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Abstract
Purpose Soil fertility management requires a precise assessment of nutrient release from organic amendments to decide 
the rates and frequency of application.
Methods Time-dependent release of some macro- and micro-nutrients from farmyard manure, mushroom compost, poultry 
manure, vermi-compost, biogas slurry and biochar of Lantana sp. was studied during 120 days incubation through entrap-
ment of released nutrients on ion exchange resins.
Results Highest total concentration of K, Ca, Mg and S was in farmyard manure, Fe and Mn in mushroom compost, P, Zn 
and Cu in biogas slurry and B in biochar. Farmyard manure had the highest C:N ratio (34.2), while other organic amendment 
had C:N ratio < 20. The highest release of P, Ca, Mg, Zn and Cu was recorded from biogas slurry, of K and S from farmyard 
manure, of B from poultry manure and of Fe and Mn from mushroom compost. Mean percentage of total nutrient released 
was 30.5% P, 71.8% K, 23.1% Ca, 24.4% Mg, 29.3% S, 47.2% Zn, 22.9% Cu, 38.6% Fe, 46.6% Mn, and 70.9% B. Nutrient 
release from different organic amendments conformed to zero-order kinetics. The percent of total released nutrient, release 
kinetic constants and half-life of nutrients was related to the properties of organic amendments.
Conclusions Based on the released amount of nutrients from different organic amendments, the best source seemed to 
be farmyard manure for S and K, mushroom compost for Fe and Mn, biogas slurry for P, Ca, Mg, Zn and Cu and poultry 
manure for B.

Keywords Organic soil amendments · Nutrient release · Ion exchange resins · Zero-order kinetics

Introduction

Modern agriculture mainly involves the use of chemical 
fertilizers for supplying essential nutrients to crop plants. 
However, an excessive use of chemical fertilizers often 

results in poor soil physical conditions and low microbial 
activity ultimately degrading soil quality which in turn has 
deleterious effects on sustenance of soil productivity. The 
use of organic manures in addition to chemical fertilizers 
is, therefore, recommended in many developing countries 
for achieving sustainable food production without endan-
gering soil quality and environment. A sound soil fertil-
ity management program requires a precise assessment of 
nutrient supply from each component of nutrient cycle for 
developing an efficient integrated nutrient supply system. 
Mineralization is a process of conversion of unavailable 
organic forms of nutrient to the plant available inorganic 
form (Tisdale et al. 1997). Soil organic matter releases sub-
stantial quantities of nitrogen, phosphorus, sulfur and little 
amount of micro-nutrients upon mineralization (Rahman 
et al. 2013; Amanullah 2007). Mineralization of nutrients 
from the applied manure depends on the type of soil, soil 
moisture and temperature regimes, manure characteristics 
and microbial activity in the soil, etc. (Moorhead et al. 
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1996). Since the effect of these factors cannot be accurately 
quantified, the mineralization of nutrients from the organic 
amendments can only be approximated. To efficiently utilize 
the macro- and micro-nutrients from organic manures, the 
mineralization potential of each organic amendment needs to 
be assessed and considered while deciding their application 
rates (Eghball et al. 2002).

Manures are known to have residual effect on nutrient 
supply for two or more crop seasons. Mineralization of N 
from organic manures has been studied and modeled by 
several researchers (Pratt et al. 1973; Klausner et al. 1994; 
Chambers and Richardson 1993; Abbasi et al. 2007). How-
ever, very limited information exists about the release of 
other plant nutrients from different organic amendments. 
The availability of P, K, S and micro-nutrients from organic 
manures needs to be assessed for effective utilization of 
these organic nutrient sources in crop production (Villegas-
Pangga et al. 2000). The information is important for farmers 
to reduce their sole dependence on costly chemical fertilizers 
and may help them to adopt integrated plant nutrient supply 
system approach using the most efficient organic manure/
amendment for supplying critical nutrient(s) to achieve the 
sustainability of the production system and also to ensure 
good soil health. The farmers practicing organic mode of 
cultivation can suitably opt for a combination of varying 
doses of different organic amendments to maintain the soil 
fertility.

In the light of the above-mentioned facts, the present 
investigation was carried out to study the time-dependent 
release of some macro- and micro-nutrients from different 
organic amendments under soil microbial inoculation per-
formed in quartz sand.

Materials and methods

A bulk (10 kg) sample of quartz sand was screened through 
0.5 mm sieve and washed several times in tap water to 
remove dirt. Quartz sand was then soaked into 1 N  HNO3 
solution for 48 h and repeatedly washed by water, 1 N 
Ca(NO3)2 solution and finally with deionized water till the 
pH of effluent water reached around 6–7. After washing, 
the quartz sand was finally air dried and stored in a plastic 
bag until use.

Farmyard manure (FYM) and vermi-compost (VC) were 
collected from Instructional Dairy Farm (IDF) of the uni-
versity located at Nagla. Mushroom compost (MC) was 
collected from Mushroom Research and Training Centre, 
Pantnagar. Poultry manure (PM) was collected from poultry 
farm, Nagla. Biogas slurry (BS) was collected from Inte-
grated Farming System model farm, N.E. Borlaug Crop 
Research Centre. Biochar (BC) was prepared by incineration 
of Lantana camara (a bush weed) at 350 °C under limited 

 O2 supply. All organic amendments were initially sampled 
in two lots. Each lot was air dried and crushed with pestle 
and mortar to make it fine and homogeneous and subdivided 
into two subsamples for chemical analysis. Thus, there were 
four samples for each organic amendment.

All samples of organic amendments were analyzed for 
pH, electrical conductivity in 1:10 solid water suspension 
and for total C and N concentration by CHN analyzer (Ele-
mentar model: vario EL cube). All samples of each organic 
amendments were digested in di-acid  (HNO3:  HClO4, 9:4 
v/v) and analyzed for P by colorimetry following ascorbic 
acid method, K by flame photometry, Ca and Mg by sodium 
versenate titrimetry, S by turbidimetry, Zn; Cu; Fe and Mn 
by atomic absorption spectrophotometry (GBC Avanta M 
model). These organic amendment samples were also dry 
ashed at 550 °C in an electric muffle furnace and residues 
were dissolved in 2 N HCl and then analyzed for B by color-
imetry using azomethine H method. All the procedures fol-
lowed were as per the details described by Page et al. (1982). 
All samples of these organic amendments were characterized 
for organic C speciation including water soluble, fulvic acid, 
humic acid and humin fractions following the procedure out-
lined by Yagi et al. (2003). The physico-chemical proper-
ties and organic C speciation of all organic amendments are 
presented in Table 1.

Incubation study

Three hundred grams of acid washed quartz sand on oven 
dry weight basis were treated separately with 2 g each of 
FYM, MC, PM, VC, BS and BC in duplicate and filled in 
12 plastic containers (8 cm diameter × 14 cm length) which 
were provided with a basal 1 cm glass wool pad over the 
drainage pores. To assess the time-dependent release of 
mineralized ionic forms of nutrients from different organic 
amendments during incubation, a battery of cation (IRC 86, 
 H+ form, 4 milliequivalent) and anion exchange resins (IRA 
96,  NO3

− form, 4 milliequivalent) spread over basal glass 
wool pad in a separate similar plastic container was fitted at 
the base of quartz sand filled plastic pot. Montgomery et al. 
(2005) also assessed P availability in soils amended with dif-
ferent types of biosolids and manures using anion exchange 
resin membrane test and reported that P uptake by ryegrass 
(Lolium perenne L.) related well with in  situ exchange 
resin P soil test method. A basal plastic container without 
any drainage pore was also provided below ion exchange 
resin container in each unit to collect the drained solution. 
Treated quartz sand in each plastic container was first mois-
tened at 50% void volume using 5 ml of clear supernatant 
of freshly prepared soil (0–15 cm sandy loam soil, Typic 
Haplludol) water suspension (1:2) and requisite volume of 
distilled water. The initial weight of whole assembly was 
recorded and used to maintain moisture regime at 50% void 
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volume twice in a week during incubation period. The incu-
bation was done in the laboratory (maximum temperature 
26–27.5 °C and minimum temperature 22.0–24 °C, R.H. 
40–56%).

Treated quartz sand was subjected to leaching by adding 
20 ml distilled water after 10, 20, 30, 50, 70, 90 and 120 days 
of incubation. The leachate was passed through beds of cat-
ion and anion exchange resins. Next day, 12.5 ml of 0.01 M 
 HNO3 was allowed to gradually pass through cation and 
anion exchange resins twice and the extract was pooled and 
total volume of the extract was also measured. The extracts 
from each replication were analyzed in duplicate for the con-
centration of total P, K, Ca, Mg, S, Zn, Cu, Fe, Mn and B.

The data on physico-chemical properties, organic C spe-
ciation and nutrient composition of organic amendments 
and computed values of kinetic constants were statisti-
cally compared using Duncan’s multiple range test, while 
the data on nutrient release from different organic amend-
ments at different time intervals were statistically analyzed 
by completely randomized block design under two (days of 
incubation and organic amendment) factorial arrangement. 
Statistical analysis of the data, simple correlation and regres-
sion analyses were performed using statistical procedure as 
described by Snedecor and Cochran (1967) with the help of 
Standard Computer Programs (STPR) software (GBPUAT 
2004). The test of significance was conducted at 5 and 1% 
level of significance (p ≤ 0.05 and p ≤ 0.01).

Results and discussion

The pH of VC, FYM, MC and PM (6.97–7.60) was nearly 
neutral while that of BS (8.92) and BC (8.29) was slightly 
alkaline (Table 1). Higher pH value in BS could be ascribed 
to the formation of ammonium carbonate and removal of 
 CO2 (Mӧller and Müller 2012) during anaerobic decomposi-
tion of BS while slightly alkaline pH in BC could be related 
to the formation of oxides of alkali and alkaline earth metals 

during the incineration of plant tissues under limited oxy-
gen supply. Higher pH values in BS could promote more 
solubility of organic matter and formation of complexes/
chelates with micro-nutrient cations (Sanders and Bloom-
field 1980) while higher pH of BC could adversely affect 
the solubilization and release of P and micro-nutrient cati-
ons but would favor higher solubilization and release of B. 
Sulliman and Miller (2001) also reported that the pH for 
most finished composts ranged from 6.0 to 8.0. In a study, 
Rout et al. (2012) observed that cattle manure (pH 8.6) 
and poultry manure (pH 8.7) had more alkaline pH than 
vermi-compost (7.8), which had a pH very close to standard 
range (6.5–7.5) earlier reported by Manna (2004). Malav 
et al. (2015) reported that biogas slurry had a pH of 7.9. 
The variations between the observed pH values of organic 
amendments in the present investigation and the values 
reported in the earlier literature could be ascribed to the 
age of these organic amendments, preparation method and 
storage conditions. The net effect of organic amendments 
on the resultant pH of soil amended with them and on the 
availability of different nutrients was likely to depend on 
further mineralization of these organic amendments vis-a-
vis buffering capacity of soil. Higher alkalinity might result 
in volatilization of ammonical-N, reduction in availability 
of P and micro-nutrient cations. However, depending on the 
nature of organic amendment a higher pH in the organic 
matrix might also promote more solubilization of native- 
and added organic matter and more ionization of function 
groups in organic molecules for the formation of complexes/
chelates of micro-nutrient cations to improve their availabil-
ity besides indirectly promoting the availability of P and B 
in soil by blocking the potential sites for their irreversible 
fixation (Stevenson 1991; Srivastava and Gupta 1996). The 
electrical conductivity (EC), an index of the concentration of 
soluble salts in these organic amendments, was the highest 
in FYM (0.553 dS  m−1) followed by PM (0.344 dS  m−1), BS 
(0.340 dS  m−1), VC (0.231 dS  m−1), MC (0.189 dS  m−1) and 
BC (0.0.097 dS  m−1). Uz et al. (2016) also observed higher 

Table 1  Some important properties of organic amendments

The numerical values followed by dissimilar letter in the superscript are significantly different at (p ≤ 0.05) by Duncan’s multiple range test
FYM farmyard manure, MC mushroom compost, PM poultry manure, VC vermi-compost, BS biogas slurry, BC biochar from Lantana sp.

Organic 
amend-
ment

pH value (1:10) EC (dS  m−1) 
(1:10 at 
25 °C)

Organic C fractions (g C  kg−1) Total C (g kg−1) Total 
N (g N 
 kg−1))

C:N

Water soluble C Fulvic acid C Humic acid C Humin C

FYM 7.21a 0.553e 9.0c 83.4c 7.0b 177.5b 276.9c 8.1a 34.2d

MC 7.53b 0.189b 4.9abc 41.7b 15.3 cd 117.5ab 179.4a 19.4b 9.2b

PM 7.60b 0.344d 32.7e 104.3d 12.5bc 76.8a 226.2b 35.7d 6.3aa

VC 6.97a 0.231c 3.5abc 48.7b 9.7b 209.2bc 271.1c 24.1c 11.2c

BS 8.92e 0.340d 12.5d 90.4c 16.7d 292.0d 411.5d 43.5e 9.5b

BC 8.29d 0.097a 2.6a 13.0a 1.5a 458.7e 475.8e 68.4f 7.0a
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EC value for FYM (4.325 dS  m−1) as compared to VC (1.558 
dS  m−1). Considering the upper threshold value of EC as 4 
dS  m−1 for a good quality manure (Manna 2004), all these 
organic amendments were suitable for application.

With regard to the total C concentration in the organic 
amendments, the highest total C was noted in BC (475.8 g 
C  kg−1), while the lowest value of C was recorded in MC 
(179.4 g C  kg−1). Carbon speciation revealed that the highest 
water soluble C content was recorded in PM (32.7 g C  kg−1) 
followed by BS (12.5 g C  kg−1), while the lowest water solu-
ble C (2.6 g C  kg−1) was noted in BC. The differences among 
FYM, MC, and VC for water soluble C (3.5–9.0 g C  kg−1) 
were statistically not significant. The highest fulvic acid C 
concentration was recorded in PM (104.3 g C  kg−1) followed 
by BS (90.4 g C  kg−1) and FYM (83.4 g C  kg−1), while the 
lowest fulvic acid concentration was found in BC (13.0 g C 
 kg−1); the difference in fulvic acid concentration of MC and 
VC was statistically not significant. The highest humic acid 
C concentration (16.7 g C  kg−1) was recorded in BS fol-
lowed by MC (15.3 g C  kg−1) and PM (12.5 g C  kg−1), while 
the lowest humic acid concentration was found in BC (1.5 g 
C  kg−1); the difference in humic acid concentration of FYM 
and VC was statistically not significant. The highest insolu-
ble humin concentration (458.7 g C  kg−1) was observed in 
BC followed by BS (292.0 C  kg−1) and VC (209.2 g C  kg−1) 
while the lowest concentration of humin was recorded in PM 
(76.8 g C  kg−1). The highest N concentration was recorded 
in BC (68.4 g N  kg−1), while the lowest value was recorded 
in FYM (8.1 g N  kg−1). The highest C: N ratio was noted in 
FYM (34.2), while the lowest C: N ratio was recorded in PM 
(6.3). In their study, Roy and Kashem (2014) also concluded 
that organic C and total nitrogen contents of chicken manure 
were higher in comparison to cow dung. The optimum C: N 
ratio of a good manure has been suggested as < 20:1 (Manna 
2004). In the present study, except FYM all other organic 
amendments had C:N ratio below 20 which indicated the 
dominance of N mineralization upon their incorporation 
in the soil. A higher C:N ratio in FYM indicated a slower 

mineralization activity during decomposition. A lower C/N 
ratio associated with slightly alkaline pH of BS might result 
in the volatilization loss of N in the form of ammonia, if it 
was surface broadcasted on soils (Rout et al. 2012).

Composition of some nutrients in organic 
amendments

The composition of some important plant nutrients in dif-
ferent organic amendments is shown in Table 2. Among the 
different organic amendments, FYM had the highest con-
tent of Ca (11,457.8 mg kg−1), Mg (5069.1 mg kg−1) and S 
(3861.2 mg kg−1). Mushroom compost (MC) had the highest 
content of Fe (1985.5 mg kg−1), Mn (244.9 mg kg−1) and K 
(5293.4 mg kg−1) but the lowest content of B (14.9 mg kg−1). 
Poultry manure (PM) had the lowest content of Ca 
(7433.6 mg kg−1) and Mg (1152.8 mg kg−1), while VC had 
the lowest content of K (4538.2 mg kg−1) due to leaching of 
K as a result of regular watering in preparation of VC. Biogas 
slurry (BS) had the highest content of Zn (193.0 mg kg−1), 
Cu (145.6 mg kg−1) and P (5832.3 mg kg−1), but the low-
est content of S (1254.8  mg  kg−1). Biochar (BC) pre-
pared from Lantana weed had the highest content of B 
(33.4 mg kg−1), but the lowest content of Zn (24.7 mg kg−1), 
Fe (968.7 mg kg−1), Mn (61.9 mg kg−1), S (1254.8 mg kg−1) 
and P (2265.3 mg kg−1).

Uz et al. (2016) also observed that FYM had more total 
K, exchangeable Ca and micro-nutrients like Zn and Cu, 
while VC had more total N, available P, exchangeable Mg, 
Fe and Mn as compared to FYM. In a study, Rout et al. 
(2012) arranged the organic manures in the following order: 
poultry manure > cattle manure > vermi-compost > goat 
manure for total N concentration, poultry manure > goat 
manure > vermi-compost > cattle manure for total P concen-
tration and goat manure > poultry manure > vermi-compost 
for total K concentration. The variations between the nutri-
ent composition of different organic amendments observed 

Table 2  Composition of some 
important plant nutrients in 
different organic amendments

The numerical values followed by dissimilar letter in the superscript are significantly different at (p ≤ 0.05) 
by Duncan’s multiple range test
FYM farmyard manure, MC mushroom compost, PM poultry manure, VC vermi-compost, BS biogas slurry, 
BC Biochar from Lantana sp

Organic 
amend-
ment

Amendment composition (mg/kg)

P K Ca Mg S Zn Cu Fe Mn B

FYM 4356.3c 5272.2d 11457.8d 5069.1c 3861.2e 135.5c 23.9a 1129.9b 152.2b 16.3a

MC 4207.6b 5293.4d 10776.7 cd 5022.0c 2582.3c 108.1b 23.7a 1985.5d 244.9e 14.9a

PM 5601.6e 5012.5bc 7433.6a 1152.8a 2092.3b 179.8d 17.4a 1182.7b 157.9b 19.5b

VC 4894.4d 4538.2a 8236.9ab 4820.6ab 3067.4d 155.6c 21.1a 1622.7c 204.5d 15.8a

BS 5832.3f 4920.8b 10244.3 cd 4810.0 cd 1254.8a 193.0d 145.6b 1201.1b 181.3c 16.7a

BC 2265.3a 5056.2c 9366.7ab 3756.1ab 1254.8a 24.7a 24.1a 968.7a 61.9a 33.4c
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in the present study and those reported by other workers 
(Rout et al. 2012; Uz et al. 2016) could be ascribed to dif-
ferences in their origin and production conditions.

Periodic release of some macro‑nutrients 
from organic amendments

The data on periodic release of some macro-nutrients 
from different organic amendments during incuba-
tion and percent of total macro-nutrient released at the 
end of incubation are depicted in Fig. 1. On an aver-
age, there was a consistent increase in P release from 
organic amendments throughout the incubation period. 

Different organic amendments could be arranged in 
the following decreasing order of total release of P: 
BS = PM > FYM = VC > MC > BC. Islas-Espinoza et al. 
(2014) also observed lesser release of P in vermi-compost 
as compared to wastewater biosolids. The percent of total P 
in organic amendments released during incubation period 
varied between 23.6 (BC) and 36.1% (FYM). A significant 
interaction effect of incubation time and organic amend-
ment revealed that there was a significant and consistent 
increase in released P content during the incubation period 
from all organic amendments except in BC in which a sta-
tistically significant increase was recorded after 30 days of 
incubation possibly due to the lowest P concentration in it. 

Fig. 1  Release of some macro-
nutrients at different time 
intervals from different organic 
amendments and percent release 
of total nutrient concentration in 
organic amendments. The verti-
cal bars are critical differences 
at p ≤ 0.05. Dissimilar letter(s) 
over the histograms indicate sta-
tistically significant difference 
at p ≤ 0.05
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As compared to other macro-nutrients, relatively smaller 
magnitude of percent release of total P could be related to 
the formation of some stable Ca bound compounds of P 
(Li et al. 2014) in these organic amendments.

In the case of K, there was a regular average increase 
from organic amendments during incubation. Dif-
ferent organic amendments could be arranged in 
the following decreasing order of total release of K: 
FYM = BC > BS > PM ≫ MC > VC. The percent of total 
K in organic amendments released during 120 days period 
varied between 52.8 (VC) and 82.3% (BC). A significant 
interaction effect of incubation time and organic amend-
ment revealed that there was a significant and consistent 
increase in released K during the incubation period from all 
organic amendments except in FYM in which the successive 
increase noted between 20 and 30 days of incubation was 
statistically not significant. Ragheb et al. (2017) reported 
peak release of P at 45 days and of K at 60 days from organic 
wastes. The variations observed in the present study as com-
pared to those reported in earlier work could be ascribed to 
the differences in experimental conditions.

A consistent average increase in Ca release occurred 
from organic amendments only after 30 days of incuba-
tion. Different organic amendments could be arranged 
in the following decreasing order of total release of Ca: 
BS > MC = VC = FYM = PM > BC. The percent of total Ca 
in organic amendments released during incubation period 
varied between 9.6 (BC) and 40.9% (BS). A significant 
interaction effect of incubation time and organic amendment 
revealed that there was a significant and consistent increase 
in released Ca content from BS only after 30 days of incu-
bation. Similar trend was also recorded in the case of MC 
and FYM; however, in both cases a statistically significant 
increase was recorded up to 90 and 50 days of incubation, 
respectively. Though the highest concentration of Ca was 
noted in FYM, yet the highest release of Ca under BS could 
be ascribed to the acidogenesis during the decomposition 
of BS (Schnurer and Jarvis 2010) which might affect higher 
release of Ca from BS.

With regard to Mg, there was a regular average increase 
from organic amendments throughout the incubation 
period. Different organic amendments could be arranged 
in the following decreasing order of total release of Mg: 
BS > VC = FYM = MC = BC > PM. The percent of total Mg 
in organic amendments released during incubation period 
varied between 16.0 (MC) and 48.9% (PM). A significant 
interaction effect of incubation time and organic amendment 
revealed that there was a significant and consistent increase 
in released Mg content during the incubation period from 
BS only and from rest of the organic amendments a consist-
ent significant increase was recorded only after 30 days of 
incubation. Relatively higher release of Mg from BS and 

PM could be ascribed to the same reason as mentioned in 
the case of Ca (Table 1).

The findings of the present investigation were partly in 
corroboration with those of Kolahchi and Jalali  (2012), 
who examined the percent release of some macro-nutrients 
from sheep manure, beet, waste material, rape, poultry 
manure, sunflower, potato and garlic and reported that the 
average percentage of nutrients released was in the order 
K > P > Ca > Mg.

In the case of S, there was a consistent average 
increase from all organic amendments during incuba-
tion. Different organic amendments could be arranged 
in the following decreasing order of total release of S: 
FYM >=MC = PM > BS = VC > BC. The highest release 
of S under FYM could be ascribed to the highest concen-
tration of S in FYM (Table 2). The percent of total S in 
organic amendments released during incubation period 
varied between 14.4 (VC) and 39.2% (BS) percent. Higher 
percent release of total S under BS or PM could be ascribed 
to the presence of higher amounts of water soluble- and ful-
vic acid organosulfur compounds in these organic amend-
ments which could be subjected to early mineralization due 
to their lower molecular weights (Qualls 2004). A significant 
interaction effect of incubation time and organic amendment 
revealed that there was a consistent significant increase in 
released S content during the incubation period from FYM 
only and under MC and PM a significant increase in S 
release was only recorded in the beginning possibly due to 
an early mineralization of organic S in materials of lower 
C:N ratio (6.3–9.2) (Barrow 1960).

Periodic release of some micro‑nutrients 
from organic amendments

The periodic releases of some micro-nutrients from differ-
ent organic amendments during incubation and percent of 
total micro-nutrients released at the end of incubation are 
depicted in Fig. 2.

With regard to Zn, there was a consistent average increase 
from organic amendments from 20 days of incubation time 
onward. Different organic amendments could be arranged 
in the following decreasing order of total release of Zn: 
BS > PM = VC = FYM > MC > BC. Higher release observed 
under BS and PM could be related to their higher content of 
water soluble (low molecular weight organic acids)- and ful-
vic acid-C as compared to other organic amendments (Hat-
tab et al. 2014). The percent of total Zn in organic amend-
ments released during incubation period varied between 38.2 
(PM) and 62.3% (BC). Higher percent release of total Zn 
under BC possibly indicated lesser irreversible incorpora-
tion of Zn in humic acid- and humin fractions of C in BC. A 
significant interaction effect of incubation time and organic 
amendment revealed that there was a consistent significant 
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increase in released Zn content after 20 days of incubation 
period from BS only due to the formation of low-molecular 
weight organic acid during the course of decomposition of 
biogas sludge (Kalle and Menon 1984). In rest of the organic 
amendments except BC, a consistent significant increase was 
recorded only after 30 days of incubation. In the case of BC, 
the successive increase in release of Zn at different time 
intervals was found to be statistically not significant.

In the case of Cu, there was a consistent average release 
from organic amendments from 30 days of incubation time 

onward. Different organic amendments could be arranged 
in the following decreasing order of total release of Cu: 
BS > PM > FYM = BC = VC = MC. Higher release of Cu 
under BS and PM could be attributed to the same reason as 
mentioned for Zn. Motaghian et al. (2016) also observed 
that the manure released higher content of Cu than VC and 
the amount of released Cu in soil amended with 0.5 and 
1% manure or VC was 2.92, 2.72, 2.41, and 2.40 mg kg−1, 
respectively. The percent of total Cu in organic amend-
ments released during incubation period varied between 

Fig. 2  Release of some micro-
nutrients at different time 
intervals from different organic 
amendments and percent release 
of total nutrient concentration in 
organic amendments. The verti-
cal bars are critical differences 
at p ≤ 0.05. Dissimilar letter(s) 
over the histograms indicate sta-
tistically significant difference 
at p ≤ 0.05
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8.6 (BS) and 49.9% (PM). A significant interaction effect 
of incubation time and organic amendment revealed that 
there was a consistent significant increase in release of 
Cu after 70 days of incubation period from FYM, MC and 
VC and in case of PM and BC a significant increase in Cu 
release was recorded after 50 days of incubation. In the 
case of BS, a significant successive increase in Cu release 
occurred earlier, i.e., 30 days of incubation. These varia-
tions could be attributed to the formation of stable com-
plexes of Cu with C fractions present in different organic 
amendments (Stevenson 1991).

There was a consistent average increase in Fe release 
from organic amendments only after 50 days of incubation. 
Delayed consistent release of Fe from organic amendments 
could be ascribed to the formation of organic complexes of 
higher stability with Fe (Barber 2014) which were likely to 
be decomposed at slower rate. Different organic amendments 
did not statistically differ in total release of Fe. The percent 
of total Fe in organic amendments released during incuba-
tion period varied between 26.3 (FYM) and 47.5% (BC) and 
a higher release of Fe under BC could be attributed to the 
presence of some potential reducing agents like quinine and 
condensed aromatic structures in this organic amendment 
(Klüpfel et al. 2014). The interaction effect of incubation 
time and organic amendment had no statistically significant 
effect on release of Fe.

In the case of Mn, there was a consistent average release 
from organic amendments from 20 days of incubation time 
onward. Different organic amendments could be arranged 
in the following decreasing order of total release of Mn: 
MC > VC = BS > PM = FYM > BC. The highest release of 
Mn from MC could be attributed to the highest content of 
Mn in this organic amendment (Table 2). The percent of 
total Mn in organic amendments released during incuba-
tion period varied between 41.9 (MC) and 51.2% (BC). The 
release of a higher proportion of total Mn from BC could 
be attributed to the same reason as mentioned in the case 
of Fe. A significant interaction effect of incubation time 
and organic amendment revealed that there was a signifi-
cant and consistent increase in released Mn content after 
20 days of incubation period from MC, VC and BS, while 
in case of FYM and PM a significant increase in Mn release 
was delayed and recorded after 30 days of incubation. Early 
release of Mn from MC and VC indicated that in this organic 
amendment Mn possibly existed in easily displaceable form 
while early release of Mn from BS despite its alkaline pH 
could be attributed to the higher concentration of water 
soluble- and fulvic acid-C in it (Table 1) which could form 
soluble complexes with Mn. In BC, a significant successive 
release of Mn was most delayed and occurred only after 
70 days of incubation and further increase registered at 
120 days of incubation was statistically not significant. This 
behavior of BC could be related to its alkaline pH (8.29) and 

the lowest content of water soluble- and fulvic acid-C in this 
organic amendment.

In the case of B, there was a consistent average release 
from all organic amendments during incubation period. 
Different organic amendments could be arranged in 
the following decreasing order of total release of B: 
PM = BC > FYM = BS > MC = VC. The higher release of B 
from PM and BC could be ascribed to a higher concentra-
tion of B in them as compared to other organic amendments. 
The percent of total B in organic amendments released dur-
ing incubation period varied between 56.6 (BC) and 97.7% 
(PM). Despite the highest concentration of B in BC, rela-
tively a lower percent release of B from BC indicated possi-
bly the formation of some insoluble B compounds in BC. A 
significant interaction effect of incubation time and organic 
amendment revealed that there was a significant and consist-
ent increase in B release from PM and BC only throughout 
the incubation period. Under MC treatment, a significant 
increase in released B was recorded after 10 days of incuba-
tion only and further significant increase in B release was 
recorded after 50 days of incubation. In the case of FYM, 
VC and BS a consistent significant increase in released B 
content was recorded after 30 days of incubation only pos-
sibly due to slower mineralization rate.

Order of nutrient release kinetics

The data on nutrient release from different organic amend-
ments at different time intervals were fitted to the following 
kinetic equations:

where q0 and qt were the amount of nutrient present in dif-
ferent organic amendments (mg kg−1) initially and at time 
(t, in days), respectively. The notations k0, k1 and k2 were the 
release kinetic constants of nutrients from different organic 
amendments as per zero-, first- and second-order kinetics, 
respectively. The purpose of the kinetic analysis of the nutri-
ent release data was to know whether the release of different 
nutrients from organic amendments under study was inde-
pendent of their initial concentration (zero order) or it was 
a concentration-dependent process where a constant pro-
portion of nutrient in question was mineralized (first order) 
or the release of a nutrient in question was dependent on 
the square of its own concentration or on the concentration 
of the nutrient in question and of some other nutrient also 
(second order).

Based on the computed values of coefficient of determi-
nation (R2) and standard error of estimate (SE) for different 

(1)Zero-order equation ∶ qt = q0 − k0t,

(2)First-order equation ∶ qt = q0.e
−k1t,

(3)Second-order equation ∶ 1∕qt = 1∕qt − k2t,
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organic amendments, it was noted that the release of all 
nutrients could be satisfactorily accounted (R2 values varied 
from 0.896 to 0.997, all significant at p ≤ 0.01) by the zero-
order kinetic equation. Earlier study by Ghafoor et al. (2011) 
also showed that both zero- and first-order equations ade-
quately described K release kinetics. In the present investi-
gation, it was noted that only release of Zn from VC and BC 
and that of Mg from FYM conformed slightly better to first-
order kinetics while the release of S from all organic amend-
ments conformed better to a second-order kinetics (data not 
presented here). A better fit of the observed data on release 
of S to second-order kinetic equation could be attributed 
to the possibility that the release of S might depend on the 
concentration of S as well that of N in organic amendment. 
However, considering a satisfactory validity of zero-order 

kinetics for the release of all investigated macro- and micro-
nutrients from organic amendments, the computed values of 
the constants for only zero-order kinetics and half-life (t1/2, 
calculated as q0/2k0 in days) are presented in Tables 3 and 
4, respectively, for rational comparisons.

The estimated initial value (qo) for P showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: BS > PM > VC ≫ FYM > MC > BC 
(Table 3). The highest value of k0 for P was recorded in BS 
(15.88 mg kg−1  day−1) in comparison to PM (14.95 mg kg−1 
 day−1). The values observed for FYM (13.03 mg kg−1  day−1) 
and VC (12.56 mg kg−1  day−1) did not significantly differ 
from each other but were significantly higher than the value 
observed for MC. Significantly lowest k0 value of P was 
observed for BC (4.84 mg kg−1  day−1). The t1/2 values of 

Table 3  Estimated values of 
zero-order constants, standard 
error (SE), coefficient of 
determination (R2) and half-life 
(t1/2) for some important macro-
nutrients in different organic 
amendments

All R2 values were significant at p ≤ 0.01. The numerical values for a nutrient in a column followed by dis-
similar letter in the superscript are significantly different at (p ≤ 0.05) by Duncan’s multiple range test
FYM farmyard manure, MC mushroom compost, PM poultry manure, VC vermi-compost, BS biogas slurry, 
BC Biochar from Lantana sp

Macro-nutri-
ents

Organic amend-
ments

q0 k0 SE R2 t1/2 in day

P FYM 4366.8c 13.03c 34.8 0.997 167
MC 4259.0b 11.07b 36.7 0.995 190
PM 5690.8e 14.95d 49.5 0.995 187
VC 4896.3d 12.56c 29.3 0.997 195
BS 5960.7f 15.88e 69.2 0.991 184
BC 2286.5a 4.84a 26.5 0.986 234

K FYM 5571.7c 36.43c 214.7 0.983 72
MC 5474.1bc 29.39b 136.7 0.990 90
PM 5254.1bc 32.00bc 166.6 0.987 78
VC 4586.2a 20.88a 67.9 0.995 109
BS 5178.6b 35.27c 195.0 0.985 70
BC 5375.7bc 37.33c 222.4 0.983 68

Ca FYM 11517.3e 16.36bc 152.2 0.959 350
MC 11060.5d 25.82d 234.6 0.961 209
PM 7579.8a 13.61ab 116.3 0.966 273
VC 8451.0b 21.79 cd 224.1 0.951 189
BS 10807.9d 39.06e 446.6 0.940 131
BC 9458.3c 7.94a 73.7 0.960 590

Mg FYM 5013.8d 6.80b 35.5 0.987 373
MC 5052.4d 6.91b 27.4 0.992 364
PM 1153.7a 4.82a 17.3 0.994 120
VC 4805.1c 7.52b 25.0 0.995 320
BS 4866.1c 10.83c 51.0 0.989 222
BC 3790.8b 6.50b 32.3 0.988 289

S FYM 3707.4d 8.79c 90.5 0.951 303
MC 2458.7c 6.02b 80.0 0.921 293
PM 2002.5b 5.78b 68.7 0.935 233
VC 3025.9d 3.37a 23.3 0.977 776
BS 1213.4a 3.97a 29.2 0.974 192
BC 1239.6a 2.87a 18.6 0.980 320
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P in organic amendments varied from 167 (FYM) to 234 
(BC) days.

The estimated initial value (qo) for K showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: FYM = MC = BC = PM = BS > VC. 
The highest value of k0 for K was recorded in BC 
(37.33 mg kg−1  day−1) which was statistically at par with the 
values observed for FYM, BS and PM. The value observed 
for MC (29.39 mg kg−1  day−1) was significantly higher than 
that of VC (20.88 mg kg−1  day−1). The t1/2 values of K in 
organic amendments varied from 68 (BS) to 109 (VC) days.

The estimated initial value (qo) for Ca showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: FYM > MC = BS > BC > VC > PM. 
The highest value of k0 for Ca was recorded in BS 

(39.06 mg kg−1  day−1) followed by MC (25.82 mg kg−1 
 day−1). The values of k0 for MC and VC were statistically at 
par with each other. The lowest value of k0 was observed for 
BC (7.94 mg kg−1  day−1). The k0 value observed for FYM 
was at par with that of PM. The t1/2 values of Ca in organic 
amendments varied from 131 (BS) to 590 (BC) days.

The estimated initial value (qo) for Mg showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: MC = FYM > BS = VC > BC > PM. 
The highest value of k0 for Mg was recorded in BS 
(10.83 mg kg−1  day−1) followed by VC (7.52 mg kg−1  day−1). 
The lowest value of k0 was observed for PM (4.82 mg kg−1 
 day−1). The values of k0 for Mg from VC, MC, FYM and 
BC were statistically at par. The t1/2 values of Mg in organic 
amendments varied from 120 (PM) to 373 (FYM) days.

Table 4  Estimated values of 
zero-order constants, standard 
error (SE), coefficient of 
determination (R2) and half-life 
(t1/2) for some important micro-
nutrients in different organic 
amendments

All R2 values were significant at p ≤ 0.01. The numerical values for a nutrient in a column followed by dis-
similar letter in the superscript are significantly different at (p ≤ 0.05) by Duncan’s multiple range test
FYM farmyard manure, MC mushroom compost, PM poultry manure, VC vermi-compost, BS biogas slurry, 
BC Biochar from Lantana sp

Macro-nutri-
ents

Organic amend-
ments

q0 k0 SE R2 t1/2 in day

Zn FYM 139.40c 0.51bc 3.03 0.983 134
MC 110.65b 0.44b 2.03 0.990 123
PM 184.08e 0.61c 3.56 0.983 148
VC 156.03d 0.56c 3.25 0.984 138
BS 200.90f 0.98d 6.92 0.976 99
BC 23.86a 0.13a 1.26 0.959 92

Cu FYM 24.24c 0.04b 0.55 0.921 287
MC 23.94c 0.03a 0.37 0.941 367
PM 17.73a 0.07c 0.44 0.983 118
VC 21.29b 0.04b 0.23 0.981 288
BS 146.64d 0.11d 0.82 0.975 636
BC 24.33c 0.04b 0.27 0.978 298

Fe FYM 1165.01b 2.64a 22.81 0.965 214
MC 2092.96e 6.11c 94.43 0.896 162
PM 1226.69bc 4.99bc 29.83 0.983 119
VC 1679.45d 4.10b 38.63 0.958 198
BS 1278.25c 4.76bc 60.47 0.927 126
BC 1025.16a 4.04b 40.27 0.954 120

Mn FYM 158.06b 0.62b 3.85 0.982 122
MC 254.10e 0.94d 5.76 0.982 130
PM 164.81b 0.70bc 4.62 0.979 113
VC 212.77d 0.84 cd 6.16 0.974 122
BS 189.86c 0.82 cd 6.31 0.972 111
BC 65.12a 0.30a 2.46 0.967 104

B FYM 16.48b 0.10c 0.56 0.985 82
MC 14.29a 0.08ab 0.42 0.986 97
PM 18.33c 0.15d 0.82 0.987 63
VC 15.21a 0.07a 0.32 0.991 107
BS 16.76b 0.09bc 0.39 0.992 90
BC 32.82d 0.16d 0.62 0.992 106
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The estimated initial value (qo) for S showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: FYM > VC > MC > PM > BC = BS. 
The highest value of k0 for S was recorded in FYM 
(8.79 mg kg−1  day−1) which was significantly higher over 
the values observed for MC and PM, followed by VC 
(3.37 mg kg−1  day−1). The lowest value of k0 was observed 
for BC (2.87 mg kg−1  day−1). The values of k0 for S among 
BS, VC, BC were statistically at par and similarly k0 values 
for MC and PM were also statistically at par with each other. 
The t1/2 values of S in organic amendments varied from 158 
(BS) to 455 (VC) days.

The estimated initial value (qo) for Zn showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: BS > PM > VC ≫ FYM > MC > BC 
(Table 4). The highest value of k0 for Zn was recorded in BS 
(0.98 mg kg−1  day−1) in comparison to PM (0.61 mg kg−1 
 day−1), VC (0.56 mg kg−1  day−1) and FYM (0.51 mg kg−1 
 day−1). The k0 values of PM, VC and FYM did not differ 
significantly among them. Relatively lower k0 value was 
observed in MC (0.44 mg kg−1day−1) but significantly low-
est value was recorded for BC (0.13 mg kg−1  day−1). The t1/2 
values of Zn in organic amendments varied from 92 (BC) 
to 148 (PM) days.

The estimated initial value (qo) for Cu showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: BS > BC = FYM = MC > VC > PM. 
The highest value of k0 for Cu was recorded in BS 
(0.11 mg kg−1  day−1) in comparison to PM (0.07 mg kg−1 
 day−1), while VC, BC and FYM had significantly lower rate 
constant (0.04 mg kg−1  day−1). A significantly lowest k0 for 
Cu was recorded in MC (0.03 mg kg−1  day−1). The t1/2 val-
ues of Cu in organic amendments varied from 118 (PM) to 
636 (BS) days.

The estimated initial value (qo) for Fe showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: MC > VC > BS = PM = FYM > BC. 
The highest value of k0 for Fe was recorded in MC 
(6.11 mg kg−1  day−1) followed by PM (4.99 mg kg−1  day−1) 
and BS (4.76 mg kg−1  day−1), while VC and BC had sig-
nificantly lower rate constant (4.04–4.10 mg kg−1  day−1). 
A significantly lowest k0 for Fe was recorded in FYM 
(2.64  mg  kg−1  day−1). The t1/2 values of Fe in organic 
amendments varied from 119 (PM) to 214 (FYM) days.

The estimated initial value (qo) for Mn showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: MC > VC > BS > FYM = PM > BC. 
The highest value of k0 for Mn was recorded in MC 
(0.94 mg kg−1  day−1) which was significantly higher than 
those for PM and FYM, while k0 values for VC and BS 
were statistically similar to that of MC. The trend could 
be related to Mn concentration in different organic amend-
ments. A significantly lowest k0 for Mn was recorded in 

BC (0.30 mg kg−1  day−1). The t1/2 values of Mn in organic 
amendments varied from 104 (BC) to 130 (MC) days.

The estimated initial value (qo) for B showed that organic 
amendments could be arranged in the following order of 
decreasing abundance: BC > PM > BS = FYM > VC = MC. 
The highest value of k0 for B was recorded in BC 
(0.16  mg  kg−1  day−1) which was at par with the value 
observed for PM, while BS and FYM had significantly lower 
k0 value. Like Mn, the trend in k0 could be related to total 
B concentration in these organic amendments. Significantly 
lower k0 values were recorded in MC (0.07 mg kg−1  day−1) 
and VC (0.08 mg kg−1  day−1). The t1/2 values of B in organic 
amendments varied from 63 (PM) to 107 (VC) days.

In general, the values of t1/2 were less than 120 days for 
K and B from all organic amendments, for Zn and Mn from 
BS and BC and for Mn, Cu and Fe from PM. The values of 
t1/2 were in between 120 and 240 days for P from organic 
amendments, for S from all organic amendments except VC, 
for Zn from FYM; MC; PM and VC, for Fe from FYM, MC, 
VC, BS and BC, for Mn from FYM and MC, for Ca from 
MC, VC and BS and for Mg from PM only. The values of 
t1/2 were in between 240 and 360 days for the release of Cu 
from FYM, VC and BC, for Ca from FYM and PM indi-
cating their plausible residual effect in third crop season. 
The values of t1/2 were in between 360 and 480 days for 
the release of Cu from MC, Mg from FYM and MC and 
of S from VC. The values of t1/2 were in between 480 and 
600 days for the release of Cu from BC, while t1/2 of Cu from 
BS was 636 days. Thus, the residual effect of these organic 
amendments could be expected for varying length of time/
season and help in regulating the frequency of their use as 
potential sources in agriculture.

Relationships of total concentration, release 
constant, half‑life of nutrients and released 
nutrients as percent of total nutrient concentration 
with properties of different organic amendments

Macro‑nutrients

Simple correlation coefficients (r) computed among total 
concentration, k0, t1/2 values for macro-nutrients and released 
macro-nutrients as percent of total macro-nutrient concen-
tration with some properties of different organic manures are 
presented in Table 5. It was noted that the total concentration 
of P in organic amendments was significantly and positively 
correlated to fulvic and humic acid concentrations present in 
organic amendment. The k0 for P was also significantly and 
linearly related to fulvic acid concentration and total P con-
centration in organic amendments. The t1/2 for P was linearly 
related to total concentration of N but released P as percent 
of total P in organic amendments was inversely related to 
the total N concentration possibly due to the association of 
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P with N in some organic compounds resistant to further 
decomposition. The t1/2 for P was inversely related to elec-
trical conductivity of organic amendments showing that a 
lower electrical conductance of organic amendment possi-
bly indicated lesser mineralization activity in the organic 
amendment. Total concentration, k0, t1/2 for K and released 
K as percent of total K were not significantly related to any 
properties of organic amendments as K is likely to be easily 
released from the organic matrices. Total concentration of 
Ca was not related to any property of organic amendment 
but k0 for Ca and released Ca as percent of total Ca pre-
sent in organic amendments was significantly and positively 
correlated to humic acid concentration. The t1/2 for Ca was 
significantly and inversely related to humic acid concentra-
tion in organic amendments. This clearly showed that Ca 
present as humate in organic amendments was liable to 
ultimate release. Both total Mg concentration and t1/2 for 
Mg were significantly and positively correlated with each 
other; however, both these parameters had a significant 
and negative correlation with water-soluble C concentra-
tion of organic amendments while released Mg as percent 
of total Mg in organic amendments was significantly and 
positively correlated to the concentration of water soluble 
C in organic amendments. This indicated that water-soluble 
organic compound could readily release Mg by complexa-
tion during decomposition. Total S concentration in organic 
amendments was significantly and negatively correlated with 
total N concentration and pH of organic amendments. Nei-
ther the t1/2 nor the released S as percent of total S present 
in organic amendments showed any significant correlation 
with properties of organic amendments.

Micro‑nutrients

Simple correlation coefficients (r) computed among total 
concentration, k0, t1/2 and released micro-nutrients as per-
cent of total micro-nutrient concentration with some proper-
ties of different organic manures are presented in Table 6. 
Total concentration of Zn in organic amendments was sig-
nificantly and positively correlated to fulvic acid concen-
tration present in organic amendment. The k0 for Zn was 
also significantly and linearly related to total Zn concentra-
tion in organic amendments. The t1/2 for Zn was inversely 
related to humin and total C concentration and pH of organic 
amendments; however, released Zn as percent of total Zn in 
organic amendments was significantly and positively cor-
related to the concentrations of both humin and total C in 
organic amendments. This indicated that possibly Zn exist-
ing in combination with humin in these organic amend-
ments was liable to decomposition under basic conditions. 
Though total Cu concentration in organic amendments was 
not significantly correlated to any of the monitored property 
of organic amendments yet, both k0 and t1/2 for Cu were 

significantly and positively correlated to total Cu concentra-
tion in organic amendments. Released Cu as percent of total 
Cu concentration in organic amendments showed a signifi-
cant and positive correlation with the concentration of water-
soluble organic C in organic amendments as water-soluble 
organic C compounds such as organic acids form soluble 
complexes with Cu (Barber 2014). No significant correlation 
was recorded between total Fe concentration, k0 or t1/2 for Fe 
in organic amendments and monitored properties of organic 
amendments; however, released Fe as percent of total Fe 
in organic amendments showed a significant and positive 
correlation with total N concentration present in organic 
amendments. This possibly indicated that organic amend-
ments with higher N content which could sustain faster 
decomposition rate might also release higher amounts of Fe 
as compared to organic amendments of lower N concentra-
tion. Total Mn in organic amendments was significantly and 
positively correlated to humic acid concentration present in 
organic amendment. The k0 for Mn was also significantly 
and linearly related to total Mn and humic acid-C concentra-
tions in organic amendments, while t1/2 for Mn in organic 
amendments was significantly and positively correlated to 
total Mn concentration but inversely related to total C and 
N concentrations in organic amendments. Released Mn as 
percent of total Mn in organic amendments was significantly 
and inversely related to total Mn concentration. This indi-
cated that possibly humic acid bound Mn in organic amend-
ments was liable to ready decomposition and high N content 
in organic amendments might help an early release of Mn. 
Total concentration of B in organic amendments was sig-
nificantly and positively correlated to total N concentration 
in organic amendment. The k0 for B was not significantly 
related to any property of organic amendments, while t1/2 
for B was significantly and inversely correlated to water-
soluble and fulvic acid-C concentration in organic amend-
ments. Released B as percent of total B in organic amend-
ments showed a significant and positive correlation with the 
concentrations of water soluble- and fulvic acid-C in organic 
amendments; this clearly indicated that readily mineraliz-
able B fraction in organic amendments possibly existed in 
association of water-soluble and fulvic acid-C compounds.

Thus, it appeared that both macro-and micro-nutrients 
in organic amendments were readily subjected to minerali-
zation for ultimate release for subsequent plant uptake or 
chemical transformations, if these organic amendments were 
rich in water-soluble, fulvic acid- or humic acid-C.

Conclusions

The study revealed that different organic amendments vary 
in their nutrient composition and the rate of nutrient release 
from these organic amendments could be accounted well by 
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the zero-order kinetics. The release of nutrients from organic 
amendments depends on the nature of nutrient and also the 
amount of different species of C in these organic amend-
ments. Based on the released amount of nutrients from dif-
ferent organic amendments, the best source seemed to be 
farmyard manure for S and K, mushroom compost for Fe 
and Mn, biogas slurry for P, Ca, Mg, Zn and Cu and poultry 
manure for B. Thus, according to the need of the farm the 
most suitable source or a combination of organic amend-
ments could be opted to maintain soil fertility.
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