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ASSESSING SOURCES AND SINKS OF CARBON DIOXIDE 

IN A CORN CROP USING A MOMENTUM BALANCE APPROACH 

E. R. Lemon and J. L. Wright 

INTRODUCTION 

In two previous communications (Wright and Lemon 1966a, 1966b) an 

aerodynamic method was described for evaluating the source and sink 
distribution of carbon dioxide in plant communities. Some data were 
presented for a corn crop, giving quantitative information about 

photosynthetic fixation and respiration release cf carbon dioxide, layer 
by layer, within the crop. 

In the method, CO2 concentration profiles and windsneed measurements of 
the bulk air were made within and above the crop. The analysis of the 

windspeed measurements to calculate diffusivitv coefficients required 
tedious analysis of windspeed fluctuations and tne application of 
complicated statistical and mixing length theories. It is our purpose 

to present here a simpler method, reouiring vertical profiles of mean 

windspeed, vertical profiles of mean carbon dioxide concentration and 

representative vertical profiles of the foliage surface area density of 
the plant community, 

THEORY 

If one knows the vertical flux intensities of the C02 diffusion streams 

across two horizontal planes within a plant community, the difference be¬ 
tween the two intensities provides knowledge of the source strength 

(respiration) or sink strength (photosynthesis) of the layer of foliage 
between the two planes. The vertical flux intensity of C02 across each 
plane at height z above the ground is given by 

P * dC/dz £ 

where P is the flux intensity taken to be positive downwards in g/cm2/sec, 
Kc is the C02 diffusivity coefficient in cm2/9ec, dC/dz is the COo 

concentration gradient and C is the C02 density in the air in g/cm3. The 

gradient dC/dz is obtained by taking the slope of a mean CO2 concentration 

Pu°fji£rar the speclfled height z. It is in the evaluation of Kc wherein 
the difference lies between the previous reported method and the one 
reported here. The simpler one is called a momentum balance. 

Momentum is extracted out of the wind stream by niant surfaces. This is 

evident since air has mass and the wind velocity is slowed to zero as the 

ground is approached. Leaf-waving and stalk-bending are manifestations of 
the frictional drag ef the wind on foliage surfaces. The flux intensity of 

1 



the vertical exchange of horizontal momentum ou: of the wind stream is 
defined by a diffusion-like equation similar to the one for CO2: 

T * p K du/dz 
m [2] 

where t is the flux 
dynes/cm2; 0 is the 

intensity of momentum exchange at some plane z in 
density of the air (0.00118 g/cm^ at 25 C and 

1013 mb); is the diffusivity coefficient for momentum in cm2/sec; 
du/dz is the windspeed gradient or the slope of the mean windspeed profile 
at level z; and u Is the mean horizontal wind velocity in cm^/sec. 

In the application of the momentum balance method one assumes that ^ - 
Kc, while K., is determined from Equation [2] by evaluating t and du/oz 
at the appropriate level of z, 

For this, two measurements are required in the field; the distribution of 
foliage surface area of the plant community as a function of height and 

the mean windspeed profile for say 10 to 20 minutes, extending from the 

ground to well above the plant community. Figure 1 schematically Illustrates 
a generalized mean vindspeed profile and a foliage area density profile» 
The figure also illustrates the method of evaluating xz at a specific level 
z. First, an evaluation of Th at the top of the vegetation (which is the 
total flux intensity of momentum) is made from an analysis of the log dis¬ 
tribution of the wind velocity above the vegetation by 

ku 
-,2 

In (z - D)/z [3] 

where k is the von Karman constant (04), D is the community displacement 

parameter in cm and z0 is the roughness coefficient in cm. Second, tz is 
evaluated by "partitioning" the momentum with depth into the plant community 
to the specific level z by 

T 
Z 

T “ 
O 

T, - CD F u2 dz [A] 

where CD is the drag coefficient (dimensionless); F is the leaf or foliage 
area density, and h is the height of the community. The drag at the soil 

surface, tq, is considered to be negligible in dense plant communities, thus 
it is assumed that t0 - 0 

The diffusivity coefficient is finally evaluated once knowing rz, by taking 
the slope du/dz of the mean v'indspeed profile at the specific height z and 
solving for K^j in Equation [2]. 
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Equation uY c* ^ me^anics of evaluating the drag coefficient in 
j - * D* as W®11 3® the other parameters after alvino 

procedure for making the field measurements ' 88 he 

PROCEDURE 

on September r 5ê» í”rk ^me^lt0™'^1'“ 

rrt: pi™te/ír29-Lchu'otthrêohtthand ^ãz^tãr. r 

Per ecte.P the cro^ tAlT^Llï™ Pl““ 
amply supplied by favorable rains. All leaves wire «Mn , 
evidently q„lte ectlve photo.ynth«!^^'^^^:1 Í“e8— ““ 

fr Ma,uri"8 the “d th. 
except that 1» ÏI n!?1 8 H d ar® ldentical to those reported earlier 

only the meen velocity profile, 

iT^íií r,,urin8 tot*ii"d cup «voiuti»:. ;.,: .b'c:::"““” 
periods with cup anemometers (Thornthwaite Assoc ) k f C 
« the following height, .hove the gro“:* «5 SgS ^ ™ ’in * Cr0P 
height, h, was 285 cm. Mean windsnLti «iÍjm 5* 325 ' The crop 
integrating over the same 10-minute test peíiods\hrOP ^ determlned by 
traces obtained from the outputs of heated th^ th ^"tinuous recorder 
(Hastings-Ravdist) nlacad ^ thermocouple anemometers 
275, 225, 175, 125^75 cm. * 0ll°wln8 levels above the ground, 325, 

.empiing .„d .ne:;::::: ^t^or r"th* 
(Lemon, 1960), carbon dioxide nrnfn«. arlter« In the earliest work 

simultaneous!; sa¿pÍLf ^1°60 ab°V® th® Crop by 
Jingle hose openings as point sink« «\-th Plant8 at several levels using 
to obtain horizontal snaciaii < ^ * ®jCh level" No attempt was made 
were time integrated L mo« ¿^egrated sample, even though the samples 

the vegereted :Lo::'of S 7'"' "7/0"r,r"ln8 C02 “‘thin 
Integrated .ampllng procedure waa i.id In 19“b) ‘ »PodaUy 
.ample, were t^t.n In time .equ.„ce at the a:«^! i:í;.7!V,r;h*Ir 
and not .tmultaneou.ly, Ihu. the .«.pi., 0.y hav. b7 ‘ ‘ the 8rouad 

thelea. by th. fact that th. .«.pllng'tlme «L:!:,1 w'/' T‘~ 

C02 concentrólo» fl„c::.::o„ lól “Tlfr* ’b0:: 
studies, and b) relativ.lv y ®xPerienced in our cornfield 

C02 concentrationsc In order to avoid^he«0 th6 ?iurnal fluctuations in 

errors due to the time and space fluítuaíions^río118 th88^!1? samplln8 
sampling procedure was developed, ^' tbe Allowing 
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A series of perforated sampling hoses suspended horizontally and 

connected to the suction side of individual air pumps provided the means 

of spacially sampling the air at the various desired levels within and 

above the crop canopy. Continuous and simultaneous subsampling from the 
exhaust side of each pump into storage in 24-liter PVC beach balls 

provided a time integration over the 10-minute sampling periods 

Common PVC garden hose of 2 cm ID was used both for sampling and lead- 

hoses, A 7.5 meter section of hose with 01 cm diameter holes drilled 
every 15 cm acted as the horizontal spacial sampler at a given level 

each being connected to a 30-meter lead-in hose running downwind to ¡n 
instrument trailer where the pumps and analytical equipment were located, 
The 7,5 meter sampling hoses were suspended on a wire frame at right 

angles to the corn rows and prevailing wind. They were located at the 

following levels above the ground: 35, 95, 135, 165, 190, 225, 250, 280 
and 310 cm. The 225 cm sampling hose was positioned immediately above 

the upper large leaves of the canopy with topmost smaller leaves and corn 
tassels extending about another 50-60 cm above 

Experience has proven that a relatively high lead-in air flow rate is 

important when using plastic tubing because of diffusion of COo through 
the tubing walls if the lead-in is permitted to lie on the ground, Also 
the inevitable slow evolution of organic gases out of the hose wells 

contaminates the sample air to a serious degree if flow rates are too low 
and/or lead-in too long. Fortunately, PVC garden hose is convenient, 

inexpensive, relatively impervious to C02, and of sufficient diameter to 
easily incorporate an internal heater wire to prevent water vapor 

condensation, all in addition to permitting acceptable airflow rates with 
proper pumps, (We have found, however, that mice chew heated PVC hose 
during the cool seasons.) The lead-in hoses were connected to suction 

pumps each having a capacity of delivering 28 liters per minute. Thus 

satisfactory sample air can be continuously delivered with little delay. 

Mention has been made of preventing water vapor condensation in sample 
and lead-in hoses with internal heater wires. Two reasons are emphasized; 
a) condensed water absorbs and evolves C02, imparting historical effects 
on any given sample, and b) differential evaporation or condensation of 

water in the sampling hoses create wide difference in water vapor content 
in the air samples This causes serious analytical problems when using 

infrared analysis for C02, The fact is, that it is impossible for most 
commercial infrared C02 analyzers commonly used to completely discriminate 
between water vapor and C02, Thus water vapor acts, to some degree as 
C02, giving an erroneously high measurement for C02 For studies of the 
sort reported t.ore where small C02 gradients are measured, water vapor 

errors have to be reckoned with: Two alternatives are open, either remove 
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the water vapor from the sample air before analysis or correct the 

measvirements by knowing both instrument discrimination characteristics 
and water vapor content of the sample. In these studies the foímêr wL 
empioyed by absorbing the water vapor in magnesium perchlorate before 

lnt°'he aCOr*g‘ perchlorate 
a preferred absorber. (The same cannot be said for silJca gel because 

o aTv hi8t?rlC^ efffCta throu8h absorption and evolution of CO, 
to a given sample of air0' (See Tamm, Ec and Krzysch, G0 , 19590) 2 

avaimp^nH'1“^0^'111^/017 C°7" Since there were only six pumps 
available and nine sampling levels, cyclic sampling and analytical 

190Candr225WcmeweSedH ^ Í8’ 8ÍX samPlin8 levels. t»«. 35^ 95, 135, 165, 
190 ar»d 225 cm were first sampled simultaneously, the air being stored in 

fiÍstasix°sLÍÍes 8ubsequ*ntly analyzed° During the analysis of these 
28Û Ld íin P 8eC°? SerieS °f Slx levels, i.e. 165, 190, 225, 250 
280 and 310 cm were sampled, filling a second series of six balloons to ’ 

be subsequently analyzed. It was found convenient to make simultaneous 

eicí saeriesrorsix°s^eirnSi0f 1l0“'?lnute Period8 twlce each hour. Thus 
eacn series of six sampling levels for C02 was sampled once each hour 
and each series was sampled roughly 30 minutes apa?t? 

Upon filling a given series of six balloons, analyses immediately began 

This consisted of attaching two balloon, to individual aquaria pumpf 
whicn were matched to give equal flow rates into the twAellu of the 

to delive^air^t* ^8 contlnuoualy monitored and adjusted 
If rh. I / °ne llter Per rainute^ The outlets of the two cells 
sLíled^t ther225re atmosPherJc Pressure. The air that was 
filïed Jïh o? cm level was used as reference, thus the 225 cm balloon 
filled each given series provided reference air to the "reference" cell 
while each of the other 5 sampling level balloons in a given séries íís’ 
analyzed in turn by connection to the "sample" cell Durine t-h« an i * 
of ..ch of the 5 .«.pie. .8.lnst ^ 

pumps to the analyzer were reversed at leaât twice in effect 

checkSon8 8ahPle rd reference cells of the analyzer, ibis providad‘a 7 
zerí ea ^1317318 and 8erved to note any possible shift in instrument 

The instrument used for the differential analyses is a spaciallv desiened 

Other detailsaofatîe f 1 ^°5 PPm WÍth 3 8en8itivity °f + 02 ppra„ 
1966M ? îfu Î 6 lnstrument are reported elsewhere (Weight and Lemon 
1966b). Calibration of this instrument and also another unit used to ’ 

Paan.\Cleabs8^U5:rdCOgn:::stratp:rLfnL°2h:saSsh^^ 
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During the period of experiment reported here, air from the 225 cm 
level was continuously monitored for absolute concentrations of 

carbon dioxide This enabled the expression of all profiles on an 
absolute basis 

Since the present study concerns the vertical distribution of activity 
within the canopy, emphasis is given to those series of samplings 

that provide complete profiles within the canopy Inspection of 
Figure 2 reveals, however, the inclusion of one profile above the 
canopy purely for interest^ One can also notice that experimental 
points have been plotted at the 310 cm level for many of the "within 
canopy profileso" These 310 cm points are to be viewed with caution, 
however, since they were obtained 30 minutes following the Indicated 
time when the "within canopy' profiles were taken, Invariably the 
"above canopy" 310 cm point fell to the right of the extrapolated 

profile line in the morning and to the left in the afternoon as one 
would predict They are only included here as a guide and do not 
affect the "within canopy' profiles or subsequent calculations 

4 Leaf area density measurements , The surface area of leaves and 
stalks in 50 cm height increments was measured on each of twenty 

representative individual plants giving a total of 20 area measure- 
ments for each of five height increments The surface area of stalk and 
tassel in the 6th or uppermost height increment was also estimated, 

The 20 plants chosen for area measurements were individually selected on 
the basis of height and stem diameter, being "mean" or "standard" plants 
chosen out of the large population The leaf area was derermlned on a 
one-side basis by measuring length and width and multiplying by the 

factor 0,75 and estimating what part of each leaf fell within the specific 
50 cm increments Stalk area was estimated from stem diameters and 
treating them as cylinders 

Knowing the mean leaf area (one side) and mean stem area per plant 
within each 50 cm Inclement we plotted the sum of these for each 

Increment on a cumulative basis from the top of the crop downwards A 
smooth curve was then constructed through the points From this cumula¬ 
tive curve and the population density It was possible to construct a 
representative foliage area density profile as found in Figures 3 and k 

5c Data analysis Experience has indicated that more representative 
wind profiles can be obtained by combining numerous short-time 

profiles For this reason all the wind profiles taken during the day 
were combined In a normalizing procedure Figure 4 presents the 
mean normalized procedure 
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A systematic computer analysis of several hundred log wind profiles 
taken throughout the growing seaon in 1961 over a similar corn crop at 
the Ellis Hollow site provides us with good representative values for 

the log profile wind parameters required in Equation [3], The plant community 
disr acement parameter D, turns out to be 140 cm and the roughness 

coefficient z0 is 15 cm. Experience has also indicated that Equation [3] 
does not have to be corrected for non-isc hemal conditions when soil 
moisture is plentiful. 

We now need to return to the problem of determining the diffusivitv 

coefficient Kjjj, from the momentum balance. We have made the assumption 
that all of the momentum extracted from the wind stream is related to the 
foliage area and that the soil surface plays a negligible role in dense 

vegetation. Thus the total momentum or shear, t^, can be defined by: 

h 

T [5] h 

Now we have to make another assumption. In order to provide an estimation 
of the drag coefficient, Cq, we have to assume that it is a constant, 
independent of depth into the vegetation and independent of windspeed. It 
can be evaluated from 

C 
D h 

F u2 dz 
0 

if one knows the total drag Th, the leaf area density, F, distribution with 

height and the mean windspeed, u, distribution with height. CD is thus a 
mean drag coefficient for whole crop. It is truly a plant community 
physical parameter, characterizing the community's ability to extract 
momentum out of the air stream. 

It was mentioned earlier that the total drag Th is evaluated from Equation 
[3]. The integration required in the denominator of Equation [6] can be 
graphically performed by determining the area under the curve constructed 
from the product of F u^ in its distribution in height from z - 0 to 

z - h, Figure 3 gives the results; it really represents the distribution 
of drag in the corn crop. 

Through successive analysis of many levels of z, now having evaluated Cr,, 
a vertical distribution of momentum flux intensities, rz, can be evaluated 
from Equation [4], In turn, vertical profiles of the diffuslvity 
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coefficient, Km, can be constructed from Equation [2] or 

(ye) - CD f F u dz 

m du/dz du/dz [7] 

Figure 5 presents the mean normalized profile of the diffusivity 
coefficient distribution with height for the day. The absolute 

Ïüiüîî/V116 t0? °l the coamunlt:y <Kz/Kh ■ 10) are given for the 
specific hours of the day in tabular form in the figure It should be 
pointed °ut that these values are five orders of magnitude larger than 
molecular diffusivity values in air- Even near the base of the corn 
crop the values are three orders greater than molecular values Thus 
turbulence must be the chief means of gaseous transfer even at the 
base of plant communities It should also be pointed out that 

°í ?íffu8lvlty Wlth depth lnto the can°Py 1® almost linear 
to more than half way to the ground on a semi-log plot 

With the assumption that ^ - Kc we are now ready to utilize gradients, 
dC/dz, from the C02 profiles in Figure 2, to calculate CO, flux 
intensities, Pt of several levels of z from Equation [1], The results 
are presented in Figure 6 

Ií?rr<\6 Pre88nts the quantitative strength of the upward and downward 
diffusion streams of carbon dioxide Positive values on the left-hand 

fí8Ure lndlcate dotard diffusion- Negative values indicat 
upward diffusion on the right of the zero axis It can be noted here 
that there was very little C02 coming from the soil Returning to 

Ik Ure4i Can be Seen that there was very Uttle increase in CO, as 
Irt ñ0lJ Í8 approached More sampling points very near the soil surface 
are needed however, to clarify this point In any event an increase in 
C02 upward flux intensity coming up into the canopy is evidence that 
the lower portion of the canopy was respiring At the level where there 

hñureífh?h a decrease or increase in upward flux, depending upon the 
hour of the day, the leaves were at the light compensation point at 
this position of the canopy Above this level the upward flux decreases 
since photosynthesis is taking C02 out of the air A level is soon ' 
reached where no longer Is the C02 diffusing upward but necessarily CO, 
is diffusing downward from the atmosphere It is rather interesting to 
realize that the C02 that is respired from the ground and the lowe/ 
portions of a canopy may be reabsorbed in the upper photosynthesizing 
portions during the day The 1755 hour profile indicates that 
reabsorption was not quite complete since there was an upward flux 
throughout the whole profile 
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dL.rgí"L SromeTor P ln Fl8üre 6 one ca" flux 
Fix'™ 7 urmí, e Slnk P”“!“ of carbon dioxida 
left-hand Hd f T' r*Presentbtlve profiles of this nature The 

ï"^:“î°rl tïï: ÍE"T":!í-Sp»- 

level, while »■»l■'v«.^hotoSy„“;:.Uûr^SP‘e^.a“:Lf:uBa',ïeaar^^eyandean^,UPn Par 

distribution in the canopy in the 03 to 0 7 ^6^630 radiation 

(visible or "photosynthetlcally active'' radUtZ) T ' 
one is able to obtain bn<-h radiation) From their work 

(absorbed light) distributions wir^heieht1^6^1'1168 and flUX dlver8ence 
lete^photoefficiencv curvirr-n Í 8 " the Can°Py Froin the 
divergence for ^ ^ constructed knowing both the flux 

tive efficiency ^curves «e p el^LT* ^ Tw° midday -presenta- 
noon (1210 EST) about equally On theV1?1^8 k B°th bracket local radian«« e-u au"u'- equally On the basis of absorbed visible 

18% in th¡ region^rmaximí^leaf °f ^ Can°py falls between 12% and 
both above and below this region d*n8lty Efflciency drops off 
relation in the top portion of the peculatl°" ab°ut unfavorable water 

might give explanation to the loïer iffície^c^of^he^*6 aftern00n 
the 1358 curve compared to the 0955 curve PPer portlon8 of 

UgÍrinte'ÍIt^'^^^rLrieT^e"0 1Ct U8 ^ l0°k at 8-a 
are plotted CO2 exchange rites fand Ín FÍf?Ure 9 Here 
basis as a functioí oi Hair i ^nd energy equivalence) on a leaf area 

0-3 to 0 7 wavelength íntervaH flUX ÍntenSÍty ln the 
different leaf level for thp hn ifP° nt r,lot!;ed resPtesents a 

level of 225 cm thß C°P l6af 
downwards in 25 cm increments with decreasing Habí w Proceedin8 
the lower points are plotted for the 0^55 and 75W ntenS^y Not a11 
several interesting observations to be mL Î f , There arC 
at any given hour follow the saL 7 apparently all leaves 
position in the canonv at lea«t k 8ht .1681501186 curv« no matter their 

light response curveare re“ LlrUnea/TíZ1™ P°lnt' b) the 
from some light response curves of Individual ^0'°° dlCUr™ 

cane c) the light compensation point Is dlr“ctiv re 1ar ^ °r Su8ar 
to the level of tota, Photosynthei,c‘Z’v^’ZL”^pY" dYhY 



respiration rate is very low and curiously becomes rather constant once 
the compensation point is rea-hed It appears to be rather insensitive 
to temperature since the temperature ranged from: 148C at 0755- 19°c at 
0955; 23°C at 1358; and 19°C at 1755 hours. 

Turning back to the differences noted in Figure 8, it can be seen in 
Figure 9 that the light response curves for both the 0955 and 1358 hours 
are alike except for the upper two or three leaf levels at the top of the 
canopy - As mentioned above, the 1358 upper leaves might have been under 
water stress^ Evidently the gross differences in the two curves in 
Figure 8 can be fully explained on the basis of a greater radiation flux 
at 1358. The incident visible radiation flux intensity at the top of 
the crop was 0 51 cal/cm^/min at 1358 and 0,45 cal/cm'’/min at 0955, 

On the basis of visible light intensity, the slope of the 0955 and 1358 
curves in Figure 9 yields a photo-efficiency of 7.3%: The other two 
yield efficiencies greater than 25% during periods of low radiation. 

In summary, it should be pointed out that despite the assumptions required 
in the momentum balance,the end results seem quite reasonable This may 
be blind luck in the choice of corn. Several reasons can be given as to 
why com might be a lucky choice: 1) first and foremost, com is a 
relatively open and uniform system: (Several subsequent points arise 
from these conditions) 2) Open structure prevents development of large 
gradients in the climatic elements. These include light, wind, temperature, 
water vapor and carbon dioxide T’^us corn leaves in different portions 
of the canopy are not exposed to as wide a variation in climate as leaves 
in a compact system such as clover. This prevents, for example, wide 
respiration differences due to wide temperature difference This also 
prevents disease due to wide variation in humidity 3) Good wind flow 
characteristics in corn may favor a high Reynolds number so that the 
assumption of constant drag coefficient is more realistic than in a 
compact system: 4) Forced convection in an open system makes more 
realistic the assumption that ” Kc where "free" convection is probably 
not as important to diffusion as in a compact system 

Probably the energy balance method of determining the diffusivity 
coefficient is more correct in compact communities, while the momentum 
balance method is more applicable to open canopies under good wind 
conditions. 
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Fig. !• Schematic representation of momentum balance 
component measurements in a plan;, community. Profiles 
of leaf surface density (F) and «man wind velocity (0) 
are illustrated. Total drag at the top of the 
community is indicated by (i^) and drag of the canopy 
layer from z to h is indicated by (tz) at level z. The 
drag coefficient is defined as (C;. Other symbols are 
as found in the text. 
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Fig. 3. Leaf area density profile (F ) and drag distribution 

«W Fx) in • cornfield. ElliszHollow, N. Y. 
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Fig. A. Leaf area density profile (Fz) and mean wind 
velocity (0) profile In a cornfield. Wind velocity 
profile la normalized and represents a mean of all 
profiles taken during the day, September 11, 1963, 
Ellis Hollow, N. Y. The slope of the profile at a 
given level z Is Indicated by du/dz and dashed line. 
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*lg. 5. Normalized profile of diffuslvity coefficient (K ) 
representing the mean of all profiles taken during the( z> 
day in a cornfield, Ellis Hollow, N. Y 
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Fig. 6. C02 flux (F) profiles in a cornfield as indicated 
bv hour at the top of each profile. Negative flux indicates 
CO2 movement upward and positive flux indicates CO2 downward 

movement, Ellis Hollow, N. Y. 
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Fig. 7. Source and sink intensity distribution of CO? (OP) and 
photochemical energy (A )P) for indicated time in a corn crop. 
Negative values signifv net respiration and positive values 
net photosynthesis. Ellis Hollow, 0. Y. ’ 
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Fig. 8. Efficiency profiles (AQP/QI) of photochemical energy equivalence 
per unit of absorbed radiation (0.3-0.7u wave length) in a cornfield at 
Indicated hours. Leaf area density (F ) profile presented for reference. 
Positive efficiency Is for net photosynthesis and negative efficiency 
Is for net respiration. 
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Fig. 9. Light response curves for com plant community as Indicated by 
hour. Radiat.'on flux is incident Intensity (0.3-0.7u wave length). 
Photosynthesis and respiration expressed on a leaf area basis as CO2 
exchange or energy equivalence. Each point at a given hour represents 
a given leaf level in the canopy beginning with the top leaves at 
225 cm at the highest radiation intensity and progressing downwards into 
the canopy in 25 cm Increments with decreasing radiation. Not all 1755 
and 0755 points near the bottom of the canopy are plotted. Each point 
is the "mean" response of all leaves at a given level. Ellis Hollow, N.Y. 
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