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Abstract

Decreasing soil fertility and organic matter are among the main factors affecting agricultural productivity
particularly in semi-arid and arid areas. Different types of organic materials or waste can be turned into
compost, and this composted organic material has substantial potential to enhance the soil fertility and
organic matter. Hence, it is crucial to explore the role of locally sourced organic materials which are
environmentally safe, inexpensive and perhaps an effective way of maintaining the soil fertility and
improving of crops productivity. Currently a pot experiment was conducted to assess the influence of
various organic fertilizers on sorghum growth, nutrients uptake and soil chemical properties. Seven different
organic fertilizers such as vermicompost, haryali khaad, bio gold, nutri compost, farmyard manure (FYM),
parthenium compost and plant fert compost including control during 2015. Sorghum was planted as a test
crop in pots. Results indicated that use of organic fertilizers considerably enhanced the growth and dry
matter of sorghum plants. However, parthenium compost showed better outcomes as compared to other
organic fertilizers. Parthenium compost increased the chlorophyll content of sorghum and resulted in higher
plant height, dry matter, leaf area index followed by vermicompost and plant fert compost. Likewise,
sorghum plants showed higher uptake of nutrients such as nitrogen, phosphorus and potassium in their
shoot and root after application of parthenium compost followed by vermicompost. Parthenium compost
also increased the soil mineral N, P and K content while other organic fertilizer showed non-significant
difference when compared with control. Soil showed slight reduction in pH and electrical conductivity (EC)
after application of parthenium compost than other organic fertilizers. However other organic fertilizers
increased ammonia emission during decomposition in pots as compared to control treatment followed by
Parthenium compost. Hence the use of parthenium compost for improving crop efficiency and recycle the
nutrients and accomplishing sustainable agriculture is highly encouraging.
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INTRODUCTION

Dependence on inorganic fertilizers is to exchange high input for higher productivity;
though the vyield problem was resolved, it also caused a series of detrimental
environmental effects such as serious soil degradation (reduced soil organic matter,
acidification and nutrient imbalance) and groundwater contamination (Alzamel et al.
2022). Likewise, extensive use of chemical fertilizers will also have negative impacts on
the metabolism of organic compounds in plants (Ozlu and Kumar, 2018). Although
organic fertilizers have some deficiencies, such as lower nutrient contents, slower
decomposition and diverse nutrient composition relying on its organic material. However,
organic fertilizers have numerous benefits due to balance supply of essential minerals
and improved soil nutrient accessibility that would be an inevitable practice towards the
sustainable agriculture (Ye et al. 2019). Organic fertilizers release nutrients slowly, in a
sense, they provide nutrients in small amounts over a long period of time, and at the same
time they improve the structure of the soil. In addition, organic fertilizers enhance the soil
chemical, biological and physical properties, improve soil structure and increase water
retention or holding capacity of soil which in turn enhance crop yield and production and
maintain the quality of crop produce (Beeby et al. 2020). The various forms of organic
manures such farmyard manure, poultry manure, urban or municipal waste, and waste
materials from industries such as food, rice, cotton, sugarcane etc. are being applied in
agricultural fields for sustaining the crops yield.

Organic fertilizers contained or made from various types of plant materials either fresh or
dried plant material, composts, animal dung, vermicompost and agricultural by-products
(Suhaida et al. 2022). Organic fertilizers can vary in their nutrient contents because they
vary greatly in source material, and the organic fertilizer is the best that is easily
biodegradable in the soil after application (Niyibizi et al. 2022). A substantial increase in
crop production has been observed with the use of organic fertilizers and their quality has
also improved (Alzamel et al. 2022). Nutrients from organic sources help to increase and
preserve the soil microflora, which is very important for soil health and result in an
improvement in soil physiochemical and biological qualities (Maguire et al. 2020). Some
organic fertilizers have higher quantity of organic carbon that increase soil fertility, and
comprised of all of the necessary nutrients in the precise quantities that increased
nutrients availability, soil physical condition and enzymes activities (Pierre-Louis et al.
2021; Choudhary et al. 2022; Makkar et al. 2022).

Composting is the best way to deal with large amounts of organic waste material.
Composting provides an alternative for waste disposal that is safe as well as being more
economical and environmentally friendly (Nguyen et al. 2022). This process converts
organic waste into a stable humus-like material through biological process and resultant
material can be stored and/or used without in the field without any adverse effect on
environment (Awasthi et al. 2022). Composting is an exothermic process in which various
types of microorganisms use oxygen from the air and convert organic waste into products
that can be reused as soil conditioners and organic fertilizers (Al-Nawaiseh et al. 2021;
Sotowiej et al. 2021). Various types of organic waste materials such as poultry, dry leaves,
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rotten fruits, crop residues, weeds biomass and vegetable waste can be used as compost
material for the production of high-quality compost (Gusain et al. 2018; Tanveer et al.
2022). Application of farmyard manure enhanced microbial activity in soil and
considerably enhanced the nutrients availability to crop (Choudhary et al. 2022).
Vermicompost is also type of organic fertilizer which has potential to increase nutrients
availability and is being used for sustainable crop production (Najar et al. 2015). Addition
of vermicompost improves soil fertility, bulk density, porosity of and various properties of
soil and thus makes it more productive for plant growth (Lim et al. 2015). It was
hypothesized that organic fertilizers would improve the growth and yield contributing
attributes of sorghum, enhance the structure and fertility of soil and nutrient uptake. The
primary objective of experiment was to observe the influence of different composts on
crop growth, nutrient up takes and soil chemical characteristics.

MATERILAS AND METHODS

To explore the role of different composts on crop growth, nutrient up takes and soil
chemical properties, a pot research trail was conducted at Department of Agronomy, Arid
Agriculture University Rawalpindi, Pakistan during spring season 2015. Experimental
treatment was composed of Bio Gold compost, Haryali Khaad compost, parthenium
compost, Plant Fert compost, Nutri compost, farmyard manure, vermicompost and control
treatment (no use compost). This study was planned in Completely Randomized Design
repeated thrice. Vermicompost was taken from NARC, Islamabad while bio gold compost,
haryali khaad, plant fert compost, nutria compost was purchased from market. Well rotten
farmyard manure was taken from cattle farm while parthenium compost was prepared by
researcher itself.

Table 1: Nutrients analysis of organic fertilizers

Compost or organic fertilizer | Nitrogen (%) | Phosphorus (%) | Potassium (%)
Bio gold compost 0.66 0.31 2.24
Haryali khaad compost 0.66 0.32 3.75
Parthenium compost 0.83 0.39 4.83
Plant fert compost 0.77 0.37 4.28
Nutri compost 0.69 0.32 3.36
Farmyard manure 0.76 0.34 2.14
Vermicompost 0.77 0.35 2.86

After taking the respective amount of compost 22.32 g (5 tons ha?), it was mixed with soll
then pots (22.5 cm diameter x 40 cm height) were filled. Each pot was filled with 10 kg of
soil and organic fertilizer then 5 sorghum seeds were sown in each pot. The crop was
sown in the wire house. Irrigation was provided according to need of crop. All other
cultural practices were same for all treatments.

Observations

For plant height, randomly sorghum plants were tagged from each treatment and their
height was noted using meter rod and then it was averaged. For leaf area index, leaves
were separated from plant and leaf area was noted using digital leaf area meter JVC
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TK-5310). After measuring the leaf area, leaf area index was recorded through the
given formula.

Leaf area

Leaf area index (LAl) = —————
Groundarea

For shoot dry weight, one plant from each treatment was uprooted carefully and roots
were separated from the plant. Shoot and root was chopped separately and sun-dried
before putting in oven. After sun-drying, the chopped shoot and root was placed in
oven (WFO-600ND, Tokyo Rikakiai Co. Ltd., Japan) at 70°C for 48 h and then dry
weight was recorded separately in grams using digital balance (Model Number:
HC2204).

Soil pH and EC was determined before and after experiment using pH and EC meter. Soil
from each pot was taken and its water suspension was ready by using 1:2.5 soil and
water. The contents were allowed to equilibrate for thirty min and recorded the pH (Page
and Laidlaw, 1982).

Nitrogen concentration of soil was recorded by colorimetric analysis of soil samples where
0.2 g of the same material was taken in different digestion tubes containing. The digestion
mixture of 4.4 ml comprising selenium powder, lithium sulfate and hydrogen oxide was
added and digested for 2 h at 360°C until the solution becomes colorless, then water (50
mL) was water and shacked well. When it cooled down, its final volume was increased
up to 100 mL and after the settlement the clear solution was analyzed for N concentration
calorimetrically (Nelson and Sommers, 1996).

To determine available P, 5 g soil was placed in an Erlenmeyer flask containing hundred
milliliter of 0.5 M NaHCOg3 solution. The flakes were shaken for thirty min and filtered. In
volumetric flask (50 mL) 1 mL of SN H2S0Oa4, 10 mL of the filtrate was added and then 40
mL hot water was also added. After this, eight mL of reagent B was added to develop the
color. Then the sample was run in spectrophotometer (Nelson and Sommers, 1982) and
after 10 minutes, readings were noted.

For volatile potassium, 5 g of soil was placed in a 50 mL centrifuge tube, added 33 mL of
ammonium acetate solution was added and then it was kept for 5 minutes. The solution
was centrifuged until the supernatant liquid was obtained and then it was poured into a
100 mL volumetric flask. The solution was then diluted to hundred milliliters with
ammonium acetate and the K concentration was noted from flame photometer (Havre,
1961).

For organic matter of soil, 1 g of air-dried soil was put in a beaker (500 mL capacity) with
10 mL of 1N potassium dichromate and concentrated H2SOa4 (20 mL) and mixture was
allowed to stand for 10 minutes. Then 10 mL of H3PO4, 200 mL of distilled water and 10-
15 drops of (Cg¢Hs).NH indicator were added and solution was reacted with 0.5 M
(NH,),Fe(S0O,),-6H,0 until the color changed from violet-blue to green. The amount of
(NH,).Fe(S0,),-6H,0 consumed in the process was calculated to estimate the organic
matter (Walkley and Black, 1934).
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Nitrogen concentration of sorghum plant was measured through micro-Kjeldahl apparatus
(Bremner, 1965). The diluted solvent (5 mL) was put in a Kjeldhal tube and that was
placed on the Kjeldahl ammonia distillation unit. In each tube, 5 mL of 40% sodium
hydroxide (NaOH) was added. Solution of boric acid (5 mL) was put in conical flask
containing some drops of indicator mixture. When distillate reached 40 mL, it was stopped
and kept for few to cool it. After few minutes, distillate was stirred against 0.01 N H2SO4
until the solution-colored change to pink. A blank solution was run to correlate the reading.
N percentage was estimated by equation given below.

N % age = (V2-V1)x N><0.014><
wW
Here, V2 shows the volume of H2SO4 needed to titrate the solution while V1 indicates the

quantity of H2SO4 needed to titrate the blank solution. N represents the H2SO4 normality
while W shows the weight of the sample.

100

Phosphorus concentration of sorghum plant was recorded using a spectrophotometer
(Jackson, 1962). The extracted solution of 2 mL was mixed in 2 mL of Barton's reagent
and the total volume was maintained at 50 mL. This sample was placed separate for half
an hour before the injection to spectrophotometer. The blank solution was also run and
then P calculated from spectrophotometer and reagents used in blank run were calibrated
to calculate final P value using a standard curve.

For potassium concentration, air dried and grinded material of 5 g sorghum plant was put
in digestion tube and concentrated H2SO4 5 mL was added in the tubes (Wolf, 1982).
After incubating the tubes for overnight at room temperature, 35% H202 (0.5 mL) put to
the sides of digestion tubes and heated at 350°C for thirty min. Then digestion tubes were
removed and cooled down. Then 0.5 mL of H202 was added slowly to tubes till the
digested material become colorless. Then extract was filtered and used for determining
K using spectrophotometer (Jackson, 1962).

The SPAD meter was used for measurement of leaf chlorophyll concentrations. SPAD is
widely used for rapid and accurate the measurement of leaf chlorophyll concentration.

Statistical analysis

Data were examined statistically by using statistics software and the difference among
treatment means were compared at 5% probability by using LSD test (Gomes and
Gomes, 1984).

RESULTS
Ammonia emission (ug m-3)

All the organic fertilizers contributed to ammonia emission however farmyard manure
emitted high quantity of ammonia (121.00 pg m-3) in to atmosphere followed by bio gold
compost (117.73 pg m3) and plant fert compost (101.38 pg m-3) while remaining organic
fertilizers were statistically at par with control (Fig. 1). Parthenium compost and nutria
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compost released minimum amount of ammonia emission (46 pg m=3) in to atmosphere
however higher than control treatment (46 pug m-3).

Growth parameters and chlorophyll content of sorghum

Application of different organic fertilizer to sorghum plants enhanced the chlorophyll
content however parthenium compost increased maximum chlorophyll content of
sorghum (37.1 SPAD) followed by plant fert compost (35.5 SPAD) and farmyard manure
(34.4 SPAD) (Fig. 2). Plants growing without application organic fertilizer showed
minimum chlorophyll content (27.6 SPAD). Likewise, sorghum plant height and leaf area
index (LAI) increased significant after application of different organic fertilizers (Fig. 3 and
4). Among the different sources of organic fertilizers, parthenium compost resulted in
maximum plant height and LAl followed by plant fert and vermicompost. Sorghum plants
grown in control pots showed minimum height and LAI. Similarly, application of
parthenium compost to sorghum resulted in greater shoot dry weight followed by
vermicompost, plant fert and farmyard manure while minimum shoot dry weight was
recorded for plants grown without organic fertilizers (Fig. 5). While nutria compost, haryali
khaad and bio gold compost produced the shoot dry matter statistically equal to each
other but higher than control treatment. Similar trend was observed for root dry weight
where sorghum plants produced maximum root dry weight after application of parthenium
compost followed by vermicompost (Fig. 5). Root dry weight of sorghum plant was similar
where plant fert compost and FYM were applied. Similarly, haryali khaad and bio gold
compost had non-significant difference with other for root dry matter. Minimum root dry
weight was recorded for plants grown without application of organic fertilizers.

NPK uptake in sorghum plants

Application of various organic fertilizers significantly affected the NPK concentration in
sorghum shoot. Higher N contents in sorghum shoot and root was recorded where
parthenium compost was applied followed by vermicompost and plant fert compost (Fig.
6). While minimum N contents in sorghum shoot and root was observed from control pots.
Similar trend was depicted for P uptake in shoot and root of sorghum plants (Fig. 7). Use
of parthenium compost resulted in maximum shoot and root P uptake followed by
vermicompost, plant fert compost, FYM and nutri compost. Minimum P uptake in sorghum
root and shoot was recorded for the plants grown without organic fertilizers. Alike organic
fertilizers substantially increased the uptake of K in sorghum shoot and root as compared
to control treatment where organic fertilizers were not applied (Fig. 8). Significantly high
shoot and root K uptake was depicted where parthenium compost was used followed by
vermicompost and plant fert compost. While minimum uptake of K in shoot and root was
recorded in control pots.

Soil minerals (NPK) and organic matter

Different organic fertilizers significantly affected the soil minerals such has N, P and K.
After harvest of sorghum plants, soil of pots was analyzed for N, P and K. Application of
parthenium compost showed maximum soil mineral N followed by vermicompost, plant
fert compost, FYM and nutri compost (Fig. 9). While minimum soil mineral N was recorded
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where organic fertilizers were not applied. Similar trend was depicted for soil P and K
(Fig. 9). Likewise, higher concentration of P and K was noted in soil where parthenium
compost was mixed with soil followed by plant fert compost, vermicompost, farmyard
manure and nutri compost (Fig. 10 and 11). The least soil P and K was noted for the soll
where no soil amendment was carried out. Likewise, organic fertilizers increased the soil
organic matter content (Fig. 12) and maximum soil organic matter (OM) was recorded
where parthenium compost was used for sorghum plants followed by vermicompost,
FYM, plant fert compost and nutri compost. While minimum soil OM content was recorded
from control treatment.

Soil pH and electrical conductivity

After the harvest of sorghum crop, the soil was analyzed for pH and electrical conductivity
(EC) and outcomes indicated that soil pH decreased to some extent after application of
organic fertilizers when compared with initial soil analysis before sowing of sorghum
plants (Fig. 13). Statistical analysis of the data showed insignificant influence of organic
fertilizer on soil pH. However, among the different organic fertilizers applied to sorghum
plants, parthenium compost reduced maximum soil pH. Whereas, application of organic
fertilizers significantly improved the soil electrical conductivity. Among the different
organic fertilizers applied to sorghum plants, parthenium compost produced significantly
higher soil electrical conductivity against the minimum was observed from control plots
(Fig. 14).
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Figure 1: Effect of different organic fertilizers on ammonia emission (ug/m?).

VC = Vermi compost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 2: Effect of different organic fertilizers on sorghum chlorophyll contents.
VC = Vermi compost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold

compost, C = Control.
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Figure 3: Effect of different organic fertilizers on sorghum plant height.

Sorghum Plant Height (cm)

VC = Vermi compost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 4: Effect of different organic fertilizers on leaf area index of sorghum

VC = Vermi compost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 5: Effect of different organic fertilizers on plant dry matter (shoot and root)
yield (g plant™).
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VC = Vermicompost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 8: Effect of different organic fertilizers on plant potassium uptake (g plant-
l)_
VC = Vermicompost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert

compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 9: Effect of different organic fertilizers on soil mineral N.

VC = Vermicompost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 10: Effect of different organic fertilizers on soil mineral P.

VC = Vermicompost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 11: Effect of different organic fertilizers on soil mineral K.

VC = Vermicompost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 12: Effect of different organic fertilizers on soil organic matter.

VC = Vermicompost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert

compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 13: Effect of different organic fertilizers on soil pH.
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VC = Vermicompost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert

compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.
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Figure 14: Effect of different organic fertilizers on soil EC.

VC = Vermicompost, FM = Farmyard manure, NC = Nutri compost, PF = Plant fert
compost, PC = Parthenium compost, HK= Haryali khaad compost, BG = Bio gold
compost, C = Control.

DISCUSSION

Parthenium compost showed excellent outcomes regarding plant growth, dry matter
production. The improvement in growth of sorghum, shoot and root dry matter and
chlorophyll content was probably due to higher nutrients content in parthenium compost
as indicated by analysis report of organic fertilizers (Table 1). Due to higher N, P and K
guantity in parthenium compost, it increased the photosynthesis and chlorophyll content
which resulted in higher growth and plant height (fresh and dry weight) as compared to
plants fertilized with other organic fertilizers. Parthenium compost contains two times
more N, P and K than farmyard manure and significantly increased the plant growth
(Ameta et al. 2016; Vyankatrao, 2017). Parthenium compost also has several macro and
micronutrients such as N (1.58%), P (0.33%), K (1.64), S (0.29%) and Fe (7829 ppm),
Mn (304 ppm), Zn (116 ppm) and Cu (66 ppm) (Bhoyar et al., 2007; Kishor et al., 2010).
Similarly, total N, P, and K in soil and their uptake to sorghum plants (roots and shoots)
was higher when parthenium compost was applied. Higher concentration of N, P, and K
nutrients in the soil and their transfer to the sorghum plants was due to the fact that the
amount of these nutrients (N, P, and K) in parthenium compost was quite high (Kishor et
al. 2010). Parthenium weed composting, apart from the eco-friendly management of
parthenium, showed benefits in term of supplementing the soil nutrients, which increased
yield and yield characteristics in chilli crop (Ahmad et al. 2016).

The results indicated that organic fertilizers especially parthenium compost improved the
soil chemical characteristics such as EC and organic matter and reduced the pH and
ammonia emission. It might be because decent quality compost comprises massive
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guantities of organic compounds that have constructive influence on the biological
processes in the soil and can improve the chemical soil characteristics and nutrient
contents (Zhang et al. 2012). Many complex organic compounds transform in soil and
many act the on organic content of compost and these enzymes are secreted by
microbes. As the properties of soil improved, it encourages the growth and development
of soil microbes, which constantly decayed the organic compounds and minerals in the
soil and compost into soil humus that improved the soil nutrients balance. Therefore, due
to the better nutrients and organic content in the parthenium compost, it improved the soll
chemical characteristics and increased the uptake of nutrients to sorghum plants.

CONCLUSION

Application of organic manures was effective in improving the sorghum growth and soll
properties. Among various organic amendments, application of parthenium compost
significantly increased growth, nutrient uptake, and dry matter of sorghum and improved
soil chemical properties. Thus, parthenium compost is one of the cheapest sources of
available plant nutrients with high efficiency, may be appropriate as replacements of
inorganic fertilizers, and help to solve the shortage and increasing cost of the chemical
fertilizers.
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