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INTRODUCTION 
.-, 

Exposures to very high temperature, intense light, and low hu­
midity are common to many of the agricultural sections o~ the. south­
western United States. Successful agriculture under SUC~.I conditions 
involves considerations of plant fitness and adapt~bility '\'which may 
be of only limited. concern in more temperate climates. \~ . 

The native plants which are found in any region differ "ll,mong' 
themselves in many respects, and though certain similarities. exist, 
the balance between favorable and unfavorable characters, physiol 
logical or morphological, determines their success as competItors in 
the society of plants. The favorableness of 8, character is relative 
to environrn.ental conditions which are somewhat different each 
year, and the area ocull-pied by a species, though in frequent change, 
becomes the result of its comparative adaptability, not only during 
a single year, but over a period of years. Among agricultural plants 
the nature of the relationships is somewhat different,since economic 

. considerations are involved, but competition nevertheless exists, aIid 
in this competition plant fitness is of prime importance. If an 
introduced variety gains favor it becomes a competitor in the com­
munity and may replace older varieties by averaging a trifle better 
over a period of years, during wliich time the area it occupies fluc­
tuates, being increased after successful crops and diminisned after 

1 Associate PhySiologist, Office oC Wes\crn Irrigation Agricultnro. 
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partial failures. If 'the charactemtics which fit or disqualify a plant 
for an environment are known, then it may be possible to shorten 
considerably the trial and error periljd by focusing attention not on 
yields alone but upon the condit,ions which prevailed during the 
years which were favorable or unfavorable and upon the probability 
of the future occurrence of such years. 

It is well established that the rate of photosynthesis, which largely 
determines growth, is influenced by leaf temperature. In a region 
characterized by excessive temperatures, therefore, it seems logical 
that the temperatures of the leaves of crop plants should furniSh a 
measure of a plant's relative ability to adjust itself to such an 
environment. 

Although the rate of photosynthesis increases with temperature 
up to a certain point, it declines after the optimum is reached and 
becomes negligible at. higher temperatures. Over a considerable 
range of temperatures below the optimum the rate of photos;ynthesis 
decreases as the period of exposure is lengthened. Th~ wilting of 
leaves, independent of other factors, also results in reduced rates of 
photosynthesis. The cotton plant is particularly subject to wilting, 
and often to a very marked degree in the Southwestern States. By 
observation, as well as by measurements reported in the literature, 
wilting is k~own to be accompanied. b~ increased leaf temp'Olratures, 
and the subJect naturally becomes pertlllent to any leaf-temp\!!"ature 
study. " 

As a part of the present investigation, conducted at the United 
States Field Station, Sacaton, Ariz., comparisons have been made 
between the leaf temperatures of the two most irnpol"tant cotton 
varieties of the Southwt\t, Pima Egyptian and Acala upland. These 
comparisons include hourly leaf-temperature measurements dccom­
panied by measurements of the comparative hourly transpiration 
rates. Differences in the leaf temperatures of turgid and wilted 
AcaIa cotton leaves have been correlated" with differences in the tran­
spir!l.tion rates. The leaf temperatures of AcaIa cotton wers meas­
ured on plants grown in a saline soil, on plants under a muslin shade, 
and on plants with whitewashed leaves. The method used in the 
measurement" (If leaf temperatures is described at some length, and 
.a short section of this bulletin deals with the relation of leaf tempera­
tures to yields. 

Th,9 upland cotton plant in the Southwest mJ.l.Y be relatively unpro­
ductive even though it makes a considerable or even a rank vegetative 
growth, the unsatisfactory yields frequently obtained being attributed 
to an excessive shedding of floral buds and young bolls. Altbough 
the present series of leaf-temperature measurements were undertaken 
as P!l.l"t of an investigation of factors associated with exce$sive shed­
ding, the leaf-temperature data will be made the primary considtl:ration 
in this bulletin since it is hoped that their tabulation. and analysis 
may contribute to an understanding of the factors which influence 
the temperatures of leaves in general. 

In view of Clum's (8)Z historical sketch of earlier work on plant an"!, 
leaf temperatures and the review of the literature by Ehlers (15), th~ 
results of previous investigations will be referred to only as they 
become pertinent in the discussions of the experiments. 

J Itulic numbers in parentheses reCer to" Literature cited," p. ~7. 
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METHODS AND APPARATUS 

The leaf-temperature measurements were made by the thermo­
electric method. For theso measurements a wall galvanometer, per­
maLently mounted 011 a large screened porch overlooking the experi­
mental plants some 75 feet distant, was connected by flexible lighting 
cord to the thermocouples, which were conveniently inclosed, except 
for the junctions, in a piece of semiflexible composition tubing secured 
to a wooden handle. The measurements were made jn terms of the 
departures of leaf temperatures from the temperature of the air 
surrounding an exposed junction, this junction being protected from 
the dir~t rays of the sun by 
two slightly separated slips 
of white paper. In taking 
leaf temperatures the leaf was 
folded upward with a pair of 
cork-tipped crucible tongs in 
such a manner that t,wo por­
tions of the upper leaf surface 
w"ere brought firmly together 
over the second jlllction of 
the thermocouple. (Figs. 1 
and 2.) The e:\.-perimentI11 
plants wero a part of 8. water­
requirement series grown out 
of doors and freely eX*jlosed 
to the weather. .A more de­
tailed description of tho 
experimental methods and 
apparatus tollows. 

MEASUREMENT OF LEAF TEMPER­
ATURES 

The wall galvanometer, 
rrovided with a telescope and 
scale, was formerly listed by 
Leeds & Northrup as No. 
2200, type H. When pur­· 1 d '1 . FIG. i.-·Measuring leaf t.emperatures of cotton. (Photo­h d It la 11 COl reslst- graph by H. F. LoomIs)case 
ance of 462 ohms, a sensi- • 
tivity of the order of 2 microvolts per millimeter on the scale, and a 
period of 10 seconds. At the time of the present use the sensitivity 
of the galvanometer was such that with the double couple (used after 
August 3) of copper and constantan wire a deflection of 1 illill. on 
he scale indicated a difference in tiemperature Itt the junctions of 
the order of 0.125° C. The resistance of the extension cords and of 
the thermocouples was 34 ohms. 

The thermocouples were of No. 36 copper and constantan wire with 
soldered j unctions. The thermocouJple wires were inclosed in a piece 
of seInifiexible tubing which was bent into tho form of a V and attached 
to a wooden handle. The junctions protmded about 1 inch from the 
ends of the tubing. The lead wires entered the wooden handle at 
the crotch, where they were connect,ed with the extension cord~. 
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The galvanometel' and thermocouples were standardized by 
immersing the respective junctions in a series of water baths of 
different temperatures. Variations in the value of the factor and 
minor departures of the true zero from the scale zero resulted from 
changes in temperature and unequal heating of the galvanometer 
and the lead wires. These errors, though small, were minimized by 
frequent standardizations and by system8:tic comparisons pf the true 

FIG. 2.-Thermocouple mounting and the method of clasping a 

and the scale zeros. The zero was set 10 the ea.rly measurements 
. by immersing the two 

junctions in a water. 
bath. This method was 
abandoned, !lOwever, 
because of the difficul­
ty of removing all of 
the moisture from the 
junctions. In the later 
work the scale zero was 
brought under the cross 
hairs, while the air 
junction was protected 
from the sun by its 
paper umbrella and the 
leaf junction by the 
shadow of the shallow 
tank. 

In ~jJr.king measure­
mel~ts the leaf junction 
was clasped between 
the leaf surfaces by one 
of the observers. The 
second observer seated 
at the galvanometer 
called back and re­
corded the reading 
when the galvanometer 
came to rest. The 
method permitted fair­
ly rapid work. From 
10 to 20 minutes were 
required to select and 
take the temperatures 
of a series of 48 leaves. 

leaf preparatory to a leaf·temperature reading, The air juuction All leaf-temperature 
is protected from direct sunlight by the paper umbrella. 
(Photograph by H. F. Loomis) readings are expressed 

in degrees centigrade. 
The probable errors of the means have been calculated by the usual 
formula, but where the mean ~as based on 20 or fewer determina­
tions Pearson's corrections for small numbers hav~ been applied. 

)O~XPERlMENTAL PLANTS AND SEED 

The plants used COL' the lcnf-tcmpemture IneaSUl'ements were a 
part of the water-l'eq uirement series, grown in large galvanized-iron 
cans with a soil capacity of approximately 120 kilograms. The clll­
turaJ methods and equipment were essentially those empl07~ by 
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Briggs and Shantz (3, 7). At the_beginning of the seas()n the cans 
were filled with soil containing the moisture-equivalent percentage 
of moisture and weighed. The cans were weighed twice each week 
during the summer. On the basis of the average daily transpiratlon 
rates indicated by these weights, water was added, usually daily, to' 
maintain the soil as nearly as possible at its original moisture content. 
The paper covers shown in the illustrations served to prevent over­
heating of the cans and soil by direct solar radiation, Cheesecloth 
was stretched along the south side of the cans in such a position that 
it did not shade the plants bu.t protected them from high winds and 
shielded the cans from the direct r&.ys of the sun.duritog the middle 
of 'the day., All plants used for leaf-temperature measurements were 
from seeds planted March 31. . 

The seed was as follows: Pima, progeny 3-3-5-3, bulk of 1923 
produced from continuous selections since 1919, Office of Alkali and 
Drought Resistant Crops. Acala, United States Experiment Date 
Garden, Indio, Calif., 1925, bulk increased from single plant P....,12­
19-1-3-9-1-4 in 1923. Okra-leaf Acala, bulk increase grown at 
Shafter, Calif., from select" stock. 

MEASUREMENT OF WILTING, WATER REQUIREMENT, TRANSpmATlON, A~ 

CLIMATIC FACTORS 


Wilting was graded on an arbitrary scale of 1 to 10. A grade of I 
was assigned before wilting was visible but when reduced transpiration 
was indicated by an increased leaf temperature sensible to the touch. 
A grade of 10 indicated the most severe wilting from which it was 
thought the plants could. recover. 

The term "water requirement" when employed in this bulletin 
. indicates the ratio of the weight of water absorbed from the soil by 
the plant during its growth to the weight of the dry matter produced, 
exclusive of TootS. 

The hourly transpiration measurements wete determined by 
weighing. Four large automatic self-recording platform scales were 
used in these measurements. These scales have been described by 
Briggs and Shantz (5). 

In measuring evaporation, a shallow copper tank adapted from ~;>~::: 
Briggs and Shantz (7) was used. The tank was 1 meter in diameter 
and 2.5 centimeters deep. This was mounted on a platform scale, 
with agate bearings and having a capacity of 200 kilograms. The 
tank was screwed to a heavy flat wooden base which was supported 
on leveling legs about 3 feet above the scale platform. The inside 
of the tank was blackened with a mixture of lampblack and "bronz­
ing liquid." The depth of the water in the tank: was maintained at 
approximately 1 centimeter by means of a Mariotte apP!1ratus sup­
ported from the scale platform and located on the north side of the 
tank so that its shadow did not fall on the tank. 

The wind velocity was measured by an anemometer of the Weathe:r 
Bureau pattern. i) 

The air temperature was determined by mercurial thermometers 
exposed out of dool"s but protected by a shade from the direct rays 
of the sun. . 

Saturation deficit expressed in millimeters of mercury were cal­
culated from wet-bulb depression values obtained with a sling 
psychrometer. 
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The solar radiation measurements were made automatically with 
a mechanical differential telethertnograph developed by Briggs (2). 
After moving and setting up this instrument it is desirable that it be 
calibrated against an Abbott's silver disk pyrheliometer. Since the 
latter lnstrument was not available, the present readings can be looked 
upon only as relative for one day or one hour with respect to another. 

DISCUSSION OF· METHODS il.ND APPARATUS 

In selecting a method for the measurement of leaf temperatures 
several requirements are to be 1llet. It is very desira.ble that II leaf 
should remain uninjured. If a l1leasu:rement is made while the leaf 
is freely exposed, any breaking of the epidermis or disturbance of the 
vascular bundles must change the transpiration rate and the leaf 
temperature. Shreve (31) has dev"ised an application of the thermo­
electric method whereby the leaf junction of the thermocouple is 
stretched over a clamp so provided with cross threads that a good ..... 
contact with the leaf surface {lan be secUl·ed. Since the junction, by 
this method, was exposed to 'I;he light, it was found advisable at the 
moment of the reading to shade the leaf with an umbrella. :Miller 
and Saunders (29) overcame the necessity for shading the leaf by the 
use of a clamp with cork tips. One of these tips supported the leaf 
from below while the second pressed the thermocouple junction 
against the leaf surface. It is obvious that readings so obtained, 
comparative or otherwise, would be influenced by the temperature of 
the cork which came into contact with the junction. 

Clum (8) has more recently obtained leaf temperatures by an older 
method in which one of the wires of the couple is threaded through 
the mesophylI of the leaf until the junction is embedded in the leaf ~T 
tissue. The method, aside from seriously injurin~ the leaf, which ill " 
undesirable, has the disadvantage of being very teaious, and it forbids 
the use of average values obtained from a large number of leaves 
selected for similar exposure to the sun at the time of the measure­
ments. The importance of measuring the temperatureso! a number 
of leaves in a short interval of time when comparative values n.re 
desired is indicated in the data of Miller and Saunders (29) and 
further illustrated in Table 3 of this bull8tin. The angle which the 
leaf makes with the sun's rays, as Clum (8) points out, greatly 
influences the temperatures of the leaf. 

Shreve's method refers the leaf temperatures to the temperature of 
the air within a stoppered thermos bottle. Miller and Saunders 
also kept one of their junctions at constant temperature and alter­
nated between air-temperature readings and leaf-temperature read­
ings, noting the departures of leaf temperatures from air temperatures. 

The method improvised by the writers for the measurement of the 
temperatures of cotton leaves avoids many of the undesirable features 
of other methods and, seemingly, does not introduce new objections. 
By this method leaf injury is avoided, the junction comes into con­
tact with ileaf surIace only, and changes in leaf temperature during 
the readings are negligible. The two portions of the leaf, after they 
are brought together between the rather large faces of the corks, 
can not dissipate energy by transpiration nor absorb heat from solar 
radiation, nor can the temperature of the leaf surfaces, compressed 
against the thermocouple junction, change appreciably by conduction 
of heat from the corks through the rather thick mesophyll of the leaf 
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during the short period required for a reading. By the method used 
each reading is made directly in terms of the departures of thE' leaf 
temperature from air temperature at the moment of the measurement 
and does not require alternate air-temperature readings. The long 
extension cords permit comparisons of widely separated pla,nts. The 
absence of the cumbersome constant..temperatu;re bottles is also 
advantageous. 

Averages are essential where leaf temperatures are to be compa.red 
either with air temperatures or with the leaf temperatures of o·ther 
plants; and since the temperatUl'e of leaves may change rapidly, in 
response to changes in the climatic factots, which are never constant, 
it is important to obtain numerous readings in a very short interval 
of time. In bringing two portions of a leaf surface together an average 
of the temperatures of the two points in contact with the junction is 
obtained that automatically serves to reduce variability. Where the 
double thermocouple is used, fow: points of a leaf surface actually 
contribute to a single reading. 

The air temperatures were obtained·from a mercurial thermom­
eter exposed to the wind in the shadow c~.st by the evaporation tank, 
in preference to values obtained from thermographs or thermometers 
inclosed in the standard instrument shelter. The desirability of this 
is shown by Table 1. 

TABLE I.-Air temperature within a standard instrument shelter and air tempera­
ture in a shaded position freely exposed to the wind 

------.-.. --~;---.-----.-----.----------I Temperature (OC.) at hour shown 
!~" ~--.- .--- ----. --,..----,-----;--,---,-­~----

Hems compared fee lee ! ~ ~ Ie Ie,' e e a E
lei ci Ii did ..:oJ p.,~ c:l. ~ cit c:i. .......-'.. ---\~~~:~,~- ::: I"::' !~l~~~~ 

Outside, sbaded____________ IS,O 21.9 !!Il. 5 33.5! 34.0 36. 9 39.0 I 39.4 39.5 39.3 37.0 29.5
Insidesnclter______________ 18.7 21.0 22.5 31.S 33.8 36.4 39.4 39.0139.5 39.7 33.5 33.4 
D~lIarture DC inside Crom : I ' autslde___________________ +.7 -.9 -4.0 :-1.7 I-.2 -.5 I+.41-.4 i 0 +.4 +1.5 +3.9 

The values shown in Table 1 were obtained with mercurial ther­
mometers. which had previously been compared and found to agree 
over the range of temperatures given in the table. The results con­
·firm other comparisons made between a mercurial thermometer out­
side and the thermo~raph within the shelter. '.fhe departures of 
the temperature within the shelter from the air temperature outside 
are attributable to the absorption of heat by the walls of the shelter 
during the hours of rising temperatures and to the radiation of heat 
from the walls during the hours of falling temperatures. Other 
conditions being equal, the temperatures within the shelter and out­
side should be more nearly the same as the wind velocity increases 
and as air temperatw:e becomes more constant. 

Sa.turation deficits, eJl."Pressed in millimeters of mercury (mm. Hg.), 
are used in this bulletin in preference to values for the wet-bulb 
depression or the i'elative humidity. The advantage in the use of 
this measure where leaf temperatures and transpiration rates are 
to beoompared may ue illustrated by assuming two cases, in one of 
which t.he. temperature is 20° and in the other 40° O. and in both 
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case~ the relative humidity is 40 per cent. The respective wet­
bulb depressions at the two temperatures would be 7.6° and 12.0° C. 
and the corresponding saturation deficits 10.3 and 3~.8 mm. Hg, 
the latter indicating an evaporating power of the ail'more than three 
times as great at the higher temperature. 

EXPERIMENTAL WORK 

TEMPERATURE VARIABILITY OF LEAVES 

VARIATIONS WITH 8IlIHLAR EXPOSURE ANI> AGE 

Variability of temperature is an inherent characteristic of leaves. 
The temperature of leaves may be affected by such a multitude of 
causes that it becomes difficult to isolate many of the factors which 
tend to produce variability, For a given plant or a group of simi­
larly treated plants it may be possible to attach major importance 
to certain causes of variation and to select leaves which are at least 
somewhat alike in these respects. By measurin'o,' the temperatures 
of a number of such leaves one may arrive at an average value which 
can be looked upon as being representative of a plant or a group of 
plants at a particular time. If, however, the same leaves aremeas­
ured again a little later, a different average will be obtained. It can 
be said that the temperatures of leaves are never constant. 

Among the more stationary causes which produce variation in 
leaf temperatures may be mentioned age and exposure. If a series 
of leaves in positions approaching that of a plane normal t.o .the rays 
of the sun and, within broad limits, of similar age and. maturity is 
selected and their temperatures measmed, it will be found that con­
siderable variability exists in the values obtained. The mean depar·· 
tmes and standard deviations of 14 such series of measmements 
taken at a.bout hourly intervals, each on 48 leaves, are shown in 
Table 2. 

TABLE 2.-.il'Iean departure from air temperature, standard dev-iation, and probable 
error of 48 turgid leaves of Acala collon selected for similar age and exposure, 
August 20, 1926 

Temperature data (DC.) at time of forenoon observations 

. .
Items comjllll'cd 

0.30 7.34 8.24 9.30 110.27 11.20
W W W W W W 

....... __...... -.-. __ . .". - .-~,~~~~~ 
~[ean departure..__•___• _________...______ +0.38 ; +2.08 +1.85 +0.20 I' +0.47 -0. 'l8 
Standard d6\'intion _____• _____••___._._____ .301 , .823 .966 .984 1.092 1.098 
Probable error ____________..._____________ ±.0'29 I ±. ()ljO ±. !lIB ±.096 ±.IOO ±.I07 

=.---=="'-""".."c··....· .. •·· 'c~'",-",,-,c~ .••"."'.~=.,,=.,,"'..~."""-'-""-"'-'='--~=--'~""=~====~'-'-== 
Temperature data (DC.) at time of afternoon observations 

Hem3 compared ,I~~ Ji~ \' ~i~5";i~O-T'-\-'~0-;--5-i~-'i--'-11-6i-~'--;1-7-i~-2-
12..1~ ).47 2.39 4.14' 4.44 5.:18 6.:12 1 7.36 

__._~,,__~._._.__ ______ .... _ ...._____.__i___ 

Menn departure ______ •__-..._ - .2·\ -. '''' - •• \'3 ~ 
Stundard deViatiOn_ •• ____ •__! .895 •!1-I3 1. • Sr.7 1.280, 1.114 .903 .514 ; .484 
.Probnbiocrror_.-__• __ ---- ___ ±.OSi ±,0821 ±.08-1~~125: ±.l(l'~_.~~~.~:~L~- .'--'" _..... , .. "-""'" -.... .... ..- -. -

I' 0 0 no I "". 1,-1. '7 '.-2.85:. -3.81 \' -2.2(1 -1. 77. 
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'The .variabUity of the leaf temperatures is found to be greater 
~: dWing the Il}iddle of the day than during the morning or evening 

hou:ra. This doubtless was. to have been expected, since differeilces 
~" in. the exposux~ of the leaves during hours of high light intensity would 

be :jllQre' important and the relative differences in the transpiration 
rates of different leaves would be comparatively more marked. 

The hourly standard deviations ranged from 0.30° in the early 
morningtp 1.28° O. at 3.30p. m. The value at 3,30 is probably higher 
than s40uld ordinarily be expected, since the measurements were 
interrupted by a Qroken thermocouple at a time when there was a 
downwarq trend ~'the readings. The next largest standard devia­
tion is 1.11Oat 4.30 p. m. The consecutive readings at 6.30 a. m. 
and at 4.30 p.:Ql. are shown in Table 3. 

T ,\1ILE 3.-Variability in the temperature of .!leala colton leaves scZeetedJor similar 
age and exposure August 20, 1926 

-,~--.... -- -~--'I-DePt~:;:ia~~r~ ni:-T--..---~---- -;e~:~~ir~~alr 
Pot, plant, and .order of _____ i PQt, plant, and order of 1_--:_-._-;-_­.reading -----i reading ­t _____.,_. ___. -,l;,I~~ ~~: _.~: 1 ________ ;,~~ ~ ~~~~ ~·C. 

i 

~u : ~u 

PJIl:e:dlng, ________1i5? ;,:,·,16. 301.++*:j 1.3°11~i Plan~:~dlng________ 'I~ 16.3711] r38I-~ti4 ,-4.9,i. +.1 -1.4.8 29 
6 \ '+.4 -4..8 '\ 30 + .1 -1.4. 

Pla:e:dlng_________IJI6.321:n 14.3411 mi.! Pla::~dlllg_________ I~ 16•381f i14. 391~U 
JlI :+.1 1'-4'~11 35 +.8 -3.8 
12 ; 1+ .1 i -3. I a 36 +.4. -4.8 

Plantl: Pol23 I~~:II(I+:~ I !=ullPlann: Potf! I~ 11+:~ I =~:~ . 15j 1-25: . +.8 -3.7Readlllll.._______ 16! 6.35 +.1+.1 4.35 _-1.9 <: Readlllg--_______\40 6.4 +.1 4.. 40 -3.1i17,+ .3 1-3.2 h 

39 

+.041 -3.2 

Plant 2: 1~1'11!;1;;IIII;~~;!IPlant2: 1~11;~~II';i;;Reading_________ 6'36It+l:g 4.36 =U!I Reading_________ 6.42 t J 4.42 :;::::~~231 ~~ 
?.' I + .1 I I -4.. 2 il 47 ++.2.4 -4.2
_" .1 4S -3.4-3.4', 

____________~~ ______~i__~,'______________~__~__,~__~__ 

VARIATIONS O~' EXPOSURE TO SUN A'l' DIFFERENr ANGLES 

It is generally recognized that the temperature of a leaf is influenced 
by the extent of its e:"posure to the direct rays of the sun. The posi­
tive phototropic responses common to many plants bring the leaves 
into positions approaching maximum light exposures. The Acala 
cotton plant (28) shows marked phototropic responses, whereas the 
responses of the Pima Egyptian cotton are very slight. Preliminary 
observations showed the importance of selecting leaves of as nearly 
full exposure as possible. Often there is a difference in temperature, 

168:2-29-2 
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sensible to the touch,. between leaves normal to the SUIl ahdthose 
departing from this position. The series of measurements'shown in 
Table 4 illustrate such differences. Each value in the table is the 
average of 10 meai::lurements, each from a different leaf. The differ­
e~ces between t?e paired series range from 1.40 to 3.20 Q. All three 

. di:ffer~nces are SIgnificant. 

TAELE'.4.,Tlimperatures of leaves of Aca~a cotton growing in the field at different 
. . angles showing departure8 from air temperatures 

Departures of lear temperatures from air 
temperatures (·C.) 

Day and bour Leaves at 
angle ap­Leaves nor~ Difference:proachingmal to sun Normal-OO·00· from 
normal 

September 10, 1926, 2.14 p. m ••.••_••••••••••••••_.__••••••••_ +2. 3:1:0. 14 +0.9:1:0. 20 1.4:1:0. 24 
October 4, 1926, 3.45 p. >m •••••••__•••••••••••••••••••••••••••_,._.-. 5:l: .49 -2.6:1: .33 2.1:1:.59October 4,1026, 3.68 p. m.____ ._.___••_.___ •________._._____• +.8:1: .37 3.2:1: .41-2. 4:1: .17 

YOUNG LEAVES:COOLERiTHANIOLl> LEAVES ~i.:".~~i.:~l 

Differences in the temperatures of old and young cotton leaves, 
like those resulting fl"Qm differences in exposure, are frequently 
sensible to the touch. -In Table 5 quantitative measurements are 
given which show a mean difference of 1.30 ± 0~25 0 C. in the tempera­
tures of mature and immature leaves. The younger leaves wete 
cooler than the older leaves in six of the seven comparisons. Each 
value shown in the table is the average of five readings, ea.ch on differ­
ent reaves. At the time of these ~easurements the plants had made 
a second growth, which permitted of a comparatively easy differ­

> entiation in. the age of the leaves.. The young leaves selected were 
of good size, while the older were among the last to appear during 
the first growth. The comparison repr~ents an age difference 
ranging from three to five weeks. 

Balls (1), in comparing the temperatures of young .and old leaves, 
writes: 

Young leaves which have not attained toa third of their ultimate length rarely 
exceed the shade temperature, but frequently fall below it, their eXtreme varia­
tion being about +0° to -6° [C]. Old leaves, on the other hand, rarely fa.ll below 
air'temperature, but freqQently rise above .it, varying from -3° to +10° [C]. 

TABLE 5.-Temperatures of old and young leave8 of Acala cotton, 8howing depar­
turell from air temperaturee, August 20, 1920 

" Departures from air temperatures eC) 
Pot ITime, ----;-.....----'-:-.~-~ 

;~~-~~___.._.._..._=~~_~_~~__._._=~~~~~=l P'I~~ ::::::2 y::::: D::~~75 

No. 89_. ____________ •••_._. ___ ._. ___._.___ •__ •• _____ 2.16 -3.5:1:: .30 -4.5:l:. 54 -1.0:1: .66 

Do._______ ••________•__ •___ ••_____ •__•_____•__••_ 2.19 -3.1:1:.21 -4.4:1: .34 -1.3:1: .40 
No. 88_.__ •_____• ____ •____________ •____ •____ •__••__._ 2. 49 -3.7:1: .67 -4.1:1: .54 - .4:1: .86 
No. 89__ •______•___"___• ____ . ___•••_._. _______•___ •• _ 2. 51 -3.3:1: .38 ~. 7:1: .34 -1.4:!: .51 
No. 203._._ ••_._ •• ___.•••_____•_____••. __ ••_•• ______• 
No. 202______.._____•••• _______•__ •___••_. __ •________ 

2. 5.1 
2. 57 

-.6:1: .33 
-4.9:1:.30 

-4. 2:!: . 31 
-4.3:1:.60 

~3. 6:!: .46 
+ .6:1: .68 

1~._" .~~~~2==:~~..:=:==~====--.~:=~_:~-~-~~:I: .20 -4.2:!: .15 -1.3:1: .25 

http:3.1:1:.21
http:2.1:1:.59


~AF TEMPERATURES OF COTTOl,\T 11 
,-" ,<;-

TRANSPIRATION: REDUCES LEAF TEMPERATURE 

The cotton plant in tte Southwest frequently shows considera.ble 
wilting on hot, dry days even. though there is an abundant !;!upply 
of moisture in the soiL Wilting becomes more severe and is in· 
evidence earlier in the day as time elapses after irrigation Qr rain (11, 
22). 

As soil moisture becomes limited the transpiration rate of cotton 
decreases. Series of daily weighings of plants grown in pots have 
shown that with the drying out of the soil the daily transpiration 
rate may fall b~lo:w a quarter of the earlier rfl;te or. below. a quarter 
of the rate of similar plants abundantly supplied WIth mOIsture. In 
the afternoon when wilting is very marked the hourly ·loss from 

FlO. 3.-Automatic balances, the plants or August 3, 1926. the evaporation tank, BIid in the bllck­
ground B part of the water·requirement series. (Photograph by H. F; Loomis) . 

wilted plants may become almost insignificant as compared with· the 
loss from turgid plants of the same size. 

When cotton leaves wilt from a shortage. of soil moisture,3 the con­
dition is accompanied by a very noticeable increase in leaf tempera­
ture. This increase may become perceptible to the touch several 
hours or even a day in advance of visible wilting. A grade 1 assign­
ment at 3 p. m. as incipient wilting on the basis of leaf temperature 
!llone has been repeated1y confirmed by visible wilting on the following 
afternoon. 
. Miller and Saunders (29) reported that tb.e temperatures of wilted 
leaves of corn, sorghum, soy beans, and cowpeas were higher than 
turgid leaves of these plants by 1.85°, 1.55°, 2.80°, and 4.65° C., 
respectively. These relationships are in general. keeping with the 
observations of Darwin (12), Smith (32), Kiesselbach (21), Loftfield . 
(25), Balls (1), and Clum (8). Various methods of reducing transpira­
tion rates were used by these investigators in their comparisons, and 

I Temporary wilting or leaves and plants abundantly supplied with moisture has been noted which was 

not accompanied by increasec:!Jea! temperatures sensible to the touch. This iltlS been mo~t clearly noted 

"Iler rainy weather or ~fter tile passuUt of a fnt~er dense cloud. 
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the methods of measuring leaf temperatures were in many cases quite 
different. The magnitude of the differences found for the temper­
atures of leaves with high and low transpiration rates will be largely 
dependent upon local conditions, the plants used, their treatments, 
and upon the characteristics of the methods used for determining 
the leaf temperatures. 

COMPARISON OF TURGID AND WILTE·} ACALA LEAVES 

To obtain quantitative information on the relationships existing 
between the temperatures and transpiration rates of turgid and wilted 

FlO. 4.-'1'urgid .Acala cotton plants, August 3, 1926. (Photograph by H. F. Loomis) 

cotton leaves, two series of comparisons were made with Acala plants. 
In the first series of measurements (August 3) the temperatures of the 
same leaves were taken each hour throughout the day. In the second 
series (August 25) leaves of similar exposures were selected at the time 
of the readings. Any personal factor involved in selecting leaves at 
the moment of a reading is avoided by the method 'used on August 3, 
but the variability of values is increased, since at any subsequent hour 
there are always a number of the previously selected leaves which are 
shaded or not fully exposed to the direct light. . 
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Four pots of plants from the water-requirement experiments were 
placed on automatic balances for each series of hourly measurements. 
(Fig. 3.) Two plants were growing in each of the pots. Of the four 
pots, two were made ready for the observations of August 3 and 
August 25 by n.llowing the pot weight to be decreased by transpiration 
until the appearance of the plants indicated that the maximum wilting 
on the day of the temperature comparisons would be between 7 and 8 
on the 1-to-10 scale, the plants in the other two pots being kept turgid 
by watering. (Figs. 4 and 5.) 

The temperatures of six leaves were measured on each plant each 
hour, with the readings on turgid and wilted leaves alternating in 

FIG. 5.-Wilted Acala cotton plants, August 3,1026. The wilting at the time or photographing
would have been gratiotl as about 7 on the l·to-1O scale. (Photograph by II. F. Loomis) 

groups of 12. The August 3 compa,risons lack data for the hourly 
transpiration rates because of the fact that the balances had not been 
sufficiently well adjusted to avoid uncertainties in the transpiration 
records for several of the hours. 

The results of the August 3 comparisons are shown in Table 6 and 
graphically illustrated in Figure 6. 

These data bring out marked clifferences in the temperature of 
wilted leaves on plants in dry soil and of turgid leaves on plants in 
moist soil. From 9 a. m. to 6 p. m: the turgid leaves maintained 
temperatures ranging from 1.70 to 4.90 C. below the temperatures 
of the wilted leaves. During this period of the day the highes t 
evaporation rates were recorded and the greatest differences in the 
transpiration rates of the two sets of plants were noted. 
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TABLE 6.-Temperatures of wilted and turgid leaves of Acala cltton showingdeparture~ from air temperC!tures and me,lJ.llur~m~nts ofclima.tic ~ 
. . factors, August 8 and. 25, 1926 , ' / ' 

c,~~;.
Hours of forenoon observations llours of afternoon observations 

o 
Date and Items compared I6.49 to 16.30 to 7.24 to / 8.22 to·/ 9.24to /10.25 to ,1 11.25 to /12.28 to /1.29 to 2.21 to 3.25 to I 4.26 to 5.25 to / 6.25 to 17.20 to §"

6.02 6.44 7.36 8.35 9.40 1fl.42 11.40 12.45 1.46 2.40 3.45 ~.,42 5.39 6.41 7.35 8
-----------1---'---,---,----,-,---,---,---,----,----,---,---,---,---,---,-- ­ ~, 

AUllU3t 8. 1918 

MUD temperature depar· ,''] ,
tures. ·0.: , {. 

1•9 1•8WIl··dleaves 1{-0.6 -.0.3 I ~.4 Lt! 1 ' 1.9 1 4.0 1 1"2 1.6 1 0.8 I 0.9 I 0.8 1-0.7 "",(1.9 Iw ........................ :1::.09 :1::.06:1::.11 ::I:.fl1 ::1:.22 ::1:,23 :1:.23 :1:.19. :1:.26' :1::.26 :1:,14 :1:.15 :1:.'.14 :1:.03 ::1:.05 
-l.a -0.2 0.5 1.0 -0.1 0.:2 -1.2 1.0 -3.7 .,.3;0 -~'5 -2.3 -2.3 -2.4 -1.6,Tnrgldl 'J-;. eaves............... ................ { :1:.01 :1:.08 :1:.13 :1:.18 :1:.22 :1:.20 ::1::.12 :1:. 14 :1:.20 :1:.23 :I:.i3 :1:.13, :1:.12. :1:.05 :1:.04 
 2 

Difference. wilted- { 0.7 .' -0.1 1-0.1 0.6 I 2.0 1.7 3.0 3.0 4.9 4.6 I 3.3 I 3.2 I . 3.1' '1.7 0.7 
turgid ............................................... :1:.03 :I:~I :1:.17 ~ :1:.28 ~ :1:,31 :1:.26 :1:.23 ::1:.33 :1:.35" :1:.19 :1:.20 ~~~ :1:.06 .,:: 


Hour Hour Hour Hour Hour Hour Hour Hour Hour Hour Hour Hour Hour. Hour Hour Hour 
~ ~ ~ y ~ ~. ~ ~ ~ ~ '~ ~ ~ ~ ~ 

Wilting of dry-soll plants. . • 
1-10 Scale ...................... " ....... ..!.................. 0 0 .5 f 2.8 3;4 4.3 ~5. 6.0 6.8 7.3 7.3 17.5 7.5 7.0 6.3 


== f.===---:--=== 
Hour Hour Hour Hour I Hour 'Hour' HOUT Hour Hour .Hour Hf)I.Ir I Hour 1Hour Hour IHour Hour 

6t08 11107 7.t08 8109 91010 101011 11 to I! 1110,1 1101 Bl08 8to+ j, +/06 61011 6t07' 'Tlp8
Evaporation. kHos per , " 

squaremeter......".~................!====_o__ 0 .13 .40 .67" .86 L15 1.25 LOS 1.19 .99 ~~ .26 ~ 

Hour. ,Hour I Hour Hour / Hour Hour. Hour BOur Hour Hour Hour I Hour I . Hour" . Hour I Huur ~Hour 

6 8 'I' 8 9 ..10 11 11 1 I 8 " 6' 6 . 7 8''c. 

Irtemp.er&tme••o................, 22.5 24.4 25.9 29.. 3 '13U 34.0 35.0 '.:;,35.0 36.. 7. 38.i-' Ias.e ,... 39.1. 138'.~ 35.6 ,33.4 33.3
Saturation deficit. mm.Hg.... 1.4 4..6 5.7 10.8U.3 18.8 20.9 20.9 26.1 28.7 29.5",:135.7. 36;6 25.2 18.8 17,2
Sunshine dlfJerentllll. ·0....... 0 .6 8; 3 13; 3 17.2 18. 9 20.0 20.0 20.6 I 20.6 19.4 18.9 18.9 9;:4· 0 0 


. 5.38 to 6.32 to .7.28 to I8.30 to ~ 10;26 to 1;.20 to 12.29 to 1.30 to I2.24 to 1 U7 to I4.26 to 5.19 to 1'1.24 to 7.25 to 
~ ~ ~ ~ ~ ~ ~~.~. ~ ~ ~.~ ~ W 

AUDWI f6. 19£11 

Mt~.~~emture dep~'1 li-0. 
9l -L17 0.63 L!3 0.63 0.94 2.45 0.84 -0.53 ..,.L58 • -0.41 /':"0.49 1.13) 2.32 j 1.63Wnted leaves...................... .................. :1:.033 
 :1:.092 :1:. 153 :1:.176 :1:.109 :1:.121 :1:.100 :bl53 ::1:.181 ::1:.198 .:1:.147 ::1:.095 :b096 i!::.OS9 :1:.072 

... -1.33 -1.42 -1.22 -2.44 -2.32 '-2.49 -3.59 -2.99 -3.73 -3.24 -3.51 ':'3;35 -3.75 -3.24 -1.76TurgldJeaves................... ................. :1:.042 
 :1:.110 :1:.111 :1:.087 :1:.121 :1:.119 :1:.157 :1:.157 :1:.118 ::1:.140 (" ::.!-~ 136 :1:.12& :1:.180 ':1:.113 :1:.045 

:.\ J___-:' • J}J 
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Diftert'.!l.oe, wUted-1 I{ .'2~~ 1.95 I 2. 95 1 3.62Ltlli.1 ~9Bturg~~"r--------------------= ::I:.OM ::1:.143 ::1:.188 ::1;:196, .::1:.163 ::1:.170 ::.186 :1:,218 

Hour 	 .Hour 
J' 

-

wt~~~~~~_~_~!~~:_I~________! 	 1 

0.5 "6.3 " 7.3! 7.8 7.80 	 0 ,I. ii ' :loS 3.3 4.Q •• 6 
c' 

TrllD~lratlon: 
, ted plants, kilos per I 

.02 ,04 .M .22 .26 .16 .14 .12,< .IS .14 .O~ .-02 .06 ',~QjI' 'I',O!. ­~ 

.02 .10 .26 " .34 .46 ,J2 .M~ .66 .70 .64 .68 .52 " 	 ,44 .22 '; .08 

.ro .ID 04' i?6d.00 	 .06 .,18 .12 .20 .36 ;44" .'64 .62 .ro .66 :38 

,07 .011 .32 .46 .69 .08 .78 .84 .08 .69 /1 ,61 .31 0 10 J. . ~07>",,~'
3.9 	 a.1I 4.'2~ 4.4 3.1 ··~.1i3 1.6 '.,IS . O. ",.~'1.3 	 1~7 1:9 4.0 

27.S 	 30.'6 ,33.6 35.3 36;0 38.11 a::iA 40. 7 40.2 ,.40.9 37.,7 37.6 27.9 'I' 	 26.:1",""
28.0 	 3lo0 3:l.5 38,.1 44.7 43. 7 311.4 311.2',~:g" 13.9 	 'I.' ,.15.0 	 17.8 23.2 16•. 6 ,15... II 

6.7 1S:1l 160 7 18. II 20.0 I :20.6" 20:8 V 20.6 19.4 16. 7 :,.11 ' '0, . ,,~." 
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The ttend oLthe temperatures of the wilted ]eay,es was considerably 
above air temperature, while the 1Ju'gid leaves after 1 p. m. 1llain­
tained temperatures between 10 and 3.50 C. below air temperature. 
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Fla. fl.-Departures of lear temperatures or turgid and wilted Acala cotton leaves from 
air temperatures, with other meteorological data at Sacaton, Ariz ,August 3,1926. 

The curves as a whole could be considered as very SlilOoth were it not 
for the marked rise in leaf temperatures at 12.30 p. m. An adequate 
explanation of this rise is not reBected in any of the hourly data for 
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the climatic factors or in the detailed leaf temperature or transpiration 
measurements. 

Pots 88, 89, 202, and 203 of the water-requirement series were used 
in the measurements of August 3, pots 202 and 203 being wilted on 
that day. The same pots were used again on August 25, but the 
plants in pots 88 and 202 were wilted and those in pots 89 and 203 
were turgid. Previous to the measurements of August 3 the trans­
piration rate of each of the four pots of plants had been very nearly 
the same. fl'he total transpiration of the turgid plants was 4.1 times 
that of the wilted plants on August 3 and 3.8 times on August 25. 

The results of measurements of August 25 are given in Table fj and 
Figure 7. 

The measurements of August 25 again bring out' marked and con-;' 
sistent differences in the temperatures of the leaves of plants in the 
dry and moist soils. The greatest temperature difference between 
wilted and tur~id leaves occurred during the middle of the afternoon. 
The average difference in the leaf temperatures of the plants during 
this 2.:hour period W8.S approximately 5.5° C. The most severfi 
wilting was recorded at 3,4, and 5 p. m. Between 3 and 5 p. m. th~1 
turgid plants transpired 1,100 grams of water and the wilted plants 
40 grams. For the full day the two pots of turgid plants lost 6,145 
grams'and the wilted plants 1,600 grams. 

The leaf-temperature measurements of August 25 are. shown in 
Figure 10 as actual leaf temperatures rather than as departures, from 
air temperatures. 

The mean diffe),ence in the temperatures of the turgid Rnd wilted 
leaves between the hours of 7 a. m. and 6 p. m. was 2.66° C. on August 
3 and 3.94° on August 25. The mean air temperature for the same 
hours was lower on August 3 than on August 25 (34.7° and 36.5°; 
respectively), as was the mean saturation deficit (22.2 and 32.7 mm. 
Hg., respectively). The total evaporation from the shallow tank 
from 7 a. m. to 6 p. m. was 7.27 kilograms on August 3 and 8.20 kilo­
grams on August 25. It is to be recalled that the ratios of the trans­
piration of the turgid plants to that of the wilted plants was 
approximately the same, being 4.1 and 3.8, respectively, on the two 
days. The actual transpiration values can not be compared, as the 
plants made some growth during the intervening period and the 
previously wilted plants had lost a few lea.ves. It is probable that 
the gi'eater difference between the turgid and wilted leaves on August 
25 was the result of a greater difference in the transpiration r!l;tes of the 
turgid and wilted plants on that date, as this could occur without 
affecting the transpiration ratios. There was, however, a difference 
in the method of selecting leaves for the temperature measurements 
on the two days. On August 3 the same leaves were measured each 
hour regardless of exposure, while on August 25 leaves were selected 
for maximum exposure at tho time of each measurement. The 
variability of temperatures of the leaves making up the hourly.series 
was less on August 25 than on August 3, with the result that the 
average difference in the temperature of the turgid and wilted leaves 
for the hours from 7 n. m. to 6 p. m. divided by the average' probable 
error of the difference was 10.6 (2.66+0.25) on August 3, and. 20.7 
(3.94+0.19) on August 25. 
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air temperatures, with other meterologlcaJ date at Bacatou, Ariz., August 25, 1~2U 
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ENERGY OF TRANSPIRATION AND RADIATION COMPARED 

The temperature of a leaf may be influenced by any of the factors 
contributing to the immediate environment of the plant, by the 
extent to which it is exposed to these factors, and by the physio­
logical and morphological characterist~cs of the plant itself. If the 
factors contributing to the temperature of a leaf were held c~'1\stant, 
then the temperature of the leaf would increase or decrease W1til the 
summation of the effective energy values of the factors tending to 
increase leaf temperatures were equal to the effective energy values 
of the processes tending to decrease leaf temperatures. A leaf which 
is not transpiring may be expected to rise above the temperature of 
the air until the heat lost by radiation; convection currents, and 
conduction is equal to the heat absorbed from radiation or produced 
by the metabolic processes of the leaf itself. 

Briggs and Shantz (6) calculated the ratio of the energy from direct 
solar radiation intercepted by plants at Akron, 0010., to the energy 
requirements for the observed transpiration of midday. Their val­
ues in 12 measurements ranged from 0.44 for Galgalos wheat in the 
hail screen inclosure to 1.01 for alfalfa in the open. They found that 
the solar radiation intercepted by the plant was insufficient in every 
case, except for alfalfa in the open, to account for the observed 
transpiration. 

If we can apply Newton's law of cooling 4 to the' rate at which 
hent is given off to or absorbed from the surroundings by a leaf, it 
then becomes possible to estimate by leaf temperatures the ratio of 
the energy absorbed by the leaf from radiation to the energy dissi­
pated in transpiration. 

On August 25, between 3 and 5 p. m., the turgid leaves maintained 
temperatures averaging approximately 3.4° O. below the air tem­
pernture, and the wilted leaves were found to be 2.1° above air 
temperat'ure. The turgid plants during this period transpired 1,100 
grams of water and the wilted plants 40 grams. Assuming equal 
leaf areas, these relations indicate that the temperature of the wilted 
leaves would have been approximately 0.2° higher if there had been 
no transpiration, or 2.3° above air temperature. In applying New­
ton's law, the total effective radiant energy received by the wilted 
leaves may be represented by 2.3. The transpiration of the turgid 
leaves balanced this radiant energy proportional to 2.3 plus the 
energy received by the leaves through condnction and convection 
from the surrounding air proportional to 3.4° (the temperature which 
they maintained below the air), or a total 5.7°. The ratio of ra.diant 
energy absorbed by the leaves to the energy dissipated through trans­
pirat.ion is then 2.3+5.7, or 0040. In other words, by this estimate 
only 40 per cent of the energy required for the transpiration dming 
these hours is accounted £Oi'in radiations received from the sun, sky, 
or surrolmdings. 

A value of 1 would be obt.ained by the leaf-temperature method 
only when turgid leaves were at air temperature, while values above 
unity would result when the temperatures of turgid leaves were 

• In the case of a body s:;;'rounded by a gas, Newton supposed that the mte of cooling, I. e., the quantity 
of heat lost In unit time, WfiS I'roportionnl to the dilT~rence in tempemture between the body and the 
surrounding medium. This relation, which Is known as Newton's lnw of cooling, holds only for small 
eXCCS5jOS of temperature. 

• 
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higher than the air. Investigators working under more humid con­
!litions have generally found the tempeJ:'atures of leaves to be. above 

j: ... 'rather than below the temperature of the air, which would indicate 
(/ 	 tliat in th!lse cases the<rate of tran,spiration was insufficient to dissi­

pate the energy r~ceived by radiation. . 

L:>!lAF-TElI1PERATURE DIFFERENCES INVERSELY PROPORTIONAL TO CORRESPOND­
ING DIFFERENCES IN TRANSPIRATION RATES 

'rhe in·verse relation between the differences in the hourly tempera­
tures of tur~id and wilted Acala cotton leaves and the corresponding 
differences "ill the transpiration. rates of the plants of August 25 
pomt to the 6.'1Cistence of a high degree of correlation between these 
variables.6 That such a relationship should exist' might naturally 
be as~umed, but a definite determination is needed .. The differences 
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FIG•. B.-Hourly differences In temperatures of turgid aud wilted Acala cotton 
leaves (wilted minus turgid) and corresponding but Inverse hourly differences in 
tralllipiration rates (turgid minus wilted), August 25, 1926 

in the hourly transpiration rates of the plants of August 25 and the 
inverse differences in the leaf temr;eratures are graphically shown in 
Figure 8. 

The values for transpiration represent the mean hourly difference 
between two sets of four plants each. The leaf temperatures are the ; 
differences in the meaIi values of 24 leaves taken on each of the two 
sets during a I5-minute period at approximately the middle of each 
hour. A total of 720 leaf-temperature measurements contribute to 

• Clum (11, p, :16) endeavored to correlate dilterences In lenftemperalures with dlfferences.ln trnnsplrntlon 
rates and by his data was led to the (ollowlng statement: "In general, the plants in dry soil and the v.!I5e­
lined leaves were 2" to 4° C. warmer than the controls. • ~ • lIut In no case was a dellnlte correlation 
found ... between the ilifieronce of the transplrntlon rates of two leaves or plants, and the difference or their 
temperatures." Clum's conclusion Is drawn rrom temperature and transpiration measurements on single 
leaves. The transpiration rll~s of the differently treated leaves were measured with Ganong potometers, 
and the temperature me!l5urements were those secured rrom a thermocouple, a Junction or which was 
threaded through the lear tissues. Clum's failure to obtain a correlation enn doubtless be attributed to the 
methods which he employed, and he later observes that the difference In the temperature on the two sides 
or the midrib or cabbage leaves was often as great as the difference between leaves with different tran~pira-
tlon rates. 	 • 
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these graphs, each temperature measurement being the mean c::'.ine 
temperatures of the two points of the upper leaf surface which were 
brought into contact with the junctions. 

The coefficient of correlation between leaf-temperature differences 
. ~~ ..and differences in the transpiration rates of the two sets of plants is 

.". -0.929 ±0.025 . 
.A. correlation of this mag:aitude can leave little question as to 

the inverse proportionality between leaf temperature.~ and transpira­
tion rates. When, it is not essential that the traIispiration of a leaf 
br, expressed in absolute units, it is suggested t.ha.t the leaf tempera­
tures of different plants may furnish valuable indexes to their relative 
trllnspiration rates provided the leaves are compllrable in other 
respects. The determination of leaf temperatures by the method 
here described is both more convenient and more rapid than are the 
usual methods employed in mellsuring transpiration rates. 

LEAF TEMPERATURE IN RELATION TO VARIETY. CLIMATE. AND SOIL 

COMPARISON OF LEAF TEMPERATURES OF PIMA AND ACALA COTTON VARIETIES 

The first comparative measurements made in developing the pres­
ent method of mellsuring leaf temperatures were comparisons of the 
leaf Itemperatures of the Pima Egyptian and the Acala upland cot­
tons. The results were consistent in showing that the Pima leaves 
were cooler than the Acala. To throw additional light on this 
observed difference, two cans of each vaJ:iety were placed on the 
automatic balances so that hourly comparisons of the fluctuations in 
their trllnspiration rates and leaf-temperature differences might be 

,"

obtained for a full day. The ·temperat,ures of 24 leaves of each 
variety with as nearly as possible the same exposure were measured 
each hour, on August 10. These readings alternated in sets of 12 
between the two varieties. The results of the observations are 
shown in Table 7 and illustrated graphically in Figure 9. 

Figure 9 shows that the Pima cotton maintained lower leaf tem­
peratures than the Acala until sunset. The differences were not 
significant during the first hour of the day, but the Pima leaves were 
cooler. At the last hour of the day the Pima leaves were slightly 
warmer tban Acaia, there being a difference of 0.22° ± 0.04° O. The 
greatest departures from air temperature and the greatest differences 
between the two cottons occun-ed during the middle of the day. 
Between 1 and 2 o'clock the Acala leaves showed a mean temperature 
departure from the air of -4.4°, with the individual leaves ranging 
from -2.3° to an outstanding measurement of -6.4°. The Pima. 
leaves at this hour had a mean departure of -6.3°, with individual 
leaves ranging from -5.0° to -7.8°. Between 6 a. m. and 7 p. m. 
the Pima leaves averaged 1,47° below the Acala. 

A comparison of the hourly fluctuations in the transpiration rates 
of the Acala and Pima plants does not show any outstanding differ­
ence in the responses of the two varieties to the hourly changes in the 
environmental factors. The graphs express only the hourly trans­
piration of each variety as a percentage of the total of that variety for 
the day and tell nothing about the actual water loss per unit of leitf 
surface. It is highly probable that the Pima leaves' were transpiring 
water more rapidly per unit of leaf surface than the Acala leaves. The 

" 
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correlation previously found between the transpiration rates and leaf 
temperatures would warrant this conclusion and there is the addi­
tional fact, tolbe set forth later, that the Pima cotton had a water 
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FIG. 9.-Departures of turgid Pima and Acala cotton leaves from air temperatures, 

with transpiration, e\'aporation. and climatic data. August 10, 1926 

requirement for the season higher than Acala. There are, however 
differences in the characters of the leaves of Pima and Acala cotton 
which should be considered in this connection. 
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TABLE 7.-Hourly comparison of leaf-temperature departures and transpirolion rates of Pima and A~ala cotton and meaauremenls of climatic, ',' 

factors, August 10, 1926' , 

.. iiI)
Hours of forenoon observations Hours of afternoon observations 

Items oomplll'oo 
5.45 to I 0.23 to I 7.24 to I8.~ to I9.27 to 110.31 to 111•25 to 112.25 to I.1.30 to I 2.30 to I 3.29 to I4.25 to I 5.19 to I 6.21 to 17.~ to

5.66 6.38 7.39 8.34 9.42 10.46 11.45 12.43 1.52 2.44 3.49. 4.41 5.34 6.38 7.35 

---------------1-.--1---1----1---1---1---1---1---,1---1---1---1---1---1---·-1--.--
Mean temperature deplll'tures. ·0.: 1 

-'I 1!-0.30-0.15 0.2Ii -0.60 -1.00 -1.87 -2.12l-2.29 -4.30 -1.00 -4.40 -2.79 -1.80 -1.46 -1.57
'1'ur8Id A ....a eeves.............. :1:.037 :1:.043 :1:.081 ;:1:.081 ;:I: .149 :I: .181 :1:.278 :1:.093 :I: .1111 ;:I: .179 ;:1:.072 ;:1:.091 :±: .118 :1:.083 :1:.036 
..... _ 1m 1- .49 - .42 - .82 -1.80 -3.52 -3.12 -4.12 -4.28 -0.30 -3.80 -5.55 -4.01 -3.52 -2.81 -1.35 ~ 

t:Ij~ ....ldP aleeves···············:1:.079 :I: .074 :I: .089 :1:.056 :I: .117 :I: .055 ;:I: .150 ;:I: .119 :I: .1~ :I: .129 :I: .150 ;:I: .1~ :I: .091 :I: .110 :1:.020 

'" Acal PI .19.27 1.07 1.~ 1.83 L25 2.00 1.99 1.94 1.00 1.15 L22 1.72 1.35 -.22
D auerenoo, a- ma........ :1:.087 :1:.085 :I: .1~ :1:.096 ;:1:. 187 ;:1:. 187 ;:1:.312 :1:. 151 :1:. 166 ;:1:. 2~ :±:. 166 [ :I: • 151 ~ :1:. 138 :1:.041 
 i 

Hour Hour Hour Hour Hour I Hour Hour Hour 1I0ur Hour Hour Hour 'Hour Hour "Hour ~ 
Transpiration. klles Per hOUf,: 5/08 6101 7/08 8/09 91010 101011 11101! /1/01' Ito! !/08 310", ",106 6/,06 6/01 1108 \:1:1AWla plants...................... 0 0. 06 0.34 0.66 0.74 0.80 0.92 0.98 1.06 1.08 1.00 0.94 0.10 0. 40 0.10 


Hourly percentage of day's total.. 0 .0 3.5 6.8 1.6 8.2 9.4 10.0 10.8 11.0 10.2 9.0 7.2 4.1 1.0 

Pima plants...................... 0 .04 .32 .48 .52 .02 .12 .78 .80 .78 .80 .06 .54 .28 .04 

Hourly peroontsge of day's total •• 0 .5 4.3 6.5 1.0 8.4 0.8 10.6 10.8 10.6 10.8 8.9 7.3 3.8 .Ii 
 iEvaporation,' sbBllow tank. Idles per l"J 

square meter, ....~."~.............. .06 .08 .14 .36 .74 .88 1.22 1.26 1.21\'\' 1.05 ,1.00, .87 .47 ~22., .09. l1J

Hourly perceutage of day s total •••0 .8 1.5 3.7 7.6 0.1 12.513.112.7' 10.0 10.4 9,0 4.9 2.3 .9 

WIDd,mlles!-"llhour...........-'..... .3 1 1.2. .9. .0 .9 .7 1.r 1.8 2.1 r ' 2.2; 2.1, 2.4 1.6 __._2_ 0 ~ 
oHour 61 lIour 71 Hour 8; IHour 91 lIour 10 IHoti.r 111 Hour I!IHour 1 IHour t Ilour S IHour. 'I Hour 61 Hour 6 Hour 71 Hour 8Alrtem erature, ·0..................' 24.6 27.129.8' 34.0 36.5 39.0 39.1 40.8 40.8 40. 7 40. 8 30.3 37.1 32.0 .29.8 


Baturatronde1lclt.mm.ng...........! 7.4 8.1 13"1.19.0 24.6 30.7 33. Ii 39.1 35.1 37.3 30.1 32. Ii 27.2 18.3 17.8 

Bonshlne differential. ·C.....__•____• 0 10. 5 15.1) 16. 6 18. 3 ~.O 20.6 I 20. 6 21.7 16.7 18.3 16.1" 12.8 ·5.11 0 ~ .2; 

"' 

,t.-.:) 

~ 

, ­ ,},~,~. 
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The Pima Jeaf (19) is comparatively thick and leathery, nearly­
glabrous, somewhat shiny of surface, and dark olive green in color. 
The .Acala leaf is comparatively thin and soft and somewhat hairy, 
especially along the veins. The leaf is dull of sU1'face, and the color' 
is a lighter green than that of the Pima. 

The shiny surface of the Pima leaf may have. acted to reduce 
light absorption, and the somewhat hairy condition af the A.cala 
leaf may have contributed slightly to the higher leaf temperatures. 
which were observed; but the thinner character of the Acala leaf, 
as well as the lighter color, it would seem, should have acted to· 
produce lower leaf temperatures. The leaves of the two cottons. 
are further contrasted in that the Acala leaf presents a' compara­
tively :flat surface to the sun, while the surface of the Pima leaf is 
depressed at the primary veins and elevateu along the folds from the 
sinuses to the insertion of the petiole. This difference in exposure­
made it more difficult to secure surfaces of the Pima leaves normal 
to the rays of the sun, as did the comparative absence of photo­
tropic response. However, the difference in exposure could not 
have been more than 10 per cent in the leaves selected. Since a. 
larger proportion of Acala leaves are fully exposed to the light, it is. 
very probable that the actual difference in the temperature of all 
leaves 65 the two varieties is considerablv greater than these com­
parisons indicate. ~ 

In Figure 10 the measurements of August 10, 20, and 25 have been. 
brought together and are shown graphically. as actual leaf tem­
peratures. 

Marked differences having been observed in the temperatures of 
Pima and Acala leaves when the plants were abundantly supplied 
with water, it seemed desirable that 6omparisons be made between. 
these varieties when the plants were wilted. 

TABLE B.-Differences between the temperat1tres of wilted Acala and Pima cotton. 
leaves compared with differences between turgid leave3 

Tem peratures (0 C.) 

Difference: Acala and Items compared Turgid leaves Wilted IQAVes Pima 

Acala Pima Acala Pima Turgid I WlIted 
-At-._ 

Pima and Acrua in{Tlme ••••• • 1.20 1.17 1.30 1 33 Ii 2. 7::1::0. 28·different CBlllI.... Wilted ••• -1.5±0.15 -4.7±0.17 1.8±0.16 -0. 9±0: 23! 3. 2±0. 23 

Pima and Acala In{Tlme ••••• 2.24 2. IS . 1.38 1.41 I 
 1.3::1::0.21same cans •••••••• Wilted••• 1-1.8±0.17 I-S.3±0.2O 1-Hl.4±0.16 -0. 9±0. 14 ,i 3. 5±0. 27 

1'.1ean••••••••••••••••••• -1.7±0.OS -5. O±O. 09 !+I.l±0.19 -0.9::1::0. 13 1 3.4::1::0.12 2. 0::1::0. 2J. 
I 

, 1 Same plants 1 hour later. 

The results of a series of leaf-temperature measurements on wilted 
plants of these varieties is set forth in Table 8. The results show that 
differences in temperature still exist when the plants are suffering from 
a water shortage and point to the conclusion that the physiological 
responses of the two varieties to water shortage are in this respect not 
different. In one of the two comparisons between wilted leaves the 
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plants compared were growing together in the same pots, which fact·would dismiss any possibility of the differences found being due to,differences in their treatments.
Customary notes with regard to wilting were made on these plantsat 3 p. m., approximately one and one-haH hours after the temperaturemeasurements. At 3 p. m. the Acala plants in pots 37 to 42 showed Itmean wilting on the l ..to-IO scale of 6.9. The wilted Pima plants atthe sam~ hour averaged 7.1. In the second comparison shown in thetable th:~ Pima and Acala plants were growing in pairs in the samepots, Nos. 43,44, and 45. The mean wilting of this Acala was 7.7and of the Pima 8.0; It is improbable that at the time of the meltsure­ments the wilting of any of these plants was much greater than 5or 5.5.
A mean difference of 2.00 ± 0.230 C. is shown between the wiltedPima and wilted Acala leaves, while the corresponding differencebetween the turgid Pima and turgid Acala leaves is 3.40 ±0.12°. Themean difference in temperature of wilted Pima and wilted Acale.cotton in this case is 40 per cent less than the mean difference betweenturgid Pima and turgid Acala cotton. .Ten comparisons were made between the leaf temperatures of PimaEgyptian and Acala upland cotton in addition to the hourly com­parisons of August 10. The departures of the leaf temperature fromair temperature of the two v.arieties are shown in Table 9 and theilifferences in the corresponding readings in 'I'll-ble 10.In all of the comparisons the Pima leaves were cooler than theAcala leaves. The differences ranged from 1.6° ± 0.23° C. to 3.5° ±0.26°, with a mean difference of 2.44°±O.146°. In each comparisonthe difference in the temperature. of the leaves of the two varietiesexceeded the probable error of the difference by at least three times,and for the whole series the individual differences averaged 7.5 timesthe probable errors. 

OKRA-LEAF ACALA AND NORMAL ACALA LEAVES 

Okra-leaf Acala is a mutant of the Acala stock, with leaves partednearly to the base into three to five narrow lobes. The pronounceddifference in the type of leaf between this form and normal Acalamade it of interest to compare their relative leaf temperatures.Six comparisons were made between the leaf temperatures of normalAcala. and okra-leaf Acala. The average difference was 1.02° ± 0.393°C. For the series the average difference is. two and one-half timesthe probable error. In three of the six comparisons the okra-leafAcala leaves were cooler by a significant difference, and in one of thesix comparisons the leaf temperature of the two cottons showed nodifference. (See Table 10.) 

LEAVES OF ACALA GROWN IN SHADE COOLER THAN THOSE IN THE OPEN 

A series of plants grown under a partial muslin shade were availableto test the effect of shade upon leaf temperatures. The leaves ofthese plants were much larger than the leaves of the plants freely ex­posed to the light, and the ratio of seed cotton to total dry weight washigher.
A mean temperature difference of 1.9Zo±0.176° C. was found be­tween the leaves of Acala plants grown with shade and in the open. 
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Five comparisons were made between the plants in the shade and in 
the open, the shaded plants being cooler by It significant difference in 
each case, the individual differences averaging seven times the cor­
responding probable errors. The results of these comparisons are 
includp.d in Tables 9 and, 10. . \ 

LEAVES COATED WITH WHITEWASH COOLER 

As it appeared possible that whitewashing the leaves might lower 
leaf temperatures, reduce the rate of transpiration, and ameliorate 
the effects o~ the $Jj;'treme clim!J,tic conditions, a. set of plants in cans 
and a plot of field..cotton were covered with whitewash. Anoticeably 
greater amount of chlorophyll was present in the whitewashed 
leaves than in the leaves of plants exposed directly·to the light. 

The coefficient of light absurption of leaves whitewashed al;! heavily 
as these is doubtless very low, but since the green color of the leavel;! 
was not entirely obscured, the coefficient would be somewhat higher j 

than that of a surface such as white blotting paper, which is r~ported 
as having a coefficient of absorption of about 0.20. 

TABLE 9.-,Comparative departures oj leaJ i!emperatures from air temperlltures oj 
different cotton varieties and oj Acala cottim under different treatments, Sacaton, 
Ariz., 1926 

The leaves selected were all turgid, all fairly mature, and IllS nearly 88Posslble normal to the rays oUhe sun] 

Times and departures (00.) 

1----;-----.:-----;----.---.-----I.Approx. 
iIllllteAcala,Date air tem·Acala, Pima, grown calOkra-lliaf A B, Acala on perl!­

white­ normal under 
washed treatment muslin Acala tr::t saline soU ture 00 

sbade 

July 28___ {Time_..___ 4.34 4. 03 ! 4.40 4.21 4.07. -~_________ _ . 4.20 • 
__________ -4.7±O.22 -3. 9±O.15 \-4.1±O.18 -2.3±O.15 -2.3:1s0.1S ___• _______ _ 

l
36 

Tlma----- ------------ 11.20 ------------ 11;24 ----------- ­ 11,20------________________ -2. 5±O. 29 1------------1------------ ____________ .2±O. 23 _____.___• ___ 38
Tlma_________________ 11.30 1____________ ----------__ 11.35 . ----------- ­_____ •___________ •____ -2. 0±0.40 ________________________ -.2±O.29 ____________ 111.30 

l3S .
July 30___ TIme_____ 1.43 1.29 1.51 1.34 1.31; ___________ _ 1..40 _____•____ -5.4:1:0.20 -3. 4±O. 30 -2.9:1:0.20 -2. S±O. 27 -.6:1:0.35 ___________ _ 40Tlme_____ 2. 20 2.00 2. 23 2. 10 2. 05 ___________ _ 20 10{__________ -3.7±O.25 -3.3:1:0.34 -2.1±O.12 -2.1±O.47 -1.0±0.29 ____________ 41 

3.00{~~~::::: :::::::::::: -~ ~O. 22 :::::::::::: :::::::::::: -~: ~±O.19 :::::::::::: 41 

T1me----- 1.58 1.17 2.03 1.24 1.21 I 1.49 1.30 
August 1 -------.-- -4.S±O.26 -4.7:1:0.17 -4.1:1:0.21 -1.S:l:0.34 -1.5±O..14 -1.1±O.19 37Tlme_____ ____________ 2.15 ____________ 2. 28 2.24 2. 35 2.25 ______________________ -5. 3:1:0. 20 ____________ -3.4:1:0. 33. -1.s±O.171-. 5:1:0.19 381t 

Tima----- 3.27. 3.10 3.33 3.17 3.14' 3.23 3.15 
August 17 ---------- -3. 4:1:0. 1S -3. 0±0.17 -3.1:1:0; 11 -2. 2±O.16 -1.3±O.19 -. 5±0. 19 39TIme_____ .___________ 3.40 ______________________•• 3.44 ___________ _ 

______________________ -3. 9:1:0. 35 ________________________ -1.0:1:0.;19 ________• __ _ 3.~{t 39 

Melili values: 
Of first serietl, Au­
~t 1~, 17______ -4.1 -3.9 -3.6 -2.0 -1.4 -.S 


, irrespective
oftlme_________ 
-4.4 -3.5 -3.3 -2.4 -1.1 -.7 

The leaf temperatures of whitewashed Acala cotton plants were 
measured and compared with the leaf temperatures of control plants 
on five occasions. The leaves of the whitewashed plants were found 
to be cooler by a JD,ean difference of 3.06°:1:0.393° C. Each of the 
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five comparisons gave significant differElllces and the.aver~ge differ­
eIl'ce was· nine .. and ·one-:half times the prob/tble error; The rElsuit.s 
are iQ.cluded iIi Tables 9 and 10. . 

AUALA COTTON IN S,ALINE.SOIL 

The leaf tempe~atures of Acala cotton growing ina saline soil were 
compared with those Qf Acala cotton in the less salinecontrQI SQil. 
Three cQmparisons were .made, and,in each case higher leaf tempera­
tures. were fQund fQr the saline-soil plants~ The· differences were 
0.4°±0.24°, 1.3°±0.25°,anu 0~8°±0.27° C., and the mean diffElrencJl 
was 0.83°. The differences in leaf. temperature between the control 
and thesaJine soil, thQugh all in the same direction, lack significance 
in one of the cQmparisQns. l'he mean difference is three and three­
tenths times the prQbable error. , 
TABLE lO.---"-Differences in the leaf temperatures of Acala and .Pima coitCJ11., Acala 

and okra-leaf Acala, atld Acala under variou8 growing condition8, Sacaton, Ariz.,
1928·· . 

Okra· White- Acsla
Differ. ( Shaded PJmiI Differ· leaf' Differ· washed Differ· cooler Differ· 

cooler ence+ Acsla ence+ Acala ence+ . ~~!~ ence+ . than ence+ 
Date than prob- cooler prob- cooler prob- than proh· . Acala In prob-

Acala able than able than able saline ableable Acala
(OC.) error Acala error Aeala error (OC.) err:r soil error 

(OC.) (OC.) (°0.) 

......... --.-.-------------------------

July 28••••••••• { 1.6 1 

f 0 8.6 { 1.8 } 7.2 --------- ---_... _-­:l=0.23 7.0 LJ.23 } {,J:~ } :!:O.25 

{~i7 } 7.3 --------- - ..------ ---- ..---- ------_ .. --------- -----..-- --------- -------­
{ 1.8 }

:!:O.49 3.7 ... -------- -------- ---_ ..---- -------- -----~--- --- ...---- ----- .._-- --------
Iuly 30••.••••• { 2.8 } 6.1 { 2.2 

5.8:1::0.44 }:1::0.46 } 5.0 { :I::~:~O } 12. 0 i 2.3 --------- -------­:!:O.40
{ 1.15.1 1.1'I ±&l,}} 

:1::0.55 } 2.ol{ :I::~is } 7.1 :1::0.31 } 3.6 --------- -------­
1.9 6.5 -- ... -----.. --- ... ---- --------- -------- --------- -------- --------- -------­

{ :l::g:~} 14. 5 { 2.60.3 0.4:1::0.22 } .8 {,J.~ } 11.4 { } 10.4 { }. 1.7:1::0.37 :1::0.25 :!:O.24August 16..... i:J: ~ }13.5 { 1.6 } 4.3 ••••••••~ { 1.3 } ~2:1::0.37 :!:O.25 
{ 1.7} 6.8 { 0.9 } {2.1 } S.1 { 1.8 } 8.2 { 0.8 } 3.0

August 11-.••• {±g:~ } :!:O.25 :!:O.22 :!:O•.27....~~~L~~~. 
--

6.4:1::0.45 j 

7.7 { 1.02} 2.61{ ,J.g:o} 9.4 { 1.92} 7.0 0.83 3.3Mean•••• {~i16} :1::0•. 393 :1::0.1761 

The SQil in which two' sets Qf the plants were grQwn. was Qriginally 
the same, and the treatments differed only in that the plants of Qne 

. set were watered frQm J). well, the water Qf which had a salt content 
about four times as great as the water used for the cQntrQI plants: 
The last leaf-temperature cQmparison was made Qn August 17 alid 
the plants were cropped on August 22. After crQPping thetW;Q SQUS 
had the follQwing characteristics: Specific electrical cQnductivity,. 
saturated soils, saline 0.0035, control 0.0016; freezing-point depres­
siQn, saturated soils, saline 0.41° C., CQntrol 0.15°. The mean. 
freezing-PQint depression of the expressed leaf sap of the two' sets Qf 
plants (July 21 and July 26) was 1.28° for the CQntrQls and 1.390 for 
the saline-soil plants, shQwing a higher osmQtic concentration Qf the.' 
saline-soil plants, which agrees with Qbservations (17) Qn field plants. 

http:0~8��0.27
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LEAF AND AIR TEMPERATURES AT SACATON, ARIZ. 

The leaf temperatures of cotton at Sa.caton, Ariz., are usually con­

siderably lower than air temperatures, which is somewhat in contrast 

to the findings of those who };lave measured leaf temperatures of other 

plants in more humid regions. Clum (8) at Cornell University found 

leaf temperatures to vary from 3° to 10° C. above air temperature. 

Miller and Saunders (29) in Kap.sas report the leaf temperatures of 

corn, sorghum, soy beans, and cowpeas with respect to air tempera­

tures as + .06°, - .02°, + .5°, - .2°, respectively, and alfalfa leaves as 

being consistently less than 1° below air temperature. Seeley (30) 

in Michigan found the temperatures of strawberry leavee. on clear 

days to average 8.4° above air temperature. Smith (32) working in 

the Tropics observed leaf temperatures 15° above air temperatures. 

Balls (1) working with cotton in Egypt, under probably more humid 

conditions than those prevailing at Sacaton, reports that the tem­

peratures of old leaves rarely fell below air temperatures but fre'­


quently rose above them, varying from - 3° to +10°. 


The average temperatures of turgid cotton leaves at Sacaton ex­


ceeded air temperature on only one occasion (Table 9), during the 


riddle of the day, but were occasionally found to be higher than air 

temperatures during the morning hours when the saturation deficits 

were comparatively low. (Fig. 10.) Mean leaf temperatures more 

than 5° C. below air temperatures were observed on two different days 

for Pima Egyptian cotton, the average of 10 series of measurements 

being - 3.5° with respect to air temperatures. The corresponding 

temperatures of the leaves of Acala upland cotton were -1.1° with 

respect to air temperatures.
It seems reasonable to attribute the relatively low leaf temperatures 

found for cotton at Sacaton to the rather arid climatic conditions, 

since the water requirement of this plant when compared to that of 

other crops (,4-) does not suggest an unusually high transpiration rate. 

TABULATED DATA 

The data of the observations relative to varieties, treatments, and 

soil factors are summarized in Tables 9 and 10. Table 9 shows the 

comparative departures of leaf temperatures from air temperatures, 

nnd Table 10 shows the differences in the leaf temperatures. Every 

series of temperature niensurements made on any of the plants has 

been included in these tables except those which have been considered 

in previous tables.
During the summer three or four of the comparisons were discon­

tinued because of a passing cloud or a broken thermocouple, and in 

one instance a portion of a series had to be discarded when the .first 

readings indicated that some moisture remained on the air junction 

of the thermocouple after a standardization. It also occasionally 

happened that the action of the galvallometer indicated that a poor 

hold had been secured on a leaf, in which case a new leaf or a new hold 

was taken without waiting for the galvanometer to come to rest. 

The different varieties and treatments are arranged in Table 9 

in the order of increasing mean-leaf temperatures1 and it may be 

noted that there are few deviations from this order fOL any of the 

varieties or treatments that are comparable with respect to time. 

The agreement in the relative leaf temperatures on the different 

days is largely attributable to the fact that ~he plants were grown 
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in the water-re().uirement series in which the soil moisture was system­atically !llaintamed at or near the moisture equivalent percentage., 	 This fact largely precluded the possibility of differences in leaftemperatures of the different varieties or treatments due to varia­tions in the moisture content of the sail. Each set of the water­requirement plants was made up of six: to nine cans, and in measur­ing leaf temperatures for the comparisons shown in Table. 9 it wascustomary to take the temperature of but a single leaf from any plant. 
LEAF TEMPERATURE AND WATER REQUIREMENT 

The six sets of plants are arranged in the order of their increasingwater requirements in Table 11, and opposite each is. placed theaverage departure from air temperature of the leaves of these plants.The Acala cotton grown in the saline soil had the lowest water require­ment and the highest leaf temperature, and next in order of waterrequirements were the whitewashed Acala, the normal Acala, theokra-leaf Aca]a, the Acala grown under the muslin shade, and thePima cotton. The increasing water requirements were accompaniedby decreasing leaf temperatures throughout the series, with theexception of whitewashed Acala, which had the coolest leaves butranked second in. the water-requirement comparison. 
TABLE n.-Leaf temperature departures of cotton varieties compared with water­requirement values, Sacaton, Ariz., 1926 

Departure
oCleaCtem.
peratures
from air

t 	 Water re-Varie yand treatment 	 Pot Nos. qulrement temper·atures,
meansoC
Cull series• 	 .>\ug.16 and.. .. 	 I__ .~_._~. i 'r---- 17 (OC.)Acala, saline soU••••••••••••••••••••••••••••••••••••••••••___._ 184 to IS9••_..Acala,'Vhltewashed••••__ ._••_._._._•••_••_._•• __ •••••••_••• '_ 196 to 201_._.__ 

841:1::4. 9 -o.a
Acala

l 
normal._._•••_•••••_••••••___._._••••••••_.__•••_.__ •• 13 to 21••__•••• 

887:!:9.1 -4.1
Okra· eaC Acala. normal••_•••__ ••___ •___ ._. __ ••_•••••_._._.__ • 25 to 33•••••__• 

891:!:5.6 -1.4
002:1::8.1 -2. 0Acala, under muslin shade•••••_.___.....__ ••••___ ••__•••••••• 215 to 220••_.._ 1lO9:!:10.9Plme, normal.....................___......._..........._.__._. 1 to 9.......... 

-3.6

1042:!:7.4 -3.9 

Although fI. general agreement appears to exist between leaf. temperatures and water requirement!;! when ranks alone are con­sidered, this must be in part a coincidence, since the differences inthe water requirements of the second, third, fourth, and fifth mem­bers of the series are not significant, It is probable that certain ofthe agreements are directly attributable to differences in the r.elativetranspiration raws which are reflected in the water-requirementvalues, but a consistent inverse relationship between leaf tempera­tures and water~reql'ljrement values can not be expected, since waterrequirement is depei.\dent upon the two variables, rate of growthand wa.ter loss, only o.~e of which could influence leaf temperature. 
YIELDS OF ACALa COTTON IN RELATION TO TEMPERATURE

Notwithstanding the interest and economic importance whichare to be attached to temperature optimums, our knowledge in thisregard is extremely limited. Particular ranges of temperatures arerecognized as being most favorable for a. number of crop plants, buthese ranges Q,re poorly defined. Datil concerning optimums for cott-on 
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are fully as meager as for othe.r agricultural plants. While cotton is 
generally considered as being&. hot-climate plant, conclusions in this 
regard have been influenced at least in part by the association of the 
long season required for the setting and maturation of a crop with high 
temperatures. . . 

In the Southwest, periods of extreme heat are looked upon as ~ejng 
injurious. Cook (9) has observed the influence of the advent of high 
summer temperatures on the development of the fruiting branches of 
the Pima Egyptian variety in the Yuma Valley, and King and 
Leding (fJ3) liave noted that the unusually warm summer of 1924 at 
Sacaton, unaccompanied as it was by the usual rains, while favorable 
to crop plants in general, affected cotton adversely. Their data, 
however, do not show that the yields of Pima cotton were lower than 
usual. This variety may set a large proportion of its bolls during the 
hot summer weather, whereas upland cottons frequently shed pro­
fusely. Under even more extreme conditions at Indio, Calif., it 
has been noted that a large proportion of the upland. crop is set during 
intervals of cool weather in the late summer. The sepior writer (13) 
found that Durango cotton plants matured a. good crop of bolls when 
the temperatures at night were increased to 90° F. whereas very few 
bolls were set on plants given night temperatures of 65° F. The 
experiments wer-e conducted under the cool coastal conditions near 
San Diego, Calif., where the temperature during the day was seldom 
a.bove 80° F./);

Marked differences occur in the number of immature bolls shed by 
the Pima Egyptian and Acala upland cottons in the Southwest. 
Concerning this difference in the shedding of the two varieties Cook 
(10) has observed: "Egyptian cotton may retain nea.rly all of its 
buds and young bolls while upland varieties in adjacent rows are 
shedding nearly all of their buds." Loomis (fJ6) found no great differ.· 
ence in the number of floral buds shed by the two varieties in 1924 
and 1925. Kearney and Peebles (20), working with PimaxAcala 
hybrids, have supplied evidence that there are genetic factors for 
shedding which segregate and recombine in the usual manner. 

The boll shedding of Acala as recorded by King, Loomis, and 
Varmette (fJ4) was 70.3 and 71.7 per cent, respectively, in 1922 and 
1923, while they found Pima shedding f9l" the same years to be 17.5 
~nd 29.3 per cent. Notwithstanding the marked differences in their 
shedding percentages, the differences in the acre yields of seed cotton 
between the Pima and Acala varieties in some years is not large, 
since Pima plants produce fewer flowers (fJ4) and smaller bolls than 
Acala. plants. The ratio of weight of seed cotton to the weight of the 
plants, exclusive of seed cotton, was found to be very similar for the 
two varieties in 1926, in a comparison of 20 consecutive plants, 
alternating in groups of 5 of each. variety. The ratio of weight of seed 
cotton to vegetative weight for Acala was 0.399 ± 0.019, while the 
corresponding rati.o in Pima was 0.422 ± 0.017, a difference that is not 
significant. In adjacent rows the observed boll shedding between 
July 12 and September 18 of Pima was 4.6 and of Acala 62 per cent. 

Data furnished by the senior writer (14) indicate that the excessive 
shedding of upland cottons in the Southwest is associated at least jn 
part with photosynthetic nutritional relationships. It was found 
that 25 Acala upland cotton plants which were defruited twice during 
the summer of 1926 set 84 and 93 per cent more bolls in the 20-day 
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periods following the two defruitings than clid control plants. The 
nutritional relationship between fruitfulness and shedding of cotton 
has been further substantiated by the work of Mason (27) and Ewing 
(16). Measurements of boll growth have shown that an Acala cotton 
plant must manufacture anrutranslocate to each of its bolls an average 
of approximately 0.17 gram of organic material per day over a 40-day 
period for normal boll growth alone, and vegetative growth has been 
observed to be largely inhibited by a heavy setting of bolls. 

Counts were made in the fall of 1926 of the number of leaves and 
bolls on upland cotton plants in different cotton districts of California 
and at Sacaton, Ariz. These data brought out marked differences in 
the ratio of number of leaves to number of bolls in the different locali­
ties. In the Imperial Valley at Meloland representative plants in one 
field had 23 leaves to each boll, while south across the internationaL 
boundary the ratio was approximately 6 leaves to 1 boll, the latter 
bolls, however, being rather small. At Shafter, in the San Joaquin 
Valley, values ranging from 5 to 10 leaves per boll were obtained, the 
mean lying between 6 and 7. In a representative field at Sacaton the 
ratio was found to be apprmdmately 7 leaves to 1 boll. In the 
Coachella VaHey the ratio ina very good field was 6.2. At San 
Bernardino, which is cooler, a mean value of 4.2 was obtained, and at 
Perris with good Kekchi plants the value was 2.6. For small plants 
at Pala which had received but one very late irrigation the ratio was 
5.4. While the values seemed to be largely influenced by the soil 
types and treatments, the observations suggested that fewer leaveR 
were required to produce a boll of cotton in the cooler localities. 

It has been pointed out that the wilting of cotton leaves is a common 
occmrence in the Southwest and that when caused by a deficiency of 
soil moisture it is accompanied by increased leaf temperatures. 
Data by Thoday (33), working with Helianthu8 annUU8, show that 
turgid leaves may assimilate carbon dioxide 10 times as fast as 
flaccid leaves and twice as £ast as leaves which are referred to as limp. 

High temperatures may hayr mjurious effects on leaf tissue, and, 
it is a matter of common kD.~',vledge that excessive leaf temperatures 
are unfavorable to plant growth and photosynthesis. Howard (18), 
working with cherry laurel, found that the rate of carbon assimilation 
increased steadily with temperature until a maximum (about 37.5° C. 
or approximately 100° F.) was reached, above which temperature' 
the rate of assimilation rapidly decreased. She found also that at 
temperatures above 25° there was a continuous falling off in assimi­
lation with the increasing duration of the high temperatures, the 
higher tha temperature the more rapid the decline. Little is known 
concerning tha optimum temperatures for different plant species. 

Attention has not previously bcen called to the differential annual 
fluctuations in the yields of Pima Egyptian and Acala upland cotton 
with respect to high summer 'temperatures. The yields of Acala 
cotton have been comparatively low at Sacaton in each of the years 
characterized by high average ma~:imum summer temperatures, while 
the yields of Pima cotton dming the same 6-year period showed less 
variability and apparently little relation to the Acala yields or to 
maximum temperatures. The relative yields of Pima Egyptian and 
Acala upland cotton in comparative yield tests and the mean maxi­
mum summer temperaturcs for the years 1921 to 1926 arc shown in 
Ta.ble 12, 
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(/l'ABLE 12.-Y·ields of Acala and Pima cotton in comparative tests as telated to 
Ii average maximuJ1~ summer temperatures at the United States F·ieIrl Station, Sacaton, 

.:17"iZ.,1 1921-19:96 

--'-'-"~--'--'--------",,-~'''''i-' -..... ~~...,...,...-. _~_·t~ ....-..-.- ,-- ~'_~.-4- ....., ..,. ..,-.----,--,---­

(OF) Acre yields o[ seed T! emperature . cotton (pounds) 
Year I Juno ! July A~g.! Sept. I Mean Acala Pima 

-----------i-......--~,--- ---'--t--~---- --~ 
1921 ____________________________1 100.9; 98.6 19061_.41, '. 90.31 19081'.31 1,914 1,096 
1022____________________________ 103.6 102. 6 9S.2 1,647 2,050 
1923____________________________ 00.8 100.2 96.9 l 94.71 97.9 2,406 2,367 
192'-__ -------------------------1 103.7 110 .0 I 103.6 j 00.0 102.1 1,56002. 2,02619"15 ____________________________ 9S.0 98. 2 93.9 98.3 2,641 1,6433 0
1926____________________________ loa. 6 102. 5 100.71 96. 2 100.8 1, 733 1,8881 

1 
I The yield datil shown (n this table [or 1921, 1022. and 1923, are [rom King and Leding (Sif, Table .I),

lor lOOt [rom tho snme Investigators (BS, Table 7), and [or 1925 and 1926 from unpublished plot l'I.'Cords 
supplied' by O. J. King. superintendent o[ the stntlon. Tho two varieties bave been compared for six 
years In different plots In the samo block (02-8 to 02-15). 'rho soil throughout this block Is exception­
ally uniform and productive. E'or 1921, 1922, nnd 1923 the comparisons are of single quarter-acre plots 
(2U.5 by 410 feet) under normal Irrigation. The 192t, 1925, and 1926 comparisons are of 3, 4, and. 4 plots
o[ eacb variety [or the respectiveyeurs. More Irequent Irrigations were applied to a number of these 
plots during the lust three years than Is the usual custom unrler normal trentment. 'rhe acre yields' in 
pounds of those plots irrigated according to usual custom were ns [allows: In 192t (1 plot eneb), Acaln, 
1.360; Pima, 2,OO'l. III 1925 (2 plots each), Acnlll, 2,503; Plmn, 1,496. In 1926 (1;2 plots each), Acn1n, 1,625; 
PIlOn. 1,830. 

The years 1921, 1923, and 1925 had average maximum summer 
temperatures below 100° F., and the three highest Acala yields on­
curred in these years. The years 1922, 1924,_and 1926 had maximum 
summer temperatures averaging more than 100°, and the Acala yields 
were compamtively low. The mean Acala yields were 40 per cent 
greater during the three cooler years than during the years marked 
by maximum temperatures above 100°. '1'he mean yields of Pima 
cotton, however, are not significantly different between the three 
hot years and the three cooler years. 

The remarkable agreement between the yield of Acala and the 
mean tempemture can be brought out by arranging the years in the 
order of their mean temperature and comparing this with the standing 
of the years in yield. The same method brings out the difference 
between Acala and Pima. (Table 13.) 

The correlation of rank which measures the agreement between 
series of ranks on the same scale as a product moment correlation 
shows Acala, 0.97 ± 0.02; Pima, 0.085 ± 0.08. 

'fABLE 13.-Ranks of mean maximum summer temperatures (lowest to highest) and 
corresponding rank of the yields of Acalo. and Pima colton for the years 1921 to 1926 

1'em- Acn1n PimaYear I'crotnru yicld yieldrank 

1923·.-- _________________________________________ --_-_________ --____ -_________
1921 ____ • ____________________________________________________________________ 1 2 1 
1025_________________________________________________________________________ 2 3 4 
11J26________________________________________________________________________ _ 3 1 6 
192'l ______________________________________________________• _________________ _ 4 4 5 
l!l'!l_ __ ____ ___________ ___ ____ ____ __ __ ___ ___ ____ _ ____________ 5 5 20 ______________ _ 

II 6 3 

If the behayiol' of Acaht cotton during the years from 1921 to 1926 
can be looked upon ns being in any way indicative of what the future 
behavior of this variety might be in years marked by high average 
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summer temperatures, it· is then des4'able to look into the recordsof the summer temperatures in years past. The mean maximumsummer temperatures for the years from 1908 to 1926 are"shown inTable 14. During the 19-year period there are but six summers withmaximum tem:perat.ures al~traging less than 100° F., and on such abasis the proIDlSe of future %ood Acala years would become a matterof great uncertainty. MeaIt,maximum temperatures, however, donot furnish a wholly satisfactt~:rY basis for yearly comparisons, sincethe same mean maximum te~~erature in one year may representfairly uniform conditions, where~in another year it may be the resultof wide. fluctuations above and' Mlo{~ the mean, thenrst year provinghighly favorable .and, the second yty~r more or less disastrous. Maxi­mum temperatures above 110° are\)ot uncommon at Sacaton..
\\ 

'fABLE 14.-.Mean flUUimum temperaturesat,Sacaton, Ariz., during June, July,August, and September,":t908 to 1926 

lune luly AUg.! Sept. Mean.,.:ea~J~~~~" July L~~ Sept. ~L~I of of of of
OF of of of i of of1008..... JOl.9 102. 4 102. 2 98,8 101.31 1919••••• 100,6 97.7 00.5 93.2 97.81909.--.-f 103.0 103.2 101.2 97.4 101.4 11120••__ • 101.0 101.0 I 00.0 99.81910•••••1 104.9 106.2 104.0 103.4 104.8 19'21_••_. 100. 9 98.6 

98.0
1911..... 103.2 00.3 102.8 . 98. 7 101.0 

96.4 96.3 98.1
1912_.__ • 104.1 1022••••• 103.6 102. 6 101.1' 98.2 101.497.7 100. II, 19'23___ •• 00.81913___._ 100.9 ~&t ~\ fi:f: ~ 102. 3 . 11124••___ 

100. 2 96.9 94.7 97.9100.91914_.__ • 103.·7 102. 0 103. 5 99.0 102.1102. 5 103.1 104.1 100.2 102. 5 1925••••• 98.0 102.0 98.2 93.91915••••• 103.9 105,1 106.0 100. 5 103.9, 1026••••• 
98.4

1916•••_. 105.9 105.7 103.4 00.7 103.7, 
103,6 102. 5 100. 7 96.2 100.8

1917_____ 103,6 102.0 00.9 95.7 100. 3 I Menn_ 102.5 102.0 101.1 97.91918.____ 101. II 100.1 97.1 97.9 00,3 I 
100.9 

That the relation between temperatures and yields of Acala cottonis not connned to Sacaton, on the Gila River, but has also been notedin the neighboring Salt RiveI' Valley, was brought to the attentionof the writer by a statement of S. H. Hastings, formerly superintend­ent of the Sacaton station, now ranch manager of the SouthwestCotton Co. Records of yields on comparable land on the ranches ofthis company showed that the Acala variety produced less cotton 1n1924 and Hl26 than in 1923 and 1925. Mr. Hastings has found poorAcala year.:. to be better Pima years, with the year-to-year fluctua­tions in the Acala yield~greater than the fluctuations in Pima yields.The yields shown by King and Leding (23) for a number of uplandcottons grown .a.t Sa('aton in the years from 1920 to 1924 indicatethat tbe upland yields obtained in 1922 were lower than in the cooleryears} 1921 and 1923, with the exception of a low Durango yieldin 19:tl. The yields of the upland varieties, Hartsville, Durango,Acala, Lone Star, and Mebane, were distinctly higher in 1923 than inthe hotter years 1922 and 1924.
The differences in the temperatures of wilted and turgid leaveshave been found to be proportional to the corresponding differencesin the transpiration rates. Between turgid and severely wiltedleaves the temperature differences were found to be as' great as5.5° C. (approximately 10° F.), and differences between the tem­peratures of Pima and Acala cotton leaves approximately half asgreat were observed. The water requirement of Pima cotton wasfound to be considerably higher than that of Acala cotton at Sacatonin 1926, which, with the leaf-temperature difference, strongly sug­
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gests a higher transpiration rate. If higher water-requirement values 
are in part indicative of higher transpiration rates and in turn of 
lower leaf temperatures, then it follows that under irrigation in the 
regions characterized by excessive temperatures a high water require­
ment may be a more desirable charact.er than a low water requirement. 
There are limits to the desirability of this, however, since during 
hours or seasons when excessive temperatures do not prevail photo­
synthesis would be expected to proceed more rapidly in warmer 
rather than in cooler leaves. 

Under field conditions a plant growing in a deep, open soil with a 
high water-holding capacity should show less frequent water-stress 
symptoms than a plant in a poor or shallow soil. Likewise a plant 
with a highly developed root system should be at an advantage over 
a plant which had made an excessive vegetative development with­
out a corresponding extension of its roots. It would also follow that 
leaf temperatures on clear days would be higher during humid periods 
than during dry periods. 

In the foregoing paragraphs of this section the yields of Acala 
upland and Pima Egyptian cotton have been compared with the 
mean maximum summer temperatures. In presenting these data it 
was fully appreciated that no single expression could adequately 
summarize the intensity of the climatic factors and that all of the 
elements making up a climate, though their fluctuations may be cor­
related, affect plant growth individually and that plant growth is 
likewise influenced by soil variables and by cultural treatments. It 
is also clearly recogillzed that the results of measurements of a single 
physiological variable can not be expected, in general, to throw very 
much light on plant behavior. However, in a region characterized 
by excessive temperatures it seems logical that the temperatures of 
th,) leaves of crop plants should furnish at least one measure of their 
relative ability to adjust themselves to such an environment. When 
comparative yields show that a variety characterized by high leaf 
temperatures has behaved unsatisfactorily in a .nl!.IIlber of years 
marked by high summer temperatures, whereas a variety with lower 
leaf temperatures has shown no relation between its yields and maxi­
mum temperatures, the facts suggest that the differences in yields 
are associated with the observed differences in their leaf temperatures. 

SUMMARY AND CONCLUSIONS 

This bulletin deals with the leaf temperatures of the cotton plant
in the. Southwest. The experimental plants were grown at Sacaton, 
Ariz., as a part of a water-requirement series. 

The leaf-temperature measurements were made by the thermo­
electric method, in terms of the departures of the leaf temperatures 
from the temperature of the air. In measuring leaf temperatures a 
leaf was folded upward in such a manner that two portions of the upper 
leaf narface were brought firmly together over one junction of the 
thermocouple, while the second junction, freely exposed to the air, 
was protected from the direct rays of the sun by two slightly separated 
slips of white paper. The thermocouples were connected by long 
extension wires to a galvanometer permanently niounted on a screened 
porch overlooking the experimental plants. 

\ 
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Leaves selected for similar exposure and age were found to vary in 
temperature. The variations were, in general, greatest during the 
hours of highest transpiration and of greatest intensity of climatic 
factors. The standard deviation of a selies of 48 cotton leaves 
selected for similar exposure each hour throughout a day ranged from 
0.3010 to 1.2800 C. 

An average difference of 2.00 C. was found between cotton leaves 
nearly normal to the sun and leaves at an angle approaching 900 from 
the llormal position. 

Young leaves were found to be cooler th&ll old leaves. A mean 
difference of 1.40 ± 0.250 C. was found in the tempru:ature of leaves 
differing in age by three to five weeks. 

A maximum mean difference of 5.50 C. was found in the tempera­
ture of wilted and turgid Acala cotton leaves. 
It was found by calculation from leaf-temperature differences that 

approximately 40 per cent of the energy required for the transpiration 
of cotton plants in mid-afternoon at Sacaton was derived from 
radiations intercepted by the leaf. 

A correlation coefficient of -0.929 ± 0.025 was found between 
the differences in the leaf temperatures and the differences in the trans­
piration rates of turgid and wilted Acala cotton plants. 

The temperatures of turgid Pima Egyptian cotton leaves were 
found to be lower at each hour of the day before sunset than the tem­
peratw'cs of turgid Acala upland cotton leaves, with the greatest 
differcnccs during the hours of highest transpiration rates. There 
were no significant differences in the hourly fluctuations in the 
transpiration rates of Pima and Acala cotton when these were ex­
pressed as the hourly percentage of the day's total. 

Wilted Pima cotton leaves were found to be cooler than wilted 
Acala cotton leaves when the two varieties were growing in the same 
cans. "-

Turgid Pima Egyptian cotton leaves were cooler than turgid Acala 
upland cotton leaves by an average of 2.440 C. in 10 comparisons. 
The melln difference for the 10 comparisons was seven Ilnd five­
tenths times the probable error. 

During the middle of the day, when fully exposed to the Jight, the 
Pima leaves were found to have mean temperatures ranging from 
2.00 to 5.30 C. below air temperature. The mean temperatures of 
Acala leaves during the same hours varied from +0.20 to -2.50 with 
respect to air temperature. 

The leaves of okra-leaf Acala Gotton were cooler than the leaves of 
Acala cotton in five out of six comparisons by 1.020 C., with an aver­
age difference of two and five-tenth:; tUnes the probable error for the 
SL,( comparisons. 

The leaves of Acala cotton plants grown under a muslin shade were 
cooler than the leaves of freely exposed plants by 1.920 C., with an 
average difference of seven times the probable error for the five 
comparisons. 

Leaves of whitewashed Acala cotton plants were cooler than leaves 
of untreated Acala cotton by 3.060 C., with an average difference of 
nine and five-tenths times the probable error for the five comparisons. 

Leaves of .t'..cala cotton plants growing in a saline soil were warmer 
than the leaves of Acala cotton growing in a control soil by 0.83 0 C., 
with an average difference of three and three-tenths times the probable 
error for the three comparisons. 
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The leaf temperatures of the different cotton varieties and of the 
.Acala cotton under different treatments were compared with the water 
requirements of the saDie plants. While some evidence of a negative 
correlation was found, such a relationship would always be uncertain, 
since a water-requirement value is made up of two variables, only 
one of which affects leaf temperatures. 

Attention is called to the fact that over a 6-year period the yields 
of Acala upland cotton have been relatively low at Sacaton duriv.g 
those years marked by an average maximum summer temperature 
above 100° F. The Acala yields averaged 40 per cent greater during 
the three cooler years than duriv.g the years with average maximum 
summer temperatures above 100°. During the same 6-year period, 
the alternate years of which had mean maximum summer tempera­
tures above 100°, the yields of Pima Egyptian cotton fluctuated less, 
and the fluctuations showed no relationship to the mean maximum 
temperatures of the summer. The correlation of rank between the 
yearly mean maximum summer temperatures (lowest to highest) 
and the yields of cotton (highest to lowest) for Acala was 0.97 ± 0.02 
and for Pima 0.085 ± 0.08. It appears probable that the differences 
in the yields of Acala upland cotton in the years of higher an.d lower 
summer temperatures as compared to the yields of Pima Egyptian. 
cotton are associated with the differences found in leaf temperatures 
of the two cottons. It is pointed out that in a 19-year period there 
have been but 6 years with average maximum summer temperatures 
below 100° Il,t Sacaton. 
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