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I. INTRODUCTION

1

A wetland is an ecosystem that arises when inundation by water produces soils 

dominated by anaerobic processes, which in turn forces the biota, particularly rooted plants to 

adapt to flooding. Wetlands, facing several threats are highly fragile complex systems that 

provide variety of services to the society. However, the global area of wetlands has decreased at 

an ever increasing rate during the course of the country. Of the total wetland area lost, 87 per 

cent accounts for the diversion to agricultural development, 8 per cent to urban development and 

5 per cent to other conversions (Barbier, 1977). As growing demand for food production 

accentuates preservation of wetlands and the interaction between rice cultivation and wetlands 

assume greater importance.

The Kole lands a unique wetland ecosystem of Kerala, is located 0.5-l.Om below mean 

sea level. Geologically, Kole is a low lying area with rich alluvium deposits brought along by 

Kecheri and Karuvannur rivers. It extends to an area of 13,632 hectares, spread over Thrissur and 

Malappuram districts of Kerala. This complex ecological system lies submerged under water for 

about six months in a year rendering the properties of both terrestrial and aquatic ecosystem. The 

cyclical nutrient recharging of the wetland during the flood season rendered the areas as one of 

the most fertile soils of Kerala. Based on the textural analysis, Kole land soil has been classified 

into clay, sandy loam, sandy clay loam and clay loam (Sheela, 1975).

Soil acidity, toxicity of iron and manganese and deficiency of potassium are the major 

soil factors limiting the productivity of rice in Kole lands. Use of chemical fertilizers per hectare 

of rice in Kole lands is found two times more than that of all Kerala average. While the quantity 

of chemical fertilizers used is 123 kg/ha for Kerala (CACP, 2010), it is as high as 282 kg ha' 1 for 

Kole lands (Srinivasan, 2011). Large scale use of fertilizers containing only major nutrients can 

result in the deficiencies of secondary and micro nutrients (Ponnusamy, 2006), The incidence of 

micro nutrient deficiencies has increased markedly in recent years due to intensive cropping, loss 

of top soil by erosion, loss of micro nutrients through leaching, liming of acid soils and 

decreased proportion of manures compared to chemical fertilizers. Factors such as pH, redox
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potential, CEC and clay content are important in determining the availability of nutrients 

(Fageria et al., 2002).

Magnesium has important role in photosynthesis due to primary constituent of 

chlorophyll. Application of silica and higher levels of potassium has been found to ameliorate 

the limiting influence of Fe and Mn enabling increased rice production (Lakshmikanthan, 2000). 

Magnesium alone and in combination with silica have been reported to increase the productive 

factors of rice. Several studies conducted revealed that application of boron to rice reduced 

panicle sterility and enhanced the yield.

By the time the deficiency symptoms of a particular nutrient appear on the plant, the crop 

might have undergone considerable damage in respect of its ultimate yield. It is therefore, 

desirable to test soils for their available nutrient status before sowing or transplanting a crop 

inorder to ensure timely corrective measures (Muralidharan and Jose, 1994). Application of 

higher dose of K along with secondary and micronutrients and silica will provide a nutrient 

management strategy for soil amelioration and balanced supply of nutrients to enhance the 

productivity of rice in Kole lands.

It is in this context, a holistic study on the comparative evaluation of soil ameliorants and 

nutrient management was taken up in Kole lands with the following objectives.

1) To study the effect of soil amelioration and nutrients viz. Ca, Mg, B and Si on growth,

nutrient uptake and yield of rice in Kole lands.

2) To develop a nutrient management schedule for higher productivity of rice in Kole lands.

2
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Kerala, despite being a small land area o f 38864 km2, is bestowed with a vast network 

of backwaters, lagoons, natural lakes, rivers and canals. Occurrence o f two distinct rainfall 

periods i.e., southwest and northeast monsoons, results in near water- logged conditions in 

almost 20 per-cent of the geographical area o f the state. Thus as much as one fifth of the total 

land mass is wetlands (Freyfogle, 2007).

Wetlands in Kerala come under Central-Asian-Indian Flyway. Hence kole wetland is 

one such area with high importance. The Kole wetlands are spread over two districts, 

Thrissur and Malappuram and extends from northern banks o f Chalakudy River to southern 

banks of Bharathapuza River in the north. Out of the total wetland area o f 5.7 lakh ha 

identified in the state, 0.72 and 0.66 lakh hectares are located in Thrissur and Malappuram 

districts, respectively. Under this wetland area, 61 and 48 percent area is under rice in the 

respective districts. The Kole constitutes 4.09% o f the total rice area in the state and the Kole 

area in Thrissur and Malappuram districts represents 23.2%  and 10.9% of the total rice area 

of the respective districts. (F.I.B, 2002; K.S.I, 2000). The area lies between 10° 201 and 10° 

401 N latitudes and 75° 581 and 76° l l 1 E longitudes. It forms the ‘rice granary’ of Thrissur 

and Malappuram districts (Binilkumar et al., 2010).

A peculiar type o f cultivation is carried out in Kole lands during the months from 

December to May. During June to November, i.e., for a period o f almost six months, a major 

portion of this land lies submerged under water. These lands were formerly shallow lagoons 

that got silted up gradually. Kechery and Karuvannur are the two rivers which bring flood 

water into the area and finally it is emptied into the Arabian Sea (Sivaperuman and Jayson, 

2000).

Rice is a major crop cultivated in this region after dewatering of fields. Cyclical 

nutrient recharging o f the wetland during the flood season rendered these areas as one of the 

most fertile soils of Kerala.

Use of chemical fertilizers per hectare o f rice in kole lands is found to be two times 

more than that o f national average. While the quantity of chemical fertilizers used is 123 kg 

ha 1 for Kerala (CACP, 2010), it is as high as 282 kg ha"1 for kole land (Srinivasan, 2011).
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Large scale use o f fertilizers containing only major nutrients can result in the 

deficiencies o f secondary and micro nutrients (Ponnusamy, 2006). The incidence o f micro 

nutrient deficiencies has increased markedly in recent years due to intensive cropping, loss of 

top soil by erosion, loss of micro nutrients through leaching, liming of acid soils and 

decreased proportion of manures compared to chemical fertilizers etc. (Pushparajah, 1998).

Apart from major nutrients, Ca, Mg and S also play an important role in rice nutrition. 

Micro nutrients viz., Fe, Zn, Cu, B, Mo, Mn and Cl are required by plants in very small 

amounts in comparison to major nutrients, but not in the sense of their minor importance in 

plant life (Bhatt, 2011). Silicon is also reported to be highly beneficial to rice. In this chapter 

an attempt is being made to trace the available research information on these lines o f work. 

Since the study is mainly focused on soil amelioration and nutrient management of rice in 

kole lands, a more detailed review on nutrients K, Ca, Mg, Fe, B and Mn is given in this 

chapter.

2.1 Crop growth and yield limiting factors of Kole lands

The productivity of rice in laterite soils is seriously affected because of several 

limiting factors associated with soils. These include the characteristic physico-chemical 

properties of the soils including nutrient toxicities. Soil acidity, toxicity of iron and 

manganese and potassium deficiency are the major soil factors limiting productivity of rice in 

kole lands (Johnkutty and Venugopal, 1993). Here comes the need to ameliorate the soil so as 

to supply balanced amounts of nutrients which enhance productivity o f rice in kole lands.

2.1.1 Soil Acidity

Soils of kole lands are acidic in nature with pH ranging from 4.5-5.5. The low 

productivity of laterite and allied soils can generally be attributed to low pH, low base 

saturation, low available P and high P fixing capacity and toxicity o f Fe and Al. Moderate to 

high acidity of laterite soils also causes serious problems in major rice growing areas 

especially in kole lands (Patnaik, 1971).

Jacob (1987) reported that because of low pH and lower organic carbon content, the N 

content, CEC and C: N ratio were low in laterite soils. He also observed very low total 

reserves of CaO, MgO, K2O and P20 5 in Kole laterite soils.



2.1.2 Toxicity of iron and manganese

Iron is an important micronutrient but in excess concentration it affects the growth 

and yield of rice in laterite soils o f Kerala. Pathirana et al. (1995) found that Fe uptake was 

positively correlated with Fe concentration and deposition was greater in roots than shoots. 

Das et al. (1997) reported that Fe content of plants significantly decreased in heavy textured 

soils indicating a positive influence of the soil clay content towards reducing Fe content in 

the plant.

Anilakumar et al. (1992) reported that high level accumulation of excess iron 

occurred in early stages o f rice but the content declined as growth advanced, they also 

reported that high content of iron in plants led to degradation of chlorophyll ‘a ’ which had 

been identified as physiological cause for low productivity of rice in laterite soils. Singh 

(1992) found that iron toxicity resulted in decreased number of panicles and filled grains, 

delayed crop maturity and yield reduction o f 1-2 t ha '1.

Mn content o f Kerala state ranges from 0.2-20ppm (Rajagopal et al., 1977). Excess 

Mn hindered the translocation of iron by causing iron in the plant root, which will be 

converted into an insoluble form (Somer and Shive, 1942). A study conducted by Moormann 

(1963) in acid sulphate soils showed that excess Mn concentration and its increased solubility 

caused toxicity to rice plant.

2.1.3 Deficiency of potassium

Iron toxicity is accompanied by potassium deficiency and high levels o f iron 

depressed potassium absorption leading to low productivity of rice (Mengel and Krikby, 

1982). Potassium deficiency led to decreased plant height during panicle initiation, flowering 

and harvesting stages. It also decreased panicle weight, filled grains per panicle and grain 

weight. Nogushi and Sugawara (1966) found that K deficiency reduced the accumulation of 

silicon in the epidermal cells making the plants more susceptible to pests to diseases.

2.2 Effect of primary nutrients on growth and yield of rice

2.2.1 Effect of nitrogen

The total N content in soil varies from traces to 1-2 per cent depending upon the C: N 

ratio of soil organic matter (Prasad, 2007). N is essential constituent of amino acids, nucleic 

acids, nucleotides and chlorophyll and is closely related to photosynthetic rate (Coumaravel
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et al., 2004). It promotes increased plant height, number of tillers, spikelets per panicle, 

percentage of filled spikelets per panicle and yield (Dobermann and Fairhurst, 2000).

The optimum ranges of N content in rice at tillering, flowering and maturity are 2.9- 

4.2, 2.2-3.0 and 0.6-0.8 per cent respectively. The critical level o f deficiency of nitrogen at 

tillering stage is less than 2.5 per cent (Dobermann and Fairhurst, 2000). Nitrogen is the most 

yield limiting nutrient in lowland rice production. Intensive agricultural production systems 

have increased the use of nitrogen fertilizer in order to sustain high crop yields (Fageria et al., 

2010). Yadav and Choudhary (2012) reported that Nitrogen Use Efficiency in water logged 

rice was 30-35 per cent. Low recovery o f N is associated with its loss by volatilization, 

leaching, surface run off, immobilization and denitrification.

2.2.2 Effect of Phosphorous

The total P content in surface soil may vary from traces to over 3.58 mg kg ' 1 (Tomar, 

2000). The forms of phosphorus in soil can be organic and inorganic. The source of organic P 

is inositol phosphates, nucleic acid, phospholipids etc. Inorganic P occurs as compounds of 

Ca, Fe and Al (Shujie, 2012). Dixit (2006) reported that phosphorus become immobile and 

unavailable to plants due to low pH and dominance of active forms of Al and Fe.

Phosphorus is an essential constituent of adenosine triphosphate (ATP), nucleotides, 

nucleic acids and phospholipids. Its major functions are in energy storage and transfer and 

membrane integrity. P is mobile within the plants and promotes tillering, root development, 

early flowering and ripening. Saleque et al. (2006) reported that about 2.5-3.5 kg P is 

required to produce one tonne o f rice and it depletes about 7-8 kg P ha' 1 when P fertilizer is 

not used.

Dobermann and Fairhurst (2000) reported that the optimum ranges o f P content in rice 

at tillering, flowering and maturity are 0.20-0.40, 0.20-0.30 and 0.10-0.15 per cent 

respectively and the critical level o f deficiency of P at tillering stage is less than 0.10 per 

cent. P deficient plants are stunted with reduced tillering. Cong et al. (2011) found that P 

fertilization increased grain yield significantly (up to 60 kg P2O5 ha '1).

2.2.3 Effect of Potassium

Among the major plant nutrients, potassium is the most abundant plant nutrient in 

soils. It constitutes an average of 1.9 per cent of the earth's crust. As a result of its structural



7

ionic nature, K+ has functions particularly related to the ionic strength of solutions within 

plant cells (Tisdale et al., 1993). Potassium is essential for the physiological functions o f 

carbohydrate metabolism and synthesis of proteins, regulation of activities of various 

essential mineral elements, activation of various enzymes, promotion of meristamatic tissues 

growth and adjustment of stomatal movement and water relation (Havlin et al., 2006).

Ravichandran and Sriramachandrasekharan (2011) reported that the optimum ranges 

of K content in rice at tillering, flowering and maturity are 1.8-2.6, 1. 4- 2.0 and 1.5- 2.0 per 

cent respectively and the critical level of deficiency of K at tillering stage is less than 0.15 per 

cent. Tanaka et al. (1997) reported that the rice plant was characterized by its high capacity 

of absorbing as well as exhausting K and thereby tend to maintain the K concentration of the 

plant at a constant level. When the K concentration in the rice plant was forced to be low, its 

relative growth increment decreased drastically, A positive response o f rice to K application 

was observed by Su (1976).

Vijayan and Sreedharan (1972) and Venkatasubbaiah et al. (1982) observed 

significant increase in rice plant height with increase in the levels o f potassium. A positive 

correlation between K application and leaf area index in rice was observed by Mandal and 

Dasmahapatra (1983). Ray and Choudhari (1980) reported increase in chlorophyll content in 

the flag leaf due to K application. Mengel et al. (1981) reported that potassium checked the 

chlorophyll degradation, promoted the synthesis of chlorophyll and increased the rate of 

translocation of amino acids to the grain and higher protein formation.

Potassium application positively influenced yield attributes in rice. Potassium 

absorbed at the maximum tillering stage increased the number o f panicles, spikelets per 

panicle and weight of grain (Su, 1976; Mandal and Dasmahapatra, 1983). Verma et al. (1979) 

observed longer panicles with increased K rates. Mithra et al. (1990) evaluated the effects of 

higher levels o f K (0 to 160 kg ha '1) on rice in an iron toxic laterite soil and reported that Fe 

toxicity symptoms decreased with increasing K application.

John et al. (2004) revealed that potassium influenced the use efficiency o f other 

nutrients. They also reported that the ill effects of Fe can be reduced by K fertilization. High 

level o f K was reported to decrease Fe uptake and helped to maintain K/Fe ratio in plants. 

Higher rate of K application increased the efficiency o f N, P and Zn in laterite soils o f Kerala 

(Mathew, 2002 and Deepa, 2002). Bridgit and Potty (2004) reported that increasing the levels 

of K increased the yield attributes and yield of rice. Manzoor et al. (2008) reported that the
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efficient potassium uptake by rice was obtained when potassium was applied at maximum 

tillering stage (25 DAT) and at panicle initiation stage (45 DAT).

Ravichandran and Sriramachandrasekharan (2011) reported that to produce the 

maximum number of spikelets per panicle, the K content o f mature leaves should be more 

than 2 per cent at booting stage. They also reported that the critical level for K in straw at 

harvest is between 1.0 - 1.5 per cent but to obtain yields more than 7 t ha"1 requires more than

1.2 per cent o f K in the in the flag leaf and straw at flowering and at harvest respectively.

Potassium application must be done to realize full yield potential o f crops in soils with 

low levels of both exchangeable and non exchangeable K (Rao et al., 2010). Arivazhagan and 

Ravichandran (2005) reported that nutrient uptake and grain and straw yields increased with 

increased levels of N  and K. Muthukumararaja et al. (2009) reported that the addition of 50 

kg K2O ha' 1 recorded the highest LAI, chlorophyll content, grain (5621 kg ha"1) and straw 

yield (9077 kg ha"1) in rabi season.

Dutta et al. (2013) reported that application of 37.5 kg K ha' 1 recorded significantly 

higher growth, yield attributes, yield and nutrient uptake as compared to lower levels of 

potash at 27.5 kg K ha '1. Further application of potassium in 3 equal split (1/3 as basal + 1/3 

at maximum tillering + 1/3 at panicle initiation stage) resulted in 5.5 to 13.2 per cent increase 

in grain yield over the other application timings.

The interaction between nutrient elements can be synergistic or antagonistic and the 

type of interaction is usually characteristic o f the plant species (Emmert, 1961). The main 

effect o f nutrients is often unrelated to their interaction and interactive effect may not decline 

with increasing rates of addition o f that nutrient (Mandal et al., 2002).

Salplarinliana et al. (2006) reported that the combined application of N and K showed 

the highest percentage o f soil organic matter with 60 kg N+ 40 kg K ha"1, while 90 kg N + 60 

kg K ha’ 1 gave the highest soil available NPK, grain yield and straw yield of rice.

Bahmaniar and Ranjbar (2007) found that the simultaneous application of N and K 

increased grain yield, plant height, shoot dry matter and harvest index under field conditions 

and plant height, length o f flag leaf and shoot dry matter under pot culture in rice. Zhiming et 

al. (2007) found that the tiller number and dry weight of leaves o f rice increased with the 

increased rate of N and K fertilizer application and they concluded that the optimum rates of 

application were 1.8 kg N and 1.6 kg K20  for production of 100 kg grain in high fertile soil.
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Kavitha et al. (2008) reported that the application of N and K in 4 equal splits at active 

tillering, panicle initiation, booting and flowering stages recorded higher yields o f 7484 kg 

ha'1 in kharif and 7154 kg ha '1 in rabi, respectively.

Muthuswamy et al. (1974) indicated that potassium application was correlated with 

the uptake o f N, P and K by rice. Sindhu (2003) reported that P at 17.5 kg ha"1 and K at 70 kg 

ha '1 interacted to produce highest content of 0.23 per cent of K in the kernel. Application of 

35 kg ha '1 of K gave the highest Mg content of 0.08 per cent. The content remained same 

when P was applied at 35 kg ha '1 along with K at 70 kg ha '1.

Krishnakumar et al. (2005) found that the application o f 150:75:50 kg N: P2O5 : K2O 

ha'1 gave the highest grain yield.of rice. The treatment with 150:50:50 kg N, P2O5 and K20ha_1 

showed the highest total P and K uptake. The N: P205: K20 application rates of 200:75:75, 

200:100:100 and 200:50:75 kg ha' 1 respectively resulted to higher soil available N, P and K. 

in post harvest soils.

Kalita (2007) reported that the application of NPK at 40:20:20 kg ha' 1 gave the 

highest nutrient uptake and grain yield of rice when compared to the other fertilizer 

treatments. Sangwan et al. (2007) found that the higher grain yield of 68.0 q ha' 1 was 

obtained with the application NisoPeoK^o over N i50 alone (61.5 q ha '1) and the uptake of N, P 

and K were also increased with the same treatment.

Singh and Singh (1987) studied the effect of applied K on Fe toxicity and found that 

K content was increased with K application and was more pronounced at flowering stage. P 

content was increased with K application while Fe concentration reduced drastically 

indicating K-P synergism and K-Fe antagonism.

Tanaka et al. (1997) reported that an interaction existed between Fe and K in plant; 

plants exhibiting bronzing symptoms were usually low in K and application of K remedied 

the disorder. Mathew and John (2004) reported that higher dose of K (70 kg ha '1) was found 

to have no appreciable effect on yield o f paddy. Yield advantage with application of higher K 

dose in iron rich soils was reported due to its indirect effect on adsorption o f other elements 

like iron. Mehraban et al. (2008) indicated that iron toxicity induced greater oxidative stress 

in rice plants and supplemental potassium was ineffective in preventing iron accumulation in 

shoots and consequently did not ameliorate plant growth under iron toxic levels.
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Ca, Mg and S are referred to as secondary nutrients. Panda (2005) reported that these 

secondary nutrients are added to the soil through some commercial fertilizers and are 

supplied to the plants incidentally by the application of NPK fertilizers as well as 

amendments.

2.3.1 Effect of Calcium

Calcium makes up to about 3.64 per cent o f earth's crust (Mengel and Kirkby, 1987). 

Calcium is absorbed as Ca from the soil. Content of calcium ranges from 0.2-1.0 per cent 

(Samui and Mandal, 2003). Large amount of Ca is present in soil as exchangeable Ca on 

silicate minerals in soils having pH 6 or above.

Calcium is referred to as 'Liming Element' because it is added to ammend soil pH and 

plays a greater role in neutralizing the acid forming effects o f FI4. Prasad and Power (1997) 

reported that exchangeable Ca in soils can range from less than 25mg kg' 1 to more than 5000 

mg kg' 1 and that in soil solution may range from 68-778 mg kg '1. Dobermann and Fairhurst 

(2000) stated that critical level of Ca at tillering stage of rice is less than 0.15 per cent and 

critical level of deficiency of neutral normal ammonium acetate extractable Ca in soil for rice 

is less than 1.0 c mol (p4) kg’ 1 for optimum growth of rice, Ca: Mg ratio should be more than 

3- 4:1 for exchangeable soil form and 1:1 in soil solution. They also observed that Ca: Mg 

ratio of 1-1.5:1 in rice shoots from tillering to panicle initiation was optimal. The 

concentration o f Ca in soil solution tends to increase after flooding because o f the 

displacement o f exchangeable Ca+2 by Fe+2.

Ca is necessary for cell division and cell elongation and is present as calcium pectate 

in lamella o f cell wall which maintains cell wall integrity. It is an enzyme activator and is 

required for osmoregulation.

Havlin et al. (2006) reported that soil acidity affected the availability of not only Ca 

but almost all plant nutrients and therefore the effects of Ca deficiency due to acidity were 

compounded with the deficiency and toxicity o f other nutrients. Liming o f acidic red and 

laterite soil not only ameliorated soil acidity related problems but also supply Ca and 

increased the uptake o f Ca (Fox et a l,  1991; Samui and Mandal, 2003).

2.3 Effect of secondary nutrients on growth and yield of rice
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Alam et al. (2003) found that the application of calcium phosphate and calcium 

sulphate to rice increased N, P, K and Ca and decreased Na and Mg concentrations compared 

to control plants. Guanghui et al. (2003) found that the lime amendment in the acid soil 

improved P availability and promoted absorption of phosphorus, calcium and magnesium 

leading to increase in yield. Vallalkannan (2004) reported that excessive lime reduced 

absorption of potassium, zinc, copper, manganese and iron for upland rice.

Chang and Sung (2004) found that amelioration of soil with lime significantly 

increased the yield components o f rice like number of panicle per ha, grains per panicle and 

100 grain weight. Krasaesindhu and Sims (1972) reported increased grain yield, decreased 

straw weight and markedly increased grain: straw ratio by the application o f Ca. Suswanto et 

al. (2007) reported that the best yield of rice of 14.15 t ha' 1 was obtained for treatment with 4 

t ha' 1 lime with 120 kg N ha' 1 + 16 kg P ha' 1 + 120 kg K ha '1. This also showed liming with 

prudent fertilizer management improved rice production in acid sulphate soil.

Deguchi and Ota (1957) reported that Ca stimulated the absorption o f P and K under 

certain concentration ranges of ions in nutrient solutions. Padmaja and Varghese (1966) 

observed an increase in phosphorus content o f the grain and straw by the application of 

calcium. Seng et al. (2008) found that the increase in shoot dry matter of rice with lime and P 

application in non - flooded soil was associated with a significant decline in soluble Al in the 

soil and an increase in plant P uptake.

Deguchi and Ota (1957) observed increase in absorption of K by the addition of Ca. 

According to Bridgit (1999) calcium application narrowed K/Ca. K/Mn, K/Fe, K/Zn and 

K/Cu ratios in plants. She also observed that (Ca + Mg)/K ratio in the plant showed a 

negative correlation with yield and total biomass. Though the application o f Ca reduced Fe 

content, it failed to improve yield. Fernandez et al. (1973) found that K was negatively 

correlated with Ca and Mg in all stages of rice crop.

According to Erdei and Zsoldos (1977) calcium stimulated the absorption of P and K 

and accelerated more effectively the translocation of photosynthetic products compared to K 

and Mg.

2.3.2 Effect of Magnesium

The Magnesium content in earth's crust is about 2.07 per cent (Mengel and Kirkby, 

1987). The exchangeable form o f Mg is about 4-20 per cent o f CEC. Magnesium in soil
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solution may range from 50-120 mg L' 1 (Prasad, 2007). The critical level of deficiency of 

neutral normal ammonium acetate extractable Mg in soil for rice is less than 1.0 c mol (p+) 

kg '1. A Ca: Mg ratio in soil solution greater than 7:1 was found to be undesirable 

(Dobermann and Fairhurst, 2000).

Magnesium is a primary constituent of chlorophyll and its absorption by soil depends 

on soil pH, quantity of other exchangeable ions and the type of clay (Havlin et al., 2006). 

Magnesium is required for grana stacking and formation of light-harvesting chlorophyll a/b 

complexes (Obatolu, 1999). Magnesium is also a necessary activator for many critical 

enzymes in carbon fixation. Scott and Robson (1990) found that depending upon the 

nutritional status, a range of 6- 35 per cent of the total Mg is bound to chlorophyll.

Ding et al. (2006) reported that Mg is fairly mobile in plants and highly reactive. 

Magnesium is absorbed as Mg+2 by plants. The Mg level in rice plants was in the order leaf > 

stem > panicle > root. Yan and Chu (1996) reported that the Mg uptake is peak at tillering 

and panicle development stages. Mg uptake in cereal is about 3 mg kg"1 of grain (Shrotriya, 

2007). Fageria (1976) reported that the critical and adequate value of Mg for a 100 days old 

rice plant were 0.12-0.17 per cent and 0.17-0.30 per cent respectively.

Deficiency o f magnesium in rice is a widespread problem, affecting productivity and 

quality of rice (Hermans et al., 2004). Dobermann and Fairhurst (2000) stated that the 

deficiency also reduced the number of spikelets, thousand grain weight, grain yield and 

quality. In an experiment conducted by Ding et al. (2006) Mg deficiency in rice (less than 1.1 

mg g' 1 dry weight in the shoot) resulted in significant reduction in shoot biomass, total 

chlorophyll concentration and net photosynthetic rate.

Fenn et al. (1981) stated that if  soluble salts of Mg were applied with urea, it 

prevented the volatilization of NH3 by forming ammonium chloride or nitrate. Choudhury 

and Khanif (2002) reported that grain yield o f rice increased significantly due to the 

application o f 20 kg ha 1 of Mg. They also reported that Mg application significantly 

increased total Mg uptake both at 10 and 20 kg ha"‘of Mg application.

For Mg deficient soils, application o f 15 kg ha’ 1 o f magnesium as calcium magnesium 

phosphate or magnesium sulphate was recommended (Yan and Chu, 1996). Application of 

Mg as basal dose in the form of M gS04 (10 per cent MgO) or Magnesite (40%) @ 20 kg
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MgO ha' 1 is effective in giving significant increase in grain and straw yield of rice in Mg 

deficient soil (KAU, 2011).

Cakmak and Engels (2002) reported that the harvest index of rice decreased due to the 

application of Mg as magnesium carbonate @ 50 kg ha' 1 of Mg. Brohi et al. (2000) reported 

that application of P alone or in combination with Ca and Mg significantly increased the 

grain and straw yields. Sahrawat et al. (1999) found that the application o f Mg generally 

improved the plant status with regard to N, Ca, Mg and Fe.

Kobayashi et al. (2005) reported that in rice, the excess Mg treatment increased the 

Mg content of shoots and roots and potassium content of roots but slightly decreased the Ca 

and K contents o f shoots. In an experiment conducted in KAU, Padmaja and Verghese 

(1966) observed that magnesium alone and in combination with silicon increased the 

productive factors such as tillering, height of the plant, leaf width, root weight and spread as 

well as the test weight of grain. Yamauchi and Winslow (1989,) reported that Mg is involved 

in the protection of rice plants against grain discoloration and its application increased grain 

yield by an average of 34 per cent.

In an experiment conducted, Latheef (2013) showed that MgS04 either as soil 

application or foliar spray along with NPK as per package of practice recorded significantly 

increased height, productive tillers, thousand grain weight and dry matter at harvest.

A Ca: Mg ratio in soil solution greater than 7:1 is considered undesirable (Havlin et 

al., 2006). Continuous liming of soils can thus create Mg deficiency, on the other hand a Ca: 

Mg ratio less than about 2:1 can cause Ca deficiency. K+ also antagonizes Mg uptake 

(Ologunde and Sorenson, 1982) and desirable K: Mg ratios o f less than 5: 1 was found to be 

optimum for field crops (Havlin et al., 2006). Ding et al. (2006) found the antagonistic and 

moderately synergistic effects between K and Mg, but the effects of K were much more 

significant than those o f Mg on their uptake, translocation and net photosynthetic rate in the 

leaves.

2.4 Effect of micronutrients on growth and yield of rice

The efforts to enhance the food grain production from shrinking land resources 

magnified the depletion o f limited micronutrient reserves and would cause the deficiency of 

micronutrients (Zayed et a l, 2011). The essential micronutrients for field crops are iron, 

zinc, copper, boron, manganese, chlorine and molybdenum (Papadopoulos et a l, 2009).
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Narrow range between deficiency and toxicity limits may cause poor use efficiency o f added 

micronutrients (Katyal et a l, 2004). Micronutrient deficiencies are location specific. Among 

micronutrients, deficiency was found widespread in Indian soils with boron followed by zinc. 

The deficiencies of Cu, Fe, Mn and Mo are of lesser magnitude than Zn (Sakai, 2001). The 

chloride deficiency rarely occurs in nature (Ray, 2011). In this context a detailed review of 

works done on Fe, Mn, B are studied and presented.

2.4.1 Effect of Iron on growth and yield of rice

Iron makes up 5 per cent by weight of the earth's crust and it is larger in ultisols and 

oxisols (Prasad, 2007). It is one o f the three essential elements that causes major limitations 

to rice grain yield in tropical environment- the other two being nitrogen and phosphorus 

(Panda et a l, 2012). Sahrawat et a l  (2000) reported that Fe toxicity reduces rice yields in 

wetlands by 12-100 per cent depending on the intensity o f toxicity and tolerance of the rice 

cultivar.

Benckiser et al. (1984) reported that Fe toxicity is mainly experienced in rice which is 

grown on acid sulfate soils, ultisols and sandy soils with a low CEC, moderate to high acidity 

and active Fe and low to moderately high in organic matter. The iron toxicity inducing factors 

reported were release of iron from parent material to soil solution, reduction in oxidation 

reduction potential, increase in ionic strength, low soil fertility, low soil pH, soil organic 

matter content, high reactivity and content of Fe (III) oxide hydrates, increased salt content, 

microbial activities, interaction with other nutrients and plant genetic variability (Fageria et 

al, 2008). Range of oxidation-reduction potential values at which reduction of Fe3+ to Fe2+ 

occur is +180 to +150 (Patrick, 1996).

Santos and Oliveira (2007) stated that flooding of red and laterite soils caused 

reduction o f Fe3+ to Fe2+ and ferrous form was maintained for long period of time which 

created a high concentration o f plant available Fe2+ in soil solution and led to iron toxicity. 

Similar findings were reported by Singh et a l  (2003) and Fageria et al. (2011). Flooding 

increased the availability of Fe from 0.1 to 50-100 mg kg"Lsoil (Ponnamperuma, 1978). The 

critical level o f toxicity o f DTP A extractable Fe in rice is more than 300 mg kg"1 (Samui and 

Mandal, 2003).
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Antagonistic interaction between iron and manganese in rice plants was observed by 

Olsen and Watanabe (1979). Panda et al. (2012) reported that when the concentration level of 

Fe increased the concentration of Cu and Mn decreased.

Samui and Mandal (2003) reported that critical level of toxicity o f Fe in rice at 

tillering stage is 300-500 mg kg '1. Dobermann and Fairhurst (2000) stated that excessive 

uptake of Fe resulted in increased polyphenol oxidase activity leading to the production of 

oxidized polyphenols, which cause leaf bronzing. Abu et al. (1989) reported that cultural 

practices such as planting date, ridge planting, water management and pre 

submergence of soil can be manipulated to reduce Fe toxicity in rice. Application o f Zn @ 10 

kg ha'1 as ZnO along with NPK decreased iron toxicity and also increased yield in rice 

(Audeberta and Sahrawata, 2000). The shoot biomass, plant height and chlorophyll content 

decreased at 10 mg L' 1 of Fe concentration of soil solution in rice (Panda el al., 2012).

2.4.2 Effect of Manganese on growth and yield of rice

Manganese serves as an activator of several enzymes. This element also occurs in 

excess concentration in soils o f many parts o f the state and hence important in limited rice 

productivity. Hariguchi and Kitagishi (1976) reported that more than 60 per cent of Mn 

contained in the plant leaves is in chloroplast and Mn along with Fe and Cu take part in 

indispensable roles in the electron transport system.

Cheng and Quellete (1971) reported that critical tissue content for Mn toxicity was 

7000 ppm and rice has a high degree o f tolerance for high Mn concentration in its tissue.

According to De Datta (1981) the critical limits of deficiency and toxicity of Mn rice 

plants are 20 ppm and 2500 ppm respectively. Singh et al. (1995) reported that manganese in 

Indian soils is adequate varying from 37 to 11500 mg kg' 1 and available status of 0.6 - 164 

mg kg' 1 to support optimum crop growth. Tadano and Yoshida (1978) suggested that a high 

Mn content in rice tissue was frequently associated with high yields possibly indicating that a 

high Mn content in the plant was associated with various favorable soil conditions.

Mn interacts negatively with a number o f plant nutrients. Reduced uptake o f Mn by 

plants has been reported by application of Fe (Baxter and Osman, 1988) and Zn (Haidar and 

Mandal, 1979). Bulbule and Despande (1989) reported that tolerant varieties maintained a 

high nutrient ratio o f N/Fe, P/Fe, K/Fe, Mg/Fe and Mn/Fe. They also stated that excess Fe
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absorption was related with multiple nutritional stress and the resulting low K/Fe and P/Fe 

ratios led to more serious yield reduction than Ca/Fe and Mg/Fe ratios.

Pendias and Pendias (2001) reported that Mn-Fe antagonism is widely known and is 

observed mainly in acidic soils that contain large amounts of available Mn. In general, Fe and 

Mn are interrelated in their metabolic functions and their appropriate level (the Fe: Mn ratio 

should range from 1.5 to 2.5) is necessary for the healthy plant.

2.4.5 Effect of Boron on growth and yield of rice

Boron primarily occurs in the soil as H3BO3. Available B is derived from 

decomposition of organic matter and release from clay minerals. The H3BO3 form of B is 

highly mobile in the soil (Dunn et al., 2005). Rao et al. (2013) reported that soil application 

of boron led to fixation and unavailability. Boron is a nonmetal micronutrient. It is amongst 

the important micronutrients required for rice from start till physiological maturity.

Rashid et al. (2004) reported that the range of B deficiency and toxicity is narrow. 

Deficiency occurs at less than 0.5 mg kg' 1 o f hot water soluble B while toxicity could occur at 

more than 5.0 mg kg '1. Critical level of deficiency of B in rice at tillering to panicle initiation 

is less than 5 mg kg ' 1 (Dobermann and Fairhurst, 2000). The critical limit of B at active 

vegetative stage in third leaf of rice plant is 12 mg kg' 1 (Debnath and Ghosh, 2012).

According to Rao et al. (2013) boron is associated with a wide range of 

morphological alterations, tissue differentiation, pollen germination and metabolite transfer 

which will greatly influence the yield and productivity. The main functions of B in plant 

relate to sugar transport, flower production and retention, pollen tube elongation and 

germination and translocation o f carbohydrate and sugars to reproductive organs, which in 

turn improved the spikelet number and fertility that influenced the yield and productivity 

(Ahamad et al., 2009). Aslam et al. (2002) reported that boron is responsible for better 

pollination, seed setting, low spike sterility and more grain formation in different varieties of 

rice.

Rao et al. (2013) reported that rice crop, when grown on a wide range of soil types 

such as calcareous, clayey laterite, acid, etc. with varying soil pH levels, boron availability, 

uptake and mobilization became limiting and led to reduced productivity and poor rice yields. 

The boron requirement is much higher for reproductive growth than for vegetative growth in
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most plant species. Hence the reproductive stage is known as a sensitive period to low B 

stress (Uraguchi and Fujiwara, 2011).

Boron is immobile in plant. Severe deficiency symptoms in rice include thinner stems, 

shorter and fewer tillers, death of growing point and failure to produce viable seeds (Dunn et 

a l, 2005). Sakai et al. (2002) suggested that the application of boron through soil or foliar 

spray was found to be beneficial in simulating plant growth and increasing yield of rice.

According to Dunn et al. (2005) rice receiving soil applied boron produced 

significantly greater yields than rice with foliar applied B. The dry matter yield increase at 

higher B levels may be ascribed to B toxicity because a slight increase in B levels markedly 

increased the B concentration in shoots (Debnath and Ghosh, 2012).

Boron application at higher level adversely affected chlorophyll pigments (Rehman et 

al., 2012). Debnath et al. (2009) reported that the application o f 1.5 kg B ha' 1 increased the 

plant height, number of tillers, dry weight and spikelet fertility. Several studies conducted 

have shown that application o f boron to rice reduced panicle sterility and enhanced the yield 

(Jana et al., 2005; Rashid et al., 2006 and Hussain et al., 2012)

Hosseini et al. (2005) reported that increasing levels of B up to 10 kg borax ha' 1 

significantly increased B content in grain (27.3 mg kg'1) and straw (43.1 mg kg'1) over 

control (19.3 mg kg' 1 and 33 mg kg '1). A positive interaction existed between P and B when 

boron was applied at higher dose (Gaur and Singh, 2010). A significant increase in straw 

yield was obtained by the application of boron in red loam soils of Kerala (Sreedharan and 

George, 1969).

Saleem et al. (2011) reported that by application of boron, increased the yield due to 

the role of B in plant physiological functions especially during plant reproductive phase. 

These findings are in conformity with those o f Ehsan-Ul-Haq et al. (2009) and Dunn et al. 

(2005). They reported that soil-applied B produced significantly higher yields over the 

control.

Gupta (1993) revealed that yield o f paddy straw increased due to boron application 

because boron improved the membranes function which could positively affect the transport 

of all metabolites required for normal growth and development, as well as the activities of 

membrane bound enzymes. Borax produced high straw yield because B was readily available 

for plant uptake and act as a slow-release B sources (Rashid et a l,  2007). Rao et al. (2013)
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observed that the application o f 0.4 ppm B at anthesis decreased the number of unfilled 

spikelets compared to control.

Latheef (2013) reported that application o f boron as borax 20 kg ha' 1 along with NPK 

as per Package of practice and FYM increased the LAI and filled grain percentage. In an 

experiment conducted, Santosh (2013) showed that maximum grain yield of 8.07 t ha' 1 was 

recorded with 6 kg ha' 1 borax followed by 4 kg ha '1.'

2.5 Effect of beneficial elements on growth and yield of rice

In addition to the 16 elements (C, H, O, N, P, K, S, Ca, Mg, Fe, Mn, Cu, Zn, B, Mo, 

Cl) that are considered essential for plant growth, according to the criteria proposed by Amon 

and Stout (1939), a number of other elements have been reported to be essential or at least 

beneficial, by way of increased growth or improved resistance to diseases or pests for some 

species. These elements, which include Na, Si, Co, Ni, La, Ce, V, and even Al are currently 

considered as beneficial plant nutrients (Epstein and Bloom, 2005).

2.5.1 Effect of Silicon on growth and yield of rice

Silicon (Si) is one of the most abundant elements in the earth’s crust. Soils generally 

contain 5 to 40 per cent Si (Kovda, 1973). Silicon (Si) is a beneficial element for crop growth 

and it plays an important role in the growth and development of crop, especially for 

gramineae crops (Hodson et al., 2005). Most of the beneficial effects of Si are realized 

through Si deposition in cell walls of the epidermal surfaces o f leaves, stems and hulls (Melo 

et al., 2010). Deposition of Si enhanced the strength and rigidity o f cell walls and thus 

increased the resistance o f plants to various stresses (Ma et al., 2004).

Rice is considered as a silicon accumulator and is prone to various stresses if the 

available soil silicon is low for absorption (Takahashi,1995). Koendoefer et al. (2001) 

reported that adequate supply of silicion to rice from tillering to elongation stage increased 

the number of grains per panicle and the percentage of ripening.

Seebold et al. (2001) tested the effects of Si on several components o f resistance to 

blast using susceptible, partially resistant and completely resistant rice cultivars. They 

reported that regardless o f cultivar resistance, incubation period was lengthened and the 

number o f spourlating lesions, lesion size and rate of lesions were significantly reduced by Si 

application. Similar results were also noticed by Maekawa et al. (2001).
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Datnoff et al. (2005) reported that occurrence of brown spot, stem rot, sheath brown 

rot on rice and several diseases in turf grass were decreased significantly by the application of 

higher levels of calcium silicate as a source of Si.

Silicon uptake has been reported to mitigate the aluminium (Al) and iron (Fe) toxicity 

and a wide range of stresses in rice and other crops (Ma and Takahashi, 2002). Many 

scientists working on role of silicon on plant growth concluded that reduced amount of 

silicon in plant developed necrosis, disturbance in leaf photosynthetic efficiency, growth 

retardation and reduced grain yield in cereals (Shashidhar et a l ,  2008). Mandal et al. (2002) 

revealed that although silicon has not been considered important for vegetative growth it 

helped the plant in healthy development under stresses in different grasses especially in rice. 

Plant tissue analysis revealed that the optimum amount o f silicon is necessary for cell 

development and differentiation (Liang et a l, 2006).

Mobasser et al. (2008) reported that plant height, number of tillers per plant and 

number of productive tillers performed better when silicon was applied as foliar, while straw 

yield, spikelets per panicle, 1000 grain weight and yield were better when silicon was soil 

applied. These findings were near to Mauad et a l (2003) and Wang et al. (2010), who 

reported that silicon was not directly involved in quality enhancement but it controlled 

diseases and stresses to maximize the quality. Silicon has been implicated as a factor 

influencing the degree of plant resistance to biotic and abiotic stresses (Singh et al., 2005). 

Application of 120 kg potash/ ha + lime 150kg ha ' 1 + silica 100 kg ha' 1 is recommended for 

iron toxicity in laterite soils (KAU, 2011).

Ahmad et al. (2007) reported that among the different doses o f silica tried in rice, 

maximum straw yield of 12.61 t ha' 1 was produced at 1.00 per cent silicon while 10.49 t ha' 1 

straw yield was found in control. In an experiment conducted, Lakshmikanthan, (2000) 

showed that application of silica and higher levels o f potassium was found to ameliorate the 

limiting influences of Fe and Mn enabling increased rice production.

Ma and Takahashi (1989) reported that the application of Si at various growth stages 

of rice increased the plant height and root dry weight. But Si applied at ripening stage has no 

effect on growth attributes. Malidareh (2009) reported that application of sodium silicate 

combined with magnesium carbonate increased all the productive factors such as ear head 

length, 1000 grain weight, grain and straw yield. Ca in combination with silica has reduced 

the proportion of immature to mature ear heads.
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According to Bridgit (1999), application o f sodium silicate at 250 kg ha' 1 in laterite 

soil significantly increased the yield of grain and the increase was to the tune of 619 kg h a 1 

compared to control. Malidareh (2009) found that the Si fertilizer application decreased the 

straw and grain nitrogen content. Si0 and Sisoo (kg ha '1) had maximum and minimum grain 

nitrogen with 1.93 and 1.91 per cent and straw nitrogen with 1.02 and 0.92 respectively. 

Junior et a l  (2009) reported that the soil-applied silicon increased the foliar silicon content 

and reduced the severity o f brown spot, in contrast to the results observed in the foliar- 

applied silicon treatments.

In an experiment conducted by Kumara et al. (2013) the highest grain yield was 

recorded with the application of calcium silicate at 2 t ha' 1 + 90 Kg N ha' 1 and it was on par 

with 60 K gN  ha' 1 compared to recommended N (100 Kg N ha '1) under aerobic rice.
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III. MATERIALS AND METHODS

The present study entitled “Soil amelioration and nutrient management of rice 

in Kole lands” was carried out in farmer’s field at Ponnamutha Kole padavu of 

Venkitangu Panchayath in Thrissur District during November, 2013 to March, 2014. 

The details of materials used and methods adopted for the study are described in this 

chapter.

3.1 General details

3.1.1 Location

The Kole lands are low lying wetland tracts, located at 0.5 to lm below the 

mean sea level covering an area of 13,000 ha and spread over two districts viz., Thrissur 

and Malappuram. The area lies between 10° 201 and 10° 401 N latitudes and 75° 581 and 

76° 111 E longitudes and extends from northern banks of Chalakudy River to southern 

banks of Bharathapuza River in the north.

3.1.2 Climate and weather conditions

The experimental site enjoys typical humid tropical climate. The maximum and 

minimum temperature during the cropping period varied from 22.3°C to 36.7°C 

respectively. The mean monthly averages of important meteorological parameters 

observed during the experimental period are presented in Appendix I.

3.1.3 Soil characters

The soils of Kole lands are clayey in texture and come under the soil order 

Inceptisol. The physico-chemical characteristics of the soils of the experimental field 

are presented in Table 3.1.

21
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Table 3.1. Physico-chemical characteristics of the soil prior to the field experiment

Properties Value

a. Physical properties

Bulk density (Mg m"j) 1.42

Particle density (Mg m"3) 2.46

Porosity (%) 45.00

Water holding capacity (%) 85.62

Particle size composition

Sand (%) 20.5

Silt (%) 22.3

Clay (%) 57.2

Texture Clayey

b. Chemical properties

Soil reaction (pH) 4.50

Electrical conductivity (dS m"1) 0.74

Organic Carbon (%) 1.25

Available N (kg ha"1) 427.55

Available P2O5 (kg ha"1) 6.75

Available K2O (kg ha'1) 85.56

Available Ca (mg kg"1) 340.6

Available Mg (mg kg"1) 25.14'

Available S (mg kg"1) 6.12

Available Fe (mg kg'1) 1090.06

Available Zn (mg kg'1) 1.75

Available B (mg kg'1) 0.18’

Available Mn (mg kg"1) 81.40

Available Si (mg kg'1) 12.24

* D efic ien t
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3.1.4 Crop and Variety

The rice variety Uma (Mo-16), a red kernelled, medium duration variety 

released from KAU was used for the experiment. The variety is suitable for all the three 

seasons with medium tillering, resistant to BPH and capable of producing a yield of 

over 5 t ha’ 1 under favorable situations.

3.1.5 Cropping history of the experimental site

The experimental area belongs to a typical single cropped wet land where rice is 

grown during October-November to February-March. The land remains submerged 

during the rest of the year. The field was under bulk cropping of rice in the previous 

season.

3.2 Experimental methods

The experiment was conducted in the field of farmer Mr. Parameswaran during 

second crop season (Mimdakari) from November 2013 to March 2014. The 

experimental design was RBD with three replications. The plot size was 5.0 m x 4.0 m 

and direct seeding was adopted as method of planting. The layout of the experiment is 

depicted in Fig.3.1.

3.2.1 Treatment details

The treatment details are given in Table 3.2

3.2.1.1 Fertilizers

Urea, Rajphos, Muriate of potash, Magnesium sulphate, Sodium silicate, 

Calcium silicate and Borax were used as the sources for different nutrients and 

ameliorants. The nutrient content of the fertilizers used in the experiment is given in 

Table 3.3
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Fig. 3.1 Layout of the experimental plot



Table 3.2 Treatment details
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Treatments

Ti FYM @ 5t/ha + Soil test based nutrient package + lime600kg/ha

[STNP+ FYM+ lime]

t 2 FYM @ 5t/ha + 110:45:55kg NPK/ha + lime 600kg/ha (Existing POPR) 

[POPR]

t 3 110:45:55kg NPK/ha + lime 600 kg/ha 

[POPR without FYM]

t 4 FYM @ 5t/ha + 110:45:85kg NPK/ha + lime 600 kg/ha

[110:45:85 kg NPK+FYM+lime]

t 5 FYM @ 5t/ha + 110:45:110kg NPK/ha + lime 600kg/ha

[ 110:45:110kg NPK+FYM+lime]

t 6 FYM @ 5t/ha + POP NPK + MgO 20 kg /ha + lime 600 kg/ha

[POP+ MgO]

t 7 FYM @ 5t/ha + POP NPK + Silica (sodium silicate) 100 kg/ha + lime 600 kg/ha 

[POP+ sodium silicate]

t 8 FYM @ 5t/ha + POP NPK + Silica (calcium silicate) 100 kg/ha + lime 600 kg/ha 

[POP+ calcium silicate]

t 9 FYM @ 5t/ha + PO PNPK + Silica (sodium silicate) lOOkg/ha

[POP+ sodium silicate without lime]

T ,0 FYM @ 5t/ha + POP NPK + Borax 10 kg/ha + lime 600kg/ha

[POP+ borax]

Tn FYM @ 5t/ha + POP NPK + MgO 20 kg /ha + Silica 100 kg/ ha + Borax 10 kg/ 

ha + lime 600kg/ha [POP+ MgO+ silica(sodium silicate)+borax]

T 12 Absolute control

* The soil test based nutrient requirement was estimated as 93:48:59 kg N, P2O5 and 

K20  ha'1.
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Table 3.3 Sources of nutrients

Nutrients Fertilizer N utrient content (%)

Nitrogen Urea 46

Phosphorous Rajphos 18

Potassium Muriate of potash 60

Magnesium oxide (MgO) Magnesium sulphate 45

Silica

Sodium silicate 20

Calcium silicate 24

Boron Borax 11

3.3 Crop culture

3.3.1 Land preparation, sowing and fertilizer application

Plots of 5m x 4m were taken after ploughing and leveling the field. The lime @ 

350 kg ha' 1 and silica in respective treatments as per the technical programme were 

applied basally at the time of first ploughing. Remaining dose of lime @250kg/ha was 

applied one month after sowing. FYM was applied after 10 days. Urea, Rajphos 

Muriate of potash, Magnesium sulphate and Borax were applied 15 days after 

ploughing and before sowing as per the treatments in the experiment. N was applied in 

three equal splits as basal, maximum tillering and at panicle initiation stage, K was 

applied in two equal splits at basal and at panicle initiation and borax was applied in 

two equal split doses at basal and at flowering.

The seeds of the variety Uma were soaked in water for 12 hrs and treated with 

of Pseudomonas jluorescens @10g per litre of water per kg of seed. The water was 

drained after 12 hours and the seeds were incubated in moist cloth bag for sprouting. 

The germinated seeds were used for sowing. The seeds were broadcasted at the rate of 

100 kg/ha. Date of sowing was on 14.11.2013.

3.3.2 After cultivation and plant protection

The cultural operations were carried out as per the Package of Practices 

recommendations of the Kerala Agricultural University (KAU, 2011). The plots and 

bunds were kept weed free by hand weeding. Plant protection measures were taken up
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against leaf folder and Ekalux @2ml lit' 1 was sprayed when incidence of leaf folder 

was noticed,

3.3.3 Harvesting

The crop was harvested on 20.3.2014, Plants in the two border rows from all 

sides of each plot were harvested first and net plot area was harvested. Threshing was 

done with mechanical thresher (Redlands mechanical thresher and winnower) and grain 

and straw were separated and the weight was recorded. The weight of grain is 

expressed at 12 per cent moisture content and that of straw as air dry weight in kg ha’1.

3.4 Observations recorded

3.4.1 Biometric observations

3.4.1.1 Plant height

Height of five plants was measured in cm from ground level to the tip of the 

longest leaf at 30 and 60 days after sowing (DAS) and height of 10 plants were 

measured at harvest.

3.4.1.2 Tiller count/m2

The number of tillers per m2 was counted at five random places from each plot 

using a quadrant and the mean was worked out, at 30 and 60 DAS and at harvest.

3.4.1.3 Dry matter production

Five plants were uprooted, cleaned and oven dried at 80±5 °C and dry weight 

was recorded at 30 and 60 DAS and at harvest.

3.4.1.4 Leaf Area Index (LAI)

Leaf area index is the ratio of leaf area to ground area. The leaf area was 

measured using Leaf Area Meter (CI-202 Area Meter) from the randomly selected 

plants at 60 DAS and leaf area was worked out using the formula 

i c  ■ j  /-t a i \  Total le a f  area  o f  p lan tLeaf area index (LAI) =  ------------    —  x  100
'  ^  T n n H  n r n n
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3.4.1.5 Number of panicles per m2

Number of panicles per m"2 was counted from five random places per plot using 

a quadrant and the mean was worked out.

3.4.1.6 Number of spikelets per panicle

The number of spikelets per panicle was counted from twenty five randomly 

selected panicles and mean was worked out.

3.4.1.7 Percentage of filled grain

Grains were collected from randomly selected twenty five plants and separated 

into filled grains and chaff. The number of filled grains was counted and expressed as 

percentage of total grain.

3.4.1.8 Thousand grain weight

One thousand filled grains taken randomly were weighed to get the test weight.

3.4.1.9 Grain and Straw yield

The crop was harvested from each plot, threshed, winnowed and grain and straw 

were separated. The weight of grain and straw from each plot was recorded separately 

and expressed in t ha"1.

3.4.2. Physiological characters

3.4.2.1 Chlorophyll content

The top most fully opened leaves were collected from five randomly selected 

plants for chlorophyll estimation. For analysis, 0.2 gm of finely cut sample of leaf was 

taken in a beaker and 10 ml DMSO (Dimethyl Sulphoxide) solution was added. This 

was kept in dark place overnight and then made up to 25 ml in a volumetric flask after 

filtering on the next day. The chlorophyll content was estimated colorimetrically 

(Yoshida et al., 1972) in a Spectronic- 20 Spectrophotometer at two wave lengths i.e.
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663 and 645 nm. Using the equation given below, chlorophyll a, chlorophyll b and total 

chlorophyll contents were computed at 60 DAS and expressed as mg g' 1 fresh weight.

Chlorophyll a = 12.7x OD @ 663nm- 2.69.\OD@ 645nm x V/Wxl 000 

Chlorophyll b = 22.9x OD @ 645nm- 4.63\OD@ 663nm x V/WxlOOO 

Total chlorophyll = 8.02x OD @ 663nm + 20.2xOD@ 645nm x V/WxlOOO 

OD - Optical Density, V - Volume made up, W- Weight of sample

3.4.3 Scoring of diseases

In each treatment diseased samples were collected from one m2 area and the 

number of infected plants and total number o f plants were recorded.

Scoring was done based on the Standard Evaluation Systems (SES) of Rice 

(IRRI, 1996) as detailed below:

SI. No. Description 

(% diseased leaf area)

G rade/ scale

1 1 - 5 1

2 6-12 3

3 13-25 5

4 2 6 -5 0 7

5 5 1 -1 0 0 9

The percent of disease incidence (PDI) was calculated using the formula.

Total no. of infected plants
p DI =  ™  r ~  7  x  1 ° °Total no. of plants observed
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Ten plants were randomly selected from each treatment and incidence of pests

was noticed. The number of damaged leaves along with undamaged ones was recorded

and per cent infestation was determined using the following formula

Number of damaged leaves
% Infestation =  —- — :-------  —----------- x 100

Total num ber of leaves

% infestation was converted to a 0-9 score as follows (Shah et al., 2008)

3.4 .4  S corin g  o f  pests

% Infestation Scores

0 0

1-10 1

11-30 3

31-50 5

51-75 7

More than 75 9

3.4.5. Chemical analysis

3.4.5.1 Soil analysis

Samples were collected from the experimental plots following standard 

procedures- Soil samples air dried, powdered and passed through 2 mm sieve, were 

used for analyzing physico- chemical characteristics of the soil. Soil samples were 

collected from each plot and were analyzed before and after the experiment. pH and EC 

of soil were measured at two weeks interval. The various methods used for the analysis 

are given in Table 3.5

3.4.5.2 Plant analysis

For plant analysis five plants were selected at random from each plot. Plant 

samples were collected at 30 and 60 DAS and at harvest for analysis. After cleaning the 

samples, leaf blades and sheath were separated, dried in a hot air oven at 60 ± 5°C,
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powdered well and analyzed for different nutrients. The method used for the analysis of 

different nutrients are given in Table 3.6

3.4.6 Uptake of nutrients

Uptake of nutrients for each nutrient is calculated by multiplying the particular 

nutrient content in grain and straw at harvest with dry matter production at harvest.

3.4.7 Economics of cultivation

The cost of cultivation, gross returns and benefit: cost ratio (gross return/cost of 

cultivation) was calculated on the basis of prevailing market price of different inputs 

and outputs. The price of paddy and that of straw at current local market prices were 

taken as Rs. 19 and Rs. 2 per kg respectively. Benefit cost ratio was worked out by 

dividing the gross return with total expenditure per hectare.

3.4.8 Statistical analysis

Statistical packages such as MSTAT - C and Microsoft excel spread sheets were 

used for computation and analysis (Freed, 1986). Duncan's multiple range test (DMRT) 

was used to compare means (Duncan, 1955; Gomez and Gomez, 1984).
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Table 3.4 Method used for soil analysis

No. Particulars Method

1 Particle size analysis International Pipette Method (Robinson, 1922)

2 Soil reaction (pH) Soil water suspension of 1:2.5 and read in pH meter 

(Jackson, 1958)

3 Electrical

conductivity

Soil water suspension of 1:2.5 and read in pH meter 

(Jackson, 195 8)

4 Organic carbon Walkley and Black method (Walkley and Black, 1934)

5 Available N Alkaline permanganate method (Subbiah and Asija, 1956)

6 Available P Ascorbic acid reduced molybdophosphoric blue colour 

method (Bray and Kurtz, 1945; Wattanabe and Olsen, 

1965)

7 Available K Neutral normal ammonium acetate extract using flame 

photometer (Jackson, 1958)

8 Available Ca Neutral normal ammonium acetate extract using Atomic 

Absorption Spectrophotometer (Jackson, 1958)

9 Available Mg Neutral normal ammonium acetate extract using Atomic 

Absorption Spectrophotometer (Jackson, 1958)

10 Available S CaCh extract- turbidimetry method (Chesnin and Yien, 

1951)

11 Available Fe, Zn & 

Mn

0.1M HC1 acid extract method using Atomic Absorption 

Spectrophotometer (Sims and Johnson, 1991)

12 Available B Hot water extraction and Azomethine- H method using 

Spectrophotometer (Berger and Truog, 1945; Gupta, 1967)

13 Available Si Rapid microdetermination of silicon (Nayar et al., 1975)
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Table 3.5 Method used for plant analysis

No. Nutrient Method

1 N Microkjeldhal digestion and distillation method (Jackson, 

1958)

2 P Diacid digestion of leaf sample followed by filtration. 

Vandadomolybdate phosphoric yellow colour in nitric acid 

system (Piper, 1966)

3 K Diacid extract using Perkin-Elmer Atomic Absorption 

Spectrophotometer (Piper, 1966)

4 Ca Diacid extract using Atomic Absorption 

Spectrophotometer (Piper, 1966)

5 Mg Diacid extract using Atomic Absorption 

Spectrophotometer (Piper, 1966)

6 Fe, Zn &Mn Diacid extract using Perkin- Elmer Atomic Absorption 

Spectrophotometer (Piper, 1966)

7 B By dry ashing (Gaines and Mitchell, 1979) and 

Azomethine-H method (Bingham, 1982)

8 Si Blue silico molybdous acid method (Ma et al., 2002)



Plate 1. Bunds preparation after land preparation



Plate 3. General view  o f experim ental plot at 30 DAS

Plate 4. G eneral view o f experim ental plot at 80 DAS



Plate 5. M anual harvesting o f the crop at harvest

Plate 6. Threshing and w innow ing o f harvested produce with m echanical thresher  
cum w innow er
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A field experiment on “Soil amelioration and nutrient management of rice in kole 

lands” was conducted during the second crop season o f 2013-2014 in farmer’s field at 

Ponnamutha Kole padavu of Venkitangu Panchayath in the Kole lands o f Thrissur district. 

The data obtained from the experiment are described here with appropriate tables after 

statistical analysis.

4.1 Biometric characters

4.1.1 Plant height

The data revealed that application o f nutrients and soil ameliorants had significant 

effect on plant height of rice compared to control (Table 4,1). Even though plant height did 

not show much variation among the treatments at 30 days after sowing (DAS), the tallest 

plants (67.53 cm) were produced by combined application o f magnesium, boron and silica 

(Tn) which had comparable height with application of sodium silicate (T7) at 60DAS. The 

plant height at harvest showed comparable values for treatments T7, Tio and Tn. Application 

of highest dose of K (T5) produced taller plants at all stages o f growth compared to lower 

doses. Among the sources o f silica, no considerable variation was noticed. The soil test based 

nutrient package (T1) as well as POPR (T2) recorded lower values for plant height during all 

growth stages o f rice.

4.1.2 Tiller count/m2

The data on tiller count at 30 and 60 DAS and at harvest are presented in Table 4.2. 

Tiller count at 30 DAS was the highest (331.8 m'2) by combined application o f magnesium, 

boron and silica (Tn) followed by boron application (Tio). Application o f nutrients as per soil 

test (T1) produced more number of tillers compared to POPR (T2). Highest dose of K (T5) 

recorded higher number o f tillers than the lower dose (T4). Both the sources of silica, sodium 

silicate (T7) and calcium silicate (Tg) produced comparable number of tillers at 30 DAS. 

Sodium silicate without lime (T9) showed comparatively lesser tiller count than that with 

lime. Lowest tiller count (177.0 m’2) was recorded in control plot (T12)-
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Table 4.1 Effect o f nutrients and soil ameliorants on plant height (cm) of rice

Treatm ents 30 DAS 60 DAS H arvest

T, STNP+ FYM+ lime 35.00° 56.87° 81,57cd

t 2 POPR 36.53bc 59.00de 80.47°d

t 3 POPR without FYM 37.67b 56.67° 78.80“

t 4 110:45:85 kg NPK+FYM+lime 40.73a 62.00°“ 82.27°

t 5 110:45:110kg NPK+FYM+lime 41.60“ 62.93° 85.33b

t 6 POPR+ MgO 41.60a 63.07° 86.40b

t 7 POPR+ sodium silicate 41.27“ 67.47“ 90.33“

Ts POPR+ calcium silicate 40.47“ 63.80b° 87.63b

t 9 POPR+ sodium silicate without lime 40.07“ 63.33° 86.70b

T 10 POPR+ borax 41.47“ 66.80“b 91.23“

Ti, POPR+ MgO+ silica(sodium silicate)+borax 41.27“ 67.53“ 90.93“

T,2 Absolute control 21.47a 45.77' 66.60°

* The means followed by common alphabets do not differ significantly at 5% leve in DMRT
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f 2
Table 4.2 Effect o f nutrients and soil ameliorants on tiller count/m

Treatm ents 30 DAS 60 DAS H arvest

Ti STNP+ FYM+ lime 221 .20° 530.90ab 371.80ab

T 2 POPR 210.10cd 545.60ab 365.50b

t 3 POPR without FYM 158.40° 453.50° 253.70°

t 4 110:45:85 kgNPK+FYM+lime 228.60° 541.90ab 359.20b

t 5 110:45:110 kg NPK+FYM+lime 280.20b 538.30ab 359.20b

POPR+ MgO 272.80b 545.60ab 371.80ab

t 7 POPR+ sodium silicate 294.90ab 538.30ab 381.30ab

Tg POPR+ calcium silicate 294.90ab 553.0Qa 378.20ab

t 9 POPR+ sodium silicate without lime 280.20b 519.80b 365.50b

T ,0 POPR+ borax 309.70ab 538.30ab 382.80ab

T n POPR+ MgO+ silica(sodium silicate)+borax 331.80a 534.60ab 400.30a

Tl2 Absolute control 177.00de 309.70d 211.70d

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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At 60 DAS tiller count increased compared to 30 DAS. Calcium silicate application 

(T8) recorded the highest tiller count (553.0 in'2) at 60 DAS. Soil test based nutrient 

application (Ti), POPR (T2), different doses o f K (T4 and T5), magnesium application (Tg), 

sodium silicate application (T7), application o f boron (T 10) and combined application of 

magnesium, boron and silica (T11) did not influence the tiller count and were on par with each 

other. Sodium silicate application without lime (T9) was better in tiller production when 

compared to POPR without FYM (T3). Tiller count at 60 DAS was the lowest (309.7 m'2) in 

control treatment (T12)-

In the case of tiller count at harvest, the scenario had changed and there was a decline 

in tiller count at harvest. Combined application o f magnesium, boron and silica recorded the 

highest tiller count (400.3 m'2) at harvest followed by boron application (T10)- POPR (T2) and 

sodium silicate application without lime (T9) produced more number of tillers compared to 

POPR without FYM (T3). Lowest number of tillers (211.7 m ')  was recorded in control plot 

(T12).

4.1.3 Leaf area index (LAI)

The data on LAI are given in Table 4.3. In case of LAI, combined application of 

magnesium, boron and silica (Tn) showed highest LAI (4.84) followed by calcium silicate 

treatment (Ts) and sodium silicate (T7) which were comparable. Soil test based nutrient 

package (Tj) and POPR (T2) was better in LAI than POPR without FYM (T3). Higher doses 

of K (T4 and T5) recorded more LAI than the recommended dose (T2). Sodium silicate 

application with lime (T7) gave better results for LAI than that without lime application. 

Least LAI was observed in control treatment (2.89).

4.1.4 Chlorophyll content

The treatment effects on chlorophyll ‘a3, chlorophyll ‘b’ and total chlorophyll at 60 

DAS are presented in Table 4,4. The chlorophyll a content of leaves was highest (1.447 mg g"

1 tissue) for T 10 which was comparable with Tn and the lowest (0.846 mg g' 1 tissue) was 

recorded by T]2. Application o f FYM showed significant effect on chlorophyll ‘a’ content of 

leaves. Application of higher doses of K and magnesium did not.influence the chlorophyll ‘a ’ 

content while the application o f silica as sodium silicate (T7) recorded more chlorophyll ‘a’
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Table 4.3 Effect of nutrients and soil ameliorants on LAI

T reatments LAI

Ti STNP+ FYM+ lime 4.20a

t 2 POPR 4.28°

t 3 POPR without FYM 3.99e

t 4 110:45:85 kg NPK+FYM+lime 4.35cd

t 5 110:45:110 kg NPK+FYM+lime 4.48c

t 6 POPR+ MgO 4.65b

T 7 POPR+ sodium silicate 4.67ab

t 8 POPR+ calcium silicate 4.81ab

t 9 POPR+ sodium silicate without lime 4.65b

T io POPR+ borax 4.75ab

T,i POPR+ MgO+ silica(sodium silicate)+borax 4.84a

T 12 Absolute control 2.89'

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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Table 4.4 Effect o f nutrients and soil ameliorants on chlorophyll content at 60 DAS (mg kg '1)

Treatments Chi. a Chi. B Total Chi.

T, STNP+ FYM+ lime 1.183°° 0.456ab° 2.660°°

t 2 POPR 1.227°° 0.530ab 2.827bc

t 3 POPR without FYM 0.950d 0.320° 2.093°

t 4 110:45:85 kg NPK+FYM+lime 1.127° 0.440abc 2.547d

t 5 110:45:110 kg NPK+FYM+lime 1.223bc 0.513abc 2.803bc

t 6 POPR+ MgO 1.287° 0.420b° 2.8231B°

t 7 POPR+ sodium silicate 1.283d 0.433ab° 2.827b0

T8 POPR+ calcium silicate 1.243bc 0.586ab 2.917°

t 9 POPR+ sodium silicate without lime 1.250bc 0.450abc 2.777°°

T io POPR+ borax 1.447a 0.543ab 3.243a

Tn POPR+ MgO+ silica(sodium silicate)+borax 1.437a 0.633a 3.323a

Tj2 Absolute control 0.8467a 0.406b° 2 .000°

* The means followed by common alphabets do not dif 'er significantly at 5% level in DMRT
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content in leaves than as calcium silicate application (Tg). The application o f silica as sodium 

silicate without lime (Tg) did not have any significant effect on chlorophyll ‘a’ content.

The chlorophyll ‘b ’ content of leaves also followed a similar trend to that of 

chlorophyll ‘a’ content with highest content in Tn(0.633 mg g' 1 tissue) and lowest in T 12. 

Application of FYM (T2) showed a positive effect while application of higher dose o f K (T4 

and Ts) did not produce significant effect with respect to chlorophyll ‘b’ content. Application 

of magnesium (T6) and silica had profound influence on chlorophyll ‘b ’ content but 

considerable variation was not noticed due to sources of silica (Tg and T7).

The total chlorophyll content also had similar trend as that o f chlorophyll ‘a’ and ‘b ’ 

with highest content in Tn (3.323 mg g '1). Application of POPR (T2), highest dose of K (T5), 

magnesium application (Tg) and both source of silica (T7 and Tg) recorded comparable total 

chlorophyll content. POPR without FYM (T3) recorded lower amounts o f total chlorophyll 

content.

4.1.5 Dry matter production

The dry matter production at 30 DAS, 60 DAS and at harvest by the application of 

various treatments is presented in Table 4.5. The dry matter production at 30 DAS was 

highest by combined application of magnesium, boron and silica (Tn) followed by 

application of calcium silicate (Tg), sodium silicate (T7) and boron application (T 10). Highest 

dose of K (Ts) recorded better dry matter production than lower dose (T4). POPR (T2) and 

magnesium application (T&) showed similar effect on dry matter production at 30 DAS. 

POPR with FYM had significant effect on dry matter production compared to that without 

FYM (T3). The lowest dry matter content of 0.58 t ha' 1 was noted in control treatment (T |?j  at 

30 DAS.

Dry matter production at 60 DAS was highest (4.97 t ha’1) by combined application of 

magnesium, boron and silica (Tn) and sodium silicate applied treatment (T7). POPR (T2) was 

better than soil test based nutrient application (Tj) at 60 DAS and both showed better results 

than T3. Higher doses of K (T4 and T5) produced higher dry matter compared to T2. Among 

the sources o f silica, application o f silica as sodium silicate (T7) produced higher dry matter 

than as calcium silicate (Tg).
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Table 4,5 Effect of nutrients and soil ameliorants on dry matter production (t ha '1)

Treatm ents 30 DAS 60 DAS H arvest

Ti STNP+ FYM+ lime 1.46d 3.69d 13.75d

t 2 POPR 1.51b 4.02® 13.68d

t 3 POPR without FYM 1.32® 3.37® 11.43®

t 4 110:45:85 kg NPK+FYM+lime 1.55c 3.98®d 14.42®

Ts 110:45:110 kg NPK+FYM+lime 1.66b 4.15bc 14.85®

Te POPR+ MgO 1.50® 4.77a 14.51®

t 7 POPR+ sodium silicate 1.66b 4.97a 15.75ab

Tg POPR+ calcium silicate 1.68b 4.17bc 15.37b

t 9 POPR+ sodium silicate without lime 1.46® 4.13® 14.83®

T io POPR+ borax 1.66b 4.46b 15.57b

Tn POPR+ MgO+ silica(sodium silicate)+borax 1.82a 4.97a 16.14a

T |2 Absolute control 0.581 2.251 8.271

* The means followed by common alphabets do not differ significantly at 5% Ieve in DMRT
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Boron application (Tio) resulted in dry matter production o f 4.46 t ha' 1 and least dry matter 

production o f 2.25 t ha' 1 was observed in control treatment (T12) at 60 DAS.

Dry matter production at harvest also showed the same trend as that at 60 DAS with 

the highest (16.14 t h a '1) dry matter by combined application o f magnesium, boron and silica 

(Tn). Boron applied treatment (Tio) and calcium silicate applied treatment (Tg) produced 

comparable dry matter production at harvest. Soil test based nutrient application (Ti) and 

POPR (T2) showed higher dry matter than POPR without FYM (T3). Higher doses o f K (T4 

and T5) and magnesium application (Ts) did not show variation in dry matter production and 

had comparable values. Among sources of silica, sodium silicate (T7) was better than calcium 

silicate (Tg) in dry matter production. Lime application with sodium silicate was 

comparatively better for dry matter production than that without lime. Least (8.27 t ha '1) dry 

matter at harvest was observed in control treatment (T 12).

4.2 Yield attributes

4.2.1 Number of Panicles/m2

The effect o f application of nutrients and soil ameliorants on number of panicles/ m2 

is shown in Table 4.6. The highest number of panicles/m2 was obtained by combined 

application of magnesium, borax and silica (Tn) followed by boron (Tio) and sodium silicate 

application (T7). POPR with FYM (T2) produced more number o f tillers compared to POPR 

without FYM (T3). Lowest number of panicles/m2 (211.7 m‘2) was recorded in control plot 

(Tu).

4.2.2 Number of spikelets per panicle

The effect of application o f nutrients and soil ameliorants on number of spikelets per 

panicle is shown in Table 4.6. Number of spikelets per panicle was highest (100.4) with 

combined application o f magnesium, boron and silica (Tn). Soil test based nutrient 

application (T1) and PO PR (T2) produced higher number of spikelets compared to application 

of nutrients as per POPR without FYM (T3). Highest dose of K (T5) resulted in significantly 

more number of spikelets than lower dose (T4). Among the sources o f silica, sodium silicate 

application (T7) gave better results in spikelet number compared to calcium silicate. 

Application o f lime with silica (T7) was better option for higher number of spikelets than 

without lime application (T9). Boron application (Tio) also resulted in increased spikelets
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Table 4.6 Effect o f nutrients and soil ameliorants on yield attributes o f rice

Treatments Panicles/
m2

(No.)

Spikelets/
panicle

(No.)

Filled
grain/

panicle
.._(%)__

1000
grain
wt.

- & K -
T, STNP+ FYM+ lime 371.80ab 87.63e 85.68““ 23.57“

t 2 POPR 365.50b 87.60“ 85.45““ 24.6 l b“

t 3 POPR without FYM 253.70c 68.63' 84.64“ 23.38“

t 4 110:45:85 kg NPK+FYM+lime 359.20b 88.84“ 88.35““ 24.48“

t 5 110:45:110 kg NPK+FYM+lime 359.20b 94.99“ 88.38““ 25.34ab

t 6 POPR+ MgO 371.80ab 90.32““ 88.29““ 25.39ab

t 7 POPR+ sodium silicate 381.30ab 98.79ab 90.92b“ 25.71a

Tg POPR+ calcium silicate 378.20ab 91.61“ 90.20b“ 25.76“

Tg POPR+ sodium silicate without lime 365.50b 90.32““ 88.06““ 22.90“

Tio POPR+ borax 382.80ab 96.41bc 94.30“ 26.07“

T n POPR+ MgO+ silica(sodium 

siIicate)+borax

400.30a 100.40a 92.67ab 26.00a

T ,2 Absolute control 211.70“ 52.07s 64.94' 21.05“

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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number compared to POPR. Number o f spikelets per panicle (52.07) was lowest in control 

treatment (T12).

4.2.3 Per cent of Filled grains

The effect of treatments on per cent filled grains per panicle is given in Table 4.6. 

Significantly highest percentage of filled grains (94.3%) was observed with application of 

boron (T10) followed by combined application of magnesium, boron and silica (Tn). Soil test 

based nutrient application (Ti) and POPR (T2) showed lower per cent for filled grain but 

higher than POPR without FYM (T3). Higher doses o f K (T4 and T5) and magnesium 

application (Tg) did not show much variation for filled grain percentage. Both the sources of 

silica, sodium silicate (T7) and calcium silicate (Tg) had comparable effect on grain filling, 

but it was higher than sodium silicate without lime (T9). The lowest amount o f filled grains 

was recorded by the control plot (64.94 %).

4.2.4 Thousand grain weight

The data on thousand grain weight are shown in Table 4.6. Combined application of 

magnesium, boron and silica (Tn), application of boron (Ti0), sodium silicate (T7) and 

calcium silicate applications (Tg) recorded significantly higher thousand grain weight which 

was on par with higher dose of K (T5) and magnesium application (Tg). POPR (T2) was better 

than soil test based nutrient application (Tj) with respect to weight of thousand grains. POPR 

without FYM (T3) and sodium silicate application without lime (T9) showed comparatively 

less thousand grain weight and thousand grain weight in these treatments were less than 

POPR. The control treatment resulted in the lowest thousand grain weight of 21.05 g.

4.3 Yield

4.3.1 Grain yield

The effect o f nutrients and soil ameliorants on grain yield is shown in Table 4.7. 

Application of nutrients and soil ameliorants had significant effect on yield. Grain yield was 

the highest (7.95 t ha"1) in combined application o f magnesium, boron and silica (Tn) 

followed by boron applied treatment (Tjq) and sodium silicate applied treatment (T7). Soil test 

based nutrient application (Tj), POPR (T2) and higher doses of K (T4 and T3) and magnesium
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Table 4.7 Effect o f nutrients and soil ameliorants on grain and straw yield (t ha"1) and Harvest 

index (HI)

Treatments Grain yield 
(t h a 1)

Straw yield 
( t h a 1)

HI

T, STNP+ FYM+ lime 6.45° 7.11‘ 0.47abc

t 2 POPR 6.32c 7.35d 0.45cde

t 3 POPR without FYM 5.36d 6.071 0.46bcd

t 4 110:45:85 kg NPK+FYM+lime 6.42c 8.00bc 0.43ls

t 5 110:45:110 kg NPK+FYM+lime 6.56c 8.28a 0.43ls

t 6 POPR+ MgO 6.23c 8.27a 0.42s

T7 POPR+ sodium silicate 7.62a 8.13ab 0.47ab

t 8 POPR+ calcium silicate 7.18b 8.18ab 0.47ab

t 9 POPR+ sodium silicate without lime 6.55° 8.28a 0.44ctg

T io POPR+ borax 7.67a 7.89c 0.48a

Tn POPR+ MgO+ silica(sodium silicate)+borax 7.95a 8.19ab 0.48a

T ,2 Absolute control 3.11s 4.50s 0.45del

* The means followed by common alphabets do not drffer significant y at 5% level in DMRT
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(Tg) recorded comparable yield and they were better when compared to POPR without FYM 

application. Sodium silicate (T7) was noticed to be a better source for higher grain yield than 

calcium silicate application (Tg). The grain yield (3.77 t ha'1) was the lowest in control 

treatment (T12).

4.3.2 Straw  yield

The effect o f nutrients and soil ameliorants on straw yield is shown in Table 4.7. In 

case of straw yield a different trend was noticed. The highest straw yield of 8.28 t ha' 1 was 

recorded in two treatments i.e. highest dose of K (T5) applied plot and sodium silica without 

lime treatment (T9). POPR recorded better straw yield compared to soil test based nutrient 

applied treatment (Ti) and POPR without FYM (T3). Both the sources o f silica (T7 and Tg) 

and combination o f magnesium, boron and silica (T n ) showed comparable straw yield. There 

was a profound decrease in straw yield in control treatment (Tu) and it recorded the lowest 

straw yield o f 4.50 t ha '1.

4.4 Harvest index (HI)

The effect of various treatments on harvest index is shown in Table 4.7. Combined 

application o f magnesium, boron and silica (T n ) and application o f boron (Tio) recorded 

significantly highest harvest index (0.48) which was on par with sodium silicate (T7) and 

calcium silicate applications (Ts). Soil test based nutrient application (Tj) recorded more HI 

than POPR (T2). Higher doses of K (T4 and T5) recorded comparable harvest index and were 

relatively lower than POPR. Magnesium application (T$) recorded least HI (0.42).

4.5 Nutrient status of plants

4.5.1 Nitrogen content of plant

The nitrogen contents of plant at 60 DAS and in grain and straw at harvest is 

presented in Table 4.8. The combined application of magnesium, boron and silica (Tn), 

application of boron (Tio) and both sources o f silica, sodium silicate (T7) and calcium silicate 

(Tg) did not produce significant difference in N content o f plant (2.82 %) at 60 DAS. It was 

followed by magnesium application (T6) and higher doses o f K (T4 and T5). Soil test based



47

Table 4.8 Effect of nutrients and soil ameliorants on nitrogen content o f rice (%)

Treatm ents 60 DAS H arvest

G rain Straw

T, STNP+ FYM+ lime 2.45cd 1.35ab 0.72a“c

t 2 POPR 2.38a 1.29cde 0.69cd

t 3 POPR without FYM 1.88e 1.071 0.53e

t 4 110:45:85 kg NPK+FYM+lime 2.50° 1.24e 0.72abc

t 5 110:45:110 kg NPK+FYM+lime 2.55bc 1.28cde 0.75a“

t 6 POPR+ MgO 2.64“ j Ĉd 0.75a“

t 7 POPR+ sodium silicate 2.78a 1.38a 0.74abc

t 8 POPR+ calcium silicate 2.74a 1.32abc 0.77a

t 9 POPR+ sodium silicate without lime 2.45cd 1.091 0.64d

T io POPR+ borax 2.80a 1.26de 0.70“c

T„ POPR+ MgO+ silica(sodium silicate)+borax 2.82a 1.38a 0.75aDC

T ,2 Absolute control 1.72* 0.77s 0.411

* The means followed by common alphabets do not difl 'er significantly at 5% level in DMRT
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nutrient application (Ti) was found better in N content compared to POPR (T2) and POPR 

without FYM (T3).

In the case o f N content of grain at harvest, combined application of magnesium, 

boron and silica (T n ) and sodium silicate application along with POPR (T7) recorded the 

highest N content of 1.38%, which was on par with soil test based nutrient application (Ti). 

Application of higher dose of K (T5) increased the N content o f grain than lower dose (T4). 

Boron application and application of sodium silicate without lime (T9) resulted in lower N 

content in grain compared to POPR.

The N content in straw was highest (0.77 %) in calcium silicate applied treatment 

(Tg), followed by highest dose of K (T5). Soil test based nutrient application (Ti), sodium 

silicate application (T7) and combined application of magnesium, boron and silica (T n ) were 

also found to be better in N content compared to POPR. The absolute control treatment 

resulted in the lowest N content of 1.72%, 0.77% and 0.41% in plant at 60 DAS, in grain and 

straw at harvest respectively.

4.5.2 Phosphorous content of plant

The phosphorous content of plant analyzed at 60 DAS and in grain and straw at 

harvest is shown in Table 4.9. P content varied from 0.07% to 0.43% at 60 DAS due to 

various treatments. The highest P content o f 0.43% at 60 DAS was observed in combined 

application of magnesium, boron and silica (T n ) treatment followed by boron application 

(T,o). Soil test based nutrient application (Ti), POPR (T2) and higher doses of K (T4 and T5) 

recorded comparable P content o f plant. Both the sources of silica (T7 and Tg) did not show 

variation in P content and had comparable values. The content o f P in plant at 60 DAS was 

lowest (0.07%) in control treatment (T12)-

At harvest, P content of grain did not show much variation among the treatments. P 

content in grain ranged from 0.19% to 0.40%. All the treatments were on par with each other 

for P content except POPR without FYM (T3) and control (T12). The lowest P content in plant 

was recorded in control treatment (T]2).

In the case o f straw, P content varied from 0.14% to 0.40%. Highest P content in 

straw was noticed in soil test based nutrient applied treatment (Ti). All other treatments 

except control recorded comparable P content in straw. The control plot showed lowest P 

content of 0.14%.
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Table 4.9 Effect o f nutrients and soil ameliorants on phosphorous content of rice (%)

Treatm ents 60 DAS H arvest

G rain Straw

T, STNP+ FYM+ lime 0.27bc 0.39“ 0.40a

t 2 POPR 0.22bc 0.3 9aD 0.30ab

t 3 POPR without FYM 0.16cd 0.30b 0.26b

t 4 110:45:85 kg NPK+FYM+lime 0.26bc 0.3 8ab 0.27°

t 5 110:45:110 kg NPK+FYM+lime 0.26bc 0.40a 0.30ab

t 6 POPR+ MgO 0.29° 0.32ab 0.33ab

T 7 POPR+ sodium silicate 0.27bc 0.34ab 0.3 l ab

Tg POPR+ calcium silicate 0.26bc 0.3 8ab 0.28b

t 9 POPR+ sodium silicate without lime 0.2 l b0 0.39ab 0.27b

T io POPR+ borax 0.30° 0.36aD 0.32ab

Tn POPR+ MgO+ silica(sodium silicate)+borax 0.43a 0.39ab 0.33ab

T 12 Absolute control 0.07d 0.19C 0.14c

* The means followed by common alphabets do not dif 'er significantly at 5% level in DMRT
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4.5.3 Potassium content of plant

The potassium content of plant at 60 DAS and in grain and straw at harvest is 

presented in Table 4.10, The application of magnesium along with POPR (Tg) recorded the 

highest K content of 2.70 % at 60 DAS. Higher doses of K (T4 and T5) and combined 

application o f magnesium, silica and boron (Tn) were on par with highest K content. POPR 

(T2) application was found better in K content compared to soil test based nutrient application 

(T|) and POPR without FYM (T3). Both sources of silica, sodium silicate (T7) and calcium 

silicate (Tg) did not show much variation in K content and were better. Boron (T10) 

application also recorded relatively more K content compared to POPR (T2).

The K content in grain was highest (0.28%) in magnesium applied treatment (T<j) and 

. Soil test based nutrient application (Ti), POPR (T2) and POPR without FYM (T3) recorded 

comparable K contents o f grain and was low. Highest dose o f K (T5) recorded higher K 

content than POPR. Among the sources o f silica, sodium silicate without lime (T9) was better 

in K content of grain when compared to calcium silicate (Tg) and sodium silicate with lime 

application (T7). The lowest K content in grain was recorded by control treatment (T12).

At harvest, sodium silicate application without lime (T9), soil test based nutrient 

application (T|), highest dose o f K (T5), magnesium application (Tg) and combined 

application of magnesium, silica and boron (Tn) recorded higher K content in case o f straw. 

POPR (T2) and higher dose o f K (T4) showed better K content when compared to POPR 

without FYM (T3). Both the sources o f silica sodium silicate (T7) and calcium silicate (Tg) as 

well as boron application (T10) showed comparable values for K content in plant.

4.5.4 Calcium content of plant

The effect of various treatments on Ca content in plant at 60 DAS and in grain and straw at 

harvest is shown in Table 4.11. At 60 DAS the calcium content in the plant ranged from 3498 

to 4336 mg kg' 1 due to various treatments. Application of calcium silicate (Tg) recorded 

highest Ca content o f 4336 mg kg' 1 which was on par with highest dose o f K application (T5). 

Soil test based nutrient application (Ti), higher dose of K (T4), sodium silicate application 

(T7) and boron application (Tio) recorded comparable values for Ca content in plant at 60 

DAS and were better compared to POPR (T2). However POPR application recorded higher 

value for Ca content compared to POPR without FYM application (T3). Absolute control 

(T12) had the lowest Ca content of 3498 mg kg '1.
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Table 4,10 Effect o f nutrients and soil ameliorants on potassium content o f rice (%)

Treatm ents 60 DAS H arvest

G rain Straw

Ti STNP+ FYM+ lime 2.13de 0.24n 2.56“

t 2 POPR 2.15cde 0.24B 2.43aB

t 3 POPR without FYM 1.99e 0.24" 2 .11°

t 4 110:45:85 kg NPK+FYM+lime 2.5 l aB 0.171 2.47ab

t 5 110:45; 110 kg NPK+FYM+lime 2.60aB 0.251 2.59a

t 6 POPR+ MgO 2.70a 0.28a 2.60a

t 7 POPR+ sodium silicate 2.39“ 0.24s 2.28Bc

T s POPR+ calcium silicate 2.38Bcd 0.26d 2.23 Bc

t 9 POPR+ sodium silicate without lime 2.45aBc 0.28b 2.6 l a

T io POPR+ borax 2.41“ “ 0.25e 2.23BC

T n POPR+ MgO+ silica(sodium silicate)+borax 2.56ab 0.27° 2.59a

T  ]2 Absolute control 1.53* 0. 12J 1.49d

* The means followed by common alphabets do not dif 'er significantly at 5% Ieve in DMRT
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Table 4.11 Effect o f nutrients and soil ameliorants on calcium content o f rice (mg kg'1)

T reatments 60 DAS Harvest

Grain Straw

Ti STNP+ FYM+ lime 4132.00b° 146.70ab 4270.00b°

t 2 POPR 4041.00° 153.20ab 4297.00bc

t 3 POPR without FYM 3638.00e 101.90d 3908.00de

t 4 110:45:85 kg NPK+FYM+lime 411'5.00bc 143.80ab 4296.00bc

t 5 110:45:110 kg NPK+FYM+lime 4203.00ab 154.00a 4492.00ab

T6 POPR+ MgO 3645.00° 115.00cd 3591.00*

T 7 POPR+ sodium silicate 4096.00b° 139.30b 4277.00bc

t 8 POPR+ calcium silicate 4336.003 157.603 4672.00a

t 9 POPR+ sodium silicate without lime 3787.00d

oO00ooi—i 3902.00de

T ,0 POPR+ borax 4085.00bc 148.60ab 4072.00cd

T„ POPR+ MgO+ silica(sodium silicate)+borax 4192.00abc 153.40ab 4308.00bc

T 12 Absolute control 3498.00* 108.70cd 3770.00°*

* The means followed by common alphabets do not dif ier significantly at 5% level in DMRT
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Application o f silica as calcium silicate (Tg) and highest dose of K. (T5) showed the 

highest Ca content (157.6 mg kg '1) in grain at harvest which was on par with Tio- There was 

no considerable variation in Ca content of grain recorded by soil test based nutrient 

application(Ti), POPR (T2), higher dose of K (Tj), boron application and combined 

application of magnesium, boron and silica (T n). Silica application without lime (T9) and 

magnesium applied treatment recorded lesser content of Ca in grain. The lowest Ca content 

of 101.9 mg kg' 1 was observed in T3.

Ca content in straw was significantly higher (4672 mg kg '1) in calcium silicate (Ts) 

applied treatment which was on par with highest dose of K (T5). Soil test based nutrient 

application (Ti), POPR (T2), higher dose o f K (T4), sodium silicate application (T7) and 

combined of magnesium, boron and silica (Tn) showed comparable amounts o f calcium 

content in straw and were better than POPR without FYM (T3) and sodium silicate 

application without lime (T9). Magnesium application (Te) recorded lowest amount of Ca 

content in straw (3591 mg kg'1).

4.5.5 Magnesium content of plant

The data pertaining to Mg content o f rice plant at 60 DAS and at harvest in grain and 

straw is presented in Table 4.12. Highest Mg content of 1032.0 mg kg' 1 was noted in 

magnesium applied plot (Tg) at 60 DAS. Soil test based nutrient application (Ti) recorded 

relatively more Mg content at 60 DAS compared to POPR (T2). Application of higher dose of 

K (T4 andTs) and sources o f silica, sodium silicate (T7) and calcium silicate (Tg) did not 

produce significant variation in Mg content of plant but were better than POPR (T2). POPR 

without FYM (T3) recorded lower Mg content and it was least (533.0 mg kg '1) in control plot

<T,2).

Combined application of magnesium, boron and silica (Tn) showed the highest Mg 

content (972 mg kg'1) in grain at harvest. Magnesium application (Te) also resulted in better 

Mg content followed by sodium silicate (T7) and calcium silicate application (Tg). Soil test 

based nutrient application (Ti) and POPR (T2) recorded lower Mg content in grain. The 

lowest Mg content o f 514.7 mg kg"1 was observed in T3.
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Table 4.12 Effect o f nutrients and soil ameliorants on magnesium content of rice (mg kg '1)

Treatm ents 60 DAS H arvest

G rain Straw

Ti STNP+ FYM+ lime 873.00de 735.00' 968.30cd

t 2 POPR 865.00e 733.30' 939.30etg

t 3 POPR without FYM 721.00g 514.70“ 765.301

t 4 110:45:85 kg NPK+FYM+lime 933.30b 875.30cd 961.70cde

t 5 110:45:110 kg NPK+FYM+lime 949.30b 894.70c 975.70c

t 6 POPR+ MgO 1032.00a 959.70ab 1055.00b

t 7 POPR+ sodium silicate 920.00bc 945.00b 946.30det

t 8 POPR+ calcium silicate 899.70cd 936.30b 933.70's

t 9 POPR+ sodium silicate without lime 812.00' 823.00e 831.30“

T io POPR+ borax 889.70cde 868.70d 916.70s

Tn POPR+ MgO+ silica(s odium silicate)+borax 1016.00a 972.00a 1080.00“

T 12 Absolute control 533.00“ 684.00s 663.30’

* The means followed by common alphabets do not dif 'er significantly at 5% level in DMRT
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Mg content in the straw ranged from 663.30 mg kg' 1 to 1080.00 mg kg' 1 and it showed 

the same trend as in case of grain. It was highest in combined application of magnesium, 

boron and silica (Tn) and lowest in control plot (Ti2).

4.5.6 Sulphur content of plant

The sulphur content at 60 DAS and in grain and straw at harvest is presented in Table 

4.13. The application of highest dose o f K (T5) recorded significantly higher S content of 

2338 mg kg"1. All the other treatments except control recorded comparable S content of plant 

at 60 DAS. The control plot showed the lowest S content o f 1056 mg kg '1.

At harvest, in case of grain the highest S content (684.1 mg kg '1) was recorded in 

grain by application of magnesium (T6), which was on par with sodium silicate application 

(T7). Soil test based nutrient application (Ti) and POPR (T2) did not produce variation in S 

content and was better than POPR without FYM (T3). The doses of K (T4 and T5) recorded 

comparable values and they were more than POPR. The sulphur content o f grain was not 

influenced by sources of silica and recorded comparable S content (T7 and Tg).

The S content of straw was the highest (3003 mg kg '1) in boron applied treatment 

(Tio) followed by magnesium applied treatment (Tg). There was no significant variation in S 

content with respect to soil test based nutrient application (Tj) and POPR (T2), variation in 

doses of K (T4 and T5) and sources of silica (T7 and Tg). Sodium silicate application without 

lime and combined application of magnesium, boron and silica recorded comparable S 

content in straw. The lowest S content was recorded in control treatment (T]2) in all the 

stages i.e. 1056, 1272 and 474.2 mg kg' 1 at 60 DAS, in straw and grain at harvest 

respectively.

4.5.7 Iron content of plant

The effects o f various treatments on Fe content of rice at 60 DAS and in grain and 

straw at harvest are shown in Table 4.14. The content of Fe was higher in the plant compared 

to grain and straw. At 60 DAS the Fe content ranged from 643.3 to 993.7 mg kg' 1 due to 

application o f nutrients and soil amendments. The higher Fe contents were noted in plot 

where POPR was applied without FYM (T3) and in control plot (T12). POPR, higher dose of 

K (T4) and-sodium silicate application (T9) without lime recorded relatively higher Fe 

content. Highest dose of K (T5) showed lower Fe content than POPR. Magnesium applied 

plot (T6) and
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Table 4.13 Effect of nutrients and soil ameliorants on sulphur content o f rice (mg kg"1)

Treatments 60 DAS Harvest

Grain Straw

Ti STNP+ FYM+ lime ■ 2142.00ab 626.50d 2344.00bc

t 2 POPR 2129.00ab 628.40a 2431.00bc

t 3 POPR without FYM 1545.00bc 532.801 1753.00d

t 4 110:45:85 kg NPK+FYM+lime 2198.00ab 625.70d 2297.00bc

t 5 110:45:110 kg NPK+FYM+lime 2338.00a 645.90cd 2413.00bc

t 6 POPR+ MgO 1693.00abc 684.10a 2622.00b

t 7 POPR+ sodium silicate 2126.00ab 672.10ab 2448.00bc

t 8 POPR+ calcium silicate 2133.00ab 664.80abc 2413.00bc

t 9 POPR+ sodium silicate without lime 2076.00ab 563.10° 2135.00c

T io POPR+ borax 2159.00ab 655.10bc 3003.00a

T,, POPR+ MgO+ silica(sodium silicate)+borax 2129.00ab 646.10cd 2274.00°

T u Absolute control 1056.00° 474.20s 1272.00°

* The means followed by common alphabets do not differ significantly at 5% level in DMRT



57

Table 4.14 Effect of nutrients and soil ameliorants on iron content of rice (mg kg '1)

Treatments 60 DAS Harvest

Grain Straw

T, STNP+ FYM+ lime 766.10bcd 182.50de 423.30cd

t 2 POPR 866.60ab 193.30cde 455.30bc

t 3 POPR without FYM 993.70a 247.40ab 524.20b

t 4 110:45:85 kg NPK+FYM+lime 874.20at) 213.50bcde 403.30cd

t 5 110:45:110 kg NPK+FYM+lime 810.80bc 191 90^ 374.70cde

t 6 POPR+ MgO 767.00bcd 221.80bcd 398.20cd

Ty POPR+ sodium silicate 782.70bcd 195.60cde 350.00det

t 8 POPR+ calcium silicate 694.40cd 177.40s* 282.00*

t 9 POPR+ sodium silicate without lime 879.70ab 233.10abc 401.50cd

T io POPR+ borax 689.30cd 175.30et 339.60deI

Tn POPR+ MgO+ silica(sodium silicate)+borax 643.30d 139.20* 294.80s*

T12 Absolute control 977.80a 271.30a 635.90a

* The means followed by common alphabets do not differ significantly at 5% leve in DMRT
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sodium silicate applied plot (T7) had lower Fe values compared to POPR. Calcium silicate 

application (Tg) and boron application (T10) showed still lower values for Fe content. The 

lowest Fe content of (643.3 mg kg '1) was noticed in combined application o f magnesium, 

boron and silica applied plot (T 11).

In case of grain it was significantly highest (271.3 mg kg’1) in control plot (T12), 

which was on par with POPR application without FYM (T3). POPR (T2) showed higher Fe 

content than soil test based nutrient application (T1). Highest dose of K (T5) recorded lower 

Fe content than lower dose (T4). But magnesium application (Tg) recorded more Fe content 

than POPR. Among sources of silica, sodium silicate application (T7) showed more Fe 

content than calcium silicate (Tg) application. Combined application of magnesium, boron 

and silica (T11) recorded the least Fe content in grain (139.2 mg kg '1).

The Fe content in straw also showed the same trend as that o f grain. The content of Fe 

was highest (635.9 mg kg '1) in control plot (Ti2) followed by POPR application without FYM 

(T3). Fe content was decreased by combined application o f magnesium, boron and silica (Tn) 

and it was lowest (282.0 mg kg '1) by calcium silicate (Tg) application.

4.5.8 Manganese content of plant

The Manganese content of rice analyzed at 60 DAS and in grain and straw at harvest 

is presented in Table 4.15. The Mn content was relatively higher in control plot (T)2) and by 

application of POPR without FYM at 60 DAS. The Mn content recorded by control plot (T12) 

at 60 DAS and at harvest in grain and straw was 235.40 mg kg '1, 100.7 mg kg’ 1 and 216.9 mg 

kg' 1 respectively. Among higher doses of K (T4 and T5), T4 showed higher Mn content than 

T5 but lower than POPR. Among the sources of silica, sodium silicate without lime (T9) noted 

higher Mn content followed by calcium silicate application (Tg) and sodium silicate 

application (T7) at all the stages. Application of boron (T10) at all stages recorded lower Mn 

content than POPR. Tire lowest Mn content at 60 DAS was recorded by combined application 

of magnesium, boron and silica while in case of both grain and straw, it was by application of 

magnesium (Ts). The lowest Mn content recorded by Tn at 60 DAS and by Tg at harvest 

(grain and straw) was 191.80 mg kg '1, 61.92 mg kg' 1 and 153.30 mg kg ' 1 respectively.
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Table 4.15 Effect of nutrients and soil ameliorants on manganese content of rice (mg kg’1)

Treatments 60 DAS Harvest

Grain Straw

Ti STNP+ FYM+ lime 208.80cd 87.50c 179.906

t 2 POPR 213.30°° 85.33° 185.90°

t 3 POPR without FYM 230.003 93.67b 241.70a

t 4 110:45:85 kg NPK+FYM+lime 204.10del 72.50d 171.10°

t 5 110:45:110 kg NPK+FYM+lime 201 .00det 68.00de‘ 160.20de

t 6 POPR+ MgO 196.30lg 61.92s 153.30°

t 7 POPR+ sodium silicate 196.50Ig 66.75els 166.30cd

Ts POPR+ calcium silicate 198.90tg 70.75de 167.40°°

t 9 POPR+ sodium silicate without lime 220.90etg 90.17bc 187.90°

T io POPR+ borax 205.90cde 69.08de 167.60cd

Tn POPR+ MgO+ silica(sodium silicate)+borax 191.80s 63.25*e 160.30de

T |2 Absolute control 235.40a 100.703 216.90a

* The means followed by common alphabets do not dif 'er significantly at 5% leve in DMRT
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4.5.9 Zinc content of plant

The data on Zn content of plant at 60 DAS and at harvest in grain and straw are 

shown in Table 4.16. At 60 DAS, the combined application of magnesium, boron and silica 

(Tn) recorded significantly higher Zn content (53.67 mg kg '1), which was on par with boron 

application (Tio)- Soil test based nutrient application (T i), POPR (T2), higher dose of K  (T4), 

magnesium application (T 6) and sodium silicate application without lime (T9) showed 

comparable Zn content in plant which was higher than POPR without FYM application (T3). 

Among sources o f silica, sodium silicate application (T7) recorded higher Zn content than 

calcium silicate application (Tg). Lowest Zn content (23.33 mg kg '1) was recorded in control 

plot (T12)

At harvest, Zn content of grain did not show much variation among the treatments. Zn 

content in grain ranged from 6.61 mg kg' 1 to 11.27 mg kg'1 due to treatments. All the 

treatments were on par with each other for Zn content except POPR without FYM and 

control. The lowest content was recorded in control plot (T12).

In case o f straw, combined application of magnesium, boron, silica (T n ) recorded the 

highest Zn content of 66.25 mg kg' 1 followed by boron application (T10). Soil test based 

nutrient application (T j) showed higher Zn content than POPR (T2). The Zn content of straw 

recorded was almost same irrespective o f source of silica. Magnesium application (Tg) had 

higher Zn content than POPR. The lowest content of (26.83 mg kg '1) Zn was recorded by 

control plot (T 12).

4.5.10 Boron content of plant

The data on boron content in rice at 60 DAS and in grain and straw at harvest are 

shown in Table 4.17. Combined application of magnesium, boron and silica (Tn) and boron 

alone treatment (T10) recorded significantly higher B content (7.29 mg kg' 1 and 7.17 mg kg'1) 

at 60 DAS. Soil test based nutrient applied plot (Ti) and silica application irrespective of 

source (T7 and T8) recorded comparable B content and was on par with POPR. Among the 

doses of K, higher dose of K (T5) was better for B content compared to lower dose (T4) and 

the content was less than that with POPR. Magnesium application (T6) also recorded less B 

content than POPR.

In case o f grain the highest B content (5.92 mg kg '1) was recorded by the application 

of combination o f magnesium, boron and silica (Tn ) and boron applied treatments (T[0). The
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Table 4,16 Effect of nutrients and soil ameliorants on zinc content of rice (mg kg '1)

Treatm ents 60 DAS H arvest

G rain Straw

T, STNP+ FYM+ lime 42.75cd 10.22a 51.75bc

t 2 POPR 44.42cd 10.34a 43.33de

t 3 POPR without FYM 36.17e 7.88b 34.08*

t 4 110:45:85 kg NPK+FYM+lime 42.17ca 10.373 41.83e

t 5 110:45:110 kg NPK+FYM+lime 46.33bcd 10.50a 49.42bcde

t 6 POPR+ MgO 42.75cd 10.69a 48.17cde

t 7 POPR+ sodium silicate 47.08bc 11.00a 50.67bcd

t 8 POPR+ calcium silicate 41.25d 11.053 50.92bcd

t 9 POPR+ sodium silicate without lime 45.08cd 10.873 49.42bcde

T io POPR+ borax 50.75ab 10.91a 56.50b

T „ POPR+ MgO+ silica(sodium silicate)+borax 53.67a 11.273 66.25a

T 12 Absolute control 23.33* 6.61° 26.83e

* The means followed by common alphabets do not differ significantly at 5% leve in DMRT
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Table 4.17 Effect o f nutrients and soil ameliorants on boron content o f rice (mg kg '1)

Treatm ents 60 DAS H arvest

G rain Straw

Ti STNP+ FYM+ lime 6.27c 4.46d 6.65c

T2 POPR 6.89° 4.58° 7.03b

T3 POPR without FYM 4.69s 4.12e 5.53s

t 4 110:45:85 kg NPK+FYM+lime 5.81flE 5.16° 6.18ae

t 5 110:45 :110 kg NPK+FYM+lime 6.06cd 5.42b 6.33d

t 6 POPR+ MgO 5.56el 5.51b 5.73tg

t 7 POPR+ sodium silicate 6.28c 5.55b 6.67°

t 8 POPR+ calcium silicate 6.29c 5.46b 6.78bc

t 9 POPR+ sodium silicate without lime 5.49* 5.16° 5.93e1

T io POPR+ borax 7.17a 5.92a 7.478

Tn POPR+ MgO+ silica(sodium silicate)+borax 7.29a 5.92a 7.64a

T 12 Absolute control 3.65h 2.951

_____

4.13n
__

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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highest dose of K (Ts), magnesium application (Te), silica application irrespective of source 

(T7 and Tg) recorded comparable B content in grain. Soil test based nutrient application (T1) 

and POPR (T2) recorded comparable B content and was better than POPR without FYM (T3). 

Higher dose of K (T4) and sodium silicate application without lime (T9) also did not show 

variation in B content in grain.

The B content in straw at harvest also showed the same trend as that at 60 DAS. B 

content in straw ranged from 4.13 to 7.64 mg kg' 1 with the highest by application of 

combination of magnesium, boron and silica (T n). The control treatment recorded lowest B 

content of 3.65, 4.13 and 2.95 mg kg' 1 at 60 DAS and in straw and grain at harvest 

respectively.

4.5.11 Silica content of plant

The effect o f treatments on silicon content at 60 DAS and in grain and straw at 

harvest is given in Table 4.17. Application of sodium silicate (T7) recorded significantly 

higher amount of silica content at 60 DAS which was on par with calcium silicate application 

(Ts). This was followed by combined application of magnesium, boron and silica (Tn). 

Sodium silicate application without lime (T9) also recorded higher amount of silica than 

POPR (T2). POPR was better in silica content of plant compared to soil test based nutrient 

application (T1). Among the doses o f K, highest dose (T5) recorded better Si content than 

lower dose (T4). Magnesium application (Ts) also recorded more Si content than POPR. 

There was a profound decrease in Si content in control treatment (T[2) and it recorded lowest 

Si content of 1.65 % at 60 DAS.

Si content in grain was the highest (3.19%) by combined application o f magnesium, 

boron and silica (T n ) followed by calcium silicate application (Tg). Soil test based nutrient 

application (Ti), POPR (TO, higher doses of K (T4 and T5) and magnesium application 

showed comparable Si content and were better than POPR without FYM (T3). Sodium 

silicate (T7) with lime recorded more Si content than sodium silicate alone (T9). Lowest 

amount of Si content of grain (1.56 %) was observed in control plot (T12).

In the case o f straw, Si content was highest (5.23%) by sodium silicate (T7) 

application followed by combined application o f magnesium, boron and silica (Tn)- Soil test
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Table 4.18 Effect o f nutrients and soil ameliorants on silicon content o f rice (%)

Treatm ents 60 DAS H arvest

G rain Straw

T, STNP+ FYM+ lime 2.65le 2.69° 3.69d

t 2 POPR 2.711 2.57d 3.71°

t 3 POPR without FYM 2.07n 2.07e 3.21e

t4 110:45:85 kg NPK+FYM+lime 2.55g 2.64“ 3.76°

t 5 110:45:110 kg NPK+FYM+lime 2.89e 2 .66d 3.80d

t 6 POPR+ MgO 2.751 2.58° 3.80d

t 7 POPR+ sodium silicate 4.19a 2.97abc 5.23a

Tg POPR+ calcium silicate 4.07“ 3.10“ 4.99b

t 9 POPR+ sodium silicate without lime 3.74c 2.84bcd 4.6SC

T io POPR+ borax 3.07° 2.74“ 5.04b

Tn POPR+ MgO+ silica(sodium silicate)+borax 3.98° 3.19a 5.09“

T12 Absolute control 1.65' 1.561 2.611

* The means followed by common alphabets do not dif 'er significantly at 5% leve in DMRT
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based nutrient application (Tj), POPR (T2), higher doses of K (T4 and T5) and magnesium 

application (Tg) recorded comparable Si content at harvest. POPR with FYM (T2) was better 

than POPR alone (T3). Calcium silicate application (Ts) and borax application (Tio) recorded 

comparable Si content and were better than sodium silicate application without lime (T9). 

Lowest Si content (2.61%) was observed in control plot (T12).

4.6 Nutrient uptake of plant

4.6.1 Nitrogen uptake

The data pertaining to nitrogen uptake by the crop at harvest is shown in Table 4.18. 

The combined application o f magnesium, boron and silica (Tn) and sodium silicate 

application (T7) recorded significantly higher N uptake by grain (109.90 kg ha’1) followed by 

application of boron (Tio) and calcium silicate (Tg). Soil test based nutrient application (Ti) 

was better in N uptake compared to POPR (T2). Higher dose o f K (T4), magnesium 

application (Tg), sodium silicate without lime (T9) and application of POPR without FYM 

(T3) resulted in lower N uptake by grain. Lowest N uptake in grain (29.15 kg ha '1) was 

recorded in control plot (T12).

N uptake in straw followed a different pattern. The higher N uptake in straw was 

observed with application of calcium silicate (Tg), highest dose o f K (Ts), magnesium 

application (Tg) and combined application of magnesium, boron and silica (Tn). Soil test 

based nutrient application (Ti) and POPR (T2) did not produce difference in N uptake but 

were better than POPR without FYM (T3). Boron application (Tio) also recorded higher N 

uptake compared to POPR. Lowest N uptake o f 18.86 kg ha' 1 in straw was recorded in 

control treatment (T12).

The total uptake of N in control (T12) was 48.01 kg ha ’ 1 while it was the highest 

(171.5 kg ha '1) with combined application o f magnesium, boron and silica (T n). Soil test 

based nutrient application (T i) was better in total N uptake than POPR (T2). Application of 

higher dose o f K (T5) was better for increased uptake compared to lower dose. N uptake was 

lower when nutrients were applied as per POPR without FYM. Magnesium application also 

recorded relatively lower N uptake.
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Table 4.19 Effect of nutrients and soil ameliorants on N uptake by rice (kg ha '1)

Treatments Grain Straw Total

T, STNP+ FYM+ lime 87.30° 51.49“ 138.80elg

t 2 POPR 81.81° 50.94“ 132.80s

t 3 POPR without FYM 57.75* 32.51° 90.261

t 4 110:45:85 kg NPK+FYM+lime 80.16° 57.96“b° 138.10*8

t 5 110:45:110 kg NPK+FYM+lime 83.96°“ 62.90“ 146.90“°

t 6 POPR+ MgO 81.66° 62.77“ 144.40“°*

t 7 POPR+ sodium silicate 105.30a 60.17ab 165.50“b

t 8 POPR+ calcium silicate 95.36b 63.01“ 158.40bc

POPR+ sodium silicate without lime 71.72° 53.13°“ 124.90“

T io POPR+borax 97.01° 55.55b°“ 152.60°“

T n POPR+ MgO+ silica(sodium silicate)+borax 109.90a 61.59“ 171.50“

Ti2 Absolute control 29.15E 18.86* 48.01J

* The means followed by common alphabets do not differ significantly at 5% level in DMRT



67

4.6.2 Phosphorous uptake

The effect of various treatments on P uptake by the crop is presented in Table 4.19. 

The combined application of magnesium, boron and silica (T n ), boron application (Tio) and 

calcium silicate application (T«) recorded significantly higher P uptake in grain. There was no 

significant variation in P uptake in grain with respect to soil test based nutrient application 

(Tj), POPR (T2), doses of K (T4 and T5) and sodium silicate application without lime (T9). 

Magnesium application (Tg) and application of POPR without FYM (T3) recorded lower P 

uptake in grain than POPR.

P uptake by straw was comparable (28.50 kg ha'1) in soil test based nutrient 

application (T |), combined application of magnesium, boron and silica (T n ), magnesium 

application (Tg), boron application (Tio), higher doses of K (T4 and T5) and sodium silicate 

application (T7). Calcium silicate application (Ts), sodium silicate application without lime 

(T9) and POPR (T2) did not show variation in P uptake in straw and had comparable values. 

Application of FYM resulted in increased uptake of P (T2).

The total uptake of P also followed the same trend as that of straw. Magnesium 

application (Te), sodium silicate application without lime (T9) and POPR (T2) did not show 

variation in total uptake of P and had comparable values. The lowest uptake was recorded in 

control treatment (TL2) in grain, straw and total uptake i.e. 7.16 kg h a '1, 6.30 kg ha‘‘andl3.46 

kg ha"1 respectively.

4.6.3 Potassium uptake

The effect of treatments on K uptake by the crop is shown in Table 4.21. The K 

uptake by grain was significantly higher (21.50 kg ha"1) by combined application of 

magnesium, boron and silica (T n ) followed by boron application (Tio). K uptake by sodium 

silicate (T7), calcium silicate (T8) and sodium silicate without lime (T9) application showed 

comparable values. Magnesium application (T6) also recorded lower K uptake by grain. Soil 

test based nutrient application (T j) and POPR (T2) recorded comparable K uptake by grain. 

Application o f higher dose of K (T5) increased K uptake by grain.

Combined application o f magnesium, boron and silica (Tn), highest dose of K (T5), 

magnesium application (T6) and sodium silicate application without lime (T9) recorded 

relatively higher K uptake by straw. Soil test based nutrient application (Tj), POPR (T2) and
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Table 4.20 Effect o f nutrients and soil ameliorants on P uptake by rice (kg h a ')

T reatm ents G rain Straw Total

Ti STNP+ FYM+ lime 25.33aD 28.50a 53.83a°

t 2 POPR 24.62aD 22.08a° 46.69°

t 3 POPR without FYM 16.25° 15.98° 32.24°

Ta 110:45:85 kg NPK+FYM+lime 24.85a° 2 1 .68a° 46.53°

T  5 110:45:110 kg NPK+FYM+lime 26.25aD 25.43a 51.68a°

t 6 POPR+ MgO 20.15°° 27.58a 47.74°

t 7 POPR+ sodium silicate 26.50a° 25.21a 51.70a°

Tg POPR+ calcium silicate 21.2T 22.90a° 50.18a°

t 9 POPR+ sodium silicate without lime 25.54a° 22.35a° 47.90°

T io POPR+ borax 28.13a 25.49a 53.62a°

T ,i POPR+ MgO+ silica(sodium silicate)+borax 31.03“ 27.63a 58,66a

T,2 Absolute control ■ 7.16d 6.30° 13.46°

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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Table 4.21 Effect of nutrients and soil ameliorants on K uptake by rice (kg ha '1)

Treatments Grain Straw Total

Ti STNP+ FYM+ lime 15.47e 182.4b 197.89b

t 2 POPR 15.20e 179.20b 194.38°

t 3 POPR without FYM 12.811 128.60° 141.38°

t 4 110:45:85 kg NPK+FYM+lime 11.27' 197.60ab 208.91°

t 5 110:45:110 kg NPK+FYM+lime 16.40de 215.10® 231.53®

t 6 POPR+ MgO 17.87cd 215.50® 233.34®

t 7 POPR+ sodium silicate 18.80bc 185.50° 204.33b

t 8 POPR+ calcium silicate 18.66b° 183.10° 201.76b

t 9 POPR+ sodium silicate without lime 18.34b° 216.10® 234.40®

T 10 POPR+ borax 19.68b 176.60° 196.31°

Ti, POPR+ MgO+ silica(sodium silicate)+borax 21.50® 212.70® 234.24®

T 12 Absolute control 4.63E 67.41d 72.04d

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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both the sources of silica did not show any variation in K uptake by straw and had 

comparable values.

Total uptake of K also followed the same trend as that o f K uptake by straw. Total 

uptake of K varied from 72.04 kg ha' 1 to 234.4 kg ha' 1 by application of various treatments. 

POPR without FYM (T3) showed comparatively lower K uptake by grain and straw and 

hence also total uptake compared to POPR application. Control plot (T12) recorded the lowest 

K uptake of 4.63 kg ha '1, 67.41 kg ha' 1 and 72.04 kg ha"1 by grain, straw and total uptake 

respectively.

4.6.4 Calcium uptake

The data on Ca uptake by rice at harvest is shown in Table 4.22. The highest uptake 

of Ca by grain (1.22 kg ha '1) was observed in combined application of magnesium, boron and 

silica (Tn) followed by boron application (T10) and calcium silicate application (T8). POPR 

(T2) recorded comparable value for Ca uptake with soil test based nutrient application (T1) 

and POPR without FYM (T3). Higher dose of K (T5) recorded more Ca uptake in grain than 

lower dose (T4). Among sources o f silica, calcium silicate was better in uptake than sodium 

silicate (T7). Control plot (T |2) recorded the lowest uptake of Ca in grain (0.40 kg ha '1).

The application o f calcium silicate recorded the highest Ca uptake by straw (38.25 kg 

ha’1) followed by highest dose of K (T5). Combined application of magnesium, boron and 

silica (Tn) and sodium silicate application (T7) resulted in comparable Ca uptake in straw. 

Soil test based nutrient application (T1) and POPR (T2) were better in Ca uptake compared to 

POPR without FYM (T3). Control plot recorded the lowest Ca uptake by straw (16.99 kg 

ha'1).

The Ca accumulated in grain was very less compared to total uptake and the Ca left in 

the straw. Total Ca uptake showed the same trend as that by straw. Calcium silicate 

application (T8) recorded the highest calcium uptake of 39.39 kg ha' 1 and lowest o f 17.40 kg 

ha' 1 in control treatment (T12).

4.6.5 Magnesium uptake

The magnesium uptake by rice at harvest is shown in Table 4.23. Mg uptake was 

highest (7.72 kg ha !, 8.84 kg ha' 1 and 16.58 kg ha"1 in grain, straw and total respectively) by 

combined application of magnesium, boron and silica (Tn). In all the cases, soil test based
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Table 4.22 Effect of nutrients and soil ameliorants on Ca uptake by rice (kg ha"1)

Treatments Grain Straw Total

Ti STNP+ FYM+ lime 0.94d 30.3 9el 31.33®

t 2 POPR 0.96cd 31.60et 32.57et

t 3 POPR without FYM 0.541 23.72s 24.27s

t 4 110:45:85 kg NPK+FYM+lime 0.92° 34.37cd 35.30cd

t 5 110:45:110 kg NPK+FYM+lime 1.01cd 37.22ab 38.23ab

t 6 POPR+ MgO 0.71e 29.711 30.421

t 7 POPR+ sodium silicate 1.06“ 34.79bc 35.86bc

Ts POPR+ calcium silicate 1.13ab 38.25a 39.39a

t 9 POPR+ sodium silicate without lime 0.77e 32.3 l de 33.09de

T io POPR+ borax 1.14ab 32.16det 33.30de

Tn POPR+ MgO+ silica(sodium silicate)+borax 1.22a 35.30bc 36.52bc

T ,2 Absolute control 0.40s 16.99” 17.40”

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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Table 4.23 Effect of nutrients and soil ameliorants on Mg uptake by rice (kg ha '1)

Treatments Grain Straw Total

T, STNP+ FYM+ lime 4.721 6.89e 11.63s

t 2 POPR 4.641 6.90e 11.55s

t 3 POPR without FYM 2.76s 4.64“ 7.40"

t 4 110:45:85 kg NPK+FYM+lime 5.62de 7.69c 13.32s

t 5 110:45:110 kg NPK+FYM+lime 5.89° 8.08b 13.95°

t 6 POPR+ MgO 5.98“ 8.72a 14.71bc

t 7 POPR+ sodium silicate 7.20° 7.69c

Tg POPR+ calcium silicate 6.72c 7.64c 14.37cd

t 9 POPR+ sodium silicate without lime 5.39e 6.88e 12.27*

T io POPR+ borax 6.66° 7.24d 13.90°

T„ POPR+ MgO+ silica(sodium silicate)+borax 7.72a 8.84a 16.58a

T  ,2 Absolute control 2.57s 2.99s 5.561

* The means followed by common alphabets do not dif 'er significantly at 5% level in DMRT
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nutrient application (Tj) and POPR (T2) recorded comparable Mg uptake and were better 

compared to POPR without FYM (T3).

Application of sodium silicate (T7) recorded better Mg uptake in grain than Tn. 

Calcium silicate application (Ts) and boron application showed comparable Mg uptake in 

grain and it was higher than POPR. Lowest uptake of Mg (2.57 kg ha"1) was recorded by 

control plot (Tn).

Mg uptake by straw was the highest in Tn followed by magnesium application (Tg). 

Soil test based nutrient application (Ti), POPR (T2) and sodium silicate application without 

lime (T9) were relatively less efficient in Mg uptake by straw. Application of higher dose of 

K (T4) increased Mg uptake. The sources of silica did not influence the Mg uptake by straw. 

Control plot (T12) recorded the lowest Mg uptake of 2.99 kg ha '1.

The total uptake o f Mg was highest in Tn followed by sodium silicate application (T7) 

and this was on par with magnesium application (Tg). Highest dose o f K (T5) was better than 

T4 in Mg uptake. Lime application with silica increased the Mg uptake (T7 and Tg). Lowest 

Mg uptake (5.56 kg ha"1) was recorded by control plot (Ti2).

4.6.6 Sulphur uptake

The effect o f various treatments on S uptake by rice is shown in Table 4.23. The S 

uptake by grain was highest (5.14 kg ha"1) by combined application of magnesium, boron and 

silica (Tn) followed by application o f sodium silicate (T7) and boron application (Tio). Soil 

test based nutrient application (Ti) was better than POPR (T2) for S uptake by grain. Highest 

dose of K (T5) and magnesium application (Tg) recorded relatively higher S uptake and it was 

lowest (1.78 kg ha"1) in control plot (T12).

The S uptake by straw was highest (23.75 kg ha '1) by boron application (Tio) followed 

by magnesium application (Tg). Highest dose of K (T5) and both the sources of silica 

recorded comparable S uptake in straw. Combined application o f magnesium, boron and 

silica (Tn), higher dose o f K (T4), POPR (T2) and sodium silicate application without lime 

(T9) had comparable values for S uptake. Soil test based nutrient application (Ti) showed 

lower S uptake in straw than POPR (T2) but was better than POPR without FYM (T3). 

Control plot (T12) recorded lowest S uptake o f 5.73 kg ha"1.
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Table 4.24 Effect of nutrients and soil ameliorants on S uptake by rice (kg ha '1)

Treatments Grain Straw Total

Ti STNP+ FYM+ lime 4.03cd 16.68d 20.721

t 2 POPR 3.97d 17.87cd 21.85det

t 3 POPR without FYM 2.851 10.63e 13.49e

t 4 110:45:85 kg NPK+FYM+lime 4.01cd 18.38cd 22.40cdeI

t 5 110:45:110 kg NPK+FYM+lime 4.23c 19,99bc 24.23bcd

t 6 POPR+ MgO 4.26° 21.70“* 25.96b

t 7 POPR+ sodium silicate 5.12a 19.92bc 25.04b

t 8 POPR+ calcium silicate 4.77b 19.75bc 24.53bc

t 9 POPR+ sodium silicate without lime 3.68e 17.68cd 21.36“

T io POPR+ borax 5.02a 23.75a 2 Z .lT

T,i POPR+ MgO+ silica(sodium silicate)+borax 5.14a 18.64cd 23.78bcde

T ,2 Absolute control 1.78g 5.731 7.51h

* The means followed by common alphabets do not difihr significantly at 5% level in DMRT
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The highest total uptake of S by rice was observed due to boron application (T7) 

followed by magnesium (Te) and sodium silicate application (T7). POPR (T2) was better than 

soil test based nutrient application (Ti) for total uptake of S. Highest dose of K (T5) and 

combined nutrient application of magnesium, boron and silica (Tn) recorded higher total 

uptake of S. Sodium silicate application (T9) and POPR without FYM (T3) recorded 

comparatively lower total uptake o f S and it was least (7.51 kg ha '1) in control plot (T 12).

4.6.7 Iron uptake

The effect o f various treatments on Fe uptake by rice is shown in Table 4.25. The Fe 

uptake by grain was highest (1.52 kg ha '1) in sodium silicate without lime (T9) and sodium 

silicate (T7) applied treatments. Magnesium application (Te), higher dose of K (Ti), boron 

application (Ti0) and POPR without FYM (T3) recorded higher Fe uptake in grain and had 

comparable values. Calcium silicate application (Tg) and POPR (T2) were on par for Fe 

uptake by grain. Soil test based nutrient application (T|) and combined application of 

magnesium, boron and silica (Tn) showed comparable uptake of Fe by grain and lowest 

uptake of Fe (1.02 kg ha '1) by grain was observed in control plot (T12).

In case of straw there was no significant difference among the treatments for Fe 

uptake. Almost all the treatments were on par with each other. It was highest (3.34 kg ha"1) in 

POPR (T2) applied treatment and the lowest (2.30 kg ha"1) by application of calcium silicate 

(Ts).

The total uptake of Fe by the crop was highest (4.85 kg h a '1) by sodium silicate 

application without lime (T9). There was no considerable variation among the treatments for 

total Fe uptake and all treatments were on par with each other. The combined application of 

magnesium, boron and silica (Tn) recorded the lowest total uptake o f Fe (3.52 kg ha '1).

4.6.8 Manganese uptake

The uptake o f Mn by the application o f various treatments is shown in Table 4.26. Mn 

uptake was highest (0.59 kg h a '1, 1.55 kg ha ' 1 and 2.14 kg ha' 1 in grain, straw and total 

respectively) by application o f sodium silicate without lime (T9).

Application of higher dose of K reduced the Mn uptake by grain. Combined 

application of magnesium, boron and silica (Tn) showed lower Mn uptake than POPR. There
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Table 4.25 Effect of nutrients and soil ameliorants on Fe uptake by rice (kg ha '1)

Treatm ents G rain Straw Total

T, STNP+ FYM+ lime 1.17bc 3.01abk 4.18abcd

t 2 POPR 1.22abc 3.34a 4.57ab

t 3 POPR without FYM 1.32ab 3.18a 4.50ab

t 4 110:45:85 kg NPK+FYM+lime 1.37ab 3.22a 4.59ab

t 5 110:45:110 kg NPK+FYM+lime 1.26abG 3.10a 4.36abc

t 6 POPR+ MgO 1.38at> 3.29a 4.68ab

t 7 POPR+ sodium silicate 1.49a 2.84abc 4.34abc

t 8 POPR+ calcium silicate 1.27a0c 2.30c 3.58ca

t 9 POPR+ sodium silicate without lime 1.52a 3.32a 4.85a

T io POPR+ borax 1.34ab 2.68abc 4.02abcd

Tn POPR+ MgO+ silica(sodium silicate)+borax l . l l bc 2.41bG 3.52d

T 12 Absolute control 1.02° 2 .86abc 3.88bcd

* The means followed by common alphabets do not dif 'er significantly at 5% leve in DMRT
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Table 4.26 Effect of nutrients and soil ameliorants on Mn uptake by rice (kg ha"1)

Treatments Grain Straw Total

T, STNP+ FYM+ lime 0.56ab 1.28c 1.84bca

t 2 POPR 0.54bc 1.36c 1.90°

t 3 POPR without FYM 0.50cd 1.30bc 1.80cd

t 4 110:45:85 kg NPK+FYM+lime 0.46de 1.36b 1.83bcd

t 5 110:45:110 kg NPK+FYM+lime 0.44e 1.32bc 1.77d

t 6 POPR+ MgO 0.38' 1.26c 1.65e

t 7 POPR+ sodium silicate 0.50c 1.35bc 1.86bc

t 8 POPR+ calcium silicate 0.50c 1.37b 1.87bc

t 9 POPR+ sodium silicate without lime 0.59a 1.55a 2.14a

T io POPR+ borax 0.53bc 1.32bc 1.85bc

T n POPR+ MgO+ silica(sodium silicate)+borax 0.50cd 1.3 l"bc 1.8 l cd

T 12 Absolute control 0.38* 0.97d 1.35f

* The means followed by common alphabets do not dif hr significantly at 5% level in DMRT
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was no variation for Mn uptake with different sources o f silica (T7 and T8). Lowest Mn 

uptake by grain was recorded in magnesium applied plot (Te) and control plot (Tn). Soil test 

based nutrient application (Ti) recorded lower Mn uptake by straw than POPR and it was on 

par with POPR without FYM (T3). Higher doses o f K (T4 and Tj), borax application and 

combined application of magnesium, boron and silica were on par with POPR application for 

Mn uptake. There was no variation in Mn uptake among the sources of silica (T7 and T8). The 

control treatment recorded the lowest Mn uptake by straw of 0.97 kg ha '1.

The total uptake o f Mn also followed the same trend as that o f straw. It was highest in 

T9 and lowest in control plot (T12).

4.6.9 Zinc uptake

The effect o f various treatments on the uptake o f Zn by rice is given in Table 4.27. 

The Zn uptake by grain varied from 0.02 to 0.08 kg ha' 1 and from 0.12 to 0.54 kg ha"1 in 

straw. The total Zn uptake ranged from 0.14 to 0.63 kg ha '1. The highest Zn uptake by grain 

and straw was noticed by combined application o f magnesium, boron and silica (Tn) with 

total Zn uptake of 0.63 kg ha '1. FYM application increased the Zn uptake but sources of silica 

did not produce variation in Zn uptake by the plant. Boron application (T10) and silica 

application resulted in better Zn uptake by grain and straw and hence total uptake. The lowest 

uptake was recorded in control (T12).

4.6.10 Boron uptake

The data on Boron uptake by the rice due to application o f nutrients and soil 

ameliorants are presented in Table 4.28. B uptake was highest (0.047 kg ha'1, 0.062 kg ha' 1 

and 0.11 kg ha' 1 in grain, straw and total respectively) by combined application o f 

magnesium, boron and silica (Tn). Soil test based nutrient application (T1) and POPR (T2) 

recorded comparable B uptake by grain. Highest dose of K (T5) recorded more uptake of B 

than lower dose. Among the source o f silica, sodium silicate (T7) recorded better B uptake by 

grain than calcium silicate (T6). The uptake o f boron by grain was lowest (0.011 kg ha '1) in 

control plot (T12)

In case of B uptake by straw, T 11 recorded the highest. POPR was better in B uptake 

by straw compared to soil test based nutrient application (Ti) and POPR without FYM (T3). 

Higher doses of K recorded higher B uptake. The sources o f silica, sodium silicate (T7) and
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Table 4.27 Effect o f nutrients and soil ameliorants on Zn uptake by rice (kg ha '1)

Treatm ents G rain Straw Total

T, STNP+ FYM+ lime 0.06° 0.36cd 0.43de

t 2 POPR 0.06c 0.31d 0.38e

t 3 POPR without FYM 0.04d 0 .20e 0.241

t 4 110:45:85 kg NPK+FYM+lime 0.06c 0.33d 0.40e

t 5 110:45:110 kg NPK+FYM+lime 0.06c 0.40bc 0.47bcd

Tfi POPR+ MgO 0.06c 0.39bc 0.46cd

t 7 POPR+ sodium silicate 0.08° 0.41bc 0.49bc

Ts POPR+ calcium silicate 0.07b 0.41bc 0.49bc

t 9 POPR+ sodium silicate without lime 0.07c 0.40bc 0.48bcd

T io POPR+ borax 0.08b 0.44° 0.53b

T,, POPR+ MgO+ silica(sodium silicate)+borax 0.08a 0.54a 0.63a

T 12 Absolute control 0.02e 0.121 0.14s

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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Table 4.28 Effect o f nutrients and soil ameliorants on B uptake by rice (kg ha '1)

Treatments Grain Straw Total

Ti STNP+ FYM+ lime 0.0291 0.047s 0.0761

t 2 POPR 0.0291 0.051“ 0.081®

t 3 POPR without FYM 0 .022s 0.033h 0.056s

t 4 110:45:85 kg NPK+FYM+lime 0.033® 0.049® 0.083°

t 5 110:45:110 kg NPK+FYM+lime 0.036d 0.052d 0.088d

t 6 POPR+ MgO 0.034de 0.047,g 0.082®

t 7 POPR+ sodium silicate 0.042b 0.054° 0.097°

t 8 POPR+ calcium silicate 0.039c 0.055° 0.095°

t 9 POPR+ sodium silicate without lime 0.034de 0.049et 0.083®

T io POPR+ borax 0.045® 0.058b 0.104b

T,, POPR+ MgO+ silica(sodium silicate)+borax 0.047® 0.062® 0 .110®

T n Absolute control 0.01 l n 0.0181 0.03 0n

* The means followed by common alphabets do not dif br significantly at 5% level in DMRT
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calcium silicate (Tg) had comparable B uptake values by straw. Lowest B uptake of 0.018 kg 

ha' 1 by straw was recorded in control plot (Ti2).

The total uptake o f B followed the same trend as that of straw with highest in Tn and 

lowest in control plot (T12).

4.6.11 Silica uptake

The uptake of silica by rice crop due to the application o f nutrients and soil 

ameliorants is given in Table 4.29. The silica uptake by grain was highest (253.9 kg ha"1) by 

combined application of magnesium, boron and silica (Tn) followed by application of silica 

i.e. sodium silicate and calcium silicate (Tg). There was no significant difference between the 

rest of treatments for silica uptake except POPR without FYM (T3) and control treatment 

which recorded lower silica uptake by grain. Lowest silica uptake of 58.89 kg ha' 1 in grain 

was observed in control plot (Tn).

Sodium silicate application (T7) recorded the highest silica uptake by straw followed 

by combined application o f magnesium, boron and silica (Tn) and calcium silicate (Tg). Soil 

test based nutrient application (Tj) and POPR (T2) recorded comparable silica content and 

were better than POPR without FYM (T3). Higher doses of K (T4 and T5) and magnesium 

application (T<;) recorded lower silica uptake but higher than POPR. Control plot (Tn) 

recorded lowest silica uptake of 117.70 kg ha' 1 by straw.

Total uptake of silica followed the same trend as that by straw. It was highest by 

combined application of magnesium, boron and silica (Tn) and lowest (176.6 kg ha '!) in 

control plot (T]2).

4.7 Nutrient status of soil

4.7.1 pH of soil

The effect of various treatments and soil ameliorants on soil pH at every two weeks 

interval from ploughing to harvest o f the crop is presented in Table 4.30. The trend of pH 

from ploughing to harvest was linear with declining at harvest. Initially the pH o f the soil was 

very low (4.13 to 4.43) and further there was a gradual increase in pH of soil (4.40 to 4.70) 

due to the addition of nutrients and soil ameliorants. The pH values showed an increasing 

trend compared to without lime treatments (T9). There was an increase from 5.13
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Table 4.29 Effect o f nutrients and soil ameliorants on Silica uptake by rice (kg ha"1)

Treatm ents G rain Straw Total

T, STNP+ FYM+ lime 173.50c 263.10‘ 436.30’

t 2 POPR 163.00c 273.00’ 436.00’

t 3 POPR without FYM 111 .00d 195.20g 306.20®

t 4 110:45:85 kg NPK+FYM+lime 169.80c 300.90° 470.70°

t 5 110:45:110 kg NPK+FYM+lime 174.90° 315.20° 490.10°

t 6 POPR+ MgO 161.20° 314.50° 475.70°

t 7 POPR+ sodium silicate 227.40° 425.60“ 653.00“°

Ts POPR+ calcium silicate 222.50° 409.00°° 631.50°°

t 9 POPR+ sodium silicate without lime 186.00° 388.10d 574.10°

T io POPR+ borax 210.40° 398.00°° 608.40°

Tn POPR+ MgO+ silica(sodium silicate)+borax 253.90“ 417.20“° 671.10“

T 12 Absolute control 58.89° 117.70° 176.60”

* The means followed by common alphabets do not dif 'er significantly at 5% level in DMRT



Table 4.30 Effect of treatments and soil ameliorants on soil pH during experimentation

Treatments Initial 2
weeks

4
weeks

6
weeks

8
weeks

10
weeks

12
weeks

14
weeks

16
weeks

H arvest

T, STNP+ FYM+ lime 4.33abcd 4.56ab 5.85ab 5.9 ldc 5.92c 6.1 lbc 6 .18d 6.22d 6.17et 5.36b

t 2 POP 4.43a 4.63a 5.8 l ab 5.92bc 5.9 ld 6.1 l bc 6.18C 6.24ab 6.17cd 5.40b

t 3 POP without FYM 4.36abc 4.63a 5.64c 5.9 r ' 5.90e 6.1 l bc 6 .18d 6.23c 6.17de 5.43b

t 4 110:45:85 kg NPK+FYM+lime 4.16cd 4.63a 5.77° 5.91cd 5.92° 6.08c 6.18d 6.25a 6.17cd 5.46b

t 5 110:45:110 kg NPK+FYM+lime 4.40ab 4.66a 5.83ab 5.90E 5.92° 6.09c 6.17de 6.19e 6.17el 5.50b

t 6 POP+ MgO 4.30abcd 4.60a 5.8 lab 5.90' 5.90e 6.09bc 6.17ei 6.19e 6.16® 5.43b

T 7 POP+ sodium silicate 4.36abc 4.70a 5.90a 5.92b 5.94b 6 .13abc 6.20b 6.24b 6.21a 5.63a

Ts POP+ calcium silicate 4.13d 4.70a 5.92a 5.93a 5.96a 6.15ab 6.22a 6.25a 6.20b 5.66a

t 9 POP+ sodium silicate without lime 4.20bcd 4.43bc 5.43d 5.63" 5.75' 5.82d 5.85e 5.911 5.62h 5.06c

T,o POP+ borax 4.33abcd 4.63a 5.82ab 5.91cd 5.90e 6.17a 6.17' 6.22d 6.18C 5.43b

Tn POP+ MgO+ silica(sodium silicate)+borax 4.33abcd 4.63a 5.84ab 5.9 lel 5.92c 6.18a 6.17ct 6.23c 6.16‘ 5.64a

T 12 Absolute control 4.40ab 4.40c 5.13c 5.211 5.41s 5.56e 5.59h 5.64s 5.4T 4.94d

*The common alphabets do not differ significantly at 5% in DMRT
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to 5.92 within two weeks after application of treatments. pH was almost stable by six and 

eight weeks after sowing and continued as such up to harvest. At harvest there was decrease 

in pH from 5.66 to 4.94.

At initial stages there was no significant difference between the treatments for soil pH 

and were on par with each other. At four weeks after sowing there was increase in pH in all 

treatments except sodium silicate without lime applied treatment (T9) and control (T12)■ 

Highest pH was recorded in silica applied plots (T7 and Tg).

In the case of six and eight weeks after sowing also gradual increasing trend was 

noticed in pH in all the treatments and silica application with lime (T7 and Tg) recoded higher 

pH compared to other treatments. Lowest pH was noticed in control treatment (T12).

At twelve, fourteen and sixteen weeks after sowing it was noticed that the pH was 

almost stabilised and it was in slightly acidic range. The highest pH was recorded in silicate 

applied treatments (T7 and Tg) and lowest in control treatment (T12).

There was a slight reduction in pH at harvest with the same trend of highest being in 

silica applied treatments. The control plot recorded the lowest pH o f 4.94

4.7.2 EC of soil

The effect o f application of nutrients and soil ameliorants on EC of soil at every two 

weeks interval from ploughing to harvest of the crop is presented in Table 4.31. The EC of 

the soil ranged from 0.84 ds m ' 1 to 0.12 ds m ' 1 from ploughing of field to harvesting. There 

was a gradual decrease in EC values due to the application of nutrients and soil ameliorants 

compared to control (T12)- There was a decrease in EC by four weeks after sowing and it was 

almost stable at six and eight weeks and EC ranged from 0.13 ds m ' 1 to 0.24 ds m '1. EC 

values were not changed considerably up to 10 weeks after sowing after which a slight 

increase was noticed during the next 4 weeks. By harvest the EC was decreased to the range 

of 0.12 ds m ' 1 to 0.24 ds m"1.

At initial stages there was no significant difference between the treatments for soil EC 

and the lowest EC was recorded in boron applied treatment (T]0). This trend was continued 

up to 16 weeks after sowing with lowest EC recorded in control plot. At harvest the EC was 

highest in combined application o f magnesium, boron and silica (T11) and lowest in control 

treatment (T |2).



Table 4.30 Effect of treatments and soil ameliorants on EC of soil during experimentation

Treatments Initial 2
weeks

4
weeks

6
weeks

8
weeks

10
weeks

12
weeks

14
weeks

16
weeks

H arvest

T, STNP+ FYM+ lime’ 0.84ab 0.423 0 .20ab 0.23b 0.27b 0.3 0ab 0.42a 0.38a 0.3 lab 0.23b

t 2 POP 0.83ab 0.40a 0.24a 0.25ab 0.34a 0.31a 0.41ab 0.40a 0.28ab 0.191

t 3 POP without FYM 0.82ab 0.38a 0.20ab 0.26ab 0.32ab 0.29ab 0.3 8ab 0.41a 0.26bc 0.18b

t 4 110:45:85 kg NPK+FYM+lime 0.82ab 0.37a 0.17bc 0.28ab 0.28ab 0.33a 0.40ab 0.38a 0.27b 0.1 T

t 5 110:45:110 kg NPK+FYM+lime 0.83a 0.40 a 0.20ab 0.27ab 0.3 l ab 0.33a 0.40ab 0.42 a 0.34a 0.18s

t 6 POP+ MgO 0.83ab 0.36a 0.18abe 0.29ab o.3 r b 0.32a 0.40ab 0.43 a 0.29ab 0 .19e

t 7 POP+ sodium silicate 0.82ab 0.36a 0.19abc 0.27ab 0.26b 0.34a o.4 r b 0.43 a 0.31ab 0.17'

t 8 POP+ calcium silicate 0.79ab 0.33 a 0.17te 0.29ab 0.3 lab 0.30ab 0.43a 0.41a 0.30ab 0.2 l d

t 9 POP+ sodium silicate without lime 0.73b 0.34 a 0.18abc 0.30a 0.30ab 0.30ab o.4 r b 0.40a 0.28ab 0.17k

T ,0 POP+ borax o;76b 0.36 a 0. l 8abc 0.26ab 0.32ab 0.32a 0.41ab 0.41“ 0.29ab 0.23°

Tn POP+ MgO+ silica(sodium siIicate)+borax 0.79ab 0.36a 0.22ab 0.28ab o.3 r b 0.34a 0.4 l ab 0.42a 0.29ab 0.24a

T12 Absolute control 0.78ab 0.33 a 0.13C 0.18C 0.19° 0.25b 0.33b 0.25b 0 .21° 0 .121

*The common alphabets do not differ significantly at 5% in DMR'



Table 4.32 Effect of nutrients and soil ameliorants on organic carbon content o f soil after the 

experiment
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Treatments Organic carbon 
<%)

Ti STNP+ FYM+ lime 2.07bc

t 2 POPR 2.03cd

t 3 POPR without FYM 1.861

t 4 110:45:85 kg NPK+FYM+lime 2.09abc

t 5 110:45:110 kg NPK+FYM+lime 2.13a

t 6 POPR+ MgO 2.06bc

t 7 POPR+ sodium silicate 2.04ca

t 8 POPR+ calcium silicate 1.99de

t 9 POPR+ sodium silicate without lime 1.96e

T io POPR+ borax 1.98de

Tn POPR+ MgO+ silica(sodium silicate)+borax 2 .i r b

Tl2 Absolute control 1.76s

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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4.7.3 Organic carbon

The organic carbon content o f soil at harvest of crop is given in Table 4.32. The 

organic carbon of soil at harvest varied from 1.76% to 2.13% due to various treatments. The 

organic carbon content was increased compared to initial value (1.2%). The application of 

highest dose o f K (T5) recorded the highest organic carbon content (2.13%) followed by 

combined application of magnesium, boron and silica (Tn). Soil test based nutrient 

application (Ti) and magnesium application (Tg) recorded comparable organic carbon content 

which were higher than POPR (T2). Among the sources of silica, sodium silicate application 

(T7) was better than calcium silicate application (T8) in organic carbon content of soil. Boron 

application recorded significantly lower values for organic carbon content of soil. Lower 

organic carbon content was also recorded by application of POPR without FYM (T3) and 

sodium silicate application without lime (T9). Control plot (T2) recorded the lowest organic 

carbon content of 1.76%.

4.7.4 Available N content of soil

The data on available N content of soil is shown in Table 4.33. The available N status 

in soil after harvest did not show variation compared to pre experiment data (342 kg ha"1). 

Soil test based nutrient application recorded significantly higher available N in soil (330.3 kg 

ha '1) which was on par with sodium silicate application (T7) and combined application of 

magnesium, boron and silica (Tn). POPR (T2), higher doses o f K (T4 and T5) and magnesium 

application (Tg) did not produce much variation in N content of soil. FYM application 

increased the available N status of soil and it was higher than that o f POPR without FYM 

0 3 ).

4.7.5 Available P2O5 content of soil

The data on available P2Os content of soil is shown in Table 4.32. An increase in 

available P2Os content o f soil was noticed at harvest compared to pre experiment data (6.75 

kg ha'1). Application o f boron (T10) recorded highest available P20 5 content of soil at harvest 

(14.38 kg ha '1). Soil test based nutrient application (Tj), POPR (T2), highest dose o f K (T5), 

calcium silicate application (Tg) and combined application of magnesium, boron and silica 

(T11) recorded comparable values for available P20 5 content. Higher dose of K (T4) and 

magnesium applied treatment (T6) recorded lower P20 5 content o f soil compared to POPR. 

Sodium silicate application with lime (T7) and without lime (T9) had no significant difference
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Table 4.33 Effect of nutrients and soil ameliorants on available N, P2O5 and K2O content (kg

ha"1) of soil after the experiment

Treatments Available
N

Available
P2O5

Available
K 20

T, STNP+ FYM+ lime 330.30a 12.02ab 110.00ab

t 2 POPR 271.80° 11.47ab 109.70ab

t 3 POPR without FYM 179.801 7.18° 85.49°

t 4 110:45:85 kg NPK+FYM+lime 271.80c 9.54bc° 111.50ab

t 5 110:45:110 kg NPK+FYM+lime 288.50° 11.80at> 112.20ab

t 6 POPR+ MgO 288.50° 9.54bcd 98.71°

t 7 POPR+ sodium silicate 317.80ab 10.65bc 115.80a

Ts POPR+ calcium silicate 309.40b 12.57ab 111.10ab

t 9 POPR+ sodium silicate without lime 213.20° 10.26b° 104.90bc

T io POPR+ borax 250.90° 14.38a 118.60a

Tn POPR+ MgO+ silica(sodium siIicate)+borax 313.60ab 12.24ab 116.30°

T ,2 Absolute control 96.17E 8.05°° 72.78°

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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in P2O5 content o f soil. Control plot (T12) recorded lowest P2O5 content of 8.05 kg ha' 1 at 

harvest.

4.7.6 Available K2O content of soil

The effect o f various treatments on available K2O of soil at harvest is shown in Table 

4.33. The available K2O content of soil varied from 72.78 kg ha' 1 to 118.6 kg ha"1 due to 

various treatments. The highest K content was noticed due to application of boron (T10)- Soil 

test based nutrient application (T^, POPR (T2) and highest dose of K (T5) did not produce 

significant effect on available K content of soil. Sodium silicate application without lime and 

magnesium application (Tg) recorded lower K2O content o f soil. The control treatment 

recorded the lowest K2O content of 72.78 kg ha' 1 in soil at harvest.

4.7.7 Available Ca content of soil

The available Ca content of soil at harvest o f crop is presented in Table 4.34. The 

available Ca content o f soil at harvest was lower compared to that before the experiment 

(1152 mg kg '1). The application o f calcium silicate recorded significantly highest available 

Ca content of soil (443.0 mg kg '1). POPR application (T2), higher doses of K (Tj and Ts) and 

combined application of magnesium, boron and silica (T11) did not produce much variation in 

Ca content of soil and had comparable values. Magnesium application (Tg) and sodium 

silicate application (T7) recorded comparable available Ca content at harvest. Sodium silicate 

application without lime (Tg) recorded lower available Ca content than POPR. Lowest 

available Ca content of soil (351.3 mg kg'1) was recorded by control treatment (T12)-

4.7.8 Available Mg content of soil

The available Mg content in soil at harvest of rice is given in Table 4.34. Available 

Mg content of soil at harvest did not show variation compared to the pre experiment value 

(23 mg kg '1). There was no significant difference between the treatments on available Mg 

content of soil at harvest. However, magnesium application (Te) resulted in highest Mg 

content of 26.03 mg kg"1 available Mg where as it was only 19.86 in absolute control (T12).

4.7.9 Available S content of soil

The effect o f treatments on available S content o f soil is shown in Table 4.34. The 

available S content of soil at harvest was increased compared to initial value (6.12 mg kg '1). 

The available S content was significantly higher (21.29 mg kg '1) in magnesium applied plot
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Table 4.34 Effect o f nutrients and soil ameliorants on available Ca, Mg and S contents (mg

kg'1) of soil after the experiment

Treatm ents Available
Ca

Available
Mg

Available
S

Ti STNP+ FYM+ lime 413.60bc 22.70abc“ 16.89“

t 2 POPR 433.60“b 23.24abc“ 17.13“

t 3 POPR without FYM 378.90“ 20.24“ 13.42°

t 4 110:45:85 kg NPK+FYM+lime 435.90aD 24. lO ^ 17.82°“

t 5 110:45:110 kg NPK+FYM+lime 437.30ab 24.3 8ab° 18.28b°“

t 6 POPR+ MgO 420.10abc 26.03a 21.29a

t 7 POPR+ sodium silicate 425.90abc 23.31abcd 18.75bc

T8 POPR+ calcium silicate 443.00“ 22.18bc“ 19.44°

t 9 POPR+ sodium silicate without lime 405.40° 20,18“ 14.35°

T io POPR+ borax 422,80ab° 21.67°“ 18.05°“

Tn POPR+ MgO+ silica(sodium silicate)+borax 433.50ab 25.65ab 21.28“

T ,2 Absolute control 351.30° 19.86“ 10.96“

* The means followed by common alphabets do not differ significantly at 5% leve in DMRT
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and was better than T6 and combined application o f magnesium, boron and silica (Tn). Soil 

test based nutrient application (Ti) and POPR (T2) had comparable POPR without FYM (T3). 

Higher doses o f K (T5 and T4) did not produce variation in S content o f soil. Among the 

sources o f silica, calcium silicate (Tg) was better source for increased available S content of 

soil compared to sodium silicate (T7). Lowest available sulphur (10.96 mg kg'1) was recorded 

in control plot (T12).

4.7.10 Available Fe content of soil

The available Fe content of soil at harvest o f crop is presented in Table 4.35. The 

control treatment (T12) showed the highest available Fe content of soil (1498 mg kg'1), 

followed by POPR without FYM (T3). The available Fe content o f soil did not vary between 

soil test based nutrient application (Ti) and POPR (T2). Among the sources o f silica, sodium 

silicate (T7) recorded lower available Fe content than calcium silicate (Tg). Lowest available 

Fe content (1058 mg kg '1) was recorded by combined application of magnesium, boron and 

silica (Tn).

Available Mn content of soil

The available Mn content in soil at harvest o f rice crop is given in Table 4.35. The 

application o f manganese (Tg) recorded the highest available Mn content of soil (100.6 mg 

kg '1) which was on par with boron application (T10). Soil test based application recorded 

lower available Mn content than POPR (T2). Higher doses of K (T4 and T5) recorded lower 

available Mn content compared to POPR. Among the sources o f silica, sodium silicate 

application (T7) recorded more available Fe content than calcium silicate (Tg). Combined 

application o f magnesium, boron and silica (Tn) recorded lower available Mn content than 

POPR. The Lowest Mn content (85.33mg kg’1) was observed in control treatment (Ti2) and it 

was on par with POPR without FYM (T3).

Available Zn content of soil

The effect o f treatments on available Zn content o f soil at harvest is presented in 

Table 4.35. The available Zn content o f soil was noticed to be increased compared to that 

before cropping (1.75 mg kg '1). The highest Zn content (4.63 mg kg '1) o f soil was observed 

due to combined application of magnesium, boron and silica (Tn). POPR (T2) recorded 

higher Zn content of soil compared to soil test based application (Ti). Higher doses of K (T4
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Table 4.35 Effect of nutrients and soil ameliorants on available Fe, Mn and Zn (mg kg'1) of 

soil after the experiment

Treatments Available
Fe

Available
Mn

Available
Zn

T, STNP+ FYM+ lime 1216.00bc 93.09d 3.47cd

t 2 POPR 1223.00bc 94.22cd 3

t 3 POPR without FYM 1304.00b 85.97tg 2 .86e

t 4 110:45:85 kg NPK+FYM+lime 1113.00de 88.85et 3.67bcd

T5 110:45:110 kg NPK+FYM+lime 1188.00cd 89.23e 3.87bc

t 6 POPR+ MgO 1154.00cde 100.6a 3.86bc

t 7 POPR+ sodium silicate 1079.006 97.34abc 4.02b

t 8 POPR+ calcium silicate 1142.00cde 95.92bcd 3.43d

t 9 POPR+ sodium silicate without lime 1198.00cd 93.79d 3.74bcd

T ,0 POPR+ borax 1146.00cde 98.19ab 3.96b

Tn POPR+ MgO+ silica(sodium silicate)+borax 1058.006 95.83bcd 4.63a

T ]2 Absolute control 1498.00® 85.33s 2.55e

* The means followed by common alphabets do not differ significantly at 5% level in DMRT
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and T5) and magnesium application OVj) recorded comparable Zn content o f soil. Sodium 

silicate application (T7) recorded more Zn content of soil when compared to calcium silicate 

application (Tg). The available Zn content did not show variation due to application of boron 

(Tio) or sodium silicate (T7). The lowest available Zn content in soil was recorded in control 

treatment (T12).

4.7.13 Available B content of soil

The effect o f various treatments on available B content o f soil is shown in Table 4.36. 

Combined application o f magnesium, boron and silica (Tn) and boron application (Tio) 

recorded significantly higher available B content which was on par with application of 

highest dose K (T5). Soil test based nutrient application (Ti) was better in available B content 

o f soil than POPR (T2) and POPR without FYM (T3). Control treatment recorded lowest 

(0.33 mg kg'1) available B content of soil.

4.7.14 Available Silica content of soil

The effect of treatments on available Si content o f soil is presented in Table 4.36. The 

highest available Si content (43.37 kg h a '1) in soil was observed due to sodium silicate 

application (T7) which was on par with combined application o f magnesium, boron and silica 

(Tn) and calcium silicate application (Tg). Application of nutrients as per POPR (T2) 

recorded higher available Si content than soil test based nutrient application (T() and POPR 

without FYM (T3). The doses of K did not influence the available Si content of soil. 

Application of magnesium (Ts) and boron (Tio) produced comparable Si content which were 

on par with that of POPR. Control treatment (T]2) recorded the lowest (14.75 kg ha '1) 

available Si content o f soil.

4.8. Economics of cultivation

The effect o f treatments on the economics of cultivation is presented in Table 4.37. 

The cost of cultivation was highest by combined application o f magnesium, boron and silica 

(Tn) followed by boron (Tio) and silica application (Tg and T7). The lowest cost for 

cultivation was calculated in the control plot and when the nutrients were applied as per 

POPR without FYM. The gross return showed a different trend. The highest return of Rs 

1,59,850 was manifested by combined application o f magnesium, boron and silica followed 

by boron applied plot (Rs 1,53,840). Sodium silicate application also registered considerably
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Table 4.36 Effect of nutrients and soil ameliorants on available B (mg kg '1) and Si (kg ha'1)

of soil after the experiment

Treatm ents Boron 
(mg kg '1)

Silica 
(kg ha '1)

T, STNP+ FYM+ lime 1.13d 30.92d

t 2 POPR 0.94e 31.58cd

t 3 POPR without FYM 0.79* 20.75e

t4 110:45:85 kg NPK+FYM+lime 1.29c 30.85d

t 5 110:45:110 kg NPK+FYM+lime 1.51b 34.17cd

t 6 POPR+ MgO 1.34° 31.75cd

t 7 POPR+ sodium silicate 1.35° 43.37a

t 8 POPR+ calcium silicate 1 .21cd 42.25a

t 9 POPR+ sodium silicate without lime 0.97e 34.67b

T io POPR+ borax 1.81a 32.00cd

Tn POPR+ MgO+ silica(sodium silicate)+borax 1.90a 41.83a

T 12 Absolute control 0.33E 14.75'

* The means followed by common alphabets do not dilffer significantly at 5% level in DMRT
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Table 4.37 Effect o f nutrients and soil ameliorants on economics o f cultivation (Rs/ha)

Treatments Cost of 
cultivation

Gross
return

BC
Ratio

T, STNP+ FYM+ lime 70,322/- 1,30,320/- 1.85

t 2 POPR 69,897/- 1,28,460/- 1.83

t 3 POPR without FYM 63,897/- 1,08,620/- 1.69

t 4 110:45:85 kg NPK+FYM+lime 70,797/- 1,31,560/- 1.85

t 5 110:45:110 kg NPK+FYM+lime 71,547/- 1,34,640/- 1.88

t 6 POPR+ MgO 70,897/- 1,28,680/- 1.81

t 7 POPR+ sodium silicate 71,875/- 1,53,420/- 2.13

t 8 POPR+ calcium silicate 72,397/- 1,45,600/- 2.01

t 9 POPR+ sodium silicate without lime 65,875/- 1,34,460/- 2.04

T io POPR+ borax 72,897/- 1,53,840/- 2.11

Tn POPR+ MgO+ silica(s odium silicate)+borax 75,675/- 1,59,480/- 2.10

Tl2 Absolute control 49,920/- 76,860/- 1.53
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higher return of Rs. 1,53,420 ha '1. The highest BC ratio of 2.13 was noticed due to sodium 

silicate (T7) followed by boron applied plot (Tjo) and combined application of magnesium, 

boron and silica (Tn) plot due to higher yield obtained from these plots. Calcium silicate 

application also recorded a higher B:C ratio of 2.01. The lowest ratio o f 1.53 was recorded by 

control treatment.

4.8. Scoring of pests

The data on scoring of pests is presented in Table 4.38. During the crop growth period 

there was no severe pest attack but incidence of leaf folder was observed. The scoring o f leaf 

folder was recorded and it was highest in POPR (T2), Soil test based nutrient application (Tj) 

and POPRR without FYM (T3) followed by control treatment (Tp). Scoring recorded was 

lowest in both sodium silicate and calcium silicate applied treatments (T7 and Tg) and by 

combined application o f magnesium, silica and boron (Tn) showing resistance to pest attack.

4.9. Scoring of diseases

The data on scoring of diseases is presented in Table 4.39. There was no severe 

incidence of diseases during the crop growth period but to minute extent incidence of brown 

spot was noticed. Scoring o f the diseases was done based on PDI. Control plot recorded 

highest PDI o f 38.38% followed by POPR application without FYM treatment (T3). Both the 

silica applied treatments (T7 and Ts) recorded lowest amount o f 6.14% and 6.40% o f PDI.

5.0. Correlation between biometric characters and grain yield in rice

The data on correlation between biometric characters and grain yield in rice is 

presented in Table 4.40. All the biometric characters at harvest were significantly correlated 

with yield and the highest correlation was noticed with number o f spiklets/m2 (0.93**).

5.1. Correlation of nutrient content of plant, grain and straw with grain yield in rice

The data on correlation of nutrient content of plant, grain and straw with grain yield in 

rice is presented in Table 4.41. The content of all nutrients except Fe and Mn established a 

significant positive correlation with grain yield. N content followed by B content o f plant 

recorded significantly higher correlation with yield at 60 DAS while Si content (0.91** and 

0.90 ) followed by B content (0.90 and 0.89 ) recorded higher significant correlation with 

grain and straw yield at harvest respectively.
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Table 4.38 Scoring for pests in rice due to nutrients and soil ameliorants

Treatm ents Scores

Ti STNP+ FYM+ lime 5

t 2 POPR 5

t 3 POPR without FYM 5

t 4 110:45:85 kg NPK+FYM+lime 3

t 5 110:45:110 kg NPK+FYM+lime 1

T6 POPR+ MgO 3

t 7 POPR+ sodium silicate 1

T8 POPR+ calcium silicate 1

t 9 POPR+ sodium silicate without lime 3

T io POPR+ borax 3

T , i POPR+ MgO+ silica(sodium silicate)+borax 1

T ]2 Absolute control 5
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Table 4.39 Scoring for diseases in rice due to nutrients and soil ameliorants

Treatm ents PDI
(% )

Ti STNP+ FYM+ lime 15,52c

T 2 POPR 15,21°

t 3 POPR without FYM 16.53d

t 4 110:45:85 kg NPK+FYM+lime 8.64°

t 5 110:45:110 kg NPK+FYM+lime 8.19°

t 6 POPR+ MgO 13.42°

T 7 POPR+ sodium silicate 6.14s

t 8 POPR+ calcium silicate 6.40s

t 9 POPR+ sodium silicate without lime 7.13*

T io POPR+ borax 13.21°

T ,i POPR+ MgO+ silica(sodium silicate)+borax 6.60s

T 12 Absolute control 38.38a

* The means followed by common alphabets do not differ significantly at 5% level by DMRT
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Table 4.40 Correlation between biometric characters and grain yield in rice

Characters (harvest) Grain yield

Plant height(cm) 0.91"

Tillers count per m2 0 .86”

Number o f Spikelets per panicle 0 .93"

Filled grains (%) 0.89"

1000 grain weight 0 .84"

HI 0.48"

Straw yield(t/ha) 0.84"

Table 4.41 Correlation of nutrient content o f plant, grain and straw yield in rice

Nutrient content Grain Yield

At 60DAS In Grain In Straw

N content (%) 0.91” 0.83" 0.75"

P content(%) 0.72" 0.64" 0.48"

K content (%) 0.71" 0.67" 0.60"

Ca content (mg/kg) 0.71" 0.65” 0.48”

Mg content (mg/kg) 0.78” 0.69" ‘ 0.73"

S content (mg/kg) 0.61” 0.79” 0.75"

Fe content (mg/kg) -0.73" -0.67" -0 .86**

Mn content (mg/kg) -0.76" -0.74" -0.76"

Zncontent (mg/kg) ' 0 .85" 0.73" 0.83”

B content (mg/kg) 0 .88” 0.90” 0.89”

Si content (%) 0.82" 0.91" 0.90”
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The data on correlation between uptake of nutrients and yield is presented in Table 

4.42. Significant positive correlation was recorded between uptake o f all nutrients except Fe 

and grain yield. Uptake o f silicon and N  was found to be highly correlated with yield. A 

negative relationship was noticed between Fe uptake and yield though not significant.

5.2. Correlation between uptake of nutrients and yield

Table 4,42 Correlation between uptake o f nutrients and yield

Nutrient Grain Yield
Total uptake

Nitrogen 0.94 *
Phosphorous 0.85”
Potassium 0.73"
Calcium 0.84"
Magnesium 0.90"
Sulphur 0.85"
Iron -0.15
Manganese

_ .  _  • ̂  
0.60

Zinc 0.89"
Boron 0.94"
Silicon 0.95"
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The experiment on Soil amelioration and nutrient management ot rice'wa^ conducted

V. DISCUSSION

in Kole lands. Kole lands are low lying wetland tracts located at 0.5-1.0m below mean sea 

level and spread over Thrissur and Malappuram districts o f Kerala. The cyclical nutrient

average. Ponnusamy (2006) reported that large scale use of fertilizers containing only major 

nutrients can result in the deficiencies of secondary and micronutrients.

Based on these facts, the nutrients and soil ameliorants o f different sources at different 

doses were applied and the growth parameters, yield attributes and nutrient status o f plant and 

soil were studied.

5.1 Effect of nutrients and soil ameliorants on growth and yield of rice

The data on growth and yield parameters revealed that there was significant 

improvement in growth and yield due to application o f nutrients and soil ameliorants. This is 

clearly manifested due to the fact that the combined application o f magnesium, boron and 

silica produced taller plants (Fig. 5.1), highest number o f tillers (Fig. 5.2), chlorophyll 

content(Fig. 5.3), dry matter production (Fig. 5.4), number o f panicles/m2 and number of 

spikelets/m2 and ultimately the yield(Fig. 5.5). Magnesium has important role in 

photosynthesis because it is the central atom o f chlorophyll. It is also necessary as it is the 

activator for many critical enzymes in carbon fixation. So the application o f magnesium 

improves the photosynthetic capacity and there by carbohydrate production and the resultant 

yield. Lakshmikanthan (2000) reported that application o f silica was found to ameliorate the 

limiting influences o f Fe and Mn enabling increased rice production. Application o f silica 

may improve the soil status and provide a favourable environment for maximum absorption 

o f nutrients which may result in increased yield. Boron is responsible for better pollination, 

seed setting, low spikelet sterility and more grain formation in different varieties o f rice 

(Aslam et a i,  2002). This is also evident in the experiment by increased percent of filled

recycling o f the wetland during the flood season rendered the areas as one of the most fertile 

soils of Kerala. It was reported that soil acidity, toxicity o f Fe and Mn and potassium 

deficiency are the major soil factors limiting productivity o f rice in Kole lands. Use of 

chemical fertilizers per hectare of rice in Kole lands is two times more than that of all Kerala
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Fig. 5.2 Effect of nutrients and soil ameliorants on tiller count of rice
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grains in boron applied treatments. So the combined application o f the nutrients and soil 

ameliorants collectively contributed to increased photosynthesis by magnesium, reduced 

pollen sterility and increased grain filling by boron, increased resistance to biotic and abiotic 

stresses and ameliorating the influence of Fe and Mn by silica which ultimately resulted in 

increased yield. The lowest content o f Fe and Mn in soil by combined application of nutrients 

and ameliorants provided conducive situation for maximum absorption o f nutrients from soil. 

This also indicated that balanced nutrition and creation o f favourable soil environment for 

absorption of nutrients and their translocation and utilization are important for the increased 

plant metabolism and enhanced yield.

The individual application of nutrients and ameliorants also resulted in enhanced yield 

in rice. Application o f boron produced higher yield. Addition o f boron alone resulted in 1.371 

ha' 1 o f yield increase over control. This is mainly attributed to higher number of filled grains 

per panicles (Fig. 5.6) which was 45 per cent more compared to control and the highest 

among the treatments. The effect o f boron towards translocation o f photosynthates for grain 

formation is also evident from the data. The plant metabolic process like difftision may be 

acting for the increased nutrient absorption and increased yield in this treatment. Ahamad el 

al. (2009) reported the function o f boron in plant relate to sugar transport, flower production, 

retention, pollen tube elongation and germination and translocation o f carbohydrate and 

sugars to reproductive organs, which in turn improved the spikelet number and fertility that 

influenced the yield and productivity.

Boron was applied in two splits at basal and at flowering stage. Higher tiller count 

was noticed at 30 and 60 DAS and at harvest due to boron application. The positive effect on 

plant tillers may be due to proper development and differentiation o f tissue as boron affects 

the deposition o f cell wall by altering membrane properties (Marschner, 1995). It was also 

observed that boron application at reproductive stage resulted in higher grain yield due to 

reduced panicle sterility and more number o f grains. Increased boron content (Fig. 5.7) and 

uptake in the plant and grain indicated that the applied boron was efficiently translocated to 

the plant tissues for utilisation. Increased yield due to boron application was also reported by 

Sakai et al. (2002) and Dunn et al. (2005)

Harvest index was also found to be higher with boron application. Increased harvest 

index by boron application might be due to better carbohydrate utilisation that resulted in 

better seed setting and translocation of assimilates to developing grains which increase the

I
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Fig. 5.6 Effect of treatments and soil ameliorants on per cent of filled grains
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grain size and number o f filled grains per panicle and increased economic yield because o f 

the role of boron in pollination and seed setting and decreased sterility.

The application of silica as sodium silicate along with nutrients and lime as per 

package of practices (KAU, 2011) also resulted in increased grain yield due to the production 

of higher number o f panicles, spikelets and also filled grains per panicle.

Silicon is a beneficial element for crop growth and it plays an important role in the 

growth and development o f gramineae crops (Hodson et al, 2005). According Mobasser et al. 

(2008) plant height, number o f tillers per plant and number o f productive tillers performed 

better when silicon was applied as foliar, while straw yield, spikelets per panicle, 1000 grain 

weight and grain yield were better when silicon was soil applied. Moreover the data on 

correlation o f yield with biometric characters denoted high, positive and significant 

correlation between plant height, number o f spikelets per panicles and percent o f filled grains 

per panicle with grain yield. So the increase in these yield attributes resulted in increased 

yield due to silica application.

The variation in source o f silica was manifested in almost all the attributes studied. 

Sodium silicate which recorded a yield o f 7.62 t ha' 1 was superior in all the growth 

characteristics and yield attributes and finally the yield. Variability in source o f silica effect 

seems to be due to the variation in the reactivity o f source consequent o f their translocating 

and ameliorating efficiency to have specific effects. Effect of sodium silicate on growth was 

slow in the beginning which was evident from the lower tiller count compared to calcium 

silicate. But application of sodium silicate increased the yield attributes as well as yield over 

other source which implied that the positive effect had started before panicle initiation.

Mureta (1969) reported that the floret number is decided by the nutritional status of 

the plant one month before. Though increased tiller count was noticed at 30 DAS in calcium 

silicate applied plot, it could not register higher yield for want o f favourable yield attributes 

contributing to yield. The increased tiller number due to calcium silicate application 

advantageously reflected in increased straw yield which was higher than sodium silicate 

application. It was also noticed that though the grain yield was relatively low when calcium 

silicate was applied without lime the straw yield was higher (Fig. 5.8). This may be due to the
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specific role o f silica in disease resistance and reduced lodging due to the formation of a 

physical barrier in epidermal cells which contribute to stem strength and pest and disease 

resistance. Most o f the beneficial effects o f Si are realized through Si deposition in cell walls 

of the epidermal surfaces o f leaves, stems and hulls (Melo et al., 2010) and deposition o f Si 

enhanced the strength and rigidity o f cell walls and thus increased the resistance o f plants to 

various stresses (Ma et al., 2004).

It was noticed that the sodium silicate application along with lime registered lower 

available Fe content in the soil compared to calcium silicate (Fig. 5.9). Application of lime 

along with sodium silicate was found to be better for favourable soil condition for absorption 

and utilisation o f nutrients as noticed from lower Fe content, increased pH and higher nutrient 

content in plants due to sodium silicate application along with lime which ultimately resulted 

in increased grain production. On contrary pH was significantly lower when sodium silicate 

was applied without lime.

The number o f panicles and spikelets and thousand grain weight increased with 

increasing levels o f K from 55 kg ha' 1 to 110 kg ha' 1 which resulted in increased yield. 

Potassium deficiency is one o f the limiting factors for productivity o f rice in Kole lands and 

application of higher levels of K responded well as evident from the data. The increment in 

grain yield was higher from the level o f  K from 85 kg ha' 1 to 110 kg ha' 1 compared to that 

from 55 kg ha' 1 to 85 kg ha '1. There was yield increase o f 320 kg ha"1 due to additional 

application o f 55 kg ha"1 o f potassium. Increased number o f panicles, spikelets per panicle, 

grain weight and yield was reported due to K application by Su (1976) and Mandal and 

Dasmahapatra (1983). Increased grain yield by 951and 1125 kg ha' 1 respectively by 

increasing the level o f K application from 52.5 to 70 kg ha' 1 as against Package of Practice 

recommendation was reported by Lakshmikanthan (2000). The straw yield was also found to 

be increasing with increasing levels o f K (Fig. 5.10).

The higher levels o f K were observed to decrease the available Fe content o f soil and 

improved the uptake o f N and P. This indicated the favourable soil environmental condition 

created due to higher K application which might have helped the plants to absorb and utilise 

the nutrients efficiently and resulted in increased yield. Fe toxicity symptoms were found to 

be decreased on rice in an iron toxic laterite soil with increasing K application (Mithra et al., 

1990). John et al. (2004) revealed that the ill effects o f Fe can be reduced by K fertilization.
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Fig. 5.9 Effect of treatments and soil ameliorants on available iron in soil after the 
experiment
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The higher K levels facilitated reduction in Fe content at panicle initiation stage up to 

harvest which was evident by low Fe content of straw and grain at harvest with higher levels 

of K. Potassium is known to be involved in production and movement of photosynthates to 

sink and proper uptake o f other nutrients. These might have contributed to increased 

absorption o f the nutrients with higher efficiency, utilization o f absorbed nutrients for 

carbohydrate production and efficient translocation to produce higher straw yield. Since K is 

also involved to resist lodging, maximum straw yield may be possible without any loss due to 

K application. The results are in conformity with findings o f Muthukumararaja et al. (2009).

The application of nutrients as per Package o f Practices recommendation and soil test 

based nutrient package did not register significant yield variation. But the straw yield was 

significantly higher when nutrients were applied as per Package of Practices 

recommendation. The soil test data before cropping revealed that the nutrient status of soil 

was in the sufficiency level for N, P and K. Calcium and Magnesium were in the deficiency 

range. In the case of micronutrients, content o f all micronutrients except B were in the 

sufficiency range. Fe and Mn contents after cropping were considerably above the sufficiency

i.e. in the toxic levels even in silicate and borax applied plots. Application o f lime along with 

POP and soil test based nutrient package might have taken care o f calcium nutrition to the 

plant during cropping. Since all the other nutrients are almost in sufficiency range even 

before cropping, the yield variation was not noticed. However HI was noticed to be higher in 

plots where nutrients were applied as per soil test based package. The low HI in plots with 

nutrients supplied as per POP may be due to higher straw yield and thus narrow down the 

ratio o f economic yield to biological yield. The Fe and Mn content o f  the plant at the panicle 

initiation stage was significantly lower when nutrients were applied as per need basis which 

resulted in balanced fertilization and increased absorption o f other nutrients. Even though 

there was no considerable variation in Fe and Mn content o f soil between application of 

nutrients as per POP and soil test basis.

Application o f lime had pronounced influence in regulating pH of soil and 

ameliorating the harmful effects o f Fe and Mn as evident from the pH values at weekly 

intervals and also from the nutrient status of plant and soil. This has led to the improvement 

in uptake of nutrients, increased dry matter production and grain and straw yield. Lime 

amendment in acid soil improved P availability and promoted absorption of P, Ca, Mg 

leading increase in yield (Guanghui et al., 2003).The yield was significantly lower in 

treatments with no lime application. Increased yield components and yield o f rice due to lime
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application was reported by Chang and Sung (2004), Suswanto et al. (2007) and Bridgit 

(1999). The Ca content o f plant at 60 DAS (Fig. 5.11) and in grain and straw at harvest was 

higher and hence uptake of Ca was higher, in lime applied plots. It was reported that liming 

of acidic lateritic soil not only ameliorate soil acidity related problem but also supply Ca and 

increased the uptake o f Ca (Fox et al., 1991; Samui and Mandal, 2003).

FYM application also had profound influence on growth and yield of rice. The grain 

as well as, straw yield were significantly decreased due to application of nutrients through 

inorganic sources alone without organic matter. The soils o f kole lands are relatively rich in 

organic matter with organic carbon content o f 1.76 per cent before application o f treatments. 

But addition o f FYM improved the condition o f soil resulting in higher uptake of nutrients 

and ultimately the yield. Moreover, the effect o f FYM on improvement of soil condition, 

water holding capacity, activity o f microbes etc. is well known. This created suitable 

environment for maximum absorption o f nutrients. There was improvement o f 960 kg ha' 1 o f 

grain and 1280 kg ha' 1 o f straw due to application o f FYM alone.

The effect o f application o f MgSC>4 was conspicuous compared to control but not to 

the extent o f application o f silica and borax. Flowever, yield increase o f 2460 kg ha' 1 was 

manifested due to magnesium application compared to control. There was enhanced tiller 

count, LAI and dry matter production due to magnesium application over POP but no 

considerable variation in grain yield was noticed. The straw yield was increased by 720 kg 

ha"1 due to application o f magnesium. This was also supported by the fact that the uptake of 

N, P and K by straw was significantly higher in magnesium applied plots, while the uptake o f 

nutrients by grain was comparatively low.

Disease resistance:

Data on incidence o f pests and diseases showed that generally the pest and disease 

infestation was low irrespective o f treatments. However, variation in incidence among 

treatments would mean that the treatment effects conferred resistance. Significant reduction 

in percent disease incidence and infestation index was noticed with silica applied plots. 

Application of silica is more beneficial for disease resistance compared to combined 

application and boron application. Silica is known to give physical resistance (Takahashi, 

1997). Santos and Oliveira, 2007 reported that higher accumulation of silica positively 

influenced the control o f brown spot, leaf blast as well as the rice productivity. This is true 

with the case o f silica application in the experiment conducted.
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The highest yield was recorded with combined application of magnesium, boron and 

silica followed by individual application o f boron and sodium silicate. Higher nutrient 

content of plant especially N (Fig. 5.12), P (Fig. 5.13), K (Fig. 5.14) and Mg (Fig. 5.15) were 

also noticed in these treatments. Significant reduction in Fe content o f plant at panicle 

initiation stage and in straw at harvest due to combined application o f magnesium, boron and 

silica and also due to boron and silica application along with POP recommendation indicated 

that the low Fe absorption favoured the absorption o f other nutrients resulting in higher yield.

The reduction in toxicity o f Fe and Mn due to application o f silica and boron was also 

evident from the data. This may create a favourable environment for increased nutrient 

uptake by the plant. Application o f boron and silica also increased the mobility o f zinc 

towards grain and resulted in increased yield.

In silica applied plots the Mn content of the plants was relatively low compared to 

other treatments. Higher plant content of silica (Fig. 5.16) in sodium silicate applied plots at 

panicle initiation and highest grain weight were found to be related and this may be due to 

increased translocation efficiency of silica in plants. Sodium silicate applied plots also 

registered lower contents o f Fe and Mn in plant at panicle initiation stage and in grain and 

straw at harvest. The perusal o f the data on the dry matter accumulation at panicle initiation 

and harvest revealed that the higher dry matter production at these stages can be linked with 

low Fe and Mn content (Fig. 5.17) o f the plant at these stages. The low Fe and Mn content in 

plant had effected positively for absorption o f other nutrients resulting in higher dry matter 

production. The Fe uptake was also considerably low with calcium silicate application. It 

may be due to the double benefit of regulation of pH and reduction of Fe and Mn content o f 

soil due to silica.

Borax application also resulted in increased yield of rice. This treatment registered 

higher percent of filled grains and grain weight compared to other treatments which led to 

increased yield. However, it failed to register higher status o f major nutrients in plants but it 

reduced the absorption o f Fe and Mn by plant and increased absorption o f Zn (Fig. 5.18), B 

and Si as evident from the data. This might have favoured the enhanced grain yield due to 

their functional role in rice. The correlation studies showed that Zn, B and Si content had 

positive and significant correlation with yield. The increased content o f boron in grain and

5.2 Effect of nutrients and ameliorants on elemental composition and nutrient uptake of

rice
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Fig. 5.17 Effect of treatm ents and soil am eliorants on manganese content of rice
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Fig. 5.18 Effect of treatments and soil ameliorants on zinc content of rice
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straw due to boron application @10 kg borax ha' 1 was noticed by Hosseini et a t 2005. Gaur 

and Singh (2010) noticed a positive correlation between phosphorous and boron when boron 

was applied at higher dose. The uptake pattern showed that borax application was associated 

with high N and boron uptake and low Fe and Mn uptake.

Among the K levels, higher levels of K were better for registering higher yield. The 

higher level o f K manifested high N, P, K, Zn, B and Si content o f plant while Fe and Mn 

contents were found to be low. The effect of luxury consumption by K and antagonistic effect 

may result in reduced availability o f Mg and led to low magnesium content even after 

magnesium application in soil. K application was reported to be positively correlated with 

uptake o f N, P and K in rice by Muthuswamy et al (1974). High Fe toxicity is associated with 

high amounts o f reducible Fe, low pH and low exchangeable K content which may be 

associated with P and Zn deficiency (Ottow et at., 1982). High level o f K applied in the 

experiment reduced the Fe and Mn uptake there by promoting the uptake o f other nutrients 

leading to higher yield.

A strong correlation between K content of plant and grain yield was also established. 

It was also noticed that Fe and Mn content o f plant established a strong negative correlation 

with grain yield. So the reduced Fe and Mn content o f plant favoured the grain formation.

Higher straw yield was also achieved through higher level o f K application. Bhiah et 

al. (2010) reported that K application prevented lodging incidence even under high nitrogen 

nutrition. It was also reported that application o f K significantly improved root growth. All 

these might have contributed to better growth of straw and there by increased straw yield.

The N and P contents o f grain were comparatively higher compared to that o f straw. 

This may be due to the fact that N  and P are structural components o f plant and involved in 

grain formation while K exist as K+ ions in xylem and phloem and its function is limited to 

leaves only

5.3 Effect of nutrients and soil ameliorants on soil nutritional characteristics

The soil properties i.e. pH (Fig. 5.19) and EC (Fig. 5.20) o f  soil decreased with 

application of nutrients and soil ameliorants in the experiment. The pH value before 

ploughing was 4.5 and it increased to 4.9 in absolute control without any treatment. This is 

because o f the tendency o f soil to enhance pH by itself during submergence due to self liming
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effect. Slow decline was noticed in pH of soil from ploughing to harvesting due to treatments. 

pH of the soil decreased at harvest stage because o f drainage, were the soil was almost under 

saturation. However, the treatment influence was more pronounced due to application of 

silica along with lime irrespective o f the source. These treatments could able to maintain pH 

within a range o f 5.92-6.24 during the critical stages o f rice. This might have created a 

favourable soil environment for maximum absorption o f nutrients. EC was found to be 

decreased due to dilution effect during submergence. EC was found to be above critical level 

at all stages o f crop growth. This treatment also maintains fairly higher organic carbon 

content in soil.

High N (Fig. 5.21), P (Fig. 5.22) and K (Fig. 5.23) status of soil was maintained due 

to combined application o f magnesium, boron and silica and application of borax and sodium 

silicate individually. Even though there was carbon erosion, organic matter build up was 

sustained due to combined application o f nutrients and soil ameliorants in Tn treatment. 

Higher Zn (Fig. 5.24) and S (Fig. 5.25) contents were also noticed with these treatments. 

Higher levels o f K were also found to be superior in maintaining the fertility o f soil with 

respect to N, P, K and Ca (Fig. 5.26).

Available Fe and Mn content o f the soil were reduced to the maximum extent by 

combined application of magnesium, boron and silica and application of sodium silicate 

alone. The role o f silica in alleviating the harmful effect o f Fe and Mn and regulating pH of 

soil is very clear. The maximum efficiency o f silica (Fig. 5.27) was noticed due to application 

o f silica as sodium silicate rather than as calcium silicate. This was also evident from the 

uptake pattern of nutrients. However higher levels of K did not influence the Fe and Mn 

content (Fig. 5.28) o f soil. The reported yield losses in farmers field due to Fe toxicity was in 

the range o f 15 to 30 per cent (Ottow et a l ,  1982). The factors affecting increased Fe and Mn 

content in soil and their uptake are to be alleviated for higher yield o f  rice in laterite soils. 

Soil acidity, toxicity o f Fe and Mn and deficiency of K were reported to be the major soil 

factors limiting productivity in Kole lands (Johnkutty and Venugopal, 1993). Sodium silicate 

application and combined application o f magnesium, boron and silica were found to be 

effective in reducing the above mentioned problems o f Kole land soils.

Application of borax along with NPK and lime as per package o f practice 

recommendations was also able to maintain relatively high level o f major nutrients with
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Fig. 5.23 Effect of treatm ents and soil am eliorants on available K 2O in of soil after the 
experiment

Fig. 5.24 Effect of treatments and soil ameliorants on available zinc in soil after the
experiment
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Fig. 5.27 Effect of treatments and soil ameliorants on available silicon in soil after the
experiment
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Fig. 5.29 Effect of treatm ents and soil am eliorants on available boron in soil after the 
experiment

Fig. 5.30 Effect of treatments and soil ameliorants on available magnesium in soil after
the experiment
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reduced levels o f Fe and Mn. The treatment effect was aggravated by the role o f boron ( Fig 
5.29) in reducing spikelet sterility and increasing seed setting and grain formation.

The availability of major nutrients was found to be higher in presence of lime and 

FYM. As per the package of practice o f Kerala Agricultural University, the sufficiency range 

for Mg in laterite soils o f Kerala is above 120 mg kg '1, below which it is deficient (KAU, 

2011). The available Mg content (Fig. 5.30) of soil in the experiment was in the range of 19- 

25 mg kg' 1 which is in the deficiency range even after application o f magnesium. This might 

be the reason for the fact that application of magnesium failed to reduce the Fe and Mn 

content of soil.

Thus the combined application o f magnesium, boron and silica and individual 

application o f silica as sodium silicate and boron application along with nutrients and lime as 

per POP were found to be effective in ameliorating the harmful effects o f Kole land soil and 

to. solve the problem of acidity and toxicity o f Fe and Mn as evidenced by the data in the 

experiment.

The perusal o f the yield data revealed that there was no significant variation between 

these treatments. The straw yield was also comparable in combined application and 

application o f sodium silicate. The economics o f cultivation revealed that application o f 

sodium silicate or borax did not produce any variation in B:C ratio. However, an increase of 

Rs. 5,640/- ha' 1 in gross return was noticed due to combined application compared to sodium 

silicate and borax application with increased B:C ratio.



Summary



VI. Summary and Conclusion

125

The present study entitled “Soil amelioration and nutrient management of rice in kole 

lands” was carried out in farmer’s field at Ponnamutha Kole padavu o f Venkitangu 

Panchayath from November, 2013 to March, 2014 to provide a nutrient management strategy 

for soil amelioration and balanced supply o f nutrients for enhanced productivity of rice in 

kole lands. The variety used was Uma, the design of the experiment was RBD with three 

replications. There were 12 treatments comprising of soil test based nutrient package, 

nutrients as per POPR, different doses o f K, individual applications of magnesium and boron, 

different sources of silica and combined application o f nutrients and soil ameliorants. The 

nutrients and soil ameliorants were added as per treatment in the technical programme. FYM, 

lime and silica were applied at the time o f ploughing. Nitrogen was applied in three equal 

split doses, phosphorus as basal, potassium in two equal split doses and boron was applied as 

borax in two split doses.

The cultural operations were carried out as per Package o f Practice recommendations 

of KAU. Biometric observations on plant height, tiller count, dry matter production, leaf area 

index, number o f spikelets per panicle, percent of filled grain, thousand grain weight, grain 

and straw yield and physiological characters like chlorophyll content, etc were recorded. 

Scoring o f pests and diseases was done for major pests and diseases o f rice were also done 

during the cropping period.

Soil samples were analyzed for major and micro nutrients and silica before and after 

the experiment. Plant samples at 30, 60 DAS and grain and straw at harvest were taken and 

analyzed for major and micro nutrients and silica. Uptake of nutrients by grain and straw and 

total uptake were computed. Economics of cost of cultivation was also calculated for each 

treatment. The results of the study are summarized and listed here.

1. The individual application of boron alone and combined application of magnesium, 

boron and silica recorded significantly taller plants. However, silica application 

irrespective of source also recorded comparable height at harvest.

2. The combined application of magnesium, boron and silica recorded highest tiller count 

at 30 DAS followed by boron application. The tiller count increased from 30 DAS to 60
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DAS and it was highest in calcium silicate applied treatment at 60 DAS. At harvest 

more productive tillers were observed by the combined application of magnesium, 

boron and silica followed by individual application of boron and silica either as sodium 

silicate or calcium silicate.

3. The combined application of magnesium, boron and silica showed the highest LAI 

followed by boron application and silica application either as sodium silicate or calcium 

silicate and it was lowest in control treatment.

4. The combined application of magnesium, boron and silica and application of boron 

alone recorded comparatively higher chlorophyll a, chlorophyll b and total chlorophyll 

content of leaves and the lowest was recorded in control treatment. Sodium silicate 

application was comparatively better than Calcium silicate application in chlorophyll 

production,

5. The combined application of magnesium, boron and silica produced highest dry matter 

production at 30 DAS. At 60 DAS combined application of magnesium, boron and 

silica, individual application of magnesium, boron and sodium silicate recorded higher 

dry matter production.

6. The combined application o f magnesium, boron and silica and application of sodium 

silicate alone significantly influenced the panicles/m2, spikelets/panicle and 1000 grain 

weight. Application of boron alone also positively influenced all the yield attributing 

characters and resulted in the highest percentage o f filled grains.

7. The combined application o f magnesium, boron and silica and individual application of 

boron and sodium silicate recorded the highest grain yield which was comparable with 

calcium silicate application. The highest straw yield was noticed due to the highest dose 

of 110 kg ha"1 o f K followed by magnesium application alone. The HI was higher in 

treatments with combined application o f soil ameliorants and nutrients and also in FYM 

application along with NPK.
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8. The B:C ratio was highest by sodium silicate application followed by individual 

application o f boron and combined application of magnesium, boron and silica.

9. The combined application o f magnesium, boron and silica and individual application of 

boron and silica irrespective of source did not produce significant difference in N 

content o f plant at 60 DAS. In case of N content of grain, sodium silicate application 

alone and combined application of magnesium, boron and silica recorded the highest. 

Calcium silicate application recorded the highest N content in straw. Combined 

application of magnesium, boron and silica also produced significant effect on N 

uptake.

10. The highest P content at 60 DAS was observed due to combined application of 

magnesium, boron and silica. In case o f grain P content, the highest dose of K @ 110 

kg ha' 1 recorded the highest P content. Soil test based nutrient application recorded 

highest P content in straw. Combined application of magnesium, boron and silica and 

application of boron alone recorded higher uptake of P.

11. The application of magnesium recorded the highest K content at 60 DAS and in grain 

and straw at harvest followed by higher doses o f K application. Combined application 

of magnesium, boron and silica also produced significant effect on K uptake.

12. The application of silica as calcium silicate recorded highest Ca content at 60 DAS and 

in grain and straw at harvest followed by higher doses of K application. Calcium 

silicate application recorded higher uptake o f Ca.

13. Throughout the growth stages, application of magnesium showed a higher content of 

Mg in the plant. The highest Mg content was noted by combined application of 

magnesium, boron and silica and it also influenced the uptake of Mg.

14. Application of highest dose of K @110 kg ha' 1 recorded highest S content at 60 DAS. 

In case of grain, magnesium application recorded highest S content. Application of 

boron recorded highest S content in straw and also influenced the uptake of S.
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15. The highest Fe content at all stages of plant and Fe uptake were noticed in control plot 

followed by POPR application without FYM. The lowest Fe content was recorded by 

combined application of magnesium, boron and silica.

16. The highest Mn content at all stages of plant was recorded in control plot followed by 

POPR application without FYM and it also recorded the highest Mn uptake.

17. Zn content was higher by combined application o f magnesium, boron and silica at all 

stages o f growth. Application of boron also showed comparatively better Zn content in 

plant and also influenced Zn uptake.

18. Individual application of boron or combined application of magnesium, boron and 

silica recorded significantly higher B content at 60 DAS and in grain and straw at 

harvest. Combined application of magnesium, boron and silica resulted in significantly 

higher B uptake.

19. The application of sodium silicate recorded significantly higher Si content at 60 DAS 

and in grain and straw at harvest. Combined application of magnesium, boron and silica 

recorded higher uptake o f Si.

20. The combined application of magnesium, boron and silica and individual application of 

boron and silica irrespective of source significantly influenced pH, EC and organic 

carbon of soil after the experiment.

21. The combined application of magnesium, boron and silica recorded highest available N 

and individual application of boron recorded highest available P2O5 and K2O in soil 

after the experiment.
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22. Application of silica as calcium silicate recorded highest available Ca and application 

of magnesium recorded highest available Mg and available S in soil after the 

experiment.

23. Available Fe in soil after the experiment was highest in control plot and it recorded 

lowest by combined application o f magnesium, boron and silica. Application of 

magnesium recorded highest available Mn content in soil after the experiment.

24. Combined application of magnesium, boron and silica recorded highest available Zn in 

soil after the experiment.

25. Available B in soil after the experiment was higher by combined application of 

magnesium, boron and silica and individual application o f boron.

26. Combined application of magnesium, boron and silica and individual application of 

sodium silicate recorded higher amounts of available Si in soil after the experiment.

CONCLUSION

• Borax application had significant effect on yield attributes especially per cent filled 

grains, grain size and weight and ultimately grain yield. Application o f boron also 

reduced the toxicity o f Fe and Mn and increased nutrient uptake by the plant. The 

treatment also contributed towards higher B:C ratio for rice cultivation in Kole lands. 

Borax application along with POPR was found to be the best nutrient management 

schedule for rice in Kole lands in terms of yield, nutrient uptake and B:C ratio.

• Silica application as sodium silicate was better for increased growth and yield of rice 

and also reduced Fe and Mn content o f soil and increased the availability o f other 

nutrients. The importance of silica application on disease resistance was also evident. 

The increased K availability and nutrient absorption due to silica application was also 

noticed in the treatment. Silica application as sodium silicate along with POPR was also 

found to be a good nutrient management schedule for higher productivity in Kole lands 

with respect to yield, nutrient uptake and B:C ratio.
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• Combined application of magnesium, boron and silica increased the growth and yield 

attributes like number of panicles, number o f grains per panicle and grain size and 

contributed towards increased yield. The treatment also reduced the uptake of Fe and 

Mn in the acidic situation and resulted in the highest nutrient absorption and uptake by 

the plant which also created favourable environment for increased yield.

■ Magnesium application also resulted in higher yield than POPR due to significant

influence on yield characters and yield.

• Application of nutrients as per POPR with FYM increased the growth and yield of rice 

significantly than POPR without FYM. The effect of application o f FYM had profound 

influence on increased nutrient absorption and yield.

• Application o f higher doses o f K especially the highest dose of 110 kg ha' 1 resulted in 

higher yield.

• Soil test based nutrient application and Package of practice recommendation was 

comparable in growth characters and yield of rice.

FUTURE LINE OF W O RK

• The nutrient dynamics due to application o f nutrients and soil ameliorants to be studied 

in soils of Kole lands.

• The role o f .nutrients and soil ameliorants towards soil amelioration and yield increase 

of rice to be reported for confirmative results in Kole lands.

• The different levels o f boron and silica on growth and yield o f rice to be persuaded in 

Kole lands.

• The effect of silica application on pest and disease resistance to be explored. Nutrient 

deficiency studies to be undertaken in pest disease prone areas for conclusive results.
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APPENDIX-1

M onthly weather data during the cropping period at CO H , V ellanikkara from  Nov 2013 to M arch 2014

(Latitude 10°31’N, Longitude 76°13’ and Altitude 40.29MSL)

Month Temperature (°C) Relative
Humidity

(%)

Rainfall
(mm)

M ean
evapora

tion
(mm)

Rainy
days

Sunshine
hours

(hrs/day)

M ean
wind
speed

(Km/hr)M aximum M inimum M orning Evening

November 32.6 23.9 87 60 82.0 2.7 5 187.2 3.0

December 31.9 22.3 77 45 0.5 2.4 0 254.7 5.5

January 32.9 23.0 66 36 0.0 4.6 0 277.6 6.9

February 34.7 22.9 75 37 0.0
1

9.1 0 240.8 4.5

M arch 36.7 24.2 76 34 0.0 9.5 0 264.2 3.9
-



APPENDIX-2

Details of cost of cultivation

SI. No. Particulars M en/ha
(Rs.420/day)

women/ha j Am ount 
(Rs.310/day) (Rs/ha)

Field operations

1 Ploughing (machine) - - 5200/-

2 Bund formation 8 - 3360/-

3 Seed treatment - 4 1240/-

4 Sowing 2 1 1150/-

5 Fertilizer application 1 1 730/-

6 Water management 3 - 1260/-

7 Weeding (Thrice) - 60 18,600/-

8 Plant protection chemical 
spraying

4 1680/-

9 Harvesting 
(Combine harvester)

5900/-



APPENDIX-3

Details of cost of inputs

SI. No. Particulars Am ount (Rs/kg)

1 Seed 36/-

2 FYM 21 -

3 Lime 10/-

4 Urea 8/-

5 Rajphos 91-

6 MOP 18/-

7 Magnesium sulphate 14/-

8 Sodium silicate 18/-

9 Calcium silicate 73/-

10 Borax 115/-
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ABSTRACT

The study on “Soil amelioration and nutrient management of rice in Kole lands” was 

conducted during 2013-2014 at Ponnamutha Kole padavu of Venkitangu panchayath m 

farmer’s field. The objective of the experiment was to study the effect of soil ameliorants and 

nutrients viz. K, Ca, Mg, B and Si on growth, nutrient uptake and yield of rice and to develop 

a nutrient management schedule for higher productivity of rice in Kole lands.

The experiment was laid out in RBD with three replications and there were twelve 

treatments comprising o f soil test based nutrient package of NPK, nutrients as per Package of 

practice recommendations (POPR), different doses of K, individual applications of 

magnesium and boron, different sources of silica and combined application of nutrients and 

soil ameliorants. FYM, lime and silica were applied at the time of ploughing. Nitrogen was 

applied in three equal split doses, phosphorus as basal, potassium and boron in two equal split 

doses. Observations on growth characters, yield attributes and yield were recorded. Nutrient 

contents of plant and soil were determined using standard procedures.

The growth characters of rice such as plant height, number o f tillers, chlorophyll 

content and dry matter production were significantly improved by combined application of 

magnesium, boron and silica followed by application o f silica as sodium silicate resulting in 

increased number of panicles/m2 and number of spikelets/m2 and ultimately the yield and B.C 

ratio. Application of boron along with POPR also positively influenced all the yield 

attributing characters with highest per cent filled grains and increased yield.

The nutrient content of major and micronutrients in plant Fe and Mn showed an 

increase over other treatments while Fe and Mn content decreased due to combined 

application of magnesium, boron and silica along with other nutrients as per POPR. 

Application of silica improved the soil nutrient status enabling increased uptake of nutrients 

and enhanced yield. The combined application of magnesium, boron and silica and individual 

application of boron and silica with POPR significantly influenced the pH, EC and available 

nutrient status of soil. The application of lime and silica had regulated the soil pH and 

decreased the Fe and Mn content of soil.



The combined application of magnesium, boron and silica and individual application 

of silica as sodium silicate and boron along with FYM, NPK and lime as per POPR were 

found to be effective in ameliorating the harmful effects of Kole land soil which ultimately 

led to enhanced yield.
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