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tic grasses of our steppe, Agropyron spicetum and
Festuca idahoensis, and a common grass restricted
to the dry mountain parks, Festuca viridida, were
planted separately in large containers which were
imbecded in the soil in a nursery. Seeds of trees
characteristic of the dry margin of forest were
planted in similar manner for comparison. All
grasses germinated shortly after the rainy season
was well under way, but noue of the tree seedlings
emerged until April. On June 1 all root systems
were washed free of soil for comparison (Fig. 3}.
In na case had the tree seedlings penetrated deeper
than 140 mm, and the tap roots were virtually
devoid of laterals,

The grasses, in contrast, had developed pro-
gressively, even if slowly and intermittently, dur-
ing intervals of above-freezing weather through-
out winter. By June 1 each plant had an abun-
dance of adventitious roots 200 mim long, although
nore had penetrated deeper than 270 mm. Several
sturdy tillers had formed and the plants were oh-
viously well enough developed to endure the nor-
mal periad of enforced aestivation of our summer-
dry steppe climate. It has been shown that none
of the tree seedlings can survive as many as 10
days after the soil moisture about their roats draps
to the wilting coefficient (Daubenmire 1943},
Therefore, as far as these grasses are concerned,
their superior ability to survive drouth seems
related to their ability to germinate in autumn
and grow iutermittently in winter during periods
of favorable weather, and so be sufficiently ad-
vanced in their development by the time drouth
intensifes in early summer that they can aestivate,
Tree seedlings start growth so late that their tap
roots are unable to descend rapidly enough to keep
ahead of drouth advancing from the surface down-
ward, and so are killed.

Since some of the steppe herbs germinate in
spring as do the trees, there must be still other
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successful ways of coping with drouth, but these
have not yet been investigated.
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EFFICIENCY OF NET PRIMARY PRODUCTION BASED ON LIGHT
INTERCEPTED DURING THE GROWING SEASON
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Abstract.

Net primary production of a l-year-old field on the New Jersey Piedmont was

108 keal/em? ar 10% of the radiant energy (0.4-0.7 p) intercepted by the vegetation from
the last spring frost to the latest date a dominant producer reached its peak standing crop
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hiomass; 3.8% of the energy available above the vegetation during the same period; 7.5%
of the energy intercepted from the last spring frost to the first fall frost; 319 of the energy
available ahove the vegetation during this period; and 1.8% of the energy available yearly.
These results are among the first direct determinations of efficiency of net primary produc-

tion hased on interception of radiant energy under field conditions.

Interception, the difference

between radiant energy available above and below the vegetation, was measured with the

Yellott solarimeter,
minimum disturbance to the cover.

whase small size made possible helow-vegetation measurements

with

Net primary production for shoots was determined an

a species basis by the short-term harvest method. Root production was estimated on a com-
munity hasis by extracting roots from sail samples by a soil-dispersion and chemical flotation

technique.

INTRODUCTION

Ilstimates of the efficiency of net primary pro-
duction by terrestrial vegetation under field con-
ditions vary from 0.03% for a desert shrub com-
munity (Chew and Chew 1963) to 5.1% for cul-
tivated corn (Yocum, Allen, and Lemon 1964},
In general, estimates range from 1.9% to 3.2%
for agricultural crops and from 2.2% to 3.5%
for forest ecosystems (Hellmers 1964}, Bliss
(1966) found that herbaceous alpine communities
characteristically had efficiencies of 0.14% to
0.76%, and Golley (1965} reported a similar
range for an old-field broomsedge community.

These values suggest that natural terrestrial
ecasystems usually have efficiencies of net primary
production of less than 1% and seldom as great
as 3% (Qdum 1959, Smith 1966). However, the
validity of generalizing from available estimates
is questionable since these estimates use incon-
sistent definitions of efficiency and because no
attempt has heen made to standardize method-
otogy. Further complications arise hecause of the
tmany assumptions and rough estimates made by
various anthors. Frequently such hasic parame-
ters as the radiant energy available on site and
the caloric content of the vegetation are estimated
or assumed, when in fact these quantities can be
measured with little difficulty. Perhaps the most
common assumption made is that the radiant en-
ergy available to the ecosysterm under investiga-
tion is the same quantity as that measured some
distance away. V\alues recorded at weather sta-
tions frequently are used, although such installa-
tions often are many miles removed from the study
site and in different topographical and meteoro-
logical environments.

The short-terin harvest method commonly is
used to estimate net primary production, and con-
siderahle error may result unless frequent sam-
pling is conducted to insure harvesting coincident
with the peak standing crap of dominant species
comprising the vegetation (Odum 1960). Addi-
tional error often is involved if community peak
standing crop is used as net production rather
than determining peak standing crop and net pro-
duction on a species hasis (Odum 1960, Wiegert

and Evans 1964}, Often this oversight is uan-
avoidable for root sampling due to inadequate
methodolagy. However, harvesting shoots on a
species basis increases the validity of estimates,
particularly when all the deminant producers da
not reach peak standing crop hiomasses at com-
parable times (Malone 1968).

We have attempted to avoid the potential errors
mentioned ahove and to provide a mare precise
estimate of the efficiency of net primary produc-
tion of a terrestrial ecosystem than previously has
been made. Furthermore, this study differs from
others in that radiant energy intercepted, as well
as that available above the vegetation, was deter-
mined. Recent developments in instrumentation
have made the measurement of interception pos-
sible and are discussed. It is haped that this re-
search will aid in clarifying the definition of net
primaty efficiency and lead to standardization of
methodology.

STUDY AREA

The study was conducted during the 1966
growing season in a field adjacent to Hutcheson
Memorial Forest, East Millstone, New Jersey
(40°30’'N, 74°29'W). Climate of this area is
modified continental; average yearly precipitation
is 112 em; average date of last frost is April 18
and of first frost October 20; average July maxi-
mum temperature is 30°C; January minimum is
—6°C (Shulman 1965). Substratum is the Bruns-
wick formation of Triassic shales (Ugolini 1964).
The study site was a uniform 20-m hy 25-m plot
located within a soybean field of approximately
10 ha. The field had been cultivated in 1965 and
abandoned after harvest.

MATERIALS AND METHODS

Efficiency of net primary production is defined
in this study as the calories per unit area con-
tained in harvested vegetation divided by the
calories of radiant energy available to the vegeta-
tion in wavelengths that can be utilized in photo-
synthesis. FEfficiency is calculated for both inci-
dent and intercepted radiant energy. Interception
is defined as the difference between the light avail-
able abave and bereath the vegetation; it 1s not



