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Entroduetien. Two aspeóte of plant eeience find a
good fit in «yeorrhiral ratearen: tha na*d to uti-
lire symbiotic plant aecociation* in «ora affieient,
•uetainable «odern agricultura, and tha d««ir« for a
batter underetandins of • living «yete* for itt own
•ake. The tripartita leguoe acaociation includes
cooperativa but alao competitiva interactions by
organitmE fron thra* biological kingdoate. • It i*
tharefore a particularly challenging and coaplex
«xerciie in the aearch for basie principia* whieh.
when fully underctood, w*j be utilirad a* «lanage-
•ent toóle in agrieultural productivity.

Kcrly inpetus in the uce of vaiicular-arbuacular
«ycorrhiral (VAH) fungí a* legu»e «ssociatet «lis» id
froB their dranatie affact on nodule aetivity (1).
The synergistic growth response to the combinad
effecte of the VAH-fungu» and Ehjgobiua ímdophyte»
which it soBetisjec observad in the hott plant ha*
lad to a viaw of the microejTobionte a* biological
•ubstitute» for fartilisar» (3). Hhile thi§ viev
certainly hold» pronice in tan* of agricultural
productivity, it* nerit* au*t nov be reexaminad in
terne of the underlyinj biolo(ical •achaniau. The
promiie had beer. bated larjely on covpariaoni of
VAM and non-VAH plant* (rown under nutriant limlta-
tion. Such coaparittm» nave little aijnificanc» in
•pplied or baiic ctudia*. «ince a non-VAH legiaae i*
unlikely to occur or vurvive for long In the field,
«hile the ctuntad non-TAH control plant doei not
•erve a* a Daaninsful ecnpari*on under axpariatantal
conditions. Thu*. the "bit, plant-little pianf
«yndroae, Which generated ao «uch of the axciteaant
durint the aarly part of the ara of •nlightenjaant
(13) of «ycorrhiral work, i* bound to changa in
parcpective a* aophaci* «hiftc froaj descriptiva,
natural-hivtory orientad project* to goal-orianted.
phyíiological axperiaentation. Thi* ahift i*
already in progrex and i* likely to accalarate in
the coming reare, founded on the nececcary and
growing data ba*e of acological and «gro-«cological
«bservationc. Of the «umy poacible and available
*raa« of intarast to future work wa will «ingle out
here previawt of coming attraetion* in gal axchance
phenotnena in the coybean laaf, a* influanced by
•ndopbyte-Bodifiad C.V.P and Matar uptaka.

The non-VAM coapariion plant. The VAB groirth affact
i* often thought of a* a P affact. Thi* i* not aur-
priiing in viaw of tha VAM-fungal eontribution to
ho*t P nutrition («). the «carcity of available P in
•o*t *oil* (10) and the evolutionary iaportanca of
phocphates in bioehenical traniforsátion* (16). But
i* the vupply of P the only, or aven the najor VAH-
íungil effect on the hott, a* the little plant-big
plant comp»ri*on would indícate? And i* the highar
P concentretion in VAM-plant tixue* generally ob-
eerved in cotnparicon to tho*e of non-VAH planta of
the same «iré (15) a necessary expreseion of tha
gymbiotic condition per se. or an artifact of dif-
ferences in ontogenetic development, of th* timing,
kind, and quantity of P «upplement* for the non-VAM
cornparison plant, or of the efficacy of the fungue
ac a «ource of P and *ink for CT An anewer could
be learned from the "conttruction" of nutrlant-*up-
plemented non-VAM plante equivalent in all racpect*
to VAM plante. Unfortunately, tuch a^uivalanca «ay

aot ba poicible to achieve (and aqually difficult,
in practica, to duplicate from tiac to tiae), *inee
different aspect* of the ho*t'* fon and function
r*act diffarantly to VAM colonication or ferUlira-
tion (12). Thi* «aka* the intarpretation of VAM
•ffect* problaautic. If P lávela in VAM-plant
tiaaua* ara highar than in non-VAH countarpartc of
the caá» alce and age, u» cali the affect nutri-
tional; if P lévele are lowar, othar, little known
••chani*** naed to ba invoked. In «hat follovs,
lat us deajcmttrate both poacibilitia*.

itater untake. Thrae groupe of VAM and non-VAM aoy-
baan plante, valí vatared for 21 d, «are aither ax-
posed to cyclat of aavare or •odarata drought or to
no «tren for a aubsaquant period of 28 d. The ey-
clae «are rcpeated by rawataring at aoil water po-
teaitialc of -1.0, -0.3 or -0.05 HPa. Plante veré
grown in a sand-soil adx saverely daficiant in nú-
trlent» and aupplanentad by one-quartar strength
Moagland's aolution, las* P. Bon-VAM plant* re-
eeived P (KH2P04) tiMd to coincide with «01
VAM root coloniration at 21 d, in an aaount pro-
ducing growth «quivalant to that of VAM plante in
the traatawnt* under Modérate «trace. All plante
vare takan to parvanant wilting at harveet, at
which ti»e «oil anisture contant Mae deterained
(Bathlanfalvay tí ti- wnpublithad data).

Zn the abtene* of drought «traec, dry waight*
ef non-VAM plant* Mere significantly graater than
tnoi* of VAM plante. Mhile VAM plant* produeed aig-
nificant growth •nhancaaiant under «avara «trcss,
•van though P lavéis in non-VAM planta Mar* aiarked-
ly highar in all thra* «tras* traatswnts (Tabla 1).
Thaie retult* indicatad VAM affacts indapandent of
t nutrition. and wara relatad to incr*a*e* in the
•txtraradical •yceliu» Mith incraacing «trate,
laportantly, all VAM planta had lowar «oil •oisture
contante at pemanent wilting, auggesting that VAM
roote »*y nave accesc to «oil water which i* not
•vailabla to tha plant alone.

Table I. Host. andophyte and «oil paraawtars of
VAM plant* relativa to non-VAM plant*
under drought «tras*.

Parapetar*

Crotrth raspóme
P concantration
Soil water contant

VAM hyphae in «oil

•trece (MPa)
-1.0

17.5
-3Í.9
-10.3

10.4

-0.3

2.5
-40.0
-«.0

«/• mn\
t.8

-0.05

-15.9
-45.0
-8.1

7.0
•Crowth rasponee refere to total plant dry
waights; P coneentration to roote and laaves; aoil
water contant is «t penunant wilting (-1.5 HPa).
fcparcent changa reflecte differance batvean VAM
•nd non-VAM paraawters rafarrad to the non-VAH con-
trol; adnu* aign* indicate largar non-VAM parauter.
All differancas between VAM and non-VAM parameter
•eane were «ignificant at least at the 5% level.

Water-use affteiencr and »; fixation. The rela-
tiva iaportance of water uptake vs. P nutrition sw-
diatad by VAM fungue in detenining the hott growth
responte to VAM colonitation is controvereial (2.11).
As pointed out above, «trece, independently of P
nutrition, aay influence the growth response. Thie
•ituation is particularly conplax in the legune
aeeociation, where water and P aveilability affact
the aetivity of the • eourca as well (4). Thue. an
antire ehain of caute-effect reletionehipe tuiy be
•nvieioned in which the activitiee of the C,«. and P
•ourcas (ehloroplast. root nodule, VAM fungu*) of

231



th* tripartita aymbioai» ere involved, «n<5 whieh i*
to coa* extent controlled by moiature eonditione.
Th* availability of PÍ i* • functlon of «olí water
eontent (10). In tbe plant, F¿ play» » regulatory
rol* in photoaynthaais (14) and i» rvqulrod in high
cone«ntr«tion« for nodule ectivity (4). Theae pro-
e«***« ar* in turn int*rd*p*nder>t: an incraase ID
th* product» of on* enhances ib* output of th*
otb*r, thu* foraing an autoeatalytic cycl* (5).
CO*M effecta of fch* VAM fungu* on theae proeeaaea.
which appear to b* independent of th* relativa P
conc*ntr»tion« in boet- or non-VAH comparieon-plant
ti««u*i, i* illu«tr»t*d b*low.

In • drought creí* experiment (6) aimilar to th*
on* d**crib*d »bov«, unetressed non-VAM planta re-
e*iv*d colubl* P to produc* plant» aquel in dry
weight to non-P aupplemented VAM plant». In th*
•bi«nc* of atrau. theae non-VAH pl«ntt farad b*tt*r
than their VAM eomparieona in root P eontent (1.2 vi.
1.0** mg/g). nodul* dry weight (0.32 va. 0.23** mg)
and nodul* aetivity (9.6 vs. 6.0* vmol C2H2/h •
plant). Under «tract, however, non-VAH plant» farad
woree in root F contant (O.B va. 1.2* mg/g). and
nodule weight (0.05 va. 0.14* mg) and aetivity (1.7
va. 9.4** umol C2Ü2/h * plant). Laaf eondue-
tanc* va* aignifieantly (P < O.OS) graatar in tha
VAM than in non-VAM plant» during tha fir*t 3 dayí
of the final drought cycl*, with valuaa convarging
«rith incraaiing atraai (Tabla 2).

Tabla 2. Laaf eonductanca in VAM and non-VAM aoy-
baan planta during a 7-day drought cycl*.

Traataent TiM (d)

VAM 0.91* 0.71* 0.50* 0.38 0.20
non-VAH 0.67 0.45 0.38 0.31 0.15

0.09
0.08

0.07
0.05

While the anhancaaant of nodula and laaf gaa ax-
change aay be accribad bar* to tha highar P concan-
tration* of VAM plant* undar atraaa, anotbar drought
atr*(s axperiaent yialdad contrary raaulta. Otili-
xing the aane hoat variaty and andophyta atrain in-
dar «lailar growth conditiona, tha ratioa of net
C»2 uptake v>. tranapiration (watar-uaa affician-
cy) wer* determinad aa a funetion of aoil water
eontant (Figure 1).. Valúes for VAM planta vare
aignifieantly higher than for non-VAM planta
although laaf P concentrationa of th* formar «ara
•ignificantly lower (1.1 va. 2.0*** »g/g).

phjtrient-ua* efficianey. Theae apparant incon-
aiatencie* rala» the quaation of VAM effacti
independent of thoaa of mineral nutrition.
Harley'a concapt of oppoaing affacta (P gain vj.. C
loas, 8) on the hoat due to •ycorrhical eolonica-
tion haa been confirmad and expended by Paul and
coworkera (9) in a aequence oT. nutrlant-balance
experimenta ahowing anhanced photoiynthetic ratea* -
in aynbiotic planta in reaponae to increaaed aink
demand. The rolea of the three aynbionta of tha
legune acaociation aa interdependent and intar-
reaeting aourcei and ainka ia well aatabliahad
(4). The queation ia therefore not whether our
current, nutritional concept of the VAM effeet ia
correct, but rather if it ia not too restrictiva.
Our praaent data auggeet * «odification to tha
concept (7). Ue used four aeta of planta: nodu-
lated + VAM, VAM, nodulated, or non-aymbiotic.
grown with • and/or P aupplementa in the abaance of
ona or both «icrocymbionts ao aa to produce tha
aaae dry weighta (P > 0.05) in «11 four tata. Th*
•limination of aira and developmental diffarancaa
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Figura 1. Watar-uaa afficiaacy e* • funetion of
coil watar eontant ia VAM and non-VAM
•oybaana.

batwaen traatmanta revaaled that «ymbiotic planta
had highar ratea of photoaynthaaia than non-aym-
biotic planta (aa axpactad) but at aignifieantly
lowar I and/or P eoncantrationa (Table 3).

Tabla 3. Photoeynthetie l~ and P-uae affieiancy
in VAH and/or nodulatad (lod) aoybeana.

Paramater1 Traatment2

VAM + Rod VAM -f • lod + P M -f P

Fhotoayntbaa i a
• eoncantration
P concentration

18.4a
29.2a
1.3a

17.8ab
32. 9b
1.4a

16.2be
SO. 7a
2.0b

15. 3c
40. 6c
1.9b

P̂botoayntheaia in vmole COj/a • m2, eon-
eatitrationa in mg/g laaf dry waight.
'•umbera not followad by the aama lattar ara
•ignificantly diffarant at the 5% lavel.

Coneantrationa of P in tha laaf (Fig. 2) whieh
ara ralavant haré may be ausnaritad in five atapa:
1. Ovarall influx of Pj into the laaf ia modiflad
by the VAM fungua, 2. Tha vacuola aerves aa a aink
for axceaa P¿ in the cytoaol, 3. Optaka of F¿ by
th* ehloroplaat and output of fixad C aa trioaa-
phoaphata (TP) ara eontrollad atoiehiometrieally by
the phoaphate tranaloeator( 4. tacyeling of organic
F within the ehloroplaat to atarch and P̂  kaepa .
F£ available to photophoaphorylation, and 5. Re- •
eyeling of organic P in the eytoaol ac a reault of
rueroae export due to aink desaand makea F̂  availa-
ble for ra-antry into tha ehloroplaat. Tbua, VAH
fungí ara crucial in tha regulation of C0¡ fixa-
tlon by PÍ (14) in atap 1. and abara a rola with
Khiiobium in atep 5 through their affeeta on aink
formation and aetivity throughout the aymbiotie
aaaociation. The other three etapa próvida aome
tfagraa of atability to Fj eoneantrationa in
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«tro*» and eytoiol (10,14) etpecielly under condi-
tiern» of P deficiency. In the pretent case, leaf
• C£mcentr*tions in VAM plant» ware tubcritical
lí), whil» in non-VAB plante they were low to tuf-
fieitnt. The •«•* conditions held alto fer the
r»lition§hip between nodulation and • concantra-
tioni. One may attune that under eritical P
«•fieiency th« photphate tranílocator determinei
U* r»U of COj fixation, tinca th« efflux of
trio»* phosphate (TP) fron the chloroplatt it
limitad by an aqual inf Ivur of P^. lonetheleis,
eur critically P-defiti«nt VAM plant» f ixed «ora
C02 th«n th«ir P-»ufficiant non-VAM eounterparta.
Th« problen may be resolvad, if CO¿ it astumed to
bt the priaary liadting factor. Better laaf conduc-
tance (through «icrosymbiont-mediated changet in
mter status, organic osmótica, ion fluxat and
phytohomone lavéis) may provide tha laaf ,
aíoitional accats to CO^-

'ií- 2- Photphorus fluxes jin laaf callt.

Conclusions: The concapt of eott-banafit ralation-
ihips in plant tymbiotes racognizet tha influance
of changing conditione, tueh ai nutriant or water
availability, on the balance of tupply and damand
between the tymbiontt. Such changas nay bring about
temporary thiftt in tha tjrmbiotlc condition, eauting
it to altérnate between the autualittic and paraai-
tic nodes. The axpression of these mode* »ay be
aubtle and difficult to document due to thair tran-
tience. The prevailing moda will be determinad by
enviroronental stimulation or inhibition of the con-
tfibutions or requirements of each synbiont. The
carbon-nitrogen-phosphorus supply/demand ralation-
ahip in the tripartita leguroe astociation it a fun-
damental expression of the three synbiontt' activi-
ties as sources or sinVs for each other'l productt.
We suggest that tource-tink relationships nay not
be the only means by which the tyabiotie partnart
interact. Kxampleí ara tha ttiaulation of C02

and I2 fixation and the iaprovenent of water-uie
and nutriant-uta afficiancy through a «odification
of plant water ttatus and laaf gat axchange.
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