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                                                         Abstract 

Soil microbial biomass carbon (MBC) and nitrogen (MBN) reflect microbial size and soil 

fertility status, and they serve as the living nutrient pool in soil. The study was conducted to 

assess the effect of various organic sources including poultry manure (PM), farmyard manure 

(FYM), compost (CM) and biochar (BC) with varying levels of mineral fertilizers on soil 

microbial dynamics and nutrient(N, P) mineralization under laboratory incubation experiments. 

The organic amendments were applied based on 0.25, 0.5 and 1.0 % C of soil (w/w) in 

combination with 75, 50 and 25 % of recommended doses of NPK (120:90 and 60 kg N, P2O5 

and K2O ha-1), respectively. After application of amendments the soil was incubated (16 days) 

for CO2 emissions and 28 days for N, P mineralization. The rate of CO2 evolution significantly 

increased with C levels but declined with time and the highest CO2 evolution at any time was 

exhibited by compost followed by PM, FYM and BC that could be associated with higher readily 

available fraction of C. Soil microbial biomass C and N significantly increased in compost at 1% 

C level in combination with inorganic fertilizer. Nitrogen and phosphorous mineralization was 

increases as the incubation period increases (28 days). However, the net release of N and P 

decreased with an increase in C levels that could be associated both with immobilization as well 

the fact that higher levels received lower (25%) NPK levels. However, compost and PM treated 

soils maintained higher N and P which is associated with their higher fraction of labile nutrients.  

These results suggest that continuous application of organic sources improves the N and P 

mineralization, SMB and their activity. Thus, regular application of carbon sources could be used 

as a strategy to improve the soil health of less fertile alkaline calcareous soil.  

Key words: Farm yard manure, Poultry manure, Biochar, Compost, Microbial biomass carbon, 

Microbial biomass nitrogen. 

 



Journal of Xi’an Shiyou University, Natural Science Edition                                                                     ISSN: 1673-064X   

 

http://xisdxjxsu.asia                                       VOLUME 19 ISSUE 05 MAY 2023                                                 1265-1292 

INTRODUCTION 

 Maintaining and improving soil fertility for sustainable agriculture is becoming mercurial 

due to the increasing complexity of the nutrient problems. Organic matter is a substance that has 

many desirable characteristics which influence the soil's physical, chemical and biological 

properties (Bungau, et al., 2021). The soil organic matter (SOM) is referred to as the “life of the 

soil” and has long been recognized as a reservoir of plant nutrients and a major factor in the 

stabilization of soil structure. It is a primary storehouse of C and N and to some extent P, S and 

minor elements of agricultural soils (Boincean et al.,2019). Soil fertility and crop productivity 

are greatly influenced by the dynamics of C and N in soils. These dynamics depend on the 

amount and nature of organic residues entering the soil. These factors that interact with C and N 

cycling include microbial biomass, light fraction of organic matter and water-soluble organic 

matter (Luo et al.,2019). The quantity and quality of organic matter representative of humic and 

non-humic substances are greatly influenced by vegetation, climate, soil reaction and biological 

conditions. The labile and humified organic matter will have a strong impact on soil fertility and 

many need to be taken into consideration in the development of fertilizer recommendations. 

Humus, the most important and largest constituent of organic matter is formed by the 

decomposition of plant and animal residues by microorganisms. Humus exerts a pronounced 

influence on the physical, chemical and biological properties of the soil (Raiesi et al.,2021). 

  Soil properties are strongly correlated with the carbon content which is the usual 

indicator for SOM. Soil carbon storage within the soil is most beneficial for agriculture and the 

environment. Carbon is the chief element present in soil organic matter comprising 48 to 50% of 

the total weight (Taneja et al.,2022). Soil organic fraction consists of microbial cells plant and 

animal residues at various stages of decomposition, humus and highly carbonized compounds 

such as charcoal graphite and coal (Yenani et al.,2021).  

 The importance of organic matter in the maintenance of soil health and productivity is 

well known. In tropical climates soil organic matter is subjected to rapid decomposition and 

mineralization due to higher oxidation, leading to a reduction of soil organic matter content and 

indirectly reducing fertility and crop productivity (Rao et al.,2019). Inorganic carbon in the soil 

is generally very stable but SOC is very reactive and a large quantity can be lost through 

intensive agriculture land use change, deforestation, burning and removal of crop residue, 
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climatic and rainfall changes, over-grazing soil degradation, soil desertification, shifting 

cultivation, etc (Raza et al.,2021). At present situation, more terrestrial organic matter has been 

lost in the form of carbon dioxide than it has been sequestered in soils (Flach et al.,2019).  

Rashmi, et al.(2020) reported that Imbalanced, improper and indiscriminate applications of yield-

enhancing technologies are the other major factors favoring organic carbon loss in the recent 

past.  

Agriculture has long relied on animal dung as a source of fertilizers. When manure is 

applied, several other soil characteristics that support soil health are impacted(Rayne & Aula, 

2020).In medium to long term application periods, using animal dung can increase soil organic 

matter. Manure hence helps to increase soil aggregate stability, water infiltration, and water 

retention while decreasing soil bulk density and compaction(Urra et al., 2019). Poultry litter is 

also regarded as a source of organic matter that includes significant plant nutrients and enhances 

the condition of the soil (Popov et al., 2020) Application of poultry manure enhances soil's 

physical and chemical characteristics, moisture content, total soil porosity, total N, and 

accessible P (Jafari Tarf et al., 2022).It is sustainable to apply poultry manure to cropland to 

improve soil health, diversify agroecosystems, and boost farm productivity (Burton et al., 2017). 

By enhancing carbon (C) sequestration, nutrient and water retention, and other soil health 

qualities, biochar have the potential to be used in soil improvement (Novak et al., 2016). Biochar 

has the ability to improve the features of soil health due to its elemental makeup and capacity to 

raise pH, hold water in its pore space, and bind nutrients and metals on its functional 

groups.(Hersh et al., 2019). Biochar is utilized as an amendment to restore soil health due to its 

wide ranrge of chemical and physical properties(Liyanage et al., 2021) A potential strategy to 

consistently enhance soil health and encourage crop growth is adding biochar to the soil( Guo et 

al., 2020).This project is therefore proposed to improve our understanding regarding the effect of 

organic sources along with inorganic sources on soil CO2 emissions, soil microbial biomass 

carbon and nitrogen and N, P mineralization in alkaline calcareous soil in the semi-arid 

environment. 
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                              III. MATERIALS AND METHODS 

                The impact of organic amendments and mineral N, P and K fertilizer on nutrient (N, P) 

mineralization, microbial activity, and microbial biomass was studied using laboratory incubation 

experiment. For that we used  organic sources (Farmyard manure, Poultry manure, Biochar and 

Compost ) based on 0.25, 0.50 and 1 % Carbon levels in combination with inorganic fertilizers 

sources such as 75, 50 and 25 % recommended dose of NPK along with  control and 100 % NPK.  

Bulk soil samples (0–15 cm) of the field experiment's soil were taken for incubation tests. For 

microbiological research, the soil sample was sieved and kept refrigerated. The amendments were 

applied to the soil and incubate it for microbial studied. The soil samples were split into two equal 

parts half were fumigated and half were unfumigated. 

        From each unfumigated sample50g of soil were taken and incubated for 2,4,8 and 16 days. 

CO2 production was calculated by the procedure of alkali trapping technique followed by Shah et 

al. (2010).   

               CO2 ug g-1 soil day-1=  
(𝐵𝑙𝑎𝑛𝑘−𝑆𝑎𝑚𝑝𝑙𝑒)×22000000×𝑁𝑜𝑓 𝐻𝐶𝐿

1000÷𝑆𝑜𝑖𝑙 𝑊𝑒𝑖𝑔ℎ𝑡÷𝑁𝑜.𝑜𝑓 𝐷𝑎𝑦𝑠
  

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

For microbial biomass study 50g of each unfumigated and fumigated sample were taken and 

incubated for 16 days. Microbial biomass carbon and microbial biomass nitrogen in soil were 

determined by the fumigation technique described by Brookes et al. (1985).   

Microbial biomass carbon and nitrogen was calculated by the procedure followed by Horwath 

and Paul (1994) as given: 

Microbial biomass  * CO2= 
(𝐵𝑙𝑎𝑛𝑘−𝑆𝑎𝑚𝑝𝑙𝑒)×0.1

1000
×

106×22

(𝑤𝑒𝑖𝑔ℎ𝑡𝑜𝑓 𝑠𝑜𝑖𝑙 ×𝑁𝑜.𝑜𝑓 𝐷𝑎𝑦𝑠)
 

Microbial Biomass C= 
∗𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑜𝑓 𝐶𝑂2×12

44
 

Microbial biomass C=
(𝑓𝑢𝑚𝑖𝑔𝑎𝑡𝑒𝑑 𝐶 𝑅𝑒𝑎𝑑𝑖𝑛𝑔−𝑢𝑛𝑓𝑢𝑚𝑖𝑔𝑎𝑡𝑒𝑑 𝐶 𝑅𝑒𝑎𝑑𝑖𝑛𝑔)

0.45
 

For microbial biomass-N, the same soil samples were run for total mineral N and microbial 

biomass-N was calculated as described by Horwath and Paul (1994).  



Journal of Xi’an Shiyou University, Natural Science Edition                                                                     ISSN: 1673-064X   

 

http://xisdxjxsu.asia                                       VOLUME 19 ISSUE 05 MAY 2023                                                 1265-1292 

Mineral N=
(𝑆𝑎𝑚𝑝𝑙𝑒−𝐵𝑙𝑎𝑛𝑘)×𝐾𝐶𝐿×70)

(𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙×𝐸𝑥𝑡𝑟𝑎𝑐𝑡 𝑇𝑎𝑘𝑒)
 

Microbial Biomass N=
(𝐹𝑢𝑚𝑖𝑔𝑎𝑡𝑒𝑑 𝑁−𝑈𝑛𝑓𝑢𝑚𝑖𝑔𝑎𝑡𝑒𝑑 𝑁)

0.54
 

For N and P mineralization study 500 g from each unfumigated sample were taken and incubated 

for 28 days. For mineral N and P sample were taken out at 0, 7, 14, and 28 days and analyzed for 

total mineral N and extractable P. Total mineral N was determined by the procedure of Mulvaney 

(1996). 

𝑁 (𝑚𝑔 𝑘𝑔−1) =
(𝑆𝑎𝑚𝑝𝑙𝑒 − 𝐵𝑙𝑎𝑛𝑘) × 𝑁𝑜𝑓 𝐻𝑐𝑙 × 𝑚𝑒𝑞 𝑁 × 𝑉𝑜𝑙𝑢𝑚𝑒 𝑚𝑎𝑑𝑒

(𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒(𝑔) × (𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑎𝑘𝑒𝑛 𝑓𝑜𝑟 𝑑𝑖𝑠𝑡𝑖𝑙𝑙𝑎𝑡𝑖𝑜𝑛)
×

106𝑚𝑔

𝑘𝑔
 

  

The extractable phosphorus concentration in soil samples was determined by the AB-DTPA 

extraction method as described by Soltanpour and Schwab (1977). 

𝑃ℎ𝑜𝑠𝑝ℎ𝑜𝑟𝑢𝑠 (𝑃)(𝑚𝑔 𝑘𝑔−1) =
(𝐼𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡𝑎𝑙 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 × 𝑉𝑜𝑙𝑢𝑚𝑒 𝑚𝑎𝑑𝑒)

(𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 × 𝑉𝑜𝑙𝑢𝑚𝑒 𝑡𝑎𝑘𝑒𝑛)
 

 

3.9 Statistical Analysis 

 The data were analyzed statistically according to Steel et al. (1996) and means were 

compared using the LSD test (P < 0.05) by statistical packages statistix 8.1.   
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                                      RESULTS AND DISCUSSION 

 Short-Term Effects of carbon sources and levels on Soil Microbial Dynamics  

Effect of organic sources and levels on microbial activity or CO2 emissions in incubation  

 Microbial activity in incubation as influenced by carbon sources and level in the short-

term are presented in Table 1. Results regarding carbon sources when data averaged across 

carbon levels and days maximum soil microbial activities was recorded in the treatment which 

receiving compost during all days intervals followed by other sources while minimum microbial 

activities was recorded in the treatment which receiving biochar. Results regarding carbon levels 

when data averaged across carbon sources and days maximum soil microbial activities was 

recorded in the treatment which receiving 1 % carbon level followed by 0.50 % while minimum 

was recorded in 0.25 % carbon level. Results regarding control vs rest maximum soil microbial 

activities was recorded in the treatment which receiving combine application of organic and 

inorganic fertilizers while minimum soil microbial activities was recorded in control plot. (Gopal 

Ramdas et al., 2017) reported that the organic and inorganic sources of nutrients had a significant 

(P< 0.05) impact on soil enzyme activities. In flooded and transplanted rice soils, the use of 

organic sources of nutrients, particularly FYM, increased microbial and enzyme activity. The use 

of FYM as an organic farming method is more beneficial when the goal is to conserve more soil 

organic matter and increase microbial activity.( Ogbonna, 2012) reported that the composting 

organic wastes enhances soil organic matter and other nutrients, which has the added benefit of 

increasing soil quality and so enhancing agriculture's long-term viability. Their use also boosts 

microbial activity, which improves nutritional availability. 

Table 1 Short-term effect of carbon sources and levels on microbial activity (µg g-1 

soil day-1) in soil during lab incubation experiment 

 

Day 2 Day 4 Day 8 Day 16 

Carbon Sources (CS) 

    
FYM 214c 130b 54c 37bc 

PM 234b 139b 76a 41ab 

BC 203d 115c 45d 35c 

COMP 253a 154a 67b 46a 

LSD 7.08 8.8 4.2 5.2 

Carbon Levels (CL) 
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0.25 186c 115c 43c 34c 

0.5 225b 137b 61b 40b 

1 268a 152a 78a 45a 

LSD 6.1 7.6 3.6 4.5 

Control 110 64 29 23 

NPK 193 105 47 30 

Rest 226 134 61 40 

Control Vs Rest ** ** ** ** 

NPK Vs Rest ** ** * * 

CS*CL NS NS NS NS 

Means followed by same letter (s) in a column do not differ significantly at p < 0.05 

FYM, BC, PM, COMP, CS, CL and Y stand for farmyard manure, biochar, poultry manure, 

compost, carbon sources, carbon level and year,  respectively. 

Carbon levels at 0.25, 0.5 and 1.0 % received 75, 50 and 25 % or recommended dose of NPK 
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Figure 1  Increase (%) over control in CO2 emission on different days due to Carbon 

sources application along with carbon levels. 

 

 

   Short term effect of carbon sources and levels on soil microbial biomass carbon  

The results obtained on soil microbial biomass-C (MBC) as affected by added organic 

sources and their levels showed that MBC was significantly (P≤0.05) greater in the organic 

sources treated plots than in the control (Table 2). The highest MBC of 387 µg g-1 soil was 

obtained with the added compost which was statistically at with poultry manure while the lowest 

was 351µg g-1 in the biochar treatment. The data further revealed that differences in MBC were 

also significant (p<0.05) between the carbon levels (Table 4.31). The MBC was significantly 

greater for 1 % C level compared with 0.25 and 0.5% C levels. The highest MBC of 395 µg g-1 

soil was obtained for treatment receiving organic sources based on 1% C level compared with 

335 µg g-1 soil in the 0.25% C levels.  These results indicated that MBC increased with 

increasing levels of organic sources. The data also revealed that control vs rest and NPK vs rest 

were found significant. Organic sources along with NPK show better results compared to 

applying NPK alone. The interaction between carbon sources and levels was non-significant. 
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These results indicated that MBC increased with increasing levels of organic sources. The data 

also revealed that control vs rest and NPK vs rest were found significant. Organic sources along 

with NPK show better results compared to applying NPK alone. The interaction between carbon 

sources and levels was non- significant.  

  Short term effect of carbon sources and levels on soil microbial biomass nitrogen 

Like MBC, the MBN was also significantly (P≤0.05) greater in organic sources treated 

plots relative to control and NPK alone treatment in lab incubation (Table 2). The response of 

MBN to the organic amendment was almost similar. On average, the maximum MBN of 24 µg g-

1 soil was obtained in soil receiving the compost which was statistically similar to poultry 

manure compared with 19 µg g-1 soil in the farm yard manure treatment. The data further 

revealed that differences in MBN were also significant (p<0.05) between the carbon levels 

treatment. The MBN was significantly greater for organic sources applied based on 1% C level 

compared with 0.25 and 0.5% C level. On average, the maximum MBN of 26 µg g-1soil was 

obtained for treatment receiving organic sources based on 1% C level compared with 19 µg g-1 

soil for that receiving organic sources based on 0.25% C level. It was also observed that the 

control vs rest and NPK vs rest were significant. In this study higher microbial biomass N was 

recorded in the treatment which receives compost it may be due to the higher availability of N 

(Havlin, 2020). In results regarding microbial biomass higher N was recorded in the treatment 

which receive organic source at 1 % application than other levels it may be due to higher 

application of organic sources than other levels (Sichone & Mweetwa, 2018). 

 Carbon to nitrogen (C/N) ratio in soil microbial biomass  

Our data showed that the C/N ratios in SMB were not significantly affected by the added 

organic sources (Table 2). The C/N ratios in SMB decreased with increasing carbon levels. The 

lowest C/N ratio in SMB of 15 was obtained in soil receiving the highest level (1%) of the 

organic source compared with the lowest level (0.25% C). The data further revealed that 

differences in C/N ratios of MBC between the organic sources were not significant, the lowest 

C/N ratio in SMB of 15 was obtained for treatment receiving biochar compared with other 

organic sources Moreover, the C/N ratios in SMB of control vs rest were significant. The 

interactive effects of organic sources and levels on C/N ratios in SMB were statistically non-

significant (Table 28).The soil C:N ratio is one of the important indicators that explain the 

nutrient release dynamics of added soil organic amendments.  Changes in the C/N ratio of SMB 

may affect the availability of carbon and nitrogen to microorganisms, as well as the microbial 

composition in soil. The C/N ratio in soil microbial biomass could be depending upon the type of 

C present in biochar and other organic matters. Nicolardot et al. (2001) observed that the C/N 

ratio in soil microbial biomass was directly correlated with the C/N ratio of amended organic 

matter.  
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Table 2 Soil Microbial Biomass C, N and C/N ratio in lab incubation as influenced by 

Carbon sources and levels 

 

Biomass C Biomass N C/N ratio 

Carbon Sources (CS) 

   
FYM 357b 19b 18 NS 

PM 368ab 23a 16 

BC 351b 22ab 15 

COMP 387a 24a 16 

LSD 

   
Carbon Levels (CL) 

   
0.25 335c 19b 17NS 

0.5 367b 22b 16 

1 395a 26a 15 

LSD 

   
Control 305 15 20 

NPK alone 324 19 17 

Rest 366 22 17 

Control Vs Rest ** * * 

NPK Vs Rest * * - 

CS*CL NS NS NS 

Means followed by the same letter (s) in a column do not differ significantly at p < 0.05 

FYM, BC, PM, COMP, CS, CL and Y stand for farmyard manure, biochar, poultry manure, 

compost, carbon sources, carbon level and year,  respectively. 

Carbon levels at 0.25, 0.5 and 1.0 % received 75, 50 and 25 % or recommended dose of NPK 
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Figure 2  Increase (%) over control in microbial biomass carbon due to Carbon 

sources applications along with carbon levels. 
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Figure 3  Increase (%) over control in microbial biomass nitrogen due to Carbon 

sources applications along with carbon levels. 
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Figure 4  Increase (%) over control in C/N ratio due to Carbon sources applications 

along with carbon levels. 

 

    Effect of carbon sources and levels on N Mineralization (short term)  

 Carbon sources and carbon levels had a significant effect (P≤0.05) on mineral N on all 

incubation days (Table 3). The data on all incubation days (0, 7, 14, 28) show that in carbon 

sources, maximum mineral nitrogen (32,38,50,58 ug/g) was recorded in the treatments receiving 

compost followed by poultry manure, FYM and BC. Among the carbon levels the mineral 

nitrogen maximum which receives 0.25 % C along with 75% NPK in all incubation days 

followed by 0.5%C (50%NPK) and 1%C (25% NPK). All the amended plots have maximum 

mineral nitrogen over control. The interaction between carbon sources and carbon levels was 

found non-significant (P<0.05) during 0, 7, 14 and 28 days of incubation periods (Table 4.32). 

Among the days at day 0 and 7 has no significant effect .Day 14 and 28  has significantly  higher 

mineral nitrogen than day 0 and 07.This show that due  microbial activity  in soil increase 

decomposition which increases mineralization due to which mineral nitrogen were higher. In this 

research mineral N increases with compost application it may be due to higher decomposition of 

compost  and already decompose nutrients present in compost (Darwich et al., 2012). Higher N 

content was recorded in the treatment which receive 1 % organic source application than other 

levels it may be due to higher application of organic sources ultimately it have large amount of 

available nutrients which are needed for higher yield of crops (Khan et al., 2017). 
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Table 3 Short term effect of carbon sources and levels on N mineralization in soil 

during lab incubation experiment 
   

 

0 Day 7 Day 14 Day 28 Day 

Carbon Sources (CS) 

    
FYM 30a 36a 46NS 56a 

PM 31a 36a 48 55a 

BC 27b 31b 44 48b 

COMP 32a 38a 46 58a 

LSD 2.4 3.07 3.7 2.8 

Carbon Levels (CL) 

    
0.25 34a 38a 50a 57a 

0.5 30b 37b 47b 56a 

1 27a 31b 40C 50b 

LSD 2.09 2.67 3.2 2.4 

Control 21 23 22 23 

NPK 24 29 32 33 

Rest 30 35 46 54 

NPK Vs Rest * * * * 

Control Vs Rest ** ** ** ** 

     
CS*CL NS NS NS NS 

Means followed by same letter (s) in a column do not differ significantly at p < 0.05 

FYM, BC, PM, COMP, CS, CL and Y stand for farmyard manure, biochar, poultry manure, 

compost, carbon sources, carbon level and year,  respectively. 

Carbon levels at 0.25, 0.5 and 1.0 % received 75, 50 and 25 % or recommended dose of NPK. 
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Figure .5 Increase (%) over control in nitrogen mineralization on different days due to 

Carbon sources applications along with carbon levels. 

   

Effect of carbon sources and levels on P mineralization (short term)  

Carbon sources and carbon levels had a significant effect (P≤0.05) on mineral 

phosphorous on all incubation days (Table 4).On day 0 in carbon sources the mineral p on 

compost, farmyard manure poultry manure and biochar are statistically similar. On day 07 and 

14 the compost and poultry were statistically similar as well as farmyard manure and biochar 

show at far result. On day 28 result show compost and poultry manure was significantly higher 

mineral p then farmyard manure and biochar. Among the carbon levels the mineral phosphorous 
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will be maximum where it receive0.25 % C in the form carbon sources along with 75% NPK in 

all incubation days followed by 0.5 and 1% C (50 and 25% NPK).  

All the amended plots have maximum mineral phosphorous over control. The interaction 

between carbon sources and carbon levels were found non-significant (P<0.05) during 0, 7, 14 

and 28 days of incubation periods .Among the days at day 0 and 7 has similar mineral 

phosphorous. Day 14 and 28 has significantly higher mineral phosphorous than day 0 and 

07.This show that microbes present in soil gradually increase decomposition which increases 

mineralization due to which mineral phosphorous were higher in later incubation days compared 

to early incubation period. In this study P mineralization increases with increases duration it may 

be due to with increases duration microbial activity increases which ultimately increases P 

mineralization (Bobrecka-Jamro et al., 2013). And maximum P mineralization was recorded in 

the treatment which are treated with 1 % organic level application it may be due to higher 

microbial activities (David N. Ogbonna, 2012). 

Table 4 Short-term effect of carbon sources and levels on P mineralization in soil 

during lab incubation experiment   
   

 

0 Day 7 Day 14 Day 28 Day 

Carbon Sources (CS) 

    
FYM 3.2bc 3.5b 4.5b 4.8b 

PM 3.6ab 4.1a 5.1a 5.4ab 

BC 3.0c 3.6b 4.1b 3.8c 

COMP 3.7a 4.6a 5.2a 5.9a 

LSD 0.4 0.5 0.5 0.6 

Carbon Levels (CL) 

    
0.25 3.6a 4.8a 5.6a 5.9a 

0.5 3.4ab 4.1b 4.9b 5.1b 

1 3.1b 3.1c 4.0c 5.9a 

LSD 0.4 0.4 0.4 0.5 

Control 2.4 1.73 2.4 2.1 

NPK 3.2 3.6 3.3 3.2 
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Rest 3.4 4.0 4.9 5.0 

Control Vs Rest ** ** ** ** 

NPK Vs Rest - - * * 

     
     
CS*CL NS NS NS NS 

Means followed by same letter (s) in a column do not differ significantly at p < 0.05 

FYM, BC, PM, COMP, CS, CL and Y stand for farmyard manure, biochar, poultry manure, 

compost, carbon sources, carbon level and year,  respectively. 

Carbon levels at 0.25, 0.5 and 1.0 % received 75, 50 and 25 % or recommended dose of NPK 
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Figure  6. Increase (%) over control in mineral phosphorous on different days due to 

Carbon sources applications along with carbon level 
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Discussion 

Microbial Activity (CO2) 

 CO2 emissions increases from the organic sources treated plot in 16 days of incubation 

period.CO2 emissions from the compost treated plots increase in all incubation days as compared 

to other organic sources it is due to easily decompose nature of  compost the microbes attack and 

degrade the easily decomposed matter first and release CO2( Khatoon at al.,2017). The rate of 

CO2 evolution was higher in all treatments at the beginning of incubation and thereafter 

gradually declined. Reduced microbial activity, as indicated by a drop in CO2, might be 

attributed to two factors: first, a decrease in easily biodegradable organic matter; and second, a 

moderate stable microbial activity subsequently, suggesting that decomposition had progressed 

to the advanced stage (Islam et al 2021). It also shows the stability of the end product or compost 

(Hwang et al., 2020).Because of the high content of labile carbon (C) and nitrogen (N), in 

composts promote nutrient availability and microbial activity (Bai et al. 2014). 

  After compost the higher CO2 emission from poultry manure and farmyard manure it is 

due to higher nutrient content in these manure (Hwang et al., 2020). Similar results were reported 

by Awasthi et al. (2020). The results of Sistani et al. (2019) also in line with our results that 

Poultry litter treatment produced significantly higher CO2 emissions. CO2 emissions were higher 

in soil supplemented with organic P sources (PM and FYM) than in soil supplied with mineral 

sources (Adnan et al., 2018). 

 Biochar has also been found to reduce CO2 emissions due to its low degradable C 

content, resulting in an increase in C sink in soil (Darby et al., 2016). Because of the resistant 

character of carbon molecules in biochar has greater soil stability compared to other easily 

decomposable organic materials (Ok et al. 2015).  Similarly Méndez et al. (2013) observed that 

when biochar was mixed with soil and incubated for many days, it reduced CO2 emissions 

significantly. 

Microbial biomass carbon and nitrogen in soil  

Our findings clearly indicated that the addition of manure increased SMB-C and N. 

However, the highest level of SMB-C and N occurred in treatment plots that received the highest 

manure level (1% C) in combination with chemical fertilizers. Compost enhances soil 

physicochemical qualities, soil microbial biomass (SMB), soil disease resistance, and soil 

organic matter (SOM) (Waqas,.2018) . Al-Suhaibani et al.(2020) suggested similar results that 

incorporating organic composts, either alone or in combination with chemical fertilizers, resulted 

in a significant increase in the diversity and activity of soil microbial biomass. The results of 

Liuet al.(2021)  indicated the addition of composted organic manure enhanced MBC and MBN 

respectively, as compared to chemical N fertilizer application. Our results are also in line with 
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Cao et al.(2018) who reported that microbial biomass carbon (MBC) and nitrogen (MBN), were 

effectively increased by biochar and compost. Iqbal et al.(2021) reported that increases in MBC 

and MBN may have occurred because organic fertilizer improved the soil's physicochemical and 

biological qualities, resulting in higher mineral N absorption and uptake by the crop. Increased 

mineral N content in the soil could support microorganisms, as demonstrated by higher microbial 

biomass nitrogen (MBN). MBC and MBN increased the most in the FYM 100% N fertilizer 

treatment because biochar provided habitat while FYM and N fertilizer gave energy to the 

microorganisms (Sugihara et al., 2010). Similarly Irfan et al. (2019) reported that biochar 

application to arid cereal crops significantly increases soil microbial biomasses (MBC and MBN) 

and enzyme activity. Soil enzyme (urease and dehydrogenase) activity was significantly 

improved with the addition of 1% C biochar and N fertilizer to the soil. Biochar addition with N 

fertilizer definitely has a good influence on microbial biomasses and enzymatic activity in the 

dryland region when compared to biochar addition without N fertilization. The combination of 

biochar and N fertilizer resulted in larger pools of MBC and MBN, particularly at the top soil (0-

10 cm) layer (Oladele et al., 2019). Biomass carbon plays a very important role in 

biogeochemical processes which are influenced by the addition of different organic and 

inorganic fertilizers in soils (Cerny et al., 2008). Soil organic matter, nutrients and water 

contents, physical and chemical properties, and climatic parameters have a great effect on 

microbial biomass in soils (Tomich et al. 2011). In this study higher microbial biomass was 

recorded in the treatment which is treated due to compost it may be due to higher microbial 

activities in soil than other organic sources in the first year (Sichone & Mweetwa, 2018). 

Organic farming with the addition of compost has been shown to favor soil biota and provide 

better results in terms of biomass carbon and nitrogen compared to intensive farming with 

inorganic fertilizers (Santos et al. 2012; Amaral and Abelho, 2016) While in the second year 

higher microbial activities was recorded in the treatment which is treated with poultry manures it 

may be due to decomposition of PM lesser than that of Compost  reported by (Shah et al., 2017). 

Adediran  et al., (2005) reported significant increase in total microbial biomass in the soil with 

the application of compost.  

Nitrogen mineralization  

 Soil organic matter is one of the greatest carbon and nitrogen reserves in many 

ecosystems, which can significantly increase plant nutrition (Marzi et al., 2019) .Nitrogen 

mineralization was significantly increase as incubation period increases. Compost poultry 

manure and farm yard manure has same nitrogen mineralization in all incubation days. Nitrogen 

mineralization an increase as incubation period extended it is due to the degradation of organic 

sources .Microorganism decomposes the organic matter and release nitrogen (Marzi et al., 2020). 

Mineral N increases with compost application it may be due to higher decomposition of compost  

and already decompose nutrients present in compost (Darwich et al., 2012). Poultry manure 

showed higher mineralization rates than farm yard manure, which is consistent with their low C: 

https://www.tandfonline.com/author/Adediran%2C+J+A
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N ratios Sharma et al., 2016). Li et al. (2020) reported that amounts of C and N in residues 

determine whether net N mineralization or net N immobilization occurs. 

 In our results the rate of nitrogen mineralization was lower from biochar treatment in all 

incubation days. The decrease in the amounts of NO3 − N with an increase in biochar quantity 

could be attributed to N immobilization, which might induce from microbes and physical 

protection of SOM by the biochar (Zhu et al.,2017). Jien et al.(2018) also proposed  similar  

results that N immobilization in biochar-added soil was most likely produced by biochar sorption 

over native SOM. Chen et al. (2014) and Jien et al. (2015) suggested that sorption over native 

SOM could result in a protective mechanism that reduces mineralization of native SOM and 

causes negative N release. Prayogo et al. (2014) mineral N decreased significantly and rapidly 

with the addition of biochar or/and straw, possibly due to N adsorption and retention. 

Phosphorous mineralization in soil during lab incubation experiment 

 Soil phosphorous mineralization was increase as incubation days increases in compost 

and poultry manure treated plot. Adnan et al. (2017) reported that the increase in P may also be 

due to the release of significant amounts of CO2 during organic matter decomposition and 

complexing of cations such as Ca2+, which is primarily responsible for P fixing in alkaline and 

calcareous soils. Bhambure et al. (2018) suggested that increased microbial biomass carbon by 

boosting microbial activities and boosted phosphatase and dehydrogenase activities, which are 

responsible for P solubilization. The incubation study demonstrates the use of compost in 

combination with inorganic fertilizers to improve soil nutrient supply capacity, nutrient use 

efficiency, and soil fertility for crop development. 

 According to Adnan et al. (2019), poultry manure reduce soil pH by releasing H+ ions 

and increase the availability of P in soil from both applied and indigenous sources. We 

discovered that P availability increased with time; however, this increase was more pronounced 

in the soil treated with poultry manure than in un-treated soil. This could be due to the fast 

mineralization of organic P and the solubilization of Ca-P via acidifying and chelating 

mechanisms releasing unavailable P into the mobile pool(Adnan et al.,2017). Khan and Sharif 

(2012) summarize that P availability reduces in calcareous soils, although poultry manure has the 

potential to mitigate the negative effects of liming on P availability. Poultry manure fertilization 

boosts the microbial population. For improved soil P nutrition, calcareous soils must be treated 

with poultry manure. Additionally poultry manure has the potential to boost P availability in both 

calcareous and non-calcareous soils. The incubation study demonstrates the use of compost in 

combination with inorganic fertilizers to improve soil nutrient supply capacity, nutrient use 

efficiency, and soil fertility for crop development.  

 Farmyard manure also increases the p mineralization as the incubation days increases. As 

the days of incubation increase the due to microbial activity degradation of farmyard manure 

https://scholar.google.com/citations?user=bjffUOQAAAAJ&hl=en&oi=sra
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increases (Anjum and Khan. (2021). Ikram et al.(2019) shows that phosphate fertilizer premixing 

with farmyard manure enhances phosphorus availability in calcareous soil for higher wheat 

productivity. The use of inorganic phosphate in combination with farmyard manure is an 

efficient strategy for increasing plant-available P in soil and the agronomic efficiency of P 

fertilizer. 

The lower phosphorus mineralization was observed in biochar treatment plots. Organic 

carbon content may play an essential influence in phosphorus losses (Simmonds et al., 2016). In 

general, farmyard manure and vermicompost contain more organic acid groups such as humic 

and fulvic acids than biochar, which increases competition for adsorption sites between hydroxyl 

functional groups and phosphate ions. This could result in a decrease in phosphorus adsorption. 

In biochar treatments, however, lower mobile carbon availability and the presence of Ca on the 

biochar surface may result in the creation of a stable organic-metal complex that can be adsorbed 

to the soil via cation bridging (Yadav et al., 2019). The biochar amendment lowers nitrogen and 

phosphorus losses in soil by absorbing and retaining NO3-N, NH4-H, and phosphate 

(Thangarajan et al., 2018). 

4. 12 Conclusion 

  In laboratory incubation experiment that CO2 emissions, microbial biomass C and N and 

mineralization of N and P were more from the treatment receiving organic sources (compost and 

poultry manure) along with mineral fertilizer. Due to the mineralization/ decomposition of 

organic sources and their nutrient release are different at different times in soil solutions. That’s 

why different organic sources performed differently in plant growth some organic sources 

decomposed easily and some organic sources take time to decompose and sequester more carbon 

during experimentation as compared to easily decomposed sources.  
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