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ABSTRACT 
A long term field experiment on different doses of graded fertilizers with and without FYM in finger 
millet – maize cropping sequence is in progress at the Tamil Nadu Agricultural University, 
Coimbatore, India since 1972. The effect of continuous fertilization on soil nutrient status was studied 
after 36 years of cropping cycle on an Inceptisol. The soil reaction, as reflected in the pH, soil salinity 
as measured by EC has not changed significantly due to the different fertilizer schedules adopted over 
these years. The cation exchange capacity of the soil has increased significantly in the treatment 
receiving 100 per cent NPK+FYM. The organic carbon contents of the soil has increased significantly 
in all the treatments that received NPK at different levels. The highest value of 6.2 g kg-1 was 
recorded in the treatment receiving NPK+FYM @ 10 t ha-1 which 55 per cent higher than control and 
also 107 per cent higher than the initial status. Available N, P and K status increased due to 100 per 
cent NPK+ FYM application and recorded 195,26.7, 639 kg ha-1respectively. Exclusion of nutrients 
led to depletion of that nutrient in soil. Generally, there was a reduction in total nutrient content of the 
soil from the initial level. The available status of Ca and Mg of the soil have increased significantly in 
all treatments recording the highest status on continuous application of integrated fertilizer 
management. The micronutrients like iron, zinc, manganese and copper were significantly higher in 
the treatment receiving 100 per cent NPK + FYM. The Integrated nutrient management practice 
sustained the soil fertility and soil health. 
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INTRODUCTION 
Continuous and intensive cropping without 
adequate restorative practices may pose threats to 
the sustainability of agriculture. In order to 
maintain the native soil fertility and for 
prescribing balanced fertilization, monitoring of 
changes in nutrient status of the soil becomes 
inevitable. Fertilizer recommendations are often 
derived from nutrient uptake pattern of crops that 
focus on optimizing nutrient inputs with regards 
to achieving high net return in the crop to which 
the nutrient was applied. Nutrient monitoring  is 
a method that quantifies system’s nutrient 
inflows and outflows resulting in nutrient 
balance. Nutrient budgeting is the process which 
involves   balancing   nutrients   coming  into  the  

farming system with those leaving.  For a 
farming system to be sustainable, its nutrient 
budget must be balanced. If there is a net loss of 
some of the nutrients, the soil will eventually be 
depleted of those nutrients and the productivity 
of that particular soil will decline. If there is a net 
gain of nutrient, the environmental problems can 
occur due to the combined effects of nutrient 
accumulation in the soil and soil erosion.1 The 
maintenance of the soil health is essential not 
only for maximizing agricultural production to 
meet the ever increasing food needs of the 
growing population, but also vital for sustaining 
the higher productivity levels.  
Long – term experiments under intensive 
cropping systems in different agro – ecological 
regions have provided ample evidence of rapid 
exhaustion   of  soil  and   nutrient deficiencies  *Author for correspondence 
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increasingly becoming limiting factors for crop 
production. 

MATERIAL AND METHODS 
The investigation was carried out at the Tamil 
Nadu Agricultural University, Coimbatore, 
India in the on going long – term fertilizer 
experiment laid out in 1972 for studying the 
effects of continuous fertilization on the soil 
health. The climate of this area is semi- arid 
tropical with a dry season from January to June 
and wet season upto December. Temperature 
varies from 31º C       ( May–June ) to 21º C     
(December–January). The soil of the 
experimental site is fine montmorillonitic, 
isohyperthermic and classified as Vertic 
Ustropept. The experiment consisted of  ten 
treatments and was laid out in a randomized 
block design with four replications. The 
treatment details are (T1) – 50 % NPK,  (T2) – 
100 % NPK, (T3) – 150 % NPK, (T4) – 100 % 
NPK + Hand weeding (HW), (T5) – 100 % 
NPK + ZnSO4 (Maize alone), (T6) – 100 % 
NP, (T7) – 100 % N, (T8) – 100 % NPK + 
FYM (Finger millet alone), (T9) – 100 % NPK 
(-S), (T10) – Control. The optimal amounts of 
N, P2O5 and K2O (100 % NPK) are 90:45:17.5, 
135:67:5.35 kg ha-1 for finger millet, maize 
respectively. The fertilizers used were Urea, 
single super phosphate, diammonium 
phosphate (T9 only), Muriate of potash and 
zinc sulphate. The application of FYM @ 10 t 
ha-1 was done once a year at the time of 
planting of finger millet. Fertilizers were 
applied to each crop in the rotation and FYM 
only once a year. The size of the plot was 10 m 
x 20 m with 5 m wide strip separating each 
replication. At maturity the grain and straw 
yield and then dried in a hot air oven at 650C 
till a constant dry weight was obtained. Grain 
yield of finger millet has been reported at 14 % 
moisture content. 

RESULTS AND DISCUSSION 
Soil properties  
The pH of the post – harvest soil ranged from 
8.5  in plot receiving 100 per cent NPK + FYM  

to 8.7 in absolute control. Continuous 
application of different levels of inorganics 
either alone or with FYM did not alter the soil 
pH significantly. Besides, the experimental soil 
itself is highly buffered due to its calcareous 
nature. Even though there is no significant 
change in pH of the soil among treatments, 
there is a non significant reduction in pH of the 
soil treated with 100 per cent NPK + FYM. 
This reduction may be attributed to the release 
of organic acids produced during the 
decomposition of organic matter from the 
FYM. The noticeable reduction in soil pH due 
to long term manuring and fertilization was 
also recorded in the earlier research.1 The EC 
of the post harvest soil ranged between 0.27 
and 0.29 dSm-1. There was no significant 
difference in the electrical conductivity of the 
soil among the treatments. The Cation 
Exchange Capacity (CEC) of the post – harvest 
soil was the highest (34.38 cmol(p+) kg-1 soil) 
in the treatment receiving 100 per cent NPK + 
FYM and the lowest (25.73 cmol (p+) kg-1soil) 
in absolute control. The combined application 
of organic and inorganic sources of nutrients 
resulted in significant increase of CEC over 
control. This may be attributed to the build up 
of soil humus due to application of organic 
manure and higher amounts of crop residues. 
Similar results of increase in CEC on the 
application of higher rates of FYM were 
reported in the earlier research which revealed 
that CEC of Inceptisols increased due to the 
application of manures, which might be due to 
the increased formation of colloidal exchange 
complexes from the organic matter.2 The 
organic carbon content of the soil ranged from 
40 g kg-1 in absolute control to 6.2 g kg-1 in 
those plots which received 100 per cent 
NPK+FYM. There was a considerable increase 
in soil organic carbon content of the soil from 
1972 to 2008, projecting a minimum increase 
of 30 % from the initial level. This might be 
due to the continuous application of graded 
levels of NPK from 50 per cent to 150 per cent 
was accomplished by a corresponding increase 
in  the organic matter content by enhanced rate  
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of crop residue addition to the soil on intensive 
cultivation. The highest organic carbon content 
was recorded in the plots receiving 100 per 
cent NPK + FYM, obviously due to higher 
organic matter addition to the soil.  Higher 
production of biomass has increased the 
organic carbon content.3,4 The control and 100 
per cent N treatments recorded the least 
organic carbon, probably due to the low dry 
matter production and hence low return of crop 
residues to the soil. The available nitrogen 
status of the post-harvest soil increased with 
increase in fertilizer application and found to 
be the highest in the plots receiving 100 per 
cent NPK+FYM. The higher available N 
content in the 100 per cent NPK+FYM 
treatment may be due to optimal fertilizer input 
in addition to higher organic matter content in 
the soil. Besides, FYM applied at the rate of 10 
t ha-1 would have added around 50 kg N every 
year, supplemented with the addition of the 
crop residue biomass were the reasons for 
higher available N of the soil. In addition to 
the extra quantum of N being added, the 
favourable soil conditions under organic 
manuring would have helped in the 
mineralization of soil N leading to higher 
available N status. The decreased available N 
status in the absolute control treatment may be 
due to the continual removal of soil N in the 
absence of external supply of N through 
fertilizers and manures. The increase in 
available N status due to organic manure 
application would be due to the multiplication 
of soil microbes leading to enhanced 
conversion of organically bound N into 
inorganic forms, rapid mineralization and thus 
made available to the crops. Immobilization of 
N also leads to maintenance of definite level of 
available N under the addition of organic 
matter and crop residue management.  
The available P status of the soil was the 
lowest on exclusion of P fertilizers from the 
nutrient schedule. The highest availability was 
recorded on practicing integrated nutrient 
management. The available P status was 
significantly higher in treatments receiving P 

fertilizers than in the treatments without P. 
Higher availability of P in 100 per cent NPK + 
FYM treatment may be attributed to the 
solubilisation of P by the organic acids 
released from the organic manures, reduction 
of P fixation in the soil because of chelation of 
P fixing cations like Ca, Mg, Fe, Al, Zn, Mn 
and Cu and also due to the enhanced microbial 
activities. 
The available potassium status of the soil 
increased with increment of K from the 
external sources like fertilizers and organic 
matter and declined on exclusion of K in the 
fertilizer schedule. The increased availability 
of K in 100 per cent NPK+FYM treatment 
may be attributed to the supplemental addition 
of K through 10 t of FYM applied every year 
which could supply 50 kg ha-1 of K and the 
interaction of clay with potassium and also K 
application through fertilizer source. The 
application of FYM in combination with 100 
per cent NPK increased the available K status 
of the soil.2  
The increase in the availability of K through 
addition of FYM may be due to the 
decomposition of organic matter accompanied 
by the release of appreciable quantities of CO2 
which when dissolved in water, forms carbonic 
acid, which is capable of decomposing certain 
primary minerals and release of nutrients. The 
decreased availability of K in N, NP and 
absolute control treatments may be attributed to 
the higher uptake of K by crops resulting in 
depletion of K in the absence of K addition. The 
DTPA extractable Fe extracted from the 
experimental soil was the highest (5.35 mg kg-1) 
in 100 per cent NPK+ FYM treatment and the 
lowest (4.18 mg kg-1) in absolute control. The 
Fe content was found to be higher in the 
treatments receiving fertilizers regularly. This 
may be attributed to the contribution of Fe from 
single superphosphate. The highest content in 
the plot receiving 100 per cent NPK + FYM 
was due to the chelation of Fe by the organic 
matter. Moreover, it was said that a substantial 
amount of Fe was already present in the native 
soil itself.  
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The increase in the available iron status of the 
soil with the application of organic manures 
and attributed this to the addition of organic 
substances which would form water-soluble 
complexes called chelates preventing the 
reaction with the other soil constituents.5-7 
The DTPA extractable Zn in the post-harvest 
soil ranged from 0.89 mg kg-1 in absolute 
control to 2.38 mg kg-1 in 100 per cent 
NPK+ZnSO4 treatment. The significantly 
higher availability of Zn in 100 per cent NPK 
+ ZnSO4 treatment may be due to the direct 
addition of Zn through ZnSO4.  
The Cu availability of the soil ranged from 
0.78 mg kg-1 in absolute control to 1.69 mg 
kg-1 in plot receiving 100 per cent NPK + 
FYM. Super optimal application of fertilizers 
also resulted in higher Cu content in soil. 
The Cu content seemed to be less in the soil 

treated with N fertilizer alone and in 
absolute control. The increase in the 
available form of Cu in the soil due to 
application of organic manure may be 
attributed to the formation of Cu-chelates.  
Mn content in the soil was the lowest in 
absolute control and the highest in the soil 
receiving 100 per cent NPK+FYM. It was 
found that all the plots that received P source 
in the form of single superphosphate had 
considerable amount of Mn in the soil. A 
substantial amount of Mn is contributed by 
single superphosphate and FYM. Through 
the mechanism of chelation, organic matter 
addition helped in increasing the availability 
of Mn to the crop. The normal range of Mn 
content in FYM is 50 - 70 mg kg-1 and in 
single superphosphate is 10 - 1000 mg kg-1 
(Table 1 and Table 2). 

Table 1 : Basic chemical properties of the experimental soil (Post harvest soil 
after 90th crop of Finger millet) 

          Treatments pH EC 
(dS m-1) 

CEC 
(cmol (p+) kg -1) 

O.C 
(g kg-1) 

T1- 50% NPK 8.7 0.27 28.98 4.3 

T2- 100% NPK 8.7 0.28 28.90 5.3 

T3- 150% NPK 8.6 0.28 33.50 5.8 

T4- 100% NPK+ HW 8.6 0.29 29.82 4.8 

T5- 100 %NPK+ ZnSO4 8.7 0.28 30.44 4.5 

T6- 100% NP 8.6 0.28 29.59 5.0 

T7- 100% N 8.6 0.27 28.56 4.2 

T8- 100% NPK+ FYM 8.5 0.27 34.38 6.2 

T9- 100% NPK (S-free) 8.6 0.28 30.15 5.3 

T10- Absolute control 8.9 0.29 25.73 4.0 

SED 0.092 0.007 0.536 0.019 

CD (P=0.05) NS NS 1.100 0.039 

(NPK as N, P2O5 and K2O, HW- hand weeding, ZnSO4- 25 kg ha-1 only for maize crop, 
FYM = 10 t ha-1)
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Table 2 : Available nutrients, exchangable cations and micronutrient content of experimental soil (Post harvest soil after 90th  

Fingermillet) 

Treatments 

Post harvest  soil 

Available macro nutrients 
(kg ha-1) 

Exchangeable cations 
(c mol (p+) kg-1) 

DTPA- extractable micro nutrients 
(mg kg-1) 

N P K Ca Mg Fe Zn Cu Mn 

T1- 50% NPK 165 10.25 529 14.22 7.09 4.48 1.29 1.06 23.30 

T2- 100% NPK 182 16.80 596 16.02 7.46 5.05 1.53 1.16 25.57 

T3- 150% NPK 193 24.50 610 16.30 7.84 5.35 1.96 1.62 27.74 

T4- 100% NPK+ HW 178 19.50 585 16.15 7.55 5.18 1.63 1.17 25.76 

T5- 100 %NPK+ ZnSO4 181 17.63 589 15.49 7.61 5.22 2.38 1.25 27.73 

T6- 100% NP 180 15.60 492 14.34 7.10 4.83 1.25 1.02 25.16 

T7- 100% N 181 11.13 477 13.87 6.77 4.20 1.13 0.87 23.50 

T8- 100% NPK+ FYM 197 26.23 650 16.89 8.40 5.31 1.94 1.69 27.26 

T9- 100% NPK (S-free) 180 15.00 584 15.33 7.60 5.21 1.22 1.15 25.34 

T10- Absolute control 164 5.75 445 12.77 6.22 4.18 0.89 0.78 21.04 

SED 2.598 0.519 8.338 0.73 0.33 0.21 0.07 0.05 1.08 

CD (P=0.05) 5.332 1.065 17.110 1.51 0.67 0.43 0.14 0.11 2.21 
(NPK as N, P2O5 and K2O, HW- hand weeding, ZnSO4- 25 kg ha-1 only for maize crop, FYM = 10 t ha-1) 
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CONCLUSION 
Continuous application of inorganic fertilizers 
with FYM increased the organic carbon and 
available nutrients and micronutrient content of 
the soil compared with the chemical fertilizers 
alone. Also, it is evident from the long term 
fertilizer experiment trails that there is no 
deleterious effects on soil properties by the 
continuous use of chemical fertilizers. 
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