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ABSTRACT 

M.Sc. BERNARD VIGIER RENEWABLE RESOURCES 

/ 

APPLICATION OF SUPPIJEMENTAL N ON BROCCOLI (Brassica oleracea L. ssp. 

italica Plenck) GROWN ON ST-BLAISE SOILS. 

Experiments On the methods of applicat ion, oE urea were tested 1n 

combination with Mo for two' years at two soil pH levels. Feed-grade urea 

was applied in bands at a rate of 60 kg N/ha and as foliar sprays at a rate 

of 13.5 kg N/ha. Mo was applied. as a fo1iar spray. at 0.2 kg Mo/ha. 

Mo treatments delayed maturity significantly when compared ta control 

plots in aIL trials, while they increased plant N03-N levels significantly 

during the 1981 trial ~t a soil pH of 6.5. Banded urea treatment s 

increased broccoli yields significantly during 1982 trials and increased 

plant N03-N. and total N in the three trials at soil pH values of 6.5 and 

7.3. 
-.$ 

The estimated Eertilizer N recovery by broccalt plants was increased 

with foliar ureâ compared. to banded urea applications. 
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RESUME ~ 

M.Sc. BERNARD VIGIER RENEWABLE RESOURCES 

Ci, 

FERTILISATION 0 AZOTEE SUPPLEMENTAIRE A;PPLIQUEE AU BROCOLI 

(Brassica ole race a L. ssp. italica Plenck) CULTIVE SUR SOLS ST-BLAISE. 

Des essalS de fertilisation combinés d'urée et de Mo ont été effectués 

durant deux années à deux ~lveaux de pH de sol. L'urée de type alimentaire 

fut appliquée à raison de 60 kg N/ha en bandes et 13,5 kg N/ha en solution 

foliaire. Une solution de Mo fut appliquée sur le feuillage à raison de 

0,2 kg Mo/ha. 
o 

Les applications de Mo ont diminué significativement la maturité 

. 
hâtive dans tous les essalS, tandis qu'elles ont augmenté la teneur en 

N03-N du feuillage sur un sol à pH 6.5 en 1981. L'urée en bandes a 

augmenté de manière sig~lficative le rendement en brocoli durant les es~als 

de 1982 et a accru le niveau des N03-N et du N total du feuillage dans 

trois essais sur des sols à pH 6.5 et 7.3. 

La récupération estimée de l'engrais N par le brocoli a été supérieure 

avec l'application d'urée foliaire lorsque comparée à ceIlle d'urée en 

bandes. 
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FOREWORD 
'r 

This thesis is presented as two papers, noted as Chapt ers 3 and 4 

respectively, to be submit~ed for publication. 1t contains.; {Ion overall 

introduct~on and ends with a combined summary. 
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CHAPTER 1 

INTRODUCTION 

Intensive fertilizat ion .programs' which are required by most vegetable 

cropl have prO'lIl'Oted the development of application techniques .which 

minimize labour and integrate these operations wlth other cultural 
, 

practi~~s " Foliu applications of fertilizers have been found to be 

practical vith vegetables, such as Brassica crops, which ,requin~ a large 

a.ount of N fertilizer and a variety of micro-nutrients. 

This method. vhich is less energy consuming, is already in use by soae 

faraers on broccoli (Brassica oleracea L. ssp, italica Plenck), It 18 

\ 
preferred to the more conventional technique of side-dressed or banded 

applications along the row with supplemental N. . . 
The benefits of added N, which w111 be d-is-cussed ~n the following 

chapter, can be significant but high levels of N applications can result in 

problems specifie ta BraSSlcae. 

The following experiment was designed to study the effect of ures, used 

.- as a N-tertilizer source, applied ln bands along the row and in solution on 

the foliàge 10 combination with foliar applications of Mo, on broccoli 

yields. The performance of the crop, sail N03-N, and total N, K, Mg, Ca 

and B levels in the plant were monitored in an attempt to relate these 

nutrient levels ta added N and Mo. The Mo treatment was applied mainly to 
\ 

determine if it had an effect on the recovery of the N fertilizer by the 

plant _ Trials vere undertaken at different soil pH values with similar 

soil fertility levels and textuie. 

A . general literature review will (ollow on N fertili~ation and 

Brassicae vith more emphasis on broccoli plants, The next two consecutive 

( 
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( chapters (3 and 4) will be presented discussing firat, yield results and N 
, , 

rec~very by plants and second, the effects of the treatments on the plant 

nutrient status. The final chapter will be a summary of the results 

obtained. 
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CHAPTER 2 

GENERAL LITERA TURE REVIEW 

a) Forms of nltrogen absorbed by plants 

Plants take up N eLther in the nitrate or ammonLum forms of N. Steward 

et. al. (1959) mentLoned that the contrast between the two N sources ( N03-N 

or NH4-N) was self-eVldent, with N03-N leadLog to low soluble N in the 

plant or Little more than enough N for the proteln synthesis and glutamine 

formation, whlie the use of NH4-N salts Led ta an accumulation of soluble N 

beyond the needs of synthesLs. According to Bollard (959), ammonLum 

nutrition can lima growth by concentratLng the energy productlon of the 

plant in ta making carbon skeletons required for the storage of NH4-N, thus 

diverting energy away from growth. Therefore, even if bath forms are 

required, N03-N is the prLmary form of LnorganLc N available for nutritlon. 

Okalebo and Mackenzie (978) reported that plant roots were shown to 

have Little tolerance 
" 

to NH3-N, especially in a situatlon where 

nitrification was reduced. Bollard (1959) reported that plant response ta 

N-forms can vary accordLng ta the crop coneerned, but generally, N03-N ' 

gives the most consLstent results in experiments done on sterile soils. 

Aeeording ta Barker and Hills (1980), the horticulture industry depends 

increasingly on ammoniacal fertLlizers SLnee soil N03-N leacning and 

denitrLfication lasses are quite high with N03-N sources. However, Gorin 

(1962) stated that the rapid conversion of NHL.-N ~nto N03-N limLts the 

- 3 -
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effectiveness of applying ammoniacal N as a means of increasing N 

ferti1izer utilization by plants. Geraldson (1967) reported that, in most 

soils, about 80,to 90% of the soluble N ls present as N03-N and 10 to 20% 

Plant abnormalities could be induced .gy NH4+ when in large 

proportions ln the soil solutlon, because this cation can become 

competitive to the uptake of other cations . 

• 
In an experiment conducted by Pimpini (1973) with ammonlum nitrate 

(NH4NP3) and urea (CO(NH2)2) fertilizers, bath applied to the 90il at a 

rate of 300 kg N/ha on eauliflower (Brasslca oleracea var. botrytis ~.) 

plants, the NOrN level ln leaves was 11% higher with urea, showing a 

higher utilizatlon of urea by this Brassica crop. 

High rates of added N can a1so result in N03-N accumulation in the 

( plant, especially in Brasslcae which are considered to be N03 accumulators 

and may reaeh toxie levels with regard to human consumption (Maynard, 

• 
1976 ). However, in the case of braccoli and Brussels sprouts (Brassica 

oleracea var genmnfera L.), Munro et al. (978) found that plant N levels 

declined as plant maturity increased, therefore l'educing the nsk of 

toxiClty. 

h) Methods of N applications 

: Controversy still exists between fo1iar and soil banded applications of 

N, as ta which method i8 to be preferred. The first experiments on these 

methods were made o~ fruit trees, where benefits of foliar applications 

were l'elated to the deep rooting depth of trees chat could delay the 

.C 
absorption of feI'tLllzers applied to the soil surface. Experiments carried 

out on apple (~ sylvestris Mill.) trees have shawn equal benefits in 

• 
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yields from either foliar or banded app~ieations of urea' (Fisher. 1952,; 

Leece, 1979; Thorne. 1953). However, leaf sprays of ures caused a more 

rapid. albeit more temporary. N response than soil applications. 

Experiments conducted by Nelson (1956) showed that ures spra,s on corn 

(Zes mays L.) did not produee superlor yield benefits compared to the same 

amount of N aPeli~d to the soil as side-dressing. 

Magnifieo ~~. (979) reported that broccoli plants removed 559 kg 

N/ha and 723 kg K/ha; whereas, P uptake was in the range of only 23 kg/ha .. 

The same authors indicated that only 10% of N fertilizer was aetually 

recovered in the harvested broccoli spears when 135 kg N/ha was applied in 

bands, suggesting that. a large amount of N was applied in relation ta a 

small r.ecovery by the plants. Cutcliffe (1971) reported a 5% increase of 

marketable broccoli spears as fertilizer N applied in ·bands was ïncre8sed 

from 90 to 180 kg N/ha. 

Other experiments on cauliflower by Rajput and Singh (1975) indicated a 

better response in plant height and number of leaves ta sp\,J,t basal <in 

bands> appllcations of urea compared ta split N Eoliar applications. Smith 

and Chalk (980) compared fertilizer band applications of aqueous ammonia, 

ammonium sulphate and ISN labelled urea and noticed that urea and 8111110nia 

produced an alkaline enVlronment ln the soil, while ammonium sulphate 

produced an acid one, affecting the Nitrobacter activity ln nitrate 

6. 

formation through the biological oxidation of nitrate. 

To conclude this section, beneflts from either method are debatable 

because higher plants can take up ure a as weIl as the products of its 

hydrolysis by both the root systems and the seriaI part. Panak et al. 

(981) ob8erved that not only the translocation and the assimilation of N 

- 5 -
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r 
from urea was possible but some carbon was absorbed as weIl. 

c) Efficiency of nutrients applied 1n sprays 

According to Engelstad and Russel (1975), application, of micro-

nutrients by foEsr sprays is an accepted practice, Binee metals applied 

this way are not fixed ln the soil and ate more readily available to the 

plants. This technique is a,common pract1ce on fruit trees which have deep 

roots, because the nutrients applied as foliar sprays are more readily 

absorbed by the plant as compared to nutrieuts which are applied to the 

soil. However, foliar appl ieations of maero-nutrlents have not generally 

been suecessful because of the difficul~y in getting significant quantities 
. 

of N, P or K into the plant Eoliage without causlng serious lea( damage. 

Thorne (953) noticed that the response to foliar applications of N, P and 

K was similar ooly to N applications on apple trees suggesting that N iB 

the macro-nutrient mostly absorbed in sprays. 

Hengel and Kirkby (1978) reported that ure a is the most coamon form of 

N appl ied which L8 readily taken up and metabol i zed in the leaf tissue. 

Hinsvark et al. (1953) and Islam and Rashid (1973) observed a nUDIber of 

~ticu-ltural erops which did respond favorably t:o foliar applications of 

ure~ and noted that plants such as cucumbers which showed the least 

toleraoce to urea had the greatest urease activity r~spoose. The gre~ter 

effectiveness of foliar-applied urea as compared to the other inorganic 

ionie forms, was believed to be a result of ita non-polar organic 

propert ies. 

-6-
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( d} Mechanisms affecting the absorption of N • 
Different aspects of nitrogen absorption have been extensively 

reviewed concerning soil water content, soil cation exchange 'capaclty, 

temperature, soil pH, urease activity and nitrification rate. 

Nutrient uptake by leaf cell 1S the same as that of nutrients absorbed 

by plant rOOt cell, the maln step belng the transport through the 

biological membrane; i.e., the plasmalemma. Mengel and Kirkby (1978) 

mentioned that the uptake of nutrlents in ionie forros from a solution was 

limited ta the outer epidermal cells of the leaves which ar,e covered by the 

cuticle, which consists of wax films alternating with cutin lamellas. The 

rate of uptake 1$ controlled by the diffusion of plant nutrients from the 

w~ter film on the leaf surface through the cuticle and cell wall to the 

c plasmalemma. 

The efficiency of the nutrient uptake by leaE tissue 15 directly 

related to the amount of tlme the nutrient solution will remain as a fine 

film covering the leaf surface. Therefore. spraying should be done on 

cool, cloudy days or in the evemng to reduce th(? _evaporatlon and the 

crystailization of mInerais on the leaves (Volk and ~eAuliffe, 1954). 

Bollard (1959) suggested that the urea-N in the leaves may be broken 

down on the surface of the plant by the urease-enzymatic activity producing 

carbon-dioxide and ammonium ions which are converted into nitrate. In sail 

application of urea, temperature is an important factor for improving the 

rate of hydrolysis. ,Terman (1979) reported an increase ln the rate of 

hydrolysis from 50 ta 85% with temperature ranging Erom 10 ta 20·C on a 

silt-Ioam after two weeks. 

( On the foliage. the rapid hydrolysis induced by high urease activity 

- 7 
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will- cause an accumulation of hydrolytic products which could încrease 

faliage injury (Hinsvark et al., 1953). In this experiment the most rapid 

rate of hydrolysis oecurred when urea was applied ta eucumber (Cucumis 

sativus L.) leaves, which had the greatest sensitivity to toxicity and had 
~,' 

the g~eatest urease activity. 

Other work done by Volk and McAuliffe (954), on the rate of fcHar 

pbsorption of urea by toba,cco (Nicotiana tobacum L.) plants, has shown that 

the 'cutinized layer' of the leaves acted as a physical barrier and may be 

one of the major factors limiting absorption. Therefore, it i6 possible 

that thickly cutinized leaves of Brassica crops would be less permissive to 

nutrient absorpt ion. AnotÎler aspect investigated, by these authors, was 

the time of foHar app'l ieation which gave an uptake 3 ta 10 times larger 

when applications were done at night compared to during the day; further, 

the absorption in the morning was three times greater than in the 

afternoon. Therefore, the tlme of application i5 also very important. 

e) Ures toxicity 

Ures toxicity could oecur if ammonlél or nitrite toxie levels are 

reached. during the ammonification process, which is a r:ransi~nt state. 

However, urea grading could be a source of toxicity by itself because it ie 

related ta biuret content. This toxic compound i5 formed through the 

proeess involving the conversion of ures into pellets by spraying a 

concentrated 501ution at high temperature. Biuret, when present in foliage 

sprays has sorne toxie effects on some plants;' however, soil applications of 

a urea-biuret mixt~re (lOt biuret) at a rate of 100 kg N/ha were not found 

'harmful to corn, cotton (Gossypium hirsutum L.), tomato (Lycopersicon 

<- .. 
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es-eulentum Mill.) and oats (AvEma sativa L.) (Jacob, 1959). On the ather 

hand. faliage burning could occur if there 15 more than 1%" biuret if urea l 

. ) is applied on the foliage (Tisdale and Nelson, 1975) . 
1 

The type of foliage sprays seems to affect tOX1City as weIl. Chesnin 

and Shafer (953) found a higher tolerance of corn, wheat (Triticum 

vulgare 1 Vill.) and alfalfa (Medicago satixa L.) wpen urea solutions were 

sprayed with fine dropIets and more tOXlclty when droplet Slze was 

relatlvely larger. 

( f) Effect of Mo on N absorption 

It is weIl known that molybdenum (Ho) deficiency is responsible for the 

whiptail disorder 0 f broccoli and caull flower (Stout and Johnson, 1956). 

Field responses to Mo by Brassicae have been reported from widely separated 

geographical regions. 

Treatments of horticulturai and field crops with Mo must be moderate 

because there is a link between hlgh levels of Mo in feeds and molybdenosis 

in livestock. However, Mo has Many functions in the plant. Spencer and 

Wood (954) identlfied at least three metabolic raies of thlS element. lt 

wss found ta be requll·ed for the nltrogen-fixatlon reactions of both 

fTee-living and symbiotic nitrogen-fixing bacteria and the composition of 

the n1trate-reductase systems of non-leguminous plants. The third 

metabolic role suggested by the authors is that molybdate in 

( physiologicsi concentrations, inhibits the acid phosphatase of 
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higher plants. 

The second mentioned function of Mo in specifie enzymes i8 corroborated 

by Haan and Zwerman (1976) who emphasize<i the evidence t:hat Mo had an 

effect on N fixation. not only on legume crops through the nitrogenase 

contained in the root-nodule bacteria but on non-legume crops through the 

nitrate-reductase of Azotobacter micro-organisms. Anderson (1956) 

identified Mo as being an essential component of the enzyme nitrate-

reductase. which ia obtained from Neurospora and Aspergillus. Gupta and 

Lipsett (I981) reported that nitrate reductase and nitrogenase require Mo 

for the reduction of N03-N and~in the fixation of N2' respectively. Evans 

(1956) and Steward et al. (1959) repo~ted that there i5 considerable 

evidence that more Mo i8 required for growth with N03-N th an when NH4-N is 

used. It ls interesting to note that molybdate (M0042-)., which is a common 
\ 

form of Mo, is readily aDsorbed by the leaves and can be trsnslocated in 

. plants ",hose requirements are approximately in the order of 0.1 to 1.0 -iJg/g 

of dry-matter (Haan and Zwerman, 1976; Mengel and Kirkby, 1978). 

Fido ~.!!.!.. (1977) observed that, for Many Brassicae grown either with 

N03-N or with NH4-N (ures form) J under non-sterile conditions. younger 

leaves started to develop whiptail disorder characteristics such as curling 

inwards or cupping of. the leaf margl.n. Therefore, the presence of N03-N 

can increase Mo deficiency'and the incidence of whiptail or a chloroplast 

breal(down encountered in _cauliflower and broccoli. 

Alexander and Stark (1959) reported similar results where high N03-N 

level in caul i flower gave a Mo deficient appearance to the plant. These 

observations were corroborated by Spencer and Wood (1954) who noticed that 

the addition of Mo in a sodiul1l:-molybdate form resulted in both a rapid 

-10-



decrease •• • ~n the level of N03-N and an increase in the protein _content of 

, " tomato plants. At the same t ime, the nitrite (N02-N). leve1 increased 

rapidly in plants treated w~th M~. it lS possibl, that Mo 

enhanced the -denitrification process by increa~lng the 

In this case. 

application had 

nitrate- r~ductase activity_discussedlabove. 

g) Physiological disorders and N 

Plants of the cruciferous family or Brassica crops are very susceptible 
D 

to disorders, such as, hollow stem and whiptail observed in broccol i and 

cauliflower, and brown-heart in cabbage (Brassica oleracea var. capitata 

L.),- turnips (BrasSlca rapa L.) and rutabagas (Brassica napo brassica 

Mill. ). Such disorders have been related to nutrient deficiencies. 

Brown-heart has been associated with a B deficiency and whiptail 'With Mo. 

as observed above. Hollow-stem ln broccoli has been associated with 

factors, such as, spacing and N fertilization increment (Cutcliffe; 1972; 

\ 

Gupta ans Cutcliffe, 1972). 

Corrective amounts of these nutrients are usually sufficient to correct 

thes~ problems. However, N fertilization can affec t the availabi lit y of 

these micro-nutrients. 

In Prince Edward Island, Cutcliffe and Gupta (1980) reported 

ex'periments on cauliflower and Brussels sprouts where applied N affected 

the B concentration in the plant dry-matter. Increasing rates of ammon~um 

nitrate fertilizer, from 0 to 336 kg/ha resulted ln B increases from 22 to 

40 ug/g of dry-matter at §oil pH ranging from 5.3 to 5.9. This benefit of 

N on B availabil ity has been observed by Chamberland (981) on turnips 

where N applications reduced the brown-heart disease symptoms. These 

- 11 -
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pre1imin3ry results show a reduction in. B deficiency when N and Pare 
, 

suppli7d to the soil in a 1:2 rati.o;, Le., 50 kg P/ha-without any B 

application.. However,. in soils which have a 'high B content, it was found 

Chat as the, rate of applied N vas increased, the SymptÔlnS of B toxicity } 

observed on plants, such as, citrus sp~<:ies, wheat (Tric icum aestivum \ L.) 

, and barley (Hordeum distichon L.) leé\';'(~Jes de~reased <Chapman ·an~ Vanselo~, 

1955; Gupta ~.!!.. 1973). 
.... i· ( 

Therefo'rel,' it appears that a balance must exist 

in the intake 0 f Band N by plants • 
. \ 

Mo deficiency symptoms increased when there was an- excess of N 
. 

fertilizer applied on caûliflower (Wilson and Waring, 1948; Alexander and 

Stark, 1959). 

This.outlook o~ the fertilization of Brassica crops wâs necessary for a 

better understandi~g of the p~oblems involved and ta give a proper orienta-

,tian to' the following work. 

" 
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CHAPT!R 3 

EFF!CTS OF BANDED VERSUS FOLIAR APPLICATIONS OF UREA IN OOHBlNATION 

WITH MOLYBDENUM ON YIELD AND ~ RECOVERY SY BROCCOLI 

'." 
\ 

(Brassica oleracea L. sap. italica Plenck) 
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INTRODUCTION 
AND 

LITERATURE REVIEW 

Nitrogen requirement of Brassica crops is high compared to many other 

vegetable crops. Therefore, methQds of applLcation which can reduce input 

without decreaslng yield cao be beneficial. Because of its great 

solubillty and rapid absorption in the" leaf, urea fertilizer has the 

advantage~o{ belng applicable elther to the sOlI or to the foliage. 

The use of foliar or banded applicatlons of urea 15 still 

controversial for N supplemental rertlllzation of Brassica crops. Fisher 

(1952), Leece (1979) and Thorne (953) have shawn equal benefits from 

either foliar or 5011 banded urea on fruit trees. On Brasslcae, Rajput and 

Singh (1975) iodicated an increase in plant helght and number of leaves on 

cauliflower with sOll-applied urea, compared ta solutions applied on the 

foliage. 

Smith and Chalk (1980) observed that a temporary alkaline environment 

in the sail was produced with banded urea and one could conclude that Cu, 

Zn, Mn and B availabllity would be reduced, whereas Mo would be Increased. 

Hinsvark et al. (1953) reported other ~', ~~ benefits of foliar 

applications or urea on horticultural crops. Islam and Rashld (1973) 

noticed that plants WhlCh had the greatest urease activl.ty had the least 

tolerance to urea. Bollard (1959) explained the ure a utilization by leaves~ 

by saying that urea was broken down on the surface of the leaves produclng 

carbon-dioxide through the urease activity. N was then transformed rapidly 

into NH4-N and NOrN and absorbed by leaves. Therefore an important 

limiting factor ln urea absorptl.on may be the urease actl.vity ln the 

leaves. Bollard (1959) further stated that yield responses to the N03-N 

- 19 -
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form gave the Most consistent results; whereas, urea-N effects were 

j 
d~fficult to estimate because its transformation into NH4-N was very rapid. 

An experiment by Pimpini (1973) on cauliflower demonstrated that 300 

kg N/ha when broadcast on the soil, increased NOJ-N in plant leaves by 11% 

vith urea compared with ammonium-nitrate. suggesting a gre,ner utilization 

of the urea fe1'tilize1'. Howeve1', Okalebo aild Mackenzie (1978) reported 

that release of free ammonia (NH3) through the urea hydrolysis, may cause 

sorne in jury ta the raots in sorne coo 1- soi 1 conditions. According to 

Bollard (1'959) ammonlum fertilizers lead to an accumulatlon of soluble N 

in the plant beyond the needs of synthesis and llmit growth by 

concentrating the production of the plant into making 
r 

carbon-skeletons required for storage 0 f NH4-N and diverting this energy 

away from plant growth. Volk and McAuliffe (1954) reported that injuries 

caused by fo1ia1' applications of urea be minimal wi tr broecoli 

plants because the leaves have a cutinized layer which aets as a 

should 

barrier against N absorption. 

Wilson and Waring (1948) observed in field experiments that N 

fertilizers had a te~dency ta induce a greater amount of whiptail. caused 

by a Mo deficiency. They believed that Mo behaved as a catalyst ~n the 

reduction processes in cauliflower plants that redueed N03-N ta N"4,-N and 

amino-acids. Hewitt and Gundry (1970) supported these views and suggested 

that Mo was not needed by plants when they were grown with NH4-N in the 

absence of NOrN. Other work reported by Steward !! ~. (959) described 

that Ho re,quirement was selective acco1'ding ta the N source used, because 

more Ho was required for N03-N than for NH4-N fertilizer source. Fido et 

al. (}977) found that Mo deficiency was more 1ikely to accur if N 

-20-
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fertilizers were added. 

The positive interaction of N and Mo was partially explained by 

Anderson (1956) who ment ioned that ln non-Iegumes, Mo could have an e ffeCt 

on N fixation throu~ its activity on Azotobacter micro-organisms and the 

-formation of nitrate-reductase in the sail. Candela ~~. (1957) reported 

that high N03-N level in cauliflowers was a manifestation of Mo deficiency. 

As a result of this review, it 15 clear that folia. and soil urea 

applications .,may have a different impact on N absorption. Further. Mo 

seems ta play a key role in N metabolism. Therefore, it was decided to 

study the effect of foliar and soil urea applications on broccoli yields 

. and N recovery as influenced by added Mo. 
- ! 1 

, ' 

\ 

,1 
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HATERIALS AND METHODS 

Fièld trials were conducted on a St-Blaise soil series (Lajoie, 1964), 

10cated at l'Acadie Experimental Farm of Agriculture Canada near St. Jean-

sur-Richel ieu 1 Quebec. Al! fields were tiled-drained. Four locatil5ns 

were selected for succeSSlve trials in 1981 and 1982. Two sites were 

selected each year ta eliminate the potential hazard of fertilizer 

residues. 

a) Field trials 1981 and 1982 

The sites were selected on the Farm in a radius of a, few hundred 

Metres, with soil pH values of 6.5 and 7.3 in 1981 and 5.1 and 6.5 in 

1982. The soil texture was loam and silt-Ioam at low and high pH sites ln 

1981, respectively and clay-loam at both sites in 1982 (Table 1). 

Fertilizer was applied broadcast at a rate of 80 kg N/ha, 320 kg 

P20S/ha and 160 K20/ha during both years except for a supplemental liming 

with hydrated limestone ln 1981 at a rate of 1000 kg/ha on the low pH field 

for a final soil pH of 6.5 at the beginning of the experiment. 

Sail hot-water-soluble B levels were in the range of 0.3 ugJg of dry 

soil and were consldered as being below sufficiency leve1s. Therefore, in 

order ta control this deficiency, foliar sprays of boron l were applied four 

times at ten-day i.ntervals, at a rate of 0.7 kg B/ha on a11 plots in 

combination with a pesticidé2 used to control the cabbageworm (Pieris rapae 

1 SOLUBOR; 20.5% B. 

c 2 AMBUSH 50 EC (Permetrine) 
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Table 1. Some properties of St-Blaise soils (0 - 20 cm depth) at l'Acadie Experimental Farm 
in 1981 and 1982. 

YEAR AND pH 
SaIL WATER pH in CaCl2 P K Mg B Sand Silt Clay C.E.C. a.M.* 

kg/ha ug/g --------- % ----~--- me/IOO·g 7 
1981 TRIALS: 

pH 6.5 5.8 251 194 316 0.22 36.9 41.0 22.1 23.2 6.2 

pH 7.3 6.8 313 221 466 0.28 23.9 54.0 22.1 14. 2 ~ 5.8 

.. , 
1982 TRIALS: 

pH 5.1 4.7 124 302 441 0.48 25.1 40.0 34.9 16.9 5.3 

EH 6.5 6.2 104 248 522 0.32 31.1 34.0 34.9 13.7 4.3 

* Organic-matter content by 108s on ignition at 430·C for 16 .. hours,. 
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The ume broccoli variety (cv. Prernium Crop) was used in both years 

with rdws 90 cm âpart and 45 cm in-row spac ing. Dlrect seeding was\done 

on June 2 ln 1981, while ln 1982, four-week-old plants were transplanted on 

June 22 ta avoid sorne irregularity ln plant growth observed the previou8 

year with the direct seeded crop. 

Two forms of applications of feed-grade urea l were used. One applied 

to the sail in bands J the other appl ied ta the. faliage J with and without 

Liquid Molybdenum2, which were compared with a control, for·a total of six 

treatments (Table 2). Banded applications of urea were applied twice st 

ten- day intervals with a Planet Junior hand-seeder at a rate of 30 kg Nlha 

ta a depth of 2.5 cm, for a total application of 60 kg N/ha'. Foliar 
, 

treatments were applied tnree times at ten-day intervals at a rate of 4.5 

kg N/ha for a total apphcation of 13.5 kg N/ha. A Mo sO,lution was sprayed 

three times ln combination wlth urea treatments for a total application of 

0.2 kg Mo/ha (Gupta, 1979). A surfactant3 was used with aIl foliar 

treatments (Inden,1975). A tractor-mounted pesticide sprayer was used f~r 

aIl foliar treatments which applied 2800 L/ha of solution at a pressure of 

2350 kPa using cone jet4 sprayers. 

AlI treatments were appl ied to plots measuring 5 by 5 m and were 

arranged in a factorial experiment in a completely randomized black design 

1 FEED GRADE UREA 0% biuret content). 

2 THIS-LIQUID MOLYBDENUM (4% actual Mo). 

3 AGRAL 90. 

4 JOHN BEAN; NUMBER 2;~TRADE MARK. 

BULL' SEYE, -GENSTAR CHEMICALS LTD. 

STOLLER CHEMICAL COMPANY INC. 
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Table 2. Schedule and rates of applications 
on broccoli plants. 

.', Treatment 

" TREATMENTS Total rate Number 

kg/ha 

BANDED UREA 60 kg 2 

FOLIAR UREA 13.5 kg N 3 

1 CONTROL 0 0 

FOLIAR Mo plus 0.2 kg Mo 3 
BANDED UREA 60 kg N 2 

c=, FOLIAR Mo plus 0.2 kg Mo 3 
FOLIAR UREA 13.5 kg N 3 

FOLIAR Mo 0.2 kg Mo 3 

'" 

c , . 
-25-

of treatments at 

aeelications 
\ Time \ 

1981 Trials 

,y 

" Number of days 

35, 45 

40, 51, 72 

- -- 40, 51, 72 
35, 45 

40, 51, 72 
4O, 51, 72 

40, 51, 72 

l'Acadie farm 

1982 Trials 

after seeding 

56, 66 

65, 76, 85 

65, 76, 85 
56, 66 

65, 78, 85 
65, 78, 85 

65, 78, 85 

\ 

\ 
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with four blacks, Eaeh plot was isolated by a 5 m buffer'-zo-ne to prevent 

any drift during the application 0 f foUar treatments, , ~ 

Harv~st was, done by sampling 10 c,(I)nsec~tiv~~-broccoli'o spears in the 

1 

center-row, weighing trhem and measuring their diameter, while a 4 sp~ar-

sample was d4red at 6()'oC for 24 h. for an estimation of spear dry-wetght. 

Plant heights "and a spear damage index were recorded on the total sample 
• !. 

and the percent age of s,pears harvested at mid-harvest was reported as early 

yield " 

b) Samp'ling and analysis 

. Sail samples were taken at two depths <0-20 aria 25-50 cm) before 
l , 

treatments in June, in the centre of each plot and after harvest in 

September. 'One week aftel' banded urea was apphed. an additional sampling 

was taken at the 0-20 cm sail depth, As suggested by \vestfal! .!!. .!l. 
, 

(978). soil samples we-re oven-dl'ied at 45°C within 12 hours after 

collection' and stored for soil N03-N determination, Following a 'liethod 

published by HcKeagl,le (l9·~~!. N03-N was determined ln a water extract <1:2) 

with an Orion specifi~ electr'ode. 

4 Leaf-midribs sect ions were collected for total N ansiyais four times 

dudog the 1981 and 1982 trials when a similar plant physiologiesl 

devetopment~was,reached at 50,52. 71,73 days and 75,77,84,87 days ,-

after 'seeding, respectively in each year, Young léaf-midrib sections vere 

taken from the highest mature leaf on the stem of 10 plants, as recommended 

by Loienz and Tyler (1978) and were initially put in an ice-box and hter 

frozen at -5°C within a, few hours of collection, Prior to drying st 60·C. 

all lea'f samples were thawed rapidly by washing in distilled and deionüed 
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water and digested for total N ct;tntent, following a method establisbed b, 

Thomas et al. (1967) and analyzed by colorimetry with a Technicon 

auto-analyzer total N method 1. 

c) EstimatioQ of N recovery (ENR) by plants 

The percentage of N recovery in the crop was calculated using the 

'difference' method as reported by Westerman and Kurtz (1973) using tbe 

following equation:«NF-NC)!R)xlOO, where: 

NF - kg of total N content in plants per ha in treated plots 

Ne = kg of total N content in plants per ha ut control plots 

R = kg of total N fertilizer per ha ln ure a treatments 

Total N content ln the mi'ib section of young, mature leaves vas 

considered as representative of the total N content of the plant, as .. , 
reported by Plmpini (I973). An estimate of the total plant, dry-matter 

production was necessary for these calculations, as weIL. There fore, an , 

additional IO-plant sample was obtained from each field ,during the 1982 

trials in .order to estimate the ratio of spear weight as compared to total 

plant veight. The spear dTy-weight w~s fOund to be 20% of the total plant 

dry"'ma t ter p'rod uc t ion Ln the collee ted 
\ ' • 1" 

sample. ThiS ratio vas 
.1 
ln 

accordance vith rat ios found by Magni fico et . .!!.. (979) on broccoli plants. 

During the 1981 and 1'982 trials, the ENR by plants was calculated over 

four sallpl ing dates: one day prior and one day after two. fol iar urea 

applications. The data ",eTe analyzed as a split-plot-in-ti.-e experi1Dent. 

INDUSTRIAL METHOD No .. 334-74W!B 1974. TECHNICQM INDUSTRIAL SYSTEMS Jo 

r~Y]OWN, N.Y., 10591, U.S.A. 

, -27-
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pooling the reluIts of four dates intô one analysis ta overcome the effect 

of sampling dates on th~ ERR. 

. , d) Statistical analyses 

To aSSeS8 the effects of sail 9R. location and yeara. yield reluIts 
-

vere analyzed a8 a split-plot experiment vith split. over four trials, over 

each year and Qver' pH 6.5 during both years. The appropriate error tara 

vas u~ed ta estimate the main effects (Steel and Torrie,1980). 

( 

. , 
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R~SULTS AND DISCUSSION 

a) Meteorologiesl data 

Meteorologieal data recorded over the two consecutive years of the 

trials i~dicated that rainfal1 over the growing season vas 46% higher than. 

the 14-year average during 1981 trials, while the 1982 sea~on had 20% less 

rainfall (Table 3). 
y 

Dry conditions observed in May and June of 1982 may 

\ 
have stressed young transplants whieh could, explain the 12-day delay in 

harvesting eompared to 1981 trials. Kean daily - temperatures were not 

different than the average year, over the four-month_ period studied. 

h) Yields 

The total harvesting period wU spread over 78 to 85 days in 1981 trials 

-

and 90 to 110 days after seeding in 1982. A signifieant diffi,:!rence in 

yield vas obtained by pooling the results of aIL four trials, sRowing that 

-- . 
soil pH levels and year of trials had affected-broccoli yield parametera. 

A possible pH effect vas noticed during 1981 trials because the mesn .pear 

fresh-weight obtained at sail pH 6.5 was actus}ly 8% higher (significant at 

the 0.05 level) than the trial st soil pH 7.3. This effect could be 

related to a de ficieney in soi l B which was more acute during 1981 trials 
.". 

(Table 1). During 1982 trials, the effeet of sail pH on fresh and dry 

speer weight was not signifieant (Table 4). 

8roccoli spear fresh.weights and plant heights obtained,on the sail at 

pH 6.5 during 1981 trials, were signifieantly higher than in the 1982 trial .. 
at the Sa.! 'sail pH. lt ia .ugge.ated that clillatie factol:'s affected field. 

diffnently in eaeh year. 

( 
-29-
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Table 3. Monthly meteorologieal data at llAeadie Farm in 1"981 and 1982. ) 

• 

"t 
Rainfèll Mean dai11 tem2erature 

KONTH 1981 1982 Avg.* 1981 1982 Avg.* 

---------- (mm) --------- ---:..------ (. C) ---------
MAY 67 22 76 13.9 14.5 13.0 

JUNE 141 80 98 18.3 16.6 17.8 

JULY 129 84 89 20.7 20.6 20.4 "\ 

.~ 

~ 

J 
i 
i 
f 
" 

AUGUST -186 101 96 18.5 17.1 19.3 , . -. J 
j 

(. 
TOTAL: 523 287 359 

AVERAGE: 17.9 17.2 11.5 1 
Î 

* Aver-age of 1968 ta 1981. .... l 

1 
1 
1 

i 
t 

-t 
1 
f 
t 
! 
J 
\ 

:::: 

1 
4f 
1 
1 
1 
1 

i 
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Table 4. Broc:coli grovtb resu1ts couabi'ned over: 4 trials during 
1981-1982, 2 trials during 1981, 2 triah during 1982 aud 
trials at pH 6.5 during 1981-~982 using a split-plot 
~nalysis. 

COMBINATIONS 

pH AND YEAR EFFECT 

1981 st pH 6.5 
1981 st pH 7.3 
1982 at pH 5.1 
1982 at pH 6.5 

F-value 
C.V. (l) 

pH E'FECT IN 1981 
pH 6.5 
pH 7.3 

F-valuê 

Broccoli s2ear 
Fresh Dry 
weigbt weight 

---- {g/spear)----

532.8 a 50.S a 
496.0 s 42.6 b 
483.9 a 44.0 b \ 
432.1 b 43.6 b 

8.0* 4.4* 
14 16 

1\ 
Plant larly 
height yield 

(cui) , C%> 

i7.8 a 43 b 
79.0 a 66 • 
65.6 b 82 a 
64.7 b 41 b 

ll5.4* 14.0* 
4 36 

43 b 

.~~ C. V. (%) 

532.8 a-
496.0 b 

18.7* 
12 

50.5 a 
42.6 b 
14.3* 
14 

77.8 
79.0 
0.8 
4 

66 a 
43.6** 'l 
34 

1 

pl! EFF~CT IN 1982 

pH 5.1 
pH 6.5 

F-value 
C.V. (l) 

YEAll EFFECT 

1981 at pH 6.5 
1982 at pH 6.5 

F-value 
C.V. (l) 

483.8 
432.1 

2.7 
16 

532.8 a 
432.\ b 

22.7* 
14 

44.0 
43.6 

0.02 
19 

50.5 
44.0 

6.3 
18 

65.6 
64.7 
4.2 
5 

71.8 a 
64.7 b 

114.0** 
4 

82 a 
41 b 
23.2* 
38 

43 
41 
0.08 

58 

* Signifieant di fferenees at the 0.05 1evel; ** significant 
differences at the 0.01 level; means followed by the same letter are 
not significantly different according to Duncan's nev multiple range 
test. 

c.v. • coefficient of variability. 
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It 18 possible that the above-average rainfall observed during 1981 

increased.yields. 
~ 

A decrease 1n the percent early-yield values, which reflect a delay in 
11 

plant maturity, was observed over pooled results of all trials, when Mo 

treatment was applied (Table 5). However, there was no delay in plant 

maturity with the addition of N fertilizer, as observed Dy Cutcliffe et 

al. (1967, 1968) on cauliflower and broccoli. 

Looking at individual trials, the effect of urea treatment8 on 

:i 
broccoli yield parameters appeared to be significaot ooly during 1982 trial i 

:ii 
st soil pH 6.5 (Tables 6, 7, 8, 9). However, when results were pooled over l 

bath 1982 trials, dry spear-weights of broccol i were significantly 

increased by 18% :with ure a applied in bands when compared to the average 

values of foliar uree applïcations and control plots. Fresh spear-weights 

obtained with banded and foliar urea were not significantly different 

(Table 10). 

c) Estimated percentage N recovety (ENR) by plants 

The Ho treatment was found to have a signifLcant effect in the 1981 

trial at soil pH 7.3, reduclng ENR by 87% when compared to untreated plots 

(Table 11). This trend"was not slgnificant in the other trials and was not 

improved by uSlng logarlthmic transformatlOn of the data. Fol iar urea 

treatments resulted in a significant Increase ln ENR at sail pH 6.5, while 

st sol1 pH 7.3, thlS increase was found but to a lesser extent; i.e. only 

st the 0.10 level of probability. ENR values for fol iar urea were 235 and 

72% more than for banded urea, at sol1 pH values of 6.5 and 7.3. 
~ 

respectively, during 1981 trials. 
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Table 5. ~roccoli growth results combined over 4 trials io.1981-1982, 
using a split-plot analysis. 

Broccoli spear 
Fresh Dry Plant Early 

COMBINATIONS weight weight height yield 

---- (g/ spear) ---- (cm) (X) 

FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 

0.0 kg Mo/ha 490.3 45.9 71.9 63 a 

0.2 kg Mo/ha 482,t-·· 44.4 71.6 54 b 
./ 

F-value 0.4 1.0 0.3 4.3* 

METRODS OF N APPLICATION OVER ALL Mo LEVELS . 
72.13 Banded urea (60 kg N/ha) 508.3 47.4 58 

Foliar urea 03.5 kg N/ha) 482.6 44.5 71.6 54 

Control 467.7 43.6 71.5 62 

F-value 3.0 2.3 0.6 1.2 

INTERACTIONS ------~--------- (F-value) --------------
Mo and urea 1.6 1.2 1.2 0.2 

(Trial) and Mo 0.5 0.5 2.0 0.1 

(Trial) and urea 1.3 2.1 1.8 0.4 

(Trial) and Mo and urea 0.8 1.1 0.9 1.4 

""'" ~ 

Mean 486 45 72 58 

C.V. (% ) 14 16 4 '36 

* Significant difference at the 0.05 level; means followed by the samé 
letter are not significantly dlfferent according to Duncan's new 
multiple ,range test. 

(Trial) .. soil pH and year effects 

C.V. - coefficient of variability 
1 
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Table 6. Sroccoli growth characteristic8 at harvest during 1981 trials at 

pH 6.5. 

Spear Plant Spear Spear 
TREATMENTS d iame ter height fresh weight dry weight 

-------- cm ------- ------------ g -----------
FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 21. 2 76.7 542.7 52.3 

(0.2 kg Mo/ha) 21. 2 78.8 522.8 48.7 

F-value 0.08 2.90 0.49 1.35 

METRons OF N APPLICATION OVER ALL Ho LEVELS 

Banded urea (60 kg N/ha) 20.6 76.6 525.0 4&.7 

Foliar urea 03.5) kg N/ha) 21.9 78.0 555.7 53.7 

Control 21.1 78.8 517.5 49.2 

F-value 1. 74 1.12 0.68 1.07 

INDIVIDUAL TREATHENTS ~ 
Banded urea 21.1 75.8 544.5 51.9 

Foliar urea 21. 5 76.7 540.8 52.9 

Control 21.0 77.7 542.7 52.2 

Mo and banded uré~ 20.2 77 .4 505.6 45.5 

Mo and foliar urea 22.3 79.2 570.5 54.5 

Ho 21.2 79.9 492.4 46.2 

Mean 21. 2 71.8 532.8 50.5 

F-value 0.81 0.05 0.78 0.70 

C.V.(%) 6.5 3.9 13.0 15.1 

C.V.- coefficient of variabi 1 ity 

'/ 
~ 

• 
-34-

( 

~, 

') 



• 

(. 

Table 7. Broccoli growth characteristics at harvest during 1981 trial. at 
pH 7.3. 

Spear 
TREATHENTS d iameter 

Plant 
height 

cm -------

FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 20.2 79.8 

(0.2 kg Mo/ha) 

F-value 

20.7 

1.21 

HETHODS OF N APPLICATION OVER ALL Mo LEVELS 

Banded ures (60 kg N!ha) 20.0 

Foliar ures (13.5 kg N/ha) 20.6 

Control 20.7 

F-value 0.85 

INDIVIDUAL TREATMENTS 

Banded urea 

Foliar urea 

Control 

Mo and banded urea 

Mo and foliar urea 

Mean 

F-value 

C.V.(%) 

19.7 

20.2 

20.5 

20.3 

20.9 

20.9 

20.5 

0.03 

5.8 

C.V.- coefficient of variability 

-35-

78.2 

2.78 

80.2 

78.2 

78.7 

1.42 

80.9 

78.9 

79.8 

79.5 

77 .6 

77.7 

79.0 

0.08 

3.0 

Spear 
fresh weight 

Spear 
dry weight 

g -----------

489.6 

502.4 

0.31 

517.5 

485.5 

485.1 

0.88 

513.6 

470.4 

484.9 

521.4 

500.7 

485.2 

496.0 

0.16 

11.3 

\ 

)-

42.4 

~.8 

0.03 

43.8 

40.3 

43.7 \ 

1. 53 

42.6 

40.0 

44.7 

45.1 

40.6 

42.7 

42.6 

0.48 

10.8 
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Table 8. Broccoli growth characteristics st harvest during 1982 trials at 
pH 5.1. 

,Spear 
diameter 

Plant Spear 
TREATHENTS helght 'fresh weight 

cm ------- ------------ g 

FOLIAR APPtICATION OF Mo OVER ALL N._ TREATMENTS 

(0.0 kg Mo/ha) 18.4 66.0 

(0.2 kg Mo/ha) 18.1 65.1 

F-value 0.48 0.54' 

498.4 

469.4 

0.91 

METRODS OF ~ APPLICATION OVER ALL Mo LEVELS 

Banded urea (60 kg N/ha) 
\ 
Foliar urea (13.5 kg N/ha) 

Control 

F-value 

INDIVIDUAL TREATHENTS 

Banded urea 

Fol iar urea 

Control 

Mo and banded ure a 

Mo and foliar urea 

Mo 

Mean 

F-value 

C.V.(%) 

C.V.- coefficient of variability 

18.5 

18.1 

18.3 

0.36 

19.0 

17 .6 

18.7 

18.0 

18.6 

17.8 

18.3 

2.21 

2.9 

-36-

65.5 

66.5 

64.6 

.0.71 

65.4 

67'.2 

65.5 

65.6 

65.8 

63.8 

65.6 

0.21 

2.5 

.. 

• 

508.6 

457.0 

486.0 

0.97 

528.3 
{J 436 . 8 

530.1 

488.9 

477 .2 

442.0 

483.9 

1. 53 

0.8 

Spear 
dry weight 

45.5 

42.4 

1.03 

46.2 

42.3 

43.3 

0.58 

45.1 

42.6 

48.9 

47.3 

42.0 

37.8 

44.0 

1.69 

8.7 

! 
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Table 9. Broccoli growth characteristics at harvest during 
pH 6.5. 

1982 --trials at 

TREATMENTS 

FOLIAR APPLICATION OF Mo 

(0.0 kg Mo/ha) 

(0.2 kg Mo/ha) 

P-value 

Spear 
diameter 

Plant 
helght 

-------- cm -------

OVER ALL N TREATMENTS 

17 .8 65.1 

17.9 64.3 

0.12 0.52 

Spear 
fresh weight 

------------

430.3 

433.9 

0.02 

HETHODS OF N APPLICATION OVER ALL Mo LEVELS 
'-1'0-

8anded urea (60 kg N/ha) 18.6 66.7 482.0 a 

Foliar urea 03.5 kg N/ha) 17.7 63.7 432.1 ab 
, 

'Control 17 .2 63.7 382.2 b 

F-value 2.49 3.11 4.42* 

INDIVIDUAL TREATMENTS ') 

8anded urea 18.1 65.0 450.0 

Foliar urea 17.7 65.8 446.9 

Control 17.5 64.4 394.1 

Ho and banded urea 19.1 68.3 513.9 

Mo and fol iar urea 17 .8 6L5 417.3 

• Mo 16.9 63.0 370.4 

Mean 17 .9 64.7 432.1 

F-value 0.84 3.95* 1.22 
C.V.(%) 3.5 2.1 7.8 

'Jo 

Spear 
dry weight 

g -----------

43.4 

43.8 

0.01 

50.9' • 

41.6 ab 

383.3 b 

4.11* 

47.5 ' 
.. 45.1 

37.7 

54.3 

38.1 

39.0 

43.6 

1.17 
10.4 

* Significant at the 0.05 level; means foilowed by the same let ter are not 
significantly different according ta Duncan's new multiple range test. 

C.V. :z coefficient of variability 
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Table 10. Effect of metJlOds of application of urea on broc coli spear, 
weight observed over combined pH trials during 1981-1982, in a 

'" split-plot analysis. 

METHODS OF 
UREA APPLICATION 

Banded urea (60 kg N/ha) 

l'oHal" urea (13.5 kg N/ha) , 

Control 

Mean 

F-value 

c.v. (%) 

1981 trials 
Fresh Dry 
weight weight 

521 46 

521 47 

501 46 

511 46 

0.5 ~ 0.1 

13 14 

1982 trials 
Fresh Dry 
weight weight 

g ------------------=~ 

495 a· 49 .a' 

445 ab 42 b 

434 b 41 b 

458 44 

3.4* 4.0* 

16 19 

* Significant at the 0.05 1evel; means followed by the same letter are not 
significantly different according to Duncan t 5 new multiple' range test. 

c.v. = coefficient of variability 

\ 

'f 

-38-

'_ q , _ ...... u-.-.-



( 

( 
.. 

• 

{-' 

- Table 11. Estimated percent age of N recovery (ENR) during 1981 and 1982 
calculated over 4 sa~pling dates and analysed as a split-plot in 
time. 

TREATMENTS 

DATES 

1 
2 
3 
4 

FOLIAR Mo 

F-value ~ 

Ù.O kg Mo/ha 
0.2 kg Mo/ha ". 

F-value 

UREA APPLICATIONS 

In bands <.60 kg N/ha) 
Foliar (13.5 kg N/ha) 

Means 
F-va1ue 

INTERACTIONS 

·Date and Mo 
Date and Urea 
Mo and Urea 
Date and Mo and Urea 

c.v. (;0 

1981 trials 
pH 6.5 - pH 7.3 

------------------ (% ENR) 

6 
177 
278 
89 

1.84 

, 131 
144 

0.03 

20, b 
255 a 
138 

8.07** 

0.17 
1.04 
0.02 
0.13 

243 

77 
. 125 

27 'if 

122 
0.75 

131 a 
44 b 
4.35* 

52 
124 

'. 

88 
2.91 

0.15 
0.79 
4.09* 

... 0.09 
194 

1982 trials 

-86 
-79 

-5 
-53 

1. 70 

-58 
-54 

0.03 

-6 a 
-106 b 
-56 

21.05** 

0.04 
1.45 
4.15* 
1.80 

158 -

85 
80 

143 
IDS-

2.33 

120 
88 
0.81 

73 
136 
104 

3.14 

0.l4 
0.01 
4.19·~ 
1.05 

138 

* Significant at the 0.05 leve1; ** significant at the 0.10 level; means 
followed by the same letter are not signiEicantly different according to 
Duncan' s new multiple range 'test. 

Note: Statistical significance was similar using logarithmic 
transformations of X+IOOO reducing C.V. in the range of 2-4%. 

C.V.' = coefficient of variability. 
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In 1982, at SOLI pH 5.1, ENR~lues were negative wLth a slgnifLcantly 

larger deficit ln ENR with the use, of follar urea. In thlS case, it was 

possible that the soil pH and nutrlent leveis were tao low, and prevented 

a pos~tive respanse wLth urea treatments. It is also possible that low ENR 

values may have been due ta the enhaneement of toxle matenals in the \roll 

which prevented nutrient uptake when treatmençs were applled. However, ln 

- 4 
a11 ather trlals more N appeared ta be, recov·ered by the plants than wss 

su.ppl ied ln the fohar treatments. Ir 1,5 posslble that an 

over-estlmatlon o~ ur~~ recovery was calculated wlth the 'dlfference' 

method used, as reparted by Janssan (1966) ln comparatlve studles wlth 

tracer teehnLques. The so- ca'lled 'pnmlng e fiec t' reported by. Westerman 

and Kurtz (1973) could have lnduced --an extra plant growth due to other 

"'l 

( 
interactions between 5011, and plant, WhlCh lnduced 

more native saLl N absorptlon tl1.an wlFh control plants. The ENR of --" 
soil-applled ure a could have been affected by the sail organl.c-matter 

content, SlDce Tomar and Soper (1981) reported that, ln lncubatlon studl.es, 

the soil organlc-matter content accounted for more than hal f of the 

var lat ion ln N t led U p ln the sOll. 

However, • there was a slgnlflcant' lnteractlon betveen ~ and urea on 

ENR in three of the trials (Table 11). This effect 1S better expressed ln 

, .) 

Table 12, where lt appeared that slgnlflcant dlfferences occurred only w1th 

urea applications when there was no Mo additlon. Therefore. the benefit of-

Mo 'applicatlon in lmprovlng the ENR was not verl.fled, Slnce there vas no 
""'" , 

difference ln ENR values between follar and banded ûrea vhen Mo vas added. 

It àppeared that !io reduced the ENR VIth 
;, 

tollar urea conslderably. except 

( 
( 

at soil pH 6.5 ln 1981. 
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Table 12. Reaul ts of inteuÇ,..t ions between each level ~ treatment and 
methods of urea àpplicatio~ for the estimation of the percentage 
N recovery (ENR) by broccoli plants durlng 1981 and 1~82 trials. 

1981 trials 1982 trials 
INTERAC,Tl0NS pH 6.5 pH 7.3 pH 5.1 pH 6.5 

, ( 

------------------ (% ENR) -----------------

HETBODS OF N APPLICATION W-ITHOUT Mo 

Banded ure. (60 kg N/ha) 19 

FollU ures 03.5 kg N/ha) 244 

Mean 132 

F-value 3.69 

HETBODS OF N APPLICATION WITH Ko 

Banded urea (50 kg'N/ha) 21 b 

FollU urea 03.5 kg N/ha) 267 a 

Hean 144 .. F-value 4.41* 

>J! 

53, b 

210 a 

132 

6.93** 

51 

38 

45 

0.05 

15 a 

--130 b 

-58 

'19.38** 

-26 

-82 

-54 

3.31 

_ 53 b 

188 a 

121 

7.26** 

93' 

84 

89 

0.03 

* Slgnlficant st the 0.05 level; ** signiheant at the 0.01 J,evel; mesns 
followed hy the same letter are not signlficantly dlfferent according to 
Duncan'. nev mu!tlple range test. 

Q 

, 
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d} Soil NOl.:!! 

To Bssees the net effect of treatments, an analysis of covariance was 

performed on the N03-N level obtained at harvest using levels before 

treatment applications, as ,3 concomitant variable (Table 19, Appendi~) . .. 
Adjusted menns of N03-N were in the range of 2.9 ~g/g of dry-soil during 

1981. The analysis of soil N03-~ did not result in any significaft effect 

of the treatments, even when .logarithmic transformations were used to 

reduce the coefficient of variability. N03-N levels observed here could be 
b 

cons;dered as 10]01 according to sampling results reported by Chamberland 

(1976) in an earlier experimènt at l'Acadie Farm. 

Howe,!er, soil N03-N data recorded for each field Ln 1981, before the 

application of treatments, correlated well with broccoli plant height st 

the _0.05 level of significance (i = D.!]), showing that plant growth was 

~nly affe.cted by the initial N03-N level which was not dependent, upôn 

treatments. 

.. '. 
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CONCLUSIONS 

", 

BroccQLi yields were affected by sail pH and clim~tic variation during 

each year of the trials. However, the application of.::..-roliar Mo, at a rate 

of- 0.2 kg/ha, decreased e~rly yield significantly when campared ta 

~ntreated plants. 

During the 1982 trials, broccoF d,ry spear weight was signifièantly 

-increased when urea was applied in bands at a rate of 60 kg N/ha, when 

compared to foliar urea and control treatments. 

The estimated percentage fertilizèr N reçovery by plants_, with foUar 

appl ied urea, "as significant1y higher, compared to band applied ures, 

during the 1981 trial at soil pH 6.5. In 1982 at soil pH 5.1, negative ENR 

values were obtained with foliar urea, showing that foliar ure a might be 

less effective than bànded urea st low soil pH. 

Fresh and dry weights of broc~oli were significantly reduced by 7 and 

16%, during 1981 trials at soi1 pH 7.3, when compared ta trials at 'soil pH 

6.5. 

Native soi 1 N03-N levels increased broccol i plant heigbts witbout 

'incr~asing the weight of, spears and these levels vere not Sffecced by 

treatments during sampllng at the end ~f the season . . 
From this study, we can conc1ude that Mo applicatlon mighC not be 

necessary for improving fertllizer N absorption by the ,plant. 

Banded urea appeared to be a better method ta apply supplemental If 

\,. ---~ J~ • 
than foliu ures, espe;1811y at higher soil pH ~even-:L'hi-s,~~e_ thé 

tact Chat RNR vas higher vith follar urea applications. 
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CONNECTING PARAGRAPH, 

In Chapter 3, thè ,N recovery by plants .with different N Creatlllents 

8uggested. th~t the proportion of N fertilizer used by plants, o~ ~ per kg 

basls, was greater with foliar applications of urea than with banded urea. 

Mo treatlllent reduced the N recovery at one site and the maturity of 
--......... 1,- ..., 

broccoli plants at all sites. Thus, Mo may have had an antagonistic effect 

,on nutrient uptake. Further, N effects on yield may have been affected by 

changes ln nutrient uptake, as a result of N fertilizer treatmente. 

c ) However, broccoli plant heights were correlated po~itively with soil N03-N 

content which was not aftécted by the·urea fertilizer treatments. 
r 

Because of possible N-nutrient interaction, further studies on the 

effect of N and Mo treatments on plant K, Ca, Mg and B status over the 

growing season were carried out. These results are reported ln Chapter 4 . 

... 

• 

'. 

1 

1 
f 
1 
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EFFEeT OF SUPPLKHENTAL N FERT1LlZATION OF S01LS 

-AT DIFFERENT,pH VALUES ON NUTRlENT CONTENT OF 8ROCCOLl 

(Brasaie. oleracea L. ·ssp. italica Plenck) LEAVES 

1. 

." 

.. 
• 

, \ 

\ 

. 
" ( f. , 
!' -49-
~ 
~. .1' / 
" .~, 
~: 

" t "'~""'''''''-- . ~'-, ---_._----.----~ 



• 

( 

" 

( 

( 

t 

INTRODUCTION 
AND I 

LITERATURE REVIEW 

Nitrogen fertilization and its impact on Mo deficiency of Brauica 

crop. has been observed. Stout and Johnson (1956) reported that whiptail 

was a physiological disorder associated with a Mo deficiency. Fido et 

al. (I971) noticed an increase in the incidence of whiptail, when N03-N 

fertilizer vas used. Mo deficiencies assoèÏated vith whiptail have been 

reported earlier by Wilson and Waring (1948) and subsequently by Alexander 

and Stark (1959) on cauliflowers (Brassica oleraeea var. botrytis L.) which 

110 
were fertilized vith an exeess of N. Anderson (1956), wœrking vith 

.l\ 

Neurospora and Aspergillus, noted that N and Mo interaètions ,could be 

related ta the role of Ho in the formation of the nitrate-reductase enzyme. 

However, the interaction of N-Mo with foliar or banded urea may be 

different. Absorption sLtes for banded ure a are at the root level 

vhere competition vith other nutrients may occur. Foliage applications 

~hould not affect other nutrients because there i5 no cOGIpetition for 

site.. Thua, nutrient interaecLons vith foliar-applied N may be les8 than 

those vith soil-applied N, as obaerved by Forshey (1963) . 
• 

Concerning the utilization of foliar-applied urea, Bollard (1959) 

luaaested that urea-N may be hydrolyzed on the le,f surface with consequent 

uptake of ...anium-ion and production of carbon-dioxide, through the 

"'"" activity of the urease enzyae. Folloving this uptake, there i8 a rapid 

conversion of NR4-N to NO)-N in the plant. 

. 
Sail N fertilization can affect the availabilLty of .icro-nutrients to 

a larger extent, sinee so.e nutrientl could coapete (or absQrption site. at 

-50-
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the root level. Cutcliffe and Gupta (1980) have reported that sail applied 

N increaaed the B concentration ln dry-matter of cauliflover whereas, 

Chamberland (1981) observed that N applications reduced B deficien~y 

syœptoms on turnips (~rassica rapa L.). Therefore, it lS possible that B 
• 

can he better utilized with N fertiliza'tlon. On the other hand, the Ho 

deficieney observed in cereals and grasses was found ta be related ta the N 

status ainee Mo deficieney symptoms May be essentially those of ]l03- ion .. 
accUlllU1 ation , which can be reduced by. supplying Mo (Gupta and Lipsett, 

1981 ). 

~ccdrdins to Bohn ~~. (1979), the strength 0 f ion adsorption by 
" 

mineraIs generally increases with increasing ~on charge and with decreasing 

hydrated ion size. 
~ 

Therefore, monovalent 10ns are more easily displaced 

tram sail exehange sites and should compete more for plant absorption sites 

th an ~uld divalent and trivalent 10ns which are retained in sail more 
w 

strongly. The relat.ively sma,ll hydration energ~_es of NHL.+ and K+ result in 

easy dehydration and strong retention by soils, a-ccording ta the SGe 

author. However, an anion, such as N03-, IS r~tained weakly and is, 

therefore, rather awbil.e ln the sail and readi1y moves to plant roota by 

III&SS f lov. 

Coleman et al. <,1958) reported that divalent cations such as, Ca++ and 
. 

Hg++ compete with one another, but high levela of K+ markedly depress the 

quantities of Ca++ and Mg++ ln plants. Horeover, B~hn et al. (1979) 

obaerved that a high' Ca++ status in the soil is desirable because it 

reflects 10"; concentr .. t'ions of other, Ypotentially troublesolDe exchange-able 

~.tions 8~eh as, Al+++ in acid soils. ... . 
Itraualtopf (972) and Chesnin Cl972) obaerved th-at làrge anions 8uch 

'r 
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as~ M0042- vere found ft pH value~ a~ove 5 or 6, while lit lower pH values, 

H2Mo04 - vas more predominant. Other anions such~, as. B(OH)4 - are not 

abundant sinee neutral soluble li species. mai~ly H3B03 (unCha!{ed) appearecr- ~ 

ta p1:'edo.ainate in plants and ~n soil solutions at ~H values ~nfier 9.2 • 

• 
Thus, 'it seemed pertinent ta study t~e effect of N and Mo additions and 

methPds of N applications on nutrient contents in broccoli lea~s. 
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MATERIALS AND METHOnS 
1 

\. Tvo methods of N application, foliar vs banded urea,: vère used vith 

D 

broccoli plants (Brassica olerac~a L. spp. it"alic-a Plenck, cv. premium 

Crop), in combination with Mo applied on the foltage. ~s experfment was 
", 

carried out during 1981. and 1982, at selected locadonS'.'on l'Acadie 
" " 

~ Experimental Farm of Agriculture ~ Canada 'near St. Jean-sur-Richelieu, 

'q~eb~c' .. Det:/iils of s6i~ conditions, ra~es' of fertilizer appiicatio~ and 

~xper~mental design a~e reported ln Chapter 3. 
v 

Samples of leaf-midribs were collected four times duridg the growing 

season. The midrib of the youngest fully-devéloped leaf w~s sampled on. a 
-, 

total of, 10 plants from t\iO rOW5, at 50, 52, 71 'and 73 days after seeding, 

i~ 1981 ~n1 at 75, 77, 84 ~~d 87 clays in 1982. 

, .-'--

The fir~ t sampli~g date --i~ ---

each year vas selected when plots had' approximately 25% of the plants vith 

spears reachirlg 2.S cm in diameter. 

,\ , 

Leaf-midribs were stored at -SoC, prior to washlng' wlth distilled, 

deionized water and then' dried at 60°C bèfore being ground to pass a 20 

mesh sieve. Chemical analyses were performed within one and five months 

following sample collection during 1981' and 1982, respecti~ely. 

Total N determinations were reported earlier (Chapter 3). N03-N was 

extracted in boiling,water as reported by Look Kin and Mackenzie (1970).and 

an~lyzed by colorimetry with a technicon auto-analyzer N03-N method 1 . 

Leaves were digested according to the method of Thomas ~~. -(967) 

and analyzed for K, Ca and Mg using a flame atomlC absorption spectrophoto-

1 Industrial method No.. 4B7-77A. 

Tarrymore, N.Y., 10591, U.S.A. 

1977 . 
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meter. 'Boron content determlnat lon of the 1981 sampi.::s was carned ou~ 

according to the method of H~ltcher ana Wllcox ,19,0;, IoIh,tle.ln 1982, 
, . 

samples were prepared accord l ng }:5 the rnetnod (} f oas!>on et al. (1969) and 

analyted by colonmetry w!th azometh lne-n (McKtè8)2:',;.-. 1978 

A visual lndex was computed ta asses., the damag p caused by hollow stem 

on spear rot at harvest tlme. Damages were rank~d loto four categorles as 

follows: 

Category 0 = no vlsual dlsorder 

Category = damaged spear canopy due to rot 

Category 2 = hollow stem ln spear 

Category 3 = hollow stem and spear rot 

ThlS ranking was transformed Into â damage lndex ..... (Dl) percentage, 

\ 
according to a method reported.by Basu eJ: ~. 0973) ln WhlCtl 

DI =[~(No. x Cat.)J/C3 x No.P.) x 100 ""here, 

No. :: number of plants per category 

Cat. category number 

No .P. 
~ 

= nUInber of p,lants sampled 

Results we're' treated uSlng non-parametrlc stat lstlC!> and medlan values 

were reported as suggested by Steel. and Torrle (1980). A Spearman 
, , 

correlatlon coefficIent (r s ) was computed accordlng to Danlel (1978). 

,'< 
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RESl:LTS AND DISCUSSION 

B, Led T'otal-N .and NO'j-~ Contents 

Total N ievel wa~ markedly lower tnan the 'J.:: to 6.0:' ~fflClency 

levels for optllnum brccê;)ll .neld (Table 1) as reported by Hûnro ~ .!.!... 

<1978 ) 

7000 IJg/g Jf dry-matt~r, e"stab"llshed by Lur.'n.: ano' Maynard '1980 1 , 

(Table 2). 
\ 

N03-N and total N vanatlons wlth tlme were morE slgnlf\LCant ln 1981 

trlals than 10 1982 trlals because the longer sampil.ng perloa ln 1982 may 

have x:,epresented a greater varlation ln plant maturlty. However, ,durlng 

both years the N03-N and total N levels 10 tne plant~ decreased. 

Total N and NOrN levels with banded urea were signiflcantly hlgher 

., 
than control plants ln aU tnals, except ~>n the sad of pH~6.5 in 1981. 

In two out of 'tt,e three trials wlth sign1ficant results, total N and N03-N 

levels were hlgher wlth -banded urea compared to fol laI' urea, whlle ar soi l 

pH 5.1 there was only an increase ln N and N03-N when compared ta control 

plants. Therefore, foliar u!ea had no effect on total and NOrN contents . . 
The Mo treatment s ign1 ftcantly increased the N03-N lev'e l in the leaf-

midribs only in the 1982 tHal at sail pH 6.5. At th l s S ame s i t e (s e e 

o Ch~pter 3)', Mo reduced broccol i ~ar1y yleld, which l~ assoc iated ~;~ a delay 

ln plant maturity. Thus, Increased NOrN levels were associated with 

del ayed maturity. 

Yield parameters were related more consistently ta total 

N03-N (Table 3). There was a positive correlatlOn of 'total 

wi th fresh Bpear weight 10 3 of the 4 tnal's. 

• 
Total N was correlated 

positively with plant height at a11 ~ites, 
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Table Total N leve-ls 1 ln bro.ccol1 Pla~ts. dUrlog 1981 and 1982 trials, 
at dlfferent 5011 pH values 

--_.------------
1981 Tual s 1982 Truls 

TREATKENTS pH 6.5 pH -:.3 pH S. l - pH 6. 5 

-
----------- :. N, drv-matter basls ---------

DATES 

2 
3 
4 

F-value 

FOLIAR APPLICATION 

(0.0 kg Mo/ha) 
(0.,2 kg Mo/ha) 

F-value 

.... 

OF Ho OVER ALL 

METHODS OF N APPLICATION OVER ALL 

Band'ed ur~a (60 kg N/ha) 
Follar urea Cl3.:i kg NI ha) 
Control 

Mean 
F~value 

3-. .$0 a 4. Il a 

3.sr r 3.88 a 
3.07 1> 3.27 
2.65 1 b :::.92 

41.34*:* 25.78 ...... 
\ 
\ 

N TREATHENTS 
\ 

3.20 3.55 
3.34 3.53 
1. 55 0.06 

Mo LEVELS 

3.34 3.75 li 

3.31 3.44 
3.17 3.44 

3.27 3.54 
0.80 {).37** 

b 

b. 

b 

b 

2.95 .a 
3.51 
2.63 
2.41 

39.99** 

2.64 
2.61 
0.64 

2.70 a 

be 
b 

c 

2.63 ab 
2. S4 b 

2.63 
__ .. 7.63** . 

2.48 be 
2.45 c 
2.80 ab 
3. Hl a 

11.97** 

2.71 
2.70 
0.04 

2.91 a 
2.68 
2.53 

2.71 
21.16** 

b 
b 

INTERACTIONS -----------T----- F-value ---------------

Date and Hp 0.98 l - 0.83 0.13 0.45 
"-. 

Date and Urea 0.56 1.83 2.38* 1.16 
Ho and Urea 0.05 0.17 0.29 1.44 
Date and Mo and Urea 0.44 0.72 ,. 0.49 0.37 

" 
(%) " C.V. 17 11 Il 6 .9 

* Sign.ificant at the 0.05_ level j ** S ignlflCal1t at the 0.01 level; - mealls 
followed by the same 1etter are, not signulcantly dl Herent aceording to 
Duncan's new multiple range test. 

c.v. = coefficient of variablltty. 

l Levels in J.lg/g of dry-matter =: levels ln % x 10000. 
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Table 2. N03-N le,vels 1 ,Ln broccoli. plants during 1981 and 1982 tnals, at 
~~fferent soil_pH values. 

-------------------------------------------------------- -------------
1981 TrIals 1982 Tnals 

TREATMENTS' pH 6.5 pH 7.3 pH 5.1 pH 6.5 

: N03-N dry-matter has18 

DATES 

1 1.34 li 1.42 a 
2 1.21 • 1.15 
3 0.63 b 0.82 
4 

'Iv 

0.59 b 0.71 -
f-value 92.20** 20.1ï*x 

rOLlAi APPLICATION OF Ko OVER ALL N TREATHENTS 

{G.O ilg Ka/ha) 0.88 ~ 1.0> 
(0.2 ilg Ho/ha) 1.01 a 1.00 

F-value 4.55- 1.06 

METHODS OF N APPLICATION OVER ALL Ho LEVELS 

Banded ures t60 kg N/ha) 1.00 1. 15 a 
Fol iar urea Cl 3. 5 kg N/ha) 0.92 0.93 
Control 0.92 0.99 

Kean 0.95 1.03 
F-value 0.69 8.19** 

I.NTERACTIONS -----------------
Date and Ho 0.17 0.48 
Dat e and Ure a 0.40 0.97 
Ho and Urea 0.30 0.68 
Dat,e and Ho and Urea 0.48 0.31 

C.V. (t) 32 21 

b 
c 

d 

6 
b 

1 .47 a 
1.54 a 
1.22 b 
1.55 a 

2.1 .8S** 

1.44 
1.45 
0.05 

1. 54 a 
1.42 ab 
1 .37 b 

1.45 
::.29** 

1. 37 a 
1.40 • 

.1.16 b 
1.30 a 
4.73** 

1. 33 
1. 30 
0.57 

1.42 a 
1.30 b 
1.21 b 

1. 32 
11.29** 

f-value ---------------

0.35 0.31 
1. 37 0.89

r 

0.63 0~24 

0.95 0.50 

12 13 

* Slgn~-ficant at the O.OS level; ** slgnlflcant at the 0.01 level; meanB 
folloved by the same letter are oot slgolflcantly dtfferent according to 
Duncan 1 /) ne", multiple range test. 

c.v .... coeffIcIent of vanablllty. 

• , à 
l,Levels ln pg/g of dry-matter" levels ln % x 10000.' 

" 
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Thu., ie VII obviou8 that N was deficieot in aIl :>ltes, w!th the exception 

of the site at 5011 pH 5.1, "ln 1982. At thlS site, NO)-N leaf contents 

vere the hlghest, but total N values w'ere the lowest. T~us, the ,status of 

the 5011 at pH 5.1 vas dlff,-erent than ln the other tnals. ft 15 possible 
\ \ 

\ 

that th~re was an accumulation of NO):,lon§ whlen vere not asslmilated or . . 
cooverted' to proteln- N Ils readlly by \ the plant d,ue to antagoniatlc 10ns 

lnterfering ln aCid 80i1s (Sohn!!.~., 1979). 

POSltlve Intenact 100 between total N and N03-N in pl ants vas ob.erved 

throughout the truis (Table 4). Positlve correlations betveen total N as 

weIl as N03-N vith B vere found durlng 1981 trlals; vhereas, there vas ~o 

corre lat lon U'~ 1982. Therefore, lt 15 posslble that S vas less li.icing 

dunng 1982 t,han lh 1981. Total N vas correlated p05itlvely to K ooly at 

5011 pli 5.1 and 7.3, vhlle N03-N and K eorrelated onl y at 5011 pH 7.3. 

Dther pl ant-N corre 1 at lons vere observed between N03-N and Ca ln three 

trlals. Negat1ve correlatlons vere observed between total N and Ca 8S weIL 

as total N and ~ ln the 1982 tnal at 5011 pH 6.5. ThlS relationlhip of 

Ca or Kg to N wU reflected ln a deerease ln yleld vith added Ca and' Mg 

(Table 3). 

lt i8 c lear - that N03-N levels round ln this experiment vere flot 

excessive. and in fact, vere ln the range of normal values. 

h) Leaf K Content 

PotaS81Uln decreased "ln tUlae, as expected, in a11 trials (Table 5). 

Leveh vere higher than cnt ieal level s in brocc"ol i of 1.7 ta 2.2% ob.erved 

by Munro et al. ( 1 978) . 

grovth. 

Thet'e fore, Kvas not C on81dered to be 1 i.i t ing 
1 

"'" 
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Table 3. Coefficients of regre •• ion analyses betveen the nutrient-content 
of broccoli pl.nta and yield p.r..eters taken at 4 ... pling dates 
over 24 plots during 1981 and 1982. 

____________ -..I. __ -.' •• '--________________ ~-~--

VARIABLES 

YRESH SPEAR WE IGH! 
VERSUS 

N03-N 
Total N 
B 
K 
Ca 
Hg 

TOTAL PLANT HEIGHT 
VERSUS 

NOrN 
Tot,al li 

• B 

K 
C. 
Hg 

~ 

1981 rdala 
pH 6.5 pH 7.3 

0.20* 0.52** 
0.22* 0.5)-* 

MS 0.19* 
HS 0.41** 
HS MS 
HS MS 

" .... 

0.28**\ 0.37** 
0.20* 0.33** 

MS HS 
HS ,0.19* 
MS MS 
HS HS 

pH 5.1' pH 6.5 

R2 -------------------

HS ,.. 0.34* ' 
HS 0.26*'* 
N.S HS 

(- )0 . 19* HS 
HS (-)0.22* 
KS (-)0.48** 

MS MS 
0.12* 0.26** 

NS MS 
HS MS 
HS (-)0.26** 
HS HS 

* Sigrllficant at tne 0.05 1evel; ** aignific:,nt st the 0.01 Levet. 

(-) • r va 1 ues vere negat 1 ve 

• Ms .. R2 values vere not aigni fieant 
.. 

\ 
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Table 4. Coèffici~nts of uare .. ioQ analyse, betveen the, nutrient-content 
of broccoli plan~. talten at 4 s_pling dates over \ll24 plots cluriJlg 
1981 and 1982. 

1981 Tuals 1982 Triala 
TISSUE NUTIlIENTS pH 6.5 pH 7.3 pH ').1 pH 6.5 

------------------- R2 -------------------
0.83** 0.81** 0.49** 0.67** 
0.30** 0.16** HS MS 

1!J3-lI X Total N 
X B 
X K HS 0.59** MS MS 

\ X Ca 0.31** 0.50** 0.26** MS 
MS HS " ~S HS 

~" c-
X", 

Total N X 8 0.53** 0.16**' 8S "S 
X K HS 0.58** 0.19* MS 

O.19~ 0.24* MS (-)0.21· 
NS MS O.Si** (-)0.28** 

X Ca 
d. 

1 Mg 

8 X K HS MS MS liS 
X Ca HS MS HS liS 
X Ms NS MS tlS liS 

K X Ca MS 0.35** MS liS 
X "' HS MS (- >0.19* MS 

Ca 4 1 Ka O.ltr* MS- 0.51** 0.27** 

* Sianificant at the 0.05 level.; .'* aiaoificant at the 0.01 lev,el. 

(-) • r values vere negative 

HS - a2 value. vere not signifieant 
\ 

'. 

• 

-60-

J 



• 

( 

( 

Table 5. K lenls in broccoli plants grown at different sail pH values 
during 1981 and 1982 trials. 

, _. 

- 1981 Trials 1982 Trials 
TREATMENTS pH 6.5 pH 7.3 pH 5. 1 . pH 6. 5 

% Kt dry-~atte~ b.sis 

DAntS 

1 4.59 a 4.47 a 
2 4.51 a 4.18 a 
l' 3.37 b 3.30 
4 3.45 b ').19 

F-vaLue 88.48** 31.48** 
\ 

FOLIAI APPLICATION OF Ho OVER ALL N TREAnŒ.NTS . 

• 
(0.0 kg Ho/ha) 
(0.2 \(g Ho/ha) 

Y-value 
• 

. ' 
3.76 b 
4.24 a 

15.08** 

KETHODS OF H APPLICATION OVER ALL Ho LEVELS 

Banded ure. (60 kg N/ha} 
Foliar urea (13.5 kg N/ha) 
Control 

Hean 
Y-value 

3.71 
4.13 
4.09 

4.00 
3.37* 

b 

• .. 

3.78 
3.79 
0.00 

3.86 
3.60 
:) .89 

3)9' 
2.92 

b 
b 

4.29 a 
3.88 b 
3.54 'C 

3.39 c 
83.92** 

,. 

3.83 a 
3.73 b 
4.84* 

3.73 
1.78 
3.82 

3.78 
1.24 

3.88 a 
3.52 ab' 
3.29 ~c 
3.03 c 

10.07'** 

3.40 
3.46 
1. )0 

3.39 
3.39 
J,SO 

) .4'3 
2.07 

INTERACTIONS -----------------'F-value ---------------
, , 

Date anèl Ho 
'Date and Urea 
Ho .nd Ure. 
Date and Ho and Urea 

c.v. (%) 

0.15 
,0.54 
2.67 
0.88 

15 

0.28 
0.4;9 
O~43 

0.12 

14 

O. Il 
0..95 
0.39 
0.49 

6 

0.74 ' 
1.37 
0.886 

0.6.1 

7 

* Significant at the 0.05 1evek ** signlfieant st the 0.01 Level; -.ans 
followed by the SUIe lettel" are not signifieantly different aecording ta 
Duncanls nev multiple; range test. 

c.v. • coefficient of variablhty. ' 
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The effeèt of Ko treatment on K 1eve1. vas not constant a8 there vas . , 

.ignifie.ntly highe'r K vith Mo in 1981 at .ail pH 6.,S but les8 K vith Mo 

""s obse'rved in 1982 at soil pH 5.1. The reason for this difference is not 

dear. 

Bande,d N reduced K, ,but follar N did not. in one trial only. ThuI, 

th~ banded N tr~atatent could have competed for root absorption of 

K+ through the 'presence of NH4+ in the soil. 
, 

Therefore, ion cOlllpetition 

couleS have occurred '~nly for banded urea. as vas ment: loned earl ier . 

(' 

c) Leaf C. and Hg Content 

Calclu. content decreased in .1981 at soil pH\6.5 and increased vith 

tiae in 1982 (Table 6). Ca and l'tg level-s were not affected by treat_nt.' 

". in 19'81. In 1982, Ca level,. ln plants appeared to be'higher vitb banded 

urea at Aoil ,pH 5.1, but vere lover vlth baoded urea at eoil pH 6.5. 

Foliar ure.'did not change Ca contenta fra. control leve18. Thus, banded N 

effects on Ca see. limited and inconai.tent. 

7). 

Magneai~ tended to decre .. e vith ti .. , excep~ 80il pH S.l (Table 

lnterestingly, at th~s site bpth foliar and b~nded" ur~a increa.ed Ha 

content. Hove\ter, thu ïncrease in Mg vas' not related to increased 

yields. Thus Jo Hg"'? id not appear to be deficient. Ho had no effl!ct on Ha 
, . 

or Ca 'levels in the leaves. 

d) Leaf B Content 

Boron vas the only nutrient studied which did not decre •• e in 

concentration as the p~ants matured (Table 8). B levels vere lower than 

sufficiency requirements ,of 20 to S3 ~g -B/g of dry-matter established by 
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Table 6. Ca levela in broccoli plants grown at different soil ~ values 
during 1981 and 1982 trials . 

1981 Trials 1982 Trials 
TllEATHENTS pH 6.S pH 7.3 pH 5.1 pH 6.5 

----------- % Ca, dry-matter basis --------

DAtES 

1 
2 
3 
4 

V-value 

~a 
1.07 ab 
0.98 b 
0.96 b 
5.76* 

1. 25 
1.12 
1.20 
1.13 
1.05 

FOLIAl APPLICATION OF Mo OVEl ALL " TREATHENTS 

<0.0 k.g Ho/ha) 
<0.2 k.g Ho/ha) 

F-value 

1.05 
1.04 
0.17 

KETHODS OF " APPLICATION OVER ALL Ho LEVELS 

Banded ure. (60 kg N/ha) 
Foliât urea (13.5 kg N/ha) 
Control 

Hean 
F-value 

1.08 
1.05 
1.00 

LOS 
1.26 

1.21 
.1.14 
3.09 

1.19 
1.14 
1.21 

1.18 
1. 27 

iNTERACTIONS -----------------
Date and Ho 
Date .and Urea 
Ho and Urea 
Date and Mo and Urea 

C.V. (1) 

2.44 
0.40 
1. 50 
0.61 

21 

0.83 
2' .11 

• 0.36 
" 0.45 
~ 

23 

0.94 c 1.09 b 
1.01 b I.n b 
0.98 bc 1.07 b 

1 ~.20 a 1.32 a 
86.83** 14.57** 

\ 
1.02 1.14 
1.04 1.16 
0.60 1.68 

1.06 a 1.12 b 
1.02 b 1.17 a 
1.00 b 1.15 ab 

1.03 ' 1.15 
4.15* 3.35* 

Y-value ----.--... -------
0.82 
0.75 
2.65 
1. 74 

8 

p.35 
0.95 
0.44 
0.40 

7 

* Signifieant at the 0.05 level; ** signifieant at the 0.01 level; .ane 
followed by the same letter are not .ignifica~tly different according ta 
Dun~an'8 new .~ltiple range test. 

c.v. • coefficient of variability. 
~ 
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Table 1. Ha levela in broc co li plants grovn at di Herent soil pH values 
dllrinl 1981 .nd 1982 trials,.' 

1981 Trials 1982 Triah 
TIlEATMENTS pH 6.5 pH 7.3 pH 5.1 pH 6.5 

~\----------- % Hl, dry-matter basis --------
DATES 

1 0.35 a 0".39 a 0.33 b 0.41 a 
2 0.34 a 0.37 a 0.36 a 0.41 a 
3 0.22 b 0.30 D' 0.'29 c 0.36 b 

'4 1/ 0.23 b 0.28 b' 0.32 be '0.33 b 
jI'-value 70.55*· 7.59* il.18*· 16.11** 

FOLlA! APPLICATION OF Ho OVER ALL N TREATHENTS 
., 

(0.0 k.& Mo/ha) 0.28 0.33 0.32 0.38 
~, 

CO.2 kg Ho/ha) • 0.29 0.34 0.33 0.38 
F-value 1.27 0.12 1.97 0.10 

HETROnS OF N APPLICATION OVER ALL Ho LEVELS 

8anded-ûrea (60 k.g N/ha) . 0.30 0.34 0.33 a 0.38 
Fol iar urea (13. S kg N/ha) 0.28 0: )4 .. 0.33 a 0.39 
Control 0.28 0.33 0.31 b 0.37 

Mea" 0.29 0!,J4 0.32 0.38 
F-value 1.18 1.04 3.26* 0.74 

INTERACTIONS ----------------- F-value ----------~~---..... 
, 

Date and Mo 1.05 0.47 1.1 S 0,27 
Date and "Urea 0.37 0.47 1.04 0.85 
Ho and Urea 1.31 3.62* 3.91, 3.00 
Date and Mo and Urea 0.08 0.87 1.08 .0.24 

C.V. (%) 18 12 n 11 

; 

,.. Signifieant st the 0.05 level; ** signifieant st the 0.01 level; Uleans 
folloved by the same letter are not significantly different aecording to 
Duncan'a new multiple "ran~e test. 

c.v. • coefficient of variability. 
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Table 8. B levels, in broc coli . plants grown at different sail pH values 
during ,1981 and 1982 trial,s. 

'< 

1981 Trials 1982 Trials 
TllEA TMENTS pH 6.5 pH 7.3 pH 5.1 pH 6.5 

-------- ug/g B, dry-matter basis --------

DATES 

27.0 a 28.0 a 
23.8 b 23.2 b 
22.8 b 19.0 

1 
2 
3 
4 27.7 a 25.4 ab 

F-value 8.92** 15.93* 

FOÎ.IAR APPLICATION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 
(0.2 kg Ho/ha) 

F-value 

25.0 
25.7 

1.45 

HETHODS OF N APPLU:ATION OVER ALL Mo LEVELS 

Banded urea (60 kg N/ha) 
F~liar urea (13.5 kg N/ha) 
Control .... 

Mean 
p-va1ue 

25.8 a 
26.0 a 
24.2 b 

25.3 
4.21* 

23.6 
24.2 
1.13 

24'.0 
24.1 
23.6. 

23.9 
0.29 

INTERACTIONS -----------------

Date and Mo 
Date and Urea 
Mo anè Urea 
Date and Ho and Urea 

c.v. (%) 

0.9~ 
0.87 
0.20 
0.21 

11 

0.93 
0.45 
2.11* 
0.95 

9 

c 

31.4 ab 
29.2 
26.5 
36.1 a 

3.87* 

30.8 
30.i 

0.04 

30.8 
30.9 
30.7 

30.8 
0.04 

b 
b 

. '. 

24.6 b 
24.8 b 

.28.5 a 
25.7 b 
10.96**' 

25.8, 
26.2 
1. 78 

26.5 a 
25.5 b 
25.8 ab 

26.0 
4.03* 

F·value ----~----------

0.48 
0.85 
0.,34 
0.16 

8 

2:13 
0.60 
0.18 
1. 37 

6 

* Significant at the 0.05 level; ** significant at the 0.01 level; means 
followed by the same letter are not signihc:antly d.tfferent acçording to 
Duncan's new multiple range test. 

c.v. - coefficient of variability. 
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Cutcliffe and Gupta (1980) for some"Brassicae. namely, cauliflower and 
~t' 

, , 

Brussels sprouts. 

Plant B levels inc,reased a's sail pH values decreased. 1;his was 

probably a. f'bnction of fO~~ B levels -(see Chapter 3). There was no effect 

of Mo on plant B levels. Ures. treatments influenced B levels in plant-

"lea,!es at the two sites with pH values of 6.5 <1981 anli 1982). In 1981, 

bath N treatments increased plant B leve 15. In 1982, plants with banded 

ureS. had thigher B content than p~~nts with foliar urea, but neither 

treatment differed from the control. 

The increase in plant B observed at one site (1,981) '.!\t pH 6.5, 18 in 

accordance vith vork reported by Cut<;.liffe and Gupta (}980) where Bra8si'fa 
4 ... ., <1 

crops appeared to utilize B better when ~ was applied. The difference due 

. ta th'e met'hods. of urea appl ica-tions vas" not consistent and no site related 

praperties vere clearly relàied ta these inconsistencies . . ' ) 

The N effec~on plant B did'not appeàr at low soil pH values, probably 
~ .. 

because B availabllity was sufficient at soil pH 5.1, with a sail B cQn~ent 

of 0.5 ug BIg of dry soil. The lack of N effect on the soil vith pH 7.3 

with a soil 8 corttent of 0.3 ug BIg of dry soi l, could be due to lov B 

lêlJels. For eXà,mple ,. "broccali spear weight appeared ta be aHected by 

plant B levels only at this site, where B leveis were c8rrelated positivelr 
1 

vith, spear weight (Table 3). Thus, the major impact of added N on B uptake ... 
appeared to be only at neutral pH values. 

e) Broccali Damage Index (DI) 
" ~ 

A median value of 75% was observed for the damage index (DI> during 
.\-

1981 trial~ com~ared to a DI ()<f ?5% in 1982. The DI di fferences were not 
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associated with treatments .. 
l' 

However', DI values in 1961, trials were 

positb'ely correlat:ed at the 0.01 level (rs = 0.59) 
D ' 

content across aIl plots (n = 48). There was no signiticant çorrelat~on of 
\' . 

oplant. B with DI J whicn indicated that the' hollQW s,tem disorder wu nct 

. related to B contents or possible deficiencies J as observed by .Gupta and c' 

Cutcliffe (1973). 
'" ' 

The N03-N and DI correlation vas not found in 1982 trialS despite 

higher N03-N levels compared to 1981 levels. 

were necessarily associated wi'th DI values. 

. ' 

,. 
i. 
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CONCLUSIONS 

Methods of added N lnfluenced N '~ontents ln plants wlth banded ure a 

belng more effectlve ln lncreaslng N uptal<e t10weVl: r, th 15 l nc reased N 

uptake was not necessarlly antagon.sth wlth regard~ te> K, Ca, Mg and B 
( 

uptake. However, the tendenc)' tor banded Jreél. t) decrease K 11981, pli 6 5) , 

and Ca (1982, pH .. 6.S) ln one site out of [eur indlcated that there may have 

been"",competitian between NHt. + released l~ ,urea hydrolysis and K· and éa++ 

for root absorptlon 
o 

sites not thlS competitive effect was ObVlously, 

widespread. 

Molybdenum had no effect on Ca, B and Hg levels desplte the tendency 

ta incre~se K content ln one trlal WhlCh was not felt ta lndlcate a trend. 

Thus, in general, added N and Mo had httle effect on the concentration of 

nutr.ient:s :in ~the plant leaves and, at the rates used, did not create . . 
serious nutritional 1mbalances. However, K and Ca depresslons have ta be 

considered ,-as p'bSSlbllltles. 

The damage index observed seemed to be related to N03-N levels, but 

~ 

the N03-N level required varied from year to year. Thus, other 

envlronmental factor~ seemed to interact wlth N03-N as regards to the 

expression of the index. 

Boron leve 1 s in broccol i leaves were higher with banded ur~a during .. 
• ,;:.bot~ years at sail pH' 6.5 when compared ta B levels in control plots. 

Thus, the effects 'of added ure a on the plant nutrient concentrations were 

marginal. 

• 
-68-

". 

.. _ 1", ... ,off",. 

" 



\. 

'f , 

REFERENCES 

ALEXANDER, A.G. and F.C. STARK. 1959. Growth of cau1lflower as 

lnfluenced by.narate, calclum and molybdenum relatlonsh~ps. Proc .. 

Am. Soc. Hort. Sel. 74: 607-615. 

, 
ANDERSON. A. J . -1956. !101ybdenum as .3,_fertlllzer. 

162-202. 

1 
Adv. Ag ron. 8: 

BASSON, W D., R.C. BO!fMER and D.A. STANTON 1969-: Automated procedure 

for the deterlUlnatlon of boron ln plant tissue. Analyst 94: 

1135-1141. 
t-t:t 

BASV, P.K., R. CRETE, A.G. DONALDSON, C.Q. GOURLEY. ,J.H. HAAS, F.R. 

HARPER, C. H. LAWRE~CE i w. L. SEAMAN, ft. N. W. TOMS, S. 1. WONG aQd R. C. 

ZIMMER. 1973. Prevalence and severlty of dlseases of processlng peas 

ln Canada. 1970-71. Cano Plant D1S. Surv. 53: 49-57. 

i'­
SOliN, H.L., B.L. McNEAL and G.A. O'C~NNOR. 1979. Soli chemistry. -EdHed by John Wiley and Sops, wiley-IntersClence Publicatlons, N.Y., 

U.S.A., 329 pages. 

BOLLARD, E.G. ,1959. Nutn.tlonal and environmental effects on the N 

metabc>lism of plants: urease, ureide5'- and urea Ln plants. Symposia 

of the Society for Experimental BIOlogy. Number Xl l 1. Cambridge 

University Press. Cambridge, Eng1and; p. 304-329. 

CliAMBERLAND, E. 1981. Effet de la Fertilisation N, P et K sUr le 

Coeur Brun du Rutabaga. Resultats Prel iminaires. Phy,toprotection 62: 

17-21. 
, , 

CHESNIN, L. 1972. The fertilizer handbook. ,Edited by W.C. White and 

D.N. Collins', "Fertilizer Institute, Was~ingto!l~ D.C., p. 65~84. 
, '" 

• ~ 

COLEMAN, -N • T ., E • J. KAMPRATH and S. B. WEED. 1958. • Lim~ng. 

-69-

Ad" • 

-~I 
,~, ---, 



( 

" 

" i 

(' r, 

19ron. 10' 475-522. 

CUTCLIFFE, J.A. and U.C. GUPTA. 1980. Effects of addecl N, P ànd K on 

leaf tissue. Boron concentration of three vegetab1e crops. Cano J. 

Plant SC1. 60.571-576. 

OANIÈL, W.W. 1978, Applled nonparametrlc statlstiCS. -Puolished by 

Houghton Mlfflln Co~pany, Boston, U.S.A., 503 pages. 

FJOO, R.J., C. S. GUNORY, E.J. HEWITI and B.A. NOTION. 1977. Ul tra-

structural features of molybdenum deflclency and ~hlptaL 1 of 

caullflower leaves: effects of N source and tungsten substltutlon for 

Mo. Aust. J. Plant PhyS10~. 4: 675-689. 

FORSHEY, C.G. 1963. A companson of soll narogen ferttllzatlon and 

urea sprays as sources of nitrogen for apple trees ln sand culture. 

Proc. Am. Soc. Hort. SCl. 83: 32-45. 
~ , 

\UPTA., U.C. a,nd J.A. 

/ 

CUTCLIFFE. 1973. Bdron nutrltion of broccoll, 
~ 

Brussels sprouts, and eauliflower 
r 

grown on Prince Edward Island 

soils. Cano J. 5011 Sei. 53: 275-279: 

GUPTA, U.C. and J~ LIPSETT. 1981. M01ybdenum in soils, pl~nts, and 

animal s • Adv. Agron. 34: 73-115. 
~, 

HATCHER, J. T. and L. V •. WILCOX. 1950. Colonmetrie' determination of 

boron using Carmine. Anal. Chem. 2i: 567-569. 

KRAU5KOPF, K. B . 1972. Chapter 2: ~eochemistry of micro-nutrients 
. '" 

in: Micro-nutrients in agriculture. Edited by J.J. Mortvedt, P.M. 

" 
Giordana and' W.L. Lindsay, Soil Science Society of America, Ine., -
Madison, Wisconsin, U.S.A., p. 7-40. 

LOOK KIN, W.K. and A.F. MACKENZIE. 1970. Effeet of time and rate of 

N applications on yield, nutritive value 

-10-

" 

o-

index, erude 

".' 

protein and 
) 

\ . 
"/ ·i 

~ . 

r- . 1 
,~---- ... 



, , 

"0 ---

1 
" 

nltrate content Jf 5ro~ grass. Agron J. ~2" 442~444" 

LORENZ, a.A. and D.N. MAYNARD. 1980 Knott's Handbook for vegetable 

I!owers. second edltl0n. PublLsned ov ~llev-Int~rsclenee Publl~atlon, 

390 pages. 
# 

lieKEAGt!E. J. A. ed. 1978. Azome,th lne-H method :or Boron; "'snùal on 

5011 Samp!Lng an-a Methods of Analysls. "econd pdHlon. Pub 11 shed bv 

f 

Cano Soc. Sad SCl. t Ottawa, p. 181-182. 

MUNRO. D. C., D. C. MACKAY and -J. A. C1JTCLIFFE. 1978. Relatlon of 

"nutrlent content of broceoll and Brusse}s sprouts leaves to maturlty 

, 
and fertlllzatlon wJ6il N, P, K and manure. Can. J. Plant Sel. 58' 

385-394. 

STEEL 1 R. G. D., and J. H . TORRIE. 1980. PrlnClples and Procedures of 

Statlstl.CS, Zod editlon. Pub 11 shed by MacGraw-Hlll Book, Co., Inc., 

450 pages. 

( STOUT, P.R. and C.M. JOHNSON. , 1956. 
\ 

horticultural creps. Soil Sei., 81: Un-lBS. 

THOMAS, R.L., R. W. SHEARD and J. R. MOYER. 

Molybdenum deficiency ln 

\ 

1 96 7 • \ Camp arts on s 0 f 

conventional and automated procedures for N, P and K analysis of plant· 
J 

material uSlng a slngle digestion. Agron. J. 59: 240-243. 

WILSON, and E.J. WARING. 1948. Sorne observations and' R.D. 
\ 

experiments concerning the role of molybdenum in the. nutrition of 

cauliflower. J. Aulst .. trnst. Agde. Sei. 14 :' .. 141-145. 

\ ' 

.) 

) 

-71-



( 

( 

1 

\ , i 

\, 

1 
, 

'{ 
/ , 

.,q 

diAPrER :> 

SUHMARY 

thIS experlment, constltutes origlnal work as the dlrect effect o-.f Ho on 

N, recovery by brocco 1 i had not been teported ln the 1 iterature. The 

__ benefltSlf~ Ither bsnded or follar ,applled ures on brocco11 and other 

members 0 the cruciferous famlly were stIll lnconclusive. This experuoent 
~' • ,lb 

showed that Ho treatment decreased the' number of pl~nts harvested esrly by 
\ 

an average of 14% in aIl tr~als, wlthout affe~tlng total yields. 

The delay in plant matunty - observed wlth Ho application could be 

qui·te detrimental for the fresh market because it Il> much more profit4ble 

to produce as early as possible. But for 'proces51ng, this would not make 

any difference because harvest 15 done in a single harvest operation done 

later during the season.~ 

The estimated percentage N recovery by plants of the supplemental 

fertillzer was 13 times greater with foliar applied urea compared to banded 

urea at soil pH 7.3 and 6.5, during both years. 

The use of foliar N had only slight effects on broc~oli as compared fo 

banded urea, although it was nbted that the use of the former method 

resulted in higher recovery by'pla~~: 

Banded urea ~pl.ications increased brocco~i fresh-spear weights by ~4% '" 

during 1'982 

fertÜizef' 

and appeared to be a better method to apply supplemental N 

\ ' 
Therefore. the interpretation of supplemental N eff~cts on 

broccol i could· be "b-ased mostllY on yield' results l rather than on 

leaf-nutrient concentrations. 
\ 
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",Table 1. Summary of broccoli nutrients cont-ent interactions over 24 plots, at dlHerent dates 
during 1981 trials at two soil pH. ~ 

pH 6.S pH 7.3 
DAYS DAYS 

INTERACTIONS 50 52 71 73 50 52 71 73 

----- ------------ - R2 -----___________________ 

N03"'N x T.N. 0.46** 0.79** 0.72*"* 0.58** 0.16* 
xB- NS NS 0.19* 0.25** .0.40** 
x K 0.23* 0.38** NS 1 NS 0.55** 
x Ca NS 0.34** NS 0.35** 0.24** 
xMg 0.37** NS 0.61** NS HS 

1 . -
T.N. x B \ NS NS 0.37** 0.48** NS 

xK 0.41** 0.34* NS NS 0.21* 
x Ca HS 0.25* NS NS HS 
xMg NS NS O.3~** NS (-)0.17* 

..-/ ".26~ • B-x K NS NS NS NS 
x Ca NS NS NS NS 0.19 
xMg NS NS 0.18* NS NS 

K x Ca NS NS ,--~# NS NS NS 
xMg NS NS NS NS NS 

Ca x Mg 0.21* 0.26* NS NS 0.20* 

• * Sig~ificant at the 0.05 level; ** significant at the 0.01 level. 

R2 = coefficient of regression 

(-) a negative r values 

NS s non significant 

,0' 
r"'-:;:;, 

.. 

U.35** 0.72** ".61"'* , 
NS NS NS 

O.5{)** 0.53** o. 5b*~, 
0.25* 0.36** 0.21* 

HS 0.41** 0.56·* 

NS 0.19* NS 
0.19* 0.58** 0.59** 

NS NS NS 
NS 0.21 * - 0.22* 

NS NS r-:s 
NS NS NS 
N'S NS NS 

NS 0.20* NS 
NS 0.2'\* 0.30* 

NS 0.21* HS 
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'table 2. 

. /1 
Summary of broccolii nutrients content correlations with, plant yie1d parameters. at 
different sampling1dates, during 19~1 trials at two 80il pH • 

~ /, oP' 
~~ 

pH 6.5 pH, 7.3 .~ 

DAY 5 DAYS . -
INTERACTIONS 50 )2 71 73 50 S2 71 73 

. 
----- R2 ----------~------------• ----------------------- • 

F.S.W. a 
VERSUS: 

N03-N . N.S. N.S. 
Total N N .. S. N.S. 

B N.S. N.S. 
K N. S. _N.S. 
Ca N.S. 0.16* 
Mg/ . - N.S. . N.S: 

T.P.H.b 
VERSUS: 

N03-N 0.19* N.S. 
Total N D.26* 0.16* 

B N.S. N. S. 
K 0.36* N.S. 
Ca N.S. ~ N.S:. 
Mg N.S~ N.S. 

a F.S.W. = fresh spear weight 

b T.P.H. = total plant height 

0.23* 0.22* 0.33** 
0.24* 0.20* 0.33** 
N.S. N.S. N.S. 
~.s. N. S. 0.28** 
N.S. N.S. N.S. 
N. s. N.S. N. S. 

0.25* 0.23* '0.35** 
N.S. N.S. 0.34** 
N.S. N. S. N.S. 

. N.S. N.S. \24* 
N.S. N.S. . • S. 
0.23* N.S. N,.S. 

* Significant at the O. 05 level; **. si~ificaJlt at the Q.01 levele 

Correlations were calculated over ~ata collected on eâêh plot". ' 

N.S. = non significant results 

0.19* 0.46** 0.35** 
0.42** O.46*~ 0.37** 
N.S. 0.18* N.S. 
N.S. 0.26** 0.29** 
N. S. N. S. N.S. 

. N.S. 0.19* 0.21* 

N.S. 0.19* 0.33** 
0.30** Q.26* N.S. 

N.S. N.S. N.S. 
N .. S. N.S. N.S. 
N. S. N.S. N.S. 
N.S. N.S. N.S. 
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Table 3. Summary of broccoli nutrients content interactions over 24 plots at different sampling 
-dates/during'1981 trials at two soil pH. 
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t~ble 4. Summary of broccoli nutrients content correlations with plant 

different sampling dates,. during 1982 trials at two soil pH • 
yield parameters, at 

j"f 

INTERACTIONS 75 

pH 5.1 
DAYS 

-77 84 -87 75 

pH 6.5 
DAYS 

TZ, 84 87 

---------------------- R2 --------------~------.~~~ 

F.S.W.a 
VERSUS: .; 

N03-N N.S. N.S. N.S. N.S. N.S. 0.33* 
Total N N. S. N. S. N. S. N.S. 0.52** b- 0.58** 

B N.S. 0.19* N.S. N.S. N.S. N.S. 
K' 
Ca. 

N. S. (-)0.20* N.S. N.S. 
fj.S. N.S. N.S. N.S. 

(-)0.26** N.S. 
N.S. (':)0.21\* 

Mg N.S • / 'N.'S. N.S. N.S. (-)0.41** (-)0.37r 

-'t.P.H. b 
VERSUS: , 

N03-N 
'.total N 

N.S. N.S. N'.S. N.S. N.S. N.S. 
N.S. ~N~ s. 0.19* 0.22* 0.19* N.S. 

B 0.20* N. S. N. S. " N. S. -'! N. S. N.S. 
K N. S. N.S. N.S. N.S. N.S N. S. 
Ca N. S. N~.S. N. S. N.S. . N. S. (-)0.18*. 
Mg N.S. / N.S. N.S. 'N. S. N.S. .Nr"-S, 

* Significant at the 0.05 level; _ ** .signific~nt at the 0·.01 level. 

a·F.S.W. = fresh spear weight 

b T.P.H. = total plant height 
/ 

N.S. = non significant results 

(-) = negative r values 

~ 

0.20* 0.33** 
0.68** 0.54** 
N.S. N.S. 
N .S. N.S. 
N.S. N.S. 

(-)0.22* N.S. 

N.S. 0.17* 
0.16* 0.31** 
0.24* N.S. 

N.S. N.S. 
. N. S. N.S: 

N.S. N.S. 
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Table 5. Plant nitrate-N levels at 50. 52,71 and 73 days-sampling during 1981 trials at two 80il 
pH levels • . . , 

N03-N 

TlŒATMENTS 
pH 6.5 pH 7.3 

50 52 71 73 50 52 71 73 g 

------------------- % 

FOLIAR APPLICATION 

(0.0 kg Mo/ha) 

OF Mo OVER ALL N TREATMENTS 

\ (O. 2 kg Mo / ha) 
F-v.;l1.ue: 

.... 1.25 
1.44 
2.81 

1.17 
1.25 
0,41 
, .. 

METHODS OF N,APPLICATION OVER ALL Mo LEVELS 

Ba~ded urea (60 kg N/ha) 
.Foli.r urea (13.5 kg N/ha) 
"Control 

F-value: 

INDIVIDUAL TREATMENTS 

Banded 
Foliar urea 
Control 
Mo and banded urea 
Mo and foliar urea 
Mo 

Mean: 
F-value: 

~ Coefficient of 
variation (%): 

, 

1.44 
1.27 
1.41 
0.46 

1.26 
1.14 
1.36 
1.45 
1.41 
1.46 
1.34 
0.20 

38.3 

/ 

1.25 
1. 26 
1.15 
0.26 

1. li 
J.~9 
1.13 
1. 35 
1.24 
1.18 
1.22 

. 0.43 

26.3 

0.59 
0.68 
0.79 

0.68 
0.62 
0.5.8 
0.44 

0.72 
0.53 
0.51 
0.69 
0.72 
0.65 
0.64 
0.30 

44.8 

0.51 
0.67 . 
1. 27 

0.67 
0.52 
0.54 
0.66 

0.52 
0.46 
0.55 
0.89 
0.59 
0.53 
0.59 
0.60 

61.9 
.. / 

1.45 
1.40 
0.20 

1.40 
1.36 
1.37 
1.32 

1.59 
1.37 
1.38 
1.49 
1.34 
1.37 
1.42 
0.07 

18.4 

1.15 
1.15 
0.01 

1.15 
1.12 
,1.17 
0.25 

0.84 
0.80 
0.16 

-0.80 
0.70 
0.82 
2.36 

1.15 0.94 
1.14 0.79 
1.14 0.78 
1.18 ~93 
1. 08/ 0.61 
1.21 -0.87 

...-A. 15 0.82 
0.31 0.79 

'16.1 27.1 

0.78 
0.64 
1.46 

o.~ 
0.61 
0.65 
2.04 

0.94 
0.76 
0.63 
o.ta 
0.45 
0.67 
0.71 
0.83 

37.6 

1 

! 
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." Table 6. 'Plant nitrate-N levels at 75, 7~ï 84 and 87 days sampling during 1~ trials at two soil 
pH levels. : 

,r--

, 

.. 
N03-N 

pH 5.1 pH 6.5 
TREATMENTS </ ) '/s 77 84 87 75 77 84 
/- \ 

87 

.. 
~------------------------~------ % -------------------------------

FOLIAR APPLICkTION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 
(0.2 kg Mo/ha) 

F-value: 

METHODS OF N APPLICAT~ON OVER 
/ 

Bànded urea (60 kg N/ha) 
Foliar urea (13.5 kg N/ha) 
Cont;rol 

F-value: 

1.48 1. 52 
1.47 ~~56 
0.36 0.20 

~L Mo LEVELS . 

1.50 1. 7'0 a 
1.46 1.~8ab 

1.45 1.36 b 
0.28 3.70* 

1.20 1.57 
1.24 j.52 
0.68 '/0.32 

1. 31 1.66 
1.14 1.52 
1.21 1.47 
3.63 2.21 

, 
1.38 1. 41 1. 17 1.35 
1. 37 1. 32 1.16 1.18 
0.08 0.66 0.02 l. 78 

/' 
1.41 " 1.52 1.32a 1.41 
1.36 1.36 1.16ab 1.34 
1.35 1.20 1.02 b 1.04 
0:27 3.03 6.46** 3.28 

./\ 

~',- INDIVIUUAL TREATME...~TS 

~ 

Banded urea 
Foliar urea 
Control 
Mo and banded urea 
Mo and foliar ure~ 
Mo 

Mean: 
F-value: 
Coefficient of -

variation (%): 

1. 47 
1.51 
1.45 
1!52 
1.42 
'1.46 
1.47 
0.61 

8.6 

1.73 
1.47 
1.,35 
1.63 
1.68 
1. 37 
1.5l( 
0.91 

)! 
15.8 

1~2 1. 65 
1.12 1.52 
1.24 1.54 
1.40 1.66 
1.16 1.51 
1.17 1.40 
1.22 1.55 
1.90 0.44 

10.4 12.4 

~- 1.39 1. 57 1. 37 1.41 
1.41 1.35 1. 14 1.41 
1.32 1. 30 .0.99 1.22 
1.43 1.48 1.27 1.42 
1.31 1.38 1.16 1.26 
1·.37 :1. Il 1.04 0.85 
1.37 1.36 1. 16 1.26, 
0.37 . 0.35 0.4U 0.75 

14.8 19.9 15.2 25.5 

* Significant at the 0.05 level; ** significant at the D.Or level; means followed by the same 
let ter are not significantly different according to Duncan's multip~e rahge test. 
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Table 7. 
" - , \ 

Plant total N levels at 50, 52, 71 and 73 days samp11ng during 1981 trials at two soil 
) 

pH leve~s • 

. - , 
~--~ 

Total N 
pH 6.S pH 7.3 

TREATMEN'}S 50 52 71 73 50 52 71 73 

" i _______ -1--______________________ % ______ _____ 

. 
FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS . • 

(0.0 kg Mo/ha) 3.83 3.52 2.83 2.63 4.13 3.86 3.37 2.84 
(0.2 kg Mo/ha) 3.77, 3.6:1 3.30 2.67 4.08 3.90 3.16 2.99 

F-value: 0.07 0.32 3.52 0.04 0.11 0.11 0.76 0:46 

METHODS OF N APPLICATION OVER ALL Mo LEVELS 
, 

Banded urea (60 kg N/ha) 3.87 3.46 3.26 2.78 4.18 3.99 \ 3.46 3.11 
Foliar ure a (13.5 kg N/ha) 3.69 3.75 3.09 2.70 4.14 • 3.89 3.0a 2.84 ) Control 3.85 3.51 2.85 2'.48 4.00 3.76 3.26 2.80 

" F-value: 0.27 0.80 0.87 0.52 0.49 1.28 0.94 0.79 

INDIVIDUAL TREATMENTS 

Bandéd urea 3.93 3.29 3.14 2.63 4.08 4.00 3.59 2.95 
Foliar urea ./ ,,3.63 r 3.88 2.79 2.72 4.19 3.90 3.24 2.95 
Control 3.94 

i,l 

3.89 2.57 2.54 4.13 3.69 3.27 2.64 
Mo and banded urea 3.82 3~63 3.37 2.93 4.28 3.98 3.34 3.27 
Mo and' foliar urea 3.62 3.40 2.68 4.10 3.88 3.84 3.24 2.97 
Mo 3.76' 3.63 3.14 2.42 3.87 3.84 3.24 2.97 

Mean: 3.83 3.57 3.07 2.65 4.11 3.88 3.27 2.92 L 

F-value: 0.17 0.88 0.22 0.27 Od3 0.23 0.14 0.66 
Coefficient of 

variation (%): 14.8 14.1 20.7 23.6 9.7 7.6, 17.9 17.3 
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Table 8. Plant total N levels aL 75. 77. 84 and .87 . days sampling during 1982 trials at two soil ._---

1 
(XI .... 
1 

.< 

'II 

pH levels. 

/ 

Total N 

TREATMENTS 
o 

75 
.pH 5.1 

" 
77 84 87 75 

,/ 

------------- % --------

FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 
(0.2 kg Mo/ha) 

F-value: 

2.98 
2.92 
1.40 

MET~ODS OF N APPLICATION OVER ALL Mo LEVELS 

Banded urea (60 kg N/ha) 2.94 
Foliar ure a (13.5 kg N/ha) 2.97 
Control ./ 2.94 

F-value: 0.17 

INDIVIDU~ TREATMENT~. 

Banded urea 
Fo1iar urea 
Control 
Mo and banded urea 
Mo and foliar urea 
Mo 

Mean: 
F-value: 
Coefficient of 

variation {X): 

2.98 
3.00 
2.95 
?89 
2.93 
2.93 
2.95 

'" 0.16 

4.2 

2.51 
2.51 
0.00 

2.54 
2.50' 
2.49 
0.64 

2.46 
2.54 
2.54 
2.62 
2.47 
2.45 
2.51 

,,4.48* 

3.8 

2.64 
2.62 
0.10 

2.75a 
2.70a 
2.44 b 
5.26* 

2.78 
2.74 ' 
2~41 

2.73 
l.66 
2.46 
2.63 
0.20 

8.2 

2.42 
2.39 
0.08 

1.58a 
2.36 b 
2. 29 b~ 

3.89* 

2.58 
,2.37 
2.30 
2.57 
2.35 
2.27) 
2.41 
0.01 

9.2 

2.48 
2.48 
(h02 

2.60 
2.49 
2.36 
2.10 

2.54 
2.54 
2.38 
2.66 
2.44 
2.34 
2.48 
0.44 

9.9 

pH 6.S 
77 84 

/ • ", 

2.47. 
2.42 
0.25 

2.60 
2.38 
2.36 
2.33 

2.65 
2.45. 
2.32 

/:2:55 
.' '2.31 

2.40 
2.45 
0.43 

10.5 

2.76 
< 2.84 

0.73 

, 3.10a _ 
2.80 b 
2.51 c 

13.00** 

3.00 
2.79 
2.50 
3 • .2-0, 
2.82 
2.52 
2.80 
0.40 

8.5 

t \ 

87 

3.13 
3.07 
0.46 

3.34a 
3.06 b 
2.90 b 
8.17** 

3.28 
~19 -
~9--:r-- -;:. 
3.'40 • 
2.94 
2~88 
3.10 
1.40 

7.3 

* Significant at the 0.05 level; ** significant at the 0.01 level; means followed by the same lette! 
are~not signif~cantly different according to Duncan's multiple range test. 
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" Table 9. Plant potassium levels at 50, 52. 71 and 73 days sampl1ng during 1981 triais at two soil 
pH levels. 

K 
eH 6.5- eH 7.3 

TREATMENTS 50 52 71 73 50 52 71 73 

----------------------- % -------------------------------

FOLIAR ~PLICATION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 4.30 b 4.37 3.17 b 3.19 4.53 4.13 3.39 -3.14 
(0.2 kg MO/ha) 4.89a 4.78- 3.57 a 3.72 4.42 4.23 3.21 3.25 

F-value: 5.30* 2.34 5.01* 3.62 0.15 0.37 0.69 0.44 

METHODS OF N APPLICATION OVER ALL Mo LEVELS -
Baoded urea (60 kg N/ha) 4.l.1 4.51 .2.98a 3.19 4.48 4 .• 22 3.16 3.21 
Foliar urea (13.S kg N/ha) 4.57 4.62 3.69 b 3.63 b 4.22 4.03 3.26 3.12 
Control 4.80 4.59 -. 3.4-4 b 3.54 4.73 4.28 3.48 3.25 

F-value: 0.79 0.06 5.61* 0.93 1.14 0.77 0.79 0.24 

INDIVIDUAL TREATMENTS 

Banded urea 4~ 13 4.00 2.74 2.48 4.58 4. 17 3.15 - 3. 19 
Foliar urea 4.16 4.57. 3.53 3.63 4.23 4.04 3.58 3.10 
Control 4.62 4.56 3.25 3.46 4.77 4.18 3.43 3.12 
Mo and banded urea 4.70 5.03 3.22 3.90 4.38 4.27 3.16 3.23 
Mo and foliar urea 4.98 4.67 3.85 l.63 ll.21 4.04 2.94 3.13 
Mo 4.99 4.62 3.64 ~3. 62 4.68 4.37 3.53 3.38 

Mean: 4.60 4.57 3.37 3.45 4.47 4. 18 3.30 3.19 
F-value: 0.23 1.44 0.07 2.61 O.ot. 0.12 1. 22 0.22 
Coefficient of ô 

variation (%): 13.3 14.5 13.3 20.4 15.6 10.0 16.4 14.0 
~ 

* Significant at the 0.05 level; means followed by the same letter are not significantly different 
accordlng to Duncan's multiple range test. 
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Table 10. Plant potassium levels at 75, 77, 84 ~7 days samp11ng dur1ng 1982 trials at two soil 
pH levels. 

.-

K 
EH' 5.1 EH 6.5 

TREATMENTS 75 77 84 87 75 77 84 87 

--------------------- 7. -------------------

FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 
..., (0.0 kg Mo/ha) 4.35 " 3.92 3.57 3.4:' 3.82 3.54 3.22 3.02 

(q.2 kg Mo/ha) 4.23 3.84 3.51 3.34 3.93 3.49 3.35 3.05 
F-value: 2.02 0.09 0.38 2. )1 1.05 0.30 2.46 0.07 

METHODS OF N APPLICATION ~~ER ALL Mo LEVELS 
1 

-, 

00 Banded urea (60 kg N/ha) 4.17 3.88 3.55 3.34 3.84 3.51 3.29 2.93 w 
1 Foliar urea (13.5 kg N/ha) 4.26 3.93 3.54 3.40 3.73 3.43 3.32 3.09 

Control 4.43 3.84 3.54 3.45 4.06 3.61 3.25 3.08 
F-v,alue: 2.93 0;31 0.00 0.84 2.94 1.2 S 0.23 0.95 

.' 

INDIVIDUAL TREATMENTS 

Banded urea 4.17 3.92 ,.51 3.44 3.75 1. ')2 1.24 1 2.79 
Foliar urea 4.36 ~ 3.94 3.61 . ).41 3.)6 3.4) 3.26 3. 13 
Control 4,.53 3.92 3.60 3.50 3.95 3.6S 3.16 3. 14 
Mo and banded ~rea 4.18 3.84 3.58 3.23 3.93 3.50 3.34 3.08 
Mo and foliar urea 4.16 3.92 3.48 3.39 3.71 ) .1.1 3.37 3.04 

l 
. .. 
Mo 4.34 3.77 3.47 3.39 4 •. 17 3.56 3.34 3.02 

"\ Mean: 4.29 3.88 3.54 3.39 3.88 3.52 3.29 3.03 
F-value: 0.52 0.20 0.46 0.66 0.53 0.04 0.08 1.76 
Coefficient of 

variation (%): 5.3 5.7 6.7 5.2 7.4 6.5 6.5 8.5 
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Table 11. Plant boron levels at 50, 52, 71 and 73 days' sampling during, 1981 trials at two soil 
pH levels. 

B 
EH 6.5 EH 7.3 

TREATMENTS 50 52 71 73 50 52 71 73 

------------------. - #Jg/g ._---------------

FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 27.4 23.6 22.4 26.9 28.2 22.8 18.3 ,24.5 b 
(0.2 kg Mo/ha) 26.6 23.9 23.5 28.5 27.8 23.6 19.6 26.3a 

F-value: 0.79 0.13 0.54 2.27 0.16 0.78 1.48 4.63* 

METHODS qF N APPLICATION OVER ALL Mo LEVELS. 

Banded ure a (60 kg N/ha) 28.0 23.3 23.9 27.8 28.6 23.0 19.2 25.3 
Foliar urea (13.5 kg N/ha) 27.0 24.2 23.7 29.2 27.8 23.0 19.8 25.3 
Control 26.0 23.7 21.3 26.2 27.7 23.6 17.9 25. 1 

F-value: 2.00 0.30 ,. 1.04 2.51 0.27 0.25 1.21 0.20 

INDIVIDUAL TREATMENTS 
gande.d urea 28.9 23.1 23.0 26.3 29.4 21.3 17.6 24.2 
Foliar urea 27.4 24.4 . 22.9 29.0 27.3 22.9 18.8 24.7 
Control 25.8 23.3 21. 3 25.5 27.9 24.3 18~5 24.5 
Mo and banded urea 27.2 23.6 24.8 29.3 " 27.7 24.6 20.7 26.4 
Mo and foliar urea 26.5 24.1 24.5 29.3 28.2 "23.2 20.8 26.8 
Mo 26.1 24.1 21.4 27.0 27.5 23.0 17.3 25.6 

Mean: 27.0 23.8 23.0 27.7 28.0 23.2 18.9 25.4 
F-value: 0.45 0.12 0.12 0.50 0.49 2.61 1.48 0.20 
Coefficient of 

variation (%): 8.0 10.1 16.6 9.8 9.5 9.2 13.7 7.5 

* Significant at the 0.05 leVeI\ means Jollowed by the same let ter are not different according to 
Duncan's multiple range test. 
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Table 12. Plant boron levels at 75, 77, 84. and 87 days sampling dudng 1982 trials at two soil 
pH levels. 

B 
EH 5.1 EH 6.5 

TREATMENTS 75 77 84 87 75 77 84 87 

------ JJg/g ------------------
FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 31.0 29.6 26.6 36.2 24.6 24.9 27.9 b 25.6 
(0.2 kg Mo/ha) 31.9 28.8 26.4 35.9 24.5 24.6 29.6a 25.9 

F-value: "Ü.37 0.85 0.06 0.13 0.01 0.39 4.1'9* 0.70 

METHODS OF N APPLICATION OVER ALL Mo LEVELS 

Banded urea (60 kg N/ha) 31.9 27.8, 26.7 36.7 24.9 25.2 29.5 26.6a 
Foliar urea (13.5 kg N/ha) 31.0 29.9" 26.7 35.9 23.7 24.6 28.4 25.2 b 
Control 31.4 29.8 26.0 35.5 25.1 24.4 28.4 25.4 b 

F-value: 0.13 2.37 0.37 0.71 1.72 0.82 0.73 4.53* 

INDIVIDUAL TREATMENTS 

Banded urea 31.0 28.0 27.0 36.4 24.7 26.5 28.3 26.2 
Foliar urea 30.7 30.8 26.7 36.6 23.9 24:1 i8.0 25;4 
Control 31.3 29.9 26.1 35.7 25.2 24.3 27.4 ,25.1 
Mo and banded urea 32.8 27.7 26.5 37.1 25.1 24.0 30.6 27.0 
Mo and foliar urea 31.3 28.9 26.8 35.3 23.6 25.2 28.9 25.0 
Mo 31.6 29.7 25.9 35.3 24.9 24.6 29.4 25.8 

Mean: 31.4 29.2- 26.5 J6.1 24.6 24.8 28.8 25.7 
F-value: 0.09 . 0.40 0.05 0.46 0.16 4.14* 0.30 0.82 
Coefficient of 

variation. (%): 12.1 10.0' 7.3 6.1 6.5 5.S 7.1 4.0 

11 Significant at the 0.05 level; means followed by the same let ter are not dH ferent according to 
Duncan's new multiple range test. 
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Table 13. Plant calcium levels at SOtl 52, 71 and 73 days sampling du'd'Qg 1981 trials at two so11 
pH levels. 

Ca 
EH 6.5 EH 7.3 

TREATMENTS 50 52 71 73 50 52 71 73 
.. ... 

-% -----

FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 1.12 1.13 1.06 0.91 1.28 1.16 1.19 1.20 
(0.2 kg MO/ha) 1.22 1.01 0.90 1.01 1.21 1.08 1.21 1.07 

F-value: 1.94 2.97 3.47 0.71 0.02 1.67 0.13 2.17 

METHpDS OF N APPLfCATION OVER ALL Mo LEVELS 

Banded urea (60 kg N/ha) 1.20 1.12 -0.99 - 1.02 1.31 1.02 1.24 1.17 
Foliar ure~ (13.5 ~$ N/ha) 1.22 1.10 0.96 0.94 1.23 1.18 1.17 0.98 
Control 1.08 0.98, 1.00 0.94 1.22 1.16 1.21 1.25 

F-value: 1.42 1.71 0.07 0.22 0.56 2.90 0.43 2.94 

INDIVIDUAL TREATMENTS ç. 

Banded urea 1.21 1.14 1.18 1.03 1.35 -1".05 1.19 1.25 
Foliar urea 1.12 1.19 0.99 0.85 1.24 1.28 1.22 1.05 
Control 0.97 1.04 1.00 0.86 1.28 1.15 1.17 -To3Î 
Mo ahd banded ur,èa 1.18 i· 1O 0.79 1.01 1.26 0.99 1.28 1.10 
Mo and foliar ures 1.27 .01 0.9~ 1.02 1.22 1.09 1.11 0.91 
Mo 1..20 0.91 1.00 1.01 1.14 1 ~ 17 1.25 1.19 

Mean: - 1.17 1.07 0.98 0.86 1.25 1.12 1.20 1.1,3 
F-value: 1.10 0.39 2.14 0.26 0.26 1.00 1~20 0.01 
Coefficient of 

variation (%): 15.6 51.9 21.3 31.3 13.6 13.0 12.4 18.3 
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Table 14. Plant calcium levels at 75, 77, 84 ~~d 87 days sampling during 1982 trials at two sail . ./ 

pH levels. 

Ca 
EH 5.1 EH 6.5 

TREATMENTS 75 7.7 84 87 75 77 84 87 
1"!..7 

.... % 

FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS '" 
(0.0 kg MO/ha) 0.91 '.b 1.00 0.99 1.~9 1.09 1.10 1.06 1 .. 30 
(0.2 kg MO/ha) 0.97a 1. 02 0.97 1.20 1.09 1.i2 1.08 1.34 

F-valu~: 10.64*~ 0.11 0.47 0.01 .0.00 0.42 0.\37 1.27 
~ 

1 
~oôs_ OF N APPLICATION OVE~ ALL Mo LEVELS 

- " 00 Banded uréa (60 kg N/ha) 0.96 1.06 ~.02 1.21 1.06 1.10 1.06 1.27 .....a 
1 \ - 0.93 1.02 .94 1.20 1.11 1.11 1.09_ 1.38 Foliar urea (13.5 kg N/ha) 

Control 0.92 0.94 0.98 1.18 1.11 1.12 1.06 1.30 
F-value: 1.99 3.62 2.20 0.22 1.96 0.06 0.56 2.]5 

INDIVIDUAL TREATMENTS -
Banded urea 0.93 1.09 0.97 1.22 .. 1.05 1.10 1.08 1.26 
Foliar urea 0.90 0.95 0.9& 1.16 1.11 1.08 1.07 1.36 -
Control ::1 0.90 0.98 1.0~· 1.20 1.12 1.12 1.04 1.27 
Mo and banded urea 1.00 1.04 1.07 1.21 1.06 1.10 1.04 1.29 
Mo and foliar urea 0.96 1.10 0.91 1.24 1.11 1.14 1.12 1.40 
Mo '"" 0.94 0.91 0.93 1.15 1.11 1.11 ~1.09 1.33 

Mean: 0.94 1.01 0.98 1.20 1.09 1.11 1.07 1.32 
F-value: 0.29 3.66* 4.75* 0.55- 0.06 0.47 -1.24 0.06 
Coefficient of 

variation (%): 4.7 9.3 6.7 10.1 5.6 6.6 6.7 7.4 

* Signiflcant at the 0.05 level; ** slgnlflcant at the 0.01 level; means followed by the same letter~ 
are not different according ta Duncan's new multiple range test. 
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Table 15. Plant magnesium levels at 50, .52, 71 and 73 days sampling during 1981 trials at two soil 
pH levels. 

Mg 
pH 6.5 pH 7.3 

, TREATMENTS 50 52 71 73 50 52 71 73 

----------------- % -----------------.------------
FOLIAR APPLICATION OF 

(0.0 kgJ1.o/ha) 

Mo OVER ALL N TREATMENTS 

0.35 0.33 
(0.2 kg Mo/ha) 

F-value: 
0.36 0.35 
0.72 1.10 

METHODS OF N APPLICATION OVER ALL Mo LEVELS 

Banded urea (60 kg N!ha) B.36 
Foliar urea (13.5 kg N!ha) 0.35 
Control' 0.35 

F-value: 0.12 

INDIVIDUAL TREATMENTS 

Banded urea 
Foliar urea 
Control 

0.34 
0.34 
0.34 
0.04 

0.21 
0.23 
2.12 

0.24 
0.21 
0.21 
1.26 

0.21 
0.24 
0.98 

0.25 
0.20 
0.23 
0.87 

') 

0.39 
0.37 
0.28 

0.39 
0.40 
0.36 
0.26 

0.36 
0.37 
0.12 

0.29 
0.30 
0.20 

0.36a 0.31 
0.39 b 0.29 
0.36a 0.29 
5.45*' 0.45 

0.29 
'0.28 
0.35 

0.29 
0.28 
0.27 
0.20 

\' 
Mo and banded urea 
Mo and foliar urea 
Mo 

Mean: 
F-value: 

0.37 
0.33 
0.34 
0.36 
0.36 
0.37 
0.35 
0.43 

0.35 
0.36 
0.34 
0.32 
0.33 
0.34 
0.34 
0.18 

0.23 
0.20 
0.18 
0.24 
0.21 
0.24 

'0.22 
0.89 

0.25 
0.19 
0.20 
0.25 
0.22 
0.25 
0.23 
0.28 

0.40 
0.39 
0.37 
0.39 
0.41 
0.32 
0.39 
0.20 

0.34 
0.41 
0.34 
0.37 
0.36 
0.37 
0.37 
8.11** 

0.29 
0.31 
0.28 
0.32' 
0.28 
0.30 
0.30 
1.30 

0.28 
0.32 
0.27 
0.31 
0.25 
0.28 
0.28 
1.60 

Coefficient of 
variation (%): 15.7 14.6 18.4 30.2 10.3 5.8 13.7 19.6 

* Significant differences at the 0.05 level; ** significant differences at the 0.01 level; means 
followed by the same letter arè not different according to Duncan's ~ew multiple range test. 
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Table 16. Plant magnesium levels at 75, 77, 84 and 87 day~ sampling during 1982 trials at two soil 
pH levels. 

~ 

" M~ ~ 
EH 5.1 EH 6.5 

il' TREATMENTS 75 n 84 87 75 77 84 87 

% 
- - --

FOLIAR APPLIGATIONcOF Mo OVER ALL N TREATMENTS ---
(0.0 kg Mo/ha) 0.32a 0.35 0.30 0.32 0.42 0.41 0.36 0.33 
(0.2 kg Mo/ha) 0.34 b 0,37 0.29 0.32 0.41 0.42 0.36 0.34 

F-value: 7.12** 1.02 0.72 0.41 0.11 0.02 0.·00 1.38 

MÉTHODS OF N APPLICATION OVER ALL Mo LEVELS ~ 

1 
co 

Banded ure a (60 kg N/ha) \oC) 0.33 0.38 0.31 0.32 0.40 0.42 0.37 0.34 1 
Follar urea (13.5 kg N!ha) 0.33 0.36 0.29 0.32 0.42 0.41 0.37 0.35 ... Control 0.32 0.33 0.29 0.32 0.43 0.41 0.34 0.32 

F-value: '0 1.14 2.02 1.33 0.22 0.69 0.08 1.23 1.77 

INDIVIDUAL TREATMÈNTS 

Banded urea 0.31 0.36 0.30 0.32 0.41 0.44 0.39 0.34 
Fol1ar urea 0.32 0.33 0.29 0.31 0.42 0.41 0.37 0.34 
Control 0.32 0.35 0.30 0.32 0.42 0.39 0.33- 0.30 . 
Mo and banded urea 0.35 0.40 0.31 0.32 0.39 0.40 0.35 0.34 
Mo and foliar urea 0.34 0.39 0.28 0.33", 0.41 0.42 0.37 0.35 
Mo 0.32 0.31 0.28 0.32 0.43 0.52 (k16 0.34 

Mean: 0.33 0.36 0.29 0.32 0.41 0.~41 0.36Q 0.33 
F-value: 1.20 2-;-28 1.17 0.64 0.08 1.28 -1.52 1.46 
Coefficient of rr 

variation (%): 5.9 15.3 10.1 7.9 12.3 10.1 11.7 9.3 

. 
ff" * Significant at the 0.05 level; ** signiflcant at the 0.01 level; means followed by the same letter r 

are not different accordlng to Duncan's new ~ltiple range test. 
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Table 17. Estimated N recovery (ENR) by proccoli plants during the 19S1 trials at 4 sampling dates • 
) 

..:. 

-.- ENR 

TREATMENTS \ 
pH 6.S 

50 52 71 77 
pH 7.3 

50 52 . 73 77 
.. 

--!_------ % \ ; 

FOLIAR APPLICATION OF Mo OVER ALL N TREATMENTS 
~ 

(0.0 kg Mo/ha) 37 178 226 85 125 155 95 162 
(0.2 kg Mo/ha) -25 176 330 93 39 94 -41 83 

F-value: 0.12 0.00 0.53' ~O.OO 0.53 0.79 1.91 1.82 

METRODS OF N APPLICATION OVER ALL Mo LEVELS 
1 "-

\1) Banded urea (60 kg N/ha) -22 -3 79a 25 33 57 45 71 
0 Foliar urea 03.5 kg N/ha)' 34 356 477b 153 '120 192 -, 9 - -"175 1 

F-value: 0.10 3.68 7.58** 0.74 0.69 3.92 0'.14 ~16 

INDIVIDUAL TREATMENTS 

Banded urea -1 -14 77 14 28 63 63 58 
Foliar urea 75 370 374 156 201 247 126 266 
Mo and banded urea -42 9 81 35 39 51 28 84 
Mo and foliar ur~a -7 343 580 151 39 138 -109 83 

Mean: 6 177 278 89 77 125 2T 123 

/. F-value: 0.01 0.02 0.49 0.72 0.69 0.51 1.04 3.22 
Coefficient of -. 

variation (%): 2955 106 52 168 182 55 363 48 

** Significant at the 0.01 level; means followed by the same letter are not different according to 
Duncan's new multiple range test. 
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Table 18. Estimated N recovery (ENR) by broccoli plants during the 1982 trials at 4 sampl~ng dates. 

~) .. 
ENR ~ 

pH 5.1 pH 6.5 
TREATMENTS 75 77 84 87 75 77 84 87 

--------------------------- % -------------------

FOLIAR APPLICATION OF~o OVER ALL N TREATMENTS 

(0.0 kg Mo/ha) 
(0.2 kg ~o/ha) 

F-value: 

-93 
-80 

0.05 

-79 
-78 

0.00 

METHODS OF N APPLICATION OVER ALL lofa LEVELS 

-2 -55 
:'8 -50 

0.02 0.08 

10Q 
71 
0.24 

104 
58 
0.5D 

, f} 

141 
1.45 

0.02 

136 
80 

0.83 

1 Banded urea (60 kg N/ha) -17a -17a >·7 4a 57 60 92 82 
~ Foliar ure a (13.5 kg N/ha) -156 b -140 b -17 -10 b 115 101 193 133 
1 F-value: 5.56* 6.44* 0.40 32.9*~ --e..98 0.38 1.21 0."67 

INDIVIDUAL TREATMENTS 

Banded urea 3 -10 38 28a 37 51 &5 58 
Fo11ar ure a -189 -149 -42 -138 e 164 156 217 214 
Mo ~nd banded urea -36 -25 -25 -19ab 76 70 120 107 
Mo' and foHar ure a -124 -131 9 -81 he 67 45 170 53 

Mean: -87 -79 -5 -53 72 81 143 108 
F-value: 0.76 0.12 2.43 6.95* 1.33 0.99· 0.-32 2.86 
Coefficient of 

variation (%): 68 62 72 37 83 81 64 58 

\ 

.. Sign1ficant at the, 0.01 level; ** significant· at the 0.01 level; means followed by' the same 
letter are not different according to Duncan's new multiple range test. 
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Table 19. Covariance analysis of sail N03-N levels, 'adJusted to initial 
levels at the end of the ,1981 trials at two soil depths and soil 
pH levels. 

Al?JUSTED, MEANS 
pH 6.5 pH 7.3 

TREATMENTS (0-20 cm) (25-50 cm), , " 
(0-20 cm) (25-50 cm) 

---~---- (pg N/g dry-soil) -:..----------

FOLIAR APPLICATION OF Mo OVER, ALL N TREATMENTS 

(0.0 kg Mo/ha) 2.94 2.78 ~~93 3.00 
(O. i kg Mo/ha) 2.22 2.55 3.34 3.52 

F-value: 0.80 0.46 0.58 1.94 

---
" '" METHODS OF N APPLICATION OVER ALL a LEVELS "-. ---. . 

/ 
-~ 

(60 kg N/ha) 1. 2.19 2.88 3.22 
FoU r urea (13.5 kg N/ha) 3.32 2.85 3.08 3.13 

01 2.63 2.95 3.45 3.43 
Mean: 2.58 2.67 3.14 3.26 
F-value: 1.08 .51 0.40 0.23 
c.v. (%-) 77 3 50 29 
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