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INTRODUCTION

An office or lobby without foliage silhouettes to soften sharp
architectural lines and angles is a rare sight. The slow growth and fre-
quent death of many of these plants during the winter months in centrally
heated homes may be caused by the dry atmosphere in which they are grow-
ing. It is natural to suppose that plants which are tropical in origin
would grow more luxuriantly in a saturated atmosphere. This limitation
of growth assumes greater significance with the ever expanding popular-
ity of decorative plants, With this in mind, an investigation weas
undertaken of the effects of high and low humidity on certain selected
ornamental plants.

Small evergreens, native to temperate regions, have rarely been
used as house plants. Their acceptance by the consuming public would be
greatly enhanced if it could be shown that they could withstand an atmos-
phere of low humidity. Naturally, much depends upon the ultimate appeer-
ance and type of growth made, but an opportunity to provide another
outlet for nursery products prompted the inclusion of these plants in

the present experiment.



SURVEY OF PERTINENT LITERATURE

Macroscopic Effects

Nightingale and Mitchell (193!4) observed that nitrogen deficient
tomcto plants exposed for nine days to a relative humidity of 957 elon-
gated three to four cms. more thezn plsnts grown in 355 relstive humidity.
Plants grown in high humidity were also derker green with succulent ex-
panded apical leaves whereas no change in appearance was observed in
those grown in low hwaidity. Plants given adequate nutrition responded
in like manner; those in high humidity exhibiting a 12 to 1% cm. in-
crease in stem length compared to five to seven cms. in low humidity.
They were darker and more evenly green as well as being extremely
succulent. Plants in low hwnidity were woody, stiff, and mottled sreen
in appearance,

They found the same reletionship for two year apple seedlings. In
fact, the high humidity was associated with a greater number of broad
but thin, dark green leaves. /gain, they repcrted for the anple a
cessation of all terminal yrowth of current stems in low humidity.

Newcormbe and 3owerman (1918) reported similar findings in that
seedlings grew taller and produced larger, more numerous leaves in a
small stapnent bell jar than in a larger chamber with circulating air.
In 1917, Hanson mentioned that possibly humid air caused leaf size in-
creases, greater root development, and that leaves grew at right angles

to the stem in moist air,



Anatomical Effects

Macroscopic differences have been correlated with definite anatomi-
cal changes (Hanson, 1917; Nightingale and Mitchell, 1934). Hanson
referred to observations that increases in cuticle thickness, stomata
number, amount of sclerenchyma, woody tissue, and palisade cells accom-
nanied growth in dry air. He believed that reductions in storage
tissue, fibrovascula; bundles, and intercellular spaces as well as in-
creases in amount of chlorophyll and number of stomata per leaf were
characteristic of plants in highly saturated atmospheres. Furthermore,
these chlorophyll cells were more isodiametric along with pronounced
epidermal cell wall waviness. Nightingale and Mitchell (193L4) also made
note of the unusually high concentration of chlorophyll present in the
greater number of chloroplasts found in leaves of plants exposed to high
humidity. Thinness of cuticle and cell walls in addition to loosely
compacted palisade and spongy mesophyll with large intercellular spaces
vere also observed. On the other hsnd, plants from low humidity ex-
hibited comparatively thick cuticle, relastively thick xylem, and compact
small celled palisade and spongy mesophyll with greatly reduced inter-
cellular spaces.

These differences might perhaps be best accounted for by a quo-
tation from Pool (1923) who asserted that "of all the histological
features of the leaf, the chlorenchyma is probably the most plastic, or
most readily modified by environmental variations, so that some of the
commonest and most striking differences between mesophytic and

xerophytic leaves are to be found in the relative development of palisade



and sponge and in the relative proportion of lacunar volume in the
chlorenchyma as a whole."” Pool then proceeded to a comparison of
mesophytic and xerophytic leaf anatomy which was in many respects
similar to the above mentioned differences between plants grown in high
and low humidity. TYet, xerophytic plants growing in arid habitats were
more prone to foliar water deficits due to low soil moisture and ab-
sorption as well as excess transpiration (Shields, 1950). The conse-
quent water shortage resulted in limited stretching growth, cell
surface, epidermal cell enlargement, and laterally expanding spongy
mesophyll. This was reflected in thicker cell walls, increased number
of stomata per unit area, more prominent development of palisade, and
denser network of veins. These reduced tissue proportions and struc-
tural modifications were the result of internal water deficits and were
influenced solely by rate of transpiration and water supply as opposed

to absolute water loss (Shields, 1950).

Physiological Effects

Transpiration rate differencials were also of great significance
in the growth of adequately watered plants in low and high humidity.
According to Nightingale and Mitchell (193L4), the contrasting growth
responses due to humidity differences were the results of greatly
accelerated transpiration accompanied by internal changes. The effect
that foliar anatomy exerted on rate of transpiration was evident from
the work of Turrell (1936) who found a close relationship between
transpiration losses and amount of internal leaf surface area. The high

transpiration rate of xerophytic leaves was thus explained by their



more compact structure with numerous small air spaces and usually more
palisade layers. The extensive internal evaporative surface was
accounted for primarily by the greater development of palisade type

of mesophyll which exposed 1.6 to 3.5 times as much surface, per unit
volume, as the spongy type (Turrell, 1936). However, Pool (1923)
attributed low xerophytic transpiration rate to the evaporative obstacle
from the interior of the leaf presented by the compact chlorenchyma.
Yet, there was no doubt that a 1owefing of relative humidity was accom-
panied by increased transpiration (Kisselbach, 1916). But there was a
limit to this correlation as reported by Bialoglowski (1935). He found
that transpiration and humidity presented a linear relationship pro-
vided they were within a certain range. Below 60% relative humidity or
689F., pronounced retardation in rate of water loss was observed. This
was supported by the earlier work of Henderson (1926) who maintained
that the effect of changes in humidity on transpiration was not ascer-
tainable below 60% relative humidity because changes occurred near the
wilting point and that these changes affected the rate of evaporation
from cell walls. Thut (1938), on the other hand, provided data to
prove that transpiration losses presented an inverse linear function
over the entire relative humidity range. He inferred that as relative
humidity rose, transpirstion declined to a point where plant leaves in
high humidity were actually absorbing water from the surrounding air
instead of losing it. In fact, Breazeale, McGeorge, and Breazeale
(1950) found that enough water was absorbed by the leaves of tomato
plants in saturated air and transported to the roots to raise the soil

moisture above field capacity. The authors thereby concluded that



pressure developed by absorbing roots was not as great as that main-
tained in foliar absorption. Thut's (1938) explanation depended upon
the validity of the absorption lag in roots as recorded by Kramer (1938).
This difficulty in obtaining and transporting adequate water for trans-
piration created a deficit which was transmitted to the leaves accounting
for absorption in humid air. The resulting increased water content of
the leaf in high humidity was of no little significance. The water
balance of the leaf as a whole was reflected in the turgor changes
assumed to be associated with guard cell movements and the consequent
size of stomatal apertures (Wilson, 1948). An increase in the moisture
content of the leaf would therefore bring about wider onening of the
stomatal apertures. Yet, the effect of low relative humidity on stomatal
aperture size was slight except at high temperatures when the stomata
became more nearly closed (Wilson, 1948). This result was observed by
Nightingale and Mitchell (1934) who reported that the stomata of tomato
and apple plants grown at 70°F. in high humidity (95%) were much more
open than those of plants grown in low humidity. But according to
Muenscher (1915) and Knight (1917), there was no observable relationship
between transpiration rate and number or size of stomata per unit of
leaf surface. Size of stometal opening 2lso had no apparent effect

on the carbon fixation of leaves (Mitchell, 1936). Knight even main-
tained that small changes in leaf water content did not influence the
opening or closing of stomatal apertures. It was concluded that the
water content of the leaf was more significant than the degree of
stomatal opening (Livingston and Brown, 1912; Henderson, 1926). High

water content thereby tended to produce a high transpiration rate and



low transpirztion accompanied low water content (Knight, 1517).

Granting that leaf water content did exert a significant effect on
transpiration, there was no assurance thet leaves in high humidity
actvally absorbed weter from the surrounding air under all conditions,
Priggs and Shentz (1715) and Henderson (1926) indicated that leaves in

¢ completely saturated atmosphere still transpired. lLenderson (1926)
found that leaves in 100% relative humidity were of a higher temper:ture
than that of the surrounding a2ir. This would indicate that a hypotheti-
czl relative humidity of above ]J0O™ would be needed to ccmpletely stop
transpiraticn. However, leaf tempersture was determired by the evepora-
tive power of the zir at relative humidities less than 1007 (Henderson,
1226). Thus, the leaf was often ccoler than surrounding 2ir in diffuse
light but with the complete spectrum supplied by sunlight to counter-
baleznce eveaporative respiratory heat loss, leaf temperatures would
undoubtedly be higher than the surrounding air tempersture, This would
account for Curtis' (1936) conclusion that small differcnces of a few
degrees between leaf and air temperature may exert a great influence on
transpiraticn.

Clum (1526) reported no definite relationship between transpiration
rete and differences between leaf and air temperature. It wzs felt by
Ysrwood and Hazen (194L) that this might be due to high and variable
radiation on the test surfaces. This would be similar to natural light
conditions during the day. Ehlers (1915) did find that even diffuse
light will result in from 0.5°C. to 2.0°C. higher leaf temperatures.

The same effect was found in winter when he reported that evergreen

conifer leaves maintained temperatures from 2¢C. to 10°C. higher than



the surrounding air. This differential was increased to a 10.31°C.
difference in still air and decreased to 8.83°C. with a slight breeze.
Morelznd (1937) found, moreover, that the effect of relative
humidity on leaf temperature was not as evident as that exerted by air
movement. His experiments showed that sugar cane leaves in sunlight
were 5°C. to 7°C. warmer than surrounding still air. The difference
was slight, however, (1°C. to 2°C.) in strong breezes. Conversely,
the leaf was cooler than the air in shade., These small differences
were not changed to any great extent by humidity differentials except
that greater differences between leaf and air temperature in sunlight
were noticed at higher relative humidities. This same effect in
diffused light was reported by Henderson (1926). iic found that raising
the humidity from 705 to 80% resulted in 2 0.5°C. rise in leaf tempera-
ture. He further stated that an ivy leaf reached atmospheric temperature
&t around 95% relative humidity with gentle air movement, diffuse light,

and 68°F, air temperature.

Nutritional Effects

The contrasting growth responscs due to transpirstion differences
csused by low and high humidity were undoubtedly accompanied by internal
changes (Nightingale and Mitchell, 193L). Their findings indicated
high dry matter content for plants grown in low humidity as evidenced
anatonically by thick xylem &énd chemically by heavy starch and other
carbohydrate depog}ions. This increase in dry matter could be caused
by rapid loss of water as suggested by Nightingale and Mitchell, It

was believed that carbohydrate increase and moisture loss are generally



associated with the condensztion of simple amino acids to protein. This
would explain the comparatively high concentration of ™"total elaborated
nitrogen in the form of complex, relatively immobile, dehydrated protein"
found by Nightingale and Mitchell in the tissues of slow growing, non-
succulent plants grown in low humidity. In fact, the condensation of
soluble organic nitrogen to relatively complex protein fractions
accounted for tne developing terminal buds of apple seedlings grown in
low humidity, acccrding to Nightingole and Mitchell. Crirbohydrate
cccunulation in low huwnidity was zlso substantiated »y the further work
of Mitchell (1936) who maintained that photosynthesis was not affected
to any great extent by low humidity. He based this zssertion on the
sustained rate of carbon fixation by squash, wax bezn, cabbage, geranium,
prirula, and tomato leaves even in low humidity of 15 to 20 hours
duration. loreover, iie cited other workers whose findings he had found
to support his own (Kisselbach, 1716; Nightingale, 1933).

The influence of an external nitrogen supply on half of the plants
evidently exerted a stronger beneficial effect on growth than high
humidity in that fertilized plants in low humidity grew two to three
cms. more than unfertilized plants in high humidity (Nightingale and
Mitchell, 193L). The plants which received the complete nitrogen
feeding and subscquently grew more exhibited a depletion in sugar and
starch because of the synthesis of less complex, water soluble, organic
proteins made necessary and possible by fertilization, This was
evidently followed by proteolysis and increase in growth since
hydrolysis of proteins generally comes after decreases in dry weight.

Hightingale and Mitchell (193L) cited: Nightingele and Robbins, 1928;
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Nightingale and Schermerhern, 1928; lightingale, Schermerhorn, and
Robbins, 1928, 1930; Pearsall and Lwing, 1929, and Nightingele, 1933,

as evidence of complete agreement with tinis hypothesis.

Other Effects

It has been indicated that the conversion of soluble orgenic ni-
trogen to relatively complex protein fractions with concemitent build-
up of carbehydrates accounted for the developing terminal buds of apple
seedlings (rown in low hwnidity. Irndeed, the presence of a»undant car-
bohydrates has been showvm to be a factor resulting in plemt reproducticn
(Kraus and Kraybill, 1716; Nirhtingale, Schermerhorn, and Robbins,
1926, 1930). It has been mentioned by Nirhtingele and Mitchell that a
hastening of flcwering and fruiting is attributed to low humidity.

Higzh humidity produced by nechianical misting systens nas been
utilized with great cuccess in the nropagation of difficult to roct
cuttin s (fisher, 19L1; Gerdner, 1941; Stoutemeyer, 17L2), ond the
producticn of better quality Better Times roses (Kohl, 1355). Although
callusing of apple cuttings was inhibited by tissue desiccetion as
humidity was decressed, only slight callusing resulted from 1007 rcla-
tive humidity unlezs damp peet or sphezgnum was used es a storage :ledium
(Shippy, 1930). Fully saturated atmospheres were alsc important in the
storape of various horticultural crops such as nercissus (Hume, 1937),
epricots, plums, peaches, apples, grapes (fllen +nd Pentzer, 1935), and
potatoes (Loomis, 1927), tie lattor in cowbinztion with high temperetures
and damp moss. High humidity was further recommended for holding cut

flowers, especially carnaticns, which lasted from two to three tirmes as
’ J¢ Y P)
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long in rel:tive hinidities over 807 (iiitchcock end Zimmermen, 1929).
On the other hind, papaya fruits wcre severely injured in reletive
humidities grezter then 60%, but were not visibly affected by lower
hunidities (Jones, 1939).

Pollen (Pinus strobus end P. resinosa) longevity has also been

found to be influenced by 5907 relative hinidity, prectics1lly nc g.rminz-
ticn beiny observed in O to 107 rel:tive humidity (Duffiecld and Snow,
19Lk1).

Humidity had &t best <nly a minor effecct on the criticrl daylength

of Xanthium and other plants (Long, 173L).
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PROCEDURL

oeven or more stem cuttings of Group I: Taxs cuspidata cezpitata,

Taxus cuspidata Anderscni, Taiors media Hicksi, Juniperus chiqensis and

Pinus nigra seedlings were included in the experiment; as well, mature

plints of Group II: Scindapsus aureus, Cissus rhombifolia, Peperomia

obtusifolia variegata and Dracena godsefianna were selected for observa-

tion. HRooted stem cuttings cf the conifers (Group I) were potted in
four inch pots on January 18, 1597. They were pruned uniforaly to withe-
in five inches of the soil lewvel and remeired in the greenhouse for
three weeks when they were inserted into tlie experimental chembars
(Figure 1). Twenty of e:cch species of broad lsaf plants (Group II)
growing in two and one=half inch pots were placed in the chanbers on
Janurry 25, 1307,

The experiiental chambers (Fijure 1) consisted of a wocden franre
supporting three slelves. The whole structure was spreyed white. LEoch
of the four chambers had a capacity for ebout forty plants. Two of the
chamvers were enclosed with trancparent "Saran-frap" to conserve
humidity. The other two were left wicovered. The plants were nwibered
and placed on the shelves so that each species occupied the same rela=-
tive pesition in each of the treatment chaambers, The chambers were
loczted on a table in a laboratory facing an east window. The tempera=-
ture of tlie surrounding eir was not altersd in any manner. There was
slight reducticn in tie amount of light received because of the con-

densation of moisture in the clcsed chambers. Constant temperature and
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huwuidity records weie macde with two "Hygro-Thermogrcphs"l, one for each
treatment, ¢nd since thnere were four chsrbers, the sere instruuaent was
rotated weekly between the two chambers of each treetment., Tie anount
of water supplied to every species was reccrded as were length of new

erninals produced by the ccnifers (Group I) and tiie production of new
leaves by foliage plants (Group II).

At the terminaticn of the experiment on June 15, 1957, fresh weight,
dry weight, height of plants, lcef erea, &énd leaf thickness were re-
corded and comparisons were mace for the plants in each treatment.
Representative sannples for anatomical investigation were collected on
May 1 and again on lay 15,

Mid portions of newest necdle leaves over 2 mm. long comprised
saiples from Group I plants. Group II samples consisted of 1 mm.
squares from thie edges of the newest mature lezves near the apex.
Samples were killed and fixed in FAA (5 1., for.aldelyde; S nl.,
glacial zcetic acid; 90 ml., 70} ethyl alcohol), dehydrated, embedded in
paraffin and transverse sections were cut 10 micra thick. The prepara-

ticns were stained in saffranin-fast green.

1 Ariez Instrument Division, Bendix /viation Corp., 3Bultimore, Md,



DISCUSSICN OF RISULTS
Humidity

It was suggested in tne Introduction that poor growth of plants
Jiring the winter months mighit be due to their growth in the dry atmos-
phere of centrally heated homes. The significence of the experiment
thus depends upon the sinilarity of experimental atmosplieric conditions
to tucse of a home. Pertinent data (Teble I) indicetes that average
temperatures around 75-7. with a relative hunidity of 3L4% were main-
tained in the uncovered chanvers.

according to results published by Phillips (19L0), 2L3 of the
henes heated to 70°F., where observatiune were made, nad indoor relative
huwaidities between 305 «nd LOZ when outside temperatures ranged between
200s, #nd 29°F. With 10°F. increments in outside ﬁemperature, between
30°F. cnd over 60°F., respcctively, the percentages were: 367, L7,
34%, =nd 39%. It mey be argued that reduced humidity would have been
mere desirable in order to better duplicate atmospheric conditions of
heated homes in winter. Yet, Phillips' figures and charts did show quite
a percentage spread at any particular outside temperature with no one

reletive humidity rance predomineting at all outside tempersture rances.

Watering
The differences in amount of water required by plants in the two
treatuents is striking (Figures 2, 3). It wes apparent that plants

kept in drier atmospheres needed lirger amounts of wster more frequently.



TABLE I

Vean Tenperature

lean Mumiditv
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in derrces Tahrenheit) (in vercent)
Nirht Day Ni~ht Day
(Spm~Sar (Cam==B8on) (Bom=8arr) (Bai=B8om)
Punids 4y unidity Tumidity Hunidity
Time in ilcceks Low Hich Low Ili-h Low Hich  Low Fich
Jen. 25-feh, 1 7.5 ThaS 7.5 75.0 20.5 T6.5 21.5 £69.0
Fzb. 1=F2b, 8 73.5 73.0 73.0 7h.5 20.0 98.0 12.0 93.0
Peb. 3~Feb. 15 72.0 74.0  73.5 74.5 32.0 93.0 22.0 98.0
fehe 15=Feb. 22 44,5 67.0  70.0 70.0 21.0 £3.0 27.0 <Z22.¢
Febe 22-lar. 1 $9.0 T0.0  75.0 745 36.5 93.0 34.0 $3.0
lar. 1=ler. 3 0.0 70,0 71.0 70.0 23.0 9C.0 2.0 95.0
Tar. 8=laie 15 70.0 7., 73.5 £1.0 33.0 93.0 29.0 $5.0
lar. 15-tare 22 €3.5 T72.5  73.0 7h.0 31.0 92.0 25,0 98.0
778.1‘. Zh-ApI‘. 1 (:J()os 7100 70.; CJC’.S 2R00 8‘L100 8. 81.0
A:.‘r‘ l—ApI‘. 8 6‘305 71.0 7005 7100 38-0 9800 3700 980
Apre 8-Apr. 15 70.0 70.0 21.0 85.0 32.0 98.0 33.0 $C.0
Lpr. 15-Arr. 22 77.0 77.0 77.5 25.0 38.0 98.0 L1.0 98.0
ALpre 22-Apr. 29  76.0 73.0 33.0 97.% L4L7.0 93.0 LL.O 89.5
Eor. 29-vay 6 77.5 80.0 73.5 86.0 28.5 93.0 30.0 89.0
lay 6=lay 13 79.5 77.0 78.5 90.5 38.0 87.0 L3.0 76.0
May 13=May 20 71.0 73.0 77.5 79.5 L5.0 93.0 Ll.5 91.0
vay 20-liay 27 75.5 77.0 79.0 ¢&i.0 48.0 §0.0 L47.0 77.0
I'ay 27-June 3 75.0 77.5 80.0 8500 ,J305 9600 )4105 9705
June 3~June 10 77.5 78.0 77.0 86.0 38.5 96.0 38.0 88.0
June 10-June 17 3.0 83.0 86.0 9.0 53.0 93.0 L9.0 96.0
AVERAGE 73.1 71‘.1 76.2 80.)1. 3’4.7 9209 3-,-100 9009
DAY 4 NIGHT AVERAGE Terperature Humidity
Low iiumidity 7L.259 F. 34.355
Hoh huidity 77.20° ¢, 1.50;
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flach of tiis water requirement vas due to cveporative watcr loss from
the top of the soil as well as turough tihie sides of the porous clay
pots. The cvepceration rate was undoubtedly hastened in the exposed
cuasbers by air novement end lcw humidity which created strong vapor
pressure deficits in the suwrrounding atmosphere. In fact, it was
difficult to prevent the plants from drying cut during the course of the
experiment and occasionally they underwent brief periods of soil
moisture shortage. The covered chambers, on the other hand, were pro=-
tected Irom tliese deciccating influerc:s. OCrndersetion of water drop-
lets on the trensparent cover was often cuserved, especially in the
morningse. Another factour centributing to tiie greztly reduced water re-
quirements of plants grown in high hwnidity might be foliar water intake.
This reverssl cf nitural conditions in which the leaves become the
principel water abzorping crgan of the plant in highly saturated atmes-
piieres has previously been noted (Chut, 1936; Breazeale, iicueorpe, and
Jreazeale, 1950)., Tais effect was so great thet maturaticon, flowering
and fruit set of tomato plants Las been cbserved with no cther source
of water than tuct absoroed turouzh the lewves from a fog our an atnos-

ohere of 100 relative hwuldity (Breazeale, iicGecrpe, and Brezzczle).

Growth
ieference to the Lurvivel Hecord (Table II) shows that a mejority
of evergreens could not grow in low relative humidity. This was best

illustrated by the death of every Taxus cuspidata fndersoni stem cut-

ting in a dry ztmosphere whereas all but two survived in a szcturated

one, Tre sare tendency was exhibited by Texus cuspidata cauitata and




TAPLIE IX

SIMVIVAL R=CORD

Grour I Tlants

Thaker Jzad
of Low 155,
Tlants i

Taxus ™edia Hicksi

cuniperus chinensis

Pinus nigra

<

11

10 9

Group II Plants

um.er Dead
of Lowr High

Plznts Huidity Huddity
1. Ccindapsus aurcus 10 - -
2. Ciczus rhowifolia 10 - -
3. Tnaperomia obtusilolia
uricrata 10 - -
Lh. Dracera -ods~lianrna 10 - -
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Juniper chinensis, Pinus nigra ceedlings and cuttings of Texus media

Hicksi were evidently not cven Lonerlited by nigh humidity, the pine
being tre least adaptible to either enviromient (Teble III). liowever,
ceucse ¢of desth in igh huniJity was pathelogicel rathier than physiolegi-
cal in that evidences of priuery infection by Phythiun follewed by

seccridery rfuscrium and Jerticillium infections were cbserved, It was

tlierefore likely that high hw.idity not only ercouraicd the entry of

Phythiwa but alsc feeiliteted bhie gerninetion of sceondary invader zoores,

Cthier werirers have rap.ried the growth of 1old on bulbs in storage (lune,
1937) =nd cn packages of sicred deciducus trec fruits aller a month or
two in high hunidity (£1len and Pen tzer, 153°).

Death ¢f plants in low humidity .lpght possicly ve due to the sane
prinary ag:mt but examination of the roct zyctens disclesed no signifi-
cant reduction in cevelcprent. Iustead, tiue stens were cixtrernely dry
end brivtle and a physiological besis for death is most plausible since
death wes rapid and no fungzl mycelia were evident. Unfortunately, not
encugch plants werc included in tie experiment to make a statisticel

analysis pessible bub it is werth noting that death expectancy for

Texus cuspidata capitatse erd Juniperus chirersis in Jcu hwnicity was

giite necr tc being stabisticelly cignificent.

Locarboting potential for the cvergreens (Group I) was discouraging.
Even in high humidity, terminals prcduced very long feathery new growth.
Similar results to a lesser extent were obtained from surviving plants
in low humidity. Growth comparisons are provided in grsphic form by
Figures 2 through 6. They indicete definite grewth differences only for

Texus cuspidata capitata. DBut regerdless cf any gprouth differentisl in
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Figure 5
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Figure 6

Taxus media Hicksi
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the two treatments, the type of growth was wesk and the stems and
leaves were pale green. The plants presented little interesting stem
structure or lateral branch diversion. #side from lack of visual
appeal, pocr growth and cdeath under low humidity conditicns would pre-
clude the sale of any indoor plant, no matter how attractive, during
ti:e winter months. Ccnsequently, it weculd seem tnat the velue of small
evergreen cuttings and scedlings would not be evident until the plants
were niore 1ature,

The brosd leaved plants (Group I1) responded well to the con-
ditions of high humidity. The 1007 survivel rate (Teble II) in eitler
treatment was not unusual.since they were sold comnercially for indoor
growth in winter and originally come from tropical habitats. While
most of these plants responded to the corditions of high humidity
(Figures 9 through 12), Peperomia exhibited almost ccmplete absence of
new leaf prcduction (Figure 11) in high humidity although the plants
were taller with larger and tiicker leaves (Table IV). However, in
every instance except Dracena, plants grown in hi’h humidity nct only
made nore lineer growth but elso produced larger, more numerous, and
derker green foliage., However, Dracena produced more larger leaves of
aLiost the saue thickress in low hwiidity (Figure 12; Table IV). Yet,
thiis plant wes originally found by Godscff in Upper Guinea which is
definitely tropical in habitat (Bailey, 19L9).

J1lthough anatomical investigntion disclosed nc significant
structural differences, the stiff, leathery texture of leaves from both
high and low humidity might be a factor resulting in similar growth.

Habitat could possibly be the factor accounting for the lack of
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Figure 9
dapsus aureus

cln

(o
(o)

T T IT
1T 1 1
Ht IREEE i
HHHH

T +
R QA
HHHHHHHH

! may

Cigsud rHombifolia

\ohd b

gh. Huﬂh ; t}’

TT‘TJ

Hi

$14

I aPRIL

PRE RPR=Y L 25 gint

= EJE L SRS Sy
} = I8! +H

1
|
1
i
i
1
'S mMARCH

qQURTJ/SoARD] JO Joqumy 93BJOAY



29

JUNE

MAY

Figure 11

LR S LR e

,_%

Peperomia obtusifolia veriegata
[ow | Hupidd by

=

1'#

APRIL

MARCH




2°€LT  2°IST  8°Qz2e  Q°€ot g*Loz 8°goz 2oLt g€t 0°092  §°2Ne (exoTu ut)
: SSaWOTY] Jed] ‘eny
o*fhz  0°9N2  0°200T 0°65L 0°L35  0°%€9 0° 056 0°008 0°2MWT O°STIT Ieysutuerd/, uo)
esay Hmoq *OAY
(epou (wsys 3=8TT=3 (@pou (FeoT 9soTT=1
1SOYS Y 07%) Jo doq 03 15ey- I 03) Jo 8s=2q 01%)
- - T°6 6°n 1249 9°¢ o€ 2 €01 6°9 SaUOUT UT)
FITo quUeTd * oAy
2°2 2°2 0'1 L g g 2¢: 63 T2 71 (*sup ut °eny)
quitoer. £ag
S°11 711 g°s U AR < 1°C2 AReRs 6°22 gzt (*suip UT *eAy)
LT Ysaad
Y31 L5 I~ TH £07 UITH 1o Y- mo Yot £oT
mgndu OT.IRA
eTTOJTqUOY euueTt Hmwvo._ﬂ 'TTOJTSN3C0 snaame
¢0ﬁpmmom SNsSST) euadeaqg Tuioaadsd SnsScRpuIog
SSTLICTIL % V¥ JVoT STICTT Livid SIHSTOW XNg SLIoIoe Hemyw

AT TT:NVL



31

differcnce between growth of liepctica (T:ble IV) in low and high
humidity since it is a perennial native to temperate fcrests., It was
evident that most plants grown indoors during winter would benefit by
some means of increasing humidity in centrally heated homes. The possi-
bility of fungal infestation wculd not be great provided there was

movenent of air,

Anatomy

In transecticn, the Taxus leaf was elliptical in shape (Figure 13).
A single collateral endarch vascular bundle traversed the central
burdle region, the xylem tracheids being oriented tcward the adexial
side. An obscure bundle sneath sepsrated the wvasculor and mesophyll
tissue. The leaf was enclosed by a light cuticle,

The epider:is of leaves of plants from high humidity (Figure 13, £)
consisted of a single row of fairly large rather thin walled cells. The
cells varied in size and shepe. Many large spherical cells which re-
sembled bullifcrm cells were observed, especially at the bundle re;ion
of the abaxial surface. Conspicuous deposits of deeply staining granu-
lar material rese:bling tennin were common in all epidermal cells except
the bulliform type czlls. The sunken xeric t;pe stomata were protected
by arching subsidiary cells over the guard cells, OCubtending the epi-
dermis was a single layer of hypodermis. The cells had abundant
pretoplasts with lerge nuclei end numerous chloroplasts but were without
evident wall thickenirgs. The mesophyll cells were parenchym:tous and
more or less irrepular in size and shape, varying from spherical to

polyniedrsl, <Chlceroplasts and nuclei were prominent as were decply
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staining greanular inclusions which resembled those found in the
epidermis. Intercellul:cr spaces were large and extensive. As is
characteristic of the genus (DeBery, 1€8L4), no dermel glands, resin
canals, or other internal secretory resevoirs were observed.

The vein of the leaf was surrcunded by an irregular layer cf cells
which had periplhieral walls of greecter length than the innermcst walls,
The fibrovascular strand consisted of a one to several celled serpentine
row of extremely thick walled, anguler tracheids which adjoined a two
to tlree celled layer cf thin welled phlcem cells on its lower peripuery.
These philcem cells were squarish and hexaponal in shape, being located
in the approximate center of the vascular burdle and the leaf. Cyto-
plesm wis dense with very prominent nuclei, some of which occupied mcst
of the cell lumen., Immediately subtending the phloem was a three to
five celled layer of collenchyma cells,

A single leyer of epidermal cells protected leaves of plants from
low humidity (Figure 13, B). A rather heavy cuticle covered most of
the cells, Pyramidal cap-like peripheral cell walls were choracteris-
tic as in leaves from high humidity. Elorgated hexagonal cells were
prevalent on the adsxial epidermal surface with larger bulliform type
sphericel cells at thie bundle regicn and tips of the leaf. These cells
were also present at the aboxial bundle regicn althcugh they were
smaller and mcre squarish, Tannin like deposits were observed in all
epidermal cells except the bulliform type cells. A definite hypodermal
layer of smaller hexagonal cells subtended the abaxial epidermal layer.
Cells of the adaxisl hypcdermis were elongatecd parallel to the leaf

blade surface and so wcre more rectanguler than cverlying epidermal cells
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as in leaves frcm high humidity. No schlerenchyma or wall thickenings
of any kind were observed. Protoplasts were densely stained with many
chloroplasts and prominent nuclei. Deposits resembling tannin were
cormon. The remeinder of the mesophyll was uniferm with cells of voried
sizes and shapes, ranring from spherical to polyhedral., Very prominent
nuclei end extremely abundent chlereoplasts were evident, Intercellul:r
spaces were fairly extensive but with densely cempacted cells at the
central bundle region and tips of the leaf,

A fairly well defined bundle sheetin surrounded the vasculear bundle
regicn., The large cells ceonteined prominent nuclzi and irrepular starch
grains, The vein of the leaf consisted ¢f the contral vascular elements
surrownded vy laterally and adexially extending perenchymatous trens-
fusion tissue,

The Cissus leaf in trans:ction wes bifacial or dorsiventral with

'

distinct pelisade and spongy mesophiyll development, protected by a
uniscriate epidermis,

Plants from high humidity were protected by a single epidermal
layer (Figure 13, C). A thick cuticle completely covered cells on
the adesxdial surface while abexial cells had thickened outer walls with
less deposition on radial and inner walls. The rounded hexagonal
epidermal cells possessed sharp angles only on inner adaxiel cell wells
and to a much lesser extent on peripheral walls of abaxial cells. The
general 3hape of grard cells was oval in transection with thickened walls
above the stomatal pore and betwecen the Q?re and substomatal chawber,
These projections (horn-like structures) were evident on the upper and

lower sides of the w:lls facing the stom:tal aperture (i.e., the front
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walls)e TIhin hinges in the well cccurred on the entire back wall and
2t the mid-point ¢f the front wall,

The single row of thin walled palisade perenchima cells were
elongated at right angles to the leaf surfece and were more or less
conical with tanered side walls. Wrlls adjoining spongy mesophyll were
shorter =nd str=ighter than the sharply serrcoted upper walls adjoining
sdexial evidernal cells. The palisade arrengement allowed rcom for
fzirly large lacuner air speces, Nrmerous large spherical chloroplasts
were nsually oriented near the side wr~1lls, Thin walled spon;y mescphyll
cells veried in size and shape. Ovoid to spherical chloropl:zcts were
more numwerous in cells adjacent to paliseade parenchyma. Intercellular
spaces often extended from one epiderm:l surface to the other,

aves of plants from low humidity possessed a “iniseriate l=yer of
rectangul:r epidermel cells (Figure 13, D). Their long axes were
oriented at right angles to the leaf blade surface, Cells of the adex-
ial epidermal surface were longer &end '.sually narrower than the abaxial
cells,

Tiie palicade 1iesophyll consisted of two layers cf cells. Long,
thin, deeply staining palisade cells subtended the adexial epidermis,
Cells of the lower row were reduced in length., The prlisade layers were
densely compacted as were the four teo five rows of squerish to soherical
spongy nesopnyll cells., These rows were criented obliquely parsllel to
the leaf blade surface. Chloroplasts were numerous but more prevalant

near the epidermal surfaces. Intercellular spaces were not cbserved.
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AYPLICATICN CF RuSULTS
Anatomicel Agreement

Cissus leaves from hich hunidity had a ;rester number of larger
chloroplasts both in the palisade and spongy mesophyll then plonts
grown in low humidity (Figure 13, C and D). Mich greater photosymthe-
sizing capacity was therefore tu be expected, especially considering
that plants from high humidity ususlly produced larrer and more numer=-

ous leaves (Table IV). This would tend to offsct any reduction in
quality and intensity of lirht, either from the plastic covering or
from condensation of moisture on it. DMoreover, loosely cormacted
palisade and spongy mesophyll with large intercellular spaces were
clearly characteristic of Cissus as well as the uniform mesophyll of
Taxus leaves grown in hipgh humidity (Figure 13, A and C). Ccnversely,
plants from low humidity exhibitced small celled, very closely compacted
mesophyll with correspondingly greatly reduced intercellular spaces

(Figure 13, B and D).

Anatomical Difference
There were, however, significant deviaticns in anzatcomical effects
from those reported by otherz., livst outstanding were the greater
thickness of leaves grown in high humidity with ccnsequent dry weight
increases in most cases (Tables III and IV) and the absence or slirht

cevelopnent of a thick epidermal cuticle on Cissus and Taxus leaves

from plants grown in low hunidity (figure 13, B and D), In fact,
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Cissus leaves “rom h:igh humidity were covered with a thick cuticle
cn both surfaces (Figure 13, C). inother differcrce was the lack of
wo1l thickening in cells of plunts from low humidity. For example,

cclerenchyma wes lecking in the hypoidermal layer of Taxus cuspidata

capitata lezves in low humidity (Figure 13, B). Determination of the

nuitber of stomata per unit cf leaf surface area was not attempted.

Transpiration

If mcre compact chlorenchyma did nresent an effective obstacle to
transpiretion (Pool, 1723), ruduced transpiretion was to be exmected.
Cn the othur hand, snould tliis cerpactness result in greater internal
evaporstive leaf surface area, more transpiration would be anticipated,
according to Turrell (1936), Moreover, leaves transpired at a greater
rate and even into a saturated atmosphere in sunlight (Briggs and
Shantz, 1715; llenderson, 1926). This was due to absorption of infra-red
and ultra-violet radiation in addition to heat euergy from visible sun-
light by the leaves, as well as their heat of respirction, which resulted
in higher leaf than surrounding air terperatures. It is further cvident
from Table I that day temperature of the high humidity chambers
aversged abeut L4OF. higher than in low humidity. This reflected the
Lieating effect of the trenspsrent cover and in combinction with high
humidity probebly also led to higher leaf temperatvres and rezulting
grecter differences between le:sf and air temperatures in sunlight
(toreland, 1937).

nigh lnnidity in diffuse light would have a sinllar effect

(iiecndercon, 1726). Tacse differences would be accentuated in the still



ty ¢ amvers (lLlers,

air ¢ the eaclesed stmesphere of the hifph haunidi
1215; lorcland, 1237), a conditicn which precyscbly wculd leqd to an
increasced trenspir:ticn rote as a rosult of concequent grezter vanori-
zation of weter witiiin the leal &t least during the dey.

This effect mnay be reversed and reduce transpiration in diffuszed
1 ht or darkicss when leaf temperaturcs lewcred ss & consequence of
heat radiatiun to space. However, eitiier deter. inant of tronspiretion
could be modilied by the abscrpticn lag crected by the resistance to
woter movenment in the living cells cf the root (Kramer, 1938), a lag
which supposedly accounted for the intzke of water vapor from a
saturated atmosprere (Thut, 1938). Consequently, if the water content
of the leaf was thereby reisci, an increase in transpiration in high
humidity might be exiectud, considering the Lupertence that scome
writers have attached to foliar water content and transpirsticn ratc
(Livingston and Brown, 1°12; Knight, 1217; lenderson, 1726),

Tl.e rate of water loss becezme greatly rctarded below 607 relativ
hunidity or 68°F., according to Bialoglowski (1235). issuming thet 21l
the aforcmenticned stinmuleting influcnces cn transpiration were velid
énd tiat leaves in high humidity did transpire more, tiherc might be a
direct effect upon growth. It would depend upon the resolution of thre
controversizl relaticnship between trenspireticn and the absorption
of varicus mineral celts by the plant. Wright (1939) devised a
teclinique that suppesedly offcct plant metebolism effects on mineral
absorption., He concluded tlat tliere was a correspondence between in-
crecase in trinspireticn rate end increase in uptake of phosplicrus,

ccleiwn, poteascium, end nitrcte ilons. lic was supperted in this



cenclision by scverdl ctiaer werkerc (llaas and Reed, 1227; liitchcock and
Zimmerman, 1935; freclend, 1926, 17°37). On the other iirnd, ecrlier
investigetors Live delended thie converse proposition that different
trenzpirction rates Love no effect upon shsorption of mineral salts

i R h ; Kisselbach, 1916

(liasselbring, 171li; luenccher, 1915; Kisselbach, .

If this is true, lhigh trenspiration rate of plents in high hunidity

[
v

cf no use in c:g leining growth Jifferences, lowever, there is just

auch justificrticn for nainteining thatbt the cppesite is true. Thus,

[@]
6]

by traunspiring mere, plints in Ligh hunddity ere able te ehsorb ncre
nineral salts and tiereby syuthecize more weter scluble orgrnic pro=-
teins, the elaberaticn of which entcils cerbohydrete depletion. In
fact, the growth stimul:ting effect of increcvins the amcunt of nitrate
in nutrient solvtion has becn attributeé to the depletion of carbohy-
drates in the top, resulting in more growth (Turner, 1922). Further-
mcre, tnickness of cuticle was nct found to have any correl:tion with
rzte of trimspirction for apple fruits (Picniczek, 19h4). This might

nean that the lLcavy layer of depusition cn both epidermal surfeces of

Il

iscus leaves in hLigh humidity (figure 13, C) would have no deterrent

cffect on transpiration.

Decrease in dry weicht (cartobhiydrete percentese) followed by
lipdrolysis of preteins (Hightingele and lobbins, 17203 Fightingcle and
Sclerneriorn, 1928; Mightir;:le, Schermerhiorn, end iobbins, 1928, 1930;
Pearsall aud bwing, 1929; Nightingele, 1933) end increased growth has
been pistulated zs accouw ting for rapid growth in hLigh humidity
(Nightingale end idtchiell, 1234). In fect, hijh dry ratber content has

Leen cited as a comron low huwsidiby cffiet (Nichtingsle et slj Perrcsall
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and Zwing; Nightingale). Yet, in the present experiment dry weight in
high hunidity we#s in one instence almost dcuble that in low humidity

(Scindapsus aureus, Tahle IV). It will be noticed that increased dry

weight in high humidity wrs correlsted with more leaves, taller plents,
and greater leaf area and thickness, at lesst for all Group II ploents
(Table IV).

Wnen dry weight was reduced in high humidity (Dracena godsefianna),

correspondi. 1y feucr leaves, shorter plants, snd less leaf area znd
thickness were produced. It is difficult to rationzlize how increased
dry weight in high humidity may account for better growth if a decreace
in dry weipht is suppesedly assccieted with better grewth of plants in
hizh haadaity.

Resolution depends upcn the thicker leaves of plants grown in
higher humidity which indicates that more dry metter is to be expected.
In fact, Pickett (1537) cobserved that a lerger gain in totsl dry
matter per unit arcz may be produced by leaves with prominent inter-
cellular spaces. Thicker leaves also mean more photosynthetic activity
arnd production of carbohydrates., £ssuming that transpiration is main-
tained st a hijyh encugch rate tc assure th:t 2 constent supply of ﬁineral
salts rcaches the top of plants in hich humidity, it is conccivable that
the ususl metavolic activity of the leaves ([urner, 1322) would lead to
a mcre rapid growth rate than fer plants in low humidity with feweg

chloroplasts and reduced transpiration.
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SUMMARY

In order to determire the cffects of humidity on the srowth of
plants, 00 tropical foliage pl-nts (L species) end L5 young =vergreen
cuttings and szedlings (Y species) werc grown for six mcnths in atmos-
vheres cf low and high humidity. Helf of the plants were placed in
chembers covered with transparent plastic ("Saran-Wrsp"). The remasinder
were left exposed in identical chambers,

These chambers were located in a laboratory facing an east window
in which temperatures and humidities averaged 7L.6°F. &nd 3L.LJ5, res-
pectively., Average temperatures and relative humidities of 75.2°F. and
91.94, respectively, were maintained in the covered chambers. 211
evergreens produced thicker needle leaves in high huridity but a
definite grcwth response in terms of new growth made wes observed for
only one species.

A definite growth response in high humidity was obtained for most
of the foliage plents (with one exception) in terms of greater pro-
duction of thicker and larger new leaves and taller plants with glossy
dark green foliage. Although none of the plants died in low humidity,
it was evident that some neans of incressing humidity in the home, at
lezst during winter, must be provided before foliage plants can attain
their maximum pgrowth. Attention must further be directed to the
greater amount of water required by plants growing in low humidity.
Failure to prevent extreme soil drymess due to excessive water loss

from the sides of clay pots and the soil surface, in addition to
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transpiration, led to tissue desiccation and death of a majority of
evergreens in low humidity. Death in high humidity was probably patho-
legicel since fungal rycelia and spores were observed on the needles
and stems cf dying plents. Swurviving plants were not attrasctive in
appearance., New growth in both high and low hunidity was feathery and
often insignificant. It was suggested that a marketing potentirl for
thiese plants exists only after they had matured.

Better growth in high humidity has been attributed to increased
trenspiration and mineral szlt uptake inasmuch as anatomical investiga=-
tion disclosed no significant differences in leaf structure cother than
t'e compact cell arrangement of leaves frem low humidity. This in it
self may act as a deterrent to transpiration but there were more
definite indications that leaves in high humidity transpired more. For
example, greater leaf water content, difference between leaf and air
temperature, or lack of surrounding air movement led to a higher rate
of transpiration. TiLis mi-ht have increzced the tronsrort of minercl salts
resulting in the synthesis of proteins and depleted sugar and starch
reserves in leaves of plants in high humidity. The resultant decrease
in dry weight was accompanied by proteolysis and release of energy for

repid growth in high humidity.
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