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Sulfur Response of Maize in Western Nigeria'

B. T. Kang and O. A. Osiname?

ABSTRACT

Studies of § deficiency, a problem in certain crops in
Africa, have yielded inconclusive and incomplete infor-
mation. There is little information on the § status of soil
in the forest-savanna zone.

Field trials were carried out with maire (Zea mays L.)
at six locations in the forest and savanna zones of western
Nigeria. Sulfur was applied at 0, 7.5, 15.0, 30.6, and 60.0
kg S/ha. Significant yield increases were observed with
rates of § application from 7.5 to 30 kg S/ha. The re-
sponse was more distinctly evident in the savanna than
in the forest zone. Silking percentage was enhanced and
grain quality improved with S application, No signifi.
cant residual effect of the applied S was observed in the
savanna zone, which was probably due to heavy leaching
of the applied S. On these soils S response was observed
where the amount of extractzble S, extracted with either
KH,PO,, Ca(H,PO,), or NH,C,H,0, was below 4 ppm
S. There was no response to S when extractable § levels
were equal to or greater than 8.5, 10,0, and 12.0 ppm when
soils were extracted with Ca(H,PO,);, NH,C,H,0, and
KH,PO,, respectively. The critical § levél in the ear leaf
was estimated at about 0.149 S. Although there was a
strong correlation between 9, N and 9%, S in the ear leaf,
the N:S ratio was not related to critical § levels in plants,

Additional index words: Extractable soil S, Tissue §
content, N:§ ratio, Zea mays L.

SULFUR deficiency problems have been observed in
various crops in several parts of Africa (Bolle—
Jones, 1964). In West Africa, the importance of S
was first recognized by Greenwood (1951), who ob-
served increases in groundnut yields in northern Ni-
geria with addition of gypsum. Stephens (1960) re-
ported on responses of cereals and Braud (1969) on
responses of cotton in West Africa.

n examination of the results of several field trials
with cotton in West and Central Africa did not enable
Braud (1969) to relate the S problem areas either to
the ecology or soil type, although the data presented
indicated more frequent S problems in the savanna
region. Goldsworthy and Heathcote (1968) observed
that § deficiency in groundnuts was most frequent on
sites which had recently been left fallow. The response
of cotton to S, according to Braud (1969), decreascd
with cropping. Based on observations in the savanna
of northern Nigeria, Bromfield (1972) suggested that
S responses were most pronounced immediately after
clearing the fallow and again after long continued
cropping. In between, there is a period of increased
§ availability due to mineralization of organic S in the
soil. Although some of the soils in northern Nigeria
accumulate S in the lower horizons, S deficiency is
prevalent in shallow-rooting crops like groundnuts
(Bromfield, 1972).

! Contribution from International Institute of Tropical Agri-
culture. Published with the approval of the Director, 1ITA,
Journal Paper No. 50. Received 10 June, 1975,

*Soil scientist, Internaticaal Institute of Tropical Agriculture,
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TXzre is less information on the S status of soils
in the humid forested tropics and in the transition
zone between forest and savanna as represented in
western Nigeria, than in the savanna zone. The pre-
sent study was the initial effort to obtain information
on the § nutrition of crops along a transect of decreas-
ing rainfall and increasing duration of the dry scason.
Maize was the indicator crop.

MATERIALS AND METHODS

Experiments were conducted during the main growing season
(April to September) of 1971-1978. Field trials were located at
lIkenne and Ibadan (Forest zone), and Oyo, Ogbomosho, Tkoyi,
and Kishi (Savanna zone). These locations extended from Ikenne,
latitude 6° 55’ N, to Kishi, latitude 9° 5° N, of western Nigeria.
The annual rainfall ranges from 1500 mm in Ikenne to ahout
1200 mm at Kishi. The experimental design was a randomized
complete block with four replications. Sulfur at rates of 0, 7.5,
15.0, 30.0, and 60.0 kg S/ha as ammonium sulfate (289, S) was
broadcast 24 thoroughly worked in the soil with a hand hoe be-
fore planting. Each experimental plat received a basal dressing
of 50 kg N/ha as ammonium chloride and/or ammonium sulfate
to conform with the S rates, 66 kg P/ha as concentrated super-
phosphate (< 19, S), and 30 kg K/ha as muriate of potash,
before planting. Nitrogen as urea (100 kg N/ha) was side-dressed
4 weeks after planting. Maize cultivar ‘NS-1" was planted at
Ogbomosho and 1ITA maize cultivar ‘TZA’ % “TZB' was planted
at the other locations. The plant population was 53,300 plants/
ha. At Ogbomosho a sccon(rcrop of maize was planted on the
same plots in the second year to evaluate the residual cffects of
the applied S. IITA maize cultivar TZA x TZB was used.
Nitrogen, P, and K, but not §, were reapplied the second year
as in the first year,

Surface soil (0 to 15 cm_depth) was collected from each plot
prior to fertilizer applications. At the Ikoyi and Ogbomosho
sites profile samples were collected at harvest time from plots
which had received the 0, 30, and 60 kg S treatments. Sulfur
in the surface soil samples was extracted using the following
extractions: NH,C,H;0, (Bardsley and Lancaster, 1960),
Ca(H,PO,), (Fox ct al., 1964), and KH,PO, (Ensminger, 1954);
§ in the profile samples was extracted using NH,C,H,0, (Bards-
ley and Lancaster, 1960). Sulfate sulfur in the cxtract was meas-
ured using the turbidimetric method (Chesnin and Yien, 1950).
The following additional analyses were performed: particle size,
by the hydrometer method; pH, using a 1:1 soil-water ratio, soil
organic carbon, using the Walkley and Black method; CEC csti-
mated from sum of exchangeable cations including hydrogen and
aluminum.

The number of plants/plot which had reached silk stage was
taken 60 days after planting. Maize grain yield adjusted to
12% moisture was also determined at harvest,

Nitrogen content in car leaf samples collected at silking time
was determined using a micro-Kjeldahl method. Sulfur con-
tent was measured by turbidimetric method after fusion of
plant material with sodium carbonate and redissolved in 6 N
HCI (Sanford and Lancaster, 1962). Part of the plant samples
was wet-digested using a_mixture of HNO,-HCIO,; P content
was measured using a Technicon Auto-analyzer, K and Ca
were measured with a flame photometer, while the Mn content
wias measured using a Perkin Elmer 403 atomic ahsorption
spectromcter.

EXPERIMENTAL RESULTS

Soil Analysis

The physical and chemical properties of the surface
soils of the experimental sites are presented in Table
1. Except for the Ikenne site, the surface soils are
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Table 1. Characteristics of surface soil from field trial sites.
Soil l\!cchanirul unulysij Organic  Total Extractable.§
Site series 7th Approx, Sand Silt Clay  pH c N CEC KH P04 Ca(H,P04); NH4C, H 30,
ki % % meq/100 ¢ ppn
Tkenne Alagba Paleustalf 76 123 5.9 1.08 0.09 546 12.00 8,50 10.00
Ibadan Apomu Usthorthent 86 5 9 6.0 0.80 0.09 +.30 3.00 3.80 3.30
Oyo Apomu Ustipsamment t 86 7 7 ho4 0.62 0.05 2,89 2.00 2.50 3.70
lkoyi Shante Ustipsamiment 80 11 9 5.6 0.68 0.05 3.87 2.80 2.80 2.90
Oghomosho Shante Ustipsamment 83 10 7 5.8 0.68 0.05 3.87 2.00 2.50 2,20
Kishi Omo Paleustalf 68 21 1 6.2 0.90 0.06 6.05 3.50 2,80 3.50

t Proposed subgroup,

sandy and low in clay, organic C, and N. The forest
zone soil at Tkenne, which was recently cleared from
secondary regrowth, contained much extractable S,
while at Ibadan, where the loamy sandy soil was re-
cently cleared of mixed grasses and scattered shrubs,
extractable § was low. At the other sites, which were
located in the savanna zone and recently cleared from
tall grass vegetation, amounts of S extracted by the
various extractants were uniformly low.

There was little change with depth in the amount
of extractable S in the (no) S plots at Ikoyi and Og-
bomosho (Fig. I). Although addition of S increased
extractable S, there was also a considerable leaching
of the applied S during the cropping period from the
surface horizon to lower depths. From the data on
the S distribution in the profile and the estimated
S uptake by the crop, about 8097 of the applied S
could be accounted for at the Ogbomosho site with
60 kg S/ha vate. The rest of the applied S appeared
to be leached out to larger depth than 90 cm.

Growth and Yield

With the exception of the Ikenne site, S deficiency
symptoms were observed on plots which were not 8§
fertilized. Symptoms were most severe at the Ogbo-
mosho site. l)c}icicm plants were stunted and showed
pale bud leaves.

Despite the large ditferences in the numbers of
plants silking 60 days after planting at the various
sites (Table 2), addition of $ tended to enhance
silking on the S deficient sites,

Sulfur application did not affect maize grain yield
at the lkenne site (Table 3). Grain yields were sig-
nificantly increased at Ibadan, Oyo, Ikoyi, and Kishi
by applications of 7.5 kg S/ha. At Ogbomosho, where
a more pronounced S deficiency was observed, a sig-
nificant yield response was observed with 30 kg S/ha
rate. Addition ol 30 kg S/ha at Ogbomosho increased
the yield by almost 1009, over the control. Regres-
sion analysis of the S rate applied and maize grain
yield shows a curvilinear refationship for each of the
Ibadan, Oghomosho, and Ikoyi sites.

Maize cars from the no § treatment were smaller,
contained fewer grains, and were dull in color as
compared with those {rom the S fertilized plots. At
the Ogbomosho site where yellow maize cultivar NS-1
was used, the grain color from the no $ treatment
was pale yellowish and with S application was yel-
lowish red, indicating an increase in the carotene
content of the grain. Fox (1956) also observed an
increase in the vitamin A content of alfalfa with S
application.

Table 2. Effect of § application on percentage of plants silking
60 days after planting.

Site

S rate Ibadan Oyo Ogbomosho Tkoyi Kishi
kg/ha %

1] 52a* 26a 45a 60a b

7.5 65b H0b 49 ab 67 ab 9t ¢
15.0 67 b 19b 59 ¢ 71 ab 70 a
30.0 0b 49 b 53 abe 72 ab 90 ¢
60,0 66 b 36b 58 be Bt b 82 be

* Values within columns followed by the same letter sre not significantly differ-
ent at 5% level according to Duncan’s multiple range test.

Table 3. Grain yield response of maize to sulfur application.

Site
S rate tkenne Ibadan Oyo Ogbomosho lkoyi Kishi
kg/ha

0 4,960* 2,320, 2,480 4 1,782a 3,260 a 5944 a

7.5 5,160 2,700 ab  3,000b 2,364 ab 3,880 h 6,861 b
15.0 5,180 2,840 b 2,740 ab 2,831 b 3,840 b 6,222 ab
30.0 5,320 3,000 b 2,960 b 3,530 he 4,320b 6,667 b
60.0 4,840 2,700 b 3,200 h 3,240 be 4,060 b 6,833 b

* Values within columns followed by the same letter or no letter are not sig-
nificantly different at 5% level according to Duncan’s multiple range test,

The residual effect of the applied S at Ogbomoshce
was investigated Grain yield of second-year maize is
shown in Table 4. Although the vyicld tended to
multiply with increasing rate of previously applied
S, the yield differences were not statistically signifi.
cant.

Plant Analysis

Sulfur application significantly increased the S con-
tent of the car leaf at the Ibadan, Oyo, Ogbomosho,
and Kishi sites, where there was an S response on the
crop (Table 5). At Ikenne, where no S response was
observed, S application did not affect the S content
in the ear leal. Despite the increase in the leaf §
content with S application in the crop grown in the
savanna region  (Oyo, Oghomosho, and Kishi), the
leaf S content was lower even with the higher § treat-
ment (< 0.159;, S), compared with those grown in the
forest region (Ikenne and Ibadan), The total S con-
tent in the ear leal was also significantly correlated
with the relative graia yield of the maize (Fig. 2).

The N content of car leaf was also increased with
increasing rates of S application at the Ibadan, Oyo,
Ogbomosho, and Kishi sites (Table 5). The largest
increase in the N content in the ieaf was obtained at
Ogbomosho, the most S deficient site; while at Ikenne
(no S response), S fertilization produced no significant
effects on the N content. The overall effect was a
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Fig. 2. Relationship between rclative maize grain yicld and
total $ content in maize car leal.

high correlation between N and S contents in the ear
leaf (Fig. 3).

The N:S§ ratio of the ear leaf varied with location
and § treatment (Table 6). Plants from the forest
region tended to have lower N:S ratios than those
from the savanna zones even when the maize in the
savanna was fertilized. No specific reasons can be
given for these differences. The N:S ratio decreased
with increasing addition of S.

At the Ogbomosho site where the cultivar NS-1 was
used, sulfur application increased the Ca and Mn
contents of the ear leaf. Because no such relation was
observed at the other sites, the increase in Ca and
Mn contents might be specific to the cultivar NS-1 or
might be due to location effect.

S application did not affect leaf P and K content
at any location.

DISCUSSION

The experimental results indicated a significant
response to S on the maize at all the experimental
sites in the savanna region, while in the forest zone a
response to § was observed only at the Ibadan site
where the soil has a loamy-sandy texture (Table 3).
This observation is also supported by the authors’ un-
published greenhouse data, which indicated higher
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Table 4. Effect of residual § on grain yicld of maize at Ogbo-
mesho,

S rate, kg/ha 0 7.5 15.0 30.0 60,0
Grain yield, kg/ha 2,750 2,900 3,375 3,375 3,360

Table 5. Elfect of § treatment on average nutrient content in
car leaves of maize.

Site $ rate N |3 K S Ca Mn
kg/ha %o ppm
lkenne 0 2.28° 040 122 0.17 0.6 98
7.5 2.20 042 1.26 0.19 0.51 103
15.0 2.24 043 1.30 0.8 040 109
30.0 2.18 039 122 017 0.48 100
60.0 2.21 039 130 017 0.46 87
Ibadan 0 1.87a 041 LBY 0134 091 98
7.5 229 ¢ 041 1914 017bec 031 103
15.0 2.05b 038 178 0.15b 035 114
30.0 2,25 ¢ 041 191 o.20d 032 92
60.0 237 ¢ 040 174 0.18¢ 0.35 19
Oyo 0 2.00a 036 220 0124 0.25 54
7.5 2.024b 035 214 0.03ab 0 027 60
15.0 225 he 034 2,04 0.12ah 027 65
30.0 2.19abc 032 2,10 0.15bH  0L26 (2}
60.0 2.29¢ 034 221 014b 028 55
Oghomasho 0 1.78 a4 021 141 0084 (139 s 91 a
7.5 1.85 4 0.19 141 0.10b 0.43 ab 62 ab
15.0 2.20¢ 0.21 153 013 0.49 ab 67 ab
30.0 2.060b 021 148 00d4ced 054D 69 ab
60.0 212bc 018 L4t 014d 052h 80 b
Kishi 0 2024 .32 200 0.12a 0.53 59
7.5 2.8 ab 030 1.85 0.13 .4 0.53 73
15.0 216ab 030 1.9 0.14b 049 66
30.0 2.22ab 0 030 193 0.14ab 0.52 68
60.0 2340 029 2.08 0.15b 0.47 73

* Values within columns followed by the same letter or no letter are not sig-
nificantly different at 5% level according to Duncan’s multiple range test.

Table 6. Effect of § treatment on N/S ratio in ear leaves of
maize.

Site

Srate Tkenne Ibadan Oyo Oghomosho Kishi
kgfha

0 13.4 14.3 17.4 214 18.5

7.5 1.7 13.8 15.6 18.0 16.8
15.0 12,5 13.7 18.7 16.5 15.3
30.0 13.2 11.3 15.1 ¢ 15,2 15.8
60.0 13.2 13.3 16.0 15.2 15.6

incidence of S deficiency in soils collected from the
savanna region of Western State of Nigeria. Several
factors may contribute to the higher incidence of S
deficiency in the savanna soils:

1) the existing traditional method of annually burn-
ing the vegetation which leads to losses of S to
the air;

2) the sandy texture of most of the soils, which

romotes leaching losses;

3 {:)w recycling of the S with the natural grass
vegetation;

4) little use of fertilizers.

Data on the S distribution in the savanna soil
profiles (Fig. 1) did not show any S accumulation in
the subsoil. These results differ from the results re-
ported by Bromficld (1972) for the soils derived from
losses in the northern Guinea Savanna zone of Nigeria.
There was considerable downward movement of the
applied § from the surface soil during the cropping
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Fig. 3. Rclationship between total N and total § contents in
maize ear leaf.

period at the Ikoyi and Oghomosho sites, indicating
low sorption of the applied S. This explains in part
the small residual effect of the applied S on the
sccond-year crop of maize at Ogbomosho (Table 4)
because the crop could probably utilize only part
of the subsoil S.” The absence of a significant S resi-
dual effect might also be due to increased S minerali-
zation of the soil organic matter in the second year
of cropping as postulated by Braud (1969) and Brom.-
field (1972). This is in keeping with the significant
yield improvement of the no $ treatment during the
second year (Tabie 4). Further research needs to be
carried out to verily this possibility.

Considering the consistent response to S applica-
tion and the significant leaching of the applied S
in the savanna region, the logical management prac-
tice would be annual application of small dosages of
S for maximum yield ol! maize,

The soil test values for extractable § (Table 1)
combined with the maize yield data (Table 3) indi-
cated that S response can be expected when extractable
S is below 4 Lpm. While at soil test values of 8.5,
10, and 12 ppm S, extracted respectively with
Ca(H,PO,);, NH,Cy,H;0,, and KHyPO,, no response
to S application is expected. With alfalfa, Fox et al.
(1964) considered 7 ppm S extracted with Ca(HoPOy),
as the critical level for S response, while Seim et al.
(1969) observed S response with S soil test levels of
10 ppm S exwacted with Ca(H,PO,); and 7.4 ppm
§ extracted with NH,C,H,0,.

From the relationship between grain yield and total
S content in the ear leaf, the critical S level in the
ear leaf is estimated at about 0.149, S. This value is
lower than the 0.249, S in sweet corn ear leaf as sug-
gested by Daigger and Fox (1978). Part of this dis-
crepancy in values might also be due to differences
in the method of digestion of the plant material
(Daigger and Fox used nitric-perchloric acid proce-
dure.) Sansum and Robinson (1974) reported that S
recovery depends on the method of digestion of plant
material, they demonstrated that dry combustion
methods give lower S values.

The N:S ratio in plant material has been used as
an index to determine the probability for an § re-
sponse (Pumphrey and Moore, 1965; Saalbach, 1972).
Data presented by Dijkshoorn et al. (1960) for gra-

minae indicated a critical N:S ratio of 13.8. Fox con-
sidered N:S ratio of 15 as the most desirable for
optimum growth of sugarcane. Although the data on
the N:S ratio in the car leafl samples presented in
Table 6 showed a decrease in the N:S ratio with in-
creasing sufficiency of S, there were large differences
in the N:S ratio between locations. With an abun-
dant S supply the N:§ ratios of leaves from the sa-
vanna region ranged from 15 to 16, while those from
the forest region ranged from 11 to 13. Apparently
the N:S ratios fluctuate considerably in the critical
range. This agrees with the observation made by
Daigger and Fox (1971) who investigated a border-
line S deficiency. They also could not find any use-
fulness of N:§S ratio values in the ear leaf of sweet
corn for § status diagnosis. This should not preclude
the use of N:§ ratios for diagnosing extreme or even
moderately severe cases of S deficiency.
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