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ABSTRACT 

Perennial plantation crops, such as coconut trees require the systematic addition of nutrients for sustained growth and 

productivity.  This study aimed to understand plant and soil nutrient dynamics, root health and soil biological properties 

upon addition of specific nutrients in tropical land use systems. Field experiments in randomised block design were 

conducted in Agro-Ecological Unit-3 (AEU-3) and Agro-Ecological Unit-9 (AEU-9) from 2014 to 2020. Treatments 

were T1 (site-specific nutrient management practices (SSNM), T2 (SSNM without sodium chloride); T3 (SSNM without 

gypsum); T4 (SSNM along with the 50 g microbial formulation Kera Probio); T5 (Farming practice without any 

amendments or nutrients). Root health parameters, cumulative nut yield and nutrient dynamics in soil and leaf samples 

were estimated at the beginning and the end of the study.  Systematic provision of all the essential nutrients resulted in 

significant increase content of N (1.39%), P (0.164%), K (1.71%), Ca (0.406%) and Mg (0.175%) in index leaves of 

coconut trees in sandy soils. Foliar nutrient levels of coconut trees grown in laterite soils were 1.21% N, 0.142% P, 

1.27% K, 0.504% Ca and 0.146% Mg. In AEU-3, treatment that received all amendments and nutrients showed highest 

organic carbon content at the three depths as 6.79 g kg-1soil, 5.39 g kg-1 soil and 3.82 g kg-1, soil, respectively. In AEU-3, 

61% increase in yield was observed, while in AEU-9,40% increase was recorded. Application of gypsum resulted in 

downward displacement of K and Mg indicating that gypsum is   required for the amelioration of sub soil acidity in 

sandy soils. However, the displacement effect was less pronounced in laterite soils and beneficial effect of gypsum was 

evident with the enhancement of exchangeable Ca. Hence sandy soils require application of inputs as per T3 (T1 without 

gypsum), with external organic inputs and palm residues whereas in laterite soils application of treatments as per T1 is 

required with in situ palm residue recycling. 
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INTRODUCTION 

 The coconut tree (Cocos nucifera L.) is a 

perennial plantation crop adaptable to various soil types, 

including laterite, lateritic, coastal sands, and alluvial, 

red, and sandy soils. It is distributed globally in 93 

countries. It is also called ‘Kalpa Vriksha’, a term derived 

from the ancient Indian language Sanskrit, meaning 

‘Heaven’s Tree’. The palm flourishes well in   areas with 

well distributed rainfall of greater than 1200mm. In India, 

the coconut tree is largely grown in Kerala (0.77million 

ha), followed by Karnataka (0.514 million ha) and Tamil 

Nadu (0.461 million ha) (Coconut Development Board, 

2020). The ideal soils for cultivating coconut are red 

loams with good drainage, a minimum depth of one 

metre, adequate levels of major nutrients such as N, P and 

K, secondary nutrients such as Ca, Mg and S and 

micronutrients such as B and Zn, as well as good water-

holding capacity (Fremond,1964). 

 Coconut palms have a lifespan of 60 – 70 years 

and start flowering by the fifth year of planting. Once the 

palms start flowering, the vegetative and reproductive 

phases occur simultaneously. During its productive 

period, the palm removes large amounts of nutrients from 

the soil for growth and yield, warranting the systematic 

application of nutrients to the soil. This indicates reduced 

palm productivity due to nutrient exhaustion unless soil 

nutrient constraints are addressed. The total nutrient 

uptake of apparently healthy coconut palms of 25 years 

age, grown in entisols was 889 g palm-1 of N, 109 g palm-

1 P, 1075 g palm-1 K, 389.7g palm-1Ca, 71.6 g palm-1 Mg 

and 321.6 mg palm-1B (Mathew et al. 2021). Hence, 

considering their total nutrient uptake and the versatile 

role of coconut palms in daily life, systematic nutrient 
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management practices should be implemented to improve 

and sustained productivity.   

 About 40% of the cropped area in Kerala is 

occupied by coconut palms in small homesteads, 

predominantly in tropical sandy and laterite soils. Such 

soils have inherent fertility constraints such as low 

organic matter, poor exchangeable base status, acidic soil 

reaction, and low beneficial microbial activity. Strong 

acidic soil reactions, low organic carbon levels, high 

available P levels, and deficient K, Ca, Mg, Cu, and Zn 

levels in coconut-growing soils were reported by Nair et 

al. (2018). Besides coconut kernel, most crop residues, 

such as dry leaf fronds, dry spathes, coconut husks, and 

coconut shells, are removed from the plantation for 

thatching, burning, coir retting and other purposes 

(Menon and Pandala, 1958). This poor organic matter 

recycling is one of the causes of declining soil health and 

low yields in coconut-based cropping systems. Therefore, 

discovering management options to overcome these 

constraints and improve coconut palm productivity in the 

long run, is imperative.  Nutrient balance must be 

maintained by replenishing nutrients exported through 

harvested produce and above-ground parts through 

external input (Khan et al.2018). 

 Soil and foliar nutrient levels have a direct 

relationship with palm productivity. Assessing leaf 

nutrient status is a real-time indicator of palm health 

status. Nutrient absorption and translocation from soil to 

plants and, ultimately, to the photosynthates is a complex 

phenomenon. Hence, assessing the nutrient status in 

coconut palm leaf and soil will indicate the effect of 

management practices on palm productivity. 

 Based on these considerations, it was 

hypothesised that site specific management of soil 

constraints by adding   nutrients and amendments to 

perennial coconut palms grown in different land use 

systems could influence soil and plant nutrient dynamics 

and soil biological properties. The hypothesis was tested 

by conducting a comprehensive, long-term study (2014-

2020) to investigate the effects of specific nutrients, 

amendments and crop residue incorporation on foliar 

nutrient levels, root health parameters, soil biochemical 

properties, and palms performance in tropical sandy and 

laterite soils following the addition of nine essential 

nutrient elements (N, P, K, Ca, Mg, S, Cu, Zn  and B and 

soil amendments such as lime, dolomite and gypsum.  

MATERIALS AND METHODS 

Study sites: Investigations into the improvement of soil 

quality and the health of coconut palms were conducted 

from 2014 to 2020 in the palm groves in Agro Ecological 

Unit -3  (AEU-3), the Onattukara Sandy Soil (Usti 

psamment subgroup), located at Chettikulangara, 

Alappuzha district (9.2273° N, 76.5159° E), Kerala, 

India, and Agro Ecological Unit -9 (AEU-9), the south-

central laterite soils (Typic Plinth Ustult), located at 

Kalluvathukkal, Kollam district (8.8279° N, 76.7481° E), 

Kerala, India.  

Experimental layout: The experiment was carried out in 

a coconut garden using a variety of West Coast Tall, aged 

25 – 30 years, in a randomised block design with five 

treatments; each replicated four times. There were six 

palms per treatment per replication, with 120 

experimental palms at each site. The treatments were as 

follows:T1  site-specific nutrient management practices 

(SSNM), including the per-palm annual application of 

500 g N: 0 g P2O5: 1200 g K, 1 kg magnesium sulphate, 

and 2 kg sodium chloride), amendments such as 1 kg 

each of lime and dolomite palm-1, 2 kg gypsum  palm-1 

and micronutrients such as Zn, B, and Cu; T2 (SSNM 

without sodium chloride); T3 (SSNM  without gypsum); 

T4 (SSNM  along with the 50 g of the microbial 

formulation  Kera Probio 50 g palm-1); T5 (Farming 

practice without any amendments or nutrients).  The 

primary nutrients N and K were supplied through urea 

(46% N) and muriate of potash (60% K2O). Based on the 

soil test data, phosphorus was not added due to its high 

content. 

 Moreover, micronutrients such as Zn, B, and Cu 

were supplied as 100 g zinc sulphate per palm-, 150 g 

borax palm-1 and 50 g copper sulphate palm-1 for all the 

treatments other than T5 In our study, lime and dolomite 

were used as amendments to improve surface acidity, 

while gypsum was used to improve subsoil acidity. The 

treatments were applied in a circular pattern around the 

base of the palm, 1.5 m away from the trunk. The palms 

were grown under rainfed conditions, and the treatments 

were administered twice during the southwest monsoon 

(May – June) and the northeast monsoon (September – 

October). Palm residues, including dried leaves and 

bunch wastes, were added to the palm basin for gradual 

decomposition, and the treatments were applied without 

opening the basin. 

Collection, preparation, and analysis of soil and leaf 

samples 

Soil sampling: The fertility status of AEU-3 and AEU-9 

was assessed periodically before and after the end of the 

study. Soil samples were collected from three depths at 0 

– 20 cm, 21 – 40 cm, and 41 – 60 cm from the diagonally 

opposite points at one metre from the palm trunk. They 

were combined to obtain a representative sample from 

each palm basin at each depth. Soil samples were 

analysed for pH (1:2.5 soil solution), electrical 

conductivity, organic carbon, available P, K, Ca, Mg, S, 

Mn, Cu, Zn, and B. Soil biological (dehydrogenase) 

activity was assessed using the previously described 

method of Casida et al. (1964). Soil samples were 

processed separately and stored at 4oC for microbial 

analysis. The population counts of general microbial 
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groups, such as heterotrophic bacteria, filamentous fungi, 

and actinomycetes, as well as functional groups, such as 

fluorescent pseudomonads, phosphate solubilisers, and 

free-living nitrogen (N) fixing bacteria, were determined 

through serial dilution and plating technique with 

appropriate soil dilutions and specific growth media 

(Pelcazar et al.1957).  

Leaf sampling:  Index leaf samples for nutrient analysis 

were selected using the formula N/2 or N + 1/2, where 

‘N’ is the total number of leaves in the crown, counting 

from the top (Menon and Pandalai, 1958). The leaflets 

were also collected from the youngest fully opened leaf 

to estimate immobile nutrients such as Ca, B, and Mn. 

Necessary permissions were obtained for the collection of 

samples. Three leaflets on either side were sampled from 

the middle of the leaf after removing the midrib 

(Fremond, 1964). The leaf samples were analysed for 

total nutrients such as N, P, K, Ca, Mg, Mn, Cu, Zn, and 

B before and after the study. All methods were carried 

out in accordance with relevant guidelines and 

regulations regarding safety precautions while preparing 

and analysing the samples. 

Root parameters: The root health parameters, such as the 

proportion of live roots and root dry weight in a fixed 

core volume, were recorded at the end of the study. Core 

samples were taken vertically at 1.5 metres from the palm 

trunk at 0 – 20 cm and 41 – 60 cm depths. Root samples 

were collected from the soil core and segregated into 

dead and live roots. The dry weights of the live roots and 

their proportions were recorded.  

 Nut yield (nuts palm-1 year-1): The palm yield, an 

indicator of its productivity, was periodically recorded by 

harvesting once in 50 days, and the cumulative yield was 

determined annually.  

Statistical analysis: All the experimental data represented 

the average of four replications.  The collected data from 

the experiments were statistically analysed using Gomez 

and Gomez, (1984) method for variance (p < 0.05) 

analysis. Means were compared by the Tukey’s test. The 

analysis was performed using the Statistical Package for 

the Social Sciences Software version 16(IBM, 2016). 

RESULTS 

 The pre-experimental soil fertility status (Table 

S2) for AEU-3 indicated a strongly acidic soil reaction 

(pH 5.0-5.5) whereas the soil was extremely acidic (pH: 

4.0-4.5) in AEU-9.  Both sites were non- saline and 

having high available P. The contents of exchangeable K, 

Ca and B were at deficient levels. The initial foliar 

nutrient levels at both sites indicated sufficiency of all the 

nutrients except Mg in AEU-3, whereas deficient levels 

of K, Ca, Mg and B were observed in AEU-9. The 

microbial populations of general and functional groups in 

the soil profile (3 depths) from AEU-3 and AEU-9 

indicated that AUE-3 harboured a smaller population of 

heterotrophic bacteria, filamentous fungi, actinomycetes 

and N-fixing bacteria in the topsoil compared with AEU-

9 (Fig.S3). Fluorescent pseudomonads were found in 

20cm and 40cm depth of AEU-3, whereas in AEU-9 they 

were restricted to the topsoil. Phosphate solubilizing 

bacteria were detected only at the depth of 41-60cm of 

AUE-3 with a mean population of 1.43×103 cfu/g dry 

weight of soil. However, the population reduction in 

subsequent lower soil depths was more pronounced in 

AEU-9 for fungi. 

Effect of treatments on available nutrients: The effect of 

treatments on soil nutrient availability was evident in 

AEU-3 (Table 1), particularly regarding soil reaction, 

organic carbon content, and available K, Ca, and Mg. 

Improved pH was observed at all depths for the treated 

plots compared with T5. Enhancement of soil organic 

carbon was evident in T1 compared to other treatments at 

all depths. Treatment without gypsum (T3) resulted in 

significantly higher K and Mg levels than other 

treatments. Except for T5, all treatments showed 

improvements in available K levels compared with the 

baseline. Treatment without sodium chloride (T2) 

resulted in the highest exchangeable Ca, followed by T3. 

Treatment effects were insignificant and inconsistent on 

the available micronutrients in the soil. 

 Treatment effects on the soil properties of AEU-

9 (Table 2) indicated a two-unit rise in soil pH with 

application of amendments. Incorporation of the 

microbial formulation Kera Probio showed significantly 

increased organic carbon and available K content at all 

depths. Exchangeable Ca was highest at the 0 – 20 cm 

surface layer in T1 whereas T2 showed the highest 

content at the depth of 21 – 40 cm and 41 – 60 cm. 

Treatment without gypsum (T3) showed comparatively 

higher exchangeable Mg content at all depths. T5 

recorded the lowest contents for all parameters.  

Effect of treatments on leaf nutrient status: Leaf 

nutrients such as P, K, Ca, Mg, and Zn was significantly 

influenced by the treatments in AEU-3, whereas the 

effects were significant for K, Ca, Mg, B, Mn, and Cu in 

AEU-9 (Table 3).   A steady improvement in foliar 

nutrient levels except Mg was observed in both AEUs 

when nutrient concentrations were examined from 2015 

to 2019 (Fig.1). A gradual decrease in the content of leaf 

P in sandy soils of AEU-3 was observed over the years, 

whereas the laterite soils of AEU-9 showed a gradual 

improvement in the content.  The heatmap of Spearman’s 

correlation as shown in figure 2 demonstrates the 

significant correlation of the foliar nutrients over the 

years. In AEU-3, treatment T3 showed significantly high 

positive correlation in 2018 and 2019 for leaf K. In AEU-

9, the content of K reached sub optimal level in T2, the 
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treatment without NaCl and that in treatment T5. The 

improvement in T1 had a significant positive correlation 

as shown in the heatmap.  

Effect of treatments on soil dehydrogenase activity:  Soil 

dehydrogenase activity showed a significant relationship 

with treatments in both AEUs (Table 1 and 2). The 

activity was comparatively higher in laterite soils. In 

sandy soils, T1 showed the highest activity compared 

with other treatments. However, in laterite soil, T4 with 

microbial formulation showed the highest activity at all 

depths. Surface soil samples showed higher activity for 

all treatments in AEU-9 except T4.   

Effect of treatments on soil microbial populations: 

Generally, bacteria were dominant at both sites, followed 

by actinomycetes and free-living N fixers. AEU-3 

recorded a higher mean bacterial population (7.16 log 

cfu/g) than AEU-9 (6.84 log cfu/g) in the topsoil. AEU-9 

recorded a significantly higher fungal population (5.25 

log cfu/g) than AEU-3 (Table 4). Colony counts of 

actinomycetes were significantly higher at the 0-20cm 

depth of T4 (T1 with Kera Probio) in AEU-3, whereas T2 

that lacked NaCl and showed higher counts of the same 

in AEU-9. The free-living N fixers that dominated the 

functional groups had a mean population of 6.20 and 6.18 

log cfu/g in the topsoil of AEU-3 and AEU-9 with the 

highest counts of 6.47 log cfu/g in T5 (farmer practice) 

for AEU-3 and 6.44 log cfu/g in T1 for AEU-9. A smaller 

population of free-living N fixers was observed in the 

second depth of sandy soils in AEU-3 in a range of 5.32 

to 5.86 log cfu/g whereas population counts of N fixers 

were on par in both the depths of laterite soil.  A similar 

trend was observed for the bacterial population. 

Phosphate solubilizers were almost absent and hence had 

no treatment influence on either soil type.  

Effect of treatments on root health: The root health of 

the treated palms was assessed to identify the proportion 

of live roots and total root biomass quantified from a 

fixed soil volume (Tables 1 and 2). In AEU-3, T1 had the 

highest root biomass at 0 – 20 cm, whereas T3 had the 

highest biomass at the 21-40 cm and 41-60cm depths. 

The proportion of the live roots was significantly highest 

for T2 at 20 cm and 40 cm and for T1 at 60 cm. The 

magnitude of total root biomass increased with   the depth 

in AEU-9 and treatment T4 with the microbial 

formulation showed the highest value at all depths. 

Similarly, the live roots proportion was highest at 21 – 40 

cm depth, with T4 showing the highest value. 

Effect of treatments on coconut yield:  When comparing 

the percentage increase in yield over the pre-treatment 

period in AEU-3, T3 exhibited a significantly higher 

increase (61%) during 2018 – 2019 without the use of 

gypsum (Fig.3). Pair-wise comparisons of annual yield 

between 2015-2016 and 2018 – 2019 indicated 

significant improvements in yield for treatments T3, T4, 

and T5, while there was an insignificant increase for T1 

and T2. In AEU-9, the percentage increase in base yield 

ranged from 20% for T3 to 46% for T1. T1 produced the 

highest yield of 43 nuts by utilising all amendments and 

nutrients. The heatmap of Spearman’s correlation 

presented in figure 2 indicated that treatment T3 (T1 

without gypsum) was positively correlated with the yield 

of coconuts per tree. 

Table 1. Soil properties and root health parameters as influenced by treatments in AEU-3 
 

Soil Properties Depth (cm) Treatments CD 

(0.05%) T1 T2 T3 T4 T5 

pH 0-20 6.26a 6.25a 6.26a 5.60b 5.52b 0.56 

21-40 5.92a 5.91a 5.95a 5.27 b 5.19b 0.602 

41-60 5.60a 5.58 a 5.66a 4.95b 4.88b 0.634 

EC  

(dSm1) 

0-20 0.341a 0.313a 0.311a 0.281a 0.089b 0.066 

21-40 0.270a 0.199ab 0.196ab 0.185b 0.055c 0.078 

41-60 0.149a 0.119a 0.120a 0.124a 0.037b 0.053 

OC  

(g kg-1) 

0-20 6.79 a 5.80ab 5.70ab 5.389b 4.72b 1.15 

21-40 5.39a 4.06b 4.13b 4.17b 3.46b 1.03 

41-60 3.82a 2.86b 2.74b 2.66b 2.31b 0.85 

Av. P (mg kg-1) 0-20 96.64 81.12 104.72 86.25 72.40 NS 

21-40 62.69 53.56 70.06 56.12 53.13 NS 

41-60 44.27 42.09 45.72 44.66 37.40 NS 

Av. K (mg kg-1) 0-20 134.68b 153.21b 197.17a 148.35b 54.22c 24.54 

21-40 72.5bc 81.81b 119.86a 92.09b 50.92c 18.55 

41-60 49.08b 53.61b 79.98a 58.15b 30.60c 14.24 

 Exchangeable Ca(mg kg-1) 0-20 335.38b 517.71a 464.71ab 322.27b 195.25c 112.86 

21-40 195.52a 197.58a 208.11a 182.19a 110.25b 66.29 

41-60 109.73a 132.31a 115.06a 95a 63.75b 31.97 

 Exchangeable Mg (mg kg-1) 0-20 48.51b 50.26b 62.76a 39.91b 35.50b 13.74 

21-40 22.77b 27.37a 32.03a 22.16b 19.58b 4.98 

41-60 15.35b 18.03a 21.77a 12.76b 10.91b 5.84 

Dehydrogenase  (mg TPF/ g dry soil/ hour) 0-20 3.77ab 3.86a 3.54bc 3.36c 2.13d 0.30 
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21-40 3.10a 2.80ab 2.68b 3.08a 1.87c 0.34 

41-60 2.32 bc 2.43b 2.02c 2.75a 1.59d 0.30 

Total root biomass dry weight (g) 0-20 4.11a 3.56a 3.34a 4.05a 2.36b 0.942 

21-40 2.72c 4.56ab 4.41ab 4.72a 2.98bc 1.59 

41-60 2.76b 3.66b 6.82a 3.80b 2.35b 1.62 

Proportion of live roots (%) 0-20 70.76bc 82.48a 65.80c 77.39ab 60.66c 9.70 

21-40 59.46cd 78.28a 66.26bc 72.63ab 50.15d 11.64 

41-60 87.28 a 80.39ab 81.27bc 77.77cd 59.54d 15.06 

AEU: Agro Ecological Unit 

Different lowercase letters in the same row indicate significant differences (p < 0.05) between the treatments by Tukey’s test 

T1: 500g N:0P:1200g K+1Kg lime,1Kg dolomite,2kg gypsum, 2 kg NaCl,  1kg magnesium sulphate, 100gzinc sulphate, 150g borax, 

25g copper sulphate 

T2:T1 without NaCl 

T3: T1 without gypsum 

T4: T1 with Kera Probio 

T5: Farmers’  practice in the locality (application of 25 kg farmyard manure per palm) 

 

Table 2. Soil properties and root health parameters as influenced by treatments in AEU-9 

 
Soil Properties Depth (cm) Treatments CD 

(0.05%) T1 T2 T3 T4 T5 

pH 0-20 6.46a 6.44a 6.19a 6.25a 5.61b 0.568 

21-40 5.89a 5.81a 5.67a 5.55a 5.17b 0.481 

41-60 5.46a 5.36a 5.19a 5.13a 4.86b 0.365 

EC (dSm-1) 0-20 0.508a 0.299c 0.399b 0.373bc 0.116d 0.094 

21-40 0.339a 0.188b 0.254ab 0.228bc 0.081c 0.088 

41-60 0.205a 0.140a 0.156a 0.148a 0.062b 0.066 

OC (g kg-1) 0-20 10.4 ab 10.1b 12.81a 12.8a 9.8b 2.44 

21-40 9.1a 8.8b 11.0ab 11.6a 8.4b 2.22 

41-60 7.9b 7.5b 9.7a 10.3a 7.1b 2.14 

Av. P (mg kg-1) 0-20 123.16a 103.06b 107.28b 101.33b 85.82c 17.14 

21-40 77.61a 50.83b 55.26b 42.21bc 32.68c 20.14 

41-60 43.54a 20.76b 23.99b 23.75bc 15.22c 10.71 

Av. K (mg kg-1) 0-20 372.8a 287.27a 364.05a 377.61a 82.33b 179.84 

21-40 170.8b 168.34b 237.17b 347.73a 55.20c 77.09 

41-60 106.28a 106.77a 106.32a 132.14a 39.82b 58.57 

 Exch. Ca (mg kg-1) 0-20 595.27a 587.85a 550.27a 503.05a 278.35b 206.07 

21-40 346.86NS 452.35NS 352.83NS 311.82NS 274.0NS NS 

41-60 252.31ab 272.79a 230.19b 205.75b 168.13c 34.03 

 Exch. Mg (mg kg-1) 0-20 85.47a 87.61a 88.25a 81.70a 30.99b 37.58 

21-40 52.07a 55.32a 52.21a 46.70a 21.79b 19.75 

41-60 33.55a 36.67a 36.78a 28.37ab 12.995b 18.433 

Dehydrogenase  (mg TPF/ g dry soil/ hour) 0-20 3.97b 4.08b 4.01b 7.62a 2.84c 1.03 

21-40 2.88b 2.96b 3.45b 7.84a 2.30b 1.17 

41-60 1.89b 2.53b 2.85b 7.00a 1.81b 1.06 

Total root biomass dry weight (g) 0-20 1.37bc 1.16c 2.44a 1.99ab 1.83abc 0.722 

21-40 3.38bc 3.81b 5.07a 2.92c 2.77c 0.719 

41-60 3.74b 3.32b 2.81ab 2.51a 2.28a 0.523 

Proportion of live roots (%) 0-20 70.9NS 79.3NS 78.9NS 72.2NS 69.0NS NS 

21-40 86.0a 86.2a 89.0a 68.7b 72.0b 10.9 

41-60 78.8NS 79.0NS 70.9NS 83.3NS 72.0NS NS 

AEU: Agro Ecological Unit 

Different lowercase letters in the same row indicate significant differences (p < 0.05) between the treatments by Tukey’s test 

 T1: 500g N:0P:1200g K+1Kg lime,1Kg dolomite,2kg gypsum, 2 kg NaCl,  1kg magnesium sulphate, 100gzinc sulphate, 150g borax, 

25g copper sulphate 

T2:T1 without NaCl 

T3: T1 without gypsum 

T4: T1 with Kera Probio 

T5: Farmers’  practice in the locality (application of 25 kg farmyard manure per palm) 
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Table 3. Leaf nutrient status in AEU-3  and AEU-9 as affected by the treatments 

 

Treatments N P K Ca Mg B Mn Cu Zn 

% mg kg-1 

AEU-3 

T1 1.39 0.164a 1.71a 0.406a 0.175a 11.43 51.03c 4.70 18.83a 

T2 1.23 0.144b 1.17c 0.390ab 0.161a 11.62 87.72a 4.39 14.56b 

T3 1.28 0.145b 1.31b 0.349b 0.125bc 11.47 69.50b 4.85 17.23a 

T4 1. 0 0.144b 1.31b 0.352b 0.140b 11.56 53.38c 5.06 14.78b 

T5 1.22 0.138b 1.04c 0.289c 0.122c 11.37 32.05d 4.33 17.37a 

CD (0.05%) NS 0.009 0.129 0.038 0.017 NS 9.25 NS 1.93 

AEU-9 

T1 1.21 0.142 1.27a 0.504a 0.146 11.46a 64.37b 7.04b 20.13 

T2 1.28 0.135 0.836b 0.383b 0.154 11.44a 67.16b 6.99b 19.81 

T3 1.28 0.135 1.22a 0.392b 0.136 11.65a 70.62b 9.00a 21.22 

T4 1.16 0.141 1.35a 0.364b 0.147 11.55a 106.71a 7.53b 21.19 

T5 1.15 0.137 0.452c 0.338b 0.145 11.10b 61.09b 6.98b 21.43 

CD (0.05%) NS NS 0.158 0.065 NS 0.330 12.46 0.973 NS 

AEU: Agro Ecological Unit 

Different lowercase letters in the same column indicate significant differences (p < 0.05) between the treatments by Tukey’s test 

 T1: 500g N:0P:1200g K+1Kg lime,1Kg dolomite,2kg gypsum, 2 kg NaCl,  1kg magnesium sulphate, 100gzinc sulphate, 150g borax, 

25g copper sulphate 

T2:T1 without NaCl 

T3: T1 without gypsum 

T4: T1 with Kera Probio 

T5: Farmers’  practice in the locality (application of 25 kg farmyard manure per palm) 

 

Table 4. Effect of treatments on microbial population 

 

 General microbial Population count 

( log CFU per gram dry wt. of soil) 

Function-Specific microbial Population 

count ( log CFU per gram dry wt. of soil) 

Heterotrophic 

bacteria 

Filamentous fungi Actinomycetes Fluorescent 

pseudomonads 

Free living N 

fixing bacteria 

Treatments 0-20 cm 21-40 

cm 

0-20 cm 21-40 

cm 

0-20 cm 21-40 

cm 

0-20 cm 21-40 

cm 

0-20 

cm 

21-40 

cm 

AEU-3 

T1 7.35a 6.66 4.32b 4.54 6.30c 6.01 1.06 0.00 6.04cd 5.60 

T2 6.84 c 6.32 4.64a 4.69 6.46b 6.22 2.03 0.83 5.85d 5.86 

T3 7.34 ab 6.49 4.71a 4.60 6.28b 6.00 0.91 0.91 6.23bc 5.32 

T4 7.04bc 6.45 4.70a 4.80 6.74a 6.30 0.78 0.00 6.38ab 5.52 

T5 7.24 ab 6.39 4.19b 4.34 6.42bc 6.28 0.00 0.00 6.47a 5.48 

CD 

(0.05) 

0.266 NS 0.242 NS 0.149 NS NS NS 0.210 NS 

AEU-9 

T1 6.80 6.72 4.99b 4.57c 6.38b 6.41 0.77 0.67 6.43a 6.2b 

T2 6.99 6.4 5.14b 4.89b 6.72a 6.21 0.00 0.00 6.07b 5.72c 

T3 6.39 6.26 5.43a 5.41a 6.04c 6.16 0.00 1.55 6.21b 6.78a 

T4 7.20 6.89 5.11b 4.98b 6.49b 6.45 0.83 0.00 6.29ab 6.0b 

T5 6.82 6.21 5.59a 5.01b 6.06c 6.19 0.00 1.79 5.82c 6.0b 

CD 

(0.05) 

NS NS 0.198 0.240 0.201 NS NS NS 0.224 0.23 

AEU: Agro Ecological Unit 

Different lowercase letters in the same column indicate significant differences (p < 0.05) between the treatments by 

Tukey’s test. T1: 500g N:0P:1200g K+1Kg lime,1Kg dolomite,2kg gypsum, 2 kg NaCl,  1kg magnesium sulphate, 

100gzinc sulphate, 150g borax, 25g copper sulphate 

T2:T1 without NaCl 

T3: T1 without gypsum 

T4: T1 with Kera Probio and T5: Farmers’  practice in the locality (application of 25 kg farmyard manure per palm) 
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Figure 1(a). Leaf nutrient concentration over the years (a and b) 

 

 

Figure 1(b). Leaf nutrient concentration over the years  

 (b:Leaf P and B)  

T1: Application of 500g N, 0P, 1200g K, 1kg lime, 1kg dolomite, 2kg gypsum, 2 kg NaCl, 1kg magnesium sulphate, 

100g zinc sulphate, 150g borax, and 25g copper sulphate. 

T2: T1without NaCl.  T3: T1without gypsum.  T4: T1 with Kera Probio T5: Farmers’  practice in the locality 

(application of 25 kg farmyard manure per palm) 
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Figure 2. Heatmap depicting Spearman's rank correlation coefficients, visually representing strength and 

direction of monotonic relationships between leaf nutrient concentrations (-Ca, K, Mg, B, and P)  

through colour intensity and gradients. It uses colour gradients to indicate the correlation coefficients, 

where darker shades often denote stronger correlations, while lighter shades indicate weaker or no 

correlations. 

 

 
Figure 3. Nut yield and per cent increase in yield over the years 

T1: Application of 500g N, 0P, 1200g K, 1kg lime, 1kg dolomite, 2kg gypsum, 2 kg NaCl, 1kg magnesium sulphate, 

100g zinc sulphate, 150g borax, and 25g copper sulphate. 

T2: T1without NaCl.  T3: T1without gypsum.  T4: T1 with Kera Probio T5: Farmers’  practice in the locality 

(application of 25 kg farmyard manure per palm) 
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Figure S3. Initial soil microbial population at the experiment sites of AEU-3 and AEU-9 

 

DISCUSSION 

 The systematic provision of essential nutrients is 

an absolute pre-requisite for managing soil constraints 

and improving the productivity of coconut palms. 

However, the added nutrients and amendments may result 

in a differential response in the nutrient dynamics of soil, 

leaf, and palm yield. In AEU-9, treatments positively 

influenced soil pH, organic carbon, and exchangeable 

bases such as K, Ca, and Mg. The increase in the sandy 

soil pH can be primarily attributed to the addition of 1 kg 

of lime and dolomite. The favourable soil reaction 

facilitated microbial growth, organic matter 

decomposition, and improvement in soil organic carbon. 

The improvement in organic carbon content in the sandy 

soil of AEU-3 was deemed insignificant compared to 

with the baseline value, indicating that apart from in situ 

palm residue recycling, external organic inputs are 

critical to maintain the necessary level of organic matter 

in sandy soils. Treatment without gypsum (T3) showed 

higher Mg and K content, while gypsum addition resulted 

in the downward displacement of Mg and K, with Mg 

being predominantly affected. This effect was more 

pronounced in light sandy soils (Anderson et al., 2021) 

and warrants the omission of gypsum applications for the 

amelioration of subsoil acidity in sandy soils. If applying 

gypsum is necessary for the correction of subsoil acidity, 

K and Mg supplementation must be ensured to avoid the 

deficiency of these nutrients. However, Ca content after 

the treatments showed improvement compared to with 

the pre-treatment.  

 Significant improvement in pH were observed at 

three depths in the south-central laterite soils of AEU-9. 

The effectiveness of lime and phosphogypsum in 

ameliorating soil acidity in lateritic soils with high iron 

content was determined by Joseph et al. (2020). The 

downward displacement of cations in AEU-9 was 

relatively small compared with AEU-3. Organic carbon 

content in laterite soils (AEU-9) improved over the initial 

value with the highest percentage improvement in T4 at 

all three depths. The in-situ recycling of palm residues 

combined with the bioinoculant Kera Probio within the 

basin significantly improved the organic carbon content 

in the treated (Chatterjee et al., 2017; Milh et al., 2016). 

Higher dehydrogenase activity in the laterite soils of 

AEU-9 and the profuse earthworm castings corroborated 

the improved organic matter status.  

 Analysing foliar nutrient concentration is an 

efficient method for assessing the fertilisation efficiency 

in coconut (Saldanha et al., 2017). The leaf nutrient status 

was improved regarding all the nutrients compared to the 

initial nutrient status in 2015 in sandy and laterite soils. 

Palms in the control plots showed deficient levels of K 

and Mg, confirming need for nutrients application for 

adequate foliar nutrient levels. The systematic provision 

of major nutrients improved the nutrient concentration in 

coconut palm leaves, as reported elsewhere by Shinde et 

al., (2021). A steady rise in leaf K concentration in AEU-

3 throughout the years was observed for T1. Uptake was 

also facilitated by the presence of more live roots in the 

lower depths in T1. In contrast, other treatments showed 

a smaller percentage increase over the years. In T5, the 

content gradually declined below the critical level of K 

concentration as proposed by IRHO (1989). The leaf P 

content in sandy soil showed a steady decline evidently 

due to the non-addition of phosphatic fertilisers coupled 

with the leaching in sandy soils. Such a declining of 
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foliar nutrients in coconut trees was validated in the 

studies of Rubio et al., (2023). In AEU-9, the highest 

percentage increase in leaf K (60.91%) was observed in 

T4 with the application of Kera Probio followed by T1 

(51%).   

 Leaf Mg gradually declined, most likely due to 

the antagonism between Ca and Mg (Holland et al., 2018; 

Vanitha and Indrani, 2019; Lins et al., 2021).  Reduction 

in the foliar Mg levels may be attributed to its preferential 

uptake of K, being an oilseed crop, coupled with the 

reduced levels of Mg in the soil. Owing to the continuous 

Ca supply through lime, dolomite, and gypsum sources, 

the antagonistic interaction was pronounced in both 

AEUs. Further, K and Ca concentrations in the leaves 

increased steadily, which can negatively affect foliar Mg 

levels. The treated palms still maintained a sufficient 

range, likely due to the 1 kg magnesium sulphate supply. 

In AEU-9, T1 exhibited the highest percentage increase 

in leaf Ca (69.9%), while the lowest increase was 

observed in T5. In AEU-9, a 21% increase in B over the 

pre-treatment was observed in T3. Nevertheless, the 

content in the soil and coconut palm leaves improved by 

applying 160 g borax in four splits after correcting the 

soil reaction in sandy soils (Mathew et al., 2018). 

 The positive effects of treatments on enhancing 

soil health parameters were reflected in soil 

dehydrogenase activity in sandy (AEU-3) and laterite 

soils (AEU-9). Factors such as soil moisture, aeration 

status, oxidation-reduction potential, pH, organic matter 

content, depth of the soil profile, soil temperature, and 

soil inherent fertility status contribute to the activity of 

soil dehydrogenase (Reddy et al., 2020). Laterite soil has 

higher clay content and comparatively higher moisture-

holding capacity, which both can lead to organic matter 

solubilisation, leading to the build-up of dehydrogenase 

activity in laterite soil compared to sandy soil. The high 

dehydrogenase activity observed in the laterite soil 

treated with Kera Probio (T4) was likely due to greater 

microbial activity, a direct indicator of soil biological 

health which are responsible for organic matter 

degradation, reflected in soil respiration and the release 

of carbon dioxide from the rhizosphere (Zhang et al., 

2010; Zhang et al., 2013). Kera Probio was effective in 

laterite soil indicating that more organics are required in 

sandy soil for higher microbial activity through Kera 

Probio application. 

 Soil microbiota and their function in agro 

ecosystems are largely formulated by edaphic soil 

properties, agronomic management and fertiliser regimes. 

Variations in soil pH, organic matter, electrical 

conductivity, aluminium concentration (Nair et al., 2018) 

and pedological conditions formed the prime 

determinants (Degrune et al., 2019) for the distinctive 

microbial communities in the two AEUs. The compaction 

of lateritic soils with increasing depths in AEU-9 can be 

attributed to the significant decrease in the aerobic 

mycelial-forming microorganisms, including fungi and 

actinomycetes. Actinomycetes, a widely found group of 

microorganisms in agricultural soils, strongly influenced 

soil health. The relative abundance of actinobacteria in 

soils with a higher pH (Lauber et al., 2009) and mineral-

fertilised soils (Francioli et al., 2016) would substantiate 

the results derived in this experiment.   Long-term 

fertilisation is positively associated with the relative 

abundance of facultative nitrogen fixers, such as 

Bradyrhizobium and Burkholderia, often classified as 

copiotrophs without any correlation with N-fixing rates 

(Fan et al., 2019). Regulation of soil microbial 

composition by changes in elemental stoichiometry (C: 

N: P) after N fertilisation (Shen et al., 2019) mostly 

influencing upper soil layers, would also be a possible 

explanation. Variation in the phosphate solubilising 

phenotype under high P stress and the repression of P 

solubilizers in soils with high available P was reported by 

Gyaneshwar et al. (2002).  

 The enhanced soil and leaf nutrient status 

resulted from the addition of soil amendments and 

nutrients improved coconut productivity. Magnesium and 

K are critical nutrients for coconut production; their 

displacement by adding gypsum in T1 and T2 might have 

reduced yield in all other treatments compared to that of 

T3 without gypsum application. Improved yield of T3 in 

AEU-3 emphasised the critical role of Mg on the yield 

and productivity of coconut palms. The influence of Mg 

on coconut yield was also described by Lins et al. (2021). 

Also, the significant role of enhanced availability of K 

and B would have been reflected in the nut yield of 

coconut palms. The positive role of K and B in enhancing 

the yield characteristics of coconut in the Terai region 

was observed by Babu et al., (2021). The positive 

influence of added fertilisers on the enhancement of 

coconut yield and productivity was recorded by Malhotra 

et al. (2017). Root health observations in both AEUs also 

indicated the positive influence of amendments and 

nutrients. The difference in soil environment as a factor 

for the variations in root biomass was indicated by 

Carvalho et al. (2024).    

 In present study, it was hypothesised that the 

addition of amendments and nutrients could enhance the 

soil and foliar nutrient and improvement in the nut yield. 

But the results indicated differential response to nutrients 

and amendments in both land use systems. Even though, 

gypsum was applied to ameliorate sub soil acidity, in 

sandy soils, it resulted in the greater displacement of Mg 

and K to the lower layers. Hence our study points 

towards stringent selection of ameliorants based on soil 

properties.   

Conclusion: Nutrient dynamics in the soil and leaves of 

coconut palms were significantly influenced by the 

scheduled treatments comprising the major secondary 

nutrients and micronutrients. The treatment effect was 



Mathew et al.,  J. Anim. Plant Sci., 34 (5) 2024 

 1287

different in sandy and laterite soils in terms of the 

differential leaching of cationic nutrients, organic carbon 

content and soil dehydrogenase activity. Sandy soils 

require application of inputs as per T3 (T1 without 

gypsum), with external organic inputs and palm residues 

whereas in laterite soils application of treatments as per 

T1 is required with in situ palm residue recycling. Our 

results established that soil and palm health could be 

maintained and improved through treatments with 

minimal cultural operations. Hence, a judicious 

combination of chemical fertilisers and amendments 

along with palm residues, depending on the soil type, is 

an impetus for achieving sustainable palm production and 

maintaining the balance of the soil ecosystem. Further 

studies in this area may establish the relationship between 

enhancing palm health in terms of resistance to pests and 

diseases and nutrient dynamics in the soil and plants of 

coconut ecosystem. 
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