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. ABSTRACT ', o

., Tomato (Lycoperslcon esculehtum Mxll ) plants‘were

grown under various row cowers to compare. the effect on

*\w

maturity and yleld with the effect of hot tents.! ‘Two

! L‘r\

‘-supported polyethylene&row COWCF treatments thh dszerent

percentages of perforatxons (Poly 25 and 45) and two i,

'float1n$>row cover, treatments X1ro andmReemay, were

\

exam1ned A clear polyethylene mulch” was used in conjunction

-

\w1th the hot tent and row cover treatments Two tomato

Alberta.

cover use was close‘to'the’30 year average but the mean

(' Hybrxd 31 and 'Brookpac{ﬂ) were used 1n ﬁ. -
AN

Rlots. The research was conducted in 1985 at the

berta Ho twtultural Research Center in southeastern o

4

~

Mean daily maximum temperature during the period of row

[y

- daily m1n1mum temperature was 2. 5 C below average. The total
' w

&

._wereﬁalso 51gnrfmcantly higher under‘th1s treatment.” -._

number of hours of sunshine recorded was the second h1ghest

in 33 years. - | -

A

A\

IS

Maturity was found to be significantly delayed,with the

use of fow covers in one cultivar, Brookpact. In the other

Lyt AT
cultivar, Hybrid 31, early y1e1ds were not 51gn1f1cantly

\

"affected by the two supported polyethylene row cover

treatments.

Only the Poly 25 treatment 51gn1f1cantly 1ncreased the

final total ylelds. The Poly 25 treatment also produced5¢h@

~‘hzghest

.. .

33} plant dry welght ‘Mean a1r and 5011 temperatures

-
1

s - v T L



However, the minimum air temperature 'was found-to.be

——: significantly lower than.in all the other ‘treatments.

The_léweét yields were pfoducea By\the floating row

°
' cover treatment, Xiro. Yields were significantly reduced . -

l|below the hot tent treatment in one cultivar, Hybrid 31..

Xiro was also found to signifiEantly delay maturity in both

‘ . R
cultivars.

- ~

Theﬂva;iphs row covers and hot tents_did not have a
‘, §ignificaht effect on percentage'of‘culls.orAfruit'size.
None of‘ﬁhe‘roﬁ:cpvér treatments offered frost
protection comparabié Eo the hot tent treatment.
The results of the'preliminéry experiment dﬁ time of
row cover removal suggest that this is a critical factor in
. | \

“increasing the yields obtained.

- v
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S L Introduct10n~

- L Cl1mate is one of . the major factdrs llmxtxng vegetable -

prodﬁctlon in’ the pra1r1e provxnces of €anada. A short
, : s
‘productlon perlod characterlzed by low heat un1t &
accumulatxon early in the Season has restr;cted‘expansion‘

of the industry. o N Lo -

. | © In order to increase”produttion“ sevefal dvenues have

been 1nvestlgated Research studies have concentrated
prlmarlly on developlng su1table cult1vars and methods of

production to reduce the Cllmatlc constralnts. The breedxng

at

of: early maturlng cultxvars has been an 1mportant . |

development ‘in obtaining. 1ncreased productlon. As a. result

\ ' .

tomato cultivars that are‘able to set fruit at low ~
/ temperatures have made a dramatic impact.on production in

northern c1imates. C . S , \
. W \ L - -

Improvements in cultural methods—df productlon have 3
also been extens1vely studled Por severag decades varlous !
Cooy
types of hot. tents have been used in the hortlcultural
[ S ' . 7

1ndustry There have been some m1nor changes in the 51ze and

typew materlals used but basmally the desxgn ha's remamed ‘

\;‘unchanged In Alberta, the use of hot tents cont1nues to be

“the preferred method of product1on for warm season crops and

helr use is: st111 the recommended p;act1ce for tomato
.product1on in the prov1nce (1). ,d‘ ;~ -

- A more recent development has been the use of plastlcs'
1'1n hort1culture. The use of polyethylene mu\bhes and }ow

‘covers became the establlshed pract1ce in the Un1ted States

\



more than a decade ago (14). Yield responses and earlﬁness‘
have been improved fé;‘several cfops, with the vine crops
showing the largest increases in yield and ‘maturity (47).

The use of“bolyethylene mulches ‘and rww covers has not
been as widely accepted in Canada for several‘reasons,the
main factor being economics. Also, research conducted in
Alberta on the use of these Taterials,has produced varying
results (17“18). Although polygthYleqe mulches and
perforated row covers produced earlier and higher .yields_in
the vine crops,results ifdicated that lower yields and "

.

delayed maturity occurred in tomatoes.

The development of new row cover materials for creating
a suitable microclimate for plant gro;th has penewéd'the
.intereéf in row cover use on less responsive crops.
"Floating" row co;ers thch do not require structural
support but are laid directly on the see@bed or plants have
been develop®d in Europe. These include slitted.polyethyléne
or porous light weight materiais‘;hicp,are laid with
éuffic;ent slack to allow forvplant"gkowth. Mechanical
installation of floating row covers is.fécilitated through

A}

the use of a modified mulch applicator.

.

If increased market garden and commercial tomato

'Ipféductipn are ‘to be achieved in Alberta a suitable method
“of'pfdéfiﬁion must, be developeé using or m?difying
techni£§25~curfently available. The uSe of hot tents has
alldwed producers to obtaln earl1er and h1gher yields but

thelr hlgh labor requ1rement has restricted the1r use.
[ .




Meéhanically applied row covers which increase earliness and
yields in vine crops need to be investigaéed more closely on
tomato production in AlbeFta. ‘
- Therefore, research was conducﬁed in southern Alberta
to determine the effects of hot tents and various types of
row covers on maturity and yie}d of tomatoes. Hot tents and
rowlcovers were used in combination with clear polyefhylene
mulches. In addition, a preliminary experiment also

investigated the effect of time of row cover removal on

yield of tomatoes.



II. Literature Review
' EN

~

1 Terminology

Row'cqvérs are defined by Wells and Loy (48) as
flexible, transparent coverings which are installed over .
*siqgle or multiple rows of vegetables,for the purpose of
énhancing_plant growth and yield. Synonymous terms for row
covers include clochesc plastic tubes, éuAnels and low
tunnels. The size and sh;pe of the row covers may vary but
theylare generally oval-shaped and 40-50 cm in height.

Row covers ére placed over single or muléiple Lows
whéreas hot caps are'placed over individual plants. The hot
tent is a larger version of the hot cap and allows: for more
plant growth to'occur before removal.

The row cover may or may not be supported with wire
hoops. Row covers which are designeb to be supported‘by the
plants are teryeq "floating” row covers. These covers are
applied loosely over the r&w, leaving sufficient slack to
accommodate the growth of the plants.

L]

2. Early development of row covers

-

The use of plastics in horticulture has increased.
|
dramatically over the last four decédes. This is due largely
: : ‘ '
‘to thg need for more intensive production technidueé
attriggted to increased land yalueé, land shortages and
rising production‘costs wﬁich néceésitated higher returns.

The development of polyethylene film in the 1940's enabled

4



N

increased use of plastics.in agriculture. IA the United °
States, Emmert in 1955 (10) developed many of the principles
on the use of plastics in greenhouses, mulches and row ,

»~

covers.
"

C

Early row cover experiments 56 cantaloupe production « .
during the wintér months in California were done by Shadbolt y
and McCoy (37) and Shadbolt, McCoy and Wﬁiting (38). They
. investiga;ed thé effects of variolUs row cover materials and
compared them with the conventional pracficgmpf using
gléssine baper caps. The continuous row covers werq\fohnd to
produce;earlier apd higher yields. K

Hall (12) conducted some of the early reseérch on the
use of row coveré for tomato production in California.

Vafioys materials, shépes and Qegting methods of row covers

were examined. Polyethylene row covers were found to force

tomato plant growth much faster than paper caps.

g The work of Shadbolt et al. (37,38) and Hall (12) 1led
) ‘o large scale commercial use of row covers in the late

1960's in California (14). However, the adoption of row
cover use did not spread to other parts of the U.S. and

Canada until the 1970's.
A

In Canada, some of the earliest research.on, mulches and

row covers was done by Harris (16) in Alberta on beans angd

corn. ﬁnperforatgd clear polyethylene row covers wer; found
to produce high air temperatures and humidity which promoted °
_top growth more than root growth, Campbell (6), in Manitoba, -

{

found that unperforated polyethylene row covers



significantly increased tomato yYields. Wiebe's research (49)
in Ontario demonstrated that perfofa;ed polyethylene row
covers produced earller and higher yields of muskmelons.
In the mid 197035 research on the effects.of various
mulches and ‘row covers on vegetable production, began at the
' Alberta Horticultural Research Center (AHRC) in Brooks.
Research 1n61cated that these materlal could increase both
earliness ano yield, eepeciallylin the /vine crops (17, 18).
The use of mulch and row covers by market gardeners and
.commercial vegetable producers in Alberta has oniy begun in

the last two or three years.ami production under plastic is

~still very limited.

3. Row cover materials

Thermoplastics, in the form of film, are the principal
materials used in\plasticulture. Polyethylene is the ueual
- material'used for most of the plastic films. The»addition.of
enrichments to the basic polyethylene resin increases the’ |
durablllty of the film, its transparency to v151ble l1ght
and its absorption of long infrared radlatzon.

Low density polyethylene is the most COmmonly used
"plastic fllm, followed by plast1c1zed polyv1nyl chloride
(PVC) and then vinyl acetate polyethylene (Ev%) (9). More
recent technology has also ‘provided nonwoven, Spunbonded
nylon, polyester and polypropylene materlals.,

Manufacturers generally use the same _ nes1n with

- different adjuvants to produce low dens1ty polyethylene



films. However;ithe manner in nhich entrusion is
aocomplished and the nature and quantity of the_stabilizing
substances (mainly UV,absorhants) result in fllms whose

lifetime may vary greatly even under the game weather -.

1 R . . r
)

conditiqns (32). s o §§ T R
N ‘ . r

their greater degree of frost,protectxon than polyethylene

R '

"films. Bowman (4) found that at night, theiradiation-lossuw
under thevPVC row cover was less than under the clear ;
'polyethylene row cover due to the low thermal (or infrared)'
transmittance of the PVC film. However, PVC fllm/1s more
_costly than polyethylene. $ ‘ .

EVA films‘consist mainly of polyethylene enriched wlth
vinyl acetate, which has the property of increasing the’;
absorption of the long infrared radlatxon through the film
without reducing its transparency to/E;: visible and
infrared radiation of short wavelengths.

The use of spunbonded nylon and polyesterlmaterials is
increasing _amongst producers 1n(Burope and the Unlted States
.because these products are l1ghtwelght and can -be applled
. dlrectly over the plants w1thout the need for supp%Lt by
: hoops. -

. Future technology may prov1de new row cover polymers
vhich change propertles accord1ng to temperature. Wells and
Loy (48) .state that the problem w;th mater1als used for row

covers to date has been'that they are industrial polymers

which have. been adapted.for agricultural use, rather than

' , RN
The popularity of PVC films for row covers is due to - &

-

/
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polymers that were~desrgned for-Specific‘rcw cover,f
'apnlication. ‘ - ’
Selection of row cover materxals must be based upon the\
creation of a suitable mlcrocllmate for plant growth ‘
"Shadboltfand.McCoy (37)fdescribed the desired environmental
'modificétions tc‘be created by row 'covers. These include: a .
suitable increase‘in-dayti%e air”temcerature;‘naximum
increase in nighttTﬁe air temberature, providing protection
_from frost; increase in soii temperature; maintainence of .
relative humidity‘at moderate levels and also protection
from wind and blouihg sand. However, the effectiveness of
the row covers is dependent upon the type of materdal'used'
and on the local environmental conditions. Plant responses
to row covers vary with the plant's abilit§ to respend to
the modified climatic conditions. Different species and
‘icultivars,ttherefore, may be expected to produce different
results.‘
) . . ’ T ‘
(ﬁz;gnicrbclimatic factors affected by row covers

¢ '

4.1 Air exchange
' -

Early research by Shadbolt'et al. (37,38) indicated

that ventilation of continuous row covers was essential.

shortly after emergence of the plants; Cantéloupes ,
- , : L . . L &
_growing under unperforated covers were observed,to be o
\ s '
severely stunted when compared to those_grgun under '

Aperforated covers Low carbon d10x1de levels under the

nonperforated covers’ were suspected but research d1d not

o =t



N
indicate below normgl levels of carbon dioxide during .

‘the day or night. Therefore, it was speculated that the .

high temperatures under‘the unperforated row covers were

o

responsxble £or the stunted growth Hall (13) alfo o

,
] ¥

‘ suggested that stuntxng of tomatoes in hlS studies may

have resulted from the' high temperatures obtaxned under

the row covers. It was suggested that special vent1ng

PR - L ' .
= techniques be used. o

Jensen and Sheldrake (23) confirmed the importance:
. o . ! ", & . .
- of venti#gtion in polyethylene row covers. In their

-

. . ﬂ’,il . . . . . . ' .
research, ventilation was provided by the movement of
air with" fans through air-supported row ‘tovers. Various

other methods of ventilation have been u5ed over the
/

years. The most common method was a system where one

side of the LOwW cover was raised to prov1de air
%

circulation. ThlS openlng was incréased in size as the
. - g

season’ progressed until flnally the covers were removed

completely. Another system, used by Hall (12) and

ﬁ | others, consistedrof using two separate polyethylene

2

%% . i sheets which vere laid over hoops, covered along the
9 . edges by soil, and joined at the, top of the rOW‘byi

clothes pins., The covers were opened durlng warm, sunny

weather and closed at nlgh or during periods of cold or
/] ,w1ndy.weather, These systems had a high cost of s
‘vl : ~operation or labor requirement, leading to the

develdpment‘ot perforated polyethylene covers.

Sy , . ,
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i Slitted plastxc row covers, wh1ch were developed in
411!::
New Hampshire, proved to be a good type of perforated

polyethylene row cover. They greatly reduced the labor —
requxred for 1nstallatzon and the' sllts el1m1nated the
need for manual ventzlatron (47). Thls‘type of cover is

\

the most commonly useéd row cover in the United States

today. .
ughadbolt‘ét a] (é?, 38) lnvestigated the‘effects

of perforations in polyethylene row covers. ngh

‘relative hum1d1ty (90%) was noticed under unperforated

1

row ¢dvers. Perforations in the film reduced the
hum1d1ty slxghtly Shadbolt et al. (37, l/}/postulated
that high relatlve humidity, in conjunctlon with higher.
Jsoil'temperatures; may‘result'in the production of ..
tender succulent plants .and these plants would be more

A

;susceptlble to d1sease, frost injury or sudden exposure

\
1

to sun and wind.

Maurer and Frey 431) obtained different results in-
‘therr study of m1croc11mate mod1f1catlons resultlng from
row cover use, Relatlve hum1d1ty was found to decreasef
durlng the day w1th1n the tunnels to a gneater extent.

- than 'in- thelppen. However, at night, when the. amblent
relatlve hum1d1ty was close to 100%, the tunnels also

, had close' to 100% rglat1ve hum1d1ty. No reasons an
yhypot3e51zed for the lower relat1ve humldlty under the’ ?

"-row covers durlng the day. R RS
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H1gh humldxty may also result in. condensatxon of
water on the undersurface of the polyethylene ‘covers.
Th1s condensatxon has been shown by Loy and wells (28)
to decrease llght transm1ttance. It has also been shownv
by Waggoner (44) to serve as a heat barrier. Sdnce‘water'
is opagque to long wave radlatlon and has a hxgh heat h
capacity, condensatlon may'serve in heat‘reeentlon and'
frost protectlon. The high relatlve hum1d1ty recorded by
Shadbolt and McCoy (37) may have been due to the absence'

(\
of a plastlc 5011 mulch under the row cover

The 11m1ted air movement under row covers, as

£

'recorded by Wiebe (49), demonstrate the 1mportance of
{

row covers in. prov1d1ng wxnd shelter to the young

plants..

4.2 Air'temperatures
Row covers exert their greatest effect upon the air
temperature within the row covers..The‘increa e in

temperature depends upon several factors These include

the propertleS'of the row coqer mater1als (28 30,31,42),

’proport1on of perforat1ons 1n the row cover (38 43).

presence 'or absence o£,p1a5t1c mulches (13 27) and
weather cond1tlons (5 35, 42) o

Loy and Wells (28) found mean dayt1me temperatures

‘15 cm above the 5011 surface covered w1th black
1polyethy1ene under slltted row covers to be 2 c h1gherl'
'than'that under the polyester cover plus the same mulch

.and 7° C hlgher than the amb1ent air temperature over
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bare~soil‘ Nighttime‘temperatures.under slitted‘*‘
'polyethylene row covers and polyester row covers were .

“szm11ar and about 1.5°C h1gher than the amblent air
; temperature. Maurer, Frey and Gaye (30) recorded 51m11ar
temperature 1ncreases (25 cm above soll surface)w w1th
slitted polyethylene row covers producxng temperature
“1ncreases of 5.6°C and polyester covers (3.6°C) above
amblent a1r temperatures. | |
Tan, Papadopoulous and L1ptay (42) using 80 cm
‘h;gh row covers,‘observed large variations in a1r
utemperatures under various types of plaStic row covers. .
' Daytlme air. temperature 1ncreases (measured at 25 cm)
were h1ghest under. clear polyethylene cover with black
lpolyethylene mulch (10 C 1ncrease) nghtt1me
temperatures were hxghest under the PVC row cover with
black‘polyethylene mulch, nghttame air temperature
.under clear‘polyethylene-withgut mulch'uas found to‘be
1°C higher than the same treatment with black
‘polyethylene mulch Row covers{j?de of clear
,polyethylene recorded greater t perature fluctuatlons
than the other materlals tested and m1n1mum air
temperatures were often sllghtly lower than those p
louts1de.,Brun (5) also reported lower than amb1ent air
. temperatures under perforated polyethylene row covers .in’
'southern Francetdurlng the wznter season. Savage (35)
not1ced that temperatures may drop below amb1ent a1r

'_temperature under\pquethylene COVgrs shortly after
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sunset.Maurer and.Frey (3l) postulate that on.clear.
"nights, the outg01ng rad1atxon from polyethylene coveredl
tunnels lowered alr temperature below that of amblent
Hemphlll and Mansour (19)‘1nvest1gated the effects
of floatlng row:coyers on air temperatures. These types

A | " O . i . . .
of row covers wereifound‘to'increase the.mean minimum

\

air temperatures by 1 to 2°C and mean max imum

]
_—

temperatures by as much as 14° C 'The temperatures were
recorded at’ a height of 2.5 cm above the soil. surface or
mulch.

'Research has showh that”the.daytime temperature
~under row covers.can be controlled by‘the‘proportlon»of
f perforations ‘found in the covers (34;38); Shadbolt ét\

. a?. (38) foundﬁthat daytime temperatures were generally
reduced,(particularlyjnear the ground level, when'

perforations‘were present. However, perforations in‘the
.polyethylene covers‘had.only aAslight effect on the .—

minimum air temperatures. Tesi, Graifenberg and

!

Notartommaso (43) using PVC row covers over‘black
p/}yethylene mulch - also found that temperatures under
the covers were closely related to the percentage of
‘perforatlon. Fructos (11) has shown that the lggatxon of
the perforat1ons ¢an also play an 1mportant role 1n .
vtemperature mod1f1cat1on.'Max1mum air temperatures were
Treduced 2 4°C w1th top perforat1ons compared to 51de S
perforatlons. M1n1mum temperatures were not affected by
the locat1on‘of the perforat;ons. No reasons are‘g1ven'

-
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by Fructos (11) for the fack of response.

Hall (13) and others (27 41 ,42) found that
‘.polyethylene s0il mulches can 1ncrease the daytime air
temperature 1n51de the row covers. However, mini?um-alr
‘temperatures aneereduced by mulches. Jensen and
Sheldrake (23) notxced that tomato plants over
‘Ipolyethylene mulch‘treatments.and bovered‘with row
covers were more severelyldamaged‘by frost than the
plants on the no mulch treatment wlth'polyethylene/rOw
‘covers. Loy and Wells (27) conf1rmed that row coversu
.alone prov1ded slightly better frost protectxon thanythey
‘row covers: plus black polyethylene mulch. This ' :
difference 1nrfrost protectlon was attrlbuted to the
vheavier'condensation of moisture~on the‘underside of the

row covers over the moist, bare soil compared to. row

covers over plastic mulch.

4.3 Soll temperatores
Clear polyethylene mulches have consistently ‘,' -
1ncreased 5011 temperatures more than have black
‘polyethylene mulches (8 21, 22 36). In some 1nstances,
sozl temperatures under black polyethylene mulches have s
: been lower than bare 5011 temperatures (16 22 42l—~The
.dlfference in 5011 temperatures between the two mulches
has been explalned by Hopen (22)'—§laEE polyethylene can
:}exchange large quant1t1es of energy by absorb1ng solar _“

.”rad1at10n and re-rad1at1ng 1t to- the atmosphere

: result1ng 1n relat1vely small changes in 5011



t pérature;.This is supported hy~Hill, Hankin and

- . ' : N . - . .
fStephens (21) who observed a 2°C increase in daytrme air" -

ﬂigtemperature above the black polyethylene film. De Vries
L

(8) reported sxmxlar flndlngs Clear polyethylene mulch

LIS

.transmlts solar radxatxon more effectively to, the soxl
surface anad the 5011 is heated strongly durlng the day.

De Vrles-(8) states that the consequence of thxs

| ]

‘ 1ncreased heat flow rate Anto the soil is that at nxght

more- heat can be dellvered to the surface

>

The soil temperature under the polyethylene mulch

1

varles accordlng to the season, type of 5011“1nten51ty

and duratlon of sunshlne and the m01sture content of the‘

soil (9) At night, the d;fference 1n;temperature‘~
between covered 'and uncovered soil is less but clear
olyethylene mulches‘stlll haye higher minimum

p
:gﬁgmperatures than the black mulches (16, .21).
,&ml“ ' ' ' .

' The effect of row covers on soil temperatures 1s

ot

malnly dependent upon the a1r temperatures achleved

-— under the covers (20) Therefore, ro;mcovers wh1ch
produce hlgher alr temperatures, due to the mater1al
used or amount of vent11at1on, generally produce hlgher
5011 temperatures (28 29) | | |

It 1s flndlngs such as these that have shown that'
the comblned effects of row covers plus mulches tend ‘to

“,1ncrease sofl temperatures more . than row covers alone.'

‘fLoy and Wells (28) recorded hlgher so1l temperatures"

.under.clear polyethylene row covers plus‘black k”y"

15

L

I
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I " polyethylene mulch than polyethylene row covers with no

]

mulch. HoweVer Tan et al. (42) found soil temperatures

v to be sxmllar using the same treatments. Harris (16)
AN '
offers an explanatlon for this discrepancy. Poor contact

§;5‘between the\soxl and the black polyethylene mulch ocan

create an insulating layer of air which may reduce the
transfer of heat from the mulch to the soil. Tan et al.
(42) confzrms thlS hypothesis by stating that the black
polyethylene mulch in their research studies was not
placed 1n;ol;se contact with the soil.
o Polyester‘row covets tend to produce lower maximum
.5011 temperatures than polyethylene due ‘to the lower alr
temperatures achxeved under the polyester material
(28 30, 31) The|float1ng row cover, Xiro, which is a
polyethylsne‘film cut 'to form'slits that open

w L= »
progressively“as plant grouth takes places, produced the
hxghest soil temperatures in research by Maurer et al

)

;%w~(3o> and Mansour, Hemphill and Riggert ).

&

4;4 Soil moisture S - -

- Higher moisture levels in mulched than *in unmulched
soilsAhaye been reported by many researchers
(16,22,36L4S). Howeyer, high soil temperatures
/underneatﬁ the clear polyethylene mulch have been
observed to produce a high evapotransplratlon rate and a
cont1nuous decllne in soil moisture at lower levels

(25 36) The result can be much lower 5011 moisture

,;'under clear polyethylene than bla@k polyethylene ‘mulches
ot 5 '
& . ' :
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or even the unmulched soil. Knavel and Mohr (25) suggest
that the Hﬁgh temperatures under clear polyethylene
influenced the moisture levels under these mulches.
Polyethylene row covers act in a sﬁmilar'manner éé
polyethylene mﬁlches by preventing water from'reaching
the soil surface. The effectiveness of the polyethflene
row covers in, reducing the amount of water entering the
soil to rain or irrigation depends on the proportioﬁ,of
perforations in thé covers. However; the low percentage
of perforations normally found in‘'polyethylene réw
covers results in moéE of the water being shed. Soil

a

moisture from rain or irrigation must therefore move

laterally from the sides of the row covers unless a drip

~ ot

irrigation system is used. Highly perforated‘floating

.row covers allow the water to penetrate through the

covers. Porous spunbonded polyester also allows the rein

or irrigation water to pass through this material.

S

4.5 Sola; and thermal radiation

.

}dght transmittance throuéh the row covers is
affected by thé\type of material used. Loy and Wells
(28) measured light transmittance of photosynthétically
active radfatioé (PAR) (400-700 nm) in slitted
polyethylene and a spunbonded polyester ﬁateiial on
sunny and cloudy days. With both covers, lighg
trénsmittance was decreased more on cloudy than on sunny
days. The polYeghyiene covers Hgd lower’levels of light

transmittance than did the. polyester covers on cloudy,
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hqmid'days;-This was attributed to condensation of water
on the undersurface of the polyethylene cgvérs. On sunny
days, thé polyester material reduced light transmittance
by 23% compared to a decrease of 14% by the slitted.
poiyethylene. Maurer et al. (30) obtained an 18%
‘reduction in light transmittance for both sli£ted
polyethylene and the polyesterimaterial on sunny days.
The‘observed reduction in light transmission throygh row
cover materials observed (28,30) should not limit growth
of young plants in full or partial sun,.since the pﬁoton
flux density of full sun is well above the light
saturation point for crdp plants (48):

A more important effect of row cover materials is
upon thellbng wavelength infrared radiation or_thefhal
transmission. Dubois (9) reports a va%ue of about 71%
transhittance for polyethylene compared to a.value of
4.4% for glass. This fact is'responsible for the rapid
cooling, during the evening and night, of the air aﬁd
soil- under the polyethylene row covers and mulches. This
prevents the "greenhouse effect” (9) from occurring
under the row covers. However, if condensati;n occurs, a
greenhouse effect may occur due to the reduction in the
long .infrared fadiation thrgugh the water layer. T&ig
was demonstrated by Waggoner (44). é%

Nisen, Nijskens, Deltour and Coutisse (32) éave a
.. ' {
long infrared transmittance value of’26;1% for polyester’

: fiims. Therefore, these materials have bdtker insulating

—
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properties than polyethylene; but since the spunbonded
materials are relatively porous, much of the heat

transfer from inside to the outside of the covers occurs

by air mixing (48).

4.6 Disease and insect control’

No problems with disease or insects have been

! .
reported in research studies on row cover use even

. though some oflthe row covers can produce high levels of

humidity as measﬁred by#Shadbolt and McCoy (37).

| Mansour et él. (29) obéerved that insect movement
and damagé'was eliminated under. all floating row‘covgrs
gésted. Loy and Wells (28) did not encounter any disease
or' insect problems with the row coveftmatéfials used in
their research. Wells (46) reported control of root
damagg in radish from maggots and also control of flea

beetles with the use of spunbonded polyester. Both

insects were controlled by excluding them from the crop

\
»

'under the cover.

Loy and Bushnell (26) observed that row covers over
summér squash and muskmelon provided protection against

cucumber beetles and dphids which are both vectors for

" harmful pathogens. K
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5. Use of s80il mulches in conjunction with row, covers

5.1 Advantages )
Loy and Wells (27) listed seyefal advantages of
‘using a‘row cover-mulch combiqati&n és compared to the
row cobér alone. The adv;ntages of the mulch include:
continued higher soil 'temperatures after row cover
rémovai, reduction in:loss of N through leaching after
row cover removal and also weed control if a black
polyethylene mulch is used. Daytime air temperature
under the bolyethylene row cover-black mulch Edmbination
was also found to be higher‘thah under the row cover
“alone. However, the row cover aldne afforded slightly
better frost protection than the row cover-polyethyl:ne
mulch tréatment. Jensen and Sheldrake (23) observed that
row covers plus mulch tfeatmgnt produced the highest
“yie}ds‘of tomatoes. The black polyethylenefmuich
~treatments producéd more than the clear mulch treatments

and this was attributed to better weed control.

5.2 CO2 levels

| It is not known to what extent .the polyetﬁylehe{

mulches affect ﬁhe carboh.dibxide levels under the row
covers as suggested by Sheldrage (40)} This duthog does
not know of‘any‘research that ha§ been conducted td .
measure‘catbon dibxide levels undér pélyethyleﬁé.row
covér-mulch'éombiﬁa;ions. waéver,vas,préViopsly
mentioneds attempts by Shadbolt énd McCoy (37) to
‘ R . i
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measure carbon dioxide levels under polyethylene row

covers alone suggested normal levels were present,

5.3 Soil nitrate concentrations -
Mulches have been shown to increase the nitrate
concentrations in the soil (3,7,24,55). Shadbolt and
‘ncCoy (37) measured the nitrate-nitrogen contentmot the
cantaloupe plants grown under polyethylene*gpow covers |
and hot tents. A higher nitrate‘content of plants grown
'under polyethylene row covers was found.'Alhigh
correlation between nitrate content‘and moisture, content
of the plant was~disco§ered'indicating.that greater
nitrate uptake occurred in the fast—growino, more‘
succulent plantsL Row covers alonevmay«act in,ajsimilar
manner as mulches in reducing the leachlng losses of
nltrogen. Therfore, the combination row cover-mulch may
not be required unless a highly water permeable row
.cover is used. Also hlgher n1trate concentratlons may be
due to the warmer soil temperatures and hxgher 5011

moisture whick would encourage nitrification.

-
A}

6. Response of tomatoes to row cover use

_Hall (12) in 1965 conducted some of the earliest
research on the use of row covers for tomato product1on.;H1s
flndlngs 1nd1cated that vented polyethylene row covers
1ncreased early plant growth and y1e1ds of early spring
tomatoes grown in, Cal1forn1a. Polyethylene*row covers‘
'fqu1ckly replaced the use of hot caps in that area of the

4,)‘

[



/

/

a

[
) o,

country (14) However, the adoptlon of row cover use for

A

tomaﬁo productxon in other parts of the Unlted States and
Canada has not been as wrdespread.

or row covers to "be»effective, they must be ‘mankaged
accordlng to the temperature requirements or limitations of
the crop (48). Extreme temperatures, Whlch may be /;
experienced under row covers, can 11m1t frult set.
Temperatures above 30 C (the exact llmltS depending on the
Lultlvar) are . detr1mental to one or more of the processes
leading to fruit. set (33) l

" Wells and Loy‘(48) obtained improved.yield of tomataes
with row covers in'1982'_whereas in 1983 the yield was
drastlcally reduced under high ambient temperature
conditions. This may explaln why the‘response of tomatoee to

oy
i

row covers hae been S0 variable,‘Therefore,‘adequate
ventilation and proper'time of removal'of the row‘covers are
essential. B ] | |

' 'ﬁhen ambient air temperatures are nOt excessive, row
.covers have been shown to increase early and total y1elds
Wells and Loy (48) found that both slltted polyethylene and
spunbonded polyester 1mproved total ylelds above the bare .
5011 or black plastlc mulch treatments. The sl1tted
polyethylene row cover produced élgn1f1cantly hlgher early
yxeld than all the other treatments and also h1gher total
yleld than the polyester row. cover. Taber (41), in lowa,-

obtained h1gher early and ‘total y1elds of tomatoes wlth

clear polyethylene mulch plus slltted row cover than with

b

22
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blac} polyethylene mulch plus sl{tted row cover. The slitted |

pOlyethflehe row coVer without mulch producéd‘hfghe: early

_yieléélbut similar gotal yieldé*épmpared‘to the dncovered
}lbare‘ground treafment.Q
_.In Alberta, Hausher (17) J;tained inconclusive results

with his Fesearch on row cover ahd mulch use for tomato

‘production. Increased vegetative growth and delayed maturity

were observed.

N -

More research is required about row cover use for
3'tomatoes..Methqu must be found to reduce the‘yield .
N ' o , ’ L
variability that has been obtaihed. Some of the research

' aspects that require more investigation are degree of -
"\ ventilatLQn,‘types'Bf row cover materials to use and time of .
\ .

1

’

row cover removal. ' .
‘\'



CIT1L. Materlals and Methods

Experlments were conducted in the summer of 1985 atlthe
‘Alberta Hort1cultural Research Center (AHRC) in Brooks which
is located~in‘southeastern Alberta. This region‘experiences
a‘continental type of climate-ylth semiarid‘conditions: Mean
annual precipitation is about 335‘mm,‘nith.two thirds of
that occurring'during the growing season. The frost-free
period is about‘116 days.'The soils at the Research Center
‘are derived from a fine loamy, moderately calcareous fluv1al
or lacustrzne material ‘and belong to the’5?1n soil series.
This series is an orthzc Brown Chernozemic soil nith a silt
.loam texture.‘The 501ls are mild to moderatelxjalkallne (pH
7. 8 8.2) and conta1n a low organlc matter content (<2. 0%)

Four row cover treatments and one hot tent treatment

DN

were tegted -on two cultlvars of tomatoes. The cultlvars were

tested separately on adJaceht plots. A random1zed complete
block design con51st1ng of f1ve repl1cat10ns on each
cultlvar vas used. The flve treatments studied were :
.(1)‘hot‘tents which were the,control

(2) clear polyethylenelrow‘coyer.with 25lholes.per m?
(3) clear~polyethylene-row COver’with 45 holes:per m?
.(4) a spunbonded polyester floatlng row cover, Reemay‘

'(5) a sl1tted polyethylene floé&1ng row cover, ero,"w1th

35 000 sl1ts (8 mm in length)/per m"' S . o ': Q
oA L '

v Reemay is a lxghtweight, poro S, spunbonded polyester

1 materlal manufactured by Du-Pont Canada Inc., = .

“2'Xiro is a polyethylene film with small slits which: open as

‘the ‘plants grow and 1s manufactured by Xiro Ag in Fr1bourg,

Sw1tzerland._, o . | -

24
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Hot tents were usedias the control based on reSearch
f1nd1ngs by ‘AHRC staff that this method of productlon
. produced hlgher marketable y1elds and earller maturrty than
uncovered or row cover productxon (],17 18)
| All row cover treatments were appl1ed manually overla
clear polyethylene mulch. Research at Brooks (AHRC) has "
1nd1cated that better ylelds are obtalnable with the use ofﬁ
‘clear polyethylene than bare soxl or black’ polyethylene’ |
l17,18). The polyethylene roh.covers and mulches were 0.050
‘mm'thickl The holes in‘the polyethylene row covers were 26
‘mm.in diameter resulting in}1.3% and 2.4% perforation in the
‘" two polyethylene row cover treatments Poly 25 and Poly 45
respedllvely The holes were spaced 20x20 cm in the
polyethylene.w1th 25 holes ~per m* and 11x20hcm in the
polyethylene with 45 holes per m?, |
The polyethylene mulch was 1.2 m wide and was applied“
in rows using a commercial mulch applicator. The rows uere
10 m in length and when applied the exposed mulch measured
. 60 cm in’width 'The rows were Spaced 1. 8 m apart, center to
center. A north south row or1entat1on was used because of
the sprlnkler 1rrlgat10n system de51gnr | |
The slltted polyethylene floatlng row cover, Xlro,twas
1.5 m w1de whlle all the’ other row covers were 1.8 m wlde.
Support for the polyethylene row covers was prov1ded uszng
galv1n1zed #9 w1re (1 8 m long) wh1ch was bent 1nto hoops

and placed at the edge of ‘the mulch The wire hoops were

spaced 1. 5 m apart and the polyethylene rows covers were L
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v : ' o :
laid‘rightly over the wirelﬁoops‘and.secured at the”base‘and‘
row end with“soil.‘Theserrow covers were approximateiy 40 cm‘
high at the middle-of the row and 60 om‘wide at the.base.
The'two‘floatinghrowwcouers} Reemay‘and xiro,‘were laid
directly ouer ﬁheltomaro{piahts.gllowing sufﬁicienﬁ slack
for planr growﬁh-and secured ﬁieh.soil. The hot tents, whieh
fmeasured 37'by 46 cn were set on too of the plastic mulch
and were anchored around. the base w1th soil. At rhe tine‘of
'settlng, a 5 cm Sllt was cut on the upper leeward s1de of
‘the hot tents to provxde|some ventllat;on. This sl;t wasl

increased to 20 cm on June 12 and then the tents were

hcompletely opened on June 21 1985

Two tomato cultlvars wh1ch have produced good results
‘hin rhe Brooks area were selected. The cultxvars were also‘
seleeted on the basis offtheir different growth
characterjstics. The 'Brookpadt' whichdwas deueloped_at‘the‘
AHRC in‘Brooks produces a moderately erect plant with
vigorous foliaée. The fruits are large, round ro flat-rouny,
. very fleshy and weigh from 170 250 grams. The other
cultxvar, 'Hybrld 31'; developed by Peto Seeds in
dCal1forn1a, produces‘agtaller plant with a 1onger internoda1k
llength§5The fruifsdarenveryrfirm,,round to QVai,iandISmalier
in size than the'Brookpact.jBoth cuitiuars are early o
d;maturlng and have a determlnate growth hablt |
Land preparatlon cons1sted of rototllllng the plots.

'gThe 50115 were treated w1th a preemergence herb1c1de,‘”

tr1flural1n (Treflan 545 EC) whlch was.appl;ed at'a rate of .

o
i’\.l



0.82 kg/ha a.i. on May 2, 1985. The;herbicidehwas
incorporated into the soil‘at[the'timeiof rOtotilling..In
Plot A, on which the cultlvar Hybrld 31 was tested alclear
polyethylene mulch was. la1d on ‘May 6, 1985 u51ng a
commerc1al mulch applicator. Plot,B (Brookpact) was

-

rototilled a second time:on‘May 13, 1985 and the}same type
of’mulch was applledvlmmediately afteruard:\ , '.F .i‘

’Sixcweek old‘transplants‘from the greenhouse were .‘.
planted 1n the field. on May 21, 1985. Th{s‘is the normal
.tlme of plantlng thlS crop 1n southern Alberta. The
Brookpact seedllngs were 10 cm in helght and the Hybrld 31
seedllngs 15 cm in hexght at the time of fleld sett1ng The
rpansplants whlch were grown in soil blocks, were hand )
planted in the f1eld Sllts approxxmately 10 cm in’ lengg?
were made in the polyethylene mulch to permit placement‘of ‘
.the transplantsu The plants were spacedléo‘cm apart‘within
the rou and 1.8 m between'rows. Each 10 m row contained 10
tomato plants. B . B »|

One- half l1tre of s%arter solution (10~ 52-10 at 1;25.

g/1l) was appl1ed to each transplant. Plants were fertlllzed
again on June 6, 1985 w1th ‘one 11tre ‘to each plant of a
;water soluble urea solutlon (46-0- 0 at 1.0 g/l) Fert111zer
.applitat1on was done at thls time due torthe late‘arrzval of,,

5011 test results wh1ch 1nd1cated low levels of n1trogen.

‘letrogen levels were 6 8 ppm whlle phosphorus ranged from

o 72- 101 ppm and pota551um ‘was 350 452 ppm.
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.Seedlings'which did”not survive the first transpiantingl¢
were replaced from‘the origlnal lot of transplants.‘ln
‘additlon a hilling frost occurred‘on June i 1985 Sewerely
. affected and kxlled plants were replaced fromwthe orxglnal
lot of-transplants on June 4. Each transplant agaln‘recexved

Al

a 0 5 litre of starter solut;on of the same concentratxon as
at the orxglnal plantlnq

Irrigation was carrled out as required uslné a‘solid
set sprinkifr irrigatiOn system. Time of‘irrigation was
determined with the use of irrometers placed at a depth fo
A15—20 cm.‘Supplemental‘hand watering was done on June 12,
1985 for the two supported polyethylene row cover treatments
when the plants showed some signs of ‘stress. The»plants o
‘under these two‘treatments‘were given one lltre.of water
each. | |
| The‘roy covers were completely‘removed on‘duly 1;yl982;
during a period of hot weather. The two supported o
ipolyethylene row cover treatments were spllt open at the top
on the prev1ous day to permlt the plants to accllma%ﬁze

Harvestlng of tomatoes began August ‘9 and was conducted
‘ t weekly 1ntervals up to September 20,1985. A total of 51x

'harvests was carr1ed out Total and marketable y1elds were

“recorded dur1ng ‘the harvest per1od Ff'

A prel1m1nary experlment vas also conducted on time of
row cover removal for one of the row cover treatments. F1ve

‘55 m rows were used for each of the two cultlvars. F1ve '

'5transp1ants per row us1ng the same spdizng as in the

[



.prev1ous experlment were planted 1n rows covered with a

-

B
»

clear polyethylene mulch The polyethylene row cover w;th 25

A

holes per m* was applxed over the rows. "One row cover was

removed at weekly intervals for each cultxvar begxnn1ng on

June 24, 1985 and extend1ng to July 22 1985. There were no

repllcatlons in this® experxment. The same harvestxng

N

‘procedure as outllned in the repllcated trials was followed

The yield data were recorded uslng all five plants w1th1n

each Low.

Data Recorded
1. Temperatures o y y

Temperature measurements under each of thé’flve

g treatments were recorded durlng the perxod of row cover ‘use

‘.was also recorded,‘

'f24—hour_perlod at €wo hour 1ntervals on,June 17-18, 1985‘
et . o T N ' : - . \_: . L

e
L4O days) from May 22 to July 1, 1985- Four‘replxcatlons

were made.‘Temperatures were only recorded in Plot A where
the. cultlvar Hybrld 31 was grown..

Maxlmum and minimum air temperatures using Brennan

minimum/maximum thesmbmeters were‘recorded at 20 cm above:

the mulch 1n51de the row covers and hot tents For

,compar1son amblent air temperature at 20 cm above bare so1l

P

N »

Soxl temperatures at a depth of 10 cm were recorded

.

,ftwlce da11y (0700 0730 h and . 1530- 1600 h) using a Lab- l1ne

- 4

Instruments 5011 thermometer.

H

A1r and 5011 temperatures were also recorded over one

29

.



30

. 2. Soil moisture
Soil moisture at a depth of 15-20 cm was tecprded using
irrometeré,\Measuremen;s were recorded daily froﬁ three.
_replications in‘Plot A. Spil moisture levels in pare soil
o . ~ n
were also measufed, however, only at one location.
3. LAght Transmittance
?hq?osynthetically,active radiatipn (PAR) was measured
under allllhe row cover treatments using a BI~COR, Inc.
Model 185A light meter and a LI-180S gdantum sensor (400-700
. nm). Six measurements were made for each row cover treatment
Q}pom ];00f1400‘h, June 19, 1985 wnich was a clear, sunny
say. .o
4. Fresh and dry weights
One plant from aacn replication of each treatment'fpr'.
each cultivar was collected during the morning of july‘2ndy{
the day after rpw cover removal.vThe samples consistad‘dnly’
of the above~groun6 portion of the plants (less roots). The
saimples were weighed on a balance and then dried fqf §§&
. N
hours at 70—75°q\in a forced-air 6ven. The dry sampleslwere
then wexghed again on a balance to record dry weight. Tne
.percentage of dry matter per plant was then determlned
‘The samples were randomly selected but precautxons were
tak%&-to ensure fhat the lateftransplants‘(due to frpst)

a t',ﬁ o

wera‘%ot included in the sampling. t ¥

5. Yield )

4

Y1elds were recorded in kg per plant and n!re generally

obta1ned from the yield of seven plants within each row. The
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first and iast plant in each row were disgarded.
Harvestiné'began 60 August 9, 1985 and wgs*done
manually at weekly intervals. Only ripe apd pink fruits werg
harveéted. Harvested tomatoes were sorted into marketable or
culled fruit. The culls consisted of small, cracked,
deformed or rough-skinned fruit. The percehtage:culls by
weight was recorded. The total and marketable yields and
total number of fruit harvested were recorded at each
harvest date. Harvest‘continued until the first killing
fros% which occurred(on September 20, fgg5q A strip harvest
was done on the final barvest date. All the fruit , excépt
the very small fruit (less than 3-4 cm in diamgterf, was
harvested and weighed. Mature green fruits on the last
harves£ date werewincludgd in the final total yield.
‘ Early maturity was measured by the yield of the‘first
three harvests (August 9 to August 23, 1985).
No hérvesting was done in the week of September 13 due
to cool, wet weafheg‘which delafed ripening. On the final
\ ,

harvest date, no measurement of marketable yield was done

\
due to the volume of the harvest and the poor weather

A}

conditions at the time.
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IV. Results and Discussion

N

1. Air temperatures

Maximum temperatures were greater than the ambient air
temperature under all the row cover énd hot tent treatments
(Tables 1 and 2). Méximum air temperature increases ranged
ffom 6.2 under Regmay‘to 14.2°C under .Poly 25. The large
increases were probably due o the cooler but sunny Qeather
conditions which prevailed during the time of roQ cover use
‘in the 1985 growing season (Tableb3). |

At the time of ﬁranéplanﬁing‘unusually high |
temperatures were experienCea. Also during June, the total
hours ;f sunshine recoréed, was the'sépond highest in 33
years. Although the mean daily maxiﬁﬁm temperature recordéd
during June was close to the 30 yéér average, the mean daily
ﬁinimumotemperature was 2.4°C cooler. |

The lérgest increése in maximum air temperature
(14.2°C) 0courred'unaer the polyethylene rOW‘cover'with 25

&

holes per m? (Poly 25). An approximate 10°C increase in

temperature occurred under the Poly 45, Xiro and hot tent
treatments. The hot tent treatment initially produé%d
ST ) :

similar temperature increases to the Poly 25 treatment,
however, further slitting of tﬁe tentsbon June 12, 1985
reduégd the temperatures recorded ﬁftér thaty date. Reé&ay
produced thé.lowest température iﬁc;ease 6.2°C). 2
' Minimum air,températures within the covers were similar’

' . . - Y " ' \
to the ambient air temperature (all medsured at 20 cm

N

32



Tad}e 1, Effect of various row covers on air and‘soll'(empern(uros.'

oo . A 1R T EMP, "c' SOIL‘ 1LEMP, ¢!
Ireatment Min, Max Mean AM, < _PM ' _Mean
Hot Te\p(s 6.2a* 36,30 21.3b 13 . 6c ~20 Aa 17 ‘Od
Poly 2;\ 3,9c 40. 2a 22 . 1a 14 2ab ‘ 26 6a 20,4;
Poly 45 A, 9b 36, 1b 20, 5b 14 0Ob 25, 3be 19, Tba
Reemay k\ 5,4b 32,2¢ 18.9¢ 14, 5a 24 Tc 19 6c
Xiro \\ ' 5, 1b 36 ,0b 20, 6b 14,2ab 26 1ab 20 2ab
Clear m\nc\r\\ c. “- T 13.2d  26.3a 19 . 8be

/ ) :
Amb ., air OA\ 6 3 26 .0 16,2 f2.1e 20 9a 16 Sa
bare sotl

'* Temperatures were recorded from May 22 -‘dune 30, 1985,
. )
AL temperatbres were measured 20 cm above the muich and soi)
temperatures at 10 cm depth,
' Mean separation in columns by Duncan’s ‘multiple range test, 5% level
' A\
\

A

1 .

Table 2, Temperatbre deviations from the ambient atr and bare soil
temperatures ukder various row covers, '’ ' ' S\
\
. \ ' .
AIR TEMP. DEVIATIONS'C SOIL TEMP,DEV!AT[ONS __c
Treatment Min ' Max. Mean A M. P M. ‘Mean
Hot Tents -0, ta +10.3b +5 b +1,5b ~-0.%a 00A5c&
Poly 25 -2 4c +14,2a +5 9a +2. 1a | +5 . 7a +3 %9a  _
’ . A . A ) -
Poly 45 -1.4b 1Q21b " +4 3b +1.9a +4 4n *3 2b
Reemay -0.9b +6.2c +2.7c = 2 aa +3 8¢ +3 1o
L]
Xiro -1.20 Hx?.ob- +4.4b. - +2. 1a +5 2ab +3.7a
P \

' Ambient atr temperatures wgre 6.3°C minimum and 26.0°C max imum

while bare soil temperatures were 12.0°C at 0700h and 20.9

‘C at 1530h.
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Table 3, Cltmatic da{a recorded at Brooks, Alberta (altitude 758, m) .

for 1985 and 230 - year average (1951-80), \

MONTMH g
May Juhe July Aug, Sept,
Mean datly 30 yr avg . 18,4 22.5 26,2 24.9 .2
max, temp,('C) 1985 20.9 22,8 27.6 22.9 .4
Mean agaitly 30 yr avg 3.8 8.6 9.7 4.4
min, temp.('C)"’ 1985 4.5 . 6,2 9.0 3.0
. Mean dafly 30 yr avg 11,1 15.6 8.6 7.3 11,9
temp . (°C) 1985 12,7 14,5 9.6 16,0 8,
. Mean precip. 30 yr avg ' 38.3 65.7 32,2 40. 1 33.8
(mm) 1985 c 13,2 22,0 38,8 53.4 65.5
Degree adays 30 yr avg @1.4a  169.8 266,8 228 1 87.2
above 10°C 1985 " 83.8 135.3 299.5 183.0 40.0
No', of hours - 30 yr avg 269.9 287 .1 3417 304.1  201.,2
of sunshine 1985 ' . 2942 354,5 348 .5 251.7. 129.3
Total no. of . 30 yr avg 116
frost free days 1985 94

height) only under the hot tent treatment. In all the row
¢over.treatments, the minimum temperatures dropped‘below the
ambient air temperature which was measured over bare soil.

\

The Poly 25 tréatment decreased minimum temperatures (2.4°C)

>

below the ambient air temperature. This was the largest
decrease recorded. The Poly 45 treatment, which-had a . .

greater. percentage perforation, decreased the minimum air

temperature 1.4°C below ambient air te&perature. . + e

. . t Q.

An'increase in percentage perforation in the supported

polyethylene row covers tended. to decrease rair
temperatures and increase the m1n1mum temperatures recorded
The temperature d1fferences from amb1ent Hoth minimum and
maxlmum ' measumed under these two treatments were

significant (Table 2) The minimum air temperatur




<
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difference between the two supported polyethylene treatments

Y

‘was unexpected and it is difficult to explain. It is perhaps

duevto the different humidity levels and rates of air

exchange.

-
! 4

Minimum air temperatures'lower.than thedambient air
temperature‘underﬂrow covers have been reported by otherA
researchers (5,15;31,35;41,42). However,'the.degree and. .
consistency of the temperature decreases observed in this
experiment were surprising. The temperature‘difference
between inside and outside has not heen fully studied by °

S \

researchers investigating the effects of row covers.

Y-

Maurer and Frey (31) found that the temperature under

_ slitted polyethylene tunnela was decreased approximately 2°C

below\the ambient air temperature on clear nights early. in

‘the segson. They did not speculate on'the cauge of the

reduce ntemperatUres. Hansen (15) attributed the difference

in tepperature to the 'lack of downward transport of sensible
he by the. turbulent motlon of the wind outsxde the

greenhouse. Savage (35) found that the a1rAunder plastic

/tunnels wgs cooler than the outside air: shortly after

sunset. The 1ns1de a1r temperature was found to decrease
more raprdly—than the outs1de ‘air. However, after a few
hours, the temperatures were aga1n equal and then flnally

warmer 1ns1de the tunnel than outslde. Savage (35)

attrlbuted thls to the fact that the sudden decrease in a1r

temperature causes an 1ncrease 1n the 1n51de relatzve
* \

: humldlty and then it 1s‘p0551ble that'condensed water.would4r*“"



. 36

form on the imside.. This condensed water could then .act as a

‘heat; barrier reducing the cool1ng rate of the air inside the
{ . .
plastic tunnel (44).

~In thig experiment, air temperatures were recorded at
two—hour int rvalglover a 24-hour per1od on June 17-18
(Fxgure 1). Temperatures increased to a,greater.extent under
‘the Poly 25 and hot tent treatmente: Temperature increaees
and decreases were least dramatic under the Reemafl ’/)
treatment. These results‘correspond'to the findings of |
Maurer and Frey (31). The air‘temperatures were foundvto be
“below the outside temperature shortly after sunset (Figure .
1. However,. in contrast to Savage's results (35), air _
temperatures continued to’ be gglow’the ambient air
temperature’Throughout ‘the night Maurer and Frey (31)
obtained sxmllar results early 1n the season (May) when the
tempenature under the slltted polyethylene decreased below
the‘ambient'at approx1mately 2030 h and contlnued SO unt1l
0800 h. The‘lower temperatures did not occur later 1n the
season when temperatures over a. 24 hour perlod were again
:kecorded in.late June. These f1nd1ngs are 1n contrast to the -
results obta1ned in the present research where. lower m:nlmum‘
‘a1r temperatures under the polyethylene row covers contlnued;
.throughout the perlod of row cover use. |
‘A 14 c decrease in a1r-temperature in Poly 25 was |
‘recorded between 2100 h and 2300 h Meanwhlle, only—aléf; °C
:decrease in amblent air temperature occurred M1n1mum ;Xr

— - -

étemperatures‘were_recordedushortly-before 0500 hv(near:
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"Fig;‘l. A1r temperatures recorded under varlous row covers
: over a 24 hour per:od (June 17- 18 1985)



sunrise). Similar trends were observed by Maurer and Frey

© (31) but the decrease in-temperatures was. not as dramatic.

A possible ‘explanation for lower air temperatures

inside‘than‘outside the‘row‘cover has‘been postulated‘by

“Wells and Loy (48). They state that when‘the‘humidityvunder

covers is so low that the dew point is not reached at low

temperatures, ‘'then temperatures may be lower inside than

outside the row‘covers. Therefore, low humﬁdity‘levels‘under
the covers 1n the present experlment may have produced the

'lower minimum temperatures under the covers. Unfortunately, B

humldlty levels were not recorded in my experlment However,

research conducted by Maurer. and Frey (31) would seem to

1nd1cate that the relative hum1d1ty at n1ght should be equal

to or hlgher than the ambient relatxve humldlty. Thelr

researCh indicated‘that when the ambient relative humidlty

was low'at night, the relatlve hum1d1ty under the slltted

_polyeghylene tended to be hzgher than the ambient.

It is also’ speculated that heat lost by the soil was

being trapped undervthe clear_polyethylene mulch. It was

'noticed that condensation on the undetSurface of the muloh'

occurred and thls could have acted as a heat barrler. The'

':result would be less heat be1ng dlSSlpated from the 5011 to

the a1r in the row cover. Meanwh1le,‘heat mov:ng up from the

5bare soil could have 1ncreased the amblent air temperature

flout51de the row cover. It was observed (Flgure 2) that so1l

18

z;flperatures under the row covers were hlgher than the bare
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Fig. 2. Soil temperatures recorded under various. row . -
‘covers over a 24 hour period (June 17-18, 1985)..
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Frost was‘recorded on June 1, 1985, when the ambient
a1r temperature at 20 cm above the bare 3011 was -1.5° C.

Temperatures recorded on that day under all the row cover

N

s e . .
and hot tent treatments were below the ambrent air

temperature. The Poly 25 treatment resulted in the largest
&

“-qJ

decrease (4 .0° C) below the amblent alf*temperature The hot
tent treatment experxenced the smallest decrease in -
temperature (1 3 c below amblent) These results are
different from: those reported by some researchers who have

. ‘\{lv c
o u i

suggested “ﬁx;?idw .covets offer some, frost protectlon. Wells"
. Y $ .’<\.

and Loy (48) re%orted 1'to 2°C frost protection with slitted

or perforated row covers ‘and the spunbonded polyester,

Reemay

Frost damage to ' plants under the varlous treatments was

,recorded (Table‘4). The largest numher of plants affected
.was under the two floatlng mulch treatments (Reemay and
Xlro) However, the lowest temperatures were recorded under
the two supported polyethylene treatments (Poly 25 and Poly
.45l; The plants under the xlro treatment vere: the most—

severely affected w1th approxlmately 75% of the plants 1n

the Hybrld 31 cult1var be1ng damaged

Wells and Loy (48) hav observed that plant follage 1n ':

'dlrect contact w:th Reemay materlal 1s more suscept1ble to
frost damage than supported row covers.»They speculate that

,mozsture forms more readlly on leaf surfaces rn contact w1th

;the °°V3f5: and that heat 1s more read11y re—rad1ated from'ﬁ'"

'the surface of the row cover to the atmosphere, resultxng 1n

oo .

ot 4»‘ A,,' . S
i pe Ty e

Coa
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Table 4', Degree of frost 1njury to tomato plants under
various row covers.

- . . ' -

L o % of Plants Killed
¥ of Plants Affected - or Severely Affected
'Treatment Hybrid 31 Brookpact Hybrid 31 ‘Brookpactd\
" Hot Tents . 0 0 0 o
Poly 25 26 - 12 18 . 4
. Poly 45 28 : 8 20 Y 6
‘Reemay 54 Ca2 2 0
Xiro 76 o 10 , 'Y 22 ‘0
Mean 37 e s 2
‘ : B .

>

' Frost injury was measured on Yune 1, 1985 when the m1n1mum
ambient air temperature reached -1. 5°C.

Vo

vrapid”frost'formation on the leaf surface. Similar

- condltlons may be produced with X1ro resulting in increased

-

frost damage with thls floating row cover also. In the case
of Reemay, it is also possible that\thls material enhances
ice nucleatlon on the leaf surfaces w1th whlch 1t is in

darect contact. It has been observed (48) that at 0°C, ice

.‘forms readily'from mozsture copdensed wlthin‘the‘pores of

;‘spunbonded fabrzcs. ; o |
| The number of piants wthh had to be replaced was quxte—e

| 51m1lar in"the supported and floatlng polyethylene row cover;'

‘treatments for the Hybrld 31 cultlvar. However, none of the

E plants of e1ther cult1Var under the hot tent treatment were

affected by»frostﬂ . o co
R o T R R



Other researchers have stated that row covers are not
\ \ ' '
effect;ve in. protectzng\plants from frost especlally 1f the

row cover 1s coupled w1th a polyethylene mulch C h‘

(27,41,42, 45) “The use of\hot tents offers a dxstznct

* ' N

,advantage ‘to producers in areas such as Alberta where the
danger -of frost is more prevalent It also offers the S

potential to plant the crop earlxer than would normally be

possxble thh LOW covaers. ‘ ‘f“ (
o : AR

A large dlfference in frE§§ tolepance between the two
oy : .

‘lcultlvars was observed (Table 4f\ The' Hybrld 31 cultivar had
37% of the plants affected and 14%\€f the plants kxlleP or

. severely damaged by the frost. In tﬁe adgacsqt plot only
"14% of the Brookpact plants were affected and only 2% were
k1lled or severely damaged The dlfference in >¥ost
tolerance between the two cultlvars may Sé due to the

"dlfferent select;on cr1ter1a that were used‘to develop these

CUlt1vars. Brookpact is. a cult1var that was produced\

‘.' ‘ ' - ! ‘\ I
‘locally ,f IR .," v ' ' 'f‘~ o A t' \

" Freez1ng temperatures were recorded under the row cover

treatments on four other days after the June 1 k1111ng :y{

~‘frost. However, no frost damage to the plants was " obsirved

'fThe last freezlng temperature under the row covers vas . .

-

recorded on June 11 1985.y

e e . 1 , . AR .. . Y ol

a2 Soxl temperatures ﬂff7,’:tpi‘j, f'-f R ,¢f.‘1ff'j}

=3

A
5011 temperatures d1d not change as dramatlcally as a1r

N
CA
-

ftemperatures but 1ncreases ‘in temperature at a 10 cm depth‘ ]f,
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uere obseryed (Tables 1 and 2). A significant 5:6°C increase’

4
|

.in afternoon soxl temperature above the bare soxlv
| temperature was observed in the Poly—25 Poly 45 and Xiro
treatments rSl1ght1y smaller but st1ll slgnrfxcant
temperature 1ncreases (3. 8 C) were measured under the Reemay
treatment.iThe reducﬁlon 1n soxl temperature increases thh
Reemay has been reported by other researchers (28 3D 31)
Afternoon soil temperature under the hot tent treafment ;;
was sllghtly below the bare so1l temperature but ‘not
signxﬁ1cantly The effect of the clear polyethylene mulch ‘
‘was probably negated by the method of laylng the hot tents
onfthe‘mulchi Soil was used to secure the edges of the hot
tents on the mulch and thls resulted in lower-501l
“temperatures bexng produced due to the shadlng of the mulch
| :Morning soil temperatures, wh1ch were measured near ‘the
time:whentminlmumvsorl temperatures occurred, were lncreased
‘1 S-é 4°C above the bare soil temperature by the row coyer
. and hot ten:streatmeﬁts wh1ch were all 1n.comb1nat10n with
the clear polyethylene mulch Soxl temperature under clear
polyethylene mulch w1th ho row or plant cover was measured
on sectlons of the hot tent treatment “to determlne the
"v,effect of . the ‘mulch. Clear polyethylene mulch alone B ‘;j gb‘
"1ncreased the mornzng so11 temperatures 1.1° C above the bare
' 5011 temperature | .
5011 temperatures recorded over a 24- hour perlod at

. t
‘ two-hour 1ntervals on June 17- 18 1985 (Fzgure 2) 1nd1cate

that the row cover plus mulch comblnatzon malntalned hlgher
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§oil témperaturgs.durin@“the ﬁightb‘Soil temperatures during
;fhe niéht did not decrease as rapidly under fhe row cover
plus mulch‘compinatiohs as with the clear mulch with no row
cover. Row covers weke found to increase the nighttime soil

temperatures approximately 1°C above that of the clear mulch

’_onl§.

X

3. LigﬁtvtranSmittance,
Photbsynthetically active radiation (PAé) was measured
under the row céyers dﬁging a clear sunny day and was
' c6mp§red‘to PAR in the open. The spunbonded polyester row
cover, Reéméy, transmiited less light than the polyethylene
row;covers (Téble 5). The Reemay reduced light tr&nsmittance
22% compared to 17% and 13% for.the Poly 25 and Poly 45
respeé{f@ely while Xiro reduced transmittance 10%.
PAR‘;as alsq measured under the hot tents using only 15
Pm of the one meter quantum sensor and this measurement was
con;érﬁéd té"a one meb;r reading. Light transmittance in the
Ihbfléents was found to be reduced approx;mately 60%. The hot
tents were slit open 20 cm in length by this date.
The reauced light transmittance resulting from the use
of various row covers corfesponds to the findings of otﬁfr

reéearche;s'(28}305. wedls and Loy (48) state that the
reductiod %n light transmittance should not limit the growth
of young plants under row covers since the photon flgx
densiﬁy of full sun‘is weil above the light saturation point

of crop plants. It is not known if the greatly reduced.light
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Table 5. Transmittance of phntosynthetically active
radiation (PAR) through row covers on a sunny day
(June 19, 1985)>, )

- “PAR Readings'

Row Cover uEm- *s"! % of Control?

Hot Tents 630° 39
Poly: 25 1330 83
Pé;y 45 | 11395 o 87
Reeﬁay ' | 1250 78

Xiro ) 1440 90

' Each value represents mean of 6 measurements made with a
LI-COR, Inc. Model 185A light meter and a LI-190S_quantum
sensor (400 to 700 nm). :

* PAR measured in the open.

> Measured using only 15 cm length of qguantum sensor
and measurement converted to a 1m reading.

. 4
transmittance under the hot tents could affect plant growth,

particularly if extended periods of cloudy weather occurred.

4. Fresh and dry weights

" In both cultivars, the highest mean per‘plant,fresh and
dry weights were obtained‘in the Poly 25 treatment (Tablés 6
and 7). In the Hybrid 31 cultivar, plant dry wéight was
significantly higher in the Pbly 25 treatment than in all
the other treatments (Table 6). In Brookpact, the twé
supported pdlyethylene row covefs (Poly'zs and Poly'45) had

sigﬁificahtly higher. dry weights than the hdt tent tréatment
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Table 6. Per plant fresh and dry weights (less roots) for
. Hybrid 31 tomato cultivar at time of row cover removal.'

N
-

- " PER PLANT WEIGHT

‘Treatment Fresh Wtr(g) Dry Wt.(q) ;%lDry Wt.

Hot tents ©203.3 25.6b%  12.9a

Poly 25  a16.5 47.4a 11.4b

Poly 45 %” . 2011 24.4b ¢ 12.3ab

Reemay - 139.8 : 17.4b - " 12.5ab

Xiro 123.7 16.4b 13.4a
&

' Fresh weight samples were collected and weighed in the

morning of July 2, 1985. .
* Mean separatlon in columns by Duncan's multiple range
"test, 5% level.

Table 7. Per plant fresh and dry weights (less roots) for
'Brookpact tomato cultivar-at time of row cover removal.

- Per Plant Weight

.
TreatJCntI' Fresh Wt.(g) Dry Wt.(q) % Dry Wt.
Hot Tagt 201.7 22.8b> 12.0a
Poly 25 583. 1 59.8a 10.6b
ﬁbly 45 ' 490.8 - "51.1a 10.5b
Reemay .: Ny 389.6 © 43.2ab | ‘11.3ab
Xiro 293.5 : T | 34.8ab 12.0a -

' Fresh weight samples were collected and welghed in the
mornlng of July 2, 1985,

3 Mean. separation in columns by Duncan s mult1ple range
test,. 5% level. .



(Table 7). ‘

‘Plant growth is affected by’the air and soil
temperatureg.‘Although the air .temperatures recorded under
the supported polyethylene row covers and hoF tents were
éuite similar; there was a §ignificaht:di§fergnCevbetweén
mean soil temperatures. Mean ;oil tempérétures under ;he‘
polyethylene row covers were approximately 3°C higher than
the hot tent treatment and this factor would seem to account
fdr thg'increased plant érowth under‘th§Se cover® in at
least one cultivar, Brookpact. In contrast, Hybrid 31
exhibited large differences in* plant growth between the two
supported‘polyeﬁhylene row covers (Pol§A25 and Poly 45).
Although mean air temperature was 1.6°C higher under the
Poly 25 than the Poly 45 treatment, the mean soil
temperature was only 0.7°C warmer; These differences in air
and 5011 temperatures resulted in almost thce as much- |
growth occurrlng,under the Poly 25 treatment in Hybrxd 31.

! Dry matter content of the plants in the different
treatments was also determined (Tables-6 and 7). The dry
matter content of plants under the Poly 25 treatment was
found to be s1gn1f1cantly lower than for .the hot tent and ,
Xiro treatments in both cultivars. In Brookpact, Poly 45
also produced 51gn1f1cantly lower dry matter content 1n
tomatoes than d1d the hot tent or,X1rq,treatment$.

Benoit (2) reported that the relative dry matter

content of 'lettuce plants decreased with‘the.leﬁéth of time.
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during which the plants were covered with perforated
polyethylene. Shadbolt et al. (37) also found significantly
hxgher moxsture contents in cantaloupes grown under o
polyethylene covers compared to hot tents.

N

Several factors have been sUggestq@ to account for the .
dxfference in relative dry matter contents Shadbolt et éz.
(37) attributed\1t to hxgh 5011 temperatures which caused
increased root growth and physxolog;cal act1v1ty in
cantaioupes.and this resulted in increased uptake .of water
and‘nitrate-nrtrogen in the planta; Benoit (2) found that
lettuce covered with unperforated polyethylene contained a
higher percentage of dry matter than those covered with
perforated polyethylene. This was attributed to the reduced
transpxratlon under the unperforated polyethylene.

Temperatu;e and CO2 levels have also been suggested by
Benoit (2) to affect the dry matter content of plants.
Higher temperaturea”may‘causeldissimilation to increase
wnile reducea coé leﬁels under unperforated polyethyiene may
prodnce smaller plants with higher dry matter contents.

In this exper1ment it is difficuit-to speculate which
factors contr1buted to the reduced dry matter content under
the_polyethylene‘row covers since the C02‘1evels‘and a s
relatiye numidity under'the‘row7covers-were not measured.

A'correi;tion was doneﬁto‘determioe if there was a.
relationshfp between the dry weight. of'tomato plants at the

t1me of row cover removal and the early total' and f1na1

total yxelds (Table 8). The two tomato cultivars produced'

»
'
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T;;IENB Correlation (r) between per plant dry wexght
(less roots) and-early total yleld and final total yxeld

——

L A

CULTI VAR

‘ Hybrid 31° . Brookpact

Fruit Yield ‘ r . ‘ T

Early total yield . ~ +0.71 %% +0.06 n.s.
- Final total yield . *0.66 =xx +0.64 *=x

n.s. - non significant correlation

xx - significant correlation at p.= 0.07

different results. In 5ybrid 31, positi%e eorrelations
between dry_weight and‘the early total and final total
yields were found to be highly si;nificant.

In Brookpact, final total yields had a highly

significant correlation but early total yields showed no

correlation to the plant dry weight at the time of rdw.cover

removal.

5. Early maturzty : : "‘ o = 'l.V }d
Early ‘maturity was assessed as the yxeld of fru1t
p1cked at the flrst three harvests (August 9 to August 23)
None of the row covers éign1f1cantly 1ncreased early ylelds N
compared to the hot tent treatment (Tables 9 and 10) |

In the cultlvar, Brookpact, matur;ty was delayed by all

the row cover treatments. The hot tents produced a»,,' ; lﬂaf;

s1gn1£1cant1y hlgher total and marketable early y1eld tha%\

-l
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‘Table‘S; vEffec( of rov'covers on marketable. .total and‘tbtal plus strip
l harveq‘f yléllds ‘Iof Broogpact ‘ ‘toma‘toes ' .
’ CUMULATIVE _ FRUIT _ YIELDS AT HARVEST - ‘ikg/gjabt)
- N ' Final © Total
* ) '; l : - ‘ l ‘ . Total : ' ‘ Str1p
) Marketabte . . _Total Yield Harvest
‘Treatmen( Aug.23 seﬁt.s { Aug .23 Sept.6 ‘ ‘s_ept-.gc; ' Sgpt,2i.
Hot'Tents . 0.62a' - 2.38a 1.09a  3.10b  4.32p .8.27b
"Poly 25 ,  0.26b  2,90a 0.58b 4.6aa  7.34a . 12.78a ..
Poly 45 0.23b  3,18a 0.655  4.48a - 7.16a .‘ : ‘ié.qégl
—'= . Reemay \*\f" 0.26b 3,23a . 0.40b ‘4.45a 6.61a L T1f53al k
” Xtro ' 0.150 _ 1.18b 'b.aab 1.77¢ a.718 . 11.92a -
' Mean géparat!on in columns by Duncan’s multiple Hange test, 5% level,
i ' . 4 y ‘ ‘ . v“. .' N .
Table‘io. Effect of row‘qoverﬁ‘on mérketgble.‘total and total Plus strip
harvest ylelds of Hybrid ai'tomatogs. ) .
A CUMULATIVE _ FRUIT _ YIELDS _ AT HABVESTY : (kg/plant)
.\:' o - C | ' ; ‘ o ) fiﬁar ‘ Total
’ . ' .N:”v’ ; . Total . s£}1p
Marketable ~ B a ‘Total . ‘ yfe]d Harvest
: rreathent‘ Aug .23 Sépg;é : Aﬁg.23\ tSept.G sépflzo Sept.20
.. Hot tents ' 0.23ab' 1.73¢ ‘f,“VOL4Sa 27220 4i0b  9.72bc
( Foly 25 " 0.41a . 2.59a .  0.e8a .;.ﬁép  é.oea . 11.37a
Poly 45 L p.éza ‘; 2.48ab" ‘O.SSa‘.‘iélkid 5. 16ab 'sd,04b
‘Reemay  0.11b  1.87bc.  0.12b  .2.200 < 4.13b . WS
Xtro . 0.02c.  ©0.72a. " 0.020 ‘‘o.86c.  2.43c ' s.4asc

'

* B ‘ ' ‘ : ’ " ' T A‘ -'. .
ﬁ,ﬁé}n.separafion in colupn;’by:buhcan’s fultiple range tea;ﬁ'sxulevél.

v L
t .
h
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‘the row covers (Table 9). ln Hybrid 31‘(tableYTO) the twon“
supported polyethylene row covers produced sllghtly hxgher
.totalvand marketable early yxelds than‘dxd hot_tents, but
' the‘differences were not signiflcant. | |

 Results with the:floatlng row cover treatments' Xiro
rand Reemay, varled between the two cultlvars. The floatlng"
row covers produced 51gnlf1cantly lower early total YIGldS
‘than 'did the other‘treatments in Hybrid 31. However, in
.Brookpact, no signifitant‘differences in‘yield“were~obtained‘
between the floatlng row covers. The yield differences
"‘obtained‘between the two cultivars‘may be explained byvtheirr
vdlfferent growth hablts. Hybrld 31 produces a plant with
less follage and thh a longer distance between 1nternodes
'The result was that the plant support of the float1ng row‘
‘cover was‘hot as good as that of Brookpact ‘This resulted in
| poor plant growth and some flower abortlon. S1m11ar growth
'problems occurred in Brookpact but the damage was not as
‘severe as in Hybrid 31. | o | . ' .

The constant wlnds that‘occur in southern'Alberta'

produced stunted plants due to the abra51on between the

efloat1ng row cover and the plants. In some cases, the tomato

a

e plants wore holes through the. Reemay mater1a1 However, the .

,plants in both cultlvars made a rap1d‘recovery 1n‘the two _
‘float1ng row cover treatments once the covers were removed
Slm1lar obsefvatlons have been made by Taber (41) in 1owa

- where wlnds produced growth problems. a
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" In Brookpact ‘Reemay produced a 51gn1f1cantly larger
fruit size than the Poly 25 treatment for the early y1eld
‘whereas no\dlfference 1n fru1t size was notxced in the
vabrld‘31 (Table 11). The exposure of pollen to H?gh

“

_ temperature can‘have\adverse<effects on fertilization or on
vthe processes ‘which 1mmed1ately i{ecede or follow 1tl(33;
'Slnce f1nal fru1t size is influenced by the number of seeds’
(33), Tow covers wh1ch produce extremely h1gh temperatures‘
at t1me of fru1t set‘may produce smaller sized frult

No 51gn1f1cant dlfference in percentage of CUlLS in
‘Brookpact was observed among the treatments (TaBle 12).
‘Howeverv\xn Hybr1d'31 the- Reemay treatment produced a
‘51gn1f1cantly lower percentage of culls than the two
.supported polyethylene row cover and hot tent treatments.
The reduced percentage of culls in the Reemay and Xiro
treatments may bedue merely to their delayed maturlty in
fth1s cult1var. -

|

6. Final yields

"The . harvest per1od extended from August 9 to September‘

_“'20 1985 Cumulatlve ylelds were recorded over thls per1od
;5'(Tables 9 and 10) Cool, wet weather dur1ng the harvest
.perlod delayed maturzty (Table 3) In the cult1var,; |
‘i Brookpact Reemay and the two supported polyethylene row
'7‘3covers (Poly 25 and Poly 45) produced s1gn1f1cantly hlgher
'lflnal total y1elds than the hot tent: and X1ro treatments

f;:(Table 9) For Hybrld 31 (table 10) only»the Poly 25



53

Table 11. Effectfof various row ccvers,on fruit size.

AVERAGE ' WEEGHT oF FRUIT' (4
| H YBRID 31  BROOKEPA c’m
Treatment | Aug.23 | Sept.6 . Aug.23 Sept 6
Hot Tents . '83a: o 78a‘ S ‘16§ab o 146ab‘
‘Poly 25 90a - 772 145b 140b
~P01y a5, . | ‘f 878 79 . 171ab o 150ab
Reemay R : 872 76a | Ci92a 1eoanJ
‘Riro | . s 72 161ab . 136ab

1 ' . !
P . . . )

-

'. Based on .total number of fru1t(ﬁarvested up to that
harvest date 1nclusxve.

2-Mean separatlon in columns by Duncan' s multlple range
test, 5% level. '

’ Negligible haryest.

‘treatment produced significantly higher final total‘fields "
than the two floating row cover,and the hot tent\treatments;
Marketable yields‘uere‘not measured on the lastaharvest
" date. - | | | -
| The higher final‘total yields“appear £6 be‘due to‘thevd
hlgher a1r and 5011 temperatures recorded under the row.- |
'ﬁcovers except for the Xiro treatment. It 1s d1ff1cult to -
d,ﬁexplaxn the dlfference in ﬁlelds obta1ned wzth Riro S1nce
. the air and so11 temperatures measured under thls treatment‘
»1were S1m1lar to those obta1ned w1th the Poly 45 treatment.

)vl"The explanatlon for the dafference observed may be 1n the

;S\ method used to measure the air: temperature.-Thermometers

N~
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Table‘]?.fthfecﬂ of various' row covers on pércent:culls. .,
. L ST BT S L S \ ) . .
. " - K IR o N o
3 ) ! “AVERAGE“ PERCENT CULLS"”

Rl

o

B R O O K P 'A.C T

S U UHY B RID 31

. ' B co . '
Treatment ' @A‘Augw23»;; Sept;6“ y Aug 23 Sept 6
‘Hot‘Tents ‘:,.ﬁ‘ﬁj “49a?}‘ﬁ“‘p22ab-23ﬂ”“ ‘“43a;‘“ ~;24a-'

Poly 25 . . ., 3%’y ' '2sa + "  s5a ... 35a

Poly 45 36a .. 21ab 00

Aéaj

1

1(%)f~

Reemay: 1 myf”ﬁf:'12b S se . 36a ' " 28a-
Xiro . o ===a T Uiqebd S4a 318
{
‘ﬂ, A
. ' |
! Percent culls on a, we1ght ba51s., ‘
* Mean separatxon in columns by Duncan s’ multzple range -

test, 5% level

? Negligrble harvest.

were placed on wooden stakes and the temperature was

measured at a. he1ght of 20 cm above the soxl

.' )

The wooden Lo

-stakes held up the Xer at thls p01nt and created more‘

1

.openlngs of the small perforat1ons 1n th1s materlal than

‘were present OVer the tomato plants.na

Mansour et a] (29) observed eXcess1ve heat bu1ldup

“w1th xlro 1n thelr research on floatlng row covers. The

°lower flnal total ylelds w1th the X1ro treatment»observed 1n

- 3

‘thls experlment may therefore have been due to exce551vely

"x.h1gh a1r temperatures. The exce551ve temperatures appeared

.J-to delay maturlty only s;nce total productlon (f1nal total

lt;rYIQIG plus str1p harvest) equalled the product1on of some

PN A
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other row covers (Tables‘9 and 10) .
The lower yields obtalned in. the hot tent treatment
appear to be due to :the lower soxl temperatures espec1ally
. for the cultlvar, Brookpact;U51nce351m11ar axr-temperatures j
to the‘supported‘polyethylene row covers were recorded An‘”
apprOxlmate 3°C 'increase in mean 5011 temperature resulted
from the use of supported polyethylene row covers 1n
comparxson to hot tents. f
Cumulatlve marketable ylelds were recorded to September
1985 In Brookpact »marketable y1elds were sxgnlflcantly'
‘ lower in the X1ro treatment (Table 9) compared to all the
other treatments. With Hybrld‘31 (table 10), the Poly 25 and
Poly 45‘treatments produced significantly higher marketable.
y1elds than in the hot tent and X1ro treatments The Xiro
‘treatment agaln produced 51gn1flcantly lower ylelds than in
all the other treatments. .

1

No s;gnlflcant dlfference in percentage of culls in

Brookpact was observed However in Hybrld 31, Reemay

produch a 51gn1f1cantly 1ower percentage of culls than the e

two sdppo:ted polyethylene row cover and hot tent treatments

(Table;12)
Nyl BN ‘ \ ‘
sfaffiw"i"*’l“:'uJ.t 51ze ‘was not affected by row cover treatment in

"1Hybr1d 31 but 1n Brookpact Reemay produced a s1gn1f1ca&tly
u larger frult 51ze than the Poly 25 treatment (Table 11)
A str1p harvest was done on the f1nal harvest date.

‘nglnal total y1elds 1nclud1ng the str1p harvest showed

“dramat1c dlfferences between cu1t1vars(Tablés 9 and 10)

. . ., B . . , ,
“ i . e . s " AR . ”
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;'Brookpact total productlon was 51gn1f1cant1y 10wer i the‘w
A’n AN / ' . '

" hot tent treatment compared to. all other treatments.‘Eor

oy " ‘.

“'Hybrld 31 ‘the Poly 25 treatment produced 51gn1f1cantly
lighxgher total productlon than all the. other treatments Total

o

productlon in the two supported polyethylene treatments was

: 51gn1f1cantly h1gher than the two float1ng row ‘cover-

Voo . "a

e e @

treatments~ Xlro and Reemay. _V

vt
/,

The dlfference 1n total productlon between the two ‘ -

-

A * A

CultharS under the float1ng row covers 1s p0551bly due to

,A- “

the1r dlfferent growth hab1ts whlch were dlsCussed earl1er.'

| The two floatlng row‘covers had more of‘a detrlmental effect‘

on Hybrld 31 | . - SRR
H-7 Tlme‘of rowvcover removglj‘i .
. The hlghest marketable and total ylelds for both’
lcultlvars were obtalned from the earllest cover rem0val date
(June 24 1985) (Table 135. The ylelds shown 1n Table 13 are
the cumulat1ve yzelds to September 20 1985 wh;ch was the‘}

R

last harvest date. Yxelds decreased 300 350% from the flrst

removal date to the last removal date. These results seem tO‘”

'\

71ndlcate that the t1me of row cover removal 1s an 1mportant

“”factor to: con51der w1th the polyethylene row cover

- treatment. Thls may be due .to, the hlgh temperatures ‘e

,i.occurrlng under th1s row cover treatment later 1n the season\‘~"

I

R whlch would 11m1t the fru1t set (33 39)

S1nce th1s experzment was - not repllcated 1t s I’F{“'

i

‘d1ff1cult to. draw any f1rm conc1u51ons.,However, 1t would o

ca

: . o .
- ! o : o [P

' ,,'
56Y
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Table\13 Effect of time of row cover removal on fruxt
y1elds of tomatoes.' -

e FRUIT YIELDS? (kg/plant.)

e . L ‘ ‘
“Date of "HYBRID 31 - BROOKPACT

Cover: Removal? Marketable Total Marketable . Total ‘

A~

June 24 6.28  7.49 6.61 .. 9.05
qu;y;ip*imﬂ“ © ez 5.36 a3 6.3
July é‘uﬂ';k C 273 - 3.33 f\ 381 7 s.as
July 18 v “;j.éé,.i Codgr 2.26 . 3.49

“guly 22 . 1i90.. 0 2413 . 1:76 o 3.0

! '"Pre11m1nary expermlment——no repllgptlon‘oﬁ expefﬁment‘,

. was done. k" N RN e .
. R T2 . ot } R :‘«
m R

"'Polyethylene row cover w1th 25 holes/m2 was used in all
*,cases. x : : T

s Fru1t yxelds are cumulatlve to. Sept 20, ]985.
) . oo o , v ST ‘ i
appear that moreﬂreseareh‘with earlierfremoval'dates-is f¥~f
re 1red S T R S TR .
= WP o I E RO
* T1me of cover removal for Reemay may not be as’ cr1t1cal
; v

;sxnce exce591vely h1gh temperatures are not - as common w1th

'th1s materlal. PR , R C
/ B T R

.v‘v‘._-.<-‘



V. Conclusions

i -Supported poiyethylene row covers produced@ higher total
yields}in both tomato cultivars. Yieide‘were increased more
in Brookpact than in Hybrid 31. Final total yields in
Brookpact .were increased 66-70% above the control (het
rents)’while in Hybrid 31, final‘toral yields were increased
12-32% by the supported polyethylene row covers (Poly 25 and
Poly 45). ﬁir and soil temperatures appear to be the major
factors influencing)yields. The higheet yields were obtained

in the Poly 25 treatment which produced the highest mean air

“and soil.temperatures.
‘Plant"responses to :row er’plant covers vary with the
plant's ability to resbond to the modified climatic
conditions. Brookpact responded more £avorably than Hybrid
31. This may be due to the fact that Hybrid 31 i% a hybrid
uand thererore tended to be less tolerant ¢o envirenmentaﬁ
‘extremee broauced under the covers. Hybrids have a more

unif¥rm genetic compostion and are therefore not as

adaptable to dgfferent,enxironmental conditio{} as

'
-

open- polllnated culejyars. »

The two floatlng row covers, Xir® and Reemay, decreased

>

fine; total yields compared to ‘the control in Hybrld '31. In

“Brookpact Reemay 1ncreased fxnal total ylelds '53% above the

™

‘control, whereas, X1ro decreaéed yields 14%. Generally, the
HE
two floatlng row covers did n?t pergprm well under

cOnd1t1ons found 1n south/;n Alberta. Wind generated .

T

abrasion of the plants by the floafing row.covers and tended

&
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to stunt plaht growth and cause some flower aborfion.‘
However, in one cultivar, Brookpact the Reemay,dxd 1;crease
5y€/f1nal total ylelds Increased yields in” the Reemay |
/4reatment wvere possﬂbly due to the growth habit of
~_-7 Brookpact. Presently, the high cost of Reemay does not seem

to justify its use. It has been argued that Reemay is
reuseable but from observations in this experiment, it
proved to be very difficult to remove the material without'
some damage occurring.

W

Although final total yieids were ipcreased )
significantly'wiEh the supported polyetﬂ}lene row covers, in
Brookpact, maturity was delayed. Early marketable yields in
the hot tent treatment were approxiﬁately double ﬁhe other
row covef treatments. |

’ In Hybrid 31, the hot tent treatment produced lower

total early yields than the two supported polyethylene row(:‘\://

covers but the differences were not significant. Eaelyh
mafketable yields were 40-80% higher in the supporeed.
polyethylene treatments than. in the hot-tent treatment.

There was no sxgnzflcant dxfference in yields between
the two supported polyethylene row covers. But, final total
yiela;~were'higher in the Poly 25,treatmenp especially with
the Hybrid 31. The highest maximum eir temperatures and mean
soil tempegatures were‘recordedﬁunder this treatment.

" Althgugh-sohe of the rew covers did increase . yields

above the control, none of them offered similar frost

protection to the hot tepts. Air temperatures were found to
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be lowef than the ambient air temperature under all of éheA
row covers. Therefore, row covers do not allow the producer
to plant any earlier than normal.
Mdre rgsearéh is required on the use of different types

of polyethylene materials which do offer some frost '

protection. These materials do not lose soil and air heat as

rapidiy as the low density polyethylene material used -in
this experiment. Matérials such as infra-red polyethylene)
polyvinyl chloride (PVC) and ethylene-vinyl acetate (EVA)
can reduce heat losses during the night. Materials which
~offer some frost protection are very important for the ;ype
of climate that is experienced in southern Albertaf
Another iméortant aspect of row cover use that will
require more research is the time of row‘ggber removal. From
the preliminary resea;ch_carrred out in this experiment, the
time of row cover removal has‘an important effect on yields
produ ._Mazﬁélable and total yields for both cultivars
\\5,/4€f:’i::;ced with increasing lengths‘qf row cover use.
It aﬁpeafs h¢ evious research carried out at
Brooks, Alberta (17) which indicated pélyethyleﬁe row covers
~did not increase yields above that of hot‘tents'may‘hafﬁ
been due ﬁo the'time of row cover removal. It was gpﬁg;ted
‘ that the plants p;oduced excessive vegetative ng;;h under.
the row covers.‘similér observations were made in this
-experiment‘Qith row cover treatﬁents,that were removed at
late;'dates. Findings'jn'this experiment appeaf to\ indicate

~“that if the polyethylene row covers are removed at the

Y

. 4
-
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o

T T
proper time final }\ilds may be increased more than with hot

tents. , N
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