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ADSTRAtT 

M.Sc. La. CHEN Renewable Resaurces 

SOYBEAN (§bYÇIH~ ~&! L. MERRILL) NODULATION, BROWTH AND BRAIN YIELD 

AS INFLUENCED BY N FERTILIZER, PLANT POPULATION AND CULTIVAR 

IN SOUTHERN QUE BEC 

Soybean growth "lth respect to N fertlll=er rates, plant populatIon 

densltlP-s and two cultlvars l'las lnvestlgated on three Quebec 50115 at 

four sltes. Sovbean nadulatlon, growth. graIn Ylelds and nutrlent uptal:e 

at three de'lelapmental stages l'lere lnvestlgated. Soli nltrate levels 

after harvest l'lere aisa studled. 

N fertlll=er appllcatlon depressed soybean nodulabon conslstently, 

but upraved saybean growth "here lnlhal 5011 nltrate levels l'lere 10". 

Graln neld l'las Increased a~ one slte wlth added N, where sovbean growth 

l'idS stressed bv 101'1 lnltlal 5011 nltrate levels (below 17 kg N/ha) and 

severe slImmer drought. Soybean N and K uptal:e were 1 ncreased l'Il th 

Increased N fertll1=er but P uptake was not affected. ReSldual 5011 

nl trate content ln the (l-50 cm depth ln the fall of the crop year 

lncreased llnearly and thlS effer.:t carned over to the follolung spnng. 

Plant population had llttle effed on l'ldlVldual plant nodulatlon 

but lncreased fresh nodule lIIass per unIt area. Plant blomass. graIn 

Yleld and nutrlent uptake l'lere lncreased wlth lncreased populatlon 

densl tl es. 

The cultivar Apache had better nodulatlon potentlid and graln Vleld 

potenhal and l'las better adapted to Intenslve management practlces Wlth 

hlgh plant populatlons than the cultIvar Maple-Arrow. 
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M.Sc. 

RESUME 

LO. CHEN Ressources renouvel ables 

LA NODULATION, LA CROISSANCE ET LE RENDEMENT DU SOYA 

TELS QU'INFLUENCES PAR LA FERTILISATION AZOTEE, LA DENSITE 

DE LA POPULATION ET LE CHOIX DE CUL TlVAR 

La gest10n Intensive de la fève soya (Qtï~!.'1~ IH~ L. ~lerrlll) a été 

étudiée avec la fertilisation azotée, dlfferenhs denSl t èS 

populatlons et cultlvars sur tro15 différents t'Ipes de sols québecol5 

ahn d'améliorer la production de la fève soya au Ouébec. La formation 

de ncdul es, 1 a crOI ssance, 1 e rendement al nSl que l' aSSl mil at Ion des 

éléments nutrdlfs ont été Investlgués à certains stades du 

développement du soya. Le niveau de nitrate du sol après la récolte a 

aussI été étudié. 

L'applicatIon d'engrais a:otées a causé une dépreSSion de la 

formation de nodules de façon consistante malS a amélioré la croissance 

lorsque le soya était semé sur sol avant un niveau faible de nltrates. 

L'assimilation de l 'a:ote et du potassium a augmenté avec 1 augmentation 

d'a::ote utlllsé. liaIS le phosphore n'a pas été affecté. De plus, les 

taux de nitrates du sol, de 0 à 50 cm de profondeur. ont augmenté de 

façon Ilnéalre avec l'apport ";'azote. Cet effet s'est maintenu JUSQU au 

prlntemps sUlvant. 

La denSIté de populatIon n'a eu que peu d'effet sur la formatlon de 

nodules par plant malS a causé une augmentatIon de la masse de nodules 

par unIté de surface. La croIssance de la plante, la prodllctlon de 

gralns alnSl que l'aS<iUllatlon des éléments nutrltlfs ont augmenté de 
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{ façon conslstante avec l'ilUgmentabon de population. 

Le cul tl var Apache a demontré un melll eur potenbel de nodul-î.tl on 

et un mellleur rendement et semblé mIeux adapté è la gestlon lntensIve 

que le cultIvar Maple-ArroH. 

rf' 

iii 



ACKNOWLED6EHENTS 

FlnanClal support from CORPAQ for th1!; studv 1S oreatly appreclated. 

l'Iv Qreat appreclatton lS dlrected to Prof. A.F. Mac~.en:le for hlS 

QUIdancF.! and encouragement thouohout thlS study. 

1 am very QratefLll ta Prof. H.A. Fanous for hl! '1aluable ad'lHe on 

the expenmental des1gn 3nd statlstIcal a,nalysls: ta Prof. 1. O'Halloran 

tor hlS crltlcal dlScusslon and constructIve suoQesbons ln the 

preparatlon of th1s thes1s: to Prof. P.H. Schuepp, for hlS encouraoement 

and Interest ln illY studles; to Prof. G. l1ehu'ls, chalrman of the 

department of the Renewable Reseurc:es anel ta Prof. R. Tltman, tormer 

department chalrman for thelr encauragemE'nt and help ln varlous wavs. 

SpecIal thanks are 91 'lei' ta Peter ~,l rbv for technl cal ad"l ce; te 

Khosro l'Iousavl for laboratorv asslstance; to Edd'l St-George for 

necessary chelllcai and equlpment supply. 

Than!:s are glven te Mlss M. Bombardler, I1r. G. Perras and Mr. 

Plerre-Phlllppe Claude for translatlng the abstract lnto French. 

1 wlsh to express IIY thanks to thE.' department staff mE.'mbers and te 

my fellow Clraduate students for malntalnlno cl comfortable wOr~'lnQ 

enVl r onrnent. 

Speclal appreclatlon lS extended ta 91'1 lIIother. my slstE.'r ZhenoronQ. 

and lDy fnend 111nfu. l'Ihose love and encouraoernent 15 always avallable. 

iv 



f 

TABLE OF CONTENTS 

Page 

ABSTRACT ...................... , ............................ , .... . 
RESUME .... , ..................................................... . 1 1 

AO'NOWLEDGEHENTS ................................................. lV 

LIST OF TABLES ...................................... , ............ . V II 1 

Chapter 

1. INTRODUCTION ••••••••••••••••••••••••••• , •••••••••• 1 •••••••• 

II. LITERATURE REVIEW • ............... , ....................... . 
1. Sovbean N nutn t 1 on ::it ID al n developUlent 

stages .............................. "................ .J 

II!. 

'"l ... . Nltrogen fertlllzatlon and soybean response ........... . 

Sovbean N nutn tl on and l ntensl vI! management 

for optllDum Yleld ............... , ................... . 

MATERIAL5 AND METHODS ....................... , ............. . 
1. Experuental desIgn , ................................... . 
2. FIeld preparatIon and manaQement •• Il •••••• Il •••••••••••••• 

~, . 

4. 

Sampllng procedures 

3.1. 

.. '"l .J,,, • 

5011 sampllng ••••••• Il Il Il ••• 1 •••••••••••••••• 1 •••••• 

Plant salllpllng 

3.2.1. Nodulatlon •• Il ••• " •• 1 ••••• Il ••••• 1 •••••••• 

.:>.2.2. Dry matter •••••••••••••••••••••• 1 ••••••• 

3.2.3. GraIn Yleld ............................. 
Labor atorv anal yses ..................................... 

4.1. 5011 anal yses • 1 •••••••••••••••• Il •••••••••••••••••• 

v 

4 

7 

14 

14 

15 

15 

lb 

16 

17 

17 



4.2. Plant analyses t ••••••• , ••••• , ••••••••••• '" l'' ,... 18 

.' Sr Data analYSIS and presentatIon... ....... ................ 16 

6. 5011 propertles and meterOlOQlCal lnf'Jrlllatlon 

of expenmental 51 tes .............................. 1 ••• 19 

IV. RESULTS AND DISCUSSION ...................................... :1 

1. Sovbean noduiatlon. dry matter Vleld and gr"aln vleld as 

Influenced bv N fertll1::er. plant pc.pulatlon densltv 

and cultlvar ....................... 11................... 21 

1.1. Nodulatlon ......................................... 21 

1.2. Dry matter Yleld at R2 and RS staQe5 .............. 29 

1.3. GraIn Vleld • •••••••• ••••••• .............. ••••..••. 34 

1,4. SUllllllarv .................... _............. •.•..••. 39 

2. Sovbean nutnent upta!:e and resldual 5011 InOrQanlC N 

as affected bv N fertIllzer. plant populatIon de~sltv 

and cul t l var ••••••• •. ,............ 1 • • • • • • • • • • • • • • •• • ~ •• 4- (, 

2.1. Nutrl ent uptake ', .........•.....•..... ,........... 40 

2.1. 1. N uptake 4(1 

2.1.2. P uptal:e 

2.1.3. K uptal:e 48 

2.1.4. CorrelatIon of nutnent uptake. dry 

matter and graIn Ylelds 52 

2.2. Residuai 5011 Inorganlc N ••.• ...... ...... ......... ~~ 

2. J. Summary .................. ,.......................... b l 
.. ' 

V. SUMMARY AND CONCLUS IONS •••••••••••••••• 

LITERATURE CITED 't: 
O.J 

; ..... 

vi 



( APPENDIX .. - ...................................................... 74 

Appendlt. 1. Soybean graln N content analyslS ......... 74 

Appendlx ., 
4. SO'lbean graln proteln content analYS1S . , .. 75 

Appendlx 3. Sovbean graln P content analvsls .......... 76 

Appendl x 4. Sovbean graln K content analysls .......... 77 

( 

vii 



LIST OF TABLES 

T abl e 

:. • 1 • Inltlal propertles of salIs at the e>:penmental sites 

3.2. Monthlv preC1pltatlor, ln lQS7 and 1988 and normal 
preClpltat10n durlng growlng seasons at the experl-

Page 

mental Sltes , ............... Il •••••••• •••••••• ••••• •••••• 2u 

4. 1 • A na 1 YS 1 S a f var 1 an c e 0 f S 0 y b e a n no d I~ ~ e nu m ber 
per plant, nodule ~le1ght ::;er plant and mean nodule 
S1::e at the mld-!:;ioom (R21 and seed-lnltlatlon (R51 
st ages ..•... , ..................................... ", ..... . 

4.2 Soybean nadulatlon as a functlon of N rate, ~opula
bon denslty, and cultlvar at mld-bloom (R~) stage 
at the 5-87 and C-87 Sl te!:- " • • ....... • • ..... • • ..... • ..... 23 

4.3. 

4.4. 

4.5. 

4.6. 

4.7. 

Soybean nadulat10n as a functlon of N rate, popula
tlon dens1ty and cultlvar at the mld-bloom (R2l and 
seed-ln1tl atlon tR5l stage at. the 5-88 s1te ............. . 

Soybean nodulatlon as a hnctlon of N rate. popula
tion denslt'l and cultlvar at m1d-bloom IR:?) and 
seed-ln1~latlon st3ge (RS) at the 0-88 slte or ........... . 

Effect of plant populatlon on soybean fFesh nodule 
mass at IIIld-bloom (R2) and seed-lnltlatlon (R5l 

24 

")e: 
... .J 

at four 51 tes......................... .............. ..... :'6 

Effect of populatlon by N rate InteractIon on nodule 
we1ght per plant at seed-1nItlatlon '.R5) stage. at the 
0-88 slte ............................................... . 

Effect of cultivar bv N rate InteractIon on nodule 
number and nodule welght per plant at the 5-87 and 
5-88 slt~s ....•...•...•......................•........... 

20 

4.8. Regresslon equations for N fertlll::er versus noduiation 
estlmates at mld-blool1l (R~) and seed-lnltlatlon iR5J 
stages .................................................... 29 

4.9. Slgnlflcance of F vaIlles from analysls of '1ariarrce of 
soybean dr'! matter yalds at mld-bloom (R2J and seed-
lnltlatlon (RS) stagt?s at four sltes " ........ ...... ..... 31

•
1 

4.11), Sovbean dry l'latter Yleld at mld-bloom (R2) and seed-
Inltlatlon :(5) staQes as a functlon of N ferbllzer, 
populatlon denslty and cultIvar at four sItes............ ::;1 

viii 



1 

1· 

~--

4.11. Efiect of cultivar by N ferbll:er rate Interactlon 
on soybean dry matter 'Ileld at 5~ed-lnltlatIon (R5) 
stage at the C-87 :)1 te ................................. ,. 32 

4.12. Effect of populatIon bv cultIvar Interactlon on 
sovbeiln dry matter Yleld at seed-lnltlatlon (R5) 
stage at the 5-87 SI te ................. • ..... ••••.••• .... 3~ 

4.13. Soybe<ln average shoot dry ltf!lght as rel.-ted to N rate. 
populatlon densIty and cultIvar at mld-~loom (R2> and 
seed-InltIatIon (R5> stages at four sItes ................ 34 

4. 14. SlgnlflCance of F values f rom analYSIS of var 1 ance of 
soybean gr a 1 n Vlelds ,ü four SI tes ~r . , ...................... _\~ 

4. 15. Soybean gr a 1 n vleids as 3 functl on of N rate, populatIon 
denslt'l and cultivar Olt four SI tes •• , ••••• 1 ............... 36 

4.16. Effect of populatIon bv cultIVaI'" InteractIon on 
soybean grdln Ylelds at the C-87 sIte.. ........ .......... ~., 

4.17. Correlation coeffIcIents of soybean graIn Yleld versus 
dry matter Vleld at mld-bloom (R2) and seeed-Inltlatlon 
(R5) stages at four 51 tes ................................ ~8 

4.18. 5lgnlflcance of F values from analysls of variance of 
soybean N uptake at mld-bloom (R2) and seed-lnltlabon 
(R5) stages and ln graIn (RB stage! .................... .. 

4.19. Soybean ndrogen uptake at mld-bloem (R:!) and 
seed-.nItlatlon lR5) stages, and ln graIn 
(RB stage) as related te N rate, populatlon 
densltv and cultlvar 

4.20. Ef+ect of population by cultivar Interaction on soybean 

41 

42 

N uptal:e ln graIn a't the 5-88 and C-B7 sites .............. 44 

4.21. Slgnlflcancl~ of F values frem analysls of variance ùf 
soybean phosphorus uptake at mld-blooRl (R2) and 
seed-InItlatl'Jn (R51 stages. and ln graln (R8 staQeJ " ..... 45 

4.2::. SO'lbean phosphofUS uptare at mld-bloom (R2) and seed-
Inltlatlon iR51 stages, and ln graIn iRB stage) as 
related to N rate, population densltv and cultlvar ........ 47 

4.23. Effect of pODulation b'l cultIvar lnteractlon on sovbear. 
P uptake ln grain ,lt the 5-B8 and C-87 sltes .............. 48 

ix 



4.24. SlgnIflcancf: of F values fram ana}YSIS of ",lrldnCe of 
soybean potassium upta!:e at ml a-bl 00111 (R21 and seed-
Inl tlatlon (R51 stages and ln grain ÎRB staQel •.....••••.. 49 

4.25. Soybean potassIum uptake at mld-bloom (R:?) and 
seed-lnltli!hon (R5) stages as related ta N rate. 
populatIon densltv and cultivar ••.••.••••.••.•••.•..•••••. 50 

4.26. Simple correlatlon coefflclents of soybean R2 and 
R5 stage dry matter Ylelds (Y:! and Y5. respectlvelYl 
and graln Vlelds (Vol versus N. p. and K uptake at 
R2 and R5 stages and uptal:e ln graln (RB stagel at 
four sltes .................. , ............................ . 

4.27. Slgnlflcance of F values of sOlI nltrate levels at the 
0-50 cm depth ln fall and spnng samples at four SItes 

4.:'8. Soli nltrate levels 3t the 0-50 cm depth as relat~d 
to N rate and plant popul abon densl t'l .................. .. 

4.29. N fertlllzer effect on resldual 5011 ndrate levels 
ln fall and sprlng at two uepths and four sItes .......... . 

4.30. Slmple correlatIon coefflclents between fall and spnna 
5011 nItrate levels and over-Iunter change of SOI! 
nItrate level s at 0-50 cm depth at the 5-88 and 0-88 

54 

55 

~, 

.Jb 

sltes ••••••••••••••••••••••••••••••••..••••••••••...•••••. 58 

4.31. RegreSSIon equatlons of 1)-50 cm 5011 nItrate leve] s 
versus N rates at four sltes .............................. 59 

4.32. Effect of cultlVar b'l N rate Interactlon on spnng 5011 

nItrate levels at 0-50 cm depth ln sprlng. 1989 at the 
o-se 51te ......... 1 •• Il ••••••••••••••••••• 1 •• _ •••••••••• t 6 fJ 

x 



CHAPTER 1. INTRODUCTIOM 

Sovbean productlon 15 expandlng ln Quebec due to the Introduction 

of earl'l matunnQ cultlvars. The seeded area "as estlmated at 10.500 ha 

ln 1988 !Statlstlc5 Canada. 1988) Bl,d IS Ilkely ta expand further. 

c:reatl ng a demand for co:nprehensl ve agronomlc technIques for optImum 

productlon. 

Conventlonal 50ybean productlon usuallv employs a plant populatIon 

of 430.000 plant/ha, and wlde rallt S}laClng. 'luth recammended fertlll'Zer 

rates of 45-60-120 (N-P201!ll-K:zO) kg/ha. To e>:pand soybean productIon. 

Informatlon on soybean productlon needs ta be re-evaluated for ne ... 

cultIvars and new growth patterns. At Macdonald College. Mad,en:1e and 

~:lrby (lq79) reported a Ilnear Yleld response to N fertlll::er up to 60 

to 90 kg N/ha, but not for P or K fertlluers. uSlng narrOl'1 rD'" Qro\'lth 

patterns on some major Duebec 50115. Acc:ordlng to Costa et al. 

early matunng cultIvars have greater 'Ileld potentIal ln narro"l rO"1 

Qrowth patterns. Use of narra ... row growth patterns IS llkel'l to expand 

if better soybean production IS e:<pected ln Ouebec. SpecIal attentIon 

should be Qll/en ta sO'lbean N nutrition ln narrow raw grawth patterns as 

early maturlnq soybean cultlVars often have reduced N flxatlon ablllt." 

and a shorter N fl>:atlon perl0d than full season cultIvars (Peterson and 

LaRue. 1983) and N stress may be a Yleld-lultlng factor ln narrow rO~1 

growth patterns !Cooper and Jeffers. 1984). In general, lnformatlon on 

sovbean productIon 1 s very IlCnted ln Quebec, and a more detalled 

evaluatlon of agronomlC practlces 15 reQulred. 

It lS assumed that IntensIve c:rop managE'/Ilent research ~JlIl sllpply 
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the most useful Informat1on for maXlmum econom1C Yleld. PractlCal 

agronomlc factors have been tested ln the Unlted States for ma\:uum 

soybean productlon. In Ontarlo, slmllar research has been conduded for 

sovbean. Soybean Yleld records of 7.4 and 6.5 t/ha have been reported ln 

New Jersey iFlannery. 1982) and ln OntarIo iStevenson, 1988) 

respectlvely. The Ontario results Indlcated the most Yleld-responsl'le 

factor was cultlvar, whlle populatlon denslty. nutr12nt levels and 

lrrlQahon Qenerally had no effect. But the Ontano results can not be 

transfered to Quebec due to cultivar dlfferences. It lS also noted that 

sovbean Ylelds ln Quebec are generallv lower than those ln OntariO 

(StatlStlc5 Canada, 1987) and th15 15 related to fertl11:atlon prac:tlCes 

ilhgier et al •• 1989). Studles wlth basle: agrO"lOmlC factors are 

nec essary 1 f opt 1 mum soybean y leI ds ar e ta be achl e'led 1 n Quebec wher E' 

unlque e:llmatlc and 5011 condltlons eXlst <relatlvely short arOWlnQ 

seasons and aCld 50115). The research reported here concern! Intenslve 

soybean management practlces wlth regards to N fertlllzation. hlQh plant 

populatlon and thelr lnteractlons wlth ho selected soybean cultivars. 

The obJectlves of thls expenment were: 

1. to Investlgate sovbean graln 'Ileld response ta N fertllner and 

the nature of the responses: 

2. to In'lestlQate populahon effee:ts on sovbean Qrol'lth, lDanaoement 

and Yleld: 

3. to assess earlv matunng cultlvars for neld: and 

4. to lnV!stlgate lnteract10ns among these management factors. 



CHAPT ER II. LITERATURE REVIEW 

1 he soyber!fi is ail impol tant crop :)5 ::t food legume for both humnn 

Ulld anim:ll consumption. Lt has high pLotein leveJ s in the grain and is 

distributed world-wide. As a leguminous plant. soybean has the capacity 

to fix ntmosphedc N2 through a symbiotic relationship with Azotobacter 

speL' ies . Snybeon C10pS fi'{ IIIOle N thall many other agricultutal legume 

ClOpS (Thornton. 1946; Allos anrl Bartholomew. 1959; Smith and Hume, 

1985) IJ1ld 3150 use soil and fel'tilizel N (Nolman. 1944a.b; Weber, 

1966b; Il:upet. lQS7). ln this re\Ïew. s'Jybean N nutrition at certain 

deveJ o{Jment sLaces. N fertiliza tion pract ices and soybeau response. and 

soybean N nutrition in tntensive management pl'acLices will be discussed. 

1. Soybean N nutrition at main development stages 

Aftel gelillination. sll\'bealls have a slow vegetative gro\\·th stage, 

followed br rapirJ gl'owtl1 frllm bloolll to pod-filling staees and thel1 

erowth r1eclincFo dUring l:1te seed-filline to m:1turity stages (Hanway and 

Heber, 1971:); Fehr ::md C:lviuess. 1977). 

NitLogen stol'erl in cutyledons is the filst N nutrition source 

nlcAlister and Krllber, 1951) during soybean germination and early 

folll)\~ed hr soil N ilS the ptindpal N source after 

roo t f 01111.1 t iolt but he ton> fund i on.11 noduJ P sy st ('ms h.1VI:' been developed. 

This ma)' require ahout 35-1,0 dars aftel' planting (Hal'per, 1974; Obaton 

et al., 1')82). Jmpruved Ilorlule initiation with short-telm N supply over 

the contlol (I(ntfipld et al., 1974) and illlprllved norlulatioll and plant 

vigor with srn.l11 doses of fertilizer N (45 kg N/ha) at early vegetative 

gro\\.th periods (Halper. 1974) ÏllI1i<::ttes tlH' jmportance of soU N supply 
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fixation by SOybCAll contI ibutes to If'PIUduct he gro\~th mninly frolll 

bloom to secd-filling star,e, with a N fixnlilln peak nt pod-fHUne 

(Hardy et al., 1%8; H:UPCl-, 1974: Zapta et al., HB7). Using l'5N 

techniques :md nnrlulating and non-nodu1ating culti\'i.ns, Znptn et nI. 

(1987) report .. d soi1 N \,'as the must jmport:lIlt N C,Olllep in '3llyl)(':lIl 

vegetative gro\\'th :1nd in the cn\1stltJctiol1 (lf \P(',f't.ltivc IJlG01l5. 

Symbiotically fixcd N was the main source f()r lepll)duct ive /31owth and 

seed N supply, \\-hile fel tilizpl' N wns r,enernlly Ilot eft icic'nt 1 elat ive 

tu the other t\W 5()UtCeS, SO}be,lllS haVI> hir,hest N rlPllInlHis dllr1l1g <;f'crt

filline sta8e and N stoled in vegetati\c p:uts if, tl.lIlf>lncateri nnel 

redistribllted tl) pods to maintnin sced gt-O\vth ~ BOlst :JOli Tltat c1lPr, 

1931 i Hal1w<.IY and Heber, 1971b), This pl'CII_'PC;S was foulld tn hl' ('lIh:lJIl'prl 

\1lhen soybeans \vel e under N !:;tress nnd earl ier J enf Sf:'neSI erlce nCLlIl r cd 

(Eeli et al., 1978). 

2. Nitrogen ferti1ization and soybean response 

Infolfllntion on soybean N feltilizaU()Tl IS Iclativelv limited 

compared \vith other aelicullurnl CIOpS. Yif'IrI f(:l'3(lIlIlSf'S h,Jve beell 

affected by forms of fertilizer, time and methorlc; of appl ie:.!! ion, 

cultivars, glowth p:1ttelnc; alld climntic f.(JlIrliti()Il~. Til rhp llllitl'd 

Stntes, the world's pJ.edominant soybeall ploduction "rCél, so)beans :)Ie 

usually glO\\'ll in rotation with corn, usinG the residll[11 [ertilizel afrer 

corn Ulartin et al., lQ76). In practice, N feltilizel is usuaLly ballderl 

or bloadcast on the sui1 and then inCOl pora ted wi th the !of) il dm ing 

tillngE' in the fall, 01 rtudnB plnntinr, in sprillG (df' ~1()oy pI nI" 
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1973). In OInst so)hl':.lll fpttitizer studi('s. N fCltilizer is applied at 

planting III the soil surface 01 in the rooting zone. 

Tholnton (1946) 1 ~pot. tell N fert ilizer applied at planting resulted 

jn p,re~1t('r N lecove1y in the vegetative 01'g<1n:=., and a gleater necrease 

in nodule nu"~er than did midseason applications which 1esulted in 

gH'lltel t\ recovery in seerls, l1sinr, both llodulatlng :md n()n-nodulating 

cultiV31S, Deihr>rt et al. (1979) tepolted Il gleater N fertilizer 

efficiency in grain and dry matter yiE'ld response by the non-nodulnting 

cultivnr when fertilizer was applied at full-bloom than at planting, and 

a lIl11derate Hite (89 kg N/ha) of N feltilizer did not depress N fixation 

of the nnduLating cultivar. a1thollgh no yield response occuned. Af~a 

et al. (1987) c(lnfirmed this effect of delayed N fertilizer at the pod-

filling stage on N fixation and furthe1 obt::dnerl a positive dry matter 

yi('111 (27%) and :) gutin yie1d lespOllse of 37% ovpr N applied at 
\ ,. 

planting. Th lS indicated a higher efficiency mdy exist for delayed N 

app] lcntion than applications made at planting. But N fertilization 

durinn the growing season is usually inconvenient and not practical as 

the plunt canopy i5 u~,unlly closed hl' midseason, especial1y in nauow-

row planting p,ltterns, Othpr limited research indicated that N 

feltilizer applied at pl..:mting does not necessarily depress soybean 

nodulation anrl N fix:ttlOll]f N fertilizcr is placpd awa) trom the 

rooting zone (Halpel and Coopel. 1971), Unfortunately, in practice, 

most N feltilizer 15 placed in the lootine zone (0-20 cm), where most 

roat nodules an.' located (Harpel, 1987). 

Sinclair :lnd de ldt (1975) compared the production physiology of 

t\\enty-four Cl'OpS \Vith respect to C and N nnd ploposed that soybeans were 
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, 
"self-rlestructh'pll in the seerl-fillinp. pel iod due to exce!'.sÏ\'p rt(>plet ion 

of N from vegetative olgans. They conclurlcd unIr ddayed N rel tilization 

would result in yield n'spollse. CunluulklOI} leslIlts of ,leln\'ed N 

application with folinr fprtiliz::Ition illdicatpd tlli'> tpchnÎque i,> nut 

feas ible fOl ngronomic use in soyheall prorluct ion (Ga 1(' i e :Illd fkUlk'<l)' , 

197b; Pnrker and Bos\~ell. 1980; Vasilas et al.. 1980; POille et al.. 

1983n.b; Afzn et a!.. 1987;). Thu,> earl}' N applicnt illTl tn f,oil is a 

practical choicc in snybean Ploùltction. 

The depressive effeet of N ferti lizel un snybean J1udulat ion (Lyolls 

and Eafler. 1952; Allos nnd Bartholomew: 1959, Vpst P.t al.. 1973) 

resulting in rC'duced soybeanN fixation (NUlman and J~1illllpitz. 1945: 

Thornton. 1946; \~eber, 1<J66b; Johnson ef al.. 197'1; Hatpfll. 1q87) has 

been well documented. Be:11 ct and Hoovel (1971) t epOl ted an im'e 1 se li ne;) r 

relationship bet\~een N l"ates and soybean norlule nlJmbers pel plant. 

t 
Uzialww3 (1959) lepolted a reduction of nodllie Humber [md lIodule weip,hl 

with four N fOlms. lInrper and Cooper (1971) repOl tpd glcatf't lecluct iOIl 

of nodule weight than nodule tlulIIbel. Halper (1987) conduded thnt at 

least four aspecte; of nodulntion (lOot hait infection by Rhizuhin, 

nodule development. llitrClgennse nctivlty of devplnped nodules. alld norlulp 

bacterioid inte~rity) \vere nffected with added N. 

Soybean distr ibutes large amounts of pllotosynthn te to nodll J ec; to 

m:1intnin symhifltic' N fix.11 inn (BI 1111. 1C)7b). Arldl'rI N ft'II iIL'PI 1f'c1II(·{'t.:; 

translocnt1on of photosynthate to nodules (Blllll, lQ76. Rabi .. pI al., 

1980) and gnlk'th :1nn activity of norIules nre Ipe;ttic.tf'd. Situl f -P(>I iod 

depl"ession of narIule functioll by 13 fel tilizel" can 1)(' recovPJ(·r! whi 1(> 

long telm deplessions [lrc dptlimellt:11 alld nodl1les ma}' lose N fixntinn 



::tbility (Gibson, 1976). By comparine the energy cust per mole to 

assimilnte N !tom nitlilte-N nnd c;ymbiotir N fixntion. Ryle et al. (lq79) 

( and FinIt!· pt Hl. (1982) sueeested N fixation costs mOle et1t'tgy, which 

m·'Y IH' wh~ so)he::l1ls 1!t>(ll(,SC:; UL c1f>la) tixation when there 1.5 adequate 

pxtern:ll N nvailabJe. This nd\ierse ('[(ect Clf N fettili-::ation on soybean 

f1ndulation and N fixation lends tn a wllste nf snybean genetic ::tdvantage 

in N fixation Ilnd luw efficiency of N fettilization. Efforts concerning 

the i1lVC1Se effects of N fertilizel- on soybe:lIl Ilodulatioll anrl N fiXlltioIl 

hilve been made through genetic improvement and fertilization 

irnprovcment. TClleulOt rultivar select inn (Harpet. 1987) , d(>ep N 

feltilizntJOIl (Hrnpet mld Cooper. ]971), rlelayed .'lpplication (Deibert et 

a]., 1979; Afzn et nI., 1987), and iniention (Smith and Hume, lq85) 

h:1VP c;/JOwn positivp results in nodu]ation, N fixntion or yields. 

3. Soybean N nutrition and intensive management for optimum yield 

Co()ke (lCl82) pointed out th.lt "In highly r1eveloped aericulttlle. 

lalge increases in yield tdl1 mostly come from interaction effects. 

ReserllChet<; <lI1d tnllners must be tendy to test aIl new advnnces thnt may 

taise yiPld potrntial of tllPir CIOpS :ll1ct bp pteparer:l tn try combinations 

of t\\o ('1' mnre ptfll tices". Leihig' s "L:l\~ ot the Hinimum" indicates most 

yieJrl inrt(>ase 5hould come frolll an increased supply of the Ilutrient that 

i~ limltinp fields. If t\oJO nuttients at~ limiting. ndrline either one 

,'Itone \oJi11 Il.ne no p[frct Oll yieLd, but ndding hoth tllgHher will 

illct ense yields. plo\'iding n posit ive intpraction. Sirni1arly, Prevot and 

Oll:\neier (19(,1) expressed a "law" of the minimum nnrl haldnced nutrition 

\vttidl (..lll be npplied to any factol- that limits yields. SirnpJy &tated, 

\\.'hen (Ille facto r that influences growth becoll\es opt illlWII, one or several 
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other fnctùrc; will becI)\Ilp limitillR. Thue:; f~t('.lte<,t ht'llf'fits .\ll' likl'I\ III 

occur with mult iple faclor st unies !Jy e~.pluf lng Bot unly 10,1 in cffret <;, 

but also intcl:JctiOtlS b('t\~eel\ and alllun::; gt.,\.;th f lclulS (Ilibb, Plsn. 

Fifty-t\.o factors hme hl'pn id~lItificrl .Iffectinr. CIOp ['.l(l\\·th [lnd 

fourty-five of these are snid to be conttnlle(! by !j11l\velS. Thesf' 

factols have tü opera te in union siIlce many of thelO dIe intC>ltelatpd 

(TisrJale et :11.. 1 QS5) . Sanders :1nd llshet\\'flud (1 C)S4) h:1vf' li sted 

thit teen fnc tOfS in intensive (finll.lf',Clllent for IIInx imllm y ie id. l11f'Y cll (>: 

optimum soil fertility, proper inoculations of V'BuOIe, hieh plant 

population, superior variet)' selection. f'rnper l'Cl\\' sp:\cing, oplimum 

plantine dates. ptoper tillage ope13tiolls. sour! drninnp,e. sUPP]f'mental 

itrigatiul1, ppst contlu!. CtO[l lofat"ioll. lIlultiple cloppinc and r,ood 

hatvestinB techniques. In cuuent intensive mnn:1ge\lll'nt studips \~ith 

COIn and soybeans in the United States and Untario. comhinn' ions of 

popula tlon dens Hy • cult i V:ll , nu t lien t. levp 1 nnn il 1 i f,a t i on :\ 1 r 11105 t 

often considered (FlannHY. 1982; StevPllson, 1985; Remillntrl. IfJS7). 

Soybean yield factofs m.ly be related to soybelln N nlltrit lon 111 

intensive management. In Ontario. Stevenson (1C)S8) Indknterl Ihat 

cult j v.lr IllaS the m:li n f:\ctor Eor yield bnspd on n fi \ e-) pal' stllrly. 

Soybeans have bC'cn divided wto 10 mnturi ty groupe:; flOIll no to VI II 

Ul:.1rtin et al. 1976. H:uu.;ig. 1973) and the fitst tlvn CIOUpf> :1rl> <ld.1pled 

to the northern United St:1tes and C:1nnd:1. Pl'te t SOli nllli !..1RIIP ( 1 <lIn) 

investigJted N fixation ability of twenty-one soybpan cultÏ\.lls .lIId 

fl)uud that enrly m:ltulÎng CUltiv.llC;, with 1m.!'1' lJ fi':ntjol! t:llrf> :111" 

shorter N fixation periods, fixed les,> N thnn latJ! llIn t utlnp, c'uJI ivars. 

Nodulatil1B soybenn cultiv.Hs \tJhc't1 nr·t inocuJntprl il! vi'l~ifl soi1 1)1'11.'1'1/(' 
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lHe llo/l-n()dulating cultivaIs (Pal and Saxena, 1976), \~'hich depend on 

soll N :lIld nCf>d lrllp,r> amounts of N feltilizer ta produce similar yields 

10 lIor!ulrltinp, ctlltinlls (h'che), 19('('<1; DC'ibert et nl., 197Q). 1his 

implif>s th.lt hl!CIl nodulatioll or nodule funl:tioI\s are depressed by 

('ll\·jrollllleuUd 1actols slIch DS Al Dlld Hn toxicity in acid soU, or under 

<;e\prf> droueht rüslutba[Jce (Rapel :1nd Kramel, ]987), nodulating soybean 

CtiltiV<11 c; fIl:.l) behm·e lib~ nnn-nodulnting cultivars and N fertilizer 

appl ie.1 tion ma} illlp t"Qve SO} oe.ln gll)\~th and crain y ields . AS;lC id soils 

[lrf' \vide-Spl earl in Quellel, anr! eal1y m,lturing cultivars are used, the N 

[el ti ) iZ.1tioll uf ·;Q):bp.ans may neerl investig:1tinn befotr: an optimum yield 

systrm C:lll be ec;tnblisherl. 

COOPPI anrl Jeffets (1984) shtlwf'rI that N stless could elilllinnte the 

yield nd\'ontagr> of n.1lL('W nJ\\S fiS mille suU N W;lS c1cplf.'ted thall in the 

\~idf' rO\\5 :md they Plopo':;ed N fCltilizr\Uon or PIthnnccd inoculation ta 

denl \dth tht<. pnlblern. PeJlo et :)1. (1980) leported inCl"f.'3Secl N 

fixation per unit ,11'('a ln naIrOI" l'O\_ systems \vith iClcreased populatiun 

but r,laill yields \,-ere ilOt. incrNlsed nue to the decrense of N fixaUon 

for i nd IV inu.1l pl::lnts. Li t t le i s kl\l'Im [or thr> cff CL ts of pIanI 

population .lml Ih intel.letion \dth N ff'ltilizcr on loot Ilodulatioll in 

natlow-rol" elllwth pattelns. 

At N.1crlollald Cllllege, NDC}\pllzip nnd Kirby (lq79) LepOl ted !ineal' 

sll',be[m elain ~ idd lcspUIlc:;es tu nrlrlcd N fertiJ.izer up tn fertili7.er 

lates of bU to 90 kg N/ha Id th llallO\; llJ\~ pattelns. They ::ltttibuted this 

ef1ect f.fI puor nnrlu1.1tiun hut nll furthel inIolllI:1tioll \Vas supplier). 

Soy)Jeall N fix.ltioll and nitlnte ultilizatio\1 are ntfected by climatic 

Cl>OIIJtÎlllls dlllinr, the E,IO\OUg Se.lS<111. ~ fix:1tioll nppe:ll'" to he more 
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sensitive tu colel (10'"'G) Watthe\\s .Jnrl Ha)es. 1982) (lnd hot- tem(let:ltul!'!> 

(40n C) (Nunevet and Wollum. 1981) lhan nitr:1le ut iliz,lllOIl. Pl.ll\!<. 

obtnin miller,,1 N tIllIU soils tltroliCh III""",-flflh nllol clilfnsillll (B.llh!'I. 

1'184) thus fiplrl \~:1ter deficit i:, bouml tu .1Uel t soil milH'I:t1 N :lIId 

fertilizer N avallahility. E!l~bf'ml N fi'.alion is IIInlf' 

profoundly :Jffected br soil "ater r1eficits than is !titl,llf' utiliznt10n 

(Obn ton etaI.. 1 <)82 ; H:l1pel. l~H7). llllploved \\l • .,t('l' ~\lPl'ly with 

itrigntion inClensed sorbe.1Il N fix:lI.i(Jll t\<on ln [0111 1 illl!''> :lIld II't\U('(',j 

tllf' N fertili;:cl' deprf'ssive effpetE. 01\ ntlduLltioll lIld (ln N (lxntio!l 

(Smith and Hl/Ille. 1985). This slIp:gested that the rletl imco' nI eff f:'ct o[ 

chOllr,ht was a SllClIIG yield ]imitine f3et01. Taylor (1980) hn<=; If'poltet! 

that dt y climntcs ':311 diminish Ihe YleJrl .\llvallt:tr,1' nf s()ybe::Jl\c; in 

nnrl'ow row~. \o,hich is olhen,ise att"iIlable in growillE', f.cnSOIlS with 

adequ::\te ruinfal]. Soybeans are patticularly sensitive to \Il,lte[ stlPSS 

1 
dUling reploductive p,ro\\'th (Shm,' And LoinG. ]966) and fi fi!:1jor pOl t iOIl 

of vfIliation in yield l'an be atttibuted statistiullly ta sC:lsclflal 

variation in roinfull during flùweling and fruitiog (RlInge :lnd Ode)l. 

19&0; Thompson. 1970). 

Acid soils are rtetrimC'ntal tl) so)be:\11 nortuJ:ltioll. A"COldillf'. tn 

Loneragan and VCHvlillg (1958) n media pH p,rentct' thnll 'lo'; is r1ppd('d fllr 

Rhizobium trifol i to gln\-.. Holding and Ki ng (1963) foulld :l ) atge 

proportion of Rhizobium trifoli in acid soil werc incffective fnr 

nlldulation. Nodule num!1er. nndule v:eir,ht and N lIptake can he rlf'prf'ss('d 

in acid condition (Meneel and I\r:lmplath. 1978). 1hus ;\l'Îd soil 

condit ions are] il;e1y to depl'E'ss c;oybe,1I1 N fi},ntion por-ent in 1 thn1uch 

adverse f>fff'cts on nonuloUnll. 
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Use of bigh plallt popu]atlons Iws r'een identified 3S n highly 

productive praclice. For so}beans. hieh populations can be 3chieved by 

de,')"pnsinr. rliSt311Cf' hetwC'clI 10\,'C; nt decrenc.jng plant distance within the 

10\v. ExpeJ i/llent:11 moùclling slIeger,ts an equidistant planting pattern 

gives optimum individunl plnnt Ught interception and individual plant 

yield (Will!~y nllri Hp(lth, 196<). E:1rly studies by Iviggans (1939) and 

blel stlUlies by pnrks et al. (1983) indicated nnrrow intel-[IIW spncing 

(narrow-rOl") \,';)S mOl e eHeet ive in incrensing 50} be.ln yield thFln reduced 

j ntl 0-1 OW sraC' i nf,. Nalro\V-rmv rnt tems more closely npproach the ideal 

equidistant pattelns while achieving high popu1Rtion rates (Duncon. 

l'lS(,). Hiehec.t glain vidds \Jele 3chievcrl in 20-cm 10W systems with :1 

pllpuldtinn r.1tl.' nt alound 4S to 98 plant/m 2 (l,50,000 to 980,000 

plant/ha) (l-.'igga11s, 1939). Cooper (1'l77) has proposed a rate of 37.S 

plant/m 2 n<; <111 optimum sf'eding late to avoid lodeing SillCC lodging 

lrLCleaSps ilS p(,pnI1tiorl il1ClenSE's. His {lt"oposa l \\as bnsed ail st,ybeon 

mn tuling croups II tu IV, whi ch m,lY not be uptirnwll for carly m:ltudng 

CIII t i V:l 1'5 in eroupc; 00 to l uscd in Quebc>c. A row spncing hy cultivar 

effect wns lrp(lrted by Costa pt al (1980) and Coopel (1977), \~here early 

maturinr. cultivars had grent0l' 10\\ spncinr. response than Jate cultivars. 

USI? of n..lnow-rO\v grOlHn pattetns is likely ta expand in Quebec if 

bpi tri yields ale e~pected ~ith the early mnturing cultiva1s. 

NUIlSIlll nnd Ne1SIHl (] (173) pointf'd out ct'op lIutt" i ent upt.,ke should be 

COf\st:1Otly investir.nted \\7l1ell improvC'lIlel\ts in \arieties and management 

practices Are mnde. Han\\7oy and Wpher (197Ib) showerl soybean dry mnttcr 

nCL'UIlIUla t ion [lnrl N. P and K uptake \,elp p:1l311e]. Genet;)lly speaking, 

high ) ield erol~th patterns ,:1!ld prorlucti\'c cU]tivUlS remove more 
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111,1 r if,,,I', "1l1II ·.lIi " .. Ihi'. 1111\ ""h,",,, 111'1'11'1111" (lI '.edl IlIIIIi.·"I'. 1I11e! 

consequ Pll1Iy cJecl"f'rI;(, snil feltilit\'. lhl' ndciitlon ol N f(,ltilizpJ 111,1)' 

affect rp lati\'c :w,IU"hi l it~ and lIl't.lkp ot ot lWI IIl1t r ft'nl" ""l'h :1S P :1IIc\ 

K in thE' soUe; (Olsen and I\UltS. ]CJ82). lhus thf' uptake of N as \vpL! riS 

other Ilutrients should he investif?,atecl to implClve tpllilizf'1 ('{ridelle)' 

:lI1d to m,lint.,in lone-tcll1l snil f(,ltilit\', 

The effer_'ts of intensÏ'.'p lIl::lII:lfY'l\If'llt ot CIOpS 011 ('IlVilllllmelllrll 

degradation have been diSClIe;sed by Couke (lQS2), A main ('ellle'Plll wa~ 

possible r,itr"te r~()ntrlmil\:lt ion of r,rotllld W:l1 "1". Fpr t Il i?f'l Nilo! takl'II 

up br plDnte; (an leDdily 1'\f::C'umuLate ill ~;oil :lf, 1I1tlntft (Olsl'lI pt .11.. 

1970), which is 'jubject to ]eachinc \ .. hen thp}"(, ie; ,1dpl]ll.ltp prf'cipitatioll 

or irrig:Jtion (Alli50n, 1%6). Ad\:el~;e eftect5 of nitlntr ill rlrinking 

\·;ater for hurnalls :md livestnck 1)I)\,e bren lev if'wed by I\f'enC'y (1982) and 

1 
simil;-jr to the nmoullt of N lrrnO\en in hal\est , 

As n result of the :lbllVC' revie\" it seerned pel tillent to "Iucl} thp 

effccts of th~ unique' :Jr,licldtul.11 conditIon-=; of IJlu'hec. N Ift,t il iz,.,. 

plant populntion. anrl culti\nl riS \~ell as their' int(,l.il(tionc.; 011 

1. soybean nodulatlon; 

2. soybeall gro\~th and eulÏn vielcl; 

J. ,-5uybe:lIl11utJipnt tlpLI!,p ,lllf! Ite; lf'lntioll wlth ';()vIH':Jn l',III\lIth and 

groin yield; and 

4. soil rnl!lrl.':ll ~l l('ve15 aftel sC)ybf~a!l hnlvee;L 



CHAPTER III. HATERIALS AND HETHODS 

1. Experimental design 

Due to spnce limitations in the field, a 2*2*4 balanced partial 

confounrled des ir,11 W;JS used, \l' j th three r~plica tes, each containing two 

blocks \dth b}flCks of cight plots. The fnctors and rates involved \Vere 

pl:lnt populatlon (ldO,OOO :lIId (,50.000 plullt/h:l). cultivar (Ap3che and 

Hnple-Allow), and N fcrtilizer (O. ,,S. 90, and 180 kg N/ha). This 

JesultN\ in t6 trentlIIent combillatiolls. \dlil'h were Ïlllthcl divided into 

l\ .. 1l r,lOUpS au'o[rling to the le\els of the thlee-wny interaction. The 

thlee compuncnls of the population-culti\81-N feltilizCl interaction 

werr~ confounded Idth block effects, each component per teplicate. The 

d('sÜ'.1l plan W1S cCJnslluctf'd as thnt bv COChHII1 and CCIX (1968). 

Rnwlolllizntinn W1S C3lried nut for eaeh site and ('och yeal so that tht' 

soil effpcts cuulrl be eVRluated. FOUI levels of N feltilizer were used 

50 that the nnture of possible N fertili;~er respOllses could be 

detf'l miner!. 

2. Field preparation and management 

Three soil series, Chic'ot (Gray-bI:o\\n Luvisol), Ste-Rosalie (Hurnie 

Gl(ysol) nnrl OlmstO\ln (Olthie Humic Gleysol) (Cnnndn Sail Survey 

COlllllliLlee. 1978) were lIsed. 'lI\D ... itf'S \\ele established each ye:Jr. Plots 

W('IP 5 br 1.5 ni in 1f)87 and 6 br 1.5 m in 1~88, \Vlth six 1'0\015. spaced 

nt 20 cm and 8 tlnctor-way of 30 cm bet~een each plot. The distance 

hetwf'clI eaLll bluck .md ('.;le h l('pliente \1;)5 3 m. BOlder strips were used 

nt the edge of the plots. Sni] S wl?re plnughed 20 cm deep in the fa 11 
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and disked to the sOlIIe depth in the sl'lillG befnre plantinr.. 

Soybe;:m sf'eds pn>-tlcaled \vith (ungicide \~ere inoculatecl Io.'ith 

~Iowder inoculant Lontainillg Bladyrhizoblum jnponicum. Seedin8 oeptll W3S 

apploximntely 5 cm in 1987 and 3 cm in 1988. Triple-super phosph.lte at 

a rate of 120 kg P 2 0.5/ha \Vas placerl equidistant hetween the rows al 

planting depth tn ensure the plant P supply. K fertilizel n~ putassium 

chloride wns used at a rate of 21,0 kg K~O/hn, broadcnst tllgcthet with N 

feltilizer as ammonium nitrate i~nediately After plantine. Herbicide AS 

Basagran (containing Bentazon 480 e/L, BASF Cnnnda Ille.) \',';:\5 spr nypd 011 

the soil surface at n rate of 2L/hll \\'Îth the surfnc:tnnt As~ist 

(containing 81% paraffin bllse minera! oil nnr1 17'% SUI factant hlenrl, BASF 

Cnnarla Ine.) one or t\.Vo dnys after plnnting. "ecrls WCle flltf.hpl f(!moved 

by hand at apprllximateh' thE' hlonm-initiAtÎOIl (Ri) stap.p hefolp the 

plant ('anopy closed. In 1987 the plants \\1ele thilll\('d to tl\(> c\psitPc! 

population during the second to third trHo!iatp st:1ges. In 198R Ihl' 

plant nurnber pel' plot was detelmined, Develnpmr>nl st:lCC>s wcte 

delelmined as outlined by Fehr and C~vin0ss (1977). 

3. Sampling procedures 

3.1. Soil sampling 

Two sets of soil samples wele CI)!]N'tert. Onp set was ('ol1Pl'tC'f! I)prol C' 

plnntinr, for soil charartelizalioll. rire ~,lIl1(ll('s \,'('1(' (cdll'cl('d.ll 1\0,'0 

depths, 0-20 and 20-40 cm in 1987 and 1988. One composit p s3mple from 

thlee points pel hlnck \Vas collectee! fnr e:tch rlepth, resppctivply, 1hp 

fresh sn:il samplc>s \,ele then Pxtlucted with HI l'Cl flll pxtrnc\.l!lle 'ioil 

nitrate and ammonium and 1 heu oVC'JI-dricd at 10S<"> (; fOl mo i slul e cOlltellt. 
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'lhe rhy soil W;lS crouon ta pass R I-mm sieve :lnd stoled in sealed 

r.l ;JS<,W:.ll e [or snil pl! ~lOcJ eXlr:lCUlble P nnd K. A subsamplc' of about JO g 

wns Bround tn p.1SS a O.25-mm sieve [or snil organic carbon 

rie t e [m ina t i on. Aft~r harvest. another set of soil samples was 

collcrtrd from earh plot at 0-25 and 25-50 cm rlepths tu determine sail 

lIIincull N levels. These depths were felt ta be preferable for nitrate 

lIIovement estimates. Ta test the rcsirlual effect of N fertilizer 011 sail 

mlnPlal N levels. sail samples wele Rlso collected in the spriog o[ 1989 

from the two sites used in 1988. 

A composite sample for each black was co!lected fr-Olll each depth per 

site and dried, crushed and sieved to pnss 2 mm for soU texture 

determination. Sail core samples for each depth were collected from 

ench lep] ieate ta delermine the soil bulk density for eaeh sample set. 

DiffplpnC('s bpt\,ecn the spdng and lhe fall minernl sail N levcls for 

the contraIs \~ere considel cd as N released tllloUgh mine13lization and 

nitrification hom the sail organic N pool ::\nd crop residues. 

3.2. Plant sampling 

3.2.1. Nodulation 

Roat samples were collected at the mid-bloom (R2) stage in 1987 and 

nt mid-bloom ;mc! seed-initiation (RS) stages in 1988. A sail core method 

.uJapterl f!om \vehel (19GGb) wns used ln callcct l'oot samples. An 

o]umiIllun cyl inrlel. 7 cm in dinmeter and 10 cm high was centred over the 

plan t l'oot m<1SS, h,'lllmered 10 cm into the soi 1 :md then removed. Three 

soil COleE> Pt:'l" plot I\'Cl€ collected. Tite sample wns th eu wl1shect \vith a 

hydt O-pl1('Um.1 t i l 1 oot-\~ashillg machine. SI) j l-root suspens ions were 
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collet.'-t>n on a 1-mm sail sieve and l'Dots and nodules WPt'C ~;Jc;h('d ~ith a 

high pressure \vater flO\.;. Root and nodule snmples wele placf'fl on hlO\vn 

paper toweis to drain resinual wa tel, nodule numhel counte(l, <Inn ft csh 

nodules from thlee loot samples removed anrl \veigherl. Mean nodule size 

(weight/nodule) was detelmined by dividing the total fresh "dght of t ht:' 

nodules from three root samples by the tata] nodule lIulllbel. 

3.2.2. Dry matter 

Five norlllal plants pel' plot were harvesten (eut at the soi 1 

surface) at miu-bloom (R2) and seed-inHiatioll (RS) stages. Sampl('s were 

dderl at 70°C for 48 hours and weighed for dry matteL determination. 

Dl'ied sampI es were 

chemical analyses. 

ground in a Wiley mil! ta pnss a 2-mlll sieve for 

Plant dry matter yield (kg/h.l) \Ilas detellllined by 

converting the dry weight of the s;JIOples tn the d('sigllf'd (lopulnt jOli 

rates per hectare. 

3.2.3. Grain yield 

Soybeans were harvested after full Jn:1turity sL1r.e (RB) when they 

were dlY enough to thresh. H1tole plots \vere hnrvested sinee field 

observatiolls indicated no obvious border effect. HarV("it a reus weLe 

smaller at one site (S-87) due ta pOOl gt:'lmination and StOl1l\ damaf',('. 

Grain was kept in paper bags and dried at bO"C fOl 48 tn 72 houre, unt il 

dry. The empty pads and sail palticles mixed with ~e(>d dUl'ine 

harvesting wele separated with a seedbulo (5/64" x 3/4", No 19L, 

Seedburo Equipment Company, 1022 H. Jackson Rlvd. Chi cnf',o , Ulinois 

60607 ) 

~lcGill , 

and furthel removed "ith a laboratory nc;pirator (Bates, H.T. 

584 N. ~lilby St. Houston, Texas), and the 8utin yicld 

determined. 
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A oraln subsample of approxlmately 50 9 was collec:ted for each 

plot and ground ln a Wlley m111 to pass a 2-mm Sleve for chemlcal 

anal yses. 

4. Laboratory anal yses 

4.1. 5011 analyses 

The 5011 particle Slze was determlned uSlng the hydrometer method 

descrlbed bv Bouvoucos (19511. 

5011 pH ln d1stllled water and ln 0.01 li CaC1 2 l'las determlned wlth 

the glass-eledrode rnethod outllned by LRRI (1984) wlth 1:1 and 1:2 

sOll:solutlon ratIOS for pH ln water and ln CaC1 2 , rt'spectlvel'l. 

5011 extractable P and K were measured ln the MehllCh-I II 

extractant <Mehlu:h. 1984) wlth a 1:5 soll:solutlon ratlo. P ln the 

l'): tr ac tant was determl ned wlth the ascorblC aC:l d-ammonl um 

fIIolvbdophosphate b1ue method (Watanabe and OIsen. 1965) uS1ng a 

"Technlcon" auto-analyser. 1< ln the extractant was determlned USlnQ a 

flame-photo/Deter wlth LlNO:s as the InternaI standard (Chapman and Pratt. 

1961) • 

5011 organlc carbon l'las deteruned uSlng the Walldey-Blacl: procedure 

(Nelson and Sommer. 1992). 

5011 nItrate and ammonIum l'lere extracted frolll fresh 5011 luth M 

I\C1. AmmonIum ln the extractant was determlned luth the Indophenol blue 

met hod (Keene'l and Nelson, 1982) and nI trate was determloed 1'11 th 

copperlzed cadmIum reductlon method (~:eeoey and Nelson, 1982) USlnQ the 

"Tt'cholcon" auto-analyser system (O'Snt'n and Flore l 1962; Kamphal:e et 
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4.2. Pl ant allal vses 

About 0.251) 0 tlssue samples or 0.125 Q qraln samples l'lere dlQested 

wlth concentrated sulfurlc aCld and 30% hydrogen pero>:lde foiioluila the 

procedur es OUtll ned bv Thomas et al. (196ï>. The dloest \'IBS dlluted to 

250 ml before chemlcal analysls. 

The NH 4 -N, P and K content ln the dlQE'st \'Iere determIned USIna the 

same technIques as those used for 5011 analyses, after approprlate 

IftOdlflcatlon to adJlIst for aCldltv and concentratlons. 

Seed protel n content was obt a 1 ned bv mul tl p l VI no the seed Ni~ 

content bv , '1 J: 
O,J..iJ. 

5. Data analysis and presentation 

Data for soil characten::atlon l'lere not statlstIcallv analvsed. lhe 

mean values averaQed over blacks and replll:ates \IIere used for each depth 

at each SIte. 

Results of re51dual 5011 nltrate and ammonIum content and Qraln 

Yleld, nadulatlon. dry matter Yleld, and nlltrlent uptake lier'? anal'/sed 

luth SAS maInframe computer system (SAS Institute lnc .• 1985) uSlnQ the 

"General Llnear Modr-l" iGLM). Where a statlstlcallv slQnlflcant effect 

l'las observed. the LSD test. outllned bv Steel and Torne (1980) l'la: used 

to compare plant populatIon or cultlvar effect. and slngle-deQree ot 

freedom contrasts olltllned bv Llttle and Hlils (1978) for the uneQlIaJ 

spaced desl gn l'lere determlned for pol ynomlal trend anal yses for aoded N. 

Where the Interactlon betl'leen factors was SlQnlflCant. slngle-deQree of 

freedom contrasts were used to locate mean dlfferences. 
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( Carrel atlon and reQreSS10n anal yses l'lere conducted accordlng ta 

Gomez and Gomez <19841. 

b. Sali properties and .eterologlcal infor.atlon of experl.entai sltes 

The four experlmental sltes belong ta three solI senes. Sltes 5-87 

and S-88 were on Ste-Rosall e 50115. 1 oc ated on the QUl nn F arm. Il e 

Perrot. P.Q .. Slte C-87 l'las on Chlcot 5011. located on the Macdonald 

College Farm. Slte 0-88 l'las on Ormstown solI. located on the Dupond Farm 

near Orrnstown. 

The Ste-Rosalle salIs were clay sOlls ION ln 5011 test N and P but 

medlum ln K (Table 3.1). The Ormstown soli l'las a sllt clay loam wlth 

hlgh sail test N. and medIum P and ~: contents. The ChlcOt 5011 ~la5 a 

sandy clay Ioam wlth 10111 solI test N. h1gh 5011 test i' and 101'1 K suppl'lo 

AlI 50115 l'lere Sllghtly aCld (Chlcot) or acid (Ste-Rosalle and Or!l\stown\ 

(Table J.1). 

Tabl e J. 1. Inltlal propertles of 50115 at the ex p en ment a l sites 
------------------------------------------------------------------------
5011 51 te Depth Texture O. C. NO::s-N NH4-N M3-P M3-K pH!'1 

------------------------------------------------------------------------
cm Y. -------- kQiha ----------

Ste-RosaI le 5-87 0-20 c 2.56 46 3.3 21 175 5.40 
2(1-40 c 0.45 15 1.4 9 289 6. q8 

Chlcot C-B7 0-20 sel 1. 63 36 2.5 75 78 6.48 
2(1-40 scl 1).66 .,-. ~\ 2.6 46 93 6. :;:-

Ste-Rosall e 5-88 (1-20 c 2.03 17 'i-
4.,) l} 249 4.88 

20-40 C (1.77 8 :3 11 312 5.68 

Ormstown O-BB 0-20 51 el 2.08 91 5 41 154 r: -co 
..J ..... ~ 

2(1-40 51 cl 1. 90 110 7 4) 169 5. J8 

O.C.; Of"Qan1C carbon. pHw: SOlI pH ln H2 0. 
M3-P. M3-K: 5011 P and ~, extracted vuth Mehllch-III extradant. 



Monthlv raInfall statlstlcs (EnvIronment Canada. 1989; Gouvernment du 

Québec. 1989> for e~ch slte showed that there was 101'1 preClpltatton ln 

August, 1987 at sltes 5-87 and C-87. a severe drought ln Juiv. 1988. at 

slte 5-88 and low preclpltatlon at sIte 0-8S ln Jl.\iv and September. 

1988. compared to normal levels <Table 3.2). 

Results from the ChIcot SIte <C-87> for 1987 shou1d be treated 

cautlously Slnce there was poor germInatlon at that slte. and a storm ln 

Julv 14. 1987, resulted ln conslderable damage to the crop. 

Table 3.2. Monthly preClpltatlon ln 1967 and 1988 and normal 
preclpltation durlng growlnq seasons at the experlmental SItes 

PreClpltatlon 

l10nth 5-87 C-87 S-86 0-88 

1987 Nor mal 1967 Normal 1988 Nor mal 1988 Normal 

-------------------------- mm -----------------------------

May 1·)2.2 83.4 72.6 61.6 44.2 83.4 5\.1.6 60.1 
June 111. 0 85.9 i 14.7 17.3 89.0 85.9 92.1 ~~ ~ 

1 ... 1 • .. ' 

July 105.2 98.9 125.4 93.9 22.8 98.9 51.2 8'i " ..... 
Hug. 49.8 1 (1 1.:'; 58. :; 9:2.6 1:33.6 101. :; 102.9 99.1 
Sept. 115.6 100.0 150.6 88.2 88.2 1 (10.0 49.0 82.::; 
Oct. 61.4 62.9 66.1 71.2 86.0 82.9 70.7 75.0 
---------------------------------------------------------------------

:20 



CHAPTER IV. RESULTS AND DISCUSSION 

1. Soybean nodulatlon, dry lUtter yield and grun yald as Influenced 

by N fertllizer, plant population density and cultivar 

1.1. Modulation 

NltroQen fertlll:i:er aHected aIl nadulatlon values. Includlnq nodule 

number, nodule we1ght and mean nodule Sl~e although me an nodule SI:e was 

not affected b'l added N rate at the C-S7 and 0-B8 SItes. at the R2 stage 

<Table 4.1). 

Added N reduced nodule number, nodule Me1Qht and mean nodule Sl:e 

and the reductlon Qenerally followed a l1near trend (Tables 4.2, 4.3. 

4.4), suggestlnq the effect of N ferblli:er on nodulation \'las addItIve. 

ExceptIons l'lere found ln the Ste-RosalIe 5011 IS-87 and S-86 51 tes) , 

where reductlon followed a quadratlc trend for nodule number and nodule 

wel<,lht at the 5-87 s1te, R2 staQe (Table 4.2>, and a cub1c trend for 

nodule welght ~nd quadratlc trend for mean nodule S1:e at the R5 staQe. 

for the 5-88 slte (Table 4.31. Duadratlc responses \'Iere a result of a 

larger dec:rease ln 'talues for the flrst 45 rg of fert1lli:er N, compared 

to the fInal 90 kg of added N. The cubll: trend for nodule we1ght at the 

R5 stage. 5-88 slte, was conSIstent IHth thlS effect to the extent that 

the lower rates of added N depressed nodule we1ght more than the hlgher 

rates per un1t of added N. Lower lnltIal sod N contents ln those sltes 

\Table 3.1) may have encouraged better nodulatlon when no N fertlll:er 

was added. Wh en N fertlll:er l'las added. relatlvely larger depreSSlons 10 

nodulatlon occurred wlth 101tLal N rates and quadrette or CUblC effeets 

occurred. However, nodule number and nodule welght remalned relatlvelv 

hlOh at the Ste-Rosalle sItes eveo at hlgh N rates. Thus lt appears the 
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Table 4.1. Anal'ls1s of varIance of sovbean nodule nUl1Iber per plant. 
nodule we1ght per plant and !Dean nodule Slze at mld-bloom iR21 and 
seed-l nl tl ab on mS) stages 

Treatment 

N fertlllZer (N) 
Populatlon (Pop) 
Cul tl var <Cul) 
Pop x Cul 
Pop x N 
Clli x N 

N fertllu:er (N) 
Populahon (Pop) 
Cult 1 var (Cul) 
Pop x Cul 
Pop r. N 
Cul x N 

N fer tlll z er ( N) 
Populatlon (Pop) 
Cul tl var (Cul) 
Pop l{ Cul 
Pop 1. N 
Cul l{ N 

Stage 

R2 stage R5 stage 

SIte 

df 5-87 C-87 5-88 0-88 5-88 0-88 

--------- 51 gnlf le ance of F-val ues-------

--------- Nodul e number ------------

1 
1 
1 
3 
3 

3 
1 
1 
1 
;) 

3 

** "s 
* 
ns 
ns 
ns 

** 
ns 

** 
ns 
ns 

** 

** ns 
ns 
ns 
ns 
ns 

** 
ns 
os 
ns 
n5 

ns 

** 
ns 
u· 
ns 
ns 
ns 

* 
l 

ns 
ns 
ns 
ns 

Nodul e wel ght 

u
ns 
oS 
os 
ns 
os 

*011-

ns 
ns 
ns 
n5 

os 

** ns 
t* 

ns 
ns 
~ 

ns 
t 

ns 
ns 

** 
05 

*<t 
ns 
ns 
ns 

ns 
ns 
ns 

* 
ns 

• --------- Mean nodule S10ze -----------

;) ** 
1 ns 
1 ns 
1 ns 
~ ns 
3 ns 

ns 
ns 
ns 
ns 
ns 
ns 

*" 
os 
os 
ns 
ns 
n5 

ns 
ns 
ns 
os 
ns 
ns 

** 
* 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

ft. *: s1gnlflcant at PC:O.Ol and p. 0.05 levels, respectlvely. 
ns: not Slgnlflcant. 
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Table 4.2. Sovbean nodulatlon as a funchon of N rate. populahon 
densltv, and c dhvar at mld-bloom fR2) stage at the 5-87 and C-B7 
sltes 

Treatment 

N rates 
(kg N/ha) 

o 
45 
9(1 

180 
Trend 

PopulatIon 
(plant/hal 
430\000 
650,000 

Cultlvar 
Apache 
Maple-Arraw 

C. V. ï. 

5-87 

Nadul ah on 

number ..,el ght mean S1 ze 

number 1 
plant 

27.1 
1 a. 6 
9.7 

10.8 
G** 

15.4 
1 ï. 7 

19.3a 
13. ab 

44.4 

mgl 
pl ant 

1031 
542 
248 
143 
Ou 

469 
512 

5B2a 
399b 

41.9 

mg / 
nodul e 

41 
29 
21 
12 

L** 

26 
25 

27 
24 

42.2 

number 

number / 
plant 

15.2 
10.4 
9.0 
4.6 

L** 

10.2 
9.7 

9.7 
10. l 

32.9 

Nadul abon 

mg/ 
plant 

127 
66 
75 

85 
60 

60 
85 

66.3 

me an SI::e 

mg/ 
nodule 

9 
(] 

8 
5 

ns 

8 
6 

6 
a 

65.7 
------------------------------------------------------------------------
Means of culbvar and populatlon followed b'l dIfferent letters are 
s1gnlflcantly dlfferent at P<O.05 level. 
L. Q: Il near and quadr ab c trend 1 respectl vel y. 
**: slgnlflcant at P<ü.Ol level. ns: not slgnlflcant. 
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, ,,> 
stlmulatlon of nodule formatlon IHth low lnltlal 5011 N was eVldent ev en 

at hlgh ferbll::er N rates. 

There was Qenerally no effect of populatlon denslty on sovbean 

nodulatlon <Table 4.1>. Where populatlon effects occurred. nodule 

Table 4.3. Sovbean nodulatlon as a functl0n of N rate, pOQulatlon 
denslty and cultivar at m1d-bloom <R2l and seed-lnltlatlon (R5, staQes 
at the 5-88 sIte 

Stage 
-------------------------------------------------

R2 staQE' R5 stage 
-------------------------- ---------------------

Nodul atl on Nodulatlon 
Treatment -------------------------- ------------------------

number l'telght mean S1:e numb er welght mean SI::e 
----------------------------------------------------------------------

number/ mg/ mg/ numberl mg!' mg; 
plant plant nodule plant plant nodule 

N rates 
( kg N/hal 

(1 14. 1 160 12 12. 1 384 :'8 
45 11. 1 150 13 11.9 344 29 
90 7.7 67 9 5.9 lOf) 15 

180 4.8 32 7 5.3 70 16 
Trend Ln L** LH UH~ CH 0+1' 

Population 
(pl antlhal 
430,000 9.0 99 Il 9. 1 205 '2\)b 

650.000 9.8 106 10 8.5 247 2Ba 
Cultivar 

Apache 11. 6a 120 10 Il .Oa 261a 21 
Map 1 e-ArroH 7.2b 85 10 6.5b 191b 'i7 

.1 

C.V. ï. 4t1. 8 66.0 59.5 51.5 48. ~ 46. (1 

Means of cultlvar and populatIon followed bv dlfferent letter~ are 
slgnlflcantlv dlfferent at P\O.05 level. 

L, Q, C: I1near. quadratlc and CUblC trends. r~pectlvelv. 
*. **: slgnlflcant at P.,O.05 3nd ô.Ol levels, respectlvel'I. 
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Table 4.4. Sovbean nodulatlon as a functlon of N rate. populatIon 
densItv and culbvar at mld-bloom (R2) and seed-1nltlatlon (RS) 
stages at the 0-88 51 te 

Treatment 

N rat e 
(I:g N/ha) 

° 45 
9(1 

180 
Trend 
Popul at1 on 
(plant/ha) 
430,000 
650,000 

CultIvar 
Apache 
Map 1 e-Arrow 

C.V.ï. 

R2 stage 

Nodulatlon 

number weight 

number / 
plant 

13.8 
10.4 
~.8 

7.8 
Lt* 

8.9b 
12.ûa 

10.4 
10.5 

mgi 
plant 

87 
57 
47 
25 

l** 

60 
49 

51 
58 

5tage 

mean Slze number 

mgi 
nodul e 

7 
6 
9 
3 

ns 

8 
6 

7 
6 

number / 
plant 

17.3 
14.7 
12.7 
6.4 

lu 

13.0 
12.5 

15.5a 
10.0b 

42. 1 51. 4 129.9 42.8 

R5 stage 

Nodul ah on 

weight mean SI:e 

mgi 
plant 

237 
114 
111 

27 
ltil-

111 
134 

138 
107 

59.3 

mo/ 
nodul e 

15 
11 
B 
-} 

l** 

10 
9 

45.1 

Means of cultIvar and populatIon followed by dlfferent letters are 
s1gnlficantly different at P<O.05 level. 
l: linear trend. ns: not slgmflcant. 
*. H: slgnIflcant at P';O.05 and 0.01 levels, respectl'lely. 

number (0-88. R2 c;tage. Table 4.4) and mean nodule S1:e per plant 

Inc:reased at hlgh populatIons (5-88 SIte. Table 4.3), Fresh nodule mass 

per unIt area (kg/ha) slgnlflcantlv Increased ~Ilth hlOh populatIons at 

certa1n stages at the 5-87, 5-88 and 0-88 SItes (Table 4.5). Thls 

effect of plant populatIon on nodule mas! was due prlmarllv ta Increased 

plant numbers per und area, Weber (1966b) reported a close correlatlon 

between total nodule mass per acre and sovbean N flxatlon. Thus greater 
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N fl):atlon mav have occurred luth hlgh populatlons. as has been observed 

by Hardy et al. i1973) and Bello et al. (!qaO). 

Table 4.5. Effect of plant populatlon on 50ybean fresh nodule 
mass at the mld-bloom (R2) and seed-lnltlatlon (R5) stages 

Popul ahon 

(plant/ha) 

430000 
6500')0 

Stage 

R2 Stage R5 Stage 

9-B7 C-B7 5-88 0-86 5-88 0-86 

------------------ kg/ha --------------------

206b 
322a 

36 
39 

42b 
68a 

25 
31 

BBb 
160a 

47b 
87 a 

l'Ieans followed by dlfferent letters ln the same column are 
slgnlflCantlv dlfferent at PC:0.05 level. 

A popul atlon by N rate Interaction on nodul e welght per plant was 

observed at the 0-88 slte. R5 stage. When no N fertlllZer was added. 

soybean pl ants had greater nodul e welghts ln hl gh popul atlons compared 

to the 101'1 populatlons !Table 4.6)! lndlcatlng the nodulatlon advantaqe 

i'nth hlgh populations l'las dUlnlshed l'Il th added N. 

Table 4.6. Effect of population by N rate lnteractlon on nodule 
l'Ielght per plant -t Sé!ed-lnltlatlon (R5> stage for the 0-88 sIte 

Population 

(Pl ant Ihal 

430.000 
650.000 

N rate (kg N/ha) 

o 45 90 1BO 

----------- mg /p 1 ant 

172b 
302a 

108 
119 

125 
97 

36 
17 

Tr end 

Means follo .... ed by dl Herent 1 etters at the same col umn were 
SlQnlflcantly dlfferent at P':O.Ol leve!. 

L, Q.: 11near and quadratlc trend, respectlvelv. 
fi: slgnlflcant at P<O.Ol leve!. 
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Cultlvar Apachp produced more nodules than Maple-ArroH at the 8-87 

and 5-88 51 tes. R2 stage. and at the 5-8B and O-BB 51 tes. R5 stage 

(Tables 4.2, 4.3, 4.4). Further, Apache plants had greater nodul e 

welqht than Maple-Arrow at the 8-87 slte, R2 stage. and the 8-88 5lte. 

RS stage !Tables 4.2. 4.3) • ThIS IndlCated a greater genetlC: 

nodul abon potentlal for Apache than for r1aple-Arrow. 

Several cultIvar by N rate Interactlons occurred luth nodule number 

and nodule wel[jht \Table 4.7>. In general, Apache had greater nodul e 

values than Maple-Arrow at low N rates (0, 45 kg/ha). whereas there ~'iere 

no dlfferences at 90 and IBO I:g N/ha. Thus, effects l'lere due largelv to 

an abrupt decrease ln nodule values luth added N ln Apache plants 

l'Ihereas Haple-Arrow plant nodule values c:hanged only Sllghtly or nct at 

aIl ~nth added N. Thus, use of N fertll1zer at rates above 45 kg N/ha 

elullnated the genetlc advantage of better nadulation luth Ap .. che. 

Table 4.7. Effects of cultlvar bY N rate Interachon on nodule number 
and nodule wel ght per pl ant at the 5-87 and 5-68 51 tes 

N rate (kg N/ha) 
CultIvar 

45 90 180 Trend 

----------- number / plant -------

5-8B Apache 15.3a 17.0a 6.5 5.3 CH 
(RS) Mapl e-Arrow B. Sb 6.8b "" ~ ~.~ 5.2 ns 

----------- mg/plant -----------

5-87 Apache 1358a 569 246 155 OH 
(R~) Hapl e-Arrow 70;:;b 514 249 129 Lu 

8-88 Apache 4'~ J ..... 473a 86 70 CU 
( RS) Maple-Arrow 354 215b 113 81 Lu 

Means fallowed by different letters at the same SIte for culhvars 
were slgmflcantly different at P<O.Ol level. 

L, Q, C: llnear. Quadratlc and CUblC trend. respectlvely. 
*t: slC}mflcant •. :t Pc,O.011e'lel. ns: not sigOlflcant. 
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RegressIon equatlons descrlbed the Inverse relatlonshlp of nodule 

number. nodule welght and nodule Sl:e and N rate iTable 4.8l. Nodule 

growth contlnued from R:? to R5 stages whlle there was little or no 

addltlonal nodule lnltlatlon beyond the R2 stage. even at the II N rate. 

Thus the PhVSI 01 Ogl cal effect of added N on nodul e 1 n1 b at Ion seems to 

be related ta the earl'l stages of growth whlle the N depression of 

nodule growth 15 a longer term effect and consequentlv may lead tD 

oreater reductlon at hlgh N rates. 

Nodulatlon d1fferences amen::! 50115 were ObVIOUS. Greater nodulE' 

welght per plant and greater total nodule mass ln the Ste-RosalIe sOlls 

iS-87, 5-88 sItes) were probablv due to 10\11 ln1tIal soli N le'lels \Table 

3.1}. The dlfference between the two Ste-Rosalle SOli s l'las related to 

preclpltatlon and 5011 pH. For the 5-88 sIte, a drler growlng season and 

lower SOli pH <Tables 3.1 and 3.2} may have restrlcted nodulatlon. 

Accordlng to Sprent (1976). water deflc1ts reduce soybean nodule \'Ielght 

and nodule 51~e. Spurway (19411 reported optlmum 5011 pH for oodulatlon 

was 6.(1. Consequently the low 5-88 sIte 

!pH=4.88) was not favorable for good nadulatlon. 
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Taole 4.8. Reqresslon equatlons far N fertlll:er versus nodulatlon 
estlmates at mld-bloom (R2) and seed-lnltlatlon (R5) stages 

Slte St age 

5-87 R2 

C-87 R2 

5-88 

R5 

0-88 R2 

R5 

Regresslon equatlons 

Yn=28.J-O.29X+O.OOIIX 2 

Yw=1008.5-13.1X+0.(146X2 
Ys=37.6-0.15X 

Yn=14.'j-0.055X 
Yw=112. 7-v. 5H 

Yn=13.5-0.052X 
Yw=162.8-0.77X 
Ys=IJ.5-0.040X 

Yn=12.1-v.042X 
Yw=416.9-J.37X+4.4*10-~X3 

Ys=38.9-0.57X+l.2xlv- 3 X2 

Yn=12.8-Q.030X 
Yw=79.5-0.32X 

Yn=17.5-0.ü60X 
't'w=205.0-1.048X 
't's=14.1-0.059X 

0.98 
0.98 
v.94* 

0.95* 
\1.85 

O.96f 
v.B9f 
0.97* 

0.77 
1).89 
0.95 

v.87 
(t.92* 

v.99f 
0.86 
1).97* 

in: nodule numberiplant. 1W: nodul e l'Iel ght, mg/p l ant. 
Ys: mean nodule Sl::e. mg/nodule . 
•• 51gnlflcant at P<O.(l5 leve!. 

X: N fertlllzer. kg N/ha. 

1.2. Dry .aHer yi elds at R2 and RS stages 

Sovbean dry matter ylelds were affected bv N rates at hl;) SItes but 

affected largelv by populatlon rates <Table 4.'1). CultIvar effects and 

Interactlon effect!l on dry matter Vlelds were eac:h restnc:ted to one 

slte, the 0-88 and 5-87 sites respectlVely. 

Drv matter Vleld lncreases wlth added N l'lere Ilnear where thev were 

observed (S-87. R5 stage. 5-88. R2 and R5 stagesl (Table 4.10). At the 

5-87 SIte. a culbvar bv N rate lnteractlon l'las observed. ConseQuently. 

the reQreSSlon equatlons relatlng N rates to dry matter Vleld can onlv 
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Table. 4.9. Slgnlflcance of F values from the analYS1S of varIance 
of soybean dry matter Ylelds at mld-bloDIII IR:!) and seed-Inltlatlon 
(RS) stages at four sites 

Stage 

R2 stage R5 stage 

S1te S1te 
Source df ---------------------

S-87 C-87 5-88 0-88 5-87 C-87 5-88 0-88 

----------- S1gn1 flcance of F-'1alue ------

N fertl11zer IN) 3 ns ns t ns * ns * 
Popu1 ah on (Pop) 1 ** il'* il'* ** ff ** ns 
Cultlvar (Cul) 1 ns ns ns ** ns ns ns 
Pop >: Cul 1 ns ns ns ns f ns ns 
Pop x N ~ ns ns ns n5 ns ns ns 
Cul x N 3 ns ns ns ns * f'lS ns 

**. *: slgmhcant at P<,O.Ol and P<O.OS 1evels. respechvely. 
ns: not S1 gnlflcant. 

ns 
t 

os 
ns 
ns 
ns 

be calculated for the 5-88 slte. These relabonshlps are IndlCated ln 

the followlng eQuatlon5. 

Y=993 + 1.04X. (R2=O.6S), sIte S-88, R2 stage 

Y=2255 t 2.99X, (R2=O.99. P\u.ùl), 51te 5-88. R5 stace, 

where Y 15 Y1eld (kg/ha) and X lS added N ikg/hal. 

These responses were related to low lnltlal N contents at the hlo 

sltes tTable 3.n. Appearance of a N response as early as the R2 staqe 

at the 5-88 51te 1ndlcated 5011 N wa5 more llmlttng than at the 5-87 

site. ThlS c01nClded wlth the lowest 5011 lnlbal N content at the 5-88 

51 te. 
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Table 4.10. Soybean dry matter Yleld at mld-bloom (R2) and seed
Inlbation (RS) stages as a funcbon of N ferhllzer, populatlon 
denslty and cultivar at four sites 

Stage 

R2 stage R5 stage 

Site 
Treatment 

5-87 C-87 5-88 0-88 5-87 C-87 5-88 0-88 

------------------- kg/ha ----------------------------
N rates 
(I:g N/ha) 

(1 1576 3667 970 2870 4768 122JO 2243 7078 
45 1732 3743 1012 2906 5552 12030 2414 7186 
9(1 1714 4240 1175 2838 5424 12770 2512 767'2 

180 1848 3815 1144 2935 5788 12480 2794 7513 
Trend ns ns LU ns LH ns LH ns 

Populatlon 
(pl antlhal 
430,000 1477b J372b 983b 2628b 4769b 10570b 2444 6867b 
650,000 1958a 4160a 1168a 3147a 5996a 14190a 2538 786üa 

Cul b var 
Apache 1708 3759 1100 2708b 5223 12250 2520 7551 
Maple-Arrow 1727 3973 1051 ::;066a ~543 12500 2461 7176 

C.IJ.ï. 17.0 15.4 15.2 12.2 16.6 22.1) 18.7 19.8 
------------------------------------------------------------------------
Means of cultlvar and population at any one site followed by different 

letters are slgnlflcantly dlfferent at P(O.05 level. 
L: llnear trend. ns: not slgnlflcant. 

The cultlvar bv N rate Interactlon at the 5-87 slte Indlcated the 

dry matter Vleld response was 11near wlth Apache but CUblC for Haple-

Arrow. For N rates of 45 kg N/ha. Maple-Arrow dry matter Ylelds were the 

hlghest, whereas hlghest dry matter Ylelds wlth Apache were found at 180 

kg N/ha <Table 4.11). 
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Table 4.11. Effect of cultlvar by N fertlll:er rate Interaction on 
soybean dry matter 'l1eld at seed-lnltlatlon (R5) stage at slte 5-87 

CultIvar 

Apache 
Maple-Arrow 

N rate (l'g Niha) 

o 45 

--------- I:g/ha 

4656 
4880 

4752b 
6351 a 

90 

5477 
5370 

180 

6006 
5569 

Trend 

Means followed by dlfferent letters ln the same column are 
slgnlflcantl'l dlfferent at P',O.05 level. 

L. C: N fertlllZer effect Ilnear and cublc. respectivel'!. 
*. **: 5IQnlflcant at P(O.05 and P(O.OI levels respectl'lelv. 

Sovbean dry matter yields Mere generallv Increased at the hlgh 

population rates over the low populatIon rates (Table 4.10). The lack of 

InteractIon between populatIon and added N Indlcated that Increased 

populatIon dld not requlre more N fertlll:er. 

CultIvars produced simllar dry matter Vlelds at both Qrowth staQes 

(Table 4.10) e>:cept at the 0-88 sIte. R2 stage. where Maole-Arrow 

produced 13% more dry matter than Aoache. Indlcatlng Maole-Arrow ma~ 

have an eariler gro"th potentlal than Apache. 

A populatlon by cultIvar InteractIon resulted from the fact that 

Apache produced more dry matter at hlgh populatIons than low 

populatIons (P«t.Ol) (Table 4.12)! whereas Maple-Arro~1 'Ilelds l'lere nat 

aHected by populatIon densIty. Apache produced less dry matter than 

Naple-Arrow at 101'1 populatIons (P<O.OS). Thus Apache Ylelds tended to 

respond to the hlgh populatIons more than Maple-Arrow ylelds. 
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Table 4.12. Effect of population by cultIVar Interaction on 
soybean dr'/ matter Yleld at seed-lnlbatlon iR5l stage at the 
slte 5-87 

Populahon (plant/ha) 
Cul tl var 

Apache 
Maple-Arrow 

430,000 

4336b 
5206a 

kg/ha 

6'5(1,000 

6110a 
5B82a 

Means followed by dlfferent letters are Slgnlflcantlv dlfferent 
at P<O.05 level. 

Plant S1::e Increased l1nearly luth added N where a dry matter Yleld 

response to N rates was found (Table 4.1J). Plant Slze decreased at hlgh 

populatIons compared wlth 10w populatlons at aIl 51 tes and st ages 

e>:cept for the r~5 stage. C-B7 SIte. Maple-Arrow had larger plants than 

hpache at the R2 stage. 0-88 slte only. 
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Table 4.13. Sovbean average shoot dry welght as related te N rate, 
population denslty and cultlvar at mld-bloem (R2) and seed-lnltlatlon 
CRS) stages at four sltes 

Stage 

R2 stage RS stag e 

Tr eatment 
5-87 C-87 5-88 0-88 5-87 C-87 5-88 0-88 

------------------- g/plant ------------------------
N fertlll:::er 
( .. g N/ha) 

\l 3.0 6.9 1.8 5.4 9.(1 23.1 4.1 13.5 
45 '3.3 7. 1 1.9 5.6 10.6 22.2 4.6 13.6 
90 ~ .., 

,).- 8.0 2.J 5.4 10.2 23.9 4.8 14.7 
180 3.5 7.2 .., .., ....... 5.6 11).9 23.6 5.5 14. ;) 

Trend ns n5 Lt: n5 Lu ns L+'* ns 
Popul atl on 

(plant/ha) 
430, (1(10 3.4a 7.8a 2.~a 6. 1 a 11. 1 a 24.6 S.7a 16,üa 
650.000 3.0b 6.7b 1. ab 4.8b 9.2b 21. 8 3.9b 12. 1 b 

Cultlvar 
Apache ~ .., 

.J .... 7. 1 ~ • 1 5.1 b 9.7 23. 1 4.8 14.4 
Maple-Arrow 3.3 7.5 2.0 5. aa 11).6 .,- -.. ':> • .J 4.8 13. 7 

C.V.r. 18.7 15.6 18. 1 11. 0 15.4 2~. 1 21. ~ 19.8 

Means of cultIvar and populatIon followed by dlfferent letters are 
slgnlflcantly dlfferent at P(0.05 level. 
L: Il near trend, ns: not 51 gm fl canto 
*. tt: slgnlflcant at PIO.OS and P(O.Ol leve15 respectlvely. 

1 • 3. Gr ai n y 1 el d • 

A graln Yleld response to N rate was observed only at the 5-88 slte 

(Table 4.14). Thls may be related to 101'1 lnltIaI 5011 N content at the 

5-88 slte (Table 3.U. The Vleld response follewea a llnear trend 

(Table 4. 15). The regres5lon equatlon. 

Y=1265 + 1.16X. (R2=O.B9, P<.O.OS) 

IndlCated that about 1.2 kg addltlonal graIn (Y. kg/ha) was obtalned 

per rg added N (X. kg/ha). The severe drought ln July, 1988, may be 
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another reason for the response at thlS sIte. Fleld observatIons 

lndlcated veQetatlve sovbean growth l'las almost stopped after the R2 

stage due to drouQht. and plant helght l'las only about half the helght of 

other sItes. L'Ions and Earl'l (1952) pOlnted out that ralnfall and 

temperature l'lere the maIn cllmatlc factors affectlng sO'lbean response to 

N fertlllzer ln that graIn responses l'lere llkel'l to occur ln hot dry 

Qrowth seasons compared to l'let cool seasons. De Moov et al. (1973) 

SUQQested N shortages ln soybeans ma'l occur at a tlme when elther 5011 N 

supplv or mOlsture condItIons ln the surface 5011 laver become 11mItlng. 

Reduced soybean N fly.atlon due to dry condItions has been reoorted 

preVloLlsl'l (Weber, 1966b: Sprent. 1976~ Peterson and LaRue, 1983). ~hth 

water deflclt condItIons. sovbean nodules can not functlon normall'l and 

severe dehvdratlon may lead to loss of nodule N fIxatIon capaclty 

iSprent, 1976). Accordlng to Obaton et al. (1982). sovbean nItrate 

Table 4.14. 51gnltlcance of F values from analYSIS of variance 
of sovbean graIn '11elds at four sItes 

Source df 
5-87 C-87 5-88 

Slgnlflcance of F values 

N fertlllzer (N) ::; ns ns .. 
POpLl} at Ion iPop) 1 ** ns * Cul tl var (Cul) 1 ns ns ns 
Pop >: CLII 1 ns t ns 
Pop >: N 3 ns ns ns 
Cul >: N ~ 

~, ns ns ns 

H', t: slgnlflcant at p. 0.01 and P,'0.05 respectlvel'!. 
ns: not slgnlflcant. 
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utIllzatlon was less affected than N fIxatIon by water deflclts. Thus 

drought would have less effect on N fertll1~er avallabllltv than on N 

fIxatIon, resultlng ln a greater Yleld response ta added N. The Ilnear 

response agrees wlth results obtalned by NacKen~le and ~'lrby (19791 as 

weIl as sorne results ln the UnIted states (Sorenson and Penas, 19ï \. 

Table 4.15. Sovbean graIn ylelds as a functlon of N rate, popu
latIon denslty and cultIvar at four SItes 

Treatment 
5-87 C-87 5-88 0-88 

--------------- kg/ha -------------
N rates 
(I:g N/ha) 

(1 2573 3357 1258 3477 
45 2552 3611 1297 3514 
90 2626 3467 1415 3427 

180 2655 3459 1457 3589 
Trend ns ns Lu ns 
Popul ahan 

(pl ant/ha) 
430,000 2498b 3437 1273b 3228b 
650,000 2705a 3510 1440a 37B5a 

CultIvar 
Apache 2635 3510 1348 3B79a 
Haple-Arrow 2568 3436 1J65 3134b 

C.V.ï. 8.6 19.6 12.7 11.6 

Means of cultIvar and populatIon followed by dlfferent 
letters are slgnlflcantlv dlfferent at P,O.05 level. 
L: llnear trend. 
u: 51qnlflcant at P·,CI.O! leve!. ns: not SlQnlflcant. 

HIgh populatIon rates Increased soybean graIn Yleld by 306, 167 and 

555 kg/ha over the normal rate at the 5-87, 5-88 and 0-88 SItes. 

respectl'lely (Table 4.15), demonstratlng generallva greater 'fIeld 

potent 1 al of hlgh populatlons under these condItIons. Lac!: of 

lnteractIon between populatIon and N fertlll:er Indlcated that Increased 
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populatIons dId not requIre more N fertlllzer for graIn productlon. In 

facto lncreased populatIon resulted ln lncreased nodule mass. and 

presumabl Y. lncreased N fIxatlon (Weber. 1966bJ. Further. fIeld 

observatIons showed sovbeans grown at hlgh populatlons qrew taller. and 

thlS effect could reduce graln 10ss durlng harvest. 

GraIn Yleid response to cultIvar was observed only at the 0-88 sIte 

(Table 4.15), where Apache Vlelded 745 kg/ha more than Maple-Arrow. 

ThIS dlfference could, ln part, be due to better nodule InItIatIon per 

plant wlth Apache than Maple-Arrow, resulhng ln more potentlal N 

fl:<atlon. In addlbon, some lodglng occurred wlth Maple-Arrow after the 

R4 stage ln the fleld whlle llttle lodglng occurred wlth Apache. 

Indlcatlng that Apache may be better sUlted for thlS area. 

At the C-87 sIte. Apache Ylelds Increased wIth Increaslng 

popul at 1 ons, whereas Haple-Arrow ylelds decreased as pOpLl! abon 

Increased (P=v,û648) (Table 4.16), ThlS Indlcated a greater Yleld 

advantage ot Apache ln hlgh populatlons, apparent!v due to a greater 

Yleld potentlal at most growth stages at hlgh populatIons compared to 

Maple-Arrow. Consequently. the use of hlQh populatIons to lncrease graIn 

Vleld requlres selectIon of a responSlve cultIvar. 

Table 4.16. Effect of populatlon by cultIvar Interactlon on 
soybean graIn Yleld at the C-87 slte 

Cultlvar 

Apache 
l'1aple-Arrow 

PopulatIon (plant/ha) 

430.000 650,(100 

----------- kg/ha --------------
3242 
3631 

3778 
3242 

contrast "Cultlvar effect for populatlon 650.000». P=0.0647. 
contrast 'Populatlon effect for Apache u

, P=O.064B. 

37 



Graln Ylelds were correlated wlth dry matter ln bath staoes on the 

Ste-Rosalle 5011 (5-87 and the 5-88 sltes). The relatlonshlp was closer 

at the R2 stage then at the R5 stage iTable 4.17). These correlatIons 

occurred where dry matter or graIn Yleld responses to added N were 

noted. Thus It should be p05S1ble to detect graIn Yleld dlfferences at 

an early stage on N dlflclent SItes. 

Table 4.17. 
versus dry 
labon (R5) 

Stage 

R2 
R5 

Correlatlon coefficents of soybean graIn vield 
matter Yleld at mld-bloam (R2) and seed-Inlt
staQes at four sltes 

5-87 

0.87** 
0.72* 

C-87 

0.20 
0.17 

51 te 

5-88 

1). 95ft 
0.85H: 

0-88 

n. (17 

1), 68 

*. **: slgnIflcant at Pl O.05 and P(O.OI levels, respectiveiv. 

The sOibean dry matter and graIn ylelds varled markedlv amonq the 

four SItes. They were generally propartlonai to the lnltlal 5011 N 

contents and 5011 test P values but not to 5011 test ~ levels \Table 

;).1>. AlI plots recelved 120 kg P::tOe/ha. Consequentlv. the relatlonshlp 

of Vlelds ta 5011 test P may be fortultaus. It "as more 11~elv that a 

comblnatlon of factors such as lnltlal soli N. soli pH and mOlsture 

stress were related ta flnal Yleld dlfferences among sltes. Further. lt 

lS Interestlng ta note that dry matter or graIn Yleld Increases occurred 

at sltes wlth moderate ta hlgh nodule welghts. Thus N fertlll:er 

responses can occur Even ln the presence of well-nodulated plants. 

Responses of nodule values ta N fertlll:er were most eVldent ln thlS 

experiment campared ta dry matter and graIn Vlelds. Lack of oraln ~leld 
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response to N fertlll:er at the 5-87 sIte lndlcated that earlv N stress 

at the R5 stage. WhlCh caused a dry matter response at that SI te. was 

not translated lnto graIn Vleld reductlon. Thus N fertl1l:er was more 

effectIve ln promotlng sovbean vegetatIve growth (sItes 8-87 and 5-88) 

than qraln Ylelds. Accordlnq to Zapta et al. {1987l, svmblotlcally fu:ed 

N 15 the m05t effectIve N source for 50ybean graIn productlon whlle 

fertlll:er N IS relatl'lelv lnefflclent. The stlmUlatlon effect of N 

fertlllzer on soybean growth wlthout affectlng graIn Vlelds was also 

reported by U:lakowa (1959) and Delbert et al. (1979>. Thus a temporarv 

N stress ln the field may not lead to graln Yleld reuuctlon. 

1.4. Su .. ary 

N fertlllzer conslstently depressed soybean nodulatlon. but Improved 

soybean growth when InItIal SOlI N contents were low. Graln Vleld 

responses to added N were obtalned only when plants were stres5ed due to 

low InItIal 5011 N levels and sevpre drought. N fertlll:er was 

effectIve ln promotlng soybean vegetatIve growth whlle InefflClent ln 

promotlng graIn productIon. HIgh populatIons Increased nodule mass per 

und area. plant blomass and graIn Ylelds. CultIvar dlfferences l'lere 

most eVldent ln nodulatlon, wlth Apache generally havlng better 

nodulatlon abllltv. In addItion, at one sIte (0-88), Apache produced 

hlQher graIn Vleld and at another SIte (C-87> was more reSpOnSl'le ta 

hlgh populatIons than Maple-Arrow. Thus a comblnatlon of 

populatIon. Apache and low N fertlll:er Input. 

productIon wlth low cost agronomlc practlces. 

~9 
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2. Soybean nutrient uptake and residual soil lnorganit N 

as affetted by N fertilizer, plant populatlon denslty 

and cul h var 

2.1. Nutrlent uptake 

2.1.1. N uptak~ 

Sovbean N upta~e "as largelv affected by added N and populatIon 

(Table 4.18). The effect of cult1var was Ilmlted to one site wlth N 

upta!:e ln graln (R8 staqe). and there l'las a populatlon bv cultIvar

Interaction at two s1tes at the Re stage. 

N uptake tended ta parallel dry matter or oraln Ylelds ln that N 

uptake 1ncreased llnearlv wlth added N at two of four sites at the R2 

stage and three of four sItes at R5 stage (Jables 4.18 and 4.19). N 

uptake ln graIn Increased Ilnearlv wlth added N at the 5-88 site. rhe 

relatlonshlp between soybean N uptake (kQ N/ha~ at thf R2. R5 and RB 

staoes and N rates l'las as fol10ws. 

SI te 5-87: Y:?=51.6 + O. Il X • (R2=(I.95. P(O. (15) • 

Y5=117.4 + O.20X, (R2=O.96, P < IJ. 05) ; 

SIte 5-88: Y2=22.8 + O. lOX, (R2=O.92. P<O.USI. 

Y5=44.6 + O.lbX. !R2=O.98. P<O.Ol,. 

Yg=65.ü + 0.Ü9X; (R2=O.88. P·,O.lIS/ : 

51 te 0-88: Y5=200.0 + O.26X. (R2=0.14. p. O. (5): 

where, Y2 IS N uptal:e (ka/ha) at the stage R2. 

Y5 1 s N Llptal:e (ka/ha) at the staae R5, 

Yg 1S N uptake ln graln. !the RB stage. ka N/ha) • 

and X IS the rate of added N (kg/ha'. 

These resul ts 1 ndl cat ed oreater N uptake per unit added N at the R5 
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Table 4.18. SlgnIfIcance Qf F values from analysls Qf varIance of soybean 
N upta~e at mId-bloom (R?) and seed-Inltlatlon (R51 stages, and ln graln 
(R8 stage. 

Stage 

R2 stage R5 stage R8 stage 

SIte SIte SIte 
Source df ------------------- ------------------- -------------------

5-87 C-87 5-88 0-88 5-87 C-87 5-88 0-88 5-87 C-67 5-68 0-66 

------------------ 51gnlflcance of F value ----------------

N ferttllzer (N) 3 *t. ns ** os t. ns ** * 
Popul atl on (Pop) 1 ** t.. • H· ** ** ns '" Cultlvar (Cu}) ns ns ns os ns ns ns ns 
Pop Il Cul ns ns ns ns ns ns ns ns 
Pop >: N 3 ns os ns os os ns os ns 
Cul .. N ~, ns ns ns os ns ns ns ns .. 
**. *: slQnlflcant at Pl o.01 and P·0.05 levels, respectlvely. 
n~: nat slgnIflcant at P·O.05 level. 

ns ns ** ns 
11- ns *t. *f 
ns ns ns t.i-
ns t. * ns 
ns os os ns 
ns ns ns ns 
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Table 4.19. Soybean nltroQen upta~e at mld-bloom (R2) and seed-lnltlatlon (RS) stages 
and ln grain (R8 stage) as related to N rate, population denslty and cultivar 

Stage 

R2 stage R5 stage R8 stage 

SIte Site Slte 
Tr eatment 

5-87 C-87 5-88 0-88 5-87 C-87 5-88 0-88 5-B7 C-87 5-BB 0-88 

~ !i 

------------------------------- kg N/ha -------------------------------
N rate 

(I:g N/hal 
0 50 139 'i~ '- ~, 102 115 360 44 201 137 194 66 204 

45 59 143 25 107 131 358 51 20b 140 210 66 199 
90 61 164 35 1 07 134 400 62 230 143 204 76 19~ 

180 71 154 4(1 113 154 394 13 245 144- 207 81 202 
Trend lU os Lu os LU os Ln LU os ns Litf os 

PopulatIon 
(plant/ha) 
430,000 5:?b 129b :?8b 96b 120b 324b 57 208b 136b 201 b8b 1B4b 
650.000 o8a 171a 33a 119a 147a 423a 58 :?33a 146a 207 na 21Ba 

Cultivar 
Apache 58 145 31 1(14 129 387 5B n9 144 208 71 221a 
Naple-Arrow 63 155 31 111 138 369 57 212 138 200 73 17Bb 

C. \,', ',: 19 17 'ï'i 14 24 'I~ 'i'i 19 5 7 6 6 ~ -' _L 

-------------------------------------------------------------------------------------------
L: llnf?ar trend. ~ .. : slQnlflcant at P,.tl.ül level. ns: not slQnlflcant at P·,O.05 level. 
j"I<>~ns of cultIvar or populatIon at anv one SIte followed by dlfferent letters ar e 
slgrllflCi'tntl'l dlfferE'nt at P,n,05 level. 
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staQe than the R2 or Ra staQE's, and such ln~"eases \'Iere Qenerallv found 

where drv matter or Qraln Yleld lncreases occurred as weIl. 50ybean 

Qraln N contents were Ilnearlv lncreased wlth added N at the 5-88 site 

(Appendlx il, WhlCh correspondlnglv rused the grain crude proteln 

le'lels Ilnearly from 32.67. to 34.7% at thlS sIte (Appendu: 2). Sma!l and 

Ohlrogge (1973) pOlnted out soli N 1S usuallv depleted dunnQ the R2 to 

R5 staQes and sovbeans may e>:penence N stress. For SIte 5-88, Increased 

N uptake was accompanled by Increased soybean growth and Qraln Yleld. 

For SIte 5-87 and 0-88, Increased N uptake was not translated Into Qraln 

'11eld responses, lndlcatlng N fertlll:er effeds dld not carry through 

to Qraln productlon. AccordlnQ ta Zapta et al. (1987). mIneraI N 

fertlll::er was Inetfectl'le ln the redlstnbutlon processes from 

~'egetatlve orQans to gro~nnQ seeds. ThlS lIlay explalrl the reduced 

Influence of added N ta N uptake ln grain relatIve to N uptake ln early 

Qrowth staQes. 

Compared wlth lO~1 populatlons hlgh populatlons lncreased N lIptal'e 

ikg/haJ at the R2 and R5 stages for the S-8ï, C-87 and 0-88 sites. 

Populatlon responses at the 5-88 slte occurred only at stage R2. Field 

water deflClts Iilay have restrlcted N uptake at the R5 stage at thls 

site. Hlqh populatlons resulted ln greater N uptal:e ln graln at three of 

the four sItes \Table 4.19). ThE'se responses could be relahd to greater 

potenbal N fl;{atlon. as greater nodllle mass per unIt area l'las produced 

at hlQh populatIons compared to the 101'1 populahons iTable 4.5). Further, 

Hardy et al. (197'3) and Bello et al. i1980) reported lncreased N 

flxatlon as population densltles lncreased. 

No dlfference ln N uptake occurred wlth clIltlvars al an1 slte. 
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except for 0-88 Slte where Apache removed 25% more N ln oraln than 

Maple-Arrow !Table 4.19). Thls response l'las assoclated w1th lncreased 

graIn Vleld. 

No 1nteractlons l'fere found at the R2 or R5 stage at any 51 te. 

Howe'ler. there 'lias a plant populatlon by cultlvar lnteractlon ln graln N 

uptake at two sltes (Table 4.20). At the 5-88 slte, graln fram Maple-

Table 4.20. Effect of populahon by cultl'lar Interactlon 
on soybean N upta k e ln gr a 1 n at the 5-B8 and C-87 S1 tes 

Popul at 1 on (p 1 antlha) 
Cult 1 var 

430,1)00 650,0(10 

------ kg N/ha ------

5-B8 Apache 70b 73b 
~tapl e-Arrow bbb Bla 

C-87 Apache 19Qab 226a 
Map 1 e-Arr ow 212ab 1 B8b 

Means followed bv dlfferent leHers at same the s1te are 
slgnlflcantly dlfferent at P<,Q.u5 level by contrast test. 

Arrow at hlgh populatIons contain~d more N than graln from anv other 

populatlon by cultlvar comblnahon. At the C-87 slte. however. Maple-

Arrow at the hlgh populatlon dens1t'l had lO~ler N uptal:e ln oraln than 

Apache, and at 10w populatIons. there were no cultl'lar dlfferences. 

Agaln, these lnteractlons ~,ere assoclated l'Il th the Qraln Yleld 

responses. 

2.1. 2. P uptake 

There 'lias no effect of added N on crop P uptake (kg/ha! at the R2. 

R5 and RB stages !Table 4.211. 

Crop P uptake 14as greater at hlQh populatlon rates compared to low 
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Table 4.21. Slgnlflcance of F values from analysls of varIance of soybean phosphorus 
uptake at mld-bloom (R2) and seed-lnltlatlon (R5) stages, and ln graln (RB stage). 

Stage 

R2 R5 RB 

Site Site Site 
Source df ------------------- ------------------- --------------------

5-87 C-87 5-88 0-88 5-87 C-87 5-8B 0-8B 5-87 C-87 5-88 0-88 
------------------------------------------------------------------------------------

----------------- Slgnlflcance of F value ------------------

N fertlll:er (N) 3 ns ns ns ns os ns ns os 
Population (Pop) 1 If* ** ns ** • t:1f ns If 
Cultivar (Cul) 1 ns * ns ** ns ns ns n5 

f' op >: Cul 1 ns ns ns ns ns ns ns ns 
Pop li N 3 ns ns os ns ns ns os ns 
Cul >: N 3 os os os ns os ns ns ns 

t., t: slgnlficant at P(O.Ol and P\O.05 levels, respectlvely. 
ns: oot slgnlflcant at P<O.05 level. 

ns ns ns ns 
ns n5 ** ** 
ns ns f ff 

I\S ., t os 
ns ns ns ns 
ns ns ns ns 

-------

~ 



populatlon rates at the R2 and R5 stages for the 5-87, C-87 and 0-88 

sltes, respectlvelv (Table 4.22>' Low Vlelds and low sol1 P contents at 

the 5-88 slte (Table 3.1) may have restncted soybean P uptake and 

llllllted dlfferences due te population. It 15 clear that avallabllltv of 

the added P at plantlng bme was restncted at thlS slte <Appendlx 3). 

Surpr1singlv, P uptar.e ln graln l'las lncreased luth hlgh pOllulatlons at 

the 5-88 slte. as weIl as the 0-88 slte <Table 4.22). Generallv, 

dlfferences l'lere related to lnc:reased graln Ylelds. Hanwa'l and Weber 

(1971b) and Loberg (1979) showed soybean N. P and K accumulatlon 

generall'l lncreased wlth InCreaSlng '11eld. The low prec1pltatlon ln Julv 

at the 5-88 slte may have been the llmltlng factor ln Qrowth and only 

when preclpltabon lncreased l'las the hlgher populatlon able ta explolt 

more solI and fertll1:er P. 

Cultlvar dlfferences ln P uptake occurred at two sltes ie-B7 and 0-

88) at the R2 stage where Maple-Arrow contalned lIore P than Apache 

<Tables 4.21 and 4.22>. ThlS dlfference l'las assoClated wlth dlfference 

ln plant dry matter yleld. 8y the tue the plant had reached the RB 

stage, l1aple-ArroN sbll removed more P ln graln than Apache at the 5-8B 

sIte, but the latter removed more P ln graln at the 0-88 site \Table 

4.22). Maple-Arrow generally had hlgher P contents ln oraln cOlRpared 

\Ill th Apache (Appendl>: 'J). Thus responses ln 5-88 and 0-88 SItes l'lere 

lll:elv due to genetlL dlfferencE's and Increased graIn ne1ds, 

respectivel'I. 

Inconslstent populatIon by cultivar lnteract10ns on P uptake ln Qraln 

occurred at two sltes <Tables 4.21 and 4.23). At the 5-88 slte, Maple-

ArroI'! removed more P than Apache at tugh populatIons, whereas at 101<1 
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Table 4.22. 
stages. and 
cultIvar 

lreatment 

N rate 
\I:g N/ha) 

o 
45 
90 

180 

Populatlon 
ipl antlha) 
4::;0,000 
6~.i), 00i) 

Cultlvar 
Apache 
Map 1 e-Arrol'I 

Co V. % 

~ 

Soybean phosphorus uptake at mld-bloom (R2) and seed-lnltlatlon (R5) 
ln graIn (R8 stage) as related ta N rate, populatIon denslty and 

Stage 
---------------------------------------------------------------------

R2 stage R5 stage RB stage 

S1te SIte Slte 

5-87 C-87 5-88 0-88 5-87 [-87 5-88 0-88 5-87 C-87 S-88 0-88 

------------------------------- kg P/ha -------------------------------

4.4 
5.0 
5.0 
5.4 

10.5 
10.9 
11.8 
10.5 

1.8 
2.1 
'1 '1 L.L 

2.1 

4.4b 9.4b 2.1) 
5.5a 12.5a 2.2 

4.9 
5.(1 

2(1 

IO."Jb 2.1 
11.6a 2.1 

17 17 

9.'5 
9.4 
9.4 
9.7 

8.7b 
lO.3a 

B.9b 
1 (1. 1 a 

14 

11. 7 
14.0 
12.9 
13.6 

34.4 3.2 
33.4 3.7 
35.5 3.7 
33.6 4.1 

i2.0b 29.4b 3.6 
H.la 39.0a 3.7 

1:!.4 34.Cr J.7 
13.7 34.4 3.6 

21 -;~ 

L..) 
'ï~ _J 

20.8 
20.6 
n.4 
20.9 

19.bb 
22.3a 

:! 1. 6 
20.4 

18 

19.9 
20.(1 
20.5 
20.7 

19.5 
21. 1 

22.4 
24.4 
22.9 
22.1 

22.8 
23.1 

'5.7 
'5.a 
6.4 
6.3 

5.lb 
6.4a 

20.0 23.1 S.8b 
20.6 22.9 6.3a 

14 21 13 

24.2 
24.4 
23.4 
23.9 

22.1b 
25.7a 

26.1a 
21. ab 

11 

lA;. 

Means of cultIvar or populatlon at any one slte followed by d1fferent letters are 
slQnlflcantly dlfferent at P\u.05 level. 

,1 .. l .. "" ", ... <, __ "t~,~ ... ~_, ... ~ ..... -.- ".ou<'" i~"'''''' ,_ ..... "",,~ .. ,-' .. .;....J ... .....,_V-~_4~ ....... -_-;.I...J..!1,..~ 



populatlons, there l'las no dlfference between cultivars. At the C-87 

site, Apache at hlyh populatIons remo'led more P than Maple-Arrow, but at 

low populatIons the reverse occurred. Agaln. these dlfferences were 

related ta genetlc dlfferences ln graln P contents and oraIn Ylelds for 

the 5-88 and C-87 sites respectlvely. 

Table 4.23. Effed of population by cultivar 1nteraction on 
sovbean P uptake ln grain at the 5-88 and C-87 sltes. 

Populatlon (plant/ha) 
Cultivar 

430,000 650,000 

------- 1:101 P/ha -------

S-BB Apache S.7b 5.8b 
l'Iap} e-Arrow 5. Sb 6.9a 

C-87 Apache 21.2 24.9 
l1apl e-Arrow 24.5 21. J 

Contrast "Apache vs l1aple-Arrow for 650000 at C-87 slte" P=V.u7ou. 
Contrast "43000u YS 650000 for Apache at C-87 site" P=O.0oBB. 
Means followed bv dlfferent letters are slgnlflcantly dlfferent at 

P\O.05 level for population and cultlvar comblnations at site 5-88. 

2.1. 3. K uptake 

Inc:reased fertlllzer N lncreased sovbean ~, uptal:e llnearly at the S-

87 and 0-8B SItes, R2 stage. but only at the 5-88 SIte at the R8 staQe 

<Tables 4.24 and 4.25). ThIS llIay be c:aused by a complementan effect ot 

N and K (Olbb and Thompson, 1985), WhlCh has been found wlth mdn'l plant 

speCles iRussell et al.. 1954: Barber and Oisen. 1968: Macleod. 1969: 

AJa" et aL, 1970: Han"a'l and Weber. 1971b: t1enQel et al.. 19/t», 

Accordlng ta AJa" et al. (1970), plants needed greater K uptaKP for 

actIve N metabollsm when N fertlllzer was applled. Increase Ct ~ uptake 

ln Qraln "lth added N at the 5-88 slte was assoclated wlth Increased 
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Table 4.24. Slgnlflcance of F values tram analysls of variance of soybean potasslum 
uptake at mld-bloom (R2J and seed-lnltlatlon (RS) stages, and ln grain (RB stage) 

Stage 
---------------------------------------------------------------

R2 stage R5 stage RB stage 
Sources df ------------------- ------------------- -------------------

~-87 C-87 5-88 0-88 5-87 C-87 5-88 0-88 5-87 C-B7 5-88 0-B8 

N fertillzer (N) 3 
Population (Pop) 
CultIvar (Cu}) 

Pop >: Cul 

Pop X N ~ 

Cul X N 3 

------------------- Slgnlflcance 

* ns ns * ns riS ns 
** ** ** 1 lof lot ns 
ns ns ns os os os os 
05 os ns ns ns ns ns 
ns ns ns OS OS ns ns 
ns ns ns ns ns ns ns 

of F 

ns 
tt 

OS 

os 
ns 
os 

tir. t: slgnlflcant at P,O.ûl and P(O.05 levels, respectlvely. 
ns: nct slqnlflcant at P<O.05 level. 

value -----------------
riS ns * ns 
ns ns loi *1 
lot os ir f* 
ns os ns ns 
ns ns ilS fiS 

ns os ns ns 

1"""4 
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lable 4.25. Soybean potassium uptake at Gld-bloom (R2) and seed-lnltlatlon (RS) 
stages, and ln graIn (RB stage) as related ta N rate, populatlon denslty and cultivar. 

Stage 

H2 stage R5 stage RB stage 

Slte SIte 51 te 
Treatment 

5-87 C-87 5-88 0-88 5-87 C-87 5-88 0-B8 5-87 C-87 5-88 0-B8 

------------------------------- kg K/ha -------------------------------
N rate 
Hg Niha} 

(1 37 76 24 r'" 
.Jo,) 89 169 46 113 45 59 23 67 

45 42 84 25 57 1')5 178 50 118 47 65 24 68 
9(1 41 91 28 59 102 117 52 13(1 48 62 26 67 

180 47 87 27 66 107 195 56 134 46 61 27 69 
Trend Lu ns ns Lu ns ns ns ns ns ns Lu ns 

PopulatIon 
(plant/ha) 
430,000 17b 74b 24b S6b 9Ib 159b 51 112b 45 61 23b 62b 
65(1,00Ct 46a 95a 2Ba 02a 110a 201a 52 132a 48 63 27a 73a 

CultIvar 
Apache 41 81 20 56 95 172 50 1')') 49a b4 26a 76a 
11ap!e-Hrrow 43 88 /7 01 11)7 188 c- 125 44b 59 24b 59b .... .J,j 

C.V. " ~~) 19 18 18 21 15 B 17 Il 21 11 13 1. 

-------------------------------------------------------------------------------------------
L: Ilnear trEnd. ~f:: SlQnlflcant at p. ~1.t11 1 evel . n c ' _. not slgnlflCant at p.o.OS leve!. 
Heans of cultIvar or populatIon at anv one SIte followed bv different letters ar e 
~ 1 Q n l f ) C èt n t l '/ d 1ft e r f' fi t at P'!I.U~J Jf''/el. 



Qraln Vlelds. The follo~nng equatlons descrlbed the relatlonshlps 

behleen the K uptake at the R2 stage and K uptal:e ln graIn as a 

functlon of N rates. 

SIte 5-87: '(2=37.8 + O.05X. 

SIte 0-88: Y2=53.2 + O.07X, 

SIte S-SS: Yg=23.6 + O.02X. (R2=Q.88. P<O.(lb>; 

where, Y2 1 s the K uptake (kg Klha) ln the R2 stage. 

Yg lS the K uptal:e ln gra1n (kg Klha), 

X lS N rate (kg N/ha). 

Increased .populatlon denslty Increased K uptal:e at the R2 and R5 

stages for the 5-87. C-S7 and O-a8 sltes <Table 4.25). At the 5-88 

sIte. hlgh populatlons produced more ~: uptake at the R:? stage but thl S 

effect l'las not found at the R5 stage. K uptake ln graIn Wl th hlgh 

populatIons compared to low populatlons was Increased at the 5-88 and 

0-88 sItes <Table 4.25). AlI these responses were assoclated wlth 

Increased dry ~atter or graln Ylelds ln hlgh populatIons. probablv due 

to greater exploltabon of 5011 and fertll1zer ~ at hlgh plant 

populat1ons. 

There l'las no effect of cultIvar on K uptake for the two cultIvars at 

the R2 and R5 stages <Table 4.24>. Howe'ler. K uptal:e ln graIn l'las 

aHected bv cultIvar at three of four sltes. Apache re!\\o'led more ln 

oraIn than Maple-Arrow at the 5-87. 5-88 and 0-88 sItes (Table 4.251. 

These responses were due to Qenetlc dlfference at these sItes as Apache 

Clraln cons1stently showed hlgher~: contentratlons than l1aple-Arrow 

Ulppendl>: 4). Response at the 0-88 sIte was assoclated wlth greater 

! 
':', 

Clraln Yleld wlth Apache relatlve to Maple-Arraw as weIl. 
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InteractIons among expenmental factors dld not affect plant K 

upt ake at anv 51 te. 

2.1.4. Correlatlon of nutrient uptake dry .aHer and grain Y1l!~ld! 

Soybean N, P and K uptake at each stage of qrowth l'las correlated wlth 

dry matter yalds at the same stage of growth. but correlatlons of the 

R2 stage uptake val ues !Ill th later stage dry mat ter Vl el ds l'lere reduced 

on the hlQher-Yleldlng 0-88 slte (Table 4.2b). CorrelatIons between 

orain Vleld and N. P and 1< uptake at R2 and R5 stages l'lere sHJnlflcant 

on the Ste-Rosalle 5011 sltes (5-87 and 5-88), where plant growth l'las 

stressed and graIn yields Mere 101'1. ThlS Ind1cated low early nutnent 

suppl yIn thls 5011 coul d have affected subsequent soybean growth and 

graIn productIon. For Ormstown 10-8S) and ChIcot (C-87J 50115. graIn 

Vleld and nutnent uptake at R2 and RS stage l'lere not correlated. 

N. P and K uptake ln graIn l'lere aIl related to graln '11eld e>:eept 

for ~: at the S-87 sIte. Thus for the hlgh populatIons and productl'le 

cultIvars, greater nutrlent removal mavenhance depletlon of 5011 

nutrlents. Greater P and K nutrIent Input should be consldered ta 

/Da1ntaln 5011 ferttlltv. 



Table 4.26. Simple correlatIon coeffIcIents of soybean R2 and R5 staQ!! 
dry matter y1elds (Y:~ and YS, respectl'lelY), and graIn Yleld iYQ} '1ersu~ 

N, p, K uptal:e at R2 and R5 stages and uptake ln graIn (RB stagel at 
four Sl tes 

Stages 

R2 R5 GraIn 

Sdl! Yleld N p N p K N p 

5-87 Y2 0.90 0.97 0.95 

** ** ** YS 0.94 0.98 0.97 0.93 0.93 0.97 

** ** ** ft * ** Yg v.73 0.81 0.77 0.71 0.44 0.55 1).93 0.82 0.60 
f * * * ns ns *~ * ns 

C-87 Y'2 0.98 0.96 0.94 
ft< ** ** 

Y5 0.92 0.90 0.86 0.94 0.98 0.83 
ft -f* *+' ** ** * 

Y9 t). 19 0.:22 0.36 0.22 0.14 0.24 0.90 0.B4 0.9(1 
ns ns ns ns ns ns +:4: .<11' H· 

5-88 '(2 0.85 0.93 1).93 
ft lI-* lI-+' 

YS 0.93 v.71 0.61 0.97 0.96 0.91 

** * ns ~* l'-~ fol'-

YQ 1).92 0.87 0.93 0.81 0.74 \).79 ').97 ').91 \1.9'2 

..-* ~* ~* * f- * f-f- iti> .. it 

0-88 '(2 v.9·) 0.99 0.58 
'H;- ** ns 

'y5 ü.74 0.46 0.53 0.81 0.96 0.85 
1 ns ns * ** ** 

YQ ü.3S 0.02 \.1.07 0.53 0.60 0.33 0.98 0.98 0.99 
ns ns ns ns ns ns ** fI *i> 

-----------------------------------------------------------------------
" . H: slgnlflcant at P<O.05 and P(u.01 le'lels, respectlVelv. 
ns: not slC1nIfIcant at P <: 0.05 1 evel. 

2.2. Res1 dual soil lnorganlc N 

As the 501 1 ammonlum levels wer e IDW (generallv ln the ranCIe of u l 7 

to '2.6 ~o Niha) and of Ilttle agronomle slgnlflcance. only results of 

SOI 1 nItrate Wl Il be dlscussed. 

c-
;j ~> 



Fall 5011 nltrate levels ln the (1-50 cm depth l'lere generallv not 

aHeeted bv plant populatlons and cultlvars but l'lere conslstentlv 

aHeeted bv N rates (Table 4.27>. 

Table 4.:::7. 5lCjnlflcance of F vaIlles of solI nltrate levels at 
'0-50 cm depth ln fall and sprlng samples at four S1 :.as 

51te--sampllng season 
Source df 

5-87 C-87 5-88 0-88 

Fall Fall Fall Spnng Fall 5pnno 

51 gnl f 1 canee 1 ev e 1 of F-val ues-----

N fertlllzer J t* ** ,,* f* *f tif 

Popul at 1 on (Pop) 1 ns ns ns ns ns il: 

Cultlvar (Cu 1 ) 1 ns ns ns ns ns ns 
Pop >: Cul 1 ns ns ns ns ns ns 
Pop ,: N ~ ns ns ~, ns ns ns ns 
Cul x N 3 ns ns ns ns ns + 

**. *: slgnlflcant at P',O.Ol and PC:0.05 levels. respeetl'lelv 
ns: not slgnlflCant at PC:O.05 level. 

For the fall 0-50 cm depth SOlI samples. lnereased N rates 

conslstentl'! 1ncreased resldual 5011 nltrate levels llnearl'f at each 

slte !Table 4.28}. The effect r.arrled over ta the sorlng of 1989 at t'tlO 

sltes (5-88 and 0-88). IndleabnCj resldual effects of N fertlll:er could 

occur ln the second crop year. At these two sltes. nItrate levels at the 

101'1 N rates ln the sPrlng l'lere Qreater than ln the fall. lndlcahno 

mlnerall:atlon and nitrIflcat10n had oceurred. 
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Table 4.28. 5011 nItrate levels at 0-50 cm depth as related ta N 
rates and plant populatlon densltv 

Treatment 
5-97 C-B7 5-88 0-B8 

------ ------ ------------ --------------
'(ear Year Year Year 

---- -- ------ ------------ --------------
87 87 88 89 88 89 

------ ------ ------------ --------------
Fall FaIl Fall Spr 1 ng Fall Spr 1 nQ 

---------------- kg N/ha -------------------
N fertllner 

( kQ N/ha) 
0 36.') 55.9 19.4 25.4 33.6 53.8 

45 30.4 66.8 28.0 37.2 38.2 53.6 
90 45.8 85.9 42.9 43.1 38.8 67.7 

180 56.5 135.8 5~.3 5b.7 64. 1 71.8 
Trend LU LU l** u~* L~* L~~ 

Popul atlon 
(plant/ha) 

4:;0.llno 39.1 90. J 36. 1 39.5 4(1.8 65.:?b 
650. uOO 45.4 al. 9 35.7 41.7 46. ::; 5B.3a 

C. V. ï. 38.4 48.9 46. 7 .. ., ., 
... \ ....... 41. 7 17.9 

-------------------------------------------------------------------
Means followed by dlfferent letters for populatIon at anv SIte are 

slQnlflcantly dlfferent at P<O.05 level. 
L: llnear trend. H: slQnlflcanc at h(l.Ol level. 

When 5011 depths l'lere compared for fall samples. two dl Herent 

patterns of nItrate accumulatlon were observed. For !!ltes 5-87 and 5-88. 

on the Ste-RosalIe clay 5011. nItrate accumulation lncreased wlth added 

N at both depths and more n1 trate l'las found ln the top (1-25 cm than the 

::5-50 cm depth. Indlcatlng leachlng l'las slo\'l <Table 4.29>. For SIte C-

87. the ChIcot sandy clay loam. nltrate levels ln the top 0-25 cm depth 

l'lere not relahd te N rates. However. a Ilnear Increase in nltrate 

accumulation wlth added N l'las found at the 25-5(1 cm depth. For sIte 0-

88. the Ormstown sllty clay loam. llnear N accurnulahen luth added N 

55 



~ 

tJj 

a-

,f. ; ~ 

Table 4.29. N fertlllzer effect on resldual 5011 nltrate levels ln fail and sprlng at tHO 
depths and four sites 

Season 

Fall Sprlng 

Slte Slte 

5-87 C-87 5-88 0-88 5-88 0-88 
---------- ------------ --------- ---------- ---------- ----------

Depth Depth Depth Depth Depth Depth 
--------- ----------- --------- ---------- ---------- ----------

N rate A B A B li B A B A B A B 
-----------------------------------------------------------------------------------------
(kg Niha) ------------------------------- kg Niha ---------------------------------

0 28.6 7.7 ~5.5 30.4 11.6 7.8 11.0 22.6 17.8 
45 22.2 8.3 26.3 40.5 18.9 9. 1 11.9 "). ") ",-o..L 25.6 
90 31.9 13.6 27.3 58.6 26.6 16.3 13.2 25.6 :?8.8 

180 41.1 15.4 35.3 10ü.5 ~'i ~ 
JL • .J 2ü.8 1~.4 48.7 31.0 

Trend lU: lu- ns lH LU- l+:" Ln Lu l .... 

C.lJ.ï. 46 54 52 60 62 43 22 55 29 

l: Ilnear trend. ns: not slgnlflcant. +:*: slgnlflcant at P\O.Ol level. 
A, B: u-25 and 25-50 rm depth, respertlvel~. 

7.7 30.8 22.9 
11.6 29.3 24.4 
14.3 36.5 31.2 
25.7 32.2 39.7 
LU ns Ln 
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~ja5 tOLind ln the IJ-25 and 25-50 cm depths but Qreater accumulatIon l'Il th 
î 

" added N l'las f ound the 25-50 cm depths. These resul ts 1 ndlcated ln more 

added N l'las 1 eached from the 0-25 cm to the 25-50 cm depth for the 

ChIcot and Ormstown 5011 5 \'uth caar ser te>:ture. compared ta the Ste-

Rosall e 5011 wJth fI ner texture. Other researchers have not ed the 

Influence of 5011 te>:ture on nItrate leachlng and It 15 generally 

accepted that nltrate-N 15 1II0re readllv leached ln coarser than ln flner 

teY.tured salIs (Morgan and Street, 1939: Harmsen and ~,olenbrander. 

1965) • 

i'hth sprlng sampIes, nltrate levels of the (1-25 cm deoth IncrE'ased 

markedlv compared ta values from the pre'llOUS faii but 11ttle change 

occurred ln the 25-50 cm depth. Thus mlnerallzatlon and nltrlflcatlon 

occurred 1 n the 0-25 cm depth. Greater 1 ncr eases occurred 1 n the 0 and 

( 45 Niha treatment plots. For the 180 kg N/ha rate. a Sllqht decrease ln 

1)-25 cm and Sllght lncrease ln 25-50 cm nItrate levels Indlcated reduced 

IIIlnerallzatlon and nltrlftcatlon or llluted leachlng of nItrate D'ter 

wlnter. In comparlson. 5011 nItrate levels at the O-BB sIte Increased 

more than those of the 5-88 sIte over l'lInter !Table 4.29>' ThIS l'las 

probablv related ta poor draInage of the Ste-Rosalie 5011 at the 5-88 

slte (LaJOle, 1960), 

SprlnQ 1989 SOli nItrate le'lels ln the 0-50 cm deoth ~1E're posltlvely 

related to nItrate levels ln the fall. 1988. at the S-BB slte, oosslbly 

dlle to llmlted mlnerallZatlon and oltnflcatlon and leachlng over 

l'flnter. The chanQe of 5011 nltrate levels cver lunter was ln"erselv 

related to fall 19BB nltrate level at the 0-88 stte. probabl'l due to a 

greater ffilnerall;:atlon a;ld nltrlflcatlon at lower N rates than at j-,lgh N 
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rates <Table 4.30). A net Qaln of 5011 nltrate-N over l'lInter ln the 

(1-50 cm depth lmplled mlnerallzation and nltrlflcatlon of 5011 OrQanlC N 

at slte 5-BB and 0-88 Mere the major processes. ThIS may be due to the 

low resldual 5011 nltrate-N contents ln the fall. WhlCh were oenerallv 

ln the range of 30 to b5 kg N/ha. These values l'lere lower than il 

cntlcal fall nltrate-N value of 120 kg N/ha developed by Llano (1989, 

ln a corn lntenslve management expenment on ChlCot 5011. Below thls 

value. LIang found a galn of 5011 nItrate over wlnter ln the 0-60 cm 

sOlI depth. Thus results from these two soybean SItes l'lere conslstent 

wlth hlS "ork. 

Table 4.30. SImple correlatlon coefflClents betl'leen fall and 
sprlng 5011 nItrate levels and over-wlnter change of 5011 
nItrate levels at the 0-:0 cm depth at the 5-88 and 0-88 sltes 

5-88 
0-88 

SpnnQ vs Fall 

O.94H 
0.68 

Change 'IS Fail 

-0.57 
-0.71* 

Change vs Spn ng 

-(). '27 
0.08 

*. U: slgnlcant at P<O.05 and P<O.Ol levels. respectl'lelv. 

Regresslon eQuatlons l'lere developed to descnbe the relatlonshlp of 

0-50 cm 5011 n1trate levels ln fall and spnng and N rates 'fable 

4.31>. In the fall of 1987, there l'las a marked varlatlon between sltes. 

At the C-87 site. 5011 nltrate lncreases l'lere greater per unit adaed N 

than those at the 5-87 SIte. Increase of resldual SOlI nItrate per unIt 

added N set:tned ta be constant at the 5-88 and 0-88 sltes for bath fall 

and spnng samples. In the sprlng of 1989, SOlI nltrate le'lels ln the 1) 

N plots at the 0-8B site were about ho tlmes those of the 5-88 slte. 

About 23 1:1) nltrate-N/ha l'las released ln the 0-51) cm depth at the 0-88 
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Table 4.:1. Rearesslon equatlons of 0-50 cm 5011 nltrate levels 
versus N rates at four sltes 

51 te Season Year Regresslon equatlon 

5-87 fa II 1987 Y=37.J8 + O.13X 0.29 
C-87 fall 1987 Y=50.28 + O.45X O.76U 
5-88 fall 1988 Y=20.7b + O. 19 X 0.85** 

spn ng 1989 Y=27.4b + 1). 17X ').b7n 
0-88 f a Il 1988 '(=30.34 t O.17X (1.58** 

spr 1 ng 1989 Y=52.8b + o .11X 1).67** 

t 15 5011 nitrate level (kg N/ha). 
**: 5lonlflcant at P\O.ul level. 

X 15 N rate (kg N/ha/. 

site. Whlch Mas ln the range of 11-31 kg N'ha found ln north-centra! 

Alberta (Malhl et al., 1985). About 7 kg N/ha nltra"'e-N l'las released at 

the 5-88 slte, lndlcatlng reduced mlnerallzatlon and nltrlflcatlon, 

probably due to poor dralnage as a result of hlgh clay content ln the 

SOli (LaJole, 1960). The 10w pH at the 5-88 Site compared Mlth the 0-88 

site was aise nat favorable for mlcroblo10g1ca1 actlvltles lnvolved ln 

mlnerallzatlon and nltrlflcatlon processes. 

Population effects on 5011 nltrate were seen only at the 0-88 site 

ln the sprlng of 1999 <Table 4.28). Hlgher 5011 nltrate levels were 

observed l'Il th the 10H popul ab on rates. probab 1 y due to reduced C 

addltIons from plant re51dues, and consequentl" lncreased N 

mlnerallzatlon and nitrification. 

A cultivar by N rate Interactlon Has found at the 0-88 site wlth 

SprlnQ samples (Table 4.32). Wlth Apache, the nitrate levels showed a 

Ilnear trend l'ilth added N. whereas luth Maple-Arrow. the trend ~Ias 

cublc. 
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Table 4.32. Effect of cultlvar bv N rate Interaction on 
spnng soli nltrate leve)s at (I-5n cm depth ln sprlng. 
1989 at 0-88 SIte 

Cultlvar 

Ap ache 
Maple-Arrow 

N fertllu:er rate (kg N/ha) 

o 45 90 180 

------------ kg N/ha --------------

48.3 
59.1 

55.6 
51.6 

69.9 
65.4 

81.9 
61.7 

L. C: llnear and C:UblC trend, respectlvelv. 

Trend 

f, **: slgnlflcant at P=0.05 and P,O.Ol levels. respectl'lely. 

2.3. Su .. ary 

N fer tl 1 1 :: erg e n e r a 1 1 YIn cre a 5 e d s 0 't' b e a n Nan d ~. u P t are but h a d n D 

effect on P uptake dunng early growth stages. As for nutnent uptake ln 

graIn. effects of added N on N and K uptake l'lere assoclated wlth 

Increased grain Ylelds as weil as lncreased N concentratlons ln Qraln. 

Increased nutrlent uptake wlth Increased populatIons l'lere assoclated 

wlth Increased dry matter or graIn Ylelds. The cultlvar effects on 

nutrlent uptake Here not conSIstent and l'lere related to both genetlc 

dlfferences and Yleld dlfferences. In addItIon tu lncreases ln plant N 

uptake, added N not taken up bv the crop Incre~sed 5011 flltrate 

accumulatlon 11nearly and the effect lasted through ta the next sprlnQ. 

The accumulatlon ",as affected by solI texture. vhth coarser tedured 

5011s. nItrate accumulatlon extended to deeper depths compared to the 

flner textured 50115. Mlnerall::atlon and nltrlflcatlon of SOli OrQanlC N 

ln the 0-50 cm depth resul ted ln a net gaIn of 5011 nI trate over l'Ilnter. 

Where mlnerall:atlon and nltrlflcatlon occurred to a larger er.tent. 
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Increases ln sprlng nltrate levels l'lere Inversely correlated wlth 

nitrate levels of the prevlous fall and mlnerall:atlon of solI organlc N 

l'las restrl cted to the 0-25 CIII depths. 
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CHAPTER V. SU""ARY AND CONCLUSIONS 

Sovbean responses to N fertlll:er rates. populatIon densltles, and 

cultlvar dlfferences l'lere lnvestlgated on three Quebec sOlls at four 

sltes. Two sltes l'lere used ln each of 1987 and 1988. N fertlll:er rates 

(1 • 45 • 90 and 1 80 kg N / ha, pop u 1 a tt 0 n den s l t les 43 Ü • 0011 il n d 65 \l • ,) li tl 

plant/ha. and cultlvars Apache and Maple-Arrow l'lere used. The 50115 ~ere 

Ste-Rosalle clay, Chlcot sandy clay loam and Ormstown sllt clay loam. 

N fertlll:er cons1stently depressed soybean noduiation. 50vbean 

growth was Improved wlth added N where 5011 Inltlal N contents l'lere 101'1 

but graIn Vlelds were generallv not affected. Added N fertlll:er 

generally Increased soybean N and K uptake ln the earlv growth staoes 

but dld not affect graln N or K upta~e unless Yleld responses were 

obtalned. Soybean P uptake l'las not affected by added N. Fertlll:er N 

lncreased 5011 nItrate accumulatlon. These resldual nltrate values ~ere 

not hlgh after the flrst year of N fertlll:er appllcatlon and some net 

gaIn over wlnter through mlnerallzatlon and nltrlflcation occurred ln 

the 0-25 cm depths. 

Increased plant populatlons resulted ln lncreased nodulatlon, dry 

matter Ylelds and graln Ylelds. ConseQuentlv, plant nutrlent uptake l'idS 

larger and greater nutrlent lnput /Day be requlred to d'fend deoletlorr cd 

5011 nutnents. 

Cultlvar effects l'lere most pronounced ln nodulatlon characterlstlcs. 

Apache generally had better nodulatlon capaclty and tended to be more 

adapted ln hlgh populatIon growth patterns. Greater cultl'/ar 

dlfferences l'lere eVldent ln graIn nutrlent uptake. Apache tended to 

remove more Y ln graIn than Maple-Arrow. ~hlle the reverse occurred ln 

62 



,~ .. 
oraIn P uptake. 

Contrlbutlons from InteractIons between these experlmental factors 

to oraIn Yleld were mInImal. 

Based on these results. the followlng concluslons Nere drawn: 

1. The major graIn Yleld InCreases were achleved wlth Increased plant 

populatIons. Hlgh plant populatlons resulted ln greater ",odulatIon 

advantage and Increased sovbean dry matter Yleld~ compared La the low 

populatlons. CanseQuently lncreased N. P .:nd K nutrlent uptake also 

occurred wlth hlgh populatIons. 

2. The ho cultIvars t~sted. Apache and Haple-Arrow. general1y 

produced stmll~, dry matter and graIn ylelds on the Ste-Rosala soli. 

where YIelès were 10w due ta lBoIstllre stress or low InItIal 5011 N 

values. On the relatlvely fertIle Ormstown 5011 Apache produced hlgher 

graIn nelds than Haple-Arrn\>l. probablv due to beHer noduiatlon 

capacltv of Apache than Haple-Arrow at thlS SIte. 

~\. Soybean oraIn Ylelds were Increased ~Ilth added N when 5011 nitrate 

levels were below 17 kg N/ha at the 0-20 cm depth. 

4. Added N Increased graIn crude proteln contents when Yleld 

responses to added N were obtalned. Thus there IS a potentlal for 

Increased proteln productIon ln N deflclent 5011. 

5. 5011 nltrate accumulatIon lncreased wlth added N. but the levels 

were not hlgh and mlnerall:atlon and nltrlflcatlon ln the upper SOli 

depths led ta 50me net galn of nltrate over wlnter. Movement of nltrate 

occLlrred ln the loam 50115 but was ver" llmlted ln the clay 5011. 

6. A program for hlgh oraln Yleld wlth reduced cast should employ 

hlqh population oen51tles, Apache cultIvar and N rates frcm v to 45 ~q 
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N/ha ln southern Quebec. The hlgher nutrlent removal wlth hlOh 

populatlons and productlve cultlvars should be taken lnto account ln 

developlng a fertlll~er program for contlnuous soybean productIon. 
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APPENDIX 

AppendlX 1. Sovbean grain N content analYSiS 

Appendl>: 1.a. Anal'lSlS of varlance of sO'lbean grain N content \;~) 

at four sltes 

Source df 
5-87 C-87 5-88 0-88 

------ Slgnlflcanc:e of F value ------

Populahon (POP) 1 ns ns ns ns 
Cultlvar (Cul) 1 ns ns ns ns 
N fertlllzer (N) ~ 

~\ ns ns * ns 
Pop >~ Cul os os os ns 
Pop :: N ~ 

.J ns os ns ns 
Cul :< N ~\ ns ns ns ns 

fo: slgnlflcant at P<O.o5 le'lel. 
ns: not slgnlflcant at P',O.O'5 le'lel. 

Appendl:: 1.b. Soybean grilln N content as related to populatlon 
denslty, cultIvar and N fertillzer at four sltes 

Treatment 
5-87 C-B7 5-88 0-88 

--------------- N '1. -----------------
PopulatIon 

(pl antiha) 
430.0tHI 5.43 5.81 5.33 5.69 
650. ,)00 5.41 5.91 5.32 5.76 

Cultlvar 
Apache 5.47 5.92 5.27 5.76 
Mapl e-Arrow 5.37 5.80 5.38 5.69 

N fertlllzer 
0: g N/ha) 

0 ., --;"J, .J. .... \ 5.76 5.22 5.85 
45 5.48 5.79 5. 14 5.63 
9(1 5.43 5.89 5.38 5.77 

180 5.43 6.00 5.56 '5.64 
Trend ns ns L ** ns 

C. V • ï. 5.4 6.7 6.1 . " b ... 

L: Ilnear trend. ns: not slgnlflcant at P',0.05 leve!. 
H: slgOlflcant at P',O.Cll le"le1. 
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AppendlK 2. Sovbean graIn proteln content analysls 

AppendlX 2.a. Analysls of varlance of soybean graln proteln 
content iï.) at four sltes 

Source df 
5-B7 C-B7 S-BB 0-88 

5lgnlflCance of F value 

PopulatIon (Pop) ns ns ns ns 
Cultlvar (Cul) ns ns ns ns 
N tertlll::er (N) :3 ns ns * ns 
Pop >: Cul ns ns ns ns 
Pop >: N ~\ ns ns ns ns 
Cul >: N ~\ ns ns ns ns 

*: slgnlflCant at PUJ.05 level. 
ns: not slgnlfll:ant at P·:u.05 leve!. 

Appendlx 2.b. Sovbean graln proteln content as related ta 
populatIon denslty, cultlvar and N ferhltzer at four SItes 

Treatment 
5-87 C-87 5-88 0-88 

------------- proteln ï. ------------
PopulatIon 

(plant/ha) 
430,000 :)].9 36.3 ~~ ~ 

... \ J. ~ 35.5 
6'50, (}\.IÙ 33.8 ::;6.9 ~~ .., 

"""".k 3b.O 
Cultivar 

Apache 34.2 37.0 32.9 36.ü 
Maple-Arrow 31.6 36.3 13.6 35.5 

N fertlll::er 
ikQ N/ha) 

Il ~~ ~ 36.0 :;2.6 ::6.6 .... ' .... \ • .J 

45 34.3 ~, '") 
.. '0.4 32.1 ~ r: '") 

.,)..J.l.. 

90 34.0 :;6.8 33.6 :l6. 1 
l8v 33.9 37.5 34.7 35.3 

Trend ns ns LU ns 

C.V.Y. 5.4 6.7 6. 1 ' ., o .... 
---------------------------------------------------------------

L: llnear trend. ns: nct slgnlflcant at P(0.Ü5 leve!. 
H:: slQnlhcant at P"·).Ol level. 
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Appendl>:~. Sovbean graIn P content anal'lSlS 

Appendl>: 3.a. Analysls of vanance of sovbean grë\ln P content 
at four SI tes 

Source df 
S-87 C-87 5-88 0-88 

------ 51gnlflcance of F value -------

Popul at 1 on (Pop) 1 ns ns ns ns 
Cultlvar (Cul) 1 * ns "* .. ., 
N fertlllzer (N) 3 ns ns ** ** 
Pop >: Cul ns ns ns ns 
Pop li N 3 ns ns ns ns 
Cul li N 3 ns ns ns ns 

**. *: slgnlflcant c:\t P<O.Ol anCl P<O.05 levels, respectlvelv. 
ns: not slgnlflcant at P<O.05 leve!. 

Appendlx J.b. Sovbean graln P content as related to populatlon 
densltv. cultlvar and N fertlll::er rate at four sites 

Treatment 
5-87 C-87 

-------------- P 
Population 

(plant/ha) 
431).000 0.777 0.664 
65t).000 0.775 0.662 

Cultlvar 
Apache O.756b 0.659 
Maple-Arrow O.797a (1.666 

N fertlll::er 
(kg Niha) 

0 Il.771 0.666 
45 0.778 1.1.676 
90 0.776 U.bb4 

180 ü.779 0.645 
Trend ns ns 

C.\I.i. 7.9 5.3 

L: llnear trend. ns: not slgnltlca~t. 

H: slgnlflcant at P··O.Cll leve!. 

5-88 0-88 

ï. ----------------

0.452 (1.687 
ü.443 0.682 

O.428b Il.673b 
IL 466a u.696a 

0.45J 0.697 
0.451 0.687 
').455 0.684 
0.429 IJ. 670 
Lu LU 

4.1) 
., ~ 

L.. 1 

Means of cultlvar and populatlon followed bv dlfferent letters 
are SlQnlflcantlv dlfferent at P<u.05 level. 
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\ Appendl:: 4. Sovbean graIn K content analYSls. 

AppendlX 4.a. Analysls of vanance of soybean graln~, content 
at four sites 

Source df 
5-87 C-67 5-68 0-88 

------ Slgnlflcance of F val UE.' ------

Population (POP) 1 ns ns ns ns 
Cultivar (Cu 1 1 1 fit U H ~* 

N fertlllZer (N) :; ns ns ns ns 
Pop " Cul ns ns os ns 
Pop x N ~ ns ns * ns "' 
CLiI x N ~\ 05 os ns ns 

H. *: slgnlflcant at P«(J.Ol and P<O.05 levels, respectlvely. 
ns: not slgnlflcant at Pc'O.05 leve!. 

Appendl>: 4.b. Sovbean grain K content as related to pOPLIlatlon 
densltv. cultlvar and N fertlllZer rate at four s1tes 

Slte 
Treatment 

5-87 C-87 5-88 0-88 

------------ K % ---------------
Population 

(plant/ha) 
430.0011 1. 8:2 1. 78 1. 85 1. 91 
65ù,000 1. 76 1. 78 1. 89 1. 92 

CultIvar 
Apache 1.86a 1.84a 1. 96a 1.96a 
Maple-Arrow 1.72b 1.72b 1.7Bb 1. B8b 

N fertlll:er 
(\: 9 NJha) 

Ü 1. 75 1. 76 1. 87 1. 91 
45 1. 83 1. 80 1. 86 1. 91 
90 1. 81 1. 78 1. 87 1. 95 

180 1. 75 1. 78 1. 87 1. 91 
Trend ns ns ns ns 

C. Il. i: 7.0 6.6 4.6 4.7 

Means of cultlvar and populatlon followed bv dlfferent letters 
are SlQnlflcantly dlfferent at P·\).ü5 level. 

ns: nct slonlflcant. **: slgnlflcant at P',tl.'H level. 
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