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EFFECT OF FOLIAR APPLICATION OF N, P, K AND S ON GRAIN YIELD AND
YIELD COMPONENTS OF CORN (Zea mays L.)*

C 5. KARGBOV

The effect of foliar application of N, P, K and 5 an

the grain yield and vyield

components of corn was investigated. The results showed that neither the fifteen
faotorial treatments alone nor all the twenty-eight treatments used had a significant

effect, (P <0.05) on the grain yield and yield componants,

Howsver, the grain yield

of the factorial treatments was positively and significantly corelated with seed - gize,
(P <0.01) and ear length, (P <0.05), but both yiald components did not significantly

influence grain vield,

Based upon these results, foliar application of micro-nutrienis on

corn 10 increass grain yields may not be warthwhila,

Although foliar fertilization consti-
tutes one of the many important
milestones in the progress of agricul-
tural crop production, it has been
used principally in cases requiring
quick recovery from a micro-nutrient
deficiency. Foliar application of macro-
nutrients either in single or complete
formulations, generally, has not been
widely investigated as a method of

fertilizing grain  crops to increase
grain vields. Results from limited
studies of foliar application of N and

or P on corn have been conflicting,
Some workers have reported yield
increases (Thomas, 1960; Singh and
Sarolia, 1970; Barel, 1975) while some
reported on yield increase (Schuma-
cher and Welch, 1970).

Forms a part of Ph. D. Thasis submitted by the authar to the Department of Agronomy,
lowa State University, Ames, lowa-50011. U. 5 A,

Department ol Soil Science, Faculty of Agriculture, University of Maiduguri P.M.B. 1069,

Maiduguri, WNigeria.
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- wWVITNL continuous cropping, parti-
cularly. of grain crops on the same
soils: nutrient deficiency disorders with
their énncqmitanl yvield reductions are
becoming more frequent, Foliar nut-
rient sprays are often the most eifec-
tive. and at times the only practical
means of correcting and controlling
such deficienczies, Moteover, the soil

impaosed problems of dilution penetra- -

lion and fixation of nutrients applied
directly on the soil are circumvented
through foliar fertilization. Based upon

FOLIAR FERTNIZATION OF COSEN

the aboy'=, foliar fertilization has a great
potentiai in  crop production and
should be reconsidered as a means
of increasing crop vields. This study

was conducted to investigate the
gffect of foliar application of N, P,
K and S on the grain vield and

yield comprising seed size, ear length
and ear weight of corn,

MATERIALS AND METHODS

The experiment was ceonducted on
the Bruner University farm located

P
P i AL-C.
< 53-16-56
T
53-10-7-8
270754 B{}-H%-?'S'&
/E’ 53-10-7-5:4
21-107-27§ ¥153-110-7-2:7
L e
| 60-8-4 |
N v, = '
5321 L
/ 27-53-27 53-53-27
27- 530
e W,
27-0-27
Figure : An incomplete 4 fa-mnélrinl design with @ midpoint treatment of 40-8.4 kalha

of-alemental’ N, P_and S rospectively
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Tzhle 1 : Treatmenis opplied and sources ol nutrients used

Total nutrients applied {kgﬂ-'lﬂl

& b
Treatment No. N P K s Sources of nutrignts
1 40 8.0 8.0 4.0 . 2, 3 5 8
2. 27 5.3 8.0 27 12 3 4 5
3. 27 5.3 8.0 5.4 1, 2, 3, 4, B
27 10,7 8.0 2.7 1. 2, 3, 4 5
E. 27 10.7 8,0 5.4 1, 2. 8 4 §
5. 52 5.3 3.0 2.7 1, 2 3 4 B
7. 53 . 5.3 8.0 5.4 1, 2. 3 4 &
2. 53 10,7 8.0 2.7 1, 2, 3 4 &
9. 53 10,7 8.c 5.4 1, 2 3 4 B
10. 0 53 8.0 2.7 2, 3, 5 9
15, a0 10.7 8.0 5.4 1, 2 3, 4, B
12. 27 0.0 8.0 27 1, 5 6. 7
13, 53 16,0 8.0 5,4 1, 2, 3 4 €
14, 27 5.2 8.0 0.0 1, 2 3 s
i5. 53 10.7 a0 8.0 1, 2 5 q, E
16. 40 5.3 8.0 2.7 1, 2 3 4 B
47. 20 532 8.0 2.7 1, 2. 3, 4, -B
18. 53 0.0 8.0 2.7 1. 5, 6. 7
19, 53 8.0 8.0 2.7 7, 2, 3 4 5
20, ' 53 16.0 8.0 2.7 . 2 3 4 5
21, 53 5.3 8.0 0.0 1, 2, 3 5
23, 53 5.3 8.0 8.0 W 2 3 4 5
23, 53 53 0.0 2.7 1, 3, 4 5
24, 53 5.3 4,0 2.7 .2 :3 a4 =&
25, 53 5.3 16,0 ° 2.7 . 2, 4 5 6
26. 0.0 0.0 0.0 0.0 5,
~
27. 0.0 0.0 0.0 0.0 =
28. 53 53 8.0 2,7 1, 2 -3 &
a

The primary but not the sole sources of N, P, K and S wers ures, ammonium polyphos-
phate, potassium polyphosphste and ammenium sulfate respectively. Ditferent combinations
of different fertilizer compounds were used to obtain the required treatments.

b .

1 =Urea, 2~ potassium polyphosphate, 3 =ammonium polyphosphate, 4 =ammonium
sulfate, 5= 0.19, Tween B0, 6= potassium sulfate, 7 = potassium chloride, B = am-
monium thiosulfate, 9 = sodium suliate,

[
Albsolute control.



FOLIAR FERTILIZATION OF CORN

-about 13km-West of Ames, lowa. The
soil ‘at the'site is a Nicollet-Webster
‘complex, - but is primarily webster
ssilty clay' loam; which: is classfied as
Typic Haplaquoll. The Nicollet soil is
classified as Aquic Hapludoll. The
plowlayer (0-16cm) of the site was
analysed for chemical properties before
the beginning of the experiment. The
soil PH and soil buffer PH were 7.1
and 7.2 respectively. The available
phosphorus and  potassium contents
were 36 and 127 ppm respectively,
the former being medium and the
latter being low-medium, The avai-
lable nitrogen and sulfur contents of
the site were not determined but they
had been repoited to be of low-
medium range..

A widely yrown corn variety in
lowa, Pionger 3780 was used as the
test plant and it was machine planted
in rows spaced 0.76m apart between
the rows and at the planting rate of
49,600 kernelsjha, An incomplete 4°
factorial arrangement of treatments in
a randomized complete block design of
thiree replications was used. The core
lreatments were deasigned as a cube
with extended edges as shown in
Figure 1, and they ineluded the first
{ifteen treatments, (Table 1). Treat-
ments 16-28 (Table 1) ware added to
test both the effects of each nutrient
at fixed levels of the other three
nutrients and effect of the surfactant
(Tween 80). This incomplete factorial
design has the advantages of permitting
(a) ‘the wuse of fewer treatments,
(mainly fifteen in this case), as com-
pared to the sixty-four treatments of
the  4* complete factorial,
estimation of both the - quadratic res-
ponses and the interactions with good

(b) the.
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precision, and (c) the graphic presen-
tation of the results (Laird and Tutrent
1974, Ramon and Hanway, 1976).

Each experimental plot was 3.05m
wide and 12.2m long. The fertilizer
solutions (Table 1) were first sprayed
on the corn plants at four weeks after
75%, silking. Spraying was performed
in the morning betwean 7 and 10 a.m.
and at the rate of 150 lfha of fertilizer
solutions were made at the rate of
150 lfha of fertilizer solution per app-
lication. Two foliar applications of
the solution were made at one-half
of the total nutrients applied per app-
lication at two-week interval. The
aerial plant paris, particularly the
leaves were sprayed to give as much
a uniform coverage as possible. The
corn grain yield components compri-
sing ear length, ear weight and seed
size or seed weight weére recorded.

Because of the nature of the ex-
primental design in which the first
fifteen treatments were in a fdctorial
arrangement and the rest of them were
not, the statistical analyses of the
results were divided into two parts,
In the first part the first fifteen treat-
ments were analysed, and in the
second part all of the twenty-eight
treatments were analysed.

RESULTS AND DISCUSSION

Analyses of the first fifteen treat-
ments, including linear and quadratic
components and all possible interac-
tions showed no significant effect on
grain yield but- the P x S interaction
had a significant effect on seed size,
(P<0.07) (Table 2). Analyses of all
twenty-gight treatments also revealed
that the treatments had no significant
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cilagl an any of tie paramaters nves-
tigated  The cfocls on mean urain
viaid of the rates ot each given nutri-
st thie rates of tha othor throo
nuttienis beld gonstant are shovn in
Table 3 Although, all the nuthents,
except S, anpzared to hove a slight
pasitive offeet on grain yield ot all
tutes oxcept the highest rates, the
analyses of variznce of these non-or-
thionuna! sets showed no significant
afiect on grain vield which was the
only parameler tesied in this case.
Ceomparisons of the two levels (o and
3.0 1!ha) of the surfactant, {Tween 80},
treatments 27 and 206 respectively,
chowed that the surfactant had no
significant effect on all the parameters
invesiigated may be due to scveral
reasons, paramount amongst which are
tne following :- (a8) the nutrient con-
tribution of the seoil may have been
high, thus limiting crep response to
‘oliar fertilizetion, (b) the foliar-applied
nutrienis may not have been fully ab-
sorbed to enhance crop response, and
(¢c) substantial grain-filling may have
occurred before foliar application of
the nuIFi‘gﬁts.

ang

The lack of significent effects of
foliar fertilization on the paramelers in-
vestigated, particularly grain vield, was
in disagreement with the findings of
some authors (Singh and Sarolia, 1970:
Barel, 1975). They reported grain vield
increases resulting from foliar fertiliza-
tion of corn using single fertilizer formu-
lations and these were applied at a much
earlier developmental stage of the corn
plants for instance, (Barel, 1975) did
not only apply different phosphatic com-
pounds singly, but the foliar fertilized
com plants at three different physiologi-
cal stages, namely at knee-high, just be-
‘ure tasseling and after sitking. The cor-
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ratation co-elfficionts between gran yigdc
end seed size, ear welght and ear lengtt
were 0,48, 0.72 and 0.28 respectively
Although thase vield components were
correiated with  grain © yield, they did
not signifisantly influence the arain vield
per se. These correlalions, however,
were probably due to random tﬂari;itii}ﬁé-
in vield of which 2eed size, ear weight
and enr length are positively. correiated
COrMponemts,

Thz study indicated that folisr app-
neation of M. P, Kand S on corn during
-he grain-filling pericd to increase grain
vields may not be worthwhile.

The avthor is grateful to Professor
J. J. Hanway fer providing the funds to
conducl thiz research and for his assis-
tance throuchout the conduction of
this research, Special thanks are also
extenderd to Dr. L. C. Dumenil and my
colleagues for helping in the statistical
anzlyses of tha-data and. {or thsir in-
valuable suggestions in the preparaiion
of the manuscript,
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Tahla 2+ Effact of foliar fertilization on means = 5. E. for arain vield (q/ha), Seed size (), Ear

waiahi: (g} and Ear length {em)

FOLIAR FERTILIZATION. OF .CORN

Treatn'(m:'ttNu Grain yield Seed size Ear weight Ear length
,_,_.: . 8044257 28,2080 204.1:£8.10 80.71.59
2 §9.2:44.36 28,7410 220.8:£6.57 80.24:1.87
3, 82.2:£3.30 28.1:0.86 211,74:8.44 79 04:1.53
4 86.8:2.95 28 740,75 228.3+ 635 76,8242
5: §7.645.41 30.31.16 217.8:49.07 78.3£0.88
5. 87.043.30 29,10 28 2283160 B0.022.21
7 87.321.60 28.6 £0.87 2208603 £0.0:2.08
& 87.7+3.13 98.4 2 1.06 219 312,10 7934218
ES 83.9£0.80 3094038 229.8:.2.99 80,821,186
0 8434372 280 +1.13 217.746.91 79.0 4153
¥1 Eﬁ.ajéfﬁ 2944208 22074840 £2.4 £ 4.649
12 93.04352 2914212 22384842 ?au__t 1,53
1-3:_ ‘83 618,83 26.2 +0.94- 22234 74,99 7374207
14, as_e:z.?.? 2051124 217.7 4453 7074498
5 .'.5!},3:.2:12 30.64-0.99 211.7 +3.00 76840 44
16. . 85,8 :2,13. 30,640.87 225.21 3.98 8334276
1-'7-. _Ez.ﬂ:?.ss' 27.140.01 204.1 1 2.63 75.04351
13'_ _54;9:1.5? 27.0 40,50 210.243.99 78.842.76
g -HELQ:-:-E!JG- 28.240.82 219249.2) 80,24 0.17
20. 84.353.67 285 + 0.09 211.7 +6.60 2.3 . 067
2% : £7.% ;3..-25 284 +0.28 225.3 +17.36 m‘ﬂi 2.73
22 g_é_z:a.aq. 28.6+1.24 213.24 2.60 $2.24.2.09
ag. 35'_;;4_.35 28.4 4041 216.24-2.99 7174 0.20
ia. 8664319 274+0.37 22234 13.08 70.3.4.0,41
9%, ' _ﬂ-:zs_g;.q_ﬁ'r 2884047 21174 5.67 84.0 4.4 04
o 84.6 4 6.48 - 28.24.1.28 213.2 1 1813 757 4.4.52
| 2-; 73.?;4.53 2634059 199.646 93 77.2 42,03
" : | ?15;4.35 2744213 189.6 414 17 7714067
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Tahle-2, Effoct of selected trentments jnvelving different rates of N, P, K.and S ‘on Msan = S. E
far grain yield

Treziment Mo, Rate {l:.gfhudj Mean + S,E.
M P K 5 grain yield (q/ha)
10 0.0 54.3_*31'?.2
2 27,0 89.2::-4.36
16 40.0 85.8+2.18
6 53,0 87.04-3,30
17 80.0 82.0--1.88
ig Q.0 2492157
G 5.3 87.0+3.30
E 8.0 86.93.40
8 10.7 87.743.12
20 16.0 84.3+3.67
23 0.0 83.8.4.85
24 4.0 846+3.12
& 8.0 87.0:23.30
25 16.0 82.0+4.61
21 0.0 87.1+3.28
6 2.7 87.04-3.30
7 5.4 87.341.60
22 8.0 83.2+3.84

d
The rates of the other nutrients not shown in each treatment sre the samas as in Table 1.

SINGH, H. G. and M.S, SAROLIA, 1870, Note THOMAS, W., 1960. The effect of foliar app.

on the time and methods of urea applica- lied Nitrogen, Phosphorus and Potassiam
cation to maize grown on soils with un- )

dulating topography, /ndien J. Agric. Sei. on the growth and composition of corn
40: 470-473. Diss, Abstracts 20, 2477.2479,
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