentrationin
shoot, both the yield and the slope of the relationship were greatest for L. corriculatus(Fig. 3).

The critical P concentration calculated by EQ. (4) as the concentration of P in shoot required to
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achieve the 90% of maximum shoa yield, was0.22 and 0.28 for L. corniculatusand L. glaber
respectively (Hg. 4).

Phosphorus nutrition affected differently the fractions of roots colonized by G/omussp.,
(Fig. 4). For L. corniculatusthe percentage of roots length infected initially increased at thefirst
four low levels of added P, and thereafter wasreduced with further additions. For L. g/ater the
maximum value of root length infected was when P was not applied, thereafter the fraction
infected decreased with increasing P additions urtil reaching similar values of irfeciion for the
two species.

Root chaacteristics of mycorrhiza plants were affected by theievei of added P and of
mycorrhizal infection (Hg. 5). The specific roat length increasec with increasing the pacentage
of root length infected At low levels of infection where Pwas sufficient for maximum growth, L.
corniculatusand L. glaber had a similar vaue of specitic root length. When the percentage of
roat lengthinfeded increased, and P nutrition was insufficient for maximum growth, L.
corniculatushad a greaest value of specific root length (Fg. 5). This means, that at low levels of
added P, theroots of L. corriculati:swere longer and thinner than the roots of L. g/laber. This
may explain the ability of L. carrrculatusto grow better than L. g/laber at low P availability in

soils.

DISCUSSION

Thiswork showsthat L. coriculatusand L. glaber differed in the ability to grow at a
range of P avalahility in asoil where they usually are present at field. L. corriculatusproduced
larger yield of shoats pe unit of absorbed Pat low, medium and high P availability in soil. When

P availability was insufficient to achieve maximum growth, the rate of increase of shoat yield per
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unit of P in shoat was highest for L. corniculatusapproaching maximumyield quicker. Interms
of P utilization, L. coriculatusperformed better than L. g/aber. Thisresultis consistent with
previous work (Mendoza and Gigli, 1995), and suggest that the ability of L. g/aberover L.
corniculatusreportedto spread and to grow in awide range of soils (Mazzarti et al., 1988;
Vigndio et a., 1994; 1995), may na be related with the ability to grow at low levels of P
availability in soil. In the current experiment L. corriculatushad alower critical P corcentration
vauethan L. glaber. 1t was reportedthat L. corriculatushad avery low criticd P coincentration
comparing with other legumes (Davies, 1991). This ability may have contrigite to its superior
performance over L. glaber at low P availability in soil. In addition, Davies (1991) suggested that
colonization of the roots system by an appropriate mycarrhizal fiingi may be oneof the reason of
the better performance over other pasturelegumes at low level s of P nutrition.

Therootsof L. cormiculatusand L. glaber werz heavily infected by VAM fungi. The most
prevailing VAM fungus identified was G/lomus fascicuatum The shape of the mycorrhizad
response curve relaiveto the non-mycorrhizé curve showed a micorrhizal dependency (K) to
absorb the added P from the soil. The values for micorrhizal dependency obtained in the current
experiment wereclose to tha otiazned by Mendoza and Pagani (1995) for L. g/laber (K=1.5).
The dependence of the hicst on mycorrhizas have been calculated to range from 1.1 (no
mycarrhiza benefii) 1¢ 5.8 (alarge benefit to micorrhiza), in forage plants (Abbott and Robson,
1987). The vaiues of mycorrhizal dependency to absorb P in the current soil by L atuswould be
moderaie (K=1.84).

The corfidence intervas for the estimaesvalues of RE and K ovelapped (Table 1),
suggesting that RE or K did not differ significantly between the L afusspecies. This may suggest
that the association beween Glomus fasciculatumand L atusis not specific for each specie.

Previous results suggested that L. corniculatusand L. glaber did not have each other any
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advantage or disadvantage to obtain added P that wasincubaed with the soil relative to a freshly
added P (Mendoza and Gigli, 1995). The present result showed that thetwo L atusspecies did nat
differ in the ability to obtain freshly added P from the soil by mycorrhizal plants relative to non-
mycorrhizal plants. This contrasts the idea that mycorrihzal infection may be one of the reason of
the better performance of L. corniculatusover other pasture legumes at low levels of P nutrition
(Davies, 1991).

For the each of the two L afusspecies, the relationship between concentration of Pin
shoots and shootsyield was the samefor mycoorrhizal and non-mycarrhizal prants suggesting that
differencesin growth reflect differences in uptake P rather than its utilization within the plant
Mendoza and Pagani (1995) have observed similar relationship.

The fraction of roots colonized by VAM fungi wias aftected differently by low levds of
phosphorus nutrition. For L. corriculatusthe perceniage of roots length infected initialy
increased at thefirst four low levels of added F, anid thereafter was reduced with further
additions. For L. g/aber the maximum vdue ¢f root length infected was when P was not applied,
thereafter the fraction infected dea=ascd with increasing P additions until reaching asimilar
vaues of infedion for the twa spedes Thisresut is consistent with previous experimentsin
other legumes (Pairuniai & & ., 1980; Same et al., 1983, Abbott et al., 1984), but in Latusas well
(Mendoza and Giii, 1995; Mendoza and Pageni, 1995). Adding Pto the soil has been reported
either to ircreas» (Abbott and Robson, 1977; Bolan et a., 1984; Mendoza and Gigli, 1995), to
decrease (Jensenand Jakabsen, 1980; Braunberger et al., 1991) or to haveno effect (Anderson et
a., 1987; DeMirandaet a., 1989) on the level of VAM infedion in arange of plants. Thisisthe
third report where the effect of different direction was observed (Mendoza and Gigli, 1995;
Mendoza and Pagani, 199). That is, an increase of the infection at low levels of added P and

then a consistent decrease with further additions. The ability of VAM fungi to increase plant
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growth depends on the P status of the soil. The soil usad in the current experiment was low in P
status and mycorrhizal infection did not increase growth when P was nat applied. In fact,
mycorrhizal infection increased P uptake and growth at intermediate rates of added P. When P
availability is markedly deficient for plant growth, small additions of P to the soil have been
shown either to increase (Abbott et a., 1984; Bolan et al., 1984; Mendoza and Gigli, 1995;
M endoza and Pagani, 1996) or to decrease (Thomson et al., 1986; Andreoli et al., 1997) the
percentage of roat lengthinfected by VAM fungi. For the current spedfic relaticnghiy; among
soil-VAM fung-host-period of growth, the mog suitable explanation of thz efiect of P supply to
increase infection at the first four low Plevelsin L. corniculatus is thai the growth of the VAM
fungi islimited at low P. Then, littleinarease of P supply promotes an increase of theinfedion at
arate greatest relative to the rate of roats growth in soil {Fairurien et al., 1980; Sameet al., 1983,
Mendoza and Gigli, 1995), consequently, the percenia;e of root length infected increased.
Further increase in P supply changes the rd aticinstiips between therate at which infection
increases and the rate at which the roots growitn, and the direction of the effect may change. It is
argued, the direction of the effect will he controlling at least by four factors: the level of P
availability in sail, the rate of incraase of the fungus within the root, the rate of increase of the
roat within the soil, ainc ithe period of growth used for testing the effect. Depending the
interactions among these factars, the percentage of root length infected may increase, decrease or
no change: wiih increasing added P at low levels.

Cther important advantage to explain the better performance of L. corrriculatusover L.
glaber &t low levels of P nutrition, is the differencesbetween the speciesin the specific root
length. At low levels of added P, therootsof L. corriculatuswere longer and thinne than the

roats of L. glaber. Thiswould pe'mit an advantage to absorb P from the soil and may exgain the
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ability of L. corniculatusover L. glaber and other legumes reported in previous experiments
(Davies, 1991; Mendoza and Gigli, 1995).

The magnitude of the differencesin P nutrition betweenthetwo L afusspecies would has
important implications in terms of absorbing Pfrom added Pfertilizers on P deficient soils. In
terms of P utilization, there are enough evidencesto concludethat L. corriculatus performed
better than L. g/aber. Thus, the ability of L. g/laber over L. corriculatusreportedto spraad and to
grow in awide range of soilswould not be related with the ability to grow at low: b avalability as
most of the soil of the Pampasin soil have. In addition, the natural V AM-piant association would

be not related either.
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Table 1. Comparison of values and confidence limits (P<0.05)for the relative effectiveness (RE)
and mycorrhizd dependence (K) of added P of non-mycorrhizal relative to mycarhizat ptants

growth for L. corniculatusand L. glaber as measured by Eq.(3).

Plant RE Confidence limits Range K Confidence limits Range
specie minimum maxi mum minimum maximum

L. corn'cu/az‘usa 0574 0.469 0.70i.  0.232 1742 1426 2132 0.706

b
L. glaber 0542 0435 06/9 0244 1.845 1472 2298 0.826

a. log Y = 0.361 - 2.829 exp(-0.0471(X1+0.574X>)), R2= 0.964.
b.log Y = 0.071 - 2.829 exp(-0.0513(X1+0.542X ), R2 = 0.956.
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L egends of thefigures

Figure 1. Curvesfitted to describe the response to added P for mycorrhizal and non-mycorrhizal
plantsby L. cormiculatusand L. glaber. The estimates of Cy ,Cym ,RE or K are givenin Table 1.
L. corniculatus, 1og Y = 0.361 - 2.829 exp(-0.0471(X1+0.574X>)), RZ = 0.964.

L. glaber,1og Y =0.071 - 2.829 exp(-0.0513(X1+0.542X5)), R? = 0.956.

Figure 2. Curvefitted to describe the response to added P for my<orrhiza and non-mycorrhizal
plantsby L. corniculatusand L. glaber with the levels ¢f adder! P for nortmycorrhizal plants

divided by RE and thus expressed as the added P for rrivoorrhiza plants equivalents.

Figure 3. Relationship between the concentration of P in shoots and the dry weight of shootsfor
mycarrhizal (clased symbd s) and non-mycarrhizal (open symbols) plants by L. corriculatusand

L. glaber. Eq. (4) was used to fit the curves drawn.

Figure 4. Effect of the added P on the percentage of roots length infected by L. corriculatusand

L. glaber.=n). {5) was used to fit the curves drawn.

Figure 5. Descriptionof the relationship between the specific root length as afunction of the

percentage of roots length infeded by L. cormiculatusand L. glaber. The form of the function



used was asimple paentia equation (y=a xb) ; wherey isthe specific root length, x the

percentage of roats length infedted, and aand b are codficients).
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