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ABSTRACT

Aims: The objective of current study was to examine the nutrient release pattern by enriching
different organic manures with iron fertilizer at different ratios in regular sampling intervals.

Study Design: The design used in this current study was Factorial completely randomized block
design with six treatments replicated thrice.

Place and Duration of Study: An incubation experiment was carried out in the Department of Soll
Science and Agricultural Chemistry, Tamil Nadu Agricultural University, India during December -
March 2022.

Methodology: An incubation experiment was carried out by enriching inorganic iron fertilizer with
three different organics such as FYM, vermicompost and biocompost in two ratios viz., 1:5 and 1:10
at four different sampling intervals 7, 14, 21 and 28 days after incubation and analyzed for various
physical and chemical properties to study the iron release pattern.

Results: The results revealed that the iron content ranged from 5324 to 8823 mg kg'l. Among all
the combinations, the highest nutrient release was found in FeSo, enriched with vermicompost 1:10
ratio at 21 DAI which is followed by FeSo, enriched with FYM 1:10 ratio.

Conclusion: The present study revealed that the integrated application of organic and inorganic
fertilizer significantly improved the iron use efficiency. Only a few work were reported on integrated
application of micronutrient at different organic fertilizer rates, however need further studies to
validate the reliability.
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1. INTRODUCTION

Micronutrient deficiency in plants is an alarmingly
increasing global issue. Among the
micronutrients, iron (Fe) is a crucial element for
plants due to its role in photosynthetic activity
which determines the yield of crops [1]. The total
iron content in the earth’s crust though is high, it
doesn’t reflect on supplying capacity of soil and
nutrient available pool to plants. Generally, Fe
chlorosis occurs as a result of poor availability of
Fe for crops [2]. Although Fe is the fourth most
abundant nutrient in the earth’s crust, it is the
third-most scarce element for growth of the plant
mainly by the nature of low solubility [3]. Iron
plays an indispensable role in numerous
pathways in the plant system. It serves as a
constituent of several enzymes and is requisite
for copious biological actions. It is also involved
in chlorophyll synthesis, and prerequisite for
chloroplast  structure and its  function
maintenance [4].

Favorable effects of organic manures were
already known in the ancient era but the potential
of enriching organic manures with inorganic
fertilizers has been recognized recently.
Chemical fertilization has flourished good results
in certain circumstances, and adverse effects
have been reduced by wusing combined
application of organic and inorganic fertilizers [5].
Organic manures solitarily do not contribute
remarkable surge in crop yields owing to the low
nutrient reserves. Consequently, to sustain soll
productivity, combined use of inorganic and
organic manures needs to be implemented.
Continuous applications of organics aggravate to
proliferate  the beneficial microbes and
strengthen the physical characteristics of the soil.
However, chemical fertilizers provide certain
nutrients and the soil cannot contribute in
sufficient amounts.  Accordingly, judicious
blending of organic manures and inorganic
fertilizers support to sustain soil health and its
productivity. [6,7] reported that combination of
cow dung and inorganic fertilizer was found to
improve the efficiency of chemical fertilizers
significantly.

Organic sources have the ability to complex Fe
and increase its solubility and mobility [8].
Organic amendments contain organic
compounds which are highly capable of chelating
Fe. These chelators of Fe in organic sources are
mostly humic acids, amino acids, phenolics,

hydroxamates and catechol siderophores [9].
Organic sources not only help in increasing Fe
solubility by providing chelators but also
stimulate the microbial activities which results in
powerful  siderophore  production  [10,11].
Although FeSO, is extensively applied fertilizers
for nature of quick solubility, and affordability in
the market, nutrient fixation is the crucial issue in
soil. Under such circumstances augmented
methods like synthetic chelates usage can be
approved to aggravate the insubstantial
utilization of micronutrients. Besides using
synthetic chelates like Fe-EDTA, EDDHA-Fe
which is costly, making use of organic manures
that act as natural chelates for enrichment
sounds to be economically viable. Many iron
fertilizers are available for controlling of iron
chlorosis, but their high costs generally restrict
wide use of iron sources in agriculture [12]. And
hence, by using combined application of
manures and inorganic fertilizers paves the way
for higher nutrient release. There are few studies
that were reported on integrated application of
micronutrients at different organic fertilizer rates.
Hence, a laboratory incubation experiment was
carried out with an objective to study the nutrient
release pattern with the addition of fortified
organic manure with inorganic iron fertilizer viz.,
FeSO,.

2. MATERIALS AND METHODS

An incubation experiment was carried out in the
Department of Soil Science and Agricultural
Chemistry, Tamil Nadu Agricultural University,
Coimbatore, India during Dec 2021-March 2022,
to study the nutrient release pattern of organic
manure fortified with inorganic iron fertilizer.
Three types of organics, viz., FYM,
Vermicompost and biocompost were collected
from the farm at the Tamil Nadu Agricultural
University and used for the study. Different
sources of organics were air dried, powdered to
pass 2-mm mesh and mixed thoroughly and
were enriched with inorganic iron fertilizer
(Ferrous sulphate - FeS0O,4.7H,0) @ two different
ratios. The enrichment treatments consisted of
1:5 and 1:10 ratio of ferrous sulphate with three
different organics i.e., FYM, vermicompost and
biocompost studied at four different incubation
intervals such as 7, 14, 21 and 28 days. The
mixture was turned over periodically (weekly)
and moisture level was maintained till the
completion of the study. The enrichment study
was conducted as per the treatment schedule,
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water was added to maintain 65% moisture
holding capacity and sampling was done
periodically at 7, 14, 21 and 28 days of
incubation. The enriched samples were air dried,
powdered and sieved through 2 mm sieve and
analyzed for various physical properties and

chemical properties by adopting standard

procedures.

2.1 Physical Properties of Enriched
Samples

The physical properties like pH, EC (Electrical
Conductivity), bulk density, particle density and
porosity were analyzed. The enrichment samples
were analyzed for pH and EC in 1:5 ratio manure
- water suspension [13]. The bulk density,
particle density and porosity of the enriched
samples were analyzed by cylindrical method
[14].

2.2 Chemical Properties of Enriched
Samples
Chemical properties like DTPA

(Diethylenetriaminepentaacetic acid) extractable
micronutrient Fe was analyzed in Atomic
Absorption  Spectrophotometer as per the
procedure of [15].

Infrared

2.3 FTIR- Fourier Transform

Spectroscopy

FTIR is a promising technique for identification of
functional groups in the fortified organic
manures. The use of instrumental technique like
FTIR analysis reveals the featured changes in
the characteristics of functional groups during the
process of enrichment.

2.4 Statistical Analysis

The data obtained from the experiment were
subjected to statistical analysis using AGRESS
software version 7.01. The level of significance
used was P < 0.05. Critical difference (CD)
values were calculated for the P < 0.05
whenever “F” test was found significant [16].

3. RESULTS AND DISCUSSION

Organic manure fortified with inorganic iron
fertilizer significantly influenced the pH and EC of
the enriched manure. The results showed that
pH during the incubation ranged from 5.09 to 5.7,
494 to 5.65, 4.88 to 5.47 and 4.77 to 5.38

respectively on 7" day, 14" day, 21 day and 28"
DAIL. Among the different treatments, minimum
pH reduction of 5.11 was observed in the manure
FYM @ 1:5 ratio, and maximum pH reduction of
5.47 was observed in vermicompost @ ratio of
1:10. The pH of the enriched manure showed a
declining trend with incubation period in all
treatments irrespective of the manures. Among
all the treatments, T, - FeSO, enriched with
vermicompost at 1:10 ratio accounted for a
higher reduction in pH with the value of 5.47 at
21 DAL [17] reported that soil pH gradually
decreased with increasing incubation time. In the
proposed incubation experiment, the influence of
enriched organic manure with micronutrients
decreases the EC and it was clearly
demonstrated. Changes in EC during the
incubation ranged from 3.76 to 6.52 dS m™, 3.69
to 6.36 dS m™, 3.56 to 6.14 dS m™ and 3.48 to
5.85 dS m™ on 7" day, 14" day, 21% day and
28thday respectively. Minimum EC reduction of
5.38 dS m™ was noticed in the vermicompost @
ratio of 1:10, and maximum EC reduction (5.46
dS m™) in vermicompost @ ratio of 1:10. As the
incubation period progressed from 7 to 28 days,
the electrical conductivity began to decline.
Among all the treatments, higher reduction in EC
was observed in treatment T,, with the value of
5.46 dS m™ at 21 DAI. Vermicompost or worm
manure is rich in plant growth regulators and
enhances more microbial load [18]. Microbial
activity is more because of the increased and
exposed surface area that favors the
decomposition much faster [19,20]. Additionally,
earthworms ingest huge quantity of organic
materials rich in nitrogen and enhances N
mineralization [21]. This might be the reason for
reduction in pH and EC. This finding supports
[22]'s earlier findings. The drop in EC could be
related to the production of organic acid during
the decomposition of inorganic iron fertilizer-
enriched manures. Organic matter induced
leaching of excessive ions by enhancing the
physical property of soil, which also results in
lower EC [23].

3.1 Bulk Density, Particle Density and
Porosity

Fortification of organic manure with inorganic
fertilizer also plays a vital role in influencing bulk
density, particle density and porosity of the
enriched products. The bulk density of the Fe-
enriched manure showed a declining trend and
particle density and porosity showed an
increasing trend over incubation period. The
results revealed that changes in bulk density
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Table 1. Effect of Fe fortified organic manure on the pH and EC (dS m™)

Treatments pH Mean EC Mean
7" DAI 14" DAI 21° DAl 28" DAI 7" DAI 14" DAI 21° DAl 28" DAI
T, 5.25 5.18 5.10 5.06 5.15 5.79 5.66 5.42 5.11 5.50
T, 5.09 4.94 4.88 4.77 4.92 6.52 6.36 6.14 5.85 6.22
Ts 551 5.39 5.26 5.17 5.33 4.98 4.84 4.70 4.56 4.77
Ty 5.75 5.65 5.47 5.38 5.56 6.10 5.98 5.46 5.38 5.73
Ts 5.64 5.52 5.39 5.23 5.45 3.76 3.69 3.56 3.48 3.62
Ts 5.19 5.09 4.95 4.80 5.01 4.85 4.44 4.33 4.25 4.47
SEd 0.06 0.04 0.04 0.04 0.21 0.02 0.04 0.05
CD (.05) 0.12 0.09 0.09 0.09 0.46 0.05 0.09 0.11
*SEd-standard error of difference and CD-critical difference
Table 2. Effect of Fe-fortified organic manure on the bulk density, particle density and porosity
Tr Bulk density (g/cm®) Mean Particle density (g/cm®) Mean Porosity (%) Mean
7"DAlI 14"DAI 21°DAI 28" DAI 7" DAl 14" DAl 21°" DAI 28" 7" DAl 14" DAl 21> DAl 28" DAI
DAI
T, 1.13 1.12 1.11 1.09 1.11 2.54 2.56 2.60 2.65 2.59 55.5 56.3 57.3 58.9 57.0
T, 1.19 1.17 1.16 1.15 1.16 2.55 2.57 2.59 2.61 2.58 53.3 54.5 55.2 55.9 54.7
Ts 1.10 1.08 1.06 1.05 1.07 2.57 2.59 2.61 2.63 2.60 57.2 58.3 59.4 60.1 58.7
Ta 1.17 1.16 1.13 1.12 1.10 2.80 2.85 2.92 2.97 2.89 58.2 59.3 61.3 62.3 60.3
Ts 1.20 1.18 1.17 1.16 1.17 2.54 2.56 2.57 2.59 2.57 52.8 53.9 54.5 55.2 54.1
Ts 1.21 1.20 1.19 1.18 1.10 2.57 2.62 2.65 2.68 2.63 52.9 54.2 55.1 56.0 54.5
SEd 0.02 0.02 0.02 0.03 0.04 0.06 0.06 0.06 1.26 1.06 1.31 1.16
CD 0.04 0.05 0.04 0.07 0.09 0.14 0.14 0.14 2.74 2.31 2.85 2.53
(0.05)

315



Meena et al.; IJPSS, 34(19): 312-320, 2022; Article no.lJPSS.87580

during the incubation ranged from 1.10 to 1.21
g/cm®, 1.08 to 1.20 g/cm®, 1.06 to 1.19 g/cm® and
1.05 to 1.18 g/cm® respectively during 7™ day,
14™ day, 21% day and 28" day after incubation.
Minimum bulk density reduction of 1.18 g/cm®
was recorded in the biocompost @ ratio of 1:10,
and maximum bulk density reduction (1.13
g/cm® was noticed in vermicompost @ ratio of
1:10. Among the various treatments, T, -FeSO,
enriched with vermicompost @1:10 ratio
accounted for a higher reduction in bulk density
(1.13 g/cm3) at 21 DAI. With regard to particle
density durin% the incubation, it ranged from 2.54
to 2.80 g/cm®, 2.56 to 2.85 g/cm®, 2.57 to 2.92
glcm®and 2.59 to 2.97 glcm® respectively during
7" day, 14™ day, 21% day and 28"day of
incubation. Minimum particle density increment
(2.57 g/cm3) was registered in the vermicompost
@ ratio of 1:5, and maximum particle density
increment  (2.92 g/cm3) was observed in
vermicompost @ ratio of 1:10. Similar results
were recorded with respect to porosity also and,
during the incubation it ranged from 52.8 to 58.2
%, 53.9 to 59.3%, 55.2 to 61.3 % and 55.2 to
62.3 % at 7" day, 14" day, 21% day and 28" day
of incubation respectively. Minimum porosity
raise of 54.5 % was observed in the FYM @ ratio
of 1:10, and maximum porosity raise (61.3 %)
was recorded in vermicompost @ ratio of 1:10.
The particle density and porosity were found to
be high in T, -FeSO, enriched with vermicompost
1:10 ratio having value of 2.92 g/cm3and 61.3 %
respectively at 21 DAI. Due to organic manures
decomposition that increases microbial load and
the spaces between particles and thus increases
the void ratio. The results are in accordance with
those of [24],

who found that using organic manure in
combination with chemical fertilizer reduced soil
bulk density, increased particle density, and
increased total porosity.

3.2 Iron Content

The wuse of fortified organic manure with
inorganic iron fertilizer greatly increased the
availability of DTPA extractable iron in the
current investigation. The DTPA - Fe showed an
increasing trend of availability from 7 DAI to 21
DAI and thereafter declined at 28 DAI. Changes
in iron content during the incubation ranged from
5324 to 6968 mg kg',6744 to 8531 mg kg™,
7084 to 8823 mg kg™ and 6917 to 8609 mg kg™
respectively at 7" day, 14" day, 21% day and 28"
day of incubation. Minimum iron content of 5324
mg kg'1 was observed in the biocompost @ ratio

of 1:5, and maximum iron content of 8823 mg
kg™ was recorded in vermicompost @ ratio of
1:10.

Though, all the levels of iron enrichment were
efficient in increasing the iron availability, among
the different manures, T,- enrichment of FeSO,
with vermicompost 1:10 ratio accounted for the
high Fe availability. It was found to be high at 21
DAl with DTPA- Fe content of 8823 mg kg*
which was followed by T,- enrichment of FeSO,
with FYM 1:10 ratio with the value of 8274 mg kg’
! 1t is well known that the availability of
micronutrients in soil is mostly determined by soil
pH and organic matter level. The increased iron
availability might be due to the role of humic
substances in the manure which increased
micronutrients availability by preventing their
transformation as insoluble hydroxides, chelation
action and releasing them in labile forms [25]. A
similar finding was also reported in soil by [26]
and they found significant influence of Fe-fortified
vermicompost on availability of iron due the
complexation or chelation action, contribution
from manures and prevention from fixation of
iron.

3.3FT-IR

The infrared spectroscopy of raw manure
sources and the best result of the enriched
manure was characterized by main absorbance
bands at 1739 cm™' (C=O stretch), 1228 and
1216 cm™' (C-O stretch & O-H stretch), 1367
cm™' (C-O stretch), 2970 and 2946 cm ' (C-H
stretch), 3016 c¢cm ' (NH, stretch), 1438 cm™
(COO- stretch) and 3456 cm™’ (C-H stretch). The
presence of aliphatic C—H stretching, stretching
vibration of -OH and CO- bonds, and COO-
stretching were highly remarkable in the enriched
samples and this indicates the mineralization of
nutrients through the enrichment process. The
highest peak intensity was observed in the best
enrichment manure i.e., inorganic fertilizer
(ferrous sulphate) enriched with vermicompost at
the ratio of 1:10. As compared to all other raw
manure sources, the high intense peak was
observed in the region of 1739 cm™", vibration of
C=0 stretch which is the functional groups of
carboxylic acids, aldehyde and ketone [27].

The highest nutrient release in the enriched
manure might be due to the functional group of
carboxylic acids released from the decomposition
process. The acid chelates and increases the
available form to labile and the similar findings
were also in accordance with the results of [29].
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Table 3. Assigned values for different peaks in FTIR

Wavenumber cm™ Vibration Functional groups
3456 O-H stretch Phenols and carboxylic groups
3016 NH, stretch Primary amides
2946 C—H stretch Aliphatic methylene groups of lipids and fats
1739 C=0 stretch Aldehyde, ketone, carboxylic acids and esters
1438 COO- stretch Carboxylic acids
C—N stretch Amide IlI
1216 C-0 stretch Alcohols, ethers and esters
Source: [28]
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Fig 2. FTIR images of various organic manures, inorganic fertilizer and enriched manure

4. CONCLUSION

A profound influence of fortified organic manure
in the iron nutrient release was well evidenced in
the present investigation. Furthermore,
fortification of organic manure increases the soil
fertility and crop production potential possibly by
its favorable effects on soil physical and chemical
properties including nutrient bioavailability, water
holding capacity, soil pH, microbial community
and activity etc. The study revealed that the
physical properties like pH, electrical conductivity
and bulk density were decreased and particle
density and porosity were increased throughout
the incubation period from 7 to 28 days which
favors the higher iron use efficiency. The DTPA-
Fe content was also increased from 7 to 21 days
and slightly decreased from 21 to 28 days after
incubation. In this laboratory incubation

experiment, significantly better result was
obtained in the treatment of 1:10 ratio of FeSO,
and vermicompost which had reduced pH and
EC and increased micronutrient availability which
was comparable with the results of 1:10 ratio of
FeSO, and FYM. The results indicated that, 1:10
ratio of FeSO,4 and vermicompost at 21 DAI was
found to be promising enrichment treatment in
regarding iron use efficiency.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Tripathi DK, Singh S, Singh S, Mishra S,
Chauhan DK, Dubey NK. Micronutrients

318



10.

11.

12.

Meena et al.; IJPSS, 34(19): 312-320, 2022; Article no.lJPSS.87580

and their diverse role in agricultural crops:
advances and future prospective. Acta
Physiologiae  Plantarum. 2015;37(7):1-
4,

Basar, H. Bursa yoresi seftali agaclarinda
gorulen sariliga etkili etmenler Gzerine bir
arastirma.Turkish Journal of Agriculture
and Forestry. 2000;24(2):237-245.

Zuo Y, Zzhang F. Soil and crop
management strategies to prevent iron
deficiency in crops. Plant and Soil. 2011;
339(1):83-95.

Welch RM, Graham RD. Breeding for
micronutrients in staple food crops from a
human nutrition perspective. Journal of
Experimental Botany. 2004;55(396):353-
364.

Mahmoud AWM, Taha SS. Main sulphur
content in essential oil of Eruca Sativa as
affected by nano iron and nano zinc mixed
with organic manure. Agriculture. 2018;
64(2):65.

Rudrappa L, Purakayastha TJ, Singh D,
Bhadraray S. Long-term manuring and
fertilization effects on soil organic carbon
pools in a Typic Haplustept of semi-arid
sub-tropical India. Soil and Tillage
Research. 2006;88(1-2):180-192.
Solaiman ARM, Rabbani MG, Molla MN.
Effects of inoculation of Rhizobium and
arbuscular mycorrhiza, poultry litter,
nitrogen, and phosphorus on growth and
yield in chickpea. Korean Journal of Crop
Science. 2005;50(4):256-261.

Cesco S, Nikolic M, Rémheld V, Varanini
Z, Pinton R. Uptake of 5 9Fe from soluble
5 9Fe-humate complexes by cucumber
and barley plants. Plant and Soil. 2002;
241(1):121-128.

Chen L, Dick WA, Streeter JG, Hoitink HA.
Fe chelates from compost microorganisms
improve Fe nutrition of soybean and oat.
Plant and soil. 1998;200(2):139-147.
Yehuda Z, Shenker M, Romheld V,
Marschner H, Hadar Y, Chen Y. The role
of ligand exchange in the uptake of iron
from microbial siderophores by
gramineous plants. Plant Physiology.
1996;112(3):1273-1280.

O'Hallorans JM, Lindemann WC, Steiner
R. Iron characterization in manure
amended soils. Communications in Soil
Science and Plant Analysis. 2005;35(15-
16):2345-2356.

Banijamali SM, Feizian M, Alinejadian
Bidabadi A, Mehdipour E. Effect of

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

319

Magnetite Nanoparticles on Vegetative
Growth, Physiological Parameters and Iron
Uptake in Chrysanthemum
(Chrysanthemum morifolium) ‘Salvador’.
Journal of Ornamental Plants. 2019;9(2):
129-42.

Jackson, M. "Soil chemical analysis,
advanced course: publ. by the author,
Dept." Soil Science, Univ. Wisc., Madison,
Wisconsin; 1973.

Gupta RP, Dakshinamurthi C. Procedures
for physical Analysis of soils. IARI, New
Delhi; 1981.

Lindsay WL, Norvell W. Development of a
DTPA soil test for zinc, iron, manganese,
and copper. Soil Science Society of

America  Journal.  1978; 42(3):421-
428.
Gomez KA, Gomez AA. Statistical

procedures for agricultural research. John
wiley & sons; 1984.

Roy S, Kashem MA. Effects of organic
manures in changes of some soll
properties at different incubation periods.
Open Journal of Soil Science; 2014.
Gandhi M, Sangwan V, Kapoor KK,
Dilbaghi N. Composting of household
wastes with and without earthworms. Eco
Environments. 1997;15(2):272-279.
Yadav, Garg VK. Recycling of organic
wastes by employing Eisenia fetida.
Bioresource Technology.
2011;102(3):2874-2880.

Dominguez J, Sanchez-Hernandez JC,
Lores M. Vermicomposting of winemaking
by-products. In Handbook of Grape
Processing By-Products. Academic Press.
2017;55-78.

Hand P, Hayes WA, Frankland JC,
Satchell JE. The vermicomposting of cow
slurry. Pedobiologia 1988;31:199-209.
Dhivya T, Singaravel R. Effect of clay and
manure addition on soil properties and Zn
availability for blackgram in coastal sandy
soils. Crop Research. 2018;53(5and6):
233-236.

Prapagar K, Indraratne SP,
Premanandharajah P. Effect of soil
amendments on reclamation of Saline-
sodic Soil; 2012.

Yang X, Li P, Zhang S, Sun B, Xinping C.
Long-term-fertilization  effects on sall
organic carbon, physical properties, and
wheat yield of a loess soil. Journal of Plant
Nutrition and Soil Science. 2011;174(5):
775-784.



25.

26.

Meena et al.; IJPSS, 34(19): 312-320, 2022; Article no.lJPSS.87580

Bocanegra MP, Lobartini JC, Orioli GA.
Plant uptake of iron chelated by humic

acids of different molecular weights.
Communications in Soil Science and
Plant Analysis. 2006;37(1-2):239-
248.

Latha MR, Savithri P, Indirani R, Kamaraj
S. Influence of zinc-enriched organic
manures on the vyield, dry matter
production and zinc uptake of maize. Acta
Agronomica Hungarica. 2001;49(3):231-
236.

27.

28.

29.

Van der Marel HW, Beutelspacher H. Atlas
of infrared spectroscopy of clay minerals
and their admixtures. Elsevier; 1976.
Grube M, Lin JG, Lee PH, Kokorevicha S.
Evaluation of sewage sludge- based
compost by FT -IR spectroscopy.
Geoderma. 2006;130(3-4): 324-333.

Singh CP, Amberger A. Organic acids and
phosphorus  solubilization in  straw
composted with rock phosphate.
Bioresource Technology. 1998;63(1):13-
16.

© 2022 Meena et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/87580

320


http://creativecommons.org/licenses/by/4.0

