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Abstract-Study intends to investigate the effects of N application on the soil physical and chemical properties, under
different moisture regimes from the experimental plots located in the campus of Banaras Hindu University, India. For
this, a total of 27, 1x1 m plots distributed in three moisture regimes, treated with three N-levels (0, 60, and 120 kg ha!
yr') were used. The plots were treated with N for two years. After two years of N treatment soils were sampled from
each of the 1x1 m plots for the analysis of physical and chemical properties and these parameters were analyzed
following standard methods. Study revealed that different N-treatments and moisture regimes caused significant
differences in studied soil properties, except C:N ratio and among these soil variables water holding capacity (WHC),
bulk density (BD), porosity, I O3 -N and NH:}+ -N were significantly different due to coupling of N treatment and soil
moisture. Soil WHC and porosity increased due to increase in N dose and soil moisture, while, BD and pH decreased
due to increase in these treatments. Soil N, C, NO-N and NH:-N exhibited their maximum values at moderate

levels of N dose as well as soil moisture. Principal Component Analysis (PCA) revealed three distinct clusters, each
with three N-levels in the ordination diagram. Further, segregation of soil properties of control and N treated plots in the
PCA diagram also suggested that long term N deposition into the soil is responsible for the alteration in soil physical
and chemical properties. Thus, the present work invites in-depth study on the physical and chemical properties of the
soil under elevated N depositions, so that the hidden challenges can be managed because soil is the back bone of the
terrestrial ecosystem that supports the huge diversity.
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Introduction

To meet the global food requirements, human has
increased many fold use of chemical fertilizers which
causes, increase in atmospheric CO2 and N
concentrations [1]. N being most abundant element in
the atmosphere even then its trace amount cannot be
directly taken by the plants from the atmosphere until it

is chemically fixed into NH;-N and NOZ -N which

are the essential components of the soil inorganic N.
Only certain groups of algae and bacteria have such
potential to fix atmospheric N in little amount [1-2]. In
many ecosystems, increased N-depositions have been
reported to limit the growth, survival and activities of
microbial flora and fauna present in the soil system
and these microbial flora and fauna change the soil
structure and chemistry [3] by altering the soil
respiration, soil pH, soil enzymes [4], soil nutrients [5],
litter decomposition and ultimately soil fertility [6] and
cause imbalances in soil properties [7] due to its
feedback inhibition when the system is N-saturated [8].

The N saturation (the availability of NHZ-N and
N0 -N in excess of total combined plant and
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microbial nutritional demand) model assumes that in N
limited ecosystems; initially the deposited N is quickly
consumed by the microbes and plants for their growth
and development and accumulates in plant biomass
and soil organic matter. At same point, entry of
additional N into the system exceeds the biotic N
demands in the system and the system is predicted to
be lost its N retention capacity, further N addition in
the system is predicted to be vanished from the
system either through NOg leaching or gaseous

(N20) emissions [9] because there is a limit to the
amount of N that natural ecosystems can occupy;
beyond this threshold the ecosystem may loss its
identity. Excess N depositions in the systems cause
tremendous sick effects on soil (viz; reduction in soil
fertility), water (viz; eutrophication), air (increase in
concentrations of nitric and nitrous oxide, respectively,
cause acid rain and green house effect) which alters
the soil health, community composition, species
diversity and productivity [2, 9-10].

Long-term N deposition retards litter decomposition by
inhibiting enzyme production [11], and results in
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increased litter accumulation in terrestrial ecosystems
[12]. The accumulated litter negatively affects the seed
germination and recruitment of many species [13]
because substrate setting is a key determinant for the
regeneration niche or seedling habitat [14]. Further,
many plant species need gap for Vvictorious
recruitment of new seedlings and emergence of
seedlings under litter could be inhibited by low light
availability, high early mortality due to mechanical
obstruction and fungal infection in the dark, moist
conditions, chemical embarrassment resulting from
some substance produced by the litter [15], thus
causing species diversity to decline [2, 9, 10-11,14-
16]. N motivated depletions in plant diversity are
frequently cited in several studies [17]. Gilliam [18]
advocated for decline in species richness due to loss
of many N-efficient species, reduction in species
equitability due to increasing dominance of few high N-
demanding species, and finally decline in species
diversity as a result of decrease in both species
richness and evenness [19]. N induced depletions in
plant diversity are serious to nature conservation and
ecosystem function [17].

An understanding on the impact of N-deposition on
natural terrestrial ecosystems is becoming decisively
essential for tropical countries like India. Still there is a
paucity of knowledge regarding the impact of N-
deposition on the soil properties of Indian soils,
although it has been acknowledged that deposited N
amounts can be quite high in these regions due to
huge human population [5, 7, 20]. Annual N-deposition
rates in China and India has increased dramatically
and India ranked third in the N-deposition rate among
the countries [21-22]. A study from Indian dry tropical
forest ecosystems reported the range of wet N- from
9.1-27.1 kg N ha'yr1[23]. The detailed N-deposition
rate for India is not available and there is no single
study on the chronic low-level N-deposition in India [7,
20]. Such ignored study is important for well being of
the soil system that supports huge species diversity for
proper functioning of the ecosystems. Similar to
nitrogen, soil moisture is also a key limiting factor for
the growth and survival of the plants. Within the
terrestrial  ecosystem, soil moisture availability
substantially determines the physical and chemical
properties of the soil [24-25] that sustain species
diversity ~ [26].  Further, soil moisture and
concentrations of organic matter also play substantial
role in the organic matter decomposition and nutrient
cycling through the activities of soil microbes. In dry
soils; microbial activity is poor, conversely in moisture
rich or in moisture saturated soils, anaerobic
conditions occur which also affects microbial activity.
In general, N addition to soil in form of fertilization
increases in the organic component of soils which
improves the soil porosity and allows the plant roots to
have easier access to water [2].

To understand the effects of elevated N-deposition on
the soil properties under different moisture regimes is
a genuine necessity in managing the soil fertility,

through which loss in species diversity can be
minimized. Therefore, the objective of the present
study was to see the effects of N treatment on the
physical and chemical properties of soil under different
moisture regimes in an experimental plot established
within the campus of Banaras Hindu University.

Materials and Methods

2.1. Study sites

The study was conducted at three locations within the
campus of Banaras Hindu University (24" 18' N and
83° 03' E, and 129 m msl altitude), Varanasi, India,
during February-Marchl 2007. The area is a part of
middle Gangetic Plains. The mean minimum and
maximum sunlight throughout the year for location-1, 2
and 3, respectively, varied from 15-40%, 30-60% and
60-85%. Similarly, at same time for each month of a
year, gravimetric soil moisture of each plot was
recorded. Location-1, 2 and 3, respectively, had
13.24-15.25%, 4.92-9.10% and 2.70-3.50% mean
minimum and maximum soil moisture throughout the
year. Hereafter, Location-1, 2 and 3 are labeled as
high moistened, medium moistened and less
moistened sites, respectively.

The area experiences a seasonally dry tropical
monsoon climate. The year is divisible in to three
seasons viz: a hot summer (April-June), a warm rainy
season (July -September), and a cold winter
(November to February). The month of March and
October constitute transition periods, between winter
and summer, and between rainy and winter seasons,
respectively. Mean monthly minimum and maximum
temperature varied from 7.3-25.4°C and 25.6-35.6°C,
respectively, and the mean annual rainfall was 932
mm [25]. The soil of the Banaras Hindu University
campus has been characterized as Banaras Type |lI
[27]. The soil is pale brown, silty loam, inseptisol with
neutral reaction. In general, the soil is alluvial, well
drained and moderately fertile being low in available
nitrogen and medium in available phosphorus and
potassium [28].

2.2. Study design

A 10x10 m?2 area was demarcated in the centre of
each location to avoid the edge effect. Within each
10x10 m2 area, nine, 1x1m experimental plots,
arranged in three parallel rows (three 1x1m2 plots in
each row) were established. A 1.5m distance between
two 1x1m2 plots was kept as buffer zone to protect
against boundary effects due to migration of N out of
the sampling areas. Within each moisture level three
treatments of nitrogen, each replicated three times,
were considered: control (without N), low N (60 kg N
ha* yr') and high N (120 kg N ha-' yr'). Thus, a total
of 27, 1x1m2 plot (3 moisture levels x 3 treatments x 3
replicates) were used in the present experiment. All
the plots and treatments were laid out randomly.

2.3. N-treatment

Commercial urea fertilizer as source of nitrogen was
applied to the plots in evening, at one month interval in
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form of split dose, starting from year 2007 to 2010. In
evening time, temperature is low and at this low
temperature; activation energy of the urease enzyme
is low that decreases the N loss by the volatilization
process [4]. Urea was used as a source of dry N due
to its relatively high N content, easy handling, and
price, while; it has greater potential for N loss through
ammonium volatilization [29]. Published estimates of
atmospheric N deposition are not available for the
sites as well for the region considered in this study.
We used 60 and 120 kg N ha-'yr-'which is probably a
relatively high dose to ensure the measurable
response on the soil processes and also on species
diversity because in our past study we applied 30 and
60 kg N ha'lyr'in the soil, at these levels, N did not
saturated in the system. The plots were treated with N
for two years.

2.4. Soil sampling and Analysis

After two years of N treatment, three soil samples (0-
10 cm depth) were collected from each 1x1 m2 plot,
using a 100 cm3 volume corer. The three soil cores
were combined to form a composite soil sample for
each plot. These composite samples were gently
homogenized. Large roots, woods, litters and all fine
roots were removed from the composite soil samples
carefully. One part of soil sample was air dried, sieved
through 2 mm mesh screen, and were analyzed for
bulk density, porosity, water holding capacity and soil
nutrients.

Soil bulk density (g/cm?3) was measured by using corer
method (stainless steel cylinders with a volume of 100
cm?) [30] and was determined as the dry soil weight
divided by the soil volume. Soil porosity was
determined by subtracting the ratio of soil bulk density
to particle density (ca. 2.65) from its maximum value of
1. The constant 2.65, is the assumed particle density
of the soil [31]. Soil pH was determined by using a
glass electrode (1:2; soil: water ratio). Soil organic
carbon was analyzed by using dichromate oxidation
and titration with ferrous ammonium sulphate [32].
Ammonium nitrogen (NH*-N) was extracted by 2M
KCl and analysed by using the phenate method [33].
Nitrate nitrogen (NO--N) was analysed by the phenol
disulphonic acid method after extraction by CaSOs
[34].

The plots were ordinated by Principal component
Analysis (PCA) option in Biodiversity pro software.
Two-way ANOVA (Analysis of variance) procedure of
SPSS package [35] was used to see the effect of
moisture regimes and nitrogen treatment on the
physical and chemical properties of the soil A Tukey'’s
HSD test was used to determine the significance of
differences in mean values of soil physical and
chemical properties between different moisture
regimes and also in between different N-treatments.
All the statistical analyses were performed by SPSS
software [35].
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Results

3.1. Soil physical characteristics

The summary of soil properties across the moisture
and N gradient is presented in Table 1. The percent
values of water holding capacity and soil porosity in
the study area varied from 39-50 and 46- 53,
respectively. The values were minimum in less
moistened plots and maximum in high moistened plots
(Table 2). Across the moisture and N-application the
soil bulk density ranged from 1.25 to 1.43 g cm- of the
soil (Table 1). The values were being maximum in less
moisture containing plots and minimum in high
moisture containing plots, indicating drying effect
(Table 2). As in case of soil moisture, WHC and soil
porosity also consistently increased due to increase in
N dose, while soil bulk density decreased due to
increase in N dose (Table 2). Analysis of variance
revealed that WHC, soil bulk density and porosity
varied significantly due to soil moisture and N-
treatments and the interaction of N with soil moisture
also caused significant differences in these soil
properties (Table 3). Tukey's test indicated significant
differences in mean values of WHC, bulk density and
porosity between less and high moisture containing
plots while those in between less and medium and
medium and high moisture containing plots were
insignificant.  Analogous responses were also
observed in relation to N treatment for WHC and bulk
density, whereas differences in soil porosity among
the N treatments were statistically insignificant (Table
2).

3.2. Soil chemical characteristics

In present study, soil pH ranged from 7.45 to 7.92
indicating alkaline nature of soil (Table 1). In contrast
to WHC and porosity, soil pH decreased due to
increase in moisture content and N levels, suggesting
that soil moisture and N application are beneficial in
reduction of soil alkalinity in alkaline soils. ANOVA
exhibited significant differences in soil pH due to soil
moisture and N treatments; however, the effect of their
coupling was insignificant on the soil pH (Table 3).
Tukey’s test suggested significant differences in their
mean values among different moisture regimes. The
mean values of soil pH between 0 kg N ha-! yr* and of
60 kg N ha' yr treated plots and between 60 kg N ha-
T yr' and of 120 kg N ha' yr' treated plots were
significantly different nonetheless, those in between 0
kg N ha' yr' and of 120 kg N ha' yr! treated plots
were insignificant (Table 2).

Among the chemical properties, soil N, C, NHI-N
and NO5 -N are summarized in Table 1. Percent soil
N and C varied from 0.07 to 0.22 and 0.77 to 1.44,
respectively. NHI -N and N O3 -N ug g of soil were
in between 1.16-4.10 and 3.18-8.12, respectively
(Table 1). In both situations the values of these soil

variables were greater in moderate levels of soil
moisture and N levels (Table 2). These soil variables

18



Effects of N-application on the physical and chemical properties of soil

were statistically significant due to soil moisture and N
levels, but only NHI-N and NOI-N varied

significantly due to interaction of soil moisture and N
treatment (Table 3). Tukey’s test showed that soil N
and C differed only between the less and high
moisture containing plots. On the other hand, mean

values of NHI-N and NOZ-N were significantly

different between less and medium and between
medium and high moistened plots and the mean
values of these did not differ significantly between less
and high moisture containing plots. In relation to N
treatment, the mean value of soil N was significantly
different between 0 and 60 kg N ha-! yr-' treated plots
and the mean value of soil C significantly different
between 0 and 60 kg N ha! yr' and between 60 and
120 kg N ha' yr treated plots. Similar to Soil C, the

mean values of NHI-N and NOI-N were

significantly different between 0 and 60 kg N ha-* yr-!
treated plots and between 60 and 120 kg N ha-! yr!
treated plots (Table 2).

The PCA ordination, a multivariate analysis, exhibited
three distinct clusters one each for the three moisture
regimes and each regime harboured three N-levels
“Fig.” (1). The PCA ordination of fertilized and
unfertilized plots on the basis of their physical and
chemical properties are presented in Figure (2);
where, physical and chemical parameters of N treated
plots occupied different position from the control plots
in the ordination diagram, indicating the effect of N
treatment on these soil properties.

Discussion

In present study, greater soil water holding capacity in
highly moistened location could be argued due to
greater soil porosity. The better soil porosity at the
location experiencing adequate soil moisture could be
probably due to activity of soil fauna; especially
microarthropods [36], isopods [37], and earth worms
[38], that quickly decompose the woody litters through
fragmentation. A maximum litter decomposition had
been argued when the process was carried on by joint
activity of macro-and microorganisms, which had been
advocated due to a positive coupling between the
population of these organisms and decomposition rate
of organic material [39], thus, these organisms help in
the reduction of soil compactness by increasing the
percentage of macro-pores [37-38]. Similar to present
study, in our past study, soil porosity, soil moisture and
water holding capacity were positively interrelated [31].
Further, such correlations could be expected since soil
water is governed by the size and arrangement of soil
particles and pore spaces of the soil [40]. These soil
pore spaces determine the soil porosity and bulk
density. Higher amounts of pores present in the soil
environment increase the availability of soil moisture
and soil porosity [31].

In this study, the in highly moistened plots had less
soil pH compared to the less moistened or dry plots,
because availability of soil moisture facilitates the

decomposition of leaf as well as wood litters and the
organic acids released trough this mechanism lower
the soil pH. Nevertheless, the effects of nature and
quality of litter fall as well as rooting influences could
not be ignored. Further, reduction in soil pH due to N
application may also occur by addition of H* through
decomposition of organic matter and break down of
urea fertilizers in presence of soil moisture and
exchange of basic cations for H* by the roots of woody
plants. Rao et al [16] observed increasing trend of soil
pH with increase in soil bulk density / decrease in soil
porosity and former and latter exhibited negative trend
with increase in atmospheric N deposition. Similarly,
we also observed negative pattern of soil pH with soil
porosity, which is in agreement of several studies [see
ref. 16 for greater details], additionally, the declining
pattern of soil pH and increasing tendency of soil
porosity to the increasing dose of N application are
also in agreement with the several studies [6, 16, 41].
Moreover, depletion in soil pH with increase in N dose
could be due to the augmentation of available sail

nitrogen [42], and increased quantity of NH:}+ -N,

taken by plants, and converted into NOg-N by

nitrobacteria, which enhanced the H* concentration in
the soil system. Ammonium ions acidify the soil since
the H* released during nitrification of the ammonium
ions are the major cause of acidity in soils [9].

Soil moisture and pH are regarded as an essential
regulator of microbial community composition and their
activities [43-45]. Reduced soil moisture and increased
pH has been argued to inhibit the activity of soil
microorganisms by lowering intracellular water
potential and reducing the hydration and enzymatic
activity by restricting the substrate supply. A pH range
around 6.3 - 6.8 is optimum range preferred by most
soil microbes [44] because higher soil pH (>6.0) make
advantage to dissolution of organic matter that provide
a lot of C and N substrate for microbes, and speed up
the course of N mineralization [46]. In our study, mean
value of soil pH varied from 7.52 to 7.83, thus, under
current soil moisture and N-application, the soil pH
may limit the activities of soil microorganisms.

The NHI-N and NO5-N are produced in the soil

through the process of ammonification and nitrification,
respectively which are the components of N
mineralization [9, 46-48]. A small number of reports
showed that the rate of N-mineralization increased
with increasing moisture in the early phase, then
decreased quickly with rising moisture from certain
value [47-48]. Chen et al [48] reported that soil
moisture  significantly  affected the rates of
ammonification, nitrification and net N mineralization
and the values of nitrification and net N mineralization
were greater at half moisture saturated soil than the
current and full water saturated soil. In our study, soil-
C,N, NH;-N and N O3 N yielded a typical humped-

back curve in relation to N-application. This conveys
that these soil variables are low at low N level,
increase to climax at moderate level and decrease
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gradually at high N level. This tendency can be
analysed as; at low level of N-application soil-N is not
enough for the activities of microorganisms to release

them in form of NHI-N and NOJ-N. As N
increases, more actively participating microorganisms
are invited to release the NI—II-N and NOgZ-N

through the process of ammonification and nitrification,
respectively and thus net N mineralization, at
sufficiently high N level, the system become N
saturated. This N saturation can turn down the
microbial population as well as their activities due N
deficit in the system because excessive N addition in
the system beyond a saturation threshold depletes the

soil N from the system either through N O3 leaching
or gaseous (N20) emissions [9]. Keeping NOg
leaching and gaseous (N20) emissions a side,
excessive N application in the system beyond the N
saturation threshold, can also damage the natural flora
and fauna of soil which depletes soil fertility [39]. Due
to greater available NH-N and NOZ N, in 60 kg N

halyr-1 treated plots in this study we could assume
that rates of ammonification and nitrification would be
maximum at moderate level of N availability compared
to low as well as high N levels.

In this study, greater, NH;-N and NOZ-N,

ammonification, nitrification and N-mineralization at
moderate moisture level, might be due to availability of
optimum soil spaces for the better growth and activity
of soil microorganisms that are excited under
favourable moisture conditions. It has been argued
that in dry systems microbial activity is frequently
limited by moisture [49], followed by available C and N
[50]. Rate of nitrification may increase at a certain
threshold of soils moisture [45], because limited soil
moisture directly governs nitrification by affecting the
biochemical processes [51] and, indirectly, by affecting
oxygen utilization by the microbes and the aerobic
capacity of the soil [52]. Greater amount of organic-C
and N improve soil structure, water retention capacity
and increase infiltration rates [53]. The soil porosity
buildup could promote WHC, soil moisture, aeration
and habitat for microbial community [54]. The
microbial community togetherwith adequate soil
moisture is largely responsible for the transformation
of organic matter and facilitates N-mineralization
potential of the soil [54-55]. According to Deenik [56],
in dry soils due to poor water availability, microbial
activity is inhibited which in turn reduces the rate of
soil N-mineralization.

The trend of increasing total N mineralization with
increasing C and N contents has been widely
observed [6, 16, 54, 57]. Under ample moisture
condition, rich quality of organic matter (C:N ratio)
determines the magnitude and speed of N
mineralization such that organic matter rich in N
content has greater N mineralization than organic
matter poor in N content [16]. Vourlitis et al [58] also
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reported that the N mineralization of semiarid
shrubland soil increased monotonically with relative N
deposition due to augmentation of soil organic matter
(low C: N ratio). Rao et al [16] observed converse
relationship between the C: N ratio and total N
mineralized, organic C and N both have a positive
relationship with mineralization. Plants that exist in
nutrient rich habitats generally generate high quality
tissues that are having high N content [13]. The
quantity of N in litter affects both decomposition rates
and soil N mineralization. High quality litter (low C: N
ratio) is more quickly decomposed than low quality
litter, resulting in more speedy nutrient cycling [13, 59].
On the basis of N application into the soil, the present
study suggests that N depositions and soil moisture
conditions produced significant differences in the
physical and chemical properties of the soil. In
general, moderate soil moisture and N application
invited favourable physical and chemical conditions of
the soil for the better growth and perpetuation of the
microbial flora and fauna that may support large
species diversity for the sustainable development of
the system. It has been advocated that the soil poor in
organic matter content, moisture, Oz, porosity, WHC,
nutrients, unfavorable pH and high soil acidity and
erosion are not favorable for both plant and microbial
growth, because these two components are the
backbone that can sustain the ecosystem for the
human well beings [60]. Therefore, the study warrants
in depth study on the diversity and activity of microbial
populations and processes of litter decomposition
under the elevated N deposition in different moisture
conditions, so that complete and meaningful logic can
be achieved to deal with such a global problem.
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Fig. 1- PCA ordination of the moisture regimes, each having three N-levels based on their soil properties.
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Fig. 2- PCA ordination of N treated (small letters) and without N treated or control (capital letters) plots on the basis
of their soil properties. In the ordination diagram A = nitrogen, B = carbon, C = nitrate-N, D = ammonium-N,
E = C:N ratio, F = pH, G = water holding capacity, H = bulk density and | = porosity.
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Effects of N-application on the physical and chemical properties of soil

Table 1- Mean soil physical and chemical characteristics under different nitrogen treatment at different moisture
regimes from the experimental plots located in the campus of Banaras Hindu University. Values in parentheses are +

SE. 1, 2 and 3 represent, 0 kg N ha-'yr1, 60 kg N ha-'yr- and 120 kg N ha-'yr, respectively. The value of N0 -N and

INH . -N are in ug/g of soil and bulk density is in g/cm3of the soil and others are in percent.

Soil Less Medium High
parameters 1 2 3 1 2 3 1 2 3
Water holding capacity | 39.0 41.0 42.0 44.0 45.0 47.0 48.0 49.0 50.0
(2.04) (3.12) (1.20) (1.25) (1.17) (3.46) (3.00) (2.28) | (3.8)
Bulk density 1.43 1.40 1.39 1.40 1.39 1.30 1.30 1.27 1.25
(0.03) (0.01) (0.05) (0.03) (0.04) (0.08) (0.07) (0.06) | (0.04)
Porosity 46.0 47.0 48.0 47.0 48.0 51.0 51.0 52.0 53.0
(1.13) (0.51) (2.00) (2.00) (1.41) (2.92) (2.70) (2.36) | (1.64)
pH 7.92 7.86 7.70 7.80 7.76 7.65 7.64 7.56 745
(0.01) (0.02) (0.01) (0.03) (0.02) (0.02) (0.02) (0.03) | (0.08)
Soil-N 0.07 0.11 0.08 0.10 0.22 0.16 0.08 0.12 0.09
(0.01) (0.02) (0.01) (0.01) (0.04) (0.03) (0.01) (0.02) | (0.01)
Soil-C 0.77 1.14 0.84 0.90 1.44 0.99 0.81 1.20 0.83
(0.3) (0.3) (0.04) (0.12) (0.23) (0.12) (0.11) (0.18) | (0.11)
C:N ratio 11.0 10.36 10.50 9.0 6.55 6.19 10.13 10.0 9.22
(2.34) (212) (2.10) (1.12) (0.64) (0.54) (1.98) (1.18) | (1.11)
NOZ-N 1.36 229 1.42 3.30 4.10 3.21 1.16 219 1.48
(0.15) (0.19) (0.14) (0.49) (1.12) (0.98) (0.10) (1.65) | (0.43)
NHIN 3.22 5.60 3.18 5.41 8.12 6.11 4.36 6.84 4.45
(0.38) (0.80) (0.57) (1.12) (1.57) (1.26) (1.20) (1.29) | (1.66)
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Table 2- Summary of mean soil physical and chemical properties under different nitrogen treatment in different
moisture regimes Values in parentheses are £SE. The means within a column superscripted with different letters were

significantly different from each other at P = < 0.05. Values of NO5 -N and NH -N are in ug/g of soil. Bulk density is
in g/cm3of the soil and others are in percent. 1 = Water holding capacity, 2 = Bulk density, 3 = Porosity, 4= pH, 5= Soil-
N, 6 = Soil-C, 7 = C:N ratio, 8 = NO5 -N, and 9= NH -N.

Conditions 1 2 3 4 5 6 7 8 9
Less 40.672 1412 47.002 7.832 0.092 | 0922 | 10.622 | 1.692 | 4.002
(0.88) (0.01) (0.58) (0.07) (0.01) | (0.11) | (0.19) | (0.30) | (0.80)
Medium 45,3302 1.36e 48,6720 7.740 0.16> | 1.11b | 7.250 | 3,54b | 6.550
(0.88) (0.03) (1.20) (0.04) (0.03) | (0.17) | (0.88) | (0.28) | (0.81)
High 49,000 1.27° 52.00° 7.55¢ 0102 | 0.95¢ | 9.78 | 1.612 | 522
(0.58) (0.01) (0.58) (0.06) (0.01) | (0.13) | (0.28) | (0.30) | (0.81)
0 kg N ha-tyr-! 43,672 1.382 48.002 7.79 0.082 | 0.83= | 10.04a | 1.942 | 4.332
(2.60) (0.04) (1.53) (0.08) (0.01) | (0.04) | (0.58) | (0.68) | (0.63)
60 kg N ha-'yr 45,0020 1.352b 49.002 7.73 0.15> | 1.26v | 8.97e | 2.86> | 6.85°
(2.31) (0.04) (1.53) (0.09) (0.04) | (0.09) | (1.21) | (0.62) | (0.73)
120 kg N ha-'yr-t 46.33 1.310 50.67° 7.60P 0.112 | 0.89¢ | 8.64> | 2.042 | 4582
(2.33) (0.04) (1.45) (0.08) (0.03) | (0.05) | (1.28) | (0.59) | (0.85)

Table 3- Analysis of variance indicating the effects of soil moisture and N-treatments on the physio-chemical
characteristics of soil. *<0.05, **<0.01,***<0.001, NS Not significant.

Dependent variables Independent variables
Soil moisture (A) N-treatment (B) AxB Error

df 2 2 4 18
Water holding capacity 300*** 45+ 3.46*

Bulk density 266" 26*** 4.06*

Porosity 281** 28*** 4,62

pH 59%** 28 0.17ns

Nitrogen 8o+ 1= 2.26N8

Carbon 262+ v/l i 0.74ns

C:N ratio 1.28N8 1.18N8 0.97Ns

NO;-N 89*** 16 7.30%

N HI-N 272+ 27 3.96*
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