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ABSTRACT

Field experiments entitled on “Evaluation of rice genotypes in acidic and
neutral soils of northern hills of Chhattisgarh” were conducted during kharif 2014 at
Research Farm RMDCARS and farmers field at village Ajirma, Ambikapur

(C.G.). The experiments were laid out in a randomized block design with three

replications and twelve treatments of genotypes viz., V1( Indira Maheshwari), V2
(R- 1688-2150-5-2060-1),V3 (Sampada), V4 (Mahamaya), V5 (Bamleshwari), V6
(Vijeta), V7 (Shyamla), V8 ( R 1661-605-84-1), V9 (R 304-34), V10 (Durgeshwari), V11
(Karma Mahsuri) and V12 (MTU 1010) enriched with (GRD) General Recommended




The results of comparative study conducted in acidic and neutral soil shows that
the cultivar Mahamaya is comparatively good among the genotypes tested with respect
to yield and yield components and nutrient uptake. Whereas, the lowest yield loss due to
soil acidity was recorded in genotype Karma Mahsuri (13.32%) and the highest yield loss
percentage was observed in genotype R 304-34 (52.58%). The nutrient status of acid soil
was poor in comparison to neutral soil. Acidic soils, one of the handicapped soils of
northern hill zone of Chhattisgarh produces poor rice yield. Normal rice production in
these soils by means of amelioration is costly. Considering rice genotypes/cultivars to be

a better option for getting more yields.
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CHAPTER- |
INTRODUCTION

Rice (Oryza sativa L) is a member of Poaceae family, is one of the most
consumed cereal grain in the world constituting the dietary staple food of 2.7
billion people rice production occupies 150 million ha of cultivable land,
producing 573 million tonnes with an average productivity of 3.83 tonnes ha™.

India is the largest rice growing country, while China is the largest
producer of rice. Rice is grown under so diverse soil and climatic conditions that it
is said that there is hardly any type of soil in which it cannot be grown including
alkaline and acidic soils. Rice crop has also got wide physical adaptability.
Therefore, it is grown from below sea-level (Kuttanad area of Kerala) upto an
elevation of 2000 metres in Jammu & Kashmir, hills of Uttaranchal, Himachal
Pradesh and North-Eastern Hills (NEH) areas.

Chhattisgarh state is divided into three agro-climatic zones viz.,
Chhattisgarh Plains, Bastar Plateau and Northern Hills zone covering 51.0%,
28.0% and 21.0% of the geographical area, respectively. Chhattisgarh is popularly
known as “rice bowl of India” because state has maximum areca under rice
cultivation during kharif and contribute major share in national rice production. It
has geographical area of 13.51 million ha of which 5.9 million ha is under
cultivation (Anonymous, 2011).

Rice is a good source of dietary energy and 100 gm of rice contains 129
calories which consist of fat 0.28gm, carbohydrates 27.9 gm, protein 2.66 gm in
addition it also contains 1% calcium, 1% iron, 3% magnesium and 5% Vitamin Be.

Acid soil contains approximately 30% of the world’s total land area, and it
has been estimated that over 50% of the world’s potential arable lands are acidic.
Acid soils that limit crop production have extended more than 40% of the world’s
arable soils. In India total geographical area of 328.73 million hectares and about
17.93 million ha area is under soil acidity (Anonymous, 2010).

In India, acid soils are found in the Himalayan region, eastern and north
eastern plains, peninsular India, and coastal plains under different agro-climatic

situations (NBSSLUP, Nagpur). The states that have large areas under degraded



acid soils include Arunachal Pradesh, Chhattisgarh, Kerala, Assam, Manipur,
Nagaland, Mizoram, Meghalaya, Uttrakhand, Madhya Pradesh and Jharkhand.
(Roy, 2014).

The production potential of acid soils is generally low which may be due to
various soil related constraints or in other words infertility of soils (Mandal, 1997).
A low soil pH, poor base saturation, low active clay, high degree of aluminum
saturation and low level of microbial activity are some of the common factors
causing poor fertility status of acid soil.

Aluminium toxicity is the primary growth-limiting factor for plants in acid
soils (Foy, 1992). It is most severe in soils with low base saturation and poor in Ca
and Mg thereby leading to a reduction in rice yield. Severe acidic condition (pH
<3.5) includes toxic levels of Aluminum (Al), Manganese (Mn), Zinc (Zn), Cupper
(Cu) and Iron (Fe), as well as deficiencies of several essential mineral elements
such as phosphorus (P), Sulphur (S), Calcium (Ca), and Magnesium (Mg).
Phosphorus (P) being the major limiting nutrients on acid soil.

Rice has been reported to be the most Al-tolerant cereal crop (6-10 times
more tolerant than other cereals) under field conditions and capable of
withstanding significantly higher concentrations of Al than other major cereals.
About 13% of global rice production occurs in acidic soils. Rice cultivars differ in
their tolerance for iron toxicity and the selection of rice cultivars with superior iron
tolerance is an important component of research for reducing iron toxicity. Genetic
differences in adaptation to and tolerance for iron toxic soil conditions have indeed
been exploited for developing rice cultivars with tolerance for iron toxicity
(Gunawardena et al. 1982, DeDatta et al. 1994).

Toxicity of aluminium is a serious problem in sub-soils, which are difficult
to amend with lime. In addition, liming sub-soils is prohibitively expensive. Roots
in limed soils tend to be confined to surface layers due to subsurface acidity (Al
toxicity), which restricts the ability of plants to explore a larger soil volume for
water and nutrients, and leads to reduced yields.

Inter- and intra-specific plant differences for tolerance to soil acidity/Al
toxicity have been reported (Foy, 1984). Differences in yield and nutrient uptake
have been related to root development (elongation and absorption), translocation,



and shoot demand per unit of nutrient absorbed (Baligar et al., 1993 Fageria et al.,
1990; Foy, 1984). Cultivars with a high nutrient efficiency ratio when grown under
acid soil stress, may have an advantage in adapting to mineral-stressed acid soils of
the tropics, and genotypes that are efficient nutrient utilizers might be useful in
breeding for more efficient cultivars for mineral-stressed ecosystems.

Rao, (2001) reported that the improvement of the genetic Al resistance is a
less costly complementary approach, especially for low-fertility agricultural
systems. Thus, selection of genotypes with high adaptability to the acid soils is a
promising alternative (Foy, 1996). Such adaptation broadly includes tolerance to
high levels of Al and Mn and capacity to grow normally under poor nutrient soil
conditions. There exist, wide genetic variability among and within the species for
tolerance of acid stress conditions (Foy et. al. (1993). So crop tolerance of low soil
pH has become extremely important which need evaluation. These discoveries will
open new avenues and enhance our understanding which economically solution of
limited crop production in acidic soil. Nutrient interaction in crop plants is
probably one of the most important factors affecting yields of annual crops
(Fageria et al. (1997). It can be measured in terms of crop growth and nutrient
concentrations in plant tissue. Soil, plant and climatic factors can influence
interaction. Interactions vary from nutrient to nutrient, from crop species to species
and sometimes among cultivars of the same species.

Looking to this fact, the present investigation entitled, “Evaluation of rice
genotypes in acidic and neutral soils of northern hills of Chhattisgarh” was

carried out with the following objectives:

1. To study the performance of different rice genotypes under neutral and acidic
soil conditions.
2. To estimate the nutrients uptake by rice genotypes in both the soil conditions.

3. To assess the fertility status of the soil.



CHAPTER I
REVIEW OF LITERATURE

2.1 Yield and yield attributing characters of paddy
2.2 Nutrient uptake by rice genotypes under both soil conditions
2.3 Physico-chemical properties of acid soil and neutral soils

2.4 Fertility status of the soil.
2.1 Yield attributing characters

Can and Lang (2004) conducted study on identification of rice genotypes
adapted to adverse soils in mekong delta and found that OM576 offered the highest
yield, but not significantly different to AS996 (check). OM576 expressed its high
potential on tillering and well adapted to acid sulfate soils in Soc Trang, Kien

Giang provinces.

Kuchanur et al. (2006) conducted an experiment in saline Vertisols of
Tungabhadra Command area to evaluate rice (Oryza sativa L.) genotypes for salt
tolerances during wet season (kharif) 2000,2001 and 2002, under natural saline
soils having EC in the range of>8 dS/m and pH around 8. Eleven rice genotypes,
viz. Pokkali, CSR 13, CSR 22, CSR 27, IET 15420, IET 15681, IET 16153, IET
16154, IET 16638, IET 16640, and IET 16650 were evaluated along with IR 30864
(salinity check), BPT 5204 and IR 64 (yield checks). Among the varieties
screened, CSR 22 recorded consistently higher yields indicating its ability to
withstand salinity. It recorded 29% more yield when compared with IR 30864
(saline check variety) and 76% more yield than the BPT 5204, a popularly

cultivated variety in the command.

Can and Lang (2007) conducted research under salinity condition in Cau
Ngang District. Testing varieties IR71830-3R-2-2-3, [R73055-8- 3-1-3-1,
IR73571- 3B-5-1, IR73571-3B-9-2 grew well and obtained higher yield than check
variety (AS996). It indicated that OM6043, OM6036, OM6040, OM6038
performed higher yield than check. The other yield trials were conducted under
phosphorous deficient condition with ten promising rice varieties. Results showed
that OM4668 and OM2818 obtained the highest yield.



Nayak et. al. (2008) evaluated 65 genotypes for their tolerance capacity to
iron toxicity in a typical iron toxic soil of Bhubaneswar, Orissa Rice genotypes
irrespective of their duration showing score value between 1 to 2 produced normal
yields and those having score between 7 to 9 yielded the minimum. Genotypes
Kalinga- 111, Udayagiri, Konark and Panidhan under extra early, early, medium and
late durations, respectively produced significantly higher yields at different score
scales than their respective duration groups.

Fageria et al. (2010) evaluated dry bean genotypes for growth, yield
components and phosphorus use efficiency and concluded that grain yields and
yield components were significantly increased with P fertilization and interspecific
genotype differences were observed for yield and yield components. The grain
yield efficiency index (GYEI) was highly significant quadratic association with
grain yield. Shoot dry weight, number of pods per plant, 100-grain weights and
number of seeds per pod was having significant positive association with grain
yield. Hence, grain yield of dry bean can be improved with the improvement of

these plant traits by adopting appropriate management practices.

Hafeez et al. (2010) conducted an experiment to evaluate the rice
genotypes for zinc use efficiency. Six rice (Oryza sativa L) genotypes were tested
at two (0 and 15 Kg ha-1) levels of zinc. Genotypes differed significantly in grain
yield and its components. Based on the grain yield efficiency index, genotypes
were classified as efficient, medium efficient and most inefficient. The most zinc
efficient genotype was: MR 106 and medium efficient were Seri Malaysia Dua,
MR 220 and MR 219. The most inefficient genotypes were MR 211 and Bahagia.

Krishnamurthy et al. (2010) evaluated twenty eight pre-released promising
rice varieties and hybrids were for their grain yield, and response to graded level of
applied phosphorus in low soil-P fertility states calcareous vertisol. Among rice
culture, four distinct patterns in grain yield response were observed with eight rice
cultures at 0 P-level, six rice cultures at medium P-fertility level (20-30 kg P,Os
ha-1) where existing higher grain yield response, while five recorded higher grain
yields and yield response only at higher P-level of 50-60 kg P,Os ha-1 (65-93 kg
grain kg-1 P,Os) compared to other (16-66 kg grain kg-1 P,Os).



Fukrei et al. (2011) selected a core set of germplasm used for genetic
analysis of yield and nineteen other component traits. The results indicted the core
set of germplasm contained high genetic variability. The broad sense heritability
and genetic advance as percentage of mean indicated that panicle weight and grain
yield/plant are the two most important yield components and selection based on
these traits would be very effective in upland rice grown under acid soil conditions.

Kamara et al. (2011) reported the response of four rain-fed lowland New
Rice for Africa (NERICA) varieties (NERICA-L-12, NERICA-L-41, NERICA-L
42 and NERICA-L-56) and a popularly grown Oryza sativa (ITA 150) to nitrogen
(0, 30, and 100 kg N ha-1). Nitrogen application increased rice grain yield and
yield components with the highest grain yield obtained at 100 kg N ha-1. Average
across N rates, NERICA —L-12 and NERICA-L- 41 produced higher grain yield
than the others. The least grain yield was produced by IT 150, suggesting that it is
not suitable for production in the lowland ecologies.

Michael et.al. (2012) evaluated seven genotypes of soybean under varying
pH conditions identify that the genotypes varied considerably in the agronomic
and yield traits at the different pH values. The traits were greatly reduced at soil

pH <5.5 and, it is increased progressively with increase in the pH up to 6.0.

Khan et al. (2014) evaluated 24 rice varieties under natural saline
condition (salinity block) and normal field condition. The varieties were found
significant under saline condition are Pokkali, Basmati 198 and Sathra 278
whereas IR36, Shaheen Basmati, Basmati 2000, Basmati 370, Basmati 6129, IR-
6, KSK-133, TN-1, IRP-2 were categorized as salt susceptible varieties based on

grain yield data.

Fageria et. al. (2015) evaluated thirty genotypes grain yield was 3.5 percent
lower at low acidity treatment (with lime) compared to high acidity treatment
(without lime); however, difference was not significant. High grain yield at high
acidity levels indicated upland rice genotypes’ tolerance to soil acidity. Some
genotypes, such as BRSGO Serra Dourada and Primavera CL, produced five times
more grain yield compared to genotype AB082022 at high acidity level. Similar
differences were also found among some genotypes in grain yield at low acidity
level. Fifty-three percent of the genotypes produced lower yield at low acidity level



compared to high acidity level. These results suggested that mechanisms of
genotype adaptability to acidic soils for grain production are different at different

acidity levels.
2.2 Nutrient uptake by rice genotypes under both soil conditions

Baligar et al. (1993) evaluated the genotypic differences in sorghum for
uptake, inhibition, influx into roots and transport to shoot for nutrients at three
levels of soil Al saturation (2, 41, 64%). Overall shoot nutrient uptake, influx into
roots and transport showed a significant inverse correlation with soil Al saturation
and shoot Al concentration, and a significantly positive correlation with shoot and
root dry weight. The nutrient uptake parameters differentiated genotypes into most
and least efficient categories at various levels of soil Al saturation. The nutrient
uptake parameters showed significant differences with respect to soil Al saturation,
genotypes, and their interactions. Fageria et al. (1989) studied growth and nutrient
utilization by alfalfa (Medicago sativa L. cv. Arc) and common bean ( Phaseolus
vulgaris L. cv. Carioca) grown in an acid soil adjusted to eight levels of soil acidity
by addition of lime and concluded that Ca and Mg concentration and uptake
increase with lime rates for both legumes but were consistently higher in common
bean than alfalfa over all lime levels. Shoot concentration of P, K and S in alfalfa
increased with lime levels greater than 2 g kg-1. K uptake by common bean was
not significantly different across all the lime rates even though shoot K

concentration decreased with increasing lime rates.

Baligar et. al. (1997) shows that Al-tolerant maize genotypes have great
potential for increasing dry matter yields at phytotoxic Al levels in soils, partly
because they have higher efficiency of utilization of absorbed essential nutrients,
particularly P. Such intraspecific diversity in growth and nutrient use efficiency
could be exploited in breeding programs to develop cultivars that have high
tolerance to soil acidity. The greenhouse technique used appeared to be reliable for
separating maize genotypes into Al-tolerant and -intolerant types.

Fageria and Baligar (1997) conducted an experiment to evaluate the growth
and P-use efficiency of 20 upland rice and found that plant height, tillers, shoot and
root dry weight, shoot-root ratio, P concentration and uptake in root and shoot and



P use efficiency were significantly affected by level of soil P as well as genotype.
Shoot weight and P uptake in shoot were found to be the plant parameters most

sensitive to P deficiency.

Fageria and Baligar (1999) conducted five greenhouse experiments to
evaluate responses of common bean (Phaseolus vulgaris L.), lowland rice (Oryza
sativa L.), corn (Zea mays L.), soybean (Glycine max L. Merr.), and wheat
(Triticum aestivum L.) to mean soil pH values of 4.9, 5.9, 6.4, 6.7, and 7 on an
Inceptisol. Relative dry matter yield (DMY) of shoots of all the crops tested was
significantly affected by soil pH. Based on the quadratic response optimum pH for
maximum relative dry matter yield of wheat was 6.3, for soybean 5.6, for corn 5.4,
for common bean 6 and for rice 4.9. This showed that crops responded differently
to soil acidity. Among the crops tested, rice was the most tolerant and wheat was
the most intolerant to soil acidity. On an average concentration of calcium (Ca) and
potassium (K) in the plant shoots increased quadratically with increased soil pH
except K concentration in the shoots of corn and soybean decreased. Magnesium
(Mg) concentrations in the shoots of common bean and wheat decreased with
increasing soil pH but in lowland rice, corn, and soybean increased quadratically
with increasing soil pH. Phosphorus (P) concentrations in the shoots of common
bean, wheat, and corn was increased but in lowland rice and soybean decreased
with increasing soil pH. With few exceptions, most of the micronutrients

concentrations decreased with increasing soil pH.

Fageria (2002) conducted experiment to determine the influence of Zn, Mn
and Cu on shoot dry matter yield and uptake of macro and micronutrients in upland
rice, common bean and corn. Six greenhouse experiments were conducted using a
Dark Red Latosol (Typic Haplusthox). Zinc increased yield of rice, Mn increased
yields of corn and bean and Cu improved yields of rice and bean. Uptake of N, Ca,
and Cu in rice was decreased by zinc treatment. In common bean, uptake of N, Mg,
and Cu was increased by zinc application, whereas, uptake of P was decreased.
Manganese increased uptake of Mg, Zn and Fe and decreased uptake of Ca, in
corn. Uptake of K, Zn and Mn was increased and uptake of P and Cu was

decreased by Mn application, in bean. Copper had positive and negative



interactions in the uptake of macro and micronutrients, depending on crop species

and nutrients involved.

Fageria et al. (2010) conducted a greenhouse experiment and that found
grain yield and yield components and N uptake parameters were significantly
affected by N and genotype treatments. Regression analysis showed that plant
height, shoot dry weight, number of panicles per pot, number of grains per panicle,
grain harvest index, N uptake in shoot and grain were having significant positive
relation with grain yield. Agronomic efficiency of N (grain yield/unit of N applied)
and N utilization efficiency (physiological efficiency X apparent recovery
efficiency) were significantly different among genotypes. These two N use
efficiencies were having significant quadratic relationship with grain yield. Soil
pH, exchangeable soil Ca and base saturation were having significantly positive
association with grain yield. However, soil extractable phosphorus (P), potassium
(K), hydrogen (H+), aluminum (Al) and cation exchange capacity were having

significantly negative association with grain yield.

Zhao and Shen (2010) investigated that ammonium enhances Al resistance
of rice compared with nitrate. Al does not inhibit ammonium uptake of Al-resistant
rice cultivar but does that of the Al-sensitive rice cultivar, and Al-resistant rice
cultivar exhibits higher ammonium uptake rate under Al stress compared with the
Al sensitive cultivar. Al resistance in rice is positively correlated with ammonium

utilization or negatively correlated with nitrate utilization.

Michael et al. (2012) screened seven genotypes of soybean (Glycine max
(L) Merrill) for acid tolerance under varying soil pH conditions at the experimental
research farm of the University of Nigeria for two years. Nsukka was identified the
acid tolerant genotypes using some vyield traits like no. of nodules per plants, no.
Of pods per plant, pod weight per plant, test weight and yield . The results revealed
that the genotypes varied considerably in the agronomic and yield traits at different
pH values. The soil pH, genotype and their interactions had significant effects on
most of the traits evaluated in both planting seasons. The traits were greatly
reduced at pH < 5.5 and, it increased progressively with increase in the soil pH up
t0 6.0.
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Lestari et al.(2014) Seven sorghum genotypes that were used in this study
included 4 sorghum lines of [ICRISAT] collection (150-21-A, 5-193-C, 10-90-A,
150-20-A), 1 local sorghum (WHP), and 2 national varieties (Numbu, UPCA).
Numbu is a known as an acid soil tolerant variety and was used as positive control.
Our results showed that WHP genotype had significantly higher plant height and
panicle length, and similar number of leaves, shoot fresh weight, root fresh weight,
and yield that of Numbu. In contrast, 150-20-A genotypes had significantly lower
plant height, number of leaves, shoot fresh weight, root fresh weight, and shorter
panicle than that of WHP genotype. It can be concluded that from agronomy
character of the seven sorghum genotypes used in this study, WHP and Numbu
could be classified as acid soil tolerant genotypes while 150-21-A and UPCA
genotypes were sensitive to acid soil.

2.3  Physico-chemical properties of acid soil

Ponnamperuma et al.(1996) studied the influence of redox potential and
partial pressure of carbon dioxide on the pH values of 35 diverse rice soils (pH
range between 3.6 and 9.4) from the Philippines, Taiwan and Vietnam. The soils
were held in flooded condition in pots in the greenhouse and changes in soil
solution pH, redox potential and partial pressure of carbon dioxide were monitored
for 16 weeks. The results showed that the pH values of alkali and calcareous soils
decreased and those of acid soils increased to a fairly stable range of 6.7 to 7.2, 12

weeks after flooding.

Sharma et al. (1990) studied various forms of acidities i.e. exchangeable,
pH- dependent and total acidity. The electro statically bonded (EB)-H" and EB-
Al acidities comprised 21 and 79 percent of exchangeable acidity, whereas pH-

dependent and exchange acidities comprised 71 percent of total acidity.

Karyotis et al. (2005) examined nutrients status and properties of acidic
soils and found that cation exchange capacity was extremely low and organic
carbon is poor in the sandy soils. Available phosphorous and exchangeable K* was
low indicating a crucial problem of soil fertility. Among the plant available
micronutrients, DTPA extracted manganese was most abundant element, while

their total content extracted by 4 M HNO3 ranked as follows: Fe>Mn>Zn>Cu.
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Copper (DTPA) was low and manganese was extremely high in Kaimbu. Iron

content varied greatly, while decreased zinc was observed in Mbeere.

Patton et al. (2005) examined different soils samples collected from the
different land use patterns viz. low land soils and forest area of Dimapur district,
Nagaland for different form of acidity like exchangeable acidity, total potential
acidity and lime requirement. Exchange acidity and exchangeable aluminum had

significant negative correlation with soil pH.

Dolui et al. (2010) examined the nature of acidity as influenced by lime in
major soil series of Nagaland and also assessed the relationships with soil
properties and found that the contributions of exchangeable acidity to total
potential acidity were low. This indicated the presence of a relatively higher
proportion of exchangeable acidity in Longsamtang series as compared to other
soil series because of high acidity and it is due to monomeric AI**,
Electrostatically bonded, EB-H* and EB-AI** acidities constituted 90.1 and 9.6%
of exchangeable acidity, while EB-H*, EB-AI**, exchangeable and pH-dependent

acidities comprised 1.3, 12.5, 13.7 and 85.5% of total potential acidity.

Obura et al. (2010) surveyed Kenyan, Africa acid soils of 11 sites of maize
growing region and found that soils are low in pH, P, effective cation exchange
capacity, and relatively high aluminum saturation. Low plant nutrient reserves,
particularly phosphorus, and likely aluminum toxicity seem to be the major

limitations for sustainable agricultural use and management of these soils.

Pati and Mukhopadhyay (2010) found that the distribution of the DTPA
extractable Fe, Mn, Cu and Zn in different pedons under Terai situations of West
Bengal, India to be governed by the forms of soil acidity. The availability of
nutrients varied with the soil depth and with different forms of acidity. Significant
correlations of extractable acidity and total potential acidity with the extractable
Cu?* and Zn** were observed for the given soils. The distribution of the forms of
acidity with depth of soils varied on account of the changing accumulation of

exchangeable bases at different depths in soils.
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2.4 Fertility status of the soil

Sahrawat et al. (1993) conducted a research on Alfisols and Ultisols of the
humid-forest and savannah zones in West Africa showed that upland rice is a
robust crop, possessing a wide range of tolerance to acid-soil conditions. Recent
research at WARDA showed also that acid soil tolerance can be enhanced through
interspecific Oryza sativa x O. glaberrima progenies, which not only possess
increased tolerance of acid-soil conditions, but also have superior overall
adaptability to diverse upland environments in the sub-region. Our research on the
diagnosis of acid-soil infertility problems on the Ultisols and Alfisols of the humid
savannah and forest zones indicates that P deficiency is the most important nutrient

disorder for upland rice.

Swarup and Yaduwanshi (2000) conducted experiment on rice-
wheat sequence in AcquicNatrustalfs of Karnal. They reported that there is
decrease in the available P from an initial value 11.8 to 9.7 kg ha in
control plots and further application of 150% recommended NPK and
FYM, under integrated use of inorganic and organic fertilizer resulted in

increase in content of available P (18.4 kg ha™) in soil.

Sahrawat (2005) reported that flooding soil is a great equalizer of diversity
in chemical fertility of wetland soils. This change is brought about by consumption
of acidity in acid soils and the neutralization of alkalinity in alkaline and
calcareous soils following flooding. As a result of flooding, the pH of acidic soils
increases and that of alkaline soils decreases and the chemical reaction of
submerged soils generally stabilizes in the neutral range 8-13. This is the benefit of
flooding of soils to rice crop. The convergence of pH to near neutral also affects
the availability of plant nutrients mostly in a favourable manner.

Subehia et al. (2005) reported that the addition of FYM or lime along with
organic fertilizers, not only sustained higher crop yields, but also improved the soil
quality as well. Imbalanced use of inorganic fertilizers on the other hand reduced
the crop productivity and deteriorated the soil health in terms of increased soil
acidity and high P adsorption. The continuous application of chemical fertilizers

decreased the soil pH significantly in all the treatments except in the lime-treated
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plots. Nitrogen alone (urea) had the most deleterious effect on soil pH. The organic
carbon content of the experimental plots increased, in general, due to continuous
cropping. Among the available N, P and K, only P showed a significant build up

over initial level, except in treatments where in it was not added.

Varalakshmi et al. (2005) reported that the available nitrogen, phosphorus
and potassium content of soil after the harvest of groundnut and finger millet crops
increased significantly over the initial contents. The increase was maximum in the
treatment where NPK fertilizers were applied based on soil test values in both the
crops. It may be due to sufficient supply of nutrients by applied NPK fertilizers
(Rao et al. 1987). The highest available nitrogen (356 kg ha-1) content in Alfisols
after the harvest of finger millet crop was registered with the treatment of package
of practices (12.5:25:12.5 N:P:K kg ha-1+7.5t FYM ha-1). In the treatment of
package of practices where 100% recommended dose of NPK fertilizer along with
7.5 t FYM ha-1 was applied recorded significantly higher available phosphorus
content after groundnut (145 kg ha-1), followed by farmers practice treatment (136
kg ha-1). Similar results were observed with finger millet cropping with the highest
available phosphorus recorded (148 kg ha-1) in the treatment of package of

practices followed by farmer’s practice (139 kg ha-1).

Laxminarayana (2006) study showed that integrated use of organic manures
and inorganic chemical fertilizers produced higher and sustainable crop yields
were maintained the soil fertility and productivity. Organics and fertilizers are not
only complementary but also synergistic since organic inputs had beneficial effects
beyond their nutritional components and enhanced the efficiency of the applied

mineral fertilizers.

Raut and Mahapatra (2006) studied the integrated uses of organic and
inorganic fertilizers and found effective in enhancing the productivity of the rice.
Besides, it has beneficial influence on physico-chemical properties of the soil in
respect of lowering bulk density and pH and improving the organic carbon as well
as available nutrient status of soil in general and N in particular apart from

improving N use efficiency in rice.
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Fageria and Santos (2008) reported that in Brazilain Oxisols there was a
linear increase in them Mehlich 1-extractable P when soil pH was raised from 5.3
to 6.9. Similarly, Mansell et al. (1984) and Edmeades and Perrott (2004) reported
that in acidic soils of New Zealand, primary benefits of liming occur through an
increase in the availability of P. Fageria (1984) also reported that in Brazilian
Oxisols there was a quadratic increase in the Mehlich 1-extractable P in the pH

range of 5.0 to 6.5, and thereafter it was decreased.

Mandal et. al. (2013) reported that available NPK content of the soils
revealed that at low soil pH, availability of these nutrients was reduced and these
values increased with progressive increase in soil pH. Though, soil pH may not
directly control N availability to plants but at lower pH mineralization rate for
organic matter was reduced due to low microbial activity which may cause poor N
availability. Again, solubility of Al+3 and Fe+3 increased at low pH (<5.5) which
fixed a substantial amount of phosphate ions as insoluble Al-phosphate and Fe —

Phosphate complex thereby restricting the availability of phosphate to plants.

Sharma (2013) investigated that available N and P contents of the soils
under cereals, vegetable, soybean and forest land use patterns ranged from 288.3 to
342.5, 321.1 to 396.3, 394.0 to 451.9 and 372.1 to 509.4 kg ha-1 and 6.5 t0 8.8, 7.5
to 10.6, 7.5 to 11.4 and 8.1 to 12.3 kg ha-1 with an average of 316.1, 354.1, 417.0
and 452.7 kg ha-1 and 8.0, 8.7, 9.2 and 10.1 kg ha-1, respectively (Table 1). On the
basis of mean available N, soils of all the villages under different land use systems
fell under medium category of nitrogen. Medium class of available N indicates that
the mineralizable N fraction under such type of climatic condition and acidic

environment is rather low.

Kavitha et. al. (2015) conducted to evaluate soil fertility status in the eight
major agro ecosystems viz., coconut, banana, rubber, paddy, arecanut, nutmeg,
pepper and vegetables in Thrissur District, Kerala. For this, a total of 30
panchayats out of 92 were selected representing 6 agro ecological zones in the
district. The data on various parameters were categorized into low, medium and
high classes based on soil fertility ratings and nutrient index was calculated.

Results revealed that soil reaction in the study area varied from strongly acidic to
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slightly alkaline with pH values varying from 2.9 to 7.7 among the eight agro
ecosystems studied, soil fertility with respect to organic carbon and nitrogen were

high in rubber and medium in all others.



CHAPTER-III
MATERIALS AND METHODS

This chapter deals with a concise description of the material used and the
technique adopted during the course of investigation. The present investigation
entitled “Evaluation of rice genotypes in acidic and neutral soils of northern
hills of Chhattisgarh” during the Kharif season of 2014-2015.

The details regarding materials used and techniques applied during the

course of investigation have been described in this chapter.

3.1 Experimental site

A field experiment was conducted in acid soil at the Farmer’s Field, Ajirma
village, Ambikapur, District Surguja and in neutral soil at RMD College of
Agriculture and Research Station, Ambikapur (C.G.) using different rice

genotypes, during Kharif season of the year, 2014.

3.2 Geographical situation

Ambikapur is situated in Northern part of Chhattisgarh and lies at 20°08'N
latitude and 83°15' E longitude with an altitude of 592.62 m above the mean sea

level.

3.3 Climate and weather

The region comes under sub-humid climatic condition. The average annual
rainfall of the area is 1400-1600 mm. Major amount of precipitation occurs
between June and September (about 3-4 Months) which is the main rice growing
season. The hottest and coolest months are May and December, respectively. The
detail weekly meteorological data recorded from meteorological observatory

during the crops period presented in Fig. 3.1.

16
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3.4 Soil

The experiment was conducted in two different soil conditions i.e., acidic
and neutral. The soil of acidic condition comes under soil order Inceptisols also
known as Matasi.It is sandy loam in texture.

In neutral soil condition comes under soil order Alfisols also known as
Dorsa. It is silty clay loam in texture. Some physico-chemical properties of

experimental soil are presented in Table 3.1.

Table 3.1: Initial physico-chemical properties of acid and neutral soil

_ _ i Acid soil Neutral soil
S.No. Physico-chemical properties
Value

Soil texture

Sand (%) 54 49

Silt (%) 28 22

Clay (%) 18 29
1. pH(1:2.5) 4.5 6.6
2. EC(dS m™) 0.14 0.18
3. Organic carbon (%) 0.27 0.51
4, Available Nitrogen( kg ha™) 151.6 232.6
5. Available phosphorus ( kg ha™) 9.63 14.89
6. Available potassium ( kg ha™) 148.06 318.50
7. Available Cu (ppm) 1.2 1.60
8. Available Fe (ppm) 88.85 23.1
9. Available Mn (ppm) 23.7 11.57
10. Available Zn (ppm) 0.50 0.6

3.5 Experimental details and layout plan

Field preparation was done by tractor driven implements. The ploughing
was done by cultivator, finally the field was puddled by tractor drawn puddler and
levelled to created soft condition essential for transplanting of rice. The experiment
was laid out in Randomized Block Design including 12 medium duration rice
genotypes (Fig.3.2).



Fig: 3.2 Layout plan for Experimental Field
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Experimental details:

1.Location

2.5eason
3.Soil

4. Crop
5.Plot size

6.Total number of
genotypes

7. Replications
8.Design

9.Row spacing
10.Date of Nursery
11.Date of Transplanting :

12.Date of Harvesting

Treatment details:

20

Farmer’s field Ajirma village, Ambikapur (Acid
soil)RMD College of agriculture and research
station (Neutral soil).

Kharif 2014

Alfisols and Inceptisols
Rice
4x4m?

12

3
Randomized Block Design

15x20cm
09 July 2014
08 August 2014

14 November 2014

V1 Indira Maheshwari

V2 R-1688-2150-5-2060-1
V3 Sampada

V4 Mahamaya

V5 Bamleshwari

V6 Vijeta

V7 Shyamla

V8 R - 1661-605-84-1

V9 R -304-34

V10 IGKVR2 (Durgeshwari)
V11 Karma Mahsuri

V12 MTU 1010
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Fig.3.3 Field view of the experimental site
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3.6 Fertilizer application

N, P and K were applied through urea, single super phosphate and murate
of potash. The whole amount of P and K was applied at the time of transplanting,
while nitrogen was applied in three equal splits applied at transplanting effective
tillering and panicle initiation stages. The general recommendation dose of

fertilizers were applied was as given below:
N: P,0s:K,0 - 100:60:40 NPK kg ha™
3.7 Pre-sowing and post harvest soil analysis

3.7.1 Soil pH
Soil pH was determined by glass electrode pH meter method (Piper, 1967)
in 1:2.5 soil water suspensions as described by Jackson, (1973).

3.7.2 Electrical conductivity

The soil sample used for pH determination was allowed to settle down for
24 hours. The electrical conductivity of the supernatant liquid was determined by

conductivity meter as described by Black et al. (1965).
3.7.3 Organic Carbon

Organic carbon was determined by Walkley and Black’s rapid titration

method (1934) as described by Piper (1966).
3.7.4 Available Nitrogen

The available nitrogen in soil was determined by alkaline potassium

permanganate method as described by Subbiah and Asija (1965).

3.7.5 Available phosphorus

(Brays 1)

Five gram of air dried soil was taken in a 250 ml conical flask and 50 ml of
extractant solution (0.03 N NH4F in 0.025 N HCI) was added (Bray and Kurtz,
1945). The suspension was shaken for five minutes on a reciprocating shaker. It

was filtered through Whatman No. 1 filter paper. Five ml of aliquot of extract was



23

placed in a 25 ml volumetric flask. Four ml of ascorbic acid solution was added
and after 10 minutes blue colour intensity was read at 882 nm (Watanabe and
Olsen, 1965).

(Olsen method)

Available phosphorus was estimated by the ascorbic acid method as
described by Olsen, (1954). In this method, 2.5 gm soil sample was taken and
extracted with 0.5 M sodium bicarbonate at pH 8.5. After extraction from the soil,
phosphate in the extract is measured by the reaction of phosphate with ammonium
molybdate in an acid medium to form molybdophosphoric acid which is then
reduced to a blue coloured complex through reaction with ascorbic acid.
Absorbance readings were taken at an 882 nm wavelength using a double beam
spectrophotometer.

3.7.6 Available potassium

Available potassium was extracted from the 5 gm soil with the help of
suitable extractant neutral normal ammonium acetate by shaking, followed by
filtration or centrifugation and K is determined in the extract using flame
photometer. It was described by Jackson in 1967. The analysis photometer is based
on the measurement of the intensity of characteristic line emission given by the
element to be determined.

3.7.7Available micronutrients

The micronutrients Zn, Cu, Fe and Mn were extracted by using 0.005 M
diethylene triamine penta acetic acid, 0.01 M calcium chloride dehydrate and 0.1
M trithanol amine buffered at pH 7.3 (Lindsay and Norvell, 1978) and

concentrations were analyzed by atomic absorption spectrophotometer.
3.8 Plant growth and yield analysis

3.8.1 Effective tillers hill*

Total and effective tillers of marked ten hills of middle row from each
genotype were recorded at the time of harvest. After this, average total and

effective tillers were determined.
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3.8.2 Number of filled grain and unfilled grain panicle™
Ten panicles selected randomly from harvested produce it was counted

from number of filled grain and unfilled grain and then mean was worked out.

3.8.3 Test weight (1000-grain weight)

Different grain samples were collected from each rice genotypes plot. Out
of the samples, 1000 grains were counted and weighted by using an electronic
balance.

3.8.4 Grain and straw yield

The grain and straw yields were recorded by cutting mid ten hills from each
genotype. The bundles were sun dried, weighted, threshed and finally seeds were
cleaned and yield was recorded.

3.8.5 Grain Yield Efficiency Index (GYEI)

Grain Yield Efficiency Index was estimated by the following Formula

Yield of thecultivar
Average yield of thecultivars

Grain Yield Efficiency Index =

3.8.6 Yield loss (%0)

Yield loss was calculated by following formula

Neutral soil yield —Acid soil yield
Neutral soil Yield

Yield loss (%) = x100

3.9. Plant chemical analysis

Plant and grain samples were dried at 55°C in an oven for 24 hours and

were grinded and used for analysis.

3.9.1 Nitrogen content

Nitrogen content of grain and straw sample was done by taking 0.25 gm
uniform prepared sample in digestion tube. 1 gm salt mixture (K,SO, and
CuS04.5H,0 in the ratio of 10:1) was added in the tube. 05 ml. of concentrated
H,S0, acid was added and material was digested at 350 °C in digestion block till
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the solution becomes colourless. Nitrogen in digested material was distilled by
automatic KEL plus system.
3.9.2 Phosphorus and Potassium

One gram of grain and straw samples was taken in digestion tube and 10 ml
of tri-acid mixture (Concentrated HNO3;, HCIO,4 and H,SO, in the ratio of 9:4:1)
was add. The material was digested at 150 °C in KEL plus digestion block till the
material become colourless. The digested material was transferred in to 100 ml
volumetric flask by repeated washing with distilled water and made up the volume
up to the mark. This digested material was used for the estimation of P and K
content analysis as given below

3.9.3 Phosphorus content

Phosphorus content was determined by vanadomolybdo-phosphoric acid
yellow colour complex method as described by Jackson (1967). An aliquot of 10
ml was taken, 10 ml of vanado-molebdate yellow reagent was added and volume
was made up to 50 ml. After half an hour color intensity was measured by

Spectrophotometer at 420 nm.

3.9.4 Potassium content

Potassium content was determined by flame photometer as described by
Chapman and Pratt (1961).- An aliquot of 5 ml was taken and made up to volume
of 25 ml in volumetric flask and potassium content was determined by flame
photometer.
3.9.5 Nutrient uptake

Nitrogen, phosphorus, potassium and micronutrient (Zn, Cu, Fe and Mn)
uptake in grain and straw yields were computed by multiplying their respective

nutrient contents with yields.

3.10. Statistical Analysis

The experiment was laid out in Randomized Block Design (RBD). The data
obtained from various characters under study were analyzed by the method of
analysis of variance as described by Gomez and Gomez (1984). The level of

significance used in “F” test was given at 5 per cent. Critical difference (CD)
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values are given in the table at 5 per cent level of significance, wherever the “F”
test was significant at 5 per cent level. The skeleton of analysis of variance and

formula used for various estimations are given below:

Table 3.2: The skeleton of the analysis of variance

Source of variation  DF SS. MSS. Fcal Ftab SEMz CD5%
Replication (r) (r-1)

Treatments (t) (t-1)

Error (r-1)(t-1)

Total (rt-1)

The following formula was used for standard error, critical difference and

coefficient of variance estimation.

@ SEmzx = /EMSr

(b) C.D. taterror d.f. 50 X SEd

/EMS/X x 100

() C.V. (%)

Where, r = Number of replication,
t = Number of treatment
d.f. = Degree of freedom
C.D. = Critical difference,
C.V. = Coefficient of variance
S.S. = Sum of square
M.S.S. = Mean sum of square
EMS = Error mean square
SEm+ = Standard error of mean

GM = Grand mean



CHAPTER-IV
RESULTS AND DISCUSSION

The experimental results of the investigation carried out on “Evaluation of
rice genotypes in acidic and neutral soils of northern hills of Chhattisgarh” are
presented in this chapter and an attempt has been made to explain the important
findings by establishing a cause and effect relationship on the basis of available
data and literature evidence under following subheads:

4.1  Study of yield attributing characters of different rice genotypes in acidic
and neutral  soils

4.2  Paddy yield, straw vyield, grain yield efficiency index of different rice
genotypes in acidic and neutral soils

4.3  Yield losses in rice genotypes under acidic soil condition

4.4  Macro-nutrient (N, P and K) uptake by different rice genotypes grown in
acidic and neutral soils

4.5  Soil fertility status after harvest crop in acidic and neutral soils.

4.1 Study of vyield attributing characters of different rice

genotypes in acidic and neutral soils
4.1.1. No. of effective tillers hill™

Number of effective tillers hill* was counted at harvest and data are
presented in Table 4.1and Fig. 4.1and Table 4.2, Fig 4.2. Results showed that in
acidic soil varieties Mahamaya showed significantly superior no. of effective
tillers hill™* (7.02) which was followed by MTU 1010, Indira Maheshwari and
Karma Mahsuri and the lowest no. of effective tillers was recorded by Shyamla
(4.09) whereas in neutral soil Mahamaya (7.93) which is significantly superior and
at par with Karma Mahsuri and Bamleshwari. And followed by ( R 304-34), Indira
Maheshwari and MTU 1010 while the lowest no. of effective tillers hill™* was
recorded by R- 1688-2150-5-2060-1 (4.47).
4.1.2. No. of filled grains panicle™

The data presented in Table 4.1,Fig.4.1 and Table 4.2, Fig. 4.2 showed

that number of filled grains panicle® in acidic soils were found significantly

27



28

superior in Bamleshwari (96.80) followed by Mahamaya and MTU 1010 and the
lowest no. of filled grains panicle™ was observed in Shyamla (71.03), whereas in
neutral soils Mahamaya (118.28) are independently significantly superior among
all the treatment which was further followed by R 304-34, Bamleshwari and Indira
Maheshwari and the lowest no. filled grains panicle™ was showed by R 1661-605-
84-1(82.87).

Table: 4.1 Performance of yield attributing characters of different rice

genotypes grown in acid soil

No. of No. of No. of
T filled unfilled " Test
reatments . . effective .
grains grains . .1 Weight (g)
panicle™ panicle™ tillers hill

V1- Indira Maheshwari 89.37 15.16 5.74 23.13
V2- R-1688-2150-5-2060-1 79.39 26.23 4.36 19.74
V3- Sampada 80.80 24.03 4.60 18.82
V4- Mahamaya 93.21 13.05 7.02 29.49
V5- Bamleshwari 96.80 21.10 5.80 23.91
V6- Vijeta (MTU 1001) 86.20 24.31 455 23.29
V/7- Shyamla 71.03 32.26 4.09 18.13
V8- R 1661-605-84-1 80.40 23.23 4.64 18.87
V9- R 304-34 78.10 29.73 4.62 21.19
V10- IGKVR2 87.13 15.23 5.20 20.37
(Durgeshwart)
V11- Karma Mahsuri 83.93 20.36 5.54 18.27
V12- MTU 1010 91.97 18.07 6.42 26.11
SEmz 0.43 1.16 0.12 0.31
CD (P=0.05) 1.26 3.40 0.37 0.93

4.1.3 Test weight

The data presented in Table 4.1 and Table 4.2 and stated that in acidic soil
the highest test weight was found in Mahamaya (29.49 g) which was found
significantly superior and at par with MTU 1010 and followed by Bamleshwari,
Vijeta and Indira Maheshwari and comparatively lowest test weight was found in
genotype Shyamla (18.13 g).

In neutral soil, highest test weight was found in Mahamaya (29.53g) which
was found significantly superior among all other genotypes followed by MTU
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1010, Bamleshwari, Vijeta and Indira Maheshwari and the lowest test weight was
found in Karma Mahsuri (19.64 g).

Table: 4.2 Performance of yield attributing characters of different rice
genotypes grown in neutral soil

N_o. of No_. of No. of
Treatments f'”?d unﬂ!led effective TESt
grains grains . .1 Weight (g)
panicle™ panicle™ tillers hill
V1- Indira Maheshwari 108.79 23.62 6.80 25.54
V2- R-1688-2150-5-2060-1 87.18 25.22 4.47 22.74
V3- Sampada 90.81 29.31 6.33 20.45
V4- Mahamaya 118.28 20.73 7.93 29.53
V5- Bamleshwari 112.85 22.47 7.70 26.08
V6- Vijeta (MTU 1001) 91.27 26.30 6.40 25.68
V7- Shyamla 85.97 31.28 5.32 19.92
V8- R 1661-605-84-1 82.87 29.48 7.30 20.33
V9- R 304-34 113.25 21.93 6.91 23.96
V10- IGKVR2 (Durgeshwari) 90.40 27.28 5.45 21.71
V11- Karma Mahsuri 87.27 27.89 7.77 19.64
V12- MTU 1010 96.20 24.27 6.75 28.90
SEmz 0.37 0.43 0.13 0.38
CD (P=0.05) 1.10 1.27 0.39 1.12

Grovois and McNew (1993) reported that genotypes produced higher
number of effective tiller and grain per panicle also resulted in higher grain yield
of rice. The yield attributing traits are genetically controlled which vary with
genotypes and also influenced by environmental factors. The results of the study
were similar as reported in rice by Counce et al. (1996) and in dry bean by Wallace
etal., (1972), Fageria et al. (2007) and Sharma and Dadhich (2003).

4.2  Paddy yield, straw yield, grain yield efficiency index of different rice
genotypes in acidic and neutral soils
4.2.1 Paddy yield and Straw yield
The data presented in Table 4.3 and Fig. 4.3 showed the performance of
different rice genotypes in acidic soil revealed that genotypes Mahamaya,
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Bamleshwari, MTU 1010 and Indira Maheshwari gave significantly higher yield
i.e., 39.35, 38.23, 37.83 and 36.96 q ha™ respectively which was found superior
over other genotypes, followed by Durgeshwari and Karma Mahsuri which gave
34.03 and 33.04 q ha™’. Rest of the genotypes did not performed better in relation
to yield, and among them the lowest yield was observed in Shyamla 16.81q ha™.

Table 4.3 Yield performance of different genotypes in acid soils

Treatments Grain Yield (q ha™) Straw Yield (q ha™)
V1- Indira Maheshwari 36.96 48.05
V2- R-1688-2150-5-2060-1 22.76 36.27
V3- Sampada 25.52 32.79
V4- Mahamaya 39.35 51.87
V/5- Bamleshwari 38.23 49.09
V6- Vijeta (MTU 1001) 26.72 37.17
V7- Shyamla 16.81 34.72
V8- R 1661-605-84-1 28.27 42.44
V9- R 304-34 27.16 40.87
V10- IGKVR2 (Durgeshwari) 34.03 45.23
V11- Karma Mahsuri 33.04 46.44
V12- MTU 1010 37.83 47.24
SEmz 0.95 1.47
CD (P=0.05) 2.78 4.33

The result of grain yield of genotypes/cultivars grown in neutral soil given
in Table 4.4 and Fig. 4.5 revealed that , genotypes Mahamaya was found
significantly superior in respect to yield followed by R 304-34, Bamleshwari and
Indira Maheshwari which gave grain yield 59.64, 57.28, 55.79 and 53.78 (q ha™)
respectively followed by the genotypes MTU 1010, Vijeta, Durgeshwari, R-1661-
605-84-1, Sampada, and R- 1688-2150-5-2060-1 were found significantly at par
and gave grain yield 47.07, 44.81, 43.98, 42.85, 39.20 and 38.58 g ha*
respectively, while the lowest yield was recorded in neutral soil in two genotypes
i.e., Karma Mahsuri 38.12 and Shyamla 32.17q ha™). Straw yield g ha™ of all the
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Fig. 4.4. Performance of different genotypes in acid and neutral soils
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genotypes were presented in Table 4.3 and 4.5. The findings shows nearly similar
results as reported by Solanki (2013).

Table 4.4 Yield performance of different genotypes in neutral soils

Treatments Grain Yield (q ha™) Straw Yield (q ha™)
V1- Indira Maheshwari 53.78 56.71
V2- R-1688-2150-5-2060-1 38.58 47.69
V/3- Sampada 39.20 44.25
V4- Mahamaya 59.64 65.71
V5- Bamleshwari 55.79 59.88
V6- Vijeta (MTU 1001) 44.81 49.14
V7- Shyamla 32.17 39.22
V8- R 1661-605-84-1 42.85 49.79
V9- R 304-34 57.28 62.27
V10- IGKVR2 (Durgeshwari) 43.98 50.62
V11- Karma Mahsuri 38.12 46.46
V12- MTU 1010 47.07 55.61
SEmz 3.00 0.48
CD (P=0.05) 8.82 1.42

Nutrients availability to the crop in acid soil was adversely affected which
is also reflected in poor plant growth and reduced yield and yield attributing
characters (Table 4.1 and 4.2) of the genotypes. The lower pH of experiment soil
also may be responsible for reduced root growth and thereby nutrient availability
to plant, and thus reduced plant growth and yield. The findings agree with the
results reported by Mossor-Pietraszewska (2003) and Duressa et al. (2011). The
similar results regarding adverse effect of higher content of Al, Mn and Fe on plant
growth and development was also reported by Beegle and Lingenfelter (1995) and
in wild barley by Dai et al. (2011).

4.2.2 Grain yield efficiency index

Grain yield efficiency index is good tool to categorize the genotypes into efficient
and inefficient (Hafeez et al. 2010). In acidic soils the overall mean of grain yield
efficiency index was found 1.00. It was ranged from 1.29 to 0.55. Among the

genotypes the highest grain yield efficiency index was noticed in Mahamaya
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followed by Bamleshwari and MTU 1010 and the lowest value was noticed in
Shyamla. The similar results were as of acidic soils were also obtained in neutral
soils were ranged from 1.29-0.70 and the highest value is noticed in Mahamaya
followed by R 304-34 and Bamleshwari and the lowest was noticed in Shyamla.
Similar findings were also supported by Sahrawat et al. (1993) in which he
evaluated Grain vyield efficiency index (GYEI = grain yield of the cultivar/mean grain

yield of the cultivars) values varied from 0.20 to 1.66.

4.3 Yield losses in rice genotypes under acidic soil condition

Comparitive yield loss percentage on twelve genotypes was studied in two
soil conditions (acidic and neutral). Data presented in Table 4.5 stated that lowest
yield loss percentage was recorded in genotype Karma Mahsuri (13.32%) whereas
highest vyield loss percentage was observed in genotype R 304-34
(52.58%),although this genotype was second high yielder in neutral soil (57.28 q
ha) and in acidic soil showed comparatively, low yield (27.16 q ha™). It is
evidenced from the present results that the genotypes are not suitable for both soil
condition, however some rice genotypes viz., Karma Mahsuri, MTU 1010 and
Durgeshwari were found acid tolerant and gave better yield and less yield loss
percent.

Table: 4.5 Yield losses in rice genotypes under acidic soil condition

Yieldinacid ' 'eldin
Treatments soil (g ha™) neutral_lson Yield loss (%)
(9 ha™)
V1- Indira Maheshwari 36.96 53.78 31.27
V2- R-1688-2150-5-2060-1 22.76 38.58 41.00
V3- Sampada 25.52 39.20 34.90
V4- Mahamaya 39.35 59.64 34.02
V5- Bamleshwari 38.23 55.79 31.47
V6- Vijeta (MTU 1001) 26.72 44.81 40.37
V7- Shyamla 16.81 32.17 47.75
V8- R 1661-605-84-1 28.27 42.85 34.02
V9- R 304-34 27.16 57.28 52.58
V10- IGKVR2 (Durgeshwari) 34.03 43.98 22.63
V11- Karma Mahsuri 33.04 38.12 13.31

V12- MTU 1010 37.83 47.07 19.63
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The lower yield loss of the genotypes in acid soil may be due to the their
greater ability to withstand to soil acidity and genetically controlled traits. The
findings are also in agreement to work of Foy (1984) and Baligar et al. (1987).

4.4 Macro-nutrient (N, P and K) uptake by different rice genotypes grown in
acidic and neutral soils
4.4.1 Total N uptake

The data presented in Table 4.6 and Fig.4.6 stated that in acidic soils the
maximum N uptake was observed in genotypes showed by Mahamaya (63.22 kg
ha) which was significantly superior followed by Bamleshwari and MTU 1010.
However, the minimum N uptake was recorded in Shyamla (24.34 kg ha). As in
neutral soil (Table 4.7. and Fig. 4.7) the maximum N uptake was observed in
genotype Mahamaya (89.78 kg ha™) which was significantly at par with R 304-34
and more as compared to Indira Maheshwari and Bamleshwari. Apparently, low N

uptake was recorded in Shyamla (60.61 kg ha™).

Table 4.6 Total N, P and K uptake in different rice genotypes in acid soils

Total N Total P Total K
uptake uptake uptake
Treatments ( k‘; ha.1) ( k‘; ha.1) ( k% ha.1)

V1- Indira Maheshwari 61.72 11.86 79.98
V2- R-1688-2150-5-2060-1 34.67 9.06 54.11
V/3- Sampada 36.30 10.84 56.03
V4- Mahamaya 63.22 12.93 87.41
V5- Bamleshwari 58.25 12.09 84.78
V6- Vijeta (MTU 1001) 51.89 11.06 72.18
V/7- Shyamla 24.34 7.80 39.12
V8- R 1661-605-84-1 52.03 11.73 67.59
V9- R 304-34 51.42 11.35 62.64
V10- IGKVR2 56.12 11.76 77.73
(Durgeshwari)
V11- Karma Mahsuri 53.72 11.64 77.39
V12- MTU 1010 60.20 12.39 80.98
SEmz+ 0.38 0.04 0.36

CD (P=0.05) 1.13 0.13 1.08
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4.4.2 Total P uptake

The data presented in Table 4.6 and Fig.4.6 stated that in acidic soils the
maximum P uptake was observed in genotype Mahamaya (12.93 kg ha™) which is
significantly superior among all the other genotypes while the second highest P
uptake was observed in MTU 1010 followed by Bamleshwari, while the minimum
was observed in Shyamla (7.80 kg ha™).
Data presented in Table 4.7 and Fig. 4.7 showed that the maximum P uptake in
neutral soil which was observed in genotype Mahamaya (19.37kg ha™) which was
significantly superior and at par with R 304-34, Bamleshwari and followed by
Indira Maheshwari and the lowest P uptake value was recorded in Shyamla (11.69
kg ha™).

Table 4.7 Total N, P and K uptake in different rice genotypes in neutral soil

Treatments Total N Total P Total K
uptake uptake uptake
(kg ha™) (kg ha) (kg ha)
V1- Indira Maheshwari 86.86 17.82 122.30
V2- R-1688-2150-5-2060-1 64.83 13.30 99.45
V3- Sampada 65.09 14.05 106.14
V4- Mahamaya 89.78 19.37 129.72
V5- Bamleshwari 87.51 18.20 125.44
V6- Vijeta (MTU 1001) 78.11 14.98 97.73
V/7- Shyamla 60.61 11.69 91.61
V8- R 1661-605-84-1 68.70 14.23 88.96
V9- R 304-34 89.23 18.75 127.82
V10- IGKVR2 (Durgeshwari) 76.56 14.58 97.09
V11- Karma Mahsuri 63.52 13.06 97.86
V12- MTU 1010 83.70 15.85 121.31
SEmz 0.71 0.48 0.38
CD (P=0.05) 2.11 1.42 1.12

4.4.3 Total K uptake
The data presented in Table 4.6. and Fig. 4.6 stated that in acidic soils the
maximum K uptake was observed in genotypes showed that Mahamaya (87.41 kg
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ha®) which is significantly superior among all the genotypes whereas the
Bamleshwari is the second highest followed by MTU 1010 and Indira Maheshwari
and the minimum uptake were seen under Shyamla (39.12 kg ha). Data presented
in Table 4.7. and Fig. 4.7. stated that K uptake in neutral soil is significantly
superior in genotype Mahamaya (129.72 kg ha™) which was followed by R 304-34,
Bamleshwari. Apparantely, low K uptake was recorded in R 1661-605-84-1( 88.96
kg hal).

The higher uptake by different genotypes of different groups may be due to
better root geometry, ability of plants to take up sufficient nutrients from lower or
subsoil concentrations, plants ability to solubilize nutrients in the rhizosphere,
better transport, distribution and utilization within plants and balanced source-sink
relationships. Similar findings also reported by Graham (1984), Baligar et al.
(2001), Fageria and Barbosa Filho (2001), Fageria and Baligar (2003). The nutrient
uptake and utilization are also genetically controlled which vary with crop species
and genotypes. Similar findings also reported by Gerloff and Gabelman (1983),
Baligar et al. (1990), Baligar et al. (2001), Epstein and Bloom (2005) and
Fageria and Baligar (2005).

Acidity is a problem in its own right, the rice varieties which are not
tolerant to soil acidity vyielded less may be due to their low nutrients use
efficiency and enabling to uptake proper nutrients inadequate amount by
genotype. The results regarding inter- and intra-specific plant differences for
tolerance to soil acidity have been reported by Foy (1984) and Baligar et al.
(1987). Similar results of higher accumulation of N and P in grain improve yield of
genotype also found by Fageria et al. (2006) and Fageria et al. (2010).The
genotypes grown in highly acidic condition showed intra specific diversity in

macro and micro nutrients uptake.
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4.5 Soil fertility status after harvest crop in acidic and neutral soils
At the time of harvest the pH of the soil recorded in acidic and neutral soils are 4.6
and 6.7 respectively.

4.5.1 Available soil N status

The data presented in Table 4.8 and Fig. 4.8 revealed the different levels of
available nitrogen at harvest of the crop in acidic soil, the highest level of available
N was found in treatment MTU 1010 (177.68 kg ha™) which is significantly at par
with following treatments Karma Mahsuri> R 1661-605-84-1> Durgeshwari
>Indira Maheshwari>Bamleshwari>Mahamaya>R 304-34>Vijeta and the lowest
level of available N is observed in treatment R-1688-2150-5-2060-1 (163.17 kg ha’
1).

The result presented in Table 4.9. and Fig. 4.9 on available N in neutral soil
revealed that the treatment Vijeta (254.60 kg ha™) which was significantly at par
with following treatments R 1661-605-84-1>Indira Maheshwari> Durgeshwariu>
Sampada> Karma Mahsuri>Shayamla and the lowest level of available N was

observed in treatment Mahamaya (246.80 kg ha™).

4.5.2 Available soil P status

The data presented on Table 4.8 Fig.4.8 revealed that available P at harvest
in acidic soil was maximum in Durgeshwari (10.34 kg ha') which was
significantly superior and at par with Vijeta> Bamleshwari>Shyamla>Indira
Maheshwari>Mahamaya>Sampada>MTU 1010 and the minimum level of
available P was observed in R-1688-2150-5-2060-1 (9.61 kg ha™).whereas in
neutral soil Table 4.9. and Fig. 4.9 available P was found maximum in Shyamla
(14.61 kg ha) which was significantly superior and at par with R-1688-2150-5-
2060-1> R 1661-605-84-1> Mahamaya> Sampada> Indira Maheshwari>
Bamleshwari and the minimum level of available P was observed in R-304-34
(14.19 kg ha').
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Table: 4.8 Status of macronutrients in soil at harvest in acidic soils

Available Available Available
Treatments Nitrogen phosphorus potassium
(kg ha™) (kg ha™) (kg ha™)
V1- Indira Maheshwari 175.48 10.10 151.02
V2- R-1688-2150-5-2060-1 163.17 9.61 152.91
V3- Sampada 170.59 10.01 155.15
V4- Mahamaya 173.79 10.06 158.52
V5- Bamleshwari 173.85 10.13 153.94
V6- Vijeta (MTU 1001) 171.32 10.24 148.95
V/7- Shyamla 167.89 10.16 151.27
V8- R 1661-605-84-1 176.40 9.92 155.06
V9- R 304-34 171.90 9.84 155.78
V10- IGKVR2 (Durgeshwari) 176.09 10.34 153.42
V11- Karma Mahsuri 176.76 9.71 153.84
V12- MTU 1010 177.68 9.95 152.86
SEmz+ 2.59 0.13 1.61
CD (P=0.05) 7.59 0.40 4.73

4.5.3 Available soil K status

The soil available K status in acid soil (Table 4.8 and Fig.4.8) was found
maximum in Mahamaya (158.52 kg ha™) which was significantly superior and at
par with R-304-34>Sampada> R 1661-605-84-1>Bamleshwari>Karma Mahsuri
and the minimum level of available K was observed in Vijeta (148.95 kg ha™).

Whereas, in neutral soil (Table 4.9. and Fig. 4.9.) stated that in neutral soil
condition available K was found maximum in Durgeshwari (329.70 kg ha™) which
was significantly superior and at par with Sampada>Shyamla>Karma Mahsuri> R-
1688-2150-5-2060-1>R-304-34>MTU 1010 and the minimum level of available K
was observed in Mahamaya (323.93 kg ha™).
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Fig.4.8 Status of macronutrients in soil at harvest in acidic soils
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Table: 4.9 Status of macronutrients in soil at harvest in neutral soils

47

Available

Nitrogen Available Availa}ble
Treatments (kg ha.) phosphorus potassium
( kg ha-1) ( kg ha-1)
V1- Indira Maheshwari 253.56 14.47 324.97
V2- R-1688-2150-5-2060-1 250.21 14.58 327.64
V3- Sampada 252.59 14.49 328.22
V4- Mahamaya 246.80 14.51 323.93
V5- Bamleshwari 249.12 14.46 325.76
V6- Vijeta (MTU 1001) 254.60 14.32 325.07
V/7- Shyamla 251.69 14.61 328.07
V8- R 1661-605-84-1 254.39 14.53 324.53
V9- R 304-34 249.36 14.19 327.39
V10- IGKVR2 (Durgeshwari) 253.46 14.42 329.70
V11- Karma Mahsuri 252.44 14.45 327.79
V12- MTU 1010 249.77 14.41 326.44
SEmzx 1.10 0.05 1.12
CD (P=0.05) 3.24 0.15 3.28
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CHAPTER-V
SUMMARY AND CONCLUSIONS

The present investigations entitled “Evaluation of rice genotypes in
acidic and neutral soils of northern hills of Chhattisgarh” were carried out at the
farmers field of village Ajirma and Research Farm of RMDCARS
Ambikapur (C.G.) in Kharif (2014).

With the (a) To study the performance of different rice genotypes under
neutral and acidic soil conditions. (b) To estimate the nutrients uptake by rice
genotypes in both the soil conditions. (c) To assess the fertility status of the soil.

The experiments were undertaken with twelve treatment and two
field conditions acidic and neutral was laid in randomized block design.
Treatments consisted of V1 (Indira Maheshwari), V2 (R- 1688-2150-5-
2060-1), V3 (Sampada), V4 (Mahamaya), V5 (Bamleshwari), V6 (Vijeta),
V7 (Shyamla), V8 (R 1661-605-84-1), V9 (R 304-34), V10 (Durgeshwari),
V11 (Karma Mahsuri) and V12 (MTU 1010) followed under optimum

agronomic management practices.

Keeping in view the objectives, observation and the results were
recorded, processed statistically on various parameters for scientific

interpretation.

The yield of paddy grain and straw was affected significantly due to two
different soil conditions Among the tested genotypes in acidic soil condition
Mahamaya, Bamleshwari, MTU 1010 and Indira Maheshwari gave significantly
higher yield i.e., 39.35, 38.23, 37.83 and 36.96 g ha™ respectively which was found
superior over remaining genotypes. While, the lowest yield was given by Shyamla
16.81 q ha™.

Similarly, in neutral soil Mahamaya was found significantly superior in
respect to yield followed by R 304-34 , Bamleshwari and Indira Maheshwari
which gave grain yield 59.64, 57.28, 55.79 and 53.78 q ha™ respectively, while the
lowest yield was recorded in neutral soil in two genotypes i.e.,Karma Mahsuri
38.12 and Shyamla 32.17 q ha™. The highest total NPK uptake was shown by
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Mahamaya in both the soils, the lowest yield loss due to acidity was recorded in
genotype V11(Karma Mahsuri) (13.32%) whereas highest yield loss percentage
was observed in genotype R 304-34 (52.58%),although R-304-34 was second high
yielder (57.28 q ha') in neutral soil but performance in acidic soil was

comparatively low (27.16 g ha™).

Conclusion

e The various genotypes grown in acid and neutral soils differ

significantly in growth, grain yield, and yield components.

e The genotype Mahamaya shows the higher yield with respect to that
it also shows maximum no. of effective tillers hill*, filled grains
panicle™ and highest test weight and comparatively, high total N P K
uptake so it is cleared that among the genotypes most of the growth
and yield components shows the positive association with grain

yield.

e Conclusively it can be stated that the genotypes of higher yield
potential with efficient nutrient use ability can be useful to breeding
programme for developing new lines which can tolerate the high soil

acidity with greater adaptability.

Suggestions for future work

Further research on present investigation is needed to evaluate the
performance of improved genotypes which can withstand with acid stress
conditions under different agro-climatic condition to have sound
recommendations of genotypes for acid soil condition. The best genotypes
of rice can be used in the breeding programme to get the suitable acid

tolerant genotypes.



REFERENCES

Anonymous, 2011. Directorate of Economics and Statistics. New Delhi. p. 14-15

Baligar,

Baligar,

Baligar,

Baligar,

Baligar,

Baligar,

V.C. 1987. Phosphorus uptake parameters of alfalfa and corn as
influenced by P and pH. Journal of Plant nutrients, (10): 33-46.

V.C., Wright, R.J., Kinraide, T.B., Foy, C.D. and Elgin, J.H. 1987.
Aluminum effects on growth, mineral uptake and efficiency rations in red
clover cultivars. Agron. J., (79): 1038-1044

V.C., Dos Santos, H.L., Pitta, G.V.E. and Filho, E.C. 1989. Aluminum
effects on growth, grain yield and nutrient use efficiency rations in
sorghum genotypes. Plant and Soil, (116): 257-264.

V.C., Duncan, R.R and Fageria, N.K. 1990. Soil-plant interactions on
nutrient use efficiency in plants. An overview. In: Crops as enhancers of
nutrient use, eds. pp. 351-373.

V.C., Schaffert, R.E., Dos Santos, H.L., Pitta, G.V.E. and Bahia Filho,
A.F.C. 1993. Soil Aluminium effects on uptake, influx, and transport of
nutrients in sorghum genotypes. Plant Soil, (150): 271-277.

V.C., Schaffert R.E., Gamma E.E.H., H.L., Pitta, G.V.E., Bahia Filho,
A.F.C. and Clark R.B. 1997. Soil acidity effects on nutrient use efficiency
in exotic maize genotypes Plant Soil, (192):9-13.

Baligar, V.C., Fageria, N.K.. and. He, Z.L. 2001. Nutrient use efficiency in plants.

Communications in Soil Science and Plant Analysis, (32): 921-950.

Barber, S.A. 1995. Soil nutrient bioavailability: A Mechanistic approach. New

Baruah,

Beegle,

York: John Wiley & Sons Inc.

T.C. and Barthakur, H.P. 1999. A Text book of Soil analysis. 94-103.
Vikash Publishing House Pvt. Ltd., New Delhi.

D.B. and Lingenfelter, D.D. 1995. Soil Acidity and Aglime. Agronomy
facts 3, Cooperative Extension, Pennsylvania State University, RV5M995
ps1508.

Black, C.A. 1965. Method of soil analysis. American Soc. Agro. Medison, Wis.

USA.

Bona, L., Wright, R.J., Baligar, V.C., and Matuz, J. 1993. Screening wheat and

other small grains for acid soil tolerance. Landscape and Urban Planning,
27: 175-178.

51



52

Bona, L., Carver, B.F., Wright, R.J. and Baliger, V.C. 1994. Aluminum tolerance
of segregation wheat population in acid soils and nutrient solutions comm.
Communications in Soil Science and Plant Analysis, (25): 327-339.

Bray, R.H. and Kurtz, L.T. 1945. Determination of total, organic and available
forms of phosphate in soils. Soil Science, (59): 39-45.

Can, N.T. and Lang, N.T. 2004. Identification of rice genotypes adapted to adverse
soils in mekong delta. Omonrice, 12.

Can, N.T. and Lang, N.T. 2007. Identification of some promising varieties for
Salinity Soil and Phosphorous deficient areas in the Mekong Delta.
Omonrice, (15): 179-184.

Chapman, H.D. and Pratt, P.F. 1961. Soil water and plant analysis. In. Univ.
California Agri. Div. Publisher.

Counce, P.S., Poag, A., Holloway, T. J., Kocher, M. A., G. E. and Lu, R. 1996.
Panicle emergence of tiller types and grain yield of tillers order of direct-
seeded rice cultivar. Field Crops Res., 47(2- 3): 235-242.

Dai, H., Shan, W., Zhao, J., Zhang, G., Li, C. and Wu, F. 2011. Difference in
response to aluminum stress among Tibetan wild barley genotypes.
Journal of Plant Nutrient and Soil Science (174): 952-960.

Datta, M., Dhiman, K. R. and Singh, N. P. 2005. Identification of local rice (Oryza
sativa) germplasm for abiotic stress tolerance in acid soils of Tripura.
Indian journal of Agricultural Sciences, 75(10): 679-81.

Dolui, A.K. and Ghosal, M. 2010. Characterization and Lime Requirement
Estimation of Acid Soil of Nagaland. J. Indian Soc. Soil Sci., 58(2): 147-
153.

Duncan, R.R. 1983. Concentrations of critical nutrients in tolerant and susceptible
sorghum lines for use in screening under acid soil field conditions. In
Genetics Aspects of Plant Nutrient. Eds. pp101-104.

Duressa, D., Soliman, K., Taylor, R. and Senwo, R. 2011. Proteogenic analysis of
soybean roots under aluminum stress. International journal of plant
Genomics, Article ID 282531: 12.

Epstein, E., and Bloom A.J. 2005. Mineral nutrition of plants: Principles and
perspectives, 2nd edition, Sunderland, Massachusetts: Sinauer
Associations, Inc.

Fageria, N.K., Baligar, V.C., and Wright, R. J., 1989. Growth and nutrient
concentrations of alfalfa and common bean as influence by soil acidity.
Plant and soil (8): 331-334.



53

Fageria, N.K., Baligar, V.C. and Edwards, D.G. 1990. Soil-plant nutrient
relationships at low pH stress. In Crops as Enhancers of Nutrient Use, pp
475-507.

Fageria, N.K. and Baligar, V.C. 1997. Upland Rice Genotypes Evaluation for
Phosphorus Use Efficiency. Journal of plant nutrition, 20(4&5): 499-509.

Fageria, N.K., Baligar, V.C. and Jones, C. A. 1997. Growth and Mineral Nutrition
of Field Crops, 2nd ed. New York: Marcel Dekker.

Fageria, N.K. and Baligar, V. C. 1999. Growth and Nutrient Concentrations of
Common Bean, Lowland ice, Corn, Soybean, and Wheat at Different Soil
pH on an Inceptisol. Journal of Plant Nutrition, 22(9): 1495-1507.

Fageria, N.K. 2000. Potassium use efficiency of upland rice genotypes. Pesquisa
Agropecuaria Brasileira, (35): 2115-2120.

Fageria, N.K. 2001. Screening method of lowland rice genotypes for zinc uptake
efficiency. Scientia Agricola, 58(3): 623-626.

Fageria, N.K. and Baligar, V.C. 2001. Lowland rice response to nitrogen
fertilization. Communications in Soil Science and Plant Analysis, (32):
1405 1429.

Fageria, N.K., and Barbosa Filho. M.P. 2001. Nitrogen use efficiency in lowland
rice genotypes. Communication in Soil Science and Plant Analysis (32):
2079-2089.

Fageria, N.K. 2002. Influence of micronutrients on dry matter yield and interaction
with other nutrients in annual crops. Pesq. agropec. bras., Brasilia,
37(12):1765-1772.

Fageria, N.K., Baligar, V.C. and Clark, R.B. 2002. Micronutrients in crop
production. Advances in Agronomy, (77): 185-268.

Fageria, N.K., and Baligar, V.C. 2003. Methodology for evaluation of lowland rice
genotypes for nitrogen use efficiency. Journal of Plant Nutrition, (26):
1315-1333.

Fageria, N.K., and Baligar. V.C. 2005. Enhancing nitrogen use efficiency in crop
plants. Advances in Agronomy, (88): 97-185.

Fageria, N.K., and Stone, L.F. 2006. Physical, chemical and biological changes in
rhizosphere and nutrient availability. Journal of Plant Nutrition, (29): 1-
30.

Fageria, N.K., Baligar, V.C. and Clark R.B. 2006. Physiology of crop production.
New York: The Haworth Press.



54

Fageria, N.K., Baligar, VV.C. and Zobel, R.W. 2007. Yield, nutrient uptake, and soil
chemical properties as influenced by liming and boron application in
common bean in a no-tillage system. Communications in Soil Science and
Plant Analysis, (38): 1637-1653.

Fageria, N.K., and Santos, A.B. 2008. Yield physiology of dry bean. Journal of
Plant Nutrition 31: 983-1004.

Fageria, N.K., Baligar, V.C., Moreira, A. and Portes T.A. 2010. Dry bean
genotypes evaluation for growth, yield components and phosphorus use
efficiency. Journal of Plant Nutrition, (33): 2167-2181.

Fageria, N.K., de Morais, O.P., and dos Santos, A.B. 2010. Nitrogen use efficiency
in upland rice genotypes. Journal of Plant Nutrition, (33):1696-1711.

Fageria, N.K., Morais, O.P., Carvalho, M.C.S. and Filho Colombari J.M. 2015.
Upland rice genotype evaluations for acidity tolerance. Communications
in Soil Science and Plant Analysis, (46):1076-1096.

Foy, C.D. 1984. Physiological effects of hydrogen, aluminium and manganese
toxicities in acid soils. In Soil Acidity and Liming. Ed. F Adams, 57-97.

Foy, C.D., Shalunova, L. P. and Lee, E. H. 1993. Acid soil tolerance of soybean
(Glycine max L.Merr.) germplasms from the USSR. Journal of plant
nutrition, 16(9): 1593-1617.

Foy, C.D. 1996. Tolerance of durum wheat lines to acid, aluminum-toxic subsoil.
Journal of plant nutrition, 19 (10/11): 1381-1394.

Fukrei, K.P., Kumar Amit.,, Tyagi Wircha.,Rai Mynak., Pattayanak, A., 2011
Genetic Variability in Yield and its Components in Upland Rice Grown in
Acid Soils of North East India. Journal of Rice Research., (4):1-2.

Gerloff, G.C., and Gabelman, W.H. 1983. Genetic basis of inorganic plant
nutrition. In: Inorganicplant nutrition. Encyclopedia and plant physiology
new series, eds. (15): 453-480.

Graham, R.D. 1984. Breeding for nutritional characteristics in cereals. In:
Advances in plant nutrition, eds.,(1): 57- 102.

Gravois, K.A. and McNew, R.W. 1993. Genetic relationships among and selection
for rice yield and yield components. Crop Sci., (33):249-252.

Gusaibi, A.M. 2004. Seston and Nitrogen Effects on Yield and N, P Uptake of
Rice (Oryza sativa L. cv. Hassawi). Scientific Journal of King Faisal
University (Basic and Applied Sciences). (5): 11425.



55

Hafeez, B., Khanif, Y.M., Samsuri, A.\W., Radziah, O., Zakaria, W., and Saleem,
M. 2010. Evaluation of Rice Genotypes For Zinc Efficiency under Acidic
Flooded Condition. 19th World Congress of Soil Science, Soil Solutions
For a Changing World.

Jackson, M.L. 1967. Soil chemical analysis, pentice hall of India Pvt. Ltd., New
Delhi.

Kamara, A. Y., Ekeleme, F., Omoigui, L. O. and Chikoye, D. 2011. Influence of
nitrogen fertilization on yield and yield components of rain-fed lowland
NERICA rice in the northern Guinea savanna of Nigeria. Afr. J. Agric.
Res.; 6(13): 3092-3097.

Karyotis, T., Onduru, D.D., Noulas, C., Gachimbi, L.N., and Muchena, F.N. 2005.
Nutrients, Trace Elements and Net N Mineralization in Acidic Kenyan
Soils. Soil Sci. Plant Nutr., 51(5): 645-648.

Kavitha C., Sujatha M.P., 2015. Evaluation of soil fertility status in various agro
ecosystems of Thrissur District, Kerala, India. International journal of
agriculture and crop sciences. 8(3): 328-338.

Khan, Md. S.K., Igbal, J., Saeed, M. 2014. Comparitive Study of Agronomic
Traits of Different Rice Varities Grown Under Saline and Normal
Conditions. The Journal of Animal & Plant Sciences, 24 (2): 634-642.

Kochian, L.V., hoekennga, O.A. and Pineros, M.A. 2004. How Do Crop Plants
Tolerate Acid Soil ? Mechanisms of Aluminum Tolerance and
Phosphorous Efficiency.Annu. Rev. Plant Biology, 55: 459-93.

Krishanamurthy, B., Sreedevi, T. R., Padmavathi, G., Kmmar, R.M. and Singh,
S.P.2010. Evalution of rice genotype for phosphorus use efficiency under
soil mineral conditions. Oryza. 47(1): 29-33.

Laxminarayana, K. 2006. Effect of integrated use of inorganic and organic
manuresVon soil properties, yield and nutrient uptake of rice in ultisols
of Mizoram.J. Indian Soc. Soil Sci., 54(1): 120-123.

Lestari, Tri., Sopandie, Didy., Trikoesoemaningtyas., Ardie, Sintho Wahyuning.
2014. Screening of several sorghum genotypes on acid soil tolerance,
5(5):170-176.

Lindsay, W. L. and Norvell, W.A. 1978. Development of DTPA soil testing for
zinc, iron, manganese and copper. Soil Sci. Soc. American J., 42: 421-
428.

Mandal, L.N. 1997. Acid soil infertility vis-a-vis sustained agricultural production:
Proceeding - Summer School on Acid Soils for Sustainable Agricultural
Development. AAU, Jorhat, Assam. 1-7.



56

Mandal, D., Dey, S.K., and Baruah, T.C., 2013. Status of major nutrients in rubber
soils of North-East India in relation to soil acidity. Annals of Plant and
Soil Research 15(1): 23-26.

Michael, 1. U., Benedict, C. O., and Elias, A. J., 2012. Responses of Some Soybean
Genotypes to Different soil pH Regimes in two planting Seasons. The
African Journal of Plant Science and Biotechnology, 6(1): 26-37.

Mondal, G.K., Pal, S.K. and Roy, A. 2004. Effect of different forms of soil
aluminium and acidity on P availability to wheat under different land uses
in Terai soils of West Bengal. Journal of the Indian Society of Soil
Science, 52: 286-288.

Mortvedt, J.J. 1994. Needs for controlled availability micronutrient fertilizers.
Fertilizer Research, 38: 213-221.

Mossor-Pietraszewska, T., 2003. Effect of aluminum on plant growth and
metabolism. Acta Biochimica Polonica, 48 (3): 673-686.

Mustapha, S., Mammanl, H.K., and Abdulhamid, N.A. 2010. Status and
distribution of extractable micronutrients in Haplustults in Yamaltu-Deba
Local Government Area,Gombe state, Nigeria. Journal of Soil Science
and Environmental Management, 1 (8): 200-204.

Nayak, S.C.,Sahu, S.K.,Rout D.P. and Nayak R.P. 2008. Suitable rice varieties for
iron toxic soils of Orissa Oryza,(45):2 163-165.

Obura, P.A., Schulze, D.G., Okalebo, J.R., Othieno, C.O. and Johnston, C.T. 2010.
Characterization of selected Kenyan acid soils. 19th World Congress of
Soil Science, Soil Solutions for a Changing World, Brisbane, Australia 1-
6.

Pati, R. and Mukhopadhyay, D 2010. Form of soil acidity and the distribution of
DTPAextractable micronutrients in some soils of West Bengal (India).
19th World Congress of Soil Science, Soil Solutions For a Changing
World.

Patton, S., Sharma, S. K. and Singh, P. K. 2005 Characterisation of acid soils of
Nagaland. Ann. PI. Soil Res., 7(1):107-108.

Peng, S., Laza, R.C., Visperas, R.M., Sanico, A.L., Cassman, K G. and Khush,
G.S. 2000. Grain yield of rice cultivars and lines developed in the
Philippines since 1966. Crop Science, 40: 307-314.

Ponnamperuma, F.N., Martinez, E. and Loy, T., Influence of redox potential and
partial pressure of carbon dioxide on pH and the suspension effect of
flooded soils. Soil Sci., 1966, 101, 421-431.

Prom-u-thai, C. and Rekasem, B. 2001. Grain iron concentration in Thai rice
germplasms. Development Plant Soil Science, 92: 350-1



57

Rahman, M.S., Molla, M.R., Alam, M.S. and Rahman, L. 2009. DNA
fingerprinting of rice (Oryza sativa L.) cultivars using microsatellite
markers. Aus. J. Crop Sci., 3(3):122-128.

Rao, I.M. 2001. Role of physiology in Improving Crop adaptation to Abiotic
Stresses in the tropics: The case of Common Bean and Tropical Forages,
Marcel Dekker, Inc, New York, USA, 613.

Raun, W.R., and Johnson, G.V. 1999. Improving nitrogen use efficiency for cereal
production. Agronomy Journal, 91: 357-363.

Raut, P.K. and P.K. Mahapatra 2006.Integrated nitrogen nutrition in rice-based
cropping systems- A review.Agric. Review, 27(1): 60-66.

Rout, G.R., Samantaray, S. and Das, P. 2001. Aluminum toxicity in plant: A
review agronomy 21: 321.

Sahrawat, K.L., Jones, M.P., Diatta,S. (1993) The role of tolerant genotypes and
plant nutrients in the management of acid soil infertility in upland rice.
West Africa Rice Development Association (WARDA), 29-43.

Sahrawat, K.L. 2005. Fertility and organic matter in submerged rice soils.
Current Science, 88(5): 735-739.

Senadhira, D., Gregorio, G. and Graham, R.D. 1998. Breeding iron and zinc
tolerant rice. Paper presented at the International Workshop on
Micronutrient Enhancement of Rice for Development Countries, held on 3
September 1998 at the Rice Research and Extension Centre, Stuttgart,
Arkanasas, USA.

Sharma, S.P., Sharma, P.K., and Tripathi, B.R. 1990. Forms of Acidity in Some
Acid Soils of India. J. Indian Soc. Soil Sci., Vol. 38:189-195.

Sharma, S.K. and Dadhich, L.K. 2003. Response of scanted rice (Oryza Sativa)
varieties to applied nitrogen under Ghagger flood plains of North-west
Rajasthan. Annals of Agri-Bio Research, 8(1): 49-50.

Sharma, Y.K. 2013. Fertility status and potassium fractions of acid soils of
Mokokhung,Nagaland and under some important land use systems.

Singh, P.K. and Biswas, A.K. 2008. Determination the Potassium Releasing Power
of the Acid Soils of Nagaland. Journal of the Indian Society of Soil
Science, 56(3): 305-308.

Sokulov, A.V. 1939. Kimizastia sots Zemledelia. (c.f. J. Indian Soc. Soil Sci. (7):
246, 1991).

Solanki, D.K. 2013 Identification of efficient rice genotypes in relation to soil
threats associated with soil acidity. M.Sc. (Ag) Thesis, Indira Gandhi
Krishi Vishwavidhlaya,Raipur.



58

Subba Rao, A. and Sekhon, G.S. 1990. Potassium availability in soil differing in
mineralogy and texture. J. Potassium Res. 5 (4): 143-151.

Subbiah, B.V. and Asija, G.L. 1956. A rapid producer for the determination of
available nitrogen in soil. Current Sci , 25: 259-260.

Subehia, S.K., Verma, S. and Sharma, S.P. 2005. Effect of long-term use of
chemical fertilizers with and without organics on forms of soil acidity,
phosphorus adsorption and crop yields in an Acid Soil. Journal of the
Indian Society ofSoil Science, 53(3):308-314.

Swarup, A. and Yaduwanshi, N.P.S. 2000. Effect of INM on soil properties and
yield of rice in alkali soil.J. Ind. Soc. of Soil Sci., 48: 279-281.

Varalakshmi, L.R., Srinivasamurthy, C.A. and Bhaskar, S. 2005. Effect of
Integrated Use of Organic Manures and Inorganic Fertilizers on Organic
Carbon, Available N, P and K in Sustaining Productivity of Groundnut
Fiinger Millet Cropping System. J. Indian Soc. Soil. Sci., 53(3): 315-318.

Von UexKull, H.R. and Mutert, E. 1995. Global extent, development and
economic impact of acid soils. Plant and Soil 171: 1-15.

Wallace, D.H., Ozbun, J. L. and Munger, H. M. 1972. Physiological genetics of
crop yield. Advances in Agronomy 24: 97-146.

Watanabe, F.S. and Olsen, S.R. 1965. Test of an ascorbic acid method for
determining phosphorous in water and NaHCO3 extracts from soil. Soil
Science Society of American Proceedings, 29: 677- 678.

Zhao, X.Q. and Shen, R.F. 2010. Can aluminium resistance and nitrogen utilization
of rice be enhanced simultaneously in acidic soil? 19th World Congress of
Soil Science, Soil Solutions For a Changing World.



59

0 6'€ '8 9T V1€ 9'G8 00 10T 1'8¢C 8T-CTAON  9F
0 TV 8L ST 0°L€ 1’06 00 TTT G'8¢2 TT-GOAON  GP
0 TV G'8 9T 9°/€ 68 00 02T 98¢ v0-62  W¥
0 6°€ 09 9T T'SS 026 00 6°€T vl 82-2¢ €F
0 8¢ L'l ST G'es T'v6 00 €91 €'6¢ T¢-GT 2V
4 6'C TV v V'8 9'26 L2y 6'8T 182 ¥1-80100  T¥
0 oY 0'6 8T €9 /8 00 G'8T 2'0e L0-T00  OF
0 vy 2’8 2 V1S 1’06 00 AN 8'T¢ 0e-¥Z  6€
4 8¢ GG 12 T2 1’26 0.2 TTC 8'6¢ €21 8¢
€ 6'C 0V 9 €69 6'76 Ve 0'2¢ '6¢ 91-0T dos /€
€ ee 0€ 6'€ 9'8/ L'v6 95 9'TC 6.2 60-€0 das  9¢
g 9€¢ €g 0°€ €Tl 0'G6 0'6€ v'1e 8'6¢ 2012 sg
0 0'G TG 0°€ L'T9 L'v6 00 G'ze 6T 92-0c €
T G'e (187% Ve 00. 096 2'9¢ 022 9'6¢ 6T-€T €€
g A 2¢ g'g €06 1’96 9'€9T T'TC eeT4 21-906ny  zg
duw 0 (%)
sheq (wuw) (sanou)auiys AN_QW__W A m_\_%_esz _ W) gl quey on
urey uoneu-odeng uns DU SANR[OY AupiwnH lred U e areq O3
. ’ anne|ey urey .

(yTOZ'AON 8T 01 AInC 90) polaad yimoab doad burinp eyep eaibojoaoslawl Apjeapn (v Xipuaddy



60

VITA

Name : SONALI HARINKIIERE

Date of birth : 10/02/1992

Present Address : Kadambari girls hostel, IGKV, Krishak Nagar, Jora, Raipur (C.G.)
Pin code - 492012
Phoneno. 7724859224

E. mail hatinkheresonali@gmail.com

Permanent address : Gram- Akodi, Post- Kaspur, Tal.- Waraseoni, Dist.- Balaghat,
(M.P.}, Pin code - 481001

Academic Qualification:

Degree Year University/Institute
1. Higher Secondary 2009 CGBSE, Raipur
2. B. Sc. (Ag.) 2013 IGKV, Raipur
3. M. Sc. (Ag.) 2015 IGKV, Raipur

‘rofessional Experience : RAWE (6 months)
fembership of Professional Societies: Nil
wards / Recognitions: Nil

ublications: Nil

Srenokhertt
Signature





