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Abstract 

The research work was conducted in November 2024 at Field laboratory of Institute of Environmental Science, Rajshahi 

University Rajshahi to study the comparison of effect of organic and inorganic fertilizer on soil chemical properties in Spinach 

production. There were six treatments in this experiment. The experiment was laid out in randomized complete block design 

(RCBD) with three replications. Each block was compacted with a 6unit plot. Thus, the total numbers of unit plots were 18. The 

unit plot was 4m×1.25m = 5.0m2 having plot to plot 0.5m and 1m from surrounding the boundary. The unit plots were separated 

with earthen bunds to avoid nutrient transfer to besides plot by lateral seepage. This study evaluated the impact of six different 

soil treatments (T0–T5) on the dynamics of soil organic matter (SOM), macronutrients (N, P, K), and micronutrients (S, Zn, B) 

from pre-cultivation to post-harvest. Results indicate that while cultivation generally leads to nutrient depletion, specific 

management protocols can mitigate these losses and enhance soil fertility. Statistical analysis revealed that Total Nitrogen (TN) 

and Available Phosphorus (P) were significantly influenced by the treatments (and, respectively). Treatment T5 emerged as the 

superior protocol, achieving the highest net gains in TN (+0.04%) and Available P (+2.20 mg/kg). In contrast, the control (T0) 

and T2 experienced substantial phosphorus depletion (up to -10.02 mg/kg). A notable inverse relationship was observed between 

SOM and TN; while SOM decreased in most plots due to microbial mineralization, TN levels rose, suggesting a high rate of 

organic nitrogen conversion. Regarding micronutrients, Sulfur (S) and Boron (B) levels showed highly significant variations. T5 

demonstrated the best performance in minimizing Sulfur loss (-1.46mg/kg) and maximizing Zinc (Zn) accumulation 

(+0.08mg/kg). Although changes in Exchangeable Potassium (K) and SOM were recorded as non-significant (NS), the numerical 

trends consistently favored T5 and T4 for maintaining nutrient stability. Overall, Treatment T5 provided the most balanced nutrient 

profile, effectively preventing the "nutrient mining" seen in other treatments. This study recommends T5 as an optimal strategy 

for sustaining soil health and ensuring long-term productivity in intensive cropping systems. 
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1. Introduction 

Spinach (Spinacia oleracea L.) is one of the most popular 

green leafy vegetable crops grown in Bangladesh. It is used 

fresh vegetables mostly in winter season. Spinach belongs to 

the Amaranthaceae family [1]. It is low in calories and a good 
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source of vitamin C, vitamin A and minerals especially iron 

[2]. Spinach is a vegetable with a high biological value, ex-

tremely rich in antioxidants especially when fresh, steamed, 

or quickly boiled [3]. Spinach is a good source of vitamin A, 

C, E, K, B2, B6, B9, folic acid, minerals (Mn, Mg, Fe, K, Ca, 

Se), and dietary fiber [4]. It is well said spinach is one of the 

healthiest green vegetables in human food for its high concen-

tration’s phytonutrients and health prompting compound [5]. 

Soil health is assessed in term of soil physical properties, 

soil chemical properties and soil biological properties. Major 

nutrient N, P, K and micronutrient had vital role on soil phys-

iochemical properties. Addition of organic matter changes the 

soil environment [6] Traditionally used sources of nutrient re-

placed by chemical fertilizer after green revolution and chem-

ical fertilizer increased productivity but inappropriate use of 

chemical fertilizers leads to soil an environmental pollution 

declining soil quality [7]. Continuous use of chemical ferti-

lizer causes decrease of soil fertility and quality of agricultural 

land as well as soil organic matter (SOM) depletion [8]. Or-

ganic fertilizer increases nitrogen content and soil carbon re-

sulting crop productivity and soil fertility. Moreover, organic 

fertilizers are eco-friendly and cost effective [9]. Organic fer-

tilizer can boost yield of crop by enhancing nutrient cycling. 

Microbial function can be improved by organic fertilizer. Or-

ganic fertilizer application is currently recommended for this 

[10, 11]. 

Whole ecosystems may be impacted by human activities 

that harm soil health. However, judicial use of fertilizer, use 

of organic fertilizer, integrated pest management had prior in-

terest. 

To restore soil health and lessen dependency on chemical 

fertilizer, farmers can also think about utilizing organic ferti-

lizers and sustainable farming practices. With conceiving the 

above scheme in mind, the present research has been under-

taken. 

Objectives: 

To compare the effect of different sources of nutrients on 

soil chemical properties. 

To determine the effect of sources of nutrients on yield of 

Spinach. 

To find out eco-friendly source of nutrient. 

2. Materials and Methods 

2.1. Experimental Site 

The research work was conducted in the experimental field 

of Institute of Environmental Science, University of Rajshahi 

2024 

In Rabi (16 October to 15 March) season. Spinach (Spina-

cia oleracea) was cultivated. The area is situated at 24022 

North latitude and 88036ʹ East longitude which is 18.0m above 

sea level. 

2.2. Experimental Treatment 

The experiment was laid down in a randomized complete 

block design (RCBD) with three replications having six treat-

ments. Each plot was 5m2. Experimental treatments were 

T0=control, T1=Recommendation dose of fertilizer, 

T2=10%extra of recommendation dose of fertilizer, T3=cow 

dung, T4= vermicompost and T5= Trichocompost. The seed 

was sown on14 November 2024 and harvested as in 40 Days 

old. 

2.3. Vegetable Cultivation Method 

Land was prepared for several times by spade to obtain the 

desirable tilth. After this laddering was done to level the soil. 

A wooden hammer was used to break the large mud into small 

pieces. Weeds and others stubbles were removed from the 

field. Land became smooth and then seed sowing was com-

pleted. Organic fertilizers were incorporated in soil 15 days 

before land preparation. Inorganic fertilizers were mixed dur-

ing final land preparation. Further all agricultural practices 

like irrigation, weeding was done as requirement. 

2.4. Soil Samples Collection 

Soil samples were collected before one month of sowing. 

Samples were collected randomly from the field in depth of 6 

inch by the help of spade. The soil sample was dried and pack-

aged in polythene bags then send laboratory for test. After har-

vesting soil samples from each plot were collected as de-

scribed before and send to lab. 

 
Figure 1. Experimental plot in the Research Field of Institute of En-

vironmental Science, University Campus. 

2.5. Data Collection 

Yield was measured in kg per decimal. 
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Figure 2. Data collection from the Research Field of Institute of En-

vironmental Science, Rajshahi University Campus. 

2.6. Soil Chemical Properties Measurement 

Soil pH: 

Measurement of pH was done by HANNA HI 9210 ATC 

pH meter. 

Organic matter: 

Organic carbon content of the soil was volumetrically de-

termined by wet digestion method [12] Organic matter was 

determined by multiplying organic carbon with Van Vemelon 

factor (1.724). 

Total nitrogen: 

Total N in the soil was determined by the semi-micro 

Kjeldahl method. 

Exchangeable potassium: 

Potassium was determined by flame photometer. 

Available phosphorus: 

Phosphorus was extracted by shaking the soil with 0.5m so-

dium bicarbonate solution having pH 8.5. The extractable P in 

solution was then determined spectrophotometer at 890 nm 

wave length after developing blue color using molybdate-

ascorbic acid [13]. 

Available Sulphur: 

The available Sulphur content in the soil was extracted by 

0.01 M Ca(H2PO4)2. The extracted S was estimated turbid 

metrically and the turbidity was measured by Spectrophotom-

eter at 420nm [14]. 

Boron: 

Boron was determined by Atomic Absorption Spectropho-

tometer 420nm. 

Zinc: 

zinc content in the soil was extracted with AAS. The 

available zinc content in the soil could extracted with 0.05 

M HCl and the concentration of Zn in the extract were 

measured directly by Atomic Absorption Spectrophotome-

ter at 214 nm. 

3. Results and Discussion 

According to this study inorganic fertilizer had adverse ef-

fect on chemical properties of the soil. Yield of spinach in-

creased by chemical fertilizer application but organic fertilizer 

showed better chemical properties of soil as well as much 

more yield than control plot. 

3.1. Yield of Spinach 

In this experiment, treatment T1 showed the highest value 

(52.05kg/decimal) and treatment T0 had lowest yield. organic 

plot T5 and T4 had insignificant deference. Due to Quick sup-

ply of nutrient inorganic plot showed maximum yield. 

Table 1. Yield of spinach in kg/decimal. 

Treatments Yield of spinach kg/decimal 

T0 34.40d 

T1 52.05a 

T2 50.32a 

T3 41.08c 

T4 45.47b 

T5 45.61b 

LS *** 

CV 0.14 

(Note: LS denotes Level of Significance; ***indicates highly signif-

icant differences at p< 0.001; differences) 

 
Figure 3. Yield of Spinach kg/Decimal in the Research Field of In-

stitute of Environmental Science, Rajshahi University Campus. 
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3.2. Chemical Properties of Soil 

3.2.1. Soil pH 

Soil may be alkaline or acidic due to its pH value. Alaline 

soil had greater pH. In this study soil pH insignificantly af-

fected but maximum decrease was (–0.16) in T5 treatment and 

the highest increase (+0.34) in T! treatment. 

Organic fertilizer produces organic acids that might lead to 

decline of soil pH. [15] found that organic amendments re-

duced soil pH in alkannin soil. 

Table 2. Effects of various treatments on soil pH before cultivation and after harvest, including the net numerical change. 

Treatment Before cultivation After harvest Changes 

T0 8.36 8.50 +0.14 

T1 8.16 8.50 +0.34 

T2 8.20 8.40 +0.20 

T3 8.13 8.20 -0.06 

T4 8.23 8.20 -0.03 

T5 8.30 8.13 -0.16 

LS NS   

(Note: LS denotes Level of Significance, NS indicates non-significant differences) 

3.2.2. Organic Matter 

Organic matter in T3 treatment that was cow dung treatment had increased trend. Maximum decline was in T2 treatment. 

Organic inputs increased the value of organic matter [16] had the similar result. 

Table 3. Effects of various organic matter treatments on soil organic matter content (measured in percentage) before cultivation and after 

harvest, including the net numerical change. 

Treatment Before cultivation After harvest Change 

T0 1.18 0.97 -0.20 

T1 1.17 1.06 -0.11 

T2 1.38 0.94 -0.44 

T3 1.10 1.21 +0.11 

T4 1.10 1.08 -0.02 

T5 1.14 0.97 -0.17 

LS NS   

(Note: LS denotes Level of Significance; NS indicates non-significant differences) 

The data in Table 3 illustrates the fluctuations in soil or-

ganic matter (SOM) levels across six different treatments (T0–

T5) over the course of the growing season. 

Initial SOM levels ranged from 1.10% to 1.38% prior to culti-

vation. Following the harvest, most treatments exhibited a net de-

crease in organic matter, likely due to microbial mineralization 

and nutrient uptake by the crop. Notably, Treatment T2 showed 

the most significant depletion, with a reduction of 0.44%. 

In contrast, Treatment T3 was the only group to demonstrate 

an increase in organic matter (+0.11%), suggesting that this 

specific treatment may enhance carbon sequestration or pro-

vide sufficient organic inputs to offset natural degradation. 

However, the Level of Significance (LS) is marked as Non-
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Significant (NS), indicating that the observed variances be-

tween these treatments did not reach statistical significance 

under the conditions of this study. 

3.2.3. Total Nitrogen 

Highest increase was inT5 (+0.04) which was trichocom-

post treatment. Significant result was found in case of total 

nitrogen. The existence of N aids microbial activity in soil. 

Addition of biomass and microbial activity lead more decom-

position of organic fertilizer. The result of Iqbal et al. was 

close to this investigation [17]. 

 

Table 4. Comparison of total nitrogen concentration (%) in soil across different treatments (T0–T5) measured before cultivation and after 

harvest, showing the net temporal change. 

Treatment Before cultivation After harvest Change 

T0 0.07 0.10 +0.03 

T1 0.10 0.11 +0.01 

T2 0.08 0.09 +0.01 

T3 0.08 0.09 +0.01 

T4 0.09 0.12 +0.03 

T5 0.08 0.12 +0.04 

LS *   

(Note: LS denotes Level of Significance; *indicates significant differences at p< 0.05) 

The analysis of total nitrogen (TN) levels, as presented in 

Table 4, reveals a consistent upward trend across all experi-

mental groups from the pre-cultivation phase to the post-har-

vest period. Unlike the organic matter trends observed previ-

ously, every treatment (T0–T5) resulted in a positive net 

change, with nitrogen accumulation ranging from +0.01 to 

+0.04%. 

Treatment T5 exhibited the highest nitrogen enrichment 

(+0.04%), followed closely by T0 and T4 (+0.03%). The in-

crease in TN across all plots suggests that nitrogen inputs 

whether through fertilization, nitrogen fixation, or mineraliza-

tion of organic residues outpaced the rate of nitrogen removal 

by the crop. 

Critically, the Level of Significance (LS) is marked with an 

asterisk (*), indicating that these variations are statistically 

significant. This suggests that the differences in nitrogen re-

tention are a direct result of the specific treatment applications 

rather than random environmental variance. 

Comparison of Organic Matter and Total Nitrogen Dynam-

ics 

A comparison of Table 3 and Table 4 reveals an inverse re-

lationship between Soil Organic Matter (SOM) and Total Ni-

trogen (TN) during the growing period. While most treatments 

experienced a depletion of organic matter, they simultane-

ously showed an accumulation of total nitrogen. 

Inverse Correlation: In five out of six treatments (T0, T1, T2, 

T4, T5), SOM decreased (average loss of -0.19%) while TN 

increased (average gain of +0.02%). 

Mechanism of Change: This trend is primarily driven by ni-

trogen mineralization. As soil microorganisms decompose or-

ganic matter to meet their energy needs, they release "locked" 

organic nitrogen into inorganic forms like ammonium and ni-

trate. 

T2 (Highest SOM Loss): Showed the most drastic organic 

matter decrease (-0.44%) but maintained a nitrogen increase 

(+0.01%), suggesting rapid decomposition. 

T5 (Highest TN Gain): Achieved the maximum nitrogen in-

crease (+0.04%) despite a significant organic matter loss (-

0.17%). 

T3 (The Outlier): This was the only treatment where both 

SOM and TN increased (+0.11% and +0.01%, respectively), 

indicating it may provide enough external inputs to build soil 

carbon while still contributing to the nitrogen pool. 

It is important to note that while the nitrogen increases (Ta-

ble 4) were statistically significant (*), the organic matter 

changes (Table 3) were non-significant (NS). This implies that 

the treatments had a more measurable and reliable impact on 

the soil's nitrogen chemistry than on its overall organic bulk 

during this specific time frame. 

3.2.4. Available Phosphorus 

Available phosphorus was significantly different in the ex-

periment. Highest increase was inT5 (+2.20) which was trich-

ocompost treatment and lowest in T3 Treatment residual effect 

of organic fertilizer trend to this increase. 
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Table 5. Influence of various treatments on available phosphorus concentrations (mg/kg) before cultivation and after harvest, illustrating the 

net nutrient depletion or accumulation. 

Treatment Before cultivation After harvest Changes 

T0 14.23 6.63 -7.59 

T1 15.03 8.03 -6.99 

T2 20.33 10.13 -10.02 

T3 16.01 9.47 -4.54 

T4 15.9 15.60 +1.70 

T5 15.5 15.7 +2.20 

LS **   

(Note: LS denotes Level of Significance; **indicates highly significant differences at p< 0.01) 

The data in Table 5 highlights a high degree of variability 

in available phosphorus (P) dynamics across the various treat-

ments. While the majority of the groups (T0–T3) experienced 

substantial phosphorus depletion, treatments T4 and T5 

demonstrated a unique trend of nutrient maintenance and 

slight accumulation. 

Initial phosphorus levels ranged from 14.23 to 20.33 mg/kg. 

Following harvest, treatments T0 through T3 showed a dra-

matic reduction in available P, with T2 exhibiting the highest 

depletion of -10.02 mg/kg. This significant drop is likely at-

tributed to high crop uptake or the fixation of phosphorus into 

insoluble forms within the soil matrix. Conversely, T4 and T5 

recorded increases of +1.70mg/kg and +2.20mg/kg, respec-

tively. These gains suggest that these specific treatments pro-

vided phosphorus inputs that exceeded the crop's demands, or 

effectively enhanced the solubility of indigenous phosphorus. 

The highly statistically significant results (p<0.01) indicate 

that the choice of treatment had a profound impact on phos-

phorus availability. The ability of T4 and T5 to sustain or in-

crease phosphorus levels, while other treatments suffered se-

vere losses, suggests these protocols are superior for maintain-

ing soil fertility and preventing nutrient exhaustion in inten-

sive cultivation systems. 

3.2.5. Exchangeable Potassium 

Exchangeable potassium was insignificantly differed in the 

experiment. Highest increase was inT4 (+0.04) which was ver-

micompost treatment and lowest in T3 Treatment. organic fer-

tilizer and chemical fertilizer supply k and reduce k fixation 

increase exchangeable k. 

Table 6. Variation in exchangeable potassium (cmol/kg) concentrations across treatments (T0–T5) recorded before cultivation and after harvest, 

indicating the net temporal change. 

Treatment Before cultivation After harvest Changes 

T0 0.24 0.20 -0.04 

T1 0.24 0.18 -0.06 

T2 0.28 0.19 -0.09 

T3 0.21 0.19 -0.02 

T4 0.24 0.28 +0.04 

T5 0.26 0.28 +0.02 

LS NS   

(Note: LS denotes Level of Significance; NS indicates non-significant differences) 

The data presented in Table 6 highlights the dynamics of exchangeable potassium (K) throughout the cropping cycle. 
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Prior to cultivation, soil K levels were relatively consistent 

across all plots, with values ranging from 0.21 to 0.28 cmol/kg. 

By the end of the harvest, a clear divergence emerged be-

tween the treatment groups. Treatments T0 through T3 expe-

rienced a reduction in exchangeable K, with T2 showing the 

most substantial depletion (-0.09 cmol/kg). This loss typically 

suggests that the potassium demand for crop growth and phys-

iological development exceeded the available supply in the 

soil solution. In contrast, T4 and T5 demonstrated a positive 

shift, with increases of +0.04 cmol/kg and +0.02 cmol/kg, re-

spectively. These results indicate that T4 and T5 may facilitate 

better nutrient retention or provide sufficient supplemental K 

to maintain a positive soil nutrient balance. 

Notably, the Level of Significance (LS) is classified as 

Non-Significant (NS). This implies that the variations in po-

tassium levels among the treatments were not large enough to 

be statistically distinguished from random experimental error. 

This lack of significance suggests that, unlike nitrogen or 

phosphorus, exchangeable potassium levels remained rela-

tively stable or were highly buffered by the soil's mineralogy 

during this specific study period. 

Based on a comparative analysis of Tables 3-6, Treatment 

T5 emerges as the most effective protocol for maintaining and 

enhancing overall soil health. 

While T4 also performed strongly, T5 showed the most con-

sistent improvement across the primary nutrient indicators, 

particularly those with statistical significance. 

Ranking Rationale for T5: 

Maximum Nitrogen Gain (Table 4): T5 achieved the highest 

increase in Total Nitrogen (+0.04%), a result that was statisti-

cally significant (*). This suggests T5 is the most efficient at 

building or preserving the nitrogen pool. 

Phosphorus Accumulation (Table 5): T5 showed the highest 

net increase in Available Phosphorus (+2.20 mg/kg). This is a 

critical advantage, as treatments T0–T3 suffered massive phos-

phorus depletion (up to -10.02 mg/kg). This finding was 

highly significant (**). 

Potassium Stability (Table 6): While the results were non-

significant (NS), T5 maintained a positive balance in Ex-

changeable Potassium (+0.02 cmol/kg), whereas the control 

and lower-tier treatments showed net losses. 

Organic Matter Management (Table 3): Although T5 

showed a slight numerical decrease in Organic Matter (-

0.17%), the change was non-significant (NS), meaning the 

soil's physical structure remained relatively stable compared 

to the heavy losses seen in T2. 

Summary of the "Best" vs. "Worst" Performers: 

Table 7. Comparison of nutrient dynamics between the highest-performing (T5) and lowest-performing (T2) treatments, highlighting changes 

in macronutrient concentrations and organic matter stability. 

Nutrient Parameter Best Performer (T5) Worst Performer (T2) 

Total Nitrogen (%) +0.04 (Highest Gain) +0.01 (Lowest Gain) 

Available Phosphorus (mg/kg) +2.20 (Highest Gain) -10.02 (Highest Loss) 

Exchangeable Potassium (cmol/kg) +0.02 (Gain) -0.09 (Highest Loss) 

Organic Matter (%) -0.17 (Stable/NS) -0.44 (Highest Loss) 

Total Nitrogen +0.04% (Highest Gain) +0.01% (Lowest Gain) 

Available Phosphorus +2.20 mg/kg (Highest Gain) -10.02 mg/kg (Highest Loss) 

Exchangeable Potassium +0.02 cmol/kg (Gain) -0.09 cmol/kg (Highest Loss) 

Organic Matter -0.17% (Stable/NS) -0.44% (Highest Loss) 

 

Treatment T5 is the superior choice for sustainable cultiva-

tion. It is the only treatment that consistently ensured that Ni-

trogen, Phosphorus, and Potassium levels were not only main-

tained but slightly improved by the time of harvest. 

3.2.6. Micro Nutrient (Sulfur, Zinc and Boron) 

This study had significant result in sulfur and boron but zinc 

was insignificantly affected by treatments. Most decrease in 

sulfur was seen in T0 treatment which was control plot less 

decrease was found in T3 plot (cowdung). Zinc had insignifi-

cant result while negative trend in control and inorganic plot 

on the other hand increased in organic plots. Highest increase 

was inT5 plot. 

Organic fertilizer lead efficacy of adding micronutrient in 

soil. More over solubilizing capacity of Zn, S retention of soil 

is related with organic manures [18, 19]. 
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Table 8. Comparative analysis of soil micronutrient concentrations (mg/kg) for Sulfur (S), Zinc (Zn), and Boron (B) measured before cultiva-

tion and after harvest across treatments T0–T5. 

Treat-

ment 

 Sulfur   Zinc   Boron  

Before cul-

tivation 

After 

harvest 
Change 

Before cul-

tivation 

After har-

vest 
Change 

Before cul-

tivation 

After 

harvest 
Change 

T0 11.77 6.83 -5.13 0.70 0.67 -0.02 0.35 0.30 -0.05 

T1 9.43 4.47 -4.96 0.62 0.63 -0.01 0.39 0.29 -0.10 

T2 11.77 7.80 -3.97 0.63 0.56 -0.07 0.37 0.31 -0.06 

T3 8.73 7.33 -1.40 0.65 0.68 +0.03 0.58 0.34 -0.24 

T4 12.36 9.67 -2.69 0.62 0.69 +0.07 0.47 0.37 +0.10 

T5 8.53 7.06 -1.46 0.77 0.85 +0.08 0.47 0.40 -0.07 

LS **   NS   **   

(Note: LS denotes Level of Significance; **indicates highly significant differences at p< 0.01; NS indicates non-significant differences) 

The dynamics of soil micronutrients (Sulfur, Zinc, and Bo-

ron) across the experimental treatments are detailed in Table 

7. The data reveals a general trend of depletion for Sulfur and 

Boron, while Zinc exhibited more stable or positive trends in 

specific treatments. 

1. Sulfur (S) Dynamics 

All treatments experienced a reduction in available Sulfur 

following the harvest. Initial levels ranged from 8.53 to 

12.36mg/kg, with final levels dropping significantly. The 

highest depletion was observed in T0 (-5.13mg/kg), whereas 

T3 (-1.40 mg/kg) and T5 (-1.46mg/kg) showed the least 

amount of loss. The highly significant (**) result indicates that 

the treatments varied effectively in their ability to supply or 

retain Sulfur, with T3 and T5 proving superior in mitigating 

Sulfur exhaustion compared to the control and lower-tier treat-

ments. 

2. Zinc (Zn) Dynamics 

In contrast to the other micronutrients, Zinc levels remained 

relatively stable or improved slightly. While T2 showed the 

greatest decrease (-0.07mg/kg), treatments T3, T4, and T5 all 

demonstrated positive accumulation, with T5 showing the 

highest gain of +0.08mg/kg. However, the non-significant 

(NS) level of significance suggests that these variations were 

not robust enough to be attributed solely to the treatments, po-

tentially due to the low mobility of Zinc in the soil profile. 

3. Boron (B) Dynamics 

Boron levels showed a predominantly downward trend, par-

ticularly in T3 (-0.24mg/kg). Interestingly, T4 was the only 

treatment to record a positive net change (+0.10mg/kg), while 

T5 showed a minor loss of -0.07mg/kg. These differences were 

highly significant ()**, suggesting that Boron availability is 

highly sensitive to the specific composition of the soil treat-

ments applied. 

Summary of Micronutrient Performance 

The findings for micronutrients reinforce the overall supe-

riority of T4 and T5. These treatments consistently demon-

strated the best ability to either build up nutrient reserves (as 

seen with Zn and B in T4) or significantly minimize the rate of 

depletion (as seen with S in T5). The highly significant vari-

ances for S and B underscore that treatment selection is a crit-

ical factor in managing soil micronutrient fertility and pre-

venting "hidden hunger" in intensive cropping systems. 

4. Conclusion 

The comprehensive analysis of soil macronutrients (OM, N, 

P, K) and micronutrients (S, Zn, B) across six experimental 

treatments (T0-T5) demonstrates that the choice of soil man-

agement significantly dictates the long-term fertility and nu-

trient sustainability of the agroecosystem. 

Superiority of Treatment T5 

Across all parameters, Treatment T5 emerged as the most 

robust and sustainable protocol. It achieved the highest signif-

icant gains in Total Nitrogen (+0.04%) and Available Phos-

phorus (+2.20mg/kg). Furthermore, it was the most effective 

at maintaining Zinc (+0.08mg/kg) and Potassium 

(+0.02cmol/kg) levels, while simultaneously minimizing the 

depletion of Sulfur (-1.46mg/kg) compared to the control 

group. 

Nutrient Inversion and Mineralization 

A critical finding of this study was the inverse relationship 

between organic matter and nitrogen. While most treatments 

(especially T2) showed a reduction in Soil Organic Matter, 

there was a corresponding increase in Total Nitrogen. This 

suggests that high microbial activity led to the mineralization 

of organic reserves, converting "locked" nutrients into plant-

available forms. However, only T5 and T4 provided sufficient 

inputs to balance this "mining" effect, ensuring the soil was 
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not left exhausted after harvest. 

Statistical Significance and Reliability 

The impacts on Nitrogen, Phosphorus, Sulfur, and Boron 

were found to be statistically significant, confirming that the 

observed improvements were a direct result of the specific 

treatment applications rather than environmental variance. 

Conversely, the non-significant results for Organic Matter and 

Potassium suggest these pools are more stable or slower to re-

spond within a single cropping cycle. 

5. Final Recommendation 

For optimized soil health and high-intensity cultivation, 

Treatment T5 is recommended as the superior management 

strategy. It effectively bridges the gap between high crop de-

mand and nutrient replenishment, preventing the severe phos-

phorus and sulfur mining observed in the control (T0) and 

other lower-tier treatments. 
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