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INTRODUCTION 

Limited availability of additional land for crop production along with 

declining yield of major food crops, have raised concerns about agriculture's 

ability to feed a world population expected to exceed 7.5 billion by the year 

2020. Decreasi~~g soil fertility and declinillg nutrient use efficiency have also 

become international problems, which hinder the sustainability of apcultural 

production at current levels. 

Rice production and productivity face a critical decline today. Decreasing 

area, lack of response to fertilizers and decrease in nutrient tw efficiency has 

driven rice culture to a precarious situation. We have reached a stage at which 

we are not able to explait the potential yield of a variety. Kerala, which is 

chronically short in food grain production, is confronted with a serious problem 

of retaining even the small area under rice. The rice area, which is fast shrinking 

into Kuttanad, Kole lands and Chittoor area of Palakkad, witnessed a sharp fall 

from 8.74 lakh ha in 1972 - 1973 to 4.31 lakh ha in I996 - 97. The productivity 

is declining but the product price remains static. Hence, increasing the 

production efficiency is  the only way to improve the situation. 

The average yield of rice in the state is only 2032 kg ha-' as against 4404 

kg ha-' in Tamilnadu (Siddiq, 2000). The problem of low yield expression is of 

particular significance in the laterite soils of Kerala since the laterites occupy 

more than 60 per cent of rice soils in the state. Experiments undertaken to find 

out the factors limiting response to inputs have shown that high content of iron in 

the soil and its enhanced uptake (Potty et d,, 1992) are the prime causes. The 

law realized yields for the recommended high yielding varieties necessitate 

identification of technoiogies far maximising the productivity in the cultivator's 

field. Intensive investigations on the yield limiting influences of rice in laterite 

soils have also revealed the high accumulation of iron in the plant and 



chlorophyll instability (Bridgit and Potty, 1992). Musthafa (1 995) found that 

widening N: Fe ratio of the plant is conducive for higher realized yields. 

Long-term manurial trials at RARS, Pa-rnbi showed that even a total 

substitution of fertilizer witb organic manure could not increase the rice yield. 

Results fbrther showed that continuaus applicai~on of organic manure like 

glyricidia has lead to lowest levels of yield. Hence, it is high time to think how 

far o~ganic f m i n g  can be a blind adoption as is conceived today. 

Combined use of organics wnd fertilizers is a workable way to save the 

cost of production. The manures like cow dung and poultry manure along with 

fertilkcs help in maintaining the soil fedility and fibsphere environment by 

improving the physico-chemical properties of paddy soils without hindering the 

production of the succeeding crop fliwari and Tripathi, 1998). Integrated 

nutrient management involving the intelligent use of organic, chemical and 

microbial sources will sustain optimum yields, improve the soil health and 

provide crop nutrition packages which are technically sound, economically 

attractive, practically feasible and environmentally safe. 

It is also observed that the high yielding varieties gown at present are 

responding to higher levels of NPK than what is recommended. Bridgit (1  9W) 

suggested the enhancement of K levels and inclusion of S in the nutritional 

management for higher yields and nutrient use efficiency. Crop removal is found 

to be far more than what is supplied. The fertility of the soil is thus getting 

eroded. So the input requirement should be decided to exploit the yield potential 

by maintaining the soil fertility. 

Fehlizer management has ken identified as a practice of applying NPK 

and rarely amelioration of acidity with lime* As far as the acid soils of Kerala 

are considered, it is seen that the excess absorption, especially of micronutrients 

inhibits the yield. 

Removal of larger quantities of silica, especially from the laterite soils, 

has also led to soil degradation. Rice is a known silica accumulator. Several 



beneficial effects have been attributed to silica in the physiology of the rice 

plants. It is found that the silica gets deposited on the cell walls of the stem, 

thereby increasing the culm strength and preventing the tendency to lodge. The 

increase in silica content of the cells also results in increased resistance of the 

plants to pests and diseases. Further more, silica is said to regdate the rate of 

trmspiration, there by e~rtbhg the @ant to withstand the drought conditions 

better. 

As an attempt to standardize the proportionate use of miinures and fertilizers 

dong with beneficial elements, the M y  on "lnteption of nutritional inputs for 

impraving ricc p m d z s w  in laterite soils" 'w-a mdertakeu with d~e firliming 

objectives: 

i. To dcvclcp cost cffcctive, high yield anb sustainable production 

technology for rice by identifying the components of good management, 

. . 
I .  iofindouttheextentofsuhstitutionofinorgmicwithorgmicmaterialsto 

overcome the ill effects of chemical farming. 

. . . 
111. to develop the management practices to prevent the soil degradation 

through over removal of N and K and 

iv. to improve the nutrient use efficiency. 
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2. REVIEW OF LITERATURE 

Laterite soils account for more than 60 per cent of the rice soils in Kerala. 

The productivity and ferlrlizer responsiveness of rice in these soils are low 
* 

compared to other soils of the state. 

It is highly essential to arrive at a nutrient management system, which 

integrates organic and inorganic sources at an optimum level to ensure high crop 

productivity and ecosystem stability. The literature pertaining to the study has 

been reviewed under the following subheads. 

Evaluation of rice varieties in different mil types of Kerala revealed that 

the varieties having a putentia1 to produce 10 f ha-' fai(ed to yield even 4 t ha-' 

(KAU, 1 990). The poor nutrient wx e ficienc y was not due to the inadequacy of 

the major nutrrents but due to the higher uptake of native eiements like Fe and 

Mn (Bridgit, 1 999). 

Marykutty et a/. ( 1 992) reported that Ca+MgK ratio was the determinant 

factor in deciding the yield expression of  rice in laterite soils. The trend of 

increasing yield oould be observed when the ratio gat narrowed. 

Pushparajah (1998) opined that the deficiency of cat ions was the major 

constmint far crop production in laterite soils. Intensive leaching leads ta the 

deficiency of N, P, K, Mg, Zn armd other bases in the= sails. Fixation of P also 

shows the deficiency of phosphorus. 

Bridgit ct al. (1993) were of the opinion that the unfavourable cationic 

relation was the yield limiting component in laterite sails. Jacob (1987) reported 

that the contents of organic carbon and N, CEC and C: N ratio was Iow in lakerite 

soils. She a h  observed very low total reserves of CaO, MgO, K 2 0  and PzO5. 



Rajagopal el al. (1977) found that the available Mn content of Kerala 

soils ranged from 0.2 to 20 ppm, According b Patnaik (19721, low productivity 

of laterite and allied soils genemlly could be attributed to low pH, low base 

saturation , low available P and high P hing  capacity and toxicity of Fe and A1. 

He further reported that moderate to high acidity of laterite soits also causes 

serious problems in mjor rice growing areas, 

As Eu as rice is caw&, the s&ge of growth is impottant as it decides 

the physiological requillem& of each element. In addition to the specific 

fwhns of each mtrienc the interacting influences of the different nuirients 

absorbed by the rice ptmt have to be consi&W. The nutrient ratios and their 

balarzces in the plant syskm would be mu: impor&nt than the content of 

individual elements absorbed when the mil cantents af these elemen& are either 

at deficient or b x i c  levels. 

An adequate supply of N is associated with vigorous vegetative growth, a 

deep gnxn mIuu and c a b h y d m k  uti lMon (Tisdale et a/. , I WS). Rice plant 

requires a large amount of N at the d y  and mid tillering stages to maximize the 

number of panicles. The number of tillers produced was also correlated 

positively with the concentration of M&' in the soil (Lai Ding e~ a!., 1993). 

Nittagen content at the panicle initiation stage increases the spikelet 

number per panicle and some N is required at the ripening stage (I)e r)= 

1981). Short shtured and long duration rice responded to hidl dose of N under 

law fertility condition (Gupta and O'tmle, 1986). Increase in grain yield with 

higher rates, up to 180 kg hi1 N, was observed Sin& and Om (1993) and 

Monapara et a/. ( I  993). 

Elaward and Green ( 1979) reported that the yield d e c r e d  when the rate 

of N wsts more than the optimum. Due tu the synergistic effect, application of Si 



had the potential, to raise the optimum N rate, thus enhancing the productivity of 

existing lowland rice. W w v a  and Kashima (1963) observed that when Si was 

applied, the percentage of nittogen in every prrrt of rice plant was decreased. 

Mitsui and Takatoh (1963) suggested that Si application lowered the N 

content in the leaves of rice plant, but had little or no effect on pImt K contents. 

Padmaja and Varghese (1 972) found that the application of Si as sodium silicate 

reduced the nitrogen uptake. They also revealed thElt when St was wrnbined with 

Ca or Mg or both, the capacity of these nutrients for increasing the nitrogen 

uptake was reduced. 

Mistui and Ishii (1938) indicated that the photosynthetic eficiency of a 

single leaf per area was positively ~orrelatsd to the leaf content of total N than to 

chlorophyll. Photosynthetic rate was saturated at the level of 3 4 %  N in the leaf 

blade (Tanaka, 1 960). 

Plant N content in rice is maximum at the early growth stage and 

subsequently decreased with the advancement of age (Rao and Murthy, 1975). 

Rau el d. ( f 974) reprted a lag period in the N uptake of dry wwn rice during 

40-90 days after d i n g  resulting in a deep decrease in N content. 

Pati ram and Singh ( 1  993) stated that continuous application of N tended 

to decrease pH, available P2O5, Exchangeable caw, Mgft and K" and inc~2tsed 

the exchangeable AI". 

2.22. Phosphorus 

Phosphorus is associated with the root development, early kwering and 

aiive tillering {De Geus, 1954). An adequate supply of P i s  associated with 

greater strength of cereal straw (Tisdde el ul., 1995). Phosphorus manuring 

increases early tiller formation, the greater part of which ultimately produce more 

grains of heavier weight and also stimulates early and synchronized flowering 

(Bhattacharya and Chatierjee, 1 978). Favourable influence of P application on 

tillen'ng was also observed by Nair er d. ( 1  972), Bhattacharya et al. (1978) and 



Choudhary et ol. (1 978). However, Alexander cr a/. (1 973), Kalyanikutty and 

Momchan (1974) and SweeIan el al. (1978) have reported the lack of any 

response to P application on tillering. 

Maj umdac ( 197 1 ) o k w e d  that there is significant increase in the number 

of productive tillers and test weight due to P appiication. Contradictory reports 

are availabk on the e&t of P on rice grain yields. Favourable responses have 

been reported Mohanty md Patnaik ( I  9741, Kdyanikutty and Morachan (1 974), 

Ittiyaverah el nJ. (1979) and KaIita and Baroova (1994). However, several 

workers have reported that mean grain yields were not significantly aKecled by P 

fertiIizers (Dargan and ChW, 1978, Dargan ei ai., I980 and Rao and Kumar, 

1994). Sindhu (2002) reported that reducing the dose of P and withhoiding b a d  

application of S wuid increase the influence of silica and improve the yieid. 

2.2.3. Potassium 

Potassium is indispensabie to the growth and grain production of rice. 

Tanaka el uJ. (1977) repwted that the rice plant was chmcterized by its high 

capacity of absorbing as weII as exhausting K and thereby tending to maintain 

the K concentration in a piant at a co11stant level. men the K concentratidn in 

the rice plant was forced to be low, its relative growth increment decreased 

drastiwiiy. A positive response of rice to K application was observed by Su 

(1 976). 

Vijayan and Sreedharan (I972) and Venkatasubbail~ et ul. (1982) 

&sewed significant increase in rice piant height with increase in the IeveIs of K .  

AIso, a positive correlation between K application and leaf area index of rice was 

o h w e d  Man&! and Dasmahapatra (1 983). Increase in the chlorophyiI content 

in the flag leaf due to K appiication was observed Ray and Choudhari (1960). 

Potassium checks the chlorophyB degradation and promotes the synthesis of both 

chIorophyl? 'a' and 'b ' . The increase in the rate of tmsIocation of amino acids 

to the grain and protein formation was reported by Mengel el al. (198 1) and Ray 

and Choudhari ( I 960). 



Potassium application positively intluences the yield attributes in rice. 

Potassium absorbed at the maximum tillering stage increased the number of 

panicles, spikelets per panicle and the weight of grain (Su, 1976, Mandal and 

Dasrnahapatra, 1983). Verma et al. (1979) observed longer panicies with 

increased K rates while Vijayan and Sreedharan (1972) reported greater number 

of spikelets per panicle. Higher grain and straw yields were reported by Gurmani 

e l  al. (1 984). Gosh el al. ( 1  994) also reported the similar results. 

Mikkelsen and Patrick (1968) indicated that 75 per cent of the total 

amount of potassium was absorbed prior to the booting stage and no absorption 

took place from grain forming to grain filling. Noguchi (1940) reported an 

increase in the lignin content of the rice stern with increased application of K. 

Mitra ct a!. (1990) evaluated the effects of higher level of K (0 to 160 kg hS1) on 

rice in an iron toxic laterite soil and reported that Ft: toxicity symptoms 

decreased with increased K application. 

Takijima el al. (1959) noticed an increase in the uptake of potassium by 

the application of silica. Islam and Saha (1969) reported that the application of 

silica along with other nutrients in the culture solution has decreased the 

potassium uptake of rice plants. This is due to more absorption of Cs and Mg 

ions promoted by Si application. 

Padmaja and Verghese (1  972) found that the percentage of potash in the 

p i n  and straw was maximum in those treatments, which included silica. Bridgit 

(1 999) reported that the application of silica @ 250 kg ha-' limited K removal by 

the crop within the Ievel of application. 

Agarwd (1980) also observed significant increase in the yield by the 

application of K20 up to 80 kg ha-'. According to Vijayan and Sreedharan (1  972) 

application of graded levels of K increased the height of the plants, percentage of 

filled grins and thousand grain weights. They also found that the application of 

120 kg ha-' of K level had recorded the maximum grain and sttaw production. 



VenkaMubbiah el a/. (1982) indicated that significant increase in the 

yield of grain and straw were obtained for applied potassium. According to them, 

the effect of potash application was more on grain yield compared to straw yield. 

According to Bridgit (19991, increasing levels of K significantly increased the 

height of the plant at panicle initiation, flowering, and harvesting stages but 

increasing the level of K f i  beyond 120 kg ha-' did not have any effect. She also 

found that the application of K @ 120 and I 80 kg h i '  significantly increased the 

panicle weight, filled grains per panicle and grain weight as compared to 60 kg 

K20 ha-'. 

Mitra el u1. (1990) reported that Fe toxicity symptoms decreased with 

increasing K application in an iron toxic late rite soil. Chan ( 1 997) reported that K 

application increased the root growth, the number of roots, regrowth capacity and 

the uptake of N, P, K, Ca and Mg in rice, but the effect was dependent on the 

cultivars. 

2.2.4. Calcium 

Calcium stimulated the absorption of P and K (Tanaka, 1960; Jacobson PI 

ai., I961 and Erdei and Zsoldos, 1977) and accelerated more effectively the 

translocation of photosynthetic products cornpard to K and Mg. 

Application of lime increased the rice yield by rectifying the ill effects of 

Fe and A1 (Sahu, 1968; Dixit and Shama, 1993 and Laskar, 1990). Liming in 

acid soif has been found to be beneficial in i~~creasing the availability of P and 

reducing the toxic levels of 4, Mn and Fe (Hati et u!., 1979 and Mongia and 

Bandyo padhyay, 1993 1. 

Verma and Tripati (1987) reported that the application of lime under 

flooded condition increased the rice yield, Mn content and decreased the Fe 

content. Marykutty ( 1  986) found that Ca application, though raised the pH, could 

not bring down Fe content below the critical level of 300 ppm in rice in laterite 

soil. Mandal and Sinha (1968) could not found any effed of liming on the 

potassium in the content of plant in acid red loam soils. 



Magnesium application was found to increase the grain yield in rice 

(Mmi et u1., 1993; Muralidharan and Jose, 1993; Verghese and Jose, 1993). 

Takijirna el a/ .  (1970) noted that Si application resulted increased uptake of Mg 

by rice. Magnesium absorbed into rice plant was easily mobile in retranslocation 

and the disbibution of Mg in the panicle was more fo11owing P and K {Tshimka 

and Tanaka, 1959). 

2.2.6. Sulphur 

Sulphur has been reported to increase K absorption and productivity of oil 

seeds crops by Daliparthy (1994). Prabhakumari (1992) observed antagonistic 

relationship between K and S content in coconut. 

Kumar and Singh (1994) observed an increase in total potassium in 

sulphur deficient plants because of improper utilization of potassium. Sin& ef ul. 

(1993) reported that the application of 'S' upto 60 kg ha-' increased the growth 

attributes and the yield of rice. Sulphur application is known to reduce the plant 

content of iron by reducing the leaf sap pH and increasing the chforophyll 

content (Pi1 lai, 1 972). 

2.2.7. Iron 

Iron is an important micronutrient. But its excess concentration affects the 

growth and yield of rice in laterite soils of Kerala. Howeler (1973) indicated that 

iron induced deficiency of P, K, Ca and Mg wuld occur due to the relatively 

high level of iron in soil solution. He also found that the root became coated with 

the iron oxide and reduces the mot's capacity to absorb enotrgh plant nutrtents 

from an already deficient environment. IRR1 (1972) reports showed that the 

excess iron lead to bronzing in laterite soils of India, Ceylon, ThaJand, Malaysia 

and Cambodia. 



According to Patnaik (197I), low productivity of laterite and allied soils 

can generally be aFtributed to low pH, low base saturation, low available P and 

high P fixing capacity and toxicity of Fe and Al. Potty et ul. (1 992) revealed that 

higher absorption of iron by rice is the cause of low yield as well as poor input 

use efficiency in laterite soils. Singh (1992) found that Fe toxicity caused 

formation of fewer panicles and filled gains, delayed crop rnatmty and yield 

reduction of 2 t had'. High nitrogen absorption and resultant narrow NFe ratio 

leads to low productivity of rice. 
4: 

The Si content of the rice plant affects the uptake of iron. As the content 

of Si in the tops increased over the range from 0.2 to 7.0 per cent, decreasing 

amounts of iron was absorbed (Okuda and Takahashi, 1962). According to 

Ponnamperurna (1 965), sufficient Si supply facilitated the oxygen transport more 

efficiently from the plant tops to the mots through enlargement on ~igidity of gas 

channels and as a result increased oxidation and subsequent deposition of Fe and 

Mn on the roots surface, thus excluding them from absorption by the plmts. 

Wallace (1 992) found that the application of Si decreased the uptake of Fe in iron 

rich acid soil. This is because of high concentrations of Si in rice. Plants could 

serve to create an alkaline rhizosphere that would decrease the availability of the 

Fe. 

2.2.8. Manganese 

Somer and Shive f 1942) reported that the excess Mn hindered the 

translocation of Fe by converting it into an insoluble form in the plant roots. A 

study conducted by Moormann (1963) under acid sulphate soils showed that 

excess manganese concentration and its increased solubili~ caused toxicity to 

the rice plant. 

Vorm and Diest (1  979) found that Mn uptake decreased with increasing 

pH and Si had a suppressive effect on Mn uptake. Horiguchi (1 988) reported that 

the alleviation of Mn toxicity by Si was due to the increased oxygen supply of 

roots causing deposition of Mn on them, the decreased transpiration reducing the 



Mn absorption and also the increased tolerance in the plani tissues to an excess 

amount of Mn. 

2.2.9. Zinc 

Zinc application improved the grain yield, plant height, tiilering Ieaf area 

index, root growth and increased the uptake of N, P, Zn and Fe (Sdam and 

Subrammian, 1993). Bridgit {I 999) reported that the appiication of Si as sodium 

silicate increased the Zn content of root and shoot of rice. 

Ghabrial (1979) could not observe any significant effect on growth and 

yield atlsibutes by Zn application. Beneficid effect of Zn application on yieId 

was dso reported by Srngh e t  al., (2983). Sin& and Sin& (1987) reporfed that 

the appkation of Zn a i m  or in combination with N did not show any 

significant effect on yield but in combination with P significantiy increased the 

yield. 

2.2. IO. Silica 

Rice crop, on an average, removes more than 500 kg hi' of silica every 

season. It is aiso reported that the rice crop becomes deficient if the silica content 

is less than 6 per cent. An increase in grain and straw yieM of rice could be mted 

due to silica application (Suhanian and Gopalaswami, Z 990). 

Sirica is a beneficid element required special{y for rice in soib low in 

siiica. 'I'he application of silica increased the yidd of a m o d m  rice variety at 

higher rates of N application (De Datta, I98 1 ). Application of silica up to 1OOO 

kg ha-' had shown increased yield of rice in laterite soils (Potty, 1963). Increase 

in the dry matter, height, length of ear head and roots due to the application of 

silica had been reported by Okamoto ( 1 957). 

Padrnaja and Verghese ( 1  966) found that the application of sodium 

silicate as soil amendment in laterite soil increased the tillering, height of plants, 

the depth of penetration of the root system and the proportion of thicker to 



thinner roots. They also observed that the application of sodium silicate 

corn bined with magnesium carbonate increased all the productive factors such as 

earhead Iength, thousand grain weight, grain and straw yield Silica reduced the 

flowering duration to the extent of 10 days. Early ffowering saved time and 

promoted uniform and early ripening of grain. Grain to straw ratio was highest 

with Mg in combination with Si while calcium in combination with silica has 

reduced the proportion of immatu~e to mature e a r h d .  

According to Agarie et ul. (1992), the maintenance of photosynthetic 

activity due to Si fert11idon could be one of the reasons for the increased dry 

matter production. According to Tisdale et 01. (1995) Sj increased the top length, 

number of stems, fresh and dry weight of rice and also increased the 

photosynthesis because of M e r  light interception. Mosoda and Takota (1  957) 

recorded 14 per cent increase in the yield of rice due to the application of 

calcium silicate in soils of low SiO2/AI2O, ratio. 

Kumar ( 1977) observed that h e  application of 600 kg ham' of magnesium 

silicate increased the number of spikelets, number of fiiled gmns and thousand 

grain weights. Yein et al. (1983) suggested that the spreading of rice hull @ 20 t 

ha-' about one week before planting increased the grain yield from 7.2 to 8.2 t ha- 

'. Snyder et ul. (1986) showed that calcium silicate application increased the rice 

yieId on histosois mainly due to the supply of plant available silica and not due to 

the supply of other nutrients. 

According to Bridgit (1999), application of sodium silicate @ 250 kg ha-' 

in laterite soils significantly increased the yield of grain' and the increase was to 

the tune of 619 kg hi'. Sodium silicate application at the rate of 500 kg ha-' 

recorded an increase in grain yield of 632 kg ha-' (Lakshmikanthan, 2000). The 

immediate increase in yield has also depleted the organic carbon from the soil. 

Nayar ef ul. (1982) concluded that the silica content and uptake by the plant 

increased with the progress of growth from transplanting to harvest. Takahashi 

(1  997) reported that rice is a Si accumuIator and Si had the fastest uptake rate 

among the nutrients in solution. He also noted that the rice roots actively 



absorbed Si and stocked the absorbed Si in the top, mainly, Ieaf blades and 

chaffs. 

Chandmony and George (1975) found that the application of sodium 

siiicate induces anatomical changes favourable for resistance to Iodglng for the 

variety FIB-31. Mathai et a[. (1981) found that the application of silica @ 250 

and 500 kg ha-' as sodium silicate had significant effect in reducing the intensity 

of pest attack 75 DAS. Studies at lRRT (1991) showed that cells in the epidermal 

layers of Ieaves were more closely packed than those in susceptible rice and 

contributed to physicai resistance through enhanced mandibular wear in leaf 

folder larvae. 

Sawant el ul. (1994) found that improving Si concentration in rice plants 

reduces the stem borer incidence. It is believed that the formation of a silicate 

epidemal layer prevents the physical penetration by insects and n~akes the plant 

cells less susceptible to enzymatic degradation by fungal pathogens. Tang and 

Wang (2000) reported that the silica fertilizer increked the rice yield by an 

average of 8.5% compared to the control. It is suggested that the silica fertilizer 

should be applied into the plougl~ horizon to allow the contact with the crop 

roots. 

2.3. Organic manure and rice productivity 

The inorganic fertilizer use has depleted the soil and polluted the 

environment and now some fimers are turning back to organic h i n g  

practices. The use of a n i d  wastes, green manures and crop residues becomes 

important in this context. Farmyard manure of good quantity is perhaps the most 

valuable organic matter applied to a soil and is the most commonly used organic 

manure in most countries of the world (Dahamq 1996). Poultry manure is rich in 

plant nutrients and the content of N, P and K is double than that of farmyard 

manure {Dobermann and Fairhurst, 2000). 

The function of organic manure i s  not only nutritional but also 

physioIogical, since the manure contains vitamins, hormones, phenolic 



substances and humic acids. Kawata and Soejima ( 1  976) showed that long-term 

application of compost / FYM to rice fields accelerates the development of 

superficial roots and are helpful for more respiration and thus nutrient absorption. 

They also reported that the organic matter accelerated the development of active 

roots deep into the soil and helped to maintain their activity until late growth 

stage guarding the plant from early senescence. 

Singh and Hariram (1  977) reported that organic matter reduced the 

concentration of P into Fe-P and was more pronounced in laterite soils due to 

greater reduction of ferric compounds and organic compounds possessing 

chelating properties. 

Patimm and Singh (1  993) reported that continuous application of organic 

manure increased the pH, organic carbon, available PzOs, exchangeable Ca, Mg 

and K of the soil and decreased the exchangeable Al. Simiiarly, the application 

of organic manure to the soil increased the availability of Fe, Mn, Zn and Cu in 

the rhizosphere soil but lower in the availability of N, P, K and organic carbon. 

(Sekharan et a/., 1996). Sharma and Meelu (1975) also found that the continuous 

application of FYM increased the soil micronutrient status. 

Highest grain yield was obtained by the use of poultry manure in rice crop 

@ 12.5 t ha-' (Budhar ei al., 199 1). Gupta et al. (1  995) observed that the highest 

rice yields were obtained with combined application of poultry manure and P. In 

addition, the concentration of phosphorus in rice tissue at,different stages and P 

uptake at maturity increased with the appIication of P andlor manure. However, 

the highest uptake was recorded with combined application. 

Though poultry manure did not perform better than urea after the first 

year of application, by the second and third year 120 and 180 kg as poultry 

manure produced significantly higher grain yield than the same rates of urea. 

Yields decreased with the use of urea but the poultry manure sustained the grain 

yields of rice (Singh el al., 1.996). Rice grown with annual application of I0 t 



FYM ha-' gave average unpolished grain yield of 3.66 t ha-' (Kobayashi er oi., 

1989). 

Average yield of rice over a period of 20 years increased fiom 5.2  t with 

no FYM to 6.0 t with 20 t FYM and 5.89 t with 30 t ha-' of FYM. A similar trial 

achieved a yield of 6.6 t ha-' with 40 t FYMlha (Ohyama, 1989). Ikarashi et al. 

(1 990) conducted the experiments with various levels of FYM and plant density. 

They reported that the plant height was highest with lower plant density and 

without FYM while the leaf area index was greater with FYM application. 

Straw yield was increased while the proportion decreased with FYM 

application. Farmyard manure @ 10 t ha" without inorganic fertilizers produced 

3.54 t ha-' grain and gave the highest input: cost ratio (Hussain er ai., 1991). 

Applying lot of FYM at the time of transplanting increased the grain yield of rice 

as much as applying 30 kg N ha-' as fertilizer (Sharma and Mitra, 1991). 

Chandrakar cl ul. (1990) reported maximum rice grain yield with 5.3 t ha-' 

sunhemp and 40 kg N ha-' in 1987 and with 8 t ha-' FYM + 40 kg N h i 1  in 1988. 

Application of SO kg N ha" was on par with 40 kg N ha-' + 8 t hi' FYM. 

Application of organic manure as wheat straw @ 10 t hi' saved 50 kg N 

ha-' and gave the maximum yield of rice. The cany over effect of FYM on the 

next crop of wheat also showed a similar trend. The benefit : cost ratio was 

maximum with FYM @ 10 t hi' + 100 kg N ha-' in wheal and FYM alone in 

the case of rice (Rajput and Warsi, 1992). Heavy application of cattle manure 

increased the plant height, number of tillers and graindpanicle but decreased the 

thousand grain weights and total yield (Jin et al., 1996). , 

In tall indica rice, an application of cattle manure + NPK fertilizer and 

cattle manure + green manure + NPK gave the highest gain yield in the kharif 

and rabi season crops respectively (Anilakumar el ul., 1993). Bdram et a!. 

(1977) reported that the application of N fertilizer, green manure and FYM 

increased the N content and uptake. 



Raman et al. (1996) found that in the first year of a tnal, the yield was 

highest with inorganic fdizers only. Mer three years, the combination of 

organics and inorganics gave similar yield to the inorganic treatments wh~le after 

another four yea=; the combined treatments started giving higher yield than the 

inorganic source. Farm yard m u r e  was a more effective organic nutrient source 

than the wheat stsaw and w e n  manures. 

Singh et al. (1 996) reported significantly hgher grain and straw yields of 

rice and wheat with the application of I0 t ha-' of farmyard manure. In trials with 

rice cultwars, Jaya and BymeLlu and the hybrid KRH-1, the yield was hghest 

with 5 t ha" FYM followed by 1 0 t ha" FYM (Reddy and Shvaraj, 1 999b). 

Sharma and Mitm (1990) noticed an increase in grain and stmw yield of 

rice due to the application of organic materials. The total uptake of N, P and K 

increased in brinjal with a hgher dose of poultry manure (Prasanna, 1998). 

According to Smgh and Patiram (1 9771, the yield increase due to organic manure 

was due to the increase in P uptake. Musthafa (1998) reported that the yield 

improvement due to the organic manure was by widenlng of N@e ratio in the 

laterite soils. 

2.4. Integrated nutrient management 

Application of ferbhzers will lead to the bralung down of organic matter 

and loss of organic carbon in the sod. The development of acidity will increase 

the availability of Fe, Mn etc. which intun will lead to the toxicity problems and 

decrease the availability of phosphorus. 

Long term manurial trials at TCARS, Pattarnbi showed that even a total 

substitution of fertilizer with organic manure could not increase the rice yleld 

(AruIakumar et ul, 1993). Results fhther showed that continuous application of 

organic manure like glyricidia had led to lowest levels of yield. Integrated 

nutrient supply through judicious combination of organic and biological sowces 

along with the inorganic fertilizers has a larger number of agronomic and 

environmental benefits over organic sources alone and it is a concept that is 



ecologically sound leadlng to sustainable agriculture (Swarninathan, 1987). 

According to Mohanthy et ah (1992) the use of chemical fertilizers in 

conjunction with organic sources such as poultry manure, farmyard manure, 

green manure etc. restores and sustains soil health and productivity. 

In sustained rice p~oduction organic manuring plays an important role. 

The combination of manures and fertilizers is considered to be more productive. 

The concept of ecological recovery of the soil through balanced use of organic 

manures and chemical fertilizers was hgh (Pillai and Kundu, 1990). Sin* et a1 

(2000) found that the use of FYM either alone are in combination with chemical 

fertilizer, sustained much the available NPK and organic carbon in soil after rice 

- lentil sequence as compared to rest of the treatments. 

Liu and Shen (1992) observed that mixed application of inorganics and 

organics increased the soil organic matter content and improved its qual~ty 

compared to no fertilizer or inorgamc fertilizers. It is estimated that the rain fed 

lowland rice alone will have to contribute 25-30 per cent increase in production, 

which will necessitate the development of better production technology, 

including integrated nutnent management. 

A combination of organic and inorganic nutnent sources is a necessary 

part for any management strategy to sustain productivity of rice growing tracts 

especially areas with limited resources (Kundu and De Datta, 

1988).Udayasoorian et al. (1 988) studied the effect of continuous application of 

organic matter and fertilizer on gowth and yleld of rice under submerged 

condition and have reported that organic manure addtion irrespective of the form 

in whlch it is applied, resulted in the accumulation of organic carbon of the soil, 

increased the CEC and exchangeable cations especially K. Singh and Patiram 

(1 977) reported that FYM application sigzllficantly increased the P uptake in acid 

soils. Accord- to Singh et 01. (2001) the full recommended dose of N and 

organic sources applied either alone or in combination with prilled urea increased 

the p i n  yield, straw yield, yield attributing characters, nutnent uptake and net 

return in rice. 



In an experiment conducted on Ibhl at M S ,  Pattambi, Mathew et al. 

(1994) reported hlgher plant height and tiller count of rice with the combined w e  

of 10 t ha-' FYM and chemical feTti1iz.m. Babu (1996) observed that the 

integration of FYM @ 10 t ha" along with chemical fertilizers could increase the 

plant height, tiller count, leaf area index, chlorophyll content and dry matter 

production of medium duration rice variety Paviham in a study at RRS, 

Monocompu. He also reported an increased grain yield for the medium duration 

r ice upto 5.6 t ha" with the combined application of organic manures and 

chemical fertdizers. 

Mondal et al. (1994) observed an increase in panicles, number of grains, 

number of panicles and thousand grain weights in rice with increased NPK rates 

along with FYM application. Anilakumar et al. (1 993) obtained 7.6 percentage 

increases in grain yleld of rice by the combined application of FYM and NPK 

than the application of NPK abne. Singh et al. (1996) reported that the 

substitution of 25 percentage of N through FYM, particularly at higher N rates, 

increased the rice yield. Gupta et a]. (2000) reported that sesbania green manure 

alone was capable of producing and sustaining more than 6 t%a rice yield equal 

to more than 120 kg inorganic N. 

Roy er al. (1997) observed hgher grain yield of rice with combined 

application of NPK @ 90:60:90 kg ha-' along with 10 t FYM. Mandal and 

Chettn (19981 while studying the effect of integrated nutrient management on 

productivity and fertility buildmg under rice based croppmg system, noticed 

signficantly higher grain yield up to 5.3 t ha-' in rice with 50 per cent of the 

recommended NPK through chemical fertilizers along with I0  t ha" FYM. La1 

and Mathur (1 989) reported that the application of chemical ferhlizers in 

combination with FYM could regulate the nutrient uptake from the soil. The 

combined use of 12 t of FYM and 80 kg ha" of nitrogen not only gave the 

comparable rice yield as that with 120 kg N ham1, but also contributed a residual 

effect equivalent to 30 kg each of N and P for the succeeding wheat crop Meelu, 

1981). According to Kurnar and Yadav (1 995) farm yard manure and susbania 



green manure were superior to wheat straw fox increating grain yield and NPK 

uptake in rice. 

Mishra and Sharrna (1997) observed appreciable build up of NPK in the 

soil with the integrated application of fertilizers and FYM. Deepa (1998) 

reported higher stabs of available NPK. According to Eakshmikanthan (ZOOO), 

sodium silicate application at the rate of 500 kg ha" recorded an increase in grain 

yield of 632 kg ha". The immehate increase in yield has also depleted the 

organic carbon from the soil. Soil at harvest with integrated nutrient 

management, whlch supplied 50 per cent of the recommended N through FYM 

and the rest through chemical ferhlizers for the rice variety Kanchana. Takur et 

al. (1999) observed an increase in available P and organic carbon but a decrease 

in the level of soil K in the treaments with organic substances. 

Ritamani et al. (1999) reported significant increase in the available NPK, 

uptake of NPK and yield in the treatment receiving both the organic and 

inorganic sources. Moreover, organic matter treated soil showed a better residual 

effect as compared b the soil where the chemical fertilizers were applied. The 

continuous d t i o n  of lignite fIy ash resulted in signficant increase in pH, EC, 

exchangeable Na, available P, K, Ca, Mg, S and Si in the post harvest soil after 

the fourth crop of rice. The increase in pH was not sw~ficant. The results also 

c o d m d  that even &r continuous addition of fly ash for three seasons, there 

was no hazardous level of heavy metal content (Selvakumar et al., 2000). 

Anand et al. (2000) revealed that the soil organic carbon, available Zn and 

Mn in receiving ferhlizer treatments were slgnficantly lower compared to the 

treatments invohrmg organic source in ffaryana. Reddy and Shivaraj (1999a) 

reported that the yield of all cultivars was hgh with FYM in k h d ,  while in 

summer, the yield of KRH-I was highest with the poultry manure followed by 

FYM and that for Jaya with NPK followed by green manure. FYM reduced the 

soil pH and salinity, while the poultry manure increased them. Brar et al. (1 995) 

reported that 12 t. FYM gave the highest grain yield of 6.7 t for rice in rice-wheat 

rotation. Soil fertlliv or residual effects of FYM did not significantly afYect 



wheat grain yields. The application of FYM to rice increased N and P uptake in 

rice and P and K in wheat. 

Application of FYN in conjunction with fertilizers had also been found to 

increase soil fertility significantly besides increasing rice yield. 'lhe organic 

carbon content and NPK status of soil were reduced by the application of' 

fertilizer alone. (Kumar, 2002). According to Premi (2003), Dhainchra and 

Sunhemp proved sigmficantly superior to FYhd and BGA. Combined use of 

inorganic sources of N increased the organic carbon content, NPK and decreased 

the bulk density of the soil. The combined application of FYM @. 10 t ha" and @ 

neem cake (3 t ha-') to substitute 150 Kg N ha" in rabi and 8 t FYM hd' and 5.7 t 

ha-' of neem cake in kharif were beneficial in achieving the higher nutrient 

uptake and p i n  yield. 

Vats et al (2001) reported that the ycarly application of organic manure 

@ 15 t ha-' in conjuction with the. fertilizers had a pronounced effect in 

enhancing the efficiency of chemical fertilizers leading to improved crop 

productivity by 16 to 44 per cent. In addition to yield gains, organic rnanure had 

also significantly increased the availability of limiting nutrients in the soil. 

Accordmg to Pandey et aL (2001X the complementay use of organics and 

inorganics were advantageous and substantial amount of fertllizrs could be 

saved for the rice crop by the use of organic manures. 

From the above review, the following general trends are noted: 

1 .  figh accumulation of Fe and Mn in the soil, removal of silica, higher 

content of Fe in the plan( chlorophyll instability etc. is some of the yield 

limiting factors of rice in laterite soils. The potential production o f  FIYV 

cannot be exploited under such situations. 

2. Application of organics alone will not be able to meet the nutrient 

requirement. Hence, the fertilizers alone will degrade the soil and hence 

combined appIication is a wohabte way to sustain the productivity. 



3. Rice responds to hlgher levels of N and K levels and reduction of P will 

help to prevent the soil degradation and maintain the soil fertility. 

4. Rice is a known silica accumulator and the application of silica has shown 

increase in the yield of rice. 



MATERIALS AND METHODS 



3. MATERIALS AND MFTIIQDS 

The present study entitled "Integration of nutritional inputs for improving 

rice productivity in latcrite soils" [as taken up at the College of Horticulture, 

Vellan tkkara during 200 1-03. 

3.1. Materials 

3.1.1. Site, Watherand Soil 

The experiment was laid out at the Agricultural Research Station, 

Mannuthy locat4 at 1 Oo 3 1 ' N latitude, 76" 13' E longitude and at an altitude of 

40.29 rn above sea level. 

The area enjoys a typical humid tropical climate. The mean weekly 

averages of the in1 portan t meteorological parameters observed during the 

experimental period are presented in Appendix4 and Fig. 1 and 2. 

The mean n~axinlum temperature experienced durit~g the period of study 

was 29.83"C, while the mean minimum temperature was 23.36"C with an 

average mean of 26.5g°C. 

The soil type of the experimental area was laterite loamy sand of the 

TJItisol group with a pH of 5.3 (Appendix-11) 

3.1.2. Season 

The study was taken up during the first crop season (May - September) of 

the year 2002. 



Fig.1. Weather data during the crop period (512002 to 9t2002) 
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Fig.2. Rainfall data at Vellanikkara during the crop period (512002 to 912002) 
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3.1.3. Variety 

The rice cultivar, Jyothi, a red bn~elled, short duration variety of 1 10-125 

days duration was used for the experiment. This variety is moderately tolerant to 

BPH and blast disease, susceptible to sheath blight and capable of producing 

over 8 t hdl under favourable sihrrrtions and moderately good yields even under 

adverse conditions. 

3.1.4. Cropping history of the experimental site 

The experimental area belonged to a typical single cropped wetland. 

The field was under bulk cropping of rice in the previous season. 

3.2. Methods 

3.2.1. Lay out 

The experiment was laid out in randon~ized block design with three 

replications and 17 treatments in each replication (Fig.3). I'he view of the 

experimental field is presented in Plate 1. The individual treatment plot size was 

5mx4m.  

3.2.2. Technical programme 

Seeds were so-rn in the nursery and twenty three days old secdliilgs were 

transplanted from the nursery into a well puddled and levelled field at a spacing 

of I5 cm x 10 crn with 2 seedlings per hill. Date of sowing, :,transplanting and 

harvesting are given below. 

Particulars 

Nursery sowing 

Transplanting 

Harvesting 

Duration 

Date I 
I 
I 
I 

2310542 
-. I --- 

26-06-02 

284942  

129 days 





3.2.2.1. Treatment deta lls 

There were 17 treatments including two sources of organic manure and 

two levels of nuttition. 

1 .  Two sources of organic manure (caw dung and poultry manure) to make up 

the levels 1:1.25, 1;2.25 and 1:3.5 based on nitrogen equivalents 

In addition to the recommended dose of 5 t ha of farm yard manure, 20 kg 

N was supplied through organic manure either as cow dung or poultry 

manure out of the recommended 70 kg fertilizer nitrogen (TI and T !J). Here 

the ratio of organic: inorganic was 1 : 1.25. 

Considering the expected l evd  of crop removal as revealed from the earlier 

studies, the dose of fertilizer N was increased to 110 kg ha"' of which 20 kg 

fertilizer N was substituted by organic manure (T2 and Tlo). The ratio of 

organic: inorganic was f :2.25. 

These two sets were compared with the present recommendation consisting 

of 5 t hi1 of fannyard manure and 70:35:35 kg NPK 116'. The rat10 between 

organic to inorganic nitrogen was 1 :3.5 (TI,). 

2. Two levels of nutrition based on the results of the experiments conducted so 

far. 

phosphorus @ 20 kg ha-' and potassium @ 120 kg ha" were applied to all the 

treatments by considering the crop removal as revealed from the earlier 

studies. The treatments T1 to T16 received P and K based on the crop removal 

while in Tlr P and K @ 35 K kg h*' was given as per the package of 

practices recommendations. 

Combination of these two were supplemented with lime alone, silica done 

and lime + silica. 



Treatments 

TI- Cow dung 5t ha-'+ 50 kg N (fertilizer) 

Tr Cow dung St ha -'+ 90 kg N (fertilizer) 

T3 -TI+Lime @ 150 kg ha-' 

T4 -T,+Silica @ 500 kg ha" 

T5 -Tt+Lime @ 150 kg hdl+ Silica @ 500 kg ha" 

Tg-T2+Lime @ 150 kghX1 

TT T2+Silica @ 500 kg ha-' 

Tg- T,+Lime @ 150 kg ham1+ Silica @ 500 kg h i 1  

T,- Poultry manure I .dt ha*' + 50 kg N (Fertilizer) 

T,, - Poultry manure 1.6t htfi + 90 kg N (Fertilizer) 

Ti,- Ty t- Lime @ 150 kg ham' 

TI*- Ts+Silica @ 500 kg ha-' 

TI3- Tg+Lirne @ 150 kg ha-'+ Silica @ SO0 kg h$' 

TI4- Tl0 + Lime @ 150 kg hd' 

T15- T , ~ f S i l i ~ i l @  500 kg ha-'-' 

Ti6- Tlu+Lime @ 1 50 kg ha-'+ Silica @ 500kg ha 

TI, - Control (Package of practices recommendations, KAU) 

(Cow dung 5 t ha"+70:35:35 NPK kg ha" + Lime @ MH) kg ha-' ) 

Urea, Ammonium suphate, Rajphos, Muriate of potash, Lime and Sodium 

silicate were used as the sources of different nutrients. The nutrient content of the 

sources is presented below. 



Fig. 3 Layout plan 

TI.Cowdting5I ha-'+50 kgN(ferti1izer) Tlo-PM 1.61 h i 1 + 9 0  kgN(Ferti1izer) 
T2- Cow dung 5t ha -'+ 90 kg N (fertilizer) TI Tg + Lime @ 150 kg ha-' 
TJ -Tt+Lime @ 1 50 kg hi' TII- T9+Si1ica @ 500 kg ha" 
T4 -T1+SiIica @ 500 kg ha-' TI,- T9+Lime + Silica @ 500 kg ha-' 
Ts -TI+Lime + Silica T14- T10 + Lime @ 150 kg ha-' 
T6 - TI+ Lime @ 150 kg ha-' Tt5- Tl~fSilica @ 500 kg ha-' 
T7-Tl+Silica @ 500 kg ha-' T16- Tlo+Lirne + Silica 
Ts- Tz+Lime + Silica T17- Control (Package of Practices 

Recommendation) 
2'9- PM 1.6t ha-' + 50 kg N (Fertilizr) (Cow dung 5t ha -'+70:35:35 NPK 

kg haml+lime 600 kg ha-') 



Chemical composition of sources of nuh-ients 

The content of nutrients in the cow dung and pouItry manure is aIso 

mi shed  in Appendix V. Plant protection measures were adopted according to 

necessity. All the cultural operations were carried out as per the Package of 

practices recommendations of the Kerala Agricultural University (KAU, 1996). 

Sources of nutrients 

Urea 

3.2.2.2. Soil and Han t Sampling 

Soil samples were taken to evaluate the initial status before starting the 

experiment and post harvest samples were also drawn from each treatmenf plot 

for analysing the nutrient content in the soil 

Nutrient 

Nitrogen (N) 

Regarding plant sampling, 3 stakes were driven randomly and four hills 

around each stake were maintained for taking observations on growth characters. 

Six hills were collected randomly as destructive samples from each plot at 35 

DAT, 70 DAT, 50 per cent flowwing and at harvest for eshmating the dry matter 

production and the nutrient content. 

Nutrient content % 

46 

1 8-20 

60 

71.4 

40 

20 

Raj phos 

MOP 
. 

Lime 

Sodium silicate 

Ammonium sulphate 

Phosphorus (PzOS) 

Potassium (KZO) 

Calcium (Ca) 

Silica (SiOz) 

Nitrogen (N) 



3.2.3. Observations 

3.2.3.1. Growth characters 

a) Plant height: Height of plants (cm) was measured from the bottom of the 

p h t  up to the tip of the longest leaf at 35 DAT, 70 DAT, 50% flowering 
and at harvest. 

b) Number of tillers: The number of tillers was courrted at 35 DAT, 70 DAT, 

50% flowering and at harvest and expressed as the number of tillers per hill. 

c) Dry matter production: The dry weight of the plants at different intervals 

was taken and used to estimate the total dry matter production (kg ha-'). 

3.2.3.2. Yield attributes 

a) Number of productive tillers per hill: The number of productive tillers of 

twelve hills was counted from m h  individual plot at harvest and the 

average was worked out. 

b) Number of spikelets per panicle: The number of spikelets in each panicle of 
the twelve observation hills was counted and the average was worked out. 

c) Length of panicle: The Length of panicle was measured in cm from the base 

to the tip of the panicle. 

d) Percentage of filled grains: The number of filled grains per panicle was 
counted and the percentage was worked out. 

e) Percentage of chaE The number of chaffy grains was recorded and 
expressed on percentage basis. 

f) Test weight: Thousand Mled grains were collected randomly from samples 

taken from each plot and the weight was recorded in grams. 

g) Grain Yield: All the hills in the net plot area were harvested, threshed and 
dried to a constant weight. The dry weight was recorded as kg hd' 



h) Straw yield: The straw yield was dso recorded on dry weight h i s  and 

expressed as kg ha-' 

i) Nutrient content: Content of N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu, Si and Na 

was estimated and expressed as percentage or parts per million (ppm). 

j) Nuttlent uptake: Uptake of nutrient was calculated from the dry weight of 

grain and straw and the nutrient content. 

3.2.3.3. Other Observations 

a Population of weeds: Number of weeds per square meter in each plot 

was counted at 20 and 40 DAT. A 0.25 m2 quadrant was driven 

randomly at different points and the total number of weeds was worked 

out. 

b. Pest and disease incidence: Scoring for the incidents of pests was done 
according to the standard ~ T O W ~ U T ~  ( M I ,  1996). Ten hills in the third 

row of each plot were rated in accordance with the scale (0- 9) and the 

percentage was recorded. 

3.2.4. Soil analysis 

The soil samples were analyzed before and after conducting the 

experiment. 

3.2.5. Chemical analysis 

The plant samples were oven h e 4  ground and subjected to nutrient analysis 

fbllowing the standard procedures (Appendix ID). The soil samples in each 

treatment plot were also analyzed using the standard procedures (Appendix IV). 

3.2.6. Statistical analysis 

Statistical analysis was done using the analysis of variance technique 

w s e  and Sukhatrne, 1978). MSTATC and MS-Excel Sohares were used for 
computation and analysis. 



RESULTS 



The results pertaining to the studies on "Integration of nutritional inputs 

for improving rice productivity in laterite soils" are hmisl~ed klow: 

4.1. Growth charactem 

4.1.1. Height of plants 

The height of plants at different growth stages is furnished in Table 1 .  It is  

seen that there was significant difference in height among the treatments at all 

the stages of growth. 

At the maximum tillering stage, T13 (Podfry manure +SO Kg N + lime + 

silica) recorded the maximum height (37 cm), which was on par with other 

treatments except TI, TI5 and T17 The treatment receiving the POP 

recommendation (TIT) has recorded the minimum height of 28.62 cm. 

At the PI stage, the treatment receiving cow dung + 90 Kg W + lime +- 

silica (Ts) showed the highest value (65.63 em) followed by T I ~  (P~ultty manure 

+90 Kg N+ lime + silica) and were on par with T5, T7, TI", TI I ,  T12, TI3, T14 and 

TI5. The control plot recorded the minimum of 56.02 cm. 

The same ,wend was noticed at 50 per cent flowering where TS had the 

maximum height of 86.51 cm, which was on par with T7, Tf 0, T13, TI5 and TI6. 

The minimum of 74.49 crn was seen in the control plants. 

At the time of harvest, T15 receiving pouttry manure 1.6 t +90 Kg N + 
silica recorded the maximum height of %.57 crn and it was 20 per cent more 

than in the control plot. 



TWe 1. Height of plants at hfferwt stages of wowth of rice as influenced by the W e n t s  
! Treatments 

j 
Tl-Cd + 50 kg N 

T?€d + 90 kg N 

1 T3-Cd + SO kg N + Lime r 
/ TrCd + 50 kg N + Silica 

Ts-Cd + 50 kg N + lime -+ silica 

T6-Cd + 90 kg N + Lime 

I T ~ c d  + 90 kg N + silica 
1 

i Tg-Cd + 90 kg N+ lime t- silica 

Maximum tillering 

33.24 

34.95 

34.00 

34.24 

33.58 

34.50 

34.12 

34.58 

- ,. -- 

! T9-PM + 50 kg N 35.83 59.88 77.87 86.42 

Tlo-PM + 90 kg N 36.20 61 -66 84.25 88.62 

1 TI1-PM + 50 kg N + lime 34.45 63.24 80.33 89.34 
; - -- 

: T I ~ - P M  + 50 kg N + silica ' 34.08 62.36 81.70 88.61 
I 

Tlj-PM + 50 kg N + lime + silica 37.00 61.72 85.05 92.63 

56.00 

58.44 

58.30 

60.38 

60.80 
- . - - - a - 

60.38 

61 -30 

65.61 

P,-PM + 90 kg N + lime 
. - - - 

I TIS-PM + 90 kg N + silica 
I 

: Tic-PM + 90 kg N + lime + silica 
I TIT- control (package of practices) 

I SEm + 
I CD (0.05) 

75.29 

78.79 

76.62 

8 1.04 

~d-co- 
0600  kg ha-' 

33.70 

33.08 

34.75 

28.62 

I .281 

3.678 

85.75 

88.41 

82.78 

86.41 

61.33 

62.69 

79.16 
- -. - -...A 

79.12 

88.99 

89.30 

80.41 i 89.43 
- - - - - - - - - - . . - . - 

82.54 

83 -70 

86.51 

96.57 

91.29 

80.71 

0.237 

0.68 

65.21. 

89.49 

91.14 

85.24 

56.02 74.49 

1,752 I 1.573 

5.020 4.150 



The observation on height revealed that the addition of PM and siiica is 

beneficial far increasing the height af rice plant, Rice piants responded well to 

the higher dose of nitrogen. 

4.1.2. Number of tillew 

The number of tillers per hill at d i&mt  growth stages.1~ recorded in 

Table 2. It shows that there was significant difference in the number of tillers 

mong the treatments, at all the stages of growth. 

At the maximum tillering stage, T,, recorded the maximum number of 

tillers (6.24) and was on par with other treatments except TI, T7, TI ,  md TIT. The 

treatment receiving TI recorded the minimum number of tillers (4.87). 

Similarly at the panicle initiation stage, the treatment Tt4 recorded the 

highest number of tillers (9.23), which was on par with T6, T8, T9, TI !, T12, TH, 

T,, and TI,. The treatment Tlo recorded the Iowest number of tillers (7.15). 

At the time of 50 per cent flowering, Tlq showed the maximum number of 

tillers per hill (7.74) while TI recorded the Iowest number (5.87). T14 was on par 

with all other treatments except TI, T,, T7 and TI,. 

During the harvesting stage, the tiller number ranged from 6.41 in T3 to 

8.18 in TI4. TI4 was also on par with T, and T15. 

The observations on the number of tillers revealed that substitution of N 

by organic manures along with increased dose of N, lime and silica enhanced the 

tillering capacity of rice plants. 

41.3. Dry matter production 

The dry matter production at different growth stages of rice is fimished in 

Table 3. It shows that there was significant difference among dl the treatments 

the dl stages except the panicle initiation stage. 



Table 2. Number of tillers at different stages of growth of rice as influenced by the mahnents 

! TI.,-PM + W kg N + lime 
I I I 1 

I 5.98 1 9.23 I 7.74 8.18 I 

( Treatments 
4 
I 

I I 
I TIS-PM + 90 kg N -t silica 

I I 

5.5 8.33 6.7 7.98 

7.09 

7.39 

6.41 

6.45 

6.43 

7.35 

6.85 

8.06 

6.87 

6.82 

7.46 

6.55 

7.35 

TI-Cd + 90 kg N 

, T3-Cd + 50 kg N + Lime 

T4-Cd 4 50 kg N + Silica 

T5-Cd + 50 kg N + lime + silica 

TrCd + 90 kg N + Lime 

TrCd + 90 kg N + silica 

1 Ta-Cd + 90 kg N+ lime + silica 

Tg-PM + 50 kg N 

I Tl0-PM + 90 kg N 
I T,,-PM + 50 kg N + lime 

I TIZ-PM + 50 kg N + silica 
I 

1 Tj3-PM + 50 kg N + time + silica 

1 1 1 
Ti7- wntml (package of practices) 4.99 8.85 6.2 1 6.98 

Number of tillers (no. hill -' ) 

I 1 I I 

~ d - c o h  dung 5 t ha+' PM- poult?, manure 1.6 t h i '  Lime150 kg hi' iilica-500 kg h i '  POP-Cd 5 t ha-'+ 70:35:35 NPK kg ham'+lirne 600 kg ha.' 

- 

4.87 

5.29 

5.62 

5.74 

5.33 

5.50 

4.87 

5.33 

5.83 

5.49 

5.09 

6.08 

I 6.12 

Hawest Maximum tillering Panicle initiation 50% flowering 
- 

7.35 
.- 

7.99 

8.02 

7.73 

7.67 

8.62 
. -- 

7.29 

8.6 

8.16 

7.15 

8.25 

8.88 

I 7.79 

5.87 
- 

6.58 

7.39 

7.16 

6.54 

6.66 

6.12 

7.66 

7.03 

6.73 

6.7 

7.54 

I 6.74 



Table 3. Dry matter production at different stages growth of rice as influenced by the treatments 

1 I I I 
T4-Cd + 50 kg N + Silica 2490 4349 8017 13112 1 

Treatments 

1 T3Cd + 50 kg N + Lime 
I I 1 I 

I 2398 

Maximum tillering 
(kg ham1) 

1 I I 1 

I 4345 

Tj-Cd + SO kg N + lime + silica 
1 I I 

Panicle initiation 
(kg ha") 

T6-Cd + 90 kg N + time 
I I I 

6437 

2 129 

T7-Cd + 90 kg N + silica 
I 1 I 1 

50% flowering 
(kg ha-') 

13288 

2 17 1 3969 8252 

T,-Cd + 90 kg N+ lime + silica 

1 I I 1 I 

+---- -.- -. 
2578 -t ] TI,-PM -t 50 kg N + lime + silica 

I 
4809 

Harvest 
(kg ha*') 

4453 

11748 

3348 1 4393 

i TI ,-PM + 50 kg N + lime 
I 

I I I I 

I I 

TIQ-PM f 90 kg N + lime 2222 t7- 4697 740 1 

7766 12760 

3289 

TI,-PM + 50 kg N + silica 

Tl,-PM + 90 kg N -+ silica 
1 1 I I 

2974 4121 8994 11572 

9396 

2059 86 17 I 4105 I 

14784 

5232 

11308 

3588 36 17 I 

I 

cdkw dung 5 t hi' PM- poulhy manure 1.6 t h i '  Lime1 50 kg hi' silica-500 kg hi' POP-dd 5 t hii+ 70:35:35 NPK kg hil+lime 600 kg h i 1  

I T16-PM -t 90 kg N -I- lime + silica 

, TLT wntml (package of practim) 
I 
1 S E m *  

8683 

91 15 

15576 

12100 

2952 

190 l 

244.8 

4532 

35 77 

372.7 

896 1 

687 1 

7 15.3 

14124 

f 2452 

791.7 



At maximum tillering stage, the dry matter produdon was highest for Tlz 

(3588 kg ha-'), which was on par with ?;, T8, TIS and TI1, while the theleast was in 

Ti (I331 kg ha"). 

The dry matter production at the panicle hiinitiation stage was the 

maximum for 4 (5232 kg ha-') and the minimum in TI (3498 kg h i 1 ) .  

At 50 per cent flowering stage, the highest dry matter production was 

observed in T7 (9396 kg ha"), which was on par with dl other treatments except 

T1,T3,Ti3 and TI7.TI had the minimum value of 4730 kg ha-'. 

During the harvesting stage, maximum dry matter production was noticed 

in T8 (15576 kg ham1) and was on par with T7 and TL6.Tl recorded the lowest value 

of 11264 kg ha+'. 

4.2. Nutrient content in plants 

4.2.1. Nutrient content at the maximum tillering stage 

The details of major, secondary and micronutrient content in rice plants is 

presenfed in Table 4. The values were significantly different except for P and Ca. 

The N concentration in rice pIgnts was highest in T7 (3.81%) and was on 

par with T3, T4, TI2, T15 and TI,. It was the least in T1 (2.07%). In the case of P 

content, the highest value was recorded in T1 (1  -006%) while the least value was 

0.240 per cent in T17 though not significant. Potassium content was significantly 

higher in Tli (3.36%), which was on par with Ti, T4 and TI, while the least was 

in Tz (2.28%). 

The highest content of Ca (0.48%) was observed in TIT. For Mg, the 

highest value was e h i d  in th case of T3 ( O . W / o ) ,  which was on par with 

T16 mi the 1-t wlis o h &  in T4 (O.m) Regarding sdphur, the highest 

vrdue was obtained in Tg (2833 ppm) and was on par with T7, TI and TI4. The 

IW&V&M WB in TI, (13n pp). 



Table 4. Effects of treatments on nutrient content o 
[ Treatments I N 1 P ( % I /  K 

I I I 
TI-Cd + 50 kg N -t Lime 1 3.54 1 0.316 1 2.58 

1 I I 

T4-Cd + 50 kg N + Silica 1 2.33 1 0.307 [ 3.23 
/ T5-Cd + 50 kg N + lime + silica 

I I I 

I 1 2.52 1 0.315 1 2.81 
I 1 1 

Tb-Cd + 90 kg N + Lime ] 2.82 1 0.374 1 3.03 
t I I 

! 
1 TrCd + 90 kg N + silica 1 3.81 1 0.342 1 2.91 
I T d  + 90 kg N+ lime + silica 2.93 0.398 2.83 

j T9-PM + 50 N 3.64 0.257 2-61 

I I I 

TI,-PM + 50 kg N -I- silica 1 3.55 1 0.371 1 2.88 

TIrPM + 50 kg N + lime + silica 2.93 0.367 3.16 

T,,-PM + 90 kg N + lime 2.89 0.350 2.80 
-- 

TwPM + 90 kg ~ G i l i c a  3.51 ' 0.377 3.20 
--- - 

TI&-PM -+ 90 kg N + lime + silica 3.71 0.410 3.36 

TIT control (package of practices) 2.37 0.240 2.70 

I I I I 

Cd-cow dung 5 t hS1 PM- poultry manure 1 .6 t ha-' Lime- 1 50 kg 



Regarding the micronutrients, TI4 had the maximum Fe content of 2867 

pprn whik Tls recorded the rninimuni of976.6 ppm. Mn content was also higher 

in TI4 (683.3 pprn), which was on par with T6, T7, Tlo and TI3. Content of Zn 

was highest in TI (73.33ppm) while the minimum value of 30 ppm was recorded 

in T 1, T2, Tlo and Trs. 

In the case of Cu, the highest vdue was in Ts ( 1  20 ppm) and the least 

value of 30 ppm was in T6 and T7. For Eda, the highest value was obtained for Tlb  

with 0.583 per cent and T2, Tg, TI! and TI4 recorded the lowest content of 0.050 

per cent. Silica content was sigttifiwtly higher in Tlb and Ts with values of 3.05 

and 3.00 respectively. T13 recorded the minimum value of 2.08. 

4.2.2. Nutrimt content at the pankk initiation stage 

Table. 5 represent the content of nutrrents at the panicle initiation stage. 

There was significant difference among the -bents for all the nutrients except 

Mg and Cu. 

The concentration of N in the rice plant was highest in TR and Tlo with a 

vdue of 2.13 per cent and was on par with T6. The least value was noted in T15 

(1  66%). In the case of P content, the highest value was recorded in T7 (0.433%), 

which was on par with Tg (0.413%), while the minimum was noticed in TI7 

(0.277%). Potassium content was the highest in T8 (3.53%), which was on par 

with T7 (3.36%) and the lowest in TI7 (2.58%). 

Calcium content was significantly superior in T17 (0.493%) and the least 

value (0.333 %) was in T7. Magnesium content was highest for T5 (0.272%) 

though not significant and the least was recorded for TI (0.168 %). Control plots 

(TIT) contained the maximum of sulphur (6233 ppm) but were on par with T4 

whereas T6 had the minimum of 64 1.4ppm. 

In the case of Fe, the highest value was obtained for TI5 ( 1  500 ppm) and 

on par with other treatments except T5, Th Ts and T,,. The least was obtained in 

T, (616.6 pprn). For Mn, the highest vaIue was noticed in T7 (643.3 ppm), which 



Table 5 .  Effect of treatments on nutrient content of rice plant at panicle initiation stage 

1 Treatments I N I P  

I 
TI-Cd + 90 kg N 2.01 0.371 

TJ-Cd + 50 kg N + Lime 1.91 1 0.365 
I I 

Td-Cd + 50 kg N + Silica [ 1.95 1 0.372 
I I 

TyCd + 50 kg N 4 lime + silica 1 1.89 1 0.350 

I I 

T7-Cd + 98 kg N + silica 1 1.99 1 0.433 
I I 

Ts-Cd + 90 kg N+ lime + silica 1 2.13 10.413 

I I 

TI,-PM + SO kg N + time 1 1.79 ] 0.370 
I 1 

TI,-PM + 50 kg N + silica 1 1.96 0.335 
-- 1 T,3-PM + 50 kg N + lime + silica 

I 1 / 1.82 / 0.385 

b , 4 - ~ ~  + 90 kg N + lime j- 
1 I 

Tic-PM + 90 kg N + lime + silica ( 1.78 1 0.399 

1 TIT control (package of practices) 
1 I 

1 1.75 1 0.277 

I I I 
Cd-cow dung 5 t ha-' PM- poultry manure 1.6 t hi1 Limr ,150 kg ha" Silica-500 kg haL' POP-Cd 5 t ha"+ 70:35:35 NPK kg ha-'+lime 600 kg hgl 



was on par with TI, T5, T9, TI*, Tlz, TI., and TIT. While the lowest value was 

recorded in T13 (426.7ppm). 

The treatment receiving T6 had the nlaxirnum Zn cantent of 46.66 ppm, 

which was an par with dl other treatments except Ti, T4, T5, T1 TI4 and T!5. 

The treatments T5,T14 and T15 berd the lowest value being 26.66 ppm. Similarly 

content of Cu was Jso highest in T6 (46.66 ppm) and lowest in T4 (1 6.66~~111)  

though not significant. Sodium content was highest in T6 (0.433%), which was 

on par with Tlz while the least was obtained in TI, T4 and TI7 with a value of 

0.050 per cent. Similarly in the case o f  silica content, the highest value was 

obtained in T17 (3.55%) and the least was noticed in T3 (2.23%). 

4.2.3. Nutrient content at flowering stage 

Nutrient content in the plant at 50 per cent flowering stage is presented in 

TaMe 6. 

Among the major nutrients, the maximum N concentration was noticed in 

TI (1.78%) and was on par with T3, Tb Tll ,  T14 and TI6 while the least was 

recorded in T13 (1  -2%). The treatment receiving Tg recorded the highest value of 

P, being 0.321 per cent, which was on par with T3, T7, TI 1, TIJ, T14 and TI and 

the minimum was recorded by T5 (0.189%). Potassium had its maximum content 

in Tlo (2.68%), which was on par with TI, T3, T7, TI4, TIS and Tt6 whereas TI7 

had the minimum of 2.1 per cent. 

Calcium content was highest in TI (0.437%), which was on par with dl 

other treatments except T6, T7, TI 1 and TI]. The least value was noticed in T7 

(0.293%). Magnesium content was highest in T5 (0.232%) and the minimum Tl , 
(0.160 %) though not significant. SimiIaIy in the case of S, the highest value was 

obtaned in TI (2505 ppm) while the least was in T6 (670.9 ppm) but not 

significant 

In the case of Fe, the highest concentration was observed in TI7 ( 1253 

ppm) white the lowest was in T, (733.3 ppm) though not significant. The Mn 



I I 1 1 I I I 1 I f I I 
TJ-Cd + 50 kg N + Lime 1 1.62 1 0.277 1 2.65 1 0.397 1 0.224 [ 1149 1 733 1 513.3 1 33.33 1 40.00 [ 0.05 [ 5.10 

Table 6. Effects of  t r ~ e n t s  on nutrient content of rice plant at 50% flowering me 
1 N P K Ca Mg S I Fe Mn Zn Cu Na Si& 

I I I I I I I 
Ts€d + SO kg N + lime + silica I 1.36 I 0.189 1 2.48 ( 0.373 1 0.232 1 1104 ( 1327 ( 326.6 ] 30.00 ] 30.00 1 0.150 1 5.28 

I I 1 1 I I I I I 1 I I 
T&d + 90 kg N + Lime ( 1.59 ( 0.260 ( 2.26 1 0.333 1 0.168 [ 671 / 837 1 616.6 1 33.33 1 53.33 1 0.05 ] 5.10 

- 
T~-cd + 50 kg N 

1 1 I I I I I I I I I I 
TY-Cd + 90 kg N + silica I 1.53 10.289 12.55 10.29310.1761 1047 1 1187 1516.6 140.00 1 23.33 10.217 1 5.27 / 

% 
3 

% 
d 2 A  

Tt ,-PM + 50 kg N + lime m l . f 2 h m * 4 2 6 . 6  i 30.00 / 20.00 / 0.433 / 5.1 l 1 

% % 
5 

I 1 1 -  I 1 

T,,-PM + 50 k g i  + silica j1.467~~ 0.198 2.38 / 0.360 / 0.192 trne5-123.33 j 0.100 j 5.27 1 

1 I 1 1 

I I I 1 I I I 1 I I I 1 I 
TI,-PM + - 50 kgN i- lime + silica I 1.20 1 0.302 1 2.43 1 0.333 1 0.208 1 959 1 767 I 523.3 1 36.66 1 13.33 1 0.233 1 5.33 / 

T&d + 90 kg N+ lime + silica 1 1.41 1 0.32 f 1 2.33 1 0360 1 0.184 1 746 1 1 113 ] 406.6 ] 34.66 ] 46.66 1 0.283 1 5.27 

TII-PM t- 90 kg N + lime j 1.61 / 0.3 10 i 2.65 i 0.400 / 0.192 i 1970 1063 / 410.0 / 36.66 / 43.33 j 0.250 / -w) 

Yo 

I 1 1 I I I I I f I I I 1 
T lrPM + 90 kg N + silica 1 1.55 ( 0.294 1 2.55 1 0.360 1 0.168 ] 925 j 1070 1 610.0 136.65 1 26.66 1 0.100 ) 5.24 ] 

( P P ~  
40.0) 

m) 1 ppm) 
T 4 5  1143 

i 1 1 I I 4 I I I 
Cd-cow dung 5 t hi' PM- poultry mbure 1.6 t k1 Li Ae 1 SO kg hi' Silica-500ikg hgl POP-Cd 5 t h i l r  703 5:3 5 NPK kg ha-'+lime 600 kg ha" 

m) 
?!o.o 

TLC-PM + 90 kg N t. lime + silica 

TIT control (package of practices ) 

% 2.0; m 
E3: 

% 
OIldo 

1.57 

1.38 

0.271 

0.207 

2.66 

2.10 

0.387 

0.400 

0.184 

0.184 

I 

784 ) 863 
1 

-p-P-p-pp-- 

719 ; 1253 

503.3 

383.3 

33.33 

36.66 

23.33 

93.33 

0.217 

0.183 

-" 

5.29 

5.01 



content was highest in T6 (616.6 pprn), which was on par with all the treatments 

except T5, TB, TI 1, T14, and TIT while the lowest was in T5 (326.7 ppm). In the 

case of Zn, the highest value was noticed in TI and T7 (40 pprn), while the lowest 

was observed in T5, Tlr and TI2 (30 ppm). The concentration of du was highest 

for TI, and the minimum of 13.33 ppm in TI3. In the case of Na, the highest 

vdue was noticed in TI1 (0.433%) and on par with T4 while the least was 

observed in T2, T3, T6 and Tlo (0.05%). Silica had its maximum value in TI6 

(5.29%), which was on par with T4, T5, T7, Ts, Tlz, TI3, T14 and T15. The control 

plot recorded the minimum of 5.01 per cent. 

4.2.4. Nutrient content in the grain at harvat 

The nutrient content in the grain is presented in Table 7, it shows that 

there i s  no significant difference in the content of the element except that for N, 

S, Fe and Zn. 

The concentration of N was highest in the case of T16 with I .36 per cent 

but on par with T7 and T8, while the least content was noticed in TI7 (0.95%). In 

the case of P, the highest concentration was for TI7 (0.15%) and the least in TI 

(0.128%) and the difference was not significant. K content was the maximum in 

T,, (0.830%) and thc minimum in T,, (0.490%). 

Regarding the secondary nutrients, the maximum content of Ca and Mg 

was noticed in T16 with 0.034 per cent and 0.099 per cent, respectively, while the 

lowest values were recorded in TI7 with 0.023 per cent and 0.087 per cent 

respectively. Sulphur content was significantly superior in TI6 (I003 ppm) and 

the lowest value was noted in TIT (875 pprn). Content of Fe was highest in TI7 

(300 ppm) while the lowest value was in T16 with 100 ppm. Mn content was 

highest in T2 and Tlb (73.33 ppm) and the lowest in T17 (30 ppm) though not 

significant. The treatment receiving T4, TS, Tlo, Tls and TI6 recorded 30 ppm Zn 

that was on par with Tl and TI,. The minimum vdue of 20 ppm was recorded in 

Tll and TIT- CU content was 10 ppm in all the treatments. The content of Na was 

highest in Tq and TI, with 0.049 per cent while the minimum was recorded in T, 



Table 7. Effect of treatments on nutrient co~ 
I T ~ w ~ n m ~ t s  I N I P l K  

1 I 1 
T3-Cd + 50 kg N -I- Lime I 1.05 1 0.133 / 0.720 

I I I 

T4-Cd + 50 kp N + Silica I 1.21 I0.14510.730 

T5-Cd + 50 kg N + lime t- silica 1.25 0.143 0.750 

Ts-Cd i- 90 kg N + Lime 1.20 0.138 0.750 

T7€d + 90 kgN + silica 1.32 0.143 0.760 

T8-Cd -k 90 kg N+ lime + silica 1.34 0.149 0.790 

I I I 

TI I-PM + SO kg N + lime 1 1.09 10.138 10.790 

I I I 
TI3-PM + 50 kg b! + time + silica 1 1.23 ( 0.145 ( 0.810 

I I I 

TI4-PM + 90 kg N + lime / 1.18 10.L4210.790 
L -- / T,,-PM + 90 kg N + silica 

I 1 1 1.29 / 0.143 /0.800 

1 
Cd-cow dung 5 t ha" PM- poulfq manure 1.6 t ham1 Lime-1 5( 

:ent of grain at harvest 
Ca I Mg 1 S I Fe 1 Mn I 211 j Cu I Na I Siq(%l 1 

kg hdl kilica-560 kg hi' POP-Cd 
! I I 4 1 I 

5 t ham'+ 70:3 5 5 5  NPK kg ha-'+~ime 600 kg h i '  



(0.045%) though not significant. Regarding silica, the maximum vdue was in TI, 

with 2.62 per cent, whereas the minimum was in Ti7 (2.3 1%). 

The soil meliorants could not make any significant change in the content 

of nutrients in the grain except that af N, S, Fe and Zn. 

4.2.5. Nutrient content of straw 

The content of nutrient in the straw at harvest is presented in Table 8. The 

concentration of N in the straw was hlghest in case of TI5 (0.859%) and the least 

in Tg (0.607%). Phosphorus content was highest in T14 (0. t6%), which was on 

par with T, ,, TI2, TI3 and T15 whereas T17 had the minimurn of  0.067 per cent. 

For K, the highest value was recorded in Tlo (2.98%) while the least was 

obtain4 for TI7 (2.26%). 

In case of secondary nutrients, the Ca content was highest in TIT (0.56%), 

which was on par with T3, Tc,, T8, Ts, Tlo, Tl1, T14 and T16. The lowest value was 

in Tz (0.3 33%). The Mg content was highest for T14 (0.280%) and the minimurn 

in TI7 (0.160%)- The treatment T12 contained the maximum sulphur (1 083 ppm) 

while the least was in T17 (532.6 ppm). 

Fe content was highest in the case of Tg (I723 ppm) and on par with T2, 

T3, TI i, T14, TI5 and T16 while the Ieast concentration was obtained in T5 (883.3 

pprn). Mn had the highest value of 870 ppm, which was on par with T3, T7, TI,, 

Tlz, TI4 and TIS. The least value was noticed in TI3 (536.7 pprn). Zinc content 

was the highest in T7 (70 ppm) and the least in T8 (36.66 ppm). The copper 

content was highest in TI6 (46.66 pprn) and the lowest was in T3 (1 0 ppm). In the 

case of Na, the maximum value of 0.3 per cent was noticed in T, and T,, while 

the least was recorded in T1, T9, Tlo, TI and T14 with 0.05 per cent. Silica content 

had the maximum value for Td and T8 (5.62%) and was on par with T7 and TIh. 

The Ieast vaIue was recorded in TI7 (5.14%). 



Table 8. Effects of tmtments on nutrient content in straw at harvest 

S iQ 
[%) 
5.29 

Treabnents 

TI-Cd + 50 kg N 

T2-Cd + 90 kg N 

T3-Cd + 50 kg N t. Lime 

---- 
T6-Cd + 90 kg N + Lime 0.803 0.137 2.45 0.4$3 0.224 963 46.66 30.00 0.150 5.38 

TrCd + 90 kg N + silica 0.672 0.114 2.45 0.387 0.192 680 933 837 70.00 43.33 0.150 5.51 

TgCd -t 90 kg N+ lime + silica 10.765 0.117 2.71 0.427 0.240 561 973 620 36.66 23.33 0.300 5.62 

T4-Cd + 50 kg N + Silica 

TyCd + 50 kg N t. lime +silica 

0.747 

0.672 

1 I I I 1 I I 1 1 I 1 

T,s-PM+ 90 kg N + silica 1 0.859 1 0.152 1 2.33 1 0.400 / 0.184 / 691 / 1303 1 747 / 53.33 / 23.33 1 0.150 1 5.47 
i 

N 
(%) 

0.625 

0.728 

0.663 

T,,-PM + 90 kg N 

Tll-PM + 50 kg N + lime 

Tl,-PM + 50 kg N + silica 

T,I-PM + 50 kg N .t lime + silica 

TwPM + 90 kg N -+ lime 

0.125 

0.098 

M~-T 
( P P ~ )  I PP) 
934 1 1143 

0.109 

0.123 

0.831 

0.709 

Tic-PM + 90 kg N + lime + silica 

T17- control (package of practica) 

SEm*  

CD (0 05) 
----- 

h4n 

bpm) 
697 

P 
(45) 

0.088 

2.75 

2.31 

Na 
(Yo} 

0.050 

- 
Zn 
Wpm) 
53.33 

---- 
K ' 
(96) , 
2.73 

C I  

((00) 

0.360 

2.56 

2.56 

0.1 17 

0.144 

- 7 -  - -I-- +- Cd-cow dung 5 t ha-' PM- poultry manure 1.6 t hg' Lime 1 50 kg ha'  Silica-500 kg ha POP-Cd 5 t ha+'+ 70:35:35 NPK kg ha + ~ ~ m e  600 kg he 

-- 
Cu 

b ~ m )  
30.00 

("/.I 
0.200 

0.333 

0.427 

1 

0.360 

0.347 

2.98 

2.61 

0.681 

0.700 

0.672 

2.68 

2.26 

0.058 

0.169 

0.635 

0.709 

0.063 

NS 

0.224 

0.208 

2.68 

2.55 

2.73 

0.141 

0.155 

0.161 

0.120 

0.067 

0.007 

0.02 

0.493 

0.440 

-1- - .A 1- 

0.453 

0.560 

0.034 

0.97 

580 

644 
I 

0.400 

0.347 

0.427 

1250 

883 

0.200 

0.2 16 

0.200 

0.200 

0,192 

0.160 

0.019 

NS 

1470 

1707 

850 

934 

0.192 

0,192 

0.280 

680 

613 

580 

827 

696 

533 

-23.30 

66.89 

637 

760 

1083 

623 

675 

46.66 

60.00 

1167 

1280 

56.66 

60.00 

970 

920 

1523 

I 

26.66 

20.00 

870 

790 

66.66 

50.00 

5.91 

16.97 

1367 

890 

162.3 

465.8 

40.00 

10.00 

743 

537 

730 

663 

573 

51.75 

148.52 

0.150 

0.283 

66.66 

63.33 

46.66 

13.33 

58.7 

13.8 

1 

5.62 

5.44 

46.66 

50.00 

53.33 

0.150 

26.66 

20.00 

0,300 ' 5 .55  

0.233 1 5.14 
_. -. r..-l-- 

5.30 

40.00 

40.00 

23.33 

0.005 

0.015 

0.100 j 5.35 

0.050 

0.050 

0.047 

0.137 

5.30 

5.33 

0.150 

0.200 

5.43 

5.47 

0.050 1 5.30 



4.3. Uptake of nutrients 

The total uptake of nutrients at harvest is presented in Table 9. It reveals 

that there is significant difference between the treatments. 

The highest N uptake Of 143.1 kg h i 1  was recorded in TI5, which was 

significantly higher than dl the treatments while the least value was recorded in 

TI, with 86.4 kg hid. Phosphorus uptake was highest in TI (21.83 kg ha-') and 

was significantly superior with dl treatments while the minimum was in T17 

(1 1.37 kg hi') .  In the case of K, the uptake was highest in Tlo (228.3 kg h i 1 )  

and was on par with T8. The least value was noticed in Ti7 (138.9 kg ha-'). 

Regarding the uptake of secondary nutrients, the highest Ca uptake was 

for Tlo with 30.89 kg ha-' and was on par with Ta, T9 and T16 and Tt7 while the 

least value was recorded in TI (19.31 kg ham1). In the case of Mg, the highest 

uptake was in Tlq (23.54 kg ha-'), which was on par with Ts while the lowest was 

1 1.50 kg hd' in T17. With regard to the S, the vdue was highest for Tlz (1 2.80 kg 

ha-') though it was on par with T5 and T6. The lowest value was noted in the 

control plots (6.85 kg ha-'). 

In the case of micronutrients, the uptake of Fe was highest for T3 ( 1 1 -08 

kg ha-'), which was on par with T2, T9 and Ttq while the least uptake was noticed 

in TI7 with 5.79 kg ha-'. Mn uptake was highest in Tlo (5.54 kg hd') and was on 

par with T7 whereas TIT had the lowest uptake of 2.90 kg ha-'. In the ~ a s e  of Zn, 

the highest uptake was noticed in Tlo and T16 (0.60 kg ha-') and was on par with 

T5, T7, TI]  and T15 whereas the least value was recorded T17 with 0.32 kg haL'. 

Regarding copper, the uptake was highest in Tf6 (0.34 kg haA1) and was on par 

with T2, T7 and Tlz. The least value was recorded in TIT (0.1 5 kg ha-'). The uptake 

of sodium was highest in Tg (2 1.99 kg ha-'), which was on par with Tt6 while the 

least was recorded in Tq (5.49 kg ha"). Silica upfake had the maximum value of 

520.7 kg h i 1  in T though it was on par with T7. The lowest value of 379.7 kg 

ha-' in TIT.  



Table 9. Effects of treatments on nutrient uptake in the plant at harvest (kg ha-') 

Cd-cow dung 5 t hdl PM- poulhy manure 1.6 t h i '  Lime1 50 kg ham1 Silica-500 kg h i '  POP-Cd 5 t ha-'+ 70:35:35 NPK kg ham'+lirne 600 kg ha-' 

- ~ l~atmmts '  

TI-Cd + 50 kg N 

T2-Cd + 90 kg N 

TCu Na 

5.22 

11.99 

Mn' 

3.94 

4.28 

Mg 

15.92 

19.58 

N 

91.2 

122.8 

0.483' 

0.490 

SiOz 

418.5 

472.7 

6-83 

12.08 

19.87 

1A.33 

12.29 

21.99 

5.49 

6.09 

5.80 

11.86 

0.277-"-14.46 

6.19 

12.50 
- -- 

21.11 

14.01 

0.321 

0.92 

Ca 

18.31 

21.41 

P i K  
0.183 

0.300 

491.0 

501.8 

494.6 

465.2 

520.0 

520.7 

473.0 
--- - 
474.2 

448.3 

491.0 

s3- 

481.1 

514.2 

504.5 

379.7 

1.528 

4.38 

17.92 

19.11 

18.49 

16.64 

21.54 

18.48 

16.33 

17.30 

17.75 

16.38 

23.54 

18.09 

18.0, 

S 

10.34 

10.18 

21.83 

16.34 . 
T3-Cd + 59 kg N + Lime 

TI-Cd + 50 kg N + Silica 

TS-Cd + 50 kg N + lime +silica 

Ts-Cd + 90 kg N + Lime 

T7-Cd + 90 kg N + silica 

TrCd + 90 kg N+ lime + silica 

TyPM + 50 kg N 

Fe 

6.88 

9.60 

181.90 

211.40 
--- 

116.1 

124.8 

123.5 

123.1 

130.2 

138.8 

103.7 

191.2626.8818.48- 
22.76 

22.27 

24.51 

24.73 

28.76 

28.41 
l_lpp-p- 

30.89 

25.92 

25.28 

14.29 

16.22 

16.89 

16.61 

17.21 

15.92 

16.41 

22.30 

26.65 

26.79 

28.50 

0.982 

2.82 

198.90 

200.46 

183.90 

15.80-203.26 

222.30 

207.03 

1 228.30 

- -  
0.157 

0.220 

0.190 

0.230 
-- 

0.310 

0.210 

0.277 

0.477 

T1,-PM + 50 kg N i- lime + silica 

TIcPM + 90 kg N + lime 

TI,-PM + 90 kg N + silica 

.T,,-PM-+-90 kg N + lime + silica 

TIT control (package of practioes) 

S E m +  

CD (0.05) 

Tlo-PM + 90 kg N 

TI,-PM + 50 kg N + lime 

TII-PM t. 50 kg N + silica 
. ,- 

11.42 

11.94 

11.81 

129.8 

111.5 

115.4 
--L 

11.50 

0.829 

2.38 

17.07 

17.69 

6.85 

0.398 

1.14 

10.21 

10.88 

12.80 

9.18 

10.83 

11.26 

10.81 

0.327 0.150 

0.029' 0.017 

0.083 , 0.049 

194.70 

209.00 

203.90 

218.80 

196.76 

214.70-'-29.22 

138.86 

3.074 

8.822 

1 2 4 . 1  17.00 

5.79 2.90 

0.552 j 0 .134  

0.480' 

0.560 

0.410 
- 

8.47 

6.68 

8.04 

8.08 

8.27 

7.07 

5.52 

10.40 

9.47 

8 0  

554' 
4.63 

4.65 

4.78 

4.93 

4.43 

118.1 

143.1 

128.3 

1.58 

0.533 

0.360 

0.430 

4.40 

3.96 

3.92 

0.800 0.230 1 
0.520 1 0.180 

I 

0.410 1 0.300 

3.26-0390 

0.480 1 0.210 
I 

0.540 ( 0.210 

O . d - - - m  

19.12 

19.34 

16.88 

0.385 

5.19- 

4.11 

4.12 

10.67 

10.15 

8.91 

6.52 

6.88 

10.10 

88.4 , 11.37 

1.089 '0.890 

3.127 2.55 



4.4. Yield attributing characters 

The yield attn'butes such as number af productive tillers, length of pride,  

number of spikelets per panicle, and percentage of filled gains are given in Table 

10. 

4.4.1. Number of productive tillers 

The number of productive tiliers per hill was highest in Tlj (7.58), which 

was on par with TS (7.10); while the lowest number was recorded in the contml 

plots (4.95). 

4.4.2. Length of panicle 

The length of panicle was on par in aH the treatments except in T14 and 

TI-/ though TI recorded the highest value of 20.74 cm. The control piots recorded 

the minimum value of 18.30cm. 

4.4.3. Numbers of spikelets per panicle 

The number of spikelets per panicle was highest in Ts (1071, which was 

on par with T2, T7, Ti5 and T16 while the least was recorded in Ti (86.8). 

4.4.4. Percentage of filled grains 

The percentage of filled grains was highest for the treatment T6 (87. IS%), 

which was on par with TI, TI, Tg, and TI I while the least value was noticed in T17 

(79.8 1 %). 

Poultry manure application has improved the yield attributes in gened. 

4.5. Yieldcharacters 

Table I t shows the influence of treatments on yield characters. All the 

characters except grain: straw ratio was found to be significant. 



I I 1 I 
I 90.40 86.43 TI,-PM + SO kgN + lime 6.30 f 9.76 

Table 10. Effect of treatments on yield atbibutes 

I I I 1 

J 
5.79 19.7 I 93.33 84.76 T,,-PM -t 50 kg N + silica 1 

I I I J t 
105 -03 83.41 TIS-PM + 90 kg N + silica 7.58 20.74 I I ! 

Treatments 

TI-Cd + 50 kg N 

TI-Cd + 90 kg N 

T3-Cd t 50 kg N + Lime 

T&d + 50 kg N + Silica 

T5-Cd + 50 kg N + lime + silim 

Tc-Cd + 90 kg N + Lime 

T7-Cd + 90 kgN +silica 

I I I 51.98 TS-Cd + 90 kg N+ lime + silica 7.10 20.26 97.66 i 

Number of 
productive 
t i 114 i l l  

5.40 

6 4 2  

6.07 

6.17 

5.38 

5.95 

6.83 
-. 

Length of panicle ( Number of spikelets / % Of filled grains i 
(cm) I per panicle I 

I ! I I - 
Ti,' control {package of practices) I 4.95 18.30 88-96 79.81 / 

I 

19.33 86.80 1 

I 102.30 20.73 
I 

I I 1 

I I I 

0.499 
1 1.907 1 0.653 S E m f  0.171 ! i 

! 
86.05 I 

i 

86.34 I 
I 

TK-PM + 90 kg N + lime + silica 6.36 19.70 I 104 -40 1 85.01 

19.45 I 87.30 1 83.68 

I 

0.49 CD (0.05) 
I 

1.43 I 5.47 I 1.87 

I 

82.76 
I 

85.04 

87.18 I 
83.63 

20.46 1 100.06 

107.00 19.46 I 

Cd-cow dung 5 t hd' PM- p o u l q  manwe 1.6 t h i '  Lime1 50 kg ha-' Silica-500 kg bd' POP-Cd 5 t h a 1 +  70:3~:35  NPK kg hdl+Gne 600 kg h i '  

20.96 96.36 

102.19 21.36 ! 



Table 1 1. Effect of treatments on yield characters 
----. 

Gtrnents 1000 grain wt. Straw yield Grain : stmw ratio 
(&I I (kg ha-') 

TI-Cd + 50 kg N 24.76 6104 5314 t.14 

1 T3-Cd + 50 kg N + Lime 
I I I 

33.24 6807 6247 1.06 
1 I I I 

I I I I 

33.32 1 6587 5489 1.19 'r6-cd + 90 kg N + Lime 

I I I 1 

~T,CI + 90 kg N + silica 
I I I 1 

32.49 6872 6225 1 1 .OS I I 

1.13 

T5-Cd + 50 kg N N lime + silica 

1 I I I 

T,-Cd + 90 kg N+ lime + silica 33.11 663 1 6269 1.06 

5830 r4-Cd + 50 kg N + Silica 

I 1.15 31.18 

33.26 

6763 

I Tlo-PM + 90 kg N 
I 

/ TI,-PM -t 50 kg N + lime 

.--- I 

+ 50 kg N + lime + silica 33.45 t 674 1 

6807 

I 5873 

I T,,-PM + 50 kg N + silica 
I I I I 

I TI,-PM + 90 kg N + limo 

32.67 

32.35 

33.06 6763 5830 1.16 

I 

; T16-PM + 90 kg N 4- lime + silica 
I I I I 

34.36 6653 5950 1.1 1 I 

68 72 

6697 

1 I I I 

Cd-COW dung 5 t h i '  PM- poultly manure 1.6 t h i '  Limcl  SO kg ha-' silica-500 kg hi' POP-Cd 5 t h i 1 +  70:35:35 NPK kg gha-'+~ime 600 kg ha-' 
I I , 

I TI yPM + 90 kg N + silica 

5862 

5434 

1.17 

1.18 1 

I 34.88 7004 6137 1.13 



4.5.1. Thousand grain weigbt 

The thousand-grain weight was highest for TI (34.88 g) and was on par 

with TI and T 1 6 while the lawest value was recorded in T ,7 (26.05 8). 

4.5.2. Grain yield 

The grain yield was significantly higher for TI, (7004 kg ha-'), which was 

on par with the Beatments except TI, TI 4 and TIT. The lowest yield was recorded 

in TI, (5325 kg ha-'). The influence of treatments on the grain yield has been 

depicted in Fig.4. 

4.5.3. Straw yield 

The quantity of straw obtained was highest in case of the treatment 

receiving T8 (6269 kg ha-') and was significantly superior to TI, T6, TI and T17. 

The lowest weight was noticed in Tt1 (5050 kg ha-'). The variation in the straw 

yield as influenced by the treatments is shown in Fig.5. 

4.5.4. Grain: straw ratio 

The gain :  straw ratio was highest for the treatment T6 (1.19) even though 

there was no significant difference. 

The resdts indicate that addition of more organic manures along with 

fertilizer N, lime and silica contributed more biomass than the present POP 

recommendation- 

4.6. Correlation of nutrient content with the grain yield 

Correlation analysis was worked out between the nutrient content at 

different stages of growth and yield (Table 12). it was found that the content of N 

at the maximum tillering stage, P at the panicle initiation stage, and silica at 50 

per cent flowering stage were positively correlated with the grain yield. There 

was negative correlation between the Cu content at 50 per cent flowering and the 



Table 12, Correlation coefficients of nutrient content in different stages and grain yield. 

Si 
YO 

0.29921 

-0.8033 

0.54428 

0.42185 

0.58080 

Na 
% 

0.1671 9 

0.2509 

5.03 19 

-0.0826 

-0.1 214 

Grain 
yield 
kg ha' 
6630 

6630 

663+--- 

6630 

6630 

Cu 
PPm 
- . - - - 
-0.0538 " 

-0.2720 

-0.8223 

0.000 

0.32908 

P 
% 

-0.2123 

0.73 12 

0.0821 7 

-0.1812 

-0.2802 

Stages ' N  K 
YO 

---'607371 

0.4589 

0.42242 

0.83341 

0.26549 

Maximum 
Tillerinp, 

% 

0.53299 
, 

Zn 
PPm 

. . . 

0.09743 

4.0431 

4.27 13 

0.30629 

0.24808 

Ca 
YO 

-0.4722 

-0,7302 

0.0003 1 

0.52067 

-0.5022 

Mg 
YO 

0.20 1 19 

0.13985 

0.00%8 

0.12091 

0.26335 

Mn 
PPm 

0.19146 

, -0.3037 

0.26357 

0.33453 

S 
% 

0.37445 

-0.5719 

0.21 954 

0.72169 

0,283 11  
Initiation . 

50% 0.34092 
flowering 

Fe 
PPm 

214b03 . 

0.0023 

-0.234 

-0.4653 Grain 

Straw 0.10902 

0.58817 

0.23585 
I 

0.2784 1 0.4 I274 



Fig.4. Irlfluence of treatments on  rain yield or 4 i tce ' 





grain yield. At the time of harvest N, K ,  Ca and S content in the grain were 

positively correlated with grain yield. Silica content in the straw was also 

positively correlated with the ga in  where as the Ca content had the negative 

influence. 

4.7, Pest and disease incidence 

Pest and disease incidence at the panicle initiation stage is presented in 

Table f 3. 

In the case of pests, the attack of leaf roller and stem borer was highest in 

the treatment receiving POP ITj7) with values of 63.7 per cent and 0.72 per cent 

respectively, while the lowest incidence was l~oticed in Ti5, with 22.3 per cent 

and 0.23 per cent, respectively. Gall midge incidence was also higher in 

(0.72%) while the least incidence was in T4 (0.36%)). 

Compared to the control and the treatments significantly reduced the 

incidence of leaf roller, stem borer and gall ridge. In general soil arneliorants, 

especially silica, imparted resistance to major pests in rice. 

4.8. Occurrence of weeds 

Effect of treatments on weed population on 20 DAP and 40 DAP is  

shown in Table 14. Compared to the control plots, treatments reduced the weed 

population both at 20 and 40 days aAer transplanting. 

Weed population was 68.3 per square meter in TIT, which was 

significantly higher than all other treatments, and the least number was noticed in 

T7 (30,3). AIso, at 40 days after transplanting, maximum weed population was 

noticed in TI7 (53.3), while the least number was recorded in T l a  (14.3). 

In general, siiica application reduced the occurrence of weeds. 



Table 1 3 . Effect of treatments on insect and pests at panicle initiation stage 

Cd-cow dung 5 t ha-' PM- poultly manure 1.6 t ha-' Lime-IS0 kg ha-' SUiradOO kg hgl POP-Cd 5 t hd1+ 70:35:35 NPK kg hs1+lime 600 kg hg' 

-- -- 

Treatments L-&TOII~ (%) 
TCRO kg N t I 37.3 

- 
T2-Cd + 90 kg N I 

I 38.8 
i 

Stern h e r  (%) I Ga-0) 
>-- 

0.28 I 0.53 
.> * :5y-- 0.25 

T3-Cd + 50 kg N + Lime 

T4€d + 50 kg N + Silica 

0.24 

0.24 

34.0 

22 -6 

0.44 

0.36 

T5-Cd + SO kg N + lime + silica 23.0 

T6-Cd + 90 kg N + Lime 

TrCd + 90 kg N + silica 

T8-Cd + 90 kg N+ lime + silica 

T9-I'M + 50 kg N 

0.26 i 0.43 

0.26 
I 

0.43 31.4 

22.9 

23.0 

23,6 

0.24 0.40 

TI,-PM + 90 kg N 36.6 I 

38.1 TI,-PM + 50 kg N +lime I 
TI2-PM t 50 kg N + silica I i 33.4 

0.25 i 0.47 

0.26 I 0.54 
i 

0.25 0.55 

0.25 ; 0.46 

T13-PM -1- 50 kg N +lime 4- silica 

0.25 

22.6 

0.44 

TIB-PM + 90 kg N + lime 23.6 

22.3 T15-PM + 90 kg N +silica 
A- . . . .. .- ..-A,-- 

T16-PM + 90 kg N + lime + silica 23.4 
- -4  - 

TIT controiTpackage of practices ) 63.7 
I 

SEm* 0.737 

CD (0.0s) I 2.11 
I 

0.25 1 0.44 

0.25 
I 

0.44 
t-- 

0.23 1 0.42 
-- .---- -. - -  

0.25 I 0.44 
- ,--- - - I  ...--a 

0.72 i ! 0.72 

0.175 0.01 1 

0.50 0.03 



Table 14. Effect oftreatments on weed population 
Treatments 

TI-Cd + 50 kg K- -- -- 
TZ€d + 90 kg N 
T3-Cd + 50 kg N +Lime 

T4-Cd -I- 50 kg N + Silica 

Ts€d + 50 kg N + lime + silia 

Ts-Cd + 90 kg N + Lime 

T7€d + 90 kgN + silica 

Tx-Cd + 90 kg N+ lime + silica 

T9-PM + 50 kg N 

I t 

TI,-PM+ 50 k g N +  lime 
I 

20 days after 
transplanting (no. m-2) 

42.66 

5 1.67 

49.67 

30.66 

35.00 

50.00 

30.33 

33.67 

45.00 

TI,-PM + 50 kg N + silica 

Ti,-PM + 50 kg N + lime -t- silica I 35.00 

- - - . . . . - - . . - , -. . - . -. - - - - -. - - - - - - 
P i 6 - p ~  + 90 kg N + lime + silica I 35.67 7 15.67 -1 

40 days after 
tramp 

35.00 

36.00 
lroMg m-21 1 

I 

45.67 j 
20.67 1 
25.00 1 
40.00 

19.67 

22.33 ! 
37.67 I 

1 

52.33 

19.33 
t I 

".. - ..LA / TIT control (package of practices) 68.33 1 53.33 - A  

37.00 

37.67 

Ti4-PM -+ 90 kg N + lime 

Cd-cow dung 5 t ha-' PM- poulby manure 1.6 t ha-' Lime-1 50 kg hdl --500 kg hdl POP-Cd 5 t ham'+ 70:35:35 NPK kg ha-'+lime 600 kg ha-' 

14.33 

48.00 41.00 



4.9. Nutrient status of the soil at  harvest 

The effect of treatments on post harvest status of available nutrients in the 
soil is presented in Table 15. It revealed that the treatment effect was significant 

except for organic c m h  and Mg. The status of the available nutrient was 

improved considembly except in the case of some elements and treatments. 

The organic carbon content of the soil was higher in T16 (0.67%) than the 

control plots (TIT). In JI the treatment plots the vdue has been co~~siderabty 
increased than in the control. 

Nitrogen content in the soil was aIso considerably increased by soil 
amelioration. T7 and TI had the maximum content of 407.7 kg ha-' while the 
least was in T4 (353.3 kg ha-'). Phosphorus was highest in T4 (20.12 kg ha-') and 
the lowest in T3 ( 10.47 kg ha"). T7 had the highest K content of 98.43 kg ha-' 

while in the control plots K status remained almost the same as the initial vdue 

of 92.6 kg h i 1 .  

Calcium content was also increased irrespective of the application of 
lime. In TI and T17 the value was decreased than the initial vdue of 1 19.2 kg ha-'. 

Mg content in all the plots was 35.8 kg ha-' though the initial status was 30.3 kg 

ha-'. The sulphur content was increased by 30 per cent in Ti, (381.6 kg ha-'), 
which was reduced to 1 86.6 kg ha-' in T14. 

There was considerable reduction in the status of Fe due to the treatment 
e&ts while the control plot showed almost similar vdue as that of the initial 
value. Ti3 recorded the lowest content of 427.3 kg ha". Poultry manure or FYM 
in combination with iime and silica could considerably reduce the Fe content in 

the soil. 

Mn content was a h  reduced even upto 32.1 1 kg ha2' in T5 h r n  88.3 kg ha-'. 
Zn content did not vary much among the treatments though it was reduced to one 
third of the initial status of 1.28 kg ha-'. Except in T,, Th Tlo and Tla the copper 
content was r e d u d  from 3.58 kg ha-' and was 1.64 kg ha-' in T5 and TIS. The 
status of sodium was also reduced due to the treatment effects. TI, had the lowest 
value of 28 kg ha'' but it was as high as 90 kg M' in TI, though the initial value 

was 99 kg ham1. 



Table 15. Effect of beatments on post harvest status of available nutrients of soil (kg hiil) 

Cd-cow dung 5 t hi' PM- poulby manure 1 6 t hd' Lime- 150 kg h i '  Silica-500 kg hi' POP-Cd 5 t hi1+ 70:35:35 NPK kg ha-'+lime 600 kg ha-' 

Cu 
2.24 

2.99 

2.24 

2.09 

1.64 

3.44 

3.58 -- 

Zn 
0.448 

0.448 

0.448 

0.448 

0.448 

0.448 

0.448 

Na 
77.33 

36.00 

82.67 

64.00 

88.00 

30.00 

50.67 

Mn 
34.34 

39.57 

33.60 

33.60 

32.11 

41.81 

33.60 

50.00 

75.33 

28.00 

70.00 

90.00 

58.00 

72.00 

68.00 

7 2 . 6 1 ,  

68.67 

1.475 
-. 

4.23 

Fe 
447.9 

456.4 

432.5 

432.9 

430.7 

449.2 

462.4 

S 
264.4 

292.4 

367.1 

353.6 

232.3 

231.3 

327.7 

Treatments 
TI-Cd + 50 kg N 
TI-Cd + 90 kg N 

T,-Cd t- 50 kg N + Lime 

T4-Cd + 50 kg N + Silica 

T5-Cd + 50 kg N + lime + silica 

T6-Cd + 90 kgN +Lime 

T7-Cd + 90 kg N + silica 

376.3 

382.6 

382.6 

407.7 

401.4 

374.2 

382.6 

382.6 

370.0 

374.2 

5.334 

15.3 

TrCd + 90 kg N+ lime -t silica 

T9-PM + 50 kg N 

13.44 35.83 267.6 462.9 2.98 0.63 

0.64 12.62 

15.63 

18.84 

13.79 

15.43 

13.79 

14.05 

13.13 

14.13 

0.178 

0.512 

Mg 
35.83 

35.83 

35.83 

35.83 

35.83 

35.83 

35.83 

OC% 
0.60 

0.63 

0.64 

0.65 

0.65 

0.58 

0.60 

97.07 
------- 

97.52 

95.97 

97.07 

96.19 

95.74 

97.92 

97.06 

92.08 

0.557 

1.60 

TI,-PM -1- 90 kg N 

Ti ,-PM -t- 50 kg N + lime 

TI,-PM + 50 kg N + silica 

 TI^-PM + 50 kg N + lime + silica 

T14-PM i- 90 kg N + lime 

TI>-I'M + 90 kg N -t- silica 

TM-PM + 90 kg N + lime + silica 

TIT control (package of practices) 

SE m k 
- -- . .- - - pL 

CD (0.05) 

P 
14.15 

16.24 

10.47 

20.12 

15.37 

10.88 

12.41 

N 
376.3 

395.1 

395.1 

353.3 

363.8 

395.1 

407.7 --- 

0.65 

0.65 

0.66 

0.65 

0.65 

0.66 

0.67 

0.53 

0,000 
- .- 

NS 

238.4 

238.4 

298.0 

238.4 

238.4 

178.8 

178.8 

178.8 

117.2 

19.60 

56.3 

K 
95.53 

97.71 

94.84 

97.15 

96.22 

95.98 

98.43 

Ca 
99.3 

278.8 

238.4 

178.8 

298.0 

178.8 

178.8 

35.83 

35.83 

35.83 

35.83 

35.83 

35.83 

35.83 

35.83 

35.83 

0.000 

NS 

235.4 

267.5 

348.4 

381.6 

366.1 

186.6 

210.5 

352.6 

245.5 

4.367 

12.5 

463.9 

449.5 

481.2 

440.1 

427.3 

440.8 

432.5 

495.5 

585.9 

5.706 
. 

16.4 

58.24 

49.28 

49.28 

61.97 

45.55 

38.03 

38.83 

48.30 

35.09 

1.514 

4.34 

0.448 

0.448 

0.448 

0.747 

0.448 

0.448 

0.448 

0.448 

0.448 

0.036 

0.104- 

4.33 

3.73 

3.28 

2.98 

2.69 

3.44 

1 

4.33 

2.84 

0.109 

0,32 





The experiment entitIed "Integration of nutritional inputs for improving 

rice productivity in laterite soils" was conducted during the Virippu season of 

2002 at the Agicultud Research Station, Mannuthy. The experiment consisted 

of 17 treatments inchding two sources of  organic manme and two IeveIs of 

nutrition with combinations of lime and silica to develop a cost effective, high 

yield and sustainable production technology for rice by identifying the 

components of good management. The resuIts pertaining to the study have been 

discussed below. 

The results revealed that the overall treatment effects have enhanced the 

production over the package of practices recommendation. It is also revealed that 

substitution of fertilizer nitrogen by organic manures is advantageous than the 

present recommendation. Poultry manure and silica could significantly increase 

the height of rice plants. Also, substitution of N by organic manures along with 

increased dose of N, lime and silica could enhance the tillering capacity of the 

plants. Soil ameliorants, especially silica could impart resistance to major pests 

in rice. The siIica application has also reduced the occurrence of weeds. 

5.1. Organic and inorganic nitrogen 

The data showed that the highest grain yield of 7004 kg hd' was recorded 

by Tt5 (Poultry manure+ 90 kg M' N+ 500 kg ham' silica], which was 

significantly superior to the package of practices recommendations (Table 1 1). 

An increase of 1680 kg hi+' grain and 1087 kg hdlstraw in T15 would appear to 

be due to the application of silica, substitution of cow dung by poultry manure 

and increased dose of N with an organic: inorganic ratio of 1 :2.25, increased 

dose of K and reduced dose of P. Positive and significant influence of inclusion 

of silica and enhancing the level of K in the laterite soils has been already 

reported Bridgit (1999) and Lakshmikanthan (2000). Substantial yield 



irnprovcment and nutnent use efficiency of rice have also been reported 

Musthafa (1 995) and Sindhu (2002). 

A perusal of the data shows that the significant md profound influence on 

yield by the treatments over the package of practices has come from the 

increased number of productive fillers, spikelet production and ga in  weight 

(Table. 10). Grain filling and grain weight are the hnctions of translocation to 

the ear head whereas spikelet numbers is a function of preinhibited metabolic 

efficiency. In the light of the above, the results indime that plants in the control 

plots had been subjected to early rnetstboiic inhibitions and later translocation 

inhibitions. Metabolic inhibition can only be due to metabolic or physiological 

unavailability in spite of absorption or failure to absarb itself. Data on tiller 

count and N content at the panicle initiation stage showed that there was not any 

reduction in the N content of the plant. As such, the bw spikelet number 

indicated the metabolic shortage. Bridgit (1  999) have rcported 0.9 per cent N in 

the leaf at the panicle initiation stage for a 6 tonnes of grain yield per ha as 

abgtirat 1.75 per cent in the present shrdy. Sreekumar ( 1  998) has reported that 

the situations of metabolic deficiency in spite of content or chemical sufficiency 

in pepper. 

Another significant finding has emanated from a comparison of TI (cow 

dung 5 t ham1+ 50 kg 116' N) and Tg (poulhy manure 1.6 t ha-'+ 50 kg ha-' N). 

The treatments were identical in ternls of quantity of N but differed only in the 

sormes of organic nitrogen. The fornier received organic matter through cow 

dung where as the latter through poultry manure. The treatments differed 

between them mainly in early stage vigorous growth, tiller decline in the early 

flowering and non-productive tiller farmation and fhousand gt-ajn weight. Tp had 

given a test weight of 33.24 as against 24.76 in TI, that is, a 34 per cent variation 

that has resulted in a yield improvement of 61 5 kg ha-' grain. This is an ample 

proof to the view that white organics i11 general is capable of mitigating the ill 

effects of fertilizers; they also vary in their efficiency in doing so. Poultry 

manure 1.6 kg h i 1  + 50 kg ha" N gave a gain yield of 6719 kg h-' which was 

1 395 kg hd' over the package of practices recommendations. 



Superiority of poultry manure over cow dung in the nutritional 

management system probably is related to its conteni of nutrients other than 

NPK. Cow dung has been found to contain Fe, Zn and Cu in levels toxic to rice 

plants (Yoshida, 1981). Podtry manure on the other hand had the content of' 

these elements in far less quantities. Poultry manure had a h e  fold higher Ca 

content than cow dung (Appendix V). This Ca might have been useful in 

reducing the uptake of unfmurable elements by the rice plants, which 

contributed to the physiological inhibition. Cow dung, an the other hand, was in 

effect worsening the situations through incidentat application of some elements 

in toxic levels. A comparison of elemental compositions of these two sources as 

well as their production capabilities would confirm that it is not merely the 

source that is important, but the source and content jointly decide the emciency. 

This result would further suggest that gmerdised use of organic farming might 

be misleading. Objective management should always be based not only on the 

content of the main elements f ike N, but the other elements as welI. 

The significant superiority of poultry manure over cow dung under scores 

the truth that crop response in terms of productivity is a multi-element function 

and exptaining it on a sin@ element basis is wrong and misleading. One 

advantage of organic fanning is that the system of multi-element based analysis 

is brought down on a unitary scale. However it should not be misconstrued that 

it is a source dependent management. 

The package of practices recommendations had actually an organic: 

inorganic ratio of 1 :3.5 whereas TI (cow dung 5 t ha"'+ 50 kg hdl N) had a ratio 

of 1 :1.25. The difference in yield can therefore be attributed to the difference in 

the ratio of integration of organic and inorganic sources. The difference of 780 

kg of grain ha-' under 1:1.25 ratio would mean that the efficiency of N in 

effecting the yield is influenced by the ratio. So the failure of rice to respond 

beyot~d 50 kg ha-' N appears to be basically, not: because of the inability of the 

plant but because ofthe unfavourable ratio. It is probably that a ratio of 1:1.25 

may be required to nullify the unfavourable chemical effects of fertiliser N. 



Data on rice productivity in the poultry nlanure treatment at Karamana 

during 1977 - 1992 (KAU, 1997) havc shown that Ihc cxc!usive dependcncc on 

fertilisers as we11 as mar@ integration with organics have led to decline in 

productivity over time. Decline in the nutrient use efficiency during the last 

quarter of the century has remained a national problem without eluding the 

cause. The results of the present study have indicated that in dl probability it 

may have unfsvaurable bdmce in inorgmioorganic internti&. However, 

further investigations are required to confirm the resuits. 

A comparison of TI (cow dung 5 t h - I +  SO kg h-' N) and Tp (poulhy 

manure 1.6 t ha-'+ 50 kg hi' N) have shown that in spite of the same ratio of 

integration and quantity of N, there was a significant difference in productivity to 

the tune of 6 1 5 kg h-' p i n  and 55 1 kg ha-' straw. The causes of this difference 

can only the attributed to the variations in the organic source (Fig.6). This 

significant difference confirmed that a source dependent input application might 

not be advisable. 

Failure of cow dung to cope up with podtry manure evidently had been 

due to its composition unsuitable to laterite soils. This  further underlines the 

importance of contents. These results lead to the conclusion that yields are a net 

effect of environment and not of any one, two or three elements. These results 

also possibly indicate that microelement management, especially their excess 

levels, holds the key to improved productivity and use efficiency of major 

nutrients. Similar results have also been reported Bridgit (1999) and Musthafa 

(1 995). 

Translocation inhibition may be due to insuficient vascular development 

or due to the obstructions or diversions (De Datta, 1 98 I ). 

5.2. Fertilkr nitrogen and potassium 

A comparison of Tl and TI7 showed that cow dung 5 t ha-' with 50 kg N 

(TI) has recorded 780 kg h-' grain and 264 kg ha-' straw more than the control. 

This received 120 kg K instead of 35 kg and 20 kg P instead of 35 kg than the 



Fig.6. Grain and sttaw yield as influenced by tlie source of orgacic nlanuie 



package of practices. The uptake studies showed that the plants absorb around 

20 kg P and more than 120 kg potassium (Fig.7). When P is applied in excess, 

this might have lead to the unavailability of essential nutrients especially 

micronutrients due to the maximum bonding strength (Tinker, 1964). Atso, P 

combines with Zn and makes it unavailable. When K is applied only @ 35 kg 

ha", the native resources have to be tapped by the plants from the clay minerals 

like biotite, bendonite etc. which may lead to soil degradation. This suggests 

that the uptake linked management technique has to be evolved to preserve the 

productive capacity of the soil. In other words, the present system might have 

been responsible for progressively decreasing the nutrient use efficiency. 

The data also suggests that the fertilizer N, at least at higher levels of 

applications, has some unfavourable effects capable to nullify its important 

some value itself. integration of organic and inorganic sources suppresses the 

unfavourable effects. The unfavourable effect, probably is its chemical effect, as 

biologically it is the most important nutrient. Increased yield due to integrated 

management have also been reported Anilakumar et ul, (1 993) and Reddy and 

Shivaraj (1 999b). 

5.3. Silica and Lime 

Application of lime with cow dung has increased the yield of grain and 

straw significantly. Also, both the lime and silica have significantly increased 

the yield at SO kg N with cow dung. But there was na apparent effect when they 

were applied together (Fig.8). It is possible that when elements are applied as 

chemical sources, there might have been interactions in which both of them 

might have neutralised. This  may be due to the chemical interaction, which are 

invariable when chemical sources are applied. The advantage of organic sources 

may be one that it excludes the possibility of ionic interaction among elements 

because of their organicaily bound nature. 
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Fig.7. Uptake of major nutrients as influenced by the source of 
organic manures and the ratio of 0rganic:inorganic nitrogen 
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Fig.8. Influence of soil ameliorants on grain and straw yield of rice 

Silica - 500 Lime - 150 Silica+Lime - 500+150 POP recommendation 

Treatments (kg ha") 



5.4. Elemental composition and yield expression 

A critical evaluation of the data on individual elmentaI status of the plant 

showed that the plant absorbed the elements those were applied but other 

elements as well. Nutritionally the suppressive effects would appear to be due to 

the excess content of micronutrients especially Fe, Mn and Zn. Yoshida (198 I )  

had reported that the ultimate critical limits of Fe, Zn and Cu were 300,20 and 

300 rnglkg respectively. He had also reported that the silica deficiency is to be 

expected when the content fills below 6 per cent. The significant negative 

influence of Fe on productivity may be due to its continued absorption in the 

later stages to levels beyond critical values. Absorption of excess levels of Fe, 

Zn, Ca and Mg are the limiting factors of productivity (Table 6 and 7). 

Enhancement of K level restricts the uptake of these elements. 

The correlation analysis reveaIed that the yield and N content at 

maximum titlering, P content at panicle initiation stage and silica content in the 

plant at 50% flowering are positively correlated with grain yield. But Ca, S and 

Si content at panick initiation stage and Cu contented at 50% flowering are 

negatively correlated with grain yield. N, K, Ca and S content in the grain and Si 

content in the straw had a positive effect while Ca content in the straw had a 

negative effect with grain yield (Table 12). This also confirms that N, K, Ca, S 

and silica have contributed to express the maximum yield potential of rice. 

Top dressing of S can help in increasing the productivity as reported by 

Bridgit (1999). Reducing the application of P can minimize the negative 

influence of Zn and Mg (Sindhu, 2002). Increasing the dose of N, K and 

application of Iime and silica have nullified the negative efkcts. Top dressing of 

N as ammonium sulphate aIso was favourable in enhancing the yield. 

5.5. Effect of treatments on mil characteristics 

The comparison of the nutrient status of the soit before and after the 

experiment has revealed that there was considerabIe improvement in the nutrrent 

status of soil in the case of treatment pIats than in the control. There was 
considerable reduction in the status of Fe and Mn, which suggests that poultry 



manure or cow dung in combination with lime, and silica would be responsible 

for this (F1g.9). 

5.6. Pest and disease reistance 

The Iesser susceptibility of the plant to the attack of major pest and 

diseases in the treatment plol confirmed the beneficid effect of the application 

of 500 kg ha*'silica and potassium 120 kg hg' (Table 13). Physical resistance 
imparted by the silica and potassium has been reported Takahashi (1997). It i s  

believed that the formation of a silicate epidem~al layer prevents the physical 

penetration by insects and makes the plants cells less suscmble to enzymatic 

degradation by fungal pathogens. Physiologically, the resistance is achieved by 
the accelerated synthesis of phenols, which may be related to the sulphur content. 

The reduction in stem borer incidence by improving silica concentration has also 

been reported by many (Sawant el ul., 1994, UIRI, 1991). Application of500 kg 

ha-' of silica reduced the incidence of stem borer and leaf folder 

(Lakshmikanthan, 2000). 

5.7. Occurrence of weeds 

The table I4 showed that the significant reduction in weed population in 

the treatments plots was an added advantage. All the treatment plots, especially, 
the silica receiving plots, reduced the weed population, which in turn contributed 

to the higher productivity. 

Conclusion 

The present study revealed that addition of poultry manure with fertilizer 

N in the ratio of 12.25 along with silica could improve the productivity of rice in 

laterite soils. The treatments could significantly increase the height, number of 
productive tiilers, number of spikeIets per panicles and thousand grains weight 

which influenced the yield prwess to contribute the maximum grain production. 

Application of SiIica could considembly reduce the occurrence of weeds and 

incidence of pests. Hence it is clear that the uptake linked management 
technique has to be evohred to preserve the productive capacity of the soil and 

enhance the crop productivity. 



Fig.9. Statins of nutri?r-rts In ehe so!l inafore and after the axperirr~errt 



SUMMARY 



SUMMARY 

The experiment entitled "Integration of nutritiond inputs for improving rice 

productivity in laterite soils" was conducted during the virippu season of 2002 at 

the Agriculturd Research Station, Mannuthy. The experiment consisted of I7 

treatments including two sources of organic manure and two leve1s of nutrition 

with cambinations of lime and silica to develop a cost effective, high yield and 

sustainable production technology for rice by identifjling the components of good 

management. The experiment was taken up using Jyothi as the test variety. The 

summary of the results obtained from the study is presented below. 

(1) The treatment receiving poultry manure with 90 kg ha" of fertilizer N and 

500 kg h i '  of silica recorded the maximum grain yield of 7004 kg hd'. 

(2) The Straw yield was highest in the treatment receiving w w  dung, 90 kg 

ham' N of fertilizer, 150 kg hi' lime and 500 kg h-' silica. 

(3) An increase in 1680 kg ha-' gain and 1087 k g  h-' in T, ,  (poultry rnanure 

with 90 kg of ferblizer N, 500 kg ha-' of silica and in addition of 85 

kg K) than the package of practices recommendations (POP) appear to be 

due to the apptication of silica, substitution of cow dung by poultry 

manure and increased dose of N with an organic: inorganic ratio of 

1 :2.25, increased dose of K and reduced dose of P. 

(4) The treatment receiving poultry manure with 90 kg ha-' of fertilizer N , 

500 kg ha-' of silica (Ti5) recorded the maximum height, productive 

tillers, number of spikelets . / panide and thousand grain weight. 

Increased number of florets and grain weight which influences the yield 

process have contributed to the maximum gain production. 

(5) Height of plants increased in the poultry manure treat4 plots when 

compared to cow dung treated plob and control plot. 



(6 )  Substitution of N by the organic manures along with increased dose of N, 

lime, silica and K enhanced the iillering capacity of the rice plants and 

contributed more biomass than the present package of practices 

recommendations. 

(7) Poultry manure application has improved the number of productive tillers 

per hill, length of panicle, and number of spikelets per panicle and 

percentage of filled grains. 

(8) The superiority of T9 (poultry manure 1.6 t ha '  +SO: 20: 120 kg NPK ha-') 

over TI (cow dung 5 t+ 50: 20: 120 kg NPK K') revealed that the poultry 

manure is better than the cow dung for rice. While organics in general 

are capable of mitigating the itl effects of the fertilizers, they also vary in 

their efficiency in doing so. So, the content and source jointly decide the 

efficiency of the organics. 

(9) Cow dung has been found to contain Fe, Zn and Cu in toxic levels to rice 

plants but has lesser content of Ca. Poultry manure on the other hand had 

the content of elements in far less quantities but had a three fold higher 

Ca content This has k e n  useful in reducing the uptake of unfavourable 

elements by the rice plant. 

(1 0) Positive correlation was found between the content of N at the maximum 

tiIiering stage, P at the panicle initiation stage, siiica at 50 per cent 

flowering stage and the grain yield. There were negative correlations 

between the Cu content at 50 per cent flowering stage and the grain yieid. 

N, K, Ca and S content in the grain were also positively correlated with 

p i n  yield. The silica content in the straw was positive correlaied where 

as the Ca content had the negative influence on the grain yield. 

(1 1) Increase in the level of K @ I20 kg hd has recorded 1387 kg ha-' more 

grain than that @ 35 kg hat of K as in the package of practices. The 

uptakes of K by the plants are seen far above the applied levels. Hence, 



the study suggests that the present recommendation of 35 kg ha-' K has to 

be e~~hanced up to I 20 kg ha-' to prevent the so iI  degradation. 

(12) The results of the present study have indicated that in all probability, it 

may have unfrtvourable balance in organic - inorganic interactions in the 

present package of practices recommendation. The difference in yield 

ktween TI (cow dung +SO kg N) and TIT (package of practices 

recommendation) has been attributed to the difference in the ratio of 

internon of organic and inorganic. Tht: package of practices (TI,) had a 

ratio of 2 :3.5 where as TI had that of 1 : 1.25. The diitkrence of 826 kg ha- 
1 of gmn yield under I : 1.25 ratio would mean that the efficiency of N in 

affecting the yield is influenced by the ratio. 

(13) There was no apparent effect when lime and silica were applied together 

but individually they could improve the yield. It may be due to the 

chemical iatemtions, which are invariable, when the elen~ents are 

applied as chemical resources. 

(14) Et is also seen that the rice plants absorb only around 20 kg P and hence, 

ihe P recommendation can be r educed from 35 kg to 20 kg ha-'. Excess 

application of P may lead to the unavailability of other nutrients, 

especially the micronutrients. 

(15) In general, silica applied plots had lesser riumber of weeds. 

(16) The attack of pests, especially that af leaf roller, stem borer and gall 

midge were less in the treatment plots than in the package of practices. 

Soil amel iorants, especially silica imparted resistance in rice plants. 

Accumulation of non-metabolic N in the plants receiving the package of 

practices recommendations might have invited the pests. 

(17) The study revealed that the present systen~ of soil management is 

responsible for the progressively decline in the nutrient us5 efficiency. 



The uptake linked management technique has to be evolved to preserve 

the productive capacity of the soil. 

(18) The results indicate thplt the plants receiving the package of practices 

recommendation (T17) had ken subjected b early metabolic inhibittions 

and Iater transloeation inbibitio~s. 

CONCLUSION 

The study on "lnfeption of nutritional inputs for improving rice 

productivity in laterite soils" revealed that poultry manure is better than cow 

dung for rice in laterite soils. Increasing the dose of N and K along with the 

substitution of  N by the organic manures and reduced dose of P could 

considerably increase the rice productivity than the existing package of Practices 

recommendation of Kerala Agricuitud University. Soil ameiiorants viz. lime 

and silica couid improve the yieId and the silica application imparted resistance 

to pests and diseases. Considering the economics, it is also found that the 

application of poultry manure not only reduces the cost of cuttivation but also 

increases the net profit by improving the productivity. 
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APPENDICES 



APPENDIX-I 
Weekly weather data at Vellanikkara (5/2002 TO 9/2002) 



Appendix -11 
Physico-chemical ch~teris t ics  of the soil of the experimental site - 

PH - 
Electrical conductivity (ds r n - I )  

Bulk density (g ~ r n ' ~ )  
Particle density (g; cm") 
Porosity (%) 
Water holding capacity (%) 

5.30 
0.12 
1.33 - 
2.30 
49.00 
49.15 

Mechanical composition 
Sand % 
Silt % 
Clay % - 

76.25 
4.44 
18.35 

Available nutrients 
Organic carbon (%) - 

N (kg ha") 
P (kg ha-') 
K (kg hi') 
Ca (kg ha-') 
Mg (kg ham1) 
S (kg ha*') 
Na (kg ha-') 
Fe (kg ham1) 
Mn (kg ha") 
Zn (kg ha") 
Cu (kg ha-') 

-- -- 
0.53 

363.76 (medium)_ 
1 2.87 (medium) -- 
92.60 (low) -- 
49.20 -- 
30.30 

273.70 
99.00 --- 
582.20 
28.20 
1.28 
3.58 -A 



Appendix W 
Methods used for soil chemical analysis 

-- 
Reference 

Jackson, 1958 

Jackson, 1958 

Walkely and Black, 
1934 
Subbaiah and 
Asija, 1956 

Watanable and 
Olsen, 1965 

Jackson, 1958 

Jackson, 1958 

+ 

Jackson, 1 958 

Chesnin and Yien, 
gS 
Lindsay and 
Norvell, I 978 .- u 

Lindsay and 
Norvell, I978 
Lindsay 
Nowell, 1978 

Character 

Soil reaction(pH1 

Electrical 
conductivity 

Organic carbon 

Avnilable 
Nitrogen 

Available Pz05 

Available K20 

Exchangeable Ca 

Exchangeable 
M s  

Available S 

Fe 

Mn 

!vailab'e -- Zn 

- - 
Method 

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

Walkely and Bhck method 

Al kaI i ne permanganate method 

Ascorbic acid reduced 
moIybdophosphoric blue colour 
method 
NH4 Acetate extract using Flame 

Neutral normal atnrnonium acetate 
extract using EDTA Ti tration 
method 
Neutral normal ammonium acetate 
extract using EDTA Titration 
method 

CaC12 extract-turbidirnetry method 

DTPA extract method using Atomic 
Absorption Spectrophotorneter 
DTPA extract method using Atomic 
Absorption Spectrophotometer 
DTPA extract method using Atomic 
Absorption Spectrophotometer 

Available Cu DTPA extract method using Atomic Lindsay 
Absorption Spectrophotometer -5 Norvell, 1978 



Appendix IH. 
Methods used for plant nutrient miysis  

Reference 

1958 

Jackson, 95 8 

Cheng and Bray, , 95 , 
1958 

Jackson, 958 

Williams and Skin 
bergs, 1 95 9 

95 
- 

Jackson, , 958 

1958 

kson, 958 

Nayar et al., 1975 ---- 
Cheng and Bray, 
1951 

Nutrient 

N 

Method 
Microkjeldahl digestion and distillation 
method 

P 

K 

Ca 

Mg 

S 

Fe 

Mn 

Zn 

Cu 

Si 

Na 

VanadomolyMo phosphoric yellow 
colour method using Spectronic 20 

Diacid extract using Flame Photometer 

Neutral normal W U A C  using EDTA 
titration method 
Neutral normal N&UAC using EDTA 
titration method 
Turbidimetric method using Spectronic 
20 
Diacid extract using Atomic Absorption 

-ctm - Photometer -. - 

Diacid extract using Atomic Absorption 
Spectro Photometer 
Diacid extmt using Atomic Absorption 
Spectra Photometer 
Diacid extract using Atomic Absorption 
Spectro Photometer 
Rapid micro determination of silicon 

Diacid Extract using Flame Photometer 



APPENDIX -V 
Nutnent status of cow dung and poultry manure 

Nutrients 

NYo 

P% 

K% 

W m & )  

Mdmdg) 

c u  ( ~ d g )  

(~%lg) 

I% (P&) 

-- ----- 

Cow dung Poultry manure 

0.4 

0.31 

0.42 

-- 
2.8 

5.01 

4.4 

36.0 

0.14 

-- 
1.2 

- - - - - - - - - - 
1.4 

0.81 

9. f 

1.93 

2.8 

14.5 t 

0.1 
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ABSTRACT 

A study on "Integration of nutritional inputs for improving rice 

productivity in laterite soils" was taken up during 2001-2003 at ?he College of 

Horticulture, VeIlanikkara The experiment consisted of 1 7 treatmenl 

including two sources of organic m a w  and two levels of nutrition with 

combinations of lime and silica to develop a cost effective, high yield and 

sustainable production technology for rice by identifying the components af 

good management. 

The treatment receiving poultry manure with 90 kg ha-' of fertiiizer N 

and 500 kg hd' of silica recorded the maximum height productive tillers, 

number of spikelets per panicle and thousand grain weight which 

contributed to the maximum grain yield of 7004 kg ha-'. An increase in 1680 

kg p i n  yield and 1087 kg straw yield than the package of practices 

recommendation of Kernla Agricultural University appear to be due to the 

application of Silica, substitution of cow dung by the poulhy manure and 

increased dose of N with an organic : inorganic ratio of 1:2.25, increased 

dose of K and reduced dose of P. 

Cow dung contains Fe, Zn and Cu in toxic levels to rice. Poultry manrrre 

has the content of these elements in far less quantities but has higher Ca content 

which helps in reducing the uptake of unfavaurable elements by the rice plants. 

Increase in level of K appli~tian a120 kg ha-' re car^ 1387 kg 

ha-' more grain than the present recommendation of 35 kg ha-' and the uptake 

of K by the plants are far above the applied levels. This suggests that the 

present recommendation of 35 kg ham' of K has to be enhanced up to I20 kg ha.' 

to prevent the soil degradation. It is also s m  that the rice plants absorb only 

around 20 kg P and hence the P recommendation can be reduced from 3 5 kg to 

20 kg ha-'. 



There was no apparent effect when time and silica wcrt: applied together 

but individually they could improve the yield. The number of weeds and the 

incidence of pests and disem were tess in the treatment plots, which revealed 

the influence of soil amdiorants in imparting resistance in the rice pants. 

The results of the present study indicate that the &lure of rice plants to 

respond to higher doses of fertilizer N, appears to be because of the 

unfavotnbfe organic: inorganic ratio. A ratio of 1:2.25 was found to be 

beneficial to nuIIifjr the unfkvvaurablt chemical effects of fertilizer N. 
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