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three plots. These same six leaves were measured for all
data collected on 26 July, with six different leaves meas-
ured on 27 July. Incoming level of PPFD was varied by use
of layered cheese cloth, with zero, one, two, four, and eight
layers used for the first through fifth set of measurements,
respectively. The rainout shelter was closed for the sixth
set of measurements (PPFD = 0). Approximately 30 min
elapsed between a change in light level by adding cheese
cloth and making a set of measurements. An individual leaf
measurement required approximately 20 s. Humidity
within the leaf chamber was maintained at a nearly con-
stant level by controlling the flow rate of dry air into the
chamber. The results from the six leaves measured at each
light level were averaged to give single values for CER,
transpiration, and PPFD.

For the measurements made on 2 Augustand 17 August,
data were collected at four times between 0900 and 1830
MDT (approximately 3 h between measurement sets), with
PPFD levels changing in response to changes in solar
elevation angle. Again, only recently fully expanded, up-
per-canopy leaves, fully exposed to the sun were measured,
with six measurements made in each of the three plots. The
six measurements from each plot at each sampling time
were averaged to give one value each of CER, transpira-
tion, and PPFD for each plot at each measurement time. In
total, 144 measurements of CER and transpiration were
taken over the four measurement days, with data averaged
by similar light level to give a final data set of 33 points to
be used in determination of prediction equations.

A function with the form:

X =(a+bQ)*(d+eT+T?) 1)

was fit to the combined data from all four data sets, where
X is either CER (mg/m?/s) or transpiration (mg/m?%/s); Q is
PPFD (umol/m?/s); T is temperature (C); and a, b, ¢, d, e,
and f are curve-fitting constants derived by the iterative
curve fitting program in the graphics software package
SigmaPlot 5.07. This equation form was chosen because of
its simplicity, the general power function shape of the
photosynthesis-light response, and evidence in previous
research (2) that temperature response has a second order
polynomial form. Air temperature was measured with an
aspirated psychrometer before each set of six leaf meas-
urements on all four sampling dates.

7Jandel Scientific, San Rafael, CA.

Volume 8, Issue 2 (April-June) 1994

RESULTS AND DISCUSSION

Figure 1 shows the response of redroot pigweed CER
and transpiration to changes in PPFD at four ambient
temperatures as predicted by equation 1 with the coeffi-
cients given in Table 3. Table 3 also gives the coefficient
of determination (r?) values as computed by the SigmaPlot
transform for computing r? for non-linear curve fits (8).
The model fit the CER data best (12 = 0.92), with lower r?
values for the transpiration data. As a further determination
of how well the model fit the data, the measured CER and
transpiration values are plotted against the values predicted
by equation 1 (Figure 2). The models appear to do well for
all data sets with the exception of the transpiration data
collected on 26 July. Somewhat drier atmospheric condi-
tions occurred on that date than on subsequent days, and
perhaps these conditions had an effect on both transpiration
and stomatal conductance, as noted by El-Sharkawy et al.
(4) who_observed stomatal closure in 19 different warm
climate species as vapor pressure deficit (VPD) increased.
The consistent performance of the model in accurately
predicting CER over four dates indicates that leaf age was
a factor that did not need to be accounted for in the model,
as a result of our measuring only recently fully expanded
leaves.
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Figure 1. Effect of photosynthetic photon flux density and temperature on A)
carbon exchange rate and B) transpiration of redroot pigweed as predicted by
equation | with constants given in Table 3 (VPD is not held constant, but changes
with ambient temperature).
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Table 3. Curve-fitting constants and coefficient of determination (r%) for equation 1 relating redroot pigweed leaf photosynthesis and transpiration to photosynthetic

photon flux density and temperature.

X a b c d e f ?
CER -0.1423 0.0265 06054 1.273 -0.0678 0.0018 0.92
Transpiration 8.013 0.0428 0.7829 -3.104 0.1066 0.0089 0.80

Equation 1 predicts CER close to values obtained by
Singh et al. (10) up to PPFD levels of about 1500
pumol/m?/s. As PPFD increases above this level, CER from
equation 1 becomes increasingly greater than observed by
Singh et al. (10), e.g., CER at 1925 umol/m?/s is 1.73
mg/m?s for the Singh et al. (10) data and 2.09 mg/m?'s for
equation 1 data at 30 C. The Patterson (9) CER data are
likewise lower than CER from equation 1 at all levels of
PPFD, with the largest difference occurring at PPFD of
1925 pmol/m?%/s where CER is 0.89 and 1.81 mg/m?s for
the Patterson (9) and equation 1 data, respectively, at 25 C.
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Figure 2. Comparison of field-measured A) carbon exchange rate and B) tran-
spiration of redroot pigweed to vaiues predicted by equation 1 with constants
given in Table 3.
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The differences in CER could be associated with species
differences in photosynthetic capacity, i.e., Patterson (9)
studied smooth pigweed, and Singh et al. (10) and equation
1 provide results for redroot pigweed. Another likely ex-
planation for the differences is the observation that redroot
pigweed grown under low PPFD had lower maximum
photosynthesis rates than plants grown under high PPFD
when both were exposed to similar high PPFD (10). The
plants measured in our study were grown and measured
under the consistently high PPFD conditions found in the
field in the central Great Plains during the summer (daily
maximum PPFD from 2 June to 21 July averaged 1805
pmol/m?/s). The Singh et al. (10) plants, on the other hand,
were field-grown under the more humid and cloudier en-
vironment of Illinois, and measurements of CER were
made under artificial light conditions in the laboratory.
Likewise, the Patterson (9) plants were grown in a control-
led-environment greenhouse receiving natural light in the
cloudier environment of North Carolina. Also, Patterson
(9) measured whole-plant CER which generally will be
lower than CER from individual, fully sunlit, upper-can-
opy leaves.

The temperature response of CER predicted by equation
1 is different than reported by Chu et al. (2) and Patterson
(9), probably because of the more limited range of tem-
perature data (Table 2) encountered in the present study.
We did not detect CER decreases as temperature rose
above 30 C. Equation 1 predicts CER values of 1.46 and
2.29 mg/m%s at 25 and 35 C, respectively, and 1500
pwmol/m?/s.

Kropff and Lotz (7) noted that water use predicted by
their crop/weed model was controlled by plant transpira-
tion rates, which was driven by absorbed amount of radia-
tion and vapor pressure deficit (VPD)* (VPD is strongly
dependent on temperature). Equation 1 predicts similar
dependencies of redroot pigweed transpiration on PPFD
and temperature (Figure 1B). As temperature rises, the
response of transpiration to a given change in PPFD in-
creases. For example, increasing PPFD from 500 to 1500
pmol/m?/s at 25 C increases transpiration rate from 70 to
108 mg/m?/s. At 35 C the same change in PPFD increases
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transpiration rate from 156 to 244 mg/m?/s. These predic-
tions are based on data in which VPD was not held con-
stant, but changed with ambient temperature.

Equation 1 and the coefficients presented in Table 3
provide valuable information regarding the interacting in-
fluences of temperature and PPFD on CER and transpira-
tion of redroot pigweed that can be used in models of weed
growth and competition. This kind of data is essential for
developing and validating simulation models of weed
growth. Differences between species in equation coeffi-
cients, and therefore in plant response to temperature and
light conditions, can be important clues as to which species
will be more competitive under specific conditions.
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