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Abstract

A field experiment was conducted in an on-going long-term fertilizer experiment (initiated during 1972) at 

Palampur using randomized block design comprising eleven treatments, replicated thrice to study the effects 

of various fertilizer treatments, along with application of farmyard manure and lime on soil chemical 

properties. The long-term application of optimal doses of inorganic fertilizers in conjunction with FYM or lime 

in acid Alfisol improved key soil chemical properties significantly. A notable influence of FYM or lime when 

applied in integration with chemical fertilizers was observed on soil pH, organic carbon content, CEC and 

status of available NPK in surface and sub-surface layers. Conversely, imbalanced nutrient use resulted in soil 

acidification, reduced OC, CEC and nutrients depletion, thereby, deteriorating soil health. Therefore, 

balanced nutrition and use of amendments like FYM and lime in acid soils is essential to ensure sustainable soil 

health and crop productivity in long-term agricultural systems. 
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Maize (Zea mays  L.) is one of the most important 

cereal crops worldwide after wheat and rice. As a 

nutrient-intensive crop, maize demands a substantial 

availability of essential nutrients. Nitrogen 

contributes to the protein synthesis and vegetative 

growth of the plant; phosphorus promotes root 

development and energy transfer; potassium aids in 

water  regula t ion and enzyme act ivat ion 

(Hasanuzzaman et al. 2018). Achieving high maize 

yields necessitates a balanced and adequate supply of 

these nutrients, given that declining soil fertility is a 

significant constraint to maize production (Sharma 

and Arora 2010).

Fertilizers have been pivotal in transforming 

Indian agriculture from subsistence farming to surplus 

production. However, continuous cultivation over 

centuries, the adoption of modern agricultural 

practices and the inefficient and imbalanced use of 

fertilizers have depleted soils of their finite nutrient 

reserves (Bhatt et al. 2019). The insufficient 

fertilization negatively impacts the soil health 

resulting in reduced soil fertility and lower crop 

yields, whereas, the excessive use of chemical 

fertilizers causes soil and water pollution due to 

nutrient losses and accumulation in the environment. 

Also, the benefits of organic manures in enhancing 

plant nutrition and improving soil properties are well-

documented but they alone cannot meet the nutrient 

demands of intensive agriculture (Xin et al. 2016; 

Sharma et al. 2018). The balanced fertilization through 

integrating organic and inorganic fertilizers has proven 

to improve maize yields and soil fertility, thus ensuring 

that soil remains a productive resource while 

minimizing negative effects on environment (Suri et al. 

2022).Besides, declined soil fertility, soil acidity has 

been identified as a significant limitation to crop 

production on a global scale (Bharti et al. 2021). The 

persistent application of ammonium- based fertilizers 

also contributes toward soil acidity with pronounced 

effect in acidic soil environments. Lime is applied to 

ameliorate acid soils due to its high neutralizing value 

(Hume et al. 2023). Studies also highlight that 

incorporation of lime along with judicious use of 

various nutrient sources is advocated for ameliorating 
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acidity-induced soil health constraints and increasing 

the availability of essential nutrients to the plant 

(Sharma and Sharma 2016; Thakur et al. 2022). 

In addition to soil nutrient levels, the properties of 

soil pH, cation exchange capacity (CEC) and organic 

carbon (OC) also determines soil health and 

productivity. Understanding the impact of fertilizers 

and amendments on soil organic carbon and pH could 

help in managing soil conditions to optimize plant 

growth as increase in soil organic matter improves soil 

physical and microbial properties, whereas, pH 

influences the availability of nutrients in the soil (Page 

et al. 2020). The CEC serves as a crucial indicator of 

soil quality and reflects the ability of soil to retain and 

exchange essential nutrients (Mishra et al. 2022). 

Considering the above facts, this study was conducted 

with the aim to assess the impact of fertilizers and 

amendments on soil chemical properties and available 

N, P and K status in acid Alfisols of Himachal Pradesh.

Materials and Methods

Experimental site

A long-term fertilizer experiment was established 

in 1972 at research farm of Department of Soil 

Sc ience ,  CSK Himachal  Pradesh  Kr ish i  

Vishwavidyalaya, Palampur, India. The site belongs to 

mid hills sub-humid zone of Himachal Pradesh and is 

located at 32°6´N latitude and 76°3´ E longitude at an 

altitude of 1290 m above mean sea level. Generally, 

the area receives an average rainfall of 2600 mm, 

annually. The soil at experimental fields is silt loam in 

texture, belongs to the order Alfisol and is classified as 

Typic Hapludalfs. At the initiation of experiment 

(1972), the soil samples were found to be acidic with 
-1pH value of 5.8, high in available N (736 kg ha ) and 

-1
medium in organic carbon (7.9 g kg ), available P 

-1 -1
(12.0 kg ha ) and available K (194.2 kg ha ).

Experiment details

The experiment was carried out in a randomized 

complete block design comprising one control and ten 

treatments of fertilizers alone or in combination with 

amendments such as lime and FYM. The treatments 

were replicated thrice in the maize-wheat cropping 

system. The treatments were randomly allocated in 

each block and each treatment plot was 5 m long and 3 

m wide. The fertilizer treatments were: T  = 50% NPK; 1

T = 100% NPK; T  = 150% NPK; T  = 100% 2 3 4

NPK+Hand weeding (HW); T  = 100% NPK+Zinc 5

(Zn); T  = 100% NP; T  = 100% N; T  = 100% 6 7 8
-1

NPK+FYM @ 10t ha ; T  = 100% NPK (-S); T  = 9 10
-1

100% NPK+lime @900kg ha  and T  = control, 11

comprising no fertilizer application. 

The original treatment structure was slightly 

modified from kharif 2011 due to the marked build-up 

of available phosphorous in soil. The optimal and 

super optimal dose of P was reduced by 50% and in 
-1

case of T i.e. 50% NPK, the addition of FYM @ 5 t ha  1 

on dry weight basis to maize crop only was also 

included. The chemical weed control measures were 

taken in all treatments except T  (100% NPK + Hand 4

Weeding). Nitrogen, phosphorus and potassium were 

supplied through urea, single super phosphate and 

muriate of potash respectively, except T i.e. 100% 9 

NPK (-S) where source of phosphorous was 

diammonium phosphate.

Soil analysis

The soil samples were collected from two depths of 

0–0.15m and 0.15–0.30m from each plot with core 

sampler following the maize harvest in kharif 2021. 

The samples were processed and analyzed for 

chemical properties and status of primary macro 

nutrients. Standard analytical procedures were 

employed to determine soil pH, organic carbon 

content, cation exchange capacity (CEC) and the 

available nitrogen, phosphorus and potassium.

Statistical Analysis

The data recorded was analysed on the basis of 

standard procedures described by Gomez and Gomez 

(1984). The analysis of variance (ANOVA) for the 

randomized complete block design was performed 

using an F-test to draw inferences. The least significant 

difference (LSD) test at the 0.05 significance level was 

used to compare treatment means for various 

parameters. For the statistical analysis of the data, 

Microsoft Excel (Microsoft 365) software was used.

Results and Discussion

Soil pH

The soil pH exhibited a decreasing trend from the 

initial value of 5.8 across all treatments, except for T  10

(100% NPK + lime) which resulted in highest pH value 

i.e. 6.24 in surface and 6.26 in subsurface layer (Figure 

1a). The application of lime in combination with NPK 

improved the soil pH to neutrality as lime dissociates 
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2+ - 
into Ca  and OH ions and hydroxyl ions react with 

+
hydrogen and Al³  ions, forming Al³z hydroxide and 

water, thereby increasing the soil pH in the soil 

solution. The lowest pH value was recorded in the 

treatment involving the continuous application of urea 

(T ) and the pH declined to 4.39 and 4.43 at surface and 7

sub-surface depths, respectively. Compared to sub-

optimal, optimal and super-optimal fertilizer 

treatments, the regular addition of FYM along with 

NPK (T ) resulted in higher pH values. The application 8

of ammonium fertilizers results in soil acidification 
+due to release of H  ions during hydrolysis of urea and 

ammonium nitrification process (Dal Molin et al. 

2020). Furthermore, the incorporation of organic 

matter helps to stabilize the pH and resist any major 

change in soil pH (Sharma et al. 2014). Overall, the pH 

increased with increasing soil depth.

Soil organic carbon

A buildup in soil organic carbon (SOC) content was 

recorded with balanced fertilization, exceeding the 
-initial content of 7.9 g kg ¹ (Figure 1b). In contrast, the 

use of chemical fertilizers in imbalanced forms (100% 

N, 100% NP) or no fertilization resulted in a 

significant decline in SOC. The integrated use of NPK 

fertilizers and farmyard manure (T ) recorded the 8
-highest SOC content (13.97 g kg ¹) followed by the 

treatments of 100% NPK + hand weeding (T ) and 4

100% NPK + lime (T ). FYM serves as a substantial 10

source of carbon, enhancing belowground biomass 

production. The increased return of plant residues to 

the soil, driven by enhanced crop growth due to 

addition of FYM and lime along with 100% NPK also 

increased SOC. Conversely, low root biomass 

resulting from imbalanced fertilization contributed to 

reduced SOC content. A similar trend was observed in 

the subsurface soil depth, with a decrease in content 

compared to the upper depth.

Cation exchange capacity

The application of manure or lime in conjunction 

with 100% NPK significantly enhanced the cation 

exchange capacity (CEC) at both surface and 

subsurface soil layers, as shown in Figure 1 (c). 

Specifically, the treatments T and T  exhibited 8 10

increase in CEC of 19.3% and 18%, respectively over 

the 100% NPK treatment (T ) at 0-0.15 m soil depth. 2
+The CEC values ranged from 6.22 cmol (p ) kg ¹ i.e. 

lowest under 100% N fertilization (T ) to12.39 cmol 7
+ -(p ) kg ¹ (highest) in treatment T . Treatments with 8

imbalanced fertilizers and control showed a decrease 
+

in CEC compared to the initial value of 12.1 cmol (p ) 
-kg ¹. The increase in CEC observed in FYM-fertilized 

plots could be attributed to the colloidal nature of 

organic matter (Vishwanath et al. 2020). In lime-

amended plots the CEC increased due to increased soil 

pH and dissociated calcium ions. Regardless of the 

treatments, CEC decreased with soil depth due to the 

-

A
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Fig. 1 Effect of fertilizers and amendments on (a) Soil pH, (b) SOC and (c) CEC. Error bars denote ± SE. Bars with similar lowercase 

letters are not significantly different concerning least significant difference (LSD) values at p=0.05 

lower organic carbon content in the subsurface layer. 

The reduction in CEC under imbalanced and no 

fertilizer treatments, especially in the 100% N treated 

plots, could be ascribed to the acidifying effect of 

fertilizers, which lowered the pH and consequently 

reduced the pH-dependent negative charges (Gourav 

et al. 2019).

Available Nitrogen

The results illustrated in Figure 2 (d) indicated that 

the continuous application of 100% NPK combined 

with FYM (T ) resulted in the highest value of 8
-

available nitrogen (390 kg ha ¹), followed by the super-

optimal dose of fertilizers at 150% NPK (T ). The 3

higher nitrogen content under T  could be attributed to 8
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the additional supply of nitrogen through FYM over 

the years and the addition of organic components. The 

increase in nitrogen content with increase in fertilizer 

doses indicates the impact of fertilizer application on 

enriching nitrogen pools (Sharma et al. 2003; Mukhi 

et al. 2022). In contrast, a significantly lower value of 
-

272 kg ha ¹ was recorded in the control treatment (T ). 

The available nitrogen status in the control plot clearly 

revealed that cultivation without any addition of 

fertilizers or manure drastically reduced soil nitrogen 

availability and this might be due to nitrogen mining 

caused by continuous cropping without fertilization 

(Shambhavi et al. 2017). The values of available 

nitrogen decreased with increasing soil depth, 

although the treatment-wise trend remained consistent 

throughout the soil profile.

Available Phosphorus

A significant increase in available phosphorus 
-

content (164.8 kg ha ¹) was recorded with the 

application of 150% NPK (T ) across both soil depths, 3

compared to other treatments (Figure 2 e). The 

application of 100% NPK (T ), whether alone or when 2

combined with FYM (T ) or lime (T ), also resulted in 8 10

higher available phosphorus content than the control 

(T ) and 100% N (T ) treatments. The substantial 11 7

buildup of available phosphorus in plots receiving 

fertilizer P could be attributed to the increase in the 

available pool of soil phosphorus. The improvement in 

soil available phosphorus with the addition of FYM 

was due to addition of organic phosphorus through 

11

FYM and reduction in P-fixation by organic anions 

formed during FYM decomposition. Likewise, a 

decrease in exchangeable acidity due to addition of 

lime resulted in higher available P (Verma et al. 2012). 

In contrast, the low pH in plots with 100% N alone led 

to high phosphorus-fixing capacity and the absence of 

phosphorus application resulted in very low available 

phosphorus content in T  and T  both.7 11

Available Potassium

The available potassium content ranged from 115 
- -

kg ha ¹ to 213 kg ha ¹ in the surface layer and from 92 kg 
- -ha ¹ to 173 kg ha ¹ in the subsurface layer, with the 

lowestvalue in T  and the highest in T (Figure 2 f). The 11 8  

addition of FYM along with100% NPK reduced 

potassium fixation and its decomposition resulted in 

continuous release of potassium (Urkurkar et al. 2010). 

The omission of potassium in T  (100% NP) and T  6 7

resulted in significantly lower values compared to 

balanced fertilizer treatments due to nutrient imbalance 

in the soil. Also, the depletion of native potassium 

pools in T  (100% NPK) may be attributed to its 2

increased removal by crops compared to the addition in 

soil.

Conclusion

The continuous application of optimum doses of 

fertilizers with organic manure in acid Alfisol 

positively influenced the soil organic carbon content, 

cation exchange capacity and primary macro nutrients’ 

contents. The periodical addition of lime along with 
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Fig.2 Effect of fertilizers and amendments on (d) Available nitrogen, (e) Available phosphorus and (f) Available potassium. Error bars 

denote ± SE. Bars with similar lowercase letters are not significantly different concerning least significant difference (LSD) values 

at p=0.05

balanced fertilization raised the soil pH to neutrality. 

The study demonstrated that an integrated approach of 

combining balanced fertilization with FYM or lime is 

crucial for sustaining the chemical components of the 

soil health, whereas, prolonged application of only 

urea increased soil acidity, thereby, degraded the soil 

health.
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