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Rasouree! 

"icronutri.nt nu.trition of Maiz. (l!! !!:i! L.) j, 

Il in,fluanc:.d,\by ftrtjl1zers, hybrids, 
irrig.tion .nd pllnt population. 

A field study wu Cil~d out to asun the affect of applied 

- ftrtiliurs, hybridl, irrigatiDn and plant dtnsities on the uptake of 

Cu, Z,. .nd Mn ln mAin ln Quib., ... A nrowth chambar e)(p.rlmant l'ilS 
f"'. • .. 

conducted to invistig.ate the eU,ct of added N, P,- Ca(OH):2 and chelated 
• 1 . 

.ieronutri.nt. on Cu, Zn .nd I1n uptak. by .. in plant. grown in lurfaca 
'J 

simple. of thr •• Québec loils. 

Thl fi.Jd study showad th.t high.r f~rtilization rates dacraised 

sali pH and 1011 test Cu, and 1 incr'ilud sotl tilt Zn and I1n. 

F.rtilizltion .1.0 incruSld pllnt uptlka of Zn and I1n. Higher plant 
~ 

populdicns and hlghar yieléling hybrids had highar uptake of Cu, Zn and 

I1n. . . 
Irrigation wu found to d.crease uptake of lIieronutrlents, and 

sam. l'Ichin; of .iero~utrilntl und.r irrtgation lIay hava oceurred. In 

spih of high c:oncentrations· of lIic:ronutrillnts fDund in. plants, 

.,plc:lllly .at high f.rtiliz~tion, na toxieities wlr.e found. 

Th. groNtJ blnch .~p.rill.nt d •• onstratld that ~hllate5 ",.r. ibls 
\. 

to- uln.tAin lev.ll of ivail.bl. mic:ronutrilnh in th, thrn SalIs 

• t u d i 1 d • . A P P li Itd Nin d : P d i d n a t: d a c r li ses 0 il pH, but i n cre a se d 

.viilibl. Cu, Zn And -"n probibly through pn;stolOgiCal or ;ail .Kchlnge 
1 

.fhcts. 

F.rtilizltion .ff.cts Ner. aainly due ta,N, 

adverl. P K licronutri.nts interAc:tions in plants. 
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REsunE 

J.J.N. Pallu! Ressources 
renouv! 1 ab 1 es 

La nutrltlon du mais (;u IDH~ L.l en ollgo­
é 1 é ment SIn f 1 u e ne é e par 1 es h y b r l' des, 1 a den s I t é 
des plantes, la fer'tillsatlon et l'IrrIgatIon. 

" \ 

Une étude au champ a été établIe ahn d' evaluer l'effet des 

hybrides. de la densIté des p,lançes, du taux de fertillsatlon et de 

l'irngatlon," sur les prélèvements en Cu, Zn et Mn pour le mais cultlvé 

au Québec. Egalement, une E!xpénence en chambre de c;.rols-sa'nce a été 

cqndulte afin d'établIr l'effet de N, P, Ca(OHl 2 et des ollgo-éI'ements 

,. . 
sous de chélates sur l'utlilsatlon du Cu, Zn et Mn par le mais 

se!llé dans des écha~t111 ons de troIs sol s du Québec. 

• L'étude au champ a démontré que la fertillsatlon a décru le pl'! du 

sol et 1 es n 1 v eau x de Il' Cu, et a a oc r u 1 es n 1 v eau x d e Zn I! t Mn 

dIsponIbles. La fertlllsatlon a également accru les prélèvements en Cu. 

ln et l'In. Une forte densIté des plantes alnSl que l,es hvbndes à haut 

rendement ont enregIstré des prélèvements élevés"<'en Cu, Zn et Mn. 
\ 

L'lrrlgatlon a décru les prélèvements en ollgo-é~éments,. 'et 11 

est possIble que des pertes par leSSIvage aIent eu l,leu. En déPIt des 

hautes concentrations d'éléments mIneurs retrouvés dans 1 es plantes, 

prInCIpalement en présence de fertlilsatlon élevée, une nutrltlliln 
(1 

é Q u 1 11 b'.,- é e a n é a n mOl n 5 été 0 bt e nue san s t 0 X 1 C lt é VIS 1 b 1 e • 

L'expérIence en chambrè de croissance a démontré Que les chélate, 

ont pu'malntenlr constants les OlVeaUy. d'ollgo-éléments dlsponlbi!! dans 

') 
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les trolS 501s étUdlé~ 
1 

L'appllcatlon de N~\,et P n'ont'pas décrû le pH 
\1 

du sol malS a toutefols contrlbué à accroître les nIveau>: de Cu, Zn- et 

Mn 
, .. ' 

disponlbles possIblement' dU à un accrolssE\\IIent de la mlnéfaiisatlon 
1\\ 
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L es eH et s de 1 a fer hll S a tl on é t a 1.3 nt ~~rtOl.\t. 
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Th1s • 
o:i 

thes1s contalns an overall lntroductlon and llterature reVlew • 

Thl!- r,êsults are pres'ented ln ho sectlons, the field work l~ ch.;lpter 2 

and the growth chamber study ln chapter 3. A comblned summary and 

conclUSlon for both studles 1S presented ln chapter 4. .. . , 
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Tlsdale et al. 

INTRDDUCTI,(lN 
~ 

(1985f descrlbe ~axlmum Yleld re5earch as the t 
studv 

on ,the effect of one or more vanables and"thelr Interactions ln d 

~ 

multldlsclpllnary system that strlves for the hlghest v!eld possible for 

the 5011 and cllmate of the research SIte. They aiso Vlew maXImum vleld 

as a constantly movlng target because of contlnulng technolog1cal 

advances. 

Hax 1 mum Yleld studles ln malle ( ~ ~ ~ Il!. ~ t ~ l ... ) can provlde tarmers ., 

wdh InformatIon as regards the Ylelds that c an be reaçhed. Such maxImum 

ylelOs can be attalned on"l y 1 f adequat e amounts of plant nutnents, 

van ett es, ad e,Q ua te water, supply, optimum plant denslty ~and 

good management are provlded wlthln the prOductIon system. 

Inadequacies ln any of the components could glve rlse to slgnltlCantlv 

rednced yi el ds. 
<;> 
l. 

l'1alo.mum Yleld studles on mane III Canada are relatIvelv new, l'Il th 

the flrst experlments conducted near Chatham, OntarIO (Stevenson' and 

Nuttall 1982). In 1984, maxImum yleld plots l'lere establlshed at 

Macdonald College, Ste. Anne de Bellevue, Ouebec, and some aspeats of 

thl s study 1'1111 be reported here. 

In the ~tudy, fertll1zer level, plant population densltl!S, plant -
vanetles and lrrlgah'on were studled ln a.n effort to obtaln the maximum 

graln malze Yleld. The hlgher fertlllzer rates are 11~ely to ~ncrease 

the probabillty of nutrlent Imbalances. Hlgh fertlllZer rates, 

especially where aCld form1ng fertlllzers are used, cao result 1D a 

decrease ln 5011 pH and a consequept Increase ln Al and Mn avatlabllltv 

<Pierre et al. 1971; Kluthcouskl and Nelson 19791. 
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Many Investlgators have noted that the applIcatIon of hlgh amounts 

of phosphate fertillzer depresses the uptave of Zn by mal z e-. The more 

effectlvely the applled P lS utlllzed by the plant, the more sever~ the 

Induced Zn deflclency -( Burleson et al. 1961) • ExceSSIve phosphate 
~ ~ 
fertlllzer _has been found to reduce the avallablllty\of Cu, and Increase 

o 

thatcof Mn to malze plants (Blngham 1963). 

Law 5011 mOl sture may Induc! or aggravate deflclences of Hn, whlle 

Zn deficlences are o,ten assoclated wlth hlgh 5011 mOlsture (Tlsdale 

al. 1985): 

et 

, 
In responses te the above concerns, a study was undertaken ~Ith the 

~ 

fol l' DIU n 9 c b J e c tI v es. 

(1) to assess the effect of applled fertlllZers, hybnds., 

Hrlgatlon .and plant densltles on the Cu, Zn and Mn nutrItIon 

of maize plants, and 
, . 

(i 1 ) t 0 determlne 1 f there l S a dep l eh on of solI 

m1cronutrient resérves under the maxImum Y1eld system . 

This study 1S presented ln four cha,phrs. Chapter 1 dlscusses the 

relevant 11terature. • ~hapter 2 IS concerned wlth the effe~t of hvbrlds • 

rate, plant populatIon and irrIgatIon on the 
.#> 

uptake and 

concentratlon of Cu, Zn and Mn; and the status of these nutrlents ln 

the 5011. Chapter 3 deals wIth the effect of added N and P, chelated 

micrenutrlents and Ca(OH)2 on the uptake of mlcronutrlents ln young 

IllaIZe pla,nts grown on s'urface samples of three Quebec soils. Chapter 4 

15 a bnef summary and .conclUSions of the studv. 

• 

\ 



• 

., 

o 

/ 

~. 

Il> 

CHAPTER 1 
" Ci 

LITERATURE REYIEW 

1 • 1.1. l1icrDnutrients in Plant Nutrition 

1. 1. 1 RoI e of Cu, Zn and I1n 1 n plant physi 01 ogy -. 
Ml'cronutnents, though reQulred ln relatlvely small Quantltl-!! by 

.r 
the plant, are nevertheless essentlal. "ExcelJ ent revi ews on the roi es 

t 

of Cu, Zn and Mn ln plant nutrItIon have been g~ven el~where (Mengel 

and KHkb:f. 19B2l... Pnce et al. 1972: and Tlsdale et al. 1985>. henc! an 

exhaustive reVlew WIll not be done. 

Copper lS a constituent of thé chlorop14st proteln WhlCh for.ms part 
# 

of the el~ctron transport chain Ilnklng the(two photochemlcal systems of . ) 
~i' 

phqtosyntheslS (Boardman 1975), whlch affects starch produc~lon ln the 
-> , 

\ 

plant. ~ 

Zl n c . 1 n .p 1 an t 5 i 5 mal n 1 yin vol v e d 1 n en z i mat 1 cre a ct 1 0 n 5 • 1 t ha '5 
~ 

heen found to be reQul~ed for the synthesls of tryptophan, an, amlno aCld 

a n.cl pre cu r sor 0 f 'l n 'd ole ace t 1[: a C 1 d (Ts U 1 1 948) • Fu~ther eVldence ot 

'the necesslty of Zn was shown ln the ellmlnatlon of Zn deflclency 

symptoms by the addltl~n of Zn or tryptophan to the nutrlent medium of 

growag malZe plants (Salallll and I<eneflck 1970). The total content of 

~lYSlne and tryptophan l'lere found te be slgnlflcantly Increased by the 

applH:ahon of Zn (Orabl and Abdel-Azlz 19821. 

~ Manganese functlons ln the plant by brldglng ATP with so.! enzyme 

complexes ~Lehnlnger 1975), and 1S aiso lnvolved ln the oXldatlon-

reductlon pr~ess ln the photosynthetlc electron transport 5ystel 

.,. 
v 
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(Chenlae 19<10: Bishop 1971J, l1aoganese at toY.~c levels IS known to 
, \ 

Interfere wlth nitrate reductase actlvlty ln the roat (Pr::emeck and 

o .. 
Schrader 1981), 

Thus these elements play a vltal role ln the blochemlcal processes 
(> 

and thelr t.Ipt~ke ln the requlred amounts 1",$ crucial to healthy cro'P 

growth. J 

1.1.2 Uptake and translocatlon of Cu, Zn and Mn. 
~ 

Copper 15 ta~en up by the plant ln small_ Quantltles. The Cu 

conti?nt of most plants IS generally between 2-20 mg I-'g-l ln the dry 

plant Ihatenal wlth probable deflclenCle~ when Cu le'lelS' 

kg- 1 (Mengel and I<lrkby 1982: T1sdale et al. 1985) • 

fa110 below <l '0 
Copper uPt~e 

appear5 to be a Illetabollcally iIledlated process and there 15 eVldence 

that Cu strongly Inhlb1ts the uptake of Zn and VICe versa (BD~len 1969). 

However. the uptake of Cu 15 largely lnd~pendent of competitive effects 
... 

and relates prlmanly ta the levels of avallable Cu ltl,-t-'he 5011. Cooper 

lS not readlly mob1le ln the plant although 1t can be translocated from 

older to
v 

younger leaves. Results of Loneragan (1975) show that the 
o 

movement of CU IS stro'ngly dependent on the Cu 5tatus of the plant. In 

l'thiat p.lants weIl supplled wlth Cu, movement fram the leaves to the 

gr a 1 n r e a d 1 l Y oc c ur, o «) 
but ln deflClent plants Cu 15 relatlvely umoblle. 

Generally, Cu deflclency ln crops grown on mineraI SOl]S lS not common.-

" In corn, the y 0 u n 9 e 51 l e a v e 5 bec 0 m e ye 1 l 0 w and "5 t un t e d , 
; 

and as the 

deflclency"becomes more severe, yotlng leaves pale and aIder ]eave5 die 

back. 

HIe Zn 'reQ'ulrement of Most plants 
Il 

lS small. The normal 

concentratlCln t range 1S 25 to 150 IIIg kg- 1 in dry matterO of plants. 
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OeflClenoes o~ Zn are usually assoClated \luth tonc:entratl"ons of les5 

o~ 
'\ 

20 mg k 9 - 1 and t 0 xIe 1 tl es l'i\ l 1 0 c: c: u r wh e n the 1 ~ v e l eH e e d 5 ~~)~) mg 

\.:g-l iTlsdall? et al. 1985\. The uptake of Zn has been conSldered ln a 

revlE~W by Loneragan (1975). HOI'iever. 1 t appears that there 15 
" 

consIderable dlsagreement ln the llterature as ta whether ln uptake 15 

o 
aebve or passive. Moore (1972) held the vlew that an balance the 

ev 1 den e e 5 u g g est s th a t Zn u p t a k e , l 1 k e Cu, \ s met a b ~ II e ail y, e 0 nt r 0 'Il e d '\ 

The mabllity of Zn ln plants IS not great. Zinc accumulates in roat ~ 

b5sues e~peclalJy when Zn supply IS hlgh. In 01 der l eaves ln can 
'-

becolllé very 1 mmobll e (Rlnne and Langston 1960), 
<0 

The rate of Zn movement 

to youn~er tissues, llke that of Cu, lS parbcuJarly depressed ln Zn 

deflclent plants (Loneragan 1975). 

Llke the other mlcronutrlents, the I1n reQuHement of plants 15 

QUlte 101'1, Normal concentrations of thls element ln plants are 

tvplcallv from ~O to 500 mg kg:' l . DeflclenCles of Mn are u5uall'I 

assoclated wlth le\tJ!l,r./of between 15 and 20 mg kg- 1 ln the dry matter of 
l ' 

upper plant par'ts (Mengel and Ku"yby 1982). The uptake of Mn IS also 
~ 

lIletabollcally medlated (Moore 1972). In a slindar l'lay ta ather dlva1ent; 

"callons speCles, Mn:;Z+ partlclpates ln catIon competItion. MagneSium and 

Ca lIIay depress Mn uptake through compelltlon effects !lohnl5 1960; l1aa~ 
Cl 

et al. 1969). In the plant, Mn IS relatlvely Immobile and as such 

-defloency symptoms Will appear ln the young tissue. Most solls contaln 

adeQuate levels of aVallable Mn. However, onj:ld 5011s hlgh ln 

àvallable Mn, plants can ta~e up conSiderable amounts oi Mn 50 that 

levels ln the order of 1000 mg rg- 1 ln the dr'f matter are nct 

(Mengel and I<'lrkby 1982)', On suc:h 50115 Mn tOXIClty 15 oHen 

-5 
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and 15 aggravated by r~ducIng 5011 condltlons. 

1.1.3 Folur analyses for dIagnostIc purposes. 

MonItoring the nutnent status of malZe by means of foltar 

analysl!V- 1! becomlng an essentlal ,practlce ln mo·dern production systems. 

The large amounts of fertlll:er used l'ftth thelr hlgh cost maye fol1ar 

analySlS an Important tool ln efftoent'fertlll:er use. At the moment 

lnterpre-tatlon of follar analysls d~ta can be made, accordlng ta the 

CrltlC:'al- NlIlrlent Level (CNU approach ~or the Dlagnosls and 0 

ReÇ.ommendatlon Integrated System IDRIS) IMelsted et al. 1969: Sumner 

1979) 

"-
The cntlcal level of a nutnent has been deflned as that 

<: 
concentratIon ln a specifIe platlt p'art at a speclflc stage of growth at 

i 

-; Wh1Ch a 50r 10 ï. r.eductIon ln Yleld occurs, or that concentratlon WhlCh 

c 1-- '-
1S assoclated wlth the breaklng pOInt of the nutnent response curve, or 

that concentratlon WhlCh IS at theJ-ransIt1on between deflCtenCV and 

sufflclency levels (UlrIch and Hllis 1973). Though wldely used, the CNL 

approach has 

Inabllity to 

a dry mat ter 

sorne constralnts, re mast serlaus of WhlCh lS its 

deal adeQuately 'fotïarlatton ln nutnent cont:entrat-lon on 

b a S-l s W 1 th age. 

Ta overcome thlS çhsadvantage three (3) approaches have been 
1--

adophd. In the ftrst, a set of cntlCal values for d1ffeTent stages of 

growth has been proposed (lockman 1972: Geraldson et al. 1973). In tire 

second, the accumulatIon of dry matter wlth age lS monltored ln arder to 

côr-rect the nutr1ent. concentrat1on for 1nrreas1ng dry matter {Melsted et ~ 

al. 1969). In the thlrd, oSufflc1ency rang.es have been proposed such that, 

" ,t!,e lçnler 11llllt represents roughly the crltlcal level whlle the upper 1S 
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s~t at a valu-e corresponding. to an unusuallv hlgh or tOXI_C concentratIon-

!Geraldson et al. 1973: Jones and Eck 1973: Ward et al. 1973), Although 

- suffiqency ranges are supposed 'to lmprove fle:nbllity HI dlaqnOS1S, 

they, ln fact, decre,ase dlagnostl'c precIsion because the llmlts are 

often too ~Hde (Sumner 1979\, 

The DRIS IS a relatlvely new approach that uses the principle of 

nutrient Interrelatlonshlps ln dete'rïlnnlng the arder ln Whlch nutnents 

are m 0 S t 1 1 mit l n g , and suc h a a 1 a g n a SIS C a n b e ID a d e a tan y ~ 5 t a g e\ll 0 t the 

crops devel opmen t (Sumn'er 1982) • A data base of apprm:lmately 1 U, QV(J . ~f.l . '.J 
, , , 

ob servatl ons of 1 eaf n'dtn ent (~, P, K, Ca, Mg, S, Fe, Hn, Zn, Cu, and" 

B) concentrations and yi el d of malze grown ln several U. 5, states l'laa 

used to establlsh the norms on corn 1 eaves IElwall et al. 1985) , 1 t 

would appear that once norms have been correctly establlshecf they are 

~ ~,o 

unlversallyappllcable, although I~cre.ased pr~C~fljlOn .can be obtalned by 

llmltlng the development of norms to slmllar geographlcal r!!<nons 

(Escano et al. 1981), Compansons' of diagnostIC preCISIon between the 

two systems l'lere made, and over.all, DR lS l'las fauno ta be super 1 Dr ta the 

cntlca1 value approac:h ln that lt was able ta mar.e valld dlagnos15 more 

frequently because va1rlatlons due ta tlssue were taken lnto account 

(Sumner 1979). 
<> 

1.2. Chuistry of "icronutnents in the 5011 

The aIlcronutrlent content of a 5011 IS dependent almost enttrel'I 

on that of the rocks from WhlCh the 5011 parent materlal l'las derlved and 

on the processes of weatherlng, bath geoche~lcal and pedoche-mi'cal, to 
l, ' 

WhlCh the 5011-forming materuls have been subJec:ted Hhtc:hl!ll 1964/. 
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Earlv workers recognlsed that although the total supplv of tr~ce 

elements\ in 50115 has a deflnlte bearlng on the amount deÏivered ta the 
t;. 

plant, factors WhlCh Influence the avallable state, su ch as pH, ml,neral 
"\ 

'form, and solublllty are more lmportant ln regulatlng absorption'(Prlnce 

1957) • 

1.2.1 Copper 

Copper ln sOlls IS probably present chlefly as ad~o~bed Cu 2 • and ln 

" 
so}.l solutions as the Ions and vanous complexes O'rauskopf 1..972), The 

sol·ublll ty of 5011 Cu 1S lnfluenced by the pH of the 5011 solution, and 

~, '" it ln~~ 100-fold for each uni t decrease 1 n pH (Tlsdale et al'. 

1985) • Below pH 7.3 Cu:2+ prepom1nates whlle ab ove thls pH. Cu OH'" 15 

most abundant (Lindsay 1971). Copper concentrations ln 5011 solutions 

are generally much too 101'1 te be controlled by the solubl1lty of copper 

mineraIs occurlng ln 50115. Rather, solubllity IS belleved to be 

"governed bath by adsorptlan reactlons of Cu on the surfaces of Fe, Al, 

and Mn 'O)lldes and by bondlng wlth organlc matter (Tlsdale et al. 1985), 

Wlth "the exception o'f Pb 2 ., Cu 2 + IS the most strongly ads'Orbed of all 

the dlvalent transltlon and heavy metals on Fe and Al oXldes and· oxy-

hydro:ndes. 

S 0 1.1 0 r 9 an J C mat ter for ms ver y st ab 1 e cam pie x es l'Il t h Cu, De t ail 5 a f 

the reactlons are extenslvely covered ln other reVlews iHodgson 1963; 

-
Schn 1 tzer 1969), The quantlty of Cu held ln sOlutIon phase agalnst the 

,f 

strong àRsarptJon effects ot C~y and organ~c matter 15 controlled by 

p.r 0 c e ~ 5 e s 0 f che l a tl 0 n and c: 0 m pIe x a tl 0 n • It has been shown by Hodgsan 

et al. (1966) that lIIore than/9& Y" of the Cu ln so'lutlon . was ln 0 'an 
<> 

B 
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or9a~lC complëxe~ form, suggestlng that ln neutral 5011s very small 

quant1tles of free or aquated Cu 2 + were aval1able for adsorptIon 

reactlons. As a result of t}llS organlc bondlnQ, there 1S more dls!lolved 

Cu ln the 5011 solutlon th an normally oc:curs ln the abs-ence of orgarncs. 

These soluble complexlng agèrÎt?I some fiom root exudates. a150 

contrlbute ta the moblilty of Cu ln salIs and to the Cu flux~ bv mass-

flow and dlffusl0n te plant roots (Nlelsen 1976). Complexlng agents are 

belleved to ald Cu uptake by plants unde~ condItIons of 101'1 

a v aIl a b 1 lIt Y 1 5 U cha 5 'h l 9 h pH. 

1.2.2 ZInc 

The ehem15try Ot Zn 15 slmpler than that of Cu ln that lt shows 0 

only a SImple valence ln natural materlals. In comp'anson to Cu, Zn 

algrates further from Its source ln 5011, rocks and streams, and because 

of thls behav10r It IS known as one of the m05t moblle of the heavv 

,etals (rraus~opf 1972). Weatherlng of Zn mlnerals glves Zn 2 + ln 

501 ~t l on.· " < Unllve Cu a ., the suple lon remaln5 domlnant ta pH values of ., 

about 9. Not only are ebmmon Zn eompounds soluble, but eomplex lons 

that mlght form wlth the Inorganlé anions usually present are too 

unstable' to 1nfluence Zn solub111ty (Chester 1965). In baslC 501vtlons 

Zn(GH)'2 preelpltates lf the co.neentratlon ofQZn:Z+ 15 hlghj thlS compound 

shows a mInimum solubl11ty at pH 9.5 and dissolves at hlQher pH values 
~ 

ta form Zlneate 10n, Zn(GH)4-. 

LIndsay (1972), ln a reVlew on Ionie equlllbru, noted that the 

501ubl11ty of Zn 2 • 15 hlghly pH dependent and decreases 100-fold for 

each unit 1nerease ln pH. Jah1ruddln et al. (19851 suggest that Zn 15 

~ . 
ln a 5table organlcally complexed form at elevatetl pH. held 1 n the 

., 
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absence of excess of a dlvalent catIon such as Ca, 1ncreased solublllt'l 

or dlsperslon of organlc matter lncreases the amount of Zn ln Solutlon. 

CalCIum addltlon however reprecIp1tates or flocculatls the organlc 
o 

matter, along ~Hth assoClated complexed Zn. Jahlruddln et al. (1985) 

fur the r 5 u 9 9 est - t h a t Cau 5 u aIl Y p ~ ev e n t 5 SIg n 1 fl c an t 0 r 9 an lC· mat ter 

solublllzatton, 50 that added Zn lS very strongly absarbed by 5011 

organlt matter ln the- solld phase, Increaslngly so luth IncreasIng 5011 

pH. 

ZInc déficlencles Induced-ln aCld salIs by over. llmlng can be 

easlly exp1al~ed by thls pH dependent relatlonsnlp. Accor d 1 ng ta 

Nervell and L1ndsay (1970) the naturally occurlng mIneraI compounds ln 

Jhe SOl~ are sufflclently soluble 50 as nct to have an effect on the 

( o 

sma1l concentratIons of Zn found ln most 5011 Solutlons. 

" 
Adsorpt l'on on 

. 
clay mInerals, hydrous oXldes, and orgaJllc matter seems a much more 

1 1 k e 1 y con t r 0 1. mec han 1 5 mat p H 5 - 7 (M c 13 r Ide and BI as l a k 1 97 q ) , Bec, au s e 

Zna. retalns tts double charge even to falrly hlgh pH values, Zn should 

seemlngly be more strongly adsorbed than Cu, Whlch ln near neutral . 
o SOJut10n e:nsts as slngle-charged complexes llke CuOH+. On the other 

hand, the covalent bonds that hold Zn 2 + to an adsorblng surface are less 

strong than the bonds that hold Cu2+ (Krauskopf 1972), It 15 then 

", 
<> rel a t l ve 1 y e a s y t 0 rem 0 veZ n f rom ad 5 0 ~ b 1 n q sur f ace 5 , m a k 1\n 9 l t Q u l t e 

lIIoli1le. The transportatlon of Zn ln solutlon 15 nct a problem except ln 

\ 

solutIons conta1nlng sulphlde lon. The solubll1ty of '!n 1S aiso nbt 

aHected by changes ln redoll potentlal. In sOlls Zn probably edsts for 

c the most part as the SIngle 10n adsorbed on fine-gralned CJlnstltuents. 

) 10 
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1.2.3 l1anganese 

" 

In ItS n~aturally occllnng compounds Mn shows thru valences (2+, 

3+,4+). In reduclng en'(lronments the most stable Nn compounds are tho!!e 

of I1n 2 + and ln strongly O:odlzlng envlronment the most st~ble compound 

is the dloxlde, MnO:2 or pyroluslte iKrauskopf 197~), Manqanese ln soli 

usu.ally eXlst as el:changeable Mn:;!+, There 15 water soluble and Insoluble 

organlcally bound Mn, easlly reduclble Mn, and variOUS Mn o}:ldes (Ghanem 

et al. "1971) • These vanous forms are ln a state of eQll11lbrlum wlth 

. 
one another and'they dlffer ln thelr degree of ava11ab111tv to plants . 

• 1' 
The processes l'1volved ln ma1ntalnlng thlS cytle are oXldatlon-reductlon 

and produc;,tlon and decomposbtlon of naturai chelatlng agents that can 

complex manganese ln both soluble and Insoluble forms. \General factors 

Influenclng the solublllty of 5011 manganese 1nclude pH, r edox 

potenbal, and comple:{atlon. Soil mOlsture, aeratlon, and mlcroblal 
() 

actlVlty Influence redo>: potentlal, wh1le complexatlon 15 aHected by 

or~an1c matter and m1croblal actlvlty. 

'" 
In the 5011 solutlon, the prlnClple Ion speCles lS Mn 2 + and 1h 

concentration decreases 100-fold for each unit 1ncrease ln pH (l1ndsay ., 
1971) , DecreaSl ng pH has beefn shown to enhance the conversl-on of 

reduClble Mn to water soluble plus exchangeable l'In (Gotoh and PatrlCr--

1972), Concentrations of Mn:2+ measured ln the '5011 solutlon of aCld and 

" neutral 5011 l'lere found to vary from less than 0.01 mg kg·' ta almost 13 
o 

mg kg - 1 , lOI 1 th lev e 1 s co 11111 0 n 1 y l n the r an 9 e O. Olt 0 1 mg Y 9 - l 0, r au 5 Y op f 

1972). Because of the sensltlvlty of I1n 2 + concentratIon! ta pH, 

management prachces that change 5011 pH 11111 also lnfluence the ieve15 

Df sol'\.lble Mn. Organlc matter reactlons wlth Hn were UpDrtant ln aCld 
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and neutral 50115 Slnee betJeen 84 and 99 1. of the I1n 2 + l'las cOlllplexed 
o 

, ". 
(Kr auskopf 1972). 

Page (1962) suggested}hat the forlllatlon of c.omplexes of Mn wlth 

or 9 a n1 e mat ter ln' the s 0 11 m a y ace o-u n t for the 0 b 5 e r v e d rel a t 1 0 n 5 h l P 0 f 

L-..-,.........~-~~-------4 

I1n.-and pH. Part of the soluble Mn 2 + can a150 be adsorbed on to clay and 

organle matter fracbons ln the 5011. MandaI (1961) found that under 

reduclng condltlons I1n 2 + Ions l'lere lnereased ln solublllty to the pOInt' 

where they beeome adsorbed as exchangeable lons. The early works of 

Helntze and Mann (1947, 1949) provlde some eVldenee of Mn adsorptlon .by 

5011 organtc matter, but there have Slnce heen few studles on adsorptIon 

reactions of I1n due perhaps to the fact that PTeelpltatlon reaetlons 

exert control on Mn levels ln the 5011 solutlon. 

, 
1.3. t'facronutrient - thcronutrien-t Interactions 

Adequate nutrltlon of pl ants l'Il th ml cronutn ents depends on 

several factoors other than the abll'lty of the 5011 to supply these 

eluents. Important growth factors lnclude thè rate of nutrlent 

absorptlon, dlstnbutlon pf nutrlents to functlonal sltes and m.oblllty 
1 

in the plant", lnteraetlans oeeur between the mlCronutrlents as weIl as 

with some macronutnents ln W~e sOlI-pl ant systeJll. Some 0 f these 

Interactions are Important Slnce they modlfy the nutntlon of crap 

plants. Macronutrlent-lII1cronutnent Interactions have been revlewed by 
~ . 

" Cl!!n (1972), 
1 

hence only seleeted Interactions that affect Cu~ Zn or Mn 

uhllzation, ~nll be consldered. 

1.3.1 Zinc - phosphorus 

The InteractIon of Zn and P has been one of the 1D0st extenslvely 

studled of the known nutrlent Interactlons. Usually, the InteractIon 1S 

1~ 
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as a P-lnduced Zn deflclency. ThIS dl~order ln plant QrO"th 
)1 

lS commonly assoClated with hlgh levels of avallable P or with 

applIcation of ~ ta the 5011. Olsen's (1972) 
'i, 

reVlew of P-Zn 

InteractIons surveyed resul ts fram man y expen ment! conducted between 

1,936 and 1970. 0 Numerous contradlCtlons l'lere found ln the resul ts 

leavlng the ImpreSSlon that a true "caus~ and effect" mechanlsm for thl! 

ienomenon---~-ad nct been found. It has been flrmly establlshed that p­
I 

Induced Zn deflclency 1S not a result of preclpitalon of Zn3(POA)~ ln 

the 5011 or on roots, as such a preClpltate l'las found to be more soluble 

than soll-Zn (Jurlnak and Inouye 1962j LIndsay<> 1972; MacLean 1974: Raez 

and Haluschak 1974). 

Som e W 0 r k ers a t trI but e Z n de fIC lent: V t 0 a d 1 1 ut 1 one ff e c t due t 0 

Increased growth resultlng from applled P (Brown et al. 1970: Warnock 

1970), but--often no deflC1ency l'las found (Smllde 1973; Raez and .. 
Haluschak 1974; Armbruster et al. 1975). The lac!: of tlear eVlqenee had 

sorne Morkers suggestlng that the manIfestatIon of Zn~P Interaçtlons 15 

Influenced by other growth factors, such as genetlc mareup (Giordano and 

Martverdt 196 9 ), Fe content of plant tlssue (Warnock 1970) and metabolie 

rate of plant growth (Ganlron et al. 1969) • Stukenholtz et al. (1966) 

suggested that P-related Zn deflclency l'las a metabollc malfunctlon of 

some sqrt, whereby P Interfered wlth Zn translocatlon. However SmIlde 

(1973) found no such eVldence. 

In rec~nt tues, the l'lods of Loneragan et al. (1982) and 

Chn stenser and Jackson (1981) suggest that 50111 -Zn defl cuncy 

Interferes "lth P metabolism enhanc-lng the amounts of P absorbed by 
o 

roots and transported to tops. Thus un der candI t 1 ons of tu gh P supp l 'f 
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and low Zn, P accumulates to toy.lc.levels ln leaves lnduclnq dr-

accentuatlng symptoms r-esembllng Zn deflclency. 

1.3.2 ZInc - nltr-ogen 

The applIcatIon of hlgh r-ates of ~ fer-tlllzer- can stimulate plant 
l1li­

gr-owth and lncrease Zn reQulr-ements beyond avaliable supply. Vlets et 

al. (1957) wer-e able to separ-ate the .effects of N carr:\er on 5011 .pH and 

total amount of plant growth. They found that pH exerted a greater- and 

more conSIstent effect on Zn concentratIon and uptake by plants than the 
~ 

total amount of plant gr-owth. Boa loi net al. ( 1 96 0 ) aIs 0 con f 1 r- m e1! a 

51mltar- effect of pH on Zn concentr-atlon and uptake for- sor-ghum and 
(! 

potatoes ... Langln et al. (1962) observed that, generally, N fer-tll1::er-

enhanced ~ptake of Zn desplte substantlal dIlutIon caused by yleld 

lncr-eases fr-~m N. 

1.3.3 Copper - phosphoru5 

Phosphate applIcatIons 

r .. 

ln general were found to , . decrease ,Cu 

concentratIon ln corn tissue (Safaya 1976). BI ngham and Garber (1960) 

and Spencer (1966) r-eported sUllar- effects of P on Cu concentr-atlon ln 

some CItrus specles. Racz and Haluschak (1974) found P r-educect Cu 

uptake by wheat seedllngs ln most 50115, even though the water--extr-acted 

Cu content of the 5011 was Incr-eased by NH4H2P~4 addItIons. The results 
~ 

of Safaya (1976) suggested that the effect of applled P on Cu may be an 
'" 

indIrect one. A strong P x Zn InteractIon effect was apparent on the 
, 

total uptake of Cu. At low P l evel 5 Zn reduced Cu uptake, whereas at 
o 

hlgh P levels Zn Increased Cu uptake slgnlflcantly. 

1.3.4 Hanganese - nitrogen 
o 

Fertlll::er N has long been recognlsed to have maXImum stlmulatlve 
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actlon on plant growth by reason of the numerous N functlons r!la~d ta 

growth. Thus uptake of ,most nutrlents will bi enhanced bv N 

• <1 appllcation. ~ Nltrogen fertlll::er 1S also a5saclate.d \'Ilth a lowl!nng of 

• 5011 pH and thlS freQuently Induces or lntenslfle!! Mn uptake and 

taxIClty (Nelson 1977). 

1.3.5 Manganese - phosphoru5 

.' 
1 

Phosphate fertlllZer 1'1111 I-fiCreaSe the level of sOll-\olutlon Mn 
f 

- ln· some 50115, probablv because of the aCldlC reac:tlons of dlssolved 

superphosphate or bscause of the ac~dlty produced ~v the nltrlflcatlon 

of NH 4 -phosphate. Increaslng amounts of \'Iater-extractable Mn tended ta 

afcompany Increasing rates of Ca (H:lPO"'):I, especlally on non-calcareou'!l' 

so11s (Blngham arwl Sarber 1960. Racz and Haluschak 1974). 

1.4. Influenc-e of So.e AgrDno.ic Factor5 on Micronutl"1ent Nutritlon D,f 
Plants 

.., . 
1. 4.1 "Hybrid effect 

WIthln a given envlronment, one hybrld or varlet y may produce a 

greater response to applled or Indlgenous nutrlents than another hvbrld 

or varlety. The superlor yleld abll11;.y of a cpven hybrld or va.rlety may 

be determlned ln part by Its greater efflclency ln absorblng and 

utllizlng certaIn nutrlents from the 5011 (Murphy et al. 1981 i 

Hatlltllgll et al.. 1984). Terman et al. (1975) noted that dl fferences 

ln nutrlent absorption among malze. hybrlds appear te be greatl'l 

Influenced through genetlc ~ffects on grewth rates and yleld poten'tlals,.':t 

1.4.2 Plant populatlon effects 

ihere lS lUlted Information on the effect of plant populatlon on 

the Mlcronutrlent nutrit.lon .of plants. However, One can a5~ume that th!! 
• .ft 

t 
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assoclated greater root mass 'at 'hl-gh po-pulatlon densitles weuld result 

ln a greater demand on 5011 nutrlents, leadlng te posslblè geflClencles. . . 
One studv (Gçdo and Relsenauer 1980) noted that there was an effect of 

root exudates ln lncreaslng 5011 Mn solubllity through reduct16n of MnO~ \ 

and camplexing the dlvalent t1n released. Hence lt IS posslb}e ta have a 

hl g h e r u p t a Y. e 0 f 1'1 n. und e r h (g h pla nt '"p 0 p u l a tl ons. 

1.4.3 Fertilizer application effects 

o 

The maximum yald concept·ls dlrectly related ta fertillzer 

efflciency. The hlg~er-Yleldlng craps, l'ut.h more ei,{tenslve rtlot systems 
\ 

. and ~Hth a greater nutnent nee~s, wlll take up more of the applted and 

Indlgenous nutrlents. The use of hlgh râtes of ferttllzer ln arder· ta 

maXlmlze peld could create undeslrable effect5 ln the sOlI-plant 

system. Most of the reported undeslrable ~ffects of applled fertlll;:er 

refer to 5011 aCldlflCahon and the assoclated 

mlcronutrants, Al and Mn-(Randall et al. 1975: l'Iurphy et al. 1981: Hovt 

and He n n 1 n 9 1 982; P"e trI e and J a c k son 1 984 a ; 1 984 b , • 

1.4.4 Irr1g~t1en effects 

IrrigatIon effects on mlcranutnents, would most lll'ely result ln 

an lncreased uptake due to Increased Pla~t growth. A ~e portion of 

the Cu. Zn and Mn reachlng the root surface does so by mass 
" 

flow and 

diffUSIon (Barber and OIson 1968). These pr.ocesses would most llrely be 

ln the case of Mn, reduclng condltlons at 

the ~cro51te level could glve rlse ta hlgh concentratlons of Mn::l+ 1 n •. 

~ e r t al n are a 5 1 n the SOI 1. Hat 1 1 t 1 1 9 11 et a 1. ( 1 98 4 ) fou n d 1 ncreased 

uptake of Hn--and Fe bv corn.-under hlgher irngatlon levels Qulte out of 
~ 

proportion te observed Yleld Increases. 

" 
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As a result of thlS reVlew of the ri terature, It seet\\ed clear that 

'added N and P could lnfluence mlcronut~lent up~ake and nutrItlon of corn 

/ plants. Thus lot was deClded ta undertake a study of the fOl16wlno 

hypotheses: 

1. /llcronutrient- abalance l'nU anse ln mala treated wlth hlQh 

rate~ of N and P • 

. 
2. Interact'Rln6 of N and P luth mlCronutrl!nts 1'1111 c:au!e 

deflClencies ln plant Cu and Zn 

3. ACldlflCatlOr;J of sOlI by NH 4 contalnlng fërb1lZer may caus! Mn 

tor.iclty in plants. 

, 
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CHAPTE~ 2 

o 

EFFECTS OF HYBRID, PLANT POPULATION, FERTILIZER RATE AND IRRIGATION 

ON ZINC, COPPER, AND I1ANGANESE IN S.OIL~ PLANT TISSUE OF MAlZE 
/ 
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2.1 INTROOUCTION 
~ \ 

6enerally mlcronutrlent dlsorder symptoml ln malZ. productIon ln 

Quebec 'are not widespread. However, the pOSSlblllty that ml~ronutrllntl 

mlght be llmltlng ln maXImum yleld corn productIon has been lndicated by 

'" the work of Roy Flannery (1982) ln the USA where slgnlflcant Yleld 

responses to mIcronutrlents occured at hlgh fertIllty levels. fUso. malt 

nutrlents l'lere found to be wall above concentratIon liviis now 

considered adequate for good yields, suggesting that hlgher crItlcal 

levels may be needed fer higher Ylelds. Stevenson and Nuttall ( 1984 ) 

aIse found hlgher concentratIons of micronutrunts at high fertllIty . . 
The purpose of the wcrk rlported here wa5 to prcvIde InformatIon on 

the effect of fertlllZer ratff, populatIon den!l1ty, hybrid and IrrIgatIon 
~ 

1 

on the Cu, Zn and Mn uptake of the malze crop. 
" 

6> 
o 0 

" o 

" 

o 

• 
o 
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( 2.2. MATERIALS AND METHODS 

Procedurls used ln th~ field have been detalfed elsewhere (M. 

Ramtllard. 1986. Maximum Yleld studles wlth corn ln Quebee. M Sc. 

th.lil. F.culty of Gr.duat. Studlll and ,Researeh, MCGll1 Unlv.), but 
~ .cm. of th~ most Important pro~edures are noted here fpr th~ convenl.nce 

of the read~r, 

o 

2.2.1.1 Bit. d.scription 

The exp.rimental site was located at the Macdonald College farm on 

the Chicot 5011 seriel, a sandy clay loam (Gleyed melanle brunlsol). 

2.2.1.2 Explri.,nt d.sign 

T~e experlment was a 2x2x2x2 factorlal ln a randomlzed complete 

block deslgn wlth treatments of 2 hybrlds, 2 plant populations, 2 

( fertll1zer rates and 2 SOlI mOl sture reglmes. The 16 treatment 

comblnatlons were replleated 4 tlmes for a total of 64 experlmental 

unit!. Th. tra.tmlnts and levaIs were as follows:-

Hy~rid:-

I~ 1984 the hybrlds u~ed were Pioneer 3925 and Pioneer 3949. In 1985 
o 

.Plonaer 3949 was replacld by Co-op 2b4S~ 

Plant populatlonll-

Two plant populations Hire used, 90000 and 65000 plants per hectare 

(pphl. 

F.rtillzer rate5:-' 

Nltrog.n (N), pholphoru5 (P 20a), and potas51uœ (K 2 0) were applled at 

A normal r&t. of 170 - 100 - 170 kg/na (N-P20~-K20) And a hlgh rate of 

c 400 - 300 - ~OO kg/hA (N - P20~-K20I. 
o 
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Irngatlon:-

The wattr reglmes l'lere IrrIgation and no lrrlgatlon. Irrlg,tlon wat.r, 

was applled uSlng bl~ll drlp lrrlgatlon tublng and drlp tapI tublng ln 

D 1984 and 1985 respectlvely. Irrigation schedullng was dont ullng 

tensiometers at two depths, l~cm and 30cm. Irrigation wal normilly 

scheduled when tenslom~ter ~ea81ngs reach~d l.n15 MPa. 

2.2.1.3.1 Land preparation 

The $ 1 t e 1'1 a $ plo u g h e d W 1 t h~ mol d boa r dpI 0 W 1 n t h I!I f ail 0 f 1 9 a~. • n d 

1984 at a depth of 20 and 2~ cm respectlvely. Slcondary tlllaQ' ln the 
~ 0 

sprlng consisted of two passages of a dlSk harrow at a depth of 10em 
~f 

followed by one passage of a sP~\:tooth harrow. 

2.2.1.3.2 Suding and thinnlng. 
d 

The plots l'lere ueded on May 7 ln 1984 and May 2 ln 1985. ln 1984, 

malze was ~eeded at a depth of 5 cm u51ng an International Harveshr 2 

row planter 'wlth rOH wldths of 37.5 cm. A Gaspardo planter wlth 4 

-adJustable planters us used ln 198:5, wlth row wldth1fand seedlng d.apth 

the same as ln 1984. 

lb AlI plots l'lere I$eeded at rate of 270,000 sud; per hectare and liter 
o 

thinned 'to plant populatlons of 65000 and 90000 when the corn ruched 

the three to four leaf stage. 

2.2.1. 3. 3 W .. d control \ 
Quackgras5 q~grQltŒf!~ r!2~!l~ L.) 1 nfestat 1 on 'WiS controll ed by the 

applicatlon of glyphosate at the rate, of 2.1 k.g/ha pnor te secondary 
, 

tillage in the twe yurs. In 1984, broadleaf wuds l'lere cont·roll'd wlt"'n 

an appllcatlon of 4.3 kg/ha of Alachler (9 l/ha of Lasso, Monsanto Ltdl , 
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and 1. 75 kg/ha of atfa~lne (3.5 lIha of 11qUld atra:lne) , preplant 
4 

Incorporated. Post-emergence weed control was done wlth an addltlonal 

1. 75 k~/ha of atrazlne together wlth two seSSlons of hand hoelng. In 

1985, broadleaf l'leeds were controlled l'uth an applIcation of 5.6 kta 
Butylate (7.0 l/ha of Sutan, 'Staufter Co.) and 1.75 l'g/ha Iilf atra;:lne 

(3.5 lIha of llqUld atrazlne), preplant Incorporated. Post emergence 

weed control was not necessary ln 1985. 

2.2.1.3.4 Pest control 

In 1985 !J.05 g per Il near meter of Dyfonate ( Stauffer Co. ) l'las 

ap'plled to the 5011 at seedH'lg to preven.t 1 root \Dl~!lr::Q1g~ corn werm 

Q9rQ~r! SL. ) damage: none l'las applled ln 1984 aRd corn root worm damage 
/ 

" 

dld not occur. On June 22, 1984, 100 g/ha of Permethrln (Ambush, Chlpman 

~ Co) litas sprayed on the corn pl ants to control eut "arm damage; there 

~ 
l'las no such damage ln 1985 and therefore no treatment l'las applled. On, 

July' 20, 1984, 15 kg/ha of Furadan lOG (Chemagro ltd.) was applled to 

c;ontrol European corn borer (Qê.t[U1H 1J.\d~!.l.~L!..a HBN.). In 1985, two 

5 e par a t e a p p Ile a t 1 en 5 0 f 1:! \fig 1 h a 0 f Am bus h 1 G (C h 1 P man) 1'1 e rem a d e 0 n 

July 4 and 1~ to control European corn borer. 

2.2.1.4 Fertilizers and a.endlents 

2.2.1.4.1 F~rtillzer appllcati9n 

Fertllizer appllcatlon rates', nufrient carrIers, and metho'tl and hme 

of appllCabon ior 1984 and 1985 are summanZed ln Tables ~.1 and ,., '"l 
.... L 

respectlvely. Mlcronutrlents were applled over the experlment sIte 
\---

o before secondary tIllage, and disked Into the 5011 surface. The 

1II1cronutrlent carn ers and rates of appllcatl~n 1984 and 1995 are 

presented ln Table 2.3. 
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Table 2.1. Types al1d amounts of fertllll:er materlal! wlth tue of 
applicatlon for the 1984 growlng season. 

NORMAL RATE 

N Mg S Curltr . 

M.thod and 
tlu of 
IppliCAtion 

-----------------------------------------------~--~--- ------------------. 
-----------kg/ha----------- --kg/ha--

149 0 0 0 (\ Urli ll 324 SPPl':ll 
21 100 0 1) 0 MApzl 190 Blnd,d b

' 

0 0 140 0 0 Potash 31 233 SPPI 
0 0 30 15 30 PMS·' 136 SPPI 

---------------------------- -:-

170 100 170 1~ 30 Total 

HIBH RATE 
Mlthod ilnd 
t i me of 

N P20~ K2 0 Mg S 0 C.rrier Rat. applicltion 

~-----------------------------------------§-----------------------------
-----------kg/ha---~------- - ... kg/I'ta--

358 0 0 0 0 Ur" 7BB SPPI 
0 . 100 0 0 0 TSP71 217 SPPI 

42 200 0 0 0 MAP 3eO Blnd.d 
0 0 370 0 0 PotAlh 617 SPPI 
0 0 30 15 30 PMS 136 SPPI 

----------------------------
400 300 400 15 30 Total 

0 

---------------_.--------------------.-------------_.----------~--------

1)0 

2) 
3) 
4) 
5) 
6) 

. 7) 

Urea (46% N) "-

MAP = monoa~monlum phosphata (11% N and 52Y. P~O~) 
Potash = potassium chloride (607. K2 0) 
PI'IS = potassIum ug'nuluID sulph<1te (22% K:zO 11Y. /1g ind 22% S) 
SPPI = sprlng preplant Incorporated 
Banded s 5 'ID blsldes and 5 cm bllow seld at plantlng. 
TSP = trIple 5up.r phosphate (46;' P20~) 

o 

. t 
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T al:Jle 2.2. Types and amaunts of fertlllzer materlal 
appllcatlon for the 1985 growIng season. () 

\ 

wItn tlme of 

---------------------------------------------------------.------.-----.-
NORMAL RATE 

.. 
Mg s Carrur Rate 

Method ",nd 
tlm'e of 

.' a p p 1 1 C a tl 0 n 

------------------------------------------------------------------------
-----------kg/h.------------ --kg/ha--

149 0 0 0 0 Urea 1 ) 324 SPPF' 
21 Il 0 0 0 MAp21 190 Banded 81 

0 140 0 0 Potash:S ' 233 SPPI 
0 30 15 30 PMS 4 ) 136 SF'PI , ------.-.-------------------

170 100 170 15 30 Total 
-----------------~----------------------------------------.-------------

HIGH RATE 
-------~--------------------

N Mg s Carr ur Rate 

Method and 
t lme of 
appllcatlon 

--------------~---------------------------------------------------------
-~-~-------kg/hi------------ --kg/ha--

0 1 O~) 0 t) 0 TSp:s) 217 FPPI'" 
0 0 100 0 0 Pohsh Ib7 FPP l 

149 0 0 0 0 Urea 324 SPPI 
4: too 0 0 0 MAP 380 Ban d ed 

0 0 270 0 0 Potash' 450 SPPI 
0 0 30 15 30 PMS 1.36 SPPI 

105 0 0 0 0 ANc!» 308 SOlO' (June 
~2 0 t) 0 0 AN 153 SO (July 8) 
~2 0 0 0 0 AN 153 -1 ' SD (July 30) 

._---------------------------
400 300 400 15 30 Tot al 

1> Ur .. (47X N) 
2) MAP • monoamlonium phosphate (11% N and 52ï. P20~) 1) 
3> Potash • potassium chlorlde (b01. K201 c 

4) PMS • potassium magn'51um iulp~ate (22% J( 20 11 ï. Mg and 22ï. Sl 
~) TSP • triple sup~rphosphate (467. P20:!l) 
b) AN • •• moniuJ nltrate (34% N) 
7) SPPI • Ipring p.rpl~nt lncarporatad 
S) Band.d • ~ CI bl,id. and 5 CI beloN ned at pl'antlng 
9) FPPI • flil preplant incorporated 
10) SD • lid/-dr'lled 

'0 

..... 
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Table 2.3 Boron, zInc and manganese rates and carrlers us!d ln 1984 and 

1985. ~ 

th cronutn ent Element 
rite 

CarrIer 
rate 

-------------------------------------------~---------- ------------------
---.kg/ha--- ---l/hi---

B 0.361 2.~7 SodIum Bor.te ll ( 107- BI 
Zn 0.412 5.00 Zinc cnel.t,;r· (7'/. Zn) 
Mn 0.12 2.00 Mn ChllatE!~·. (:57. Mnl 

U 
2) 
3) 

SodIum borate carrIer wIIghed 1.29 kg/l 
Zinc chelate Wlqhed 1.18 kg/~ <al igolol Ltdl 
M~nganese chelate welghld 1.20 kg/l (011g0101 Ltd) 

2.2.1.4.2 Liling 

The sIte was llmed ln spring of 1985 on il plot by plot b.~il ln 

order te obtaln a pH of 6.0. CalCIum hydroilde (Ca(OH)~, al the 1Iming 

material, wal hand applied and disked ln ~lth the fertillzer ta • depth 

of 10 cm. Rates of llming'materlal were based on laboraXory IncubatIon 

studles WhlCh followed the procedures of Sholmaker et al (1961). 

2.2.1.4.3 Minur. application 

In the fa11 of 1994, ~attle manur. Hal appllid and ~lew.d down. 
"'-. 

Manure was applled with a conventIona1 
1 

farm-typ. milnur. spruder 

transversely on a rep11cate by rep11cilta b~Sli. The rit. of manur, 

applicatIon is glven in Table 2.4. 
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Table 2.4. Rate of appllcatlon of cattle manure 

applled ln November 1984 

-----------------0--------------------------
Repllcate Rate of applicatlon (DM91 li 

--------Mg ha- î --------

2.81 

2 • 4.41 

3 4.74 

4 4.48 

1) DMB=dry matter basls 

() 

2.2.1.5 Sa.phng 

2.2.1.5.2 Sails 

SOlls were sampled for ehemieal analysls in the sprlng prlor to 

fertlllzer applIcatIon and ln fa11 after harvestIng, at a depth of 0-25 
~ 

cm u5lng a T-sampler. 

2.2.1.5.2 Plants 

Tlssue was samllied at dlff\e~nt growth stages as deflned by Hanway 

(1963). Plant parts and the growth stage at WhlCh tissues were sampled 

ln bath years are presented ln Table 2.5. ln both years, graln was 

sampled when physiologlcal maturlty was reached, whieh corresponds to 

HanwlY's growth stage 10, uSIng the kernel mllk llne and black layers as 

maturlty lndlcators (Crookston and Afuakwa 1983). Graln and stayer were 

harvest~d aeeordlng to a modIfIcatIon of the procedures of Stevenson 

(1984) • 
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Tabl e 2.5 Plant parts and varlOUS growth stages at WhlCh tIssue was 
sampled ln 1984 'lnd 1985. 

Growth-rtages Plant parts 

1984 1985 1.984 1985 
--------------------------------------------------------------------.---c 

2+ ..., Whol e plant Whole plant .. 
3 Whole plant Whole plant 

4 4 Whole plant Lea f , shi k 
·5 S Ear l eaf Ear lu f 

10 10 'Stover, gr·aln Stover, graIn, 
leaf, stalk 

-----~------------------------------------------------ ------------------

2.2.2 Laboratory Procedures 

2.2.2.1 50115 

5011 samples were dried at 10S'C and ground to pass a 2-mm Sleve 

• prior to Cu. Zn, Mn, and pH determlnatlons. Edractable Cu, Zn, and Mn 

were determlned by the dlethylenetrlamlnepentaacetlc aCld (DTPA) method 
, 

as outlned by' Baker and Amacher (1982). The procedure In~lved the 
'-> 

shaklng. for exactly 2 hours, of 10 g of drled 5011 ln a 125-ml flask 

wlth 20 ml of OTfA solutIon. The extracted mlcronutrlents were measured 

on an atoruic absorptIon speetrophotometer (Perkin-Elmer A A model 238u). 

5011 pH was measured uSlng a SOl1:water ratIO of 1:2.5 (McLean 1982). 

2.2.2.2 Plants 

Tlssue samples l'lere drled at 70'C and ground uSlnq a macro- and 

mlcro-Wlley mlll to pass a 20-mesh sereen. Plant parts were welghed and 

the dry matter Ylelds were determlned, A sub-sample of 0.5 g WB! 

dlgested ln a b16ck dlgestar uSlng hydrogen peroxlde (~0% H,O,) and 

concentrated H2 S04 (Thomas et al. 1967). The dIgests were dlluted to a 

known welght (50 g) "'Ith delonlzed luter, and the amounts of Cu, Zn, Mn. 

Ca, and Mg ln solutIon l'lere measured wlth an iàtO~lC absorptIon 
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spectrophotcmeter IPerkln-E<J.mer A A mode! 238 1). The "Technlcon" auto-

analyser ITechnlcon Inc., Tarrytown NY) Has used ta measure NH 4 -N bv the 

aikaline phenolhypochiorite test described by O'BrIen and Flore (1962), 

and P by a modIfIcatIon of the chloro-stannous-reduced molvbaophosphorlC 

blue ccl our technIque of Jackson (1962). PotaSSIum wa~ measured with a 

UTechnlcon" flame photometer. 

2.2.3 Use of the Olagnosls and Reco.mendatlon Integrated Syste. (ORIS> 

The t l S sue a n a 1 y SIS r e sul t S for con c en t r a tl 0 n s 0 f N! P • ~: ! "C a, Mg. 

Cu, Zn and Mn ln the whole plant or leaves were used ln calculatlng 

;utr1e~lndlces for the DRIS approach to dlagnoslng 1 nutrlent 

Insufflclences and Imbalances. The procedures for caicuiating DRIS have 

boeen outllned by Cornforth and Steele (1981), Elwall and Gascho (1984) 

o and Sumner (1977a; 1977b). A computer programme developed by Let:sch and 

Sumner (1983) was used. The Nutrltlonal Balance Index 'NBI) was 

calculated bv addlng values of DRIS IndIces lrrespectlve of slgn. The 

larger the value of the NB1 , the greater was the lntensltv of tmbalances 

among nutrlents at the time of sampllng. 
o 

The term uconcentratlon" WIll denote a maSs ratIO such as mllligrams 

per kllogram. Further. "uptake" WIll be used when referrlng ta the 

total. Quantlty of nutrient ln the plant, elther ln the above-ground 

portIon of the plant. or some tlssue such as leaves. graIn, stalks or 

stover. 

2.2.5 Statlstlcal Analysis 

Analysis of varIance of the resu~ts were performed uSlng the 

Statlstlcal Analysls System (SAS) (Barr et a,l. 1979). DIfferences among 
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o nef multl~le , 
means was obtalned uSlng Duncan's ranr;t! test (DI1R~ for 

maln effects and the Least Slgnlflcant Dl fference (LSD) test for 

l nteractl on effects (Steel and Torrie 1980). Letter 5 were u5ed to 

dlfferentlate meansfwhere analysls of varlance was carrled out on data 

sets l'uth unequ~ numbers of repllcates. Where repllcate5 w~e eQ ua 1. 

LSD values were used. Correlatlon and regresslon analyses were done 

uSing the GLM .procedures of the Statlstll:al Analysllj System (SAS) (Barr 

et al. 1979) 

( 
, 

o 

. _._---

o J. 
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2.3. RESULTS 

2.3.1 Soi l Eff.cts ." .. 

A lummary of the probabl11tles assoelated wlth the F-statl~tlc of 

lom. of th. tru-h'M eHeets on OTPA-extractable Cu, Zn, Mn, and 5011 

pH at th. end of the grow1ng season ln 1984 and 1985 IS presented in 
, 

App.ndix 1 

2.3.1.1 Sail pH 
. . 

Relu1tl showe~ that at ~ormal fertil1zer rate ln 1984 there l'lere no 

diff.rencl9 in 50il pH wlth or withou,t irrigatIon· (Table 2.6), However, 

!ta t t h 1 h i g h rat lof te r t i 11% e r' the p H' w a 5 1 0 W e r 1'1 h e r e lr r 1 9 a t Ion lU 5 

4bs"ent. In 1985, the high fertllizer rate l'las assoelated wlth 
~ 

Ilgnlficantly lower 5011 pH. 

2.3.1.2 80il Cu 

The r 1 W a 5 a 51 9 nif 1 C an t h yb r i d - pla n t pep u l.a t Ion e ff e c ton . 0 T P A -

.xtractabll sail Cu in 1985 (Table 2.7)1 ln that at hlgh plant 
o 

populition5 of PIoneer 3925 the 5011 Cu level l'las reduced. 

2.3.1.3 Soil 2n 

In 1984 there l'las a hybrld - fertillZer rate affect an 5011 Z-n, The 

nature ~f th. interactIon l'las not conS15~ent, wlth the hybrIds havlng 

difftrlng effects at eaeh fertlllzer rate (Table 2.8). There l'las no 

siginiflcant ~ffect 'of treatments on 5011 test Zn ln" 1985. 

2.3.1.4 Soil Mn 

In 1995 th.re "as a hybrid - plan! populatIon Iffect on s011 test Mn 
li 

(Tibl. 2.9), Pl?nter ~92~ plots were lOMer in Mn ~t hlgh populatIons. ln 

30 
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1985 there was il prant populatl~n - fertlllzer - lrrlgatlon t'f.et on 

501 1 tes t Mn ( Til b l e 2. 10). Und e r hl 9 h pl il nt pop u 1 i t l 0 ni, ln-9 h 'f e r t l 11 :t r 

rates and Hr'1g~tlon, there was i 51gnlflcantly hlgher v~lut of 1011 

~ 
test Mn than wlth non-1rrigated or low plant populatlonl. How.vlr, und., 

"1g" plant populatIon and at h19h fertiliz.r rit., loil t.lt Mn valu. 

under irrigation WiS highe' than und.r non-irrigatld conditiQ~I. 

--

.' 

, 1 

o 

\ 

.. 

.. 

o 
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-- Table 2.6. Effect of fertll1zer - 'lrrlgatlon and fertlllzer on the 
pH of surface so11 ln .all of 1984 and 1995 respec':lvel',. 

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

N - P20~ - K2 0 
Rates (kg/ha) 

1984 
Irrlgat10n ______________________ J~ ________ ~--

qt as No 1985 
------------------------------------------------------------------------

--------------pH-------------- --pH--

170 - (00 - 170 5. OSa 5. baa 

400 - 300 - 400 5.13a 4. a:b 5.53b 

CV(7,1 4.98 3.47 

. . 

______________________________________________________ ------------------ 0 

mun!l for each year, havI ng a commen l et ter are not SI gnlf l cantl y 
dlff-erent (p=O.05l accordlng to the LSD test. 

't ab l e ~. 7. E ff e c t 0 f h yb r 1 d - pla n t pop u lat l 0 non the O'T P A - e x t r a c t ab l e 
copper froll surface soil sampled ln hll 1985. 

Plan~ Populatlon (pph) 

Hybrld 65000 .- 90000 

-----------------mg/k~----------------

PIoneer 392~ O.76b 

Co-op 2645 O.9Sa 1.00a , 
\ 

CV(i!.)-29.9 
----------------------------------------------------------------- ~ 

... mla~!I ln th, body of the table, havlng a comman, leHer a.re not Slgn­
lflc.ntly diff.rent (p=O.05) âccording ta the LSD test 

" 

--. 
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Table ~.e. Effect of hybrld - fertllizer on the DTPA-e~tr .. ctabli !lnC of 
surface solI sampled il'. fall 1984. 

-------------- - ----. - - ------- --------- _ .. --- - - ----- - - ----- - - ----- - ~-
N - P~O~ - k.:O Rates (kg/ha) _________________ \. ___ ------ _ ----- ___ ------ ----- _ --

-... 
Hybrld 170 - 100 - 170 400 - 300 - 400 

---:- ------- ------ ---':'mg / k 9 ------ - -------- -----

Plonur 3925 
o 

, 1. 53ab 1.37b 

Pioneer 3949 1 .27b 

CV(Y,)=26.2 
\ 

1) 
, 0 --------------- ------ - - ------ - ---...,-~ -- ----- - --.-- - --- ---. - - .---- --o 

muns ln the body of the table, havlng,} common lettlr ara 
not slgnlflcantly dlfferent (p=O.05) ilccordlng to th. LSD test. 

Table 2.9. Effect of hybrld -plant populatlon ·on DTPA-extrilctilble 
manganese from surf~ce sOlls sampled in f~ll of 1985. 

Plant Population (pph) 

Hyb r 1 d 65000 ~oooo 

----- -------:;-- - ----mg 1 kg ---- - - ----0----------
Ploneer 3925 26.4b 

Co-op 2645 29.3ab 31. 3 a 

CV(Ïo)=lB. '3 

: .. means ln the body of the table, havin; a commen l,thr Ir. 
net Slgnificantly dlfferent (p-O,05) ilccording to th. LSD tilt • 
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Tible 2.10. Effect of plant populatIon - fertlll::er - lrrlgatlon on DTPA­
extractable manganese ln ~urface sOlls ln fall of 1995. 

-- - ... --_ .. - - - ----- - - - - --- - - - - ---- - ------- - - --- .. -- - --_ .. -- - _ .... -- -- -- .... - -- - .... 

Plant 
Population 

.... -_ .. -- .. - - - - ----- - - ---- - -.., ----- - - -- --- - - ----- - - -- -.. - - - _ .... 
170 - 100 - 170 

(/Irrlgltlon 

Yeso No 

400 -:: 300 - 400 
Irrigat10n 

----- ------~- - ------
Yes No --- --_ .... _--_ .. ------------- ------- ------- ------ --_ ...... -- ---- ---- - - ---.,..-----

---pph---- -- - - ---- - - -- ----- ------ - --l1Ig / k 9 - ----- -- - ---- -- -- --- --

63000 32.3 29.6 28.9 31.~ 

90000 26.3 27.0 34.5 27.4 

LSDo.oo~=5. 5 mg / kg 
o ----- --------- .... _-- ------ - ------------- --------- ------------- - ----.- ----

o 
o 

• 

" 0 

,) 
\ 

~> 

, 0 

, 
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2.3.2 Plant Growtn ROiponl1i 

-The probabllitles assocuted wlth the F-stat15tlC of the treatment 
o 

r' 
effect on dry matter ytelds, and content and upta\..e of Cu, Zn,_ i.nd Mn ,at 

the var i 0 us gr 0 loi t h st cl g e 5 lOn 1 984 a n a 1 985 cl r e p r li sen t Il d 1 n A pp end 1 xII 

,f 
2.3.2.1 Dry .l''ttar acc:ululaUan durilllJ th. Qrowin; Iliioni. 

In general, the total ac:c:umulatlon and rate of dry lIIattfu 

accumulation wasQ greater ln 1985 than 1964. The rate of dry matter 

\. 

accumulation was hlghest durlng the period batween 40 and 80 d.ys aH.r 

lIIIergence ln bath year$ tFlgures l, 2,3 and 4). Treatment dlfferlncu, 

wlthln any One season, and between seasons, were notlc:eable when plants 

passed stage 4, ab~ut 80 day~ after emergenc:e. 

o " 

. , 



Figur-e . Dry matter accumulation ovgr gro\f/ing season 
U( Hybri d affect 

26 ---, fi 

l24 ;.:~~ 
.; 

-
22 Cl Pt on*r 3Y~ 

+ ~l:;neer 3949 
20 - lm 0 
U~ .r. 

........ o PlonHr 392S El 16 -
1:1 (.o-op2b45 

"C • n 
"i 14 
">. 
~ 12 
4) ..-..-
0 10 
E 
~ e ..... 
0 

6 
Q 

4 

i , 
0 

a 
0 20 40 60 80 '00 120 140 160 

0 

( t-
Dcys cf te,. emergence 

" 

Fi 9 ure ::. Dry matter accumulation over growing season 
Plcnt populqtion effect 

26 -r 

24 - ~: 

22 t 
a """"( ~ 
+ ;"lll.\" ;ch 

20 
...... 1985 0 18 ..c: 
"- ~ ,5('Q) pph li 01 16 ~ 1 t::. ~'IC> CPh ...... 
"0 

.] 14 
>. 
~ 12 u .... -0 10 
E 
~ 8 
a 

JI 

4 " , 

C 2 

0 
o ,20 40 60 80 10Q 120 '40 160 

36 



1 

Fi gr..: re ". Drymatter accumuiatiori-over growing season 
• 

-0 26 -
=erti:i::er effect 

24 -

9 

22 Cl !. - :-:-.:.. ' ; r,< 

"" ~ 20 
...... 
0 18 J: 

"'-
( 

CI 16 ~ ...... 
"0 
Qi 14 
'>, 
... 12 
III .... .... 
0 10 
E 
~ a 
a 

6 

4 

2 

a 
0 20 40 60 80 '00 120 140 160 

Doys after emerg.nce 

0 
Fi 9 u re 4,. Dry matter accumulation over growing season 

Irrigation affect 

26-----,----------------------~------------------------~ 
24 1 

22 

20 -
o Ir"lgciti?<J 

+ 'lon-lrr:gate-J 
0 18 J: 

........ 
01 113 ~ ....., 
"0 
Qi 14 
'>, 

<> ~n;m1 
6 \Jc."-! .. ,.: ~à:ec 

t ' 12 .... .... 
0 la 
E 

0 

~ 8 
0 

1> 6 

4 

2 

0 0 
a 20 40 60 III 0 '00 120 140 ,'ao 

o 

37 



c 

o • 

o 

c 

\ 

Q 

2.3.2.2 Plant tillu, copp.r 

In general, upta\le of Cu with tue as a fUilctlon of hvbrld, 

populatlon denuty, fertllizer rate and Irrlqatlon followed a slgmodial 0 

curve (Flgures. 5, b, 7, and B) 
o 

2.3.2.2.1 SrcNing IIlIon 1984 

Hlgh plant populatIon resulted ln a greater uptake of Cu by the 

whola plant at growth stage 2+ and 4 only (Table 2.11>. At growth stage 

4, Pioneer 3949 had a lower concentratIon and uptake of Cu Hi the whole 

plant when Hrlgated <Table 2.12). At growth stage S the Cu concentratlon 

ln the ur-leaf was found te be ,lower where high fertllizer rates l'lere 

und, compared to the normal rate; and Cu l'tas lQWerbWlth lrrlga.ted than 

non-irrlgated plants (Table 2.13). At harvest 11 1984, Cu concentratlon 

in the graln of plants at low populatIon and normil fertll1zer rate, was 

inc:rlluld by lrngation (T-abl, 2.14). 

.~ 

1 
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Table 2.11. Effect of plant populatlon on é'oop!r c:onc:entration .lnd 
uptal-e by mal a shoots at growth stage 2" and 4 ln 1994 

, 
.-----------------------------------------------------------------------, " 

Growth 
Stage 

Pl an t 
Populatlon 

Cu 
Up t ake 

Cu 
Conc:entratlon 

Drv Mattu 
Yleld 

---------------------------------------------~-------- ------------------
---gtha--- - - - -,1119 / kg - - - - ---Mg/ha"'--

65000 3.46 12.5 0.31 

90000 4.76 10.8 O. 4~ 

* * 
CV ('1.1 60.0 110 37.9 

". 

4 65000 40.0 0.76 6. 17 

90000 :54.0 6.:50 B.07 . -. • 
CV (iO 31.1 32.2 13.9 

l, populatlon differences slgnlflCant at p-O.OS 

Table 2.12. Effect of hybnd - lrrlgatlon on copper conc:entra-tlon and 
uptake by lUlU plant shoot at growth stage 4 ln 1984, 

Cu ccncentratlon Cu uptalte 

Hybrid <> Ves No Yes No 

----------mg/kg--------- -------------9/ha--~--------

PIoneer 3925 6.55 46.0 43.0 

Pi oneer 3949 5;68 7.79 43.0 

CV(~)=32.2 LSDo.o:J=1.52 mg/kg 
------------------------------------------------------ -----~------------

) 

! 

/ 
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-------------------------------------------. 
Treatment Cu content 

~7: 
---mg/ kg---

~3Q~ - K10 1~9Ltl!1 - -~-

- 100 - 170 13.9 

400 300 400 12.:5 
• 

!!:~HHlgn 

VII 12.6 

No 13. a 0 

* 0 

CV(1.) 16.9 
-------------------------------------------

~ 

hbl. 2.14. EHlet of pl_nt population-fertlllZer-lrrigatlon an copper 
ncantratlon in ftlilZI qriin at harvest in 1984. 

Plant 
Populltlon 

~ . ~ ----------------------------------------------------------
Irr 19atl on 

------.--------------------------------------------------
y!! ~Q 

N - P;:Ol5 - K2 0 (kg/ha) N -.P20~ - /(:0 (k9/hal 

170-100-170 400-300-400 110-100-170 41) t) - 31)1) - 4~)t) 

------------------------------------------------------------------------
---pph--- --------------------------mg/kg---------~--------------

(,:5000 5.57 3.59 3.43 4.70 

90000 4.1 a 4.36 4.60 

~-_._----------------------~--------------------------------------------

• 
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2.:3.2.2.2 Growlng senon 1995 

In 1985, there were generally more treatmtnt effects on th, cont"nt 

and uptake of Cu at the varlOU5 growth stagu th.an ln 1994, Therl WIH" •• 

number of treatment WhlCh ude Q.n.r.allutlonl 

difflcult.However, populatIons, hlgh 

irrigation te.nded to redute Cu concentration 1 

fertlilar r.at .. 

in~ Cu toncentrlitlon 

Co-op 2645 was generally lower than ln Ploneer 392:5. 

and 

ln 

There l'lere no treatlIIent differences ~'I1th respect te effects on th. 

concentratlon and upt~l<,e 
e 

of Cu by plants at growth stage ... 
~. The Cu 

c:oncentrabon and uptake by tha plant shoot At stag. 3,and lenu at 

stage 4, were dec;reased under lrrlgahon, but th. Cu uptaklf by the Qraln 

at growth stage 10 wu Incrused under lr"rlgatlon (Table 2.1:5). Th. 

concentratlon of Cu in the plant shoot Olt growth stage 3, 1'149 low.r, at 

high rates of fertlllzer when compared to norlftal rates, however, the 

uptake of Cu WOlS hlgheq the luves of Co-op 264~ were low'r thu tJlo •• 

of Ploneer 3925 ln Cu content (Table 2.1~). The llavu of plants at hlQh 

populations Nere 10wer than thon at 10101 population ln Cu c:oncantrltlon, 

hOHaver, the uptake of Cu lUS higher (Table 2.16) 
~ 

Copper uptake tollowed a slmllar pathrn to that of D dry matter 

yields, l'uth increased uptaka gi!nerally auocated 1'11 th incr!ased dry 

m~tter ylelds (Tabllt 2.171. .At growth stage 4, Co-op 2643 at th. hlgh 

fertlllzer rate, "wa, found to have a lower concentrat:1Qn and upta~a of 

Cu ln the plant stalks when irrlgated ai against no lrrigatlon (Tabl. 

2.18 and 2.19). 

When the norul rate of ferti l,uer l'liS apphtd, th. Cu conc.ntratlon 

in the ear:leaf of Co-op 2614:5 at .qrowth stao.~, l'iii or •• ttr at b~OOO 
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th an, 9ÔOOO plants per hectare; at the h.lgher plant denslty Ploneer '::9:5 

l'las 'higher than Co-op 2645 ln Cu concentration ln the ear-leaf. At nlgh 

rates of fertlilur, the Cu concentrat-lon ln the ear-leaf dld nct' dlffer 

wlth plant populatlon for Co-op 2645, but lt was 

90000 plants per hectare for Plo-neer 3925 (Table 

found th.t under hlgh rates o~ hrtlllZer'the Cu 

hl gher at 65000(:tha: at 

2.20).- Further It was 

concentratlon w s lower 

• wlth lrriqatlon regardlsss of plant populatIon. At normal fertllizer 
o 

rates there l'lere no dlfference ln Cu concentration between plant 

popula~ion wh.n Irrigation l'las applied, but ln the absence ,Of IrrIgation 
, ~ 

the ION plant populatlons Nere iSSoclated wlth greater Cu concentrat'lon 

(Table 2.21). 

• At harvest the 
-..c : 

Cu concentration ln the stover of non-lrrlgated 

plants of Co-op' 2645 l'lere lawer at hlgh plant populatlon, and tlleré ware 

no differences -when plants l'lere Jrlgated (Table 2.22). A pattern of 

hybrid le plant pop u 1 a t i ~ n x i r r i 9 a t ion e ff e c t a n~ Cu uptake by the 

stover, 51mllir ta the affect on concentratIon ('P'able 2.22) was also 

observed (Table 2.23). 

With ruplct ta the luf tIssue Cu concentration tlt harvest, PIoneer 

392~ had tI gruter Cu concentration than Co-op 2645 (Table 2.24), Copper 
~, 

concantrtltions ln the plant stalks at harvest we"e lower under 
/ 

! 

lrngatlon than non-lrrigatlon when plants l'lere at 10101 populatIon, 

hOWIVllr thlre l'lere nO dl fferencu ln concentr.tion between the mOl sture 

requIS at hlgh plAnt populatIons (Table 2.25). The dry matter yi el d and 

upttlke of Cu lofer e increased only at hlg.h plant populations when the 

. flrtllUlr rite "aS lnereand from normal to hl gh lTabl'es t.2b and 2.27) 
\ 

• 

--
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Table 2.15. EHect of lrngatton on c:opp;r c:oncentratlon and uotÜl, and 
-dry matter. Yleld ln varlO~IS plant parti at dlf"erœnt 

1 plant growth stages ln 10985 • 

. ______________________________________________________ _ w _______ ~ _______ _ 

- . 
6rowth 
st ages 

3 

Plant 
Part 

, 
pl ant shoots, 

4 leaves 

10 grain 

Cu 
Irrigation Conc:entratlon 

---mg/kg---

Yes 0.88 

No "'-t e.18 

* CV(%) 14.0 

- Yas 10. 1 

No 1 L 0 

* CV (%) 11. 1 

Yas 1. 83 

No 1. 93 

CV (7,) 38.5 

Cu 
Up t akl 

--01 h.--
0.713 

(\.881 

* 19.7 

28.0 

31.0 

* U5.0 

21.0 

10.4 

* 42.9 

Ory 11.ttar 
Ylild 

--Mg/h.--

0.958 

1. (16a _ 

27.5 

2.81 

2.84 

11. 7 

11.5 

8.4 

* 8. 19 

---------------------------~--------------------------~-----------------
.j signlfteantly dlfferant at p.O.05 

l' 

, 
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Table 2.16. Effect of fertlllzer rate on coppe" concentratlon and 'uptake. 
",nd dry matter (DM) yleld ln the plant shoot at growth stage 
~; effect of hybrld and planf populatlor'1 on copper 
concentratlmn and uptake, and dry matter (DM) yleld llJ leaf 
tlssue at growth stage 4 ln 1985. 

------------------------------------------------------------------------
Gr owth Plan t Cu Cu DM 
St age Part Treatment Concentratlon Up t a le' e Y 1 el d -- ------ - - - -- - - - ----- - -- - ----- - ---._- - ------ - --- --- ---------- ---- - - -----

---rr,g/kg---- --g/ha-- --Mg/ha--

3 plant shoot N - P.zOo - K:zO 
170-100-170 7.88 7.48 0.93 

400-300-400 7. 10 8.46 1. 10 
* * * CV (7.) 14. 0 19.7 . 27.5 

4 1 •• vlI ~)'g[iQ 
Pi onur 3925 JIO.9 29.6 2. 73 

-" 
Co-op 2645 10. 2 29.7 2.93 

* * CV (7.) 11. 1 15.1) 11.7 

4 leaves • PopulatIon (pp h) 
65000 11 ... 0 28. U 2.55 

90000 10. 1 31. 3 3. 10 
'* * * CV (7.) 11 • 1 1 S. 0 11.7 

. , --.....- - -----.,.------ - -------------- - ------ - - ----- - ------- -------- ------ - -._-
*, signlficantly dlfferent at p=O.OS 

, 

-
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Table ~.17. Effect of plant populatlon and fertlll::er on dry matter 
yleld and copper uptake by Inal:e shoots at growth stage 3

0 

ln 1985. 

Qc~ ~!~!!c Y!!lg ç~ ~e~!~! 

Pl ant --~-=-~~~~-=-~~~-~~~~ --~-=-~~~~-=-~~~-~~~~~~~----
Populatlon 170-100-170 400-300-400 170-100-170 400-300-400 

-----------------------------------------------\--------~---------------
---pph--- - ---------Mg/ha-----------· .... -----------g/ha-----------

0.77 0.75 6.79 6. 6~ 

1.09 1..4 5 B. 17 10. ~ 0 

CV(7.)=27.:5 LSDooo~=O. 20 CV(7.)=19.7 LSDooo:l=1.12 

) 

~ 

Table 2.18. Efhct of hybrld - fertlllZer - irrIgation 
• conScentratlon ln malze plant stal ks at growth 

1985. 

on coppar 
st.1ge 4 ln 

170 - 100 - 170 400 - 300 - 4uO 

!cng !~!ga !c!:!!a~~QQ 
Hybrid 'No Yes No VII 

-- - -_ .. --- -------- -_.---- - ------ - ------- _.--- - - ------ _ .. - -- -- - -- .--. - - - .. -
-------------------------mg/kg----------------------

Pioneer 3925 3.eS 3.08 3.36 
., 

3. 11 

\ Co-op it45 3.80 3.56 4. 71 2.86 
"-

CV (7.) =23.1 LSD oo 0::1=0.82 mg 1 kg 

----~--------------------------------,--------------------------------7-
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Table 2.19. Effect of hybrfd --fertlll:U - lrrlgatlon on copper uctake 

by malze plant stalks at gral'Ith stage 4 ln 198:;. 

-~---------------------------------------------------- --------.---------
N - p~O~ -~ (kg/ha) 

-----------~-----------------------------------------
170 - 100 - 170 400 - 300 - 400 

, 
Hybrid No NO" Yes 

-------------------------g/ha-----------------------
Pl onler:. 392~ 21.'0 18.0 21.0 20.0 

Co-op 2645 21. 0 23.0 30.0 16. 0 

cv (7,) -28.7 

,< 

Table 2.20. Effect of hybnd - plant populahon - fertlllzer on malze 
eir-leaf copper concentratIon at growth stage 5 ln 1985. 

1 7 0<1- 1 00 - 1 70 - 400 - 300 - 400 
(------------------------ . 

El!n; e22Yl!;190 
-

Hybrid 6~000 90000 651100 9 (H) 1)1) . ------------------------------------------------.-------.--------------- ~ 

----------------------mg/kg-----------------------
Pi on .. r 392:5 8.88 8.84 8.78 7.65 

Co-op 2645 a.71 7.09 7.76 7.85 

LSDo.o~=1.03 mg/kg 
..• ------ -- .. --- - ----- - -- --- - - - -;------ - ---- -------- - -- ---- -- ------ - - ------

f 
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Table 2.21. Effect of hybrld - fertlll:er - Irrigation on mal!i tar-l'if 

c~pper'concentratlon at growth stage 5 ln t99~. 

---------------------------------------------~--------------------~-----
Irrigation 

YIS No 

Plant 
Popul aU on 170-100-170 400-300-400 170-100-170 

---pph--- -------------------------mg/kg-------------------------

ô5000 7.8S 7.70 9.74 8.84 

90000 8.28 7. 18 7.b:5 8.37) 

• CV(iU=12.~ 

Tiblls 2.22. Effect of hybnd - plant populatlon - irrigatIon on copper 
concentration malze stayer at harve5t stage ln 1995. 

------------------------------------------------------------------------" Plant Populitlon !pph) 

65000 90uIJI.I 

Hybrid No ',les No VII __________________ ~ _____________ • __ ._ -0. ____________________________ .,. __ _ 

Pi oneer 3925 

Co-ép 2645 

CV(7.)=28.3 

" .-----------------------mg/kg-----------------------
4.51 

5.09 

3.9ô 

3.70 

LSDo.oe~1.14 mg/kg 

4.6:1 2.93 

3.78 

----~-------------------------------------------------------------------

49 

\ 
o 

, , 



/ 
( 

c 

c 

~ 

Ti b l, 2. 2 3 • E ff e c t 0 f h yb r1 d - pla n t .P a P u 1 a t 1 0 n - 1 r ,. 1 g a t l 0 non the 
uptake of copper by malze stover ln 1985. 

----.-------------------------------------------------------------------
Plant Population (pphl 

-----------------------------------------------------
65000 90000 

Hybrid No 'l'es 140 'l'es 
-------------------------------------------------------------------_.-.-

-------------------------g/ha-----------------------

Plonur 3925 36.0 36 • .1) 42.0 35.0 

Co-op 264~ :n.o 34.0 30.0 

CV(Y.)=25.8 LSDo.oes 9.0 g/ha 

Tibll 2.24. Effect of hybrid - lrr1gatlon on copper content ln matze 
luf tiSlue At lurv •• t stige ln 1985. 

Irngatio.n 

Hybrid 'l'es Np 

---------------mg/kg---------~~---

Pi onllr 925 6.28 7.34 

Co- 2645 b.15 6.00 

CV(X)·14.7 LSDo. oo =0.68.tlg/kg ___ • _____ ~ ______________________________ a ___________ -_ 
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Table 2.~5. Effect of plant popula lon - lrrlgatlon on capper content 
of mal:e plant stal~s at harvest stage Ln 1965." 

:------~;;;.~~~~~~~-~------
Plant -----------------------------------------
Popul.t l on Vu No 
----------------------------------------------------------j 
----pph---- ---------------mg/kg----------------

65000 1. a9 

90000 2.63 2.39 

CV(ï.)=63.3 LSDo.o i5 =1.17 mg/kg 

Table 2.26. Effec:t of plant populatlon - fertiluer on muZI luf dry 
matter yield at harvest stage ln 1985. 

------------._------.-------------------------------------~----
Plant PO,pul.tlon (pph'> 

N - PzOe - K2 0 65000 90000 

-----~-----------------------\---------------------------------
-~--kg/ha---- --------------------Mg/ha------------------

170 - 100 - 170 3.20 3.64 

400 - 300 - 400 3.22 4.16 

{J' 

CV(7.l=11.0 
_____ • __________________________________________ a. _________ • __ _ 

. ; 
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Tabl. 2.27. Effeçt of plant papulatlon - ferttl'lzer on cooper uptûè by' 
maize leaf tlssue at harvest ~tage ln 1985. 

~---------------------------------------------------------~-------
Plant Populatlon (pphl 

65000 90001) 

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

170 ,- 100 - 170 22.0 23.0 

400 - 300 - 400 20.0 26.1> 

CV('l.)=20.3 LSDo.oo=3.0 g/ha 

---------------------------~-~~---------------------------------

• 

l,. 

« 

, .. . 

, 0 

.' " ... 

,l)' 0 

, . 
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o 2.3.2.3 Plant tillU' zinc 

In general, uptake of Zn wlth tlme as i functlon of hybrld, 

populat10n denslty, fertlll:er rate and Irrlgat10n follow.d a 11Qmo1dal 

pittern simllar to dry matter accumulation (FIQurn. 9, 10, 11, lnd 12) 

< 2.3.2.3.1 GraNtn; •• ilon 1984 

At growth stage 2+ there were no dlffvrences ln Zn concentration ln 

the hybrlds at low plant populatIon, but at hlgh plant populatlonS I 

Pioneer 3949 was hlgher ln Zn than Pioneer 3925 (Tabl. 2.28), The uptak. 

of Zn at stage 2+ was greater at hlgh plant populations, and wlth hlgh 

rate of fertillzer. Dry matter ylelds followed the same pattern (Tabl,. 

2.29 and 2.30). Hlgh plant populations had a hlgher Zn uptak. than low 

populations at stage 4, and thl! also occurred wlth Zn content ln the 

grèlln (Table 2.31). 

HI.gh fert11lzer rates Here assoclated w1th a hlgher ln 

concentratlon ln the ear-Ieaf at stage 5, and wlth a hlgher Zn uptake by 

the grain at stage 10 (Table 2.31) .r-Irrlgatlon was assoclatad wlth a 

decrease 1n concentration and uptake of Zn by the stover at stage lu, 

and-a decrease ln Zn concentrat1on ln the grain at the same stage (Table 

2,31) • 

o 
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fable 2.29. ~ffect of hybrId - plant populatIon on ZInc content ln 
mal%e plant shoots at growth stage 2· ln lQS4. 

--------------------------------------------------------------
Plan t 

Papul.Jtion PIoneer 3925 

Hybrld 

PIoneer 3949 
--------------------------------~--------------------- --------
---pph--- --------------------mg/kg------------------

65000 75. 1 a 

90000 Ô 7. 6b 79.3a 

CV(7.)~24.7 

• means in th. body of the table, havlng a common letter are 
not 9igniflcantly dlfferent (p=0.05) accordl~9 te the LSD test. 

, 
. 

ribla 2.29. Effect of plant population - fertillzer rate on zinc uptake 
by liize plant shoots at growth stage 2+ ln 1984. 

" 

Plant 
Population 170 - 100 - 170 400 - 300 - 400 

.-._-------------------------------------------------------------
---pph--- -- -'7 ------------------g 1h a --------;------ ------

65000 28.0 25.9 . ,. 
90000 29.1 42.0 

F 
. , 

LSD o o oe=10.2 g/ha 

----------------------------------~------------------- ----------

.,. 
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Tible 2.30. Effect of plant populatlon - fertillzer rate on abeve 
ground dry matter Ylelds of mal:. plants at growth itiQI 
2+in1984." 

.J 

--------------------------------------------------\---------------~ -
Plant 
Population 

---pph---

6~OOO 

90000 

CV(1.)=37.9 

N - P 2 0 ::s - K 2 0 R it Il (k Il / h 1°) , 

110 - 100 - 110 400 - 300 - 400 

--------------------kg/hi-----------------
30:5 32(1 

o 
372 ~27 

LSDo.oe-l02 kg/ha 

---------------------------------------------------~--------~-_._-

0' , 

S7 

-
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Table 2.~1. Effect of pla.nt populatIon, fertll1zer rate, and lrngatlon 
on.Zlnc uptake and concentratIon ln varlOUS plant carts 4t 
growth stage!; 4,5, and 10 ln 1984. 6 ______________________________ ~ ______________________ ____ • _____________ _ 

Growth Plant 
"StiQ' .pu t Treahent 

Zn Zn 
ConcentratIon Uptake 

DM 
Yleld 

--------------------------------------~---------------------------------

4 plant shooh 

10 orain 
( 

10 grain 

10 grain 

10' stOVIr 

---mg/kg---- ~-g/ha·- --Mg/ha--

PopulatIon (pph) 
65000 

90000 

CV(7.) 

N - P2 0e - K2 0 
170-100-170 

400'::300-400 

27.4 ' 

30.2 

39.9 

46.0 

CV(Z) 15.p 

Popul aU on (pph) 
65000 ., 

9.0000 

CV(7-) 

N - P20e .- K2 0 
170-100-170 

400':'30.0-400 ~ 

CV{X) 

Irrigation 
Yes 

No 

cv (Xl 

Irrigatlon 
YI! 

No 

cv (X) 

,30.2 

29.6 

10.3 

29.2 

30.6-

10.3 

27.. ô 

32.1 

* 10.3 

15.9 

, 19.9 

* 18.9 

6.2 

8. 1 

* 
3~. 1 

242 

264 
~* 

12.0 

243 

* 12.0 

250 

12. ri 

11 S 

139 

* 25.1 

éi.67 

B.07 

* 13.9 

B.18 

9.85 

* 
9.6 

8.34 

9.6 

9.0.3 

8.00 

* 9.0 

1.31 

b.87 

10. 1 , 
-----------------------.-~---------------------------- -----------------
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2.3,2,:5.2 Growi Il; 1.'lIon 198' 

At growth'stage 2,' there l'las a hybTld x lrngatlon,eftect on th. ln 

conclilnt.[atlon In'the'plant (Table 2.32), However thlS mUIt bR conllaer.a 

as a random effeçt as the Irrigation treatment had not beaQ applled by 
• 

the' tue of sampllng. 

In comparlng hybrids, ,Zn concentration and uptake in thl plant Ihoot 

olt stage 3, plant stalks olt stage 4, and leaves at stage 10, l'lere hlQher 

for CoJb p 2645; the uptake of Zn at stage 2 l'las hlgher for Co-op 264~ 

than for Ploneer 3923 (Table 2.33) 

Comparlng plant population affects,' th. hlgh pllnt population l'III 

assocuteduO wlth a hlgher .uptake of Zn ln the whole plant at growth 

attages 2 and 3, and ln the leaves at growth ~taga 10 (Table 2.34), 

Hlgh fertllLZer r",te ln comparison to normal ratl, wu assocuttd 

Ni th a higher uptake of Zn ln," the whole pla'lt at Ita-ge 3, th. leavlI -

and stalks at stage 4, and the stalks and grain at stige 10 <rabl. 

2.35). The Zn cancentratlon ln the aar-l.af .t stag. 5 l'las also hlgh.r 

at~ the h\gh ferhluer rate trlUtment <Table 2.35) . 
. 

Where plants wer. lrrlgated, in comparlson to non-lrrlgatld, the 
.' 

~ . 
concentratlons of Zn l'lere lowe~ ln the whol. plant at growth stage ., J, 

the aar-Ieaf at stage 5, and the stever, ~ stOilks, and grun it 

stage 10 (Jable 2.36), Irrloat.lon allo lpwertd th. Zn uptak. by plants 

'at growtb stage 3, and that by the leaves and 5talkl at qrowth stage 10, 

but It incrl.sed the uptake by th. oraln,.t stao, 10 (Tabl,'2.jb). 

There Nere a nu.ber of hybrld Intlractlo~S with the 
, " 

At growth s~age 3, ' th. hyltr1ds dld not dlfhr in tu,ut 
~ 

In concentration when they werl"~l~~t.d at ION plant d.nllty, but .t 

," , 
" -



high density P,loneer 3925 had a lower concentratlOr'l (Taole 2./37): an:j 

also, Ploneer 3925 had a lower Zn concentratlon \oIhen at hlgh clant 
. 

populatIon than at low population. Irr1gatlon dec r eased tne 

J' 
concentrat1on of Zn ln the lI!alZe' leaves of bath hybrlds, but at hlgh 

pop u 1 a tl 0 n in d non -1 r r 1 9 a, te d con d 1 t 1 0 n s , C Q.:- 0 p 2645 ha d a hl 9 he r Zn 

" 
concentration (Ta,1!! 2.38) 

, ' 

T 

Il 

• 

c 
\ 

.. ' 

\ 

/ 
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Table 2.32. Effect of hybnd - lrrigatlon on Zlnc content ln mAin 
~ 

plant!l at grc\IIth 'stage 2 ln 1985. 

Irngatlon 

Hybn d Y.es No 

Pi oneer 3925 

-----------«~ ,----------
34.0 ' 32.1 

Co-op 2645 .32.0 39.4 

cv (h) =20.4 \LSDo.oe=6.5 mg/kg 
--------- - ---- - - - ----- -- ----- - ... - --- --- - - _ .. -~ -- ---- .Jt 

L 
~ 

fi -( 
"" 

'~ . ,., <J 
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Ti b 1. 2,:3:3, Eth c t 0 f h yb r 1 don z i n c; con C I.n t rat 10 n u p tait e and dry mat tIr 

(0/1) yield in vsnous pÏatit parts at gr"owth stages 2, 3, 4 
and 10 in 1985. 

. , 
-------------------------~---------------------------- ------------------
Growth 
Stig. 

Plant 
Par t Hybr 1 d 

Zn Zn '" DM 
Conc:entratlon Uptake Yleld 

---~--------------------------------------------------------------------

, , 
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• Table 2.34. Eff&ct of plant 

ilInd dry~uttltr 
s~ages 2, 3 and 

c-

populatIon on ZInc uptaKe and conclntrcltl0n, 
(011) Y18ld in varlOUI pl.nt p«-t, at Qrowth 
10 ln 1985. ~ 

6ra~th Plant Plant Zn Zn DM 
Stage Part - Populatlon ConcentratIon Upta~e Vleld 

----------------------------------------------------;r-------------~----
---pph--- ---mg/kg---- --g/ha,,- --Mg/ha--
"-

2 plant shoot ~OOO 32.2 1. 8b 

90000 36.5 2.08 0.074 

* * CV (% > 26.4 37. 3 16.4 , 

7 hoot 65000 46.3 41. 3 ù.75 

90000 '43. a 33.4 1. 2!-
.. ~ 

* * cv ( ï.) 18.8 a.O 27,:5 

1 

. 10 1 lU VIS 65000 • "- 19.2 61. 0 3.21 
~ 

90000 20.7 81. 0 3.91 

* * CV ( ï.) ~4 40. 3 11. 0 ..... 
~ . 
~ 

------------------------------~--------------------~~----._---.-~------~ *, slgnlfll::al\tly dlfferent at p=O.05 

o 

, 
- .. 

.-
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Table 2.35. ' Effect of fertlllzer rate on ZInc concentratIon and uptal<'~, 

and dry matter (011) Yleld ln VarlOU$ 'plant parts at growth 
'\ stages -:, 4,5 and 10 in 1985. 

. 
--------------------------------------~~--------------------------------

3 plint shoot 

4 Invas 

4 

3 ur-lail 

1 
10 ItAl k 

10 9'Ii n 
i' 

170-100-170 . 
400-300-400 

CV(X) 

170-100-170 

400-300-400 

CV (7,) 

170-100-170 

t 
400-300-400 

CV(7.) 

170-100-170 

CV(X) 

170-100-170 

400-300-400 

cv (7.) 

170-100-170 

400-300-400 

CV o!) ,. 

44.0 

46.1 

18.9 

33.1 

33.1 

~ 
22.0 

24.7 

33.3 

28. 1 

31.7 

* 34.9 

1'8.2 

11.6 

76.9 

21. 7 

23.5 

* 
15.3 

\ Il 

42.S 

54.2 

* 26.6 

90.0 

110.0 

-37.7 

129.0 

151. 0 

* 31.3 

42.0 

65.~ 

* 94.1 

206.0 

0.93 

1. 10 

* 27.5 

2.74 

2.91 

11. 7 

S.B6 1 
6.20· 

* 9.8 

5.26 

5.80 

* 14.7 

9.6 

10.4 ,. 
8.2 

-----------*--~---------~----------------------------------------~------
., liQniHc:antly diH.rent at p"O.05 
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Table 2.36. Effect of lrrlgatlon on :lnt concentratlon and uctavI, and 
dry matter (DM) yleld ln varl0US plant parts it Qrowth 
stages 3, Sand 10 'ln 1995. 

Growth 
Stages 

Plant· 
P..art Irrlgatlon 

Zn 
Concentratlon 

Zn 
Uptak. 

, 
DM 

Yl.ld 
--------------------------------------------------~---------------------

3 

5 

10 

10 

10 
/ 

" , 

plant shoot Vu 

No 

CV(:() 

ear-leaf VIS 

No \ 
CV!,,) 

stover Yu 

No 

Q CV(7.1 

leave's Ves 

No 

CV(7.) 

stal k Yu 

( Na 

CV<7.) 

grain Vu 

No 

CV(7.) 
'. 

----mg/kg----

42. 1 

48.0 

* 
18. 8 

2~.b 

34.2 

* 
19.1 

17.5 

23.4 

* 34.8 

15. (1 
r-

24.6 

* 29.4 

7. 14 

12.6 

* 76.9 

2L 3 

23.9 

* 15."5 

." 

--g/hi--

, 

1 

44.2 

52.'5 

• 
26.6 

----
198 

107 

39.0 

58.0 

83.0 

* 40.2 

41.,0 

6:5.1) 

* 
84.1 

246.0 

~o 1.0 

* 18.3, 

0.96 

27.5 

9.59 

8.39 

* 8.9 

3.83 

5.96 

* 14.7 

11.5 

8.4 

* 8.2 

---------------------------------------------_._--~-------------------~-
*t lionlHclntly diff.rent at p·,O.05 , ,. 

\ '<.\.<\ 
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Table 2.37. Effect of hybrld - plant populatIon on ::lnc concentratlon ln 
malze shoots at growth stage 3 ln 1985. 

Plant Populatlon (pph) 

65000 90000 

---------------mg/kg----------------

Plonur 3925 ~46. 4 39.0 

Co-op 2645 46.2 48.6 

CV('l.)=19.9 LSD Q • oe =6.0 mg/kg -- - ------ - -----------.. --- - ---- - - ------- ------". - - -._-- --- ---

, 
hblt 2.38. Effad Ot h1brid - plant populabon - lrngahon on the Zlnc 

concentration in IDalze l eaVe5 at harvest ln 1995. 

Irrigatlon 

Yes 'No 
-------_.---------------- ----------------------

Hybrld 65000 90000 65000 90000 
--i---------... -------------------~--------------------------------------- '.ln. 

-----------------------mg/kg--------------7------
1 

P1,on,.r 392:5 12.5 '13.2 22.9 1 B. B 
" 

Co-op 2645 16.8 17.5 ,~ t3.8 32~8 . 

LSD~.o:5=5.9 -
CV(7.)·29.4 mg/ kg 

----_.-.--------------------~-------------------------------------------

" 
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2.3,2.4. Plant tissu. man;.n ... 

In genl!ral, uptake of Mn wlth tltU IS a fl.lr\i:t'iJl'1 "t ~,':rd, 

populatlon aens1ty, fertl11zer and lI"rlgatlon follow.d a iluidratl,: curVI 

ln 1984 and a ugmodlal c:urv! ln 1985 (F1QU:II. 13, 14, 1:1, and lb) 

2.3.2.4.1 GroNi. uillon 1984 

~Hlgh fertlllZer rates ln c:omplrl50n wlth ~ormal ritu, glv .. hiQh.r 
-'0 

concent,.atlons of l'fn ln the whole plant at gl'"owth stage 2- and 4, ln tn.e 

e a r -1 e ~ fat 5 t a g li S, and 1 n the 9 r CI 1 n and s t 0 V Hat 9 r c w th, t age l 1,1 

(Table 2.39l. Hlgh ferhllzer rates wer. allio USoClate,d wlth i hqhilr 

uptake of /'In ly th. whole plant at Itag. 4, ,and by the .tov.r .nd grain' 

at stage 11) (Table 2.19). 

-At growth ,tage 10, Hrtgatlon rasJJlted ln a lower Mn uptak. by th. 

staver, and lo .... r /'In con~.ntranon in th. ;run (Tabl. 2.40). 

.. 

1 
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Table f.39. Effect of fertlllZer rate on manganese c:onc:entratlon °and 

uptake, amd dry matter (DM) Yleld ln varlOUS plant parts 
·at growth stages 2·,4,5 and llj ln 1984. 

-----------------------------------------------------------~------------
Grawth 
~taOI 

Plant 
Par t· 

N - Pz Oi5 - K2 0 Mn 
Rate Conc:entratl0n 

Mn 
Uptake 

DM 
Y 1 el d 

------------------------------------------------------------------------
---kg/ha--- ---mg/kg--- --'9 /ha -- --Mg/ha--

2"·plant shoot 170-100-170 139.0 47.0 0.034 

" 
400-3&0-400 255.0 105.0 (!.O42 

... * ... 
CV(X) -2010 42. 1 37.9 

4 piint Ihoot 170-100-~70 71. 0 497.0 7.03 

400-300-400 125.0 903.0 7.14 
... ... 

CV (X) 30.0 38.6 13.9 

~ ur-lelf 170-100-170 129.0 
i 
\ 

400-300-400 245.0 
... 

CV(Ï,) 21.7 .. 
10 Itov.r 170-100-170 43.0 305.0 7'. 11 

" 400-300-400 77 .3 539.0 7.07 
... * CV ('lo) 22.4 23.6 10. l 

'\ , 
10 grain 170-100-170 3.86 32.0 a~ 34 

",' ., 
400-300-4'6-0 • 4.75 41.0 8.69 

... * 
1 ____________ ~ _______________ ~~:~ _______ ~:~: ____________ ~:~~ ______ :~: __ 

*, slgnificantly dlffere~t at p·0.05 

\ 
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Table 2.40. EHed of irngatlon on manganese c:onclntritlon ind u·ptlkl. 
and dry utter (DM) 'yleld ln V.lrlOUS plant parti le Qrowth 

• stage 11) ln 1994. 

Gro\tlth Plant Mn l'In 01'1 
Stage Part Irrigation Ccncantratlon 'Up~akl ~Y-~Il d 

--------------------------~----~---------------------------------------~ 
----mg / k Q --- --g/ha-- --Mg/ha--

" 10 stever VII SS. b 404 7.31 
... 

No '\ 64. 7 441 b.97 

* * CV (.7.) 22.4, 23. b 10. 1 

1Q groti n VilS l,8~ ~7.7 9.03 

No 4.19 ~2.0 9. ~lO 

* * * CV(h) 13.8 1 a. 1 9.6 

*, signlflCantl'y differen.\: .t paO.OS 

" 

'J 

11 
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2.3.2.4.2. SrowinQ ,u.on 198~ ..; , 

In general, hlgh populations and fertlllzer rates l-ncreased. Mn 

concentration and uptake, and,lrrigatlon reduced Mn uptake. 

at 

C~P 2645 tended to ha.ve hlgher Mn concentration ~han Pioneer_ 

ear~:y growth stages. At gr0"tth stage 2, Co-op 2645 l'las hlgher 

3925 

than 

~ioneer 3925 in I1n uptake; but at harvest (stage 10), Co-op 2645 was ... 

lower ln Mn concentration and uptake by leaves,. and a1so had a lower Mn 

co nJ: e n t rat Ion 1 n the gr al n (T ab 1 e 2. 41 ). Hl 9 h pla nt pop u 1 a t 1 0 n w a s 

ulociated \luth a comparatlvely higher ~uptake of Mn by the plant shoots 

I,t growth stage 2, and by the leaves 'and stalks of plants at growth 

shge 10 (Table 2.42). 

High fertlluer rates resulted in h.J.gher concentratIons and uptake 

of I1n than normal rates wlth respect to the whole plant at growth stages 

2 and 3, and ln leaves and stalks at stage ~4 (Table 2.43); the hlgher 

fertllizer rate was assoclated wlth hlgh Mn C011centratlon I-n the ear-

luf at stage ~, and the concentratlons and uptalç.e of Mn ln the stover, , 

luves, stal k and griln at stage 10 were hlgher at hlgh than at normal 

fertllizer rates !Table 2,44), 
, 

IrrIgation wu assocutea l'41th a lower concentration of Mn ln tthe 

plant stalk. and l.av •• at stage 4, in th •• :r-leaf a; -1:5. and lM 

the stover, leaves 1 stalks and graln at stage ~o C (Table 2.45). 

IrriOition also was assoclated wlth cl lower uptake of Mn by leaves at 

stag. 4, and the staver, leavlils and stalk at stage 10 (Table 2,45), 

SeViraI lnttractlons ,among plant populatIon, fertlllZer rates and a, 

irrigatlon werli noted. At growth stage 3, plants at low populatlons and 

rlcluvlng 10 ... rates of fertllu:er, hid a lower l'In uptake than those at 

72 



:0 

;; .. 

\ 
• 1 

j 

h~g~ plcint population and at hUjh fertlll:er rates (Tacle :.,,40). At 

growth stage 4, dlfferences ln uptake by the plant st41ks at dltf.r.nt 

populations occ:ured ônly under lrrlgated conditions, w"lth the u hlgh 

population resultlng ln a greater uplake of Mn (Tabla 2.47). 

At harvest, stoyer had a hlQh.r concentration of Hn in plants 

treated wlth hlgh rates of fertillzer and dlfferences betwean fertlll%9r 

rates' l'lere largest wheJplants w'ere nct lr'rlgated (Table 2.48). Grilln 

uptake of Mn l'las simllar for the hybrlds when irrlgated, but .., 
" in th Il 

absence. of irrlgatlop Co-op 2645 had cl lower uptake than Plonelr 3925 

(Table 2.49),-

... 1, 

C 
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Tabh :;::.41. Effeds of hybrld on manganese concentratlon and LlotaLa. and 
dry _matter (DM) Y1E!ld ln Vclrlous_pla'nt part. at growth-
sta.ges 2 and 10 !n 1985. 

---- -.. -- -------,- ----- -- --. --- ----.-- - ------ -- ---~ ---- ..... t---- - ------ - --- ---
Grcwth 
St ages 

" ... 

Pl ~nt 
Part 

pla~~ot 

.. . " 

Hybrid 

p~r 392:5 

Co-op 264 ~ 

CV(%) 
• ~oneer'V392:5 10,,\ .' ." :lei..v~1 

C-~ .. ~ 
• t , 

Co-op 2645 

CV(;') 

10 grain Pioneer 3925 

Co.op 2645 

. CV(%) 

Mn 
ColtCentration 

----mg!kg----

67.2 

, 70.2 
( 

21.~ 

106.0 

- , 9*~-o 
• * 

21. 8 

5.89 

5.27 

* 
17. 1 

.. -

,,) . ' 

Mn 
Up tike 

~ --g/h"--

3.99 

4. ê9 

* 
31.6 

376.0 

333.0 
., ......... 

24.6 

57.4 

52.3 
• 

18. 1 

DM 
y i el d 

--Mg IhA--

1). 0:58 

,v.068 

* 
16.4 

3. ~5 
:. 

3. ~6 
... 

11. 0 

9.9 

10. 1 

8.2 
__________ '- __________________________ ..l ____ • ____________________________ _ 

*, Slgnificantly dlfferent at P=70.0:5 

\ ' 
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Table 2.42. Effect of plant populatIon on manganese upbke a"nd concent­
r a t,Ion 1 a n ~ dry mat ter ( 0 M) yI el d b Y va rl a Lj s pl al n t par t s a t 
gr,owth stages 2 , 4 ilild 10 ln 1985. " 

_____ .. ________________ . ___ .ï __ .. _____________ ._ -_p ______ - -- - ___ - ----.... - - ---. ) 

Growth Plint Plant: l''In - Mn 01'1 
St'agu· Part PltpUla'tlon U~ke Concentration Yiela 
--- - ----- ----------------------- - ------- - - ._------------------ ----------

-::pph--- --g/ha-- ---mg/kg--- --Mg/ha--

2 plant shoot 65000' 3.51 66 .. e 0.052 

90000 5.36 70.7 0.074 

• ) * 
CV(Y,) 31. 6 21. 5 16.4 

4 leav81 6~OOO 31iti 122 2.55 

( 

90000 362 116 3.10 

* * CV (%) 23.4 18.9 11. 7 

10 lea vaS 65000 315 99. '3 3.21 

90000 395 • 100. O. ~.91 

• * • 
,CV(X) 24.6 21. 8 11. 1) 

10 65000 63 13.4" 4.81 
, 0 

90000 78 12.5 6.25 

* .'- * CV (X) 33.7 25.9 14.7 

*, IUJnific:antly different at p-O.05 

CI 

~ 

Ce ... .J 
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Table 2.43. EHect of hrtlllzer rate on the manganese concifntratlon and 
uphke,. and dry matter (DM) yield ln varlou~ plant parti tlt 
grol'lth stages 2, '3, an~4 ln 1985, 

________________________________________ • ____ eoI ________ .- _______________ _ 

Browt h 
Stage 

Pl ant 
Part -

Mn 
Concentratiao 

DM 
Yi.ld 

._--- ------- --_ .. _---------- .------ ------- - -----,..- - ---~- ----- --- - - -._. - --

2 

'3 

4 

---kg/ha--- ----mg/kg---- --g/ha-- -M9/hao-

plant shoot 170-100-170 

400-300-400 

CV(;') 

• plant shoot 170-100-170 

400-300-400-

CV (7,) 

stal k s J 70-100"170 

400-300-400 

CV(7,) 

170-100-170 

400-300-400 

cv (7,) 

57.7 

79.8 

* 21.5 

63.1 

85.8 

* 22-.5 

24.6 

35.8 

* 18.9 

94 

143 

* 18.9 

3.46 

104 

* 27.6 

14'4 

22~ 

* 21.:5 

257 

418 

* 
2~:4 

O.l160 

0.067 

* 
21. :5 

0.93 

1. 10 

* 

5.86 

6.20 

* 9,8 

2,74 

2.91 
, 
11.7 

------ ----------------------~------ ------- --------------- ------ - - - -~-- --
*, Slgruflcantly different at p=0.05 

y 

t, -

• 

() 
o 
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.Table 2.44. Erfett of fertlllzer rate on the manganese çoncentratlon,ana 
upt.ke, and dry matter (DM) Yle,ld ln ~lOUS plant oarts at~. 
qrowth stages 5 and 10 ln 1985. ) JH-,_ 

j 

----------~----------------------------------------------~--------------
Growth Pl an t N - P:zOl!S - 1(20 Mn Mn DM 
Stag. Part Rata Concéntration. Uptake Yield 
-----~------------~----------------------------------~-----------------

~ ur-l uf 

" 

10 .tov.r 

10 leaves 

10 stal ks. 

:r 

---kg/na---

170-100'-.170 

400-100-400 

cv (7,) 

170-100-170 

400-300-400 

CV(7,) 

170-100-170 

400-300-400 

cv (7,) 

170-100-170 

- 400-300-400 

cv ( 7.). 

----:lIIg 1 k 9 ----

J 

71 

113 

* 
21. 5 

44.8 

b9.6 
* l 

24.3 

71. 

123 

* 21. B 

14.9 

* 25.9 

- , 

--g/na-- -Mg Ina-

, -, 

386 

259 

450 

* 24.6 

56 

85 

* 33.7 

8. bl /, 

9.37 

* 
8.9 

3.41 

3. 71 
j' 

11. 0 

5.26 

5.80 

* 
14.7 

10 grain 170-100-170 
, 
400-300-400 

5.07 

6.09 

* 17. 1 

47 

. 62 

9.b~ 

10.3 
• * < * CVIX) 18. 1 8.2 

- . 
--------------------------------~---------------------------------------

f, significantly dlffer~nt at p=0.05 

() 

Il 
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. Table 2.45 ..... Effect of- lrrlgcltion. on manganE:se conctntratlon ind uptake, 

, 

a-nd dry matter (D~i Yléld by var.ious plant par·ts li 9!Owth 
stag!!'s 4,' '5 and 10 (n 1985. . 

-- ------ ... ---------- -- ----- ------ .. _----- _ ... ----- -- -- ... -_ ...... -- - ... _ ....... ,,_ .. - - -.-
Growth Plant . ". Mn. Mn DM 
S~age Par~ Irri9ati~n ,Concen~rat1on Uptake YlIld 1 

------------------ --------.:. --.-~-~ .. . -y-- -- --- --- - - -:--- -- -~-- '- ... - - -_ ....... - - - - -, . 
. '). /k • h 

4-

5 

10 

10 

10 

10 
\ 

stalks' 

haves 

ear-leaf 

stover 

leavlI 

st.alks 

grain 

~ ':, '-,-.... .I\Ig 'g--- --g/ .-- --Mg/hl"· 

Yes 

No 

CV (7.) 

VifS 

No 

cv (hl 

Yes 

No 

CV<ï.I-, 
Yas 

No 

. CV (;.) 

VIS. 

No 

cv ( ï.) 

Vu 

CV(;') 

VIS 

No 

28.6 

31.8 

* 18.9 . 

109 

129 

* 18.9 

81 

103 

* 2f.5 

47.8 

06.1 

* 
24.3 

93 

114 

* 21. 8 

10.7 

15. 1 

* 25.9 

4.98 

6.18 

'4 

.i 77 

189 

·21.5 

31)8 

367, 

* 23.4 

569 

* 27.5 

328 

·380 

* 24.6 

64 

17 

* 24.6 

ts7.J 

,52.0 

6. 11 

9.8 

2,91 

2.94 -

11.7 

3.83 

3,'H 

* 
11. 0-

S. 11 

* 14.7 

~ * - * * .. 6 cv (ï.l 17. 1 • " 1 a, 1 e. 2 , . 
------------- -----------~---~-------------------------------------- ----, . *, ugnlfi y dlfferent at p·O.t)~ -

-1 
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fab 1 e 2.46 •. Ef f e;2c-t'p 1 an t popul ati on - fer t 111 zer rate on mang anese 

.,.; ~ u P t il k e- b y a 1% e pla n t s h 0 è t a t 9 r 0 w t h 5 t age 3: 1 n 1 985 • - , 

------------ --------~----------------------~-------------------
N - P2 0!5 - K:lO Rates (kg/ha) 

"'- Plan t --------------------------------------------
Popull;tion - 170 - 100-· 170 400 - 300 - 400 

... ------ ... ---------- .. ----.-- .. ---------r ..... ----------.-----__________ .... __ 1 

• \ -"--pph--';'-

6:5000 

-------------------g/ha-----------------

~2.0' 
1 

79.0 

90000 69.0 129.0 

cv ( %) =37.6 .. LSD Q • Q ==22.0 g/ha 

Tâble 2.47. Effects of plant population - irrigatlon on dry matter Yleld 
and mangan.ss uptake by maizs plant stalks at growth stage 4 
in 198:5. 

PI.ne 
PDpulition 

90000 

R~~ ~!tt!~ Y1!lg 
Irrigation 

No 

-----~----Mg/ha--~------

~.ltl 5.41 

6.1b 6.94 

~!l ~e!!k! 
Irrl0gatlon 

No Yss 

------------g1~a----~---
o 

192 157 

185 197 

-------~------------------------------------~---------------------------

.. 
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Table 2.48. Effect of fertill%er rata and IrrIgation on manganin 
c:oncentration ln stover at harvest ln 1985. 

----------------._--~---~-----------------------.---"\ Irr 1 gatl on 
N - P20~ - K2 0 -----~-------------------~------. 

Rata VI' No 
--r-------------------------------------------------
' .. .t~ kg Iha-- - ·.f _____ ----- mg / h a ---- - - .. --- --

;ye - 100 - 170 

400 - 300 - 400 

CV(7,)=24.3 

39.3 

56.2 

~0.2 \ 

83.f 

LSDo.oe=9.9 mg/ha .. ------------------------------------------------------

Table 2.49. Effec:t of hybrid - lrrigation on dry matter y;lldl and 
u p ta k a b y lU 1 ZR grill n i n_ 1985. 

------------------------------------------------------------------_.----
~rY ~!SS!r Y!!!Q! 

1 r r .i g-a t ion 
~!:! ~e~~~! 

. , Irrigation 

Hybri d VII • No VII _ No 
, " . 

---~---_._~------------------------------------------------------------~-, 
--Mg/ha, LSDo.o:=l·O.~e-- --g/ha, LSD". orl-7. 02--

Pi oneer 392~ 11. 2 8 .-~ 1 ~8. 0 ~7.0 

# 

Co-op 2h45 11. 9 8.29 ~e.o 47.0 

LSD".o~=0.:S9 Mg/ha CV.-<7.)-18.1 LSDo.oel-7,02 Q/nl 

------------~---------~--------------------------------------~-------~~-

, 
• 0 90 

( 
1 
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Th. D1l;nol11 and R.c:omm.ndation Int.;rit.d SYltlIII (ORIS) r\ 
iq ~r 2.3.3. 1. ar~wi ng lIuon '\ 84 ~ 

The reiults of DRIS analyslS show,d a large. nutritlonal baQanc'e 

index (NBIl at stage 2+ wlth the ma;;o~utrlents (N, PI and K> ~elng~ 
'hast daflcient at that 'stage <Table 2.59>. Ai 5~age 5, the ~BI \lhad 

'0 ï 
"dltcreased and the arder of requirement lndicated that the mlcronutrunts 

\~ 

w are le a s t d e h C; 1 e n t a t t h a t s t age (T ab 1 e 2. 5 1 ). The NB l 'w a s fou n d t 0\ b e 

higher for Ploneer 3925 than for Plonur 3949 at stage 2+; at stage 2+-

and 5 the h i 9 h rat e 0 f fe r t i li z e r was a s s.o c i a t e d w it h a h 1 9 h e r . NB l 

(Tabla 2.~2). No relatlonship WilS found between NBI and dr-y matter yuld 
( 

or gra1 n yi.ld at Any stage of 9ro~th. 

2.3.3.2. arà..,in; .... on 1985' 
. 

of ORIS analysis shoHed a' large NBI at stage 2 -(), . which The 

dacrtased at st age 3 (Tables 2.33 and' 2.54) : However at botll stages the 

\eut requir.d nutrients ;era the macronutrients N, P, and K. At" stage 

the 
~ J 

NB! had decraased further and the arder of r~qul rament showed 

that K, P- and I1n l'lere l eut "equired while Mg 1 Zn and Cu were the most 

required (Tab"le 2.55), 

. The NBl at 'stagu 3 an'd 5 l'las found ta be greater Hhere pl ants l'lere 
Il 

<> 
irriqated as against no irrigatIon; at stage 5 hlgh fertillzer rates had 

1 

higher NBI values than normal rate~ !Table 2.56). Unllke the 199.4 

.... ?~. th ...... 1 ••• {r.latianSh1 P b.tw •• ~c NBl and dry _,tter yieHl'. at 

\ ~t.gl 10. UndlÎr non"'1rri.gated condltions the NBl l'las negatlVely 

c:orr.lited with the grdn yuld and the total dry matter at harvest, and 

with irrigation thlre WU a positive'correlatlon wlth the total _.~ry 

81 
, 
\ 
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utter (Table 2.57). ·Under the high rate of fertlll,::er tho NBI wu 
• 

/ ':p qji 1 ~ 1 ye 1 y c: 0 r r è l a te d W 1 t h 9 r a 1 n n e 1 d ~ n d' t 0 t al dry mat t ~.r::. a t ','" h a r v lU t 
• ,'!'\ .. 

(T~ble 2.57) . , 

..­
: 
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Table 2.~0. ORIS lndlces for Jome plant ~utrlents ln malze pfant shoot 
.t growth stage 2+ for the 16 treatment cemblnatlons 
in 1984. 

\ 

----~---~~---------------------~-----------------~------~---~----------
Treah .Sum of Order of requlrement 
CDmb. N P K Ca I1g Mn Zn. Cu~ndic:es NBI according te DRIS . ~ 

__ ~ ____________ A __________ ~_~ _________________________________ .--______ _ 

----------DRtS indlce9-~---------

A6~H+ ' 12 7 8 -25 -10 -4 ~ 9 2 80 Ca?Mg>Mn>Zn>P>k>~u>N 

A65H-" 22 20 22 -22 -22 2 2 -25 -1 137 Cu)Ca=Mg>Mn=,Zn>P=N=K, 
) 

A65N-+ 17 7 24 -24 -3 -16. 12 -16 119 Ca)Mn=Cu>Mg>P>Zn>N>K 
, 

A6:5N- 15 12 19 -21 -6 -14 8 "13 o 108 Ca)Mn>Cu)Mg>Zn>P)/!I)K 

A90H+ 17 16 21 -1~ -11 4 -5 -2B -î 117. Cu>Ca>Mg>Zn>Mn>P)NH: 
" 

~ A90H- 18 16 21 -18 -10 -5 -;2' -19 109 Cu)Ca>Mg>l1n>Zn>P)N'K 

co 

l..} 

A90N+ 17 15 18 -25 -4 -13 -2 -7 -1 101 Ca>Mn>Cu>Mg>Zn>P>N>K 

A90N- 19 9 20 -13 -6 -10 -7 -11 1 95 Ca>Cu)Mn>Zn>Mg>P>N>K 

B65H+ 23 15 20 -18 -2Q - 5 2 -27 
. 

o 130 Cu )119 >Ca)Zn >Mn >P >nN 

-B6~H- 20 25 24 -22 -17 -2 -28 1 139 'Cu>Ca)l1g>Zn>Hn>N)P>K 
D 

1 :5 13 13 - 9 - 5. - 14 B65N+ 2 -15' .. o 86 Cu>Mn>Ca>Mg>Zn>P=K>N 

B65~-. - 20 10 19 -12 -8 -8 -6 '-15 

BC?OH+ 12 9 18 '!.14 -4 -2 -4 -16 -1 79 Cu>Ca >Mg=Zn >Mn,)P>N>.k , 
B90H- 22 10 21 -17 -17 -1 1 -19 o 108 Cu>Ca=Mg>Mn>in)P>K)N 

890N+ 14 12 -16 -12 -2 -18 3 -13 o 90 Mn>fru>Ga>Mg>Zn>P>N>K . . 
890N- 17 9 23 -12 -B -19 0 -10 o 98 Hn>Ca)Cu>Mg>Zn>P)N>K' 

. 
-----------------------------------------------------------------------~ 
A- Pionter 3925, B= Pionl~r 3949 

6~- 6~OOO pph 90- 90000 pph 

H- 400-300-'00 1 N- 170-100-170 

.- Irri glti an -a No irrigation 

83 
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Table :.51. -ORIS lndices for some pl~nt nutrlents ln ma:~e ear-leat at 

growth stage -S ln lQB4 'for the 16 trl?atment c6mblnatlon's. 

,. 
------_._~-------.------------------------------------------------------
Treat. 
Comb. N P K Ca Mg 

Sum of Drder of requlruent 
Mn Zn Cu Indices NBI accordlng to ORIS 

----------------------.-------------------------------------------------
----------DRIS Indices-----------

A65H+ -9 ~3 -9 -8 .-9 .. 40 -2 -1 

A65H- -16 -7 -7 -8 -10 44 5 -1 

A65N+ o -1 -5 -6 -5 15 0 2 

A65N- -6 -3 -4 -6 -4 14 :5 6 

A90H+ - 9 - 2 - 6 - 9 -12 46 -4 -4 

" 
A90H- -11 -7 -7 -7 -9 }7'" 0 3 

A90N+ -4 -1 -5 -5 -6 16 \) 5 

A90N- o -4 -4 -5 -f 13 2 
" 

B65H+ -11 -5 -If -5 -14 43 0 -1. 

B65H- -13 -8 -10 -2 -7 40 -1 

B65N+ -9 -2 -7 o -1 15 \ 0 4 

B 6 5 N - - 7 - 4 • - 6 - 1 - 1 . 1 7 "-2 4 

\ 
B90H+ -11 -3 -7 -5 -8 37 -1 -3 

B90H- -13 "-5 -7 -2 -8 33 '1 1 

B90N+ -7 -2 -6 1 o 14 -2 2 

B90N- -7 -4 -6 o -2 14 -~ 

65= 65QOO pph, 90- 90000 pph 

H= 400"-300-400, N= 170-100-,170 

+= IrrigatIon -: No irrIgatIon 

84 

-1 

o 

81 N.KpMg>Ci)P~Zn)Cu)Mn 

98 N>Mg)Ca)P=K~Cu>Zn>Mn 

o 46 Ca-N)K-Mg>P>Zn>Cu>Mn 

o 

-1 81 N)Mg>P=K=Ca>Zn)Cu>Mn 

o 

-1 .33 CaiP=K=Mg>N>Zn>CulMn 
~ 

,\1 87 I1gIN>KJP=Ca ICu)ZniMn 

o - ~82 N>K)P>Mg>Ca>Zn;Cu>Mn 

o 

o 42 N,I<>P>Zn~Ca/Mg,~Cu/Mn 

--1f 
-1 75 NIMg>K>Ca)P=Cu/Zn>Mn 

o 70 N>Mg>K>P>Ca>Zn=Cu/Mn 

o 34 N>K>P=Zn/Mg)Ca/CulMn 

-1 41 N>K>P>Mg=Zn>Ca)Cu>Mn 
1 
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TAble 2.52. Effect of 'tIybrld, andA'fertll~zer rate on NBI ln 

plants at growth stage 2'" and 5 ln 1984. )-
malZe 

, , 
, .. 

-------------------~-----------------------~---------------------------
Growth Plant ~ 

Stage Put 'à!'reatment NBI ________________________ .l _________________ " ___________ _ ~ ______________ + 
, , 

~~!at:!g t· ç Pi orfèer 3925 136 
~ pl ant shoot 

.. 
PIoneer 3949 119 

* CV (7,1 26.2 

2+ plant shoot N P:zOe - K;;:O (kg/ha.) ~ -
. 170-100-170 • 116 

- 0 4~-300-400 • 1'38 
~. 

CV (7,) 26.2 
" 

S tlr-luf N P:zO::s, K:zO (kg/ha) -170-100-170 " 43 '1 

400-300-400 89 
( 

.j * . 
CV (7. 1 26.7 

J ,. 
, . -----------------------------------------------------------------------

f, significlntly dlfferent at p=O.05 

.. 

n 

c .. 
85 

o 
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Table 2.54.~ DRNi lndlces ;nd arder of requHement of some plant 

nutnents ln muze plant shoot at growth stage 3 for 
different treatment~cdmblnatlans ln 1985. 

------------------------------------------------------ -----------------~ 

Trut. 
Comb. 

Sum of Order of requlrement 
N P I1n Zn Cu lndices NBI accordlng ta ORIS 

-:---~----------------------r------------------------- ------------------
----------ORIS indiées----------

A65H+ 29 15 46 -15 -26 -17 .-3:2. 1 

A6~H- 25 8 48 -15 -16 -21 -8 -21 o 

A65N+ 27 15 46 -17 4 -38 -17 -21 -1 , 

A65N- 2f 6 42 -14 -1 :35 -9 -16 0 

A90H+ 27 19 51 -9 -5 -27 -21 -34 

A90H- 24 6 47 -12 -6 -21 -16 -21 

A"90N+ 31 18 49 -20 2 -40 -18 -22 o 

A90N- 29 21 44 -10 -3 -42 -20 -19 o 

B6SH+ 27 10 54 -10 -13 -32 -9 -27 o ., 
8bSH- 29 11 46 -16 -13 -27 -10 -21 -1 

Bé5N+ 30 13 46 4 -54 -16 -24 o 

865N- 38 14 40 -11 -6 -4"5 -10 -20 o 

890H+ 23 12 44 -11 0 -26 -12 -30 o 

890H- 26 11 49 -13 -13 -27 -8 -25 o 
-

890N+ 27 17 42 -4 6 -38 -16 -33 1 1 

B90N- 25 16 44 -9 -5 -40 -8 -24 -1 

162 ~n=Cu>Mg>C.Zn>P>N>~ 

150 Mn>Cu>Ca>Zn)Mg>P>N>K 

153 Mn=Cu>Zn;Ca>Mg/P~N>K 

188 Mn>Zn>Cu>CalMg'>P:N)~' 

~ 

\113 I1n>Cu>Ca>Mg>Zn/P>N>1< 

. 
188 Mn)Cu>Zn/Ca>Mg>P'>N>K , - , 
184 I1n>Cu>Ca>ZniMg>P>N>1< 

160 Cu>Mn>ZnlCa)Mg>P'>NJK 

172 I1n>Cu)Ca=Mg>Zn>P>N;K 

183 Hn>Cu)Zn/Ca~Mg>P)N>K 
; Y'" rt 

171 Hn>Cu>Ca)Zn>Mg>P>N)K 

Î \ 

;:-;;~~;;~~;;;;:--;:~~~:~;-;~~;-------------------------------1t--------
_ c 

b~. ~SOOO pph, 90· 90000 pp h 

N= 170-100-170 

-= No irrigatl0n 
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Table 2.55. ORIS lndlc-es for some plant nutr'lents ln m,ua ur-lut at 

growth stage 5,for the 16 treatment comblnatlons Ir 1985. 

------------------------------------------------------------_.--_.------
TreaL 
Comb. N P 

o 

K Ca Mg 
Sum of Order of r'Qulrlmant 

Mn Zn Cu IndlCes NBI accordlng te D'RIS. 
, 

-------~---------------------------~------------------------------------
----------DRIS lndlces----------- \ 

A65H+ -3 20 4 -5 -.16 12 -6 -6 o 

A65H- -9 1 S 2 -5 -14 17 -1 -6 -1 

A65N+ -2 23 :5 -6 -9 3 -9 -6 -1 

A65N- -7 14 1 -4 -7, 7 -1 -3 

A90H+ -5 3p 7 -3 -16 11 -12 -12 o 

'A90H- -7 9 3 -4 -6 13 -2 -6 o 

A90N+ -4 22 4 -6 -8 0 -5 -3 o 

A90N- -8 13 5· - 3 - 3 5 - 4 - 5 0 

B65H+ -2 22 6 -20 11 -9 -10 -1 

B65H- -9 13 3 0 -8 13 -4 -8 o 

865N+ -4 21 :5 '-2 -3 1 -11 -7 o 

B65N- -6 18 o -1 -2 3 -7 -5 o 

890H+ -6 26 6 0 ~19 13 -9-1-1 o 

B90H- -917 5 -11 & 12 -5 -10 

-1 -3 -2 -12~ o 

o .5 -6 -13 -2 
. 

72 Mg~Zn=Cu)Ci)N>k>Mn>P 

• 63 Mg=Zn >CaxCu>N.)M~ >1<. ~p 

44 NaMgo)Ci/Cu)ZnIIOMn>-P 
o 

96 ~9)Zn.Cu)N)Ca>~>Mn>~ 
p 

~ (1 N) M 9 a Cu> C a; Zn) K ri > M n 

52 Mg>Ca,Zn>NiCu>Mn>K)P 

46 N)CU)ZnICa=Mg\>K~Mn)P 

81 M9)Cu>Zn)N/Ca\~)Mn>p , 

.J 

54 Zn>Cu)N)Mg)Ca)Mn)K>P 

90 M~>Cu)Zn>N>Ca'>K>MniP .... , 
70 Mg)Cu)N>Zn,>CaJKlMn/P 

bO Zn>C~)N>M9>nn)Ca~k)P 

64 N>Cu>Zn7Mg>Ca)K-Mn>P 

........., 

----------------- ------;------- --- --------.--- --~--- - -- """- --: - - ------- - ..... 
A= Pi oneer 3925, Ba Co-op 2645 \ _ 

~~ " 
65= 6~OOO pph .90= 90000 pph 

H= 400-300':'400, N= 170-100-100 

-

+="Irrigation -II No irngation 

1 - ~ 
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Table 2.56. Effeé:t ,of trrt-g.atLpn and fertllLzer on NBr in mal:e plants 
~ a t 9 r~ 0 101 t h 5 t~ 9 e 5 3 and 5 l n 1 9 B 5 • 

------------------------------------------------------ ---------~--------
Growth 
Stag. 

• Phn t 
Par t Treafment NBI 

------------------------------------------------------------------------
plant shoot 

1/ 

5 . ear-l eaf 

5 'ur-l eaf 

" 

N 

-. 

1!:!:i9!H!:!!] 
Vu 

No 

CV(Ïa) 

1!:n9!H!:!n 
Yu 

,0" 
No 

CV(ÏaI 

- P20S - K2 0 
170-100-170 

400-300-400 

CV(ï.) 

214 

~ \ 
194 

* 
~ 

13.8 

75 

60 

* 
28.8 

(kg/ha) 
59 

76 

* 
28~8 

. . , 
---------------~---~-----------------.--------------.-~7----------------*, siqnifilantly difftren't at p.O.oOS 

- \ # \ 

",' Til b 11 2. ~ 7. S i Il P '1-; C D rr e 1 a t ion 5 h 0 win g the rel a t ion shi P b e t 101 e e n NB l it 
_ stage ~ and dry cutter yi.ld at st-age 4 nSDHI, - grain dry 
.- euttar (GRDM) and total dry matter at harvest (TOM) in\ 1985 

-----------------------------------------------------.------------------. . 
, , Irrigation ~-P'20~-K20 
Vas No 170-100~170 400-300-400 

---------- -------------
~~! 

r~Q~ 0.19 , 0.31 0.23 o 

§HQ~ 0.29 ,;- -O. ~6"·· -0.25 

tR~ 0.'41 " -0.38" -0.13 

_____ -. ___ .. _______________________________ _ ,'" ___________ .. ________ _ ~----- _t._ 
*, 'u, And * •• siqnlflca,nt at the 5':<, lX and 0.1Y. levels respectlve.lv 
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2.3.4 Soil Mie~onutrilnt 8111ne. Sh •• t 
oô 

1 n 9 en e raI ~ the Cu. Z 9, and Mn r e'q u 1 rem e n t 0 f the mal: e C r oP. a t the 

t 1'1 ole v e 1 s 0 f fer t 1 1 1 Z at Ion , "1 n 1 984 and 1 98 5 S 1 !lm 5 t 0 h a v • b el n 

satisfled by the liupply ln the 5011 and from the ap.JIlud chelates and 
\ ... ~,--

minure in 1985 !Table 2.58). 
. 

The rèmoval of Cu in elther _year l'las about 

51. of the availible suppl y as determlned by the OTPA 1011 t05~ ~t the 

two levels of fertillzation~ wlth about 64% of the absorbed Cu returnlnQ 

to the soil vta plant resldue. In 1994 there l'lere no dlffirencl!I5 ln the 

values for 5011 test: Cu in the spring and fall. Hou·ver, in 19B~ 1011 

test values for the fall l'lere srgnrif'lcantly higher (t-tllt:,P.O.O~) th&n 

the spring values of that year. 

The amount of Zn remaved from the 5011 l'las slfDllar ln 1994 and 1985. 

However, the fractl on of 5011 -test Zn ruovad in 1994' ( about 13%) l'iii 

lower than in l'ijS (about 541.>' Theo high fertllizat10n plots l'lere 

apsocuted wlth highar Zn ruoval ln 1985. In general, the llVil of 5011 

test Zn increued ln the fall of 198~ over the spring values of that - f{ 

}Y"f~ ',Le.. tha. 40~ of thé Zn take. up by the pla.t .a. roturntd 01 th 

th ea. pla n t r e s 1 due s t 0 the sOli 1 n 1 984,. and jus t R ver 40% 1 n 1 9 B!5 

There l'las no dlfference (t~tlfSt, p=O.05) ln the amounts of Mn 

ruoved by the crop in _1984 or 1985. On the"'average, only about 1% of 

the SOlI test I1n was ramoved by the crop. Of the al!l0unt taken by th • 

pla n t f 'a b 0 u t 901. 1'1 a 5 r e t ur n e d \II i t h th e pla n t r e S 1 d u Il t 0 the 5 0 1 1 • 

In comparlng the quantity of each mlcrcnutr1ent removld And th. 

quaritity returned, it ipplirS thit th. m~izll cr op deplatld 501.1 Zn ta A 
- ~ 

great:er elltent. 
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Table 2.58. Mlcronutrlent balance sheet for fertlllzatlon rates ln 1984 
aRd 1985. / / 

! 

----------------------~-------------------~-----------------------------

El u.nt 
Flirt. 
rate 

OTPA-ex tract. el eme'nt Element amount 
q --------------------- -------------------------------

Spn ng Fall Added Removed Retùrned 
------1-----------------------------------------------------------------

Cu 

Zn 

I1n 

Cu 

Zn 

'Norul 

High 

------------------------kg/ha* -----------------
1.90:!:O·.14 1. 75±O. 14 

'" 

o 

\ -

O.088:!:O.0l1 O.050:!:O •. 0,10 

O. 099:!: l) • 0 q O. 06 1 :!: 0.,010 

Nor"l. 2. 72 :tO.52 3.08:!:O.43 O.<tl 0.368:!:0.0230.124:tO•01 3 

Hjgh 

Norul 

High 

Normal 

High 

NorOlil 

High 

Norul 

High 

2.98:tO. 89 3.33:!:0.61 0.41 0.393!O.033 O.131:!:O.022 

93.3:t7.8 7B.7:t14.1 0.12 0.334:!:O.0470.302:tO.047 

0.12 0.584:!:O.048 O. 543 :tO.046 

1.29:tO.15 2.02:!:O.37 

1.21:!:O.~ 2. 13:!:O.2B 

o 

o 

0.058:!:O.011 O.044:!:O.OOO 

o.oJb:tO.Ol1 O. 047 :tO.Ol0 

O.76!O.12 1.07!O.14' 0.41 0.345tO.029 0.14810.025 

0.67:tI).04 1.10:t0.13 0.41 

36.5:!:3.9 

42.4!4.0 

63.4:t7.2 

b7.2:!:8.1" 

" 0.12 

0.12 

O.424+0~069 0.182+0.061 
~ -, - . 

0.3b5:!:0.044 O.319!O.043 

0.603+0.0B7 O.S42!0.~B7· 
'~ 

- 0 

--------------------·-f--~------------------------------~---------------
f, values in bDd"y o'lf table represent, 'uan:tstandard deviatlon' 

'b ' 

o 

, ' 
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,. 2.4 DISCUSSION 

2.4.1 Trsatm.nt Effectl on Sail 

2.4.1.1. 8ail pH 
o 

The observ.ed pH decrus ... with hightr ratu of ftrbllur il 

consistent. with ~he acidifying ef!ect of urli and monoammonium phoaphat. 

(Randall et al. ln!); Blevins et al. 1977; McCoy and Webster 1977)1 

Further, acidification can arise as a result of enhanced 

cations, wHich are bélieved to produce H· as a co~~ter-ion from 

roots (Ti sdal e et a:l. 1985). 

\ 
The lower sail. pH at higher rates of fertilizer wu pMore 

~nounced in 1984, and whtre the soil l'las not irri-gited. This efflet 

can perha.ps be explained in the manner of Adam and Anderson (1983) whc 

-
found th~t upon drying there was increased acidity on clay sùrfacll, 

If ' 
The influence of irrigation on pH l'las absent l~ 1985, masked p.rhapl bV 

.' the 'ppli~atjon of Ca(OH)2 in the spring of that year. 

2.4.1.2 Sail Cu 

Of the /Ri cronutr l en(1 S~Ud i ed 1 in th. 10wut 

amountsr which i5 nct unusual for IIlln.ral s01ls. In 198~ the 1011 Cu 

" level in plots pl.nt~d at high populations w1th Pioneer 3925 may hiVf 
-, 

been related to a greater upfake of Cu at high plant populations. In 

.addlt10n, the application of ~a(OH)2 during 198~ ~ay have lnflulnced 

sail test Cu. Furth~r, t~e addltion of manure may haVI ·ciused 
" J 

complexit10n of Cu. However, according to McBride and B1ISlik (1979), 

Cu 2 + availibility i5 ccntrolled mer. by orqinlc matt.r compl.x.tlon 

lIIchaniu than..Joil pH. Thus the affect of Ca(OHh uy havl.bun l11n1l1111 

.. 
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on loi 1 teste C'J. 

It ~ e~ .t h a t h yb rl d 5 d 1 ff e r e d i n the H a tn Il t Y . t 0 el( t r a c: t __ C_u ~ f rom 
-

• the loil" IIpec:ially when planted at high plant d_ensltles. ThIS coul~ 

b 1 an i 1 par tan t fi c t 0 r 0 n soi 1 s ma r gin aIl n a v il 1 a b"l eCu. Ho w e ver the 
"'-

loil l,vels found in this study were abova the 0.2 mg kg.' level 

canlider.d Adequate for sensitive craps (Vlets and LIndsay 19Z3). 

Soi 1 Zn .. 
The soil~test levels of Zn in the soil in the fall of 19B4 t were 

~ound ta be above the 1.00 mg kg-1_considered adequate for sensitive 

cropt (Vi.ts a/HI Lin~say 1973). The hlgh rate of fertll1zatlon, was 

Issociated with highlr SaIl test levels, due perhaps to the aCldlfYlng 
, . 

• iflct of the higher rate of fertllization. ~ion~er 3925 was assoc:iated 

with low SOlI tIlt Zn when plants we~e fertilized at.high rat,es. Th 15 

indlcated that thi! h~brid may be lare capable 
o 

of e~ tract t ng· 

micronutrients fro~ the sail. However. uptake aata did not support such 

an observation. 

Tr.atllint eflects on sail Zn ~ere ablent ln 1985, probably because 
t 

of the oVlrriding .ffect of.Ca(OH)z added ln that season. However the 
\t. . 

lIv.1 af loi 1 test Zn aC-the end of the 1985 suson was
o 

red~ced over 
'\t 

\ 
1984 About O.7~ mg kg- 1 which il considerld marginal for sensitIve 

" cropl. Thul, continu.d Addition of lime would requlre monitorIng of Zn 

loil l.v.ls, to ensyre adequate lavels Nere belng malntalned • . 
2.4. L 4' Sa il- Mn 

Sail Mn l,vlIs Nlre generally high ln the 1984 season, but thev 
l 

wer .. lawer 1n 1985 because of incrused pH as a result of"' Ca(OH)2 
" ' 

o 

" 



• 

treatment and precipitation of soluble Mn. In bath yearl, ~11 tist 

le v e 1 5 W e r e ab 0 v eth a t w h 1 ch 1 1 0 con 51 der e d ad e qua tif. PlO n te r 3 9 :;: 5 -.t\ t 

hlgh populatIon \lias assocfahd w1th Iower levels of 5011' Mn at th-e end .. 
OT the saason ~rhaps due to incre.sad uptakl. A Ilm1lar 'Tflct on loil 

Cu and Zn has baen noted. 

The observed increase in available Mn at h1gh f.rtillZlr rates 

and under 

Tertilizer 
.. 
of l'In 4+ 

--
lrrig~ted conditions, was due to 5011 acidifIcation by 

\ 
resulting Tram a pOlslble rlductlon 

" 
In gener.l fertilizer ippeared to have the larg!~t efiect on t~. 

,-
sotl environment and as a consequ~nce 5011 test mlcronutrient levels 

were increased at hlgh rates oT fertillzer, whereas some hybrlds tenQed 
> 

1:0 reduce soil test lavels. 

2.4.2 Tr'lt •• nt Eff.ct. on Plant "icronutrilnt L.v.l. 

2.4.2.1 Tissue Cu 

The resu1ts in 1984 Ihow that thera H,r, no hybrld .ff.ct. on Cu 

concentration,and uptake at the variou. stag.s of growtn of th. plants. 

This .ay be explained by the fact thit-soil Cu 
--

levels were adequat., . 
and HIre not greatly inf1uenced b~ treatment effectl. 

In 1ge5 there ware hybr1d differences, on the concentration and 

uptake of Cu. Neverthelass, the Cu co~centratlon for both hybrlds \IIa& 
. 

-withln the adequacy range reported by Jones ind Eck (1973). 

In ,mor;t cases, third order Interaction eHects on Cu upt.k. ur. 

found not to be consistent, .nd wlre prob~bly dqe ta Imill viri.tlon, in 
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50il mlcrO-lnvlronm~ts and sampllng varlablilty. 

In ganeral hlgher pl~nt populations \tIere assoclated wlth a 

hlgher Gù uptake, 
\ 4 

because of the larger amount of dry matter produced. 

for the mOit part, of Cu concentratlon changes wlth the 
IJ 

incraased plant population, would confirm that the 5011 'supply of Cu lUS 

- . 
adfq~ate for hlgh p~oduction levels. ( 

,. 
In 198~, high QJant populatidns decreasad concentrations o~ Cu IP 

,. 
the l&,1ves of plants at stages '4 and 5, and dry matter accumulation 

selled higher th an Cu uptake rates, $uggesting a posslble decrease in 

supply of loil Cu. However the effec:t was no.t critlcal to plant growth 

as a pOlitiv. linear relati~n5hip between Cu uptake and dry matter Yleld 

WtiS found. 

In ganaral, high fertl1izer rates wera often associated wlth 

decrliSld Cu concentrations, perhaps because of the dllutlon effec:t of 

incr'i.ed dry Matter yield. This effect was not consistent thro~ghout 

th. growing leason. \ 

However,in bath yaars, the Cu concentration ln the ear-léaf was 
~ a 

. . 
above th~ ~ritical values of 5 mg kg- 1 regorted by Melsted at al. 

(1969), The high fertility treatment gave ear-Ieaf Cu concentratlons 

v.luei of 12.~ mg kg- 1 in 1984 .nd 8.0 mg kg- 1 in 198~: The decrease at 

19a~ NAI due problbly ta dlcreasad Cu aval1abl1ity as a relult of 

C.(OH)z trvlt.lnt. Flannerv (1982) at Rutglrs University, and Stevenson 

and Nuttall <1984-), in Ontario, found values of 1.1 IIlg lcg- 1 and & mg kg- 1 

rltsptttivlly for th.ir high ,#~rtillty maize treatlIIents. Thus there 
:,. 

app.ared to_b~ na Intagonistic afflct of added fertillzer an Cu uptake. 
- r-·~·· • • 1 

, \~ 

'. 
- " , 
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In bath years of the study" lrrlgatton was f oun-d to decreasl! the 
~' c . 

concentratIon and uptake of Cu at most gr owth stages • ThIS wOL\rd .. 
/ 

suggest that the 5upply of avallable Cu under lrrlgated 5011 cond;flons 

1'1 a sie 5 s t han un p e r f'ldJ n - H r i 9 a t e d con d 1 tl 0 n s . • Th 1 5 r es u 1 t 1 S , ;~ il n t r a r V 

to an expected Increase ln ~ptake due to increased Cu dlffuslon to the 

roots under lrrlgatlon. Perhaps, wlth lrrlgatlon, Cu was 1 e~c hed 

beyond the rQot zone. 
A 

It lS also possIble that l'fater-Iogglng - a-t the 

ml cropore level reduced organlc matter mlnerallzation and 
~, 

subseQuentlv 

-
the llberatlon of Cu. These suggestlons remaln to be tested. 

2.4.2.2 Tissue Zn 

Zinc concentratlon values in the ear-leaf l'lere above erltleal .values 

reported by Melsted et al (1969). Thus Zn deflclences were not observed 

wlth any treatments, alt~ough some d1fferences ln uptake l'lere noted. 

The results of 1984 !how that hybrld dlfferences oecurred malnly 

wlth regards to the uptake of Zn in gra1n. The hlgher yleld1ng hybrld 

ha~ a higher Zn uptake, due pr1marlly to hl~her Ylelds. 

In 1985, the hlgher Yleld1ng Co-op 2645 had a conslstently hlqher 

uptake and concentratlon of Zn ln 1h, tlssue. Th.us there appeared to be 

no Zn deflciency even at hlgh yleld levels. 

The h~gher demands for Zn under hlgh plant populatIon denslties l'lere 

satisfied, and Zn deficiency could be assumed to be abse~t ln bath , 
years. A llnear posltlve reiatlonship l'las found between Zn upta~e and 

dry utter at a Il stages in the growth of' the plant. 
~ 

In both years high fertllizer rates Increà~ed Zn uptake and dry 
" 

matter yields and the correspo.ndl ng conc ent r If 1.on of Zn relUI ned 

unchanged. Thls lndlcated that.lncreased'upta~e wa, du~ ta a Yleld 
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c 
lncrease, and that-the plant demanqs for Zn Here satlsfled. ThIS Nas 

further confirmed Hlth ear-leaf analyses. The high rate of fertillzation 
'" 

was assoc'ated wlth a hlgh Zn concentratIon in the ear·leaf at 

The values for Zn concentration in the ear-leaf at early 
- . 

silk were 46 mg kg- ' in 1964 and 31.7 mg kg- 1 ln 1985 fo~ high fertlilty 

tr!atmenh. Flannery (1982) found Zn concentratIon of 39 mg kg-l, and 

Stevenson and Nuttall (1982) found Zn concentratlon 29 mg kg-~ ln the 

• ear-Ieaf of plants at hlgh fertIllty. Thus It 15 clear that increased 

fertillzers rates dld not reduce Zn avallabrllty. 
\ 

The apparent decrease in avallable Zn wlth lrrigatlon ln 1985 may be 

'du! -in part to a dIlution effect through Increased dry matter yields. 
'f, 

Irrlgatlo~ tended to enhance grain Zn but reduce stever Zn, either due 

( to Increased translocation td grain in re~ponse to lncreased grain Yleld 

with irrlgatlon, or due to prefer!ntlal move~ent ta the graln Wlth 

-irrigation. \ , 

2.4.2.3 Tissue"n 

In general soil ~n was not limiting! and uptake ln both vears Has 
i 

quite high during the perlods of rapld dry matter- accumulation. Beyond 

stage 4 there was a decrease ln uptake and cDncentratl~n of Mn. No 

,. r!a50n can be found for such a dec11ne. 

Manganese concentratlons in the ear-leaf at early silklng were 

q 
generally qUlte hlgh lp both years of the study. The values fQr hlgh 

fe~tllity treatments were 245.0 mg Mn kg- l in 1$84 and 113 mg kg- 1 ln 

19B5. Flannery (1982) and Stevenson and Nuttall (1962) found values ot 

c . 
43.g kg,• ' and 32 IIIg kg-l, respectlvely, ln hlgh yuld envlronmenJs. 
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These high Mn values were apparently not \OX;C to\plant growth and 

yields, 
tt/J • , 

as there was a posltlve Ilnear ~êlatlon5hlp between Mn uptake 

~nd dry matter Yleld~ ln both year~. 

" ' In 1984, there was apparent slmllarltv between hvbrlds wlth respect 
\ 

te Mn reqUlreme~t, perhaps due to the aCld 5011 and hl~h Hn aV611abllltv 

or due to slmllari~les ln the growth habits of the hybrlds. 

In 1985~ at maturlty Co-op 2645 hid a lower upta~e and concentration 
1 

of Mn in the leaves and graln, psrhaps due to a dll~tiDn effect wlth -

hlgher ,dry matter yields. For both hybrlds the 10ss o~ Hn from the 

plants as maturlty approach~d was surprtsing. There was no eVldence of 

Mn loss by malze plants ta be feund in the Ilt~rature. A pO!lsible 
, . 

mechanlsm could be 105S from leaves as a result of leachlng by ralnfall, 

or an actlve removal of Mn te other parts of the plants llte the roots, ~ 

or excretion lnto the soil. 

"1 
Tbere "as no population effect on the ~ptake and concentratlon of Mn 

~ J P 

in plants in 1984. In 1985, there was hlgher uptake at hlgh plant 

populations, Indlcatlng that plants were weIl supplled wlth Mn. ThiS 

was expected because 5011 Mn was abundant ln both years and competltlon 

effect~ were thus ellmin~ted. 

Increased Mn uptake and Mn concentration wlth lncreased fertll1zer 

rates was probably due ta the aCldifYlng effect of the fertllizer. The,re 

may have been'lur.ury consumptlon of Hn, 
• J 

due to greater avallablilty of 

Hn at the generally low pH. 

In 1985, th~ uptake of Hn Has generally decreased 

due to the effect of the 

o Irrigation tended to he concentration of Kn 1n plant 

• e 
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tissue prebably through a dIlutIon effect of Increased dry matter yield. 

2.4.3 DiagnDsis and Reco •• endation Integrated Syste. 

Tne--~fësurts of ORIS analysls Indicated that there was an apparent 
r 

Imbalanc. ln nutrlents at the early growth stages, Indlc~tlng a relatlve 

ex cess ln N, P and K supplled' ~nth th.e fs:ttllizer. lheidecrease ln the 
\ 

values of the NBI at later stages Indlcated that calcul~ted Imbalances 

decreased wltn,tlme. 

, 
o 

The fertillzer effect may pe du-e- to relatlve exc:esses of N, P and ~: 

at _ high fertil1.ty, thus lncreasing the NB!. 

may be due -te enQanced growth with' irrigation 

effed on the less mobIle ~Icronutrlents and 

, the NBI. • 

\ Sumner l1977a) Indlcated that Ylelds would 

1 

The effect, of IrrIgation 
1 
1 ., .. 

WhlCh caused a dllution 

led ta a 1 arger value. of 

decllne ta about half the 
1 

maXlmum value when the degree of overall imbalance reached a NBI val~~ 
( 

" between 250 and ::iOO. Cornforth and Steele (1981) had maximum NBl values , 
of 180. At th~ comparative stage, the plants ln thlS study had a value 

of 98. ThIS implles that the nutrient content~ of the plants were 

relatlvelv weIl balanced. 
~- . 

The posltive correlatIon found between ,NB! and Yleld ln most ... 

instances was In~reSÙng ln th-tat greater tmbalances shoul'd not be 

associated with Increased Ylelds. Thus use of NB! to determine nutrlent 

balances seems unwarranted or even mlsleadlng. 

" 

2.4.4 Micronutrient Balance She~t 

levels of 5011 mlcronutnents from seqson to season dld nct vary to 

any great,extent. regardless of the addItIon of Ca(OHl 2 • ln general-

99 
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- •• 501) test va)ues~uggested lh~t the lev!ls of ivallabl! mlcronutrlentl 

- 1 exceS5 of plant demands. Tbis lS c~nslstent Wlth the plant 

uptake results, 

-, 

.. 
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2.5 CONCLUS IONS 

,- __ The result of thlS study showed that: 
} 

Hybrids dld not have, a large Influen-ce on 5011 propertles such as pH 

" and the levels of avallable mlCronutr1ents ln the twp years of the 
, , 
1 

S t u d y . The ml c r qn u tri en t r e Q U 1 rem e n t 5 0 f the t h r e e h v b rl d 5 use d 

Q ~ 

t h r _0 U 9 hou t - the COU" seo f the s t u d y a p p e art 0 h a v e b e en Q U 1 tes 1 m 1 1 a r • 

However the hlgher YIel.d1ng hybrids ln aIl lnstances had the higher 
. . 

Llpta~e of Cu, Zn and Mn. There l'lere no d1fferences between bvbnds l'41th 

r e ~ p-é cft ole v e 1 ~ 0 feu, Zn and Mn I n the e a r - 1 e a fat the the dia gJ1 ost 1 C 

o 
earP'I S111: stage. ' AlI values of Cu, Zn and Mn concentrations l'lere above 

documented crltlcal levels. The values,also compared favourablv to 

those reported by other workers currently Involved ln maXlmum Yleld 

studleS Irl malze. y <H'Ibr1ds dld not dlffer wlth re%Dèct to cal c ul ated 
-~ -j"" 

nutrlent balances. and the values of nutrlent balance Indlces reflected .. 
o 

a g en e raI l y weIl b al an c e c-r op n u t rl t 1 on • P l an t s of a 11 h Y b ft d s ut l 11 ze d 

ml cronut~1 ents ln the followlng order :. Zn > Mn > Cu. Uptal<e of Zn did -

0 

not decrease l'Il th Increasing maturlty, but the uptake of I1n l'las reduced ,.... • 
as plant reached the tassel st.age and beyond. When,soll pH l'las 101'1 ln 

0 

1984, uptal:e of Cu did not decrease luth matunty. However, ln 1965, Cu 0 

uptake "remalned relatlvely constant beyond the tasselllng stag-e. 

2. Hlgher plant populabons l'lere assocuted wlth h1gher upta-re of. 

because of the as~ated h1gher drv matter productlon.1 
\ 

\ 1 \ ml cronutn ents 

" Howe'ver, the generally hlgh levels of "Cu, Zn and Mn found ln the 5011 
B 

" •. ens'Ur~d that plants were well supplied. 

o 
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Fertlll~as the treatment that had largest Impact on sOli 

propertles and Mn and Zn contents of the mal:e pLant. , 
o 

rates decreased 5011 pH and Increased the avallablllty of Mn and 'Zn, but 

_had na marked effect on Cu avallablllty. The comblned effect of hlQher 
o 

uptake and lncreased avallabll1ty wlth hlgher fertillzatlon rat-es 
o 

resulted 1~ hlgher concentratlon of Mn, partlcularly ln the 1984 season. 
o' 

" However, the hlgher l'evels of mlC:ronutrlents dld not s~em detnmental ta 

cr op ylel ds. 

'4. Irngatlon è1ecreased uptal:e ~ mlcronutrlents though It lncreased 

plant dry matter' Yleld. Leachlng of mlcronutnents may have taken.place 

under lrngatlon. 'However, a more llkely cause of reduced contents IS a 

dllutlon due ta Increased dry matter production wlth lrrlgatlon. 

5. The appllcatlon(;1of sbll amendlIIents ta correct SOlI pH seemd QUI te 

useful ln reduClng hlgh levels of 5011 Mn, and yet dld not reduce Cu and 

Zn drastlcally. 

, 
In general' the resul ts 'of the two years of fal d study showed the 

ma>: 1 mum Yleld experlment at the current site doe! not have a 
j 

1Il1Cronutrlent dlsorder problem. 5011 supplies of mlcronutrlents are 

-
adeQuate, and ,levels would Ile melntalned luth the re-turn of trop 

reSl dues. However, sOlRe attentlon should be glVen ta ln as a large 

proportion of lt lS lost luth the removal of the graln. 
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PREFACE TD CHAPTER 3 .. 

\ 
The preceedlng chapter prOVl ded lnformatlon on the ef f ect of 

fertlllZer rate, plant popula,bon, hybrlds~and lrrlgatlon.on the uptal~e 
o 

an'd concentratlàn of Cu, Zn and Mn ln the plant. ThlS Informatlon l'las 

InsuHl(:ent to explaln. o 

a) Whic;h fertlln:er nutnent, N or P, Influenced m'ost slgnlflcantly 

the I!llcronutrients in the' 5011 and plànts: and 

b) The effect of Ca(QH)2 and applled mlCronutrlent-s on plants and 

salIs. 

To get a clearer Inslght lnto these fac:tors, a pot experlment l'las 

des 1 9 n e d t ose eth e e ff e c t 0 fI!? v e 1 s 0 fur e a , m 0 fl 0 a m m o~u u m p h 0 s p h a te. 

Ca ((lHI 2 and applled mlcronutnents on Cu, Zn and Mn ln p\ants and 5011. 

Chapter 3 reports the results a<l thlS expenment. 

l' 

., 

\ 
' 1 

o OC 

0 

1 
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, . 3.1 INTRODUCTION 

OThe fertlllzer levels assessed ln Chapter 2 utllu:ed , a camp l ete 

fe'r~ll1zer, and as -sud It l'las dlfflCUlt ta separate the effects of 

speclfic ..nutnents. FertlllZer N and P 'are focused upon ln this study, 

because', of thelr effects on lncreaslng sail aCldlty, and possible 

unfavourable InteractIons of P wlth mlCronutrlents (Randall et al. 1975; 
~ 

Jolley and Pierre 1977). ,\ 

The use of lue in Improving 5011 fertll1ty is aiso assoclated l'Il th ., 
~ 

~ -
decreased availablllty of mlcronutrients (MacLean, 1974; Prasad and 

,Sl-nha, 1982).\ As descrlbed ln Chapter 2, Ca(OH):z wa? a'pplléd ta adJust 

50011 pli ln the fle'ld study. The stlmulabon of greater grolith by hlgh 

fertlll::atlon, and the decrease·of avallable mlcronutrlents as a result 

of Ca(OH):2 appllcation, could 'affect the micronutrlent nutrltIon of the 

-c r op. 

11lcronutrl!"nts are usually added ln small Quantlties te the 5011 

. . 
when needed.' Chelates are repoded (Halvorson and LIndsay, In7: Prasad 

and Slnha, 1981> ta be more effICIent as a carrIer of nÎlcronutrlents. ln .' 

the 5011 than' the olllde and sulphate forms t.hat are commonly -usêd. 

\ . Chelates ar.,e s~osed ta malntaln mlcronutrlents ln a more soluble form 
c 

ln the 5011. 

Consequently, the work reported here l'las undertaken ta provlde in-
~ ~ 

formation Oh the 
o ' 
effect of soils, N and p fertlllzahan, 'applled 

Ca(OHl 2 , and chelate mlt:ronutnents on Cu, ln and Mn ln the 5011, and 
\ 

uhllZatlon~of these tnicronutrlents bo/
ô 

young ma'i::e plants. 

, , 
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~.2 MAT€RIALS AND METHODS 

The experlmint consisted of factorlal tcmbinatlons of ratai of N, P, 

Ca(OH)2 and micronutrlents replicated three timlS (Tabl. 3.11. Thr •• 

salIs Here u5e~ in the study. 

3.2.2 Soill 

S~rface samples from a Chicot sa~dy loim (Gleyad malanle brunll0ll, 

an Ormstown silty clay 10am (Qrthic luvic gleysol) and a S,arbrook heavy 
, 

clay (Drthie humic gleysoll a'll from the provi hCI of QUlblc· wlre 
/ 

ccllected. Bulk samples ware partlally air drlad and slevid through a B 
, 

mœ mash before potting. For subsequent analysas, lubsamples of $oll were 

oven dried at 105°C and ground to pan a 2 mm sieve. Some ch"mical and 

physical charaeteristics o~ the salletad soils ara pr.ssnted ln Tablai 

3.2 and 3.3. , 

3.2 .. 3 Pots 

Pots ware "conSl:~"urted from ABS drain pipe 1'11th onS p.rforüld and 

_ cap. Al! c<pots wer! 2:5 citl. high and 10 em in diamQter. 

3.2.4 Pottin; Ind Tr'lt •• nt Applic~tion. 

3.2.4.1 Sail 
o 

Pots Here <fil1ed luth 5011 to a helght of about 23' cm., Wh1C:h 

occupled a volume of about 1854 cubic cantimlters. rhe w'lght of thls 

quantity of 5011 was as fo1low5:-

. -

. 
• 

1. Bearbrook - 20509 

2~ Ch1 cot - 24749 

3. QrlUte",n - 22509 

lOb -
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3, 2. 4, 2 () T r ta t min t 1 

Urea (fertllizer grade), monoammonlum phos'phate (MAP) (fertillZer 

grade), and OLI60S0Ll were the source of .N, P and micronutnents (Cu, 

/'In ~ Ind F,) respectively. A blanket applicat10n of K .. (2~ IIIg 

1<20/pot) l'ilS made using muriate of potash (KCll. 'C"l(OH)2 lot/as applied ln 

.. powdar.d ~orm. AILnutrienh -l'lere ~pplied in solut1on or suspenslon. 

... 

) 

For Nf 53.7, 114.7 and 17S.7g of urea; and for P, sO.a, 101.7 and 

152.59 o~ MAP Mas dissolved separately in distliled water te make a 

lit.r of '4ch solution. When th. P solutions were appl~ed to the pots, 

the y pro v ide d il nad d it ion a 1 27 • 9 , S 5. 9 , and 8l. 9 m g, N P e r pot 
. ., 

rlspectively. For the treatment comblnations where the applledourea and 
) 

MAP did not provide the total amounts of N required, the defleit was 
o 

made ~p wlth a solution of NH 4 Cl. 

The C,(OH)2 treatment lnvolved ralslng the soil pH to 6.S. The 
, 

quantities of Ca(OH)2 requlred were determined for each 5011 u51ng an 

incubation procedure (Shou,ker et al 1961). Ten-gram 'Portions of aven 

dri.d soil wer. Incubated at field capacity and room temperature for one 

W Il k w i t h CI ( 0 H ) ;2 e q U l val en t t 0 0 1 9. 0, 1 8 • 0, 30 "t) and 54. (1 mg / lOg SOl 1. 

At the .nd ·of ~the incubation period, the pH of the soil WolS measured and 

ploHld< agai nst 1II0unts of applied Ca{OH):!. The a:ounts of Ca(OH}2 

rlquired to rai,. th •. pH of the 5011 to b.5 nra deteruned .,frolll 
b ". ~ 

1) 

the graph. 
~ • 

~ 

Tht soil ~rQII th. pots r"'lving the Ca(OH)2 treatmant, 'lias sllread 

\ 
ov"r a shllt of plastic and evenly coverad W'i th approprute amounts 
----- __ P __ • ___________________________________________ _________ ~ _______ _ 

! OLISOSOL 1 LTO. 1433 OU Cap, gel oel1, Que 
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of Ca(OH):;: powder. The 5011 was then dlvlded lnto quartirs. f~llowld bv , . 

a thorough ml)(lng of each quarter separately, blfora ceco,'IIblnin~. The 

procedure was repeated three times and the 50111 rlturnld to tlt.ir 

1'" aspect 1 ve pots. 

. 
The mlCronutrient products wer~ OllgO-CU (5:4 Cu), OliQo-Zn (7X Zn), 

o 
OUgo-Mn (5Y. Mn) and Oligo-Fe <5% Fe) wlth polyphanollc lulphonlc acld 

as the chelatlng agent. The products each cont,l1ned 4Y. S, and for this' 

reason, where mll:ronutrlents were not applied a 20 ml !lolutlOn of 0.27. 

Na:zS04 was used to provide an equivalent amount of S. Micronutrllnts 

were app1ied at a maintenance rate of 2 kg/ha (2 mg/p'ot, assumlng 2.2 x 

10'" kg ha-lI for eactf element, and based .on the manufacturiJ's 
a 0 

recommendation a mixture of products was made to provida the requHlId 

Ulounts. For e a 5 e 1 n a p pl i ca t ion" a m 1 x t ure 'C 0 n!i 1 fi tin 9 0 f 1. ~ ml 0 f 

01igo-Zn, and 2.0 ml each of OUgo-Cu, Mn ilnd FI diluted to 8 lIter! in 
.' 

distilled water Has und. \ D 

3.2.4.3. Treatllent application 

PI"'1Qr to applYlng the fertllizer and micronutnents, the top layer! 

o of 5011 to a depth of 7.5-8.0 cm were removed from each pot, Whare 

~ppropriat:e, 20 1111 of 0111}0- f1Ill<ture or Nh904 solut10n was applud ta 

the lioil ln the pot a10ng ho dlagonals at nght anoles U51ng a pIpette. 

A layer of sail about 1 cm thickOwas then returned t,o the pot. Ta thl! 

neN 1 ayer a mixture, of 5 ml , aach of urea, MAP, jnd wher. 

, . approprl ate, solut1ons Has applud in a pattern of 
o 

concentric circles. An additional 5011 layer of rlbout ~ cm wu again 

returned to the pots. At this point, uSlng a tuplate, four Sleds of 
1 

• maize (Pioneer 392~) wlre placed on the loil lurface luch that thlY toItr, 
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c located each in a quadrant formed by the bandlng of tl-Je ffil::ronutrlents. 
o . 

Seeds l'lere then covered wlth 't~e remalnlng 5011. AlI pots l'lere allowed 

to 
r C 

stand over-nlght and a calculahd volume of water requlred to attaln 
1 _ 

field cap~city us slowly added • 

. 3.2. S Brololth B.nch Proe.dur .. 

IlIImedutely,after watering, pots l'lere plac:ed on the growth bench set 
\ 

Ilt 16 hours_of light per day. Templ!'ratures were set Olt 28 0 C' and 22 ') Cf 

durinq the light and dark penods respec,tlvely. However, a thermometer 

pl.acad .at th. upper par-t of the plant canopy read 30" C dunng the llght 

pariodl. The l1ght ,intensi ty in the benc:h l'laS measured ta be 60000 Lux 

above the canopy dunng the light penods. 

HUlllidity l'iii fll.inta1ne~ by placing saucers filled wlth water on the 

c bench top between pots. P6ts were water'ed tWlce duly, 8.00 and lB.I)O 

hours with distilled water to lII.untaln soil at 80-100r. fleld capaclty. 

Germination l'las uS4,illy complete by about tl1e thlrd day, and ,the 

plants werl!! thinned to two per pot on the nventh day. AHer 30 days in 

the growth bench, plants were harvested by cutting the st'em at sOlI 

Ilve1. \ 

Th. soi 1 HiIS removed' fro. the pots and as much of the plant roots as 

ponible was' separated by hand. The roots wera then washed wlth tap 
~. 

l'liter over a No.35- mlSh te rnove aIl 5011, dn ad at 10soé fer 24 hours 

and then wei ghld. • CI A sample of soil from each pat wu pl.aced in a glass 

jar for~ subsequent chuieal analysis. 

c 
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3.2.6 Laboratory Procedures 

3.2.6.1 Soil anal yses 

Extractable P l'las determlned by a modlflcahon of the method 

generallv known as Br.ay No.2 (Bray and Kurt:, 1945). The proc.edure-

lnvolved shaklng 2.0 9 of oven-drled-ground 5011 for 1 mInute louth 25 ml 

extracting s~utlon mIxture (O. lN ffCl and 0.03.N NH.Fl. The P ln the 5011 

extrac:ts 'ias measured on t~e "Technlcon" auto-analyser U!51ng a modlfled 

ch 1 oro-st annous-r educed molybdophosphorlc blue colour procedure 

dèscrlbed by Jackson U962). A 1:1. ascorblc aCld solutIon l'las used 

Instead of stannous chlonde (MacKenzIe 1975), 
1 

The 5011 pH was measur.ed uSlng a soll:water or KCl ratio of 1:2.5 

accordlng to a modlfled method of NcLean (1982). Partlcle slze analvs15 , 

l'las performed uSlng the hydrometer method of Juo (1979). , 
Dlethylenetnamlnepentaacetlc aCld (DTPA) extractable Cu, Zn and Mn 

\'Iere measured by the procedure of Baker and Amacher (1982) descrlbed 

ln Chapter 2. 

3.2.6.2 Plant analys15 

Fr"esh plant matenal was welghed, dned:l an ov,en at 7r)QC for 24 

hours and then welghed agal!). The drled matinal l'las ground ln a Wlley 

mlll to pass a 2()-mesh sereen and mixed throu'ghly. Ii welght of ().5Q~ WH 

dlgested ln a ,black dlgester uSlng the procedure of Thomas et aL. 

1 
11967>, The digests l'lere dlluted te a knawn welght (50 g) wlth delOn15ed 

water, an"d NH~-N, P, K,\ Ca, I1g, Cu, Zn , and Mn l'lere lIIeasured trI thlS 

solution. ( \ . 
The "Technlcon" àuto-analyser l'las u5ed ta lIéasure NH .. and PI 

following the alkallne phenolhypochlonte test described by O'Brien and 
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FIore (1962) and a modlflcat19n of the chloro-stannous-reducE!d ' 

11101 ybdophosphor 1 C b l ue colour techn 1 que of JaCok son (1962), resP~l vel, Y. 

PotassIum was measured wlth a Technlcon flame photometer and a Perkln­.-
Elmer Madel 2]80 atomlc absorption spectrophotometer was used to 

determlne Ca, Mg, Cu, Zn and Mn. 

3.2.7 Statistical Analysis 

Anal yses of varlance of the data and o~thogonal contrasts l'lere-

performed uSlng the statistlcal methods avallable through the 
.. 

Statlstlcal Analysls System (SAS) (Barr et al. 1979). Dlfferences among 

mean! were obtalned U$lng Duncan'$ new multiple range test (OMRTl for 

-
III un effetts and the least slgnifu::ant dlfference test (~SD) for 

InteractIon èffects (Steel and Torne 1980), 
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Table 3.1 A 5ummary oi factors, levltls, symbols and apollcatlon rates 

und in the pot l!!l(p~rUlnt. 

,.' 

------------------------------------~-----------------------------------.. 

Level 

Appllcltion Ritt,' 

----~----------------------------
Field 

Equivalent 
'\ Pot 

Equivil.nt 
--------------------------------------------------------~-------------_. 

• ---kg/ha-~- ---mg/pot---
" , 

. Ni trogen (N) 170- 208 , 

, :2 285 . \ 348' .. 

3 400 498 

Phosphorus (P2Ds) 1 100 . 122 

:2 200 244 

3 ---do , 366 

---Mg / h a--- --g/pot--

Lime (Ca(OH), 1 0 0 

';" 2 1.22 "(Orllll.) 1.5 (Dru.) 
11 !' 

1. 99 (Star. ) 2.3 -(Bear. t 

1. 89 (Chicot) 2.3 1 (Chicot) 
1 . 

---kg/ha--- ---m 1 / ~o t ---. 

Mi cronutri ents 1 0 1) 
- .. 

:2 2 2Q 

----------------------------------------.. ------------~--.--.-----------
Bur. = Be"arbrôok IOU 

Orms.= Ormstown loi1 

Chicot~ Chicot soil , 
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Table 3.2 Sailli chemlcal c:harac:terlStlcs of the sOlls used ln the Dot 
\ exparuent 

-------r--------------------------------------------------------------. 
Ch.mic:&l 
Para •• tir. 

Soil 
.;.-----------------------_ .. _--------- ..... ---------

Burbrcok Chi ,ct Drmstcwn . 

-------------------------_.~:::::::::::~::::::::~~::::::::::::::::::::-
. "'-

pH (1:2.:5 H'ZO) 5.0 4.8 5.5 

\-
pH (1.2.3 KC!) 

~ 
D 

OrQlni c C (X) 
-,; 

Organit N 

Bray-2 P 

K 

DTPA-Extrac:t 

Cu. 

Zn 

/'1n 

4. 1 - 4. 1 4.6 
• 

--------------- ... ----x.-:--------------------- Ji 

1. S3 1.17 1. 46' 

t- i --;;;;--------~---~~.~~g------------;;;~----

73 

Il:"r .... _ 

296 

3523 

-1512 

2.80 

2. 8~ r 

46.3 ' 

135 

54 

1034 

137 

0.83 

Q. es <! 

28.9 

54 

- 94 

3268 

581 

1. 15 

1. 25 

13.9 

-------------------~--------~----~-~-~-----------------------~----------,. .. 0:- • f #' ,. • 
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Tab 1 e 3.3 Some-physical characteristici of t~. soila 
explilr i ment. 

-----~---------------------------------~---------------------~-----~----

Physi cal 
Parallleteri 

Sand 

Si 1 t 

Clay 
,9 

, TexturaI c: 1-ass 

- .. 
Soil 

----------------~----------------------.---------
Btarbrook 'Chi c:ot OrlIIItown . 

-----------~--------------------------~-------------
----------------~-~----y.-----------------------

., 
0.2 q? :58.0 2.6 

24.4 20.1 62.4 

75.4 21.9 J~.O 

. 
He~Y~ c:l i.y Sandy Clay lou Si lt y clay lOlm 

--------------------------_._---------------~-----------~---------------, . .. 

o 

, 
1 

\ 
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3::5 REBUL 'TB Il 
~J--f o 

3.3.1 Soil Anily.es 
o • 

Only 51gnlflcant éffects 1'4111 be d1Scu5sed, and a 5urnmary of 

51-gn1flcant F-values 15 ,noted ,for -each 5011 cln AppendlX III. 

In pruentlng the results, effects w1l1 be grouped accordlng 

ta tho!5e comman ta aIl !Solls, these cemmon~ tp ho s.a lis, ang these 
1 

unlque to a partlcular sol1. 

J.3 .. 1.1'Eff,ct of add.d nit.~:og.n and, phol'phorus. 

Applied N slgnifIC:antly increased soil 0 test Bray-2 P ln the 
, 

Burbroek 5011 (,Table 3.4). The effeét wa5 quadratlc wlth P (Table 3.5' • 

. 
Appilld P l1nearly incrs,ued 5011 test Bray-2 P ln Bearbrook and 

Ormstown ioils (Tables 3.ô, 3.7) • . 

3.3.1.2 EH.ct of ~ddid C~(OH)2 

Applud Ca(OH)2 decrEiased the level of DTPA-edractable Zn ln aIl 
" 

o 
5 a 1 1 !I IT a b 1 e 3. 8), i ne r e a s e d the pH 0 f 8 e af' b r 00 k il n d Ch 1 c 0 t sOlI 5 

(Table 3.9), ilnd decreased the DTPA-extractable Mn in Beûbroo~ and 

Chicot 50115 (Table 3.10). c 

Q 

3. J. 1.3 Inhr.cti on eH.ct. of .ddld ni trag.n, phaspharus, Ca (OH) 2 and 
ch.l.tld IIi cronutr i en.t. 

3.3. 1.3.1 DTPA-'Mtr~ctabl. Cu 

In gl~trill increasing N 11;: P Inc:re~5ed DTPA Cu levels, althoug~ the 

tHect of added P l'las found only wlth the hlgh rate of N ln the 

Btarbrook 1011 (Table 3.11) and the 10w rate of N wlth the Ormstown so11 

, • <;, 

lTibl.3.12I, A linear Increase ln SOl,\, Cu w1th added P eccurred at,the 
tJ>. " 

-
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hlghest rate of N ln Bearbrook 5011 (Table 
• whlle ln the Ormstown 

solI Increaslng ratas of _ N had a quadratlc 

extractilble 5011 Cu when the lowest rate of P J.s applled (fable 3.14) 

For CI'I1cot 5~111, appl1ed Ca(OHI O! -decreased the IIVel Qf DTPA-

extractable Cu only 'when no m1cronutrunts were added to thl 5011 (T.lbl. 

3.15) • 

A P :< micronutr1ent )( Ca(OH);2 Interaction effect on DTPA-extractable 

Cu wa5 noted ln the 8earbrook sOll/(Tabl, 3.1b), The'most ObVl0US rnult 

l'las a quaoratlc effect on 5011 Cu of Increulng rates of P on 'unllmed 

5011 with applied mlcro-nutrlents (Table 3.17). Other eHlcts, Wlrl not 

C-onSl seent. 
~ 

~ 3.3.1.3.2. DTPA-IHtrachble Zn 

Extractable Zn seemed ta ba most Influenced by added P although the 

effects l'lere influenced ·by Interactions W1th added N and chel ated 

ml cronutn ent s. 
(> 

The 1 ev e lof DT PA - e:< t r aj t ab 1 e Zn 1'1 as 51 9 nif 1 ca n tl y a ff e ct e d b yaN ;< 

P lnteraction (Table 3.18)\~" with no-effect of 1ncreil!ung P,.rates at the 

hlgnest N rate and aOquadratlc, though Opposlte, effect at eatM of the 
o 

lower ho N ratas <Table 3.19), Increa!H.nQ rates of appilld P 1ncreased 

the DTPA-extractable 5011 
, 

Zn ln a quadratlc manner only 'wher 1 

micronutrients had been applud tc Baarbrcok so11 (Tables 3.20, 3:21). 

3.3.1.3.3 DTPA-extraetable Mn 

In general, Hn was decrea.ad by added Ca(OH)2t although th. Ifilet 
1 

was modlfied wlth N in Ormstown 5011 (Table 3.22) and added P and 

ID 1 C r c'n u t r le n' t 5'- i n Bea r b r 0 0 k 50 1 1 (T a b 1 e 3. 23, 3. 2 4) • 0 

~ 

<> Where mlcronutnents- were appl1ed ln 8earbrook soi 1 th. l.v,l of 

110 
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-DTPA-extractable 5011 Mn lncreased wlth lncreasl~g N. but d" c l'" e a s e d at 

the,hlghest N rate (Tables 3.25, ~.r6). 
G _ 

o 
3.3.1.3.4 pH 

• 
ln ùn1imid èrmstown 5011, nitrogen rates had no slgnlflcant effect 

01')\ SOlI pH, qut ... the pH of Ilmed _~oil lin,early decreased with inCrea!i'lng" 

- rate of applled N (Tables 3.27, 3.28). There were no slgniflcant effects, 

of added N on the other two soils. 
o 

3.3.1.3.~ Bray-2 IKtrActabl. P 

A P K micronutrlent K Ca(OH)2 interactIon affect o~ Bray-2 P ln 

Chicot soi1 was found, with the notable ~ff~ct belng that of a general 

incr,ase in ,ail P wlth Increasing P rates (Tables 3.29, 3.30). 

o 

( 

o , 0 

) 

( o 
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Table 3.4. Effect of ,added nl trogen on Bray.-Z phosphorus 
in Bearbrook 5011, 

---------------------------------
N 

Rates 
Bearbrook 

Soil P 
---------------------------------
--mg/pot-- ---~g/kg---

115b 208 

348 

488 

111 b 

1244 

* CV (X) 10.7, . ) 
-------------------------------- .. ~J 

*, maans for each soil followed by a 
common latter are nDt signlflcantly 
different p=O.O~ 

Table 3.5. Hean squares ~nd level of Ilgniflcance for affect of ~dd.d 
nitrogen on Bray-2 Phosphorus in Bearbrook sOlI, 

/ 4 

----------------~-----------------------tlr-----
Bearbrook, 

Source df Soi1 P 
----~-----------------------------~~~----------­of, " 

--mean sq'\;I'll;J~e val ues--
, , . 

ca,N 2 ~ 

~ ., 0 
N Lin 1 1321.41"· 

N &luad 1 1713.4~"" 

Error 70 1~4.30 

-----------------------------------------~--------*, ** Indicatas 0.05 and 0.01 11gnificanc. levlls, 
respectively f 
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ble.3.6. EHect of added phosphorus on Bray-~ phosphorus ln Bearbrook 
and Orlltown foils. 

--------------------------------~----------~----------------
Bray-2 P ------ - -- - - - - - - - --- - - _ ... - --- - - ------ - - -':'" --------

<) Burbrook Ormlto",n . 
----------------------~----~-------------------------~------
-ilg/pot-

122 

244 

366 

CV(7,l 

-------------------1119 1 k g----,--------------
99.2c 

115.Bb 

134.9a 

* 10.7 

69.4c 

BO.2b 

93.4a 

* -14.6 

------------------p----------~------------------------ -.-._-*, muni ln the body of table, for each soil, foll'bwed by a commen 
. litt., are not--ligniflcantly ddferent _ (p=0.05) aCCO[dlng ta Duncan New 

Multiple range test. 
o 

.. 
Tibh 3.7. /'tun squares and level of signlficanc:e for efhct of added 

Iphoiphorui on Bray-2 phosphorui in Bearbrook and Ormstown 
soils. 

\ 

Bray-2 P 

Source df a.arbrook Ormsto\tln 

-----mean square values------~-

p 2 

P Lin 
/) 

1034.43"· 

P Quad 1 3S.99 35.19 

Error 70 1 :54.30 139.3S 

\-------------------------------------------------------------., ** InditAte, O.O~ ind 0.01 significlnce levels,respectively' 
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Table 3.8. Effect of Ca(OH)2 on DT?A-extraciabll zInc 
Chlcot and Ormstown s0115. 

in Surbrook ~ 

IIJ 

--i-----~-----------------------------~-----------------------~---------
Soi l Zn 

--------------------------~--------------------------- --~ 

Bearbrook Chic:ot Ormstown 
-------------------------------------------------~----------------------
:'g/pot- ---------------------------mg/kg--~----------·------

o 3.0 0.94 

~.5 

2.3 2.9 

* * cv (4) 5.9 1 ~5. 7 

*, signific:antly differen~ at p=O.O~ 

Table 3.9. 

Ca(OH):: 
Rate 

,; . 
~ 

Effect of appliad Ca(OH)2 on sail pH ln 
Bearbrook and ChIcot soils. 

Bearbrook Chicot 
----------------------------------------.-----

--g/pot--
o 

o 

2.3 

cv (h) 

-------------pH~-----~--------

5.1 

~.6 

* 5.a 

4.~ 

~. 1 

* 7.0 
----------------------------------------------l *, signific&ntly ~ifferent at paO.OS' 

120 , 
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Tabl.e'~. UJ •• Effect of Ca(OH)2 on DTPA-extractable manganese ln Bearbrook 

and ChIcot soils. ~ 

Ca(OH'2 
rate 

g/pot· 

o 

2.3 

cv (%) , 

5011 Mn 

Bearbrook Chicot 

-----------------mg/kg---------------

39.,,3 

33.1 

* 
12. 7 

30.8 

-----------~-----7---------------------------------* 5lgnlflcantly dlfferent at p=O.05. 

--. 
Table 3.11. Effect of added nitrogen and Ph05pho~ on DTPA-extractable 

-------_:::::~-~:_:::::::::_::~~~_:~--;~~::-~;~~:~~----------~-
P20a ------------------------------------
rates 208 348 488 ________________________________________________________________ 1 

mg/pot ------------mg Cu/kg s011-----------
• 

122 1. 7S 1.28" - 1. 44 

244 1. 42 1. 84 1. 69 
0 

366 1. 57 J.63 2.04 

CV(X)=3S.64 LSOo.oa=O.47 mg/kg 

121 
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Table 3.12. Effect (J'of .addèd 01 trogen and added phosph1lrus on 
r DTPA-extractable copper ln Qrmstown sOlI. 

-----------------------------------------------------------.----
N -Rates (mg/pot) __________________ J ____________________ ~- __ 

208 488 

mg/pot ---------------mg Cu/I:g scll~--------------

122 .0.66 0.83 0.73 

244 0.84 0.70 0.70 
Q 

36b 0.73 0.69 0.64 

• éV(ï,l=24.3 LSDo • o .=(1.15 mg/kg 

Table 3.13. Mean squares and level cf'slgnlflcance for effect of' added 
nltrcgen and phosphorus cn DTPA-extractable copper ln 

o Bearbrccl' SCll. 

---------------------------------------------------------------
Source - df DTPA- Cu 
---------------------------------------------------~-- -.-------

---mean sQuate val ues---

P ln N 6 

PoLIn 1 n Ns (1. 1954 
1 

p Quad in Ns 0.4536 

p LÜI ln N:a "" 0.7536 

P Quad ln N:a 1.1917 

P Un ln N:s 2.0203-

P Quad in N3 1° 0.0203 

Error 70 0.3374 

-------------------------------------------~-------~------~-----
*. ** lndlcates 0.05 and 0.01 51gnlflcance levels, relpectlvely 

o 
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Tabl~ 3.14. Mean squares and level of slgnlflcance for effect of added 
nltrogen and phosphorus on DTPA-extractable COD Der ln 
Ormstown SOLI. 0 

. -------------------------.-------------------:-----Q------------
Source df DTPA- Cu 
--------------.-----~----------------~---------------------------met, SQ uar e values--

N ln P 6 

• 
N LIn 1 n PI 1 . 0.0318 

N Quad ln PI 0.1631* 
~ () 

N Lin in P:z 1 0.1088 

N Quad ln -P:z 0.0449 

N LIn ln P:s 0,0423 
" 

N Quad ln P:s 0.0001 
, 

E{ror 70 
c 

0.031"8 
-----------------.----------------------------------------------
*, ** Indlcates 0.05 and 0.01 slgnif1cance levels, respectlvely 

Table 3.15. Effect of added micronutrients and (d~JOH):z on 
extract~ble copper ln Chicot Sail. 

------~----~--------------------------------------
Applied m1cronutrlents (ml/potl 

Ca(OH):z 
rate 

-----~---------------------------------o 20 

-----------~--------------------------------------
--g/pot-- ---------mg Cu/kg s011--------

0 0.27 0.28 

2.3 0.23 0.26 

CV (Y,) = 1 O.' a LSDo.os=O.02 mg/kg 
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Table 3.16. Effect of added phosphorus, Ca(OH)2 an~ applled mlcronutrl­
ents on ~TPA-extraetable eopper ln ~arbrook sOlI. 

______________________________________ ~ __ l ____________ __ . _______ _ 
Applled mlcronutrlents (ml/pot) 

o 20 

Ca(OHI 2 rate (g/potl Ca(OHI2 rate (q/Pot} 
o 2.3 o 2.3 

------------------------------------------~-~-----------------~--. . . 
mg/pot -------------------mg Cu/kg 5011-------------------

1. 2(;, 1. 39 1. 91 1. 41 

1. 83 1. 47 1. 33 1. 97 

~66 1. 67 1'.52 1. 85 

CV(1.>=35.6 LSDo • oe =0.47 mg/kg 

Table 3.17. Mean square and level of slgnlfleance for effeet of added 
pho5phorus, Ca(OHI 2 and applled mlcronutrlents on DTPA­
extractable copper. ln Bearbrook sOlI. 

, 

----------------------------------------------------~- --------­. 
Source df DTPA- Cu 

--me an square values--

P ln ML 8 
~ 

P LIn ln M ,L 1 . 0.7633 

P Ouad ln H,L, 1 0.8137 

P LIn 1n H,b 1 0.0731.-1 

P Guad ln H.L2 1 0.0024 

P Lin ln H2L, 1 0.0188 

P Ouad ln H2Ll 1 1. 8320· 

P Lin 1 n l'bL 2 1 1. 31 ô3 

P Guad ln H2L2 1 0.5202 

Error 70 O. ~374 . 
---------~-------------------------------------------------~----
f, ff tndlcates O~05 and 0.01 signlfleanC! leve15, relpectlvely. 

\ 
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Table 3.18. Effec~of added n1trogen and phosphorus on DTPA-extractable 
zinc ln Bearbrgok sail. 

N rates (mg/pot> 

-------------------------------------~ 
208 348 488 

---------------------------------------------------------------
mg/pot ------tu.-------mg Zn/kg 5011----------

122 3.00 2.78 2.98 

244 '2.77 3.00 2.87 

3QO ~ 
2.94 2.85 3.02 

CV(7d=8.8 115Do • 015 =0.21 mg/kg 

Table 3.19. Mean squares and level of sign1flcance for effect of added 
nltrogen and phosphorus on DTPA-extractable Zln~ ln 
Bearbrook soil~ 

Source df DTPA- Zn o 

--mean square values--

, P ln N il 

P L1 n in NI 1 0.0161 

P Quad ln NI 1 0.3173* 

P Lln ln N2 1 0.0307. 
"Ir 

P Quad 1 n N2 1 0.2656* 

P LI n 1 n N:s 1 0.\)1181 

P Quad ln N:s 1 0.1395 

Errôr 70 0.0652 
--------------------~-------------------------------------------
f, tt Indlcates 0.05 and 0.01 signiflcance levels, respectively. 
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Table 3.~O. Effect of-added phosphorus and applle~ mlcronutrlents on 

DTPA-extractable Zlnc ln Bearbrook sOlI •. 

P:zO s rates ~mg/pot) 

. Applled ---------------:---------------------
mlCronutrlents 122 244 .366' 

---------------------~----------)-~---------------------------
ml/pot ------------mg Zn/kg s011------------

o 2.87 2.96 2.82. 

20 2.97 2.80 3.06 

.cV(%)=B.77 . LSOo . oa =u.21 mg/kg 
-------_._---------------------------~--------------------------

Table 3.21. Effect of added phosphôru5 and applled mlcronutrie~ts on 
DTPA-extractable Ilnt in Bearbrook 5011. 

----------------~------------------------------------- ---------
Sourree df DTPA- Zn 

---------------------.---.-------------------------------------
. ---mean square values---

"" 
P ln M 4 

,P Lln ln MI 0.0237 

P Quad \oi n MI 0.1595 
fi 

P Lln in H2 
'. 0.0796 

P Quad in M:z 0.5528-

Error 70 0.0652 

--------------------------------------------------_.~-_.~---~---
*, ** Indlcates 0.05 and 0.01 !igniflc~nc~ l~vel!, r~~pectlvely. 
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Table 3.22. Effect of added nltrogen and Ca{OHI 2 on DTPA-er.tractabl~-· 

\ 
manganese ln Ormstown sail. 

Ca(OH)2 
rates 

.. 
N rates tmg/pot) 

-~----------------------------------
208 488 

1 ------------------------------------------------------
9 /pot -------.. --mg Mn/kg soil---~---------

e.' 
0 12.3 13.2 12.6 

1.5 9.5 9.9 8.5 
1. 

CV(1.)=20.3 LSDo.os=l.-::) mg/kg . -------------------------.----------------------------'" 

Table 3.23. Effect of .added phosphorus, appli'ed mH,ronutnent ~nd Ca(OH)2 

P20a 
rates 

on DTPA-extrac,tabl e manganese ln Searbrook 5011. ,,-
") 

"" CatOH)2 rate (mg/pot) 

o 2.3 

,Micronutrlents (ml/pot) Mlcr~nutrients (ml/pot) 
o 20 o 20 

-------------------------~---------------------------- -----------
mg/pot ---------------~--mg l'In/kg 50il-------------------, 

122 39.1 40.1 , 33.3 31. B 

244 41.3 36.7 31.7 16.6 

366 38.2 41.0 32.2 33.0 , 
a 

CV 0:) ';"12. 8 
. , 

LSDo • os=3. 08 mg/kg • 
----------------------------------------------------------------

L 

; 

,J 
/ 
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Table 3.24. Mean square and level of signifi~ance for effect of added 
phosphorus, applied' mlcronutnent and CaIOH)z on DTPA­
extractable manganese ln Bearbrook 5011. 

~----------------------------~--------------~------------------
Source df DTPA-Ex tr ac. Mn 

-----------------------------------------------------------~---, . 
--me an square val ues--

P in LM 8 

. P Lin ln L,M, 3.2236 
~ 

P Quad in LIM I 42.3797 

P Lln ln LI 112 ' 3.7111, 

P Quad ln L1 Hz 90.1060· 

P Ll,n ln L2M 1 5.1170 , 
.. 
P Quad ln L2 M1 6.6032 

P Lln,ln 'LzMz 7.5965 

p Quad in L2 Hz 47.9771-
c 

" 
Errer 70 21. 4224 

-
------------------------------------------------------ ~--------J , 

*, ** Indicates 0.05 and 0.01 slgnificance levels; re5pectively. 

Table 3.25. Effect o{ added nltregen and micronutrlents on DTPA­
extractable manganese ln Searbrook 5011. 

o ' 

--~-~------------------------------------------------------~-----
Applied mlcronutrlents (ml/pot) 

N ---------------~--------------------------
rates o. ,20 

mg/pot ---~---~------m~ Hn/kg so11--------------~ 

208 35.7 15.9 

348 34.6 .. 38.3 
. (" 

488 37.6 35.5 

CY(7.)=12.a LSDo.oe=3.1 Ig/kg 
----------------------------------~------.-----------------------

128 ~'" 

--

1 
/ 

/ 
( 

/ 

l 



-( 

( 

- t' 

, 

l 

c 

, 
Table 3.26. Mean squares and level of slgnlflcance for effect of aodeo 

nltrogen and mlcronutnsnts on DTPA-e:<tractaole manganese 
ln 8earbrook 5011. 

------------~----------------------------------------- ---------
Sourc:e df . 

------------------------ë----------------------------~---------
, ---mean square values---

N ln M 4 

N Un 1 n Ml 31.0574 

N Guad ln Ml 52.0219 

N Lln 1 n lb , 1 1.0458 

N Guad in M:z 87.0101* 

Error 70 ." 21. 4224 

----------------------------------~----.--------------------~-*, ** Indic:ates 0.05 and 0.01 s.lgn1..flcançe levels, respectlvely 

Table 3.27 Effect of added' nltrogen and Ca(OHI:/ on the 
pH of Ormstown 5011. 

----~------------------------------------------------------------

Ca(OHIO! 
Ra tE! 208 

)0' 

N Rate'~ (mg/pot) 

348 488 
---------------------.-------------------------------- ---~---

--g/po't-- -------------:~---pH-------------------

o 5,4 5.4 5.4 

1.5 5.9 5.8 5.7-

-""'&-\I (~) 112. 96 LSDo.oe=O. ~ 
----------------~--------~---------------------~----------------- r 
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Table 3.28. Mean squares and level of slgnlflcance for eftect 01' added 
nltrogen and Ca(OHl;> on the pH of Ormstown so11. 

. ~ 

----------------------------------------~------------- ------
Source df SOI l pH 

~ --mean square v.luls--

N 2 
0 

N Lin ln Ll 0.0087 
~ 

N Quad ln LI ..... 0.0018 

N Lin 1 n LI:! 1 
0 

o 0 0: 26 Ù 1 ""0 

N Quad 1 n L2 1 0.0021 

Error 
0

69 0.0288 

*, ** Indlcates 0.05 and 0.01 5lgnlflcance levels, resplJctivillv 

Table 3.29. Effects of added phosphorusJ mlcronutrlents and Ca(OH):- on 
Bray-2 phosphorus ln-Chlcot 5011. 

P:zO~ 
Rates 

, Ca(OH)::! Rate~ (g/pot) 
-------.------ --"---------------------- ---"""- - - - -_ .... 

o 
Mi cronutr lInts (ml/pot) 

o 20 

2.3 
Micronutrunts (ml/pot) 

o 20 
---_ .... --;:...- ... _------- ----------'.- --- ---- ---- - ----- -- - ------ - -----
--mg/pot-- ------------------·-mg/kg---------------------

122 1b4 160 169 106 

244 Ib6 157 172 181 

360 IBb 189 213 1 B 1 

cv (7.) =9.07 LSD", .,e=l~ mg/kg 
------------------------------------------------------._--------

l , 

cl l 

1"SO 

" 
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Table 3.:i0. Mean squares and level of slgnlflCance for effec:ts of a.dded 
phosphorus, mlGronutrients and Ca. (OH) ~ on Bray-: pnosphorus 
ln Chicot Soil. 

o 

- ----- ----·0 .. --------- - -------------- ------ -::- - -- .. - - - - ----- - -----
Source df Bray-2 P 

-- ------ ------ - -------------- ------- - ------ - ----- --------- -----
":-mean square value~--

Pin LM B 

2074.6203"· 

431.9476 

1 3623.0845 ... 

o 0 

1954.8836·· 

8536.4403·· 

2073.0317·· 

P Li n in L2 1'b 1023.1524· 

Q P Quad 1 n L::I'b 239.3041 

Error 70 252.6658 
_ ..r ____________________________ ________________________________ _ 

It, ** Indicatu 0.05 and 0.01 51gnlflcano:e levels, respectlvely 
o 
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3.3.2 Plant RllponslI to Add.d N, P, CI(OHI 2 and l'hcronutri.nts 
, 

On lys 1 9 n i fl c an t eH li C ts will b e d 1 5 C U lB e d tan d • S lUfu r v 0 f th. 

probability of the F-statlStlc ùfor the sources 15 presented ln 

Appendix IV. 

'3.3.2.1 EU.ct of trutunts on root and shoot ;rowth 

There were no 51gn1 f icant affects of aoded N on roots or shoots 
li? 

eKcept ln the Ormstown 5011- whera both root and sh'ot wu ghts l'lare 

lncreased luth added N to the rate of 348 mg/pot (Table 3.31), producing 

a significarit quadratic affect (Tabla 3.321. AIso, addad N Increasad_ 

shoot yleld o~ the Bearbrook sail but only on so11s with added Ca(DHJ;. 

(Tables3.3~, 3.34). 

Added P lncreased shoot dry weights quadritlcally wlth the Bearbrciok 

sail and linearly with the Ormstewn 50il (Tiblas 3.35, 
(;1 , 0 _ 

. 
3. 3b). Add,d P 

, 
increasad roct weight linearly in the Ormstown loi1 as weIl lT.ble'3.37, 

3.38 ) 

Addad C'a(OH)2 incrusta root and shoot w.ight. in th. Chlcot loil 

(Table 3.39). Added mlcronutri ent! had no .fflct on dry mattar 

production. 

3.3.2.2 EH.ct of traltllnts on nutrilnt conc.ntr.tion .. nd uptlk. 

Addad N decreased P ln shoots llnearl y with Burbroolc and Ormsto-wn 

soils and quadf!'atlcalJy with Chicot sOlI o(Tablu J.40, 3.41)~ whereu 

added P increased oP concentration ln shoots I1nearly ln .11 1011s 

(Tables 3.42, 3.43).-

As to effects, of added N and- P on JIll cronutr 1 ent contants, addld N 

't" 

increand Cu concentration llnearly ln two soils, the Bllrbrook' ,nd 

,. 
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ChIcot'soïls (Tables 3.44, 3.45). Copper uptake was Increased l1nearly 

wlth added \ in the ChIcot so~l .. ,(Tables 3.46, 3.47). In addItIon, added 

N increased Ilnearly Zn concentratIons ln "shoots from the ChIcot sol1 

(Tabl es 3.4b, 3.47> And I1n concentration and uptake ln the Ormstown 

(Tables 3.31, 3.32) • Added P had no slgniflcant mai n, 
'Dl~ 

eH ect Q," 

Ilcro"u~rie"t concentrations or ~ptare 1 n the pl ants. 

Applud Ca(OH) 2 deereased the uptake of Mn by plants froln Bearbrook 

and Oruto..,n soils (Table 3.48). For Chicot sail, applud CaCOH)2 

deereand conclntratlon and uptake of Zn ln plant shoots (Table 3.39). 
lA 

Appliad mlcronutrunts resulted in 
'" 

lncreased co"centra~lon and 

uptake oLZn by plants grown ln Bearbrook and CI'llcot so11 o,<Table 3.49). 
J 

For ChIcot icil, Appliad'mlcronutrients increased the concentratIon and 

uptake ofo Cu by the plantt (Table 3.50). No other mun effects were 

noted. 

There were a nUllber of Interactions among added N, P, Ca(OH)2 and 

micronutrients,. howRver. In general, for the Bearbrook and ChIcot 5011 

added N increased Zn and l'In concentratIon and uptake ln the shoots, but 

the IIffects were eitner increased where nc, Ca(OH)2 was appl1ed or 

decreased with added Ca(OH):.! <Tables 3.51, 3.52, 3.53,3.54, 3.55, 3.56, 

3.57, ::L 59) . 

Addtd P WAS fO,und tp enhance Mn uptake only when rnicronutrunts l'lere 

not addld in Chicot SOlI (Tables 3.59, 3.60). Further, added N lncreased 

Cu contant but upeclally at high rates of ad ded P, and with no 

1I\1Cronutrunts in the Bearbroak 5011 !Tables 3.61, 3.62) 

Th". 
.. 

\liAS A N le CA(OH):! )( licronutrient Interaction eHeet on Mn 
. 

concentration in pl ants from Searbrook soi l <Table 3.63). Generally, at 

r 
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o the 10w rates of N and where no mlcronutrlents l'lere applled CaIOH)~ Wli 

assoclated wlth decreased Mn concentratlOn!l1 howevlr wharf 

mlcrenutrlents l'lere appl ud 1 Ca(OH)~ was ibl. te dlt"us, Mn 
" 

concentration only it the highlst r.te of 

o 
.. 

• i 

o 
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Table 3.31. Effect of nltrogen on the concentrations of ndrogsn and 
manganen, uptalte of manganese, and dry welghts of root5' and 
s.h 0 a t of 3 0 - d a y 0 1 d ma 1 z e pla n t 5 -g ra.., n 1 n pot s 0 fOr m s ta.., n 
sail. 

---~-----~-----------------------------------------------------------~-
ConcentratIon Uptake Dry matter yleld 

N 
Rate N Mn, Mn Shoot ) Root 

-----------------------------------------~-----------------------~-------
-mg/pot- ------mg/kg------ --mg/pot-- ----------g/pot-------

208 31.1c: 24.2a 0.312c 13.1 b 2.82b 

348 39.5b .26.7b O.427b 16.1a 3.87a 

499 48.6a 32.8c 0.537a 16.6a 3.78a 

* * * * * 
CV('l,) 15. 1- 23.0 29.6 17.0 30.0 

*, fluns in body of table, for f'ach sOlI, followed by a common latter 
ire nof signific.antly different' (p-O.OS) according ta Duncan's New 
Multipl. Rang. tlst. 

u , 

TAble 3.32. Mean squares and level of significance for effect of nltrogen 
on the concentrations of nitrogen and manganese, uptake of 
ungilnlll, and dry weights of roots and shoot of 30-day old 
.aiZI plants grown in pots 9f Ormstown 5011. 

Concentration Il Uptake Dry matter yiel d 

Saure. df N Mn Mn Shoot Reot 
-------------------.----------------------------------------------------o 

------------------mean square values-----------------
N 2 

N Lin 1 5527.5·· 1341.08"~ 0.92 210.67 .... 16.44 ...... 

N Quad 3.2 92.67 0.00 38.25* 7.71"· 

Error 70 37. B 41.08 0.16 0.77 1. 10 
-------------------------------------------------------~-----------------

* , ** Indic.ahs sig(1ificance at 0.05 and 0.0.1 levels,. 
~ relspecti vil y. 

1) 
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Table 3.33. EHec:t of added nitl"'ogen and Ca(OH)~ on shoot dry matter 
yleld Ot 30-day old mua. pli"nts grown Il1bpotl of Burbrook 
soi 1. 

------~----------------------------------------------- ---------

N 
Rates 

--mg/pot--

208 

H8 

488 

cv (%) =15.9 

Ca(OH)~ RAt" (g/pot) 
----- -- ----- - - --- - .... -- - ... _- - - .... - ..... - - -.-:.- --_ ... - '\:' 

o 2.3 

Cl _________________ g 1 pot ------ -:---- -- ---

12.4 13.5 

13.7 13.4 

12.9 11. 2 

LSDo.o~=1.4 mg/kg 
........ 01_ .... l ......... "".,=..~...::....-::.!::.."::.:.:-.... :" ... =..=.~~,:a:-..::r ~ - - - - - - - - - - - -~~- - - - - - - - - - - - - - - - - - - - .. - - - - --

\ 

Table 3.34. Mean squares and level of signlflcance "for effect of added 
nltrog(!n and Ca(OH)" on shoot dry matter Vll!ld in 31)-day 
old maize plants grown in pots of Bearbrook loil 

Source df. Shoot dry matter 

--me.n square values-- " 
N in L 4 

N Lln ln L l- . 2.834 

N Quad in LI 12.b90 

N Lin in L:I 

N Quad in b 14.090 

Error 70 4.1~e , 

----------~-------------------------------------------*, ** Indicltes sign'lficinCI it O.O~ ind 0.01 llvels, 
respect i vel Y.' 
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Table 3.35. EHact of pho!iphorus on shoot dry welght of 30-day old muze 
plants grown ln pots of .Bearbrook and Drmstewn 50115. 

------------- .. ------------------------------------------------ Shoot dry welght -...... _---------------------------------_ ... _-
Bearbrook Ormstown 
, --_ .. _------------------------------------ ... ------------------

-/lg/pot .. -------- - -----91 pot ---------------

122 11.4b 13.7b-' 

244 13. ,7a 15.6a 

366 13. ~a lé.aa 

* * 
CVlh) 0 15.9 17. [ 
---------------------------- --------------------------------
*, means in body of table, far lach sail, followed by a common letter 
ars not lignlflcantly different (P=Oi',OS) accordlng to Duncan's New 
l'tultiple Range tast. 

Table 3.30. I1I1.n square and level of signiflCance. for effect of phosphoru5 
on shoot dry w'.i ght of 30-d.y 01 d mu z e pl ant" grown 1 n p~ts 
of Burbroo~ and DrfASto ... n 5011 s. 1 . 

---- .. --------------------_ .. _-------- ... ------------------------
Shoot dry wei ght 

Source Bearbrook Ormstown ---.. _-----... --------------- .. ----------------------- - ---------
--------mean square valu'es-------

p 2 

P Lin 1 76.01-- 155.17·· 

P Quad 1 36.94 .... 4.08 

Error 70 4.16 6.77 --------------------,.------.---------------------------------
*, ** Indicatll. significanC:1 at 0.05 and 0.01 levels, 
l'''npec:1:i Vil y. 

" 
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Ta.ble 3.37. Effec:t of phosphorus on n'l trogen c:oncentratl on ~nd root 
weight of 30-day old muze plants 9fown ln pots of OrmstQwn 
sOlI. 

N c a.n c. nt r & t i Q n Roat dry ni ~h t 
---------------------------------------------------------------------
-"g/pot- ---mg/kg-- ----gl pot----

122 42.2a 3.09b 

244 39.2b 3.62i1 

3bb 37.7b 3. Ha 

* '" 
CV(ï.) 15.1 30.0 

*, means ln body of table, Tor uch sOlI, followed by 1 common leUer 
are not significantly different (p=O.051 ac:cordlng to Oumcin', New 
/'Iultiph Range test. 

" , 
Table 3.38. Mean square and level of signlficanca for affect of phosphorul 

on ni trogan concentration and root dry weight of 30-day old 
maize pl ant 5 grown in pots of Ormsto..,n 1011. 

-------------------------------------------------------~----------.--

-Source df N concJlntratlon Root dry l'le! ght 

-----~-----------------------------------~--------------------------" valuls------------------------mean squire 
p 2 

P Lin 3~3.bl"· e.07" 

p Quad 13.02 0.84 

ErrQr 70 35.78 1. 95 

----~------------------------------------------------- ---------------
*, ff IndicatIf significanc. at O.O~ and 0.01 1.ve19, 

-respectlvely. 
/ 

-' 

.. 
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" Table 3.39. Effect cf Ca(OH)2 on root and !Shoot dry weights, and Zlnc 
concentratlon and uptake by 30-day old maize plants grown 
in pots Chlcot sOli. · 

----------------------.-------------------------------------------------
Cil (OH)2 

Rates 

Dry wei gh t 
----------------------

Root Shoot 

Zn 
--------~--------------------

Concentr at 1 on Uptake 
------------------------------------------------------------------------
-g/pot- --------g/pot-------- ----mg / kg ---- --mg/pot-

0 3.88 lb.3 19.2 0.317 

2.3 4.19 17.0 14.0 0.236 

* * * -
i 1> * 0 
'<..../l 

,J 

CV (%) 15.5 7.9 50.0 53.0 

--------------------~-------------------------------.- ------------------
difflrent (p=Q.QS) for each s011 

~ 

Eff.ct of nit en on phosphDru5 ~oncentrltion in 30-day old 
mai~e shoots gr wn in pots of Bearbroak, ChIcot and Ormstown 
sail. .1> 

------------------------- -------------------------------------------
N 

Rates 

P c:on~.ntrat1on 
---------------------------------------------------

BearbrODk Chicot Ormstown 
---------------------------------------------------------------------
-mql p ot .. ---------------------.. ---mg/kq----~----------------
2QS 

348 

• 488 

5.92i 

5.ô7ab 

5.3!5b 
• 

4.09a 

3.70b 

4.laa 

* 

ô.2ôa 

5.22b 

4.69c: 
• 

CV(X) 13.5 19.0 19.9 

----------------------------------------------~----------------------*, m.anl far I.parat. loill followed by • co •• on letter are 
nDt liQnificantly difflrent (p==O.05) according ta Duncan's 
Nlw Mul ti ph Range .test 

) 
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Table 3.41. l'lean squares and level of 'lgnlflC:ance for effect of nltroQln 
~ 0 n p h 0 5 P h~o rus con c en t rat Ion 1 n 30 - d a y 0 1 d mai a _ h 00 h 9 r 0 w n 

in pots of Bearbrook, Chicot and Orm!ltown 5011. 

-------------------------------------------~-------------------------
P concentratIon 

-----------------~-----------------------
.Spurce df Bearbrook Chicot Ormstown 

-------------------_ .. -----------------------------------------------
-------------mean !lquar e val UliS ------ -----

N 2 

N Lln 1 0.1082· 0.1632 44.8879·· 
'II! ~ ,-t>'"", 

N Quad 1 .9 0.0197 4.4301"· 1.62b9 

Error 70 0.9751 O. S7é4 1.627(1 
------------------------------------.-------.-------------------------

*, ** Indicates 11gnlflcanCI At 0.05 and 0.01 levll., 
respectively. 

Table 3.42. Effect of phosphorus an th. pholipharus'concantration ln 3Q­
day old maize shoots grown in pots of Burbro~k', Ch.-t,cot And 
Or:lIIstown 50i 1. 

------------------------------.-----------------------------------------, . 
P coneen trati on 

Bearbrook Ch 1 cot Ormltown .. 

--------------------------------------------------~--------~-------~----D -mg/pot- ----------------------mg/kg------------------

1 122 4',09c 3.05c 4.33c 

244 5.47b 4, lib :5.32b 
.. 

3bb 6.60. 4.8h 6.51a 0 

f f- f 

CV(X) 17,5 19.0 "" 19.9 
---------------.----------------------------.--------- ------~-----------*, .'Ins in body of table, fo:r •• ch 1011, followld by a cOllllon lltt,r 
Irt not significlntry difhrl.nt (p:rO.O:!) 9iC:cor ding to DuncAn'1 N.w 
Multiple range tlst. 

• 
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Table 3.43. Mean squares' and lavel of slgnlhcance for effect of phosphorus. 
on the phosphorus concentration ln 3~)-day old maue shoots grown 
1 n pors of Bearbrook, Chlcot and Ormstown soi 1. 

-------------------------------------~------~---------------------------
P concentratlen 

Soure. df Bearbrook Ch 1 cet Ormstown 
_______________ w ______________________________________ ______________ ~ __ _ 

--------------mean square values-----------. r 
P 2 

64.09"· 53.49-- 85.60"- -1 
0.01 0.8~ . 0.11) 

P Li n 

P Quad .. 
Errer 70 0.98 O. 'B 1.15 

________________________________________________ $ _____ --~--------------

f, ** Indlcates slgnlficance at 0.05 and 0.01 levels, 
respectivtly. 

l' 
Tab.J1 3.44. Efftc-t of nitrogen on copper conc:entratlon in 30-day old 

mAi ZI shoots orol'ln in pot.! of Bearbr.ook and Chi cet SOl 1 •• 

~----------~------~---_._------~---------------------------

-N 
Rlttl 

C~ concentrati on , 
--------~---------------------------------

Blirbraok Chi cot· 

-.----------------~-------------------------------~--------
-mg/pot - --------------------mg/kg--------------- \ 

208 6.05b 

~c 348 6. ~6b ~33b 

".4sa a.oo. 2. 98a " 

* * 
CVIX) lB.O 22.5 

-----------------------------------_.------------------~----

, 

*, UAns in body of table, for each 5011, followed by a common 'hUer 
ilI" not' significantly diHerent (paO.OS) ac-cofdl~g ta .ouncàn. New' 
Kultipl!! rang. tl5t~ 
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Table 3.45. Mectn squares and 1 evel, of Hgn 1 fI canee for eH I~t of nI troQln 
on eopper concentration ln 30"'dav old maize shoots grown ln 
pots of Searbrook and ChIcot 5011. 

-----------~-----------------------------------------------
Cu concen tratlon' 

- Source dt Btarbrock Ch i c ct 
------ - --.------------------- ----_.- ---_.- - ------. - ------ --

" 0 

p -----mean squâr 11_ val ue! -----
N :2 

N Lin 1 65.10:5·· 22.912"· 

N Quad 1 5.460 0.1:541 

E"rror 70 1. 5359 0.2878 

------------~------~-------------~--------------~----------*, ** rndicates significanee 'at 0.05 an~ 0.01 levels, J 

respectlvely. 

• 1>-

Table ~.46. Effeet of nit!oge~n zinc'concentration and eoppl'r upt.k. 
by 30'-'ay old maile S1nro:ts oro..," in-pots of Chicot %oil. 

N Zn .. Cu 
R a te s Con c en t r·a t ion . U P t a k e 

~ . 
-------~---------------------------------------------~---
-flg/pot- --lIIg/kg-- --fig/pot--

a .-
208 " 13.7b O.029c 

.3 48' 
\ 

15.6b 0.040b 

4sa 10. 4a > 0.051a 
.... 

* * 
50.0 22.1 , CV(7.> 

----~-------------------------------------------------~-- o *, means in the 'bOdy of tabll, for- eac:h soi-!; follow.d b-y a ~omman 
letter tlre not sign~fiCiptly differ.nt (P~O.O:5) accordlng ta ou<!..."n'I 
New Multl_pll Rolng. test. 

.. 

,,142 

= 
~". 



c 

c 

1 ô 

Table 3.47. l'Iean's squares and level of signiflc:anc:e for, effec:t of nltrogen 
on ZInc concentration and Eopper uptake by 30-day olé malZe 
shoots grown in pots of Chicot sOlI. 

-----------------------------------------------~---------

Source df 
Zn 

ConcentratIon 
Cu 

-Uptake 

-----------------~--------------~--------------------- ---
------mean square val ues -----.-

N 2 

N L.in 81 6 • 4.5 3-. * 0.324 .... 

N Quad 53. 411 0.005 
d 

Error 70 68.764 0.022 

*. ** Indicates signlficance at 0.05 and 0.01 levels, 
relplctlV.ly. ~ 

• 
Table 3.48. Effect of Ca(OH)2 on manganese uptake by 30-day old malze 

shoots grawn in pats of Bearbrook and Orms,town soi 1. 

~ --------------------------------------------------
Hn uptake 

Ca(OH)2 ---------------------------~-----
Ratt. Blarbrook Or~stQwn 

-g/pot-

o 

2.3 

cv CiU ' 

---·-----.----lIg / P ct -- ---------

0.620 

0.484 

* 
28.7 

O.4Bô 

0.365 

• 
29.8 

.. 

----------~--------------------------------------*, iliUMS for IUch soil are s,lgnHicantly dlfferent p=O.OS 
" 
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Tagle 3.49. Efhct of applled mlcronutrients on zInc concentratlon and 
uptake by 30-day o-ld 'maH9 shoots grown ln pots of 
Bea r b r 0 Ok and Ch 1 c 0 t SOl l S • 

- Zn concentrahon ln uptakl 

Applied --~-------------------------- -----------------------
ml cronu tr i ent Bearbr ook Ch i c:~ Bear b Fook Ch i cot _____ ~ ___________________ w ________________________ ~ _______________ ~ ____ • 

--ml/pot-­

'0 

20 

------------mg/kg--------- ---------mg 1 P ot -------- , 

28.9 14.9 - 0.364 ~).244 

34.0 18.3 0.434 0.309 

* * * * ___ :~~:~ __________ ~~~~ ______________ 1~~~ ____________ ~~~~ _________ :~:~ __ _ 
*, slgnlficantly different (p=O.05) for uch 5011. 

fJ 

\ 

Table 3.50. Effect of applied Gl1cronutriant on copper conêentration and 
uptake by 30-day old main shoots grown in pot of Chicot 
sail. 

Cu 
Applled ------------------------------------------------
mlcronutrients Concentration Uptare 
----------------------~------------~----------------------------------. 
--lill/pot -- --mg/k,g-- -mg/pot-

0 2.27 - 0.037 

20 2.49 0.042 

* * CV(X) 22.5 22. 1 

------------------------------------------~---------------~------------
*, si gnl fi cantly di Herent (p·O.O~) 

~ 

1 
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Table 3.51. Effec~ of added nitrogen and Ca(OH)~ on Zlnc concentratlon 

• 1 n. 30-d a y a 1 d ma 1 zoe s h 00 ts 0 gr 0 W n 1 n pot S 0 f Bea r b r 00 k SOI 1 

J 

---------------------------------._------------------- -~-------

N 
Ratll 

Ca(OH)2 Rates (g/pot') 
-~--------------------------------------o 2.3 

-------~------------------o--------·-----------,------ ------ __ _ 
--mqlpot-- ----------~----mg 1 kg------

o

-----------

208 27.6 
.." 

26.5 

348 24.8 40.4 

36.~ 

cv (in =40.1 LSD Q .oe =8.4 mg/kg 
---------------------~-------------------------------- ---------

Table 3.52. Mean squares and level of slgniflcanc! for effect of added 
nitrogln'and Ca(OH)2 on zinc concentration in 30-day 
old maize shoots grown ln pots of Searbrook sail 

• 

~. " 

------------------------~~---------------------------Source df Zn conclntrat l on 
-----------------------------------------------------

---mean square values---
-N in L 4 

N Lln in LI 217.16 

N QUid in LI 338.37. 

" N Lin in L'2 974.61" 

N Quad ln, L:z 901.94* 

Error 70 158.79 

----------~---------------~---------------------------*, If Indlcitef lignlfieance 'at 0.05 and 0.01 1,llvels, 
rtspectively. 
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Table 3.53. Effect of added nltrogen and Ca(OHI~ en ~lnc uptake bv 30-
day old malze shoots grown ln pots of Searbrook S011. 

N 
Ratas 

--mg/pot--

208 

348 

499 

'CV('l.)=44.3 

Ca(OHhz Rates tg/pot) 

o 2.3 

--------------mg/pot--~----~-~--~--

').337 0.354 

0.338 0.545 

0.420 0.339 
, 

LSD o. oe=O.î18 mg/pot 

Table 3.54. Mun squaru and lavel of 11gnlficance for effect of idded 
nltrogen and Ca(OH)2 on zinc uptake ln 30-day old 
maize shoot. grown in pots of Searbrook 5011 

---------------------------------------------.-------" Sourct ' df Zn uptake 

--mein 'quart values--
N in .L 4 

N Lin 1 n L, 0.062 
, 

N Quaà in L, 0.020 

N l.in in L2 0.018 

N Quad in L2 

Error 70 0,031 
------------------------------------------------------ ~ 
*1 :* Indicates signlficance at O.O~ and 0.01 If~lls, 
resplc~ l ver~ , 

\ 
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Table 3.5S~ Effect of added nltrogen and Ca(OH'z on manganese concentr~­

tIan ln 30-day old mal'ze shoots grown ~n pots of Chl~COt 5011. 

---- - -- -- ---- --------- ---- -------- - - -----_ ... _---~--- - --.--

Nitrogen 
Rat ••• 

C,(OH)2 Rates (g/pot) 
---------------------------------

o 2.3 

--~------------------~------------------------------------lIIg / pot--- -------------mg/kg------------
208 '65. 1 

348 Bb.7 43.0 

4BB 126.5 66. 1 

LSDo.oe=9:1 mg/kg 
--------------------~----------------~-------------------. , 

Tabl. 3.5b. Mean squarts and llvel of significance for effect of adde~ 
nitrogen and Ca(OH)2 on manganese concentration in 

) 
30-day ~ld .aize shoots grown (n pots of Chicot 5011 

---------------------------------.------------------­o 

Source df Mn concentration 
---------------------------------.-------------------

--mean square values--
N in L ,4 

N Li", in LI, 1 

N Cluad in LI 1 

N Lin in L2, 1 1 00ô4. 27 .... 
1 

N Quad in L~ 1493.32 

Errélr 70 18~.44 
o 

-~--------------~------------------------~----~-------
Il' ** Indic:.tu ~.!.9nific:anC:1! at 0-.05 and 0.1.\1 levels, 
resplcti vII y. 'tif ~ , 
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Table 3.57. Effect of added nltrogen and Ca(OH)2 on the m.nganlll up~kl 
by 30-d~y old maize shoots grown hn potl~of~Chicot 5011. 

------------------------------------------------------.. -.-
Nitrogen 
Rates • 

----------~------_ .. _---------------
o 2.3 

----------------------------------------------------------
--mg/pot-- -------------mg/pot------------~-

208 0.98 .. 0.5_3 

1. 4~ 0.74 

o y " 2.16 \ 1. 1!! 
\ ~ \ 

348 

488 

EV(~)=20.5 LSD".o.,=0.16 mg/kg 

, ·,e 
Table 3.58. Mean squares and llv.l of lignif1canci for affect of add.d 

nitrogen and Ca(OH)z on mang_ne •• uptake by 30-d,y 

IJ 

0 .,. 

old 111z1 shoots grown in pat! of Chicot 1011 

) 

Source df Mn uptake 
----------------------------------------------------~ 

··fllun square val un--
N i,n L. 4 

N Lin in Ll 1 12.:55"· 

N Quad i.rf ~1 1 O. 13 
1 

N Lin in L:z t 3.39·· 

N Quad in Lz 1 O. 11 

Error 70 0.06 r 
*, ** Indicat.s signlficancl at 0.0:5 ,nd 0.01 l.v.l., • 
rl5pectively • 
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Table 3.59. Effect of added phosphorus anq micronutrlents on the manq­
anese uptake. by 30-uay old malze.~hoots grown ln pots of 

) Chicot SOl1. . . 
----------------------------_:_------------------------------~ 

P2 0a 
Rate •• 

Applied Micronutrlents (ml/pot) 
----------------------.----------------------

o 20 
-------------------------------------------------------.--.--
--mg/pot-- -7--------------mg/pot-------~--------

122 0.96 1. 15 

244 1. 22 1. 27 

366 1. 27 1. 1 é 

LSDo.o~=O.016 ~g/pot 

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

Table, 3.·60. /'tun .tIquare and level of signiflcance for effect o!\added 
phosphorus and ;icronutrients on the manganese uptake by 
3"O-day old maia shoots grown ~n pots of Chi.cot SOlI." 

o Saure. . df "I1n upt aKe . , ----------------------------------------,,- ..... ------
:-:-uan ~quare values-- , , 

P in t1 4 J " 

a 

P 'L. in in 11, 1 :,0.889** 

P Quad in l'tl 1 . 0.130 

P Lin in 11 2 1 0.002 
~ 

\) 

" 
P QUld in 1'1 2 1 0; ~ 52 

Errar 70 0.051 

) 1 
/ 
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Tatle 3.61. Effect of added nitrogen, phosphorus and mlcronutrllnts on 
the copper uptake by 30-day old malze shoots grown ln oots 
of 8earbrook soil. 

N 
Rates 122 

o 

244 

Appliad micronutrllntl:(ml/pot) 

366 122 306 

---------------------------------------------------Q-- -----------------~ 

--mg/pot-- --------------------------mg/pot-----------------------.-
208 0.083 0.077 0.082 0.057 o.oas 0.1)87 

348 0.088 0.087 0.085 0.082 t).09~ 0.091 

488 0.081 0.099 0.107 0.088 0.094 O.09~ 

CVO:>=17.9 LSDo.o o=O.019 mg/pot 
------------------------------------------------------------------------. . 

( 
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Table 3.62. Mean squafes and level of slqniflcance for effect of ad~ed 
nitrogen, phosphorus and mlcronutrlents ~n the cooper uptake 
by 30-day old malze shoots grown in po~s of Bearbrook 5011. 

------------------------------------------------------
Sourc. df Cu uptake 

-------------------------------------.----------------
--mean square values--

N in MP 12 

1 0.00001 

1 0.00015 

N Lin in MIP:! 1 0.00031 

0.00000 

N Lin in M,P.::s 1 0.,00197*" 

1 0.00037 

1 0.00297*· 

0.00035 

N Lin in M:zP:z 1 0.00023 

0.00012 " 

0.00001 

N Quad in M2 P.::s 1 0.00000 

Errgr 70 0.00024 . 
------------------------------~---------------~--------
f, ff Indicatss lignificance at 0.05 and 0.01 levels, 
r',lplcti VII y. • .. 
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Table 3.63. Effect of added nltrogen, Ca(OH)~ and mlcronutrllnts on 
manganese concentration ln 30-day' old /IIalZl ihootl grown ln" 
pots of Bearbrook soil. 

Applled micronutrllnts (ml/pot) 
------._---------------------------------------------------

N 
Ihtes 

o 
Ca(OH)2 Rat .. (g/pot)\ 

o 2.3 

20 '" 
Ca(OH), Rat .. (O/poU 

o 2.3 

--mg/pot-- 0 ------------------~--------mg/kg----------M--------------

208 33. 1 - 37.8 4:5.7 43.0 

348 44.3 32.0 46.0 40.6 

488 41. 9 42.9 56.8 39. 1 

CV(:()=28.ô 
---------------------------------------------------------------------~--

! 
\ 
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3.4 DISCUSSION 

3.4.1 Effect of N, P, Ca(OH)2 and Chelated Mlcronutrients on Soil 

The results show thit some dlfferences eXlsted among 50115 

studled, wlth respect ta the changes ln 5011 P, N, pH, Cu, Zn and Mn to 

the applled treatments of N, P, Ca(OHl 2 and chelated mlcronutrlents. 

In general therë were not many main effects of applled N or P on 

the measured 5011 parameters; N e~(ects were through a nUlllber of 

lnteractlons InvelvlnR the other treatments. Nltrogen was found to 

lncrease :,the level of sOlI-test P ln Bè-arbroç~ 5011. Slml1ar effects 

were observed by Bquldln and Sample (1959) and it 15 belleved that , 

• nitrIfIcation of ammonia causes acidifle~tlon and Inereased solublilty 
~ 

\) 

of P tompound~ a,nd 15 responslble for the lncreased avallablilty - of "P 

when NH" fertl~lzers are used. The ~bs&nces of slmllar ~ffects ln the 

othar 50115 remalned unexplalned. 

The expeeted affect of added N in decreasing 5011 pH was not 

found. A' possIble" reason, couLd- be the relatlVely short duratlon of the 

experuent, and lncomplete n1tnfic:abon, of NH". In fact, hvdrolysls of 
~ 

the applled urea 'eouid cause an inltial:;lnerease 
l/ Il, 

lnteractlon effect on Orœstâ~~ 5011 

N lowered the pH of .soil treate~ wlth Ca(OH)2. 

ln 5011 pH. However, a 

"as found, where applled 
" 

This result may be due 

to more favourable sail pH cOndltlons tnat enhanced nltrlflcatlon of the 

added N. ' 

Inc:rusing rates ,o.f N and P Increased 5011 test ~u, but 

pri~arily ~ln 50115 hlgh ln c:~ay and organie matter, which had .hlgher 

soil test Cu lèvel! initially. Slnee there was no P f N lnteractlon 

e-ffe.ct on soil pH, lt can be,~5sumed that the ~,Vallab1l1~y..\of soii Cu 
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l'las not controlled bv the solubll~ty of lnorganlc 5011 Cu, as a functlon . 
of pH, but perhaps by Jactors such as organic matter decomposltlon WhlC~ 

l'las , enhanCed~y N and P or by dlsplacement of adsorbed Çu with added N 

and P c:olllpounjls. Gee'rlng 'and Hodgson (1969) have shown that 

mlcronutrients l'lere largely assoclated wlth organic constituent! ln the 
o 

soi 1. 

Nitrogen x phOSp~uS lnteraction effects on sail Zn l'lere noted 

for the Bearbrook SOlI onl~Hi9h rates of P and N seem tp increase the , 

levels of 5011 test Zn. Thus tugh ,rate~ of P l'lere not antagonistlC to 
~ 

the level of SOlI test Zn ln the SOlI. ThlS effect on Zn l'las not found 

luth the other s011s, WhlCh l'lere both 10l'ler ln organic-N, Zn; and clay. 

ThiS P x N effect on Zn l'las slmllar to'that found wlth Cu, and suggests ' 
.. 

t h a t P :< N e ff e c: t s. are S p e C 1 h c toc e r t a i n,soli S , but c 0 m m o.n a c ras 5 

micronutrients l'Ilth differing affinitl!S for 5011 organic matter. 
o 

The application of Ca(OH)2 l'las found to lncrease the pH of aIl 

sail s • and decrease the 1 evel of SOlI test Zn and Mn. HO,wever Ca (OH) 2 

l'las found 

Mn and in 

to have no effeft on Cu in the 

\'las conslstent ~ith effects of 

. 
soils studied. The decrease ln 

pH descrlbed by Llndsav (l972). 

The behavlor of Cu can be explalned DY the mechanism of strong 

complexlng of Cu ~y sail organlc matter) descflbed by Hodgson et al. 

(1966), whereby \ Cu remal n5 1 ab il e and avai! ab 1 e ev en though there l!!l 

decreased solubllity wlth IncreaseS'ln pH. 

eppiled micronutrlent effects l'lere noted through interactIon! 

.fi "1 th the other tr't!atments. ~owever, the"effects on the dlfferent 10lls 

"..,ere not consi stent. On the 8earbrook !!I011!!!, increaslnQ N rate! 

lncreased" the level of soil Mn where chelat'ed ucronutrlents Ifere 
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applled •. Thls was probably because N nltriflcatlon decreased sOlI pH ln-
a 

. SOI 1 fil 1 cr a S I tes, and Mn l n the che 1 a t ~ wa 5 n 0 t p r eccl pit a t e d • Ph 0 S P h 0 rus 

x micronutrient'interactions on 50i1 test Zn were found ta be sÎmllar ta 

that 
:> 

of N x chelated m1cronutçlents on Mn. The eff~ct on soU bU Qwas 

not consistant, agaln probably because Cu availability l'las controfled to 

a greater extent 6y sOlI organ1c matter. 

Added Cu effects wère fou~d only for the ChIcot sOli, whete 

applled Ca(OH)2 and mlcronutr1ent chelate increased th~ ;011 test Cu in ' 

the sOlI. Again, reduced organlc matter ln thlS 5011 compared ta the 

other sOlls may have ~esulted in Cu-pH solubility factors overldlng th~ 

effects of'organlc matter chelatlon of Cu 
~ 

. 1 n gener al, add ed thelat E;s appear ed ta ima 1 nt.ai n SOI 1--.1 eve 1 s of 

soluble Zn- and ~n. Cu "as Iniluenced to a lesser extent because of the , 

important interaction of Cu with organic m'aH.er. 

o@ 

3.4.2 Plant Respansls ta Added N, P, Ca(OH)2 and Micronutrient. 

In general, shoot and foot yie~ds l'lere in~reased with added N in the 

50i15 wlth the highest orgaAle N, Indicatlng ~hat o~ganic N ~a5 not 

related to plant avaliable N ln this experiment. However, added P 
, 

increased. shoot and root yields in soils wlth the lowest soil ~est, P 

values of 135 mg kg-a. Thus, 5011 test P refleeted t.he relatIve P. 

fertility status of the soils. 

Reot yields l'lere found ta înerease with increasing rates of applled P 

only on the Or.sto"n 50~1. Reot weight 1s tnown to be Influenced by P 

nutrition, and Frlesen et al. (1geO) found increased root weights with . 
applied P. However, they used Ultisols WhlCh are knewn to fl>:' P. -The 
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absence of an, e{fe.ct of P OR root yields from the other sOlls 1'5 

probably becayse these sOlls were nct a~ deflClent ln P, havln9 hlgher . , 
• 

values than Ormstown,ln Bray-2 extractable p., , 

,On the" Ormstown 5011 sampI;, pl ant N, con'centratlon decrused W1 th 

Increasivg rate of added e. ThlS lS as a result of Increased growth 
\. ' 

broug~t about by added P. th1! sU9gests that P leveis in the 5011 were 

not adeQuate. 
, 

Nltrogen in general Increased the uptake ~nd concent~atl0n of 

micr~nûtrients ln th~ shoots on most 50115. Shoots from B~arbrook and 

Chi c 0 t 50 1 1 s h ad i n cre a s e d con c en t r a tl 0 n 0 f "'c u due t 0 J n cre a 5 e d li P ta 1: e 
o 

of s911 Cu. Slmllar effec·ts of N on the concentratlon and upLake' of Zn 
o. 

ln the plants from Chlcot 5011 were noted. An adequate supply Qf)SOll 

Mn together w1th enhanced growth wlth applled N, were the reasons for 

the noted Jocreases ,ln ugtaoke ,and concentratIon of Hn foûnd in pla~ts 

In general, 1t appears that where 5011 
. Q 
fr~m Ormstown and C~lCOt 50115. 

mlC~Qnutrlents wer.e not llmltlng, the1r uptake ,was det~rmfned by the 
~. 

grow~h of the plants. Thus, ari{fertll1~er nutrant .nc-r,easino Yleld 

also Increased mlcronutr1ent uptake. 

It was noted that added P dld ndt have' a negatlve effect on the 

Zn conteni of the'pl ants. The absence of any P Induced Zn deflCiency, 

may be because aIl sOlls h~d adeQuate amounts of Z~ • 

. 'The aOppllcatlon of Ca(OHI:a to all 50115 caused a decr'ease ln 

uptake of Mn by shoots malnly because of °dècreased 5011 aVallabll1ty.' .' ~ ,-
'The affects of Ca(OH)2 on Cu and Zn were not marked, and thl! could be 

rel,ted ta 'the adequate amounts ~ound in'the 5011s studled, !ven when 

. Ca(OH)2 was applled, as weIl as the short term ~uratlon of the study • 
... 
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In general, applled chelated mlcronutrlents lncreased the 

concentration and uptake of most ml cronutnl?l1ts ln Bearbroor and Chlcot 

sOlls: but n,ct lii the Ormsto.wn 5011. 

Where there l'lere lnteractlons between chelates and the other,. 

treatments, the general pattern was that chel ates were al way!S assoclated 

\'0 th Increased uptake of mlcronutnents. ThlS would sugge;st that the' 

chelat~ used ln thls study was effectlve ln malntainlng Cu, Zn and Mn ln 

a form aVBllable for plant utlll:at1on. Ttus 1S' ln agreement luUr the 

observation of Prasad and 51nha (1981) and Halvorson and Llndsay {19771, 

tbat chelates ald ln the transportatl~n and movement of rrtetal 10nS to 

plant roots. The absence of chelate' mlcronutnent eff~ects on . plant 

'""'" uptake for the Ormstown SOli remalns unexplalned. 
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3.~. tONC~USIONS 

1. The appllcatlon of N and P ta tHO 50115 studled Incraued plan t 
6 d.f~".N growth indlcatlng a reli1tIVE! ind P. Thl!r • WU 

llttle response to added N and p- ln the Chicot 5011, lnd1citlng cl 
- 0 

relative suHicuncy of N and P • 

.. 2. N1trogen decreased SOl~ pH 111 only the Ormstown 5011 Whlli P had no J 

, , 
effect on 'soi 1 pH. The geural ab,senc'e of aHect of N and P lourcu 

on sail pH could be due to the short duratlon' of the 5tudy WhlCh 
~ 

r!!Sul ted in incompl ete 'ni trlf'lCat1 on of' the ip131ud NH .. tarti 11 ur, 

3,' Added'N and P were found to Increasl!\the -level of 5011 test Cu and 

Zn ln the Bearbrook 5011: Plants on most sOlls hid increaud 

uptake of micronutrients where N and P wera applied. Thli 
\ 

suggested that sail supply l'las adequa,te ind that 1ncreued growth 

-
as a result of added N and P Increased mlcronutrunt uptake by thE! 

pl ant. 

4. The application oi Ca(OHl';! decreand soi l test Zn and(l'In ln most 

50115, but levels rlJl1ained adequate for plant growth, ~h~ absenci 
, . \ , 

. of a Ca (OH) 2 efhct on 5011 Cu suggests thit 1011 th 

o r ~ . 1 
sail organic matter overrode ~ha eff.ct of pH on 

5. Chelate mlcronutrients were able to miintaln the level of sOll 
. 

availa·ble micronutrients, even in the presenca of added 'Ca(OH) .~. 

In genaral, the pot el<perllllint wu able to duonltrlte th. 

effectlveness of chelat9s ln Supplylng III1cronutrlents. Alto, th. 
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Increase of 5011 pH dld .n0t decrease 5011 Hn, or 5011 Zn, to deflcl.ent 

levels. rh fferences 
o 

ln organlc matter, pH and clay cont<ent of 50.15 

may have had an effect On the re1ease of 'hatlve ml,cronutrlents ta plants ." 

( 

ln that the avula'ble mlcronutrlent contents of hlgh clay - hlgh arganlC - '. 

matter 50115 were "1nc:;reased more by the fertll1:er trea-tments whereas ln .., 
the low organlc matter-Iow clay 5011 (ChIcot) mlcronutrlent levels ·were 

o . , 
decreased more by add~d Ca(OH}2 than ln the hlgh clay sOlls. 

J 

-' 
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CHAPTER 4 

OVERALL SUMMARY AND CONCLUSIONS 

~ 

The status of mll:ronutnents in the sOll and th. efhcts o'f 

hybnd, plant populatlpn, fertillutlon and lrrlQation on the uptake of 

Cu, Z n and Mn b y' mal ze pla n t s w e r est u die d 1 n a f le 1 d e)( p e r 1 men t 0 no- a 

"-
Chicot 5011. In addJ.tion, a growth chamber experlment Has conducted tOD 

i n ves t i ~ te the e ff e ct 0 f N, p~ a ( 0 H) ~ and che 1 a t e m 1 cr 0 nu t r 11 n t s , 

a p pli e d t 0 sur. f ace sam plu 0 f t h r ee Que bec 5 0 1 15 ( C h le: 0 t, B ea r b r 0 0 kan d 

Ormstown series), on the7:ut Ition of young main plants. 

In the fIeld, ther were no fllcronut~len~ deflt;lenCltS bttcause 
~ 

of inc:reased fert1l1zati n wlth N, P and K. The avallable level! of Zn 

-and I1n Increased with increas'ed fertillzatlon, and tlttre WH lncrused 
" 

uptake of Zn and Mn, probabl y the resul t of decrused pH. Resul ts 1 n the 

9 rO,wth chamber showed that added N and P 'c:ould also lncreUf 

microlJL!~n.ent uptake on the Chicot soil. The tendency for Cu 

availabillty to decrease wlth fertllizatlon in the field Indicated that 
. 

Cu in the 5011; Has controlled by dlfferent mechanlsms than Zn and Mn. 

IrrigatIon 'tended to decraase 'aVi1Ia:ble~ Zn, 

5011, _ and reduced c:ontents of these nutr i snts 1 n the 

and Mn ln the ~ 

~eac:hi 7. 9 

1 ncre.4ed 

plant s 

" 
plant tUlua. 

of these nutrunts uy have occurred Hith irr1(~atl0n, and 

groHth probably'resulted in nutrlent dilution .H.cts ln th 1 

Hybrld ànd plant populatlon effects weri anilogoui ta _ hlQh 
". 

fertilizatlon rate f!fects, wh.ra Incr'ised dry ~tt.r WII. IIIOcllt.d 

". 
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wlth IncredSed I.lptal'e of Zn and Mn, and decreased Cu U:Jt:H2. 

The cal c: u 1 a t e d /'IIItI"'t rit Ion a 1 b ca 1 an c: e 1 n d ~ x w ca 5 no t rel a t.,e d top 1 an t 

growth or nutrient deflCiences. Oepletlon of 5011 Cu, Zn and Mn d1d not 

seem Likely under the system stud1ed. 
~ /fi" 

Thl resul ts of the pot experiment were inc:onclus1ve on the effect 

o 0 f N and P on 5011 acidlflcatlon. E ff ed S 0 f. fer t 1 l i ze r 5 on 

micronutrient uptake seem pruarily due to N, although added P tended to 
, 

i n crea s e Zn, il n d M n u p t a k e. Che 1 a tes w e r e fou n d t 0 b e -e ff e c t 1 V e 1 n m a k i n 9 

mlcronutrients available for plant utilizatlon. If is Interestlng ta 

note that the Chlc:ot SOlI used for the field experuent was the SOlI 

'" Thus a l ack ·of 
Qt 

l east responsl ve to added N and Pin the pot expen ment. 
, 

fertllizer effect in the fuld is consistent wlth results ln the p~t 

f 
experiment. 

-
In considerinq the results of the two expe-r"uents, It appears 

that added Ca(OH)~ had no adverse Influence on Cu, Zn, and /'1n nutrition 

of plants. Inc:reased ucronutrl!nt uptake due ta higher hrtlh-zatlon of 

N, P and K in t.hè field was probably dUÉI ti:l N effects .on lncreased 5011 ... 
aCldity. and plant growth. There l'lere no adverse effects of P on .cu, 

and Mn uptake. A150, early effects of added N and P were probably due 

ta 
-, , .. 

Inh'anc~d micronutrient uptake due ta physlaloqic:al or SOlI exc:hange 

reactlons. Subsequent efhcts of added N and P on lncreased uptake of 
; 

Zn and /'In ln the field /IIay be due more ta aCldlflcatian caused by added 

N. 
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Table 1. 

. \ 

Probabllttles assoclâted ~lth the F-statlstlc 
sources for 5011 pH, /DTPA-extractable copper. 
tIIlnganese at fall of 1~84 and 1985. 

~ . . 

of 
Z ln!: 

some 
and 

, -----~----------~--------~-----------;;~~-;~;~;~~~;---------------~--
______________ .:.. ___ ' __ ':._, ____________________ , ______ ..: __ ____ ..t_ 

1984 1985 / 
Sauret! Cu, Zn I1n pH Cu Zn -Mn, 

---------.----------------------------------------------~--------------

-----------~------------prababllity----------------------
n's ·"H 1 . .. ,ns" ns ns ns ns ns f!.5-

P ns ns ns .. ns ns ns ns ns 

H*P ns ns ns ns ns * ns f* 

F \r-
*~ ns ns ns * ns ns ns _ 

, -
~ 

H*F ns ns ** ns ,5 ns ns ns 
-

"?TF ns ns ns ns ns n! ns ns 
" H*P*F na ns . ns ns ns ns ns ns 

* ns ns ns Jl.S ns ns ns, 
~ 0 

Hft ;' ns n$ ns ns ns ns ns ns 

PlI ns ns ns ns ns ns nt ns 

H*P*l ns ns ns ns " ns * ns ns ns 

F*I * ns ns ni ns ns '" ns ns 

H*F*I ns ns ns ns ns ns lis - ns 
'" 

P*Ftl n! ns ns ns ns ns ns * 
H*?*F*I nI ns ns ns ns ~s ns ns 

J 
" 

--~--------.-----~----~------------------------~------------------~~----*, H! signific:ant at the 0.05 and 0.01 le\fels respechvely. 
nll not signHicant olt p=O.Q5, 

, 
H:IIItyb1'i-d"!TP.pJan~population; F=fertilizer rate; I=irriqati,on 
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" Pro b ab 1 1'1 ti es as soc i a t e d ln th' the F - 5 t a t l s..U c 
sour<ees for conéenttatlon 'and upta'\fe 'of copoer, . - ~ ~ 

manganase and dry matter (DM) yleld ln plant 
grow.,th stage 2+ in ,1913'4: - ! 

Table 1: 

. 

of sorne. 
ZInc and 
sho,p;t at 

• f --- ... ---------------------------... ----------'-_ ... _----.,...-------------------. -
Coneent~~tion 

Sourc. Cu. Zn Mn . -

DM 
yi el d éu 

Uptake6, 

Zn Mn 
----------_._--------------~---~--_._---------~------------------------~ 

H 
! --~--------------------~probability----------~-:--------- -

p 

H*P 

F 

H*F î 
HtP*F 

1 

H*I 

C> 
H*F*I 

f} 

, 

- 1 

ns 

ns 

ns 

ni 

.ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

* ns 

*t ns 

ns ** 
ns ns 

n5 ns 

D 

ns ns 
, 

ns /j' ns 

ns J .. , 
ns ns 

ns ns 

ns * 
ns ns 

ni ns 

ns * 

ns 

** 
ns" 

* 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

* 
ns 

ns 

* 
ns 

ns 
~iI. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

• 

ns -

t. * ' 
ns 

ns 

ns, , 

* 
os 

.ns 

ns 

ns 

ns 

ns 

ns 

MS 

ns 

ns 

** 
ns 

*f 

ns, 

• * 
ns 

ns 

-ns 

ns 

ns 

ns 

'ns 

ns 

----------------------·----~-----~---~------~r--------------------------.t .*1 ~ignific~nt at the O.O~ and ~.Ol levels,respictively. 
nu not sign(fi eut at_ 1)=0. Q~ ,_ , 

o 
Hahybrids; P=phnt population; Faftrtllizer ra~e; I=irr'igatlon 
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Table 2. 

./ ' .,' t • 

P.,robabl11tles assocl'"ated .~~t~ttïe F-statistic: 
s'Ourees for concentrahon and upù"oké of copoer 1 

manganesi and dry ut,ter (DM) YU'ld ln pla~t 
"9r owth stage 4 ln 1984. 

, 
0(' 'soml 

:lnc èlnd 
shoot ~t 

l " 1 

------------------~----~------------------------------------------------
c<incentr a t ion Uptlkt 

Source 
--~--~--.------------- DM --------.-----------~-

Cu---" Zn I1n yilld Cu' Zn Mn ' 
• 

'\ . 
--------:-----~-----------------------------~--~----------.--------~----. ~ ---------~------------;-probability---------~-----·------, 

~ \ • 1. 

OS ns ns-) ns- ns nI ni '" H 

{~~p -ns .ns n5 ** * * ns 
t 

H*P ns 1 n5 ~ nlS ni ns ni 

F ns ns ** n., ns ni, *. 
·H*F ns ns ns ns ns ni n5 

" ~ l(~ 
" 1 

, 
PiF ns n5 ni ns ns ni ns 

b 

H*P*F ns n5 ns ns ns ns n5 

1 * 'n5 ns' ni ns ns nI 

H*I * ns rrs ni • n5 ns 

Pli n5 ns n·s ns ni ni ni 
/) 

H*P*I ns n.s ns ns ns ns ns 
" 

F*I n5 ns ns ns ns ni , ns 
.. -H*F*I ns - ns ns ns ni ns ns 

P*F*I ns ns ns ns ns ni ni 

H*P*F*I • ns ns ns' ns ns ni ni .... 

~ 

--------------------------~------------------.. _-----------.------------. ' 

*, **: 
'. signific:ant .t the 0.05 and 0.01 1 éveis relpec:hv.ly\, 

ns: not significant at p:o.:O.05 
/ 

H=hybridli P=plant populatIon; Fafertilizlr ra1:l, 1 :1 i 'r r i q a t',i OJI 
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Table 3. 

.)' ~ 
Pro b ab 111 t i es, a S$ 0 C 1 a te d ~Il th' t h ,e, F"- s t cl b 5 tl c 0 f' som e 
so~rces for concentratlon of copper , zinc and m&Qganese 
in the é-ar-lea.f at ,ea,rly stH. fn 1984~ , " . 

. 
---------:=-~------------~----~-----

ConcentratIon 

-------~~-----------~-.' -
Source Cu Zn Hn .. ________________ .. ____ J. _' • .l. _ .. __ .. ____ _ 

-----probability-----
H n9 ns n·s 

P ns ns , ns 

H*P ni . ni ns 

p 

.r--
~ 

',-

, . -" .. 
F * t* f. 

H*F ni ns ns 

~ 

PiF ns MS .ns .0 

H*P*F 'ni ns ns 

* 'ns ns 
/ 

ni ns FIS 

1 

pti ns ns, ns , $ 

ni ns ns 

FfI, , ns ns ns 

n5 ni ' ns 
~ 

ni ns ns 
Il 

ns ni 
1 

ns 
, 

) 
r.. -, 

-------~------~---------------------------------------------~-----------
*l **1 liqnificlnt it ~hl O.O~ and Q,Ol levll, respectively. 

ns: not significlnt at p-O.03" .... 
./ .. 

Hllhybrids; P·pllnt population; F~f.ertilizer rate: I=irrigation 
• 
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Table ,4. Probab 11 i ti es aSSOc.l ated wl.th the F"stat 1 st 1 C of lomt 
sources for conClntratlon and uptake of cooplr, :1'nc and 
unganese and dry mattltC' (O,M) yiald in stsv.r at harvut 
in 1984. 

-------~---------------------------------------------- ------------------

Source 

Concentrati OM . 
--------------------_.~ 

Zn Mn Zn - Mn 

~----------------------------------~--------------------------.----------
-~~---·-----------------prob.billty-------------------- .• 

H MS ns n5 ns ns ns ,ni 

p IJ ns 

ns 

F 'ns 

ns 

PIF ns 

ns 

1 ~' ns 
\ 

ns 

ns 

H*P*I ns 

FfI ns 

ns 

ns 

H*P*F*I ns 

ns 

ns 

ns 

ns 

ns 

** , 

ns / 

ns 

ns 

ns 

ns 

-ns 

ns 

3' ns 

ns 

** 
ns 

ns 0 

ns. 

** 
n5 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MS 

ns 

n5 

ni 

,ns 

ns 

n5~ 

ni 

ns 

ni 

ns 

ni 

ns 

ns 

ns 
/ 

ns 

ns 

ns 

nll 

ons 

n5 

ns 

n5 

n5 

. n. 
ns 

ns lU 

ni ni 

ni fo •• 

ns ns 

n$ /)5 

n'l ni 

* ni 

nI 'tU 

ns ni 

ni ni 

n5 ni 

ni 

ns ni 

ni MS 

----~~----------------------------------------.--------------~----------*, H: signiHc:\nt at the 0.03 and 0.Q1 Jevals rnpac:t1,"lly. 
ns: nO,t significant At ps O.03 " ' . 

H=hybridsi P.plant 'populatil1ll; F=lerti 1 iZ~t 

o 

/ 
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< ~ 
Probabllltles a'ssocrated wlth the -F-statlst'ic of 
sources for c:anc:entratlon a.nd upt,p.l<'e of copper, Zlnc and 

Table 5. 1 
~ . 

. ___ ~ ____ ... ___ ~:::: ::::: .. ::: _. ~:: _:::::: _~~: ~ _: ~:::. ~: _::: _:::~: _ ~: f: 4 

• 

- - - - ~~~:~ ~: ~: :":~~. --- -- DM --- - ••• -~ ~: ~~:--:: ~ - ~I 
Sa,urci ,Cu, Zn Mn yield. Cu Zn - Mn ( 
-J---- ____ -- ----------------- -------~- - .. _- _______ • ___ --________ _________ ...,. 

------------------------proba~ility----------------------\ 
ns n5 -- ns, ns ns ris ns 1 H 

p 115 ns ns 

ns ns ns 

F ns ns *f 

H*F ns ns 

ns ns ns 

H*P*F ns ns ns 

ns ** ** 

H*I ns ns 1 . ns 

ns ns ns 

n,9 , n!l ns 

ns ns ' 

ns n,s 

P*F*I * ns ns. 

n5 ns ns 

...... o;tI 

** 
n5 

ns." 

ns 

ns 

ns 

* 
ns 

~ n5 

ns 

ns 

ns 

ns 

ns 

ns 

n5 

n5 

ns 

. 
ns • <>. 

ns 

ns 

ns 

ns 

ns" 
~ 

ns 

ns 

ns 

* ns 

ns ns < 

* ** 
ns ns 

Ms ns 

ns 11S 

ns 

* 
n5 ns 

ns . 

ns ns 

ns 

ns ns 

ns ns' 

________ w __ ~------------ __ ~ __ ----------~-----.------~~ __ ~ _____ ~ ________ _ 

*, **: 5 i g'" i fi ca n t: il t the <>. 0:5 and O. 0'1 lev e l 5 r es pee ti ve l y • ' 
n,~ not .ignific,ilnt· at p=-O.O:5 ' _ 

H:ahybridsJ p=rplant population, F:afertiluer rate; ,I=irr:1gation 

\ 
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• ~ Table 6. Pr ob abi Ut i es ,ssoCl .. t~d Hl th th. F-.• ta t .. tr cf 5 0111 I! 
sou~ces for concentratlon and uptake_of ~oppe 1 :inc·.nd. 
manganue ..... and dry matter (DM) yield- in plan shoot lt 

il' gr cwth stalle 2 ln 1985. 0 

, -
$'.;.'" 

" " 
-----~-------------- .. _------------------------------..,.- -------- .. ".--.--------

,l, Conct_n~trition Upt&k. 
~ DM -~-------------------- -----------------~----0 Source Cu Zn Mn yi il d Cu 2 n" Mn 

------------------~--------------------------------~-----------------~--" 

1 
------------------------probability--------------------~- .. 

-- ~H ns ris ns ff ns +* * 
'" P ns ns ni ** ns ** * 

y 

/ 

H*~ ns ns ns ns ns , ns " n B 

# 
F } ns ns ** • ** ns ni ** .... 
H*F 

.. 
ns ns ns ns ns .ns ns 

PiF " ns ns ns ns ns ns ni 

H*P*F n5 ns ns ns ns .. ni ,,+. 
l 

c 
n~ 0 • ns ns ns ns ns ns 

H+l "ns ns * ns ni ns ns, 

Pt! n 5° ns ns . n-s .Ii .. 
ni ns 

"" 

\ H*P*t ns ns ns ns ni * ni 

F*I ns n. nI, ni ni ni ns -..... 
.-.~ 

H*F*I ns ns ns- n. ns ni ns 

-P*F~I ns ns ni ns ni ni ns 

H*P*F*I ns ns ns ns ns n. ns 

0 

-----------_._----------------------------~-------------------------~-~-*, *t-L,signi'ficant at the 0.,03 a~d 0.01 lavals rllpactivaly. 
n,= 'nat: ligni h c:~nt at p-O.O' , - _ 

, ~ 

H=hy~rids; P=plant population; F=fertilizer rat.; I=irrioation 

• 
z . 

~ 
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.- rab 1 e 7. Probabillties clssoeuted \'11 th the F-statlstlt: of some 
:; , so-urèes for eoncentrati on and uptake of copfJer, une and 

" 
lIIanqanese< and dry matter (DM) yal d ln plant shoot af 
grD'Wth stàge 3 ln 1985'- o!J , 

----------------~------------------------------~------_ .. _--------------, 
Concentration Up tak·e 

1t--------------------- DM ----------------------
Source ~ Cu .' Zn l'In yi el d CI:!" Zn Mn 

~ . . 
--------~---~---------------------------------~-------------------------

(' -------~----------------probability---;-~----------------
H ns .* ns J ns ns ff ns 

'\ 

p os os os ** ** ** ** 
~ H*P ns * os ns ns ns ns 

, . ., 
F ** os / *of * * ** ** / ) 

~ H*F ns ns ns r' ns ns ns ns v . 
PIF ni os os * ** ns * , 

HfP*F 1 . 'ns ns ns ns ns ns ns 

C. 1 ** ** ns ns f* f· ns 

H41 ns ns ns ns ns n,li 'ns 
, " 

'A 

PlI ns / ns ns ns ns ns ns 
• 

H*P*I ns ns .. ns ns ns ns ns' 
• 9 

FfI ni ns 05 * ns· ns ns 

H*F*I ns ns ~.~ ns ns ns ns ns 
'" PfF*I nI ns os ns ns ns ns 

1:1 H*P*F*I ns ns ns ns ns 'ns. ns 

--------------------.------------~----------------- ______________ ~ _____ L 
*, .**1 si;niHcant at the 0.05 and 0.01 levels ·respectlvely. 

1 

~ ~ 1 n 0 t. • i 9 nif i ,. ~ t a t p sr 0 • 05 •. 
" . ~ .. ..~ 

H.hy~-t'i'dl;, Pap"hnt population; F=hr:tlluér rate; I=irngation 
'!- 'ÇF .. .. 
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Table 8. 

" 

Probabllitle~' assoclated wlth the F-statlstlc 
sources for concentratlon OInd uptake of,copper;­
manganese and dry mattfr (DM) yield ln plant 
growth -stage 4 ln 1995. 

of !lO<TIe 
: H\C: and 
Italks at .. 

---------~~----------~---~----------~-------------------~~---1----------
Concentrati on ' Uptakll . DM -----------~-----------------------------~--- cr 

Source Cu Zn Mn yiald " Cu Z-n Mn . 
'" , . 

------------.--------------------------_._-----~--------~------------~-

H 
~-----------------------pyobabtlity---------·---~---------

ns ff ns ns ns * ni 

p ns ns .ns *f ni ni ni 

H*P n~ n.s ns ni ni . 
ns ni 

... # , , ~ 

- F< ns ns f* * ni * *t 1 

\ 

H*F ns n5 ni • ns ns "ni 
a 

PiF ns ns ns ns ns ns ns 

H*P*F ns n S' ns ns ns r~l, ns 

'-l ** -- -ns * n5 * n!ll ni 
... 

H*I ns ons ns . n!ll ni ni ns 

PlI ns ns ns \ *f n5 nI * 

H*P*1 ns n.., -- ns , ns ni ns ni 

F*l ns ni ns * * n5 ni 

H*F*1 * ns ns * *f '" ns ni 

P*Ftl ni QI ni' ns ns ni \ n. 
t 'tIJ 

H*P*F..*I' --ns ns ns ns ni ns ni 

" 

-----------~-------------~-------------------~------------~---------_._-, 

'*, '**1 significant a~ the O.O~ and.O •• Ôl l.vell respectivel Y" 
ns: not' signlflcant at p=c5.05 

H=hybrids; P=plant popul ation; F=hrtiliz'r rat.; I-irrigation 

L 
- " , 
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Table 9. 

.. 
r 

Probabllltles assoclated' wlth the F-St"atlStlC 
sources for concentration and uptake of copoer, 
manganese and dry matter (DMI yleld IR plant 
growth stage 4 -1-1'1 1995. ~ a \ \ 

).-
of som e 

zl"nc and 
leaves at 

. ' 

--------------------------~---------------------~------------------~----
Concentratlon \ Uptake 

DM ----------~-----_._---
Souret Cu Zn o 'Mn yi el d Cu Zn ~ Mn 

, " 

--~-----~----------------;----------------------~-----------------------
---~-------~----------~·probabillty~--------------·------

H * n s ifS * n s n s - n s 

p ; 

F 

PiF 

H*P*F 

H*I .. ' 

P*I 

FU 

.. 

ff 

ns 

ns 

ns 

ns 

ni 

If 
J \ !(o 

/ 

ns " 

ns 

ns 

ns 

ns 

ns ns 

ns ns 

ns ** 
ns ns 

ns -ns ' 

ns ns 

.\ ns ** 1 

ns ns 

ns ns 

ns ns 

ns 

n5 ns 

ns 

** 
ns ..... 
ns 
"'t, 

ns 

AS • 

ns 

ns 

ns 

ns 

., n s 

** 
ns 

ns 

ns 

ns 

* 
* 

ns 

ns 

ns~ 

ns- - \ ns 

ns ns 

os os 

.' 
n's 

ns ns 

* . , ** 
ns' ns 

ns ns 

ns ns 

ns ** 
ns ns 

n5 ns-

ns ns 

ns ns 

ns ns 

os ns-

ns ns 

.~ 

------------------------------------------------~----- ------------------*, ,**' signifiant at the 0.05 and 0.01 levels r.espectlvely. 
nif nct !lgnlflC:ant .t p=Q.OS 

.". 
HlI:hybrid~, P=pl'ant population; F=hrtlllzer rate; I=irngation 
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f Table 10. • Probabl11tles associated wlth the F-statlstl~ cf somi 
.sources for concentratIon of copper. zInc and In.nganlse 
in the ear-leaf at early silk ln 1"985. 

-----------.----~-------------------""' Concen trati on 
----------------------

Source . Cu Zn Mn 
~ ? 

------------------~-----------------
-----pro'b ab 111 t Y -----

H' • ** ns ns /, 

p *t MS ns 
\, .. . 

'" H*P ns ns ns 
'" 

F ns * ** 
'j' ; 

--
H*F ns ns ns 

" • PIF ns ns MS 

• 
H*P*F .** ns 

• A . -------- -

** -

H*i . ons 

P*I * 
,'1 ~ 

H*P,* 1 ns 

F*J ns 
~ 

H*F*I ns_ . . 
P*F*l * . 
H*P*F*I . ns 

** 

ns 

ns 0, 

ns 

• r 
ilS 

ns 

n9 
'fil 

ns 

~ 

ns 

**. 

ns 

ns 

n5 

ns 

ns' 

ns, 

n~5 

\ -
, \ 

\ , ' 

j. 

. 
• 

, ________________ • _______________________________________________ M ______ _ 

i, *<J= sign1.ficaht at the 0.05 and 0.01 leveh rISP~ctively., L 
ns: not slgniflcant at p=O.05 , 

• l' 

H=hybrlds; P=plan,t 'POPulatl~n; F=fert;'llzer ratej .I:qrr1gat~on . . ~ 
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Table 11. 
. 

Probabl11tles ~ssoclated wlth tne F-statlstlc of some 
Sdurces +or conce~tr,tlon and uptake of copper, ZInc and 
manganese and dry matter (OH) yleld ln stover harvest 
stage 4 ln 1985. 

---------------------------------j---------------------~----------------
Concentration 

Cu Zn Hn 
DM 

yuld-

Uptake 

Cu Zn Mn 
-~--------------------~------------------------------- ------------------J ., 

-----------------~------probablilty---------------~------
H ns ns ns "$ n5 ns ns 

p ns ns ns ** ns ns ns 

H*P ns ns ns ns ns ns ns 

... ~ F ns ns ** ns ns ft 
1 

ns 

n5 

H*P*F ns 

\ 1 f* 

Hfl ni .. 
ns 

* 
ns 

.ns 

PtFH ns 

ns 

\ \ 

ns 

ns ... 

ns 

' .. , 
n5 

ns 

ns 

ns 

n5 

ns 

ns < 

ns 

ns 

ns 

** 
ns 

ns 

ns 

* 
ns 

ns 

n5 

ns ns ns ns 

ns ns ns ns 

ns ns ns ns 

** ns oS ft 

ns ns ns 

\ ns ns ns ns 
1 

.n.~. .J1S 
I~ , 1 ......... , ':.~) 

n5 * 
~, 

ns ns <, ns ns 

ns ns ns ns 

ns ns ns 

ns ns ns ns 

--------------~----------.-----------------------------.------------------
*, **1 slgnificant at the Q.05 and 0.01 levels respectlvely. 

nSI npt siqnificant at i~O.05 
/ 

H-hybrids; plSplant population; F=fertillZer rate; r=l~rlgftion 

0 
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------------------------~-----~-----------------------------------------*, U: slgnificant at the 0,03 and O,Q1 l.vel' rup.ctlVely. 
ns: not Slg~lficant at p=O,05 

H=hybrids; P=plant population; f=fertllizer ratl"J ZIJlrrigatlon 
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Table 13. 

\ 
• 

Probabilltles associated wlth the F-statlstl~ of some 
sources fbr concentration ~nd uptake of copper, ZInc and 
mangaoese and dry matter (DM) Y1eld in plant. stalks Olt 
harvest stage ~ ln 1985. 

-.------------------------------------------~--------- ------------------
Con".n tr a t ion Uptake 

DM -----------------._---. -
,Source Cu ln Mn yield Cu Zn Mn 

+---- , ~ f) -------------------------·-----7--------------------------------------__ 
---------------~--------probabl11ty----------------------

aOe c 

H n5 ns ns ns ns ns ns 

p 

H*P 

F 

H*F 

ns 

ns ,. 

\ 
ns 

ns 

ns ns 

ns ns 

ns ** 

ns ns 

ns ns * 
ns ns ns 

** ns * ** 
n,s ns ns ns 

ns ns ns ns ns ns ns 

• t',l ns ns ns ns ns ns ns 

ns *f f* f* ns * .. * 
H*I ns ns ns ns ns ns ns 

PtI * ns ns ns ns ns . ns 

ns ns ns 
1 

ns ns ns n s • 

\. 
ns ns ns ns ns " n 5 ns 

ns ns - ns ns ns ,ns ns 
/ 

ns ns ns ns ns ns ns 

ns * ns * ns n s. n 5 0 

------------------------------------------------------------------------, 
\) *, H: si.gnificant at- the 0.05 and,Q.Ol leve{~ respectlvely. 

ns: not"significant at p-O.OS 

Hllhybrld's; \.'P=plant population; °F=fertilinr r~te; I=1rpgatlon 

---
1 
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Table 14. 
. ; 

Probabllitles associated ~~ith the F-,~ati,tlc 
-source~ for concentration_and u~take of copplr~ 

unganese and dry matter (DM) vlIld in plant 
growth stage 4 in 1985. 

1 

of loma 
;:l ne and 
shoot at 

-------------------------------------------~---------------------~------

Source 

Concentration 
----------------------­" 

Cu Zn Mn 
DM 

yuld ,Cu 

Uptlkt 

Zn - Mn 
---------------------------------------"--~~----------------------------

H 

p 

F 

H*F 

PiF 

H*P*F • 
1 

';.1 

H*I t 

PtI 

Ft l -

H*F*I 

------------------------prpbabillty----------·---------.-
ns ns * .. 't1l nli ns * 

ns n5 

ns ns ni 

ns f *t 

os ns os 

ns n5 ns 

ns ns ns 

ns f* ** 

ns " ns n5 

ilS ns ns 

ns ns ns 

ns ns ns 

ns ns ns 

n5 

nli 

ff 

ni 

** 

** 

* 

ns 
~ 

ni 

ns ' 

ns 

ns 

n5 

* 
ns 

*. \ . ns 

ns 

ns 

OS 
Q 

na.. 

ns 

ns 

ni . ni 

ni 

Il 

ns ns 

ns ni 

- ni rli 

** 
ns 1 

ns ni 

os 'os 

ns ni 

ni ns 

'0 P*F*l'" ns ns ns ns nI ns ni 

ns ni nSr AI ns ni nli 

:~-:;~-;;;~~~~~:~;-~i-~~;-~~~;-;~;-;~~~-~;~~;;~~;;;~;;~;;~~----~f~-~--
ns: not 5Îgnific:ant at pIllO.05 " \' ' 

H=hybrids: P=~lant populatIon; F-fertlllz,r rata; I-1rrlgation 
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Table 1. 

. 
'J ,!ô 

0" 

t.;. 
Probibllitles ~ssoci~ted with the F-statlstlc of 
sources for 5011 pH~ DTPA-extractable copper. Zlnc 
man 9 an es e , and Br a y - 2 • ex t r a c t ab 1 e ,P h 0 ~r U 5 

.- Bearbrook soil pot experimen't. 

som! 
and 

from 

-----------------------------------------------~-----------------------
5011 Parameters 

i () '-

---------------------------------~-------------
DTPA-extractable 

~ 

------------------------~----- Bray-2 
Source pH Cu Zn Mn , 

P u • .. --------------------------------r--------------------- -----------------
---------------------prcbabillty--------------J--------

tf ns ns ns ns ** 
P ~ ns ns ns n5 *t - ~ , 
N*P ns * * n.s ns 

L ** ns * ** u1 

N*l ns nI! ns ns ns 

" P*L ns ns ns ns ns 

N*P*l ns ns ns ns ns 
.. 

M ns ns ns, ns ns 
.~ 

\ n-, 
( 

N*H ns ns * ns 
" , 

PtH ns 
, 

ns ** ns ns 

N*P*H ns Mi ns os ns • j 

'\ 

L*li ns ns n5- ns * 

NiL'*M ns- ns ns ns ns 

P*L*H. ns * -, ns * ns 

N*P*L*H ns ns ns ns ns 

--~--------------------------------------------------------------------*, **~ slgnlflcant at fhe 0.05 and O.Ol,leveh respectlvely. 
~s: net slgniflcant at the 0.05 level. 

/ . 
N=nitfogen: P=phosphorus; L=Ca(OH)2; H=chelate mlcronutrient, 

,C • (" 
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Table 2. P".obabllltles assoc'iated wlth the F-statlstIc of 
sources for s011,.pH, DTPA-extractab1e copoer. Hnc 
rnanganese, and' Bray-2 extractahle phosphorus 
Chlcot sail pot expenmert\ .. 

s'orne 
and 

from 

--------~------------------------------------------~-------------------
SOlI Parameters 

" " 
-----------------------~-------------------~---

OTPA-extractable 
---------------~--------------

@ Bray-2 
Source pH Cu Zn Mn . P 

':. " , . -----------------------------------------------------------------------
---\-----------------pro6abllity-----------------------

N 
• D 

ns OS os ns ns 

P ns ns . ns rrS ** 

N*P ns ns ns ns ns 

'L Ù ** ** ** *'* . " 

N*l ns ns ns ns ns 
.cf 

P*L ns ns ns ns '. 0 ns 

"'" .. 
N*P*l ns .. ns ns ns os 

M ns f* ns ons ns 

NtI'" ns ns / 1\5 ns ns 

P*H ns " h ns _ ns ns ns ., 
,~ 

thP*11 05 n5 ns os ns" 

.fi 

L*'M ns * ns ns ns 
P' 

- N*L*M ' ns ns ns ns ns 
0 

P*L*M ·ns - 0 ns ns ns ** . 
1) 

N*PfL*t1 ns os ns ns ns 
/ 

------------------------------------------_._-----------------~--------

0' 

*, "**: signiflcant at the 0.05 and 0.01 levels respectlvely. 
ns: not signlficant at the 0.05 le~el. 

//1> 

N=ni trogen; P=phcsphorus~ l=C-a <OH) 2; l1=cnel ate mi cronutr''i ents 
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. 'Tabl e 3. Pro'bablllbes assoc'uted \lnth the F-stabstlC of 1 sorne 
sources for. 5011 pH, OTPA-extractable t:opper. :int: - and. 
manganese, and Bray-2 ext~actable phosphoru! from 
Ormstown soil pot experiment. 

--------------------------~--------------------------- -----------------
&011 Parameters 

, , -----------------------------------------------
D'TPA-extracti!ble 

------------------------------ Br ay-2 . 
~~~~::_-~-------~~-----------~~---------_:~---~:_~----~-~-------

---------------------probabillty------ -----~-------l--
N ns ns ns ns . niS 

~ . .\ 
\ -

P ). ns ns ns ns tJ.. ** 
N*P ns ll- ns ns ns 

L ** ** ns ns ns 

N*l * ns fi ns ** ns 

P*L· ns ns ns ns ns 

N*P*L ns ns ns ns n5 

t1 ns ns ns ns ns 

NfM ns nS' ns ns ns 

P*M'- Ons ns ns ns ns 

N*Pff1. ns ns . n5 ns- ns 

L*t1 ns ns ns ns nS 

NfL*M ns ns ns ris ns' 
, (> 

P.*l*H ns ns n5 ns n5 

N*P*L*1'1 ns ns ns n~ ns 

-----------------~--------------------------------~------~------------~ 
f, **: signlficant at, the 0.05 and 0.01 lev!l! respectlvely. 
ns: not signlficant at the 0.05 level. 

N=nitrogen; P=phosphorusj L=Ça(O~}2; H=chelate mit:ronutrients 
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Trille 1. 

... 

'. 

Probabllltles aSSoclated with the -F-stat15tlc of tome 
sources for tls5ue concentration of nltrogflri, 'pholph-orul, 
-copper, zinc, and manganeu" shoot dry weight (SDW), root 
dry weight (ROW), and uptake of copper, %1nC, and manQan ••• 
in 30-day old, ma1ZcP plànts grown in PO'tl of 'Surbrdok loil. 

.,.~ 

o 

-------------------------------------------------------------Concentratfon Uptake Yield 
------~---------------------- ~ ------------
N P Cu • Zn I1n Cu Zn I1n SDW RDW 

-----------~---------------------------------------------~---------~---
------------------------probability--------------------------

N .. '** * ** ~ ns ** ,ns' ns ** ru 
P ns ** ns ns ns f*.. ns ** ni 

ns ns * ns ng ns nI ns ns ni 

L ff ns f * ** ns ns ** nI ni 

N*L ns ns ns * ns ns * nI * ni 

P*L ni, ni ns ns ns ns nI ns ni • n. 
N*P*L. ns ns ns nSI ns ni ni n5 ns ni 

-. 
ns ns ns * ns ni * ni ni ni 

'!) 

p ns ns ns ns ni ns ns n. 

ns n5 n5 ns ns , ·115 ni ns ni n5 

ns ns ns ns ns • ns ns ns ni 

0,. nI ns n5 ns n5 ni ns ns ni ni 

* ns ns ns t ns ni ni ni n5 

ns ns ns ns ns ni ns ns ni 

ns n9 n9 n9 ns ns n9 ni 

-------------------------------------_._-------~----------------~-------*. *t : slgnificant at the O.~5 And 0.01 levels ralpectivaly 
ns: not signif1cant at p-O.OS 

N=nitroqen; P=phosphcru5; L=Ca(OH)2; M-Ch.lat.d mlcrcnutrilnt. 
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c 

Table 2.-
.. 

Proba~lllties aS5~clated wlth the F-statlstlc of some 
âour~es f~r tlssue concentratIon of nltrogen. pho~phorus, 
coppe1r, zinc, and manganese, shoot dry welght (SDW), root­
dry welght (RDW), and uptake of copper, ZInc, and manganese 
in.30-day·old maize plants grown ln pots of ChIcot SQll. 

--------------~------------------~-----------~--------------------------
Plant Parameter 

--------------------------------------------------------------
Concentrat1on 4 Uptakè Yul d 

------------------------------ ------------ -------------~-
Source N p Cu Zn Mn Cu Zn Mn SDW RDW , --- -- - .--- --- - -- -_ ... - ,---. - --- - ---- - - -- - -------------. ----~------ -. -- - - - - - , 

-------------------------pr~babillty----------------~--------
N 

P 

L 

P*!1 

P*L*M 

*t 1 f* Ptt ** 1* tt *t tt nS' 

ns fi ns 
, 
ns ns ns 

* ff ns 

ns ns ns 

ns ns ns 

ns ns ns 

ns ns t 

tt ns ns 

ns ns ns 

ns ns- ns 

ns 1 * 
ni ni 

ni QI ni 

ns 

ns 

ns 1 

ns 

ns 

* 
ns 

ns 

ns 

ns 

ns , 
ns 

. ns?:> 

ns 

ns 

** . "'* 

** 
ns 

/ ns 

ns 

ns 

ns 

ns 

ns 

ni 

ns· 

ns ns ft ft ns 

ns ns ns ns ns 

ns ff *t ** • ft 

ns ns tt 
" 

'ns 

ns ns ns ns ns 

ns ns ns ns 

** * ns ns - ns 

n's ns ns ns ns 

t· ns' ns 

ns b ns ns 

ns ns n5 ns 
. 
ns ns ns n5 ns 

ns n5 ns il5 ns 

ns ns ns ns- ,ns 
1 

t 

\ 

---~-----------~-----------------------------~--------------------------
*, **1 significant at the 0.05 and 0.01 levels respectively. 

nll not lignifici~t at p-O.OS. 

N-ni trogen; P~phospharus; L=Ca (OHb, "l'I:Chel ated mi crdnutri ents 
\ 
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1 _ D 

.. ,Table 3 • 

t 

t *' + 
P~Obabl1ltie5 .associated wlth the F-statlstlc of ~oml 
sources .for tlssue concentratIon of nltrogin, phosohorus, 
cooper, Zlnc, and manganue, shoot dry l'Iught (SDWl, rool:. 
dry W li i 9 h t rR 0 W) 1 and u p ta k.e 0 f c 0 p p e r, Z 1 ne, -and m. n Q a n III 

in 30-day old uize p'lan~$o grown in pO,ts of OrutoHn loil. 

, 
-----------~-------~----------------.-----------------.. _---------------

Pla~t Param.tar, 
------------------------.-----------------------------------.-

- ~ Concantrati on . Uptaka ,YlIld 
-------------------------------
N p Cu Zn Hn Zo Mn sow RD\!! , , 

--~-~------------------------------------.------------ ----.-----------" -----:.----------- ---------p r ob ab il i t y---.. -----.:.-- --'-'-;---.-- ---
N tt, 

p ** 
" 

N*P ns 

L ' ns 

ns 

ns 

NtP*L ns 

n5 

ns 

ns 

N*P*M ns 

ns 

N*L*M ns 

ns 

ns 

** 

** 
ns 

,ns 

ns 

, ns 

ns 

ni 

ns 

ns 

ns 

ns 
,/ 

ns 

n5 

ff ns 

ns " ns 

ns nI 

fi ns 

ns 

ns ns 

nI ns 

ns 

ns , ns 

ni ns 

ns ns 

ns ns 

ns os 

ns n5 

nS ns 

ns 
~ 

ns 

os 

ns 

ns 

ns 

ni 

ns 

ni 

ns 

, ns 

ns 

ns * Jtf ff 

n5 ns ns ff 

n ns ns n!l ' ns . , 
nI ns ft -ns' .. 
ns ns ns - 'ns 

ni nô ns ni. 

ns 

ns 

-"i 
, L 

ni ni 

ns ni' 

ns' n~ ns 

nI' ns .,ru 

ni ni ni 

ns ni ni 

n5 ni 

ns ns ni 

ni 

ns 

n, 
ni, 

ni 

ni 

ni 

nI 

ns 

*f 

* 
ni 

H. 

ni , 

.. ri l, 

ni 

nf 

ni 

ni 

ni 

ns 

ni 

nr 

ns 

------------------~------------~----------_._-------------------------.-*, **: slgnlflcant at the 0.Q5 and O.Ot l~vel, resplctlv.ly. 
ns: not slgnifiêant at p=O.05 

N=nltrogen; P=phospharu!I; L·C~(OH)7; M=Chelatld mlcronutrl.~t. 
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