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ABSTRACT

The obJlect of the investigetion was to determine
the effect of cdecreesing soll moisture snd trenspiration
reducing sorays on transpiration end growth of plents.
Consldereble c¢isegreement avnears in the literature con-
cerning the effect of low soll moisture on trenspirstion
end grnwth.

Trensolration wes determined by welght loss of
plente growing in ¢0ll in contalners which were sealed
to prevent evaporation. Leaf srea increase (the measure
of growth used) wes determined by deily lesf length -
leef erea reletionsnips obtained in thls work end from
the literature. The different levels of soill moistures
were obtained by allowing the treatment plants to remove
the 8011l moisture from the fileld capacity to the perma-
nent wilting percentage. Changes in growth end trensnira-
tion as soll moisture was reduced were determined with
respect to plants in soll meintained at field capacity.
Four solls, three snecles and two sprays were used.

Both dally end hourly meassurements were mede. The sprays
were made up by the Agriculturel Chemistry Department.

There eovpeared to be less reduction due to low soil

moisture, in transoiration rate relative to the controls,



when the environment was not conducive to rspld transpi-
retion, end it might be expected thet under very low
trensviration conditions that little trensviration re-
ductlon wouléd be found es soll molsture was reduced.

The hourly measurements showed that the trsnspiration
reduction wes much grester in the afternoon than in the
morning which indicated that in those cases where tran-
soiretion was measured for only e short period during
each day the chinice of neriod would influence the smount
of reductinn indicated.

The most striking difference, however, was found
between snils. A compnst s80il end a sesnd were st the
two extremes. Transpiration of the tomato in comnnst
soll wes reduced with the first reduction in available
water, while the plants in sand showed nn reduction un-
t1l over 80 percent of aveilable soll moisture hed been
removed. Clsy end muck solls were intermediate end
showed a gradual reduction sterting when between 40 ver-
cent 2nd 50 nercent of the svalleble moisture was ex-
hausted.

The trenspiration reducing sprays were found to re-
duce transpiration sbout 10 vercent for esch vercentage
of o1l they conteined. Growth wes »roportionately re-
duced. As the sprayed plents grew the film lost some

of 1ts effectiveness. Elther the spray was without



value after three days or the transviration of the spray-
ed end unspreyed nlants was reduced together as low soil
molsture ceused reductions below thet ceaused by the svrays.
Growth was closely releted to transoiration.
The data indiceted that much of the evperent dis-
egreement in the litersture wes due to different soils,
different traneniring conditions, end different periods

nof day that measurements were made.
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INTRODUCTION

The total loes to plant industry resulting from
weter deficits 1s probebly grester than that caused by
eny other production fector. Irrigetion and water con-
servation are the obvious remedies. While irrigation
1s 2 necessity in erid climates 1t is recently proving
to be a remunerative sunplement to natural orecipita-
tlon in humid and sub-humid sress. This has led to a
rapld expsnsion of the irrigsted acreage east of the
Rocky Mountains and to a more general recognition of
the need for additional fundementel information con-
cerning soll-plent-weter relations.

‘The time end rete at which the diminishing soil
molsture suppoly reduces transplretion end growth masy
determine the effectiveness of both irrigation and con-
servation practices.

The present work wes undertaken as pert of the
transpiration-reducing-film investigation at the Michi-
gan Agriculturel Experiment Stetion to find the time
and rate ot which a diminishing soil moisture suvply re-
duces transviretion and how the aponlication of a tran-

spiration-reducing snrey might effect this time and rate.



REVIEW OF LITERATURE

The literature perteining to the effect of de-
creasing soll moisture sup»nly on plant transoirstion
end growth hes recently been reviewed bty Velhmeyer and
Hendrickson (1950), end Richards and Wedleigh (1952).
A cuntation from Veihmeyer and Hendrickson (1950) em-
phaslzee the lack of agreement: "On the one hand it is
held that weter is equelly avelleble to plents through-
out the range from the field capacity to the permanent
wilting vercentage; on the other that plants respond
fevorebly to high soil moisture conditions gnd that ad-
verse effects will result ss the water content decreases."

Althrugh the poilnt in the evallasble range where wa-
ter first limits growth and transpiration is still in
questinn, 1t is generslly egreed, Briggs and Shantz (1911)
(1913), Teylor et al. (1934), Furr end Reeve (1945),
Hendrickson end Veihmeyer (1945), thet the permanent wilt-
ing vercentage 1s the point below which there i1s essen-
tlally no growth. Trensplration, however, continues to
remove considerable water at a low rate until the plant
dles.

The observation of Briggs snd Shantz (1913) and



Shantz (1925), thet there evnesrs to be no way of mein-
teining uniform soll molisture throughout the root zone
at percentages below field cevacity because of limited
water movement, left 1little or no relisble information
on the effects of different soll molsture percentages
in the avalileble range on transoviration and growth st
the time of Veilhmeyer's (1927) first report. Veihmeyer
(1927) compared the effects of different but overlapping
ranges of soll moisture. Well esteblished two year old
French prune trees growing in 1000-2000 pounds of Yolo
clay loam (Moisture Equivelent - 22 percent) and Yolo
loam (Molsture Ecuivelent - 22 percent) in sealed con-
teilners were allowed to remove moisture to 11.8 percent,
the permanent wilting percentege, or to 16 percent be-
fore being irrigsted to field capacity (22 percent).
Thus s0oil molsture of one ret varied between 11.9 ver-
cent and 22 percent end the other between 22 percent and
16 nercent. The results indicated: "that not only the
water use but the trees themselves were not affected by
varlistion in amounts of soll moisture sbove the wilting
coefficient."™ 1In later work, with dwarf sunflower in
9,600 gm Yolo clay in small contsiners, Hendrickson end
Veihmeyer (1945) plotted the soll moisture against time
a8 the plents reduced the water from 33 percent to 15

percent in elghteen days, and found thet water wes ex-



tracted et a uniform rate.

Chung (1935) found thet the hLourly trenspirstion
reate of bean decreased es the soll beceme drier end
thet the peak rete fell considerebly eerlier on the
third then 1t did on the first dsy.

Change in rate of stem elongetion of sunflower
with decreasing soll moisture in conteiners wes meas-
ured by Blair et sl. (1950) snd Furr snd Reeve (1945).
The former showed a decrease when 25 percent to 50 per-
cent of the avellable molsture of s loamy fine send wes
exhsusted e#nd there was o downwerd trend on the first
day with the whole series of solls used by tne latter.

Schneider end Childers (1941), Allmendinger, et al.
(1943), Loustelot (1943), and Upchurch et sl. (1955)
have used the ges abesorntion method of Heinicke (1933)
to study respiretion, nhotosynthesis enéd transniretion
of individuel leaves for short veriods es soll molsture
wes reduced by the olent.

Schneider end Childers (1941) working with young
epple trees in a heevy soil in ten gsllon containers both
1n & controlled environment end in the field found a
slight increese in photosynthesis for one to four days
after terminetion of irrigetion. Before wilting wes evi-
dent there wes & 55 percent reduction in photosynthesis, a

65 percent reduction in trenspirstion end e 62 percent



increase in resviration. When the plants showed cdefi-
nite wilting eand the soll molsture was spproximetely at
the wilting percentege there was an 87 nercent reduction
in transpiration. Similar changes in photnsynthesis were
obtained in the fileld.

Allmenainger, Kenworthy end Overholser (1943) se-
lected & mede s0i1l which hed 1little shrinksge on drying
for growing young svpoles in contsiners. Leaves of these
trees measured in the morning showed no significent re-
duction in COp absorption until over 80 percent of the
avallable water had been used.

Loustalot (1945) transplanted six pecan seedlings
Into filve gallon crocks of sllty loam e#nd coarse sand.
The checks were meintained at 25 percent to 30 percent
and 4.5 »ercent to 6 percent soill moisture respectively.
Transpiration ratios were established before treatments
and two determinetions were mede dally, one in the morn-
ing and one in the sefternoon. It was found that under
drought conditions "a merked reduction in the rates of
both photosynthesis end transpiration occurred one or
two dayg before the molsture in both sand snd soll had
reached the wilting point. Transpiraetion end photosyn-
thesis rates were usually depressed =2t about the same
time end o8 a rule both processes were depressed in the

afternoon periods one or two days tefore any avpreciable



reduction wes observed in the morning protebly owing
largely to wide differences in etmospheric conditions
that preveil.®

Upchurch ¢t sl. (1955) modified the gas absortion
technique to enable them to meke measurements on the en-
tire plent. Lsdino clover wes grown under controlled
conditions in a2 Yolo loem «with moisture equlvelent and
wilting percentage egreeing closely with the soll
Veilhmeyer (1927) used for work on prunes in conteiners.
Tempersture was 2500., light 1800 font candles, 2nd hu-
midity 85 vercent to 90 percent during meessurements.,
The curve presented for & nine dey run with one irriga-
tlon efter sbnut 80 percent of the evailable moisture
had been removed, shows there wes en increese from 33 -
L6 mg CO, exchenged ver hour during the run. There was
very little chenge in rate either tefore or after irri-
gation. "The resultes of Allmendinger et el. (1943) with
apples, Loustalot (1945) -vith secen trees, end the pre-
sent investigetion with ledino clover 211 lead essentislly
to the same concluslon, namely that tiie rate of photosyn-
theslis 1s 1ittle effected until the permenent wilting
percentege is clnsely epnroached." The euthors found in
unpublished work thet vegetative growth of ledino clo-
ver wrs reduced when nelf the avelleble molsture had been

used.



Kenworthy (1949) working on the seme experiment es
Allmendinger et al. (1943) found significant reductions
in terminsl growth, total leaf ares, end incresse in dry
weight when the plants were not irrigated until 80 per-
cent of the sveilable molsture had been used.

Martin (1940) railsed Russian Memmoth sunflower in
130 oouncds of a sandy loem soil in containers end irri-
gated grouns of six nlents esch ~hen the soll moisture
was reduced to 14 percent end to 10 percent. The rate
of transplration per unit leef eurface wes ordinarily
affected when esbout two-thirds of the evallsble weter
hed been exhasusted, but rate of increase of leaf erea
wes effected long before eny change 1n stometel opening
or trensviration wes noted.

Vendel (1945) renorted trensniration end stometal
measurements on orange trees growing under different
ilrrigetion regimes in the fleld. Leaves were removed
from trees on sandy soll at intervals sfter irrigating
and the rate of change in welght of these leeves was
the criteria of treanspiration. Transplration rates and
stomatal aperestures decreased htefore wilting was spperent.
A more repid decrease in the retes of transpiration be-
gen as moisture in the meln root horizon decreased to
the point where soill suction forces rise sbove 3.5 &t-

mosnheres.



Scofield (1945) grew elfalfa in cens 15 inches in
dismeter and 24 inches deep with 87 kilograms of dry soil
with a moisture equivalent of 10 percent to 6 percent
with sbout 14 liters of svailable water per cen. Three
treatments were mede; irrigated when 50 to 60 percent
of the svallsble water was removed, when practicelly ell
avellable water was exheausted gnd continuel sub-irriga-
tion to keep the bottom layer of 8o0ll saturated. Dry
welght yield of tops decreased with esch reduction in
soll moisture.

Nutgrees in nne gellon pots wes irrigated by Davis
(1942) to eporoximately 22 percent soil moisture, 5.1
vpercent ebove the molsture ecquivelent, by ellowing the
pots to stend in water in mens for 24 hours after the
80oil molsture was exhausted to 18 percent, 15 percent,
12 percent, 9 percent, end 6 nercent. Two of these
molsture renges everaged stove the molsture equivelent
end the highest never dropped to it. The soll moisture
range entirely ebove the moilsture eculvalent yielded
more tops and tubers on a fresh welght basis than any
other treatment end there was a merked decrease in
yields with successively lower molsture irrigation
regimes.

Ayers et sgl. (1943) also found reduction in growth

of beans with slight reductions of soll moisture of



Fallbrook loem which had 6.2 nercent water at 15 stmos-
pheres tension and 14.7 percent at the moisture equiva-
lent. The pots were irrigeted to 20 vpercent when the
soll resched 15 percent, 11 percent snd 7.5 percent.
Bean growth and yleld increased es tenslon decreased.

Haynes (1948) irrigated corn plesnts growing in soil
fluctusting between 0.0 snd 0.7, 0.0 sand 0.1, end 0.0
end 12 atmospheres tension. The lowest tension resulted
in the highest yleld snd the weter used per grem dry
matter produced wes the seme for ell treatments.

Went (1944) concluded that as long as water in
crushed granite and sand cultures for growing tometoes
was not allowed to reach s low level, 1t had little
effect on growth.

Post end Seely (1947) irrigsted greenhouse roses
when tensiometers indiceted one inch and three inches
of water. The lower tension resulted in better but not
significantly increased yield.

In greenhnuse studies with containers holding 105
pounds of light brown loam with a fleld cavsecity of 23.8
vercent and & permenent wilting percentage of 10.8 per-
cent, Cykler (1946) irrigated when 50 percent, 66 2/3
vercent and 95 vercent of available water was exhausted
and found that tuber set and top growth wes independent

of molsture content ss long es evallsble moisture was
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present for growth. It was thought thet tﬁe rate of ex-
traction might be the some for ell treatments when cor-
rected for evavoration.

Trenspiretion reducing costings heve been used by
a number of workers successfully on roots, and nursery
crops. Haller (1947), Mack and Jarner (1941), Hitz snd
Haut (1941), Cleyponl and King (1941), Tukey and Brase
(1931). Comsr and Berr (1944) reported thst aqueous
emulsions of olls gave up to 89 percent reduction in the
transplration rate of sunflower. The work on squeous
emulsions of wexes &nd olls et Michigen State University

was reviewed by Miller et al. (1950).
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PROCEDURE

Aoparent transplration wes determined by chenge in
welght of pntometers consisting of plants growing in
8011 in censg cecled to orevent evanoretion. Leaf erea
increment was the criteria of growth end wes calculated
from leaf length measurements according to the length -
area reletionship determined ty Porter (1937) for tome-
toes. Simller reletionships were determined for castor
bean and snep bean (See eppendix).

Potometers were made by nutting equal weights of
moist soll to within an inch of the top of number 10
cans end working to the edge at the surface to prevent
irrigatlons from running to the bottom between the soill
end cen. The water content of the soll pleced in the
cens was determlned by sampling and drying et 11000. to
a8 constant welght. Seedlings were sterted in sand end
trensplented to the cens when the first true leaf epnear-
ed. When the plant hed grown sufficiently not to be
demeged, fhe can top which wes cut from the edge to a
hole in the center was sealed on with two inch asdhesive
tape end grafting compound to prevent evaporation. A
glass tube for irrigation was vput through a second hole

in the cover and sealed in a eimiler menner. Cottnn wes
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inserted in the tube snd eround the stem. By weighing
btefore end efter eech operetion the weight of the potom-
eter with any desired percentege of soll moisture could
te calculated,

Welghings were made on & Cenco double beem balance
to the nearest tenth grem. Anverent trensniretion of
unirrigeted plants wes determined by chenge in weight
wheress the volume of water, edded from a burette, to
bring the notometer uo to welght wes the measurement
used for 1irrigeted plents. Error due to evaporation wes
low. Dummies (potometers without plants) seldom lost
over a gram ver dey end usuelly less thsn hslf s gram.

Welghings and irrlgetions were made deily or twice
deilly, devmending on the trensviration, to keep the soil
of the control plants neer field cepeclty.

Fileld capacity wes determined by adding sufficlent
weter to moist soll 1n graduates to wet pert way to the
bottom (Loomis end 8hull, 1937). After 12 hours samples
were taken et & number of levels and the lowest soll
moiseture of any wetted portion was taken as an approxi-
mation of fleld canacity.

The procedure of Briggs end Shantz (1912), with
elther dwarf sunflower or tomsto, was used for determin-
ing the nermsnent willting percentage or wilting coeffic-

ient.
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The exveriments were conducted in the greenhouse
during the spring end summer of 1940.

The transviration reducing spreys used on tometoes
end castor beens were oll in weter emulsions of drylng
0ils made by the Agricultural Chemistry Depertment.
(Miller et el. 1950).

The difference in transpiretion rete and growth of
vlants at different percentages of soll molsture wes ob-
tained by dividing the plents into groups of two or three
plants esch. One plant of each group was the check snd
received dailly additions of water to bring the potometer
to field canscity welght. To obtsain relestive ratios of
transniration and growth the second and third plants
were maintained et fileld capecity until trested. Tran-
spiration retios were obteined by dividing the trenspire-
tion of the trested nlant per unit lesf with that of the
control. Transpiration was measured es grems water loss
ner squere decimeter leef srea. When these ratios varied
no more than + 10 vercent for three days the treatments
were started end the sverage of the ratios for the three
dey period was used s8 the base for calculating changes.
A base ratio for growth wes determined similarly.

The effect of the treatment or treatments (diminish-
ing soll moisture, or & transvlration reducing svrey

followed by diminishing soll moisture) on transpiration
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rete and leef erea incresse wee celculeted by dividing
each of the delly retins obtelned following treatment

by the base retio end multiplying by 100. This gave

the percent of the expected rate on the basis of ver-
formance before treatment end wes plotted o»n the ordinete
exls of Figures 1, 2, 3, and 4. The ebsclssus ere the

everege soll moistures for the same deily periods.
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RESULTS

Experiment I: 'Large end Small Tomato Plants

On Februery 27, 1940 24 cens were fillled with
1330 grams of compnet c0ll thet hed 2 field caneclty
nf 24 nercent 2nd a vermenent wilting percentege of 9
‘percent. Smell tomato vlants weilghing two grems were
get in 12 end lerger plents were set in the other cens,
-The potometers were sealed to prevent evaporation and
the nlants grown until March 24. All plants were irri-
gated to bring the 801l to field cevnecity and measure-
ments were started on March 25. The transplration re-
tios were rether uniform the 26th, 27th, end 28th. The
meens were celculated end no water wes edéed to the con-
talner on the 29th. The 30th wes the flrst cdey differ-
ences in the soil moisture between the watered end un-
wetered pnlants wes determined.

The 29th is the first dey shown in Taebtle I end gl-
s0 the deate of the first vpoints in the curves of Figure
1 which ere the everege of four smell and eight lerge
plants. Tne curves were drewn from the relative growth
increeese #nd reletive transplration recduction dete con-
teined in the teble. The esverege daily transpiration

rate of the elght controls which were kept neer field
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capeclity, found in column twn, 1is en index of the over-
ell trensoliring conditions end 1s not included in the
graphs.

The dete (Table I) showed thet there wes & decreace
in the transoiration of the elght large plents but not
of the tour smell on the first dey thet the soll moisture
of the treetments was less then the controls. The large
nlants had & 8211l moisture difference of 18 vercent and
the smell 10 percent. At the same time the lerge plants
hed exheusted 39 nercent of the avalleble water end the
smell plents 24 percent. The deta indiceted that 24 ner-
cent of the evelleble molsture was ecually evellable for
trensviration of the smell nlents but 39 vercent wes not
equally evalleble for trenspiration of the large plants.
There avneered to he no difference in the trenspiration
response of lerge and small plents to reduced soill mois-
ture. After transniretion was first reduced, further
reductions were 3irectly relested to the amount »f eveil-
etle weter. Transoiretion wes 13 wnercent eand 17 percent
nf contrnls for the two plenv sizes when the availeble
water was exnausted.

Leef gree increese of botir the lerge and smell
plents wes reduced wltn the first decreese in evsllable
weter end grnwtn stonned before the eveileble water was
exhausted. £ilze of nlent made 1llittle difference in re-

soonse.
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COVMPARTISON OF THE TRANSPIRATION AND GROWTH REDUCTION
OF LARGE AND SMALL PLANTS AS THE AVAILABLE
SOIL MOISTURE WAS EXHJAUSTLD

Trens.of Avelleble 3
Days |controls |eoil moisture Transplz— peaf areg
fwith-| Gn/Dm used etion increase
nout /Day .........................................
water ...Pevcent... .[...Percent....|...Percent...
Lerge . Small [Large . Smell [Large . Small
Plantq Plents [Plents. Pleants [Plants Plents
1 14.9 16 12 100 . 102 91 . 108
2 21.2 39 - 2k 87 - 10k 8k T 7k
3 28.9 68 L7 6 70 29 83
L 30.6 8L 67 21 L5 17 31
5 14.3 91 80 22 36 6 29
6 10.8 101 86 17 32 50
7 7.8 89 26 21
8 22.0 94 17
9 25.7 99 13

® Percent of exnected rate relative to controls.
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The trenspniration end growtil reductions were effect-
ed by tne environment. Reductions were least when the
trans»niration rete of the controls wes lezst and great-
est when 1t was high. Leaf growth was influenced more
than transniration end the marked irregulerities in rete
of growth (Figure 1) were essocleted with corresoonding
chenges 1in trenspiretion rate of the controls.

Exveriment II: Snrayed snd Unspreyed Tomato Plents.

Twelve votometers were mede un with 1264 grems of
compnet 801l with & field cenacity of 25 nercent and a
permenent wilting nercentage of 7 nercent thus provid-
ing 205 grems of evalleble water per notometer. The
plants were set A»ril 18. Tihree were treated with a
trensgoiration reducing sonray (382 A%*)(1filler et al. 1950)
and six with dilstilled water on the 29th. Only the three
control plents recelved weter after the 30th of gpril.

The reductllion in transoirstion the second cey follow-
ing snraylng with the trenspiretion reducing sprey sver-
aged 28 percent for three plents. (Teble II).

During the four dry period when the sprey reduced
trenspiration, growth of the eprayed plents was less than

the unspreyed but in the next two deys the spreyed plants

* A sprey mede up with 3 percent oil by the Agricultursal
Chemistry Denartment and closely relsted to the formu-
la shown on page 19 Miller et al (1950).
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TRAVEDPIRATION AND GROWT:I REDUCTION

OF PLANTS SPRAYED WITH A TRAUSPIRATION HREDUCING
SPRAY ITH UNSPRAYID PLANTS AS TiE AVAILABLE
SOIL MOIETURE WAS EXHAUSTED

Avelletle

Trens.of | 20il mnisturs Transnira- Leef ares
Poys | controls|  used 4 ..., .
ith- | Gm/Dm“ | ‘bercent " 71 " 7 Pércent 1 | Percent,
but /Dey Sprey- Un- |Sprey- Un- |Sprey- TUn-
weter ed spreyed ed : soreyed ed : sprevel
1 17.2 7 11 72 93 76+ 83
2 11.1 19 29 ) 82 90 . 155
3 10.2 28 Ll €3 67 87 - L0
L 20.9 Ly A0 62 50 58 : 25
5 71.8 66 79 37 30 65 . 41
6 32.1 89 91 25 17 33 . -0k
7 22.3 92 99 21 14 5 - 1

8 11.5 98 12 10 .

9 21.0 102 11 0 -

* Reletive treneniretion or growth exoressed ¢s
percenteze of controls,



FIGURE 1

Lerge end smsll plants. Transplration reduction (top)
end growth reduction (bottom) in relation to depletion

of evalleble soll moisture. One dey time interval be-

tween nonints.
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FIGURE 2

Sorayed end unsprayed'plants. Transplration reduction
(top) and growth reduction (bottom) of sprayed end un-
sprayed plants with depletion of the evailsble soil

molsture. One day time intervel between points.
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trenspired more end grew more. Growtn stopped when or
before the evallable water wesg exhausted but trsnspira-
tion wes still 11 percent and 14 percent. There was an
18 nercent reduction in transniration the first dey that
there was difference in the soll moisture (second day
wlthout weter) end an upwerd trend of growth on the same
day. Twenty-nine percent of the sveilelle water had
been exhausted ot this time.

The spray conserved little water under the condil-
tions of this exveriment of & rapidly growing plant end
a rapld decrease in transpiration rate ss soll water
was exhausted. However, pnlants mede more growth.

During the elght dey period that the availleble
water was telng exheusted the leaf esrea of the controls
increased 278 vercent, the unsprasyed plants 169 percent
and the sprayed plants 198 percent. These date indi-
cated 2 benefit in growth due to the spray of 29 »ercent,
end e sharp decline in growth rate below the controls
a8 the soll molsture of both the snreyed snd unsorayed
plants wes exhausted.

Experiment III: Snep snd Castor Beans.

Twenty-four notometers were made up on April 18
with 1273 grsms of greenhouse compost. Castor been
seeds were planted in twelve end U.S. Refugee # 5 beans

in the other twelve. The fileld cansclty wes 25 percent
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end the nermenent wiltlng vercentege 10 oercent, thus
providing 191 grems of svelleble water in each potometer.
Water wes withheld from three snap bean plents on thne
17th. Three cestor been plents were soreyed with 84 B
on the 22nd end these end three edditionel »nlants re-
celved no weter ofter this dete. The sprey hed a ten-
dency to collect in droos on the leeves but caused very
little injury.

Leaf erees of both refugee end cestor beans was de-
termined cdally by measuring the length of the leeflets
end length from petiole to the distsl end respectively.
The relationship was otteined by plotting the leaf srea
obtained by nlenimeter measurements egeinst the sum of
the leaflet lengths. Sixty-elght refugee been leaves
were used. The curves in Figure 1 of the Abpendix were
plotted from the length - aree data. Table I in the
Appendix was made up from the curves.

The date in Table III show thet trensplrstion was
reduced with the first reduction of soll moisture below
the controls end thet trenspiration hed been reduced to
ebout 3 percent st the permanent wilting percentage.
There wes no difference btetween the trensviration re-
sponse of snep beens snd cestor beens to reduced soil
molsture. Trenspirétion reduction was proportional to

8011 moisture reduction.
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TABLE III

COMPARISON OF THE TRANSPIRATION REDUCTION OF SNAP BEANS
AND CASTOR BEANS AS THE AVATILABLE SOIL MOISTURE
WAS EXHAUSTED; HALF OF THE CASTOR BEAN
PLANTS SPRAYED VITH A TRANSPIRATION
REDUCING SPRAY

Avellable soil Transpiration®
ana c..... molsture used ... Cerrenenaan
ithout|........ Pevcent........ R Pereent....... ..
ater ggiﬁa Castor beeans g?:gs Castor beans
spgg;ed Sprayeé spgg;ed Spgg;ed SUrayed’sprE;;d
1 6 7 é 17 98 52 106
2 27 23+ 42 9l 48 72
3 b | 36 1 s5 | es 59 "
4 62 5 63 L2 61 30
5 75 63 68 49 59 3k
6 82 69 76 50 40 24
7 86 77 79 14 14 15
8 90 80 83 21 26 22
9 93 85 86 12 27 20
10 95 89 88 16 16 10
11 97 91 91 10 10 10
12 99 92 95 9 7 9
13 95 99 1 7

* Relative transniration expressed es percent of controls.



FIGURE 3

Transniretion reduction of snep beens (top) end sprayed
end unsnrayed castor beens (bottom) with depletion of
the evalleble soll moisture. One Gey time interval be-

tween noints.
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The trensniretion reducing epnray (84 B*) limited
trensniretion to 52 nercent of tiae exvected rate on the
first dey ofter epnlicetion., Trensoiretion rose gradu-
2lly to 40 vercent of the exnected rate curing the next
three days while exheusting slightly over 50 percent of
the evallable moisture. When the untrested plents had
removed helf of the esvelleble mnolsture, trensniration
was reduced 40 vpercent which would indicete thet the
trensoiration reduction of the spreyed nlents on the
fourth cey wes Gue to the decrease in soll moisture
rather then to the s»ray. A graduel breaking of the
film by leaf growtn during the three day verlod was in-
diceted.

As avalleble water wes reduced the leaves of the
snap bean plants turned on edge et the time of dey a
Dlant water deficit would te expected. Figure 4 shows
the control end a plant only slightly sbove the perma-
nent wilting vercentege a2t 3:00 s.m. At this time nei-
ther plent wes effected. However et 4:00 p.m. the leaf
turning of the low molsture plant 1s msrked whlle the
control still remains unaffected.

Exneriment IV: Soils

The previous experiments indiceted thet different

* A sorey containing 5 percent oil and other ingredients
by the Agricultursl Chemistry Depertment and closely
?elpt?d to the formula shown on page 19 Miller et sl

1950).



FIGURE 4

Leaves of bean plants turning eway from the sun es the

water tensisn increases during tne dey.
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svecles 2nd different sized plents in the same size con-
talner respond similerly to reductions in soill moisture.
The next logicsl sten was to determine the reletion of
trenspiration to soll moisture reduction for solls hav-
ing widely different soll moisture cherascteristics.

Potoneters were mede up on June 18. Twelve tomato
plants weighing two grams each were set in a muck (field
cevaclity of ebout 190 percent end e permenent wilting
percentege of 65 vercent), 12 in a cley soil (field ca-
pecity of 30 percent end permanent wilting oercentage
of 17 percent), 12 in & sand (field cepacity 5 percent
and permanent wilting percentege 0.25 percent), end 12
in o compost soil (field cepecity 35 percent and perman-
ent wilting percentege 22 percent).

Transpiration reduction in relstion to soil moisture
was determined for six tomatoes in each of these solls.
There was s decrease in transpirstion rete as soil mois-
ture was reduced but the response wes not exsctly the
seme on any two of these solls (Figure 5). The tomatoes
In send trenenired et nearly e uniform rete until ean
abrupt reduction on the fourth éey when 34 percent of
the avalleble water hed been exhausted.

The first trenspiration reduction occurred when 45
percent, 47 percent and 49 percent of the sveilsble mois-

ture had been removed from the compost, muck, and clay



FIGURE 5

Transplrstion reduction of tometoes on four soils with
depletion of the svallsble soll moisture. One dsy time

intervel between points.



— % OF CONTROL

TRANSPIRATION

TRANSPIRATION

»
(o]
i

N
o
T

O——O——0 COMPOST

¥ = =X===X MUCK

\J ¥ 4

20 40 60 80 100
AVAILABLE SOIL MOISTURE TRANSPIRED — %

[N
2

[o e ) CLAY
¥=—~¥===X SAND

--°""‘\\

J T \J U u

20 40 60 80 100
AVAILABLE SOIL MOISTURE TRANSPIRED — %




30

soile resnectively. Muck esnd clay caused & 14 percent
transpirstion reduction wanile comnost s8oll ceused a 51
percent recduction st esvpnroximately the sseme soil moisture
level.

The transpirstinn reduction of plants on clay end
muck was gredusl and sterted et the same soll molsture
level. The transpiration reduction of plents on send
was abrupt and occurred only es the permsnent wilting
percentege wes enoroecined., The transpiration reduction
of tometoes on comnost was elso abrupt but occurred when
half of the avallable &0ll molsture remained.

Experiment V: Hourly Trensvirstion Messurements.

Four conteiners were filled with 1135 grams of
compost s0ll with a field caepscity of approximetely 37
percent and a permanent wilting percentege of 17 percent
on July 8. The last water was added to bring the soll
in these potometers to field cevacity at 7:00 a.m. Aug-
ust 3. Transpiration wes meesured hourly during the
next three days from 7:00 e.m. until 6:00 p.m. and the
control was wetered hourly.

The deta showed thet this lsrge tomato plent tran-
splred over half of the evallable water the first dsy,
(Figure 6). A slight reduction in trenspiration rate
was indicated with the first reduction in soll molsture

but it wes nst merked until 2:00 ».m. or 3:00 »H.m. when



FIGURE 6

Hourly transpiration of treatments and controls (top)
end reduction of transpirstion (bottom) with depletion
of evelleble so0ll molsture. One dey time interval be-

tween points on broken line (bottom).
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There wes 2lso en abrupt Gecreese in the trensniretion
rete of the controls. At 6:00 »n.m., 69 percent of the
svallable weter hed teen transpired and trensniration
wes only 25 nercent of the control. At 2:20 tae follow-
ing morning, trensniretion of tine untreated plants was
69 percent of the controls but fell steedily to 10 per-
cent st 4:00 n.m. when 90 percent of the eveileble soll
moisture wes evheusted. The transpiretion rete for the
untreated nlsnts rose only to 23 nercent the following
dey &t 9:00 &.m.

The deta indiceted thset there may be less depresslon
nf the traneniretion rete by low soil mniseture, for
short neriods, when the environment fevors respld tren-

spirstion.
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DISCUSSION

The deta presented here and thet of other investi-
getors help to ex>lein some of the differing opinions
end eoperent clecrenencies in the litersture concerning
the effect of decressing soll weter on transpiretion end
growth. The dete showed thet both growth end trenspire-
tinn decreesed es tie avelleble molsture was reduced.
The reduction occurred hefore the nermenent wilting per-
centege was reacned end before the filrst wilting of the
nlent wes epnasrent. The voint in the avsllstle sonll
moisture renge et which the first denression in growth
end trensplretion took plece varied witih the soll (Fig-
ure 5), and the time of dey the meesurements were mede
(Figure 6). The fundementsl ceuses of the reductions
were perheps less cleer.

The effect of decreassing soll moisture on e number
of »lant or s»ll processes n&s been advenced to explein
changes in growtia or transoiretion ss the avellsable wa-
ter was exneusted. (Richerds end Wedleigh 1952, Kremer
1949).

Uncer the conditions of these exveriments sctive
trensoilretion (Kremer 1949) 4id nnt appesr to be en

exnlenetion beceuse the reletive trensnirstion reduction
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was leest et thnse times of dey when 1t would be ex-
nected to be the most because of vossible ective tren-
spiretion of the control (Figure 6).

Annther pnssible explasnation for reduction 1in
transnliretion would be the exheustion of water in the
801l in contect with the rnots and a lesser amount of
water becomling evelleble by root growth beceuse »f &
decreesse in rate of ronot growth or & decrease of sveil-
eble water in the so1l into which the roots grew. KXre-
mer end Colle (1940) celculated the =mdount of water that
would become evellable by deilly growth of roots of the
winter rye plent of Dittmer (1937) to be 1.6 liters in
geend end 2.9 liters in cley et field cepeclty. This
-ould be apnroximately the emount of water the vlent
would transpire end it would enneer that as long ss
roote could grow into soll st fleld ceveclty there woulé
be 1ittle drop in trensviretion., If the soll moisture
fell below field cepecity or the rete of root growth
wag decreased by cecreasing soll molsture & corresnond-
ing decreese in reletive trenspiretion would be exnected
unlees there were a decreese in the trenspirstion of the
controls.

A Gecresse in rete of weter movement through soll
to the roots e8 8711 molsture wes exheusted would elso

result in a cecreese in trensniretion. Veihmeyer (1950)
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hag steted thet their exneriments indicete thet weter
in s0l1l 1in contect with the roots 1s ecuelly evailsble
over thie renge from flield capecity to the »ermenent
wilting vpercentsge. Work by Alarich et al. (1935) in-
dlcated thet soll molsture not in contect witi the
roots is not ecuelly evelleble end worx by Lewils (1937),
Buckinghem (1907) ené !oore (1939) indiceted tiils weter
1s not evalleble end does not become evelleble unless
tiie roots grow ianto contect with it. However, Richerds
end Weaver (1944) found in the pressure membrene epoe-
retus that molsture will move 1 cm. through soll in 24
nours even down to thie nermenent wilting percentege.
Thelr extrection curves indicate thet tiie rste of move-
ment cecreeses 88 the soll molsture decreases end as
the diffusion pressure gredient decresses. This de-
creesed rate of soll molsture movement to the roots at
higher tensions end decressed oressure gradients could
be a pertiel ex»slenstlion for some of thie changes in
trenspiretion end growth observed in these experiments.
If weter movement in the soll were the seme as water
movement in the pressure membrane eoperetus water would
move towerd end become evellable to the roots at a uni-
form rete as long as the soll molsture tenslon and the
diffusion pressure gredlent remeined uniform. As the

801l moisture wes reduced however, the tenslon or the
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wvater would incresse, the rste of movement would de-
crease, and weter would become evelleble to tiie roots
et a slower rete. This could explain e reduction in
transpirstion witihh e reduction in soil moisture (Fig-
ures 1, 2, 4, 5). It‘could elso explain some of the
decreeses in transpiretion cduring the dally cycle. The
decreese late in the afternoon and the recovery over-
night could be due to exheustion of weter neer the root
and the insbility of water to move to the root s8 fest
es 1t wee transonired. During the night the weter would
move to the root fester then 1t wes transpired result-
inz in a recervolr in & position to be ebsorbed during
the eerly morning hours. (Figure 6).

If transniretion exceeded esbsorntion {(Kremer 1937,
Stoddert 1935) the stress of weter in the plant would
increase which might be expected to increese tae diffu-
sion prescure gredient in the soll resulting in more
reold movement to the root 2nd more revid ebcorption by
thie plent.

A decreese in plent weter alsn results in stometel
closure. Presumebly es trensplration exceeds ebsorption
e turgor deficit erises in the epidermel cells resulting
in loss of weter from the guard cells #nd closure of the
stomata. The degres of turgor deficlt willl determine

the emount of weter lost by the gusrd cells end the
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degree of closure. Presume®ly the stomete continue to
close until en ecuilibrium is resched bhetween ebsorntion
end trensniration. As ebsorntion cdecresses turgor defi-
cit increeses end stomstel apverture cdecreeses until
equilibrium between ebrorption and trensplretion 1s
egeln esteblished. Increseed sctreess of water in the
olent would not be expected to hieve eny espnrecieble
effect on the rete of eveporetion becsuse tie weter
stress in the pnlent a2t the vermenent wilting percentege
1s of the order of 15 etmosnheres wille that of the
etmosniere £t 50 percent reletive humidity 1s between
900 end 1000 etmosoheres.

Using nutrient solutions where the com>licetions
of water movement through soil to the roost end root
growth to molsture ere elimineted, Faywood end Spurr
(1944), Long (1943) end Eaton (1941) found & decreese
of sbsorption proportional to the increase in osmotic
nressure of the solution. There seems to bte no com-
perehle work for trensplretion under known weter stress
in solls elthough “'edleigh end Geuch (1943) found a
similer reletionship existed for cotton leaf elongetion.
If leef elongation wes e function of soll molsture
strese in the present 1lnvestigetion the close relstion-
ship between elongetion end transpiretion (Figures 1 end

2) would sumnmort the conclusion thet trenspirstion is



also e function of soll moisture stress. To the extent
thet diffusion pressure gradient determines rate of
weter ebasorntion 2 rise in 80ll molsture stress would
decrease ebsorntion and transpiration. There eppeered
to be & rsther close reletionship hetween the soil mois-
ture - tension curves of solles similer to those of Ex-
neriment IV (Richerds 1949) end the trenspiretion re-
ductinn.

These experiments were set up to minimize the dis-
tence between ebsorbing root surfeces end soill moisture
by limiting the soll vnlume evailleble to the roots.
Veihmeyer end Hollend (1949) end Dittmer (1938) heave
found thet the 801l mess in & contelner wes much more
thoroughly permeeted by roots than tne soll under field
conditions. Estimation besed on Dittmer's (1937) in-
vestigation 1indiceted thet tomato root surfeces 1n these
votometers were lesgs then one millimeter apart end the
larger the plent the shorter the distance.

If the rate of movement of soll moisture in these
conteiners wes »f the same order as in similer soils in
the oressure membrane epneratus e leg in water movement
could herdly explein the decrease in transapireation of
these experiments. A similer response after decreasing
the distence between roots by using lerger plants would

support the seame conclusion.
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The effect of root growth wes similerly minimized
by the ebsence of soll meeses not permeeted by roots.

The hourly chenges in relative transpiration cata
(Figure 6) do not evpesr to be sdequately expleined in
terms of 801l moisture stress alone but soll molisture
stress plus diurnel chenge in weilght of the plant mey
be an edecuate exnlsnetion.

Avellebllity of water in contect with the roots
hes been emovhesized in recent yveers. (Velhmeyer end
Hendrickson 1950). It would seem that in this work the
proximity of the weter to the roots was closer than
ordinerily occurs in the fleld #né certainly closer than
18 desireble yet the trenspiretion of all of the plents
of thnese experiments wes reduced before 50 percent of
the avallable weter hed been trenspired except for the
tometoes growing 1n sand. The esverage distance between
absorbing root surfacee wes estimeted to be one milli-
meter. Decreasing tnis éistance by increessing the size
of the plant resulted in no aporecietle difference in
transpiration reduction. There e#ppesars to te no other
way to explein the date but by the conclusion thet water
in close proximity to the roots wes not equelly zvellsble
for transpiretion &2né growth.

The deta from fleld exneriments hes been reviewed

by Hendrickson end Veihmeyer (1950) end Richerds end
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Wedleigh (1952). Few of these Gate heve been included
in the oresent discussion becsuse it wes felt tie verl-
ations in root distribution end soll temoersture, eira-
tion, molsture, structure, and texture to wu.ich indi-
viduel plents ere exvosed would meke the inter»retetion
of the data too comdliceted to nelp exonleln the effect
of s01l molisture nn trensniretion end growti.

The dete of the present —work help exnlein some of
the eoperent disegreement in the litereture. These cCate
Indiceted thet the s0i1l molsture level et wirlch growth
nr trensnhiretion wes reduced end the emount end rete of
reduction veried -+itih the soil, the perlod during the
Cay wien the meesurements are made, the nlants thet ere
used for the measurements, end the molsture renges thet
ere comoered,

l'eny —orkers heve used & gingle soil, macde meesure-
ments during & chort period of the dey, cohmnered irrige-
tlon regimes willch were the seme for much of the period,
or used verennilel plents in which e ¢ifference 1n growth
resononse would tend to e masked by stored food. By
proper selection of soil (Experiment IV), neriod (Experi-
ment V), or renge (Exoeriments I end IV) most of the re-
gsults in the litereture could be metched in these cate.
Thé cete of Martin (1940) indiceted 2 trensoiretion re-

duction eimiler to thet found using comnost in these ex-
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periments elthourh the first reductlon 1is conservetively
reonrted efter two-thircs of the evelleble weter 1s ex-

nausted.
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SUTMARY

Thie object of the investigatlon was to determine
the effect of cdecreessing soll moisture end trensonire-
tion reducing spreys nn trensviretion end growtihh of
plents. Conslderesble cdisesgreement epreers in the litere-
ture concerning the effect of low 801l molsture on tren-
sniretion end growth.

Transpiretion wes cetermin=d by weight loss of
nlante growing in 8011l in contsiners wiilch were cealed
to »nrevent eveporestion. Lesf eree incresse (the measure
of growtih used) was Cetermined by deily leef length -
lesf zree reletionsiiins ohteined in this work end from
the litereture. The different levels of soll mnoisture
were obtalned by ellowing the treetment »lents to remove
tne £0il moiesture from the field cepecity to the perme-
nent wilting percentage. Changes 1n growth asnd tran-
spiretion es s0il molsture wee reduced were cetermined
wltil respect to plents in s2il meintelned et field ca-
prclty. Four soils, three soecles and two spreys were
usec. Both dally sna hnurly meesurements were mede.

The spreys were mede up by the Agriculturel Chemistry
Depertment.

The deta of these exneriments showsd thet weter wes
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not ecually evalleble for transoiretion &nd growth be-
tveen fleld cevecity end the nermenent wilting pnercent-
cge though the experiments were designed to encourege
thorough root permeetion of the soll mess a~nd the indi-
ceted élstence from roots to weter wes less tihan would
be desired in the field.

There wes a close reletlonship tetween the recduction
in growtii end trenspirstinn, snd the resﬁlts inGiceted
thet increese in snll moisture stress wltil decrease in
eveilable weter wee the Jdirect ceuse of the decreese in
trensyiretion end growti.

There wee no enodrecleble ¢lfference in tiie response
of different xinis or sizes of plents on the seme soil,
but merked differences in response o2n four cifferent
soils., On a comvoost there wes e&n immedlete recduction
in reletlve tranepiretion end growth witii the firet
difference in e0ll molsture between the treatments end
controls., The reletionshins between these reductions
end eveileble mnoieture enoeered to be lineer, wille tlie
geme reletionshin =with »lents on send, cley end muck
e eered to be perebnlic. The filrst reduction with
cley #né muck occurrecd wiien Letween 40 ené 50 nercent
of the evaileble nmoisture had bHeen exhiausted -- w=ille
olents growing in eend eiinved no Gecreese until 80 per-

cent of the evellestle molisture wes exhimustea.
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Deta from nlants weighed liourly siiowed tlirt tlhere
w8 o continuel hiourly chnenge in trenspiretion reduction
Vduring tiilree euccessive 12 lihur neriocs,

Two trenspiretion reducing sorays reduced ilrensolre-
tion and growth eporoximrstely 10 »nercent for eec’'. per-
cent of oll content but whether the effectiveness of the
sprey wes Gissepeted by growtih or the transdiration re-
cuctions cdue to the sprey end reduced soll moisture were
nnt sdcditive wes nnt cleer.

Tne leef - eres leef - lengta reletionsihips of
castor end sneo teen were determined.

The dete obteined indiceted tihet muca of the sH)Ir-
ent ¢lsegreement in the literature concerning the effect
of reductions of soll molisture or trenspiretion esnd growth
cen be exnleined veceuse of different soils, the comdari-
son of Gdirlerent soil molsture renges, or measurenents

during different periods of the dey.
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APTENDIX FIGURE I

Leef length - leaf eres curve for U.S. Refugee # 5

Snep beans.
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APPENDIX FIGURE 1II

Leaf length - leef erea curve for Burpee's Castor Bean.
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APPENDIX TARLE I: RELATION LEAF LENGTH TO AREA

Snap Beens U.S. Refugee #5|Cestor Beans (Burpee's)

........................... b ¢ ¢« o 6 o 0 0 s e e s s s s s e s e a0 s e s e s

Length cm. : Aree cmz. Length cm. -+ Aree cm2.
8 €£.0 3.0 10
9 7.5 3.5 11
10 9.5 L,o0 13
11 12.0 4.5 18
12 14.5 5.0 22
13 17.0 5.5 31
14 20.0 6.0 39
15 . 23.0 6.5 L7
16 - 26.0 7.0 56
17 N 29-5 705 61‘"
18 33.0 8.0 72
19 37.0 8.5 81
20 41.0 9.0 91
21 L5.0 9.5 103
22 50.0 10.0 116
23 55.0 10.5 131
2 60.0 11.0 146
2 64.0 11.5 1690
26 70.0 12.0 173
27 . 76.0 12.5 . 185
28 © 82.5 13.0 : 197
29 . 9.0 13.5 . 209
30 . 95.5 14.0 . 221
31 * 102.5 14.5 : 233
32+ 109.0 15.0 - 2L7
33 . 116.0 15.5 . 260
34 : 123.0 16.0 : 274
35 - 129.0 16.5 - . 285
36 . 136.0 17.0 . 290
37 o 143.0 17.5 : 295
38 - 149.0 .
39 - 155.0
Lo . 1l61.0
L1 - 167.0
L2 1 173.0
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