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1. INTRODUCTION

In many developing countries of Asia and Africa cereals are

consumed as a staple food which provides about 55 per cent of the daily dietary

energy requirement. Among the cereals, rice is consumed as the staple food by

more than half of the world's population. Globally, the consumption of rice meets

about 21 per cent of the protein and energy requirement of the human population

(Maclean et ai, 2002). India ranks fust in rice cultivation with 433.88 million ha

and second in production with 104.32 million tonnes during 2015-16 (Ministry of

Agriculture 2015-16). Rice is essentially grown as a kharif crop in most parts of

India. It is mostly cultivated in regions with a hot and humid climate with sufficient

rainfall. Rice cultivation generally requires an average temperature ranging from

21° C to 37° C and a rainfall of more than 100 cm. It is also cultivated through

irrigation in those areas that receives relatively less rainfall. In Kerala, 6.63 per

cent of the total croppol area is occupied by rice. It is the staple crop of the state

and it is cultivated in all the districts of Kerala. In Wayanad district the cultivation

of rice is limited to rainy seasons. During 2016-17 the area under paddy cultivation

in Kerala was 1.7 lakh ha and production was 4.3 lakh tonnes.

Soil is the medhini in which nearly all plants grow and hence it forms the

basis for agriculture. The foundation of our food systems relies on soil health.

Healthy soils with sufficient nutrients produce healthy crops that in turn nourish

people and animals. In fact, the quality and quantity of food production is the direct

indication of soil quaUty. In India several studies reveal that micronutrient

deficiencies occur intensively in cereals, oilseeds, and vegetable grown areas.

Among the micronutrients, Zn deficiency is more critical with respect to plant and

hnmnn nutrition. In Kerala, soil related constraints like iron and aluminum toxicity

and high acidity have resulted in a decline in the present status of rice production

in the state of Kerala in terms of area and production (Maneesh et al., 2016). These

constraints root from the fact that most of the soil in Kerala is lateritic in nature and

cultivation in these soils require appropriate management packages. These

measures are necessary as these soils arc low in organic carbon, primary nutrients
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like nitrogen and potassium, secondary nutrients like calcium and magnesium and

micronutrient such as zinc.

As a result of the above-mentioned soil constraints, the nutritional security

of rice is given prime consideration in paddy cultivation in India and other countries

where rice is a staple food crop. As such, the nutritional quality indices of rice

become an important factor in nutritional budgeting for the Indian population as

well as its economy.

In comparison with other cereals, the nutritional value of rice is low.

About 31% of the calories of the Indian diet are supplied by the consumption of

rice but nutritional analysis in the bioavailability of vitamins like vitamin A and

minerals like iron and zinc in rice revealed that rice solely cannot meet the

Recommended Daily Allowance (RDA) of vitamins, minerals and protein needs as

their levels in rice are fairly low (Stalin el al., 2013). RDA is the dietary intake

level in a population that is sufficient to meet the nutrient requirement of nearly all

(97 to 98 per cent) healthy individuals in a particular life stage and gender group.

In rural areas of India, 75 per cent of the daily calorie intake is satisfied by

consumption of rice and wheat alone (Cakmak, 2009) and since the diet is

prominently cereal based the population is unable to meet the nutrient requirement.

Therefore, there is a need for adequate intake of vitamins and minerals to attain a

healthy and productive population. Failure to meet the nutrient requirement as per

the RDA will lead to serious issues of malnutrition. Hidden hunger is a form of

malnutrition which occurs when intake and absorption of vitamins and minerals

(such as zinc, iodine, and iron) are below sufficiency level for sustaining good

health and development. One of the major factors leading to hidden hunger is

consumption of a poor diet deficient of essential vitamins and minerals. The

subclinical deficiencies of vital nutrients go unnoticed by the population despite

better understanding and monitoring.

Among the essential minerals required in our body zinc is a standout, being

the most scrutinized nutrient in India and all over the world. In India, zinc is
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considered as the fourth most important nutrient limiting yield in agricultural crops.

Plant and soil analysis showed Zn deficiency in 49 per cent of the soil in India

(Singh, 2008). Zinc is a major component in the human body and it is also

responsible for activating several enzymes that is involved in various metabolic

activities (Chaudhary et«/., 2007). It is an important component in the cells of a

human body and essential for the body's defensive mechanism to function properly.

It plays an important role in cell division, cell growth, wound healing, and the

breakdown of carbohydrates. Thus deficiency of zinc in human nutrition is widely

observed in developing countries of Asia and Africa where cereals are consumed

as staple food and intake of meat, poultry, fish, vegetables and fruits are low.

Dependence on cereal-based diets accoimts for more than 20 million fatalities every

year (Kennedy and Burlingame, 2003).

There are several methods to prevent zinc deficiency in the diet which

includes diet diversity, zinc supplementation, food fortification, and

biofortification. Among the interventions, fortification and supplementation are

widely adopted in the developed countries. However, in many developing countries

these approaches cannot be easily achieved as they are expensive (Pfeiffer and

McClafferty, 2007).

Biofortification is the process by which the nutritional quality of food crops

is improved through agronomic practices, conventional plant breeding, or modem

biotechnology. Biofortifying staple crop with zinc through these methods depends

on available zinc in the soil as well as applied zinc. This method has found to be

more effective than other methods for improving zinc status especially in

population of remote rural areas with low-income.

Breeding approach is a long-term process requiring substantial effort and

resources. A successful breeding program for biofortifying food crops with zinc is

highly dependent on zinc pools in the soil available for plant use. The genetic

capacity of newly developed (biofortified) cultivars to accumulate zinc through the

absorption of a sufficient amoimt of zinc from soil may not be fully expressed in



the grains (Cakmak, 2007). Hence a short-term approach is more favourable in
improving zinc concentration in cereal grains. The practice of applying zinc
fertilizers or zinc-enriched NPK fertilizers (agronomic biofortification) is the most

simple and effective solution to the problem.

So the present study on biofortification of rice {Oryza sativa) with zinc
under integrated and organic practices was undertaken with the objective:

1. To check the nutrient content of zinc under organic and integrated
management practices.
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2. REVIEW OF LITERATURE

Rice is the most extensive staple food consumed by a large part of the human

population in the world, predominantly in Asia. It is the third-highest produced

crop in the world only after sugarcane and maize. The world's leading rice producer
is China with a production volume of over 210 million metric tons in 2017. India

ranks second in rice production accounting for about 20 per cent of the worldwide

rice production. Rice is consumed as a staple food in India as it flourishes in a hot

and humid climate. Most of the Asian countries especially Southeast and South

Asian countries are highly dependent on rice for energy requirements. The essential

vitamins and minerals required by the bodies are not met as the diets in these

countries are predominantly cereal based.

Increasing the concentration of vital vitamins and minerals in rice {Oryza

sativd) grain has become an important aspect for sustaining a good health in human

beings. Among the essential vitamins and minerals, zinc has been one of the most

researched nutrients in terms of human nutrition. In developing Asian and African

countries where cereal grams are consumed as staple food, zinc deficiencira in

human nutrition is a widespread (Prasad et ai^ 2014).

In perspective on tackling these widespread deficiencies of vitamins and

minerals in human nutrition, several interventions like food fortification,

consumption of supplements and biofortification have been implemented over the

years. Among the interventions mentioned above, biofortification is considered as

the most feasible approach in developing countries with low income.

Biofortification is the process which improves the nutritional quality of food

crops through practices such as conventional plant breeding, modem biotechnology

or agronomic practices. The difference between biofortification and conventional

fortification is that biofortification aims to increase nutrient levels in crops during

plant growth rather than processing of the crops through manual methods.



Agronomic biofortification through zinc fertilization has resulted in an

increased in grain production as well as higher zinc concentration in the grains, zinc

fertilization also represents a complementary approach to breeding programs

(Prasad, 2009). It also appears that agronomic biofortification strategy maintains a

sufficient amount of available zinc in soil solution which in turn helps inadequate

transport of zinc to the seeds during the reproductive growth stage. In soils, with

low zinc status, soil and foliar application of zinc have increased the bioavailability

of zinc in the grains and proved to be an effective practical strategy in overcoming

zinc deficiency related problems (Pooniya et aU, 2011). There are other

encouraging results revealing that foliar or combined soil and foliar application of

zinc fertilizers under field conditions maximized the accumulation and uptake of

zinc in whole rice.

Literature on the Zn nutrient content on rice and yield response to soil and

foliar application of Zn are reviewed in this chapter.

2.1 ZINC

In humans, the number of proteins containing zinc prosthetic group was

estimated to be about 2800-3000 (Tapeiro and Tew, 2003). Zinc is the only metal

to be involved in all six classes of enzymes: oxidoreductases, transferases,

hydrolases, lyases, isomerases, and ligases (Barak and Helmke, 1993). Moreover,

zinc is required for activating over 300 enzymes that is essential for the normal
functioning of a human body (Gibson, 2012).

Zn ions are neurotransmitters which are found in the cells of the salivary

glands, prostate, and the immune system (Herschfinkel et al.y 2007). Zn plays
several important roles in growth, proper immune system functioning, the health of

the reproductive system, sensory functions and neurobehavioral development in
humans.

Zinc is a "Type 2" nutrient which means a human body slows down the

physiological growth and the excretion process to conserve Zn in the body.
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Therefore Zn deficiency in children leads to reduced linear growth or stunting

(Graham. 2008). The healtli issues related to zinc deficiency varied according to

various age groups. In infants, low weight gain, diarrhea, anorexia and
neurobehavioral disorder are observed. Skin changes and dwarfmg are usually

observed among toddlers and school children (Hambidge, 1997).

In the elderly age groups, Zn deficiency usually results in hypogeusia

(impaired taste sensitivity), chronic ulcers, recurrent infections, and adverse
pregnancy outcomes (Brown et ai, 2004).

Zn is also necessary for regulating intestinal absorption of Fe, and an

adequate amount of Zn and Fe in the human body is cmcial for treating Fe
deficiency anemia (Graham et al., 2001).

2.2 SOURCES OF ZINC

Zinc sulphate (ZnS04), zinc oxide (ZnO) and zinc ethylene diamine tetra

acetic acid (Zn-EDTA) are the most common sources of zinc. Other inorganic
sources of Zn and products of Zn such as Zn chelates and natural organic complexes

are also used as Zn fertUizers. The effectiveness ofZn applied fertilizer is measured

depending on solubility which is divided into Zn which is water-soluble and weak
acid soluble Zn.

Compounds like ZnNH4P04 formed as reaction products in ammonium

phosphate fertilizers are less available for crop uptake especially on sandy, neutral
to alkaline soils under dry conditions. Being a micronutrient the application of Zn

to the soil is usually done along with NPK fertilizers in the factory itself or by

mixing the granular form with other granular fertilizers. Foliar sprays are used for
the application of soluble Zn fertilizers to Suit and vegetable crops. Sources of Zn
fertilizer used should be based on the method of application, relative agronomic

effectiveness, compatibility, price and convenience in the application.



Biofoitification of Zn is considered as a promising strategy to improve the

Zn status in cereals. Through biofoitification, zinc concentration in rice grains can

be enhanced by the addition of Zn fertilizers either through soil or foliar application.

Improvement in Zn status was found to be more with this method.

2.3 STATUS OF AVAILABLE ZINC IN INDIAN SOIL

The extensive variation in the availability of Zn in soils is due to the diverse

physical and chemical characteristics of soils, management practices which
involves growing of high yielding varieties of crops, use of high analysis fertilizers

and increasing anmifll cropping intensity. The available zinc content in Indian soils
varies from traces to 22 ppm (Randhawa and Takkar, 1975). Appavu and Ramulu

(1981) reported maximum zinc content in laterite soils followed by red, alluvial and
black soil in Tamil Nadu.

Katyal (1985) reported that 47 %, 33 % and 58 % of the samples collected

fix)m soils of 10 states and 11 union territories in the country were deficient in 2:n,

Cu, Mg, and Fe, respectively.

Soil analysis performed in soil samples collected from Hissar district of

Haryana revealed that available Zn in soil varied from 0.36 to 2.29 ppm which is

relative low as compared to the critical value of 0.7 ppm (Singh and Banaijee ,

1984).

Rathore et al., (1980) observed a positive correlation between available Zn

in soil and organic carbon indicating that tow organic carbon content in the soil had

low availability of Zn especially in arid and semi-arid regions of India.

Singh et al. (1988) found that available Zn in soil was higher at surface

horizons and decreases with depth. It was reported that the average value of

available Zn in the profile samples was 0.27 ppm.

Similarly, findings were reported by Udo and Fagbami (1979), where

DTPA-extractable Zn in Nigerian soils decreases in with depth.



A study conducted by Ha^^ra and Mandal (1988) in some alluvial soils of

West Bengal revealed that available Zn in soil ranged between 4.20 and 11.30

ppm. A positive correlation between Zn and clay content was found whereas a
negative correlation was with pH thus signifying that the increase in soil pH resulted

in a decrease in zinc extractability by DTPA.

Jalali et al. (1989) concluded tiiat the available zinc varied from 0.35 to

0.65 ppm in some benchmark soils of Kashmir, the available zinc was in the
deficient range of less than 0.6 ppm in all the profile. The amount of DTPA-

extractable Zn decreased with soil depth which was positively correlated with

organic carbon content in soil followed by pH.

Higher available Zn was observed in soils derived from granites compared

to those soils derived from basalts and gneiss. Also, reports showed that higher pH

values and higher CaCOs content were found in Vertisols (basalt) thereby

immobilized the available zinc by the process of precipitation thus lowering Zn

status of soil (Murthy 1988).

2.4 EFFECT OF PHOSPHORUS AND ZINC INTERACTIONS IN CROPS

Maqsood et al. (2004) smdied the interaction of zinc and phosphorus in

maize and sunflower. The treatments consisted of the application of P (0 and 100

mg kg-1) and Zn (0 and 15 mg kg-1) along with recommended doses of N and K.
In maize, application of both P and Zn increased shoot dry matter production, P and

K concentration in shoots and improved the uptake compared to control. However

antagonistic interactions were observed in the case of sunflower where the

application of Zn increased reduced P in the shoot by 66 % over control,

Zhu et at. (2001) conducted an experiment to study zinc-phosphorus

interaction in two wheat cultivars (Brookton and Knchaue) that differ in P uptake

efficiency. It was reported that P uptake efficiency in Brookton was higher than

Krichaue imder low P conditions. It was concluded that there was no significant

effect on tissue P concentration or on either P cultivar on Zn supply but an increase



in P availability caused a significant reduction in Zn and tissue concentration of Zn

in both cultivars.

In a greenhouse experiment conducted by Haldar and Mandal (1981) to

study the effect of P and Zn application revealed that application of P caused a
decline in the Zn, Cu, Fe and Mg concentration both in shoots and roots. Zn

application similarly lowered the P, Cu, Fe concentration but increased the Mg
concentrations in shoots and roots.

2.5 EFFECT OF SOIL APPLICATION OF ZINC ON GROWTH, YIELD AND

NUTRIENT CONCENTRATION IN RICE

Savithri et al. (1999) and Sharma et al. (1999) showed that soil application

of ZnS04at the rate of 25 kg/ha and with 36 kg ZnS04/ha recorded the highest yield

of grain in the soil in Tamil Nadu and clay loam soils of Rajasthan, respectively.

Kumar etal. (1999) reported that soil applicationofZnS04atthe rate of20

Kg/ha incorporated either with press mud or FYM had sigmficant increase in
productive tillers/m", which was at par with only soil application of ZnS04 40 kg
ha"' alone on the sodic soils of the state of Uttar Pradesh.

Sharma et al. (1999) concluded the experiment done in Rajasthan by stating

that applicaUon of ZnS04 at the rate of 30 Kg ha"' in soil resulted in a considerably
higher number of effective tillers /m^ on soils with clay loam texture.

A field experiment conducted in Bapatla by Jena (1999) reported that soil
application of ZnS04 at the rate of 50 kg/ha on clay loam soils and seedling root

dip in 2% ZnO had a significant influence in the grain yield and dry matter
productioiL Similarly, in Bhubaneswar near the coastal areas, soil application of
ZnS04 at the rate of 20 kg/ha significantly increased the grain yield (Katayal and

Gangwar, 2000). Channabasavanna et al. (2001) reported that soil application of

ZnS04 at the rate of 25 kg/ha on deep black soils of Siriguppa (Kamataka),

significantly recorded higher grain yield than control. Sankaran et al. (2001) also

10



reported similar results where the soil application of ZnS04 50 kg ha"' in red loam
soils of Bhavanisagar.

Nirraaladevi (2001) concluded that application of ZnS04 at the rate of 75

kg/ha had a significant effect on the protein content of rice in vertisols of Bapatla.

Grain yield of rice and straw production was considerably high with the

application of 150 per cent recommended doses of NPK fertilizers along with

ZnS04 at the rate of 20 kg/ha and FYM at the rate oflO t/ha in soils of Jammu with

clay loam soil texture (Azad and Lehria, 2001).

Rao (2003) concluded in his field experiment that soil application of ZnS04

at the rate of 30 kg ha"' had a significant increase in the plant height on sandy clay

loam soils of Varanasi.

Kulandaiveln et al. (2004) on an experiment concerning fertilization of

paddy with the soil application of ZnS04 at the rate of 30 kg ha"' along with 10 kg

FeS04 per which resulted in significantly higher straw yield was significantly

higher. Also, in the year 2004, he observed that application of 30 kg ZnS04 along

with 5 kg FeS04 per ha resulted in elevated production of dry matter, higher

tillers/m^ and a higher number of grains/panicle on sandy clay loam soils of New

Delhi.

Soil application of ZnS04 at the rate of 60 Kg ha*' along with organic and
inorganic sources of N sigmficantly improved the physicochemical parameters of

rice like hulling and milling per centages, protein content in grain, head rice

recovery, amylose and zinc content of rice grain which was grown on sandy clay

loam soils of Bapatla (Subba Rao, 2005).

Singh et al. (2006) concluded that incorporation of ZnS04 at the rate of 25

kg/ha along with 100% RDN of nitrogen, phosphorus and potassium fertilizers at

the rate of 120: 60:50 kg per ha significantly increased the straw yield of rice over
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100% of recommended NPK fertilizers alone on sandy loam soils of Bahraich,

Uttar Pradesh.

Jena et al. (2006) from a field experiment on sandy loam soils reported that

soil application of ZnS04 at the rate of 50 kg/ha and seedling root dip in ZnO

significantly increased the dry matter production.

Khan et al. (2007) conducted a pot experiment at Faculty of Agriculture

Gomal University, Pakistan during the year 2001 to evaluate the yield and several

growth components of rice under the effects of different treatments of soil

application of zinc at eight different soil series of D.I. Khan (Pakistan). The source

of Zn used was ZnS04.7H20 (21%) which was applied at the rate of 0,5, lOand 15

kg ha ' along with the basal doses of NPK fertilizers at the rate of 120:90:60 kg

ha"'. The effects ofdifferent treatments revealed that treatment receiving 10kg zinc

/ha significantly improved several that growth parameters viz. plant height, numb

er of tillers per plant, number of spikelet per panicle, number of panicle per plant

and 1000 seed weight of paddy.

Chaudaiy and Sinha (2007) reported that combined application of nitrogen

at the rate of 120 kg ha ' and soil application of ZnS04 at the rate of 25 kg ha '

resulted in a significant increase in effective tillcrs/m^ and dry matter production on

silty-clay soil of Pusa (Bihar).

A field experiment conducted by Chaudary et al. (2007) on silty-clay soil

of Bihar reported that the highest grain yield was recorded when 120 kg N was

applied with 50 kg ZnS04/lia. A significant increase in protein content of 7.6% was

recorded with an increase in ZnS04 level application. Similarly, the numbers of

grains per panicle and plant height were significantly increased. On the other hand,

according to Jana et al. (2009), the highest number of grains/panicle was with the

application of 30kg ZnS04/ha and rice grain yield (67.45 q/ha) was higher with the

application of 40 kg ZnS04/ha on sandy clay loam soils of West Bengal.

12



<=21

In rice-wheat cropping system application of 10 kg zinc per hectare along

with the application of 100 per cent of crop residues recorded highest yield of rice

(4.35 t/ha) (Prasad et al. 2010).

Shehu et al. (2011) in an experiment conducted in Nigeria found that a

number of days to heading lowered as the application of 5 kg Zn ha*^ was done in

soil.

A study conducted by Mustafa et al (2011) to evaluate the effect of different

methods and timing of zinc application on growth and yield of rice foimd a

significant increase in yield components such as kernel/panicle, number of

productive tillers/hill, biological yield, 1000-kemel weight, kernel yield and harvest

index. Highest productive tillers/m^ (249.80) were observed with basal application

at the rate 25 kg/ha (21%) ZnS04 which was at par with foliar application of 0.5%

ZnS04 at 15 DAT and highest kernel yield (220.28) were recorded with foliar

application at 60 DAT at the rate of 0.5 % zinc solution. Maximum grain yield

(5.21 t/ha) and higher test weight were also observed with the basal application of

25 kg/ha of ZnS04 which were at par with foliar application of 0.5% ZnS04 at 15

DAT and root dip treatments with zinc solution.

Keram et al. (2012) on an experiment to study the effect of Zn on soil

properties and also to evaluate the response of wheat yield, nutrient uptake, protein

content by application of zinc at the rate of 0, 1.25, 2.50,5, 10 and 20 kg/ha as soil

application (zinc sulphate) at the time of sowing. The results revealed that the

quality of wheat grains significantly improved with the application of the

recommended dose of NPK + zinc at the rate of 20 kg/ha as compared to NPK

alone. Highest carbohydrate (70.77 %) and gluten (12.37%) content were also

found with application of the recommended dose of NPK + zinc at the rate of 20

kg/ha as compared to the control as well as other treatments.

Dixit et al (2012) noted the highest protein content (11.56%) with soil

application of 15 kg Zn/ha on sandy loam soils (sodic soil) of Kumarganj, Faizabad.

13



An experiment conducted by Ram et al. (2015) in rice and wheat crop in

Punjab which comprises of two treatments in each crops. For rice, the treatment

consisted of no zinc and soil application of zinc at the rate of 50 kg ZnS04.7H20/ha.

In case of wheat the treatments consisted of 1) no zinc 2) combined soil application

of ZnS04.7H20 (50 kg ha ') and foliar Zn application at 0.5% of ZnS04.7H20 at

earing and at milk stage and 3) foliar Zn application at 0.5% of ZnS04.7H20 at

earing and at milk stage. In rice soil application of Zn was superior. Similarly, in

wheat combined soil application and foliar application of Zn significantly improved

gmin yield wheat.

2.6 EFFECT OF FOLIAR APPLICATION OF ZINC ON GROWTH, YIELD AND

NUTRIENT CONCENTRATION IN RICE

It was reported that two sprayings of 0.5% ZnS04 at 3^** and S"' weeks after

transplanting improved the lOOO-grain weight in transplanted rice by Kumar and

Singh (1996) the results was on par with one spraying of 0.5% ZnS04 combined
with sod application of 25kg ZnS04/ha at Sabour, Bihar on silt loam soils.

Farmyard manure application at the rate of 10 t ha"' along with nitrogen

fertilizers at the rate of 120 kg ha"' + 20 kg ZnS04 ha ' as basal + 5 kg ZnS04 ha

as foliar application increased the grain yield significantly in Bahraich, Uttar

Pradesh on the sandy loam soils, as noticed by Rajput (1997).

Khan et al. (2003) found that there was no significant difference in number

of tillers m'^ and plant height with soil application of 10 kg Zn ha"' compared to
foliar spray of 0.2% ZnS04 on alkaline calcareous soils and 0.20% ZnS04 and root

dipping of 1.0% ZnS04 on silt loam soils, respectively at Pakistan. However, the

highest number of tillers/m^ and plant height was 415.67 and 101 cm respectively

which was recorded with soil application of Zn at the rate of 10 kg ha"' along with

folair application. Per centage of filled grains were improved significantly by soil

application of Zn, root dipping and foliar application over control on alkaline
calcareous sods.
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Rao (2003) in his experiment research on rice variety BPT 1768 found that

treatment that included of root dip + foliar application of 0.5% ZnS04 caused a

significant increase in the plant height, number of tillers, dry matter production and

straw yield of rice variety on sandy clay loam soils of Bapatia.

Ravikiran and Reddy (2004) noticed an increase in the total number of tillers

hill*' by foliar application of ZnS04at the rate of 0.5 % over control and application

of 0.5% Zn along with soil application. However, 0.5 per cent of Zn spray alone

showed the highest increase in a pot culture experiment at Bapatia.

At maximum tillering and panicle initiation stage the straw yield was

doubled with foliar application of ZnS04 at the rate of 0.5% on the silty clay loam

soils of Nadia (Das et al., 2004).

Application of NPK fertilizers at the rate of 180:80:80 kg ha*' + 0.5 % Zn

foliar application + application of farmyard manure at the rate of 101 ha*' produced

the highest grain yield and higher yield attributing characters like number of

panicles/m^ and filled grains/panicle on silty loam soils of Pantnagar as reported by

Rathore et al. (2004).

Three foliar spray application of Zn and Fe each at the rate of 0.5% at

different stages starting from maximum tillering stage till before and after flower

initiation stages increased the grain yield of rice significantly on the loamy sand

soils in Ludhiana (Dhaliwal et al., 2010).

Significantly higher grain yield was produced with 2% zinc sulphate

enriched urea application as compared to application urea only on sandy clay loam

of New Delhi (Yadav et al., 2010)

Urea and micronutrient foliar spraying (Fe at the rate of 1.6 kg + zinc at the

rate of 0.72 kg + Mn at the rate of 2.4 kg) on wheat showed a significant increase

in protein content (13.66%) and 1000 grain weight (47.97) as per the results of an

experiment conducted by Yassen et al (2010).
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Patel (2011) on his experiment conducted in the loamy sandy soils of Punjab

found that grain yield increased significantly when the foliar application of 0.5%
ZnS04.7H20 was done three times at different growth stages of rice.

Benedicto et al. (2011) found a significant increase in the straw biomass,

grain yield, and Zn content in grain when Zn was applied as a foliar application at
different growth stages as Zn-EDTA and ZnS04. The highest grain yield increases
with the application of Zn-EDTA.

Stomph et al. (2011) reported that when ZnS04 was applied as a foliar

application, it has proven to be an effective technique to improve the concentration

of zinc in grains and to overcome the zinc deficiency.

As per reports of Reddy et al. (2011) higher number of productive tillers

m % higher number of filled grains panicle ' and number of panicles m"^ was
recorded fixim on application of Biozinc at the rate of 50 kg ha' as basal application
along with foliar spray at the rate of 3g L'' at 30 DAT(during 2008 and 2009
respectively) which had no significant difference from that of ZnSOr at the rate of
50 kg ha"' as basal application along with foliar spray at the rale of 3g L'' at 30
DAT or sole basal application of Biozinc or ZnS04 at the rate ofSO kg ha"'. Straw
yield significantly improved (7042 kg ha"') with basal application of Biozinc at the
rate of 50 kg ha"' + foliar spray of ZnS04 at the rate of 3 g L"' at 30 DAT and was

at a par with basal application of ZnS04 at the rate of 50 kg ha ' + foliar spray of
ZnS04at the rate of 3 g L"' at 30 DAT (6696 kg ha"') and basal application of

Biozinc at the rate of 50 kg ha"' (6943 kg ha"').

Zayed et al. (2011) observed that combined application of Zn"^^ -H Fe^^ +
Mn^^ produced the tallest plants with no significant difference between the
treatment of commercial compound (14% Mn^^ + 12% Fe^"+ 16% Zn ') applied

twice at 20 and 45 DAT as a foliar spray on saline soils.
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An experiment carried out by Yuan et ai (2012) showed that the quality

parameters such as protein content and total amino acid content increased

significantly when Zn was applied through different foliar applications.

An experiment was carried out by Wei et at. (2012) at Longyou, Zhejiang

province, China where four different zinc forms were applied as a foliar treatment

among rice cultivars. The zinc concentration of grain was increased by foliar zinc

fertilization. Foliar Zn fretilization improved the protein content in polished rice.

Boonchuay et al. (2013) observed how the concentration ofZn in rice seeds

can be improved and consequent seedling growth may be enhanced by foliar zinc

application- 0.5% Zinc sulphate (ZnS04.7H20) applied to the rice plant in eight

foliar zinc treatments at the different growth stages. Evaluation of zinc in seeding

growth was done from the germinated resultant seeds and the results showed that

in the early germination stages the seedlings germinated from seeds with 42-67

mg/kg showed longer roots and coleoptiles compared to seeds with 18 mg/kg.

2.7 EFFECT OF APPLICATION OF ZINC UNDER ORGANIC AND

INTEGRATED NUTRIENT MANAGEMENT PRACTICES

A pot experiment was conducted by Yoshida et al. (1996) in the

International Rice Research Institute in 1966. The soil collected from Nene's

experimental field in Pantnagar was deficient in zinc. IR-8 variety of rice seedlings

were grown in pots with four treatments in which ZnS04 was applied at the rate 2,

8, 16, 32 ppm with each treatment replicated twice. There was a remarkable

increase in dry weight and grain yield associated with an increment in zinc content

due with an increase in the rate of Zn application.

Muralidharudu (1991) conducted an experiment in a greenhouse on the soils

containing zinc deficiency of Tarai region (U.P.) and reported a significant increase

in the uptake of zinc by the application of zinc along with NPK fertilizers in rice.
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Sahu et al (1996) conducted a field experiment in Orissa on soils belonging

to the soil order of Inceptisol and Vertisol. Application of NPK fertilizers at

recommended doses along with Zn application (combined soil and foliar

application) recorded a significant increase in zinc uptake rice.

Vasudeva and Ananthanarayana (2001) conducted a field experiment in the

acid soils of the Kamataka and reported a significant increase in the uptake of N,

P, K and Zn with the application of 20 kg ZnSO^ ha"' + NPK. at 75 kg ha 75 kg

ha ' and 90 kg ha"', respectively + farmyard manure at the rate of 5 t ha"'.

Siddhamalai et al (2002) conducted an experiment in Tamil Nadu on soils

where rice are cultivated and reported a significant increase in the zinc uptake in

the grain and straw of rice with the application of Zn, Cu, Fe, and Mn along with
NPK.

Rao (2003) conducted a study on rice grown on the sandy clay loam soils of

Bapatla. The experimental results revealed that treatment in which root dip along
with the foliar application of 0.5% ZnS04 considerably improved Zn uptake and

Zn content of rice grains.

Das et al. (2004) concluded in his work that the content of zinc in straw was

significantly highest with Zn- EDTA foliar spray at the rate of 0.05% on silty clay

loam soils of Nadia.

Dipanker et al (2007) studied the effect of zinc sources on maize plants and

reported that total zinc uptake was maximum in Zn-FA treated plant, followed by
Zn-Ha-Fa, Zn-Ha, and ZnS04. The highest total zinc uptake in Zn-Ha-Fa, Zn-Ha

and ZnS04 treatment were2l6.4,213.25 and 163.25 mg respectively and was found

at 10.0 mg zinc/kg soil application.

Patel et al (2009) found that foliar spray of 1% multi-micronutrient mixture

having Fe, Mn, Zn, Cu and B of 6%, 1%, 4%, 0.3% and 0.5%, respectively appUed
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at 30,45 and 60 DAT increased the micronutrient uptake in grain. The uptake of

Fe (52.8 g ha >), Mn (14.2 g ha '), Zn (51.4 g ha '), Cu (3.4 g ha ') were recorded.

Mishra et al. (2009) observed the highest concentration of zinc in straw on

the application of 50 kg 2nS04 ha ' along with 100 % NPK at tillering and maturity
stage.

Shivay and Prasad (2009) reported that 0.2% ZnS04 foliar application at

different stages of rice cultivated on sandy clay loam soils in New Delhi resulted in

Zn concentration increment in both grains as well as a straw of rice.

The results of a field experiment conducted by Dhaliwal et al. (2010) at

Ludhiana revealed that foliar spraying of 0.5% Zn at maximum tillering stage,

before and after the flower initiation stages showed a significant increase in Zn

uptake and raised the Zn concentration to 30.42 mg kg'' (PAU 201) and 30.3 mg

kg"' (PR 115) attributing to 19.3 % and 18.6 % higher than control and also the
concentration of Zn in brown rice improved significantly.

The results of an experiment conducted by Ram et al. (2011) revealed that

when zinc was applied (Soil + foliar), Zn concentration in grain significantly

improved with the application of zinc compared to no zinc application. Foliar
application of zinc showed superior results over soil applications alone.

Yadav et al. (2011) recorded the highest concentration of Zn (39 ppm) in

grain on foliar application of 0.2% ZnS04 this was at par with ZnS04 at the rate of
25 kg ha"' applied in the soil. Application of 2.0% zinc-enriched urea (zinc
sulphate) did significantly well compared to all other sources of Zn, prilled urea and

the control. The uptake of Zn however, was highest with soil application of 25 kg

ZnS04ha"'.

Jena et al (2011) concluded that application of ZnS04 at 50 kg ha"' in soil

along with a foliar spray of 0.5% ZnS04 at pre-flowering and pre-milk stage
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increased the T^inc concentrations in rice grain attributing to 12% higher than the

control on alluvial soils at Orissa.

Phattarakul et al. (2011) reported that foliar spary of Zn significant!

increased the grain Zn content significantly in both high and low Zn grain varieties

ofrice. Foliar application ofO.5% ofCuS04, ZnS04, FeS04, MnS04 + 0.05% Boric

acid + 0.010% Sodium molybdate at panicle initiation and flowering stages and

0.25% of CuS04, ZnS04, FeS04, MnS04 + 0.010% Boric acid + 0.010% Sodium

molybdate at active tillering, panicle initiation and flowering stages increased Zn,

Cu, Fe, Mn and B content in whole grain (Stalin et ai, 2011).

Pooniya et al. (2011) observed higher concentration of Zn in straw with

0.2% ZnSC)4.H20 foliar application at maximum tillering, pre-fiowering and

flowering stages. The Zn concentrations in rice straw were 7-8 times higher than

that in the grain because Zn was directly absorbed by plant leaves and finally
accumulated into the grain. Higher N, P, K. and Zn uptakes by Basmati rice were

also recorded with 2.0% zinc enriched urea which was significantly superior to the

rest of Zn treatments on sandy clay loam soils at New Delhi.

Shivay et al (2015) conducted two on-farm experiments in different

districts of Uttar Pradesh, India. Zinc application in zinc-deficient soils during the

rainy season showed improvement in zinc concentration and also zinc uptake by
rice. Results also showed an increase in protein content of rice kernels and an

increase in concentrations of N, P, K and Fe due to the overall improvement in plant

growth.

Saha et al (2015) conducted a field experiment in which rice of different

cultivars was raised with no zinc and zinc fertilization (ZnS04.7H20) through basal

soil application + two foliar sprays (at maximum tillering and flowering stages).
Zinc fertilization recorded grain and straw yield with high zinc content in most of

the cultivars.
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Yin et al (2016) conducted a field experiment in the soil with low Zn

content to determine the effects of zinc fertilization on Zn concentration in grains

in different plant tissues of rice in Huainan city of Anhui province, China. The
results showed that the combined soil and foliar application of Zn had a large effect

on Zn concentration in grains. Furthermore, the Zn concentration in brown rice

increased significantly with Zn fertilization.

A field experiment by Gogoi et al. (2016) was conducted in AAU, Jorhat,

Assam with an aim of enriching grains of popular high yielding varieties of rice

with soil and soil plus the foliar application of zinc. Three different levels of zinc

viz., 0, 21 kg ha"^ as a soil application, and 21 kg ha ' as soil application + foliar

spray of 0.5% of ZnS04 thrice at heading, panicle initiation and flowering stages
were evaluated. Irrespective of varieties, highest mean zinc concentration of 34.2

mg kg"' was observed in rice grain with soil + foliar application of zinc. The mean
zinc content varied from 17.6 to 34.2 mg kg"' and it increased from 5.8 to 20.3 per

cent over control with soil application and 13.2 to 32.3 per cent with soil + foliar

application of zinc.

Jaksomsak et al. (2018) carried out an experiment which investigated the

effect of foliar applied zinc on four rice varieties from Thailand having different

grain Zn. Foliar zinc application at 0.5% ZnS04 applied at flowering and the early
milky stage was a more effective approach compared to no foliar application of Zn.
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3. MATERIALS AND METHODS

The research entitled "Biofortification of rice {Oryza sativa) with zinc under

organic and integrated nutrient management" was carried out during the "virippu"

cropping season (June-October) at Regional Agricultural Research Station (RARS),

Pilicode during the period June to October 2018. The objective was to check the

nutrient content of sdnc in rice grain under organic and integrated nutrient

management. The materials and mediodologies that were adopted during the period

of study are being briefly described in this chapter.

3.1. GENERAL INFORMATION

3.1.1 Experimental site

The experimntal field is located at 12® 12' N latitude and 75® 10' E longitudes

and it is at an altitude of about 15 meters above mean sea level.

3.1.2 Soil

The soil of the experimental site is sandy clay loam in the texture of the

lateritic origin. The soil is very strongly acidic in reaction.

3.U Climate and weather

The region where the experimental field lies experienced a warm humid

tropical climate. The average maximum temperature and minimum temperature is

32.1® C and 24® C respectively during the crop period (June to October).

3.1.4 Season

The field experiment was carried out during the first season crop of 2018.

The seeds were sown on the nursery on the month of June and transplanted on the

month of July. The crop was harvested in October.
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3.2 EXPERIMENTAL DETAILS

3.2.1 Crop variety

The variety used for the research work is Uma (Mo 16). This rice variety

was released by the Rice Research Station, Moncompu of Kerala Agricultural

University. It is a medium duration variety of about 115 to 120 days. The grain

characteristics are red, medium, and bold. The variety is non lodging and resistant

to pest like brown planthopper. The variety is suited to three seasons especially to

additional crop season of Kuttanad.

3.2.2 Manures and Fertilizers

Farmyard manure containing 0.5% N, 0.22% P2O5 and 0.5% K2O was

applied at the rate of 5 t ha'' to each plot as per the treatment requirement. The

fertilizer doses for the crop were applied at 90:45:45 kg ha*' ofN, PzOs.and K2O,

respectively to each plot as per the treatment requirement The material used was

17-17-17 complex fertilizer, urea, and muriate of potash.

3.2.3 Design and layout

Crop: Rice

Variety: Uma

Spacing : 20 cm x 15 cm

Plot size: 2m x 2m

Design: Randomized Block Design

Duration: 110-120 days

Date of sowing: 31 ̂ June 2018

Date of transplanting: 23"" July 2018

Date of harvesting: 21^ October 2018
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3.2.4 Treatment details

Ti: Organic POP + soil application of Zn

Ti: POP(KAU-2016) + soil application of Zn

Tj: Ti+ single foliar application of Zn

T4 : Ti+ double foliar application of Zn

Ts: Ti+ triple foliar application of Zn

T6 : T2+ single foliar application of Zn

T?; T2+ double foliar application of Zn

Ts : T2+ triple foliar application of Zn

T9 : Application of zinc in nursery

Tio: Control

Note:

1. Single foliar application at the tillering stage.
2. Double foliar application at tillering stage and panicle initiatioa
3. Triple foliar application at tillering, panicle initiation and flowering.
4. Zinc will be applied aszinc sulphate at the rate of 1 % and 20 kg/ha as foliar

application and soil application, respectively.

3.3 FIELD CULTURE

323.1 Nursery

The seedbed was prepared 24 days prior to transplanting. The seedlings

were raised by wet nursery method on 31®^ of June 2018. The seeds were first

soaked for 24 hours after which it was incubated in a warm moist condition for 36

to 48 hours. The pre-germinated seeds were then sown at the rate of 80kg ha''
leveled nursery area.

3.3.2 Land preparation and layout

A tractor-drawn iron plough was used to uniformly till the field in order to

break and invert the soil either partially or completely until it is suitable for sowing

seeds. After ploughing it was followed with puddling done with water. A tractor

drawn puddler was used for puddling the field which had standing water of 5 to 10
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Plate 1: EXPERIMENTAL LAYOUT
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cm depth. The plots were laid down as per the technical program. The layout of the

field experiment is illustrated in fig 1.

3.3.3 Liming

Split doses of lime at the rate of 600 kg ha"' was done as basal dressing

during land preparation and the second doses of about 200 kg ha"' after one month

of sowing.

3.3.4 Transplanting of rice

Rice seedlings of 24 days old were transplanted at the rate of 3 seedlings per

hill in rows at a spacing of 20 cm x 15 cm on 23'*' June 2018.

3.3.5 Manures and Fertilizers

Orgflnir manure in the form of farmyard manure was applied to each

experimental plot at the rate of 5 t ha"' prior to transplanting of the seedlings as per

the requirements of the treatment. The recommended rates of N, P2O5, and K2O is

90-45-45 kg ha"' where P is applied in full dose as basal and N, K fertilizers were

applied in split doses as basal and the remaining were applied at the panicle

initiation stage.

Zinc was applied as soil application at the rate of 20 kg ha ' and as a foliar

spray at the rate of 1% at nursery, tillering, panicle initiation and flowering stage

for each plot as per the requirement of the treatment.

3.3.6 Weeding

The common weeds flora observed in the experimental field were

Echinochha crusgalli, E. colonum, Cyperus iria, Commelina cummimis, Eclipta

alba and Ludwigia perenms, etc. Manual weeding by hand was employed for

removing the weeds.

3.3.7 Plant protection

Control measures were taken for controlling of incidence of pests like rice
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Stem borer and rice bugs. Malathion 50% EC at the rate of 1 ml L*' was applied at

panicle initiation and at milking stage for controlling rice stem borer and rice bug

respectively.

3.3.8 Harvesting

The crop was harvested using a paddy cutter for individual plots when the

crop attained maturity. Tagged plants from each plot were collected before the

harvest for post-harvest studies.

3.3.9 Threshing

The hmvested paddy was sun-dried before threshing. Manual threshing and

winnowing were done separately for each plot. The weight of cleaned grains

obtained from each plot was taken and converted to tons per hectare.

3.3.10 Plant sampling

Plant samples were collected from each experiment plot at mflvimiim

tiUering, panicle initiation, flowering and at harvesting stage to determine the

nutrient content and uptake by the plant. A random selection of five plants was

done and they were tagged for biometric observations.

3.3.11 Soil sampling

Soil samples were collected before land preparation, at 45 days after sowing

and at harvesting stage for determination of various soil properties to provide a

representative sample of the fertility within the field.

3.4 BIOMETRIC OBSERVATIONS

3.4.1 Observations on growth parameters

From each experimental plot, five plant samples were randomly selected

and tagged for recording the observations on growth parameters at different stages

of growth and characteristics of yield and its attributes at the harvest stage.
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3.4.1.1 Plant height (cm)

Plant height was measured from each experiment plot at the maximum

tillering stage, panicle initiation stage, flowering stage and harvest stage. The

height of the plant was taken from the base of the stem at ground level to the tip of

the last emerged leaf measured in terms of cm.

3.4.1.2 Number of tillers hilt'

The total number of tillers per plant were recorded at different stages viz,

maximum tillering, panicle initiation stage, flowering stage and harvest stage. The

average was calculated and recorded.

3.4.2 Observations on yield and yield attributes

3.4.2.1 No of panicles hilt'

The total number of panicles per hill in each experimental plot was counted

from the tagged plants and the average number of panicles per hill was recorded.

3.4.2.2 Total grains panicle"'

The total grains per panicle were counted by counting grains from 10

panicles selected from each experimental plot. The mean value was computed and

recorded as total grains per panicle.

3.4.2.3 Test weight (g)

Sample grains were collected from each individual plot, from that 1000

grains were counted and their weight was recorded in gram.

3.4.2.4 Chaffmess (%)

After winnowing the chaffy grains and filled grains were separated and the

weight of the chaffy grains was recorded separately for each experimental plot.
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3.4.2.5 Grain yield (t ha'')

After threshing and winnowing the grain yield was recorded separately for

each treatment and was converted into grain yield tons hectare''.

3.4.2.6 Straw yield (t ha'')

After threshing, the straw was dried and weighted from each treatment

separately in kilogram and converted into straw yield tons hectare"'.

3.4.2.7 Plaiit analysis

Analysis of plant tissues is done from the plant samples that were collected

at maximum tillering stage, panicle initiation stage and at the harvest stage from

each experimental plot. The plant samples should be clean and oven dried at 60-

70®C. The plant samples were analyzed for N, P, K, Ca, Mg, S, B, Fe, Mn, Si, Zn

and Cu using standard procedures listed in Table 1.

3.5 SOIL NUTRIENT ANALYSIS

3.5.1 Initial soil analysis

The soil sample was collected randomly from different places within the

prepared experimental field from and it is then pooled and reduced to 500g and air

dried. After air drying, the soil sample was sieved using a 2mm sieve and stored in

an airtight container.

The soil samples were analyzed for pH, EC, organic carbon, CEC, bulk

density, particle density, available macronutrients such as N, P, K and

micronutrients such as Fe, Mn, Zn, Cu, B and Mo following the standard procedures

in table 2.

3.5.2 Experimental soil analysis

Collection of soil samples for experimental soil analysis was done from each

experimental plot at 45 DAS and at harvest. The samples were collected in clean

polythene bags, air-dried, ground, sieved with 2 mm sieve and store in an autight

container. The analysis of soil sample was done for pH, EC, organic carbon, particle

texture and available nutrients such as N, P, K, Fe, Mn, Zn, Cu, B and Si as per the
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standard procedures.

3*53 Grain analysis

Matured grains were collected from the randomly selected and tagged plants

in each experimental plot and oven dried at 60-degree Celsius and then powdered

for tlie analysis of P and Zn content in the grain using standard procedures given in

table 1.

3.6 STATISTICAL ANALYSIS

The data obtained fit>m the seed treatment study and field experiment were

analyzed statistically using Analysis of Variance (ANOVA) for randomized block

design proposed by Panse and Sukhatme In 1985. It is then tested for its significance

using WASP software.
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Plate 1: Seedbed preparation at nursery Plate 2: Nursery stage

Plate 3: Foliar spray at nursery
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Plate 4: Land preparation Plate 5: Traosplantlng

Plate 6: Single foliar spray at tillering stage
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Plate 7; Panicle initiation

%

Plate 8: Flowering stage
Plate 9: Foliar spray of Zn at flowering
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Plate 10: Harvesting

Plate 11: Threshing

Plate 12: Sun drying of grain and straw
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Table 1: Methods used for plant analysis

SI. No Parameter Method Reference

1. Total N
Vlodified kjeldhal
digestion method

Jackson

(1958)

2. Total?

Vanadomolybdate
yellow colour method

Piper
(1966)

3.
Total K

"lame

photometry
Jackson

(1958)

4. Total Ca

Atomic absorption
spectroscopy

Issac and

Kerber(1971)

5. Total Mg
Atomic absorption
spectroscopy

Issac and

Kerber

(1971)

6. Totals

Turbidimetric

method

Bhargava
and Ragupathi

(1995)

7. Total Fe

Atomic absorption
spectroscopy

Piper
(1966)

8.
Total Mn

Atomic absorption
spectroscopy

Piper
(1966)

9. Total Zn
Atomic absorption
spectroscopy

Emmel et

al. (1977)

10. Total Cu
Atomic absorption
spectroscopy

Emmel et

al. (1977)

11. Total Si
Blue silicomolybdous acid
method Ma et al. (2002)

12. Total B
Photo electric

Coloriraetry

Bingham
(1982)
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Table 2: Methods used for soil analysis

SI. No. Parameters Methods Reference

1.

pH pH meter Jackson

(1958)

2. EC Conductivity
Meter

Jackson

(1958)

3. Organic Caibon Chromic acid wet digestion
Method

Walkley and Black
(1934)

5. Bulk Density Undisturbed

core sample

Black et al.

(1965)

6. Textural

Analysis

International

pipette method
Robinson

(1922)

7. Available N Alkaline permanganate
Method

Subbiah and Asija
(1956)

8. Available P Bray extraction and
photoelectric
colorimetrv

Jackson

(1958)

9. Available K Flame

Photometry

Pratt

(1965)

10. Available Fe Atomic

absorption spectroscopy
Sims and

Johnson (1991)

n. Available Mn Atomic

absorption spectroscopy
Sims and

Johnson (1991)

12. Available Zn Atomic

absorption spectroscopy
Emmel et al. (1977)

13. Available Cu Atomic

absorption spectroscopy

Emmel et al. (1977)

14. Available B Photo electric

colorimelry

Bingham
(1982)

15. Available Si Photo electric

colorimetry

Gupta (1967)
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4. RESULTS

The results that were obtained from the field experiment on the research

topic "Biofortification office {Ory'za sativa) with zinc under organic and integrated

nutrient management practices" that were conducted in Regional Agricultural

Research Station, Pilicode during the first season crop in 2018 are tabulated and

statistically analyzed.

4.1 BIOMETRIC OBSERVATION

4.1.1 Plant height

The data on the mean plant height which was recorded on four growth

stages of the crop viz tillering, panicle initiation, flowering and harvesting stage are

presented in table 3.

At tillering stage, significant differences were observed among the

treatments. Application of foliar spray of ZnS04 at the rate of 1% significantly

increased the plant height in treatment T9 which recorded the highest plant height

(48.72 cm) and was on par with T? and Ts. The least plant height (41.39 cm) was

recorded in the control plot Tio which was on par withTi andTj.

Similarly, at panicle initiation stage significant differences were observed

in plant height. The treatment with the highest plant height (67.07 cm) was Tg

which was on par with Ta (POP KAU + soil application of Zn + triple foliar

application of Zn). The minimum plant height (59.72 cm) was recorded in Tio

which was on par with T4 and Ts.

At the flowering stage, foliar application of ZnS04at the rate of 1% along

with the basal application of N and K fertilizers significantly increased the plant

height in treatments under INM practices. Treatment T? recorded the highest plant

height (97.28 cm) which was on par with Ts (96.53) and were significantly superior

over the other treatments.
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At the harvesting stage, triple foliar spray of Z11SO4 at the rate of 1%

significantly increased the plant height in Ts which recorded the highest plant height

(99.91 cm) and was on par with Tv.Teand Ts. The minimum plant height (92.33

cm) was recorded in control.

4.1.2 Number of tillers hilH

The total number of tillers per hill under each treatment was recorded at each

growth stages of crop viz tillering, panicle initiation, flowering and harvesting stage.

The values recorded are given In table 4.

In the tillering stage, application of FYM and NPK fertilizers along wifli soil

application of Zn at the rate of 20 Kg ha"' significantly increased the number of

tillers per hill. The highest number of tillers (14.7) was recorded in T6 which was

on par with Tg while T4 (Organic POP + soil application of Zn + double foliar

application of Zn) recorded the minimum number of tillers (9.5) which was on par

with control.

At the panicle initiation stage, no significant difference was observed among

the treatments. Ts was superior and recorded the maximum number of tillers

(18.66).

In the flowering stage, the treatment with the maximum number of tillers per

hill (18.03) is Ts and the treatment with the minimum number of tillers (14.01) is

Tio.

At the harvesting stage, there were significant differences among the

treatments. The treatment Ts where the fertilizers were given according to POP

KAU and Zn applied as soil application and foliar application at three growth stages

viz tillering, panicle initiation, flowering and harvesting stage was superior over

other treatments recording maximum number of tillers (15.56) followed by T7.

Treatment Tio recorded the least number tillers per hill (13.00).
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1-14.U Number of panicles hill

The mean of the total number of panicles per hill was recorded and

presented in table 5. Application of Zn showed significantly influenced the number

of panicles hill''. Among the treatments, 18(15.56) was superior compared to other

treatments. Treatment Tio (13.00) recorded the minimum number of tillers.

4.1.4 Total grains panicle''

The mean of total grains per panicle was recorded and given in table 5. A

significant difference was observed among the treatments. Treatment Ts recorded

the maximum grains pCT panicle (111.16) and it was superior compared to the other

treatment which was followed by T? which was on par with T4, Ts. and T6. The

lowest number of grains per panicle (84.82) was recorded inTio.

4.1.5 Grain yield (t ha'')

The data related to grain yield of rice as influenced by various treatments are

presented in Table 5.

The mayimnm grain yield was obtained in treatment Ts (6.79 t ha*') which

was significantly superior over the other treatments followed by T? which was on

par with Te. The lowest grain yield was obtained in control treatment Tio (3.96 t

ha"').

4.1.6 Straw yield (t ha"')

At the harvesting stage, the straw yield obtained from each plot imder the

effect of different treatments was recorded in table 5.

A significant difference was observed among the treatments, treatment Tg

(6.55 t ha*') recorded the highest straw yield followed by treatments T?. Lowest

straw yield (3.451 ha*') was recorded in treatment Tio.

43



4.1.7 Chafflness (%)

The effects of different treatments on chafGness were recorded and given in

table 5.

Treatment T3 recorded the highest chaffiness (15.12 %) which was on par

widt treatments Ti, T2, Ts, T3 and Tio. Soil and foliar application of Zn under INM

practices resulted in a better quality grain and hence recorded lower chaffy grains.

The treatment with the lowest chaffiness is observed in treatment Te (12.32 %).

4.1.8 1000 Grain weight

The data pertaining to the test weight or 1000 grain weight was recorded and

given in table 5.

The effect of different treatments significantly influenced the test weight of

grains. Treatment T? (27.10 g) recorded the highest test weight which was on par

with treatments Te and Tg. Lowest test weight was recorded in treatment Ti

(25.97 g).

4.2 SOIL NUTRIENT ANALYSIS

4.2.1 Initial soil properties

Initial soil samples were collected from the site prepared for the field

experiment analyzed for various physicochemical properties of the soil. The soil

samples were collected from 10 different areas of the experimental field at a depth

of 0-15 cm. The soil physicochemical properties analyzed include pH, EC, organic

carbon, particle size, CEC and available content of major nutrients, secondary

nutrients and micronutrients following standard procedures and presented in table

6.
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The soil pH was 4.26 which are categorized as strongly acidic with an electrical

conductivity of 0.18 dSm"^ The soil textural class is sandy clay loam and the textural

composition is provided in table 6. The organic carbon content of the soil was found to

be about 1.18%. With respect to the available major nutrients, secondary nutrients and

micronulrients the values are given in table 6.

4.2.2 Soil analysis at 30 days after transplanting and harvest

After 25 days of sowing, transplanting was done at a spacing of 20 x 15 cm. Soil

samples were at 30 DAT and at harvest to study the effects of different treatments on

various physical properties like pH, EC and particle size and chemical properties like

CEC, availability of major nutrients, secondary nutrients, and micronutrients. The

analytical results are tabulated and analyzed according to standard statistical techniques.

4.2.2J SoilpH

Effects of different treatments on the pH of soil at 30 DAT and at harvest were

analyzed and tabulated in table 7.

At 30 DAT, there was a gradual increase in the soil pH in all the treatments after

submergence. The treatments with the highest pH (5.04) were Ti and T4 which was on

par with T3 and Ts. The lowest pH (4.85) was treatment Te and one salient observation is

that the treatments with organic practices (Ti, T3, T4 and T5) recorded higher pH as

compared to treatments under INM practices (T2, Te, T? and Ts).

Similarly, at harvest, there was a significant difference observed in soil pH. After

harvest, the soil pH decline in all the treatments. The treatment Ts recorded the highest

pH (3.91). The treatment T? recorded the lowest pH (3.56) among the treatments.

4.2.2.2 Electrical conductivity

The electrical conductivity of the soil collected from each plot was analyzed to

study the effects of different treatments and the data are given in table 7.
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Table 6: Initial properties of soil

SI. No Parameters Constituent

Mechanical composition

1 Coarse sand (%) 27.4

2 Fine sand (%) 27.2

3 SiU(%) 22.8

4 Clay (%) 22.6

Textural class
Sandy clay

loam

Chemical composition

5 pH
4.26

6 EC(dSm-*) 0.18

7 Organic C (%) 1.18

8 CEC (meq/lOOg soil) 4.12

9 Available Nitrogen (kg ha~^) 198.24

10 Available Phosphorus (P2O5) (kg ha"') 22.63

11 Available Potassium (K2O) (kg ha"') 150.64

12 Calcium (mg kg"^) 152.34

13 Magnesium (mg kg"^) 36.42

14 Sulphur (mg kg"^) 4.61

15 Iron (mg kg"^) 120.61

16 Zinc (mgkg'^) 2.12

17 Copper (mg kg"^) 1.93

18 Manganese (mg kg"^) 5.02

19 Boron (mgkg"^) 0.26

20 Silicon (mgkg"^) 24.32

48



6^

At 30 DAT, the EC of soil was significantly influenced by the application

of fertilizers. Treatment T6 (POP KAU+ soil application of Zn + single spray of Zn)

recorded the highest EC (0.173 dSm'') which was on par with T? and Ts. Control

treatment Tio recorded the lowest EC (0.137 dSm*') among the treatments.

At harvest, there was no significant difference among the treatments and a

decline of EC was observed in all the treatments. The EC of soil after harvest

ranged from 0.074 dSm"' (Ts) to 0.085 dSm * (Ti).

4.2.2.3 Organic carbon content

Collected soil samples were analyzed to record the effects of different

treatments on the organic carbon content of the soil. The values obtained are

tabulated in table 7.

At 30 DAT application of FYM significantly influenced the organic carbon

(O.C) content in soil both under organic and INM cultural practices. T4 recorded

the highest OC (1.18 %) content followed by treatment Ts (1.09 %) while control

treatment Tio recorded the lowest OC (0.84 %).

At harvest, the organic carbon content in soil was less compared to OC

content at 30 DAT. Treatment T2 (1.04 %) recorded significantly higher OC

compared to the other treatments which were on par with Ts, T4, Ts, T?, T6 and T3.

Treatment Tio (0.64 %) recorded the least organic carbon content

4.2.2.4 Cation exchange capacity

The cation exchange capacity of soil at 30 DAT and at harvest was analyzed

and the values are given in table 8.

During submergence at 30 DAT, there was an increase in the CEC of soil

compared to the initial CEC of soil. Application of FYM and chemical fertilizers

as per POP KAU along with soil application of Zn significantly influenced the CEC

of soil. Treatment T2 recorded the highest CEC of 7.97 meq/lOOg followed by
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treatment T? which was on par with Ts, T6,T5 and T i. The lowest CEC was recorded

in treatment Tio(6.63 meq/lOOg).

At harvest, a general reduction in the CEC of soil was observed in all the

treatments. A significant difference was observed among the treatments and the

treatment T3 (5.06 meq/lOOg ) recorded the highest CEC at harvest (Organic POP

+ soil application of Zn along with a single spray of Zn) which was on par with T4,

T2 and T?. The treatment that recorded the lowest CEC was treatment Tio (4.94

meq/lOOg).

4.2,2.5Particle size analysis

The collected soil samples at 30 DAT and at harvest were analyzed for

determining the particle size class of soil and the values obtained are given in table

9.

The effects of different treatments had no significant effects on the particle

size of sand, silt and clay of soil both at 30 DAT and at harvest.

4.2.2.6 Available nitrogen in the soil

The effects of different treatments on the available N in soil collected at 30

DAT and at harvest were evaluated and recorded in table 10.

At 30 DAT application of FYM and fertilizers as per KAU POP along with

soil application of Zn had a significant influence on soil available N. The available

N in soil was significantly higher in treatments (T2, Te, T? and Ts) under INM

practices. Highest available N was recorded in treatment T2 (305.23 Kg ha'^)

followed by treatment T?. Control treatment recorded the lowest (146.33 Kg ha*^)

available N content in the soil.
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Similarly at harvest significant difference was observed among the

treatments. The treatments under INM practices recorded higher N content in soil

compared to other treatments. Highest available N in soil was recorded by T?

(255.20 Kg ha"') which was on par with Tg and Ts. The treatment that recorded the

lowest available N content was observed in treatment Tio (209.06 Kg ha*').

4.2.2.7 Available phosphorus in soil

The effects of different treatments on the soil available P was analyzed at 30

DAT and at harvest and the values are presented in table 10.

During submergence at 30 DAT soil available P was high in all the treatments

with treatment T? (POP KAU + soil application of Zn + double foliar application

of Zn) recording highest P (44.36 Kg ha ') which was statistically on par with Ts

(41.44 Kg ha*') and significantly higher than other treatments. The treatment with

die lowest available P in soil was observed in Tio (31.39 Kg ha*').

However, at harvest different treatments showed no significant difference in

the content of soil available P. In general, there is a decline in the value of available

P in all the treatments. The soil available P ranged fi-om 8.81 Kg ha"' (Tlo) to 11.50

Kgha*'(T7).

4.2.2.8 Available potassium in soil

Available soil potassium was estimated from soil samples collected at 30

DAT and at harvest and the values are given in table 10.

At 30 DAT the available K in almost all treatments were medium (110-280

Kg ha"') except for treatment T2 (POP KAU + soil application of Zn) which

recorded the highest available K (248.69 Kg ha*') in soil and was superior over all

other treatments. The lowest soil available K (160.19 Kg ha*') was observed in

control.
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After harvesting the soil available K was low (<110 Kg ha ') in all the

treatment. Treatment Is (174.12 Kg ha"') recorded the highest soil available K

which was on par with all the treatments except withT9,T5.Ti and Tio,

4.2.2.9 Available calcium in the soil

The collected soil samples both at 30 DAT and at harvest were analyzed for

available calcium and the values recorded are given in table 11.

During submergence at 30 DAT, a significant difference was observed

among the treatment. Ti (273.33 mg Kg"') recorded the highest available calcium

which was on par with treatments Ts, T2, and T?. Lowest available calcium was

recorded in treatment Tio (193.33 mg Kg"').

After harvest available Ca in the soil was significantly different among

treatments. Highest available calcium was recorded in treatment T9 (148.66 mg Kg"

') which was on par with all other treatments except treatment Tio.

4.2.2.10 Available magnesium in the soil

The effects of different treatments on the available magnesium in soil were

evaluated and the values recorded are given in table 11.

The treatments showed no significant difference in the available magnesium

in the soil at 30 DAT. The available magnesium in soil ranged from 39.33 mg Kg'

'(Ti) to 41.73 mg Kg"'(Ts).

After harvest, no significant difference was observed among the treatments

in the available magnesium in the soil. Highest available magnesium content was

observed in treatment T6 (40.73 mg Kg"'). Treatment T4 lecorded the lowest value

of 37.03 mg Kg"'.
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4.2.2.11 Available sulphur in soil

At 30 DAT and at harvest, soil samples were collected to analyze the effects

of the different treatments on the available sulphur content in the soil. The values

were recorded and given in table 11.

Soil application of ZnS04 at the rate of 25 Kg ha*' significantly resulted in

an increase in the S content of the soil at 30 DAT as compared to treatments where

soil application of ZnS04 was not done. Treatment Te (POP KAU + soil application

of Zn + single foliar application of Zn) recorded the highest available sulphur (7.26

mg Kg*') in the soil which was on par with all odier treatments except treatments

T9 and Tio (Control).

However, after cultivation treatments made no significant difference in soil

available S. The available sulphur in soil ranged from 3.60 mg Kg*'(Ti) to 5.8 mg

Kg-' (T7).

4.2.2.12 Available iron in the soil

The effects of different treatments on available iron in soil were evaluated

from soil samples collected at 30 DAT and at harvest and the data recorded are

given in table 12.

During submergence at 30 DAT, the concentration of soil available iron

(Fe^^) was high. The effect of treatments showed no significant difference in the

concentration of soil available iron. The treatment that recorded the highest value

of soil available (298.93 mg Kg*') iron is treatment T9 (application ofZn at nursery)

followed by Tio while the lowest soil available iron was recorded in treatment T?

(250.50 mgKg-').

After harvest soil available Fe was observed to be decreased in soil. The

treatments showed significant difference with treatment T3 (175.00 mg Kg"')

recording the highest value which was on par with Ts. T9 and T4. Treatment Ti

(167.33 mg Kg"') recorded the lowest value.
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4.2.2.13 Available zinc in soil

Similarly, for available zinc, soil samples collected at 30 DAT and harvest

were evaluated and the values are recorded and given in table 12.

At 30 DAT the treatment that recorded the highest available Zn in soil was

treatment Ts (4.96 mg K.g) which was on par with Te, T4, T?, Ts and T3 while T9

(3.513 mg Kg*') recorded the lowest soil available Zn.

At harvest Zn content in soil was lower in treatments under INM practices as

compared to other treatments. The soil available Zn was highest in treatment T4

(3.26 mg Kg"') which was on par with T3. The treatment that recorded the lowest

soil available Zn was treatment T? (2.50 mg Kg*') which was on par with T2 and Ts.

4.2.2.14 Available copper in soil

The soil samples collected at 30 DAT and at harvest were analyzed for

available copper in the soil. The values are given in table 12,

At 30 DAT available Cu was significantly different among the treatments

with highest available copper in treatment T? (1.66 mg Kg ') which was on par with

Ti, Ts, T6, T3, T4, and Ts. Control treatment recorded the lowest available copper

(1.23 mg Kg ') in soil.

After harvest, there was a significant difference in copper in the soil among

the treatments. The treatment that recorded the highest available copper in soil was

treatment T2(2.61 mg Kg*') which was on par with Taand Ts Treatment T9 (1.29

mg Kg"') recorded the lowest soil, available copper.

4.2.2.15 Available manganese in soil

In the table, the content of available manganese in soil recorded at 30 DAT

and at harvest are given 13.
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At 30 DAT the content of soil available Mn was relatively higher as

compared to the initial Mn status in soil. Application of FYM in treatments under

organic and INM practices resulted in an increase in Mn concentration as compared

to treatments Tio and T9 where FYM was not incorporated. Treatment T2 and T3

recorded the highest available Mn (14.00 mg Kg"') in soil. Lowest soil available

manganese (11.00 mg Kg*') was recorded in treatment Ty.

However, at harvest, Mn concentration in soil decreased to a certain extent.

There was no significant difference among the treatments and the soil available

manganese ranged from 8.03 mg Kg"' (Ty) to 8.90 mg Kg"' (T4).

4,2,2,26 Available boron in the soil

The effect of different treatments on soil available boron in soil samples

collected at 30 DAT and at harvest was evaluated and the values are given in table

13.

At 30 DAT the effect of different treatments had no significant difference in

the concentration of available B in soil. The concentration of the available soil B

ranged from 0.22 mg Kg"' (T2) to 0.25 mg Kg*'(Ti) which was generally low.

At harvest, a significant difference was observed among the treatments and

treatment Ti (0.23 mg Kg"') recorded the highest soil available boron followed by

Ts. The treatment that recorded the lowest soil available boron was treatment T6

(0.17 mg Kg"').

4,2.2.17 Available silicon in the soil

The collected soil samples at 30 DAT and at harvest were analyzed for soil

available silicon to study the effects of different treatments. The values were given

in table 13.
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The effect of treatments on soil available silicon at 30 DAT was observed to

be non significant. The soil available Si ranged from 29.78 mg Kg"' to 31.68 mg

Kg-'.

The effects of treatments at harvest were observed to be significantly

higher in treatment T3 (22.68 mg Kg ') which was on par withTs and treatment Te

(17.68 mg Kg-') recorded the lowest soil available Si.

4.3 NUTRIENT CONTENT IN PLANT

4.3.1 Nitrogen

The nitrogen content in shoots was analyzed at different given growth stages

and the values are presented in table 14.

There were significant differences observed among the treatments in the

three growth Stages of rice viz tillering, panicle initiation and harvest stage. At

tillering, stage treatment T? recorded the highest N content in shoots with a value of

4.01% which was on par with Te, Ts and Tz.

Similarly, at panicle initiation stage the treatment that recorded the highest

N content in shoots was treatment T? (2.54 %) which was on par with Te and Ts

while treatment Tio recorded the lowest N content (1.03 %).

At harvest treatment T? (0.62 %) was superior over all the other treatments.

Lowest N content in straw was seen in Tio (0.35 %).

4.3.2 Phosphorus

The phosphorus content in shoots was analyzed at different given growth

stages and the values are presented in table 15.
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Table 14: Effect of different treatments on nitrogen content in shoots in

different growth stages of rice (%)

Treatments

Nitrogen

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil

application of Zn
2.36^ 1.25^ 0.39'

Tz - POP(KAU-2016) + sod

application of Zn
3.89" 2.20" 0.51'

T3 - Tl+ single foliar application

ofZn
2.24*" 1.46' 0.43''

T4 - Ti+ double foliar application

ofZn
2.22" 1.50' 0.41'

Ts - T1+ triple foliar application

of Zn
2.26" 1.54' 0.49'

Te - Ti+ single foliar application

ofZn
3.98" 2.48" 0.61""

T? - T2+ double foliar application

of Zn
4.01" 2.54" 0.62"

Ts - T2+ triple foliar application ol

Zn
3.94" 2.49" 0.57""

T9 - Application of zinc in nursery 2.38 1.18'' 0.40'

Tio- Control 1.75' 1.03' 0.35 f

SEm± 0.05 0.04 0.007

CD (0.05)
0.15 0.11 0.02
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At tillering stage, treatment T2 (POP KAU + soil application of Zn at the rate

of 20 Kg ha ') recorded the highest P content in shoots (0.42 %) which was on par

with treatment Ts. The treatment that recorded the lowest P content in shoots was

treatment Tio (0.26 %).

At panicle initiation, treatment T6 (applying fertilizers and manures as per

POP KAU + soil application of Zn at the rate of 20 Kg ha"' + single spray of ZnS04

at 1%) recorded the highest P content (0.36 %). Lowest P content (0.22 %) in the

shoot was recorded in treatment T4 (applying manures as organic POP + soil

application ofZn at the rate of 20 Kg ha ' + triple spray of ZnS04 at 1%).

At harvest stage P content in straw was significant higher in treatment T2 (0.26

%) (applying fertilizers as per KAU POP + soil application of Zn at the rate of 20

Kg ha"') and the lowest content of P in straw (0.19%) was recorded in Ts (applying

manures as per POP (KAU-2016) + soil application of Zn at the rate of 20 Kg ha"'

+ triple spray of ZnS04 at 1%)

433 Potassium

The potassium content in shoots was analyzed at different given growth

stages and the values are presented in table 16.

At the tillering stage, Te (2.82 %) recorded the highest K content in shoots

which was significantly superior over the other treatments followed by T? which

was on par withTs and Ti. The lowest K content in shoots was recorded in treatment

Tio (2.14%).

Similarly at panicle initiation Te (application of manures and fertilizers as

per POP KAU + soil application of Zn at the rate of 20 Kg ha"' + single spray of

ZnS04 at 1%) recorded the highest K content in shoots. The K content in shoots

ranged from 1.43 % (T10) to 1.77 %.
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Table 15: Effect of different treatments on phosphorus content in shoots in

different growth stages of rice (%)

Treatments

Phosphorus

At

Tillerins

At panicle

Initiation
At harvest

Ti - Organic POP + soil

application of Zn 0.31" 0.26 0.21"

T2 - POP(ICAU-2016) + soU

application of Zn
0.42 » 0.28" 0.26"

T3 - Tl+ single foliar application of

Zn
0.29" 0.24 0.24"

T4 - Ti+ double foliar application

of Zn
0.29" 0.22"^ 0.21"

Ts - TH- triple foliar application of

Zn
0.29" 0.24 0.19®

Te - T2+ single foliar application of

Zn
0.28" 0.36 « 0.24"

T? - T2+ double foliar application

ofZn
0.30" 0.25 0.24"

Tg - T2+ triple foliar application of

Zn
0.39^ 0.26"® 0.21"

Ts - Application of zinc in nursery 0.29" 0.25""' 0.21"

Tio- Control 0.26" 0.25"«* 0.20®

SEm i
0.02 0.01 0.003

CD (0.05)
0.06 0.03 0.01
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Table 16: Effect of different treatments on potassium content in shoots In

different growth stages of rice (%)

Treatments

Potassium

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil

application of Zn 2.47*= 1.48^®^ 1.547®

Ti - POP(KAU-2016) + soil
application of Zn

2.69" 1.26® 1.93®"

T3 - T1+ single foliar application
ofZn

2.46® 1.51'I® 1.59^

T4 - Ti+ double foliar application
ofZn

2.40® 147dcf
1.56®

Ts - T1+ triple foliar application
ofZn

2.40® 1.44®^ 1.63^

Te - T2+ single foliar application
ofZn

2.82" 1.77® 1.92"

T? - T2+ double foliar application
of Zn

2.75 1.67"® 1.93®"

Ts - T2+ triple foliar application of
Zn

2.71" 1.70®" 1.99®

T9 - Application of zinc in nursery 2.30^ 1.54 1.70®

Tio- Control 2.14® 1.43 f 1.54®

SEm =t
0.03 0.023 0.02

CD (0.05)
0.08 0.07 0.06
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At harvest highest K content in straw was recorded in treatment Ts (1.99 %)

(application manures and fertilizers as per POP KAU + soil application of Zn at the

rateof20Kgha*' +triple spray ofZnS04at 1%) which was on par with treatments

T2 and T7.

4.3.4 Calcium

The plant samples collected at different growth stages were analyzed for Ca

content. The values are presented in table 17.

At tillering stage, significant different was recorded in Ca with treatment Ts

(1.10 %) recording the highest Ca content in shoots followed by treatment T2 (POP

KAU + soil application of Zn at the rate of20 Kg ha'). The treatment that recorded

the lowest Ca content in shoots was Tio (0.74 %).

Similarly, at panicle initiation stage significant difference was observed

among the treatments with T6 (Organic POP + soil application of Zn) recording the

highest Ca content (1.40 %) followed by treatment Ts. Like in the tillering stage,

application o&zinc at nursery recorded the lowest Ca content (0.63 %) in shoots.

At harvest, the effect of different treatments on Ca content on straw was seen

to be significantly different. Treatment T6 (applying fertilizers and manures as per

POP KAU + soil application of Zn at the rate of 20 Kg ha"' + single spray of ZnS04

at 1%) recorded the highest Ca content (2.08 %) which was on par with treatment

T7.

4.3.5 Sulphur

The sulphur content in plant samples analyzed at different growth stages was

recorded and given in table 18.

At tillering stage, the treatments showed no significant difference in terms of

S content in shoots.
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Table 17: E^cct of difTerent treatments on calcium content in shoots in

different growth stages of rice (%)

Treatments

Calcium

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil
application ofZn

1.06®^ 0.90*' 1.33®*'

Ti - POP(KAU-2016) + soil
application of Zn

1.01 1.21'' 1.67"

T3 - Tl+ single foliar application
ofZn

0.98*= 0.96 1.43"®

T4 - Ti+ double foliar application
of Zn

1.04'^ 0.77® 1.20*'

Ts - T1+ triple foliar application
ofZn

0.96"' 0.93 1.20*'

T6 - T2+ single foliar application
of 2^n

1.10' 1.40' 2.08'

T? - T2+ double foliar application
of Zn

0.93^ 1.16"® 2.01'

Ts - T2+ triple foliar application ol
Zn

1.06*" 1.28'" 1.73"

T9 - Application of zinc in nursery 0.98*= 0.63® 1.46"*=*'

Tio-Control 0.74*' 0.96"" 1.41®*'

SEm (db)
1.91 0.71 1.01

CD (0.05)
5.74 2.13 3.04
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The treatment that recorded the highest S content was observed in treatment

12 (0.52 %) while the lowest S content (0.49 %) was recorded in treatment Tio.

However, at panicle initiation stage the treatments showed a significant difference

in S content in shoots.

Treatment T? (0.47 %) recorded the highest S content in shoots (applying

fertilizers and manures as per POP KAU + soil application of Zn at the rate of 20

Kg ha ' + double spray of ZnS04 at 1%) which was on par with Ts.Te and T2. The

treatment that recorded the lowest S content in shoots was treatment T10 (0.25 %).

Similarly at harvest significant difference was observed among the

treatments. Ta recorded the highest S content (0.11 %) on par with T7. The lowest

S content was recorded in control (0.01 %).

4.3.6 Magnesium

The sulphur content in plant samples analyzed at different growth stages was

recorded and given in table 19.

At tillering, stage treatment T2 (POP KAU + soil application of Zn at the rate

of 20 Kg ha"') recorded the highest Mg content in shoots (0.67 %) which was

significantly superior over the other treatments. The treatment that recorded the

lowest Mg content in shoots was treatment Tio (0.27 %).

Similarly, at panicle initiation stage significant differences were observed

among the treatments with treatment T7(KAU POP + soil application ofZn + double

spray of ZnS04) was significantly superior over the other treatments recording Mg

content in shoots of 0.5 % which was on par with T2 and Tg. Lowest Mg content in

the shoots was recorded in treatment T3 (0.25 %)

At harvest Mg content in straw was seen to be significantly different with

treatment Ts (0.44 %) recording the highest value which was superior over the other

treatments followed by treatment T4.

70



Table 18: Effect of different treatments on sulphur content in shoots in

different growth stages of rice (%)

Treatments

Sulphur

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil
application of Zn

0.50 0.30^ 0.03

Tz - POP(KAU-2016) + sod
application of Zn

0.52 0.42'' 0.06""'^

T3 - Tl+ single foliar application
of Zn

0.51 0.32 0.04

T4 - Ti+ double foliar application
ofZn

0.50 0.32 0.05

Ts - T1+ triple foliar application of
Zn

0.51 0.32*' 0.06 *«*

T6 - T2+ single foliar application of
Zn

0.51 0.44'' 0.07""

T? - T2+ double foliar application
ofZn

0.50 0.47" 0,08""

Tg - T2+ triple foliar application of
Zn

0.51 0-45" 0.11"

T9 - Application of zinc in nursery 0.51 0.31" 0.02

Tio- Control 0.49 0.25" 0.01 f

SEm:t

0.02 0.01 0.007

CD (0.05)
NS 0.03 0.02
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Table 19: Effect of different treatments on magnesium content in shoots in

different growth stages of rice (%)

Treatments

Magnesiiun

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil
application of Zn

0.29* 0.27

T2 - POP(KAU-2016) + soil
application of Zn

0-67® 0.53® 0.24

Tj - Tl+ single foliar application
ofZn

0.32^ 0.25 0.23

T4 - Ti+ double foliar application
ofZn

0.36* 0.26** 0.42

Ts - TI+ triple foliar application
ofZn

0.48* 0.35" 0.31

Ts - T2+ single foliar application
of Zn

0.48* 0.37" 0.31

T? - T2+ double foliar application
of Zn

0.60^ 0.54® 0.42

Ts - T2+ triple foliar application oi
Zn

0.59^ 0.53® 0.44

19 - Application of zinc in nursery 0.47* 0.26** 0.26

T10- Control 0.278 0.37" 0.22

SEm ±

0.37 2.4 0.14

CD (0.05)
1.12 7.28 NS
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43J Iron

The iron content in plant samples analyzed at different growth stages was

recorded and given in table 20.

A significant difference in Fe content in shoots was observed among the

treatments at tillering stage. The treatment that recorded the highest Fe content was

treatment Tio (1168.55 mg Kg"'). The lowest Fe content in shoots was recorded in

treatment T2(1 151.27 mg Kg"*).

Similarly, at panicle initiation the treatments showed significant difference

with treatment Tio (660.91 mgKg ').

Likewise at harvest stage treatment Tio recorded the highest (459.176 mg

Kg'*). The lowest Fe content in straw was recorded in treatment Tg (application of

manures and fertilizers as per POP KAU + soil application of Zh at the rate of 20

Kg ha"* + triple spray ofZnS04 at 1%).

4.3.8 Zinc

The zinc content in plant samples analyzed at different growth stages was

recorded and given in table 21.

At tillering stage the treatment showed a significant difference in Zn content

in shoots with treatment Tg recording the highest Zn content of76.67 mg Kg*' which

was on par with treatment Tg.Tg and Ts. The lowest Zn content (39.00 mg Kg"') in

shoots was recorded in treatment Tio (Control).
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Table 20: Effect of different treatments on the iron content In shoots in

different growth stages of rice (mg/Kg)

Treatments

Iron

At

Tillering

At panicle

Initiation
At

harvest

Ti - Organic POP + soil

application of Zn
1152.37 651.66 455.691

T2 - POP(KAU-2016) + soU

application of Zn
1151.27 650.95 458.546

T3 - T|+ single foliar application

ofZn
1161.93 650.28 456.333

T4 - Ti+ double foliar application

ofZn
1160.70 651.98 454.925

Ts - Ti+ triple foliar application ol

Zn
1156.30 656.36 457.933

T6 - T2+ single foliar application

ofZn
1154.76 651.67 456.325

T? - T2+ double foliar application

of Zn
1158.23 658.76 454.313

Tg - T2+ triple foliar application ol

Zn
1153.12 651.02 451.080

T9 - Application of zinc in nursery 1158.42 658.89 453.489

Tio- Control 1168.55 660.91 459.176

SEm ± 5.81 3.34 2.75

CD (0.05)
17.75 10.12 8.24
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Table 21: Effect of different treatments on zinc content in shoots in different

growth stages of rice (mg/Kg)

Treatments

Zinc

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil
application of Zn

51.33 32.07" 67.93"'"

T2 - POP(KAU-2016) + soil
application of Zn

61.60^ 31.87" 66.53*'"

T3 - Tl+ single foliar application
ofZn

66.20 35.93 68.33"''"

T4 - Ti+ double foliar application
ofZn

60.53 38.53*^ 76.06"'^

Ts - T1+ triple foliar application
ofZn

71.21'^ 36.13"'^ 80.86"'^

T6 - T2+ single foliar application
of Zn

66.07^ 39.06^ 79.66"'^

T? - T2+ double foliar application
ofZn

76.73" 42.46"^ 84.26"''

Tg - T2+ triple foliar application ol
Zn

75.67" 44.53" 85.73"

Ts - Application of zinc in nursery 76.67" 34.53''" 71.80'^

Tio- Control 39.00'' 23.20'' 56.26"

SEm
2.487 1.425 4.62

CD (0.05)
7.461 4.277 13.86
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Similarly at panicle initiation, significant difference was observed among the

treatments. Treatment Ts (44.53 mg K.g'^) recorded the highest Zn content in the

shoot which was on par with T7. The treatment that recorded the lowest Zn content

was treatment Tio (23.20 mg Kg"') At harvest stage treatment Ts was significantly

superior compared to the other treatments. The Zn content in Ts was 85.73 mg Kg"

' followed by treatment T?. Lowest Zn content in straw was recorded in treatment

control with 56.2 mg Kg"'.

4 J.9 Copper

The experimental effects of different treatments on Cu content in plant

samples analyzed at different growth stages were recorded and given in table 22.

The treatments showed no significant difference in terms of Cu content in

shoots at tillering stage. The Cu content in shoots ranged from 8.43 mg Kg"' (T9)

to 12.66 mg Kg ' (Tio).

At panicle initiation, the treatments showed significant difference with

treatment Tio (Control) recording the highest Cu content (10.40 mg Kg"') in shoots.

The treatment that recorded the lowest Cu content (6.35 mg Kg"') in shoots was T5

(Organic POP + soil application of Zn + single spray of ZnS04).

Similarly at the harvest stage, a significant difference was observed in Cu

content in straw. The highest Cu content (43.75 mg Kg"') was observed in treatment

T2 followed by T6. The treatment that recorded the lowest the Cu content (18.91 mg

Kg"') was Ts.

4.3.10 Manganese

The experimental effects of different treatments on Mn content in plant

samples analyzed at different growth stages were recorded and given in table 23.
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Table 22: Effect of different treatments on copper content in shoots in different

growth stages of rice (mg/Kg)

Treatments

Copper

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil
application of Zn 10.60 7 74cd 23.84"

T2 - POP(KAU-2016) + soil
application of Zn

10.04 8.56*^ 43.75"

Tj - Tl+ single foliar application
of Zn

9.06 6.35'' 21.32"

T4 - Ti+ double foliar application
ofZn

9.11 7.44"" 19.01 f

Ts - T1+ triple foliar application
ofZn

10.46 6.47*' 18.91^

Ts - T2+ single foliar application
ofZn

11.65 8.83*^ 40.21''

T? - T2+ double foliar application
ofZn

10.16 6.47'' 31.71"

Tg - T2+ triple foliar application of
Zn

8.54 6.63 19 7icf

T9 - Application of zinc in nursery 8.43 9.06"^ 23.78"

Tio- Control 12.66 10.40^ 19.82"^

SEm±
1.47 0.77 0.76

CD (0.05)
NS 232 2.29
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Table 23: Effect of different treatments on manganese content in shoots in

different growth stages of rice (mg/Kg)

Treatments
Manganese

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil
application of Zn

405.33"^ 220.33 401.96"'

T2 - POP(KAU-2016) + soil
application ofZn

382.00 171.40®^ 477.26®"'

T3 - T1+ single foliar application
of Zn

492.66"= 223.66''® 530.93"®

T4 - Ti+ double foliar application
ofZn

456.00^ 150.66^8 444.26®"'

Ts - T1+ triple foliar application
ofZn

325.33® 239.33" 524.43"®

T6 - T2+ single foliar application
ofZn

401.33® 189.06"'® 607.46""

T? - T2+ double foliar application
ofZn

356.00"^ 208.73®^ 609.16""

Ts - T2+ triple foliar application ol
Zn

388.00® 151.93 *8 650.26"

T9 - Application of zinc in nursery 492.66^ 269.66" 521.08"®

Tio- Control 277.33'' 139.668 387.19""

SEm±

8.64 7.57 8.82

CD (0.05)
25.92 22.70 26.45
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The treatment in which Zn was applied at nursery stage recorded the highest

Mn content (492.66 mg Kg ') in shoots and the lowest Mn content (277.33 mg Kg'

') was recorded in Tio.

Similarly, at panicle initiation stage the treatments showed significant

difference, with treatment T9 recorded the highest Mn content (269.66 mg Kg"') in

shoots which was also followed by treatment Ts. The lowest Mn content was

recorded in treatment Tio with 139.66 mg Kg"'.

At harvest stage the highest Mn content (650.26 mg Kg"') was in treatment

Ts where fertilization was done as per POP KAU along with soil Zn application and

triple foliar spray ofZn which was followed by T7 and T6 and the lowest Mn content

was recorded in control (387.19 mg Kg"').

4.3.11 Boron

The data pertaining to B content in plant samples recorded at different growth

stages are given in table 24.

At the tillering stage the treatments showed significant difference among the

treatments. The treatment T2 in which apphcation of fertilizers was done as per the

POP KAU along with soil application of Zn at the rate of 20 Kg ha*' recoided the

highest B content (4.97 mg Kg"') in shoots. B content was recorded to be lowest in

treatment Tio (4.31 mg Kg"').

Similarly, at panicle initiation stage significant difference were observed

among the treatments. B content was observed to be highest in treatment T4 with a

value of 5.67 mg Kg"' which was on par with treatment T3 and the treatment that

recorded the lowest B content was treatment T9(4.30 mg Kg*')

At harvest treatment T1 (Organic POP + soil application of Zn) recorded the

highest B content (6.80 mg Kg*') in straw followed by treatment T5. The treatment

that recorded the lowest B content in straws is treatment Tio (3.50 mg Kg"').
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Table 24: Effect of different treatments on boron content in shoots in different

growth stages of rice (mg/Kg)

Treatments

Boron

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil

application of Zn
4.96" 4.50" 6.80"

T2 - POP(KAU-2016) + soU

application ofZn
4.97 » 5.47" 4.71

T3 - Tl+ single foliar application

of Zn
4.76 5.65" 4.26°"

T4 - Ti+ double foliar application

of Zn
4.80"'^ 5.67" 4.52

Ts - T1+ triple foliar application

of Zn
4.87"'' 5.45" 4.06''

T6 - T2+ single foliar application

of Zn
4.96" 4.73^ 4.03''=

T? - T2+ double foliar application

ofZn
4.64'' 4.87" 4.50

Ts - T2+ triple foliar application oi

Zn
4.86"" 4.88" 4.04''=

T9 - Application of zinc in nurseiy 4.88"" 4.30 f 4.70

Tio- Control 4.3r 4.48" 3.50=

SEm:t
0.087 0.03 0.2

CD (0.05)
0.26 0.09 0.61
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4»3.12 Silicon

The effects of different treatments on Si content on plant samples at different

growth stages were recorded and given in table 25.

The effect of different treatment on Si content on plant shoots at tillering and

panicle initiation stage were non significant. At tillering stage the Si content in

shoots ranged from 6.32 to 6.54 %. At panicle initiation Si content ranged from in

4.65 to 5.03 % shoots.

At harvest, the effect of treatments significantly improved the Si content in

straw as compared to control. The highest Si content was recorded in treatment T2

(4.34 %) which was on par with all other treatments except control.

4.4 GRAIN ANALYSIS

4.4.1 Zinc

The Zn content on grain was analyzed after harvest and the values are

presented in table 26.

The results showed a significant difference in the treatments, with treatment

Tg (application of manures and fertilizers as per POP KAU + soil application of Zn

at the rate of 20 Kg ha"' + triple spray of ZnS04 at 1%) recorded the highest Zn

content in the grain (49.86 mg Kg"'). Treatment T? recorded the second highest Zn

concentration in the grain.

Among the organic treatments, T5 (Organic POP + soil application of Zn at

the rate of 20 Kg ha"' + triple spray of ZnS04 at 1%) recorded higher zinc content

(24.33 %) as compared to T3 and Ts. The treatment that recorded the lowest Zn

content was Tio (18.20 %).
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4.4.2 Phosphorus

Grain analysis was also done to study the effects of different treatments on

the P content in the grain. The analysis was done after harvest and the values are

given in table 26.

The effects of the treatments on P content in the grains showed a significant

difference among the treatments. The treatment that recorded the highest P content

in the grain was T2 (POP KAU + soil application of Zn at the rate of 20 Kg ha"')

with a value of 0.61 mg Kg*' followed by treatment Te. The treatment that recorded

the lowest P concentration was Ts with a value of 0.44 mg Kg*'.

4.5 ZINC CONTENT IN COOKED RICE

Zinc content was also analyzed from 30 sample cooked rice and the values

were given in mg Kg ' given on table 26.

There was a significant decreased in the Zn content ingrains after the

cooking process in all the treatments. The highest Zn content was recorded in

treatment Ts (28.52 mg Kg"') which also recorded the highest Zn content in grain

before cooking, followed by T? and Te and the lowest Zn content in cooked rice was

recorded in control (3.93 %).
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Table 25: Effect of different treatments on silicon content in shoots in

different growth stages of rice (%)

Treatments

Silicon

At

Tillering

At panicle

Initiation
At harvest

Ti - Organic POP + soil

application of Zn
6.54 4.97 4.2 r

T2 - POP(KAU-20I6) + soil

application of Zo
6.45 4.67 4.34"

T3 - Tl + single foliar application

ofZn
6.41 4.97 4.23"

T4 - Ti+ double foliar application

of Zn
6.34 4.65 4.20"

T5 - T1+ triple foliar application

ofZn
6.32 4.91 4.16"

T6 - T2+ single foliar application

of Zn
6.32 4.87 4.30"

T? - T2+ double foliar application

of Zn
6.44 4.99 4.16"

Ts - T2+ triple foliar application 0!

Zn
6.35 5.03 4.25"

T9 - Application of zinc in nursery 6.42 4.94 4.15"

Tio- Control 6.38 4.98 3.74^

SEm ± 0.12 0.17 0.09

CD (0.05) NS NS 0.27
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Zinc in grain

Fig 6: Effect of different treatments on zinc content in grains (nig Kg"')

Phosphorus in grain

Fig 7: Effect of different treatments on phosphorus content in grains (%)
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Zinc in cooked rice

Fig 8: Effect of different treatment in zinc in cooked rice (mg Kg*')
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5. DISCUSSION

The discussion of the results of the experimental research "Biofortification

of rice iOryza sativa) with zinc under organic and integrated nutrient management

practices" carried out at Regional Agricultural Research, Pilicode during the first

crop season is presented below.

5.1 EFFECT OF TREATMENTS ON PLANT GROWTH PARAMETERS

Application of Zn at nursery as a foliar spray at the rate of 1% was found to

significantly increase plant height at the tillering stage as compared to other

treatments. At other growth stages of the crop soil and foliar application of zinc

significantly influenced the plant height in rice. Zn application along with NPK

fertilizers recorded higher plant height compared to treatments under organic

practices. The plant height increased with an increase in the number of foliar spray

of Zn. At tillering and panicle initiation T9 recorded the maximum height as

compared to other treatments and at harvest Ts recorded the maximum plant height

on par with T?. Te and Ts. The increase in plant height under zinc treatment might

be due to its effect in the metabolism of growing plants as zinc is a major component

of many enzymes, which may effectively explain the response of zinc application.

The increase in the height of paddy with zinc application corroborates with

the findings of Kadam et al. (2018). Maximum plant height up to 32.33 cm was

found with soil application of RDF + ZnS04 at the rate of 25 kg ha"'. Khan et al

(2007) also had similar findings which suggested that zinc application increases die

plant height.

The production of tillers in paddy is a direct measure of plant growth.

Therefore, counting the number of tillers per hill provides an adequate basis for

measuring die treatment differences owing to various treatments. Treatments with

combined soil and foliar application along with NPK fertilizers as per POP KAU
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recorded a higher number of tillers per hill as compared to treatments under organic

practices. Among the treatments under organic practices, the highest number of

tillers per hill was recorded in plants with a triple spray of Zn. At harvest treatment

Tg was superior as compared to other treatments and recorded the maximum

number of tillers per hill. The zinc treatments along with NPK fertilizers as per

POP KAU might have increased the nutrient use efficiency and promoted various

physiological activities in the plant which are vital for proper growth and

development. Zinc also plays an important role in the formation of growth

hormones and auxin metabolism which enhanced the number of tillers. Similar

results were found by Kadam et al. (2018) and Khan et al. (2007) who showed a

considerable increase in the number of tillers by Zn application compared to the

control.

5.2 EFFECT OF TREATMENTS ON YIELD AND PLANT YIELD

PARAMETERS

The effect of soil application and foliar spray of Zn along with the

application of NPK fertilizers as per POP KAU has shown a marked difference in

plant yield parameters like the total number of grains per panicle, 1000 grain

weight, chaffiness, grain yield and straw yield.

A signifiant increase in the total grain per panicle was observed in the

treatments with foliar application of Zn over control. Treatment Tg (application of

manures and fertilizers per POP KAU + soil application of Zn at the rate of 20 Kg

ha*' + triple spray of ZnS04 at 1%) was superior compared to other treatments

recording mflYimnm grains per panicle followed by T?. In a research conducted by

Abid et al. (2015) treatment (NPK + Mn + Zn) recorded the highest number of grains

panicle*' (118.66 g), 1000 grain weight (23.93 g) and maximum paddy yield (78.73

g). The lowest yield (20.53 g) was in control. This may be due to the balanced

nutrient ratio, which improved the yield and yield contributing characteristics of

rice.
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The test weight of grain is a vital yield component that contributes towards

grain yield of rice. The higher the test weight of grain the higher is the efficacy of

grain to store more photosynthates. Application of foliar spray of ZnS04 at the rate

of 1% showed higher grains with higher test weight both imder organic and

integrated nutrient management practices as compared to control. The maximum

test weight in grains was recorded with treatment T? on par with treatment Ts and

T6. However, the test weight of grain recorded with INM practices was higher as

compared to organic practices. According to Naik and Das (2008), the effects of

nitrogen and zinc fertilization were responsible for higher test weight of grain

because nitrogen increased the crude protein content in grains.

The effects of Zn application on chaffmess showed a significant difference

among the treatments. The chaffiness per centage was relatively higher in

treatments where NPK fertilizers were not applied. Application of NPK fertilizers

along with Zn significantly improved the physiological quality of grains. Treatment

T3 recorded highest chaffiness which was at par with treatments Ti,T2, T4. Ts, and

Tio. The treatment with the lowest chaffiness is observed in treatment T6.

The effects of Zn fertilization as soil application and combined soil and

foliar apphcation showed a significant increase in grain yield as compared to

control. Application of Zn under INM practices recorded higher grain yield as

compared to the application of Zn imder organic practices. The highest grain yield

was in treatment Ts (6.79 t ha"') which was significantly higher than the other

treatments followed by T? which was at par with T6. The lowest grain yield was

obtained in treatment Tio (3.90 t ha"'). The increase in grain yield with Zn treatment

might be due to the increased number of tillers, grains per panicle and improved

nutrient use efficiency in these treatments. Another major reason for increased

grain and straw yield under Zn application may be because Zn is a major constituent

in several enzymes and plant hormones such as auxin that promotes seed maturation

and starch formation.
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Hussain et al. (2018) observed an increase in the grain yield of paddy with

soil application of 21n, whereas Saha et al. (2015) reported that grain yield of paddy

increased with both soil and foliar Zn application. Shivay et al. (2015) reported

that zinc application in rice had a positive effect on yield and yield attributing

characters. It was reported that combined soil and foliar application of Zn recorded

the highest grain yield and were superior to soil application of Zn alone.

5.3 EFFECT OF TREATMENTS ON PHYSICAL, CHEMICAL PROPERTIES

AND NUTRIENT STATUS IN SOIL AT 30 DAT AND AT HARVEST

53.1 Soil pH

The data given on the table showed there was an increase in the pH of the

soil at 30 DAT as compared to initial soil sample analysis. This increase in pH may

be attributed to the proton consumption in reduction process which occurs during

submergence. However, the pH values of soil decline after harvest with treatment

Ts recording the highest pH. Ponnamperuma (1972) reported that during

submergence, acid soils tend to increase in pH and in the case of calcareous soil

there is a drop in pH to attain neutrality. At harvest treatment under INM practices

recorded lower pH values at harvest as compared to organic practices. This might

be attributed to the residual acidity caused by the use of fertilizers such as urea and

ZnS04.

53.2 Electrical conductivity

The EC of soil at 30 DAT showed a significant difference among treatments

under organic practices and under INM practices with treatment T6 recording the

highest EC which was on par, with treatments T? and Ts. Treatment Tio recorded the

lowest EC among the treatments. The increase in EC might be due to the increase in

total soluble salts after application of fertilizers under INM practices. At harvest, the

EC of soil declined in all the treatments and no significant difference was observed

among treatments.
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In strong acid soils, the EC of soil usually has low initial conductance. During

the first 4 weeks of flooding the EC of soil tend to increases about 2-4 mmhos cm"'

after which it declines sharply after draining the flood water (Poonamperuma 1972)

5.3J Organic carbon content

At 30 DAT the soil was under submergence and soil analysis was done to

determine the organic carbon content in the soil. There was a significant difference

among the treatments with treatment T4 having the highest organic carbon content

Treatment Tio (Control) recorded the lowest organic carbon content among the

treatments. The organic carbon content in soil at harvest was again analyzed and

the values were lower as compared to Organic carbon content at 30 DAT. This

might be due to the fact that submergence of soil slows down the decomposition

process of organic matter added as FYM.

Sahrawat (2004) reported that in tropical humid climate application of

organic manures in wetland rice cultivation significantly improved the OC content

as compared to soils under arable cropping under similar conditions owing to the

slow decomposition process under submergence.

5.3.4 Particle size

The particle size of soil analyzed at the initial stage, 30 DAT and after

harvest indicated that the soil belonged to sandy clay loam texture with no

significant differences in their sizes under the effect of different treatments

attributing to the fact that soil texture is a property of the soil that does not imdergo

changes easily.

5.3.5 Cation exchange capacity

The initial CEC of soil was very low with a value of 4.32 and at 30 DAT the

CEC gradually increased and then decreased after submergence. The increase in

CEC of soil during submergence may be due to the rise in pH in the soil. In a laterite
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soil with a 1:1 kalonitic group the charges developed are pH dependent, at higher

pH, the CEC of soil is relatively higher.

5.3.6 Nitrogen

At 30 DAT highest available N was observed in treatment T2 followed by

treatment T7. The lowest available N content was observed in treatment Tio. At

harvest, the treatment that recorded the highest available N was T? which was at

par with Te and Ts and the lowest available N content was in treatment Tin. The

results indicated that soil available N was higher in treatments under INM which

might be due to the application of fertilizers along with soil application of ZnS04

at the rate of 20 Kg ha*'. The soil available N increased when N was added in the

form of fertilizers and FYM (Chandrapala et al., 2010)

Adel (2016) reported that the highest N content in the soil after harvest was

recorded in treatments where soil application of zinc was done as compared to

control plots.

5.3.7 Phosphorus

At 30 DAT the treatments revealed a significant difference in the available

P in soil with treatment T? having the highest available P content which was on par

with Ts. The treatment with the lowest available P in soil was observed in Tio.

However, at harvest no significant difference was observed among the treatments.

In general, there is a decline in soil available P in all the treatments. The soil

available P ranged from 8.81 Kg ha"' (Tio) to 11.50 Kg ha"' (T?). At both 30 DAT

and harvest treatment Tio recorded significantly lower soil available P as compared

to treatments with Zn application. This result was in agre^ent with the findings

of Singh et al. (2013) who reported that available phosphorous content was

seemingly increased with the application of zinc.
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AmanuUah and Inamullah (2016) concluded that after the harvest of paddy

the highest soil residual P concentration was recorded in treatments with 15 kg Zn

ha"' and the lowest P concentration was in control plots.

The available P in the soil at harvest was lower as compared to the available

P in the soil at 30 DAT both under organic and INM practices. This might be due

to the drop in pH at harvest which may lead to fixation of P (Dixit, 2006).

5.3.8 Potassium

The effects of Zn application on the availability of soil potassium were

significantly higher in treatments under Zn application as compared to control at

both 30 DAT and harvest. The K content was higher in treatments under INM

practices as compared to organic practices and control treatment. At 30 DAT a

significant difference was observed among the treatments and treatment T2

recorded the highest available K in the soil. Lowest soil available K was recorded

in Tio. Similarly, at harvest the treatments showed a significant difference in the

soil available K with treatment Tg having the highest soil available K which was at

par with T2 and Te. This might be attributed to the application of K fertilizers in

these treatments. The treatment that received the lowest soil available K was

control. At harvest the soil available K was lower as compared to the 30 DAT

which may be due to the uptake of ion by the crops.

Adel (2016) reported in his experiment that the K content in the soil after

the harvest of rice was higher with soil application of Zn and the lowest K content

was in the plots where Zn fertilization was not done.

Chavan et al. (2018) reported that increasing dose of zinc sulphate from 10

to 30 kg ha*' increased the available potassium linearly. This result was supported

by Singh etal. (2013).
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5.3.9 Calcium

The availability of Zn in soil was higher at 30 DAT as compared to harvest.

At 30 DAT the soil available Ca ranged firom 193.33 mg Kg ' to 273.33 mg Kg"'

and at harvest it ranged fix>m 137 mg Kg"' to 148.6 mg Kg '. According to Islam

and Islam (1973) submergence of soil during rice cultivation led to the increase in

the Ca, Mg and K concentration in soil.

53.10 Magnesium

At 30 DAT the treatments revealed no significant difference in the

availability of magnesium in the soil. The available magnesium in soil ranged from

39.33 mg Kg*' (Ti) to 41.73 mg Kg"' (Tg). At harvest, there was a decline in

available Mg in soil Highest available magnesium content was observed in

treatment Te. Treatment Ti recorded the lowest available value of 37.33 mg kg''.

The increase in available Mg at 30 DAT might be due to the increase in the solubilty

of Mg^"^ ions in the soil during submergence.

53.11 Sulphur

At 30 DAT the soil application of Zn in the form of ZnS04 at the rate of 20

Kg ha*' had a significant effect on the availability of S in all the treatments except

treatment Tg and Tio. Treatment Te had the highest available sulphur in the soil

which was at par with all other treatments except with Tg and Tio (Control). This

might be because the soil application of ZnS04 has a residual effect on soil.

However there was no significant difference among the treatments at harvest. The

available sulphur in soil ranged from 3.60 mg Kg"'(Ti) to 5.8 mg Kg"' (T?). Sulphur

content in zinc sulphate might be the reason to increase the available sulphur

content in the soil.

These observations made were in agreement with the results found by

Chavan et al. (2018) and Singh et al (2013).
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5.3.12 Iron

At 30 DAT the treatments showed no significant difference in terms of

availability of iron in soil. The soil available Fe was higher at 30 DAT compared

to harvest. This might be attributed to the fact that when a soil is submerged there

is a reduction of iron (Fe^"*^ to Fe^'^ and the accompanying increase in its solubility.

It is evident that the concentration of Fe ion increases initially to some peak value

and thereafter decreases slowly with the period of soil submergence. At harvest the

treatments showed significant difference with treatment T3 recording the highest

value which was at par with Ts. T9 and T4

5.3.13 Zinc

The effects of different treatment on the availability of Zn in the soil at 30

DAT were significant. At 30 DAT the soil application of ZnS04 at the rate of 20

Kg ba*^ increased the available Zn in soil significantly in almost all the treatments

except for treatment T9 and control. The highest Zn concentration in soil was in

treatment Ts which was at par with Te. T4. T?. Ts and T3 while T9 recorded the least

Zn availability in soil. Similar results were reported by Husain et al, (2009) where

be reported that Zn being mobile in soil accumulates in the soil after its application.

At harvest also the treatments were seen to be significantly different The

treatment that recorded the highest available Zn was treatment T4 which was on par

with T3. The treatment showed the lowest soil available Zn in T? which were on par

with T2 and Ts. The treatments under INM practices recorded lower Zn content in

the soil as compared to treatments under organic practices. This may be because of

higher Zn uptake by the plants when applied along with NPK fertilizers and FYM.

5.3.13 Copper

The effect of different treatments showed significant difference in soil

available Cu at 30 DAT and harvest At harvest, the soil available Cu was higher

as compared to soil available Cu at 30 DAT. This may be due to the reason that
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when an acid soil is submerged, the release of copper decreases due to the gradual

increase in soil pH.

The present values were in accordance to fmdings of Saha and Mandal,

(2000) where it was reported that submergence of soil causes the rise of pH in acid

soils and drop in the redox potential of soil which reduces the water soluble and

exchangeable copper in the soil.

5.3.14 Manganese

The soil available Mn at 30 DAT was higher as compared to Mn content in

the soil prior to cultivation and after harvest. The initial increase in the

concentration of Mn^"^ recorded during submergence at 30 DAT may be due to a

drop in the redox potential of soil and subsequent reduction of Mn"*^ to Mn^^. After

submergence, there is a decrease of the Mn^^ which may be because of the

precipitation of Mn^* on MnCOs and Mn (0H)2 in the soil solution.

The reduction of Mn (IV) oxides to Mn (II), in submerged soils is

responsible for major transformations of manganese thereby increasing the

concentration of water-soluble Mn^^ ions. Within 1-4 weeks of submergence

almost all the EDTA-dithionate extractable manganese present in soils is reduced,

increasing the concentration of water soluble Mn^^. Following submergence, after

the flooded water is drained precipitation of manganous carbonate and reoxidation

of Mn^^ occurs by diffusion or mass flow to oxygenated interfaces in the soil (IRRI,

1964).

5.3.15 Boron

The B content in the soil gradually increases as compared to the initial B

content following submergence and then followed by a gradual decrease in the

content of B in the soil at harvest. This may be due to the rise in pH in acid soils

during submergence which increases the readily soluble B content in the soil. The

results were similar to the fmdings of Kalokhe (2017) who concluded that there was
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a significant increase in the average value of readily soluble B as compared with an

initial status of B at 30 days during submergence.

5.3.16 Silicon

At 30 DAT the silicon content in soil was higher compared to the initial Si

content and it gradually decreased after submergence. At harvest, the Si content

was even lower than the initial Si content in the soil.

In submerged conditions silica concentration in the soil solution showed a

slight increase after flooding as compared to the initial concentration and then

followed by a gradual decrease, and after submerging for several months the

concentration of silica may even be lower than the initial concentration prior to

flooding. After flooding the increase in the concentration of silica in soil solutions

may be attributed to the reduction of hydrous oxides of Fe (III) followed by the

release of silica (IRRI, 1964).

5.4 EFFECTS OF TREATMENTS ON PLANT NUTRIENT ANALYSIS

Zn fertilization with soil and foliar application under organic and integrated

nutrient management practices showed significant effects on the nutrients content

in the plant samples at different growth stages. The N content in shoots (tillering

and panicle initiation stage) and straw (harvest stage) showed considerable

difference between organic and INM practices. This may be due to the application

of both organic and inorganic sources of N under INM practices. At tillering and

panicle initiation treatment T? recorded the highest N content, however at harvest

stage Tg recorded the highest N content which indicates the effectiveness of foliar

spray of Zn at flowering stage. Similar trends were observed in treatments (Ti, T3,

T4 and Ts) under organic practices but recorded lower N content as compared to

treatments under INM practices. This was in accordance with the fmdings of

(Potarzycki and Grzebisz.,2009) and (Keram et a/.,2012) who concluded that the

increase in N content in shoots and straw may be due to the synergistic effect

between N and Zn which in turn may be because of the increase in enzymatic
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activity on application of Zn. The results were also supported by the findings of

(Ashoka e/ al, 2008), (Morshedi and Farahbeksha, 2010) and (Khan et al., 2002)

An experiment conducted by Rahman et al. (2002) showed higher nitrogen

content (straw and grain) in paddy with the apphcation of zinc sulphate along with

urea compared to the sole application of urea. Mollah et al. (2009) found

significantly higher nitrogen content in plants with the application of Zn. The

finding of Dash et al. (2015), Singh et al. (2013) and Ghasal et al. (2017) also

showed a similar trend with zinc application. Pooniya and Shivay (2013) observed

superior results with 2.0% ZnS04 enriched urea which yielded significantly higher

uptake in straw, grain as well as total uptake by the plant (straw + grain). The

increase in uptake attributed to an increase in concentrations of the nutrients in rice

and also due to the increase in grain and straw yield. It is evident that there is a

positive interaction between Zn and N which consequently led to the increase in

uptake of N by rice.

P content in shoots analyzed at the tillering stage was highest in treatment Tz

which was under the effect of soil application Zn, FYM, neem cake and NPK

fertilizers. This might due to the application of P nutrient both in organic and

inorganic for which may lead to the higher uptake of P by plants. However, the P

content in shoots (panicle initiation stage) and straw (harvest stage) was lower in

those treatments with the increase in the number of foliar application of Zn. At

harvest, treatment Ts recorded the lowest P content which may be due to the reason

that no fertilizers were added and triple foliar spray of Zn was applied in this

treatment. The results indicate that soil application of Zn did not affect the decrease

of P content in plant samples as much as the fohar application of Zn with increase

number of Zn applications. The antagonistic effect between P and Zn may be the

reason for the decline in P concentration in straw and grain. Zn has the ability to

control the absorption of P by roots which inhibited the P translocation from the

roots to the above plant parts through functional links in the membrane of the cell.

By decreasing the amount of P absorbed by the roots and inhibiting transport it

directly interferes with the P metabolism. Similar fmdings were reported by Keram
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et a/.(2012) and Fageria et al. (2008). Further, the decline in P uptake on the

application of higher Zn levels may be due to the antagonistic effect of Zn reported

by (Khan ei al, 2007) and Alam et al (2000). Similarly, Singh ei al (2009) reported

the antagonistic effect of phosphorous with zinc application and further observed

that soil application of zinc did not affect the decrease in phosphorous content as

much as foliar treatments.

The effect of soil and foliar application of Zn treatments on K content in the

plant samples showed a significant improvement both under organic and INM

practices as compared to control. At tillering stage basal application of zinc under

INM practices recorded the highest K content in Te which was on par with T?. The

potassium content in shoots (panicle initiation stage) and straw (harvest stage)

increased with the increased number of foliar spray in treatments under INM

practices. This may be due to the synei^istic interactions between K and Zn which

were similar to the results of (Srivastava et al, 1999., Yaseen, 1999., Khan et al.

2007 and Keram, 2012). Several enzymes in the plants which require Zn are

associated with the metabolism of carbohydrates in the plant tissues particularly

leaves by maintaining water balance in the soil-plant-atmosphere continuum,

imparting K in storaata regulation, phloem export of assimilation from the leaves

into the sink organs. Zn sufficiency is also positively correlated with potassium

efflux from roots, shoots into the growth medium. Zn uptake facilitates the K

movement in the guard cells of stomata (Ali et al., 2011).

Keram et al (2012) found that in comparison to the control, the

recommended dose of NPK along with Zn application at the rate of 20 kg ha*'

resulted in maximum uptake of N, K and Zn with 123.19, 90.96 and 327.74 kg ha"

respectively. However, the highest total uptake of P was recorded in the control

attributing to 19.27 kg ha ' and increasing Zn levels resulted in a decline in the value

of P uptake. The increase in total N uptake by the plants could be due to the

synergistic effect with Zn whereas the increase in K may be due to the positive

interaction of K and Zn.
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In terms of secondary nutrients content in plants, application of Zn showed

a significant difference in almost all the growth stages. Comparatively, the effects

of combined soil and foliar application of Zn along with NPK showed higher Ca

contents in plant samples at all the growth stages. Treatment 76 recorded the

highest Ca content in shoots (tillering and panicle initiation stage) and straws

(harvest stage). A study conducted by Singh and Singh (2005) showed that the

application of ZnS04 at the rate of 25 Kg ha'' increased the Ca content in rice

compared to the control.

Similarly, Mg content in plants samples was enhanced with Zn fertilization

at all the three stages of the crop growth as compared to treatment with no 21n

application. At tillering, 72 (soil application of 20 kg Zn ha*' along with NPK

fertilizers as per POP KAU) recorded the highest Mg content in shoots. Treatments

T? and Ts recorded the highest Mg content at panicle initiation and at harvest stage

respectively, which shows that Zn fertilization enhanced uptake of Mg. Positive

interactions of Zn and Mg in plants was also observed by Merrill et al. (1953) and

Singh and Singh (2005).

The effects of Zn fertilization on the S content in shoots and straw was more

significant in those treatments with more than once the foliar application of ZnS04

at the rate of 1%. At tUlering stage no significant difference was observed in S

content in the shoots. At panicle initiation and harvest, a significant increase in S

content was observed in treatments with double spray and triple spray of ZnS04

under organic and INM practices.

Iron toxicity is often related to zinc deficiency in rice cultivation. Dissolved

ferrous iron is taken up by the plant especially at low oxygen levels and pH. A high

concentration of ferrous iron in the root zone forms iron plaques which prevent the

plant fiom taking up other nutrients such as Zn (Hagnesten, 2006). Combined soil

and foliar application of Zn along with NPK fertilizers as per POP KAU recorded

lower Fe content in shoots and straw as compared to control treatment at all growth

stages. Treatment Ti recorded the lowest Fe content at tillering and panicle
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initiation and treatment Tio (Control) recorded the highest Fe content in shoots and

straw at tillering and harvest stage. This may be a result of a balanced nutrient

application ofNPK fertilizers with Zn fertilization along with soil amendments like

lumng. Shahid ef al. (2014) reported that Fe toxicity in rice is corrected through

the application of certain plant nutrients such as Zn, K and Mn along with

recommended doses of NPK fertilizers which in turn increases the yield of rice

cultivars. Similar results were also reported by Sedberry et al., 1971.

Zn application either as soil application or combined soil and foliar Zn

application showed significant uptake of Zn by shoots and straw both under organic

as well as INM practices as compared to the control. At tillering stage T? recorded

maximum Zn content in the shoot which was on par with treatment T9. Tg and Ts.

At both panicle initiation and harvest treatment Tg recorded the maximum Zn

content. This might be due to the availability of Zn at all growth stages either fix)m

soil or from foliage. Zn fertilization showed higher Zn uptake with INM practices

as compared to the treatments with organic practices. This might have resulted due

to a balanced application of nutrients which increases Zn uptake by rice. The lowest

Zn uptake was observed in control. The experiment conducted by Sahu et al. (1996)

on Inceptisol and Vertisol showed a significant increase in the Zn uptake by rice

with Zn application and recommended NPK doses. Foliar application of Zn at

tillering, panicle initiation and flowering stage gave the highest result in the uptake

of Zn by paddy. The highest Zn concentration in paddy was acliieved with foliar Zn

spray that was applied at four stages viz panicle initiation, booting, 1 to 2 WAF

reported by Cakmak (2007).

The effects of Zn fertilization particularly the foliar application of Zn

seemed to show an antagonistic effect with Cu uptake by plants. At tillering stage

no significant difference was observed atnong the treatments but treatment T9

(application of foliar spray of Zn at nursery) recorded the lowest Cu content. At

panicle initiation, the treatment that recorded the lowest Cu content was T3 (organic

POP + soil application of Zn -fsingle spray of Zn) which was on par with Tg (POP
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KAU + soil application of Zn + triple spray of Zn). The results indicate that Cu

content in shoots and straws were lower with an increase in Zn fertilization.

Similar observations were made by Ping et al. (2008) who reported a decline

in copper content with increase in zinc content and this result appeared to be at par

with the observations made by Mollah et al. (2009).

Chaudhry et al. (1972) reported that although zinc application increased the

zinc status of plants it was responsible for the reduction of copper contents in the

plants. Therefore Zn can also reduce the rice yield due to this antagonistic effect of

zinc on copper.

Soil and foliar application of Zn with organic and INM practices showed

significant differences in all the treatments. Treatment Tlo (control) had the lowest

Mn content at all the growth stages of rice. The result shows that the application of

zinc affects the manganese content linearly. Meena et al. (2017) also reported a

synergetic effect of Zn on Mg content in plants.

Application of Zn individually as a soil application or combined soil and

foliar application enhanced B uptake in plants in most treatments. At tillering, the

highest boron content in shoots and plants was recorded in Ti (Zn treatment along

with application of NPK fertilizers done as per the POP KAU along with soil

application of zinc at the rate of 20 kg ha"') gave the highest B concentration in

shoots and was at par with all the treatment except T? and Tio and the lowest B

content was recorded in Tio. Similarly at panicle initiation, T9 recorded the lowest

B content. The results indicate that Zn is beneficial for the uptake of B especially

with increased numbers of application. Uptake of boron by plants with sufficient

stores increased with Zn application (Rengel et al, 1998)

At tillering and panicle initiation no significant difference was recorded

among the treatments. At harvest significant difference was recorded in the silicon

content in the straw. The maximum silicon content was recorded in treatment Tz

which was on par with all the treatments except control. A significant increase in

silicon content in straw was observed when zinc was applied at the rate of 7.5 kg
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ha'' compared to control. A similar trend was observed in grains and roots.

Application of zinc fertilizer may lead to better plant growth by enhancing auxin

production and thereby increased nutrient uptake. The highest silicon uptake was

recorded with application of zinc at the rate of 7.5 kg ha"'. The results were on par

with the observations made by Ghasemi et al. (2013).

5.6 EFFECTS OF TREATMENTS ON GRAIN AND COOKED RICE

Grain analysis was done to test the effect of different treatments of zinc and

its effect on phosphorus content in grain which generally show an antagonistic

effect in grains.

The effects ofdifferent treatments showed a significant increase in Zn

content on grain except for the control. The results revealed that application of

foliar spray of ZnS04 at the rate of 1% done at tillering, panicle initiation and

flowering recorded the highest 2si content on grain. The Zn content was lower with

organic practices as compared to INM practices. This might be due to the

application of NPK fertilizers along with FYM at a recommended dose as per POP

KAU which increased the uptake of Zn.

The phosphorus content on grain was highest in treatment T: and lowest P

content was in treatment Ts. This might have resulted because of increase in the

number of application of foliar spray of Zn. Similar results were also reported in

the finding of Hoseinzade et al, (2014) who concluded that fertilization of paddy

with Zn fertilizers significantly decreased the uptake of phosphorus by rice in straw

and grain. Comparatively, the treatment that recorded the highest concentration of

phosphorus in straw (11.85%) and grain (0.44%) was in control.

The cooking of rice is always accompanied by the reduction of several key

nutrients, especially in vital vitamins and minerals. Similar trends were also

observed in the Zn content of cooked rice where the reduction of the amount of Zn

after cooking accounted for nearly about 40 per cent. Jena et al., (2006) also

reported similar results that cooking of rice resulted in a reduction in Zn content
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which accounted for 36 per cent. The highest Zn content after cooking was in Ta

and the lowest was recorded in control.

105



jc^S^



6. SUMMARY

The salient findings of the present research study entitled "Bioforlirication

of rice (Oryza sativa) with zinc under organic and integrated nutrient management

practice" are summarized in this chapter.

The field experiment was conducted in Regional Agricultural Research

Station, Pilicode during June 2018 to October 2018 with the main objective to study

the effects of zinc fertilization on nutrient zinc content in the rice grains. The

investigation was carried out using Uma variety which is one of the leading

consumed rice variety in the state of Kerala. The experiment was conducted using

RBD consisting of ten treatments having three replications. The treatments

consisted of zinc fertilization as soil application and combined soil and foliar

application under organic (organic POP) and INM (POP KAU) practices. The

layout of the experimental field was planned in such a way that three plots each of

4  were maintained in a single row and the entire experimental plot consisted of

10 such rows. After land preparation, application of lime was done followed by

incorporation of FYM. Prior to the transplanting, the seedlings were maintained in

the nursery for 24 days. At nursery stage, a portion of the seedlings was maintained

separately for the application of foliar spray of ZnS04 at the rate of 1 % for treatment

T9. After transplanting basal application of recommended dose of NPK fertilizers

was done as per POP KAU which was then followed by soil application of ZnS04

at the rate of 25 Kg ha ' at 7 days after application of NPK fertilizers. Foliar spray

of ZnS04at the rate of 1 % was done at tillering, panicle initiation and flowering

stages of the crop growth.

Soil analysis was conducted before rice cultivation, at 30 DAT and after

harvest to study the effects of different treatments on various physical and chemical

properties of soil and its fertility status.

The soil analysis results obtained at 30 DAT showed a gradual increase in

the soil pH compared to the initial pH. The oiganic carbon content in soil was also

106



highest during this stage as compared to the initial OC content of the soil. The

concentration of available major nutrients (N, P and K) in soil was significantly

higher in those treatments where soil application of ZnS04 at the rate of 25 Kg ha'

' was carried out under INM practices. Similarly, the concentration of soil available

Zn was significantly increased in all the treatments except for treatment T9

(application of Zn at nursery) and control. Due to the rise in pH during flooding

several nutrients like Fe, Mn and Si in soil were improved significantly except for

Cu.

At the harvest stage, soil analysis results revealed a decline in pH and OC

content which was even lower than the respective initial value. This drop in pH and

OC content of the soil was also accompanied by a decline in the concentration of

most soil available nutrients (except copper) as compared to the concentration of

nutrients at 30 DAT.

Biometric observations were also taken at tillering, panicle initiation,

flowering and harvest stage to check the effects of different treatments on growth

and yield parameters of rice. Observations like plant height and number of tillers

per hill were taken at different growth stages. Other observations like the number

of panicles, test weight of grains, straw and grain yield were taken at harvest stage.

Soil and foliar application of Zn significantly enhanced plant growth

parameters like plant height and number of tillers per hill however, Zn fertilization

under INM practices were more effective as compared to treatments under organic

practices. At harvest stage, the highest plant height (99.91 cm) and the maximum

number of tillers per hill (15.66) were recorded in treatment Ts.

Similar trends were recorded in other observations like the number of

panicles, test weight of grains, straw and grain yield where Zn treatment under INM

practices showed better yield than organic practices and control. The treatments

that recorded the maximum number of panicles and test weight were Tg (15.56) and

T? (27.10 g) respectively. Highest grain yield among the treatments was recorded

in treatment T7(6.79 t ha"').
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The effect of different treatments on the nutrient content in shoot, straw and

grain were also studied at different stages of crop growth. Plant analysis results

revealed that Zn fertilization under INM practices significantly enhanced N, K and

Zn content in plants. The treatments that recorded the highest N content in the straw

at harvest stage was treatment Ts which was superior over ail the other treatments.

Lowest N content in straw was recorded in Tio (Control). At harvest highest K

content in straw was recorded in treatment Ts (applying fertilizers and memures as

per POP KAU + soil sq^plication of Zn at the rate of 20 Kg ha ' -H triple spray of

ZnS04 at 1%) which was on par with treatments Ti and T?. At harvest stage

treatment Ts was significantly superior over all the other treatments in terms of Zn

concentration it recorded a value of 85.73 mg Kg*' in straw followed by treatment

T?. Lowest Zn concentration in straw was recorded in treatment Tio with a value

of 56.26mg Kg '.

Antagonistic interactions between P and Zn were observed from the plant

analysis results. An increase in the Zn application resulted in lower P content in

shoot and straw. At harvest stage P content in straw was significant higher in

treatment Ti (applying fertilizers as per POP KAU + soil application of Zn at the

rate of 20 Kg ha*') and the lowest content of P in straw was recorded in Ts (applying

manures as per POP KAU + soil application of 2!h at the rate of 20 Kg ha"' + triple

spray of ZnS04 at 1%)

One of the main objectives of this experiment is to check the Zn nutrient

content in rice grain under the effect of different Zn treatments. Zn analysis was

done to check its content in the grain and cooked rice. The results revealed that

triple foliar spray of ZnS04 along with soil application of ZnS04 under INM

practices recorded the highest Zn content in grain (49.86 mg kg*') as well as cooked

rice (28.52 mg kg"') and was superior compared to other treatments.
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8. ABSTRACT

An investigation entitled "Biofortification of rice [Oryza sativa) with zinc

under organic and integrated nutrient management practices" was carried out in

Regional Agricultural Research Station (RARS), Pilicode during June to October

2018. The study was conducted in rice variety Uma (MO 16). The main objective

of this research was to check the zinc nutrient content under organic and integrated

nutrient management practices (INM).

The field experiment was laid out under Randomized Block Design (RED)

with nine treatments and one control each replicated three times. The treatments

consisted of soil application of Zn and combined soil and foliar application of Zn

under organic (Organic Package Of Practice) and INM practices (Package Of

Practice Kerala Agricultural University). Zn was applied as zinc sulphate (ZnS04)

at the rate of 1 per cent and 20 kg ha ' as foliar application and soil application

respectively. Foliar application of ZnS04 was done at three growth stages of rice

viz tillering, panicle initiation and flowering stage. Single foliar application of Zn

was done at only tillering stage. Double foliar application of Zn was done at

tillering and panicle initiation stages and triple foliar application of Zn was done at

all the three growth stages.

The effect of different treatments significantly influenced plant growth

attributes like plant height, number of tillers per hill and panicles per hill. At harvest

stage, the highest plant height (99.9 cm) was recorded in Ts (POP KAU + soil

application of Zn + triple foliar spray of Zn) which was on par with T?. The

minimum plant height was recorded in control (92.3 cm). Similarly, the maximum

number of tillers per hill (15.5) and maximum number of panicles per hill (15.5)

was recorded in Ts at harvest stage. Soil and foliar application of Zn along with soil

application of NPK fertilizers as per POP KAU significantly improved the grain

yield and other crop yield attributes. The treatment that recorded the highest grain

yield was Ts (6.7 t ha"') which was superior as compared to other treatments. The

treatments that recorded the highest straw yield (6.5 t ha*') and highest 1000 grain

weight (27. Ig) was with treatment T?.
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The nutrient content in the plant samples (shoot and straw) analyzed at

different growth stages of paddy was studied. The results revealed that nutrient

content of N, K and Zn was highly improved in treatments under INM practices. At

the harvest stage, treatments T? recorded the highest N (0.62 %) and K (1.9 %)

whereas Zn (85.7 mg kg ') content in straw was highest with treatment Ts.

However, the nutrient content of P in plant samples declined with the increase in

the number of foliar application of Zn. The treatment that recorded the lowest P

content (0.19 %) in the straw at harvest was Ts (Organic POP + soil application of

Zn + triple foliar application of Zn).

The effect of treatments on Zn and P content in rice grains were also studied

Grain analysis results revealed that the treatment that recorded the highest Zn

content (V9.8 mg kg"') was in Ts and the lowest Zn content (18.2 mg kg"') was

recorded in Tio (control). Similarly, P content was also analyzed in rice grains to

study the interaction between Zn and P. The treatment that recorded the highest P

content (0.61 %) in the grain was T2 and lowest P content (0.44%) was recorded in

Ts.
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APPENDIX-I

Effect of soil and foliar application of zinc under organic and integrated

nutrient management practices on B:C ratio

Treatments
Cost of cultivation

(Rs ha"^)

Gross returns

{Rs ha'^)
B:C ratio

Ti-Organic POP + soil
application of Zn

128590 128000 1.04

Tj - POP(KAU-20161 + soil

application of Zn
165780 132000 1.26

T3 - Tl+ single foliar

application of Zn
159140 128800 1.24

T4-T1+ double foliar

application of Zn
171210 129550 1.32

Ts-Tl+ triple foliar

application of Zn
171770 130350 1.32

Te - T2+ single foliar
application of Zn

197555 137800 1.43

T7-T2+ double foliar
application of Zn

192530 138600 1.39

T8-T2+ triple foliar
application of Zn

211965 139400 1.52

Tg • Application of zinc in

nursery

176990 128000 1.38


