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Abstract

The present investigation entitled “Assessment of soil enzyme activity as influenced by nutrient
management practices in a Vertisol under rice-wheat cropping system” was conducted during Kharif
2020 in a Vertisol at Long Term Fertilizer Experiment, Research cum instructional Farm, IGKV, Raipur
(Chhattisgarh). The treatments of this long-term experiment comprised of control, 50% NPK, 100%
NPK, 150% NPK, 100% NPK + ZnSO4@ 10 kg/ha, “100% NP, 100% N, 100% NPK + FYM @ 5t/ha,
50% NPK + BGA @ 10 kg/ha, 50% NPK + Green Manure” (Sunhemp). The treatments were laid out in
Randomized Block Design (RBD) with four replications. Soil bio-chemical characteristics were recorded
to be improved with continuous addition of chemical fertilizers in conjunction with organic over only
chemical fertilizers. The soil pH and EC doesnot shows to have any significant effect of application of
inorganic fertilizers either alone or in combination with organic manure. The organic carbon was
recorded to be highest (6.84 g kg*) in treatment Ts (100% NPK + FYM @ 5 tonnes/ha) and the lowest
value (4.14 g kg™ is observed in treatment Tz (control). The result indicated that application of 150%
NPK and conjoint application of organic and inorganic nutrient sources tends to improve the available N,
P, K status of soil. The soil enzyme activity, viz. dehydrogenase (55.39 TPF g 24 hr-ig?), urease (44.08
pg NH4* - N g soil hr)“acid phosphatase”(76.30¢ug p-nitrophenol g* hrl) and “alkaline phosphatase™
(52.23“ug p-nitrophenol g hr''”) were significantly influenced due to addition of 100% NPK + FYM @
5 tonnes/ha. The results also showed that application 150% NPK and 100% NPK + FYM @ 5 tonnes/ha
recorded higher grain (6930 kg/h and 6850 kg/ha respectively) and straw yield (7785 kg ha and 7415 kg
ha! respectively) as compared to 100% N alone and control. The findings of experiment clearly indicated
that continuous balanced use of fertilizers with organic manures, either alone or in combination is vital
for enhancing nutrient status, enzyme activity, and yield in a rice-wheat cropping system on Vertisols.

Keywords: Nutrient, biological, environment, nutrient, practices, cropping

Introduction

Rice- wheat cropping systems (RWCS) are the important source of food, employment, income
and livelihood for millions of residents occupying 13.5 million ha of cultivable land in the
Indo-Gangetic Plains (IGP) of South Asia (Nawaz et al., 2019). The Indian portion of the IGP
covers about 10 million hectares of rice-wheat system and supplies about half of the country’s
total food grain (Dhillon et al., 2010). The total area under rice cultivation in Chhattisgarh is
3.67 million hectares and produced about 8.37 million tonnes of rice during 2019-20. The
“present land-use practices in South Asia more particularly in” RWCS are energy, capital
water and labour intensive these are upsetting the ecological balance and exhausting the
ground water “resources and soil organic carbon (SOC) along with adverse effects on soil
physicochemical” properties (Bhatt and Singh 2018; Srinivasrao et al. 2010). A large number
of problems have cropped -up due to intensive cultivation in many parts of South Asia
including northwest India, threatening the sustainability of conventional rice-wheat production
system. (Dwivedi et al., 2012).

Soil enzymes are known to play an important role in biochemical functioning of soils (Wang et
al. 2011), including organic residue decomposition (Lei 2011), cycling of nutrients (Makoi &
Ndakidemi., 2008), and maintenance of soil structure (Dick et al. 1994, Balota et al. 2004) 1>
121> In the soil, these enzymes are constantly synthesized, accumulated, inactivated, and/or
decomposed,” and thus play “an important role in agriculture,” especially in nutrient cycling.
Soil enzymes are very specific in terms of the types of reactions in which they participate.
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For example, the amount of available carbon has a large
impact on soil microbial behaviour, which“is reflected in
dehydrogenase activity (Januszek, 2011).”Dehydrogenase “is
responsible for dehydrogenation of organic matter by
transferring hydrogen and electrons from substrate to
acceptors during biological oxidation of soil organic matter.
(Maurya et al. 2011). Phosphatase, which is produced by root
exudates and microorganisms, cleaves phosphate from
organic substrate and participates in the phosphorus cycle in
soil. (Huang et al., 2011). “Urease enzyme is” carried out “the
hydrolysis” reaction of urea fertilizer in the soil into NH3 and
CO; with the supplementary “rise in soil pH” (Byrnes and
Amberger., 1989) [l Urease enzyme belongs to
amidohydrolase group that hydrolases the linear amide having
nonpeptide carbon to nitrogen bonds (“Bremner and
Mulvaney 1978,” Karaca et al. 1999) [& 261,

Soil enzyme “activity” are important in soil functioning
because of their role in, degradation of‘organic materials and
the transformation of organic matter; release of available
nutrients to plants; participation in N fixation, nitrification
and denitrification processes, and in the detoxification of
xenobiotics, such as pesticides, industrial wastes, etc. Soil
enzyme activities have been” recognized as useful measures
of improvements in soil quality caused by various soil and
crop management practices under various cropping systems.
(Nannipieri et al. 2011; Bandick and Dick 1999; Trasar-
Cepeda et al. 2000;) 6 31, Their activities have been used as
indicators of soil fertility because they are a reflection of the
effects of cultivation, soil properties, and pedological
amendments (Ceccanthi et al. 1993; Skujins 1978). Enzyme
activity, when correlated “with measurements of other related
biological and biochemical parameters”(for example, soil
respiration, microbial carbon biomass, soil pH etc.).” gives an
indication of the extent of biological activity in soil.
(Frankenberger and Dick, 1983) %1 and soil quality (Roldan
et al, 2005) 1,

Many factors can influence the activity of enzymes in the soil
which includes “natural parameters (e.g. seasonal changes,
geographic location, in situ distribution, organic matter
content and clay) that typically affect the level of activity of
the enzyme by influencing enzyme production, physical and
chemical properties of the soil (Amador et al., 1997), soil
microbial community (Kourtev et al.,, 2002), type of
vegetation (Sinsabaugh et al., 2002) B and ecological
disturbance” (Boerner et al., 2000)’as well as complex
biochemical processes that involve interconnected and
ecologically related synthetic processes, immobilization and
enzyme stability. “A high concentration of clay or humus
colloids is generally associated with stable but less active
enzyme. Agricultural practices and environmental pollutants
(e.g., fertilizers, pesticides, tillage, heavy metals) may change
the chemical composition and structural characteristics of soil,
influencing the species composition and abundance of soil
microorganisms, their metabolic function, the enhancement or
suppression of enzyme production, and the overall activity of
an enzyme in soil.

Long -term fertilization experiments (LTFEs) are valuable
assets for studying changes in soil nutrient dynamics and
balance, predicting soil carrying capacity, and assessing soil
quality and system sustainability. “Many previous studies
have shown that long-term fertilization, especially organic
manure input, can either directly or indirectly influence” soil
organic carbon (SOC) and soil enzyme activities in long-term
experimental sites (Bohme et al.,2005). The assay of soil
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enzymatic activity under Long -term fertilization experiments
(LTFEs) could provide an early and responsive indicator of
changes caused by management techniques like organic
manuring, green manuring, crop residue integration, tillage
interventions, herbicide application, and so on.“(Dick et al.,

1988; Nannipieri, 1994; Aparna et al., 2014; Tamilselvi 2015)
13, 14, 35,54] »

Materials and Methods

The long term fertilizer experiment was initiated at
instructional cum research farm, IGKV, Raipur, Chhattisgarh.
Soil samples were collected from respective treatments and
lab work was conducted in laboratory of department of Soil
Science and Agricultural Chemistry, Indira Gandhi Krishi
Vishwavidyalaya, Raipur, Chhattisgarh. The experiment
comprised ten treatments replicated four times in RBD. The
soil of experimental site was deep, clayey black soil
taxonomically classified as very fine, smectitic, hyperthermic
family of Typic Haplusterts. The soil is having low hydraulic
conductivity and high water holding capacity.

The treatments consisted of control (T1), 50% NPK (T2),
100% NPK (T3),150% NPK (T4), 100% NPK + 10 kg Zn/ha
(T5), 100% NP (T6),100% N (T7),100% NPK + FYM @ 5
tonnes/ha (T8), 50% NPK + BGA @ 10kg/ha (T9), 50% NPK
+ Green Manure (Sunhemp) (T10), 75% RDF (T11). The 21%
cycle of the experiment during 2019-2020 was studied in the
present investigation. N, P and K nutrients were applied
through Urea, Single Super Phosphate and Muriate of Potash,
respectively. One third of Urea and recommended dose of P
and K were applied at the transplanting. Remaining equal two
splits (1/3" of Urea) of nitrogen were given at tillering and
panicle initiation stage of rice.

Soil pH was determined in 2.5:1 water-soil suspension (by
Piper, 1966) than soil suspension after pH determination was
stored overnight and EC of the supernatant liquid was
determined by Solu-bridge as described by Black (1965). The
organic carbon was determined by Walkley and Black rapid
titration method (1934). Available nitrogen was estimate by
alkaline potassium

permanganate method (Subbiah and Asija. 1956), available
phosphorus by Olsen et al. (1954) method and available
potassium was determined by neutral normal ammonium
acetate extractant and detected by Flame photometer as
described by Hanway and Heidal (1952). Soil dehydrogenase
activity was determined by the method as described by
Cassida et al., (1964) 19, Urease activity was measured by the
protocol given by Douglas and Bremner (1970). Acid and
alkaline phosphatase activities were assayed by the method
given by Tabatabai and Bremner (1969) 531,

Calculation for assay of enzyme activity following
procedure were adopted to calculate enzyme activity in
soil-

i. Calculation of moisture percent

{wt. of moist soil) - (wt. of dry so1l)
x100

(wt. of dry so1l)

ii. Calculation of enzyme activity
Concentration =Y value x Sample reading

Concentration x D

Enzvme Activity =
It = w

~891 "™
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Where

Y = Value taken from standard curve
It = Incubation time

D = Dilution

W = Dry weight of soil (g)

Results and Discussion

Soil Chemical Properties

The soil pH and EC after the incorporation of organic sources
i.e. FYM and GM with inorganic fertilizers over the period of
21 year were found to have no significant effect even after
“continuous” addition of “variable amount of fertilizers
alone”or in combination (Table 1). The reason behind this
could be “high buffering capacity of “these” soil (Vertisol)
and the “presence of calcium carbonate in the soil
Inconsistent” variation in the “pH of the soil was observed in
different treatments indicating that imposed treatments failed
to influence the pH of soil. Patel (2014) also reported soil pH
and EC was not affected significantly under continuous
“application of fertilizers and manure after 42 cropping cycle
of continuous application of ”Soybean-Wheat in sequence.
The soil organic carbon significantly enhanced due to
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different treatment. The treatment T8 (100% NPK + FYM @
5t hal) recorded highest organic carbon content (6.84 g kg™)
followed by treatment T4 (150% NPK, 6.80 g kg*') and
lowest value was recorded in control (4.14 g kg?). This is
because of higher concentration of “biomass to soil in form of
crop” residues and higher root biomass.

The integrated use of organic manure along with inorganic
fertilizers where shown (Table 1) to enhance available N, P
and K status of soil significantly. The available nitrogen status
of s0il” and maximum value (279.10kg ha'!) was observed in
T8 (100% NPK + FYM @ 5t ha') and minimum value
(134.85 kg ha') was recorded in “control” plot. The
application of super optimal dose i.e. 150% NPK followed by
100% NPK + FYM @ 5t ha* recorded maximum available P
(31.45 “kg ha-1” and 31.11 “kg ha-1") Similarly, available K
was found maximum (484.57 kg ha! and 430.58 kg ha?) in
“treatment” receiving 150% “NPK” followed by 100% NPK
+ FYM @ 5t ha! whereas minimum value was observed in
control plots. These findings were in close conformity to
those obtained by Katkar et al. (2011), Meshram et al. (2016)
331 v K. Kharche (2013) 271,

Table 1: Effect of application of organic and inorganic fertilizer on Available macronutrients of soil in Vertisols at harvested (After 21 crop

cycles)
EC Organic Available N of | Available P of Soil | Available K of Soil

S-No. Treatments PH s my) Carbon (9 ka?) | Soil (kg ha'd) (kg ha'l) (kg ha'))
T1 Control 7.25 0.21 4.14 134.85 8.96 307.44
T2 50% NPK 7.24 0.24 5.56 172.48 19.29 370.50
T3 100% NPK 7.22 0.24 6.40 225.79 25.69 426.33
Ta 150% NPK 7.22 0.28 6.80 275.97 31.45 484.57
Ts 100% NPK + Zn @kg ha* 7.25 0.28 6.30 228.93 25.94 422.60
Ts 100% NP 7.24 0.22 5.27 232.06 24.68 316.60
T7 100% N 7.23 0.23 4.43 210.11 9.83 314.78
Ts 100% NPK + FYM @ 5t t ha! 7.25 0.25 6.84 279.10 31.11 430.58
To 50% NPK + BGA @ 10 kg ha! | 7.24 0.24 5.61 185.02 20.43 372.79
T 50% NPK + GM 7.25 0.23 6.16 222.66 22.42 397.21

S.Emz+ 0.07 0.012 0.39 17.07 1.68 19.09

CD (P=0.05) NS NS 1.12 49.8 4.88 55.41

Intial (1999) 7.70.20 0.6 236 16 474

Dehydrogenase activity

The dehydrogenase activity which has been widely used as a
generalized comparative index of microbial activity, increased
with the increase in the dose of fertilizers from 50 to 150 per
cent RDF. Application of 100% + FYM @ 10 tonnes/ha
recorded significantly highest dehydrogenase activities
(55.393 TPF ug 24 hrig?) than all other treatments. The
application of FYM @ 10 tonnes/ha increased dehydrogenase
activity as compared to optimal dose of fertilizer (Table 2).
This increase in dehydrogenase enzyme activity is associated
with the organic sources acting as the sole sources of carbon
and energy for heterotrophs. A significant increase in
dehydrogenase activity in the plots with organic treatments,

especially with NPK was also observed by Saha et al. (2008)
1431, The results are in line with the findings by Bhattacharyya
et al. (2008) wherein four folds increase was observed in
dehydrogenase activity due to farmyard manure application
along with NPK. Imbalanced and inadequate application of
fertilizers (100% RD of NP or N) caused significant decline in
the dehydrogenase activity. The decreased DHA under 100%
N alone is associated with the redox potential of soil. The
redox potential (Eh) of the soil might have been increased due
to accumulation of nitrate over the year of cropping (21% year)
resulting into positive and high redox potential of the soil,
thereby decreasing dehydrogenase activity.

Table 2: Effect of application of organic and inorganic fertilizer on Urease activity, Dehydrogenase activity, Acid phosphatase activity and
Alkaline phosphatase activity.

Dehydr_ogenase Urease Activity Acid Phqsphatase Alkaline P_h(_)sphatase

Treatment Activity Activity Activity

(TPF ug 24 hr (ng NH4* - N g? (ug p-nitrophenol g | (ug p-nitrophenol g hrr

'g) h™) hr) )

T1- Control 35.06 20.04 55.11 130.81
T2-50% NPK 45.15 34.13 61.60 137.77
T3- 100% NPK 49.28 39.37 65.85 142.21
T4- 150% NPK 52.00 41.28 72.75 157.65

~g92 "



http://www.thepharmajournal.com/

The Pharma Innovation Journal

http://www.thepharmajournal.com

T5-100% NPK + Zn @ 10 kg ha'X 54.13 40.37 68.52 149.15
T6- 100% NP 43.38 32.40 64.01 141.12
T7- 100% N 42.22 30.13 58.17 134.17
T8- 100% NPK + FYM @ 5 tha'* 55.39 44.08 76.30 160.67
T9- 50% NPK + BGA @ 10 kg ha'! 49.15 32.34 65.53 135.58
T10- 50% NPK + GM 50.74 35.61 66.30 133.96
SEmz 1.46 0.95 2.04 3.49
CD (5%) 4.68 3.04 6.52 11

Urease activity

Application of NPK + FYM @ 10 tonnes/ha recorded
significantly highest urease activity (44.083 pg NH4 + N g-1
soil h-1) whereas urease activity was reduced in control
(20.04 pg NH4 + N g-1 soil h-1). The significantly higher
value of dehydrogenase activity was obtained in 100% NPK +
Zn (40.37 pg NH4 + N g-1 soil h-1) as compared to 50%
NPK + BGA (32.34 ug NH4 + N g-1 soil h-1), 50% NPK +
GM (35.61 ug NH4 + N g-1 soil h-1) and 100% NP (32.40 ug
NH4 + N g-1 soil h-1). Imbalanced and insufficient
application of fertilizers 100% N alone (30.13 pg NH4 + N g-
1 soil h-1) caused significant decline in the dehydrogenase
activity (Table 2). This could “be attributed to the fact” that
organic manure act as “sole source of carbon and energy for
heterotrophs™ and provide sufficient nutrition for proliferation
of microbes and their activities in terms of soil enzymes.” The
values of soil enzyme activity were lower in treatment T6
(100% NP), T7 (100% N) due to lack of sufficient substrate
i.e. organic carbon which act as source of food for
proliferating microbial population and the lowest value was
recorded in control. Ingle et al. (2014) 24, N. Goutami (2018)
1221 and Meshram et al. (2016) B3 also observed that long-term
balance applications of organic manures and inorganic
fertilization have been found to Caused consistent
improvement in urease enzyme activity in soil over its initial
status and control.

Acid Phosphatase Activity

The acid phosphatase activity in soil increased successively
and significantly from 55.11 “pg p-nitrophenol g? hr?
(control) to 61.60, 65.85, and 72.75 pg p-nitrophenol g hrtin
50%, 100% and 150% NPK treatments, respectively (Table
2). The highest value of 76.30 pg p-nitrophenol g hrt was
observed with 100% NPK+FYM, followed by 150% NPK
treatments (72.75 pg p-nitrophenol g* hr') however both
were statistically at par. The slightly higher value of acid
phosphatase activity was obtained in 100% NPK + Zn (68.52
ug p-nitrophenol g* hr') as compared to 50% NPK + GM
(66.30 pg p-nitrophenol g hr!) and 50% NPK + BGA (65.53
ug p-nitrophenol gt hrt)”.

Meshram et al. (2016) B3 also observed the similar result
where significantly more phosphatase enzyme activity in soil
was recorded in balanced fertilized plot receiving “100%
NPK + FYM.” Similar result were also reported by Santhy et
al. (2004) and Rai and Yadav (2011) “° in long-term fertilizer
experiments where combined application of NPK + FYM.
Long term effect of incorporation of organic source along
with fertilizers resulted greater amount of carbon input, root
exudation to the soil, enhanced humus content, abundance of

carbohydrates coupled with greater microbial activities with
pronounced increase in phosphatase enzyme activities in soil
(Vandana et al. 2012).

Alkaline phosphatase activity

Application of FYM in combination with inorganic fertilizer
also enhanced the alkaline phosphatase enzyme activity in
Vertisol. The highest value (160.67 pg p-nitrophenol g* hr?)
of alkaline phosphatase activity was noted where 100% NPK
was applied along with FYM. While, the lowest content of
alkaline phosphatase activity was found in control (130.81 ug
p-nitrophenol g hr!)” and it increases with successive
addition of fertilizers viz. 50% (137.77 pg p-nitrophenol gt hr
1), 100% (142.21 pg p-nitrophenolg? hrl) and 150% NPK
(157.65 pg p-nitrophenol g* hr?), respectively. Whereas, the
value 134.17 pg p-nitrophenol g hr' was observed in 100%
N which was significantly lower as compared to 100% NP
(141.12 pg p-nitrophenol g* hr), 50% NPK + BGA (135.58
hg p-nitrophenol g* hrt), 50% NPK + GM (133.96 ug p-
nitrophenol g hrt) and significantly lesser than 100% NPK +
Zn (149.15 pg p-nitrophenol g?! hr'). Among all the
treatments, balance application of organic manure with
inorganic fertilizer (NPK+FYM) showed superiority as
compare to application of fertilizer alone. In case of inorganic
applications, super optimal dose of fertilizer (150% NPK)
showed its significantly superior effect over rest of the
treatments might be due to addition of higher amount of root
residue for building of soil organic carbon.

Similar results were also reported by Kanchikerimath and
Dhyan Singh (2001) 3 in long term fertilizer experiments
and found that alkaline phosphatase activities were increased
significantly with the addition of balanced nutrients and
manure in Typic Haplusterts. Rai and Yadav (2011) 9 also
reported the higher activities of alkaline phosphatase in the
organically treated soils due to manure input over the year.

Correlation

It is evident from the above that there is highly positive and
significant correlation between yield and activity of urease
(0.859) and phosphatase (acid phosphatase 0.720, alkaline
phosphatase 0.686) enzyme. Further yield shows significant
positive correlation with available N (0.70) and phosphorous
(0.845). This indicate that enzyme activity play a vital role in
nutrient cycling and its availability to rice crop especially of
N and P. also higher activities of urease and phosphatase may
be related to better and efficient utilization of native and
applied N and P by rice as exhibited higher yields with
increasing enzyme activity.

Table 3: Correlation among soil enzyme activity, organic carbon, major nutrients and yield of rice

Organic |Dehydrogenasel Urease Acid Phosphatase | Alkaline Phosphatase .
Parameters Ca?’bon Xctiv?ty Activity Activ?ty Activit;) N | P | K [Yield
Organic Carbon
Dehydrogenase Activity 0.754
Urease Activity 0.749 0.860
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Acid Phosphatse Activity 0.615 0.734 0.764
Alkaline Phosphatase Activity | 0.484 0.532 0.730 0.706
N 0.429 0.580 0.705 0.671 0.737
P 0.720 0.747 0.797 0.765 0.640 0.580
K 0.563 0.679 0.669 0.715 0.612 0.5480.623
Yield 0.654 0.708 0.859 0.720 0.686 0.7000.845/0.636

Conclusion

It can be concluded from the above result that long term
application of organic manure along with inorganic fertilizers
was found to be efficient in enhancing the chemical and
biological properties of soil resulting in better soil quality.
The soil enzyme dehydrogenase, urease, acid and alkaline
phosphatase activity was found to significantly superior in
treatments receiving 100% NPK + FYM than all other
treatments this is attributed to the fact that organic manure act
as sole source of carbon i.e energy for proliferation of
microbes resulting in greater enzyme activity in soil to build
biological fertility of soil. Among different treatments
balanced application of 150% NPK was also noted better
option for nutrient management and enzyme activity through
inorganics. Long term balanced application of fertilizers in
combination with organic manure was also recorded to
productive in increasing yield.
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