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ABSTRACT

A field study was conducted on a calcareous soil to explore the
interrelationships of micro (Zn, B, Fe, Mn, Cu) and macro (N, P, K, Mg, S)
mutrients on growth and composition of corn using a central composite,
rotatable, factorial design involving 5 variables, each at § lewvels, for
each set, Quadratic regression eguations were developed for characteriza-
tion of the response surfaces for grain yield, dry forage yield and
chemical composition of corn leaves, In general, corn grain production
was adversely affected by all micronutrient additions, The Zn-lMn inter-
action was antagonistic and the toxicity of one was partially counteracted
by increasing the level of the other, It was found that the Zn require-
ment of corn was much higher for forage than for grain production, The
critical level of Zn for grain was less than 20 ppm, while the highest dry
forage yields were obtained at more than 150 ppm, 2Zn in corn leaves, The
B-Mn interaction was complementary while the B-Cu interaction was antago-
nistic in regard to dry forage yields. The highest dry forage yields were
obtained at approximately the following eoncentrations in corn leaves:

B, 30 ppm. 3 Fe, 50-70 ppme 3 Mn, 100 ppm. and Cu, 20 ppm.

The macronutrient requirements for dry forage differed considerably
from that for grain production, High rates of N, P, K and S with a low
rate of Mg gave maximum dry forage yield, However, only N was required
for grain yield, The Mg-S interaction had an antagonistic effect on
grain yield, The K-S, P-S, N-K, N-S and P-K interactions had an antago-
nistic effect on dry forage yield while the N-Mg, P-Mg and Mg-S interac-
tions were complementary in regard to dry forage yield, The highest dry
forage ylelds were obtained at approximately the following concentrations
in corn leavess N, 2,0 % 3 P, 0,25 % ;3 K, 5% 5 5, OeR % and Ca, 146 % o
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INTRODUCTION

Corn, %4ea mays, L., is one of the most important

agricultural crops of the world with a total annual acre-
age of about 220 millions. The United States, which pro-
duces over 50 per cent of the worlds crop plants annually
over 80 million acres. Aas might be expected with a crop
of such great economic importance, a tremendous research
effort has been expended and a large body of scientific
literature has been accumulated. Reports in the literature
indicate that in some cases corn yields are of limited
nature even under supposedly high fertility conditions.
Apparently this limitation is controlled by certain un-
known factors which require further investigation.

The reason for "lime-induced" chlorosis of corn
has long been investigated by various workers amd some
have related it to Fe deficiency, while others have shown
it to pe due Zn deficiency. However, the present informa-
tion is inadequate and further research is needed. It has
also been shown that thercorn plant has a high degree of
sensitivity to nutrient deficiencies indicating the im-
portance of an adequate nutrient supply.

An exploratory field experiment related to the
mineral nutrition of corn was carried out in 1960 at the
American university of Beirut Farm located in the Beka'a
plain, The object was to investigate and evalusbe the
presence and magnitude of possible interaction effects

-1~



of micronutrients (Zn, 5, Fe, Mn and Cu) and macronutrients
(N,P, K, Mg and 8) on vegetative growth, grain yield of
corn and chemical composition of corn leaves. The exist-
ence and nature of such interactions have been reported to
some extent but no studies have been reported in which all
the nutrients included in the present study were inves-
tigated at one time.

The central composite, rotatable, incomplete fac-
torial design developed by Box and Hunter (6) was used in
this study to evaluate and characterize the response sur-
faces with:a reasonable number of treatments. "This study
included five different wvariables Zn, B, Fe, Mn and Cu as
one set for micronutrients and five variables n, P, K, Mg
and 8 as a second set for macronutrients. Each variable
was varied at five different concentrations ranging from
very high to very low rates of applications. There were
twenty seven treatments under each set, with one treatment
replicated six times to make possible the estimation of

experimental error.



REVIEW OF LITERATURE

Investigation on the mineral nutrition of corn
originated with Hornberger of Germany (1882) and was prob-
ably one of the most comprehensive studies ever published
on the subject. His investigation initiated a line of
research that has been pursued to the present. Nelson (34)
has reviewed and made an extensive studv of literature. It
igs the purpose of the following review to bring together
. and examine the pertinant literature dealing with the field
of mineral nutrition and growth of corn.

Micronutrients

Zine. Carlson et al. (11) reported that Zn is the trace
element most likely to be deficient for corn and this becomes
more serious especially when the top soil has been removed
during leveling. According to Rhoades and Chesnin (41) Zn
deficiency usually results in a chlorosis of the older
leaves. Lower leaves of corn plants lacking Zn develop a
pale vellow stripe on each side of the mid rib and latter
the chlorotic area may develop a bronze color. Viets et al.
(55) found that leaves of corn plants showing Zn deficiency
were much more lower in Zn than the normal leaves. They
also suggested that the leaf tissue was a better index of

Zn status of corn plant than the total plant tops. Zinc
sulfate application to soil did not increase yields

although large and significant increases in Zn concentration
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were observed and judged by leaf analysis. They also report-
ed that Zn deficient plants were high in P, Cu and frequently
Mn. No evidence of a specific effect of Zn deficiency on

the gbsorption of the above elements was obtained.

Scharrem and Jung (43) in their experiment on Zea
mays and V. faba found that in the absence of Zn maize
showed reduced growth, shortened internodes, chlorophyll
deficiencies and pigmentation changes. At 0.25 mgm. Zn
(in culture solution of 5 liters) growth was normal and
higher concentrations had no adverse effect on growth.

They also found that increasing Zn concentration resulted
in a linear increase in Zn concentration in the plant and
uptake of other elements appeared to be related to the Zn
concentration of the solution. Hiatt and Massey (23)

found that maize plants grown in a greenhouse in Zn free
culture showed very severe deficiency svmptoms and there
was a lineam relationship between Zn in solution and

uptake by corn plants. However, Nearpass (33) found a
logarithmic relation between Zn concentration in the sub-
gtrate and Zn concentration in the aerial portion of plants.

Interaction between Zn and other elements has been
reported by various workers. Chapmen et al. (12) in their
studies with lemon and orange plants reported that excess
Zn brought on Fe chlorosis and found that high amounts of
P may lead to Fe and Zn deficiencies. However, Boawn
et al. (5) in their field studies reported that phosphate



application did not produce or accentuate Zn deficiency
symptoms. Bingham et al. (4) later reported that this was
probably due to Zn contamination in the phosphate fertilizer.
whar.§59) concluded that reduction in Zn uptake by the plant
is a pH effect. TPFuehrine (16) in a sand culture study with
maize found that maximum yields would be obtained at 7.73
ppm. of Zn. It was shown that a change in level of any one
nutrient resulted in changes in the requirement of other
nutrients. The above level of Zn in culture solution re-
sulted in a concentration of 308 ppm. Zn in corn tops.,

Zinc paired with B, Fe, Mn, or Cu had a complementary effect
on one another in regard to yield of maize tovs. The critical
level for 2Zn in maize plant was about 110 ppm. and maize
appeared to have a high recuirement for Zn.

Boron. Parks et al. (36) working with tomatoes found that

B supply influenced the accumulation or utilization of other
elements in leaflets and this has led certain investigators
to postulate the regulatory role of B in this respect.

Parks et al. concluded from the above studv that as B supplv
was increased the concentration of this element in leaflet
maéerial was significantlv inereased. There were also

large differences between treatments with respect to con-
centration of most of the other elements examined except Ca
and S as the B supply was increased. They also suggested
that B mav be a component of one or more complex interactions

involving more than two elements and reported the toxic
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effect of excess B supply on plant growth.

Scripture and McHargue (45) suggested the possi-
bility of B being involved in protein metabolism. Bingham
et g%. (4) working in California found that excessive auan-
tities of superphosphate reduced B availability to citrus
plants. Thev also found that B amd Cu deficiency symptoms
were masked by Zn deficiency. Reeve and Shive (38) estab-
lished the existence of a real reletionship between B and
Ca in that high rates of Ca enabled the plants to tolerate
toxic amounts of B. Berger et al. (2) in a greenhouse study
with comn with varying B concentrations from 0-0.25 ppm.
found that all treatments meceiving less than 0.25 ppm. B
produced blank stalks or barren ears and fully developed
ears were developed at 0.25 ppm. concentration. In their
field studv, a side dressing of 15 1b. sodium borate per
acre, significantly incrrased yields. They also suggested
that the supply of available B must be continuous and that
the critical level of B in the upper leaves appeared to be
between 11 and 13 ppm. Chapmen et al: (12) pointed out
that accumulation of excess B was sometimes a result of K
deficiency. Scharrer and Jung (43) in their study with
corn in culture solution obtained highest vields of dry
matter at B levels of 0.25 and 0.5 ppm. The B concentra-
tions in the corn plants were 8 and 11 ppm. respectively.

Berger and Truoe (3) have reported the availability
of B in relation to soil reaction and organic matter. A
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direct positive correlation existed between available B and
percentage of organic matter in acid soils and a highly
sienificant negative partial correlation existed between

PH and available B in alkaline soils indicating that pH
~xerted a greater influence on the availability of B in
alkaline soils than did organic¢ matter while in acid soils
the reverse was true, Eaton (15) reported that B deficient
plants matured more slowly tham those in the plus-boron
cultures.

McIlrath and DeBruvn (29) working with Siberian
millet found that high B application generally resulted in
decreased dry weight of tops and roots and inereased percent-
age ash of tops. McIlrath et al. (30) investigated the in-
fluence of twelve levels of B ranging from 0-200 ppm. in
nutrient solution on the uptake of B, Cu, Fe, Mn and Mo by
setarie shoots and found that at non-toxic levels of B the
total dry weight and ash composition showed no difference
but at highly toxie levels the dry weight was reduced while
the percentage ash content was greater,

Fuehring (16) reported a complementary effect be-~
tween B and Fe and between B and Zn in regard to yield of
maize tops while the B-Mn and B-Cu interactions were antag-
onistic. He suggested that the critical level of B in
the maize plant varied between 10 and 20 ppm.

Iron. It was reported in the literature that chlorosis of

plants cultivated in calcareous soils was related to Fe nutri~= |
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tion. Iron is the limiting element in chlorosis which
develops in plante grown on some naturally calcareous soils.
This chlorosis is caused by the failure of the susceptable
plant to absorb Fe from the soil or in some cases to utilize
the Fe which is absorbed (22).

Bennet (1) and Wadleigh and Shive (57) also reported
that causative factors which act in the soil and the plant
to inactivate Fe are not clearly understood. Somers and
ghive (50) found that pathological symptoms produced by ex-
cessive Fe were identical with those produced when Mn was
deficient and symptoms produced with excessive Mn were similar
to those produced when Fe was deficient. They suggested
the optimum ratio of Fe/Mn as 2.0, above this chlorosis ap-
peared. High concentration of soluble Mn in the plant tissue
was invariably associated with low concentration of soluble
Fe and vice versa., This suggested the inactivation or pre-
cipitation of Fe as ferric organic complex in The presence
of active Mn. Brown et al. (9) reported that Cu deficiency
affected Fe metabolism in corn in a different manner than
in soybeans or wheat., Brown (7) found that plant species
differ considerably in their ébilitw to extract Fe from
growth media. Brown and Holmes (8) in their experiment with
corn found that Cu and P affected the absorption of Fe but
had no effect with other plant species. Results reported
in their paper showed that Fe metabolism differed between

plant species and varieties and that these differences were
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dependant on growth media. This indicated that Cu had a
regulatory function on Fe in corn.

Wallihan (58) reported in his work on citrus that
leaf chemical analysis can be useful tool in the studies
of Fe nutrition. He also concluded that macroelements are
not considered significant in their relations with Fe fune-
tion in the plant. Chapmen et al. (12) reported that ex-
cessive rates of P, Zn or Cu caused deficiency of Fe in
citrus. Hewitt (22) pointed out that Mn is not unique in
ita ability to induce Fe deficiency symptoms, and may in
fact be less active in this respect than many other metals.
His data showed that increased Fe accumulation in the pre-
sence of toxic concentration of Zn would seem to exclude
simple antagonism as a cause of chlorosis in some instances,
while the different response of Mn in the presence of fer-
ric citrate suggests that antagonism may still be signifi-
cant on others. Kroll (26) reported that the ferric chelate
of ethylenediamine di (o-hydroxvphenylacetic acid) is a
very effective substance in correcting lime-induced chlo-
rosis.

Fuehring (16) pointed out that when other trace
elements were in balance that Fe requirement of maize was
low. Deficiency or excess of another element increased
the Fe requirement. He also found that the Fe-lMn interaction
was complementary at some levels and antagonistic at others

while Fe-Cu was antagonistic in regard to yield of maize tops.
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Manganese. Various workers have studied extemsively the
toxicity of Mn in the nutrition of plants. Somers et al.
(49) stated that Mn functions as a catalyst in cellular
respiration and sugeested a 1.5 to 2.5 Fe/Nn ratio as the
optimum range, below and above which plants invariably de-
veloped deficiencv symptoms. Weinstein and Robbins (61)
found that both a high level of Mn and a low level of Fe
in solution cultures resulted in a low activity of catalase
and cytochrome oxidase in the plants. Mulder and Gerretsen
(32) in an experiment with rye observed that an inecreased
demand for Mn was found with increased Cu supply. In a
similar experiment with barlev such Cu-Mn interaction did
not occur, The results of these experiments showed that
Cu may acgivate biological oxidation of Mn compounds by
funei and probablv by root cells of barlev plants. Shive
(46) also reported that increased Fe supply depressed the
uptake of Mn. Taper and Leach (51) in their study with
dwarf kidney beans observed that in a complete nutrient
solution an increase of either mn or Fe depressed the con-
centration of the other in leaves regardless of ua level
in the growth media. 4“heir data suggested that a minimum
content of each of the metals, Fe and Mn, must be present
in the leaf tissues in order that healthy plants mﬁy
result. .uucas (28) in his investigation on spinach, wheat
and onions found that the additions of copper sulfate in-
creased Cu content in plants as much as threefold but did
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not affect the mn content of plants growing in soils con-
taining adequate amounts of vu. in greenhouse studies
plants deficient in vu were high in mn, but this was not
observed in the field. in the same experiment addition
of zinc sulfate depressed the Mn content of plants.

ruehring (16) estimated the concentration of wn
at 49 ppm. in corn tops grown in a solution containing
0,241 ppm. Mn and observed that wn-uu and wn-Zn interactions
were complementary, the B-Mn interaction was antagonistic
while the re-Mn interaction was complementary at some
levels and antagonistic at others with regard to yield of
maize tops. He also reported that the critical level for
un in corn tops varied between 50 and 75 ppm.

Copper. Copper has a regulatory function in the plant by
preventing excess intake of other elements that are toxic
in large amounts. uopper also functions to increase the
availability of other elements in the plants.

Gilbert et al. (19) in their study on tung trees
reported that there was no significant difference in
percentage of nonreducing sugars between leaves from normal
and ¢u deficient tung trees. Smith and Specht (47) reported
that Cu appeared to be about 50 times as toxic as wn and
12 to 15 times as toxic as &n in oranges grown in culture
solution. Bingham et al. (4) pointed out that uptake of
Cu was greatly reduced by application of P. Schropp (44)
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has shown that Cu was known to affect or to be affected by
several other elements, the Lu-m balance being an outstanding
example. He also reported an antagonism between Cu and Mn.,
Lucas (28) in his study on organic soils found a
Cu-Zn relationship, 4Addition of zinc sulfate increased
plant growth of a few crops only when Cu was present. Zinc
was not injurious in the presence of Cu. wuopper also con-
trolled excessive absorption of Fe. He believed that Zn
accenturated Cu deficiency in plants. Hader et al. (20) in
their experiment with lettuce obtained pronounced inter-
action between Cu and Fe. The growth of lettuce at any one
level of Qu was affected by Fe supply. Brown and Holmes
(8) also reported that availability of Cu supply had marked
effect on absorption and utilization of Fe by corn. Fuehring
(16) has shown that Cu~Mn and Qu-Zn interactions had
complemehtary effects while Fe-Cu and B-Cu had antagonistic
effects on the yield of maize tops. He also suggested that
the critical level of Cu for maize plants varied between 3

and 5 ppm,.
Macronutrients

Tyner (53) in his study with corn under field con-
ditions on N, P and K interactions reported that N and K
were found to exert mutual antagonistic influences. The
application of N as ammonium sulfate had a marked depressive
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effect on the percentage K occurring in corn leaves.
A reduction in the efficiency of N utilizabtion appeared
to accompany and be related to K depression. Phosphorus
did not appear to have an effect on N or K content. MNeither
did N nor K appear to have an effect on ¢ content., He also
pelieved that on soils of low or moderate K supply, appli-
cation of N fertilization may induce or intensify K defi=
ciency. On soils with low K supplying power, heavy K ap-
plication may intensify N deficiency symptoms and depress
yields. This, however, requires further investigation.
Carles et al. (10) concluded that the uptake of
mineral elements in maize is dependant on growth, which in
turn, is dependant on the amount of available N in the soil.
High amounts of N in the soil might result in a deficit of
P which would limit grain yields. 8Sayre (42) reported that
N, P and K entered the corn plant and moved from tissue to
tissue independantly of one amother. Nitrogen accumulated
in the corm plant to the maximum at silking stage and de-
creased about 4 weeks later in the season. Nitrogen con-
tinued to move into grain from other tissues until maturity.
Phosphorus accumulation did not cease until about maturity.
This element also moved into grain from other tissues.
Potassium accumulation ocecurred until about 3> weeks after
silking. ~There was actual losscof K after this time,
largely from the leaves and the stems of the plants.
Bennet et al. (1) idtheir study with corn reported a wide
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range in response to N. The application of N significantly
increased the percentage of N in the leaf. Phosphorus per-
centage in the leaf was significantly increased due to the
N application and thése increases were associated with the
vield responses which proved to be independant of the N
effect. A definite relationship between yield, and N and
P contents of leaves existed in their experiment.

Lanza (27) reviewed the role of the secondarv ele-
ments (Ca, Mg and S) and micronutrients in maize nutrition
and concluded that it was not necessary to add these ele-
ments to N, P and K fertilization applications for maize
cultivation in Italv. Viets et al. (56) found that only
applied N increased grain yield significantly while P and
K did not. Ieaf N was probably the dominant determinant
of yield, but the leaf P was sometimes important.

Bingham et al. (4) pointed out that the leaf N appeared to
be related to plant size rather than directly to P appli-
cation. Potassium concentrations were decreased bv P
fertilization. Colwell (14) found that deficiencies of N
and P were importent factors in accounting for low yields
of*both corn and wheat in Mexico. He also obtained sig-
nificant vield responses from the added N. Thomas (52)
reported that the rates above 40 lb. per acre of N resulted
in grain yield increases. Nitrogen treatment had no sig-
nificant effect on the ear weightl of corn.

Weinmann (60) concluded that application of P
slightly increased the P content of corm grain. Absorption
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of N, P, K and Ca continued up to early dough stage and
nutrient loss from stover occured during maturation.
potassium and Ca were lost from aerial parts of the plant.
Reichman (39) showed that in the presence of added P, the
Yield of forage and grain of corn was increased by applied
N for rates up to 80 1b, per acre. 1in the presence of
added N, P also increased the production. HNitrogen and ¥
percentages in the leaves sampled at pollimation were
highly correlated with the yields of maize and with the
total uptake values at the harvest. Hardy (21) reported
that low contents of K in the soil were associated with
high foliar Mg contents. He suggested that the critical
lower limit of m concentration in maize was 2.38 per cent,
No critical levels could be established for P concentration
in maige, However, maize yields were high where leaf p
concentrations were 0.26-0.29 per cent. Fulton and Findley
(17) in their experiment with corn found that N at 40 lb.
per acre markedly increased grain yields, the rate of in-
crease diminished where further increments of N were ap-
plied. Grain yields increased with increasing P application
oﬁ clay soils. Variations in the amount of P or K applied
had little or no effect on the percentage of N in leaf or
grain, Giffard (18) in his paper indicated that there ap-
peared a tendency for maize plant to take up certain nu-
trients, apart from N, in greater quantities when it was
top dressed heavily with N.

Venkataramen and Pejwani (54) indicated the
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following relationships in the nutrient balance of flue-
cured tobacco leaf: (a) Calcium depressed the accumulation
of K in the leaf; (b) Maegnesium had little direct influence
on the accumulation of K in the leaf; (c¢) Calecium and K
promoted the accumulation of Mg in the leaf; (d) Both Mg
and K influenced the accumulation of Ca in the leaf, the
former promoting it and the later depressing it. However,
Neleon and Qverstreet (34) reported a stimulating effect
of Ca on the K absorption as being the result of Ca acting
as a cofactor in the utilization of the K. Bingham et al.
(4) found that the leaf Ca was not affected by P application.
On the other hand, absorption of Mg was 40-50 per cent
greater at the high rates of P application, Kahin and
Hanson (25) pointed out in their putrient culture experi-
ment that corn and soybeans exhibited cation accumulation
characteristic of their families, in that corm plant accu-
mulated more K and less Ca than soybeans grown in the same
solution. Altering Ca/K ratio in the solution during a 4
week period produced no significant differences in the
plant erowth or in Mg contents of either species. Parks
15:5;. (36) in their studies with tomato leaflets found
that Ca ion supply was significantly and positively cor-
related with cation contents of leaflets and therefore Ca
content of leaf was associated with both Ca and K ion
supply. Similarly Me-Ca interaction was associated with
Mg content of leaflets. Magnesium-P interaction was asso-
ciated with P content of tomato leaflets.
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0versfreet et al. (35) who postulated the carrier concept
of ion transport, showed that Ca may increase or decrease

K absorption depending on the level of K. Wadleigh and
Shive (57) indicated that absorption of the ammonium ion
lowers the rate of absorption of other cations. The pre-
sence of ammonium ion in the nutrient solution had the

most depressing effect on Ca absorption and the least ef-
feet on Mg absorption by corn plant. The data also showed
that high K absorption had a depressing effect on Ca and Mg
absorption,

Thomas (52) reported that neither applied N nor ap-
plied S had an appreciable effect on the yield of corn.
Application of N favoured the use of more S by the plant
and vice versa. The data of Rendig and McComb (40) showed
that an inadequacy of § resulted in a greater chanee in the
amide and susar content of the alfalfa plant. At a low
level of 8, the amide N content was high and sugar contanf
low. As the S supply was increased, the amide content

decreased and sugar content increased.

L s



MATERIALS AND METHODS
Experimental design

The field experiments under both micronutrient
and macronutrient sets were planned on the basis of a
central composite, rotatable, incomplete factorial design
which has been described in detail by Hader et al. (20),
This design is auite useful for the characterization of
response surfaces and avoids the necessity of a large
number of treatments such as reauired with a complete fac-
torial design. The statistical analysis methods used were
according to those described by Snedecor (48) and Cochran
and Cox (13).

Five different micronutrients (Zn, B, Fe, Mn and Cu)
were varied in one set of treatments and five macronutrients
(N, P, K, Mz and 8) in the other set, each varied at five
different levels with a total of 27 tretments under each
set. 1In order to obtain an estimate of experimental error,
one treatment in each set was replicated 6 times making 32
plots in all.

The rates of variables were coded according to the
form -2, =1, O, +1, 42 (Tables 1 and 2). The coded O rate
wag an intermediate level for each varisble while the -2
coded rate was a low level and the +2 a high level leading
to a possible toxic effeet. The level of the treatments
were varied according to the logarithms of their concen-

trations in order to cover a wide range of values.
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Table 1, Rates of &n, B, Fe, Mn, and Ou concentrations
(1bs/acre) applied to the plots under miero
nutrient treatments corresponding to the sta-
tistical levels (coded values)s'

+ Btatistical level: 3 H H :
Level t of coded concent-g Zn 1+ B 31 Fe : Mn : Cu
: ration, log scale: H L] 3 :
T -2 500 1.8 5,0 5,0 1,8
2 -1 13¢5 530 13,5 13.5 5.0
3 ) 36.8 13.5 36.8 36,8 13.5
4 +1 100.0 36.8 100.0 100.0 36.8
5 +2 272.0 100,00 272,0 272.0 100.0
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Table 2. Rates of N, P, K, Mg, and B concetrations
(1bs/acre) applied to the plots under macro
nutrient treatments corresponding to the
statistical levels (coded values).

t Statistical level : H H H H
Level® ©f coded concent- : N P 3 K : Mg: 8

t ration,log scale H : t H
1 -2 10,0 10,0 10,0 10,0 10.0
2 -1 27.2  27.2 27.2 27.2 27,2
3 0 73.8 73.8 73,8 93.8 73.8
4 +1 200.0 200.0 200.0 200.0 200.0
5 +2 544,00 544,00 544.0 544.,0 544.0
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Regression equations of the quadratic form for
yield and for elemental constitution were computed from
the data and the statistical significance of individual
regression coefficients determined by the "t" test. The
regression equations were used to determine the nature of
the response surfaces for the individual interactions that

were found to be statistically significant.
Field methods

Two adjacent field experiments were carried out in
the same area, one dealing with micronutrients and the other
with macronutrients. The site selected for the experiment
had not been fertilized during the past four vears and was
in fallow the previous vear,

On Mav 3, 1960, seeds of corn which were treated
with a fungicide, were drilled with a hand planter at the
rate of 2 seeds per hill, keeping 30 cm. spacing between
the subseauent hills. Each treatment plot was 6x4 m.
having 4 rows of vplapts with the rows 1 m. apart and 6m.
in length. After germination the seedlings were thinned to
25 plants per 6 m. of row.

' The plots under micronutrients experiment received
a blanket application of 200 1b. per acre of N as ammonium
nitrate, 140 1b. per acre of P'ao5 as superphosphate and
158 1b. per acre of Kéo as potassium sulfate, This was
applied in two stages, beside the row at planting time and
after germination as a side dressing.
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The carriers applied as a source of nutrient vari-
ables under the micronutrient treatments were Zn as zinc
sulfate, B as sodium borate, Fe as ferrous sulfate, Mn as
manganese sulfate amd Cu as copper sulfate. For the macro-
nutrients set the carriers applied were N as ammonium nitrate,
P205 as calcium dihydrogen phosphate, K;0 as potassium
chloride, Mg as hydrated magnesium chloride and S as hyd-
rated calcium sulfate.

Irrigation water was applied weekly first by sprink-
lers and later by furrow after the corn became tall.

At the silking stage, 12 leaves from the center 2
rows of each plot were taken and composited for leaf analysis.
The sixth leaf from the base of the plant was the one
sampled. At this stage corn plants have a large requirement
for nutrients.

On October 5, 1960, after a five months growth pe-
riod the corn plants were harvested for grain amd forage
yields.. Corn ears from 2 m. of the lower end of the 2 center

rows of each plot were collected amd weighed in a tared
container. Grain yields on a bushels per acre basis were
reported as shelled corn at 15.5 per cent moisture. Forage
was harvested and dried in the open air and reported as

1lb. per acre on the air dry basis.

Analytical procedures

Preparation of samplegs. Plant leaf samples were first

washed with tap water and then rinsed three times with
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distilled water to avoid possible surface contamination

from dust. The samples after air drying were dried in the
forced ventilation oven at ?Ooc for 48 hours and ground in

a micro-Wiley mill fitted with a 40 mesh sieve. The samples
thus obtained were mixed thoroughly, stored in wide mouth
bottles and labelled. All the chemical analysis results are
reported on the oven dry basis,

Preparation of nitxic-pe:chlorie digest of plant tissues.

The method of wet digestion as described by Jackson (24)

was used. 2.00 gm. samples of leaf materisl were predigested
with = 10 ml. concentrated nitric acid in a 250 ml. beaker
and left over night, The rredigested material was covered
with a watch glass and digested with - 10 ml. concentrated
perchloric acid on a hot plate under a hood. The mixture was
brought to a temperature of 180°C to 200°¢ rapidly. The
digestion was continued untill the acid liquid was largely
volatilized and digestion was stopped when the residue in

the beaker was clear white and slightly moist with the acid.
The digestion was completed and the residue was transferred
to a 100 ml. volumetric flask and made up to volume. Re-
distilled water and analytical grade chemical reagents were
used throughout the micronutrient analysis to avoid any
possible contamination.

Zinge snalysig. Zinc was determined by the zincon method ag
described by Platte and Msarey (37). Color was developed by
Gaking a 20 ml. aliquot of the nitric-perchloric digests and



- D

making up to a volume of 50 ml. Colorimetric readings in
terms of absorbency were read in a Beckman model B spectro-

photometer using the blue phototube at 620 mp wave length.

Boron analysis. Boron was determined colorimetrically by

a simplified curcumin method as described by Jackson (24 ).

‘A C.5 gm. sample of ground leaf material was dry ashed by
ignition in a muffle furnace at 55000 for 8 hours. The

ash was taken up with © 10 ml, of 0.1 N HCl and filtered
through Whatman No. 42 filter paper. An aliocuot of 1 ml.

was used in the determination and the whole procedure was car-
ried out in porcelain crucibles to avoid contamination of

boron from glass ware.

Iron analysis. Iron was determined colorimetrically as
ortho-phenanthroline red ferrous complex using the nitrie-
perchloric digests according to the procedure suggested
by Jackson (24).

Menganese analysis. Manganese was determined colorimetri-

cally using sodium paraperiodate oxidation and developing
of the permangnate color on the nitric~perchloric digests
according to method described by Jackson (24).

Copper analysis. Copper was determined colorimetrically

as the carbamate according to the method suggested by
Jackson (24). An aliquot of 4 ml. of the dry ash digest
prepared for the B determination was utilized for the deter-
mination of Cu.
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Nitrogen analysis. MNitrogen was determined on the original
leaf material by the Gunning modification of the Kjeldhal
method (31) using a 0.5 gm. sample and receiving the dis-
tillate in a flask containing boric acid.

Phosphorus amalysis. Phosphorus was determined colori-

metrically on the nitric-perchloric digests by developing
the molybdophosphoric blue color according to the method
suggested by Jackson (24). Absorbency readings were

taken on a Beckman model B spectrophotometer at wave'length
660 mp.

Sulfur analysis. Sulfur was determined turbidimetrically
on the nitric-perchloric acid digests using barium chlo-

ride as a precipitant., The method was described by
Jackson (24).

Cation amalysis. Potassium, magnesium and calcium were
determined on the nitric-perchloric acid digests using a

Beckman DU flame spectrophotometer with oxygen gas at 12
1b. per sq. in. flame and acetylene gas at 7 1lb. per sq.
in. flame. The wave lengths used were 765 mm for K, 285 mp
for Mg and 554 mp for Ca.



RESULTS AND DISCUSSION

The grain and dry forage yields of corn were ob-
tained after five months growth in the field with five nu-
trients as variables at five different levels for eagh.
Chemical composition of the sixth leaf from the base of the
corn plant at the silking stage was determimned. The data
were used to calculate the second order regression equa~
tions which were used té determine the nature of the re-
sponse surfaces for the various interactions between nu-
trients. The following is the example of the regression
equation used for yield of grain under micronutrient treat-
mentss

Y = 70.73 -~ 1.88 X; - 1.10 X5 = 0.75 X3 = 3.61 X, -

0.89 X5 + 1.55 X° = 0,85 X,2 + 7.1+ %;2 + 3.29 X,

+ 5.52 X% = 0,26 XX, + 0u% X)X; + 12496 X.X, -

2.12 X X5 + 0.57 XXz - 3.93 XX, - 2.63 X215 4

1.91 1314 + 4.71 X515 + l.48 x415

Where X, = coded 2Zn level,‘x2 = coded B level, x3 =
coded Fe level, xu = coded Mn level, 15 = coded Cu level,

Statistical significance of the individual re-

gression coefficients was determined. In most of the cases
the correlation coefficients between the actual yields and
those calculated from the regression equation were high in-
dicating that a second order regression equation was ade-
quate to describe the treatment effects. The size of the

regression coefficients is a measure of the relative ef-
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fects oi the wvariables or combinations of variables. A ne-
gative sign for the regression coefficient value of an in-
teraction term indicates that an increase in the level of
one nutrient variable decreased the requirement of the
other. .his is considered a complementary effect in that
one element may be able to partially substitute for the
other. a positive sign for the regression coefficient value
indicates that an increase in the level of one nutrient re-
sulted in an increase in the requirement for the other.

This relationship is considered an antagonistic effect.

Soil characteristics

The experimental area located at the american
University of Beirut Farm was in fallow the previous year
and had a fairly deep clay soil. 8Soil samples were collect-
ed before any treatment applications were made from nine
different locations in the experimental area.

The soil was clay in texture with 21 per cent sand,
25 per cent silt and a clay content of 54 per cent. Conse-
quently, the cation exchange capacity of the soil was high
varying from 40.5-42 m. e.7/100 gm. soil (Av. 41.5). 4 major
part of the cation exchange capacity was saturated with ca
which ranged from 34.2-36.0 m. e./100 gm. soil (Av. 35.1l).
the pH ranged from 8.0-8.4 (Av. 8.2) which was correlated
with the 31.5-32.5 per cent Ca 095 \Av. 32.0) and indicated
that the soil was highly calcareous. The soil contained

2.0-2.4 per cent (Av. 2.2) organic matter.
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analysis of the soil for micronutrients indicated
a total un content of 220-226 ppm. (Av. 223), a B content
of 43-59 ppm. (Av 51) and a uu content of 198-224 ppm.
\Av. 211). uhis indicated a fairly high total supply of
Zn and Cu in the soil but the availability was likely to be
low because of the highly calcareous condition,

the analysis of soil for macronutrients indicated
that the soil had 0.15-0.25 per cent (Av. 0.22) of total
N and availsble P was 0.,00030-0.,00045 per cent (Av. 0.00034 )
which is low. ihe soil was well supplied with exchangable
cations with 1,6-2.0 m. e./100 gm. soil (Av. 1.8) of K and
1.3-1.7 m, e./100 gm., soil (Av. 1.5) of mMg. The total S
varied from 2,0-2.6 per cent (Av. 2.3) which indicated that
soil was well supplied with 8.

Micronutrients

Grain yield of corn. The corn grain production in general

was adversly affected by addition of micronutrients as in-
dicated by the fact that all linear regression coefficients
were negative in sign (Table 3). However, none of the di-
rect effects were statistically significant”, uhe analysis
of varianco.for grain yield of corn (Table 4) indicated no
statistically s;gnificant linear or quadratic effects. now-
ever, tests of significance for the individual regression
coefficients (Table 3) indicgtgd that thg angp_intapaction
* The tefm "significant" will be used to indicate the 5%

level of probability. “gi significant" will be used
to indicate the 1% level of probability.
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Table 3, Regression coefficients (b) and their standard errors

(sp) £or grain yield of corn (Bu/acre) under micro
nutrient treatments,

Coefficient b Sy
Mean bg +70.74 +7.58
Zn b, -1:88 +3.79
B ba -1.10 " e
Fe bj ~0s75 e
Mn b._ =360 "
Cu bs -0,89 " e
zn® b, +1455 13443
82 v, -0.85 "o,
Pe? L +7:14 "o
Mn° LY +3.29 LI
ou? bsg +5452 " ow
Zn X B bys ~0.26 464
Zn X Fe b,‘ 3 +0:94 " o
Zn X Mn L +12,96* " =
Zn X Gu Bys ~2:12 now
B X Fe b23 +0.57 “ »
BX Mn bZQ -3.93 " n
B X Cu bas -2:63% " »
Fe X Mn +1391 . -
Fe X Ou :34 4.7 o 7
35 s
Mn X Cu b‘s +1.48 " on
—

*Significant at oddsc of 1931
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Table 4, Amalysis of variance for grain yield of corn
obtained from micro-nutrient treatments.

Source a.r, SoSe m.8,
Total 31 10927, 05

Linear 5 458,33 N.66
Quadratic 15 6085, 94 380,37
Lack of fit 6 2660511 445,53
Experimental error 5 1722467 344,53
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was statistically significant showing that the response to
one element was affected by the level of the other.

sields of grain were relatively variable as shown
by comparison of the yield of the six checks which receiv-
ed the same treatment (Table 5). nowever, comparison of
the actual yields to the yields calculated from the regres-
sion equation was close with a correlation coefficient of
0.774 (highly significant; indicating a fairly close fit
of the regression equation to the actual data.

sxamination of the relationship between grain yield
of corn,as affected by the interaction of Zn and mn (Fig.l),
revealed that increasing levels of Mn at low levels of Zn
resulted in sharply decreased grain yields while at the
middle levels of Zn, Cu, B and Fe, Mn had little effect on
the yield. However, the yields were relatively low, At
higher rates of Zn application, the grain yield increased
with increase in Mn indicating that the toxic effect of Mn
was counteracted by & high Zn level. A similar relationship
(Fig.2) was noted in that high mn levels counteracted the
toxicity of high levels of Zn.

. It can be concluded that a toxic level of either Zn
or mn can be counteracted by addition of the other. Also
it has been shown that indiscriminate addition of micronu-
trients to a soil may result in severe grain yield decreases:
under the conditions of the experiment it was not advisable
to add any of the micronutrients tested for corn grain pro-

duction.
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Table 5. Observed yields of corn Erain (bu./acre at 15.5%
mpisture) with micronutrients as variables,
Values for the same treatments calculated from
the regression equation are given. Correlation
of actual yields with calculated yields was

0.774%.
Coded values of X Actual Calculated
Treatment level yield, yield,
Zn : Bs: Fe st Mn : Cu: su/a Bu/a

anlzl‘ozlnz% -1 =1 =1 -1 +1 95.8 104.6
Zn,‘lzlezlnzwz +1 =1 =1 -1 -1 77 4 82.3
hzn‘rezlnz(hz -1 +1 -1 -1 -1 193 119.5

Z%B‘!ozlnzﬂu‘ +1 +1 -1 -1 +1 56.8 68.1
anlth_lnzO\lz - -1 +1 -1 | 99 0 9" B 5
mnhnzm +1 =1 +1 1 +1 74.9 74.2
uzn,‘r%lnzm‘ -1 #1 +1 -1 +1 109.0 107.7
Zn484lc4lnzb‘n2 +1 +1 1 -1 -1 85.1 80.0
hznelozln‘mz -1 =1 «1 1 -1 81.0 772
Znnnzlozlq‘% +1 «1 -1 #1 +1 92.0 95.0
Zn234!oaln40u4 -1 +#1 =1 +1 +1 60,0 62.6
Zn, B, Fe Mn, Cu, +1 +#1 =1 1 -1 97.1 95.8
hzsahq_h#o% =1 -1 +1 +1 +1 % W 7 8? 0l
ln‘ﬂalo#h‘(hz +1 -1 # +1 -1 109.2 95.9
hzn,‘re#ln,pua -1 +1 #1 +1 -1 778 63.9
Znnlq’l'oq,lnq_ou‘ +1 +1 +1 +1 99 9 92.8
an-B;!‘e 5In30n5 +2 0 © 0 0 72.6 73.2
Zn1!3!o 5"3""3 - 0 0 0 0 74 .1 80.7

m‘,,n,ro ,In30u3 0 +2 O 0 0 63.4 651
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Table 5,continued.

Coded values of X Actual Calculated

Treatment level yield, yield,

Zn 1 B: Pe s Mn: Cus: Bu/a Bu/a
2‘“333"5"3"‘3 0 0 42 0 0 721 97.8
h,nare’ln.‘w’ v 0 0 =2 0 102.1 M1
m}.sjh ,lnBOn.j 0 Q 0 0 2 98,0 7.0
“5‘3"5"3"“1 0 0 0 U 2 80.4 9%.6
ZnBsFesMn,0u;, O O O 0 O 71.9 20.7
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Dry forage yield of corn. .in analysis of variamee for

yield of dry forage (Table 6), the linear treatment effects
were highly significant and the quadratic treatment effects
were significant. The lack of fit term was not statistical-
ly significant.

Btudy of the individual regression coefficients
\Table 7) indicated that the direct effect of Zn was posii-~
tive and highly significant while the direct effect of Mn
was negative and significant. Z1he negative ln2 effect was
also significant. <whe regression coefficients for the ins
teraction effects of B~Mn and B-Cu on dry forage yield were
significant.

The correlation coefficient between the actual
Yields and the yields calculated from the regression eqgua-
tion (Table 8) was 0.%%43 indicating a very close fit of the
regression equation to the actual data,

the study of the relationship between dry forage
yield of corn as influenced by the interaction of B and Mn
(Fig.3) indicated that increasing mn at low levels of B
tended to increase the dry forage yield. At high levels
of B; increasing mn tended to decrease the dry forage yield.
when Mn was held constant at its low levels (Fig.4), in-
creasing B increased dry forage yield while at high levels
of Mn increasing B tended to decrease dry forage yield of
corn. A negative sign of the regression coefficient for
the above interaction showed a complementary effect on dry
forage yield of corn indicating that an increase in the



Table 6. Analysis of variance for dry:forage yield of
corn obtained from micro-nutrient treatments.

Source a.f, 5.8, meSs
Total 31 27382898.0

Linear 5 16351144.,6 3270228.9**
Quadratic 15 8180938.2 45395.9*
Lack of fit 6 2257721.7 376286,9
Experimental error 5 5930935 118618.7

*Significant at odds of 19:1
**Bignificant at odds of 9931
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Table 7. Regression coefficients (b) and their standard errors
('b) for dry forage yield of corn (1bg/acre) under
micro nutrient treatments.

Coefficient b 8
mean b +5655.17 $140,57
Zn b, +792.229¢ + 70.26
B b, - 48,71 "
Fe by - 66,13 " o
Mn by -214,29¢ “
Cu b - 32,13 .
zn® b, + 44,20 + 63,72
82 b,y 105,05 % o
ro: by + 75.33 .

Mn -231,80° "
ou’ bgs -~ 55:42 "ow
In X B by + 85.3 + 86,10
Zn X Fe LS +296.56 " ow
Za X Mn L -212.10 " on
Zn X Cu b5 -147.19 " on
B X Fe bz} + 36,9 " n
B X Mn Doy 294 440 "o
BXOCu h25 +296 .69 " .
Fe X Mn by +155.81 "o
Pe X Cu by +103 .44 now
Mo X Cu L +191.10 " o

*S8ignificant at odds of 19:1
**Significant at odds of 99:1
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Table 8. Observed dry forage yield of corn (lb./acre)
with mieronutrients a= varisbles., Values for
the same treatments calcula ted form the re-
gression eguation are given. Correlation of
actual yields with ecalculated yields was 0,%3,

Coded values of X Actual Galculated

Treatment level —_ yi‘ld, neld,
Zn : B: Fe: Mn; Cu 1lbs/a lbs/a
anlzrozlnaml‘ =1 =1 =1 =1 #1 4600 4431
Zn,‘BarezlnzOnz #1 =1 =1 =1 -1 6750 7083
4n,B, Fe Mn,Cu, =1 41 =1 =1 -1 4968 5037
4n4B, Fe,Mn, 0w, +1 41 =1 =1 1 6716 6723

Zn,B,Pe,Mn 0, -1 -1 41 -1 -1 4000 4225
Zn, B, Fe, Mn,Ou, +1 =1 #1 -1 ¢ 5500 5664
nnzB#re 4In20u4 -1 1 +1 -1 1 4775 4675
40, B, Fe, Mn.Cu, +1 +1 1 =1 -1 6532 6933
Zn,B,Fe M, 0u, -1 -1 =1 41 -1 5200 5274
Zn, B, Fe Mn, Ou, +1 =1 -1 1 41 5336 2348

ZnaB4h2In40l4 -1 #1 -1 +1 1 5000 4748
‘m#34ro 2h40u2 +1 1 -1 +1 -1 4692 4942
anhzh4ln40n‘ -1 =1 +1 +1 +1 5060 4965
Z%Bare‘ln‘p!z +1 =1 +1 +1 -1 6050 6457
ansql'o‘;ln‘% =1 +1 +1 +1 -1 3220 3363
Zn434le 4In40u~. +1 1 +1 +1 +1. 6164 6245
Znsle'e 5!!:3003 +2 0 0 o 0 8050 7416
Zn,‘35l'o3ln3015 -2 0 0 0O 0 4002 4247

m5351_‘93n30u3 0 +2 0 0 0" 45244 5138
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Table 8, continued.

Coded values of X Actual QCalculated

Treatment level yield, yield,
Zn : B: FPe : Mo : Cusz 1lbs/a lbs/a
anl.‘l'lslnsmls 0 -2 0 0 0 5614 5332
Zn333!05la30u3 0 0 +2 0 6244 5824
2“355"1"3"“5 0 0 -2 0 6057 6089
h,B;lO)InSOIIS 0 0 0 42 0 4416 4299
m335?05lh|0'u3 0 0 0 <2 0 5428 5157
3335103!150!5 0 0 0 +2 5000 5369
2&535103%0“1 0 0O 0 -2 6255 5498
Zn,B ;e um,0uy 0 v o 0 5590 5655
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level of Mn or B decreased the Trequirement for the other.

Study of the relationship between dry forage
yield of corn and the B-Cu interaction rig. 5) indicated
that at low levels of B increasing Cu levels resulted
in a decreased dry forage yield of corn. at high levels
of B increasing Cu levels increased the dry forage yield
of corn. .increasing B with Cu held constant at low levels
(Fig. 6) resulted in a decreased dry forage yield of cornm.
However, at high levels of B increasing vu increased the
dry forage yield.

It was also noted from the above study that Cu and
Mn differed considerably in their interaction with B in
regard to production of dry forage yield in that the Mn-s
interaction was complementary while the (u-py interaction
was antagonistic,

It is suggested that under the conditions of this
experiment a high level of Zn accompanied by a fairly high
level of Fe is necessary for maximum dry forage production
of corn. However, since the increase in forage yield is
secured at the expense of a decrease in grain yield, Zn
application would not be economically justified for corn

production on this soil.

Zinc concentration of corn leaves. The analysis of vari-

ance for Zn concentration of corn leaves showed that the
linear treatment effect was highly significant (Table 9).,
The regression coefficient for the effect of Zn
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Table 9. Analysis of variance for Zn concentration of

corn leaves,

BSource df. 8.8. m.s.
Total n 28021.470

Linear 5 20122,508 4024,502 **
Quadratic 15 6053.453 403,564
Lack of fit 376.675 62,710
Experimental error 5 1468,834 29%.767

**Significant at odds of 9931
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(Table 10) was positive and statistically significant
indicating that increasing Zn applications resulted in in-
creased Zn concentration of corn leaves. In general the
heavy metals vu, Mn and Fe tended to depress the Zn con-
centration in corn leaves. The quadratic Zn2 term (positi-
ve) was significant.

Zinc applications depressed the grain yield (Table
5) while the dry forage yield (Table 8) was increased mark-
edly. Viets et al. (55) in their study of un deficiency
in corn grown on newly irrigated soils in central washing-
ton, claimed that 15 ppm. Zn in the leaf from the second
node below the ear at the silking stage was an adequate Zn
level for yields of 100-125 bu.sacre. the above statement
is in agreement with the bresent study which showed that
high grain yields (“able 5) were obtained at 20 ppm. Zn
concentration in corn leaves (Table 11). Fuehring (16) in
a saﬁd culture study found that the critical level of Zn for
the dry matter yield of corn tops was about 100 ppm. The
same fact was observed in this study by developing curves
for the Zn-Mn interaction \Fig. 7) which indicated that in-
cregsing «n at constant levels of Mn resulted in increased
forage yield and increased 4n concentration of corn leaves
up to about 180 ppm. However, since both forage yield and
Zn concentration were still increasing at the highest level
of applied zn, no definite critical level of 4n for forage
production could be established except that it must be
above 150 ppm. under the conditions of this experiment.



w H8 <

Table 10. Regression coefficiemts (b) and their standard errors
(.b) for Zn concentration of corn leaves(ppm.dry weight),

Coefficient b T8y
Mean b, +48,100 +84000
Zn b, +28,667+* +3:497
B by +0.583 " o
Fe b, ~3:833 ". "
Mn b, -0,666 "o
Cu bg -15083 " o
Zn° 49,807 +3:171
B2 by +14932 " ow
e’ - 453182 "o
Mn® Dy, 426057 " .
ou? by 44644 " on
Zn X B b, +3.500 +4.285
Zn X Fe b3 +1.875 L
Zn X Mn by +5.750 " on
Zn X Cu b5 +0.625 “ n
B X Pe b3 ~25250 n o
B X Mn L -0:125 " ow
B X Cu bog -1.875 -
Pe X Mn by +3:625 .
Fe X Cu L ~4#5750 “ o»
Mn X Cu b5 +0,625 ne

*Significant at odds of 191
*+*Significant at odds of 99:1
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It was also noted from the curves (Fig. 7) that the for-
age yield response to usn was reduced at high levels of
Mu.- Fuehring (16) in a nutrient solution study with
micronutrients on corn obtained the same Zn-Mn interac-
tion effect on the dry matter yield of corn. This leads
to the conclusion that the un requirement of corn is much
higher for forage production than for grain production.
The correlation coefficient between the observed
an concentrations of corn leaves and those calculated
from the regression equation (Table 11)was 0.966 indicat-
ing a very close fit of the regression equation to the

actual data.

Boron concentration of corn leaves. Statistical analysis

for the B concentration in the corn leaves was carried out
on the logarithms of the ppm. because of the very wide
range in the values,

The analysis of variance (Table 12, indicated that
the linear and quadratic effects were highly significant.
the lack of fit term was statistically significant so it
was possible that a higher order equation would more ade-
quatly define the B concentration.

Examination of the regression coefficients for the
B concentration of corn leaves (.able 13) indicated that
the direct effects of B (positive) and mn (positive) were
highly significant. uinc (positive, and Fe (negative)
had a significant effect on the B concentration of corn
leaves. The B2 term (positive, and the Gua term Eﬁositive)
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Table 11. Obsewed Zn concentrations of corn leaves (ppm.
dry wt.,) with mieronutrients as variables.
Values for the seme treatments calculated from
the regression equation are given, QCorrelation
of actual Zn concentrations with caleunl=ted
concentrations was 0,966,

Actual Zn Calculated Zn
Treatment level concentration, concentration,
Ppm, PPl
o8 70 M0, 0w, 60 26
Zn, B, e, M0, Ou, 8 %
Mgl Reslingiu, » "
Zn, B, Fe  Mn,0v, 100 %8
In B, Re M0, 00, 40 35
in, B Ve, Mn,Cu, 70 65
anoB,Fe,Mn 0, » -
Zny B, e, Mn, 0u, ” %
fn B 0e M, Ou, 28 29
Zny B, Mn, Ou, % %
B8, o in, Ou, 30 30
i e % 93
Zn,B,Fe, Mn, Cu, 30 2?7
Zny 8, ¥e, M, Cu, 102 102
Zn,B, ¥, Mn, Cu, 2 24
Zn, B, Re, Mn, Ou, " 93
ZngB; e ;in, Cu, 145 145
5570 b0 2 50

B 555Tekn,Ouy 55 57
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Table 11, continued.

Actual Zn Calculated Zn

Treatment level concentration, concentration,
PPl PPRo

Zn;B,FexMn,Cuy 50 55
ZngB5Peghn,0u, 53 &1
Bt » i
Zn5B3Fe5\ng0u, 28 55
o s b .’ 40
S 20 27
“5"5"3"’3""1: 32 32

At " 8
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Table 12. Analysis of variance for B concentration of

corn leaves (log scale).

Source d.f. B.8. n.S.
Total 31 1.1202

Linear 5 0.8724 0.1745%*
Quadratic 15 0.2009 0.0154 %0
Lack of fit 6 0.0407 0,0068%
Experimental error 5 0.0062 0.0012

*Significant at odds of 19:1
segignificant at odds of 9911



Table 1%. Regression coefficient (b) amnd their standard errors
(s,) for s concentration of corn leaves (ppm. dry
weight,log scale),

Coefficient b 8y
Mean b, +10313 +0.0141
Zn b, +0,021¢ 4040069
B ba +0,184%¢ " on
Fe b3 ~0.027*

Mn bq, +0,033%*

Cu b5 =0, 005 non
zn° Lo +0.012 +030063
B2 b5 +0,0629% o e
Po by ~05008 .
un? by U, 001 a
cu? bsg +0,025+* n o
Zn X B b0 +0.U55+¢ +0.0085
Zn X Pe b3 ~0,011 "
Zn X Mn b‘l# +0,003 n n
Zn X Cu Y5 -0, 019 " ow
BXPFe ba3 -0,017 n o
B X Mn boy +0,00 n on
BXCu b25 +0,010 " on
Fe X Mn by, -0,015 n on
Fe X Cu b35 +0,024 ¢ " on
Mn X Cu - b45 ~0.019 n on

*Significant at odds of 19:1
**Significant at odds of 9931



- 55 -
had a highly significant effect on o concentration of
corn leaves. vhe regression coefficient for the z«n-B
interaction (positive) was highly significant, while that
for the re-Cu interaction (positive) was significant.

The relationship between the yield of dry forage
of corn and B concentration of corn leaves, as affected
by increasing levels of B at constant levels of zn (Fig. 8),
showed that as the level of o increased, the o concentra-
tion of corn leaves also increased. As the level of Zn
increased, the amount of B required for the maximum yield
increased from about the 2 level to the 4 level of B.
However, the B concentration of corn leaves at the highest
forage yield remained at about 30 ppm. ‘The effect of in-
creasing «n with constant levels of B (Fig. 9) indicated
that at low levels of B, increasing Zn increased the dry
forage yield but decreased the o concentration of the corn
leaves. At the higher levels of B increasing Zn tended
to increase the B concentration of corn leaves as well..as
the dry forage yield of corn,

The relationship between the dry forage yield and
the B cdoncentration of corn leaves, as affected bv Fe-

Cu interaction (Fig. 10), indicated that increasing Gu at
low levels of ie decreased the dry forage yield., 4increas-
ing Cu at higher levels of Fe tended to increase the dry
forage yield. uhe first increments of Gu tended to de-
crease the B concentration and the higher increments in-
creased the B concentration of corn leaves. at all levels

of vu (Fig. 11) increasing Fe tended to decrease the 5 con-
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centration of corn leaves. The dry forage yield of corn
decreased at the lower levels of Cu with increasing Fe
levels. At the higher Cu levels the first increments of
Fe decreased the yield while higher increments increased
the dry forage yield.

The correlation coefficient between the observed
B concentrations and B concentrations calculated from re-
gression enuation (Table 14) was 0.757 (highly significant)
indicating a fairly close fit of the regression eauation

to the actual data.

Iron concentration of corn leaves. The analysis of vari-

ance for Fe concentration of corn leaves (Table 15) indi-
cated that the quadratic and lack of fit terms were sig-
nificant.

Examination of the regression equation for the Fe
concentration of corn leaves (Table 16) indicated that
the linear effect for Zn (negative) was significant. The
auadratic effects of B2 (positive) and Fe’ (positive)
were highly significant. The interaction of Mn and Cu
(negative) was highly significant while the Zn-Mn inter-
action (negative) was significant.

Study of the relationship between the dry forage
yield of corn and the Fe concentration of corn leaves, as
affected by the Mn~Cu interaction (Fig. 12), revealed
that at low levels of Mn, increasing Cu decreased the
yield of dry forage and increased Fe concentration in corm
leaves but at high levels of Mn the forage yield increased
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Table 14. Observed B conecentrations of enrn leaves (ppm.
d.r{ wt.) with micronutrients as variables.
Values for the same treatments calculated from
the regression equation are given. Correlation
of actual B concentrations with calculated con-
centrations was 0.657.

‘Actual B valculate

Treatment level concentration, concentration,
ppm. ppm.
Zn_B,Fe Mn,Cu, 17.0 15.5
Zn, B, Fe ln,Cu, 18.0 16.6
zn,B, Fe,Mn,Cu, 34.0 3145
Zn, B, Cuffe JMn, 40,0 42,5
Zn.zazl‘o,*lnzcua 16.0 14,8
Zn, B, Fe, MngCu, 14,0 1449
B, Fe, Mn 00, 33.0 3547
zN, B, Pe, Mn,Cu, 32,0 3407
anﬂzl‘ezln,‘_cuz 24,0 20.6
znqnarezmcu4 16.0 15.8
l.nzﬂq_rea!nucuq_ 39.0 3648
Zn, B, Fe,ln, Cu, 64.0 4.3
An232104lnu0u4 18,0 18.1
Zn,B,Fe, Mn, Cu, 17.0 171
Zn,B, Fe, lin, Cu, 30.0 30.6
Zn4134!'a4ln40u4 34,0 39.9
Zn5B3Fe3Mn3Cu’ 29.0 254
Zn135re5lln50u5 19,0 20,8

%Bstgalnzcua 100.,0 85.3
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Table 14, continued.

Actual B Ualculated B

Treatment level concentration, concentration,
pp‘b pplll.
Zn331re5h3013 15f0 15.6
z.n533h5n30u3 20.0 16,9
In,B,h.,In,OuB 18,0 21.6
Zn335103m50u5 24,0 23%.6
Zn335h3ln10u3 17.0 176
annsloslnscus 29.0 25.5
T.n335!o3ln50u1 23,0 26.6
m3n5ro3h30u3 20,7 20.6
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Table 15.Analysis of variance for Fe concentration of

corn leaves.

Source d.f. 8.8, B.S.
Potal 31 3034.,00

Linear 5 334 .54 66.NM
Quadratic 15 1714.73 114 .32
Lack of fit 6 898.73 189,79*
Experimental error 5 86.00 17.20

*Significant at odds of 1911
*sgSignificant at odds of 9911
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mTable 16, Regression coefficients (b) and their standard errors
(sy) for Fe concentration of corn leaves (ppm.dry weight)

Goefficient b Sy
mean b, +67.39 +1.692
Zn b, - 2,500 +0,846
B b, - 1575 n o
Fe b; + 125 " =
Mn b, - 1,58 " o
Cu b5 + 0.75 . 4
zn? b, + 1,17 +0,767
B° bss + 3i55% " o
¥e bss + 453000 " o
un® by, -~ 1.58 " ow
cu? bss + 0,30 "W
Zn X B b, + 2.25 +1.036
an X Pe b,z - 1:75 " ow
Zn X Mn by - 2,63 " oW
Zn X Cu b‘lB + 2.25 Ll
B X Fe b25 - 0325 “a n
B X Mn Doy -0.63 —
B XCu bas ~ 0,75 n on
Fe X Mn b% + 0,38 n on
Fe X Cu bsg - 2:25 T
Mn X Gu 5‘5 - B B n on

*Significant at odds of 1911
*s*gSignificant at odds of 9911
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and Fe concentration decreased with increasing Cu levels.
Apparently the application of Cu can partially counteract
the toxicity of high levels of Mn even though the Cu itself
was toxic at low Mn levels. The concentration of Fe was not
closely correlated with yield since the highest yields were
obtained at Fe concentrations anywhere from 50-70 ppm.

when vu was held constant and Mn varied (Fig. 13) the high-
est ylelds were obtained around the 2 level of Mn at low
1evels of Cu and at about the 4 level of mMn ab high vu levels.
The concentration of ke was apparently related to the total
supply of Cu and Mn at high levels of application because Fe
concentration was decreased. At a low level of applied Cu
and Mn, the Fe concentration was inereased and accompanied
by severe decreases in forage yield. Fuehring (16) in a
nutrient solution study with micronutrients on corn found

a very similar relationship for the Mn-Cu interaction ef-
fect on the Fe concentration of corn leaves and the 4ry
forage yield of corm. This emphasizes the importance of
balance among micronutrients even in a highly buffered sys-
tem a}.\ch as the calcareous soil used & growth medium in
this experiment.

The relationship between the dry forage yield of
corn and the concentration of Fe in corn leaves, &8 influ-
enced by the Zn-Mn interaction (Fige. 14), indicated a de-
crease in requirement for Mn for meximum yields from about
the Mn 4 level at the 1 level of Zn to the Mn 2 level at the
5 level of Zn. The Fe concentration tended to increase
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With increasing Mn at low levels of Zn while at high levels
of Zn, increasing Mn decreased the Fe concentration., How-
ever, at constant levels of Mn (Fig. 15) increasing Zn tend-
ed to increase the dry forage yield except al the Mn 5 level
where yield was not affected to any extent. The Fe concen-
trations were decreased by increasing Zn at the higher
levels of Mn,

The correlation coefficient between the observed
Fe concentrations and the Fe concentrations calculated from
the regression equation (Table 17) was 0.815 indicating a

close fit of the regression equation to the actual data,

Manganese concentration of corn leaves. The analysis of

variance for the Mn concentration of corn leaves (Table 18)
indicated a highly significant linesr effect while the gqua-
dratic effect was significant. The lack of fit term was
highly significant. However, since lack of fit represented
only about 7 per cent of the total treatment variation it
was probably not important.

The regression coefficients for the linear effect
of Zn (negative) »nd Mn (positive) on Mn concentration of
corn leaves were highly significant (T=ble 19). The qua-
dratic effects for Zn° (positive) and In2 (vositive) were
significant. The Fe” term (negative) was highly signifi-
cant. Among the interaction effects, Zn-Cu (positive) was
significant,

Examination of the relationship between the dry

forage and the Mn concentration of comm leaves, as influ-
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Table 17. Observed Fe concentrations of corn leaves (ppm.
wt,) with micronutrients as variables.
Values for the same treatments calculated
from the regression equation are given, Cor-
relation of actual Fe concentrations with cal-
culated concentrations was 0,815,

Actual Fe Calculated Fe

Treatment level concentration, concentration,

PPR. ppl.
Zn,B,Fe Mn 0, %0 8
Zn, B, Pe,Mn 0, 7 66
2n,B, Pe i 00, 7 67
Zn, B, e Mn; Oy % 88
Zn,B,Fe,Mn,Cu, 80 82
Zn,B,Fe,Mn,Cu, 83 86
Zn,B,Fe, M0, L 7
Zn, B, Fe, MnCu, 71 73
Zn,B,Fe Mn, Cu, 86 82
4n, B Fe Mn, Cu, 78 70
Zn,B, Fe Mn, Cu, 72 67
Zn, B, Fe Mn, Cu, 72 67
Zn232734lh40u4 80 80
Zn,B,Fe, Mn, Cu, 70 7
Zn,B, Fe, Mn, Cu, 82 86
Zn, B, Fe,Mn, Ou, 64 (3
Zn533135h30u3 60 67
2.11.113310311.113(}1.'3 75 77

8
Zn535?03ln30u3 76 7
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Table 17, continued.

Treatment level c ogggggagg on, ggig:ﬁgggigg,
ppm. ppm.
Zn;B, Fe;Mn,Cu; 78 85
Zn533195ln30u5 95 87
Zn3331‘91 ln50u3 65 82
zn583!'e3ln50u3 55 o8
Zn333re jln..] 01:3 58 4
ZnBB 3!e3ln30\15 60 | 70
Zn;B5 135ln5 Cu, 68 67

Zn;B 5]‘83&130113 69 68
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Table 18, Analysis of variance for Mn concentration of

corn leaves.

Source d.f, S.8. m.s.
Total 31 16205.719

Einear 5 13947.064 2789413
Quadratic 15 1055.57 70.371*
Lack of fit 3 1128.251 188,040
Experimental error 5 74.833 14.960

*Significant at odds of 19:1
s*gignificant at odds of Y9:1
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Table 19. Regression coefficients (b) and their stamdard errors
(sy,) for Mn concentration of corn leaves(ppm.dry weight)

Coefficient ) 8y
Mean bg +103,28 +1.579
Zn b, -6.88%* +0.789
B ba =05 04 " on
Fe by +0.54 "
Mn by 423,080 "o
Cu by -1.63 8
zn° b4 +2.470 +0.716
32 s.22 .o
].2 55 3 -3503% —
un® Bys +1.880 "o
ou? b55 +0.59 " on
ZnX B LIPS +144 0,967
Zn X Fe b3 -1.19 * »
Zn X Mn Doy -1:56 " ow
Zn X Cu b5 +3.440 " ow
BXU¥e bo3 +1.06 " n
BXMn oy «0,81 “ n
B X Cu bos ~0.56 L
Fe X Mn b» +2.06 " W
Fe X Cu b5 ~1318 " n
Mn X Cu Bys -0.06 "

*Significant at odds of 1931
e*gignificent at odds of 99:1
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enced by the Zn-Cu interaction (Fig. 1l&), indicated that
at the lower three constant levels of Zn, increasing Cu
increased the dry forage yield bu. decreased the Mn con-
centration of corn leaves. At hirh levels of Zn, increas-
ing Cu decreased the dry forage yield but increased Mn
concentration of corn leaves. At all rates of Cu (Fig. 17)
increasing Zn levels tended to decreasc the Mn concentra-
tion. The level of Zn required for the maximum dry forage
yield changed from Zn4 at the first 4 levels of Cu to 2n 3
at the hishest level of Cu., The yields of dry forage tend-
ed to drovp off sharply above and below a Mn concentration
of about 100 ppm.

The correlation coefficient between the observed
Mn concentrations and Mn concentrations calculated from
the regression equation (Table 20) ﬁas 0.94 indicating a

very close fit of the regression equation to actual data.

Copper Concentration of corn leaves. The Analysis of var-

iance for Cu concentration of corn leaves (T=ble 21) in-
dicated that the linear effect was highly significant and
the quadratic effect was significant. The lack of fit term
was highly significant showing an incomplete fit of the re-
gression equation to the actual data.

The regression coefficients for the Cu concentra-
tion of corn lecaves (Table 22) indicated highly significant
linear effects for Zn (negative) and Cu (nositive), while
the Fe linear effect (vositive) was significant. The aua-
dratic an term (vositive) was highly significant. Among
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Table 20. Observed Mn concentrations of corn leaves (ppm.
dry wt.) with micronutrients as variables.
Val@les for the same treatments calculated from
the regression equation are given. Correlation
of actual Mn concentrations with calculated con-
centrations was 0,936,

Actual Mn Calculated Mn

Treatment level concentration, concentration,

ppm. ppm.
o o ] % "
7, B, Pe 0, 0u, 80 7
4B, e Mn, 00, 100 92
@n, B, Fo Mn, Oy, o "
gl e 08 = L
Zn, B, Fe, Mn, Cu, (& 100
Zn8, Pe Mo,y 88 82
ity 9, Pe, Mnuu 80 77
Zn,B,Fe Mn, Ou, 146 141
Sn‘Balezln,’_Ou‘ 122 124
Zn2341'0 2Inq_0u~ 129 126
4n, 5, Fe Mn, Cu, 115 117
h232!04ln#0q4 140 137
Zn, B, Fe, Mn, Cu, 118 120
Zn B Fe,Mn, O, 150 17
Zn'B‘_h‘ln#On,‘_ 120 124
h533105h50u3 105 100
ln135h3ln50n3 110 127

Sn,8 70500, 0u, 105 108
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Table 20, continued.

Actual Mn Galculated Mn
Treatment level concentration, concentration,
ppm. ppm.
ZngByReslingOus Y i
h.,naroslnz‘w; 89 92
ZnB; e, dn Ouy e "
"3’3"3"‘5"‘3 160 157
Bags;Pe M, 0o % &
ay, o, Ous 9 16
n,sﬁresn;ou., 1mM 109
BnyB5Folin;Ou, 105 103
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Taeble 21. Analysis of varience for Cu concenbration of

corn leaves.

Source a.f. 8.8, n.s.
Total 31 509,500

Linear 5 154,212 30,8420+
Quadratic 15 155.919 10.395*
Leck of fit 6 191,370 51.895%+
Experimental error 5 8.00V 1.600
—r

*Significant at odds of 19:1
s*gignificant at odds oxr 99:1
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mable 22. Regression coefficients (b) and their standard errors(s,)
for Cu concentration of corn leaves(ppm.dry weight)s

Coefficient b 8y
mean bo +22,875 40.516
Zn b, -1.458 +0.258
B b2 -U,292 LI
,. h) 1'0.%8. L] "
Mn b, +0.292 " ow
Cu bg +2,000°* " ow
2n® b, 41425009 +0:234
88 By ~0,500 "o
Pe? bss +0.125 " o=
Mn? s -0.500 " .
ou? L -U.375 “ om
Zn X B b, +0.563 +0:316
zn X Pe by +0.313 " om
Zn X Mn W -0.063 "
Zn X Ou bys +0.813¢ " o
BX Fe bys -0,938% " ow
BX Mn boy -0:313 » u
B X Cu bys +0i8139 " on
Fe X Mn b.'“ +1.380%* " "
Fe X Ou 355 +0:563 " on
Mn X Cu b45 +0:438 " on

*Significant at odds of 19:1
*egignificant at odds of 99:1
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the interaction effects, the Fe-Mn interaction (positive)
wag highly significant. The Zn=Cu (positive), B-Fe (neg-
ative) »nd B-Cu (vositive) interactions were significamt,

The relationship between the dry forage yield and
the Cu concentration of corn leaves, as affected by the B-
Fe interaction (Fig. 18), indicated that at the first 4 le-
vels of B increasing Fe tended to decrease the dry forage
yield but the Cu concentration tended to be increased. At
the 5 level of B, increasing Fe above the 2 level increas-
ed the dry forage yield and decreased the concentration of
corn leaves. However, when Fe was held constant (Fig. 19),
increasing B at low levels of Fe increased the Cu concen-
tration while at high levels of Fe, increasing B decreased
the Cu concentration.

The dry forage yield tended to be highest at about
the 3 level of B and where the Cu concentration was about
20 ppm,

At constant levels of Fe (Fig. 20), increasing Mn
at low levels of Fe decreased the Cu concentration while
at high levels of Fe the Cu concentration increased with
increasing Mn, The highest yield temded to occur between
the 2 and 3 levels of Mn at a Cu concentration of about
20 ppm. However, when Mn was kept constant (Fig. 21), in-
creagsing Fe at low levels of Mn decreased the dry forage
yield as well as Cu concentration of corn leaves. At high
levels of Mn, increasing Fe tended to increase the dry
forage and Cu concentration of corn leaves. This clearly

indicates the antagonistic effect of the Fe-Mn interaction
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on the Cu concentralion of corn leaves.

The correlation coefficient between the observed
yu concentrations and the Cu concentrations calculated
from the regression equation (Table 23%) was 0.77 (highly
significant) indicating a close fit of the regression equa-

tion to the actual data.
macronutrients

Grain yield of corn. The observed grain yields of cornm,

obtained from the treatments where N, P, K, Mg and 5 nu-
trients were varied at five different levels, when compared
with the yields calculated from the regression equation
(Table 24 ) gave a correlation coefficient of 0.87 (highly
significant) indicating a close fit of the regression equa-
tion to the actual data.

1he analysis of variance for the grain yield of
corn (Table 25) indicated that none of the linear and que-
dratic terms were statistically significant while the lack
of fit term was significant showing that the quadratic equa-
tion may have been only partially effective.

' sxamination of the individual regression coefficients
for grain yield of corn (Table 2) showed that none of the
linear treatment variations were statistically significant.
among the second order terms, however, the N2 (positive)
and Mg-8 interaction terms were gignificant. ‘he positive
sign of the coefficient indicated that the mg-S interaction
effect on grain yield of corn was antagonistic,

otudy of the relationship between grain yield and
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. Table 23, Observed Cu concentrations of corn leaves (ppm,
wt, ) with micronutkients as variables.
Values for the same treatments calculatéd from
the regression equation are given. Correlation
of actual Cu concentrations with calculated corco
concentrations was 0,770,

e —— ——— S . —

Actusl Ou Calculated Cu
Treatment level concentration, concentration,
ppl. ppit.
Zn,B,Fe, Mn, Cu, 23 ' 24
EogBgtecin, O 19 19
Zn,B, Fe MnCu, 22 25
Zn, B, Fe ,Mn Cu, 26 25
Zn,B,Fe, MngCu, n21 25
40y B, Fe, Mn,Cu, 23 23
Zn,B, Fe, Mn Cu, 21 24
annare 4llna(}u2 15 17
Zn,B,Fe lin, Ou, 21 23
Znnl 2]'0 aunqouu 21 20
anB, T, itn, Ou, 23 24
ony, B, Fe Mn, Cu, 16 17
Zn B Fe, Mn, O, 28 30
Zn, B, Fe, Mn, Cu, 21 23
£n234!'eaﬁn40u2 18 22
2B, Fe  Mny O 27 28
Zn5B3Fe3Mn3Cu? 24 25
EngBaFesng 0ty 3 4

20
Zn535reaun30u3 24
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Table 23, crntinued.

e ey et A e . b

Actual Cu Calculated Ou

Treatment level concentration, concentration,
i . ... ppm.
m331 !'esltl:\zcu3 23 22
m5331e5n5cu5 1 25
2.5535!5_'1“30115 21 22
Zn333!o5 cu3 24 22
Zn3331‘051m1 ()u3 23 20
B8 Po sl Ou; 25 2
Zn333103ln30u1 23 18

Zn333 h3h50u3 22 23




Table 24,
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Observed yields of corn grain (bu./acre at
15.5 % moisture) with macronutrients as va-
Value= for the same treatments
calcula ted from the regression equation
are given,
with calculated yields was 0,870,

riables.

Correlation of actual yields

voded values of X Actual Calculated
Treatment level yield, yield,
N P: KEsmg:s 82 su/a su/a

lzralzlgzﬂ# -1 =1 =1 =1 # 117.0 121.0
N, P K Mg,S, 1 =1 -1 1 105.8 107.0
lzP#legzﬂz -1 41 =1 -1 -1 113.2 117.0
141’412“284 +1 +1 -1 =1 +1 4%,9 56.9
N,P,K, Mg, 8, -1 -1 1 - 84.6 86.0
N #Palq,lszs‘ +1 =1 +1 =1 1 8545 N.2
nqu.K‘lng# -1 41 #1 =1 41 85.7 95.0
I4P4k4-5282 +1 41 1 -1 -1 116.2 128,.9
N,P,K Mg, S, -1 =1 =1 41 - 82.9 711
dy PoES MG, B, +1 =1 =1 +1 +1 130.6 127.2
NP, K Mg, 8, “1 41 =1 4 11541 11442
ﬂan_laiQ'_Sz +1 +1 =1 +1 -1 81.7 80.6
'ZPZIQ.'QBIL =1 =1 +1 +1 # 107.5 103
N,PK,Mg,S, 1 =1 41 107.3 10049
?4&“‘82 -1 +1 +1 +1 =1 92.4 88.5
I‘P#I‘lgq_ﬁ‘ +1 41 41 +1 1 106.5 111.0
'SPZ’x}.GJBB +2 0 0 154 o4 143.6
I1P5E5l338 4 -2 0 135.6 141.2

0 42 0 9.2 753

i3PsK; g8
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Table 24, continued,

Coded values of X Actual calculated,

PTreatment level yield, yield,
NP3y Kz Mg: 8; Bu/a Bu/a
13P1 K5I5583 0 -2 0 w 4] 67.6 76.2
‘3"3‘5‘8535 0 0 42 0 0 1054 100,1
N3PsK, MEx5s O @ -2 0 0 99.1 99,1
N;P5K;Mg:8 5 0O O 042 O P42 N.2
13P31315183 0 0 U =2 0 114.5 92.3
N;P Ky Mg;S: 0 0 0 0 42 102.2 90.9
N 31’3[553381 0 0O 0 O -2 7447 80.0
0 0O 0 O 0 97.1 97.9

N P3K;Ne;5;
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Table 25, Analysis of variamce for grain yield of corn
obtained from macro-nutrient treatments.

Source a.f.

SeSe MsSe
Total 3 14925.8
Linear 5 178.31 35.66
Quadratic 15 1172:04 78.14
Lack of fit 6 12207.56 2034.59*
Experimental error 5 1367.18 273,44

sSignificant at odds of 1911
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table 26, Regression coefficients (b) and their standard errors
(s,) for grain yield of corn (Bu/acre) under macro
nutrient treatments.

Coefficient b 8y

Hoan b +97:95 +6575
N b, + 0.61 +3037
P b, - 0572 " w
K b, + 0.25 L
Mg b, - 0327 L
8 bg + 2053 x e
N L +11,12¢ +3:06
p2 | T - 5:28 " "
K2 LY + 0843 n on
ug® By - 1555 "o
g? s - 3.02 " ow
NXP P - 5:83 #4:13
NXK b‘|5 + 6,84 n ow
N X Mg by + 4,96 " ow
NX 8. b15 - 6317 n on
PXK "29 + 6227 "o on
P X ng '34 - 0,04 "n on
PXSB 525 - 6,90 " on
KX ug L™ + 0:83 " w
KEXS8 b55 - 2,52 " ow
Mg X 8 bys +11.57* “« »

*Significant at odds of 1911
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the Mg-8 interaction (Fig. 22) indicated that at low
levels of magnesium chloride increasing calcium sulfate
levels resulted in decreased grain yield of cornm. At high
levels of magnesium chloride applications, increasing
calcium sulfate gave a high increase in the yield. On the
other hand, increasing magnesium chloride at low levels of
caleium sulfate (Fig. 23) resulted in severdy decreased
grain yields while at high levels of calcium sulfate ine.
creased grain yields resulted. A% low levels of magnesium
chloride decreases in yield from calcium sulfate may have
been due to the effect of Ca in restricting Mg uptake.
This is also indicated by the fact that the Mg concentra-
tion of corn leaves was affected by calcium sulfate appli-
cations (Table 24). The 52 term was negative and highly
significant indicating & reductiocn iu the Mg concentration
at the higher rates of S and Ca application. Also the
adverse effect of sulfate on a possible benefit from Ccl
cannot be ruled out as a possible expanation. AT high
levels of magnesium chloride the increase in yield from
calcium sulfate may have been due to the counteraction of
the toxicity of Mg or Cl or both.

It was concluded that for the highest economic
yield of grain, the application of N up to about the 4.>
level would be advisable since both the linear and quad-
ratic terms for the N effect on the grain yield were high
and positive. Since the N 4.5 level was about 300 lb./acre
it is doubtful whether higher rates would be economically
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Justified. Calculation of theoritical yields from the re-
grssion equation indicated that the application of K result-
ed in decreasing yields. The effect of P, Mg and S were
mostly negative so applications of these elements would be

unnecessary on this soil for grain production.

szffbrage yield of corn. The analysis of variance (Table
27) showed that the linear treatment efiects were not sig-
nificant while both the quadratic and the lack of fit treat-
ment variation effects were highly significant. The signi-
ficance of the lack of fit term indicated that possibly a
cubic or higher order equation would be required to clearly
define the effect of macronutrients.

Examination of the individual regression coefficients
(Table 28) indicated no significant direct effect of treat-
ments.  Among the quadratic effects, N° (positive) was
highly significant while Mg” (negative) was significant.
The N-K, N-Mg, P-S And K-8 interactions were highly signi-
ficant while the N-S, P-K, P-Mg and Mg-S interactions were
significant indicating that the interaction effects of macro-
nutrieqts on dry forage production of corn may be of more
importance than the direct effects.

The correlation coefficient between the actual
Yields of dry forage and the yields calculated from the re-
gression equation (Table 29) was 0.789 indicating a fairly
close fit of the regression equation to the actual data.

Examination of the relationship between the dry
forage yield and the P-S interaction (Fig. 24) indicated
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Table 27 , Analysis of variance for dry forage yield of
corn obtained from macro-nutriemt treatments.

Source arf, 8.8

BoBe

Total 31 5105186049

Linear 5 66389941 132779.8
Quedratic 15 31073713.6 2071580.9°*
Iack of fit 6 1876921843 3128203.1°*
Experimental error 5 545030.0 1090060

segignificant at odds of 91
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Table 28, Regression coefficients (b) and their standard errors
(’b) for dry forage yield of corn (lbs/acre) under
macro nutrient treatmentss

Coefficient b 8y

Mean b, +3941;40 +134,76
N b, + B5,46 + 67.35
P b, + 16,96 "
K bs +136.88 " on
Mg b, + 31.79 _
S bg - 18.04 "o

e b, 459259 +61.08
p2 b, - 79,44 " on
K2 Bys - 80.16 non
ug> by -195:16* "om
82 - + 034 " on
NXP b, +153456 +82,54
XK b3 +398,449 " n
N X Mg by, 432,049 " o
NX8 b5 +228,31° " ow
PXK bos +300,69* " .
PXMNg by, -243,19* " .
PXB bos +464,06% " on
K X Mg by, - 32,81 " .
KX8 b35 +547,940 now
Mg XS bys ~237:44 " o

*Significant at odds of 19:1
*+*Bignificant at odds of 9911
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Table 29, Observed dry forage yields of corn (1b./acre)
with macronutrients as varizbles, Values for
the same treatments calculated ‘rom the
regression equation are given, Correlation
of actual yields’ with calculated yields was

0,789,

Coded values of X Actual Calculated
Treatment level yield, yield,

N: P: K: Mg: B3 1bs/a 1bs/a
iaPal2I5284 -1 =1 =1 =1 1 2484 3030
"zﬁ‘z"zsa =1 41 =1 =1 -1 4002 3756
xzpzx,lgzsa =1 «1 #1 -1 -1 2825 2NM7
l4Palq_l3284 +1 =1 41 -1 1 3726 5050
12P4!4l;284 -1 41 +1 -1 41 4416 4810
N, P,K, Mg 8, +1 41 1 -1 -1 3956 4489
NP, K Mg, S, =1 @1 -1 1 -1 7820 7059
B‘Palalg‘sq_ +1 =1 =1 41 #1 2254 2694
N, P, K Mg, 8, +1 41 =1 1 -1 3450 3098
hzl’zl‘q_lg‘s‘ -1 =1 +1 +1 +1 4094 3943
N, P.K, Mg, 8, +#1 «1 41 41 -1 409 4080
3521-‘4!#“ =1 +1 1 1 -1 4600 3658
N, P, K, Mg, 8, +1 +1 +1 1 a1 5290 5578
351’5!3!3585 +2 0 0 0 0O 8142 6482
l1?313l¢583 -2 0 0 0 O 5060 6140

531’5!5]5583 0O +2 O 0 o 3456 3656
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Table 29, continued.

Coded wvalues of X Actual galeculated

Treatment level yield, yield,
N:P: KH: Mg: 8: 1bs/a lbs/a
N3P K5higz85 0 -2 0 0 4370 3588
NzPsKcugs83 0 0 42 0 4370 3894
55!'51115583 06 0 -2 0 O 2456 3347
151’51’“533 0O 0O 0 +2 O 1932 3222
I5P315l;1!5 0 0 0 2 © 4968 3096
351’3!3“385 0O O 0 0 +2 5290 3907
!31’5!5..531 0O 0 0O 0 =2 3174 3978
13?3%!3 o o o0 o O 3845 3941
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that at low levels of P, increasing S decreased dry forage
yield. However, at high levels of P, the reverse effect
was observed. A similar effect of decrease in the dry
forage yield at low levels of S and increase in dry forage
at high levels of S was noted when P was increased (Fig. 25).
This indicates that forage yield response of corn to appli-
cations of P or S depends greatly on the level of the other.
Apparently the balance between P and S is important but it
is not a simple relationship since increasing both P =nd 8
simultaneously resulted first in decreased yields and final-
ly increased the yields at high rates.

Study of the relationshio» between the dry forage
yields and the K-S interaction (fig. 26) showed thet ine:
creasing S, at low levels of K, decreased the dry forage
yield while at high levels of K, the yield of dry forege
was increased. Similarly, when S was held constant (Fig.
27), increasing K decreased the dry forage yield at low
levels of § while at high levels of 8, increasing K. in-
creased the dry forage yield of cornm.

The fact that' K was applied as potassium chloride
probably influenced the response to K by reason of the
chloride ions affecting the uptake and utilization of the
sulfate ions. -

As with the K-S and P-S intersactions, the N-K, N-S
and P-K interaction terms had positive regression coeffi—
cient values indicating an antagonistiec effect. An in-

crease in the amount of one nutrient increased the require-
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ment of the other for yield of forage. The N-Mg, P-Mg and
Mg-S interaction terms had negative regression coefficient
values showing a complementary effect. An increase in the
amount of one element decreased the requirement of the other.

Calculation from the regression equation of the op-
timum combination of macronutrients for the maximum forage
vield of corn indicated that high rates of N, P, K and S com-
bined with a low rate of ug were required. This is consider-
ably differrent from the requirements for maximum grain pro-
duction where only a high rate of N was required. Also, since
the value of forage is much less than the value of grain and
a high rate of P, X or 8 tended to decrease the grain yield,
it is probable that the addition of these elements would not
be economically justified, Apparently high N and low Mg Were
required for both grain and forage production while P, X and
5 additions are necessary for high forage production but not
for grain production under the conditions of this experiment.

Nitrogen concentration of corn leaves. The analysis of

variance for the N concentration of corn leaves (Table 30)
indicated highly significant linear and quadratic effects.
The lack of fit term was highly significant but since it
accounted for only about 26 per cent of the total treatment
variability, it probably did not seriously affect the results.
Examination of the regression coefficients for N
concentration of corn leaves (Table 31) indicated highly
significant positive linear effects of N and K on N concen-
tration of corn leaves and a highly significant negative

linear effect of P on the N concentration of corn leaves
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Table 30, Analysis of variance for N concentration of

corn leaves,

Source a.t, 8.8, M. S,
Potal 31 1.7184

Linear 5 0.4908 0,0982¢+
Quadratic 15 0.7767 0.0518++
Lack of fit 6 0.4381 0,0730%+
Experimental error 5 0.0128 0, 0026

**Significant at odds of 99:1
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Table 31. Regression coefficients (b) and their standard errors
() for N comcentration of corn leaves (% dry weight),

Coefficient b
L %y
Mean
g bo +2.,4566 +0,0207
3 b1 +0-5'|10§“ +0.0108
; bz _0.045‘,.. n wu
2 by +050779%% " ow
: b‘ +0,0262 " n
y 55 +0.0229 " »
. b, 40,0508+ +050094
xa baa -000354. " "
.‘2 b53 =0,064 20 » " on
" L +0,0246* " w
8 0304
' x 355 _0. ” " n
i : h1a -0009%.‘ "-00012?
o b,' 3 +0,0669* " »
Mg b.“ =~0.0644 ¢+ " on
NXs8 '
s 515 -0,0269 " n
g x K bz; QOQM' " n
Mg ba_ =0.0131 - »
o . ‘ " n
x x a bﬂ +o.°5’1. ” "
g ;55 .',0.0555" " n
545 -o.ososvf " n

*Significent at odds of 1921
**Significant at odds of 99:1
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which indicated that increasing levels of both n and K
increased the N concentration of corn leaves while P de-
creased it., among the quadratic effects N° (positive)
and &2 (negative) were highly significant while rz
(negative ), Mgz (positive) and 82 (negative) were sig-
nificant. ‘he regression coefficients for the N-P, N-K,
N-Mg, K-S and Me-S interactions were highly significant
while the r-K and a-Mg interactions were signifigant,

The correlation coefficient between the actual N
concentrations and N concentrations calculated from the
regression equation was (Table 32) 0.9% \highly signifi-
cant) indicating a very close fit of the regression equa-
tion to the actual,

Bxamination of the relationship between the dry
forage yield and the & concentration of corn leaves as af-
fected by the N-P interaction (Fig. 28) indicated that at
low levels of N, increasing P tended to decrease the dry
forage yield and increase the N concentration of corn
leaves. Apparently the P effect on the corn yield was not
due to restriction of N absorption since total N uptake
remained almost constant. At high levels of K, increasing
P increased the dry forage yield but decreased the N con-
centration of corn leaves. shen P was held constant (Fig.
29) increasing N resulted in decreased yields to the N 3
level and then increasing yields of the dry forage above
the 3 level at all levels of P, In general increasing N

caused increased N concentration as expected. However, at
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Table 32, Observed N concentmtions of corn leaves (per
cent dry wt,) with macronutiients as variables,
Values for the same treatments calculated from
the regresgion equation are givan. Correlation
of actual Neoneentrations with calculated con-
centrations was 0,940,

Actual N Calculated N
Treatment level conoen;mtion, conea;tration,
NP K Mg s, 2.20 2,23
N,P,K Mg 8, 2,64 2,58
NP, K Mg.5, 2.26 2,22
N,P,K ¥g.S, 2.37 2.24
HoPo Ryl S, 177 1.88
N, P K Mg S, 2.88 2.89
NP, K, Mg.S, 2.39 2.43
N, B,K, Mg S, 2.59 2.49
N P K Mg, s, 2,36 2,38
K, PK Mg, 5, 2.48 2.40
N,P, K Mg, 5, 2,30 2.24
N, P, K Mg, S, 2.44 2.25
N,P.K, Mg, s, 2.33 2.42
N, P.K, Mg,s., 2.80 2.75
N,P, K, Mg,s, 2,52 2.49
N,P,K,Mg,8, 2.62 2,50
151:3!3!5333 2,72 2.88
N, P;K;Mg;8, 2.47 2.44

'31,5‘3'8383 1.97 2,22
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Table 32, continued.

Treatment level conc"gétu:it:on, cg;lc::tlzfl:go:,
151’1!3!5585 2.53 241
!3P5l.5!g383 2.39 2436
‘3P5‘1u333 1.88 2,04
33P5!3I3583 2.46 2061
ﬁ3P5I315133 2,52 2.50
!51'3!3!3585 2456 2438
i5l’3(3!;581 2,18 2.29

H3P3E5l5585 2,48 2.46
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the higher levels of P the first increments of N resulted
in a decrease in the dry forage yield.

The relationship between the dry forage yield and
the ver cent of N in corn leaves as affected by the inter-
action of N and K (Fig. 30) showed that at low levels of
N inereasing K decreased the dry forage yield while the N
concentration tended to be highest around the 3 or 4 level
of K, At high levels of N, increasing K increased dry for-
age yield as well as N concentration of corn leaves. This
indicated that at high levels of N there was a consider-
able dry forage yield response to applied K. However, when
K was held constant and N increased (Fig. 31), the first
increments of N resulted in a severe decrease in yield and
also a slight decrease in N concentration. At the higher
K levels the trend was less pronounced and the highest
yield occured at the high level of applied N and at an N
concentration of about 3 per cent. The critical level of
N concentration in corn leaves appeared to be higher as the
level of applied K increased.

The N-Mg and Mg-S8 interactions were complementary
in their effect on the percentegy: of N in corn leaves.

The K-S, P-K and E-Mg interactions were antagonistic in .
their effect on the N vercentage in corn leaves. A4ll four
interactions involving K were significantly antagonistic
indicating that a high supply of N, P, Mg or S8 increased
the amount of K required for maximum N uptake by corn vl

plants.
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Phosphorous concentration of corn leaves. The analysis of

variance for the P concentration of corn leaves (Table 33)
indicated that the linear and quadratic variation effects
were highly sigmificant. The lack of fit term was also |
highly significant and accounted for 53> per cent of the to-
tal treatment variation indicating an incomplete fit of the
quadratic equation.

Examination of the individual regression coeffi-
cients (Table 54) indicated that the linear effects of P
and 8 were highly significant and the Mg effect was signi-
ficant., Among the quadratic effects P2. Kp. and 82 were
highly significant. The H9 and u52 effects were signifi-
cant. The N-Mg, N-S and P-K interactions were highly sig-
nificant while the N-P, N-K and P-8 interactions were sig-
nificant., All the regression coefficients for the direct
linear effects of the individual elements were positive
while those for the quadratic squared terms were negative
indicating that the higher levels of these elements tend-
ed to depress the P concentration of corn leaves.

The correlation coefficient between the observed
P coﬁcentrations and the P concentrations calculated from
the regression equation (Table 35) was 0.785 (highly sig-
nificant) which again indicated an incomplete fit of the
regression equation to the actual data,

Study of the relationship between the dry forage
yield and the per cent of P as influenced by the N-Mg in-
teraction (Fig. 32) showed that at low levels of N, in-



Table 3%, Analysis of variance for P concemtration of

corn leaves,

Source d.ft. Se8,. m.8,
Potal 31 0.0331

Linear 5 0,0089 0.0018¢ ¢
Quadratic 15 0,0126 0.0008+*
Lack of fit 6 0.0115 0,0019*+
Experimental error 5 0,0002 0.00004

**Significant at odds of 9931
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Table 34, Regression coefficiemts (b) and their stamdard errors
(sy) for P concemtration of corn leaves (% dry weight).

Coefficient b 8y
Mean b, +0:2455 +0,0008
N b, 40,0010 40,0012
P b2 +0,0178*+* .

K b, +0,0008 L
Mg b, +0,0040% " "

8 b5 +0,0061* " on

o by, ~0.0040+ $0,0010
P2 by ~0,0071%+ .
z* - ~0,0109%+ "ow
ug? By -040035¢ "o
8 L -0,0139%+ " o»
NXP b, +0,0039* 40,0014
NXEK by3 +0,0051% " n

N X Mg b1‘ ~0,0073%* " on
NXs8 b5 +0,0060° * " on
PXK b23 +0,0058% * n o

P X Mg Doy +0,0004 L
PXS Bos -0,0036* " w
K X Mg b34 +0,0024 " w
EXS b35 =0,0026 " n
Mg X 8 b5 +050028 " »

*Significant at odds of 19:1
**BSignificant at odds of 9931
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Table 35, Observed P coneentrations of corn leaves
(per centdry wt.) with macronutriente as
variables. Values for the same treatments
calculated from the regression eocuation are
given., Correlation of actual P concentras 1=
tions with calculated concentrations was0,785.

Actual P Calculated P
Preatment level concentration, concentration,
»
NP Mg, S, 0.217 0,196
N, P,K Mg 8, 0,195 0.176
N,B, K Mg,S, 0,212 0.212
N,P,K Mg 8, 0,218 04231
H P, K, mg,8, 0.198 0.170
N,P.K, Mg 8, 0.231 0,197
§,P, K, Mg S, 0.1% 0.198
8, P, K, mg 8, 0.223 0201
N,P,K Mg, S, 0s210 0,201
N, P K Mg,8, 0.219 0.229
NP, K Mg, 8, 0,187 0.198
N,P,K Mg, 8, 0,217 0.198
N,P,K, Mg,8, 0.186 0,169
i, P,K, Ng,8, 0.236 0.238
NP, K, Mg, S, 0.234 0,249
N,P, K, Mg,S, 0.234 0,232
N P;K Mg; 85 0,202 0.228
N, P;K; Mg, 8., 0.2% 0.253

N4PcK Mg, 8, 0.117 0.118
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Table 35, continued,

Actual P Calculated P
Treatment level conc:utration, concentration,
N,P.K Mg,S5; 00117 0.181
I3P5I5I5353 0.188 0.204
15P5K1l; }B‘,’ 0195 0,201
'9‘?313'5583 0.256 0.239
!5P5E5i5183 0.204 0.231
N 51’3[5!5385 0.202 0.202
Nz PxKzmg,8, 0.155 0,190

szP5K5Me, 85 0.249 0.246







- 425 -
: 81 !
; | 1
e or g i ;
! N W : ' /
2 § ! ¥ 5 l
5 3 } f t 2 - 3 g i '
g2 41 L Al ,’ ol =l
g 1 L& : e
: I
. Fettias
0.2 0:25 3 072 028 9303 025 __Lflt‘\:_:sﬂ
P concentration of corn hm' per cent, /‘
2 i
| 9
- ! “ ns 3
i iég A
|
87 ar
9 g lyi ; ‘l( : 2
3 :
2 L : B
0-2 a- 25 03 0.2 0-25 > o

P concentration of corn leaves, per cent,

Fig, 52, Helationship between dry foraze yleld of corn
' : (Wm!ut“ﬂ:m(prunmm}u
mmwumumnm#umu
Mrmmmmm“r. R.ﬂl H

-tum-rmmcma). l-hnn &
“mumdum nmlorlim

mmmum




- 124 -

creasing Mg. increased the forage yield as well as the P
concentration of corn leaves while at high levels of N, Mg
addition decreased the dry forage yield and the P concentra-
tion of corn leaves. However, when N was increased at con-
stant levels of Mg (Fig. 33), the first increments of N
decreased the dry forage yield while increasing higher rates
of N, increased the dry forage yield. The P concentration
tended to be increased by increasing N at low Mg levels
while at high Mg levels P was decreased.

Examination of the relationship between the ary
forage yield of corn and the P concentration as affected
by the N-8 interaction (Fig. 34) indicated that at low levels
of N increasing S decreased the dry forage yield while the
P concentration increased up to about the 5 or 4 level of
S. At high levels of N, increasing S. increased dry for-
age yield with a tendency for am increcase in thePconcentra~
tion of corn leaves. When S was held constant (Fig. 35),
the first increments of N tended to greatly decrease the
dry forage yield while the higher increments of N increas-
ed the yield of dry forage. At high S levels, the P con-
centrétion of the corn leaves was reduced by increasing N.
The highest yields tended to be associated with a P concen-
tration of about 0.25 per cent,

Like the N-S interaction described above, the N-P,
N-K and P-K significant interactions were antagonistic in
their effect on P concentration of corn leaves while the

P-S significant interaction,like the N-Mg intersction de-
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scribed above, was complementary,

Potassium concentration of corn leaves. The analysis of

variance for the K concentration of corn leaves (Table
36) indicated significant linear and quadratiec effects.
The lack of fit term was also significant.

an examination of the regression equation coeffi-
cients (Table 37) indicated the significant linear effects
for K and Mg. opoth terms had negative values indicating
that increasing K and Mg, decreased the K concentration in
corn leaves while the K° significant regression coefficient
wag positive showing that higher levels of K increased the
K concentration of corn leaves. The quadratic effects for
P2 and 82 were highly significant and the effect for H2 was
significant. The positive sign indicated that increasing
levels of all three increased the K concentration of corn
leaves. The Mg-S interaction was significant and negative
showing a complementary effect. An increasing level of
Mg decreased the requirement of 8 for the uptake of K.

The correlation coefficient between the actual K
concentrations and K concentrations calculated from the
regression equation was 0,95 which indicated a very close
fit of the regression equation to the actual data.

Study of relationship between the dry forage yield
of corn and the K concentration of corn leaves as influ-
enced by the Mg-8 interaction (Fig. 3%6) indicated thet at
low levels of Mg, increasing 8, increased the dry forage
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Table %6. Analysis of variance for K concenbration of

corn leaves.

Source d.f 8.8 m.S.
Total 31 2,698

Linear 5 0.3% 0.0788*
Quadratic 15 1.501 0.1000*
Lack of fit 6 0.724 0,1207*
Experimental error 5 0,079 0.,0158

*Significant at odds of 19:1
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pables37. Regression coefficients (b) and their standard errors
(sy) for K concentration of corn leaves (% Dry weight).

Coefficient b Sy
Mean by +4,849 +0.005
N b, -0.016 40,026
P b, +0.025 "o
K L -0.068¢ " on
Mg b, ~0:099* n .
8 by +0,031 " ow
N° Wy +0,062¢ 40,023
p? b, 40,195 "o
- bys 405054 " on
ug? bas +0.012 "o
g? b5 40,0939+ now
NXP LI +05067 40,031
Nik b3 -05029 - P
XS by +0,041 " on
N X ug by ~0:037 S
PXK bys -0.033 " ow
PXMNg boy +0.042 non
PxXS bas +0,002 " ow
KX Mg by +05016 " ow
EXS8 b5 -05027 " ow
Mg X 8 b45 =0.1740 " ow

*Significent at odds of 19:1
**gignificant at odds of 99:1
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Table 38, Observed K concentrations of corn leaves
(per cent dry wt.) with macronutricnts as
variables, Values fnr the same treatments
calculated from the regression equation are
given. Onrrelation of actual K concentrations
with calculated concentrations was 0.950.

Actual K Calculated K
Treatment level concentration, concentration,
»
NP K Mg, 8, 567 5065
N, P K Mg S, 519 5:14
NP, K ME S, 5409 5.15
B, P, K Me 8y 5489 5085
NP K Mg 8, 5+26 5.26
N, P,K, Mg S, 5456 5047
N,P,K,Mg,8, 5029 5a31
N,P,K, Ng,8, 5406 5412
N,P,K Mg, 8, 5¢31 5436
8§, P K ug, 8, 4.99 4.9
N,P,K,Mg,8, 5405 5:11
Ny Py EoME, S, 5.38 5443
N,PoK, Mg, 8, 5,00 5.0
I‘sz‘msz 5.06 5.06
NP, K, Mg, S, 5426 5437
N, P, K, Mg, 5, 4599 5900
NP Kyhig;85 5'503 5506
N, P;K;Ng;8, 5032 5.12
13P5!SI¢585 5.87 5.68

N 5P1 !5.5553 | 5.55 575
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Table 38, continued.

Actual K Calculated K

Preatment level concen;ration, conoon;ration,
I3P515l5585 5.U1 4,92
N3PK, Mgs8; 5.28 519
15P313l3553 4,87 4,69
551’3!515185 5.08 509
13P315l5585 5.28 5.28
13133!5!5381 532 5015
4,85

l;P;K;lc;BB 4,85
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Yield and K concentration of corm leaves. At high levels of
Mg, the trend was for decreased yield and K concentration

of corn leaves. When the 8 level was held constant (Fig.
37), increasing Mg at low levels of 8§ increased the dry
forage yield of corm and K concentration of corn lesves.

At highnlevels of § the trend for a decresed dry forage yield
and the K concentration of corn leaves. The yield of dry
forage tended to drop off appreciably below a K concentra-

tion of about 5 per cent.

Magnesium concentration of corn leaves. The analysis of

variance for the Mg concentration of corn leaves (Table 39)
showed significant linear and quadratic variation effects
while the lack of fit term was highly significant and ac-
counted for 33 per cent ot the 'total tpeatment variablity
indicating an incomplete fit of the regression equation to
the actual data,

The regression coefficients for the Mg concentra-
tion of corn leaves (Table 40) revealed that the linear
effect for Mg was highly significant and positive while the
K linear effect was significant and positive indicating
that both increased the Mg concentration of corn leaves.
Among the quadratic effects, S° was highly significant and
negative which means that with increasing 8, Mg concentra-
tion first decreased and then increased. The quadratic
effect of K> was significant and negative showing that
with increasing K, Mg concentration first increased and
then decreased. Thé N-P, N-Mg and K-8 interactions were
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Table 39, Analysis of variance for Mg concentration of

corn leaves.

Source a.rt. B.8, M,8,.
Total 31 0.01139

Linear 5 0.00217 0,00044*
Quadratic 15 0.00529 0.00035*
Leck of fit 0.00369 0.00062%*
Experimental error 5 0.00024 0. 00005

*Significent at odds of 1911
**gSignificant at odds of 99:1
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Pable 40, Regression coefficients (b) and their standard errors
(sb) for Mg concentration of corn leaves (%dry weight)d

Goefficient b Sy
Mean b, +0:1592 £0,0028
N b, ~0.0031 +0,0014
P b, +0,0009 " on

K b, +050038¢ " on
Mg b, +050080%* " "

8 bg 40,0013 "o
.2 bﬁ +0.0012 £0.0013
P2 b,y +0,0020 " o
2 bys -050050% "on
g? b 4050010 "o
82 bes =0.0079** "o
NXP b, +050063* 40,0017
NXK b3 +050003 " on

N X Mg b,“ +0:0061* L
NXS b, ~0,0016 "o
PXK bys +0,0025 ol
P X Mg by, +0,0039 now
PXS bos +040036 "o
K X Mg by, ~0,0001 " .
KXS8 b35 -0; * " on
Mg X 8 Bys 4050030 "on

*Significant at odds of 1931
**Bignificant at pdds of 99:1
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significant.

The correlation coefficient between the observed
Mg concenirations of corn leaves and the Mg concentrations
calculated from the regression equation was (Table 41)

0.56 indicating that the second order regression equation
wasg only partially effective.

Examination of the relationship between dry forage
yield and the Mg concentration of corn leaves as influenc-
ed by the positive N-P interaction (Fig. 38) indicated that
at low levels of N increasing P tended to decrease the dry
forage yield and the Mg concentration of corn leaves while
at high levels of N increasing P tended to increase the dry
forage yield and the Mg concentration of corn leaves. How-
ever, when P was held constant (Fig. 39)., the first incre-
ments of N decreased the dry forage yield while the higher
increments increased it. The Mg concentration of corm 1t
leaves was decreased by increasing N at low levels of P
while the Mg concentration tended to be increasedly increas-
ing N at high levels of P. This indicates an antagonistic
effect between N and P on the Mg concentration of corn L«
leaves.

The relationship between the dry forage yield and
the Mg concentration of corn leaves as influenced by the
positive N+Mg interaction (Fig. 40) showed that when N was
held constant, increasing Mg at low levels of N tended to
increase the dry forage yield while at high levels of N,
the dry forage y;eld decreased. The Mg concentration tend-
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Table 41, Observed Mg concentrations of corn leaves (per
sent dry wt.) with macronutrients as variables.
Values for the same treatments calculated from
the regression equation are given. Correlation
of ealculated Mg concentrations with actual
concentrations was 0.560.

:!roatnont level cotzzgt;lmt on, ’é.%ﬁgisigg il.}g’
K,P K Mg S, 0.179 0,161
N, P,K Mg 8, 0.135 04130
NP, K, Mg S, 04125 0127
8, P, K Mg 8, 0,175 0.136
N,P,K, Mg.8, 0.175 0.171
N, P,K, Mg 8, 0.135 0:119
8,8, K, Mg 8, 0,155 0147
N,P,K, Mg, 8, 0.144 0.148
N P K Mg, 5, 0.146 0.148
B, PoK Mg, 8, 0.163 0153
NP, K Mg, S, 0.165 0.163
N, P, K Mg, 8, 0.144 0.156
NP K Mg, S, 0.163 0,155
N, P,K,Mg,5, 0,154 0,158
§yP, K Mg, S, 0.144 0.156
N, P, K, Mg, 8, 0.180 0,180
NgP;K, Mg,S; 0.153 0,158
NP3k ME585 0.164 0,170



- 140 -

Table 41, continued.,

Actual Galculated Mg
Treatment level concentration, concentration,
I3P1l'3!;593 Of144 0,165
.5P5:5‘8363 °u145 0. 14?
N;P;K, Mg;S; 0,123 0,132
I5P313l¢585 0,189 ot.179
151'513!33!5 0f1 00 0.130
1595513551 0.144 0.125

‘5P5l3.‘3°3 0:161 0.159
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ed to increase with increasing Mg except at the lowest
level of applied N. However, when Mg was held constant (
(Fig. 41), the first increments of N decreased the dry
forage yield while the higher increments of N increased
the dry forage yield. At low levels of Mg the yield in-
cresaged above the 2 level of N while at high levels of Mg
it increased above the 4 level. The Mg concentration dee
creased with increasing N at low Mg levels while at high-
er Mg levels it increased slightly.

The K-S interaction term was negative in value
indicating a complementary effect on the Mg concentration.
An increase in K or S tended to decrease the requirement

of the other for Mg uptake.

Sulfur concentration of corn leaves. The analysis of

variance for 8§ concentration of corn leaves (Table 42)
indicated that the linear and ouadratic effects were high-
ly significant. The lack of fit term was also highly sig-
nificant and accounted for 28 per cent of the total treat-
ment variation indicating an incomplete fit of the regres-
sion equation to the actual data.

The regression coefficients for the S concentra-
tion of corm (Table 43) revealed that all the linear effects
were highly significent indicating that N, P, Mg and S in-
creased the S concentration of corn leaves. All the quad-
ratic effects except the P-Mg interaction were highly sig-
nificant due to the very small experimental error for the

8 concentration of corn leaves found in this experiment.
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Table £, Analysis of variance for B concentration of

corn leaves,

Source a.t. S.8. MeSo

Total 31 U, 020012

Linear 5 0.002216 0. 00044 35=*
Quadratic 15 0012111 0.000807**
Lack of fit 3 0,005682 0.000947¢*
Experimental error 5 0, 000003 0, 0000006

**Bignificant at odds of 991
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Table 43, Regression coefficients (b) and their standard errors
(a.b) for 8 concenmtration of corn leaves (% dry weight).

Coefficient b 8y
Mean by +0:1994 +0.0001
N b, +0,0023¢ + +0,0002
P b, +050022¢ + " o
K by ~0.0081** all
ng b, +0,0024+» L

s b +0.0078** "
. b, +0,0089* * +0,0002
P2 byo 40,0079 .- -
K2 b35 =0, 0014+ " n
Igz bM- +0.,0084* n on
82 beg =0, 0006**

NXP LI ~0,0129** +0:0002
NXK b3 =0,0019"* " .
N X Mg byy =0,V040* * " ow
NXS b5 ~0,0028¢%* L
PXK b3 ~0,0051+* " ow
P X wug by ~ 0,0004 " =
P4Ai8 bos ~0.s0062%* "
K x ug b).’ +0.0028% " on
Kx8 b5 +0,0050%* n om
Mg X 8 L +050103% " »

*significant at odds of 1911
**Significant at odds of 9911
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However, il was observed that the K =nd K2 highly signifi-
cant values were negative indicating that incressing K
application decreased the S concentration of corn leaves.

The correlation coefficient between the actual S
concentrations and the S concentrations calculated from
the regression equation was (Table 44) 0.833 which indi-
cated a close fit of the regression equation to the actual
data,

The relationship between dry forage yield of corn
and the N-P interaction (Fig. 42) indicated that increasinig
P at low levels of N decreased the dry forage yield but
tended to increase the § concentration of corn leaves.

At high levels of N, increasing P up to about the 4 level
tended to increase the dry forage yield and decrease the S
concentration of corn leaves. Above the N 4 level, in-
creasing P tended to increase the § concentration. When N
was varied at constant levels of P (Fig. 43), the first
increments of N decreased the yield while the higher incre-
ments increased the forage yield. The sulfur concentration
of the corn leaves increased with increasing N at low les
vels of P while at high levels of P, the tendency was for
decreased S concentrations.

The relationship between dry forage yield and the
S concentration of corn leaves as affected by the Mig-8
interaction (Fig. 44) indicated that with increasing § ~t
low levels of Mg, the dry forage yield was increased and

the S concentratipn also tended to increase except that
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Table 44, Qbserved S conecentrations of corn leaves (per
cent dry wt.) with macronutrients as variables.
Values for the same treatments calculated from
the regression equation are given. OCorrelation
of actual 8§ econcentrations th ealculated con-
centrations was 0.833,

Treatment level c on:f;;u;it: on, c{o;:(l:g:l;gggog,
NP K Mg 8, 0.199 0.120
N,P,K Mg 8, 0,249 0.244
N,P,K Mg 8, 0,270 0:250
N, P, K Mg 8, 0,219 0.214
N,P_K,Mg,8, 0,200 0.187
¥, P K, Mg, 8, 0.238 0.239
NP, K, Mg S, 0.232 0.218
n, P, K, Mg S, 0.228 0.209
N P,K, Mg, 8, 0,188 0,185
N, P,K Mg, S, 0.238 0.249
NP, K Mg, 8, 0,260 0,256
N,P,K,ug,8, 0,266 0:216
§ Pk, Mg, 8, 0.247 0,250
N,P.K,Ng,8, 0:213 0,210
NPy Ky Neys, 0:235 0217
NP, K, Mg, 8, 0,222 0. 244
NoP;K Mg,8, 0.235 0.239
N, P, K;Ng;8; 0:209 0.230

N3PoKsNg;85 0,201 0.235
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Table 44, continued,

Treatment level co:::?msion, ﬁ:‘x;ttl;::gog,
351’1!5!3385 0.235 0.227
I3P5!5l5585 0,165 0.186
!51’5!.1!3585 0,197 0,202
13P3l5lg555 0,236 0.258
HBP.”IB.&‘." 0,204 0.228
I3P5l315585 0.219 0.212
IBP3!315581 0:149 0181

BBPFK}“B% 0.204 0.199
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the first increments of S resulted in decreased S con-
centration. At high levels of Mg, increasing 8, decreased
yield of dry forage as well as S concentration of corn
leaves. However, when S was held constant (Fig. 45),
inereasing Mg tended to increase the dry forage yield at
low levels of S while at high levels the tendency was for
the decreased yields. The best level of applied Mg varied
from about 4.5 at the Bq level to about 2 at the S 5 level
indicating the decrease im the requirement for Mg as the
level of applied § was increased. Increasing Mg tended
to increase the 8 concentration ekxcept at the 1 level of S
where it was decreased. The forage yields tended to be I
highest when the S concentration of the leaves was close
to 0.2 per cent.

Like the N-P, the following interactions
were complementary: N-K, N-Mg, N-8, P-K and P-S. Thus,
all the inveractionsinvolving N were complementary in na-
ture indicating that less N is reauired for a high § con-
centration when P, K, Mg or 8 is high and vice versa, The
K-Mg and K-S interactions, like the Mg-8 interaction, were
antagonistic in their effect on the S concentration of

corn leaves.

Calcium Concentration of corn leaves. Analysis of variance

for the Ca concentration of corn leaves (Table 45) showed
no significant effect for any of the variability effects.
However, the highest value was for the quadratic efiects.

Examination of the regression coefficients for the
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Pable 45, Analysis of variance for ua concentration of

corn leaves,

Source d.t, 8.8 W.S.
Total 31 0.550

Linear 5 0,102 0,021
Quadratic 15 0.359 0,024
Lack of fit 6 0.060 0.010
Experimental error 5 0.029 0,006
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Ca concentration of corn leaves (Table 46) indicated that
the linear effect of K was significant and negative show-
ing that K decreased the Ca concentration of corn leaves.
Among the quadratic effects, P> was highly significant
and positive.while 82 was significant and positive.
However, the P and S8 linear effects were negative. Both
of these elements were applied with Ca as the carrier which
might be the reason for the increase in Ca concentration of
corn leaves at high rates of application for P or S, The
interaction effects of N-K, N-S§ and P-S were significant.
The correlation coefficient between the actual Ca
concentrations and Ca coneentrations calculated from the
regression equation (Table 47) was 0,71 indicating an in-
complete fit of the regression equation to the actual data.
kxamination of the relationship between the dry
forage yield and the Ca concentration of corn leaves as
affected by the N-K interaction (Fig. 46), indicated that
at low levels of N increasing K decreased the dry forage
yield but increased the Ca conecentration in the corn
leaves, at high levels of N, increasing K decreased
the Ca concentration in corn leaves but increased the
dry forage yieldwf corn. At constant levels of K (Fig.
47), the first increments of N decreased the yield while
the higher levels of N increased the yields. Increasing
N, increaséd the Ca concentration at low K levels while
at high K levels it was decreased.
The relationship betweenthe dry forage yield and
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Table 46, Regression coefficients (b) and their stamdard errors
(.b) for Ca concentration of corm leaves (% dry weight).

Goefficient 1) Sy
Mean bU +135586 +0.010
N b, 405031 +0.015
P b, ~0.037 _—
K b’ ~0,042* " »
Mg b, +0.011 “ n
8 by -0.011 . =
¥ by 40,014 205014
Pz 522 +0,058% n n
‘2 335 +0,009 n n
ug? Dys 404005 . n
s? bsg 40,053 " o
NXP Bas +0.008 +0:019
XK b5 =0, 0504 . ®
NXMg L +0,022 " o
NXS b‘|5 0,052 " n
PXK bﬂ) +«0.002 )
P X g by ~05013 “
PXB has +0.051° "o
KX Mg b" =0,034 " ow
Kxs8 b” «0,U35 ..
Mg X B \‘5 -0,016 " w

*Significant at odds of 19:1
segignificant at odds of 9911
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Pable 47. Observed Ca concentrations of corm leaves
(per cent d wt.) with macronutrients as
variables. alues for the same treatments
caloulated from the regression equation are
given, Onrrelation of actual Ca concent ra~
tions with calculated enncentrathons was

0.7104
Treatment level ooncentra%:on, 2:%22%::-2%12:,
N P K Mg 8, 1.79 1473
N, P K Mg S, 1.85 1.87
i,P, K ME,8 1.5V 1.48
i, P, K M8, 1.80 1.80
N,P,K,Mg.8, 1.85 1.81
N, PoK, g8, 1.55 1.55
# P, K, M8 8, 1.85 1.80
N, P, K, Mg S, 1,46 1.48
N,P,K Mg, S, 1.79 1.75
8, P K Mg, S, 1.88 1.87
NP, K Mg,S, 1.80 1.75
N, P, K Mg, 8, 1.84 1.87
B, PoK, Mg, S, 1.73 1.66
N,P,K, Mg, 8, 1.84 1,86
N,P,K,Mg,S, 1.59 1.57
N, P, Ky M8, 1:55 155
N P,KME;55 1.78 1,70
N, P;K5lE 85 144 1.58

.5P513.53B5 1.74 1.74
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Pable 47, continued.

Actual Ca Calculated Ca

Treatment level concentration, concentration,
» »

I3P1E3I5383 1.83 1.89
s3P3K1Mg383 1.68 1.7
131’3!3!3583 1.59 1.63
le5!5l;1!3 1 .56 1 059
I3P513l3355 1.69 1.78
I3P5!,l¢581 1.84 1.82

I;P,I;I‘;B; 1.59 1.59
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and the Ca concentrations of corn leaves (Fig. 48) as af-
fected by the N-S jnteraction indicated that at low levels
of N increasing S levels resulted in decreased yield with
a tendency for increased Ca concentration. At high levels
of N increasing S increased dry forage yield but tended to
decrease Ca concentration. When s was held constant (Fig.
49), the first increments of N tended to decrease yield.
While the higher jnerements increased the yield of dry
forage. The Ca concentration increased with increasing

N at low levels of S and tended to decrease with increas-
ing N at high levels of S. Highest vyields oi corm forage
tended to occur at a Ca concentration of about 1.6 per cent
with decreasing yields above this value.

_ Unlike the N-8 and N-K interactions, the P-S inter-
action wae antagonistic in its effect on the Ca concentra-—
tion of corn leaves. gince both P and S were applied in
the form of Ca salts it was unexpected that an increase in
one would result in a higher requirement for the other in

order to maintain the Ca concentration in the corn leaves.









SUMMARY AnND CONCLUSIONS

An exploratory field experiment was conducted in
1960 at the American University of Beirut Farm with the
objective of evaluating the existence and magnitude of
interaction effects of micronutrients (2Zn, B, Fe, Mn and Cu)
and macronutrients (N, P, K, Mg and 8) on vegetative growth,
grain yield of corn and chemical composition of corn leaves.

The central composite, rotatable, incomplete fac-
torial design was used to investigate response surfaces
involving 5 variables each at 5 levels ranging from very
high to very low rates of application. The design included
27 treatments under each micronutrient and macronutrient
set. One of the treatments in each set was replicated 6
times in order to permit estimation of the experimental
erTor.

Leaf samples were collected at the silking stage
and analysed for Zn, B, Fe, Mn and Cu from the micronutrient
treatments set and N, P, K, Mg, S.and Ca from the macro-
nutrient treatments set.

Corn was harvested for grain and dry forage yields
and reported as bu.,per acre of shelled corn at 15,5 per cent
moisture and 1b., per acre on the air dry basis respectively.

Regression equations of the quadratic form were
developed for yield amd for elemental composition. Statis-
tical significance of the individusl regression coefficients
wag determined by the "t" test.
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A negative sign of the regression coefficient val-
ue for an interaction term indicated a complementary ef-

fect while a positive sign indicated an antagonistic effect.

Micronutrients

1. 1n general, corn grain production under the
conditions of this experiment was adversely affected by
all micronutrient additions indicating that their indis-
criminate use is likely to result in severe economic loss.
The interaction of Zn-mn was antagonistic and significant
showing that the response to one element was affected by
the level of the other. The toxic effect of either Zn or
Mn was counteracted by the other.

2. The yield of dry forage of corn increased
markedly with Zn applications. It was found that a high
level of Zm accompanied by a fairly high level of Fe was
necessary for maximum dry forage production of corn. How-
ever, since the increase in the dry forage yield with the
Zn application was secured at the expense of a decrease
in yield of grain, Zn application would not be economically
feasible under the conditions of this experiment. The
significant B-Mn interaction was complementary while the
significant Cu-B interaction was antagonistic in its ef-
fect on the yield of dry forage.

3, Zinc applications depressed the grain yield of
corn. High grein yields were obtained at 20 ppm. Zn con-

centration in corn leaves. However, Zn requirement of
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corn was higher for forage production amd the highest yields
were obtained at Zn concentrations in corm leaves above
150 ppm.

4. Boron application directly inc:_-oased the B con-
centration of corn leaves ranging from 10-100 ppm. B bet-
ween the low and high B applications. “he Mn effect on B
concentratiol was positive and highly significent while the
Fe effect on B concentration was negative and significant.
The highly significent Zn-B interaction was complementary
while the significant Fe-Cu interaction was antagonistic
in its effect on B concentration. “Above and below about
30 ppm. B, the dry forage yield of corn tended to decrease.

5. lron concentration of corn leaves was decreased
by Zn applieation. The highly significant Mn-Cu smd sig-
ficant Zn-Mn interactions were complementary. The con-
centration of Fe was not closely correlated with dry forage
yields since high yields were obtained at Fe concentrations
‘aagywhere from 50 to 70 ppm.

6. The application of mn increased the Mn concen-
tration of corn leaves while Zn decremsed it. 'The signi-
ficant Zn-Cu interaction wss antagonistic. The yield of
dry forage tended to drop off sharply above and below a
Mn concentration of about 100 ppm.

7. Applications of Cu and Fe increased the Gu con-
centration of corn leaves while theiZn decreased it. The
highly significant Fe-Mn interaction amd significant Zn-Cu
interactions were antagonistic while the significant B-Cu
interaction was éonplenntary in its effect on Gu concentration.
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of corn leaves. The high dry forage yields tended to
occur around 20 ppm. Cu concentration of corn leaves.

Macronutrients

1. The grain yield of corn was not greatly af-
fect@d by the linear effect of macronutrients. The signi-
ficant Mg-8 interaction wes antagonistic indicating that
increasing amounts of Mg or 5 increased the requirement of
the other. For the highest economic Yield of grain, rapes
of N up to 300 1b. per acre would be justified. However,
P, K, Mg and 8 applications would be unnecessary under the
conditions of this experiment,

2. The results obtained in this experiment showed
that the macronutrient requirements for dry forage were
considerably different than the requirement for grain pro-
duction, The highly significant N-K, P-8, K-8 and signi-
ficant N-8 and P-K interactions were antagonistic while the
significant n-Mg and significant P-mg and Mg~8 interactions
Were complementary. The optimum combination of macro-
nutrients for the maximum forageyyiadd of corm indicated
that high rates of N, ¥, K snd § combined with & low rate
Mg were required. However, since P, K and 8 decreased
grain production amd grain is more valuable than forage
it is doubtful thatiappliecation of those elements would be
practieal.

3. HNitrogen concentration of corn was significantly
increased by N and K but decreased by P applications.
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The highly significant N-P, N-Mg and Mg-8 interactions
were complementary while the highly significant N-K, K-S
and significant P-K and K-mg interactions were antagonistic
which indicated that a high supply of N, P, Mg or 8 in-
creased the amount of K necessary for N uptake by corn
plants. The amount of N in corn leaves for high yield of
dry forage varied from 2.0 to 3.0 percent with no definite
critical level.

4. Phosphorus concemtration of corn leaves was
significantly increased by P, Mg and 8§ applications. The
highly significant N-S:and P-K and the significant N-P
and N-K interactions were antagonistic while the highly
significant N-Mg and significant P-8 interactions were
complementary. .n general, the highest yields tended to
be associatedviibh P concentration in corn leaves of about
0.25 per cent,

5. Potassium concentration of corn leaves was de-
creased by increasing K and Mg applications. +he signi-
ficant Mg-S interaction was complementary in its effect on
K concentration of corn leaves. The yield of dry forage
tended to drop off appreciably below a K concentration of
about 5 per cent in the corn leaves.

6. Magnesium concentration of corn leaves was
greatly increased by Mg and K applications. The significant
N-P and N-Mg interactions were antagonistic while the signi-
ficant K-8 interaction was complementary.
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7. Sulfur concentration of corn leaves was in-
creased by increasing n, P, Mg and § and decreased by K
applications. The following pairs of interactions were
highly significant and complementary : N-P, N-K, Nn-Mg, N-8,
P-K and P-8. While the EK-Mg, K-8 and Mg-8 highly signi-
ficant interactions were antagonistic. ‘rhe level of 8
ceoncentration of corn leaves associated with high dry
forage yields was about 0,2 per cent.

8. Calcium concentration of corn leaves was de-
creased by K application while ¢ and 8 increased it. The
N-K and n-8 significant interactions were complementary
while the significant p-8 interaction was antagonistic in
its effect on the Ca concentration of corn leaves. The
level of Ca in corn leaves for high dry forage yields was
about 1,6 per cent.
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