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Abstract
Background and Objective: In order to address the inadequacy of the current blanket fertilizer recommendation in the Guinea Savanna
of Nigeria, the effect of other nutrients in addition to N, P and K in limiting maize productivity must be assessed. This study aimed to
quantify the effects of the addition of secondary macronutrients and micronutrients on maize grain yield, nutrient uptake and N, P and
K use efficiencies in the Guinea Savannah of Nigeria. Materials and Methods: The experiment consisted of 12 treatments: A control, an
NPK treatment and 10 other treatments in which secondary macronutrient (Mg, S) and/or micronutrients (B, Zn) (SMNs) were added to
the NPK. These were set across 4 locations with 3 replications. Results: Maize yield response to the addition of SMNs showed wide
variation. The highest yield advantage over recommended NPK fertilizers was highest with the addition of Mg in  Lere  (2.4  t  haG1), 
S+B+Zn  in  Faskari (2.8 t haG1), S+B in Doguwa (1.5 t haG1) and S+Zn in Toro (2.4 t haG1). The uptake, agronomic use efficiency, internal
utilization efficiency and apparent recovery efficiency of N, P and K were significantly increased with the addition of SMNs but were not
improved with Zn application beyond NPK alone. Conclusion: These results indicated that nutrient limitations to maize in the Guinea
Savannah go beyond N, P and K. Therefore, S, Mg and B are needed to improve maize productivity and engender improved use efficiencies
of NPK fertilizers.
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INTRODUCTION

In Nigeria, maize (Zea mays  L.) is a strategic staple crop
on which many households depend on for domestic
consumption. Additionally, it provides many industrial uses in
flour mills, breweries, confectioneries and animal feed mills.
The bulk of maize production is in the Guinea Savanna of
Nigeria where the most favourable climatic conditions suitable
for its production exist. Despite the favourable growing
conditions, yields obtained by smallholder farmers are far
below the attainable yields for most improved varieties and
high variability in yield exists between farms. Average farmer
yields in 2016 were 2.0 t haG1 although actual yields obtained
in farmers’ fields, could range between 0.5-4.0 t haG1,
depending on fertilizer and agronomic practices1.

The major reason for the low maize yields in Nigerian
Guinea Savanna has been attributed to several constraints,
such  as  poor  soil  fertility  and  low  nutrient  availability2,3,
non-use of improved seeds, herbicides and fertilizer, lack of
proper adherence to good agronomic practices4 and increased
levels of abiotic and biotic constraints such as the recent
outbreak of fall armyworms5 and Striga. Poor soil fertility and
low nutrient availability have been singled out as the most
serious  biophysical  constraints  that  result  in  poor  yields  in
sub-Saharan Africa (SSA) countries including Nigeria6-8.

In Nigeria, regional blanket fertilizer recommendations
have been used as one of the intervention strategies for
tackling poor soil fertility and improving crop yields and
nutrient use efficiencies. This recommendation focused on the
three primary nutrients (N, P and K) as the most limiting in
crop production9. Although the use of the current fertilizer
recommendation has increased crop yields, it has been
established that it may have also accelerated the depletion of
other nutrients not supplied, leading to nutrient deficiencies
and imbalances. Indiscriminate use of these imbalanced NPK
aggravates micronutrient disorders which act additively along
with biotic and abiotic stresses to limit crop productivity10-12.
Part of the reasons why attainable yields are rarely realized
despite NPK applications is the limitations of other nutrients13.
In fact, other nutrients (apart from N, P and K) have been
reported    to    be    constraints    for    maize    production    in
Sub-Saharan African countries including Nigeria10-12. Such
nutrients include secondary macronutrients especially
sulphur10,11,14  and  micronutrients  especially  zinc,  boron,
copper and molybdenum15-17.

Recently, several studies have shown the need to revisit
the  current  understanding  of  crop  nutrients  need  and
fertilizer   recommendation   programs   under   the   current
crop intensification systems. A report by Shehu et al.10 using

diagnostic nutrient omission trials in the Northern Guinea and
Sudan Savannas of Nigeria highlighted the need for more
diagnostic trials involving the omission of secondary
macronutrients and micronutrients to understand their
distinctive role in limiting maize yield and the link with
underlying  soil  characteristics.  In  a meta-analysis  reported
by Kihara et al.11, secondary nutrients such as S and
micronutrients like Zn and B are indicated to limit crop
productivity in SSA, especially in soils with allow response to
macronutrients and that more research is needed to unravel
the conditions under which application of secondary macro
and micronutrients could improve crop yields11. This study
aimed at quantifying the effects of the addition of secondary
macronutrients and micronutrients on maize yield, nutrient
uptake and use efficiencies of N, P and K. The specific
objectives were to (1) Analyze the interactive effect of
secondary  macro  and  micronutrients  on  maize  grain  yield
and  nutrient  uptake  in  the  Guinea  Savannah  of  Nigeria
and (2) Assess the effect of the addition of secondary
macronutrients and micronutrients on N, P and K use
efficiencies.

MATERIALS AND METHODS

Site Selection and description: This study was conducted
during the 2017/2018 rainy season (June-October) in the
Guinea     Savanna     of     Nigeria     across     4     locations
(Faskari,  Doguwa,  Lere  and  Toro)  of  Nigeria  (Fig.  1).  The
study  locations  cut  across  4  political  State  boundaries
(Katsina, Kano, Kaduna and Bauchi). In each study location, a
representative farming domain was selected based on the
intensity of maize production, the similarity in soil base and
farmer-resource endowment. Three sites were randomly
selected in each location and on-farm researcher-managed
multi-nutrient omission trials (MNOT) were established.

Experimental treatments and field procedures: The trials
consisted of twelve treatments which were arranged in a
randomized complete block design in 3 replicates, with an
experimental plot size of 6×5 m. The description of each
treatment is shown in Table 1. Maize was planted at 0.75 m
inter-row   spacing   and   0.25   m   intra-row   spacing,   using
2 seeds/planting hole. At two weeks after emergence, the
plants were thinned to 1 plant/stand, resulting in a uniform
plant  density  of  53,333  plants  haG1.  The  variety  used  was
IWD-C2-SYN (SAMMAZ 15) which is recommended for this
agroecology. The IWD-C2-SYN is an intermediate maturing,
white dent open-pollinated variety with a yield potential of
about 10 t haG1. The nutrients were applied as follows: Primary
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Fig. 1: Map showing experimental fields in the Guinea Savanna of Nigeria
Source: Author

Table 1: Description of the 12 treatments for the study
Codes Treatments Descriptions
T1 Control No fertilizer application, used to measure grain yield as an indicator of the effective indigenous N, P, K, S, Zn, Mg and B supply from soil,

rainwater, crop residue and or atmosphere
T2 NPK N, P and K applied at the recommended rate (FFD9), used to estimate the nutrient-limited yield gap and evaluate agronomic use

efficiencies of N, P and K. This treatment served as a check
T3 NPK+S This treatment provides the estimate of the effect of sulphur as a secondary macronutrient on maize productivity in addition to NPK to

allow for evaluating the contribution of S to nutrient-limited yield gap
T4 NPK+B This treatment provides the estimate of the effect of boron as a micronutrient on maize yield in addition to NPK to allow for evaluating

the contribution of B to nutrient-limited yield gap
T5 NPK+Zn This treatment provides the estimate of the effect of zinc as a micronutrient on maize yield in addition to NPK to allow for evaluating the

contribution of Zn to nutrient-limited yield gap
T6 NPK+Mg This treatment provides an estimate of the effect of magnesium as a secondary macronutrient in addition to NPK to allow for evaluating

the contribution of Mg to nutrient-limited yield gap
T7 NPK+B+Mg This treatment provides the estimate of the interactive effect of boron and magnesium on maize yield in addition to NPK
T8 NPK+S+B Used to measure grain yield to measure the combined effect of macro and micronutrients on maize productivity
T9 NPK+S+Mg This treatment has recommended N, P, K, S and Mg rates applied, used to measure grain yield to estimate the combined effect of primary

(NPK) and secondary (S and Mg) macronutrients on maize productivity
T10 NPK+S+B+Zn This treatment was used to assess the interactive effects of N, P, K, S, B and Zn and their contribution to maize productivity
T11 NPK+S+B+Mg Recommended rates of these nutrients will be applied, the treatment provides an estimate of the interactive effects of S, B and Mg in

addition to NPK on maize
T12 NPK+S+B+Mg+Zn S, B, Zn and Mg will be applied at recommended rates in addition to NPK to provide an estimate of their effect on maize productivity

macronutrients were applied at 140 kg N haG1, 60 kg P2O5 haG1

and 60 kg K2O haG1, secondary macronutrients and
micronutrients in all the sites were applied  at  20  kg  S  haG1,
10 kg Mg haG1, 5 kg Zn haG1 and 5 kg B haG1. Nitrogen (N) was
applied in 3 splits, one-third at planting together with all other
nutrients and the other two one-thirds at 21 and 42 days after

sowing (DAS). The N, P and K were applied in the form of urea
(46% N), triple superphosphate (20% P2O5) and muriate of
potash (60% K2O), respectively. Sulphates of magnesium and
zinc were used as the sources of Mg, Zn and sulphur.
Elemental S was also used to augment the balance of S in
MgSO4 and ZnSO4. Borax was used as the source of boron.
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Soil characterization and laboratory analyses: Before the
trial establishment, soil samples were taken from each
experimental field and analyzed for initial nutrient status. The
soil samples were collected using auger from at least 5 points
in a W-shape to have a representative sampling. The samples
were taken from 0-20 cm from each plot and then bulked
together and passed through a 2 mm sieve to form a
composite sample. The composite samples were prepared
using standard procedures and analyzed for physical and
chemical properties. Total organic carbon was measured using
modified Heanes18 chromic wet chemical oxidation and
spectrophotometric method. Total nitrogen (total N) was
determined using the micro-Bremner digestion method19. Soil
pH (S/W ratio of 1:1) in water was measured using the glass
electrode pH meter and particle size distribution using the
hydrometer  method20.  Available  phosphorus,  available
Sulphur, exchangeable cations (K, Ca, Mg and Na) and
micronutrients (B, Cu, Mn, Fe and Zn) were analyzed based on
Mehlich extraction procedure21 and reading with inductively
coupled plasma optical emission spectroscopy (ICP-OES).
Exchangeable acidity (H++Al3+) was determined by shaking the
soil with 1N KCl and titration with 0.5N NaOH22. Effective
cation exchange capacity (ECEC) was calculated as the
summation of exchangeable cations (K, Ca, Mg and Na) and
exchangeable acidity (H++Al3+). All the laboratory analyses
were carried out at the Analytical Services Laboratory of the
International Institute of Tropical Agriculture (IITA), Ibadan,
Nigeria.

Maize yields and nutrient uptake: At physiological maturity,
plants were harvested from a net plot of 9 m2 from the four
central rows. All the plants in the net plot were harvested and
the total fresh weights of cobs and stover were taken in the
field using a sensitive digital scale. Ten cobs were randomly
selected as subsamples, dried over 8 days and then shelled.
Thereafter, the yield was determined as a function of grain
weight, shelling percentage and measured grain moisture.
Grain yield was finally expressed on a dry weight basis at
15.0% moisture content. Five stover sub-sample also were
taken from thoroughly mixed plants from the net plot and
then dried in a forced-air oven at 60EC for 48 h, after which
stover dry weights were determined. Subsamples of grain and
stover were ground to 2 mm and digested using nitric acid
and 50% hydrogen peroxide mixture to determine P, K, Ca,
Mg,  Cu,  Fe,  Mn  and  Zn.  Total  N  was  determined  by  the
micro-Kjeldahl method. These ground and digested samples
were analyzed in the laboratory using standard methods22.

Statistical analysis: Soil physical and chemical properties
were subjected to descriptive statistics to provide the estimate

of the mean, standard error and coefficient of variation (CV)
values   at   location   level   using   JMP®   Pro   Version   14.0
(SAS Institute Inc., 2018). Variation in soil properties was
assessed using the CV values and rated as low (<20%),
moderate (20-50%) and high (>50%) based on Aweto23.

Nutrient application strategy effects on maize grain yields
and nutrient uptake were examined using a mixed model with
nutrient management strategy as a fixed effect; replication
nested in location and interaction between location and
nutrient application strategy as a random effect. In addition,
the yield difference of each of the nutrient application
strategies relative to the check treatment (i.e., NPK) was
explored to assess yield gain/loss when a nutrient was omitted
or applied across the four locations.

To evaluate the nutrient use efficiencies of maize, the
following parameters were calculated using the equations
described in Dobermann24.

Agronomic   use   efficiency   (AE)   of   applied   nutrient
(kg yield increase per kg of nutrient applied:

(1)1 OY YAE (kg kg )
F

 

Apparent crop recovery efficiency (RE) of applied nutrient
(kg increase in N uptake per kg N applied) as:

(2)1 OU URE (kg kg )
F

 

where, RE was then expressed in percentage (%) to reflect its
dependency on the congruence between plant demand and
nutrient release from the applied nutrient.

Internal     utilization     efficiency     (IE)     of     a     nutrient
(kg yield  kgG1 nutrient uptake):

(3)1 YIE  (kg kg )
U

 

Partial   factor   productivity   (PFP)   of   applied   nutrient
(kg harvested product per kg nutrient applied):

(4)OY YPFP
F

AE
F

  

Where:
U = Total plant nutrient uptake in aboveground biomass at

maturity (kg haG1) in a plot that received fertilizer
UO = Total nutrient uptake in aboveground biomass at

maturity (kg haG1) in the control plot
Y = Maize yield with applied nutrients (kg haG1)
YO = Maize yield (kg haG1) in a control treatment
F = Amount of nutrient applied (kg haG1)
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RESULTS

Variation in soil physical and chemical properties of the
study area: Most soil physical and chemical properties
showed moderate to wide spatial variability across the study
sites (Table 2). Soil pH showed moderate variability with most
of the sites having pH and exchangeable acidity within the
range considered optimum for most crop growth and
development. In Lere, the available Fe concentration was high
with the pH being strongly acidic implying the potential of low
P availability due to fixation by Al and Fe. Mean total N,
effective cation exchange capacity (ECEC) and organic carbon
in the soils fell within low fertility status. Available S varied
moderately across sites and fell within low fertility class in Toro
and Doguwa while in Lere and Faskari. Exchangeable K was
moderate to high in all the sites. Boron concentration was
lowest  in  Toro  (0.019  mg  kgG1)  and  highest  in  Doguwa
(0.045 mg kgG1). The concentration of Cu varied widely and
was low in Toro and Lere and medium in Doguwa and Toro.
Very high Mn concentration was observed in all the sites.

Maize response to nutrient management strategies: There
was a wide variation in the response of maize to the addition
of a single macronutrient or micronutrient or when used in
combination as indicated by gain or loss  in  grain  yield.  This

indicates the wide diversity and heterogeneity in soil and
maize growing conditions in the study areas. The variance
components and percent contributions of the random terms
specified in the model are presented in Table 3.

Table 4 shows the effects of nutrient application
strategies on maize grain yield and nutrient uptake in the
Guinea Savanna of Nigeria. Maize grain yield was significantly
(p<0.05) influenced by nutrient application strategy. In all
cases, the addition of secondary macronutrients and/or
micronutrients to NPK led to an about a 4-fold increase in
grain yield relative to the control. Figure 2 show the interactive
effect of the addition of nutrients on maize grain yield across
the four locations in the Guinea Savannah of Nigeria. There
was a wide variation among the locations in terms of loss or
gain in grain yield resulting from the addition of SMNs. The
addition of secondary macronutrient (S and/or Mg) to NPK led
to an over 1 t haG1 increase in grain yield compared to NPK
alone. Yield gains due to sulphur application in addition to the
recommended NPK were highest in Lere (1.8 t haG1) and
lowest in Toro (0.1 t haG1). This represented 25% yield
increment over the values obtained using there commended
NPK fertilizers. In the case of Mg, higher gains in grain yield
more than that with S were obtained in all the four locations
with the highest gain of about 2 t haG1 observed in Faskari. The
addition  of  B  showed  a  variable  response  across  locations,

Table 2: Soil physical and chemical properties of the experimental sites
Locations
----------------------------------------------------------------------------------------------

Soil properties Toro Lere Doguwa Faskari CV (%) ±SE
Particle size (%)
Clay 8.60 10.60 23.90 17.30 55.95 2.439
Silt 11.90 19.90 29.30 31.20 43.86 2.925
Sand 79.50 69.50 46.80 51.50 27.72 4.945
Soil reaction
Ph 5.90 5.4 6.10 5.80 5.95 0.099
Total nitrogen (g kgG1) 0.42 0.41 0.36 0.40 26.34 0.03
Available P (mg kgG1) 18.12 5.84 8.45 15.14 47.11 1.62
Available S (mg kgG1) 3.88 5.5 3.67 5.86 43.78 0.029
Organic carbon (g kgG1) 2.43 2.65 3.60 1.30 39.87 0.29
Micronutrients (mg kgG1)
Zn 9.61 6.64 16.01 1.32 99.78 2.42
Cu 1.66 1.07 1.17 2.55 55.78 0.26
Mn 39.70 57.31 47.31 30.64 38.65 4.88
Fe 114.44 125.28 111.43 104.20 22.91 7.53
B 0.019 0.030 0.045 0.023 39.81 0.003
Exchangeable cations (cmol+ kgG1)
Na 0.27 0.33 0.32 0.37 25.39 0.024
K 0.35 0.49 0.46 0.32 26.59 0.03
Mg 1.74 1.14 1.31 0.68 0.91 0.21
Ca 1.55 2.86 2.95 1.07 60.93 0.37
Effective CEC 3.37 3.38 5.09 2.35 43.59 0.45
Exchangeable acidity 0.01 0.00 0.00 0.001 39.20 0.001
CV: Coefficient of variation, SE: Standard error

124



J. Agron., 19 (2): 120-130, 2020

125

Ta
bl
e 
3:
 V
ar
ia
nc

e 
co

m
po

ne
nt

s a
nd

 p
er

ce
nt

 c
on

tr
ib
ut

io
n 
of

 ra
nd

om
 fa

ct
or

s t
o 
gr

ai
n 
yi
el
d,
 to

ta
l m

ac
ro

nu
tr
ie
nt

s a
nd

 m
ic
ro

nu
tr
ie
nt

s n
ut

rie
nt

 u
pt

ak
e 
of

 m
ai
ze

 in
 th

e 
G
ui
ne

a 
Sa

va
nn

a 
of

 N
ig
er

ia

Ra
nd

om
 e
ffe

ct
s

G
ra
in
 y
ie
ld

To
ta
l N

 u
pt

ak
e

To
ta
l P

 u
pt

ak
e

To
ta
l K

 u
pt

ak
e

To
ta
l C

a 
up

ta
ke

To
ta
l M

g 
up

ta
ke

To
ta
l C

u 
up

ta
ke

To
ta
l F

e 
up

ta
ke

To
ta
l M

n 
up

ta
ke

To
ta
l Z

n 
up

ta
ke

Variance

Percentage

Variance

Percentage

Variance

Percentage

Variance

Percentage

Variance

Percentage

Variance

Percentage

Variance

Percentage

Variance

Percentage

Variance

Percentage

Variance

Percentage

Lo
ca

tio
n 
(L
)

13
56

29
15

.5
19

.9
2.
3

0.
5

2.
40

-3
4.
0

-4
.1

4.
8

4.
2

-0
.0
00

01
-0

.0
6

-0
.6
90

1.
4

-0
.0
24

-4
.8

0.
00

08
3.
4

-0
.0
00

35
-0

.7
Re

p 
(L
oc

at
io
n)

37
66

8
4.
3

-2
2.
6

-2
.6

0.
1

0.
60

30
.0

3.
7

3.
4

2.
9

-0
.0
08

-6
.3
0

1.
16

3
2.
4

0.
03

9
8.
0

-0
.0
00

4
-1

.6
-0

.0
02

05
-4

.2
Lo

ca
tio

n×
tr
ea

tm
en

t
40

38
52

46
.1

12
1.
9

14
.1

-0
.2

-0
.0
8

22
7.
0

27
.9

0.
8

0.
7

-0
.0
11

-8
.0
1

-5
.2
12

10
.6

-0
.0
11

-2
.1

0.
00

05
2.
0

0.
00

10
54

2.
2

Re
sid

ua
l

29
81

64
34

.1
74

6.
3

86
.2

19
.2

97
.8
0

59
1.
0

72
.6

10
5.
4

92
.1

0.
13

2
10

0.
00

54
.0
74

85
.6

0.
48

7
99

.0
0.
02

2
96

.2
0.
04

98
64

92
.9

To
ta
l

87
53

12
86

5.
5

19
.6

81
4.
4

11
4.
5

0.
13

2
49

.3
00

0.
50

0
0.
02

32
0.
05

09
19

Ta
bl
e 
4:
 M

ai
ze

 g
ra
in
 y
ie
ld
 a
nd

 u
pt

ak
e 
of

 m
ac

ro
nu

tr
ie
nt

s a
nd

 m
ic
ro

nu
tr
ie
nt

s a
s i

nf
lu
en

ce
d 
by

 n
ut

rie
nt

 m
an

ag
em

en
t s

tr
at
eg

ie
s

N
ut

rie
nt

 
G
ra
in

To
ta
l N

To
ta
l P

 
To

ta
l K

 
To

ta
l C

a 
To

ta
l M

g 
To

ta
l C

u 
To

ta
l F

e 
To

ta
l M

n 
To

ta
l Z

n
m

an
ag

em
en

t s
tr
at
eg

y
yi
el
d 
(t 

ha
G1
)

up
ta
ke

 (k
g 
ha

G1
)

up
ta
ke

 (k
g 
ha

G1
)

up
ta
ke

 (k
g 
ha

G1
)

up
ta
ke

 (k
g 
ha

G1
)

up
ta
ke

 (k
g 
ha

G1
)

up
ta
ke

 (k
g 
ha

G1
)

up
ta
ke

 (k
g 
ha

G1
)

up
ta
ke

 (k
g 
ha

G1
)

up
ta
ke

 (k
g 
ha

G1
)

Co
nt

ro
l

0.
42

±
0.
30

9e
25

.0
±

11
.5

c
8.
0±

1.
6b

cd
54

.0
±

11
.5

ab
11

.0
±

3.
8d

e
5.
3±

2.
33

c
0.
32

±
0.
24

b
0.
03

±
0.
05

6c
d

0.
27

±
0.
11

b
0.
14

±
0.
08

0
N
PK

3.
79

±
0.
30

9d
76

.0
±

11
.9

ab
c

12
.0
±

1.
7a

bc
72

.0
±

11
.9

ab
13

.0
±

4.
0c

de
12

.2
±

2.
55

ab
c

0.
54

±
0.
26

ab
0.
19

±
0.
05

9a
-d

0.
48

±
0.
12

ab
0.
22

±
0.
08

5
N
PK

+B
4.
20

±
0.
30

9c
d

99
.0
±

9.
8a

b
12

.0
±

1.
3a

bc
94

.0
±

10
.0

a
31

.0
±

3.
1a

b
20

.7
±

1.
77

a
1.
15

±
0.
19

ab
0.
04

±
0.
04

6d
0.
85

±
0.
09

a
0.
30

±
0.
06

4
N
PK

+M
g

5.
72

±
0.
30

9a
12

8.
0±

10
.1

a
14

.0
±

1.
4a

b
10

1.
0±

10
.3

a
34

.0
±

3.
2a

23
.0
±

1.
88

a
1.
18

±
0.
19

ab
0.
15

±
0.
04

8a
-d

0.
77

±
0.
09

ab
0.
35

±
0.
06

8
N
PK

+S
4.
73

±
0.
30

9a
-d

11
1.
0±

9.
8a

b
17

.0
±

1.
3a

80
.0
±

10
.0

ab
26

.0
±

3.
1a

-d
16

.3
±

1.
77

ab
1.
09

±
0.
19

ab
0.
31

±
0.
04

6a
b

0.
77

±
0.
08

ab
0.
28

±
0.
06

4
N
PK

+S
+B

5.
17

±
0.
31

7a
bc

11
0.
0±

9.
8a

b
13

.0
±

1.
3a

bc
10

0.
0±

10
.0

a
29

.0
±

3.
1a

bc
18

.2
±

1.
77

ab
1.
57

±
0.
18

a
0.
10

±
0.
04

6b
cd

0.
81

±
0.
08

a
0.
37

±
0.
06

4
N
PK

+S
+B

+M
g

4.
97

±
0.
30

9a
bc

97
.0
±

10
.1

ab
15

.0
±

1.
4a

b
75

.0
±

10
.3

ab
24

.0
±

3.
2a

-e
17

.5
±

1.
88

ab
1.
06

±
0.
19

ab
0.
27

±
0.
04

8a
bc

0.
64

±
0.
09

ab
0.
27

±
0.
06

8
N
PK

+S
+B

+Z
n

5.
65

±
0.
30

9a
b

10
3.
0±

9.
8a

b
16

.0
±

1.
3a

82
.0
±

10
.1

ab
23

.0
±

3.
1a

-e
14

.8
±

1.
77

ab
c

1.
18

±
0.
18

ab
0.
34

±
0.
04

6a
0.
63

±
0.
08

ab
0.
22

±
0.
06

4
N
PK

+S
+B

+Z
n+

M
g

4.
59

±
0.
30

9b
cd

11
8.
0±

10
.5

ab
7.
0±

1.
4c

d
85

.0
±

10
.6

ab
22

.0
±

3.
4a

-e
14

.7
±

2.
02

ab
c

1.
47

±
0.
21

ab
0.
05

±
0.
05

cd
0.
82

±
0.
10

ab
0.
41

±
0.
07

2
N
PK

+S
+M

g
4.
72

±
0.
30

9a
-d

11
0.
0±

10
.1
1a

b
9.
0±

1.
4b

cd
63

.0
±

10
.3

ab
21

.0
±

3.
2a

-e
13

.5
±

1.
88

ab
c

1.
13

±
0.
19

ab
0.
13

±
0.
04

8a
-d

0.
57

±
0.
09

ab
0.
20

±
0.
06

8
N
PK

+S
+Z

n
4.
75

±
0.
31

7a
-d

97
.0
±

9.
8a

b
10

.0
±

1.
3b

cd
63

.0
±

10
.0

ab
17

.0
±

3.
1b

-e
11

.2
±

1.
77

bc
0.
70

±
0.
18

ab
0.
24

±
0.
04

6a
-d

0.
46

±
0.
08

ab
0.
09

±
0.
06

4
N
PK

+Z
n

3.
88

±
0.
30

9d
68

.0
±

11
.0

bc
4.
0±

1.
5d

37
.0
±

11
.1

b
9.
0±

3.
6e

6.
2±

2.
14

c
0.
51

±
0.
22

b
0.
06

±
0.
05

3c
d

0.
59

±
0.
11

ab
0.
10

±
0.
07

6
Pr

ob
 >

 F
<
0.
00

01
<
0.
00

01
<
0.
00

01
0.
00

61
<0

.0
00

1
<0

.0
00

1
0.
00

64
<0

.0
00

1
0.
00

81
0.
05

21
Le

ve
ls 

no
t c

on
ne

ct
ed

 b
y 
th

e 
sa

m
e 
le
tt
er

(s
) a

re
 si

gn
ifi
ca

nt
ly
 d
iff
er

en
t a

t p
<0

.0
5 
us

in
g 
St

ud
en

t N
ew

m
an

’s 
Ke

ul
 te

st



J. Agron., 19 (2): 120-130, 2020

4

3

2

1

0

-1

-2

-3
S B Mg Zn SB S+Mg S+Zn S+B+Mg S+B+Zn S+B+Zn+Mg

Yi
el

d 
di

ffe
re

nc
e 

fro
m

 N
PK

 (t
 h

a
)

G1

Treatnents

Doguwa
Faskari
Lere
Toro

Fig. 2: Maize yield response to the application of SMNs as a yield difference relative to NPK

yield gains of 0.4 and 1.4 t haG1 were observed in Toro and
Lere, respectively. In Doguwa and Faskari however, a yield
reduction of 0.1 t haG1 was observed with the addition of B. A
similar response was observed with the addition of Zn where
a negative yield response (yield reduction of 0.6 and 0.8 t haG1)
were recorded in Doguwa and Lere, respectively. The
combined effects of SMNs addition showed a general yield
gain of >1 t haG1 in all locations except in Doguwa where the
addition of S+B+Zn+Mg resulted in a yield  reduction  of 0.5 t
haG1. Highest yield gains were observed with the addition of
S+B in Doguwa (1.58 t haG1), S+B+Zn in Faskari (2.8 t haG1), Mg
in Lere (2.48 t haG1) and S+Zn in Toro (2.08 t haG1).

Nutrients uptake and use efficiencies: Across all nutrient
management strategies, there were differences in the total
uptake of both macronutrients and micronutrients. The
treatments had a positive significant effect (p<0.05) on total
N, P, K, Ca, Mg, Cu, Fe and Mn uptakes but did not significantly
influence Zn uptake (p>0.05) as presented in Table 3.
Treatment groups that have Mg had the highest uptake of N,
P, K, Ca and Mg uptakes (128, 17, 34 and 24 kg haG1,
respectively). The total Cu uptake was highest for NPK+S+B
(1.57 kg haG1) while total Fe uptake was highest for
NPK+S+B+Zn (0.34 kg haG1).

The addition of secondary macro and/or micronutrients
generally increased N, P and K use efficiencies (Fig. 3a-d). The
mean agronomic N use efficiency (AE_N) was highest with

NPK+S+B+Mg treatment (34.6 kg grain kgG1 N applied) and
the least from NPK+Zn (21.4 kg grain kgG1 N applied)
treatment K (Fig. 3a). Application of Zn alone to NPK did not
increase AE_N, AE_P and AE_K beyond that observed in NPK
only plots. The internal N utilization efficiency (IE_N) was
highest for NPK (53.3 kg grain kgG1 N applied) and lowest for
NPK+Zn (31.7 kg grain kgG1 N applied) (Fig. 3b). A different
trend was observed in the case of IE_P were the highest values
were recorded for NPK+Zn and lowest for NPK. Internal
utilization  of  K  (IE_K)  was  highest  for  NPK+S+Zn  and
lowest  for  NPK+S+B+Zn+Mg  (Fig.  3b).  The  IE_P  were
mostly lower than IE_N and IE_K. The results further revealed
that the highest mean N apparent recovery efficiency (RE_N)
was highest for NPK+Mg (75.5 kg yield increased kgG1 N
applied) and lowest for NPK+Zn (27.1 kg yield increased kgG1

N applied) whereas, RE_P was highest for NPK+S and lowest
for NPK+Zn (Fig. 3c). The RE_N was consistently higher than
RE_P and RE_K. The mean of partial factor productivity
efficiency (PFP) was consistently higher for P than  N  and  K.
The PFP_N was highest for NPK+S+B+Zn and lowest for
NPK+Zn (Fig. 3d). Similar trends were observed with P and K.
Application    of    secondary    macronutrients    and/or
micronutrients increased N, P and K use efficiencies beyond
those observed with recommended NPK only, except for
NPK+Zn. All treatments with+Zn had consistently lower
nutrient use efficiencies compared to other treatment
combinations.
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Fig. 3(a-d): Effects of nutrient management strategy on (a) agronomic use efficiency, (b) internal utilization efficiency, (c) Apparent
recovery efficiency and (d) Partial productivity of N, P and K

DISCUSSION

The mean available S and exchangeable K were within
medium to high fertility class based on the classification of
Horneck25. The total N, ECEC and total organic C were within
low fertility class as described by Esu26 in all sites. The low total
N, ECEC and total organic C in all the sites were mainly
because Savannas are known to be inherently low in fertility
partly because they have low nutrient reserves and as a result
of  the  removal  or  burning  of  crop  residues  at  harvest27-29.
This  could  be  due  to   historic   residual   S   applied   through

S-containing fertilizers such as SSP (with 11-12% S content)
and K application through NPK fertilizers and the parent
materials with rich K-bearing feldspar minerals. The low Cu
concentration in Lere and Toro and low Zn in Faskari indicated
the potential development of their deficiencies and this could
partly be attributed to their strong sorption capacity and due
to nutrient mining through the application of NPK only30. In
addition, the soils in those sites have a high sand fraction (%S
and >50) making it be highly prone to nutrient leaching due
to low water and nutrient holding capacity and consequently
have low available Zn and organic carbon31,32.
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Previous studies have reported a high degree of variability
in crop response to nutrients that are associated with
variability  in  soil  characteristics  within  and  across  sites  in
sub-Saharan Africa10-11,33,34. In an experiment in southwestern
Nigeria, the application of 12.5 kg haG1 of Mg was found to
increases grain yield of QPM by 18.8% relative to NPK in a
single cropping season15. In 3 years, maize field in SSA,
magnesium application led to grain yield gain of 16.5%
relative to NPK only35 and this effect was significant under the
condition of lower N rate36. This phenomenon can be related
to the physiological function of Mg2+, which is responsible for
nitrate anions uptake by plant roots from the soil solution.
Micronutrients also limit maize growth and especially in soils
that are continuously cropped without returning these
nutrients11,12. The yield loss observed with Zn application in
Doguwa and Lere suggested that additional application of Zn
would decimate the grain yield. Previous studies in the sites in
the Guinea Savannah have reported the sufficiency of Zn in
some of the soils37. Similarly, the response of crops to nutrients
including micronutrients depends on among other factors
(e.g., soil acidity and nutrient interactions), the level of crop
available nutrients in the soil11. The response of maize to Zn is
low under high P levels as there is an antagonistic interaction
between high P levels and Zn. Soils in Doguwa and Lere have
high sand content and generally have sandy to sandy loam
texture. The soils in these are likely to be easily leached and
have low crop available Zn37.

Most  researches  in  SSA  investigated  secondary
macronutrients and micronutrients singly but results from this
study suggest that multiple effects are also common14,15. This
is similar to report by Vanlauwe et al.12 that multiple rather
than individual deficiency are the norms in most part of SSA.
Similarly, nutrient interaction influences crop yield as many
secondary macronutrients and micronutrients are interrelated
in their metabolic functions and uses similar rhizosphere
transporters and could, therefore, have an antagonistic or
additive relationship38,39. Supplementation by S, Zn and B
increases maize yield by 40% over standard NPK
recommendation in certain SSA countries12. In a nutrient
omission trial in Mozambique, the application of Mg, S, Zn and
B lead to 1.3 t haG1 more yield than NPK only. Similarly, In
Ethiopia, with balanced NPK across 9 sites, yields were 3 t haG1

but  with  S,  Mg,  Zn  and  B  supplementation,  the  yield  of
4.2 t haG1 was observed12.

Previous studies reported significant effects of mineral
fertilizers on nutrients uptake and accumulation and
consequently crop yields40. In Doguwa and Toro where pH is
moderately acidic, they tend to have low Fe uptake. Organic
matter content in the soil  mediate  Cu  uptake  in  crops41  and

the low total organic carbon in the study areas could be the
reason for low uptake of the micronutrients.

The agronomic use efficiency, internal utilization
efficiency and apparent recovery efficiency have frequently
been used to characterize the nutrient effects24,42-44. The N, P
and K use efficiencies were highest with NPK+Mg treatment.
These findings are in conformity with the results of previous
studies which reported that adequate soil Mg exhibit
favourable effects on N use efficiency45,46. Magnesium is
known to assists the crop to access and utilize N and called the
phenomenon Mg-induced N uptake41. Magnesium is mainly
transported in the plant by mass flow, any abiotic stress such
as moisture stress could inhibit its uptake. The observed
enhanced use efficiencies of N, P and K due to the addition of
secondary macronutrients and/or micronutrients is in
conformity  with  the  observation  of  Chianu  et  al.39  and
Chander et al.47, who suggested that for better crop yields, a
wider range of nutrients other than NPK may be necessary to
provide better-balanced nutrient supply through improved
agronomic efficiency of the NPK and engender nutrient use
efficiencies in some soils.

The findings of this study imply the maize productivity
can be increased in the Guinea Savanna of Nigeria when
nutrient limitations and imbalances are appropriately
addressed  through  revising  the  current  fertilizer
recommendation  programmes  to  include  other  nutrients
that are critical to improve crop yields and use efficiencies of
NPK fertilizers.

CONCLUSION

The results of this study demonstrated that the addition
of Mg, S and B increase maize yield, agronomic use efficiency,
internal utilization efficiency and apparent recovery efficiency
of N, P and K relative to the application of NPK only. These
improvements were however not realized with Zn application
as all treatments with+Zn had consistently lower nutrient use
efficiencies compared to other treatment combinations.

SIGNIFICANCE STATEMENT

These results indicated that nutrient limitations to maize
in  the  Guinea  Savannah  go  beyond  N,  P  and  K.  Therefore,
S, Mg and B are needed to improve maize productivity and
engender improved use efficiencies of NPK fertilizers. The
results  provide  additional  information  for  establishing  an
in-depth basis for evaluating the agronomic and economic
efficiency of revising current soil fertility management options,
based on which recommendations for improved soil
management could be rooted.

128



J. Agron., 19 (2): 120-130, 2020

ACKNOWLEDGMENT

This study was funded by the Centre for Dryland
Agriculture under the Africa Centre of Excellence (ACE) project.
The support of the International Institute of Tropical
Agriculture (IITA) for helping in soil and plant samples analysis
through the Taking Maize Agronomy to Scale in Africa
(TAMASA) project funded by the Bill and Melinda Gates
Foundation (BMGF) (Contract ID: OPP1113374) is highly
acknowledged.

REFERENCES

1. FAO., 2016. Production Statistics (PRODSTAT). Food and
Agriculture Organization of the United Nations, Rome, Italy.

2. Adnan, A.A., J.M. Jibrin, A.Y. Kamara, B.L. Abdulrahman and
A.S. Shaibu, 2017. Using CERES-maize model to determine the
nitrogen fertilization requirements of early maturing maize in
the Sudan Savanna of Nigeria. J. Plant Nutr., 40: 1066-1082.

3. Jibrin, J.M., A.Y. Kamara and F. Ekeleme, 2012. Simulating
planting date and cultivar effects on dryland maize
production  using  CERES-maize  model.   Afr.  J.  Agric.  Res.,
7: 5530-5536.

4. Badu-Apraku, B., M.A.B. Fakorede, M. Oyekunle, G.C. Yallou
and K. Obeng-Antwi et al., 2015. Gains in grain yield of early
maize cultivars developed during three breeding eras under
multiple environments. Crop Sci., 55: 527-539.

5. FAO., 2018. FAO intensifies efforts to control devastating crop
pest. Food and Agriculture Organization, Rome, Italy.
http://www.fao.org/nigeria/news/detail-events/en/c/
1110295

6. Tittonell, P. and K.E. Giller, 2013. When yield gaps are poverty
traps: The paradigm of ecological intensification in African
smallholder agriculture. Field Crops Res., 143: 76-90.

7. Giller,   K.E.,   P.   Tittonell,   M.C.   Rufino,   M.T.   van   Wijk   and
S. Zingore et al., 2011. Communicating complexity: Integrated
assessment of trade-offs concerning soil fertility management
within African farming systems to support innovation and
development. Agric. Syst., 104: 191-203.

8. Manu, A., A. Bationo and S.C. Geiger, 1991. Fertility status of
selected millet producing soils of West Africa with emphasis
on phosphorus. Soil Sci., 152: 315-320.

9. FFD., 2012. Fertilizer Use and Management Practices for Crops
in Nigeria. 4th Edn., Federal Fertilizer Department, Federal
Ministry of Agriculture and Rural Development, Abuja,
Nigeria, ISBN: 978-31171-0-6, Pages: 229.

10. Shehu, B.M., R. Merckx, J.M. Jibrin and J. Rurinda, 2018.
Quantifying variability in maize yield response to nutrient
applications in the Northern Nigerian Savanna. Agronomy,
Vol. 8, No. 2. 10.3390/agronomy8020018.

11. Kihara,  J.,  G.W.  Sileshi,  G. Nziguheba, M. Kinyua, S. Zingore
and  R.  Sommer,  2017.  Application  of  secondary  nutrients
and micronutrients increases crop yields in sub-Saharan
Africa.  Agron.  Sustain.  Dev.,  Vol.  37,  No.  4.
10.1007/s13593-017-0431-0

12. Vanlauwe,  B.,  K.  Descheemaeker,  K.E.  Giller,  J.  Huising  and
R. Merckx  et  al.,  2015.  Integrated soil fertility management
in  sub-Saharan  Africa:  Unravelling  local  adaptation.   Soil,
1: 491-508.

13. Nziguheba, G., B.K. Tossah, J. Diels, A.C. Franke and K. Aihou
et al., 2009. Assessment of nutrient deficiencies in maize in
nutrient omission trials and long-term field experiments in
the West African Savanna. Plant Soil, 314: 143-157.

14. Weil, R.R. and S.K. Mughogho, 2000. Sulfur nutrition of maize
in four regions of Malawi. Agron. J., 92: 649-656.

15. Chiezey, U.F., 2014. Field performance of quatity protein
maize with zinc and magnesium fertilizers in the sub-humid
savanna of Nigeria. J. Agric. Sci., 6: 84-91.

16. Rusinamhodzi, L., M. Corbeels, S. Zingore, J. Nyamangara and
K.E. Giller, 2013. Pushing the envelope? Maize production
intensification and the role of cattle manure in recovery of
degraded soils in smallholder farming areas of Zimbabwe.
Field Crops Res., 147: 40-53.

17. Tittonell, P., B. Vanlauwe, N. de Ridder and K.E. Giller, 2007.
Heterogeneity of crop productivity and resource use
efficiency within smallholder Kenyan farms: Soil fertility
gradients or management intensity gradients?  Agric.  Syst.,
94: 376-390.

18. Heanes, D.L, 1984. Determination of total organic carbon in
soils by an improved chromic acid digestion and
spectrophotometric procedure. Commun. Soil Sci. Plant Anal.,
15: 1119-1213.

19. Bremner, J.M., 1996. Nitrogen-Total. In: Methods of Soils
Analysis,   Part   3:   Chemical   Methods,   Sparks,   D.L.   (Ed.).
Soil   Science   Society   of   America,   Madison,   WI.,   USA.,
pp: 1085-1121.

20. Gee, W.G. and D. Or, 2002. Particle-Size Analysis. In: Methods
of  Soil  Analysis,  Part  4:  Physical  Methods,  Dane,  J.  and
G.C.   Topp  (Eds.).  Soil  Science  Society  of  America,  USA.,
pp: 255-293.

21. Mehlich,  A.,  1984.  Mehlich  3  soil  test  extractant:  A
modification of Mehlich 2 extractant. Commun. Soil Sci. Plant
Anal., 15: 1409-1416.

22. Anderson, J.M. and J.S.I. Ingram, 1993. Tropical Soil Biology
and Fertility a Handbook of Methods. 2nd Edn., CAB
International, Wallingford, UK., Pages: 221.

23. Aweto, A.O., 1982. Variability of upper slope soils developed
under   sandstones   in   South-Western   Nigeria.   Georg.   J.,
25: 27-37.

24. Dobermann, A., 2007. Nutrient use efficiency-measurement
and management. Proceedings of the IFA International
Workshop   on   Fertilizer   Best   Management   Practices,
March 7-9, 2007, Brussels, Belgium, pp: 1-32.

129



J. Agron., 19 (2): 120-130, 2020

25. Horneck, D.A., D.M. Sullivan, J.S. Owen and J.M. Hart, 2011.
Soil test interpretation guide. Oregon State University
Extension Publication EC 1478, Oregon State University,
Corvallis, OR., USA., July 2011.

26. Esu, I.E., 1991. Detailed soil survey of NIHORT farm at Bunkure
Kano state, Nigeria. Institute for Agricultural Research Samaru,
Zaria, Nigeria.

27. Kwari, J.D., A.Y. Kamara, F. Ekeleme and L. Omoigui, 2011. Soil
Fertility Variability in Relation to the Yields of Maize and
Soybean  under  Intensifying  Cropping  Systems  in  the
Tropical Savannas of Northeastern Nigeria. In: Innovations as
Key to the Green Revolution in Africa: Exploring the Scientific
Facts,  Bationo,  A.,  B.  Waswa,  J.M.  Okeyo,  F.  Maina  and
J.M.  Kihara  (Eds.).  Springe  Dordrecht,  The  Netherlands,
ISBN: 978-90-481-2543-2, pp: 457-464.

28. Shehu, B.M., J.M. Jibrin and A.M. Samndi, 2015. Fertility status
of selected soils in the Sudan Savanna biome of Northern
Nigeria. Int. J. Soil Sci., 10: 74-83.

29. Mustapha, S., H.K. Mamman and N.A. Abdulhamid, 2010.
Status and distribution of extractable micronutrients in
Haplustults in Yamaltu-Deba local government area, Gombe
State, Nigeria. J. Soil Sci. Environ. Manage., 1: 200-204.

30. Eteng, E.U., D.O. Asawalam and A.O. Ano, 2014. Effect of Cu
and Zn on maize (Zea mays  L.) yield and nutrient uptake in
coastal plain sand derived soils of southeastern Nigeria. Open
J. Soil Sci., 4: 235-245.

31. Sutradhar, A.K., D.E. Kaiser, C.J. Rosen and J.S. Lamb, 2016.
Zinc  for  crop  production  in  nutrient  management.
University of Minnesota Extension, Minneapolis, MN., USA.
https://extension.umn.edu/micro-and-secondary-macro
nutrients/zinc-crop-production

32. Camberato, J. and S. Maloney, 2012. Zinc deficiency in corn.
Soil Fertility Update, Agronomy Department, Purdue
University, West Lafayette, IN., USA. https://www.agry.purdue.
edu/ext/soilfertility/ZincDeficiencyCorn.pdf

33. Kihara,   J.,   G.   Nziguheba,   S.   Zingore,   A.   Coulibaly   and
A. Esilaba et al., 2016. Understanding variability in crop
response to fertilizer and amendments in sub-Saharan Africa.
Agric. Ecosyst. Environ., 229: 1-12.

34. Zingore, S., H.K. Murwira, R.J. Delve and K.E. Giller, 2007.
Influence of nutrient management strategies on variability of
soil fertility, crop yields and nutrient balances on smallholder
farms in Zimbabwe. Agric. Ecosyst. Environ., 119: 112-126.

35. Abunyewa, A.A. and H. Mercer-Quarshie, 2004. Response of
maize to magnesium and zinc application in the semi arid
zone of West Africa. Asian J. Plant Sci., 3: 1-5.

36. Jones, J. and D. Huber, 2007. Magnesium and Plant Disease.
In: Mineral Nutrition and Plant Disease, Datnoff, L., W. Elmer
and D. Huber (Eds.). Chapter 7, APS Press, St. Paul, MN., USA.,
ISBN-1: 9780890543467, pp: 95-100.

37. Adeboye, M.K.A., 2011. Status of total and available boron
and zinc in the soils of the Gongola River Basin of Nigeria.
Savannah J. Agric., 6: 47-57.

38. Fageria, N.K. and V.C. Baligar, 1997. Response of common
bean, upland rice, corn, wheat and soybean to soil fertility of
an oxisol. J. Plant Nutr., 20: 1279-1289.

39. Chianu, J.N., J.N. Chianu and F. Mairura, 2012. Mineral
fertilizers in the farming systems of sub-Saharan Africa. A
review. Agron. Sustain. Dev., 32: 545-566.

40. Fageria, N.K., V.C. Baligar and Y.C. Li, 2008. The role of nutrient
efficient plants in improving crop yields in the twenty first
century. J. Plant Nutr., 31: 1121-1157.

41. Dalovic,  I.,  D.  Jockovic,  Y.  Chen,  G.  Bekavac,  S.  Seremesic,
G. Jacimovic and M. Brdar-Jokanovic, 2015. Maize nutrient
uptake  affected  by  genotype  and  fertilization.  Genetika,
47: 941-950.

42. Liu, X.W., J.W. Lu, X.K. Li, R.Y. Bu, B. Liu and D. Ci, 2011. Dry
matter accumulation and N, P, K absorption and utilization in
direct seeding winter oilseed (Brassica napus  L.). Sci. Agric.
Sin., 44: 4823-4832.

43. Chuan, L., P. He, T. Zhao, H. Zheng and X. Xu, 2016.
Agronomic characteristics related to grain yield and nutrient
use  efficiency  for  wheat  production  in  China.  PLoS  ONE,
Vol. 11, No. 9. 10.1371/journal.pone.0162802.

44. Fixen, P.E., 2005. Understanding and improving nutrient use
efficiency as an application of information technology.
Proceedings of the Symposium on Information Technology
in Soil Fertility and Fertilizer Management, a Satellite
Symposium  at  the  XV  International  Plant  Nutrient
Colloquium, September 14-16, 2005, Beijing, China.

45. Potarzycki, J., 2010. Influence of balanced fertilization on
nutritional status of maize at anthesis. Fertilizers Fertilization,
39: 90-108.

46. Szulc, P., 2010. Effects of differentiated levels of nitrogen
fertilization and the method of magnesium application on
the utilization of nitrogen by two different maize cultivars for
grain. Polish J. Environ. Stud., 19: 407-412.

47. Chander, G., S.P. Wani, K.L. Sahrawat and C. Rajesh, 2015.
Enhanced nutrient and rainwater use efficiency in maize and
soybean  with  secondary  and  micronutrient  amendments
in   the   rainfed   semi-arid   tropics.   Arch.   Agron.   Soil   Sci.,
61: 285-298.

130


	JA.pdf
	Page 1


