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L i - ABSTRACT

c ' M.8c. J.J.N. Polius ‘Renewable
Resources

- ' Micronutrient nutrition of Maize (lea mays L.)
: . as influenced\by fertilizers, hybrids,
’ frrigation and plant population., .

A field study was cafxé:d out to assess the effect of applied
© fertilizers, hybrids, irrigation and plant densities on the uptake of
Cu, Zmn and Mn in maize in Duebnc./a A growth chamber experiment was

conducted to investigate the effect of added N, P,.Ca(0H)= and chelated -

i

micronutrients on Cu, In and Mn uptake by maize plants grown in surface

A

‘ sanples of three Québec soils.

The +field study showed that higher fertilization rates decreased
soil pH and soil test Cu, and ’'increased sojl test In and Mn.

‘:i Fertilization also increased plant uptake af In and ﬁn. Higher plant
. “ .

populations and higher yielding hybrids had higher uptake of Cu, 2Zn and

Mn, ) .o
Irrigation was found to decrease uptake of micronutrients, and

some leaching of miéraoutrients under irrigation may have occurred. In
spit; of high concentrgtionsl of aicronutriants fnugd in. plants,
especially at high fertilization, no toxicities were found.

'Thl growth bench experiment demonstrated that chelates wera able
to mai;%ain levels of available micronutrinnt; in the three soils

studied. . Applied N andaP did not decrease soil pH, but increased

available Cu, In and Mn prabab@y thrbugh ph;siologi:al or soil exchange

’

effects,

'
4

Fertilization effects were mainly due to N, and- there//were no

adverse P x micronutrients {nteractions in plants; /
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RESUNE ' ot
M. Scy ‘, Jd.Jd.N. Polius " Ressources
; renouvel ables
) 3
' , La nutrition du mais (Zea mays L.} en opligo-

éléments 1nfluencée par les hybrides, la densité
des plantes, la fertilisation et 1l'irrigation.

A

Une étude au- champ a ete établie afin d'évaluer l‘effet. des

hybrides, de 1la densité des plantes, du taux de fertilisation et de

’

1'irrigation,. sur les prelévements en Cu, In et Mn pour 19 mais cultive

-

au fOuébec. Eqalement, une eupérience en chambre de croissance a éteé

conduirte afin d’'établair l'effet de N, P, Ca(OH)z et des ol:qo-éféments

sous forme de chélateg sur 1 ‘utilisation du Cu, Zn et Mn par le mais

semné dans des éch;AtlLlons de trois sols du Québec.

L “étude au ;hamp a démontreé que la fertilisation a décru.le pH du
sol et les n1veaux de JLuy etoa aderu leg niveaur de In et Mn
dispombles., La fertilisation a égalem;nt accry les prélévements en Cu,
in et Mn. Une farte deﬁsxté des plantes ainsy gque les hybrides & haut
rendement ont enregistré des prélévements élevéskén Cu, In et an

Lirrigation a décru les prélévements en oligo-éléments, ‘et 1l
est possible que des pertes par lessivage aient eu lieu. En dépit des
Lautes concentrations d'éléments mineurs retrouvés daﬁs les plantes,
principalement en Erésence de fertilisation éleveée, une nutritign
gguilibrée a néanmoins été gbtenue sans toxicité visible, |

L'expérience en chambré de croissance a démontré que les chélates

ont pu'maintenir constants les niveaux d oligo-éléments disponibles dans

] - .
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-
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de 1a matiere organigue.

. -

. S 4 . J )
les trois sols étudxééﬁ L'applaication de N)et P n'ont pas décru le pH

!
J

gu sol mais a toutefois Eontr1bué a4 accroftre les niveaux de Cu, Inm et

l‘”. .
Mn disponibles possiblement' dd & un accroissement de la minéfalisation

A

%
Les effets de la fertilisation étaypnt Aﬁrtnut dids 3 1 azote: les

interactions P x ¢éléments™mineurs n'ont pas été néfastes pour les
. \ .

. . {
plantes. . . . -~y
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[hzs thests contains an overall introduction and literature review,
The r@sults are presented i1n two sections,

the field work in chapter 2
and the growth chamber study 1n chapter 3. A combined summary and
‘; ) conclusion for both studxes 1s presented in chapter 4,
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INTRODUCTIQN ,
’ -

Tisdale et al. {1985) describe maximum yield research as the studyv

on the effect of one or more variables and®their 1nteractions 1in a

multxdxscxplxnaf} system that strives for the highest vield possible for

the sorl and climate of the research site. They also view maximum yield

as a constantly moving target because of continuing technalogical

advances.,

Maximum vield stud1e§ 1n marze (Zea mays L+) can provide +tarmers
with 1nformation as regards the yields that can be reached. Such maximum
cr yields can be atta;ned orfly 1f adeguate amounts ot plant nutrxénté.
priper varieties, adeguate water;suppfy, pptimum plant dep51tv “aﬁd

verall good management are provided within the production system,
Inadequ;cies in any of the components could give rise to significantly
rednced yields.

®

Maximum vyield studies on ma;ze in Canada are relatively new, with
the first experiments conducted near Chatham, Ontario (5tevenson: and
Nuttall 1982). In 1984,  maximum vyield plots were estab}1shed at
Macdonald College, &te. Anne de Bellevue, fuebec, and some aspects of
this study will be reported here,

In the stggy, fertilizer level, plant population densities, plaﬁt
varieties and i1rrigation were studied 1n an effort to obtain the maximun
grain marze yield. The higher fertilizer rates are likely to ncrease
the probability of nutrient 1i1mbalances. High fertilizer rates,
éspecially where acid forming fertilizers are used, can result 1p a
decrease 1n sail pH and a consequept increase in Al and Mn avatlability

{(Pierre et al. 1é71;'K1uthcouskx and Nelson 1979).




Many investigators have noted that the applicatien of high amounts

of phosphate fertilizer depresses thexuptaPe of In by maize. The mdre

\

effectively the applied P 15 utilized by the plant, the more severe the
induced In deficiency -( Burleson et al. 1961). Excessive phosphate
L4

M “~
fertilizer _has been found to redﬁfe the availability\of Cu, and increase

°

thateof Mn to maize plants (Bingham 1963).

K

Low s011 moisture may induce or aggravate deficiences of Mn, while

In deficiences are o‘ten assoclated with high soi1l moisture (Tisdale et

al. 1985). - ’ oo ,

In responses to the above concerns, a étudy Was undertaken<¢1€h the
9
following obiectives.

[

(1) to assess the effect of applied fertilizers, hybrxdi;
trragation .and plant densities on the Cu, In and Mn nputrition
of maize plants, and \

(i1)  to determine 1f tﬁeée 15 a depletion of 5011

micronutrient reserves under the maximum yield system.

This study 1s p?esented in four chapters. Chapter { discisses the

relevant literature. Chapter 2 1s concerned with the effect of hybrids,

®
&
fertilizer rate, plant population and irrigation on the uptake and

concentration of Cu, In and Mn:; and the status of these nutrients 1in
the soi1l., Chapter 3 deals with the effect of added N and P, chelated
micronutrients and Ca(0OH)z on the uptake of micronutrients 1n vyoung

maize plants grown an surface samples of three Buebec soils., Chapter 4
m -

18 a brief summary and conclusions of the studv.

1
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: ’, CHAPTER 1 S
. o -

> . . *

LITERATURE REVIEN

A
!

‘ . _ « . . . o

{.1. Micronutrients in Plant Nutrition .

t.1.1 Role of Cu, In and Hﬁ 1n plant physiology

o

Mfcronutr1ent5, though required i1n relatively small quantities by
- . o

- .
the plant, are nevertheless essential. Excellent reviews an the roles
- ¢

of Cu, In and Mn 1n plant nutrition have been given el@ewhere (Mengel
and Kirkby 1982:_ Price et al. 1972; and Tisdale et al. 1985), hence an

exhaustive review will not he done.

s
.

Copggr 15 a constituent of thé& chloroplast protein which forms part

of the electron transport chain linking the  two photochemical systems of

"

phatosynthesis (Boardman 1973), which affecgs starch production 1n the

>

Iinc-1in plants is mainly involved in enzymatic reactions. [t has
k] ;
been found to be requxﬁed for the synthesis of tryptophan, an amino acid

and precursor of ‘indole acetic acid (Tsui 1948). EFuqther evidence ot

. L
the necessity of In was shown 1n the elimination of In deficiency

cymptoms by the addition of In or tryptophan to the nutrient medium of

O

growing malze plants {(Salami and Kenefick 1970). The total content of

“lysine and tryptophan were found to be sigmficantly increased by the

application aof In (Orab: and Abdel-Aziz 1982),
™ Hang;nese functions i1n the plant by bridging ATP with some enzvme
complexes (iehninger 1975), and 1s also involved 1n the oxidation-

reduction pracess 1n the photosynthetic electron transport systenm

T
kd
L4

.} . ) '/'k},
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(Chen1ae 1990; Bishop 1971), Manganese at toxaic levels 1s known to

’ |

interfere with nitrate reductase activity in the root (Przemeck and
s -

Schrader 1981).

o

Thus these elements play a vital role 1n ths biochemical processes
and therr uoggke 1n the required amounts ¥s crucial to healthy crop

growth, ° -

1.1.2 Uptake and translocation of €u, Zn and Mn.
&

Copper 15 taken up by the plant 1n small _ quantities. The Cu
content of most plants 1s generally between 2-20 ng ko~* 1n the dry

plant material with probable deficiencieg when Cu level® fall below 4
Q@

kg=* ({(Mengel and Kirkby 1982; Tisdale et al. 1985), Copper uptake
appears to be a metabolically mediated process and there 15 evidence
that Cu strongly 1nhibits the uptake of ZIn and vice versa (Beowen 1949),
ﬂowever: the uptake of Cu 135 largely ind®pendent of competitive effects
and relates primarily to the levels of available Cu i1n~-the sorl. Caopper
15 not readily mobile 1n the plant althouqh 1t can be transluéated from

older tao younger leaves, Results of Loneragan {1975) show that the

o

(4]
movement of Cu 15 strongly dependent on the Cu status of the plant. In
wheat plants well supplied with Cu, movement from the leaves to the

grain readily occur, but in deficient plants Cu 1s relatively immobile.
Benerally, Cu deficiency 1n crops grown on mineral soils 15 not common.

o

In corn, the youngest leaves become yellow and stunted, and as the

deficiency becomes more severe, lyoung leaves pale and clder leaves die
back. ) o
8
The In -requirement of most plants 1s small. The narmal

concentration ’ range’ 1s 25 to 150 mg kg~* in dry matter® of oplants.

v

”

£7
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Deficiencies of In are usually associated with concentrations of less
han 20 mg kéi‘ and toxicities will occur when the level exceeds d9v mg
kg~t (Tisdale et al. 1985). The uptake ot In has been coﬁsxdered in a
review by Loneragan (1979). However , 1t appears that there 1%
considerable disagreement 1n the literature as to whether In uptak; 18
%ct1ve or passive. Moore (1972) held the view that aon balance the
evidence suggests that In uptake, 1like Cu, s metabolically controlled
The mobility of In 1n plants 1s not great, Zinc ;ccumulates in roo:\\\\)
tissues e%gec1ally when Zn supply 1s high, In older leaves In can
becoff®@ very immobile (Rinne and Langstaon 1940), The rate of In movement
to vyounger tissues, like that of Cu, 1s particularly depressed 1n\ in
deficient plants (Loneragan 1973).
Like the ather mxcronutrleﬁis. the Mn requirement of plants 1§
o
quite low, Normal concentrations of this element 1n plants are
typically from 20 to 3500 mg kgl‘. Deficiencies of Mn are usually
assoc1ated'w1th lewgl;{éf between 15 and 20 mg kg~* 1n the dry matter of
upper plant pafts {Mengel and Karkhy 198%3. The uptake of Mn 1s also
metabolically mediated (Moore 1972). In a similar way to other divalent

cations species, Mn2* participates 1n cation competition. Magnesium and

Ca nay depress Mn uptakeathrough competition effefts fLohnis 1960; Maase

‘et al. 1949). In the plant, \Hn 15 relatively 1mmobi1le and as such

‘deficirency symptoms will appear 1n the young ticssue. MNost soils contain

adequate levels of' available Mn. However, oq/éz;d sg1ls high 1n

available Mn, oplants can take up considerable amounts of Mn so that

o

levels 1n the order of 1000 mg ¥g~* 1n the dry matter are not uncommom
]

{Mengel and Kirkby 1982). On such soils Mn toxicity i1s often observed

!
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X
and 1s aggravated by rhﬁucxng so1l conditions.

1.1.3 Foliar analyses +for diagnostic purposes.

Monitoring the  nutrient status of maize by means of foliar
analy51§—+1’b9tvm15g an essential practice in nddern production systenms.
The large amounts of fertilaizer used with their high cost mave <foliar
analysis an important tool 1n efficient’fertilizer use. At the moment
interpretation of foliar analysis data ca% be made according to ‘the
Crltlcali’ NGtrient Leve£ {(CNL} approach or the Di1agnosts and
Recommendation Integrated System (DRIS) (Melsted et al. 1969; Sumner

z -

1979) -
A .
The critical level of a nutrient has been defined as that

concentration 1n a specific plamnt part at a sﬁecxfxc stage of growth at
. P -
which a E‘Br 10 % reduction 1n yield occurs, or that concentration which
[
15 assoclated with the b?eaklng point of the nutrient responce curve, or
that concentration which 1s at the gransition between deficiency and
sufficiency levels (Ulrich and Hills 1973). Though widely used, the CNL
appreach has some constraints, e most serigus of which 1s 1ts
1nability to deal adeguately with yariation 1n nutrient concentration on

a dry matter basas with age.

Te overcome this disadvantage three (3) approaches have been

e

adopted. In the first, a set of critical values for different stages of
growth has been proposed (Lockman 1972: Geraldson et al. 1973), 1In the
secand, the accumulation of dry matter with age 15 monitored 1in order to

carrect the nutrient concentration for 1nereasing dry matter {(Melsted et ,

al. 1969). In the third, sufficiency ranges have been proposed such thatb

}ﬁé lgwer limit represents roughly the critical level while the upper 1s

°

v
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-
set at a value corresponding to an unusuallvy high or toxic concentration

(Beraldson et al. 1973: Jones and Eck 1973; Ward et al. 1973), Al though
: e

sufficiency ranges are supposed to improve flexibility in  diaonosis,

they, 1n fact, decrease dlagnostfc precision because the limits are

Q

cften too wide (Sumner 1979). B
The DRIS 1s a relatively new approach that usés the principle of

nutrient interrelationships in dete?h1n1ng the arder 1n which nutrients

o

are most limiting, and such a alagnoszs can be made at anv/stageuof the

crops development (Sumner 1982). A data base of app;oxxmately 1u,Quo

B,

observations of leaf ngtrient (N, P, K, Ca, Mg, 5, Fe, Mn, In, Cu, and

B} concentrations and yield of maize grown 1n several U.5., states wae

used to establish the norms on corn leaves (Elwal1 et al, 1985). 1t

would appear that once norms have bgen correctly established they are

universally apﬁlxcable, although 1pcreased pwshx%;on c£an be obtained by
limiting the development of norms to similar geographical regions
{Escano et al. 1981}, Comparisons of diagnpstic precision between the
two systems were made, and overall, DRIS was found to be superior to the
critical value approach i1n that 1t was able to make valid diagnosis more

I

\
frequently berause variations due to tissue were taken 1nto account

o

(Sumner [979),

{.2. Chemistry of Micronutrients in the 5o}

The micronutrient content of a soi1l 1s dependent almost entirely
on that of the rpocks from which the so1l parent material was derived an&
on the processes ;f weathering, hoth qeoche%xcal and pedochemical, to

)

which the soi1l-forming materials have been subjected (Mitchell (964,




Early workers recognised that although the total supply of triace

elements in spils has a definite bearing on the amount delivered to the
A~

plant, factors which influence the available state, such as pH, mneral

AY s
‘form, and solubility are more 1mportant in regulating absorption’(Prince

1957).

{.2.1 Copper

Copper 1n so1ls 1s probably present chiefly as adsogb;d Cu2* and an
sox1l solutions as the 1ons and various compiexes {Krauskopf 1972). The
solubility of soul Cu 1s i1nfluenced by the pH of the soil solution, and
it 1;%&2533; {00-fold for each umt decrease i1n pH {(Tisdale et al.
1985). Below pH 7.3 Cu®* predominates while above this pH, CqﬂﬂH* 18
nost ;bundant {Lindsay 1971). Copper concentratipns 1n soil solutisns
are generally much too low to be controlled by the solubility of copper
minerals occuring 1n soils, Rather, solubilaty 1s believed to be“
governed both by adsorption reactions of Cu on the surfaces of Fe, Al,
and Mn oxi1des and by bonding with arganic matter (Tisdale et al. 1983).
With “the excegt1on of Pb2*, Cu?* 15 the most strongly adsarbed of all
the divalent transition and heavy metals on Fe and Al oxides and oxy-
hydroxides, ) .

\ So1d organic matter forms very stable complexes with Cu. Details of
the reactions are extensively covered in other reviews {Hodgson 1963;
Schnitzer 1949}, The quani:ty of Cu held i1n sdlution phase against the
L4 =4}

strong adsorption effects of é*hy and organic matter 1s controlled by

processes of chelation and complexation. It has been shown by Hodgson

et al. (1966) that more than 98 % of the Cu 1n solution . was 1n- an

@

o ~




o

orgapic compléxed form, suggesting that i1n neutral soi1ls very small

-

quantities of\ free or aguated Cu®* were available for adsorption
reactions. As a result ot this organic bonding, there 15 more dissplved
Cu 1n the so1l solution than normally occurs 1n the absence of arganics.
These soluble complexing ageﬁtg, some from root exudates, also
contribute to‘the maobility of Cu 1n soils and to the Cu flux™ by mass-

flow and diffusion te plant roots (Nielsen 1976). Complexing agents are

believed to aid Cu uptake by plants under conditions of low
o

. ~—

1.2.2 1Iinc i -

7 availability, such as ‘high pH.

The chemistry of In 1s simpler than that of Cu 1n that 1t shows o
only a simple valence 1n natural materials. In comparison to Cu, In

R migrates further from i1ts source 1n soil, rocks and streams, and because

ol

of this behavior 1t 1s known as one of the most mobile of the heavy
lptals {Krauskopf 1972). Weathering of In minerals gives In%* p
solution.. hUnllve Cu®*, the simple 10n remalﬁg dominant to pH values of
+ about 9. Not only are common Zn compounds soluble, but complex 1ons
that might <form with the 1narganic anions usually present are too
unstable’ to influence In solubility (Chester 1963). In basic solutions
In{0H)2> precipitates 1f the concentration of°In?* 15 high; this compound

shows a minimum solubility at pH 9:9 and dissolves at higher pH values

to form zincate 10n, In{(OH) 4™,

Lindsay (1972), 1n a review on i1onic equilibria, noted that the

solubi1lity of 1In2* 15 highly pH dependent and decreases 100-fpld for

@. - each unit i1ncrease i1n pH, Jahiruddin et al. (1983} suggest that In 1s
] ) *
£
held 11n a stable organically complexed farm at elevated pH. In the
,




absence of excess of a divalent cation such as Ca, increased seclubilaity

ar dispersion of organic matter increases the amount of Zn 1n solution.
Calcium addition however reprecipitates or flocculat®s  the organic
matter, along with associated complexed In. Jahiruddin et ;1. {1983)
further suggest _that Ca usually prevents significant organic matter
solubitlization, 8o that added In 1s very strongly absarbed by soil
organic m;tter in the solid phase, 1ncreasingly so with i1ncreasing soil
pH. .
linc deéficiencies induced 1in acid seils by over liming can be

easi1ly explained by this pH dependent relationship, According éé
Norvell and Lindsay (1970) the naturally occuring mineral compounds 1in
the 5017 are suffxéxently soluble so as not to have an effect on the
small cqpcentratlons of In ;ound 1tn most soi1l solutions. Adsorption Pn
clay mlnerais, hydrous oxides, and orgapic matter seems a much more
likely controi mechanism at pH 5-7 (McBride andJBlaszak 1979).‘ Because

In®* retains 1ts double charge even to fairly high pH values, 1In should

seemingly be more strongly adsorbed than Cu, which in near neutral

-

sojution exists as single-charged complexes like CuOH*, Oh the other

hand, the covalent bonds that hold In2* to an ad;orbxng surface are less
strong than the bond5<that hold Cu®* (Krauskopf 1972). It 1s then
relatively easy to remove In from adgo;b1ng surfaces, maki\ng 1t qu1¥e
mobile. The traﬁsportatxgn of In 1n ;olthbn 1s not a problem except 1n
solutions contéxnxng sulphide 1on. The solubility of ¥In 1s also nﬁt
aftfected by changes i1n redox potential. In soils In probably exists for

[

the most part as the single 10n adsorbed an fine-grained constituents.

N
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1.2.3 Manganese

In 1ts ngturally ofcurxng compounds Hn shows three valences (2+,
3%, 4%, {n reducing environments the most stable Mn compounds are those
of Mn2* and 1n strongly oxidizing environment the most stable compound
is the dioxide, Mn0z or pyrolusite (Krauskopf 1972). Manganese in soil
usually exist as exchangeable Mn?**, There 15 water soluble and i1nsoluble
organically bound Mn, easily reduc1ble'Mn, and various Mn oxides (Ghanen
et al, 'i971{. " These various forms are 1nqa state of equilibrium with
one another anﬁ'théy differ 1n their degree of availability to plants,

@

The processeg involved 1n maintaining this cycle are oxidation-reduction
énd produqﬁron and decomposption of natural chelating agents that can
complex mangadese 1n both soluble and i1nsoluble forms. \General factors
tnfluencing the solubility of soil  manganese 1nclude pH, redox
potential, and complexatxén. Soi1l moisture, ae;atxon, and microbial
activity influence redox potehtlal, while complexation 15 aftected by
organic matter aqs microbial activaty,

In the soil sblutlon, the pr1nc1gle 1o0n species 15 Mn3* and 1ts
concentration decreases 100-fold for each unit ingcrease 1n pH (Lindsay
1971;. Decrea;1ng pH has bee% shown to enhance the conversion of
reducible Mn to-water spluble plus exchangeable Mn (Gotoh and Patrach.

0
1972)., Concentrations of Mn?** measured 1n the 3011’solutxon of acid and
neutral soll were found to vary~from less than 0.0{ mg kg-! tq}almost 17
mg kg~', with levels commonly 1n the range 0.01 to | mg vg~* (krausbop¢
1972). Because of the sensitivity of Mn2* concentrations to pH,

management practices that change soil pH will also i1nfluence the levels

of soluble Mn, Organic matter reactions with Mn were isportant i1n acid

i1
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and neutral soils since betwben 84 and 99 % of the MnZ®* was complexed

(Krauskopf 1972).
Page (1962} squested)ﬂhat the formation of complexes of Mn with

organic matter 1n the so1l may account for the observed relationship of

Y

Mn and pH. Part of the soluble Mn2* can also be adsorbed on to clé?ﬂand
organic matter fractions 1n the sa1l. Mandal (1961) found that under
redjucing conditions Mn’*_zons Wwere 1ncreased 1in sol;bxlxty to the point
where they become adsorbed as exchangeable 10ns. The early warks ot
Heintze and Mann (1947, 1949) provide some evidence of Mn adsorption .by

so1l arganic matter, but there have since been few studies on adsorption
reactions of Mn due perhaps to the fact that oprecipitation reactions
‘

exert control on Mn levels i1n the so1l solution.

1.3. Macronutrient - H1cranutrient Interactions )

Adequate nutration of plants with micronutrients depends on
several factors other than the ability of the soil to supply these
elements, Important growth factors 1include the rate of nutrient

ahsorption, distribution pof nutrients to functional sites and mpbility
4 . P
in the plant. Interactions occur between the micronutrients as well as

with some macronutrients xr\%he so1l-plant systenm. Sone of these

’

interactions are important since they modify the nutrition of crop

plants. Macronutrient-micronutrient interactions have been reviewed by

[

Olsen (1972}, hence only selected interactions that affect Cu, ZIn or Mn‘

a

utilization, will be considered.

1.3.1 linc - phosphorus

>

The 1nteraction of Zn and P has been one of the most extensively
L]

studied of the known nutrient interactions. VUsually, the interaction 1s

12
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des1gnéied‘as a P-induced In deficiency. This diserder in plant growth
s cnmmonl;a\éssocxated with high levels of available jP or wWith
applicatioan of P to the souil. Qlsen's (1972} revxgl ot P-1n
interactions surveyed results from many experiments conducted between
1936 and 1970, _ Numerous contradictions were found n the results
lgav1ng the 1mpression that a true "cause and effect" mechanism for this
!&enomenonm;;d not been found. It has been flrmly\establxshed that P~
induced In deficiency 1s not a result of precipitaion of Ins(P0.)g4 1é
the so1l or on roots, as such a precipitate was found to be more soluble
than soil-In (Jurinak and Inouye 1962; Lindsay 1972; Maclean 1974 Rac:
and Haluschak 1974).

’ Some workers attribute In deficiency to a dilution effect due to
increased growth resulting from applied P (Brown et al. 19;6: Warnack
19;0), but "often no deficiency was found (Smilde 1973; Racz and
Haluschak {974; Armbruster et al. 1975), The lack of clear evidence had

some workers suggesting that the man:ifestation of InsP tnteractions 21s

influenced by other growth factors, such as genetic maveup (Giordano and

. Mortverdt 1969), Fe content of plant ticsue (Warnock 1970) and metabolic

rate of plant growth {(Ganiron et al. 1949). Stukenholtz et al. (1946)
suggested that P-related In deficiency was a metabolic malfunction of
some sort, whereby P interfered with In translocation, However Smilde
(1973) found no such evidence.

In  recent times, the works of Loneragan et al, (1982) and
Christensep and Jackson (1981) <suggest that so1ld In deficiency
interferes with P metabolism enhancing the amounts of P absorbed by

o

roots and transported to tops. Thus under conditions of high P supply




v

and low In, P accumulates to toxic.levels 1n leaves 1nducing or
accentuating symptoms recembling In deficiency.

1.3.2 ZZinc ~ nitrogen

-

The application of hxbh rates of N fertilizer can stimulate plant
'.
growth and increase In requirements beyond available supply. Viets et

al. (1957) were able to separate the effects of N carrier on soil .pH and

ERY

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

\ more consistent effect on In concentration and uptake by plants than the

total amount of plant growth. Boawn et al. (1960) also confirmed a
simitar effect of pH on In concentration and uptake for sorghum and
e

potatoes. © Langin et al. (1962) observed that, generally, N fertilizer

enhanced uptake of In despite substantial dilution caused by vyield

1

tncreases from N, 4 >
1.3.3 Copper - phosphorus

Phosphate applications 1n ggnpral were found to decrease .Cu
ctoncentration 1n corn tissue (S5afaya 19%6). Bingham and Garber (1969)
and Spencer (1966) reported similar effects of P on Cu concentration 1n
some citrus species. Racz and Haluschak (1974) found P reduced Cu
uptake by wheat seedlings i1n most soi1ls, even though the water-extracted
Cu content of the so1l was increased by NHaHzP®a additions. The results
of BSafaya (1976) suggested that the effect of“aaplled é on Cu may be an
indirect ane. A strong P x In ;nteractlon effect was apparent pn the
total uptake of°Cu. At low P levels In reduced Cu uptake, wher;as at
high P levels In 1ncrease3 Cu uptake significantly.
1.3.4 Manganese - nitrogen .

Fertilizer N has long been recognised to have maximum stimulative

14
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action on plant growth by reason of the numerous N functions rela(;d to
growth, Thus wuptake of .most nutrients will b& enhanced by N

application,- Nitrogen fertilizer 15 also associated with a lowering of

v 'Y
sorl pH and this frequently induces or 1ntensifies Mn uptake and

-

tonicity (Nelson 1977). |

1.3.5 Manganese - phosphorus ) )

- |
Phosphate fertilizer will 1ncrease the level of so11-%olut1on Mn
]

in- some sn1ls, probably because aof the acidic reactions of dissolved

suderphosphate or bacause of the acidity produced by the n1tr1#1cat19n

‘

of NHa-phosphate. Increasing amounts of water-extractable Mn tended to

agcompany increasing rates of Ca (H2P04) 2, especially on non-calcareous
4

so1ls (Bingham and Barber 1960: Racz and Haluschak 1974),

1.4. Influence of Soae Agronomic Factors on Micronutrient Nutrition qf
Plants :

~ .
1.4.1 Hybrid effect J

Within a given environment, one hybrid or va;1ety may produce a
greater responée to applied or i1ndigenous nutrleﬁts than another hybrid
or varxetyT”/The éﬁper1or yield ability of a given hybrid or variety may
be determined 1n part by 1ts greater efficiency 1n absorbing and
utilizing certain nutrients fram the =011 (Murphy et al. 1981,
Hatlitligil et al. 1984). Terman et al. (1973) noted that differences
in nutrient absorption among maize  hybrids appear to Q? greatly
influenced tgrough genetic gffects on growth rates and yield poteptials,
i.4.2 Plant population effects

There 15 limited 1nformation an the effect of plant population on

»

the micronutrient nutrition .of plants. However, one can assume that the

&
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assocrated greater root mass'at high population densities would result

in a greater demand on soi1l nutrients, leading to possible deficiencies,
* 3

One study {(Godo and Reisenauer 1980) noted that there was an effect of

4

root exudates in 1ncrea516g gorl Mn splubtlity through reductidn of MnO=
and complexing the divalent Mn released. Hence 1t 15 possible to have a
higher uptake of Mn under high plant™populations.

1.4.3 Fertilizer application effects

The maximum yxeid concept‘xs directly related to fertilizer

*
A .

efficiency. The higher-yielding crops, with more extensive rbot systems
hY

and with a greater nutrient neegs, will take up more af the applied and

" indigenous nutrients. The use of high rates of fertilizer 1n arder« to

N
.

maximize yield could create undesirable effects 1n the soi1l-plant

system. ‘ Most of the reported undesirable effects of applied fertilazer

refer to ‘ soil acidification and the assoclated fox:city v of

mcronutrients, hl.and Mn  (Randall et al. 1475: Murphy et al. 1981; Hovt

and Henning 1982; Petrie and Jackson (984a; 1984b),

1.4.4 Irrigation effects . 3
Irrigation effects on mcraonutrrents, would most likely recgult 1n

. [}
an 1ncreased uptake due to increased plant growth. A'::>§e portion of

the Cu, In and Mn reachng the root surface dogé so by mass flow and

diffusion (Barber and Olson 1968). These processes would most likely be
enhanced under 1rrigatiom, In the case of Hn; reducing conditions at
the ?Tcrosxte level could give rise to high cancentrations of Mn 2* n

»

certain areas 1i1n the spil, Hatlitlagil e(lal. {1984) found 1increased

&

uptake of Mn and Fe by corn._under higher irrigation levels quite out of
L
proportion to obderved yield increases,
&

K

1é .

\
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£ ) ) . As a result of this review of the iterature, 1t seemed clear that
'added.N and P could influence micraonutrient uptake and nutrition of corn
/ plants. Thus 1t was decided to undertake a study of the §0116%xng
\ hypotheses: ) ‘
‘ i, Micronutrient 1imbalance will arise 1n maize treated with high T

rates o? N and P.

rJe

. Interact¥ons of N and P with mxcronutrlent§ will cause -

i H

deficrencies in plant Cu and In

[}

’ 3. Acidificationp of so1l by NHa containing tertilizer may cause Mn

3 { »
’ toxicity in plants., . ) .
<9
\u, k4 = e -
A} e b ]
9 o
* - ™ [}
- v
3 4
¢
‘ [ : ~
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Ly . 2.1 INTRODUCTION
Eenerally micronutrient disorder symptoms :n maize production 1in
Quebec "are not widespread. However, the possibility that migronutrients
might be limiting i1n maximum yield corn production has Seen indicated by
the work of Roy Flannery (1982) 1n the USA where significant ylel;
responses to micronutrients occured at high fertility levels., Alsa., most
nutrients ' were found to be well —above concentration levels now
considered adequate for good yields, suggesting that higher critical
% levels may be needed for higher yi1elds. Stevenson and Nuttall (1984)
a159 found higher concentrations of micronutrients at high fertility.
The opurpose of the work reported here was to provide information on
the effect of fertilizer rate, pipulatlon density, hybrid and trrigation

¥

}
on the Cu, In and Mn uptake gf the maize crap.

S --

° («\ - -
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(’ ' 2.2. MATERIALS AND METHODS
’ Procedures used in the fiaeld have been detailed elsewhere (M.
Remillard., 1984, Maximum vyield studies with corn 1n Quebec, M Sc.
thesis. Faculty of Graduate Studies and Research, McGill Univ.), but

. o
some of the most important procedures are noted here for the convenience

of the reader.
2.2.1 Field Experiment
2.2.1.! Bite description
The experimental site was located at the Macdonald Collegqe farm on
the Chicot soil series, a sandy clay loam (Gleyed melanic brunisol).
2.2.1.2 Experiment design
The experiment was a 2x2x2x2 factortal i1n a randomized complete
block design with treatments of 2 hybrids, 2 plant populatians, 2
( fertilizer rates and 2 so1l nmoisture regimes. The 14 treatment
combinations were raeplicated 4 times for a total of 64 experimental
units., The treatments and levels were as follows:-
Hybrid: -
. In. 1984 the hybrids used were Pioneer 39235 and Picneer 3949. In 19885
-Plonaer 3949 uas replaced by Co-op 2645.
Plant populations:- . ,

4
Two plant populations were used, 90000 and 65000 plants per hectare

(pph),

Fertilizer rates:-’

Nitrogen (N), phosphorus (P=0s), and potassium (Kz0) were applied at
a normal rate of 170 - 100 - 170 kg/ha (N-P20s-K20) and a high rate of
C . ° 400 - 300 - 400 kg/ha (N - Pz0s-Kz0), '

20



Irrigation: -
The water regimes were irrigation and no 1rrigation, lrrigation water-
was applied using bxj:\ll drip 1rrigation tubing an; drip Eape tubing 1n ’
- 1984 and 1985 respectively. Irr:&atxon scheduling was done wusing
. tensiometers at two depths, 13cm and 30cm. Irrigation was narmally
® scheduied when tensiometer reafings reached ).015 MPa,
2.2.1.3 Site establishment and m‘haqnnent
2,2.1.3.1 Land preparation .
The site was ploughed with A moldboard plow‘xn the tall of 1983 and
1984 at a depth of 20 and 2§ cm respect{yely. Secondary ti1llage tn the
g?ﬁ . sSpring cons{sted 0f two passages of avZISk harrow at a depth of 10cnm
followed by Zne passage of a spriqQg tooth harrow, -
2,2.1.3.2 Seeding and thinning.

to)

The plots were seeded an May 7 1n 1984 and May 2 1n 1985, In 1984,

¢o9

maize was seeded at a depth of J cm using an International Harvester 2
row planter ‘with row widths of 37.5 cm. A Baspardo oplanter with 4

-adjustable planters was used i1n 1985, with row wxdt%{and seeding dapth

*

. the same as 1n 1984,

PO All plots were seeded at rate of 270,000 seeds per hectare and later
o

thinned " to plant populations of 63000 and 90000 when the corn reached

o
[

»

- the three to four leaf stage.
2.2.1,3.3 Weed control \\
Buackgrass (Agropyron repens L.) 1nfestatxon'ﬁa; controlled by the
application of glyphosate at the rate of 2.1 kg/ha priecr to secondary
tillage in the two years. In 1984, b;oadleaf weeds were controlled with

an application aof 4,3 kg/ha of Alachlor (9 l/ha of Lasso, Monsanto Ltd)
o

- »
D -
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and 1,75 kg/ha of atfazine (3.5 1/ha of liquid atrazine), opreplant
5 L]

incorporated. Post-emergence weed control was done with an additional
{,7% kg/ha of atr;zxne together with two sessions of hand hoeing. In
1985, broadleaf weeds were controlled with an application of 5.6 kdWna
Butylate ( 7.0 l/ha of Sutan, - Stauffer Co.) and !.,79 kg/ha ef atrazine
(3.9 1/ba of liquid atrazine}l, preplant incorporated. Post emergence
weed control was not necessary i1n 19B3.
2,2,1.3.4 Pest control

In 1985 ¢.05 g per linear meter of Dyfqnate { Stauffer Co.) was
applied to the soi1l at seeding to prevend cnﬁ% root worm i{Diabrotica

barbery: SL.) damage:; none was applied 1n 1984 afd corn root worm damage

%

did not occur. On June 22, 1984, 100 g/ha of Permethrzﬁ {Ambush, Chipman
& Co) was sprayed on the corn plants to control cut eorm damage; there
was no such damage 1n 1985 E;d therefore no treatment was applied. 0On.
July’ZO; 1984, 13 kg/ha of Furadan 106G {(Chemagro Ltd.} was applied to

contral European «carn borer {(Ostrinia nubilalis HBN.). In 19835, two

’

separate applications of 12 kg/ha of Ambush 16 {(Chipman) were made on
July 4 and 12 to control European corn barer.
2,2.1.4 Fert;lizers and aneﬁdnents ] .
2.2.1.4.1 Fertilizer applicatipn

Fertilizer applacation rates, nutrient carriers, and methoH and time
of application for 1984 and 1985 are summarized 1n Tables 2.1 and 2.2
respect:vely.' Micronutrients were applied over the experiment site
before secondary‘ tillage., and disked 1nto the so1l surface. The

micronutrient carriers and rates of applxcatxbn 1n 1984 and 1985 are

presented 1n Table 2.3.

[ 8]
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Table 2.1. Types and amounts of fertilizer materials with time of
application for the 1984 growing season.

(]

D R D A 8 s S WD we ER D e N T AR N W eE T Y SR e TR AR W G A WS ew R B WA WS WD L e AN D e (R G G e A S N W A G R W e W R PR W W B MR G e e AR e e

--------------------------- ) Method and
) ) time of
N P20s K20 Mg 8 Carrier - Rate application
----------- kg)ha—--—-—----- --kg/ha-- \
) 149 0 o 0 0 Ureat’ 324 SPPI®
21 100 0 0 0 MAP2? 190 Banded®!®
0 0 140 0 0 Potash>’ 233 SPPI
-- 0 0 30 15 30 PHS*!? ‘ 134 SPPI
170 100 170 13 30 Total
HIGH RATE )
o meeeememacmccmcaosemcmsse-a Method and
time of
N P=0s K20 Mg S » Carrier Rate application
o o e et o e e o e o o o e e e B e o o o o
----------- kg/ha===-==r=w-v -rkg/ha--
.,‘x\‘ Y,
;? 358 0 0 0 0 Urea 788 S5PFI
0 100 0 0 0 TSP7? 217 SPPIL
e 42 200 o, 0 0 MAP 380 Banded
- 0 0 370 0 0 Potash 617 SPFI
0 0 30 15 30 PMS 134 SPPI

o o e o o Y = e = v " > - "= T e o NS WS Tm = S 4 A S S e e = e W e

19 Urea (46% N)
2) MAP = monocammonium phosphate (11% N and 524 P20s)
3) Potash = potassium chloride (607 Kz20)
4) PMS = potassium magnesium sulphate (22% K20 114 Mg and 22% §)
5 SPPI = spring preplant 1ncorporated
8) Banded = § cm basides and 5 cm below seed at plantzng.

- 7) TSP = triple super phasphate (467 P2 05’

0
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2.2, Types and amounts of fertilizer material witn time of

Table o
+ application for the 1985 growing seascn. ©
o
NORMAL RATE L
---------------------------- Method and
N ' tx&e of
N P20s K=0 Mg S Carrier Rate > application
----------- kg/ha======r-=-~- --kg/ha-~
149 0 0 0. 0 Urea®’ 324 SPPI?
2t 10 0 0 ] MAP2! 190 Banded®
0 140 0 0 Patash=’ 233 8PPI
0 0 30 1s 30 PMS*’ 136 SFPI
170 100 170 15 30 Total
HIGH RATE
------- e b L L bbbl h b b bt Method and
time of
N P20s & K20 Mg S Carrier Rate application
b T LT kg/ha========mcm= --kg/ha--
0 100 0 0 0 - TS8P 217 FPPI™
0 0 100 0 0 ) Patash 167 FPPI
149 0 0 0 0 Urea 324 SPPI
2 oo 0 0 0 MAP 380 Banded
Q0 ] 270 0 0 Patash* 450 SPPI
-0 0 30 15 30 PMS 136 SPPI
108 0 0 0 0 ANS? 308 S§Dt®> (June 1u)
S2 .0 0 ] 0 AN 133 8D (July B)
52 0 0 Q 0 AN 153 4 8D (July Z0)
100 300 400 15 30 Total
1) Urea (474 N) ,
2) MAP = monocameonium phosphate (114 N and 52% P20s) P -
AP] Potash = paotagsium chloride (40% K=20) . °
L} PMS = potassium magnesium sulphate (227 K20 11% Mg and 22% §)
3 TSP = triple superphosphate (44% P20s)
4) AN = ammonium nitrate (347 N)
7 SPPI = spring perplant i1ncorporated
B) Banded » J cm beside and 5 cm below saed at planting
9) FPPI = fall preplant incorporated
10) SD = sidd-dressed



o

Table 2.3 Boron, Iinc and manganese rates and carrlars'used 1n 1984 and

1983, ' B
Micronutrient Element Carrier
rate rate Carrier
o\ Y et DL e e et L L Lt T R datal - - e -
. -=--kg/ha--- ~-=}1/ha--~
B 0.361 C 2.57 Sodium Borate!®' (10% B)
in 0.412 5.00 linc cnelate®’ (7% 1In)
Mn 0.12 - 2.00 Mn Chelate®', (3% Mm)

- A M e U D e e s (A s e S T A P R W AP AR 6 b SR v e MR G AP R e WP L e A e RSB W SR e EP S G e ae e A R e ae Y Bm e e e e e W W b

1) Spdium borate carrier weighed 1.28 kg/}
2) linc chelate weighed 1,18 kg/] (Qligoscl Ltd)
4 . 3) Minganese chelate weighed 1.20 kg/l (Oligosal Ltd)

D "

2.2.1.4.2 Liaing

The site was limed i1n spring of 1983 on a plot by plot bagis 1n
order to obtain a pH of 6.0., Calcium hydrofxde {CalOH) 2z, as the liming
material, was hand applied'and disked 1n with the fertilizer to a depth
of 10 cm, Rates of liming-material were based on laboratory '1ncubat10n
studies which followed the procedures of Shoemakar et al (1961).Q
2.2.1.4.3 Manure application

In the fall of 1984, cattae manure wWas applied and +plowed down,
Manure wa;\\:pplzed bith! a conventional farm-type manure spreader

transversely on a replicate by replicate basis, The rate of manurg

application is given in Table 2.4. ~
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Table 2.,4. HRate of application of cattle manure
applied 1n November 1984

- ——— - E— " - — - - — A" - ——— -

Replicate Rate of application (DMB)*?
-------- Mg ha=t~-------
!
i 2,81,
2. 4,41
3 4,74
4 ° 4,48 i
1) DMB=dry matter basis )

2.2.1.5 Sampling

¢

~J
2.2.1.5.2 Soils

So1ls were sampled for chemical analysis in the spring prior to
fertxlngr appl1ca%10n and 1n fall atter harvesting, at a depth af 0-25
tn using a T-sampler.
2.2.1.5.2 Plants

( .

Tissue was sampled at d1ffe§¥nt growth stages as defined by Hanmay
(1963). Plant parts and the growth stage at which tissues were sampled
in both vyears are presented in Table 2,5. In both years, grain was
sampled when physiological maturity was reached, which corresponds to
Hanway ‘s growth stage 10, using the kernel milk line and black layers as
matur:ity i1ndicators (Crookston and Afuakwa 1983). Grain and stover were

harvestéd according to a modification of the procedures of Stevenson

(1984) .,
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Tahle 2.5 Plant parts and various growth stages at which tissue was

sampled 1n 1984 and 1985, ’
Growthiﬁtages Plant parts

1984 1985 1984 " 1985

2* 2 - Whole plant Whole plant

- 3 - Whole plant Whole plant

3 4 Whele plant Leaf, stalk

5 5 ] Ear leaf Ear 1maf

10 10 Ftover, grain Stover, grain,

leat, stalk

- e - R . " " —— U= WP T W G B . e W S TR D N WD S S YN R e P WD M We e e = P o e on . = P T NS e W v e am e

2.2.2 Laboratory Procedures

p
o
Ok
\ -
L
‘i

n

2.2.2.1 S01l1s

So1l samples were dried at 103°C and ground to pass a 2-mm sieve

-

»
prior to Cu, 1In, Mn, and pH determinations. Extractable Cu, In, and Mn

vere determined by the diethylenetriaminepentaacetic acid (DTPA) method
:

as outined by Baker and Amacher (1982). The procedure 1n&glved the
shaking., for exactly 2 hours, of 1¢ g of dried so1! 1n a 125-ml flask
with 20 ml of DTFA solution. The extracted micranutrients were measured
gn an atomic absorptian specé}ophotometer (Parkin-Elmer A A model! 238u),
So1l pH was measured using a soil:water ratio of 1:2.% {(McLean 1982),
2.2.2.2 Plants )

T1s§ue samples were dried at 70'C and ground using a macro- and
micro-Wiley mi1ll to pass a 20-mesh scieen. Flant parts were weighed and
the dry matter vyields were determined, A sub-sample o} 0.5 g was
digested 1n a block digestor using hydrogen peroxide (304 Ha0a) and
concentrated Hz50a4 (Thomas et al, 1967)., The digests were diluted to a
known wexght'(so g) with deronized water, and the amounts of Cu, In, Mn,

-

€a, and Mg 1n solution were measured with an /atomic absorption

o
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spectrophotometer /Perkin-Edmer A G model 2380). The “Techmicon” auto-
analyser {(Technicon Inc., Tarrytown NY) was used to measure NH,4-N by the
alkaline phenolhypochlorite test described by 0'Brien and Fiore {1962),
and F by a modification of the chloro-stannous-reduced molvhdophospheric
blue colour technique of Jackson {1962). Potassium waz measured with a
"Technicon” flame photometer.
2.2.3 Use of the Diagnosis and Recommendation Integrated Systea (DRIS)
The tissue analysis results for concentrations of N, F. k,<Ca., Mg,

Cu, In and Mn 1n the whole plant or leaves were used 1n calculating

nutrle}%§;glnd1ces for the DRIS approach to diagnosing |, nutrient
2

tnsufficiences and 1mbalances. The procedures for calculating DRIS have
heen_outlxned by Cornforth and Steele ({981), Elwal:i and Gascho (1984)
and Sumner {(1977a; 1977b). A computer programme developed by Let:zsch and
Sumper (1983) was wused. The Nutritional Balance Index ‘NEI) was
calculated by adding values of DRIS indices irrespective of sign. The
larger the value of the NBI, the greater was the intensity of i1mbalances

~ *

among nutrients at the time of sampling. °

v

2.2.4 Terminology
The term "concentration” will denote a mass ratic such as milligrams
per kilogram. Further, "uptake” will be used when referring to the

total  quantity of nutrient in the plant, either 1n the above-ground

partion of the plant, or some tissue such as leaves, grain, stalks or

stover.
2.2.5 Statistical Analysis
Analysis of variance of the results were performed using the

Statistical Analysis System (SAS) (Barr et al. 1979). Differences among

ol L
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. 3
. means was obtained using Duncan's nexjmultxple range test lDHRL{ tor

main effects and the ‘Least Significant Difference (LSD) test for
interaction effects (Steel and Torrie 1980). Letters wers used to
differentiate meansvwhere analysis of Qarxance was qarrxed out on data
sets with unequ!! numbers of repllcates; Where replicates w:}e equal,
LSD values were used. Carrelation and regressxop analyses werg done

using the GLM .procedures of the Statistical Analysis System (SAS) (Barr

et al. 1979)
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2.3. RESULTS

2.3.1 6Soil Effects «

f

A summary of the probabilities associated with the F-statistic of
some of the treatmemt effects on DTPA-extractable Cu, In, Mn, and so1l

pH at the end of the growing season in 1984 and 1985 1s presented in

Appendfx [

2.3.1.1 Soil pH ) .
Results showed that at normal fer{i11z;r rate 1n 1984 there were no

Ne

differences in soil pH with or without irrigation’ (Table 2.6). However,

_%t the high rate of fertilizer the pH was lower where irrigation was

absent, In 1985, the high +ertilizer rate was associated with
¥

significantly lower soil pH. ) .

2.3.1.2 Boil Cu

_There was a significant hybrid -~ plant population effect on-DTPA~

extractable soil Cu in 1985 (Table 2.7), 1n that at high plant

-}

populations of Pioneer 3925 the so1l Cu level was reduced.

3

2,3.4,3 Soil 1In

In 1984 there was a hybrid - fertilizer rate effect an sa1l Zn, The

nature of the interaction was not consistent, with the hybrids having

-

differing effects at each fertilizer rate (Table 2.8). There was no

siginificant effect'of'treatments on sotl test In 1n 1985,

2!30104 Bﬁil Hn \/

In 1985 there was a hybrid - plant population effect on so1l test Mn

£
(Table 2.9), Pioneer 3925 plots were lower in Mn at high populations. In

o
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1983 there was a plant populatign - fertilizer - irrigation effect on

so1l test Mn (Table 2.10). Under high plant populations, hrgh fertilizer

rates and irrigation, there was a significantly higher value of so1l -

test Mn than with non-irrigated or 1ow plant populations, Haowever, under

high plant population and at high fertilizer rate, soil test Mn valu; )

under irrigation was higher than under non-irrigated conditions,

———-r g




Table 2.6, éffect of fertilizer - arrigation and fertilizer on the

(~ pH of surface sorl 1n fall of 1994 and 1985 respect:vely,
1984
. ’ Irrigation .
. N - PzOs ind KzO """"""""""""""" et el ol e
' Rates (kg/ha) Hes B No 1983
N ettt R --pH--
170 - 100 - 170 5.07a" 5.05a S5.48a
400 - 300 - 400 5.13a 4,83b 5.53b
CV(L) 4,98 7.47

* means for each year, having a common letter are not significantly
different (p=0.039) according to the LED test.

&

table 2.7. Effect of hybrid - planE population on the DTPA-extractable
copper from surface soil sampled 1in fall 1985,

i S " . e T G . e W T e e A S MR =t M e e G N R N NP P G T G MM D e M D TR M W N M e D MG e W e e = v e

" o Plant Pupulatfbn (pph)
( s e oo
3 T e LT
Pionear 3929 1.03a" 0.76b
Ca-op 2645 i 0.98a 1.00a | -
¢ ’ LV =29.9 ‘

* means 1n the body of the table, having a comman letter are not sign-
1f1cantly different (p=0.03) according to the L8D test

\ b |

< R Y .
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. means i1n the body of the table,

ﬁhﬁ L] = o
Table 2.8. Effect of hybrid - fertilizer on the DTPA-estractable zinc of
surface so1l sampled in fall 1984,
————————————————————————————————————————————————————————————————— B
N - P20s - k:0 Rates (kg/ha)
................. e e cem e eemmm e m e mvm— . ————————
Hybrid 170 - 100 - 170 400 - 300 - 490
Eiaininhdeibintedeib bbb mg/kg—-=---= Vemessss=om--
Pioneer 3925 ‘1.§3ab 1.370
Pioneer 3949 1.27b 1.66a" =»°
CV{%)=26.2 \‘ °
................................ e i ot o ot o o o o e e e 0 e e o o

===
* means 1n the body of the table, bhaving a common letter are
not significantly different (p=0,03) according to the LSD teast.

°

Table 2.9. Effect of hybrid -plant population on DTPA-extractable

manganese from surface soils sampled in fall of 1983,
"""""""""""""" Plant Population (pphl
aybrrd  eso0 0000
T g ke
Pioneer 3925 J1.73° 26.4b !
Co-op 2445 29.3ab 31.3a
CV(%)=18.3 )

i L L e L R e Y e L L

having a comman letter are
(p=0,05} according to the LSD test,

o

not significantly different

33 S
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Table 2.10. Effect of plant population - fertilizer - 1rrigation on DTPA-

- extractable manganese in gsurface soi1ls 1n fall of 1985,
o N - P20s - K20 Rates (¥g/ha)
170 - 100 - 170 400 - 300 - 400
glrrigation . Irrigation
Plant | mmemsmmsssssosmess—e- sssesoeeeod Lo mmmmem
Papulatian Yes Na Yes Na o
“~==pph-===  mmmeemem e cme—cmccan-——- Mg/ kg-—=~~=~ s msresm— e
63000 32.3 29.4 28.9 31.3
0000 26.3 27.0 34.5 27.4
CV(Li=iB.3 LSDors=s=5.3 mg/ kg ° o
o o
o
k 7
Toa
%v
. Y
: o . 34 )
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23,2 Plunt Browth Responses
-The probabilities assocrated with the F-statistic of the treatment

etfect an dry matter yields, and content ang)uptake of Cu, inh and Mn sat
the variocus growth stages 1n 1984 and 19835 are presented i1n Appendix [1
2,3.2.1 Dry matter accumulation during the qrowtn'q seisons.

dIn general, the total accumulation and rate of dry natter
accumulation was® greater 1n 1985 than 1984, The rate of dry natter
accumulation was highest during thegperiod batween 40 and B0 days after
emergence 1n both years (Figures 1, 2, 3 and 4). Treatment differences,

within any &ne season, and between seasons, were noticeable when plants

passed stage 4, about B0 days after emergence,
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2.3.2,2 Plant tissue copper . .

In general, wuptake of Cu with time as a function af hybrid,

population density, fertilizer rate and 1rr1q}txon followed a sigmodial

¢ .

curve (Figures. 3, 6, 7, and B8) ,
2,3,2,2,1 Browing season 1984

High plant population resulted 1n a greater uptake o{ Cu by the
whole 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 1n the whaole
plant when 1rrigated (Table 2.12)., At growth stage 5 the Cu cancentration
in  the car-leafxwas found to be }ower where high fertilizer }ates were
used, compared to the normal rate; and Cu was loweR with 1rrigated than
non-irrigated plants (Table 2.{3). At harvest i1 1984, Cu concentration
in the grain of plants at low population and normal fertilizer rate, was

increased by 1rrigation (Table 2.14).
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Table 2.11. Effect of plant population o
uptake by maize shoots at graow

n Coopar concentratign and
th stage 2° ang 4 1n 1983

I N R R L

Growth Plant " Cu Cu - Ory Matter
Stage Population Uptake Concentration Yield
--~g/ha=--  ----mg/kg--=-  =-=-Mg/ha---
2* $3000 3,44 12.5 0.3
90000 4,74 10.8 ’ 0.43%
* »
Cvim 0.0 110 37.9
4 65000 40,0 b.76 6,17
0000 54.0 4,50 8.07
. - *
Cvis . 311 32.2 13.9

o S T R R - D wE G T D S S NS e N R R e N W

o - S - G AR R e e WA S

%, population differences significant at p=0,08

Table 2.12. Efftect of hybrid - 1rrigation

an copper cancentration and

uptake by maize plant shoot at growth stage 4 1n 1984,

. o - . - - - ——E - D " - R S . S

R D2}

- - 0 S W —— v = T T = D WA W WP D WS NS D Y m R W R SR D MR ue W

Pioneer 3925 6.55 5.30
Pioneer 3949  5.68 7.79

CV(%4)=32.2 LSDo.os=l.32 mg/kg

[ N L. L L L L L T e T T T R Y T X

y

- . - - " P e -

Cu uptavke
O nmatie
Yes Na
L hammamnm e
46,9 4.0
43.0 34.0

CV(l) =314t LSDs.0u=10.0 mg/kg

- - SD R D T e s wp G A e
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Table 2.13. Effect of fertilizer and 1rri3

copper concentratizsn at gromtn

1
e =~
2T33

- e S S e W S A Y M e SR e T e e VS AR s e e W En W e e

Treatment Cu cantent
-=~=mg/kg-=-
wﬁ@ - Pads - K0 (ka/ha)
170 - 100 - 170 o 13.9
400 - 300 - 400 12.5
*
Irrigation
Yes 12.6
No 13.8 °
° *
LV (x) 16.9

L e R X e A e L

*, significantly different at p=0,08§

[\
Table 2.14. Effect of plant population-fertilizer-irrigation an capper

ncentration in maize grain at harvest in 1984,
9

D S W W Y WS U R D N G D A N s T R R S D AR WA AP W R D G WS U R WD R AR W S S W S D Y e M BN e e M OB W e e

N =.P20s - k20 (kg/ha)

- - - - wr — w

S G A WD D S D A S D SR S S Cm AT D W S D D SR WD WD G5 D W e AR A W S e N ey S G S W g U S R A AP T D A R A e e e D B e

\ Yas

N - P20s - K20 (kg/ha)
Plant = =cmcocccmcocccmimconaiaas
Population 170-100~-170 400-300~400
s=-pph=== mmemmmeem e

65000 5.57 3.59

90000 4,18 5.45

CV (%) =42, 1 LSDo. °=-1 99 mg/kg

70-100-170 400-300-499
3.43 LH70
4,36 4,60

- R D - R - o -
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2,3.2.2.2 Growing seasen 198%

In 1985, there were generally more treatmgn} pffects on the content
and‘uptake of Cu at tﬁe various growth stages than in 1984, There were a
number of treatment interactaions which made qeneralizations
difficult.However, high populations, high fertilizer rates and
irrigation tended to reduce Cu cancentration , and Cu concentration an
Co-op 2645 was generally lower than 1n Pioneer 3929,

There were no treatment differences with respect to effects on the
concentration and ugt;&e af Cu by plants at growth stage 2. The Cu
concentration and wuptake by the plfnt shoot at stage 3,and leaves at
stage 4, were decreased under 1rrigation, but the Cu uptake by the graain
at growth stage 10 was 1ncreased under 1rrigation (Table 2.13), The
concentration aof Cu in the plant shoot at growth stage 3, was lower at
high rates of fertilizer when compared to normal rates, however, the
uptake of Cu was higher; the leaves of Co-op 2645 were lower than those
of ﬁ1oneer 3925 1n Cu content (Table 2.1@); Tha(leavas of plants at H1qh
populations were lower than those at low population in Cu concnnt;atxon,
however , the uptake of Cu was higher (Eable 2.18)

Copper uptake followed a similar pattern to that of ?dry m{tter‘
yields, with increased uptake generally associated with increased dry
matter yields (Table 2.17). At growth stage 4, Co-op 2643 at the high
fertilizer rate, “was found to have a lower concentratiqn and uptake of
Cu 1n the plant stalks when irrigated as against no 1irrigation (Table
2.18 and 2,19).

When the normal rate of fertilizer was applied, the Cu concentration
in the ear-leaf of Co-op 2649 at qrowth‘staqe S5, was qreater at 63000

L3
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than 90000 plants per hectare; at the higher plant density Fioneer %925

was higher than Co-op 2643 1n Cu concentration in the ear-leaf. At nigh
rates of 6ertxlxzer] the Cu concentration 1n the ear-leaf did not differ
with plant population for Co-op 2645, but 1t was higher at 85000 than at
90000 plants per hectare for Pioneer 3925 (Table 2.20),. Further 1£‘was
faund that under high rates of fertilizer the Cu concentration wis lawer
with 1rrigation regardless of plant population. At normal fertilizer
“rates there wer; no difference 1n Cu concentration between plant

population when 1rrigation was applied, but 1n the absence of irrigation

"the low plant populations were associrated with greater Cu concentration

>

{Table 2.21), i

At harvest the Cu concentration in the’astovér of non-irrigated .

plants af Co-op- 2645 were lower at high plant population, and there were

no differences when plants were iririgated (Table 2,22), A pattern of

hybrid x plant population x irrigation effect on® Cu uptake by the

stover, simlar to the effect on concentration (Fable 2.22) was also

observed (Table 2.23). ‘ :

With respect to the 1e$4 tissue Cu cancentration at harvest, Pigneer

3923 had a greater Cu concentration than Co-op 2643 (Table 2.24), Copper

%, ;
concantrations 1n the plant stalks at harvest were 1ower under

-
H
:

trrigation than non-i1rrigation when plants were at low population,
however there were nto differences 1n cnncent}ation between the moisture
regimes at high plant populations (Table 2.25). The dry matter vield and
uptake of Cu were increased only at high plant populations when the

tertilizer rate was 1ncreased from normal to high {Tables 2.26 and 2.27)
A .

. .

-
[}
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Tablé 2.19. Effect of 1rrigation an copper concentration and uotake, and
dry matter. vield in various plant parts at difseraent
‘ plant growth stages 1n {988,

s s 00 am Ay R e U Gm L M A N P T SR VE W TR W G% UE W B VR S M N P e e e A R W dw B SR e T G e WP OB T G PR e e dm v T e AR e e S e

Growth Plant Cu Cu Dry Matter
stages Part Irr1gation Concentration Uptake Yield

o . U - s S - S S 4 Gm Y e ey b UE MR AR S e e e T S G W Ve S T W Ah R A S S

~==mg/kg--- -=g/ha-~ --Mg/ha--

. s .
3 plant shoots Yes 6.88 0.713 0.9%8
No . 8.18 0.881 1,048 |
T . \\\h__7 * »
g cVin 14,0 ‘ 19.7 27.5
4 leaves - ‘Yes 10.1 28.9 2.81
, ; No : 11,0 - 31,0 2.84
! * N .
cvm 11.1 18.0 11.7
/
10 grain . Yes ' 1.83 21,0 11,5
" Ne 1.93 16,4 B4
* *
{ Cvil 38.95 42,9 B.19
--—-‘---—-—--‘-—--———T —————— 1 ————————————————————————————————————————————
%, significantly different at p=0.03 '
N @
. . ]
’
£ N ’ 4 )
For |
\ -
s T
.&)
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Table 2,14, Effect of fertilizer rate on copper concentration ang -uptake,
and dry matter (DM) yield i1n the plant shoot at growth stage

34 effect of hybrid and plant

pcpulation on

copper
concentratign and uptake, and dry matter (DM) yield 10 leaf
tissue at growth stage 4 1n 1985, ©
Growth Plant Cu Cu DM
Stage Part Treatment Concentration Uptake VYield
) ~=-ng/kg---- --g/ha-- --Mg/ha--
3 plant shoot N - P20s - K20
170-100-170 7.88 7.48 0.93
400-300-400 7.16 B.46 .10
* *
Ccv il 14,0 19.7 27.9
4 leaves Hybrid
Pioneer 3925 q)/10.9 29.6 2.73
_ Co-op 2645 10,2 29.7 2.93
* *
! Ccvii) 1.1 15.0 11.7
4 leaves . Populatian (pph)
. 450Q0 1.0 28.0 2,583
' 90000 10.1 3.2 3.10
* * *
. Cvieh 1.1 15,0 11.7
o m - P e e e ————— e e e e
#, significantly different at p=0.05
z .
\

ﬁ\
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Table 2.17. Effect of plant population and fertilizer on drv matter
=

g}; yteld and copper uptake by maize shoots at growth stage I _
h tn 19885,
. , |
Ory Matter Yield Cu Uptake
N - P20s = K20 (kg<ha) N - P20s - Kz0 (kg/ha)

\ Plant -.._------_-_---_-.._‘-‘...K_-.—_.Z e et rmm e ——————————————————
Population 170-100-170 400-300-400 17§f100-170 400-300-400
===pph-== /SNy --=--e--- Mg/ha—===c=c=mn- T memeeecc——- g/ha====mm=memm

65000 0.77 <% 0,75 6,79 5. 49
{
1.09 1.45 8,17 10.2°
. CV(4)=227.5 L8Do.0s20.20  CV(%)=19.7 LSDo.onl.12
) »
- ..‘
Table 2.18. Effect of hybrid - fertilizer =~ trrigation on copper
- cortentration 1n maize plant stalks at growth stage 4 1n
. 1988.
N - Pz0s - K20 (kg/ha) o
170 ~ 100 - {70 . 400 - 00 - 400
Irrigation Irrigation
Hybrid No Yes No Yas
it bbb bbb i Mg /KQm==w=mo==—-e—ce~—ee——n
Pioneer 3925 3.85 3.08 3.36 ¢ 3.1
\ Co-op §§45 . 3.80 . 3.38 4,71 2.86
. ° - f ~
© CV(M=23.1 L8Do.0=s=0,82 mg/kg ‘
P e ey - Abebadel i d e el ket kbt d adatbad i g 1 -------------- - ---‘-------------T‘
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Table 2.19. Effect of hybrid - fertilizer - 1rrigation on copper uptake
by matze plant stalks at growth stage 4 i1n 1985,

R g g S g Vg g s g S L

N - P20s -\K20 (kg/ha)
I P P 100 - 300 - 400
Cletgstie Isatien
Hybrid No- Yes No Yes
L e T
Pioneer. 3925 2120 18.0 21.0 20.0
Co-op 2643 21.0 23.0 30.0 16.0
Cv(i)=28.7 LS5Do.ow=6.0 g/ha b

- . " m— Be n A Sy S A e D G T NS Gm N v A M ) YR A G P G W M P e G G T e WD WD b A e R Gn G G S K s G B MY S G ER W W A S am e am em

Table 2.20, Effect of hybrid - plant population - Fe;t1lxzer on maize
ear-leaf copper concentration at growth stage 3 i1n 1983,

- . e T 0GR me e e e e D M W W W W M Y W S o M e i S P S W e R e v Y S A MR AR NS M e TR e A R e

-~ W . o . Y A e - . it o S ek S M e WP Y AR D MR W e A SS Em A e e e R A A e e

) 1709~ 100 - 170 400 - 300 - 400
Plant Population Plant Populat)on
Hybrid 65000 90000 65000 90000
---------------------- Mg/kg-=~=====me—cememme———ao
Picnesr 3925 8.88 8.84 8.78 7.65
Co-op 2445 ° 8.71 7.09 7,76 7.85 .
CV(%)=12.5 LSDo.0s=1.03 mg/kg
r Q
’ '
a8
o0 ) S T N
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Table 2.21., Effect of hybrid - fertilizer - 1rrigation on mai:ze ear-feaf
copper concentration at growth stage § 1n 1985,

T T e T
T e T o
Wz oRalsz Ka0 (kashal Nz ads : Kal (kgina)
Plant
Population 170-100-170 400-300-400 170-100-170  400-300-400
ehe e g g LT
63000 7.85 7.70 9.74 8.84
90000 8.28 7.18 7,43 8.3%
Cv(%)=12.5 LSDo.0e=1.03 mg’kg

- . . SR, P = G s W W AR R A e MmN S Gm e N SR M G L YN e G S M P RS S MG e W R e R U6 G M Gm W e b W A G e N Ay e

Tables 2.22, Effect of hybrid - plant population - irrigation on copper
concentration maize staover at harvest stage 1n {985,

- - W > v AP e D S S A U . WD b A e o G S G ES e D e U S M) D AR VR W A AP R E M AR e WE e e W m  w e e
- - A 5 TR W S WS AR WA T Y W M W MA HE WM wm MR s P AR e e M e e am e b Ap E mn e

- v wy ap W e 4wy oy = an - e - - un e AR G A e A e e ae

- D - —— PR P44

Hybrid ) No Yes No Yos
O
Pioneer 3925 4,51 3.88 4,88 2.93
Co-dp 2645 5.09 3.70 3.54 3.78

\CV(Z)=28.3 LS8Do.os=1.14 mg/kg .
-_-; ..............................................................
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Table 2.23,

- s . -

Pioneer 3925

Co-op 2643

) CV(#4) =25,

- - e - o -

4
Effect of hybrid - plant population - 1rrigation on the
uptake of copper by maize stover in 1983,

- P 0 e W - o R TR TR M e P M am D S MR e MR A S D N D M R S s MDD e Ge Ge W B e D N A8 G S T N e e e A

Flant Population {(pph)

- D mh i P e . R S A e e T W e G e W S S U e P G e S W R e s A W e ey SE e AR e e e W

65000 90000
T lnane lrcasstien

Na Yes Ho Yes
L e
36.0 36.9 42,0 35.0
39.0 34,0 3.0 v 36,0

8 LSDo.0229.0 g/ha

- 4P A G D Y D P D e D R O D S AL SR A WD P P D e R et D S MR G5 A WS D MR S YN MR TP GO G Em G R W AN r ue e S W e

.

Table 2.24, Effect of hybrid - irrigation on copper content in maize

- -

v.
L

leat tissue at harvest stage 1n 19835,

. T T S TR e b W G O WD MR D e A A AR G R WD A S G e S G G Ay B R S AL An e MR G b G A MR SN e e e
- - e e A T R e G e R N AR R e v e S S ey N e e e e wn

- D e B W o Py N Y o S YT D e P WE M G e N P S G e M e e e e e M WS Sy me e W

26453 ‘ .15 " 5.00

Cviii=14.7  LSDo.on=0.68 mg/kg
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Table 2.25. Effect of plant population - irrigation on copper content
of mai1ze plant stalks jat harvest stage 1n 19835,

TPlant e
R O e N s 5
====pph====  ~mec—ceceacoa-- Mg/ kgm=~rmmmmrenena— ’

65000 1.89 3.49
90000 2,63 g . 2.39
CV(%)=63.3 LSDo.os=1.17 mg/kg

Table 2.26. Effect of plant population - fertilizer on maize leaf dry
matter yield at harvest stage 1n 19835,

- D - > - T - AT . W S A D e W A ) A e W VD S G VD W e W =S W

Plant Population (pph)

- — T O P > " . A =’ D AR WD WY A R EE e D MR WY N W D S e

N - P20s - K20 65000 90000
————— 4————-——-———-—————————-—(—.-----.-——---------—...._..-—---_.--_-
m=--Kg/ha===-  -mememmeomieaaeenn Mg/ha======mmmmmmmcmm
170 - 100 - 170 3.20 3. 64

400 - 300 - 400 3.22 4,16

"8“

Cvix)=11,0 L8Do.0os20,28 Mg/ha

. g g W D YR S e D = W S G W D D P D ) A U e S A A AL W D G 4 AP SR U W MD A% e Wb b e D W A S W D e T
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Table 2.27. Effect of plant population - fertilvzer an cooper uptake by

C maize leaf tissue at harvest stage 1n 1985,
. o - - - A 3 " 8 o e " e e e - n - - - - - . - -
N Plant Population (pph)
"N - P20s - K20 65000 70000
L el kg/ha=====  —o=ecesce——weee———- g/ha===-m~mmem e~
| ‘ 170 - 100 - 170 22,0 23.0
‘ . ~-
| 400 - 300 - 400 20.0 26,0
. %
CV(4)=20.3 LEDo.0os=3.,0 g/ha )
<
¢ o = ¢
el
° " : l &
N
. ) ,°
52 - .
< - .
[ |



2.3.2,3 Plant tissue zinc
In general, uptake of In with time as a function oaf hybrid,

population density, fertilizer rate and i1rrigation followed a sigmoidal

pattern similar to dry matter accumulation (Figures., 9, 10, 11, and 12)

“2.3.2.3.1 GBrowing season 1984

At growth stage 2* there were no differances 1in Z{ concentratian in
the hybrids at low plant population, but at high plant populations?
Pioneer 3949 was higher 1in In than Pi;nee? 3923 (Table 2.28), The uptake
of 1In at stage 2* was qreat;r at high plant populations, and with high
rate of fertilizer. Dry matter yields +o}lowed the same pattern (Tables
2.29 and 2.30)., High plant populations had a higher In uptake than low
populations at stage 4, and this also occurred with In content 1n the
graxnn(Table 2.31). )

High fertilizer rates were assoctiated thé a higher in
concentration 1n the ear-leaf at stage 3, and with a higher In uptake by

the grain at stage 10 (Table 2,31).p~Irrigation was assoc:ated With a

decrease 1n concentration and uptake of In by the stover at stage 1u,

and™a decrease 1n In concentration 1n the grain at the same stage (Table

2.31),

S3
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Table 2.28.(f}fect of hybrid - plant population on zinc content 1n

- -

maize plant shoots at growth stage 2~ in 1984,

Pnpulatioh Pioneer 3925 Pioneer 3949
S S
63000 103.2a* ‘ 75.1a-
. 90000 &7.6b 79.3a

Cvid)=24.7

- - - S 4m TS AR ar D AR M e ¢ e YD D S S A S o S o A S Wb AN P e R SR A M Ay AN R e T S S R W ae e W e e am

* means in the body of the table, having a comman letter are
not significantly different (p=0.05) according to the LSD test.

!

g

Zabla 2.29: Effect of plant population - fértil1zer rate on zinc uptake
by maize plant shoots at growth stage 2* in 1984,

( . o o N - P20s - K20 Rates (kg/ha)
. Plant R i e et L e L DL
Population 170 -~ 100 - 170 400 - 300 - 400
U N S
63000 28.0 25.9
¢ v - .
20000 29.1 42;0 . s

CV(%)346.5  LSDo.o==10.2 g/h

T S T S P R D R D M W T W TR P W T e D WL e IS G A e R G G SE A T D M e W MR Ml W s A s M G G G N G TR W SR AN W Dy G e OB

Sé -
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Tdble 2.30, Effect of plant population - fertilizer rate on above
ground dry matter yields of maize plants at growth stage
2% in 1984, ° N -

~— . )
N =~ P20s - Kz:0 Rates (kg/ha)
Plant  —ccemememcaea- g
Population 170 - 100 - 170 400 - 300 - 400
===pph=== = —e=--eseae- mmmee——— kg/Ra===<-msmmanmcocax
T 45000 308 B 320
90000 372 ° 527
CV(%)=37.9 L8Do.oa=102 kg/ha
3+
18
4
J LN
L Y ‘I &
. ¥
-
4 Ce
57
. . .
" -
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Table 2.71, Effect of plant population, fertilizer rate, and irrigation
on.zi1nc uptake and concentration 1n various plant parts at

growth stages 4, 3, and 10 1n 1984,

. D v S W O e Y T . R M A G TR WSS WA e TR W W S SR AP e M - e s Ay T WP me S en NP SR M S MR e G %e e AN e Gn SR A YU Ae e i e SR TS S e

Growth Plant

v Stage Part

Treatment

in

Concentration

In DM
Uptake Yield

S L Ll e L T P R L P e

4 ‘ plant shoots

2

5 ear-leaf

19 grain

s

[

10 - grain

10 grain

o stover

°

Population

Population (pph)

65000
* 90000
Cvd)

N - Pz0s - K20
170-100-170

100300-400
Y
CVi%)
65000 o
90000

Cvd)

N - PzU:l = Kza

170-100-170

(pph!

400-300~400 *

Cv (%)

Irrigation
Yes

No
CViZ)

Irrigation
Yas

No

Cv ()

-=~-mg/kg=-=-

27.4°

256.9

30.2

39.9

36,0
*
15.0

, 30,2

29.46

10.3

29.2

30.6°

10.3

2%.6

32.1
*

10.3

15.8

19.9

¥
18.9

-=g/ha-- --Mg/ha-~

6,2 6,47
8.1 8,07
* *
17.1 13.9
4
242 8.18
Cad -
264 ' 8.85
*
12.0 9.4
283 8.34
242 .8,85 ’
*
12.0 9.6
250 9.03
256 8.00 »
*
12.0 9.6
115 7.31
139 6.87
* *
25.1 10.1

L L e ] - e m - LR T E P L T G oD D G W P T R D e A S S N G RS NS W P P D G WS S R A D . e

v, differences are significant at p=0.0%

38



2,3,2,3,2 Growing swmason 1989 s

At'growth°stage 2, " there was a hybrid % 1rrigation_eftect on the In
cancentratian in the'plant (Table 2.32). However this must be considered
as a random effect as the 1:r1gatxon treatment had not beep applied by
the time of sampling.

In comparing hybrids, <In concentration and uptake in tha plant shoot
at stage 3, plant stalks at stage 4, and leaves at stage 10, were higher
for Coj%p 2645; the uptake of In at stage 2 was higher for Co-op 2445
than for Pionear 3923 (Table 2,33

Comparing ‘plant population effects, the high plant populatioﬁ Was
associated.” with a higher uptake of In 1n the whole plant at growth

Stages 2 and 3, and 1n the leaves at growth stage 10 (Table 2.34),

High fertilizer rate in comparison to normal rate, was assoclated

with a higher uptake of In 1n,. the whole plant at stage 3, the leavas

and stalks at stage 4, and the stalks and grain at stage {0 (Table
2.35). The In concentration in the ear-leaf at stage 5 was also higher
at® the ﬁxgh fertilizer ratebtreatment (Table 2.39).

Where plants werg trrigated, }n comparison to non~irrigated, the
concentrations of In we}e lower, 1n the whol& plant at growth stage 73,

the ear-leaf at stage 5, and the stover, w278~ stalks, and grain at

stage 10 (Table 2.36). Irrigation also lpwerld the In uptake by plants

‘at growth stage 3, and that by the leaves and stalks at growth stage 10,'

but 1t increased the uptake by the grain-at stage 10 (Table 2.74).

’ L+
There were a nuaber of hybrid interactiops with the other

PR

‘ ::eatments. At growth stage 3,’ the hyhrids did not differ in tissue

4

'In  concentration when they weré_gl;nted at low plant denstty, but at

¢

) ) a

59"




2,27y and

high density Pioneer 3929 had a lower concentration (Tanle
alsa, FPicneer 7925 had a lower In concentration when at high plant
than at low population. Irrigation decreasad tne

population

rancentration of In 1n the maize leaves of both hybrids, but at high

J
. population and non-irrigated conditions, Ce-op 2645 had a higher 1In
concentration (Tahle 2.38)
ki
- 9 *
. ‘-“t ks
. /
¢ \
>
. , ‘ .
L J - .
. -
i -
1
r ® " A t
\ - ® * - .
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Table 2.32, Effect of hybrid - 1rrigation on zinc content in maize
plants at growth 'stage 2 1n 1989,

R e L L I R Sy S S S S Sy

o Hybrad Yes No
............ @.\_---------
Pioneer 3929 34.0 b 32.1
oy
Co-op 2645 J2.0 39.4 .

CV(%)=24.4 'LSDo.0s36.5 mg/kg

&1




Table 2.33. Effect’of hybrid on zing concentratiaon uptake and dry matter

{DM) yield in various plagt parts at growth stages 2,
and 10 in 1985,

)
e Ot o Y WD M A SR YD D G m O W Ga G M WS ER M A Me T AN e NS e G S SR G S N D W At P D 6 R R G e S R D e S A YR M e L G G S e

Growth Plant
Stage Part

2 plant shoot

.3 plant shoot

3

4 ‘stalks

10 ltavog

#, significantly different

-

Pioneer

Co-op

Pioneer

Co-op

Pianeer

Co-op

Pionaer

Co-op

3925
2645
cVin
3925
2645
V(2
3929
2645
CV(4)
3925
2645

Cvi(m

Zn

Concentration

. M - T Y -t S S G e W 4R MG e Ml W G M e W ey e e e P W v s S TR e T W MR A e A e e A

=--mg/kg=~=~- --g/ha-- --Mg/ha--

32.1
357
26,4
42,7
47.4
*
18,8
20.6

26.1

at p=0.03

62

'

In *

Uptake

X

157

DM

3y

Yield

0.038

0,068

*

16.

4

1.02
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s
Table 2.34, Effect of plant population

-

©°

oh 21nc uptake an% cancentration,
in various plant pﬁ&és at  growth

. e e Y e e D S R e B R e YD G T TS e G WS e W G a6 M S NN e G e e R G e D G M ER Nm MR e YR WS M R G e e S MR s b e e B G e R Gm O e e P pe e e

In ~In L]
Concentration Uptake Yield

- - - —— . S . > m S S e D W e M NN W S = Am e m e R R G G W . P R L L L Lk T

ar

and dryfmatter (DM) yield
o stages 2, 3 and 10 1n t9835.
Growth Plant Plant
Stage Part . Population
o ~==pph---
Iy
2 plant shoot 635000
L~
90000
ALY
3 plant dhoot 65000
20000
Cv(z)
10 leaves 65000 .
[
90009 :
- Cvig)

---mg/kg~--- --~g/ha=~ --Mg/ha--

32.2 (.86  “0.0%2

36,5 2,68 ., 0.074
* *

26,4 37.3 16.4

4&!3 41.3 0175

‘43,8 5%, 4 1.2%
. * L

18.8 : 26,6 27.5%

2 49,2 1.0 3,21

20.7 81,0 7.91
* ¢ *

294 40,3 11.0




c - Table 2.35. Effect of fertilizer rate on zinc concentration and uptake,
and dry matter (DM) yield 1n various-plant parts at growth
stages 7, 4, 3 anﬁ 10 in 1988,

S . Ay A A S D M R e Y M G AR e T M U S e S e Y mp e NS A ey A A e Y T AR Gy M 4m e = mm P M o M AR MR S e T e M e W A M WS M

Growth ' Plant N - P20s - KzD " In Zn DM
VR Stage Part Rate Concentratyaon Uptake  Yield
................... . S S
) . ---Kg/ha--- ---mg/kg--- --g/ha=- --Mg/ha--
3 plant shoot  170-100-170 44,0 42,5 .92
- ) 400-300-400 46.1 54,2 1,10
. » T o»
0 . CVi%) 18.8 26.b 27.5
4 leaves '170-100-170 33.1 90,0 2.74
400-300-400 37.6¢ 110,0 2.91
- * *
ey i) 33.4 37.7 11,7
. - P
4 stalks 170-100-170 22,0 128.0 5,86 /
) .
’ 400-300-400 24.7 151.,0 6. 20
* * 4
CVi%) 33.3 31.3 9.8
\\\ ) 5 ear-leaf 170-100-170 28. 1 - .
400-300-400 51,7 - -
: +*
° - J’} - CVi%) 34,8 - P (
10 stalk 170-100-170 8.2 42,0 5.26
400-300-400 C 11,6 65.0 5,80
* * *
cv(n) 76,9 - 84,1 14,7
. } 10 grain 170-100-170 21.7 206.0 9.6
»
400-300-400 23.5 '242,0 - 10.4
. * # , +*
, - X ] , L cvan 15.3 , 18.3 8.2

D U S D W I s WP U GD MN WD  WAS e W T WD S GG R T AR e AN S D N R D VD U0 e R W YD S W e g R G e S AR S Y Em N Ak G D R AT G BV Y Y W R e T e R e W e am

*+, significantly different at p=0.0S

&4
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Table 2.26. Effect of irrigation on :inc concentration and uptavke, and
dry matter (DM) vyield i1n various plant parts at growth

! stages 3, S and 10 4n {985,
Growth  _Plant- . In In DM
Stages Part Irrigation Concentration Uptake Yield
’ ===-mg/kg==-~-~ --q/ha-- -=Ng/ha--
3 plant shoot Yeg 42,1 44,2 0.96
No 48.0 Y osas # 17
% *
Cv(i) 18.8 26,4 . 21,5
9 ear-leaf Yes 29.46 - - .
, > )
- Na \k t 34,2 . - ) -
“ * -
. Evih 19.4 LT T N
F)
10 stover Yes - 17.5 / 198 9.39
No 23.4 L7 8,39
) . * . *
o cVil) - 34.8 9.0 8.9
10 leaves .  VYes ‘ 15.0 58. 0 3.83
“No - 24,6 83.0 3.3
B * * *
CV(Z) Lant 2994( 40-2 . "l-ow
" 10 stalk Yes o 7.14 . 41.0 5.96
<\ Na T 1204 . 850 Sl
s * * *
cviy) 76.9 g4.1 14,7
16 . grain " Yes 24.3 246, 0 11,5
" No 23.9 2000 B.4
» - o
LV 19.3 18.3, - B.2
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Table 2.37, Effect of hybrid - plant population on z1nc concentration in

-

mai1ze shoots at growth stage J 1n 1985.

. . - Wy e - — - - - -~ Y - —— . — S - - . S - " - S e o, Ve s

e i - - —— - ma . - - = -~ -

Hybrad , 63000 90000
ﬁ T g LT
s Pioneger 3925 L46.4 39.0
Co-op 2645 46.2 b 48. 6
CV(%)=1B.8 L5Do.0a=6.0 ng/kg =
.
L 4

Table 2.38. Effect of hybrid - plant population - 1rrigation on the zinc
concentration in maize Jeaves at harvest 1n 19885,

T T D - - - B A - o D ot P W o WD D 4D WD W D T p - A A A T P D My v W e = O

- ——— . — W - - W e G A A S WA R W S M MR A e e

Yes No
\ Plagt Populatian Plant Population
Hybrad 45000 90000 65000 90000
Mmsmmm e cmcem oo e e —————— e e
----------------------- Mg/kg-=m=-mmmmmmmmarecanae
Pianeer 3925 12.5 13.2 22.9 18.8
- »
Co-op 2445 ‘ 16.8 17.5 . 73.8 32,8
V%) =294 L5, 0259 mgikg
) A"
. b4




2.3.2.;. Plant tissue manganese

In general, wuptake of Mn with time as a fungtidn 3ar Nnv3Irvd,
populatxcn density, fertilizer and 1rrigation followed a quadratic curve
in 1984 and a sigmodial curve 1n 1;85 (Figures, 13, 14, 13, and 16)
2.3.2.4.1 Growigg season 1984 ) y-

‘ngh fertilizer rates in compari1son wWith hor&al rates, qavoahxqﬁor
concentrations of Mn i1n the whol®s plant at growth staqe/;' and 4, :1n tne
ear-leaf at stage 5, and 1n the grain and stover at growth stage 10
(Table 2.39), High fertilizer rates were also associrated with a higher
uptake of nn,K} the whole plant at stage 4, and by the stover and graim
at stage 10 (Table 2.39), v

At growth stage 10, irrigation resulted i1n a lower Mn uptake by the

stover, and lawer Mn concentration in the grain (Table 2.40).

o -
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A
Table 2.39, Effect of fertilizer rate on manganese concentration ‘and
uptake, amd dry matter (DM) yield 1n various plant parts
-at growth stages 2, 4, S and 10 1n 1984,

e AD ah A e - o S Em Sm G e vm T e M S o D MmN e S N M WS e T M G em Gm e P A P G e R SE A W A G D A D M T MR e P T W e s

Growth Plant N - P.0s - K20 Mn Mn DM
Etage Part: Rate Concentrataon Uptake Yield
---kg/ha--- —=-ng/kg-==  -=9/ha=- -=Mg/ha--
2*.plant shoot 170-100-170 139.0 47.0 0.034
Y
400-360-400 255.0 105.0 0.042 -
* ¥ *
Cv(i) 20.0 42,1 37.9
4 plant shoot 170-100-170 71.0 | 497.0 7.03
400-300-400 125.0 903.0 - 7.14
* . #
cvil) 30.0 38.6 13.9
5 war-leaf 170-100-170 12%9.0 -
\
400~300-400 245,0 -
. *
CViZ) 21.7
: >
10 © stover 170-100~-170 43.0 308.0 7. 11
400-300-400 77.3 539.6\ 7.07
* *
: . CV (%) 22.4 23,46 10,1
- - N
10 grain 170-100-170 3.86 32.0 8. 34 .
”, :
. 400-300-460 4,75 41,0 8.5%9
* %
ﬁi(%) 13.8 14.7 g.6

#, significantly different at p=0,035

70
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Table 2.40. Effect of irrigation on manganese concentration and uptake,

and dry matter (DM) "yield i1n various plant parts at qrowgn
stage 10 1n 1984,

R e R e R e T e TR R T R W R S R T R SR G e e T S R v m G VD S AL En e S m Ve b W T TR G4 A R AR WD R WD M WS TR T S R W we e e

Growth Plant Mn Mo DM
Stage Part Irrigation Concentration . ‘Uptake -Yield

- L D D W S S Y S N . v S N T m S G WA MR dm GB Em Wm S T G G em M e e o L S A o S AL SR A A . e

-==-ng/kg--- --g/ha== =-Ng/ha--

. L]

10 stover Yes ' 33.4 404 7,31
b No (64,7 441 6.87

* ) *
Cv(%) 22.4. 3.8 10.1
10 grain " Yas 3.85 57.7 9.03
N No 4,79 92,0 g.00

* * L
ooy ' 13.8 18, ¢ 9.6

. #, significantly different at p=0,0%
E 3 .
! 4
" S




2,3.2.4,2, Browing s:ason 19835

In general, high populations and fertilizer rates increased Mn
concentration and uptake, and 1rrigation reduced Mn uptake.

Co-op 26495 tended to have higher Wn concentration than Pioneer 39235
at ear%} growth stages, At growth stage 2, Co-op 2625 was higher than
Pioneer 3925 in Mn uptake; but at harvest (stag€:10), Ca-op 2645 was
lawer 1n Mn concentration and uptake by leaves,. 4and alsa had a lawer Mn
coi}entrat1on in the grain (Table 2.415. High plant opopulation was

associated with a comparataively higher -uptake of Mn by the plant shoots

at growth stage 2, and by the leaves'and stalks of plants at growth

o

stage 10 (Table 2,.42),

High fertilizer rates resulted in higher concentrations and uptake
of Mn than narmal rates with respect to the whole plant at growth stages
2 and 3, and 1in leaves and stalks at stage 4 (Table 2.43); the higher '
faertilizer rate was agssotiated with high Man cancentration un the ear-
léaf at stage 3, and the concensratxons and uptake of Mn 1n the stover,
leaves, stalk and grain at stage 10 were higher at high than at normal

farti1li1zer rates (Table 2.43),

Irrigation was associated witﬁ‘a lower concentration af Mn 1n the
plantkstalks and leaves at slage 4, in the e;;-leaf at stage. 3, and 1in
the stover, leaves, stalks and grain at stage }0 ((T;ble 2,45).
[rrigation also was associated with a lower uptake of M; by leaves at
stage 4, and the stover, leave; and stalk at stage 10 (Table 2.435).

Sevorel tnteractions amang plant populat1bn, fertilizer rates and

irrigation were noted., At growth stage 3, plants at low populations and

receiving low rates of fertilizer, had a lowar Mn uptake than those at



bt

.

.

hig\ plant population and at high fertilizer rates <(Table 2.48), At

growth stage 4, differences in uptake by the plant stalks at ditferent

" populations occured Snly under 1rrigated conditions, with the® high

3

population resulting 1n a greater uptake of Mn (Table 2,.47),

At harvest, stover had a higher concentration of Ma in plants

[

treated with high rates of fertilizer and differences betwaen fertilizar
rates: were largest when'plants were not 1rrigated (Table 2.48). Grain

uptake af Mn was similar for the hybrids when irrLgated. but in th;

absence, of irrigation Co-op 26435 had a lower uptake than Proneer 3923

{Table 2.49),-
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Tab?? 2.41. Effects of hybrid on manganese concentration ang untat e, and
dry matter (DM} vyield 1n various.plant oparts at growth
stages 2 and 10 rn 1989,

Growth  Plant Mn Mn <~ DA
Stages Part Hybrid Caoncentration Uptake Yield
- -;--mg[kg---- -—g/ha-—Jl --Mg/ha--
2 pladt™Noot Plmagr 3925 47.2 . 3.99 0. 058
Co-op 2649 ko2 4,89 0. 068
4 f ) * , *
v o CV(%) 21.5 ' 1.6 16,4
| ' - \P/ . . i
© T 100N dBaves, “Pioneer™392s  106.0 376.0 3.55 °
- r »
( ) B T . N
Co-op 2645 9420 . | 333.0 3.%56
L I - &%
cvin) 21.8 - 24,5 11.0
) 10 grain Pioneer 3925 5,89 57.4 9.9
> Co.op 2645 5,27 52.3 10.1
' - » * - .
T LV 17.1 18.1 8.2
) X _ |
__________ e e e e e o2 o ) m 1 e e o b e e e e
. *+, significantly different at p=0,03
)
s
<
1 -
¢ -—
74 {
-
v (4
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Table 2.42. Effect of plant population on manganese uptake and concent-

¢ . ration, and dry matter (DM) yield by varioys plant parts at
growth stages 2, 4 aad 10 1n [983. ]
.......................... S
Browth Plant Plant Mn *= Mn |
§tages -  Part Papul ation Uptake Concentration Yield
- ~==-pph--- -~g/ha-~ -==mg/kg-=~ ~-Mg/ha-- .
2 plant shoot 65000 3,51 " 66,8 0,052
90000 3.36 70.7 ¢ 0,074
. ’ * J »
CV(./I) - 3106 = 21'5 16.4
4 leaves 65000 kP ¥ 122 2.98
‘90000 362 116 3.10
» ~ - ¥
LVl 3.4 . 18.9 11.7
10 leaves 65000 318 99.3 .21
T 30000 395 ‘ 100, 0 3.91
. * : *
' rCV (L) . 24.6 21.8 {t.a
10 - stalks 65000 - 63 13. 4 4,81
’
30000 78 12,5 6,29
- . * . *
Cv)y - 33.7 25.9 14,7
#, gignificantly differant at a=Q.0§

\

75 ‘ -y
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Table 2.43. Effect of fertilizer rate on the manganese concentration and
uptakey and dry matter (DM) yield 1m various plant parts at
growth stages 2, I, and 4 in 1983, )

-
- O U . = e T ML 4 M M G R My e R WA e D e e G We oh T G W S G e e OF MY G SN W G S E g e e e U NS e v W R Wy WO NS W G W e S

Growth Plant N - P20s - K20 - Mo - .. Mn DM
Stage Part - Rate Concentratian - Uptake Yield

- e me R s e VIS S G VS G D D S G D R G A U G G TP N D WY G M S N W W P G S OB M 0 WS R W AD L S W eM R R W MR b e W W G e W e e e e

kY
- ---kg/ha=-=  ==-=mg/kg---- --g/ha-- -Mg/ha-=

2 plant shoot 170-100-170 57.7 3. 46 D060

400-300-400 79.8 3,41 0,067
T, #* * *
CVI(%) 21.5 316 21,5
3 plant shoot  170-100-170 63.4 . b1 0.93
400-300-400- 85.8 . 104 1,10
R %* * *
CV (L) 22.5 ] 27.6 255
4 stalks 170-100~170 24,4 144 5,86
400-300-400 35.8 - 222 6.20
- * * ]
Cv (L) 18.9 21,5 9,8
"4 lea%es . 170-100-170 94 257 2.74
) : 400-300~400 143 318 2,91
* i . » .
14 1.7

> Cv (%) 18.9 ' 2%

- - - - o5 G S G W R WP TP SE P 4 S A G Sk G e D M S G G M S SR AD En am G e e T e A D e Y M ap ¢ WP e W e



»

-

uptake, and dry matter (DM) yield i1n warious plant parts at,
growth stages 5 and 10 1n 1985, ' ] P
. i
---------- l,‘--——---—--—---H---——-—--————--——-----------—-.?----——---——-——-
Browth Plant N - P20s - K20 Ll Mn DM
Stage Part Rate Concentration _Uptake Yield
..... T et e o e e e e e e e o ot e e e e e e e e
-=-kg/ha=-- -===mg/kg~~-- -~ --g/ha-- -Mg/ha-
‘ 5 ear-leaf  170-100-170 71 \ - -
- - 4
= " 400-100~400 113 - -
R *
Cvi{i) 21,5 -
10 stover 170-100-170 44,8 ’ 386 8.61 -
- - o . )
400-300-400 69. 6 bas 9.37
* ¢ * *
- CVI(L) 24.3 27.5 8.9
. o _—
10 leaves 170-100-170 77 259 3.41
- ( 0 400-300-400 123 450 3.7
. T‘ - Y A * £
’ Cv(id) \—JS 21.8 24.4 tL.0
10 stalks. 170-100-170 0.9 Sé S5.26
- 400-300-300 . 14,9 8s §5.80
- * * *
\ CVv(z) 25.9 33.7 14,7
10 rain 170-100~-170 3.07 47 9.
o 9 ' 7 6~.¢¢‘.¢"
400-300-400 6.09 - 10.3
- ! . * ¥ *
cvin 17.1 18.1 8.2

L4

|
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.Table 2.44, Effett of fertrlizer rate on the manganese concent}étzonfkna
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Jhawfr’f e |
o #, s1gn1fi y different at p=0,03

,Tabla 2.45. Effect of- irrigation.on manqanese concentration and uptake,

and dry matter (DM} yield by various plant parts a growth
stages 4, 5 and 10 1n 1985, ,
_--—------------------_-----T-,--‘: -------------------------- Tes -l ‘ ------- X
Growth Flant R Mn . Mn oM
Stage Part !rrigatibn .Concentration Uptake o Yield
---------------------------- ﬂ.ﬁ-‘.'—,---——d-----——t-—-—-—--‘--'----“lq—----‘-
- AP FAT R -~g/ha-- --Mg/ha~-
A . stalks: . Yes 28.6 A77 5.17
« - , . i v
Na 31.8 189 5.89
*
CV (%) 18.9° 2.8 *© '_9.,8
4 leaves Yes 109 308 2. 81
. .
: No 129 3467 2.84
) ‘ ( * * :
' Cvin) . 18.9 23.4 (1.7
‘ 5 ear-leaf Yes 81 - -
o e No 103 - T -
. . .
cV i - 2f.5 e
- ? -
10 _stover . Yas 47.8 463 9.58
) No 66,7 S59 . 8,39
B * * %
© Cv(d) 24,3 27.35 . 8.9
i leaves ° Yes , 83 128 3.83
’ No 114 380 3.3
* ] *
CV (%) T 21.8 . 24,6 1.0
10 ., stalks Yes 10,7 b4 $.96
’ o No 19,4 77 s, 11
# * *
Cv (i) 25.9 24,6 14,7
° N . .18 52.0 2.4
. » - % *
(Z 17.14 © 18,1 8.2
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. - .
f plant population - fertilizer rate on manganese
aize plant shoot at growth stage 3 .1n 19835,

Thble 2.46. " Effect
- uptake- by

- o v v g - " > - " B =S W - - " 00 ' s - > ) wn R G > > -

N - P20s - K20 Rates (kg/ha)

P L L L e L L R R T P R R T g

™ Plant "
Population 170 - 100-- 170 400 - 300 - 400
e
45000 A 52.q,z§‘ - 79,0
90000 69.0 129.0
f)

CV(%1=37.6 .  LSDs.0s=22.0 g/ha

S R PGS TR S T Y S S Wy ) A W S e e o T M P W Sy D W e G S G A P S SN e ey e e G me e fm e Ae S
v

Tible 2.47, Effects of plant population - irrigation on dry matter yield
and manganese uptake by maize plant stalks at growth stage 4

in 1985.
Dry Matter Yield fn Uptake

] Irrigation Irrigation ,
Plant = ==reesecscccsoenooe- el dedde it

Population No Yes Na Yes
cempphess  meee- “mmmeMg/hgmmbmmmmmn | meecemeem——— q7ha==--==-

55000 5. 61 - WY 192 157

90000 6.16 6,94 185 197

TV(%)%9,8  LSDo.os=0.42 Mg/ha ¢CV(X)=21.5 LSDo.on=28 g/ha

n.‘ -
] ' ( :
. :
L
- 79
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\ *
Table 2.48, Effect of fertilizer rate and irrigation on manganese
: concentration i1n stover at harvest i1n 1985, )
A . _ lrrigation
N - Pals = K20 =~==- S mm— . ———- e mem———— bmm - -

Rate Yes No
--r——-—--ﬁ-----‘--—‘-, --------------------------------
‘wdtkg/ha--- ? ---------- mg/ha====-- “mm——

\L}e - 100 - 170 39.3 : 50.2 \
400 ~ 300 - 400 56, 2 83. {
Cvil1=24,3 L8Do.0n=9.9 mg/ha
.- :
Table 2.49. Effect of hybrid - irrigation on dry matter yields and
uptake by maize grain in 1983,
Dry Matter Yields Mn Uptake
i Irrigation Irrfgation
Hybrid Yes ° Na Yas No
o o e e e e 0 o o e >
¥  --Mg/ha, LSDo.o=20.58-~ -~g/ha, LSDo,on®7,02~-
Pioneer 3925 11.2 B8:-51 _ 38.0 57.0
~ . "
Co-op 2643 11.9 8.29 8.0 47,0
CV(?.)=B~2 LSDo.oa.éO.5B Ng/ha Cv.(%)=18,1 L5D0.05'7.02 Q/hl
<
\ A
(4
¢ Y
p
\ . 1
o 80 *



-decreased and the order of requirement indicated thgi the micronutrients

t

.
-
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2.3,3 The Diagnosis and Recommendation Intagrated Systam (DRIS) Q .

2.3,3. 1. Browing season d294 ) P ’

The results of DRIS analysis shoned a large . nutritional bafande
- P ' \

indax (NBI) at stage 2° with the macronutrients (N, P, and k) Ae1ng

:
b

\oast daficient at that stage (Table 2,50). AT stage 5, the NBI&§had

i

were least deficient at that stage (Table 2.51). The NBI 'was found td\be

\}

higher for Pironeer 3723 than for Pioneer 3949 at stége 2+; at stége 2+
and 5 the high rate of fertilizer was assgciated with a higher . NBI

(Tabla 2.52). No ralationship was found between NBI and dry matter yield

p .
or grain yield at any stage of gro&th.

°

» -

2.3.3.2, Browing season 1985’ ) .

The results of DRIS analysis shouedrymiarge NBI at stage 2 which

decreased at stige 3 (Tables 2.53 and 2.54) . Ho@ever at both stages the

Yeast requirad nutriefts were the macronutrients Ny P, and K. At stage
S, the NBI had dec?pased further and the order of requirement showed
that K, P and Mn were least &equired while Mg, In and Cu were the most

required (Table 2.55).

The NBI at'stagés 3 and 5 was found to be greater where plants were

L4 -

irriqate% as against‘no irrigation; at étage 3 high ferti{xzer'rates had

higher NBI values than normal rates (Table 2.546). Unlike the 1984

season, there was somefrelationship betweeR” NBI and dry matter yields, at

gtage 10. Undér non~irrigated conditions the NBI was negatively
S

correlated ufth the grain yield and the total dry matter at harvest, and

with irrigation there was a positive'correlation with the total dry

Y




matter (Table

L .

2.57). -Under the high rate of fertilizer the NBI

s = _— ' . ) ! . M
‘PQEitively correlated with grain yield and total dry matter at> harv
. T - . .
(Table 2.57) . : : .

4 0 . 2
‘ * ) 9
‘ .
‘t . :
A ) . N °
~ g
. / . .
. P .
, ] ~ K] "‘
-
\] : AN
b 4 -
. , CoL
. o '
- ) M .
- " o
4
. \ )
. ) i °
L]
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Table 2.30. DRIS indices far some plant nutrients 1n maize plant shoot
at growth stage 2* for the 16 treatment combinations
in 1984, . ‘
B S Y I TS S
Treat) ) .~ Sum of Order of requirement
Comb. N P K Ca Mg M In Cuindices NBI according to DRIS
-y b s - v > - D e 3 D s = - - - . " S = B > - —— - - 4= - - - -
---------- DRIS indices-=====mmmm-
AGJH+ 12 7 B =25 ~-10 -4 5 9 2 80 CaXMg>Mn>In>PYk CulN
-j ABSH-" 22 20 22 =22 -22 2 2 -25 -1 137 Cu»Ca=Mg>Mn=Zn>P=N=K
ALIN+ 17 7 24 -34 =3 -lb 12 -14 t llé Ca>Mn=Cu’>Mg>P>In»N>K
& QbéN- 15 12 19 =21 -4 =14 B ~13 0 108 Ca>Mn>CusMg>InyP N>K
A90H+ 17 16 21 -15 -1t 4 -5 -28 ~ -f 117. Cu>Ca’>Mg>In>Mn>PIN>K
2 A90H- 18 146 21 -18 -10 -3 72>-19 1 109 Cu)Ea)Mg>Mn>ZB>P»N»K
) ; O
A9ON+ 17 15 18 =25 -4 =13 =2 -7 =1 101 Ca>Mn>CudMg>Zn>P>NyK
AFON- 19 9 20 -13 -6 ~10 =7 -1 1 95 Ca>Cu>Mn>In>MgiPON>K
A
N B&3H+ ‘ 23 15 20 -t8 =20 - 9§ 2 =27 0 130 CuxMgrCadIn>MniPykON
‘B6SH- 20 25 24 -22 -17 i1 -2 -28 1 139 TCu>Ca>MgrInd>MniN,PyK
. B63N+ 15 13 13 -9 -5 -14 2 =15° 0  B& CudMn>CarMg>ZndP=iN
B6SN-." 20 {0 19 -12 -B -8 -4 '-15 0 98 Cu>CasMg=MnoZn>P KN
BROH+ 129 18 =14 -4 =2 -4 -4 -1 79 Lu>Ca>Mg=1n>MnyPON2K
B?OH- 22 10 21 -17 -17 -1 1 -19 ) 0 108 CudCa=MgiMn>Zn)>PrKiN

BON+ 14 12 16 -t2 -2 -18 3 -13 0 90 Hn)Gu)Ga)Mg)Zn)P)N)K'

B9ON- 17 9§

A= Pioneer 39285,
3= 43000 pph

Hx 400-300-%00,

o

+= lrrigation

»

-12 -8 =19 0 -10 0 98 Mn>Ca>CuMg>IndPNyK-

B= Pioneer 3949
90= 90000 pph
N= 170-100-170

-= No irrigation

83 ' oo~
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Table 2.31. *DRIS indices for some plgnt nutrients in maize ear-leat at
growth stage 5 1n 1984 for the !& treatment combinations,

’

o o e a0 o v =0 G i ol TR W AR R TS U e ve WA W W A e We W L G W e N AN R Mt AS e G e TR B e T e WA S W e S R e e e R e e R e T e e

Sum of
Indices NBI

Order of requirament
according to DRIS

WL R DGR NS T e o S R 0 A A SR G WS WP G 4 A W M ER R M W we e G G e AN e e D S S e e e m % e G R e G T W A ME P W e e e W M W SR W

Treat.
Comb. N P K Ca Mg Mn  In Cu
---------- ?RIS tndiceg=~-=====~=-
AGSH+ -9 -3 -9 -8 -9 .40 -2 ~i
AGSH- ~16 -7 -7 -B -10 44 5 -1
AGSN+ 0 -1 -5 -5\ -5 15 0 2
AGSN- -6 =3 -4 -6 -4 14 3 &
A9OH+ -9 -2 -5 -9 —12 46 <-4 -4
AOH- -11 =7 =7 -7 -§ 37 N0 3.
A90N+ =4 =1 =5 -5 -4 14 O 5
A9ON- 0 -4 -4 -8 -4 13 1 2
. BeSH+ -11 -5 -§ -5 -14 43 0 -1
B&SH- =13 -8 -10 =2 ;7 40 -1 1
B4SN+ -9\ -2 -7 0 -1 15| 0 a4
B&SN- -7 -4 "-p -1 =1, 17 =2 &
BIOH+ -11 =3 -7 -5 -8 37 -1 -3
B9OH- =13 =% -7 -2 -8 33 %} |
BION+ <7 -2 -6 1 0 14 -2 2
7 -4 -6 0 -2 18 -2 &

-1 8t
0 98
M ”

0 *34

0 44

0 92

-1, 81
0 a2
-1 .33
=4 497
0 - 82

0 38

0. 42

-1 78
0 70

0 34

-1 4y

NakeMg>Ca’P»In>Cu>Mn
N>Mg>Ca>P=k¥CurinoMn
Ca>K=Hg>P)N=ZnA§m'Mn
Ca=N>K=MgsP>In>CurMn
Mg>N=Ca >K>In=CulPoMn
N>Mg>P=k=Ca>Zn>CusMn
Hg5K=Ca>N9;)Zn>Cu'Nn
Ca,P=K=Mg>N>Zn>Cu’Mn
Mg N>K sPaCa CusZn Mn
N>K>P;Hg>Ca>Zn>Cu>Mn
N>K>P“Mg>In=Ca>Cu’Mn
N>K>P>»IniCarMg+CusMn
-
NsMg K>CarPaCuslniMn
N»Mg>YK>P>Ca>Zn=Cu/’Mn

N>K»P=Zn,Mg>Ca,CusMn

N)K)P)Mg=2n)€a?€u>nn

- — > - W W D YD W R, T T S A A Gm M G e WD TP G EN v e SN A G e N Y G D A R T R SR e AW SR G SD MW e G D W e W M e e

A= Pioneer 3929,
63= 65000 pph,

H= 400-300-400,

+
]

Irrigation

B= Pioneer 394%
90= 90000 pph
N= 170-100-170

-

-= No irrigation

B4

o



Table 2.52. Effect of fybraid, and’fergxlxzer gate pn NBI 1n maaize
plants at growth stage 2~ and 5 1n L1984,

Growth Plant - L
Stage Part dreatment NBI
........................ St e e e o e e
2 ~ plant shoot -~ Hybrad \ \- )
. ; Pioreer 3925 ¢ 138 .
Pioneer 3949 . 119
‘ *
CV (%) 26.2
2 plant shoot . N - P20s - K20 (kg/ha)l <
. St ’ + 170-100-170 s 114
- . 4QQ-300-300 To'138
. , % .
. Cv(w 26.2 T
- edr-leat N - P20s - K20 (kg/ha) i )
170-100-170 . & 43 %
- 400-300-400 89
. ¥
, CV (%) ' 26,7
#, gignificantly different at p=0.05 -
. 92
\ <
LT g
- N
* -
: i
&

85
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TaWfle 2.53. DRIS 1ndices, and order of requirement for some plant
autrient 1n maize plant shoot at growth stage 2 for
different treatment combinations i1n 1985. :

- - - - - W . .y . - .\ ma e S b M WA R R S WY e wm e T Am e e YR A A N e e e Ae M e S e e T e Wb R W e =

Treat. ‘ Sumn of Order of requiremeant

. Conmb, N P K Ca“Mg Mn In Cu indices NBI according to DRIS

. o Ep Sy o8 e e M s W G e s e e e T e Y T e A e o = e W - e W v W e S v Te wm S e AR e Em e e R er e e e e e = S— e A

ALSH+ B6 29 36 -11 -20 =47 -44 =29 ‘0 02 Hn)ln>Cu>M;>Ca\P>K>N
.A65H- Bo 17 28 -9 -2 -37 -37 -23~ 0 250 Nn=Zn>Cu>Mq)CarP‘F1N\
ALON+ 77 21 2? -1 -9 =41 -35~-18‘&‘ 0 248 Mn,In,Cu>Mg Ca Pk N
AéSN- B8 24 30 -2_-11 -bb& -41 =21 :i 283 Mn)Zn)Cu)Mg>éa‘P>K)N

' J
AFOH+ 86 28 33 -14 -25 -44 -31 ~-3§ 0 298 HﬁsCu>Zn>Mg>Ca>PrK>N

§
A9OH- 86 23 27 -1& =20 =39 -39 =23 -1 273 MnaIn>Cu>MgiCa P KiN
ASON+ 90 19 27 -9 ~14 =55 =30 =26  © 272 MnyIn>CusMgiCa P KN

ASON- 95 (8 25 -1 =8 =77 =35 =17 0 276 MnrIn>CudMg Ca PrK/N

0o i

B&SH+ 97 27 27 -17 -29 -55 -41 =10 - -1 303 MnyIn>Mg,CarCusP KN

~

B4SH- 94 15 30 1 -38 =37 -34 =32 =1 281 MgiMn>In>CurCarFikON

BoSN+ 87 19 16 11 -3 =60 -37 =32 1 265 MavInsCuMgiCarkoPon
B&SN- 96 12 22 12 -9 =79 =33 -21 0 28%Mns2n>CusMgiEECaion
BIOH+ 84 22 30 -6 -19 -39 32 -40 O . 274 CusMnoZnsMgiCarP KN
BYOH- 86 14 30 -14 =27 -33 =28 =27 1 259 Mn,Zn:Mg=CusCa,F /K N
BQON+. 87 31 18 4 -3 -45 -41 =32 -1 281 Mn-Zn.CusMgsCask 1P N

" B9ON- 72 14 23 -4 -13 -47 =17 =28 0 218 MnyCudZnMg>CasPK N
;;‘EIZ,;;;;"S;;E);"BZ'E;;;_};XB"'"""""f""\ """"""""""""""""
65= 65000 pph,  90= 90000 pph Vo - )
H= 400-300-400, N= 1700-100-170
+2 Irr:gatxon . == No 1rrxgat;on . e

Bé
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Table

2.

nutrients

-
54, DR} 1ndices gnd order of requirement of some plant
1n maize plant shcot at growth stage 7 for

different treatment?cdmbinations 1n 1985,

- - - - . > A " A G e T . —— D A WE A SR S P R T Y e e e Ym W e M o e e S b B MY M YD D M W WD e S e W W W G e e s e

ALIN-
A90H+
AFOH-
A9ON+
AFON-
B&SHY
B45SH~
B;5N+
B&SN-
B9OH+
B9OH-
BION+

BFON-

A= Pioneer 39295,

27
24

31

38

23

26

27

25

18

21

10

11

13

14

12

65= 65000 pph,

H= 400-300-400,

+= Irrxgat}on.

44

48

46

42

51

47

49

44

54

46
a4
40
44

49

-10

-16

=19

-12

Sum of

Cu 1ndices NBI

-21

=16

-34

Ca Mg Mn
RIS indices~-==~v===-
-1§ 1 -24
-15 -16 =21
-17 4 -38
-14 -1 335
-9 -3 =27
-12 -6 =21
-20 2 -40
-10 ‘§ -42
-16 -13 -32
3
-16 =13 -27
1 4 -54
-11 -4 =43
-11 0 -2¢4
-13 -13 -27
-4 & -38
-9 -5 -40

B='Co-op 2445
90s 90000 pph
N= 170-100-170

-2 Np irrigat:

on

-~

87

181
162

183

188
184

160

Order of requirement
according to DRIS

CubMn>Zn,Ca>Mg>PsN.K
pn=Cu>Mg>C.Zn>P>N>K

Mn,CusCa=In, Mg P.Nk
Mn2Cu>Ca’IlnsMg>PIN>k
CusMn>ZnsCasMgoPiN K
Mn=Cu>Zn,Ca’Mg P Nk
Mn,Cu»CarIn Mg+ P -N-K
Mn>Zn»CudCarMg>P i NAK
Mn>CusMg Ca>In>PUN.K
MnyCu>CadMgrln PNk
Hn>Cu>Zn)pa>Mg3&>N)K
Mn>Cu>Ca>IniMgrPINK
Cud>Mn>Zn,Ca>HgrPONsK
MnsCudCa=Mgrln>P>N.K
Hn>Cu>anC$ng:PéN>K

Mn>Cu>Ca’lniMgrPiN>K



]

Table 2.59.

[

DRIS 1ndices for some plant nutrients 1n marze ear-leafé at
growth stage 3 .for the 16 treatment combinations 1p 1983,

- - R et e Y T M AL B @E e S T ER G M e e e e SR e G e S e Em e S MR R A S SR em e T e e mm YE N % S Sm oW R e e A i em R M Y e N M e e S M e A

ALIN-
ASOH+

*A90H-

ATON+

AFON-

_B&SH+

B6TH-
B&3IN+
BASN-
B9OH+

B90H-~

‘BION+

BION-

A= Pigneer 3925,

20
15
23

14

22
13

21

18

26

17

22

20 -

63= 45000 pph

H= 400-300-400,

+=_ lIrrigation

4 -5 -16 12 -4
2 -5 -14 17 -t
5 -6 -9 3 -9

1 -4 7. 7 -t

7 =3 =16 11 -12

B= Co-op 2445

", 90= 90000 pph

N= 170-100~-100

~3 No irrigation

Sum of

Cu 1ndices NBI!

"
——————— ot s 0 - S D WA S TR S - R D D WS G S B YE e L MR WD N W wp W mp ap wn W M e e WS N R MR AN AR W T O A A WD ER R ey W e e e A ee

88

Qg

50

46
Bl
38

34

90
70

60

Order of requirement
accaording to DRIS.

MgoIn=Cu>Ca>N>K>Mn>P
Mg N>CusCa>In>K 2P sMn
Mg=Zn>Ca=Cu>N>M9>K>P
N=MgQCa5Cu32n)K>Mn>P
Mg Zn=Cu>N>Ca>k>Mn)P
N>MS=Cu>Da2Zn>KxP)Mn
Mg>CarZn NsCu>Mn>K>F
N>Cu>Zn)Ca=Mg)K=Mn5P
Hq)Cg)Zn)N)CaKK)Mn)P
NoMg=lu,in>Ca K=P=Mn

Zn>Cu)N)Nq>Ca>Mn>K;P

In>N>CurMgrCa>K»Mn P

s

-

MgoCudZnoN>CavKoMniP

'
Mg CusN>InsCask MnasP

Zn>CudNo>MgoMn»>Ca kP .

N>CurlnrMgrCa>KeMn,P
!
¢
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Table 2.54. Effect of irrigatipn and fertilizer on NBI in maize plants
at growth stages 3 and 5 in 1983,

Growth Plant - -
Stage Part Treafment NBI
—F plant shoot lrrigation
. Yes 21%
° -\
No 194
(3 M @
LV (%) 13.8
3, cear-leaf - . lrrigation '
" Yes 73
- No 50
*
N " CVa) , 28.8
&
- war-leaf " N - P20s - K20 (kg/ha)
' ' 170-100-170 59
L \ T .. 400-300-200 76
N *
. CV(%) 28,8

¥, siqnifiéantly differenmt at p=0.03

©

'_ \ » Tabla 2.97, Simpfg correlation showing the relationship between NBI &t

_stage 3 and dry matter yield at stage 4 (TSDM), - grain dry \
i - “matter (GRDM) and total dry matter at harvest (TDM) in 1985
) Irrigation N ~ N-P20s-K=0 )
Yes No 170-100-170 300-300-400
O"‘f mmmmmemeee 0 ewmeameas imae eemosmea Q-  TTTTemEee e
) NBI °
’ rggﬂ N 0-19 —_ B 0031 0-23 © °
* GRDM 0.29 . ¢ =0.56%% -0.25
oM L oocre — -0.38° -0.13
s 7 *#, ##, and #+*# gignificant at the 5%, li and 0.1% levels respectively



2.3.4 8oil Micronutrient Balance %phnt

In general, the Cu, ZD’ and Mn requirement of the maize crop, at the
two levels of fertilization, °n 1984 and 1985 seens to have been

satisfied by the supply in the so1l and from the applied chelates and
) \\u‘

manure in 1985 (Table 2.58). The removal of Cu in extherayear'was about

5% of the available supply as determined by the DTPA so1! tos* at the

two levels of fertilization, with about 44% of the absorbed Cu returning

to the soil via plant residue. In 1984 there were no differences 1n the

values for sorl test Cu in the spring and fall. However, in 198§ so1l

test values far the fall were s{qﬁgfxciptly higher (t-test,p=0.0%) than
the spring values of that year, )

The amount of In removed from the so1l was similar in 1984 and 1985,
However, the fraction of sofl'test Zn‘removéd in 1984°( about 13%) was

lowar than in l%gs (about 54%)., The high fertilization plots were

%psoczated with highar Zn removal i1n 1985. In general, the lavel of so1l

— N -

.test In increasad in the fall of 1985 over the spring values of that.

yeaf. Less than 40% of the In taken hp by the-plant was réEurnad with

o - .
the" plant residues to the so1l 1n 1984, and justugver 407 1n 19895

There was no difference (t=test, ;=0.05)11n the amounts of Mn
removed by the crap in J9é4 or 1;95{_-0n the“average,, onfy about 1% of
the so1l ;est Mn was—removed by the crop. 0f the amount taken by the
plant, about 90% was returned with the plant residue to the soil,

In comparing the quantity of each micronutrient removed and the

quantity returned, it appears that the maize crop depleted soil In to a

greater e§¥bnt. ) c—-
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Table 2,386, chronutr;ent balance sheet for fertilization rates an 1984
afd 1989,

/

T S AT D R O OR AP D 0 M SR S S D P D G5 ME S S e G Gt e e WD M P S = oS e e s m R e " e o An - e W - e = e - o = = e -

Elemant  rate  Spring  Fail | raded  memsessrerires
R T’"'""""""':::Z:ZZZ:ZZIZ::IZIZI;;};;I'Z::I:III:ZII
1984 : T
T Normal  1.90+0.14  1.75+0.14 D, 0.088+0.011 0.050£0.010
o High 2,0140.65  1.77+0.17 0 0.099+0.011 0.061+0.010
Nor gg! '2.5210.52 3.08:0.43  0.41  0.348+0,023 0.124+0,013
" High 2.9820.89  3.33:0.61 0,41  0.393£0.033 0.131+0,022
‘Normal  93.3+7.8  78.7+14.1 0.12 0.33440.047 0.302+0,047
" High B6.926.8  92.9+8.4  0.12  0.584+0,048 0.543+0.046
1389
Normal  1,29+0.15  2.02+0.37 0 0,05B40.011 0.044+0.,000
. High 1,2140.30 5.1330.29 0 o.oéa:o.011 0.04740,010
. Normal =~ 0.76%0.12  1.0740.14° 0.41  0.345+0,029 0,148+0,025
. High 0.6740.04  1.10+0.13  0.41 0.42430,069 0.18240. 061
. Normal — 38.5¢3.9  63.447.2  0.12  0.365+0.044 0.319+0,043
" High 4}.434.0 67.248.1-  0.12 o.eoq;b.oe7_o.542;o.oe7
; 0 o

DTPA-extract. element

*, values in body of table represent

1

Element amount

T T T T M S e e D e S D e S e v - - - - - - - - - . - -

‘meant+standard dpviation'
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. 2.4 DISCUSSION

o

2.4.1 Treatnent Etfects on Soil

2.4.1.1, Soil pH \ ' .

0
The observed pH decrease with higher rates of fertilizer s,

consistent with the acidifying effect of urea and monoammonium phosphate

{Randall et al. 1975: Blevins et al. 1977; MNcCoy and Webster 1977); o
o © ) y
Further, acidification can arise as a result of enhanced uptake ofkh

< \
%

cations, which are believed to produce H* as a cougﬁgr-xon from plant. “}
roats (Tisdale et al. 1983),
The lower soil  pH at hnger rates of fertxlizer was gmore
ﬁ?%ncunced in 1984, and where the scil was not irrigated, Thig effect
can perhaps be explained in tﬁs manner of Adam and Anderson (1983) who -~
|

found that wupon drying there was increased acidity_on ciay sirtaces,

The influence of irriq;%1onuon pH was absent 1p 1983, masked perhaps by

*the applicatjon of Ca(DH)= in the spring of that year. B

2.4.1.2 B8oil Cu
0f the micronutrients studied, Cu was pr{sent in the lowest

amounts; which is not unusual for miheral soxls. In 1985 the so1l Cu

+ level in plots planted at high populations with Pioneer 3925 may have

been related to a greater uptake of Cu at high plant populations. In

.additiaon, the application of Ca(OH)> during 1983 may have influenced

© 9

soil test Cu. Further, Spe dddition of manure may hdave "“caused
complexat(ﬁn of Cu. However, according to McBride and Blasiak (1979),
Cu2* availability 1is controlled more by organic matt;r complexation
aachanisn thaﬁ*s;il pH. Thus the effect of CafOH)2 may have been minimal

o
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on soil test Cu. .

It ;gggz that hybrids differed in their ability-to extract.Cu ffrom
the so{h, especialiy when glanted at high pf&nt densities, This could
be an impartant factor on soils marginal in available Cu. However ‘khe

~1

' ~
s0il levels +found in this study were above the 0.2 mg kags level

considered adequate for sensitive craps (Viets and Lindsay 1923).

-

2.4.1,3 8oil In _ 0

' The soil‘test levels of In in the soil in the fall of 1984, were
4tound to be above the 1.00 m; kg“_considereq adequate for sensitive
crops (Viets and Lindsay 1973). The high rate o; fertilization. was
associated with higher so1l test levels, due perhaps to the acidifying
effect of the higher rate of fertxli:ation. Pioneer 3925 was as;ociated
with low spxl test Zn when plants were ferti{iz;d at_higs rates. This
indicated that this hybrid may be amore capable of . extracting

micronutrients from the soil. However., uptake Hata did not support such

an abservatian,

Treatment ef?egts on soil In %ere absent 1n 1985, probably_ because
of the overriding effect of-Ca(OH)ﬁ%added 1n that season. Howe;er the
level of soil test In at”;ge end of the 1985 season was, reduced over
1984 about 0.7% mg kg~! wﬁi:h is cahsidered marginal for sensitive
crops, Thus, continued addition nfclime would reguire ;onitorzng gf In

s0il levels_ to ensyre adequate levels were being maintained.

2.4.1.4 Sail Mn

Soil Mn levels were generally high 1n the 1984 season, but they
{

were lower in 1985 because of increased pH as a result of - CafOM)=z

° ®
¢
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treatment and precipitation of soluble Ma . In both vears, ;hxl test
levels were above that which 1s°considered adequate. Pioneer 3923 at
high population was assocfated with lower levels of so1l Mn at the end

of the season perhaps due to increased uptake. A similar effect on soil

.' Cu and In has been noted.

The observed increase in available Mn at high Ffertilizer rates

B

and under rrigated cunditioﬁs, was due to soi1l acidification by
fertilizer and an intreafE in Mn2* resulting from a possxblg reduﬁtxon
Bf Mn*~ A N _

In general fertilizer appeared tp have the larggst effect on tga
sofi environment and as a consequénce sg1l test micronutrient levels
were increased at high rates of fertilizer, whereas some hybrids tended
to reauce soil tegt levels,

[

2.4,2 Treatment Effects on Plant Hicrondfriont Levels

5.4.2.1 Tissue Cu

T;Q results in 1984 show that there ware no hybrid affuctf on Cu
concentration.and uptake at the various stages of growth of the plants.
This may be egplaihed by the fact ghét“soil Cu levels were adaqu;t;.
and were not greatly influe&ced by treatment effects, °

In 1585 tﬁere were hybrid differences, on the concentration and

uptake of Cu., Nevertheless, the Cu copcentration fgr both hybrids was

.within the adequacy range reported by Jones and Eck (1973)1

In most cases, third order i1nteraction effects aon Cu uptake were

-

#found not to be consistent, and were probably due to small variations in



s0il mxcro-envzronm!kts and sampling vartability,

In general higher plant populatians were associated with a
higher G uptake, because of the larger amount of dry mattef produced.
The absance, for the most part, of Cu concentration changes with the

i 6 N

increased plant population, would confirm that the soil “supply of Cu was

adequate for high production levels. //

In 1985, high glant populatidns decreased concentrations of Cu 1p
thae léaves of plants at stages 4 and 5, and dry matter acEﬁmulatxon
seened higher than Cu uptake rates, suggesting a possible decrease in

supply of soil Cu. Howaver the effect was nat critical to plant growth

as a positive linear relationship between Cu uptake and dry matter yield

was found.

In genaral, high fertilizer rates were often associated with

decreased Cu concentrations, perhaps because of the dilution effect of

-

increased dry natter-yield. Thig effect was not consistent throUghout

the growing season, - \

1~4

HOster,in both years, the Cu concentration in the ear-leaf wés
above the -critical \values of 3 mg &g“ reqbrted by Melsted at al.
(19469). The high fertility treatment gave ear-leaf Cu concentrations
value# of 12.5 mg kg~* in 1984 and 8.0 mg kg=* in 1983, The decrease at
{985 was due probably to decreised Cu‘avaxlability as a result of
Ca(OH)z treatment. Flannery (1982) at Rutgers University, and Stevenson
and ﬁuttall (1964), in Ontario, found values of 11 mg kg~ and & mg kg~?

respectively for their high ¢grtilxty maize treatments. Thus there

appeared to_bﬁ'no antagonistic effect of added fertilizer aon Cu uptake.

»
™y > !
S



d?y matter at all stages in the growth of the plant,

i

o ~

In both vyears of the study. 1Frxgat10n nas fou@d to decreése the

concentration and uptake of Cu at most growth stagés. This  would

LY 4

- 7/
suggest that the supply of available Cu under irrigated so:l cond}fxons

"was less than under non-irrigated conditions. * This result 1s  contrary

o

to an expected 1ncrease n %ptake due to increased Cu diffusion to the
roots under airrigation. Perhaps, with 1rrigation, Cu was leached
beyond the root zone. It 15 also poésxble that water-logging- at the

m1cropore levgé\reduced organic matter mineralization and subseguently
Ay

the liberation of Cu: These suggestions remain to be tested.

2.4.é¥2 Tissue In

Zinc concentration values in the ear-leaf were above cr:txcalfvalue}
reported by Melsted et al 11969). Thus In deficiences were not observe&
w1£h any treatments, glthough some differences 1n uptake were noted.

The results of 1984 Shng that hybrid differences occurred mainly
with .regards to the uptake of In in grain. The higher yielding hybrad
had a higher In uptake, due prlmar11y to higher ;1e1d5.

In 1988, the hzgher-yzeldxng Co;gé 2445 had a consistently higher
uptake and concentration of in in 1ts,t1559e. Thus there appeared to be
no In deficiency éven at high yvield levels, ‘

) The hbgﬁer demands for In under high plant population densities were

satisfied, and 1In deficiency could be assumed to be absent 1in ‘both

’ -
years. A linear positive relat19n5h1p was found between In uptake and

4 -
In both years high fertilizer rates increased In uptake and dry
h\
matter vyields and the corresponding concentr&@ton of 1In remazned_

unchanged. This 1ndicated that.increased uptake was due to a vyield

/
/
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increase, and that-the plant demands for In were satisfied. This was
further confirmed with ear-leaf analyses. The high rate of fertilization

Was assocﬁated with a high In concentration in the ear-leaf at

LY

Ptasselfgng. The wvalues for In cancentration in the ear-leaf at early

8

silk were 46 mg kg‘; in'1984 and 31,7 mg kg~ 1n 1985 tor high fertility

v

J

treatments. Flannery (1982) found In concentration of 39 mg kg~!, and

t

Stevenson and Nuttall (1982) found In concentration 29 mg kg-? 1n' the

par~leaf of plants at high fertility. Thus 1t 1s clear that increased

fertilizers rates did not reduce IZIn availabriaty. \

The apparent decrease in available In with irrigation i1n 1985 may be

-

‘due -in part to a dilution effect through increased dry matter vyields,

¥,
Irrigation tended to enhance grain In but reduce stover In, either due

< Al

"to increased translocation td grain in reSponse to increased grain yield
with irrigation, or due to preferential movement to the grain with

L T '
irrigation. ° ’

2,4.2.3 Tissue Nn

In general soil Mn was not limitin;;l and uptake 1n both vears 'w;s
guite high during the periods of rapxd'dry matter- accumulation. Beyand
stage 4 there was a decrease in uptake and concentration of Mn. No

_reason can he found for such a decline,

-

Manganese concentrations in the ear-leaf at early silking were
'generally guirte high 1p both years of the study. Th; values for high
fertility treatments were 245.0 mg Mn kg~?! in 1884 and 113 mg kg~* n
19835, Flannery (1982) and Stevenson and Nuttall (1982) found values o{

43 ig kgf"and 32 mg kg~', respectively, 1in hfgh yield environments.

97
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These high Mn values were apparently not tox:c to\plant growth and
yields, as there was a positive lxnea;'ﬂélatxonéhip bhetween Mn uptake
‘and dry matter yxeldg in both years. - '

In 1984, there was apparent sim:ilarity between hyhrids with respect
to Mn requirement, perhaps due to the acid so1l and hjbh Mn avail%bxlxt;
or due tuls1mxlaritdes 1n thé growth habits of the hybrids, ‘

In 1983, at maturity Cp-up 2645 had a lower uptaKe and concentration
of Mn in the leaves and grain, perhaps due to a dilutipn effect with
hxgher dry matter vyields. Fd} both hybrids tpe loss of Mn fraom the
plants as maturity approach&d was surprising. There was no ev;dence of
Mn losso by matze pfants to be fpund in the literature. A possible
mechanism could be lgss fram lea;es as a resth of leachan by ralnfall;
or an active removal of Mn to other parts of the plants kaé the roots,
or excretion i1nto the soil.

There was no population effect on the %ptake and concentratxonpof Mn
in pl;;ts in 1984, In 1985, thre was higher uptake at high plant
popul &ti1ons, 1i1ndicating that plants were well supplied with Hn: This
was expected becauée\soxl Mn was abundant i1n both years and competition

\
effects were thus eliminated. ) .

Increased Mn uptake and Mn concentration with increased fertll:zer
rates was probablg due to the acidifying effect of—the fertilizer. There
may have been-luxury consumption df Mn, dué'to gFe;ter availability of
Mn at the generally low pH.

In 1985, the uptake and concentyation of Mn was generally decreased
due to the effect o% the applied Caf0H) 2, ‘

Irrigation "tended to decrease®he concentration of Mn 1n plant

g
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tiesue probably through a dilution effect of increased dry matter yield,

2.4.3 Diagnosis and Recommendation Integrated Systea

The " results of DRIS analysis 1nd1catea that there was an apparent
imbalance in nutrients at the early growth stages, 1nd1c4t1ng a relative
excess i1n N, P and K supplied with the fertilizer. Iheidecrease 16 the

) !
L]
values of the NBI at later stages indicated that calculdted 1mbalances
decreased with time. f

~

The fertilizer effect may be due to relative excesses of’N. P and K
at _high fertility, thus i1ncreasing the NBI. The effe%t.of irrigation
may be dug ta enfjanced g}owth with- irrigation which cau;ed a &1lﬁtfon
effect on the less muL1le mxkronutr1ent5:§nd led to a larger value of

“the NBI. ' )

\ Sumner (1977a) indicated that yields would decline tu;about half the
maximum value when the degree of overall iqbalapce reached a NEI value
between 250 and‘gbo. Carnfarth and Steele (1981) had maximum NB1 values
of 180. At the comparative st;ge, the plants 1n this study had a value
cé 96. This implies that the nutrient contents of the plants w;re
relatively well balfnced.

- .

The posxtxvg correlaglon found between-NBI and vy:ield 1n most

instances bas 1n]Eresf1ng 1n thet greater i1mbalances should not bhe

associated with 1ncreased yields, Thus use of Nél to determine nutrient

balances seems unwarranted or even misleading.

2.4.4 Micronutrient Balance Sheget »
Levels of sorl micronutrienfs from segson to season did not'vary to
any great extent, - regardless of the addition of CafOH) 2. In general

<
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- ¢ «sml test values;;uggested }hht the ievels of available micronutrients

.lwere in excess of plant dé.mands.' This 15 cénsistent with the “plamt
. uptake results, ’ -
)~ ' ol ‘
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2.5 CONCLUSIONS

. The result of this study showed that:
j *

o

o

{. Hybrids did not have a large influence on soil properties such as pH
[}

and the levels of available micronutrients in the twp years of the

Y &

]

study. The micronutrient reguirements of the three hybrids used
° B

throughout ™ the course of the study appear to have been guite similar.

However the hlgher yielding hybrids 1n all instances had the higher

uptake bf Cu, In and Mn. fhere were no differences between hvhrids with

reépécf to levels of Cu, In and Mn 1n the ear-leaf at the the diagnpostic

°

garPy si1lk staqg.‘ All values of Cu, In and Mn concentrations were apove
documented <critical levels. The values .also compared favourably to

thosge ‘reported by other workers currently involved 1n maximum yield

- 0

studies 1p marze.- Hybrids did not differ with regpect to calculaEEE,

e
T

nutrient balances., and the values of nutrient balance 1ndices reflected

[}
a generally well balance crop nutrition. Plants of all hybrids utilized

micronutPients 1n the following érder:. In > Mn > Cu. Uptake of In dad

o

not decrease with increasing maturity, but the upt;ke of Mn was reduced
- .

as plant reached the tassel stage and beyond. When so1l pH was low 1n

- '

1984, cuptake of Cu did not decrease with maturity. However, 1n 1983, Cu

uptake remained relatively constant beyond the tasselling stage.

<
2. Higher plant populations were associated with hlghe? uptake of
micronutrients beca&se of the adgggxated higher drv matter production.

Howewver, the generally high levels of "Cu, In and Mn found 1n the so1l
B

ensured that plants were wellnsuﬁplied.

10t
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3. Fertllzfagigfk~fas the treatment that had largest i1mpact on soil

~

properties ;nd Mn and In contents of the maize plant. quh? fertilyzer
rates Eecreased so1l pH and increased the availability of Mn and In, but
had no marked effect on Cu avgllabzlxty. The combined effect of higher
uptake and 1ngrea5ed availability with hfgher fertxlxz;txon rates

o }
resulted 19 higher concentration of Mn, particularly 1n the 1984 season.

k4 <o

3 . ® .
However, the higher levels of micronutrients did not sgem detrimental to

crob’ylelds.

<4, Irrigation decreased uptake4¥ﬁ micronutrients though 1t increased

planf dry matter yield. Leaching of micronutrients may have taken.place

under irrigation. ‘However, a more likely cause of reduced contents 15 a

dilution due to 1ncreased dry matter production with 1rrigation,

9. The application®of sbal amendhents to correct soi1l pH seend quite
useful 1n reducing high levels of soi1l Mpn, and yet did not reduce Cu and

In drastically.
ko)

* 5 »
In general the result;'of the two years of field study showed the
maximum yield ¥periment at the current site does not have a
mlcronutr1ént disorder problem. So1l supplies of micronutrients are

adeqdate, and levels would be m@lntaxned with the return of crop

residues, However, some attention should be given to In as a 1large

«
- [

proportion of it 1e lost with the removal of the grain.,

162 - i
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PREFACE TO CHAPTER 3

gffect of

The preceeding chapter oprovided 1i1nformation on the

fertilizer rate, plant population, hybrids *and 1rrigation .on the uptake
¢
and concentration of Cu,

DN

Zn and Mn 1n the plant. This i1nformation was

-]

insufficent to explain.

N or P, influenced most significantly

Ed

a) Which fertilizer nutraent,

the micronutrients in the soi1l and plants: and .

b) The effect of Ca(DH)2 and applied micronutrients on plants and

1 3

solls.

To get a clearer 1insight into these factors, a pot experiment was

-

designed to see the effect of levels of urea, monoammofium phosphate.
CatOH) =2 and applied micronutrients on Cu, Zn and Mn 1n plants and soil.

Chapter 3 reports the results of this experiment.

Fa

.
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CHAPTER 3 ) ’
] &
EFFECTS OF N AND P RATES, APPLIED MICRONUTRIENTS AND -
Ca(OH)2 ON SOIL MICRONUTRIENT, AND ON THE YIELD AND -
MICRONUTRIENT UPTAKE AND CONCENTRATION IN MAIIE (lea
mays L.) .
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;xn thg so1l.

. 3.1 INTRODUCTION
[ . '\ v
‘The fertilizer levels assessed i1n Chapter 2 utillzed a complete

°

fertilizer, and as such 1t was difficult to separate the effects of

épecxfic nutrients., Fertilizer N and P wre focused upon in this study,

because' . of their effects on increasing soil acidity, and possible
unfavourable interactions of P with micronutrients {(Randall et al. 1975;
- \
Jolley and Pierre 1977), '
The wuse of lime in 1mproving so11°fert111ty is also associated with
,& - -
decreased availémxlxty of micronutrients (Maclean, 1974; Prasad and

+S¥nha, 1982).,, As descraibed 1n Chapter 2y Ca(OH)z was Jpplxéd to adjust

lsoxl pH 1n the field study., The stimulation of greater growth by high

‘

fertilization, and the decrease of available micronutrients as a resuilt

of CafOH)z application, ©could ‘atfect the micronutrient nutraition of the

—- JRSE -

trop. v -
14

Micronutrients are usually added 1n small quantities to the so1l .

when needed. Chelates are repu}ted (Halvorson and Lindsay, 1977: Prasad

K

and Binha, 1981) to be more efficient as a carrier of ﬁlcronutrlenté,xn :

o

the spil than "the oxide and sulphate forms that are commonlf used,

pom

phe]ates are ng;osed to maintain mcronutrients 1n a more soluble form

°

Consquently, the work repor{ed here was undertaéenoto provide in-
formation on the °effect of soils; N and P fertilization, ‘applied .

Ca{OH)2, and chelate micronutrients on Cu, Zn and Mn in the so1l, and

\ -
utilizationcof these micronutrients by, young mazze plants. e

- )

A
-~
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3.2 MATERIALS AND METHODS

°
4

3.2.1 - Experimental Design
'The experiment consisted of factorial tombinations of rates of N, P,

Ca(DOH)2 and micronutrients replicated three times (Table 3I.1)., Three
so1ls were used in the study.
3.2,2 Soils

Sgrfa&e sapmples from a Chicot sandy loan (Gleyed melanic brunisol),
an Ormstown silty clay loam (Orthic ldvic gleysnl) and a Bearbrook heavy
clay (Orthic humic gleysol) all from Eha prov{pce of Quebec - were
collected. Bulk samples were partially air dried and széved through a B
me mash be?ore potting. For subsequent analyses, subsamples of so1l were
oven dr}ed at 105°C and ground to pass a 2 mm sieve. Some chemical and
phygical character}stics of the selacted;soils are presanted 1n Tables
3.2 and 3.3. ’
3.2.3 Pots

Pots were “const:y ted from ABS drain pipe with oné perforated and

cap. All pots were 25 chm. high and 10 cm in diametar,

4

3.2.4 Potting and Treatment Application, o

3.2.4.1 8o0il

~

) Q
Pgts were “filled with so1l to a h;1ght of about 23 cm., which
occupxe& a volume of abgit 1854 cubic centimeters. The weight of this
quantity of soi1l was as iollous:-

' 1. Bearbrook - 2030g
é; Chicot - 2474

3. Ormstown - 2250¢
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3.2:.4,2 > Treatments

Urea (fertilizer grade), monocammonium phosphate (MAP) (fertilizer
grade), and OLIGOSOL' were the source of N, P and micronutrients (Cu,
In, Mn, and Fe) respectively. A blanket application af K e(Zgh ng
K20/pot) was made using muriate of potash (KCl). ‘Ca(0W)= was applied i1n
pondared form. All nutrients were applied in solution orasuspensznn.

For N, 53.7, 114.7 and 175.79 of urea; and for P, 50.8, 101.,7 and
152.59 of MAP was dizsolved separately in distilled water to make a
liter of each solution. When the P solutions were applied to the pots,
they pravided an adbitional 27.9, 55.9, and 83.9 mg N per pot
respectively. Far the treatment comblnations'whe;e the applied"urea and

MAP did not provide the total amounts of N required, the deficit was

0
made up with a solution of NH.C1,

o

The Ca(OH)z2 treatment 1nvolved faxs1nq the s0il pH to 4.3, The
quantities of.Da(DH)z requxr;d were deternined for each soil wusing an
incubation procedure (Shoemaker et al 1%461). Ten-gram partians aof aven
_dried soil were incubated at field capacity and room temperature for ane

week with Ca(OH)z equivalent to 0, 9.0, 18,0, 36.0 and 54.0 mg/10g soul.

At the end of ‘the incubation period, the pH of the soil was measured and
plotted against amounts of applied Ca(DH)z, The amounts of Ca(OH)a2

required to raise the pH of the soil to 6.5 were deternined.from

()

the grapﬁ. )

4 .

The soil f;am the pots receiving the Ca(QH)2 treatﬁent, was_ spread

over a sheet of plastic and evenly coverqp with appropriate amaunts‘

-

Y R D G WD A PR R T o CE R O WD D W S G TR WS TR WR MR T M U W W R W T WA Gk B W S MR R A A D G S M Gk W A A AP M G SR e T WD W D TR G0 W A mp WD N wh W G e

1 OLIsOSOL, LTD. 1433 DU Cap, Beloeil, Que
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of C?(OH): powder. The soil was then divided 1nto quarters. follawed by

@ thorough mixing of each quarter separately, before recombining. Tha

procedure was repeated three tinmes and.the solls roturgnb -to their
respective pots, ,

The m;cronutrient products were 0ligo-Cu (8% Cu), Olige-In (7% Znﬂ
Qligo-Mn (3% Mn) and Dliga-Fe (3% Fe) with polyphenolic sulphonic acid
as the chel;t1n; agent. The products each contained 4% §, and for this
reason, whgre»m1cronutr1ents ware not applied a 20 ml solutiaon of 0.2%
Na=504 was used to provide an equivalent amount of 5. Micronutriyants
were applied at a maintenance rate of 2 kg/ha (2 mg/pot, raséumxng 2.2 %
104 kg ha"') for eacH element, and based .on the manufactura’s
recommendation a mixtd;e of products was‘;ade to provide the requtired
amounts, For ease 1n aﬁp]icationL .a mxture consisting Bf 1.3 @1 of
Dligo-In, and 2.0 ml each of 0ligo-Cu, Mn and Fa diluted to B liters in
distili;d water was used. ' °
3.2.4,3. Treatment applicaiion

Prior to :;plyxng éhe fertilizer and micronutrients, the top lavers
of soi1l to a depth of 7.5-8.0 cnm wer; removed from each pot., Where
appropriate, 20 ml of Oligo- mixture or'Na=90. golution was a&plled to
the soil 1n the pot along two d1aqon;15 at right angles using a pipette,
A layer of soil about { ca thick’was then returned to the pot. To this
new layer a mgxture‘ of 3 ml each of urea, MAP, KCl, and where
appropriate, NHa4Cl solutions was applied in a pattern of diminishing
conecentric circles. An additional soi1l layer of about 3 ;m was again

returnad to the pots, At this point, using a template, four seeds of

maize (Pionee; 3925) wera placed on the so0il surface such that they were
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o



~ O
located each in a'quadrant farmed by the banding of the micronutrients.
Seeds were then covered with the remaining soi1l. All pots were allowed

to stand over-night and a calculated volume of water required to attain

fiéld capgcit§ was slowly added.

o

-3.2.% OBrowth Bench Procedures

Immediately after watering, pots were placed an the growth bgncﬁgket
at 14 hours _of light per day. Tempeéatures were set at 28° C‘and—22° c,
during the light and dark periods respectively. However, a thermometer
placed at the upper part of the plant canopy read 30° C during the light
periods., The light jntensity in the bench was measured to be 50000 Lux
above the canopy during the light periods,

Humidity was maintained by placing saucers filled with water on the
hench ~ top betwean pots, Pots were waterad twice daily, 8,00 and 18.00
hours with distilled water to maintain soil at B0-1004 field capacity.

Germination was usyally complete by about the third day, and -the
plants were thinned to two per pot on the seventh day. After 30 days in

the growth bench, ﬁiahts were harvested by cutting the stem at soi1l

o

level. \

a

The soil was removed froe the pats and as much of the plant roots as
possible was separated by hand. The roots were then washed with tap
n:fer over 4 No.33 mesh to remove all so1l, dried at 10S°C for 24 hours

and then weighed. Jh safple of soil from each pot was placed in a glass

jar for- subsequent chemical analysis, .
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3.2.6 Laboratory Procedures
3.2.6.1 Soil analyses

Extractable P was determined by a modification ot the method
generally known as Bray No.2 (Bray and Kurtz, 1945). The oprocedure
invelved shaking 2.0 g of oven-dried-ground so1l for 1| minute with 25 nl
extracting s:}ut1on mxture (0.iN HC1l and 0.03N NH4F). The P 1n the soil
extracts ‘Lﬁs measured on the "Technicon” auto-analyser using a modified
chloro-stannous-reduced molybdophesphoric blue colour procedure
desecribed by Jackson (1962). A 1% ascorbic acid solution was wused
instead of stannous chloride (MacKenzie 1973). o

The so0i1l pH was measured using a sotl:water or KCI r;lxo of 1:2.3
ahcordxng to a modified method of Mclean (1982), ‘Partxcie 5128 analysis
was performed using the hydrometer method of Juo (1979).

Diethylenetriaminepentaacetic acid (DTPA) extractable Cu, In and Mn
were measured by the procedure of Baker and Amacher (19B2) ad{ described
in Chapter 2.
3.2.6.2 Plant analys:g '

Fresh nplant material was weighed, dried 1 an»o;en at 70°C for 24
hours and then weighed again. The dried maq!:fal was gQround 1n a Wiley
mll to pass a 20-mesh screen and mixed throughly. A weight of 0.5°g‘was
digested 1n a f?lack digester using the brocedure of Thomas ;t al,
{1967)., The dlgest; were diluted to a known weagh£ {50 6) with deionised

- f

water, and NHsa-N, P, K, Ca, Mg, Cu, Zn, and Mn were measured in this
\

solution. ¢ \ , » /

The "Technicon" auto-analyser was used to néasure NHe and P,
following the alkaline phenolhypochlorite test described by O 'Brien and

o
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Fiore {1962) and a modificatign of the chlnro-stannoug-reducéd

molybdophospharic blue colour technique of Jackson (13962), respns}xvely.
Potassium was measure&vthh a Technicon fléme photometer and a Perkin-

Elmer Model 2380 atomic absorption spectrophotometer was used to

-

determine Ca, Mg, Cu, In and Mn. - -

w

3.2.7 Statistical Analysis

Analyses of variance of the data and orthogonal contrasts were
pertormed using the statistical methods available through the

Statistical Analysis System (SAS) (Barr et al. 1979). Differences among

t

means were obtained using Duncan’'s new multiple range test (DMRT) for

marn effects and the least significant hifference test (LSD; for
4
1nteract10q effects (Steel and Torrie 1980). »

.,
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Table 3.1 A summary of factors, levels, symbols and application rates
used in the pot experiment.

-
LT T Aplication Rates
T Flalg « Pot
Factor ) Leval Equivalent Equivalent .
S T Ay
-Nitro,ger} (N) { 170 208
“ e 2. 285 ) 348°"
3 400 488
Phosphorus (P20s) i 100 ° | 122 )
- 2 © 200 244
3 '36% ’ Lo 366
i . ---Mg/ha--- ~-g/pot-~
Lime (Ca(OH)2 i 0 S 0
.- 2 1,22 (0ras.) 1.5 (Orms.)
y’ - o .
1.89 (Bear.) 2.3 {Bear.)
1,89 (Chicot) 2'.3‘5(Chicot.).
' ---kb/ha--- -==nl/got~--
Micronutrients - o . D
2 2 R 20
© Bear.s Baarbrook soil - ST T
Oras.= 6rmstoun ;ail \ ’ )
Chicot= Chicot soil - )
- v
. - .
2
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Table 3.2 Some chemical characteristics of the soils used in the pot
Y experiment o

---‘-;-f ----------- - SN N AR ME s G e G G NS SR R AR D Gy D D s S WS W S N D SIS I G Gm NS e Em S P TS R AR W G D
So0il
Chemical B ettt Smmmmmeme—
Paramaters Bearbroak Chicot Orastown ,
----------- &—--—----pH------------------~- )
S~
pH (1:2,5 H=0) 3.0 4,8 3.5
pH (112.5 KC1) 4.1 . 4,4 4,6
Y . eemmmee- Cemm——nsm——— fmmmm e mmmm mmm e e
Organic C (%) 1,53 1.17 1.4¢6
-/ ' 5
. [ wmmmmmmeemm—es ="M /Kgm === mmmm e
Qrganic N ° 1943 1406 1850
Bray-2 P 73 133 34
NH4DAc-Extract rer
K 294 34 - 94
Ca 3523 1034 3248
Mg 1512 137 581 )
DTPA-Extract
Cu 2.80 0.83 1.15
In 2,85, 9.88 1.25
Mn 45.3 28,9 13.9
................ o o o o e 1 e e o e e o e e o
. . ¢ - .
»
“#
—_ L)
i >
. . .
Y U
113 @ -
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Tahle 3.3 Some physical characteristics of the spils used in th pot
experiment ~

. " sail _

- Physical @ = ===ssccccc—cvnaes s—————- ———————— —————— -
Parameters . Bearhrook ‘Chicot Urmstown
T hdeeccacamman—a- am——— Ymmmemcmmm—aere—————————
Sand ) 0.2 & 58.0 2.6
Silt 24,4 20,1 2.4
. Clay 75.4 - 21,9 35.0 °
¥
) .Textural class Hegvz ciay Sapdygclay loam Bilty clay loam
\’F --------------------------- L L T Y X F R T P T R ¥ 2 ¥ o un o - e - - ; ------------ ————in G A G e
\/—/\‘ ¢ C ’
‘ﬁ -
/j ‘p:,; 7
t . % N
< & N
. Y
‘.0\> .
\ .
Y
. 114 e
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3.3 REBULTS ;

3.3.1 Boil Analyses

. .
. Only significant effects will be discussed, and a summary of

1

significant F-values 1s noted ,for -each soil ,n Appendix III.
In presenting the results, effects will be grouped accarding

to those common to all so01ls, those commonﬁtp two spils, and those

/
unitgue to a particular soil, —

3.3.1.1 Effect of added nit¥ogen and pho&photus.

Applied N significantly increased soil , test Bray-2 P 1n the

°

Bearbrook so1l (Table 3.4). The effect was quadratic with P (Table 3.9),

Applisd P linearly incréased soil test Bray-2 P 1n Bearbrook and

Ormstown soils (Tables 3.6, 3.7). o

3.3.1.2 Effect of added Ca(0OH)2

fipplied Ca(DH)2 decrédased the }level of DTPA-extractible In 1n  all

©

so1ls {Table 3.8), increased the pH of Bearbrook and Chicot soils

(Table 3.9), and decreased the DTPA-extractable Mn in Bearbrook and

B
e

Chicot soils (Table 3.10). - o

3.3.1.3 Interaction effects of added fnitraogen, phasphorus, Ca{(lH)> and
chelated micronutrients .

() . ?

3.3.1.3.1 DTPA-extractable Cy
In geqéral. increasing N gr P increased DTPA Cu levels, althougq the
effect of added P was foundconly Wwith the high rate of N 1i1n the

.

Bearbroak 301l (Table 3.11) and the low rate of N with the Ormstown soirl

“ o
(Table 3.12). A linear 1ncrease in soi1] Cu with added P accurred at the
- :
115 e
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highest rate of N 1n ﬁearbrook sa1l (Table I.!3), while 1n the Ormstown
”’ «Q

sgl]l 1ncreasing rates of _N had a quadragxc eftect on 1ncreasing
extractable so1l Cu when the lowest rate of F w%s applied (Table 3,14
Far Chicot 5@11, applied Ca(OH): decreased the level of DTPA-
extractable Cu only 'when no micronutrients were added to the soil (Table
3.15). o
‘A P x micronutrient x Ca(OH)> interaction effect on DTPA-extractable
Cu was noted in the Bearbrook soil '(Table 3.16), The most obvious result
was a quadratic effect on soi1l Cu of i1ncreasing rates of P on -unlimed
so1l with applied micro-nutrients (fable 3.17), Other effects wers not
consistent,
3.3.1.3f;. DTPA-extractable In
E;tractable In seemed to EE most 1nfluenced by added P although the
effects were influenced by 1interactions with added N and chelated
micronutrients. ¢
bThe level of DTPA-extr{}table In w;s sxgnxfxcantl; affected by a N «

P interaction (Table 3.18)y. with no-effect of increasing P.rates ai the

highest N rate and a‘“quadratic, though opposite, effect at each of thae

)

- 4]
lower two N rates (Table 3.19), Increasing rates of applied P 1ncreasad

the ' DTPA-extractable so1l In in a Qquadratic nanner only ‘where
micronutrients had been applied to Bearbrook soi1l (Tables 3.20, I.21),
3.3.,1.3.3 DTPA-extractable Hn s )

In general, Mn was decreased by added Ca(Uﬂ)z. although the |++Fct
was modified with N in Ormstown soil (Table 3.22) and added P and
micronutrients in Bearbrook soil (Table 3.23, 3.24),0

©

[
Where wmicronutrients- were applted 1n Bearbrook soil ths level of
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werue DTPA-extractable soil Mn 1ncreased with 1HErea51ng N. but decreased at

. the highest N rate (Tables 3.25, 7.26). .

3.3.1:3.4 pH .

In unlimed Ormstown soil, nitrogen rates had no s1gn1f1cént effect
on'soil pH, but _the pH of lxmed_foil linearly decreased with increasing’

rate of applied N (Tables 3.27, 3.28). There were nog significant effects,

of added N on the other two soils, -N\\\

3.3.1.3.5 Bray=-2 axtractable P

A P x micronutrient x Ca(DH)z interaction effect an Bray-2 P 1n
Chicot soil was found, with the notable effect being that of a general

increase in sail P with increasing P rates (Tables 3.29, 3.30),
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Table 3.4. Effect of added nitrogen on Bray-2 phosphorus
in Bearbrook soil,

A GD D e P R S W Gn D E - - m. e e .

. N © Bearbroak
Rates Soil P

--mg/pot-- ==-mg/kg=-~=

o ’ -
208 113b .
348 111b
488 1242 -
*

V%) 10.7

- D 0 o D R D G D e P MR S s an e e e e S e - - i

*, means for each soil followed byf;
common letter are not significantly
different p=0.0g

Table 3.35. Mean squares and level of significance for effect
nitrogen on Bray-2 Phosphorus in Bearbrook 011,

Bearbrook,
Source df Soil P

--mean éu@g%e values--

N 2 o ’
L4 °

N Lin o 1 1321.41~"
N Quad | i 1713.45~*
Error 70 194,30
%, #% Indicates 0.05 and 0.0! significance levels,

respectively e

)
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‘l; Table 3.4. Effect of added phosphorus on Bray-I phospharus i1n Bearbrook

and Ormstown soils, 2
Bray-2 P
Polls  ==wecsmccccecccccaccccae - 2l e e b o o o e e
> ates ° Bearbrook Ormstown
-ag/pot- = wmmmmescscccce-no-o- B/ kg=rmmmmmmmeomm——an-
122 99. 2¢ ' 49, 4c ~
<« 284 115.8b © B0.2b
r » -
- 346 134.%a 93.4a
» *
CV (%) 10,7 14. 6

+, amans 1n the body of table, far each soil, follbwed by a commen
- letter are not-significantly different (p=0.03) according to Duncan New
Multiple range test.
a

Table 3.7. Mean squares and level of significance for effect of added
iphosphorus on Bray-2 phosphorus in Bearbrook and Ormstown

soils,
\
ST S
" Source &  Beartroak Ormstown -
""""""" T L aean square valugs--—mooom
- P I 33 .
' P Lin , 1 2291460 . 1034.43%- )
P Quad 1 35,99 35.19
- Error 70 154.30 © o 139.35

: . \

D A T s e h e O S M W D G G A e P T D T A T R GRS S T P G s GO A W T G A e A T A A A T W S W G S A A

#, #% Indicates 0.0% and 0.01% significance levels,respectively

19 \



Table 3.8. Effect of CalOH)2 on DTPA-extractable zinc in Bearbrook,

Chicot and Ormstown soils, . o
---‘——---- ----------------------------- B O P PR G WD D ) e OB G AR WS i W AR VR R WS WD e W L R NN YR
Soil In
Ca{0H)z ==-mmcemecoacccseaasan- e e n Ll DL P D L smmm——-
Rate Bearbrook Chicot Ormstown
~g/pot- = memmmmesmssscecccseccecce--- mg/kge===-==m=mmerieaem—~
0 3.0 0.84 1,33
4.5 - - 1.06
2.3 2.9 0.58 -
* i ) * *
CV (R 5.8 15.7 26.0
#, significantly different at p=0,03
&
L4 v p
Table 3.9. Effect of applied Ca(DH)2 on soil pH 1n
- Bearbrook and Chicot soils.
Ca(OH) = . -
Rate Bearbrook Chicot
--g/pot-~  smsecemcece-- pHw==w== e
0 9.1 4.5
2.3 5.6 5.1
) *
cvih S.B 7.0 -
%, significantly differant at pa0.03" ) %
Q
* <
- . 120




Table® 3.10. Effect of Ca(OH)2 on DTPA-extractable manganese in Bearbrgok
and Chicot soils.

- - - > - - - v % O Gue W Y S WP G S A R S O T A e T M . e =

5011 Mn

CallH)g ~=-cscocmcccm e mmcem e c e rmcr e =
rate Bearbrook Chicot
g/pot-  -mmmememmmooooo-eo mg/kg--=-—==—memeos-

0 39.3 30.8

2.3 3.1 20.2

* *

cviL)y - 12,7 26,7

- — - - > - T A G TS MY NS e SPGB A mm O G G e S W W S e G e N e A e e e

* 519n1f1caﬁ<1y dx;+erent at p=0,03,

3
*

Table 3.11. Effect of added nitrogen and phosphnpns on DTPA-extractable
coppeg in Bearbrook soil. -

N Rates Otmg/pot)

P:Ou “““““““““““““““““““““
_ rates ‘ 208 348 488 ,

mg/pot 0 mmmsseme—eee- mg Cu/kg so1l--==-==----

122 1.75 1,28 - 1,44

244 1.42 1.\4 1,69

366 1,57 363 2.04
CV(%)=35. 64 . LSDo.os=0.47 mg/kg

- -
> )
i,
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¢ Table 3.12, Effect of added nitrogen and added phosphorus on
. ’ - DTPA-extractable copper 1n Ormstown so1l.
o .
N-Rates {mg/pot)
qug “““““““““““ e D e E LT
rates 208 348 489
mg/pot T mmmmmeseememee- mg Cu/kg so1l=---mmo-memee—-
122 0,66 s 0.83 0,73
, 234 .84 0.70 0.70
366 ' 0,73 0. 49 0. 64
. CV(%Z)=24.3 L8Da.ow=0.15 mg/kyg

. . -y o - " - —— " Y8 O A Mt g S e W AR S e B o ey e (N S o e e b e e e W

Table 3.13. Mean squares and level of‘significance for effect of added
nitrogen and phosphorus on DTPA-extractable copper 1in
Bearbroot Soil.

- A . Y A S A e = = W e T e S W e D e e an A S e T e N Gy S M ew A e e Wm

Source df DTPA- Cu -
T T ean square values---
P in N &
P, Lin 1n N, ' { / 0.1954
P Quad in ﬁ, i ’ 0.4536
) F Lin 1n Na ! ™ 0.753%
P QOuad 1n Nz i 1.19170
P Lin 1n N3 I 2.0203* ’
P OQuad in N3 §° 0.0203
Error 70 0.3374

#, *#% Indicates 0.05 and 0.01 significance levels, respectively
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Table 3.14., Mean squares and level bf si1gnificance for effect of added

nitrogen
Ormstown Soil.

- — - " -

and phosphorus on DTPA-extractable copper in

-]

» -
- e o > 0 o = = " o - =R = = e S8 o et

d¢ DTPA- Cu

- i " - " 7" - " T Y T et > = e S A G = o S T At m

Source
- Nin F
' N Lin in P,
° N Quad 1n P,
X
N Lin in P2
N Quad 1n-P?
N Lin 1n P3
N Quad :n Ps

-~me?h‘square values--

b
1 - 0.0318 :
! 0.1631*

(4}
1 0.1088
I | ¢,0449 '
1 06,0823 .
1 0.0001 A
70 0.0318

. wn e e . B e S 0 S 0 s S GE Y G ey L W e e e R S e e

#, *% Indicates 0.03 and 0.01 significance levels, respectively

=

. ¢
Table 3,15, Effect of added microputrients and gijDH)z on DIPA-
extractable copper in Chicot Soil,

L e et X
’

CaHJH);-
rate

- - - - — -

--g/pot--
~ @
o ! 2.3

CYi{%)=10.8

- — - e . -

- . v - A e e e B N

Applied micronutrients {(mi/pot)

i 2 i iabet bl dde bbb b b .
0 20
LNy Culkg $otlememmame
0.27 0.28
0.23 ‘ 0.26

- M . =Y " - . S D - o T - —t A -



- - S . S5 S W e WS W A . e e e e e e TR e Y e e v

- A - - T w e e - e G aa S Ve ve e A M e e e S W e T n e e wa B e

0 20
Pas Cal0M)a rate (a/pot)  CallHla rate Carpot)
rates 0 2.3 0 2.3
e
122 1.26 1.39 1.9~ 1.4
~ 244 1.83 1.47 { 3§ 1.97
366 1.47 - 1,52 1 BSn R 75
CV(%)=35.6 LSDo.on=0.47 mg/kg v

o . " S - = e G e A e G e S o M WP M e e S e e e TR e A M e e O W vm Wa

Table 3.17. Mean square and level of significance for effect of added
phasphorus, Ca(0H)2 and applied micronutrients on DTPA-
- extractable copper. 1n Bearbrook soil,

- o - ——— o B " " — S s W o e T M WS e S e T S b A Be R A e S A W T S A ae A4 AR MM e A e e Ve e e

Source df DTPA- Cu
T ean square values—-
P in ML 8 .
P Lin 1n M,L,. | 0.7633
P Quad 1n ML, 1 0.8137° .
, P Lin 1n MyiLq 1 0.073LJ/
P Quad 1n MLy I . 0.0024
P Lin 1n Mal, 1 0.0188
P Quad 1n Mal, 1 1.8320°
,P Lin 1n Malz i 1.3163
P Buad 1n Mala L 0.5202
Error . 70 0.3374" .

%, ## Indicates 0,05 and 0.0! significance levels, respectively,
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Table 3.18, Effec%pof added nitrogen and phosphorus on DTFA-extractable
zinc in Bearbrook soil.

- o - - A W= 4o P S A ey S At . D W D e WD G = o S e T — . - - > - — -

PaOs  memm e e -
rates 208 348 488
T armet L i iag In/kg 5011 eemmmememe
122 3.00 2.78 2.98 )
244 2.77 3.00 2.87
366 \\gﬂls 2.94 2,85 3.02
CV(ji =8.8 1SDo. 05=0.21 mg/kg

. - —— o - T - " . T T . R = o S S R M W R S e G e s e b P A e e W . e e -

3.19. Mean squares and level of sigmificance for effect of added

( ravie nitrogen and phosphorus on DTPA-extractable zing 1:n
Bearbrook soil,
“sowce et owa-1 . .
: T T T aean square valuss—-
‘. Pan N & ‘ i
P Lin in Ny o 0.0161
P Quad 1n N; 1 0.3173*
’ P Lin 1n Na —1 0.0307.
P Quad 1n N2 N i 0,2636"
P Lin 1n Ns 1 0.01181 ‘
P Quad 1n Ns 1 0.1395
Error 70 0.0652 :

%, #% Indicates 0.05 and 0.01 significance levels, respectively.

- 125



Table 3.20. Effect of-added phosphorus and applied micronutrients on
DTPA-extractable zinc i1n Bearbrook soil.,.

s ey iy > e o Ay 0 T e WD e w8 WSy A 4t A A VAR M e B e M8 G S e b ey NS vm e S G N e R S o

Palls rates (mg/pot)

_ fApplied TSR
S WA R
ml/pot = —memmmeee—e- mg In/kg sorl~-------e----

0 2.87 2.96 . 2.82.
20 2.97 2.80 3.06
CV{%)=8.77 ' LSDo.os=0.21 mg/kg °

Table 3.21. Effect of added phosphdrus and applied mcronutrients an
DTPA-extractable zinc in Bearbrook soal.

T e e aaemm
T T T ean square valugs-—-
s PN M , 4
P Lxé in M, i 0.0237
P Quadyin M, L 0.1595
® .
P Lin in M2 o 0,0796
P Buad in M2 1 0.5528*
Error ) 70 0.0652

*#, ¥%¥ Indicates 0.05 andFO.Ol significance levels, regpectively.
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Table %3.22. Effect of added nitrogen and Ca(DH)g on DTPA- ertractable

¢ manganese 1n Ormstown soil.
® 4 .
"""""""""""""""""""""""""""""" ’ .
N rates (mg/pot)
Ca (OH) S SO .
rates 208 348 ‘488 -
g/pot  mm=eme- ~--mg Mn/kg spil--==—=m-mcw--
&
¢ 0 12,3 13.2 12,6
) 1.5 9.5 B.9 8.5
LV (%) =70.3 _ LSDe.os=1.5 mg/kg "
L & A g

Table 3,23. Effect of added phosphorus, applfed micronutrient and Ca(OH)2

on DTPA-extractable manganese 1n Bearbrook 501%. o
T Trao Fate tgspoty
e T 23 -
P20a -Micronutrients (ml/pot) M1cr3;;;;;;;;;~?;;;;;;;
rates 0 20 0 20
TMG/POt  mmemcmeeme—imng Mn/KD 0% lommm oo
RPE: ' 39.1 40.1 . 33.3 - 31.8
(. 244 a3 3.7 31.7 36.b .
366 '° 38.2 - 41,0 32;2 - ’ 33.0
CVi%)=12.8 L5D0. on=3.08 mg/kg . .

- o T T W S W G o G - T T - o U S S g = B " . A S - . M



Table 3.24. Mean square and level of significance for effect of added

~ phosphorus, applied’ micronutrient and Caf(0H)2 on DTPA-
- _extractable manganese n Bearhrook soil.
' " sarce - 4f DieA-Extrac. M
T e square values- -
_ . P in LM 8 .
L “ P Lin 1n LM, { 3.2236
P fuad in LM, i 42,3797
Plen in LaMa g . T 37,
P Quad 1n LaMz - 1 90,1060 b
PLin tn LaMy - 1 - 5,170 ‘
. P Guad in LaM, co : . 6.6032
P Lin 1n LaMa ! 7.5945
: P Quad in LaMz 1 47,9771 )
) Error ) 70. 21,4224 - '
"\ e, #x Ingicates 0.05 and 0.01 significance levels, respectively.
Table 3.235. Effect of added nitrogen and micronutrients on DTPA-
- extractable manganese 1n Bearbrook soil.
T plied micronutrients (alvpat)
N edeemccecmceae- e e mrmemc e ——————
- razes 0 o 20
A VA S
208 35.7 35.8 -
348 " 34.6 N 38.3
) ‘s © 378 ‘ 35.5
CV(%)=12.8 . LSDo.os=3.1 ng/kg
' o i
‘ ‘ I3
. ° .
~ . ‘ 128 g« ' .



2

Table 3.26., Mean squares and level of significance for effect ot acdeg
nitrogen and micronutrients on DTPA-extractaole manganese

~ 1n Bearbrook so1il.
""" Sowrce 4t oteeme -
R T L ean square values—-
Nin M i 4
N Lin ;n L 1 31,0574
N Buad 1n M, { 52.021§
Niin 1n M2 * 1 1,0458
N Quad in M2 1 g7.0101t"
Error 70 - . 21.4224
......... . e e e e o e e e e e e

#, ## Indicates 0.03 and 0.0! significance levels, respectively

@ ¢

. 5
Table 3.27 Effect of added nitrogen and Ca(DH)z on the
pH of Ormstaown so1l.
N'Rates (mg/pot)
Ca (OH)z ceacsemmoseasacn smmsscececamscmane—aaas
Rate : - 208 . 348 488
--g/pot-=  mmemem—eeee- = mpHem e m oo m e
0 " 5.4 < 5.4 5.4
1.3 5.9 9.8 5.7
eV (4)=2,96 LSDo.0s=0. }

1Y
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o

Table 7.28. Mean squares and level of significance for eftect or added
nitrogen and Ca(OH)» on the pH of Ormstown soul.

. L 3
Soaurce . df Sa1l pH
“ --mean square values--

N 2 ¢

o]
NLin an L, 1 0.0087

ES)
N Quad 1n L, 1 . R 0.,0018
// ) ? °

NLin 1n L= 1 o 0,2601*%

0 e °
N Quad 1n L= i 0.0021
Error °69 0.0288

- S R oo S T S T S P M M M A T T S e M e A R W R W A% M Y A MR R e B G e e e S e A T e

#, ## Indicates 0,03 and 0.01 significance levels, respectively

o

Table 3.29. Effects of added phosphorus, micronutrients and Ca(OH) > on
Bray-2 phosphorus 1n-Chicot So1l,

—— - 8 A S WP T R S D e vm Y Y e Ep VR N M M T AR A ) S WS T S e =S R e e S W M MR W S R W an ae 3 e

0 2.3
, Micronutrients (ml/pot) Micronutrients (ml/pot)
ong """""""""""""""""""""""""
Rates 0 20 0 20
~-mg/pot--  s--mmeessosesoo—e-e- Mg/ kge====—-mesmmmmaaoao—
122 164 160 169 166
244 166 157 172 181
344 186 189 213 181
CVi%) =9,07 LBDs.0os=l3 mg/kg

U L L L L R P R R T N R R T T
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Table 7:.90., Mean squares and level of szqnxflcance far effects of added

phosphorus, micronutrients

1n Chicot Soil,

and Ca(0H) .

on Bray-2 pnosphorus

W n > e G wh A Y e WD e e 0 e S T M T TR R e Ve Cm S AR S S 4E D e e G S 0 e EE e S PE M BV G s A A TR e v R e e e e o o

T e A S e D G m A G D e AP S G P EN D A M M S PR P M S v o ap A R N A M Gn e e e e AR e o e

Pin LM
~PLin in LM,
- P Quad in L. M,
PLin in L,Mz
° P Quad in LoMz
PLin in LaM,
P Quad in LzM,

PLin in L2M2

oP Quad 1n LaM2

¥, #% Indicates 0,05

o

[ a
--mean square values--

2074,6203*"
431.9475
3623,0845"
1954,8836"
8534,4403""
2073,0317*"
1023.1524% '
239.3041

232.46458

- - -

and 0.0! significance levels, respectively
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3.3.2 Plant Responses to Added N, P, Ca(OH)az and Micronutrients
Only significant effects will be discussed, and a sufmary of the

probability of the F-statistic “for the sources 1s presented in

Appendix 1V. °

-3.3.2,1 Effect of treatpents on root and shoot growth

There were no sxgmfic@ant effects of added N on roots or shoots
except 1n the Ormstown soil-where both root and shbot wetghts were
increased with added N to t.h—e rate of 148 mg/pot (Table 3.31), producing
a ’significarit quadratic effect (Table 3.32). Also, added N 1increasad_

LY

shoot vyield on the Bearbrook soil but only on soils with added Ca(OH)»
(Tables 3.33, 3.314). )

Added P 1ncreased shoot dry weights quadratically with the Bearbrook
soil and linearly with the Ormstown soil (Tables 3,35, 3.36). Added P
increased root weigh‘t linearly in the Ormstown soil as well (Table 3.37,
3.38)

Added Ca (nOH)z increasad root and shoot weights in the Chicot sail
(Table 3.39). Added micronutrients had no effect on dry ma?tcﬂr
production, “
3.3.2.2 Etfect of traeateents on nutriant concentration and uptakae

Added N decreased P 1n shoots linearly with Bearbrook and Ormstown
soils and quadratically with Chicot soil a(i'ablegs <. 40, 3.41), wherubs
added P increased .P concentration in shaots linearly 1in all soils

(Tables 3;42, 3143) v

As to effects . of added N and-P on micronutrient contents, added N

- N Ay
increased Cu concentration linearly in two spils, the Bearbraok- and

"

ES




I

o

Chicot'soils (Tables .44, 2.45), Copper uptake was increased linearly
with added an the Chicot 50?1 ATables 3.46, 3.47). In addition, added

N increased linearly In concentrations 1n’shoots from the Chicot so1l
(Tables 3.46, 3.47) and Mn concentration and uptake 1n the Ormstown so1
(Tables 3.31, 3.32). Added P had no significant main, effect an
micronutrient concentrations or 5p§ake 1n the plants, )

Applied Cal0H)= decreased the uptake of Mn by plants from Bearbrook
and Ormstown soil; (Table 3.48)., For Chicot soil, applied Ca(OH)=z
decreased concentration and uptake of In 1n plant shoots (Table 3.39),

. Appliad m:cro;htrxemts resulted in 1ncreased concentration and
uptake ot.In by plants g;own in Bearbrock and Csxeot so1l JTable J.49).
For Chicot soil, applied micronutrients i;creased the concentrat:ion and
uptake of° Cu by the plantf (Table 3.50)., No other main effects were
noted.

There were a number of interactions among added N, P, Ca(OH)z and
micronutrients, however. In general, for the Bearbrook Fnd Chicot so1l
added N increased In and Mn concentration and uptake i1n the shoots, but
the aeffects were eitHer increased where no Ca(OH)z= was applied or
decreased with added Ca(QH)= (Tables 3.51, 3.§2, 3.53, 3.54, 3.59, 3.86,
3.57, 3.58).

Added P was found tp enhance Mn uptake only when micronutrients were
not added in Chicot soil (Tables 3.59, 3.460). Further, added N increased
Cu content but especially at high rates of added P, and with no
micronutrients in the Bearbrook soxl_(Tables J.61, 3.42) .

Therd was a N x Ca(aH)z X aicronutrient interaction effect on Mn

;oncentratxon %n plants from Bearbrooﬁ soil (Table 3.43)}. Generally, at
/

i
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the low rates of N and where no micronutrients wers appliad CatOH)z was
associated with decreased Mn concentrations: however where
micronutrients were applied, CafOH)g was able to decrease JMn

concentration only at the highest rate of applfied N.
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Table 3.31., Effect of nitrogen on the concentrations of nitrogen and
. manganese, uptake of manganese, and dry weights of roots and
' shaoot of 30-day old maize plants-grown 1n pots of Qrmstown

soil.
o o o o o T > 2 A w0 S e e A e 4 e e A U Sy o A A e e 80 D e e ot e W e e 2w = O -
Concentration Uptake Pry matter yield
N ......................................................
Rate N Mn Mn Shoot ()Raot
-mg/pot~-  ==---- mg/kg====== ~-mg/pot--  —-—=mes--- g/pot---=---
208 31.1c 24,2a 0.312¢ 13.1b 2.82b
- 348 39.5b 26.7b 0.427h l14.1a 3.87a
488 48.6a 32.8c . ., 0.337a 16.6a J3.78a
* » * * *
%
CV(.II) 15-1 23-0 29.6 17;0 J“-o

T - . A e U e W A e o D GED T G D W P S M W B A D e e B A . e Y - - - -

#, means in body of table, for each so1l, +followed by a common letter
are not significantly different (p=0,03) according to Durcan’'s New
Multiple Range tast,

\

Table 3.32., Mean squiares and level of significance for gffect of nitrogen
on the concentrations of nitrogen and manganese, uptake of
manganese, and dry weights of roots and shaot of 30-day old
maize plants grown in pots of Ormstown soil.

Concentration, Uptake Dry matter yield
Source df N Mn Mn Shoot Root -
R mean square valueg---~-==----=-----
N 2
N Lin i 5527, 5% 1341,08"° 0,92 216,467 146,44~
N Quad ) i 3.2 B2.47 0.00 38.25" 7.71°*
Error 70 37.8 41,08 0.14 6.77 1.10
#, #+ Indicates sigpificance at 0,05 and 0.04 levels,
respectively, . . §
lo -
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L
Table %.33. Effect of added'nitrogen and Ca(DH) > on shoot dry matter
yreld af J0-day old maize plants grown 1fopots of Bearbrook
sail. ’
Ca{0H)z Rates (g/pot)
N emeecmmmmcmememiemmeomeean e S v
Rates - 0 2.3
--mg/pot-- O rmem e ————— /POt =ermmm m e
208 12.4 13.5
348 13.7 13.4
488 12.9 11.2
CV(%) =18, LSDo. 0a=1.4 mg/kg
—_t [ RE R  eritib ribrritrribrriie sty ety iirriry i 2 Lol S ittt o fntindteabeloiaibniate b etheibadh g hadi e
Y
Table 3.34. Mean squares and level af significance for effect of added
nitrogen and Ca(OH)z an shoot dry matter yield in 30-day
old maize plants grown in pots of Bearbrook soil
Source df. Shoot dry matter
~-mean square values--
Nin L 4
N Lin 10 Ly i - 2.834
N Quad in L, | - 12,690
NLlin in Lz t ) . 49,%85~"
N Buad in L= t ) 14,090
Error 70 4,158

e L L L L L T P T e L L P L LT B aa L

#, #% Indicates significance at 0.05 dnd 0.01 levels,
respectively:
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Tahle 3.35. Effect of phosphorus on shoot dry weight of J0-day old marze
plants grown i1n pots of ,Bearbrook and Ormstown soils.

- s o - . - . on w8 o MR e S B0 v A D A R G N ) W W Gt P - R - - - -

Shoot dry weight

quu """"""""""""""""""""""""
Ratss Bearbrook Qrastown
-pag/pot~- = =mmesmes———ce- g/pot~-===mmeoee—nnn
122 11.4b 13.7b
244 13.7a 15.6a
344 13.5a . 16.6a
* *
T oV T 15.9 17, § .

neans in body of table, for each soil, followed by a common letter
are not significantly different (p=0.05) according to Duncan’'s New

Multiple Range test.

Table 3.34. Mean square and level of significance. for effect of phosphorus
on shoat dry weight of 30-day old maize plant grown 1n pots
of Bearbrook and Ormstown soils.

. . W - RS . A W 46 RS S G e G M A R O A S Y e 0 G am e ede D D S D U D SE G MG N6 ER G D e S T D 48 e v W e

Shoot dry weight

- - D . > D - - S TR W P U - W O -

Source df Bearbrook Ormstown
T L hean square valugs———mmee

P 2

P Lin 1 76,01 155,17+~

P Quad T 36,940+ 4,08 )
Error 70 4,14 6.77_

#, ¢ Indicates significance at 0.03 and 0.0t levels,
respectively.

' B 137 -




Table 3.37.

- - - -

-mg/pot-
122
244

366 .

Cv (%)

, Mmheans in body of table,
significantly

*

are not

Effect of phosphorus on nitrogen concentration and root dry
waight of 30-day old maize plants grown in pots of Qrastown
so1l,

N cancentratian Root dry weight

- - " S U S A G S Me MM R e M TS U W SR M R S T G W WY W MR B EN R S AR W Ghr m WR S oW R P R MY YR Gm SR R W

~~=mg/kg=- _----g/pot-~~-
42,2a 3.09%
39.2b 3,624
37,70 3.74a
* *
15.1 - 30.0

- > o A . WD S B0 Y R R b P A A e ey o W W S P R dh G 4 D S G M N AR o W e GO AR

for each soi1l, followed by a common letter
different (p=0.0F) according to Dumcan’'s New

Multiple Range test.

Table 3.38.

- —— - - -k -

Source

----- o - - -

P
P Lin
P Quad

Error

- o - - -

Mean square and level of signtfiéance fo} gffect of phosphorus
on nitrogen concentration and root dry weight of I0-day old ‘
maize plants grown in pots of Ormstown soil, ‘

P L Ly R N i e L T R R R R Y Y

df N concentration Roat dry weight
R aan satare valugsemmmmmn
2
! 383.61%" 8.07°"
1 13.02 b 0.84
70 35.789 1.9%

P e L L T P R T Y E T Y P LT Y P PR L L LY T

#, #+ Indicates significance at 0.03 and 0,01 levels,
'respecglvely.

o
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Table 3.39.

> o o g . e e M A me SR D AP SR WS M AP U M TD W M W W R G Gm R S M e D W W G M W MR D W A G G AP ST S A R S SR Ve D am S e WP e

Dry weight

” R . D P D M A mE e D m e G G S P G M SN AR e TR G M S I G R UE e e e A G e R D L R A P N NS D W W S R YD M S A E e R W O AR AR S e e

#, means for separate soils followed by a comsmon letter are
according to Duncan‘s

- - - - -

in
Shoot Concentration
-------- ====mg/kg-=--
16.3 19.2
17.6 14.0
* *

not significantly different (p=0,05)

Naw Multiple Range .test

139

A

Effect of CalOH)> on root and shoot dry weightsﬁ and zinc
concentration and uptake by 30-day old maize plants grown
in pots Chicot soil. '

~~@mg/pot-
0.317

0.236

maize shoots grqwn in pots of Bearbrook, Cpxcut and Ormstown

tetas " gearbrook  chicst Grastown
B
208 4, b,2b6a
48 > 3. 5.22b
* 488 ' ' 4,69¢c
*
V(%) 19.0 19,9



af) | q

Table 3,41, Mean squares and lavel of #ignificance for effect of nitrogen

on phosphliorus concentration in 30-day old maize shoots grown
in pots of Bearbrook, Chicot and Ormstown soil.
-------------------------------------------- ( U TEelMGada @ @mamam W maEaewas s
P concentration
Spurce df Bearbrook Chicot Ormstown
------------- mean square valugs==---~—=---
N 2
N Lin t 4.1082" 0,1632 44,8879°°
ﬁ:‘f-‘:‘ﬁ
N Quad 1 . 0.0197 4,4301*" 1.4269
Error 70 0.9751 0.5754 1,6270
#, ## Indicates significance at 0.05 and 0.01 lavels,
respectively, ;

Table 3.42. Effect of pHosphorus on the phosphorus-concentration in 39~
day old maize shoots grown in pots of Bearbrogk} Chicot and
Ormstown soil.

D e S M A S % WS D W S Y W G G A S M S b S D G S G R AR D B dn I SR AP WD G G G e G Ep Ay Gm e G G G B4 AP M S TR @ R N AR G A b e

P concentration -

P20s L L e el Ll R LIt AR LI L L P m———

Rates ; Bearbrook Chicot » Ormstown o
-ng/pat- ., mmmes e mssce—a——cseco- MG/ Kg=mmmmmmm e —— 7
, 122 | 4. 6%c 3.03¢ 4.33c

244 5.47b 4,11b 5.32b

366 6.60a 4.81a 6.51a o
» - B * - ' +

CVh) ' 17,5 19.0 - 19.9

#, means in body of table, for each so1l, followed by a common letter
are not significantly diffilant (p=20.08) %according to Duncan’'s New
Multiple range test. -

-

&
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Table 3.43. Mean squares and level of significance for effect of phosphorus
on the phosphorus concentration 1n J0-day old maize shoats grown
1n pots of Bearbrook, Chicot and Ormstown soil.

T T aneentration
Source at " Bearbrook  Chicot  Ormstown
-..'--_-.0. ----- ------------::;:::::::::::;;;;_;;;;;;-;;;;;;::::;::_-
p 2 - .

" b Lin 1 54,09 53.49°*  85.60°
P Quad ' 0,01 . 0.84 20,10
Error 70 0.98" " 0.58 .15 .

#, % Indicates significance at 0.05 and 0.01r1evels,
respectively. ’ . )

Table 3.44, Effect of nitragen on cuppér concentration in 30-day old
maize shoots grown in pots of Bearbrook and Chicot soil,

¢ . b4

LEEE T B LT T Ty T E ] n en SR D s s ot D WD D R W S A T SR T ML A L R 4 A G A S A a

Cu concentration

N ecccnmmaa e e o e e e e e
Rates Bearbrook Chicot
-mg/pot- = ce-memememmececcmeoo- mg/kg========~ wmmm——- \
208 6.05 o
348 b.36b ’
- 488 8,003
* 2 \
cvid) 18.90 - 22,9

. Wy A S T SR R N YR W A S R W W W AR S W R W AV 4G b - s A . 2t > . - R

#, means in body of table, for each so1l, follawed by a cnmmonilet;er
are not’ significantly different (p=0,05) a:cofdng to Duncan,  New’

Multiple range test, . .

[y
I
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Table 3.45, Mean squares and level of significance for effect of nitrogen
. on copper concentratxon 1n J0-day old maize shoots grown in
pots of Bearbrook and Chaicot soil,

- mp o e - W O N S G TN WD W S W e e S D S S A S b O S e 4 mO U AD S WD T G TR SO NP SR U GRS e e e s e

Cu concentration:

- A W —or B S e T TS G A e Em W N e e

-Source dt u Bearhrook Chicaot
74“, ~=-w--mgan squire valueg-----
N 2 . )
N Lin 1 . 63,108~ 22,912
N Quad 1 5.460 0.1341 .
Errar 70 ' 1.5359 0.2878

#, #+ Endicates sxgnxhcance ‘at 0.035 and 0,01 levels, /
respectively. °

s

Table 3.464. Effect of nitarogem;_i’r%c‘concantration and copper uptake
. by 304#ay old maide sWBGEs grown in-pots of Chicot %oil.

N Zn o Cu |
Rates . Concentration . Uptakse
-mg/pot- --mg/kg-~ --mg/pot--u

o ' » e o ] -

208 - - 13.7b ) 0.029c

g BT NTR 0.040b

458 o 20.4a. : " 0.081a

o~ - ¥ * *
Cy L) 50.0 22,1

letter are not significaptly dxfferent (p=0.03) according to can’s

#, means in the bady of table, for each soil, followed by a zomfnon
Du
New Hultxpu Range test.

-
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_Table I.47, Means squares and level of significance for.effect of nitrogen

on zinc concentration and copper uptake by 30-day old ma1ze
shoots grown in pots of Chicot soil,

in Cu
Source daf Concentration Uptake
------ mean square valupg-—------ 1
N 2
N Lin o 816.453%" 0.324=" ’
N Quad 1 53.415 0,003
Error 70 68,764 0.022

#, #% Indicates significance at 0,03 and 0.0t levels,
respectxvely.

4

N

. : .
Tabhle 3.48, Effect of CalOH)=> on manganese uptake by 30-day old maize
ghoots grown in pots of Bearbrook and Ormstown soil,

- . M - W . WD S SR R R R e S N e AR G T SR MR N e S e M R G NS S D M e Y e

~ . Mn uptake - {
Ca(lH)p =~mmmomccmcccccrcccccceneea —-————
Rates . Bearbraqok Orastown
-g/pot- = —meeme-oe--- ng/pot-==—m=u-es—-
0 0. 620 - 0.486 - )
1.5 0,345
2.3 . 0.484 .
» -~ ¥
Cvizye - 28,7 29.8

D S D AP TR N A L S D ST T TR D W S D W TS Y N D WD O S R e S A S A N R W

+, means for each soil are significantly different p“O 05

[
-

.
L
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Taple 3.49, Effect of applied micronutrients on zinc concentration and
uptake by 3J0~day old °‘maize shoots grown 1in pots of
Bearbrodk and Chicot soils.

D L E e R R R R R L L L L

In concentration In uptake

Appliad R L LE LD 2 S Rl L LT meMm et m e a e ...
micronutrient Bearbrook Chicaf} Bearbfook Chicot
-=-ml/pot-- —-----—--;--mg/kg --------- m===e==-mg/pot-~—=-=--- ‘

0 28.9 14,9 . -0.364 Q. 244

20 34,0 18.3 0.434 0.309

* * * *
CViL) 40.0 30.0 44,3 53.6

*, significantly different (p=0,03) for @ach soil,

Table 3:50. Effect of applied amicronutrient on copper concentration and
uptake by 30-day old maize shoots grown in pot of Chicat

soil.
1 Cu .
Applied B e ittt deiei bt
micronutrients - Concentration Uptake
...................... B e et e e — et ——————
--ml/pat-- . —-mg/Kg-- ' -ng/pat-
0 S 2 ¥/ ‘ Lo 0,037
20 2,49 . 0,042
* . * *
Cvimh 22.5 ) 22,1
*, si§n1ficant1y difterent (p=0.03)
®
/ )
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Table 3.51. Effect of added nitrogen and Ca(0H)» on zinc concentration
'xn.30~day old maize shoots grown 1n pots of Bearbrook soil

""""""""""""" Ca(0H)x Rates (q/pot)
Rates TR
; oy A
208 : ' 27.6 26.3
348 24,8 i 40. 4
488’ , 32.6 36.9
CV (%) =40, 1 LSDo. 0s=8.4 mg/kg

Table 3.52. Mean squares and level of significance for effect of added
nitrogen-and Ca(OH)2 on zinc concentration in 30-day
old maize shoots grown 1n pots of Bearbrook soil

TR O D S5 0 0 R R SN W e R L S O R e A . e e e Pm G An e W M Se = > o = ae

==--mean square valueg---

L]
NLin in L, 1 , 217,16
o ‘ bl

N Quad in L, g 338.37.

N Lin in Lo 1 974,61

N Quad 1n,La { - 901,94~

Error .70 158.79
—————————— h--------—--——--?_--—-----—-—---0——---—-—--—-
*, ¢ Indicates significance 'at 0,05 and 0.01 levels,
respectively, )

LY = \ .

'



Tahle 3.53.\Effect of added nitrogen and Ca{0H)=> on zinc uptake bv 3J0-
day old maize shoots grown in pots of Bearbrook soil.

i ‘ " Ca{OH)z Rates (g/pat)

N mmmmemmeemmeeememme ;e ———————
Rates 0 2.3
e
208 0.337 o 0.354
348 0.338 0.545
488 . 0.420 0.339
TV (1) =44,3 LSDo. 0520, 118 mg/pat

- N T G R Y A Y D S . R R R A WP TE S G W G P WS G S WD M MR AR G G e D S G e M e SR N G TS A SS AN M wn e @S W W A W% o W ar

Table 3.54, Mean square; and level of significance for effect of added
nitrogen and Ca(OH)z aon zinc uptake 1n J0-day old
maize shoots grown in pots of Bearbrook soal

Source df In uptake

- Y . e - A W v D G S o A S A N A N G D bu W W A WP D e Ao - -

_=-mgan square values--

- Nin.L 4 .
. N Lin 1n L, { c 0,062
N Quad in L. { 0.0290
) _ N Lin in L2 . " 0,018
N Quad in L= - 0.340°" )
° E;ror 70 0,031

*, b Indicates significance at 0,05 and 0.01 lgvels,
respec@zvel“.
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Table

f
7.55, Effect of added nitrogen and Ca{(0OH): on manganese concentrd-

e

- > e - a8 " an -

Ni trogen -

Ratas.

--=mg/pot--- --

208
348
488

CV(%)=19,5

- - - - -

tion in 30-day old maize shoots grown in pots of Chicot Soil.

- — - - - - - " - - - - - - . -

Ca(0H)z Rates (g/pet)

0 2.3
gl gl T
65.1 32,7
Bb.7 ‘ 43.0 t
126.5 - © kb1

LSDo.os=9.1 mg/kg

Table 3.S56. Mean squares and level of significance for effect of added
nitrogen and Ca(OH}= on manganese concentration in
30-~day old maize shoots grown in pots of Chicot so1l

J

-

- . oy - -

Source

- N in L
N Lin in L,
N Quad in L.

~ N Lin in L2

N Quad in LL

*
respectively.

- D D - . I e - - Y G A - > S - o v

--mean square values-~-

1 34053, 07""
1 "7 1003.24¢
1 10044,27%=
f 1493.32
0 . 186, 44

N 1) rndicatesgg%gnificance at 0,05 and 0.01 levals,
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3 " "
- . Table 3.37. Effect of added nitrogen and Ca(OH)z on the hanganose uptake
by 30-day old maize shoots grown n pots:ofaChicot So1l.

- - . AP WD b WS S D S Sy D S S G D D W D G G D v W D W A T M e W P G e ey TR N GRS W WS e Wb W e

Nitrogeén Seemmeen—- e e bl it bl
Rates. ’ 0 2.3
--mg/pot-- = cemecws-esee-- mg/pot=m--ce-moem———
208 0.98 » 0,53 B
348 1.4 0,74
488 2.16) T 1,15
L -5
EV(4)=20.3 ~ LSDo.0m=0.16 mg/kg -

S D e D w0 D S G Y . - D S . G P A G T GY s W W W R G G My W W ER WD G e e W WA M Em am SN W e S

\ i

Table 3.58.—Mean squares and level of significance for e%?ect of added
nitrogen and Ca(0H)z= on manganese uptake by 3J0-day
old maize shoots grown in pots of Chicot so1l

@
\\/
3

R D G S Y D R S S L T D P TR AR Gy S S G e N GG R L T WD G e D G G M M A e e P e W G G g A

~=~m@an square values--

NinL ' - 4
o N Linin L, 1 12,550+
' N Quad if L, { 0,13
. o N Lin in LL ! 3.39°"
W N Quad in Lz 1 0.1t
~ Error 70 0.06 ‘ f
9 %, #% Indicates significance at 0.03 and 0.01 levals,
respectively.
g
o ) -
R - o 148



Table 3.59. Effect of added phosphorus and micronutrients on the mang-

B

anese uptake. by 30-day old maize.shoots grown 1n pots of
Chicot Botl. ~

..................... Gmemmmssmmmeresemmemm—m——teemmemoemeaane )
; Applied Micronutrients (ml/pot)
ona """"""" hdudebedabadeial ol e b indadabeiadaafab b
Rates, .0 20
--mg/pot-- e ses - ng/pot=-=--c--ose—rea- >
122 0.94 & 1.15
244 | 1,22 . o L.27
Jbb 1.27 1.16
CV(%)=20.5 LSDn.os=0.014 mg/pot

T T L e T e P PR P Y L R P L X

: &added

Table 3.60. Mean square and level of significance for effect o

phosphorus and micronutrients on the manganese uptake by °
J0~day old maize shoots grown in pots of Chicot Soil.

Source ©odf . “Mn uptake
; , <T-mean square values--
Pin M 4 ’ . J >
P Lin in M, ! » 0,889%
P Quad in M, 1 ) 0.130
° %
P Lin in M2 i . P 0.002 .
P Quad in M 1 0.152 .
Error 70 , 0.057
-4, #% Indicates significance at 0.05 and 0.0 1}1915‘.
respectively. - SR N
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Table 3.41. Effect of added nitrogen, phosphorus and micronutrients on
the copper uptake by 30-day old maize shoots grawn in oots
of Bearbrook sail. ’

. YR R R S R e W e Y G R G N S i S S G e R G s S W A T G TS B e v e A UR N W A R GB e G e G e Y TN G e vas A D b W A Mt e

0 ’ 20

o P20s Rates (mg/pat) P20s Rates (mg/pot)

N ----—--—-—‘—----—’- ---------------------------------
Rates 122 244 344 122 244 166
............................................. TS
-=mg/pot-= —-m-emeseescossecscconaeo- Mg/ pot-—=cmecmmmcen e cmcn e

208 0.083 0.077 0.082 0,087 0,085 0,087

348 0.088 0.087 " 0.0B3 0,082 0,099 0,091

488 0.081 0.099 - 0.107 0. 088 0.094 0,098

LV =17.9 L8Do.05=0.018 mg/pot

¢
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Table 3,62, Mean squares and level of significance for effect of added
nitrogen, phosphorus and micronutrients on the copper uptake
by 30~-day old maize shoots grown in pots of Bearbrook soil,

R R S TS D A Y 08 D MR Y D R P D - " - - - -

=-mean square values--

N in MNP 12
N Lin in M,P, 1 0.00001
. N Buad in M.P, 1 0.00013
N Lin in M.P: 1 0.00031
N Quad in M,P; 1 ) 0.00000
N Lin in M.Ps 1 £ 0.00197"*
N Quad in M,Ps 1 0.00037
N :Zn in MaP, 1 0.00297+~
‘ N Quad in MzP,, 1 0.00035
N Lin in MaP2 1 0.00023 '
N Qdad in MaP2 1 " 0.00012"
N Lin in MaPs 1 - 0.00001
N Quad in MPs 1 - 0. 00000

Error 70 .7 0.00024 ﬁ:z

*, ## Indicates significance at 0,05 and 0.01 levels,
respectively. - .
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Table 3.43. Effect of added nitrogen, Ca(QOH): and micronutrients on
manganese concentration 1n 30-day old maize shoots grown 1n®
pots of Bearbrook sail.

R G e S M GE S G T N G O G W TR G WP S A R KR R A G R G SE G D G T i G T D G T N GRG0 W VR mp S e e TR M M W S MR b e N A e W P S M e W

Ca(DH) 2 Rigﬂl (q/hotk Ca(QMH) 2 Rafgl (g/po;)
Ra?es ----- 5 ------------- ;?; -------- ; ------------- ;?;---
S B0/BOt o . mmmmmcm oo e g /Ko m e mmmmmem e
208 33.1 - 37.8 45.7 43,0
348 44,3 32.0 456.0 40,6
488 41,9 ‘ 42,9 " 56,8 39.1
CV(%)=28.6 LSDo.os=11.7 mg/kg
)
/ .
\ .
:
-
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3.4 DISCUSSION

3.4.1 Effect of N, P, Ca{0H)2 and Chelated H;crnnutrients on Soil

The results show that some differences existed among soils
studied, with respect to the changes i1n so1l P, N, pH, Cu, In angd Mn to
ghe applied treatments of N, P, €a(0H)z2 and chelated micronutraents.

In general there were not many main effects of applied N or P on
the measured soi1l parameters; N g%fects were through a number of
1nt;ractxons 1n;blv1ng_ the other treatments. Nitrogen was féund to
increase ‘the level of soi1l-test P in Bearbrogk soil. Similar effects
we?e pbserved by ﬁqudln and Sample (1959) and it 1s believed that
nitrification of ammonia causes acidific%tgon and increased solubility
of P compounds and 15 r25p0n51b1e $or the increased availability-opf -P
when NHa fertilizers are used, The absences of similar foects 1n tﬁe
qthar sp1ls remained unexplained.

v -

The expected effect of added N in'decreasing 5611 pH  was nat
fouhd. A possible reason, could b; the relatively short duration of the
experldent, and 1ncomplete n{tr1ficatxon,ef NHa., In fact, hydrolysis if
the applied urea-could cause an in:tiali}ncrease in soi1l pH. However, a
N % Ca({OH)a interaction effect on Drnstgip s011 was +oqnd, where applied
N lo;ered the pH of.sqil treateg with Ca(QH)a. This result may b; due
to more favourable soil pH conditions that enhanced mitrification of the
added N. —

Incredsing rates of N and P 1increased so1l  test Tu, but

primarily *{n so01ls high i1n clay and organic matter, which had .higher

spoil test Cu levels initially, Since there was no P # N 1interaction

a

effect on soil pH, 1t can be assumed that the éyaxlabxl1ty)p+ sni} Cu

’
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was not controlled by the solubility of inaorganic soil Cu, as a function
of pH, but perhaps by factors such as organic matter decomposition which
was enhanced

\

and P compounds. Geering and Hodgson (19649) have shown that

by N and P or by displacement of adsorbed Cu with added N

micronutrients were largely associated with organic constituents in the

o

soil. - ,

Nitrogen »x phosphorus 1ntera£tion effects on soil In were noted
¥nr the Bearbroak soil o:?;f\vHigh rates of P and N seem tpo increase Fhe
levels of so1l test IZIn. Thus hxgh,rate; of P were not antagonistic top
the level of so1l test In i1n the soirl. This effect on In was not found
with the ;ther sp1ls, which were both lower i1n orgamic-N, In, and clay.
This P x N effect on In was similar to that found with Cu, and suggests
that P x N effec%s are specific to certain soils, but comman across
mfcrunutrients with differing affinities fPr s01l organic matter.

The applxéat:un of Ca{OH)=2 was found to increase the pH of “all
spilsmand decrease fhe level of so1l test In and Mn. ngever Ca(OH)a
was found to have no effeft bn Cu ig the soils studied. The decréase 1h
Mn and Zn was cons1stew€ ith effects of pH described by Lindsay (1972),
The behavior of Cu can be explained by the mechanism of strong

complexing of Cu by soil organic matter, described by Hodgson et al,

(1966), whereby Cu remains labile and available even though there 1s

"~ decreased solubility with 1ncreases in pH,

ppplied micronutrient effects were noted through 1nteractions

with ihe pther treatments. However, the effects on the different soils

.were not consistent. On the Bearbrook soils, increasing N rates

increased - the level of soil Mn where chelated micronutrients were
9
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- ’ : e *
3.4.2 Plant Responses to Added N, P, Ca(OH)2 and Micronutrient.

applied. _This was probably because N nmitrification decreased soil pH in’
' ' 3

"so1l microsites, and Mn i1n the chelate was not prépipltated. Phosphorus

x micronutrient interactions on soil test In were found to be simlar to

that of N x chelated m1cronutg:5nts on Mn. The effgct on so1l Cu _was

not conststant, again probably because Cu availability was controlled to

- v

a greater extent by soi1l organic matter, ) \

. Added Cu effects wére found only for the Chicot so1l, where

applied Ca{OH)2 and micronutrient chelate increased the soi1l test Cu in -

o

the sotl. Again, reduced organic matter in this spil compared to the

other spoils may have ?esulte& in Cu-pH solubility factors averiding the

I3

effects‘ufaorgan1c matter chelation of Cu .
. A

In general, added chelates appeared to}ma1nt;in sorl-levels of
soluble In-and Mn. Cu was 1nfluenced to a lesser extent because of the

important interaction of Cu with organic matter.

In general, shoot and root yields were ingreased with added N fn the
r
soils with the highest organic N, 1ndicating that organic N was not

°

related to plant available N i1h this experiment. However, added F
increased. shoot and root yields in soils with the lowest spil ftest. F

vaiues of 135 mg kg~*. Thus, sbi1l test P reflected the relative P,

)

fertility status of the soils,
Root yields were found to increase with increasing rates of applied P
only an the Drmstown soil. Root weight is known to be influenced by P

nutrition, and Friesen et al. (1980) found increased root weights with

Y

applied P, However, they used Ultisols which are known to fi% P. The

\
+

4
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- *

absence of an’Ae{fact of P on root yields from the other soi1ls 1s

probably becayse these soils were not as deficient in P, having higher
- ’ Al

values than‘Dfmstnwn,Tn Bray:Z extractable R.,

.On the’DrmEtokn so1l gamplé, Plant N. concentration decreased with
increasipg rate of added P. Thxs 1s as a result of increased growth
brought about by a§%ed P: This suggests that P levels in the so1l were

nni adeguate. ' . c

e L

+ .
Nitrogen in general increased the uptake and concentration of

micronutrients 1n the' shoots on most soils. Shoots from Bearbrook and

Chicot sogls had increased concentration of “Cu due to increased uptake

of sg1l Cu. Similar effects of N on the concentration and upﬂaké of 1In

»

in the plants from Chicot so1l were noteq; An adequate supply of>soil
Mn together with enhanced growth with applied N, ‘were the reasons for
theg noted increases 1n uptake and concentration of Mn foand in plaﬁts

.q ’ ‘ ) i
from Ormstown and Chicot soils. In general, it appears that where soil

micranutrients were not limiting, thear uptake was determined by the
growyh of the plants. Thus, aﬁy“fert111§er nutrient increasing yield

3

also increased micronutrient uptake. -

It was noted that added P did ndt have a negative effect on the

\ >

In conten} of the,ﬁlants. Thé absence of any P induced in deficiency,
may be because all soi1ls had adeguate amounfs of In, °
‘The dbplxcat1on; of Ca(0OH)l2 to all soils causgd a. deﬁrrase -
uptake of Mn by shoots mainly becauae of decreased éoxl avatlabtlity.-
"The effects 3¥ Ca(OH)2 on Cu and In were nat ma:kep. aﬁ& this could be

related to the adequate amounts found in the spils studied, eveh _when

“CalDH) 2 was applied, as well as the short term duration of the study.
-

e
? <

&
“
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spils; but not in the Ormstown soml.

~

In general, applied chelated micronutrients 1ncreased the

concentration and uptake of most micronutrients in Bearbroobl and Chicot

.

o

Whére there were 1nteractions between chelates and the other.
treatnents, the general pattern was th;t chelaées were always associated
with 1ncrease& uptake of micronutrients. This would suggegt that the
chelate used 1n this study was effective 1n maintaining Cu, Z; and Mn 1n
a)form avatlable for plant utilization, This 15 1n agreement witfr the
observation of Prasad and Sinha (1981) and Hélvorson and L1nd§éy (1977) .
that chelates aid 1n°the transportation and movement of metal i1ons to

plant roots, The absence of ;helateﬂm1cronutr1ent effects on . plant

N,
uptake for the Ormstown so1l remains unexplained.

¢ 4

— .

#
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3.5, CONCLUSIONS

The application of N and P to two soils studied 1increased plant

' &
growth indicating a relative deficretdqy 1n.N and P. There was

"little respgnse to added N and P 1n the Chicot 801l, 1ndicating a

~ 9
relative sufficiency of N and P,
Nitrogen decreased soil pH 1m only the Ormstown soil while P had no

eifect on soil pH., The general absence of effect of N and P sourcaes

on soil pH could be due to the short duration of the study whigh
2y

resulted in incomplete ‘nitrification of the applied NHa fertilizer,
Added~- N and P were foaund to increase:the 1evel of soil test Cu and
In 1n the_ Bearbrook so1l. Plants on most so1ls Had increased
uptake of wmicronutrients where N anq P were applied, Thx;
suggeé?ed that soil su?ply was adequate and that xnéreased growth
as a result of added N and P 1dcreased micronutrient uptdke by the

plant.

The application of Ca(OH)z decreased soil test In and}Mn 1n most

soils, but levels remained adequate for plant growth., WThe absence
i

of a CalOH) 2 effect on so3zl Cu suggests that Cu ¢ xation with

s0il organ{: matter averrode the effbét’cf pH on Cu salubility, .

Chelate mcronutrients were able to maintain the) level of so1])

available micronutrients, even in the presence of added CalOHI -,

A

A

In general, the pot experimant was able to demonstrate the

-

effectiveness of chelates 1n supplying micronutrients, Also, the
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5

increase of soil pH did not decrease soirl Mn, or so1l In, to defictent

L

levels, b1fference§ 1n organic matter, pH and clay content of so1ils

may have had an effect en the release of hative micronutrients to plants ,

» o

1n that the ayaflahle micronutrient contents of high clay - high organic

matter soi1ls were ngreased more by the fertilizer treatments whereas 1n
- . w

s

the low organic matter-low clay so1l (Chicot) micronutrient levels ‘were
s

decreased more by added Ca(OH)2> than in the high clay soils.

)
]
¢
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CHAPTER 4 3

-

OVERALL SUHHARY\AND CONCLUBIONS )
® i . . 0 gy

}he status of anicronutrients in the so1l and the effects of
hybrid, plant population, fertilization and irrigation on the uptake of
Cu, In and Mn by maize plants w;re studied 1n a field experxéent on a
Chicot soil, In addition, a growth thamber experi1ment was conducted tp°
investiggte Ehe effect of N, PL#,Ea(OH): and chelate micronutrients,
applied to surface samples of three Huebec soi1ls ( Chicot, Bearbrook and
Ormstown series), on the nutpition of young maize plants.

In the field, there were no mxcronutgleng defigiencies because
of increased fertilization with N, P andVK. The ;va1lable levels of In
-and Mn 1increased with increased fertilization, andj}ﬁ%re wds 1ncreased '
uptake of In and Mn, probably the resuit of decreased pH. Results 1n the
growsth chamber showed Cthat .added N and P ~eould also increagse
microputrient uptake on thea Chicot soil. Th; tendency for Cu
availability to decre;se with fertilization in the field i1ndicated that
Cu in the so1l, was antrolled by different mechanisms than Zn and Mn.

Irrigation ‘tended to decraase hva11£ble\Q{L% In, and Mn 1n the ﬂ_;;_
soxl,_qand reduced contents of these nutrients tn the giant ‘Ezgsue.
Leaching of these nutrients may have occurred with {rrigation, and
1ncre£

ed growth probably resulted in nutrient dilution effects 1n the

plants

—

Hybrid and plant population effects weré analogous to - high

fertilization rate ﬁ&fects, where 1ncreised dry matter was. associated

@

160



-

with 1ncreased uptake of In and Mn, and decreased LCu usrtare.

The calculated mftritional balance index was not related ta plant

growth or nutrient deficiences. Depletion of éo1l Cu, In and Mn did not

™

se@m likely under the system studied. ,
-4

The results of the pot experiment were inconclusive on the effect
of # and P on soil acidification, _ Effects of fertilizers on
micronutrient'uptake seen prlmaril; due to N, although added P tended to
increase inuand‘nn uﬁtake. Chelates were found to be effective 1n making
mxcronutrients available far plant utilization, It is interesting to

note that the Chicot soil used for the field experiment was the soil
“,

least responsive to added N and P in the potaexper1ment. Thus a lack -of

fertilizer effect iﬁ the field is consistent with results i1n the pot
f .

experiment.

In consi&erinq the results of the two experiments, 1t appears
that added Ca(DH)> had no adverse influence on Cu, In, and Mn nutrition
of plants, Increased micronutrient uptake due to higher fertilization of

N, P and K in the field was probably dug to N effects on 1ncreased so1l

-
° .
-2

acidity and plant growth. There were no adverse effecfs of P on Cu, 1In

and Mn uptake. Also, wearly effects of added N and P were probably due
o R
to enhanced micronutrient uptake due to physiological or so1l exchange

reactions. Subsequant effects of added N and P on i1ncreased uptake of

In and Mn in the field may be due more to acidification caused by added

-

Nl

a
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( Table 1. Probabilities associdted mith the F~statistic of sane
« . sources for soi1l pH, -DTPA-extractable copper. - zinc and
- . manganese at fall of 1984 and 1985.
N ‘ .
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- *#, %% significant at the 0.05 and 0.01 levels respectively.
- ’ nst not significant at p=0.Q5. . >
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Table 1.,  Probabilities associated with ‘the F- sfatxs‘__c of some.
( y sources for concentration and uptake of .copoer, zinc and_
. ) manganese and dry matter (DM) yield in plant shopt at

) grewth stage 2~ in 1984,
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#, #%1 significant at the 0.03 and 0.01 levels respect:.vely.
‘ nst not significant at p=0, 05 e - '

H=hybhrida; Paplant population; Fafertilizer rate; I=irrigation
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Probabilities assocrated -with 'the F-statistic of" ‘same
. sources fof concentration and uptake of copper, :inc and
- "manganese and dry matter (DM) yield i1n plaft shoot at
growth stage 4 Tn 1984, - '
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8
Ve

H=Hybriq;; P=plant population; F=fertilizer rate; I=irrigatiaon

hd -
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_( . . Table 3. Probabilitiés. ass"ocxated with the F-statistic of- some
o ) soyrces for concentration of copger, zinc dand ma.nganese
a ’ in the ear-leaf 4at early silk.in 1984.
- __ m;::'_“_':.‘l".:' """""" nETmEERTTeT - - ;
. Concentratian ) ' ]
’ ‘\ Saurce Cu , :Zn M W % )
T probability----- . o .o
) H ne ne ns -
. .~ —
. P ns ns ns -
. , H#P ' ns - ns ns
2 -~ , -
F * e » )
H#F - ns ns ns — .
o PHF ns ns -ns - ‘ ‘ o ‘
.- HepP %F ns ns o ns
2 . I - . ns ns o,
( - ' _ . ’ ‘
Hel . ns . ns . ns , .
Pl . ns ns, ns . d CT
HeP»] " ns ns . n§ ) \
FftL . ns ns ns . .
HeF#l - ns ns - ns .
PrF#] ng fs ns ' -
- d
HePaFw] - ns ns ' ‘ns : .
y ’ _ , . £
*, At sanih:ant at the 0.05 ind Q. 01 levels respectzvaly. -
.- . ns: not significant at p=0.05 " e ¢
- 'm - -,
Hehybrids; P=plant pfpulatiun; Fafertilizer rate: I=irrigatian
- Lo . ) -
« " o |
7 176 ‘ , /
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_Probabilities associated ‘wuwth the Festatistic of some
sources for concentration and uptake of copper, 2inc and
manganese and dry mattec (DM) yield in stover at harvest
in 1984,

N 4
' - " Concentration ‘ . - “Uptake
g - - - - - - - - - e DM - .y % e e
Source s Cu In Mn yield Cu in - Mn
o e o e o i e e e e e e e - - - probiblllty ----- - . - -
H ns ng ns ns ns ng . neg
? P P ns ns ns ns ns ns  ns
] .
H%pP ns ng , ns ns ns ns ng
F ns ng . + o n§ ns ns *
) s
H*F ng ns ° ns ns ns ne . ng
e PRF ns ns ns ° ns ns ns ns
HeP*F as T ons . ns ns ns . ns ns
i ’ - v
I . . L TN L PR & ns ns * ns
\
. H#l ns ns ns ne 08 . ne ns
4 n * , B
- P*] ns ns ns . nsfe' ns ns ne
; 2 f
! H#P#] “ns ng - n's ns ns ns ns
. F#l ns ns ns ns ns ne na
‘ 5
H*F#*] ns . s ns ns ns ns - ml<
P#F*] ns  ns ns 4 ns  ns ns ng
b ’ H*P#F+I nsg . - ns ns - ns ns ne s
R - N g S S WS L R W AR G T W D WA M D T G G S AR M S S D AR R R A ST S W M WD R A G T A ST G W O S ot i e -
"%, ##%; significhnt at the 0.03 and 0.01 jaevels respactively.
s ns: not significant at p=0.03 - . '
H=hybrids; P=plant‘popul atian; F=fertilizef ratej; I=irrigation
) , &
B v 1 .
o
0 g ' '
R @
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Probabilities assocrated with the F-statistic of Some

Table 5. F
: ‘ sources for concentraticn and uptake of caopper, 2inc and
manganese and dry matter (DM) yield 1n the grain 1in q%il.
Concentration ‘ ) Uptake -
------ Rinileiaheinbisbtaidebt S £ SRR 1 B ittt LD Db ﬁ
Source Cu in Mn vield Cu In " Mn %
-.l\.-- ------- - an . - - - - - - - o - - oy . 3 Ty . PO S U o= D Wm Gh > B w - =
- e e ————— probability~~--c-w--cmemcncoa |
H ns ns - ns . ns ns ns ns i K
P ns ns ns ** ns # ns
H¥pP ns ns ns ns ns ns ns s
F ns ns *4 ° ns, ns * T
H#F ns ns , nse { ns ne ns ne
BeF ns ns ns ns ns ns ns .
HaP#F v ns ns ns ns ns_'e. ns ns
1 ns *a LA * ns .ns ns °
Hel ns “ns " ns ns ns * ne
. Pl K & - N *
P*l ns ns ns . NS ns ns ns
HaP*1 ns Q ns ns & ns ns ns - ns
Fl \ns . ns ns - ns ns- ns ns
. — . . -
HaF#]~ ns ns ns , ns NS o Nt ns
o
PRFx] * ns ns . ns ns ns ns
HaP#F # | ns ns ns ns ns ns ns-
E+) B
'-——-----—-?-b-::-----—-—1‘--"------------—_---------ﬁ---ﬁ---w--—--:—-u--l:—-l-l-
*, #*: sighificant at the 0.03 and 0,01 levels respectively. 7
nss not significant at p=0.0%5 ' ’ *
H=hybrids; P=plant population; F=fertilizer rate;, l=irrigation
4 . B.
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@ \/‘ Table &. Probabilities associatgd with the F-statistdic of some
‘ X sources for concentration and uptake of toppe zinc-and .
. - T manganese, and dry matter (DM) yield in plan shoot at
& : " growth stage 2 in 19885, ’ ©e
S - v
N |
————— q-———-—h--——--—-‘--o———n——----—---——-——--——-‘a—-—-do--——---—'_p---—-—-b-.—- l
+ Loncentration Uptake
- ey wn wn w  om on W W O WD WS e - DM ——-—--——----: ————— e
° Bource Cu In : Mn yield Cu In Mn
————— e e 2 o ] Ve e 2t e e e e o e e e - o o 0 2 ) e s e -
-—-.—---------—--------—-probabi l ity---- ---------------- L
H ! . . ns ns ns e . ns 2 * :
. . . \ ) °
P ns ns ns ® 4 ns 13} . v
' ’ H#P ns . ns ns ns ne ns " ns,
| B - ’ -
F.vo. . ns ns * gl ns ns *
-~ - - - b A -
. HeF ns ns ns ns . ns .ns ne
. P#F - ns ns ns ne ns ns ns
H*P*F - ns ne ns - . ns ns ns »;;s
1 %o ", " ng ns “ns ns ns ns ns 0
Hel ns * ns ns "ns ns ney -
P*l ng- ns ns " ns ns ns ne
HeP#1 ns ns . ns ns ns v ns
) F#l ng . ns - ns. ne ns ne ne
,‘.,.125:-— - . {
HeF*] ns ns ns- ng ns ns ns
. \
! PafFa] ns ne ng ns ns ns ns
. . HeP#F*l o ns ne ng ns ns ns ne

Y

v

A Dy n S TR AT VR AR L D G TR G S s et W B O WD VD W AR U R iy T M D WD A0S MY M A Ay A M G M G D W R G My Y S S P A G A AN M S A BY D A el

*, ##: significant at the 0,09 and 0.0! levels raspectivaly,

n&s ‘not significant at p=0,05

H=hybrids;
o )
- . Lo
Q \
" ) 179
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P=pla&t population; F=fertilizer rate;'lsirriqation
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c - o 7 Table 7. - Probabilities assocrated with the F-statistic 0% some
‘ > ‘sources for concentration and uptake of copper, zinc and
;nai'n;anese< and dry matter (DM) yield in plant shoot at

growth stage 3 1n 1985, <9
. mmmees ‘—-‘--—--ﬂ—d-—ot—-—_-—-—‘ -------- :—-— ------ - o - - — . - - - - - -
) Concentration . Uptake
. » ‘.---------—----------- DM ' —emee- e o a2 e e o e e
Source - "Cu in Mn yield Cy In Mn
8 - - — - . T —_-" = > - = oo wy ws - - - - - - - - — - - . = - - -
D m—m————— mmm———— probability===-===m-cmeememmnaan
- . H ns - ns ‘ns . ns ¥ ne
, - 4
N - P ot ns ns ns * ¥ *a *4
T, B H#P ns * ns ns ns fis ns
X « -
F . *¥ ns - *% - * * * ¥ C k%
/ i ) .-
“ HaF . ns ns ns 7 ns ns . ns " ns
. u . <L
P*F .ns ° ns ns T ns R
H4P*F ‘.o . ns . ns ns ns * s ng
( 1 o L1 N 2 ns ns * 4 % ns
Hel ns ns ns ns . ns ns s
’ o ® ’ ’
P#l ns , ns ns ns ns ° ne ns
v '
H#P#] ) ns nse ns ns ns - ns ne-
' o
Fal ns ns ns + s ns ns .
H¥F+] ns NS v, ns .. ns ns ‘ns ns
5* . R ¢ - “
. Pa#F+] ns ns ns ns ns ns ns
o H#P*F*] > Nns§ . s ns ’ ns ns ns. ns
macesmmmesan—m—— mmmmmm———————— e e mmee e e e — e mane o ——————— S B
*, *#; gignificant at the 0.05 and 0.01 levels respectively, '
ns: not.signifigant at p=0.03 - . -
T v - '
’ LB, o N : .
H!hyﬁg‘ads;_ Paplant population; F=fertilizér rate; I=irrigation

K
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Table 8. Probabiiities. associated with the F-statistic of some
sources for concentration and uptake of, coppery zinc and
manganese and dry mattér (DM) yield in plant swstalks at~
growth -stage 4 1n {985, :

—---------‘.‘-------‘--.’——-ﬁ —————————— - - - - e . -—-:-—-—--/ ————— -
- <
Concentration ! Uptake
[ U, ,.--...._.._---.-.._'- Dn - v " o - a
Source Cu in Mn yield -« Cu In - Mn
- o O 02 0 A O W T O T O U 0 D e 2 T o o o -
; , - . - - . o - -p{ubability--- ----- P I—
H ns * - ns , ns ng : * ne
P " ns ns .ng *3 ns ne ng
H#P ns . ns ns ne ng ns ns
o ! L - .
S ' - ®
-F ns ns . ¥ o ns * "
- i \
HaF ns . ns ng ) ns ., ns  ‘ns '
. ' . .
PaF ns ns ns ns . ' ns ns ng -
H#P*F " ns ne ns ns ns L) ng
- N &
I ¥ . _ns * ns _* ng ns
1
H#1 ns ‘ns ", ng . ns ns ns ns
TPal ns ng . ns V e ne ne *
Ha#P#] ns ns .. ns s NS ns ns . ns
Fel . . ns ns ns * * ns ne
H*F#] ‘ * ns ns * 4 © ns ns
PaFa] ns DS ne: ns ns ns gns .
f R ~ ) ! . ) A m&g
H¥P#F#l ns ns . ns ns . ng ns ns
' .

#,-#%; significant af the 0.05 and 0.0! levels respectively,
ns: not significant at p=0.05 ,

.

H=hybrids; P=pl\ant population; F=fertilizer rate; I=irrigation
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Table 9.

‘

N .
S S A G AR A D - S WD Y - oy SO - v . W T W S W WS Wh Wm Wm md R e A D W W e R T AR G R W Gm S e S Y S e WP WS M wm w

Concentration

Source

HeF 1
PAF #1

HfP*F*I

A

-3

mmmzemmmm el caceprgbabi Ll Y m e m e e e

-
’

Probabilities

manganese and dry matter (DM) vield 1m pla

associated

growth stage 4 in 1985. -~ o

A o —— - - - . -

Cu in
* ns
*% ns
ns  ns
ns ns
ns ns
ns ns
ns ns
*% \"s
2 i
ng , ° ns
ns ns
-
E
ne ns
ns ns
ns ns
ne " ns
-
ns ng

A3

s

ns

ns

ne-

ns

ns

&

YT W W S U M D e TR G WD S G SR WD TR AR D m S WS G G R T I AN S T e W S e A A WG R P S mS T

DM
yield

o e e e e e D e e e e o e

*

o 2

s

o

ns
.

ns

ns

~

ns’

ns

‘ns

ns

ns

ns

ns

ns
ns

-

ns
* %
ns
ns

ns

ns

*

ns
ns

ns
ns.

ns
ns

ns

-
P;

with the F-statistic

\

fns

>
&

s

ns

*

ns-’

ns
ns
ns
ns
ns
n;
ne
ns
ns

ns

*, ##3 gignificant at the 0.05 and 0.0f levels respectively.
nst not significant at p=0.09

- ¥
H=hybrids; P=plant population; F=fertilizer rate; I=irrigation
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of
sources for cancentration and uptake of caopoer, zinc and

some

leaves at
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ns
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ns

* %

ns

ns

ns

ns

ns

ns
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¢ Table 10,

P

, Frababilities

associated

-sources for concentration
in the ear-leaf at gsarly silk 1n {985,

. mmmee- -——-&:—--—- ————————————————————
= - e Cancentration
. Source " Cu In Mn
T : ., TootT probability=~~--
H *¥ ns ns
@ ' ' P *t ns ns
H*P ns ns ns
- »‘ t
,\\ F ns * T
o H*F ne ns ns
- Q
. " P»F * ~ns . ns nsg
L] : -
HeP *F TEE ns ns
b
? l . P LT
He I ' °ns ns ns
' P*l » ng ns -
i . :
H#Px*1 ns ns ns
7 ‘ - - A
Fel o ns ns ns :
- Al
HeF*] ng_ ne ns'
° -
/ P#F#1 * . ng ns,
. P . ‘
. HePxF&] - ns ns ns
! ot o o e [ -

[N

¢ ns: not significdant at p=0.03
) ,/ A\

183

with the F-statistic
of caopper,

zi1nc and

¢, ##: significant at the 0.05 and 0.01 levels respéctively.*

H=hybrids:; P=plant populatiqn; F=fertilizer rate; I=1rrigation

b4 sone
manganese
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Table 11. Probabilities 4ssociated with tne F-statistic of some
sources far concestration and uptake of copper, zinc and
manganese and dry matter (DM} yield 1n stover harvest

stage 4 1n 1985,

--------------------------------- O o o o - - . - - . - A - = - - . -
. Concentration ' . Uptake
..... gy DM Ly U e
Source Cu in Mn vield- Cu - 1In Mn
--------------- J——-—--—iﬁ--.-----'----——---—-'—————---—.—---——-——n--:-—--———-ﬁ
------------------------ probability--==-c-coemcmcm -
H ns ns ns ns ns ns ns
o -
P ns ns ns *H ns ns ns
H#P ns ns ne ns ns ns ns
F ns ns e *# ns ns ¥
H#F ne ns ns ns ns ns ns
i
P#F ns NG ns ns ns nes ns
HaPaF ns ns ns ns ns ns ns
. 7
1 . Y Ky . *# * ns ns ¥
b
He ] ns ns ne ns hs ns ns
LY
. }
Pl ns ns ns ns ns ns ns
. ’
HeP#] P ns ns " ns * .ns ns
Fal : ns ne * ns ns f ns ns
HafF#] - ns ns ns ns ne ns ns &
<
PaFsl ns ns ns ns ns ns ne"
HEPaF#] ns ns . ns ne ne ns ns
. \
.. W WD W W R ----.“-0 ----- &al-.—--_- ------------- D D v G D . W G W N WP WA R D VED AR R WD SR WS A wm WS e .
%, ##: significant at the 0,05 and 0,01 levels respectively. y,
ns: npt significant at p=0.03

Ve o . ' '
Hahybrids; P=plant population; F=fertilizer rate: I=1rrxga‘ion -

- - 1
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Table 12, Probabilities associatéd with the F-statistic same
! sources for concentration and uptake of copper. zinc and
manganese and dry matter (DM} vield i1n plant Jeaves at
harvest stage 4 in 19%5.
Concentration Uptake

o - e .. D” - C ---- -
Source Cu In Mn yield Cu 24, Mn

e ket lel mmm———— --probability~====-=w=-- wemmmeme————
H *% *# # ’ ns ns P .
P ns n's ns 1) * * ™
H*p ns * ns ng ns ns ns
F ns ns *e * ns ns e
HeF ng ng ns ns ns ns ns
P*F ns ns, ns * * ns ns
H*P#F ns ns ns ns ns ns ns
[ . ns ‘e LT * ns e *
H*Ih K * ns ns ns ne ns ns
Psl ns ns ns ne Hs neg . ns

- & . -

H*P*] ns * ns ns ns ns ne
Fal ns ns \D ns ns Aﬁhls ne ns
HeE*] ‘ns ne« ns ns ns ns ns
PaF#*] ns ns ns' ns “ns ne ns
H¥P*F *] ns ns ° ™  ns ¥ ne ns 4

~

-——

e L Y L T T T T T T R T - - -

#, %%: significant at the 0,03 and 0.0! levels respectively.

ns: not sighificant at p=0,03

Hzhybrids; P=plant population; F=fertilizer ratej Isirrigation

-~
.

@
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Table 13,

- oy - - - Ty D R D S e e P A WD S T R G wn S T A D D AR WE G (R D SN G S M G We e T A AR D A TP W MR D em W P e SN

Concentration

3

Saurce
A

R L L L R e T e s Tn N T R D G D G G S v S e S G e A WS S W e m e e

H

P.

Hep ¢
F
HaF

PHF ﬂ\\

HaP¥F
o
H¥ 1
P#l
Hep ]
Fal
HeF 1

PeF+]

Uptake
1] I S USRS mmmm— e -
Mn yield Cu in Mn
R .
————————————— --J-—--—---prob abl 1 luty—-—----u—_---------_—_
v'g <
ns ns ns ns ns
ns ¥4 ns ‘ns *
nes ns ns ns ns
. @
* ¥ *% ne * * %
i
ns ns ns ns ns
ns ns ns . Nns ns
. . .
ne ns ns ne ns
: 3" 4 ns LTS *
ns ns ns . ns ns
ns ns ns ns ns
ns ns ns ns ns:
ns ns ns . N§ ns
ns ns ns .ng ns
’, - .
ns ns ns + ns ns
v ’ .
ns * ns ns, ns _

He¥PxF»]

T UD G S R DGR G D Go T T W TR A O Y D A G D W S Gn WY WD S MR AR BT D WP S e e R Y L S T TR B T W T WL YR R A S A SR W D e W W S a8 e b -

3

°

manganese

Cu

ns
ns
ns
\
ns
ns
ns
ng
ns
ns
*
ns
ns
ns

ns

ns

in

ns
ns
ns
ns
ns
ns
ns
*#
13-]
ns
ns
ns

ns

ns

- - — o - - - - o s o wp -

&

¥, *#: significant at- the 0.03 and, 0.0! levelg reséectxvely..
ns: not'significant at p=0,05

H=hybrxds;¢P=plant population; ‘F=fertilizer rgte; I=irrigation
—
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Probabilities associated with the F-statistic af same
sources for concentration .and uptake of copper, zinc and
dry matter (DM) yield in plant .stalks 4t

harvest stage 4 1n 1985, |
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Tabhle 14, Probabilities associated -with the F-statistic of some
‘ ) “sources for concentration.and uptake of copper, zinc and

manganese and dry matter (DM) vield in plant shoot at
growth stage 4 in 1983,

Concentration Uptake \
Dt - - - - - -~ DN --------- [
Source ) Cu In Mn yield Cu in Mn
———————————————————————————————————————— iy P G e A e WP B s W R WS R M T MR TS W me T S MR Y W AN A ae e W
N o it o o e i o et 0 e - u—-prgbahilxty ---------- - - — - - -
H \\\\ ns ne * ‘ g ne ns *
A ]
Vo '
P ng ng Hs & ns ne ns ‘ng
b
H*p ns ne ns ’ ns ns ng” " ns
F - ns * *s ° *% ns - . e
HeF ns ns ns ns . . NS ns ns
P+F ns nes ns *¥ ns ns ns
- ¢ .. ¢ ~ -~
HePxF ° ns ns ns LA ns ns ne
! ’ [ &
I » . ns 1] ¥ ¥ * » #oo,
=2 p . "
H*] : ng’’ ne ns * ns ~ " ns *
a1 ! s ns ns #+' ‘s ns ns
HeP#*1 ns ns ns . ns ne, ns ‘ns
Fel - ns ns ns ns ns ns ns
HeF*1 ns ns ns ns ns ns ns
4
o P#F®1? ns _ns ns ns . ns ns ns
HeP*F*I - ns ns - ns: ns ns ns’ ns

-
o ——— ---.....----...--..j.:.-..-..

%, #¥; significant at the 0,05 and 0.0} lavéls’\ spactively.
ns: not significant at p=0.03 . ‘
H=hybrids: P=plant population; Fx=fertilizer rate; I=irrigation )
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Table 1.

Source

N¥L
PEL
N#P*L
M

N*M
P*H
N#P¥M
Lad '
NxL*M

PxL#M

A
Probabilities

sources for soil pHS

mariganese,

a

‘assaciated

nd Bray-2

with the F-statistic of
DTPA-extractable copper,

,phosgharus  from

‘extractable

- Bearbrook soil pot experiment.

sone
21nc  and

¢
So1l Parameters o
O e e e . o W L Gk ME e e S G TS By SR e S e W 1 ——————— A o i o~
DTPA- extractable . ’
------------------------ - Bray=-2
pH Cu , in Mn .o P
................................ U U N
------ S==-==s-—-~---=-probability--------eo-mee e
ns ng ns ng %
ns ns ns ns *#
~— . [
P
ns ¥ * ns ns
1 -~
% ns * e T
ns ns ns ‘ ns ns
as - ns ng ns ns
o 13
ns ns ns ns ns )
[ 2
ns ns ns, ns ns
“ {
ns ns - \ ns * ns
ns ¢ ns *& : ns ns
ns ns ns ne ns
o Y 3 v * .
fl 4 N
ns ne . ns- ns *
ne ne ) ns ns ne
ns * . b ne * ns
ns ns ns ns ns

NxP LM

. " — - " — S " VR ON e G =y S o -l - - " V" - -

#, #4: sigmficant at the 0.05 and 0,01 levels respectxvely.
ns: not 51gnxf1cant at the 0.05 level,

&

t ¢

Y

N=nitfogen: P=phosphorus; L=Ca(0H)=2; M=thelate mxcrunutrien%&

K-l



P

feobabilities associated with the F-statistic of sone

. spurces for soil ,pH, DTPA-extractable copper., i1nc and
manganese, and °*Bray-2 eutractable phosphorus from
Chicot soil pot experxmeq&u .
{ Sp1l Parameters v
DTPA~extractable v
-------- e et b AL L L L -1 oF LA
Source pH gq‘ in Mn - P
-—-%----— ------ m————— proBab11ity—-; ---------- mmm———————
N ns ns’ ns ns ns
p ns - ns ° ns s *#
N*P ns ns - ns ns ns
L 12 T *x e *4
N#L ns ns ns ns ns
P
Pel ns ns ns ns ', ns ;
_ -~
“NxPxL ns » ns ns ns ns
" ns * ns .Ns ns
N&M ns ns /  ns ns ne
. e .
PeM as - ns . NS ns ns
. My
&
N&P #M ns ns . ns ns ns° o
&
L*M ns ¥ ns ns ns
CNELEM ns ns ns ns ns
N .
Pl #N g ng ~ ° ns ns . NS ¥
i
NeFP#L¥M ° ns ns ns ns ns
/

%, #*: significant at the 0.05 and 0.01 levels respectively,

ns: not significant at the 0.035 level.

N=nitrogen: P=phospharus;

1o

199

L=Ce{OH)2: M=chelate micronutriénts
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- Table 3, - Probabilities associated with thé F-statistic of , sonme
} sources for. soul pH, DTPA-extractable copper, =zinc. and
manganese, and  Bray-2 extractable phosphorus from

Ormstown soil pot experiment.

@ . So1l Parameters
} . .

- e e . A - G e - S G - W we o A W G S e em D Tw e N e

N*p ) ns ; ¥ ns ns ns
i
L . ** : ** ‘ ns ns ns
N#L ¥ ns ns L1 ns
o . T [Yed .
Pl ns ns ne ns ns
N#P¥L. ) ns : ns ns ns ns
\ 1}
1
M ng - ns ns ns ns
N#M ns . ne ns ] ng ns
PaM ‘ns ns ng ns ns
N#P*M. ns ns . ns ne - ns
L#M ns ns ns_ ns ns
Nl %M - ns " ns ns ns ns:
y O
P*L*M ns ns ns ns - ons
N¥P#L %M ng . ns ns nsg ns

-t o e T R e 4 i I e O T " - - o " - e -

#, *##: significant at the 0.05 and 0.01 levels ;espectxvely.
ns: not significant at the 0.05 lavel.

.

N=nitrogen; P=phosphorus; L=Ca(0H)2; M=chelate micronutrients

- ’
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‘m . , -:.
A Table 1. Probabilities associated with the -F-statistic of sonme
sources for tissue concentration of nitroged, phosphorus,
- = 4 ¥ copper, zinc, and manganese, shaot dry waight (SDW), root
" dry weight (RDW), and uptake of copper, zinc, and manganese
* - in 30-day oldlmaxgp plants grown in pots of ‘-Bearbrdok soil,
- , o L7
q . . Plant Parameters
Concentration Uptake Yield
- - . . . Y - . . L U U
Saurce N P Cu In Mn Lu In  Mn &DW RDW
s emeoacocoaosaes * ————————————————————————————————————————————— o S an . o Y -
e L L L L probability==-=g==-=ememmeccacncnana-
N LL I LA ns #*+  ns ng LA ns
P ﬁs *# ns ns ns ®%¥s  ng % *a ne
N*P ns ns * ns ns ns ns ns ne ns
. L %% ns % % *% ns NS ns ns
N*L ns ns ns * ns ns % nsg * ne
LY
. Pab ns, Nne ns ns ns ng - ns ns ng - ny
N#P*i ns ns ns nsi ns ns ne ns ne ns
M ns ns ns * ns ns * ns . ns ns
a ‘
N#*M »ng ns ns ns ns ns _ns ns ne ns
* P#M ns ns ns ns ns - ‘ns ns ns ne ns
N#P#M ns ns ns ns ns * ns ns ° ns . ns
- ) L*M .ns ns ns_ ns ns ns ns ns s ns._
N#L*M * ns ns ns * ns ng ns ns na
Pxl*M ns ns ns ns ns ns ns ns ne ns
' - N*P*L*M‘ ns ‘ns ns ns ns ng ns ns ng ‘ns
*, #% ; giqnificant at the 0,09 and 0.0! levels respectively -

1

£
N

ns: not significant at p=0,08

N=nitrogen; P=phosphorus; L=Ca{0H):; H-Chel;tld micronutrients
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Table 2, -

Probabilitie
§DUFDES for

in 30-day old maize plants grawn 1n pots of Chicot so:l.

s associated with the

)

F-statistic

of

saome

tissue concentration of nitrogen. phosphorus,
copper, zinc, and manganese, shagt dry weight (SDW), root
dry weight (RDW), and uptake of copper, zinc, and manganese

w

R S A% WA T D A WS W S A i T Y D P SN S SR D G R S D ED e G S GRS WD T R G A Em Y N W A R A W TR W S T W A A A M S M W YW M W e e S e

Plant Parameter

- e o - - 2y - - - o o - - A S v . D RS T - WD - D - - -

N#pP

Nl
Pl

N#P#L

N

N*M
Pl
NeP#N
LaM ~
NeL#M
P;L'M

N#P#L#N

Ll e e L L L L T T I T Ty p—— - e me ey = -

ns ns ns

ns ns ns
ns ns ns
ns ns ns
ng ns

#*%  as  ns
ns ns ns
ns ns- ns
ns ' # nsg
* ns ns

ns ns ns

Concentration « |ptake
In Mn C; In -M;
e ———— —emmmm—m e ———————— -
------------ probability

R 2 * % *# ** *%*
ns ns ng ns *;
ns ns ns ns ns
* * *% ns * % **e
ng ¥ ns né Rad

" as ns ns ns ns
ns s ns ns nas
* / ns #* %  ns
ns 65 ns ns ns
ns 'ns ns -As  *
ns ns ns "as °ns
ns ns ns ns ns
n? ns ns  ns ns
ns ns NS s ns
s ns. ns  ns ns

ns »ﬂ? «N§

R e L L L

S,

ns

ns -

ns

ng-

ns

fis

ns-

#, #¥%; significant at the 0.05 and 0.01 levels respectively.
nst not sxgnzficant at p=0,08,

N=nitrogen; P:phosphorus; L=Ca{0H)2; M=Chelated micrdnutrient;
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B ¢ L 4 - *
Probabilities .associated with the Fe-statistic of ‘some
sources .for tissue concentration of nitragen, phosohorus,
tooper, zinc, and manganese, shoat dry weight (SDW), root
dry weight (RDW), and uptake of copper, z1nc, and manganese
in 30-day old maize plants grawn in pots of Ormstown soil.

R . Table 3.

’ Plant Parametars
. Y Concentration Uptake Yield
L R R R PRy e - wn - - LR T Y kL L L L L LTI T T Y
——-Saurce N p Cu In Mn - Cu In  Mn SOW RDW
--W:- -------- ;- -------- R b WS S s VS S e S W - .- w‘—-— —————————— . W - A AN AR e e v e W
----------------- m==mm-me-prgbabilify~=-éeccundin e
- N ' e *¥ *¥ ns ns ng , * * 1Y) e
. - * . N '
P * *% ne .” ns ns " ons ng ns 4 *
" ON#P ns ns ns ns ns ns ng ng. s ne
L s ,As  ** ns ns ng ns ke “ne e
8 [
N#L ns ns ns ns ns - ns ns Ns - -ns - N8
. Pal ns 'ns  ns ns ns ns N3 NS ns. w5,
-~ - N - ‘._;; ’ .
N#P#L ns ns ns ns ns ng ns ns ne ne
L, ns - ns ng ns ns ns ns’ ns’ ns ng
’ - :
N*M ns ns ns . ns ns ns- ns ns ns ne
. AY
Pl ns  ns ns ns ns ns as os ns. ng
N#P&M ns ns ns ns s as ns *ns ns ns ns
] - ) . . .
L*M ns ns ns ns ns ns ns ns ns ne
. s : .
N*L#M ns ns ns ns ng ns ns s neg. ns
. N .t . 4 s
P#L#M - ’ ns ns ns ns . ns ng As ns ns ne
"N*P+L#M  ns ns ns ns ns ns ns ns ns ns

e R T Y R L R R Y bt R R L T L T T R L Y i X T R R P

¥y %% sigmif
ns: not significant at p=0,09

N=ni1trogen; P=phosphorus; L=Ca{0H)=z; M=Chelated micronutrients

icant at the 0,03 and 0.0t levels respactxvnly.
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