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Abstract: A study was carried out to assess the influence of Mn and Zn fertilizers on residual soil N, P, K, Mn and
Zn in sesame (Sesamum indicum L.) based cropping system during the 2005 and 2006 rainy season, at the Food and
Agriculture Organisation/Tree Crop Programme (FAO/TCP) Teaching and Research farm of the Adamawa State
University, Mubi, northern guinea savanna of Nigeria. The experiment consisted of 2 Mn rates (0.5 and 1 kg ha™)
and 2 Zn rates (0.5 and 1 kg ha™) with various treatment combinations added to nitrogen (75 kg ha™), phosphorus
(45 kg ha) and potassium (22.5 kg ha') as basal, laid out in a randomized complete block design (RCBD),
replicated three times. The results showed that Mn at 1 kg ha! increased soil N by 0.01%, P, Mn and Zn by 1.35,
20.14, and 1.47 mg kg™, respectively. Zn application at 0.5 kg ha™" increased soil build up of N by 0.17%, K by 0.02
cmol kg while at 1 kg Zn ha™ soil P, Mn and Zn increased by 2.35, 14.34 and 4.89 mg kg, respectively.
Agronomic efficiencies of both Mn and Zn were 25 and 61, respectively at 0.5 kg Mn and Zn ha™'. Uptake of N and
K is related to soil Mn and Zn balance.
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1. Introduction 2. Materials and Methods

The judicious management and conservation of Experimental Site
the soil to guide against decreased crop yields and Two year field study were conducted during the
negative effect on the environment under intensive 2005 and 2006 rainy seasons at the Food and
cropping have become a major area of agronomic Agricultural Organisation of the United Nations/Tree.
study. It has been observed that many African soils Crop Project (FAO/TCP) Teaching and Research
show deficiency problems after only a short period of farm of the Adamawa State University, Mubi (10° 11’
cultivation because of their nature as well as N: 13° 19’ E, altitude 594 m above sea level) Northern
prevailing environmental conditions (Padwick, 1983). Guinea savanna of Nigeria. The mean annual rainfall
The general agreement that all the nutrient ranges from 700 mm to 1,050 mm (Adebayo, 2004).
amendments made to soil had and still by far the most The Vegetation is of typical Northern Guinea savanna.
important effects in terms of increasing crop The soils of the experimental site have been classified
production (Cakmak et al., 2010). It is for these as Entisols (SSS, 1975) or lithosols, (FAO/UNESCO
reasons that farmers have sought to furnish additional classification).
nutrient by applying chemical fertilizers (McVickar Soil Sampling and Analysis
and Walker, 1978) so that the yield of crops will no Soil samples were collected at 0-15 cm depths
longer be limited by the amount of plant nutrients from 10 randomly selected points in the experimental
inherent in the soils. field and a composite was made before land

Researches on the nutrition of sesame have preparation using auger. Samples collected were air
shown significant yield increases in the tropics dried, crushed and sieved through a two mm screen
(Daulay and Singh, 1982; Kalaisevan, 2002 and for analysis prior to the beginning of the experiment.
Malik, 2003) and especially on lithosols of the Standard methods were used to analyze the samples as
savanna region of Nigeria (Shehu et al., 2014) due to follows: Soil reaction (pH) were determined in the
nitrogen, phosphorus and potassium additions. supernatant of 1:2.5 soil-water with a pH meter;

However, there are paucities of information Particle size distribution by the hydrometer method
about the effects of the fertilizer treatments on (Bouyoucos, 1962); total nitrogen by a modified
nutrients after cropping. Therefore, this study aimed Kjeldahl method (Bremner and Mulvaney 1982);
to assess the changes in some nutrients under Mn and Available phosphorus was extracted by Bray Pl
Zn fertilizer treatments in sesame based cropping method (Bray and Kurtz, 1945) and determined by
system. spectrometry; Exchangeable cations were extracted in

IM NH4OAc buffered at pH 7 (Page et al, 1982).
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Calcium and magnesium were determined by atomic
absorption spectrophotometer, and K and Na by flame
photometer. Effective cation exchange capacity was
estimated by summation of exchangeable bases
(Rhodes, 1982) and exchange acidity by KCI
extraction method (Mclean, 1965). Organic carbon
was determined by wet oxidation method (Walkley
and Black, 1934) while Zn and Mn as described by
Lindsayand Norvell (1978). The results of the
analyses are shown in Table 1.

Table 1. Some physical and chemical properties of the
experimental soil

Parameter Value
Sand (g kg") 536
Silt (gkg) 302
Clay (g kg") 162
Textural Class Sandy loam
pH (1:2.5, H,0) 6.2
Organic Carbon (g kg) 6.44
Organic matter (g kg") 0.75
Total Nitrogen (gkg”) 0.15
Available P (mg kg-1) 2.1
Exchangeable K (Cmol kg™) 0.33
Exchangeable Ca (Cmol kg) 4.8
Exchangeable Mg (Cmol kg™) 2.27
Exchangeable Na (Cmol kg™) 0.98
Available Zn (mg kg') 2.26
Mn (mg kg™) 37.83

Experimental design and treatments

The experiments were laid out in a randomized
complete block design with two fertilizer types: Mn
(0.5 and 1 kg Mn ha™") and Zn (0.5 and 1 kg Zn ha™)
with various treatment combinations. Nitrogen (75 kg
N ha™), phosphorus (45 kg P,Osha™") and potassium.

(22.5 kg K,0 ha') were supplied as basal for
sesame crop.

Agronomic efficiencies
follows:

were calculated as

Grain yieldf — Grain yield,.
Agronomic Efficiency (AE) =

Fertilizer applied ke/kg

Where the indices, / and ¢ denote ‘fertilized
crop’ and ‘unfertilized controls’ respectively
(Crasswel and Godwin, 1984: Mengel and Kirby,
2006).
2.4. Data analysis

Data collected was subjected to analysis of
variance (ANOVA) using SAS 9.1.3 (2010).
Duncan’s Multiple Range Test (DMRT) was used for
mean separation where differences were significant, at
5% level of probability.

3. Results
Nitrogen, P, and K uptake by sesame

The effect of Mn and Zn fertilizer on N uptake is
presented in Table 2. Highest N uptake (24.2 kg ha™)
was realized when NPK + 0.5 kg Zn ha™ was applied
in 2005. In 2006, NPK + 1 kg Zn ha™' gave the highest
N uptake of 27.91 kg ha'. The combined analysis
revealed that 25.33 kg ha' N obtained from the
application of NPK + 1 kg ha” was the highest.

Table 2: Effects of Mn and Zn fertilizers on the uptake of N, P and K by sesame

N uptake P uptake K uptake

(kg ha' (kg ha™) (kg ha™)
Treatment 2005 2006 Mean 2005 | 2006 Mean | 2005 2006 Mean
0-0-0 500 |553°7 |527° 343 ]0.56° | 041° |9.65" 7.26° | 8.46°
NPK 2126 |20.40"™ |2083® |4.89 | 1.60® |1.85* |29.18" |27.29° | 28.24"
NPK + 0.5Mn 942 | 16.87"° | 13.15® |[535 |224* |147* |22.82" [29.86" | 26.34®
NPK + 0.5Zn 2420 | 19.54® 2187 |5.13 |2.52*° |1.90* |2020™ |29.21* |24.71®
NPK + 1Mn 10.61 | 23.96° | 17.29" |576 |2.54* |1.64*° |28.18 |2555 |26.86™
NPK + 1Zn 2276 [ 27.91° [2533* [585 [2.00° | 137" |16.94° [ 28.44" | 22.69®
NPK + 0.5Mn + 0.5Zn 1129 | 16.54® [13.92*¢ [327 [1.95 |1.57* |1522°% [21.24" | 18.23"
NPK + IMn+ 1Zn 15.09 | 18.47° ]16.78" [5.05 | 1.59® | 1.65* | 12.62°7 [ 24.65° | 18.64°
SE(+) 571 | 4.52 5.04 132 039 [034 |281 3.69 3.79

TMeans followed by same letter(s) in subscript are not significantly different at 5% level of probability using

Duncan’s multiple range test.

The uptake of P as influenced by Mn and Zn
fertilizer additions is presented in Table 2. The
amount of P uptake showed no significant difference
between 0 kg ha™', NPK and NPK +1 kg ha™ each of
Mn and Zn with a corresponding P uptake of 0.56,
1.60 and 1.59 kg ha' respectively. The highest P
uptake in 2005 was recorded with NPK+1 kg Mn ha™!
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application which gave 2.54 kg ha™ P uptake. In 2006,
application of NPK + 0.5 kg Zn ha™' produced the
highest P uptake of 1.90 kg ha' which was
statistically at par with values from all treatments
except the control. The highest P uptake was recorded
when 0.5 kg Zn ha” was added to NPK where uptake
of 2.21 kg ha' was recorded. While P uptake
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increased with increase in Mn rate (1.85 to 2.09 kg ha
", increase in Zn rate decreased P uptake (2.21 to 1.69
kg ha™). The effect of Mn and Zn fertilizer on the
uptake of K on sesame is shown in Table 2. In 2005,
combinations of Mn and Zn at both 0.5 and 1 kg ha™
gave lower K uptake compared to where they were
added separately. In 2006, all rates produced K uptake
values that were statistically at par except for the 0 kg
ha™'. In the combined analysis, the highest K uptake
(28.24 kg ha™) was recorded where no Mn and Zn
were added to NPK.
Mn and Zn uptake by sesame

The effect of Mn and Zn fertilizers on the uptake
of Mn is presented in Table 3. In 2005, all rates

produced Mn uptake values that were statistically at
par except for the 0 kg ha™'. In 2006, Mn uptake was
highest (0.57 kg ha™') when NPK + 1 kg ha Mn was
applied. This did not produce a significantly different
Mn uptake from NPK + 0.5 kg Mn ha', NPK + 0.5 kg
Zn ha™ and NPK + 0.5 kg Mn + 0.5 kg Zn ha™ with
corresponding Mn uptake of 0.43, 0.44 and 0.38 kg
ha, respectively. In the combined analysis, treatment
NPK + 1 kg Mn ha had the highest Mn uptake of
0.47 kg ha'. Uptake of 0.34, 0.42, and 0.36 kg ha™
from application of NPK + 0.5 kg Mn, NPK + 0.5 kg
Zn and NPK + 1 kg Zn ha” respectively were not
significantly different.

Table 3: Effect of Mn and Zn on the uptake of Mn and Zn by sesame

Mn uptake (kg ha™) Zn uptake (kg ha™)

Treatment 2005 2006 Mean 2005 2006 Mean
0 0-0 0.08"" 0.15° 0.12° 0.003° 0.003° 0.003°
NPK 0.27° 0.32" 0.30° 0.011° 0.016™ 0.013®
NPK + 0.5Mn 0.25° 0.43% 0.34® 0.013° 0.013*° 0.013®
NPK + 0.5Zn 0.40° 0.44® 0.42% 0.016° 0.015% 0.016™
NPK + 1Mn 0.38° 0.57° 0.47° 0.012° 0.011°° 0.012°°
NPK + 1Zn 0.40° 0.32" 0.36™ 0.013° 0.019* 0.016™
NPK + 0.5Mn + 0.5Zn 0.29° 0.38% 0.33° 0.034° 0.008™ 0.021°
NPK + IMn+ 1Zn 0.37° 0.29™ 0.33° 0.009° 0.007" 0.008"™
SE(+) 0.05 0.06 0.06 0.004 0.003 0.004

TMeans followed by same letter(s) in subscript are not significantly different at 5% level of probability using

Duncan’s multiple range test.

The effect of Mn and Zn fertilizers on the uptake

of Zn is presented in Table 3. The two years of study
and the combined analysis revealed significant
responses of Zn uptake to Mn and Zn fertilizer
application. In 2005, highest Zn uptake was recorded
from the application NPK + 1 kg Zn ha™ of 0.40 kg
ha™ while in 2006. The highest was obtained with
NPK + 1 kg Mn ha” of 0.57 kg ha'. The lowest
uptake was from soils that did not receive any

fertilizer application.

In the combined analysis,

highest Zn uptake came from application of NPK +
0.5 kg Mn + 0.5 kg Zn ha™. This was not significantly
different from uptake recorded at NPK + 0.5 kg Mn
ha', NPK + 0.5 kg Zn ha™', NPK +1 kgMn ha™ and
NPK + 1 kg Zn ha" with corresponding uptake of
0.013, 0.013, 0.016, 0.016 and 0.12 kg ha’
respectively. The lowest Zn uptake of 0.003 kg ha™
was from control.

Table 4: Effect of Mn and Zn fertilizers on residual soil N, P, and K

Soil N (%) Soil P (mg kg™) Soil K (Cmol kg™)

Treatment 2005 2006 Mean 2005 2006 Mean 2005 2006 Mean
0-0-0 0.07" 10.04° 005 |343 |1.52° 248 o021 [017°7 o0.19°
NPK 0.15 0.06® [0.10° |489 | 1.82° 336 028 [043* [035%
NPK + 0.5Mn 0.15 [0.05° [o0.10° [535 [2.03*° [3.60° [024 |044 ]0.34"
NPK + 0.5Zn 0.55* 10.09° [032* [513 [236° [3.75® [020 |051° [0.35"
NPK + 1Mn 0.26 [0.07° [0.16® [576 |3.13*° [445® [023 [039® [031"
NPK + 1Zn 0.39 [0.06® [022® |585 |5.05° 545 1023 036 [0.29%
NPK + 0.5Mn + 0.5Zn 0.13* [0.05° [0.09° [327 [3.96® [3.62° [034 |043* [0.38"
NPK + IMn+ 1Zn 0.14 [0.05° [0.10° |[505 |435 470" 1023 [038® [0.30"
SE(+) 0.09 0.00 0.09 132 | 0.60 1.16 0.05 |[0.07 0.08

TMeans followed by the same letter(s) in a column are not significantly different at 5% level of probability using

Duncan Multiple Range Test.
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Residual soil N, P, and K

In 2005, 2006 and combined analysis, NPK + 0.5
kg Zn ha' had higher residual soil N than NPK, NPK
+ 0.5 Mn kg ha”, NPK + 1 kg Mn ha”, NPK + 1 kg
Zn ha™', NPK + 0.5 and 1 kg Mn and Zn ha" (Table
4). In both years, Zn had significant effect on residual
soil N than with Mn and Mn and Zn combinations.
The with residual soil N of 0.32% was the highest.
This was combined analysis indicated that NPK + 0.5
kg Zn ha™ at par with NPK + 1 kg Mn ha™ and NPK +
0.5 kg Zn ha™ with corresponding residual soil N of
0.16 and 0.22, respectively. All other rates were
significantly low. The influence of Mn and Zn on
residual soil P after sesame cultivation was not
significant in 2005. In 2006 and in the combined
analysis, residual soil P was highest at NPK + 1 kg Zn
ha™' application which gave a residual soil P of 5.45
mg kg'. All other values were not significantly
different from the residual soil P recorded at 0 kg ha™.

Application of Mn and Zn fertilizers did not show
significant effect on residual soil K in 2005. In 2006
and in the combined analysis, NPK + 0.5 kg Mn + 0.5
kg Zn ha had the highest residual soil K of 0.43 and
0.38 Cmol kg™ respectively. In both analysis, except
for the 0 kg ha™ all other rates were not significantly
different from one another.
Residual soil Mn and Zn

The effect of Mn and Zn on residual soil Mn is
presented in Table 5. There was no significant
influence on residual soil Mn in 2005. In 2006, NPK +
1 kg Mn ha™ recorded the highest residual soil Mn of
70.0 mg kg'. However, this value was only
significantly different from 43 mg kg Mn recorded
from 0 kg ha” rate. The combined analysis did not
show any significant influence on residual soil Mn.
However, soil Mn increased by 14.2 and 20.14 mg kg’
" from addition of 0.5 and 1 kg Mn ha™ after cropping
(Table 6).

Table 5: Effect of Mn and Zn fertilizers on residual soil Mn and Zn in sesame

Soil Mn (mg kg") Soil Zn (mgkg")
Treatment 2005 2006 Mean 2005 2006 Mean
0 0-0 36.73 4307 39.87 1.94 2.50 2.22
NPK 46.73 56.67% 51.7 1.94 2.73 2.33
NPK + 0.5Mn 38.73 65.33® 52.03 2.13 2.65 2.39
NPK + 0.5Zn 45.33 53.33® 493 7.91 6.02 6.96
NPK + 1Mn 45.93 70.00° 57.97 4.45 2.99 3.72
NPK + 1Zn 38.00 66.33™ 52.17 5.35 8.95 7.15
NPK + 0.5Mn + 0.5Zn 37.37 58.33® 47.85 2.73 4.99 3.86
NPK + IMn+ 1Zn 40.40 48.00™ 44.15 2.61 8.82 5.71
SE(+) 7.12 7.20 8.71 2.12 2.58 2.29

TMeans followed by the same letter(s) in a column are not significantly different at 5% level of probability using

Duncan Multiple Range Test.

Table 6: Level of change in nutrients status at post harvest of sesame crop

Treatment Soil N (%) Soil P Soil K Soil Mn Soil Zn
(mg kg™ (Cmol kg™ (mg kg™ (mg kg™
0-0-0 -0.10 -0.62 -0.14 +2.04 -0.04
NPK -0.05 +0.26 +0.02 +13.87 +0.07
NPK + 0.5Mn -0.05 +0.59 +0.01 +14.20 +0.13
NPK + 0.5Zn +0.17 +0.65 +0.02 +11.47 +4.70
NPK + 1Mn +0.01 +1.35 -0.02 +20.14 +1.46
NPK + 1Zn +0.07 +2.35 -0.04 +14.34 +4.89
NPK + 0.5Mn + 0.5Zn -0.06 +0.52 +0.05 +10.02 +1.60
NPK + 1Mn+ 1Zn -0.05 +1.60 -0.03 +6.32 +3.45

Application of Mn and Zn fertilizer did not
indicate any significant influence on soil residual Zn
in 2005, 2006 and also in the combined analysis.
However, NPK + 1 kg Zn ha™' recorded the highest
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residual soil Zn in the two years and in the combined
analysis which gave a corresponding highest residual
soil Zn after cropping of 4.89 mg kg™
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Table 7: Correlation coefficient among uptake and residual soil N, P, K, Mn and Zn

N P K Mn Zn Soil Soil
uptake | uptake | uptake | Uptake | uptake | Soil N Soil P Soil K | Mn Zn

N uptake 1.000

P uptake 0.213 1.000

K uptake 0.542* | 0.424* | 1.000

Mn uptake | 0.162 0.675* | 0.491* | 1.000

Zn uptake 0.119 0.449* | 0.251 0.402* | 1.000

Soil N 0.200 0.394* | -0.029 | 0.324* | 0.183 1.000

Soil P 0.088 0.339* | -0.007 | 0.240 0.032 0.278 1.000

Soil K 0.242 0.070 0.521* | 0.178 0.143 -0.355*% | -0.292* | 1.000

Soil Mn 0.331* | -0.034 | 0.320* | 0.013 -0.030 | -0.194 | 0.023 0.401* | 1.000

Soil Zn 0.327* | 0.049 0.195 0.223 0.042 0.181 -0.074 | 0.059 0.042 | 1.000

*= Significant at 5% level of probability

Correlation coefficients

The correlation that existed among uptake and
residual soil N, P, K, Mn and Zn is shown in Table 7.
N uptake is positively related to K uptake (r=0.545),
soil Mn (r=0.331) and soil Zn (r=0.327). P uptake is
positively associated with K, Mn and Zn uptake and
soil N and P with corresponding r=0.424, 0.675,
0.449. 0.394 and 0.339, respectively. K uptake is
positively 0.521 and 0.320, respectively). Mn uptake
is positively related to Mn uptake, soil k and soil Mn
(r=0.491, associated to Zn uptake (r=0.402) and soil N
(r=0.324). Soil N is negatively related to soil K (r=-
0.355) and soil P and soil K are negatively associated
(r=-0.292) while soil K is positively related to soil Mn
(r=0.401). However, a strong relationship existed
between P uptake and Mn uptake greater than all other
relationships with r’=0.401.

4. Discussion

The increase in N uptake by sesame recorded in
this study was also observed by Singaravel et al.
(2002) where 25 kg ZnSO, ha' added to
recommended NPK increased N uptake by 49% in
Vertisols. The non significant response in N uptake
from additions of Mn and Zn in this experiment
differs with the findings of Singaravel et al. (2002)
where significant increase (85%) in uptake by sesame
was obtained with 2 kg ZnSO, + 5 kg MnSO, ha™.

There was no marked increase in the uptake of P
with Zn and Mn fertilization. This did not agree with
the findings of Tiwari et al. (1995) who reported
increase in P uptake by 122% at 5 kg MnSO, ha™
added to NPK. The non significant increase in P
uptake concurs with Singaravel et al. (2002) who
reported non significant increase in P uptake both at
low and high MnSO, additions. Similar findings was
also reported by Murphy et al (1981) from a
comparison of root and shoot concentration for both
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Zn and P in two varieties of dry bean. They found that
Zn concentration did not have effect on P in the shoot,
even when P was at high concentration. They also
noted high levels of available P in the roots at high Zn
concentrations.

Combination of Mn and Zn at 0.5 kg ha™' each
and also 1 kg ha™ each depressed K uptake by 54.9
and 51.5% respectively over NPK. This result is at
variance with the findings of Singaravel et al. (2002)
who recorded significant increase in K uptake from
additions of Mn and Zn to NPK on Vertisols.

Manganese applied at 1 kg ha” increased Mn
uptake by 56.7% while 10% increase was recorded
when 0.5 kg Mn and Zn ha and 1 kg Mn and Zn ha™
were added to NPK. Increase in Mn uptake from Mn
application and Mn and Zn interaction on uptake of
Mn was observed by Singh and Steengberg (1974).
Manganese uptake in sesame was reduced by 16.7%
at 1 kg Zn ha™ application compared to NPK. Similar
findings was also reported by El-Fouly et al. (1992)
where total Mn uptake was reduced by increasing Zn
rate in an experiment with sunflower under green
house condition. Increase in Mn uptake from Mn
application was also observed by El-Fouly et al.
(2001) where 189% increase was recorded.
Manganese in its chemical behaviour shows properties
of both the alkali earth cations such as Mg*" and
heavy metals (Zn>"). It is therefore not surprising that
these ion species can affect uptake and translocation
of Mn in the plant. This has been reported by Fox and
Guerinot (1998) that Mn has a depressive effect on Fe
uptake. Also, addition of Zn separately at lower rates
favoured Mn uptake in sesame. El-Fouly et al. (2001)
reported higher Mn uptake at low Zn rates.

Application of Mn and Zn at 0.5 kg each
recorded the highest Zn uptake by 61.5% over NPK.
Manganese application both at 0.5 and 1 kg ha™ did
not significantly change the uptake of Zn. This
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concurs with results of Singh and Steegberg (1974)
which showed that total Zn uptake and percentage
distribution among roots and shoots of maize and
barley were not affected by Mn application. Zinc
uptake increased by 13.3 and 17.7% from application
of 0.5 and 1 kg Zn ha' rates respectively. This
response also agrees with the studies of Singh and
Steegberg (1974) who observed significant increase in
Zn uptake by roots and shoots of maize and barley
plants from Zn application. In a similar work by
Schenkano and Berber (1979), it was found that
nutrient absorption from the soil by the roots depends
on the nutrient concentration in soil solution. Similar
results were observed by Brown (1979).

Zinc at 0.5 kg Zn ha increased residual soil N
by 220% and 120% at 1 kg ha™. At 1 kg Zn ha™, it is
expected that uptake of N increased more, than at 0.5
kg Zn ha™. With this higher uptake, the amount of N
removed from the soil will be higher, leaving low
amount of N in the soil. This is indicated in the higher
uptake at 1 kg Zn ha™'.

Zinc application at 1 kg Zn ha' increased
residual soil P by 62.2%. This shows that Zn reduced
the uptake of P, leaving in the soil more P to form
complexes or precipitates. This result concurs with the
findings of Mandal and Mandal (1990) which
indicated that interaction between P and Zn occur at
the plant metabolic level. Interaction between Mn and
P was observed as Mn at 1 kg ha™ increased residual
soil P by 32.4%. This implies that Mn suppressed P
uptake. This result agrees with the studies of Giordano
and Mortvedt (1969) who examined P availability for
corn when Mn was granulated with ortho and
polyphosphate fertilizers. Large concentrations (10%)
of Mn as MnSO, in ammonium phosphate fertilizers
significantly reduced corn forage yield and P uptake
relative to treatments where P and Mn were applied
separately. This may be as a result of complexes
formed by Mn with P, thus reducing the uptake in the
soil. Similar reports were obtained by Smilde (1973)
who observed antagonistic interaction between P and
Mn. This result also shows that Zn has greater effect
on P absorption than Mn. Their combined effect
increased residual soil P by 1.34 mg kg™ at added 1 kg
ha™' of each.

The combined field experiment shows that there
was no significant response in K uptake from the
applications of Mn and Zn at all rates, both in
combination and separate additions. This result did
not concur with the report of Fageria (2001) that
increasing Mn concentration in nutrient solution
triggered a general antagonistic effect on K.
Manganese and Zn rates applied in this experiment
may not be high enough to trigger antagonistic effect
on K since K plant content did show any significant
difference. The highest residual soil K (0.38 cmol kg
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") at NPK + 0.5 Mn + 0.5 Zn corresponds with the
uptake of K at same rate. This indicates that combined
Mn and Zn reduced K uptake leaving in soil more K
than other treatment rates though not significant. This
effect is both in plant and soil. K reduced Mn
absorption and it has been used to alleviate Mn
toxicity in acid soils. Therefore at low and moderate
Mn rates, residual K may not be significantly affected.
Similar findings were reported by Hennan and
Campbell (1981) and Alam et al. (2002). Application
of 1 kg Zn ha™ reduced residual soil K by 0.06 cmol
kg' compared to NPK though not significantly
different from other treatment rates.

Application of Mn at 0.5 and 1 kg Mn increased
soil residual Mn by 0.6 and 12%, respectively. The
increase in residual soil Mn concurred with the report
of Weil et al. (1997) that addition of Mn to soils
increased Mn concentration and directly availability
of plant Mn. The level of Mn begins to fall when the
soil becomes well aerated as the Mn is being absorbed
by plants. Webb er al. (1993) elucidated that high
level of Mn decreases with time under field capacity
and optimum pH of 7. The soil condition in this
experiment is a favourable one (sandy loam and pH
6.2) with good aeration. Soils in the area of study have
been classified as low in Mn (FAO, 2004). Addition
of Mn fertilizer will raise the soil Mn concentration
but will be depleted as the plant absorbs it. However
the absorption of Mn in this case is low since 57.97
mg kg™ was left in the soil after cropping. Application
of Zn did not influence soil Mn. Both Mn and Zn
absorption and translocation are favoured by acid soil
condition. In a similar work by Mengel and Kirby
(2006), it was observed that the concentration of Mn
in soil solution are considerably higher than Zn and
complexed Mn in soil solution can easily be replaced
by Zn*".

Application of Zn at 0.5 and 1 kg Zn ha’
increased residual soil Zn by 198 and 207%
respectively. The non significant influence on residual
soil Zn coincides with non significant response to Zn
uptake from Mn and Zn applications. Zinc uptake by
plant which is supposed to deplete soil Zn was not
significant. The presence of P though not in high
concentration might have reduced Zn uptake and thus
increased residual soil Zn. Attempts have been made
to explain P antagonism on Zn nutrition on the basis
of chemical reaction between P and Zn in growth
medium, making Zn unavailable to the plant. Veits
(1966) further explained that precipitation of
Zn3(POy), having a low Zn availability, have been
reported. However, Khan and Zende, (1977) added
that, evidence exists for P inhibition of Zn absorption
into the root or interferences with translocation of Zn
from roots to metabolic use sites in the shoot.
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5.

Conclusion
Soil N, P, Mn and Zn balance increased at higher

Mn and Zn rates while soil K build up increased when
both Mn and Zn are applied together at 0.5 kg ha™
each. Agronomic efficiencies, as high as 25 and 61 for
Mn and Zn were obtained at 0.5 kg Mn ha™ and 0.5 kg
Zn ha'. A strong relationship existed between P

uptake and Mn uptake.
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