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INTRODUCTION

N u rse ry  grown t r e e s  and shrubs usually make little growth 

the f i r s t  year a fte r transp lan ting . Numerous observations have 

shown that this lack of growth may be caused by the difficulty of r e ­

establishing the root system  (Em erson  and Hildreth, 1933; P ridham , 

1941; Swartley, 1941; and G ossard , 1942).

V arious hormone p repara tions  have been shown to in c rease  

root quantity on plants (H arrison, 1937; Mitchell, 1938; Smith, 1938; 

G ossard , 1942; and Doran, 1952). On some plants roots  have been 

produced m ore  abundantly, as well as m ore rapidly, when the h o r ­

mone substances were applied to the vegetative p a r ts .  Swartley 

(1941) and Nagato and Sato (1952) have repo rted  m ore  rap id  root 

development on a lready  rooted plants which were soaked at t r a n s ­

planting tim e with horm ones.

A number of plants a re  m arke ted  with a heavy bulk of soil 

surrounding the ir  roo ts . Since soil weighs about 100 pounds per 

cubic foot, the plant is difficult to handle, and the root system  

is frequently broken and bru ised , causing difficulty in its  reh ab il i­

tation into the landscape. M iller, Neilson and Bandemer (1937), 

and G artner, OrRourke and Hamner (1949) have successfully  t r a n s ­

planted plants without having the ir  roots surrounded by soil. This
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method of transp lanting  has not been a general p rac tice  for 

la rg e r  vascu la r p lants, but is often used for young n u rse ry  

stock (Thompson, 1940).

Following transplanting, it is believed that root and top 

desiccation  is one of the m ajor causes of death.

The p re sen t  investigation was undertaken to study 

(1) the anatom ical aspects  of vacuum trea tm en t as a possible 

method to reduce the weight of transplanting stock; (Z) effects 

of indoleacetic acid forced into the plant; (3) the effects of the 

use of polyethylene film  as a covering to prevent desiccation 

of Thuja occidentalis cv. n igra  during the late winter and early  

spring.



L I T E R A T U R E  R E V IE W

T ransp lan ting :

Even though transp lan ting  of ornam ental plants has been 

a commonplace operation for years , rep o r ts  of high m orta lity  

ra te s  of transp lan ted  stock a re  common. Gregory, Imle, and 

Camacho (1953) rep o rted  high lo sses  despite the fact that g rea t 

ca re  was given to digging and planting of Hevea b ra s il ie n s is .

In addition, they defoliated and pruned the crown to balance the 

reduced root system .

Transplanting experim ents involving various species of 

everg reens  by E m erso n  and H ildreth (1933) resu lted  in m orta lity  

ra te s  as high as 100 per cent. They attributed  the loss  to 

(1) clim atic  fac to rs  favorable to high transp ira tion ; (2) the n e c e s ­

sity of moving the plants in full foliage; and (3) the slow ra te  of 

root regenera tion .

Transplanting seriously  reduced growth of Quercus p a lu s tr is  

(Pr idham, 1941). It was concluded that the reduced growth could not 

be a ttr ibu ted  en tire ly  to root and top pruning, but that the season, 

soil, and the care  in  handling were im portant fac to rs .

According to Whitten (1919), the m ajority  of investigators  

have recom m ended that plants be moved in the spring. Thompson (1940)
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sta ted  that some authorities  recom m ended fall, some winter, and 

some spring, and s til l  o thers  pointed out that plants may be moved 

successfully  at any season of the year . He stated, fu r th e r ,  that 

although plants w ere moved every month of the year, g rea te r  in ­

ju ry  would occur if the plant was disturbed during its period  of 

rapid  growth.

In an effort to reduce injury and to lengthen the transplanting  

season, M iller, Neilson and Bandem er (1937) repo rted  that by s p ra y ­

ing the tops with a wax emulsion they were able to transp lan t the 

following b a re - ro o t  specim ens successfully in July: P icea  Abies,

A cer palm atum  cv. d issec tu m , Ulmus a m e r ic a n a , Populus n igra  cv. 

italic a and Syringa v u lg a ris .

Transplanting experim ents conducted in 1949 by G artner, O 'Rourke 

and Hamner made use of a protective covering of vinyl re s in  latex 

sprayed on the foliage. Both sprayed and unsprayed tre e s  of P icea  alba 

transp lan ted  in June declined in general vigor, but the tre a ted  t re e s  

were always in be tte r  condition than a com parable number of contro ls . 

They found that all deciduous plants did not respond alike. B echtel's  

flowering crab  (Malus ioen sis ) and lilac (Syringa Spp) showed symptoms 

of growth inhibition, accompanied by the absciss ion  of some leaves.

It was indicated that cessa tion  of growth as a re su l t  of transplanting  

was prolonged by the application of the plastic re s in ,  but that the
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plant usually regained any loss of growth by a m ore vigorous p r o ­

duction of new shoots a fte r growth was resum ed.

Another method of overcoming the loss  of vigor and to p r o ­

duce rap id  rees tab lish m en t of the plant was the use of s ta r te r  solutions. 

S tair and H artm an (1939) found that by using nutrient solutions in the 

transp lan ting  water for tomato (Lycopersicum esculentum) plants, they 

w ere able to in c rease  slightly the early  yields. They w ere unable to 

show significant d ifferences between trea tm en ts  for to tal yields.

S im ilar re su lts  were obtained by Sayre (1939).

It was believed by Thompson (1940) that in general a w e ll-b a l­

anced fibrous root system  was probably the m ost im portant single 

factor for success in transplanting. One method of increasing  the t r a n s ­

planting bulk of roo ts  of a t ree  was root pruning well ahead of the time 

of transplanting . To dem onstrate  the feasibility  of this p rocedure , 

Faulkner (1953) root pruned one-year-o ld  "C orsican"  pine seedlings.

He found that roo t pruning m arkedly inc reased  the production of the 

fibrous roots in the soil above the point of root severance .

Neff and O 'Rourke (1949) presen ted  data which indicated that 

transp lan ted  tung t re e s  (A leurites  Fordii) tended to make top growth, 

followed by root growth. They concluded that p roper cultivation exerted  

perhaps the g rea te s t  influence in minimizing the decline in the growth 

ra te  as deficient m oistu re  m arkedly checked top growth.

According to Goff (1897), fa ilure of a tree  to resum e growth



following transplan ting  was not always caused by insufficient m o is ­

tu re  in the soil. Water p re s s u re  within the bud, supplied large ly  

through root p re s s u re  caused the expansion of the leaves. The und is­

turbed  plant m aintained the root p re s s u re  by m eans of living root 

h a irs .  By attaching one end of a rubber hose to a root 1/4 to 3/8 inches 

in d iam ete r, the opposite end of which was connected to a flask of d is ­

tilled  w ater above the height of the tre e ,  water under p re s s u re  was 

supplied to the t re e .  The buds of the trea ted  tre e s  expanded m ore 

rap id ly  than those of the untreated t re e s .  Following soil irr iga tion , 

a ll t r e e s  began growth.

Growth Hormones:

Gustafson (1942) has re fe r re d  to his e a r l ie r  publication of 

1936, in which he disclosed that indoleacetic, indolepropionic, indole- 

bu tyric , and phenylacetic acids induced seed lessness  of m ature  fru its  

by placing lanolin paste  m ix ture  on the style of unpollinated flowers of 

L ycopersicum  escu len tum , Petunia hybrida , and Salpiglossus varr-iabilis. 

He stated fu r th er  that since that tim e many crops have been added to the 

l is t  of parthenocarpic fru it production as a resu lt  of trea ting  with syn­

thetic growth substances.

Hormones have since been used to achieve other re su l ts .  

Z im m erm an  and Hitchcock (1951) has listed  (1) the vegetative p ropaga­

tion of plants by trea tm en t of the cuttings and scions; (2) the prevention 

of p re -h a rv e s t  drop of fruit, p a r ticu la r ly  apples and oranges; (3) the
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in c re a se  of f ru it  se t and induction of parthenocarp ic  fru its ; (4) the 

inhibition of buds to p reven t potato and onion sprouting; (5) the inh i­

bition of fru it  t re e  buds or prolonging dormancy to prevent loss  by 

late f ro s ts ;  (6) the inhibition of buds of n u rse ry  stock to prevent top 

growth until the young plants a re  established; (7) regulating the f low er­

ing of various crops; (8) the p rem a tu re  defoliation of plants; (9) the 

prevention of absc iss ion  as contrasted  to defoliation; (10) the chem ical 

thinning of fruit; and (11) the use of chem icals as selective weed k il le rs .  

He foresaw  the future need of bud inducing chem icals in o rd e r  to 

fac ilita te  propagation of plant p a r ts  where they were lost or where 

buds had not appeared.

One of the m ore  popular methods of application of hormone sub­

stances has been to m ix it with lanolin (Howlett, 1939; Gustafson, 1940; 

A sen and Ham ner, 1953). The vapor method of application was in tro ­

duced by Z im m erm an  and Hitchcock (1944). A s im ila r  method is as 

a spray  em ulsion used by Withrow (1945). Cholodny (1936), Stier and 

duBuy (1938), and Thimann and Lane (1938) applied hormones by soak­

ing th e  seed in an aqueous solution containing the growth regu la to r . 

H arr iso n  (1937) and Block (1938) dipped the plants to be trea ted  in a 

solution containing the horm ones. The talc method, which is described  

by Doran (1952) is used extensively by plant propagators. A ppli­

cations of growth regu la to rs  were made to the soil by Randhawa



and Thompson (1948) and Swartley (1941). Before transplanting 

r ice  seedlings (O ryza sativa) Nagato and Sato (1952) soaked them 

in a solution containing naphthalene acetic acid.

Localized application of hormone substances was used 

by Rom berg and Smith (1938) in transplanting  pecan (Carya 

il l ino ensis ) . This was accom plished by f i r s t  soaking toothpicks 

in a solution containing the growth regu la to r . Holes were bored 

into the roo ts  and a toothpick plug inserted .

Watson (1948) and M itchell and Brown (1946) injected 

m easu red  amounts of 2, 4-dichlorophenoxyacetic acid into leaf 

t issue  from  a hypodermic needle.

Conflicting re p o r ts  have been recognized of the response 

of plants to applications of horm ones. Higher concentrations of 

growth regu la to rs  have caused a general inhibition of growth, a 

modification of p a r ts  as well as loss  of the sm aller flower buds 

(Z im m erm an and Hitchcock, 1944). In an ea r l ie r  investigation 

they found that for a few days following trea tm ent the buds of 

Hibiscus sy riacus  grew at equal ra te s  in a m easured  period.

The upperm ost shoots soon after application grew m ore rapidly, 

inhibiting the lower buds. Removing the distal tip of the stem, 

stim ulated growth of the inhibited shoots. Negative re su lts  were
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obtained by using a concentration of 0. 5 per cent indoleacetic 

acid to induce root form ation  on intact plants of T radescan tia  

valida and Zebrina pendula (Dorfm uller, 1938). A slight r e ­

duction in f re sh  weight of Tagetes Spp„ , and a slight inc rease  

in weight of P haseolus vu lgaris  var . Black Valentine was r e ­

ported  by M itchell (1938). The trea tm en t of one ppm indole­

acetic acid had no noticeable influence on the tim e of flowering.

Z im m erm an and Hitchcock (1944) likewise were 

able to dem onstra te  that even though h o rm one-trea ted  Lycoper- 

sicum esculentum fru it grew fa s te r  than the control, the re  was 

a difference among cu ltivars . The cultivar Globe was m ore 

sensitive than the cu ltivars  Marglobe or Bonny Best. The devel­

opment of photo synthetic a re a  and tim e of flower of cultivar 

Comet has been hastened by soaking the seed in a hormone solu­

tion under greenhouse conditions (Thimann and Lane, 1938). 

Seedlings of Oryza sativa soaked in a solution of naphthalene 

acetic acid before transplan ting  w ere shown to have the ir  root 

growth re ta rd ed  for one or two days (Nagato and Sato, 1952). 

Following this period  root growth was hastened and this effect 

was dim inished gradually  under favorable growing conditions 

which caused fa s te r  production of t i l le rs ,  heading, and heavier 

fruiting, than if the plants had not been trea ted . Root production
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on pecan, although not named as such in the publication, it was 

assum ed  to be Carya il l in o en s is , was substantially  increased  

by localized applications of indolebutyric acid by inserting  

w ell-soaked toothpicks into the roots (Romberg and Smith, 1938 

and G ossard , 1943). Rooting response was g rea te r  in the 

younger t r e e s ,  with the higher concentrations producing the 

g rea te s t  response (Romberg and Smith, 1938). H arr ison

(1937) obtained s im ila r  re su lts  when trea ting  Iresine lindenii 

with indoleacetic acid. Root and stem  development has been 

shown to have been stim ulated by hormone trea tm en t on young 

plants of some species of the following genera:

Lonicera, Malus, Juniperus, C o reo ps is , Viola, Incarvillea, 

L ycopersicum , and Callistephus (Swartley, 1941).

Z im m erm an and Hitchcock in 1942, using triiodo- 

benzoic acid caused the loss of the apical dominance of 

Lycopersicum  esculentum  and produced an abnorm ally large 

number of ax illary  leafy b ranches. Using the same m a te r ia l ,  

Asen and Hamner (1953) have increased  the number of basal 

shoots on Rosa hybrida cv. B etter T im es.

Thimann (1937) repo rted  that very  low concentrations



11.

of auxins have acce lera ting  effects on the vegetative p o r ­

tions of the p lants. Phaseolus vulgaris  cv. Calapproved 

in c reased  in dry weight, absorption of w ater and d i re c t ­

ional shifts of la rge  amounts of n itrogen and carbohy­

d ra tes  from  leaves and cotyledons in com parison to the 

controls (Stuart, 1938). Inhibition by the p resence  of the 

growing apex of Phaseolus vulgaris was dem onstrated  by 

Snow, 1925. When the apex was removed or prevented from  

growing, one or m ore  proxim ally located ax illary  buds 

began growth. Yitis sp. cuttings of 31 v a r ie tie s ,  after t r e a t ­

ment with various growth regu la to rs , showed variable r e ­

sults of rooting (Harmon, 1943). Inconsistent and non- 

conclusive re su lts  were repo rted  by Leibundgut (1950) on 

growth of roots and shoots of horm one-trea ted  fo res t  t ree  

seeds.

The tap root and la te ra l  roots of Hevea 

b ra s i l ien s is  were trea ted  with naphthalene acetic acid in 

concentrations of 0. 5 per cent and 1 per cent by Gregory, 

Imle, and Camacho (1953). F ro m  this application they 

concluded that NAA helped inc rease  the degree of survival



of the transp lan ted  t r e e s .

A varie ty  of responses  of the yield of fru it  

may be expected from  hormone trea tm en t. Stier and duBuy

(1938) in c reased  the ea rly  and total yields of m arketable 

L ycopersicum  esculentum  fru it by soaking the seed in various 

hormone solutions. Seed of Avena sativa, which was soaked 

in a solution of indoleacetic acid before sowing, produced 

plants on which the yield of seed per plant was increased  by 

55 per cent (Cholodny, 1936). A concentration of 0.25 mg 

of 4-phthalim ido-2, 6-dim ethyl pyrim idine per l i tre  was 

found to in c rease  the early  yields of Lycopersicum  esculentum 

when com pared with trea tm en ts  which a re  generally  accepted 

methods of hardening (L earner, 1952). There was also an 

in c rease  in the total number of ripe fru it harvested .

Withrow (1945) treating  Lycopersicum  e scu l­

entum cu ltivars  Long Calyx and Michigan State Forcing  with 

growth regu la to rs  and growing them in the greenhouse from  

A pril to July, reported  the form ation  of m ore fru it on the 

ea r ly  c lu s te rs ,  but found little difference in total production.

F ield-grow n plants produced p rac tica lly  no 

difference in yield a fte r  having been trea ted  (Z im m erm an



and Hitchcock, 1944). The same plant w atered  at t r a n s ­

planting tim e with a concentration of 50 mg naphthalene - 

acetic  acid  in 50 gallons of water suffered a reduction of 

early  fru it  (Sayre, 1938). When five tim es as much h o r ­

mone was applied, there  was an even g rea te r  delay on 

date of m aturity  and a lower yield. Sayre concluded 

that horm ones were m ore  effective in very  dilute con­

centration . It would seem  that the chief benefit to be 

derived from  the use of horm ones on tom atoes would be 

the production of parthenocarpic fru its .

Morphological and histological differences 

occu rred  in plants which had been trea ted  with horm ones. 

Responses differed with the species of the plant, and the 

concentration of the hormone. A general review  of the 

l i te ra tu re  to the p resen t has been made by Beal in 1951. 

Hormones applied to roots, s tem s, leaves, flowers or 

f ru its  were readily  absorbed by the plants (Mitchell, 1951). 

It had been pointed out previously  by Mitchell and Martin^ 

1938, that in Phaseolus vulgaris m arked  morphological 

d ifferences o ccu rred  following trea tm en t with indoleacetic
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acid . Indoleacetic acid, when applied to Lycopersicum  

esculentum  did not inhibit the development of buds below 

the trea ted  a re a .  Responses were s im ila r  to those of 

Phaseolus sp. , except in Lycopersicum  esculentum, 

which was explained on the bas is  of the p resence  of in te r ­

nal phloem in th is plant (Borthwick, Ham ner, and P a rk e r ,  

1937).

In response to various growth regu la to rs  

Hibiscus sy riacus , according to Z im m erm an  and Hitchcock 

(1940) usually produced new adventitious buds associated  

with the xylem points which extended into the bark .

Populus generosa did not respond in a s im ila r  m anner.

The growth of ax illary  buds of T radescan tia  

flum inensis was suppressed  by dipping the plants in an 

aqueous solution of indolebutyric acid (Block, 1938).

He also reported  that in the rapidly elongating p a r ts  of 

the shoot, short thick segm ents were form ed in the basal 

p a r t  of the internode. The differentiation p ro cesses  

w ere initiated p rem a tu re ly  and m ore  vigorously. Thi s



re su lted  in the fo rm ation  of num erous, fascia ted , in t e r ­

nal roo ts  as well as nodal vascu la r  e lem ents.

Cooper (1938) concluded that indoleacetic 

acid controlled the movement of substances in the cuttings. 

Removal of the base of a hormone trea ted  cutting, fo l­

lowed by a second trea tm en t, seemed to destroy  the effect 

of the trea tm en t.

Desiccation:

Meyer and Anderson (1952) have cautioned 

the read e r  not to confuse winter killing, resulting  from  

desiccation with cold injury, resu lting  from  low te m p e ra ­

tu re s ,  which is a different phenomenon.

At tem p era tu re s  slightly above freezing, 

the ra te  and amount of water movement in plants was 

greatly  reduced (K ram er, 1940).

Thompson (1940) a ttributed  injury to certa in  

deciduous and everg reen  plants to desiccation by winds in



la te  w inter and early  spring. He explained that the winds 

caused excessive tran sp ira t io n  from  the foliage and twigs 

of a num ber of different plants before the roots  were able 

to absorb  sufficient w ater to rep lace  that lost from  the 

leaves. This is  confirm ed by B rie rley  (1934) for Rubus 

sp. , and P irone  (1950) for species of Rhododendron, Ilex, 

P inus, P icea , and Abies. R oeser (1932) has shown that 

seedlings of P inus ponderosa and Pinus contorta cv, 

la tifolia los t th ir teen , Pseudotsuga Douglasii, eighteen, 

and P ic e a  Engelm annii, twenty-eight tim es  m ore water 

at 51°C than at 16°C.

F u rth e r  substantiation of water loss

being responsible  for injury was advanced by B rie rley

and Landon (1946). Latham ra sp b e r ry  has been highly

re s is ta n t  to tem p era tu re s  as low as minus 45°F, but lias

o
been severely  in jured by minus 8 F , following two days 

at 37 .4 °F . They failed to mention the re la tive  humidity 

or the vapor p re s s u re  deficit of the atm osphere for this 

experim ent.
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Sunlight may cause excessive heat or an ex ­

cess ive ly  high transp ira tio n  ra te .  Death of t re e s  has o c c u r ­

red  as a re s u l t  of high a ir  tem p era tu re s  resulting  from  poor 

a ir  drainage (Tourney, 1947). He m aintained that the amount 

of injury at any given tem pera tu re  inc reased  with in c re a s ­

ing length of exposure, and the higher the a ir  tem pera tu re  

the sh o rte r  the period  of exposure requ ired  to produce 

death of plant tissu e .

Shirley (1936) made the observation that 

studies of lethal tem p era tu re s  for conifers have been con­

fined to the use of seedlings. These re su lts  varied  consid­

erably, depending on the methods used and the duration 

of the exposure. Leaves were m ore exposed to d irec t sun­

light, and were m ore commonly injured than the other 

p a r ts  of the plant, providing it had developed beyond the 

juvenile condition.

Kozlowski (1943) found no great difference 

in the tran sp ira tio n  ra te  of conifer and deciduous species 

on a unit a re a  b a s is .



Screens of canvas, burlap, rustic -w oven 

straw  and stakes were suggested by Thompson (1940) to 

reduce w ater loss  from  plants. Foliage and blooms of 

G ladiolus, Dahlia, Anthirrhinum, and Callistephus were 

f ree  of sun-scald  when grown under cheesecloth  enclosures 

(Batson, 1933).

Wiegand (1906) dem onstrated  that white 

paint applied to trunks of peach tre e s  reduced the te m p e r ­

a tu re  15°C.

White, H orsfall, and T albert (1933) attempted 

to p ro tec t plants by the use of a re s in  em ulsion to which he 

added short asbestos  f ib e rs .  Except for the white color, he 

concluded that the m a te r ia l  was of doubtful value. Wax e m ­

ulsions were used successfully  to reduce w ater loss and to 

prevent damage to the plants by M iller, Neilson and Bandemer 

(1937). G ardner (1944) observed that oil-wax em ulsion app li­

cations reduced water loss 20 to 60 per cent. This reduction 

depended upon the species, the conditions of the environment, 

and the concen tra tion  of the emulsion.

There were no apparent injurious effects on



the foliage when suitable dilutions w ere used. McMahon in 

1947 made a com parison  between the use of a wax em ulsion 

and pliofilm  cover to reduce the ra te  and quantity of t r a n s ­

p ira tion  of f ru it  in s torage. He concluded that pliofilm was 

m ore  effective. Sherwood and Hamner (1948) used "Geon 31" 

to lengthen the life of cut branches of everg reens  and some 

com m ercia l cut flow ers. A vinyl re s in  la tex  was sprayed 

on P icea  alba (G artner, OfRourke and Hamner, 1949).

One month after trea tm en t and transplanting without add i­

tional w ater, all unsprayed plants were dead, while 25 per 

cent of the trea ted  plants survived.

P las tic  film s developed from  high polym ers 

of ethylene a re  popularly known as "polyethene" or "poly­

ethylene". Sweet (1953) found that m oistu re  was conserved 

when polyethylene film  was used to wrap the rooting medium 

of cuttings or seedlings.

H am ner, C arlson  and Tukey in 1945 reported  

that succulent plants and cut flowers were maintained in a 

turgid  condition from  four to 36 hours longer than control 

plants by submerging them in w ater, and evacuating the a ir



by m eans of a w ater pump to a p re s s u re  of approxim ately  

30 pounds per square inch for 20 m inutes. After p a r t ia l  

evacuation, the pump was turned  off and the p re s su re  

gradually in c reased  to that of the a i r .

R. H. B u rr is  (1952,1953) employed the 

technique of im m ers ing  intact leaves of plants in a so lu­

tion containing inhibitors of photosynthesis and then evac­

uating the a i r  from  the cham ber and the leaves. Normally, 

he used a vacuum of 15 to 20 m m  m ercu ry  res idual p re s su re .  

The leaf was infiltrated  by re leasing  the vacuum, causing 

the solution to pass  into the in tercu llu la r spaces of the 

leaves. The extent of infiltration  was evidenced by the 

change of the leaf from  an opaque to a translucen t condition. 

After the leaves were removed, they were blotted dry with 

paper towels and the petioles im m ersed  in a solution. The 

excess w ater was tran sp ired , and the leaves then regained 

and re ta ined  the ir  norm al opaque appearance. If the in fil­

tra tion  was too vigorous, the leaves wilted after the in ­

f i l tra ted  water was tran sp ired .



Stentor and Spirogyra , according to the ob­

servations of Greely (1901) exhibited synonymous ap p ea r­

ances caused by freezing, desiccation, and p lasm olysis .

Studying desiccated  Rubus canes, Simonds 

(1942) found that the cell walls were not ruptured, and that 

sieve tube contents appeared m ore shrunken than those in 

turgid  tissu e . There was a m arked  deposition of "tannin- 

like" m a te r ia l ,  a reduction of size, and a shrinkage of the 

contents of all living cells  ex te r io r  to the cambium. He 

discovered pronounced splitting of the absciss ion  la y e rs .

Mix (1916) repo rted  that the youngest xylem cells  were the 

f i r s t  to be injured, and that complete killing could be 

identified from  discoloration of the ce lls . According to 

P a rk e r  (1951, 1952) some hypodermal cells  of the leaves 

of Pinus strobus had collapsed lengthwise, while the 

endoderm al cells  flattened out, and the transfusion  trache ids  

and parenchym a had collapsed from  injury. Little change 

was noted in the xylem and phloem ce lls .  Using excised 

leaves of P inus strobus and P . n igra  cv. A ustriaca  d e s ic ­

cated at room  tem pera tu re  (20°C) and a re la tive  humidity
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of 60 per  cent, P a rk e r  (1952) found that the ce lls  of the 

chlorenchym a, endoderm is, and transfusion  tissue  decreased  

in size. The adaxial surface of the leaf of the A ustrian  pine 

bent inward as con trasted  to all th ree  surfaces  of the white 

pine leaves as a re su lt  of this shrinkage.

M acrascopic color changes in the leaves may 

be caused, he postulated, by the contraction of the ch lo r ­

enchyma. Under the conditions of his experim ent, the leaves 

of Pinus strobus dried considerably fa s te r  than the P . n ig ra  

cv. Au s tr iae  a.

A breakdown of the nuclear organization of 

cells  of P runus stem s subjected to the low tem p era tu re s  of 

the w inters of 1915-1916 and 1916-1917 was not accompanied 

by rupture  or breaking apart of cell walls (Dorsey and 

Strausbaugh, 1923). Browning was confined to the co rtica l 

cells  containing ch lo ro p las ts , but injury was of a minor 

nature . In p laces  where injury was severe , the vesse ls  were 

occluded by a yellow-brown m ass  of m a te r ia l  which was m ore 

pronounced in older v esse ls .

In his review  of l i te ra tu re ,  Clum (1926a; 1926b) 

showed that plant t is su es  in bright sunlight were at a higher te m ­

p e ra tu re  than that of the surrounding a i r ,  but that there  was wide
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and rap id  fluctuations even in periods of short duration of 

light. In his work only a difference of 2 to 3°C was attributed  

to tran sp ira tio n . According to M iller (1938), the actual killing 

tem p era tu re  for m ost plant p ro toplasm  has been found to vary 

between a high of 113 to 131°F. LundegSrh (1931) observed that 

the re  was considerable varia tion  among species in the degree 

of heat that they a re  able to withstand. The higher the te m ­

p e ra tu re ,  the sho rte r  period of time requ ired  to produce injury. 

Sunscald was generally considered by Chandler in 1913 to be 

the effect of heat absorbed in d irec t sunlight by the darker 

colored tissue  of the plant. His observations showed that the 

ra te  of tem p era tu re  decrease  greatly  influenced the killing 

effect. In late winter the t is su es  d irectly  exposed to the sun 

tended to r i s e  above freezing, while those unexposedtissues on 

the opposite side of a branch rem ained close to existing a tm o s­

pheric tem p e ra tu re s .  When the sun ray s  were no longer d irectly  

shining on the a lready  w arm ed periphery  of a trunk of a tree ,  

the tem p era tu re  quickly resum ed  an equilibrium with that of the 

surrounding a ir .

Brooks and F ish e r  (1926) dem onstrated  the te m p e ra ­

tu re  d ifferential between the exposed and the shaded surface of the
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f ru it  of Malus pumila while they were attached to the t re e .

The exposed side was 10 to 16°F w arm er than the shaded side. 

Black ta r -p a p e r  coverings on the trunk of fru it  t r e e s  inc reased  

the tem p era tu re  10 to 25°F above that of the a ir  (Mix, 1916). 

Leaves of Nicotiana sp. in se r ted  in cellophane envelopes in ­

c reased  in tem p era tu re  from  87 to 127°F. Two days la te r  

necro tic  spots developed. A rthur and Stewart (1933) dem on­

s tra ted  that as the tem p era tu re  approached the therm al death 

point from  either high radiation  or high tem pera tu re , the 

tissue  lost grea t quantities of w ater.

P o tte r  (1936) concluded that injury incident to 

cold weather might have been caused by desiccation of the 

t is su es .  Allen and A sai (1943) considered  the chief problem  

in growing garden ro se s  to be that of winter injury. They 

a ttr ibu ted  w inter injury to be caused by extrem e tem pera tu re  

or desiccation of the t issu e . Much of the evidence of d es icc a ­

tion as a factor of w inter injury has been based on superficial 

observations. Wilner (1952) found that desiccation occurred

mainly during periods with a tem p era tu re  above freezing,

o
especially  above 41 F .



P R O C E D U R E

One dozen Rosa hybrida cv. Better T im es flow ers 

w ere cut at the P lan t Science greenhouse at 1030 hours on May 21, 

1953 at various stages of bud development. They were plunged 

into hot w ater (98°F). After approxim ately  four hours, the stem s 

were cut to 10 inches in length, and the flow ers w ere separated  

into com parable groups. Six flow ers were placed in a pyrex  g lass 

d ess ica to r  with a tightly fitted cover. The flow ers were above the 

w ater, the proxim al portion of the stem s being held under water 

by a heavy weight. A vacuum of 20 mm m ercu ry  was drawn by 

means of a pump in o rd e r  to evacuate the a ir  through a ground 

glass valve in the cover of the ja r .  The p re s su re  was equalized 

gradually (about 5 minutes) to that of the a tm osphere . As the 

vacuum was re leased , the w ater passed  into the leaves. Vacuum 

was applied severa l t im es  until the foliage became w ater-soaked  

in appearance. The flow ers were removed, allowed to drain  on 

paper toweling, then placed in one-fourth pint ja r s  of water in the 

lab o ra to ry . F our days la te r ,  untreated  flowers were wilting b e ­

fore petal expansion. The m argins of the petals and the leaves were 

desiccated  in con tra s t to those which had been exposed to the 

vacuum.



The flowers and foliage of th ree  unidentified cu lti-  

v a rs  of Syringa vu lgaris  w ere exposed to a s im ilar  trea tm en t.  T u r-  

gidity was m aintained as a re su l t  of trea tm en t for 36 hours , an in ­

c re a se  of a total of 34 hours over those which were untrea ted . When 

flow ers w ere used in the trea tm en t, but failed to be completely sub­

m erged  in w ater, they showed no im proved keeping quality.

Two o ne-year-o ld  plants of each of Syringa vulgaris  cv. 

Thunberg, Hydrangea a rb o rescen s  grandiflora and F orsy th ia  spectab- 

lis  were subjected to vacuum trea tm en t. As soon as the ce lls  of 

the leaves appeared to change color as a re su lt  of the entrance of 

water under reduced p re s s u re ,  the plants were planted in the g a r ­

den and no water was added to the soil. Wilting was not d iscernib le  

on F o rsy th ia  or Syringa during the following week, but diurnal w ilt­

ing of the succulent growth of Hydrangea occu rred  regu la rly . Sub­

stantial gain in weight was observed as a re su lt  of the trea tm en t with 

vacuum.

Vacuum T rea tm ent of Woody P lants:

O ne-year-o ld  plants commonly called ,rlining-out stock*' 

by com m erc ia l p roducers  were obtained from  Cottage Gardens N u r­

sery  of Lansing, Michigan on May 18, 1953. The plants were packed 

with damp sphagnum surrounding their roots and placed in a controlled



te m p e ra tu re  of 39°F for eight days. During this period  the plants 

w ere illum inated, using a low intensity of incandescent lights .

The plants  w ere weighed and a rb i t ra ry  groups selected to contain 

plants weighing from : 15 to 19 gms, 20 to 24 gms, and over 25 gms. 

P lan ts  for each trea tm en t w ere selected so that the re  w ere four 

rep lica tions , ten  plants p er  trea tm en t containing the same number 

of plants from  each weight group.

An im proved equipment consisting of a pump designed 

to develop a m aximum vacuum of 20 m m  of m ercu ry  and a ta ll 

f lo r i s t s 5 m etal vase of five l i te r  capacity, w ere used for subm erg ­

ing the plants. This container was placed on a vacuum plate and 

covered with a pyrex bell j a r .  During evacuation the plants were 

weighted to prevent floating.

The roots  of the 40 plants were placed in water and 

allowed to rem ain  during the trea tm en t of the other groups. F o rty  

m ore plants w ere subjected to a vacuum for 20 m inutes while sub­

m erged  in tap w ater, and an additional 40 plants were subjected 

to the same vacuum trea tm en t using a solution of one ppm indole- 

acetic acid.

Following trea tm en t, the plants were sto red  for 12 

hours at 39 degrees  F  before being planted in random ized sequence



at the H orticu ltu ra l F a rm  of Michigan State College, spaced four 

feet between row s, and two feet apart within the row. The soil 

v aried  from  a Hillsdale sandy loam at one end of the row to a 

silty loam  at the o ther. At the tim e of transplanting each plant 

received  th ree -fo u rth s  of a pint of w ater. Initial weights of 

the plants and weights after trea tm en t, l inear m easu rem en ts  

and number of branches were recorded  at the conclusion of the 

growing season.

Vacuum T rea tm ent of Lycopersicum :

Trea tm ents  of Lycopersicum  esculentum cv.

Golden Queen and Red C herry  were identical to those of Syringa 

and F o rsy th ia . Roots of seedlings with 4 to 6 true leaves were 

washed free  of soil, plants sorted  so that all groups of ten were 

nearly  s im ila r ,  and trea ted  on June 3, 1953. All plants were 

transp lan ted  to the field the following day in rows four feet apart 

with four feet between p lan ts . No supplem entary water was sup­

plied at the tim e of planting or during the growing season. The 

f ru it  was harvested  at 4-day in tervals  from  August 25 until October 

3. The number of f ru its  and the total weight of fru it of each 

trea tm en t was m aintained.
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Soaking Woody P la n ts :

P lan ts  of Syringa vulgaris  cv. Thunberg and F o r s y ­

thia spectabilis  w ere soaked for two hours in (a) tap w ater and 

(b) one ppm of indoleacetic acid, (c) no soaking. The plants were 

all transp lan ted  into the field from  m oist sphagnum packing. Spac­

ing was four feet by two feet apart within the row.

At the conclusion of the growing season, m e a s u re ­

m ents were reco rd ed  for the total linear growth and the total 

number of b ranches .

Vacuum T rea tm en t of Annual Flow ering P la n ts :

Seeds of the following annual flowering plants were 

sown in s te r i lized  soil (two p a r ts  composted loam, one p a rt  sharp 

sand, one p a r t  peat) in fla ts  at the P lant Science greenhouse on 

Decem ber 5, 1953: Callistephus chinensis cv. Remo and Kirkwell; 

Salvia splendens cv. St. Johnrs F ire ;  Gentaurea cyanus cv. Pinkie; 

and Tagetes patula cv. Dwarf Bedding. The seedlings were trea ted  

as in vacuum trea tm en t of woody plants, transplan ted  January  23, 

1954 into 3-inch pots using the same soil m ixture as for seeding. 

F ifteen  plants of each cultivar were selected, divided into three  

groups of five plants each. The number of leaves and leaf a re a s  of 

two plants were reco rd ed  on F eb ru a ry  12 and M arch 6, 1954.



Callis tephus was grown at a greenhouse tem p era tu re  of 50°F 

with six hours  of supplem entary incandescent light. The r e ­

m ainder of the plants were grown at 60°F (night tem p era tu re ) .

Polyethylene Covering of Woody P lants:

On F eb ru a ry  3, 1954, 40 plants of Thuja occiden- 

ta lis  cv, n ig ra  w ere covered with 0, 002 gauge polyethylene 

film  ’’Cheslene" m anufactured by C hester Packaging P roducts  

Corporation, Yonkers, New York. One-half of the film  was 

unperforated , and the rem ainder was perfo ra ted  with two 6 mm 

openings per square foot. These plants w ere transp lan ted  in 

the n u rse ry . At the tim e of application the sun was bright and 

th e re  was a  high degree of reflec ted  light from  the snow cover 

on the ground. One month la te r ,  therm ocouples were attached 

to the plants under previously applied Cheslene according to 

the experim ental design as shown in Table 1. This was repeated  

on uncovered plants which w ere im m ediately  covered in the 

same m anner as before, and an additional p a ir  of therm ocouples 

w ere placed at 2 .5  inch depth in the soil. The therm ocouples 

w ere  attached to a ’’Minneapolis-Honeywell Brown electronik" 

continuous tem p era tu re  re c o rd e r .  Daily fluctuations of te m p er-



a tu re  and re la tive  humidity under the various fo rm s of poly­

ethylene pro tec tion  from  M arch 20 to M arch 31 was reco rded  

by th ir ty -ho u r  "B end ix -F riez"  hygro therm ographs.

One cm stem  sam ples were collected from  r a n ­

domized locations on Thuja occidentalis cv. n ig ra  of both 

covered and uncovered p lan ts . They were killed in fo rm alin - 

ace tic-a lcoho l (FAA; 5 cc fo rm alin , 5 cc glacial acetic acid, 

and 90 cc 70 p er  cent ethyl alcohol). The tissu es  were d e ­

hydrated using the te r t ia ry -b u ty l alcohol s e r ie s ,  embedded 

in paraffin, sectioned tran sv e rse ly  8 m ic ra  in th ickness, and 

stained with safranin  and anilin blue.

Sections were cut from  apparently uninjured 

branches of Thuja occidentalis cv. n ig ra  collected on April 10. 

The segments used for trea tm en t w ere seven cm from  the apex 

of the b ranches . One-half of the m a te r ia l  was stored  in tap 

w ater and the other half w ere left dry. Three stem s of each 

of these  trea tm en ts  w ere subjected to the following tim e and 

tem pera tu re  s e r ie s  (see Table 2).



T A B L E  1

The Location of Therm ocouples at Each T ree  Used in the Course 
of These Studies

Therm ocouple
No.

Where Installed  on T ree , Position in Res 
Type and Date of Cover pect to T ree

8

9

10

11

12

14

16

Middle of plant, p e r ­
forated  cover 2-3-54

Apex, perfo ra ted  cover 
3-6-54

Apex, non-perforated  
cover 2-3-54

Apex, non-perforated  
cover 3-6-54

Middle, perfo ra ted  cover 
3-6-54

Apex, perfo ra ted  cover 
2-3-54

Apex, not covered

Middle, non-perforated  
cover 3-6-54

Middle, not covered

Open soil, 2 1/2 inches 
Deep

Middle, non-perfora ted  
cover 2-3-54

Soil under T ree , 2 1/2 
inches deep

South

South

South

South-we st 

E ast

South-we st

Tip 

We st

North

None

South

South we st



T A B L E  2

Tim e and T em pera tu re  T rea tm ent, Thuja occidentalis cv. 
N igra Samples

T rea tm en t Length of Time of T rea tm en t in Minutes
15 30 60 120

Actual T em pera tu re  in D egrees F

No water 
In water

140. 0 
105. 0

140. 0 
110. 0

140. 0 
125.6

140. 0 
136.4

No water 
In water

104. 0 
8 6 . 0

104. 0 
95. 0

104. 0 
100.4

104. 0 
107.6

No water 
In w ater

32. 0 
50. 0

32. 0 
44. 0

32. 0 
41. 0

32.0

Room te m p e r ­
ature

No water 75. 0 75. 0 75. 0 75. 0



R E S U L T S

Vacuum T rea tm en t of Woody P lants:

The average total length of all s tem s of Syringa 

vulgaris cv. Thunberg w ere not significantly influenced by vacuum 

trea tm en ts  of water or indoleacetic acid (Table 3). Growth of 

s tem s was somewhat inhibited by the water trea tm en t, but m ore 

so by the addition of the indoleacetic acid (Table 3).

All plants subjected to a vacuum in c reased  the 

number of stem s produced from  axillary  buds. P lan ts  trea ted  

with water produced an average of 12, w hereas those receiving 

indoleacetic acid trea tm en t produced 11.2 b ranches. There 

seemed to be suppression of growth of la te ra l  b ranches, but 

with an inc rease  in number of branches (Table 3).

F o rsy th ia  spectabilis, on the con trary , showed a 

suppression  in the average linear growth by trea tm en t with a 

vacuum. Stem elongation in both trea ted  groups was significantly 

le ss  when com pared to p lants given no vacuum trea tm en t. Table 

3 shows that indoleacetic acid had a decided depressing action on 

the linear growth of la te ra l  branches.

The average number of branches (Table 3) was 

likewise le s s  when the plants were trea ted  with water or when
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TABLE 3

Length and Amount of Growth as Influenced by Vacuum T rea tm en t 
(40 P lan ts  per T reatm ent)

Untreated Water Indoleacetic
Acid

Syringa vulgaris

Average number of stem s o•or-H 12. 0 11.2

L .S .D . 5% 1.39 
L .S .D . 1% 2. 11

Average length of s tem s (cms) 107.1 98.1

00*uno

L .S .D . 5% 20.6 
L .S .D . 1% 31.2

F o rsy th ia  spectabilis

Average number of s tem s 43. 6 37. 3 34.1

L .S .D . 5% 3.8 
L .S .D . 1% 5.8

Average length of s tem s (cms) 1545.4 1211. 2 1040.6

L .S .D . 5% 129. 6 
L. S.D. 1% 196. 3



indoleacetic acid was added.

In descending o rd e r ,  significantly le ss  branches 

w ere produced on plants receiving the following trea tm en ts : 

untrea ted , water under vacuum, and indoleacetic acid under 

vacuum.

Vacuum T rea tm en t of Lycopersicum :

The total number of fru its  produced by the indole­

acetic acid trea ted  cultivar Red C herry  was not significantly 

different at the 5 per cent level than the number produced by the 

untreated  p lants. However, the indoleacetic acid trea ted  plants 

did produce a significantly g rea te r  number of fru its  than those 

subjected to a vacuum trea tm en t of water (Table 4). The total 

weight of fru it produced on ten plants from  the water trea tm en t 

was significantly le ss  than either the untrea ted  or the indoleacetic 

acid tre a ted  p lan ts . No s ta tis tica l differences were found between 

the yield of the un trea ted  and indoleacetic acid trea ted  plants.

The cultivar Golden Queen did not respond to 

trea tm en t in the m anner of cultivar Red C herry . There was no 

significant difference in the total number of fru its  or the weight 

of the fru it  from  trea ted  and untreated  plants. It may be noted 

in Table 4 that the water trea ted  plants produced the lowest number



T A B L E  4

Yield of F ru i t  of Lycopersicum  esculentum  cvs. Red C herry  and 
Golden Queen (10 P lan ts  per Treatm ent)

T rea tm ent
U ntreated Water Under Indoleacetic Acid

V acuum Under Vacuum

Cultivar

Red C herry 918

Number of F ru it

693 976

L .S .D . 5% 248.4 
L .S .D .  1% 456.1

Golden Queen (Total) 1599 1258 1439

L .S .D . 5% 728.9 
L .S .D . 1% 1338.5

Golden Queen (Early) 155 166 133

L .S .D .  5% 89.4  
L .S .D . 1% 164. 1

of fru it and the le a s t  total weight. The untreated plants produced 

the m ost tom atoes. The ear ly  yields (total harvest for f i r s t  two- 

week period) of all trea tm en ts  were sim ilar in the number and total 

weight of f ru its  harvested  (Table 5). Observations in the field in ­

dicated that the number of fru it on each c luster was g rea te r  from  

the indoleacetic acid trea ted  p lants. This was not shown to be of 

s ta t is t ic a l  significance.



T A B L E  5

Weight of F ru i t  - Lycopersicum  esculentum cvs. Red C herry  
and Golden Queen (10 P lan ts  per Treatm ent)

T rea tm en ts
U ntreated Water Under Indoleacetic Acid

Vacuum Under Vacuum

Weight of F ru it  (Pounds)

Cultivar

Red C herry 22.6 15.4 23. 3

L .S .D . 5% 
L .S .D . 1%

6.3
11.6

Golden Queen (Total) 793. 9 650. 3 668. 3

L. S .D. 5% 301.1 
L .S .D . 1% 553.0

Golden Queen (Early) 97.5 99.0 80. 4

L .S .D . 5%
L .S .D . 1%

51. 2 
94. 0

Soaking Woody P la n ts :

P lan ts  of Syringa showed an increase  in the average 

total linear growth as a re su lt  of a soaking trea tm en t in w ater. 

Those plants whose roots  had been soaked gained an average of 9 .2  

cm per plant, but linear  growth was depressed  by the addition of 

indoleacetic acid to the soaking solution.



The average number of la te ra l  branches produced 

on each plant was significantly g rea te r  on the trea ted  plants, how­

ever a g rea te r  number was produced on those plants the roots of

which had been soaked in water for two hours (Table 6). One ppm

/

indoleacetic acid appeared to dep ress  growth as m easu red  by the
V

average total length of new growth of F o rsy th ia . There was an in ­

dication that soaking the roots  of F orsy th ia  in water would increase  

the average total length of all above ground p a r ts .

Vacuum Trea tm ent of Annual Flowering Plants:

F ro m  Tables 7 and 8 it is apparent that there  was 

little  consistency in the growth of plants subjected to the various 

tre a tm en ts .  Salvia splendens cv. St. Johnrs F ire  had a g rea te r  

leaf a re a  on the two sampling dates. By the la te r  date, Salvia , 

Callistephus cv. Kirkwell and C en tau rea , as a re su lt  of trea tm en t 

with indoleacetic acid had a g rea te r  leaf a re a  than the untreated 

or the water trea ted  plants.

There was an inc rease  in the number of la te ra l  

b ranches and leaves of Salvia plants which had undergone trea tm en t.

In general, the re  were very slight differences in the 

num ber of leaves produced between the trea ted  and untrea ted  plants. 

G enera as well as cu ltivars  responded differently to trea tm en t with 

water and indoleacetic acid.
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TABLE 6

Influence of Soaking on Growth (Average of 40 P lan ts  per Treatm ent)

T reatm ent
Untreated Soaked in Soaked in Indole­

Water acetic Acid

Syringa vulgaris

Average number of stem s 13.4 15.1 14. 3

L .S .D . 5% 0.9 
L .S .D . 1% 1.3

Average length of stem s 
(cm s) 79.9 89.1 76.1

L .S .D . 5% 7.2  
L .S .D . 1% 10.4

F o rsy th ia  spectabilis

Average num ber of stem s 36. 2 37. 3 38.4

L .S .D . 5% 2.70 
L .S .D . 1% 3.93

Average length of stem s 
(cms) 1126. 4 1170. 0 1008.2

L .S .D . 5% 55.0 
L .S .D . 1% 80.0



T A B L E  7

Leaf A rea  (Sq. Cm s. ) as Influenced by Vacuum T rea tm ents  
(2 P lan ts  per Treatm ent)

Date Genera
Treatm ent

Untreated Water Indoleacetic Acid

F eb ru a ry  Salvia 
17

6036

Callistephus 
cv. Remo 4868

6796

4984

9444

6624

C alii stephu s 
cv .K irkw ell 5260 7404 4796

Centaurea 7040 9074 7352

M arch
6 Salvia 75016 69068 87860

Callistephus 
cv. Remo 17588 10592 15388

Callistephus 
cv .K irkw ell 16528

Centaurea 15820

19608

18096

22792

18440
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Polyethylene Covering on Thuja occidentalis:

A ir tem p era tu re  as well as te m p era tu re s  at various 

locations on plants of Thuja occidentalis cv. n ig ra  fluctuated 

widely during a 25-day period  in M arch 1954. T em p era tu res  on 

unprotected p lants w ere consistently  lower than existing offi­

cial te m p e ra tu re s  reco rded  by the Weather Bureau in the same 

vicinity. T em p era tu res  of plants covered with nC heslenen pro­

tection w ere h igher. The tem p era tu re s  under perfo ra ted  film 

were slightly lower (1 to 3°F) than under non-perfora ted  cover.

The highest te m p e ra tu re s  were observed between 1200 and 1500

hours, and the lowest tem p era tu re s  were at 0600 hours. The

o
maximum soil tem p era tu re  was 50 F with diurnal fluctuations 

of approxim ately  28°F.

F o r  17 days during the experim ent snow was on the 

ground. Total sunshine during the month of M arch was 204 hours, 

only 55 per cent of the maximum .

D esiccation and browning was prevalent on all 

covered  t r e e s ,  which was m ore intense on the south and south­

west exposure and concentrated at the apex. This injury did not 

always orig inate at the apex of the branch, nor was injury lim ited

to points of contact between branches and the p lastic . Injury was 

of two types (a) desiccation and browning of the leaves and branche



and (b) desiccation  without the accompanying browning.

D esiccation occu rred  f i r s t  on the exposed side of 

the branch , and gradually affected the en tire  branch . At la te r  

stages, the b ranch  was b r i t t le .  Frequently , desiccation was 

evident and browning did not develop.

Relative humidity fluctuated between 100 per cent 

during the periods of lowest tem p era tu re , frequently decreasing  

to 20 p er  cent during periods of higher tem p era tu re s .  E v ap o r­

ation was reduced by the polyethylene cover because of low 

m o is tu re  movement capacity of the film, and the reduced a ir  

movement within the enclosure . Water frequently condensed 

in the folds of the p lastic  with a lowering of the tem p era tu re .

T em p era tu re -re la tiv e  humidity rela tionships 

of a i r ,  under non-perfora ted  and under perfo ra ted  tran sp aren t 

polyethylene a re  shown in F ig u res  1, 2 and 3.

The plastic film was subject to rapid  breakdown 

by splitting under field conditions during M arch 1954.
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F igu re  1. T em pera tu re  and re la tive  humidity of open a ir  
over rep resen ta tiv e  24 hour period.
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Figure  2. Four day average of tem pera tu re  and
re la tive  humidity for air  enclosed in a perfora ted  
polyethylene cover.
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humidity for air  enclosed in non-perforated  poly­
ethylene cover.
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T ran v e rse  sections of six p a irs  of sca le -like  

leaves w ere il lu s tra t iv e  of the decussate  phyllotaxy of Thuja 

occidentalis  cv. n ig ra  (Figure 4). The cen tra l cylinder was 

in ea r ly  s tages of unlignified, but thickened p r im ary  xylem 

differentiation. Most of the cells  were ir re g u la r  parenchym a 

with dense cytoplasm  and prom inent'nuclei.

The individual leaves w ere p ro tec ted  by a heavy 

somewhat scalloped cu ticu lar covering on the abaxial surface 

(Figure 5). F requen t deposits of unidentified m a te r ia ls  ap ­

peared  to be buried  in the cuticle . This cuticle was approx­

im ately  twice the depth of the subtending ep iderm is , to which 

it appeared  to be connected by p lasm adesm ata .

The ep iderm is  consisted of a single row of tan- 

gentially elongated cells , with spine-like projections on the 

abaxial su rface. The walls of the epiderm is were of cellulosic 

composition, thick, with conspicuous cytoplasm and nuclei. 

Stomata were not frequent in the ir  distribution over the surface.

D irectly  beneath the ep iderm is was a single or 

double layered  hypoderm is composed of collenchyma cells  which 

w ere polygonal in t r a n sv e rse  section. The cell walls were ex ­

trem ely  thick, penetra ted  by simple p its  and contained very small 

lumen.



F ig u re  4. T ran sv e rse  section of stem and leaves of
Thuja occidentalis cv. n igra, one cm from  the apex 
(X80).



F igure  5. T ran sv e rse  section of one complete leaf of
Thuja occidentalis cv. n igra , one cm from  the apex 
of the stem (X240).



A single layer of elongated pa lisade-like  p a re n ­

chyma ce lls  was located beneath the hypoderm is. These ce lls  

w ere i r re g u la r  in size and arrangem ent, and contained dense 

cytoplasm  with la rg e  prom inent nuclei. Surrounding the sp ec ia l­

ized t is su e s  w ere i r re g u la r ly  shaped parenchym a ce lls ,  lo o se ­

ly attached with la rge  in te rce llu la r  a ir  spaces. Conspicuous 

deposits of tannin were found in the parenchym atous m ass  of 

t i s s u e .

The vein was surrounded by a layer of heavy- 

walled endoderm al cells  which were somewhat i r re g u la r  in 

shape and usually radia lly  flattened. Surrounding the adaxial 

xylem and abaxial phloem w ere ir reg u la r ly  shaped parenchy­

matous and trache id  ce lls  te rm ed  transfusion tissue .

Adjacent to the adaxial ep iderm is was a single 

layer of tangentially elongated parenchym a. The epiderm is 

adjacent to the cen tra lly  located stem was composed of la rge  

cells  with convex outer walls, often in terrup ted  by sunken 

stom ata (Figure 6) with the ir subsidiary cells  arching over 

the guard ce lls .  A portion of the guard cell walls were ligni- 

fied and p artly  cellu losic . This epiderm is is covered by a 

thin layer of cuticle , except over the subsidiary cells  where
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heav ie r  deposits w ere  found.

Adjacent to the abaxial surface of m a tu re  leaves one 

or m ore  re s in  ducts were found, which were lined by elongated 

epithelial ce lls  (F igures  7 and 8).

In older s tem s, the pith cells  were surrounded 

by ex trem ely  heavy cellulose walls (Figure 9). The ray  cells  

of the xylem w ere greatly  elongated toward the periphery  of 

the stem . They w ere parenchym atous, a rranged  in a un iseria te  

row, becoming m ore te a r -d ro p  shaped cells  in the phloem 

region. The cam bial zone separated  the xylem cylinder and 

the phloem, which was composed of alternating layers  of 

sieve cells , fusiform  and storage parenchym a. The p rim ary  

phloem and cortex  were an indistinguishable crushed m ass .

N aturally  occurring  injury on Thuja occidentalis 

cv„ n igra , although difficult to identify, generally manifested 

itse lf  as a loss  of the dark  green color ch a rac te r is t ic  of the 

cu ltivar. On the p a r ts  exposed to the continuous south-west 

winds, this plant becam e reddish-olive green near the apices 

of the b ranches . This condition was difficult to distinguish 

from  injury which was usually te rm ed  winter injury, because 

the color was believed to be a naturally  occuring phenomenon



gure  6. T r a n s v e r s e  sec t ion  of ou ter  l a y e r s  of ce l ls  of 
lea f  of Thuja occ iden ta l is  cv. n ig ra  showing the 
cutic le  A, s tom a  B, subs id ia ry  ce l l s  C, guard cel l  D, 
and ad jacent  mesophyll  E (X100Q),



F ig u r e  7. T r a n s v e r s e  sect ion  of th ree  leaves  and s tem s  of 
Thuja occ iden ta l i s  cv. n ig ra  six cm s  f ro m  the apex 
showing a la rg e  r e s i n  duct in the mesophyll  (X8Q).
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F ig u r e  8. T r a n s v e r s e  sect ion  of a leaf  of Thuja occ idental is
cv. n ig r a  six c m s  f ro m  the apex showing a la rge  r e s i n  duct 
in the m esophy ll  {X240).



F i g u r e  9. T r a n s v e r s e  sect ion  of m a tu re  leaves  and s tem  
of Thuja occ iden ta l i s  cv. n ig ra  six cm s f rom  apex 
(X80K
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of the genus. Injury appeared  to orig inate  on the south to 

south-w est exposure of the t r e e .  This type of in jury  is  i l lu s ­

tra ted  in the accompanying photom icrograph (Figure 10).

The m ost conspicuous d iscern ib le  modification 

of the leaf was the inactivation of the abaxial ep iderm al ce lls , 

brought about by the deposition of a m ucilage. Few cells  were 

somewhat p lasm olyzed. E p iderm al and hypodermal ce lls  con­

tained lum en packed with tannin-like deposits. These cells  

were shrunken, leaving la rg e  in te rce llu la r  spaces.

P a lisad e - lik e  ce lls  were found to be shrunken in 

different p a tte rn s  (Figure 11). In general, the walls of the 

longest dim ension becam e concave, accompanied by a sh r ink ­

age of the p ro top lasm  (Figure 12). In terce llu lar spaces were 

p revalen t and re la tive ly  la rg e . Cells of mesophyll were i r ­

regu la rly  a rranged , with the varying conditions of pro toplasm  

shrinkage being of param ount in te re s t .  In some cases  the 

cytoplasm  appeared  to be alm ost completely absent. The phloem 

elem ents of the vascu lar strand were ir re g u la r  in shape and 

condition. The cytoplasm  was extrem ely  dense, and some cells  

appeared  physiologically inactive.

The xylem ce lls  seemed to be little  affected. The



F ig u r e  10. T r a n s v e r s e  sec t ion  of p a r t  of leaf  and stem  of 
Thuja occ iden ta l is  cv. n ig ra  ten  cm s  f rom  the apex 
showing the in ju ry  developing on the outer  edge of the 
exposed leaf  (X80).



F ig u r e  11. T r a n s v e r s e  sect ion  of a leaf  and p a r t  of a s tem  of 
Thuja occ iden ta l is  cv. n ig ra  eight cm s  f ro m  the apex 
showing in i t ia l  s tages  of dehydrat ion on p lants  in the open 
f ield (X80).



F ig u re  12. T r a n s v e r s e  sect ion  of p a r t  of leaf of Thuja occidental is  
cv. n ig ra  eight cm s  f ro m  the apex showing initial s tages of 
dehydra t ion  on plants  in the open field (X240).
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t ran s fu s io n  t is su e  surrounding the vascu lar s trand  was 

collapsed, giving the appearance of rad ia l s tretching. Slight 

m odifications of the endoderm al cells  w ere principally  wrought 

by shrinkages of the cytoplasm  and the cell walls to a le s s e r  

extent.

The adaxial ep iderm al ce lls  appeared to be func­

tional, but with m inor depositions of the tannin m a te r ia ls .  The 

cells  w ere somewhat flattened. No rupturing of cell walls was 

observed in any of the p repara tions . The cuticle rem ained 

thick, and unchanged.

Injury to the leaves of plants covered with p e r ­

forated  and non-perfo ra ted  polyethylene was in the form  of 

chlorophyll destruction . The leaf was f i r s t  pale green, yellow 

and finally brown. The chloroplasts  of the leaves of Thuja 

occidentalis  cv. n ig ra  were d istribu ted  in the parenchym a of 

the m esophyll. Cellular contents of the abaxial epiderm is 

were atrophied. Dense tannin m a te r ia ls  filled the lumens of 

m ost of the epiderm al and collenchyma ce lls . All cells  of 

the m esophyll layer were contracted, with a g rea ter  degree 

o£ p lasm olysis  and p resence  of deposition products within the

cell.



Severe injury which u ltim ately  caused the death 

of the plant produced ex trem e atrophy of the ep iderm al ce lls , 

the abaxial surface of which was pronouncedly convex (Figure 

13). Contents of all ce lls  were extrem ely  reduced in a rea , 

with a m arked  derangem ent of the ce lls .  Rupturing of cell 

walls was exceedingly r a r e ,  even at the protoplasm ic death 

point. In the stem , all parenchym atous cells , reg a rd less  

of location, w ere shrunken, contained deposits of tannins, and 

w ere deform ed. Injury to the xylem cells  and fibers  was not 

consequential. Parenchym a in the pith region was also affected 

but usually without rupturing of the cell walls.

In leaf and stem p a r ts  of Thuja occidentalis cv. 

n ig ra , which had been a rtif ica lly  frozen, the cuticle, epiderm is 

and hypoderm is were not observed to differ from uninjured 

t is su e s  (Figure 14). The location of the parenchyma cells  of 

the mesophyll was greatly  a lte red  by freezing. Although 

some p lasm olysis  appeared, the principal injury was the ru p ­

tu re  of the cell walls of many cells , both in the leaves and in 

the stem . Extensive rupturing occurred  at the union of pith 

and p r im ary  xylem, in some cases  following the xylem ray 

tow ard the periphery  of the stem . Xylem cells were som e­

what separa ted .



F ig u r e  13. T r a n s v e r s e  sec t ion  of a m a tu re  s tem  and leaves  of 
Thuja occ iden ta l i s  cv. n ig ra  ten  cm s  f rom  apex showing 
s e r io u s  dehydra t ion  of t i s su e  at  150°F (X80).
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F ig u re  14. T r a n s v e r s e  sect ion  of s tem  and leaves  of Thuja
occ iden ta l i s  cv. n ig ra  seven cm s  f ro m  the apex showing 
in jury  f ro m  f reez in g  at 32 F (X80).



A rtifically  induced desiccation  by high te m p e ra ­

tu re s  severe ly  a l te red  the ce llu la r anatomy of the leaf and 

s tem  of Thuja occidentalis  cv. n ig ra  (Figure 15). The abaxial 

ep iderm al ce lls  becam e depositories fo r tannin substances.

The ce lls  w ere atrophied, shrunken, and abaxial walls were 

convex. The hypoderm al cell lumen w ere packed with 

tannin-like deposits (F igure 16).

M isshapen mesophyll was i r re g u la r ,  often 

filled with tannin m a te r ia ls  and plasm olyzed in various deg rees . 

Rupturing of the parenchym a cells  som etim es o ccu rred . The 

cells  of the adaxial ep iderm is  were not as  frequently plasm olyzed 

although there  seem ed to be some tangential shrinkage. Some 

cells appeared  a lm ost globose, with the convex surface toward 

the periphery .

Parenchym a cells  of the phloem as well as the 

xylem rays  were partly  shrunken, and often depositories for 

the tannin substances.



F ig u re  15. T r a n s v e r s e  sec t ion  of leaves  and stem of Thuja
occ iden ta l i s  cv. n ig ra  10 cm s  f ro m  the apex of the stem — ■ —1 o
showing in ju ry  f ro m  dehydra t ion  at 140 F in an oven (X80).



F ig u r e  16. T r a n s v e r s e  sect ion  of leaves and s tem  of Thuja 
occ iden ta l i s  cv. n ig ra  10 cm s  f ro m  apeg: of the s tem  
showing in ju ry  f ro m  dehydra t ion  at 140 F  in an oven (X240).



DISCUSSIO N O F R E S U L T S

F ro m  the re su lts  of the experim ents attempting 

to im prove growth following transplanting, it was not possible 

to m ake definite conclusions. No one method or one concen­

tra t io n  was completely superio r .

The vacuum method of application of growth re g u ­

la to rs  could be added to an already expanded l is t  of techniques 

of application: Cholodny, 1936; H arrison , 1937; Block, 1938; 

Rom berg and Smith, 1938; Stier and duBuy, 1938; Thimann and 

Lane, 1938; Howlett, 1939; Gustafson, 1940; Swartley, 1941; 

Z im m erm an  and Hitchcock, 1944; Withrow, 1945; F e lbe r , 1947; 

Watson, 1948; Randhawa and Thompson, 1948; Mitchell, 1951; 

Doran, 1952; Nagato and Sato, 1952; and Asen and Hamner,

1953.

In genera l, total linear growth was re ta rd ed  by 

the use of one ppm indoleacetic acid solution. P erhaps  the 

growth regu la to r  re ta rd ed  the te rm inal portion of the stem, and 

consequently stim ulated the growth of axillary  buds. Support 

of th is reasoning  was offered by Z im m erm an and Hitchcock (1940, 

1942) using hormone trea ted  Hibiscus sy r iacu s ;and Rosa hybrida 

cv. B etter  T im es, Asen and Hamner (1953).



P rec ip i ta t io n  May to November, 1953 Com pared to the 30 -Year 
A verage*

Month
A verage

P r  ecipitation (Inc he s ) 

X953.

■ 3.75 1.75

Jdne 3. 37 2.87

. July- 2.28 1, 03

August 2. 68 3.80

September 3. 05 1.40

October 2,45 1.43

F ro m  U. S. W eather B ureau local climatological data.
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In these  experim ents  and as pointed out by G ossard 

in 1943, th e re  w ere, con tra ry  to the findings of Swartley (1941) 

and G regory, Imle and Camacho (1953), very  few differences in 

the p e r  cent survival of the transp lan ted  plants.

The low concentration of indole acetic acid may have 

stim ulated  the m eris tem a tic  regions, pa r ticu la r ly  in the apical 

buds resu lting  in rapid  and prolonged activity. In 1925, Snow 

dem onstra ted  that Phaseolus vulgaris  exhibited a positive c o r r e ­

lation between the amount of growth substances applied and the 

activity  of the cam bia.

Since the plants received  no supplementary i r r i ­

gation during the period  from  May to November, the growth may 

have been reduced by a deficiency of w ater, as there  was le ss  

p recip ita tion  in 1953 than the th irty  year average (Table 9).

In addition to the different amounts of linear growth 

obtained for woody plants, as a re su lt  of trea tm en t p r io r  to t r a n s ­

planting, yields of Lycopersicum  esculentum differed in number and 

weight of f ru it  (Tables 4, 5). In con trast to the findings of Stier and 

duBuy (1938), no significant differences were shown for the cultivar 

Golden Queen either in number or weight of early  or total production. 

R esults  of Z im m erm an et al (1944) and Withrow (1945), however,



w ere  in com plete agreem ent with the re su lts  reported  at 

this tim e.

The cultivar Red C herry  exhibited no significant 

d ifferences in yield between the un trea ted  and indoleacetic 

acid t rea ted  p lan ts . Water trea ted  plants produced signifi­

cantly le ss  f ru it  than the indoleacetic acid, but not the un­

tre a te d  p lan ts . In weight, the water trea ted  plants produced 

le ss  f ru it  than either the untreated  or indoleacetic acid trea ted  

plan ts .

Annual flowering plants exhibited a varie ty  of 

re sp o nses  (Tables 7 and 8). Imm ediately following trea tm ent, 

s tem s bent and this p e rs is te d  for a short period of tim e. 

M itchell (1938) had observed this phenomena in Phaseolus, 

T agetes, and Coleus. A delay of flowering of Salvia splendens 

o ccu rred  as a re su lt  of the indoleacetic acid inhibition of the 

te rm in a l growth, stim ulating the axillary  branches which 

w ere prevented  from  differentiation of flo ra l p rim ord ia ,

L oss  of the sm alle r  buds as a re su lt  of the use of growth 

regu la to rs  was repo rted  by Z im m erm an and Hitchcock (1944).

The dehydration of leaves on unprotected plants 

has been a ttr ibu ted  to high, ra th e r  than low tem pera tu re . The



distinguishing c h a ra c te r is t ic s  of the in ju ries  resu lting  from  

a range of te m p era tu re  were that (a) at high tem p era tu re s ,  even 

for sho rt p er iods , desiccation  of the t issu es  resu lted  in a 

shrinkage of the cells  of the ep iderm is , mesophy 11 and t r a n s ­

fusion t issu es ;  and (b) at low tem p era tu re s ,  rupturing and 

separa ting  of the ce lls  occurred , p ar ticu la r ly  those of 

p a r  enc hym a.

The ra te  of water lo ss  from  a plant has been 

calculated  commonly by the determ ination of vapor p re s su re  

defic its  as was done by Costing in 1950. Vapor p re s su re  

deficit can be explained as the difference between the amount 

of w ater vapor actually p re sen t,  and the amount that could 

ex is t without condensation when the tem p era tu re s  of the a ir  

and evaporating surface w ere equal (Thornthwaite, 1940).

Since this might be considered to be a d irec t indication of 

a tm ospheric  m o is tu re , independent of the tem pera tu re , it was 

believed to be much m ore  indicative of the potential ra te  of 

evaporation. By using tab les of vapor p re s su re s  (Table 10), 

it was possib le  to tran s fo rm  re la tive  humidities to vapor 

p re s s u re  deficits from  the known tem p era tu re .  By erecting 

a  cheeseclo th  enclosure , Batson (1933) was able to inc rease



the re la tiv e  humidity surrounding the plant by the cooling 

effect of shade and resu lting  reduction in ra te  and amount 

of tran sp ira t io n .

F ro m  F ig u res  1, 2 and 3, the inverse  r e l a ­

tionship of tem p era tu re  and re la tive  humidity is apparent. 

The tim e of in te rsec tion  was 1 to 2 hours e a r l ie r  when 

reco rd ings  were obtained either under non-perforated  or 

pe rfo ra ted  polyethylene film . This was believed to have 

been caused by the solar radiation  and the re ta rded  m ove­

m ent of the a ir  enclosed with the plant. F ro m  Table 10 

using the te m p e ra tu re s  and re la tive  hum idities, the vapor 

p re s s u re  deficit was determ ined. F o r  the a ir  the maximum 

vapor p re s s u re  deficit was 9. 5, and for the perfora ted  poly­

ethylene approxim ately  33.7 mm of m ercu ry . This deficit 

being g re a te r ,  caused a movement of water from  the plant. 

The ra te  of diffusion through the stomata was g rea te r  at 

higher tem p e ra tu re s .

Tables 11, 12, 13, and 14 show the tem p era tu res  

of (a) open a i r ,  (b) s o i l - -2 1/2 inch depth, (c) a ir  under non­

perfo ra ted , and (d) a ir  under perfo ra ted  polyethylene covers . 

The soil tem p era tu re  fluctuated to a le s s e r  degree than
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TABLE 11

©pen A ir  T em p era tu re s  At Cottage Gardens N u rse ry , E as t 
Lansing, Michigan for 25 Days of M arch 1954.

Day High Low Mean

1 29 22 25.5
3$ 18 27.0
34 17 25.5
40 25 32.5

5 34 23 28.5
41 19 30.0
26 17 21.5
40 20 30. 0
29 12 20.5

10 32 10 21.0
39 15 27.0
42 18 30. 0
49 18 33. 5
41 30 35.5

15 28 17 22.5
31 13 22.0
35 11 23.0
47 23 35.0
43 18 30.5

20 65 32 48.5
33 17 25.0
42 16 29.0
48 19 33.5
17 0 8.5

25 23 0 11.5
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TABLE 12

Soil T em p era tu re  at 2 1/2 Inch Depth for 25 Days of M arch 1954

Day High Low Mean

1 29 25 27.0
30 24 27.0
35 25 30. 0
35 27 31. 0

5 42 27 34. 5
51 27 39.0
28 25 26. 5
30 26 28. 0

10 27 24 25.5
34 22 28. 0
40 23 31.5
44 25 34. 5
49 25 37. 0
37 27 32. 0

15 32 26 29.0
29 21 25. 0
30 23 26. 5
47 25 36. 0
40 25 32.5

20 55 31 43. 0
36 22 29.0
46 23 29.5
50 20 35. 0

25 28 24 26. 0
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TABLE 13

Afr T em p era tu re  Under N on-perfora ted  T ransparen t Polyethylene 
C over fo r  25 Bays of M arch  1954

Bay High Low Mean

1 125 17 71.0
124 11 67.5
119 10 64. 5
119 14 66. 5

5 116 12 64.0
112 11 61.5
45 10 27. 5
94 20 57.0
94 13 53 . 5

10 116 2 59.0
115 7 61.0
103 8 55.5
119 12 65. 5

48 27 37.5
15 63 15 39.0

112 5 58.5
100 3 51.5
75 20 47.5
82 14 48.0

20 76 32 54.0
58 8 33.0
96 10 53. 0
80 19 49.5
35 0 17.5

25 137 0 68. 5
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TABLE 14

A ir  T em per a tu re  Under P e r fo ra te d  T ran sparen t Polyethylene 
C © y e r fo r2 5  D a y s o f  M arch  1954

Day High Low Mean
- . ^ - 1  . i -' j ;  ~ u . f ' j  , i  .  ■ ii i ij  .n ; » ,-i ' . .1.'. ’  j r  , .....I, . i . .  , L i. i L.-j . . ji ' , , 11.       '

105 15 60.0
116 13 64.5
106 11 58 . 5
103 13 591 0
105 14 59.5
105 10 37. 5

51 12 31.5
80 20 50. 0
83 13 48.0

102 3 52. 5
98 9 53.5
87 9 48.0
96 15 55.5
47 27 37.0
51 10 30.5
93 4 48.5
75 3 39.0
64 19 41.5
72 12 42.0
71 31 51. 0
34 17 25. 5
59 16 37. 5
50 19 34.5
17 0 8.5
41 0 20.5



a tm ospheric  te m p e ra tu re s .  The m ean tem p era tu re s  under 

the polyethylene covers  were consistently much w arm er than 

in  the open a i r .  T em pera tu res  under the tran sp a ren t poly­

ethylene covers  of over 100°F w ere not uncommon on bright 

c lea r  days.

The soil tem p era tu re s  during the period  of in ­

ju ry  w ere ra re ly  much above freezing. K ram er (1940) con­

cluded that the physiological ac tiv ities  of roots were greatly 

reduced by decreasing  tem p era tu re s ,  especially  the ab so rp ­

tion of w ater . F ro m  the data of R oeser (1932), it was found 

tha t c e r ta in  ev erg reen s  lost considerably m ore water by 

tran sp ira t io n  at a tem pera tu re  of 51°C than at 16°C.

The re la tive ly  low tem pera tu re s  of the soil probably 

prevented  the absorption of water by the plant in sufficient 

quantities and rapidly  enough to rep lace that lost by t r a n s ­

p ira tion .

It is  believed that low tem pera tu res  of the soil, 

high a ir  tem p e ra tu re s ,  and high vapor p re s su re  deficits a c ­

counted for the desiccation  injury to the plant. This was, in 

genera l agreem ent with the findings of B rie rley  and Landon 

(1946) and Maximov (1929).
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M icroscopic varia tions in the type of injury p r e ­

sented showed shrinkage and depositions resu lting  from  high 

te m p e ra tu re s ,  a finding which is substantiated by the work of 

Simonds (1942) who repo rted  m arked  splitting of the abscission  

la y e rs  in Hub us canes, Mix*s work of 1916 found the youngest 

xylem ce lls  w ere the f i r s t  to be injured, con trary  to what was 

observed  in Thuja,

Lethal tem p era tu re s  of living cells have been a s -

o
ce rtam ed  to range from  113 to 131 F  for m ost plants (Clum, 

1926a). Higher te m p e ra tu re s  were common under polyethylene 

covers  during the experim ent.

Increased  metabolic activity of the plant caused by 

the higher tem p era tu re  may have been a cause of injury. While 

the period of tim e a plant was capable of withstanding injury 

brought about by high resp ira t io n  ra te s ,  high air  tem pera tu res  

and high tran sp ira tio n  ra te s  was not determ ined, it seemed likely 

that a  period  of 1 to 2 days would be a maximum.

The use of tran sp aren t polyethylene film  as  a p r o ­

tective cover for ornam ental p lants cannot be recommended to 

rep lace  the sc reen s  suggested by Thompson (1940), Although 

t ra n sp a re n t  polyethylene was found by Sweet (1953) to be an e f ­

fective m eans of conserving m oistu re  in potted plants, it was



mot satisfactory for outdoor trees and shrubs because extreme­

ly high, temperatures developed beneath,

: Transparent polyethylene film in the field deter -

iorated to the extent of splitting when exposed to climatic condi­

tions of Michigan during February and March of 1954.



SUMMARY

Different transplanting  techniques were studied 

to evaluate the effects of additional water and one ppm indole­

acetic  acid  solution, taken up by the plant as a re su lt  of eva­

cuation of a i r  or soaking the roo ts . Using the amount of linear 

growth and development of la te ra l  branches of Syringa vulgaris 

cv. Thunberg, F o rsy th ia  spec tab ilis , and the yield of f ru it  of 

cu ltivars  Golden Queen and Red C herry  of Lycopersicum  

esculentum  con tra s ts  in growth were recorded .

T ransparen t polyethylene film  covers (non-perfor- 

ated and pe rfo ra ted  by two 6 -m m  openings per square foot) 

w ere  used  in an effort to prevent injury of Thuja occidentalis cv. 

n ig ra  under field conditions. T em perature  fluctuations were 

determ ined  from  therm ocouples attached to a "Minneapolis - 

Honeywell Brown electronik" continuous tem pera tu re  reco rd e r ,  

and re la tive  hum idities by "B end ix -F riez1* hygrotherm ographs.

Stem sam ples were collected from  randomized 

locations on un trea ted , non-perforated  and perforated  tran sp aren t 

polyethylene covered plants in the field, killed in fo rm alin -acetic  - 

alcohol, dehydrated with te r t ia ry -bu ty l alcohol, embedded in 

paraffin , sectioned eight m ic ra  in thickness, and stained with



sa fran in  and anilin blue. Sections from  apparently uninjured 

b ranches , one-half s tored  dry, the rem ainder in tap water 

w ere subjected to varying lengths of tim e (15, 30, 60 and 120 

m inutes) and te m p era tu re s  32 to 140°F before the p repara tion  

of s lides .

Growth changes were not uniform or consistent 

for all p lan ts . The number of branches on trea ted  plants of 

Syringa was inc reased , w hereas F o rsy th ia  was decreased  by 

trea tm en t.  Lycopersicum  esculentum cv. Golden Queen showed 

no significant d ifferences in number or weight of either early  

or to ta l production. The cultivar Red C herry, however, when 

tre a te d  with water produced significantly fewer fru it than 

e ither the un trea ted  o r  indoleacetic acid trea ted  plants.

Likewise, ce r ta in  annual flowering plants exhibited 

a v arie ty  response . F low ering of Salvia splendens was delayed by 

indoleacetic acid trea tm en t.

T em p era tu res  of the a ir  and tem p era tu re s  under 

polyethylene film  were found to fluctuate widely during M arch 1954. 

T em p era tu re s  of unprotected plants w ere consistently lower than 

those of the covered p lants. A reduction of tem p era tu re  of from  

1 to 3°F  was observed under perfo ra ted  as contrasted  with non-



p erfo ra ted  polyethylene f ilm . Soil tem p era tu re s  rem ained  near 

freezing  during the month of M arch.

Injury of two types occurred: (a) desiccation accom ­

panied by browning; and (b) desiccation without browning, usually 

being light g reen  or yellow and b r it t le .  Relative humidities 

fluctuated from  100 per cent during the periods of lowest te m p e r ­

a tu re s  to approxim ately  20 p e r  cent during periods of higher 

te m p e ra tu re .

Leaves of Thuja occidentalis cv. n ig ra  possessed  

a heavy cutic le . The ep iderm is was a single layer of cells  with 

ra th e r  heavy w alls. The periphera l walls w ere generally convex. 

Few er stom ata  were found on the abaxial surface than on the 

adaxial su rface . The hypodermis, composed of collenchyma 

ce l ls ,  was adjacent to the ep iderm is . The mesophyll was com ­

posed of i r re g u la r ly  shaped parenchym a cells  filled with chloro- 

p la s ts .  T here  w ere la rge  in te rce llu la r  spaces. The vein com ­

posed of adaxial xylem and abaxial phloem was surrounded by 

transfusion  t issu e , which in tu rn  was bounded by a s ingle-layered  

heavy-w alled endoderm is.

Stomata were sunken, bounded by subsidiary  cells  

which a rched  over the somewhat lignified guard cells . In older



leav es , one or m ore  re s in  ducts w ere located on the abaxial 

side of the leaf. In older s tem s, pith parenchym a possessed  

heavy cellu losic  w alls. Ray cells  were in uni seria te  rows, 

elongated tow ard the periphery  of the stem .

Injury on uncovered plants originated on south 

o r  southwest exposures of the plants. The epiderm al cells  

a re  inactivated by deposition products. P a lisade-like  cells  

and m esophyll ce lls  appeared shrunken, and possessed  la rge 

in te rce llu la r  spaces. Xylem cells  w ere little  affected, but 

the transfusion  t is su es  w ere collapsed. Endoderm al cells 

w ere slightly shrunken.

Under the tran sp a ren t polyethylene covers, the 

leaves w ere f i r s t  pale green, yellow and finally brown. C e ll­

u la r  contents of all t issu es  were atrophied, with dense tannin 

m a te r ia ls  being deposited in the epiderm al and hypodermal 

cell lum ens. All parenchym a cells , reg a rd le ss  of location 

in the leaf or stem  w ere shrunken, contained deposits of 

tannins and w ere m isshapen.

The cells  of the cuticle, epiderm is and hypodermis 

of leaves  and s tem s, which had been artifically  frozen, were 

not observed  to differ from  uninjured tis su es . The location of
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parenchym a ce lls  was a lte red , some p lasm olysis  occurred , 

but principally  injury was observed as rupturing and separating 

of cell w alls.

A rtifically  in jured  leaves and stem s possessed  

atrophied  ce lls  in the ep iderm is , endoderm is, and parenchyma 

ce lls  r e g a rd le s s  of location. Depositions of tannin m a te r ia ls  

w ere p revalen t in all of these  ce lls .

O bservations showed that in ju ries , induced a r t i ­

fically  by freezing , were not of the same type or magnitude 

as those produced a rtif ica lly  by high tem pera tu re  desiccation. 

T ran sp a ren t polyethylene film  was an unsatisfactory  cover 

for woody plants because of high a ir  tem pera tu re  developing 

within the cover, and because of the rapid  d isintegration of 

the p la s t ic .  In juries of untreated plants, plants covered with 

tra n sp a re n t  perfo ra ted  and non-perforated  polyethylene film  

w ere s im ila r  to those produced artifically  by high tem pera tu re .

Sixteen figures  and fourteen tables were included.
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