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CHAPTER I 

IHTEOTOTIOH 

In r«6ent y^ars thero has been an increased pro~ 

dootion of lining out stock in greenhouse and outdoor ffiist 

beds. Large numbers of rooted cuttings are produced by 

plant propagators in the fall and winter months for early 

spring planting. Increased efficiency in the production 

of liners has resulted in a storage problem for many 

propagators. In some instances the rooted cuttings are 

left in the propagation beds until planting time. This 

method of handling rooted cuttings prevents refuse of the 

beds. Other propagators remove the cuttings from the beds 

and then pot or store them in flats in the greenhoiise. 

This procedure requires additional storage space for the 

pots and flats. 

The possibility of low temperature storage of rooted 

cuttings for extended periods of time has been studied as 

a partial solution to the storage problem of pro:]^igators 

who produce rooted cuttings for early spring planting. 

The esperiments r^orted in this thesis were oonduoted 

under oonditions that most oommerclal propagators can provide, 

411 equipment and faoHities used can be obtained easily. 

Bsperiments conducted at other Universities indicate 

that controlled temperature storage of rooted cuttings shows 

promise of becoming an efficient method of handling cuttings. 
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V. > ;v^r . RE7IM OP LUERATUHE ' 

fh.0 faU stQx^e of hardvrood cuttings Is a coismon 

practice of plant propagators because clear weather in the 

fall pzHjvldes Ideal conditions for the collection of 

cutting wood from evergreen and deciduous shrubs♦ Hardwood 

cuttings of deciduous shrubs can be out and stored before 

low winter temperatures have injured the buds or stem 

tissue (3)« 

Several Injury may occur in plants as a 

result of low teisperatures* Hany evergreens die of 

deslOQatlon because of relatively hi^ winter transpiration 

rates during a period when absorption of water oan proceed 

only at a relatively slow rate (8). 

It has been established that some of the plant tissue 

damage due to freezing is caused by the fomation of ice 

crystals within the plant (5)* Crystals of ioe may form 

either within the cells of the tissue or in the intercellular 

spaces* The formation of ioe may take plaoe in the proto-^ 

plasm as well as in the vacucle* She formation of ioe 

crystals in the intercellular spaces results in the with» 

drawal of water from the cells and thus causes drying out 

of the cells* fhie injury is similar to the injury caused _ 

by drying out at ordinary temperatures (6)* 

fhe rate at which ice crystals form dep^ds upon 
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the temperature. The fastest rate occurs n«ar the freezing; 

point (5). If living tissues are frozen in such a way that 

the tenqperature is reduced very rapidly# Idie formation of 

ice crystals is slowed or prevented altogether. After the 

tissue has been frozen in this manner# if thawed rapidly 

the fozmation of ice crystals can be avoided (6}» Under 

these conditiona living tissue xaay be frozen and thawed 

without damage. 

Plant tissues that can survive the foraation of ice 

crystals are considered to be frost resistant. The degree 

of frost resistance is not a fixed quantity# but will vary 

in many plants as a result of the natural or artificial 

conditions to which they are exposed (9). All organs of a 

plant are not equally frost resistant at a given time. The 

mature leaves of deciduous woody p3Uints are more hardy than 

young leaves (9)* A hi^ correlation between frost resistant 

and drought resistant plants has been fotmd. Using this as 

a basis# it ml^t be assumed that plants that withstand dry 

conditions could be stored at controlled low temperatures 

with relatively little loss# while those that are easily 

killed by drought might not withstand the low storage 

temperatures. 

Many strawberry growers in Kew York obtain dormant 

strawberry plants and hold them in cold storage until 

planting time. The storage temperature should be between 

26 and 34 degrees P« with a relative humidity of 85*90 per 
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cent (12), Strawberry plants will withstand temperatures 

as low as 20 degrees without serious damage* SsBg^er-* 

atores much above freezing will result in crown growth# 

molds, storage rot or drying (12)* 

In 1934 a Minnesota nursery successfully stored more 

than 300,000 strawberry plants during the winter at 22 

degrees F* The bunched plants were packed in orange 

orates with the tops toward the sides of the crate and with 

moss, shingletow or peat packed around the roots and between 

the layers of bunches (H)* The air ten^parature in the 

storage shed was kept close to 22 degrees F» and the 

humidity was kept high by sprinkling the floor* 

In Maryland straidierxy plants have been stored in 

orates with the roots packed with sphagnum moss* Host of 

the plants stored at 17 degrees F. were dead after 3 months, 

but plants stored at 30,32 and 36 degrees F* gave excellent 

stands when planted* Their results showed that plants 

stored at 32 degrees F* were superior to the plants stored 

at 30 and 36 degrees F« (12)« 

In Tennessee plants stored at 32 degrees F* are 

usually superior to freshly dug plants because of dormancy 

maintenance (4)* 

A storage teohnique used by the Benry Field seed and 

nursery company of Shenandoah, Iowa indicates that perennials 

dug in the fall while dry and not showing late growth can 

be pre-packaged in the fall* The plants are wrapped in 
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polyethylene» packed in orange orates and frosea at a 

temperature of from 29^31 degrees P. (2), They ar^ kopt 

in this state until several days prior to shipping and are 

then thawed and wrapped. 

In the nursery industry as well as in the fruit and 

vegetable ind^try the pre-paokaging of dormant stock is a 

c<»nmon practice (7). Many vegetables such as lettuce, 

carrots, radishes and potatoes are pre-'packed in cellophane 

bags and stored awaiting shipment to retail outlets. Ihis 

type of packing does not reduce the quality of the product 

as much as other methods of packing does. 

Pre-packaging in 1die nursery indtistry may be of 

interest not only from the standpoint of improving quality 

and sales appeal at the retail level, but also from the 

standpoint of labor distribution for the nurseryman. 

Cuttings can be taken at times when other field work 

cannot be aooomplished, Ihis also holds true for taking 

rooted cuttings from the propagation beds. The cuttings 

oan be removed and stored during inclement weather, thus 

making a more economical use of labor. 

It has been reported that outtiagai of some evergreens 

can be wrapped in polyethylene bags or sheeting and stored 

successfully at 35-37 degrees P. (3). When placing the 

cuttings in the cooling unit good air circulation should be 

prcviled for. Evergreen cuttings oan be taken and stored 

loosely in polyethylene bags until they are placed in the 



6 

> :r, '\i 

"t' ! ' ' -■ '' V - ■ . / / 

beuohas. Taxus and arborvltaa can be packed anogly without 
injury, while boxwood cuttlnge tend to defoliate and become 

diseased if tied In ociapaot bimches (3}, 

Xilgastrum and Spiraea vanhouttei plants have been 
wrapped in polyethylene and stored for as long as mix 

months at 40 degreea without loss (7)* 

Recent studies at Cornell University conducted by 
Snyder and Bess Indicates that rooted cuttings can be 

stored at low temperatures with satisfactory results (13), 

Hooted cuttings of a semi-woody perennial, 

chamaedrys, and of four narrow leaved evergreens, SBSBSt 
cuspldata. Junlnerus communls hlbemlca. Thu.1a oooidentalls 

tioxia oooidentalls globosa were used, She 

cuttings were either bou^t from commercial nurseries or 

rooted In the greenhouses at Cornell and were selected for 

uniformity of roots prior to storage, 

Xreezers equipped with thermostats fhlch permitted 
control of the t^peratures within 1 degree F, were used 

for storing the cuttings. 

On January 1, 1^54 one group of Seuorlum ohamaedrvs 

cuttings were divided Into twelve lots with 10 plants per 

lot and stored in polyethylene bags. 

Two lots were treated in each of the foUowing six 

1, Boots ittoked with sphagnum and stored at 

31 degrees F, 
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$0 loots paoled vitl Tormloullte and stored at 

31 degrees ?• 

3» Bare rootf stored at 31 degrees f# 

4* Hoots packed with sphagnum and stored at 

34 degrees F* 

5* Hoots packed with vermloullte and stored 

at 34 degrees F» 

6* Bare root| stored at 34 degrees F* 

She plants were held at 40 degrees F« for 4 days 

before being stored at tX and 34 degrees F« 

After six weeks of storage one lot of each of the 

six treatments was removed fr<»a storage* potted and 

grown mder greenhouse condltlcms of 60 degrees day and 

30 degrees night minimum teBq;»erature* The remaining lots 

of each of the six treatments were left in storage until 

ivaiB 1| matrlTig a total storage period of 167 days before 

they were planted In ̂ e field* 

^e cuttings stored for 6 weeks were examined after 

one month in the greenhouse* Those stored at 34 degrees F* 

were satisfactory In all respects* Thesr showed new top and 

root growth equal to the control group that had been grown 

In the greenhotLse from the beginning of the storage period* 

The group stored at 31 degrees F* showed no top growth and 

very little or no root activity (13)* 

The cuttings stored at 31 degrees F* for 167 days were 

deeid whan taken farom the storage and oonsequently were not 
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planted* Shose stored at 34 degrees F, were satisfactory 

in all respects* 

On the basis of these tests a oommeroial zmrsery 

hear Cornell stored 30,000 rooted leucrim cuttings in 

sealed polyethylene bags at 34 degrees F* for 61 days (13)* 

fhe remainder of their cuttings ware potted and maintained 

under glass at tanperatures never less Idian 40 degrees F« 

Bandom plants were selected from the fields of the 

commercjijsil nursery at tbe end of the first growing season 

and no difference could be noted in the growth of the plants 

stored at 34 degrees F« for 61 days and those handled in the 

normal method by the nursery (13)* 

Well rooted cuttings of Tarus cusnidata. Junioerus 

pyyamiaajr^ff,, and 

ghula ocoldenta?J.q alobosa were stored bare-root, roots 

paoked with sphagnum and roots packed with peat moss at 

temperatures of 31, 3? and 39 degrees F* from January 19 

to 4hne 3» a total of 139 days (13)• 

the cutting^ were enclosed in polyethylene bags and 

control lota w<^e carried in the same manner as were the 

geuorium cuttings. At the end of the storage period the 

rooted cuttings were planted in beds provided with light 

shade for 8 weeks, after which th^ were exposed to full 

sunlight. 

Shere was no signlfloant difference between the 

cuttings etored bare<:root and those stored with joking 
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malierieil artnmd l^e roots* 

!!gaaxLS cusoidata cuttings stored at 39 degrees f$ 

were grown successfully, but those stored at 31 and 35 

degrees f« did not siurvive* 

Suarvlval of the cuttings of the Irish jtiniper and 

the two varieties of arborvitae stored at 39 degrees F« 

was equal to that of the oontrol group* Storage at 31 and 

35 degrees F* resulted in decreased survival as weU. as 

less growth as c<»iq^ared with the control group* 

fhis eagperiment demonstrated that rooted feuoritun 

cuttings could be satisfactorily stored for 61 days in a 

ocHmeroial nursery operation* Booted cuttings of ifaxus 

cusnidata stored at 39 degrees F* produoed plants equal 

to those of the control group* Itooted cuttings of 

Junioerus commonis hlbemica. Thu.ja cccidentalis globosa* 

pc,o?,d^ta;^fi Fy??pi^S stored at 31* 35 and 

39 degrees F. did not grow as satisfactorily as those 

potted and carried in the greenhouse* 

Work done at Cornell showed that cuttings stored 

bare-root were as good as those stored with a paokisg 

material around the roots (14)* 

Many nurserymen are improving their opeiating 

methods and increasing profits by investing in cold 

storage units* Cold storage enables a nurseryman to keep 

stock of all kinds dormant over the winter season so Ihat 

it will be in perfect condition when packaged for spring 
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dhi|a«&t; Cold 8t03*ttg« nakds it possible to dig plasits 

from the fields in the fall* gradot prepare and store for 

later shipment• It turns out a hli^ q.ua3Lity produot and 

enables the ope2:>ator to plan his marketing activities (1)* 

If a technique for storage of rooted cuttings can be 

suocessftill^ developed this would allow greater use of 

storage facilities by the nurserymen as well as serve to 

better distribute his labor. 
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CHAPTEH III 

mrmiALp SQUimms asd phooedore 

Rooted cutting of Bai€ord lioUy^ Hex oomuta oXon 

Barfordt and pyramid arborvltae, ghu.1a occidentalis 

pyramldalia. ware selected for this experiment. Cuttings 

of a nazrow leaf end a broadleaf evergreen were used in 

order that a comparison of the storage reactions of each 

might he made. 

Cuttings taken from strong terminal growth of one 

year old wood were rooted in the greoshouse at the University 

of fwmeesee during the faH of 1956 and early winter of 1957. 

Seleotlon of the rooted cuttings for storage was made <m 

Pehruary 12, 1957, and any cutting oonsidered to he not well 

rooted enou^ to withstand transpisnting was discarded. 

Pigure 1 shows a typical sample of the cuttings used in this 

test idien removed from the cutting hench. 

She arhorvitae and holly cuttings were j^okaged in 

bundles of 50 cuttings «ioh and one lot stored at 32-36 

degrees 7. and the other at 36-44 degrees P. 

Sphagnum moss and perlite w^e used as paoklng 

materials around the roots of some cutting while others 

wore stored hare root. Sj^bagnum was selected as a packing 

medium heoause of its high water holding capacity which 

would allow evaporation from the tremondoiis surface area 

over a long period of time. Perlite was selected hecause 
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It does not have as hi^ a water holding eapaolt^r aa 

sphagmm* Bare root cuttings were used to detezmine whether 

cuttings could be stored without the use of a moisture re-* 

tentive material, 

She type of wraps used were designated as fully 

and box, 

Outtings full wrapped were placed in plastic bags 

cuad completely enclosed. In the half wrap paohagOy rooted 

cuttings were inserted in the plastio bag with roots 

one-half of the stems endosedi and the foliage and upper 

one-half of the stems exposed. 

Cuttings stored in quart strmberry boxes were packed 

with either sphagnum, perllte or stored bare root without 

any covering over the box, 

fable X shows the packaging and storage conditions 

to which the arborvltae and holly outtings were subjected. 

Figure 2 shows the methods Tised in wra]|^ing the 

outtings, 

A group of 50 rooted cuttings for each variety was 

left in the propagation beaoh and was not removed until the 

packaged cuttings were taken out of storage# fhe two groups 

Wtinre then planted with the stored cuttings to compare results, 

fwo refrigerated units were used for storing the 

outtings# fhe unit set at 32-36 degrees F* was a Thermo 

King, 100 ou, ft,, Model He 9-1 refrigeration \mit that was 

obtained from army surplus. It contained a radiator and a 
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TABLE I 

HUMBER Oy ABBOEVITAE AMD HOLLY CUTTINGS STORED 

Storage 

32-36® P. 

36-44® y« 

i 
: Packing
; Mediuia 
BjiMagmm 

Perlite 

Bare root 

Spbagaum 

Perlito 

Jtera root 

t Arborvitae » 
s WraDS s 
tPull Mf ME tPoll 

50 50 50 50 

50 50 50 50 

50 50 50 50 

50 50 50 50 

50 50 50 50 

50 50 50 SO 

Bolly
Wana 
Maif 

50 

50 

50 

50 

50 

50 

Box 

50 

50 

50 

50 

50 

50 
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Tigore 2. Type of wraps used in storing arborvitae_^d liolXy 
cuttings, left to rigihtJ full wrapt half wrap and boxed 
conmta. and fuXX wrapt wrap and boxed Thuja occidentalis. 
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fan for oironila-tlon of the cold air* The fan operated ̂ tch 

time the motor ran. 

The cooler set at 36-44 degrees F# had the cooling 

coils running into the hox and evenly distrihuted aroond 

its interior. This type of coollxig provided a more even 

teiaperatare at all points In the hox* and the moirement of 

air sas greatly reduoedf since Idiere was no fan for olrcu-

latlon. Tables IX and III show the temperature ranges of 

both coolers. 

In order to maintain a hi^ relative humidity, flats 

of wet peat moss were placed in the coolers. Some dlfficxaty 

was enootantered with the unit set at 32-36 degrees F. The 

top layer of the peat moss would fresso and prevent the 

release of moisture from the 8ttlisoq.ueat layers of peat. 

The humidity was cheeked for a period of one hour 

at 7-10 day Intervals with a hygro-thermograph having hair 

elements. The humidity In the unit set at 32-36 degrees F. 

ranged from 30-60 percent, and from 90-100 percent In the 

cooler set at 36-44 degrees F. Icing of the radiator colls 

In the unit set at 32-36 degrees F. la assumed to have 

extracted moisture from the air iidiloh resulted In a lower 

retire humidity^an Inorease In temperature after 

dprlX 15. 
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3IABLB II 

2EKPERA3n7HE SANGES K)R COOLER SET A3? 32-360 F. 
MIHIBSDM AND MAXIMOM TEMPEEATtmES 

REACHED m^wem 

Miis. 
February 12 

N 14 
n 18 
R 22 
n 26 ■ •' 
N 28 

March 3 
H 7 
ft 11 
tt 15 
« 19 
n 23 

■ - 9 27 
^1-. 

1 
3 
7 

12 
15 
17 
22 
27 

tt&y 1 
3 

m 7 
m 10 

msm recorded 

32 
32 
32; 
32' 
:31r 
30 

32 
32 
31 
32 
30 
31 
31 

iii;r 

ir'.: V 

r r 

36 
36 
37 
37 
37 
36 

ih u 
38 
37 

i'.: 

■i) 

I\i V. 

.1 t 

30 
30 
30 
32 
32 
i32
32 
32 

38 
38 
36 

38 
38 
39 

32 
32 
32
32 

42 
42 
41 
41 
JtL 

'r • ■ '' - V. 's -

i .. V 

_L^ 
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fABLE XXI 

faCPERATURE RANGES K>R OOOIER SEX AX 36-44® F* 
MINimiM jtm MAZIHOM XEUFERAXURES 
REACHED BM!WESN DAXES RECORDED 

mm 
s t 

t mulTnum i Maxlmom 

February 12 36 41 
14 36 44 
18 36 44 
22 36 44 
26 36 45 
28 36 45 

liarch 3 34 44 
7 34 44 

» U 32 44 
" 15 ^5 44 
" 19 35 46 
" 23 34 44 
" 27 35 44 

1 35 44 
3 34 44 

43 
" 12 34 44 
N 15 34 43 
m 17 34 44 
m 22 36 44 
m 27 36 44 

Hiy 1 36 44 
3 38 44 

m 7 34 44 
" 10 34 44 
m 13 35 4i 
m 
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CHAFPER IV 

Rsmis 

fhe rooted outtiags of Burford fiollyr Her cormita 

ol<m BurfQrd» remadned in storage from February 12, 1957 

uatH lay 6, 1957, a total of 83 days. On May 6 the 

cuttings were removed from storage and planted in an outdoor 

bed, fhe group of outtings that were maintained in the 

propagation benches were removed and planted in the bed 

with the stored outtings* A li^t shade for both greats 

was provided with oheeseoloth* 

All holly outtings packed in boxes, with various 

materials around the roots and those bare root half wrapped 

stored at 32-36 degrees F, with a relative humidity of 50-60 

per cent were desiooated, very brittle, and showed a loss of 

oolor, therefore, they were considered dead and discarded. 

Figures 3, 4 and 5 show the condition of the holly 

cuttings immediately after they were taken out of storage. 

As shown in table IV, the holly outtings that were 

full wrapped had a much higher percentage of survival than 

did those in other type of wraps. 

Holly cuttings half wrapped and boxed stored at 

36-44 degrees F, showed more color and were not as dry as 

the cuttings stored at 32-36 degrees F, Tables IV and V 

show the cuttings stored at 32-36 and 36-44 degrees F, The 

highest percentage of survival was obtained from cuttings 
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lABLE If 

iOHrtVAL OP BORPORD HOLLIES STORED 
AT 32-36 DBSRBBS P. PGR 83 DAYS 

1 I plaSmS^
Paoking I Method of t 2 4 
material JL ££3^21.^ 1 Peroent eurvival 

Pull wrap 40 36 36 34a 

E^^diagnum Half wrap 4 0 0 0 

Box 09 , , 9 9 

Pull wrap 10 10 10 10 

Perlite Half wrap 10 10 10 10 

Box 0 0 09 

Pull wrap 48 48 48 48® 

Bare root Balf wrap 0 0 0 0 

0 0 0 ,9, 

I^Llntained in 
Mibi 

"^Sphagoum azid hare root were slgnlflcaait 
over perllte# 

For values to "be algnifloaat at the 
5 cent levely in most oases the values must 
differ by 20 peroentage points. 
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PERCBBT 8UR7IVA1 0? BtTRfORD HOLLIES STORED 
AT 36-44 DBORESS E* FOR 63 DATS 

Packiiis I MetLod of I 2 4 ^ 8 
material t rcentTOP,,, mXlTMm 

Full wrap 92 92 90 88® 

Sphagnum Half wrap 80 72 n 72 

Box 66 60 56 

full wrap 72 70 68 68"^ 

lerlite Half wrap 50 40 38 36 

Box 24 24 24 24 

Bull wrap 84 76 74 74 

Bare root Half wrap 98 94 94 94° 

Box 80 74 74 74 , 

Xalntained in 
98 98 .JlL.SSL 

®Fall wrap was sigaifioant over box. 

^Pull wrap was significant over half 
wrap aiid box. 

^BaXf wrap was significant over box and 
full wrap* 

for values to be significant at the 
5 per cent level, in most cases the values mst 
differ bjT 20 percentage points* 

itfilis 
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stored bare root and half wrapped. 

The holly cuttings that were half wrapped and pached 

with sphagnum moss showed new root growth when tahen from 

storage. Hew root growth In the other paokages was not 

apparent. 

Top growth measurements tahen 8 wetica after planting 
showed no eonsistent differenoe in growth# Stored outtings 

showed as much new growth as the group that was maintained 

in the propagation benoh. 

The arboxTitae cuttings were placed in storage on 

February 12# 1957 and taken out May 13# a total of 90 days 

in storage. They were potted in inch Si£fy pots made of 

pressed peat and placed in greenhouse beau^es. The cuttings 

that were maintained in the pz^pagation benoh was removed 

and potted in the same type pots* 

Arborvitae outtings half wrapped and those packed 

in boxes with various materials around the roots stored at 

32-36 degrees F. wsre found to show desiccation and a loss 

of color. The foliage and stems were brittle and the 

cuttings were considered to be dead# therefore# they were 

discarded. 

Figures 6 and 7 show the condition of the arborvi-toe 

outtings idien removed from storage. 

Tables TX and 7X1 Indicate the percentage of survival 

of fhuia oooidantaliq under the two conditions of temperature 
and humidity. Only those fully wrapped survived at 32-36 

degrees F« 
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degrees P. Left to right, half wrap, box and full wrap# 



 

27 

'W 

^2/ 

>jf 

PP-r- ->« 

X- ,'Sri 

5 

h tc 

_ t 

Tigare ?• Arljorvitae outtings stored half wrap for W days 
at, lefty 36-44, rl^t^ 32-36 degrees P, 



 
 

 J .. 

lABLB VI 

/« 

28 

fBItCfaWf SURVIVAIi OP 
AT 32-36 DBOI 

STOm 
i' 

1 * Weeks alter planting
Packing t Method of 1 2 4 6 ^ 
material s wran t Percent survival 

Pull wrap 54 30 26 24a 

Sphagnum Half wrap 0 0 0 0 

Box 0 0 0 0 

Pull wrap 44 30 28 28a 

Perlite Half wrap 0 0 0 0 

Box 0 0 0 0 

Pull wrap 42 34 32 28» 

Pare root Half wrap 0 0 0 0 

Box 0 p 0 0 

Maintained in 
bench ..„IPP 

^Full wrap was signifioant over otlier 
nrraps. 

Per values to be slgnlfloant at the 
^ per o^t level, in most oases the values must 
differ by 20 parentage points. 



 

!EABX>B Tlx 

PERCB5PE SURYITAL OP STORED 
AX 36-44 DBS 

PaoMng I 
.n,< 

Method of 
TOP , 

s 
» 
2 4 
?ffcent, 

6 
mrPf^. 

Poll wrap 26 20 20 18 

sphaghu* Half wrap 38 34 20 14 

Box 60 5294 

Full wrap 14 12 8 8 

Perlite Half wrap 68 58 46 38C 

Box 78 74 66^9P 

Full wrap 22 18 18 16 

Bare root Half wrap 82 72 64 62^ 

Box 60 32 2289 

Itaintained in 

JSSL. JSSL. 100 

^Box was slgolfleant orer half and full 
urap, 

^Half wrap waa algnlfloant over full 
wrap and box* 

^Kalf wrap was signifloant over full 
wrap. 

For values to be significant at the 
5 per cent levels in most oases the mUnes nust 
differ by 20 percentage points. 
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StQitt and leaf tissue "breakdown was found on full 

wrapped cuttings stored at both temperatures. However, more 

rot was found on those stored at 36-44- degrees P. and a 

relative humidity of 90-100 per cent. A higher percentage 

of survival was obtained from full wrapped cuttings at 

32-36 degrees P. than at 36-44 degrees P. She full wrapped 

cuttings stored at 36-44 degrees P. had more mold and foliage 

rot than did cuttings stored at the lower temperature. 

Grrowth measurements of the arborvitae showed that 

the group maintained in the propagation bench made much 

more new growth than any of the stored groups* 

Higher percentages of survival were obtained from 

the 36-44 degrees P. storage with a relative humidity of 

90-100 percent. 

A statistical analysis of the data shown in Tables 

Till and H based on percentage of surviveil showed the 

following relationships between packing media and between 

types of wraps for each of the two storage conditions. 

Holly cuttings stored at 32-36 degrees P. 

1. Cuttings with a full wrap were significantly 

bettor than those packaged by other methods, 

except in the case of perlite medium with 

the half wrap. 

2« Cuttings packaged in a full wrap with various 

media showed those packaged with sphagnum and 

with roots bare to be significantly better 

than those packaged with perlite. 
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TABLE VIII 

aiORA^E OOHDITIOHS AHD PERCEST SUEVIVAI 
OP HOLLIES mm TOHT WEOKS 

t 

Media t wrau wrau Box I wrau Box 

Sphagnum 34 0 0 88 72 56 

Perlite 10 10 0 68 36 24 

Bare root 48 mmrSmmm 0 74 meSLm-rrr# 
Por values to "be sigjaifioant at iSie 5 

cant level» iu most oases the values must differ 
by 20 peroeutage points# 
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tAHLS XX. 

aeoRASJE ooNDigjiQRS Aim PEKJm ajinmrAii 
OP ABBOEraAias mm eisbs toks 

! ! 

Sphagzmm 24 0 0 18 14 52 

Perlite 28 0 0 8 38 66 

28 , P, , , nrA^fffT-iwr^^tn 
Por values to "be algnlfloant at the 5 per 

oent level* in most eases the values must differ 
"bj 20 percentage points* 
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cuttings stored at 36-44 degrees ?• 

I. Cuttings stored tmder these conditions showed 

those full wrapped and paohed with sphagnum 

to he significantly better than cuttings 

packed in a hex with sphagnum* 

2* full wrapped cuttings |«kolced with perlite 

showed a significant difference orer cuttings 

paoked with perlite in boxes and half wraps* 

3* Cuttings stored bare root in a box showed a 

significant difference over those packed in a 

box with s|diagnum and perlite and those 

packaged in sphagnum were significantly 

better than those in polite* 

4* Cuttings packaged in a full wrap with various 

media showed those with sphagnum to be 

eignifioantly better than those with perlite* 

5« Cuttings packaged bare root in a half wrap 

showed a significant difference over half 

wrapped outtings packed with sphagnum and 

perlite and those packaged with sphagnum were 

significantly better than those with perlite* 

6* Cuttings half wrapped and packed with roots 

bare showed a significant diff^enoe ov^ 

outtings stored bare root in full wraps and 

boxes* 
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Arborvitae cuttings stored at 32-36 degrees !• 

!• Arborvitae cuttings stored tinder these 

conditions vdien analysed statistically 

aSstoered that all full wrapped cuttings were 

significantly better than those in other 

type of wraps* 

irboryitae cuttings stored at 36-4-4 degrees P* 

!♦ Cuttings packed in a box with various media 

showed those with sphagnum and perlite to be 

significantly better than those with the 

same media in full and half wraps* 

2* Cuttings half wrapped with roots bare showed 

a signifioant difference over cuttings packed 

with roots bare in full wraps and boxes* 

3» Half wrapped cuttings packed in perlite and 

with roots bare showed a significant 

difference over cuttings half wrapped with 

sphagnum and those with roots bare were 

significantly better than those in perlite* 

3Jhe statistical analysis of the data given in Ifables 

VIIX and IX was determined by Idie method \ised by Pearson 

and Bennett (10) for testing the signifioamli difference 

Ittween pero^tages at the 5 per cent 

V . - 1,-: -- • 
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The survival of cuttings stored at 36-44 degrees P» 

was much greater than those stored at 32-36 degrees P» 

This difference is thou^t to have been due to the high 

humidity maintained by the cooling unit set at 36-44 

degrees P. 

Holly cuttings half wrapped and stored bare root at 

36-44 degrees P. showed a significant difference in survival 

over half wrapped cuttings packed with sidiagnnm and perlite. 

Pull wrapped holly cuttings packed with sphagnum 

showed a significsuit difference in survival over those 

packed in perlite when stored at 36-44 degrees P, 

Half wrapped arborvitae cuttings stored bare root 

at 36-44 degrees P, showed a significant difference in 

survival over cuttings stored half wrapped and packed with 

sphagnum and perlite* 

]%irford cuttings half wrapped and stored bare root 

at 36-44 degrees P, had the highest percentage survival of 

any group of stored holly cuttings and nearly equal to those 

left in the benchi but survival of those stored at 32-36 

degrees P» was only about 50 per cent of those in the bench* 

The arborvitae cuttings packed in a box with perlite 

and stored at 36-44 degrees P* had the highest percentage 

survival of any stored arborvitae group, but not equal to 
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tiliosd in "felie l!}exicii* Six'ty~9ix percenl: survived as 

compared with 100 per cent for those in the bench, but at 

32-36 degrees P, only 28 per cent survived, 

Ei^t weeks after planting, the holly cuttings that 

had been stored showed no consistent difference in new top 

growth as oorg^eured to that of the group that was maintained 

in the propagation benoh< However, the arborvitae cuttings 

that wejre maintained in the propagation bench showed muoh 

more new growth tlian did the cuttings that were stored. 
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TABLS X 

COMPAEISON OP PACEING MATERIALS ON SURVIVAL 
OF BURPORD HOLLIES STORED AT 36-44 

DEGREIS P. POR 83 DAYS 

tHiBIBBBMBMBS^ er planting
Inking I Me'bhod of 

J 

Sj^bagnum PuH wrap 92 92 90 88^ 

Perlite Pull wrap 72 70 68 68 

76 74 

^Sphagnum wrap was significant over 
perllte 

For values to "be significant at the 
5 per cent levels in most oases the values mus'l 
differ by 20 percentage points. 

9 • 
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TABLE XI 

OOlfiPARISON OF PAOKlIfa MATERIALS OR StJRTITAL 

t Weeks after plantinf 
FaoMng t Method of 1 2 4 6 I 

t 

Sphagnum Full wrap 26 20 20 18 

Perlite Full wrap 14 12 8 8 

Bare root Full wrau 18 18 16 

Mo slgnlficaat differecnoe. 

For values to be significant at the 
5 per cent level# in most cases the values must 
diJbter by 20 peroen'toge points. 



42 

fAms XIX 

coMPAEisorr of PACKnra saxerials oh soRvrTAi. 
OF BDBFOED IK)LLIES STORED AT 36-44 

DBOREES F. FOR 83 MYS 

feSS^affSr'pSSSfSS^
Packing t Method of 

Sphagnum Half wrap 80 72 72 72^ 

Perlite Half wrap 50 40 38 36 

„,3A rSC 
^Sphagnum and hare root was significant 

over perlite and bare root was significant over 
sphagnum. 

For values to be significant at the 
5 per oent level, in most cases the values must 
differ by 20 percen'Nge points. 
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SAILS XIII 

COMPABISON OS PAOEXSO MAfERIALS OK SURVIVALOS OOOIU^A^^ SSORED AS 36-44 
90 LAYS 

t nssETramsasT 
SaoMng s Method et 1 2 4 6 8 
laaterial ^ TOP J Percent BurylvBl 

Spha^um Half wrap 38 24 20 14 

Perlite Half wrap 68 58 46 38«^ 

?e root ^ 64 62^M. JS. 
^-Perlito and hare root were significant 

over sphagmm and hare root was significant 
over perlite# 

Sor values to he significant at tb.0 
er cant levelf in most cases the values must 
"er by 20 paroent»ge points# 

kai^lrlk^ 
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SA3I.E xir 

OCaffPARISON OF PACKING MATERIALS ON SURVIVAL 
OP 3raP0RD HOLLIES STORED AT 36-44 

DEGREES P. PDR 83 DAYS 

Packing :Method of t 2 4 6 8 
laaterlal t wrao i Percent gurvival 

Sphagjmm Box 66 62 60 56® 

Perllte Box 24 24 24 24 

^Sphagoum and "bai^ root were significant 
over perlite. 
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SABLE X? 

CWARISOB OF FACKHfG Mi^ERlABS OB WmfJ^ 
OF SmJJA OOCffiMSA^S SSOHED AS 36-44 

90 MYS 

reeiJis arter plan^iii^
PaoTrlng Method of 2 4 6 8 
material1^1 ii iiTtTTffffii wrap TOTlTia . . 
Sphagnum Box 84 60 52 52® 

Ferlite Box 90 78 74 66® 
Bare a^et m Sw 32 gg 

®Ferlite and sphagnum were significant 
over hare root* 

For values to he significant at the 
5 per cent levels in most eases the values must 
differ hy 20 percentage points. 
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