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o . 

aJLmw. .-rJIODS l'OR DEllYDJlATIBG ORIOR' PBOOOC'l'IOJI DI QUEBlC, 
vrra PARrIaJLAI. DPBRBBCB TO mE PLUID DIILLIBC ~CBBIQDR 

Field experlments were conducted on organic soU ta determine 

opt1~ cultivaff~ and cultural methods for the prod:JCion of a 

dehydrating anion. 

Among the 12 cultiva'rs tested, Dehydrator-14 and Southport White 
I~ 

Globe proved most suited. Fluid -drilling hastened emergence and 

increased bulb size but decreased final survival and, yields compared" 

l' 
the sail could be worked 

.' 

.)\ 

ta dry seeding. Seeding one week after 

• u " appeared !Dost beneficial. ~4lWing ract> of 

yield. 

~~~~ -
35 seed~ m-1 produced 

the optimal bulb size and . 
Laponite gels did not appear adequate ~t-ncrer present 

candi tians. 
~ 

Agrigel and Water-Loek: JSSO were the best gels. 

Incorporation o~ gel additives (endomycorrhiza, . groW'th regulators, <l 

fertilizers and fungicides) gave posi tive results. Cytex (0.25 to 5%) 

had no significant effect. Pro-Gro proved efficienè in improving 

plant, stand and yield in a smut infested field. While incorporation 

rates of Pro-Gro from 0.1 to thp- standard (0.16 g 1-1) had no 

deleterious ef fee t on early growth, rates from 5 ta 10 cimes were 

pnytotoxic. 
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JEl'IIODBS DB QJLTIJBB POUR. LA PlWnJÇn~B D'OIGHOII A DBSllYDRATEJl AD 
QUE!IBC, AVEC BHPa4SUR LA l'EClDfIQU! DE smas D GBL 

Des e~riences ont ~té entreprises sur sol organique en vue de 

déterminer les meilleurs cult:l,vars et méthodes ",de culture pour la 

production d'oignon à déshydrater. 

Déhydrator-14 et Southport white Globe fur;;ent les cultivars les 
~ 

'plus adéquats parmi les 12 cult i vars' tes'tés. L'ensemencement en gel a 

permis une émergence plus rapide et l'obtention ~e bulbes plus gros 
, . 

que le semis de graines sèches. Par contre, le taux de survie et les 

rendements ont été diminués. è 
IL 

Semer une semaine apr s que la terre 

puisse être labourée a semblé le plus bénéfique', Un taux de semis de 

~5 graines m-1 a produi t un optimum de rendement et de grosséur de 

bulbes. 

Les gels Laponite n'ont pas été adéquats dans les conditions de 

terrain existantes, tandis qu' Agrigel et Water-Lock J550 furent les 
, ' 

meilleurs gel?, L'incorporation d'additifs au gel (endomycorrhizes •. 

régulateurs de' croissance, fertilisants et fongicides) a' donné des 

résultats positifs. Cytex (0.25 à 5%) n'a eu aucun effet: 

significatif. Pro-Gro fut efficace pour améliorer le taux de survie 

et le rendement dans un champ Infest~ de charbon de l'oignon. Tandis 

que des taux de concentrations variant entre 0.1 et l~ concentration 

standard (0.16 g 1-1) de Pro-Gro n'ont eu aucun effet sur la 

croissance des jeunes plantules, des taux de 5 a 10 fois plus €levés 

furent phyto~oxique8. 
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1. DtlWUC::'OfIœ 

A major part of the 30,000 tons of onlons produeed annually ln 

Quebec ls grown on the organic muelt sol1s of the counties of 

c~ateau9uay and Napierville vhere 180 and 595 h~, respectively, vere 
; 

harvested ln 1982 (statistics Canada 1983). The 1 province of Quebee 16 
1 

anions. Ho~ver, the situation i6 

reported n a 1980 census (MAPAQ 
1 

90% self-sufficient in fresh market 

dlfterent for dehydratlng onions. As 

1980), the dehydraung onion production .. as 0 Iy 5.8% of the total 

Quebec production. Accordingly, only a smal1 roportion of the 1500 

tons of dehydrated onlons used annua11y ln the province 15 thUB 

prod uced 1 ocall y • 

The lack of expertise, proper equipment and financial support has 

impeded the development of the dehydration lndustry ln Quebec. 

Furthermore, the uses and advantages of the dried onion over the 

fresh, canned or trozen product are not veH kno .. n by industries and 

consumers. In fact, the dehydrated onlon lG considered to be the 

c10sest ln taste to fresh onion vith the addlt10nal advantages that it 

can be stored longer without 106in9 texture, colour, f1avour or food 

value, and, it requires a sma11 area for storage. Mother reason for 

the lim1ted production 1s the requ1rement of 1 to 17 kg fresh onions 

for every kg of dehydrated material. Therefore, tremendous quantlties 

(minlmum 20,000 t of onions per yefr) are required ,to supply a 

dehydration industry in order to make it profitable (Woods Gordon 

1982). unfortunately, the regularity of supply of rav material i6 the 

main problem in Quebec vhere the harvest period 16 restricted and 

cllmatic constraint6 important. 

Desp1te the d1fficulties encountered there ls place for a 



dehydrat10n industry in Quebec to satisty the grov1ng demand and to 

develop the market to compete vith Amer1can products. Horeover, as 
;' 
~, 

th18 culture has only recently been 1ntroduced lnto Quebec, Many. , 
.' , 

cultural and managerlal aspects remairi to be estab11shed. The 

variet1es presently produced, White Creole and Southport White GlObe, 

are not performing satisfactorlly in our cllmate (woods GOrdon 1982). 

Research efforts thus need to be concentrated on find1ng h1gh yielding , 
cultivars vh1ch present the proper characteristics, prolonging the 

groving season by ':A' appropriate techn~fOgical methods and develop1ng nev 
"'-

open1ngs for the product. The present project vas undertaken to .. 
screen potential cultivars and establish a groving system suitable for 

white on10n production 1n the provinc~ of Quebec. 
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This literature review has been designed to present details 

eoncerning the white on10n crop and thè managerlal/eu1tura1 techniques 

.that lnfluence its growth and development. , 

2.1 Characteristics of the dehydrat1nq onlon 

The onion, Allium cepa L., be1ieved 

~st, was f1rst descr1bed by Linnaeus 

to orlglnate from/the .tddle 

in 1753 and has been 1n 

cuIt1vat10n for over 5,000 years (Jones and Mann 1963). Th1s crop, 

belonglng to the genus Allium, has been recognized as a member of the 

A111aceae segregate fam11y by Cronqu1st (1981) and of the Al1101dae. 

sub-fam1ly by H1ckey and K1ng (1981). Both unlts are 1n the broad 

,famlly of the Liliaceae. Among the some 600 species All1um cepa has 

'" been the most widely cultivated. 

The onion bulb is 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 (Rabinow1tch 1979) • considering botanieal, 

physiologleal and ehemical characteristics,' the white dehydrpting 

on10n resembles aIl other dry bulb onlons, but 1t d1ffers somewhat ln 

~ its uses and certain ehemical eomponents. 

The demand for onlon products and part1cularly for dehydrated 

products has been 1ncreasing (Jones and Mann 1963; Yamaguchi, paulson, 

Kinsella and Bernhard 1975; Woods Gordon 1982). Dehydrated on10ns are 
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sold in variQUs forms: chopped, sliced, in CUb.~nUl.t.d, ground 

Qr powdered and are uaed for 'seasoning, in canned food products and 

salads (MAPAQ 1980). Onlons for dehydration should be h1gh in 

pungency and should not lose their white col~ur or develop a bitter 

flavour on dry1ng. They ahould have small necks and an elongated 

shape, be free,of diseases and mechanical ln jury, and above aIl, have 

total solids (Jones and Mann 1963; w~s GOrdon a high content in 

1982) • white cultivars are used almost "'-exclusively as they 
...r-' 

geneUcally ma1ntain a higher content of soluble soHds than other 

Mann and Hoyle (1945) noted that onion cultivars characterized by 

small bulbs had h1gher dry matter contents than their large bulb 

counterparts. McCullum (1968) as weIl as Nieuwhof, DeBruyn and 
, 

Garretsen (1973) conflrmed thls 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 
<!) 

exper1mental factors have been shown to modify the accumulation of dry 

matter and the co10ur of any given cultivar (Brewster, Hardvick and 

Hardaker 1975; steer 01982; Yamaguchi et ~. 1975). In turn, dry 

matter content affected the sugar content and~ the pungency (Brewster 
(\ 

1977; Lercari 1981 & 1982; Yamaguchi et !l. 1975). 

, . 
2.2 Cul\ture of the crop 

. 
Statist1cs on specifie groups of onions (e.g. colour, market 

usage) are ext,remelY d1fficult to obtain and data for bulb onions, 

encompasses aIl subun1ts. 

. .; 
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worla production ot bulb onlons vas 22,397,000 t in 1982 (FAO 

1983),~king this crop the third most important vegetable follov1ng 

tomatoes and cabbages, 1n terms of annual tonnage. Whi1e Asla and 

Europe vere the biggest producers, North America vas ranked th1rd 

a10ng vith the USSR (Table 1). Desp1te the relatively small area 

~arvested (67,000 ha), North America had a yie1d of 31 t ha-l, the 

highest in the vor1d. In Canada, approxlmately one third of the onions 

vere produced in Quebec vith average yields of 35.7 t ha- l ln 1982 and 

--28.4 t ha- l in 1983 (Statistics Canada 1983\. Bulb onion yields 

betveen 56 to 68 t ha- 1 have been reported on productive organic so11s 

in Quebec (Jasmin, Hamilton, Ml1lette, Hague'and Bernier, 19~1). 

. ---~ 

. \ 

\ 
/ 
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~- TABLE 1. Area, production and yield of dry on10ns in the world, 
~> l, by çontinent, and in Canada (1982)1 , . 

.... 
"1l" 

Harvested area Production Y1eld .... 
'\ (1000 ha) (1000 t) (t ha -1) \ 

WOrldCtotal) 1 677 22 397 13,4----
" , . , .. 

Asia 926 10 293 11,1 , 
1 
'" Europe 237 4 394 18,5 • f 

1 
.. USSR lBS 2 100 11.4 

1* 

Afrlca 138 1 725 12,5 

South America 117 1 603 13,8 
~ 

l North America 67 2 090 31,0 
~ United states 50 1 875 37,3 

5 Canada 1 132 34,9 
Ontario2 2 

~ 

o °79 34,9 
Ouebec2 1 36\ 35,7' 

, . 
~ Oceanla 7 191 27,1 

. .' 1 • trom FAO (1983 ) 
trom statisUcs Canada (1983) 

,-

1 



L 

7 

2.2.1 Adaptation of cultivars 

/ 

For successful onion production, the first 6tep i6 to select 

vari~es that viII grov, 

temperatures, daylengths and 

bulb and mature satisfactorily 

other environmental factors of 

under the 

the are a 

considered. Accordingly, onion cultivars have beên classified by 

daylength requir~ment as vell as by market type~ :nd shape (Voss 

,1979). Among environmental factors aUecting the development of the 

onion plant, photope~iod and temperature are the ~ost important. AlI 

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

,more readily as daylength incre~ses. Hovever, the minimum critical 

photoperiod varies vith cultivar adaptation. Whereas, a short-day 

cultivar requires 12 to 14 hours to initiate bulbing, a long-day 

} cÙ'l\tivar vill need 14 to 16 hours and an intermediate one, 14 hours 

(voss 1979). 

• Jones and Hann (1963) demonstrated that bulbing vas determined by. 

an interaction betveen daylength and temperature vhich primarily 

determined, limits of adaptation. In temperate zones, once the 

critical daylength vas reached and bulbing initiated, the onion grovth 

rate depended on temperature (Brevster 1977). Thus, other factors 
(1 

be1ng eq~al, onions bulbed more rapidly under varm rather than cool 

temperatures, the optimal being 2I-27°C. Temperature also played an 

important role in determining the maturity date as the onset of neck 

fall ,oceurred ear11est ât 25-30oC (Brevster 1977). Above optimal 

temperatures, bulbs matured earlier and consequently yields vere 

reduced. Whereas at belov optimum temperatures, maturity vas usually 
"t. 

delayed and problems vith field curing and storage quality vere 

encountered. 

plant size and ferti11zer regime also 1nfluenced bulb ~evelopment 

\ 

.-
~'f ~ ~ ..!.-' - .. > 

~:: .. ' .. 
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and maturity (Brewster 1977). Sma11er bulbs resulting trom denser 

plant1ngs matured earlier than on ions spaced for the production of 

large bu~bs (Jones and Nann 1963). Fertilization, mainly nitragen ... 

nutrition, influenced bulbing. Deficiencies in nitragen supply 

,0 promoted bulb initiation, whereas, excess nitragen delayed initiation 

(Jones and Mann 1963). 

For the dehydrator typ~ of on10n, the optimal bulb shape vas 

~ found to be elongated or torpedo li~e as th1s reduced processing 

19sses. Bulb shape vas shown to be determined by the cul~1var type 

but modified by environmental and cultural factors vhich lead to 

intermediate valueso(Plate 1). For instance, VOSS (1979) reported that -globe shaped varieties tended to elongate under h1gher, than normal 

temperatures. Simllarly ,Rab1nov1tch (1979), attributed the occurrence 

of,multihearted and double bulbs mainly to genetic background of the 

plant but also implicated factors such as fertilizer regime, depth of 

, ) 
plant1ng and crop spacing. 
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2.2.2 Sovinq tilIIe 

In order for on10n8 to be 
"-at the optimulII physioloqical "-age for 

-- .../ daylength-Dled1atèd bulb induction, the aeeds have to be sovo ea~ly in 

the Bpr1ng (Brewster 1977), as BOOn as the sol1- can be worked 

properly. Tiessen, Nonn,ecke and valk (1970) reported that the earlier 

the seeds." were sown wi th1n two veeks after the sOil became vorkable, 

-the larger the yield"tor both early, and late cultivars ... on organic 

sOil, on10ns have e,,:,en been seeded before the frost was completely out 

of the ground. Brewster (1977\ reported that an early sowing or an 

early establishment lead1ng t,it an 1ncrease in full canop~ duration 

appeared to be the basic requirement for higher-y1elds. However, early 

sow1ng did not produce consistent yield improvements. Indeed, Hoyle, 
, . 

Brown and Yamaguchi (1972-) found vide variations ln bulb size and 

hence marketable quantity w1th éarly seeding.· 

Although an early sowin9 1s ideal for higher yields, cold soil 

conditions dur.ing the early stages of growth has not only delayed 

elllergence but also delayed plant developlllent and reaul ted 1n greater 

susceptiblli ty to pathoqena and bol t 1ng (Tiesaen !1 l,al. 1970; i­

'J 
Wa9~nvoort and B1erhu1zen 1977). 11 long, cool spring has usually been 

accompanied by a high percentage of bOl t 1ng and to avOid this, Jones 

and Mann (1963) sU91~ested 

should be planted later. 

that ~CUlarlY sl,IscepUble C;ltiVarS 

However 1 thè planting delay had to b~ 

reasonably short in ol'der to allow, enough lea! growth before bulb1ng. 

Therefore, for each district and each cultivar 1 there vas a best 
"J " 

so..,1n; Ullle in order to maximize product1on while mln11111z1ng bol Un;. 
) 

When sowing vas done ln cool damp veather, anton Bmut' infec4:ion vas 

increaaed due to the delay in plant elllergence and the consequent 

1 

- . 
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increase in the per1~of suscepttbllity (Çhupp and Sherf 1960). On 

the other hand, varm and dry veather perm1tted the on10n to germinate .-
rapidly and avoid t'he disease. 

on10n aeeds germtnated i~ IIOUS with m01sture levels rang1ng from 

sl1ghtly above the permanent vllting point to held capacity (LOrenz 

and Maynard 1980). An adequate m01sture vas show to be particularly 

1m'portant for qu1ck grovth soon after emergence to ach1eve maximum 

leaf cover before the onset of bulbing (Brewster 1977). Therefore, 

muck so11s have been tound to be 1deal for on10n production due to the 

h1gh vaterholding capacity (Tiessen- !1!l. 1970; MAPAQ 1982). The 

sowlng depth normally used has been 0.5 to 2.5 CIII and vhen loving vas 

done 1 ate in the spr1ng, 3 to 4 cm (Tielsen !! al. 1970). 

2.2.3 Density of sov1n9 

crop spacing has been one of the major cultural factors under the 

grover' s control and i t has played an important role in ensuring that 

the requ1x-ed size of produce vas obtained at the right t1me and vith 
. 

the maximum profit. This vas parUcularly true tor the 0,,10n crop for , 

vhlch the ripened bulb 1a the entire' plant and represents the 

marketable procluct. Bleasdale (1982.) demonstrated that the yield.of 

the onion crop 1ncreased vith lncreasing population unt!1 a certain 

densi ty vas reachéd and then a further 1ncrease in population slovly 

depressed the yield vhich evenwally became 1ndependent of density. 

Total y1eld vas not necessary associated vith marketable. yield. 

Bleasdale (1966) tound that at the maximum ce111ng yield, bulbs. 

averaged 32 lIlIIl ln d1ameter and vere thU5 sl1ghtly too large for 

p1ckling and requ1red too much peeling to be pract1cal for processing. 

Bleasdale (1966) and prappe 11 (1973) reported that a plant densi ty of 
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70 plant m- 2 vas optimal for maxlmum yields of bulbs over 45-50 mm in 

diueter, but vas accompanied by a loss of 20% over ~he total 

patent!al yield. COnaequently, large bulbs as required by the 

processlng market, could only be obta1ned at the expense of sOlIIe loss 

1n total yle Id. 

The Quebec government (NAPAQ 1982) recommended sov1n9 onlon seeds 

in rova 40 cm apart at a rate of 4D to 50 plants m- l , equi valent, to a 

density of'IOO and 125 plants m- 2 , respectlvely. Bleasdale (1973) 

reported that under normal field conditions in temperate reglons, 

individual bulb size at densi Uea qreater than 70 plants m- Z vas not 

l1mlted ,because ceUinq ylelda vere achleved but because the lenqth of 

''--.-
tne grovlno season vas restricted. Furthermore, he stated that bulbs 

pl~nted at hlcih den si ty did not have time to ach1eve an acceptable 

sl~e due ta the slover rate of bulb enlargement enqendered by 
.1 

1ncreased competition. Hovever, the more intense s!tading ln 

h1gh-density plan"t1n9s tended ta change the qrovth pattern at the end 

of the season and resul ted in more rapld maturity than lc;>w density 
1 

plantinga (Frappell 1973; Brewster 1977). '- Jones and Mann (1963) 
, 

reported that maturity .... as hastened by as much as 3 to 4 veeks vhen 

plants vere ~ensely planted in the rov for set production than vhen 

videly spaced for the production ot larqe bulbs. 

Regularly spaced onlons suffered equally from competition but if 

the competition was lrreqular the plants became more uneven ln si!:e. 

On the other hand 1 Brewster and SaI ter (1980) tound no advantage in 

tens of yield or uniformity of bulb s1ze from having plants spaced 

regularly rather than randomlzed vl thin the rov, when the crop vas 

qrovn on sandy 10U so11. 

Two other factors contr1buted to the variation in bulb size: the 
~ ... _._/---,-

spread in time to emergence and the percentage of ~mergence 111 the 

• 

'. .. 
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field. Bleasdale (1973) stated that equal plant ~paclng provided 

equal1ty of opportunity for the plant ta use resources, but the extent 

to whlch th1s opportunity vas grasped depended upon the Ume of 

emergence of a leed in relatlon to Hs nelghbours. 11 seed that emerged 

earl1er gave a bulb larger ln relation to tts veaker or later emerging 

nelghbOurs because it utilized the spa ce that vas allocated ta the 

" other plants ln additlon to its ovn. A situation vhere a great 

proportion of large bulbs (diameter above 60 mm) vere obtained can be 

explained by the lesser competition resulting tram a greater variation 

in emergence tlme or in lov seedling emergence. Il poor plan~ stand, 

~ue to a small fraction of the seeds being Viable or ta unfavourable 

environmental factors, caused an lrr~lar pattern ot 

the rOV even ~hen a precision drill ~ used. 
1 ,~ 

2.2.4 Sovinq methods 

arrangement ln 

Field emergence of most crops ia lover than laboratory 

germination tests, particularly for fraglle seedlings 11ke onlons, due 

ln part to unfavourable edaphie conditions at soving and to the 

presence of pathogena ln the sotl at Any 80vlng date. Some ot the 

adverse effects could be avoided by the use of transplants or by 

establishlng more plants than required by conventional methods and 

then thinning to the deslred stand, but these methods proved 

lmpracticable and uneconomic for on10ns (Currah, Gray and Thomas, 

1974). preCr'ion seeding counts aDlQoÇ the techniques ava11able and 

suitable for the onion crop. It is one technique that produces an 

optimal plant spactng vith lov seeding rates (Button 1978). This 

optimum_ seeding tends to minlmize the competit1.on tor 11ght 1 motature 

and nutrients, and thus improve grovth and lncrease y1elds vith more 

\ 
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unilorlll size and shape of on10ns at llarvest. Ho",ever, to achieve 

complete success w!th precision seeding, a number of other llIanagerial 
.. 

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

to 1 ta angular shape, the onion seed needs to be coated with a vater 
~ 

absorbing material to provide a round uniform sh~pe. Moreover l since 

no extra seeds are being sovn to account for seed losses, precautions 

must be taken to obtain emergence and plant survival as close to 100% 

as ~ssible. Thus, applications of herbicides and pesticides have to 

be weH sch'èduled and efficient. In addition, higher q.pal1ty and more 

expensive seed (hybrids} may be required. 

Resul ts ",ith precision seeding research in Ontario indicated that 

h1gher yields of better quality vegetables were possible regardless of 

vhen the cr op had been sown (OMM 1983). Despl.te the many advantages 

attributed to precision 60wing, the crop did not establish itself any 

earl1er than by conventional means. Earl1ness was a cr1tica1 factor 

in on10n production for t",o reasons. F1rstly, a low relati.ve grovth 

rate, a shallow root system of comparatively lov density and short 

upright leaves resul ted 1n 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 ,var1etiesi froln 

6eeding to maturity, a main concern "as to accelerate f1eld emergence 

and establishment. SOlol1ng pregerminated seeds have advanced the 

emergence of spring sown onions by man y days, and thUG extended the 

growing season (Currah 1975). 

Soving imbibed or pregerminated seeds, as a part '-Of tlle .!luid 
U 

drlll1l1g system loIas reported to help in reducing emergence problems 
.." 

caused by complex s~ed/soil interactions IoIh1ch made plàn~ S~Q 

difficult to predict (Taylor 1977). 

"\ 

- , 
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2.3 F1u1d dr1111ng of on1ons 

The !lu1d drUl1ng technique has been well documented and 1n 

19B1, Gray produç:ed an extensive rev1ew of th1s suble,ct. Therefore, 
1 

only aspects specifie to on1ons w111 be ment10ned 1n this review. 

Onions have normally been germinated at temperatures betwe,n 

"J 
18-22oC for 3 to 3 1/2 days (Gray 1981; Finch-savage and cox 1983).\ 

Occasionally, temperatures as h1gh as 2Soc have been SUC~llY use~:\ 
(Lipe and Skinner 1979). The optimal radic1e length for seeding varied 

.,trom 2. (Gray 1981) to' 4 mm (Finch-Savage and cox 1983). ln order to 

standardize germination and radic1e length, on10ns seeds have been 

pr1med (Heydecker, H1ggin8 and Turner 1975), or submi tted to other 

physiological or chem~cal treatments. Heydecker and Coolbear (1977) 

and Khan (1977) have extens1 vely rev1e .... ed this .sub-ject. 

Seed separation into viable and non viable components has been 

carried out .... 1th onions us1ng a 42.% sucrose solut1on (Taylor 1 Motes 

and Priee 1978), This method vas able ta remove 95% of ~e /,"non 

germ1nated materi~~ thereby greatly improving changes for ~SiO~ 

seed1ng. storage of pregerm1nated anion seeds at 10v temperatures 
1 

(l°C) for periods of 'l1P. to 9 days has been succ~ssful (Brocklehurst, 

Dearman and Finch-Savage .~~980). Longer stonage vas found to" bath 

r.d~ce viability and }Pcr.a~e~dicle len.t. beyond the opt.mum. Lonq 

radicles have been not only.,4)4sily damaged during the gel mix1ng and 
".' 

seed1ng procedures (F1nch-Savage ~981), but also 1njured more by lov 

80il temperatures (SOOC) than either seeds vith shorter radicles 

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

• 
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Many materials have been used suspending and sov1ng. the 

pregermlnated seeds, but not aIl ge~s ~are suitable as they must 

exh1bit specifie characteristics (Darby 198) • Ap~roximately 20 '1..e1s 

have been marketed and can be made ot synth!!t1c or naturai materlals 

(e. g. silicates 1 acrylates 1 acrylamides or starches) 1 (priee, personal 

communication). Theifr efficiel'lcy varies vith the crop t yp" cultural 

conditions and the typ oin,d rate of add~ive mixed vith the gel (Gray 

1981; Ghate 1982.;;;r olelt 1982.a&b; G~ ...... Yd Phatak 1983; PUI and 

Watts ~fJ)). 

/' ''\ 
,// \ 

Recent f1ndings lndicated that further benet1ts of fluid drill1ng 

vere ...... assoc1ated vith the use of, a carrier gel as a l1.'eans ,ot 

lntroducing nutrients, grovth regulators and pesticides close to the 

seeds (Gray 1981). SUch~i~ue could produce an ideal nutrit~ve, 
.. 

di8~se and weed tree microenvironment for the developlng plants by 

modifylng the so11 around the seeds or even replacing i t for a perlod 
~ 

upc;everal weelts ~ Currah 1978b; lUron and Balls 1978; SaI ter 1978) • 
• 1 . 

At this time, most worle. vlth gel additives has been directed 

tovard the incorporation of nutrlents. The accurate placement of 

fertil1zer through gel addition of phosphat!"s enhanced seedl1n9 grovth 
, 

of onlons. ' The best nutrient combination obtained for the onion ",as 

17 9 1 ~ l ammonium phosphate «NH .. ) lHPO,) and 30 9 1 - l potassium 

phosphate (K)PO •• H2~) (F1nch-Savage and- cox 1983L This treatment 

resulted in an earller and better grovth, vith a final increase in 

plant dry \oIeight of 50\ over the dry seeds and 20% Over the gel alone 

after; 91 days. 

Interest hall also been shown in the pouible use of hormones as 

,gel additives. Although no specifie report was tound on the 
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application of hormones into the gel for fluid drilled onions, 

exogenous appl ications of cytoltinins have been used successfully to 

reverse the advancement ot leaf blade senescence caused by abscissic 

acid and maleic hydraz1de _ (Brewster 1977). One zeatin-containing 

substance has been used with the !luid drilling system. In tact, Gray 

and Bryan (1978) investigated the et tect of an incorporation of 1.3% 

Cytex in the gel and obtained an improvement ir growth of celery 

seedlings. These advantages were reached with considerably lower rates 

of the product than that required for traditional sprôying techniques 

to obtain equ1valent resul ts. Similar experim~nts showed increased 

plant stand and yie1d of cucumbers when 2% Cytex vas added to the gel . 
... . 

compared t9 the gel alone (Orzolek, personal communication). In 

general, higher percentage emergence and yields were obtained when the 

grovth regulator was added to ~he gel than when i t vas used as seed 

soaks 'Prior to gel seeding. Ohep Gruny (1981) obtained a stimulation 

of tomato seedling emergence in greenhouse conditions with 1% cytex in 

the gel, but the same conclusions were not reached under field 

conditions. He attrifuted this difterence to a shorter period of 

availab1Ùty of the {prOduct which was probably leached in the early 

shges 91 ;'i'è'ld growth. 

W1th onions, tung1cidal chemicals have been the main type of gel 

additives. Wh1 te rot 1n salad onions has been etfectively coAtrolled 

by 1ncorporat 1ng Iprodione (3- (3, 5-d1chlorophe~yl )-H-isopropyl-2., 

4-dioxoimidazol1d1ne-l-carboxamidel in the gel, as 0.25 tirnes the dose 

used for trad 1 tional dry seed coat1ng controlled the disease as 

eftect1velyas the dry seed treatment at 125 9 a.i. kg- l CEntvistle 

1979). On the other hand, l to 4 times the standard rate proved 

phytotoxic (Entvistle and Munaslnghe 1981). 
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Recent attempts on the incorporation of insecticides, nematicides 

and herbicides into the gel have a 150 shown possibiliUes for 

improving the gro\iing environment aroul)d pepper and carrot seedlings 
. 

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

Gray (1981) stated that fluid drilling could be of great benef1t 

for a crop l1ke onion noted for Us poor emergence and slow seedling 

grovth. Improvement of percent age emergence and early gro .... th rate 

have been obtained using fluid drilling (Darby 1980; Finéh-savage 

1981). Gel seeded onions gave up to 15 days earUer field emergence 

compared to dry seeds. This earl1ness resul ted in increased bulb 

weight brought about by the extension of the gro .... ing ~eason. Yield 

inereases of up to 25% .... ere attained by this technique (SaI ter 1978) ~ 

Lipe and Skinner (1979), showed that pregerminated seeds sovn in a 

plug-mix gavé 10 to 12 days earl1er maturity and 37.5% bulb diameter 

increase at harvest, resu1ting in signifieant yield improvement for 

marketab1e onions (>50 mm diameter). 

The results of the fluid seeding technique have not al .... ays been 

PÇ>s1tive. Large bulbs obtained .... ith fluid drill1ng have been due in 

man y instances to reduced competition resulting from lo .... er plant 

stands for pregerminated compared to dry seeds (Currah 1976; Lipe and 

Skinner 1979). Hiron and Ba1ls (1978) reported that the emergence 

percentage often resulted trom very early so .... 1ngs. Finch-savage (1984) 

suggested that the t .... o main reasons for variation in response of the 
{\ 

ortion crop to fluid drilling drilling .... ere the 10 .... proportion of seeds 

germinated at sow1ng time (i.e. 8%, Brocklehurst et al. 1980; 20-30%, 

Lipe and Skinner 1979; 19%, F1nch-savage 1984) and a 10 .... soil moisture 

content following so .... 1ng. In his study, Finch-Savage (1984) shoved 

that seedl1ng8 w1th radicles up to 6 mm in length emerged 1n advance 

, . 
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of those from .~~c1es less than 2 mm, but the use of seeds 

vith longer radicles alscr~ 'increased the spread of emergence and 

decreased percentage '" em~rgence. Differences in response to n uid 
l" ' 

drill1ng most l~kel'~ ~éflected disparity in env1ronmental and cultural 

condi~1ons 1n the trials. Indeed, benefits of flu1d drill~ng had also 

'Varied with the cultiyar and even ",ith seed l~t, for any given crop 

,(Gray 1981). Moreover, var1ations 1n response could have resulted trom 

conditions preva11ing dur1ng éach step of the technique. It 1& thus 

important to adapt the method to obta1n the full potential of fluid 
.../ 

drllling. 

,In the current thesis, the subjects of experimentation were as 

follows: cultivar evaluati,on, t1me of sow1ng, densityof 80v1ng and 

fluid drilling of white onions used for dehydration. The flutd 

dr111ing technique vas compared te dry seeding methods and vas 

asse8sed as a means of incorporat1ng addit1ves (e.g. end~mycorrh1zâ, 

cytokinins, ferti11zers and fung1c1des) to improve early seedling 

establishment and growth, and to control d'1seases. Var1eus gel types 

were also tested. 

1 -
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III. 

Mater1als and methods described ln thls chapter were employed ln 

more than one experiment. specifie materlals and methods have been 

presented vithin each experimental section. 

,. 3.1 Fleld experiments 

3.1.1 Seed preparation and germination 
\ 

Unless othervlse indicated, onlon cultivar Southport White Globe 

vas used as the experimental materlal. Seeds vere counted using an 

Electronic seed counter (Audlotronics) and groups of 225 seeds placed 

ln lndividual envelopes. Each envelope corresponded to a 5 me ter rov 

v:th a soving rate of 45 seeds m- l • Seeds sovn dry vere treated with 

Pro-Gro (carbathiin/thlram) systemic fungicide at a rate of 25 9 kg- l 

of seeds , folloving the recommendations of crête and Tartler (1973). 

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

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

8ags vere placed in 2S 1 of vater in a Magni Whirl vaterbath (Blue H '- > 

Electric company). The temperature vas malntalned at 19-20oC during 

the germination period by a dual microtrol electrical control svitch. 

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

junetion vhich forced the air into five SOcm inert tygon tubes of 4.8 

mm interior diameter (1.6 mm vall thickness). The initial air pressure 

vas 1.3 !tg cm - .1 • After 24 hours, the vater vas dra1ned and replaced 

vith water at the same temperature to leach out possible inh1bitors. 

Seeds vere checked tvice daily for rad1cle emergence. After 3 days 

most seeds had produced radlclesof betveen 2 to 5 mm length. 

As the veather vas particularly vet and eold in 1983, 

t 
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pre'1erm1nated seeds for the three tirst so .... 1n'1 dates (May 13, 14 and 

19) had to be stored for Z to 4 days. An electr1cal coolant .... as put 

d1r-ectly in the \laterbath to lover the temperature to 1°C during the 

cold storaqe as sUCJgested by Brocklehurst tl al. (1980). 

3.1.2 Gel preparation 

unlé$s othervise specified, Laponite 508 (magnesium s~,licate) was 

uaed as the gel material follo\ling the recommendations of Darby 

(1980). Gel po .... der ..... as \leighed on a Mettler PL 1200 top loading 

electronic balance and mixed .... ith tap water (pH 6.5) using a Waring 

blender (model 50116) at 23,000 r.p.m. Gel 'PO\lder ..... as incorporated at 

a rate of 1S g 1 ~ 1 to obta1n flo .... and seed suspension properties 

sui table t9r sO\ling (Ghate 1982). 

Once the gel has been prepared 1 pregerm1nated seeds vere ..... ashed 

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

aeed sample \las mixed .... ith 150 ml. of t;lel in a beaker and this mixture 

\las then poure:! in a 1 11 ter plastic bag. One bag ..... as used to so ..... each 

5 m ro ...... The resulting qel extrusion rate of 30 ml mol ..... as equivalent 

to that recommended by Flu1d ~rill1ng Ltd. (Anonymous 1980). 

3.1.3 SO\lin9 methods 

oetails of the sO\l1ng dates for ind1vidual experiments are 

presented in Table 2. In aIl experiments seeds .... ere 50wn at a depth of 

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

4S cm apart and repl1cated 4 t~mes. The outer t\lO rows and 0.5 m at 

each end of the tvo 1nner ro ..... s served as guard plants. Dry seeds were 

\ 
so"'" using a 4-rov automatic seeder equipped \lith a v-shaped leather 

belt to permit a precise seeding rate of 4S seeds. m~ 1. For fluid 

drlll1ng, the plastic ba'1 containing the gel and seeds was cut and the 

... 

\ 
" 
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mixture extrtided to give a rate similar to that for dry se,ds. 

,.. 

TABLE 2. Soving and harvesting dates for onion field trials conducted 
dur1ng 1982 and 1983 at Ste-clotilde, Quebec. 

EXPERIMENT 

4.1 Cul t 1 var eval uation 1982 

1983 

4.2. Dens1ty of sowing 1982 

1983 

4.3 Sov1ng dates 1982 

1983 

4.4· Gel types 1983 

4.5 Gel additives 

SOWING DATE 

May 6 

May 14 

May 3 

" May 19 
,-

April 2.9,May 6 
May 13 

May 13, 19 " 25 

May 19 

,4.5.1 Gel additives 1982 May 6 

4.5.2 Field trials 1983 

4.5.2.1 cytokin1ns 1983 May 19 

4.5.2.2 Fungicides 1983 May 19 ) 

HARVESTING DATE 

, 
Sept. 13" 2.0 

Aug. 2.6 " sept. 13 

Sept. 13 " 2.0 

Sept. 13 

Sept. 2.0' 
Oct. 6 

Sept. 13 

Sept .13 

Sept. 13 " 20 

sept. 13 

'~t. 13 

l. 

... 
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3.1.4 Cultural' and manaqerial techniques 

_ ... {l field fpert •• nts vere COnducted at the ste-Clotilde 

substation of Agriculture ca~ada, st-Jean-S~-Richeli~u' (45°10' 

la~i~ude, 73°41' longitude), 40 km- SouthveS~Montre61. The area 

has ah organic hUlllic mesisol profile, 1.5 to 2.5 meters deep with a pH 
, 

of 5.9-6.1. The groving season in this area was 137-152 days CDubf, 
) 

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

val ues vere recorded veekly C April to october) and were presented in 

'Table 3. In 
c ~~ 

1982, the we~ther pattern was very variable. oThe spring 

vas warm and relatively dry, the mid-summer vas rather cool and' wet, , ' 

( ',-
vhile the fal1 va6'~arm and dry. Th~ 1~83 season was characterized by 

,a cool. and very vet early spring, - a hot and 'dry simmer and a 

relat1ve1y warm and wet'fall. 

Each year, a 10-5-10 granular ferti1îzer (Cyanamld Canada) was 

broadcasted vith an'Easy-f1ov rotary broadcaster CMassey-FergusOn} at 

- .. -a rate _of .1120 kg, ha- 1 and incorporated into the top 10 cm of soil 

,using a disc harrow. Throughout the season, a regular spr~y program 

vas undertaken follov~ng Ouebec government rec~endations (Tab1~ 4; 
. 

MArAC 1982).' RO supple1nent~y irrigation was applied, ~nd tUe 

drainage was in pl.ace to el1m1nate exce,ss1ve rain vater. 
>. ", 

'. At maturity, onions vere 1ifted by ha~d and 1eft in the field to 
" 

) cure f~r \ a. period of 1 to -~. v-:elts, unt 11 the tops were dry,' La te 

matuE:J,ng plots vere puUed- Qn September 9 (1982) ,or 8 (1983) to ensure 

at lea~t a min1$u~ ~uriP9 before thè Urst trost. At harvest, the dry .. 
tops vere d1sc ... ~é'd' usi~9 an Ezee Flow m~éhanical cutter equipped ,with 

rotary 

Table 

~'-::: 

bIades. ,-lIarve'sting dates -for ftach exper1ment are l1sted 
\, . , 
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• .... TABLE 3. Meteorologieal data for the sUDlIlers of 1982 
Ste-Clot llde, ouebee • 

.' 

Hean air temp.(OC} precip1 taUon 
Hax. Nin. (mm). 

~ Days ~ .!lli. lm 1983 1982 llli 

April 1- 7 1,3 6,6 -7,1 -0,6 20,0 25,0 
8-14 6,9 8,5 • -2,3 0,8 10,0 39,6 

15-21 13,6 5,4 2,5 0,2 14,2 53,2 
22-2.8 14,9 12.,2. 4,4 2,0 1,8 40,4 

May 29- 5 18,6 16,2 2,7 8,4 0,0 29,2 
6-12 20,5 1l,9 8,1 3,6 11,8 47,4 

13-19 20,2 16,6 7,1 3,7 14,0 14,8 
20-26 18,9 19,4 B,7 9,1 21',2 41,B 

June 27- 2 25,8 17,0 14,9 8,5 17,0 36,6 
3- 9 21,0 19,5 8,4 7,1 3,4 13,7 

10-16 22,9 2.9,1 1l,0 15,5 14,0 0,0 
17-2.3 20,4 29,9 . 11,3 15,6 73,4 0,4 
24-30 21,6 23,3 1l,6 11,4 11,6 19,4 

July 1- 7 24,7 27,1 9,'3 16,8 14,8 18,,4 
B-14 27,4 26,0 15,4 14,3 0,6 15,9 

15-2. 29,,3 27,1 16,3 16,4 11,4 28,8 
22-2.8 26,1 2.7,6 r:4 ,3 15,1 25,4 1,8 ..... ,... 

AUgust 29- 4 23,7 27,5 2,4 18,0 91,4 27,4 
5-11 25,1 25,9 14,7 14,1 26,3 57,6 , 12-18 24,1 25,6 13,6 11,9 20,8 3,0 

19-25 20,6 ,24,3 11,4 12,9 72,8 3;0 
Septelllber 26- 1 20,4 26,0 8,1 14,8 48,B 26,6 

-i,- 8 19,1 28,2 9,0 15,9 7,2 9,8 
9-15 25,1 22,5 12.,9 10,8 21,8 1,2 

16-2.2 17,1 22,8 6,9 11,4 3,2 67,8 
23-29 17,6 18,0 10,0 ,4,7 27,2 0,4 

October 30- 6 18,6 20,1 5,4 B,9 6,8 38,4 
7-13 12,8 15,1 5,5 5,0 18,6 18,2 

14-20 12,8 10,8 3,9 2,7 7,2 0,4 
21-:-2.7 10,1 8,7 -1,4 -1,6 0,0 19,0 

• 28-31 17,8 10,3 5,9 0,1 1,2 ' 4,4 

-- . 
/0 

and 1983 

Daylength 

24 

in 

(hours " min.) 
!!.!!l 

12h59 
13h22 
13h41 
14h00 
14h20 
14h40 
14h57 
15h14 , 
15h24 
15h33 
15h38 
15h40. 
15h39 
15h35 
15h27 
15)\17 
15h05 
14h45 
14h28 
14h07 
13h48 
13h29 
13h10 
12h49 
12h22 
11h59 
11h35 
11h13 
10h49 
10h31 
10h16 

, . 

; , 
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TABLE 4. Spray program for onion fteld experiments 1982 and 1983 

Type of treatment Rate of Humber and t ime 
Trade nUle { cOllUllon name} alœl1caUon of aeelications 

.. 
Herbicide 

Randox-E (allidochlor) 11 1 ha- 1 1 0-6 days after"sowing 
CIPC (chlorpropham) 11 1 ha- 1 1 idem 

Granular Randox 33.6 kg ha- 1 1 1982zJUly 14 
(allidochlor) 1983tnot ua~ 

Fùnqicide 

Dithane M-45 2.8 kg ha- l B 1982:June 28 to Aug.24 
(ma~cozeb) 1983:July 5 to Aug.24 

Insecticide 

Diazinon 500-E 2.8 kg ha- l 3 1982:May 27,June 3 '10 
(diazinon) 1983zJune 7,15 '22 

i 4 - LOra ban 1.1 1 ha- 1 1 1982zMay 26 
(chloropyrifos) ~ 1983:June 9 
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At harves~, measurements were taken on the full length (5 m) of 
. . 

each of the 2 mlddle rova. Data vere taken on total bulb welght and 

number. M~an bulb v~ight vas ~aleulated and fresh veight transformed 

to be expres8ed a8"a yield, in tons ha-le 

From each plot harvested, a sample of 5 bulbs vas taken (20 bulbs 

per treatlIIent) and oUsed to measure height and ct iame ter , and to 

calculate the shape inde~ <helght/dlameter) of the onions. TO 

determine dry matter content, the bulb wa. quartered and one quarter 

sect10n was used. The quarter. vere eut longitudlnally to take into 

account the gradient in dry matter existing from top to bottom and. 

trom outside to 1nside of the bulbs (Foskett . and Peterson 1950) • . 
After peeling the outer dry ~cale, the samples vere chopped into 5 to 

10 mm size pieces and veighed by plot. The mater1al was put ln 1.3 kg-

brown paper bags eut at half height to provide an· eaay to handle 

container, and placed in a hot air cabinet drler , (creatveld) at 65°C 

for 48 hours (Orzolek 1982a) until the sample. vere dry but not brown. 

Dried lIIa~erial was then ve19hed and the percentage or dry matter 

calculated. This value 'vas multip11ed by the total fresh yield 

computed prev,iously to oota1n total dry yie,ld ln terme of tons he.- 1 • 

, . 
/ 
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GROWTH" STAGES 

•. t 

O. Dry seed 

1. Germinated seed 

2. Loop stage '(field emergence) 

3. 'Flaq stage ( cotyledon), 

4. First leaf 

5~ Fall of the cotyledon (2nd & 3rd 

6. Leek stage (4th leaf) 

7. Fall of th~ first leaf (Sth,6th 

8. Bulb formation (leaves 8 to 10) 

9. Bulb growth (visible bulbing) 
, î 

10.(NeCk fall (loss of turgidity) 

27 

leaves) 

& 7th- leaves) 

Il. Bulb ripeness (dried 1eaves, c10sed neck) . 

/ 2. Loop stage 

• r- - ~ 

PLATE 2. Onion growth stages 
(adapted fram Rey et al; 197:) 

.. 

, .. 

• 
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3. P'lag stage 

6. Leek stage 

" 
10. Neck fa!1· 

PLATE 2. (&>ntinued) 
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3.1.6 Statistical analysis 

An analysis of variance usinq the Statistical Analysis system 

(SAS) offered by HCGill University vas conducted for each experiment. 

The experimental designs and appropriate statistical tests employed 

have been mentioned vithin individual experimental sections. The 

analyses of varianqe are presented in Appendix tables A.l to A.7 and 

A.9 to A.13. 

In aIl experiménts, percent age data 
, 

(% maturity, % survival, % 

bulb dry matter\ vere analysed usin; both percent data and data 

transformed by arcsine square root to obtain a normal distribution of 

the data (Little and Puri and Hullen 1980) • 

Transformations did not alter results of tbe statistical analyses, 

thus only percent data havI been used in the resulta and Appendix 

tables. Linear correlations betveen the variables vere pertormed to 

determine the relationships lamong the obs.rved treatment effects. 

3.2 Grovth cabinet experiments 

3.2.1 Nethods and experimental conditions 
, 

For all grovth cabinet experiments, te~t1l1zed orga,nlc so11 frolll 

Ste-Clotilde vas collecteà hext to the experimental s1te and vas 

pasturlzed (1 hour at 800 e) one veek prior use. Soil was placed in 19 

1 
X 14 X 7 cm peat flat'a to a 5 cm depth. Fifty cm of rov (eï ther 5 X 10 

CIl transversal rovs or 4 X -12.5 Cm longitudinal rova) vere tormed on 

the 8011 surface of each tlat. FUteen ml of Laponite 508 gef (section 

3.1.2.) vas extruded along each cov, relSul ting in an extrusion rate 

equivalent to that used for the field trials (30 ml m- 1 ). 

Seedl vere pregerminated a. deacribed in section 3.1.1 and when 

'l, 
~ 'i \ 

1 
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they had 2-3 mm radicle vere placed singly with tweezers into the 

gels.' The control treatment consisted of pregerminated seeds placed 

directly in the rows. AlI seeds vere covered vith 1 cm of soil before 

the flata vere put in the grovth chambers. 

Durlng the experlments, the temperature of the grovth chambers 
... 

(Conviron E-15) was held at 20°C during the day and 15°C at nlght. The 

day temperature vas coupled vith 15 hours ot- a combination of 

fluorescent (cool-vhite) and incandescent,light which provided a light 

intensityof 280 umol a-lm-l. 

3.2.2 Measurements 
. 

preliminary experi~ents on the effects of'gel types and additives 

on seedling emergence and grovtb vere conducted under controlled 

environmental conditions. Due to the nature of the system, 1t was 

possible to obtain more detailed data on emergence patterns than from 

the field trials. Daily emergence counts vere uaed to produce 

emergence curves according to methods outlined by Goodohild and Walker 

(1971). Mean emergence time vas calculated tor each treatment using 

Orchard's (1977) formulaI 

x Il l (RX • x) 
l RX 

where Xj is the 

Rx iG the 

X 18 the 

Fort y-one or 

Mean emergence time tor a treatment 

number of seed11ngs emerging on day 

number of days trom so..,ing, at each 

49 days after 6eed,ing depending on 

x, and 

recording date~ 

the experiment 1 

results were taken on total fresh weight and percentag8 aurvival. 

Mean plant veight vas alao calculated. 

3.2.3 Statlstical analyais 

The experimental designs and tests done are sp8cif1ed v1th1n each ,. 
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exper1ment. Analy,es of var1ance vere performed on the data for aIl 

exper1ments, and are presented in Append1x tables A.B, and A.l' to 

A.IB. AlI percentage data (emerqence , and survival %) vere analYled 

uslnq both percent data and data transtormed by arcsin, square root. 

Transformations did not alter the statist1cal analyses, thus only 

percent data have been used in the reluIts and Append1x tables. 
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'.1 CULTIVAR EVALUATla. - 71.14 trial. 1982 5 1983 

4.1.1 Introduction 

\ ' 

The main characteristics !or"qood dehydraUnq onions are hi9h dry 

matter content (voss 1979), vhite colour, and large bulb v1th an 

elongated shape to tac111tate and opt1m1ze the processinq (Woods 

GOrdon 1982). It 1s also essent1al to !1nd cult1vars that can yield 

satista,ctorlly vith1n the relatively short gro .... 1ng season (Dubé !l al. 

1982) and long daylength (Thomas 1983) experienced in Quebec. In 1982 

and 1983, cultivars trom U.S.A. and Europe .... ere compared .... ith the 

standard Southport White Globe and other cultivars qrovn 1n Quebec, to 

determ1ne tirstly their su1tability tor produc1ng onions tor 

dehydrat10n in the ste-Clotilde organ1c soil area and secondly their 

response to the fluid drilling technique • 

4.1.2 Materials and methods 

Onion aeeds vere obtained trom a number ot sources (Table 5). 

Eight cultivars vere tested in 1982 and 9 1n 1983. only, tive of those 
l 

cult1vars vere used both years as poor pertormers vere removed and 
.. 

replaced after the first yea~~ 

Seeds used tor dry seeding vere counted and prepared as des~r1bed 
, 

in section 3.1.1. Seeds for tlu1d dr1ll1nq vere germ1nated in a vater 

bath at 19-20oC for 3 1/2 days and vere stored 1n cold aerated vater 
1 ~ 

for 3 diys in 198!. Dur1nq the storage period, qrovth continued .... ith 

the resu1t that some rad~cles vere lonqer than the 2-5 mm optimum 

l 
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length. Laboratory viabi11ty tèsts "'ère conducted on 4 samples of' 100 

seeda for each cultivar \~'table 5). Gel ,vas prepared folloving 

procedures outlined in section'3.1.2. J~/ . 
Soving vas done on May 6 in 1982,' and on May 14 ~ 1983. 

standard cultural and managerial procedures vere ~;l1overl/ (section 

3.1.4). Observation' of plot "maturity (85% neck fall) began on August 

23 in 1982. In 1983, tvo cultivars, Creoao and primero reached neck 

fall stage August 9 and the remainder August 24, 1983. The on10ns 

vere pulled from August 26 to September 9 in 1982; and from August 10 

to 17 for Creoso and ~r1mero cultivars, and August 31 to September 8 

for the other cultivars 1n 1983. ln 1982, harvestinq vas carried out 

betveen' 130-137 days after seeding. In 1983, harvesting vas -1n tvo 

distinct periods at: 104 days and 122 days for Creoso/primero and aal 

other cultivars, respectively. 

, '\ 
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TABLE 5. Source and ~rcentage viability of onion cultivars used 
in 1982 and 1983 field trials. 

CULTIVAR 

Bejo 101 

Bejo 111 

Creoso1 

Dehydrator-141 

Green Bunch1ng:& 

Hysol:& 

Ohlhens Enke-24971 

Ohlsens Enke-24981 

( 
SOURCE 

Seed company Location 

Bejo Zaden H011and 

Bejo Zaden HO Il and 

Dessert Cal1fornia 

Dessert California 

Perron Quebec 

SlU1S & Groot Holland 

(iOhlse~-:~rJt --
- l ' 

Ohlsens Enke DenmarJt 

primer02 Dessert California 

sJ.hport White Globe 2 pe~ ",' " 
.ll' ,- 'o')\,. 

Vista White l Moran 

White Kèeper1 Perron 

1 Hybr16 
:& Standard cultivar 
:1. not used in the trial 

! 
J 

. Quebec 

CalUornia 

Québec 

1 
/ 

1 
\ . . , 

J / 

VIABILITY (%) 

~ 1983 

90% 95% 

90% 

---:1 87% 

90%· 

85% an 

70% 50% 

90% 

85% 

85% 81% 

80% 7S%-

92% 
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In both years, time to emergence and to maturity, plant stand at 

harvest, mean bulb Veight, bulb shape index, fresh and dry y1eld, and 

bulb dry matter content vere measured and statistically analysed • 

In 1982, the cultivar trial vas set up as tvo separate 

experiments, one for each soving method (fluid drilling and dry 

seed1ng). In each experiment, the B cultivar treatments vere arranged 

1n a randomized complete block design and replicated 4 times. Analyses 

of variance vere performed on the data vithin each experiment (Tables 

A.l & A.2). Means vere compared and cultivars ranked using the Least 

Significant Difference (LSD)i (L1tt1e and H111s 1975). Since the 2 

sowing methods vere tested in separate experiments, no stat1stical 

-tests could be used to compare the effect of soving method. Hence only 

non statistical comparisons vere done. 

The 9 cultivars and the 2 soving methods were compared vithin a 

single experiment in the 1983 trial using a completely random1zed 

~esign, arranged as a 9x2 factorial vith 4 replications. Depending on 

the results of the analyses of variance, three different statist1cal 

tests were performed on the 1983 data (Table A.3). Firstly, when 

there vas a significant interaction between cultivar and soving 

method, simple effect& vere examined and an LSD test vas used at the 

0.05 level of significance for comparisons among the 18 treatment 

combination means. Secondly, vhen differences among cultivars and 

seeding types vere both significant, the LSD (0.05) vas applied on 

treat~ent combinations. Finally, in cases ~where the sovinq method had 

no significant effect on the variable measured, the LSD (0.05) vas 

calculated on the averaged values of fluid drilled .. and dry seeded 

treatments for each cultivar. 

. \ 

~\ 
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4.1.3 Results for 1982 

c C 

" -
rime to emerqence 

c 

There vas no s1gn1ficant dtfference in time to emergence among 

cultivars for either fluid drilling or dry seeding experiments (Tables 

A.l & ,1..2. ). Nevertheless, there vas a tendency for ûreen Bunph'ing, 

SouthpOrt White Globe and Bejo 10 cultivars to emerge earlier ln bOth 

~ eiperiments, and for the Ohlsens Enke. series to emerge later than 
u 

o~her cultivars (Table 6). Although statistical comparisons cannot be 

made between the two experiments, the data show that seedlings from 

flutd drilled plots emerged 2.8 to 5.8 days earlier than their dry 

seeded counterparts. The greatest advantage in time to emergence from 
o 

the fluid drilling technique wa~ noted for BejO cultivars. 

rime to maturity 

consid,ring both fluid drilling and dry s~eding experiments, 
'1 

cultivars Green Bunching and Hy601 reached ma~urity 6ignificantly 

earlier than allo other cultivars with Ohlsens Enke-2497 being the 

slovest ta mature (Figure laI. Ranking among cultivars vas similar for 

the ~wo sowing types, but the dry seeded plots matured faster than 

fluid drilled ones with the exception of G~een Bunching which matured 

a day earlier when fluid drilled. The average t1me to maturity was 

122.4" and 120.7 days for fluid dr11led and dry seeded treatment6, 

respect ive l y. 
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TABLE 6. Effect of flu1d dr1111ng and ,drY seed1nq on time 
to ellergence of 8 on1on c=ultivars in a 1982 field trfal. 

èulUvar 

" 

Bejo 10 

Bejo 11 
o 

Green Bunch1nq 

Hys01 

Ohlsens E?ke-2497 

~ 
Ohlsens ~ke-2498 

Southpo;t whi te Globé 

Vista White 

, . 

LSD (0.05) 
nB: non signif1cant 

) .. ' 

.. 

Tille to ellergence 
(~ayB froll Bov1ng) 

Flu1d Drlll1nq Dry ,Seed1ng 

8.0 13.0 

8.5 14.3 

7.8 1~;5 

, 8.8 13.3 

10.0 12.8 

9.3 14.0 
~--:, 

8.3 12.0 

9.0 1:3.8 .. 
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FIGtntE 1. Response of cultivars in terllls' of a) tille to Ilaturtty and bl 
plant stand at harvest to fluid drlll1ng and dry seeding lIethods in a 
1982 field trial. .-
1. LSD values for DS treatments 2. LSD values for PD treatments 
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!fant stand at huvest 

When dry seeded, Bejo 10, Bejo 11 and Southport White Globe 

cultivars had <il 819nit1cantly h1gher plant stand at ,harvest than other 

cultivars. ahleens Enke-2497 had the lovest plant stand of aIl 

·cultivars· (Figure lb). S11111lar trends vere npted for the !luid drill 

experiment, al though differences betveen cultivars vere not 

siqniUcant (Table ,-.1). More bulbs vere harvested frolll dry aeeded 

plots (mean of 29.7 bulbs 111- 1 : 66.0% Irturvival) than fluid drllled ones , 

(mean of 22.7 bulbs m- 1 : 50.4~ survival) tor a11 cultivars (Figure 

lb). 

Bulb shape index 

Bulb shape index Che1ght/d1ameterl ranged froll 0.83 to 0.91 for 

flu1d drilled and dry seeded BejO 10, Bejo Il, Green Bunching and 

Hyéol cultivars. Ot,her' cultivars shov~d a 1II0re elongated shape vhich 

bulb ahape indices ranged troll 0.93 to 1.03 C Table 7 " Plate 1). 

Bulbs. troll dry seedin,g tended to have a h1gher shape index t"ban fl u1d 

drllled ones for 1lI0st eul Uvars ,!iith Hysol be1ng the only exception. ~A 

higher var1ation in shape index val ues vere found for dry ·seeded 

C01Iipared to flu1d drilled plots. 

The significant but 1011 negative correlation between bulb ve1ght 
. 

and bulb shape index (Flu1d drlll1n9: P~0.0039, r--0.,50, Dry seed1ng: 

P~.0420, ra-0.36) indicated that large bulbs tend~d to be IIOre 

flattened at the enda. 

t 
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TABLE 7.- Bulb shape, index-values of 8 on ion cultivars aOYn by fluid 
dri~111l;9 or dry seecUnq in 1982. 

Bulb shape index (he19hi/vid th l 
Cultivar FI uicJ Drl111n9 Dry seedinq 

Mean Maxill\Dl Minimum Mean MaximUlll Minimum 
value . value value value value value 

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 0.81 

Green Bunch1nq 0.86 0.88 0.82 0.91 0.97 0.86 

Hysol 0.88 0.98 0.79 0.86 0.91 0.82-

OEl-2497 0.99 1.06 0.91 1.03 1.13 0.94 

OE1_2498 0.96 1.00 0.93' 0.94 1.05, 0.85 
~ 

SWG2 0.93 1.00 0.84 1.02 1.11 0.93 

Vista White 0.95 1.02 0.91 0.99 1.00 0.97 

LSD (0.05) 0.07 O.iO 

1.OE : Ohlsens Enke cultivar 
2.SWG : Southport White Globe cultivar, 

.. 

'\ 

*' 
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Nean bulb veight 

Mean bulb veights of cultivars· Bejo 10 and Green Bunching vere 
• c 

significantly greater than ~ll other cultivars in both' experim~nts 

(Figure 2a). Ohlsens Enke cultivars routinely produced the smallest 

and lightest bulbs. Fluid drilled bulbs vere generally larger than dry 

Beeded bulbs vith the exception of the bhlsenB Enke series for vhich 

Dlean bulb ve1ght o~ dry Beeded bulbs vas sl1ghtly h1gher than nu1d 

·drilled ones. 

Fresh yield 

Bejo 10 pr,oducéd significantly h1ghel' yields than a11 other 

cultivars (Figure 2b). Itl yield of 7~.3 and 76.6 t ha- l for flu1d 

drill and dry'seed~, res~ct1vely, vere double those of the lovest 

series (Ohlsens Enke) • Rank1ng among cultivars rema1ned aimilar 

they vere dry seeded or fluid drllled. Dry seeded cultivars 

more than fluid drilled cultivars in aIl cases vith lncreases 

9.2 tons ha- l • The average fresh y1eld for flu1d 

vas 51.4 t ha- 1 and 56.9 t ha-! for dry seeded 

cultivars. 

There vas a s1gnif1cant correlation betveen time to emergence and 

fresh yield ot fluld drilled cultivars (PSO.0052, r a -O.4S), and thus 

an early èmergence tended \0 be acc~led by a high yleld. stron9 
l.~ ____ --" 

positive correlat1ons (PSO.OOOl) vere found betveen bulb number (plant 

stand) and'~resh yleld for botn flu1d drilling (r-.O.52) and dry, 

seeding (r-.0.60), and aIs? betveen fresh y1eld and me an bulb velght 

(fluld drll11ngl r-+O.90; dry seedingl r-+0.89). 
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Bulb dry lIatter 

Bulb dry .atter cOntent ranged trom 14.1 to 18.8' in the tluid 

drilling and tram 14.1 to 19.1% in the dry aeeding experiment (P1gure 

3a). In both exper1.enta, cultivars Ohlsens Enke (2497 " 2498>, 

Southport Wh1te G~obe and Rysol showed a s1gn1tlcantly hlgh~r dry 

matter percent age than the other cultivars. Dry aeeded bulbs tended 
~ 

to have a h1gher 4ry matter content than fluid drilled bulbs vith the 

except10n ot. Green Bunching, Ohlsens Enke-2498 and Southport Whlte 

Globe cultivars. 

The high negative correlatlons (PSO.OOOl) betveen bulb veight arid 
1 

bulb dry matter tound among cult~vars tor ~luid drilled (r--p.72) and 

" dry seeded (r--0.64)" t,natmenh ind1cated that the smaller bulbs 

(Ohlaens Enke series):. genera11y contained 1I10re dry lIIatter than 

cult1vats vith bigger bulbs (Bejo ser1es), There was also a highly 

significant correlation (PSO.OOOl) betveen dry matter content an~ 

tresh yield among fluid drllled Cr--O.76) and dry .eeded (r--O.68) 

cultivars. 

Dry matter yield 

Dry matter per unit area or dry yield (t ha-a) - data ahowed that 

th~ Bejo 10 cultivar va. superior to aIl cultivars ln fluld drl11ed 

plots and,equivalent tO'Bejo Il in dry seeded ones (P1gure 3b). Dry 

yields ot cul Uvara Southport White Globe and Viatd White vere s1mllar 

to those ot the BejO ser1es. On the other hand, dry y1elds ot the 2 

Ohlaena Enke cul Uvars were s1gn1Ucantly lover than a11 other 

cultivars tested. The average dry matter yield vas 8.2 and 9.2 t ha- l 

-
tor tlu1d drilled and dry seeded treatments, respectively. 
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3 :2. .• Reaul ta for 1983 

Tll1e for ellergenee 

bergenee vu hastened by an 'average of 0.5 to 3.3 day. by nuid 

drlll1ng when cOllpared to dry seeding (F1gurJl 4a). whlle nuld dr1lled 

cultivars ellerged w1thin 9.3 to 14.8 days, dry .eeded cultivars 

ellerged ln Il.8 to 15.3 days. The advantage conferred by tluid 

drlll1ng v.a algn1Ucant for all cul Uvara but Hysol. Alnong nu1d 

drUled treatmenta, Green 8unch1nq, southport White Globe and 8ejo 10 

ellerged s1gnU1eantly earl1er vhUe Hysol emerged atqn1flcantly later 

than the ot~er cultivars. The reaponae pattern vas silllllar tor the dry 

seeded treatme,nta. 

Plant stand at harvept ' 

Dry eeedlng reaulted ln h1gher plant eou~ta at harvest than tluid 

drl11i~g for aIl cultivara except Creoso and Prilllero (Figure 4b). The 

d1fterence be,tveen sov1ng methods vas signifieant onl~ for the 

cultivar wh1te leeper vh1ch prOduced 59.3% more bulbs 1n the dry 

seeded , plots. Regardless of the 80w1ng method, plant atand was 

h1gheat for ,Bejo 10 and lowest for Hysol. The mean percentage of 

aurvlval.was 41.6% (l,8.7 bulbs 111- 1 ) for tlu1d drllled cultivars and 

47.8% (2'1.5 bulbs m-i) for dry seeded ones. 
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Bulb shape index 

Type of seeding did not have a 

shape (Table A.3l, and thU8 values 4vere averaged for eac~ cultivar. 

~~t:êKeeper, Vista White and Dehydrator-14 cultivars ~ad higher bulb' 

shape indices than aIl other cultivars (Table 8). White Keeper bulbs 

vere of a high globe shape appropriate fqr dehydratiorti while Vista 

White, southport, White Globe'and Dehydrator-14 bulbs had glObe shapes 

and other cultivars fIat globes (plate 1). 

Among cultivars, onetlrith highér shape indices tended to have. 

more variation in the obaerved plant material. 

1 
Mean bulb welght 

Flu1d dr1111nq y1elded greater bulb velght~ than dry seeded 
\ 

treatments for aIl cultivars save Creoso and primero (Figure 5). The 

advantage ot fluid drililnq ranged from 2.3~ for Vista White to 41.9% 

for White Keeper cultivar. However, only for White Keèper and Hys~l 

cultivars was there a signifieant dlfferenee between sowlng methods. 

White Keeper and Hysol yielded signif.1cantly larger "bulbs in 

terllls of ve1ght than aIl other cultivars when fluid drl11ed.~ On the 

other hand, dry seeded Hyaol gave larger bulbs th~n 'aIl other 

cûltivars. Regard~es6 of the sowlng method, creoso ànd Primero 

produced the smallest bulbs. 

.. 
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TAB~ 8. Average values for bulb shape indicés of 9 
onlon cultivars sown by fluia drilllng and dry 
.eeding ln 1983. 

Cultivar, Bulb' shape, index (height/dlueter) 
Mean . Maxillull MinillUII 
value value value 

Bejo 10 

Creoao 
J , 
Dehydrator-14 

Green Ba.-nchlnC1 

0.95 

0.93 

1.00 

0.96 

Hysol 0.93 

primero 0.97 

southport White Globe 0.99 

Vista White 1.09 

White xeeper 1.16 

LSD (0.05) 0.066 

,0 

" 

\. ' 

1.07 

0.96 

1.06 

1!02. 

1.03 

1.14 

1.10 

1.2.4; 

1.2.9 

" 

/' 

0.83 

0.86 

0.94 

0.89 
l ,~ 

0.87 

0.83,\ 

0.88 

1.01 

1.01 
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Preah yield 

"lu1d dr1~l1ng 61gnif1cantly depressed fresh Yiel~ oby 1S.3 ~o 

• 17.6% compared~to dry seeding for Green Bunch1ng and'southport white 

Globe cultivars, respectively (Figure 6a). For aIl other cultivars, 

the difterence 1n fresh yield betveen, 80ving methods vas not. 

s1gn1f1cant. The average yield for Hu1d 'drUled treatments vas 2.8.0 il: 

ha- 1 and 31.4 t ha- l for dry se~d1ng. 

White leeper vas the h1ghest yield1ng cult1v~r for both 60v1ng 

méthods, vith an average y1eld of 4~.2 t ha-le This was followed 6y 

Green Bunch1ng, Bejo 10 and southport Wh1 te Globe wh1ch ,,!ere not 
~ 

signif1canHy dUferent from each other. crec;?$o and" Pr1mero yielded 

sign1f1cantly less (4.8 to 7.8 t ha- 1 ) than all other cultivars. 
o 

Fresh yield data were sign1f1cantly correlated 
\ 

wi th me an bulb 

ve1ght (PSO.OO~li 

plant stand at 

r œ+0.62), and also but to a 

harvest (P~0.6053i r=+0.33). 
~ 

lesser ex~ent, vith 

Fresh yield was, 

s1gn1ficantly cgrrelated (P~O.OOOl) w~th the rec1procal of Ume to 

e11lergence (r=-O.47) and time to matur~ty "(r;:+O.62). Therefore, the 

shorter the emergence and the longer the maturity time, the highè'r the 

yield. 

Dry matter yield 
, . 

While dry matter yield ",a~ gerierally lover trom fluid dr111ed .' 
,. .. ., 0 

plots than dry~ed plot"S, 1t ..las sJgnH1calft 0r:'ly' for the cultivar 

southport White Globe (Figure 6~). Creoso, Primero and Hysol had the . 
lowest (1.1 to 3.7 t ~a-l) and Be:)o 10 and White Keeper the h1ghest 

(6.6 to 7.3 t ha- 1 ) dry matter yields of the cultivars tested • 

Dry matter y1e~d was negatively correlated (PSO.OOOl) , ' 
vith Ume 

to emergence (r=-O.45) but positively,correlated vith tlme to maj:ur1ty 

(PSO.OOOl, r=+O.64). 
,} 
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Tille to IIAturi ty 

Seeding method did not have a s1gniticant ettect on tbe time to 

lIaturlty for the different cultiv~s (Table A.3), and thU8 fluid 

drilling and dry seeding values vere averaged (Figure 7a). Creolo and 

Prillero cultivars lIatured in 92.5 and 90 days, respectively. T~e 

average tille tO'lIaturity for the other cultivars vas 112.3 days. AmO~g 
the other cultivars, Green Bunching vas the tirst to 'llature after 

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

Dehydrator-14 vhich vere not signiticantly ditterent one from ~other. , 

Bulb dry matter 

RO significant effect of seeding lIethod va~ found on bulb dry 

matter content (Table A.3). A sign1fieantly hlgher dry matter content 

per bulb vas observed for Creoao and prillero bulba (2,3.7 and 2,n 

respectlvely) than aIl other cultivars. The lovest bulb 
'>. 

dry lIath~ 

,t<: values vere recorded for Southport 'White Globe, Green Bunching ,and . 
Whi te Eeeper (Figure 7b) " 

Il highly signifieant (PSO.OOOl)' correlaUon vas ~und betveen 

bulb 'dry lIatter content and bath the reciprocal of Ile an bulb ve1ght 

. (ra-O',). 75) and ot Ullle to maturity (r--0.68). This ~sted that 

bulbs otended ,~o contain a higher dry lIatter content t~ large 

sllaU 

one., 

and that an éarly maturity resulted 1n bulbs vith a higher dry lIatter 

content. Fresh yield and dry matter data vere a180 negaUvely 

, correlated ,lP~O.OOOl, re-O. 85), meaning that a lov fresh yield VAS 

clo8ely related to a high bulb dry matter content. 

o 
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" .1. 5 Discussion 

Resulta ol' the 1982 and 1983 Held trials lndlcated the 

1aportance of adaptaUon ln obtaln1ng cultivars 'that could reach 

Il&turity and y1e1d .aUafactorUy ln the Ste-Clotilde ragion of 

ouebec. SOlIIe of the cultivars tested proved unauitable under our 

clillatic condi tiona where a l\aXilllUIl daylength of 15 hours 10 lIIinutea 

vaa reached &round June 21 (Tabie 3). In 1982, the OhIsenl Ente 

series frOll Denllar)t shoved a high proport 10n of double bulbs vl th 

stift upriqht ~eckl vhich kept the bulbs fram lIaturln; propèrly. This 

reflected a problem Of long-day cul t1 vars adapted to areas ot laU tude -
above 550 (Den~ark) bein; grovn in our revion (150 latitude) where the 

daylength was long. enough to induce bulbing but not to a110w a full 

development of the bulbs. Jones and Man~,(1963) reported a sll11ilar 

caae vhen southport White. Globe cultivar, grown at lover latitudes 

than Us norllal area of adaptation, gave .tiff necks and bulbs tha~ 

did not lIIature. 

Furtherllore, the occurrence of double bulbs vaa ahovn to depend 

on the genette background of the plant and on envlronlllental factora 

(Yamaguchl et !1. 1975, Rabinovltch 1979). conver8~ly, the short day 

types grovn in 1983, Creoso and prilllero, started to bulb and lIIature( 

very early (Figure 1a). The bulbs produced vere 8111all and yields low 

(Pigures 5 and 6 .. b). Theae cultivars had been adapted to a daylength 

of 12-14 hours a~d yere ideal for southern regiona such as CalUornla 

(30-100 laU tudè). Creoso and primero thus were not suitable for 

dehydratlon purposea in the Ouebec region since they did not lIIake 

sufficient leaf groyth prior to bulbln; to be productive. Alloother 
il'" 

cultivars te.ted y.re'<comparable to th. standard cultivar Southport 

White Globe in terlle of acSaptation, a .. th.y -td norllal groyth ln 
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our climate (F1gures l to 7). Hovever, lejo 11 vas 'Withdrawn froll the 

-
.econd ye.r's trial as the bulbs vere yellov and vere thus not 

suitable for dehydration. 

. In te.per~te zones, once crltical daylength has been achieved, 

bulbing is 1n1 tiatecS and grovth then cSepends upon te.penture. 

'OptilllUII temperatures for bulbing and matur1ng occurred at 21-27oC and 

25-30oC" respectlvely (Brewster 1977). Above these temperatures, 

bulbs matured earl1er and yields have been réduced. Thi. interaction 
• . 

betveen photoperiod 'and temperature lIay have helped to explain the 

ye.rly d1tferenèes ln r,.pon,se of cultivars where 1982 grovth 

parameters ancS yields vere routlnely higher than their 1983 

counterpartl (Figurea 1 to 7). 

Follovlng t.he resuIts' of combined trials, cultivars were ranked 

as to their su1tability for product1on on the organ1c soils of Ouebec 

(')fable 9). The ranked order ",aa as follov'l 

1. Dehyrator-14 

2. Southport Wh1te Globe 

3. vista White 

4. Bejo 10 
'. 

5. Wh1te Keeper 

, 6. Green Bunching 

7. Hyaol 

8. Ohl.ens Enke .erie., creO'o and ,rimero 

o. 
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TABLE 9. principal ~haracterlatic. of selected white ,onion cultivars 
ua.d in 1982 and 1983 triala. Pigures represent the Ileana of both 
aowln; methoda and the 1 trial y.ara. 

!!!! Emergence Waturitv Survlval Bulb aize Shape' Dry matter(')~ 

Dehydrator-14 1 med. eat'ly 
109 dayS 

hlgh ama11-lIed. Globe 
SI-LOO 

high 
20.2 

med-hlgh 

Southport 
White Globé 

early med. med.-high med' Globe med.-hlqh med-hlg~ 

Vista White med. 

Bejo 10 early 

Green Bunchlng early 

late 

U5 dayB 

late 
122 dayB 

med. 
U4 days 

med.-late 
li7 dayB 

early 
108 days 

earlY-lIed. 
113 days 

Sl-0.98 17.0 

med. large Globe to 
hlqh Globe 

SI-1.09 

hlgh med-Iarge Flat Globe 
SI-0.92 

high 

med. 

med. 
1 

large 
1 

large 

med. 

H1gh Globe 
SI-1.16 

Plat Globe 
S1-0.92 

Flat Globe 
SI-0.87 

med.-hlqh med-hlgh 
16.5 

low-med. hi9h 
15.3 

l6w hlqh 
13.9 

o 

low-med. med-hlgh 
14.7 

high med. 
18.0 

1. NeaQI trom 1983 trial only. cultivar not uaed ln 1982. 
" Neanl trom 1982 trial only, due to the very low lurvival in 1983. 
'. Bulb shapea are represented on plate 1. SIl Shape In~ex 

• 
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Of the cultivara tested, only Dehydrator-14 and southport white 

Globe vere conailtently poa1t~ve for each of the chanctera atudied 

(Table 9). For oth.ra, vhUe one character proved extumely positive 

another va, negauve and henee down graded the cul tint. An exuple of 

thh vas aelo 10 which produced extremely high yields but Vith dry 

matter levels belov that normally required for dehydration. It l' 
p"" -~ 

important to note hovever that ranU.nqs were based only on 2 years of 
> 

observations 
/,~.e 

~-and that a more extensive atudy vould hàve to be 

undertaken be fore cODUrlerclar recommendations could be . made • 

The Ohlaena Enke aeriea showed poor characteriatics and ahould be 
, 

excluded from further trials. Cultivars Creoao and 'Primero gave bulbs 

too Ilia 11 for dehyaraUon (Figure 5), but they had a very high dry 

matter content (Figure 7) and could be us.ful for pickl1ng. 

The h1gh1y signifie.nt correlation found among cultivara betveen' 

bulb dry matter ana the reciprocal of mean bulb weight eonfirmed the 

findinql ot Mann and Hoyle (1945), NcCull Ual (1968) and lf1~uvhof et al. 

(1973) • A relaUonahip was also observed betveen bulb dry matter 
~ 

content and bath freah and dry yield in the preaent experiments, 

indicatlng that the most productive cultivars had the loveat dry 

matter content, for examp1el CVI. Belo 10 and White Keeper (Figures 2, 

3, 6 ~ 7; Table 9). Th1. was in keep1ng vith the resulta of M1euvhof 

!! li. (1973) who ahowea that with a l' increa.e in dry matter 
• 

content,' the productiv1ty of several cultivarl decrea.ed by lOt. 

'? There va. hovever a point when thh re1aUonahip leveled ott al 

Dehydrator-14 (1983 only), Southport White Globe ~ Hylal C198~ only) 

had ralat1vely hi9h yieldl , and a hi9h dry matter content. 

Reverthelees, when selectlnq for hlgh dry .atter cultlvara, attentlon 

,hould be pald to lubaequent effect. on yield. 

" 
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YUlaguch1 !l!l. (1975) found that high temperatuns occurring 

during bulb formation 1ed to an incre •• e in the concentration of 

flavour camponent. normally as.ociated vith high bulb dry matter 

content (HOyle!1 al. 1972). Thi. see_ed to contradict steer (1982) 

who reported that 'a high dry .atter percenta;e in bulbs va. to'be 

erpected at lov temperatures. 80th repor~s could be correct as it 

cou1d have been an interaction betveen the inhérent' dry mat~er level 

of CUltivar and tellperature that determined the final percentage bulb 

dry m.tter. Variet1es vith-relatively lov dry matter levels re8ponded 

~o high temperature. by ihcreasing their dry matter levels, vhile high 

dry matter cultivars responded to lov temperatures. In the current 

study, cv. Southport Wh1te Globe produced htgher dry matter bulbs in 

the summer of 1982 vhere maximum temperatures vere around 23°C 

campared to 1983 vhere the temper.tures reachèd 29-JOoC. 

During the tr1al years, the dry matter con~ent of Sop.thport white 

Globe bulbs ranged from 14.2 to 19.8% ,vith a mean of 17.3%, vhile the_ 

i ra~ tor Oehydrator-14 bulbs vas from 19.2 to 20.9% vith a me( of 

20.2%. These find1ngs vere similar to the reau1ts of Ho~le !1!l. 

, (1972) and Yamaguchi!1!:l. (1975) who reported variations o,t 13 to 

2i' for Southport White ~lobe and 17 to 21% for Dehydrator-lt. 

Hovever, Nann and Hoyle (1945) noted a lover range (11 to 18.1%) in 

Southport White Globe bulbs. The differences in' dry ~ter contént 

é betveen the variou8 reports cou1d be explained by 1. t<e ~ethod of 

sampling the bulbs for solids determination, 2. thé method of drying 

and, ~o vhat extent the tissues are dried and 3. the source of the 

seeds. Bulb samplin; and drying as deacribed in section 3.1.5 have 

ensured a rel1able measul'ement of dry matter content. " 

Approximately 10' of the ti8sués aere trlmmed from the ends of 
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the bulbs belor. dehydrat1on. The amount tr1mmed depended however on 

the size and shape of the bulb. A h19h shape index value (around 1.8) 

retered to in 1dea1 torpedo shape (plate Il, wherea. a low index (leaa 

than 1) 1nd1cated a flatter bulb ahape ~hich resul tea 1"/ a 2.5' waste 

when tr1mmed. Therefore, cona1der1ng both yeara ot the trial, only a' 

tew cultivars ,Vista White, Wh1te ~eeper, Oehydrator-14 and Southport 

Wh1te Globe, reached a shape 1ndex gr.-ter than 1.0 (Tables 7 ~ 8). 

EVen the h1ghest value measured (1.2.9) belonged to an intermed1ate 
. ~ 

type CPlate 1), thus none of the cultivara preaentea the Ideal torpedo 

ahape. Although in 1982 there was a trend for smaller bulbs to.be 

z;-elated to a h1gh shape 1ndex, the correlation was not h1ghly 

819n1 ficant '.aa _ had been tound by NcCullum (1968). The high-

heritab111ty for bulb shape (62-8") found by NcCullum ( 196~) \IOuld 

makê one expect a s1milar bulb shape trom year to year for the sue 

cult1var. Th~ was not the caae 1n the current experiments. In tact, 

although the 'ranking among cultivars tor bulb shape- remained the same 

for those uaed both years, ahapea tended to be more eloogated in 1983. 

Tli1s con fi rlled the resulti of Yuaguchi !1!!. {1975l who tound'a 
J 

tendeney for onion bulbs to exhib1t a mpre elongated shape at higher 
, 

temperaturea. The importance of tactoj4 other than hered1ty had also" 

heen noted by Voas (1979(, who report~hat the ahape of ,onions was 

partly determined by the cultivar but could be intlUenCed~ __ both 

environ~ental and cultural !4ctora. 

When comparing the 2 sowing methods, it ~.s apparent that the 

fluld drilled plants started earlier but matured slower than their ~ry 

seeded counterparta (Figures l, 4 , 7, Table 6). Th~\great .dvantage 

of fluid drilling over dry see~ing for early growth rates was achieved 
. 

under cool so11 conditions (1982), vhereas 1n 1983, rapld drylng and 

t , 
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varming up of the loi1 cauled these advantages to be lost. The h1gher • 

plant stand of dry seeded plots may have been a dete~mining factor in 

haatening pl~ development. Indeed, Frappell (1973) and Brewster 

(1977) Ihoved that densely sown plants matured faster tnan those vith 

a vider spacing. 

That dry seeding was done v1th a_,achine equipped vith~shaped 

belt (section 3.1.3) may have been in large part f reaponsible for the 
, 

high plant stand at harvest of d~y seeded onions (Figures 1 ~ 4). 

Opti'ta Il Y , 
l , 

a preclsion driller luch as the correct 
\ 

stanhay gave 
, 'l~ 

distance betveen the seeds at ~ov~ng, thus minlmizing the competition 

for light, moiature and nutrienta, improving growth and lncrea~lng 

oniona at harveatt(Lorenz yielda vith a more,uniform aize and ~pe of 

and fc."d 1980 1 0...... 1983). The love, 
drllled . treatments compared to dry seeda in 

~ 

plant stand trom fluld 
. 

both years of trlal 

reflected a disadvantage o't the fluid drUl1,ng system'.IV In fact, 

~ Hegarty (1978b) auggested that sovlng pregerm1nated seeds placed the 

seeds ser10usly env1ronment by removing germination at risk ., ln the 
" . 

control troll the seeds' environmental1y sensitive mechanialls. 
~ 

Furthermore, unfavourable veather delayed sow1ng in 1983 and the seedl 
, . ' 

"t 
vere stored" in cold aerated,vat'er (section 4.1.2.). Al though 1 thi •• 

, 
techntque had proven eftlci~nt to:~ainta1n seeds at ,the proper'stage . ~ \.-
for sovinq when done -at lOC (F1neh-Savage 1981), the variation in 

tellperature (froll 1 to 5°C) during storage lIay have eaused e1ther.a 
1 

10ss of viabilit~or some ra~icle8 to grov beyond the 2,-5 l1li ideal 

length. Therefore, the advaryced )Chitted seeds vere 'probably more 
~ ( 

neqati ve 1 y atfected by the c61cr s01'1 than vere seeds vi th shorter 

radieles o~ dry' aeeds, and thia vould explain the poor ini~Plant 
stand. Simi1ar tindings have been reporte9 by Hiron' and Bal~s ~978) ..... 

iniUal field stand vas 
!) • 

add Irvin and priee (1983). Generally,' a p06r 

.r 
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stand at harvest. Indeed, this 

drll1ed mater1al. Therefore, 

the sow1ng methods, the 

advantage of flu1d dr1lling in tlme to emergence and bulb veight was 

not suffielent to compensate for the 1058 in survlval, and the ylelds 

were always lover than from dry seeding (Figures 2, 3 & 6). ~ 

, 
The differences "ln cultivar grovth and development between the. 2 

trlal years (1982 & 1983) could be dlrectly attrlbuted to cllmatlc 

variation. The shorter groving season in 1983 caused by both delayed 

soving and emergence coupled v1th an hastened maturity resulted 1~ 

fresh yields that vere 10 to 30 t ha- l lover than in 1982 (Figures 1 

" to 7). Whlle the early soving and more evenly distributed rainfalls 

throughout the season further contributed to average ylelds largely 

above the normal in 1982: 54.2 t ha- l (average yield of dry bulb onion 
c 

in Quebec in 1982: 35.7 t ha-li Table 1), ylelds of 1983 season (36.3 

t ha- l ) vere closer to Quebec average ylelds: 28.4 t ha-le Jasmin et 

!l. (1977) reported that y1elds as high as 56 to 68 t ha- l vere 

possible ln Que bec on a productive organic.soll. Moreover, in 1982, 

several cultivars reached a fresh yield of above 50 t ha- l (Belo 10, 

Green Bunc~ing, Vista White and Southport White Globe; Figure 2b), but 

only White Keeper reached such a level in 1983 (Figure 6a). 

. 
The importanée of the environment cannot be understated as 1t 

modified cultivar response to cultural and/or managerial techniques. 

consequently, cultivars should be tested for at least 3 to 4 years to 

determine vhether they vou1d perform satisfactorily for consecutive 

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

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

. . 
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aeem to adapt at tirat such as Hysol may give a good performance vith 

slight changes ln cultural practlce. 

Although the generally poor emergence of onlon s~ed11ngs would 

aeem to ln~lcate that fluid dr11ling vould be.of benefit to thls crop 

(Gray 1981), this has not proven to be the caae ln current trials. 

Therefore. in order for the fluld dril1ing technique to be fully 

explolted over dry seeding, attention must be pald to the causes of 

~ ( lov eme~gence and subsequent poor plant stands and Ylelds • 

• 
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'.2 8O!DIG DA_ -n.lA tri.la 1982 ft 1983 
, -

4.2.1 Introduction 

It has been shown that for pnlons to reach the optimal 

physioloqical age at the time daylength influences bulb formatio~, the 

seeds have to be,sown early in the spring (Brewster 1977), In this 

respect, the sow1ng of pregerm1nated seeds has been recommended aS,a . , 

method of overcom1ng problems of poer emergence and slow establishment 

of on10ns (Lipe and Skinner 1979; Salter 1978; Gray 1981). The earlier 

emergence obtained by !lu1d dr1111ng germ1nated seeds has led to • 
h1gher y1elds wh~ compared to dry seeding (Currah 1975; salter 1978). 

However, the crop response to the technique varies depending on soil 

temperature at the date of sowing (Hiron and Bal18 1978), Al though 

the effects of sowing pregerminated seeds are expected to be greatest 

ear11er in the season when lov temperatures delay or prevent 

germination of dry s~eds, pregerminated onion seeds were shown to be 

mOre affected than dry seeds ln a stress env1ronment such as an 

extended per10d of drought or cold (Hegarty 1978b; Hiron and Balls 

1978; steckel and Gray 1980; Taylor 1977i. Indeed, 1n many instances, 
o 

emergence has been lower when onions were fluid drilled than when ijry 

seeded (Currah 1976; Finch-Savage and cox 1983; SaI ter 1978 and Taylor 

1977), particularly in very early sowings (Hiron and Balls 1978). Cold 

damage (Steckel and Gray 19801 fluid drilled onions) as weIl as 

d1aease and soil Impedance (Hegarty 19~a: dry seeded 
\ 

calabrese and 
'. 

seeds) ~~e shown 
'~. 

carrots; Maude 1978: dry vegetable to he important 

causes of seedling los~es. 

Based on the above observations, the was 

carr1ed out in 1982 and repeated 1n 

(' 
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80w1n9 date on ellergence,; gt;,0wth and yle"ld of flu1d drUled onions" 

compared to tradltlonal dry seeding. More "specif1cally, thi$ wock 

a1med to evalua~e the potent1al for us1ng the fluld drl111ng technique 
0) . 

to hasten emergence and growth ràtes ~hlch WOuld'l~rn extepd the 
,? 

growlng season and lncrease the dry matter content and yield of onion 

cv. southport;.wnite Globe, wldely usea by the dehydratlon 1ndustry. 

<, '" -
4.2.2 Mater!!ls and methOds 

/ 

'Onion -seeds cv. $outhport White"GI0be were germln~ted for huJ 
• 

drl111qg, and dfY seeds vere prepared as descrlbed 1n~section 3.1.1. 

~nite 508 g~} preparation vas done accord1ng Co section 3.l.~. In . 
1982, the first dry and gel seedlng were done as soon as the soU;' 

1 

couid be ~orked in ihe spring, ~hereas the cold wet conditions in 1983 
f 

(Ta~le·3) delayed the first soving by 2 weeks compared to the prevlous 

'year. conSeqU~tIY, in 1983; atter belng germ1nated tor 3 days at 

''''' days cold storage at 1-5O~ 3 more in 

For eachJ year, the second and third 
~ 

1ntervals. seedltig" and management 

" 19-,20oC, seeds W'ere held for 

) ~~:::;:. ,::,::t1onat 4:~::;y 

-, 

~ ~rbcedures W'ere~utlined in sections 3.1.3 

~a~VeS~ing'dates and the length of the groW'ing 

and 3.1.4. SOW'1~ 

season are pr~sented ln 

'~ ./Jab'. la. . . ~ 
, - 'Time to emergence, p~..d stand after establishmegt (6xand 

mean bulb W'e1ght and dlameter 1 fresh and ,dry yi~ld, 'and' at harvest, , 

drY.matter content were measured (details ln s~ction 3.1.5)' and 

included ln the statistical analysis for both years. In addi t·ion; 

plant stand afte~ ~rgence (3 ~eeks) and time to maturity (8~ neck 
, . 

'fall in the plot') were recorded ln 1983. Treatments so\in on the third 

date did not reach maturlty by september 8,~ da~n.ldered to be the 

\ 

( 

, 



.. ' 

... < 

, . 
t 

"' 
," . , 

~ 

" 
" 

65 
1· 

1111it to pull the plants in order to ensure m1niU\wn cur1ng before the 

tint frost. Therefore, lIaturi ty vas determined as, the percentage of 

plan~s show1ng neck collapse in each plot on thatodate: 
1 

In 1982, flu1d drilled and 
J ~ 
,~ry seeded treatllents vere randomiz;ed 

and analysed in a separate block design w1th 4 replicates for each 

sow1n9\ date (Table A.4 > • Means eeparat ion6 were dcme us1ng a Duncan 1 s 

Mult1ple Range test. Because of the experimental design used, no 

statistical comparisons could" be made amang ei~her flu1il drllled or , 
dry seeded treatments between sow1ng dates. 

In 1983, fl u1d drilled and dry seeded treatments vere~ repl1cated 

4 t1mes and a split-plot arrangement Was done in a random1zed complete 
,,,,-> 

block desi!Jb where the" 'ma1./ plot)un1t vas ~the sOVi:g date and the 'II r' 
~ 

sub-plot unit, sow1ng meth.od. An anal..,ys1s of variance vas performed 

on the' 1983 data (Table "'.5). Means separations vere done us1ng a 

Dun,can 1 s 'Mul UpIe Range test. For plant starid (3 & 6 veeks), bulb , 
d1ameter, dry matt~r yield and bulb'dry matter" date X soving method 

interactions did~not occur. Main effects were either not signif1cant 

or' signif1cant for onll' one~factor" (Table A. 5), and therefore'w~re 
cO,ns1dered separately (Tables 16 "18). 'Whrn ~ate X sov1'Og method 

interactions occurred or date and 60w1ng 'method main effects wet;,e both 

found (Table A.5), s1mple effects were examlned ~nd presented (Tables 

15 " 17). Data from the 2 years could rtf>t be analysed together as the 

exper11f\,ntal 'designs .... ere not ideqt1c~. 
, " 
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l'ABLE 10. Sow1ng and harvest1ng dates and tille from lovlng 
to buvest in 1982 aha 1983 tield 'trials. 

, 
Y.ear of Sovlng date HarvesUng aate Days frOll lSovlng 
trial to harvelSt 

1982 1- Apr:l 29 s~pt,20 lU 
~ 

2.- May 6 Sept.20 137 

- J 

3- May 13 Oct.lO 146 

1983 1- May 13 sept.l~l 12.3 

2- May 1~- Sept.l3 117 

3- May 2.5 Sept.13~ III 

1. Early harvest ln 1983 aue to unfavourable veather for 
bulb. field curlng. 
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4.2.3 Results for 1982. « 

UMe to elleroence 

67 

EIIIergence v~s s1gn1flcantly halJtened by tlutd drl111ng compared 

to dry seed1ng at all sovlng dates (Table 11). The advantage ga1ned 

vas 4.0, 3.5 and 4.7 days for sov1ng dates l, 2 and 3, respecUvely. 

Emergence ~tended to be slover trom the UrDst sovlng date than troll the 

2 1ater sOV1~gs, vhen compar1ng flu1d dr111ed - or dry seeded onions 

over the 3 dates. 

Plant stand after establ1shlnent 

Flu1d dr11ling led to 42.1, 10.3 and 28.7% lover plant stands 

than dry seed1ng after 6 veeks, for the flrst, second and th1rd sow1ng 
~ 

ü 

dates, respecUvely (Table 12): AIIIong flu1d drl11ed treatments, plant 

stan4 was h1ghest 1n the second sov1.n9 date, ",hereas 1 t vas hlghest at 

the tiret date in dry seeded plots. 

piant stand at harvest 

From establishment to harvest, plant losses ranged troll 7.7 to . , • 9.9 bulbs per meter in fluld dr1l1ed plots, and from 6.6 to 14.8 bulbs 

per meter 1n dry sel)ded plots (Table 12). Plant losses , vere greatest 

vhen seeds vere sown at the tint date. There vas a strong 

corselation between the nUllber ot plants in the plOts alter 6 veeks 

and the,f1nal plant stand IPSO.OOOI; r=+0.82), shoving that plant 

count& after 6 veeks of grovth gave a good 1ndication of the number of 

harvestable bulbs. 

As a result, plant stands at harvest ranged trom 3~.8 to 69.8% of 

the initial seed rate (45 seeds mol). Fluid dr11ling resulted 1n 

sign1ficantly lo .... er bulb number than dry seeding. The greatest 

) 
difference Vêls obtained for the tint 

decreased plant stand b~ 46~ 7%, fh11e 

/ 

sov1ng date where f lu1d d.rlll1ng 

the decrease vas 20.7 and 28.1% 
V\ 
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for Iwings 2 and 3, relpecUvely. RegardlelB of the lI~ed1ng 

treatllent, the h1ghest "pl~ant stand vas obtained vith the m1ddle sov1ng 

date (Table 12.), A a1gn1f1cant politi ve correlation existed betveen 

the t1lle to emergence and the nUllber of bulbs per lIeter at harvest 

(pSO.OOl, r-+O.62). Th1s indicatecS a tendency toward a lover plant 

survival as seed11ngs ellerged raster. 

Mean bulb ve1ght 

1 Bulb ve1ght vas 81gnif1cantly 1ncreased by fluid drlll1ng 

compared to dry seed1ng at aIl sO\l1ng dates (Table 13), The' advantage 

of fluid drlll1ng vas respectively 51.8, 31.4 and 34.3' over dry 

"leed1ng. for 'date8 l, 2 and 3", When comparing each 80v1n9 treatlIIent 

over the 3 dates, bath resulted ln Slla11er bulbl when soving vas done 

on May 6 (second date), A significant negaUve, correlation (PSO.OOOl; 

r--O.91) vas found betveen bulb number and mean bulb veight 1 

suggest1ng that a higher dftnsity of bulbs ln the rov at harvest vas 

associated vith a decrease ln bulb wetght. 

Bulb dlameter 

Although no significant dUferences 1n bulb diueter vere found 

between fluld drilling and dry seeding at Any of the sov1n9 ~ate& 

C Talùe A.4) 1 bulb. 'tended to be larger 1n d1alleter when tl U1d drU led 

(Table 13). Mong treatments, a lO~ nUllber of bulbs at harvest 
", 

corresponded to a high bulb diameter as sh6wn by the sign1f1cant \ 

negative correlation (PSO.OOOl; r,,-0.70) betveen bulb diameter and 
~ 

bulb nUllber at harvest. In addition, a positive correlation ex16ted 

/;)etloleen bulb diameter and bulb .... eight (PSO.OOOI; r=+O. 74), thU5 vide 

bulb diameter tended to be a"ssociatad ",ith a high bulb .... eight. 

Fresh yield 

Seeding method did not s1gn1ficantly affect fresh yield of on
o
ion6 " \ 

from either sov1n\) date (Table l.t. Fresh yiel~ ranged torm 45.8 to 

j 
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57.1 t h.- 1 • Fluld drlll1ng. decreaaed ylelds by 16.1 and' 2.8' 

compared·to dry aeeding tor Bowing 'dates t and 3, respéctlvely, while 

lt lncreased yields by 4' for the aecond aowlng. 

" Dry aeeding relulted ln 10 t ha- 1 hlqher yleld vhen BOvn at the 

flr.t date eom~ared to the 2 later lowtngl. On the other han~, hlgheat 

yteld from tlutd drllling va~ obta1ned in plots aown on th. necond 

date. 

Dry matter yield 
1 

Differences in dry yield betveen tluid drilllnq and dry seed1ng 

vere not signlfieant for each sovin9 date (Table 14). Hoveyer, dry 

matter ytelds vere 16.2 and 6.4' lover vith flutd drl1ltng than dry 

aeeding at sowlnq dates land 2 respectively, although 1t vas 

identical tor the sow1n9 methods at 80vinq date 3. Dry yleld tended ~o 

decrease as the 80w1ng vas done later tor both nuld drl11tng and dry 
,(' 

aeeding. 

rhere were hiqhly siqnitlcant correlations betveen fresh yield 

and dry yield data (P~O.OOOI; r-.O.92), and betveen bulb number at 
\ 

harvest and dry yield (P~O.005; r-.O.59). 

Bulb dry matter 

significantly. lover 'r~ Flutd drtlling resulted in bulbs wall a 

matter content than thelr dry seeded counterparts at the second sov1ng 

date (Table 14). However, the disadvantage of fluid drlll1ng vas' not 

significant at. 80lo'1ng date l, and fl u1d drlll1ng actually p,f0duced a 

smal1 increase (0.4%) in bulb dry matter content at date 3. rhere vas 

a tendency for dry matter content to be higher in bulbs trom eariier 

60v1ng6. " 
) 
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TABLE 11. EUect of date of aowing and sowing 
Ilethod on time to emergence of onion cv. Southport 
White Globe in a 1982 field trial. 

Sowing date SO,",1n9 II~~ Tille to ellergence 
{~alls } 

1- April 29 Fluid drlll1ng, 9.0 b 
Dry seeding 13.0 a 

2- May 6 Flu1d drlll1ng 8.0 b 
Dry oeeding 11.5 a 

3- May 13 Fluid drll11ng , 7.8 b 
Dry seeding 12.5 a 

alb For eilch sowing date 1 paired means followed by 
the same let ter are not significantly different at 
the 5% level accord1ng to Duncan's Multiple Range 
test. 

, 

\ 

TABLE 12 •. Effect of date of sowing and 
stand of onion cv. Southport White Globe, 
weeks) and at harvest in 1982. 

sowing lIethod on plant 
atter establishment (6 

Sowing da Sowing lI'Iethod Stand (6 weeka) Stand (harvest) 
(plants m"l) (bulbs 11- 1 ) 

1- April 29 Fluid drllling 26.0 b 16.1 b 
Dry seeding 45.0 a 30.2 a 

2- May 6 Flu1d drlll1ng • 34.1 b 24.9 b , 
Dry seeding 38.0 a 31.4 a 

3- May 13 FI u1d drlll1ng 25.6 b 17.9 b 
Dry seeding 35.9 a 24.9 a 

a/b For each 60w1ng date, paired means fo110wed by the same letter 
are not sign1ficantly difterent at the 5% level according to 
Duncan's Multiple Range test. 
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TABLE 13. EUecte of date. of .uov1ng and 80ving Ilethod on bulb 
velght.nd bulb di_eter' of onlon cv.Southport White Globe in 
1982 • 

Sovlng date Sovlng Ilethod Hean bulb welght Bulb dluteter 
(~ bulb- l ) ( l1li) 

1- April 2.9 PluieS drlll1ng 12.9~3 a 66.6 a 
Dry seeding 85.2. b 56.9 a 

2- Hay 6 PluleS dr1Jl1ng 88.8 a 59.8 a 
Dry seeding 67.6 b 50:. a 

'" 
'3- Hay 13 Plu1d drllling 115.1 a 61.3 a 

Dry se8d1ng 85.7 b 55.0 • 

a,b Por _ach sow1ng date 1 paired means followed by the sUIe 
let ter are not 81gn1ticantly ditterent at the 5' level according 
to Duncan's Multiple Range test. 

71 

~1 
1 

1 . 
TABLE 14. EHects Dt date ot aO .... 1ng and'low1ng lIethod 
ylelds, and on bulb dry matter content of onlon cv. 
Globe ln 1982.. 

1 

S,\ving date Sowing 
lIIethod 

1- April 29 Pluid drill 47.9 a 9.3 a 
Dry seed 57.1 a 11.1 a 

2.- May 6 Pluid drill 49.0 a 8.8 a 
Dry seed 47.1 a 9.4 a 

3- May 13 F~uid drill 45.8 a 8.2.,. 
Dry seed 47.1 a 8.2. • 

on freah and dry 
Southport White 

19.3 a 
19.5 a 

18.0 b 
19.9 a 

17.9 a' 
17.5 a 

a,b For each Bow1ng date, paired m.ans followed by the same l.tter are 
not signif1cantly ditlerent at the 5% level according to. Duncan'a 
HuI UpIe Range test. " 

, 
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1.2.' Relylt. for 1983 

EÏneroence w.s faster for fluld dt:1l1ed plots compared vith dry 

a.edltd plote, for aIl sov1ng datea (Table 15). Regardlea~ of the 

seeding method, Ume to emergence vas s1gnificantly ahorte", for the 

second OO\l1ng date. 

Tille to matur1 tv 

~atur1ty (Plate 2, stage 10: 85\ neck fall) vaa reached 

aignificantly later 1n flu1d dr1Ued ploU compared to dry seeded ones 

for .date l, and s1gn1f1eantly ear11er for date 2 (Table 15). The ttme 

to matur1ty vas not s1gnif1cantly dU ferent betveen 4ates 1 and 2 for 

flutd dr1l1ed treatments, but 1t vas slgn1 flcantly longer for sovlno 

date 2 tpan date 1 for dry seeded plots. ' 

Al though maturl ty was not reached ln ~lots sovn at the last 

seeding date, tt was obserwed.that an average ot 73.5% of the plants 
~ 

showed neck faU 1n J'luid dr1l1ed plots by september 8, 'oIh11e only 

• 63.8% neck
o 
tall vas reached vith the dry seeded mater1al. 

Plant stand after emergence 

After maximum emergence has 

signifieant di fferences in pl~nt 

been 

stand 

J 

reached (3 veeks), no 
ri " 

vere found !betvee~ sov1no 

me;hods or dates (Tables 16 & "'.5), Nevertheless, there vas a tendeney 

for plant stand to be hlgher in the plots 60wn the earliest, and 1n 

dry seeded plots cOlllpared to fluid dr1Iled plots. 

Plant stand after establishment 

Dur~no the 3 week period tram emergenee ta stand est~bl1shment (6 
• 

veeks from s0\o11n91, lOBses of 24.0,2.5 and :.7% were noted in Plot\ 

of sow1ng date l, 2 and 3, respect1vely. Fluid dr111ed plots shoved 

15.4% decr;- in plant counts to establishment, 
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whereas the decrea8e waa only 9.5\ in dry seeded plots-• 

consequently, after 6 weeks of stand wa • 
, 

significantly greater for dry seeded than fluid dr11led treatments 

(Table 16). However, no signifieant dU ference was observed Ulong 
. 

sowing datel. 

Plant atand at harveat 

Nain effects of both low1ng date and sow1n9 method ?n plant stand 
, 

at harvest were not sign1fieant (Table A.5). However, a signifieant 

interaction ex1ated between sowing date and method. 

Dry seeding reBul ted in- higher nUllber of bulbs per meter than ' 

fluid drilling for date 1 and 3 and in a lover plant stand for date 2, 

the diUerence tSeing significant only for date 1 (Table 17). In fluid' 

drllled plots, plant stand va, signif1cantly higher at date 2. than at 

the other dates. On the other hand, plant stand was highest at date l 

and lowest at date 2 in dry seeded plots. The resulting percent 

survival from initial aeed rate ranged from 31.5 to t7.6\. 

Mean bulb weiqht 

'A signifieant interaction vas found between 80wlng date and 

aoving method treatments (Table A.5), and thus the simple effeeta were 

exam1ned. Rq significant differenees were found between àowing methQd 

at either 80v1nq date (Table 17). 

Although there vas no slgnifieant differences in bulb Yeight 

Dong fluid drilled treatments soyn on May 13, 19 C'r 25, . a'tendeney , 
, 

toward a loyer bulb ve1ght vith later 50ving ~xi8ted. On the other 

hand, dry seeding led to s19nif1cantly larger bulbs torm sov1n9 date ,2 

compared to the other dates. 

Bulb diameter / 

6ign1 fieant Jli:herences ln bulb diameter among There vere no 

60vin9 dates or betveen the 2. sovin9 methods (Table A.5). Hovever, 

f 

J' 



( 

, " 

, . 

• 

7. 
bulb diameter tended to he greater.for early aovinga (Table 18), and 

ranged from 52.3 to 5'.3 mm. 

Freah y1eld 

Il algni fieant interaction betveen date and method of 'aov1ng 

(Table A.5\ reBulted in higher 'freah yield for dry" seeded rather than 
, 

flu1d dr11led plota 
\ + • 

for date 1 and, l, bu~ these advantagea vere not 

Flu1d dr1lling reaulted in signifieantly lover fresh 
, 

yield when plots vere sown on Này 25 (date 3\ camparéd to the other 

dates (Table 17). On the other hand, dry seeded plots yielded 

8ignificantly hlgher at date 1 eompared to the later sovings. 

Dry matter yield 

Dry yield was signif1eantly higher for soving dates 1 and 2 

rather than date 3, (Table 18). RO signifieant d1fference vas found 

betveen the two seeding types. 
, ' 

~etveen 'dry yield and both bulb 
r 

The signifieant correlations found 
( 

number at harvest (PSO.OOOl, r a +O.73) 

and fresh yield (P~O.OOOl, ta+O.93), 1ndicated the i~portanee of a _ 

high survival and a high fresh yield to obtain high dry matter yield. 

Bulb dry matter 

There vas no signifieant effect of soving date or sow1ng method 
1 

on the bulb dry matter content (Ta~1es lB 'A.5). Revert~elesl, dry.. ' 
. 

matter perceotage tended to be higher in plots sown earl1er rather 

th.n from 1ater sowings. 

/ 

, . 
.. 

/'" 

< 
l' • 

,\ 

.' 



" 

. , 
; 

f 
" 

, , 

, , 

75 

----TABLE 15. Effect of date of 80w1n9 and 80w1n9 method on t1me ta 
emergence and to matur1ty of on10n cv. Southport Wh1te Globe 1n·1983. 

\ 

\ 
Sov1n9 date So~1n9 method T1me to emérgence T1me to Il\At!Jrity 

(days tram 80v1n9) (days trom .6\l1n9) 

1- way 13 F1u1d drlll1ng 9.5 cd 109.5 b 
Dry seeding 13.0 a 107.5 d 

1 0 

2- May 19 Fluid drlll1ng 9.0 d ' 109.0 be 
Dry seed1ng 11.5 b 112.5 a 

3- May 25 Fluid drlll1ng 9.8 c -----1 . Dry seed1ng 12.5 a , 

a-d Neana v1th1n columns tolloved by the same let ter are not 
81gn1f1cantly d1tferent at the 5% level according to Duncan'a Mult1ple 
Range test. 

'1. Matur1ty was not reaehed by the t1me of pull1ng 

,l 

TABLE 16. Erfeet of date ot 80ving and 80v1ng methOd on plant ~t~d 
ot on10n cv.Southport wh1te GlObe, atter emergence (3 veeka) and 
after establishment (6 weeks) in 1983. 

Treatment 

Soving date l 

, 1- Nay 13 ~Q 
2- May 19 
3- May 25 '-~-~"-'\ 

î\ 
50w1ng method 2 ) "-

Fluid drlll1ng -' 
Dry Beeding 

Plant'stand (3 veeks) 
(plants m- l ) 

34.6 a 
31.7 a 
32.1 a 

31.8 a 
33.7 a 

Plant stand (6 veeks) 
(plant's in- 1 ) 

26.2 a 
30.9 a 
2.9,,0 a 

26.9 b 
30.5 il 

,1 

8,b W1th1n columns and wi~h!!ytreatnlent groups, means followed by 
the same let ter are not~itieantly difterent at the 5% level by 
riunean's Multiple Range test. 
1. Values for each 60w1ng date are means of à observations, from 
the 2. sow1n9 methods v1th 4 replieat10ns. 
2. Values for each sow1ng method are rneans of 12observat1ons, trom 
the 3 sOWi~g dates vith 4 repl1cations. 
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TABLE '17. Etteet of-- date of sowing and 80winq method on plant stand 
at harvest, bulb weiqht and fresh yield of onion cv.Southport White 
Globe in 1983. 

Sow1ng date Sow1ng Stand (harveat l Bulb ve1ght Freah yi.ld 
lIethod {bulbs mol} {51 bulb- l } {t ha- l } 

1- Nay 13 Pluid drlll1ng G' 16.3 be 101.4 ab 36.3 ab 
Dry seeding 21.4 a 87.0 b 41.7 a 

2- M~y 19 Flu1d dr1111ng 19.6 ab 99.5 ab 43.0 a 
Dry seeding ~5.4 be i07.1 a 36.6 ab 

3- May 25 Pluid drlll1ng 14.2 e 92.5 ab 29.1 b 
Dry seeding 17.1 abc 88.6 b 33.4 b 

... 

a-c Means within e01umns 
signifieantly different at 
Multiple Range test. 

folloved by the same let ter 
the 5% level ,aeeordinq to 

are not 
Dunean's 

TABLE 18. Effeet of date of ~ soving and 
dlameter, dry matter yield and bulb dry 
cv.Southport White GlObe in 1983. 

sowing method on bulb 
matter content of on10n 

Treatment 
Bulb' d1ameter 

(mm) , 
Dry yield 
Ct ha- l } 

Dry matter 
(% bu1b- l } 

Sowlng date l 

1- May 13 
2- May 19 
3- May 25 

Soving method 2 

FI uid drlll1ng 
Dry seel!lng 

54.3 ~ 
53.7 a 
52.3 a 

53.0 a 
54.0 a 

\ 

6.3 at 
5.9 a 
4.8 b 

5.6 a 
5.7 a 

16.1 a 
14.9 a 
15.5· a-

15.6 a 
15.4 a 

a,b Withln eolumns and vithin treatment groups, means followed by 
the same letter are not s1gn1fieantly different at the 5% levei by 
Dunean's Multiple Range test. 
1. ValUes for each sov1ng date are means of 8 observation~1 from 
the 2 soving "m~thods vith 4 replieations. 
2. Values for each soving method are means of 12 observations, from 
the 3 soving dates vith 4 replieations. 
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4.2..5 D1scuss ion 
." 
L . 

The trial re.ults de!llonstrated that sprlng veather conditions. 

markedly In!luenced the response of the white onion crop to the flu1d 

drilling technique. 

Fluid drllled plants emerged consistently earlier than those sown 

by dry seedlng (Tables Il & 15). 
1) 

This advantage of the fluid drlll1ng 

technique vas primarily associated vith germination of seeds under 
" 

optimal conditions prior to sowing, thereby reducing the unpredictable 

effects of weather and seedbed conditions on radicle emergence (Salter 

1978; Ghate 1982) and giving a head start to seedling grovth. Earlier 

emergence has been the most widely reported effect obtalned by fluid 

drilling seeds of over 20 crops 1 vi th a range of 5011 and 

environmental conditions (Salter 1978). up to 15 days earlier field 
1 • 

emergence has res u 1 ted f rom ge l seed ing of on ions 1 compared to dry 

seeding, the advantage depending on soil mOisture, (Bierhuizen 1981), " 

temperature (Hiron and Balls 1978) 1 and on cultivar (Gray 1981). 

Earliness in emergence from fluid drilllng vas generally more 

important in the flrst year of the trial where 60il moisture leve1s 

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

Indicate that the gel vas able to provide a portion of the 'Jater 

necessary for the early stages of growth, an hypothesis put fore'Jard 

by Elliott (1967) and Darby (1960). This may apply more specifically 

, " 
to the _ third sowing of the 1982 season (Table 11). 

On the other hand, the very vet conditions that persisted during 

MOst ot the soving period of 1983 most liltely limited the rate and. 

reduced the level of emergence because of the limited amount.of oxygen 

available to the groving seedling6. Limited oxygen diffusion in water 

saturated soil has be'en reported to more marltedly affect the emergence 
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of pregerm1nated seeds) than that of dry seeds because 1n the former, 

," metabolic proc~sses vere acti vated and thus requ1red more oxygen than 

the tni'Ual phys1cal imb1b1 tion process (Bierhu1zen 1981). ~lth4>ugh 

11 ttle ' work has been l done on oxygen requirement of seeds 1n gel. 

Brocklehurst eL, al. (1980) has shown thatJapon1te gel redu~ed the 

rate of oxygen uptake by the seeds wh1ch m explain the 10\ler level 

of emergenc;:e and subsequently of final jllant stand obta1ned from fi uid 

sO\l1n'1 in both years of trial. Thus the capac1ty of onion seeds to 

start germinating in soil \lith moisture slightly above the permanent , 
\ 

v1lting po1nt to field capaci ty' and, the resistance of dry onion seeds ' 

to, cold stress as rewrted by Lorenz and Maynard (1980) could explain 

the similar1ties \lh~~mparing each SO~ing date between the t\lO years 

vhere the conditions \lere very different at sOlo'1ng. 

plant stand was cons1stently redüced by fluid d~illing at aIl 

dates and in both seasons (TaQles 12, ~6 & 17). This was a problem 

s1miÛu;'~ to that encountered by 'Chevrier (personal communication). 

Limited emergence or grovth and sUbsequent death of seedl1ngs may have 

occurred dur1ng the season because of a harden1ng of Laponite gel as 

reported by Orzolek (1982b) and PiII and Watts (19831. Plant loss 

from emergence to" establishment and harvest \las partly attributed to 

the ge~ vhich has been suspected to create and ideal envi~onment for 
.'> 

the spread of diseases (Entlo'istle and Munasinghe 19811. In tact, the 

earlier emergence achieved by fluid drilling in the current trlals 

vould be expected to 1nvolve less risks of attaclt bf"'1nsects and 5011 

pathogens, according to Currah (197Bb). However, on10n maggot and'smut 

vere o~served, to be more important problems than vith dr~ seeded 

" 
1 plots., ITh1S \las parHcularly true for sO\l1ng date 1 of both years 

vhere insecticides have not yet been applied to centrol the 
1 

fl ush ot' on10n ~a9got. It 1s important to hote that at the time of ' 
) 
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lovin9, pr@gerIl1nat@d leeds "'er@ At a stage 1I0r@ susceptible to stress 

cond1t tonl luch as d1sease and insect attac)!.s (Naude 1978; Westcott 

1979), cold (Hiron and Balls 19781 and low/h1gh 5011 Dloiature contents 

CHegarty 1978b). 

The tluid drllled trutJrlenta during 1982 vere placed along the 

di tch aide of the experlilentill field. The treatllent et teets in 1982 

trial "'ere very probilbly contounded by the poaition of the plots ln 

the l1eld beCiluse ot il JrIoisture grad1ent created by the f1eld slop1nQ 

tovard the dltch and lot vas thneton d1Cficult to interprete the 

et!ecta ot the tluid drlll1ng tr@atllents. In order to ilvoid this 

prOblelll the plots vere randoll1r:ed dltterently 1n 1983. Mevertheless, 

the results of the current trlals contirlled those of Hiron and Balla 

C 1978) "'ho obta1ned a lover percentaqe el1erqence 1n !lu1d so"'n rather 

than in dry seeded plots, particularly for early sO"'1n9a, "'here the 

solI ",aa very cold and "'et. They ilttr1buted th11 response to t ... o 

poSSible causes: firàtly, the so .. tellperature lIIay have been too lov 

Olt the early SO"'1ng date to .1110." gro",th ot the gerll1nated ueds but 

dry I@eda vu@ still abl@ to 1I1bib@; ilnd this vould hav@ reduc@d the 

advantaqe ot the gerll1na~ion pr10r to so ... 1n9. secondly, as a relul t uf 

variation of 111b1t10n an4 gerllination rate betveen individual seeds 

(Heguty 1978b l, the aeedl vere not equally geninated at so ... 1ng and 

seed. v1 th the longest radicles Blay have died du@ to breatulge durlonç 

handl1ng and to guater IUlceptib1l1ty to cold conditions (Ir.,,1n and 

Pr1ee 1983 \ . 

Cold dAllaqe oceurred ",hen gerlll1nated se@dl vere expoaed to 

fr.ez1n9 tel1peratures eS1OC) for a per10d as short ill 2 day., ."hile 

dry ... da ..,ere not atteeted 1n their lubaequent seedl1n9 ellergence 

. (SUchl and Gray 1980). Gray and stlclte l (1983) ahoved that il 

tellperature ot -6.5° ±2..30C ltilled gera1nated on10n ••• d. prelullably 

,. 
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u a result of intracellular lce forlllaUon or dessicat10n damage, but 

1mbibed aeeds were not attected. Onions have b-en dl'y S@\Itl on organie 

so11 before trolt ia cOIApletely out or the qround and usually the 

earl1er the aeeds were sown within 2 veeks arter the so11 ls worltable, 

the 1arger the yield tor both early and late cutti vars (Tlessen et !.l. 

1970\. Hm1ever, thl. dld not apply to qerllllnated seeds, Olt lust not 

when cold and wet conditions persisted AS in the sprlng of 1983 (Table 

3). Although the seeds were sown at a depth of 2 cm, soil 

telllperatures were 1I0St 11ltely several degreea lover than the air 

telliperatures reported ln Table 3, piilrticularly at the url ier sovlng. 
"' 

Thl1 1II1ght have 1mpeded subsequent qrovth and developlllent of the 

seed11ng. HO\lever, by the thlrd s_owlnq, the solI vas warmer and 

alloved a taster uergence than the earl1er soving. in 1982. But thts 

val not the case in 1983, probably because seeda of the liilst 80wlnq 

started to grO\l vhen the solI vas dry at seeding depth iilnd lIIay have 

ablor,bed the 1II0illture frol1 the gel. Later soving! ~~uld thus have 

benet1 ted trOll bdng sovn deeper vhere a cooler telllperiilt ure iilnd a 

hlgher lI01stun~ level rellained. 

Therefore, contrary to the general expectat 10ns of the t 1 uid 

dr11l1ng technlquellent10ned by Taylor (1977\, Currah (1976) and 

Salter (1978), UI adv.ntaqe over dry sud1ng wu not greate.t ln the 

ear11.st .ow1ng in the cue of the wh,!>e onion. The greater advantage 
1 

ot t~e technique at early savlnqs, i.e .... here temperature ls norllally 

suboptlaal for germination of dry aeed, would setll to apply better for 

direct seeding of warll-s ... on cropt such as tOilatees (Bunell and Gray 

1976 1 Gray, Steckel and Ward, 1979) and peppers (Irwln and Prlce 

1983), or for a cr op lih lettuce r.quirlnq cool conditions for 

gerllin.t10n (Gray 1978). Th •• UI. problell ot 10 ... plant Itand at early 

sov1ng8 r •• ulted from fluid drl11.d pannlp, celery and aU9ar beet 

, , 
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(Gray 1981) • 

Althouqh ear11.r emerqenc. and maturity 1n some caa.s has been 

achleved by f1uid dri1linq, the subsequent problems of plant stand 

relulted 1n no yield benefitl ln the prel.nt trlal. In earl1er 

studles, the etfects of fluld sovlnq on the yields of mature bulbe 

have qenerall y been small and inconslatent CCurrah 1976\. The 

performance of tluld drilllnq and dry eudlng were not di f ferent 1n 

terlls of yield as the lov plant stand ln the forller vas qenerally 

cocpenaated by Iarger bulbs a. m ••• ured by velght and dl~eter (Tablee 

13, 17" 18), Therefore, the larqe bulb eize produced by rluid 

drlIl1nq has been obtalned at the expen.e of the number of bulbs 

harvel ted AI reported by curr ah (1976) and Llpe and Sk lnner (1979), 

"rather than from an extenslon of the 9rovln9 •• ason (Salter 1978a). 

Although lIean bulb dlaJ1eters tended to be amaller trom the second 

sovlnq, t~y w.r. ,tl1I an acceptable slze for procesalng (~50~) 

(Hoyle et al. 1972). Spread of emergence ha. been 'shawn to be qreater 

at lov temperatures CLipe and Skinner 1979\ and to result in 1I0re 

variable bulb size and lIore extrelle. in sUe (Hoyle!! .!l.. 1972), 

Th,retore, the greater Ile an dl~ter obtalned 1n the eariler sovlngs 

dld not necessaclly refleet a real advantage over the later lov1n9 •. 

In 1982, more tavourable condltlons vere preaent at aovlnq, a 

more conatant raintall dur1nq the •• a_on favoured ateady 9rovth and a 

relaUveIy VAnl and dry veather at th. end of the season vas 

tavourabl, for field curinq. AlI thea. f~tor_ contrlbuted to hiqher 

plant surv1val, longer 9rovinq _eason, and h1gher yield. than in 1983. 
, 

Therelore, the delayed _ov1ngl ln 1983 vere pr?bably a caus. tor lover 

ylelda a. shOrter ti.e vas allov.d to achiev. an opt1.UIl leaf coyer 

befor. 1ncrea.ln9 dayl.ngth 1nduced bulb formation vh1ch vaa v1sible 

&round lIid-July in bath years. yaaaquchi !!!!. (1975) reported that a 

• q • 
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~ek earlter .ov1ng date had r •• ulted ln the foraation of as many .s 

4 to 6 .are tollage leav.. betor. bulbin; coam.nced. Furtheraore, 

. ~- -"hU. bulb dry lIatter accullulaUon rangecS trœl 17.5\ to 19.9\ ln 1982, 

it v.s only rrce 1'.9 to 16.1\ ror the sam. cultivar in 1983 (Tabl •• 

14 , 18) due to the longer growing •••• on obtalned in 1982 (Table 10). 

In the same order ot idea, the hiQher dry yield rr~ the 2 earlier 

.ovings v.s prob.bly due to the .xt.nsion ot th. qroving sea.on in the 

early Ipring. A groving lea.on of 21, 20 and 3S longer dàys, 

re.pect1vely, in 1982 coapared to 1983 tor .ovinq date. 1 to 3 (Table 

10) re.ulted 1n dry matter 1ncr.as.s of respect1vely 1.3, 1.1 and 0.7 

t ha- l per veek, the greatest .dv.nt.ge be1nq obta1ned vith the 

earller sov1ng'. Thi, confirlled the .dvanhge of an earller 

establi.hment of onion. or an eKtentlon of leaf cover at the end of 

the .... on, troll a r.ther cool and vet sUllIIer as in 1982, ~JIIO .. ~i-tOl!"1tr---~ 

vhich could h.ve 'increaud dry yield. by about 0.2 t ha- 1 per day 

'" Therefore, the extension ot the 9roving .e.son by an early lovin9 

d.te .ppear.d to be crucial to optlmiz. yi.ld and dry matter 

.ccuaulation of the white onion vhich required. long groving •••• on. 

Novever, aince cold in,~r~ 1& lIO.t likely to reduce the po .. ible . 
.cSvantage or the flu1d drilling technique over tracH tional 

leed1ng, 1t is recou.nded that loving talte place betve.n l 
·f~ 

and 

veekl after the loil cao be worlted vhen a011 conditiona ••• 11 IIO.t 

" tavourable. As org~ic .oi1a noraally retaln a hlgh IIOlltur. content, 

v.ter ahould not be 1111lting .t th.t tll1e. The intluence ot tavourable 

10U cond1 Uons could be ••• n in th.t lIuch better e .. rg_nce,' higher 

plant .tand. and yieidl vere found v1th the a.cond aov1ng date. 

Novever 1 Any I.ter lovlng should be .vold.d •• the ..... on bec ... tao 

.hort for preper plant aeturity, and ~hu. yitld. ver. reduced and bulb .. 
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&.3 .-JIR 01 _DI - ft.ll tn.all l.na .. 1t8S 

4.3.1 Introductlon 

ln Oua MC , th. .hOrt \qrovlng •••• 011 appear. to M the "n 

11.1tlnq factor for produclng good qual1ty bulb' and achi.vin; lIaxillua 

yle1da of white dehydratinq onlon. (WOOd. GOrdon, 1982.). Crop .pacine; 

can be a v.luable vay of contrOll1no crop aill., .hape and y1eld, and 

1t can influence qravth rate.. When the onion. are dena.1y planted, 

the cOIIpet1t10n for l1ght, vater and nutrienta ta hiqh and the rate of 

dev.lopaent 1i gen.ully haatened a. the .ovinq den.ity 1ncrea •••• 
4 

-lIOVever, hiqh d.n.lty plantlng, tend to y1eld •• all bulb. which are 

not dea1rab1e for dehydraUon purpo ••• , but large bulbs (diueter 

above sa Id!) have only been obtained at the •• pen •• of .a.e 10 .. ln 

total yield (Ble •• dale 1966, Frappe1l 1973). On the other hand, 

..tari'Ue. vith •• a11 bulb I1ze h.v. been a"oci.tecl vith hlqh ciry 

•• tt.r cont.nt (NcCOll UII 1968, .i.uwhOf!!. !!.. 1973), and l1qht "rt:N 

, apac1nq vl th • h19h fr •• h yield up to a "certaln ... laull denti ty, AboY. 

vhlCh yi.ld becoee. Ind.p'ndant of danltty (Ble •• clale 1982.). Th. 

GOy,rna.nt of Qu,bec (MAlAQ 1982 \ recouendad,. vhen Qrow1 nq fra.h 

aarJtet bulb onlon., to .av .aadl on 40 CIl apart ravi at a rate of 

.0-50 planta.- 1, vhlch 11 equival.nt to 100 and 12S planta .- 1 

re.pectively, and about 4 kg .,ed. ha- l • In CaIUor-nla, vari.Ue. 

9rovn for d'hy4ration vere report.d to qlve .. sl'~11 yl.ld. at 

clen.Hle, of 83 to 100 planh •. , whlch take. 3.S to l!te; of .eedl 

ha- l (Vo.. U79). 

con.equ.ntly, an esperl.ent va. de.1Qned ln 1982 an4 conUnutd ln 

1983 v1th tvo dehydraUnQ on ion cultivar.. The Objective va. to 

deteralne at wh1ch loving rat. a" coaproal.. could be re.chad ln 

.. 
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obtainlng high yi.ld. of luge elon9~ted bulb. vith ,~ hiqh dry .. tter 

content. 

4.3.2 Naterlal. and I!tbOdl 

~ 

FOr both years of trial, dry aeed. of cult 1 vara sout hport Whl te 

'GlObe and Dehydrator-ll vetr'\èôated vl th progro syateaic fungicldè and 

counted as deaerlbed 1 n secUon 3.1. 1. The 2 cultivars vere dry aovn 

r •• cuo!, 3.1.3) in standard plota of 1 rova each 5 aehrs long "ith an 

inter row spae1nq of 15 CIl and three d1fferent soving rates: 35, 45 

and 55 aeed. 1\- 1. The aoving ratee vere cho.en 10 that there vaa one 

aboYe and below the Ouebec .tandard •• aaed on the re.ulte of the 1982, 
{ 

trial, a fourth treataent (25 seeds 11- 1 ) Val 1ncorporated 1n 1983. 

Conddering the fixed inter rOY Ipacing of 15 CIl, soving ratea of 25, 

35, 45 and 55 s .. dl 11- 1 corresponded to plant denaitiee of 56, 7~, 100 

and 122 .. ,ds 1\-2, re.pectively. Cultural and lIanager1al procedurel 

vere aa outUned in aecUon 3.1.4. 

Tille to eHrgtnce and to lIat ur 1 ty , plant a tand and percentaq • 

• urvlval at harv.st, aean bulb velght and diueter, bulb shape indell, 

total fnlh yield, bulb dry a.tter content and dry lIatter yleld vere 

.... ured. In 1982, treatllents vere aovo on Nay 3 and harveated after 

133 to . 140 day •. In 1983, all treatllenta vere IOVO on May 19 and 

harveated on Septel\ber 13, 117 day. later. Th. ahorter grOYlng aea'Oft 

in 1983 reaul ted frOIII delayed aoving cau.ed by poor spring veather 

_ condl t ions ('fable 3). 

The uper11\ent vaa dlatributed ln a 3X2 factorisl arrangeaent in 

1982 and in a. 4X2 arranq'lIent ln 1983. In bath yeara, the treatllenta 

COIlblnaUona vere randOlliled in a black d •• 1gn vith • replieaUon •• 

All data vere lublected to analy.e. of varlance vh1ch are detaUed in 

- ....... 
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~l., A.6 and A.7 f~ 1'12 and 1'83- trial., r •• pectiv.ly. 

coaparhona of .. an. ver. ptrforJll~ ua1n9 the Duncan' a Nu~t~PI. Ran9' 

t •• t. The .. in erf.ct. of 'OV1n9 raté and cultivar are pr ••• nt.d ln 
1 

Tablea l' to 22 and the .PlCiUe r •• pon." ot culttvar. et .~. ,ov1n9 

rat. art ahovn in Pi9ur •• 8 to '2 . 
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4.3.3 ... ult. for 19'2 

1 
Tl.. to ... rq.nc. 

Although •• eding rat. dld not 11gnlflcantly aff.ct the t1 .. to 

e.ergence, tbere va. a tend.ney tor fa.t.r e .. rg.nc. ln .are den.ely 

IOVO plot. (Table 19'). Seedlln;. of cultivar Dehydrator-14 e •• r;.d 

.1;n1f1cantly fa.ter than thoae of Southport Whlt. Globe (Table 19 ~ 

F1;ure 8al. 

Tl .. to uturit.Y 

80th lovinq rat. and cultlvar had s1gnlflcant .ffect. on'the ti •• 

to .aturity (Tablt A.6). Plant •• ovn at a rate of ~~ .eedl .-1 reached 

.aturlty .1gnificantly tuIler than at lover rate., tor both cultivara 

(Table 19 and,Fiqure 8b). Maturlty was reached eulier by cultivar 
, 1 

southport White Globe ~an Dehydr.t~14, when conai~ered a. a main 

.ffect (Table 19) and on an individual, rat. by rate, baai. (Flgure 

Sb). 

~e sl;nifieant correlation (P~O.OO5; r-+O.79) tound between the 

t1ae to •• ergenee and the ti •• to maturlty for.cultivar Southport 

~ite Globe indicated a tendeney for tre.tment. e.erqin; f •• ter to 

.ature r.ster a. vell. 

plant stand and percentage survival (at harve.t) 
III 

As the sovlng rate vas increased trom 35 to 45 and 55 leedl m- 1 , 

11qniflcantly more bulbs per meter vere harveated. However, the 

r.ault1n; percentage or plant survival froc inltial soving was 

11gnificantly hl;her in the 35 leeds .-1 treatment than ln the other 

treat .. nts (Table 20; Figure ~a~b). Cultivar Dehydrator-14 gave hlgher 

percent aurvlval than Southport Whlte Globe at aIl lovin; ratel 

(Figure 9U.b). 

v 
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Mean-bulb velqht 

Mean bulb ve19ht .i9n1f1cantly decr~ .. ed vith increa.in9 aeedln9 

" rate (Table 21) for both cultivar. (Plgut:e 10a)'. l'Or all denllty 

treat.enta, cul Uvar SOu thport White Globe yielded larger bulba 

COIIpared to Dehydr.tor-14 (Figure 10.). 

MonQ aIl treat .. nta, the h1gher the plant .tand at harveat the 

lover the bulb veigl\t tended to be (PSO.OOO1. r--0.85). 

lulb di_ter 

While differencei in bulb diaaeter .a.Qng .oving rate tre.tment. 

vere not statlatieally lignifieant, a sign1fieant interaction va. 

found betveen rat. and cultivar (Table .... 6) ..... a re,ult, only at the 

45 aeedl m- 1 rate vere Southport White Globe bulb, siqnit1cantly 

luger than Dehydrator-14 bulbs (Figure 10bl. 

Bulb shape index 

Bulb ahape va. not algnificantly affected by the aovinq rate, but 

bulbs of 
. 

Dehydrator-14 cultivar hac! a .ore elong.ted .hape (higher 

Ihape indexl than tho,. of Southport White Globe (Table 21 ~ Figure 

Ua) • 

Freah yield 
y 

Fihh yield va, not affected by either rate Or cultivar 

treatm.nta (Table. 22 ~ .... 61. Havever, there vas a tend.ney. f.or 

Southport White Globe to yi.ld more than, Dehydrator-14 at alI .ovlnQ 
......... 

rate8 (Figure lIb). 
\ 

There vas a .ign'ficant correlat1on (FSo.05; r-+0.48) betveen the 

m.an bulb W.1ght and ~he flnal freah yield per area. 

Dry lIatter yield 

Dry yield va. not 8ignlflcantly .ffected by either ratel or 

cultivar. uled. HOwever, Dehydrator-14 tended toverd a higher dry 

yield th~ Southport White Globe. (Table 22 , Figure 12.). 
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s .. cUftv rate hacJ no ~19nlf1cant eUect on the bulb dry .atter 

cont.nt (Table 22) but the" eU.ct of cultivar va •• 19nlf1cant a. 

Dehydrator-14 bulb •• hoVed h19her dry aatter percentav. then thoae of 

Southport White Globe (F1qure 12b). 

A blvver bulb ln tera. of dlaaetu va. correlated (MO.OO!>; 

r.-O. 56) vith a lover bulb dry •• tt.r content. 
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of .ovinq rate and cultivar on ti_ ta TYLI: 19. EUect 
... r9.nce and t 1 .. 
t 1eld trlall. 

to uturity of vhl te anion ln 1982 and 1983 

'-
{} , 

. 
Treat .. nt Ti.. ta eaerg.nc. Ti .. to hturity 

(dayl tree lovlnq) (dayl trOll lovlnQ) 
1982 1983 1982 1983 

Sovln; ratel 
(.eed. .- 1\ 

2~ ----, 11.6 a 115.0 • 
3.~ 12.3 a n.o b 115.6 a 113.8 a· 
45 12.0 • 10.9 b 115.0 a 105.0 b 
55 11.8. 10.6 b 113.1 b 103.4 b 

Cultivar J 

Southport Whi te Globe 12.3 • 10.6 b 113.7 b 108.6 b 
Dehydrator-14 11.7 b 11.5 a .115.5 a 110.0 • 

a,b Vlthln columtl pd 1I1thin treat..-nt vroupa, .. ana folloved 
by the .... letter are not .lqn1Ucantly dUrerent at the 5\ 
lev.l by Duncan'. MUltipi. lanq, t.U. 
a. Yalu •• for .ach .ov1ng rate are •• an, of- 8 oIJaerv,at1ona, trOll 
the 2 cul Uvar. vith • npl1caUona. 
2. Yalu •• foZ' .ach cul tlvar are •• an. of 12 ob •• rvation. 1n 1982. 
(3 loVine) ratelS v1 th 4 replieaUon.) .,""cS 16 ob •• rvat ionl in 1983 
(4 lovine) rate. vith 4 replieaUon.). 
'. Treat .. nt not u .. d ln 1982. 

\ 
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~IGURE 8. Efr.ct of lovlng rate and cultivar on a) t1 •• to e~.rg.nce 
~nd b) ti~e to aatur1ty of ",hite onton ln 1982 and 1983. 

1. LSD values for 1982 2. LSD valu~8 for 1983 
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TABLE 20. Eff~ct of sov1ng rate and cultivar on plant stand and 
perc~ntage surv1val at harv~st of white onion in 1982 and 1983. 

Treatllent 

50w1n9 ratel 
( seed. m- 1 ) 

25 
35 
45 
55 

Cul tivar 2 

~. 

Plant stand 
(bulbs 11- 1 ) 

1982 1983 

____ 3 

29.2 c 
33.9 b 
40.4 a 

d 
c 
b 

50uthport white Globe 33.4 b 
Dehydrator-14 35.6 a 

17.4 b 
20.1 a 

Perc~ntage surv1val 
(\: trOll sovin9 rate) 

1982 1983 

83.3 a 
75.3 b 
73.5 b 

75.0 b 
79.7 a 

50.6 a 
44.5 a 
47.3 a 
46.3 a 

44.3 b 
50.1 a 

a-d wlth1n colullna and v1thLn treatllent groups, lIeans folloved 
. by the sue let ter are not aign1flcantly dUterent at the 5% 
t level by Duncan'. Multiple Range te8t. 

1. values tor each sov1ng rate are Ileana of 8 observations, trOll 
the 2. cul Uvars vith " ~epl1cat10n •. 
a. Value. for each cul Uv .. are lIeana ot 12 oba~rvat1on. 1n 1982 
(3 lowlng rates 10'1 th " repl,icat 10M) and 16 obl~rvat1on. ln 1983 
(4 low1n9 rat~s vith 4 ~epl1cat10ns). 
l Treatlllent not und in 1983 ~ 
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TA8~ 21. Efr.et ~r .~ing rate and cultivar on aean velght, di .. eter 
and shape indez of vhite onlon bulb. ln ,1982 and 1983. 

Treatllent 

Soving ratel 
(se.aa 11-1) 

25 
35 
45 
55 

Cultivar J 

southport W.G. 
Dehydrator-14 

Bulb wight 
(9 bulb-l) 

1982 1983 , 

____ l 
90.3 a 

80.1 a 82.3 a 
68.3 b 68.4 b'> 

57.4 e 56.3 e 

72.0 a 85.2 a 
65.2 b 63.4 b 

BU}b dlu.ter 
(ml) 

1982 1983 

55.1 a 
60.0 a 55.8 a 
57.1 a 50.5 b 
59.0 a 49.8 b 

60.3 a 55.0 a 
57.2 b 50.5 b 

Shape lndu 
(helght/dl .. eter) 

1982 1983 

0.96 a 
0.96 • 
0.93 a 

0.97 • 
1.00 • 
1.03 • 
1.03 a 

0.91 b 0.99. 
0.99. 1.02 a 

a-e wifhin column and vithin treatllent 9roups, lIeans folloved by the 
s ... letter are not s19nificantly dlfferent at the 5\ level by Duncan's 
Multiple Range telt. 
1. value. for eaeh soving rate are lIeans of 8 observations, from th. 2 
cultivars vith 4 replications. 
2. Valu •• for eaeh cultivar are lIeana of 12 observations in 1982 (3 
sovin; rates vith 4 replieations) and 16 observatlons in 1983 (4 soving 
rate. vlth 4 replieations). 
'. Treat.ent not uted in 1982. 
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TAlU: 12. Etr.ct of aovtng rate aneS cultivar on fnah and dry .. tter 
yleld. and on bulb dry aatt.r content of vhlte onion ln 1982 and 1983. 

, 
Treat .. nt Fre.h yl.1eS 'Ory yleld Dry .. Uer 

ft ha- l ) (t ha- l ) (, bulb-I) 
1982 1983 1982 1983 1982 1983 

&ovin; rate' 
( ••• d. .-1) 

25 
____ 1 

25.3 b '.3 c 17.1 a 
15 51.8 a 27.9 ab 10.6 a '.8 b 20.6 a 17.6 a 
45 51.2 a 29.6 a 10.4 a 5.1 ab 20.3 a 17.2 a 
55 n.4 a 30.8 a 10.' a 5.5 a 20.2 a 18.0 • 

CulUvtr' 

Southport W.G 52.6 a 31.3 a 10.3 a '.8 a 19.6 b 15.3 b 
Dehydrator-U 50.3 a 25.5 b 10.6 a 5.0 a 21.1 a 19.6 a 

a-e within eoluan. and vlthin treat.ent groupa, •• an. rolloveeS by the 
.... letter are not .19nifieant1y diff.r.nt at the 5' level by Duncan' • 
Nul tiple .ang. t •• t. n . 
1. valu •• tor eaeh .ovln; rate are .ean. or 8 ob.ervatlon., rro. the 2 
cultivar. vith' r.pllcation •• 
a. valu.. tor .ach cultivar are •• an. ot 12 ob.erv.tlona in 1982 (3 
loving rate. vith' replie.tlonl) and 16 oblecv.tiona in 1983 Ct .ovlng 
rat •• vith 4 repllcatlona). 
a. Treat •• nt not uaed ln 1982. 
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4.3.4 ••• uIt. f~ l,al 

Tl .. to ... rq.nc. and to aatvrlty \ 
80th .ovlng rat. and cultivar tr,at .. nt. had a .ignlflcant .ff.ct 

on the tl.e to e.ergence and .aturlty of vhlt. onlon. (Tabl.. 19' 

A.7), vlth no rate X cultivar interaction. 

Emerg,nce took .ignificantly longer in the 25 •• ed •• -1 plot. 

~ than at the hlgher rit ••• Matur1ty va. reached slgnificantly earller 

ln the 55 and 45 .eed •• -1 than in the 25 and 35 aeeds .-1 treataents 

(Table 19). In general, onion. of both cultivars .merged and .atured 
\ 

.arller as leeding rate increa.ed from 25 to 55 seed •• -1 • 
1 

Cultivar Southport white GlObe •• arged and .atur'ad 'earl1er than 

Dehydrator-14 at aIl den.1tle. (Table 19 'Figure 8a'b). ~)o.ltlve 

and .1qniflcant relat10n.~p (P~O.O.Ol, r-+O.43) found betveen th~ 

• 
abov. variabl •• ind1cated that the earlier the ••• rgence, the earller 

the .aturity tended to he. 

Plant .tan1 at harve.t 

A 8ignlflcant 1nteraction .xlated betveen sovlnq rat. and 

" cultivar (Table 1+..7) and thuI, the variation in nu.ber of bulb. per 

.eter among '.oving rata treat •• ntl va. dependent on the cultivar. For 

Dehydrator-l4 plant .tand .lgn1ficantly increa.ad vith .ovlng rate. on 

the other hand, there va. a clu.tered re.ponle of southport Whita 

Globe to .o~ng rate. The 2 love.t rate~ vere not .1gnificantly 

different but vere lover than the 2 ~9he.t vhlch in turn ver. not 

algnlflcantly different (F1gure 9a). 

Only at the higher den.ity vere there a lign1flcantly h1gh.r plant 

atand ln Dehydrator-14 plot. cOilpared to plota Of SOuthport White 

Globe. 
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percentage .urvlv.l .t harYeat 

Seed1ng rate d1d not a1qnlt1cantly .ffect the percent.ge of 

aurv1v1ng plant. (T.ble 20). Dehydr.tor-lt ylelded a .1gnlficantly 

greater percent.ge of bulb. coepared vith Southport Wh1te Globe 

(Figure 9b). 

Mean bul~vei9ht 

Ne.n bulb veight tended to decr •••• vith lncr ••• ing aoving rate 

(Table 21), but the aigniflc.bt inter.ctlon betv.en rate and cu1tlvar 

(Table A.7) reaulted ln ai9n1ficantly h19her bulb ve19hta .t the tvo 
~ . 

lover ratea tor Southport White Globe, vhile only .t the h1gheat rate 

v •• there a lover bulb vei9ht for Dehydrator-14 (Flgure la.). 

southport White Globe generally yielded .1gnlticantly larger 

bulb. than Dehydrator-14, vith the exception ot the 45 .eeda .-1 r.te 

vhere the cultivar. vere not found to be .ign1f1cantly different 

(Flgure 10a). 

While a later •• turity v.. venerally correl.ted vith a heavier 

bulb (P~O.OOl, r a +0.57), a h1~her plant .tand va. correlated vith. 

lover bulb velght (PSO.OOOl, r--O.76). 

Bulb dl_et.r 

Bulb dlameter v ••• iqn1t1eantly gr.ater in the 25 and 35 •• e4a 

.-1 treat.enta th.n.t the hlgher r.te., and gre.ter for Southport 

Wh1te alobe than Dehydrator-lt at aIl aovlng rat.. (T.blè II and 

F1gure lOb) • 

• ulb'.hape index \ 

De.pite the non .1gnifie.nt dift.rence betveen tr •• t .. nt. ln 

tera. of bulb .ha~ (Table A.7), there va. a téndeney tor a hlgher 

·'bulb .ha~ index .s .oving rate locrea.ed. Siailarly, Dehydrator-It 

·pr04uced bulb. vith a higher .hape index than did southport White 

Globe (Table 21; Pigure l1a). 

1 
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Fr •• h Yi.ld 
, 

The d.n •• r the plantln9, the gr.at.r the fr •• h yl.1d (Tabl. 22). 

Dehydrator-It cultlvar y1.1d8d .1gnlflcantly le •• than Southport ~it. 
".. 

Globe at aIl .ovlng rat •• (Flgur. llb~. 

Ther. ver. negativ. cotr.latlonl found betve.n fr.sh yl.ld and 

bOth ... rg.nce (PSO.OOI;r.-O.69) and .aturlty CPSQ.OI; ra-0.t6) data; 

and a polit1Y. correlatlon between fr •• h yl.1d and pl~t stand at 

hary •• t (PSO.05, ra+0.39). 

Dry .att.r yi.ld 

Dry .atter yield va. siqnificantly hiqher for the 55 leed •• -1 

tr.at.ent than for th. 2 lowe.t rat •• , but net liqnificantly dilter.nt 

fra. th. t5 ••• d •• -1 4en.lty (Table 22). 

JO .ignifieant ditter.nce va. found bttve.n th. 2 cultivar. 

d •• pit. th. trend for hlgh.r dry yi.1d tor Dehydrator-lf (Tabl. 22 ~d 

Figure 12&). 

lulb dry .att.r l') 

Wh.r.as s •• ding rat. had no eff.ct on bulb dry .att.r percent, 

Dehydrator-If bulbs v.r •• 1qnltlcantly hlgh.r ln dry .att.r than the •• 

of Southport Whlte Globe at aIl d.nI1ti.s (Tabl. 22 ~ Figure 12b) • 
• 

fra. slgnlfloant n.gative corr.lations, a large bulb ln t.ras of 

velght (P50.0005; r a-0.60) and ln ter.s of dl ... t.r CPSO.Ol; r a-0.t5) 

vere bOth a •• ociated vith. lev bulb dry •• tter content • 

• '4' 
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The reaulta of the experlmentl condûcted ln 1982 and 1983 have 
~ 

ahawn that the rate of grovth, bulb size and quality, and yield of 
< 

vhite dehydrating anions vere si~nificantly affected~by both the 

lov1ng rate and cultivar used. 

A seeding rate of 35 seeds ~-l resulted ln larger bulbs ln ter~s 

of velqht and diameter v1thout a signiflcant delay in seedling 

emergence or loss ln total yield compared to co~ercial rates. 

(Tables 19 ta 22). Dlfferences vere observed betveen the cultlvars 

Saut hpor t White GlObe and Dehydrator-14 (Figures 8 ta 12). 

Dehydrator-14 proved to be superlor ta the standard cultlvar in ter.s 

of plant survlval, bulb shape and dry matter content. Hovever, It 

generally yielded smaller bulbs. 

Each trial year, sow~ng rate had an effect on time to emergenee 

and time ta maturlty, thus 1t affected the length of grovlng period 

which in turn lnfluencea the accumulation of reserves and siÉe of 

bulbs, dry ~atter content and final yields. The earlier maturity 

obtained ln denser plantings could be partly explained by the more 

intense shading ln high density plantlngs vhieh vould tend to change 

the growth pattern at the end of the season and 'ta reault in more 

rapld maturlty than lov denslty plantinga, aeeo:dlng to Frappell 

(1973). An early maturity offered the advantage that curing and 

harvesting occurred under favoura~le conditions and thi. ahould resuit 

in better bulb quality (Brewster and Barnes 1981). 

Dehydrator-14 constantly took more daya to mature than Southport 

Wh1te Globe, but the maturity va. atll1 vithin the 137 to 1S2 days 

frOat-free period in the region of Ste-Clotilde where tbe triala vere 

undertaken. In theae conditions, and beeause of the longer grovlng 
~ 

\ 
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.ea.on, more r.aerv.s Vere ~lkely to accumulate leading to h1qher dry 

..tter yielde (Pigure l2a), oonferrlng an advantage for a later 

.. turlnq cultlvar •. Furtheraore, an early maturlty vaa not alvay. 

dealrable. por lnstance, Brevster (1977) found that ln a hot dry 
~ 

.ummer, top collap •• occurred 1 veeks earller than ln a cool vet 

.umaer ln the .... locatlon. Th1s lmp11ed that an extra 4 ve.ka of 

grovth at full leaf canopy va. obtalned ln the second ca.e, thua at 

mali.um grovth rate., thls represented about 0.476 t ha-lof dry 

matter, accordinq to Brevster (1977). The hlqh grovlnq temperaturel 
, 

and sOlI molsture deflc1ts such aa ln the mld-summer of 1983 vere 

l1kely to have hast en bath bulb1nq and maturation, as had be.n 

reported by Brevster!1 !l. (1975). Therefore, .ma11er bulbs vere 

produced .s les. leave. vere formed before bulb 1nltlat10n and 

conaequently the faster maturlty resulte4 ln smaller dry .atter 

accumulation. 

In 1982, early plantlnq and subsequent emerqenc. meant that the 

malorlty of bulb qrovth took place .arly ln the .ealon vhen the 

percentaqe of solar ~rradlatlon vas hiqher, accordlnq to Brevster and 

Butler (19821. Purthermore, a more regular aupply of precipitations 

throughout the 1982 auamer and DOre ldeal tempetatures alloved 

favourable bulb dev.lopm~nt thus lncreaaed bulb slze, and a 'dry and 

varm fall favoured neck fall and fleld curlng. ,Theae factors, coupled 

vith the eltended groving leason, help to elplaln vhy 1982 yielda vere 

.uch hlgher than thoae ln 1983. 

The smaller size of Dehydrator-14 bulb. (Table 21) va. not a 

.ajor d15advantage al the h1gher dry matt~r content and the hlgher 

plant It~d compensated for the lover frestvy1eld and resulted ln an 

equivalent dry.atter yleld. Furthermore, the elongated Ihape of,the 

Dehydrator-14 bulbs tended to mlnlmlze . trlmelnq 10.. during the 
, 
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dehydratlon prOC •••• Bulb dry matter content va. not .1qnlflcantly 

.ffeeted by .ovlng rate. (Table 22) vith!n the ran~ ueed ln the (25 

to 55 plants .-1). Thi. confiraed th. findlng8 of NcGeary (1985) vho 

~ked vlth rate. of 13 to 40 plants ~-1. 

It 1. intereetinq to note that ln the 1982 trial, the hiqheat 

pereentage .urvival va. obtained vith the lovest denslt~, thus 

resultinq in more efficient use of ~aterial and equipment. This vas 
l 

aceentuated by the tact that the lovest rate gave the larçeat bulbs 

and yields equivalent to the denser plots. A siml1ar trend vas not 
"A. 

found ln 1983 .s pereentage survival did not difter siçnlticantly 

amonq aovinq rates (Table 20). This could have been due to the much 

lover aurvival rate in 1983 and ita subsequent effeet on competition. 

In 1983, the 25 seeda m- 1 treatment gave no signlfieant advantage oyer 

the higher densities. The larger bulbs obtained did not co.pensate for 

the lover yields because of the mu~h reduced plant stand. With a 

smaller inter rov spaeing than that uaed in thi. trial (45 seeda .-1), 

re.ults of a lev sovinq rate m.y prove to be ~ore interestinq 

accordinq to Salter !!!l. (1979). The cooler loil cond1tion. and the 

hlgher level of precipit.tion in the early .pring of 1983 may bave 

created an ideal environment for the spread of diseases vhich in turn 

could explain the poor plant stand and 50 \ lover yielda than that 

achleved 1n 1982 (Figures 9 , 11 \. Wh1le fresh yield vas 

s1qnlflcantly correlated vith bulb velqht in 1982, it va. correlated 

v1th bulb number (plant stand} at harvest in 1983. This indicated th.t 

vhen the surv1val vas lov (around 50%) as in 1983, the yield depended 

ma1nly on the number of bulbs at harveat, vhile vhen survival va. 

around 75-80\ (1982), yield depended on bulb ve1ght. 

AS reported by Frappel! (19~) t~e 1ncrease ln bulb slEe afforded 

Vby the lov.r den.lti •• vas obtalned at the ~xpen.e of fr.ah and dry 

..... 
, . 
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yields (Tables 21' 22). This tren~ vas more important in 1983 vhere 

yielda vere lover than in 1982. Theretore; 
" 

ainee the dehydration 

market requlres large bulbs, maximum yields vere not likely to be 

aeh1eved. under normal field condition. in temperate regions, 

individual bulb aize, at denaitiea higher than 70 plants m- 2 , la not 

limited because ceiling yi. Ids are achieved b~t b~ause the length of 

the groving aeason la reatricted and bulbs planted at hlgh denslty do 

not have time to attain an acceptable size due to ~he slover rate of 

bulb enlargement engendered by 1ncrea_ed competition (Brewster 19771. 

This i_ likely to be th. case in the current trials vhere treatments 

ot 35, 45 a~d 55 

and aboYe. ) 
, 1 

seeds m- 1 eorreaponded to densities of 78 plants m- a 

When eonsidering the tvo trial years, faster emergence and 

.aturlty vere obtained from denser sovings. Higher soving rates 

-produeed higher plant stands but these vere not s1gnifieantly 

different from the lov aoving rate treatments. Lar9~r bulbs in tera. 

of velght and diazeter vere also obtained at lov rates (15 and 35 

seed. m- 1 ). FurtherDOre, fresh and dry yields vere equlvalent for 35 
\ . 

and 45 seeds .-1 denaities, but there vaa no signifieant differfnce in. 

dry matter percentage of bulbs grovn at different denslties. 

Thetefore, considerinq aIl grovth charactera, bulb quality and yield 

variables measured, the most efficient rov denaity vaa 35 seeda ~-l 

vhen uaed vith an inter rov spacing of 45 cm Cequlvalent to 78 planta 

.-2) for both years, partlcularly vhen ua1ng cv. Dehydrator-14. This 

denaity compared to that used in California for dehydrator onions: 83 

to 100 planta m- 2 • Therefore, the crop has to be spaced according to 

,~~ 1ts optl~al needs, i.e. to mlnlmize competition in order to produce 

the maxi~ua proportion of large bulbs. 

» -
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4.4 .1 typ!! 

•• 4.1 Grovth cabinet experiment 

•• 4.1.1 Introduction 
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PrevioU8 studies have indlcated that the benefit of fluid 

drlll1nq vas considerably aUected by the choice of carrier gel, 

especially under mo1Bture stress conditions Coarby 1980; Gray 1981). 

The IIOSt comllon problems eneounter'!d .. tth gel carriers vere the 

requlrellent of a hiqh shear force to Dlix the gel vl th vater, the 

sensltiv1ty of certain gels to hard vater, and a rapid desaieatlon of 

80111e ~els 1n dry so11, trapping the seeda and reduclng emergenee ., 
r 

(Darby 1980; Gray 1918; Gray 1981). Some gels have even been 

phrtotoxie (Darby 1980; Skipper 1983). 

'--.. Laponlte 508 vas chosen as the atandard gel for 1982 exper1ments ..... 
barted on the conel usion of Darby (1980) vho foamd that gel best suited 

for grovth of fluid drilled onlons. HOvever, 
~ 

80v1ng 

pregerllinated seeds vith Lapon 1 te 508 ln 1982 tr1us was generally 

• accollpanied by a lower percentage of ,"erg.nce cOllpared to dry seeded 

•• lIIaterial (sections 4.1, 4.2 and 4.5). Ther,efore, a prelillinary grovth 

cabinet study vas carried out to compare the et tect of 7 gel types on 

seedl1ng establishment of white onlon SO\in on organie 15011. 
~ 

The possib11ity that the carr1ers lIight provide a complete 

'nvironment for seedlinq grovth wlthout belng covered by so11 'CDal"by 

1980) vas a180 1nvest1qated. 

\ 
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" f. 4.1. 2 Materiall and lIethoda 

The cOllpoa1tion of the 7 gela tuted and their lncorporat 10n 

rates are l1ated in Table 23. The ra.t!Os of gel povder: vater vere 

ba.ed on Ilanufacturer's directlons vhen avallable, on previous 'JOrk 

lDarby 1980; Ghate 1982; PI" 1 ce , personal cOdlllun 1 caHon ~, and on 
~ - 1 

laboratory tests to obta1n a gel consistency 611\11ar to Laponite 508 

at 1S 9 1- 1 • The gels had to be consistent enou9h to suspend the 

seeds, but l1qu1d enough to be squeeEed out eaally trom the pla.tlc 

bags at s01o'1n9 (detalllS in section 3. '1. 2). 

on10n seeds (cv. Southport White Globe) vere preQerlllinated prlor 

to sovlng as descrlbed 1n section 3.1.1. Pregermlnated seed6 80vn 

vithout gel vere uaed a6 a control treatment for the gel effect. whlle 

the 2 Laponite l]e16 and water-Loct ~ :equlred a blender tdr IIIlx1ng 

(aection 3.1.2), the other gels d18801ved rapldly in vater and 

thlckened with1n 10 m1nutes. AIl gels vere uaed at an extruslon rate 

of 15 ml per fIat (4 X 12.5 cm rows-SO CIl) to be equlvalent to the 
~ 

recolll1ended f1eld ~ate for onlons (30 1111 111- 1 ; Flu~d orl111n9 Ltd,': 

AnonYllOulS 1980) • For each treatllent, 24 pregerlll1nated seeda vere 

placed lndlvidually lnto the gel on the -4 rovs alonl] the long aiis ot 

the peat flat. t1l1ed vith orl]an1c so11 ldetaila ln section ~.2.1). 

The control pre~erminated seeds vere put dlrectly 1n the rovs. In 

each flat 1 2 rovs 1 were covered v1 th 1 Cil Of~ll vhereas the 2 other 

rOV6 vere left unc.overed. Flat. vere vatered as requ1red to Jteep the 

8011 llOiat. Treatments (7 gels and l no ge1 control) vere repl1cated 

" tilles, r,uultlng ln a total ot 32 flats. The experlD1ent vaa 

arràngeii~ a split-plot withln a cOlllplete1y randODl1zed deslgn, vlth 

the gel type as ,the lIain plot unit and the preeence or absence of 8011 

coverlng as the eub-plot· unit r EnvironlIIental conditions 1n the grovth .. 
• 

• - -
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ch_ber v~n preeented 1n .. cuon 3.2.1. 

Ellergence t111e and percent age vere taken. surV1~~~e1ght 

and mean welght vere recorded atter 41 days, 'as deacribed in section 

3.2.2. Analys.. of variance v.r~ perfoned on &11 

A. 8). NJtans vere COIIpared using an LSD teat. 

TABLE 2.3. Gel lIateria1s used 1n the grovth cabinet 
and tield experimenta. 

Ge 1 n ... e COmposi Hon 

Laponlte ~O81 15 15 MagneslulII silicate 
(t~08) 

Lapon 1 te U5 1 7 20 MagneslulII sillcate 
(tUS) 

Llqua;e1 2 6 8 Starch-acrylate 1 

(Liqua) potas.iull polyaer 

Agrl;e1 (Viterra}) 13 13 Pota •• iUII propeonite, 
(ACJr1) propen&llide copol)'llft' 

Vater-LOck B-1ë{1. 9 12 Starch graft copolymer 
'(WL-BIOO) 

Vater-LOd B-200' 6 
(WL-B2.00) 

12 Starch graft copolymer 

Vater-Lod J-550' 3 5 Staretr 'guft copolYller 
(WL-J550) 

Source: 1. Laporte Inc., lIev Jeraey (U. S.A. ) • 
2 Miller Chellieal'and FerUl1nr èorp., Pa (U.S ..... ,. 
'. lIepera Chellleal Ine., lev York CU.S.A.). 
'. Gra1n Proceutn; corp., Iowa (U.S.A.'. 

• 

• '*' 
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0.3 aays COIIpared to the 

preo.rainated control vhen aeed. vere .ovn vith A9rl0el and WL-J550, 

reapeeUvely {Flqure 13a\. AU other gela led ~ a .lov.r ellergenet 

than the control but the delay va. a1gn1f1c:ant anly vith Liquagel and 

VL-BlOO. 

alqnlflcantly ta.ter ellergence, frOll 1.4 to 3.6 day., COIIp&réd to the 

covered treatmenb. RO a1qnif1cant .difference. vere natea AIIono gela 

vhen lett uncovered. 

~ercentagt tllero,nel 

The percentage ellergence ln the covered gel. va. not 

a19n1f1cantly dlffer.nt fra. the cov.rea control vith the exceptlon of 

WL-BIOO yhlch .hoved 20.9' le •• ellergence than the contr~ (Figure 

llb) • 

The etfeot of so11 . caver bn ellergene. var1.d depending on the 

gel. Whlle the absence of 1011 cov.r .1gn1fleantlyaecr.a.ed the 

e.ergenee pere.ntaQe for the control treatllent and WL-J550 gel, lt did 

not .1gnfleantly affect aIl other gel.. Uncovered pregerillnated .eed. 

gave a algnlficant1y lover aeed11ng emergenee (61\) than aIl uncover,ed 

gel., vlth tbe ele~ptlon of WL~J550 tor vhich eller9.nce va. only 43\ 

of the 1n1t1al .eed nUllber. ~n9 the dncoverea 9.1., Laponlte 508 

9ave the hlqh.at percentage of e.ergenct. 
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FIGUIZ 13. Effeet of gel type and .oil cov.ring on a) •• an •• erg.ne. 
ti •• ~d b) pere.nt~9 ••• erg.ne. of f1u1d dri11ed on10n cv. Sou t hport 
Whit. G10Qe 1n a 9~ovth cabin.t •• per1 .. nt • 

• 1. LSD va~u •• for both COY & UNe tr.atmenta 
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'erÇ!ntaq •• urvlva1 

A poeltlve correlation (,SO.OOOl, r-.0.80) vas Cound to .Ii.t 

between percent •• er;enc. and survival, vhere treat.ent. vith a high 

••• dlln; couat aCter ... rgenee exhibitea hlgh aurvival rat •• after 41 

st:> 
aay.. 'lant aurvival of uncovered treatmenta va. reauced by 12.5 to 

3'.6' trOll e"ergence to the end of the experillent. Seedl1ng 10 .. vaa 

gr.atest for uncoverea Laponit. 445 and Llquagel. There vas no 

Important reduction in .eedl1ng counta for the coyered gela (F1gur •• 

l:lb " 14 l • 

At the end of the experll1e,nt, although the eovered control and 

Laponite 508 gel gaye a hlgher percent age aurv1val than aU other 

gel., the advantage vas .ignifieant only oyer .WL-B100 (Figure 14). 

Wh.n camparing uncovered to dOveréd gela, there vaa no lignifieant 

dlfference in plant stand for .~her WL-BIOO or Laponite 508 gels. 

Whlle tor the other gela, a reductlon ranglng from 2~.5 to 67.5\ vaa 
~ 

tound to ex1st vhen the ge1l vere left uncovered. /'lant survival of 
~--. 

th. control tr.atllent vaa redue.d froll '3.8 to 41.7% of the Initial 

••• d number vhen seeds vere l,ft uncoyered. 

"'\., 

.' 
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Total plant w.lqht , 
FOr the COYered ••• d., total plant velght vas 11gnlficantly 

reduced by Liquagel and WL-J100 COIlpared to the control, only Illall 

diUennce. vere, found uong tb. oth.r gell (Plgure 15,). 

teavlng th. • •• d. and gels uncover.d r •• ul ted in a I1gnl fieant 

d.cr •••• ln. total velght for ,lI treatllenta comp.red to thelr covered 

CQunt.rparts. Tot.l plant ..,e19ht fOC' 'Aqrlgel, L.ponite 445 .nd 

VL-3550 gela d.cre •• ed by 75, 78 and 79', relpectively vhen l.ft 

uncovered. Laponlt. 508, WL-BlOO .nd WL-B200 decreased by only 32, 29 

-~ é 

and 42', reapecUvely. 

Mean plant velght 

Mean plant v.lght va. sl1ghtly Incr ••• ed by Agr1gel, WL-BIOO and 
~ 

WL-3550 cMlpared to the control and Lapontte 508 ge1, but thel. 

d1fferenc,a vere not signifieant (Figure 15b\. Soving vith Llqu.qel or 

WL-B200 relultecl ln lov.r Il .. n pl.nt velghtl thall for ail other qell. 

The uncov.red ••• da and gela gave lover Ile an plant ve19ht th,n 

thelr corre.pondtng covered counterparta. Decrell. ln lIean plant 

velghh for the uncovered control .nd L.ponite 508 gel vas le .. th.n 

.11 other gel&1 l\e'~1 of 10.7 and 19.8', relpectlvely. The control and 

WL-.lOO gel relultea ln .1q~1t1c.ntly htgher Ile an plant ve1ght than 

ACJrlge 1 and tapon He U 5 vhen uncov.nd. '\ 
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The r •• ult. of thl. prellalnary .xperi •• nt indicat.d that th. 

type of g.l had .lghificant .ff.ct. on .aerg.nc. and w.ight of fluid 
"C. 

dril1ed onion. grown und.r controll.d condltlon •• 

When coyered, Agrlgel. and water-LOck J550 ge18 produced earlier 

and high.r ••• rgence compared vith the oth~ carriers (Figure 13a~b). 

Although the dlfferenee. vere not significant, seed. sown vith 

Laponlt. 508 eaerged earlier and had a higher pereentage e.ergenc. 

than th08e sown vith either WL-BlOO or LlqU~l. 

slailar to those of Ghate and Phatak (1983), ln a 

Thes. t1nd1ng& vere 

greenhouae .tudy, 

vho reported no s1gnifieant ditterence ln eaergence tlme of peppera 

vith Laponlte 508 and Water-Lock BIOO although Laponite vas slightly 

lat,r. FurtherllOre, Pill and Fleldhouae (1982) reported that 

.a.rg.nc. t1a. and pere.ntage ot toaato, under controlled conditions, 
" 

val not Ilgn1tlcantly aftected by th. gel type, vhen comparing 

Lapon1t. 508 and 3 other g.la aaong vhlch SPGIOtx, a gel vlth a 

coapo.ltlon li.1lar to that ot L1quag.l. Gray (1981l, and Pill and 

Vatts (1983) speeulated that the specifie microenvironment of the 

I.eds ln the gel such a. oxyg.n concentrat1on, oSllOtlc pressure and 

pH, vhich varl.d vith g.l conc.ntration and vas llmltlng ln certaln 

g'~I, caused respon ••• to ,dlffer among the crop. and .. ls. Darby 

(1980l atat.d that the advantage of on. gel ,type over anoth.r for 

fleld e.tabli.hment depend.d on th. crop, g.l .xtrullon rate and aol1 

IIOl.tur. l.ve!. 

,~ ~avlng th. gels uncovered ha.t.ned •• erg.nce, th!1 val allo true 

fOr the. pre9.ralnated control althoU9h to ~ le.ser •• t.nt. This va. in 

direct contl1ct vith the tindlngs of oarby (980) vho r:eporled 

'aiqnltlcantly delay.d e.erqenoe by not ccvering l.ttuce ••• dl and 9_1. 

'. 
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vlth 1011, ln a greenhou •• Itu4y. The 41fterence ln the reluIts val 

11ltely to be due to the cropi and 1011 types uled ln the studlea. The 

h19h ~lature retentlon capaclty of the organlc 1011 used ln thele 

tr1al •• ay have contrlbuted to the hlgh plant atand ot uncovered gel 

tr.ataentl. It li lmportant to note that lf the aeeda or leedl/gel 

coab1natlons vere left uncoyered, they 10lt Any butter1ng capaclty 

attorded by the solI and became more sublect to environmental stress. 

When one consldered the poor emergence and plant stand response of the 

uncoyered pregermlnated seed. (Figures 13b '141, it became apparent 

that one ot the tunctlons ~f most gels vas to provlde vater to the 

emerglng seedl1ng8. MOreover, the 11mited plant stand obtained vith 
.p 

Water-Lock J550 vas alao due to the los. of structure observed vhen 

left uncovered. The problem of .aergence encountered v1th uncoyered 

Laponlte 445 ar08e trom the ~ardenlng ot the gel around the seedl1ng8 

thereby preyenting th •• trom emerglng. Thi. solidification or Laponite 

445 ha. been reported by Pl11 and Watts (1983). Slmllar obseryatlons 

have been made vith sodium alglnate gel ln dry 1011 condltlons CDarby 

1980; Chevrler 1983), and vlth Laponlte 508 and Llquagel COrzolek 

1982b) • 

Total and Mean plant velght vere slgnltlcantly affected by the 

presence or absence ot gel, ,the gel type and vhether or not the .eedl 

and gels vere covered vlth .011 (Figure 15). Agrlgel, Laponite 508 

and Water-LOck J55d gave hlgher plant velght than th. other gel.~ 

• teaYlng Agrlgel uncov.red dld not aigniflcantly atf~ .urvlval but 
l 

reduced total and mean plant veight markedly, probably due to the 

a9gregatlon of flrm gel partlcles around the seedlln;8 vhlch could 

have reatricted seedllng expan.ion. 

OVer all, 1,avlng the gela uncovered dld not provide an adequate 

environaent dur1n9 th. .atablilhment perlod, even vlth the bel~ 



1 
1 

f 

r .. 
4 •• 

1 -

, 

\ 
r ' ;.. 

117 

performlnq gela, under ideal tellperature and vatering treatllents. Thus 

/it va. l1kely that te.penture and ..ohture variat10ns present 1n the 

Ueld would further .tre .. the uncovered gels. Laponite 508 ..,as the 
~ 

only gel for ",hich no 11gni ticant dil&dvantagel of 1eaving /the gel 

uncovered vere obaerved 1n gro\lth cabinet. perhap., 1f the other ge1l 

had '''6een uaed at dUterent concentrat1ons and extrusion ratel, they 

vould have pertor.ed lIore sat18factorily. 

Therefore, gel ahould be covered in the field to avoid 

unacceptably 10101 eI1ergence. Furtherllore 1 concentrations of the gela 

~rt1cularly Water-Lock J550 and Liquagel aboula be adjusted to ensure 

that the ge18 vould be th1ck enough to suspend the seeda durlng 50\l1ng 

and rellaln around the setdÜngs dur1ng e.arly grovth. Agr1gel, Lap,c;mite 

508 and water-LOc)t J550 all pertorlIIed vell 1n the grovth cabinet 

situation and ahould therefore .,e tested under field condition •. 

• 

• 

• - -
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•. t .2 Fie Id trial 1983 

•. t .2.1 Introduction 

"". 
When COIIpared to,gelllater1all SUChUllodiuli al91nate, starch 

pol yacrynon 1 trlle , guar 9UII, potato starch and polyacrylallide, 

Iynthetic clay proved best for 111prov1n9 field ellergence of severai 

crops, lncludlng onlon (Darby 1~80)' Hove ver , frOll the reluits of the 

prelll11inary groyth cabinet exper111ent (section 4.4.1), severai gels 

proved equal to Laponite 508 (synthetic clay) ln terms of ellergence, 

lurvlval and plant fresh velght for tlu1d dr1l1ed white onlons. These 

gels vere thenfore tested under fleld conditions for their effect'oo 

elllèrgence, sU.,rvival, grovth and y1eld of onlons. 

4 ••• 2.2 Materials and lIIethods 

Il 

The .... e gels used ln the prel1111nary test vere "Collpared under 

field C?ndl tions. Laponite 508 vaa cholen as the stAndard gel for this -, 
experll1ent. FrOIl the results obtalned in the 9rovth cabinet 

experll1ent, aeveral gels appeared too dil uted. 
~ 

~hu., concentrations 

of aIl gels save 1.9r1ge1 and Laponite 508 vere 1ncreased. Gel 

specUieations 'are presented in Table 23. 

After 3 days, 1I0St of the seeds had radiclea of 2-5 CIl long and 

vere ready to Soy. Hovever 1 they had to be held ln cold storAQe for an 

addi t10nal 3 days due to cold and vet veather 1n the early .prlnQ 

(Table 3). Gels vere prepared as for the prel1J11inary test Csection 
• 

4 ••• 1. 2). The pregerlllnated seeds vere fI u ld sovn in the field v1 th a 
. 

Qel extrusion rate of 30 III 11- 1 as descr1bed ln section 3.1.3. Slnee 

the gels left uncovered dld not prov1de an adequate lIedium for 

.' 

• -
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se~ l1ng grovth under controlled cond1 tions ~except for Laponite 508, --
1 -all ge1& ",ere covered vl th 2 CIII of top 8011. Land preparat 10n and 

management methOds have been descrlbed ln sectlon 3.1.4. 

Treatmentl ",ere rep11cated 4 times and d1str1buted 1n a 

rand~1zed COIIplete block deslgn. Ti Ille to emergence, matur1ty 

(determ1ned as the perFentage neck fall at pull1ng), plant stand aft~r 

\ 
emergence (3 veeks) and at harvest, lIean' bulb ve1ght and total fresh 

yield vere measured. The procedures vere explained ln sect10n 3.1.5. 

Ali data vere subjected to' analyses of variance (Table A.9) and to a 

compar1son of lIeans by the Duncan's Multiple Range test • .. 

4.4.2.3 Results 

~ ~ f 

Ti .. to _rg.nce 0 { 

Whlle the Ume, ~ence ",as 111ghtly delayed for the Laponite 

gel treatments, seedl so"," vlth Agrigel emerged 0.5 to 1.5 ~ays 

earl1er, but not slgnificantly 80, than aIl other gels (Table 24). 

Matur1ty 

Plant matur1ty va. slgn1ficantly more advanted at pul11ng ln the 

Aqrlgel p'lots vhlch exhiblted 25% more neck fall than the Laponlte 508 
/ 

control (Table 24). Only 1n plots so"," vith Laponite US vas the 

percentage of neck fall lover than that reached vl th the control; 

ho",ever, the d1Uerence vas not à1gn1ficant. An earl~ elllergence vas 
,,-

founa--fO be correlated (P~O.OOS; r .. ~O.54) vith an lIIore ad~anced plot 

lIIatur1ty at tille of harve8t~ 

1 

• -

... 
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TABLE 24. Effect of 9111 type on emerqence and lIaturity 
of fluid drl1led onion cv.Southport White Globe in a 
1~83 tield trial. 

Gel type Tille to ellerqence Naturityl 
(d.ys) (\ neck ta11) 

Aqriqel 9.0 a 88.8 a 

Laponite 445 10.5 a 62.5 b 

Laponih 508 10.3 a 63.8 b 

Llquagel 10.0 • 66.3 b 

Water-Lock BI00 10.0 a 70.0 b 

Water-Lock B200 9.5 a 75.0 ab 

Water-Lock J550 10.0 a 78.8 ab 
> • 

.,b Within colullns, lIeans followed by the iame letter 
are not 81gnlf1cantly ~1fferent at the 5% level, us1nq 
Duncan's Multiple Range test • 

~ 
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plant stand 
, 

.0. signitieant ditferenee vas observed ln plant stand after 

.aergence (Table 25). By harvest, plant atand· vas cona1CSerably 

deerea •• d in ail gel treataents coap.red to th.t reached atter 

eaergence. The los. of plan~ vaa greatest for Lapon1te 508 and 445 
\ 

vith a decrea.e of 78.8 and 79.3', respectively. 

Plant stand vas slgn1flcantly ~lfferent among gel type. at 

hlrveat (Table 25). In plot. 80wn vith A9rlgel, ~1qu~gel and WL-J550 

the number of bulbs harvested per aeter of rov vere respectlvely, 
• 

52.9, 19.1 and 19.1\ hlgher than that reaehed v1th Laponite 508 gel • 
. 

A algnlficant neqatlve correlat1on (PSO.001; r--O.64) ex1sted betveen 

the time to emergence and the final plant stand. 

Hean bulb ve1qht 

Signif1cantly lover mean bulb veights vere reeorded for the 

Laponite gels. AlI other treatmeata vere atatiattcally equ1valent 

(Table 261. 

-Fresh yield 

Plots aovo v1th Agr1gel has signifieantly higher yi.lds than that 

of the other gels except WL-J550, and double that of Laponlte 508 

(Table 26). 

Pre.h yleld vas slgnlfieantly correlated vlth the rec1procal of 

tlme va eaergence (PSO.OOOl; r a -O.70I, and the stage of ~atur1ty 

re.ched (PSO.OOOl; ra+O.68). Thi5 ahowed that treatments eaerglng and 

maturing the fastest produced the higheat yields. In addition, a high 

positive correlatlon betveen bulb nu.ber at harvest and fr.sh yield 

(~SO.OOOl; r a +O.911 indicated that a high yield va. highly dependent 

on a large number of bulb •• 

» c 1U 
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TABLE 2.5. EUeet of gel type on ~1ant .~.nd reached 
alter •• ergence (3 w.eka) and. at harve,t of flu1d 
dr11led on1on ev. southport Wh1te GlObe ln 1983. 

Gel type • Plant •• tand Plant .tand 
at e .. rgence at harv •• t 
(planta 11- 1 ) ( bulbs Il"1) 

Aqr1qel 27.9 • 10.t • 

LaponHe U5 31 •• a 6.5 b 

Laponite 508 32..0 a 6.8 b 

Liquaqel 

( Water-Lock BI00 

Water-Lock B200 

31.3 .. 8.1 ab 

2t.0 a 6.1 b 

31.0 • 6.6 b 

Water-Lock J550 31.3 a 8.1 ab 

a,b Wlthln coluana l •• an. fol1oved by the .am. letter 
are not 11qn1f1cantly dlffer.nt at the 5\ level, ualn; 
Duncan'. Multiple Range teat. 

\ 
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TuLk 26. EU.et of g81 t1l* on •• an bulb Ve1ght and­
total fr.ah y1.1d of f1uld drl1led onlon cv.southport 
Whlte Globe ln 1983. 

Gel type M.an bulb wlght Total fr.ah y181d 
(g bulb- l ) (t ha- l ) 

Aqr19.1 (v1terral 110.0 a 2.5.2 a 

Laponlte u5 85.6 b 12.4 b 

lApon 1 te 508 86.4 b 13.3 b 

Llquagel 93.8 ab 17.0 b 

Water-Lock BI00 106.4 a 14.5 b 

Water-LOc:k a200 109.1 a 16.2 b 

Water-LOc:k J550 108.1 a 19.6 ab 

.,b Wlthln colulln., lIeanl folloved by the .... 1.tter are • 
not 819n1f1cantly 41fferent at the 5\ level, ullnq 
Duncan'. Mult1ple Ran~e t •• t. 

l 
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3.5.2 •• Dl.eu"lon 

Under field condition., gel co.poaition va. 
/ 

found 

12. 

to 

11gnifieantly affect growth and yield re.pon." of flu1d drilled 

onlon •• " Darby (1980) reported .imilar ~onclu.ion. aftér te.ting a 

range of crops v1th 6 dilferent gel type •. 

Agr1gel sovn plants had the fa~e.t emergence and maturlty, as 

vell a. the hlghe.t .tand, bulb velght and tresh yleld. The 

advantages of Agrlqel may be partly explalned by the presence ot 10' 

available potasslum ln the gel structure. This could have been 

relpona1ble for an illproved early grovth vhlch 1n turn at tected the 

yield by help1ng to avoid early dl.eale problem, (but, 
\ 

dup1ng oft) 

and prolonglng the grovlng season. ~ 

Laponite gel& gave th\. pooreat ellergence and grovth relponl,' of 

all the gel. (Table. 24, 25 ,26). Alt~ugh exhibiting higher plant 
• , 

relpon.es, Llquagel vas not slgn1fieantly better than" Lapanit ••. 

Sll1ilar find1ngl have been reported by Orzolek C1982b) who attr1buted 

hll re.ult. to the tact that the 2 ge1l d1d not d1th.e through the 

loil and maintained a firm g.latinous structure which lIay have lillited 

.eedling emergence and grovth. Pill and watt. (1983) allo reported 

that Laponite gel. had a tendency to dehydrate, while Chevr1er and 

stewart (1985) found the same probleM v1th a ,od1ulI alginate gel. The 

high pH (8-9) of Laponite gel. may have affected leed11n~9rovth, 

lince the optimal pH range requ1red by the onion for 1t. dev.lopaent 

vaa from 5.5 to 6.5 (Brevlter 1977). Such a hlqh pH could theretore 

be expected to have an adverse eftect on aIl pregerll1nated .eed •• ovn, 

havever, th11 vas not the cale al .eed11n9' emerged trom aIl 

treatmentl (Table 25). The natural d1fference. 1n grovth rate. of 
! 

individual .eedl lIay ~ave cau.ed a large proportionlof .eed. to be 

o 
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DOre .en.ttive to high pH, vhich vould elpl.in the love.t emergence 

and the gr •• te.t decre •• e in plant .tand betveen e.ergenee and 

hlrve.t (Table 25) for the Lapon!te gel.. Although not .ign\ficantly 

different fram L.ponite 508, L.ponite 445 con,iatently di.pl.yed lover 
J 1 

•• ergence and grovth charaeteri,tic,. It va. likaly the higher pH of 

the Laponite 445 \ that cau.ed re,po;re. to differ between the tvo 

•• gne,iul! .ilieate gela. Moreover, the~h)gher eoncelltr.Uon of 
-----/ 

L.ponite 445 required to for. a gel (Table 23) may h.ve ~au.ed thi. 

gel to harden more ea.l1y than Laponite 508 under stresa c~ndltion •• 

Three other gel., Agrigel, Liquagel and Water-Lock B100 vere reported 

to be le •• alka11ne than Laponite (Ninero; per.onal COMmunie.tion) and 

thu. if pH vere a problell, they vould hav. a le •• detri.ental efreet 

on .eedllng development. 

Although Southport White GlObe cultivar viabllty va. 81\ in 1983 

(T.ble 5), f~eld e.ergenee va. betveen 53 and 71\ Of the lnitlal 

.eeding rate (45 .eed. 11- 1 ), aepending on the gel type. In addltlon to 

a differenttal Le.pon.e to gel type, lt va. llkely that the 

temperature vhleh varied be~veen 1 and SoC durinq the 3 day. cold 

.torag. va. too hi9h to prevent radlele elongation (Brocklehur.t!1 

!l. 1980) Wurr, Darby and pellav., 1981). Ae .ueh, .o.t radlel •• vere 

2-5 mil long prlor to cold .torage and they vere longer than the 

recoea.nded length &t .OViP9 (Flnch-Savage and COx 1983), thu • .or. 

r 'Ubl,ct to br.akage dur1nq handlin9, .nd to cold lnlury (Steck.l and 
// 

Gray 1980 l Irv1n and Pr1ee 1983). Wurr Il al.(1981) .ugge.ted that if 

dr111ing had to be delayed, the preqen1nated ••.• d. .hould be .tored 

.t about OoC ln order to .ini.lce both radlela elong&tlon and the 

.pre.d of .eed11ng a.ergenc.. The cold and vet condition. at .ovlng 

vere ptobably re.pon.ibleDfor th. hlgh occurrence of 

~ob.erved dur!ng plant e.tab11.~nt in al1 plot •• Thi. 

.~ut .ymptOil' 
,~ 1 

di ..... v •• 
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DO.t llkely an 1.portant cau.e for the con.lderable decr.a.e ln plant 

atand throughout ~e •••• on for .11 tre.t.ent •• 

Of the thue .tarch graft copolyaet gela twater-LOek .erle.), 

3550 .howed' con.l.tent .dvanta~. ov.r 1100 and 1200 vhleh ~.re ln 

turn not .1gnlfleantly dlffer.nt from one another (Tablel 24, 25' 

26). Th. 3 w.ter-LOck gel. h.d a ,1.1l.r for.ul.t~on but the 

dlffer.nt partlele lize of th. gels ••••• d to .fr.et th.lr perforaance 

vhen. uaed a. fluld earrl~r.. 'Iwo gell (WL-II00 and WL-1200) gav • 

• 11ghtly but not .1gnlflcantly b,iter r •• ult. than Laponlt. 508. Thl, 

agr.ed vlth the flndlngs of Ghate and Phatak (1983) vho reported no 

.1gnlfleant dlfter.nee ln e.erg,nee percentage of pepper. vhen lovn 

vlth L.ponlte 508 and w.ter-LOek 1100. 

Taklng aIl grovth re.ponse. lnto con.ider.tlon, the gel. eould be 

dlvlded lnto 3 .aln group. depending on the effeet. on onlon (cv. 

Southport Whlte Globe) e.ergenee .nd grovth; 

Agrlgel and Water-Loek J-550 perfor.ed be.t, Water-Loek B100 .nd B200 

and Liquagel r.nked nert, vith Laponlte 508 .nd 445 being the lea.t 

pro.lsing under the environmental and experi •• ntal condition. 

encounter.d ln this trlal. Whl1. mOlt gel, possessed the e •• entlal 

charaet.rlaties ot an acceptable gel carrier as liated by Darby 

(1980), Iynthetlc clay. (Laponlte) an~ water-Loek B200 requlred a high 

shear force and speei~ed equip.ent to be mlred vith vater, vhleh 

va. not deslrab1e. In order to .elect the .oat .uitable gel, several 

crlteria .u.t be uaed. Plant re'pon.e to the gel. h •• been di.eu.led 

prevloully. An equally 1.portant a.peet to eon.lder va. gel prle •• On 

•• traight klloqram basl., the twO ma.t expen.lve gela vere Llquagel 

and Agrlgel, and the tvo cheape.t vere the Laponlt ••• rle. (Table 27). 

Hovever, lt v •• 1.port.nt to t.k. lnto account the vl.cosity 

propartie. ot gel povder .inee thi. determ1ned rate. requlred to for. 

" 
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a ,.1' (Tabl. 23). COn.equ.ntly, on an h.ctare bail', th. lIO.t 

•• pen.1v. ;.1 va. Laponlt. ..~, tollov.d by Agrlq.l, wh.rea. 

Vater-Leck J~~O va. at lea.t 50% eheaper than ail the other g.l •. av.r 
1 

all, Vater-teck J550 va. th. g.l vlth the gr.ate.t cocm.rclal promlt. 

of aIl thoa. t.tt.d ln thl. trlal. 

TAI~27. prie •• or dlU.r.nt';.l type. ln 1983 
.... -

Gel tYR! Prle. kg- 1 (a) 1 

Agr 1.ge 1 (Vlt.rra) 13.09 1 

.." 
87.00 

L_panite us ' 7.30 97.00 

-~--tJapon1 t. 508 6.60 65.00 

L1quag.l 14.00 75.00 

Vat.r-Lock 1100 7.9. 64.00 

Vat.r-LOck 1200 7.9. 64.00 

Vat.r-Lock J550 8.95 30.00 

1. tliur •• eompil.d rra. r •• pectlv. campani •• ' (Tabl. 
23) 1983 prle. li.t •• 
J. The prle •• per h.ctar. are ba •• d on a g.l 
.Itru.lon rat. of 30 ml m-1rov and on adju.t.d 9.1 
cone.ntration. u.ed ln thl. trlal, ln t.rm. of 9 1- 1 

(Tabl. 23), 

q -
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•• 5.1 pr.11mln.ry field t51al 19'& 

" •• ~.1.1 IntrOduet~n 

Growth .nd yle1d of onionl have been proeot.d by th. application 

of 9rovth Itimulant, or proteetant. to the .ee4, (Heydeeker and 

Coolb1ar 1977, Khan, l.n.en, Leve .nd Roe 1979; Iroek1ehur.t and 

Dler.an 1983 a'b\, root. (Entvi.tle and Muna,ingh, 1980, utkede and 

RÀhe 1982, Ojala, Janlll, Menql and JOhn,on 1983) or roliage (Lipe 

1975, .rlv.ter 1977). 

aovever, rev ret.rence, vere tound to e.i.t on the u •• ot Q.1 

additive. vith (luid drilMed onion •• White rot of onion. ha. been 

controll.d by addlng Iprodlon. runglcid. to th. gel carrier (Entvistle 

and Muna.1ngh. 1981). F1neh-savage and Cox (1983) reported lncr ••••• 

ln •• edl1n9 dry vei9ht vhen a mixture ot a~onlu~ pho.phate and 

pota •• ium phosphate va. addea to the g.l. The .uthor. attrlbut.d 
c 

th •• e advantage. to th. cIo •• contact betveen the additivi .nd the 

••• a in th, rluld dr1lled .y.tem. Con.,quently, a prell~1nary t •• t 

va. undertaken ln 1982, to det.rmine the errect of a ranqe or 9,1 

additive. on grovth and aevelopment of the vhlte onion crop. 

t.5.1.2 N.t,rial. and •• th04' 

.. 
Onlon .eed. cv. Southport White Globe ver. pregermln.te4 a. 

d •• cribld ln .ection 3.1,1. The four ~11 additlve. and their rate. or 

.pplication are Il.tea ln Table 28. Th", tr,4tment. vere co.parld to 

a plain gll control. Laponite ~08 gel ~-1) va. the .tandard 911 

• 
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ba.e for all treat .. nt. C.ect10n 3.1.2). Pro-Gro fungicide v ••• dded 

to the ge1 povcSer prior to a1X1,n9 vith vater vhena. the .eaveed and 

fert111zer 11qu1d add1t1ve. vere d1 •• 01ved 1n the vater flr.t, to 

.n.ure a un1fora dl.tr1butlon 1n the gel. 

The rat. of 'ro-Gro va. calculat.d.o a. to be equlval.nt to th. 

r.coaaend.a doa. for ••• d du.t1n9 (25 9 kg- 1 dry •• ed.; Cr' te ancS 

Tart1er 1973). Th. 11quld •• av •• d extract aa vell a. th. fertl11zer 

v.r. ua.d at O.2~ tl ••• th.lr recoa..nd.d rat. (Table 2B), follov1ng 

the .ugg.atlon that che.lcal. couleS be _dded ln •• aller quantltle • 
.. 

than r.qulred by conv.ntlonal .etho4. vh.n placed clole to the ••• da 

ln the g.l and Itl11 be .ff.ctlve ln laprovlng grovth (Ohep Gruny 

1981) • L •• k root .ater~al contalnln9 endomycorrh1za v.. fln.ly 

chopped b.fore be1n9 alx.d vith the g.l to .naure •• x1mum contact v1th 

th. ger.lnateeS .eed.. A dry .eeded control va, allo .mployed. The 

dry aeed'. vere dUlted v1th 'ro-Gro, a .tandard procecSure ln .uck .OUI 

eCrit. and Tart1.r 1973). 

Dry and pr.g,rmlnat.d ••• d. v.re.ovo accord1ng to procedure. 

out11ned 1n .ectlon 3.1,3. Land 

" have been deacr1'bed 1n .. cUon 

pr.~arat10n and •• naq,a.nt .ethOd. 

3.1.4. Tl •• to ••• rqenc., t1.e to , 

matuclty, plant .tand 3 veek. after .ovlng and at harve.t, •• an bulb 

v.1ght, fr •• h yl.1d ~ry y1eld .nd bulb dry .atter vere mea.ured. The 

•••• ur ••• nt prOc.dure. are detal1ed 1n .ect10n 3.1.5. 
l' 

'th. tr.at •• ntl (4 ge'1 addit1v .. , 1 g.l control and 1 dry ••• d 
--""" 

.# control) 
~ 

f 
vere rep11cat.d t tl ••• and d11tr1buted 1 n a r andOllll zed 

ooeplet. black de.19n. An'analy.1. of varlance va. perfor •• d on aIl 

the ,.at."det.11. of vhich are pr •• ented ,1n Tabl. A.IO. Data' of 

var1.bl •• for vhich no treat.ent effect va. found are pre •• nted on 
~ 

Table 29, vhil. aIl other data are pr •• ented on F1gur. 16 ~ 17. Nean. 
" 

'v.re coepared by a Duncan'. Multlple Range t •• t. 

• - -
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TAlLE 28. we1 additive. u.ed in the 1982 fleld trial. 

Produet 

'rO-Gro Iylte.le runqleide 1 

Llquld .ea"eed a 

'eter'. rertl11zer' 

CoIIpot'1 Uon 

30\ Carbathl1n 
50\ Thiru 

0.005\ kin.Un 
n ~aO 
2\ orqanie matter 

5' • 
11' P20. 
l6' 1t 20 
micronutrlent. 

Gl<*lu, eplgey. 

Rate ln the gel 

48 pp. : 0.16 9 1- 1 

80 pp. 1 

0.1 ppn 
75 Ppm 1 7.5 ml 1- 1 

150 PpIII 

10 PpIII 1 

l~ Ppm 0.2 9 1- 1 

5% PPIII 

grovn on Fra.lnu. .p. 
eultured on leek roots 

Source 1 1. unlroyal ohemieal, Elmira, Ontario. 
/ 2. Eaton Yal1.y, Savyervlll., Ouebee • 

• W.Il. Grace, Alax, Ontarlo. 
Aqrlculture Canada, St-Jean-s6r-Riehe~leu, Ouebec • 

• 

.. 
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4.5.1.3 ReluIt. 

Tille te ellergence 

Gel additive. decrea.ed the tille to eller;ence by 0.3 to 2.5 daya 

when cOilpared ter the gel control. However, eller;ence vaa 

.ign1ficantly earller only in the case of the fertilizer treatment 

(Figure 16a). Seed11ng_ fro~ the dry seeded control emerqed 

.lgnif1cantly later than all other treat~ents. 

Tille to matur1ty 

Planta treated with gel additives tended to mature pr10r to the 

control gel1' Maturity yas hutened by 0.3 to 2.3 daya .... ith the 

addition of mycorrhlza and rert111zer, respectively (Table 29l. 

However, thoa. difterences vere not statistieally.ignifieant. Dry 

.eeded plot. took 0.7 days longer to mature tha" the fluid drilled 

CORtrol. A h1ghly 8ignifieant correlation (P~O.OOOl) .... a. found 

betveen t1me to e.ergenee and tille to lIaturity (r •• O.71). 

Mean bulb .... eight 

Gel additive. decreased mean bulb veight by 1.2 to 12.8 9 

compared to the gel control, but th1. d.crea •• wa. signifieant only 

tor the aeaw.ed add1t1ve (Figure 16b). 

Dry .e.d1ng produc.d . the love.t Il.an bulb veight for Any of the 

tr.atment. but thi ....... 81gnitiean~only in the case of the gel 
/ 

control .... hich produced bulb. 26." heav1er than 1ts dry a.ed 

counterpart. (Flgure 16b). A atrong negat1ve correlation (PSO.OOOli 

r.~O.71) va. round bet .... een bulb ve1ght and bulb nu.ber. 

Plant ItUld 

The number of .merg.d ••• dI1ng. in the rluid drll1.d plot., 3 

v.eka after aowln9, v •• lncr •••• d by .11 addltlv ••. The 1ncr.a •• 1 

ran9.d tram 10.7 to 33.5\ (3.4 to 10.7 bulb. m"l) but v.re ai9nl!lcant 

• qo -
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\ only for the aeaveed ahd PrO-Gro addltlons (~i9ure 17a). The number of 

ae.dlln9& vas hlqher from the dry seeds than Any of the fluld drll1 

treatm.nts, .lthouqh not slqnlfleantly as compared to gel aeeding wlth 

pro-Gro or se.weed additions. 

Dry seedlng siqnlfic.n~ly increa.ed plant atand at harveat over 

aIl other treatments, reaultlng in 30\ more plants at harvest than the 

gel control (Figure 17b). The number of bulbs at harvest vas also 

significantly increased vith the addition of growth promoters and 

prot.ctants in the gel. Increases ranged tram 6.7\ (1.8 bulbs m- 1 ) 

for the mycorhyizal addition, ta 17.4\ (8 bulbs m- 1 ) for the addition 

of Pro-Gro, over the fluid dri1led control. 

In general, treatments having a high plant atand after 3 weeks 

had a high plant atand at harvest aa vell (Figure 17a'bl. This vas 

confirmed by the highly signifieant correlation found between plant 

stand .t 3 weeks and at harveat (P~O.OOOl; r-+O.71). Hovever, 

• 

individual v.riations vere obaerved as the loaa in plant. stand vaa , , 
proportionally greater for the seaveed gel .dditive (27.6\) and lover 

for the ferU Hzer addi t1 ve (015\) than for .11 other tnatmenta. 

Freah yield 

Fresh yleld of tluld drilled plots vaa lnere •• ed bf 0.2 ta 5.5\ 

(0.1 to 2.7 t ha- 1 ) by t~ •• ddition of Pro-Gro .nd myeorrhlza, 
r 

r.sPectively, over the gel control. Other gel additives tended ta 

slightly d.cr •••• the fresh yi.ld (T.ble 29). Dry seeding yielded 3\ 

C1.5 t ha-Il DOre than th. gel control. Revertheless, the ditterene. 

ln yi.ld vas not a1gn1f(icant .. ono the treatlIIenta (Table A.IO). 

Dry matter yteld 

Although there vas no si9nlflcant ditterences in dry yield 

betv.~ the treataent& (Table A.IO), the addition ot mycorrhlza to th. 

gel r •• ultea ln a 3\ (0.3 t ha- 1 ) 1nerea.e in dry yield coepar.d ta 

-, 
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the control gel, whereas the other additives gave lover yields (Table 

'. 29). Dry seed1ng 1ncreased the y1eld by 2% (0.2 t ha-l) over fluid 

-- .. -

• 

drilled control. 

Bulb dry Ilatter 

Only a.all differencea in bulb d~ Ilatter percent vere ~oted 

aMOng treatments and vere not stat1st1eally signifieant (Table 29). 

/ 

TABLE 29. Erfect of varioua gel additives on the lIaturity and the 
yield of fluid drilled onion cv. Southport White Globe in a 1982 
field trial. 

,,1; 

Treatllent Tille to Ilaturity Freah yield 
~ da:ts troll sow1ng} l t ha-') 

DSI-controi 114.5 a 51.0 a 

FOI-Control 113.8 il 49.5 a 

FO-Pertllizer 11175 a 48.3 a 

FD-Nycorrhiza 113.S a 52.2 a 

FD-Pro-GrO 113.0 a 49.6 a 

FD-Seaveed 112.5 a 48.6 il 

• 
a Within coluan., m •• ns followed by the 
.1gnif1cantly difterent at tAe 5\ level 
Multiple Range te.t. 
, DSz Dry Se.ding, FO: Pluid Dr11ling 

J 

, 

Dry yield Dry matter 
! t ha -l} (% bulb-Il 

10.0 a 19.7 a 

9.8 a 19.8 il 

9.6 il 20.1 il 

10.1 a 19.9 a 

9.4 a 19.5 a 

9.7 a 18.8 a 

sue let ter 
accord1ng to 

are not 
Duncan's 

. ........ 

/ 
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a-c FOr each varlable, coluan. headed by th..... let ter are not 
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4. ~ .1 •• DlIcu •• lon 

The uaultl trOll thia trial SU99ut that th. lncorporaUon of 

che.tcall in the gel of tluid drilled onion. can reluIt ln verloui 

ben.titl ov.r plaln g.l. 

Earlier emer9.nc. and .aturl ty than the control val oblerv.d frOID 

aIl tr.atllent'I ltt. belt advantag. val obtained by addlng ferUl1zer 

to th. gel (Fi9ur. 16a 6i Tabl. 29). Thil vaa ln agr.ellent vi th 

Finch-sava9. and Cox (1983) vho r.ported th.t nutrl.nt addition to the 

gel prOIIOted early ae.dUng grovth in onion and l.ttuce, .ven ",h.n the 

reCOllla.nded levell of broadca.t tertil1,;.r va. appl1ed. The ha.tened 

tllergence and lIIaturi ty obtained ",a. probably due to the accurate 

plac'lIIent of the nutrient. vithin the 11111ited area perlleated by the 

•• edllnq roota (Coati9nan and Loca.io 1982; Finch-Savage and Cox 

1982). On10na exploi t a v.ry 1 •• 11 1011 arta du. pr111arlly to the 

111l1tet[ root denl1tYJ ~artlcularly tbat arl11n9 trOll the ba.al plate 

at bulbinQ. Thil coupled vith the 11l1\0bll. nature of phoaphoru. ltaelf 

uy .xplain vhy l.a11 quanti tie. of phoiphorui placed c IOle to the 

I .. d. can be partlcularly eU.ctive ln 11lprovinç .arly grovth 

(Br.vster 1977). The po.ltive correlation ex11ting betv •• n 'Il.rgenc. 

ti.e .nd tille to •• turlty indicated that tr.atllenta leadlng to earUer 

'lIIergence, lIatured .arl1er a. weIl. However, th. advantag. in tille to 

ellerg.nce obtained trOll ~h. UI' of g.l add1tiv •• becue IlIall.r ,and 
il 

non slgnific.nt by lIIaturity. Thla lOI., in tllerg.nct Il.ant that the 

9rovlng perlod bet",.en ellerg.nce and Ilaturi ty wa. very I1I11Uar for all 

treatlIIentl (F1gure 16. , Table 291, and conaequently, th. accullul.tion 

of dry lIatter dld not .19nif1cantly d1U.r. 

Th. addltions of ••• v •• d extract and Pro-Gro fung{cld. vere 

parUcularly ben.ticl.l for ll1provlng plant stand atter ell.rgenc • 

• 
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(Pi9ur. 171). Nycorrhlz1 and fertiliser additive. al,o 1.proved early 

plant .tand av.r th. 9.1 control, but to a .oeevhlt l •••• r e.tent. 

Thia va. ln aque •• nt vith Flnch-Sava9' and COx (1983\ vho round no 

re4uct 10n ln the nu.ber of onion •• e4l1nq. vh.n up to 30 q 1- l of 

nutrl.nt. vere add.d to the gel. The v.11 e.tabll,hed plant .tand 

obtaln.4 by the ,.av"d addltlv •• ay be du. to the coablnation of the 

.tl.ulatinq eff.ct. ot kinet1n on root dev.lopment (khan 1977) .nd of , 
pota •• lu. on early ;rovth rat •• (Burn. and Hut.by 1983). Th •• ftect Of 

Pro-Gro ••••• d more la.t1nq a. the 101. of ••• 411nq. betve.n 3 v •• k, 

and harv •• t VI. 1 ••• thln th. ..Iv •• d tr.at •• nt and the flnal plant 

.tand va. the high •• t of aIl th. tr.ata.nt •• 
~ 

Th. hlqh pllnt .tand obtaln.d at hlrvllt by th. ua. of gel 

additlv •• va. gen.rally a •• oclat.cS vlth a lev bulb vtlqht (F19ur. 16b 

, 17b). Bulb ve1qht VII partlcularly lev for th ... aveed and the 

t.rti1izer treat •• nt •. COmpetitlon b.tv •• n th. plant, .ay.hav. Il.1ted 

th. .1z. of the bulb.. Although a aupple.ent ln nutrlenta ln th • 

•• av •• d and f.rtl11zer tr.at •• nta .ay have had. beneflel.1 .ffect on 

th •• arly qrovth ot the onlon., It dld not •••• to De ad.quat. to 

overcOIIIe th. eU.ct c>f coapetHlon betv.en the planta at later .ta911 

ot grovth. tink (1966\ tound th~t durli9 the ear-Iy 9rovth, th. rat. of 

nutri.nt re.oY.1 va. r.l.tively alov but the perlod tree early bulbin9 

unti1 top. atart to dry corre.ponded to the .o.t rapld qrovth .nd the 

pl.nta th.n rellOvecS 68% ot thelr total., n\ ot th. P and ." ot the 

• -1( u •• d during th •• ntire •••• on. Ù th.cefou ••••• d Uk.ly that ln 

plot. vith a 1'1191'1 plint d.n.Hy, an ad.quat. aupply ot nutrlenta vaa 

not pre •• nt in the root zone vhen th. de •• nd va. 9reate.t for 'bulb 

foraat ion. 

Con.id.rinq that the fre.h y1eld va. lev •• t for th. f,rUl1l1r 

\and •• av .. 4 tre.ta.nta (Tablt '2.9), H couleS allo bt .u99 .. t.«5 that 

• q -
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nutrl.nt. and growth re9ulator. v.r. not avallable to th. plant. d~e 
, 

to a chanve in .tructur. ot taponite 508 ge1 vith time, de.pite the 

r.latlvely lov concentratlon of nutrient. and kin.tln in the gel 

CTabl. 2B}. Indeed, 10 •• of .tructure or Laponlte 508 Vel ha. been 

rtported only when .ar. than 10 q l- l IFlnch~Savav. and COI 1983) or 

900 ppm IGhate 1982) nutrlent. were added. .everth.le •• , there were 

•• v.ral explanat10na baaed on qel/nutr1ent interaction. whleh eould 

account tor llmited bulb qrowth. It wa. po •• lble that an interaction 

betv •• n th. Iynthetie clay atructure or the gel and the nutrlent 

additlve produced a level of available 10n. tOlic to the qerminating 

.e.dl1nq. (Ohep Gruny 19811. Another po •• ibil1ty va. that the nutrlent 

10n. ver. inactlvated for a perlod of time by beinq bOund by the gel 

.tructur.. Indeed, Ghate (1982) reported a problem ot gel .tructure 

when nutrienta or herbicide. vere _dded to Lapon1t. 508. A 10 •• of 

vi.Co.ity val allo noted by Finch-Savaqe and CO. (1983) and Pill and 
• 

watt. (1983) when nutr1entl vere added to Laponlte 508 and "5. A 

.imilar ract10n could have occurred batveen the gel and the 

r.rtlli~er., in.eetlcid •• , herbicide. and fungiclde. applied to th. 

1011 prlor to loving (Table tl vhiCh could have cau.ed a change in ~.l 
l' 

.tructure capable ot 11mitlng plant grovth. , 

The .ycorrhlza treated plot. produeed a relatlv.ly hiqh plant 

Itand and bulb v.ight. Although no diltlnet .tudie. w!re .ade in th1. 

trlal to d.teralne vhether the endomycorrhlz1 va. err.ctlvely actlng 

ln 'V-b10.1. vith the on10n plantl, it va. llk.ly ba •• d on 1ncr ••••• 

ln bulb weiqht ,nd rre.h yield ov.$ the c~ntrol that th. plant. v.r. 

Ible to ab.orb DOre nutrient. due to an elten.lon of th. root. by th. 

funqu. hyphae CBrev.ter 1977 , Brochu 19831. Mor.over, aycorrhlzed 

plant. have teen ahovn to have bttter vlt.r r.lationl than non 

aycorrh1zed planta CO,&1.!1 !l.19a3) 1 and thll could be of pci •• 

• 
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laportance for the onion vhich n •• d.d a r'9ular .upply of vatlr to 

.n.ur •• t.ady grovth, h19h.r yi. Id. and bltt.r qualtty »u1b. (Tt •••• n 

Il !!. 1'70, NAPAQ 1'82). 

"n.fit. fre. pr.9.r.ination vere .een vhen con.id.rin9 th • 

• ffect. on e.ergenee, .aturity and .ean bulb v.lqht (Table 29 ~ F19ur. 

16~b). However, plant .tand va. hi9h.r fra. dry , •• d1n9. Proble •• 

vith Laponlt. 9.1. have be.n dl.cu ••• d prevlou.ly. 

P1Ùid drilled oniOn •• ovn vlth Laponit. 508 r.acted better to 

.nviron •• ntal ,tr... vith the addition of grovth promot.r, or 

prot.ctant. ln the g.l. Th. addition o~ endoeycorrhlza or Pro-Gro 

appeared lIO.t prom1ain9. ttovev.r 1 th. .ddition of •• aw.ed and 

f.rtiliz.r u.ed ln thl. experl.ent tend.d to d.cr.... yl.ld. 

Th.refor., evaluatlon. of the u •• of dlfferent rat.. of th. product. 

and other .ource. of grovth r'9ulator. and nutrl.nt. vould haye to be 

con.ider.d ln futur. lnv •• tigation •• 
\ 
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1.5.1 rle1,4 tr1ale 1"3 - Cytoklntn. and Jungle1" •• 

'.5.1.1 Introdyction 

Th. prel1alnary trlal of 1'82 (.eeUon'. 5.1) lncUcat.d that the 

u.e of gel ~dlt1ve •• hoved bette, re.ul ta than tb. plaln qe1 ln t.r •• 

of ."t9.ne., plant .tand and th. to .atur1 ty. Th.r'lor. ln 1983 , 

furtb.r t •• t. v.rt und.ttalt.n to inv.IUgat. th. .rr.et ot tvo 

apeelUc type. of additiv •• on th. grovth and yi.ld of Southport White 

cytoUnln eontainlng lIat.rial le r.glat.r.d tor u •• a. foHar .pray. 1 n 

thla trial , th. prOduct 'la. u •• d ln th. g.l to illprov. rooting and 

con .. qu.nt ly ••• d11n; \ .ltabl1.bII.nt and yltld. In the •• cond 

•• perill.nt tvo funglcid •• , ' Pro-Gro and Rovral, v.re te.ted a. gel 

acSd1Uv.a, for thelr .Uiei.ney to prote et the onlon Il •• dl1ng. froll 

1011born. organi.lI. luch a.llilut (Uroçyltl1 lIagica) vhieh causeeh.avy 

10 •••• ln organie .011. (Crite and TarU.r 1913 1 Tart1er, Crêt. and 

lI09u. 1976) " and aub .. qu.ntly to illproy. yl.ld. and "qual1ty of th. 

prOduct. 

4.5.2.2 Nat.riala and lIetbodl 

cytoUnln ttlt - Th. .x~rillent t.at.d a rang. of conc.ntrationl of 

cyt •• (Table 30) lncOrporat.d lnto th. g'l, .COIIpared to thl plain ;.1. 

Th. ba.i.c rat. cho •• n (1\) have .hovn POllt1v. Itt.ct. on ell.rg.nee 

and grovth of variou. apeeiea vh.n u.ed a. follar .pray (Burri. and 

RObbin. 1980), a •• d .oak (But ton and .oy.a 1959; Wlleuk and J-9 

1'82) and g.laddlt1v. (Gray and Bryan 1978 1 Oh.pGruny 1981). A. nO 

luch •• perlllint. hav. bI.n report.d on onlon., 5 rattl v.r. 

• - -
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• lnv •• Uqated to deter.ln. the IIOIt et flel.nt tor ttl11 crop. Th. 

hlqhe.t rate coo..n va. 5' v/va. conc.ntration. abov. thil w.re 

r.port.&! to retard qrovth (Iut ton and loy •• 1959). 

cyt •• , an aqueau ••• tract trOln LHinariac.a. and Pu c.e ••• I •• w •• d 

lpecl •• , va. r.ql.t.red for u.. in lncr.al1nq c.ll dlvll1on, root 

• lnitlation, and tor d.laylnCjl I.n'Ie.nc •. In th1.a trlal, Cytex r.plac.d 

th. ~ Llql.!ld ... w •• d ulfd ln 1982. Both th. cytex and th. I.aw •• d 

,01fPlon contaln.d cytoklnln.. cytex va. d1l~Olv.d ln tap vat.r (pH 

6.5) at th. requir.d cone.ntratlonl, prior to th. addition of 9tl 

povd.r. Th11 proc.dur. wal don. to .nlur. uni fora diltrlbut10n of th. 

product. Laponlt. 445 9.1, d .. lqn.d to tol.rat. additlv •• , w .. u .. d at 

20 9 1- 1 • S •• d lIat.rlal preparat 10n ha. b •• n d •• crlbed ln I.ction 

3.1.1. 

vat.r for 2 lIlore dayl to slow down radlcle 'lIl.rq.nc.. Standard fluld 

lov1nq techniqU'1 v.re 'lIploy.d (I.ction 3.1.3). I.and preparation was 

aceordln9 to proc.durel d.serib.d ln l'Ct 10n 3.1 .•. 

T111' to tIII.rq.nc., lIIaturlty (perc.nta9' n,ck tall), plant Itand 

aft.r 'lIl.rg.nc. (18 days) and at harv.st, Il.an bulb v.i9ht and total 

rr •• h yl.ld w.r. lII.alur.d. Ottalh of th. lII.a.urln9 proe.dur .. are 

pr.l.nt.d ln .. ction 3.1.5. The.iI tr.atll.ntl v.re randOl\iz.d on 24 

plotl ln a eOlllpl.te bloek d •• 19n. An analyl1l of varianc. va. 

perforud on th. data, d.taU. are pr .. ented ln Tabl. A.ll. 

• 

» - -
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"rULI 30. "rnat .. nt. \Jae4 ln the- 1983 ge1 a4cUtlv. tleld trlale 

Pr04uet 

Cyt •• ' 

COIlpc?! 1 t lon 

Nl •• d cytoklnln. 
(20-30 ppel 
aoatly ,.at1n-l1k • 

• ro-Gro ayete.le fun9lc14. J 30' Carbathl1n 
50' Thlru 

.oyra1 fun91cld.' 
(vettable povaer) 

50' 1 procUon. 

.at •• uat4 

ln 9.11 0.25,0.5 1 1 .0, 
2.5 " 5' v/v 

dry a •• dl 25 9 kcr' 
ln ge1l 0.1691- 1 

dry a.edl 250 
ln gell 1. 5 

Sourc.1 '. AtlanUc and 'acUle .e •• areh, Flor1da (U.S.A). 
J. Unlroyal Ch ... le,l, OI\t.arl0 (canada). 
J. May and "br, Ont'.rlo (Canadal. 

runqlc14. U.t, - Thll experillent va. dea19ned to COIIpan .urv1 va! an4 
~ 

y1.ld of planta tnated ",ith 'ro-Gro and Itovral funIjJ1eld... PrO-Gro 

.yat •• ie funQleld. ha. b.en reCit1tter.d for controllln9 onlon ... ut 

cau •• d by Urocyat1' lIagle •. It ha, be.n recolUlend.d over .. any other 

.yat.llie; funQlcld.' for lt. ,uperl0rity ln controlllnljJ the dl ..... ln 

•• ut inte.ted or9anle .01h ln Ouebec (TarUer.!! !l. 1976). Rovral 

",a. lncl Jl:ged ln thll trial becau •• of i t. vide .pectrulII of Act i vi ty a. 

1t acta a9ain.t •• veral lIold. and funQl. Rovral ha. proven 

parUcuIarly eUective ln controll1nljJ onlon vhite rot cau •• d by 

Sel.rotiull ceplvorulfI, "'hen uled a. ,eed dUit 1 .tell-ba.e ,pray or gel· 

a641tlv. CEntvi.t1e and 

t1llO pt'I)(!uet. v.r. u.ed 

Muna,lnljJhe 1980 ~ 1981 J;; In 

both a. , .. d dU.t~d gel 

thll trlal, the 

addl t 1 v.,. Th. 

funljJlcld •• and rat .. u •• d vere lhted in Table JO. P1aln dry and 

plaln ge1 CLaponU. 145, 20 9 1'1) ••• dln9 ver. the tvo control 

• - -
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... d. ver. g.ralnat.d and he14 ln 0014 a.r.t.d vat.r a. eS.lcribeeS 
.r ' 

r 
ln the cyt.x telt. S •• 4ing val 4on. on l.cUon or \ land lnfeat.d vith 

•• ut or9anl •• 1 fra. pr.vlou ••• perl •• ntl (cr't.~ an4 Tartl.r 1973, 

Tuti.r !!.!!. 1976). Th...,.41ng procedurtl rollov.d th. ID.UKK\I 

out 11 n.d ln •• cUon 3. 1.3. 

Treatlll.nt. vere npl1çat.4. tilll" and 41atr1but.d ln a 3 X 2. 
.1 

tactorial .rrang ••• nt vithin a r.n4011z.d COIIlpl.t. block d •• l;n. 

Dur:in9 th ••••• on, data ver. talt.n on th. follovlnq vartabl"1 till. to 

••• rv.nc., percent a;. n.ck r.ll .t 
s 

pulltn~, plant lurvlval throuqhout 

th ••••• on, perc.ntaq ••• ut in th. plot. .t day. 26 and 33, ••• n bulb 

ve1qht, tr •• h and 4ry yl.leS' .nd bulb dry Il.ttu content. oet.l h of 

•••• urinq proc.dur.1 h.v. be.n d •• crlbed ln I.ctlon 3.1.5. An.lYI.1 

ot varianc. v.r. ptrror •• d on th. aboY. vart.bl.1 (Tabl •• A.12 ~ A.13) 

.nd Il.anl v.r. compar.d ulinq th. Duncan'. Hultlpl. Ran;. t'It. Wh.n 

tunqlc14. X .ovin; •• thod int.ractlon occurr'd, or vh.n bath funqlclde 

ancS .ovlnqll.thod .aln .tt.ct. v.re found (Tabl.1 "'.12, A.13l, 1111pl. 

.ft.ct. v.r. ,x&IIin.d ancS al" prel.nt.cS on Figur •• 18 , 19. For data 

vhich .~w.d no lignlfic.nt int.raction or no lignlfic.nt lIaln eff.ctl 

from fun91Cld. tr.atlll.nt and/or lovinq •• thod, th. .aln .ff.ct, v.r • 

conlid.r.cS .nd v.r. pr ••• nt.d ln Tabl. 32. 

• 

.. 
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•• 5.2.3 ••• ulta and dl'cu'llonl Çytoklnln • 

Tl.. to ... ralne. • 
The addltion of cyux 1.n th. g.l dld not .1gn1flcantly aff.ct 

tia. to .e.rg,nc. ~par.d to th. control. Nov.v.r, th. thr •• h1qh •• t 

! 
rat •• produc.d a .11qht d.lay of 0.5 day. in .~.rq.nc. (Tabl. 31). 

~,rc.nta9' .aturlty 

Th.r. vu a .11qht but non .1qnl ficant tr.nd tov.rd a r.duetton 

in perc.ntag. maturity a. the cyt.x conc.ntratlon incr •••• d tro. 0.25 

to 2.5' (Tabl. 31). HOv.ver, th.5' concentraUon l.v.l actually 

r.duè.d n.ck fall perc.ntaQ' r.ach.d at pul11ng. 

Plant .tand 

Plant .tand at lB <\ay. alter _ lowin9 v.. not a1gnif~cantly 

1l1prov.d by cyt •• addltion to th. 9.1 (Tabl. 31). Survlval ranq.d trolll 

(2.2.8 to 31.3 bulb. 11-) ot th. lnitial ... d1ng rat. (.5 

a,.dl 11- 1) tor the control and th. 2.5\ tr.atll.nt, re.pectlvely. 

Durlnq th. tille frOIl •• tabliahll.nt to harv •• t, th.re vas • d.cr •••• ln 

plant .tand (50') tor aIl tr.atll.nta. Thh va. larg.ly.t trlbut.d to 

•• ut and onlon lIag90t .ttack., th. two .oat tr.quent prOblelll' of 

onlonl grOvn on Quebec lIuck .011 •. 

At harv •• t, dlft.r.nç.. 1n plant .tand w.re non slgniflcant 

although al1qhtly 1I0r. nUII.rOua in th. control (12 .• planta 111- 1) 

rathtr than 1n th. treat.d plot. (10.1 to 12..3 plant. 11- 1 \. 

M.an bulb ..,.laht J 
; 

cyt.x addl tion. to th. 9.1 had a noh slgnificant .tf.ct on lIl.an 

bulb v.1ght at harv.st. I.v.rthel ... , bulb \I.ight ranqed froll 83.2 9 

to ·1~5.4 9 for rate. of 0.5\ and 5' cyt.x, r •• pect1v.ly (Table 31). 

• - ç: 
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Total rr,rah yl.14 

Pr •• h yi.ld dld not dUr.r a19nU1c.ntly betve.n th. control and 

any of th. tr.at .. nt •• l •• ponl. to Cyt.x vu var1abl. r th. thr •• 

love.t conc.ntration. d.pr •••• d yl.ld. cOllp&r.d to th. control vh.r.by 

th. t"'9 h1ghe.t l.vela actually 1ncr •••• d 1 t (Table 31). 

TAlLE 31. EU.ch of Cytn concentration on ••• rg.nc., plant Itand, llaturlty, 
•• an bulb v.lqht and total fr'lh yi. Id of fluld .ovn Southport white Globe 
on10n ln 1983. 

cytex Tll1e to Naturlty Plant stand plant Itand Me.n bulb Total fr.sh 
rab ell.rgenc. at pu1l1ng at 18 dayl .t harv •• t ve1qht yi.ld 
{'l lda:t·l {' neck rall} {bulb •• -11 {bulbl 11- Il (SI blb-Il (t ha - 1 l 

0 9.5 a 72.5 a 25.8 
. 

12.4 • 92.0 a 25.3 a • 
0.25 . 9.5 a 73.8 a 22.8 a 10.3 • 103.6 a 2.4.2 a 

0.5 9.5 a 75.0 a 27.0 • 12.3 • 83.2 • 22.t a 

1.0 10.0 • 75.0 a 25.6 a 10.2 a 103.6 a 2.2.8 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 • 71.3 a 26.6 a 10.1 • 125.4 a 26.8 a 

a W1thln cOluan., Il.anl folloved vl th th ..... l.tt.r are not 81qnlf1cantly 
dltf.r.nt at th. 5' l.v.l accord1&lg to Duncan'. Nul t lple 1t&n9' t •• t • 

, 
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Dl.cullion s CVtoklnln. 
} 

The re.ulh of thi. elperl .. nt indicated that the incorporation 
• 

o! Cytn into Lapon1h 145 g.l a1qn1flcantly 1.proved ne1ther .eed11n9 

eltabU.hllent nor 'yield of tluid.ovn Southport White GlObe onion. 

when u.ed at rate. of O.2~ to 5'. Th... re.uIts were Qenerally 1n 

a9teellent ",ithGray and Bryan (1978), Orzoltk (personal COllllun 1 cation l 

and Nlnero (perlonal cOtU\unication) who, vodtlnQ with fluid drlUed 

tOlllatOtl, obt&lned no l~qnlUc.nt 1l\prov.lllent frOil the us. of cytex. 

Ho",.ver cytex used at '1.3' sl1qht ly ll1prbved elllergence and dry velQht 

ror celery .eed11nq. (Gr~ and Bry.n 1978). The .ddl Uon of 2' cytu 

lncr .... d the plant Itand and yl.ld of cucullbera (Orzolek, personal 

coaununlcat 10n). 

The lack of r.a~n.e 

cytex' lncl usl0n could be 

ln ter.. of e.erqenc. tille artr.. level to 

explained by the very 10'" "lIperaturu 

prevalling durlng the 10",1ng tille ln 1983 (Table 3). A. reported by 

~ 

Wllcek and.J Ig (1982), the eU.ct of cytell on ,beet se.dl elller~ence 

vas affected by the tellperatur., with the JIO.t ben'ficla! eU.cta 

belnq obtained at 15°c. FurtherlllOrt, 1 t w .. reported (NAPAQ 19821 

that qrowth requlators were often affected by cl1matic conditions, the 

type of loil and the cultivar uled, and that the expected reluIt. were 
\ 

often not Illet. Therefore, the Cytex lIIay have been rendered 

lnt! fective, or as Ohep Gruny (1981) indicated, the product lIay have 

been leached and thus unavaUable. ~lthou9h LaponHe gela have been 

reported to be Itable vl t h tille and tellperature (Ghate 1982), there 

nllainecS the ponibi Hty that an interaction bet"'een cytokinlna and 

gel lead to the 10 •• of gel 1nteqrity ..... prevlou.ly d1lcu .. ed, the 

t1Dfrgence of' the seed lIay have bun h1ndered by both the cold ,tor&g. 

pel'locJ and th. alltaline nature of the gel. 

• -
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The tendency for lIean bulb veiqht to be h1CJher troll the 2.5 and 

. 5' cyte. treated plota "'as not.d. This wa. attributed to rapid 

.e.dl1nq ••• rgenc. and •• tablishaent vhlch 1n turn haatened pla~t 

aeVelo_nt prlor to bulb lor .. "on. the .. larger .... ~ 
IIOU l1kely have at tained the lIi"lIIu. phy.iOl09ical age to be 

ree.pUve to daylength and vould thua have a hea~ atut for bulb 

forllation (Brewster 1977). 

Addition of 0.25 to 5' cytex 1n the gel thua • fa il eci 
,r~ 

to 

si9nif1cantly ll1pr~ovth and ylel~ of fluld drl11ed on10ns. Thomas 

(1973) and Wllczek and.9 (1983) reported cultivar/grovth regulator" 

interactiona tor celery and beet, re.pecttvely. Th1s sU9qested that 

the ranqe Of concentrations used for th1l expel:'illent III.Y not have been 

'adequate for the cultivar Southport White GlObe uaed in this trial. 

• 

,/ 

, 

,l 
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l 4.5.2.4 Re,ult, and di,cu •• ion Fun,iciode, 

Tl •• to ••• rg.nc. va. not laprov.d by th. addition ot tunglcld •• 

to th. gel. Furth.raor., Rovr.l d.lay.d •• trg.nc. by 1.2 4&y' ooapar.d 

to th. gel control (Figure 18a\. AlthOugh Pro-Gro .11ghtly d.lay.d 

.merg.nce vhen appl1ed to dry I •• d., the d 1 Uer.ncea v.re not 

a1gnlficant compared to th. dry control. In aIl calel, Lluld drl111ng 

" 
ha.ten.d the .m.rgenc. compared to dry •• eding. 

PercentaQ' lIaturity 

Naturi ty vaa 81gn1 ficantly lIOn advanc.d at pull1ng in th. 

Pro-Gro treated plota COIIIpared ta th. control, vheth.r onion& ver. 
l" 

!luld drilled or dry a.ed.d (Table 32) lovral alla reaulted ln a 

• 
. ~ 

gr.at.r percentage ot n.ck tall COIIpared ta the control, but th1 • 

advantage vaa not .ignifie.nt. As a .aln etttet, fluld drl11lng d1d 

not .ign1ticantly ha.ten .aturity cOlllpared to dry 1 •• d1ng. 

Percentao. • urv1 val 

Analy.ea ot variane. computed on ,urvival pere.ntage throughout 

th. qroving .... on (Table A.13) ahov,d that lIaln .Ueetl of bott) 

funq~clde and 1 •• d1nq tr.at.enta exilt.d trom day 59 to 117. HOv.ver, 

~t'rTt-e4~:t!l~o~n~vere found between tunqicide and ••• ding lIethOd. The 

1nt.racUon and lIain eft.cU noted on day l2,'-'l and 33 d1d not 

peralat untl1 th. next r.cordin; day, and v.r. thui probsbly du. to 

th. a.plin; procedure rath.t thsn treat .. nt eUecta. Nark,d 

difterencea ln aurvival betv •• n the tr.at.entl çould De •• en frOll day 

59 to hanest on Figure 19. 

An addition of Pro-Gro or Ravral to th. g.l or on dry ••• d. 

" . . liqnlficantly 1ncrea.ed the plant aurvival at harveat cOllpared to 

th.lr respective control. (Figure lIb) . Nor.aver, PrO-Gro 

1 

- l 
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appl1cation. r •• u1t.d in higher .urv1val .t harve.t than Rovra1 tor 

both tluid drilling and dry ••• ding. A1though th.re va. a tendeney tor 

lurv1val to be lover at •• erg.nc. (day 18l for th. gel than tor th. 

dry ••• d tr.at •• nt, g.l ••• ding oon.i.t.ntly increa.ed plant .urvival 

at harve.t. Iner.a.e. ov.r dry •• eding ver. 119, 64 and 99\ for th. 

control, Rovral and Pro-Gro tr.at •• nt., re.peetively. 

A .ignifieant negative correlation wa. tound between ti.. to 

•• ergene. a~d plant .urvival at harve.t (PSO.001; r--O.63l, .ugge.ting 

that a f.lt.r •• ergenee tended to l.aa to • higher plant .urv1val at 

harv •• t. 

pere.ntaae •• ut 

S.ut .y.ptoa. ver. noted on th. onion ••• dling. 26 and 33 day. 

atter ... ~gence. The control plant. v.re lignitleantly .ort atf.eted 

by the pathog.n than e1th.r Rovral ot Pro-Gro treated plant. (Table 

32). Thi. va. true on both d.y. of •• a.ur ... nt al~ugh dift.renee. 

vere not 11gnifieant aaong the tr.at.ent. at day The pereentage 

ot plant •• hOw1ng •• ut ayaptoaa va. .li9ht1y lover in the flu1d 

drill.d plota coapared to the dry ••• ded one.. The higher pere.ntage 

ot plant. attected. by a.ut on day 26 ooapar.d to day 33 .ay be 

'tlpl.ined by the r.pl d death of dh •••• d •• edlinog. betve.n thon 2 

date. (Tabl. 32). 

N •• n bulb ve1qht 

The addition of tungie1de. into the gel or on dry .eed. re.ulted 

in a greater •• an bulb v.1ght than tha control. (T.ble 32). Fluid , 
dr111ing .1.0 1nerea.ed the welght ot bulb. coepared to dry .eeding 

but dirferance. vere not .ignifieant in eith.r ca ••• 

Fre.h yield 

Fre.h yi.ld Of tluid drilled onion. va. 1nerea.ed by 125 and 29\ 

by the addition of PrO-Gro and .ovral, re.peetively oo-pared to the 

/ 
\. 

. .. 
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fluld drill control (Figur. 20.t. Vhen fun91cld. v.. .ppli.d to dry 

••• d., r •• ulte ~r. .lallar to th.t for fluld dr1l11ng although to a 

l •••• r .It.nt vlth PrO-Gro and .0Yr.1 lncr.a.lng y1.ld. by 38\ and 

Pluid drl11ln9 tr •• taent. thu. .19niflcantly 

1aprov.d yleld. coepar.d to dry ••• dln9 for aIl c ••••• Th. iner ••••• 

Obta1n.d ver. 68, 49 and 104\ for th. control, .ovral and Pro-Gro 

tr.ata.nt., r •• pectlv.ly. S19n1f1eant corr.latlon. eI1.t.d bttv.en . 
fr •• h y1eld and both th •• t.ge of .atur1ty r.ached .t pul11ng 

(P$0.0005; r-.0.67) and plant .urvlv.l .t harv •• t ('SO.OOOl; r-.0.95). 

Dry .atter yi.ld 

Trend •• ial1er to that for fr •• h y1eld vere obt.1ned troe dry 

y1.ld re.ulta. A Pro-Gro add1t1on 1ncr •••• d dry y1eld. by 133 and 86\ 

coepar.d to th. fluld dr1l1.d .nd dry, •• ded control, re.peetlv.ly 

(Flgur. 20b) • 

• nhanclng y1.ld by 40 and 48\ ov.r th. flu1d,dr1ll.d and dry ••• d.d 

control,r •• pect1v.ly. Fluid drll1in9 eon.i.t.ntly 1.prov.d dry y1eld 

ov.r dry ••• d1n9 for aIl treata.nts, the advant.ge be1ng more 

laportant for the Pro-Gro (107\) rath.r than th. Rovral (56\) or th. 

control 166\) tr.at •• nt. (Figure 20b). Slgnifleant corr.latlon. 
( 

.11.t.d bttv •• n dry y1eld and bath the .t.ge of maturlty r.aeh.d.t 

pulling 'PSC.0005, r-.0.60) .nd plant .urv1val at harv •• t (PSC.OOOl; 

lulb dry .att.r 

The .ff.ct of fun9iclde additions on dry •• tt.r cont.nt of th. 

bulbl va. not 11gnifie.nt, d •• pite the hi9hli.POrc.nta9' obt.1n.d from 

the Pro-Gro and Rovr.l treata.nta (T.ble 32). HOv.v.r, ••• dlng a~hod 

had •• 1gnificant eff.ct on dry .att.r •• fluid drlll1ng r.ault.d ln 

0.6\ mort dry .atter th.n did dry ••• d1n9. 

\ 

1 
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TAlLE 32. Effect of fun91e1d. treat .. nt on the .atur1ty, •• an bulb 
ve19ht, dry aatt.r content and •• ut ptreentq. of onion cv. $Outhport 
Wh1te Qlobe .ovn by fluld drlll1n9 and dry •• ,d1n9 ln 1983. 

,un91e1d.l 
trea~.nt 

COntrol 

Itovral 

'ro-Qro 

5 •• .4"1n9' 
tre.taent 

PD' 
1 
OS' 

waturlty lulb v.19ht Dry .att.r 
n n.ek fall) (9 bulb- 1 ) n bulb- 1 ) 

Il.l b 71.9 a U.7 a 

55.6 b 78.0 a 15.3 a 

64.1 • 7t.8 a 15.0 a 

57.3 • 7'.5 a 15..3- a 

51.3 • 71.3 a U.7 b 

.. 

67.6 a 

28.6 b 

20.3 b' 

31.2 a 

.. 1'.5 a' 

Silut , 
(33 day.) 

25.7 a 

.17.5 • 

15.0 a 

16.2 • 

22.9 • 

• ,b Wlth1n coluan., a.an. folloved by th. • ... let ter are not 
.19nlfleantly dlft.r.nt at th. 5\' l.yel aecord1n9 to Duncan'. 
aul Upl. ran9' t •• t. ~ 
1 the yalu.. for .ach fun91c1d. tc.at .. nt Ar. ayerav.. or 8 
ob.eryat1on., tra. th. 2 •• ed1n9 treat •• nt. v1th 4 r.plleat ••• 
, The yalu.. for .ach ••• dln9 tr.at •• nt Ar. ayerav.. of 12 
ob.eryat10n., tra. th. 3 fun91cld. tr.at~.nt. v1th 1 r.p11eat ••• 
'. os 1 Dry 5, •• d1n9, PDI Pl uld Drlll1nQ 

'. 

.. 

... 
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Dl,cU"lon' runqlcl4., 

ln v.n.ral, th. r •• ult. fra. thl. .xperl •• nt .hoYed that th. u •• 

of PrO-Gro .y.t •• ie funvield. va. ben.ftcial for 1.prov1nv .aturlty, 

.urvlval and yleld coaponent. of Sout~ Wh't. GlObe onlon l 

•• peelally vhen u.ed ln con,unction vith e rluld drl11ing .y.te •• 

Wh.n u •• d a •••• d du.t or gel additlv., o-Gro va. .or. efficient 

than Rovral to protect onion •• edlinv. grown on Ouebec organlc .oil. 

lnf •• t.d vith uroçy.tl •• agiea. 

Gel •• eding ha.ten.d the e.erv.nee a. coepared to dry •• edlng •. 

Hov.ver, the addltion of funqlcide. parttcularly Rovral, On dry •• ed. 

or ln the gel tended to delay e •• rgenee CFigure l8a). Thi. proble. 

al.o oecurred ln a prevlou •• tudy vh.r. a ••• d treat •• nt or Iprodion. 

C.ovral) delayed •• erv.nee vhen .011 .01.ture va. 60\, and moreover 

L 
d.pr •••• d percentag. •• ergene. Yhen 1011 .01.ture reached 70\ 

CEntvl.tle, 8rockl.hur.t and Jone. 1981). Soil .oi.ture in the muek 

.011 va. normally around 60\ at .ovlng ti.e at the Ste-Clotilde 

•••• arch statlon, and the partlcularly v.t v.ather ln the early 1983 

mott probably ral •• d th. .011 aoi.ture lev.l to valu.. vhich could 

have affected the action of the funQlcide •• 

Although funglcide treataent. t.nded to depre.. .aerg.nce 

percentave at day 18 vhen .axi.um plant e •• rgenee wa. r.àched, no 

• .1vnifieant difference. ver. found betv •• n thv tr.at.ent. (Figure 19 , 

Table A.ll\. Thl. cont1r •• the flnd1n9' of Ghate and 'hatak (1983\ 

vho reported no adver.e efrect on .merg.ne. perc.ntave rro. adding 

M.taialyl ln the g.l of f1uid dr111.d pepper ••• d.. Thi •• ay b. a 

.1vn of an ab •• nce of gel/rungicid. interaction. Inde.d, Ghat. (1982\ 

r.port.d that .etalaxyl addition, to Laponit. ~08 9.1 at rate. 

comparable to tho.. r.coam.nded for dry ••• d. did not alt.r V.l 



~ , 

f 

t 
! 

! 
t 

t. 

156 

'nt~r'ty. the c... ..y bè a'.11ar for PrO-Gro and IoYral funvlcld •• 

and taponlt. 645 V.l. ~Y.r, no .tudy have y.t been report.d on th. 

effeet of funqtctdea on other vel propert1.a auch aa pH and OI.otic 

pot.nttal. Slnce th. percentave ot plant. atter ••• rqence (day 11) 

va. cio.. to 80\ for ail tr.at.ent., no .ajor factor •••• to have 

Il.it.d e •• rqenc. lev.l. The vr.at ••• dllnV 10" occurrlnq betv •• n 

aay. 18 and t8 (Flour. 19~' va • .o.t probably a reflection of the 

ayate.lc nature of the •• ut lnfectlon. Chupp and Sherf (1960) 

indicat.d that .~ut nor.ally affect. th. .e.d. durlno the period from 

2 day. after oer.inatlon unttl the Jlr.t l.af .taV. (about l~ day') 

\ and t~.n .pr.ad. throuoh th. plant. vh1ch 41e proore •• ively vhen 

hlVhly contaminated. 

p~ant .tand va •• 19nltlcantly h19h.r for the funOtcld. tre.t.ent. 

then the control. from day 59 to harv •• t, ,hovlnV th. etf.ctiven ••• of 

the funvicld •• (Flqur. 19). Surv1val va •• 10nificantly lncrea •• d by 

th. additton of Pro-Gro vhich v •• more ettectiv. than Rovral. Th1. va. 

probably du. to th. ,pecific control of th. Pro-Gro on •• ut. Hovev.r, 

Pro-Gro did not compl.tely control th. funou. Thi. confir •• d the 

conclu.ion. ot cr'te and Tartler (1973) and Tartier !!!l. (1976) vho 

al.o obtaln.d lncompl.t. control of •• ut for dry.ovn onlon. ln an 

inf.,t.d '011. The h19h occurr.nc. of d_ad , •• dllnO' .hovlnO blackl.h 

le.lon. typical of onlon •• ut .u90e.ted that th. .oil va. h.avily 

inf.at.d. Ther.fore, d •• pit. th. vider .pectrva of activlty or Rovral, 

lt va. 1 ••• ertectlve ln protectlno th •• eedllnq. ln a 1011 vher ••• ut 

va •• predominant prpDle •. Th. cold and vet condition. prevall1no at • 

.ovin; vere mo.t likely r •• pon.ible for the v.ry lov rinal percent 

.urvtval (Flqure. 18b' 19\ a. thoae condition. ravoured lntection 
~ 

(NaUa. 1978). 

'luld drl1led onlonl 'n th. ab •• nce of funV1cld •••••• d ta be 
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~e re.1.tant to •• ut infection than plant. 9rovn trcm dry untre.ted 

... d •••• hovn by flnal lurvlval value. l'igur. lIb). Thi. il in 

confl1ct vith the tind1ngl of Enviltle .nd Mun.llngh. (1981\ vho 

obt.ln.d .ore IUlceptlbl1ity to whlte rot from fluid drl11ed onlonl. 

They .ttrlbute4 thl. to the gel which they thought provlded • 

• ub.tr.te for the .pre.d ot the fungu. to .d,acent plant •. Hovever in 

thl. tri.l, th. qel ••••• to .ct ••• protect.nt around the •• ed11ngl. 

Indeed, fluid drillln9 led· to ~ r •• te~ •• ergenc. th.n dry •• ed1ng, 

thu. involv.d lei' ri.~. of attack by .oil p.thoqen. (ChU~ and Sherf 

1960 1 w..tcott 1979\, and re.ulted ln • bltt.r control of plant 

popul.tlon. In f.ct, th. hlgh correl.tion betveen tlme to .mergence 

and fln.l plant aurvlv.l lhoved th.t the .or. r.pid the e.erq.nce the 

h19her pl.nt .urvlval (P19ure 18b). Th. tl., of lnfection of the •• ut 

tunqu., 1 ••• fra. 2 to 15 d.y. .fter 9,r.in.tlon, indlc.tea the 

l.port.nce of .n e.rly application of an efr.ctiv. fungicld •. 

The hiqh.r lurvlv.l obt.ined fro. th, u •• of Pro-Gro .nd Rovr.l 

in th. q.ll camp.r.d to th. dry •• ed duat. could b'v, be.n due to tvo 

other factora. Plratly, although the r.tea of fungicide •• pplled in 

the gel .nd on the dry .e.d. vere .qulv.l.nt, th. .pplication of the 

fungiclde ln the root zone vlth th. qel .,y be .or. ett.ctlv.1y pl.ced 

than on the dry .e.d coat and 10 prov1de better and long.r protection 

to the l.ed1tngl. Secondly, Rovral va •• pp11.d a •• du.t on the dry 

••• d. a. r.coe.end.d tor PrO-Gro. Havaver, Maude (19781 .nd Entvlltl. 

and Mun •• lngh. (19811 .hOvad that a .urt.et.nt .uch a ••• thyl 

cellulo.e va. required on onion a.ed. to en.ure a prolonge4 contact 

and protection rro. fungicide •. Thu., perhap. the Rovr.1 va. v'lhed 

__ ,,,,.v.y tro. th ••• ed henee ~ld not give the r.quired prot.etlon. 

A lov bulb number .19ht explain the lack of .19n1flcance ln terma 
. 

of maan bulb waight betvaen the treat.ent... they va. relltlvely 
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litt le, co.peUtlon to arreet bulb deyelopaent. HoveYer , the" 

• relatlyely lov bulb velght (71 to 78 q) and lov pereentaqe neck faIl 

.t pulllng (51 to 6.') lndicated that perhap. ab.enee of competition 

.loved dovn the qrovth rat.. Ind.ed, the slgnifieant interactlon 

(P$O.OO5, r-+O.59) betveen final plant .urvlyal and maturity .hov.d 

that the high •• t plant .urYival (Figure 18b) eorresponded to the mo.t' 

adyane.d stage of maturlty (Table 32 ). Sillllarly, the high 

correl_tion betveen tina. ~vlv.l and yleld (tre.h and dry lIatter 

ylelds) lndlcated that the nUllber ot .~rviving p,lant. vas a 

determlnlng yleld factor vh.n a dl •• a.e c.used he.vier 10 •••• ln plant 
. 

stand. Theretore, the pro-Gro gel .ddltlpn appe.red to be the be.t 

treatm.nt, a. f.r •• pl.nt .urvlval and yield. vere concerned . 

. . • From the re.ult. of ,thls experl.ent, th. cultlv.r Sout~rt White 

. . Globe did not .ppear to be re.i.tant to 1ntection by a .. ut organisma • 

utkhed. and R.he (1982) noted that thi. cultlvar .hoved 50\ infection 

by Urosv.ti. maglca in h •• vl1y lnfeated organic solI. ln Brltiah 

Columbia vhil. three plant lntroduction. and one commercial cultivar 

(Hardy White Bunchlnq) vere complet.ly re.lat.nt to the dis.a ••• 

l'hl. experi.ent de.on.tr.t.d the fe •• lbl11ty of parti.lly 

controlllnq a.ut vhlch ln turn lmprov.d pl.nt aurvival .nd yi.ld of 

fluid aovn onlon.. Thla v •• of p.rticular laportance slnee the 

pret.rred dehydr.ting cultiv.r (Southport White Globe) shoved lnh.rent 

.uaeeptlbl11ty to th. dl •••••. Furth.rmor., Pro-Gro .nd Rovr.l in 

eoablnatlon could hay. tint product 

controll.d. .peeific dl ••••• and th. .econd had a vlde .peetru. of 

control • 

• 

" 
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4.5.3 Groyth cabinet fungici4e experi.ent. 

t.5.3.1 Introtuction 

In the 1982 and 1983 fleld trlal. (.ection. 4.5.1 and t.5.2), 

Pro-Gro proved to .1gnlflcantly lncrea.e plant' .urvival throuohout the 

a.a.~ (17% increa •• in 1982 and 70\ ln 1983) and yleld (0.2\ 1ncreaae 

ln 1982 and 125\ ln li83 of fluld drliled Southport White Globe 

onion •. Pro-Gro additions have been particularly eftective when uaed 

ln a .~ut inf.ated area and under cold and humid veather conditiona 

(Table 3). 

It va. declded to undertake funglcide lnclusion experi,.nt. in a 

controlled envl(onaent in order to clarity the re.pon •• ot early 

.eedilno grovth to the oel/tungicide comblnationa. Accordingly, the 

- oel funoicide treatment va. c~pared in one experi~.nt to dry aeeding, 

and ln another a range of PrO-Gro concentration. added to the oel va. 

t •• t.a for their aultabllity. 

4.5.3.2 NaterAal. and .ethod. 

The experl.ent took place froa october 29 to Dece.ber 17, 1982 

(49 day.), and va. repllcated ln tl •• betwe.n January 28 and March 18, 

1983 (49 days 1 • 

Onlon aeeda cv. Southport White Globe were preoerminated a. 

de.cribed ln •• ction 3.1.1. Laponite 508 oe1 va. prepared at 15 gl- 1 

and where appropriat., PrO-Gro fungiclde va. added to the gel povder 

prior to addino vat.r. Th. baaic rate for adding Pro-Gro to the oel 

(Xl) vas 0.16 9 1- 1 (Table 33\ and vas calculated by reference to the 

standard rat. uaed for dry •• ed. (25 9 kO- 1 •• ed., Xl), the veight of 

'onlon •• ed. (250 0- 1 ) and the •• ,dl;.l ratlo utl11zed (25 •• eds 15 
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Thr •• lover (0.016, 0.04 and 0.08 q 1- 1 ) and 3 hiqher 

rate. (0.4, 0.8 and 1.6 9 1- 1 ), calculated tram the 
',< 

.tandard 10.16 9 

1- 1 } conc.ntrÂtion (Table 33) were te.ted in the gel to deteralne at 

which concentration th. prQduct bec... either lneftective or 

phytot~X1C. The dry ae.d. were duated wlth~,pro-Gro at 25 9 k9- l Qt 

•• ed. or left untreated tor the control. 

For .aeh treata.nt, 25 seeds vere dlstr1buted on five 10 cm rova 

alon9 the short axla ot each tlat. pregerm1nated seeds were placed 

1ndlvldually into the gel, vhen the rad1eles were 2-3 Dm long, while 

dryae.d' vere placed dlrectly lnto the rOwa (aect10n 3.2.1), AlI 

seeda and gela vere cover~d with 1 cm of orqanlc a011 collected from a 

.mut int.sted ar.1 of the Ste-Clot11de Reaearch station. Gel extrusion 

rate was 15 ml per 50 cm ot rows, equivalent to that recommended by 
~> 

Fluid Drtllinq Ltd. (Anonymous 1980), The flats were w~red daily a. 

"quired. 

The ten treatment, ~lU1d drilled ~reatment. + control; 1 dry 

•• ed treat.ent + control} ·were replicated 3 times and the flata 

completely ,andoaized in the 9rowth chamber. EnViron.ental condit10ns 

haye been de.cribed in section 3.2.1. 

Time and percent e.erqence ver. taken for'each fIat. Surv1val and 

fresh weiqht (total and mean plant wei9ht) were,recorded atter 4~day. 

aa de,cribed in .ection 3.2.2. In addition, the percentage of 

harvested plants showing smut at the end ot the experiment vas 

observed u.1ng the tranaparency technique util1zed by Crête and 

Tartier (1973). The percentaqe of healthy plants, detined .s aurvivlnq 

s •• dling. with nor.al deYelopeent and ab.ence ot smut va. also 

recorded. 

In Experiment A, dry seeded and tluid drilled controls and 

standard Pro-Gro tre.tment. were comparer:! in a 2 X 2 factorlal 

• - -

\ 
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arrangellent. An andyall of variane~s perforlled for experilIIent 1 

\ 
(1982) and ita repl1eate in t1l1e: experillent 2 (1983) aeparately, and 

LSD (0.05) values caleulated for all variables lIIeasured (Table A.1f). 

In Experillent B (Range of pro-gro rates), pooled analyses of 

variance were done on the data of gel additive treatlIIents ot the two 

exper111ents, in a split-plot design 1n tille (Table A.1S). Variables 
.. 

for whieh signifieant differences were round between experiment l 

(1982) ~ 2 (1983) were turther lnalysed in 2 separate experiments 

(Table A.16). Variables which showed no ditference between the 
• .f" 

experiments were analysed using the av~raged values of experiments l 

and 2. Regression curves were fitted to the respons. of plants to the 

1ncreasing Pro-Gro'concentration 1n the gel by the General Linear 

Nodels (GLM) procedure (He1wig 1978); (Table A.IBl. Becauae of the 

very high coefficient of variation (c.v.~ 200) of the am ut data 

analysis and the non significant d1fferences &Mong Pro-Gro rates for 

the percentage elllergenee, regression analyses were judged 1naccurate 

and no regreas10n curvea were draw~. Means were thua compared by the 

LSO test. 

'\. 
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TAlLE 33. Rat •• of Pro-Gro ua.ct 
,e1t"'r a. coatect on clry ••• ct. 
or lncorporated in the ger in 
the 9rovth cabinet expert •• nt •. 

1 a 

"Pilieation rate of fro-Gro 

0 OC 0)1 
25- ex 1) 

to gel, {Q 1-1) 

0 OC 0) 
0.016 ex 0.4) 
0.04 ex 0.25) 

.0.08 <.- (X o_.5) 
0.16 ex 1.0) 

l 0.4 lX 2.5) 
0.8 ex 5.0) 

~ 1.6 (XIO.O) 

1 • e~ rh X t~e .tandard 
COIIIIercial rate ot appllcaU,C?n. 

'f' 
, 

" " " 
" 

" '-

..,., ... " 
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4.5.3.3 Result • 

~t A • 1'1111c1 cJrtl11.., ... DI"Y .-1..., 

EIlergenee t 1 •• 

Mean UlM to ellerg_nee va. .1qn1t1eantly redueed by flu1d 

dr1111ng cOilpared to dry .e.d1ng in aU cae.. (Table 341. Whlle 

add!.ng a atandard rate of Pro-Gro .1gnlf1cantly delayed ellergence of 

fluid drllled seeds cOllpared to the control ln exper1ltent l, the dry 

•• eded trutllent IJ-as not 1S-1gn1heantly affeet,d 1n both exper1l1ents. 
) 

Pereentage 'lIerg,nce 
. . 
The percentaqe of 'llergence va. h1gher fOr fl uid drillea than for 

the dry seeded control 1n experillent l, but no .ign1f1can~ ditferencea 
• 

v.re found betve.n th. aeeding lIethOds 1n th. second expenllent or 

when add1n9 the fungic1de (Table 34), Whil. ellerg.nc. of dry aeeds 

va. a1gnificantly 1ncreaa.d by the addition ot pro-Gro, no siqnifieant 

eUeet of Pro-Gro vaa noted for the fl uieS drilled seeds (Table 34). 

percentage surv1val 

Fl uieS dr1111ng resul ted in sign1 ficantly h1gher aurv1val rOll •• 

after seven ve.k. than dry seeding ln e.per1ltent l, for bath control 

and PrO-Gro treatllent. ITable 34). The addit10n of fung1c1de 1n' the 

gel and to dry seeds lecS to s1gn1f1cantly lIore aurv1v1ng aeedl1ngs 

tun the1r respective controls. On the other hand, no 119n1f1cant 

dit ferences in aurv1nl vere found bet"'.en the treatllenta ln 

exper111ent Z. 

pereentage healthy planh 

.e1ther the "ed101'~ .. ethod nor the use -ot PrO-Gro sign1fieanUy 

affeeted the pereentage ot survlv1ng plants ahOvlng normal grovth , 

(Table 34). leverthel.lI, Pro-Gro treat •• nU tended to g1ve a qreat,r 

» - -
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proportion of nortaal h,al thy l00k1n; pianU than dld the controll for 

both fluld drlll1rt; and dry ... dln;. 

.0 el;nlflcant dlfterenc, wa. ob.erv'd ln th. percenta;, ot 

plante .howlnq .. ut 'Yllptoe. (Table 34). , 
) 

TOtal and .. an plant velqht ) 
The trend. for total and Ilean •• edUn9 wlght re.ul te ver. 

ala1lar (Table 34). Fluld drlll1nq reeulted ln quater total we19ht 

and wlght per plant than dry ••• dln; tpr control and PrO-Gro 

treataent., althou9h the dl U.renc.a were 11qn1flcant only tor the 

Uret •• perl.ent. In bath experl.enta, the _ddl t 10n of .tandard rate 

of Pro-Gro on ciry ... de and ln th. gel ahoWed a non .1;n1flcant 

• decrealt ln vt19ht~tt.r 49 day., cOlipared to th. controll. 

o 

J 
.. 

, 
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T~LE 34. EU.ct of PrO-Gro rat. on ... r9.nc., lurvlval, hea1th and 
ve19ht of dry Ind.a and nuid drlll.d onion cv. So..thport Whlt. 
GlObe ln 9rovth experl .. ntl (Exp.) l " 2. 

S •• d1n9 .. thod and fun91cld. tr.at •• nt 
DSI (XO)! DS (Xl) l'Dl (XO} PD (Xl) 
control 25 q kg - 1 control 0.16 ci 1- 1 

Exp.l 
Exp.2 

8.3 
9.2 

1 
8.0 
9.3 

pere.nta9' ••• rq.ne. (,). 

EXp.1 
Exp.2 

82.7 
98.7 

pere.ntaq •• urvlval t') 

EXp.1 
Exp.2 

80.0 
97.3 

Heal thy planta (\) 

Exp.1 
EXp.2 

88.0 
78.0 

pere.nta9' .mut c'} 

Exp.1 
EXp.2 

0.0 
2.8 

96.0 
100.0 

89.3 
9'.7 

f 
'2.6 
82.& 

0.0 
(1.0 

Total plant v.19ht (9 flat-I) 

Exp.1 
Exp.2 

31.8 
49.2 

M.an velqht (9 plant -1 ) 

Exp.1 
Exp.2 

1.58 
2.02 

30.9 
47.5 

1.39 
1. 92. 

5.2 
5.8 

98.7 
98.7 

90.8 
ta.7 

89.5 
77 .6 

&.5 
2.7 

46.1 
52.7 

2.0' 
2.22 

nll non 119nif1eant at the 5\ 1.vel. 
1. OS: ory S.ed1n9s PD: Flu1d Drlll1n9 

5.6 
6.9 

100.0 
98.7 

98.7 
97.3 

91.9 
79.' 

0.0 
0.0 

63.5 
Il.2 

1. 76 
1.98 

2. ex x): x th. atandard eomaereia1 rat. of applicatlon. 

LSD 
îO.05) 

1.21 
0.99 

10.n 
ni 

7.53 
ni 

ni 
ni 

ni 
na 

'.76 
ni 

0.46 
ni 
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165 



1 
\ 

'. 

-. 

166 

_raene. t 1 .. 

Add1ng a range of Pro-Gro conc.ntration. ta the g.l 4. 1 ayed 

••• rgene. coepar.d vith th. gel control (Pigur. 21a). In g.n.ral, 

••• dllng. of .xperlm.nt 1 ••• rg.d fa.t.r than tbo.. of .xperl •• nt 2. 

Th. re.pon.e curv. of th. fir.t .xperiM.nt .hov.d that ••• rg.nc. va • 

• lov.r a. Pro-Gro conc.ntration lncr •••• d, up ta a rat. of 1 9 1- 1 • 

Hlgh.r 1nclu.10n rat •• dld not furth.r d.lay ••• rg.nc •• In .xperi •• nt 

2, th •• ff.ct va. 11nearl a. th. rat. of Pro-Gro in th. g.l lncr •••• d, 

10 dld th. ti •• to e •• rg.nc.. Por •• perim.nt. 1 .nd 2, th. u •• of 

0.16 9 1- 1 PrO-Gro (st.ndard rat.) cau •• d .bort d.lay. of 0.25 .nd 

0.45 day. co.par.d to th. control. (Figur. 21.). 

p.rc.ntag. • •• rg.nc. 

Th. addition of 0.016 ta 1.6 9 Pro-Gro per lit.r Of gel dld not 

.1gniflcantly arf.ct th. lev.l ot ••• rg.nce ot anion a.edllngl vhlch 

rang.d betve.n 94.7 and 100\ of the lnit1al •• e4 rat., and th.r.ror. 

no r.gr •• alon curv., lier. dravn (Table .... 15 ). 

p.rc.ntag. aurvlval ,. 
Concentration. of 0.16 ( Xl) ta 0.48 (x3) 9 Pro-Gro 1 - 1 gel, 

•• tl.at.d by regre •• lon analy.la .• ed to .axll1u. ••• dllng aurvlval 

(betveen 96-97\) after 49 day. (Flgure 21b), Th. addltlon of 0.8 9 

1- 1 (X5) ot funglcld. r •• ult.d ln a plant .tand a. hlgh a. th~t of th. 
e 

control 194\) but furth.r lncr.a.es ln th. rat. re.ult.d ln d.cr.a •• d 

••• dllng ,urvlval. 

P.rcentage healthy plant. 

In bath experll1.nt., the perc.ntag. of he~lthy plant. d.cr.a •• d 

vlth lncrea.lng rate. of PrO-Gro in th. g.l (Figur. 2Ie). Hav.ver, 

the decr.a •• v •• greater ln .xperll1.nt 2. ... toxiclty .tt.ct ••••• d ta 

• -
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'Iist .t concentratlons aboY. 0.8 9 1- 1 (X5l vher. up to ~3 and 68\ 

.or. plants .hovtd dl ••••• or .tunt.d grovth (non-h •• lthy plant.1 

coapar.d to the control ln .xperl •• nt l , 2, r •• pectlv.ly. Th. u •• of 

th •• t.ndard coea.rclal rat. of PrO-Gro ln th. g.l r •• ult.d ln • 3 .nd 

6'° d.cr.... ln h •• lthy plant, ~.par.d to th. g.l control ln 

.Iperl .. nt. 1 and 2, r'lpectiv.ly. 

fe[centaQ. s .. ut 

s.ut occurr.nc. (~.6') v.. .1gnlflc.ntly gr •• t.r in th. g.l 

control ,han in the Pro-Gro g.l .ddltlv •• (Tabl. A.171. It 11 

po.sible that a c.rt.ln proportion of ••• dllngl dld not e ... rg •• t .11 

du. to .n .tt.ck of ... ut at an •• rly .tag •. Th •• ddltion of 0.5 X th • 

• t~dard rat. and abOv. r.,ult.d ln th. ab •• nc. of .mut on th. plant. 

at th •• nd of th •• xperi •• nt • 

Tot.l plant v.ight 

Tot.l pl.nt velght d.cr •••• d lln.arly vlth, lncr •• sing rat. of 

'ro-Gro, vith th •• dditlon of 1.6 9 1- 1 n.ulUng ln a 60' 1011 

comp.r.d to th. control (Figur. 2~al. Th. .tandard rat. ot pro!Gr~ 

r.sult.d ln a reductlon of 6\ 1n total ••• 4l1ng v.lght. 

M •• n plant v.lght 

R.gr ••• lon analy.l. lbov.d a d.cr.a.ing m.an pl.nt v.lght vith 

lncr.a.lng rat. of fungle1d. to a rat. of 1.2 9 1- 1, aft.r vhlch Il.an 

v.lght d1d not d.crea.. furth.r (Figur. 22bl. Th. addltlon ot 0.16 
'l, 

gl-l (Xl) Pro-Gro d.cr •••• d plant v.lght by 8\ coepar.d to th. g.l 

control. 

1 
./") 

} 



';1 

t 
r 
• • { It 

", 

l 
f 
f 

" 

~ , . 
1 l 
1 -
1 , 

1 ... 
., 

- .. 
i • -
! 7 

f • 15 

-1 4 

100 -" go .., 

i 80 ; 70 

J eo • 
50 

100 

80 

_80 

" .., 
j70 
·80 

fOO 
40 

30 

al 

b) 

1 
1 
1 
1 
1 
1 
1 
1 
1 

C) 

YI • '.41t + 1.031 .. 

168 

Exp.2 

Exp.1 

Exp. 
1.2 

Y1U • 94.427 + 15.223 l' + 21.111 ~ 

YI - 93,598 - 13.347 r 

Exp. 1 

YI - Il.022 - 35.]31 r 

Exp.2 

o 0.2 o... o.e o.a 1.0 1.2 1.4 1.0 

.. te of Pro-Cro <a rl) 

FIGURE 21, Regre •• ion curve. ahowing the effect of Pro-Gro fungicide 
on \> mean emergence tilDe, b) plant lurvival and c) percentase heal thy 
plant. of fluid drilled onion cv. Southport White Globe. 
r: rate of Pro-Gro in the gel 

Dotted 11n"l atandard rate or Pro-Gro 
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a) 

..... ... 
1 10 'fUIZ - 41." - 17 .. 72 .. 

1 410 
~ 
~ 30 

120 Ex.,. 
162 

i 10 

b) 

..... 2.0 Yl~ - 2.062 - 1.111 co + 0.313 r2 ... 
1 

11.1 
-'''' tu 

Ellp. J 1.2 112 

1.0 

0 0.2 GA o.e o.a 1.0 1.2 1.4 1.8 
laC. of h'o-Cro <a ri) 

. FIGURE 12. Regrenion curvea .howing the effect of Pro-Gro fUDgicide 
on a) total r1ant wight. and b) mean weight of fluid ckilled onion 
cv. Sout:hport \lhite Globe. 
r: rate of Pro-Gro in the gel 
DOthd lln.11 .tandard rate of Pro-Gre> 
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t.5.3.t Di.cuillon , 
Pluid dr1111n9 •• h1bft,d an advanta9' ov.r dry ••• 41n9 in t.r~. 

of ti .. 4nd perc.ntag, ot .~.rQ.nce, .urv1val, and plant v'lght (Table 

loi). Th. adv.ntage vu due lIalnly to th. hud atart ar ford,a by the 

preq.rlllnation of the .eed., r,inforced by the •• l,ction of v1able and 

op.,t1 .. al1y q,rlt1nated .... d. at .ov1n9. FurtherllOn, the incorporat1on 
, 

ot a fungicide .uch al PrO-Gro enhancea th, benefit. of the tlu1d 

drill technique a. lt relulted ln a higher lurv1val, total and lIean 

plant ve1ght than the treatea dry •• 'd •• 

Althouqh Pro-Gro addition. had po.itive effect. on percentage 

,.erq.nce, lurvlval and heal thy planta for both •• ed1ng lIethod., there 

va. a trend for the funglcid. tr.atllent. to d'lay ellerg,ne. and reduce 

plant ve19ht co .. pared to the controle in bOth e.perillent.. Thi. delay 

l hovever, bec". non .ignifieant by the end of th •• ea.on. Indeed, the 

Pro-Gro treated .,ed. would be erpect.d to .urvlve ln greater 

proportion. than th. untr.ated .e.d., con •• quently 91ve h19her final 

Y1'lds Il ha. be,n reported by Crlte and Tartiar (19761. 

only a rev plant. ver. found to be lnfected by ."ut atter 49 

daYI, con.equ.nUy, no I1qn1 tic.nt control of th. ditease by Pro-Gro 

application. on dry .. ad. or ln the q.l va. noted (Table 31\. 

Althouqh 1011 va. taken trOll a cont&lllnated !idd, the condition. of 

t.aperature and mol.ture ln th, grovth ch .. ber •• ay have not perllltt.d 

a .uffic1ant devIlop.lnt of the fungu. to cau.e .evere tnfectlon. 

Hovever, the dlcrea.e in plant .tand betveen ... ar9.nce and tinal 

.urvlval (Table 34) 'II" 9reater ln non-treated plants whlch .ay 

ind1cate that ~orl .,.d11n9' dl.d fram •• ut aftar e.arqanc. vhen they 

ver. not prot.cted. 

Furtherllor., &IIon9 the tour treat •• nh, th. tun91clde q.1 

, 
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additive led to th. ..all •• t plant 10a, fro. e.ergence to the end of 

th. experi.enta. Thl. eould be du. to th. DOre d1rect and 10nQ.r 
l 

contact of th. fun;lcide vith th. radiel.. th.reby, atroreSln; 

protection durlnq the eritleal infection perlod (15 day., Chupp ana 

Sh.rt, 1960\. 

Althouqh DO.t trend. w,r •• imllar for th. tvo tlm, experl.enta, 

••• rq,nc. Ulle in 1983 ",aa redueed for the fluld drllled treat.ent. 

Thi. dift.renc. w.a .o.t probably due to the ahart.r r.dlcl.a of th • 

••• d. in the a.cond experiment vhich lenoht.ned the tl.e to •• eroenc. 

th.reby elillin.tinq d1fferenc •• betveen fluid drUHn; .nd dry 
, 

1 
The .ddition of Pro-Gro .yate.le funqieide to the 0.1 did not , 

.ff.ct e •• rgene. and qrovth of onlon a •• d11nO' markedly yh.n u.ed up ... 
~ to the .t.ndard rate. Adver.e eftect. vere havev.r ob •• rved .t 

concentration. 5 to 10 tlm., th. atand.rd. perc.nt.;e aurvlv.l v •• 

incr •••• d by.n .ddition of Pro-Gro up to 3 tillea the st.nd.rd r.te 

(Pioure 2lbl. Thia confir.ed the tlndin9a of Gh.te ~~d Ph.tak /19831 

"'ho concluded that che.ical tr •• tment. did not a10nlfie.ntly chanoe 

, •• rQence and Qrovth rate. ot pepper ,.ed, vhen applied with the gel 

at the rat. up to 2.5 ti •• a recoa.end.d field rate •. HOwtv.r, it v •• 

not.d th.t concentratton, of 0.1 to 0.25 ti.e. the .t.ndard rate did 

not 9ive coeplete .mut control and r.te •• bOv, the ,t.nd.rd t.ndecS to 

produce toxte .ttech. Siailarly, Entwlatl. and Mun •• 1nqhe /19811 

demonatr.t.d that .t ooly 0.25 and 0.5 of the .tandard rate, Iprodlone 

incorpor.tion lnto the ;el prov.d adequate tor control lin; vhlte rot 

and vaa vell tol.rattd by tht pr.qtrillnattd onlon a.ed11ng. 

HiOh coneentrationa of Pro-Gro delay.a ellergenc., lowered pl.nt 

,urvival, d.cr •••• d perc.ntao, of h •• Ithy pl.nta, .nd d.cr •••• d pl.nt 

" 
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v.19ht (F19ur., 21 ~ 22). Tvo •• planat10n, vere possible. F1rstly, a 

phytotol1e1ty .U.ct vu obl.rv.d.. Iurvival beeUi' prOQr ••• 1vely 

lover vith 1nerea.1ng fun91cid. rat.1 abov, 5 X th. standard rate 

(Pigure 21b). Secondly, it va. not.d that g.l, vith prO-Gro 

concentration, or o .• gl: 1 (2.5 x th. standard) and aboY. forlll.d hard 

Itrip. around th. , •• 411n9" Th. phyl1cal barr1er thus ereat.d eould 

have aecount.d ror lOIIe of th. r.duet1on in lurvival and 9rovth 

attord.d by th. h1gh.r rate •• Al t hough, Ghat. (1982) noted ne;> II&jor 

chan9' in Laponit. g.l structure u.in9 N.tala.yl fun91e1de, but no 

.pecUie atudi'l have r.ported vl th PrO-Gro funglcid. 1n the 9.1 for 

onlon. grovn on organie .011. Ch.vrier and St.vart (1985) report.d 

that lod1uII alg1nat. gel d,"1caUon cau •• d .ntrapIDent of lettuce 

.eedl1ng' at 25\ fi.ld capacity ot organic 1011. Th. 1&11. etf,ct 

could Dt •• peet.d froc Laponit. gel, but .inc. no moistur. str"1 va. 

.xperl.ncecS ln the trtal'i 1t vas lIOn l1kely that gel/Pro-Gro 

inter.ct10n. ,Ii,ted above a certain conc.ntration of the prOduct 

thereby cauB1nq a hard.nlng of th. gel, a. v.ll AI toxicity to the 

plant •• 

. ... 
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Y. ennu. ODELIIIZOU 

Production of onionl luitable for dehydration ",al po •• ible under 

the eU.aUc condition. in the organic 1011 rtg10n of Quebec. The 
rA 

ch9ice of cult1 var appeared crucial. Genetic background and adaptat ion 

vere lugely relponslble tor production of large bulbe vith a hlgh dry 

.atter content and elonQated Ihapt. HO\lever, environlIIental conditions 

lIarkedly influenced cul Uvar performance. There appeared to be a 

lignificant relationlhip betveen bulb .1ze and the reciprocal of dry 

.atter content for all cultivar.. Bulb Ihape inde. vas found to be 

negatively correlated vith Ilean bulb vtiQht. Bulb ahape, although 

related to cu 1 t ivar , ",a. influenced by cl1maUc conditiona 

parUcularly the tellperatur •. Reducing the IO\l1n9 rate to 35 seeds m- 1 

\9 produc.d larQtr Illon cOIIIIIerclally uaeful bulb •• 

Cultivar re.ponat to flu1d drlll1n9 1n tenl of plant stand and 

Unal yield va. le.. than d •• iuble. The problell appeared to arise 
~ 

trOll veather conditions prevallint at sov1ng, ge1 uaed, a. well aa 

trOll the lack of protection troll soU borne tunQi as the tung1c1de 

coating ",a. vashed avay dur1ng th. preQerllin.t1on proc .. s. Sever.l 

dl.advantagfl of the 1I0at cOlI\l\Only used gell CLaponi te 508 and 445) 

vere noted in thia .tudy. The requ1rement of a h19h shear force to mix 

the gel ",i th va ter ... ould Il,an the us, of spec1alized and cost iy 

equlp."nt. The lov field ellergence obaerved vith th ... gela moet 

-probably ..... c.used by hlgh pH and hardening of the carr1ers. 

Furthermore, althouC}h L.ponite gels pertormed saUatactorily under 

controlled cond i tions even vhen uncovered, they appeared to react 

negat1vely under field condit10ns. From these trials, the 1I0St 

pr0ll1ling gll types vere ,Agr1gel and wat,r·Lock J550. 

• 
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The tr1all 1ncUcated that gel add1tives .erved ta protect and 

promete rap1d grovth of develop1ng on10n .. edlings. The developlllent 

of a cœaplett drlllin9 packa9. 1ncludin9 gel add1tive. was teaa1ble. 

The addition of endOllycorrh1za and prO-Gro fun91ç:1de appeared 

parUcularly prOll1a1ng. In th1. .tu4y 1 PrO-Gro addition to the gel 

produced •• edlin9. vith a ha.tened IIIergence 1 increa •• d surv1val and 

plant vei9ht, .and eontrollea Silut under eontrolled cond1tions when ' 

COIIIpared ta th. convent 10nal seed dusUng techn1que. Pro-Gro gel 

addition va. ~st betwe.n one haH and one t111es the standard rate. 

H1qher concenteation. adveraely aUected on10n emergence and early 

9rowth, and lover concentrations did not control nut. It thua 

appeared that the very effective use of the slIa11 quant1t1ea of 

fung1c1de vas due to the prolonged contact between the fungic1de and 

.eed11n9· • 

The min1111al responae to cytex may have been due to a gel 

type/cytex interaction. "evertheleu, there vas a tendeney for the 

2.5' rate to illprove growth and yield over the gel control. It vas 

pos.ible that an 1ncrease in .&IlIple s1ze Or replieate number 1 Or the 

ua. of another cultivar and gel type would prov. lI.l0re advantageous and 

hence lIore econ0lll1c. 

AlthOugh gel additive cOIIlb1nat1on were proll1l1n9, a nUllber of 

lIodificaUon. in the technique -..ould be required 
\ 

be fort reCOl\llend i ng , 
( 

the u.e of the fluid drilled syatell for ... dehydraUng onions. 

\ .. \ 
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VI. JOYUU DlYDfIMYJCU 

.a •• a on the re.ul ta obtained 1n thia atudy, aeveral .rea. of 

r •••• rch Ullain' to be inve.Uq.ted to opUllize the produet.1on of 

d.hydrating onion. uainq the flu1d drlll1ng technique: 

1. Eval uaUon of ne", lonq-day cul Uvars. 

2. Uae of.. control culUvar to obtA1n a reterence curve of y1ield 

agl1nat denai ty in order to render more accurate y1eld cOllp.risona 

dong cul Uvara under test. 

3. A atudyon the effect of a lIIore regulOir arrangelllent pattern on 

y1tla and bulb IiEe distribution, by us1n'1 01 150 .... in'1 rate of 35 aeed. 

11- 1 vi th an inter rov sp.cin'1 r.nging frolll 20 to 4S cm. 

4. Investlqation ot the possible interactions bet",een preemer'1ence 
,d 

herbicide and '1ranular insecticide on the '1el/seed systelll. 

5. Testing of ne'" 10v pH gel materials that vould not harden tor their 

COllp.Ubllity ",ith addit1vè"s. In f orlllati on .... ould be required on 

additive etfect on gel chellieal and phyaical propert ies! (viaCOsity and 

pH) and on the optlllAI rate of additives incluaion tor plant grovth 

and Yield. 

6. EVal u.Uon of the etfeet of PrO-Gro and other protechnts in 

cOilbination ",ith grovth promoting aubstances l5uch as Cytex to ereate a 

dil .. ae free 1I1cro environllent and permit the full, expression of ttté 

'1rowth regulators. 

7. Eval uaUon of a l1quid formulation "'ith the sUIe 3o, Carbathlin / 

50\ Thlru ratio as Pro-Gro to enaure a more even diatribution in the 

, 
gel and a better ef!'icieney of the fun'1lc1de. 

(,' . 
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TAlLE A.I Analy ••• of .... l .. ce for «.t. o( 
... rg.nce, C)rovth .neS yi.leS of • onion cultivar 
aovn by fluid eSr~lling in a 198Z field trial,. 1 

, 

, 
N.&luretll.nt 1 SoufC' df NS F valu. 

bergenee t 111. Block 3 2.5. 2.~0 n. 
Cultivar 7 .2.13 2.t3 ns 
~ror 21 0.88 

Natürity till, Block 3 0.53 0.18 na 
Cunivar 7 130.32 71.19 •• 
Errol' 21 2.'. 

Stand Charv.st ). Block 3 24.96 2.90 ns 
cultivar 7 -14.21 '0 1~65 ni 
Errol' 21 8.60 

. 
Bulb weight· Block oS S92.9. 3.7. • 

cultivar '7 29t7.1~ 18.60 ** , 
ErrOl' 21 158.41 

~Ck BU~b shape 3 O.OOt . 1:79 ns 
Cultivar 7 0.013 5.35'**-
Error .lI 0.002" 

. 
Freah yie1d Black 3' 143.53 5 .• 58 ** 

Cultivar 7 1095.66 42..60 ** 
Error 21 25.72 

Dry matter yie1d Black 3. 4.62 4.17 * 
cultivar 7 t5•43 15.9' ** 
Errol' 21 0.97 

Bulb dry lIIatt.rC'j Black .. ·3 0.34 O.tS na 
cultivar 1 17.50 23.1.2 ** 
Errol' 21 0.75 

" 
-: sign1f1cant at the 5' level -* : aign1f1cant at ·the n leve1 
ns : non s1gn1f1cant \ ~ 
1. Data were analysea 1n a randOllized complete block design 
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TMLE .\.2 ~alyae. of variance for the data of 
... rgenc:e 1 grovth and yielel . of ; '8 on10n cul t1 vara 
aovn by dry ••• dinV in a 198% fi,eld trial .. l 

M ••• ur.llent 

lllergence tt.e 

Maturity Ulle 

.. 
Stand (harve.t)' 

Bulb veight 

Bulb shape 
~ 

Fresh yield 

Dry matter yield 

Soure. 

slock 
Cultivar 
Error 

·Slock 
Cultivar 
Error 

slock 
Cultivar 
Error 

slock 
Cultivar 
Errer 

slock 
Cultivar 
Error 

Slock 
Cultivar 
Error 

Block 
Cul tivar 
Error 

Bulb dry matterC') Block 
Cultivar 
Errer 

df 

3 
7 

21 

3 
7 

11 

3 
7. 

21 

3 
7 

21 

3 
7 

:u 

3 
7 

:u 

3 
7 

21 

3 
7 

21 

*: slgnif1cant at the S, level 
** : signific.nt at the l' level 
ns : non signifieant 

MS 

5.'6 ' 
2.U 

11:.03 

1.50 
209.07 

6.12 

36.33 
47.29 
4.3' 

SU.9~ 
1337.28 

49.20 

0.001 
o.oui 
O.OOS 

.107.38 
10U.39u 

12.92 . 
·4..06 
13.U 
0.82 

,) 

1.10 
16.58 
1.72 

r 
~value 

5.30 ** 
2.34 n. 

0.74 ns 
3'.17 ** 

8.37 ** 
10~90 ** 

11.08 ** 
.27.18 *fI 

0.92 ns 
3.76 ** 

8.31 ** 
78.30 ** 

. 
'.96 ** 

16.05 ** 

0.64 na 
9.61 ** 

1. Data vere analyse~ in a randOl\ized complete 'bloc;k des1gn 
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TABLE A.3 Analy ••• Of v.-iuce for' the eUect of aovin9 
•• thod on ellergenc., grovth and yi.ld data of 9 "on ion 
cu.l tivan in a 1983 neld trial. 1 

source of 
variation dt 

Cultivar 8 
Sovlnq .,ethod 1 
cultivarXSovlnq 8 
Errer 54 

Source ot 
variation dt 

Cultivar 8 
Soving lIethod 1 
cultivarXsovlng 8 
Error 54 

Source ot 
variation dt 

Cultivar '8 
Sovin; lJIethod 1 
CultivarXSovinq 8 
Error 

Source'ot 
vada.tion 

54 

dt 

Cultivar 8 
Sovin; method 1 
CulU varXSoving 8 
Error 54 

Emerg.nce u •• 
NS J' value 

17.81 
102.72 

1.28 
O.U 

43.72 ** 
252.14 -* 

3.15 -* 

Plant stand 
MS F value 

26706.75 19.23 ** 
14506.72 10.45 ** 
2.768.78 1.99 na 
138~ 

Bulb shape 
MS F value 

0.050 
0.007 
0.007 
0.004 

11.63 ** 
1.59 ns 
1.73 ns 

Dry lIatter yield 
MS F value 

40.77 
4.30 
0.40 
0.56 

" 

12..52 ** 
7.65 ** 
0.70 na 

11 : sign1ficant at the 5% level 
** : signlf1cant _t the n level 
na : non $ign1tican~ 

Maturi ty tilDe' 
1 MS J' value 

842.02 157.7. ** 
5.01 0.94 nB 

7.4~ 1.40 na 
5.34 \ 

Bùl b velght ' 
MS F value 

11028.98 
1535.50 

361.61 
124.90 

88.30 ** 
n.Z9 :,,* 

2.90 ** 

Fresh yleld 
MS :F value 

2016.11 
199.00 

18.24 
17.60 

114.57 *-
11.31 ** 

1.04 ns 

Bulb dry lIIatter 
MS F value 

108.89 
3.2.9 
1.37 
2..54 

42.95 ** 
LlO n. 
0.54 ns 

1. Data vere analyseél froll a 9 X 2. factorlal, arrangellent ln, a 
cOilpletely randomized,deaign 
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T .... LE A:4 An.lys1. of var tance for the eftect of lowing Ilethod 
on ellerg.net 1 C)rovth and yie1d data of onion cv. SOuthport Vhite 
Globe lovn over 3 soving dates 1n a 1982 field trial. 1 , 

• < 

"-Me.surellent. Date 2 Date 3 , 

à~ource. 
dt MS P v.1ue teS F value MS F value 

J' 

bergenee t iJllh 
Block 3 0.33 0.33 ns 0.83 5.00 na 0.46 0.58 na 
Sov1ng .,thod 1 32.00 32.00 * 24.50 47.00 ** 45.13 57.00" ** 
Error 3 1.00 0.17 0.19 ') 

Stand{6 veeka} 
BloCk 3 1.81 S.U ns 20.12 21.99 * 34.47 12.34.91 ** 
soving lIlethoci 1 733.45 2.10.66 *'" 29.65 32.40 *'! 2.13.21 7637.U 

_. 
Error 3 • 3.4S 0.92 . 0.03 

Stand l harvea t} 
Bioek 3 13.05 0.55 ns 4.08 0.83 na 7.89 3.62 na 
Sôvin9 method l' ~.15 15.18 '" 82.2.1 16.93 '" 98.70 45.25 "'. 
ErrOl' 3 13.92 4.92 2.18 

B!!lb ve1!lht 11 
:1Uoek ,'.. 3 55.52 0.20 na 45.17 28.15 * 17.26 0.39 n5 
SÎ:)'llinq lIe-thod 1 4361.78 15.80 '" 88B.31 553.61 *~ 1860.50 \2.55 "'''' 
Error 3 ,·2~6.02 " .1.60 43.72 

Bulb dl!!!eter 
Bloct 3 4.99 0.24 na ·19.35 _ 0.46 ns 10.89 0.96 ns 
Sovinq lIIethod 1 188.lé 8.93 ns 175.78 4.2.1 na 80.01 7.07 na 
Error 3 2.1.07 41.79 11.31 

Freah ~1eld 
Bl,ock 3 107. ~5 , 2.10 na 420.33 2.31 na 24.46 , 3.97 -ns 
SOvinq lIIethod 1 168.36 3.36 ns 7.22. 0.39 n6 3.92 0.64 ns 
Error 3 51.00 \ 18.33 6.15 

Dry matter ~1e~d 
4.21 2A7-ns 0.97 1.19 ni 0.90 26.16 * Iloek ~ 

sov1nq lIIethod 6.85 4.02. na " 0.66 O.8l na 0.01 0.33 ns 
Error 3 1.70 

Bulb dr~ lIatter{'} 
Block 3 0.07 0.20 ns 
Sov1nq lIethod 1 0.05 0.13 
Error 3 0.34 

* : signifieant at the 5% level. 
** : -signifieant at the 1% level 
n. : non .1gnlticant j. 

1. Data. for each 80v1ng date vere 
complete block delign 

( . 

nll 

0.82 0.03 , 

0.67 1.37 ris 0.57 
~ 

0.48 ns 
7.41 15.09 * 0.41 0.35 ns 
0.49 1.18 
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TABLE A. 5 "".l~le. of variance for the ef fect of date of aov1nq 
anef sowlng method on eller.,gence, qroWth and yleld data of onion 
cv. southpc;rt White 'Globe l.n a 1983 field trial. 1 

, , 

Source of Elllergtnce tille Maturity tille 2 

variaUon dt MS F value dt MS F value 

Slock 3 0.38 1.12 na 3 0.25 0.27 na 
Date 2 2.38- 57.00 •• l 20.25 22.0§ * 
Slockxoate 6 0.04- 0.16 na 3 0.91 1.00 na 
Sovlnq lIethod l 51.04 193.12 •• l 2.25 2.45 na 
DatexSovlnq 2 0.54 2.05 na 1 30.25 33.00 *. 
'Error 9 0.26 6 0.92 

Source of Stand!3 weeka) 'Stand(6 veeka) Stand (haqeat) 
varlatM!n df NS l value NS F value MS Fvalue 

Block 3 ~.82 ' 0.06 na 1.79 0.13, nit 3.64 1.44 na 
Date 2 19.54 0.85 n5 45.64 0.99 ni 20.03 1.13 na 
Bloc:kXDate 6 2.3.10 0.51 na 46.30 3.24 n. 17.65 6.97 ** 
Sov1nq lIethod 1 2.1.09 o.~s V·04 5.39 • 9.63 3.80 na 
DatexS6vlnq 2 1 3.38 O. ns 7.89 0.55 na 46.43 18.33 ** 
Error 9 45.73 14.30 l.53 

Source of Bulb velq~t Bulb dtueter 
varlation dt MS P vaiue MS ' F value 

0 

Block 3 86.16 1.55 nI 7.90 0.63 na 
Date 2 3U.56 2.47 na 8.66 0.79 na 
BlockXDate 6 139.76 2.51 nI 10.92 0.87 na 
Sovinq lIIethod' 1 76.68 1.38 nI 5.61 0.45 ns 
DateXSovlng 2 239.42- 4.30 * 15.23 , 1.21 ns 
Error 9 55.64 15.07 

, 

Source of Frelh yield Dry matter yield Bulb dry matter 
variation dt MS F value NS F value MS F value 

; 
Bloek 3 50.40 3.35 na 1.69 4.12 ... 1.59 1.55 na 
Date 2 178.64 4.43 na 4.69 7.78 • 2.66 3.07 ns 
-SlockXDate 6 40.35 2.68 nI 0.60 1..7 n5 0.86 0.84 na 
SC!v1nCJ lIethod 1 6.72 0.45 nI 0.05 0.12 na 0.24 0.23 na 
DateXSovlng 2 85.20 5.~5 * 1.07 2.60 na 0.80 0.78 na 
Errol' 9 15.07 0.41 1;03 

, 
• : a1gn1f1cant at the 5% level 

r •• 1 siqnlUcànt at 'the a level 
ns : non 11gn1 t1c:ant t· . 
1. Data ver. analyseêl troll a split-plot layout in a random1zed complete 
bloçk d.s1gn, where' the 'Illaln plot unit vas 'the sovinq date and the aUb­
plot unit 1 the sovlpg lIethod 
a. AI maturity was not reached in plots of date 3, only data of date • .1 
and 2 were ânaly.ea 
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TABLE .... 6 Analyses ot v~iànçe tor the effect ot sowing rate and 
cultivar on •• ergence, growth and yield data of white onions in a 
1982 tield trial. 1 

Source ot EIlergence Ume Maturity Ume 
"ariaUon df MS F value MS F value 

Block! 3 0.11 0.22 ns 1.17 1.09 na 
Cultivar 1 2.67 5.22 * 20.17 18.91 ** 
Sowing rate 2 0.50 0.98 OS 13.54, 12.70 ** 
Cultivar X 2 0.11 0.33 n8 1.54 1.45 ns . 
Rate 
Error 15 0.51 1.07 

,,' 
"'l> 

Source ofi Stand (harvest ~ Survival (%) 
....... variation dt MS F value MS F value 

Block ~ 
,- 0.85 0.l6,na 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 2.2.7 0.42 ns 3.26 0.12 ns 
Rate 
Error 15 5.45 2.6.28 

-

Source ot 
variaUon dt 

Bulb weiqht 
MS F xalue 

Bulb diameter 
MS F value 

Shape index 
MS F value 

B~ock 3 
cultivar 1 
Sowinq rate i 
Cultivar X 2. 
Rate 
Error 15 

Source o}... 
variaUo~! dt 

Block 3 
cul):.1var 1 
Sowinq rate 2. 
Cultivar X 2. 
Rate 

35.16 
281.54 

1037.86 
5".2.9 

• 40.93 

0.86 n? 
6.88 * 

25.35' ** 
0.13 ns 

Fresh yield 
MS F value 

12.2.4 
31.74 

0.91 
4.i9 

0.51 ns 
1.33 ns 
0.04 na 
0.17 ns 

Error 15 t3.94 
* :rsign1f1cant at the 5% 1evel 
** 1 signifieant at the 1% level 

-DS :' non signif1cant 
,1. Data were analysed trom a 2 X 
randomized complete block design 

, -. '. 

45.61 
59.22. 
16.94-
59.68 

23.42. 

3.58 * 
4.65 * 
1.33 ns 
4.69 ,. 

0.001 0.39 ns 
0.038 11.85 ** 
0.002 0.53 na 
'0.003 0.89 ns 

0.003 

Dry matter yield Bulb dry matter 
MS F value MS F value 

0.52. 
0.74 
0.15 
0.49 

1.05 

0.49 ni 
0.70 ns 
0.14 ns 
0.46 ns 

8.01 
13.35 
0.2.4 
2.90 

1.07 

7.51 ** 
12..52 ** 
0.22. na 
2."2 l'a 

3 factoria1 arrangement within a 
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TABLE A.7 Analyses of variance for th, effeet ot aoviQg rate ,nd 
eulUyar on ellergence , growth and yield da,ta of vhite onions ln a 
1983 field trial. l 

Source of Elaergenee Ullle Mat ur,i t y Ulle 
variation df " MS po value MS F value 

Block 3 0.11 0.49 na 1.28 0.40 ni 
Cultivar 1 7.03 30.10 ** 16.53 5.19 * 
Sovin; rate 3 1.45 6.10 ** 282..36 88.63 ** 
CùlUvar X 3 0.11 0.49 1)6 2.70 0.85 na 
Rate 
Error 2.1 0.2.3 3.19 ..... 

. source~ StandCharvest) Survival ft) . 
variat'fon df ' MS l value MS F value 

::> 
Block ;j 32.2.2 8.53 ** 226.58 10.56 ** 
Cultivar 1 60.78 16.08 ** , 272..03 12.67 ** ,- . 

2.44 na sevi(lg rate 3 393.49 69.42 ** 52.39 
Cultivar X 3 23.64 4.17 * 44.15 2.06 na 
Rate 

: 

Error 21 3.78 21.46 
6 

··Source of Bulb veight Bulb diameter Shape lnde1r 
variation dt MS f value MS F value MS F value 

Bloek 3 121.78 . 1.35 na 15.55 0.96 ni 0.013 Il.50 na 
Cultivar 1 3812.83 42.16 ** ' 159.31 9.82 ** 0~006 0.78 na 
Soving rate 3 1809.2;3 20.00 ** 75.91 4.68 * 0.006 0.78 na 
Cultivar X 3 289.lt 3.20 * 1~:'69 1.15 1)1 0.004 0.51 nG 
Rate 

1 

21 90.44 16.22 0.008 ErrÇ)t 

1 
Source of Fresh yield 

MS F value 
Dry matter yleld~ Bulb dry matter 

variaUon df MS F va,.,ue MS F value 

Block 3 
. catltivar 1 
Soving rate 3 
Cultivar X 3 
Rate 

46.74 
263.93' 

44.90 
"7.95 

Error 21 9.39 

4.98 ** 
28.10 ** 

4.78 * 
0.85 na 

* : lignificant at the 5% level' 
"1 ** : lignifieant at the' 1% level 

0.90' 
O.U 
2.05 
0.35 

0.22 

4.19 * 0.38 0.74 
1.88 na 150.08 289.83 
9-.53 **' 1.20 2.31 
1.64 nB 0.72 ' 1.39 

• 0.52 

ns 1 non signifieant . 
1. Dat. vere analysed from a t 'X 4 factorial arrangement vithln a 
randomized complete block design ~ 

, "' 

na 
** 
na 
ns 
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TAI~ A.8 Analy.e. of variance fO,r- the eftect of gel type and 
soil ~er on e.ergenee, survival and plant veight data of on10n 
cv. Southport White Globe ln ~ grovth eab1net experiment. 1 

• 
• Source of EIIIergence U.e ~rgence(') Surv1 val (,) 

varlaUon df , NS F value NS F value MS F value 

Gel, 1 0.99 1.57 na 666.54 3.73 "" 910.00 4.38·* 
Rep(gel) 2t, 0.63 1.13 'na 178.67 1.61 n8 207.97 1.22 
COver - 1 96.78 173.71 ** .1736.11 15.69 ** 15365;67 90.20 
GeUCCover 7 .... 1.36 2.44- * 820.93 7.42 *'* 995.63 5.84 
~ror 24 0.56 110.68 170.36 

source of Total ",e1ght Mean .we1ght. 
variation df MS F value MS' F v",lue 

Gel 7 50.75 5.06 "* 0.51 2.93 ** 
Rep(gel) 24 10.01 0.96 n.' . 0.17 1.14 na 
COVer 1 1750.11 167.43 il" 5r13 33.95 "" GeIXCOver . 7 278.73 3.81 "* 0.25 1.69 na 
Error 24 10.45 0.15 

/. 

" : sign1fieant at the 5% level 
"* s 81gn1f1cant a!-. the 1% l.vel 
na : non a1gnlficant 
1. Data vere analyaed trom a 'aplit-plot .lay6ut ln a. cô~pl.fely· 
rando~zed deslgn, vher. the main plot unit vaa the gel type and 
the sol1 coVerlng, the aUb-plot 'Unit . 

'- / 

• 

... 

0' 

• 

na 
•• 
"* 

.. 



1 

'lit 

;. 
1 

~ .... 

. " ;.,. 

1'\ 
! 
" < 

"-

. , 

TABLE A.9 Analyses of variance for tbe effect of 
gel type on e •• rgence, grovtb and yield aata of 
onlon cv. soutbport White Globe in a 1983 field 
trial. 1 

Me.lurellent Source df MS P value 

EIIIerqence Ulle Block 3 1.18 2.9. ns 
Gel type 6 0.99 2.47 ns 
Ërror 18 0.'40 

Maturity tille Ilock 3, 18B.I0 1.51 ns 
Gel. type , 6 353.57 2.85 * 
Error 1 l8 124.21 

Stand (3 veeka) IloÇk 3 21.56 L.U ns 
(;fI type 6 33.54 1.77 na 
Error 18 18.90 
J 

'Sta!"d (barvelt) Ilock 3 4.54 1.54 ns 
Gel type, '6 8.93 3.03 * 
Error 18 2.95 

. 
Bulb ve1gbt B1Qck 3 1t1.40 0.83 ns 

Gel type 6 .94.21 318 * 
,Error 18 116.24 

Fresb y1èld ' Ilock 3 22.76, 1.20 ns 
,Gel type 6 76.89 4.05 ** 

.. ' ErrOr 18 .18.99 

* : sign1flcant at t~e 5' level 
*- a1gnlficant ,At tbe n level 
ns :-not 81qniflcant 
1. Data ve~e analyaed ln a 'randOllllled cOilplete block desi~n 
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TABLE A.10 Analy.e. of v laJ'lce for th. eUect of 

~ gel add1t1ve. on e.ergene., CJt'OVtb and yl.l'4 data ot 
cv. sou,thport Whl te Globe ln '. 1982 pre11.1nary 
Ue'lcS trlal. l 

Me •• uro.nt source df MS F value 

EIIlergence Block 3 3.67 5.00 * 
Tre.tmellt 5 13.20 18.00 *-
Error l5 0.73 

Maturlty Block 3 15.82 4.81 * 
Tr •• tllent 5 4.37 1.33 na 
Error 15 3.29 

S cS (3 veek.) Block 3 35402 1.85, na 
Tr.atl\eflt 5 86.02 4.54'* 
Error 15 18.95 • 

Stand (harveat) '.Slock 3 6.64 1.88 ns 
Treatllent 5 29.96 8.40 ** 
Error 15 3.54 

Bulb ve1ght Bloek 3 "4.30 i.72 na 
' .. Treatm\ltnt 5 188 60 3.43 * 

.~ror 15 54.92 
. 

Fresb y1eld ' Block 3 6.24 0.27 n.-
Tre.tllent S 8.90 0.39 ns 
Error 15 22.90 

Dry'matter y1e14 'Slock 3 0.10 o.U na' 
Tre.tment -5 0.32 0.41 ns 
Error 15 0.75 

0 

Bulb dry matter(') Blpck 3 0.65 0.48 na 
Treatment ,·5 0.85 0.63 na' 
Error 15, 1.35 

* 81gnlflcant.at the 5' level 
** 1 .1gnlf1cant .t tb. a 1.vel 
na 1 non '.1gnUicant ., ' 
1. Dàta v~r.,analy •• d in,. randclllzed complet~ block ~e.1gn 
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, TABLE A.li Analy.e. of varlan~ for 'the effecU of 
Cytex on .urgence, growtb and yield cSata of onion 
cv. Southport White Globe ln a 1983 field trial. l 

berg.nee tille 

Naturlty Ulle 

stand ,( ~8 ~aYI) 

stand (harvest) 

Bulb veight 

, . 
Frelh yield 

Source 

Block 
Cyte. rate 
Error 

Block 
Cytex rate 
Err 9r ' 

df / 

3 
5 

15· 

3' 
5 

15 

Bloclt ' 3 
Cyte. rate 5 
Error 1~ 

Bl~Ck 3' 
Cyte. rate 5 
D'ror 15, 

Block D 3, 
Cyte. rate· 5 
Error 15 

Black' 3 
Cyte. Tate 5 
Et'ror 15 

,-

MS 

0.28 
0.30 
0.28 

u •. u· 
62.50· 
90.28 ... 

2B.17 
30.58 
35.81 

. 10.fI 
4.36 

10.37 

673.58' 
987.36 
630.94 

·U.77 
14.79 
U.72 , 

P valu. 

1.00 ns 
1.08 ns 

1 .. 60 na 
6.69 na 

0.79 na 
0.85 na 

1.01'na 
O .... ns 

1.07 ns 
1.56 ns 

1.01 n. 
0.36 n. "0 

ni: nQn 11ghlflcant 
1. Data vere analy •• a l~ • randOlllz.d collplete ~lock de.1gn 
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!AatE A.12 Ana1y ••• of varianc. for th •• ffect of funglcld. and 
lovlng .-.thocS on ... rgenc., grovth and yleld data of onlon cv. 
Southport Whlte G1~~ ln a 1983 fleld trla1. l 

" 

Source of EIIergence tl.e Maturlty U.e Bulb wlght 
variation dt MS F valu. ,MS F valu! MS F valu. 

B10ck 3 Ô.Ol Q.Ol ni 28.82 0.32 n. 298.36 2.52 ni 
Fung1cide 2 0.79 3.39 n. 912.50 10.18 *'!' ?t.45 0.63 ni 
Sovlng 1 37.50 60.71 ** 234.38 2.61 n. 316.10 2.67 ni 
Fung1c1d,' X 2 2.38 10.18 ** 87.5 0.98 ni 450.70 3.80 • 
Sowlng 

(f.23 Error 15 89.65 118.47 

Sourc. ot Fre.h y1;eld Dry .at~er y1eld Bulb. dry •• tter 
variat-lon dt MS F value MS F valu. MS 1 F value 

Block 3 8.12 1.U n. 0.22 1.74 na 0.4:4 1.08 ni 
Fung1cide 2 109." 18.05 ** 2.53 ~.Q9 *. 0.68 '1.69 ni 
SOW1ng 1 176.58 ~9~1l *- 4.25 3.U *. 2.04 5.00 * 
Fungic1de X 2 24.32 4.01 * . 0.56, 4.43 * 0.28 0.67 na 
Soving .. 
Error 15 6.07 1. 13 C.41 

Source ot , S.utCeSay 26) , SlIutCday 33) 
variation cU MS F value 

B10ek 3 0.26 Q1177 ns 
Fungic1de 2 5100.42 15.11 111111 
SOW1hg 1 1413.76 4.19 ns 
Fungicide X 2 98.78 0.29 ns 
SovU'Ig 
Error 15 337.61 ... 

• 1 11gn1fieant at the 5% level 
111* 1 slgntficant at the l' level 
ns : non signlflcant 

MS F value 

86.68 0.70 na 
238.45 1.93 ns 
267.50 2 .. 16 na 

~8.97 1.85 na 

. 123.59 
'-

1~ Data ver, analy.ed fro. a 3 X 2 factor1al arrangement ln a 
randoa1z.d çomp1ete b10ck d,e51gn 
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TABLE A.13 P ratios of analyses'of variance for the 
dfect of funglcide and aovlng .ethod on onl0n 
percentage survlval data of the 198~ fung1clde field 
trial. '\, 

Days af.ter 'Ilock F~ngil,se 
aov1ng 

11 0.15 'na 0.81.na 

15 1.,16 na 0.17 na 

18 0.99 na 0.11 ns 

21 ... 0.17 na 3.08'ns 

26 1.16 na 0.37 nB 
\ , 

33 0.68 na 3.98 * 

~8 1.10 na 3.00 ns 

59 4.89 * , 7.01 ** 

~2r 9.05 *- ' 10.33 *1IIr 
, 

76 5.17 lIIr 7.09 IIIrlllr 

,~ 

117 4.36 * 1.6.50 IIIrlllr 

* 1 11gnlflcant at the 5% level 
** significant at the 1% level 
ns : non slgnlficant 

{ 

Sovlng 
lIethod 

0.07 nI 

2.79 na .. 
0.65 ns 

6.75 * 
J' 

3.01 ns 

1.43 na 

0.05 n, 

9.41 ** 

14.44 *1IIr 

9.07 ** 
, 

43.42 *1IIr 

"'-

" 

pungicide 
X Sov~nS1 

5.40 ** 

0.31 na 

0.01 ns 

1'.75 ns 

3.88 ns 

0.70 na 

0.69 ns 

1.23 na 

1.51 n~ 

0.85 

1.67 

na 

ns 

, . 

• 1Q2 
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TAlLE A.14 Analyses of variance for th. eff~ct of PrO-Gro 
funglc1de and lovlng .etbod on_ e •• rgence, growth and vefght 
data of 'onlon~. Southport Whlte Globe ln grovtb cabinet 
exper1.enta l , 1.1 

Ne •• ur ••• nt Experlll.nt 1 Exper1 •• nt 2 
and~cc. -- df MS FVa1u. MS FValue 
EIII.rg.nc. tille 

Soving Il.thod 1 21.96 56.01 ** 15.-81 93.30 ** 
PrO-Gro rate 1 0.01 0.03 ns 1.08 3.90 na 
SowlngXRate 1 0.48 1.17 ns 0.15 2.71 ns 
Error 8 , 0.41 0

0
.18 

, 
EIIIerg.nc. C\' 

Sow1ng Ilethod 1 300.00 9.78 • 1.33 0.33 ns 
Pro-Gro rate 1 161.33 5.26 ns 1.33 0.33 ns 
SowlngXRate 1 108.00 3.52 n8 1.33 0.33 na 
Ert'or 8 30.67 4.00 

Survlval {'l. 
Sovlng Il.thod 1 300.00\ 18.75 ** 12.00 0'.90 ni 
prO-Gro rate 1 225.33 it~08 ** 12.00 0.90 na 
SowlngXRate 1 1.33 0.08 na 1.33 0.10 na 
Error 8 16.00 13.33 

Health~ {'} 
$oVlng llI.thod 1 0~04 0~0l na 8.50 0.43 n8 
Pro-Gro rate 1 36.75 ,0.71 ns 28.S2~ 1.U ns 
SowingXRate 1 !.63 0.07 ns 4.94 0.25 na 
Error 8 51.92 19.76 

Silut Ct) 
Sov1ng llIethOCJ 1 15.50 3.00 ns 0.01 0.00 na 
pro"Gro rate 1 15.50 3.00 ns 22.23 ' 2.00 ns 
SowingXRat;.e 1 15.50 3.00 ns 0.01 0.00 nI 
Error 8 5.17 11.12 

Total we1ght 
Sow1n9 Ilethoa 1 539.48 20.06 '*'* 13.27 0.25 n~ 
Pro-Gro' rat. '1 167.35 9.64 ns 18.89 0.55 nI 
Sowln9Xlta~e 1 2.41 0.09 na 5.17 0.10 na 

'Error 8 26.89 52.26 

Mean velght 
Sowing method 1 0.52 B.84 ..- 0.05 0~6~ ns 
PrO-Gro rate 1 0.16 2.77 na 0.09 1.12 ns' 
Sow1ngXRate 1 0.01 0.11 

. 
ns 0.01 0.19 na 

Error 8 0.06, 0.08 
• : .ign~f1cant at'the St level 
** : 'signiflcant at the 1% level 
n8 : non s1gnlf1cant ," 

1. Data, for each exper1llent,were analys.a troll a separate 2 
X 2 faetor!al layout in a cOllpletely r.ndom1~ed 'àes19n 
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TABLE A.15 Pooled analyses of varianœe for the effect of PrO-Gro 
funqicide,on e.ergence, grovth and veight 4ata of flu1d dr1lled 
on10n cv. southport White Globe ln grôwt~ cab1net experi.entl 
CEXp.) 1 ~ 2. 1 • 

.. 

• '4 U 

Source of Emergence U.e EIIergence Ct) Surv1val Ct) 
var1ation .. dt MS F value 

Experl.ent 1 9;99 21.04 * 
Repl1cateCExp.)4 0.47 . 2.35 ns 
prO-Gro rate 7 2.23 11.07 ** 
RateXExp 7 0.29 LU ns 
Error 28 0.20 

Source of Healthy C%) 
variation dt MS F value 

Exper1ment 1 4370.08 '39.15 -* 
Replicate(Exp.)4 110.78 2.12 ns 
PrO-Gro rate 7 1190.48 22.83 -* 
RateXExp 7 276.55 5.30 ** 
Error 28 52.15 

"' 
Sourc:e of TOUl weight 
,variation df MS F value 

EXP4!!r1l1ent 1 284.12 5.93 ns 
' Repl1cate(Exp.)4 47.88 3,,02 * 

Pro-Gro ràte 1 623.98 39:36 ** 
RateXExp 7 • 60.15 3.79 ** 
Error 28 15.85 

* : sign1f1cant at the 5% level 

MS 

21.33 
6.67 

17.52 
22.10 
13.52-

" 

F value N's F value 

3.20 
0.49 
1.30 
1.63 

nI 5.33 0.20 ns 
nI 27.33 1.31 
nI 716.95 34.37 
ns 85.33 4.09 

20.86 

• 
Smut Ct), (, 

MS F value 

1.93 
4.62. 
9.68 
0.86 
3.48 

0.42. ns 
1.33 ns, 
2.78 * 
0.25 ns 

Mean we1ght 
MS F value 

0.3" 2."5 ns 
O.lt 3:71 * 
0.61 16.56 ** 
0.05 1.42 n8 
0·94' 

ns 
** 
** 

'\ ** : s1gn1f1cant at the n leve1 
ns 1 non significant 
1. Data vere "analysed from a split-plot 
coapletely rando.1zed designs 

arrangement ln time of 2 -. 

,. , 

.' 

, , . 

.<:l 



~, 

t 
~ , ~ } 1 

", 

C 
i 

Ij 

" , 

, 

TABLE A.16 Analys.. of variance for the effect of Pt~-Gro 
lung1.cide on .~r9.nee, 'gtovth and veight data of fluid 
dril1ed onion cv. Southport White. Globe in growth cab1.nét 

-experUtents l , 2.1 

Measurellent 
and Source 

'ixperill1ent i 
.. Experiment 2 

» c a. 

199-

,~ 
df MS Fvalue MS ,l'Value 

.. 

Emergence tille 
PrO-Gro ratè, 
Error 

Emeraene.' (,) 
PrO-Gro rate 

, Error 

Survival ('II) 

Pro-Gro.rate 
Error 1 ) 

HealthY ('II) 
Pro-GliO rate 
Errbr 

Saut (') . 
Pro-Gro rate 
Error 

.; 'rotaI ..,eiqht 
Pro-Gro rate 
Error 

Mean ..,eiqht 
Pro-Gro rate 
Error 

7 
16 

7' 
16 

7' 
16 

7 
16 

7· 
16 

7 
·16 

1..23, 4.00 * 
0.31 

36.57 
19.33 

/ 

1.89 ns 

173.33, 5.65 ** 
"30.66 '-

187.26 3.13 * 
50.27-

·7.59 . "l.94 rrc-""-
3.92 

167.35 13.57** 
18.27 

0.19 _ 5".06 ** 
0.04 

* : signifieant &t the 5% 1eve1 
** : s1gnificànt at the l' level 

.nl 1 non signifie.nt 

~-

1.28 1.89 '** 
0.16 

3.05 
- 6.00 

0.51 ns 

.. 
628.~5 49.6~ ** / 
12.67 

, " 

1279.76 '1.8;63. ** 
68'.69 

,.-. ---~ --_/ 

2.95 0.89 ns 
3.3~ 

'516.79 18.8g ** 
fl.7I 

7.72 ** 

1. Data for each expertllent ..,ere an_IyseCi 1n a 'separate c~mp1etely 
ran401l~zed 4es1gn 
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TABLE A.l7 ,EUect of Pro-Gro rate on eller.,ence, 'surv1val, 
n.alt~ and ve1ght of fluid drilled oni~n, in .,rowth cabinet 
experillenta (Exp.l l '1. 

~OO 

Pro-Gro rate 
XStd C9 1-1.) 

EIIer.,ence tille 
(day.' , 

EIIergence Surv1val 

Xo (0) 
XO.I (0.0161 
XO.25 (0.04) 
xO.5 (0.08) 
Xl (0.16) 
x2.5 CO.4) 
)(5 (0.8) 
XIO (1.6) 

Progro rate 
xsta (9 1- 1 ) 

xo (0) 
XO.l (0.016) 
XO.25 (0.04) 
XO.st (0.08) 
Xl' CO.16} 
X2.5 CO.4) 
X5 CO.8) 
XI0 (1.6) 
LSD(0.05) 

Pr09,rO\ rate 
. xsta (9 1 - 1 ) 

xO CO) 
XO.I' (0.01'6) 
XO.25 (0.08) 
XO.5 CO.04,) 
Xl (0.16) 
X2.5 CO.4) 
xS CO.81 
xlO q.6) 
LSOCO.05} , 

5.2 ' 
5.1 
6.1 
5.5 
5.6 
6.3 
6.8 
6.6 

, } 0.96 

ni: ~on significant 

, 

5.8 
6.5 
6.4 
6.7 
6 . .9 
7.0 
7.3 
8.0 

Exp.l 

98.7 
98.7 
98.7 
97.3 

100.0 
100.0 
96.0 
89.3 

t'l 

0.70 ~ ns 

Healthy ~lanta 
(%) 

89_5 
93.1 
91.9 -
94.5 
91.9 
92.9 
82.4 
11.2 

'17.6 
85.0 
81.2 
87.5 
79.4 
67.6 
43.7 
31.7 
14.35 

Total weight 
(9 nat- l ) 

EXp. 1 Exp.2 

46.1 51.7 
46.0, 54.8 
38.9 48.3 
41.9 54.2 
43 .. 5 48.2-
39.7 42.8 
31.5 ·34.0 
24.7 16.2 

4.71 

/ 

C%l 
Exp~2 EXp.1 

98.7 90.8 
98.7 92.0 
98.7 93.3 
97.3 94.7 
98.7 98.7 

100.0 94.7 
97.3 ' 90.7 

100.0 73.3 

Sllut 
(%) 

5.40 

4.5 2.7 
1.3 i.3 
1.3 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 ,0.0 
,0.0 0.0 

2.21 

Mean we1ght 
C9 plant-l) 

Exp.l EXp~2 

2.04' 2.11 
2...01 2.26 
1.67 1..97 
1.78 2.23 
1.76 1.98 

.1.'68 1. 7. 
1,.38 1." 
1.35 1.18 

., 

Exp.2 

94.7 
97.3 
97.3 
97.3' 
97.3 
98.7 
94.7 
56.0 

• -
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TABLE A.l8 ~egresaion an~lyses for the ettect ot Pro-Gro 
rate on e.ergene., survival, health and velght of fluld 
drille~ onions, in grovth cabinet experimenta (EXp.) 1 and 2. 

variable Source df MS po va~ue R2 EUect Regresslon 
!9uaUon 

Emergence 
Exp.l r" 1 5.05 16.56 ** 0.53 Q Y.S.344+2.915r 

rxr 1 2..12 6.94 * -1.331r 2 

Error 21 0.31 (;/ 

Exp.2 r 1 1.10 34.69 ** 0.61 0 L Y.6.419+l.038r 
Err.or 22 0.20 

Survival % 
r 1 3907 131.62 ** 0.79 0 Y.94.42.7+15.223r 

EXp. 1'2 rxr 1 1071 36.10 •• -2l.18r l 

Error 45 29.69 ç-

Kealth~ t . 
Exp.1 r 1 1173 27.42 *. 0.55 L Y.93.598-13.347r 

Error 22 42.80 
1 

E-~p.2. r 1 822~ 98.58 •• 0.82 L Y.83. 022-35. 331r 
Error 22 83.41 

Total weight 
EXp.U,~ r 1 4208 129.0Q •• Q.74 L Y.48.386-17.872.r 

Error 46 32.62 

Mean weight 
Exp.l'2 r 1 .3.63 li2.60 ** 0.60 0 Y.2.062-1.111r 

rxr 1 0.35 6.03 * +0.383r2 

Error 45 0.05 
l, 

r : rate of .rogro 
L Linear effect 
Q ouadratic effect 
., 1Ir* , lignifieant at the 5% and 1% level, reapect'1vely 

, -


