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AbstrAct

Distribution of different forms of sulphur (s) and carbon-nitrogen-sulphur relationships were 
studied in surface and subsurface soils of some tea growing areas of Northeastern India. the 
soils were strongly acidic in reaction (pH - 4.0 to 5.5), low to very high in organic carbon (4 
to 54 g kg-1), with cation exchange capacity (8.8 to 19.2 cmol(p+)kg-1) and base saturation (50 
to 77 %). Organic s mostly contributed to the total - sulphur (62 to 77 %) followed by Non 
sulphate s (28.8 to 37.2%) and sulphate s (0.7 to 1.4 %). Except sulphate s, other forms of 
sulphur showed significant positive correlation among themselves as well as with organic 
carbon and total nitrogen. the c:N, c:s, N:s and c:N:s ratio varied from 8.2 to 10.0, 6.18 to 
71.57, 0.62 to 7.26 and 100:10.1:1.4 to 100:12.2:16.2 respectively. Wider c:N:s ratios in all 
the surface and sub-surface soils indicated that the major portion of nitrogen and sulphur in tea 
growing soils of Northeastern India is locked up in organic combination which might pose as a 
potential threat towards tea plantation if application of sulphur is continuously ignored .
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Distribution of Forms of Sulphur and their relationships with Soil 
Attributes in tea Growing Soils under Different Agro-climatic Zones of 
Northeastern india
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1. introduction

tea (camellia sinensis L.) is one of the most ac-
cepted beverages globally. tea plants are perennial 
shrubs cultivated mainly in acidic soils of the 

subtropics. the Northeastern region of India produces the 
world's best quality tea and constitutes over 80 percent of 
total tea producing zones of India. the yields (1600 kgha-1) 
are however, lower than that obtained in southern part of 
India (2100 kgha-1) (sharma and sharma, 1992)[13]. One 

of the major reasons for the low yield is the low level of 
available - s in the soils of this region (sharma and shar-
ma, 1992)[13]. It is estimated that a hectare of tea removes 
around 6 kg - s for yielding 30 ton of made tea (Gohain 
and Dutta, 1994)[7]. Due to heavy rainfall and low pH, 
leaching and volatization losses from these soils are very 
high. In addition, use of s free fertilizer further increases 
the negative balance of s (reddy et al., 2001)[11] in these 
soils. 
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soil s is present in both organic and inorganic forms. 
Most s is accumulated as organic s. the proportion of 
inorganic s to total s is usually less than 10% in surface 
soils (Freney, 1986; Nguyen and Goh, 1994)[6][10]. Al-
though inorganic s constitutes a very small proportion 
of total soil s, it contains sO4

2- ions which can be readily 
available for plant uptake (Yang et al., 2007)[19]. In con-
trast, virtually all organic s is unavailable to plants until it 
is mineralized to sO4

2- (Freney, 1986)[6].
In this context, the knowledge of different forms of 

sulphur in soils together with their distribution and inter-
relationship with various soil attributes is essential for im-
proving the sulphur nutrition of tea (bandyopadhyay and 
chattopadhyay, 2002)[1]. therefore the present study was 
undertaken to evaluate the status and different fractions of 
sulphur and their interrelationship with various soil attri-
butes in the tea growing soils of the Northeastern region 
of India.

2. Materials and Methods

2.1. Study Site
the agro-ecological zone is a homogenous land unit in 
terms of climate, with a length of growing period and 
soil-physiographic conditions. based on the superimposi-
tion of these basic maps, viz. soil-physiography, bio-cli-
mate and length of growing period, agro-ecological sub 
regions (AEsr) (Mandal et al., 1995)[9] have been gener-
ated. the study sites are situated at the banaspaty (cachar, 
24°50′N and 92°51′E, AESR-15.5), Putharjhora (Jalpaig-
uri, 26°32′N and 88°46′E, AESR-15.3), and Samabeong 
Tea Estate (Darjeeling, 27°03′N and 88°18′E, AESR-
16.2), India. soils were collected from different garden 
cultivated with tea, which is the major land use in this 
region. the region is typically monsoonal, with three dis-
tinct seasons in a year: a warm and wet rainy season (June 
to september), a heavy winter (October to February), and 
a hot and relatively dry summer (March to May). the 
long-term (1983 to 2003) yearly average rainfall is 2845-
3500 mm; the average monthly temperature ranges from 
5-10°c (January) to 25-30°c (May). the average relative 
humidity reaches up to 97% during september, and shows 
the minimum (38%) in March.

2.2. Soil collection and Analysis
During the summer season (May) of 2006, a total thirty 
soil samples each from surface (0 – 25 cm) and subsurface 
(25 – 50 cm) were collected from three major agro-eco-
logical sub regions (AEsr) in the tea growing zones of 
Northeastern India. soil samples collected from three 
representative tea Estates viz banaspaty, Putharjhora and 
samabeong tea Estate were air dried, sieved and ana-

lyzed for different physicochemical properties following 
standards procedures (black, 1965)[2]. total and organic-s 
were determined as per methods outlined by choudhary 
and Cornfield (1966)[5] and bradsley and Lancaster (1960)
[3] respectively. sulphate-s was extracted with 0.15 per-
cent cacl2 (black, 1965)[2]. sulphur in all the extracts was 
determined by the turbidimetric procedure of chesnin 
and Yien (1951)[4]. the difference between organic-s plus 
sulphate-s contents and total-s was denoted as nonsul-
phate-s (sharma et al., 2003)[15].

2.3. Statistical Analysis
statistical analyses such as standard deviation, correlation 
and LsD analyses were carried out using sPss 13.0. 

3. results and Discussion

3.1 Physico-chemical Properties
Fig. 1 shows the physico-chemical properties of the stud-
ied soils. the soils are light in texture and highly acidic (pH 
- 4.0 to 5.5) in reaction. the concentration of H+ ions (2.6 
to 4.5 cmol(p+)kg-1) in all the tea growing soils remained 
higher in comparison to the Al3+ ions (1.1 to 2.6 cmol(p+)
kg-1). cation exchange capacity was between 8.8 to 19.2 
cmol (p+)/kg, where as base saturation of the soils was 
lower (50 to 77 %) than the other soils (bandyopadhyay 
and chattopadhyay, 2002)[1] because of heavy leaching 
due to high rainfall conditions.

Organic carbon and total N contents were higher in the 
soils of AEsr 16.2 followed by that of AEsr 15.3 and 
AEsr 15.1. Higher organic carbon status in the soils of 
AEsr16.2 might be attributed to lower temperature re-
gime, which prevented faster microbial decomposition of 
organic matter (saggar et al., 1998)[12]. Availability of N, 
P2O5 and K2O revealed that the soils were moderately to 
well supply with nutrients (sharma et al., 2003)[15]. 

3.2. total Sulphur
total s content was highest in samabeong followed by 
Putharjhora, and banaspati (Fig. 2). the s contents ranged 
from 512 to 1200 mgkg-1. total-s was higher in the sur-
face horizons and decreased at the sub-surface levels in 
all the soils. this might be due to the fact that most of 
the sulphur present in these soils was organic in nature. 
total-s status was reported to follow similar trend in the 
soils from different parts of India (sharma et al., 2003, 
bandyopadhyay and chattopadhyay, 2002)[15][1]. total-s 
showed significant and positive relation with organic car-
bon (r = 0.625**) and total–N (r = 0.626**) while nega-
tive correlation with clay (r = - 0.356**) (table 1). 

3.3. Organic Sulphur
Organic–s contents ranged from 222.9 to 940 mg kg-1 
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and the value decreased in the sub-surface soils. the 
higher values of the organic – s in surface soils might 
be due to high content of organic matter (srinivasarao 
et al., 2004)[16]. Organic–s constituted about 62 to 77 
percent of total sulphur and this clearly indicated that 
major part of s in soils was locked up in organic matter 
and soil minerals, which might serve as a storehouse for 
tea nutrition following the mineralization process (sag-
gar et al., 1998)[12]. Kanwar and takkar (1964)[8] found 
organic-s in the range of 46 to 91 percent of total–s in 
the tea growing soils of Kangra valley, India. In the soils 
of samabeong and Putharjhora tea estate organic–s ac-
counted for larger percent of total – s in comparison to 
the soils of banaspaty tea estate, which may be attributed 
to the high organic carbon in these soils (takkar, 1988)[17]. 

All the profiles showed the decreasing trend of organic S 
with the depth. the extent of decrease in organic s was 
in accordance with the decrease of organic carbon con-
tent of the soil. Intensive root activity, besides addition 
of considerable leaf litter during cropping, contributed 
to the higher organic carbon content in surface layers of 
the profiles, thus resulting in larger organic S in surface 
soils (srinivasarao et al., 2004)[16]. Organic-s showed 
significant and positive correlation with Organic carbon 
(r = 0.629**) and total-N (r = 0.629**) and significant 
negative correlation with clay content (r = -0.389*) (table 
1). the positive relationships of organic-s with organic 
carbon and total-N suggested a simultaneous increase in 
the status of nitrogen and organic – s in these soils with 
increase in organic carbon content. 

Figure 1. Physico-chemical properties of studied soils
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3.4. Sulphate Sulphur
sulphate–s content in the soils varied from 4.0 to 10.9 
and constituted merely 0.7 to 1.4 per cent of total sulphur. 
Available s content was found to be higher in surface 
layers and decreased with the depth in most of the pro-
files. Larger available S status in surface layers could be 
attributed to higher organic carbon content in those layers. 
thus a sizeable chunk of total - s remained as unavailable 
form. this was in close agreement with the findings of 

Yang et al (2007)[19]. considering the critical value of 10 
ppm for sulphate-s (Kanwar and takkar, 1964 and ban-
yopadhyay and chattopadhyay, 2002)[8][1] in soils, most of 
the soils are deficient in available sulphur content and thus 
may contribute significantly to the lower productivity of 
tea with respect to southern part of India (takkar, 1988)
[17]. A positive and significant correlation (r = 0.380*) was 
found between pH and sulphate–s which indicates that 
availability of sulphate-s increases with increase in soil 

Figure 2. Distribution of different forms of sulphur in studied soils

table 1. Correlation coefficient among soil attributes and forms of sulphur in studied soils

Parameter pH Org.c clay cEc Ex.Al3+ total-N N:s c:s Ns-s sO4-s Org.-s

total - s 0.191 0.625** -0.356** -0.158 -0.159 0.626** 0.251 0.264 0.492** 0.208 0.978**

Org -  s 0.21 0.629** -0.389** -0.087 -0.155 0.629** 0.256 0.271 0.459** 0.352* -

sO4 - s 0.38** -0.313* 0.132 -0.033 -0.369** -0.319* -0.531** -0.525** -0.022 - -

Ns - s -0.018 0.468** -0.017 -0.362** -0.066 0.360* 0.106 0.107 - - -

c:s 0.09 0.900** -0.056 0.503** 0.556** 0.903** 0.999** - - - -

N:s 0.073 0.889** -0.05 0.499** 0.555** 0.894** - - - - -

NS-S : Non sulphate sulphur ; *Significant at 5% level; **Significant at 1% level.
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pH (takkar, 1988)[17].

3.5. Non Sulphate Sulphur
Non sulphate-s content in the soils ranged from 189.7 to 
300 mgkg-1 with a mean accounted 28.8 to 37.2 percent 
of total s. Non sulphate-s content in the soils increased in 
sub-surface soils indicating comparatively higher presence 
and highly reactive insoluble compounds of Fe and Al as 
well as low content of organic matter in these soils (saggar 
et al., 1998)[12]. Non sulphate-s showed significant and 
positive correlation with organic carbon(r = 0.468**) and 
total-N (r = 0.360*) but a significant negative correlation 
was found with cEc (r = -0.362**) (table 1).

3.6. inter-relationship amongst Different forms of 
Sulphur
since sulphur transformation and its availability in soils is 
dependent on its various forms, inter-relationship among 
them may be indicated from highly significant correlation 
of total-s with organic-s, sulphate-s and non sulphate-s. 
the existence of similar relationship was earlier reported 
by srinivasarao et al. (2004)[16]. Organic–s showed a sig-
nificant positive correlation with sulphate-s (r = 0.352*) 
and non sulphate-s (r = 0.459**) suggesting high linkage of 
these forms with organic fraction of the soils (table 1). 

3.7 carbon – Nitrogen – Sulphur interrelationships
the knowledge on the c:N, c:s, N:s and c:N:s ratios is 
helpful in understanding the mineralization, immobiliza-
tion, stability and instability of the most important organi-
cally bound nutrients in soils such as nitrogen and sulphur 
(saggar et al., 1998)[12]. the wider ratio (greater than the 
threshold values) indicates that a particular nutrient would 
exist in an immobilized form culminating into less min-

eralization which further indicates that it would be more 
stable in a given soil in its organic form (sharma et al., 
2003)[15]. However, reverse would be true if the ratios are 
narrower i.e. a narrow ratio would indicate that the organ-
ically bound nutrient is fairly amenable to mineralization 
and would likely exist to a greater extent, in an inorganic 
form (sharma et al., 2003)[15].

the study of the relationship between s and other soil 
constitutes such as c and N showed that the c:N, c:s, 
N:s and c:N:s ratios of tea growing soils in surface and 
sub-surface layers were quite variable (table 2). the 
c:N ratio ranged from 8.2: 1 to 10: 1 in surface layer 
and sub-surface layer with a grand mean of 9.5: 1 which 
resembles the values obtained by sharma et al. (2003)[15] 
working with some tea growing soils of India. In general, 
higher values of c:N ratios were observed in lower depth, 
which might be due to  anaerobic condition and low min-
eralization in lower depths as compared to upper depths 
(sharma et al., 2000)[14]. In addition, nitrogen abundance 
may increase in topsoil during degradation because min-
eralized nitrogen is retained within microbial biomass 
(saggar et al., 1998)[12], which is generally lowered with 
soil depth.

Likewise, the c:s ratio ranged from 12.00: 1 - 51.67: 1 
in surface layers and 6.18: 1 – 71.57: 1 in the sub-surface 
layers. similarly the N:s ratio in surface and sub-surface 
soil ranged from 1.30: 1 – 5.33: 1 and 0.62: 1 – 7.26: 1 
respectively. the c:N:s ratio of these soils, varied widely 
from 100: 10.1: 1.4 to 100: 12.2: 16.2 with a mean value 
of 100: 10.55: 5.07. the variations in these soils may be 
attributed to the variation in agro-ecological zone which 
could be explained on the variety of factors such as type 
of soil, status and kind of organic matter vis-à-vis climatic 

table 2. relationships among organic carbon, total nitrogen and sulphur in the studied soils 

soil depth (cm) c : N c : s N : s c : N : s

banaspaty  t.E. (cacher)

surface (0 –25) 8.2 – 10.0 12.73 – 16.90 1.43 – 1.69 100:10.0:5.9 – 100:12.2:7.9

subsurface (25 –50) 8.2 – 10.0 6.18 – 14.66 0.62 – 1.61 100:10.0:6.8 – 100:12.2:16.2

Putharjhora t.E. (Jalpaiguri)

surface (0 –25) 9.0 – 9.7 12.00 – 51.67 1.30 – 5.33 100:10.3:1.9 – 100:11.1:8.3

subsurface (25 –50) 9.3 – 10.0 13.96 – 53.23 1.50 – 5.70 100:10.0:1.9 – 100:10.8:7.2

samabeong t.E. (Darjeeling)

surface (0 –25) 9.5 – 9.8 38.14 – 51.82 3.90 – 5.27 100:10.2:1.9 – 100:10.6:2.7

subsurface (25 –50) 9.4 – 9.9 36.76 – 71.57 3.92 – 7.26 100:10.1:1.4 – 100:10.7:2.7

Mean 9.50 29.83 3.12 100:10.55:5.07

LsD (p=0.05)  0.39 1.46 0.13 -
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situation-most importantly rainfall, temperature and ele-
vation (Mondal et al., 1995)[9].

Further more a highly significant and positive cor-
relation between c:N and c:s indicates that N and s are 
the important constituents of soil organic matter and that 
accumulation of one is accompanied by the simultaneous 
accumulation of all other components. this suggests that 
an increase in N content in soil also results in an increase 
in the s content (takkar, 1988)[17]. In many of the previous 
studies documented by different workers (sharma et al., 
2003)[15], the accepted norms to categorise the soils into 
narrow and wider ratio suggests a c:N:s ratio < 100: 10: 
1 as a narrow ratio and vice-versa. based on these criteria, 
it was observed that all of the studied tea soils had wider 
c:N:s ratios in surface and sub-surface layers. Hence 
considering the magnitude of the ratio obtained it may be 
concluded that the major portion of nitrogen and sulphur 
in tea growing soils of Northeastern India is locked up in 
organic combination. this may serve as a store-house for 
tea nutrition following mineralization, for which there is a 
great possibility in a given tea soil ecosystem as this sys-
tem operates probably through nutrient recycling similar 
to forest system (Vannier and Guillet, 1994; sharma et al., 
2003)[18][15].

4. conclusion
The findings of the study revealed that the majority of soil 
sulphur exists as organic form with a wider c:N:s ratio. 
this indicates that the availability of sulphate - s in soil 
might be a major cause of concern with respect to balance 
nutrition in tea plantations. so long habits of sulphur free 
fertilization should be abandoned with emphasis on split 
doses of sulphur fertilization on the basis of soil fertility 
as well as soil adsorption characteristics.
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AbstrAct

With inevitable growth of demand for human and industrial needs, water available for agricul-
ture will become scarcer in the future. India is a highly water-stressed country. Hence, India 
needs to invest in improving its water productivity, and any capacity to produce more rice 
with less water. System of Rice Intensification (SRI) has attracted much attention in increasing 
rice yield per unit area. For this study, fifteen farmers were selected those were practicing SRI 
technology by themselves during the boro-cultivation season (January-April). the study was 
continued for three consecutive years 2012 to 14 on the same fields. In addition to the SRI 
plots, a similar size of non-srI plot was maintained in conventional cultivation for comparison 
purpose. On an average, the non-srI ight increased by 12%, number of tillers per square meter 
by 85%, number of reproductive tillers per hill by 286%, weight of panicle per hill by 139%, 
number of seeds per panicle by 41% and test weight by 26% due to srI practice over the non-
srI practice. Average increment in straw and grain yield due to srI over the non-srI is 70% 
and 59% respectively. the physico-chemical and biological properties of soil improved due to 
srI practice. 
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1. introduction

rice is life for millions of people in the world, 
particularly in developing countries. It is the 
main cereal for the majority of population in 

India. the global annual production of rice is 600-800 
million tons (FAO, 2004)[3]. India has the largest area 
under rice in the world-about 44 million hectares (ha)—
but its productivity is the way behind a dozen other 
countries. In contrast, china, the biggest producer of rice 

in the world, churns out 193 million tonnes of paddy on 
just 29.2 million ha, notching up yields of 6.61 tonnes 
per ha compared with 3.37 by India. Given the fact that 
there is negligible scope for area expansion, the growth 
rate of rice production must not only be sustained but 
even accelerated in order to meet the growing demand. 
Increasingly, water is becoming a single most constraint 
to produce more rice to meet increasing demand (Kun-
imitsu, 2006)[8].
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there is a crisis in rice production-both for the farmer, 
battling unprecedented changes in weather and escalating 
costs of cultivation, and the government, which needs to 
ramp up rice production by two million tonnes annually to 
ensure the nation's food security. In spite of providing as-
sured irrigation, use of pest-resistant, high-yielding variet-
ies, and high inputs of fertilizers and pesticides, rice yields 
in India are plateauing. With inevitable growth of demand 
for human and industrial needs, water available for ag-
riculture will become scarcer in the future (Kunimitsu, 
2006)[8]. India is a highly water-stressed country. Hence, 
India needs to invest in improving its water productivity, 
and any capacity to produce more rice with less water 
(shobarani et al, 2010; satyanarayana et al. 2007)[16][13]. 
this will guide to sustainable water and food security. 
Moreover, every kilogram of rice requires 3000-5000 
liters of water, making it an ecologically unsound crop; 
there is a question mark over the issue of increasing rice 
production. More than 70 percent of the country's ground 
and surface water is being used for agriculture, and out 
of this, 70 percent is allocated to rice cultivation.

recently a new approach, widely known as system of 
rice Intensification (srI), has attracted much attention 
in the agricultural scientific community as well as among 
some farmers because of its report (by some) success in 
increasing rice yield per unit area without investing more 
for its inputs (with the possible exception of labor). srI 
was conceptualized by Henri de Laularié, a French mis-
sionary priest, in Madagascar in the early 1980s as a com-
plementary suite of rice management techniques. the srI 
is (seen by some as) one of the most promising agricultural 
innovations that are claimed to be both more sustainable 
and more productive than conventional rice cultivation 
(satyanarayana et al. 2007; Kunimitsu, 2006)[13][8]. srI is 
proposed as more accessible to small landholders (stoop 
et al. 2002)[17] and more favorable for the environment 
than is conventional transplanting, with its continuous 
flooding and heavy reliance on inorganic fertilization and 
agrochemical crop protection (Uphoff 2003)[22].

It has been claimed that srI can increase rice yield sub-
stantially (Kabir and Uphoff, 2007; Lin and Zhu 2011)[6] 
whereas some agricultural scientists noted that it reduced 
input requirements such as seeds and water. It has been 
claimed by its proponents that using srI technology rice 
yield can be increased up to 15 to 20 tons ha-1 (Uphoff and 
randriamiharisoa, 2002)[22]. the relative scarcity of stud-
ies based on farmers' plots in a variety of conditions raises 
the question of the replicability of higher yields due to 
srI practices, as obtained from(at least some) controlled 
experiments, under different conditions and by ordinary 
farmers. 

this paper addresses those lacunas in the existing lit-
erature. First, it focuses on soil dynamics as a possible 
mechanism linking srI practices and higher yields. Our 
data set contains information on chemical and biological 
compositions in the soil under srI and non-srI prac-
tices. secondly, we set up farmers' trials in 15 villages 
with resident farmers operating srI practices (as well as 
conventional/non-srI) practices on their own farms, with 
technical assistance from the research team. While the 
use of farmers' plots, rather than of experimental stations, 
possibly introduces data Errors that may compromise, to 
some extent, scientific rigor in establishing the relation-
ship between soil dynamics and yields, we believe that the 
stability of our empirical findings across a relatively large 
number of farmers' plots among different villages could 
provide a high level of confidence in the potential replica-
bility of our srI results in the hands of ordinary farmers 
who is rarely found in the existing literature. 

2. Materials and Methods

2.1 Study Site

table 1. Name of village with their geographical position

Name of the Village latitude longitude

Alampur 22°23'09'' 87°35'07''

Alidadpur 22°21'31'' 87°30'59''

Amodpur 22°23'59'' 87°31'06''

balabhadrapur 22°30'29'' 87°35'59''

banasda 22°22'06" 87°37'00"

brindabanpur 22°25'05'' 87°33'11''

chaltageriya 22°25'48'' 87°32'53''

Dingal 22°20'58'' 87°38'09''

Galimpur 22°21'39'' 87°30'31''

Kazichak 22°24'22'' 87°29'31''

Khasbazar 22°23'27" 87°37'51''

Madhabpur 22°23'17'' 87°32'44''

Nandeswar 22°30'06'' 87°35'33''

Naraharipur 22°24'23'' 87°31'04''

Paikpari 22°24'06'' 87°38'40''

2.2 crop Management condition
those farmers were selected for the studies that were 
practicing srI technology by themselves own their farms 



9

NASS Journal of Agricultural Sciences | Volume 01 | Issue 01 | January 2019

     Distributed under creative commons license 4.0        DOI: 

during the boro cultivation season (January-April). the 
study was continued for three consecutive years 2012-
14 on the same fields. Farmers were provided necessary 
inputs, including seeds and fertilizer (but no labor) by the 
research team. In addition, technical know-how of srI 
cultivation was also provided through regular visits and/
or personal communication by the research team. In ad-
dition to the srI plots, a similar size of the non-srI plot 
was maintained for conventional cultivation in compari-
son purposes. Farmers were provided a sheet to keep the 
record on input uses as well as production throughout the 
crop growing period. soil samples from each plot were 
collected before the start of the experiment as well as after 
harvesting of the crop. 

SRI is an acronym for System of Rice Intensification, 
a new technique to grow rice more efficiently using much 
less water. In srI, 8-12-day seedlings instead of the 
normal three-four-week-old seedlings are transplanted 
at wider spacing (25 cm x 25 cm). Only one seedling is 
planted per hill. Water is used sparingly to keep the soil 
moist (alternate wetting and drying) but not continuously 
flooded. Five times weeding was carried out mechanically 
through a rotary weeder (small hand-driven machine) at 
10-day intervals, but instead of throwing out the weeds 
these are pushed through the soil for aeration and provid-
ing organic matter. Use of farmyard manure is encour-
aged because srI cultivation responds better to organic 
fertilizer than chemical fertilizers. seedlings are raised in 
unflooded nurseries, not planted densely and have to be 
well supplied with organic matter. there is an option of 
direct-seeding, but transplanting is common. two cm irri-
gation water was applied after hairline cracks appeared in 
the soil surface up to panicle initiation (PI); then after PI, 
irrigation was given 1 day-after the disappearance of pond 
water. Inter-cultivation was done five times with a rotary 
weeder at a 10-day intervals. the same recommended fer-
tilizer was applied as with conventional practice.

In conventional practice 21-24-day-old seedlings with 
the above plant density; plots were irrigated to a 5 cm 
depth 1 day-after the disappearance of pond water; hand 
weeding was done three times; recommended fertilizers 

were applied: 120 kg ha-1 N, 60 kg ha-1 P2O5, 60 kg ha-1 
K2O. the P was applied basally, while N was applied in 
four splits: 40% basal and 20% each at active tillering, 
panicle initiation and first flowering stages. The K was ap-
plied in three splits: 50% basal and 25% each at tillering 
and panicle initiation stages.

2.3 Soil Analysis
soil samples from 0-20 cm depth were collected scientif-
ically from each plot. these samples were air-dried under 
shed and sieved through 2 mm mesh sieve. Fresh soil sam-
ples were used for estimating of biological parameters, 
and results were expressed on the moisture-free basis. the 
moisture content was determined by the gravimetric meth-
od. Population densities of total bacteria and fungus were 
enumerated by using serial dilution plate technique. Data 
were log transformed and expressed as colony-forming 
units (cFU) log10 g-1 dry soil. soil reaction, conductivity, 
organic carbon, available nitrogen, phosphorus and potas-
sium are estimated by the standard methods advocated by 
Jackson, 1973. 

total plants in an area of 5 m× 5 m (25 m2) for each 
replicate were harvested (excluding border rows) for de-
termining of rice grain yield per unit area, and reported 
grain yield was adjusted to 14.5% seed moisture content. 
the Harvest Index was calculated by dividing the dry 
grain yield into the total weight of dry matter of abo-
veground parts. Plant height, effective tiller number, pan-
icle length, grain weight, and dry matter were determined 
from the crop harvested from a representative square me-
ter area from each replication.

4. Statistical Analysis
All the data were statistically analyzed using analysis 
of variance (ANOVA) as applied to a completely ran-
domized block design (Gomez and Gomez 1984)[4]. the 
significance of the treatment effect was determined using 
F-tests; and to determine the significance of the differ-
ence between the means of the treatments, least significant 
difference (LsD) was calculated at the 5% probability 
level.

                                   

                          Figure 1. (a) soil reaction (pH)                                 Figure 1. (b) soil organic carbon (%)
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                     Figure 1. (c) Available Nitrogen (kg ha-1)                Figure 1. (d) Available Phosphorus (kg ha-1)
                                   

              Figure 1. (e) Available Potassium (kg ha-1)                 Figure 1. (f) soil Fungal Population (cFU 10-4/ml)

Figure 1. (g) soil bacterial Population (cFU 10-6/ml)

Figure 1. Soil properties as influenced by SRI and Non-SRI practices

5. results and Discussion

5.1 rice growth and Yield component
rice growth and yield component such as plant height, 
number of tillers, panicle length and weight, number of 
seeds per panicle and test weight were recorded for three 
seasons. They were influenced remarkably under different 
crop management conditions (table 2). Variation in the 
above parameters over the years was almost constant, but 
following the same trend. On an average, plant height 
increased by 12%, number of tillers per square meter by 
85%, number of reproductive tillers per hill by 286%, 
weight of panicle per hill by 139%, number of seeds per 
panicle by 41% and test weight by 26% due to srI prac-
tice over the non-srI practice. 

tillering ability (panicle bearing tillers) in rice has a 
close relationship to the number of phyllochrons com-

pleted before entering the reproductive stage (stoop et al. 
2002; thakur et al. 2009)[17][20]. In the srI method of rice 
cultivation, individual plants with their more favorable 
growing conditions have shorter phyllochrons, which 
results in their having more productive tillers and larger 
root systems (Katayama 1951; thakur et al. 2009)[20]. rice 
plants grown under standing water encounter hypoxic (an-
oxic) soil conditions, and about three-fourths of their roots are 
degenerated by the flowering stage (Kar et al. 1974)[7]. Fur-
ther, transplanting of young seedlings, as in srI methods, 
has the tendency to improve their root characteristics such 
as root length, root density and root weight compared with 
older seedlings, as used in non-srI (Mishra and salokhe 
2008)[9]. Other studies have also reported that srI plants 
have deeper root systems and larger roots compared to 
those conventionally grown in flooded rice systems (Sa-
tyanarayana et al. 2007; tao et al. 2002)[13][18]. better root 
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development in the srI system might have increased all 
growth and yield parameters (randriamiharisoa & Up-
hoff, 2002)[11].

5.2 rice Grain and Straw Yield
Rice grain and straw yield were significantly affected by 
soil conditions. In all three-year straw and grain yield 
was higher in srI (table 3). Average increment in straw 
and grain yield due to srI over the non-srI is 70% and 
59% respectively. Plants grown in srI had more open ar-
chitecture, with the wide spread of tillers, covering more 
ground area, and more erect the leaves (data not shown), 
which avoided mutual shading of leaves (seshu & cady, 
1984; senthilkumar et al, 2008)[15][14]. With higher light 
interception, this would lead to more photosynthesis and 
higher grain yield in srI compared to non-srI. A number 
of previously published reports on srI have shown en-
hancement in rice yield with these methods (Namara et al. 
2008; satyanarayana et al. 2007; sato and Uphoff 2007; 
thakur et al. 2009)[10][13][12][20]. the higher number of days 
taken to maturity in srI practice was directly correlated 

to higher rice yield over the Non-srI practice (table 3). 

5.3 Soil reaction and Organic carbon
srI had a positive impact on soil reaction and organic 
matter content. before starting the experiments, soil re-
action of all the fields was acidic. The soil became more 
acidic in non-srI practices, whereas some positive cor-
rections were observed in srI practices (table 4 & 8 & 
Figure 1). similarly, organic carbon was built up in srI 
practices because of higher root volume and biomass 
(carpenter-boggs et al, 2000; chapagain et al, 2010)[1][2]. 

5.4 residual Soil Fertility
residual soil fertility was measured in terms of available 
nitrogen, phosphorus (P) and potassium (K). srI practices 
had a positive impact on residual soil fertility owing to 
higher microbial and biological activity guides to better 
soil fertility (shobarani et al, 2010; thakur et al, 2010; 
thiyagarajan et al, 2002)[16][19][21]. However, reduction in 
soil fertility was observed in non-srI practices (table 5,6 
& 8 & Figure 1).

table 2. Change in growth and yield parameters of rice as influenced by the crop management conditions

Parameter

2012 2013 2014 Mean

srI non-srI
Percent 
change

srI non-
srI

Percent 
change

srI non-srI
Per cent 
change

srI non-srI
Percent 
change

Plant height 
(cm)

85.40 75.49 13.13 100.06 86.49 15.69 99.86 92.76 7.65 95.11 84.91 12.01

Number of 
tillers m-2 1109.78 636.38 74.39 985.31 559.73 76.03 799.21 364.98 118.98 964.77 520.36 85.40

Number of 
tillers per 

hill
61.09 11.89 413.83 49.77 16.24 206.39 37.81 12.17 210.76 49.56 13.43 269.02

reproduc-
tive tillers 

per hill
50.64 9.41 438.30 43.90 14.24 208.16 35.48 10.02 253.92 43.34 11.22 286.27

Panicle 
length (cm)

21.12 18.30 15.42 24.28 18.67 30.08 24.60 18.43 33.46 23.33 18.47 26.31

Panicle 
weight /hill

126.62 64.31 96.88 91.40 49.42 84.93 146.38 38.59 279.34 121.47 50.77 139.26

seeds/ 
panicle

162.20 121.13 33.90 208.42 148.78 40.09 230.45 156.00 47.73 200.36 141.97 41.13

Grain weight 
(g)

23.64 18.60 27.12 24.83 19.82 25.29 21.71 17.11 26.91 23.39 18.51 26.36

Grain yield 
(kg/ha)

7148.13 3327.34 114.83 7219.37 5380.00 34.19 8619.79 5793.33 48.79 7662.43 4833.56 58.53

straw yield 
(kg/ha)

13086 5524.19 136.89 8640.0 6311.02 36.90 12303 8153.28 50.90 11343 6662.83 70.24
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table 3. Number of days taken to maturity by the rice varieties under different crop management condition

Name of village crop management 
condition

Variety Days to maturity

2012 2013 2014 2012 2013 2014

Alampur srI IEt-4786 IEt-1010 shyamasri 91 111 98

Non-srI IEt-4786 IEt-1010 shyamasri 88 -- 111

Alidadpur srI saru lalat IEt-4786 saru lalat 100 99 97

Non-srI saru lalat IEt-4786 saru lalat 86 88 112

Amodpur srI IEt-4786 IEt-4786 IEt-4786 87 110 98

Non-srI IEt-4786 IEt-4786 IEt-4786 61 115 98

balabhadrapur Non-srI IEt-4786 IEt-4786 IEt-4786 49 94 94

srI IEt-4786 IEt-4786 IEt-4786 93 118 112

bansda srI sankar sankar shyamasri 91 110 102

Non-srI sankar sankar shyamasri 83 85 110

brindabanpur srI supar sankar IEt-1010 shyamasri 68 122 105

Non-srI supar sankar IEt-1010 shyamasri 110 108 110

chaltagerya srI IEt-4786 IEt-4786 5152 92 101 112

Non-srI IEt-4786 IEt-4786 5152 83 83 109

Dingal srI IEt-4786 IEt-4786 IEt-4786 84 84 85

Non-srI IEt-4786 IEt-4786 IEt-4786 97 107 106

Galimpur srI IEt-4786 IEt-4786 Natia 96 102 109

Non-srI IEt-4786 IEt-4786 Natia 87 89 92

Kazi chak srI IEt-1010 Ananya Ananya 86 81 89

Non-srI IEt-1010 Ananya Ananya 72 117 94

Khasbazar srI IEt-4786 IEt-4786 IEt-4786 104 113 88

Non-srI IEt-4786 IEt-4786 IEt-4786 44 123 111

Madhabpur srI IEt-4786 IEt-4786 IEt-4786 96 95 101

Non-srI IEt-4786 IEt-4786 IEt-4786 85 88 96

Nandeswar srI IEt-4786 IEt-4786 IEt-4786 95 120 113

Non-srI IEt-4786 IEt-4786 IEt-4786 71 96 91

Naraharipur srI IEt-4786 IEt-4786 IEt-4786 79 112 106

Non-srI IEt-4786 IEt-4786 IEt-4786 -- 113 91

Paiakpari srI IEt-4786 IEt-4786 IEt-4786 105 112 105

Non-srI IEt-4786 IEt-4786 IEt-4786 79 100 94
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table 5(a). Available nitrogen and phosphorus as influenced by the crop management conditions

Name of villages
Available Nitrogen (kg ha-1)

2012 2013 2014 Mean
Non-srI srI Non-srI srI Non-srI srI Non-srI srI

Alampur 251.11 278.75 278.51 294.78 306.07 316.98 278.56 296.84
Alidadpur 250.21 275.97 266.9 285.16 280.99 316.11 266.03 292.41
Amodpur 200.7 246.38 188.51 269.69 210.74 263.42 199.98 259.83

balabhadrapur 197.25 225.79 136.87 196.32 316.11 386.36 216.74 269.49
bansda 207.98 266.61 328.33 343.42 280.99 316.11 272.43 308.71

brindabanpur 267.39 318.34 244.92 301.05 245.86 333.67 252.72 317.69
chaltageriya 300.76 327.74 267.98 308.41 351.23 386.36 306.66 340.84

Dingal 268.93 281.47 316.78 343.5 289.34 323.48 291.68 316.15
Galimpur 216.38 235.2 218.15 256.97 263.42 280.99 232.65 257.72
Kajichak 201.83 241.47 200.52 284.6 234.76 258.78 212.37 261.62

Khasbazar 319.87 322.83 257.85 325.13 263.42 298.55 280.38 315.50
Madhabpur 284.8 297.92 225.79 296.97 280.99 316.11 263.86 303.67
Nandeswar 201.25 227.42 225.79 275.26 298.55 386.36 241.86 296.35
Naraharipur 294.43 301.66 281.88 294.43 368.79 333.67 315.03 309.92

Paikpari 144.26 172.48 184.23 206.14 280.99 351.23 203.16 243.28
Mean 240.48 268.00 241.53 285.46 284.82 324.55 255.61 292.67

sEm(+/-) 0.758 1.180 1.489 0.852
cD (0.05%) 1.551 2.447 3.088 1.767

table 4. Soil reaction and organic carbon as influenced by the crop management conditions

Name of villages

soil reaction soil organic carbon (%)

2012 2013 2014 Mean 2012 2013 2014 Mean
Non-
srI

srI
Non-
srI

srI
Non-
srI

srI
Non-
srI

srI
Non-
srI

srI
Non-
srI

srI
Non-
srI

srI
Non-
srI

srI

Alampur 6.35 6.71 6.36 6.63 6.45 6.73 6.39 6.69 0.97 1.19 1.01 1.01 0.92 0.98 0.97 1.06

Alidadpur 6.42 6.88 6.11 6.91 5.93 6.95 6.15 6.91 1.01 1.31 1.01 1.29 0.99 1.21 1.00 1.27

Amodpur 6.40 6.55 6.48 6.71 6.38 6.69 6.42 6.65 1.01 1.37 1.12 1.23 0.98 1.24 1.04 1.28

balabhadrapur 6.02 6.45 6.02 6.95 6.12 6.68 6.05 6.69 1.01 1.12 0.9 1.03 0.88 1.19 0.93 1.11

bansda 5.75 6.52 5.97 6.12 5.9 6.84 5.87 6.49 0.79 0.95 0.76 0.86 0.79 0.91 0.78 0.91

brindabanpur 5.65 6.59 5.81 6.72 5.62 6.82 5.69 6.71 1.18 1.47 0.94 1.51 1.01 1.43 1.04 1.47

chaltageriya 5.21 5.73 5.55 5.98 5.94 6.02 5.57 5.91 0.98 1.23 0.96 1.19 0.94 1.11 0.96 1.18

Dingal 6.69 6.78 6.72 7.08 6.75 7.03 6.72 6.96 0.91 0.98 0.86 0.99 0.87 1.01 0.88 0.99

Galimpur 5.50 6.18 5.81 5.98 5.32 6.01 5.54 6.06 0.91 0.91 0.71 0.89 0.84 0.88 0.82 0.89

Kajichak 5.35 5.75 5.64 5.97 5.54 6.03 5.51 5.92 0.97 0.98 0.87 1.06 0.84 1.02 0.89 1.02

Khasbazar 4.75 6.55 4.94 6.32 5.59 6.64 5.09 6.50 0.98 1.04 0.89 1.06 0.91 0.99 0.93 1.03

Madhabpur 5.75 6.75 5.84 6.9 5.54 6.72 5.71 6.79 0.95 1.10 0.94 1.26 0.89 1.32 0.93 1.23

Nandeswar 5.40 6.35 5.89 6.51 5.82 6.34 5.70 6.40 0.79 0.98 0.87 0.95 0.82 1.01 0.83 0.98

Naraharipur 6.51 7.01 6.74 7.12 6.84 7.24 6.70 7.12 0.89 1.16 0.96 0.97 0.9 1.09 0.92 1.07

Paikpari 6.50 6.71 6.78 6.64 6.68 6.76 6.65 6.70 0.93 0.88 0.89 0.95 0.87 0.91 0.90 0.91

Mean 5.88 6.50 6.04 6.57 6.03 6.63 5.99 6.57 0.95 1.11 0.91 1.08 0.90 1.09 0.92 1.09

sEm(+/-) 0.020 0.019 0.018 0.017 0.006 0.007 0.006 0.005

cD (0.05%) 0.043 0.040 0.038 0.036 0.012 0.014 0.012 0.010
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table 5(b). Available phosphorus as influenced by the crop management conditions

Name of villages
Available Phosphorus (kg ha-1)

2012 2013 2014 Mean
Non-srI srI Non-srI srI Non-srI srI Non-srI srI

Alampur 49.18 73.92 61.18 90.89 59.35 62.27 56.57 75.69
Alidadpur 62.84 72.19 55.35 80.25 79.84 83.3 66.01 78.58
Amodpur 60.27 87.46 60.15 95.65 70.72 91.28 63.71 91.46

balabhadrapur 51.39 66.43 67.53 74.54 60.34 75.8 59.75 72.26
bansda 41.83 62.08 47.26 66.2 50.21 55.69 46.43 61.32

brindabanpur 59.00 81.47 84.85 97.55 65.38 80.25 69.74 86.42
chaltageriya 64.57 69.86 66.45 88.22 70.35 82.41 67.12 80.16

Dingal 70.10 80.10 80.76 94.22 73.32 86.97 74.73 87.10
Galimpur 56.64 65.28 73.94 87.41 82.47 93.41 71.02 82.03
Kajichak 47.28 72.31 58.3 92.82 53.65 87.89 53.08 84.34

Khasbazar 65.23 99.03 73.78 89.71 80.15 95.39 73.05 94.71
Madhabpur 51.20 57.77 47.65 63.10 51.47 72.53 50.11 64.47
Nandeswar 38.25 46.96 52.26 61.37 43.60 56.55 44.70 54.96
Naraharipur 12.22 35.93 16.34 45.82 60.49 80.25 29.68 54.00

Paikpari 66.25 74.57 71.1 81.18 60.38 75.3 65.91 77.02
Mean 53.08 69.69 61.13 80.60 64.11 78.62 59.44 76.30

sEm(+/-) 0.430 0.044 0.369 0.309
cD (0.05%) 0.892 0.913 0.765 0.642

table 6. Residual soil available potassium as influenced by the crop management conditions

Name of villages
Available Potassium (kg ha-1)

2012 2013 2014 Mean
Non-srI srI Non-srI srI Non-srI srI Non-srI srI

Alampur 180.32 267.52 168.80 248.95 240.50 279.25 196.54 265.24
Alidadpur 214.27 242.24 208.15 289.70 120.15 163.55 180.86 231.83
Amodpur 181.12 280.56 188.15 317.20 162.10 166.10 177.12 254.62

balabhadrapur 256.21 313.60 219.50 296.00 196.85 300.40 224.19 303.33
bansda 363.68 461.44 323.70 452.50 279.25 393.95 322.21 435.96

brindabanpur 289.48 354.80 222.90 267.68 226.80 278.45 246.39 300.31
chaltageriya 205.36 216.44 235.62 301.34 292.05 304.45 244.34 274.08

Dingal 165.44 174.48 180.25 231.67 173.67 225.54 173.12 210.56
Galimpur 234.92 270.40 255.30 283.50 209.80 251.50 233.34 268.47
Kajichak 141.20 213.92 134.10 284.00 154.87 243.45 143.39 247.12

Khasbazar 413.28 576.00 416.80 536.20 454.85 478.00 428.31 530.07
Madhabpur 171.75 235.84 264.50 304.65 291.50 328.00 242.58 289.50
Nandeswar 220.12 293.28 263.58 318.50 250.65 353.00 244.78 321.59
Naraharipur 297.60 359.44 280.00 322.90 297.85 382.50 291.82 354.95

Paikpari 201.20 313.92 234.10 284.20 264.15 301.00 233.15 299.71
Mean 235.73 304.93 239.70 315.93 241.00 296.61 238.81 305.82

sEm(+/-) 1.902 1.802 1.636 1.210
cD (0.05%) 3.945 3.738 3.393 2.510
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5.5 Soil Microbial Population
Microbial population measured in terms of fungal and 
bacterial plate count was significantly influenced by the 
rice management condition. Microbial population was 
consistently higher in the srI system (table 7 & 8& 
Figure 1). Quantification of microbial population through 
plate-count techniques estimates probably less than 10% 

of the total microflora in the soil. therefore, molecular 
quantification (a more reliable method) needs to be done 
in future studies. the presence of more microbial and bio-
logical activity leads to beneficial functions for crops such 
as plant growth promotion, nitrogen fixation, phosphate 
solubilization, induced systemic resistance, and protection 
against pathogens (carpenter-boggs et al, 2000)[1]

table 8. Change in soil properties as influenced by the crop management conditions

Parameter
2012 2013 2014

non-srI srI non-srI srI non-srI srI

pH (0.09) 0.16 (0.11) 0.08 (0.14) 0.10

Organic carbon (%) (0.07) 0.12 (0.08) 0.10 (0.08) 0.12

Available Nitrogen (kg ha-1) (18.52) 21.84 (14.29) 28.19 (12.49) 19.28

Available Phosphorus (kg ha-1) (4.17) 7.98 (4.30) 3.89 (3.43) 5.98

Available Potassium (kg ha-1) (37.85) 35.38 (23.40) 23.08 (34.20) 28.13

soil Fungal Population (colony Forming Units 10-4/ml) (1.37) 2.20 0.26 1.61 (0.34) 1.96

soil bacterial Population (colony Forming Units 10-6/ml) (2.13) 15.65 (1.20) 15.67 (1.79) 16.86

*Figures in parenthesis are negative 

6. conclusions
During the present three-year investigation, fifteen farmers 
were selected those were practicing srI technology. On 
an average, the study noted that plant height increased by 
12%, number of tillers per square meter by 85%, number 
of reproductive tillers per hill by 286%, weight of panicle 
per hill by 139%, number of seeds per panicle by 41% and 
test weight by 26% due to srI practice over the non-srI 
practice. Average increment in straw and grain yield due 
to srI over the non-srI is 70% and 59% respectively. 
the physico-chemical and biological properties of the soil 
improved due to srI practice. the water saved for rice 
can be effectively used for increasing the area under rice 
or for other irrigated dry crops in the cropping sequence, 
thereby, enhancing the rice productivity.
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1. introduction

silver nanoparticles (AgNP) are among the most 
widely utilized engineered nanoparticles (Anjum 
et al., 2013)[2]. since long, silver is known to show 

severe toxicity to numerous types of microorganisms; and, 
silver in nano form has been reported to be more lethal to 
microorganisms as compared to other forms (Morones et 
al., 2005). As a result, potential antimicrobial activities of 
AgNPs against all classes of microorganisms (even at very 
low concentrations) endorse their notable applicability in 
biomedical research. In recent past, few workers have ob-
served promising role of AgNPs as effective and alterna-
tive pesticides to the conventionally applied synthetic or-
ganic compounds (Jagtap et al., 2013; babu et al., 2014)[12]. 
In view of using AgNPs as agrochemicals, increment in 
accumulation of these materials in soil is an eventual fate; 
which should results into alteration of soil physico-chemi-

cal properties (dispersibility, dissolution rate, surface area, 
surface chemistry, size, agglomeration, transformation, 
ionic strength, and charge etc). this in turn may determine 
the stability and transportation of nanoparticles in soil 
(tourinho et al., 2012; Anjum et al., 2013)[20][2]. Moreover, 
extensive application of AgNPs in the consumer based 
industries leads them to dispose as a waste material in the 
soil environment (ben-Moshe et al., 2013)[6].

A differential retention of silver nanoparticle in sus-
pension of natural soil with respect to the contents of clay 
particles has been reported earlier (cornelis et al. 2012)[9]. 
However, presence or absence of organic matter (surfac-
tants or humic acid) may also greatly influence the mobili-
ty of silver nanoparticle (Anjum et al., 2010)[3]. Moreover, 
considerable shift in soil pH was observed in both acid 
and alkaline soils due to high exposure of silver nanopar-
ticles (benoit et al., 2013)[7]. On the other hand, few 
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workers claimed that AgNPs have no detrimental effects 
on physico-chemical properties of soil .therefore, consid-
erable amount of research gaps can be identified in regard 
to time and concentration of exposure and the interaction 
of AgNPs with soil properties. Moreover, the effects of 
AgNPs on soil macro-animals like earthworm are yet to 
be studied thoroughly.

Here in this study we applied various concentrations 
of a Mentha arvensis leaf extract mediated green silver 
nanoparticles (AgNP) to soil. the changes in physi-
co-chemical properties of soil were assessed along with 
solubility study of ions in the respective treated soil. 
Moreover, the toxicity of AgNP was assessed with two 
earthworm species: Eisenia fetida and Metaphire postheu-
ma. seed germination assay was also performed to deter-
mine the efficacy of AgNP on probable plant growth.

2. Materials and methods

2.1 Source of AgNP and treatment combinations
Mentha arvensis mediated nanoparticles were procured 
from the department of chemical sciences, tezpur Univer-
sity for the purpose of this experiment. required concentra-
tions of the nanoparticle (10, 25, 50, 75, 100 mg kg-1) were 
obtained through serial dilution method from the stock 
solution. treatment combinations were listed below:

control-soil without AgNP
AgNP10-10 mg kg-1 concentration of AgNP, AgNP25-25 

mg kg-1 concentration of AgNP
AgNP50-50 mg kg-1 concentration of AgNP, AgNP75-75 

mg kg-1 concentration of AgNP
AgNP100-100 mg kg-1 concentration of AgNP

2.2 The experimental setup

2.2.1 lab scale soil incubation study

typical alluvial soil samples were collected from nearby vi-
cinity (order: typic endoaquept) (Napaam, tezpur, Assam). 
consequently the collected soil samples were air dried, re-
moving the plant parts and breaking the clods. sieving was 
debarred to maintain the natural condition of the composite 
soil. Afterwards the prepared soil samples were poured 
into cone shaped porous earthen vessels with a volume 
of 2L and dimension 0.45m × 0.25m (height × diameter). 
required concentrations of nanosolutions were applied in 
each vessel as listed above. Each treatment combination 
was replicated thrice and the study was continued for 60 
days. Proper ambience temperature was maintained within 
25-30°c. sprinkling of water was done at 2-3 days inter-
val to ensure the natural condition of the treated soil. Pe-
riodically samples were collected at 0, 30 and 60 days and 
analysis of various physico-chemical properties was done.

2.2.2 Physico-chemical changes of the experimental 
soil samples

Water holding capacity (WHc), bulk density (bD), pH, 
available nitrogen (Avl N), available phosphorus (Avl P), 
exchangeable potassium (Avl K), total organic carbon 
(tOc) were analyzed following Page et al., 1982 . Addi-
tionally the efficiency of nanoparticles on some vital soil 
enzymes (urease and phosphatase) was analyzed through 
standard protocoals (tabatabai and bremner, 1969; 1972)
[18][19]. 

2.2.3 effect of AgNPs on periodical solubility of ions

soil samples from the lab scale soil incubation study were 
collected and utilized to assess the potential influence of 
AgNPs on periodical solubility of ions. composite soil 
samples were prepared for experimental setup following 
the steps: breaking the clods, removing plant parts etc. as 
mentioned in earlier experiment. Afterwards 10g of the 
prepared soil samples were treated with required concen-
trations of AgNPs i.e., 10, 25, 50, 75 and 100 mg kg-1 and 
poured into erlenmeyer flasks of 250 ml capacity. Each 
flask containing the treated samples were replicated thrice 
to maintain complete randomization process. subsequent-
ly, distilled deionized water was mixed in each flasks at 
1:10 ratio with the substrate (10 g soil substrate: 100 ml 
deionized water) and reacted at 120 rpm for 7, 14 and 21 
days in a mechanical shaker at room temperature (25-
30° c). Filtration was done at each sampling period with 
Whatmann No. 1 filter paper. samples are analyzed for 
PO4

3-, NO3
-, sO4

2-, cl-, total alkalinity, pH by following 
the standard methodologies (Page et al., 1982)[16].

2.2.4 Phytotoxicity: Seed germination assay

10 number of seeds of Vigna radiata were placed in tissue 
papers per petriplates. 5 ml of nano solutions of required 
concentrations (100, 75, 50, 25 and 10 mg kg-1) were 
added in each plate. subsequently the inoculated seeds 
were maintained at 25°c in dark condition. the number 
of germinated seeds, length of plumule and radical were 
measured after 48 hours of incubation. the measurement 
of relative root growth (rrG), relative seed germination 
(rsG) and germination index (GI) were done following 
Karak et al., 2014.
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2.2.5 earthworm population and health analysis

the toxicity of nanoparticles was tested upon earthworm 
species Eisenia fetida and Metaphire postheuma. Urine 
free cowdung collected from a nearby farm were used 
as a substrate material. Juvenile, non-clitellated speci-
mens of earthworms with an average length of 2–3.5cm 
and weighing about 200-250mg were collected from the 
vermiculture unit of the department of Environmental sci-
ence, tezpur University, Assam (India). Afterwards, the 
earthworms were cleaned with water and kept in a moist 
filter paper for overnight @ 25°c for gut evacuation; 
afterwards used for incubation study. A 50 ml stock solu-
tion of different concentrations of the nanoparticle (100, 
75, 50, 25 and 10mg kg-1) was mixed with the substrate. 20 
worms per kg of substrate were added in each earthen vessel.

Efficacy of AgNP nanosolutions on earthworm popu-
lation and health were enumerated by taking earthworm 
count, body weight and length measurement at 10 days 
interval and continued up to 60 days.

2.2.6 Statistical analysis and graphical representation

One way ANOVA was conducted in sPss 16.0 software 
and analyzed the variations between different treatment 
combinations. However, least significance difference 
(LSD) test was also performed to understand the efficien-
cy of nanoparticles. Graphical representation was done 
with the help of sigma plot 10 and Ms excel.

3. results and discussion

3.1 Changes in BD, WHC, pH, available N, avail-
able P, available K, urease and phosphatase ac-
tivity, total organic carbon (TOC) of lab scale soil 
study
the inherent soil properties are represented in table 1. 
Data on changes in bD, WHc, available N, P, K, urease, 
phosphatase activity and tOc are presented in Figure 1. 
bulk density of the soil particles temporally decreased 
in the lower concentrations of nanosolutions (10, 25 and 
50mg kg-1). However in higher doses of nanosolutions (100 
and 75 mg kg-1) slight increment was observed. Incorpo-
ration of nanosolutions in soil @ 10 mg kg-1 followed by 
25 and 50 mg kg-1 elevated the WHc of the substrate after 
60 days of incubation (Figure 1) (P0.05=0.000, LsD=0.54). 
We recorded significant reduction in BD under lower con-
centrations of AgNP (50, 25 and 10 mg kg-1). this may be 
due to increase in soil porosity caused by AgNP by form-
ing stable aggregates in the soil. Depending on the ionic 
strength of the media AgNPs can form stable aggregates 
(Zhang and Zhang, 2014)[22]. simultaneously, WHc of the 
soil also increased significantly under these concentra-
tions. this is interesting, because WHc is directly related 

to the porosity of the soil. this could be due to the higher 
surface area created by the nanosized particles in soil, 
which in turn considerably improved soil structural aggre-
gation.

table 1. Inherent properties of the test soil

Parameters mean±stdev

pH 5.08±0.1

bD (g /cc) 0.64±0.05

WHc (%) 49.5±0.87

tOc (%) 0.18±0.03

Available K (mg kg-1) 150±1.74

Available P(mg kg-1) 40.5±1.25

Phosphatase (µ g g-1 h-1) 156.7±0.57

Available N (mg kg-1) 305.4±2.5

Urease (µ g g-1 h-1) 12.86±0.58

Inherently the soil pH was acidic in nature (table 1). 
However, due to application of nanosolutions the pH 
shifted towards neutrality from 0 to 60 days (P0.05=0.000, 
LsD=0.095). Maximum increment in pH was depicted 
from 10 mg kg-1 followed by 25 and 50 mg kg-1 in the 
later period of the study, this may be due to the neutral 
characteristics of AgNP (barua et al., 2013)[4]. N availabil-
ity remarkably increased under lower concentrations of 
the AgNP treatments during the study period. N augmen-
tation was recorded from 10 mg kg-1 followed by 25 and 
50 mg kg-1 (P0.05=0.000). However, 100 and 75 mg kg-1 
depicted slight increment decrement in terms of N avail-
ability compared to the lower concentrations of the study. 
similarly, considerable increase in soil urease activity was 
observed in 10 mg kg-1 followed by 50 and 25 mg kg-1. 
However, such improvement in urease activity was not 
observed in 100 and 75 mg kg-1 of AgNP application (P0.05= 
0.000, LsD=0.39). Urease is one of the most important 
soil enzymes that regulate N mineralization in arable soils. 
Interestingly, in the present study significantly high urease 
activity under lower doses of AgNP treatments were re-
corded. Improvement in soil pH, enhanced urease activity 
coupled with favourable physical environment (additional 
porosity) probably increased N availability in soil.

temporal augmentation was observed in available K 
content in AgNP treated soils during the study (P0.05=0.000, 
LsD=1.74). At later period of the study the status of avail-
able K was in the order: 10 mg kg-1>25 mg kg-1>50 mg kg-

1>100 mg kg-1>75 mg kg-1. However in the present study, 
higher K mineralization in nanoparticle treated soil could 
be due to the improvement in particle size distribution and 
granular stability (evidenced from the data on bulk densi-
ty) provided by the added nanomaterials.
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P availability dramatically enhanced in lower concen-
trations of AgNP treatments i.e., 25 mg kg-1 followed by 
10 and 50 mg kg-1. Whereas in case of 100 and 75 mg 
kg-1 P availability was increased upto 30 days, after that 
reduced P availability was observed at 60 days of incuba-
tion period. Enzyme phosphatase has a significant role in 
enhancement of phosphorus availability in soil solutions. 
Here in this study phosphatase availability was observed 
in the order: 10 mg kg-1>50 mg kg-1>25 mg kg-1>75 mg 
kg-1>100 mg kg-1. Positive effect of AgNPs on soil phos-
phatase activity may be one of the factors that enhances 
available P content in soil solution.

the tOc content of the experimental soil was initially 
very low in nature. Overall due to application of AgNP, 
tOc content gradually increases @ 10, 25 and 50 mg 
kg-1 from 0 to 60 days. However, tOc change was very 
marginal in case of 100 and 75 mg kg-1 during the study. 
At the end of the study period tOc level of soil treated 
with AgNP was in this order: 10 mg kg-1> 25 mg kg-1>50 
mg kg-1>75 mg kg-1>100 mg kg-1 (P0.05=0.02, LsD=0.03). 
similar impacts of nanomaterials on stability of soil or-
ganic matter content have been reported earlier (Xie et al., 

2008; Johnson et al., 2009)[21][13].  Ag has been reported to 
have a high affinity for reduced S group (thiol) of soil or-
ganic matter and can form s-Ag-s bonds (bell and Kram-
er, 1999)[5]. these types of organo-metallic complexation 
might have decreased organic matter degradation or min-
eralization and thus enhanced sequestration of c in soil.

3.2 changes in pH, alkalinity, chloride, sulphate, 
phosphate, nitrate ions in solubility study
Figure 2 depicted the changes of pH, alkalinity, chloride, 
sulphate, phosphate, nitrate ions in solubility study. A 
temporal escalation was observed in the pH from 10, 25 
and 50mg kg-1 (0 and 21 days) (P0.05=0.000, LsD=0.262), 
yet a sudden drop was found to occur in the 14th day.  pH 
varied significantly in our experiment although there was  
an overall rise in pH up to 50 mg kg-1concentration of 
AgNP inoculated soils. Such changes in pH significantly 
influence mobility of trace elements in soil (Reddy et al., 
1994; bhattacharyya et al., 2011)[17][8]. Much escalation 
in alkalinity was comprehended in 50mg kg-1 in 7 and 14 
days with inconsequential drop in the 21th day. the alka-
linity was found to be constant in case of 25, 10mg kg-1 of 
AgNP. An upsurge was observed in chloride concentration 

Figure 1. changes in pH, WHc, bD, available N, available P, available K, urease and phosphatase activity, total organic 
carbon (tOc) of soil incubation study due to application of different combinations of AgNP nanosolutions
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in 10 and 25 and 50mg kg-1 at the 21st day (LsD=2.47, P=0.000).

Figure 2. changes in pH, alkalinity, chloride, sulphate, phosphate, nitrate ions in solubility study due to application of AgNP

substantial augmentation was observed in phosphate 
solubility in 10, 25 and 50mg kg-1 AgNP treatments from 
7th to 21th day; nevertheless a slight increment in phos-
phate solubility was observed in 100 & 75mg kg-1 in the 
later period of the study (P0.05=0.000, LsD=0.87).

Abundant increase in sulphate solubility was found to 
occur in 10mg kg-1 AgNP followed by 25 and 50mg kg-1 
at 21 days (P0.05=0.000, LsD=0.87). Nitrate solubility was 
higher in 10, 25 and 50mg kg-1 of AgNP treatments at 21 
days; unlike 100 and 75mg kg-1 which have lesser nitrate 
N compared to initial value (P0.05=0.000, LsD=0.56).

3.3 Phytotoxicity: Effect of AgNP on seed germi-
nation
AgNP provided minimal inhibition of seed germination 
and growth compared to the control one (Figure 3). the 
germination index followed the order: 10 mg kg-1>25mg 
kg-1>75mg kg-1>50 mg kg-1>100 mg kg-1 (P=0.000, 
LsD=0.487). Whereas, the relative seed germination of 
V. radiata of AgNP treated seeds was in the order: 10 
mg kg-1>25 mg kg-1=75 mg kg-1=50 mg kg-1=100mg kg-1 
(P=0.000, LsD=0.826).this figure present a probable 

effect of nanoparticles on agricultural crops. From the fig-
ure it is comprehensible that lower concentrations of the 
nanoparticles are providing better environment in germi-
nation of the seeds. Primarily 10 mg kg-1 of AgNP depicted 
most significant effect in RSG (111%) than the rest of the 
treatments. It was conspicuous that high doses of AgNP 
showed equal amount of rsG (100%). In case of rrG 
the efficacy was in the order: 10 mg kg-1> 25mg kg-1>75 
mg kg-1> 50mg kg-1> 100mg kg-1. Here also lower doses 
provide better germination condition for Vigna radiata. It 
is noteworthy to describe that 10 mg kg-1 AgNP provide 
most significant effect followed by 25 mg kg-1. In some 
previous studies positive effect of AgNP on seed germi-
nation was reported by some researchers (Abdel-Azeem 
et al., 2013; Najafi et al., 2013)[1][15]. Nanoparticles have a 
general tendency to form complex in solutions and thus 
remain in dispersed state. In addition, the seed coats are 
selectively permeable to AgNPs and possess good anti-
microbial property. All these factors together might have 
indirectly created a favorable condition for the plant 
seeds.
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Figure 3. Effect of AgNP on rsG, rrG and GI of V. 
radiate seeds

3.4 effect of AgNP on earthworm proliferation 
and changes in morphology
table 2 and 3 represented the data of earthworm count, 
body weight and length measurement. Drastic mortality 
was observed in the population of P. excavates after 10 
day of the incubation and total reproductive failure was 
examined in both higher and lower concentrations of 
AgNP. the growth and fecundity of E. fetida and M. pos-
theuma substantially reduced with interemittent mortality 
when exposed to higher than 75 mg kg-1 of AgNP during 
the period of incubation.However, reduction in prolifera-
tion rate and body weight of these two species was not ev-
idenced under low concentration treatments of AgNP (10, 
25 and 50 mg kg-1) till 60 days. the survivality rate of E. 
Fetida was more prominent than M. Postheuma in AgNP 
treated substrate. 10 mg kg-1 treated feedstock depicted 
the most positive outcome in terms of earthworm count in 
E. fetida. However, in M. Postheuma 25 mg kg-1 feedstock 
provided the most viable environment for earthworm 
propagation.

body weight and length enumeration was considered to 

observe the feasibility of feedstock mixture for earthworm 
growth. body weight and length for E. Fetida prominently 
enhances @ 10 mg kg-1 treated substrate. Moreover for M. 
Postheuma 25 mg kg-1 was the most suitable substrate for 
earthworm growth. 

the general idea about nanoparticle is that they have 
harmful effect on organisms and ecosystem. Previous 
results reported that AgNP had adverse effects on growth 
and proliferation of earthworm species E. fetida (Heckman 
et al., 2011)[11]. However, this research revealed that low 
dose AgNP exposure may not cause severe helath hazard 
to earthworms if the duration of exposure is not too long. 
this may be due to the fact that incorporation of nanoma-
terials causes increase in porosity in the substrate (barua 
et al., 2013)[4]. As earthworms can absorb oxygen from 
their surrounding environment through their moist skin 
and they are mostly susceptible to anaerobic environment 
(barua et al., 2013)[4]. Hence, enhancement in porosity 
probably ensured adequate circulation air to sustain nor-
mal growth and proliferation of the earthworm speices. 
Our findings are in good agreement with previous report 
(barua et al., 2013)[4].

4. conclusion
the present study revealed that silver nanoparticles pre-
pared through the leaf extract of Mentha arvensis cause 
not rigorous detrimental effect to the soil environment. 
this also showed that lower concentrations of AgNPs (10, 
25 and 50 mg kg-1) did not hamper the growth and prolif-
eration of earthworms, the nature's chemical managers. 
seed germination assay also depicted feasibility of lower 
concentrations in V. radiata seeds growth. the solubility 
experiment demonstrated enhancement of plant essential 
PO4

3- and NO3
- in the lower concentrations of the AgNPs; 

this indicated the probability of better growth of plants, 
which we can assume through seed germination assay 
data. Moreover, the results proved that the soil quality 
improved substantially without any detectable hindrance 
from lower range of AgNPs. 

references
[1] Abdel-Azeem, E.A., Elsayed, b.A., 2013. Phytotoxicity of 

silver nanoparticles on Vicia faba seedlings. N. Y. sci. J. 
6(12), 148-156.

[2] Anjum, N.A., Gill, s.s., Duarte, A.c., Pereira, E., Ahmad, 
I., 2013. silver nanoparticles in soil–plant systems. J. 
Nanopart. res. 15, 1896-1921.  

[3] Anjum, N.A., Umar, s., chan, M.t., 2010. Ascorbate-glu-
tathione pathway and stress tolerance in plants, springer, 
Dordrecht.

[4] barua, s., Konwarh, r., bhattacharya, s.s., Das, P., 
Devi, K.s.P., Maiti, t.K., Mandal, M., Karak, N., 2013. 



24

NASS Journal of Agricultural Sciences | Volume 01 | Issue 01 | January 2019

     Distributed under creative commons license 4.0        DOI: 

ta
bl

e 
2.

 E
ar

th
w

or
m

 c
ou

nt
, b

od
y 

w
ei

gh
t a

nd
 le

ng
th

 m
ea

su
re

m
en

t o
f E

is
en

ia
 fe

tid
a 

in
cu

ba
te

d 
in

 A
gN

P 
tre

at
ed

 su
bs

tra
te

.

Ea
rth

w
or

m
 c

ou
nt

b
od

y 
w

ei
gh

t (
g)

b
od

y 
le

ng
th

 (c
m

)

c
on

c
10

 D
20

 D
30

 D
40

 D
50

 D
60

 D
10

 D
20

 D
30

 D
40

 D
50

 D
60

 D
10

 D
20

 D
30

 D
40

 D
50

 D
60

 D

A
gN

P 1
00

16
±1

25
±1

15
±1

20
±1

25
±1

28
±1

0.
3±

0.
2

0.
4±

0.
1

0.
8±

0.
3

1.
3±

0.
2

1.
1±

0.
3

1±
0.

3
3.

5±
0.

7
4.

5±
0.

5
6.

5±
0.

5
8.

1±
0.

9
8.

5±
0.

5
8.

8±
0.

5

A
gN

P 7
5

25
±1

21
±1

19
±1

34
±1

26
±1

24
±1

0.
6±

0.
1

0.
9±

0
1.

2±
0.

3
1±

0.
5

0.
8±

0.
1

0.
9 

±0
.2

3.
8±

0.
5

4.
2±

0.
7

5.
8±

0.
9

6.
5±

0.
5

7.
8±

1
9.

3±
0.

7

A
gN

P 5
0

20
±1

20
±1

19
±1

54
±1

87
±2

.6
77

±1
0.

3±
0.

1
1.

2±
0.

2
1.

3±
0.

2
1.

2±
0.

2
1.

4±
0.

1
1.

72
±0

.3
3.

7±
0.

7
5.

2±
0.

7
6.

7±
0.

1
8.

5±
0.

5
9.

4±
0.

9
10

.9
±0

.9

A
gN

P 2
5

20
±1

.7
21

±1
36

±1
53

±1
75

±1
89

±1
0.

4±
0.

1
1±

0.
5

1.
2±

0.
4

1.
1±

0.
4

1.
54

±0
.1

1.
72

±0
.1

3.
3±

0.
7

5.
3±

0.
7

7.
8±

0.
9

8.
7±

0.
7

9.
8±

0.
5

11
.5

±0
.5

A
gN

P 1
0

20
±1

20
±1

45
±1

58
±1

10
1±

1
95

±1
0.

1±
0.

1
1.

5±
0.

5
1.

1±
0.

4
1.

3±
0.

2
1.

64
±0

.5
1.

8±
0.

2
3.

5±
0.

7
6.

1±
0.

8
8.

5±
0.

5
9.

5±
0.

5
11

.5
±0

.9
12

.5
±0

.5

c
on

tro
l

20
±1

14
±1

18
±1

45
±1

25
±1

28
±1

0.
2±

0.
1

1.
1±

0.
4

1.
0±

0.
4

1.
2±

0.
2

1.
2±

0.
1

1.
08

±0
.2

3.
3±

0.
2

5.
8±

0.
7

7.
3±

0.
7

8.
5±

0.
5

9.
2±

0.
7

9.
8±

0.
9

L.
s.

D
 a

t P
 <

0.
01

0.
97

0.
82

0.
82

0.
82

1.
03

0.
89

0.
08

0.
25

0.
25

0.
21

0.
19

0.
17

0.
52

0.
56

0.
59

0.
54

0.
59

0.
52

ta
bl

e 
3.

 E
ar

th
w

or
m

 c
ou

nt
, b

od
y 

w
ei

gh
t a

nd
 le

ng
th

 m
ea

su
re

m
en

t o
f M

et
ap

hi
re

 p
os

th
eu

m
a 

du
e 

to
 a

pp
lic

at
io

n 
of

 A
gN

P

 
Ea

rth
w

or
m

 c
ou

nt
b

od
y 

w
ei

gh
t (

g)
b

od
y 

le
ng

th
 (c

m
)

c
on

c.
10

 D
20

 D
30

 D
40

 D
50

 D
60

 D
10

 D
20

 D
30

 D
40

 D
50

 D
60

 D
10

 D
20

 D
30

 D
40

 D
50

 D
60

 D

A
gN

P 1
00

20
±1

11
±1

14
±1

18
±1

23
±1

19
±1

1.
2±

0.
3

1.
1±

0.
3

1±
0.

4
0.

8±
0.

2
1±

0.
5

1±
0.

4
3.

05
±0

.7
4.

5±
0.

5
6.

8±
0.

5
7.

7±
0.

9
9.

1±
0.

5
8.

5±
0.

7

A
gN

P 7
5

21
±1

13
±1

17
±1

22
±1

26
±1

18
±1

0.
4±

0.
1

1.
3±

0.
2

1.
1±

0.
2

0.
9±

0.
1

1.
1±

0.
3

1.
1±

0.
3

3.
1±

0.
5

4.
6±

0.
7

5.
1±

0.
9

5.
9±

0.
5

6.
4±

1
8.

3±
0.

7

A
gN

P 5
0

21
±1

19
±1

23
±1

40
±1

35
±1

45
±1

1.
2±

0.
3

1.
1±

0.
2

0.
8±

0.
2

0.
9±

0.
1

1.
4±

0.
2

1.
2±

0.
3

3.
8±

0.
7

4.
5±

0.
7

5.
8±

1.
1

6.
5±

0.
5

7.
1±

0.
9

9.
4±

0.
5

A
gN

P 2
5

21
±1

21
±1

29
±1

48
±1

70
±1

58
±1

1.
2±

0.
2

1.
4±

0.
1

1.
1±

0.
3

1.
1±

0.
3

0.
8±

0.
2

1.
29

±0
.2

3.
3±

0.
7

5.
9±

0.
7

7.
9±

0.
9

9.
3±

0.
7

9.
7±

0.
5

10
.4

±0
.7

A
gN

P 1
0

22
±1

20
±1

24
±1

41
±1

44
±1

51
±1

0.
3±

0.
2

0.
9±

0.
1

1.
5±

0.
3

1.
6±

0.
2

1±
0.

5
1.

3±
0.

2
3.

8±
0.

9
5.

5±
0.

7
8.

5±
0.

5
9.

7±
0.

5
10

.5
±0

.9
11

.8
±0

.5

c
on

tro
l

20
±1

23
±1

20
±1

37
±1

15
±1

21
±1

0.
3±

0.
2

1.
7±

0.
1

0.
8±

0.
2

0.
8±

0.
2

1±
0.

5
0.

9±
0.

1
3.

3±
0.

3
4.

8±
0.

7
7.

3±
0.

2
8.

8±
0.

5
9.

2±
0.

7
9.

5±
0.

7

L.
s.

D
 a

t P
 <

0.
01

0.
82

0.
89

0.
82

0.
97

1.
03

0.
82

0.
18

0.
15

0.
20

0.
26

0.
34

0.
20

0.
55

0.
59

0.
53

0.
52

0.
50

0.
48



25

NASS Journal of Agricultural Sciences | Volume 01 | Issue 01 | January 2019

     Distributed under creative commons license 4.0        DOI: 

Non-hazardous anticancerous and antibacterial colloidal 
'green' silver nanoparticles. colloids surf. b. 105, 37– 42.

[5] bell, r.A., Kramer, J.r., 1999. structural chemistry and 
geo-chemistry of silver-sulfur compounds: critical review. 
Environ. toxicol. chem. 18, 9-22. 

[6] ben-Moshe, t., Frenk, s., Dror, I., Minz, D., berkowitz, b., 
2013.  Effects of metal oxide nanoparticles on soil proper-
ties. chemosphere 90, 640–646.

[7] benoit, r., Wilkinson K.J., sauvé, s., 2013. Partition-
ing of silver and chemical speciation of free Ag in soils 
amended with nanoparticles. chem cent J 7, 75.

[8] bhattacharyya, P., reddy, K.J., Attili, V., 2011. solubility 
and fractionation of different metals in fly ash of Powder 
river basin coal. Water Air soil Pollut. 220, 327-337.

[9] coutris, c., Joner, E.J., Oughton, D.H., 2012. Aging 
and soil organic matter content affect the fate of silver 
nanoparticles in soil. sci. total Environ. 420, 327–333.

[10] Goswami, L., Patel, A.K., Dutta, G., bhattacharya, P., 
Gogoi, N., bhattacharya, s.s., 2013.  Hazard remediation 
and recycling of tea industry and paper mill bottom ash 
through vermiconversion. chemosphere 92, 708–713.

[11] Heckmann, L.H., Hovgaard, M.b, sutherland, D.s., 
Autrup, H., besenbacher, F., scott-Fordsmand, J.J., 
2011. Limit-test toxicity screening of selected inorganic 
nanoparticles to the earthworm Eisenia fetida. Ecotoxicol-
ogy 20, 226–233.

[12] Jagtap, U.b., bapat, V.A., 2013. Green synthesis of silver 
nanoparticles using Artocarpus heterophyllus Lam. seed 
extract and its antibacterial activity, Industrial crops and 
Products 46, 132– 137.

[13] Johnson, r.L., Johnson, G.O., Nurmi, J.t., tratnyek, P.G., 
2009. Natural organic matter enhanced mobility of nano 

zerovalent iron. Environ. sci. technol. 43, 5455–5460.
[14 Karak, t., Paul, r. K., sonar, I., sanyal, s., Ahmed, K.Z., 

boruah, r.K., Das, D.K., Dutta, A. K., 2014. chromium 
in soil and tea (Camellia sinensis L.) infusion: Does soil 
amendment with municipal solid waste compost make 
sense? Food res. Int. 64, 114–124.

[15] Najafi, S., Heidari, R., Jamei, R., 2013.Influence of silver 
nanoparticles and magnetic field on phytochemical, anti-
oxidant activity compounds and physiological factors of 
Phaseolus vulgaris, tech J Engin & App sci. 3 (21), 2812-
2816.

[16] Page, A.L., Miller, r.H., Keeney, D.r., 1982. Methods of 
soil Analysis, Part 2, soil society of America, Madison,WI.

[17] reddy, K.J., Gloss, s.P., Wang, L., 1994. reaction of cO2 
with alkaline solid wastes to reduce contaminant mobility.
Water res. 28, 1377-1382.

[18] tabatabai, M.A., bremner, J.M., 1969. Use of p-nitrophe-
nyl phosphate for assay of soil phosphatase activity. soil 
biol. biochem. 1, 301–307.

[19] tabatabai, M.A., bremner, J.M., 1972. Assay of urease 
activity in soils. soil boil. biochem. 4, 479-487.

[20] tourinho, P.s., Van Gestel, c.A.M., Lofts, s., svendsen, 
c., soares, A.M.V.M.,   Loureiro, s., 2012. Metal-based 
nanoparticles in soil: fate, behavior, and effects on soil in-
vertebrates. Environ. toxicol. chem. 31, 1679–1692.

[21] Xie, b., Xu, Z., Guo, W., Li, Q., 2008. Impact of natu-
ral organic matter on the physicochemical properties of 
aqueous c60 nanoparticles. Environ. sci. technol. 42, 
2853–2859.

[22] Zhang, H., Zhang, c., 2014. transport of silver nanopar-
ticles capped with different stabilizers in water saturated 
porous media. J. Mater. Environ. sci. 5, 231-236. 



26

NASS Journal of Agricultural Sciences
http://ojs.nassg.org/index.php/NJAS

NASS Journal of Agricultural Sciences | Volume 01 | Issue 01 | January 2019

     Distributed under creative commons license 4.0        DOI: 

*Corresponding Author: 
Sudipta Tripathi. 
Institute of Agricultural Science, University of Calcutta, 51/2 Hazra Road, Kolkata-700019. 
E-mail:sudipta_t@yahoo.com

AbstrAct

Leather industries that uses the conventional chrome tanning process are subjected to high risk 
of contamination due to the emission of toxic cr(VI) that poses a serious threat to the environ-
ment and human’s wellbeing. the present study were made to isolate and characterize chro-
mium tolerant bacteria in the samples collected from four different plots of bantala tannery, 
Kolkata, West bengal, India. Pure chromium tolerant bacterial strains were isolated from the 
tannery sludge samples and their relative MIc (Minimum Inhibitory concentration) were re-
corded at different concentrations of cr (VI) salts to select the highest chromium tolerant bac-
terium. the selected bacterium was further taken for their growth studies followed by different 
cultural, morphological and molecular analysis (16s rDNA). the bacterial strain was further 
studied through sEM (scanning Electron microscopy) and EDX (Energy Dispersive X-ray) 
spectroscopy which revealed that tW4 was a gram positive, rod shaped, endospore forming, 
pleomorphic bacterium with phylogenetic similarities with Isoptericola sp. and genebank ac-
cession number sUb1732465 tW4 KX640927. 
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1. introduction

the process of production of leather has been a 
very important process since ancient times due 
to its high demand in daily life. the process in-

volves several mechanical and chemical stages. Most of 
the tanneries release the untreated wastes in the environ-
ment. this leads to deposition of huge amount of solid 
wastes and wastewater containing toxic chromium salts 

used during tanning (Alam and Malik, 2008; Familec et 
al., 2011)[1][7]. the presence of high concentration of chro-
mium leads to the adaptation of microorganisms that can 
develop the mechanism to withstand the metal and sustain 
in the hostile environment. 

the leather complex which is 20 Kms from Kolkata, 
West bengal, India on its south-eastern periphery, is a liv-
ing hell. 

the smell of the chemicals used to treat the leather 



27

NASS Journal of Agricultural Sciences | Volume 01 | Issue 01 | January 2019

     Distributed under creative commons license 4.0        DOI: 

often sickens one to nausea. the water canal gets choked 
with rotting animal hair, fat and the omnipresent plastic. 
the visible canal water often gets coloured with blood, 
dyes or chromium and even shines in grimy bubbles. Most 
of the tanneries are devoid of the infrastructure which 
may suitably treat the tannery plant effluents. The burning 
and boiling of shaving dust, flesh linings and trimmings 
are often used to serve as fertilizers and fish feeds. the 
chromium content in these can pollute surface water and 
also can leach down to contaminate ground water. the 
supply of water laden with chemicals and salts in the sur-
rounding farming lands has devastatingly reduced paddy 
yield. (bera, 2013; banerjee et al, 2018)[4][3]there had 
been very scarce studies available regarding the microbial 
population of the area and their potential in improving the 
metal toxicity of the environment. It is of immense need 
to start a study on the potential bacteria of the place that 
can thrive in the hostile environment so that it may help in 
remediation of the wastes in near future. thus the present 
study was carried out to elucidate the isolation and char-
acterization of potential chromium tolerant bacteria from 
tannery effluent (Alam and Malik, 2008)[1].

2. Materials and methods

2.1 isolation of bacterial strains
bacterial strains resistant to cr (VI) were isolated from 
solid tannery sludge sample collected fromcalcutta Leath-
er complex, bantala, East Kolkata, West bengal, Indiaus-
ing nutrient agar

(NA), (Hi Media, Mumbai, India) plates supplemented 
with cr (VI) salt (K2cr2O7). ten grams of soil sample was 
suspended in 90 ml sterile water and shaken vigorously 
for 10 min. A 0.1 ml aliquots of appropriate dilutions were 
plated on NA plates and incubated at 30 °c for 24 h. In-
dividual bacterial colonies on NA plates which varied in 
shape and colour were picked up and purified by repeated 
sub culturing on the same medium. sludge samples were 
also analyzed for the total chromium concentrations by 
atomic absorption spectrophotometer (Instrument: Varian 
AA240Fs; Flame atomizer. software: Work sheet Orient-
ed AA software; Version 5.1 pro).

2.2 Identification of isolate
In the present study, a total of 16 bacterial isolates were 
isolated from the chromium contaminated solid sludge. 
bacterial isolates were identified on the basis ofcultural 
characterization of the bacterium following the Bergey’s 
Manual of Systematic Bacteriology and morphological 
characteristicsthat included negative staining, gram stain-
ing and spore staining following the established methods 
(Aneja,2003; Ghori et al., 2011)[2][8].Out of the 16 isolates, 

the isolate tW4 was specially chosen due to its simulta-
neous high resistance towards chromium. this isolate was 
further identified by 16S rDNA analysis using the primers 
8F: (5′AGA GTT TGA TCC TGG CTC AG 3′) and 1492r 
(5′-GGT TAC CTT GTT ACG ACTT-3′) as Isoptericola 
sp. tW4. the Gen bank accession number of 16s rDNA 
sequence of the isolate is sUb1732465 tW4 KX640927 
(shakoori et al., 2010; shekharet al., 2014)[10][11].

2.3 Minimum inhibitory concentrations of chro-
mium
Minimum inhibitory concentration (MIc) of chromium 
against the test isolates weredetermined by the plate di-
lution method. the metal cr6+were used as K2cr2O7 (Hi 
Media, Mumbai, India), respectively, in increasing con-
centrations ranging from 50ppm to 250ppm were added 
to sterilized NA and poured into plates which were then 
spot (10 μl) inoculated aseptically with exponentially 
growing culture of Isoptericola sp. tW4. the plates were 
incubated at 37 °c for 24 hrs. the lowest concentration of 
the metal at which no growth occurred was considered as 
MIc.

2.4 Growth Studies
Growth of the Isoptericola sp. was determined by taking 
about 5ml of 24hrsbroth culture which was aseptically 
transferred to a fresh broth culture amended with 50ppm-
K2cr2O7.Initial optical density (OD) at 600nm wavelength 
was recorded and the inoculated culture flask was placed 
in the shaker (120rpm) at 30ºc for 12hrs. After 1h of incu-
bation, 5ml of the culture was aseptically transferred to a 
cuvette and the optical density of the sample was recorded 
at 600nm. A control was studied simultaneously with the 
sample culture. OD values were recorded at 1h interval 
and a growth curve was obtained using the observed OD 
of the control culture and the sample culture (chaturvedi, 
2011)[5].

2.5 Scanning electron Microscopy and energy 
Dispersive X-ray Analysis
the sample for the sEM and EDX study was prepared 
by taking 1mL of bacterial broth which was centrifuged 
at 12,000rpm. the pellet was treated with 4% gluteralde-
hyde (in Na- phosphate, pH - 7.2) after buffer wash and 
kept overnight. Dehydrolysis of sample was followed 
by different volumes of ethanol starting from 50%, 
70%, 90%, 100%.sEM and EDX stub was prepared 
by applying the adhesive tape and fixing of the glass 
slides smeared with the treated bacterial cultures. slides 
were then screened under a scanning Electron Micro-
scope and images were used to generate the EDX report 
(Narayani,2012)[9].



28

NASS Journal of Agricultural Sciences | Volume 01 | Issue 01 | January 2019

     Distributed under creative commons license 4.0        DOI: 

3. results and Discussion
the total chromium concentration was found to be 21.43 
mg/gm of sludge sample. the Isoptericola sp. tW4 was 
isolated from solid tannery sludge heavily contaminated 
with chromium. the bacterial colony had white coloura-
tion. the different staining analysis showed the bacterium 
as rod shaped (Plate 2), gram positive (Plate 3) and endo-
spore forming bacterium (Plate 4).the partial 16s rDNA 
sequence of the bacterial isolate was compared with the 
sequences in Genbank database by bLAst-N algorithm 
to identify sequences with high degree of similarity. the 
gel, when UV transilluminated, revealed a very bright, 
thick band of Pcr product which was about 1.5 kb in 
size (Plate 5).Amplification of 16s rDNA yielded a 1475 
bp product. the isolate tW4 showed 99% sequence sim-
ilarity with Isoptericola sp. (Fig. 1). so, from 16s rDNA 
partial sequence data along with cultural features and 
morphological characteristics, the tW4 isolate could be 
identified as belonging to the genus Isoptericola. the 
bacterium is classified as belonging to the phylum Bacte-
roidetes, the class Flavobacteria, the order Flavobacteriale 
and the family Flavobacteriaceae. this genus was first 
described by .

Plate 1. Establishment of pure cultures on NA plates 
amended with 50ppm K2cr2O7

Plate2. Negative staining (1000X)

Plate 3. Gram staining (1000X)

Plate 4. Endospore staining(1000X)

Plate 5. 16S rDNA PCR amplified product
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Figure 1. Phylogenetic analysis of tW4
Isoptericola sp. tW4 was found to show highest resis-

tance against 250ppm of K2cr2O7. High level of chromi-
um resistance in different bacteria was reported previously 
by several workers (Alam and Malik, 2008)[1]. reports on 
chromium resistance by the genera Isoptericola are very 
rare. the bacterial growth curve clearly showed a distinc-
tive change in growth between the bacteria under control 
condition and chromium stress condition (Fig. 2). the 
control bacteria showed a steep rise in its growth while 

the bacteria treated with K2cr2O7 showed a drastic reduc-
tion in growth.

Figure 2. Growth studies of tW4
the sEM report of the isolated organism tW4 clearly 

revealed a drastic morphological change (from rods to 
spherical) when the organism was treated with 100ppm 
chromium(VI)salts which is a typical characteristic of 
pleomorphic bacteria (Plate6; Plate7). comparative EDX 
analysis between the control and the 100ppm chromi-
um(VI) treated organisms clearly depicted that there were 
trace amounts of stress accumulation of chromium in the 
treated organisms (Plate8;Plate9) (Das et al.,2014)[6].

Plate 6. control images of tW4 under sEM
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Plate 7. sEM images of tW4 at 100ppm of cr (VI)
         

Plate 8. EDX analysis of control sample of tW4

Plate 9. EDX analysis of sample tW4 treated with 100ppm of cr (VI)

4. conclusion
till date, not much is known about the Isoptericola genus 

in general. therefore, these results add a clue as to their 

function in the environment especially with respect to 
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their morphological changes related to chromium stress. 
these results demonstrate that Isoptericola sp. tW4 was 
resistant to high level of chromiumand showed a rapid 
morphological change (from rod to coccus) under high 
stress of chromium. the bacterium also showed stress ac-
cumulation of trace amount of chromium. therefore, the 
Isoptericola sp. tW4 used in this study could be exploited 
for remediation of soil and waste streams contaminated 
with chromium.

references

[ 1 ] Alam, M. Z., & Malik, A. (2008). chromate resistance, 
transport and bioreduction by Exiguobacterium sp. ZM‐2 
isolated from agricultural soil irrigated with tannery efflu-
ent. Journal of basic microbiology, 48(5), 416-420.

[ 2 ] Aneja, K. r. (2003). Experiments in microbiology, plant 
pathology and biotechnology. New Age International.

[ 3 ] banerjee, A., tripathi, s., Mukherjee, A. K., & Mukherjee, 
s. (2018). characterization of bantala tannery sludge and 
its vermicompost. IJCS, 6(6), 185-189.

[ 4 ] bera,s. (2013). stink in the leather belt, Down To Earth.
[ 5 ] chaturvedi, M. K. (2011). studies on chromate removal 

by chromium-resistant bacillus sp. isolated from tannery 
effluent. Journal of Environmental Protection, 2(01), 76.

[ 6 ] Das, s., Mishra, J., Das, s. K., Pandey, s., rao, D. s., 

chakraborty, A.&thatoi, H. (2014). Investigation on 
mechanism of cr (VI) reduction and removal by bacillus 
amyloliquefaciens, a novel chromate tolerant bacterium 
isolated from chromite mine soil. Chemosphere, 96, 112-
121.

[ 7 ] Familec, s., &Wieczorek-ciurowa, (2011) K. r. Y. s. t. 
Y. N. A. Waste from Leather Industry. Threats to the Envi-
ronment.

[ 8 ] Ghori, M. I., Iqbal, M. J., & Hameed, A. (2011). charac-
terization of a novel lipase from bacillus sp. isolated from 
tannery wastes. Brazilian Journal of Microbiology, 42(1), 
22-29.

[ 9 ] Narayani, M. (2012). characteristics of a novel Acine-
tobacter sp. and its kinetics in hexavalent chromium 
bioreduction. Journal of microbiology and biotechnology, 
22(5), 690-698.

[10] shakoori, F. r., tabassum, s., rehman, A., &shakoori, A. 
r. (2010). Isolation and characterization of cr6+ reducing 
bacteria and their potential use in bioremediation of chro-
mium containing wastewater. Pakistan J. Zool, 42(6), 651-
658.

[11] shekhar, s., sundaramanickam, A., &Vijayansiva, G. 
(2014). Detoxification hexavalent chromium by potential 
chromate reducing bacteria isolated from turnery effluent. 
Am J Res Commun, 2(2), 205-16.



32

NASS Journal of Agricultural Sciences
http://ojs.nassg.org/index.php/NJAS

NASS Journal of Agricultural Sciences | Volume 01 | Issue 01 | January 2019

     Distributed under creative commons license 4.0        DOI: 

*Corresponding Author: 
R. C. Sharma. 
Research & Development Dept., Bio-Agro Research, RCF Ltd., Chembur, Mumbai-400074. 
E-mail: rcsharma@rcfltd.com

AbstrAct

Field experiments were undertaken on sandy soils with three cropping systems at Giridih, 
Jharkhand, India for two years during 2012-2014. the experiments were executed in split plot 
design by assigning water soluble phosphorus (WsP) fertilizers in main-plot and recommend-
ed dose of phosphorus (rDP) in sub-plot with three replications. the maximum economical 
yield of rice (4705 kg/ha), baby corn (842 kg/ha) and chickpea (920 kg/ha) were recorded 
with the application of 30% WsP. the maximum economical yield of successive crops - wheat 
(3185 kg/ha), mustard (1720 kg/ha) and groundnut (1578 kg/ha) were recorded with the appli-
cation of 30% WsP and 100% rDP treatment. Almost similar trends were noticed in terms of 
by-product yield, nutrient uptake and residual soil fertility status.  All the levels of WsP (30% 
- 89%) in complex fertilizers were found to be equally effective for grain yield, straw yield, 
nutrient uptake, and residual soil fertility.
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1. introduction

Phosphorus is the second most deficient nutrient in 
agriculture production systems around the world 
next to nitrogen (balemi and Negisho, 2012)[3]. It is 

an essential element for plant growth. It plays an import-
ant role in photosynthesis, energy transfer and storage. 
Plant growth is restricted unless the soil contains adequate 
level of phosphorus or it is supplied to soil from external 
source (tekchand and tomar, 1993; tomar, 2000; setia 
and sharma, 2007)[28][29][26]. the fraction of soil phos-

phorus utilized for crop growth is called as ‘Available 
Phosphorus’. Phosphorus is absorbed by plants mostly the 
primary and secondary orthophosphate ions (H2PO4

- and 
HPO4

2-) which are present in soil solution. the amount 
of each form present depends primarily on soil pH. At 
pH 7.22 there are approximately equal amount of H2PO4

- 
and HPO4

2-. Plant uptake of HPO4
2- is much slower than 

H2PO4
-. the amount of P held in the cycling pools of soil 

P (i.e. plant-available P) is the working capital of the soil 
that determines crop productivity.
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High quality rock phosphate is a finite source and there 
is an on-going debate about the longevity of global P re-
sources (cordell et al. 2009; Van Kauwenbergh 2010)[7]

[14]. Phosphorus is important for sustainable agricultural 
production and global food security. to ensure equitable 
use of scarce P resources, inefficiencies in P use in agri-
culture needs to be addressed. Diammonium phosphate 
(DAP) is the most commonly used P-fertilizer throughout 
south-East Asia. However, raw materials required for its 
production are being imported resulting in drain of foreign 
exchange. Keeping this and the anticipated short supply of 
sulphur in the world market, fertilizer manufacturers have 
introduced nitrophosphates as an alternative (Khurana et 
al. 2003)[15].

Nitrophosphates with a combination of water soluble 
phosphate (30–60%) and citrate-soluble phosphate offer 
an optimal solution to increase P-fertilizer use efficiency 
for majority of crops on varied soils (Wichmann 1977)
[32]. Energy requirements of nitrophosphate production are 
20% lower than sulphur-based P-fertilizers. From environ-
mental point of view, nitrophosphate manufacturing does 
not lead to the generation of sulfur dioxide, large volumes 
of solid wastes and waste waters (Anonymous 1988)[1]. On 
the other hand, phosphoric acid- and sulphuric acid-based 
P-fertilizers have a major problem of phosphogypsum 
disposal (reuvers and Lee 1994)[22]. carbon dioxide pro-
duced during nitrophosphate manufacturing is consumed 
in N fertilizer production (Anonymous 1994)[2]. In addi-
tion, nitrophosphate production process has the ability 
to accommodate low-grade phosphate rock by removing 
inerts (bonekamp 1984)[5].

there has an interest in the research that how much wa-
ter soluble P should be present in different kind of fertil-
izer for getting higher P-use efficiency and optimum crop 
yield. With this background, experiments were designed 
to study the effect of different levels of water soluble P in 
complex fertilizers in different cropping systems at Giri-
dih, Jharkhand, India. 

2. Methodology

2.1 Experimental Site
the three experiments on different cropping systems 
were conducted at Giridih, Jharkhand, India (table). the 
mean maximum temperature is generally recorded in the 
month of June (40–45 ◦c) and minimum temperature in 
January (2–5 ◦c). the average annual rainfall is 1349 mm 
of which 82% occurs within the monsoon period (June–
september). relative humidity ranges from 78% to 95%. 
Annual potential evapo-transpiration (PEt) is 1293 mm. 
the mean daily evaporation reaches a maximum of 12–15 
mm per day in June and a minimum of 0.5–0.7 mm per 

day in January. the mean wind velocity varies from 3.5 
km hr−1 during October to 6.4 km hr−1 during April. the 
physico-chemcial parameters of study soils are given in 
table 1.
table 1. the physico-chemcial parameters of study soils. 

Parameter
rice-
wheat

baby corn- 
Mustard

chick-
pea-Groundnut

pH 6.10 5.80 5.60

conductivity (dsm−1) 0.12 0.17 0.14

Organic carbon (%) 0.33 0.29 0.25

Available N 135 169 226

Available P2O5 9.30 11 7.0

Available K2O 225 244 258

2.2 Experimental Design
A split plot design with three replications was used in 
the study by allocating levels of water soluble Phospho-
rus (WsP) in complex P-fertilizers in main-plots and 
three recommended dose of phosphate treatments in sub-
plots. Four levels of water soluble Phosphorus (WsP) 
in complex fertilizers viz t1: 30 % WsP, t2: 60 % WsP, 
t3: 80 % WsP, t4: 100 % WsP along with a t0: Absolute 
control was taken in main-plot. to observe the residual 
effect, three levels of recommended doses of phosphate 
(rDP) viz P1: 50 % rD of phosphorus, P2: 100 % rD of 
phosphorus along with P0: control was accommodated in 
sub-plot. source of P-fertilizers and their properties are 
mentioned in table 2. Overnight water-soaked seeds of 
each different crop were sown at a depth of 3–5 cm below 
the soil surface. the full dose of P and K, and 50% N was 
applied at the time of sowing. the remaining 50% N was 
applied in two equal doses as band application at 20 and 
40 days after sowing. Weeding was done twice to keep the 
field weed free. 
2.3 Soil Sampling and Analysis
soil samples from 0 to 20 cm depth were collected after 
each crop harvest, air dried, and sieved (2 mm mesh). soil 
organic carbon (sOc) was analyzed by the wet oxidation 
method (Walkley and black 1934)[31]. soil available nitro-
gen was estimated by alkaline potassium permanganate 
(subbiah and Asija 1956)[27], phosphorus by sodium bicar-
bonate (Olsen et al. 1954)[20] and potassium by ammonium 
acetate (Hanway and Heidel 1952)[9] method. A suspen-
sion of soil and water 1:2.5 and 1:5 was used to determine 
the pH and electrical conductivity (Ec), respectively 
(Jackson 1973)[13]. 
2.4 Sstatistical Analysis
collected data were subjected to statistical analysis in a 
split-plot design (Gomez and Gomez 1984)[8]. Least sig-
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nificant difference (LSD) was worked out where variance 
ratio (F test) was significant and presented/tested at 5% 
level of significance.

3. results

3.1 Grain and Straw Yield
rice and baby corn grown in Kharif season and chickpea 
in Rabi with four levels of WsP- water soluble phospho-
rus in complex fertilizers along with control plots to note 
their effects on grain and straw yields. A minor variation 
was recorded in the yield data over the years may be due 
to the environmental conditions. the maximum econom-
ical yield of rice (4705 kg/ha), baby corn (842 kg/ha) and 
chickpea (920 kg/ha) were recorded with the application 
of 30% WsP. similar trend was noticed in terms by-prod-
uct yield of rice (6675 kg/ha), baby corn (3264 kg/ha) and 
Chickpea (1694 kg/ha). Although there was no significant 
difference observed among the fertilizer treatments with 
respect to grain and straw yield. the minimum yields 
were noted where no phosphatic fertilizer was applied 
(table 3-5).

Wheat and mustard in Rabi season and groundnut in 
Kharif were grown on residual soil fertility of previous 
phosphorus treatments and three levels of recommended 
dose of phosphorus (rDP) viz 0%, 50% and 100%. A mi-
nor variation was recorded in the yield data over the years 
may be due to the environmental conditions. Irrespective 
of crop, economic yield and by-product yield were in-
creased with increasing the levels of rDP. the maximum 
economical yield of wheat (3185 kg/ha), mustard (1720 
kg/ha) and groundnut (1578 kg/ha) were recorded with the 
application of 30% WsP and 100% rDP treatment. sim-
ilar trend was noticed in terms by-product yield of wheat 
(4496 kg/ha), mustard (2365 kg/ha) and groundnut (2667 

kg/ha). Although there was no significant difference ob-
served amongst the fertilizer treatments and rDP in terms 
of economic and by-product yields. the minimum yields 
were observed where no P-fertilizer was applied (table 
3-5). 

3.2 Nutrient uptake
Direct and residual effect of different levels of WsP in 
complex fertilizers on nutrients uptake (i.e. N, P & K) by 
crops are presented in table 6-8. the maximum nutrients 
(NPK) up taken by rice (87.3 N, 14.4 P and 105.9 K kg/
ha), baby corn (70.9 N, 8.67 P & 111.9 K kg/ha) and 
chickpea (66.7 N, 15.4 P & 84.1 K kg/ha) were recorded 
with the application of 30% WsP. Although there was no 
significant difference observed amongst the fertilizer treat-
ments. the minimum nutrients uptake was noted where 
no phosphatic fertilizer was applied (table 6-8).

Follow-up crops; wheat, mustard and groundnut were 
grown on residual soil fertility of previous phosphorus 
treatments and with three levels of rDP viz 0%, 50% and 
100%. Irrespective of crop, nutrients uptake was increased 
with increasing the levels of rDP. the maximum uptake 
of nutrient by wheat (50.9 N, 12.1 P & 96.4 K kg/ha), by 
mustard (72.8 N, 8.2 P & 101.3 K kg/ha) and by ground-
nut (91.5 N, 16.3 P & 93.4 K kg/ha) were recorded with 
the application of 30% WsP and 100% rDP treatment. 
However, there was no significant difference observed 
amongst the fertilizer treatments. the minimum nutrients 
uptake was observed where no P-fertilizer was applied 
(table 6-8).

3.3 residual soil fertility
residual soil fertility in terms of N, P & K was remark-
ably influenced by direct and residual effect of different 
levels of WsP in complex fertilizers table 9-11. the max-

table 2. source of fertilizer and their properties

sPEcIFIcAtION
Nitrophosphate with 

potash "suphala" 
(15:15:15)

Nitrophosphate 
"suphala" 
(20:20:0)

Urea Ammoni-
um Phosphate  

(20:20:0)

Diammonium 
phosphate
(18:46:0)

total nitrogen (%) 15.0 20 20 18.0

Ammonical nitrogen (%) 7.5 10 6.4 15.5

Nitrate nitrogen (%) 7.5 10 0.0 0.0

Urea nitrogen (%) 0.0 0.0 13.6 2.5

Neutral ammonium citrate soluble P2O5(%) 15.0 20 20 46.0

Water soluble P2O5 (%) 4.0 (27%)* 12 (60%)* 17 (85%)* 41.0 (89%)*

Water soluble K2O (%) 15 0.0 0 0

Fertilizer treatment t1 t2 t3 t4

*Figures in parenthesis are percent water soluble phosphorus.
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imum residual soil fertility after harvesting of rice (187.4 
N, 25.4 P and 280.9 K kg/ha), baby corn (231.3 N, 17.1 P 
& 288.6 K kg/ha) and chickpea (304.2 N, 9.2 P & 354.6 
K kg/ha) were recorded with the application of 30% WsP. 
Although there was no significant difference observed 
amongst the fertilizer treatments. the minimum nutrients 
uptake was noted where no phosphatic fertilizer was ap-
plied.

Follow-up crops; wheat, mustard and groundnut were 
grown on residual soil fertility of previous phosphorus 
treatments and with three levels of rDP viz 0%, 50% and 
100%. Irrespective of crop, residual soil nutrients were 
increased with increasing the levels of rDP. the residual 
soil fertility was recorded the highest with the application 
of 30% WsP and 100% rDP treatment for wheat (218.6 

N, 19.2 P & 323.9 K kg/ha), mustard (261.7 N, 20.1 P & 
299.6 K kg/ha) and groundnut (287.8 N, 10.2 P & 322.9 
K kg/ha). However, there was no significant difference 
observed amongst the fertilizer treatments. the minimum 
residual soil nutrients were observed where no P-fertilizer 
was applied (table 6-8).

4. Discussions

4.1 Grain and Straw Yield
Irrespective of crops or/and cropping system, crop grain 
and straw yield were statically at par with the application 
P-fertilizers having different WsP (30-89%). similar re-
sults were also observed by saha et al., 2014[25]; Khurana 
et al., 2003 & 2004[16]. the phosphorus nutrition of plants 
is predominantly controlled by P dynamics in the soil/ rhi-

table 3. Direct effect of different levels of water soluble phosphorus in complex fertilizer on rice yield and residual 
effect on wheat yield and system productivity.  

treatment

rice Wheat

Grain yield (kg/ha) straw yield (kg/ha) Grain yield (kg/ha) straw yield (kg/ha)

2012 2013 2013 2014 2012 2013 2013 2014

P0t0 3034 4020 4339 5668 2220 2620 3130 3713

P0t1 4090 5320 5849 7501 2430 3030 3426 4294

P0t2 4050 5259 5792 7416 2400 2970 3384 4208

P0t3 4000 4950 5720 6980 2370 2760 3342 3911

P0t4 3940 4674 5634 6590 2280 2710 3215 3840

P1t0 -- -- -- -- 2340 2937 3311 4317

P1t1 -- -- -- -- 2650 3143 3750 4620

P1t2 -- -- -- -- 2610 2841 3693 4177

P1t3 -- -- -- -- 2580 2790 3651 4101

P1t4 -- -- -- -- 2550 2770 3608 4072

P2t0 -- -- -- -- 2440 3095 3418 4333

P2t1 -- -- -- -- 2870 3550 4021 4970

P2t2 -- -- -- -- 2820 3470 3951 4858

P2t3 -- -- -- -- 2790 3390 3909 4746

P2t4 -- -- -- -- 2800 3410 3923 4774

sem± (Main) 34.71 32.88 52.07 54.91 27.33 23.71 36.22 32.40

sem± (sub) 12.56 12.21 20.74 19.50

cD (p= 0.05) Main 80.05 75.83 120.08 126.64 63.03 54.68 83.52 74.71

cD (p= 0.05) sub 26.20 25.48 43.27 40.67
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zosphere- plant continuum. the concentration of available 
soil phosphorus seldom exceeds 10 mM (bieleski, 1973)[4], 
which is much lower than that in plant tissues where the 
concentration is approximately 5 to 20 mM phosphorus 
(raghothama, 1999)[21]. because of the low concentration 
and poor mobility of plant-available phosphorus in soils, 
applications of P-fertilizers are needed to improve crop 
growth and yield. the chemical and biological processes 
in the rhizosphere determine mobilization and acquisition 
of soil nutrients as well as microbial dynamics. these 
processes also control nutrient use efficiency of crops, and 
thus profoundly influence crop productivity (Hinsinger et 
al., 2009; richardson et al., 2009; Wissuwa et al., 2009; 
Zhang et al., 2010)[11][23][33][34]. In a long-term study on 
calcareous soils of Haryana, Meelu et al. (1977)[19] and 
chaudhary et al. (1979)[6] did not found significant differ-

ence in grain yield @ 120 kg P2O5 ha-1 application through 
water soluble sources ssP, DAP, UAP and nitrophosphate 
of 30% WsP. similarly, saha et al., 2013[24] and Khuran et 
al., 2004[16] reported effectiveness of nitrophosphate at par 
with ssP, DAP and UAP in terms of crop yield. 

4.2 Nutrient Uptake 
Irrespective of crop or/and cropping system, data record-
ed on nutrients uptake in terms of NPK did not show sig-
nificant differences among the WSP treatments.  Because 
of the unique properties of P in soil such as low solubil-
ity, low mobility, and high fixation by the soil matrix, 
the availability of P to plants is dominantly controlled by 
two key processes: (1) spatial availability and acquisi-
tion of P in terms of plant root architecture and (2) bio-
availability and acquisition of P based on the rhizosphere 

table 4. Direct effect of different levels of water soluble phosphorus in complex fertilizer on baby corn and residual 
effect on mustard and system productivity.  

treatment

baby corn Mustard

cob yield (kg/ha) straw yield (kg/ha) Grain yield (kg/ha) straw yield (kg/ha)

2012 2013 2013 2014 2012 2013 2013 2014

P0t0 436 510 1683 1984 1010 1105 1374 1503

P0t1 810 874 3127 3400 1252 1471 1703 2001

P0t2 783 843 3022 3279 1195 1411 1625 1919

P0t3 757 844 2922 3283 1180 1389 1605 1889

P0t4 717 840 2768 3268 1167 1376 1587 1871

P1t0 -- -- -- -- 1181 1230 1618 1685

P1t1 -- -- -- -- 1398 1555 1915 2130

P1t2 -- -- -- -- 1384 1505 1896 2062

P1t3 -- -- -- -- 1329 1478 1821 2025

P1t4 -- -- -- -- 1294 1448 1773 1984

P2t0 -- -- -- -- 1248 1335 1716 1836

P2t1 -- -- -- -- 1667 1773 2292 2438

P2t2 -- -- -- -- 1599 1737 2199 2388

P2t3 -- -- -- -- 1514 1703 2082 2342

P2t4 -- -- -- -- 1501 1698 2064 2335

sem± (Main) 23.07 31.05 89.01 121.34 24.12 24.77 29.66 32.95

sem± (sub) 14.88 12.68 18.30 16.86

cD (p= 0.05) Main 53.21 86.25 205.21 336.16 55.61 57.12 68.40 75.97

cD (p= 0.05) sub 31.03 26.45 38.17 35.18
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chemical and biological processes. Plants are able to re-
spond to P starvation by changing their root architecture, 
including root morphology, topology, and distribution 
patterns (Vance et al., 2003)[30]. root-induced chemical 
and biological changes in the rhizosphere play a vital 
role in enhancing the bioavailability of soil P (Hinsing-
er, 2001)[10]. root-induced acidification can decrease 
rhizosphere pH by 2 to 3 units relative to the bulk soil, 
resulting in substantial dissolution of sparingly available 
soil P (Marschner, 1995)[18]. the pH change in the rhizo-
sphere is mainly affected by cation/anion uptake ratios 
and nitrogen assimilation. Organic acid excretion and 
function in increasing P mobilization is well document-
ed (raghothama, 1999; Vance et al., 2003; Hinsinger et 
al., 2005)[21][30][11]. the total P uptake was maximum with 

water soluble sources (ssP, DAP and UAP) followed by 
partially water soluble nitrophosphate. the trend of yield 
with respect to P sources also reflected in the total P up-
take by wheat. such a trend might be explained on the 
basis of availability of P and solubility of fertilizer in the 
soil system. Effectiveness of nitrophosphate was statisti-
cally at par with other WsP fertilizers (saha et al., 2014; 
Khurana et al., 2003 & 2004)[25][17]. 

4.3 residual soil fertility
Irrespective of crops or/and cropping system, residual 
soil fertility in terms of NPK was recorded higher due to 
application of nitrophosphates (30% WsP) followed by 
UAP and DAP. Under P deficiency, plants can develop 
adaptive responses to facilitate efficient P acquisition and 
translocation. the phosphorus utilize efficiently by ad-

table 5. Direct effect of different levels of water soluble phosphorus in complex fertilizer on chickpea and residual 
effect on groundnut and system productivity.

treatment

chickpea Groundnut

cob yield (kg/ha) straw yield (kg/ha) Grain yield (kg/ha) straw yield (kg/ha)

2012 2013 2013 2014 2012 2013 2013 2014

P0t0 680 739 1251 1375 1050 1082 1733 1785

P0t1 862 969 1586 1802 1312 1402 2165 2313

P0t2 823 963 1514 1791 1297 1374 2140 2267

P0t3 787 957 1448 1780 1250 1286 2063 2122

P0t4 762 956 1402 1778 1275 1310 2104 2162

P1t0 -- -- -- -- 1221 1355 2039 2263

P1t1 -- -- -- -- 1498 1592 2502 2659

P1t2 -- -- -- -- 1344 1491 2244 2490

P1t3 -- -- -- -- 1302 1432 2174 2391

P1t4 -- -- -- -- 1294 1438 2161 2401

P2t0 -- -- -- -- 1325 1372 2239 2319

P2t1 -- -- -- -- 1410 1746 2383 2951

P2t2 -- -- -- -- 1325 1685 2239 2848

P2t3 -- -- -- -- 1403 1644 2371 2778

P2t4 -- -- -- -- 1365 1583 2307 2675

159 115 80 93

sem± (Main) 41 47 89 90 59 33 30 27

sem± (sub) 368 265 184 214

cD (p= 0.05) Main 95 98 205 206 124 69 62 56

cD (p= 0.05) sub 1050 1082 1733 1785
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justing P recycling internally, limiting P consumption, and 
reallocating P from old tissues to young and/or actively 
growing tissues (Marschner, 1995)[18]. taken together, 
plants have developed a series of adaptive responses to 
take up and utilize P efficiently, including morphological, 
physiological, and biochemical responses. 

5. conclusion
study data showed that all four levels of WsP in P-fertil-
izers (i.e. 30 %, 60%, 85% and 89%) and three cropping 
systems namely rice-wheat, baby corn-Mustard and 
chickpea-Groundnut at Giridih, Jharkhand, India were 
found to be equally effective for crop yield, nutrient up-
take, and soil fertility. However, all studied parameters 
were increased with increasing the levels of phosphorus 
(i.e. 0%, 50% rDF and 100% rDF).
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