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INTRODUCTION 

Semi-arid sub-tropical soils are characterized 

by low organic carbon and poor soil fertility.  

In the Indo-Gangetic plains (IGPs) of South 

Asia, crop residues generated are either 

removed or burnt in the field itself causing loss 

of valuable resource and environment 

pollution.
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ABSTRACT 

A long-term study (2004–2010) was conducted at Research Farm of ICAR-IARI, New Delhi, to 

evaluate the effects of tillage, residue management and crop rotations on soil microbial 

parameters in wheat (Triticum aestivum) based cropping systems. The results revealed that soil 

under maize–wheat and pigeonpea–wheat rotations showed the highest fluorescein diacetate 

(FDA) activity. Cotton–wheat cropping system consistently supported the lowest FDA and 

dehydrogenase (DHA) activity at both stages. The soils under ZT with and without residue had 

higher soil organic carbon (SOC), SMBC, FDA, DHA and urease than CT. The ZT soils with and 

without residue showed increased values of organic C (24%, 23.9%), FDA (400%, 97.7%), 

dehydrogenase (31.4%, 38.2%), urease (28.2%, 28.3%) compared to CT at the germination 

stage. At this stage, addition of crop residues in ZT enhanced dehydrogenase activity (54.7%), 

FDA (6.50%), alkaline phosphatases (4%), urease (4.80%), SOC (8.71%) and SMBC (13.4%) 

but reduced glomalin content. The acid phosphatase activity was reduced by 9.11% under ZT. 

Microbial population and diversity, and productivity of soil could be maintained or improved 

with zero tillage and crop residue recycling. Thus, in wheat based cropping systems, ZT with and 

without addition of crop residues is a viable option for improving the soil microbial properties. 
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Therefore, resource–management strategies 

involving modified tillage combined with crop 

rotation and residue recycling are receiving 

attention. Tillage and residue–management 

practices result in alterations in soil physico-

chemical properties, which leading to changes 

in soil microbial activities (Zablotowicz et al., 

2007). Adoption of zero tillage system results 

in an increase in organic matter content, soil 

microbial biomass and activity, (Singh et al., 

2011). A large fraction of soil nutrients are 

organically- bound (Franzluebbers & 

Stuedemann 2008), and the mineralization of 

the soil organic matter by microbial enzymes 

contributes to nutrient cycling in the soil 

(Marinari et al., 2000). Assessment of 

microbial activity through FDA hydrolysis 

provides a general measure of organic matter 

turnover in soil.  It is considered as a soil 

quality indicator as about 90% of the energy in 

the soil environment flows through microbial 

decomposers (Green et al., 2006).    

Soil-enzyme activities have the 

potential to provide biological assessment of 

soils because of their relationship to microbial 

activity, ease of measurement and sensitivity 

to soil management (Dick, 1994). Further, the 

biologically active fractions of soil organic 

carbon, such as microbial biomass C are found 

to be more sensitive to changes in soil quality 

brought about by cover cropping. β-

glucosidase has a critical role in releasing low 

molecular weight sugars that are important as 

energy sources for microorganisms, an 

important component of soil P cycling that 

provides an indicator of a soil's capacity to 

mineralize P (Dick et al., 1996). Plant growth 

promoting bacteria such as free-living N2 

fixers, phosphate-solubilizing bacteria, and 

fluorescent Pseudomonas are sensitive to 

management practices (Govaerts et al., 2007). 

Their assay provides a broad-spectrum 

indicator of soil biological activity. Keeping 

above facts in mind the objective of the study 

was to determine the effect of tillage and crop-

residue management on soil microbial 

parameters a wheat-based cropping system 

followed in semi-arid sub-tropical soils of 

North India.  

MATERIALS AND METHODS 

2.1. Experimental site 

A field experiment was conducted for 6 

consecutive years from 2004-2010 at 

Experimental Farm of ICAR-Indian 

Agricultural Research Institute, New Delhi is 

situated at 28° 38
' 
N, 77° 12

' 
E and 228.6 m 

above mean sea level. The Farm has semi-arid 

and sub-tropical climate with hot and dry 

summer and severe cold winter. On the basis 

of 30 years data, the mean maximum 

temperature, minimum temperature and 

rainfall are 32.1, 17.3°C and 788 mm 

respectively. The 84% of the annual rainfall is 

received from June to September (monsoon) 

and 12% from November to March. The Farm 

represents Indo-Gangatic plains and belongs to 

Mehrauli seriese of order Inceptisols. The soil 

have sandy loam in texture, alkaline in 

reaction and free from salinity, low SOC, 

available nitrogen and medium available 

phosphorus and high available potassium 

(Table 1).  

2.2 Treatment details  

The field experiment was conducted from 

2004-2010 involving pigeonpea, groundnut, 

maize, soybean and cotton in Kharif season 

followed by wheat crop (November–April) 

during winter season. All the crops were 

grown in a fixed layout with the following 

treatments: zero tillage with residue (ZT+R), 

zero tillage without residue (ZT–R), 

conventional tillage with residue (CT+R) and 

conventional tillage without residue (CT–R). 

The experiment was laid out in a split-plot 

design, with cropping systems in main plot, 

and tillage residue management in subplots, 

with 3 replications.  The residues of the 

previous crop were applied @ 3 t ha
-1

 for 

maize and cotton and 2 t ha
-1

 for pigeonpea, 

soybean and groundnut before sowing of 

wheat in the respective plots. The nutrient 

compositions of different crop residues have 

given in Table 2. Recommended doses of N: 

P: K fertilizer were applied to each crop i.e. 

120:26:33, 25:26:33, 25:26:33, 120:26:33, 

20:26:33 and 160:35:66 kg/ha for wheat, 

pigeonpea, groundnut, maize, soybean and 

cotton respectively. The half dose of N and 
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full dose of P and K were applied basal in 

wheat, maize and cotton, whereas the 

remaining N was top-dressed as per 

requirement of crop. For the other crops, entire 

fertilizer was applied basal. Urea, 

diammonium phosphate and muriate of potash 

were used as source of N, P and K 

respectively. The weeds were killed by 

application of paraquat @ 1 kg ha
-1

 in ZT plots 

before sowing. Later, during the crop-growth 

period, weeds were controlled by manual 

weeding. Other operations were carried out as 

per the recommendation. 

2.3 Soil sampling and analysis 

The composite soil samples (10 random 

samples from each plot mixed together) were 

taken at 30 cm soil depth with help of tube 

auger at time of sowing and maturity. Moist 

soil was sieved (2 mm mesh size), 

homogenized and stored at 4
o
C. Microbial 

analysis was done using fresh soil samples, 

and the results were expressed on dry-weight 

basis.  

2.4 Soil biological analysis 

Soil microbial activity expressed as 

fluorescein diacetate hydrolysis (FDA) was 

determined (Green et al., 2006). Triphenyl-

tetrazolium chloride (TTC)-dehydrogenase 

activity was used to estimate respiratory 

activity for viable microorganisms (Casida, 

1964). Alkaline phosphomonoesterase (EC 

3.1.3.1) and acid phosphomonoesterase (EC 

3.1. 3.2) activities were determined by the p-

nitrophenol release from analog substrate 

methods (Tabatabai, 1994). β-glucosidase 

activity was determined as per Eivazi and 

Tabatabai (1988). Soil urease (EC 3.5.1.5, 37 
o
C) activity was assayed by the method of 

Tabatabai (1994). Total glomalin (T-GRSP) 

was estimated as per Wright and Upadhyaya 

(1996), and the protein content was expressed 

as µg g
-1

 dry weight soil. Soil microbial 

biomass carbon (SMBC) was estimated 

following chloroform-fumigation extraction 

method (Vance, 1987).  The soil respiration 

was measured by alkali-entrapment method 

(Stotzky, 1965), and the metabolic quotient 

was calculated as respiratory activity in 

relation to microbial biomass (Anderson & 

Domsch, 1989). Soil organic carbon (SOC) 

was determined by wet oxidation method 

(Walkley & Black, 1934). The pH was 

determined in soil water (1:2.5) suspension at 

25°C using glass electrode pH meter after 

equilibrating for 30 minutes (Jackson, 1973). 

The microbial metabolic quotient (qCO2) was 

calculated as the amount of CO2-C produced 

per unit MBC. All values for enzymatic 

activities were reported on dry-soil basis. After 

drying of soil at 105 °C for 24 hrs, soil-

moisture content was determined. 

Enumeration of plant growth 

promoting rhizobacteria, viz. Azotobacter, 

fluorescent pseudomonas and phosphate-

solubilizing bacteria was undertaken using 

serial dilution plating method in sterile 

phosphate-buffered saline (PBS, 10 mM K2 

HPO4–KH2PO4, 0.14 M NaCl, pH 7.2) on 

selective medium, viz. plating on (Jensen, 

1954), King’s B agar medium (King et al., 

1954) supplemented with 80 mg g
-1

 of 

cycloheximide to suppress fungal growth 

(Araujo et al., 1996) and Pikovskaya’s 

medium (Pikovskaya, 1948). Plates were 

incubated at 27
o
C for 3 days, after which, 

bacterial colony forming units (CFUs) were 

enumerated. Confirmation of the fluorescent 

pseudomonas was on the basis of fluorescent 

pigment production ability, detected by 

exposing bacterial colonies to ultraviolet light 

(< 260 nm wavelength) for 1–2 sec. 

2.5 Statistical analysis 

The data were analyzed using Analysis of 

Variance (ANOVA) technique for split-plot 

design using MSTAT-C (Version 1.41, Crop 

and Soil Department, Michigan State 

University). The treatment means were 

compared at P < 0.05 level of probability 

using student t-test and working out LSD 

values. 

  

RESULTS 

3.1. FDA Analysis 

A significant decline in the FDA activity was 

observed from sowing to maturity of wheat in 

all cropping systems under tillage and residue-

management systems. The cropping systems 

exerted a differential influence on the soil-
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microbial activity at both stages as revealed by 

the FDA activity. At sowing, soil under maize 

and pigeonpea showed the highest FDA 

activities. While, under soybean and cotton the 

activity was the lowest (Table 3). The FDA 

hydrolysis followed the order maize–wheat = 

pigeonpea–wheat > groundnut–wheat > 

soybean–wheat = cotton–wheat. At maturity, 

the order was soybean–wheat > maize–wheat 

= groundnut–wheat = cotton–wheat > 

pigeonpea–wheat. On the other hand, higher 

FDA hydrolysis activity at sowing was 

recorded under ZT over CT not so at maturity. 

Under CT, the residue addition improved the 

FDA activity by 168 % and 62% at sowing 

and maturity, respectively. However, under 

ZT, the effect of residue addition was not 

pronounced at sowing. 

3.2. Dehydrogenase activity 

The DHA in soil samples varied significant by 

tillage and residue management in different 

crop sequences (Table 3). The highest and the 

lowest DHA was recorded in groundnut–wheat 

and cotton–wheat sequence at sowing and 

maturity, respectively. The decending order of 

DHA at sowing and maturity was groundnut–

wheat>soybean–wheat> pigeonpea–wheat > 

cotton–wheat > maize–wheat. Addition of crop 

residues significantly stimulated the DHA at 

sowing and maturity. The ZT+R supported the 

maximum DHA followed by CT+R, ZT–R and 

CT–R.  

3.3 Phosphatase activity 

Acid phosphatase (ACP) and alkaline 

phosphatase (ALP) activities were 

significantly influenced by the cropping 

system, tillage and residue management (Table 

3). At sowing, the highest ACP and ALP 

activity was recorded in groundnut–wheat and 

pigeonpea–wheat sequence. Interestingly, the 

lowest ALP activity was recorded under 

groundnut–wheat sequence. The rhizosphere 

of pigeonpea–wheat, and soybean–wheat 

registered lower ACP at sowing. Crop residues 

increased ACP activity by 19.9% under CT but 

reduced by 9.11% under ZT at sowing. At 

maturity the residue increased ACP activity by 

15.5% under CT and 10.5% under ZT. Residue 

addition also stimulated the ALP activity the 

effect being more pronounced under CT than 

ZT. There was a marginal increase in ALP 

under ZT with residue both at sowing and 

maturity.  

3.4 Urease and ß-glucosidase  

The urease activity in soil at wheat maturity 

was the highest than maize and the lowest after 

cotton (Table 4). At sowing ZT–R activity of 

urease was 28.3% higher than CT–R. A 

similar increase was obtained under ZT+R 

compared with CT+R. ß-glucosidase showed 

sharp decline from sowing to maturity in 

cotton and soybean. Further, maize, pigeonpea 

and groundnut were registerd the highest 

identical ß-glucosidase enzyme activity at 

sowing. Tillage and residue management had 

no effect on ß-glucosidase at sowing but at 

maturity, a positive stimulation under ZT 

(258%), and CT (34.8%) was observed on the 

residue application. 

3.5 Glomalin content 

Total extractable glomalin (TEG) content in 

the soil ranged from 2,497–2,923 μg g
-1

soil at 

sowing and 3,710–4,292 μg g
-1 

soil at maturity 

(Table 4). The TEG was identical after maize, 

pigeonpea and cotton, and were significantly 

higher than after soybean and groundnut. 

Addition of crop residues improved the TEG 

significantly under CT, while under ZT, the 

addition of crop residue resulted in a decrease 

of TEG by 7.12 and 8.71% at the germination 

and maturity stages respectively.  

3.6 Plant growth-promoting rhizobacteria 

(PGPR) 

The population of Azotobacter was the highest 

in soybean–wheat cropping system at the 

germination stage, but towards maturity, all 

the cropping systems recorded an identical 

population level (Table 5). Application of crop 

residues led to a decline in population under 

CT during germination stage, whereas a 

significant stimulation in the population of 

Azotobacter was recorded by application of 

crop residues under ZT during both the stages 

of soil sampling.  
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3.7 Phosphate-solubilizing bacteria (PSB) 

The significant differences were recorded 

among different cropping systems for PSB. 

The PSB counts ranged from 6.13 to 7.04 log 

cfu ml
-1

 in the different cropping systems. The 

highest PSB count was recorded under maize-

wheat and the lowest under soybean–wheat 

system at post-germination. However, the 

tillage and residue management did not exert 

effect on PSB populations. 

3.8 Fluorescent Pseudomonads 

Fluorescent Pseudomonas (FP) is known to 

exert biocontrol action against soil and root–

borne phytopathogens through release of anti-

microbials and siderophores. The FP activity 

at sowing was identical higher in pigeonpea 

and groundnut and lowest in maize. Crop-

specific effect was absent at maturity due to 

the diminished and chemically altered root 

exudates. The abundance of FP was noted 

under ZT than CT and residue addition.  

3.9 Soil respiration (SR) 

In absence of crop–residues CT and ZT were 

identical in terms of CO2 evolution at sowing, 

but at maturity ZT–R was significantly higher 

(18.7%) than CT–R. The residue resulted in a 

significant decline in SR activity at sowing of 

wheat possibly due to the immobilization of 

microbial biomass. The soil under CT–R and 

ZT–R evolved 42.2 and 12.0% more CO2 

evolution than CT+R and ZT+R, respectively. 

The treatment CT+R recorded 29.9% decrease 

in CO2 evolution at sowing and 15.3% 

increase of at maturity over CT–R. 

3.10 Soil microbial biomass carbon 

(SMBC) 

The SMBC content was in order: pigeonpea–

wheat > maize–wheat > soybean–wheat > 

cotton–wheat > groundnut-wheat (Table 6). 

The ZT soils consistently supported higher 

SMBC content than CT soils at germination 

(30.7%) and maturity (11.7%) stages of wheat 

crop. In the present study, SMBC in ZT with 

or without residue at germination and maturity 

stages of wheat was higher by 22.1%, 30.7% 

and 15.1%, 11.9%, respectively, than the 

corresponding CT treatments. Similar trend 

was observed in organic carbon content of soil 

with ZT having 23.9% higher content than CT 

soils. A highly significant interaction was 

observed between tillage, residue addition and 

crop rotations. The increase in SMBC 

following residue application was more 

pronounced (21.4%) in CT at germination, 

which declined (0.42%) at maturity. Residue 

addition was relatively less effective in ZT as 

an enhancement (13.4%) in SMBC content 

was recorded over ZT–R and a marginal 

stimulation was recorded at maturity.  

3.11 Metabolic quotient of soil micro-

biota  

A pronounced difference in the metabolic 

quotient was also seen among the different 

cropping systems at both sampling stages 

(Table 6).  Input of crop residues significantly 

reduced the metabolic quotient in the 2 tillage 

systems at the germination stage, but at the 

maturity, only ZT confirmed to this trend, 

which was minor. However, in CT plots 

receiving residue showed a pronounced gain in 

metabolic quotient. These differences may be 

due to accessibility to C substrates by 

microorganisms, changes in the metabolic 

rates and changes in microbial community 

composition. The soil under ZT+R and CT+R 

also may have a greater amount of larger 

aggregates, which protect microorganisms 

from adverse conditions. This has potentially 

important implications on climate change 

because less C is emitted from the soils 

receiving crop residues and more can be stored 

as soil organic matter. The elevated qCO2 

values detected in the crop residue amended 

conventional tilled soil at the harvest stage 

indicate less efficient microbial utilization of 

C. This indicates that the high qCO2 values are 

due to more available C for micro-biota of the 

r-strategy ecotype would thrive under such 

conditions. These respire more C per unit of 

degradable C than K strategies which are 

adapted to more complex C-utilization 

patterns. 
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DISCUSSIONS 

Continuous rice–wheat (RW) cropping in an 

area of 13.5 million ha with intensive tillage 

has resulted in over–exploitation of  resources, 

and decline of the factor productivity, loss of 

soil fertility and biodiversity, decline of 

resource–use efficiency etc. in the  Indo-

Gangetic plains (IGPs) of South Asia. This has 

led to unsustainability of agriculture in the 

region. Replacement of rice with less–water 

requiring crops such as soybean, pigeonpea, 

cotton, groundnut, maize etc. in rice–wheat 

system and identification of efficient strategies 

for tillage management could result in 

sustainable agriculture in IGP. Besides, 

replacement of a cereal–cereal system with a 

legume–cereal system may prove beneficial 

for long-term sustainability of the system. 

Thus, the paper focuses on the development 

and evaluation of sustainable management 

practices for crop production in semi-arid 

subtropical Indo-Gangetic plains. For a 

sustainable production system, soil with high 

levels of biological diversity and activity, 

internal nutrient cycling, and resilience to 

disturbance is a prerequisite. Tillage alters soil 

physical structure exposing more organic 

matter to microbial attack, while no-tillage 

practices stimulate the formation and 

stabilization of macro-aggregates (Behera & 

Sharma, 2011). This is an important 

mechanism for protection and maintenance of 

SOM. Crop rotations involving diverse crop 

sequences are beneficial in terms of 

maintenance and improvement of soil quality. 

Soil management involving no-tillage and crop 

rotations are important practices, which can 

reduce soil erosion, conserve organic matter 

and water, and stimulate microbial activity 

(Zhang et al., 2012). 

4.1. Crop Rotation 

There was an effect of crops on the PGPB 

abundance, total microbial biomass, and 

microbial activity. The identity of crop species 

also influenced microorganisms, with overall 

higher soil microbial biomass under 

pigeonpea–wheat crop rotation. Therefore, the 

observed response of microorganisms could be 

derived from plant specific differences in 

rhizodeposition or root architecture since they 

can affect the ratio of Cmic/Corg (Anderson & 

Domsch, 1989; & Insam et al., 1989). The 

SOC content varied among crop rotations with 

the highest SOC values recorded in groundnut 

–wheat and the lowest in pigeonpea–wheat. 

These results confirm the findings of 

Sombrero and de Benitos (2010) on the effect 

that nature of crop contributes to soil surface 

carbon storage. In general, crop rotation had 

positive effect on microbial parameters or 

SOM and this observation is in disagreement 

with those of Hungaria et al. (2009). 

4.2. Crop–residue addition  

In the present study, crop–residue addition 

resulted in significantly higher levels of soil 

microbal activity and biomass C than without 

crop residue in both ZT and CT. Residue 

incorporation had a pronounced effect on soil 

microbial activity as revealed by the FDA in 

CT at the two physiological stages of wheat 

but had an significant impact on FDA in ZT. 

This could be explained on the basis of 

difference in the SOC levels in CT–R and ZT-

R treatments. A significant gain in the FDA, 

dehydrogenase, acid and alkaline phosphatase, 

urease, TEG, soil organic carbon content was 

recorded under CT+R over CT–R at both 

stages of soil sampling. Zablotowicz et al. 

(2007) also reported similar observations in 

the CT, with a ryegrass cover crop.  A 

continuous, uniform supply of C from crop 

residues serves as an energy source for 

microorganisms, improves the abundance of 

the microbial populations (Govaerts et al., 

2008), and stimulate their activity (Martens et 

al., 1992). The impact of residue retention on 

SMBC was highly pronounced in CT, but 

relatively less effective in ZT at germination 

stage. This may be due to differences in the 

organic C content in the corresponding 

treatments. In the present study, significant 

gain in the soil organic carbon content 

following the addition of crop residue 

recorded, colloborates with confirm the 
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observation of Sombrero and Benito (2010). 

Influence of crop physiological stage was also 

apparent on the response of SMBC to residue 

retention.  

Residue retention promotes the 

microbial abundance compared to residue 

removal Govaerts et al. (2007) and Navarro-

Noya et al. (2013). The positive effect could 

be related to improved aggregate formation, 

leading to an increase in water and nutrient 

retention. This, in turn, increased the microbial 

biomass, and the stability and production of 

enzymes in soils.  

4.3 Soil enzymes 

Zero-till soils showed consistently higher 

values of FDA, DHA, urease and ALP 

compared to CT at sowing. The beneficial 

effect was done to higher SOC under ZT, 

which led to significantly higher enzyme 

activities compared with CT. Various workers 

have indicated that ZT and/or cover crop 

systems can alter enzymatic activity (Bandick 

& Dick, 1999), microbial biomass and 

microbial community structure (Singh et al., 

2011). The ACP declined from sowing to 

maturity but then was not the case with ALP 

activity.  This is because  major fraction of soil 

ACP are derived from plant roots, and as the 

crop reaches maturity, the roots becomes 

physiologically less active. The CT+R 

significantly improved the soil ACP and ALP 

activity over the CT–R due to higher substrate 

availability for the microflora. Zero tillage was 

found to support higher FDA hydrolysis in 

comparison to CT only at sowing, while at 

maturity, the CT supported higher FDA than 

ZT. These results indicate that a cropping 

system which includes residue application can 

increase overall biomass and micro-flora more 

effectively. The increase in DHA activity 

following residue incorporation ranged from 

63.4 - 113.8% under CT, and 54.7-122.6% 

under ZT from sowing to maturity. Assays of 

soil enzymes, revealed that residue 

incorporation supported the highest level of 

soil biological activity, the exception being 

FDA, urease and glucosidase activity at 

sowing under ZT. The lack of stimulation of 

the enzyme activity in ZT+R may be explained 

to a substrate concentration exceeding the 

optimum levels required for the maximum 

enzyme activity. The ZT supported 

significantly higher soil urease activity than 

CT due to higher substrate availability in ZT 

soils. Residue incorporation did not alter the 

urease and glucosidase enzyme activity at 

sowing due to immobilization of N and C. 

However, residue addition exerted beneficial 

effect at maturity of wheat Dick (1997) 

showed that amidase and urease activity 

decreased with increasing application of the 

end–product of the enzymatic reaction.  

Phospho-monoesterases catalyse the 

mineralization of soil organic P. Plant roots 

and microorganisms selectively release P from 

organic matter through the production of ester-

hydrolysing enzymes. An increase in the level 

of phosphatases reflects increased need of P 

and/or greater availability of organic substrate. 

The CT+R significantly improved the ACP 

and ALP activity over CT–R, indicating the 

beneficial response of the residue. The initial 

effect of residue on ACP under ZT may be due 

to possible feedback inhibition of enzyme by 

the excessive phosphate ions. Phosphatases are 

adaptive enzymes, and regulated by the 

amount of available P. At maturity, the ACP 

was significantly higher under ZT than CT, 

irrespective of residue application. Hence, this 

system can be advantageous under limited P 

conditions.  

Rainy season crops of maize, 

pigeonpea and groundnut followed by wheat 

supported identical ß-glucosidase enzyme 

activity at sowing. The soils under cotton–

wheat sequence showed the highest ß-

glucosidase activity. This indicates that there 

are qualities unique to each crop that 

influences activity of specific enzymes. The 

rhizosphere of legumes shows increased 

enzyme activity. Tillage and residue 

management had insignificant effect on the 

activity of ß-glucosidase at sowing.  
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The residue stimulated the activity under ZT 

by 258%, whereas it was only 35% under CT. 

Under Dornbush et al. (2007) reported that β-

glucosidase activity varied with environmental 

conditions and soil organic C substrate. Some 

cellulase complex enzymes respond to organic 

matter additions, while others are of a more 

constitutive nature, responding more to soil 

moisture and temperature (Dick, 1997). In this 

experiment, soil moisture was not limiting and 

the differences in β-glucosidase activity 

responded to changes in C availability of the 

system. Glycosidases are involved in C 

cycling by catalyzing decomposition and 

releasing energy from polysaccharides 

(Tabatabai, 1994). Crop residues supply labile 

C and P to soil, which can stimulate soil 

microbial  biomass, enzyme activities (Ebhin 

Masto et al., 2006) and CO2 evolution (Singh 

et al., 2011 ).   

Removal of crop residue resulted in a 

decline in soil microbial biomass over 

corresponding treatments retaining crop 

residue at both stages. Zero tillage maintained 

a higher SMB than CT as per report by 

Salinas–Garcia et al. (2002). Residue retention 

on the surface soil causes less fluctuation in 

moisture and temperature (Dahiya et al., 2007) 

and better soil aggregation (Six et al., 2000). 

By retaining residue, the OC accumulates in 

the topsoil and microbial substrates of 

different quality and quantity are provided. 

This affects the dynamics of soil C and 

nutrient cycling, inducing higher SMB. 

Generally, SMBC increases with amount and 

quality of organic C and total N, which are 

known effects of crop–residue application 

(Chu et al., 2007). In the present study, the 

magnitude of stimulation of SMB following 

residue addition under ZT declined towards 

crop maturity, whereas under CT, significant 

impact of residue addition was noted. The 

negative effect of residue removal was less 

accentuated under CT at maturity, possibly 

due to altered soil physical and chemical 

properties. In crop rotations under ZT, the 

residues from several different crops in 

preceding years result in a greater diversity of 

substrates than in tilled soils where litter does 

not accumulate. The mixing action of tillage 

disperses patches of crop residues and soil 

microorganisms into a relatively uniform 

mixture. Our study was in subtropical setting 

where soils remain warm for a long or part of 

the year, which facilitates high rates of 

decomposition and mineralization, reducing 

the potential to build-up organic matter. The 

results indicate that the turnover of C and N in 

the microbial communities was rapid 

(Hungaria et al., 2009).   

4.4 Dehydrogenase activity 

A comparison of tillage methods revealed that 

ZT favoured soil microbial activity as assayed 

by DHA over CT, irrespective of residue 

application. Sharma et al. (2011) attributed the 

greater DHA under ZT to enhanced 

sequestering of soil C. The high DHA under 

ZT could be owing to its higher bulk density 

and compaction, which decreased air-filled 

macroporosity, resulting in deficient aeration 

and consequently low redox conditions of the 

soil. Riffaldi et al. (2002) reported negative 

correlation between DHA and soil aeration. 

Unlike FDA, the stimulation of DHA by 

residue addition was observed from sowing to 

maturity due to degradation of residues and 

accompanying physico-chemical changes in 

the soil. Further, occurrence of higher fungal 

population (Doran, 1980), which rapidly 

colonize and degrade the crop residues, led to 

release of easily assimilizable C favouring 

microbial dehydrogenases. The observed 

differential stimulation of microbial population 

under different crops may be attributed to 

chemical composition of the root exudates, 

which exert a significant influence on soil 

micro–flora (Singh & Mukerji, 2006).  Thus, 

above–ground plant species regulate quantity 

and quality of C resources, resulting in 

different microbial assemblages in agro-

ecosystems (Ladygina & Hedlund, 2010). 

These differences in the rhizodeposition 

accounted for the observed varieties in soil 

enzymes, MBC, glomalin and SOC.  
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Total extractable glomalin was identical in 

wheat following maize, pigeonpea and cotton, 

but significantly higher than following 

soybean and groundnut. The differences in the 

TEG as influenced by the plant species 

highlight the possibility of a linkage between 

the species composition and soil C storage 

(Rillig et al., 2002). The inclusion of different 

crop species in rotation with wheat contributed 

differently to glomalin production, which is 

responsible for soil aggregation and C 

sequestration. The TEG was significantly 

higher under ZT–R than CT confirming the 

findings of Helgason et al. (2010), due to 

negative effect of tillage on AM fungal 

mycelia (Castillo et al., 2006). Tillage abrades 

the mycelial network due to mechanical 

breakdown of macro-aggregates (Curaqueo et 

al., 2011) and consequently the production of 

glomalin (Borie et al., 2006). Incorporation of 

crop residues stimulated TEG content of soil 

under CT (Ngosong et al., 2010). Residue 

retention under ZT significantly reduced the 

TEG due to accumulation of soil organic 

matter above a threshold. Borie et al. (2006), 

reported higher glomalin concentrations under 

ZT and reduced tillage in comparison to CT 

with stubble. Soil compaction as encountered 

under the ZT may also adversely affect the 

AMF population. Moreover, glycoprotein and 

glomalin production are fungus controlled (not 

constitutive), and responsive to environmental 

factors (Rillig & Steinberg, 2002). Soil 

glomalin concentration was positively 

correlated with the occurrence of AMF (Rillig 

et al., 2004) and inorganic C, pH, and total C. 

Nutrient-rich soils are unfavorable for AMF 

population. This indicates that the AMF 

population is not favoured beyond a certain 

threshold level of SOM. Higher values of TEG 

were recorded at maturity in comparison to the 

sowing. The observed gain in the 2 fractions of 

glomalin from sowing to maturity can be 

explained on the basis that the glycoprotein is 

derived from the hyphae of AMF which are 

symbiotically associated with the plant roots. 

As the plant grows the increase in plant 

photosynthates in the roots resulting in 

proliferation of AMF hyphae and synthesis of 

higher amounts of glycoprotein. 

        Application of crop residue had positive 

influence on SOC and SMBC. Soil C storage 

and CO2 emission responded differently to the 

tillage system. The initial lowering effect of 

residue under CO2 emissions at sowing was 

absent at the maturity. Where as a reverse 

trend was noticed in CT. As the wheat crop 

proceeded towards maturity, the easily 

mineralizable C substrate was depleted and the 

treatments CT+R, ZT+R and ZT–R showed 

level of CO2 emission which was significantly 

higher than CT–R. This led to the lowest SOC 

and SMBC in the soil under CT-R. Soil 

respiration is related to C availability in the 

biomass, and the greater amount of CO2-C is 

generated at the upper layer of ZT soil than CT 

soil because of greater population and activity 

of soil microorganisms (Gajda & Przewoka, 

2012). In our study, the SMBC at maturity of 

wheat was in order ZT+R> ZT-R > CT+R = 

CT–R, and the SOC content was in order: 

ZT+R > ZT–R > CT+R = CT–R. This 

variation can be explained on the basis of the 

lack of stratification of C in the soil profile 

under CT conditions. The impact of the 

residue addition was not visible as (ZT–R), 

(ZT+R) and CT+R were at par for CO2 release, 

and significantly higher than CT–R. The low 

value of CO2 emission under CT–R at maturity 

was due to the low SOC and SMBC. The CO2 

evolution increased from sowing to maturity of 

wheat due to increase in ambient temperature. 

A moisture has been reported by several 

researchers (Allison, 2005; Curie l yuste et al., 

2007; & Dorodnikov et al., 2009). Groundnut–

wheat recorded the lowest soil respiration and 

the corresponding value of the SMBC was also 

low. Incorporation of crop residues 

significantly improved SOC and reduced CO2 

emission and thus contributed to soil C 

sequestration in different crop rotations.
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Table 1: Physico-chemical characteristics of initial soil of the experimental site 

Sl. No. Soil characteristics 0-15 cm 15-30 cm Method followed 

1. Mechanical composition (%)   

Bouyoucos (1962) 

Sand % (2.0-0.05 mm) 55.6 55.4 

Silt % (0.05-0.002 mm) 26 26 

Clay % (0.002 mm) 18.4 18.6 

Texture Sandy loam Sandy loam 

2. pH (1:2.5) 7.5 7.9  Jackson (1973) 

3. EC (1:2.5) (dSm-1) 0.35 0.31   Jackson (1980) 

4. Soil CEC [C mol (P+) kg-1] 10.4 9.8   Jackson (1980) 

5. Soil organic carbon (%) 0.48 0.32 Walkley and Black (1934) 

6. Available soil N (kg ha-1) 194 178 Subbiah and Asija (1956) 

7. Available soil P (kg ha-1) 9.9 5.5 Olsen et al. (1954),  

8. Total soil P (kg ha-1) 1407 824 Walker and Adams (1958) 

9. Inorganic soil P (kg ha-1) 870 580 Walker and Adams (1958) 

10. Organic soil P (kg ha-1) 537 244 Walker and Adams (1958) 

11. Available soil K (kg ha-1) 186 147 Hanway and Heidel (1952) 

12. Available soil S (kg ha-1) 16.8 39.2 Chesnin and Yien (1950) 

13. Available soil micronutrients (μg/g) 
   

Mn 7.19 3.95 

Lindsay and Norvell (1978) 

 

Fe 1.80 1.70 

Zn 0.83 0.36 

Cu 0.50 0.31 

 

Table 2: Chemical composition of different crop residues used in the field experiment 

Crop residues 
Nutrient content (%) 

C N P K S C:N C:P 

Wheat 44 0.51 0.07 1.48 0.21 86 628 

Pigeonpea 42 1.26 0.09 0.41 0.26 33 466 

Groundnut 41 1.92 0.20 0.83 0.25 21 205 

Maize 43 0.81 0.13 0.88 0.22 53 330 

Soybean 39 1.27 0.25 0.66 0.27 31 156 

Cotton 42 0.50 0.21 1.67 0.24 84 200 

 

Table 3: Soil biological parameters in wheat at germination and maturity stage as influenced by cropping 

systems,tillage and residue management after 5
th

 cropping cycle 

Treatment 
FDA 

(mg kg-1 soil h-1) 

Dehydrogenase (µg TPF g-1 

soil  24 h-1) 

Acid-phosphatase 

(µg PNP g-1 h-1) 

Alkali-phosphatase 

(µg PNP g-1 h-1) 

Cropping systems Germination Maturity Germination Maturity Germination Maturity Germination Maturity 

Maize 1.40 0.405 8.8 4.27 291.2 122.5 252.3 276.0 

Pigeonpea 1.38 0.297 12.0 2.22 251.9 128.0 301.9 296.4 

Soybean 0.92 0.743 15.7 4.05 251.5 127.4 265.0 295.4 

Groundnut 1.05 0.398 25.4 7.96 304.4 100.2 245.2 269.5 

Cotton 0.84 0.380 10.4 1.34 268.2 147.5 271.3 274.5 

SEm+ 0.036 0.013 0.25 0.283 2.84 1.67 1.17 1.92 

CD (P=0.05) 0.118 0.043 0.81 0.922 9.25 5.45 3.79 6.25 

Tillage and residue 

management 

        

CT–R 0.32 0.458 9.4 2.26 250.4 103.5 251.9 263.0 

CT+R 0.86 0.741 15.3 4.84 300.4 119.6 309.9 272.6 

ZT–R 1.60 0.289 13.0 2.72 284.4 131.8 248.3 296.0 

ZT+R 1.70 0.290 20.1 6.06 258.6 145.6 258.4 297.8 

SEm+ 0.039 0.014 0.24 0.263 1.71 1.53 1.13 2.05 

CD (P=0.05) 0.113 0.040 0.69 0.759 4.92 4.41 3.27 5.92 
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Table 4: Soil biological parameters in wheat at germination and maturity stage as influenced by cropping 

systems, tillage and residue management after 5
th

 cropping cycle 
Treatment Urease 

(µg PNP g-1 h-1) 

B- Glucosidase 

(µg PNP g-1 h-1) 

Total  extractable Glomalin content 

(µg g-1 soil) 

pH 

Cropping systems Germination Maturity Germination Maturity Germination Maturity Germination Maturity 

Maize 1300 1312 72.0 4.32 2832 4156 7.30 7.77 

Pigeonpea 1339 1137 75.5 5.14 2868 4283 7.28 7.85 

Soybean 1299 1166 77.2 3.48 2497 3710 7.38 7.63 

Groundnut 1360 1117 73.8 4.42 2569 3743 7.20 7.57 

Cotton 1287 1103 78.3 9.49 2868 4153 7.23 7.73 

SEm+ 31.66 2.565 1.28 0.75 16.83 3.9 0.084 0.115 

CD (P=0.05) NS 8.364 4.17 2.45 55.00 12.8 NS NS 

Tillage and residue management         

CT–R 1167 1068 75.0 4.24 2535 3822 7.28 7.75 

CT+R 1141 1101 76.6 5.71 2734 4003 7.28 7.76 

ZT–R 1497 1220 76.5 2.52 2924 4292 7.36 7.47 

ZT+R 1463 1279 73.4 9.02 2716 3919 7.18 7.84 

SEm+ 20.57 2.069 1.34 0.435 21. 97 4.3 0.055 0.073 

CD (P=0.05) 59.38 5.973 NS 1.255 63.44 12.35 NS NS 

 

Table 5: Plant growth promoting bacterial groups in wheat at germination and maturity stage as 

influenced by cropping systems, tillage and residue management after 5
th

 cropping cycle 

Treatment 
Azotobacter 

(log cfu g-1dry weight of soil) 

Phosphate solubilizing bacteria 

(log cfu g-1 dry weight of soil) 

Fluorescent pseudomonas   

(log cfu g-1 dry weight of soil) 

Preceding crops Germination Maturity Germination Maturity  Germination Maturity 

Maize 3.96 3.89 6.62 6.94 5.60 7.75 

Pigeonpea 3.80 3.80 6.38 6.85 6.67 7.78 

Soybean 4.04 3.71 6.08 7.01 6.17 7.473 

Groundnut 3.48 3.38 6.45 6.57 6.62 7.47 

Cotton 3.26 3.74 6.44 6.25 6.31 7.75 

SEm+ 0.070 0.180 0.075 0.087 0.099 0.164 

CD (P=0.05) 0.227 0.588 0.245 0.284 0.322 NS 

Tillage and residue management       

CT–R 3.92 3.69 6.41 6.78 6.74 6.86 

CT+R 3.48 3.78 6.13 6.73 6.90 7.19 

ZT–R 3.40 3.42 6.58 6.63 5.74 7.56 

ZT+R 4.04 3.92 6.45 6.75 5.72 8. 97 

SEm+ 0.095 0.091 0.135 0.09 0.132 0.095 

CD (P=0.05) 0.275 0.262 NS 0.259 0.382 0.274 

 

Table 6: Soil biological parameters in wheat at germination and maturity stage as influenced by cropping 

systems, tillage and residue management after 5
th

 cropping cycle 

Treatment 
Organic 

C (%) 

Microbial C biomass 

(µg g-1 dry weight of soil) 

Soil respiration 

(mg CO2 1000 g-1  soil week-1) 

Metabolic quotient 

(q CO2 ) 

(µg CO2
-C µg-1 biomass C h-1 x10-3) 

Preceding crops Maturity Germination Maturity Germination Maturity Germination Maturity 

Maize 0.54 553.3 432.9 16.2 22.0 1.74 3.02 

Pigeonpea 0.51 667.9 532.5 17.8 25.5 1.58 2.85 

Soybean 0.52 508.6 425.4 17.7 22.1 2.07 3.09 

Groundnut 0.59 454.8 333.6 15.2 24.0 1.99 4.20 

Cotton 0.54 491.3 457.2 18.2 25.1 2.20 3.27 

SEm+ 0.050 1.01 0.95 0.55 0.25   

CD (P=0.05) 0.163 2.90 3.08 1.79 0.81   

Tillage and residue management        

CT–R 0.46 427.9 426.7 19.4 20.9 2.70 2.91 

CT+R 0.50 519.4 428.5 13.6 24.1 1.56 3.35 

ZT–R 0.57 559.2 477.0 18.5 24.8 1.96 3.09 

ZT+R 0.62 634.1 493.0 16.5 25.1 1.54 3.03 

SEm+ 0.032 1.05 0.60 0.35 0.47   

CD (P=0.05) 0.094 3.05 1.74 1.02 1.36   

 

CONCLUSION 

Conservation agriculture-land involving new 

tillage with retention of crop residues proved 

to be an effective management practice 

improving soil microbial parameters in wheat-

based cropping system. Further, residue 

retention is not beneficial for improving the 

glomalin content in conventional tillage, 

thereby it is   an option to improve soil fertility 

and helps in carbon sequestration in semi–arid 

subtropical soils, under zero till wheat–based 

cropping systems.   
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