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ABSTRACT

This study was undertaken in two distinct ecological zones of Edo state of Nigeriato determine the
effects of variation in N:K ratio in soils on the availability of N, K and on the growth and yield of
maize. The two sites used were Rubber Research Institute of Nigeria (RRIN) lyanomo (forest) and
the Teaching and Research Farm of Ambrose Alli University, Emaudo, Ekpoma (derived savanna).
RRIN is located in coastal plain sand while Emaudo is located in a transition zone between the
coastal plain and basement complex of Edo state, Nigeria. The soils of the two experimental sites
were analyzed for physicochemical properties before the commencement of the experiments. The
experiments were carried out in two stages. Pot experiments in the screen house and Field experi-
ments. Each of the experiments had ten treatments (adjusted ratios) that were fitted into randomized
complete block design and replicated three times. The following adjusted N:K ratios of 0:0 (con-
trol), 1:1, 2:1, 3:1,:4:1, 5:1, 2.1, 3:1, 4:1, and 5:1 were used with maize (suwam - 1 variety) as
the test crop. Results from the screen house revealed that N/K ratio 4:1 had the highest dry matter
yield for both locations, (RRIN; 2.60 g/pot and Emaudo; 2.75 g/pot) but these values were not sig-
nificantly different (P< 0.05) from what were obtained from N/K ratio 3:1 and 2:1, respectively. The
N:K ratio in soil had influence on the availability of N, and K. Under field conditions, N/K ratio 4:1
had the highest grain yield for both locations (RRIN; 3.46 ton/ha and Emaudo; 3.33 ton/ha), and the
highest cob field weight (RRIN; 9.92 ton/ha and Emaudo; 9.33 ton/ha), hence its recommendation.
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INTRODUCTION
Inorganic fertilizers are essential component  yield and its environment (Gruhn, et al.,., 2000).

of any system in which the aim is to maintain  Excessive application of fertilizer as opined by
good yield in the absence of organic manure
(Ayoola, 2006). However the rate of application
and dosage has a greater influence on both crop
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Smaling and Braun (1996) does not really en-
hance sustainability, crop nutrient uptake nor
significantly increase yields but tends to encour-
age economic waste and damage to the environ-
ment. Inadequate application, on the other hand,
can retard growth and lower yield in short term
and in the long run jeopardizes sustainability
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through soil mining and erosion. This precari-
ous tilt between “excessive” and “inadequate”
isthe major challenge of fertilizer recommenda-
tion efforts and can only be effectively bridged
when nutrients are applied at the right ratios.

Soil nutrient leaching and low level of soil
organic matter has made nitrogen a limiting nu-
trient to maize production in Nigeria (Adetunji,
1991; Azeez, 2009). However, high supply of N
is frequently associated with acidification and
accumulation of ammonia in the rhizosphere
(Roem Klees and Berendse, 2002). Increases in
N availability may also lead to strong P and K
shortage which might exclude some plant spe-
ciesthrough vitality (Lawniczak, 2009).

Potassium is known to play a major role in
osmoregulation, enzyme activation and carbo-
hydrate translocation (Zhi-Yong, et al., 2009).
The release and fixation of K is as a function of
fertilizer application rate and soil parent mate-
rial (Simonsson, et a., 2007). Furthermore, K
supply might affect N uptake in leaves, photo-
synthetic activity and water use efficiency (Egil-
la, et a., 2005).

Majority of tropical soils are fragile and low
in plant nutrients (Carsky and Iwuafor, 1995;
Juo and Wilding, 1996) and with climate that
is characterised by high rainfall and insolation
which are however not evenly distributed in the
various ecologica zones. Hence, variation in the
performance of crops, the soil condition and nu-
trient status are expected among the ecol ogical
Zones.

In this study, we performed a screenhouse
house experiment and a back up field experi-
ment to determine the effects of Variation of
N:K Ratio in Soils on the growth, nutrient avail-
ability and Yield of Maize (Zea mays L.). To
better understand the variations in N:K ratios,

we examined the growth responses, nutrient
concentrations in earleaf at silk and crop yield
for the best combination of N:K ratios in soils
of thislocality.

MATERIAL AND METHODS

The two sites used for this experiment were
located in Rubber Research Ingtitute of Nigeria
(RRIN) lyanomo (rain forest), the soils are de-
rived from the coastal plain sand parent material
and the Teaching and Research Farm of Am-
brose Alli University, Emaudo annex, Ekpoma
(derive savanna), the soils are from the transi-
tion zone between the coastal plain and base-
ment complex, both in Edo state, Nigeria. Soils
from RRIN used for the study are Inceptisols,
classified as Typic Dystrudept and specifically
located at latitude 60 09” and 85” N and longi-
tude 50 35”” and 58” E (Orimoloye, 2011), while
soils from Emaudo are Ultisols, classified as
Rhodic paleudults and located at latitude 6.180
and 6.460 E and longitude of 6.000 and 6.400 N
(Bazuaye, 2009).

The experiment was carried out in two stag-
es. Pot experiment in the screen house (screen
house ionic experiment). Field experiment (field
ionic experiment). Surface Soil samples taken
from each of the representative sites, were air
dried, sieved and analyzed for its physical and
chemical properties, 1000g each were weighed
and placed in 1.5 liter plastic cups, based on
the soil test values, using the following adjust-
ed ratios: 0:0, (control) 1:1, 2:1, 3:1, 4:1, 5.1,
1:2, 1:3, 1.4 and 1:5 N:K ratios (screen house).
Nitrogen was applied as urea, and potassium
as muriate of potash. Using Maize as the test
crop, distilled water was used for irrigation, the
above ground portions of maize plants, were
harvested six weeks after planting (WAP). The
experiment was repeated in the field as a fol-
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low up of the screen house work. The screen
house recommendation alone cannot be adopted
for field studies because of differences in soil

volume ratio, root restriction, number of plants
per pot, total nutrient exhaustion, short duration
and other controlled conditions. The field ionic

studies were conducted in two locations, RRIN
and Emaudo, respectively. The experiment was
a randomized complete block design. N:K ratio
trials were laid out consisting of 10 treatments
randomized among the plots within the blocks.
Each plot size was 2.5m x 2.0m and the planting
distance adopted was 75 X 25cm with a space of

50cm between plots and 80cm between blocks.
Agronomic growth traitswere measured at 4 and
8 WAP. Two ear leaf samples were randomly se-
lected from the centre row of each plot at silk
and were analyzed for their nutrient contents of
N and K. Three plantsin each plot (middle row)
were harvested from 15 plants in each plot to
eliminate the effect of cross feeding. The har-
vested maize cob was dried and dehusked and
the dry weight (yield) noted. All data obtained

from laboratory, screen house and field studies

were subjected to statistical analysis (SARS).

Soils/plant tissue analysis

Soil pH was measured in 1:1 soil water sus-

pension (Macleans, 1982). Exchange acidity
(AI3+, H+) wasextracted with INK CI (Thomas,
1982). Organic Carbon was determined by wet
dichromate acid oxidation method (Nelson and
sommers, 1982). Exchangeable cations (Ca, Mg,
K and Na) were extracted with IN NH40OAC at
pH 7.0. Potassium and Nawere determined with
a flame emission photometer while Ca and Mg

were determined with atomic absorption spec-
trophotometer (Anderson and Ingram, 1993).
Effective cation exchange capacity (ECEC) was
calculated by the summation of exchangeable
bases and exchange acidity (Anderson and In-
gram, 1993). Particle size distribution was de-
termined by the hydrometer method according
to Okalebo et a.,. (2002). Plant samples were
oven dried at 700c for 72 hours, milled and
sieved through 0.5mm mesh sieve. Nitrogen
was determined using the macro-kjedahl meth-
od (Anderson and Ingram, 1993), Potassium
was determined by flame photometer.

RESULTSAND DISCUSSION

The physical and chemica properties of the
soils used for the experiments are presented on
Table 1. The Soils from the two siteswere acidic
in nature and had low eletrical conductivity, to-
tal nitrogen, organic carbon, exchangeable po-

TABLE 1: Physical and chemical properties of experimental sites.

Pavameters

pH

Organic Carbom (g/kg)
Crganic matter (g'kg}
Available P {mg'kg)

Toral Mitragen (M) {gkg)
Exchangeable Ca (Cmol/ke)
Exchangeable Na {Crmolkg)
Fachangeable k (Cimol/kg)
Hydrogen {(H) Cmol'kg
Alurninum (A"} Cmelikg
FCEC Croldg

Clay (g/kg)

Silt (ekg)

Sand (g/kg)

Texturul clyss

RRLYN EMALDO
530 536
8.0 7.3
13.8 13.3
437 4.78
072 .58
248 1.60
(.63 0,15
206 4,18
0.50 080
0.10 020
372 333
148,70 4040
20.50 59.50
Fe0.80 S00.10
aL 8
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tassium and sodium and are below the critical
nutrient element levels given for most crops of
thisregion ( Sobulo and Osiname, 1981; Adeoye
and Agboola, 1985; Agboola and Corey, 1973;
and Agboola and Obigbesan, 1974). The textur-
a classes were sandy loam and sand.

Higher application of nitrogen significantly
affected the maize plant growth rate with  N:K
applied ratios 4:1 having the highest growth rate

in terms of maize plant height, stem girth, leaf
area and number of leaves at 4 and 8 weeks after
planting (WAP) for both experimental sites (ta-
bles 2, 3, 4 and 5). Although this was not signif-
icantly different from what were obtained from
the applications at N:K ratios 1:1, 2:1 and 3:1
and as such, applying at N:K ratio 4:1 can be
referred to as Excessive application of fertilizer,
as opined by Smaling and Braun (1996).

TABLE 2: EFFTECT OF YARIATION IN MN:K RATIO ON MAIZE MEAN PLANT HEIGHT,
STEM GIRTH, LEAF AREA AND NUMEBER OF LEAVES AT 4 WAF (EMALII).

Adjusted MK Plant Stem
rulie in soils heighl (o) waih {om)
0:0 17010 083,
1:1 22T 120,
1:2 1900, 97
1:3 17680k .77
1:4 17.57, 55,
1:5 15.97, 077
21 2103, 110y
31 2297 1.20,
4:1 2377, 1.20,
51 1980, (.80,
SE. (P<{L05) 229 .15

Leafarca Mumber of
{em®) Jeves
TE.BD 7.67
106,38 257
To. 50 B.00
68.B5 1.87
TR.i8 7687
67.25 T.33
27335 853
10538 867
10827 8.67
73.59 7.33
™S M5

NS: Nat significant

Moans within the same vertical column having the seme smal] |otter(s) arc not significandy different from

cach other.

TABLE 3: EFFECT OF YARIATION IN N:K RATIOS ON MAIFE MEAN PLANT HEIGHT,
STEM GIRTH, LEAF AREA AND NUMEEE OF LEAVES AT § WAT (EM AT,

Adjusted MK Plamt Stem Leafarce *omber of
ratic in saila height {om) girth (e’ i e} leaves
UK 4687, 1.4, 1H%_35, 13.47
171 8323, 173 8046, 1433
1:2 T3.77h 1.67%ah 39507 15.00
13 T360ch 1.T3ah 425658 1433
1:4 7330, 1734 6205, 13.47
1:3 LI, 1674 Imlae, 1544
21 B3.27,, 1674 39124, 15404
el | 0013, 167, 424.15, 1540
4:1 10713, .77, 48670, 15.00
:H | 427, |43y, 300151, 1544
SHO{P=3LIG} 11,14 [FREY) .2 N3

NE: Mot sigmificant

Beleans within (hee sarne vericl columm Inving e seeoe small lelbar(s) ave nel sighifeantly ditleeent from

euch vther.

The effect of applied ratios (N:K) on dry mat-
ter yield (DMY), nutrient concentrations, and
uptake of maize plant screen house in soils of
Emaudo and RRIN are shown on Tables 6 and
7, while Correlation coefficient matrix showing

the effect of applied N:K ratios in soils on the
relationship between nutrient concentrations,
uptake and DMY of maize in these soils are
shown on tables 8 and 9, respectively. In Emau-
do soils, the concentration of N in the ear leaf
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TABLE & FEFFELT OF ¥ARIATION TN N:K RATICOR OON MAIZE MEAN FLANT LEEIGLT,
STEM GIRTIL LEAF ARKA AND NUMEBER OF LEAYES AT 4 WAP (RRRIN)

Ailjesled BEE S Flan Rrem T.eaf are Mumber of
ratlo Inosaoils height ferm) irmh [om) e [eave
w:l 24.00, .73, 1304 633
1:1 ITAL, A7 e 207 4be 87
122 2700,y A2 N34 7.0
I3 2002k .79k 08 (Ve TH7
14 2467, [ 3 1.7
15 2467, Tk, 74T 4.67
a:] 29.67,, (LR 222 Bbhe 767
kS 3000y, LA 250,40k Ti?
411 3205, 0546, 2837 LT
51 2EAy, LA 218.2bc T3
S P<0.05) 2.2 .13 117 K&

M5 Wat sigmifisant

Means within the same wetlical colutim baving the tame commen small lzetens) are ot significamly

ditferent from each oher,

increased with increase in N application. The
highest N concentration was obtained from ap-
plied N:K ratio 4.1, this was closely followed
by 3:1 and 2:1, respectively. The highest K con-
centration was obtained from applied N: K ra-

tio 1:5. The highest N uptake was from applied
N: K ratio 1:5. The highest K uptake was aso
obtained from applied N: K ratio 4:1. Nitrogen
concentration in the earleaf was nagatively and

significantly correlated with K with “r” values of

TABLE 5 EIVECT OF VARIATION IN M:K RATIOS ON MALLE MEAN PLANT HEIGHT,
STEM GIRTH, LEAF AREA AND NUMEER OF LEAVES AT ¥ WAFP (KRN

Adjusied N Plant Stem Leulzren “Muwnkar of
ratio in soils herght {cm) girth fem) () |tirwn
iy 1rz.ie 1403 3854, 1.0
L:1 159.0hed 140 5250, 12,37 ehe
|2 15%.0bed (] 486 Sxh 12.33ahc
133 CELGed 137 431 .Nah 12,000
114 [d&.3ad 127 470 b 12 Bk
1:5 LB 103 d30.32h 11.35be
21 169 Oabe 147 2608, 12874k
a1 1 78.5ah 1.5 3753, 13,60
d;] 18472 Ll SET.0, 1333
A | &0 Fabed 143 L Y 12.6Tub
EE, (M=Th03) Tk M 583 1149

ME: Nuﬁ'ﬁiﬂcam

Means within the same wermical column Faving the same smatl leter(s) are not signifieaitly different from

cacl other,

TABLE 6: EFFECT OF VARIATION IN N:K RATIOS ON FLAKT NUTRIENT CONCENTRATIONS,
UPTAKE AND TIRY MATTER Y1ELDR OF MALZE 1N THE SCRELN FH3USE N SOILS OF EMAUTH

Ml justed conc of nutrients in plent uptake o nusricnts

MR ratio DLbLY. N (Conc) KA{Cunc) NiLptak)  Killptak)
in soil L v L e = B F1 2 T LI
0 L3 140 1.65 L7658 2230
(B 157 1.50 LL47 25.55 20,36
1:2 A2 1.54 2l 16.04 23,10
1:3 1.25 1.69 214 4.k 58.42
14 28 1.74 220 2262 2077
I +5 Pt 177 243 25 B el
21 1.76 213 Ll 1407 18.149
K 1] 315 1.¥1 IR0 2718
A4 275 318 1.4 3335 1597
i | .20 3.52 17 K 1872

|
|
|
|
|
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-0.749* and Nitrogen uptake in the earleaf was
positively but not significantly correlated with
K uptake with ‘r’ values of 0.512 respectively.
In RRIN soils, the concentration of N in the ear
leaf increased with increase in N application.
The highest N concentration was obtained from
applied N:K ratio 4:1, thiswas closely followed
by 3:1 and 2:1, respectively. The highest K con-
centration was obtained from applied N: K ra-

TABLE 7T: EFFECT OF VAKRIATION

tio 1:5. The highest N uptake was from applied
N: K ratio 1:5. The highest K uptake was also
obtained from applied N: K ratio 1:4. Nitrogen
concentration in the earleaf was negatively and
significantly correlated with K with ‘r” values

of -0.755* and Nitrogen uptake in the earleaf
was positively and also significantly correlated

with K uptake with ‘r’ values of 0.977** re-
spectively.

I MK RATIOF UM FLART NUTRIENT

CORCENTRATIONS, LFTAKE AND DRY MATTER YIELD OF MAIZE IN THE SCREEN

HOUSE IN 58118 OF RRIN

Adjusted cang of nutrientd in plant  wpleks of nudeients

;K rtin DMLY, N {Conc} K (Com} Milipisk]  E(Uphk)
in Boil [Epat) (i mp'ke

[ 4.4 L7 151 o2 .74
1:1 117 .72 1.65 20.11 2.8
1:2 L.09 1.7z 191 ez 23.47
132 0.95 1.84 124 2282 24.04
1:4 0. .09 205 26.45 27.20
1:% 0.53 1.02 217 49.72 56,32
211 1.24 Ln2 195 20.83 20.13
EEl ) 1,33 857 141 2154 1205
4:1 260 293 172 16,140 11.00
i1 1,23 .54 131 13.46 0,94

TABLE 8 CORRELATION COEFFICIENT MATRIX SHOWING THE EFFECT OF AFPLIED
N:K RATIOS IN SOILS ON THE RELATIONSHIP BETWEEN M:K CONCENTRATIONS,
UPTAKE AND DMY OF MAIZE PLANT IN THE SCREEN HOUSE (S501LS OF EMAUDO)

D.MY. NiConc) k(Cong} NfUprak) k{Tprak)
DMY 1
N{conc) 0048 1
Kiconc) 0.088 -0.749* 1
N{uptake OL8TO>* 0.528 -0.303 |
K(uptake) 0.835%* -0.376 0.618 0.512 1

*, "% significant at 5 and 1% respectively

TABLE %: CORRELATION COEFFICIENT MATRIX SHOWING THE EFFECT OF AFPLIED
MK RATIOS IN SOILS ON THE RELATIONSHIP BETWEEN N:K CONCENTRATIONS,
UPTAKE AND DMY OF MAIZE PLANT IN THE SCREEN HOUSE (501LS OF RRIN)

DMY. NiConc) k(Conc) NyLiptak) ki Uptak)
DMLY, 1
NiCone) 0340 1
ki Cane) 0.78g%* -0.755% 1
N{Uptak) 0.083%* -0.172 0.701* |
k(Uptak)} 0.998** -0.368 08100 0.977%* 1

*, "% significant at 5 and 1% respectively
The positive correlation between the uptake
of N and K probably is an indication of syner-
gistic relationship. This was in agreement with
the findings of Heathcote (1972). In the N/K

ratio experiment, there was a significant effect
of applied ratio on earleaf DMY in both soils
of RRIN and Emaudo. The DMY and concen-
trations of N and K where highest at N/K ra-
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tio 4:1 in both soils. Eghball and Power (1999)
observed that fertilizer fortified with Nitrogen
increases the concentrations of nitrogen and
phosphorus as well as potassium concentration
in plant tissue. This could be the probable rea-
son while K concentration in the plant tissue
was high with higher N application. Nitrogen/
Potassium application of varying ratios affected
maize vegetative growth significantly in some
stages of growth. However, Howeler and Spain
(1980) found at carimagua that the crop did not
respond to N unless K was applied in the right
proportion. With grain yield (table 10), applied
N/K ratio 4:1 recorded the highest in both soils
of RRIN and Emaudo although not significant.

The highest cob yield was a so obtained from the
same applied ratio in both soils. Gething (1993)
of the international potash institute stated that
in Asia the N: K ratio usage approaches 10: 1
compared with around 2: 1 in Europe and North
America and some other parts of the world. This
implies that with soils of RRIN and Emaudo,
N:K ratios 4:1 could probably be the best ratio
for maize production, hence its recommenda-
tion. Nitrogen and Potassum concentrations
in the earleaf at silk at this particular N/K ra-

tio application level were within the sufficiency

ranges based on values given by Jones and Eck,
(2973).

TABLE 10: EFFECT OF SOIL NITROGEN:POTASSIUM RATIOSONTHE YIELD OF MAIZE

(COB AND GRAIN) IN SOILSOF RRINAND EMAUDO.

RRIN

Adjusted M:K COB FIELD WEIGHT GRAIN YIELD COB FIELD WEIGHT GRAIN YIELD

Ratio in Soils Gonha) (ton'ha) (ton/be) (roovhis)
0:0 6.11d 116 5.12¢ 207
1:1 7.46b 1.06 7.67h 3.01
12 7.46b 2,60 7.61b piv) |
1:3 7.3% 245 6.8lc 262
14 6.47c 234 6.35¢ 23
15 6.14d 228 6.11c 221
21 8.225 3.2 7.71b 3,07
1 8.63a 337 5.71a 311
%1 9.92a 1.46 9.33a 3.3
51 6.79% 2.36 6.52¢ 2.46
SE(05) 0.011 NS 0.049 NS

Means within the same vertical column having the same common small letter(s) are not significantly different from each other,
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