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A REASSESSMENT OF USING 
LIGHT-SENSITIVE DIAZO PAPER 
FOR MEASURING INTEGRATED 
LIGHT IN THE FIELD 

Robert E. Bardon,' David W. Countryman,' and 
Richard B. Hall' 

In 1961, D. T C. Friend published a simple method 
that he recommended for measuring integrated light 
values in the field. The method calibrated light-sensi- 
tive diazo paper against a standard light-measuring de- 
vice. A stack of photosensitive Ozalid paper was ex- 
posed for daily periods, and the amount of light energy 
received was estimated from the number of layers of 
paper that were bleached after dry development with 
ammonia vapor. Friend's original work addressed the 
method for developing diazo paper into a light mea- 
suring device and some examples of its use. 

I Department of Forestry, Iowa State University, Ames, 
Iowa 50011 USA. 
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Since the introduction of this method to the ecolog- 
ical community, many people have used this apparently 
straightforward, simple technique to provide them with 
inexpensive, multiple-sample measurements of light in 
the field. It has been used to measure integrated light 
under different canopies and as an indicator of leaf area 
index. The electronic alternatives (e.g., a LI-COR 
Quantum or Line Sensor) are very expensive, and hence 
the diazo paper method became popular. The core as- 
sumption of this technique is that the number of diazo 
sheets exposed is a function of the total quantity of 
radiation seen (i.e., duration X intensity). 

The objective of this study was to determine if the 
amount of accumulated photosynthetic photon flux 
density (PPFD) measured with a light meter is highly 
correlated with the number of exposed sheets of diazo 
paper under a variety of conditions. 

Methods 

Stacks of diazo paper (200SE Ozalid paper made by 
Film Paper Corporation Company of America) were 
constructed into booklets containing 20 sheets. The 
booklets were placed in petri dishes, 35 X 10 mm, to 
protect them from moisture. A piece of sponge covered 
with black paper was placed in each dish so that, when 
a booklet was placed on top of the sponge and the lid 
replaced, the sensitive surface of the paper was held 
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FIG. 1. Data collected on 21 June 1993 resulted in linear 
relationships. (A) PPFD (mol/m2) = -36.83 + 10.47(layers 
of exposed diazo paper), (r2 = 0.73). (B) logo PPFD (mol/m2) 
= -3.29 + 0.72(layers of exposed diazo paper), (r2 = 0.92). 
(C) maximum instantaneous PPFD (molsm-2 s-') = 

-788.82 + 397.52(layers of exposed diazo paper), (r2 = 

0.94). 

flat against the inner surface of the lid. A piece of black 
paper with a central hole of =0.95 cm2, allowing light 
to reach the sensitive surface of the booklet, was placed 
inside the lid. The hole for exposing the paper was 
covered with black vinyl tape on the outside of the lid 
until exposure time. The construction of the booklets 
and the petri dishes was carried out in a photography 
darkroom and closely followed Friend's (1961) meth- 
od. Once the booklets and petri dishes were construct- 
ed, the petri dishes were stored in a dark, dry place 
until they were used in the field. 

To develop relationships between diazo paper and 
accumulated and maximum PPFD, 75 petri dishes and 
a LI-COR 190SA quantum sensor, with a LI-COR 1000 
data logger (LI-COR, Lincoln, Nebraska) were placed 
in full sunlight before 0800 on 21 June 1993. The sky 

was clear for the entire day. The dishes were protected 
from full sunlight preceding the exposure time by plac- 
ing black construction paper over the top of the dishes. 
All 75 dishes were exposed at 0800 by removing the 
black construction paper. Exposure was stopped on sep- 
arate sets of five dishes by sliding the black construc- 
tion paper back over the top of the dishes at 0801, 
0805,0810,0820, 0840,0900,1000,1100,1200,1300, 
1400, 1500, 1600, 1700, and 1800. As the dishes were 
removed, black vinyl tape was placed over the exposure 
hole on the outside of the lid, and the dishes were 
placed in a light-tight box until they were developed. 
Integrated PPFD readings were recorded every minute 
from 0800 to 1800 with the quantum sensor and data 
logger. The accumulated PPFD was calculated for each 
time interval that paper samples were exposed. 

To observe the rate of diazo paper exposure under 
constant light conditions, three sets of 36 petri dishes 
and a LI-COR 190SA quantum sensor with a LI-COR 
1000 data logger were placed in a growth chamber. 
Each set of 36 petri dishes was in place from 0800 until 
1600. The first set of 36 petri dishes was exposed to a 
constant irradiance of 870 Kmolm-2 s'l. The second 
set of 36 petri dishes was exposed to a constant irra- 
diance of 130 KMmolm-2 s'l. And the third set of 36 
petri dishes was exposed to a combination of two ir- 
radiances, 870 LmolJm-2-s-l from 0800 until 0930 and 
130 KMmolm-2 s'l from 0930 until 1600. The dishes 
were protected from light before their exposure time 
by placing black construction paper over the top of the 
dishes. Exposure was stopped on separate sets of three 
dishes by sliding black construction paper back over 
the top of the dishes at 0801, 0805, 0810, 0820, 0840, 
0900, 0930, 1000, 1100, 1230, 1400, and 1600. Light 
readings were recorded with the quantum sensor every 
minute from 0800 to 1600 to verify the light level. 

The booklets of diazo paper were developed within 
48 h of exposure to light by treating them with am- 
monia vapor in a plastic crisper (Friend 1961). In a 
room with low light levels, the booklets were placed 
in a wire basket suspended ;2.5 cm above the surface 
of -390 mL of concentrated ammonia hydroxide, 
which was added to the plastic crisper. Development 
time was 20-25 min. The number of layers in the book- 
let affected by light was determined by counting the 
number of bleached layers. 

Simple linear regression (SAS 1988) was used to 
develop linear relationships between the number of 
layers of exposed diazo paper and PPFD (mol/m2), 
logo0 of PPFD, and maximum instantaneous PPFD 
(,uMOI.m-2 sol). 

Results and Discussion 

There was a poor linear correlation between the num- 
ber of layers of exposed diazo paper and PPFD (r2 of 

This content downloaded from 152.1.72.6 on Thu, 3 Jul 2014 10:33:51 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


Apr000 t00 ff: ittl;g 1995 NOTES AND... COMMENTS 1015 
. .. ........ .......... 

ffA~lllt S: A : i~iR if ii~li~li.;100na<0000000: 0 t:0::0004:0000............ 
. ..... . .... . ................ ...... 

fr X 

x 
/ - + ^~~~~ 

870 tmol.m-2.s-1,te 

,; 2 - f ? -+~~~~~~~~a 130 Amol m~2.s1 

0- 

~ ~l c c 

Timne (min) 

FIG. 2. The number of layers of exposed paper at constant irradiance of 870 Wimol~m 2.s-, 130 Wimol-m 2.s-', and at 
a combination of 870 Wimol-m 2.s-1 (90 min) and 130 Wimolm m2-'. 

0.73, P < 0.0001, Fig. IA). Initially, small changes in 
PPFD resulted in large changes in the number of ex- 
posed sheets. Finally, a large change in PPFD resulted 
in the exposure of no additional layers of diazo paper. 
This later point was reached about noon and corre- 
sponded to the point of maximum PPFD. 

To compare with Friend's (1961) findings, log10 
transformation was performed on the PPFD data. The 
linear relationship between the number of layers of 
exposed diazo paper and loglo of PPFD (Fig. 1B) had 
an r2 of 0.92, P < 0.0001, which is consistent with 
previous research (Friend 1961, Del Rio and Berg 
1979, Steng et al. 1989, Oliver and Dolph 1992), and 
would seem to indicate that the diazo paper technique 
is a good predictor of accumulated PPFD. 

Further investigations were conducted to verify if 
Friend's method of using diazo paper ". . . is suitable 
for measuring integrated values of light energy under 
field conditions." (Friend 1961: 580). A linear rela- 
tionship was developed between the number of exposed 
layers of diazo paper and maximum instantaneous 
PPFD (Amol.m-2-s-') (Fig. IC). An r2 of 0.94, P < 

0.0001 indicates that a stronger relationship exists be- 
tween the number of layers of exposed diazo paper and 
maximum instantaneous PPFD than between the num- 
ber of layers of exposed diazo paper and accumulated 
PPFD (r2 = 0.73) or loglo of accumulated PPFD (r2 = 

0.92). 
An experiment conducted under controlled light 

conditions within a growth chamber suggests that the 
diazo paper is not measuring accumulated PPFD (Fig. 
2). The diazo paper seems to measure accumulated 
PPFD under constant irradiance (-870 imol m-2 s-' 

and 130 Fimol.m-2_S- l) because the number of exposed 
layers of paper continued to increase with time. How- 
ever, when the instantaneous PPFD was held at 870 
Fimol.m-2_s-l for the first 90 min and then reduced to 
130 Fimol.m-2 s-l from 90 to 480 min, the number of 
layers of exposed paper remained constant after the 
irradiance was reduced. This is consistent with the 
field observations of no additional layers of diazo pa- 
per being exposed after maximum irradiance was 
reached. If the diazo paper measured accumulated 
PPFD, then it would continue to have increased layers 
of exposed paper even though the irradiance had been 
reduced. The diazo paper seems to record irradiance 
at a slow rate, giving the impression that it is recording 
accumulated PPFD. 

Conclusion 

An inexpensive method of using diazo paper 
(200SE Ozalid paper) to measure accumulated PPFD 
was tested and a linear relationship was found con- 
sistent with previous research (Friend 1961, Del Rio 
and Berg 1979, Streng et al. 1989, Oliver and Dolph 
1992). But further investigation shows that a stronger 
linear relationship exists between the number of layers 
of exposed diazo paper and maximum instantaneous 
PPFD than exists between the number of layers of 
exposed diazo paper and accumulated PPFD or log10 
of accumulated PPFD. Under field conditions, being 
in full sunlight resulted in exposure of no additional 
layers of diazo paper after about noon. Diazo paper 
seems to record irradiance at a slow rate, giving the 
impression that it is recording accumulated PPFD. 
Thus, diazo paper should not be used to measure ac- 

This content downloaded from 152.1.72.6 on Thu, 3 Jul 2014 10:33:51 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


1.: :I. . I.: - .- :::::.::::::i:: :: : : : : : : :::::::::::::::::: :: : : : :::: ::::::::: :: i:: i:EE::::x :: ..:E:: : :: :::: - .: ........... ..... ...:EEEEiEiEE:::: EEEi :::::::::::: E;~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~..... .... :. ~ !!Eii Ei .......:E : . ..: .: 
...... 

i... 
. ........ 

i~~~~~~~~~iES~ ~ ~ ~~ ~~~~~: I., , 
:: ,ig: :. .................S::: 

|EE~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~........ 
......... .... .... ..... .....- 

..........E 

.. 

E ELg:E::i iEi ~~EEdEi 
...... ..... .. ... ..............igi 

cumulated PPFD under field conditions, especially for 
periods that include a significant amount of time after 
noon or under conditions with light flecks or varying 
irradiance. 

The diazo technique is far more sensitive to a pulse 
of maximum radiation (i.e., the maximum intensity) 
than the total radiation received. Because maximums 
are highly correlated with daily or integrated totals, in 
both open and shaded environments, results using diazo 
paper have largely gone unchallenged. The results of 
this paper provide us with a firmer understanding of 
this technique and, therefore, some potentially impor- 
tant limitations. 

Acknowledgments: Journal Paper Number J-15894 of 
the Iowa Agriculture and Home Economics Experiment 
Station, Ames, Iowa, Project Number 2172. 

Literature Cited 

Del Rio, E., and A. Berg. 1979. Specific leaf area of douglas- 
fir reproduction as affected by light and needle age. Forest 
Science 25(1):183-186. 

Friend, D. T. C. 1961. A simple method of measuring in- 
tegrated light values in the field. Ecology 42:577-580. 

Oliver, W. W., and K. L. Dolph. 1992. Mixed-conifer seed- 
ling growth varies. in response to overstory release. Forest 
Ecology and Management 48:179-183. 

SAS. 1988. SAS/STAT user's guide, Release 6.03 Edition. 
SAS Institute, Cary, North Carolina, USA. 

Streng, D. R., J. S. Glitzenstein, and P. A. Harcombe. 1989. 
Woody seedlings dynamics in an east Texas floodplain for- 
est. Ecological Monographs 59:177-204. 

Manuscript received 12 May 1994; 
revised 13 October 1994; 

accepted 14 October 1994. 

This content downloaded from 152.1.72.6 on Thu, 3 Jul 2014 10:33:51 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 1013
	p. 1014
	p. 1015
	p. 1016

	Issue Table of Contents
	Ecology, Vol. 76, No. 3 (Apr., 1995), pp. 677-1025
	Front Matter
	Predicting Methane Emission from Bryophyte Distribution in Northern Canadian Peatlands [pp.  677 - 693]
	Responses of Arctic Tundra to Experimental and Observed Changes in Climate [pp.  694 - 711]
	Foliar Nutrients During Long-Term Soil Development in Hawaiian Montane Rain Forest [pp.  712 - 720]
	Soil Organic Matter Dynamics Along Gradients in Temperature and Land Use on the Island of Hawaii [pp.  721 - 733]
	Effects of Late Holocene Forest Disturbance and Vegetation Change on Acidic Mud Pond, Maine, USA [pp.  734 - 746]
	The Relative Importance of Fuels and Weather on Fire Behavior in Subalpine Forests [pp.  747 - 762]
	Forest Reorganization: A Case Study in an Old-Growth Forest Catastrophic Blowdown [pp.  763 - 774]
	Sexual Dimorphism Masks Life History Trade-Offs in the Dioecious Plant Silene Latifolia [pp.  775 - 785]
	Invasibility of Experimental Habitat Islands in a California Winter Annual Grassland [pp.  786 - 794]
	Convariation of Spider Egg and Clutch Size: The Influence of Foraging and Parental Care [pp.  795 - 800]
	The Effects of Parasitoids on Sympatric Host Races of Rhagoletis Pomonella (Diptera: Tephritidae) [pp.  801 - 813]
	Effects of Supplemental Food on Population Dynamics of Cotton Rats, Sigmodon Hispidus [pp.  814 - 826]
	Habitat Fragmentation and Movements of Three Small Mammals (Sigmodon, Microtus, and Peromyscus) [pp.  827 - 839]
	Microtine Rodent Dynamics in Northern Europe: Parameterized Models for the Predator-Prey Interaction [pp.  840 - 850]
	Maternal Traits and Reproduction in Richardson's Ground Squirrels [pp.  851 - 862]
	Failure to Detect Senescence in Persistence of Some Grassland Rodents [pp.  863 - 870]
	Life History Consequences of Variation in Age of Primiparity in Bighorn Ewes [pp.  871 - 881]
	Population Consequences of Predation-Sensitive Foraging: The Serengeti Wildebeest [pp.  882 - 891]
	Food Caching By Willow and Crested Tits: A Test of Scatterhoarding Models [pp.  892 - 898]
	Dietary Protein and Energy as Determinants of Food Quality: Trophic Strategies Compared [pp.  899 - 907]
	Dispersal, Boundary Processes, and Trophic-Level Interactions in Streams Adjacent to Beaver Ponds [pp.  908 - 925]
	Predicting the Response of Populations to Environmental Change [pp.  926 - 941]
	Vertical Hydrologic Exchange and Ecosystem Metabolism in a Sonoran Desert Stream [pp.  942 - 952]
	The Ecology of Cooperation in Wasps: Causes and Consequences of Alternative Reproductive Decisions [pp.  953 - 967]
	Size-Specific Shelter Limitation in Stone Crabs: A Test of The Demographic Bottleneck Hypothesis [pp.  968 - 980]
	Developmental Plasticity in the Shell of the Queen Conch Strombus Gigas [pp.  981 - 994]
	Ratio-Dependent Predation: An Abstraction That Works [pp.  995 - 1004]
	Notes and Comments
	Detection of Delayed Density Dependence: Effects of Autocorrelation in an Exogenous Factor [pp.  1005 - 1008]
	Predator-Induced Diapause in Daphnia [pp.  1008 - 1013]
	A Reassessment of Using Light-Sensitive Diazo Paper For Measuring Integrated Light in the Field [pp.  1013 - 1016]

	Reviews
	American Molecular Naturalist [pp.  1017 - 1018]
	untitled [pp.  1018 - 1019]
	An Overview of Symbiosis [pp.  1019 - 1020]
	Ecology and Environmental Education [pp.  1020 - 1021]
	Dynamic Energy Budgets [pp.  1021 - 1022]
	Supplementary Course Reading? Australian Lizards or Darwin's Finches [pp.  1022 - 1023]
	Developing a Case Study Method for Conservation Biology [pp.  1023 - 1024]
	Books and Monographs Received Through November 1994 [p.  1025]

	Back Matter



