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Assessment of soil physico-chemical properties in direct seeded rice and succeeding
lentil crop under integrated nitrogen and weed management practices in eastern Uttar
Pradesh

ABSTRACT

An experimentation was conducted during 2019-20 and 2020-21 at Banaras Hindu
University, Varanasi, to evaluate the direct and residual effect of organic sources of nitrogen
and weed management practices on various soil physico-chemical properties..The experiment
was laid out in split plot arrangement having four nitrogen management treatments in main
plot viz., Control (only P and K), RDF (150-60-60 kg.ha™ N-P;0s-K,0), 75% RDN
(Inorganic) + 25% through FYM, 75% RDN (Inorganic) + 25% through Vermicompost and
five weed management practices in subplots which consisted of Wheat residue as mulch (4 t
ha') fb bispyribac Na 25 g a.i. ha™ (2-4 leaf stage of weed), Pendimethalin 1 kg a.i. ha™fb
bispyribac Na 25 g a.i. ha’ (2-4 leaf stage of weed), Sesbenia up to 30 days (Brown
manuring), Two hand weeding (20 and 40 DAS) and:Weedy check and replicated thrice.
Results indicated that application of 25% nitrogen through farmyard manure in combination
with 75% nitrogen through urea being at par with 75% RDN (Inorganic) + 25% through
Vermicompost, brought significant improvement in soil chemical properties (electrical
conductivity and pH)_but physical property i.e., Bulk density did not turn significant after
harvest of direct seeded rice. The treatment also recorded significantly maximum available
soil nitrogen, {phosphorus and potassium compared to 100% nitrogen through urea and
control treatment though remained comparable with 25% nitrogen through vermicompost
along with 75%:nitrogen through urea during both years. Whereas, in respect to the residual
effect of organic sources, improvement in soil properties after harvest of succeeding residual
lentil crop was observed, but failed to touch the level of significance in either year of study.
Among weed management practices, maximum improvement in soil physicochemical
properties was noticed with the use of Sesbania brown manuring for both years after harvest
of rice as well as after harvest of succeeding lentil crop but the differences could not reach up
to the level of significance.
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INTRODUCTION

Rice (Oryza sativa L.) is a member of the Poaceae family recognized as the world's
second most important cereal crop after wheat which feeds more than half of the world's
population [1]. It is the staple food crop of people in South, Southeast, and East Asia, which
produces and consumes roughly 90% of the world's rice [2]. India is the second largest rice
producer in the world next to China, which occupies an area of 43.2 M ha (million hectares)
and produces 110.15 Mt (million tonnes) with a productivity of 2550 kg ha™* and contributes
40% of total food grain production in the country [3]. It is predicted that the demand for rice
will be 121.2 million tonnes by the year 2030 and 137.3 million tonnes by the year 2050 for
internal consumption. In addition to this, India presently, exports about 3.5 million tonnes of
basmati rice and 6.9 million tonnes of non-basmati rice per year, earning valuable foreign
exchange for the country. In order to achieve this target, the productivity of rice has to be
brought to the level of 3.3 tonnes ha™, which is only 2.4 tonnes at present [4]. In all the Asian
countries, transplanting seedlings into puddled soil is the most common practice. Puddling
helps in reducing water percolation losses, controlling weeds, enabling easy seedling
establishment, and creating anaerobic conditions for microorganisms which enhances nutrient
availability [5]. Unfortunately, water scarcity is. threatening the rice ecosystem, which
impends global food security [6]. Increased production costs, labour shortages, increased
wages, and decreased groundwater availability are the major drivers leading to switchover
from traditional paddy transplanting to alternative rice production system in many Asian
countries, including India [7, 8]. Repeated puddling also adversely affects soil physical
properties by dismantling soil aggregates, reducing permeability in sub-surface layers, and
forming hardpans at shallow depths which make land preparation difficult and require more
energy to. achieve proper tilth for succeeding crops [9]. The development of alternative
methods. that are-more water-efficient and less labour intensive is thus important to enable
farmers to produce more with lesser input cost. To tackle these problems, direct seeded rice
seems to.be the most promising option; which not only needs 34% of the total labour
requirement but also saves 29% of the total cost in comparison to transplanted crop [10].

DSR has several advantages over puddled transplanted rice. However, certain biotic and
abiotic stresses challenge the widespread adoption of DSR. Among all biotic constraints,
weeds are the major obstacles that reduce productivity, profitability as well as the
sustainability of DSR [11, 12]. Along with weed management practices, balance nutrition of
crops is one of the major aspects of rice yield enhancement in direct seeded rice. Nitrogen

being a major constituent of amino acids, protein, fatty acids, nucleic acid and many



enzymes, affects various physiological, morphological and biochemical processes in plants.
Thus, both vegetative and reproductive phases of growth are highly dependent on adequate N
supply. However, nitrogen supplied through sole usage of mineral fertilizers in a continuous
intensive cropping system may deplete soil fertility, especially micronutrients [13] and
organic carbon, because fertilizers have no direct effect on soil physical properties [14].
Increased use of nitrogenous fertilizers is neither economically feasible nor environmentally
friendly [15]. Integrated use of different sources of nitrogen is a sustainable alternative to
supply if not complete N requirement, at least a part of it through organic sources. The use of
locally well rotten farmyard manure, Vermicompost, compost, etc. to meet the requirement of
N by rice has become necessary for the productivity of rice without affecting.soil health and
environmental quality [16]. Thus, with the above facts, the present study was carried out to
compare the combined application of chemical fertilizers with farmyard manure and
vermicompost for their direct and residual effects on soil physico-chemical properties after
direct seeded rice and succeeding residual lentil crop.
MATERIAL AND METHODS

The field trial was conducted during 2019-20 and 2020-21 to study the direct and
residual effect of different organic sources along with chemical fertilizers on soil health after
the harvest of direct seeded rice and residual lentil crop. The experiment was laid out at
Agricultural Research Farm, Banaras Hindu University, Varanasi, under an assured irrigation
facility. The experimental site was located at 50 18'N latitude and 880 03'E longitudes at an
altitude of 76 meters.above the mean sea level. The region falls under a semi-arid to sub-
humid climate, having a mean annual rainfall and potential evapotranspiration (PET) of
1102.4 mm and 1550 mm, respectively, with a moisture deficit index ranging between -20 to
-40. The.experimental site was homogeneous in fertility with levelled topography, uniform
textural.class (sandy clay loam) classified as Typic Ustochrept. A proper channel was
provided in.order to meet crop water requirements and remove the excess water, if any,
during the investigation. The field of the trial remained the same during both years of
investigation. The initial Physico-chemical properties of the experimental site are presented
in Table 1. It was low in available nitrogen (172.25 kg ha') and medium in available
phosphorus (14.76 kg ha'*) and potassium (196.36 kg ha'™).

The experiment was laid out in split plot design with four integrated nitrogen
management viz.,NoControl (only P and K), N; (100% RDN inorganic), N2 (75% RDN
through Inorganic + 25% through FYM), N3 (75% RDN (Inorganic) + 25% through



Vermicompost) as main plot treatments and five weed management practices viz.,W, (Weedy
check), W; (Two hand weeding at 20 and 40 DAS), W, (Sesbania co-culture up to 30 days),
WS (wheat straw mulching 4 t ha™followed by bispyribac Na 25 g a.i. ha™ at 2-4 leaves stage
of weed), and W, (pendimethalin 1 kg a.i. ha™ at pre-emergence (PE) fb bispyribac Na at 25 g
a.i. ha' at 2-4 leaves stage weed) as subplot treatments and replicated thrice. Rice variety
HUR-105 was sown in lines at a seed rate of 60 kg ha™ at 20 cm row spacing with solid row
planting on 17" and 26" July in 2019 and 2020, respectively. The required quantities of
fertilizers were calculated separately as per recommended doses and was met through urea,
single super phosphate, muriate of potash and zinc sulphate respectively for each plot. The
recommended dose of NPK 150-60-60-25kg NPKZn ha™. The quantity. of FYM and
vermicompost was calculated on the basis of their nitrogen content on dry weight basis
separately for each treatment. A well decomposed FYM and vermicompost was applied
before 20 days of sowing and mixed thoroughly with soil. Half'dose of nitrogen and full
doses of P, K and Zn were applied at the time of sowing as basal application. The rest half of
the nitrogen was divided in two equal splits and top dressed after maximum tillering and
panicle initiation stage in the form of urea. Full doses of well decomposed FYM, and
vermicompost were applied - two weeks prior. to sowing based on their nitrogen content on
oven dry weight basis to the experimental plot as per the treatment and mixed thoroughly in
soil. The samples of these organic sources were collected and analyzed for the nutrient
contents on dry weight basis before application. The required amount of pre-emergence and
post-emergence herbicides was.sprayed as per treatment using spray volume of 600 litres of
water ha™* with the help of knap sack sprayer fitted with flat fan nozzle. Wheat straw mulch
was calculated per plot basis as per treatment and applied at the time of sowing between the
line of rice. Sesbania was sown at the rate of 20 kg ha™ with the help of kudal between the
line of rice. After, 80 days Sesbania was knockdown by spraying 0.5 kg a.i. ha™*. The lentil
variety ‘HUL-57’ was sown at a row spacing of 30 cm with solid row spacing as a residual
crop without disturbing layout of main crop. The entire set up was repeated next year at the

same experimental site to verify results.

The soil samples from 0-15 cm depth were collected before sowing to determine the
initial physico-chemical properties and after the harvest of rice and lentil crop to analyze
various soil physical and chemical properties. The samples were air-dried, grounded, and

sieved through a



| Particulars | Value | Method employed
Soil properties (%) 2019
Mechanical analysis
Sand 48.73 Hydrometric method [17]
Silt 28.72
Clay 22.55
Textural class Sandy clay loam
Taxonomy Ustochrept
Physical analysis
Bulk density (Mg m™®) 1.33 Core sampler [18]
Chemical analysis
Soil pH (1:2.5 soil:water suspension) 743 Glass.electrode pH meter [19]
Electrical Conductivity (dSm™ at 25°C) Systronics.electrical conductivity
0.165 meter [19]
Available Nitrogen 172,95 Alkaline permanganate method
(kg ha™) ' [20]
Available Phosphorus 0.5 M NaHCO3 Olsen’s
(kg ha') 14.76 Colorimetric method [21]
Available Potassium 196.36 Flame Photometer method [19]

(kg ha™)

Table 1. Initialphysical, chemical'and biological properties of experimental soil

2 mm sieve and analyzed for bulk density, pH, EC, available N, P, and K in soil. The soil bulk

density, pH and EC were estimated by Core sampler [18], Glass electrode pH meter [19], and

Systronics electrical conductivity meter [19], respectively. The analysis of soil nutrient status

was accomplished by following the standard Alkaline permanganate method [20], 0.5 M

NaHCO; Olsen’s.Colorimetric method [21] and Flame Photometer method [19] for nitrogen,

phosphorus and potassium analysis, respectively. The data of each paremeter of the test crop

was sorted out, tabulated, and finally analyzed statistically using the analysis of variance

technique for split-plot design described by [22]. Critical difference values at P =0.05 were

used for determining the significance of differences between mean values of treatments.

RESULTS AND DISCUSSION
Direct effect of treatments
Soil bulk density (g cc™)



A close examination of the data (Table 2) clearly demonstrated that the application of
integrated sources of nitrogen influenced the soil bulk density after harvest of direct seeded
rice that followed the trend N2(75% RDN (inorganic) +25% through FYM) >N3(75% RDN
(inorganic) +25% through VC)> N1(100% nitrogen through inorganic)>No (only P and K).
However, the differences were not found significant in any of the two years of
experimentation.

Further study of the data revealed that execution of various weed management
practices did not turn significant with respect to bulk density during both the years. Although,
it was found in the order of Wo> W3> W,> Wi> W,

Electrical conductivity (dSm™)

A critical inspection of data (Table 2) connoted that maximum value of soil electrical
conductivity (EC)was recorded in treatmentN, (75% RDN (inorganic) +25% through FYM)
being on par withN; (75% RDN (inorganic) +25% through VC).and N; (100% nitrogen
through inorganic). Lowest value of EC was observed in'No (only P and K) during both years
of study. The increase in soil EC could be ascribed to the deecomposition of organic materials
releasing acids or acid-forming compounds that reacted with the sparingly soluble salts
already present in the soil and either converted them into soluble salts or at least increased
their solubility thereby increasing EC of soil. Since; the mineralization process was very slow
in the case of FYM, it attained a more pronounced effect than VC. These results were
corroborated with the findings of Katkar et al., 2011; Zayed et al., 2013 and Kumar et al.,
2017 [23, 24, 25].

Among weed management practices, it is evident from the data that the soil EC was
found maximum with the W-, (Sesbania co-culture) followed by W3 (wheat straw mulch4 t ha”
fobispyribac Na 25.g a.i. ha™ at 2-4 leaves stage of weed), Wy(pendimethalin 1 kg a.i. ha™ as
PE fb application of bispyribac Na 25 g a.i. ha™ at 2-4 leaves stage of weed), W, (hand
weeding twice at 20 and 40 DAS) and weedy check (W,) respectively. However, the
differences could not reach up to the level of significance with the execution of different
weed management practices during both years trial.

Soil pH

Data shown in Table 2 indicated decrease in soil pH with the application of organic
manure along with inorganic fertilizers whereas, it increased with the application of 100%
RDN and control in 2020 over 2019 in. The minimum soil pH was envisaged with the
application of 75% RDN by chemical with 25% by FYM in comparison to 100% RDN by



chemical fertilizer and control (only RDF of P and K). However, it remained at par with 75%
RDN by chemical with 25% by VC during both years of study.




Table 2.Effect of integrated nitrogen and weed management practices on soil properties after harvest of dry seeded rice

Treatments EC (dSm™) pH BD (g cc™?) Available N Available P Available K
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

Integrated Nitrogen Management

No- Control (Only P and K) 0.157 0.150 7.78 7.86 1.38 1.40 157.79 154.66 14.26 14.18 184.84 180.22

N;-RDN (150-60-60 kg NPK ha'l) 0.159 0.158 7.76 7.80 1.35 1.37 168.34 166.79 1467 1464  190.92 189.30

Nz 75% RDN (Inorganic) +25% 0178 0183 720 7.4 133 130 1821418492 1566 1591 206.82  212.56

Ns-75% RDN (Inorganic)+25% 0170 0176 7.23 7.9 134 132 17474 17683 1540 1577 20536  207.00

Vermicompost

SEmzx 0.003 0.004 014 0.15 0.03 0.03 3.71 3.29 0.28 0.34 4.44 4.06

CD (P=0.05) 0.011 0.014 050 0.50 NS NS 12.84 11.40 0.96 1.18 15.35 14.06

Weed management

Wo-Weedy check 0.163 0.164 751 1751 1.33 1.33 168.19 168.25 1479 1483 193.98 193.99

\[’)VXST)WO hand weeding (20and 40 164 164 750 7510 187 = 137 16960 16957 1490 1493 196.83  195.92

Wo-Sesbenia upt0 30 days (B0DAS 175 473 747 745 134 133 17297 17311 1534 1545 197.99  200.62

2,4-D 0.5 kg a.i. ha™)

W,-Wheat residue as mulch (4 t ha™)

fb bispyribac sodium 25 g a.i. ha™ 0.167 0.167 748 749 135 1.34 17199 17200 15.03 1533 197.08 198.83

(2-4 leaf stage of weed)

W,-Pendimethalin 1 kg a.i. ha™fb

bispyribac sodium 25 g a.i. ha* (2-4  0.166 0.166 749 751 1.36 1.35 17101 17107 1494 1508 199.03 196.99

leaf stage of weed)

SEm+ 0.003 0.003 0.12 0.08 0.02 0.02 2.88 3.30 0.20 0.23 2.88 3.23

CD (P =0.05) NS NS NS NS NS NS NS NS NS NS NS NS

Interaction NS NS NS NS NS NS NS NS NS NS NS NS




The decrease in pH value in organic manure treatments could be attributed to the fact that
various organic acids (amino acid, glycine, cysteine, and humic acid) would have released in
the mineralization (amminization and ammonification) of organic materials by heterotrophs
and nitrification by autotrophs, replacing basic ions present on the surface of soil micelles by
hydrogen ions. Similar results were also reported by Sarwar et al., 2008; Katkar et al., 2011
and Zayed et al., 2013 [26, 23, 24].

Further, the data indicated that among the different weed management practices, pH
value found in the order of W; (Sesbania co-culture) <W5 (wheat straw mulch4 t ha
fbbispyribac Na 25 g a.i. ha™ at 2-4 leaves stage of weed)<W,(pendimethalin 1 kg a.i. ha™ as
PE fb application of bispyribac Na 25 g a.i. ha™ at 2-4 leaves stage of weed)<Wjy (hand
weeding twice at 20 and 40 DAS) <weedy check (W) during two years of trial. Nevertheless,
Differences among different treatment failed to reach the level of significance during 2019 as
well as 2020.

Soil available nitrogen (kg ha™)

The combined use of organics along.-with inorganic:-sources of nitrogen caused
significant variations in available nitrogen during both years (Table 2). Application of 75%
RDN through chemical fertilizer + 25% N through FYM recorded significantly maximum
available nitrogen which was statistically at par with75% RDN through chemical fertilizer+
25% N through VC treatment, though both were found superior over control and 100% RDN
by fertilizer during both.years. This might be due to the retention and availability of
nutrients in the soil. Organic matter had'the capacity to withhold nutrients due to improved
physicochemical properties of soil. The increase in available N may be through the direct
addition of organic matter from farmyard manure and vermicompost in combination with
75% RDN which:might have helped in the multiplication of soil microbes, ultimately
enhanecing the'conversion of organically bound N to mineral form. Katkar et al. (2011) [23]
reported that farmyard manure is not only rich in carbon but also in nitrogen and other
macro and micronutrients.

Soil available phosphorus (kg ha™)

Data shown in Table 2 revealed lucid influence of integrated nitrogen management
treatments on soil available phosphorus during both years. It was noticed that though 75%
RDN through chemical fertilizer+ 25% N through FYM was at par with 75% RDN through
chemical fertilizer+ 25% N through VC both recorded significantly higher available

phosphorus in comparison to control and 100% RDN by fertilizer during both the years.



Table 3. Effect of integrated nitrogen and weed management practices on soil properties after harvest of residual lentil crop

Treatments EC (dSm™) pH Available N Available P Available K
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

Integrated nitrogen management

No- Control (Only P and K) 0.173 0.181 7.60 7.32 175.76 179.83 15.40 15.79 197.92 202.22

N1-RDN (150-60-60 kg NPK ha'!) 0.175 0.183 7.59 7.30 179.91 180.97 15.46 15.89 203.84 205.50

N2-75% RDN (Inorganic) +25% FYM 0.188 0.196 7.17 7.14 189.20 193.25 16.61 16.96 211.82 215.56

Ns-75% RDN (Inorganic)+25% 0178 0186 721 719 18305, 18812 1568 1662 20736  212.00

Vermicompost

SEmz+ 0.004 0.004 0.14 0.14 3.92 4.33 0.36 0.34 4.44 4.06

CD (P=0.05) NS NS NS NS NS NS NS NS NS NS

Weed management

Wo-Weedy check 0.174 0.181 7.42 7.26 179.41 183.02 15.46 16.02 203.23 206.24

W;-Two hand weeding (20 and 40 DAS) 0.176 0.183 7.41 1.25 180.84 185.81 15.70 16.27 205.24 209.24

Xvélfgesffnggi’)p ©030days (0DAS24-D 195 0195 737 721 18420 18773 1630 1664 20708 21287

W,-Wheat residue as mulch (4 t ha™) fb

bispyribac sodium 25 g a.i. ha™ (2-4 leaf 0.178 0.187 7.39 7.23 183.22 186.81 15.94 16.52 206.28 211.08

stage of weed)

W,-Pendimethalin 1 kg a.i. ha™'fb

bispyribac sodium 25 g a.i. ha™ (2-4 leaf 0.178 0.186 7.40 7.24 182.25 184.35 15.53 16.12 204.33 204.67

stage of weed)

SEmz+ 0.003 0.003 0.10 0.10 2.72 3.24 0.29 0.23 2.88 3.23

CD (P =0.05) NS NS NS NS NS NS NS NS NS NS

Interaction NS NS NS NS NS NS NS NS NS NS




This might be attributed to the build-up of P in soil and the solubilization of native
phosphorus in the soil through the release of organic acids from farmyard manure and
vermicompost [26, 27].

Soil available potassium (kg ha™)

Application of 75% RDN through chemical fertilizer with 25% N through FYM
recorded the highest available potassium in soil (Table 2) and it was statistically at par with
75% RDN through chemical fertilizer with 25% N through VC treatment during both the
years. The increase in available K might be due to the direct addition to the available K pool
of the soil, besides reduced K fixation and release of K due to the interaction of organic
matter with clay. These findings are in conformity with the findings of Choudharyand Suri,
2014 [27].

Residual effect of treatments

Data pertaining to physico-chemical properties. of soil. after harvest of lentil as
affected by residual effect of organic sources along with inerganic sources of nitrogen have
been summarized in Table 3. Soil organic carbon, pH and EC and status of soil available N, P
and K after harvest of residual crop slightly improved but could not differ significantly due to
application of various treatments in. preceding rice crop throughout the period of
investigation.

CONCLUSION

Based on the above findings,. it can be concluded that the application of 25% nitrogen
through farmyard manure in combination with 75% nitrogen through urea in preceding rice
crop had significant effect on soil:chemical properties viz., electrical conductivity and pH,
soil available nitrogen, phosphorus and potassium after harvest of rice crop. Whereas, in
respect to the.residual effect of organic sources, improvement in soil health after harvest of
succeeding residual lentil crop was observed however, all the treatments failed to touch the
level of significance in either year of study. Similarly, among weed management practices
maximum improvement in soil physicochemical properties were noticed with the use of
Sesbania brown manuring for both years after harvest of rice as well as succeeding lentil but
all the weed management practices could not reach up to the level of significance. Therefore,
the application of 25% RDN through farmyard manure along with 75% RDN through urea

can be practiced to maintain soil health in eastern Uttar Pradesh.
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