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Highlight: Changes in net aerial primary production as influenced by selected environmental parameters were evaluated in a
grassland ecosystem for the 1973 and 1974 growing seasons. Biomass weight was estimated for phenologically determined harvest
intervals. Efficiency of converting solar energy to chemical energy
was determined.
Between years, precipitation was the dominant environmental
parameter associated with production. The quantity was not as
critical as the date and the resultant effect on available soil water.
Increments of production followed a monomodal pattern similar
to yearly trends in soil temperature and solar radiation. Deviations in production from this monomodal pattern were related to
available soil water and soil water deficit.
Total production during 1973 (ca. 400 g m-2) was approximately
100 g m-2 higher than in 1974. This difference was due primarily
to lower available soil water during early spring and a 4-week
longer summer dry period in 1974.
Based on measurements of photosynthetically
active radiation,
energy values, and production, the growing season conversion
efficiencies were 0.34% in 1973 and 0.23% in 1974. The highest
conversion efficiencies for a harvest interval occurred each year
during June: 0.87% in 1973 and 0.59% in 1974.

Primary productivity
is one basis for evaluating
functional relationships
in grassland ecosystems.
Net primary
production,
i.e. gross photosynthesis
minus respiration,
is
commonly
evaluated.
Estimates of net aerial primary production
are obtained
by harvesting
above-ground
plant
material and expressing
the data as dry weight per unit
land area.
Traditionally,
harvesting
was timed to coincide with
maximum
standing crop or at the end of the growing season. Harvested
biomass
was commonly
referred to as
mature or full season yield and was equated with net aerial
primary prouction.
Wiegert and Evans (1964) provided a
critique for the single harvest technique.
This technique
does not account for mortality
before the peak standing
crop, growth occurring
after the peak, or differences
of
species in date of attaining peak standing crop. Woodwell
and Whittaker
(1968) stated that the most effective technique for determining
primary productivity
was a systematic harvest of standing crop.
Calculation
of primary
production
from a series of
measurements
can be accomplished
by several techniques.
Singh and Yadava (1974) evaluated several of these sumAuthors
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ming techniques.
Use of summing techniques with frequent
harvests reduces errors in equating annual production with
peak standing crop. These summing techniques must recognize periodicity of growth and energy storage in underground organs. Translocation
of shoot assimilates to belowground parts or vice-versa, may be a rhythmic phenomenon
of root-shoot
growth (Brouwer
1966). This could imply
that peak aerial biomass and peak root biomass are not
coincident
in time (Ovington et al. 1963).
Conversion
efficiency, percent of solar energy converted
to chemical energy, provides a useful tool for ecosystem
evaluation.
Reported estimates of aerial production
conversion efficiency for terrestrial ecosystems under field conditions range from 0.03% for a desert shrub community
(Chew and Chew 1965) to 5.1% for cultivated corn (Yocum
et al. 1964). Kucera et al. (1967) reported an average efficiency of 1.21% for a tallgrass prairie community
with an
average biomass production
of 1,063 g m-2 over 2 years.
This production
included both above and below-ground
plant material.
Research was conducted
in an Andropogon- Paspalum
dominated grassland ecosystem. Objectives of this research
were to: (1) correlate
change in selected environmental
parameters
with changes in net aerial primary production,
and (2) express the energy content of this production
as a
function of photosynthetically
active radiation,
thus estimating the conversion efficiency of solar energy to chemical
energy within the grassland ecosystem.
Description

of Area

The study area was an Andropogon- Paspalum dominated grassland ecosystem located in the Post-oak Savannah of Brazes County,
in east-central
Texas. Climate of this region is temperate with a
mean annual precipitation
of 98.8 cm, ranging from a low of
56 cm to a high of 154 cm (U.S.D.C. 1974). Summersare
relatively
dry, while late spring and fall are periods of greatest precipitation.
Annual potential evaporation
slightly exceeds precipitation
but
is greater than precipitation
during much of the growing season.
The average growing season is 263 days, extending from March 8
to November 22 (U.S.D.C.
1974). Mean annual temperature
is
20.2”C and the range is from a high of 29. I “C in July to a low of
10.1 “C in January.
Soil in the study area is a Tabor fine. sandy loam (Udertic
Paleustalf).
Reardon and Huss (1965) reported this soil to be
deficient
in nitrogen,
phosphorus,
potassium,
and calcium.
Approximately
80% of the root systems of the perennial grasses
are located in the surface 20 cm, with the majority of these roots
in the sandy surface soil. Extension to greater depths occurs primarily in fissures of the shrink-swell clay subsoil (Van Amburg
and Dodd 1970).
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The area has not been grazed by domestic livestock for over
20 years. Thus, herbivore utilization has been confined to intermittent insect, rodent, and deer grazing. Vegetation is dominated
by perennial grasses. Little bluestem (Andropogon
scoparius
Michx.) has a basal cover of 2.5%, splitbeard bluestem (’Andropogon ternarius Michx.)
1.9%, and brownseed
paspalum (PasMichx.) 1.0%. Other species appear in trace
pa/urn plicatulum
quantities. Interstitial grasses are usually annuals and consist primarily of species of Aristida and Panicum.
Forbs (primarily
Liatrus mucronata
DC., Liatrus squarrosa
L., and Boltonia difl
,fusa Ell.) and sedges (Carex spp.) are important
during certain
portions of the year.

Methods

Plant biomass changed through the growing seasons
(Fig. 1). Total biomass (aerial biomass + ground litter)
reached a peak in 1973 of 454.4 g m-2during mid-September
and a low of 286.2 g m-2 at the end of the growing season
(2/ 8/ 74). In 1974 the peak was 461 .O g m-2 measured during
late July and the low was 313.1 g m-2 in mid-May.

and Materials

Correlation
of net aerial primary production
with selected
environmental
parameters
was evaluated by measuring changes
in dry weight of aerial biomass. Continuous monitoring of selected
environmental
parameters
was utilized in the AndropogonPaspalum dominated
grassland ecosystem. The study area, approximately
1 ha in size, was divided into 102 marked, 3 m x 6 m
plots with access alleys between plots.
Harvest of aerial biomass (green biomass and standing litter)
and ground litter coincided with equivalent phenological
events
between years. Harvests were made seven times during 1973 and
six times during 1974. Based on selected phenological events, the
growing season of 1973 was initiated during the last week of
March and terminated
the first week of December. In contrast,
the growing season started during the second week of March and
ended during the last week of November in 1974.
Harvests of plant biomass consisted
of clipping vegetation
from ten, 0.5 m* rectangular
quadrats in each of 3 randomly
selected plots at each harvest date. Vegetation was clipped approximately 1 cm above the soil surface. Green biomass was separated
by species and species groups. The separations
were: (1) splitbeard bluestem,
(2) little bluestem, (3) brownseed
paspalum,
(4) panicums, (5) interstitial grasses, (6) forbs, and (7) sedges.
Dead vegetation was separated into standing litter and ground
litter. All vegetation samples were dried at 80°C for 48 hours and
weighed to the nearest 0.1 g. Biomass weight was expressed as
g m:*.
Selected environmental
parameters were measured from March
28, 1973, to November 30, 1974. Measured parameters included
precipitation,
soil moisture,
evaporation,
wind movement,
air
temperature,
relative humidity, soil temperature, shortwave irradiante (SI), and photosynthetically
active radiation (PAR) (Britton
1975). Available soil water (15-bar) and soil moisture deficit were
calculated from a modified computer program (Zahner and Stage
1966). All parameters were measured on a continuous basis except
soil moisture which was measured gravimetrically
every 7 days
at 6 depths to 75 cm. Also, evaporation
was not measured when
temperatures
were below freezing.
Mean values for all environmental
parameters were calculated
for each harvest interval through both growing seasons. These
mean values were used in correlation and regression analyses with
measured values of green biomass and calculated values of net
aerial production
and net aerial production
rate for coinciding
harvest intervals. Stepwise regression techniques
were used to
develop descriptive equations for green biomass and net aerial
production
(Draper and Smith 1966). Calculated net aerial production was estimated by evaluating biomass weight changes of
the green biomass, standing litter, and ground litter by a method
similar to that described by Wiegert and Evans (1964). Conversion efficiency was calculated from measurements
of solar energy
and energy value of plant materials making up the net aerial production (Britton et al. 1976). Conversion efficiencies were calculated for each harvest interval and both growing seasons and
expressed as a percent of the shortwave irradiance and photosynthetically active radiation received in the specified time interval.
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Fig. 1. Mean M’eigl1t.F( g m-2) of biomass in an Andropogon-Paspalum
passland ecws!‘stem in east-central Texas. Standard errors of’the mean
ranged,fkm
4.1 to 5.8Y~ of the mean values.fi)r total biomass, 3.8 to
6.8yc,fbr standing litter, 2.9 to .5.7Yc,forgreen biomass, and-Y.7 to 13.2g
.fbr ground litter.

Weight changes within the three compartments
(standing
litter, ground litter, and green biomass) of the herbaceous
biomass further illustrated
the dynamics of this grassland
ecosystem. The standing litter exhibited two peaks during
each growing season. One peak occurred in the latter stages
of the summer dry period (July-August)
and the other
occurred with the transfer of green biomass to standing
litter at the end of the growing season. Lowest points
measured were during mid-spring (May). Changes in ground
litter followed a similar pattern, as did standing litter with
the exception of the end of growing season harvest. The
green biomass peaked during mid-June and remained virtually unchanged
until mid-September
for both growing
seasons. It then decreased to the end of the growing season.
The green biomass was composed
of two categories,
grass biomass and sedge plus forb biomass (Table 1). Grass
dominated
the green biomass. In 1973 it increased from
growth initiation through June and then remained relatively
constant until late October. The sedge plus forb category
increased until late May and remained virtually unchanged
until early September.
A decrease was measured from this
harvest to the end of the growing season. In 1974, the grass
biomass increased until mid-June, then remained relatively
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Table 1. Composition of green biomass by weight (g m *) with standard
error of mean (SE) for grass biomass and sedge plus forb biomass in
an A ndropogon-Paspalum
grassland ecosystem in east-central Texas
for the growing seasons of 1973 and 1974.
Harvest
dates
514173
5129173
6127173
g/3/73
s/14/73
10/25/73
2/8/74a
415174
s/15/74
6/ 17174
7125174
9126174
11/30/74a
aEnd of growing

Grass
biomass

SE

54.9
59.7
97.4
93.3
99.8
90.9
235.1
33.6
59.5
78.4
72.5
88.9
190.9

Sedge plus
forb biomass

2.4
2.5
3.8
5.3
5.4
4.3
12.5

16.2
38.6
32.3
36.8
19.5
9.6
10.0
12.6
21.2
30.6
30.3
16.0
8.1

1.9
3.8
3.6
4.6
4.0
10.4

season harvest

which included

all standing

SE
2.0
4.1
2.7
2.1
1.7
2.5
2.9
1.1
2.2
2.4
2.8

1.8
1.5

ance, and evaporation.
Therefore, changes in green biomass
were highly related and in phase with these cyclic environmental parameters.
The highest correlation
(r = 0.92) was
with the mean maximum daily soil temperature
measured
at a 15 cm depth. Changes in green biomass weight were
poorly correlated with precipitation
(r = -0.16) and moderately correlated with mean soil water deficit (r = 0.53).
The best one variable equation relating environment
to
changes in green biomass was maximum soil temperatures
measured at 15 cm (Table 3). This parameter accounted
for 85% of the variation in green biomass. When soil water
deficit was included, the equation accounted for 96% of the
variation.
Table 3. Equations relating changes in green biomass (GB) in g m * with
environmental parameters for the growing seasons of 1973 and 1974
(end of growing season harvests excluded) in east-central Texas.

biomass.

Relationship

constant
until a peak in late September.
The sedge plus
forb biomass followed the same trend as in 1973. However,
quantities
were less and the peak was reached later than
in 1973.
Separation
of the green biomass into species and species
groups permitted evaluation
of the contribution
of each to
the total green biomass by harvest dates (Table 2). Over
both growing seasons, brownseed
paspalum
contributed
more to the green biomass (34.5%) than any other species
or species group. Other dominant
grasses, such as little
bluestem (18.2%) and splitbeard
bluestem (15.0%) contributed lesser amounts.
In other categories, forbs (15.0%)
were the most important
component,
with panicum (6.6%)
and sedges (6.1%) of about equal importance.
Interstitial
grasses (4.6%) contributed
the least. The highest contribution at any harvest date was brownseed paspalum (44.7%)
during mid-September
1973, and the lowest was sedges
(0.7%) during late October 1973.
Changes in green biomass weight followed the same trend
during
both growing
seasons (Fig. 1). Green biomass
increased during spring to a maximum in summer followed
by a decline during fall. This monomodal
pattern within a
growing season was also apparent in environmental
param
eters especially soil temperature,
air temperature,
irradiTable

GB = -18.43 + 4.43 STMAa
GB
-56.47 + 6.41 STMA ~ 2.15 SWDb
q

aSTMA
bSWD

q
q

Maximum soil temperature
Soil water deficit (cm).

5/4/73
5129173
6127173
g/3/73
s/14/73
10/25/73
2/8/74a
Mean
415174
5/ 15174
6117174
7125174
9126174
11/30/74a
Mean
Mean Overall
“End of growing

Splitbeard
bluestem
17.9
17.5
13.4
9.7
6.5
23.3
21.3
15.7
14.7
16.1
7.7
6.2
13.3
26.6
14.1
15.0
season harvest

Brownseed
paspalum

23.3
11.5
12.7

20.6
24.2
39.0
41.8
44.7
33.4
44.7
35.5
32.3
16.8
39.1
37.1
33.0
42.4
33.4
34.5

II.0
24.1
23.5
21.3
18.2
14.2
25.6
13.0
15.8
20.1
21 .o
18.3
18.2

which included
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bluestem

all standing
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Prob>F

SD

0.85
0.96

0.0002
o.oocn

10.19
5.94

(“C).

Net aerial production
(g m-2) was calculated by evaluating weight changes and transfers (green biomass to standing
litter to ground litter) in the aerial biomass (Fig. 2). In
1973, maximum
production
for a harvest interval was
127.8 g m-2 measured in late June, while in 1974 peak production occurred in mid-June with 105.2 g m-2. The midto late May production
showed a decrease from the earlier
harvest. This decrease was followed by an increase to the
peak and decreases to the end of the season. Total net aerial
production
from the 1973 season was 403.4 g m-2, while in
1974 it was 295.2 g m-2.
Changes in net aerial production
were correlated with
PAR (Y = 0.67), available soil water (Y = 0.5 l), and precipitation (Y q -0.57). The mid-May or late May harvest of each
growing season produced
a distinct departure
from the
trend in weight changes of production
(Fig. 2). Changes in
production
of aerial biomass could not be related to the
environment,
and this harvest in each year was not used in
the regression analyses.

2. Percent composition
by weight of species and species group? i contributing
ecosystem in east-central Texas during 1973 and 1974.

Harvest

RJ

to the green biomass

Panicum
11.3
5.4
7.7
4.8
5.3
5.5
4.4
6.3
5.1
12.2
7.9
4.9
7.7
3.4
6.9
6.6

Interstitial
grasses
4.1
2.2
2.6
4.3
3.1
4.8
4.2
3.6
6.4
3.2
4.2
6.5
10.6
3.9
5.8
4.6

of an Andropogon-Paspalum

Forbs
16.8
27.6
16.4
21.8
14.1
8.8
3.2
15.5
13.6
15.6
22. I
23.3
9.6

1.8
14.3
15.0

grassland

Sedges
6.0

Il.6
8.2
6.6
2.2
0.7
0.9
5.2
13.7
10.5
6.0
6.2
5.7
0.9
7.2
6.1

biomass.
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Fig. 2. Calculated net aerial production which occurred during each
harvest interval in an Andropogon-Paspalum
grassland eco.~.\~stemof
east-central Texas.

The best two-variable
equations relating the environment
to net aerial production
included PAR and soil water deficit
(Table 4). These variables accounted for 72% of the variation in production.
The time interval between harvests
changed through both growing seasons. To minimize this
time effect on production,
it was divided by the number of
days in that harvest interval. The resulting net aerial production rate (g m-2 da-i) was correlated with precipitation
(r = -0.54), PAR (Y = 0.54), and soil water deficit (r = 0.11).
These three parameters
were required to obtain an acceptable equation of production
rate. A linear combination
of
these parameters
accounted
for 80% of the variation
in
production.
Table 4. Equations relating net aerial production (P) in a g m-2 and net
aerial production rate (PR) in a g m-2 da-1 with environmental parameters during the growing seasons of 1973 and 1974 (the mid-May harvest
excluded) in east-central Texas.
R’

Relationship
P = -153.45 + 6.46 PARa - 5.76 SWDb
PR = -4.33 + 0.21 PAR - 0.03 PPTc
-0.25 SWD
“PAR

= Photosynthetically

bSWD

= Soil

’ PPT

q

water

Precipitation

deficit

active

radiation

0.72
0.80

Prob>F

SD

0.01
0.02

22.35
0.74

(E m-2 da-l).

(cm).

(cm).

The conversion
efficiency of solar energy to chemical
energy (actual), as evaluated from harvests of an Andropogon- Paspalum grassland ecosystem in east-central Texas,
followed the same trend in both 1973 and 1974. Considering each individual
harvest interval, two peaks of high
conversion
efficiency
occurred
in each growing season
(Fig. 3). The first peak, from growth initiation
until May
1973 and April 1974, occurred during leaf expansion at tiller
initiation. The second peak in late June 1973 and mid-June
1974 was during rapid foliage growth. During all other harvest intervals the conversion efficiency was lower. The 1973
growing season had the highest peak conversion efficiency,
0.87% for PAR and 0.43% for SI in late June. In 1974 the
peaks were of lower magnitude and occurred during mid384
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Fig. 3. Conversion qfficiencies ,fur individual harvest intervals.fbr actual
energy qf’plant biomass as a.firnction qf’shorrcrvave irradiance (Si) and
photos,~ntheti~al~~,active radiation (PAR) in an Andropogon-Paspalum
grassland ecosj’stem in east-central Texas.

June. Conversion
efficiencies
determined
from ash-free
energy values were slightly higher, but followed the same
trend as for actual energy values. The conversion efficiency
for the 1973 growing season was 0.34% for PAR and 0.16%
for SI. In 1974 it was 0.23% and 0.1 l%, respectively.
Discussion
Three basic methods are available for evaluation of primary production as a function of environment
(Sestak et al.
1971). These methods are: (1) photosynthetic
rate of individual leaves can be evaluated in terms of the immediate
environment;
(2) changes in primary production by periodic
harvests can be correlated with changes in the environment;
and (3) a single determination
of primary production
can
be correlated with changes in the environment.
This study
sought to correlate changes in primary production
of aerial
biomass with changes in environmental
parameters
in a
grassland
ecosystem of east-central
Texas. Efficiency of
this primary production
also was calculated from measurements of available solar energy and the resultant chemical
energy of the plant biomass produced.
Environmental
parameters measured during the growing
seasons of 1973 and 1974 exhibited cyclic patterns. Strong
patterns were evident for solar radiation,
air temperature,
and soil temperature
parameters.
The pattern was for
increasing values through spring with a plateau in summer
and decreasing values in fall. Weak cyclic patterns were
evident for relative humidity with high values generally in
spring and fall and low values in summer. Values for evaporation were inverse to relative humidity. The pattern for
wind was high values in spring and lower values throughout
the remainder of the growing season. Amounts of precipitation and the resultant influence on available soil water
and soil water deficit were the only parameters that exhibited appreciable
variation from the cyclic patterns.
Changes in precipitation
were correlated
with changes
in available soil water only when available soil water was
below maximum storage potential. Therefore, precipitation
was of marginal
value in predicting
changes in harvest
interval production
unless available soil water was known.
Available soil water has been reported as a good indicator
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of primary production
(Dahl 1963; Baier and Robertson
1968).
Patterns
of total biomass (aerial biomass and ground
litter) were similar for both growing seasons. Although
available soil water from growth initiation
to peak total
biomass was lower in 1974, a slightly higher peak occurred
than in 1973. This higher peak probably resulted from a
lower transfer rate of standing litter to ground litter and
ground litter to soil organic matter. Transfer rates appeared
more rapid with increased
precipitation.
Precipitation
mechanically
transfers standing litter to ground litter and
also improves
the environment
for detritus
breakdown
(McCalla 1944; Wiegert and Evans 1964).
Green biomass weight attained and maintained
a higher
peak during 1973 than 1974. This was related to the higher
available soil water and lower soil water deficit from April
to mid-June. Changes in green biomass weight were closely
correlated with cyclic changes in soil temperature.
In contrast, a linear combination
of monthly temperature,
relative
humidity,
and solar radiation
accounted
for over 77% of
the variation in green biomass, expressed as kcal m-2, in a
tropical
grassland
(Singh and Yadava
1974). Relative
changes in green biomass were similar to those reported by
Wiegert and Evans (1964) in an old-field ecosystem and
Singh and Yadava (1974) in a tropical grassland.
Percent composition
by weight of species and species
groups in the green biomass illustrated
seasonal changes.
Contribution
of dominant
grasses, such as splitbeard bluestem, little bluestem, and brownseed paspalum, alternated
within a growing season. Contributions
by little bluestem
and splitbeard
bluestem were largest early and late in the
growing seasons. Brownseed
paspalum
made the largest
contribution
during the middle. In contrast, panicums and
sedges occurred early in the growing seasons, while forbs
were important
during the middle. Interstitial grasses contributed about the same quantity throughout
the growing
seasons.
Net aerial production
followed similar trends in both
seasons. Phenological
events used to determine
harvest
dates occurred approximately
3 weeks earlier in 1974 than
in 1973. In both years production
from initiation to July 1
accounted for over 60% of the total. During this period in
1974, cumulative
soil water deficit was 3-fold higher than
in 1973 and production
decreased approximately
40 g m-2.
The longer summer dry period (1974) resulted in two little
bluestem phenological
events (soft dough and seed shatter)
to occur so rapidly that only one harvest could be made.
Production
during the 1973 summer dry period was slightly
higher than in 1974, probably due to more available soil
water.
In 1974, cumulative
soil water deficit was high during
the early growing season, resulting in summer dormancy of
some plants. Summer dormancy
was not apparent during
1973, and growth was continuous
throughout
the season.
Fall production
was approximately
3-fold greater in 1973
than 1974. This difference was due primarily to continued
growth of brownseed paspalum and forbs in 1973. In contrast, fall growth in 1974 was limited primarily
to tiller
initiation
by splitbeard
bluestem
and interstitial
grass
seedling establishment.
Production
appeared
to be governed, directly and indirectly,
by duration
of soil water
deficit. It may have been directly affected by reduction of
photosynthetic
rate (Levitt 1972). An indirect effect may
have been that carbohydrate
reserves were depleted during
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the longer summer drought
of 1974. Therefore,
in fall
1974 carbohydrate
storage might have taken priority over
aerial biomass production.
This trend has been noted in
other grass species by McCarty (1935).
to net aerial proEquations- relating the environment
duction indicated that some cyclic parameter, such as PAR,
must be included to account for the monomodal
pattern
of production.
Deviations
from this pattern were related
to soil water deficit: as it increased, production
decreased.
Net aerial production
was negatively related to available
soil water, indicating that it was utilized for growth. Production during mid-May appeared to be diminished
by
photosynthate
transfer
to underground
organs.
Smith
(1969) documented
this transfer by little bluestem in eastcentral Texas.
Production
and production
rate reacted similarly to the
environment.
The mean daily rate in 1973 was approximately 1.5 g m-2 da-i while in 1974 it was 1.1 g m-2 da-i. This
was comparable
to 1.8 g m-2 da-i observed by Kelly et al.
(1969) for an Andropogon
ecosystem in Tennessee. However, it was considerably
below the 6.0 g m-* da-i measured
in a tropical grassland (Singh and Yadava 1974).
The 1973 conversion
efficiency (0.34%) was approximately 1.5 fold greater than the 1974 (0.2370). This difference between the two growing seasons was greater than the
1.3 fold difference observed in net aerial production
and
was due primarily to the greater amount of solar energy
available during 1974. These conversion
efficiencies were
low when compared to a tropical grassland,
1.13% (Singh
and Yadava 1974) and an old-field, 1.10% (Golley 1960).
Conversion
efficiencies for individual
harvest intervals
indicated
the complex
plant-environment
relationship.
From growth initiation to full leaf expansion of dominant
grasses, conversion
efficiencies
were high and probably
more related to utilization
of carbohydrate
reserves than
the environment.
This was followed by a period (mid- to
late May) of low conversion
efficiency, reflecting photosynthate
transfer to below-ground
organs. Evidence for
this transfer was: (1) changes in green biomass and increments of production
were small, indicating
that photosynthates were either not produced or were transferred
to
below-grou nd organs; and (2) energy val ues of green biomass were low when compared to those of other ha rvest
intervals.
Vegetation
response was greatest in the time interval
between completion
of spring growth and the summer dry
period. During this period, conversion in 1973 (0.87%) was
1.5-fold greater than in 1974 (0.59%). This difference was
related to the greater soil water deficit in 1974. During a
comparable
period, Singh and Yadava (1974) reported a
conversion
efficiency of 2.0970 in a tropical grassland. The
remainder
of both growing seasons were characterized
by
decreasing conversion efficiencies.
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