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: WITH PARTICULAR REFERENCE TO THE FLUID DRILLING TECHNIQUE

a
E

. Field experiments were conducted on organic solil to determine

)

- I opti% culciva% and cultural wmethods for 'the prodﬂtion of a
dehydrating onion.

Among’ the 12 cultiv%’{i tested, Dehydrator-14 and Southport White
¢ Vs Globe p-roved most suited. /Fluid"xirilling hastened emergence and

to dry seeding. S/eeding one week after the soil could be worked

ap{:eared most beneficial. kA__gpwing rac%cgf 35 seeds m~! prod:jc:d

the op‘timal bulb size and yield. -

B kconditions.' Agrigel and Water-Lock JS550 were the best gels.
Incorporation of gel additives (endomycorrhiza, 'growth regulators,
fertilizers and fungicides) gave positive results. Cytex (0.25 to 5%)
had no significant effect. Pro-Gro proved efficient in {improving
plant, stand and yield in a smut infested fleld. While incorporation
rates of Pro-Gro from 0.1 to t:t[t_zé‘ gtandard (0.l6 g 1"1) had no

deleterious effect on early growth, rates from 5 to 10 ctimes were

phytotoxic.

increased bulb size but decreased final survival and. yields compared,’

4
’ Laponite gels did not appear adequate Ifnd‘er present field’/
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METHODES DE CULTURE POUR LA rnond‘pnon D'OIGNON A DESHYDRATER AU
QUEBEC, AVEC RMPHASEYSUR LA TECHNIQUE DE SEMIS KN GEL

» .
i

Des expériences ont &té entreprises sur sol organique en vue de

déterminer les meilleurs cultivars et 'méthodeswde culture pour la

production d'oignon 3 déshydrater. ,

. A}

,> Dehydrator-14 et Southport White Glo’i)e furent les cultivarg les
¥

Ce "plus adéquats parmi led 12 cultivars testés. L'ensemencement en gel a

permis une &mergence plus rapide et 1l'obtention de bulbes plus gros

~ N
! que le gemis de graines séches. Par contre, le taux de survie et les

rendements ont £t& diminués. Semer une semaine aprés que la terfe p

puisse 8tre labourée a semblf le plus bénéfique. Un taux de semis de

e 35 graines n~! a produit un optimum de rendement et de grosséur de

-

) ' bulbes. ‘

Les gels Laponite n'ont pas &té adfquats dans les conditions de
¢ ferrain existantes, tandis qu'Agrigel et Water-Lock J550 furent les
meilleurs gelsﬂ. L'incorporation ;i'additifs au gel (endomycorrhizes,
régulateurs de croissance, fertilisants et fongicides) a donné des
résultats positifs. Cytex (0.25 & 52) n'a eu aucun effet
significatif. Plro-cro fut efficace pour améliorer le taux de survie
et le rendement dans un champ infesté de charbon de 1'oignon. Tandis
que des taux de concentrations variant entre 0.1 et 1la concentration
standard (0.16 g 1"1) de Pro=Gro n'ont eu aucun _effet sur la
croigsance des jeunes plantules, des taux de 5 38 10 fois plus Elevés

1

furent phytotoxiques. .
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I. INTRODUCTION

A major part of the 30,000 tons of onions produced annually in
Quebec is grown on the organic muck soils of the counties of

Chateauguay and Rapierville where 180 and 595 hé, respectively,6 vere
i N

harvested in 1982 (Statistics Canada 1983). }

e /province of Quebec is

f
{

Th
90% self-sufficient in fresh market onions. However, the situation is

’
different for dehydrating onione. As reported in a 1980 census (MA@AQ
1980), the dehydrating onion production was only 5.8% of the total
Quebec production. Accordingly, only a small proportion of the 1500
tons of dehydrated onions used annually 1in jthe province is thus
produced locally. -

The lack of expertise, proper equipment and financial support has
impeded the development of th; dehydration industry 1in Quebec.
Furthermore, the uses and advantages oOf thexdried onion over the
fresh, canned or frozen product are not well known by industries and
consumers. In fact, the dehydrated onion 1is considered to be the
closest in taste to fresh onion with the additional advantages that it
can be stored longer without losing texture, colour, flavour or food
value, and it requires a small area for storage. Another reason for
the limited production is the requirement of 7 to 17 kg fresh onions
for every kg of dehydrated material. Therefore, tremendous quantities
{minimum 20,000 t of onions per year) are required ‘to supply a
dehydration industry in order to make it profitable (Woods Gordon
198é). Unfortunately, the reqularity of supply of raw material is the
main problem 1in Quebec where the harvest period 1is restricted and

climatic constraints important.

Despite the difficulties encountered there is place for a

. \
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dehydrat:ion industry in Quebec to satisty the growing demand and to
develop the market to competev vith American products. Moreover, as
this culture has only recently been introduced into Quebec, many
cultural a;'nd managerial aspects remain to be established. The
varieties presently produced, White Creole and Southport White Globe,
are not performing satisfactorily in our climate (woods sordon 1982).
Research efforts thus need to be concentraéed on finding high yielding
cultivars which present the proper characteziistics, prolonging the
growing season by appropriate te/chnp%égical methods and developing new
openings for the product. The present project was undertaken to
screen potential cultivars and establish a growing systemesuitable for

white onion production in the province of Quebec.

]



IX. REVIEW OF LITERATURR

- This 1literature review has been, designed to present details
, concerning the vhite onion crop and the managerial/cultural techniques
.that influence its qrogth and development. |

4

2.1 characteristics of the dehydrating onion

[y

Yoy

The onion, Allium cepa L., believed to originate from| the Middle

East, was first described by Linnaeus in 1753 and has been in

s e S L A

cultivation for over 5,000 years (Jones and Mann 1963). This crop,

belonging to the genus Allium, has been recognized as a member Of the

: Alliaceae segregate family by Cronquist (1981) and of the Allioidae |

‘Ma
.

sub-family by Hickey and King (1981). Both units are in the broad

family of the Liliaceae. Among the some 600 species Allium cepa has

A

EN
i been the most widely cultivated.

TN S T BTN S W YRR NS T

The onion bulb 1is of prime importance as it represents the
economical part of the plant. It consists of a short underground stem
or pseudostem (Lercari 1982) with fleshy scale leaves which envelop°
the terminal bud (Rabinowitch  1979). Considering botanical,‘
physiological and chemical characteristics,: the white dehydrating

u

onion resembles all other dry bulb onions, but it differs somewhat in

-

its uses and certain chemical components.
The demand for onion products and particularly for dehydrated

products has been increasing (Jones and Mann 1963; Yamaguchi, Paulson,

Kinsella and Bernhard 1975; Woods Gordon 1982)., Dehydrated onions are
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sold in various forms: chopped, sliced, in cubes, grgnulated, ground
ar powdered and are used for 'seasoning, in canned food products and
salads (MAPAQ 1980). oOnions for dehydration should be high 1in
pungency and should not loge their white colqur or develop a bitter
flavour on drying. They should have small necks and an elongated
shape, be free:of diseases and mechanical injury, and above all, have
a high content in total solids (Jones and Mann 1963; Wwdpds Gordon
1982). Wwhite cultivars are used almost exclusiv;T;\‘TﬁT'they

' -
genetically maintain a higher content of soluble solids than other

types..

Mann and Hoyle (1945) noted that onion cultivars characterized by
small bulbs had higher dry matter contents than their large bulb
counterparts. McCullum (1968) as well as Nieuwhof, Den;uyn and
Garretsen (1973) cohfirmed this negative correlation between bulb size
and dry matter among cultivars. The dry matter content is genetically
linked to cultivar type. Indeed, McCullum (1968) found heritabilities
of between 70 and 80%. Despite this heritability, environmental and
experimental factors h;ve(Leen shown to modify the ac;umulation of dry
matter and the colour of any given cultivar (Brewster, Hardwick and
Hardaker 1975; Steer » i982; Yamaguchi et al. 1975). In turn, dry

matter content affected the sugar content and” the pungency (Brewster

1977; Lercari 1981 & 1982; Yamaguchi et al. 1975).

2.2 Culture of the crop . ' ,
Statistics on specific groups of 6hions (e.g. colour, market
usage) are extremely difficult to obtain and data for bulb onions,

encompasses all subunits.

t;ﬂ"

T
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wWorld production of bulb onions was 22,397,000 t in 1982 (Fao
1983),E§gking this crop the third most important vegetable following
tomatoes and cabbages, in terms of annual tonnage. While Asia and
Europe were the biggest producers, North America was ranked third
a{ong with the USSR (Table 1). Despite the relatively small area
harvested (67,000 ha), Forth America had a yield of 31 t ha"!, the
highest in the vorld.alh Canada, approximately one third of the onions
were produced in Quebec with average yields of 35.7 t ha-! 19_1982 and
28.4 t ha-! 1in 1983 (Statistics Canada 1983). Bulb onion yields

between 56 to 68 t ha-1 have been reported on productive organic soils

in Quebec (Jasmin, Hamilton, Millette, Hogue and Bernier, 1977).

13
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TABLE 1. Area, production and yield of dry onions in the world,
by continent, and in Canada (1982)!

N egs

Harvested area Production Yield

‘ (1000 ha) (1000 t) (t ha -t)
world(total) 1677 22 397 13 ;4
-

Agia 926 10 293 11,1
Europe . 237 4 394 18,5,

USSR 185 2 100 11.4

»

" Africa i 138 1 725 12,5
South America 117 1 603 13,8
North America 67 2 090 31,0

United States 50 1 875 37,3
Canada L] _ 132 34,9
ontario? 2 . © 79 34,9
Quebec? 1 36) 35,7
Oceania 7 181 27,1

.

1, from FAO (1983)
2, from Statistics Canada (1983)
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2.2.1 Adaptation of cultiva;s ™
/

For successful onion production, the first step 1is to select
varieties that will grow, bulb and mature satisfactorily under the
temperatures, daylengths and éther environmenta; factors of the area
considered. Accordingly, onion cultivars have been classified by
daylength requirement as well as by market type, :ﬁnd shape (Voss
;979). Among environmental factors affecting the development of the
onion plant, photoperiod and temperature are the most important. All

cultivars and hybrids are technically long-day plants since bulbs form

.more readily as daylength increases. However, the minimum critical

o

photoperiod varies with cultivar adaptation, Whereas, a short-day
cultivar requires 12 to 14 hours to initiate bulbing, a 1long-day
cﬁ&tivar will need 14 to 16 hours and an intermediate one, 14 hours

(voss 1979).

Jones and Mann (1963) demonstrated that bulbing was det;rmingd by .

an interaction between daylength and temperature which primarily

determined 1limits of 'adaptation. In temperate 2zones, once the

critical daylength was reached and bulbing initiated, the onion growth

rate depended on temperature (Brewster 1977). Thus, other factors
being equal, onions bulyed more rapidly underawarm rather than cool
temperatures, the optimal being 21-27°C. Temperature also played an
important role in determining the maturity date as the onset of neck
fall  occurred earliest at 25-30°C (Brewster 1977). Above optinmal
tem;eratures, bulbs matured earlier and consequently yields were
reduced. whereas at below optimum temperatures, maturity was usually
delayed and problems with ;}EId curing and storage quality were

encountered.

Plant size and fertilizer regime also influencéd bulb development
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and maiurity (Brewster 1977), smaller bulbs resulting from denser

@

plantings matured earlier than onions spaced for the production of

large bu&bs (Jones and Mann 1963). .Fertilizat;on, mainly nitgoqen
nutrition, influenced bulbing. Deficiencies in nitrogen supply
promoted bulb initiation, wvhereas, excess nitrogen delayed initiation
{Jones and Mann 1963). . 4 »

For the dehydrator type of onion, the optimal bulb shape was
found to be elongated or torpeéo like as this reduced processing
losses. Bulb shape was shown to be determined by the cultivar type
but modified by environmental and cultural factors which lead to
intermediate values’(Plate 1). For instance, Voss (1979) reported that’

L
globe shaped varieties tended to elongate under higher . than normal

temperatures. Similarly, Rabinovitch (1979) attributed the occurrence

¥
¥

otumuitihearted and double bulbs mainly to genetic background of the
plant but also implicated factors such as fertilizer regime, depth of

planting and crop spacing. -
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PLATE 1. Bulb ghapes and shape indices: SI (height/diameter)

' (adaptated from Voss 1979):
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2.2.2 sowing time

In order for onions to be \Et the optimum physiological a\;e for
daylength-mediated bulb inducf‘ioif:/ the seeds have to be sown early in
the spring (Brewster 1977), as “soon as the soil-can be wvorked
properly. Tiessen, Nonnecke and valk (1970) reported that the earlier
the see;ls:vere sown vithin two weeks after the soil became vork;ble,
»th; larger the yield for both early@ and late cultivars. .c.m organic
soil, onions have even been seeded before the frost was completely out
of the ground, Brewster (1977) reported that an early soving or an
ear}y establishment leéding tg an increase in full canopy duration
appeared to be the basic requirement for higher-yields. However, early
sowing did not produce consistent yield improvements. Indeed, Hoyle,
Brown and Yamaéuchi (1972) found vide variatio;us in .bulb size and
hence marketable quantity with éarly seeding.’

Although an early sowing is ideal for higher yields, éold soil
conditions during the early stages of growth has not only delayed
emergence but also delayed plant developm.ent and resulted in greater

susceptibility to pathogens and bolting (Tiessen

et ial
24
vagenvoort and Bierhuizen 1977). A long, cool spring has usually been

accompanied by a high percentage of bblting and to avoid this, Jones

o

an@d Mann (1963) sugyested that pwcularly sysceptible cultivars

I

gshould be planted later. Hovever, theé planting delay had to be
reasonably short in order to allow, enough leaf growth before bulbing.

Therefore, for each district and each cultivar, there wvas a best

‘ v 4o

sowing time in order to maximize production vhile minimizing bolting.

Vhen soving vas done in cool damp veather, onion smut® infection vas ,

increased due to the delay in plant emergence and the consequent

ial. 1970;,

¢
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1ncre;se in the periq‘d/of susceptibility (Chupp and Sherf 1960). On

the other hand, varm and dry weather permitted the onion to germinate

4

rapidf; and avoid t;he disease.

onion seeds germinateé _1;1. solls vith moisture Ie\}els ranging from
slightly above the permanent wilting point to field capacity (Lorenz
and Maynard 1980). An adequate moisture was shown to be particularly
important for quick growth soon after emergence to achieve maximum
leaf cover before the onset of bulbing (Brewster 1977). Therefore,
muck s0ils have been found to be ideal for onion production due to the
high watérholdinq capacity (Tiessen™ et al. 1970; MAPAQ 1982). The

sowing depth normally used has been 0.5 to 2.5 cm and when sowing was

done late in the spring, 3 to 4 cm (Tiessen et al. 1970).

il

2.2.3 Density of sowing

)

-
N

Crop spacing has -been one of the major cultural factors under the
grover 's control and it has played an important role in ensuring that
the required size of produce vas obtained at the right time and v:th
the maximum protii\. This vas particularly true for the onion crop for
vhich the ripened bulb is the entire plant and represents the
marketable product. Bleasdale (1982) demonstrated that the yield,of
the onion crop increased with increasing population until a certain
density vas reachéd and then a further increase 1in population slo;ly
depressed the yield which eventually became independent of ’denaity.

Total yield was not necessary associated with marketable  yield.

Bleasdale (1966) found that at the maximum ceiling yield, bulbs.

averaged 32 mm in diameter and were thus slightly too large for
pickling and required too much peeling to be practical for processing.

Bleasdale (1966) and Frappell (1973) reported that a plant density of

14 .
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70 "plant m-? was optimal for maximum vyields of bulbs over 45-50 mm in
diameter, but wvas accompanied by a loss of 20% over the total
potential yield. Consequenfly, large bulbs as required by the
processing market, could only be obtained at the expense of some loss
in total vyield.
The Quebec government (MAPAQ 1982) recommended sowing onion seeds
in rows 40 cm apart at a rate of 40 to 50 plants m-}, equivalent to a
density of 100 and 125 plants m-2, respeétively. Bleasdale (1973)
reportgd that under 'normal field conditions in tempgrate regions,
individual bulb size at densities greater than 70 plants m-3 vas not
limited because ceiling yields wvere achieved but because the length of
the qrovi::bvseason vas restricted. Furthermore, he stated that bulbs

planted at high density did not have time to achieve an acceptable

size due to the slover rate of bulb enlargement engendered by'
4

increased competition.  However, the more intense shading in
high-density pladtinqs tended to change the grovth pittern at the end
of the season and resulted in more rapid maturity than lbu |densi.t:y
plantings (Frapéell 1973; Brewster 1977). _ Jones and Mann (1963)
reﬁorted that maturity was hastened by as much as 3 to 4 weeks when
plar;ts were densely planted in the row for set production than when
widely spaced for the production of large bulbs.

Regularly spaced onions suffered equally from competition but 1if
the competition was irregular the plants became more uneven in size.
On the other hand, Brewster and Salter (1980) found no advantage in
terms of yield or uniformity of bulb size from having plants spaced
regularly rather than randomized within the row, when the crop was
grown on sandy loam soil.

Two other factors contributed to the varflation in bulb sizez- the

spread in time to emergence and the percentage of emergence in the

1
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field. Bleasdale (1973) stated that equal plant spacing provided
‘equality~ot opportunity for the plant to use resources, but the extent
to which this opportunity was grasped depended upon the time of
emergence of a seed in relation to its neighbours. A seed that emerged
earlier gave a bulb larger in relation to i;s veaker or later emerging
neighbours because it iutilized the space that was allocated to the
ot“her plants in addition to its own., A situation where a great
proportion of large bulbs (diameter above 60 mm) were obta.ined can be
explained by the lesser competition resulting from a greater variation
in emergence time or in low seedling emergence. A poor plant stand,
due to a small fraction of the seeds being viable or to untavourable
_ environmental factors, caused an irregylar pattern of arrangement in

the row even \.{hen a precision drill ﬁused.

1 >

2.2.4 Soving methods

©

Field emergence of most crops is lower than laboratory
germination tests, particularly for fragile seedlings like onions, due
in part to unfa{voutable edaphic conditions at sowing and to the
presence of pathogens in the soil at any sowing date. Some of the
adverse effects could b.e avolded by the use of transplants or by
establishing more plants than required by conventional methods and
Rthen thinning to the desired staﬁd, but these methods proved
impracticable and uneconomic for onions (Currah, Gray and Thomas,
1974). Prec}r‘éion seeding counts an:onq the techniques available and
suitable for the onion crop. It 1is one technique that produces an -
optimal plant spacing with low seeding rates (Bufton 1978). This
optimum seeding tends to minimize the competition for light, moisture

¢

and nutrients, and thus improve growth and increase yields with more
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uniform size and shape of onions at harvest. However, to achieve
complete success with precision seeding, a number of other managerial

N
procedures must be employed (Lorenz and Maynard 1980; OMAF 1983). Due

. to its angular shape, the onion seed needs to be coated with a water

~.
absorbing material to provide a round uniform shape. Moreover, since

no extra seeds are being sown to account for seed losses, precautions
must be takc;n to obtain emergence and plant survival as close to 100%
at; possible, Thus, applications of herbicides and pesticides have to
be well scheduled and efficlent. In additién, higher gpality and more
expensive seed (hybrids) may be required.

Results with precision seeding research in Ontario indicated. that
higher yields of better quality vegetables wére possible regardless of
when the crop had been sown (OMAF 1983). Despite the many advantages
attributed to precision sowing, the crop did not establish itself any
earlier than by conventional means, Earliness was a critical factor
in onion production for two reasons. Firstly, a low relative growth
rate, a shallow root ,system of comparatively lov density and short
upright leaves resulted in a slow establishment and a high
susceptibility to weed competition and diseases, especially in the
early stages of growth (Brewster 1977), Moreover, as the onion
required 90 (early varieties) to 150 days (late  varieties) from
seeding to maturity, a main concern was to accelerate field emergence
and establishment. Sowing prégerminated seeds have advanced the

emergence Of spring sown onions by many days, and thus extended the

growing season (Currah 1975),

Sowving imbibed or pregerminated seeds, as a part-of tﬁeﬂﬁuid
A

drilling system was reported to help in reducing emergence problems
caused by complex seed/soil interactions which made plant s\@p“d

difficult to predict (Taylor 1977).
-
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The fluid drilling technique has been well documented and 1in
1981, Gray produged an extensive reviev of this subject. Therefore,
only aspects specific to onions will be mentioned in this review,

Onions have normally been germinated at temperatures betwveen

X
18-22°C for 3 to 3 1/2 days (Gray 1981; Finch-Savage and Cox 1983).%

Occasionally, temperatures as high as 2B°C have been suc%\ully used ' &

(Lipe and Skinner 1979). The optimal radicle length for séeding varied

e

" ofrom 2 (G;'ay 1981) to 4 mm (Finch-Savage and Cox 1983). 1In order to
_standardize germination and tadicle. length, onions seeds have been
primed (Heydecker, Higgins and Turner 19:75), or submitted to other
physiological or chemical treatments. Heydecker and Coolbear (1977)
and Khan {1977) have extensively reviewed this.subject. .
Seed separation into viable and non viable components has been
carried out with onions using a 42% sucrose solution (Taylor, Motes
.and Price 1978). This method was able to re;rlove 95% of \the non
germinated matefia}‘} thereby greatly improving changes for precision
- seeding. Storage of pregerminated onion seeds at low temperature;
{1°C) for periods of up_to 9 days has been succ?sstul (Brocklehlurst,
Dearman and Finch-Savage ~—~\%9§0). Longer stonage was found to' both
reduce viability and h\crease z\‘rdicle length beyond the optimum. Long
radicles have been not onlgj,ea’éily damaged during the gel mixing and
seeding procedures (Finch-Savage 1981), but also injured more by low

s0il temperatures (S0°C) than either seeds with shorter radicles

{(Irwin and Price 1983) or dry seeds (Steckel and Gray 1980).

?

-
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Many materials have been used \for suspending and sowing‘ the

pregerminated seeds, but not all gels™are suitable as they must

A

exhibit specific characteristics (Darby 1980). Apgroximately 20 gels
have been marketed and can be made of synthetic or natural materials
' (e.g. silicates, acrylates, acrylamides or starches); (Price, personal
communication). Their efficiency varies with the crop typﬁ, cultural
conditions and the typp and rate of add&ive mixed wvith the gel (Gray

1981; Ghate 1982; Orzolek 1982acb; Ghat® 3pd Phatak 1983; P1ll and
<

watts 1&(9{!}).
L/ R A

Recent findings indicated that further benefits of fluid drilling

vere, associated with the use of a carrier gel as a means .of

-
introducing nutrients, growth regulators and pesticides close to the

seeds (Gray 1981). Such\\t@hque could produce an ideal nutritiﬂve,

, -~
disq}\se and weed frée microenvironment for the developing plants by
modifying the soil around the seeds or even replacing it for a period

L]

up(to/several weeks $Currah 1978b; Hiron and Balls 1978; Salter 1978).
At this time, most work with gel additives has been directed
toward the incorporation of nutrients, The accurate placement of

fertilizer through gel addition of phosphates enhanced seedling growth
of onions. - The best nutrient combination obtained for the onion wasﬂ
17 g 1-1 ammonium phosphate ((NH,),HPO,;) and 30 g 1-! potas§ium
phosphate (K,P0,.H,0) (Finch-Savage and Cox 1983), This treatment
resulted in an earlier and better grovth, with a final increase in

plant dry welight of 50% over the d::y seeds and 20% over the gel alone

after 91 days.

Interest has also been shown in the possible use of hormones as

. gel additives. Although no specific ~report was found on the
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application of  hormones into the gel for fluid‘ drilled onions,
exogenous applications of c&tokinins have been used successfully to
reverse the advancement of leaf blade senescence caused by abscissic
acid and maleic hydrazide _7 {Brewster 1977), One ‘zeatin-containinq
substanc; has been used with the fluid drilling system. In fact, Gray
' and Bryan {1978) investigated the effect of an incorporation of 1.3%
Cytex 1in the gel and obtained an improvement iﬁ growth of celery
seedlings. These advantages were reached with considerably lower rates
of the product than that required for traditional spraying techniques
to obtain equivalent results. Similar experiments showed incréased
plarit stand and yield of cucumbers when 2% Cytex was added to the gel
compared to tf:'; gel alone (Orzolek, personal communication). 1In
general , higher percentage emergence and yields were obtained when the
growth regulator was added to the gel than when it was used as seed
goaks prior to gel seeding., Ohep Gruny (1981) oObtained a stimulation
of tomato seedling emergence in greenhouse conrditions with i% Cytex in
the gel, but the same conclusions were not reached under field
conditions. He attributed this difference to a shorter period of

7:roduct which was probably le'ached in the early

availabifity of the

- KR
stages of field growth.

with onions, fungicidal chemicals have been the main type of gel

a

additives. white rot in salad onions has been effectively cofitrolled

by 1incorporating Iprodione (3-(3, 5-d£chloropher;y1 Y-H-isopropyl —'2,

4-dioxoimidazolidine-1-carboxamide} in the gel, as 0.25 times the dose
used for traditional dry seed coating controlled the disease as
effectively as the dry seed treatment at 125 g a.i. Kkg-! (Entwistle
1979). On the other har{d, 1 to 4 times the standard rate proved

phytotoxic (Entwistle and Munasinghe 1981).
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Recent attempts on the incorporation of insecticides, nematicides

and herbicide;; into the gel have also shown possibilities for
improving the growing environment around pepper" and carrot seedlings

\ -
(Ghate and Phatak 1983; Thompson and Jones 1983).

Gray (1981) stated that fluid dril}ing could be of great benefit
for a crop like onion noted for its poor emergence and slow seedlin;;
growth. 1Improvement of percentage emergence and early growth rate
have been obtained using fluid drill'ing (Darby 1980; Finth-Savage
198l1)., Gel seeded onions gave up to 15 days earlier field emergence
compared to dry seeds. This earliness resulted in increased bulb
weight brought about by thevextension of the growing me;son. Yield
increases of up to 25% were attained by this technique (Salter 1978).
Lipe and Skinner (1979):- showed that pregerminated seeds sown in a
pluq-mix gave 10 to 12 days earlier maturity and 37.5% bulb diameter
increase at harvest, resulting in significant yield improvement for
marketable onions (>50 mm diameter).

The results of the fluid seeding technique have not always bee;z
positive. Large .bulbs ob'tained with fluid drilling have been due in
many instances to reduced competition resulting from Ilower plant
stande for pregerminated compared to dry seeds (Currah 1976; lLipe and
Skinner 1979), Hiron and Balls (1978) reported that the emergence
percentage often resulted from very early sowings. Finch-Savage (1984)
suggested that the two main reasons for variation in response of the
onion crop to fluid drilling drilling were the low proportion ofﬁ;eeds

1. 1980; 20-30%,

germinated at sowing time (i.e. 8%, Brocklehurst et
Lipe and Skinner 1879; 19%, Finch-savage 1984) and a low soil moisture
content following sowing. 1In his study, Finch-Savage (1984) shoved

that seedlings with radicles up to 6 mm in length emerged in advance

1

/
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of those from ig‘Wcles less than 2 mm, but the use of seeds

19

with longer radicles g;soi: “Aincreased the spread of emergence and
decreased percentage :"'eﬁ\}e;tgence. Differences in response to fluid
drilling most llikerg J‘1§'f'.*'f1ected dtspaﬁty in environmeptal and cultural
conditions in the trials. Indeed, benefits of fluid drilling had also
varied with the cultivar and even with seed lot, for any giveﬁ crop
(Gray 1981). Mo‘reover, variations in response could have resulted from

conditions preiailing during eéach step of the technigque. It is thus

important to adapt the method to obtain the full potential of fluid

o
drilling.

§
a

In the current thesis, the subjects of experimentation were ;s
tollows: cultivar evaluation, time of sowing, density of sowim'; and
fluid drilling of white onions used for dehydration. The fluid
drilling technique was compared to dry seeding methods and was
assessed as a means of incorporating additives (e.g. endqmycorrhiz?a,
cytokinins, fertilizers and fungicides) to 1improve early seedling
establishment and growth, and to control diseases. Various gel types

wvere also tested.
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III. GENERAL MATERIALS AND METHODS o

Materials and methods described in this chapter were employed in

more than one experiment, Specific materials and methods have been

presented within éach experimental section.

B

3.1 Field experiments )

3.1.1 Seed preparation and germination

Unless otherwise indicated, onion cultivar Soﬁihport white Globe
was used as the experimental material. Seeds were counted using an
Elect;onic seed counter (Audiotronics) and groups of 225 seeds placed
in 1nd1vidu51 envelopes, Each envelope corresponded to a S meter rovw
with a sowing rate of 45 seeds m~!. Seeds sown dry were treated with

“t

Pro-Gro (carbathiin/thiram) systemic fungicide at a rate of 25 g kg-}

“of seeds, following the recommendations of Créte and Tartier (1973).

Each sample of 225 seeds destined to be fluid drilled was put

into a 0.5 mm nylon mesh bag to aid in sowing and emergence counts.

N
Bags were placed in 25 1 of water in a Magni Whirl waterbath (Blue M

——r———

Electric Company)i The temperature was maintained at 19-20°C during

v

the germination period by a dual microtrol electrical control switch.
a

Air was provided by a laboratory air nozzle attached to a brass valve

junction which forced the air into five 50cm inert tygon tubes of 4.8
mm interior diameter (1.6 mm wall thickness). The initial air pressure
was 1.3 kg cm-3, After 24 hours, the water was drained and replaced
with wvater at the same temperature to leach out possible inhibitors.
Seedé vere chec}gghtwice dally for radicle emergence. After 3 days

most seeds had produced radicles of between 2 to 5 mm length.

As the weather wvas particularly wet and cold in 1983,
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pregerminated seeds for the three first sowing dates (May 13, 14 and
19) had to be stored for 2 to 4 days. An electrical coolant was put

directly in the waterbath to lower the temperature to 1°C during the

cold storage as suggested by Brocklehurst et al. (1980).

3.1.2 Gel preparation

o

\

Unléss otherwise specified, Laponite 508 (magnesium silicate) vas

used as the gel material following the recommendations of Darby
{1980). Gel powder was weighed on a Mettler PL 1200 top loading
electronic balance and mixed with tap wvater (pH 6.5) using a Waring
blender (model 50116) at 23,000 r.p.m. Gel powder was incorporated at
a rate of 15 g 1" to obtain flow and seed suspension properties

v

suitable for sowing (Ghate 1982).

b

Once the gel has been prepared, pregerminated seeds were washed

from the nylon bags and recuperated in a small plastic strainer. Each.

seed sample was mixed with 150 ml, of gel in a beaker and this mixture

was then poured in a 1 liter plastic bag. One bag was used to sow each

5 m row. The resulting gel extrusion rate of 30 ml m"! was equivalent

to that recommended by Fluid Drilling Ltd.(Anonymous 1980).

3.1.3 Sowing methods

Details of the sowing dates for individual experiments are
presented in Table 2. In all experiments seeds were sown at a depth of

2 cm. Each treatment consisted of a plot of four 5 meter rows spaced

bty

45 cm apart and replicated 4 times. The outer two rows and 0.5 m at
each end of the two inner rows served as guard plants. Dry seeds vere
sown using a 4-row automatic seeder equipped with a v-shaped léather
belt to permit a precise seeding rate of 45 seeds.m-1. For fjluid

drilling, the plastic bag containing the gel and seeds was cut and the
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mixture extruded to give a rate similar to that

TABLE 2. Soving and harvesting dates for onion
during 1982 and 1983 at Ste-Clotilde, Quebec.

22

for dry segds.

L -

field trials conducted

EXPERIMENT YEAR SOWINRG DATE

4.1 Cultivar evaluation 1982 May 6
1983 May 14

4.2 Density of sowing 1982 May 3

} 1983  May 19
4.3 Sowing dates 1982  April 29,May 6
) . May 13
. 1983 May 13,19 & 25
4.4 Gel types 1983 May 19
4.5 Gel additives
4.5.1 Gel additives 1982 May 6
4.5.2 Field trials 1983 o .
4.5.2.1 cytokinins 1983 May 19
4.5.2.2 Fungicides =~ 1983 May 19 . /

v

HARVESTING DATE

Sept. 13 & 20

Aug. 26 & Sept. 13
Sept. 13 & 20
Sept. 13

Sept. 20
oct. 6

Sept. 13
Sept.13

Sept. 13 & 20

o °

Sept. 13

Sept. 13
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3.1.4 cultural® and managerial techniques

3

All field ?x/per!ments wvere conducted Oat the Ste-Clotilde
substation of Agriculture Canada, St-Jean-sur-Richelieu (45°10'
latitude, 73°41' longitude), 40 km Southwest Montreal. The area
has an organic humic mesisol profile, 1;5 to 2.5 meters deep vith a pH~

of 5.9-6.1, The growing season in this area wvas 137-1’52 days (Dubé,

Chevrette and Lamb, 1982). Temperature, precipitation and daylength

- o

values were recorded weekly (April to October) and were presented in

‘Table 3. In 1982, the weather pattern was very "variable. -The spring

was varm and relatively dry, the mid-summer was rather cool and wet, ..

while the fall was Warm and dry. The 1983 season was characterized by

’

.a cool ,and very wet early spring, a hot and ‘dry simmer and a

relatively varm and wet fall.
Each year, a 10-5-10 granular fertilfzer (Cyanamid Canada) was

broadcasted with an ‘Easy-flow rotary broadcaster (Massey-Ferguson) at

a

a rate .of 1120 kg‘hall and 1ncérpo;ated into the top 10 cm of soil

_using a disc harrow. Throughout the season, a regular spray program

was undertaken 'follow;ng Quebec government recommendations (Table 4;
MAPAQ 1982).° No supplementary irrigation was applied, and tile
drainage was in place to e'lil‘uinate excessive raln water.

At maturity, onions were lifted by hand and left in the field to

. cure for a period of 1 to2 weeks, until the tops were dry. Late

maturing plots were pulled«én September 9 (1982) or 8 (1983) to ensure

at least a minimun guriﬁq before the first frost. At harvest, the dry
- < - M .

o

"

tops were discardéd using an Ezee Flow mechanical cutter equipped with

rotary bIades.«}(arve’stinq dates‘for\k each expetfment are listed in

. ¢
. ”
o - . N

Table 2. - o,

-

=3
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Daylength
{hours & min.)
mean )

1983

{(mm).

Precipitation
1982

the summers of 1982 and 1983 in
Min.
1982 1983

Mean air temp. (°C)

Max.
1982 1983

v

Days

s

o

TABLE 3. Neteorological data for
Ste-Clotilde, Quebec.

Month
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TABLE 4. Spray program for onion field experiments 1982 and 1983

Type of treatment

Irade name (common nhame)

~

Herbicide

Randox~-E (allidochlor)
CIPC (chlorpropham)

Granular Randox
{(allidochlor)

Fungicide

Dithane M-45
(mancozeb)

Ingsecticide

Diazinon 500-E
(diazinon)

Lorsban
{chloropyrifos) ﬁ

Rate of
application

11 1 ha-?
11 1 ha-?

33.6 kg ha"!?

2.8 kg ha-!

2.8 kg ha-!

1.1 1 ha-2

Rumber and time
of applications

0-6 days after ‘'sowing
idem

. 1982:July 14

1983:not used

-

1982:June 28 to Aug.24
1983:July 5 to Aug.24

1982:May 27,June 3 &10
1983:June 7,15 &22

1982:May 26
1983:June 9
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"at harvest, measurements were taken on the full length (5 m) of
each of the 2 middle rows. Data vere taken on total bulb weight and
number. Mean bulb weight was calculated and fresh weight transformed
to be expressed as a yieldl, in tons ha-1, o
From each plat harvested, a sample of 5 bulbs vas 'taken {20 bulbs
per treatment) and-used to measure heivght and diameter, and to
calculate the shape index (height:./diameter) of the omions. To
deEermine dry matter‘ content, the bulb was quartered and one quarter
section was used. The quarters were cut longitudinally to take into
account th;e gradient in dry matter existing from top to bottom a::_d‘
from outside to inside of the bulbs (Foskett . and Peterson 1950) .A
After peeling the outer dry scale, the samples vere chopped into 5 to
10 mm size pieces and weiéhed by plot. The material was put in 1.3 kg
brovn paper bags cut at half height to provide an* easy to handle
containner, and placed in a hot air cabinet drier (Crestweld) at 65°C
for 48 hours (Orzolek 1982a) until the samples were dry but not brown.
Dried material was then weighed and the percentage of dry matter
calculated. This value ‘was‘ multiplied by the total fresh ‘yield

computed previously to obtain total dry yield in terms of tons ha-!,
!



e

s e eV § SIS Rt

FLE P N A

e

GROWTH" STAGES . . 27

0.
1.
2.

<

— .

Dry seed

Germinated seed

Loop stage '(field emergence) ‘ «

3.‘Fla§ stage (cotyledon)

a.
i
6.
7.
8.
9.

Pirst leaf

Fall
Leek
Fall
Bulb
Bulb

10.4ﬁLck

(
11.

Bulb

PLATE 2.

of the cotyledon (2nd & 3rd leaves)
stage (4th leaf)

of thg first leaf (5th;6th & 7th leaves)
formation (leaves 8 to 10)

growth (visible buibing)

fall (loss of turgidity)

ripeness (dried leaves, closed neck) .

2. Loop stage

LY

Onion growth stages
(adapted from Rey et al: 197%)

T3
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3. Flag stage

PLATE 2. (8ontinued)

N\

10. Neck fall’
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3.1.6 Statistical analysis
° An analfsis of variance using the Statistical Analysis System
(SAS) offered by McGill University was conducted for each experiment.
The experimental designs and appropriate statistical tests employed

LN

have been mentioned within individual experimental sections. The

-

analyses ot\varianqp are presented in Appendix tables A.1 to A.7 and
A.9 to A.13. .

In all expefiménts, percentage data (% maturity, % survivali %h
bulb dry matter) were analysed using both percent data and data
transiormed by arcsine square root to obtain a‘normal distribution of
the data (Little and Hills 1975; Puri and Mullen  1980).
Transformations éid not alter results of the statistical analyses,
thus only percent data havg Been used in the results and Appendix

tables. Linear correlations between the variables were performed to

determine the relationships 'among the observed treatment effects.

+

3.2 Growth cabinet experiments _ ‘

3.2.1 Methods and experimental conditions

For all growth cabinet experiments, fertilized orgqnic‘soil from
Ste-Clotilde was collected hext to the experimental sife and wvas
paufuriged (1 hour at 80°C) one week prior use..;oil was plgced in 19
X 14 X 7 cm peat flats to a 5 cm depth, Fifty cm of rov (either 5 X 10
cﬁ transversal rovs or 4 X 112.5 c¢m longitudinal rows) were formed on
the soil surface of each flat. Fifteen ml of Laponite 508 gel (section
3.1.2) was extruded along each row, result;nq in an extrusion rate
equivalent to that used for the field trials (30 ml m-!),

Seeds vere pregerminafed as described in secgion 3.1.1 and when \

' %

.

S
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.

they had 2-3 mm radicle were placed singly with twveezers into the

{' gels. The control treatment consisted of pregerminated seeds placed
S . * [

i S : directly in the rows. All seeds were covered with 1 cm of soil before
: ‘ the flats were put in the growth chambers.

3 . o

During the experiments, the temperature of the growth chambers
{Conviron E-15) w;s held at 20°C durIng the day and 15°C at night. The
day temperature was coupled with 15 hours of a combinatibn of
fluorescent (cool-white) and incandescent, 1ight which provided a light‘

intensity of 280 umol s-lm-2,

BT N e

:
J
i

3.2.2 Measurements

Preliminary experiments on the effects of gel types and additives

s et

)

on seedling emergence and growth were conducted under controlled

;o environmental conditions. Due to the nature of the system, it wvas

possible to obtain more detailed data on emergence patterns than from

PRS0 DL P
-

the field trials. Daily emergence counts were used to produce
emergence curves according to methods outlined by Goodchild and Walker

{1971). Mean emergence time was calculated for each treatment using

Orchard's (1977) formula:

X= I (Nx . X)

L Nx

PR

- c where i} is the mean emergence time for a treatment
Nx is the number of seedlings emerging on day x, and
X 18 the number of days from sowing, at each recording eatei
. Forty-one or 49 days after seeding depending on the experiment,
resqlts vere taken on total fresh weight and percentage survival.
1 g, Mean plant weight was alsodcalculated.

o - ;

Y 3.2.3 statistical analysis
The experimental designs and tests done are specified within each

® .
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experiment. Analyges of variance were performed on the data for all
experiments, and are presented 1in Appendix tables A.8, and A.l4 to
A.18. All percentage data (emergence % and survival %) were analysed
using both percent data a:xd data transformed by arcsine square root.
Transformations did not alter the statistical analyses, thus only
percent data have been used in the results and Appendix tables.

{
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4.1 CULTIVAR EVALUATION -~ Field trials 1982 & 1983

kY

4.1.1 Introduction

The main characteristics for'good dehydrating onions are-high dry
matter content (Voss 1979), white colour, and large bulb with an
elongated éhape to racilitété and‘ optimize the processing (Woods
Gordon 1982). It is also essential to find cultivars that can yield
satisfactorily within tge relatively short growing season (Dubé et al.
1982) and long daylength (Thomas 1983) experienced in Quebec. In 1982
and 1983, cultivars from U.S.A. and Europe were compared with the
standard Southport White Globe gnd other cultivars grown in Quebec, to
determine firstly their suitability for producing onions for

dehydration in the Ste-Clotilde organic soil area and secondly their

response to the fluid drilling technique.

4.1.2 Materials and methods \

onion seeds were obtained from a number of sources (Table 5).
Eight cultivars were tested in 1982 and 9 in 1983, Only five of those
cultivars were used both years as poor pertormérs vere ;emoved and
t;blaced after the first year.,

Seeds used for dry seeding were counted and prepared as deséribed
in ;ection 3.1.1. Seeds for fluid drilling were germinated in a vater
bath at 19-20°C for 3 1/2 d?ys and vere stored in cold aerated vater
for 3 ddys in 1985. During the\storage period, growth continued with

the result that some radicles were 1longer than the 2-5 mm optimum

LI
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hlenqth. Laboratory viability tests were conducted on 4 samples of - 100

seeds for each cultivar (Table 5). Gel .was prepared following

l

procedures outlined in section' 3.1.2.

-

u30v1nq vas done on May 6 in 1982, and on May 14 }n 1983.
Standard cultural and managerihl procedurfs were f llowed4 (section
3.1.4). Observations of plot maturity (85% neck fali) began on August
23 in 1982, 1n 1983, two cultivars, Creoso and Primero reached neck
fall staqé August 9 and the remainder August 24, 1983. The onions
vere pulled from Auqust 26 to September 9 in 1982; and from August 10
to 17 for Creoso and Primero cultivars, and August 31 to September 8
for the other cultivars in 1983. In 1982, harvesting was carried out
between’ 130-137 days after seeding. In 1983, harvesting was ~in two
distinct periods at: 104 days and 122 days for Creoso/Primero and all

~

other cultivars, respectively.

1
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TABLE 5. Source and percentage viability of onion cultivars used
in 1982 and 1983 field trials.

T g,

ORGSR PMTIN P A TRY

e

P i lacki<

(
CULTIVAR SOURCE VIABILITY (%)
Seed company Location 1982 1983
Bejo 10! Bejo Zaden Holland 90% 95%
Bejo 111 Bejo Zaden _Holland 90% -—-
Creoso! Dessert california ---3 87%
Dehydrator-14! Dessert California --- 90%
Green Bunching? Perron . Quebec 85% 8l%
Hysol? Sluis & Groot Holland 70% 50%
H ~.
B{ s \_._._ iR
Ohlhens Enke-2497!  (/Ohlsens’Enke Denmark 90% ---
T ‘
Ohlsens Enke-24981 Ohlsens Enke Denmark 90% ---
Primero? Dessert " california --- 85%
Sodthport Wwhite Globe? Petcgqa ,..* ' Quebec 85% 81%
visfa White! Moran California 80% 75%
white Keeper! Perron Quebec -—- 92%
[
1, Hybrid ) i
#, Standard cultivar 7
3. not used in the trial s
‘/
T - ‘f
. . o“ L
’p‘:‘ i
P
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In both years, time to emergence and to maturity, plant stand at
harvest, mean bulb weight, bulb shape index, fresh and dry yield, and
bulb dry matter content were measured and statistically analysed.

In 1982, the cultivar trial was set up as two separate
experiments, one for each sowing method (fluid drilling and dry
seeding). In each experiment, the 8 cultivar treatments were arranged
in a randomized complete block design and replicated 4 times. Analyses
of variance were performed on the data within each experiment (Tables
A.l & A.2). Means were compared and cultivars ranked using the Least
Significant Difference (LSD); (Little and Hills 1975). Since the 2

sowing methods were tested in separate experiments, no statistical

‘tests could be used to compare the effect of sowing method. Hence only

non statistical comparisons were done. ,

The 9 cultivars and the 2 sowing methods were compared within a
single experiment in the 1983 trial using a completely randomized
gesign, arranged as a 9x2 factorial with 4 replications. Depending on
the results of the analyses of variance, threeigifferent statistical
tests vere performed on the 1383 data (Table A.3). Firstly, vwhen
there was a significant interaction betveen cultivar anq sowing
method, simple effects were examined ;nd an LSD test was used at the
0.05 1level of significance for comparisons among the 18 treatment
combination means. Secondly, when differences among cultivars and
geeding types were both significant, the LSD (0.05) was appliedlon
treat?ent combinations. Finally, 1nJEases -where the sowing method had
no significant effect on the variable measured, the LSD (0.05) was

calculated on the averaged values of fluid drilleq and dry seeded

treatments for each cultivar.
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4.1.3 Results for 1982 : Lo

v

Time to emergence

There was no slgnific;nt difference in time to emergenc; among

cultivars for either fluid drilling or dry seeding experiments (Tables
b

A.l1 & A.2). Nevertheless, there was a tendency for Green Bunpﬁlng,
Southport White Globe and Bejo 10 cultivars to emerge earlier in both
experiments, and for the Ohlsens Enke series to emerge later than
other cultivars (Table 6). Afthough statistical comparisons can;ot be
made between the two expefiments, the data show that seedlings from
fluid drilled plots emerged 2.8 to 5.8 days earlier than their dry

seeded counterparts. The greatest advantage in time to emergence from

the fluid drilling technique was noted for Bejo cultivars.

Time to maturity "

J

Consid?ring both fluig dr}lling and dry sgediné experiments,
cultivars éreen bunching and Hysol reached magurity significantly
earlier than all, other cultivars with Ohlsens Enke-2497 being the
slowest to mature (Figure la). Ranking ambng cultivars was similar for
the two sowing types, but the dry séeded plots matured faster than

b i
fluigd drilled ones with the exception of Green Bunching which matured

a day earlier when fluid drilled. The average‘time to maturity was
122.4 and 120.7 days for fluid drilled and dry seeded treatments,

respectively,

AR
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TABLE 6. Effect of fluid drilling and.dry seeding on time
to emerqence of B onion Gultivars in a 1982 field trial.

Cultivar > . Time to emergence

(days from sowing)
Fluid Drilling __Dry Seeding

Bejo 10 o 8.0 13.0
* Bejo 11 o ) 8.5 . 14.3

Green Bunching < 7.8 12.5

Hysol . ‘8.8 ’ 13.3

Ohlsens Enke-2497 1.0 12.8

o 0
Ohlsens Enke-2498 9.3 . 14.0
—~— .

Southport White Globe © 8.3 . 12.0

vista White 9.0 13.8 - ‘

LSD {0.05) ns . ns

ns: non significant ’ ) ,

t « _ o ( ‘ .
I [
3 - .
< LN -
y -
’ v -
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2. LSD \;alues for FD treatments

of cultivars in terms' of a) time to maturity and b)
L

Response

o

FIGURE 1,
plant stand at harvest to fluid drilling and dry seeding met

1982 field trial.
1. LSD values for DS treatments
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g} ant stand at harvest

-~ When dry seeded, Béjo 10, Bejo 1l and Southport whi‘te Globe
cultivars had a significantly higher plant stand at harvest than other
cultivars. Ohlsens Enke-2497 had the lowest plant stand of all

‘cultivars . (Figure lb). Similar trends were noted for the fluid drill

%,

1

experiment, although differences betveen cultivars were not
significant (Table A.l1). More bulbs were harvested from dry seeded
plots (mean gt 29.7 bulbs u}'lz 66.0% s:urvival) than fluid drilled ones
{mean of 22.7 bulbs m-1: 50.4% survival) for all cultival\rs (Figure
1b)., ,

Bulb shape index

Bulb shape index (height/diameter) ranged from 0.83 to 0.91 for
fluid drilled and dry seeded Bejo 10, Bejo 11, Green Bunching and
Hys0l cpltivars. Other cultivars showed a more elongated shape vhich
bulb shape indices ranged from 0.93 to 1.03 (Table 7 & riate 1).

Bulbs from dry seedinlg tended to }{ave a higher shape index than fluid
drilled ones for most cultivars with Hysol being the only exception. A
higher variation in shape index values wvere found for dry ‘seeded ’
copared to fluid drilled plots. |

The significant but low negative correlation between bulb weight
and bulb shape index (Fluid drilling: P<0.0039, r=-0.50; Dry seeding:
P<0.0420, r=-0.36) 1indicated that large bulbs tended to be more

flattened at the ends.
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TABLE 7. Bulb shape, index-values of 8 onion cultivars sown by £luid
drilling or dry seeding in 1982. ’

: Bulb shape 1index (height/width)
Cultivar . Fluid Drilling . . Dry Seeding

Mean Maximum Ninimum Mean Maximum Minimum
value .value value value valruLe vgg._u_?__
Bejo 10 0.87 °  0.88 0.87 0.90 1.00 0.97
" Bejo 11 0.83  0.86  0.75 0.85  0.88 0.8l
Green Bunching 0.86 0.88 0.82 0.91 0.97 0.86
Hysol . 0.88 0.98 0.79 O.§6 0.91 0.82
OE!-2497 0.99 1.06 0.91 1.03 1.13 0.94
| OEl-2498 0.96 1,00 6.93 0.94 1.05. 0.85
swer 0.93  1.00  0.84 1,02 111 . 0.93
. Vigta White 0:95 1.02 0.91 ‘ 0.99 1.00 0.97
LSD (0.05) 0.07 0.10
1,0E : Ohla.ens Enke cultivar u
2.8W6 : Southport White Globe cultivar . . ) :
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Mean bulb veight
Mean bulb weights of cultivars Bejo 10 and Green Bunching vere
significantly greater than all ﬁther cultivars in both’ experiments
{Figure 2a). Ohlsens Enke cultivars routinely produced the smallest
and lightest bulbs. Fluid dril]ed bulbs were generally larger than dry
seeded bulbs with the exception of the Ohlsens Enke series for which
mean bulb weight of dry seeded bulbs was slightly higher than fluid

«drilled ones.

- Fresh yield

Bejo 10 p:oducéa significantly higher yielda,than all other
cultivars (Figure 2b). Its yield of 73.3 and 76.6 t ha-! for fluid
drill and dry seeds, respectively, were double those of the lowest
series (Ohlsens Enke). Ranking among cultivars remained similar -
whether they were dry seeded or fluid drilled. Dry seeded cultivars
yielded more than fluid drilled cultivars 1in all cases with increases
of ;e veen 1.8 and 9.2 tons ha"!. The average fresh yield for fluid
«drilYed cultivars was 51.4 t ha-! and 56.9 t ha-! for dry seeded
cultivars.

There was a siqnificant correlation'Between time to emergence and
fresh yield of fluid drilled cultivars (PS0.0BSZ, r=-0.48), and thus
an early emergence tended Qg be accom ied by a high yield. Strong
positive‘correiations (PS0.00EI;ﬁ;ere found between bulb number (plant
stand) uand»{resh yield for both fluid drilling (r-+0.52; and dry.

seeding (r=+0.60), and also between fresh yield and mean bulb weight

(fluid drilling: r;+0.90; dry seeding: r=40.89).

[

ot



42

7///////7/40(/////////%////////%/&//4//7//47/&////////7//// N

- L

oty

HYSO

’Tn

Yhil

SN0

Ghsy

LED10.08) 1
un(‘o.onz

L RN

L

S EEEEEEERRRRRRIRERTRRRREN

L

R

{z-qInq b) ybraa qinq uwan

b)

(r-®q 3) protd ysaag

BE15 GABU HYSS  OEe7 OEE8  3NC Vi

ac10

Cultivar type

" Jos 7272 ro

LEGEND: NETHOO

" FIGURE 2.

e

Response of cultivars in terms of a) mean bulb weight and b)
seeding methods in 1982.
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Bulb dry matter

Bulb dry matter content ranged from 14.1 to 18.8% in the fluid
drilling and from 14.1 to 19.1% in the dry seeding exper.imeﬁt {(Figure
3a). In botﬁ experinon'ts, cultivars Ohlsens Enke (2497 & 2498B),
Southport white G'lobe’ and Hysol shoved a significantly higher dry
matter pe:'centage than the other cultivars. Dry seeded bulbs tended
to have a higher Adry matter content than fluid drilled bulbs with the
exception of Green Bunching, Ohlsens Enke-2498 and Southport White
Globe cultivars. -

. The high negative correlations (P<0.0001) between bulb weiqht‘ and
bulb dry matter found among cultivars for fluid drilled (r=-0.72) and
dry seeded (r-fo.sn { treatments indicated that the smaller bulbs
{Ohlsens I-:nk_e series) generally contained more dry matter than
cultivars with bigger bulbs (Bejo series). There was also a highly
significant correlation (PS0.0001) between dry matter content angz

fresh yield among fluid drilled {r=-0.76) and dry seeded (r=-0.68)

cultivars. ' . ' .

Dry matter vyield

Dry matter per unit " area or dry yield (t ha-3) - data showed that
thg Bejo 10 cultivar was superior to all cultivars in fluid drilled
plots and dequivalent to'Bejo 11 in dry seeded ones (Figure 3b). ny
ylields of cultivars SO'uthpor't White Glo!;e and Vista White were similar
to those of the Bejo series. On the other hand, dry yields of the 2
Ohlsens Enke cultivars were significantly lower than all other
cultivars tested. The average dry matter yield was 8.2 and 9.2 t ha-}

for fluid drilled and dry seeded treatments, respectively.

o
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3.2.4 Results for 1983 . - °

' v °

Time for emergence
Emergence was hastened by an average of 0.5 to 3.3 days\ by fluid

drilling when compared to dry seeding (Figure 4a). While fluid drilled

cultivars emerged within 9.3 to 14.8 days, dry, seeded cultivars
emerged in 11.8 to 15.3 days. The advant?qe conferred by fluid
drilling was significant for all cultivars but Hysol; Among fluid
drilled treatments, Green Bunching, Southport White Globe and Bejo 10
energed siqr:uicantly earlier while Hysol emerged significantly later
than the other cultivars. ;rhe respoﬁse pattern wvas sigilar for the dry

[

seeded treatments.

Plant stand at harvest -

Dry seeding resulted in higher plant coupts at harvest than fluid
drillifg for all cultivars except Creoso and Primero (Figure 4b). The
difference between sowing methods was significant onlgt for the
cultivar White Keeper which produced 59.3% more bulbs 1in the dry
seeded plots. Regafdless of the sowing method, plant stand was
highest tor.ne;o 10 and 1lowest for Hysol. The mean percentage of

survival.vas 41.6% (18.7 bulbs m-?) for fluid drilled cultivars and

47.8% (21.5 bulbs m-1) for dry seeded ones.
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Bulb shape index
) ~
Type of seeéding did not have a signitic;nt'eftec?"on ._the buldb

shape (Table A.3), and thus values _were averageh for each cultivar.

—white xeéper, vista White and Dehydrator-14 cultivars had higher bulb’

shape indices than all other cultivars '('rable 8). White lteeoper bulbs
were of a high globe s;zape appropriate for dehydration; while vista
white, Southport White Globe and I;ehydrator—u bulbs had globe shapes
and other cultivars flat globes (Plate 1). ’

Among cultivars, one“ﬁlith highdr shape indices tended to have.

3

more variation in the observed plant material.

-
-

e
¢
Mean bulb veight ‘ . K .

Fluid drilling yielded greater bulb weights than dry seeded
\ ?
tieatments for all cultivars save Creoso and Primero (Figure 5). The

advantage of fluid drilling ranged from 2.3% for Vista White to 41.9%

4

for White Keeper cultivar. However, only for White Keéper and Hysol

cultivars was there a significant difference between sowing methods.

White Keeper and Hysol yielded significantly largex:"bulbs in

3

terms of weight than all other cultivars when fluid drilled. On the

other hand, dry seeded Hysol gave larger bulbs than 'all other -
o

cultivars. Regardless of the sowing method, Creocso and Primero

produced the smallest bulbs,

-

“ray



'
- ’
\ 48 3
. -
.

: )
| TABLE 8. Average values for bulb shape indices of 9
onion cultivars sown by fluid drilling and dry
seeding in 1983. "

\ “
Cultivar, Bulb shape index (height/diameter)
t ' ~ Mean < . Maximum Minimum
value value value
-~ : \ .
" Bejo 10 0.95 1.07 0.83

Creoso < . 0.93 0.96 0.86

Dehydrator-14 . 1.00 1.06 "0.94
; ‘ Green Bunching 0.96 T 1:02 0.89 -
i . b
§ - Hysol . 0.93 1.03 0.87
h- ‘ °
X Primero ' 0.97 1.14 0.83 X
1 ) ,
: Southport White Globe 0.99 1.10 0.88 . /
4 ! ,
. vista White 1.09 1.24/ 1.00 °
;: )!i - )
x - white Keeper o 1,16 1.29 . 1.01 : _\f
; . )
‘% 4'
E ¢ . ’
% LSD (0.05) 0.066
i - -

& /“ )
. , 4
. o .
S
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Fresh yield : , .

¥iuia dri&ling significantly depressed fresh yteld by 15.3 =to
17.6% comparedh-to dry seeding for Green Bunching and SOuthport white
Globe cultivars, respectively (Figure 6a). For all other cultivars,
the gdifference 1in fresh yield between. so:iinq methods was not,
significant. The average yield for fluid drilled treatments \:as 280.0 : 4
ha-! and 31.4 t ha-! for dry seeding. ”

white xeepgr was the highest yielding cult.iv,ar for both sowing
methods, with an average yield of 49.2 t ha-!. This was folloved by
Green Bunching, Bejo 10 and Southport white Globe vwhich vere not
significantly dif éerent from egch other. Creobo and ~ Primero yielcfed
significantly less (4.8 to 7.8 t ha-1) than all other cultivars.

. 9
Fresh yield data were significantly correlated with mean bulb

weight (PsS0.0001; r=40.62), and also but to a lesser extent, with

plant stand at harvest (Ps0.0053; r=+0.33). Fresh yield was .

significantly correlated (PS0.0001) with the reciprocal of time to
eﬁergence (r=-0.47) and time to maturity (r=+0.62). Therefore, the

shorter the emergence and the longer the maturity time, the higher the

[

yield. \ :

Dry matter vield

While dry matter yield vas generally lower ffom fluid drilled -

¢ .y

plots than dry}gsl\ed plots, it was sﬂicjnbfican"t or\xoly’ for the cultivar
Southport White Globe (Figure 6b}. <Creoso, Primero and Hysol had the
lIovest (1.1 to 3.7 t ha"1) and Bejo lb and Wwhite xee.per the hi;;hest
(6.6 to 7.3 “t ha-!) dry matter yieldg of the cultivars tested.

Dry matter yleld was negatively correlated {P<0.0001) 'with utime
to emergence (r=-0.45) but positively uc:’a;'relatea vith time to mafurity

(PSD.0001, r=+0.64). , .

-c
.

s
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average time to maturity for the other cultivars was 112,3 days. Amol

52

Time to maturity

Seeding method 3id not have a significant effect on the time to
maturity for the different cultivaxs‘('rable A.3), and thus fluid
drilling ar;d dry seeding values were averaged (Figure 7a). Creoso and
Primero cultivars ;natured ‘1n 92.5 and 90 days, respectively. '1‘2e

9
the other cultivars, Green Bunching vas the first to mature after

106.8 days, folloved by Southport Wwhite Globe, Bejo 10 and

. Dehydrator-14 which were not significantly different one from another:

Bulb dry matter

Ko significant effect of seeding method was found on bulb dry
matter content (Table A.3). A significantly higher dry matter conter;t
per bulb was observed for Creoso and Prinero bulbs (23.7 and 24%

respectively) than all other cultivars. The Lovest bulb dry matter

', values were recorded for Southport ‘White Globe, Green Bunching and

wWhite Keeper (Figure 7b). L

A highly significant (P£0.0001})  correlation was éound between

bulb’'dry matter content and both the reciprocal of mean bulb weight

e(r--O“.?S) and of time to maturity (r=-0.68). Thiswm;uisf;d that small
bulbs tended .to contain a higher dry' matter content thah large ones,

and that an éarly maturity resulted in bulbs vith a higher dry matter

content. ~Fresh yield and dry matter data wvere also negatively

, correlated (P<0.0001, rs-6.85), meaning that a 1low fresh yield wvas

closely related to a high bulb dry matter content.

[ -

\ . ' ’
° ' '
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4.1.5 Discussion

Results of the 1982 and 1983 field t.:v"tale indicated the
importance of adaptation in obtaining cultivars ‘that could reach
maturity and yield satisfactorily in the Ste-Clotilde region of
Quebec. Some of the cultivars tested proved unsuitable under our
clinmatic conditions where a maximum daylength of 15 hours 40 minutes

vas reached arpund June 21 (Table 3). 1In 1982, the Ohlsens Enke

series from Denmark showed a high proportion of double bulbs with

stiff upright necks which‘ kept the bulbs froﬁ maturing properly. This

reflected a problem of long-day cultiv’ars adapted to areas of latitude
above 55° (penmark) being grown 1n‘ our rxegion (45° Iatitud;) where the
daylength was long- enough to induce bulbing but not to allow a full
development of the bulbs. Jones and uaml/(‘l963) reported a similara
case vhen Southport White Globe cultivar, qr‘o\m at lover latitudes
than its normal area of adaptatior;, gave stiff necks and bulbs that
did not mature. ﬂ
Furthermore, the occurrence of double bulbs was shown to depend
on the genetic background of the plant and on environmental factors
(Yamaguchi et al. 1975; Rabinovitch 1979). Converse:‘ly, the short day
-types grown in 1983, Creoso and Primero, started to bulb and mature’\
very early (Figure 7a). The bulbs produced were small and yields lowk’
(Pigures 5 and 6a&b). These cultivars had been adapted to a daylength
of 12-14 hours and vere ideal for southern re;;ions such as California
(30-40° latitude). Creoso and Primero thus were not suitable for
dehyflration purposes in the Quebec region since th'ey did not make
sutfiagient leaf growth prior to bulbing to be productive. All other

cultivars tested vere:comparable to the standard cultivar Southport

White Globe in terms of adaptation, as they shggd normal growth in

ot
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out‘climate (FPigures 1- to 7). However, Bejo ll was withdrawn from the
second year's trial as the bulbs vere yellov and wvere thus not
suitable for dehydration.

* In t;mpergio V:ones, once critical daylength has been ;chievod,
bulbing 1‘n initiated and qrovth then éepends upon temperature.
'—oPtimum temperatures for bulb;nq and maturing occurred at 21-27°C and
25-30°C,. respectively (irewste’r 1977). Above these temperatures,
bun.vs matured earlier and ‘yields have been reduced. This interaction
between Ehotoperiod, ‘and temperature may have helped to explrain the
yearly differences in response of cultivars where 1982 growth
parameters and yields vere routinely higher than their 1953

counterparts (Figures 1 to 7).

Following the results” oOf combined trials, cultivars were ranked
as to their suitability for production on the organié soils of Quebec
(Table 9). The ranked order was as follovs: ¢
1. Dehyrator-14 ’
2. Southport White Globe ' (
3. vista white . ‘ \
4. Bejo 10
5. White Keeper
. 6. Green Bunching ' ‘ v

7. Hysol

8. Ohlsens Enke series, Creoso and Primero



L 2
TABLE 9. Principal tharacteristics of selected white .onion cultivars
used in 1982 and 1983 trials. Figures represent the means of both
soving methods and the 2 trial years, .
¢
Name Emergence Maturity Survival Bulb size Shape? Dry matter(%)Yield
: Dehydrator-14! med. early high small-med. Globe high med-high
s 109 days - S1=1.00 20.2
; Southport early med. med.-high med. ‘ Globe med.-high med-high
‘i White Globe 115 days SI=0.98 17.0
‘ vista White med. late med.  large  Globe to med.-high med-high
i 122 days ’ high Globe  16.5
i 51=1.09 .
é - 'Bejo 10 early med. high med-large Flat Globe low-med. high
- 114 days $I1=0.92 15.3
. White Keeper! med. med.-late high lar!ge High Globe 16w high
4 117 days S1=1.16 13.9
-~ . . Green Bunching early early med. large Flat Globe low-med. med:hiqh
LI 108 days - $120.92  14.7
; ,
Hysol32 late early-med. med. med. Flat Globe high med.
113 days S1=0.87 18.0

v =

iy

7

1, Means from 1983 trial only. Cultivar not used in 1982.
! 3, Means from 1982 trial only, due to tke very low survival in 1983,
3, Bulb shapes are represented on Plate 1. SI: Shape Index




5

Of the cultivarg te;ted, only Dehydrator-14 and Ssouthport white
Globe were consistently positive for each of the ciuncteu qtudi;d
(Table 9). For others, wvhile one character proved extremely positive'
another was negative and hence dovn graded the cultivar. An example of
this was Bejo 10 which produced extremely high ylelds‘but vith dry

matter levels below that normal!g required for dehydration. 1t is

important to note however that rankings vere based only on 2 years of

—
//

observations and that a more extensive study would h;ve to be
undertaken before commercial) recommendations could be made.

The Ohlsens }-:nke series showed poor characteristics and should be
excluded from further trials. Cultivars Cre:'»so and 'P.rimero gave bulbs
.too fmall for dehydration (Figure S), but they had a very high dry
matter content (Figure 7) and could be usﬂatul for pickling.

LY
N \

The highly significant correlation found among cultivars between’
bulb dry matter and the breciprocal ©f mean bulb weight confirmed the
tindt’ngs oct Mann and Hoyle (1945), McCullum (1968) and Nieuwho!f 5-5,-—1'
(1973). A relationship wvas also observed between bulb dry matter
content and both fresh and dry ;nld in the present experiments,
indicating that the most productive cultivars had the lowvest dry
matter content, for example: cvs. Bejo 10 and White Keeper (Fiqurbs 2,
3,6 & 7; Table 9). This was in keeping with the resulta of Nieuwhot
et al. (1973) vho shoved that with a 1% increase in dry matter
content, - the productivity of several cultivars decreased by 10%.
';'hcre“ vas however a point where this relationship 1leveled off as
Dehydrator-14 (1983 only), Southport White Globe & ny-cuc (1982 only)
had relatively high yields  and a high dry matter content.

llovortheleu,' vhen selecting for high dry matter cultivars, attention

ihould be paid to subsequent effects on yield.

L
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Yamaguchi et al.(1975) found that high temperatures occurring
during bulb formation led to an increase in the concentration of

flavour components normally associated with high bulb dry matter

content (Hoyle et al. 1972). This seemed to contradict Steer (1982)

who repoféed that ‘a high dry matter percentage in bulbs was to be
expected at low temperatures. Both reports could be correct as it
could have been an interaction betveen the inherent dry matter level
of cultivar and temperature that determined the final peicentige bulg
dry matter. Varieties with-relatively low dry matter levels responded
to high temperatures by ihcreasing their dry matt;r levels, while high
dry matter cultivars responded to low temperatures.‘ In the current
study, cv. Southport white Globe produced higher &ry matter bulbs in
the summer of 1982 vhere maximum temperatures were around 23°C

compared to 1983 where the temperatures reached 29-30°cC.

During the trial years, the‘dry natter content of Southport Wwhite

Globe bulbs ranged from 14.2 to 19.8% -wvith a mean of 17.3%, while the .

=52

mﬁ for Dehydrator-14 buibs vas from 19.2 to 20.9% with a megn of

20.2%. These findings vere similar to the results of Hoyle et al.

" (1972) and vYamaguchi et al. (1975) who reported variations of 13 to

218 for Southport white Globe and 17 to 21% for Dehydrator-l4.

N

However, Mann and Hoyle (1945) noted a lover range (11 to 18.1%) in
Southport White Globe bulbs. The differences 1in‘dry ter content
between the various reports could be explained by 1. e ﬁethod of
gsampling the bulbs for solids aetetmination, 2. thé method of‘dryinq
and, to what extent the tissues are dried and 3. the source of’the
seeds. Bulb sampling and drying as described' in section 3.1.5 have

ensured a reliable measurement of dry matter content.

Approximately 10% of the tissués Were trimmed from the ends of

-

'

(e

'

——
3

3
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the bulbs before dehydration. The amount trimmed d;pended hovever on
the size and shape of the bulb. ’A high shape index value (around 1.8)
refered to dn ideal torpedo shape (Plate 1), whereas a low 1nde§ (leas
than 1) indicated a flatter bulb shape vhich re;ulted in  a 25% wvaste
when trimmed. Therefore, considering both years of the trial, only a-
fev cultivars sVista White, White Xeeper,K Dehydrator-14 and Southporg
White Globe, reached a shape index greater than 1.0 (Tables 7 & 8).
Even the highest value measured (1.29) belonged to an intermediate
type (Plate 1), thus none of the cultlvar: presented the ideal torpedo
shape. Although 1in 1982 there was a trend for smaller bulbs to.be
related to a high shape index, the correlation was not highly
significant '.as . had been found by McCullum (1968). The high.
heritab;lity for bulb shape (62-89%) found by McCullum (3968) would
makeé one expect a similar bulb shape from year to year for the same
cultivar. This was not the case in the current expetriments. In fact,
although tﬂe“rankinq among cultivars for bulb shaﬁé renained the same
‘for those used both years, shapes tended to be more elohgated in 1983.
THis confirmed the results of Yamaguchi et al. (1975) vho found'a
tendency for onion bulbs to exhibit a ﬂpre elongated shape at higher
temperatures. The 1mportahce of factoré other than heredity had also-
been n&ted by voss (1979) who reportﬁZ:QLhat the shape of onions was
partly determined by the cultivar but could be influencediby both

@ %
environmental and cultural factors.

when comparing the 2 sowing methods, itﬁ vas apparent that the
fluid drilled plants started earlier but matured slower than their dry
seeded counterparts (Figures ll, 4 & 7; Table 6). ThiAQtent advantage
of fluid drilling over dry seeding for early growth rates was achieved

under cool soil conaittons {1982), whereas in 1983, rapld drying and

t
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varming up of the soil caused these advantages to be losi. The higher
plant stanq of dry seeded plots may have been a determining factor in
hastening plhn{hdevelopmunt. Indeed, Frappell (1973)‘and Brewster
(1977) showed that densely sown plants matured faster than those with
a wider spacinq.~ ) " ‘

That dry seeding was doﬁe with q\gpchine equipped with/:/yyshaped
belt (aecﬁion 3.1.3) may have been in large part, responsible for the
high plant stand at harvest o;\d:y seeded onions (Figures 1 & 4).
Optiﬁilly, a precision ariller such as Stanhay gave the correct
distance betveen the seeds at mou#hg, thus minimizing the competition
tor light, moisture and nutrients, improving growth and increasing
ylelds with a more uniform size and edape of onions at harvest ‘(Lorenz

BN

. ,
and {:fyn rd 1980; OMAF 1983). The lower plant stand from fluid

drilled “treatments compared to dry seeds in both years of trial

reflected a disadvantage of the fluid drilling system.” In fact,

°

Hegarty (1978b) suggested that sowing pregerminated seeds placed the

-

seeds seriously at risk in the environment By removing germination

control from the seeds’ environmentally sensitive mechanisms.
Fd}thermore, unfavourable veather delayed sowing in 1983 a;h the seeds
vere stored - in.201d aeiated‘vafer (section 4.1:2). Although, this
tﬁchnfque had proven etlicient to. maintain seeds at -the propet‘sfaqe
for sowing when done -at l1°Cc (Finch- Savage 1981) thé varia}ion in
temperature (from 1 to 5°C) during storage may have caused either .a

4 3
loss of viability or somé radicles to grow beyond the 2-5 mm ideal

-

length. Therefore, the advavced 5chitted seeds were probably more
negatively affected by the cold’soil than were seeds with shorter
radicles or dry- seeds, and this would explain the poor ini plant

stand. Similar findings have been reported by Htron:vand Balls (1978)

3 J .
arid Irvin and Price (1983). Generally, a poor initial field stand was

‘ S

8 8
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translated into an equally low plant/ stand at harvest. Indeed, this
proved to be the case for the flyid drilled material. Therefore,
regarding the differences in yielg-betveen th; sowing methods, the
advantage of fluid drilling in time to emergence and bulb weight was
not sufficient to compensate for the 1o08s in survival, and the yields
wvere alvays lover than from dry seeding (Figures 2, 3 & 6). ™
!
The differences “in cultiv§r grsvth and development betwee; the. 2
trial years (1982 & 1983) could be directly attributed to climatic
variation. The shorter growing season in 1983 caused by both delayed
sowing and emergence coupled with an hastened maturity resulted in
fresﬁ yields that were 10 to 30 t ha-! lower than 1in 1982 (Figures 1

\

to 7). wWhile the early sowing and more evéﬁry distributed rainfalls

-

throughout the season further contributed to average yields largely
above the normal in 1982: 54.2 t ha"! (average yield of dry bulb onion
in Quebec in 1982: 35.7 t ha"1; Table 1), yields of 1983 season (36.3
t ha-1) were closer to Quebec average ylelds: 28.4 t ha-!. Jasmin et

>

al. (1977) reported that yields as high as 56 to 68 t ha-! vere

—

possible in Quebec on a productive organic.soil. Moreover, 1in 1982,
several cultivars reached a fresh yield of above 50 t oha'l (Bejo 10,
Green Bunching, vista white and Southport white Globe; Figure 2b), but
6n1y White Keeper reached such a level in 1983 (Figure 6a).

The 1mportan§e of the environmeni cannot be understafed as it
modified cultivar response to cultural and/or managerial techniques.
Consequently, cultivars should be tested for at least 3 to 4 years to
determine whether they would perform satisfactorily for consecutive

years and what cultural changes would need to be made in order to

produce a good crop for dehydration. 1Indeed, cultivars that did not

kN
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seem to adapt at first such as Hysol may give a good pergorﬁance with
slight changes in cultural practice.

Although the generally poor emergence of onion seedlings would
seem to indicate that fluid drilling would be.of benefit to this céop .
(Gray 1981), this has not proven to be the case in current trials.
Therefore, in order for the fluid drilling technique to be fully
exploited o;er dry seeding, attention must be paid to the causes of

. low eme;genca and subsequent poor plant stands and yields.



4.2 SOWING DATES -~ Field trials 1982 & 1983 -

4.2.1 Introduction

-

\

It has been shown that for onions to 'reach the opéimal
physiological age at the time daylength influences bulb formation, the
seeds have to be.sown early in the spring (Brewster 1;77). In this
respect, the soving of pregerminated seeds has been recommended as, a
methad of overcoming problems of poor emergence and slow establishment
of oniéns (Lipe and Skinner 1979; Salter 1978; Gray 198l1). The earlier
emergence o?tained by fluid drilling germinated seeds has led to
highef yields whep compar;d to‘dry seeding (Currah 1975; saiter 1978).
However, the crop response to the technique var{es dependinb on soil

. | temperature at the date ?f sowing (Hiron and Balls 1978). Although
the effects of sowing pregerminated seeds are expected to be greatest
earlier in the season when 1low temperatures delay or prevent
germination of dry sqeds, pregerminated onion seeds were shown to be
more affected than dry seeds in a stress ~environment such as an
extended period of drought or cold (Hegarty l97éb; Hiron and Balls
1958; Steckel and Gray 1980; Taylor 19773. Indeed, in many instances,
emé}qence has been lower when onions were fluid drilled than when dry
seeded (Currah 1976; Finch-Savage and Cox 1983; salter 1978 and Taylor
1977), particularly in very early sovinés (Hiron and Balls 1978). cold
damage (Steckel and Gray 1980: fluid drilled onions) as well as
disease and soil impedance (Hegarty 1BIQa: dry‘séeded calabrese and

N .
. carrots; Maude 1978: dry vegetable seeds) Qvge shown to be important

causes of seedling losses.
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compared to traditional dry seeding. More “specificallf, this work

&

to hasten emergence and growth rates vhich vould/igﬁgitn extend ‘the
growing season and ihcrease the dry matter content and yield of onion

cv, SOUthpOtt:Hﬁite Globe, wfdely used by the dehydration industry.

- o " . g
4.2.2 Materials and methods . - ) /
y . - ‘ “ ¢ 1
* : ‘Onion seeds cv. Southport White Globe were germinatéd for fluiz

*

drilling, and dry seeds vwere prepared as described 4in section 3.1.1.

%§>ﬁq§6nite 508 gel preparation was done accétdinqéa; section 3,1.2. In

«

1982, the first dry and gel seeding vere done as soon as the ;oik

could be vorked in Jhe spring, uhereas the cold wet conditions in 1983

(Table 3) delayed the first sowing by 2 weeks compared to the previous

* s

year. Consequgntly, in 1983, after being germinated for 3 days at

’

N 19-20°C, seeds were held for 3 more days in cold storage at 1-5°C
‘4 -
\\ (details in section 4.1.2). For each, year, the second and third

14
E::’/,)«_),tsowing:s followad at weekly intervals. Seediﬁg and management

qggocedures vere vutlined in sections 3.1.3 and 3.l.4. Sowi and‘

harvesttng dates and the length of the growing season are presented in =
able 10. \gv

Time to emergence, planf}stand after establishmept (G‘Vagt:i¥jnd

at harvest, mean bulb weight and diameter, fresh and dry yiéld, and
dry . matter ;ontent vere measured (details. in séction 3.1,5)  and
included \16 the statistical analysis for both Q;ats. In addition,
plant stand after éﬁérgence (3 weeké) and time to maturity (85% neck

, ‘fall in the plot) were recorded in 19B3. Treatments sown on the third

date dig nét reach maturity by September B, daté¢ considered to be the

4

¢ . ’} 4 ! ¥

sovind date On emergence-, ggovth and yield of fluid drilled ontions>

aimed to evaluate the potential for using the fluid drilling technique °

>

4

r
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limit to pull the plants in order to ensure mininum curing before the
first frost. Therefore, maturity vas determined "as‘ the percentage of

plants showing neck collapse in each plot on that date.

i

In 1982, fluid drilled and jgry seeded treatments were randomized

and analysed iin a separate block design with 4 z:eplic;tes for ea;:h
sowing,date (Table A.4). Means aei:arations were done using a Duncan's
Multiple Range test. Because of the experimental design used\, no
statistical comparisons could" be made among either fluid drilled or
dry seeded treatments between sowing dates.

In 1983, fluid drilled a}nd dfy seeded ttea'tments vere replicated
4 times and a split-plot afrangement vas done in a randomized comi)lete

iy

block desigh where theq mai;( plo};unit was “thé sowiwr&i?g date and the

sub-plot unit, sowing method. An anal,yéis of variance vas performed

on the’ 1983 data (Table A.5). Means separations were done using a
Duncan's Multiple Range test. For plant staidd (3 & 6 weeks), bulb
diameter, dry matter ‘yieltd gnd bulb'dry matter, date X sowing method
interactions did_not occur. Main effects were either unot significant
or significant for only one‘{facto; (Table A.5), and tilerefore“wgte
considered separately (Tables 16 & 18). ‘whfn, date X sowing method
interactions occu;red or date and sowing -method main effects were both
found (Table A.5), simple effects were examined and presented (Tables
15 & 17). Data from the 2 years could mbt be analysed together as t:he
- 4 .

B

experim(gntalfdesigns vere not identical. .
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TABLE 10. Sowing and harvesting dates and time from sowving

to harvest in 1982 ahd 1983 field trials.

] -
; . 1 v
Year of Sowing date Harvesting date Days from sowing
trial o to harvest
1982 1- April 29  Sept,20 % 144
2~ May 6 Sept.20 137 :
3- May 13 “ oct.10 v 146
- 1983 1- May 13 Sept.131 123
2~ May 19 : sebt.'ls‘ / 117
3- May 25 Sept.13" 111

1, Early harvest in 1983 due to unfavourable weathe

bulb field curing.

r for

«
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4,2.3 Results for 1982

v

Iime to emergence
Emergence vas significantly hastened by fluid drilling compared

to dry seeding at all sowing dates (Table 11). The advantage gained

‘ vas 4.0, 3.5 and 4.7 days for sowing dates 1, 2 and 3, respectively.
Emergence .tended to be slower from the first sowing date than from the

/\ ’2 later sowings, when comparing fluid drilled "~ or dry seeded onions
over the 3 dates. ¢

Plant stand after establishment

Fluid drilling led to 42.'1, 10.3 and 28.7% lower plant stands
than dry seeding after 6 weeks, for the firsg, second and third sovir;g
dates, respectively (Table 12). “Among fluid drilled treatments,cplant
stand was highest in the second sov‘lnij date, vhereas it vals highest at

T

the first date in dry seeded plots.
-

Piant stand at harvest
“ From establishment to harvest; plant losses ranged from 7.7 to
9.9 bulbs per meter in fluid drilled plots, arid from 6.6 to 14.8 bulbs
per n;eter in dry segded plots (Table 12). Plant l\osses vere greatest
vhen seeds vere soyn at the first date. There was a strong
corgelation bet\‘reen the number of plants in the plots after & veeks
and the final plant stand (PsO.0001; r=+0.82), showing that plant

' counts after 6 weeks of growth gave a good indication of the number of

. . harvestable bulbs. .

As a result, plant stands at harvest ranged from 35.8 to 69.8% of
the initial seed rate (45 seeds m-!). Fluid drilling resulted 1in
significantly lower bﬁlb number than dry seeding. The greatest
difference wa{s obtained for the' first sowing date where fluid drilling

Co decreased plant stand by 46.7%, /éhile the decrease was 20.7\/a_r\xd 28.1%
: hN
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for sowings 2 and 3, respectively. Regardless oOf the seeding
treatment, the highest plant stand vas obtained with the middle soving
date (Table 12). A significant positive correlation existed betveen

3

the time to emergence and the number of bulbs per meter at harvest

‘(PS0.00I; r=4+0.62). This indicated a tendency toward a lower plant

survival as seedlings emerged faster.

Mean bulb weight

Bulb weight was significantly increased by fluid@ drilling

compared to dry seeding at all sowing dates (Table 13). The advantage

Ind G

of fluid drilling vwas respect‘ively 51.8, 31.4 and 34.3% over dry

.seeding. for ‘dates 1, 2 and 3. when comparing eath soving treatment

over the 3 dates, both resgulted in smaller bulbs when sowing was done
on May 6 (second date). A significant negative correlation (P<0.0001;
r=—0.91) was found between bulb number and mean lbulb weight,
suq;esttnq that @ higher density of bulbs 1in the row at harvest was

associated with a decrease in bulb wveight.

~

Bulb diameter ~ - o
Although no significant differences in bulb diameter were found
between fluid -drillinq and dry seeding at any of the sowing dates

(Tahle A.4), bulbs tended to be larger in diameter when fluid drilled

(Table 13). Among treatments, a loy number of bulbs at hatvest

corresponded to a high bulb diameter as shown by the significant

I3

negative correlation (P<0.0001; r=-0.70) between bulb diameter and
)
bulb number at harvest. In addition, a positive correlation existed

betwveen bulb diameter and bulb weight (PS0.0001; r=+0.74), thus wide
bulb diameter tended to be associated with a high bulb welight.

Fresh yield
Seeding method did not significantly affect fresh yield of onions

B

from either sowing date (Table 14). Fresh yield ranged form 45.8 t;é
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57.1 t ha-l. Pluid d4rilling decreased yields by 16.1 and" 2.8%

compared- to dry seeding for sowing 'dates 1 and 3, respectively, while

[N
a -

it increased yields by 4% for the second sowing.

Dry seeding resulted in 10 t ha-1 higher yield wvhen sown at the
first date compared to the 2 later sowings. On the other hand, highest
yield from fluid drilling vas obtained in plots sown on the n;cond
date. .

5>
N

Dry matter vield .

Differences in dry yield betveen fluid drilling and dry seedinq‘(
vere not signin‘cant for each soving date (Table 14). However, dry
matter yiel.ds were 16.2 and 6.4% lower with fluid drillinq than dry
seeding at sowing dates 1 and 2 respectively, although 1t was
identical for the sowing methods at soviqg date 3. Dry yie:ld tended -to
decrease as the sowing was done la‘f;er for both fluid drilling and dry
seeding.

There vere highly significant correlations between fresh yield
and dry yleld data (‘PS0.000I; r=+0.92), and between hulb number'at

harvest and dry yield (P<0.005; r=+0.59).

Bulbp dry matter

Fluid drilling resulted 1in bulbs with a significantly. lover gry

- matter content than thelir dry seeded counterparts at the second sowing

date (Table 14). However, the disadvantage of fluid drilling vas not
significant at sowing date 1, and fluid drilling actually p;oduced a
small increase (0.4%) in bulb dry matter content at date 3, There was
a tendency for dry matter content to be higher in bulbs from earlier

sovwings. ™,
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. e TABLE 11. Effect of date of soving and sowing
: method on time to emergence of onion cv. Southport
\ Vhite Globe in a 1982 field trial.
. Sowing date Sovwing method Time to emergence .
. - (days) T
: 3
1- April 29 Fluid drilling 9.0 b ) =
; Dry seeding 13.0 a
“ .
g ) 2- May 6 Fluid drilling 8.0 b
) Dry seeding . 11.5 a
3- May 13 Fluid drilling . 7.8 b
® ; 7 — pry seeding 12.5 a
£
: a,b For each sowing date, paired means folloved by
i : the same letter are not significantly different at
¥ the 5% level according to Duncan's Multiple Range
N test.
i
Py
z -ty 3 :
) . TABLE 12.. Effect of date of sowing and sowing method on plant
- - stand of onion cv. Southport White Globe, after establishment (6
i ] veeks) and at harvest in 1982.

Sowing d;;z Sowing method Stand (6 weeks) Stand (harvest)
(plants m-1) {bulbs m-1) -
1- April 29 Fluid drilling 26.0 b 16.1 b .
Dry seeding 45.0 a 30.2 a
2- May 6 Fluid drilling - 34.1 b 24.9b ’
’ Dry seeding 38.0 a 31.4 a
. 3- May 13 Fluid drilling 25.6 b 17.9 b
’ Dry seeding 35.9 a 24.9 a

a,b For each sowing date, paired means followed by the same letter
are not significantly different at the 5% level according to
Duncan's Multiple Range test. l

&~
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TABLE 13. Effects of date. of sowing and sowing method on bulb
veight and bulb diameter * of onion cv.Southport White Globe in
1982.
Sowing date Sowing method Mean bulb weight Bulb diameter
. (q bulb-1) {mmn)
1- April 29 Fluid drilling 129.3 a 66.6 a )
Dry seeding 85.2 b . 56.9 a "‘3
: |
¥
2- May 6 Fluid drilling 88.8 a 59.8 a
- Dry seeding 67.6 b 50.4 a
3~ May 13 Fluid drilling 115.1 a 61.3 a
Dry seeding 85.7 b 55.0 a

a,b For each sowing date, paired means followed by the same
letter are not significantly different at the 5% level according
to Duncan's Multiple Range test. '

-
\

a

TABLE 14. Effects of date of sowing and'sowing method on fresh and dr.:y
ylelds, and on bulb dry matter content of onion cv. Southport White
Globe in 1982.

A

’

o

Sqwing date}] Soving Fresh y'1e1c1 Dry matter yield Bulb dry matter
V[method (t ha-1) {t ha-1) (% bulb-1)
1- April 29  Fluid drill 47.9 a 9.3 a 19.3 a
. Dry seed 57.1 a 11.1 a 19.5 a
2- Nay 6 Fluid drill 49.0 a 8.8 a 18.0 b
' ' Dry seed 47.1 a 9.4 a 19.9 a
3- May 13 Fluid drill 45.8 a 8.2'a 17.9 a
Dry seed 47.1 a 8.2 a 17.5 a

a,b Por each sowing date, paired means followed by the same letter are
not significantly difterent at the 5% level according to Duncan's
Multiple Range test, ™
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4.2.4 Results for 1983 - ) .

Iime to emergence

’ o

Emergence was faster for fluid dtilled plots compared with dry
seeded plots, for all sowing dates (Table 15). Regardless of the
seeding wmethod, time to emergence wvas significantly shortey for the

second goving date.

"ri.ne to maturity

Maturity (Plate 2, stage 10: 85% neck fall) vas reached
signiticanltly later in fluid drilled plots comp;'ed to dry seeded ones
for date 1, and significantly earlier for date 2 (Table 15). The time
to maturity va; not significantly different between dates 1 and 2 for
fluid drilled treatments, but it vas Asignificantly longer for sowing
date 2 than date 1 for dry seeded plots.: =

Although maturity was not reached in plots sown at the last
seeding date, it was observed.that an average of 73.5% of the plants
shoved neck fall in fluid drilled plots by september 8, while only
63.8% neck fall was reached with the dry seeded material.

¢

Plant stand after emergence

After maximum emergence has been reached {3 weeks), no
- .

significant differences in plant stand were found /betveen sowing

methods or dates (Tables 16 & A.5). Nevertheless, there was a tendency

N

for plant stand to be higher in the plots sown the -earliest, and in

+ - dry seeded plots compared to fluid drilled plots.

1 -

Plant stand after establishment

During the 3 week period from emergence to stand establishment (6
' »

weeks from sowing), losses of 24,0, 2.5 and 9.7% were noted in plot&
of sowing date 1, 2 and 3, respectively, Fluid drilled plots showed

15.4% decr?e‘ in plant counts from emergence to establishment,

v A -
8 . p
'
> . -

/
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whef;as the decrease vas only 9.5% in ﬁry seeéed plots.
consequently, after 6 weeks of growth, planta stand was
significantly gréater for dry ~seeded than fluid drilled treatments
(Table 16). However, no significant dittereﬂce was observed among
sowiﬁg dates. ' ‘ ¢
Plant stand at harvest
Main effects of both sowing date and sowing method on plant stand

at harvest were not eiqnific}nt (Table A.5). However, a significant

interaction existed between sowing date and method.

Dry seeding resuited in- higher number of bulbs per meter than:

fluid drilling for date 1 and 3 and in a lowver plant stand for date 2,
the diffgrence Being significant only for date 1 (Table 17). In fluid
drilled plots, plant stand vas significantly higher at date 2 than at
the other dates. On th; other hand, plant stand w;s highest at date 1
and lowest at date 2 in dry seeded plots. The resulting percent
Qutvival from initial seed rate ranged from 31.5 to 47.6%.
Mean bulb weight

A siqnigicant interaction was found betveen sowing date and
soving method treatments (Table A.5), and thus the simple effects were
examined. No siqnit%cant differences were found between sowing methoad
at eitﬁer soving date (Table 17). ¢

Although there was _no significant differences 1in bulb weight

among fluid drilled treatments sown on May 13, 19 or 25, - a‘tendency

tdvard a lower bulb weight with later sowing gxisted. Oon the other.

hand, dry seeding led to significantly larger bulbs form sowing date 2

compared to the other dates.

Bulb diameter ’//

There vere no significant differences 1in bulb diameter among

v

sowing dates oOr between the 2 sowing methods (Table A.5). However,

) ’ ’

ya

T



AR 4

- ' 74

bulb diameter tended to be greater for early sowings (Table 18), and

ranged from 52.3 to 54.3 mm.

-

Fresh yield

A significant interaction between date and meihod of -sowing

(Table A.5) resulted in higher fresh yield for dry seeded rather than

Y

fluid drilled plots for date l\bnd“ﬁz but these advantages were not

" significant. Fluid drilling resulted in significantly lower fresh

yield vhen plots were sowr on NMidy 25 (date 3) compareéd to the other
dates (Table 17). On the other hand, dry seeded plots yielded

significantly higher at date 1 compared to the later sowings.

.

Dry matter yield

Dry yield was significantly higher for sowing dates 1 and 2
rather than date 3. (Table 18)., No significant difference was found
between the t&o seeding types. The significant coriglattons found
QQtveeﬁ'dfy yield and both bulb number at harvest (P$0.0001; r=+0.73)
and fresh yield (P<0.0001, f:+0.93), indicated the importance of a .
high survival and a high fresh yield to obtain high dry matter yield.

Bulb dry matter

There was no significant effect of sowing date or sowing method

~

. \, )
on the bulb dry matter content (Tables 18 & A.5). Nevertheless, dry .

matter percentage tended to be higher in plots sown earlier rather

[

than from later sowings.
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TABLE 15. Effect of date of sowing and soving method on time to
emergence and to maturity of onion cv. Southport White Globe in. 1983,

\
Soving date Soving method Time to emergence Time to maturity
(days from sowing) (days from séwing)

o

1- May 13 . Fluid drilling 9.5 c@ 109.5 b
Dry seeding 13.0 a 107.5 4
2- May 19 Pluid drilling ~  9.04° 109.0 be
’ Dry seeding 11.5 b 112.5 a
3- May 25 Fluid drilling 9.8 ¢ Rl 1
) Dry seeding - 12.5a 0 e==-- ,

a-d Neans within columns followed by the same letter are not
significantly different at the 5% level according to Duncan's Multiple
Range test.

‘1, Maturity was not reached by the time of pulling

-~ o

TABLE 16. Effect of date of sowing and sowing method on plant st
of onion cv.Southport White Globe, after emergence (3 weeks}
after establishment (6 weeks) in 1983,

-

Treatment Plant'stand (3 weeks) Plant stand (6 weeks)
(plants m-1) (plants in-1)

Sowing date! .

1- May 13 @@ 34.6 a 26.2 a

2- May 19 31.7 a - 30.9 a

3- May 25 Y 32.1 a 29.0 a
I\

Sowing method? B w

Fluid drilling ~ 31.8 a 26.9 b

Dry seeding ( 33.7 a ‘ 30.5 a

@

a,b Within columns and within treatment groups, means followed by
the same letter are not §ignificantly different at the 5% level by
Duncan's Multiple Range test.

1, values for each sowing date are means of 8 observations, from
the 2 sowing methods with 4 replications.

2, values for each sowing method are means of 12 observations from
the 3 sowi?g dates with 4 replications.

o
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TABLE '17. Effect of . date of sowing and sowing method on plant stand
at harvest, bulb weight and fresh yield of onion cv.Southport white
Globe in 1983. .

-

Sowing date Sowing Stand (harvest) Bulb weight Fresh yield
method (bulbs m-') (q bulb-1) (t ha-1)
1- May 13 Fluid driilinq “ 16.3 bc 101.4 ab 36.3 ab
Dry seeding 21.4 a 87.0 b 41.7 a
2- May 19 Fluid drilling 19.6 ab 99.5 ab 43.0 a
Dry seeding 15.4 be 107.1 a 36.6 ab
3- May 25 Fluid drilling 14.2 c 92.5 ab 29.1 b
Dry seeding 17.1 abc 88.6 b 33.4 b

f

a-¢ Means within columns followed by the same letter are not
significantly different at the 5% level according to Duncan's
Multiple Range test.

TABLE 18. Effect of date of - sowing and sowing method on bulb
diameter, dry mattexr yield and bulb dry matter content of onion
cv, SOuthport White Globe in 1983. .

Bulb diameter Dry yield Dry matter
Treatment . (mm) - {t ha-1) (% bulb-1)
Sowing date! R <

\

1- May 13 54.3 a 6.3 a 16.1 a
2- May 19 53.7 a 5.9 & 14.9 a
3- May 25 52.3 a 4.8b 15.5 &
Sowing method? 1 .
Fluid drilling v $3.0 a, -~ 5.6 a 15.6 a
Dry seeding . 54.0 a 5.7 a 15.4 a

3

a,b within columns and within treatment groups, means followed by
the same letter are not significantly different at the 5% level by
Duncan's Multiple Range test.

1, values for each sowing date are means of 8 observations trom
the 2 sowing.methods with 4 replications.

1, values for each sowing method are means of 12 observations, from
the 3 sowing dates with 4 replications.

-
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4.2.5 Dis::ussion

The trial results demonst’rated' that spring veathpr conditions,
markedly influenced the response of the white onion crop to the fluid
drilling technique.

" Fluid drilled plants emerged consistently earlier tha;x those sovr;
by ‘dry seeding (Tables 11 & 15). This advat?tage of the fluid drilling
technique was primarily associated with Qgermination of seeds under
optimal conditions prior to sowing, thereby reducing the unpredictable
effects of weather and seedbed conditions on ra‘dicle emergence (Salter
1978; Ghate 1982) and giving a head start to seedling growth. Earlier
emergence has been the most widely reported effect obtained by fluid
drilling seeds of over 20 crops, with a range of soil and
environmental conditions' (Salter 1978). Up to 15 days earlier field
eme}qence has resulted from gel seeding of onions, compare?] to dry

seeding, the advantage depending on soil moisture, (Bierhuizen 1981),

temperature (Hiron and Balls 1978), and on cultivar (Gray 1981).

Earliness 1in emergence from fluid drilling was generally more

important in the first year of the trial where s0il moisture levels

vere lover and temperatures warmer at sowing (Table 3). This could .

indicaté that the gel was able to provide a portion of the water
necessary for the early stages of growth, an hypothesis put foreward
by Elliott (1967} an;l Darby (1980). This may apply more speéifically
to the third sowing Of the 1982 season (Table 11). ’

On the other hand, the very wet conditions that persisted during
most of the sowing period of 1983 most 1likely limited the rate and,
reduced the level of emergence because of the limited amount of oxygen

available to the growing seedlings. Limited oxygen diffusion in water

saturated soil has been reported to more markedly affect the emergence

kY
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of pregerminated seeds than that of dry seeds because in the former,

metabolic processes were activated and thus required more oxygen than

the initial physical imbibition process (Bierhuizen 1981). Alth¢ugh .

-

little - work has been’ done on oxygen requirement of seeds in gel.

b

* Brocklehurst et, al. (1980) has shown thata&faponite gel reduced the

rate of oxygen uptake by the seeds which m explain the 1owe; level

B}

of emergence and subsequently of final plant stand obtained from fluid

sowing in both years of trial. Thus the capacity of onion seeds to

start germinating in soil with moisture slightly above the permanent
L

AN

wflting point to field capacitﬁ and ' the resistance of dry onion seeds

-

v

to, cold stress as reported by Lorenz apd Maynard (1980) could explain
the similarities whgg/é;mparinq each sowing date between the two years
where the conditions were very different at sowing. ‘

Plant stand was consistently reduced by fluid drilling at all
dates and in both seasons (Tables 12, 16 & 17). This vas a problem
similé:) to that encountered by <Chevrier (personal communication).

Limited emergence or growth and subsequent death of seedlings may have

occurred during the season because of a hardening of Laponite gel as

reported by Orzolek (1982b) and Pill and wWatts (1983). Plant loss -

from emergence to , establishment and harvest was partly attributed to

the gel which has been suspected to create and 1ideal environment for

‘the spread of diseases (Entwistle and Munasinghe 198l1). In fact, the

earlier emergence achieved by fluid drilling in the current trials

would be expected to involve less risks of attack by “insects and soil

13 1

pathogens, according to Currah (1978b). Hovever , onion maggot and-smut

wvere observed to be more important problems than with dry seeded

plots.,\This wvas ﬁarficularly true for sowing date 1 of both years

wvhere insecticides have not yet been applied to control the first®
i ! b
| N \
flush 05 onion maggot. It is important to hote that at the time of

"
\
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soving, pregerminated seeds were at a stage more susceptible to stress
conditions such as disease and insect attacks (Maude 1978; westcott
1979), cold (Hiron and Balls 1978) and low/high sotl moisture contents
(Hegarty 1978b). -

The fluid drilled treatments during 1982 wvere placed along the
ditch side of the experimental field. The treatment effects in 1982
trial were very probably confounded by the position of the plots 1in
the 'tield because of a moisture gradient created by the field sloping
tovard the ditch and 1t vas therefore difficult to interprete the
eifects of the fluid drilling treatments. In order to avoid this
problem the plots were randomirzed differently in 1983. Nevertheless,
the results of the current trials confirmed those of Hiron and Balls
(1978) who obtained a lover percentage emergence in fluid sown rather
than in dry seeded plots,6 particularly for early sowings, where the
s0il was very cold and wvet. They attributed this regponse to two
possible causes: firstly, the so“ temperature may have been too low
at the early sowing date to allov grovth of the germinated seeds but
dry seeds vere st1117 able to imbibe; and this would have reduced the
advantage of the.qerninat'mn prior to sowing. Secondly, as a resuit of
variation of imbition and germination rate between 1individual seeds
(Hegarty 1978b), the seeds vere not equally germinated at sowving and
seeds vith the longest radicles may have died due to breakage during
handling and to greater susceptibility to cold conditions (Irvin and
Price 1983).

Cold damage occurred when germinated seeds were exposed tO

freezing temperatures (sS1°C) for a period as short as 2 days, vhile

dry seeds vere not affected in their subsequent seedling emergence

»{Steckel and Gray 1980). Gray and Steckel (1983) shoved that a

tenmperature of -6.5° $2.3°C killed germinated onion seeds presumably

[ 4
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as a result of intracellular ice formation or dessication'damaqe, but
imbibed seeds were not affected. Onions have b en dry sewn on organic
soil before frost is completely ocout of the ground and usually the
earlier the seeds wvere sovn within 2 weeks after the s0il is workable,
the larger the yield for both early and late cultivars (Tiessen et al.
1970). However , this did not apply to germinated seeds, at least not
vhen cold and wet conditions persisted as in the spring of 1983 (Table
3y, Although the =seeds were sown at a depth of 2 com, soil
temperatures wvere most likely several degrees lower than the air
temxperatures reported in Table 3, particularly at the ear\luier sowing.
This might have i{mpeded subsequent growvth and development of the
se'edlinq. However K by the third syving, the s0il vas warmer and
alloved a faster emergence than the earlier sovings in 1982. But this
was not the case in 1983, probably because seeds of the last sowing
started to growv vhen the soil was dry at seeding depth and may have
absorbed tr;e moisture from the gel. Later sovings gguld thus have
benefited from being sovn deeper where a cooler temperature and a
higher moisture level remained.

Therefore, contrary to the general expectations of the fluid
drilling technique mentioned by Taylor (1977), Currah (1976) and

Salter (1978), its advantage over dry seeding was not greatest in the

earliest sowing in the case of the white onion. The greater advantage
/

\

of the technique at early sowings, {i.e. vhere temperature is normally
suboptimal for germination of dry seed, wvould seem to apply better for
direct seeding Of warm-season crops such as tonantoos (Busgsell and Gray
1976; Gray, Steckel and ward, 1979) and pep;;ers (Irvin and Price
1983), or for a crop like lettuce requiring cool conditions for
gerrination (Gray 1978). The same problem of lov plant stand at early

sovings resulted from fluid drilled parsnip, celery and sugar beet




{Gray 1981).

Although earlier emergence and maturity in some cases has been
achieved by fluid drilling, the subsequent problems of plant stand
resulted in no yield benefits in the present trial. In earlier
studies, the effects of fluid soving on the yields of mature bulbs
have generally been small and inconsistent (Currah 1976). The
performance of fluid drilling and dry seeding wvere not different in
terms of yield as the lov plant stand in the former was generally
cospensated by larger bulbs as measured by weight and diameter (Tables
13, 17 & 18). Therefore, the large bulb size produced by fluid
drilling has been oObtained at the expense of the number Of bulbs

harvested as reported by Currah (1976) and Lipe and Skinner (1979},

"rather than from an extension of the groving season (Salter 1978a).

Although mean bulb diameters tended to be smaller troﬁ the second
soving, they were still an acceptable size for processing (250mm)
(Hoyle et al. 1972). Spread of emergence has been ‘showvn to be greater
at‘10v temperatures (Lipe and Skinner 1979) and to result in more
variable bulb size and nore extremes in size (Hoyle et al. 1972),
Therefore, the greater mean diameter obtained in the earlier sowings
did not necessarily reflect a real advantage over the later sowings.
In 1982, more favourable conditions were present at soving, a
more constant rainfall during the season favoured steady growth and a
relatively varm and dry wveather at the end of the season was
favourable for field curing. All these factors contributed to higher
plant survival, longer groving season, and higher yields than in 1983.
Therétore, the delayed sowings in 1983 vere probably a cause for lower
yields as shorter time was alloved tO achieve an optimum leaf cover

before increasing daylength induced bulb formation vhich wvas visible

around mid-July in both years., Yamaguchi et al. (1975) reported that a
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. fTTT;;k earlier sovwing date had resulted in the formation of as many as
4 to 6 more foliage leaves before bulbing commenced. Furtherrore,
-7 \s- “while bulb dry matter accumulation ranged from 17.3% to 19.9% in 1982,
S~ it wvas only from 14.9 to 16.1% for the same cultivar in 1983 (Tables
14 & 18) due to th; longer groving season obtained in 1982 (Table 10).
In the same order of 4idea, the higher dry y}eld from the 2 earlier
sovings wvas probably due to the extension of the qrovinq season in the
. early spring. A growing season of 21, 20 and 35 1longer days,
4 respectively, in 1982 compared to 1983 for sowving dates 1 to 3 (Table
10) resulted in dry matter increases Of respectively 1.3, 1.1 and 0.7
t ha'! per wveek, the greatest advantage being obtained with the
earlier sovings. This confirmed the advantage of an ea;lter
establishment of onions or an extention of leaf cover at the end of
the season, from a rather cool and vet summer as in 1982, b¥YW ST "~
- which could have ‘increased dry yields by about 0.2 t ha-! per day
(Brevster 1977).

Therefore, the extension of the grgbtng season by an early soving
date appeared to be crucial to optimize yield and dry natter
accumylation of the vhite onion vhich required a long groving season.
However , since cold 1nj§ry is nostr likely to reduce the possible
advantage of the tiuxd drilling technique over traditional ar
seeding, it 1is recommended that soving take place betwveen 1 and
veeks after the soil can be worked vhen soil conditions seem most
favourable. As organic soils notl:IIy retain a high moisture content,
vater should not be limiting at that time. The influence of favourable
soil conditions could be seen in that much better emergence, higher
plant stands and yields vere found with the second sowing date.
Hovever, any later soving should be avoided as the season became too

short for proper plant maturity, and thus yields vere rc@ycod and bulb
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4.3 DENSITY OF SOWING - Field trials 1983 & 1983
4.3.1 Introduction

In Quebec, the short \qrovinq seasOn appears tO be the ngin

“limiting factor for producing good quality bulbs and achieving maximum

yields of white dehydrating onions (Woods Gordon, 1982). Crop spacing
can be a valuable vay of controlling crop size, shape and yield, and
it can influence growth rates. When the onions are densely planted,
the competition for light, vater and nutrients is high and the rate of

developeent is g¢generally hastened as the soving density 1increases.
<

‘"However, high density plantings tend to yleld small bulbs which are

not desirable for dehydration purposes, but large bulbs (diameter
above 50 mm) have only been obtained at the expense of some loss in
total yield (Blea:dale 1966; Frappell 1973). On the other hand,
varieties with small bulb size have been associated vith high dry
matter content ~(Nccollun 1968; Wieuvhof et al. 1973), and tight rev
spacing with a high fresh yield up to a certain maximum density, above
vhich yleld becomes independent of density (Bleasdale 1982). The
Government of Quebec (MAPAQ 1982) recosmended, wvhen groving fresh
market bulb onions, to sov seeds on 40 cm apart rowvs at a rate of
40-50 plaar/:ts m-!,  which {s equivalent to 100 and 125 plants m-?
respectively, and about 4 kg seeds ha-!, n California, varieties .
grown for dehydration vere reported to give maximum yields at
densities of 83 to 100 plants =m-! which takes 3.5 to 4 kg of seeds
ha“! (voss 1979).

Consequently, an experiment vas designed in 1982 and continued in
198) with two dehydrating onion cultivars. The Objective wvas to

detetmine at wvhich sowing rate a  compromise could be reached in

° ~
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obtaining high yields of large elongated bulbs vith a high dry matter

content . —

4.3.2 Materials and methods

. .
For both years of trial, dry seeds of cultivars Southport white

L] “\~
Globe and Dehydrator-14 vet)e cOated with Progro systemic fungicide and

counted as described in uct'ion 3.1.1. The 2 cultivars vere dry sown
(section 3.1.3) in standard plots of 4 rovs each 5 meters long with an
inter row spacing '.ot .45 cn and three different sowing rates: 35 45
and 55 seeds m-!. The sowing rates were chosen so that there was oOne
above and below the Quebec standard. Based on the resu(lts of the 1982
trial, a fourth treatment (25 seeds m-!) was incorporated in 1983.
considering the fixed inter row spacing of 45 cm, sowing rates of 25,
35, 45 and 55 seeds m-! corresponded to plant densities of 56, 78, 100
and 122 seeds mn"?, respectively. Cultural and managerial procedures
vere as outlined in section 3.1.4. ; ’

Time to emergence and toO maturity, plant stand and percentage
survival at harvest, mean bulb veiqht and diameter , bulb shape index,
total fresh yield, bulb dry matter content and dry matter yleld were
measured. In 1982, treatments vere sown on May 3 and harvested after
133 to ,140 days. In 1983, all treatments wvere sOwn on May 19 and
harvested on September 13, 117 days later. The shorter growing season
in 1983 resulted from delayed sowing caused by poor spring veather
conditions (Table 3). Lo ,

The experiment was distributed in a 3X2 factorial arrangement in
1982 and in a  4X2 arrangement in 1983, In both years, the treatments

combinations were randomized in a block design vith & replications.

All data vere subjected to analyses of variance vhich are detailed in

A
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Tables A.6 and A.7 for 1982 and 1983 trials, respectively.

comparisons of means were portorne uung'thc Duncan's Multiple Range

¥
test. The main effects of soving rate and cultivar are presented in

Tables 19 to 22 and the specific responses of cultivars at each soving

A\ 4

rate are shown in PFigures 8 to‘Qz.
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4.3.3 Results for 1982
€

Time tO _emergence .

Although seeding rate did not significantly affect the time to
emergence, there vas a tendency for faster emergence 1in more densely
sowvn plots (Table 19). Seedlings of cultivar Dchydrator—li emerged
significantly faster than those of Southport White Globe (Table 19 &

Figure Ba).

Time tO maturity

Both sowing rate and cultivar had significant effects on'the tinme
to maturity (Table A.6). Plants sowvn at a rate of 55 seeds m"! reached
maturity significantly earlier than at lover rates, for both cultivars

(Table 19 and Figure B8b). Maturity was reached earlier by cultivar

L]
Southport white Globe s’an Dehydratd‘;lc, vhen considered as a main '

effect (Table 19) and on an individual, rate by rate, basis (Figure
8b). L

vhe significant correlation (P<0.005; r=+0.79) found between the
time to emergence and the time to maturity for .cultivar Southport
Hﬂtte Globe 1indicated a tendency for treatments emerging faster to

mature faster as vell,

Plant stand and percentage survival‘iatuharveg;)

As the sowving rate vas increased from 35 to 45 and 55 seeds m-!,
significantly more bulbs per meter vere harvested. HOwever, the
resulting percentage of plant survival from initial sowing wvas
significantly higher in the 35 seeds m-! treatment than 1in the other
treatments (Table 20; Figure 9a&b). Cultivar Dehydrator-14 gave higher
percent survival than Southport White Globe at all sowing rates

(Figure 9atb).
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Mean: bulb weight
;loan bulb wveight significantly decrd¢ased vith increasing seeding
rate (Table 21) for both cultivars (Pigure 10a). Por all rdcnnty
% treataents, cqltivar Southport White Globe yie;dcd larger bulbs
compared to Dehydrator-14 (FPigure 10a).
Among all treatments, the higher the plant stand at harvest the
lower the bulb wveight tended to be (P<0.000]l; r=-0.85).

Bulb diameter

Wwhile differences in bulb diameter .among soving rate treatments
were not statistically significant, a significant interaction wvas
found betveen rate and cultivar (Table A.6). As a result, only at the
~45» seeds m-! rate vwere Southport Wwhite Globe bulbs significantly

larger than Dehydrator-14 bulbs (Figure 10b).

Bulb shape index

Bulb shape was not significantly affected by the sowing rate, but

- b‘ulbs\ of Dehydrator-14 cultivar had a more elongated shape (higher
shape index) thar; those of Southport white Globe (Table 21 & Figure
11a).
Fresh yield

Frésh yield was not affected by either rate or cultivar
treatments (Tables 22 & A.6). However, ther'e vas a tendency. for‘
Southport White Globe to yield more than Dehydrator-l&a at all soving
rat\:; (Figure 11b).

There was a siqt:incant correlation (P§0.05; r=+0.48) between the

mean bulb weight and éhe final fresh yield per area.

Dry matter yield

Dry yield vas not significantly affected by either rates or
* Cultivars used. However, Dehydrator-14 tended toward a higher dry

yield tm(m Southport White Globe. (Table 22 & Figure 12a).

c /



Bulb dry matter (%) \
Seeding rate had no significant effect on the bulb dry matter

content (Table 22) but the- effect oOf cultivar wvas significant as .
Dehydrator-14 bulbs showed higher dry matter percentage then those of
Southport White Globe (FPigure 12b),

A bigger bulb in terms of diameter was correlated (P<$0.005;

-

r=-0,.56) with a lower bulb dry matter content. \
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TABLE 19. Effect of soving rate and cultivar on time to
emergence and time to maturity Of vhite onion in 1982 and 1983

field trials. ,,s
. i

T
Treatment Time to emergence Time tO maturity
' (days from soving) (days from sowing)
1982 1983 1982 1983
Soving rate!
(seeds m- 3}
25 . --==3 11,6 a ---- 115.0 a
35 . 12.3 a 11.0 b 115.6 a 113.8 a
45 12.0 a 10.9 b 115.0 a 105.0 b
55 . 11.8 a 10.6 b 113.1 b 103.4 b
Cultivar?
Southport White Globe 12.1 a 10.6 b 113.7 b 108.6 b
Dehydrator-14 11.7b 11.5 a 115.5 a 110.0 a

a,b within columns and vithin treatment groups, neans followed
by the same letter are not significantly different at the 5%
level by Duncan's Multiple Range test.

1, values for each soving rate are means of-8 observations, from
the 2 cultivars with 4 replications,

2, values for each cultivar are means of 12 observations in 1982
(3 soving rates with 4 replications) .and 16 observations in 1983
(4 soving rates with 4 replications).

3. Treatment not used in 1982.
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FIGURE 8. Effect of soving rate and cultivar on a) time to emergence

and b) time to maturity of white onion in 1982 and 1983.

1. LSD values for 1982 . 2. LSD values for 1983
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TABLE 20. Effect of sowing rate and cultivar on plant stand and
percentage survival at harvest of vhite onion in 1982 and 1983.

Treatrent Plant stand Percentage survival
(bulbs m-1) (% from sowing rate)
1982 1983 1982 1983

Sowing rate!
(seeds m~ 1)

---- - 50.6

25 d a

35 c 83.3 a 44.5 a

45 b 75.3 b 47.3 a

55 L a 73.5 b 46.3 a .
Cultivar? ‘
Southport white Globe b 75.0 b 44.3 b
Dehydrator-14 a 79.7 a 50.1 a

a-d within columns and vithin treatment groups, means followed
by the same letter are not significantly different at the 5%
level by Duncan's Multiple Range test.

1, values for each sowving rate are means of 8 observations, from .
the 2 cultivars with 4 replications.

2, values for each cultivaw are means of 12 observations in 1982
(3 soving rates with 4 replications) and 16 observations in 1983
(4 soving rates with 4 replications).

3. Treatment not used in 1983 <
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TABLE 21. Effect of soving rate and cultivar on mean weight diameter
and shape index of white onion bulbs in 1982 and 1983.

3

Treatment Bulb weight Bulb diameter Shape index
(g bulb-1) (mm) {height/diameter)
1982 1983 1982 1983 1982 1983
Soving rate!
{seeds m~})
N ¢
25 ----3 90.3 a —--- 55.1 a -—— 0.97 a
3s 80.1 a 82.3 a 60.0 a 55.8 a 0.96 a2 1.00 a
45 68.3 b 68.4 b $7.1 a 50.5 b 0.96 a2 1.03 »
55 57.4 ¢ 56.3 ¢ 59.0 a 49.8 b 0.93 a 1.03 a
Cultivar?
Southport Ww.G. 72.0 a 85.2 a 60.3 a 55.0 a 0.91 b 0.99 a
Dehydrator-14 65.2 b 63.4 Db 57.2 b 50.5 b 0.99 a 1.02 a

a-c Within column and within treatment groups, means followed by the
same letter are not significantly different at the 5% level by Duncan's
Multiple Range test.

1. values for each sowing rate are means Of 8 observations, from the 2
cultivars with 4 replications.

1. Values for each cultivar are means of 12 observations in 1982 (3
soving rates with 4 replications) and 16 observations in 1983 (4 sowing
rates with 4 replications). -
3. Treatment not used 3n 1982.
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TABLE 22. Effsct of soving rate and cultivar on fresh and dry matter
yields and on bulb dry satter content of white onion in 1982 and 1983.

Treatment Fresh yield Dry yielad Dry matter
{t ha-1) (t ha-t) (% bulb-1)
1982 1983 1982 1983 1982 1983
Sowving rate?l
(seeds m-1)
25 ce==3 25.3 b ———- 4.3 ¢ -—-- 17.1 a
as 51.8a 27.9ab - 10,6 a 4.85b 20.6 a 17.6 a
45 51.2a 29.6a 10.4 a 5.1 ab 20,3 a 17.2 a
55 Sl1.4a 30.8a 10.4 2 5.5 a 20.2 a 18.0 a
Cultivar?
southport W.G 52.6a 31.3 a 10.3 a 4.8 a 19.6 b 15.3 b
Dehydrator-14 50.3a 25.5D 10.6a 5.0 a 2l.1 a 19.6 a

a-c Within columns and vithin treatment groups, means folloved by the
same letter are not significantly different at the 5% level by Duncan's
Multiple Range test. '

1, values for each soving rate are Reans Of 8 observations, from the 2
cultivars wvith ¢ replications.

1, values for each cultivar are means of 12 observations in 1982 (3
sowving rates with 4 replications) and 16 observations in 1983 (4 soving
rates with 4 replications).

3. Treatment not used in 1982,
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4.3.4 Results for 1983

Tise to emergence and to maturity ‘ %

Both soving rate and cultivar treatments had a significant effect

on the time to emergence and maturity of white onions (Tables 19 &
A.7), with no rate X cultivar interaction. .

Emergence took significantly longer in the 25 seeds =n-! plots
than at the higher rites. Maturity was reached significantly earlier
in the 55 and 45 seeds m~! than 1in the 25 and‘35 seeds m-! treatments
(Table 19). In gen;ral, onions of both cultivars emerged and matured
earlier as seeding rate 1ncr:aued from 25 to 55 seeds :'i.

Cultivar Southport white Globe emerged and matured 'garlier than
Dehydrator-14 at all densities (Table 19 & FPigure Batb). XK positive
and significant relationship (P50.0.0l1; r=+0.43) found between the
above variables indicated lhat the earlier the emergence, the earlier
the maturity tended to be.

Plant ltl;% at harvest

A significant interaction existed betveen sowing rate and
cultivar (Table A.7) ansthUI, the variation in number of bulbs per
meter anong'.ovlnq rate treatments vas dependent on the cultivar. For
Dchydratof—l& plant stand significantly increased with sowing rate. On
the other hand, there was a clustered response of Southport Wwhite
Globe to IO#QDQ rate. The 2 lovest rates vere not significantly
different but vere lower than the 2 54;hest vhich in turn wvere not
significantly different (Pibure 9a).
' 1
Only at the higher density were there a significantly higher plant

stand in Dehydrator-14 plots compared to plots of Southport wWhite

Glou .
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Percentage survival at harvest
Seeding rate did not significantly affect the percentage of

suryiving plants (Table 20). Dehydrator-14 ylelded a significantly

greater percentage of bulbs compared with Southport white Globe

" (Figure 9b).

Mean bulb“veight

Mean bulb weight tended to decrease with increasing soving rate
(Table 21), but the significaht interaction betveen rate and cuitivar
(Table A.7) re.g}ted in significantly higher bulb weights at the two
lover rates for Southport White Globe, vhilg only at the highest rate
was there a lowver bulb weight for Dehydrator-14 (Figure 10a).

Southport Wwhite Globerqenerally yielded significantly larger
bulbs than Dehydrator-14, vith the exception of the 45 seeds n-! rate
wvhere the cultivars were not found to be signittcant{y different
(Figure 10a).

While a later maturity wvas generally correlated vith a heavier
bulb (PS0.001; r=40.57), a higher plant stand wvas correlated with a
lower bulb wveight (PS0.0001; r=-0.76).

Bulb diameter

Bulb diameter was significantly greater in the 25 and 35 seeds
m-1 treatments than at the higher rates, and greater for Southport
White Globe than Dehydrator-14 at all sowing rates (Table 21 and
Figure 10b).

Bulb shape index <

Despite the non significant difference between treatments 1in

_—

terms of bulb shape (Table A.7), there vas a tendency tor a higher

' bulb shape index as séving rate increased. Similarly, Dehydrator-l4

-produced bulbs with a higher shape index than did Southport Wwhite

Globe (Table 21; Pigure 1lla).
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Fresh yield .
* \
The denser the planting, the greater the fresh yield (Table 22).

Dehydrator-14 cultivar yielded significantly less than Southport white
-~

Globe at all soving rates (Figure 1llb).

T~

There vere negative cotrelations foundN\bctveon fresh yield and
both emergence (P<0.001;r=-0.69) and maturity (P$Q.01; rs=-0.46) data;
and a positive correlation between fresh yield and plant stand at
harvest (P<0.0%; r=4+0.39),

Dry matter yield

Dry matter yield was significantly higher for the 55 seeds m-!
treatment than for the 2 lovest rates, but not significantly different
troé the 45 ?eods n-1 density (Table 22).

Bo significant difference was found betwveen the 2 cultivars
despite the trend for higher dry yield for Dehydrator-14 (Table 22 and
Figure 12a). : .

Bulb dry matter g%)~ .

Whereas seeding rate had no effect on bulb dry matter percent,
Dehydrator-14 bulbs were significantly higher in 4ry matter than those
of Southport White Globe at all densities (Table 22 & FPigure 12b).

Prom significant negative correlations, a large bulb in terms of
veight (PS0.0005; r=-0.60) and in terms of diameter (P<0.0l; r=-0.45)

vere both associated with a low bulb dry matter content. -
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4.3.5 Discussion

The results of the experiments cgpdﬁcted in 1982 and 1983 have
shown that the rate of grovth, bulb size and ﬁuauity, and yield of
vhite dehydrating onions vwvere Jiqniticantly affected“by both the
soving rate and cultivar used.

A seeding rate of 35 seeds m-! resulted in larger bulbs in terms
of weight and diameter without a significant delay in seedling
emergence or loss in total yield compared to commercial rates.
(Tables 19 to 22). Differences were observed between the cultivars
Southport White Globe and Dehydrator-14 (Fiéures 8 to 12).
Dehydrator-14 proved to be superior to the standard cultivar in terms
of plant survival, bulb shape and dry matter content. However, it
generally yielded smaller bulbs.

Each trial year, sowing rate had an effect on time to emergence
and time to maturity, thus it affected the length of grovin? period
vhich in turn influenced the accumulation of reserves and size of
bulbs, dry matter content and tiﬂal yields. The earlier maturity
obtained in denser plantings could be partly explained by the more
intense shading in high density plantings which would tend to change
the growth pattern at the end of the season and 'to result in more
rapid maturity than lov density plantings, accogding to Frappell
{1973). An early maturity offered the advantage that curing and
harvesting occurred under favourable conditions and this should result
in better bulb quality (Brewster and Barnes 1981). 2

Dehydrator-14 constantly took more days to mature than Southport
vhite Globe, but the maturity was still within the 137 to 152 days
frost-free period in the region of Ste-Clotilde vhere the trials wvere

undertaken. In these conditiongg and because of the 1longer groving

- - -
' . .
*
' . ’
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season, more reserves vere likely to accumulate leading to higher dry
natter' yields (Figure 12a), conferring an advantage for a later
maturing cultivar. .Furthermore, an early maturity was not alvays
desirable. Por instance, Brewster (1977) found that in a hot dry
summer, top collapse occurred 4 veeks earlier than in a cool wet
summer in the same Jocation. This implied that an extra 4 weeks oOf
grovth at full leaf canopy vas obtained in the second case, thus at
naximue growvth rltes; this represented about 0.476 t ha-! of dry
matter, according to Brewster (1977). The high growving temperatures
and soil moisture deficits such as 1in the mid-summer of 1983 vere
l1tkely to have hasten both bulbing and maturation, as had been
reported by Brewster ;1 al. (1875). Therefore, smaller bulbs vere
produced as less leaves were formed before bulb initiation and
consequently the (faster maturity resulted in smaller dry matter
accumulation.

In 1982, early planting and subsequent emergence meant that the
najority of bulb growth took place early in the season vhen the
percentage of solar frradiation vas higher, according to Brewster and
Butler (1982). Furthermore, a more regular supply of precipitations
thtoughou; the 1982 summer and more ideal temperatures allowed
favourable bulb development thus increased bulb size, and a ‘dry and
varm fall favoured neck fall and field curinq: These factors, coupled
vith the extended groving season, help to explain vhy 1982 yields were
such higher than those in 1983.

The smaller sire of Dehydrator-14 pulbl (Table 21) wvas not a
najor di;advantage as the higher dry matter content and the higher
plant stand compensated for the lowver fresh yield and resulted in an
equivalent dry matter yield. Furthermore, the elongated shape of the

Dehyhrator-l& bulbs tended to minimige " trimming loss during the

——
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dehydration process. Bulb dry matter content vas not significantly
affected by soving rates (Table 22) within the range used 1in the (25
to 55 plants m-!). This confirmed the findings of McGeary (1985) who

‘vorked wvith rates of 13 to 40 plants m-!,

It is 1interesting to note that in the 1982 trial, the highest
percentage survival was obtained with the lovest density, thue
resulting in more efficient use of material and eéuipment. This was
accentuated by the fact that the lowest rate gave the largest bulbs
and yields equivalent to the denser plots. A similar trend vas not
found 1in 1983‘Aas percentage survival did not differ significantly
among sowing rates (Table 20). This could have been due to the much
lover survival rate in 1983 and its subs;quent effect on competition.
In 1983, the 25 seeds m-! treatment gave no significant advantage over
the higher densities, The larger bulbs oObtained did not compensate for
the loyer ylelds because of the much reduced plant stand. with a
shaller inter rov spacing than that used in this trial (45 seeds m-1),
results of a low sowing rate may prove to be more interesting
according to Salter et al. (1979). The cooler soil conditions and the
higher level of precipitation in the early spring of 1983 may have
created an ideal environment for the spread of diseases which in turn
could explain the poor plant stand and 50 % lower yields than that
achieved in 1982 (Figures 9 & 11). While fresh yield wvas
significantly correlated with bulb weight 1? 1982, 1t wvas correlated
with bulb number (plant stand)} at harvest in 1983. This indicated that
wvhen the survival was low (around 50%) as in 1983, the yield depended
nainly on the number of bulbs at harvest, vhile vhen survival vas
around 75-80% (1982), yield depended on bulb weight.

As reported by Frappell (1973) the increase in bulb size afforded

~by the lower densities was obtained at the expense of fresh and dry
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yields (Tables 21 & 22). This trend was more important in 1983 wvhere
yields were lower than in 1982. Therefore; since the dehydration
market requires large bulbs, maximum ylelds were not 1likely to be
achieved. Under normal field <conditions 1in temperate regions,
individual bulb size, at densities higher than 70 plants m-2, is not
limited because ceiling yields are achieved byt belcause the length of
the growing season is restricted and bulbs planted at high density do
not have time to attain an acceptable size due to the slowver rate of
bulb enlargement engendered by increased competition (Brewster 1977).
This is likely to be the case in the current trials wvhere treatments

of 35, 45 aqg 55 seeds m"! corresponded to densities of 78 plants m-?

and qbove.
{ . )

Wwhen considering the two trial years, faster emergence and
naturity wvere obtained from denser sowings. Higher sowing rates
‘;roduced higher plant stands but these were not significantly
different from the low soving rate treatments. Larger bulbs in terms
of weight and diameter were also obtained at low rates (25 and 35
seeds m-1), Furthermore, fresh and dry yields vere equivalent for 35
and 45 seeds m-! densities, but\there wvas no significant differ#nce in.
dry matter percentage of bulbs grown at different densities.
Thetefore, considering all growth characters, bulb quality and yield
variables measured, the most efficient row density was 35 seeds m-!
when used with an inter rov spacing of 45 cm (equivalent to 78 plants
m-3) for both years, particularly when using cv. Dehydrator-14. This
density compared to that used in cCalifornia for dehydrator onions: 83
to 100 plants m-?. Therefore, the crop has to be spaced according to

its optimal needs, i.e. to minimize competition in order to produce

the maximum proportion of large bulbs.
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¢.4 gl tvpes

4.4.]1 Grovth cabinet experiment

4,4.1.1 Introduction

Previous studies have 1indicated that the benefit of fluid
drilling was considerably affected by the choice of carrier gel,
especially under moisture stress conditions (Darby 1980; Gray }]98l).
The most common problems encountered with gel t;arriers vere the
r;squirement of a high shear force to mix the gel with wvater, the
sensitivity of certain gels to hard water, and a rapid dessication of
some gels in dry soil, trapping the seeds and reducing emergence
(Darby 198(5); Gray 1978; Gray 1981). Some gels have even been
phytotoxic (Darby 1980; Skipper 1983).

Laponite 508 was chosen as the l&ﬁigd gel for 1982 experiments
bagsed on the conclusion of Darby (1980.) who toundqthat gel best suited
for emergence and grovth of fluid drilled onions. Hovever‘, sovwing
pregerninated seeds with Laponite 508 in 1982 triais was generally
‘accompanied by a lower percentage of emergence compared to dry seeded
material (sections 4.1, 4.2 and 4.5). Thergfore, a preliminary grovth
cabinet study was carried out to compare the effect of 7 gel types on
‘seedlinq establishment of white onion sown on organic soil.

'rhe‘ pos,sibility that the carriers might provide a complete
fnvironment for seedling growth without being covered by soil ‘(Darby

-

1980) was also investigated.

-



~

107
B <
4.4.1.2 Materials and methods

The composition of the 7 gels tested and their incorporation
rates are listed in Table 23. The ratios of gel powder:water were
based on manufacturer's directions when available, on previous work
(Darby 1980; Ghate 1982; Price, pefsonal com{nunicatlon/b, and on
laboratory tests to obtain a gel consistency similar to x;aponite 508
at 15 g 1-!, The gels had to be consistent enough to suspend the
seeds, but 1iquid enough to be squeerzed out easily from the pl;s'tic
bags at sowing (details in section 3.1.2).

onion seeds (cv. Southport White Globe) were pregerminated prior
to sowing as described in section 3.1.1. Pregerminated seeds sown
without gel vere used as a control t‘reatment for the gel effect, while
the 2 Laponite gels and Water-Lock w ;equtred a blender fdr mixing
{section 3.1.2), the other gels dissolved rapidly in water and
thickened within 10 minutes. All gels were used at an extrusion rate
of 15 ml per flat (4 X 12.5 cm rows=50 cm) to be equivalent to tl‘ae'
reconmended field rate for onions (30 ml m-?!; Flufd Drilling Ltd(.:
Anonymous 1980). For each treatment, 24 pregerminated seeds wvere
placed individually into the gel on the 4 rows along the long axis of
the peat flats filled with organic soil (details in section %.2.1).
The control pregernminated seeds were put directly 1in the rows., 1In
each flat, 2 rows 'wvere covered with 1 cm of}nil wvhereas the 2 other
rows were left uncovered. Flats vere watered as required to Xeep the
soil moist. Treatments (7 gels and 1 no gel control) were replicated
¢ times, resulting in a total of 32 flats. The experiment was
nrringedi{l; a split-plot vithin a completely randomized design, with
the gel type as the main plot unit and the presence or absence of soil

covering as the sub-plot -unit, Environmental conditions in the growth

-
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chamber were presented in section 3.2.1.
Emergence time and percentage vere taken. Survival, total veight
r—*-—-—//
and mean wveight were recorded after 41 days, as described in section

3.2.2. Analyses Of variance were performed on all the data (Table

A.8). Means vere compared using an LSD test.

TABLE 23. Gel materials used in the growth cabinet
and field experiments.

‘ ) Gel rate (g 1-3)
Gel name Preliminary Adjust Composition
(grovth cabinet) (field

Laponite 508! 15 15 Magnesium silicate
{L508)

Laponite 445! 7 20 Magnesium silicate
(L445)

Liquagel? 6 8 Starch-acrylate,
{Liqua) . potassium polymer
Agrigel(Viterra)® 13 13 Potassium propeonate,
(Agri) propenamide copolymer
’Hatcr—t.ock n-lbg‘ 9 12 Starch graft copolymer !
(WL-B10O)

B

Water-Lock B-200* 6 12 Starch graft copolymer
(WL-B200) '

water-Lock J-550¢ 3 5 Starch ‘graft copolymer
. (WL=J550)

Source: !, Laporte Inc., Nev Jersey (U.S.A.).

1

1. Miller Chemical and Fertiligzer Corp., Pa (U.S.A.).
3. Nepera Chemical Inc., New York (U.S.A.).

¢. Grain Processing Corp., Iowa (U.S.A.).

4
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4.4,1.3 Results

. Time to emergence

Emergence vas h?stened by 0.1 and 0.3 days compared to the
éreq:minated control vhen seeds were sown with Agrigel and WL-3550,
respectively (FPigure 13a). All c;ther gels led &9 4 slover emergence
than the control but the delay was significant only with Liguagel and
WL-B100. p

In all cases, legving the seeds or gel uncovered resulted in a
significantly faster emergence, from 1.04 to 3.6 days, compared to the
covered treatments. No significant differences were noted among gels
when left uncovered.

Percentage emergence

The percentage emergence in the covered (@els was not
significantly different from the covered control with the exception of
WL-B10O which shoved 20.9% less emergence than the control (Figure
13b).

The effect of soil . ;over bn emergence varied depending on the
gel. While the absence of soil cover significantly decreased the
energence percentage for the control treatment and WL-J550 gel, it did
not signficantly affect all other gels. Uncovered pregerninated seeds
gave a significantly lover seedling emergence (61%) than all uncovered

gels, with the exception of WL-J550 for which emergence was only 43%

of the initial seed number. Among the uncovered gels, Laponite 508

' gave the highest percentage of ;nerqenco.
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Percentage survival
A positive correlation (PS0.0001; r=40.80) was found to exist

between percent emergence and survival, where treatments wvith a high
seedling count after emergence exhibited high survival rates after 41
days. Plant survival of uncovered treatments was reduced by 12.§¢:o_
39.6% from emergence to the end of the experiment. Seedling loss wvas
greatest for uncovered Laponite 445 and Liquagel. There wvas no
important reduction in seedling counts for the covered gels (Figures
13b &« 14).

At the end of the experirent, although the covered control and
Laponite 508 gel gave a higher percentage survival than all other
gels, the advantage was significant only over WL-Bl00 (Figure 14).
When comparing uncovered to covered gels, there vas‘ no significant
difference in plant stand for eidher WL-B1l00 or Laponite 508 gels.
While for the other gels, a reduction ranging from iu.s to 67.5% was
Tound to exist when the gels were left uncovered;///rlant survival of '

the control treatment was reduced from 93.8 to 41.7% of the initial

seed number wvhen seeds were left uncovered. -
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Total plant weight .

For the covered seeds, total plant weight wvas significantly
reduced by Liquagel and WL-3200 compared to the control; only small
differences were found among t}ne other gels (Figure 15a).

Leaving the seeds and gels uncovered resulted in a significant
decrease 1n'total weight for all treatments compared to their covered
counterpatt.s. Total plant veight for Agrigel, Laponite 445 and
WL-3550 gels decreased by 75, 78 and 79%, respectively vhen left
uncovered. Laponite 508, WL-Bl0O and WL-B20C decreased by only 32, 29

—_— <

BN
and 42%, respectively.

Mean plant weight * -~

Mean plant weight wvas slightly increased by Agrigel, WL-B100 and
WL-J550 cenpar;d to the control :nd Laponite 508 gel, but these
differences vwere not significant (Figure 15b). Sowing with Liquagel or
WL-B200 resulted in lover mean plant weights than for all other gels.

The uncovered seeds and gels gave lover mean plant weight than
their corresponding covered counterparts. Decrease in mean plant
wveights for the uncovered control and Laponite 508 gel vas less than
all other gels: reans of 10.7 and 19.B%, respectively. The control and

WL-B10Q gel resulted in significantly higher mean plant weight than

Agrigel and Laponite 445 wvhen uncovered. S

l
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4.4.1.4 Discussion

The results of this preliminary experiment indicated that the
typc<?t gel had sighificant effects on emergence and weight of fluid
drilled onions grown under controlled conditions.

When covered, Agrigel and water-Lock J550 gels produced earlier
and higher emergence compared with the oth,r carriers (Fiqure 13a&b).
Although the differences were not siqnificant, seeds sown with
Laponite 508 emerged earlier and had a higher percentage emergence
than those sown with either WL-B10OO or Liqurl. These findings vere
similar to those of Ghate and Phatak (1983), in a greenhouse study,
vho reported no significant difference 1in emergence time of peppers
vith Laponite 508 and Water-Lock B10O although Laponite was slightly
later. Furthermore, Pill and Fieldhouse (1982) r;ported that
energence time and percentage of tomato, under congfolled conditions,
vas not stignificantly affected by the gel type, wvhen comparing
Laponite 508 and 3 other gels among which SPGlO4K, a gel with a
composition similar to that of Liquagel. Gray (1981), and P11l and
Watts (1983) speculated that the specific microenvironment of the

seeds in the gel such as oxygen concentration, osmotic pressure and

'pn, vhich varied with gel concentration and was limiting 1in certain

gels, caused responses to .differ among the crops and gels. Darby
{1980) stated that the advantnée of one gel .type over another for
field establishment depended on the crop, gel extrusion rate and soil
moisture level,

f; Leaving the gels uncovered hastened emergence; this was also true
for the. pregerminated control although to a lesser extent. This vas in

direct conflict with the findings of Darby (1980) who reported

‘significantly delayed emergence by not covering lettuce seeds and gé€ls

/_
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vith soil, in a greenhouse study. The difference in the results vas
liiely to be due to the crops and soil types used in the(studies. The
high moisture retention capacity of the organic soil used 1in these
trials may have contributed to the high plant stand of uncovered gel
treatments. It 1is important to note that if the seeds oOr seeds/gel
combinations were left uncovered, they lost any buffering capacity
afforded by the soil and became more subject to environmental stress,
When one considered the poor emergence and plant stand response of the
uncovered pregerminated seeds (Figures 13b & 14), it became apparent
that one of the functions qf most gels was to provide water to the
emerging seedlings. Moreover, the limited plant stand obtained with
Water-Lock J550 was also due to t;e loss of structure observed when
left uncovered. The problem of emergence encountered with uncovered
Laponite 445 arose from the hardening of the gel around the seedlings
thereby preventing them from emerging. This solidification of Laponite
445 has been reported by Pill and Watts (1983). Similar oObservations
have been made with sodium alginate gel in dry soil conditions (Darby
1980; Chevrier 1983), and with Laponite 508 and Liquagel (Orgolek
1982b).

Total and mean plant weight were significantly affected by.the
presence or absence of gel, the gel type and vhether or not the seeds
and gels were covered vith soil (Figure 15). Agrigel, Laponite 508
and water-rLock J550 gave higher plant wveight than the other gels.@
Leaving Agrigel uncovered dia not significantly affect survival but
reduced tota; and mean plant veight wmarkedly, probably due to the
aggregation of firm gel particles around the seedlings which could
ﬂave restricted seedling expansion.

Over all, leaving the gels uncovered did not provide an adequate

environment during the establishment period, even with the best

-

-
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performing gels, under ideal temperature and vatering treatments. Thus
- /it vas 1ikely that temperature and moisture variations present in the
field would further stress t;ae uncovered gels. Laponite 508 was the
‘only gel for which no significant disadvantages of leavinglthe gel
uncovered vere observed in growth cabinet. Perhaps, if the Other gels
had Been used at different concentrations and extrusion rates, they
would have performed more satisfactorily.

Therefore, gel should be covered in the fileld to avold
unacceptably low emergence. Furthermore, concentrations of the gels
particularly water-Lock 3550 and Liquagel should be adjusted to ensure
that the gels would be thick enough to suspend the seeds during sowing
and remain around the segdiings during early growth. Agrigel, Laponite
508 and Water-Lock J550 all performed wvell in the growth cabinet

situation and should therefore pe tested under field conditions,

&7
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4.4.2 Pield trial 1983

4.4.2.1 Introduction

When compared to'qel materials suct; as sodiun alginate, starch
polyacrynonitrile, gquar gun, potato starch and polyacrylanmide,
synthetic clay proved best for improving field emergence of several
crops, including onion (Darby 1980). However, from the results oOf the
preliminary growth cabinet experiment (section 4.4.1), several gels

proved equal to Laponite 508 (synthetic clay) in terms of emergence,

survival and plant fresh weight for fluid drilled vhite onions. These

gels vere therefore tested under field conditions for their effect on
emergence, survival, growth and yield of onions.

4.4.2.2 Materials and methods

[ 4

The same gels used in the prelimiqary test were -<compared under
field conditions. Laponite 508 vas chosen as the standard gel for this
experiment. From the 'results Obtained in the g:‘ovth cabinet
experiment, s?eral gels appeared too diluted. Thus, concentrations
of all gels save Agrigel and Laponite 508 were increased. Gel
specifications®are presented in Table 23.

After 3 days, most of the seeds had radicles of 2-5 cm long and
vere ready to sow. However, they had to be held in cold storage for an
additional 3 days due to cold and wet weather 1in the early spring
(Table 3). Gel‘s wvere ‘prepared as for the preliminary test (section
4.4.1.2). The pregerminated seeds were fluid sown in the field with a

gel extrusion rate of 30 ml m-! as described in sec_:tio;a 3.1.3. Since

the gels 1left uncovered did not provide an adequate medium for
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seadling grovth under controlled conditions-except for Laponite 508,

——t

. ,all qeis were covered with 2 cm of top soil. Land preparation and

nanagernent methods have been described in section 3.1.4.

Treatments were replicated 4 times and distributed in a
randomized complete block design. Time to  emergence, maturity
(determined as the perf:entage neck fall at pulling), plant stand after
emergence (3 veeks) ar;d at harvest, mean bulb weight and total tre;h
yield vere measured. The procedures vere explained 1in section 3.1.5.

All data were subjected to analyses of variance (Table A.9) and to a

comparison of means by the Duncan'‘'s Multiple Range test.

4.4.2.3 Results

— £

Time to emergence

While the timé,tc € ence was slightly delayed for the Laponite

gel treatments, seeds sown vith Agrigel emerged 0.5 to 1.5 days

[

earlier, but not significantly so, than all other gels (Table 24).
Maturity . o

Plant mtutity' vas significantly more advanted at pulling in the
Agrigel glo_ts vhich exhibited 25%/more neck ’tall than the Laponite 508
control (Table 24). only in plots sown with Laponite 445 was the
percentage of neck fall 1lowver than that reached with the control;
howvever, the difference was not sgignificant. An early emergence vas
tound/ﬁ‘/be correlated (P<0.005; r=-0.54) vith a;x more adyanced plot

»

maturity at time of harvest .

Ve
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TABLE 24. Effect of gel type on emergence and maturity
of fluid drilled onion cv.Southport White Globe 1in a

1983 field trial,

Gel type Time to emergence Maturity!
(days) (% neck fall)
Agrigel 9.0 a 88.8 a
Laponite 445 10.5 a 62.5 b
Laponite 508 10.3 a 63.8 b
Liquagel 10.0 a 66.3 b
Water-Lock Bl00O 10.0 a 70.0 b
water-Lock B200 9.5 a 75.0 ab
10.0 a 78.8 ab

Water-Lock J550

.

a,b Within columns, means folloved by the same letter
are not significantly different at the 5% level, using
Duncan's Multiple Range test.

e
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Plant stand 4

No significant difference wvas obser;ed in plant stand after
;nerqcnce (Table 25). By harvest, plant stand. vas considerably
—decreased in all gel treatments compared to that reached after
emergence. The los{ of plantg vas greatest for Laponite 508 and 445
with a decrease of 78.8 and 79.3%, respectively.

Plant stand was significantly different among gel types at
hidrvest (Table 25). In plots sown with Agrigel, Liquajel and WL-J550
tpe Aumbe} of bulbs harvested per meter of row were respectively,
52.9, 19.1 and 19.1% higher than that reached with Laponite 508 gel.
A significant negative correlation (P<0.001; r--0.64)’existed betéeen
the time to emergence and the final plant stand.

Mean bulb weight

Significantly lowver mean bulb weights Qere recorded for the

Laponite gels. All other treatneats vere stltisttcal}y equivalent

(Table 26).

Fresh yield -~

Plots sown with Agrigel has significantly ﬁiqhet yields than that

of the other gels exéept wWL-J3550 and double that of Laponite 508

’
(Table 26).

Fresh yleld was significantly correlated with the reciprocal of
time to emergence (PS0.0001; r=-0.70), and the stage of maturity
reached (PS0.000l; r=+0.68). This showed that treatments emerging and

’
maturing the fastest produced the highest yields. 1In addition, a high
positive correlation between bulb number at harvest and fresh yield

(PS0.0001; r=4+0.91) indicated that a high yield was highly dependent

on a large number of bulbs.
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TABLE 25. Effect of gel type on &:lant stand reached
after emergence (3 wveeks) and. at harvest of fluid

drilled onion cv. Southport white Globe in 1983. P
Gel type ° Plantcstand Plant stand *
at emergence at harvest
(plants m-1} {bulbs m-1)
Agrigel o 27.9 a 10.4 a
Laponite 445 ) 31.4 a 6.5 b
Laponite 508 32.0 a 6.8 b
Liquagel 313 a 8.1 ab
Water-Lock Bl00 24.0 » 6.1 b
Water-Lock B200 31.0a 6.6 b
Water-Lock J550 313 a 8.1 ab

a,b within columns, means followed by the same letter
are not significantly different at the 5% level, using
Duncan'‘s Multiple Range test.
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rastk 26. Effect of gel type oOn mean bulb weight and
total fresh yield of fluid drilled onion cv.Southport
white Globe in 1983. .

.

Gel type Mean bulb voi&ht Total fresh yield
(g bulb-3) (t ha-1)
Agrigel (viterra) ' 110.0 a 25.2 a
Laponite 445 85.6 b 12.4 b
Laponite 508 86.4 b 13.3 b
Liquagel ‘ 93.8 ab 17.0 b
vater-Lock B100 106.4 a 14.5 b
Water-Lock B200 109.1 a 16.2 b
Water-Lock J550 108.1 a 19.6 ab

a,b Within columns, means followed by the same letter are °*
not significantly different at the 5% level, using
buncan's Multiple Range test.
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3.5.2.4 Discussion

Under field <conditions, ¢el composition wvas foJZd to
-1;n1ficant1y affect grovth and yield responses of fluid drilled
onions.” Darby (1980) reported similar <conclusions after testing a
range of crops with 6 different gel types.

Agrigel sown plants had the fasfest emergence and maturity, as
well as the highest stand, bulb velq;t and fresh yield. The
advantages of Agrigel may be partly explained by the prengpce of 10%
available potassium in the gel structure. This could have been
responsible for an improved early growth which in turn affected the
yield by helping to avoid early disease problems (ﬁrut, damping off)
and prolonging the growing season. . ﬁ

Laponite gels gave the poorest emergence and growth respons¢s of

. all the gels (Tables 24, 25 & 26). Although exhibiting higher plant

responses, Liquagel was not significantly better than® Lapon{ttn
ginilar findings have been reported by Orzolek (1982b) who attributed
his results io the fact that the 2 gels did not d4iffuse through the
s0il and maintained a firm gelatinous structure vwhich may have limited
seedling emergence and growth. Piii and Wwatts (1983) also reported
that Laponite gels had a tendency to dehydrate, while Chevrier and
Stevart (1985) found the same problem with a sodium alginate gel. The
high pH (8-9) of Laponite gels may have affected seediihé\ﬁgrovth,
since the optimal pH range required by the onion for its d;velopnent
vas from 5.5 to 6.5 (Brewster 1977). Such a high pH could therefore
be expoctedrto have an adverse effect on all pregerminated seeds sown,
hovever, this was not the case as seedlings emerged from all

treatments (Table 25). The natural differences in growth rates of

individual seeds nmay have caused a large proportion{of seeds to be

-
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more sensitive to high pH, vhich would explain the lovest emergence

" " and the greatest decrease in plant stand betveen energence and

hifrvest (Table 25) for the Laponite gels. Although not significantly
different from Laponite 508, Laponite 445 consistently displayed lower
emergence and grovth characteristics. It vas iikcly the higher pH oOf

the Laponite 445‘

that caused responses to differ between the two

nagnesium silicate gels, uoreover\\\the higher concentration of
—

Laponite 445 required to form a gel (Table 23) may have caused this

gel to harden more esasily than Laponite 508 under stress conditions.

-

Three other gels, Agrigel, Liquagel and Water-Lock B10O were reported

T v

to be less alkaline than Laponite (Minero, personal communication) and

.

thus if pH wvere a problem, they would have a 1le¢ss detrimental effect

on seedling development.

e

. Although Southport White Glbbe cultivar viablity wvas 81% in 1983
(Table 5), field emergence vas between 33 and 71% Of the 1initial
seeding rate (45 seeds m-!), depending on the gel type. In addition to
a aifferential :(esponse to gel type, it was likely that the

temperature which varied between 1 and 5°C during the 3 days cold

D el e b et e

_ storage vas too high to prevent radicle elongation (Brocklehurst et

al. 1980) wurr, Darby and Pellows, 1981). As such, most radicles vere

’ 2-5 mm long prior to cold storage ;nd they vere 1longer than the

. .

recommended length at sowipg (Finch-Savage and Cox 1983), thus more

- subj‘Ft to breakage during handling, and t; cold injury (st:g?el and
Gray 1980; Irvin and Price 1983). wurr et al.(198l) suggested that if
drilling had to be delayed, the pregerminated seeds should be stored

at about 0°C in order to minimige both radicle elongation and the

spread of seedling emergence. The cold and vet conditions at sowing

vere p{bbably renpon:iblﬁgtor the high océhrronce of smut symptoms

A v
.observed during plant establishaent 4n all plots. This disease vas
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most likely an important cause for the considerable decrease in plant
stand throughout the season for all treatments.

Of the three starch graft copolymer qels‘iwhter-Lock series),
J550 shoved ' consistent advantages over Bl00 and B200 which were in
turn not significantly different from one another (Tables 24, 25 &
26). The 3 WVater-Lock gels had a similar formulation but the
different particle size of the gels seemed to affect their performance
vhen. used as fluid carriers. Two gels (WL-Bl0O and WL-B200) gave
slightly but not significantly better results than Laponite 508. This
agreed with the findings of Ghate and Phatak (1983) who reported no
significant difference in emergence percentage of peppers vwhen sown
with Laponite 508 and water-Lock B10O.

Taking all growth responses into bonlideration, the qei‘ could be
divided into 3 main groups depending on the effects on onion (cv.
Southport white Globe) emergence and growth: '

Aqriqei and water-Lock J-550 performed best, Water-Lock B10OO and 8200
and Liquagel ranked next, with Laponite 508 and 445 being the least
promising under the environmental and experimental conditions
encountered in this trial, Whilé most gels possessed the essential
characteristics of an acceptable gel carrier as listed by Darby
(1980), synthetic clays (Laponite) and water-lLock B200 required a high
shear force and specidized equipment to be mixed with water, which
vas not desirable. In order to select the most suitable gel, several
criteria must be used. Plant resbonse to the gels has been discussed
previously. An equally important aspect to consider was gel price. On
a straight kilogram basis, the two most expensive gels were Liquagel
and Agrigel, and the two cheapest vere the Laponite series (Table 27).
Hovever, it was important to take into account the viscosity

properties of gel powder since this determined rates required to form
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a gel' (Table 23). Consequently, on an hectare basis, the nost
expensive gel was Laponite 443, folloved by Agrigel, vwhereas
Water-Lock J550 vas at least 50% cheaper than all the other gels. Over
all, Water-Lock JSSO‘vas the gel viih the greatest commercial promise

of all those tested in this trial.

TAliith;_Pricoc of different gel types in 1983

Gel type Price kg-1(s)! Price ha-l(g)?
Agr%gel {viterra) 13,09! 87.00
Laponite 445 . 7.30 97.00
T-teponite 508 © 6,60 65.00
Liquagel 14.00 75.00 ]
Vater-Lock B100 7.9¢ 64.00
Hltcr—Lo;k B200 7.94 64.00 .
Water-Lock 3350 8.95 30.00

1, Figures compiled from respective companies' (Table
23} 1983 price lists.

1, The prices per hectare are based on a gel
extrusion rate of 30 m1] m-irow and on adjusted gel
concentrations used in this trial, in terms of g 1-!
{Table 23).
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4.5.1 Prelivinary field tsial 1982

4.5.1.1 Introduction

4

Growth and yield of onioﬂc have been promoted by the application
of grovth stimulants Or protectants to the seeds (uoydockcr and
Coolbear 1977; Khan, Xansen, Leve and Roe 1979; Brocklehurst and
Dearman 1983 a&b), roots (Entvistle and Munasinghe 1980; Utkede and
Rahe 1982; oOjala, Janell, Menge and Johnson 1983) or foliage (Lipe
1975; Brevster 1977).

However, fewv references vere found to exist on the use of gel
ad&itivon with fluid drilked onions. White rot of onions has been
controlled by adding Iprodione fungicide to the gel carrier (Entwistle
and Munasinghe 1981). Finch-Savage and Cox (1983) reported increases
in seedling dry weight when a mixture of ammonium phosphate and
potassium phosphate vas added to the gel. The authors attributed
these advantages to the close contact bct:oon the additive and the
seed in the fluid drilled system. Consequently, a preliminary test

vas undertaken in 1982, to determine the effect of a range of gel

additives on growth and development of the white onion crop.

4.5.1.2 Materials and methods .

Onion seeds cv. Southport White Globe vere pregerminated as
described in section 3.1,1. The four dJel additives and their rates of
application are listed in Table 28. These tredtments were compared to
a plain gel control. Laponite 508 gel 715’5/1") vas the standard gel

r
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base for all treatments (section 3.1.2). Pro-Gro fungicide vas added
to the gel povder prior to mixing vith water whereas the seaveed and
fertilizer 1liquid additives were dissolved 1in the water first, to
ensure a uniform distribution in the gel.

The rate of PtO'GrO‘Vll calculated 80 as to be equivalent to the
recommended dose for seed Jdusting (25 g kg-! dry seeds; Créte and
Tartier 1973). The liquid seaweed extract as well as the fertilizer
vere used at 0.25 times their recommended rate (Table 28), following
the suggestion that chemicals could be added in smaller quantities
than required by conv;ntional methods when placed close to the seeds
in the gel and still be effective in improving growth (Ohep Gruny
1981). Leek root material containing endomycorrhiza was finely
chopped before being mixed vith the gel to ensure maximum contact with
the germinated seeds. A dry seeded control wvas also employed. The
dry seeds wvere dusted with Pro-Gro, a standard procedure in muck soils
(Crdte and Tartier 1973).

Dry and pregerminated seeds vere sown according to0 procedures
outlined 1n- section 3.1,3. Land preparation and management methods
have been described in uoc?lon 3.1.4. Time to emergence, time tO
nagurtty, plant stand 3 weeks after soving and at harvest, mean bulb
veight, fresh yield dry yield and bulb dry matter were measured. The
neasurement pzbccgutcs are detailed in section 3.1.5. ’

k1

The treatments (4 gel additives, 1 gel control and 1 dry seed
coag;ol) vere tc%llcatod 4 times and distributed 1in a randomized
complete block design. An analysis of variance vas performed on all
the data,-details of vhich are presented in Table A.10. Data of
variables for vhich no treatment effect vas found are presented on

$ .
Table 29, while all other data are presented on Figure 16 & 17. Means



130
TABLE 28. Gel additives used in the 1982 field trial.
Product Composition Rate in the gel
Pro-Gro systemic fungicide! 30% Carbathiin 48 ppm : 0.16 g 1-3
50% Thiram 80 pp2 :
Liquid seaveed? 0.005% kinetin 0.4 ppm :
1% x,0 75 ppm : 7.5 ml 1-%
2% organic matter 150 ppm :
t
Peter's fertiliger? -1 | 10 ppm
11% P,0, 22 ppn : 0.2 g 1°1
26% X,0 SZ ppm :
) micronutrients
Endomycorrhiza¢ Glomus epigeus 20 g 1-1

grown on Fraxinus sp.
cultured on leek roots

®

Source: !. Uniroyal Chemical, Elmira, Ontario.
~ . Eaton Valley, Savyerville, Quebec.
J. W.R. Grace, Ajax, Ontario.
¢, Agriculture Canada, St-Jean-str-Richelieu, Quebec,
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4.5.1.3 Results

Iime to emergence

Gel additives decreased the time to emergence by 0.3 to 2.5 days
when coipared t6 the gel control. However, emergence vas
significantly earlier only in the case of the fertilizer treatment
(Figure 1léa). Seedlings from the dry seeded control emerged
significantly later than all other treatments.

Time to maturity

Plants treated with gel additives tended to mature prior to the
control gele¢ Maturity wvas hastened by 0.3 to 2.3 days with the
addition of mycorrhiza and fertilizer, respectively (Table 29).
Hovever, those differences were not statistically significant. bDry
seeded plots took 0.7 days 1longer to mature than the [fluid drilled
sontrol. A highly significant correlation (P$0.0001) wvas found
between time tO emergence and time to maturity (r=:0.71).

Mean bulb wveight

Gel additives decreased mean bulb weight by 1.2 to 12.8 g
compared to the bel control, but this decrease was significant only
for the seaweed additive (Figure 16b).

Dry seeding produced ' the lovest mean bulb weight for any of the
treatments but this vas significant, only 1in the case of the gel
control which produced bulbs 26.’4 heavier than 1ts dry seed
counterparts (Figure 16b). A strong negative correlation (P<0.0001;
r=-0.71) vas found between bulb veight and bulb number.

Plant stand

The number of emerged seedlings in the [fluid drilled plots, 3
veeks after sowing,6 vas tnéron:od by all additives. The increases

ranged from 10.7 to 33.5% (3.4 to 10.7 bulbs r"!) but were significant

o

-
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only for the seaweed and Pro-Gro additions (Figure 17;}. The numSér of
seedlings vas higher from the dry seeds than any of the (fluid drill
treatments, although not significantly as compared to gel seeding with
Pro-Gro or seaveed additions.

Dry seeding significantly increased plant stand at harvest over
all other treatments, resulting in 30% more plants at harvest than the
gel control (Figure 17b). The number of bulbs at harvest was also
significantly increased with the addition of growth promoters and
protectants in the gel. Increases ranged from 6.7% (1.B bulbs m-})
for the mycorhyizal addition, to 17.4% (8 bulbs m-!) for the addition
of Pro-Gro, over the fluid drilled control.

In general, treatments having a high plant stand after 3 wveeks
had)a high plant stand at harvest as well (Figure l17acb). This was
confirmed by the highly significant correlation tound between plant
stand at 3 weeks and at harvest (P£0.0001; r=+0.71). However,
individual variations vere observed as the loss 1in plant, stand wvas
proportionally qreag;t for the seaveed gel additive (27.6%) and lower
for the fertilizer additive (15%) than for all other treatments.

Fresh yield

Presh yield of fluid drilled plots was increased by 0.2 to 5.5%
(0.1 to 2.7 t ha“‘)“by the addition of fto-cro and mycorrhiza,
respectively, over the gel control. Other gel additives tended to
slightly decrease the f[resh yield (Table 29). Dry seeding yielded 3%
(1.5 t ha'!} more than the gel control. Nevertheless, the difference
in yield wvas not significant among the treatments (Table A.&O).

Dry matter vield

Although there vas no significant differences in dry yield
betveqn the treatments (Table A.10), the addition of mycorrhiza to the

gel resulted in a 3% (0.3t ha"!) increase in dry yield compared to

. ~
t
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the control gel, vhereas the other additives gave lover yields (Table
29). Dry seeding increased the yield by’Z% (0.2 t ha-1) over fluid
drilled control.

Bulb 4ry matter

Only small differences 1in bulb dry matter percent were .noted

among treatments ;nd were not statistically—siqniticant (Table 29).

TABLE 29. Effect of various gel additives on the maturity and the
yield of fluid drilled onion cv. Southport White Globe in a 1982
field trial.

e

—- , -

Treatment Time to maturity Fresh yield Dry yield Dry matter

{days from sowing) (t ha-19 {(t ha-') (% bulb-!)
Dsi-control 114.5 a 51.0 a 10.0 a 19.7 a
FDl-Control 113.8 a 49.5 a 9.8 a 19.8 a
FD-Fertilizer 11175 a ' '48.3 a 9.6 a 20.1 a
FD-Mycorrhiza 113.5 a 52.2 a 10.1 a 19.9 a
FD-Pro-Gro 113.0 a 49.6 a 9.4 ; 19.5 a
FD-Seaveed 112.5 a 48.6a  9.7a 18.8 &

T

a within columns, means followed by the same letter are not
significantly different at thHe 5% level according to Duncan's
Multiple Range test.

1, DS: Dry Seeding; FD: Fluid Drilling

<
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4,5.1.4 Discussion

The results from this trial suggest that the incorporation of
chemicals in the gel of fluid drilled onions can result 1in various
benefits over plain gel. »

Earlier emergence and maturity than the control vas Observed from
all treatments; the best advantage wvas obtained by adding fertilizer
to the gel (Pigure 16a & Table 29). This vas 1in agreement with
Finch-Savage and Cox (1983) who reported that nutrient addition to the ‘
gel promoted early seedling grovth in onion and lettuce, even when the‘
recommended levels of broadcast fertilizer was applied. The hastened
energence and maturity obtained was probably due to the accurate
placement of the nutrients within the limited area permeated by the
seedling roots (Costignan and Locasio 1982; Finch-Savage and Cox
1982). Onions exploit a very small s0il area due primarily to the
lilliteg root density, particularly that arising from the basal plate
at bulbing. This coupled with the immobile nature of phosphorus itself
ray explain why small quantities of phosphorus placed close to the
seeds can be particularly effective in improving early growvth
{Brewster 1977). The positive correlation existing between emergence
time and time to maturity indicated that treatments leading to earlier
emergence, matured earlier as vell., Hovever, the advantage in time to
energence obtained from gho use of gel additives became smaller and
non significant by maturity. This loss in energence meant that t.he
groving period between emergence and maturity vas ;rery similar for all
treatments (Figure 16a & Table 29), and consequently, the accumulation
of dry matter did not significantly differ.

The additions of seaveed extract and Pro-Gro fungicide were

particularly beneficial for improving plant stand after emergence

L}
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(Pigure 17a). Mycorrhiza and tc;tiltztr additives also improved early
plant stand over the gel control, but to a somewhat 1lesser extent.
This was 1in nqroo-opt vith Finch-Savage and Cox (1983) who found no
reduction in the number of onion seedlings vhen upto 30 g 1-! of
nutrients were added to the gel. The well establigshed plant stand
obtained by the seaveed additive may be due to the combination of the
stinulating etfe'cts of kinetin on root development (Xhan 1977) and of
potassiux on early growth rates (Burns and Hutsby 1983). The effect of
Pro~-Gro seemed more lasting as the loss Of seedlings betveen 3 weeks
and harvest was less than the seaveed treatment and thc' final plant
stand :’n the highest of all the tr'ltl\.;\tl.

The high plant stand obtained at harvest by the use of gel
additives vas generally associated vith a lowv bulb weight (Figure 16b
& 17b). Bulb veight wvas particularly lov for the seaveed and the
fertilizer treatments. Competition between the ;ilantu nay have limited
the size of the bulbs., Although a supplement in nutrients in the
seaveed and fertilizer treatments may have had a beneficial effect on
the early growth of the onions, it did not seem to be adequate to
overcome the effect of competition betve}n the plants at later ntaqft
of growth. zink (1966) found that duru{q the early growth, the rate 9!

nutrient remOval vas relatively slov but the period from early bulbing

until tops start to dry corresponded to the most rapid growth and the

. Plants then removed 68% Of their total N, 75% of the P and 47% of the

. :x used during the entire season. It therefore seemed likely that in

plots with a high plant density, an adequate supply of nutrients wvas

not present 1in the root zone vhen the demand vas greatest for bulb

2

formation.

-

Considering that the fresh yield was lovest for the fertilizer

\and seaveed treatments (Table ‘29), it could also be suggested that
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nutrients and growth écqulatorc vere not available to the plants dye
to a change 1in structure of Laponite 508 gel viih time, despite the
relatively 1lov concentration of nutrients and kinetin 1in the gel
(Table 28). 1Indeed, l0ss Of structure of Laponite 508 gel has been
réported only vhen more than 10 g 1-! (Finch-Savage and Cox 1983) or
900 ppm (Ghate 1982) nutrients wvere added. Nevertheless, there vere
several explanations based on gel/nutrient interactions ‘vhich could
account for limited bulb growth. It was possible that an interaction
betveen the synthetic clay structure of the gel and the nutrient
additive produced a level of available ions toxic to the germinating
seedlings (Ohep Gruny 1981). Another possibility was that the nutrient
ions vere inactivated for a period of time by being bound by the gel
structure. Indeed, Ghate (1982) reported a problem of gel structure
vhen nutrients or herbicides were added to Laponite 508. A loss of
viscosity was also noted by Finch-Savage and Cox (1983) and Pill and
Watts (1983) vhen nutrients vere added to Laponite 508 and 445. A
similar raction could have occurred between the gel and the
fertilizers, insecticides, herbicides and fungicides applied to the
soil prior to sowing (Table 4) which could have caused a change in i:i
structure capable of limiting plfnt growth.

The mycorrhiza treated plots produced a relatively high plant
stand and bulb weight. Although no distinct studies vere made in this
trial to determine vhether the endomycorrhiza vas effectively acting
in symbiosis vwith the onion plants, it vas likely based On increases
in buld weight and fresh yield over the control that the plants vere
able to absorb more nutrients due to an extension of the roots by the
fungus hyphae (Brewster 1977; Brochu 1983)., Morteover, mycorrhized
plants have been shovn to have better vater relations than non

aycorrhized plants (Ojala et a].1983); and this could be of prime
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importance for the onion wvhich needed a regular supply of water to
ensure steady grovih, higher yields and better quality bulbs (Tiessen
et al. 1970; NAPAQ 1982).

SBenefits from pregermination were seen vhen considering the
effects on emergence, maturity and mean bulb veight (Table 29 & Pigure
l6asb). Hovever, plant stand vas higher from dry seeding. Problems

with Laponite gels have been discussed previously.

Fluid drilled onions sovn with Laponite 508 reacted better to
environmental stress wvith the addition of grovth promoters or
protectants in the gel. The addition of, endomycorrhiza or Pro-Gro
appeared most promising. However, the addition of seaveed .and
fertilizer wused in this experiment tended to decrease yield.

Therefore, evaluations of the use of different rates of the products

~

" and other sources of growvth regulators and nutrients would have to be

considered in future investigations.
1
LY
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4.5.2 rield trials 1983 - Cytokinins and fungicides

The preliminary trial of 1982 (section 4.5.1) indicated that the
use of gel additives showed better results than the plain gel in tcr-ns
of emergence, plant stand and time to maturity. Therefore 1in 1983,
further tests wvere undertaken to investigate the effect of twvo
specific types of additives on the growth and yield of Southport white
Globe onions. The first experiment was designed to test Cytex, a
cytokinin containing material, registered for use as foliar spray. In
this trial, the product was used in the gel to improve rooting and
consequently seedlings establishrent and yield. xr'\ the second
experiment tvo fungicides, Pro-Gro and Rovral, vere tested as gel
additives, for their efficiency to protect the onion seedlings from
soilborne organisms such as smut (Urocystis magica) which cause heavy
losses in organic soils (Créte and Tartier 1973, Tartier, Créte and
Hogue 1976),. and subsequently to improve yields and-quality of the

product.
4.5.2.2 Materials and met

Cytokinin test - The experiment tested a range 'of conccnt;:ations of
Cytex (Table 30) incorporated into the gel, -compared to the plain gel.
The basic rate chosen (1%) have shown positive effects on emergence
and ,qrovth of various species when used as foliar spray (Burris and
RObbins 1980), seed scak (Button and Noyes 1939; Wilczek and J Mg
1982) and gel additive (Gray and Bryan 197B; Ohep Gruny 198l). As no

such experiments have been reported on oOnions, 5 rates vere
N
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tm;clthatod to determine the most efficient for this crop. The
highest rate chosen vas 5% v/v as concentrations above this wvere
'nportcd to retard grovth (Button and Noyes 1959).

Cytex, ;n aqueous extract from Laminariaceae and Fucaceae seaveed
species, wvas roqintorodk for use in increasing cell division, root
initiation, and for delaying senescence. In’this trial, Cytex replaced
tholuqqtd seaveed used in 1982. Both the ;:ytox and the seaveed
;olﬂion contained cytokinins. Cytex vas duéolvod in tap water (pH
6.5) at the required concentrations, prior to the addition of gel
povder. This procedure vas done tO ensure uniform distribution of the
product. Laponite 445 gel, designed to tolerate additives, vas used at
20 g 1‘1‘. Seed material preparation has been described in section
3101

Seeds were germinated 2 days at 19-20°C and held in cold aerated
vater for 2 more days to slov down radicle emergence. Standard fluid
sowving techniques were employed (section 3.1.3). Land preparation was
according to procedures described in section 3.1.4.

' Time tO emergence, maturity (porcen;aqe neck fall), plant stand
after emergence (18 days) and at harvest, mean buld weight and total
fresh yield were measured. Details of the measuring pfoceduru are
presented in section 3.1.5. The six treatments vere randomized on 24

plots in a complete block design. An analysis of variance was

perforpsd on the data; details are presented in Table A.ll.
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TABLE 30. Treatments used in the- 1983 gel additive field trials

Product compogition Rates used
Cytex! ) Mixed cytokinins in gel: 0.25,0.3,1.0,
(20~30 ppm) 2.5 & 5% w/v

nostly zeatin-like

Pto-GtO}YOtilic fungicide? 30% Carbathiin dry seed: 25 g kg-!
50% Thiram in gel: 0.16 g 1-1?

+

Rovral fungicide? S0% Iprodione dry seed: 250 g X
(wettable powder) ~ in gel: 1.5
/

3

Source: !. Atlantic and Pacific Research, Florida (U.S.A),
1, Uniroyal Chemical, Ontario (Canada).
3. May and Baker, Ontario (Canada).

rungici t:lt»- This experiment was designed to compare survival and
yYield of plants treated with Pro-Gro and Rovral fungicides. Pro-Gro
systemic fungicide has been rcq‘iutered for controlling onion smut
caused by Urocystis magica. It has been recommended over many other
systeric fungicides for its superiority in controlling the disease in
smut infested organic soils in Quebec (Tartier .et al. 1976). Rovral
vas 1nclwod in this trial because of its vide spectrum of activity as

it acts against several molds and fungi. Rovral has proven

particularly effective 1in controlling onion white rot caused by

Sclerdtium cepivorur, vhen used as seed dust, stem-base spray or gel:

additive (Entwistle and Munasinghe 1980 & 1981)) In this trial, the
two prnducts were used bOth as seed dust and gel additives. The
fungicides and rates used vere listed .1n Table 30. Plain dry and
plain gel (Laponite 445, 20 g 1°!) seeding vere the twvo control

treatments.

P —
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Seeds vere germinated and held in cold aerated vater as described

in the Cytex test. Seeding was done on section of <1And infested with

snut oOrganisms from previous experiments (créte’ and Tartier 1973,

Tartier ot al. 1976). Theagpeding prc“ccduru folloved the methods
outlined in section 3.1.3.

Treatpents vere replicated 4 times and distributed ina 3 X2

hctorulJ arrangement vithin a randomized complete block ,doslqn.

During the season, data vere taken on the following variables: time to

emergence, percentage neck fall at pulling, plant survival ’throuqhout

the season, percentage smut in the plots at days 26 and 33, mean bulb

- veight, fresh and dry yields and bulb dry matter content. Details of

Reasuring procedures have been described in section 3.1.5. Analyses

of variance vere performed on the above variables (Tables A.12 & A.13)

and means vere compared using the Duncan's Nultiple Range test. When

fungicide x soving method interaction occurred, or when both fungicide
and soving method main effects vere found (Tables A.12 ¢ A.lJ)’, simple
’fl’cctl von. exanined and are presented on Figures 18 ¢ 19. Por data
which shoved no significant interaction or no significant main effects
from fungicide treatment and/Or sovwing method, the main effects wvere

congidered and vere presented in Table 32.

[

L)
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4.5.2.3 Results and discussion: Cytokinins

Time to rgence - ¢
- The addition of Cytex 4in the gel did not significantly affect
time to emergence compared to the control. .l-lowovor, the three highest
r;tn produced a slight delay of 0.5 d—ayl in emergence (Table 31).
Percentage maturity

There was a slight but non significant tr:nd tovard a‘reductior;
in percentage maturity as the Cytex concentration increased from 0.25
to 2.5% (Table 31). However, the 5% concentration level actually

reduced neck fall percentage reached at pulltné.

Blant stand

Plant stand at 18 days after sowing wvas not significantly
improved by Cytex addition to the gel (Table 31). Survival ranged from
50% to 70% {22.8 to 31.2 bulbs =m") Of the initial seeding rate (45
seeds m-1) for the control and the 2.5% treatment, respectively.
During the time from establishment to ﬁarvut, there was a decrease in
plant stand (50%) for all treatments. This vas largely attributed to

smut and onion maggot attacks, the two most (requent problems of

onions grown on Quebec muck soils.

.

At  harvest,K differences in plant stand vere non significant

although slightly more numerous in the control (12.4 plants m-1)

rather than in the treated plots (10.1 to 12.3 plants m-1).

S
Mean bulb veight 3

Cytex additions to the gel had a noh significant effect on mean
bulb veight at harvest. Nevertheless, bulb weight ranged from 83.2 g

to '125.4 ¢ tor rates of 0.5% and 5% Cytex, respectively (Table 31).
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Total trfl.h yield '
Fresh yield did not differ significantly between the control and
any of the treatments. Response tO Cytex vas variable: the throg
lowest concentrations depressed yields compared to the control vhereby

the twvo highest levels actually increased it (Table 31).

TABLE 31. Effects of Cytex concentration on emergence, plant stand, maturity,
mean bulb weight and total fresh yield of fluid sown Southport White Globe
onion in 1983. «)

Pl

Cytex Time to Maturity Plant stand Plant stand Mean bulb Total fresh

rate emergence at pulling at 18 days at harvest veight yield

_{%) {daye) (% neck tall) (bulbs m"!) (bulbs m-!) (g blb-i) _ (t ha-!)
0 9.5 a 72.5 a 25.8 a 12,4 a 92.0 a 25.3 a
0.25° 9.5 a 73.8 a 22.8 a 10.3 a 103.6 a 24.2 a
0.5 9.5 a 75.0 a 27.0 a 12,3 a 83.2 a 22.4 a
1.0 10.0 a 75.0 a 525.6 a 10.2 a 103.6 a 22.8 a
2.5  10.0 a 82.5 a ' 31.3 a 10.7 a 117.7 a 26.8 a
5.0 10.0 a 71.3 a 26.6 a 10.1 a 125.4 a 26.8 a

4 Vithin columns, néeans folloved with the same letter are not significantly
different at the 5% level according to Duncan's Multiple Range test.

o

-



146

]

Discussion: Cytokinins

The results of this 3:porin0nt indicated that the incorporation
°f Cytex into Laponite 445 gel significantly improved neither seedling
o;tabluhncnt nor yield of fluid sovn Southport white Globe onions
vhen used at rates of 0.2) to 5%, r,hcue results vere generally in
aqtoenenl‘: with Gray and Bryan (1978}, Orzolek (personal communication)
and Minero (personal communication) who, vorking with fluid drilted
tomatoes, obtained no significant improvement from the use of Cytex,
Hovev;r Cytex used at ‘1.3% slightly imprbved emergence and dry weight
for celery seedlings (Gray and Bryan 1978). The addition of 2% Cytex
increased the plant stand and yield of cucumbers (Orzolek, personal
communication).

The lack of response in terms of emergence time a level to
cytex' inclusion could be explained by the very low Inperatures
prevaliling during the sowing time in 1983 (Table 3). As reported by
Hilc;k and J Ng (1982), the eftect of Cytex on beet seeds emergence
vas affected by the temperature, vith the most beneficial effects
being obtained at 15°, Furthermore, it was reported (NAPAQ 1982)
that grovth regulators were Often affected by climatic conditions, the
type of\ soil and the cultivar used, and that the expected results vere
often not met. Therefore, the Cytex may ‘have been rendered
ineffective, or as Ohep Gruny (1981) indicated, the product may have
been leached and thus unavailable. Although Laponite gels have been
reported to be stable vith time and temperature (Ghate 1982), there
remained the possibility that an interaction between cytokinins and
gel lead to the loss of gel integrity, As previously discussed, the
erergence of - thé seed may have been hindered by both the co}d ptorage

period and the alkaline nature of the gel,

e
Wy
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The tendency for mean bulb weight lto be higher from the 2.5 and

5% Cytex treated plots was noted. This wvas attrtbute‘d to raﬁid
seedling emergence and establishment which 1in turn hastened plaat
development prior to bulb tornt}on. These larger seed?(vo\]{
more likely have attained the minimum physiclogical ‘age to be~

receptive to daylength and would thus have a head start for bulb

fornation (Brewvster 1977).

A

&
Addition of'0.25 to 5% Cytex in the gel thus failed to i

significantly 1nprMovth and yield of fluid drilled onions. Thomas
(1973) and wilczek and Ng (1983) reported cultivar/grovth regulator ™
interactions for celery and beet, respectively. This suggested that

the range 0f concentrations used for this experiment may not have been

" adequate for the cultivar Southport White Globe used in this trial.

Pl
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: 4.5.2.4 Results and discussion : Fungicides

Time to emergence

Time tO emergence wvas not improved by the addition of fungicides

to the gel. Furthermore, Rovral delayed emergence by 1.2 days compared

‘
to the gel control (Pigure 18a). Although Pro-Gro slightiy delayed
energence when applied to dry seeds, the differences wvere not
significant compared to the dry control. 1In all cases, £luid drilling
\ hastened the emergence compared to dry seeding.

Percentage maturity ©

Maturity wvas significantly more advanced at pulling in the
Pro-Gro treated plots compared to the control, vhether onions were
fluid drilled or dry seeded (Table 32) Rovral also resulted in a

greater percentage of neck fall compared to the control, but this

",—..

advantage was not significant. As a main effect, fluid drilling did
not significantly hasten maturity compared to dry seeding.

Percentage survival

‘Amlyses ot variance computed on gurvival percentage throughout
¢ the groving season (Table A.13) shoved that main effects of both
fungicide and seeding treatments existed from day 59 to l17. However,
Wen found betwcen'tunqicide and seeding method. The
interaction and main effects noted on day 12,6421 and 33 did not
persist until the next recording day, and were thus probably due to
the sanpling procedure rather than treatment effects. MNarked
- differences in survival between the treatments could be seen from day

59 to harvest on Figure 19.
An addition of Pro-Gro or Rovral to the gel or on dry seeds
.« significantly increased the plant survival at harvest compared to

their respective controls (Figure 18b). Moreover, Pro-Gro
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apblications resulted in higher survival at harvest than Rovral for
both fluid dArilling and dry seeding. Although there vas a tendency for
survival to be lower at emergence (day 1B) for the gel than for the
dry seed treatment, gel seeding consistently increased plant survival
at harvest. Increases over dry seeding wvere 119, 64 and 99% for the
control, Rovral and Pro-Gro treatments, respectively.

A significant negative correlation was found betwveen time to
emergence ad plant survival at harvest (P$0.001; r=-0.63), suggesting
that a faster emergence tended to lead to a higher plant survival at
harvest.

Percentage smut

Snut symptoms were noted on the onion seedlings 26 and 33 days
after emecgence. The control plants vere significantly morée affected
by the pathogen than either Rovral or Pro-Gro treated plants (Table
32). This was true on botﬁ days of measurement although differences
vere not significant among the treatments at day 333 The percentage
of plants shoving smut symptoms vas slightly 1lover in the fluid
drilled plots compared to the dry seeded ones. The higher percentage
of plants affected_ by smut on day 26 compared to day 33 may be
‘explained by the rapid death of diseased seedlings between those 2
dates (Table 32),

Mean bulb weight '

The addition of fungicides into the gel or on dry seeds resulted
in a greater mean bulb vg&ght than the controls (Table 32). Fluid
drilling also increased the weight of bulbs compared to dry seeding
but differences vere not significant in either case.

Fresh yield
Fresh yield of fluid drilled onions was increased by 125 and 29%

by the addition of Pro-Gro and Rovral, respectively compared to the

/

N
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fluid drill control (Pigure 20a). When fungicide vas applied to dry
seeds, results vere similar to that for fluid drilling although to a
lesser extent vith Pro-Gro and Rovral increasing ylelds by 38% and

45% respectively. Pluid drilling treatments thus significantly

improved yields compared to dry seeding for all cases. The increases
obtained vere 68, 49 and 104% for the control, Rovral and Pro-Gro
treatments, respectively. Significant corrclgtions existed betwveen
fresh yield and both the stage of maturity reached at pulling
(PS0.0003; r=4+0.67) and plant survival at harvest (Ps0.0001; r=+0.9%).

Dry matter yield

Trends similar to that for fresh yield vere obtained (rom dry
yield results. A Pro-Gro addition increased dry yields by 133 and 86%
compared to the f{luid drilled and dry seeded 'control, respectively
(Figure 20b). Similarly, the Rovral treatment vas efficient in
enhancing yield by 40 and 48% over the fluid drilled and dry seeded
control ,respectively. Fluid drilling consistently improved dry yield
over d4ry seeding for all treatments, the advantage being nxore
important for the Pro-Gro (107%) rather than the Rovral (56%) or the
control (66%) treatments (Figure 20b). Significant correlations
existed betwveen dry yield and both the lilg. of maturity reached at
pulling (PS0.0005; r=40.60) and plant survival at harvest (P<0.000};
rs40.95).

Bulb dry matter

The effect of fungicide additions on dry matter content of the

¥

bulbs.vas not significant, despite the higher percentage obtained from
the Pro-Gro and Rovral treatments (Table 32). Howvever, seeding method
had a significant effect on dry matter as fluid drilling resulted in

0.6% more dry matter than did dry seeding.
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TABLE 32. Ekffect of fungicide treatment on the maturity, mean bulbp
veight, dry matter content and smut percentage of onion cv. Southport
Vhite Globe sown by fluid drilling and dry seeding in 1983.

/

Maturity Bulb veight Dry matter Snut % Smut %
(S neck fall) (g bulb-1) (% bulb-!) (26 days) (33 days)

Fungicide!
trcag:snt
control 43.1 b 71.9 a 14.7 a 67.6 a © 2%.7 a
Rovral 535.6 b 78.0 a 15.3 a 28.6 b 17.5 a
Pro-Gro 64.4 a 74.8 a 15.0 a 20.3 b’ 15.0 a
Seeding?
treatment
? $7.3 a 78.% a - 15.3 a 31.2 a ] 16.2 a
/ .
D§? 51.3 a 71.3 a 14.7 b . 46.5 a' 22.9 a

N -,

%

a,b WwWithin columns, means (f(ollowed by the same letter are not
significantly different at the 5%  level according to Duncan's
Rultiple range test. ¥

1, The values for each fungicide treatment are averages of 6
observations, from the 2 seeding treatments vith 4 replicates.

1, The values for each seeding treatment are averages of 12
observations, from the 3 fungicide treatments vith 4 replicates.

}, DS: Dry Seeding, FD: Fluid Drilling

Vo
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Discussion: Fungicides

In general, the results from this experiment shoved that the use
of Pro-Gro systemic fungicide vas beneficial for improving maturity,
survival and yield components of Southpgft white Globe onion,
especially when used in conjunction with the fluid d4rilling system.
When used as seed dust or gel additive, Pxo-Gro vas no;o efficient
than Rovral to protect onion seedlings grown on Quebec organic soils

infested with Urocystis magica.

Gel seeding hastened the emergence as compared to dry seeding.
Hovever, the addition of fungicides particularly Rovral, on dry seeds
or in the gel tended to delay emergence (Figure 18a). This problem
also occurred in a previous study vhere a seed treatment of iprodione
{ROvral) delayed emergence vhen soi]l moisture was 60%, and moreover
depressed Dpercentage emergence vhen soil wmoisture reached 70%
{Entwistle, Brocklehurst and Jones 1981). Soil moisture in the muck
8011 was normally around 60% at sowing time at the Ste-Clotilde
Research Station, and the particularly wet weather in the early 1983
nost probably raised the s0il moisture level to values wvhich could
have affected the action of the fungicides.

Although fungicide treatments tended to dJdepress emergence
pesrcentage at day 18 when maximum plant emergence was reached, no
significant differences were found between the treatments (Figure 19 &
Tu‘lo A.13). This confirms the findings of Ghate and Phatak (1983}
;ho reported no adverse effect on emergence percentage [rom adding
Metalaxyl in the gel of (fluid drilled pepper seeds. This may be a
sign of an absence of gel/fungicide interaction. Indeed, Ghate (1982)
reported that metalaxyl addition. to Laponite 508 gel at rates

comparable to those recommended for dry seeds d4did not alter gel

~
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integrity. The case may be al-uu" for Pro-Gro and Rovral fungicides
and Laponite 443 gel. However, no study have yet been reported on the
effect of fungicides On other gel properties such as pi and osmotic
potential. Since the percentage of plants after emergence (day 18)
vas close to 80% for all treatments, no major factor seem to have
limited emergence level. The g@Qreat seedling loss occurring between

\
days 18 and 48 (Figure 19) was most probably a reflection of the
systemic nature of the smut infection. Chupp and Shert (1960)
indicated that smut normally affects the seeds during the period from
2 hnys after germination untilitho ‘Air;t leaf stage (about 15 days)
and then spreads through the plants which die progressively vhen
highly contaminated. ,

Plant stand was significantly higher for the fungicide treatments
than the controls from day 39 to harvest, showing the effectiveness Of
the fungicides (Figure 19). Survival wvas significantly increased by
the addition of Pro-Gro which was more effective than Rovral. This vas
probably due to the specific control of the Pro-Gro on smut. However,
Pro-Gro did not completely control the fungus This confirmed the
conclusions of Créte and Tartier (1973) and Tartier et al. (1976) who
also obtained incomplete control of smut for dry sown onions in an
infested soil. The high occurrence of dead seedlings showing blackish
lesions typical of onion smut suggested that the soil was heavily
infested. Therefore, despite the wider spectrum of activity of Rovral,
it vas less effective in protecting the seedlings in a soil where snut
vas a predominant problen. The cold and vet conditions prevailing at
soving vere most likely responsible for the very low final percent
survival (Figures 18b & 19) as those conditions ravsurcd infection
{Maude 1978).

Fluid drilled onions én the absence of fungicide seemed to be
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sore resistant to smut infection than plants grown from dry untreated
seeds as showvn by final survival values (Figure 18b). This is in
conflict with the (findings of Envistle and MNunasinghe (1981) who
obtained more susceptibility to white rot from (fluid drilled onions.
They attributed this to the gel which they thought provided a
substrate for the spread of the fungus to adjacent plants. HOvever in
this trial, the gel seems to act as a protectant around the seedlings.
Indeed, fluid drilling led - to a faster ewmergence than dry seeding,
thus involved less risks of attack by s0il pathogens {Chupé and Shert
1960; westcott 1979), and resulted in a better control of plant
population. 1In fact, the high correlation bstween time to emergence
and final plant survival shoved that the more rapid the emergence the
higher plant survival (Figure 18b). The time of infection of the smut
fungus, f{.e. from 2 to 15 days after germination, indicates the
importance of an early application of an effective fungicide.

The higher survival obtained from the use of Pro-Gro and Rovral
in the gels compared to the dry seed dusts could bave been due to two
other factors. Firstly, although the rates of fungicides applied in
the gel and on the 4ry seeds vere equivalent, the application of the
tungicide in the root zone with the gel may be more effectively placed
than on the dry seed coat and 80 provide better and longer protection
to the seedlings. Secondly, Rovral vas applied as a dust On the dry
seeds as recommended for Pro-Gro. HOvever, Maude (1978) and Entwistle
and Munasinghe (1981) showed that a surfactant such as methyl
cellulose was required on onion seeds to ensure a prolonged contact
and protection ftrom fungicides. Thus, perhaps the Rovral vas vashed
avay from the seed hence gid not give the required protesction.

A lov bulb number might explain the lack of significance in terms

of mean bulb veight betwveen the treatments as they vas relatively
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1ittle competition to affect bulb development. Hovever, the.
relatively lov bulb veight (71 to 78 g) and lov percentage neck fall
at pulling (51 to 64%) indicated that perhaps absence of competition

n

sloved down the growth rate. 1Indeed, the significant interaction
(iso.oos, r=40.59) between final plant survival and maturity :ho&od
that the highest glant survival (Figure 18b) corresponded to the most’
advanced stage of maturity (Table 32). Similarly, the high
correlation between final sUrvival and yield (fresh and dry matter
yields) 1indicated that the number of surviving plants wvas a
determining yield factor when a disease caused heavier losses in plant
stand. Therefore, the Pro-Gro gel addition appeared to be the best
treatment, as far as plant survival and yields were concerned.

From the results of -this experiment, the cultivar Southport White
Globe did not appear to be resistant to infection by sput organisms.

Utkhede and Rahe (1982) noted that this cultivar showved 50% infection

by Urocystis magica in heavily infested organic soils tn British

Columbia while three plant introductions and one commercial cultivar
(Hardy White Bunching) vere completely resistant to the disease. .

This experiment demongtrated the feasibility of partially
controlling smut which in turn improved plant survival and yield of
fluid sown onions. This wvas of particular importance since the
preferred dehydrating cultivar (Southport White Globe) showved inherent
susceptibility toO the disease. Furthermore, Pro-Gro and Rovral 1in
combination could gavo proved effect since the first préduct
controlled a specific disease and the second had a wide spectrum of

control.
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4.5.3 Grovth cabinet fungicide experiments 4

4.5.3.1 Intrgﬂuc;ion

H

In the 1982 and i983 field trials (sections 4.5.1 and 4.5.2),
Pro-Gro proved to significantly increase plant survival throughout the
seasonr (17% increase in 1982 and 70% in 1983) and yleld (0.2% increase
in 1982 and 125% in 19B3 of fluid drilled Southport White Globe
onions. Pro-Gro additions have been particularly effective vhen ;ned
in a snut infested area and under cold and huyid wveather conditions
(lelé 3).

It was decided to undertake fungicide inclusion experiments in a
controlled envi:pnnent in order to clarify the response of early
seedling grovwth to the gel/fungicide combinations. Accordingly, the
gel fungicide treatment was compared in one experiment to dry seeding,

and in another a range of Pro-Gro concentrations added to the gel was

tested for their suitability.

4.5.3.2 Materials and methods s

The experiment took place from October 29 to December 17, 1982
(49 days), and vas replicated in tinp between January 28 and March 18,
1983 (49 days),

Onion seeds cv. Southport White Globe were pregerminated as
described in section 3.1.l1. Laponite 508 gel wvas prepared at 15 gl-!
and vhere appropriate, Pro-Gr& fungicide wvas adé.d to the gel povder
prior to adding vater . The basic rate for adding Pro-Gro to the gel
{X1) was 0.16 g 1-! (Table 33) and was calculated by reference to the
standard rate used for dry seeds (25 g kg-! seeds; X1), the veight of

“onion seeds (250 g-!) and the seed:gel ratio utilized (25 seeds 15
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ml-! gel). Three lover (0.016, 0.04 and 0.08 g 1°!) and 3 higher
rates (0.4, 0.8 and 1.6 g 1-1), calculated tronlshe standard (0.16 g
1-1) concentration (Table 33) were tested in the gel to determine at
which concentration the product became either ineffective or
phytotoxic. The dry seeds vere dusted with. Pro-Gro at 25 g kg-! of
seeds or left untreated for the control.

For each treatment, 25 seeds were distributed on five 10 ¢m rows
along the short axis of each flat. Pregerninated seeds were placed
individually into the gel, vhen the radicles vere 2-3 mm long, while
dry seeds wvere placed directly into ghe rows (section 3.2.1), All
seeds and gels wvere covergd with 1 cm of organic 801l collected from a
snut infested ared of the Ste-Clotilde Research Station. Gel extrusion
rate vas 15 ml per 50 cm of rows, equivalent to that recommended by
Fluid Drilling Ltd. (Anonymous 1936). The flats vere vajered daily as
wequired. )

The ten treatments >1§§luid drilled é;cltnents 4+ control; 1 dry
seed treatment + control) -were replicated 3 times and the (flats
completely randomized in the growth chamber. Environmental conditions
have been described in section 3.2.1.

Time and percent emergence were taken for:each flat. Survival and
fresh weight (total and mean plant weight) vcré-recorded after 49 days
as described in section 3.2.2. In addition, the percentage of
harvested plants showing smut at the end of the experiment wvas
Observed using the transparency technique wutilized by Créte and
Tartier (1973). The percentage of healthy plants, defined as surviving
seedlings with normal development and absence of smut was also
recorded.

In Experiment A, dry seeded and fluid drilled controls and

standard Pro-Gro treatments wvere compared in a 2 X 2 factorial

"
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arranq‘ncnt. An analysis ‘ot variance was performed for experiment 1
\1982) and its replicate in time: experiment 2 (1983) separately, and
LSD (0.05) values calculated for all variables measured (Table A.14),
In Experiment B (Range Of Pro-gro rates), pooled analyses of
variance wvere done on the data of gel additive treatments oOf the twvo
experiments, in a split-plot design in time (Table A.15). Variables
for wvhich significant differences were f;und betwveen experiment 1
(1982) & 2 (1983) were further 4nalysed in 2 separate experiments

(Table A.16). variables which showed no difference between the
-
experiments were analysed using the avpraqed values of experiments 1
and 2. Regression curves vere fitted to the response of plants to the
increasing Pro-Gro concentration in the gel by the General Linear
Models (GLM) procedure (Helwig 1978); (Table A.18). Because oOf the
very high coefficient of variation (c.v.2 200) of the smut data
analysis and the non significant differences among Pro-Gro rates for
the pefcentaqe emergence, regression analyses vere Jjudged inaccurate
and no regression curves were drawn. Means were thus compared by the

LSD test.
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TABLE 33. Rates of Pro-Gro used
either as coated on dry seeds

) or incorporated in the qof in
. ' the grovth cabinet experiments.
s . l :

Anlication rate of Pro-Gro
‘to dry seeds (g kg-!)

f

. o 0 T (x oyt
. 25 (x 1)
) to gel, (g 1°1)
"\ . 0 (x 0y . LN
. . 0.016 (X 0.1
. - 0.04 (X 0.25)
¢ .0.08. (X0.%) v
- ‘ 0.16 (X 1.0)
\7 - y 04 (X 2.5)
) 0.8 (X 5,0}
- 1.6 {X10.0)
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P o , 1. (X x): X ( the standard
- . commercial rate of application.
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. 4.5.3.3 Results ¢

P ——— £

Bxperiment A ¢+ Fluid drilling vs. Dry seeding

Emergence time

Mean time to emergence vas significantly reduced by fluid
drilling compared to dry seeding in all cases (Table 34). wWhile
adding a standard rate of Pro-Gro significantly delayed emergence of
fluid drilled seeds compared to the control in experiment 1, the dry
seeded treatment was not significantly affected in both experiments.

}
Percentage emergence '

The percentage of emergence vas higher for fluid drilled than for

the dry seeded control in experiment 1, but no significang dit:erencu

- were found betveen the sgeeding methods in the second experiment or
when adding the éungicide (Table 34). While emergence of dry seeds
vas signi;icantly increased by the addition of Pro-Gro, no significant

effect of Pro-Gro was noted for the fluid drilled seeds (Table 34).

Percentage survival

Fluig drilling res?lted in significantly higher survival rates
after seven weeks than dry seeding in experiment 1, for both control
and Pro-Gro treatments (Table 34), The addition Of fungicide in' the
gel and to dry seeds led to significantly rmore surviving seedlings
ﬁan their respective controls. On the other hand, no significant
\ditferences in survival wvere found betveen the treatments in
experiment 2.

Percentage healthy plants
Neither the seeding method nor the use of Pro-Gro significantly

affected the percentage of surviving plants :hbvinq normal growth

(Table 34). Nevertheless, Pro-Gro treatments tended to give a greater
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proportion of normal healthy looking plants than did the controls for

both fluid drilling and dry seeding.
¥o significant difference was observed 1in the percentage of
plants shoving smut symptoms (Table 34). ‘

/

Total and mean plant veight ;

The trends for total and mean seedling weight results vere
similar (Table 34). Fluid drilling resulted in greater total weight
and veight per plant than c;ry seeding for control and Pro-Gro
tr‘oatnnts, although the differences wvere significant only for the
first experiment. In both experiments, the addition of standard rate
of Pro-Gro on dry seeds and in the gel shoved a non significant

- k]
decreass in veight “after 49 days, compared to the controls.

o ¢
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TAPLE 34. Effect Of Pro-Gro rate On emergence, survival, health and
weight of d4ry seeded and fluid drilled onion cv. Southport White

Globe in growth experiments (Exp.) 1 & 2.

Seeding method and fungicide treatment
DS} (X0)3 DS (X1) ¥D1(X0) D (X1) LSD
control 25 g kg-!} control 0.16 g 1-} {0.0%)

Emergence time (days)

Exp.l 8.3 8.0 5.2 5.6 1.21
E!poz 9'2 ] 9.3 5.3 6.9 0099
Percentage emergence (%).
Exp.1 82.7 96.0 98.7 100.0 10.43
Exp.2 98.7 100.0 98.7 98.7 ns
Percentage survival (%)
Exp.l 80.0 89.3 90.8 98.7 7.53
Exp.2 97.3 98.7 9.7 _ 97.3 ns
Healthy plants (%)

4
Exp.l 88.0 92.6 89.5 91.9 ns
Exp.2 78.0 82.4 77.6 79.4 - ns
Percentage snut (%)
Exp.l 0.0 0.0 4.5 0.0 ns
Exp.2 2.8 0.0 2.7 0.0 ns
Total plant veight (g flat-!)
Exp.] 31.8 30.9 46.1 43.5 ' 9.76
Exp.2 49.2 47.5 52.7 48.2 ns
Mean veight (g plant-1t)
Exp.1 1.58 1.39 2.04 1.76 0.46

Exp.2 2.02 1.92 2.22 1.98 . ns

ns: non significant at the 5% level.
1. Ds: Dry Seeding; FD: Fluid Drilling
3. (X x): X the standard commercial rate of application.
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Bxperiment B: Range Of Pro-Gxo0 rates in the gel

Imgrgence time

AMding a range Of Pro-Gro concentrations to the gel dJdelayed
energence compared vith the gel control (Pigure 2la). In general,
seedlings Of experiment 1 emerged faster than those of experiment 2.
The response curve of the first experiment shoved that emergence vas
slover as Pro-Gro concentration incredsed, up to arateof 1 g 1-3,
Higher inclusion rates did not further delay emergence. In experiment
2, the effect vas linear: as the rate of Pro-Gro in the gel increased,
80 did the time to emergence. For oxpcrlmeqtl 1 and 2, the use of
0.16 ¢ 1-} Pro-Gro (standard rate) caused short delays of 0.25 and
0.45 days compared to the controls (Figure 2la).

Percentage emergence
The addition of 0.016 to 1.6 g Pro-Gro per liter of gel did not

significantly affect the 1level of emergence of onion seedlings which

 ranged between 94.7 and 100% of the initial seed rate, and therefore

no regression curves vere drawn (Table A.15).

Percentage survival

o

Concentrations of 0.16 (X1) to 0.48 (X3) ¢ Pro-Gro 1! gel,

estimated by regression analysis *ed to maximum seedling survival

{between 96-97%) after 49 days (Fiqure 2lb). The addition of 0.8 g

1-1 (X5) of fungicide resulted in a plant stand as high as that of the
?

control f94%) but further increases in the rate resulted in decreased

seedling survival.

- Percentage healthy plants

In both experiments, the percentage of healthy plants decreased
wvith increasing rates of Pro-Gro in the gel (Figure 21c). Howvever,

the decrease vas greater in experiment 2. A toxicity effect seemed to
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exist at concentrations above 0.8 g 1-! '(XS) vhere up to 23 and 6B%
nore plants shoved disease or stunted grovth (non-healthy plants)

compared to the control in experiment 1 & 2, respectively. The use of

‘tho standard commercial rate of Pro-Gro in the gel resulted in a 3 and

6%° decrease in healthy planic conpared to the gel control in
experiments 1 and 2, respectively.
Percentage smut
Smut occurrence (3.6%) was significantly greater in the gel

control than in the Pro-Gro gel additives (Table A.17). It 1is
possible that a certain proportion of seedlings did not emerge at all
due to an attack of smut at an early stage. The addition of 0.5 X the
standard rate and above resulted in the absence of smut on the plants
at the end of the experinent.
Total plant weight

‘ Total plant weight decreased linearly vith: increasing rate of
Pro-Gro, with the addition of 1.6 ¢ 1-! resulting in a 60% 1loss
compared to the control (Figure 22a). The standard rate of Prolcré\
resulted in a Feduction of 6% in total seedling weight.

Mean plant weight

Regression analysis showed a decreasing mean plant weight with
increasing rate of fungicide to a rate of 1.2 g 1-!, after which mean
veight did not dccrealeﬁ further (Figure 22b). The addition of 0.16
gl-1 (X1l) Pro-Gro decreased plant weight by 8% compared to the gel

control.

i -
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FIGURE 21. Regression curves showing the effect of Pro-Gro fungicide
on q) mean emergence time, b) plant survival and c) percentage healthy
plants of fluid drilled onion cv. Southport White Globe.

r: rate of Pro-Gro in the gel

Dotted lines: standard rate of Pro-Gro
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4.5.3.4 Discussion

Fluid drilling exhibfted an advantage over dry seeding in terms
Of time gnd percentage of emergence, survival, and plant veight (Table
34). The advantage vas due mainly to the head start afforded by the
pregermination of the seeds, reinforced by the selection of viable and
optimally germinated seeds at sowing. Furthermore, the incorporation
of a fungicide such as Pro-Gro enhanced the benefits of the fluia
drill technique as it resulted itn a higher survival, total and mean
plant veight than the treated dry sSeeds.

Although Pro-Gro additions had positive eftects on percentage
emergence, survival and healthy plants for both seeding methods, there
vag & trend for the fungicide treatments toO delay emergence and reduce
plant weight compared to the controls in bOth experiments. This delay
hovever , became¢ non significant by the end of the season. Indeed, the
Pro-Gro treated seeds would be expected to survive in greater
proportions than the untreated seeds, consequently give higher final
yields as has been reported by Créte and Tartier (1976).

Only a [fev plants vere found tOo be infected by smut after 4?
days, consequently, no significant control of the disease by Pro-Gro
applications on dry seeds Or in the gel wvas noted (Table 34),
Although soil wvas taken from a contaminated field, the conditions of
temperature and noisture in the growth chambers may have not pcmitt‘od
a4 sufficient development of the fungus tO cause severe 1infection,
Hovever, the decrease in plant stand between emergence and final
survival (Table 34) was greater in non-treated plants vwhich may
indicate that more seedlings died from smut after emergence vhen they
were not protected.

¥

Furthermore, among the four treatments, the fungicide gel
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additive led to the snallest plant loss from emergence to the end of
the experiments. This could be due to the more direct and longer
contact of the fungicide with the radicles thereby, affording
protection during the critical infection period (15 days; Chupp ans
Sherf, 1960).

Although most trends vwvere similar for the two time experiments,
emergence time in 1983 was reduced for the fluid drilled treatment.
‘rhfl difference vas most probably due tO the shorter radicles of the
seeds in the second experiment which lenghtened the time to emergence
thereby eliminating differences betwesn fluid drilling and dry

seeding.

The addition of PtO"'GtO systemic fungicide to the gel did not
affect emergence and growth of onion sesdlings narkedly vhen used up
to the standard rate. Adverse effects were hovever observed at
concentrations 5 to 10 times the standard. Percentage survival vas
increased by an addition of Pro-Gro up to 3 times the standard rate
(Figure 21b). This confirmed the findings of Ghate and Phatak (1983)
who concluded that chemical treatments did not significantly change
smergence and growth rates of pepper seeds wvhen applied with the gel
at the rate up to 2.5 times recommended field rates. Hovever,6 it vas
noted that concentrations of 0.1 to 0.25 times the standard rate did
not give complete smut control and rates above the standard tended to
produce toxic effects. Similarly, Entvistle and Munasinghe (1981)
demonstrated that at only 0.23 and 0.5 of the standard rate, Iprodione
incorporation into the gel proved adequate for controlling white rot
and vas well tolerated by the pregerminated onion seedling.

’ High concentrations of Pro-Gro delayed emergence, lovered plant

survival, decreased percentage of healthy plants, and decreased plant
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vovlght (Figures 21 & 22). Tvwo explanations vere possible. Firstly, a
phytotoxicity effect was Observed as survival became progressively
lover with increasing fungicide rates above 5 X the standard rate
(rigure 21b). Secondly, it was noted that gels with Pro-Gro
concentrations of O.4 g 1°! (2.5 X the standard) and above formed hard

strips around the seedlings. The physical barrier thus created could

_have accounted for some oOf the reduction in survival and grovth

afforded by the higher rates. Although, Ghate (1982) noted no major
change in Laponite gel structure using Metalaxyl fungicide, but no
specific studies have reported with Pro-Gro tungxcid‘e in the gel for
onions grown on organic soil. Chevrier and Stevart (1985) reported
that sodium alginate gel dessication caused entrapment of lettuce
seedlings at 25% field capacity of organic soil. The same effect
could be expected from Laponite gel, but since no moisture stress vas
experienced in the trials, it vas mOre likely that gel/Pro-Gro
interactions existed above a ocertain concentration of the product

thereby causing a hardening of the gel, as well as toxicity to the

plants.

.
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V. GEERAL CONCLUSIONS

Production of onions suitable for dehydration was possible under
the climatic conditions in the organic :‘otl region of Quebec. The
choice of cultivar appeared crucial. Genetic background and adaptation
vere largely responsible for production of large bulbs with a high dry
natter content and elongated shape. However, environmental conditions
narkodiy influenced cultivar performance. There appeate'd to be a
significant relationship betveen bulb size and the reciprocal of dry
natter content for all cultivars. Bulb shape index wvas found to be
negatively correlated with mnean bulb weight. Bulb shape, although
related to cultivar, vas influenced by climatic conditions
particularly the temperature. Reducing the sowing rate to 35 seeds m-!
produced larger more commercially useful bulbs.

Cultivar response to fluid drilling in terms of plant stand and
final yield vas less than desirable. The problem appeared to arise
fron veather conditions prevailing wnt: soving, gel wused, as vell as
from the lack of protection from soilborne fungi as the fungicide
coating was vashed avay during the pregermination process. Several
disadvantages of the most commonly used gels (Laponite 508 and 445)

vere noted in this study. The requirement of a high shear force to mix

the gel with water would mean the use of specialized and costly

. equiprent. The lov field emergence observed vith these gels most

probably was caused by high pi and hardening of the «carriers.
Furthermore, although Laponite gels performed ntistactorgly under
controlled conditions even vhen uncovered, they appeared to react
negatively under field conditions. From these trials, the most

promising gel types vere Agrigel and Water-Lock J550.



174

The trials 1indicated that gel additives served to protect and
promote rapid grovth of developing onion seedlings, The development
of a complete drilling package including gel additives wvas feasible.
The addition of endomycorrhiza and Pro-Gro fungicide appeared
particularly promising. In this study, Pro-Gro addition to the gel
produced seedlings with a hastened emergence, increased survival and
plant veight, .and controlled smut under controlled conditions when
compared to the conventional wseed dusting technique. Pro-Gro gel
addition was best betveen one half and one times the standard rate.
Higher concentrations adversely affected onion emergence and early
growth, and lowver concentrations did not control smut. It thus
appeared that the very effective use oOf the smnall quantities of
fungicide wvas due to the prolonged contact betwveen the fungicide and
.e;dlinqs. '

The minimal response to Cytex may have been due to a gel
type/Cytex interaction. Nevertheless, there was a tendency for the
2.5% rate to improve growth and yield over the gel control. It was
pbssible that an increase in sample size¢ or replicate number, or the
use of another cultivar and gel type would prove more advantageous and
hence nmore economic.

) Although gel additive c&nbination were promising, a nul;ber ot
modifications in tho\ technique would be required before recommending-.

{
the use of the fluid drilled system for dehydrating onions.
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Based on the results obtained in this study, several areas of
research remain to be investigated to optimize the production of
dehydrating onions using the fluid drilling technique: ‘

1. Evaluation of new long-day cultivars.

2, Use oOf a control cultivar to obtain a reference curve of yield
against density in order to render more accurate Yyleld comparisons
among cultivars under test.

I;. A study on the effect of a more regular arrangement pattern on
yield and bulb size distribution, by using a soving rate of 35 seeds
m-! with an inter row spacing ranging from 20 to 45 cm.

4, Investigation of the possible interactions between preemergence

P
herbicide and granular insecticide on the gel/seed system.

5. Testing of nev low pH gel materials that would not harden for their.

compatibility with additives. Information would be required on
additive effect on gel chemical and physical properties) {(viscosity and
pPH) and on the optimal rate of additives inclusion for plant growth
and yield.

6. Evaluation of the effect of Pro-Gro and other protectants 1in
combination with growth promoting substances such as Cytex toO create a
disease free micro environment and permit the full. expression of the
qtov'th requlators. ‘

7. Evaluation of a 1liquid formulation with the same 30% Carbathiin /
SO% Thiram ratio as Pro-Gro tO ensure a more even distribution in the

gel and a better efficiency of the fungicide.

\
-
( \ ) ‘.
,

»
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Analyses of variance for
grovth and yield of
sovn by fluid drilling in a 1982 field trial.}

data of
8 onion cultivar

) 2

¥ value

Measurement Source _daf NS
Emergence tine  Block 3’ 2.54 2.90 ns
Cultivar 7 .2.13 2.43 ns
Error 21 . 0.88
Matirity time Block '3 0.53 0.18 ns
, Cultivar 7T 230.32 77.19 *=
- Exrror 21 2.98 ’
Stand (harvest):  Block 3 24.96 2.90 ns
Error 21 8.60_ :
Bulb weight- Block 3 592.94 3.74 *
cultivar T 2947.13 18,60 *»
b4 Error 21 158.47
Bulb shape ck 3 - 0.006 " 1.79 ns
' Cultivar 7 0.013 5.35° %
. Error 21, 0.002.
Fresh yield Block 37 143,53 5.58 w»
cultivar 7 1095.66 £2.60 »»
Error 21 25,72 '
Dry matter yield Block 3. 4.62 4.77 »
Cultivar 7 15.43 15.94 *»
Error 21 0.97 .
Bulb dry matter(%) Block .. 3 0.34 0.45 ns
cultivar 7 17.50 23,22 *=
Error 21 0.75 '
w

v

* ¢ significant at the 5% level
% ; gsignificant at the 1% level
ns : non significant
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}, Data were analysed in a randomized complete block desi
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TABLE A.2 Analyses of variance for the data of
emergence, grovth and yield of 8 onion cultivars

sovn by dry seeding in a 1982 field trial.l

t

Measurement source ar MS #value
Emergence time Block 3 5.46 5.30 =
’ Cultivar 7 2.41 2.34 ns
Error 21 .03
Maturity time Block 3 4.50 0.74 ns
Cultivar ? 209.07 34,17 »=
Error 21 6.12
*stand (harvest)  Block 3 36.33 8.37
Cultivar 7 47.29 10.90 »»
Error 21 4.34
Bulb weight Block 3 544.96 11.08 »»
- Cultivar 7 1337.28 27.18 »%
Error 21 49.20
Bulb shape Block 3 0.004 0.92 ns
° ( Cultivar 7 0.018 3.76 *=x
. Error 21 ' 0.005
Fresh yield Block 3 107.38 8.31 =
) Cultivar 7 1011.39. 78.30 »=
Error 21 1;.92
Dry matter yield Block T3 - 4,06 4.96 »=
) Cultivar 7 13.14 16.05 »x
Error 21 0.82 ’
Bulb dry matter(%) Block - 3 1.10 0.64 ns
. Cultivar 7 16.58 9.61 »x
Error 21 1.72

* : significant at the 5% level .

»x : gignificant at the 1% level
ns : non significant ’
1

S

t

-

. Data vere analysed in a randomized complete block design
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TABLE A,3  Analyses of variance for the effect of sowing
nethod on emergence, growth and yield data of 9 ‘onion

cultivars in a 1983 field trial.!?

[

Maturity time-

\

. Source of Energence time
variation at _NMS F value M5 F value
Cultivar 8 17.81  43.72 = B42.02 157.74 »*»
Sowing method 1 102.72 252.14 =~ 5.01 0.94 ns
CultivarxSowving 8 1.28 3,15 »w
Error 54 0.41

7.4 1.40 ns
. 5.34 ¢

Source of 5 Plant stand . Bulb weight -
variation daf MS F value MS F value
Cultivar 8 ' 26706.75 19.23 w= 11028.98 88.30 »»

Sowing method 1 14506.72 10.45 == 1535.50 12,29 x»
Cultivarxsowing 8 2768.78 1.99 ns 361.61 2.90 »»>
Error 54 - 138§.\6_K 124.90

Source of Bulb shape Fresh yield
variation af MS F_value MS ¥ value
Cultivar "8 0.050 11.63 »~» 2016.11 114.57 »x
Sowing pethod 1 0.007 1.59 ns 199.00 11.31 ==
Cultivarxsowing 8 0.007 1,73 ns 18.24 1.04 ns

A * a .
Source®of Dry matter yield Bulb dry matter s
variation at MS F_value MS _F value
Cultivar 8 40.77  72.52 *= 108.89 42.95 w*
Sowing method 1 4.30 7.65 =w 3.29 1.30 ns
CultivarXSowing 8 . 0.40 0.70 ns 1.37 0.54 ns
Error S4 O.SQ 2.54

* : spignificant at the 5% level
** : significant at the 1% level
ns : non significant
!. pata vere analysed from a 9 X 2 factorial
completely randomized .design
bl ! +
]

.

arrangement in a

®
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TABLE A4 Analysis of variance for the effect of sowing method
on erergence, grovwth and yleld data of onion cv.Southport white
Globe sown over 3 soving dates in a 1982 field trial.l ,

S

ueasureme}i . Date 1 \ Date 2 Date 3 -
‘nd\source'

- df MS ___F value MS F_value NS F value
Emergence timew )
Block 3 0.33 0.33 ns 0.83 5.00 ns 0.46 0.58 ns
Sowing method 1 32.00 32.00 ~* 24.50 47.00 »» 45,13 57,00\ =»
‘Error 3 1,00 0.17 0.79 5
Stand(6 weeks) . ' -
Block 3 1.81 5.43 ns  20.12 21.99 » 34.47 1234.9) »~»
Sowing method 1 733.45 210.66 ** 29.65 32.40 *v 213,21 7637.42 »=
Error 3 3,48 0.92 ¢ - 0.03

Stand(harvest) i ‘
Block 3 13,05 0.55 ns  4.08 0.83 ng 7.89 3.62

So'\ﬂnq method 1I' 363.15 15.18 » 82.21 16.93 * 98.70  45.25

ns
»x

Error 3 23.92 4.92 2.18
Bulb veight . ) ~
Elbclg. - 3 55,52 0,20 ns 45.17 28.15 » 17.26 0.39 ns
Sowing method 1 4361.78 15.80 *. 888.31 553.61 wh 1860.50 42,55 ww»
Error 3 .-276,02 - L - 1.60 . 43.72

T r
Bulb diameter o - . .
Block <3 4.99 0.24 ns '19.35  0.46 ns 10.89 0.96 ns
Sowing method ]| 188.18  8.93 ns 175.78 4.21 ns 80.01  7.07 ns
Error 3 21.07 41.79 11.31 -
Fresh yield
Block 3 107.15 ., 2.0 ns 42,33 2.31 ns 24.46 . 3.97 ns
Sowing method 1 168.36 330 ns  7.22 0.39 ns 3.92 0.64 ns
Error 3 51.00 . ¢ 18,33 6.15
Dry matter yielgd
Block 4,21 2:47-n8  0.97 1.19\ ns 0.90 26.16 =
Sowing method 6.85 4,02 ns - 0,66 0.81 ns 0.01 0.33 ns
Error . 3 1.70 0.82 0.03 |

[}

Bulb_ dry matter(%) ~ad,
Block 3 0.07 -~ 0.20 ne  0.67 1.37 ns 0.57 0.48 ns

Sowing method 1 0.05 0.13 ns  7.41 15.09 » 0.41 0.35 ns

Error 3 0.3 0.49 1.8

* : significant at the 5% level
wx ; ‘gignificant at the 1% level B

ns : non significant ’

1, pata for each sowing date were analyued in a separa}e randomized
complete block denign -

‘\

} | . .
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TABLE A.5 Analyses of variance for the effect of date of sowing
an® sowing method on emergence, grovth and yield data of onion
cv. Southport White -Globe in a 1983 field trial.:?

Source of Bnét;ence time Maturity time3
variation dt MS F value ag us F value
Block 3 0.38 1.42 ns 3 0.25 0.27 ns
Date 2 2,38~ 57.00 =»» 1 20.25 22.09
BlockXDate 6 0.04 0,16 ns 3 0.92 1.00 ns
Sowving method i 51.04 193,42 == 1 2.25 2.45 ns
DateXxSoving 2 0.54 2.05 ns 1 30.25 33.00 »~
‘Error 9 0.26 6 L0.92
Source of Stand(3 weeks) ‘Stand (6 weeks) Stand(hargyest)
variation af MS F value MS __F value MS Fvalue
Block 3 2.82 '0.06ns 1.79 0.13.ns  3.64 1.44 ns
Date 2 19.54 0.8 ns 45.64 0.99 ns 20.03 1.13 ns
BlockXDate 6 23.10 O0.51ns 46,30 3.24 ns 17.65 6.97 *
Soving method 1 121.09 0.46 ns %.04  5.39 * 9.63 3.80 ns
DateXxséwing 2 3.38 0.07ns 7.89 0.55 ns  46.43 18.33 »~
Error 9 45.73 14.30 2.53 v
N - T
Source ot - Bulb weight Bulb diameter -
variation dat MS F value MS ' F value
Block 3 86.16 1.55 ns 7.90 0.63 ns
Date 2 344,56 2.47 ns 8.66 0.79 ns
BlockXDate 6 139.76 2.51 ns 10.92 0.87 ns
Sowing method” 1 76.68 1.38 ns 5.61 0.45 ns
DateXsoving 2 239.42 4,30 * 15.23 . 1.21 ns
Error S 55.64 15,07
Source of Fresh yield Dry matter yield Bulb dry matter
variation at MS _ F value MS F value MS F _value
. /
Block 3 50.40 3.35ns ° 1.69 4.12 = 1.59 1.55 ns
Date 2 178.64 4.43 ns 4.69 7.78 = 2.66 3.07 ns
‘BlockXDate 6 40.35 2.68 ns 0.60 1.47 ns 0.86 0.84 ns
Soving method 1 6.72 0.45 ns 0.05 0.12 ns 0.24 0.23 ns
DateXSoving 2 85.20 5.65 * 1.07 2.60 ns 0.80 0.78 ns
Error 9 15.07 0.41 1,03

* : gignificant at the 5% level

** : gignificant atsthe 1% level

ns : non significant ?

1, Data were analysed from a split-plot layout in a randomized complete
block design, where the main plot unit vas the sowing date and the sub-
plot unit, the sowing method

3. As maturity was not reached in plots of date 3, only data of dates |1
and 2 wvere analysed

j - . :
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TABLE A.6 Analyses of variance for the effect of sowing rate and
cultivar on emergence, growth and yield data of vhite onions in a
1982 field trial.!

Source of Emergence time ‘ Maturity time
Variation df NS F _value MS F _value
Block ° 3 0.11 0.22 ns 1.17 1.09 ns
Cultivar 1 2.67 S5.22 » 20,17 18.91 **
Sowing rate 2 0.50 0.98 ns 13.54. 12.70 **
Cultivar x 2 0.11 0.33 ns 1.54 1.45 ns
Rate ’
Error 15 0.51 1.07 -
> _&. -
Source of Stand(harvest?) ® Survival (%)
variation df _MS F_value MS F_value
Block 3 - 0.85 0.16 ns 4.29 0.16 ns
Cultivar 1 28.38 5.21 ~ 130.20 4.95 *
- Sowing rate 2 ° 254.75 46.73 *» 219.49 8.35 *
Cultivar X 2 2.27 0.42 ns . 3.26 0.12 ns
Rate '
Error 15 5.45 26.28
) -
Source of Bulb weight Bulb diameter Shape index
variation df ° MS F yalue MS_ F_value MS F _value
Block 3 3516 0.86 nd 45.61 3.58*  0.001 0.39 ns
Cultivar 1 281.54 6.88 » 59.22 4.65 * 0.038 11.85 »=
Sowing rate 2 1037.86 25.35 ww 16.94 1.33 ns 0.002 0.53 ns
Cultivar x 2 5.29 0.13 ns 59.68 4.69 * ‘©0.003 0.89 ns
Rate . ' .
Error 15 40.93 23.42 0.003
4 v
Source oé> Fresh yield Dry matter yield Bulb dry matter
variation/ df MS F value MS F value MS _F value
Block S 12.24 0.51 ns 0.52 0.49 ns 8.01  7.51 =»«
Culiivar 1 31.74 1.33 ns 0.74 0.70 ns 13.35 12,52 %»
Sowing rate 2 0.91 0.04 ns 0.15 O0.l4ns | 0.24 0.22 ns~
Cultivar x 2 4.19 0.17 ns 0.49 0.46 ns 2.90 2.72 ns
Rate ‘ .
Error 15 23,94 1.05 1.07

* :rgignificant at the 5% level

»x : significant at the 1% level

.ps : non significant

1. Data were analysed from a 2 X 3 factorial arrangement within a
randonized complete block design
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TABLE A.7 Analyses of variance for the effect of sowing rate and
cultivar on emergence, growth and yield data of vhite onions in a
1983 field trial.!l

-
“

Source of Emergence time Maturity time
variation df «__MS F_value NS F value
Block 3 0.11 0.49 ns 1.28 0.40 ns
Cultivar 1 7.03 30.10 »» 16.53 5.19 »
Sowing rate 3 1.45 6.10 »x 282.36 88.63 *»
Cultivar X 3 0.11 0.49 ps 2.70 0.85 ns
Rate
Error 21 0.23 3.19 -
' Source_o Stand (harvest) survival (%) -
variatfon' af MS F _value _MS F_value
Block 3 32.22  8.53 wx .+ - 226.58 10.56 **
~ Cultivar 1 60.78 16.08 »= o 272.03 12,67 **
Sowipg rate 3 393.49 69.42 ** " 52.39 2.44 ns
Cultivar x 3 23.64 4.17 ~ 44,15 - 2.06 ns
Rate ‘ ; X
Error 21 3.78 21.46
+Source of Bulb weight Bulb diameter Shape index
variation df MS F value MS F value . MS __F value
Block 3 121.78- 1.35 ns 15.55 0.96 ns 0.013 (1.50 ns
Cultivar 1 3812.83 42,16 **  159.31 9.82 *w 0.006 “0.78 ns
sowing rate 3 1809.23 20.00 *~ 75.91 4.68 0.006 0.78 ns
Cultivar X 3 289.14 3.20 » 1669 1.15 ns 0.004 0.51 ns
Rate, “ ' : .
Exrror 21 90.44 16,22 0.008 ;
saurcé of Fresh yield Dry matter yield. Bulb dry matter
variation df . MS F _value MS F value ___Ms T value
Block 3 46.74 4,98 w« 0.90° 4.19 » 0.38 0.74 ns
.Cultivar 1  263.93 28.10 **  0.41 1.88 ns 150.08 289.83 **
) Sowing rate 3 44.90 4.78 = 2.05 9,83 wx 1.20 2.31 ns
Cultivar X 3 ‘7.95 0.85 ns 0.35 1.6% ns 0.72 '1.39 ns
Rate ' .
Exror 21 - 9.39 : - 0.22 0.52

» : gignificant at the 5% level

»x : gignificant at the 1% lével

ns : non significant . )

1, Data vere analysed from a E‘X 4 factorial arrangement within a

randomized complete block design .
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TABLE A.8 Analyses of variance for- the effect of gel type and
soil cover on emergence, survival and plant veight data of onion
cv. Southport White Globe in a grovth cabinet experiment.!

‘ g

Source of Emergence time Eqprgenc;(%) Survival(¥)
variation dtf . NS F value MS F value MS F value
Gel: 7 0.99 1.57 n8  666.54 3.73 =« 910.00 4.38 -*»

Rep(gel) 24 0.63 1.13'ns 178.67 1.6l ns 207.97 1.22 ns
Cover 1 96.78 173.77 ** 1736.11 15.69 *% 15365,67 90.20 »x
GelXxCover 7 . 1.36 2,44 » 820.93 7.42 »» 995.63 5.84 *x
Error 24 0.56 . 110.68 T 170.36

‘Source of Total weight * Mean.weight.
variation df MS ' F value MS' F value
Gel 7 50.75 5.06 ** 0.51 2,93 %+
Rep(gel) 24 10.01 0.96 ns 0,17 1.14 ns
Cover 1 1750.11 167.43 *x 5.13 33,95 =»x
GelXCover . 7 278.73 3.81 »x 0.25 1,69 ns
Error 24 10.45 - 0.15
4 L
* : gpignificant at the 5% level . : . ’

»* : gignificant at the 1% level . .0
ns : non significant ' ' , .-
1, Data were analysed from a ‘split-plot laySut in a complefely
randomized design, where the main plot  unit was the gel type and

the soil covering, the sub-plot unit ' o ’

-
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TABLE A.9 Analyses of variance for the effect of
gel type on emergence, growth and yield data of
onion cv. Southport White Globe in a 1983 field
trial.?

Measurement Source af MS F_value

Emergence time Block 37 1.18 2.94 ns
Gel type - 6 0.99 2.47 ns
Error 18 . 0.40
Maturity time Block 3 188.10 1.51 ns
Gel type 6 353.57 2.85 *
Error . 28 12¢4.21
Stand (3 weeks) Block 3 21.56 1.14 ns
. Gel type 6 ' 33.54 1.77 ns
Error | 18 18.90
Stand (harvest) Block - 3 4.34 1.54 ne
Gel type. 6 8.93 3.03 *
‘ Error 18 2.95
Bulb weight Block 3 121.40 0.83 ns
- : Gel type 6 494.21 348 *
-Error : 18 136.24
Fresh yiéld - . Block 3 '22.76. 1.20 ns
" .Gel type 6 76.89 4.05 *»
’ y - Eror - 18 .18.99 .

¢

* ; gsignificant at the 5% level

*% ; gignificant .at the 1% level ] '
ns : not significant - o .

1. pata vere analysed in a randomized complete block design

L 4
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“ c
x , TABLE A.10 Analyses of variance for the effect of ‘
: - gel additives on emergence, growth and yleld data of

* cv. SOu.thport Vhite Globe in -a 1982 preliminary
field trial.!

0

e , N
Measurement Source at - MS F_value
Emergence Block 3 3.67 5:00 * :
) : . s Treatnent S 13.20 18,00 »» . d
: Error 15 0.73 '
o Maturity Block 3 15.82 4.8 *
: - Treatment 5 - 4,37 1.33 ns
. . ) Error 15 3.29
E ~ sband (3 veeks)  Block .3 35.02 1.85 ns
Treatment 5 86.02 4.54 '~
: Error .- 18 18.95 . R
Stand (harvest) ~Block - 3 6.64 1,88 ns
. Treatnent 5 29.96 < B.40 w%
N Error 15 3.54 S
[ Bulb veight "Block  , 3 94.30 1.72 ns
; R Treatment 5 188 60 3.43 »
. ‘ S ) Error " 15 54.92
" . -+ , ‘e ' ) . . .
" : , " Presh yield . Block 3 6.24 0.27 ns .
P L ’ Treatment 5 8.90 " 0.39 ns
N : ’ Error 15 22.90
Dry matter yield ‘Block .3 0.10 0.14 ns’
. " L : ¢ Treatment 5 0.32 0.42 ns
C P Error 135 0.75 '
N oY : ' 3 .
Bulb dry matter(%) Block 3 0.65 0.48 ns E
. , g - Treatment .5 0.85 0.63 ns -
e ' . : Error © ' 15 1.35

) * ; significant at the 5% level . ’
\ - LA siqntﬁcant. at the 1% IeVel . ,
- ns : non siqniticmt ’
' !. Data were, analysed in a randemized comPlete block dosiqn
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. , " TABLE A.11 Analyses of variance for the effects of

' : Cytex on emergence, growth and yield data of onion

& . ' cv. Southport White Globe in a 1983 field trial.!
oA ‘ : P —

X p

; * Measurement Source ar ’ NS F value

Emergence time Block - 3 0.28 . 1.00 ns

. Cytex rate 5 0.30 1.08 ns

2 Error 15 0.28

¥ . .

: Maturity time Block 3 144,44 1.60 ns

: ’ Cytex rate - 5 62.50. 0.69 ns

A ’\ . Error 15 90.28

I - '
Stand (18 days)  Block 3 28.17 0.79 ns

. . T Cytex rate 5 30.58 0.85 ns

3 Error 15 35.81 )
¥ Stand (harvest)  Block | 3 10.44 1.01 ns

& . Cytex rate 5 4.36 0.44 ns

b ¥ . 3 Error 15 10.37 -

: 0 ' -

3 Bulb weight .  Block§) 3 673.58 1.07 ns
o ] Cytex rate. 5  987.36 1.56 ns

] " Error 15 630.94

1 Fr’es'h yield ) Block 3 41,77 - 1.0l ns r

: - Cytex rate 5 14.79 0.36 ns

L Exrror 15 41.72

<

ns: non significant ‘
1. Data vere analysed in a randomized complete block design
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TABLE A.12 Analyses of variance for the effect of fungicide and
soving .method on emergence, grovth and yield data of onion cv.
Southport white Globe in a 1983 field trial.l

‘Source of
variation df

Emergence

time

M5 P value

Maturity time
MS F_value

Bulb weight
MS F value

Block

298.36 2.52 ns

N

3  06.01 0.01 ns 28.82 0.32 ns

Fungicide 2 0.79 3.39 ns 912.50 10.18 »»* 74.45 0.63 ns
Sowing 1 37.50 60.71 »» 234.38 2.61 ns 316.10 2.67 ns
Fungicide X 2 2.38 10.18 *» 87.5 0.98 ns  450.70 3.80 *
Soving - '
Error 15 0.23 89.65 118.47
Source of Fresh yield Dry matter yield Bulb dry matter
variation df NS F_value _MS F value MS ‘' F value
Block .3 8.72 1l.44 ns 0.22 1.74 ns 0.44 1.08 ns
Fungicide 2 109.49 18.05 *» 2.53 19.09 »» 0.68 '1.69 ns
sowing 1 176.58 29,11 »= 4.25 A3.42 »x 2.04 5.00 =
Fungicide X 2 24,32 4,01 *. 0.56." 4.43 » 0.28 0,67 ns
Sowing _ ' ) *

. Exror 15 6.07 ?.13 c.4l
Source of % Smut(day 26) % Smut(day 33)
variation df NS F _value MS F value
Block 3 0.26 77 ns 86.68 0.70 ns
Fungicide 2 5100.42 15.11 »w 238.45 1.93 ns .
Sowing 1 1413.76 4.19 ns 267.50 2.16 ns
Fungicide X 2 98.78 0.29 ns 228,97 1.85 ns
Sowing
Error 15 337.61 g 123.59

* ;: significant at the 5% level
** ; significant at the 1% level
ns : non significant
1, pata were analysed from a 3 X 2 factorial arrangement in a
randomized complete block design ‘

s
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TABLE A.13 F ratios of analyses of variance for the
effect of fungicide and sowving method on onion

percentage survival data o

trial,

f the 1983 fungicide field

g8

Days after Block rhnqighhe Sowing Fungicide
soving method X _Sowing
12 0.15 ‘ns 0.81 ns 0.07 ns 5.40 »*

. 15 2.26 ns 0.27 ns 2.79 ns 0.32 ns
18 0.99 né 0.11 ns 0.65 ns 0.01 ns
21 ~. 0.27 ns 3.08'ns 6.75 * 1.75 ns
26 1.26 ns 0.37 ns ° 3.01 ns 3.88 ne
33' 0.68 ns 3.98 » 1.43 ns 0.70 ns
48 2.20 ns 3.00 ns 0.05 ns 0.69 ns
59 a4.89 * *7.01 #x* 9.41 »* 2.23 ns
62 | 9.05 %  -10.33 4 1444 1.52 na
7% 5.27 ‘7.509 wx 9,07 0.85 ns

117 4.36 * 46,50 43.42 *x 1.67 ns

* : gignificant at the 5% level '

»* : gignificant at the 1% level .

ns : non significant

i
.
: : ~¢
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TABLE A.1l4 Analyies of variance for the effeéct of Pro-Gro

fungicide and soving method on_ emergence, grovwth and weight
data of ‘onion cv. SouthpOtt White Globe in growth cabinet

experiments 1 & 2.1

¢
»

-~

Measurement Experiment 1 Experiment 2
and-Source
= d MS ____Fvalue MS____Fvalue
Emergence time
Sowing method 1 22.96 56.01 »» 25.81 93,30 w»~»
Pro~Gro rate 1 0.01 0.03 ns 1.08 3.90 ns
SovingxXRate 1 0.48 1.17 ns 0.7% 2.71 ns
Exror 8 . 0.41 0.28
Emnergence (%)
Sowing method 1 300.00 9.78 * 1,33 0.33 ns
Pro~Gro rate 1 161,33 5.26 ns 1.33 0.33 ns
SovingXRate 1 108.00 3.52 ns 1.33 0.33 ns
Error 8 30.67 4,00
Survival (%), :
Sowving method 1 300.00, 18,75 »* 12.00 0.90 ns
Pro-Gro rate 1 225.33 14.08 #x 12,00  0.90 ns
sovingXRate 1 1.33 0.08 ns 1,33 0.10 ns
Error 8 16.00 13.33 ‘
Healthy (%) - \ ‘
sowing method 1 0.04 0.01 ns 8.50 0.43 ns
Pro-Gro rate 1 36.75 .0.71 ns 28,52 1.44 ns
sowingxRate 1 5.63 0.07 ns 4.94  0.25 ns
Error 8 51.92 19,76
smut (%)
Sowing method 1 15.50 3.00 ns 0.01 0.00 ns
Pro+Gro rate 1 15.50 3.00 ns - 22.23 2.00 ns
sowingXRate 1 15.50 3.00 ns 0.01 0.00 ns
Error 8 5.17 Cor 11.12
Total weight .
Sowing method 1 539.48 20.06 = 13,27 0.25 ns
Pro~Gro‘rate 1 167.35 9.64 ns 28.89 0.55 ns
SowingXRate 1 2.41 . 0.09 ns 5.17 0.10 ns
*Error 8 26.89 52.26
Mean weight
Sowing method 1 0.52  8.84 * 0.05 0,63 ns
Pro-Gro rate 1 0.16 2.77 ns 0.09 1,12 ns
SowingXRate 1 0.01 0.11 ns 0.01 0.19 ns
_Error 8 0.06 - 0.08_

" signitic&nt at "the 5% level

** :-gignificant at the 1% level

ns : non significant o : :

1, pata for each experiment vere analysed from a separate 2
X 2 factorial layOffhi:,:“Sanletely rnndomized:dbsiqn

' v 1

-
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Y ‘ TABLE A.15 Pooled analyses of variance for the effect of Pro-Gro
N fungicide on emergence, growth and veight data of fluid drilled
- onion cv. Southport white Globe 1in grovth cabinet experinents
: (Exp.) 1 & 2,1 .
-
Source of Exergence time Emergence (%) Survival (%)
variation af MS F_value MS _ F value NS F_value
Experiment 1 9.99 21.04 » 21.33 3.20 ns 5.33 0.20 ns
‘ Replicate(Exp. )4 0.47 © 2.35 ns 6.67 0.49 ns 27.33 1.31 ns
¢ Pro-Gro rate 7 2,23 11,07 »* 17.52 1.30 ns 716.95 34.37 »»
RateXEXp 7 0.29 1.42ns 22.10 1.63 ns 85.33 4,09 »*
Error 28 0.20 13.52 . 20.86

; ' 1
1
b Source of Healthy (%) © . Smut (&)‘{\
: - , variation at MS __F value MS __ F value
¢
f - . Experiment 1  4370.08 '39.45 *x : 1.93  0.42 ns
¥ Replicate(Exp. )4 110.78 2.12 ns , 4.62 1.33 ns.
i Pro-Gro rate 7 1190.48 22.83 »» ) 9.68 2.78 *
¢ RateXExp Y 276.55 5.30 wx 0.86 0.25 ns
Ve Error 28 52.15 3.48
1 § L .
) 7 - .
t Source ot Total weight Mean veight
i variation ar MS F_value MS F_value
§ : ~
P Experiment 1l . 284.12 5.93 ns 0.34 2.45 ns
: Pro-Gro rate 7 623.98 39.36 ** 0.61 16.56 *»~
RateXExp 7 © 60,15 3,79 »» 0.05 1.42 ns
Error 28 . 15085 0. 04‘ <
b .
* : significant at the 5% level - : e

»% : gignificant at the 1% level

ns : non significant

1., Data vere analysed from a split-plot arranqement in time of 2
completely tandonlzed designs

bt
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TABLE A.16 Analyses of Jariance for the effect of Pro-Gro
fungicide on emergence, ‘growth and weight data of fluid
drilled onion cv. SOuthport White, Globe 1n growth cabtnet
“experiments 1 & 2.1 .
~
Measurement "Experiment 1 b Experiment 2
and Source a .- .
- - ar MS Fvalue - MS .Fvalue
Emergence time -
Pro-Gro rate. 7 - 1.23 - 4.00 * 1.28 7.89 w»
Error .16 0.3 ° 0.16
Emergence (%) . ' .
Pro-Gro rate 7 36.57 1.89 ns 3.05 0.51 ns
- Error 16 19.33 - 6,00 )
_ Survival f%} o S v . - B
~ Pro-Gro rate 7 {73.33 .. 5.65 *x 628.95 49.65 *~ -
Error ' . 16 30.66 12.67 - i
Healthy (% ' ' ’ : : ’ T
_Pro-Gro rate 7  187.26 3.73 * 1279.76 -18.63 **
Error ' R {1 T 50.27 . . 68.69 .
- N '_ Coo ’ T ——
Pro-Gro rate 7- -7.59 " -1.94 ns ©2.95 | 0.89 ns
Error ' _ 16 ) 3.92 3.33+
" Total weight . _ - S .
Pro-Gro rate 7. 167.35 13,57 '516.79 18.87 »x
Error ©16 . 18.27 ) 41:74
Mean weight . . .
Pro-Gro rate 7 : 0.19. 5.06 »* - 0.48 TF.T2 *%

it

kror 1 '16 0004 oL ! ) . 0-06.

* : gignificant at the 5% level -
=% : gignificant at the 1% level

'.ns : non significant

1. pata for each experiment _were analysed in a separate completely
randomized design
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TABLE A.l7 . Effect of Pro-Gro rate on 'energence,'survival,
health and veight of fluid drilled onion, in growth cabinet
experiments (Exp.) 1 & 2. '

Pro-Gro rate . Emergence time

Emergence Survival
Xstd (g 1-%) (days) ) (%)
) Exp.l Exp.2 Exp.1l Exp.2 Exp.l Exp.2

X0 (0) 5.2° 5.8 98.7 98.7 90.8 94,7
X0.1 (0.016) 5.1 6.5 98.7  98.7 92.0 97.3
x0.25 (0.04) 6.1 6.4 98.7 98.7 93.3 97.3
X0.5 (0.08) 5.5 6.7 97.3 97.3 94.7 97.3
X1l ' (0.16) 5.6 6.9 100.0 98.7 98.7 97.3
X2.5 (0.4) 6.3 7.0 100.0 100.0 94,7 98.7
%S (0.8) 6.8 7.3 96.0 97.3 - 90.7 94,7
X10 (1.6} 6.6 8.0 _89.3  100.0 73.3 56,0
LSD(0.05) }0.96 0.70 s ns 5.40
Progro rate Healthy plants . Smut
xstd (g 1-1) (%) (%)

T Exp.l Exp.2 YExp.l Exp.2
X0 (0) 89.5 77.6 - 4.5 2.7
X0.1 (0.016) 93.1 85.0 . 1.3 1.3
X0.25 (0.04) 91.9 - 82.2 1.3 0.0
X0.5 (0.08) 94.5 87.5 0.0 0.0
X1 (0.16) 91.9 79.4 0.0 0.0
X2.5 (0.4) 92.9 67.6 0.0 0.0
X5 (0.8) 82.4 43.7 0.0 0.0
X10 (1.6) ) 71.2 31.7 . -0.0 0.0
LSD(0.05) 12,27 14.35 2.21
Progroy rate » Total weight Mean wveight
‘xstd (g 1-1) (g flat-1) (g plant-1)
X0 {0) 46.1 52.7 2.04 - 2.22
X0.1" (0.016) 46.0. 54.8 2.01  2.26
X0.25 (0.08) 38.9 48.3 1.67 1.97
X0.5 (0.04) 41.9 - 54.2 1.78 2.23
X1 (0.16) 43.5 48.2 . 1.76 1.98 -
X2.5 (0.4) 39.7 42.8 .1.68 1.74
X5 - (0.8) 31.5 -34.0 " 1.38 1.44
X10 (1.6) 24.7 16.2 1.35 1.18
LSD{0.05) ) 4.7 : 0.23 -

ns: non significant
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‘Regression analyses for the effect of Pro-Gro
health and weight of fluid

'MS

Variable Source df F value R? Effect Regression
: equation
Emergence ’ -
Exp.l T 1 5.05 16.56 »» 0,53 Q ¥=5.344:2.915r
. rar 1 2.12 6.94 * -1,331r2
Error 21  0.31 . Cr
Exp.2 r 1 7.10 34.69 *x 0.61 © L  ¥s6.419+1.038r
Error 22 0.20
Survival %
1 4 1 3907 131.62 *» 0.79 0 ¥=94.427+415.223r
Exp.l&2 rxr 1 1071 36.10 »* ) =21.18r2
" Error 45 29.69 &
Healthy % R :
Exp.l r 1 1173 27.42 ** (0.55 L  Y¥=93.598-13.347r
Error 22 42.80 ) o
Exp.2 r 1 8222 98.58 ** 0.82 L  ve83.022-35.331lr
‘" Error 22 83.41
Total veight
Exp.1s2 r. 1 4208 129.0Q ** 0.74 L Y=48,386-17.872r
Error 46 32.62 . N
Mean weight
Exp.1&2 ¢ 1 .3.63 62.60 ** 0,60 Q ¥=2.062-1,111r
rxr 1 0.35 6.03 * . +0.383r2
Error 45 0.05

r
L
Q
»

H
H
H

rate of Progro
Linear effect
Quadratic effect

, ** : significant at the

S% and 1% level, respectively




