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Abstract 

Soil test methods for nitrate-N, total N and organic C were evaluated in the 
greenhouse, using 20 soils mostly from farmer's fields, in Nigeria. The results indicated 
that No3 -N was the best index of available N fora short &week period but the poorest 
under continuous cropping over eight weeks. Total N and organic C.values were superior 
to nitrate-N on long cropping system. 

The three soil Nitrogen indices were also evaluated and caliberated in a.field study 
on five bench mark soils for two seasons. The results indicated that No3 N, was corre- 
lated significantly with tota1.N and organic C, and these were in turn correlated with 
relative yield in the field. Deficiency values were 20 ppm No3-N, 0.11% total N and 
1.26% C. Organic C and total N were highly correlated for the soils; therefore it is possi- 
ble to use either organic. C or total N values for predicting response of crop to N appli- 
cation. 

Introduction 

Nitrogen is the most limiting nutrient for cereal crops in Nigeria. N or 
organic matter status has been arbitrarily used to determine the maize re- 
quirements of N. Maize requires 25-40kgN/ per ha (Sobulo, 1982) in the 
forest zones to  100 - 120 KgN/ha in the savanna, (Jones, 1974, dalaaub- 
ramanian et al., 1978), equivalent to % - 315 t ha -' Urea. The high cost of 
fertilizers and the current economic recession in Nigeria make it necessary 
to find sound bases for rational application of fertilizers to  crops. Mineral 
nitrogen, unlike phosphate, is easily leached and therefore transient and may 
be a poor index of available N to  maize with an active growing period of 
about three months in the field and under very humid climate. 

Organic matter content o f  2% has been considered a critical level above 
which N response is small (Agboola and Corey, 1973; Agboola and Obigbe- 
san, 1974). Total N has been established as an index of available N in the tro- 
pics and a value of 0.16% is required for 95% relative yield (Warmsley and 
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Baynes, 1974). Organic matter and total N indices, which are fairly stable
in the soil, have wider use in the tropics thanmineralN. Sobulo et al (1975,
1977) reported NO3-N as a better index for available N than either organic
C ind total N for tlmatoes and upland rice. In the temperate environments,
however, No3-N has been successfully used for assessing N requirements
on soil sampled to about 30 - 60cm depth, (Smith, 1966; spencer et al.
The purpose of this study was to assess Nitrate-N, total N and organic C
methods as indices of N availability to maize, These parameters are consi-
dered easy to measure and adaptable to routine and rapid analysis (Ataga
et a1.,1981; Sharrawat, 1982; 1983; Waring and Bremier, 1964).

Materials and Methods

Twenty surface soils (0 - 15cm) representing tlpical soils on which
ma'tze is grown in Nigeria were'used in this study. These soil samples riere
mainly from farmers' plots and field trial sites under forest and savanna
vegetation.

After air-drying and sieving with a 2mm sieve, 2 I(g of each soil rvas
weighed into plastic pots. Basal dressings of major and minor elements ex-
cept nitrogen were mixed thoroughly with the soil in the followilrg am-
ounts: 100mgK, 100mgN{g, 100 m,gCa, lQ mgZn, l0 mgFe, !S mg\in. 2
mgB, 0.5 mgNIo and 5 mS, per pot of 2 kg soil. (Osiname, unpublisired).
Each treatment was replicated three times and the pots were ar-ranged ran-
domly on the greenhouse bench. watering of the pots was done dailv rvith
about 50 mls distilled water. The maize tops were harr,'ested after twentr--
eight days, oven dried at 800c for 24 hours, weighed, ground and stored
for analysis.

The experiment was repeated for another twentv-eight dar.'s on trre
same soil with additional basal nutrients added.soil sampling rvas done be-
fore the cropping.

Field Trial

The field trials were carried out in five locations covering the major
ecological zones of South-western Nigeria. The locations are Ilora, Ilorin
Akure, Agbede Farm, Auchi and Ikenne. The field trials were carried out for
the period of three years. Randomised block design with three replicates
was used and six rates of N viz: 0, 30, 60, 90, 120 and lbO Kg/ha as urea
were applied. Each plot size v'rs 5m x 3m.made up of threerows.Thezero
trea&nent received all the' basal nutrrents except nitrogen. t{arvesting *"r-
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done at  the end of each season. Maize was dehasked and weighed. 'lhe re. 
lative yield percentage was calculated as 

RY = Yield without N 
X _100 

&laximum yield with N 1 

Soil Analysis 

Available nitrogen in the soils was evaluated by the following methods: 

Total nitrogen: l g  ground soil was digested with concentra- 
ted d2SO4 for 3% hours (Kjeldahl method). 

Nitrogen was determined with Auto-Analyser 
as ammonium nitrogen. 

Water solube NO3-N 5g of soil was extracted with 25 mls distilled 
water and NO3-N determined by the phenol 
disulfonic acid methods. 

Organic carbon method: 0.5g soil oxidised with a mixture of H2S04 
and 1N potassium dichromate with dipheny- 
lamine as indicator and titrated with ferruous 
ammonium sulphate. 

Statistical Analysis 

Matrix correlations of Total N(micro-Kjedahl), organic carbon (Walkley 
and Black, 1954), and NO3-N (phenol disulfonic acid method) with dry 
matter yield, N%, plant uptake, cumulative dry matter yield and the cumu- 
lative uptake in the greenhouse were computed. Matrix correlations was 
also conducted on the field trial data. Field results were evaluated to deter- 
mine the critical soil N level for N availability indices values. 

Results and Discussion 

The results of initial analysis of soils in the greenhouse study is contained 
in Table 1. The soils have wide pH range with a mean of 6.1 1. The soils 
have generally coarse texture but savanna soils have greater sand content 
than soils in forest zone. Organic matter levels is also higher in the forest 
than in the savanna soils. The mean initial nitrogen status is 0.07% total N 
and 29 ppm NO3--N. Table 2 contains correlation between amount of 
nitrogen extracted by various methods and crop response to N expressed 
as dry matter yield, %N in plant and N uptake in the greenhouse study. Soil 



Table 1 : SOME PHYSICAL AND CHEMICAL PROPERTIES OF THE SOIL USED FOR 
THIS STUDY 

pH (water) 

Sand % 

Silt % 

Clay % 

Available P ppm (Bray I) 

Exchangeable K (me11 OOg) 

CEC (me1 100g) 

1 st Crooping 

0rganic:carbon % 

Total N% 

NO3-N ppm 

2nd Cropping 

Organic carbon % 

Total N% 

No3-N ppm 

Mean 

6.1 1 

85.30 

11 .SO 

3.20 

3.96 

0.22 

5.75 

1.05 

8.07 

29.08 

0.77 

0.07 

20.36 

Range 

5.30 - 7.00 

73.00 , 3.00 

3.00 - 5.00 

2.00 - 8.00 

0.70 - 4.85 

0.69 - 1.01 

3.32 - 061 

0.57 - 1.49 

0.04 - 0.19 

14;O - 4.40 

0.10 - 1.9 

0.03 - 0.1 

11.40 - 33.60 
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NO3-N gave the best correlation with %N in the plant and u p w e  m the 
short cropping cycle. Similarly, NO3-N also gave best correlation with 
dry matter yield and N uptake at end of second harvest. The correlation in 
the second harvest was higher because there was less consumption since soil 
N (NO3-N) has been reduced considerably by the first crop in many soils, 
(Figs. 1 and 2). However the reverse was the case when initial soilN indices 
were correlated with cumulative values of yield and N uptake (Table 2, 
Figs. 3 and 4). Multiple correlation of two indices with crop availability in- 
dex (cumulative yield and uptake) are contained in Table 3. The result in- 
dicated that carbon and total N combined gave a better correlation with 
yield or uptake than organic carbon or total N alone. Total N and NO3-N 
combined gave the same correlation as total N alone. This indicated that 
total N alone is adequate for predictiog dry matter yield. 

Carbon plus NO3-N is only slightly better than carbon alone as index 
of N availability. Field studies also indicated that NO3-N was the best 
single index for predicting yield, (Table 4, Figs. 5, 6 and 7). 

Soil Test calibration for maize 

CatelNelson graphical method was used to determine critical nutrient 
levels. The results indicated that total N and organic carbon gave a linear 
relationship with relative yield while the relationship with NO3-N is quad- 
ratic (Figs. 5, 6 and 7) with a higher correlation coefficient than the other 
two indices. Field data showed that significant response was obtained to 
nitrogen at 5Wo relative yield while response was small and uneconomic at 
90% relative yield. There is therefore justification to relate 'deficiency' and 
'sufficiency' levels of soil nitrogen indices of available N, total N below 
0.05% and 0.1 1% are 'deficient' and 'critical' value respectively. The corres- 
ponding values for organic carbon are 0.70 and 1.26% while that of NO3-N 
is 20 ppm and 30 ppm (Figs. 5, 6 and 7). The usefulness of any soil test 
yield calibration study depends on practical recommendations that could 
be made from it. Robinson (1968) have classified soil tests into three or 
more groups. In this study, two classes will be recommended, 'deficient' 
and 'critical'. The current optimum recommended fertilizer level should 
be applied to deficient soils, and one third of the optimum level for soils 
above critical level as an insurance against an error in soil test assesnent 
and also as maintenance dressing. The 0.1 1% total N found as critical for the 
maize crop in south western Nigeria is in agreement with the results of pre- 
vious study in Nigeria, (Sobulo, 1980). The corresponding carbon was 
1.40% close to the 1.2670 obtained in this study. Warmsley and Baynes 



Fig. 1 : RELATIONSHIP BETWEEN NO3-N METHOD AND DRY 

MATTER YIELD (2ND HARVEST) 

"or" 

Fig. 2: RELATIONSHIP BETWEEN NO3-N METHOD AND UPTAKE 
(2ND HARVEST 



T C T A L  M %  

Fig. 3 : RELATIONSHIP BETWEEN TOTAL N % AND CUMULATIVE 
DRY MATTER YIELD 

O 0: 1.0 2 . 0  

OReAUlC CARBON 96 

Fig. 4: RELATIONSHIP BETWEEN ORGANIC CARBON % AND 

CUMULATIVE DKY MATTER YIELD 



Table 3: SINGLE (r) MULTIPLE (R) CORRELATIONS BETWEEN AMOUNT 
OF N EXTRACTED BY VARIOUS METHOD, CUMULATIVE DRY 
MATTER YIELD AND CUMULATNE W A K E  

**Significant of 1% level 
NS not significant 

METHODS 

Organic carbon 

Total N 

NO3--N 

Carbon + Total N 

TotalN + NO3--N 

Carbon + NO3-N 

CUMULATIVE DRY 
MATTER FIELD 

0.603 * * 
0.758** 

0.213 N.S. 

R 

0.775** 

0.758** 

0.708** 

CUMULATIVE 
UPTAKE 

0.571** 

0.674** 

0.427 N .S 

0.677 

0.724 

0.684 





Fig. 5: RELATIONSHIP BETWEEN RELATIVE YIELD AND TOTAL N 
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Fig. 6:  RELATIONSHIP BETWEEN RELATIVE YIELD AND ORGANIC 
CARBON IN THE FIELD 

Fig. 7: RELATIONSHIP BETWEEN RELATIVE YIELD AND NO3-N IN 
THE FIELD 



(1974) obtained 0.16% total N as the critical value for maize in the West 
Indies which was largely in the humid tropics. 

Sobulo and Jaiyeola (1977) obtained 0.08% total N as critical level in 
soil for upland rice with lower N requirement than maize. The N require- 
ment of upland rice is generally 30 - 40 Kg N/ha for yield of 2 - 3 t/ha 
(Sobulo, 1977). The same author has found NO3-N to give best relation- 
ship with relative yield of tomatoes in the field followed by organic carbon 
which is in acqeement with short term cropping in pots and in the field in 
this study. The mineral nitrogen forms a constant fraction of organic nitro- 
gen in the soil. The good correlation between the two, both for greenhouse 
soils and soils in field study seems to support this view. 

Some American and Canadian workers (Smith et al., 1966; Spencer 
et al., 1966) obtained similar result withN03 -Nas good predictor of crop 
response to nitrogen. Spencer and co-workers (1966) obtained 60 pgm 
NO3-N as critical level for sugarbeet as opposed to 30 ppm N03-N for 
maize in this study and this may be due to variation in relative nitrogen re- 
quirements of different crops and yield levels of the crop. However, there is 
no data on the suitability of NO3-N as an index of available N to maize 
crop in Nigeria. 

In the field however, climate, soil remperature, soil moisture and other 
environmental factors influence the amount of this readily available N that 
will be released to the plant durint the growing season and the grain yield. 
These environmental effects are probably responsible for the observed diffe- 
rances in correlation values between pot and field study. Therefore, timely 
planting before rains are heavy will be recommended so as to  prevent lea. 
ching of NO3-N. Initial nitrate may be useful in predicting N fertilizer needs 
in savanna soils low in organic matter. The risk involved in relying mainly 
on available soil nitrogen assessment needs of maize can be reduced consi- 
derably if additional controls, such as plant analyses are used to  assess and 
adjust if necessary, the N level during the growing seasons. 

Total N is however a more stable index than nitrate N in long term 
cropping and should be further tested in the field with a larger number of 
sites varying widely in PH. On soils with very low pH, base saturation may be 
a strong determinant of nitrogen requirement of the soils. In this study most 
of the soils are pH 5.0 and will no doubt be less affected by base saturation. 
The good correlation between organic matter and total N is in agreement 
with other results for tropical soils and any of them can be used. It is worth 
noting that multiple correlation. of the two is slightly better than eithet 
alone. 



T h e  curvillinear relationship be tween  NO3--N a n d  relative yield in 
field s tudy  was  par t ly  d u e  t o  denitrif ication o f  native soil NO3-*N u n d a  
transient wa te r  logging caused b y  high rainfall condi t ions  in  t h e  field. This  
therefore explains t h e  b e t t e r  relationship in greenhouse which  is  be t t e r  
controlled t h a n  field conditions.  

References 

&boola, A. A. and Corey (1973). The relationship between soil pH, organic matter, 
available phosphorus, exchangeable Potassium and nine elements in the maize 
issue. Soil Science 1 15 : 367 -"375. 

Agboola, A. A. and Obigbesan, G. 0. (1974). Effect of fertilizer on the yield of rice, 
maize and cassava in the rainforest zone of Western Nigeria. C.I.E.C. Gen. Assem- 
bly of Int. Centre of Fertilizers, Madrid. 

Ataga, D. 0 .  and ~gl-imien, A. E. (1981). Soil Nitrogen status and response of oil palm 
Nitrogen Fertilization in laboratory and greenhouse. Nig. J. soil Sci. 1 (5) pp. ). 

41 - 53. 

Balagubramanian, v, Nnachi, L A .  and Mokwunye, A.U. (1976). Fertilizing sole crop 
maize afor high yields, Samaru Miscell. Paper 76, IA.R., Samaru, Zaria Nigeria. 

Grunes, D.L., H.R. Hause, F. Turner ((Jr) and Alessi, J. ,  (1963). Relationship between 
yield response to applied fertilizers and laboratory measures of nitrogen and phos 
phorus availability.Soi1Sci. Soc. Amer. Proc. 27: 675-679. 

Jones, M. J .  (1974) Effects of previous crop on yield and nitrogen respolnse of maize 
at Samaru, Nigeria. Expl. Agric. 9: 273 - 279. 

Kjeldahl, J .  (1883). Z.Arta Chem. 22 : 366. 

Robinson, JB.0. (1968). A simple available nitrogen index 1 .  Laboratory and Green- 
house studies, J .  Soil Sci. 19 : 269-279. 

Sahrawat, K. L. (1982). Assay of nitrogen supplying capacity of tropical rice soils. 
Plant and soil 65: 1 1  - 121. 

Sahrawat, K. L. (1 1982). Evaluation of some chemical indices for predicting minerali- 
zable nitrogen in tropical rice soils. Commun. Soil Sci. Plant Anal. 13 : 363-377 

Sahrawat, K. L (1983). Correlations between indices of soil nitrogen availability and 
nitrogen Percent in plant, nitrogen uptake and dry matter vield of rice grown in 
the greenhouse. P Plant and Soil 74: 223 - 228. 

Smith, J .  A. (1966). An evaluation of nitrogen soil test methods for Ontario soils. J .  
Soil Sci. 46: 185 - 187. 

Sobulo, R. A., Fayerni, A A .  and Agboola, A A .  (1975). Nutrient requirements of toma- 
toe. Effects of N, P and K on the yield of tomatoe in south western Nigeria. Expl. 
A@. 11: 129 - 135. 



Sobulo, R. A. (1982). Response of upland rice to N, P, K, Fe and Zn in western Nigeria. 
Nig. J .  Soil Sci. 3 : 14 - 27. 

Sobulo, R. A. and Jaiyeola, K. E. (1977). Influence of soil organic matter on plant nutri- 
tion in western Nigeria. Proceedings of International Symposium on soil organic 
matter pages 105 : 11 6. International A dmic Energy Agency. 

Spencer, W. F., Machenzie, A. .T. and Viets, F. G .  (1966). The relationship between soil 
tests for available nitrogen and nitrogen uptake by various irrigated crops in the 
western states. Soil Sci. Soc. Amer.Proc. 30: 480- 485. 

Walkley, A. and IA. Black (1934). An examination of Degtjareff method for a deter- 
mining soil organic matter and a proposed modification of the chronic acid titra- 
tion method. Soil Sci. 37 : 29 - 38. 

Waring, S A. and Bremier, J M. (1964). Ammonium produc ibn in soil under water 
logged conditions as an index of nitrogen availability. Nature (London) 210:951- 
952. 

Warmsley, D. and Baynes, RA. (1974). Assessment and calibration of soil analysis me- 
thods for N. P and K using data from field experiments with maize in the Eastern 
Carribean. Trop. Agric. (Trinidad) 5 1 : 338 - 394. 




