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ABSTRACT: Soil microorganisms are key drivers of various functions in agroecosystem. Soil dehydrogenase, alkaline and acid 
phosphatase enzymes are regarded as good indicators of microbiological activity of soils. The aim of the study was to assess the 
status of microbial activity in selected rainfed groundnut growing regions. Soil samples were collected from Bengaluru (Karnataka), 
Ananthapuramu (Andhra Pradesh), Sardar Krishinagar (Gujarat) and Rajkot (Gujarat) representing semi-arid (hot moist), arid (hot), 
semi-arid (hot dry), and semi-arid (hot dry) climatic conditions respectively. Microbial activities were estimated in terms of soil 
enzymes such as dehydrogenase, acid and alkaline phosphatase. The differences in microbial parameters across different regions 
were observed. Significant difference in dehydrogenase activity was observed between Sardar Krishinagar and Ananthapuramu soil 
samples. Higher soil functional diversity index was observed in Rajkot and Sardar Krishinagar. The results of the study suggest that, 
application of organic sources of nutrients like farm yard manure is essential to maintain soil microbial activity, functional diversity 
and soil health in rainfed groundnut production systems.
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Introduction
Soil microorganisms are indispensable part of agroecosystem 
as they perform multiple functions viz., organic matter 
decomposition, biogeochemical cycling of plant nutrients, 
mobilization, solubilization and transformation of nutrients, 
pest and disease management (Suman et al.,2022; Manjunath 
et al., 2016 and 2017; Pratibha et al., 2023). Soil enzymes 
are largely produced by microorganisms. They are vital for 
mineralization of soil organic matter, nutrient recycling and 
removal of toxic pollutants (Sainju et al., 2022). They are 
largely used as indicators of microbial activity and soil health. 
Soil dehydrogenase, alkaline and acid phosphatase enzymes 
are regarded as good indicators of soil microbiological activity 
(Garcia et al., 1997; Symanowicz et al., 2022). Activities of 
soil micro-organisms are influenced by regional differences in 
climate, soil type and hydrothermal situations Srinivasarao et al., 
2018; Rampant use of inorganic fertilizers affects the diversity 
of soil microorganisms (Bharathi et al., 2024). Decrease in soil 
microbial diversity would negatively impact the fertility and 
productivity of soil (Onet et al., 2016). Groundnut is a major 
oilseed crop largely grown under rainfed conditions in India. 
Limited information is available on the status of soil microbial 

activity in different rainfed groundnut growing regions of India. 
Hence, the aim of the present study was to assess the status of 
microbial activity in selected rainfed groundnut growing regions 
viz., Bengaluru (Karnataka), Ananthapuramu (Andhra Pradesh), 
Rajkot (Gujarat) and Sardar Krishinagar (SK Nagar, Gujarat) 
representing semi-arid (hot moist), arid (hot), semi-arid (hot 
dry) and semi-arid (hot dry) climatic conditions respectively.

Materials and methods
Study area and collection of soil samples

The study area consisted of major rainfed groundnut growing 
regions viz., Ananthapuramu, Bengaluru, Sardar Krishinagar 
and Rajkot. The climatic and edaphic features of the studied 
rainfed groundnut growing locations have been presented in 
Table 1. Soil samples were collected from five farmer’s field 
each from nearby areas of Ananthapuramu, Bengaluru, Sardar 
Krishinagar and Rajkot AICRPDA centers. At each farmer’s 
field, after harvest of crop, four random samples (0-15 cm depth) 
were collected and pooled. The soil samples were immediately 
kept in cool boxes after removal of root pieces and gravel. The 
soil samples were brought to laboratory and stored at 4°C for 
further analysis.
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Table 1: Climatic and edaphic characteristics of the studied 
locations

AICRPDA 
Centre

Agroclimatic  
Zone Climate Soil  

type 
Rainfall 

(mm)

Ananthapu-
ramu

Scarce rainfall zone 
(Rayalaseema) in 
Andhra Pradesh (3.0)

Arid  
(Hot)

Alfisols 544

Rajkot North Saurashtra 
zones in Gujarat (5.1)

Semiarid
(Hot dry)

Vertisols 590

SK Nagar Northern Gujarat in 
Gujarat (2.3)

Semiarid/ 
Arid
(Hot dry)

Entisols 670

Bengaluru Central, eastern and 
southern dry zone in 
Karnataka (8.2)

Semiarid
(Hot moist)

Alfisols 926

Analysis of microbial parameters

Soil dehydrogenase activity was measured spectrophotometrically 
using 2, 3, 5 triphenyl tetrazolium chloride (TTC) as substrate 
(Casida et al., 1964). Alkaline and acid phosphatase enzyme 
activities were determined (Tabatabai and Bremner, 1969). 
Soil functional diversity was determined as per the procedure 
described by Rodriguez-Loinaz et al. (2008) and Kompała Bąba 
et al. (2021) with the following formula;

where pi is the ratio of the activity of a specific enzyme to the 
sum of all the measured enzyme activities.

Statistical analysis

One way analysis of variance (ANOVA) of the data was 
done using SPSS 16.0 (SPSS Inc., Chicago, IL, USA) for 
windows. Comparison of means was made using the least 
significant difference at p≤ 0.05.

Results and Discussion
Soil dehydrogenase activity 

Soil dehydrogenase activity ranged from 28.73 to 32.03 TPF 
µg/g/d in the studied rainfed groundnut growing regions viz., 
Ananthapuramu, Bengaluru, Sardar Krishinagar and Rajkot. 
Significantly (p≤0.05) higher dehydrogenase activity was 
recorded in SK Nagar (32.03 TPF µg/g/d), however it was at par 
with Bengaluru and Rajkot soil samples. Lowest dehydrogenase 
activity was observed in Ananthapuramu soil samples (Fig. 1).

(Note: Data presented is means ±SE. Different alphabets at each 
column indicates significant difference (p≤0.05))

Fig. 1: Soil dehydrogenase enzyme activity (TPF µg/g/d) at 
selected rainfed groundnut growing locations

Alkaline phosphatase activity

Relatively higher and statistically (p≤0.05) at par values of 
alkaline phosphatase activity was observed in SK Nagar and 
Rajkot soil samples. Lowest alkaline phosphatase activity (7.25 
PNP ug/g/h) was observed in Bengaluru soil samples (Fig.2).

(Note: Data presented is means±SE. Different alphabets at each 
column indicates significant difference (p≤0.05))

Fig. 2: Alkaline phosphatase enzyme activity (PNP ug/g/h) at 
selected rainfed groundnut growing locations

Acid phosphatase activity

Maximum acid phosphatase activity (10.76 PNP ug/g/h) was 
recorded in Bengaluru soil samples followed by Rajkot. Lowest 
acid phosphatase activity (8.09 PNP ug/g/h) was noticed in 
Ananthapuramu soil samples, however it was statistically at par 
with SK Nagar and Rajkot soil samples (Fig. 3).
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(Note: Data presented is means ±SE. Different alphabets at each 
column indicates significant difference (p≤0.05))

Fig. 3: Acid phosphatase enzyme activity at (PNP ug/g/h) 
selected rainfed groundnut growing locations

Soil functional diversity

Rajkot samples recorded significantly higher soil functional 
diversity index (H’=1.099) as compared to Ananthapuramu 
and Bengaluru soil samples. No significant difference in soil 
functional diversity index was observed between Bengaluru and 
Ananthapuramu soil samples (Fig. 4).

(Note: Data presented is means ±SE. Different alphabets at each 
column indicates significant difference (p≤0.05))

Fig. 4: Soil functional diversity index of selected rainfed 
groundnut growing locations

Soil microorganisms are the major source of soil enzymes 
(Bandick and Dick, 1999). Soil enzymes are very important for 
organic matter decomposition and cycling of various nutrients 
(Uwituze et al., 2022). They act as early indicators of soil health 
(Sainju et al., 2022) and have been widely used to monitor the 
soil health (Lee et al., 2020). Dehydrogenase is an intracellular 
enzyme that functions only in living microorganisms hence, it is 
estimated to know the activity of living or viable microorganisms 
in the soil. In the present study, statistically at par values for 
dehydrogenase activity was observed in SK Nagar, Bengaluru 
and Rajkot soil samples. It could be due to regular use of FYM in 
the fields. Addition of FYM stimulates soil microorganisms due 
to the provision of organic carbon and other nutrients in easily 

available form (Kumar et al., 2021). Soil treated with FYM 
and organic manure showed higher levels of dehydrogenase 
activity as compared to soil treated with mineral fertilizers (Lee 
et al., 2004), reported that, incorporation of FYM enhanced 
the soil dehydrogenase activity. Acid and alkaline phosphatase 
enzymes convert organic phosphorus into inorganic phosphorus 
and improve fertility of soil (Kalayu, 2019; Chaudhary et 
al., 2022). In the present investigation, maximum alkaline 
phosphatase activity was noticed in SK Nagar and Rajkot soil 
samples. Whereas Bengaluru soil samples recorded higher 
acid phosphatase activity as compared to other centers. Soil 
microbial functional diversity is important for organic matter 
decomposition and cycling of nutrients (JezierskaTys et al., 
2020). Organic sources of nutrients improved the soil microbial 
diversity (Manjunath et al., 2018). In the present study, relatively 
maximum soil functional diversity index was observed in Rajkot 
followed SK Nagar soil samples. Higher functional diversity 
implies greater capability of utilization of different substrates by 
the microorganisms and participation in various transformation 
processes in soil.

Conclusion
Overall, higher soil microbial activity and functional diversity 
was recorded in Rajkot and SK Nagar soil samples. Inclusion of 
organic sources of nutrients such as farmyard manure in rainfed 
groundnut production is important for improving soil microbial 
activity, functional diversity and soil health. 

Acknowledgement
The authors thank the authorities of ICAR-CRIDA, AICRPDA, 
Hyderabad; AICRPDA center, SKNDAU, SK Nagar; AICRPDA 
center, UAS (B), Bengaluru; AICRPDA center, JAU, Rajkot and 
AICRPDA center, ANGRAU, Ananthapuramu for extending 
required facilities for taking up this study.

References
Bandick AK and Dick RP. 1999. Field management effects on soil 

enzyme activities. Soil Biology and Biochemistry, 31: 1471–
1479

Bharathi JM, Anbarasu M, Ragu R and Subramanian E. 2024. 
Assessment of soil microbial diversity and soil enzyme activities 
under inorganic input sources on maize and rice ecosystems. 
Saudi Journal of Biological Sciences, 31(5): 103978

Casida LE, Jr Klein DA and Santoro T. 1964. Soil dehydrogenase 
activity. Soil Science, 98: 371–376

Chaudhary P, Chaudhary A, Bhatt P, Kumar G, Khatoon H, Rani 
A, Kumar S and Sharma A. 2022. Assessment of soil health 
indicators under the influence of nanocompounds and Bacillus 
spp. in field condition. Frontiers in Environmental Science, 9: 
769871. 

Manjunath et al.

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

25
5 

o
n

 d
at

ed
 1

5-
Ju

l-
20

26



23

Garcia C, Hernández MT and Costa F. 1997. Potential use of 
dehydrogenase activity as an index of microbial activity in 
degraded soils. Communications in Soil Science and Plant 
Analysis, 28: 123–134

Jezierska-Tys S, Wesołowska S and Gałązka A. 2020. Biological 
activity and functional diversity in soil in different cultivation 
systems. International Journal of Environmental Science and 
Technology, 17: 4189–4204 

Kalayu G. 2019. Phosphate solubilizing microorganisms: Promising 
approach as Biofertilizers. International Journal of Agronomy, 
4917256

Kompała-Bąba A, Bierza W, Sierka E, Błońska A, Besenyei L and 
Woźniak G. 2021.The role of plants and soil properties in the 
enzyme activities of substrates on hard coal mine spoil heaps. 
Scientific Reports, 11(1): 5155. 

Kumar S, Dhar S, Barthakur S, Rajawat MVS, Kochewad SA, 
Kumar S, Kumar D and Meena LR. 2021. Farmyard manure 
as k-fertilizer modulates soil biological activities and yield of 
wheat using the integrated fertilization approach. Frontiers in 
Environmental Science, 9: 764489. 

Lee JJ, Park RD, Kim YW, Shim JH, Chae DH, Rim YS and Kyoon 
B. 2004. Effect of food waste compost on microbial population, 
soil enzyme activity and lettuce growth. Journal of Bioresource 
Technology, 93: 21-28 

Lee SH, Kim MS, Kim JG and Kim SO. 2020. Use of soil enzymes 
as indicators for contaminated soil monitoring and sustainable 
management. Sustainability, 12(19): 8209. 

Manjunath M, Kanchan A, Ranjan K, Venkatachalam S, Prasanna 
R, Ramakrishnan B, Hossain F, Nain L, Shivay YS, Rai AB 
and Singh B. 2016. Beneficial cyanobacteria and eubacteria 
synergistically enhance bioavailability of soil nutrients and 
yield of okra. Heliyon, 2(2): e00066

Manjunath M, Kumar U, Yadava R B, Rai AB and Singh B. 2018. 
Influence of organic and inorganic sources of nutrients on the 
functional diversity of microbial communities in the vegetable 
cropping system of the Indo-Gangetic plains. Comptes Rendus 
Biologies, 341(6): 349-357.

Manjunath M, Singh A, Tripathi AN, Prasanna R, Rai AB and Singh 
B. 2017. Bioprospecting the fungicides compatible Trichoderma 
asperellum isolate effective against multiple plant pathogens in 
vitro. Journal of Environmental Biology, 38(4): 553.

Manjunath M, Yadav SK, Khokhar A, Patil SB, Asewar BV, Babu 
VS, Gopinath KA, Chary GR, Jyothilakshmi N, Srinivas K, 
Prabhakar M and Singh VK. 2022. Diversity of culturable 
soil microorganisms in different rainfed regions of India. 
Environment and Ecology, 40 (2A): 528-535

Onet A, Cimpeanu C, Teusdea A, Pantea S and Modog T. 2016. 
Evaluation of the soil properties variability in relation to 
different crop types. Journal of Environmental Protection and 
Ecology, 17:1305–1314.

Pratibha G, Manjunath M, Raju BMK, Srinivas I, Rao KV, Shanker 
AK, Prasad JVNS, Rao MS, Kundu S, Indoria AK, Kumar U, 
Rao KS, Anna S, Rao CS, Singh VK, Biswas AK and Chaudhari 
SK. 2023. Soil bacterial community structure and functioning 
in a long-term conservation agriculture experiment under semi-
arid rainfed production system. Frontiers in Microbiology, 14: 
1102682. 

Rodriguez-Loinaz G, Onaindia M, Amezaga I, Mijangos I and 
Garbisu C. 2008. Relationship between vegetation diversity 
and soil functional diversity in native mixed-oak forests. Soil 
Biology and Biochemistry, 40: 49–60. 

Sainju UM, Liptzin D and Dangi SM. 2022. Enzyme activities as 
soil health indicators in relation to soil characteristics and crop 
production. Agrosystems, Geosciences and Environment, 5: 
e20297

Srinivasarao Ch, Kundu S, Grover M, Manjunath M, Sudhanshu 
KS, Patel JJ, Singh SR, Singh RP, Patel MM, Arunachalam A 
and Soam SK. 2018. Soil enzymes in semi-arid and sub-humid 
rainfed agricultural systems as indicators of soil sustainability. 
Tropical Ecology. 59(1): 99-108.

Suman J, Rakshit A, Ogireddy SD, Singh S, Gupta C and Chandrakala 
J. 2022. Microbiome as a key player in sustainable agriculture 
and human health. Frontiers in Soil Science, 2: 821589.

Symanowicz B, Toczko R and Toczko, M. 2022. Enzymatic activity 
of soil after applying mineral fertilizers and waste lignite to 
maize grown for silage. Agriculture, 12(12): 2146. 

Tabatabai MA and Bremner JM. 1969. Use of p-nitrophenyl 
phosphate for assay of soil phosphatase activity. Soil Biology 
and Biochemistry, 1: 301–307. 

Uwituze Y, Nyiraneza J, Fraser TD, Dessureaut-Rompré J, Ziadi 
N and Lafond J. 2022. Carbon, nitrogen, phosphorus and 
extracellular soil enzyme responses to different land use. 
Frontiers in Soil Science, 2: 814554.

Srinivasarao Ch, Kundu S, Grover M, Manjunath M, Sudhanshu 
KS, Patel JJ, Singh SR, Singh RP, Patel MM, Arunachalam A 
and Soam SK. 2018. Soil Enzymes in semi-arid and sub-humid 
rainfed agricultural systems as indicators of soil sustainability. 
Tropical Ecology, 59(1): 99-108.

Soil Functional Diversity in Selected Rainfed Groundnut Production Systems

Received: March 2024		  Accepted: May 2024

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

N
o

t 
fo

r 
C

o
m

m
er

ci
al

 U
se

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 2
16

.7
3.

21
6.

25
5 

o
n

 d
at

ed
 1

5-
Ju

l-
20

26




