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ABSTRACI

Results from continuous culture experinents with popula-

tions of Pavlova 1uthq4! exposed, to a series of discrete nitrate:

phosphate supply ratios indicated that a ttrreshold, law of the

rninimurn, model ad.equately predicts interactions of nitrogen and.

phosphorus cel1 quotas in determining groi,rLh rate. Thus, the ratio

in which N and p ara vonrr i -^ ' r  et  a given growth tate can be est inated"

from the groll-Lh rate versus celf quota relationships d.etermined-

separately for nitrogen and phosphorus linited. populations. The

predicted N:P requirement rat ios ave-rage just undcr 40 atorns/atom for

grorrLh rates between 0 and O.O5 hr-] ,  but decl ine rapidly at higher

grou*Lh rates.

In all cases studied here, whether ni-trogen or phosphorus

limited., the cel1s reduced. growth chanber phosphate concentrations to

very low levels. When exposed. to large phosphate enrichments, cells

increased. their phosphoms quotas by up to sixty times. Cells coufd,

barely double their  ni t rogen ce11 quotas, and unassimifated ni trate

renained. in the grow-bh chamber of all phosphate limited chemostats.

The ability to accumulate phosphorus alfowed cell N: P to mimic the

N:P supply rat lo over a range from less than 10 to almost J0.

Maxinun net uptaJ<e rates for phosphal,e ;"rere of a siinilar

nagnitude to the maxirnum net uptake rates for nltrate despite the

fesser requirement for the forrner nutrient. Phosphate uptake rate

increased, I inearly with grorLh rate whi le ni trate rrntake r: t .p reached

a maximum at intermediate groll-lh rates. The decrease in nitrate

uptake rate with further growth rate lncreases can be explained.



IV

as end product inhibition of uptake resul-ting fron nearly f\r11

internal nutrient reservoirs. There are appaJently two systeins

responsible for nitrate uptake. system 1 is subject to inhibition

in the presence of phosphate, but not subject to end product i:nhibi-

t ion. System 2 is independent of phosphate, but subject to end.

product.  inhibi t ion. systen 1 increases in importance relat ive to

systen 2 with increasin6 growth rate and with increasing N:p.

The cel1 yield of batch cultures also depended. on

nitrate and phosphate in a threshold, law of the minimum fashion.

Data from the literature allowed estination of require-

ment rat ios for two species of diatoms and one chlorophyte. As in

the present results,  the nutr ients were required in rat ios substan-

tia1ly higher than the typically cited, ]J:1, except at high gror.rbh

rates. The }J:1 composit ion rat io which has been found- 1n natural

phyt,oplankton may simply reflect the abifity of these cefls to ninic

the medium N:P through luxury consumption of phosphate. This luxury

consumption maJ<es it necessary for cells to conpete for both nitrogen

and phosphoms when nu t r ien ts  a re  l jm ' i t ins  in  the  ocean.  Bxcess

phosphorus which is accumulated in thls way lnay be differentially

excreted- by organisns higher in the food- chain.


