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' ABSTRACT

Transpiration rates of lobiolly pine (Rinus taede L,) and sweetzunm

(Liguidambar styraciflua L.) were measured at two different atmoupheric

-

‘water vapor pressure deficius (V.P.D.) in a controlled eaviromment growth ’

chamber using tritiated water as a tracer. The trees were maintained in
a sealed plant bed containing a hydroponic nutrient solution Into which
labeled water (spike) was introduced. Samples of leaves, chamber air, spiked

nutrient solution and control water were assayed for ratio=-activity using

liquid scintillation techniques to determine tramspiration rates. The ° i

.
’

transpiration rate of sweetgum in ml./hr./zm. (4.95) was found o be 5 times
greater than that of loblolly pine (1.03) at 1.84 V.P.D, and € times greater
at 6.74 V.P.D. (15.99 for sweetgum vs. 2.19 for pine). Transpiraticn (based

- . o . . P s .
on measurements of leaf radioactivity) in both species rose wﬂﬁnylncreaszng

deficit; however syeetgum‘increésed its output by 3 times while pine only
. >

doubled its rate.. Cyclical changes in transpiration rates were noted in both =

species; the sweetgum cycle required a 6 hour interval whereas the pine cycle '

.

required a 9 hour interval.
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. INTRODUCTION

Many actempts have been made to obtain accurate measurcnents ¢

i8]

L3 1

[ 3

he

transpiration rates. Some of the earliest laboratory tecnniques in=-
cluded potometers, potted plant or gravimetric method;, cleosed container
and cuvette methods (Salisbury and ﬁoss, 1969). One 5% the first field
studies was conducted by Thornthwéi:e (1951) whe utilized the vapor zethod
and evapotranspirometer. Other field measurements included the tent meth-

od, lysimeters and detached leaf method (Salisbury and Ross, 1969). Most

laboratory and field methods attempted to utilize a plant cut o

[

rh

its en-
vironment and,'consequantlyy were subject to errors of intarpretaticﬁ due
to disturbance of the entire plant or one of its parts. The study oi tran=-
spiration in trees has presented even greater difiiculcies anc littie
reséarch has been done on this subject. Musin (1969), Pautove (1971) and
Penska (1971) utilized methods similar to those described above to measure

transpiration in trees under field conditions. Ito (1970) was the first to

use the controlled conditions of a plant growth chamber to study the el

rh

ect

of various environmenta]l factors on transpiration rates using Pinus censi-

]

flora and P. thunbergii.

A significant advance in technique was made by Woods and O'Neal (1985)
A who used tritiated water as a tracer. Following the introduction of 3,0
into the soil of a North Carolina forest tract, water transpired by the

trees was collected in polyethylene bth‘placed over the branches. Labele

fi.

, water content was used to determine transpiration rates. Difficulties arose,

DR th§Vep, w@é;“pem?eréture increases in‘the‘collecting,bags iatroducad errors
'£§é§ by'moéffjing'éh? t%aégpiratiqn rates. Kline gEHQL.V (1970) {urther ?dvancéd,,
' :ins‘,':hc‘mcchod by injccting tritiated water directly into the trunks of some
) ;
éﬁﬁv troplcal trces and measuring thg aetivicy levels in the lcafhwa:er. Xiline
RO

‘et al. (1972) used this came technique in succeeding experiments in attempes

o BN .
- “ . o -
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.exposad toithe atmosphere of the chamber. The door of the growth chamber .

was modified by installation of a window and a pair of access ports fitted

with rubber gloves. The window was designed so as to be opened from cilther

X

side. Thus, the investigator could remcve samples from the chamber environ-

ment without disrupting the chamber atmosphere. The door and window were

¢

! then sealed, using RTVR'sealan:. Sample collection began at 1500 hours on
N

the first day of the sweetgum study and 1200 hours on the first day oi the

pine study and continued at 3 hour intervals for a period of 438 hours. Sam-

3

P ples of chamber air, leaves, nutrient solution, control bed water were coilected.
Approximately 7.2 cubic feet/minute of chamber air was drawn out for a period
of 8 minutes by a vacuum pump which led to a series of 3 Bechman Valiue Viais™

in a éry ice and acetone bath. All samples were duplicated and anaiyze

N,
rh
O
"

as

activity using liquid seintillation technigues.

Aliquots of 0.5 mls of nutrient solution, coantrol bed water and chamber

o

\ atmospheric samples were mixad with 10 mls of Amersham-Searle PCS® cocktail.

Leaf samples, (0.1 gm for sweetgum and 0.05 gm for pine), were ground, cigested

+

_ with 50 ul of cellulase solution and quick frozen and thawed several times to

disrupt the cell walls. Subsequently, they were thawed and treated with 2

\

Y. mls of Amersham-Searle NCSR’tissue solubilizer and held at 45°C for at least

L

45 minutes to complete digestion. Sample preparation was conmpleted with the
y addicion of 10 mls of PCSRJ Activity was measured with a Beckman LS 250K
ed

iiquid scintillaticn detector using a wide window tritium isoset and programm

for 17 error. Each sample was counted at least 6 times to reduce errors frow

.

g?é: 'themoiumincscence and color dﬁencb. ‘

- ’ ' ' .
-g%é% ‘;aTyo s?ccific égﬁs,of eﬁviroﬂmenpal‘conditionsfweré used to studly trans-
Eg g p'\ira.t.iolr} 6:‘, each-of;:he 2 tfee species, namely, a vapor pressure deficit
Eé - of 18t’+mm lg. and a vapor pressure deficit of 6.74 mm Hg. Chamber condizions
g%gg ‘ for the 1.84 V.P.D. expcrimenﬁ were 70°T and 90%RH while the 6.74 V.?;D,“cx-

, ‘periment utilized a temperature of 77 I and a relative humidity of 764

'
~
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t conditions correspoad to a typiczl June day

2

o i A® .4 " K i,
for Norfolx, Virginlia, the

oy

[

&5y

second, to a typical July day at this same location (U.S.N.C.A.A., 30 year

average). In each insctance, the plants were subjected to a comstant illu-

minatdon of about 1310 foot candles from both flourescent and incandescent

sources.

A 3 level nested analysis of varlaﬂce was donc to determine the dif=-
o

ference becween transpiration rates in the 2 species and the 2 sets of

¢l

avironmental conditions. A single a priori test was made which compared
the speeles to one another, Transpiration rates were calculated for sweet-
gum and loblolly pine under the controlled conditions, adjusted Zor the

¢ifference in the size of the coriginal PZO spike.
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. RESULTS

» P

Mutrient solurions exhidbited decreased radiocactivity with tinme in
all cases (Fig.2). Activity declined more rapidly during the sweetzun

studies than during the pine studies.

oA - - om

Control bed water increased in activicy in 21l cases (Fig. 3). How=-
ever, sweetgum controls increased more rapidly than pine controls,
Alr tritium levels fluctuated greatly in all studies (Fig. 4. 1In

the sweetgum experiment at 1.84 V.P.D., air tritium concentratiocns exni-

bited a high initial value of 2.46 x 1073 uCi/ml, but cthis decrecased

e

©

”

most 807% in the following 6 hours to 5 x IO-Q'UCi/ml. Subsequently, air

s ) - . ifisa s "
activity generally leveled off and then began to exhibit a series o

th
Y]
®
™M
EX

increases at 6 hour intervals. A similar but more stromgly defined & hour

cycle of peaks appeared when the chambar environmment was held at 6.74 V42.D.

during the sweetgum experiment after an initial erratic period (Fiz. 5b).

In :he-pinekscudies at 1.84 and 6.74 V.P.D. air tritium levels initially

rose, dropped precipitously, and then increased erratically throughout the.

“remainder of the experiment (Fig. Sé-di. No evidence of a cycie was apparent,

. -

Sweetgum leaves from trees at 1.84 V.P.D. contained varying amounts of

s

“:iiiiﬁi.tb to .5?7'uai/gﬁ)~(Fié.v5a).” Leaves from trees at 6.74 V.P.D. con=

tained tritium concentrations 3 times greater than those from trees held'at

1.84 V.P.D. (Fig. Sb).r A cYclic'pattern became noticeable toward the end

[ » .

of this study. A set of peaks and troughs with the same & hour pattern &s

. that observed in the chamber atmosphere also appeared.

h'Pﬂine needles from trees held at 1.84 and 6.74 Q.P.D. both revealed a

9 héurﬁcydle'oé ?eag retention of 3H20, in contrast to the absanée of a’
éyéiiétpaéfééﬁuih‘cﬁe'éﬁéﬁﬁéfwéiQI “Tritium levels in the pine needles

v ” : .

appeared to.reach their greatest concentrations ‘every 9 hours in trees held
Two'éf'ﬁhe peaks occurred simul=

“at elther of the 2 chamber conditions.

*
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.¢ase of the sweetgum trees, vrates at the 6.74 V.7.D. were

taneously in both pinc experiments (at 1200 and 0600 hourz).

\

A :hree level nested analysis of variance of these data showed that
b

there was a highly significanc differencc benween the two specics an the

957% level as did an a pr&ori test at the,JO/ level (Tacle 1), It a.sc

revealaed a highly signiiican: difference between the two sets of environ=-

mcnﬁal conditions. The final T test showed that there was £0 signiiican:

difierence in sémple preparation at the 957 level.

Transplrntion,tates were calculated for each species under the con-

tissce

rh

trolled conditions, based upon the amount of water present ia lea:
(Table 2). It'was found that the transpiration rate of sweetgum was 5 times

greater than that of pine at 1.84 V.P.D. and 8 times greater at €.74 v.?2.D.

Transpiration rates for both spacies increased at the higher V.2.0. In the
P :

L

tizies greater
than at 1.84 V.P.D. while pine rates were twicejas high at 6.74 as at 1.84
V.P.Q.

It must be noted that the 1.84 V.P.Dtnpine experiment was nor carried
th:gugh checéame length of time as the others even though there were 16
sanpling values. After the ini:ial 36 hours, the experiment was nalted for

a period of 39 hours and then resumed for an additional 12 hours
* DISCUSSION

Transpiration rates were found to vary between species; these: rates

ware also foupd to increase in response to the greater environmental stress

iupOSEd upon them. Verification was provi&gd when the data was ‘subjected’

to 5“3-1qul nesced}analysis of variance. The F test among wmajor £roups
(species) indicahqd'a difference in transpiration rates betweaen the 2 species’
(P % 0.05, F = 45.245) as did an a priori test on the 90% level. A highly

' .

significant valuc was obtained which substantiated the idea of specificity

¥
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of transpiration rates. ETach species, depending upon its physiology, wiil
# ] ¥ =) ) (72

transpivre more or less than anochng under the same conditions, “he 7T oLes:s

V.
among subgroups (V.P.D.s) confirmed the difference in trangpiration valivs

under theyvarying V.P.D.s. Both spegggs responded to the greater stress of
the 6.74 V.P.D. by increasing their transpiration rates as ezpected on the
basis of their known autecology. In bo:p cases, values for activity in

)

control and leaf samples were comsistntly higher at the higher V.2.D. con-

P 3
v
dirions, *

Equally conclusive evidence for the difference in transpiracion rates

was obtained when vates were calculated for each species under the éiffer~-

ent V.P.D.s. Overall transpiration rates were caiculated for the 48 hour

testing period. It was found that the mea;;red transpiration rate oi swee:—g
gun was 5 times grea:e; at the lower V.2.D. than :h;: of pine and & times
greater at the higher VVP D. Wa:ef taken up by the gum trees was quick-
ly transpired and resulted in a high transpiration rata (4.95 wl/aw/gn

the 1.84 V.P.D. and 15.99 ml/hr/gn at the 6.74 V.P.D.). Water absorbed by
the pilne trees. may have reﬁained within the stomatal pits and resuitec
iF an increase in radioactivity but not in the transpiration rate (1.03 =i/
hr/gm at the 1.84 V.P.D. and 2.19 ml/hr/gn af the 6.74 V.P,D.). The data

also revealed that both species cranspired Apfe heavily at 6.74 than at 1.84

V.P.D.. These differences are consistent with known differences in indivié-

uval species morphology. The stomata and guard cells of sweetgum are loca-

o, .
ted on the surface of the leaf and so present‘little or no resistance to

'fluid evaporating to the surface. On the other hhnq. loblolly pine exhibits

xeromorphic adaptions and their structuresc-are so designed as’to redyce water

) T A . . ;
loza. : Fluid ;gkqﬁ/up by the tree probably accuiulates in the sunken stomatal
, P

s
*

pitu with a.‘small lous to the atmosphere and congequently, a lowcr’trnnspi'n-

gion rate.

i



Analysis of cgﬂ”labelled water changes in the autrient solution and
control bed further supports these hypotheses. Ru:wiau# goiution vaiues
in all cascs displayed a gencral decrease with time, p:ésuma&ly becLuse
of uptaxe o: nutricnt solution by the transpiring trees., (Since tho ex~

perimental bed was thoroughly sealed, there was no ocher possible way in
K‘ -
‘ which the 3n20 could have escaped). However, the amount of labelled water

i
L7

vemaining in the nutrient solution deelined much more siowiy when pine treces
0 wérc growing in it than when sweetgum trees were present, which agrees with
the hypothesis of a slower transpiration rate for pine trees. The control
i ) 3
bed solutiors &il gained radioactivity throughout the experiments. At 6.74
g v.?.D., cznéral bed values at chcwend of the collection period were 6 times

higher than initial activity va ues when sweetgum trecs were studied, where-
o

as they were only 3 times higher when pire was studied. This su

. ggests a
- nigher air tricium concentration which resulted from the higher tranmspiration

rate L

¢ &)

If sweetgum is comparable to red maple in biomass, 1 hectare oi this )

. species in”a mixad forest would yield 2300 1/hr at a 1.84 V.P.D., based on

.
oy

the results of this study. Under more severe environmental stress, it xpuld“<

Y

transpire more than 7500 l/hr. This could be a significant factor ia cloud

, and fog devclopment. On the other hand, a similar population of pine in

IS

&

mixed forest would transpire only 1800 l/hr at a 1. 84 V P.D. and 3800 /hr

*

uncer the greater stress. Where biné only doub;qﬁ/its rate, Sweetgum more

\

.

than tripled the volume of water lost, thus demonstracing the diflering re-

) actions of species to and upon their surrounding eavironmen

. . / ’ R -
A‘other findlng :csul:xng from these experiments was the existence oI

x

" trnnspzration.cyclcs. These cycles proceeded regularly with no response to
.. external factors possibly suggesting that they may be endogenous’ rhychms.

Both air anawlcaf values support this idea. " -,
. | ORIGIYAL PAGH g ,
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s

S
e



-
N <
34 P

Ay activity was found to vaz& gzeatly from onc sanpliing time te the
ucxﬁ} In the gweetnum cxpe%imcncs, these values euiibited & 6 heur eyeclic
beginaing at 1200 hours at 1.84 V.P.D. and 0300 hours at €.74 V.2.0. enperi-
ment.  The sharp peaks every 6 hours suggest a cyclical tyanspiratiun ¥
which reaches its maximum within chis time period. Air values for
failed to show any evidence of cyclle activity.

Leaf samples caken during the 1,84 V.P.D, sweetgum experiment reveaied
varying amounts of tritium with no particular time sequence, They <o not

agree and canuot be compared with the values obtained during the 6.74 V.2.D.

4

in the leaves ag the result of a hish tranepira-

s
(o]
tad
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tion rate, it may take some time for activity to build up ia the air. 2y

this time, the plants may experience a rest period and a subsequant decrease
in transpiration while the air has reached its peak.
] )

The opposite is true for pine. An increase in activity in pine needles

does not reflect a higher transpiration rate but an accumulation of spiked

water in the sunken stomatal pits. The pine also exhibited a cyele but wit:

¥

a different period. Activity in pine needles reacrned its maximum at 9 hour

intervals in both experiments. However, this same cycle was not found in

the chamber air, perhaps because the transpiration rate of pine was so zuch’

lower. : , ‘ .

v
te

h}t appears that the plants do transpire on a cyelical basis with cer-

»

. A L]
caid'périods dyring .which they attain a maximum rate and others when they
"rost". The erratié values first obtained could be the result of the treas'

response to the shack of removal from soil to a sand culture environmen: aad

fcubséqucnc acclimation. After the initial trauma, latter results do point

ORIGINAL PAGE 1§
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'
to the existence of a regular cycle. Gallagher and Daiber (1973} have
veported endogenous photosynthetic rhycthms in lower plznts., The trans=
piration cycles demomstrated in loblolly pine and sweetpum could be the
result 6 a similar process since guard cell photosynchesis effects sto~-
matal vegulacion. The length of the cycles will vary £rom specics to
species depending upon physiological and marphological differences. These
differences are the principle reasens for the occurrence of specifle trans~

piration rates and probably regulate the degree to which a tree may respond

to changing environmental conditions. 0
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TASLE 1, Seatistical results of the cthree level nested analyuis

of variaunce conducted on the data obtained fxom all experiments.

af ss hA T
group (species) 1 40.155 40.155 42.245 sig.
subgroups (V.P.D.s} 2 1.775 .8875 43.222 sig.
subsubgroups (sample type) 12 466.703 38.892 1.071 not sig.
within subsubgroups 16 666.519 41,657

(¢
rt
]
(¢ 5
(1]
o
2!
[
[]
o
(o]
th
"
(4]
0o
(1]
o}
O
E

= sigaificant

TABLE 2. Transpiration rates computed for sweetgum and loblolly

pine under concrolled conditions based on water content ol leai tissua.

Species V.P.D. Rate ml/hr/zm
sweetgun 1.84 ‘ 4.95
sweetgum 6.74 15.99
pire 1.84 1.03
nine 6.74 2.19
- i} i =
G .
’
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FIGURE 1. Diagrammatic representatioch o

plant bed containing the trees

hydroponic nutrieat solution.
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FIGURE 2.

Tritium concentrations oi the nutrient

solution in uCz/ml in the: 3) 1. 84 vV.2.D.
sweetgum exper‘mcnh, b) 6.74 V. P D. sweet~-

gum experiment, ¢) 1.84 V.P.D. pine experi-

ment, d) 6.74 V.P.D. pine experiment.
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a) 1.84 V.P.D. sweetgum experiment,
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¢) 1.84 V.P.D. pine experiment, d) 6.74

V.P.D. pine experiment.
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