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Introduction 
Rice–wheat cropping system is one of the important and most prevalent 
agricultural practices in India as well as regions of the world. Rice-wheat cropping 
system occupies about 11 M ha area in India. [1]. Generally is rice grown under 
wetland condition which destroys the soil structure and creates poor physical 
condition for the following wheat crop and as a consequence there is decline in 
wheat yield presumably by limiting root growth and their distribution [2,3]. Intensive 
tillage also causes excessive breakdown of aggregates and leading to soil 
erosion. Besides this, carbon loss occurs from soil to atmosphere as CO2 due to 
faster decomposition of crop residues on account of build up of congenial 
conditions and ultimately helping in global warming. Suitable soil management 
through conservation tillage, high crop residue return and inclusion of legume crop 
in summer increase soil organic carbon, decrease soil bulk density and increase 
soil porosity or if used as mulch, the residue can modify soil temperature, which 
enhance soil microbial population [4,5]. Increased organic matter improves soil 
aggregation, moisture conservation, porosity, pore size and bulk density [6]. Bulk 
density varies with management as well as with inherent soil qualities. Zero tillage 
significantly increases bulk density of soil as compare to conventional tillage.  Soil 
aeration is important for both agricultural and environmental functions of soil. Plant 
roots and soil fauna require oxygen and aerobic microbs are important 
decomposers. In conservation tillage system (zero or reduced tillage) microbial 
biomass and its diversity are usually greater than conventional tillage [7]. On 
adoption of conservation tillage, application of herbicides has become

 
unavoidable. Herbicides also effect the soil microbial population and enzymes, 
which are essential part of the soil system. Microbes perform essential role in soil 
and act as marker of soil health and quality. Many other workers also reported 
adverse effects of herbicides on soil micro organisms [8,9]. Dehydrogenase 
enzyme is associated with oxidation-reduction processes occurring in soil. The 
effect of herbicides on soil enzymatic activity is a key feather, which describes the 
potential toxicity of herbicide in soil [10]. Generally, herbicides are not harmful 
when applied at recommended rates, but some reports showed that herbicidal 
application may have adverse effect on bacterial population [11,12].  
The ill effects of herbicide on non target organisms may reduce some important 
functions in the soil such as decomposition of organic matter, nitrogen fixation and 
solubilization of phosphate which improve the soil health, plant growth and in turn 
crop productivity. Some herbicides may even stimulate the growth and activities of 
the soil microflora. Most of the studies, which were focused only on effects of 
application of herbicides on soil microbial population and their activity for a short 
period, may not provide a realistic evaluation of such effects in cyclic application of 
herbicides in different cropping systems.  
Since, the information on impact of tillage and weed management practices on soil 
properties in rice-wheat-mung bean cropping system is very meagre for this 
region. Hence, forth, the present investigation entitled on impact of conservation 
tillage and weed management practices on soil properties in rice-wheat- mung 
bean cropping system was proposed. 
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Abstract- A field experiment was conducted during 2014-15 and 2015-16 at DWR, Jabalpur (M.P.) to assess the impacts of conservation agriculture and weed control 
measures on soil physical and biological properties under rice-wheat-mungbean cropping system in vertisols. The experiment consisted of fifteen treatments comprising 
of, five tillage as main-plot treatments and three weed control measures as sub plot treatments were, laid out in split plot design with three replications. Among the 
tillage treatments, maximum bulk density was found in transplanted rice-conventional tilled wheat (1.41 g/cc) followed  by  zero tillage in rice -wheat -mungbean without 
presence of previous crop residues (1.40 g/cc) after the second year of experiment. Maximum porosity (47.81 %) was observed in conventional tillage in both rice and  
wheat with zero tillage in mungbean with presence of previous crop residues. However, weed control measures did not affect the bulk density and porosity of soil. Zero 
tillage in rice-wheat-mungbean with previous crop residues had higher population of total bacterial (14.43 and 29.12 x 106 cfu/g first and second year respectively), and, 
fungal, (10.20 and 18.89 x 104 cfu/g, first and second year respectively) actinomycetes (9.23 and 14.08 x103 cfu/g first and second year respectively) and 
dehydrogenase (20.74 and 26.03  µg TPF/ soil/2hr, first and second year respectively) activity during both years. Whereas, ma ximum population of bacteria, fungus, 
actinomycetes and dehydrogenase activity (15.90 and 28.63 x 106 cfu/g, 9.46 and 21.55 x 104 cfu/g, 11.10 and 14.48 x103 cfu/g and 25.05 and 35.99  µg TPF/ soil/2hr, 
first and second year respectively) was found in weedy plots. 
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Materials and Methods  
The field experiment was conducted during 2014-15 and 2015-16 at Directorate of 
Weed Research, Jabalpur (M.P.). The experiment was consisted of Fifteen 
treatments comprising of five tillage as main-plot treatments (T1- conventional 
tillage in rice + susbania - conventional tillage in wheat - zero tillage in mungbean, 
T2- conventional tillage in rice +susbania + previous crop residues – conventional 
tillage- + rice residues in wheat-zero tillage in mungbean, T3- zero tillage in rice + 
susbania - zero tillage in wheat - zero tillage in mungbean, T4- zero tillage in rice + 
susbania + previous crop residues - zero tillage + rice residue in wheat - zero 
tillage in mungbean, T5- transplanted rice - conventional tillage in wheat) and three 
weed control as sub plot treatments (W1- weedy check, W2- application of  
bispyribac 25g/ha in rice and application of tank mix solution of clodinafop 60 g/ha 
and sulfosulfuron 25g/ha in wheat as post emergence (in both the years) and W3- 
application of chlorimuron + metsulfuron-methyl 4.0g ready mix /ha (post 
emergence) during 2014 and bispyribac 25g/ha (post emergence) in 2015 in rice 
and application of  clodinafop 60 g/ha+2, 4-D 0.5kg/ha (post emergence) during 
2014-15 and mesosulfuron 3% + iodosulfuron methyl 0.6%@12+2.4g/ha (post 
emergence) during 2015-16 in wheat, were laid out in split plot design with three 
replications. The soil of site had a clay loam texture in the 0–15 cm surface layer 
and a clay texture in the 15–75 cm depth with 7.3 pH, EC 0.22 dSm-1, 0.54% 
organic carbon, available nitrogen (238 kg/ha), phosphorus (16.5 kg/ha) and 
potassium (342kg/ha). 
 
Estimation of soil bulk density  
Soil bulk density was measured by using a core sampler, before start of 
experiment and after the completion of each crop cycle during both the years of 
the experiment. Three cores were collected from each plot, and bulk density was 
determined using slandered method. [13]. 
 

Bulk density (g/cc )   =  Oven dry weight of soil ÷ Volume of core 
 
Estimation of soil porosity 
Soil porosity was measured by using the value of specific gravity of the soil and it 
is obtained by using slandered method of pycnometric determination [13].  
 
Soil porosity %=                 p.d.- b.d.   x100 
                  p.d.  
 
Enumeration of microorganisms 
The soil samples were collected from 0-15cm surface soil in all the plots before 
the start of experiment and at the end of the each crop cycle. The soil samples 

were soaked into 90 ml de-ionized water at the rate of 10 g, later this mixture was 
shaken for 10 minute and kept for 5 minute. Thereafter, 1ml of the supernatant 
was diluted twice and inoculated in the diluted water at the constant temperature 
of 30ºC. All samples were performed in triplicate, and were used for enumeration 
of microorganisms. The microbial counts were analyzed with the standard 
technique of Serial dilution and dour plating. Enumeration of total soil bacteria and 
fungi was carried out in soil extract agar medium (14) and Rose Bengal Agar 
medium [15] respectively. The Kenknight’s Agar medium [16] was used for 
enumeration of actinomycetes. After allowing for development of discrete bacterial 
and fungal colonies in incubator under suitable conditions, the colonies were 
counted and the number of total bacteria, fungi and actinomycetes were 
expressed as colony forming units (cfu)] per gram dry weight of soil.  
 
Estimation of dehydrogenase activity 
The method is based on the reduction of 2,3,5- triphenyltetrazolium chloride (TTC) 
to triphenyl formazon (TPF). Each soil sample was treated with 0.1 g of CaCO3 

and 1 ml of 0.18 mm aqueous solutions of TTC and   incubated for 24 hours at 30 
oC. The TPF formed was extracted with methanol from the reaction mixture and 
assayed at 485 nm in spectrophotometer [17]. 
 
Results  
Effect of tillage 
Changes in soil physical property 
The changes in physical soil properties like bulk density and porosity as affected 
by different tillage and weed control measures over initial status during 2014-15 
and 2015-16 are given in [Table-1]. It is obvious from the data that bulk density of 
soil was almost unchanged under different tillage treatments after first year of the 
field experiment. Further, maximum bulk density (1.41 g/cc) was found in 
transplanted rice-conventional tilled wheat followed by zero tillage in both rice, 
wheat and mungbean without presence of previous crop residues (1.40 g/cc) after 
second year of field experiment. However, the lowest bulk density (1.34 g/cc) was 
found in conventional tillage in both rice, wheat and zero tillage in mungbean with 
presence of previous crop residues. The porosity of the soil was almost 
unchanged from the initial status under different treatments after first year of field 
experiment. But after the end of second year of crop cycle notable change was 
observed. Maximum porosity (48.81 %) was observed in conventional tillage in 
both rice and wheat and zero tillage in mungbean with presence of previous crop 
residues followed by conventional tillage in both rice and wheat and zero tillage in 
mungbean without presence of previous crop residues (48.78 %). Minimum soil 
porosity (46.62 %) was observed in transplanted rice with conventional tilled 
wheat. 

 
Table-1 Impact of different tillage and weed management practices on bulk density and porosity of the soil  

Tillage treatment 

Bulk density (g/cc) Porosity % 

Initial 
(2014) 

Ist year 
(2015) 

IInd year 
(2016) 

Initial 
(2014) 

Ist year 
(2015) 

IInd year 
(2016) 

CT (DSR)+S-CT(Wheat)-ZT (Mungbean) 1.37 1.38 1.36 47.48 47.78 47.57 

CT (DSR) +R+S-CT+R(Wheat)-ZT (Mungbean) 
1.36 1.35 1.34 47.59 47.81 48.78 

ZT (DSR)+S-ZT(Wheat)-ZT (Mungbean) 1.37 1.37 1.40 47.49 47.38 47.18 

ZT (DSR) +R+S-ZT+R(Wheat)-ZT (Mungbean)+R 1.365 1.36 1.38 47.48 47.57 47.81 

CT(TPR)-CT(Wheat) 1.37 1.39 1.41 47.46 47.48 46.62 

SEm± 0.02 0.02 0.006 0.04 0.17 0.02 
LSD (P= 0.05) NS NS 0.020 NS NS 0.09 

Weed control measures 

Weedy check 1.37 1.37 1.38 47.44 47.45 47.53 

Continuous use of same herbicides 1.36 1.37 1.37 47.47 47.58 47.51 
Herbicides rotation 1.36 1.37 1.38 47.71 47.50 47.34 
SEm± 0.01 0.01 0.005 0.03 0.09 0.02 
CD NS NS NS NS NS NS 

 
Changes in Soil biological properties 
Data pertaining to initial status of different biological properties of soil viz., total 
bacterial, fungal, actinomycetes population and dehydrogenase activity were 

recorded at the time of start of the present investigation during Kharif 2014-15. 
Thus, initial data on these parameters were recorded first time during the start of 
Kharif season 2014-15. Data on these parameters as affected by varying 
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treatments are given in [Table-2]. It is evident from the said data that different 
biological properties deviate much over their initial status due to different tillage 
and weed control measures in rice-wheat-mungbean cropping system. The 
bacterial population was non-significant at the start of the experiment. Whereas, 
significantly higher bacterial population (14.43 and 29.12 x 106 cfu/g in first and 
second year, respectively) was found when zero tillage was done in rice, wheat 
and mungbean in presence of residues of preceding crop followed by zero tillage 
in rice, wheat and mungbean without presence of residues of preceding crop 
(13.91 and 27.13 x 106 cfu/g in first and second year, respectively). However, 

minimum total bacterial population (11.20 and 23.35 x 106 cfu/g in first and second 
year, respectively) was observed in transplanted rice with zero tilled wheat. 
Similarly, maximum population of fungi (10.20 and 18.89x 104 cfu/g  in first and 
second year, respectively) was observed in plots receiving zero tillage in both crop 
components in presence of residues of preceding crop , followed by zero tillage in 
rice, wheat and mungbean without presence of residues of preceding crop, (9.89 
and 17.24 x 104 cfu/g first and second year, respectively). Whereas, minimum 
population of bacteria (6.84 and 12.06 x 104 cfu/g in first and second year, 
respectively) was observed in transplanted rice with conventional tilled wheat. 

 
Table-2 Impact of different tillage and weed management practices on total bactirial and fungal population of the soil  

Tillage treatment 

Total Bacteria 
(106 cfu/g dry weight of soil) 

Total Fungi 
(104 cfu/g dry weight of soil) 

Initial 
(2014) 

Ist year 
(2015) 

IInd year 
(2016) 

Initial 
(2014) 

Ist year 
(2015) 

IInd year 
(2016) 

CT (DSR)+S-CT(Wheat)-ZT (Mungbean) 11.50 11.20 24.36 7.39 7.87 12.76 

CT (DSR) +R+S-CT+R(Wheat)-ZT (Mungbean) 11.53 12.53 26.00 7.41 8.47 17.02 

ZT (DSR)+S-ZT(Wheat)-ZT (Mungbean) 11.62 13.91 27.13 7.47 9.89 17.24 

ZT (DSR) +R+S-ZT+R(Wheat)-ZT (Mungbean)+R 11.67 14.43 29.12 7.51 10.20 18.89 

CT(TPR)-CT(Wheat) 11.29 11.36 23.35 7.16 6.84 12.06 
SEm± 0.26 0.41 0.41 0.29 0.38 0.40 
LSD (P= 0.05) NS 1.34 1.34 NS 1.09 1.41 

Weed control measures       

weedy check 11.73 15.90 28.63 7.66 9.46 15.50 

Continuous use of same herbicides 11.43 13.01 25.07 7.36 8.66 13.18 

Herbicides rotation 11.40 9.07 20.40 7.14 7.24 7.21 

SEm± 0.15 0.35 0.63 0.29 0.20 0.21 

LSD (P=0.05) NS 1.04 1.87 NS 0.63 0.67 

 
The actinomycetes population was non-significant at the start of the experiment. 
However, significantly higher population (9.23 and 14.08x 103 cfu/g in first and 
second year, respectively) was found in plots receiving zero tillage in both crop 
components in presence of residues of preceding crop during both the years, 
followed by zero tillage in rice, wheat and mungbean without presence of residues 
of preceding crop, (9.04 and 13.52 x 103 cfu/g  in first and second year, 
respectively). Whereas, minimum population of actinomycetes (6.73 and 9.11 x 
103 cfu/g in first and second year, respectively) was observe in transplanted rice 
with conventional tilled wheat.  

Dehydrogenase activity (26.03 and 39.76 µg TPF/ soil/2hr in first and second 
year, respectively) was more when zero tillage was done in both crop components 
in presence of residues of preceding crop followed by zero tillage in rice , wheat 
and mungbean without presence of residues of preceding crop (25.59 and 35.76 
µg TPF/ soil/2hr in first and second year, respectively). However, the minimum 
dehydrogenase activity was observed under transplanted rice- conventional tillage 
in wheat during end of the experiment (22.57 and 31.30 µg TPF/ soil/2hr in first 
and second year, respectively) [Table-3; and Plate-3].  

 
Table-3 Impact of conservation tillage on actinomycetes population and dehydrogenase activity  

Tillage treatment 

Actinomycetes 
(103 cfu/g dry weight of soil) 

Dehydrogenase activity (µg TPF/ 
soil/2hr) 

Initial 
(2014) 

Ist year 
(2015) 

IInd year 
(2016) 

Initial 
(2014) 

Ist year 
(2015) 

IInd year 
(2016) 

CT (DSR)+S-CT(Wheat)-ZT (Mungbean) 3.43 7.22 11.00 20.73 23.47 32.05 

CT (DSR) +R+S-CT+R(Wheat)-ZT (Mungbean) 3.51 8.35 11.38 20.55 24.66 34.63 

ZT (DSR)+S-ZT(Wheat)-ZT (Mungbean) 3.59 9.04 13.52 20.48 25.59 35.76 

ZT (DSR) +R+S-ZT+R(Wheat)-ZT (Mungbean)+R 3.65 9.23 14.08 20.74 26.03 39.76 

CT(TPR)-CT(Wheat) 3.21 6.73 9.11 20.72 22.57 31.30 

SEm± 0.22 0.28 0.37 0.77 0.55 0.27 
LSD (P= 0.05) NS 0.82 1.19 NS 1.79 0.87 

Weed control measure 

Weedy check 3.39 11.10 14.48 21.17 25.05 35.99 

Continuous use of same herbicides 3.49 7.83 11.88 20.55 24.28 34.71 

Herbicides rotation 3.55 5.42 9.10 20.22 24.06 33.39 

SEm± 0.26 0.24 0.36 0.39 0.37 0.33 

LSD (P=0.05) NS 0.79 1.06 NS 1.09 0.97 

 
Weed management practices 
Changes in soil physical property 
It is obvious from the data presented in [Table-1] that bulk density and soil porosity 
were remain unchanged due to the different weed control measures in both the 

crop cycle over the initial status. 
 
Changes in Soil biological properties 
Weed management practices significantly affect the soil microbial population and 



International Journal of Agriculture Sciences 
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 53, 2016 

 || Bioinfo Publications || 2694 

 

Impact of Conservation Agriculture and Weed Control Measures on Soil Physical and Biological Properties under Rice– Wheat-Mungbean Cropping System in Vertisols 
 
dehydrogenase activity during end of the field experimentation. Maximum 
population of bacteria, fungus, actinomycetes and dehydrogenase activity (15.90 
and 28.63 x 106 cfu/g, 9.46 and 21.55 x 104 cfu/g, 11.10 and 14.48 x103 cfu/g and 
25.05 and 35.99  µg TPF/ soil/2hr, first and second year respectively) was found 
in weedy plots. Minimum population of  bacteria, fungus, actinomycetes and 
dehydrogenase activity (9.07 and 20.40 x 106 cfu/g, 7.24 and 7.57 x 104 cfu/g, 
5.42 and 9.10x103 cfu/g and 24.06 and 33.39µg TPF/ soil/2hr, first and second 
year respectively) was found with application chlorimuron +metsulfuron-methyl  4 
g/ha (post emergence) in first year and   bispyribac 25g/ha next year in rice and 
clodinafop 60 g/ha+2,4-D 0.5kg/ha (post emergence )in first year and 
mesosulfuron 3%+ iodosulfuron methyl 0.6% @ 12+2.4g/ha (Atlantis 400g/ha) in 
next year in wheat as post emergence.  

 
Plate-1 Total bacterial population as affected by different tillage and weed control 
practices 

 Plate-2 Total Fungal population as affected by different tillage and weed control 
practices     

Plate -3 Actenomycetes population as affected by different tillage and weed 
control practices 

 
Discussion 
Tillage had greater impacts on soil bulk density than residue retention and all plots 
that received residues had lower bulk density. The reason for lower bulk density 
under conventional tillage in the surface soil layer due to loosening of soil by 
tillage and the incorporation of crop residues into the plough layer of soil [18]. In 
the succeeding year, porosity was increased in all the tillage treatments specially 
plots those receiving privies crop residues either in zero tillage as well as in 
conventional tillage. This might be due to porosity of soil inversely related to the 
bulk density and found strong negative correlation between porosity and bulk 
density [19]. Maximum bacterial population under zero tillage in both the crop 
components in presence of residues of preceding crop also caused by more 
accumulation of organic matter on the soil surface and as a consequence 
increased the abundance of microbial population particularly bacteria [20]. On the 
contrary, reverse was true in case of transplanted rice-conventional tilled wheat 
because conventional tillage was done in both the crops without previous crops 
residues and whatever the quantity of crop residues left over after harvesting of 
the preceding crop, was incorporated in the soil during tillage and later 
decomposed by the organism. Henceforth, the bacterial population was less under 
conventional tillage to both the crop components [21]. Higher population of total 
fungus in zero tillage might be due minimum disturbance of soil in zero tillage 
provides a steady source of organic carbon to support the microbial population 
specially growth of fungal community compared to conventional tillage and less 
disturbance of soil favours formation and stabilization of macro aggregates to 
improve and protect habitat for microbial population  [22]. Presence of residues of 
preceding crop caused accumulation of organic matter, which increased soil 
aeration, cooler and wetter condition and higher carbon content in soil surface 
which facilities higher actinomycetes population. Similar, findings were also made 
by some workers [21, 23]. Decline in microbial population ultimately led to 
decrease dehydrogenase activity because dehydrogenase activity reflects the 
total range of oxidative activity of soil microflora. [24]. Higher population of 
bacteria, fungus, actinomycetes and dehydrogenes activities was observed when 
zero tillage was done in soybean and wheat in the presence of preceding crop 
[25].  
Rotational use of herbicides or higher dose of herbicides reduces bacterial 
population because these herbicides disrupt amino acid assimilation ability of 
nitrifiers number [26]. Bacterial population was reduced by 27.3% when 
mesosulfuron and iodosulfuron applied in mixture in wheat followed by application 
of pendimethalin or imazethapyr in preceding soybean crop. This is because of 
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abundance of herbicides (mixture of mesosulfuron and idosulfurron) on the soil 
surface due to slow rate of degradation on account of lower value of maximum 
and minimum temperature during rabi in last 30 years [25]. High dose of 
herbicides also leads to the death of fungi and as a result, their population 
decreased [9]. Higher soil microbial population and dehydrogenase activity under 
weedy check plot was attributed to large increase in microbial biomass, as it is 
positively correlated with weed biomass because of high decomposability [27].  
 
Conclusion 
It could be concluded that addition of crop residues of previous crop reduces the 
bulk density and increase soil porosity in conventional as well as in zero tillage, 
and enhanced the soil microbial as well as dehydrogenize activities and use of 
same herbicides in the rice-wheat-mungbean cropping system was found better 
than the rotational use of herbicides for higher microbial population and 
dehydrogenase activity in soil. 
 
Conflict of Interest: None declared 
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