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AUSTRACT 

M.Se. Mlchclll1l: Ayoub Plant Science 

NITROGEN MANAGEMENT FOR BREAD WIIEAT PRODUCTION IN 

QUEUEC. 

The clTeet of level alld t1nHI~g of nitrogcn (N) fertilizer application on grain 

ylcld (YLD), gram proldn (Ope), ,-md breadl1laking abllity of four hard red spring 

wheat cultivar., and 011 .,oil rC..,ldlial rMlralC wa., Il1vcstlgated. Nltrogen fertllity caused 

an Illcrea~c III YLD, lodglug, ~everal Vicld colllponenb, ope, and breadmaking 

qllallty and céllI'icd a reductlon in N ha'I'Vest index and gram ash, élnd N use efficiency 

(NU E) rcslIltll1g III an IIlcrcac;,c in sod n'..,idllal NOI-N. Split N application reduced 

lodglllg, tiller., and .,plkl'" 111 2 and caUsC(ll an increa~e III gram weight, OPC, loaf 

volullle and NUE. Cirain yield IIlcrca~e.., were largcly due to II1creases 111 the grain 

~pikc 1 and 1111er ... 111 '. Ab~olule protein content was found 10 be eritical in 

dClerlllllllng Cif>C. Cultivar..; '1howcd plastic rC!lpomes to N. Despite ilS high YLD 

and tlour yicld, Hege 155-85 may be r1sky to produœ bccallse of its high dependence 

on N. Mincrahlation of N occurred dllring winter. Marked chfferences existed 

bctwcen the sites. 
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REGIE AZOTEE POUR LA PRODUCTION nE BLE PANIFIABLE Ali 

QtJEHEC. 

L'effet du taux et du temps de l'épandage de 1.1 fUlllurl' n/(ll~e (N) ... ur le lendl'Illent 

en grain (RG), la conœntration du glall1 en prol~lI1l'''' «,(;P), la IMnltïl·.llIOIl de tlll.llrl' 

cultivars de blé roux de pnntemp'i el les nitrale ... du <,01 .1 ~le ~Iudlé. llnl' 

augementation cie l'N a cau~é une augmentatloll du RCi. dl' 1.1 ver~l'. de pJusleur ... 

composantes du RG. de la CPG. el la qualité de la p'\Il1lÏciltlllll. l'\ il ll;dllil l'dlkal'llé 

de l'utilisatIon de l'azote (EliN) ré ... llltant en une augmentation de ... lulrall· ... <Iam Il' 

sol, a réduit l'incl!ce de rendement a/oté et le t,IU\ de ... l'l'ndll·.... l '0pandagl' 

fractionné d'N a millllll"é la ver~e, a réduit le nombre dL' talle ... L'I d'l'pl'" III '. a 

augmenté le pOld ... dl' 1000 gnun.... la CPCi, J'UIN et Il.' volul11e dl'''' p;\ln .... 

L'augmentatIon du RU était duc à une augmentation du nombre dl'~ grall1~ l'Pli l'I dl· ... 

talles I1r2
• On Cl trouvé que la quantité ah ... olue dl'''' prot01Ill· ... dans le gnlln dl'telminall 

CPG. Les cultivar~ aVaient des réponse\) pla'itlqul''i a l'.\lotl'. Malgré ... 011 haut IHi, 

la production de Hege 155-85 pourrait être ri ... quée ;1 cause de ... a dépendl'l1cc ... UI l'N. 

Durant l'hiver, une I11l1leraliléltlon de l'N eut IIl'u dan ... Il' "'(ll. l>c'i dllférl'l1cc", 

marquées ont été ob:~ervée~ entre Ic~ deux ... 1 te .... 

III 



ACKNOWLEDGEME1\'TS 

1 would IIkc lo thank Dr. Donald Smith tor hi\ guidance, advice, 

encouragcmcnt, 111\ vaillabic hclp In prepanng tlw~ l11anll~cnpt, lm. tll,le spent writmg 

many refercllcc !cltcr\ on my bdlé\1t and dnv\I1g me to the field. 1 appreciated hiS 

ulldcr~talldlllg 01 cach and cvcry one of hl) ~tlldcnt)' conditIOn iqcluchng mine, hls 

wlllIngnc.,., tn hdp ln é1ny malter, lm pllttIng up wlth l11y con<,tant " nagging" and 

ahove ail lcndmg me hl~ "Lllno" and "Dmo~aur" dming the writll1g of thlS thesis. 

would also Ilke 10 thank the mel11her~ of my a(lvi~ory COl11l1llttee: Dr. Diane Mather 

for the hclpflll dl"Cll~\I(}l1\ wc had a.bout the tople and for Iettll1g me U5.e her computer 

more orten than 1 .,houlcl have, Dr. AJ1gll~ Mackenzie who lcad me '.ltep by ~tep 

duriJ1g the prep,\l(ltloll 01 \cclIon () and who Ict ml' ll<,C Ihe faciiitle~ III Iw~ SOli 

<lnalysls l.th, Dr. JudIth F. Reid who offenxl me the c!l,II1CC to te,;t my samples for 

quality in her lah and who revlcwcd \l'clion 5. Dr. SlJllOJ1 Guenin who carefully 

rcvlcwed Iim ll1al111~Cnpl. and Mr. Serge LLl'i~ler wlth wholl1 1 had helpful discussions 

about gel)l~ral agriculture and who alway5. promptly provlded me wlth II1formation 

nee<.lcd. 

Spcclal thank., arc duc to Stewart Lelbovitch who helped me 111 the fIeld, in the 

lah, and III deahng \VIth "J<lll1l11lng :-.ottwclrC", and tn the Seed Farm crew, especially 

Thomas MpOlllIl11pa~~I~ who inlroduced Ille 10 the "'1ccret~ of the farm machIl1es". 1 

am alsn lIldchtcd to the \Ul11mcr ~tucknt'l Angela Daly and Angle Bondi who helped 

me in the field, and 10 Birgit SChlllt7 who often helpeel me III the "fun job" of 

samphng \011 

1 wOllld abll lih.c tn thank Mr. Donn Flynn who showed me around in the 

world of nlllllllg and 4ualIIy le~l\ and \VIth whol1l 1 baked "wonderful", totally 

hOlllemadc hll'.ld 'l'hanh.\ \hould be extended abo to Ircne Carare who helped me 

ashll1g 110111' ,.llupk.,. 

1 am Ilot forgettll1g Illy cla~sl11atc and fflent! Dean Spaner whose lee cream 

cone and coffcc \Va'> .\I\\'ay~ \\clcomed. my roommates Eliane UbaliJoro. Nicola 

IV 



Urbani, Joyce Shehadé and Helen Samp~ol1 for thelr I:nl.'()lIl.lg~ml:nl. Ul1<!l:rst:lnding 

and the internatIonal cuisine we shared. and l11y fnl:llds A~nla. )'\':"s. Toni ,md Illany 

others who were therc for me. Special thank.s to Pat fm hi~ hdpful adviscs dunng 

the course of my work and for correcting the french ab~lral,'t. VI.'ry 'ipl:clal m·l.'r~cas 

Ihanks are extended 10 NlI1a for 11er constant pu~ll. 

l, finally, would like 10 expres~ Illy !'>inl'~rc~t cndchlll1Cllt 10 Ill)' aunt and undl: 

the Haddad who macle the st art pmsiblc. 10 the Sadl:r. to ail thl: 01111:1' Haddad. 10 the 

Ayoub, to the Noujalll1 and espeelally to Illy mom and my hm.band for 1111.'11' love and 

support. 

v 



TAULE OF CONTENTS 

ABSTRACT 11 

RI~SlIME .. • • • • • • • • . • • • • • • • • • • • • • • • • • • •• 111 

ACKNOWLEDGEMENTS ., IV 

TA BLE OF CONTENTS .. , vi 

LIST OF TABLES .... x 

LIST OF FIGURES 
xii 

CONTRIBUTIONS OF CO-Al1THORS TO MANUSCRIPTS FOR 
PUBLICATION ........................... . 

Scctlon 1 ............................................ 2 
INTRODUCTION .................................. 2 

1.1 HYPOTHESIS ............. . . . . . . . . . . . . 3 
1.2 OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 

Sccllon 2 ........................................... . 
LlTERATURE REVIEW ............................. . 

2. 1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2.2 u~c~ of wheat and ils classitkatlon ................ . 
2.3 Wheat chel1li~try ........................... . 

2.3.1 Calbohydrate~ ....................... . 
2.3.2 Proteins . . . . . . . . . . . .. . ............ . 

2 . .'1.2.1 Structure ....... . 

5 
5 
5 
5 
6 
7 
7 
7 

2 . .'1.2.2 Functionality 111 breadmaking ......... 8 
2.4 Whcat agronomie traits ........................ 9 

2.4.1 Nitrogen verslis yicld . . . . . . . . . . . . . . . . . . .. 9 
2.4.2 Nllrogen ver~lIs proteins: ................. 10 
2.4.3 Tlnllng of IlItrogen application .............. Il 
2.4.4 Nitrogen fertlhty versus envlronmental factors .... U 
2.4.5 Yield ver~lI'" protein concentration . . . . . . . . . . .. 14 
2.4.6 Nitrogen fcrtlhty and bread maklllg . . . . . . . . . .. 14 

2.5 Li~t of rd~'rcnL'cs . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 

Pref:,lcc to scdion J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

VI 



Section 3 .................................. . ~ ~ 
EVALUATION OF N FERTILITY LEVEL AND TIl\IINCl OF 

APPLIC ATION ON HARD RED SPRING BREAD WHrAT 
YIELD AND YIELD COMPONENTS IN EASTERN 
CANADA. . . . . . . . . . . . . . . . . . . . . . . . . . 2.1 
J.I ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 
3.2 INTRODUCTION ......... ................. 24 

J.2.) NJtrogcn vcrsus ylcld. .................. 24 
J.2.2 TII11\ng of IlItrogcn .Ipplil:atlOll .. ........... 24 

3.3 MATERIALS AND l\1ETHOnS .................. 2() 
3.4 RESUL1'S .......................... ..... 2X 

3.4.1 Yield . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2X 
3.4.2 Yield cOll1ponent~ . . . . . . . . . . . . . . . . . . . . .. 2l} 

3.4.2 1 Main stCIl1~ Ill} (MN) ........... ',',' :.'l) 
.1.4.2.2 Tillcr, Ill! (TN) .. . ... . 
3 4.2.3 Splke, Ill! (SN) ...... . ..... . 
3.4.2.4 Grain, 'lPI"t' 1 «(jSPK) . .. . ... . 
3.4.2.5 Thou,and kernel wClght (l'KW) and tcst 

wL'ight (HLW) . . . . . . . . . . .. ...... JO 
3.4.2.6 Hcading datc, and llIatlll'lty .......... JI 
3.4.2.7 Harvc,t Indcx (fil) " ...... ...... 31 

3.4.3 Height and lodgll1g . . ............. . JI 
3.5 DISCUSSION ........................... . 
3.6 CONCLUSIONS .................... . ... . 
3. 7 LI~t of rc fercnc~~ . . .... 

Preface to section 4 . . . . . . . . . . . ..... . .... 51 

SectIon 4 ............................................ 52 
EVALUATION OF THE EFFECT OF N FERTILIZER LLVU, AND 

TIMING OF APPLICATION ON GRAIN PROTEIN 
CONCENTRATION OF FOUR HARD I<I:D BREAl> SPRIN(j 
WHEAT CULTIVARS IN EASTERN CANADA ......... 52 
4.1 ABSTRACT . . . . . . . . . . . . . . . . . . . . .. ........ 52 
4.2 INTRODUCTION ..... ............ )2 
4.3 MATERIALS AND METHODS . . . . . . . . . . . . . .. ')4 

Weatlwr data . . . . . . .. . ..... . . . . . . . .. )() 

4.4 RESlILTS AND DISClISSION .... . 
4.4.1 Grain protelll concentration ..... . .... . 

')7 
')7 

4.4.2 Gram protelll yicld ....... ............. ')() 
4.4.3 ProtclIl per 'leed . . . . . . .. ....... ...... 60 
4.4.4 Non proklll ~œd dry matter ....... . . . . .. (d 
4.4.5 Nitrogcn lise efticiency . . . . . . . . . . . . . .. ()2 

4.4.6 Nitrogcn harvc~t index . . . . . . . . . . . . .. (d 

VII 



4.5 CONCLUSIONS 
4.h Li\t of rcfcrence, 

............................ 63 
, .............................. . 64 

Preface 10 \ectlon 5 . . . . . . .. ............................. 81 

Scctlon 5 ................... ........................ 82 
EVALlII\TION OF THE EFFECT OF N FERTILIZER LEVEL AND 

TIMING OF APPLICATION ON THE BREADMAKING 
QlJl\LITY OF FOUR HARO RED SPRING WHEAT 
CULTIVARS IN EASTERN CANADA ................ 82 
5.1 ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 82 
5.2 INTRODUCTION .... ......... ............ 82 
5.1 MATERIALS AND METHODS .................. 84 
5.4 RESULTS AND DISCUSSION . . . . . . . . . . . . . . . . . .. 86 

5.4.1 Gral11 and flou:- a~h cOllccntration~ . . . . . . . . . . .. 86 
5.4.2 Flour extractIon ....................... 87 
5.4.3 Flour protel11 concentratiun ................ 87 
5.4.4 Hagherg Falling Number ................. 88 
5.4.5 Flour water ahsorptlun . . . . . . . . . . . . . . . . . .. 89 
5.4.6 DOllgh developmcnt time ................. 89 
5.4.7 DOllgh stabJllty time .................... 90 
5.4.8 Index of toJerance . . . . . . . . . . . . . . . . . . . . .. 91 
5.4.9 Bread loar volume. . . . • . . . . . . . . . . . . . . . .. 91 
5.4.10 Cla.,~iflcatlon of the flour ................ 92 
5.4.11 Economical consideration ................ 92 

5.5 CONCLUSIONS .......................... " 93 
5.6 LI.,t of rcferenœ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .. 94 

Prct~lœ to section (, .................................... . 

Section (, .......................................... . 
EVALlJATION OF N f-ERTILIZER LEVEL AND TIMING AND 

CULTIVARS ON SOIL NITRATE RESIDUES .......... . 
6.1 A BS1'RAC'l' ............................. . 
6.2 INTRODUCTION ......................... . 
6.3 MATERIALS AND METHODS ................ . 
6.4 RESLILTS AND DISCUSSION ................. . 

6.4.1 N fertIllzer effecb .................... . 
6.4.1.1 Ste-Rosalie site ................ . 
6.4.1.2 Macdonald site ................ . 

6.4.2 Cultivar dTcct ...................... . 
6.4.2.1 Ste-Rosalie 'iite ................ . 
6.4.2.2 Macdonald Sile ................ . 

6 ... kJ Timc of N application effcct 

VllI 

106 

107 

107 
107 
107 
108 
110 
110 
110 
112 
113 
113 
113 
114 



6A.3. 1 St~-Ro~ail~ ... It~ 
bA.3.2 f\:lal'donald 'Ill' 

6.5 CONCLUSIONS ........ ...... '" 
6.6 List of relà~nœ, ............ . 

1 1.+ 
Il.+ 
1 1.+ 
115 

Section 7 ............................. . . . . . . . .. 1 ~7 
GENERAL DISCUSSION ................... . ...... 1 ~7 

7.1 CULTIVAR Ef'fECTS .............. . ..... 1~7 
7.2 NITROGEN FERTIUZER LEVEL EITI:(,T~ . . . . . . . .. 1 ~X 
7.3 NITROGEN TIMING EFFECTS .... . . ... ... " 1.\2 
7.4 STE-ROSALIE vs. MACDONALD. . . . . . . . . . ... 1-''+ 
7.5 CLASSIFICATION OF THE FLOUR .. ...... 1'5 

Section 8 ........................................... 1 Jh 
GENERAL CONCLUSIONS. . . . . . . . . . . .. .... ..... .. 1 Jh 

Section 9 ............................ .............. I.\X 
CONTRIBUTIONS TO KNOWLEDGE . . . . . . . . . . . . . . . . UX 

Section 10 ......................... . 
SUGGESTIONS FOR FUTURE RESEARCH 

IX 

1 Jl) 
IN 



LIST OF TABLES 

Tahlc 3.1 Analy~l~ of variance of ylcld and ilS componenb 111 1990 39 

Tahlc 3.2 Amtly\l\ 01 variance of ylcld and It'i cOlllponenh in 1991 40 

Tahlc 3.3 Maill cffech of N level, timing and cliltivar~ at Ste-Rmalie in 1991 . 41 

Table 3.4 Effect\ of N Ievcl and tlml11g on agronomie trait~ . . . . . . . . 42 

Table 3.5 Malll cf/ccli, of N Ievel, timing and cultivar on agronomie traits at 
Ste-Ro\alJe III 1990 ................................ 43 

Table 3.6 !:J'teet 01 cultlvar\ and timing of N fcrtlilzer application on Belglan 
lodgll1g .,core., and tJller\ Ill! JJl 1990 , . . . . . . . . . . . . . . . . . . .. 44 

Tahle 3.7 Erreet of N Icvel, 1IIl1lng and cultivar in 1991 ..... . . . . . . . . 45 

Tahle 3.X Mall1 efrech of N level, till1l11g and cultivar on agronomie traits at 
Macdonald 111 IYYO . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. 46 

Tahle 3.':) Mall1 effcch of N level, timing and cultivars al Macdonald in 1991 .. 47 

Tahle .1.10 Elfcct 01 N kwl and cultivar on agronOl11Jc traits 48 

Table J 1 1 Pcar:-.on' ~ correl allon coef flclcnt~ . . . . . . . . ... 49 

Tahk 4.1 ÂI1.tIY"'l'" of vanancc of gnllll protCIl1 concentration (GPc'mg g-I), 
gralll Protl'Ill yldd (CiPy, t Il,r l

), proteln per sect! (PPSD,mg), seed 
d~y lI1atter(NP~~,mg), nltrogcn harve~t Index (NHI) and I1ltrogen use 
dllclelh:y (NUI:) . . . . . . . . . . . . .. ................ 68 

Tahle 4.::! Mall1 cl Icet., of N Icvel (kg ha 1), timing of N fcrtihzer application 
and cultivar., on CiPC (mg g 1), GPY (t lla- I ), PPSD (mg seed- I), 

NPM (mg ~l'cd 1), NHI .md NUE . . . . . . . . . . . . . . . . . . . . . .. 69 

Tahle 4.3 SlIl1pk l,tfcct ... of N kwl ~kg ha 1) and timing of N fertilizer 
dppll\:allOJl on (iPC (mg g ), GPY (t ha 1). PPSD (mg seed- I), NHI 
.ml! NlIl. .... . . . .. .................... 70 

Table 4A SlIl1pk etfù'(I, 01 N 1e\'c1 (kg ha 1) and cultIvar on GPC (mg g'I), 
(iPY (t ha 1). l'PSI) (mg ... cet! 1) and NPM (mg 'iced l) . • . • • • • • 71 

Tahle 4.5 Simple cffceb 01 N Icvel (kg ha I}, timing of N fertilizer application 
and L'UItI\'.l!' on pl'lltcrn per 'iced (PPSD,mg ~eed 1), at Macdonald 
jl)l) j . . . . • . . . . . . . . . . . . • • . . . . . . . . . . . . . • • • • . • . .. 72 

Tahle 4.6 SJJllplc dfccts of cultivar and tlllling of N fertilizer application on 
(iPC (mg g 1) and PPSD (mg sœd- I ) at Ste-Rosalie 111 1990 ... . 73 

Tahle 5 1 AnaIY:-'I'" of \'ananœ of glall1 ash percentage (GAP) ....... 97 

'Llhk 5 . .2 ~l.l1n l'ffcl't~ of N kwl". tlllllJlg nI' N fcrtlllzer application and 
l'ultl\ar 011 gr,un él"h l'onœntratlon (mg g 1) .. ..••.••••••.•• 98 

\ 



Table 5.3 SlInple effects of N Icvel and I\lmn)!. of N krttli/cr applll . .'allllll on 
GAP, EXlr. Stab and HFN ... . . . . . . . . . . . . . . . . . . . . . l)l} 

Table 5.4 Analy~ls of variant:~ of tlour qualtty van,\hk',> <lI I\tal'dllll,lId .. , . 100 

Table 5.5 Mall1 effect~ of N Icvd. timing of N t'l'lltIl/e .md l'tlltl\"lr on flour 
quality vanahles al the Macdonald '>Ile III 1941 . . . .. ....... lOI 

Table 5.6 Main effect~ of N Icve\' tll11lng of N fl..'rttli7cr applkallon and 
cultivar on nom qualily vanahlc\ al the 1'\'1.1cdonald ~llc 111 199{) . 102 

Table 5.7 Simple effects of N level'i and culttvdr on tlour qu.\lily vanahlc!l I<U 

Table 5.8 SlInple effects of tllll\lH~ of N fertili7cr appltcatllln and cuItIV4lf al 
Macdonald in 1990 .. ~ . . . . . . .. ................ 104 

Table 5.9 Simple effecIs ot' N lcvel, tlll1111g of N fertlltli:r appltl'atlOll and 
cultivar on brcad loaf volul11e al Macdonald III 1l}l)O . . . . . .. 105 

Table 6.1 Allalysi~ of variance of \011 NOI-N vallll.:'\ (kg N Iha) a" a fUnl'tloll 
of N level and tlnllng 01 N !L'rt tiller appill'at 1 li Il and l'ult 1 var. . . 1 16 

Table 6.2 Effects of fcrllli/cr N Icwl, lImll1)!. of N kl ttll/l'r applic.lllOn and cullival 
on ~oil NOI-N Icvcl'l (kg N ha 1) III thl..' falllli 1l)L)(), \pnng 01 1991 Hnd l'ail 
of 1991 at Ste-Rmallc ........ ...... . . . . . . . 117 

Table 6.3 EffecIs of feruli.œr N IcveI (kg ha-I), tlllllng of N làlilllcr 
appltcallon (lIld cultivar 011 .....•............•.... IIX 

Table 6.4 Malll effect" of N Icvel (kg ha 1), timing of N ferlilller application 
and cultIvar on overwinler changes (kg N ha 1) . • . . • . . • ... Ill) 

Table 6.5 RegreSSion coefflclcnh of NOI-N nverwlnter ch,lngc'l ....... 120 

Table 6.6 Simple erfects of N Icvel (kg 11.\ 1) and cultivar 011 owrwinter NO,-
N change'l (kg ha 1) ln the 0-20 cm \011 proille al Stc-Ro"ialte . . . . 1'21 

Table 6.7 Main e(fcctr., of N Icvcl (kg ha 1), tlllling of N fertlli/cr application 
and cultIvar on N balancc (kg ha 1) .. .........•...... 122 

Table 6.8 Effect~ of fertlll/cr N Icvcl, 1IIll1llg of N lerttIl/cr applH.:allon and cultivar 
on soil NOI-N level'l (kg N ha 1) III the lall 01 19l)(), "pllng of Jt)l) 1 , and l'ail 
of 1991 at Macdonald .. . . . . . .. ............... 12 ~ 

Table 6.9 Analy'li'l of Vanal1Cl' 01 llverwlllter change ... ("'g ha 1), N halance ("'g 
ha- I

) and I1llrogcn u'le ClflCICllcy (NlIE) " ..... . . . . . . .. 124 

Table 6.10 Simple cffcct ... of N Ieve\ (kg ha 1) and cultIvar on N halance (kg 
ha- I

) at Macdonald 1990 .......... .............. 125 

Table 6.11 Simple cffech of N Icvcl (kg ha 1) and tilllll1g of N ferlili/cr 
applIcation on Nitrogen u ... c cfflclcncy (NUE, %) al Macdonald Jll 

1990 . . .. ................................. 126 

XI 



LIST OF FIGURES 

Figure 3.1 Gram yH!ld e'itllnate~ and observatiom al the four site-years 

Figure 4.1 Daily maximum (dotted line) and minimum temperature (ClC)(solid 

hne), and preCipitation (mm) (bars) for the 1990 and 1991 growing 

50 

season at Ste-Ro~ahe. .............................. 74 

Figure 4.2 Daily maXlmUIll (~qllares) and minimum temperature (°C)(dashes), 

and precipitation (111111) (bars) for the 1990 and 1991 growing season 

al Macdonald. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 75 

1:lgllre 4.3 Gram protein concentration (mg g'!) estimates and observations 

with split N applications at Ste-Rosalie in 1990. .. . . . . . . . . . . .. 76 

Figure 4.4 Grain protein concentration (mg g'!) estimates and observations 

with single N application at Ste-Rosalie in 1990. . . . . . . . . . . . . .. 77 

Figlln.! 4.5 Grain protcin concentration (mg g'!) eMimates and observations at 

Macdonald in 1990 . . . . . . .. ....................... 78 

Figure 4.6 Gram protcln concentration (mg g'!) e"itill1ates and observations at 

Macdonald in 1991. by cultivar ... . . . . . . . . . . . . . . . . . . . .. 79 

Figure 4.7 Grain protein concentration (mg g'!) estimates and observations al 

Sie-Rosai ie in 1991, by cultivar . . . . . . . . . . . . . . . . . . . . . . .. 80 

xii 



CONTRIBUTIONS OF CO-AUTHORS TO I\IANUSCRlIy rS FOR 

PUBLICATION 

This thesis is submitted in the fonn of original papers suitable for journal 

publication. The first two sections arc, respcctively, an introduction and a literaturc 

review presenting the theory and previous knowlcdge on this tOpiC. The ncxt four 

sections represent the body of the thcsis (each is a complete manuscript). ThL' last 

section is a general discussion and a synthesis of the major conclusions. This thl'sis 

format has been approved by the Faculty of graduate Stlldic~ and Rcscarch, McGiIl 

University, anJ [ollows the conditions outlincd in the Gliidelincs Conccrning Thcsis 

Preparation, section B.2 "Manuscripts and Authorship" which are a<; follows: 

"The candidate has the option, subject to the appl'oYal of (hr D('I)~H·tlll(,lIt, of 
including as part of the thesis the text, or duplicated published text of an original 
paper, or papers. - Manuscript-style thesis must stl11 conform to ail other 
requirements explained in the Guidelines Concerning Thesis Preparation. - Additional 
material (procedural and design data as well as descriptions of equipment) must hc 
provided in sufficient detail (e.g. in appendices) to allow clear and precise jlldgmcnt 
to be made of the importance and originality of the research reported. - The thcsis 
should be more than a mere collection of manuscripts published or to he published. H 
must include a general abstracto a full introduction and literature review and a final 
overall conclusion. Connecting texts which provide logical bridges betwccn the 
different manuscripts are usually desirable in the interest of cohesion. 

It is acceptable for theses to include, as chapters, authentic copies of papers 
already published, provided these are duplicated clearly and bound ac; an integral part 
of the thesis. In su ch instances. connecting texts are mandatory and supplcmcntary 
explanatory material is always necessary. - Photographs or other materiah whlch do 
not duplicate weIl must be included in their original form. - While the inc1l1<iion of 
manuscripts co-authored by the candidate and others is acceptable, the calldHlate is 
required to make and explicit statement in the thesis of who contributcd lo sllÇ~lUY.mk 
and to what extent. and supervisors must attest to the accuracy of the clain) 'i.J\Uhc 
Ph.D. Oral Defense. Since the task of the Examiners is made more difficult in the~e 
cases, it is in the candidate's interest to make the responsihihties of authors perfectly 
clear. 

AIthough aIl the work reported hcre is the respomihility of the candidate, the 

project was supervised by Dr. D. L. Smith, Department of Plant SCIence, Macdonald 

Campus of McGill University. The manuscripts will be co-authorcd hy Or. D. L. 

Smith. For consistency and convenience, an manuscripts follow the same format. 

The copies that will be sent to the respective journals, however, will follow the 

requirements of each journal. 



Section 1 

INTRODUCTION 

Currelltly, the provinœ of' Québec produccs only 12 % of the bread wheat 

(1i'I1ICUI11 (I('.\livum L.) comll/llcd by it!', mills. Québec millers import 500,000 T of 

bread whcat per year into the province. A premiul11 is lIsually paid to farmers for 

bread whcat of a highcr than 125 mg g-I grain protelll concentratIon. Becallse it may 

olTer economic retllrn~ for farmcrs and Illay save the provlJ1ce its import cost, bread 

wheat h(l~ the potcntial to he a more prominent crop than IS currently the case. Bread 

loaf volumc is c10sely a'i,ociatcd to grain and flour protelll concen:ration (McNeal et 

al. 1971). The latter arc knowl1 to i ncreé:l~e wlth lIlCre,II,lI1g levels . If N fertility 

(McNeal ct al. 1971). The ctTeet of N management 011 grain and flour ash is not 

cIcar. Thcre is a nccd to investigate N management for bread wheat production in 

Québec. 
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1.1 HYPOTIIESIS 

The level and tillllllg of N f~rtili7~1 application will ,1ITt:ct the kvc1 or gram 

protein and ash. and WIll .lffect farinograph dl'tcrminatlOn\ and the baking lillaitty of 

hard red spring wheats. and the re~pon~es tn the~c vanables will vary \Vith cultIvar. 

High levels of fertilizer N will increasc the protCIIl content and !\plit apphc'lIions will 

allaw this ta occur with a minimum of. or no Imlging and \\'Ith a minllllul11 inl'n.'asl' III 

ash content. 



1.2 OBJECTIVES 

ln thi~ ~tudy, tield experi ments were conducted in 1990 and 1991 at the Emile 

A. Lods Agronollly Rel,carch Centrc at the Macdonald Campus of McGiIl University, 

and at thc COOl' Fédérée Re~carch Farm at Ste-Rosalie. The general objectives of 

the study wcrc: 

(1) to investlgate the effect of N fertilizer level and timing of application on 

gram yicld, yleld cOlllponcnts and lodgll1g of four hard red spring wheat cultivars: 

Columbus, KalCpwa, Hege 155-85 and Max, and to detenmne which yield component 

wa~ most affectcd hy N fertililcr additions. 

(Ii) 10 IIlvc~tlgdte the cfleet of N level and timlllg of application on grain 

protcin concentration and content of the above mentioned cultivars. 

(iil) to invc\tlgatc the effect of N level and timing of application on aspects of 

whcat flour qualJty, \pccllkally grain a~h concentration, tlour protein concentration, 

flour fannograph bchavlOur and bread loaf volume, of the afore mentioned cultivars. 

(iv) to Inw~tlgalc thc pm'ilble production of the cultivar Hege 155-85 for 

hreadmaklllg ln the ~outh-wc..,tL'rn Québec. 

(v) to IIlw),tlgale thc Impact of thc expenmcnt on the soil mtrate residues. 

(vi) to inwstigate pOSSible environment by cultivar or environment by N 

management interactions ln south-western Quéhec. 

-+ 



Section 2 

LITERA l'LIRE REVIE\\' 

2.1 Gelll~l'ai 

Wheat (Tritic'uIII spp. )is among the oldest l'mps. The process of ils 

domestication began around 10,000 B.C., in the Middle Ea~t (Orth and Shdknhcrgel 

1988). 

Currently wheat provides more nourishment to the people of the world Ihan any 

other crop, and contributes to dOll1c~tlc animal recd (Slo~kopr 1985a. Orlh and 

Shellenberger 1988). 

As the world's mmt wldcly cultivated cmp it occlIpie'\ over JJ% (i.c. 226.5 

million ha) of the area devoted to ccreal production <,'olllpared 10 almmt 22 IYt) (I.e. 

145.4 million ha) for rice, which ranks <iccond in illlportàlll.'e and production 

(Statistical Hanclbook 1989). 

In 1989. out of 22 million ha of œrcal~ produccd III Canada. IJ.6 million ha 

were grown with whcat. compared 10 4.7 million ha of Imrley (I/o/'t!c/(II/ \'lIlgo/,(') and 

1 millIon ha ot maiœ (Zl'lI 11/(1:'('). 'l'hl'" rcpre\ellted a production of 24.4 nllillon T. 

or 51 % of the Canadlan total cereal production (Production report IlJX9). Ten 

million T of this wheat production werc cxported (Stati ... tical Handhook 19X9). In 

1990, 30 milb)1l ToI' wheat were produccd. Twenty OIlC percent of thi~ plOdllcllon 

was used dome~ticall y, ei ther a~ hread wheat or fccd gram, whi le 65 % wa ... l'X ported 

(giving a return value of $1 7 billion). and 14 (}1, wa ... placet! 111 ... Iored ... tock ... (Markel 

Commenlary 1990). Wheat 1 ... col1\ldered to he the 1ll<t1Jl agncullural grain crop and 

agriclIltural commodity of Canada. 

2.2 U~cs of whcat and ih rh, ...... ifkat iUII. 

Through the centuries and Ihrougholll Ihe COUN! of civllt/éllion. wheal ha ... becn 

intimatelyassociated wlth hUlllan food lI\C~, mélll1ly brcad and pa ... la. BC"'ldc~ hcing il 

major component of mmt world food diet ... , whcat ... crve\ a\ a \ource of ... tarch and 
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glutcn. Starch i~ u~ed a~ a sweetener (after depolymerization) and as a raw material 

for adhc<;ive~. Gluten i~ lI~cd a~ a protein supplement for animal feed and to ~tabilize 

SO!lle proce.,~ed lood.,. Both are L1~ed a~ addltivc~ to dou~h or batter to improve their 

quality (BlI~hllk 1996). 

ln relation to end llllC and grain hardness (protein level) wheat is c1assified as 

follows: 

Wheat type Protein content End product 
mg g-I 

Durul11 140 ~ 150 Pasta 
Hard 135 ~ 150 High protein flour 
Mixcd 115 ~ 135 Pan bread 

100 - 125 Noodles, fiat blead 
Soft 85 - 95 Cakes and billclIits (from Moss 1973) 

Wheal ill also c1a"'~lfled according lo hran col our, gralll hardness and groWlh habit. 

Thlls hread wheat, for Instance, may l'ail illto the hard red spring or hard red winter 

catcgory (Stoskopf 1985b). 

ln Canada, wheat is graded a<; commercially clean or not, thus permitted for 

expOit or nOI, accordlng to the pre~ence of foreign matenal (other cereals, weeds or 

cvcn IIllllcrab I.C lIOri partlcll'''') 111 the clealled salllple~, and to their protein content. 

The Canada grain ad c..,tdhli..,hcd thl' followlIlg cla..,~e\. Red ~prlllg, Amber durul11 

(Canada Western), White winter (Canada Eastern), Red winter, Soft white spring, 

Mixed winter (Canada Eastern), Utllity and feed whcat. 

2.3 Whl'at ch('mi~try 

The wheat kcrnel IS a caryopsls and call be divlded Into -' parts: 

1) EndmpL'rm whlch fonm 8~ % of the kerncl and comprises the starchy central 

matcrial and the alcuronc layer (rich 111 alpha amyla~e). 

~) Bran which forl11~ 1-+ % of the kernel and envelops il. 

J) Gcrm whlch forms -' % and incilldes the sClltellu1l1 and the embryo. 

(Bushuk 1986) 
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Kernel composition depends on the composition .md pfllportillns or Ih~ lattl'I 

structures. 

Davis et al. (1981) evaluated 5 wheat market c1a!l~es for 231 variet ics over 49 

locations and 3 crop year~. On a dry wcighl ha"is, they roumI Ihe prolein content tll 

range between 8.~ mg gland 193 mg g-I wlth an average or 1J8.5 mg gland 

signitïcant difference~ between years. c1a,,'L''' .md lllc.ltlOn, Th~\ ash content van~'d 

between Il.7 mg g-I and 29.6 mg g 1 with an ove ra Il ilver .Ige of 1 X mg g 1. 

Carbohydrate content was round to lu: bdween 65~ mg gland 7lN mg g 1, wlth an 

overall mean of 724 mg KI. In a sllHllar ~tudy, Davl" ct al. (11)80) roulld the fat 

content to vary sigl1ltïcantly hy c1a<;s and cmp year and to range helWl'en n.88 and 

33.3 mg g-I wlth an overall mean of 2.1A mg go'. 

2.3.1 Carbohydrate~: 

The carbohydrah-'\ contallled III the whcat kernd ail' malllly cOlllp(N:d of 

starch which compnses 80 % of the endosperm carbohydratl'. Thl"l ~tan:h i~ 

deposited in small (2-10 microns) ~pherical granules and Im'ger (20-25 lIlIerons) lens 

shaped granule\. When heated in exccs~ water the\c granule\ arc brokcn down and 

the starch ge)atI111Ze~. Dunng tlour I11dling the \tarch graI1111l!~ adsorh SOlllè water 

and become ~usceptlhle 10 alpha amyla'll! actlvity. Thc\e pl()pertle~ ale Important in 

bread making and dOligh mixlIlg (Bushuk 1986). 

2.3.2 Protems: 

2.3.2.1 Structure: 

Bushuk and Wrigley (1974) used a 1l1odified (hborne soluhtlity fractlOllatioJ1 of 

hard red spring wheat endosperm proteins. They obtallled 5 different fractlOIl\ 

differing in solubllrty: 

Solvent 
Water 
0.5 N NaCl 
70% Ethanol 
0.05 N Acetic ACld 

Fraction 
Alblll1lin 
Globulin 
Glladin 
Glutenln('1) 
Glutenll1( n.~.) 
or re~idlle 

-------------------------------------~-------
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Albumin~ and globulins (aho callcd soluble proteim) have nutritionally better ami no­

acid cornpo':>Jtions and thcrefore have Illore nlltnl10nal value than other wheat 

protein~. Thl':> 1<.; largely due to their hlgher ly\lI1c (an c\\ential amll10 acid) and 

lowcr glutaminc content':> (La/~tity 1984). Albll\11\11s were found to be richer in 

tryptophan than globulIn\ whlch have a 11Igh content of arginme (Pence and Eider 

1953). On the olher hand, gluten (ghadll1':> and glutenins) i\ detïclent in lysine. 

Gliadins (i.e. whcat prolamlll<') a<; companxl t0 glutenins hél\C a low 1110lecular weight 

and a large content of prolamine, glutamlllc, gllltamic aeid, eystellle, isoleucine and 

phenylalanine. (ilutcnl\1':> are made of many differcnt moleeules ranglllg from single 

polypeptIde ch.lin"i of t~lIr1y low Illolecular weight to 11l0leclIies cross linked by 

dlsulfldc bond"" duc 10 cy",tell1c al the all111l0 end, rC<,1I1tll1g 111 very 11lgh molecular 

welght slIhunllo., (Bu<,hllh 1l)85) Both glutcl1Il1s and glladlm are rich in prolamine and 

gllltamic aeltl. The primary structure of glutcnlll contalll\ a hydrophobie side chain; a 

rcgion like thls facilitales hydrophob1e aSSOciatIon with nll1cr proleins or with 11011-

protcin molcculc\ (Bu'Ihll" 1985). Gilitenin", and gliadins, becallse of the!r low 

contcnt of ly~iJ1c, Imtidll1c and argllllne (I.e low IOIllC Iotrcngth), and becall~e of the 

disulfidc and hydrophoblc bond'l. arc able to form ~tabh:: vl~(oelastic aggregates. 

Thc~e two propcrtlc'I 111,1"C wh~at glutcn alonc "illltable tor breadmaklllg. In faet, 

whcn water h addcd tll nour, protcln\ rapldly bccome hydrated and aggregate first 

inlo flhrc~ and lhcn 11110 contlllllOll'l fIlnh or membrane, (Bu'Ihllk 1985). The 

"network" fonned will contalll non-protclIl constltuents ~lIch a~ specitie carbohydrates 

and liplds. 

2.3.2.2 FunctlOnahty in breadma"lIlg: 

ft IS wcll establ1~hcd that high quahty bread (i.e. high loat) volume is 

positlvcly and (hreclly l'Orrelalcd wlth the relatlvely high tlollr protem content (Fmoey 

ct al. 1(48). Further lIlorc, FlI1l1cy (1943) found that regre~sioll analysis of loaf 

volume and prlltcm content re"calcd a I1ncar rclatlOn"ihlp between the limits of 70 or 

80 mg g , 10 at lea~t 200 mg g '. Worklllg wlth .2 wheat genotypes of different 

qualities, Bushllk (1985) showed Ilneanty in a narrower range of proteil1 (from 85 to 

160 mg g"). The narwwer range was probably becallse of the use of more sensitive 
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methods. Besldes quantlty, protelIl quahty .llso I\ltlucnce'\ thl: flll1ctlllnality of tlom in 

the bread making process. There was no correlation het\\l'CIl the rontenl of allllllllins 

and globulins and increasing loal" volume (Bushuk 19S-l). Hll\\'ewr, thc level of thesl' 

proteins were posltlvely correlated to kernd hardnl:s~. The Itlcratllre IS somewhat 

controversial wtlh regard 10 glladl\l~ and gltltcnln<; effect'\ on dough and loal volume. 

According 10 Bushll" (1 q~4), glIadlns pl.ly a roll' only ln \.:ontnhutlllg tlllldity tn 

dough, while Macntchie (19H7) and Hamada ct al. (19X2), .. rgue th,1l thl"l' protl'Îns 

depressed Ioaf volume and dough ~trellgth rC'pl'ctlvely. On thl' contrary, Ho<;encyet 

al. (1969) [as reported by Chakraborty and Khan (1 980)1 round gliadln nch proll'in hl 

control loaf volume. Macritchlc (1987), Pre~ton and Tlppk'\ (ll)XO), Hamada et al. 

(1982), Ewart (1980), and Cha"rahorty and Khan (19HX) reported lhat glutl'nln'\ 

indllced large 1I1l.:rea<;e'l l1l loaf volumc. Macntchle (]LJX7j ,tdded lhal thl ... trl'illi was 

reversed by the final re"'lduc protC1l1. Loaf volume w .. , pO\ltlwly cOllelated wlth 

total protelll content but negatlvely correlated wtlh the IK'rl'l'llttlgl' 01 ghltl'llill .Illl! 

residlle protein (Marai~ and D'APjlo]olll.t 19 80), \vllerea ... Khan et al (ll)H9) in il 

study of 44 hard red ~pring wheat varietle'\ round a pO"'ltlVl' correlation hdwel'Il \luth 

gIiadin and gllltcnin fractions to loaf volume. Branlard and I),\r(lcvcl (Il)H5) cvell 

sllggested that ghadins and glutcnins suhunits intcract in produclI1g the rheological 

characteristic of the dough. 

2.4 Wheal agronomie trai .... 

As with ail plants, wheat is affectcd dircctly by cnvllOlllllcntal conditi()n~ 

(c1imate, soil type, nutrient avaIlabiiity, water, light, telllperaturc, pH, etc.) and hlOtic 

factors or through the Illteraction of both kind" of factor'l. Âlllong ail the ... c factor, N 

is the major conccrn of our work. 

2.4.1 Nltrogcn vcr'lu~ yleld 

In a study of the relative contnbution 01 management and plallt hreetll/lg lIlput" 

to wheat yleld increa'le~ ')Ince 1954, Feycrhcrm et al. (19XX) round that N lertdl/cr 

applications accollnted for about 22 % of the oh'lerved lllCreél'le'l III the ylcld of wheat 

grown in the American great plains and corn belt. 
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Terman et al (1969) repOrled the rll1dlnge, or Cl ,>tudy of N fertility on winter 

whcat in dryland~. Nitrogen wa,> appllcd at ratc:-, bctween 0 and 90 kg ha- l . These 

rcsearchcr~ round that N fertilizallon increae,ed yield when applied with adequate 

water. Jn a pot experimcnt Terman (1979) stu(hcd protein/Yleld relationships in soft 

and hard rcd wlnter whcal'> and ob~ervcd that ail cllltlvar~ increased similarly in grain 

and straw ylcld. ae, the élmounl or applicd N increa"ied. 

Similclr re~ult~ were reported by Dubctz (1977) in a ~tudy on the cultivar 

Necpawa, where yicld was maXI1l11led wlth about 100 Kg Nha-l, applied on low 

rcrtility soi\<". ft !ll.!Cm\ that N rertility may increa"e wheat yield with no limits, but 

wc shollid not be nll'>lead by thi". Fredcrick and Mar"hall (1985), IIlvestigating the 

influence of management factor~ on componenh or ~oft red wlllter wheat yleld in 

Ilorthea!ltern U.S Â. roulld that topdre!l':.lI1g N may decrea,>e wheat yleld when soil N 

re,>erve~ an.~ 11Igh. Soft red \-\IlI1ter cultlvar~ produced the maximum yield~ at 94 Kg N 

ha 1 applled a,> d top dres,>ing (Bruckner and Morey 1988). SlInllarly, Roth et al. 

(Il)X4) observed that ,>ort red \-\lInIer Whl'.!t gram yi cid dccrecl~ed wlth fertilizer 

applIcation~ above a kvel <1'> Inw a"i J.+ Kg N hel 1. ln Nehra~ka the maximum yields 

of the cultivar dUring the permd 1968 10 1970 were ob"erved to occur at about 45 Kg 

N ha 1 (.Iollll\On et al. 1l)7J). 

The apparent contradlClIOI1"i among these report" may be explained by the 

qlladrallc relatlon,>hlp hetwCI.!n yleld and N fertlllly (Mason 1979). ln Manitoba, 

increl11ent~ of urea N II1crea~ed the gram and ,>traw ylelch of ail 6 spnng wheat 

cultivar tested. but eX.l'l',>,>ive N renll17er "Ignlfïeantly reduced the gram yield (Gehl et 

al. 1990). In such ca~e~, reductlollS ln gnull yield may he due to lodgmg, increased 

diseasc frequency or to phy~lologlcal reactlons by the plant itself (Sinclair and DeWit 

1975). 

2.4.~ NltrogCIl vefMl~ protell1'>: 

Gram )'Icld '" not the only parameter Il1tlllcnced by N fertility, grain protein 

conl'Cntr,lIl11n and contcnt have becn reporlcd 10 vary a~ weil. 

Cir,lin protein 1I11'rea~ed by 51 J "-g ha- l wlth an IIlL'len1ellt of 67.3 Kg N ha- 1 

over the l'hee"- 111 testing 5 rcd spnng wheat cultivar" (Ml'Neal et al. 1971). Johnson 
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et al. (1973) found that hoth hard \\'lIlter wheat vanelll'\ LN'lI ~hO\\l'd highly 

consistent and predictahle lIlcrl'a~e~ 111 the prolein ~ontenl lll' Ihl' gram, Hunll'I and 

Stanford (1973) found that the prnte111 conœntr.lllnll In~rl'.I\l'd fllllll Illl.) 1Ill:!. g-I \\'lth 

no N applied 10 143 mg g 1 when N \\'<1' applied 111 .\Il l'\IK'IIIlll'1l1 \\ hCll' ~ ,on willll'i 

wheat cllItivar~ were ~tll(hed. DlIhet7 (1977) round thal tilt..' COIlCl'nll.IIIOIl 01 lol.1i ,ml! 

grain N in the cultivar Nœpawa mcrea,ed \Vith eacil 50 h.g h.1 1 Illl'lCllh.'1l1 01 N up to 

a 150 kg ha 1 application, Bruckner and 1\10rey (1 9XX). \\llr h.lllg \\ Ith rl'd \\'lIl1l'r 

wheat, examllled the etlect of N krttllIy Il'vel, l<lngll1g trom 0 to 1 q h.g Il.1 1 011 thl' 

yield and quality of soft red wlIller whe.!!. BIUIll.!" producllOI1 1I1l'll'.I'l'd wlth N 

fertilizer applicatIon IIp (0 106 kg N ha 1 \Vhrk ,eed )Ildd Inl'Il'cl\l'd up to 

94 kg N ha- I
• But. fertllIzer application ahoVl' h7 h.g N h.1 J l'illdul'cd proll'Ill lL'wl, 

too high for gond quailly ~oft tlour. SimJlarly. Jacoh'l'l1 .\Ild Wl',ll'lI11cll1 (ll)XX) foulld 

that the protelll conccntration 01 w1I1ter wheat 'l'el].., 1I1l'l l'cl'l'd IWIll 1 ~ 1 (0 15.t IIlg 

g-I as the apphed N ferllhzer raIe 1I1crea,ed t'mm 0 10 ~5() h.g ha J, \'Ill' prolL'1I1 

concentration and total protein yleld Will contllHll' 10 1I1lTl'''\l' .11 N klllllly kwl, 

above which there IS httle or IlO yleld mcn:a,e, Fowk'i l'l al. (ll)Xl)). e\alllllllllg 

wheat and rye. found N fertllll:er to have a ~Ignltïcallt rntluence on proll'III 

concentration 111 78 % of wlnter wheah. they al,o round tl1;II gram prolel11 

concentration exhi hi tcd \1gllloidal re'pon,e, (0 N t'ert Il i 1er. 

2.4.3 Tir111ng of 11Itrogcn application' 

Several ~tud le ... have dl' lllon\lrated the Importance of 11I1ll' or N appllcal HlIl to 

optllnize wheat yield, For Wll1tcr wheat Il " generally accepll'd Ihat ail the N ~h()lJld 

not be added at ~eedlng, The percent uplal\l' 01 thl' f'eIIJll/cr hy wlIllcr whcal 1 ... 

markedly related to the N rertillzcr 'pllt application \chedule (I<lg,1 d al 19XO), 

Long and Sherbakoff ( 1951) ,howcd Ihal. for wrnlcr wllcal. a 'plll ,q>plJcat 1011 

where one half of the N wa\ applled III the lall and onc hait cl' cl <'pflllg lopdn: ... 'lIlg 

resulted in the hlghc'I yleld, They al,o n:porled Ihat Bayllcld (I\n(l) \lllJwed il 'l11all 

mcrease in yldd when he deldyed N dre\\lllg unlll hecldlllg Doll (11)()2) \llOwcd Ihal 

the applIcation of ail N 10 w111ter wheat at the tlllle of \l'edll1~, III Ihe lall, rC\lllled 111 

a low level of respome to the added N due 10 leaching lo\<,e<,. wlllch wr..:rr..: III Illm 
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rclatcd tu wlIltcr pn::Clpltatlon leve\<'. Consi~tent wlth thc~e tïndmgs were the results 

ohtaweo by Hunter and Stanford (1973). Cox et al. (1989) examined the effect of 67 

kg N ha"1 applîed at Zadoks' growth ~tage (Z(jS) 25 (Zadok~ et al. 1974) with or 

without a <,econd application of the same amollllt at ZGS 31. on winter wheat in New 

York ~tate. The '1ccono application II1crca~ed the yield 1'rol11 5.6 to 6.3 kg ha- I
• 

Bacthgcn and Ailey ( 19R9) found an II1crea~e of about 2 T ha-) 10 winter wheat grown 

in VlrgwJa a, N application al /GS 25 II1crca~cd t'rom 1 to 125 kg ha- l and a response 

up to 2 T ha 1 trom a ~ccond dpplJcation at ZGS JO If 56 kg ha- ' or Jess were added at 

ZGS 25. Wdch cl al. (1966) ob ... crved. dunng a 3 year5. '1tlldy III I1hnois, that the 

relative cftïclcncy of fall applied N averagcd 67 % of ~pring appJied N. 

FlIlIlCy el al. (1957) ,prayed lIrca on the kavc~ of wheat plants during the 

pCrJo(\ l'rom tlowcnng to npeJ11ng. 'l'lm trcalmcnt Iflcrea~ecl wheat protell1 from 93 to 

161 mg g 1. SplCrtl and Ellen (1l)7~) Incn:a~ed gralll ylcld from 6.4 to 8.2 t ha- I 

whcn they appllcd \ (JO I--g N ha 1 a ... fiN application and 50 kg N ha- I as a second 

application on the wlllt~r \vhl'at cultivar Levy. 

Darwllll--Ic (1l)~3) round that whcn N wa<; ~lIpplJed at the beginning of 

llllenng, tIller fOflnal1on and ~plkelct initIation were promoted. When N was applied 

at the OI1~ct of '1tl'lll clongatloll head Illllllher incrèa.,~d Nltrogen applied from stem 

clongation untt! h~ad el11~rg.ence from the tlag Icat' affectecl the Ilumber of grains per 

head, and kernd Wl'Ighl \\'a~ affectcd whcn N wa~ appllccI at head cmergence. Wh en 

po~tpolled to !CiS 31\, N IIH.Tl'a ... cd \plkelct fcrtl"ty ancl gralll yleld. MaXllllUIll grain 

yldd wa~ alttllncd \\ h~n N W,I'" apphed al ZGS .~O. Applyll1g N at ZGS 47 was too 

laIe 10 ,lL'hll'Vl' a IlIgh gr.\l1l Il li III bl' r, althollgh Il clearly favollred gralll tilling. 

Grawllc et ,II (1 9HH) apphl'd 80 and 120 lb Nacre 1 at ZGS 23 to 27 or at 

ZGS 2J ln '"27, 45. or 58_ They oh~crvtxl a -' to 12 % lIlcrease JI1 yield but no 

sigllltkant dlftàenœ bdwCCIl 2 or -' ~plJ\" 

Lutdwr .lIld ~lahlcr (1988) ~lIgge~ted that the tilne of spring N application be 

hcforl' ZC iS 3\ ,,\ tlw. lI11proved N lI~e cfticlcncy. although Spiertz and Ellen (1978) 

n:portcd li )'Il'Id II1crl\\~l' from N appl icat Ion as late a~ ZGS 47. 
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ln addition ta matching N availahIlity \VIth l'ml' d~mand, ~plit application "Iso 

reduced lodging (Gra\'~lIe et al. 1988) ~o thal it l'an r~dlll'~ pOIl'lllial yldd los~c~ nt 

harvestll1g. 

- ,r1htting N application (Ild lllor~ th,\I1 ilh .. 'Il'.l~l' \\'h~.lt yidd~. In soml' 

instances, it also affected gram proteln cont~nt (Mielan ct al. 1977) .. Split appllc.\tion 

increased grain protein concentration (Fowler and Brydnn 19!N, Hlld.I~ ... hy el ,IL 

1971) when applied at anthe~ls (Altman ct al. 19HJ, Mielan ct al. 1477). ~~pcL'ially 

when plants were 'iuhjected to il waler ... Ir~~ ... L'on(lItIon ... (-8 har~) al Ihis SI.Il!l' (l>ulll'\I 

1977). The gram protelll content of the cultlV.II Neepawa was Inl're.l~ed hy 51 107h 

% through the applicatIOn nI' hlgh rate\ of N to ... 011 or .1'" ure,1 on lL'avc\ at anthe"'l~ 

(Dubetz 1977). Similar re~lllt\ were oh ... crved hy Altman et al. (1983) \VheH .. ~ follar 

urea application arollnd tlowenng II1CI c.l'Icd gralll protell1 hy IO to 16 'Ycl. 

Hucklesby et aL (1971) found that althollgh plOtelll quantily wa~ affl'cled hy N 

split dressing,protein qllality wa~ not. 

2.4.4 Nitrogen fertllity VeNl1, envlronnh.'ntal factor\: 

Clearly, N fertllIty 1 ... not the only management or environlllentai I:'('tor 

which can linllt wheat yle\d..... Nllmerolll, \Iudic.., have ... hown interaction~ hetween N 

fertility and other biotic or abiotic factor~. 

Eck (1988), workll1g wlth wlllter wheal III Tcxa~ found no re~ponsc 10 ally 

level of N fertilizer applIcation wilhollt the acklJtlon of irngation waler. 

Fowler et al. (1989) round that, lInder dry land Clllldllioll'i near SéI'ikaloOIl, 

yield was not affcctcd by N applIcation unie..,., 'IlIlfl<':lcnl \oil l11oi'lture wa~ avaIlabk, 

but that kernel protcln II1crea"'t,X1 l'rom 43 10 2 .. ~ 1 mg g J lI\ thl.! Icvcl of applled N 

fertilizer increa~ed from () to J03 kg ha J. 

On the otller lland I1lgl1 mOI..,turc ,lrc~.., applIed betwœn the l'm'II appearanCl! ni 

the tlag leaf and antlle..,l ... Increa\ed the re)p()l1~c of gralll prolell1 ln I1lgh N ferlllIty 

(Campbell et al 1981, Dubct7 1977). Irrigalion 10 provlde avallable waler III the 

raot zone IIp to Ihe tlllle of matunty I1HllntéHlled .Icœptabl)' low protelll Ç()f1tenl (If .,oft 

winter wheat (Bok and Dubet7 1986). 



Water Icvcl i\ not thc only environ mental factor to Interact with N fertility. 

Sulphur ha\ hecn found, when added to N ferttllzer to increa!le yleld by 40 to 110 %, 

and to the affect élmino aCld COl11pO\ltlon of the gram protem, Without the added S, 

grain containcd Ic\\ than hall' the amount of cy..,une, cy~tell1e and methionine as a 

pcrcentage of the total amollnt of a 111 1110 acid\ pre~ent (Bycr~ and Bolton 1979). 

NUlllerolls \tudlc\ have ,hown an interaction between the effect of N fertilizer 

on yicld and/or grain pro1C1I1 conCl'!ntratlon and wheat genotype (Darwll1kle 1983, 

Oehl ct al. IIj<)O, Bruckncr and Morey 1988, Mlezan et al. 1977). 

2,4.5 Yicld veNI.., protCIIl concentration 

Although exceptlon\ have bcen nh<;crvcd (McNeal et al. 1971, 1972, Spiertz 

and Allen 1<)78), the gCllcral trend I~ Cl ncgatlve correlation between grain protein 

concentration and gram protein ylcld (Stewart and Dwycr 1990, Terman et al. 1969, 

Tcrman 1979, MeNeal ct al. 1966, Dubctz 1972, [)ubet7 and Bole 1973, Fow1er and 

Brydon 1989, Fowlcr ct al. 1989, Campbell and DaVI(bol1 1979). Klblte and Evans 

(1984) rationali/cd tlm Ily ~ugge~tlng that there 1.., a IImlted amount of protein diluted 

by a hy a I;u'gcr ma..,.., of carhohydratc~ wl1H:h may takc the form of a limited al11011nt 

of protein depo~ited in a larger 1l1ll1lhcr of kernel..,. 

2.4.6 Nitrogcl1 ferttllty and hread maklllg. 

ft ha~ heen .. hoWI1 thal plant aVallahle ~oil N ha~ a direct intluence on grain 

prolcin ylcld. Long and Sherbakoff (1951) reportecl that Ihe quahty of wheat tlollr 

was influenced hy N fcrtJllly applied to the wheat, partlcularly wh en applied at a late 

development ,tage of the plant. 

FlIlncy d al. (Iq .. nn. 111 a rcvlcw of wheat quality Il1chcated that higher protein 

levcls Icad to higher Cjudlity hard whcat. McNeal et al. (1971) observee! an increase 

III breae! loaf valullle çorre~ponding to increase protell1 concentration due to N 

fertility. Tlpple .. ct al. (1977) rcportce! that very hlgh protein concentrations (> 170 

mg g 1) can he as~oclated, 111 ~e\'cral lIl'itances, \Vith a markecl weakenlllg of physlcal 

clough Char,ll'tcnstll'''' and a dctcnoratlon in bakll1g quality. Bushuk et al. (1978) 

showed that for Ncepav.a wheat ... amples at the top of prote 111 range, N fertillty 

decrcascd Inat' volume. They tried to explain their observations hy the probable 
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change in glutenin protein solubility, a graduai decrea~c III the umount of starch 

damaged during HIe milling process and the illcreased ratio of ~olllhie o\'cr insoluble 

glutenins. 
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Prcface to scction 3 

Section 3 IS the matcrial containcd in a manuscript which will be submitted for 

publication. The currcnt format conforms with guidelines set by the Faculty of 

Graduatc Studies. Tables, figures and literature cited are presented at the end of this 

section. 

ln this section wc discllss the effects of N fertilizer levels and time of 

application, and wheat cultivars on the grain yield and yield components, and the 

relative contribution of various yield components to yield. 



St'ct ion .~ 

EVALUATION OF N FERTILITY LEVEL AND TIMING OF APPLICATION 

ON HARD RED SPRING UREAD WIIEAT VŒU) AND YIELll 

COMPONENTS IN EASTERN CANADA 

3.1 ABSTRACT 

In order to assess the potcntml manipulation of N managcment 10 allow hrcad 

quality wheat productIOn in eastern Canada, an c)"pcflmcnt was conducted for tWll 

years at each of two sites in Québec to stlldy the errect of levèl and timing of nitrogell 

(N) fertilizer applIcation on gralll yicld, yield components and lodg\l1g Icvc\ of l'OUf 

hard red spnng whcat cultivar~ known to have pO!Cnllal a:-. bread whcat. The soil 

types were Bcarbrook clay and Ste-Rosalie clay. The expclÎlllcllt was 4x4x2 t~\ctorial. 

The cultivars were: Columbus, Katcpwa, Max and Ikgc 155-85. In hoth years 0, 

60, 120 and 180 kg N ha 1 were apphed clthcr 100 % ,U "cclllng tllnc or hO % al 

seeding and 40 % at anthesis. Gram yleld, plant llCight, lodglllg, tillcrs III l, spikc!> 

m,2 and grains splke,l were increascd with II1crcaslng N fcrtlhty, and matllnty was 

delayed. Split applIcation of N fertlhzer decrca<,ed yleld in olle sitc-year, reduccd the 

risk of lodging, callsed a redllctloll III thc llulllber of liller'i JI1 ' and ~plkcs Ill l and 

caused an mcrease 111 grain wClghl and tc~t weighl. Gram yicld IIlCrea!'lC~ were 

largely due to lncreases III the Ilumber of grallls liplke 1 and tiller') m'. The cultIvar 

Hege 155-85 gave the hlghe~t grain yleld and wa., the mm! rcsl"tant tn lodglllg. Il 

had a plastic response 10 N fertilizer acldltlon. J)llferenCL:\ 111 N management cflects 

and cultivar response~ wcrc observcd among the four 'ilte-year~. The<,c rc\ults 

indicate that N management can rcducc the mk of lodgmg and glvc an acceptahle 

grain yield. However, under the~e expcrImcntal COlJ(lJtlon<, lhe Illmt 1I1lportanl 

management decIslon i~ the chOlce of cultivar. 
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3.2 INTRODUCTION: 

3.2.1 Nitrogcn vcr~lI\ yicld 

Jncrca~lng Jcvels of N fertihzer improve grain yleld (Nielsen and Halvorson 

1991, Nuttall and Malhi 1991, HiUman ct al. 1990, Strong 1982). In a study of the 

relative contribution of management and plant breeding mputs to wheat yield increases 

SlnCC 1954, Feycrhenn el al. (1988) found lhal N fertillzer applications accounted for 

about 22 % of the ob~crved II1crea~e\ ln the yleld of wheat grown 111 the A merican 

gre.-1.1 plains and corn hell. Wheat yicld was maxlIllized wh en N fertlilzer was applied 

10 10w ferlility soils (DlIbetz 1977). Soil mtrate statlls was correlated with grain yield 

(Binford ct al. 1992). Howcvcr, whcn ~0I1 N rescrves are high, wheat yie1d 

respon~c 10 N fcrtili7cr Illay be ~l1lall (Penny cl al. 1983) or even negatlve (Frederick 

and Marshall 1985) NlIl11Croll~ ~lll(hes havc ~hown lIlteractions between N fertihty 

Icvcls and other CIlVIroll Illciltai factor~. Waler avallability delermines the crop yield 

responsc to appllcd N fcrtlIJœr: a p()~l!lve ylcld response to N fertilizer will only 

oeeur wlth adcquatc 11l01~ture ~lIpply (Tcrlllan et al. 1969, Fowler et al. 1989). 

Nlelsen and Halvorson (1991) found that water stress lil11lted wheat yield response to 

N fertility whde N fcrtihty in combmatlon wlth an adeqllate environ ment increased 

whcat ylc\d. Thcrc are hmit~, howcver, and wheat yield~ have been reported to attain 

a maXIIllU111 al sornc Icvcl of N fcrtdizcr which varie~ wlth cIimate and cultivar 

(Bruckner and Morey 1988, Johnson et al. 1973), above wlllch yields decrease (Gehl 

ct al. 1990, Roth ct al. 1984, HellZlan and Lanc 1981). There IS usually a qlladratic 

reIationship betwccn yleld and N fertIiity (Ma'ion 1987). The reductions in grain 

yicld al very hlgh kvels of N ferlIhly may be due to lodglllg, Increased dlsease 

frequcncyor to phY'ilologlcal reacllons by the plant itself (S111clalr and DeWit 1975, 

B1a(1e and Baker 1l)L) 1 ). 

-'.2.2 T\1I1l11g oLJJJ!J1l~1l appllCal101} 

Sewral ~tlIdle" have dcmol1\trated that time of N applicatIon is Important for 

OplII11lling wheat yleld~. For wlntcr whcat, it IS generally accepted that ail the N 

ShOlild not be addcd at ~ccd1I1g beCélU\C of leachll1g losses related to winter 

precipitation (Doll 196:2, Welch et al. 1966, Hunter and Stanford 1973). The 
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proportional uptake of N fcrtilizer by winter wh~at IS strongly affl'l'teù by thl' 

fertilizer split application schcdule (Riga et al. 1980). Cm, et al. (II)~N), Bacthgl'Il 

and AIley (1989), Gravelle et al. (1988) and Spll'rtl and Hien (ll)7S) l'\.llllllll'd the 

effects of N ferulizer applied 111 split rcg\lllcs at lllfklent ... tage'\ of l'rop {lcwlopmcnt. 

They all observed Increases in yield due to ~pht applicatIOn ... but 110 ~lgnilÏL'ant 

difference between 2 or -' sphts. Late N application atketed tllknng a~ long as the 

operation was not delayed beyond the end of the lII1ellllg ... t,lge (M,l ... caglll and Sahhe 

1991). Other yleld component~ (graim spike l, splkelct (ertllUy, gram sile. harVl'st 

index) were also posltlvely affected by latc N trcatlllellt'i (Zcharth et al. 11)1,>2, StlOllg 

1986, Darwinkle 1983). However, Powlson et al. (1987) found that lIIl'cl applied at 

ZGS 37 or 69 did not alter yicld or thou~and kernel wl'lght and Jollll ... toll and Fowll'r 

(1991) found that delaying spnng broadcast of N by three wcds prewntcd carly N 

uptake, th us reducing gram yleld. In addition to l1latchIllg N av,ulahllllY wlth crop 

demand, spht application also reduced lodging (Gravclle ct al 19XX) ... 0 that it can 

reduce potelltlal yleld lo~~c~ at harvestlllg. 

Most of the whe,lt 111 Canada IS grown on the pralfle~. Becau!'>c il may of fCI 

higher eCOnOll1lC return~ than fced wheat, or any of the recd gralll .... brcad whcat ha ... 

the potential to be a more 1 mportant crop 111 ca'itern Canada than 1 ... CUI rl'ntly Ihe casc 

In addition, increasing N fertllIty IIlcrea~es gram ylc1d. Wllh the excepllon of a 

single paper, hl11Ited to a single cultivar at onc location (Caldwell and St.\rratt 19X7), 

there is no pubhshed data on the ylcld potcnlléll of bread whcah, and the Influencc 01 

N fertility on bread wheat ylcld and yleld componenh ln ca ... tern (',\IIa<l,1 To a .... .;cs~ 

the potential manipulation of N managemcnt to allow IHl'"d wheat produCtHlIl III 

Eastern Canada. an expenmcl1t wa~ conductcd for two year ... al cadI of two ..,ile ... to 

determine the effec! of level and timing of N fertllllcr application on grain ylrld, 

yield componcnts and lodging level of four hard red ... pnng wheat cultivar ... known 10 

be potentially sllltahle for bread Illaklllg. 
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3.3 MATERIALS AND METIIODS: 

The \tudy wa ... conducted on Bearbrook clay sOlI (fine, ll1ixed, non-acid, frigid, 

typlC Humaqllept), at the 1.0<1\ Agronollly Re'learch Center, McGllI University, 

Macdonald Campll"', and on Stc-H.mahe clay soil (tine, non-acld, frigid, typlC 

HUl11aquept) al the COOl' Fédérée re~earch farm, Ste-Rosalie, Québec, Canada in 

1990 and 19YI. For IY90, the preVIOll'l crop was oat (Avena satlva L.) at the 

Macdonald ('ampli ... ..,Ite and Illlxed forage~ at Stc-Rosahe. In 1991, the previous crop 

at hoth locatlon\ Wcl'> hard rcd ~pnng wh ca! (Tntlculll aestivuITI L.). Prior to seeding 

at both ... ite~, the land rccclved adcqllate amcndment of P and K. In 1991, the 

expcnmcnl wa.., rcpcated 111 the saille fields. The experimenlal design was a 4 X 4 X 

2 I~lctonal, arranged III randomwxl complete block clc~lgn wlth 4 replicates. The 

hread wheal cllItlvar~ ~()wn \verc Columbll'i, whlch l'i normally acceptable as a bread 

wheat lIlHlcr the we~lcrn Canada Red Spring grade~ (Agnculture Canada, 1980); Max, 

which ha~ an acceptable performance III Eastern Canada, and was recommended for 

11111hng and hread l11aklllg (Agnculture Canada, 1987); Katepwa, which has good 

mill ing and baklllg propert IC ... (Campbell and Czarneckl 1987); and Hege 155-85 

which I~ currcntly bClng testcd for possible hcensing as a bread wheat in Eastern 

Canada. 

The clIltlvarli rccclwd (J, 60, 120 or 180 kg N ha- I in the form of granular 

ammonium J1Itrate, l'Ilher ail at \cedmg, or 60 % at seec!tng and 40 % at anthesis. 

The fcrtJlIlcr wa., bro.ldl'a ... 1 by hand on the plot surface and incorporated by hand 

raklllg_ Aner Inml11lng, each plot at Macdonald wa~ 180 cm x 456 cm with 12 rows 

spaccd 15 l'Ill apart 111 hoth ycar~. Ancr Inl111111l1g. plot size at Ste-Rosalte in 1990 

was 90 cm x 500 l'Ill, and 111 IYl) 1 90 cm x 525 cm wlth 6 rows spaced 15 ('ITI apart. 

Plots were tnmmed Ill~t pnor to harvc~t ta eltll11nate edge effects due to the pathways. 

The plot ... \Vcre .... 0\\ 11 ,II 450 ~ced 111 2 wIth a l'one-type plot seeder (Wlflterstelger 

Allll'rÏl',l Ine .. LlI1L'oln. Ncbr.l ... ka) ll ... lI1g ccrtlflcd sced~ trcaled with Vltaflo 280 (15% 

carhathllll (5-6-dlhydro-2-111cthyl-N-phenyl-l, 4-o\athlln-3-carboxarlllde) and tlllram 

(IJ % tctr,u\1ethyl-thlllfal11dl ... ulfldc)). Sccdlllg \Vas done on the tirst and eleventh of 

~tay at Macdnn,lld. and on the tcnth and twcnty tir~t of May at Ste-Rosalie in 1990 



and 1991 respectively. Weeds at Macdonald \Vcre controlk'd with P.lrdlH..'r 

(bromoxynil: 3, 5-dlbromo-4-hydroxybenzonrtnk) applicd .lI 1 L ha 1 al the two-Ieaf 

stage. Weeds at Ste-RO\.llic \Vere controlled wlth a llllxture of 2~() g a.1. ha 1 of 

brornoxynil and 280 g a.1. ha 1 of MCPA (2-melllyl-4-chlorophl'IlO\yaù'llcacid) also 

applied at the two-leaf stage. 

Stand counts were made shortly after secdling cmcrgcnce III a prc-markL'd I-m 

long section of the thlrd row and are expres~ed a'i plallt~ 111 !. Plant hCIghts (IICiT) 

and Belgium lodging scores (LDG) (Ophnger and \VICr~l1la, 1984) \Vere detcl l1l1lled at 

ZGS 83; Iodglllg scores were taken agall1 a fcw day~ pnor to harw~t. The lodglllg 

index for each plot wa'i calculated t'rom the average of the two rcadlllgs. I\t crop 

maturity, the plant~ 111 the pre-lllarJ...ed 1 meter long sampll'-mw.., weil' hand halVl'stcd 

by UproOtlllg, and alr-dned II1doors for approxlmatdy 1') clay"', I-'or e.\Ch salllple, the 

number of fertile tiller~ (TN ml) and 111a1l1 stCI1l~ (MN) \Vere detl'llllll1ed. 'l'hl' total 

number of splke~ was deterl11l1led and was likewI~e converled tn 'iplkes (SN) 111 1• In 

this case a splke refer~ to a culm with at Ica..,t one flilly-lorll1ed ~l'Cd. J)ncd plallt\ 

were weighed to detenlllne the total ahovc grollnd bIOll1a.,.." and thcn thrc~hcd 10 

determine gram welght. Harvest Index (H 1) wa~ cxprc..,.,cd a\ the ratio (lI' graill dry 

matter to total above-grolllld dry matter The tOled 1l11lllher 01 gr,uns III the l11eter 

samples was counted wlth an elcctrolllc ~eed cOllllter (Automation J)evlce~, Fairvlew, 

PA) and number of grall1s splke 1 (GSPK) was calculated a\ follow~: total llulllher of 

grain/total nlllllber of splke~. The tnmmed plot~ were COl11hlllC harvc..,te<! for yleld 

(YLD) deterl11l1latlol1. Plot Ylel(h are exprc..,..,ed on a t ha 1 ha\l\ al 14 '}{) 1lI()J\ture. 

Subsall1ple~ were taken for IOOO-kcrnel wClght and le..,t wel~ht (ktclIllInatIOf1. Twenty 

g of grain were coullted ll~lIlg an ciectrolllc ~eed coulllcr, wClghed and IOOO-kl'rncl 

welght (TKW) caJculaled. Seed.., trom cach ~ample wcrc allowed to fall troll! a cone 

into a 100 ml pla~tlc cup, the ~ecd., were welghcd and the te..,t welght (HLW) 

recorded. Headrng (HDG) datc~ werc recorded a.., the lIul11hcr of day'" frolll ~ecdl/1g 

to 50 percent head.., completely cmcrged frol11 the Icaf ... hcath. MaturJly (MAT) date.., 

were recorded a~ the number of day~ from ..,ecdlllg to 50 percent head~ mature (liard 

dough stage). 
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Data were analyzcd uloing SAS (SAS Institllte, 1985). The F-test (Steel and 

Torrie, 1980) wal, lI,>cd to dctcrminc whcther the vanations caused by the treatments 

and thclr IIltcracllOn\ werc ~Iglllficant. Probablhtlc~ of Ic..,) than or equal to 0.05 

wcrc con<;idcred '>Iglllficant for main cf/cct,> and II1teractlOm. The F-tc5.t was also 

used to tc~t for hOl11ogcnelty of the cxperimcntal error vanances among slte-years 

(Steel and Tornc, 19RO). No combined analysis of variance across years or locations 

wcrc pcrformcd bccallsc the cxpcri mcntal error variances were not homogenous. 

Stand count wal, lIsed as a covanahle to adjust for effects of uneven seeding on yield 

componcnt5. The Ica~t squarc mcans of treatmcnts are presented when the covariable 

was significant. A protected DlIncan's new multiple range test was performed to 

compare !11cam of vanabb found to vary signllkantly by the F-test. In 1991, the 

fourth rcpllcdte at Stc-Ro~alie showed wlde variablllty due to the presence of weeds in 

SOllle plots, therct'orc only means of 3 replicates were considered in this analysis. 

The gcncral hncar model procedure of SAS was lI5.ed to determine regressJOn 

paralllctcr5.. 

3.4 RESULTS: 

3.4.1 Yield: 

Average sitc-ycar grain yielcls ranged from a minlllum of 2.4 t ha- ' (Ste­

Rosalie, 1990) to a maXIJ11l1111 of 5.3 t ha- I (Macdonald, 1991). The effeet of N 

fertilizer was ~Ignificant lJ1 ail 4 sitl:-years. Sigl1lficant responses to split N 

applrcatlon~ occurred 111 1991 out not 111 1990 (Tables 3 1 and 3.2). Nitrogen 

fertllizcr applicatIOn c<\mcd mean yleld incrcase~ rangll1g over ail slte-years, from 27 

% lu 81 %, whlle "'1'111 applicatIOn camed a 5.5 % reduetlon 111 yJeld at ail N levels at 

Ste-RosalIe and a g.1 % rcductlon at the Macdonald site at the 120 kg N ha- I level 

(Table'! 3.3 and 3.4). There were also slgnitïcant yleld differences between cultivars 

except at the 1990 Ste-Ro~ahe site (rables 3.1 and 3.2). Generally, the cultivar Hege 

155-85 had the 11Ighest yicld~ (average over site-years 4.22 t ha'l) and Columbus the 

lowest yicld~ (average ovcr site-years 3.7 t ha'I). Regression parameters from 
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quadratic equations were calculated. Regression lines (Figure .11) ~how (hat l ~O kg 

N ha- ' was optimal for grain ylcld. 

3.4.2 Yield components: 

3.4.2.1 Main c;,tems Ill} (MN): Thc production nI' mature main ~tellls was 

positively influenced by lIlcrcasing N fertility at thc Macdonald Site, but not at tlll' 

Ste-Rosalie site. The increa~e al Macdonald was probahly hccausc N fertility 

improved thc survlval of malll stems (Table~ 3.1 and 3.2). A dllfcrence III MN 

among cultivars was often obscrved (Tables 3.1 and 3.2). In gencral, Columbus and 

Katepwa had the hlghe~t MN comparcd ta Hcgc 155-85 and Max. 1 Il gl'neral, MN 

were not signitïcantly mtlucnced by N fertilizcr split applicatlOlI'\, although MN WOlS 

signitïcantly affected hy the three way Interaction (l'able 3.2). 

3.4.2.2 TIllers m 2 (TN)' The formation of tllk'l~ W,t<; ~Igllllkanlly inclea~cd 

by increasing N fcrtlllzcr levd (Tablc~ 3.1 and 3.2). At Ste-RmalJc, TN were 

increased by 60 % in 1990 and were l'r0111 50 % to 112 % grcater than the control 

value in 1991 (Tables 3.3 and 3.5). In 1990 at Macdonald. TN dOllhled when 1200.-

180 kg N ha- I were adcled comparcd to the control or to plot<; wlllch reCClwd only (lO 

kg N ha'i. Tillers III 1 at Ste-Ra~alIc were never intlucnccd hy the N Iertllilcr 

schedule, wl1l1e at Macdonald 111 1990, thi\! treatmcnt call~cd li redl.uhm ln TN or 

Columbus and Hege 155-H5 (Table 3.6). In gcneral. Katcpwa had the 11Ighest tiller 

density whi1e Max had the Ica~t. There wa~ a ~ig1l1tïcant thrcc way I/ltcractioll at 

Macdonald 111 1991. Howevcr the data ~how no particlilar trend in thi ... Inter,lction 

despite of small yet c;,lgl111ïcant effect on the cultivar Katcpwa wh Cil additIon of 120 or 

180 kg N ha" wa~ splIt (Table 3.7). 

3.4.2.3 Spikc'I Ill! (SN)' N fcrtllrlcr addition '1iglllflcantly IIlcrcascd SN at ail 

site-years (Table~ 3.1 and 3.2). Splkc~ Ill? were IIlcre<lw(\ hy y (ft) III ]<.)l)O and from 

17 to 33 % in Ste-Rm.allc 111 1991, whlle at thc Macdonald ... 1 te , SN IfIcrca ... ed hy an 

average of 20 % in both ycars ('rables 3.3, 3.5, 3.X and J.lJ). SplllllOg the N 

application affected SN only at Macdonald III lY90, whcrc It call'lcd a 4 (}f) rcducllon 

(Table 3.8). Vanetal dlfferences 111 SN wcre ob ... crvcd III ail four \Itc ycar~. Splkc"i 
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ml of Kalcpwa wcrc ~Igniflcantly 11Igher th an SN of the other three cultivars, among 

which then; werc ~hght or no (hjferel1cc~ (Tablc~ 3.3. 3.5,3.8 and 3.9). 

~.4.2.4 (i~alll)_~12lke 1 {(iSPK): In tluee out of four slte-years, increas111g level 

of N feruli/cr ~lgl1ltïcalltly Jl1<.:rca~cd GSPK, although ~Olllctlmes there was iIttle or no 

diffcrcncc whcn the rate wa\ Increar,cd from 120 to 180 kg N ha- I (Tables 3.5, 3.8 

and 3.9). The incrca.,c\ rangcd frol1l 13 to 33 %. There was no N timing effect on 

GSPK, but GSPK varicd among cllltlvar~. The cUllIVar'i Hege 155-85 and Max 

prodl1ccd ~Iglljfïcantly 111gher GSPK than the cultivars Columbus and Katepwa. 

3.4.2.5 Thollsand kernel weight (TKW) and test wClght (HLW): In general, 

'l'KW and HLW werl' \lgl1lficantly affected by N fertllIzer level in 50 % of the site­

ycarr, (rablc~ ~ 1 dnd 3.2) ln 1991 al Macdonald, N fertlilzer addItion caused a 7 % 

incrca~e III 'l'KW, hllt wlth no (hffcrcncc among the 60, 120 or 180 kg N ha- I (Table 

3.9). Tholl\and kcrncl weight wa~ negatlvely correlated to YLD in 1990 at the 

Macdonald SIte, WllIlc It was positlvely corrclatcd to YLD ln the other site-years 

Crahle 3. II). III 1990, at the Macdonald SIte, a splIt applicatIon of N fertilizer 

IIlcreased the tesl wClghl by 0.7 kg hl l, howevcr, thl"i effect was not present 111 1991. 

A splIt N addition al"io favoured blgger kcrnels \Il 1990 at Ste-RosalIe and in 1991 at 

Macdonald: l'KW wa~ increa~cd by 0.7 g and C 5 g re~pectlvely. In general, the test 

wcights of the cultIvar ColU1l1bu~ werc the highe'lt and thmc of Hege 155-85 were the 

lowe~t (Tables .1.3, .1.5, .1.8 and 3.9). In 1991 at Macdonald, the test weights of the 

cultivars Katepwa, Max and Hcge 155-85 were slightly IIltluenced by N fertilizer 

addition and that of the cultIvar Columbus wall Ilot 1I1tluencecl by the N treatment. A 

signiflcant cultivar by N levcl I11tcraCl1on \Va., ob~crved for 'l'KW 111 1990 at Ste­

RosalIe The l'KW ot the cultivar Katepwa Wél'l incrca~cd by fertIllzer addItIon, but 

there \Va, no (liftercll .. :c alllong treatment~ to whlch N wa'l aclded. The TKW of the 

cultivar (\)lul11hu" IIlcrca,ed steadtly \Vllh 1llcrea..,ing N ferl1hty. The TKW of the 

cultivar f\lax \V,l~ ~hghtly Increased by fcrl1lI1Cr addition and that of the cultivar Hege 

155-85 W.lS actl1ally reduccd hy 9.5 % by N fertilizer addition (Table 3.10). In 

gencral, the 'l'KW of Columbus \Vas the hlghest and TKW of Max the lowest. 
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3.4.2.6 Headmg date~ and maturity ln a general manner. N krtllill'r 

application at seeding caused a <.Iday III '· .... lC.hng ,liai matunty. 'l'Ill' l.'ulllV.lf Katl'\)\\,,1 

was the earliest matunng, and Hege l' ',-85 the Iale,1 1ll,ltllllllg (Tahlt', J.J. 3 5 .. U~ 

and 3.9). A ~igll1tkant N \evd by 1lll1lng of applic.llltlll llltl.'l'll'llll11 on 1lL'.ldlllg datl'~ 

at Ste-Rosalie lI1 1990 showed that a ~lI1gk N apphc,lI IOn call"cd ,\ one day dday in 

only al the 120 kg N ha- I level (Tahle 3.4). 

3.4.2.7 Harvest Index (HI): At ail ~ltc-year~ HI wa .. IIllchanged Ily N 

application treatments and rangcd l'rom 0 . .15 10 0.41. Harw~1 indn wa~ \Ignitkantly 

different among cultivars only III 1991 al Ste-Rmal!c WhCll rankl.'d from hlglll'!'>t to 

lowest 10 the order: Katepwa. Max, C011ll11bll\ Ihen Hege 155-R5. 

3.4.3 Helght and lodglng.: 

In all 1I1slancc,>, lllCrea\lllg N Icvels up 10 120 kg N h.l' Illcrcased plant IWlght, 

Le. vegetative groWlh wa~ cnhanced (NleI~cn and Halvor .. on ll)l) 1). In ail l'our 'iltl'~ 

years, the cultivar Columbus was l'rom 9 to 20 cm lai 1er than the otlll'r l'ull1vars, and 

the cultivar Max wa~ the \hortc~t by 6 to 22 cm. In Il)l)O, ~plll N .Ippltcallon rcduced 

the height of the plant, by 2 CI11 whilc tlm trcatment h,ld no ..,rgnJllcanl l'flcel III I l )91. 

The presence of high re~ldllal mtrate levcl~ III the mol l'one (ail average 01 20 kg N 

ha- I al Ste-Rosalte and of 31 "-g N h.r l at Macdoll.tld) al the bCgllllllllg 01 Ihl' 1 t)l) 1 

growing season may be the rca'lOl1 for the nOIl-'1lglllflcancc 01 ... pltt N appllcaIHHl\. 

Two and three-way interaction intlucnccd Bclglan lodglllg ~c()rc ... III 19l)O and 

1991 respectively (Tables 3.1 and 3.2). In 1990, II1crca~ll1g N !crllll/cr raIl'''' <lIel Ilol 

cause the cultivars Hege 155-85 or Max to lodge, Hcgc 15'i-X5 1\ a rdatlvcly \hOft 

cultivar, whlle Max has a relatlvely th Id ~tCIl1 AI Macdonald Incrl'a"lll~ N ra\l' ... 

increased the lodglng n .. k of cllltlvar~ Kalcpwa and COllllllbll~ COl1llllCIlClllg al {)(} and 

120 kg of N ha', re~pcctlvely. A ~Imllar cuillvar Ic\pon ... c occlIrrcd ,II Stc-J{o\alle 

cornrnencing at 120 kg N ha 1 for both clIllIVM\ (Tahle 1. 10) ln 19lJ l, al the Sle­

Rosalie site, a spltt appltcation of 60 and 120 kg N ha 1 hut 1101 of 1 XO kg N ha ' 

strongly redllced lodging by Katcpwa. The ... chcdllic or the raIl' of N fertlli/cr 

application did not sIgl11ficantly ll1tlllencc thc other thrce clIlllVar'l At the Macdonald 

site, increasing N fertiltzer il1crea~ed lodging for ail cultivar'l, but thert.: wa ... li 
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significanl rcduction ill lodgmg whcn the fertllizer was apphed in a split application, 

with the exception of the cultivar Katepwa at 180 kg N ha- I
• In general, the cultivar 

Katcpwa wa~ alway~ mmt prone to lodging, followed by Columbus, Max, and Hege 

J 55-85 in tlw. oruer. 

3.5 DISCUSSION: 

In tlw. \tuuy, N fcrtihzcr application at seeding infJuenced grain yield 

pO~ltiveJy wlth httle or no !>ignificant difference bctween 120 and 180 kg N ha- l
. 

Sincc rclativeJy hlgh grain ylclds were reached, one can consider the N fertilizer 

added to have bccn non-hmittng, and the rate of 120 kg N ha- I optimal (NuUal and 

Malhl 1991). Nltrogell adc!Jtlon above the optllTIlIlTI does not Increase yleld, and as 

noted by Bell/lan and Lane (J981), may cause a declme III yleld. Nltrogen fertilizer 

enhallcc~ (h y maller accumulation by ail plant part~ (Boatwnght and Haas 1961) 

hcnce the vegetative growth of the wheat plant IS enhanccd and also the grain yleld 

sincc final grain ylcl(/ J'> known to he positively correlated to the total phytomass at 

allthe!>l~ (EIHI and Fowler 1990). ln this ~tlldy, N additIon dld Ilot intluence HI 

sllgge~tlllg that fertlllœr additIOn enhanced vegetatIve growth and gram yield III eqllal 

proportions. Gralll ylclcl IS dcten11lned by its CÛl11pOlh'nt~, thus grain yield response 

to the trcatment!> Illay he attnhuted to the respl)nse~ of Jt~ components. Gram yield 

wa!> hest corrL'lated wlth the number of gralll'> Ill! (data not ~hown) and the GSPK was 

lcs~ corrclated wlth '1 KW (Table .1.11). Thl!> '>llgge,>t<, that tlle observed 

irnprovelllcilh in gralll yl\~ld were largely clue to an mcrease 111 the GSPK as observed 

hy MaJor et al (1992), rather than grall1 wClght, espccially at the Macdonald site. 

For ex,lIl1pk, 111 IlJl) 1 at tlle Macdonald SIte, the rclatlvely hlgher TKW of the cultivar 

COIUlllhll\ dlli Ilot cOll1pensate for ItS relatlvely lower GSPK. Compared to the 

Macdonald ~Itc, 11Igher average 'l'KW at Ste-Ro~alle dlcl not compensate for the lower 

averagc l1umber of (iSPK. gram yleld at Ste-Rosalie \Va,> nlllllencally lower than that 

al Macdonald. The larger \..crncl'i produced when N addItIon wa~ split did not result 

in an incrl'asl' in grall1 yldd. Split N application, occaslonally redllced grain yield. 

This trcalment may not proVI(!c adequate avatlable N ta the plant, causmg a reduction 

in vegetatl\'C growth (Strong 1980, Chnstenson and Killorn 1981) thus reducmg grain 



yield potential (Fowler et al. 1989, 1990). l'lm rcdllctlon in vegetative growth and 

hence plant helght, prodllced a heneticial rcductlon in the risk of lodging. Gravclle et 

al. (1988) observed that the slisceptlblhty of a crop 10 lodglllg 111Clea!\cd as thl' 

number of tillers increased, so that the redllcllon 111 lodglllg whL'n N appltcatlon wa!\ 

split may also be due to a dccrease 111 TN 111 sllch a trcatment. TIHers wcre fmmd 10 

be enhanced by N application (Blrch and Long, 1990) carly 111 the se.\son (Zcharth 

and Sheard 1992). The TN, and to a les~er extcnt TKW, arc abo important 

components of grain yield since a positive corrclatlOlh c>oisi hctwccll Ihe'\L' two 

variables and grain yield. 

The variations in yield and ilS componcnt'i oh\cr\'cd betwcen slle'i arc )lloh4\hly 

due 10 the differences III the !'loi 1 texture, Ihe \Valer kwl and the \nt! nulrielll lewl 

(Dubetz 1977). In addlll011 dellltnfication Illay have occulled 111 Ihe pOlHly drallle() 

solls at the Ste-Rosalie site. pOlentlally, rC'\1I1t1l1g 111 icI,.., N avaJlah, Illy dUfing the 

growmg season (Mascagni et. al, 1991). The average owr hoth year~ of resldual 

nitrate level in the root zone was by Il kg ha 1 lower at lite Sie-Ro\ahe site Ihan al 

Macdonald (data not shown). 

Varietal differences can occur as has been rcported 111 the Illeratlire (Malor ct 

al. 1992, Pushman and BlI1gharn 1976). In thi~ expertlllelll, the cultlvar\ ('ollll1lhtl~ 

and Katepwa were the least rc~pol1sive to N addltlol1 III Icrlll~ ot ylcld and II~ 

components. These cultivar\ are very weil adapted 10 the low Input lIlanagclllcllt of 

the Canadtan prames. III generaI, thc cuillvar Hege 155-X~ had a pla\tlc rC\p(}n~l' to 

N addItion with regard to Ils yleld componcllt':! whlle Iho,>c 01 the cultivar Max werc 

not influenced by 1I1crea!\ing incrcl1lcnt\ of N fertllJ/er, altl10ugh III a \Iudy hy 

Caldwell and Starratt (1987) thl!\ cultivar re~pol1ded weil tu IIl<lnagelllcllt IIlpUI\ III the 

maritimes. Hege 155-85 wa\ a 11Igh ylcldll1g cultivar wlth I1lgh hluma\,> ploductlOIl 

One can conclllde that thl~ cultivar ha\ good ovcrall glowth and Illay u\e the «vallahle 

resources better than the other three cllltlvar~ te~led 
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3.6 CONCLUSIONS: 

The grain yleld of the four hread wheat cultivars tested was increased by N 

fertilizer addition at seedmg mainly duc to increascs in GSPK aIthough TN and TKW 

often made a contnbutlon to ylcld a., weIl. The cultivar Hege 155-85 had the best 

yield~ and wa~ most re.,i.,tant to lodglllg at high N Icvels III ail four slte-years. The 

cultivar Max also ~eldoll1 lodged, but ils re~pon~e to N II1puts varied widely among 

site years. The cultivar., Columbus and Katepwa yielded less than the other two and 

Katepwa was very prone to lodging. ft can be cOllcluded that the new cultivar Hege 

155-85 may provlde the best ylcld~ for bread wheat production under the conditions 

prevailing in Ea~tern Canada. Therc was a c1ear difference in the responses of the 

cultivar~ al each .,ite. Thi~ IS demonstrated by the two and three way interactions that 

occurred and <;ugge,>t<; that cnvlf()Jlll1cnlal dlfference5. between locations and years may 

play an important role III the effectlvenes~ of bread wheat production in Eastern 

Canada. Splttting the N appltcatlon may hinder grelin production in one region but 

not in the other, thu,> Il 1., probably not the best way to reduce lodging. A careful 

choicc of the cultivar would be a better method. The dlfferent cultivars responded 

diffcrcntly to the N II1put~. Although different III specilic details, the N addition 

effects were slmtlar at the diffelent ~ite~, hence the amollnt of the N addition should 

be c1wscn acconhng ln the cultivar, the extractable nitrate avallable in the soil, the 

type of soil and the Illlcroclllnaic. 

This IS the l'II \1 reporl 10 del11ol1strate the variabIl rty 111 yield and yield 

componcnts of bread wheat cultivars and the effect of location, N fertiIity and 

application schedule 011 thesc variables under Eastern Canadlan conditions. 
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Table 3.1 Analysis of variance of yield and its components in 1990 

YLD 

Macdonald 

N 
T 
C 
N*T 
N*C 
T*C 
N*T*C 

c.v. 

** 

** 

6 

Ste-Rosall.e 

N 
T 
C 
N*T 
N*C 
T*C 
N*T*C 

c.v. 

* 

14 

HGT 

** 
* 
** 

6 

** 
** 
** 

14 

LOG 

** 
* 
** 
** 
** 

6 

** 
** 
** 

** 
* 

60 

MN 

** 

** 

14 

19 

TN 

** 
* 
** 

* 

54 

** 

* 

1'.7 

SN 

** 
* 
** 

15 

** 

** 

17 

GSPK HDG 

** 
** 

29 

* 

* 

34 

** 

** 

2 

** 
* 

1 

MAT 

l 

** 

** 

1 

TKW HLW 

6 

** * 
* * 

** ** 

** ** 

4 

** 
** 

1 

2 

HI 

** 

12 

10 

* sl.gnl.fl.cant at the 0.05 1evel, ** sl.gnl.ficant at the 0.01 1evel, YLD=gral.n 
yield (t ha l, HGT=hel.ght (cm), LDG=Belgian lodging scores, MN=ma~n stems m~. 
TN=tl.llers m:. SN=Spl.kes m':, GSPK=gral.ns spl.ke", HDG=headl.ng (days), MAT= 
maturl.ty (days), TKW=thousand kernel weight (g), HLW=test wel.ght (kg hl 'l, 
HI=harvest lndex. N=N level kg h~l, T=timlng, C=cultlvar. 
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Table 3.2 AnalysLs of variance of yLeld and ~ts components Ln 1991 

YLD 

Macdonald 

N 
T 
C 

** 

** 
N*T ** 

HGT LOG 

* ** 

** ** 

N*C * 
T*C 
N*T*C * 

C. V. 8 

Ste-Rosalie 

N 
T 
C 
N*T 
N*C 
T*C 
N*T*C 

C.V 

** 
** 
** 

8 

5 

** 

** 

4 

54 

** 

** 

** 
* 
** 

54 

MN TN 

* ** 

** ** 
* 

** 

19 48 

** 

** ** 

** 

15 39 

SN 

** 

** 

15 

** 

** 

17 

GSPK HDG 

** 

** 

13 

** 

17 

* 
* 
** 

0.6 

** 

9 

MAT 

** 

** 

2 

** 
* 
** 

2 

TKW 

** 
** 
** 

3 

** 

5 

HLW HI 

** 

** 

** 

1 7 

* ** 

4 5 

* sLgnLfLcant at the 0.05 level, ** signLficant at the 0.01 leve1, YLD=graLn 
yie1d (t ha"I), HGT=height (cm), LDG=Be1gian lodging scores, MN=main stems m~, 
TN=tillers m-2, SN=SpLkes m-2, GSPK=grains spike-J , HOG=heading (days), MAT= 
maturity (days), TKW=thousand kernel weight (g), HLW=test weight (kg hl"I), 
HI=harvest index. N=N 1evel, T=timLng, c=cultivar. 
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Table 3.3 Main effects of N level e timing and cultivars at Ste-Rosalie in 1991 

YLO HGT LOG MN TN SN GSPK HDG MAT TKW HLW HI 

Ste-Rosalie 

N level (kg ha 1) 

0 2.6 b 78 b 0.5 c 357 130 d 449 c 18 48 87.4 b 30 70 0.36 
60 2.9 a 81 a 1.3b 364 195 c 527 b 20 48 88.9 a 30 71 0.37 
120 3.0 a 80 a 1.6 a 348 236 b 574 a 20 47 88.0 a 30 70 0.36 
180 3.1 a 82 a 1. 7 a 328 275 a 598 a 21 48 88.8 a 29 69 0.36 

dl.fference * * * n.s. * * n.s. n.s. * n.s. n.s. n.s. 

Cult~vars 

Columbus 2.8 a 84 a 0.5 b 378 a 225 b 548 b 16 48 a 88 b 30.3 a 72 a 0.35 c 
Hege155-85 3.3 a 84 a 0.5 b 317 b 168 c 501 be 22 48 a 91 a 29.5 b 67 c 0.34 d 
Katepwa 3.1 ab 80 b 3.6 a 370 a 317 a 639 a 17 44 b 87 b 28.8 e 69 b 0.38 a 
Max 2.9 e 73 c 0.4 b 330 b 127 d 459 c 22 49 a 87 b 29.2 b 72 a 0.37 b 

d~fference * * * * "" * n.s. * * * * * 

T1m1ng 

slngle 3.1 a 81 1.4 354 216 542 19 47 89 a 29 70 0.36 
Splü 2.9 b SO 1.1 344 202 531 20 48 88 b 29 70 0.36 

d1fferenee .. n.s. n.s. n.s. n.s. n.s. n.s. n.s. .. * n.s. n.s. 

n.s. net sign~f~cant, * signif~cant at the 0.05 level, YLO~gral.n yield (t h~I), HGT=height (cm) , 
LDG=Belg~an lodg~ng scores, MN=ma~n stems m-:, TN=tillers m-:, SN=spikes m-:, GSPK=grains 
sp~ke-l , HDG=head~ng (days), Kz!'T=matur~ty (days), TKW=thousand kernel we~ght (g) , HLW=test we~ght 
(kÇj hl 'l, HI=harvest ~ndex. Values followed by the same let ter are net significantly different 
frem each ether by an ANOVA-prctected Ouncan's new multiple range test. 
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Table 3.4 Effects of N level and t1ming on agronom1c traits 

Macdonald Ste-Rosalie 
1990 1991 1990 

N level Tim1ng LOG YLO HOG 
kg ha- I days 

0 Sl.ngle 0.6 c 3.5 d 54 b 
Spl1.t 0.7 c 3.7 d 55 a 

60 Sl.ngle 2.1 c 5.4 c 55 ab 
Spl1.t 2.4 c 5.4 c ~S ab 

120 Sl.ngle 8.2 a 6.2 a 55 a 
Split 4.4 b 5.6 b 54 ab 

180 Sl.ngle 8.2 a 6.3 a 55 a 
Spll.t 8.0 a 6.3 a 5'3 a 

d1fference * * * 

* s1gnl.ficant at the 0.05 level 
Values followed by the same let~er are not signifl.cantly 
dl.fferent from each other hy ~;1 ANOVA-protected Duncan's 
new multiple range test. 
LDG= Belgl.an lodging score, YLD= grain yield (Th~I), HDG= 
heading (days). 
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Table 3.5 Main effeets of N level, timing and cultivar on agronomie traits at Ste-Rosalie in 1990 

YLD 

N level (kg ha- I ) 

o 
60 
120 
180 

1.6e 
2.4 b 
2.8 a 
2.9 a 

d1fferenee * 

Cult1vars 

Columbus 
Hege155-85 
Katepwa 
Max 

2.4 
2.5 
2.3 
2.5 

d1fferenee n.s. 

Tim1ng 

Sl.ngle 
Sp11t 

2.4 
2.5 

differenee n.s. 

HGT 

54 e 
71b 
78 a 
78 a 

* 

79 a 
66 b 
77 a 
59 c 

* 

LDG 

0.2 e 
0.2 e 
0.4 b 
0.7 a 

* 

0.5 a 
0.2 b 
0.6 a 
0.2 b 

* 

71 a 0.4 a 
69 b 0.3 b 

* * 

MN 

458 
449 
483 
439 

n.s. 

468 
443 
488 
431 

n.s. 

454 
461 

n.s. 

TN 

125 b 
148 b 
196 a 
198 a 

* 

158 b 
160 ab 
202 a 
145 b 

* 

170 
155 

n.5. 

SN 

578 b 
596 b 
681 a 
630 ab 

* 

618 b 
605 b 
689 a 
573 b 

* 

628 
614 

n.s. 

GSPK HDG 

15 b 
20 a 
17 ab 
19 ab 

* 

17 ab 
19 a 
16 b 
19 a 

* 

18 
18 

55.0 
55.0 
55.0 
55.0 

n.s. 

56 b 
54 c 
54 c 
57 a 

* 

55 
55 

n.s. n.s. 

MAT 

101 e 
101 be 
102 a 
102 a 

* 

101 b 
103 a 
100 c 
102 b 

* 

102 
101 

n.s. 

TKW 

31.5 
33.7 
33.5 
33.1 

* 

34.5 
32.6 
34.0 
30.6 

* 

HLW HI 

b 73.4 e 
a 74.6 a 
a 74.4 be 
a 73.7 be 

* 

a 75.9 a 
b 71.6 e 
a 74.5 b 
e 74.1 b 

* 

0.39 
0.38 
0.37 
0.38 

n.s. 

0.37 
0.37 
0.38 
0.39 

n.s. 

32.6 b 73.6 b 0.37 
33.3 a 74.4 a 0.38 

* * n.s. 

n.s. not s1gn1f1eant, * s1gn1ficant at the 0.05 level, YLD=gra1n y1eld (t hall, HGT=height (cm), 
LDG=Belg1an 10dg1ng scores, MN=ma1n stems m:, TN=t111er5 m:, SN=Spikes m-:, GSP~=grains 
sp1ke 1

, HDG=heading (days), MAT=maturity (days), TKW=thousand kernel weight (g), HLW=test we1ght 
(kg hl'), HI=harvest 1ndex. Values followed by the same letter are not s1gn1f1cantly different 
from each other by an ANOVA-protected Duncan's new mult1ple range test. 
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Table 3.6 Effect of cult~vars and timing of N fert~l~zer 
applicat~on on Belg~an lodging scores 
and t~llers m~ ~n 1990. 

Ste-Rosal~e Macdonald 

Cult~var T~m~ng Lodg~ng T~llers m-: 

Columbus Single 0.7a 176 a 
spl~t 0.4b 102 bc 

Hege 155-85 s~ngle 0.2c 113 be 
Split 0.2e 62 d 

Katepwa S~ngle 0.7a 141 ab 
Spht O.5b 175 a 

Max S~ngle D.2e 87 ed 
Spht O.2e 70 cd 

D~fference * * 

* s~gnif1cant at the 0.05 level 
Values followed by the same letter are not sign1f~eantly 
d~fferent from eaeh other by an ANOVA-protected Duncan's 
new multiple range test. 
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Table 3.7 Effect of N level, timing and cultivar ln 1991 

---Macdonald---- ---Ste-Rosalle---

N level Timing Cultivar LDG TN LOG MN 
kg ha- J 

, , 
m- m-

0 Single Columbus 0.2 e 56 c-f 0.4 c 511 a 
Hege 155-85 0.2 e 25 c-f 0.4 c 307 d-f 
Katepwa 0.2 e 43 c-f 0.7 c 336 c-f 
Max 0.2 e 38 d-f 0.4 c 327 d-f 

Split Columbus 0.2 e 27 ef 0.4 c 376 c-e 
Hege 155-85 0.2 e 12 f 0.4 c 324 d-f 
Katepwa 0.2 e 29 d-f 0.8 c 358 c-f 
Max 0.2 e 11 f 0.4 c 315 d-f 

60 Single Columbus 0.2 e 47 c-f 0.4 e 349 c-f 
Hege 155-85 0.2 e 39 d-f 0.4 e 362 c-f 
Katepwa 0.2 e 92 be 4.5 b 365 c-f 
Max 0.8 abc 50 c-f 0.4 c 378 IJ-e 

Split Columbus 0.2 e 88 b-d 0.4 e 384 b-c 
Hege 155-85 0.2 e 39 d-f 1.2 e 320 d-f 
Katepwa 0.4 de 78 b-d 1.5 e 445 ab 
Max 0.4 de 35 d-f 0.4 c 307 d-f 

120 Single Columbus 0.2 e 125 b 0.6 c 349 c-f 
Hege 155-85 0.2 e 45 c-f 0.4 c 300 cf 
Katepwa 0.7 a-d 181 a 5.7 a 413 he 
Max 0.9 ab 63 c-e 0.4 c 373 c-e 

Split Columbus 0.6 b-e 87 b-d 0.4 c 349 c-f 
Hege 155-85 0.2 e 62 c-f 0.4 c 345 c-f 
Katepwa 0.4 de 123 b 4.5 b 351 c-f 
Max 0.8 abc 52 c-f 0.4 c 318 d-f 

180 Single Columbus 0.7 bcd 89 b-cl 0.6 c 333 c-f 
Hege 155-85 0.4 de 58 e-f 0.4 c 295 f 
Katepwa 0.5 cde 80 b-d 5.4 ab 353 c-f 
Max 1.0 a 57 c-f 0.4 e 318 d-f 

Split Columbus 0.2 e 84 b-d 0.8 e 387 b-d 
Hege 155-85 0.4 de 49 e-f 0.4 e 287 f 
Katepwa 0.5 cde 181 a 5.5 ab 340 c-f 
Max 0.7 bed 55 e-f 0.4 c 309 d-f 

difference * * " " 

* significant at the 0.05 level 
Values followed by the same let ter are not significantly different t rom 
each other by an ANOVA-protected Duncan's new mult.tple ranr:Je test. 
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Table 3.8 MaLn effects of N level, timing and cultivar on agronomLc traits at Macdonald ',n 1990 

YLD 

N 1eve1 (kg ha 1) 

o 
60 
120 
180 

dLfference 

Cultivars 

Columbus 
Hege155-85 
Katepwa 
Max 

difference 

Tl.ming 

Single 
Split 

4.0 c 
5.0 b 
5.2 a 
5.3 a 

* 

4.5 b 
5.4 a 
4.3 b 
5.3 a 

* 

4.9 
4.9 

difference n.s. 

HGT 

78 c 
89 b 
93 a 
93 a 

* 

98 a 
85 c 
93 b 
77d 

* 

65 
63 

LDG 

0.6 d 
2.2 c 
6.3 b 
8.1 a 

* 

6.0 b 
0.6 c 
10.1 a 
0.6 c 

* 

4.8 
3.9 

n.s. n.s. 

MN 

433 b 
448 ab 
481 a 
478 a 

* 

492 a 
432 c 
468 ab 
447 bc 

* 

452 
467 

n.s. 

TN 

62 b 
92 b 

148 a 
161 a 

* 

139 a 
87 b 

158 a 
79 b 

* 

129 a 
109 b 

* 

SN 

499 c 
538 c 
598 b 
601 a 

* 

585 a 
538 b 
607 a 
506 b 

* 

575 a 
542 b 

* 

GSPK HDG 

20 b 
25 a 
24 a 
23 ab 

* 

19 b 
28 a 
15 c 
29 a 

* 

23 
23 

56.6 b 
56.8 b 
56.8 b 
57.3 a 

* 

56.0 c 
60.0 a 
53.0 d 
59.0 b 

* 

57.0 
57.0 

n.s. n.5. 

MAT 

98.9 
98.9 
99.0 
99.3 

n.s. 

98.9 
99.3 
99.0 
98.9 

n.s. 

99.1 
99.0 

n.s. 

TKW 

36.1 
37.0 
36.4 
36.3 

n.s. 

36.6 
36.4 
36.4 
36.3 

n.s. 

36.7 
36.1 

n.s. 

HLW 

77.4 
78.0 
77.6 
77.6 

n.s. 

79.1 a 
74.7 c 
78.2 b 
78.5 b 

* 

HI 

0.40 
0.39 
0.38 
0.37 

n.s, 

0.35 
0.39 
0.37 
0.43 

n.s. 

77.3 b 0.38 
78.0 a 0.39 

* n.s. 

n.s. not 51.gnl.fl.cant, * sl.gnl.fl.cant at the 0.05 level, YLD=grain yield (t ha,I), HGT=height (cm), 
LDG=Belgian lodging scores, MN=maLn stems m'~, TN=tillers m'~, SN=Spikes m':, GSPK=gral.ns 
spLke'l, HDG=heading (days), MAT=maturity (days), TKW=thousand kernel weLght (g), HLW=test weight 
(kg hll), HI=harvest index. Values followed by the same letter are not sl.gnLficantly different 
from each other by an ANOVA-protected Duncan's new multiple range test. 
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Table 3.9 Main effects of N level, timing and cultivars at Macdonald in 1991 

YLO HGT LOG MN TN SN GSPK HOG MAT TKW HLW HI 

Macdonald 

N level (kg ha') 

0 3.6 d 65 e 0.2 c 356 b 30 c 384 b 14 c 48.5 a 75 b 31 b 78 b 0.39 
60 5.4 c 75 b 0.3 b 398 a 58 b 437 a 21 b 48.4 ab 76 b 33 a 79 a 0.40 
120 5.9 b 77 a 0.5 a 375 ab 92 a 463 a 21 b 48.2 c 76 b 33 a 79 a 0.41 
180 6.3 a 78 a 0.5 a 403 a 81 a 459 a 23 a 48.3 be 77 a 34 a 79 a 0.41 

d~fference * * * * * * * * * * * n.s. 

Cult~vars 

Columbus 5.1 d 78 a 0.3 bc 379 ab 74 b 449 a 18 b 48.1 b 76 b 34 a 81 a 0.40 
Hege15S-85 5.7 a 75 b 0.2 c 390 a 41 c 430 ab 22 a 50.0 a 77 a 33 b 77d 0.40 
Katepwa 5.1 d 73 e 0.4 b 416 a 101 a 466 a 19 b 47.0 c 74 c 31 d 79 c 0.41 
Max 5.3 be 69 d 0.6 a 349 b 45 c 400 b 21 a 48.2 b 77 a 33 c 80 b 0.42 

dl.fference * * * * * * * * * * * n.s. 

Tl.ml.!!9 

S~ngle 5.4 74 0.4 391 68 443 20 48.4 a 76 32.5 b 79 0.40 
Spllt 5.4 73 0.4 376 63 420 20 48.3 b 76 33.0 a 79 0.41 

dlfference n.s. n.s. n.s. n.s. r •. s. n.s. n.s. * n.s. * n.s. n.s. 

n.s. not sl.gnlfleant, * slgnl.f~eant at the 0.05 level, YLD=gral.n yl.eld (t ha'), HGT=he~ght (cm), 
LDG=Belgl.an lodgl.ng scores, MN=ma~n stems m:, TN=tlllers m:, SN=Splkes m:, GSPK=grains 
spl.ke, HDG=headlng (days), MAT=maturl.~y (days), TKW=thousand kernel welght (g), HLW=test welght 
,kg hl l, HI=harvest lndex. Values followed by the same letter are not signlfieantly dl.fferent 
from each other by an ANOVA-protected Duncan's new f!1ultl.ple range test. 
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Table 3.10 

N leve1 

o 

60 

120 

180 

d~fference 

Effect of N level and cult~var on aqronom~c tra~ts 

Cu1t~var 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

-----Maedonald--------
1990 1991 

LOG 

0.6 d 
0.6 d 
0.8 d 
0.6 d 

0.6 d 
0.6 d 
8.1 c 
0.6 d 

9.6 c 
0.6 d 

12.8 b 
0.6 d 

13.2 b 
0.6 d 

17.9 a 
0.6 d 

* 

HLW 
kg hl- J 

79.6 c-f 
76.8 h 
77.8 gh 
79.2 ef 

BO.7 abc 
77.4 h 
78.6 fg 
80.7 abc 

80.9 ab 
77.0 h 
79.1 ef 
80.4 a-d 

81.1 a 
75.7 1 

79.9 b-e 
79.4 def 

* 

Ste-Rosal~e 
----1990----

LOG 

0.2 d 
0.2 d 
0.2 d 
0.2 d 

0.3 d 
0.2 d 
0.2 d 
0.2 d 

0.7 e 
0.2 d 
0.5 cd 
0.2 d 

1.0b 
0.2 d 
1. 5 a 
0.2 d 

* 

TKW 
g 

32.2 def 
33.6 cd 
31. 7 efg 
28.3 h 

35.0 abc 
34.0 be 
34.5 abc 
31.4 efg 

35.7 a 
32.5 de 
34.9 abc 
30.9 fg 

35.2 ab 
30.4 9 
35.0 abc 
31. 7 efg 

* 

* signif~cant at the 0.05 level, values followed by the same letter are not 
s~gn~ficantly d~fferent from each other by an ANOVA-protected Ouncan's new 
mult1ple range test. LOG= Belgian lodg1ng score, YLO= graLn yield (t h~I), 
HLW= test we~ght (kg hll). 

48 

e 



Table 3.11 Pearson's correlation coefficients. 

Ste-Rosalie Macdonald 
1990 1991 1990 1991 

SN TN 0.67 *** 0.88 *** 0.70 ** 0.60 ** 
YLD 0.20 * 0.40 *** -0.04 0.40 "'** 
TKW 0.17 '" -0.014 -0.08 0.20 * 
GSPK -0.48 *** -0.56 *** -0.39 "'** 0.01 

~ TN -0.03 -0.40 ** -0.33 *"'''' 0.09 
YLD 0.20 0.30 "'''' 0.60 "''''''' 0.75 "''''''' TKW -0.02 0.09 -0.24 ** 0.40 "'** 

YLD TKW 0.20 '" 0.30 "'* -0.03 "'*'" 0.62 "'** 
TN 0.23 * 0.40 *** -0.06 0.31 "'*'" 

SN=spike 
, 

TN=tiller mè , TKW=lOOO kernel welght (g) , YLD;;:: tJl"din m -, 
yield (t ha 1), GSPK=grain spike 1. 
* '" *, **'" significant at the 0.05, 0.01 and 0.0001 levels , 
respectively. 

49 



e 

6.5 

6 

5.5 

5 
ca 
S 4.5 
"0 
Cl) 

4 >-
c: 
~ 3.5 

CJ 

3 

2.5 

2 

1 .5 

,.._-----tlI: 
// te ,,// 

/ 
.-........................ . . ".

......... . ....... . 

L. 

.. . .... 
•••••• • •••••• 

.. ' 
~ ... ,. ... .. ~ .... / .' ... ~ •. ~/' 

~ 
â 

_---«---------------- A ---- ~ ---- ~ ---- ----â 

0000000000000000000 
~~~~~~~romo~N~~~~~ro 

T'""'~T'""'T'""'~T'""'~~T'""' 

N level kg/ha 

e 

Ste-RosalIe 1990 r=O.6··· 
y=l 6+O.01SN-O ~6W 
Ste-Rosalie 1991 r=04'" 
}=2 S+O 008N-O 000023Nl 
Macdonald 1990 r=O S'" 
y=4 O+O.018N-O 000064W 
Macdonald 1991 r=Û.8'" 
y=3.7+Û 032N-O 000095N2 

Ste-Rosalie 90 
----. Ste-Rosalie 91 
••• •••••• Macdonald 90 

- _. Macdonald 91 

0 Ste-Rosalie 90 

â Ste-Rosalie 91 • Macdonald 90 

" Macdonald 91 



Figure 3.1 Grain yield estLmates and observations at the four site-Y8nrs. 
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Preface to section 4 

Section 4 is the material contained in a manuscript which will be submitted for 

publication. The current format confonm with gllidelines set by the FacuIty of 

Graduate Studies. Tables, tïgllres and literatLIre cited are presented at the end of this 

section. 

1 n this section we discliss the effects of N fertilizer levels, time of application 

and cultivars on the grain protein concentration and content and grain protein yield, 

and the importance of grain protein content. 
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Section .t 

EVALUATION OF THE EFFECT OF N FERTILIZER LEVEL ANI> TIMING 

OF APPLICATION ON GRAIN PROTEIN CONCENTRATION OF FOllR 

HARD RED BREAD SPRING WIIEAT ClILTI\' ARS IN EASTERN CANAnA. 

4.1 ABSTRACT 

In order to assess the potential manipulation of N management to allow hre,ld 

quality wheat production in Eastern Canada. an expcrinwnt W<lS conductl'd lor tWll 

years at each of two sites in Québec to ~tlldy the cfreet or kwl and tll!lmg 01 Ilitrogen 

(N) fertihzer application on gram protell1 concentrallon and graIn plOll'lIl )'Il'Id or t'our 

hard red "l'rIng wheat c\lltivar~ knowl1 to have putentlal a.., 11Il',ld \\ IIcat. The ... 011 

types were llearbrook clay and Ste-Ro~alll' clay. 'l'hl.: l'\IWllllll'llt \V".., ·h·h~ r"l'Ional 

The cliltivar~ were: Colul11bu .... Katepwa, Max ,lnd Hcgc 15')~5. In hoth yl\lr" 0, 

60, 120 and 180 kg N ha 1 were applltxl elther 100 % al ... el.:dlllg !lJl1l' or (JO % at 

seeding and 40 % at al1the~I~. Grain protCIl1 concentration ( ;PC mg g 1) and gralll 

protein ylelcl (GPY t ha- I
) increa ... ecl consl ... tcntly wlth IIlcrca\lng N t'l'lllll/t'r and wlth 

split N applicatIon. Nltrogen u~e efflclelll:y (NUE) nOl" nJtlOgcn llarve ... ! Index (NHI) 

were improved by II1crealllllg applicatloll~ or N lendl/cr wh de NUI: wa ... IlIIprowd hy 

split N applicatIOn c~pecJally at low N Icvel .... Under '\llch condltloll"', where N 1\ Ilot 

limiting, protell1 content per ... cecl is more critlcal in detcrmJl1l11g CiP(, than non­

protein seed dry matter. In gcneral, the cultivars Colllll1bu ... and Katcpwa hall the 

highest GPe. 

4.2 INTRODUCTION 

Currently wheat provldc~ more nOllri~hl11ent (l11éllllly .1\ hrcad) to the people 01 

the world than any other food \ource (Sto ... kopf 19H5. ()rth and Shellenhcrgcr IlJXX). 

It is weil estab1Jshed that hlgh qualJly bread, I.C hlgh loar volullle, 1" pO\ltively 

correlatecl wlth the rclatlvely I1lgl1 protelll content or the gralll and Ilour ((j()odlllg ct 

al. 1991, BlIshllk 1985, FlIlllcy and Bannorc 194X). 'l'Ile fllnctionallty of !lotir III the 

bread making proce'i\ i~ alIIo Intlllenced by protCl1l quality (('hakrahorty and Khan 
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19RX, Maral.., and D'App(,:~~nla 19RO). Grain protClIl concentratIOn (GPC) and content 

arc mtlucnced hy N fenlllly (Zcbanh and Shcard 1992. rampbcll l~t al. 1991, Clare 

ct al. 19YO) <.)l1llth ct al (IYYO) and Clare et. al (1990). fOl:nd that the protein 

concentration of wheat \ccth Il1lf~a..,cd a\ thc appllcd N fertlllzcr rate II1creased from 

() to 250 kg ha 1 Nrtrogcll lendl/cr .tddltlon al\o atlect'l protcln quahl)' (Gupta et al. 

1l)l)2 and Randall et al. IYlJO), thu\ affcctlllg baklng charactcmtlcs. During rrain 

IïIhng, N 1\ elther tran\located lrom the vcgetatlve Il..,\UCS of the plant or taken up 

l'rom tlle \011 (Cox et. al 19R6). Thu.." the tllne of N apphcdtlon IS an Important 

factor III oplll11ll.lng whcat CiJ>C (John~ton and Fowlcr 1991, Powbon et al. 1987, 

Mielan et al. IlJ77) N t'crtJll/er application al anl!1I.?\I'I (Altman ct al. 1983, Miezan 

ct al. )977), co.,pcl'I,t1ly whcl1 plant... al thl'l \tagc were )lIbJccteci 10 a water 'mess 

<':(}I1(.htlon~ (cg -H b.tr,» (Dubetl Jl)77) and or to hlgh tCll1pcraturc'i (Campbell and 

Davld\on 1971» call\ed .111 IIh:rea,>c 111 CiPC. Split N drl'\'>lng'" al ... o recluce N 

volat III~atlol1 l'rom thc plant (Papakmt.t clllt! Gagl(lIla 1(91) and carly leaching losses 

t'rom thc lOot Jonc Âccoldll1g tn B.lethgen and Ailey (198\) daJly N uptake of winter 

wheat Wei'" 111.1>'1111<11 at or \hortly alkr anthe .... ~ and N lI'1C eftlclency wa~ improved by 

"plil N dlc"'\lng\ ,1'" lun,!,! .1\ they occlirred bcfore anthC'Il\ (Lutcher and Mahler 1988). 

Howl'\'l'I. Penny et al. (llJH6). reported thtll N taI-.en IIp by the grain I~ alway~ larger 

wlth \11I1,!.Ic th.tn wlth dl\'lded N dn? ... \ll1g\ and Strong (I9H2). ob~erved that spllt N 

application 111l'rl'a..,ed the quantlt)' or N acclIll1l1lated ln the ... trdw more than in the 

grain. NlII11CroU\ ... tlldle ... hm l' ... ho\\'11 ,Ill InteractlOI1 bet\\'cl'n the effect of N fertilizer 

011 GPC and \\'hcat gcnotypc (Darv.:lI1kle 1983, Bruckner and Morey 1988, Gehl et al. 

!lJ90). or envI ron I11l'11t (Duhetl IlJ77 and M IClan et al. 1977). EVidence suggest~ that 

(hfti:-rcnCl'\ 111 (jpe ... bct\\een \\'hccl! cultlval'l 1'> Ilot only attnhlltabk to environmenta1 

\,.·olHlltlon ... (f\kNl\11 l'I.ti ll)hH) but .tI ... n to gel1cllc,llly II1hented characteri~tics 

(.I(lhn~on \"'I.tI I l >73) f\lo\t of the \\'orI-. In tlm .Ire.! ha.., heen condllcted on wlIlter 

Wlll\ll and III the lJ S A. We..,lern Canada. AU'Itl,tlw or ano.., ... Europe. LIttle 

lI1r(lrl11.ltlon C\I\t,> rq!artllng the re~pol1~e or hread type hard rl'd ~pnng wheats to N 

fcrtlll/l'r 111 h\'tl'Tll Canad,1. ,\ rcglol1 \\'ltl1 a ~hllrt growÎng \ea~on and relatively high 

~ea,on,\1 prCl'lpltatlon. rIm ~tlldy \\'a~ conducted 10 te~t the effect of N fertilizer 
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application rat~ and schedule on the GPC of four bard le(\ !lpnng Wlll'.ll I:ultiv,m 

recommended for bread baklllg, grown at each of t\\'o !lite, III Ea ... ll'rn Canada, 

4.3 MATERIALS AND !\IEllI0DS: 

The )tudy wa ... l'Ondlll'ted on Ikarbrook l'la)' !loil (t'llll'. tnlxcd. non-al'Id, frigld, 

typic Humaquept), at the Lod ... Agrnnom)' Re!l('arch Centre, ~Idllll lflll\er'ilty. 

Macdonald Campus. alld on Ste-Ro,alle clay ... 011 (t'lIll" 1l0Ihll'ld, fngld, typll' 

Humaquept) at tIlt" COOP fédérée rl"l'arl'h farm, SIC- Rm,llte, <.)lld)l'c. Canada dunng 

the 1990 and 1991 crop sea~ons, For 1990, Ihe prcviou, Clllp \Va, oat (AVl'lh.l ~iliYil 

L.) at the Macdorald CamplI'" and ml\ed forage ... at Stl'-Ro"I1ie, FOI 1lNl, tlll' 

previolls crop al l,oll1 location, wa\ hard n:d 'pring wheal (TrIlll'lI!ll al',llvWll L.), 

Prior to ~eedlllg the lal1d at bOlh 'Ill" rl'l'CIVl'd adel)lIall: <I1111'ndllll'llt of P and K, III 

1991, the expl'nment \\a, repeated 111 Ihe ... allle fll'ld<., a, 111 Il)l)(). '1 hl' eXpl'rIllll'l1tal 

design wa!:. a 4 X 4 X ~ factonal. arranged III a randollllll'd complele hloe"- dl'~lgn 

with 4 replicate.... The hrl'ad wheat cultIvar., ... own werl" Coltllllhu<., willeh 1" Ilorlllally 

acceptable under the Canada Red Spnng grade, (AgnclIltllll' ('an.ld ... Il)XO). Max 

which ha~ an acceptable performant:(' 111 Ea ... tern ('anad.t ,ll1d wa ... IL'COlllllll'lHled for 

milling and breacl lllakll1g, (Agnculture Canada, 19X7), Katl'pw.t whlch ha ... guod 

milling and baklllg propeltIl'''', (Camphell and C/<trtll'dl IlJX7) and Hegl' 15"-Wi 

which I!:. still being tl' ... ll'd for pm.,lhlc ploductlon a ... .t hlC,ld wheal 111 1-.;1<.,lell1 ('an,lda 

The cultivar ... rl'ceived 0, bO, 120 or 1 XO kg N ha 1 111 the tortll or ... olid amlllonllllll 

nitrate. either ail at ... eeding, or 60 % at ... eedillg alld .l() % at <lnthl' ... i<" The fl'ltili/L'r 

was broadca~t by hand on tlw plot .,urface and Illcorporated hy hand Iélking. Alter 

trimming. each plot al Macdonald wa ... 1 XO l'Ill x 456 l'Ill \VIth 12 row ... <,pacl'd 1) l'Ill 

apart. After tlïl1ll11lng, plot ... lIl' at Ste-Rmaltl' 111 Il)l)() wa.., l)() Cll1 x SOO l'Ill, ilnd III 

1991 90 cm '" 525 cm. wilh h row.., "'pacl'd 15 CI11 apart ï IlIllllllllg wa ... done 11I,t 

prior to harve ... t to elllllll1ate edge l'nec\) due to the pathway" The plol'" were <,own 

at 450 !:.eed!:. 111 2 U ... lng cenifïed ... eed \reated Wllh VJtatlo no (15 % carhatllllll (\()­

dihydro-2-methyl-n-phenyl- J .4-oxathllll-.1-carhoxalllldl')and 1 ~ 'M) thlram(tetral1lethyl 

thlllram disulflde». and lI~lI1g Cl cOlle-ty\)l' plot 'Iecder (Winter ... tl'Iger America Ine" 

54 



Lincoln, Ncbra\ka). Seedlllg wa~ condllcted on the tïr~t and eleventh of May at 

Macdonald, and on the tcnth and twcntyflr~t of May at Ste-Rosalie in 1990 and 1991 

respeclIvcly. Wecd\ at Macdonald wcre controlled wlth Pardner (bromoxynil: 3, 5-

dibrorno-4-hydroxybenzonitnle) applicd al 1 L ha- ' at the two leaf ~tage. Weeds at 

Ste-Ro~ahe were conlrolled with a mixture of 280 g a. 1. ha-lof bromoxynil and 280 

g .1. i. ha 1 of MCPA (2-mcthyl-4-chlorophenoxyacelICacid) al~o applied at the two 

Icaf Mage. At crop l11atunty, plant'> in é\ prc-markcd 1 metcr rows were hand 

harvestl:d by uprooting, and ,lIr-dncd Indoor\ for appruxlmately 15 days. Yield 

componcnt data slIch a~ ~plke nlllllber, tlllcr number wcre ta ken from tho5.e samples 

prior 10 thrclihlng. Gram wa.., mllled on a {ldy cyclonc mll1 (Udy Corp, Forl Collins, 

CO.) and \traw wa\ mllied on a Wlley mIllln bolh cal,e.., lhrough a 1 III 111 me~h. In 

19l)(). the whole III ca 1 \amplc\ wcre \lIb\cqllenlly Il..,ed for GPC (mg g-I) cletermination 

Ily near Inlrared relkctancc (NIR) (lnfralllalic g600, Percon Prllfgerate GmbH. 

(JermHny). Reprc~cntalJvc .,all1plc~ werc ~c1ected by the IIlstrlll11Cnt software and 

were lI~ed to detenlllnc the CiPC on êl ll1(mtlll'C fl'œ ba"I~. hy the KJeJdahl Illcthod (N 

x 5.7) lISlI1g a Tecator K,cltec Sy~tel1l 1 (Tl'cator AB. Hogan<l'l. Sweden). The 

analytlcal data ... eh obt,lIned wcre lI~ed to calibrate the NIR data so1vIIlg the following 

l'quatlon by l11ultlple regn.''l'llOn analy~I~' CiPC = CII+(CIXLI + ... +C2llxL!II)xC
21 

whcre Cil W,I<.; the bla'l factor (or Intel'ccpt) ~pl'clflC to the parélmeter under 

lI1Ve~tlgation. CI-(',II wcre flltcr l'on'ltant'l for the parllclllar wavelengths, L I-L2l1 
were 

the log of the rellel'tlon valllc~ for dl ffcrent wavelcngth .... and Cl! was the s10pe of the 

regressinn curvc. Gram protein percentage 111 1 \)91 a ... welI a., ail ~traw protein 

concentration wcrc dl'termllll'd hy the K,cldahl method (N x 5.7). Grain protein 

conccntration flglll e ... \vere alwa)'\ corrected 10 l..j. % 11100'lturl' ba~b. Calculated 

varlahles weil' dl'rJwd wlth the followlIlg formula.,: 

Nllrogl'Il Hal\'c\t Inde\ (NHI) = GPC/(abovl' ground dry matter protein 

l'onL'Cntratllln ); 

NitlOgen lI~l\ efflL'lency (NUl:) = (grain N from tl'eatment - grain N from 

control)/(total ~oil N III treatment - soi1 N in control); 

Grain Protdn Yidd (OP)" t ha-Il = grain yie1d x GPC; 

55 



Seed protcin content (ppsn. mg) = wl'lght of tllllU\.lIld kl'l\1d~ '\ GPC; 

Non-protcin ~eed dry matter (NPl\l. mg) = sl'cd \\'l.'ight - scl'd protl'1I1 l'llntl'Ilt. 

The matenals and Illethod!\ of ~cctioll 6 I.:ontain.., a full tlL'sl.:riptioll of !loi! 

sampling, handling and d1cI111eai an.1ly~I~. 

Data were analY/cd \VIth thc SAS ~y!\tl'll1 (SAS ln..,tltllte, Il)H5). Thl' F-tl'st 

(Steel and Torne, 1 gHO) \\,a.., u..,cd to dctl..'rllllllC whethc r the va riat Ion" l.:"llI,ed hy the 

treatmcnts and thcir lllteractllln\ \\cre \lgllllÏl.:ant. Prohah"l1l\ .. '~ of le.." than or l'qu,II 

to O.OS were conslckred \Igllllkanl for mall1 l'ffcets and Inter,ll'llon,. In 1l)l)O, l'or the 

Ste-Rosalie site, only threc out of four repllcatc ... were analy/ed fOI malll dll'l't-; of 

the treatment~ on NHI bccall'\e of llli~\Ing valul" The F-te,t wa ... al ... o u..,l'd tll te ... t l'or 

homogencity of the eXpl'rl lllelltai clror v,manœ ... 4\1ll0ng "11l'-yeal\ (Sied ,ml! TOIIIl" 

1980). No comblllcd iln,dY"'I'" of Vélll<lnCe ,\CIO"'''' tllL' yl'.U'" or Illl·atioll ... \Va ... pl'llolllled 

because the cxpl..'rllllentai crror \'.malll'l..'\ wCle lound to Ill' non-hoIlHlgl'110U'" Ail 

ANOVA protcl.:ted J)ulh:an'.., IlI..'W Illultlpll..' rangl' te ... t wa ... pL'lloJïlll'd to L'OJllparl' 

means of varrable~ found to vary "'lglliflc.lIltly hy the F-tl· ... t. 'l'hl' (i( M prol'l'dull' 

(SAS In~titllte, 1985) wa\ u\ed to Ilnd regre"'\lon eqllatloll'" of (iPY ,\I1d (iP(, llVl'r N 

levels. Pear\on'~ correlation coctTlcil..'nt wa\ calclIlated hl'twl'en NIII and grtllll ylcld 

(Y), GPe, GPY. PPSD, NPM, Hl and rc~idllal nitrate kwh 111 the ~o" lJl 199\. 

Weather data: 

The 20-year\ Illean value ... for precljHtaflon dllJïng Ihe ccreal growing \l'a"OI1 

(May-AlIgll~t) im!Jcate that the Stc-RmalJe \ite i ... ll"lIdlly il wetter cllvlronllll'lll than 

the Macdonald Campu'I site. The 20-year ... J1lcall value ... of mean teJ1lpl!raturl' ale 

similar at the two ~Ite~. At thc Macdonald ..,Ite, the 1 <)l)() '1ea ... on Wél\ charadcrl/ed hy 

higher than normal Illollthly precipitatIon, (ilorn 1 XX (:Ir, to I .. H) % 01 norlllal), lillrly 

weil di~tnbllted over thc \ea ... oll (frcqllellcy), whlle al the Ste Rmaill' \Ite, the lJlolllh\ 

of May and luly werc dlY (7l) (fI" and X7 (Ir, 01 normal re\pl'cllwly) alld thl! llJ()nth 01 

June wa~ wct wlth 190 % preclpltatlo)1 (JI 1101111al. Â t !Juth \Ite", the 1 ()I) l "e((\on wa ... 

charactenzed hy t'ewcr rallly day'>, e,>pl'clally dl1rrll~ thl Illollth\ 01 JlII1C <l1)(1 Illly 

although rain acculllulatlon on certain day ... \urp.t"..,cd -iO Illnl (hglirC\ 4.1 alld 4 2) 

Rain at the Ste-Rmallc ,ite acclIlllulalcd dunng thc lllonth ... of May, June and July wa ... 
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lJ4, 68 and 6 J % of normal. At the Macdonald site, the ralll acculllulation during the 

month of May wa\ .16 % higher than norrnal nut the 1110nth of June was dry (72 % of 

normal) and the Illonth of July recclvcd 7 % more rain than normal. During both 

scason~ at the two ~ite\ mcan mOllthly tClllperatllre~ did not vary widely from normal 

but the daJly maximulll temperatllre~ ln 1991 were often above 30De. 

4.4 RESULTS AND DISCUSSION: 

4.4.1 Grain protCIIl conccntratlon: 

ln 19YO, GPC (mg g 1) II1crcased with increasing level'i of N fertilizer (Tables 

4.1 and 4.2). There \\,41.., a 'Iigniticant N leve1 by time of application interaction. As 

reportcd hy Wue..,t and Ca..,..,man (1992a), the GPC IIlcrea..,e \Vas higher wlth N 

fertill/.cr applled at anlhc~i"i. The GPC II1crease wa~ 13 % 10 JI % higher than the 

control whell Ihe N lertllw::r addition wa, ..,pllt and only from () % 10 ~2 % higher 

than the control whcn the N ferlllI.œr wa, added ail al ..,eccllllg Cfable 4.2). 

The CiPC Illcrca,e hl'lwccll the Iwo !:.chcdulc ... of t'ertlllzcr adchtion was 

diffcrenl at Ihe (lIffl'lellt fellllli'èr level.., (Table 4.3). AI the Ste-Rosalie sIte the 

highest IIlcrea~e duc 10 a ..,plit appllcallOn occunxl when the ferlilizer rate was 60 or 

120 "-g ha 1 (9.X .lIld 10.3 % re~pectlvcly) while al the Macdonald site this occlIred 

whcn 60 kg N ha 1 \Va, appllcd. At the latter \Ile, whcn I~O or 180 kg N ha- ' were 

~pllt thl' II1C1l'd"l' III GPC over a 'IlI1gle applicatIOn \\'a) hy only 2.5 %. For split N 

.tppl icat 1011.." (i PC \Va., dl wa y, eq ual to or grenter than that of ~lIlgle applications at 

seeding (Tahle 4 J). No ..,lglllfÏcant Interaction \Va~ ob)ervcd in 1991 between N level 

and N appllcallon 'ichedule. ln 1491. CiPC increa.,ed l'Will 6 % to 23.5 % over the 

control when N ferllllœr wa~ added and wa~ inCrl'.t.,ed by ..,plltting the N addition at 

Ihe Macdonald ..,111.' bul Ilot at Ihe Ste-Ro)alle ..,Ite ln 1991. at Ste-Ro~alle the NUE 

w,,~ low (O.~ 1) "ntl Ihere \Va) no tlJffcrence 111 NUE bel",een the Iwo application 

schedule~. 'l'Ill' land al the ~Il'-Ro..,alle ~Ite wa~ nol very weil drall1ed so that 

dellltntkalioll may h.tH' où'med. or hlgh <,011 IlItr,Ul' le\'Cl.., may have meanl that N 

fertili/er appllcatloll .It 'l'e(lJn~ tlllle rl,.,lIlted ln maXImal GPC. The second fertil1zer 

application ton,," place on the IlInth of July and wa~ followed by hot dry days 
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intersparsed \Vith ralny day~. Law Illobihty of the N III ,.:Iay "oil Il 1.\ Y haw Illlllted tlH" 

uptake of the second application. 

The GPC vallle~ ohserwd in 1991 ",cre generally 11Iglll'r than III the preVlOlIlo. 

year. The l110nths of June and JlIly were hotter and dm.'r th.\Il in tlll' rll·~t Yl'ar. 

These conditions cOIl1c\(l!ng wlth the gram filling l'l'rintl Illoly h.\Vl' hlluk'red 

carbohydrale production or (lt~pO'\ltlon 111 the kernd thll~ rl'\IIItlllg ln 11Ig,hl'" CiPC 

(Campbell el al. 1981), In three out nt fOllr ... lte-year .... thl'rl' \Va ... li l'ultlvar hy N 

application 1I1teractlon for GPC The GPC of the l'ultlvar (·olulllhu ... rangl'd l'rom 142 

mg g-I in the control plot~ 10 a l11gh of 186 mg g 1 whcn 1 ~O kg N ha 1 \\'l'Il' added. 

Similarly. the GrC ot the cultivar Katl'p",a rangl'd l'rom IYi to 181 mg gl, WI1l'1l il 

recelved 180 kg N ha 1. the GPe of the cultivar 1\1.1\ \''.1\ Ilot "'Igllltlcantly ditkll'Ilt 

from the GPC of the l'UltIVéU'" Katcpwa and Colulllbu\ \\ hl'Il they n.\.'l'Iwd only 120 

kg N ha-l, The CiPC of the cultivar Hege 155-85 \Va\ the lowe ... t III ail tOllr ~ltl'-yC.lI"', 

It was Illcrea~ed, "'Ollletlll1e~ Il)) tn 26 % of It~ l'llntrol valuc, hy 1tlL'IL't''''lng N Icrtill/l'I 

levels but wa\ never higher than the CiPC of the othel lhlee cIIltlval ... at lowl'r N 

fertilizer levels (Table 4A). The CiJ>C of the cuItlv.,r\ ColulIlhu .... Kall'll\va and Max 

were ab ove the 125 mg g 1 reqlllred by the Canadwll gr.lln COlllnll\~IOn lor hrcad 

wheat grac1ing. The GPC of cultivar Hege 155-X5 wa ... 1ll00e vanahle. At the Ste­

Rosalie site 111 the year 1990, the cultIvar Hege 155-X5 Ileedcd the addition of at Il'a'it 

60 kg N ha"' to have a GPC t'quai 10 or 11Igher thall 12') mg g 1. 

Fowler ct al. (1984) reported that (,PC ... llOW'> a "'lgl1loldal re"'poll\e to N 

fertihzer. A mlnimul1l protell1 concenlratlon 1 ... 1ll.tlllt'lIlled for the Ilr ... 1 Illcrelllenl\ 01 

the added N fertll17er, then when gralll yleld hCUlIl1e ... 11Il1lkt! hy envirollllll'Iltai 01 

genotyplc factor .... N 1 ... lIsed 1l1.llnly for gralll plOtCl1l plOductJon, the conœntratloll of 

which II1crease\ to an a ... ymptotlc valuc, The rc~rc"''''()11 eqll(ltloll'" c.t1culated at l'adj 

of the four 'iJte-year ...... how. when thl ... treatl11enl Wd ... "'lgl1lt Il'<lllt. that <lddlllg the N 

fertlhzer ln .,plll fa ... hlon hcld <l pO)ltlve etfœt on (jPc. At the SIe /{o ... allc \Ile III 

1990, each of the four cultivar,> reached It~ a"'ylllptotll' lllélXlllll1ll1 when the N 

fertilizer wa~ 'ipllt (Figure 4.'). wlllJe when the N wa) applled only at ... œdlllg, the 

maximum GPe of each of the cultivar ... wa) lower th,lll III the prevlou", ca ... e (hgllrc 
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4.4). SplJtllng the N application at the Macdonald ~Ite ln 1990 cau~ed the highest 

relative HH.:re<l\C of the Gi>e Icvcl~ whcll 60 kg N ha 1 wcre added (Figure 4.5). At 

\lIch a low Icvcl of N, whcl1 thl.? kl!lIl/cr applicatIon i~ "plI!, the plant IS N depleted 

at the bcginl1l1lg of the 'Ica\OI1 and N added later i~ u~ed more eftïciently. A 

~ignitlcant cultivar by N Icvel Interaction cXlsted for thrcc of the four site-years 

(rable 4.5). Figure ... 4.4, 4.6 and 4.7 ... how that cven at 11Igh level~ of N fertility, the 

Gre of the cuillvar ... Hcgc 155-85 and Max werc lower than the GPe of the cultivars 

COIUlllbll" an Katcpwa at lower levcl" of N ferulIty. FIgure" 4.4 and 4.6 also show 

slgllilicantly long lag pha"e" III the N re"pon~e curvc of the cllltlvar~ Hege 155-85 and 

Max 1Il<lJcatlng thal thc,>e cllltlvar~ werc nol very ..,cn..,illve 10 low level N applications 

and that N tertlli/er above Ihe levcl of 1 XO kg N ha 1 may have II1crea~ed thelr GPC 

to cvcn 11Igher conccnlrdtlOll\ Caldwell and Starratt (1987) found that GPe of the 

cultivar Max tlid not rc..,pond 10 N fertllll.er Ievcl.., below 100 kg ha- I
. 

Whcll Ihl' N lertdl/l'r 1" added at <.,eedll1g IlIne, Il Increa..,cs gram yleld (Fowler 

ct al. 11)l)0) bUI when envlronJl1enl,t1 factor~ bCCOJl1c IJmltll1g for ~ubscquent IIlcreases 

in grain ylcld, N 1\ ll),lInly ulllIœd for ~eed prolCIIl productIon, and thus IIlcreased 

OPC is oh~ervcd (Fo\\'lcr Cl ill. 11)90) Hut with late N addition (cg. at anthesls), the 

N lakcn up by the fOol" or relran<.,located (Splerlz and Ellen, 1978) i~ mall11y utilized 

for grain prolclIl production. If the N added 1~ in exces~ of that required to maxllnize 

gram yleld (Chn .. ten<.,cn and K!llorn, 1981) GPC is IIlcrea~ed. 

4.4.2 Ciram .1)1011.'111 %ht 

(Jnlln plOlclll ylcld (CiPY, t ha 1) like grain yield and GPC, increased 

~Igniflcantly \\'Ilh Il1lTl\I"lllg kvch of N fertlllzer (Llhle 4.2). The range of OPY 

IIlCleaSI' W.I" l'rom 15 (~;) up 10 63 % depcnding 011 the "'llc-year. Splitting the N 

applIcatlol1 IIlcrea~ed CiPY )lgl1lfll'lllltly hut only by 3 J(). Signiflcant N fertilizer 

kwl hy N Il'J\!Il/l'r 1I1l1lng illteractllln .. e\l~tcd al two of four ~ite years (Table 4.2). 

Whl'Il Ihe N .lppllL'atl011 wa ..... plll, Ci»)' Increa"l'd by 56 10 250 %. while the range of 

(;P), Illl'll\l'l' \\.1" only by 40 10 100 (X, when the krtliller Web applIed only at 

Sl'et!tng. Although gr,1I11 Yll'id \\'l\" unaffectcd by ~plll N application, GPY response 

10 slIch a tn.\ltllll'nl \\,1' I.Ugl' and follo\\'ed Ihe ..,al11e trend a~ GPC'. Wuest and 
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Cassman (l992b) reported that N acquir~d dunng grall1 fdllllg IS d'flcll'mly 

partitlOned to the grain wlth the re~ult that GPC Illcrea ... ed evell If gr,\I1l vll'Id did ilOt. 

A signitïcant vanetal differenœ for CiPY ~xI ... tcd, ,tnd \'.HH:d \\'Ith ~Itl'-yean, (Tahk 

4.2). At the Stc-Ro~alle site 111 1990, the re ... pon ... e nf CiPY to N feltlll/l'r \\'<1'" 

variable at dlfferent N le\'l'b The CiPY of the l'ultlvar ... 1\1,\\, K.tll'p\\'.\ ,\l1d l-kgl' 

155-85 II1crea~ed conw.,tently \VIth ll1t:ll'a"'lng fl'rtIlIIl'1 N h.'\l'l. Thl' (iPY of tlll' 

cultivar Columbus dld not JJKrea~e w1l11 th~ addition 01 1 HO "g N ha 1 de"'pIll' thl' 

positive erfect of such an addItion on (iPC (rahle .. L·+). It \l'l'lm III tlm ca~l' thal Ihe 

increase in GPC wa~ not cnollgh to re"'llit \Il an Incrl'a~c III CiJlY ~IIlC~ no grallt yleld 

increase at the levcl of 180 kg N ha 1 \Vas notl'd (\l'ctlon -'). 

4.4.3 Protelll per ~ecd' 

At the Macdonald ... Ile, the ab~olllte amount of protCIIl per 'il'cd (PPSJ). mg 

seed-I) IJ1creased cOllsi.,tently when tht.! N application wa ...... plit (Tahle, ~.~ and ~.5). 

When some of the N ferlilizer wa ... applled at anthl'..,I.." l'PSI> Incrl'"..,cd hy 6 'Yr, in 

1990 and 13 % ln 1991. At tht.! Sll'-Ro\altl' "Ill', thl' 1 Il l'rl',I\l' III Il)l)O rl'dl'hed .n 'y" 

but only when 00 kg N ha 1 \Vere ... plil. Th" IndIL'.lIl''' thl' Clllllnhlltlllll of root N 

uptake to prott.!lll accumulation ln the wheat "Crlll' 1 altel :lllIhl'"'' (Wlll'~t alld 

Cassman, 1992b). Sig11lfll'<tllt N kwl hy l'lIltIV.l1 Illtl'ldL'lion ... eXI ... tl'd ln tlK' 10111 ~Ite 

year~ and there wa.., a \Ignitlcant threc \\',lY IIlterarllon at the Macdonald "Itl' III Il)l)\ 

(Table 4.4). The PPSD of the dlfkrenl culllVdl\ \hmwd (1Jlterl'llt lc"'pon~e ... to N 

ferttllty. Ali cultivar" ll~llally had more l'PSJ) wl1en tbl'Y recelVl'd Ihe N krtIlllcr III 

a split application Ihan when the N wa" appllcd onel' CLlhh: .. l,'). III Il)l)1 dt Ste­

Rosalie, PPSD 01 the cultivar Hegl' 155-X.') rCIl1;ullcd thl' "alIlC Illwughollt the l'Iltlrc 

range of N fertll1œr (Table 44). In IL)l)(), l'PSI) 01 Hl'ge 15') Wi W<l\ ... llghtly 

improved by N fertrllLCr addition.." wlth thl' maXIIllUI\1 Illcrea..,e hein!! 15 % grl'atel 

than control (Table 4.4). In thrœ out of four )lte-yc,lI-", PPSJ) dld Ilot "how a 

response to the additIon of IHO kg N ha 1 for thc clIltlvar Colulllbu\ ('J'cible 4.4) The 

PPSD of Katt.!pwa and Max II1crea\cd con ... l ... tently wlth Illcrea)lng N Icrtrllty kvch 

(Tables 4.4 and 4.5). In 1991, at the Macdollald )lte, PPSI> of the cultivar ColulIlbu\ 

reached a hlgh of 6.5 mg ~eed l, however thl ... value Wél\ lower than the maXIIlHl/ll lor 
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this cultIvar III the previoLJ~ ycar crable~ 4.4 and 4.5), ~lIggesting that N fertility was 

not lillliting. 

4.4.4 Non protclll ~ced dry Illatter: 

Non protCIl1 'leed dry matter (NPM, mg \ced- I
) wa~ not intluenced by the 

schcdule or N fcrtllll.l'r applicatIon. If the plant I~ N depleted, as is likely to happen 

with ~plit N applicatIon.." N will he tran..,locateci to the graIn l'rom the vegetative parts 

thu!'. ncgatlvely affcctll1g photmynthe\I\ and Icadlllg to earller senescence, thereby 

shortenlllg Ihe gr,un fIllll1g penod (SlIlclalr and Dewlt, 1975) and affecting NPM 

accuIllulatloll. III the year ILJ90, NPM rc"'pon..,e.., of the dlffercnt cultIvars varied wlth 

N fertIll/er kvel and locatloll (Table\ 4 1 alld 4 4) Thrrr was a ç;ignificant dec1ine 

(by 1.7 mg ..,eed ' .lt M.tcdonald 10 J. H mg 'Ieecl ' at Sk-Ro"',lhe) by the cultivar Hege 

155-85 NPM wlth the adtlltlon of 120 and 180 I-..g N ha', whlch, along wlth the slight 

illcr~a\c in PPSD, explaln'l the Illcrea"e 111 the CiPC Crable 4.-1.). Alternatively NPM 

of each of Ihe cultlvar~ ColumlHl.." K.ltepwa and Max Illcrea..,ccl, on average, by 7 % 

wlth the addItIon of N lentli/er at Ihe Ste-Ro..,alle ..,Ite with little or no dlfference 

belweell Ihl' dlfkrenl N le\'eh The n-'''poll~e wa'l qUlle vanable at the Macdonald 

site, tendlllg 10 deL'rCd~e wlth IIl1.Tea..,II1g N lewl'l (l'able 4.4). The responses of 

l'PSI) and NPM 10 N fertlhty explam that of GPC. In gellcr,ll, the lI1crease II1 NPM 

did not (1Ilute PPSI>, re ... ultlllg III a CiPC lIlcrea~e due to N addition (Table 4.4). On 

tht' other hand a declll1c in NPM I11Uc.;t n.~~llit II1 an Illcrea"e 111 GPe. If PPSD is 

relatlvely LOlhtan!. 

The NI'I\1 of the l'llItI\'ar" lollllllbll" and Hege 155-85 were llslIally higher 

than NPl\l of thl' CUltIV.!I" KatL'j1\\'a and I\lax (Tahle 4.4). Taken together with the 

respcL'tlve PPSD \',lllll'~, NPl\l l'\plalll" the rankil1g of Ihe l'uItlvar~ 111 tenllS of their 

kl'lIll.'1 \wlght ("'CL' "l'l'lIOIl 3). Till' prevlllLl'" cIisl'u\\lon "'llgge!'.t~ that any change in 

thOll'iand k.el11L'1 \\'Clghl cille to N lertilILCr (~œ ~ectIol1 3) was due to more protein 

deposltl'd II1to the gralll "'111L'l.' 110 more carhohydrate.., were gettlIlg deposlted because 

N 1 ... not 11l11Itlllg. A pll"'ltl\'l' L'OI rclatlOn (r=O'-+"'. 0.51'" and 0 54'+) eXlsted for 

Ihrec ~ltL'-yl'al'" het\\l'L'11 l'PSD and NPl\l \ugge ... t" that 111 ail ell\,Ir(mmel1t where N 

feIlililL'r I~ Ilot .l III1lltlllg fador fOI yleld. prolell1 depo~itlon 111 the grain may be s1I1k 
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limited. Thus brceding for larger kernel ... wnulll lnçre.l~e ~l'lllel cap,lclly for prull'ln 

deposition. However GPC' would eWlltually reaell a pl,lteau "'lIll'l' glain ~lIl' IS 

genetically ~et. Thl~ couic! he of an lntere~t to hread \\ Ih.',lt pfl)dlll'er~ If largl'r 

kernels are not off~ct hy nther yleld components wllIch would then l'Ontllhutl' 10 a 

decrease in yleld. 

A strong po~itive relatiomhip wa'i round hl'Iween ope .llld PPSD (r=0.9···) 

white a negative relalIOnsllip (r=_O.:!o. and r=-O.""o ) exi~ll'd hetwœn ClPC and 

NPM. This sllggest~ that PPSD IS, ullder ~Ul'l1l'Olldltlnn ... , Illore l'ritkal than NPM III 

determming GPC (BlIlman and Smith, 1 l)92). 

The hypothc~l'i Ihal CiPC 1., I,lIlk Iimitl'd III a llol1-N-IIIllltlllg l'Il\'IWllllll'nt is 

reinforced hy Ihe pO'iIIIVe conddtloll (p<O.OOOI) foulld bl'I\\'l'l'n NHI (the plllpOlllOIl 

of the plant N ill the 'iœd) and harve\1 Illdex (Ihl' plOportloll 01 the plallt dry malll'r III 

seeds): grain yield II1crea~c 1 ... accol11pallled hy gralll N 1I11.'I"l'.\\l' crahlL' 4.6). 

4.4.5 Nitrogell use eftïclclll'y: 

Nltrogen lI~e efflcll'IH':y (NUE) decrea'\l'd whl'Il N krtllllcr applÎl'atloll lL'wl 

increases I.e. Nat the level~ of 120 and 180 kg hel ' wcrl' Ilot Illllltlllg. WllL'lI N 

fertilJzer I~ addl'd, the plants cOlltlllued to take ull morc N a., the ,U110Ullt 01 \oJl 

available N IIlcrea"ed. However, the plan"" too~ up \ll1aller proportion" of \Ill' "011 N 

pool. The N remainlng ln tl1e ~oil 1'1 potcnllally Il',lclhxl aw,IY or dl'Illtntled Il sot! 

1TI00sture conditions are adequate (I.e N 1., lm!). On thl' othL'r Il cl II<I , "'IICC tlle plant 

can not take up aIl thc N Il nec('" at oncc, over till1l' N WIll putentl.tlly !l'"cl! dl'l~per 

into the 5.oil profile and may 1ll0Vl' out of the lonc occuplcd hy pl.lllt rool'>, thlJ\ 

reduc\I1g the etrlclency or the plallt. The IllglH.:r NUL th"t OlT\lIlxl Wlll.'11 N kltllllcr 

application wal, I,pltt demon"trated the lI11portalll'l' and pr.lcllc.tllty (II \lIch " 

management technique ln tryll1g to II1Crea.,e bread wlleat (il'(, whlle IcdllClllg N Im"e" 

(Table 4.2). Bacthgen and Ailey (19iN) n:ported thal tlle 1I1.lX1Il1l1l11 dally N uptakc 01 

winter wheal wa'lc clttalned ,lt or .,hortly ,ll'ter anthc.,l:-' Wue.,t and ('".,.,man (1992h) 

also observed that N appltecl at anthl'"i., markcdl y Increa"L'd Il,, rd red .,prt ng wheat N 

uptake. They aho .,ugge'lted that the oh~crvcd Ilcgatlw rclatlon\l1lp hctwCl'1l gram 

yleld and GPC (Tl'rman el al. 19(9) III part rc ... ult., lrom él IIIlllted late \ea"OIl N 
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supply as opposcd to a gcnctic or phY'iJOlogical barner. But if neither Illoisture nor N 

i!t hmiting (a!t was the ca!)c in our cxpcriments), an increase in GPC 

[GPe =PPSO/(PPSD+ NPM)I meam PPSD I~ increa\ed whi\c NPM remall1s constant 

or al~() mCrl!él\C\ ~incc tllere wa~ a PO\ItIVC relation\hlp bctwecn PPSD and NPM. 

Thi~ impllc\ hlgger kcrncl~ and prohably 11Igher yll~kl. If N I~ III1lItlllg but water is 

not, NPM Il1lght be incrca\ed wlthout ally IIlcrca\c in PPSD and thus GPC may 

decrcasc, hcncc the ncgatlvc rclation..,llIp bctwcen grain ylclcl and GPe. 

4.4.6 Nitrogcn harve~t Index: 

Nltrogcn harvc~t II1dex (NH 1) decreased with illCrea~1J1g N levels in three out 

of four site-yeém SlIlCC NHI i\ the proportion of plant N 111 the grain, and since 

PPSD is posltlvcly IIlllucnœd by increa\ll1g N krtJ!Jzer level, one may conclude that 

N partitioning mlo thc gralll 1'> altcred wlth IIlCrCéNtlg N fertilizer leveh. It ~eel1ls 

that highcr N làtill/cr lL'wh Call\C an IIlcrca~e in PPSD amI a relatlvely higher 

increase III \traw N content (not concentration). Thi~ suggestccl (although we have no 

cvidcllcc) that N paltltl()l1Illg JI1to the grain IS higher at lowcr levels of N fertl\ity. In 

1~lct high N Icvcl ... Illl.rca<,cd N conccntratlon III straw at harvest (ul1pllblished data). 

Varictal <.illl'crcncc\ 111 NBI were ~Ignilkant only 111 1991. Columbus alway~ had the 

hlghest NHI (0 ()H and () (9) and l'vIa", thc lowc\t (O.6~ and 058). AIthough it 

Ill1proVCS Nl1 L. splltllllg the N application dld not ~1g.l1Iflùll1tly affect NHI except at 

Macdonald III 199\ whcre I)pllttlllg the appllcatlOll of 60 J..g N ha- I ~Iightly redllced 

NHI (Table ../..3) SplJt N application did not affect pmJtlvely N retranslocation from 

the vegetative partI) of the plant to the g.rain~. ln ail four ~tte-years, NHI was 

positlvdy corrdated tn HI (Tahle ../..6) ~lIgge\tll1g that III slich an environment, 

increaslllg gram ylcld ,dong \'vlth <iPC 1.., pos~lble. 

"'.5 CONCLlJSIONS: 

This stlldy ha, \hOWIl lh.\t ~pltt N application improws GPC by improving 

PPSD and NUE. that inc!'easlIlg N ft.'rtlliler Jeve\~ i'i not beneficial to NUE or NHI, 

and that the PPSD I~ more l'ntieal to GPC' than NPM in sllch an envlronment. 
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Table 4.1 Analysis of variance of grain protein concentration tGPC,mg gl), gra~n prote in yield (GPY, 
t ha 1), prote~n per seed (PPSD,mg) , seed dry matter(NPM,mg), n~trogen harvest index (NHI) 
and n~trogen use efficiency {NUE} . 

----------------1990--------------- ----------------1991----------------
GPC GPY PPSD NPM NHI NUE GPC GPY PPSD NPM NHI NUE 

Macdonald 

N ** ** ** ** ** ** ** ** ** ** n.s. ** 
T ** ** ** n.s. o.s. n.s. ** ** *0\- o.s. n.s. n.s. 
C ** ** ** ** n.s. o.s. ** ** ** ** ** n.s. 
N*T ** n.s. n.s. n.s. n.s. * n.s. ** n.s. n.s. * n.s. 
N*C n,s. n.s. ** ** n.s. n.s. ** n.s. ** n.s. n.s. n.s. 
T*C 0,5. n.s. n.s. n.s. n.s. O.s. n.s. O.S. n.s. :1.5. n.s. n.s. 
N*T*C n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. ** n.s. n.s. n.s. 
C.V. 3.0 7.6 5.6 4.2 14.1 33.3 4.2 7.9 4.5 3.5 10.5 23.8 
R: 0.96 0.90 0.91 0.62 0.48 0.49 0.90 0.94 0.93 0.65 0.4 0.53 

Ste-Rosal~e 

N ** .... ** ** ** ** ** ** ** ** ** *r 
T ** ** ** n.s. n.s. ** n.s. n.s. n.s. n.s. n.s. n.s. 
C ** ** ... * ** n.s. ** ** ** ** ** ** ** 
N*T ... * *'" ** n.s. n.S. n.s. n.s. n.s. n.s. n.s. n.S. n.S. 
N*C ** ... * ** ,.* n.s. n.s. * n.s. ** n.s. n.s. n.s. 
T*C ** n.s. *'" n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
N"T*C n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
C.V ~ .., 

-' .... 14.6 5.6 4.2 13.2 25.7 5.1 12.7 6.2 3.8 7.3 52.5 
R: 0.95 0.86 0.93 0.72 0.53 0.69 0.64 0.76 0.82 0.54 0.71 0.55 

N = rntrogen le\'el, C - cult~var, T = n~trogen t~m~ng. .... s~gnlf~cant at the 0.01 level, n.s. not sigOl.f~cant 
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Table 4.2 Main effects of N level (kg ha-'), tLmin? of N fertilizer applLcatLon and cult~vars on GPC (mg g-I), GPY (t ha-:) , PPSD (mg seed- I Il NPM (mg seed- I
} l NH and NUE. 

-----------------------1990---------------------- -----------------------1991----------------------
GPC GPY PPSD NPM NHI NUE 

Macdonald 
GPC GPY PPSD NPM NHI NUE 

U level {kg ha: l 
a 129 d 0.51 d 4.7 c 31.9 a 0.72 a 136 d 0.5 d 4.2 d 26.8 b 0.66 
60 144 c 0.71 c 5.4 b 31.9 a 0.66 b 0.56 a 147 c 0.8 c 4.9 c 28.3 a 0.66 0.75 a 
120 157 b 0.81 b 5.7 a 30.5 b 0.60 c 0.44 b 159 b 0.9 b 5.3 b 28.0 a 0.67 0.64 b 
180 163 a 0.86 a 5.8 a 29.7 e 0.56 c 0.34 e 168 a 1.1 a 5.6 a 27.9 a 0.6 0.55 c 

s~gn~f~eanee * -; * ** ** * ** * * * n.s. .. 
CultLvars 
Columbus 163 a 0.73 ab 6.2 a 31.9 a 0.65 0.46 161 a 0.83 a 5.5 a 28.5 a 0.69 a 0.63 
He~e155-85 131 d 0.71 be 4.6 d 31.1 b 0.61 0.42 143 c 0.821ab 4.7 e 28.3 a 0.64 b 0.60 
Ka epwa 160 b 0.70 e 5.9 b 30.7 be 0.64 0.44 159 a 0.822a 5.0 b 26.4 d 0.70 a 0.64 
Max 140 e 0.75 a 4.9 e 30.3 e 0.66 0.47 146 b 0.79 b 4.8 c 27.8 e 0.62 b 0.70 

s~gnLf~canee * ** * ** n.s. n.s. ** * * * ** n.s. 

Tl.m.Lng 
SLngle 146 b 0.72 b 5.3 b 31.0 0.63 0.42 148 b 0.80 b 4.8 b 27.7 0.66 0.65 
Spht 151 a 0.74 a 5.6 a 31.0 0.64 0.47 157 a 0.84 a 5.2 a 27.8 0.66 0.63 

s~gn~f~cance * ** ** n.s. n.s. n.s. ** * * n.s. n.s. n.s. 

Ste-Rosall.e 

N level ! kg ha-'} 
0 130 d 0.21 d 4.1 d 27.4 c 0.69 a 148 d 0.39 c 4.4 e 25.5 a 0.68 a 
60 137 c 0.33 c 4.7 c 29.1 a 0.62 b 0.42 a 157 c 0.45 b 4.7 b 25.2 a 0.65 b 0.29 a 
120 153 b 0.43 b 5.2 b 28.3 b 0.58 b 0.33 b 164 b 0.49 h 4.9 ab 24.7 b 0.65 e 0.19 b 
180 162 a 0.47 a 5.4 a 27.7 e 0.62 b 0.25 c 168 a 0.51 a 5.0 a 24.5 b 0.58 d 0.15 b 

s~gn~f~cance * ** ** ** ** ** * * * * ** * 

Cultl.vars 
Columbus 157 a 0.37 a 5.4 a 29.1 a 0.67 0.31 b 174 a 0.50 a 5.3 a 25.3 ab 0.65 b 0.20 b 
He~e155-85 133 c 0.34 b 4.3 b 28.3 b 0.59 0.27 b 141 d 0.40 b 4.2 d 25.5 a 0.60 d 0.20 b 
Ka epwa 154 a 0.37 a 5.3 a 28.8 ab 0.64 0.39 a 166 b 0.48 b 4.8 b 24.2 c 0.70 a 0.28 a 
Max 139 b 0.36 b 4.3 b 26.3 e 0.61 0.37 a 156 c 0.40 b 4.6 c 25.0 b 0.61 e 0.16 b 

s~gnif~eanee * ** ** ** n.s. ** * * * * ** .. 
Tl.ml.ng 
Sl.ngle 140 b 0.34 a 4.6 b 28.0 0.62 0.28 b 159 0.47 4.7 25.0 0.62 0.20 
Spht 151 a 0.38 b 5.1 a 28.2 0.64 0.39 a 159 0.45 4.7 25.0 0.64 0.22 

sl.qnifl.canee * ** ** n.s. n.s. ** n.s. n.s. n.s. n.s. n.s. n.s. 

** signifLeant at the 0.01 level, * signifieant at the 0.05 level n.s. not significant 
Values at the same sl.te, Ln the same column followed by the same ietter are not significantly different by an ANOVA­
protected Duncan's new multiple range test. GPC= grain protein concentration, GPY= grain prote in yield, PPSD= protel.n 
per seed, NPM= non proteLn dry-matter, NHI= nl.trogen harvest index, NUE= nl.trogen use efficiency 
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Table 4.3 Simple effects of N level (kg ha"') and timing of N fertilizer applicationon GPC 
(mq q"'), GPY {t ha"'} 1 PPSD bmg seed"'} 1 NHI and NUE. 

-Ste Rosal~e 19 0- -Macdonald 1991- -Macdonald 1990-

N level tim~ng GPC GPY PP5D GPY NHI GPC NUE 

0 Single 130 e 0.22 g 4.1 f 0.50 ~ 0.64 bc 128 f 
Sp1~t 130 e 0.20 9 4.1 f 0.52 0.68 abc 131 f 

60 5l.ng1e 131e 0.31 f 4.4 e 0.75 e 0.69 a 139 e 0.48 bc 
5pll.t 144 d 0.35 e 5.0 cd 0.81 d 0.63 c 148 d 0.64 a 

120 Sl.ng1e 146 d 0.39 d 4.8 d 0.95 c 0.66 abc 155 c 0.46 c 
5pll.t 161 b 0.46 be 5.5 b 0.93 c 0.67 abc 159 b 0.43 cd 

180 51.ngle 155 e 0.44 c 5.1 c 1.0b 0.65 abc 161 b 0.33 d 
Spll.t 170 a 0.50 a 5.7 a 1.09 a 0.65 abc 165 a 0.35 d 

sl.Qnificance * * * * * * * 
* sl.gnl.fl.cant at the 0.05 level 
Values at the same Sl.te, 1.n the same column fo11owed by the same 1etter are not s1.gn1.ficantly 
d1.fferent by an ANOVA-protected Duncan's new multiple range test. 
GPC= gral.n protel.n concentratl.on, GPY= grain protel.n yiela, PPSD= protel.n per seed, NPM= non 
prote1.n dry-matter, NHI= nitrogen harvest l.ndex, NUE= n~trogen use efficl.ency 
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Table 4.4 SLmple effects of N level (kg ha ) and cultLvar on GPC (mg gO'), GPY (t haOI ), PPSD (mg seed 1) and NPM (mg 
seed ) 

Ste-RosalLe Macdonald 
--------------1990------------- -------1991------- ------1990------ -1991-

Il level CultLvar GPC GPY PPSD NPM GPC PPSD PPSD NPM GPC 

0 Columbus 142 f 0.24 9 4.6 ct 27.6 cd 158 tg 4.8 ct 5.4 c 32.2 ab 142 e 
He~e 155-85 119 ~ 0.21 9 4.0 f 29.6 a 138 ~ 4.3 f 4.3 ~ 33.2 a 134 fa 
Ka ep-,,;a 135 ~ 0.19 9 4.3 ef 27.4 c-e 159 ~h 4.4 ef 5.0 e 30.8 b-e 141 ef 
Max 123 L 0.19 9 3.5 g 24.9 9 144 L 4.3 f 4.3 9 31.3 b-e 128 9 

60 Columbus 148 e 0.35 ef 5.2 e 29.7 a 171 cd 5.2 b 6.1 b 32.3 ab 155 d 
He~e 155-85 125 h 0.32 t 4.3 ef 29.7 a 138 L 4.2 f 4.8 fg 32.3 ab 134 f~ Ka epwa 148 e 0.36 ef 5.2 e 29.7 a 165 d-f 4.8 d 6.0 b 31. 7 b-d 156 e 
Max 128 h 0.31 f 4.0 f 27.4 c-e 155 g 4.7 de 4.9 ef 31. 5 b-e 141 e 

120 Columbus 165 be 0.45 bc 6.0 ab 29.8 a 182 ab 5.6 a 6.7 a 32.0 a-c 167 b 
He~e 155-85 139 f~ 0.39 de 4.5 de 28.0 bc 145 hL 4.3 f 4.9 ef 30.2 de 149 d 
Ka epwa 163 c 0.42 cd 5.7 b 29.0 a 168 de 4.8 d 6.0 b 30.0 e 164 b 
Max 147 e 0.44 cd 4.6 d 26.3 ef 160 efg 4.7 de 5.2 cd 29.9 e 154 d 

180 Columbus 168 ab 0.45 be 5.9 ab 29.3 a 186 a 5.7 a 6.7 a 31.1 b-e 181 a 
He~e 155-85 150 e 0.41 cd 4.6 d 25.9 tg 145 hl. 4.1 f 4.9 ef 28.5 f 152 d 
Ka ep-Ja 172 a 0.51 a 6.0 a 28.9 a 177 be 5.16 bc 6.6 a 30.7 e-e 176 a 
Max 160 d 0.49 ab 5.0 e 26.7 d-f 165 d-f 4.9 cd 5.2 cd 28.4 f 162 be 

signifl.cance * * * * * * * * * 
* s~gn~f~cant at the 0.05 level 
Values at the same sLte, Ln the same column followed by the same letter are not signifl.cantly d1fferent bp an ANOVA-
protected Dunean's new mu1tLple range test. GPC= gra1n protein concentrat1on, GPY= gra1n prote~n yLeld, PSD= prote1n 
per seed, NPM= non prote~n dry-matter, NHI= n~trogen harvest Lndex, NUE= n~trogen use effLcLency 
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Table 4.5 Simple effects of N level (kg hal), timlng 
of N fertilizer application and cultivar on 
protein per seed (PPSD,mg seed l ), at 
Macdonald 1991. 

N level Timing 

a Single 

Split 

60 Single 

Split 

120 Single 

split 

180 S~ngle 

Split 

significance 

cultivar 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

* significant at the 0.05 level 

PPSD 

4.4 1-0 
3.9 pq 
4.1 n-p 
3.8 q 

4.5 I-n 
4.7 k-m 
4.3 n-p 
4.1 op 

5.0 h-j 
4.3 m-o 
4.8 ~-l 

4.4 1-0 

5.6 de 
4.7 )-1 
5.07 g-J 
4.9 h-k 

5.6 ef 
4.7 ~-l 
5.0 h-j 
5.08 g-~ 

6.0 bc 
5.2 [-h 
5.4 e-g 
5.09g-~ 

6.3 ab 
5.0 h-k 
5.4 e-g 
5.2 f-h 

6.5 a 
5.2 f-h 
5.9 cd 
5.6 de 

* 

Values in the same column followed by the same 
letter are not significantly dlfferent by an 
ANOVA-protected Duncan's new mult~ple range test. 
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Table 4.6 

Cultivar 

Columbus 

Hege155-85 

Katepwa 

Max 

significance 

Simple effects of cultivar and 
timLng of N fertilLzer applLcatLon 
on GPC (mg g 1) and PPSD (mg seed 1) 

at Ste-RosaI Le in 1990. 

Timing GPC PPSD 

Single 148 b 5.0 c 
Splü 164 a 5.8 a 

SLngle 130 e 4.2 e 
SplLt 137 cl 4.5 cl 

Single 148 b 5.0 c 
Split 161 a 5.6 b 

Single 136 d 4.1 e 
Split 143 c 4.4 d 

* * 

* signLfLcant at the 0.05 level 
Values in the same column followed by the 
same letter are not slgnificantly dlfferent 
by an ANOVA-protected Duncan's new multlple 
range test. GPC= graln proteln concentration, 
PPSD= protein per seed. 



Figure 4.1 Daily maximum (dotted 11ne) and m1nHflum temperiltun: 
("C) (solid line), and precipitatlon (mm) (bars) for thr: F)'JO rlnrl l'J(il 
growing season at Ste-Rosalie. 
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Figure 4.2 Da~ly max~mum (squares) and mlnunum ternjJUrdture ("C) (dafihen), 
and precipitat~on (mm) (bars) for the 1990 and 19~1 ~r0wLny HOdDon at 
Macdonald. 
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Figure 4.3 Grain protel.n concentratl.on (mg (J') ,>GtllnateG and 
observations with spll.t N applications at Ste-P'J".<llif'" Ln 1990. 
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Fl.gure 4.4 Grain protein concentration (rnq q') l!stuniltl!G éind 
observatl.ons with single rI applicdtion at Ste-Hositllr! III 1"r)(J. 
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Figure 4.5 Graln protein concentration (mg gl) estimates and 
observations at Macdonald in 1990. 

78 



e e 

Macdonald 1990 
1 

'Grain Protein Concentration 
175.00 ....... ---------""---_____________________ ---, 

0) 0, 165.00 

E 
c 
o 
:j:j 
CO 
~ ...... 
C 
CD 
Ü 
C 
o 
o 
c 
CD 
ê5 
'-
0.. 
c 
CO 
'-

C) 

155.00 

14500 

135 00 """""", 
-----."". ... ----

" ," 

O 
,.' ," 

,.~ 

" ,.' 
,.' 

,." " 

" 
," 

,." ," 

,.' 
,." 

"."..- ...... --_ ... 
,.,."""" ---

,." ~ ,. , 
,.fII' 'f] 

o 

Smgle applIcatIOn r=O 5·· 
~---

Single app 
Split app 
Single app 
Split app 

GPC=!2 8-0 OCŒ5.!1i=-O CI.lJfff)!4~ 
SpIn app!Jcduun r=Ù 5·· 
GPC=13 3-0 CflJ.W~:-O [J.f.iJ;':1~' • D 

125 00 ~'--~~--~--.. ----.. --~--~----.. --~ .. ~~--...... ----~ .. ~--~----.... ~--~~--~ .. ~--~ 

o 20 40 60 80 100 120 140 160 180 

1 0 30 50 70 90 110 130 150 170 

N LEVEL kg/ha 



Figure 4.6 Gra~n prote~n concentration (mg 9') estimates and 
observations at Macdonald in 1991, by cultivar. 

79 



e 

C'> -C'> 
E 
c 
0 

:.t=i 
ct! 
~ ..... 
c 
Q) 
ü 
c 
0 

Ü 
C 
<D ..... 
0 
~ 

0.. 
c 
ro 
~ 

(!) 

185 

175 

165 

155 

145 

135 

MACDONALD 1991 
Grain Protein Concentration, by cultivar 

Culumbu> r=O 86" 

GPC=14 4+0 0003N'-O 00000096N' 
I-Iege 155-85 r=O 31·· 

GPL'= 13 4+0 0\X)()62N' 

K3Iel'\\ d r=ü 78·· 

e 

~ 
,- -------

GP( '= 14 3+0 (~xJ27N;-O 00000098N' 6' Col 
Md... r=O 83""· ;';. Heos 
GPL'=12 94-0 l~)03!"'-0 O\XJ()()13W ~" .................. " ---- Kat-- ...... . 

•••• Ma;< .... 
.' 

••••.... ,:è. ~ ...... A 

...... il ~ Ll .... ~ ..... ~ .. ~ ." . .. - .".",.,--.... ... ---...... It __ 

..... ----
"" .... ,.:....... ------

r ---/·.-- Il ..... .- .... 
.................... _. 

<> Col 

Il Hege • Ka! 

" ~"'ax 

125J'~~~~~~~r-~~~'-'-'-'-'-IrIr-r-r~ 
o 

1 0 
20 40 

30 50 
60 80 

70 
100 120 140 160 180 

90 110 130 150 170 

N level kg/ha 



Figure 4.7 Grain protein concentration (mg go') est~mates and 
observations at Ste-Rosalie in 1991, by cultivar. 
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Preface to section 5 

Section 5 il) the matcrial contall1cd 111 a ll1anll~cnpt which will be submitted for 

publication. The ClIrrent format confonm wlth gl11dclllle~ ~et by the Faculty of 

Graduate Stlldle..,. Table.." rlgllrc~ and litcratllrc cited arc pn!..,cntcd at the end of this 

~cction. 

ln tlw .... ectIO/l wc di.,cu ...... the effects of N fenilizcr levels, time of application 

and cultivar!', on the hrcadmal·"ng qllality variables, mainly tlour yield, farinograph 

paramclers and loar volullle. 
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Sl'l't ion 5 

EVALUATION OF THE EFFECT OF ~ FERTILIZER LE\'Et ·\NI> Tll\llNG 

OF APPLICAT'O~ ON TIIE nRE.\D'lAKI~G ()l' \UTY OF FOllR liARD 

REO SPRING \VIIEAT ClILTI\'.\RS 1:\ E:\STER~ (',\1'\.\»,\. 

5.1 ABSTRACT 

In order 10 a~~e,,~ the pOll'ntlal m.lI1lpulalloll of Illlnl gl'Il (N) 1ll.\1l.1gl.'llll'lll 10 

allow bread qualtty wheat prmIUl'1I011 in E;l',ll'rn Can.IlI.\, ;\11 l'\(K'llllll'nt W.I"; 

conductcd for two year~ al e.lch of Iwo \111..''> 111 OUl'hl'l' 10 \Iully tlll' cl lel'I 01 k,,1.'1 .\1\<1 - '--

timing of N ferlllt/l'r appllc.tllon on hll'.ldm.lJ...lng qll.tllly dlHI t!1.\ln .1\11 III fllUI !laId 

red ~pnllg wlll',\t l'lllll\'ar.., J...nO\\'1l 10 Ild\l' POll'llll," ,1\ h1l'.ld \\ 1 ll'.1 1. î Ill' \011 IVlll'\ 

were Bearbroo" clay ,Ille! Sie-Ro\alll' clay. l'Ill' npl'rtllll'lll \\.1\ -h-h2 1.Il'loll.1I 'l'Ill' 

cultIvars were: COIUlllbu\, Katl'p\\',I, 1\1.1\ .Inti Ilq:~l' 1 )')-X5 III holll yca1., (J, (lO, 

120 and 180 kg N ha 1 \Verc appltl'd l'1111er IO() ";, dl \l'l'dln)2 111111..' or hO % .11 \l'l'dlIIg 

and 40 % at (\nthe"l'" InCrl'éI"lllg N telltll/l'r In'l'" c.lu"l'd ,1 rl'dlll'llllll III gl.llli and 

flour a~h concentrallon wllile Il cclll<,cd ail IIlcrc.t\C ln lIoul plOtl'lll l'Olll'C Il 1 1 ,111011, 

Hagberg falllllg nllll1bcr and nOlll ab\orptIOIl. Splltllng 1 Ill' N dpplll'tIIIOI1 \V,I" 

beneflclal tOI tlollr protL'111 contcnl ,1I1d blL'ad 10,11 VOllllllL' ('IIIIIV.l1 by N kwl 

III teractlon 01 ten OCCli rn.xl lor fan nograph Vdlldh Ie\ 'l'hL' IIllL'r.ll'\ 1011 \ "howl'd Ih,11 

farinograph reaclll1g of l'vla\ and Hcgc 155-X5 WCfe Ilnplowd hy 11IghL'r N fcllllllL'1 

applIcatIon. De~plte 11\ I1lgh gr,lIn and flour Yll'Id, HL'ge 15,)-X5 Illay not hl' 

economlcal to prodllcc bl'cau\L' of hlgh N rl'rtllilcr nl'cd.., 111 th..: Ileid and glutel1 

supplement" added 10 Ihl.' nom 

5.2 INTRODUCTION: 

Currcnlly whL',1l provlde" I1lnrl' hUlllan IHHIJ l"hllll:l1t (lll,lInly hread) Ihan ally 

other food 5.ource (Stmkopl 19X5, Orlll and Shellenherger Il)XX). Whl'at 1" cI;",,,,flL'd 

for end use accordIJ1g to It~ grall1 prolCIIl COI1CCnlrdllOIl Whedl gr.lded lor hrl'éld 

productIon ~hollid have a grall1 protclI1 conCCnlrtllJ(lJ} rallglllg hdWl'CI1 Il') cllld l ')() 

mg g-I (Statl5tical Hetndboo'" 19XC». ])unng the hé\~lng IHOCC".,. wl1cll waler II, added 

X2 



10 tlour, protl'lJl\ rdpldly bccoJl)l' hydratl'd and aggrcgatc tlr..,1 11110 tïbre~ and then 1I1to 

contJnllOll\ film,> or Illcmbrane" (Bu..,hllk 1985). The "net\\ork" formcd will contain 

non-proll'lll COII\lltllCJlh ..,lIch a.., '>peclflc carhohydralc,> alld IljJld.., The low Ionie 

,>trcllglh of Iwo (II Ihe prote III IrclCllu1l\ gllltenlJl.., and gilacllll", and Ihelr dl..,ultïcle and 

hydrophublc bomh élll' Il'<.,pOn\lble lor Ihe vl..,coe!a\tlc aggregates whlch make ... wheat 

gluten (proteln) the I11ml \UI tablc for brl\ld rnaklllg. 

ft I~ weil c..,tabll..,hed thett 11Igh quallt)' blcad, I.C higl1 IOelf volume, IS posltlvely 

and dlrcctly corrclatcd wlth the relatlvely I1lgh protelll content of the tlour (Finney et 

al. 194X). Furthcr more, FlI1ncy (194.1) and Bu<.,huk (1985) found that the 

rclatlon"hlp hetwecn Io.lf volulllc and protCIll content wa.., lincar. 

(iralll plOtl'ln l'Ollccntrcltlon (mg g 1) <\l1d content (g ..,ced- I
) have been reported 

to vary wlth N ICrttlllCI Icvcl<" nuhl'll (197Y) found that the gram N concentration 

01 the èultlV.t1 Nœpd\\'d Illl·ICd<.,ccI 'Wlth cach ::i() kg Il,, 1 Illèl"l mCllt of N up to d 150 kg 

ha 1 appllcatHlll. S 1111 tlarl y, Jacoh"cn dlld W c'>tclll1all (J l)~H) round that the gralll 

plotCIIl conccntratlon 01 wlnlcr wheat IIlcrccl..,ecl ltolll J 2 J to 154 mg g-I as the appIJecl 

N terttli/cr r.llc IIlcrc,l"cd lrom 0 to 250 kg ha- I
• Scvcral ..,tutlle.., have demun"'rated 

the 1 mportancl' 01 tlllll' or N applIcation Inr optllllai wheat ylcld, IIlcreased grain 

protcln COIlCl'ntl,ltlllll alld ICdUl'cd N lo\<.,c,>. For \\llller wheat It I~ gellerally accepted 

that ail the N <.,hould Ilot hl' ,lddcd .11 \l'l'dlllg bcc.lll\e of lcaclllllg lo..,,,e<; related to 

wrntcl prcclplt.lllllll 11.'\ l'l, h'l ttll/cr lIptakc by wlntcr whc.lt \ ... .1.., much greater when 

spltt appltcatlOll of N fLortdl/CI wa" 1l1.1d~ (Riga et al 1980). Split appltcatIon 

Illcrcased gram prolCl1l CllI1Ci:nll.llIOIl (f-owler ct al 19H9. Huck-Jc.,by ct al 1971, 

.,cctlon 4) \\'hcl1 appltcd dt .\111111.'<"1'> (A 1 t III an ct al. IYSJ. 1\1 le/an ct al J 977), 

c~peclally \\'hel1 pl.tlll<" \\crc 'Iuhll'Ctcd to Cl watcr "tre",> condltlom (-8 bars) at this 

'i!age (Dullell 11l77) Hucl-k\hy ct ,II (1L)71) round that allhough prolelll quantlty 

wa,> ,Itfl'l'tl'd hy 'pitt N .lppIICa!lOn, Plotl'In 4U.lltt)' wa, nol. On the contrary, Long 

and Shcrhakllfl (IL)) 1) rl'ptlltcd th.lI \uch .1 IcltC .lppllcatloll Intluenced the qualtty of 

wllcat tlour. I\kNcal et .lI. (1971) ob~cl\'cd an Increa<.,e 111 hread loaf volume al) a 

rC~lIlt of llll'n.\I\cd protCl11 l'Ollccntrallon due 10 N fcrtdtty, whde Tlpple ... et al. (1977) 

r~pmlcd th.ll 11Igh proll'Ill cnncentratlon.., (> 170 mg g 1) can be a ...... ociated wlth a 
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marked weakellll1g of plly'-IC.ll dOllgll ch,lr.ll'll'n '-lIl'~ ,ml! .l dL'tL'IIOI ,1I1l1l1 ln h,II...lng 

quality. Bushllk et al. ([1.)78) "hO\\ed tll.!t t'nr Neql.l\\.1 \\ lW.11 "al11pll'" il1 tllL' tl'!, 

protem range, N fl'rtllIty de~'red\ed lo.tf \ 01 li Il IL' TI1L'~ ~",pl.\II1l'd thL'1l Ob"l'I\.llllH\\ .1\ 

being due to a probable l'hange Il' gllllL'1l11l prull'Ill \Olllhlllt), .1 gl.ldu,d dl'l'Il\l\l' 111 tIlt' 

amount of ~tarch dam.lged dU11llg the mlllIng pll'l'L'\" ,ml! th~' Illl'lt\l\l'd 1,111001 

soluble over lI1~olubll' glutellll1" 

No lIlfOrmatloll eXI~t, reganllng thl' re"poll,e 01 11Il\ld tVPl' h.ml Il'd "pnng 

wheats to N fcrtlhzer ln Ea~ll'rn C'.lI1'IlI.I, li Iq~lon Wilh .1 "hol t gW\\ Ing "l'.l' .. l Il \ ,Inti 

relatively 11Igh '-ea~ollal preCIpitation TI", "tud\' \',,1\ l'Ol1dUl'll'd 10 tl'\l thl' L'I kl'l of 

N fertihzer applicatIon rate and tlllllng on the h.lklllg qu.lln)' dnd Il'I,ltnl 

charactenstlc~ of four hard led "pllng ",lw,lt l'lrltl\lll\ I~'l'Ol\lllll'I\lkd 101' !lll'dl! ha"ll\g. 

5.3 MATERIALS AND :\lETIIOI)S: 

The stllcly Wd" l'olldul'ted on Ik'dlhillok cid)' ... 011 (1IIle, I\ll>..ed, 1101\-aL'ld. fllgid, 

typic Humaqucpt). al the Lod ... Agronol11y Re'l'arl'h ('entll." Mdilll lJl\lvt'I~lty. 

Macdonald Campu .... <ll\d on Sk-Ro\,tllc clay ,011 (1IIIl', 1\011 .1L'ld. Illgld. typll' 

Humaquept) dt lhe COOl> '-0d0r0e rl',e,ul'h falll1. Stl' RlI\,dlL'. ()lIL'11l'l, (',\I1.lda dlllln~ 

the 1990 eUH.1 1991 l'!"Op 'C.l~(lll<" l'or Il)l)(). the pre\'llHi<., l'Illp \\,.1, 0.11 (I\wlla ,atlvll 

L.) al the Macdollald ('ampli) .me! Il1IXl'd lor.tge, ,It Ste-Ro"dll', 1 01 II)() 1, thL' 

previous crop al buth locatIon,> \va ... hard !'ed 'prlllg whl'.tt n:nH<::JII!1 .ll·<.,IIVlIlll 1 

Pnor to ~cedll1g, land n.:celvcd adequall' an1l.:ndl11ent 01 P ,Inti K, 'l'hl' l'XI)L'llIllelltal 

design was a 4 X 4 X 2 1~ICll)Jïal, arranged 111 a r,uHlol\1l1Cd cOl11plete hlod dl· ... lgn 

with 4 repltcate\. The hrcad wheat cultIvar ... ,own \Vere' ('ollllllhu, 1 norl11ally 

acceptable lInder the Canada Red Sprlng grade, (I\gncultllre ('.lnad;l, J!)}\OJl, Max 

[has an acceptable perlorl11ancc ln I:a ... tenl Canad,1 ,\I1d W,,, Il'('(lll1l11l!IHkd l(ll 11lJlIl\lg 

and bread mak.lIlg, (Agriculture Cmada. Il)X7)!, K.ttepw.t Ihd' I!()()<! 1lIIIIlIIg and 

bakll1g propertle,>. (Campbell and C/arnl!dl ILJX7) l ,lIld Il q! l' 1')') x') 1 <.,1111 hein)!. 

tested for pm<.,lble production a,> a hread wheal 111 LI'll'rIl ('.tll.ld" 1 1 hl' cldtlval'> 

recelved O. 60, 12U or 1 XO kg N ha 1 ln the Imm 01 ",(liid élI1111l01l11l11i Illtr.ttl!, clll1cr ail 

at seedll1g. or 60 % at \cccllng and 40 '/r) al élnthc"ll'> The JcrtJll/cr Wei'> hroddc,1\1 hy 
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hand O/l tht; plot ,>urlace and Incorporelled by hand rakll1g. Aftt;r tnlllllllllg, cach plot 

at Macdonald wa,> 1 HO CI11 X ~)() CI11 wlth 12 row,> '>paced IS CIll apart. After 

trilllllll/lg, plol '>l/e al ~tc Rm,t1lc III 1990 WC\'> l)() Cill x SOU cm. and III 1991 90 cm x 

525 CIll, wlth () row,> '>IMlCd 15 cm apar!. TIï,lll11lng W(l'> donc JU<.,l pnor to harve~t to 

dlllllll,tlc.: c.:dgl' et tect<., due 10 IIlt; palhway'> TilL' plot,> were ,>own at 450 ~ecd~ 111 2 

Il'>lng u..:rllllcd ,>ccd trceltcd wlth Vlteltlo 2x() (c,lIhathlln and thmull), and mlllg a 

l'one-type plot ,>ecdcr (WlIllcr<.,telgcl /\Illerlca [nc .. Llilcoll1. Nebra,>ka). Seedlllg was 

condllcted (lll Ihe Ilr<.,1 ,lIId e!e\'L'lllh (lI Mel) at Macdonald. ,lI1d on the tentll and 

(Welllyllr<.,1 01 May al Sic-Ro<"elile ;11 Ill90 and 1l)91 re'>pccllvely. Wecd~ at 

Macdollald Wl'rC cOlllrolled \\'Ith [l.mlner (hromoxyllil 1, 5-cllhromo-4-

hydroxyhell/ollili Ile) elpplled al 1 1 ha 1 at ZCiS 12 \VL'L'd.., al Ste-Ro,>alle were 

cOlllrolkd wlllJ el 1I11\IIIIC 01 2X() gal hel' of hI"0111O\)'I111 .Illcl 2~() gal. ha-lof 

MCP/\ (2-IllL'thyl 4 \.·hlolophl'llmyaœllc"L'lcI) aho .\pplled .II ZGS 12. At crop 

llIallinly, 11ll' pl.IIlI<., \\l'll' L'Olllhll1c har\'e\ll'd (WlIllcr,>tclger Amenca Ine., LlI1coln, 

NB.). A <"llh"',II11pk (lI Ihl' gl.llll wa<., gwund \\'Ilh .t lIdy cyl'Ione mJlI (Udy Corp, 

FOI t ('olllll<", CO.) througl1 .1 1111111 mc,,!1 Two g 01 the whole meal '>é\mples were 

ashL'd al hO()"C III ,1 III Il Il le IUlï1dll' lOI 2 hour.., to dL'lerrl1lne gr.ull a.,h eon~entratlon 

«,AC) (/\;\('(' lllL'thod Il'' OH-()l,) DllC 10 con"tlalnh on 11I11e ,me! lahollr, t'mll1er 

b,lklllg quai Il)' 1L'"h \\'L'll' pcrfolll1l'd L"IL'h )l'.tr only Oll the ..,.1 111 pie ... l'rom two 

1 eplll'.tll'<" IIOIIl 11lL' 1\ 1.1L'tloll,tld " 1 tl' (i 1 alll wa,> c 1e,lllcd III a doc 1--agc le,>ler and 

1ll01<.,tllIL' COIlIl'nl \\"" dCll'lïllllll'd (AACC lIlL'thod 11" 44-19). Aftel helllg tel1lpered to 

15.5 ~);, IlHmtllll' h.t"l<., (Ill h L gr.1I1l \Va" llllllcd Illlo \\ hllc Ilollr 111 an e\penmental 

Bullier mtll (Buhkr BlOlher" Lld., S"'ll/erlallcl). Iïollr cotnlllg out from the ~ix 

stll'all1<., \\.t<., \\clgllcd .1Ild !lom L'\tlactlOll pl'rcelllclgl' detertlllnee!. The tlour was 

Illl\l'd 101 20 Illlll 111.1 :olatlllg elho\\' 10 glvc a hOlllogelloll<" ml\tllre. Flour 

<"Uh\,\l11pk" \\l'IL' l,th.L'1l fOI further .I<.,h alld IlH11<.,lllIC dcterlllillailoll flour protein 

COnl'L'lltl.HIOIl (l'PC) \\"" dL'IL'rllllllL'd hy IhL' Klcldahl lllL'thod (N x :) 7, ,..,mg a 

l'L'l'aloI KJL'lll'L' Sy"IL'1Il 1 ( rl'~'.tlor I\B. Hogdna", S\\l?(k'Il) .Illd thl' vdllle~ are reported 

al I~ l';, Ill.h f\ll\1llg propl'I IlL'" of Ihc dOllgh,> 110111 the "ample<., \Vere deterlllllled 

\\'Ilh Ihl' f.\llIlogr.lph (C.\\' Br,\bclldcl [Il<.,tnlllll'nl<., [nc .. N.J , U.S.A.) methodusing 
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a 50 g Brahcnckr I11l\er (A,\CC 111L'll1l1d Ir' )...,.-~I), Hll'.\dl1l.\"IIl~ qll.lIll~ \\.1\ 

evaluated by th~ r~l1ll\ melhnd (Jo..II1HlIll .\Ild !'Ippk'\ Iqsl) L1\:h ~I..\\I, \\hllk 1111.\11 

alpha-amyla~e al'lmly \\<1\ lL',led hy 11lL' H.lglk'ig \'.llllll~ NUI11Ik'1 (lIl'N) (:\:\CC 

method Il" 56-81 B) 

Daia \\we .l1l,IIYh'd \\'Ilh thL' SAS \y..,lL'l1l (SAS 111\lllull..', IllX-") l'ill' Jo' Il'\t 

(Steel and Ton le, 1l}80) \V.l\ lI\L'd 10 lklClllllllL' \\'IlL'l11l..'1 Ihl' \ .\l1.11IOIl\ C.lll\L'd Il\' Ihl' 

treatmcnt~ and thelr Illleral'llOIl\ \\L'IL' \lgllllll'.\111 PlOh.lllIltlll..'\ III Il''''' Ih.1Il 01 l'qu,II 

to 0,05 \vere l'ol1\l(!ered \lglllflL'.t1l1 lor 111.1111 L'IIL'lh .lml 1I1ll'I.Il'IIOIl\ l'lw 1 IL'\I \\',1\ 

abo llsed to te..,t for hOl1logL'nClly 01 Ihl' L'\pl'IIIllL'IlI.tI CIIOI \.lIlalll't'\ .\lllllllg \l'.\1\ 

(Steel and Torne, 19XO) No cOlllhlllL'd .111.11\'\1\ of \'all Il n' .IL'tO"" Ihl' \'l'.ll \ UI 

locatiom wa.., perrorl1led bL'l'<lU\l' Ihe l'\I)I,.'III11l'III.11 L'nor \ .III.lIll..'l'l, \\'L'll' l(llllHI 10 Ill' 

non-homog,elllHI\, Ail ANOVA plllh:Cll'd 1)1IIh.'.IIl'\ I1l'\\ Illltlilpit' l.lIlg\..' Il'\1 \\'.1\ 

perforl11cd 10 LOmp.lrl' 111C.lI1\ (lI' \'.ln.lhk\ 101illd 10 \.11)' 1,1~llllll'.llllly Il,, 1111: l, Il'I,\' 

5.4 RESULTS Al\;D DISClISSIO;\\: 

5.4.1 Gram and !lom (1\11 l'onl'L'nll.ttlon\ 

HlI1ton (19)4) rouild thal hO % or Ihe grain a"h l'OIlL'Clltl,IIIOIl (,1\(,) 1.':<'1\\1, III 

the aleurone layer, 'l'hl!\ If tlle hr,1Il i ... 1101 weil I,l'pdrllll'd IIUI11 Ihc Clldo\I'CIIll dUllll).' 

lllllling, thl" \\ould kad In.\ hlghL'r 110111 .t\1l l'OIlCl:llllatloll (1 AC) l,AC 1\ u\lIally 

related ta tlle elflL'lency 01 tllL' Illllllllg PWl'l'l,\ ((llilloll Il)')l»), 

NltrogL'll feJ\tllILT dkct 011 (,1\(, \\0,1\ \lglllllCdlll III thlL'L' (llii (lI t(llli \Ill' YL'ill\ 

(Table 5.1). At the Ste-Rmctllc "IlL'. 111 Il)l)O, .llly ~lddlllllil III N kilili/l'i L'.IlI\l'd ,1 ;}'\ 

% average reductloll III mC,11l (j;\C I\t tlle ,aille \ltc. III Il)l)l, dllc I() N kllilllL'r 

ac!cl1tlon, GAC wa.., only ln tllc rangc 01 1.') Illg l-' 1 to :2 Ill).' ~ 1 ('I,lhk ') 2) ï hl' ()lIly 

slgniflcant IIlteracltoll wa ... lm N IcveI x tlll1lll).' dt thc t\1.1uloll,tld I,ltC III 1l)l)I. will'il 

compared lu cl <"lllglc ,Ippllcalloll. I,pllt N appltcdtlOIl) IIILlL'.ll,l'd (,1\(' ( 1 ahh: ') \) 

These lllcrea<.,c.., III (iAC were "Illaill'i ;lt Illgllcr kwh 01 N ICltillt)' (I.lllk ') ~) ,lIld 

not c"lglllflCctnt at 1XO kg N ha 1 1 he (iA(' wa ... aho dllll'll'lll alllOIl).' 1111..' Lltl11Vil11, III 

three out of four I,lIc-year.., rI abk:) 1) '1 hc clIltlVeir ('OIUi11hu\ ,dw.tyl, Il.ld th!.: 

hlghe~t GAC (ranglllg bctwccn :20 and 23 mg g 1), and tlll' cuillvar lkg!.: 1')') X.') 



alway .... had tlle lowc .... t (ranglllg l'rom 18 to 21 mg g 1). On the otl1er l1and tlour ash 

concentration (FA(') wa .... only affected oy N fertllilcr level at the Macdonald \Ite in 

1991 Crable 5.4) Incrl·.t)lllg Icveh 01 N fcrtllity célu"ed a heneflclal reductlon III 

FM' (Table ') ') ft .... l'elll\ that 111 the rcglon .... te .... ted, wl1eat N fcrtlllzer management 

ha\ no delflmclltal etteet on G!\(' nor FAC. 

,) . 4.J~.!!l!:_ C _x Ihll' t!.O!L 

III hulh yc,lI- .... , tlour cxtractlon (FE) (1Illered among cultivars (Table 5.4). 

CoItllnhll" alway<, bdd the Il Ighe<,t rI: (736 and 749 g kg 1 III 1990 and 1991 

n.~ .... pccllvcly) The 1 1.01 thc other cultivar .... werc Inwer, \\ Ith 110 partlclliar order 111 

hoth ycar .... (TahlL' .... ') :'i and 5.(1) A \lglllfll'<1Ilt N Il'wl \( timing interactIon existed in 

19t)O only (l'able 5"+), whcn the lertllllcr wa .... dpplled only dt .... ee(!Jng, any addition of 

N IIlerca\ed thl' 1·1. Ily 5 %. Will'Il the N fcrtlli/er application \\'a~ ..,pllt, (here wa~ no 

differcncl' ,lIllong (Ih.' cllcet" of the dlflerellt Ie\el .... on IT SplIttlng the N applIcatIon 

had a dctlll11l'llt,d l'If L'ct 011 IT cOll1pan:d to a '11lglc N dddition (rable 5.3). III 1991, 

<lny N fertlil/l'i .\lldltlon cau\l'd a 1 .+ Iii Increa,e ln FE (TahlL' 5.5). A N fertilizer 

cltect on l' L 1\ not ... urp"\lng .... llll·t· .t l'llrrelatloll 1\ ob\cn l·t! between FE and grall1 

protelll COnl'elltlatlon «,P(,) (r=().3', 0 3·r' in 1990 and 1\)91 re<;pectlvely). 

5.4.3 Flour pl_otl'Ill l'onL'l'ntIatlllll: 

nunng the mllling procedure, the wheat kernel geb debranned and degermed. 

The ,1<llchy clldo"'pL'lïll 1\ LTu ... hcd \0 yleld the tlom. The con~tltllent~ of the 

clldo~lk'rm ,Inti floul .Irl' l'\lk'ctl'd tu be \ll11l1ar, alld factor.., affectmg the [Irst are thus 

l'XIK'ctl'd t~l .Iftl'l·[ tlle Idlter ln the ">.lIlle \\al'. The GPC \Va ... clo~ely correlated to 

flO1l1 prolelll l'Olll'l'lltr,1I10n (FPC) 111 hotll ye.u~ (r=O 9X 111 1990 alld r=0.70·'· III 

19L) 1) Inl'rl'.I ... lng N kltlll/CI Icvch and .... plit N appllc,ltloll both affected FPC (Table 

5..+) and (iPC (">L'L'tloll .+) PO\JlI\l'Iy III 1990, rpc Increa'led from II % to 29 % and 

111 1l}l}1, JI Inl'll\I,,\:d fWIll U (:~ 10 ~l Ijé, due to N fL'rtll17er dppllcatlon Crable~ 5.5 

and ".()). III the III .... ! Yl'.lI. l'PC InL'lea ... ed COIl",tclltly \\'1th eaell II1crement of N 

fcltill/l'( ln the "'l'l'ol1d )l\lI. the .lppllL',l\Il)J1 ni 60 kg N lu 1 (lld Ilot Il11prove FPC, 

pJl\h.lhly dut' hl tllL' pll..' .... l'nl·l' llf 3~ kg rl' .... ldu.ll N ha 1 III the root Lone (\ectlon 6). 

COll1p.ued 10.1 \lIlgk appllL'tltlon. \plllting the N fertll17er dppllcdtlon Improved FPC 
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by .3 % and 8 % ln 1990 and 1991 rc~pel..'tl\'d)' (rahle ... 5.5 .ml! 5.h). Nll "'lgnltll"lllt 

interactIOn was observ~d. The cultl\'ar, u ... \xl l'll\'I.'II.'d thl.' (iPC r.lIlge t'10111 I.Hl III 174 

mg g,l (sectIon 4). Th~lr FPC rangcd bet\\cen IO::! and 13 'i mg g 1 ln Il)l)() .ml! I~I 

and 1.36 mg g,l JJ1 1991 (Llbk ... 5.5 and 5.ti). ln the t'lr ... 1 )1.'.11', .ldl.'.lI "'l'greg.ltlon III 

FPC eXlsted al110ng the cultIvar.... They ranJ...ed III thL' 1'0110\\ Ing l)ldL'r t!lllll hlghl· ... 1 ln 

lowest: Colul11hll), Kalepwa, rVl.l\ and Hcge 155-~5 ln thl' \econd )'l'al, Ihl.' (:PC 01 

Hege 155-85 approachl'd Ihal or 1\1.1\ hl.'call"'c Hcgl.' 155-X5 1ll.IY h.l\ 1.' hl.'l'Il mure . 
sensItive to the re~ldllal 111lrdte\, and the FPe of Ma\ .lppn1.tl'hed thal 01 Katepwa, 

5.4.4 Hagberg Falllllg Nlll1lbcr: 

No kernel "'proutll1g \\'a\ \'1\1\111.' III the fll.'ld in I.'llhL'1 )'l'al. NOIll'IIll'k" .... 

Hagberg falllllg nlll1lher (HFN) Wà ... detl'll1lllll.'d .md IhL' \-.Ihll'''' oht.tllll'd L'on l'II III Ihat 

the alplla-al11yla\1.' aetlvlty III the graIn \\'.1\ optllll.ti lm hlL'.ld mahlng (lI L'Vl'll low 

(operation lll<lnllai or Ihe Ill\trlllllent) (rahk ... 5.5 .\Ild 5.()) I\ltlkl'" prl'll'l lo\\' kveb 

of endogenoll'" alphot-amyla\1.' .1\ tt ... aCl1V1Iy 1 ... lInwallted. It Ilq.!,.ltlvdy .II Il: 1.' 1\ the 

bread crumb and qualll)' (Peltl.'n, 196.+) III Il)l)(), \Ignltll.\lllt Illll·l.ll'Illlll\ nlkn 

occlirred (Table 5.+) When N appilcallllil wa ...... plil. HI'N \\l'Il' IO\\'L'I thall whl'II thl' 

N applicatIon wa,> "lllglt: CLlble S .. )) bllt Wl'Ie IIlCII.'.I ... ed Ily .lIly addltlOIJ 01 N 

fertiltzer only \VIth "JIlgle applicallon), Cîoodlng et al. (Il}X6) ... uggL' ... tl·d Ih"l Ihl' 

alpha-amyla~e actlvlty 1 ... redllced (I.e HFN IIll're.l\ed) Ily N "ppIIC.lIIO!l dlle to li 

de1ay 111 maturtly Our data ("'l'ctlon ... 3 and 4) do III 1'.11.'1 "IIOW .1 dl'l.ly III Illallllïly 

due to N fendl/er appllCallO!l and earlll'r Illdtllflng pl.tllh whl'Il thl' N "pplICcitlOIl Wcl' 

spltt. Howevcr, tlm doe~ no! I.'Xpl.llll the HI"N (1I1IL'11.·1lCl'''' ob\l'Ivl'd allHlIlg cllltIV~lI\ 

Colul1lb had the lowe\t alph.l-.llllyla\1' actlvlty (1 l', 11Ighl'\t III N) lollowcd hy tlw 

other cliitivar~ in the order. Katcpwa, Max thell IIcgl' l '1'1-X'i altltollgh Ihe l'Illuvar 

Hege 155-85 maturecl the I<, ... t hectlon 4). l'hl'" \l1gge\'" that the alphà alllylét\e 

activity I~ hlghly hcnlable [n ILJ91, Iherl' Wà" no '>Ignlllcclllt :ntcr.ILlIOIl nOI N Ievel 

effect on HFN High rC<,I(\I1<11 Illtrate" III Ihe rool /ulle (aveldgl.' III "Kg N h,l l, 

lInpllblJ~hed dala) may have hel'l1 the rl'él\Oil lor the .th'>L'llcc 01 a lertdl/l'r et tect III 

1991. When N lertlb/cr applIcation \Va\ \pll!, Illeélll HI N Illcre.l,>cd hy 2" (Y" whlch 

IS ln contradIctIon wIth the data t rom the prCVIOll\ yl'.tr (Tahle 5 'i), It" notcd Ihat 



rnalunty date,> wcrc not affcctcd by ,>pllttlllg the N tcrtili/cr applicatIOn. however. 

total ,>oil rC'lldual I1Itratc data .. llOW a .. ltghtly hlgher valuc ln the plots where N 

lerttli/cr applllcltioll w"''> .. plll ('lcctlon A) whlch rC'>lIlted ln a ,>llghtly hlgher total N in 

plOh that had reœlvcd thc .. pitt application comparcd to thc plot .. where N was ajded 

in a ~lI1glc application The cllitivar~ rankcd in the ..,ame order a~ 111 1990 (Tables 5.5 

and 5.A). 

5.4.5 Flour watcr ab .. or12l!on· 

Incn;t\\lng N level.., III both year\ affcclcd tlour waler ab~orptlon (Abs) 

sigllllicantly, Increa..,lllg It t'rom 3.R % 10 6.3 % 111 1990 and l'rom 1.9 % to 2.6 % in 

1991 (rahk~ 5.5 and 5.6) 1\ ..,lglllfl(.,1l1t cultivar by fertilt7cr application tll11ing 

eXI~ted 111 Il)l)() (Llhle:) 4). 'Ille Ah.., of the cultivar Hq!c 155-85 wa~ reduced by 

2.1 {XI when N fCltJll7er .lpplJcatlon wa.., ~pllt a.., cOlllpared to a ~lIlgle appltcatlon 

whilc the Ah.., of the other thlL'e cu1tlvar~ wa .. not alkcted (l'able 5.8). In 1991, split 

applIcation of tllL' N tcltJlI/er h,\d thc oppo,>ite cffcct, Ab.., wa\ II1crea~ed by 1.9 % 

whclI the N krtllllcr '\Pp!tL·,\tlOIl wa\ ,>pltt comlxuL'd to when the fcrtlhzer \Va~ adcleel 

111 a "lIlglc application ln 1 L)l) l, thc cultivar .. Colul11hu\ and Katepwa hael equlvalent 

Ah\ wlllch wa.., 2 5 IX, hlghcr that thc Ah.., of Max and 7 l) ~'{ 11Igher than the Abs of 

Hegc 155-H~ (Table 5 ). I\long wlth other tlour (,Oll\tltllcnt~, mainly damaged 

starch, tlour protClI1 play'" a kcy mie ln dctl:rl111nlllg the rate and capacity of \Vater 

ah~orplloll by flour (Bu .. huJ.... 1l)85) ThiS cxplalm the re'lponse of Ab~ to N 

trcatmcnl\ III tlm \tlldy. and Ab" \Va\ 1 .. hlghly correlatccl \vlth FPC (r=0.95·" 111 

19l)() and r=() hO'·' III 1991) '1'111'1 lllaJ..C'l the re"'poll~e of thc cultivar Hege 155-8~) to 

N splIt ,Ippllcallon ... urpJ'J\JJlg 

5.4.h Dough dc\ Ch!ml~'l1L!lmc' 

ln 1 l)l)() , ,1 \lglllll~ant N level by cultivar Illtcracllon cXI~ted for elough 

dcvclopment tllllC (lH)(L\bk 5.4). Nitrogen fertlltzer level II1crea~ed the dough 

dcvelopnwllt t\l11L' (1) n of .\11 cultlvar~ but the nature 01 thc lllcrease varied among 

cultl\',l1\ TI1l' DT ot the cultJ\al\ Columbu\ and Katepwa Improved with the addItIon 

of 60 kg N h,\ l, l'hL' () r of the cultivar ~Iax ~tartcd Improvlng only at 120 kg N ha 1 

\\'hlk onl\' .\ .. ltg!1t 11lL'lea~e 01 tilt' DT of the cultivai Hcge 155-85 eXI~tecl over the . ~ ~ 
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entire fertilizer range. At the Ie\"cl~ of 0, 60, and 1 ~O "g N h,t l, the DT nI' tlll' 

cultivar ('olul11bll<' was the Inng~"t foll()\\~d hy K,ttqm,l, 1\1,1\, tlll.'11 Ikg\.' 155-H5. At 

the N fertlllzer k\'d of 1 HO "g h,1 l, the DT l,f (\,llIlllhu..,. ",IIl'P" ,1 ,lIld 1\1.1\ ,,'l'Il' 

equivalent and _~OO ('é longl'I than thl' DT of the L'uln\"tr 1I1'~~.' 155-~5 Cr.thiL' 5.7), 

There was no sigllIflcant errec! of thl' tlllllng ot tlll' N kllIllll'1 .\ppliL'.ltlllll Ull Ill' in 

1990 (Table 5A). 011 the other b,lIld, 111 IYl)1 "\ldl ,\11 l'lfL'l't " .. t.., "lgllllll.'.lllt (Llhk 

5.4); mean DT was by 19 % longl'r whl'n N fL'ltIlI/I'I ,1])plll"ltlon \\,1" "plI! ,1\ 

compared to a \lI1gle c1pplIcallon. NItrogl'n Il'Itlll/l'r k\'d b,ld a pmltl\'\.' l'ffect 011 

DT. An additIon 0f 60 kg N ha 1 lI1~rl'.t\l'd DT hy ,N (l,;, ",h Il L' ,m addItion ot 120 lU 

180 kg N ha" IIlCrea\ed DT hy 77 % (Tahll' 5 5) 1\\ OI1"l'l\ l'd III thl' Pll'VIOU" yl\lr, 

the DT of ('olulllhu\ wa<, the longe"t ,\I1d DT 01 I-kgl' 15",-X5 \\.1\ thl' "llOrtl'\t (T.lhiL'\ 

5.5 and 5.6). Dough devdopl1lcllt. <lL'Cordlllg tll Prl'\tllll ,\lld Kllholl1 (llJX·H 1<, Il'Iatl'd 

to change\) occlIllïng ln the glutcll IHOtCl11 tlmil1g 1l1lXIIlg.. D(lligh <k'wlopllIl'nt N 

response follow~ thc 1- PC rè"pOll\e The correl,ltloll hdwl'l'\l the two p,lr,lIlll'Il'I" wa<, 

found to be hlghly "Ignllll .. lnt (1'=0 x·r" III ll)l)O and r:--() ()~". III Il)l)]) l'lm 

corre~pon(b to the fll1dlng" 01 Bu\hu~ ct al. (1 %9). 

5.4.7 Dough "tdbIllty tll11l:: 

ln 1990, <l ~lgnlrlcal1t N ferllil/er Icvel hy appl1catlol1 tlll1lng 1I11l'ral'llon 

occurred for dough ..,tabtllty tllne (Stab) (Tahle 'i.~), ï hl' Stail get" longl'r ollly with " 

single adclttloll of N fertllllcr, <,tartlng al lhe lewl<, or 120 (J\ 1 XO "g N h.\ l, hut 

increase~ \VIth an 1l1creé\\ing Icvd of N fcrtIll/cr 111 ,\ \plit appllc.ltloll (Llhlt- ) 'J. III 

both years, a ~Ignlflcallt Interaction eXI<,II:d bctwl'L'il N Ievl:1 ,\lId llIltl;'dl ('1 dhk 'i,-l). 

The cultlvar\ ~llOwed dlfterent "eI1\ltlvltIC\ tu N leltlllll'r 'lj)pIICcltH)Il" III Il)l)(), Stail 

of the cultIvar C'Olllll1bll\ l\l1provcd hy 'i 1 'X wlth tlle ad(lItlol1 ul ,illY kVL:1 of N 

fertiltzer. There W,I\ .In illlprovelllellt up to ()() 1;'; III ~tah of Katl:pwiI wlth 11Il'Il'a"ll1~ 

N addltlon~ u]) to the Ievel of 120 kg N ha 1 hut Ilot wlth tlll' .Ij)plll(\tloll of 1 XO ~g N 

ha- I. The re\pomc of the cultIvar Max occlIrrecl <,taltlllg dt 12() ~g N ha 1 ï lm Wd<, 

also the ca\e lor the cultIvar Hege 1'i5-XS I\t 1 XO kg N hd l, thl: lllltlvar MdX hael 

the longe..,t Stab 1'ollowed clo"dy hy Hege IS5-X'i. Kalepwa thL:11 ('OlllIllIHI<., III IINI, 

only the Stab of the cultivar Hege 155-XS Il1crea\cd \VIth Illcrl:é\<,lng N Ievel<, and 
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rcachl..!d a max JIll LI 111 01 9.6 111111 at the lcvel of 180 kg N ha-1
• The Stab of the other 

cultivélf!l remall1ed the 'léUlle throllghollt the entire N fertilizer range (Table 5.7). 

5.4.S Index oftokrancc:_ 

In 19YO, !lplllting the N application improved the dough index of tolerance (lT) 

by 18 % (I.l! l/lcrca..,cd the dOllgh ~trength) compared ta a ~lI1gle fertilizer application 

Crable 5.0). ln butl! ycar!l, N fertllJlcr levcl~ affected the IT of the cultivars 

tlirtercl1tly. The fT 01 thc cultivar COlllll1bll~ Wé:l!l not intlucnced by N fertiltzcr 

addition 111 eilller yc'lI. ln 1990, the dough strength of the cultivar Hege 155-85 was 

ill1provcd by 14 % to 60 % wllh Increa~lI1g leveb of N fcrlllIzer. In 1991, the 

addilion of 60 kg N ha 1 or 120 kg N ha- I improved the dough stlcngth of Hege .55-

H5 hy 41 % and the <lddillon of 180 kg N ha- 1 by 61 %. In 1991, Katepwa and Ma' 

werc Ilot Influenced by N fcrtilizer addltlol1~. In 1990 bath were llnproved by N 

fcrtllilcr addition, Max had the ~trongest dough <lmong ail the cultivars wh en it 

/cccived 180 kg N ha 1. In 1991, Hegc 155-85 llad the strongest dough at the highest 

N Icvel. In elther ycal, when Collll1lbu~ received /la fertilJzer, it had the strongest 

dough (l'ablL' 5.7). 

5.4.9 Bre<ld hiC volume. 

ln 1090. till'i e wa., a ~lgl1i flcant th rce way interaction for bread loaf volume 

(BLV) (Table 5 9). The I3LV of the cultivar Columbus wa~ high throughout the 

lange of N fertlliler ddditlon~, not afkcted by the schedule of fertillzer application. 

The HLV 01 thL' cultivar Katepwd W<l~ ~ccond whcn no fertilIzcr wa~ added, but lt 

Illcnw'l'd wlu:n 60 J...g N ha 1 weré addcd III a ~plJt fd<,hlOIl and at hlgher N fertihzer 

kveb rl'g,lldll:~.., 01 thé ~l'hcdllle of fcrtllIzér appltcatlon. The cultivar Max was 

le~pon"'I\'C tll N IL'ntlllér kveh u)) tLl I~O ~g N ha 1 and had larger a BLV when N 

l'erttll/L'r applll"ltioll \\'d) ~pllt a.., compa/ed to a sll1gk appltcation, ~oll1etill1es of a 

hlghcr N kw\. The l,lIger Il1crc,l~e JI1 BL V of the cultivar Hege 155-85 was 

ob~er\'Cd whl'n N fL'rtlll/er ,lpplIc,ltIOn \\'a~ ~pllt. Single applIcation lI1aeased BLV of 

Hl'gl' 155-85 by J2 C,:;' \\ hile ~pht applIcation of the N fertllIzer cau~ed an il1crease of 

1 ~ 1 c;;. Whl'n thL' l'ulm ar~ 1 eœlwcI 180 kg N ha 1 III a !lplit applIcatIOn, they ail 

g,l\'l' bread lo.wes nf éqUivalent voll.ll1cS (Table 5.9). ln 1991, the N level by cultivar 
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interaction \Vas ~lgl1Jf1cant. l'hl' cultl\',lr Colul11bu" \lll\\\l'd Illl \lgllllh.'.ll1t 11''''pOIl~l.' t\l 

N fertthzer addition. Il al\\'<1y\ h,lel ,\ BI V gll.\ltl.'r i:l,lll t)OO IX' l'Ill' l'lllltllli BI V of 

Katepwa and Max were not dl tlerelll. Whell thl.' l'ul t 1\.11 ".lIl'1l\\.1 Il'l'l.'1 \'l't! (1{) I-..g N 

ha l, Its BLV \\'a~ lIlcrl'a~l'd to Ill\.' 1l1,l'111l1l1ll .!lI,lllll.'lI 1 l' Il,, ~3 "; TIll' HI V nt 1\1.\\ 

il1creased to the maXlIllUIll attàll1l'd whell 1 t 11'ù'l vell 1 ~() I-..g N h.l 1 .\Ild li Id 1101 

respond to the lower Ic\'d of N lellJ!ller addlllOn. The BI V of Ihl' l'Ultl\'.If Ikge 

155-85 was increased by 20 % due to Ihe addition nI' 60 I-..g N h.l l or 120 hg N ha 1 

and by 42 % duc to the addition of 1 XO kg N 11.\ 1 (Llhll: 5.7). 

5.4.10 Classification of the tlom' 

Pre"lton and K t1horn (1 9H4), c1,h\1 fled wlleat nOtlr\ accordlilg to thcir protcin 

concentration and dough charactcn,tlc~ a"l follo\v\: 

FPC Abs I)'r II 
mg g 1 mg g 1 111111 FU 

Weak 75 - 90 < 550 2 5 > 100 
Medium 100 - 115 540-600 2.5 - 4 60 - 100 
strong > 115 > SRO 4 - H IS - 50 

In both year~ !lour from COIUlllhu, and Katcpw.l could hl' l'1a,,,,fll'd .i\ stlOng, 

In 1990, tlour from Max hac! raIller IllCdlll11l l'PC and Ah.." hllt DT alld IT (lf a ~trollg 

tlour when N fertIllzer was lI\lxl ln 19lJI, Ilollr fWIll Max cOlild hl' ck,lrly cla~"Ilfll.~d 

as strollg. In 1990. /lour frol11 Hcgc 155-R5 IMd FPC and Ah ... of " mcdllllli lallge, 

DT of a weak tlour, rr of a mcdlUm quallty at low kwl" of N ici IllIty ,lIld of ,llOllg 

quahty at 11Igll levd, of N fertlllty. In IY91. flour f rolll IIq!l' l ')5 ~'i could hl' 

classifled a~ Illcdlum wlth \trong plolell1 ï hl' dllfcrl'1ll'l.' IK'lwl'l'n Il)l)() and Il)l)1 for 

tlour of Max and Hegc 155-X5 1':1 prohahly due to tlle hl!!hcr \otl Ilitr.lll.' lewh at 

plantll1g ln the ,econd year. 

5.4.11 Econol11lcal con\ldcratlon: 

Ba~ed 011 the 1992 market pncc\, on tlour extracllon ratl:" and on rc ... pccllvc 

proteill concentratlOn\, wc calculated a hlghcr rclUfIl ha 1 l'rom tlle gram of ('OlllJl1hll\ 

de5.pltc m lo\\. ylcld, than frolll Hegc 155-H'i or Max l'Of thl' lalter two c'dllv,lr .... 

high potentlal yldd\ wcrc ofhel hy N tcrulllcr and application cml... In 1 (J(JO, !lotir 
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relurn\ ha 1 were higher for Cnlumbu\ and Katepwa than for Hege 155-85 and Max as 

the latter needed glulen \upplement 10 mcct baker~' protell1 req ui rement. In 1991, 

dcsplte the glulen '>u pplement needed. wc calculated a hlgher retllrn ha- 1 for Hege 

155-85 and Max than for Collllllhu,> and Katepwa. A,>,>ullllng that ail the tlour 

rcachtng the hakery ha,> a protCl1l concentration al or above 125 mg g-l, in 1990, flour 

of /-lège 155-X5 gave on average L) % more loave,> ha 1 than fhe otllers while in 1991 

the figufC ro\e to 1 R-29 %. Ba,>cd on a tïxcd rcturn per Ioaf, the cultivar Hege 155-

85 Illay be the mo~t profitable per ha. 

5.5 CONCLUSIONS: 

'l'hl.., l'xIK~nlllellt hal, dClllonstrated that, under ~lIch conclltions. ail cultivars 

te~ted Ill.ty Ill' al'œpl.lhlc loI' hrcad wheat productIOn. At hlgh leveh of N fertillzer, 

Max and HegL' 155 ~5 wele l'qulvaknt in thl'Ir bread "COI el, ln Katcpwa and 

C'olulllhu" Nltrogl'll f'crtllt/cl tlllle of application pmltl\'cly affect~ bread wheat 

haking (jllallty varlahle" tllll,> glVlllg il <.:h<lncc to reduce Ihl' Icvel of N fertihzer 

appl ieal rOll yd have the "ame fll1anelal re~lIl t. In <l ycar of hlgh preCipitation causing 

N leaehlllg. /-Iege 155-X5 eoliid he n ... ky for prodllcer'). 
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Table 5.1 Analysie of variance of grain ash percent age (GAP) 

N level (N) 
N application 

(T) 
Cultivar (C) 
N*T 
N*C 
T*C 
N*T*C 

1990 

Macdonald 

n.s. 
n.s. 

** 
n.s. 
n.s. 
n.s. 
n.s. 

1991 

** 
** 

** 
** 
n.9. 
n.s. 
n.s. 

1990 1991 

Ste-Rosalie 

** 
n. s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

* 
n.s. 

** 
n.s. 
n.s. 
n.s. 
n.s. 

* significant at the 0.05 level, ** significant at the 0.01 level 
n.s. not significant. 
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Table 5.2 Main effects of N levels, timing of N fertilizer 
application and cultivar on grain ash concentration 
(mg g-I) 

Macdonald 

N level 
(kg ha) 

o 22 
60 22 
120 22 
180 22 

significance n.s. 

Cultivar 

Columbus 
Hege155-85 
Katepwa 
Max 

significance 

N Timing 

23 
21 
22 
21 

* 

Single 22 
Split 22 

a 
b 
a 
b 

significance n.s. 

20.0 a 
19.0 b 
18.8 c 
18.8 c 

* 

19.9 
18.2 
19.7 
19.3 

* 

19 b 
20 a 

* 

a 
c 
a 
b 

Ste-Rosalie 

38 a 
30 b 
27 b 
27 b 

* 

30 
28 
30 
35 

n.s. 

31 
30 

n.s. 

20.00 a 
19.99 ab 
19.91 be 
19.85 b 

* 

20.7 a 
19.1 c 
19.7 b 
20.5 a 

* 

20.0 
20.0 

n.s. 

* significant at the 0.05 level, n.6. not significant 
Values in the same column followed by the same let ter are not 
significantly different from each other by a protected Duncan's 
new multiple range test. 
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Table 5.3 Simple effects of N level and timing of N fert~lizer application on 
GAP, Extr., Stab and HFN 

1991 ---------1990----------

N level N timing GAC FE Stab HFN 
(kq __ ha-!).. (mqq-l) (q kql) (m~n) 

0 S~ngle 20.4 a 707 b 4.45 d 464 c 
Spl~t 20.2 ab 707 b 4.45 d 463 c 

60 S~ngle 18.7 de 748 a 5.97 d 512 ab 
Split 19.8 b 714 b 7.20 cd 490 be 

120 S~ngle 18.4 e 738 a 7.01 cd 534 a 
Split 19.3 c 700 b 10.90 a 470 c 

180 Single 18.6 de 749 a 8.86 ab 514 b 
Split 19.0 cd 693 bc 11. 76 a 464 c 

siqn~ficance * * * * 

* sign~ficant at the 0.05 level, FE = flour extract~on, Stab = dough 
Stab~l~ty, HFN = Hagberg Fall~ng Number, GAC = gra~n ash concentration. 
Values ~n the same column followed by the same letter are not 
s~gnLfLcantly d~fferent from each other by a protected Duncan's new 
mult~ple range test. 
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Table 5·1 Analysis of variance of flour gùality variables at Macdonald. 

Year 1990 N level N t~m~ng Cultl.var N*C N*T C*T N*C*T 
{N} {T} (C} 

FPC ** * ** 
FAC 
FE ** ** ** ** 
Abs ** ** ** 
DT ** ** * 
Stab ** ** ** ** * 
IT ** * ** ** 
BLV ** ** ** ** ** * * 
HFN ** ** ** * * 

Year 1991 

FPC ** ** 
FAC 
FE ** ** 
Abs ** ** ** 
DT ** ** ** 
Stab ** ** 
IT ** ** 
BLV ** ** * 
HFN ** ** 

s~gn~f~cant at 0.05 level, ** sign~fLcant at 0.01 leve1, FPC = flour 
proteLn concentrat~oo (mg g'), Abs: fleur water absorpt~on (mg gl), 
DT = dough developmeht t~me (m~n), TT = Index of to1erance (far~nograph 
un1t), HFN = Hagberg fal11ng number, FE = fleur extract10n (g kg'l, 
FAC = flour ash cencentrat~on(mg g ), BLV = bread loaf volume (cc;). 
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Table 5.5 Main effects of N level, t~m~ng of N fert~l~ze and cult~var on flour qual~ty 
var~ables at the Macdonald s~te ~n 1991. 

N level FPC FAC FE Abs DT IT 5tab BLV HFN 
k~l1a.' mg g mg 9 g kg mg g' mln FU mln cc; 

0 117 c 5.4 a 730 b 585 c 3.1 c 52.4 a 5.1 b 790 d 387 
60 123 c 5.2 ab 740 a 596 b 4.3 b 42.8 b 6.4 a 872 c 402 

120 132 b 5.0 b 740 a 607 a 5.4 a 44.5 b 6.8 a 928 b 396 
180 142 a 5.0 b 743 a 613 a 5.7 a 41.0 b 7.3 a 996 a 402 

s~gn~f~cance * 
,. 

* 
,. 

* * 
,. 

* n.s. 

Cult~var 

Columbus 136 a 5.1 749 a 620 a 5.5 a 41.0 6.8 957 a 461 a 
Hege 155-85 121 c 5.(0 731 bc 570 c 3.6 c 46.0 6.7 822 c 282 d 
Katepwa 131 ab 5.2 728 c 610 a 4.7 b 46.0 6.0 922 ab 432 b 
Max 125 bc 5.3 740 b 600 b 4.6 b 47.0 6.1 886 b 413 c 

s~gn~f~cance * n.s. * * * n.s. n.s. * * 

N ...1ll212.l ~cat ~on 

Single 123 b 5.1 739 595 b 4.2 b 46 6.1 883 392 b 
spl~t 133 a 5.2 736 606 a 5.0 a 45 6.7 910 401 a 

s~gn~f~cance * n.s. n.s. * * n.s. n.s. n.s. * 

C.V. 9 7 2 2 14 19 20 8 4 

* s~gnlficant at the 0.05 level, n.s.: not slgn~ficant, FPC ; flour proteln concentration, 
Abs = flour water absorption, DT = dough development t~me, IT = ~ndex of tolerance, HFN : 
Hagberg fall~ng number, FE = flour extract~on, FAC = flour ash concer,~r~tlon, BLV = bread 
loaf volume, FU = farinograph un~t. 
Values ln the same column followed by the same letter are not significantly different from 
each other by a protected Duncan's new mult~ple range test. 
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Table 5.6 Main effects of N level, t~m~ng of N fertilizer appl~cation and cultivar on 
flour qual~ty var~ables at the Macdonald s~te ~n 1990. 

N level FPC FE Abs IT DT Stab BLV HFN 
kg ha- I mg gl g kg l mg gl FU m~n m~n cc' 

0 103 d 706 c 574 d 45.9 a 2.5 a 4.5 c 630 d 463 b 
60 114 c 731 a 597 c 41.5 a 6.3 b 6.6 b 766 c 501 a 

120 125 b 718 b 606 b 27.4 b 4.2 b 9.0 a 834 b 502 a 
180 132 a 721b 610 a 24.6 b 5.6 c 10.3 a 899 a 489 a 

s~gnificance * * * * * * * * 
Cu1t~var 

Columbus 135 a 736 a 620 a 26.0 c 6.2 a 9.2 a 934 a 559 a 
Hege 155-85 102 d 711 e 570 d 51.0 a 2.0 d 5.1 c 654 c 415 c 
Katepwa 128 b 719 be 610 b 29.0 be 5.0 b 8.4 ab 890 a 491 b 
Max 111 e 713 be 590 c 35.0 b 4.0 c 7.7 b 719b 490 b 

s~gnlflcanee * * .. * * * .. * 

N aOQlieat1on 

51ng1e 117b 736 a 599 38.53 a 3.96 6.6 b 719 b 506 a 
5pl1t 120 a 703 b 596 32.14 b 3.99 8.6 a 845 a 472 b 

;::lgnlflcance ,. 
* .. ,. n.s. * * * 

C. \' • 3 2 0.86 24 25 25 9 6 

.. slgnlflcant at the 0.05 level, n.5.= Dot slgnlflcant, FPC = flour prote~n concentrat~on, 
Abs = flour "ater absorptlon, DT = dough de"."elopment tlme, IT = lndex of tolerance, HFU = 
Hagberg fallln~ number, FE = flour ex~ractlon, FAC = flour ash concentrat10n, BLV = bread 
loa! v~lume, FU = farlr.ograph unlt. 
Values ~n the sarne cc::'ur1n follm-:ed by the sa:-r,e letter are not slgn~:~cantly d~fferent from 
each other cy a prctected Duncan's new ~ult~ple range test. 
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Table 5.7 Sim21e effects of N levels and cultivar on flour auallty variables 

-----------1990----------- ----------1991------------

N level Cultivar DT IT Stab Stab IT Loaf vol 
(kg ha") ml.n FU mln ml.n FU cc3 

0 Columbus 4.1 e-g 28.9 g-n 7.1 d-g 6.5 cd 41 cb 905 ab 
Hege 155-85 1.5m 70.0 a 1. 8 J 3.4 d 71 a 682 d 
Katepwa 2.5 g-1 37.5 e-l 5.8 f-h 5.4 c 50 b 785 cd 
Max 1. 8 1-m 55.0 b-d 3.3 h-J 5.1 cd 47 b 790 cd 

60 Columbus 5.5 b-e 24.0 k-n 10.7 a-c 6.7 cb 42 be 945 a 
Hege 155-85 1.8 k-m 59.5 a-ç 2.4 iJ 6.0 cb 42 be 814 bc 
Katepwa 4.8 d-f 31. 5 f-m 8.3 e-f 6.8 eb 42 be 944 a 
Max 2.1 l-m 50.9 c-e 4.9 g-l 6.1 cb 45 b 784 cd 

120 Columbus 6.4 ab 24.3 J-n 10.1 a-d 7.1 cb 39 bc 995 a 
Hege 155-85 2.0 J-m 45.3 d-f 5.9 e-h 7.9 ab 43 b 822 be 
Katepwa 4.9 c-f 24.0 k-n 9.6 a-d 6.2 cb 45 b 937 a 
Max 3.7 f-l 16.3 n 10.4 a-c 5.9 cb 51 b 960 a 

180 Columbus 7.3 a 28.8 h-n 9.0 b-d 6.8 eb 43 b 982 a 
Hege 155-85 2.2 h-m 27.8 l-n 10.2 a-c 9.6 a 28 e 970 a 
Katepwa 6.5 ab 23.3 I-n 9.9 a-d 5.5 c 48 b 1022 a 
Max 6.6 ab 18.5 mn 12.2 a 7.2 c 45 b 1010 a 

signlfl.eanee * * * * * * 

* sl.gnl.fieant at the 0.05 level, DT= development tl.me, IT = l.ndex of tolerance, Stab = 
Stabill.ty, FU = farl.nograph unit. Values ln the same column followed by the same letter 
are not sl.gnificantly dl.fferent from each other by a proteeted D~nean's new mu1tl.p1e range 
test. 
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Table 5.8 

N timing 

Single 

Split 

significance 

Simple effects of timing ef N 
fertilizer application and 
cultivar at Macdonald in 1990 

Cultivar Abs HFN 
mg gl 

Columbus 623 a 571 
Hege 155-85 575 b 448 
Katepwa 609 c 515 
Max 589 d 489 

Columbus 629 a 547 
Hege 155-85 563 e 381 
Katepwa 612 c 467 
Max 585 d 491 

* * 

a 
d 
b 
bc 

a 
e 
cd 
be 

* significant at the 0.05 level, Abs = water 
absorption, HFN = Hagberg fallLng number 
Values in the same column followed by the 
same letter are not significantly dLfferent 
each ether by a protected Duncan's new 
multiple range test. 
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Tabl~',?-,.2 Slm[Jle effer::ts of tl le'lel, tlml.ng of 
ri fertlll.zer appllcatlon and cultl.var 
on bread loaf volume at Macdonald ln 
19f;O 

N level N timing 

o single 

Split 

60 Single 

Split 

120 Single 

Split 

180 Single 

Split 

significance 

Cultlvar 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

Columbus 
Hege 155-85 
Katepwa 
Max 

* signifl.cant at the 0.05 level. 

Laaf val.cc' 

845 a-h 
416 0 

795 f-h 
462 no 

845 a-h 
417 0 

795 gh 
462 no 

841 c-h 
584 i-n 
842 b-h 
509 1-0 

895 a-g 
722 h-j 
933 a-g 
803 e-h 

937 a-g 
508 m-o 
912 a-g 
577 j-n 

998 a 
874 a-g 
933 a-g 
932 a-g 

964 a-g 
557 k-o 
811 d-h 
953 a-g 

1017 a 
921 a-g 

1009 a 
965 a-g 

* 

Values in the same column followed by the same 
letter are not significantly different from 
each other by a protected Duncan's new multiple 
range test. 
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Preface to ~c{'tion 6 

Section 6 is the material conlained in a manuscript whlch will he suhmitted for 

publicatIon. The currcnt format confonm \\'Ith gUlddinl'''' ... ct hy thl' Faculty of 

Graduate Studies. Tables, figures and ltteraturc l'ttel! an .. ' prcscntl'(\ al the end of tlm, 

section. 

In this section we discu!:\s the cffect~ of N fel'tlli/cr kwh, IlIlle of application 

and cultivars on soil mtrate levels in the 0-60 cm layer nf ~oil. 
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Section 6 

EVALUATIOl\' OF N FERTILIZER LEVEL AND TIMING AND CULTIVARS 

ON SOlI., NITRATE RESIDUES 

6.1 AUSTRACT 

In order to a\~e\~ the potcntlal manipulation of nitrogen management to allow 

hrcad ({uality wllcat production ln Ea\lcrn Canada, an expenment was conducted for 

two ycar\ al ~al'h of two '>ltC~ III Québcc 10 ~ludy the errect of level and tll11Ing of N 

fcrtlli/er application on re\ldu,!I ~0I1 NOI-N level~ \l1 the ~o" layer~ l'rom 0-20 cm and 

20-60 cm. The cultivai'> u\ed are known to have potelltlal al, hread wheat. The \lOI) 

types wcrc BeallnooJ... clay and Ste-Ro,>alJe clay. The expcnment wa~ 4 x 4 x 2 

faclonal. The cultlv,lr,> wcre: ('olul1lbu~, Katepwa, Max and Hege 155-85. In bath 

year~ 0, hO, 120 and IXO kg N ha 1 wele applled eltller 100 % at ~eeding tllne or 60 

% al ,>cc(IIng .tIHI -+0 IYr, at anllle ... l.., Cultivar erreCI ... on ..,ut! nitrate Ievels eXI~ted only 

at Stc-Rm,t1le, ,>ugge\lll1g lhat the cuillvar~ u<,cd ~cel11ed better adapted to the 

condition') at Mdl'doll,dd Challgc~ 111 ,>ut! N01-N kwh ovcr wlnter suggested that 

Il1I1lcralilalion had ol'clirred Nltrogcn halance ,>hect valué\ were hlgher than the 

actllal Il1ca'>llfl:d NOI-N IC"'lduc III the l'ail of cach year, Indicatlllg that there was a 

los\) of NOI-N ftom thc "'y~tCI11, pm\lbly duc to dCllltnflcatioll. Potentlal increases, 

Ihll~ potcntlal pollution. III le'>ldlial '1oil NOI-N e1(l~ted only at the level of 180 kg N 

ha 1. Ovcrwllltcl chdngc,> 111 ... ut! NOI-N \cvcl,> were proplll tlonal to the IIlverse of the 

t~lll NOI-N kwh. Dlffercnce.., lK·twccn the ~ilc\ were lllarJ..ed. 

6.2 INTROnUCTION: 

When N fertlli/cr 1'1 appltcd to a field, it can be a beneftt through increased 

crop yll'Ids, llo\\'ever the ri"ik~ a,>~ociatcd with potentlal residual NO,-N levels 

bel'OIllL· ... ,\ l'lllll'L'l11 (011 ken et al. 1985). SOli N Ol-N may be <,ubject to leach mg to 

gwund \\,lIL" (H.1I111L' l't .11. 1477) ,1I1d hL' a heallh halard (TIIl11ll01l~ and Dylla 1981). 

SOlI NOl-N I~ .Ihl) ~lIblect to dCllttntlcatlon \\'hlch Illa)' prodllcc N 20, an agent of 

ozone 1(1)'L'r (k'strllL'tlon (LIang. et al. 1991). Whenever NOI-N moves below the root 
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zone, it then becol11e~ una\'all.thle tll pl.1111\, .tl1d .lI .t 1111111111UI11 n.'prl"l'nt~ an l'l'OnOI11h.' 

10ss to crop plOduccr, (1'1111 Illon , and Dyll.l 1 l)81), 

Nitrate leachll1g .• tccullluiation and lkpktilln ln the 'llll depl'nt! I.ugdy 011 thl' 

amount of N fertlltzer adtkd. l'lIltural pral'llCe, ll\l'd. alld ,oil cll.tral'Ieri,til':-, ()I1~l'n 

et al. 1985), 

An expenment wa~ COIHIUl'tl'd al 1\\0 10c.ltlon<.; 111 Ea,tern ('.malta tn test the 

effect of N fertllJzer kvd and tlllling. and ~pnng whe.tt l'llltivar on tlll' (.ttl' of apphl'd 

fertilizer 111 the ~0I1. 

6.3 MATERIALS AND l\1ETIIOnS: 

The ~tudy wa, conducted on Bearhroo).. clay ,011 (1Ine, Illlxed, non-al'id, fligld, 

typic HlImaqllept). at the Lod, Agronol11y Re,e.llch Centl e, t\lr(îlll lIniVl'r'lty, 

Macdonald Campll', and on Sic-Ro\alll' elay ,011 (1IIle. nOlhll'll1. IlIgHI, typll' 

Humaqllept) aL Lhe COOP Fédérée re"e,lrch f.lrtll, Stl'- Rn,.tlll'. ()lIl'!ll't', C'.ln.ld.1 III 

1990 and 11)l) 1. The pn:\'lou" l'rOp at thl' Il)l)() "Itl' \\'.1' O.lt (j\ yl~l1.! ~.Jl!y,! l ,) 101 11ll' 

Macdonald ('ampu" ,Ile and Il1IX1:d lorage" 101 Lhe SLe-Rmalll' "Il' ln Il)lJI. thl' 

expenment wa\ repeatcd on the ,ame Ileld,. thu" thl' pll'VIOU" Clllp .It hoth 100:allon, 

was hard red ~pnng whl'at (Tntlculll ae"tlVUI11 L), PI 101 to "cedlllg. thl' 1.1Ild 101 ,dl 

four Slle-year~ lel'clved cldequate alllendlllellt 01 P and K The expen Illl'nlal de"gn 

was a randol11lzed complete bloc\.. arranged a, -l X -+ X :2 lacloll,1I \VIth -+ rcpllcélte" 

The wheat cultivar" 'tOWIl were. ('01 Il Il1bu .... whleh '" Ilolllially .ll'l'Cptclhlc li' il !lll'ad 

wheat LInder the wc,tcrn Canada Red Spnng grade" (Agllcultufc ('.1\1.111.1, Il)XO); Max, 

which has an acceptable performance ln LéI,tL'rn Canada, ,lIld W.l" recOlllllll')Hbl 101 

milling and bread makll1g (Agriculture Canada, 19X7). KalL'pwa, whlcIJ ha ... gond 

mill ing and bakl ng propertle\ (Campbell and (' /(lllll'd 1 ILJX7) . .IIHI IIq'l' 1') ') Wi 

which l~ currelltly belllg te'lted for Ilccll'llng a ... cl hredd \Vhe.lt III I.d"tem ('étllilda ï /te 

cllitivar~ recelved O. 60, 1:20 or 180 ~g N ha 1 ln the IOrill 01 gr,lIl1t1dr a III 111011 1 Il III 

nItrate, elther ail al ,cedll1g. or hO % at ,ccdlng and 40 If" dt .tnthe"" The tcrtllller 

was broadca\l by hand on the plot ,urtace and IIlCO) porated hy halld raklllg, 



'[ he plOh were '>OWII al 4 ')(J ,>eed ml wlth a cone-type plot ':>eeder 

(WlIlleNelger Alllenca [!le, Lll1coln, Nebnl\ka) U\lIlg certllied ~eed treated '."jth 

Vilaflo 2XO (J,') o/r, cdrballllln (,')-6-dlhydro-2-l11ethyl-N-phcnyl-l. 4-oxathim-3-

carboxamlde) ,lIld 1 \ (Ir, tlmam (Ietramethyl-Ihluramdl,>ulflde». Seedmg was clone on 

the tïr"t and l'kvl'nth 01 May at Macdonald, and on the tenth <111<.1 twcllty tïr~t of May 

al Sll'-Rmalle III ILJLJO ,tlld 19l) 1 rc,>pcctlvely. Weed\ al Macdonald wcre controlled 

wlth Pardnel (brollloxynii J. S-dlbro1l1o-4-hydroxyhenlOllltnle) apphed at 1 L ha- I al 

the two-Ieal ,>tclge Weed" at Ste-Ro\allc were controlled wlth Cl mixture of 280 g a. i. 

ha lof brollloxynJl alld 2XO g (l.I ha lof MCPA (2-methyl--l-chlorophenoxyaceticacld) 

al\o appllcd .lt the two-Ic.lf ,>Iage At pl,1I11 matlirIty. prc-Illclrkccl 1 111 row <:.amples 

were hand Ilalve'>ted hy lIprootIng (Illd ;~lr-drIcd IlldoUI'I .II roOI11 tClllperature for 15 

day\. Ploh were t 1 1 111 III cd 1 II 'II pllor 10 harvc,>t 10 l'lllllinale edge erfect,> duc to 

pathway .... Aller tlllllllling. cdch plut al Macdonald \\a'l IHO CIIl x -l56 cm wlth 12 

roW'l ... paccd 1') l'Ill alMlI III hUIIl yeal.... Aner trIllIlIllng. plot '1IZC at Stc-Ro~alie ln 

199() w"" l)() l'Ill X )()() l'Ill, ,lIld in 1491 90 C1l1 \ 525 l'1I1 \\,lth 6 roW'l '1paced 15 cm 

apart TIIIIlIlled plOh \Verc C01llhllle Ilarve'llcd lor yleld (\'1'/}) delenllllléltion. Plot 

yll:ld'l ,\Il' CXpIl'\wd 011 a 1 h.1 1 ba"l'I al l-l (Yr, 11101 'lIure. Suh\dl11plc'I of grain were 

mIlled III a l1dy L'yL'lune mIlI (lldy Corp. Forl ('01]111). CO.) and ,>traw l'rom the 1 111 

salllplc~ wa\ 1111 lied U'IllIg d Wlley 111111 III both ca'le'l thlOugll a 1 IllJII JIIe~h Prolelll 

(N x 5.7) \va" dclelïlllncd on gl,\ln al1d 'ltrd\\' by thc Klcldahl 111ethoc!u<:'lllg a Tecator 

KJI:IIL'l' Sy\tL'111 1 ( J'l'L'.Hm AB. Hogalla'l, Swedcl1) 

1:.ll'h \ L'cil .1Ih.'r h.lrve\t and III 1l)41 prIm 10 plal1tll1g. olle '1011 )ample was 

la~l.'n trolll IIIdl\ Idu.1I ]lloh IWIll the 0-20 and 20-60 L'Ill '1011 layer'l Pnor to planting 

III 1990 only fuul rL'pIIL"lll'\ \\l'IL' t,lken l'rom cach 'lIte. The core dla111eter wa~ 12.5 

L'III. l'hl.' \.lIllpk\ \\L're \Ioled III a cold roOIll at l''C prIor to e\tractlon for NO\-N 

alld Nl-l,-N AnaIY"L'\ ot \oIl \\'l'IC done by '1IM~lng 15-20 g of fresh ~Oll, III 100 ml 

of 1 /11 KCI ~(l11111011 fOI 6() 111111. The ",u:-'[)l~ll'>lon \\'a ... fdlered and the flltrate was 

.1Ilcll y!et! colon IlIcl nl .. 11I y on a TeL'1I1IlCOI1 A uto(1nal y 1er. A '1011 "'UlN1111ple was oven 

lInL'd III tktl'lllIllIl' 11ll11\1urL' l'onleIlt The L'OI1L'Œtr.ltlOII or NO,-N ln Ihe ~oil wa~ 

\:o\l\'('lled 10 tot.1I N( )\-N lI\l11g 'loti bulk del1'llty ,lIId Il1lmtllre content values. Change 
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of NO,-N levels over winter were calculated as tht! thtïercnœ bctwccn spring and rail 

N03-N values. 

Nitrogen fertillzer use efticiency (NUE) wa!'l gcncratcd a~ follo\\'s: 

Grall1 N from tœatment - grain N t'wm control 

Total 50il N in treatment - SOli N 111 control 

N balance sheets were gencrated a~ follows: 

Spring sail NO,-N + Fertilizer N - Crop N uptakc. 

Data were analyzcd llS1l1g SAS (SAS Imtltlltc. 1':>85). Thc F-tcst (Sted and 

Torne, 1980) was ll~ed to deternllne whether the variatiom call~ed by the trL'.ltIllL'nts 

and thelr 1I1teractlons wen~ ~ignlflcal1t. Probàbllltlc.., of lel.,~ than or l'quaI tll 0.05 

were consldered sigmflcant for 111 a 111 effect~ and Intclactlon!'!. An ANOY A-plOtCCIl..'d 

Duncan' s new multiple range tC5t or contrà~t~ WCIC perfortncd to l·011lIMII..' Illl'ilm of 

variables found to vary ~lg1ll fieantl y by the F -te!'!!. Cont ra!'!l~ weil' u,>cd tu cOlllpal e 

means of vanable~ affectec\ by N ferttlizer kw!. l'Ill' genclal 1I1ll'.lr 1ll0dd plocedule 

of SAS was u~ed to detcrmine regrc~~lon paralllctcl ~ 

Weather data for ail four ~Ite-ye,lr!'! elre prcl.,cntcd III ':!ectllll1 .... 

6.4 RESULTS AND DISCUSSION: 

Initial spnng dl5tnbutlOn of NO\-N 111 the ~Oll vdricd with (kpth. Nltratc-N 

levels in the surface samples were alway~ l1ulllcrically lowcr than thc NO\-N at the 

lower depth, although ..,lgnlflccllH.:e 01 tlle dlffelellce could Ilot be tc\lcd (Tahle\ (1.2 

and 6.8). Nllratc-N valul.!~ frcqucntly vaned '>lgllIIICdlllly dlle 10 N !l'lllll/l'l lewl III 

the four slte-year~ (l'able 6.1), ~oll NH~-N valuc':! Wl'rc low, and 110 agronoll1lcally 

slgnificant vartabtltty c1l11Ung trealment.., occurrcd. Tlllll., NH1-N Ild ... Ilol bl'l'Il 

diseussed here. 

6.4.1 N fertIllzer effects' 

6.4.1 1 Ste-Rosalie IiHe: 

Fall 1990 ~Oll NO~-N values were signlflcantly increa!'!ed with added N 

fertllizer only In the 0-20 cm sot! layer (P < 0 01 )(Table 6.1). The ab~cnce of '>lIch a 

signitkanee in the 20-60 cm protile ~lIggc~b that llttle or no N03 ll10vcd downward~ 
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in lhal tïr~t growmg ~ea\on and/or tllat immobillzation of the N04-N in the top profile 

could have occurred. Interacllon effect~ in the l'ail of 1990, were signitïcant for total 

\oil NO,-N re..,ldlle.., Since there were no ..,Igllltkant malll effects of the treatments, 

thc~c Interaction.., have not been dl",clI'I..,ed herc. 

Pnor to plantlllg ln 1l)91, the N krtllizer effect wa~ ~Igllllïcant on soil N01-N 

only in the 20-fJO CIll profde (P < O.(5)(Table 6.1). Overwlnter mllleralization and 

precipitation (HfJX 1 Illm in total) cau'Ied NO,-N to leach Into the deeper layer of the 

soil (Von Jol1y and Plcrre 1977) and may have re~L11tcd 111 the observed slgl1lflcance. 

Fall ItJl)1 '1011 NO,-N valLlc.., III the Iwo ..,otl laycrs were ~Ignitïcantly ll1creased 

only whcn 1 XO kg N ha 1 arc ddded (Increa ... e.., of 54 % 111 the 10p ~Oll and 38 % in the 

suh \(11) (Tahk ()~) ln the 0-20 cm ... 011 layer. tlm Incredl.,e \Va ... dll~ to ~pnng N 

fertilller applicatIon. The pre\ence of tlm effect III the 20-60 cm ~Oll layer was 

probahly due to the \11111 of le\tdual NO,-N and the dO\vnward 1l10vement of the 

~pnng applted addcd te ri il 11er. 

HIghcr rc\tdll,lI NO,-N 111 the ~oil, e~peclally in Ihe plant root zone, when 

11Ighcr N l'el ttlller 1\ added l1lay abo be expléllned by a ~lgl1ltïcantly lower plant 

ferltlllei N lI\e l'Illclency (NUE) at higher fertill7cr leveh (fable 6.3). Wlth 

II1crea~JIlg N leI till/L'I Ieveh. NU L dcclea\ed linearly ('l'cible 6.3). The dlfferences 111 

NlIE alllong tlll' dlllelL'llt k'vcI\ nt N ferttlizer Il1can that Ihe plant~ look IIp ~l1laJJer 

proportion ... 01 ~0I1 N a\ N levch Increa'll'd, and tllat N fertillzer Ievels aclded were 

1101 Iilllltlllg for plant glOwlh (\ecllon\ 3 and -1.). 

Spnng 1l)L)1 NOI-N vallle~ were higher than fall vallle~. (,hange~ overwinter 

weil' pO~ltlvC \lIggl' ... tlng that 1l1111Craillation occllrnxl and Ilm war.; slgnificantly 

dl'crcased a'\ N lertill/l'I Ieveh InclL'a\ed Crable <lA). Soil NOI-N vallle~ reachee! a 

con~lant hy ~Jlnng \,ullpllng pCllod\ rrable 6,2) A IlIlear relallOn\hip eXI<;ted 

betwt'en N01-N ch,lIlgl'\ O\'l'l\\'lnter and fall NOI-N leveb (Table 6.5). Regression 

equatlon\ \IH1\\ Ih,\I ",hen I~lll NO,-N lcvels were hlgher. ovcrwlnler NO,-N II1creases 

were lo\\'er A \lgllltll\lI1t IIlter.wllon è,,,\ted bctwecn N level and cultIvar on over 

\VlIller ch.lIlgt'\ hut \ho\\'cd no particlilar t rend (Table 6.6). 
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In both years. N balance value~ were pn"ltJ\'dy inlluell\.'l'd hy N fl'rtlli/er 

levels. Values increased ~nn"l~tentl) \\'lth illL'rea,ing N fertili/er lL'wl CI',lhk 6.7) 

Values were pO~ltl\'e, mL',llllng that N Input \\,1" hlglwr Ih,\I1 pl,lllt N upt,I\"L'. ValuL's 

were higher than the actual l1lL'<l,>url'd NO\-N rL'~ldllL' III IhL' '",III of ~',lL'h y~'.\1, ,lIld thl!\ 

was especmlly lrue at the hlghcl N I~rttlllel kwl ... 'l'hi" Illdll .. ltL'" th,11 Ilwll' \Vas a 

loss of NO\-N t'rom the o;y .. km. pO'>'>lb1y duL' 10 dcnltllflc,ltlllll, iml11nhtlllatloll or 

leaching below 60 cm depth. 

6.4.1.2 Macdonald site: 

In the fall of both 19l)() and 1~91, increa!\ll1g Ievd" of ad(bl N felllii/L'r 

illcreased SOlI NO\-N III twlh the 0-20 CI11 and the 20-60 CI11 '>011 layer~ (ï'ahk h.I). 

The signlflcalll:e of the trcatment dl'ccto; betwL'l'll 20 and hO l'Ill "lIggL'SI, that Il'aching 

of the NO\-N may have uccuned durtllg Ihe growlIlg ... e.\ ... OIl Tlm phL'1l01llL'nOIl dld 

Ilot occur in Ihe fin~t growlllg ,eawn at Ste-Ro",tlll'. In Ihl' 1,11101 Il)t)(), III thl' 0-20 

CIlI soil layer, ~oil NO\-N Ieveh were lI1l'rea"'L'd CllIl\l ... tL'lllly \VIth Illl'lca\lng N 

fertilizer level" (l'able 6.8) The l'IIge"l Increa"'l' wa ... IOH % 01 thl' CllllllOI (Tahle 

6.8). In the l'ail of 1 L)L)O III the 20-60 l'Ill ... 011 I<lYL'1 " ... weil a ... III huth thL' 0-20 and 

20-60 cm sot! layer" ln the lall of ll)lJ 1. le,ldll<l1 NO\-N v,tlue" WL'le hlghel only 

when 180 kg N ha 1 wa" added (Tabk 6 X). 

As observed at the Ste-Ro.,alle .,He, owrWlIller NO\-N ehange" III the 0-20 etl1 

soil layer wcrc ~igniflcantly allected hy N lertllllL'1 kVl'l (t'cIble 6.1) The grl'atl'",t 

change occurrl'd at the lowe,t ll'yel of N l'l'rtlli/el lewl. ""Iuk Iltlle change occlIllcd 

at the 180 kg N ha 1 level Crable 0 4) 

Re.,ldllal NO\-N value", lor the "'pnng 01 Il)L)J were nol "'Ignlllcdlltly dllfcrcnt 

among N fertrltzer rate,> ll.,ed and they weIl' grl'aler Ihan kwl" III Ihl' l'ail ul \lN!) 

(Table 6.8). 'l'hl., Indlcate ... that greater Il1lner,t1i/.ttlon m.ly have ol'currccl dllnnl! thL' 

wlI1ter. The NO\-N rc,lduah ln the l'aIl of ILJlJI wcre u"ualJy Jowcr than the "'pnng 

values of the saille year excepl at IHO kg N l1a-1 CLlhk 6 X). 'l'lm W,I, Illalllly due lu 

dlfferent plant NUE among the drfl'l'rent N lerttlller kwl .... 
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A~ al the Ste-Ro ... ,dH.! ... ite, NUE declined '>lgl1lflcantly with Increa~lIlg levels of N 

fertilizcr, re ... l1ltll1g ln Incrca'>lng re"'ldl1al NOI-N re,ldual~ at the higher N fertiltzer leveh 

(Tahle h.H) The relatlOn,hl) between overwlJller NOI-N change and previous fall 

rC~ldlial NO\-N wa ... lound to he IInear (l'able h.5). 

The N balance wa.., ,Iglllrlcantly affected by N fertIllzer level in both years (Table 

6.9). 111 ~Ill~ control plot, élnd III the plot'> that rccelvcd 60 kg N ha 1 (with the single 

exceptIOn of the cultIvar Max. III 1990), N balanœ vaille" were ncgative ('fable 6.10) 

mdKatlllg that crop N uptdke wa, hlgher than the N IIlput plll~ the spnng SOlI N01-N 

Icvcb. Mincrall/atIon or ,011 N probably supplIce! Ille remalllder of the crop N need. 

At 120 and 1 HO kg N ha l, or at 60. 120 and 1 HO kg N ha 1 for the cultIvar Max ln 1990, 

N balance V,tllIC'" werc pO\ltlVC, Il1dlcatlng a "'l1l1lclcnt N Input (l'able 6.10). However 

vaille ... Wl'rl' lowel Ih.lll the aetual re"'ldual NOI-N lllea ... urcd suggeslll1g that 

mincrall/allon l11ay h""l' occurred 111 Ihl ... growlIlg ... ca ... on too. 

6.4.~ Cultivar et rect: 

6.4.2.1 Ste-Rmalle ,Ite: 

Only III the rail of IQ90, were there <;'Ignlflcant dlfferences alllong N01-N 

residuab due tll cultIvar ... (Table 6 1) Thcse dlffcrcnccs \vere mo ... t pronounced III the 

0-'20 CIll ~oll I,lyel (P<O (1). lInder the cultIvar Max. NO,-N leveb III the 0-20 cm SOli 

layer were .. W 'x, 100\er than Ievel.., 1I1Hlei other culu\ar ... (Table 6 2). In 1990, Max and 

Kale))w;! ... how\.'d .1 h'..?th,:r dflclenl'Y 111 N fcrtJll/er lI,>e thall the other two cultIvars (l'able 

6.7). SlIlCl' N()~-N ovcrwlllter chang~ ... \Vcre lloted to vary Ilnearly wlth fall NO~-N. a 

cultIvar effcct on overwlllt~r challge~ \Va.., not entirely 'Iurpn"'lllg (Tables 6.5 and 6.9 

r~'>pectl\'cly) . 

MlIlel.tll/,1I101l late'i under tlle cultIvai Max were about 10 t'old under cultIvars 

Katepwa .1Ild Hege 155-~5 lInder tlle culuvar Columbus. IlllllerallzatlOll wa~, 

suqm"'lllgly. IIltCJ'll1edl,lte (Tahle 6..+). There wa" no cultl\'ar erfect on N balance values 

(Llble h,4). 

6"+.~ 2 I\I.lcdonald ~Ite: 

Ali IMraml'ler~ ,tlJ(hed failed 10 vary significantly alllong cultIvars al the 

Macdonald SIIL' (rablc~ h.1 alld 6.9). 
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6.4.3 Time of N apphcatlon effec!: 

6.4.3. 1 Ste-Ro~alle site: 

There were no ~Iglllflcant N tllning l'ffl'l't~ on O\'l'r\\ Illll'r NO,-N Chatlgl'~ or N 

balance (Table 6.9). SplIt N appltl\ltlllll affl'cled NUE "lgnllll"llllly lltlly III 1l)l}1 (Tahk 

6.9). NlIrogt'1l .lpplIl'd .lI ,lIlllle"l" h,l" hl'l'Il IL'plltll'd Il) 11ll'll\l\l' Il.IId Il'lI "pnng \\Ill'al N 

uptake markedly (WUC"I alld Ca""\11dll 1l}92l, Ihelet'l)rL' NUL", 11"",I\' III Iw lllghl'i I1l.111 

when ail N krtIlI/L'1 1\ applll'd ,li ,,"'"'dIng Ik"Plll' N lllllln~ l'tll'l'l Oll Nt '1.. 110 "ul.'h 

sigl11ficant cffcct wa" oh"erved 011 "011 NO,-N k\eh III l'llhl'1 )'L'al (Llhk h.l). Spllttlllg 

the N fertillzer applIcation may hl' bl'lletlcl<l1 10 thl' pl,IIlI", IHI\\'l'vcr. It dOL'" Ilol ~l'l'l1l 10 

be more environml'nlally 'iollnd. 

6 -1-..3 2 M,lcdonald "IlC: 

The onl)' "Igllilkant et kcl of N Il'llJ\ill'r ,lpplll"UIOII Illlll' Ol'ClIlJ'l'd III ll)l)() will'Il 

NUE wa~ hlgheJ' \Vhell 60 "g N ha 1 wa" ,plll Ihall wlll.'11 .111 01 Illl' N wa, .tdded al 

seed1l1g (l'ablc" 6.1,6.9 .Inti Cl.II). No ,uch "lglllllcallL'l' \\,1\ oh\l'I\'L'd .11 Ihl' 11Ighl'1 

fertilizer Il'vel". mean1llg that the lertill/cr addl'd \\.1\ Ilot 1III1I11Ilg 10 plallt growth. l'\'L'1l 

if it wa~ ail applted at "l'eding. 

At Ste-Ro"alle III 1991,101,11 pn:plalltlllg ,lIld .tllel-h.ll\l'\1 1 l'''I<.I 11<1 1 N(),-N vallll'\ 

were much largl'r Ih.ln al f\1.lcdollald. Along \\'Ilh pl,tIll Pl' 1 101 III .1 Il l'l" (\l'cllom ' .... ,\1](1 

5). thl" IIltllC,lted lhell ,(lt! N \upply wa, lmwr ill f\1.ll'd(lliidd, (II Il'dl'hlll1! W.I'" g,rl'all'I 

compared 10 Sll'-Rmalll' 

Cllltl\'cIf 1'IIel'h eXI"ll'd only al Stl'-Ro\.tlle pluhahly dlll' lu <Ill Intel action hl'lWl'l'1l 

soil type and gl'notypl' whICh dld nol occllr at Macdonald. 'l'hl' cllillvar" \l''l'd ~l'L'nll'd 

better adapted to tlle pllY"ICal l'Ondltlom al Macdollctld. 

6.5 CONCLL'SIO:\S: 

Thl~ "lully ..,howed Ihat pO!L'llllal InL'l\~a,l''' 111 re'Hlual ,011 NOI-N. thu, ciTee! Oll 

the ~Oll ellVlrOlll11ent. e\l"ted only ,It Ihe Iewl 01 1 XO k~ N ha l, III three (lui (lf lour "'Ile 

yearc;,. Ovcrwlllter challge, wcre Il1vel,,"'ly propllrllllll.tI 10 thl' lall NOl N, 11111" ri 1" 

important to 11l11ll1111/C Ihe Idltcr to rL'dllCl' thc"e d,tIlge" DllIl'rcllCl''' bl'lwœn thL' "'Ite" 

were marked The..,e (hf/erL'IlCl''' 111 cl Y be dllL' 10 cIllllatl', 111.1 Ilélg l' 111 l'Il 1 or dralllclgc. 
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Table 6.1 Analysis of variance of soil NOJ-N values (kg N jha) 
as a functlon of N level and tlmlng of N fertilizer 
applicatlon and cultivar. 

N level Tlmlnq Cultlvar 

ste-RosaI le 90 after harvest (fall) 
0-20 cm ** ** 

20-60 cm * 
total * 
Ste-Rosal~e 91 pre-plantlng (spring) 

0-20 cm 
20-60 cm * 
total 

Ste-Rosal~e 91 after harvest (fall) 
0-20 cm * 

20-60 cm ** 
total ** 

Macdonald 90 after harvest (fall) 
0-20 cm * 

20-60 cm ** 
total ** 

Macdonald 91 pre-plantlng (spring) 
0-20 cm 

N*C 

* 

20-60 cm no slgnlflcance 
total 

Macdonald 91 after harvest (fall) 
0-20 cm " 

20-60 cm ,. 
total .. 

.. slgn~f~cant at the 0.05 level 

.. * slgnlflcant at the 0.01 level 

N*T C*T 
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Table 6.2 Fffects of fertLlizer N level, tLmLng of N fertilLzer application and cultivar 
on SOLI NO,-N levels (kg N ha- I ) Ln the fall of 1990, sprLng of 1991 and fall 
of 1991 at Ste-RosaILe. 

o -20 cm 20 - 60 cm Total 

Fall 90 SQr~ng 91 Fal1 91 Fall 90 SQr~ng 91 Fall 91 Fall 90 SQring 91 Fal1 91 
N level 
kg ha- I 

o 11.4 22.0 12.2 46.6 73.0 56.0 59.0 95.0 68.4 
60 12.1 20.0 13.2 43.8 67.0 53.0 56.0 86.5 65.8 

120 16.9 18.3 12.5 45.6 66.0 51.0 62.0 84.1 63.3 
180 19.9 22.9 19.5 53.4 63.0 73.0 73.0 85.6 93.1 

Trend lin. n.s. lin. n.s. n.s. quad. n.s. n.s. quad. 

Cultivar 

Columbus 14.6 a 21.9 14.5 41. 5 b 70.0 a 54.9 56.0 be 92.0 69.4 
Hege 17.0 a 20.3 16.0 52.0 ab 71.2 a 66.1 69.0 ab 91.5 81.9 
Katepwa 18.5 a 19.4 13.0 55.6 a 67.6 ab 52.1 75.0 a 87.0 65.1 
Max 10.3 b 21.9 13.9 40.4 b 59.1 b 60.3 51.0 e 80.7 74.1 

SignLficance * n.s. n.s. * * n.s. * n.s. n.s. 

N Timing 

SLngle 15.6 20.9 13.3 44.5 64.8 56.5 60.3 85.7 69.B 
spl~t 14.5 20.8 15.4 50.2 69.2 60.2 65.1 89.9 75.5 

S~gnifLcance n.s. n.s. n.s. n.s. n.s. n.s. n. s. n.s. n.s. 

* 5Lgn1fcant at the 0.05 level, n.5. not significant 
Values 1n the same column followed by the same letter are not s1gnificantly different from 
each other by an ANOVA-protected Duncan's new multLple range test. Hege=Hege 155-85. 
Lin=lLnear, quad=quadratLc. 

117 



Table 6.3 

N level 

60 
120 
180 

Trend 

Cultivar 

Columbus 
Hege 155-85 
Katepwa 
Max 

Significance 

N timing 

single 
Split 

Significance 

Effects of fertilizer N level (kg ha-l), timing 
of N fertilizer application and cultivar on 
Nitrogen use efficiency (NUE, ~). 

Ste-Rosalie 

1990 

42 
33 
25 

linear 

31 b 
27 b 
39 a 
37 a 

* 

28 b 
39 a 

* 

1991 

25 
19 
15 

linear 

20 b 
20 b 
28 a 
16 b 

* 

20 
22 
n.s. 

Macdonald 

1990 

56 
44 
34 

linear 

46 
42 
44 
47 
n.s. 

42 
47 
n.9. 

1991 

75 
64 
5S 

linear 

63 
60 
64 
70 
n.a. 

65 
63 
n.9. 

* significant at the 0.05 level, n.s. not significant. 
Values in the same column followed by the sarne letter are 
not significantly different from each other by an ANOVA­
protected Duncan's new multiple range test 
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Table 6.4 

N level 

o 
60 

120 
180 

Trend 

Cultivar 

Columbus 
Hege 155-85 
Katepwa 
Max 

Significance 

N timing 

Single 
Split 

Significance 

Main effects of N level (kg hal), timing of N 
fertil~zer application and cultivar on overwinter 

changes (kg N hal). 

Ste-Rosalle Macdonald 

~0_-~20~c~m~ __ ~2~0_-~60~~c~m ~O_-~2~0~c~m __ ~2~0_-~6~0~c~m 

11 
7 
1 
3 
lin. 

7 ab 
3 b 
1 b 

12 a 
* 

5 
6 

n.s. 

26 
22 
20 

9 
n.s. 

29 
19 
13 
16 
n.s. 

21 
18 
n.s. 

24 
10 
11 

- 1 
lin. 

17 
8 

10 
9 

n.s. 

8 
14 
n.s. 

17 
15 
13 

5 
lin. 

12 
12 
11 
14 
n.s. 

12 
13 
n.s. 

* sign~ficant at the 0.05 level, n.s. not significant. 
Values ln the same column followed by the same let ter are not 
significantly different from each other by an ANOVA-protected 
Duncan's new multiple range test. Lin=linear. 
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Table 6.5 Regression coefficients of NO( 1;/ overwinter changee. 

ste-Rosalie: 

Depth: 

0-20 cm 
20-60 cm 
Total 

Macdonald: 

Depth: 

0-20 cm 
20-60 cm 
Total 

y=-22.5 + 1.1 x 
y=-62.5 + 0.9 x 
y=-84. 2 + 1. 0 x 

y=-34.8 + 1.1 x 
y=-33.3 + 0.9 x 
y=-69.7 + 1.1 x 

y= overwinter NOJ-N changes (kg N ha'l) 
x= previous fa1l N03-N (kg hal) 

120 

RZ=O. 56* ** 
R~=O.48*"* 
R~=O.56**" 

R~=O.43**· 
R~=O.54·"* 
RZ=O.55*** 



Table 6.6 

N level 

0 
60 

120 
180 

Trend 

Lin=linear, 

Simple effects of N level (kg hal) and cultivar on 
overwinter NO,-N changes (kg hal) in the 0-20 cm 
soil profile at Ste-Rosalie. 

Columbus Hege155-85 Katepwa Max 

12 11 14 9 
11 0 3 15 

4 8 -11 5 
3 -9 - 1 19 

n.s. lin. quad. n.s. 

quad=quadratic, n.s.=not significant. 
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Table 6.7 

N level 

o 
60 

120 
180 
Trend 

Cultivar 

Columbus 
Hege 155-85 
Katepwa 
Max 

Significance 

N timing 

Single 
Split 

Significance 

Main effects of N level (kg hal), t~ning 
of N fertllizer application and cultivar 
on N balance (kg hal). 

Ste-Rosalle 

1990 

82 
98 

129 
185 
quad. 

122 
122 
125 
125 
n.s. 

126 
121 
n.9. 

1991 

10 
35 
79 

135 
quad. 

68 
64 
68 
60 

n.s. 

60 
70 

n.s. 

Macdonald 

1990 

-54 
- 3 

46 
83 

lin. 

14 
11 
25 
22 

n.s. 

13 
23 

n.s. 

1991 

-28 
-40 

o 
31 

quad. 

- 8 
-12 
- 6 
-12 
n.9. 

- 8 
-11 
n.s. 

n.s. not significant 
Lin=linear, quad=quadratic. 
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Table 6.8 Effects of fertil~zer N level, tim~ng of N fert~l~zer appl~cat~on and cultivar 
on 501.1 NO,-N levels (kg N ha') ~n the fall of 1990, spring of 1991, and fall 
of 1991 at Macdonald. 

o -20 cm 20 - 60 cm Total 

Fall 90 S~rl.ng 91 Fall 91 Fall 90 S~rl.ng 91 Fall 91 Fall 90 S~r~ng 91 Fa1l 91 
N leve1 
kg ha' 

o 13.4 37.9 19.0 18.0 34.7 24.3 31.5 72.0 43.3 
60 17.4 27.0 16.0 18.2 33.2 24.3 36.1 60.2 40.2 

120 22.6 33.5 18.2 23.6 36.5 27.1 46.2 70.0 46.0 
180 36.6 35.0 30.5 33.7 38.5 46.2 70.0 73.8 76.7 

Trend quad. n.s. quad. lin. n.s. quad. quad. n.s. quad. 

Cultl.var 

Columbus 19.4 36.4 18.5 22.4 34.7 28.7 42.2 71.1 47.0 
Hege 24.6 32.2 21.9 24.1 35.7 31.9 48.7 67.9 54.5 
Katepwa 21.5 31. 5 20.3 24.3 35.6 37.1 45.8 67.1 47.4 
Max 24.5 33.6 23.0 22.8 36.9 34.3 47.3 69.9 57.3 

Signl.fl.cance n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

N Tl.ml.ng 

Sl.ngle 24.6 32.5 18.7 23.9 35.9 29.3 48.5 68.2 48.4 
Spht 20.4 34.4 23.0 22.9 35.6 31. 6 43.5 69.8 54.7 

Sl.gnl.fl.cance n.s. n. s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

n.s. not sl.gnl.fl.cant. 
Hege=Hege 155-85. Ll.n=ll.near, quad=quadratl.c. 
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Table 6.9 Analysl.s of variance of overwinter changes (kg ha-I), N 
balance Lkq ha-Il and nitroqen use efficiencv (NUE). 

N level Cultl.var N timinq N*T N*C C*T 

OverWl.nter changes, Ste-Rosall.e 
0-20 cm * * * 

20-60 cm 

OverWl.nter changes, Macdonald 
0-20 cm ** 

20-60 cm 

NUE, 1990 
Ste-Rosall.e ** ** ** 
Macdonald ** * 

NUE, 1991 
Ste-Rosall.e ** * 
Macdonald ** 

N balance, 1990 
Ste-Rosall.e ** 
:-1acdonald ** * 

N balance, 1991 
Ste-Rosall.e .. * 
Macdonald ** 

* sl.gnl.fl.cant at the 0.05 level .... sl.gnl.Îl.cant at the 0.01 level 

1~~ 

e 

N*C*T 



Table 6.10 

N level 

0 
60 

120 
180 

Trend 
S190i ficance 

Simple effects of N level (kg ha') and cultivar 
on N balance ikg ha') at Macdonald 1990 

Columbus Hege155-85 KateQwa Max 

-59 e -68 e -59 e -31 de - 7 ed -26 de -20 de 38 be 
36 be 69 ab 69 ab Il cd 
86 ab 67 ab 109 a 72 ab 

lin. Iln. lin. lin. 

* * * * 

* aignificant at the 0.05 level. 
Values followed by the same letter are not significantly 
different tram each ather by an ANOVA-protected Duncan's 
new multiple range test. 
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Table 6.11 

N level 

60 
120 
180 

Trend 

Simple effecte of N level (kg hal) 
and timing of N fertilizer application 
on Nitrogen use efficiency (NUE, ~) at 
Macdonald in 1990. 

Single Spht 

48 64 
46 43 
30 35 

linear lineat' 
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7.1 CULTIVAR EFFECTS: 

Section 7 

GENERAL DISCUSSION 

Rc .. pon..,c .. to added N can vary among cultivar.., (Major et al. 1992, Pushman 

and BlIlghal11 14R7). In tlm expenmcnt, the cultivar~ Columbus and Katepwa were 

thc Iea~t re"pon"lve to N addition in tenm of ylcld and its components. These 

cultivar .. arc very weil adaptcd to the low input management regll11e~ of the Canadian 

Praine~. In gencral, the cultIvar Hege 155-R5 had the 1110~t yleld compClnent and 

CiPC pla..,llc n:\pon\c\ 10 N additIon whlle thme of the cultIvar Max were Iea~t 

inllul'Ilccd, although III Il \tudy by Caldwell and Stallatt (11)87) Max re'iponded well 

to managcmcnl Illpuh ulldcr mantlll1C condltlon~. Hegc 155-85 wa .. a 11Igh ylelding 

cultivar wlth hlgh blollla .... productIOn. Overall, thi~ cultivar ha~ good growth and 

may use the av(ulablc re~ourcc .. better than the other thrce ('llltlvar~ tested. 

ln the l'IN ycar, there were dlfferellce~ alllong cultIvars for FPC. In the 

second year, the 1 PC of Hcge 155-85 approached that or Max bccau~e Hege 155-85 

was more re"'pOIl\IVC 10 the hlghcr ..,011 nltrclte level.." and the FPC of Max approached 

thal of Katcpw,l, 

In lhl\ eXperIlllClll, ,1 dclay III malurily a~ ~ugge .. tecl by Gooding et al. (1986) 

docs Ilot ex pl am the HFN (hfterencc~ ob ... erved all10llg c\l1tivar~. This suggests that 

alpha-amyla~l' actlvlty I~ 11Ighly hentable. 

Bread loaf volume vancd amllng cultivar .. alld there were often level and 

cultIvaI II1\t'I.lCtlllll\ 01 l'Ven thrl'c way lI1tl'ractlOI1" for thl~ vanable. Bread loaf 

VOIUllll' depend .. 1,lrgcly on tlll' I-PC wlllch it)clf wa) ..,lglllflCantly atTected by N 

t'ertill/l'i kwl and tlme uf .lpplIcatlun and )011 nitrate leveb. 

Ollly dt the Sle-Ro~alIc .. Ile, and only ln the f,lIl of 1990, \Vere there signitïcant 

differcncl's among \011 NO\-N levcl~ under dlfferent cultivars (Table 6.1), this was 

cspecially trul.' 11l the 0-20 cm ~Oll layer (P<O.OI). probably due to vanetal 

diftàenCl'~ 111 NUE. Sinœ NO\-N overwlI1ter change" were noted to vary Imearly 
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with faH NO~-N. a cultIvar d'fect on ovcrwinter change, was ,\1\0 found (Tallit', 6.5 

and 6.9 respectiveJy). 

7.2 NITROGEN FERTILIZER LEVEL EFFECTS: 

In thi" "tudy. N tèrtlll/cr applicatIon at "'cl'tllng IntluL'lh:cd gr.lin ylcld 

posltlvdy \\llIh IHtle or no "lgnlllc,lIlt dltïcr~nœ bl't\\\.~l'n 120 and I~O kg N h,\ 1. 

Since relattvdy hlgh gr,ull yldd" wcre rL'ached. Olll' l',\11 l'01l\ldt:r the N kltllt/l'I 

added to have been llon-llIllltmg. ,\I1d tllL' r,\tL' ot 120 ~g N h,\1 optllll.11 (Nultal L't al. 

1991). Nitrogen addItion above the Optlllllllll doc\ not Inl'Il'.t"'l' yll·ld. ,uHI a .... notl'd by 

Benzian et al. (1 4R 1) 111.1)' cau\e a dl'cllllL' III )'ll·ld. Nllrogl'Il icI t1111.\tIOIl l'nhalll'L'\ 

dry matter accumulatloll by .lll plant pal t \ (Bo.tt\\'nght .tIHI 11.\,\\ Il)h 1). hl'Jln' l)(lth 

vegetative growth of the wlle.1t plant ,lIld gr,1I1l Yll'ld .t1L' l·nll.llll'l·d Illlal gl:tm YIL·ltI 

is kllown to he pO .... lllwly cOITelatl'd tll tllL' tol.1i phyIOlll.l ....... lI .III 1 hl'''' 1'. (l'I1tl .Iml 

Fowler 1490). In t11l', \l11dy. N addllloll dit! Il lit Illtlul·nl'l.' III "'Uggl·.,tlllg that IL'Jtlll/l'r 

addition ellhanœd vegetatlv~ growth .tlld glalll Yll'ld III l'qu,1i jlIOpOltll)Il .... 

Gram yi~ld l' ddl'rl11lll~d by 11\ COJ1lpOlll·llt .... tllll ... gl.llll Yll·ld I~"pnn""l' ln the 

treatll1ent~ may bL' attllhUled tll lhe n.~"pon ... e., (lI Ih COIllPOlll·llt... (il.tln yll'Id wa\ hl· .... t 

correlated wlth tlle 1l1ll11ber 01 grain ... 111 ' (d.lta Ilot ... 110\\'(1) and tlll' IllllllllL'J ni glalll\ 

spike 1. and wa ... le,>\) \wll conelated wlIll TK W ( 1 dhle ~. 1 1). ï 111\ ... lI!!ge ... '" thal lhl' 

observed improvel11cnt, 111 gralll yleld due to N feltlll/l'I weil' I,\r!!èly duL' io ail 

increase in the Illimber of gralll'" \ptlœ 1. a" ob ... erved by (vlajOl el al. (11)\)2), raIller 

than kernel welghl, e~peclally al the Macdonald ... Ill·. 1 or C\(llllP!L', III 1\)\)1 at the 

Macdonald ~Ile, the relatlvely /lIgher 'l'KW of the clIltlV.l1 ('Ollllllhll., dlll nol 

compensate for Ih relatlvely lower 1l1l111hL'1 ot hernl'I ... "'(llhl' 1 ('olllpall'd 10 thl' 

Macdonald 'Ille, lllgllcr average l'KW at Slc-J{o,>allL' dld Ilut (lllllpClI\i1te lor tlle lower 

average nUlllber of graIn,> ,>pl~e 1. gl"é\lll ylèld dt ~te-Rm,dll' \\'.1" 1l1llllertL(llly lower 

th an that al Macdonald. 

TIller\) were found to he cllhanced hy N appllcatloll (Blrch alld Long, 11)<)0) 

early \11 the .,ca.,on (Zebarth ct al. 1(92). The J1l1lllher 01 tiller, nI " and \0 éI Ic ...... cr 
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cxtent 'l'KW, v.'ere al,,>o IInportant component,,> of gram yleld ,Ince pmitive 

correlation,,> eXI,,>t ht:lv.'een each of thc,,>c two vanable,,> to gralJl ylde! (Table 3.1 1). 

Nltrogen tI,,>e cfflclcncy decrea ... ed whcn N fertlliler application level II1crea,ed 

I.e. N at thl' kwl ... 01 1 ~() and 1 gO kg ha 1 WéI"> not 1lll1ltln~ When N fertlllzcr v.'a, 

added. Ihe pl,lIIl' contllllied lu t.t\..e up more N a ... Ihe élmoullt of <.,011 <lvailable N 

IIIcn: ..... cd HO\\c\er. the pl,lIll<" too\.. up <.,maller proportion.., of the ..,011 N pool. The 

N reJ1lalJ1lll~ III Ihe ... oJl 1<., potclltlally Icached aw.!)' or del1Jlnllcd If ... 011 1l101~ture 

cOlldltlOfl<., elfe adcLluatc (I.e N 1" 10\1). On the other hand .... Ince the plant can not 

take up ail the N Il Ilel'd ... al ollce. over tlme N will potelltlally kach deeper IIlto the 

,,>oil prol Ill' and l1lay l'ventu,lIly 1Il0\'e out (lf the zolle occupled hy plallt roots, thus 

rL.lucIIl)! the potenlJ,11 N tlpt.!!--c cl 1 IClelle)' of the pl,1ll1 

Nltrogell 11.11 \'e,>t Illdex dl.'cre,l<"ccl "'Ilh IlllTea<.,lng N Icvel ... III three out of four 

"atc-yc,lr..,. ~lllee NH[ 1.., the plOportlOIl ot plallt N III the ~1,1I1l. alld since PPSD i~ 

pO'lltivcly JI1tllll'lll'cd h)' IIlClc,I'Ilng N lerttlller Ic\el. one Illcly concluele that N 

partillolling Illto Ille grdln 1'" alten:d \VIth Illcrea..,lllg N fertilJ7l~r leveh. It seems that 

hlgher N kltllJ/cl Ic\eh c,lu ... e ,ln Incrc,I..,C 111 PPSD ,lI1d a n:latl"cly 11Igher Il1crea,e III 

... trav.' N conlcllt (1101 cOllcenlr,ltlon) Tlm '>tlgge ... ted (altlwugh \\l.~ have no eVldellce) 

Ih .. t N partJllonlllg 11110 the gl,tlil 1.., hlghl'r ,li Im\l'r k\l.'h 01 N tertlllty, In I~lct high 

N 11.'Vl'1.., JJ1I..'ll"I~l'd N l'Ol1l'l'lllrdllOIl ln ..,tta\\, ,II hanc,>1 (lIl1jJuhlJ ... hecl data), 

Hillion (11»)ll) IllUlld th,lt hO (:; 01 thl.' (jAC eXI..,t ... III thl' aleurone layer. Tllu,> 

If tlle hran 1 ... Ilot wl'll '>l'pal.ttl'd froJ11 the l.'lldo\IK'nn dUI IIlg 111111111g. tl1J'~ wou[(\ lead 

10 a 11Ighl.'r flour ,I..,h [ncrl'.I..,lng kveh of N fl.'rulJty cau<"l.'d ,1 benellcral rl'ductlon 111 

FAC, whlch I~ 1I~II,dl) rl'latl.'d 10 thl.' ettlcll'ncy nI' Ille mdlJng proce~" (HlIlton 1959). 

Jt "l'CJ1l'" th,JI 111 Ihl' Il'glllll'" h.,..,tl'd, whl'.!t N fertJ1lZl~r J1lànagel11l'nt ha" no cletnmental 

cl l'l'ct (lll (j:\ (' nOI l ,,(' 

(jl,llIl pl(lll'Ill l'Ul1l'l'ntr,lIlun \\'a.., L'lu..,ely corrl.'l.lted "'Ith FPC III both year, 

(r:::::() llX·" 111 Il}l}() ,llld r=() 70'" ln 1 l)lJ 1 ) Incn:a..,lng N krtllizer Icvcb and split N 

,1ppliL',I!JOIl hulh ,llkctl'd ['PC (T.thk.J" 1) and (il'C (\l'ctlon .J,) pO<"lllvely. In the 

"'l'cond )'l\\r, the ,IPpltl'.lIll)n (II 60 \..g N h.!1 cliel not IInpw"l.' FPC, probably due to 

thl' pre","'nl'C lIt JS k,!! rl, .... du,1I N h,ll ln the root IOlle (..,(:ctlOn 6) A N fertilrzer 



effect on FE is Ilot ~llrpn:'.lllg ~II1CC a corrdatlon I!'I \)h\l'r\'l.'d bl'I"'l'l'Il FI: .md grain 

protein concentration (r=O.J*, O.J4·· 111 1990.md Iqql rl'\pù·tl\l'Iy). 

Flour \Vater ah,orptloll IS hlghl)' l·orrel.lted \\1111 1 PC (r=O,95'" in 1990 and 

r=O,60'" in 1991) and ~o l' DT (r=O.H4'" In 1l)l}O .llld r=O h"'" III 1991), Thi~ 

explaim the re~p01,...e ... of tlh.~'l' t\\O v.m.lhil- ... to N Il'lttllll'r .lddltIOI1 .. and Ihi!'. 

corroborate~ wlth fll1d1l1g ... of Bu..,llllk el al. (Il){)l)). 

At Ste-Rmahe. the ah ... cnl'c of krttll/cr N erkl't ln thl' ~ll·()O 1.'111 ~0I1 layer 

suggests that httk or no NOl-N Illoved dO\\'I1\\'<lld.., 111 thl' 111 ... 1 glO\\'ll!g 'l'.l ... on alld 

that il11J11obJllzatlol1 of the NOl-N 111 the top ,011 l.lyCI (0-20 \.'Ill) II1.IY havl' ol'l'lIned, 

OverwlI1ter Illllh?rall/atIOI1 l11ay have ol'l"lIll'd. PrCl'lplt,1I10J1'" l'qUI\ .lll'lll tll X(Ü~ 1 111111 

of ram probably call ... ed NOl-N to kal'h 10 the dl'\.'I1\.'1 la) l'f' 01 Ill\.' ... orl (VOl! lolly .IIHI 

Pierre 1977) and nMy have le ... ulted 111 a "'lgl1lfIC.lllt Il'Itrllll'r N 1." !l'ct III tllL' 2()·()() L'Ill 

layer. 

Fall 1991 \0\1 NOl-N value'l 111 thl' two \011 laYl'l'" "l'rI.' 'ilgl1lllcanlly IlllTl'a"'l'd 

only when 180 kg N ha- I are added. In thc ()-20 l'Ill ,orl l.lycr, tlm 1Il1'lea'il' "a 

result of ~pnng N fertlltlcr addition, The pre'Clll'e 01 tlm l'Iket 111 thl' 20 W l'Ill ,orl 

layer was prohably due to the ... 11111 of re\ldllal NOl-N alld thl' downward nHlvelllcllt 01 

the spnng appllcd added fertill/l:r. 

Higher re"ldual NOl-N ln the "011. e<"pcclally III tltl' plallt mot /Olll" whl'Il 

higher N fcrttll/cr i~ added may ahu he cxplal11ed hy a \Iglllilcalltly lowel plallt 

fertilt7er NUE at hlgher fertlllzcr lewh (l'able Cl, 10), Wltlt IIlCll'.t"lng N fl'rtill/l'l" 

levels, NUE decrca"ed lincarly (Table 6 10), Tite dl/kll'Illn III NII/', élIllOIl)! tlte 

different leveb of N fcrtllllel Illl:an that thl' plallt ... t(lol-- up "'llI,t1kl plOpoltlon" 01 ,o11 

N a~ N level" I11crea ... ed and th,lt N fl'rtill/er ll'wh addl'd Wl'Il' Ilot IlInltlll)! for plant 

growth ("'l'ctlon" .i ,lml 4), 

SOli NOl-N change" O\l:rWlnter Wl'rl' pll"'ltlW 'lIggl'I,\IIl):'. Jl1IIH:r.t1I/,Itloll 

occurred and thl" wa, "'Igtllflcalltly decrl'd<.,ed a" N fl'rtrlJ/cr Il'Vl'I" Incrl'a<"l'd (J abk' 

6.6). SOli NO!-N value" rcached a cOI1'lttlnt hy thl' "'IH IIlg '''lllpIJl1)! pCflod ... (J ahlc 

6,2). A linear rclatlOl1\hlp eXlo;.,ted hctwl'Cn NOI-N cltaIl1!l''' ovcrwlntcr and lall NO! 
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N Icvcl~ (l'able h.Y). Rcgrc))lon cquatIOIl'l )how that a~ l'ail NOI-N levels were 

greater, ovcrwinter nltrall! Incn.!él'>C) werc lower. 

ln hoth year), N balance valuc,> IIlcrea<.,ed con)i)tcntly wlth Increa~lI1g N 

fcrttll/,cr level (Table ().5). Vaille., were po.,illvc Indicatlllg that N Input was hlgher 

than plant N uptah.e. Vaille" were greater than thc actual me(\)urcd NO~-N levels in 

the l'ail 01 each year, e"peclally clt thc hlgh N fcrttliler kwh Tlm IIldlcate~ that 

there wa" a 1o"" of NO\-N whlch could pO"'''lhly he aW1Clatcd \Vith denitntication, 

il1ll11ohilllatlOn or Ieachlllg helow the 60 cm depth. 

At the Macdonald )itc, III the l'ail of hoth 1990 and 19Y l, increaslI1g levels of 

added N fertlli/cr IIlcrea<.,ed )011 NOI-N ln hoth the 0-20 CI11 and the 20-60 cm soil 

layer ... Crable h.I). The ..,Igllilkance 01 the treallllcllt etfeet III 20-60 cm ~0I1 layer 

~lIggc)\) Ihal leachlllg 01 thc NO\-N ll1.ty have occlIrrcd dllnng the growlllg ~eason. 

A) ob..,erved .lI lhc Ste-Ro.."tllc ..,Ilc, o\'erwlI1tcr NO\-N change!\ III the 0-20 Clll 

soillaycr weil' "'lgIllIIC,lIllly atlcclcd by N fclltli/cr Icvel (rablc 6.1). The hlghest 

change ol'l:urred dt the 10we"'l levd of N ferttli/er and prdclIccllly no change occurred 

al the levcl of 1 XO h.g N h,' J (l'able 6.6). 

Re~ldu.11 NOI-N kwh ln the ~pnl1g of 1991 were not ~igJ1Jficantly (hfferent 

alllong the N t'cl tllllcr raie.., u)cd dlHI were grcater than the rC'ildual levels in the fall 

of 199() (Llhle 6.3) Tlm IIllllcalc.., that grcater Illineralization lllay have occurred 

dllnng thc \Vlllll'r l'hl' NOI-N rl'''ldue.., ln thl' lall of 1 Y91 were ll.,ually lower than 

thc spnllg value" of the ""lIlH.! year l'xcept at the levcl of 180 kg N ha 1 (Table 6.3). 

This I~ mainly duc tu the plant N uptake dUrJng the growing )ca~on and varying plant 

NUE at dlfklclll N fel!I11/cl Icvel" u)cd. 

A~ .lt the Ste-Ro'lallc ..,ltC, NUE declll1cd slgnlflcantly wlth increasing levels of 

N fenlli/el, rl' ... ultlllg ln InlTl'a"'ll1g NO\-N levd ... at thc greater N fcrtlllzer levels 

(TahlL' h.3) l Il\.' rl'lallomillp hl't\\el'Il over\\'llltcr NOI-N change and prevlou<" fall's 

soil N(kN k\L'h \\,1'" louml ln hl' Ilnear (f.lhle 6 9). 

l'hL' N h.tI,lJlù' wa" "lglllfIC.lIltly affcclL'd hy N fcltIlller level in both years 

(Tablt' 0"+). ln thc cOlltlol plot'i and ln the plol'. that reœlvcd 60 kg N ha- l (except 

for the cultivar rvla\. 111 1 99()) , N balancc vdlue" werc negallve (Table 6.8) indlcating 
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that crop N uptake \\'a~ hlgher than the N IIlput. Thefe plOh.ll1l)' \\.1' IllIlll'ralt/.\t101l 

occurring in the SOlI. Ih.lt ~upplled the addltion,1I 1,.'IOP N rl'ljlllrl'llll'llh, At tlll' kwb 

of 120 and 180 kg N ha 1 (~tartlllg ,lt Ihe kvd 01 bO kg N h,11 l'lU' t1w 1:1Iltlv.lr 1\ 1,1\ ln 

1990), N bal,uKc v,llllC'" wcre po ... itlvc IlHltcallllg ,1 '\lIlfll'IŒI N \I\pUI (Tahk' (dn. hut 

values were lower than the aclual le~idllal NO,-N kwb Illl'''\lIl\'d. \uggl'\lI11g thal 

mineraltzatlon may have OCClll rel! d\ \vell. 

7.3 NITROGEN TIMING EFFECTS: 

The larger kerneh produœd when N addillon \\ a\ \plll dld not result in an 

increase in gram yleld, Split N appllcatlOn\ nccil\Hlnillly Il'dlll'l'd gl.1l1l yleld, Thi~ 

treatment may not prov\(lc adequate aVélll,thlc N to lht' pl.Ull. l';Ill\lllg .t Il'dul'tloll III 

vegetatIve growth (Strong. IL)X6. Chfl,>len"on .\Ill! KiI!lllll Il)HI) 11111\ rl'dlll'lllg gl<llll 

yield potentlal (Fowler ct al 19XI.). Il)l)O) l'Il\'-, rl'dlll'IIOIl III \'q!,l'l.tllVl' glllwth and 

hence plant hCIghl. prodllced .1 helleill'iai redllCllol1 111 11ll' Il,,k 01 lodgll1g ('I:twlk cl 

al. (1988) ob~crvecl that Ihe ,>u"œpllhlllly 01 .1 l'Illp 10 lodglllg Illl'll'.t"l'd a" Ihe 

number of t!ller~ Increa..,ed, ... 0 that the redllctlon III lodglllg whcn N .tppltl'atlOI1 w:t~ 

split may aho he due to a decrea ... e ln tiller nlllllhel 111 ' III "lIcl1 il tll'.ttll1l'nl. 

The GPC Increa..,e cali he hlghcl wlth N krlrli/l'I appllL'd .tt anthe"", (Wlle~t 

and Cas<;man 11.)92), The GPC lor "'pllt N dpplll"lllon" Wil\ alw,IY" eqllal III or glcatL'1 

th an that of <'lllgle applIcatIon,> al "eclllng (l'able 4 4), ln Il)l)I. al Src-Rmalll' tlll' 

NUE wa~ low (0,21) ane! tlll'I'l~ wa" no dlrrerelll'l.' III NUI: hl'lWl'l'n Ihl' Iwo ,Ippllcallon 

schedules, The land at the Ste-Rmalle ... Ile wa.., not \'l'ry wcll l!J,lIlll'd ..,0 that 

denitrificatlon may have occurred. or 11Igh NO\-N kwh Illdy have Illl'.tlli lhal N 

fertilizer applrcatloll at ... el'dlng tllne re.,ldtcd ln nla>'IIll.t1 (,1'(', 1 he "L'mIHI krttlllCI 

applicatIon took place on the nlllth or JlIly and wa,> lollowcd hy hot dry day" 

inter~per.,ed wlth ra1l1y day'" Lnw 1ll0hlltty of the N 111 dlY cl.ty ... orl Illay haVl' 

lilmted the uptakc of the .,ecolld appllcatloll l'hl' (iPC oh'll'rvcd III II)I)! WCll' 

generally hlgher thall 111 the prevloll.., year Thc ll1ollth ... of IUlll' éllld 'Illy were hoUer 

and drier than 111 the tlr ... t year. The..,e condltlolll, COlllCllbl v.lth the gr,lIn frlling 
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penod and prohahlc hlndercd carhohydratc production or dcpo~ltlon in the kernel, 

thus re~ulllng III hlghcr GPC (Campbell ct al. 1981). 

Wh en the N fertdl/er 1) addcd at "eechng lime, it Incrca~c~ gram ylcld (Fowler 

ct al. 1990) but when envlHllllllental factor .. bccolllc 1IIl11111lg for ~ub\equent increa~es 

ln gram ylcld, N 1) Illamly lItlll/Cd lor )ccd prote III production, and lIlcreased GPe I~ 

ob~erved (/'owler ct al 19lJ(» But wlth late N ad(lItlon (cg. al anthesl~), the N 

t .. kcn IIp Ily the root" or rctrall"locatcd (Splcrtl and Ellen, 1978) 1\ malllly utlhzed for 

gram protcin productIon If the N addcd i) III ncc)) of that reqllJn:d 10 IllàXI1l11Ze 

grall1 ylcld (Chn<.,temell and Klliorn, IlJ81) C;PC 1) Increa)ed Although grain yielcl 

wa\ unaltcctl'd hy )pllt N appllcdtlOn, CiPY n:<.,pon)l' to "lIch a trcatment was large 

and followl'd the "ame trend d" (i PC. W lIC'It ,Uld Ca ""Ill,lIl (ll)92) rcportee! that N 

acqll1red dUlïng gr,lIll fdllllg 1.., dllcll'ntly pàrtltloned \() the gralll wlth the result that 

GP(' Incrcd..,cd evcn Il gralll ylcld dld Ilot ft "ecm" III thl) ca"c that the Increase 111 

GPC wa., Ilot cllough 10 n;.,lIl! III ,Ill Illcrea"c ln (iPY "lIlœ 110 gralll ylcld IIlcrease at 

the level of 1 XO I-.g N ha 1 \\',1'" Ilo!cd bcctlOIl J). 

At the Macdoll,t1d ... itl', PPSD IIlCfca)cd cOIl"I<.,tl'ntly whcll the N applIcation 

wa'i split (Tahk., 4.2 and 4 J) 'l'lm IndlcatC\ thc contrIbution of mot N uptake to 

protCIll acclllllllidtloll 111 the whcat I-.ernel ,liter anthe"l~ (Wue.,t and Ca~slllan, 1992). 

Non protcln \ccd dry matter \Va) Ilot lI1tluenccd by tlle \chedule of N fertiltzer 

applIcatloll If the pl.mt 1., N ckpktcd, a\ 1) lil-.ely to happen \VIth "pllt N 

applll .... ltIOIl\, N \\'III IK' tr,IJl\lo~ .. l!cd to the gldlll flOJl1 the vegctatIve parI<" th us 

ncgatlvl'ly af fl'ctlllg photo\ynthc<"l<" and Ieadlllg to earllcr ,>ene)cellce, thereby 

shortl'llIng the gl.1I1l fdllng penod (SlIlclalr alld Dewlt, 1975) and affectl11g NPM 

acculllulatlon 

The hlgher NUE that occurrccl wh en N lentlller applicatIOn wa~ split 

dCllloll!>.tratcd tlll' IJ1lpt)1 tanLe ,IIHI prclctle.llny of ,>uch cl managemellt III try1l1g to 

mCfl'<l\l' bll\HI \\ hL'tlt (iPC ",IHIc nxlllclIlg N lo.,\e,> (Tahk .t.2). 

AlthllUgh JI II11PW\ e., NUL "pl1ttlllg the N applicatIon (lld not signitïcantly 

alteet NHI c\cept ,H I\lacdonald III 1491. 



SplIt N apphl'atlon dal IlOt .lffel't PO,ItI\'l'l~ N rl'tlan~lot .. lllon trom tl1l' 

vegetatIve part~ of the plant to tht' lkwll'plng gl,ull' 

When N fcrull/l.'r applll'atllln W.l' 'plU III ll)l} l, 111t'.t1l HFN Illl'rl.'a~l.'d Ily :!,3 

% which is contr.H,ltl'tory to thl' ddt,l l'Will tlll' pll.'\'llHI' ~l"lI {T.lhit':) 3). 1\1,llllllty 

dates were nol affected by "pIlUIll!!, thl' N fcrtllill'i applt\.',ltl(lIl, IllH\l'\l'I, '011 tolal 

NO~-N leveb .,howctI a .,lIghlly lllghl.'r v.duc III 11lt' plOI' \\ hl'It' N \t'Iull/l'!' .Ipphe<ltloll 

was splIt (section 6) whlch rl.'\ulted III .1 ,Ilghlly Illght'I tol,\1 N III plllh Ih,1I h,ld 

received the ~pllt app1ll',IIIOn COlllpall'd to thl' plot-. Will'Il' N W.I' .Iddt'd III li ~l1Iglc 

appllcatloll. 

7.4 STE-ROSALIE vs. MACDONALD: 

The variatloll~ 111 yleld ,lIld Il., COl11pollcnl ... olhl'rvcd bctwcl'll "'Ill" arc prohahly 

due to differcllcc ... III thl: )ot! texlulc, watl'I kwl and "'(111 llulnl'llt Icwl (1)1l1k'1/ 

1977). In addilion dl'l1llrtrlcallun 1ll.IY h.lw Ul't'lInl'li III the pOlllly dl,lIlll'(\ '01].., .It Ihl' 

Ste-Ro~alle ~!tl:. potl:lltlally, Il'~llltll1g 111 il' ... , N av.lIl,lhlllty dllllllg tlll' glOWlIlg ... ca"'OIl 

(MascagnI et. dl, 1991). t\vcraged OVl'r 110lh yc,Il", Ihe Il'wlu,ti llltl.ttl' kwlllllhl' 

rool zone wa'i Il kg ha 1 lower at Ihe Sle-Rmalic "'lll' th.lll al rv1.lcdoll.lld (d.tl.l Ilol 

shown). At Ihe Ste-RlNtIJe 'Ile. thele Wei, a .,Iglllllctlnl N Illlllllg elltel (111 Nlll~ III 

1991 (Table 4.4). DC'Ipllc N tll1l1ng cfkct on NUL, 110 'Iucll "lglllllCi\ll1 ellecl wa ... 

observed on N01-N éllllounl' ln l'Ither year (Table .. L 1). Splllllllg Ihl' N Inttll/l'r 

appltcation Illay be benellclal 10 the plall\<'. II doc ... 1101 )l'l'Ill III 11l' a lIlore 

envlronmentally ~tHlild way for lerlllllci appllcltloll 

At Ihe Macdonald "Ite. 111 Il)l)(). NUE (lI the pl.tllh wa" hlgher whell ()O kg N 

ha,l was ~pltt theUl whcn ail N wa ... added .II )CCcllllg (TahlL' ... 4 l, 4 4 and 4 7). No 

sllch siglllticance \-va) oh<.,erved al Ihe hlgher lertdl/er level) IlH:,tlllng Ihat the 

fertilizer added wa.., not 11l1l11ing for pianI groWlh, l'ven If 1\ wa ... ail appllcd al 

seeding. 

At Stc-Ro.,alle ln 1991, lotal preplanllllg and aftl'r-harvc\l re"'ldual NO\-N 

were much larger than al Macdonald. t\long wllh plant performance ... ( ... ecllon., J, 4 
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and 5). tlm 1Il(lIcatcd that \()JI N ~upply wa\ lower at Macdonald, or leaching is 

greatcr cOlllparcd to Stc-Rm,t1lc 

Culllvdr elteeh eXI\ted only at Ste-Ro~altc. probably duc to an interaction 

octwecn \011 type and genotype whlch (lld not oecur at Macdonald. The cultivars 

lN'tJ were better adaptcd to the phy~Jcal cOJ1(lItl()n~ at Macdonald. 

7.5 CLASSIFICATION OF 'l'liE FLOUR: 

Prc~t()n and Kllhorn (llJX4), c1él\)llled whcat tlour'i according to their protein 

conccntratlon alld dough charactL'rJ\t1C) a\ (ollow): 

l:rJ': Ab ... DT IT 
111\1 \1 1 

1:'1:' 
mg g 1 Illin FU 

Wcak 75 - 90 < 550 2.5 > 100 
Mediulll 100 - 115 540-600 2.5 - 4 60 - 100 
strong > 115 > 580 4 - 8 15 - 50 

ln hoth ycar., tlour l'rom Columbus and Katepwa would have been cla~sitïed as 

slrong ln 1990. flour lrom Max had lalher IllCdlllln FPC and ab\ .. but DT and IT of 

il strong flour when N làtili/cr wa\ u~ed. In 1991. flour l'rom Max could be clearly 

c1assiflcd a., "trong ln 1990, Ilour from Hege 155-X5 had FPe and ab\. of a mediul11 

range, DT of .1 we.!"- tlOlll. 1'1' of a l11edllllll quailly al ln\\' Icvch of N fertllJty and of 

strong qu,lIlly al 11Igh kwh of N fcrtIl Ily. In 1991. flotlr l'rom Hege 155-85 could be 

dassilled a\ I11cdlllm \VIth \lltlng protelll. The dlfferencc bet\\'een 1990 and 1991 for 

flolll twm M.I\ ,lI1d Hege 155-XS wa., plObahly due to the resldllal ~0I1 nitrates at 

pl,l11ling ln tlll' "l'l'OIHI ycar. 

NOTE: Ali !Jterature clled in the General Discussion can be round in the referellce 

li~t~ of pre\'lllll~ ~t:Ctiom 
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Sl'('tinn 8 

GENERAL CO~CLl'SI()~S 

Nitrogen fertllilcr addltloll al "L'L'lling ll1lTl.\I"L'd gram YIL'ld malllly dur ln 

increases in the J1umbrr of grall1\ ~plk.e l ,1IthOllgh lllkr ... III ' and l'KW onen made 

sorne contnbution 10 yldd lI1Clea\e~. 

The cultivar Hegc 155-gS pIO\'lde ... the he"'l grain ylellh tllr hrL\ld \Vheal 

production and \Va\ nH)\1 re"'l\tallt 10 lodgll1g al 111gh N kwl ... LInde!' Ille ~:olldlll{lnS 

prevailing 111 Ea~lern Canada 

The cultivar Max al\o "eldnm lodged, but illi reIiIH)Jl..,L' tll N inputli variee! 

wldely éll1long ...rIe Yl'ar..,. 

The cultlvar\ Columbu.., and Katl'pWll YIl'1ded Il''''''' than the othe!' two and 

Katepwa wa') very prone 10 lodgll1g 

SpliUlI1g the N appl!callon ll1ay hllHlL'r grain plodtll·tlOll III olle Il'gloll but not 

in the olher, lhu.., Il Jo., probahly Ilol thl' IK'..,I \Vay III ll'ducl' lodglllg. J\ l'al L'I ul dIOII.·L' 

of the cultivar woulcl prohably hl' a hetter llletl1od. 

Theil' wa~ a ckar dlfferellCè 111 thl' Il''''pon..,e.., of Ihe l·IIltlv.lr.., 10 1111.' N IllpUI\ 

tested herc, ~ugge..,tll1g 1 hal l'nVI ron III l'Il l,JI , managl'Illl'1l1 and li ra 111 age dl tfell·llu:.., 

between locallom. and year\ may play ail Imporlanl roll' III Ihe et fect1 Vl'Ill· ...... of !lll'ad 

wheat productlOIl 111 Ea..,tern Can,lda 

Although dlfferent 111 \peclflc det,lIh. the N .Iddltlon cttech wele "'lIll1l"r <lt 

both sIte!,. henCl' the élll1011nt of the N addition ..,hotlld hl' lllO"'L'1l dlumlllig tn thl' 

cultIvar, the extraclclble I1Itrélt~ avarlahle III the \url. thl' typl' (lI ..,011 <llld the 

microclrlllate. 

SplIt N applrcatloll improvc\ Ci(>C hy IIlCrl'a\lll~ l'I'I.)() .11](1 NlJl~, wllrll' 

increasll1g N leveh cau\cd a decrca\c 111 NIIE and NIII 

PPSD I~ more cntlcal 10 (jPC thall NPM 111 ..,lICII .111 l'IlV Il 011 Il 1 l'Il 1 

At hlgh level.., of N fertrliœr. l\lax and lIe~~ 1'i5-X5 Wl're l'qulvalent III thl'Ir 

bread score~ to Katepwa and ('ollll1lhu<, hut mme l'XpCI1''IVl' ln produCl' III il flr\1 year 

of a crop ~y!,tem. III a \ccond ycar of production. Ihe t Igure ... werc dl f !l'rcnl, de",pltl' 
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the gluten ~lIpplernent necded, we calculatcd a higher dollar return ha,l for Hege 155-

85 and Max than for Colulllbu,> and Katcpwa. 

A.,<;lIl11lng equlvaknt qualllY, !lour 01 Hcge 155-85 gave more loaves than the 

othcr~ duc to II'> I1lgh gféllll yleld. Bal,cd on a flxcd dollar return 10af"l, the cultivar 

Hcgc 155-H5 Illay he then the 1110l,t profitable ha'i. 

Becau,e of Ih very I,trong re~pon~e to growing conditions, and year to year 

variation in clll11ate, the production of the cultivar Hege 155-85 could bear high risks 

to the t'armer. 

Split N fertlli/cr applIcation positlvely affects bread wheat baking quahty 

variable~ thu" glvlllg a chance 10 reduce the levcl of N fertilizer applIcation yet have 

the ~al11c financlal n,'''lllt 

Potentlal Incn,'ct"c., in re'>lcllIal 1,011 N01-N (tIHI., potentlal pollution) existed 

onlyal the !cvcl of 1 XO kg N ha 1 in threc out ot' four ~Jtc-years, which, along with 

the N fertilllcr level clfect~ on grall1 yleld, maJ..c .. 180 kg N ha 1 uneconomical for 

Eastern Canadlan hrcad wheat. 

Overwlnter change" ln ,011 N01-N leveh are lI1Verl,ely proportional to the fal! 

soil N01-N Ievel~, Ihu!\ Il 1" be!\t to try to kecp the latter low. 

Dlffercnce!\ betwccn the ~Itc~ were marJ..ed. The dlfference~ hetween the sites 

may have been due to c1ill1(1te, management or dléunage. 
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Sectioll 9 

CONTRIBliTIONS 1'0 KNO"'LEllGE 

This Mudy ha~ ~hown Ih,lI. III L\,1~1I1 Canada ,lIll! for l1aH! r~d ~pnng wheat: 

1. Splitting the N application 1 ... not bcneflclal IlW gl~lIll yic1d hut lInprove~ gralll and 

flour protein COl1cclltrauon. 

2. Increasing levels of N fertillzer decrl'a ... es grain a ... 11 COl1ccntwtlon. 

3. The cultIvars ('olumbu~ and Katepwa arc more ,table than t!ll' cultivars Max and 

Hege 155-85 11l tl1cir rc~pol1\l'''' 10 N managemcnt. 

4. Residual ... 011 Il1trale~ Illa)' affect gr,lIll )'Ield, gralll ,lI1d tlOlIl protein conccntration 

and breadmah.\Ilg quallty of ... ome ~U!tIV,lI"'. 

5. The cultivar Hcge 155-X5 i ... more expl'n,ive 10 produCl' in holh the IÏrst and 

second years of a crop cyck. 

6. At the Ste-Rosalie "'Ite, cultivar ... were !i:<;<; cfflclent in laking up N than al tlll' 

Macdonald liitc, Ieaving more re"'ldual 11Itrate ... In the ... Ol! 

7. Nitrate Ieachlllg ... ecm ... to hc 11Igher al the Macdonald ... lle than at the stl'-Ro~alic 

site clue to ... 011 type. CnVll'Onlllent or managemcnt. 

8. In a non III111tlllg N cnvmll1lllcnt. PPSD I~ more critlcal than NPM in dl'll'nnining 

GPe. 

9. In a nOI1 11I11Itlllg N environl1lcnt, GPC appc.m, 10 he ... ink limilcd. 

10. For bread wlleat produclion for gram III thi~ area, N fcrtlllœr addition <;llOlIld nol 

exceed 120 kg N ha '. 
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Section 10 

SUGGESTIONS FOR FUTURE RESEARCH 

]. A tlour protcm cxtractlon and ,>cparatlon could be conducted on samples 

t'rom this expcriment to te"t thc effect of N Ievel and tIming on its quality and to try 

to relate it to brcadmaklllg ahIllty of thc "all1pk~". 

2. Study of l'lN labelled Icrtllilcr 111 plant and soil to follow N retranslocation 

in the plant and nitrate 1ll0Velllcnt III the '>011. 

3. Study the IInportanœ of the absolute amount of protein per seed with 

respect 10 gram protCIl1 conœntratlOn. 

4. HydroIY'>I" of protcln fractlOn~ from samples from this experiment could be 

concluctcd, and amino aCld "eparation donc by HPLC to characterize the nutritional 

value of the protclIlS. 
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