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MANAGEMENT OF RICE IN RELATION TO GROWTH AND PRODUCTIVITY Bridgit, T.K., Mathew, G., Menon, P.K.G., Anilakumar, K., Beena, C., Mathew, J., Alexander, D., Joy, P.P. and Balachandran, P.V. 2003. Management of rice in relation to growth and productivity. 75 Years of Research (eds. Nair, R.R., Jyothi, M.L. and Balachandran, P.V.) Regional Agricultural Research Station, Pattambi, Kerala Agricultural University, Kerala, India, pp. 51-94 Rice is grown in different locations and situations in Kerala. At one extreme, it is cultivated in regions lying 3m below MSL as in Kuttanad and at the other, it is cultivated at an altitude of 1400m above MSL as in the High Ranges. Hence, there exists different systems of rice cultivation. For releasing the maximum possible yield from each situation, various agro-techniques have been developed and evaluated in our research stations. This chapter summarises the results of cultural trials and upland and low land rice crop in the mid lateritic region of Kerala. Seed rate The virippu rice is either sown broadcast or dibbled in a semidry system. The yield depends to a great extent, on plant stand, which in turn is a function of soil moisture availability. The results of a study conducted to find out the optimum seed rates showed that 60 and 50 kg ha-1 were the best seed rates for broadcasting and dibbling respectively. To compare the growth and yield performance of seedlings raised according to dry and wet nursery systems, experiments were conducted during 1971-73. The treatments included 2 types of nursery (dry wet) and 8 seed rates (0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 kg/m 2). The seedlings from the wet nursery were apparently more healthy and vigorous. Nevertheless, the upland seedlings established quickly and their rate of tillering was faster than that of the low land seedling. Seed rate in the upland nursery did not affect the ultimate yield. In contrast, the seed rate exhibited marked influence on the growth performance of wetland sowings. The seedlings raised with thin seed rate flowered earlier and reached physiological maturity earlier as they were not subject to much stress during the initial growth phases. The results indicate that wet nursery system is significantly superior to dry nursery system and that the seeds should be sown as thin as possible in the wet nursery. The optimum rate for the best performance of wet nursery seedlings was found to be 2 kg/40 m2. The study also indicate that the seed rate in the wet nursery beyond 2.0 kg/ 40m2 might lead to marked yield reduction. The influence of seed bed manuring on the yield of the dwarf indica rice (Jaya) was studied during 197072. Application of fertilizers in the nursery, especially N produced tall, healthy and vigorous seedlings, but when planted in the main field, the seedlings from the manured and unmanured nurseries behaved very similarly as far as yield was concerned. This experiment conclusively proved that seedbed manuring was not a must under favourable soil and climatic conditions. Age of seedlings The influence of age of seedling at planting on grain yield was tested in the mundakan seasons of 1934„39 by raising early and late-sown nurseries. The test variety was Ptb. 3. Seedlings aged 30, 40, 50 and 60 days were planted either by keeping the sowing time constant and staggering the planting time or by keeping the planting time constant and varying the sowing time. The results indicated that seedling age exerted no significant difference in grain yield if planting was done in the normal season. Further, it was found that planting 50 and 60 days old seedlings led to a drastic reduction in grain yield under late transplanted conditions. It could be inferred that the time of planting is more important than the chronological age of seedlings. High yield is usually associated with dense planting, particularly under average fertility conditions. How plant density in tracts with age of seedling? This formed the objectives of the study conducted during 1973-75 using Jaya as test variety. The treatments comprised of rice, three plant densities (15cm x 10 cm, 15cm x 15 cm and 15cm x 20 cm) and four age groups (21, 28, 35, 42 days). The results indicated that the influence of chronological age was a function of the weather conditions in the planting season. The effect of age of seedling was more pronounced in the sunny and dry mundakan season than in the rainy and wet virippu season. The
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optimum age of seedlings for transplanting was 35 days in the virippu season. The productivity of seedlings declined as the age of seedlings at planting was above 28 days in the mundakan season. Seedlings of the younger age groups (21, 28 days) were equally productive in this season. The study also showed that effect of chronological age was independent of the density of planting. In another investigation carried out during 1970-72 to quantify the influence of age of seedling on N response using the early duration rice `Annapoorna‟ as the test variety, it was found that the effect of age of seedlings on grain yield depended on the season of planting. During the virippu season 15 day old seedlings were significantly better than those of the other age groups as far as yield was concerned. On the other hand 20 days old seedlings recorded high yields in the mundakan season. The lowest yield was recorded from the 35 days old seedlings in both the seasons. The effect of interaction between age of seedlings and N levels was of little statistical significance. The optimum N level for maximum grain yield was 80 kg ha-1. Planting depth The studies conducted to find out the effect of depth of planting (1.5, 3.0, 4.5, 6.0. 7.5 cm) on yield and yield attributes of the dwarf indica rice `Jaya‟ indicated that 3.0 cm depth was the optimum during the virippu season. Deeper planting (6.0, 7.5 cm) tended to reduce tillering while shallow planting encouraged it. During the mundakan season, 4.5 cm depth of planting recorded the maximum yield. The study was conducted during four crop seasons of 1971-72. Season and crop duration The effect of season on duration of crop was studied in an experiment with 11 Pattambi strains during 1940-42. The results revealed that Ptb.3, 4, 6 and 11 were season bound while Ptb. 1,2,5,7,8,9 and 10 were period bound. It was also observed that the interval between the date of sowing and flowering declines with the month of planting time from March to October. The results of an experiment conducted during the period 1942-44 to compare the relative yielding capacity of Ptb. 10, indicated that the crop raised with the seeds of the virippu season (first crop) yielded higher than that of the crop raised from the seeds of the previous mundakan crop and puncha (third crop) seasons. The seeds of the first crop were observed to be bigger in size and heavier in weight as compared to the seeds of the other seasons. A study conducted during 1944-46 showed that early sowing of long/mid duration varieties (Ptb. 1, 2, 5) in the virippu season favoured better crop performance. However when the monsoon was very weak and poor, late sowing was better than early sowing. It was also observed that Ptb. 1 and 2 were superior to Ptb. 5 in grain yield. In another study conducted during 1948-50, results indicated that early sowing was more beneficial for long duration strains, while medium duration strains like Ptb. 2 were not influenced by planting time. With a view to study the response of new high yielding dwarf indica rice varieties to change of season and applied N, trials were taken up during the virippu season of 1971-73 with 8 varieties and 7 dates of planting at monthly intervals starting from the first week of June, 1971. Seasonal variations in grain yield could be noticed in all the varieties. Jaya outyielded the other varities in all the 7 dates of planting. Among the short duration varieties, Triveni recorded the highest yield in June, August, October and November, Rohini in September and December and Annapoorna in July (Table 1). Early planting (June or July) invariably favoured higher yields in all the test varieties (Table 1)
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Table. 1. Grain yield of test varieties in rice as influenced by dates of planting. Month June July August Sept. Oct. Nov. Dec.



Annapoorna 3670 4394 2559 2896 3148 2576 2557



Triveni



Rohini



TN (1)



4158 4091 3300 3148 3384 2727 2290



4074 3990 3131 3232 3098 2424 2643



3923 3670 2660 2862 2441 2660 2222



Varieties Cul. 6473 4024 3704 2542 3653 3165 3165 2811



Jaya



Aswathi



IR8



4440 4848 3889 4343 4024 3316 2980



4091 3973 2407 3771 3082 3047 2845



3895 4562 2879 3013 3502 2997 2879



CD (0.05) -448 564 209 325 315 145



To study the yield potential of long duration rice varieties as affected by over aged seedlings under delayed planting, field studies were conducted during the virippu (first crop) season of 1985 to1989. July 20th planting was found to be the best and beyond that resulted in yield decline. It was also observed that if delay was unavoidable, varieties H4 and CNM 539 should be preferred so as to mitigate the yield loss and ensure a reasonably good yield. Time and method of planting. For exploiting the maximum yield potential of local as well as improved genotypes, experiments were initiated by adopting different planting techniques since 1930. The results of the studies conducted so far are dealt here under. To compare the efficiency of broadcasting vs. transplanting, experiments were initiated in1933-34 and continued for 7 years with the cultivars Thavalakkannan, Thekkencheera and Aryan. The results indicated the superiority of broadcasting. Early broadcasting gave significantly higher yield over transplanting. Under conditions of delayed sowing, however, transplanting was better. The effect of carrying over the early sown nursery to a secondary nursery for some time was studied in detail. The results indicated that double transplanting was not advantageous with respect to grain yields. To compare the relative merits of broadcasting, dibbling and transplanting, studies were conducted and the results showed the superiority of transplanting over dibbling and broadcasting with or without cowdung. The relative efficiency of Japanese method of rice cultivation over the traditional system was studied during 1950-56. The Japanese method of cultivation included thorough seed bed preparation and manuring, selection of heavy seeds, raising seedlings under wet nursery system, transplanting seedlings at a close spacing of 10” x 10” (25 cm x 25 cm) and heavy manuring of the main field with green leaf (6000 kg ha -1) cow dung (10 cart loads) and ammonium sulphate (100 kg ha-1) and superphosphate (100 kg ha-1) and incorporating with a hoe. During both the seasons, the Japanese system out yielded the farm method. Among the test varieties Ptb. 2 proved to be superior to Ptb. 9, 18 and 20 under the Japanese system giving a net income of Rs. 6914/acre (Rs, 17285 ha-1). The varieties Ptb. 9, 18 and 20 performed better under the traditional farm method. In another trial conducted in 1958-59, line planting was compared with bulk planting. Bulk planting out yielded line planting in all the seasons under trial followed by 10" (25 cm) line planting. Chinese method of planting was tested using Jaya as the test variety during 1988-89. This method resulted in poor grain filling leading to a large number of half filled grains and chaff in the ear heads. The panicles had a burned appearance towards the ripening stage and the yield was practically nil. The method was therefore abandoned.
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Varietal trials To compare the performance and suitability of different rice genotypes under different cropping systems a number of experiments have been taken up since 1930. Among the varieties tested, Ptb. 7 was found to be the best for single cropped lands. In double cropped wetlands, during the virippu season Ptb. 1 performed better followed by Ptb. 5, 2 and 9. During the mundakan (second crop) season, Ptb. 4 and Ptb. 18 recorded an appreciable increase in yield over the other strains. In the puncha season, Ptb. 10 recorded the highest yield followed by BR-1. TKM-6 recorded the lowest yield. In order to find out the advantage of growing Sahasralingam varieties in single cropped lands, in lieu of two short duration crops like growing Ptb. 7 and 20, in succession, studies were conducted in 1957-58. The results revealed that growing a mixed crop of Sahasralingam and Ptb. 7 in the proportion of 1:3 was advantageous over the normal practice of raising two short duration rices, followed by a crop of Ptb. 7 during the first crop and Sahasralingam in the second crop. A project was initiated during 1976-77 to evaluate yield potential of rice varieties evolved by Sri. E.P. Madhavan Nair, EPM Agrl. and Industrial Estate, Ottappalam. The Project consisted of 2 replicated trials and 3 unreplicated trials in farmers‟ fields. The varieties tested were OTP 7,8,9,10,12,13,Jyothi and Jaya. In the replicated trials three varieties under two fertility levels were tested (90:45:45 and 60:30:30 kg N : P 2O5:K2O ha-1). In the cultivators field, a uniform dose of 90:45:45 kg N: P 2O5:K2O ha-1 respectively was given. The results of the trial at Pattambi revealed that during the first crop season, Jaya topped the list of varieties in yield and it was on par with Otp. 7,8,9 and Jyothi. Jyothi was the highest yielder during the second crop season. Otp. 7, 8, 9 and 12 are however equally good as Jyothi and all these vareities were significantly superior to Jaya during the second crop. The performance of Jaya was poor in the trial at Ottappalam during both the seasons. During the virippu season Otp. 9 recorded the highest yield (5603 kg ha -1). In the mundakan season, however, all the varieties except Jaya were on par. The highest yield was recorded from Otp. 12 (5259 kg. ha -1 ). The results of the trials in cultivator‟s fields showed the superiority of Otp. varieties. During virippu season Otp. 9 recorded the highest yield. Jyothi and Jaya were the highest yielders during the mundakan season at one location. Combined analysis of the yield data showed that Otp. varieties were as good as Jaya and Jyothi in yield. In another study, 25 numbers of pre release rice cultures of short to medium duration were compared with the local checks (Jaya and Annapoorna). In the first crop season 3 cultures from the short duration group (Otp. 7, 10 x 1 x 1, 12035) outyielded the check varieties, though the difference was not statistically significant. Among the medium duration group, two cultures, Cul. 1140 and 1180 recorded more yield than the check variety, Jaya. During the second crop season, Cul. 10 x 1 x 1 and Cul.12035 were superior to Annapoorna in the short duration group. In the medium duration group, M.N.5-6-2 was the highest yielder. Trials conducted to test the performance of three semitall rice cultures (Cul. 153-1, Cul. 2000, Cul. 204) developed at RRS, Moncompu showed that these three cultures were on par with Jyothi in yield potential and significantly superior to Jaya and Mashuri. Cul 153-1 was found to be the best. With a view to identify the best varietal combinations for first and second crop seasons ensuring climatic integration and maximum productivity, experiments were conducted in 1989-91 with 10 treatments comprising combination of short, medium and long duration varieties. The results showed that the best varietal combination in a monoculture system of rice is a function of weather from the point of view of dry matter production, yield of grain and straw and economics. The results indicated that when two crops are taken, the first crop should be of short duration and the second crop of longer duration. The reverse order of two long duration varieties in the series gave neither high productivity of grain nor that of straw. The results also showed that hybrid varieties with indica components are more adaptable in both the seasons as well as for the system from the point of view of yield of grain and straw. When the consistency in grain yield is taken into account, a system of three short duration
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crops shall also be considered. To be scientific, however, when rains start early a combination of two medium duration varieties will be better. In normal years, dry sown first crop of short duration succeeded by a medium duration second crop variety is better. If summer showers are late and received in large quantity in the second fortnight of May it is better to have a transplanted crop of Mashoori (long duration) in the first crop followed by IR 20 in the second crop for better yield (Table 2) Table. 2. Yield of rice under different varietal combinations Yield (kg/ha) Varietal Combinations



Grain



1. Mashuri dry sown + IR 20 2. Mashoori Transplanted (dry Nursery) + IR - 20 3. Mashoori transplanted (Wet Nursery + IR 20 4. Jaya dry sown + Cul. 871 5. Jaya transplanted + IR 20 6. Triveni (dry sown) + Cul.871 7. Mashoori Transplanted (Wet Nursery) + Triveni 8. Triveni+Triveni+Triveni 9. Jyothi dry sown + Cul. 871 10. Mashuri dry sown + Jyothi



Straw



89-90 4845 4813



90-91 6063 7803



89-90 9502 5796



90-91 5748 7398



5634



8779



5230



6734



4914 4751 4205 5686



4661 7607 5318 6866



11316 5250 11795 4988



8747 6069 8813 6321



7117 7461 5224



7599 5849 6279



13006 12256 8634



7047 8102 7547



Ratooning in rice With the objective of identifying varieties producing reasonably good ratoon yields, experiments were conducted during 1989-91 with 14 medium duration and 22 long duration varieties. Among the medium duration varieties, Jayathi (culture 1727) recorded the highest grain yield as well as ratoon yield. In stability of performance also Jayathi was the best. Bharathi ranked second. Among the long duration varieties the line MRST-41 recorded the highest ratoon yield of 1857 kg ha -1. However, when total productivity of the crop was considered, MRST-84 was the best followed by MRST-83. Another interesting inference from the study was that MRST-84 and 83 could be the future varieties for the virippu season in single cropped wetlands. These two cultures outyielded all the presently recommended high yielding varieties like Neeraja, Mashoori, and IR-5. Nutritional status of varieties To assess the nutritional status of newly released varieties from Pattambi, studies were conducted with 71 entries, including local checks. Nitrogen was applied in varying levels keeping the level of P and K constant. It was observed that increased N application had a positive effect on the level of protein in the grain. The percentage of nutrient loss during parboiling varied considerably from variety to variety. WEED MANAGEMENT IN RICE Weeds are not really the plants out of place. These natively evolved plant species are tuned to resist the onslaught of natural disasters whereas the artificially evolved rice plants, which are tender and fragile are susceptible to the vagaries of nature. When the rice plants are introduced into the system, they fail to adjust or accommodate themselves, as they are new to the system resulting in an unbalanced fight between these two for survival. In order to create a favourable situation for these highly vulnerable tender seedlings of rice, removal or destruction of the natural flora, conventionally named as `weeds' have become a necessity. The magnitude of loss due to weed damage is estimated at 25 per cent in transplanted rice and 65 per cent in upland rice.
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In Kerala rice is cultivated under three systems: dry (rainfed uplands or modan), semi dry (low lands and terraced uplands) and wet in traditional wetlands under puddled condition. Since growing conditions of rice in each system vary, the weed flora associated with these systems also varies. Knowledge about the weed flora associated with each system as well as their phenology is essential for formulating effective weed control measures. There are different methods for controlling weeds in rice fields starting from initial land preparation. The common methods followed could be grouped into three viz: cultural, mechanical and chemical. A lot of work had been undertaken in this regard and the results of the studies conducted during the last 75 years at Pattambi are discussed in this chapter. The traditional and commonly adopted practice to control weeds is hand weeding and of course, it is the most effective method provided the availability of labourers is ensured. Even then, this process spreads over weeks and uniform control over a large area is not possible within a short span of time. A delay of a few days may cause considerable damage to the crops, which ultimately affects the final production. The ineffectiveness of present methods and the prevailing socio-economic situations necessitate the initiation of a new approach in weed management, which is simple, more viable and economically feasible. The only way to tackle this problem is the use of herbicides. For an efficient and successful control of weeds using herbicides, a thorough knowledge of the rice ecosystem, nature of the weed flora, mode of action of herbicide and selectivity of chemicals is a pre-requisite. Weed Flora The weed flora associated with each system of cultivation is as follows:(i). Upland rice Cynadon dactylon, Cyperus sp. Panicum repens, Mimosa pudica, Amaranthus sp., Isachne miliacea, Commenlina bengalensis etc. (ii). Lowland rice Echinocloa sp. Ludevigia sp., Isachne miliacea, Sphenoclea zeylanania, Monochoria viginalis, Marsilia sp., Cyperus sp., Sacolepis interrupta, Fimbristylis miliacea, Digitaria ciliaris, Eleusine indica etc. Crop weed competition Crop-weed competition is one of the critical factors in the growing of rice crop in the rainfed uplands. The degree of competition between rice plants and weeds depends, however, on the growth characteristics, time of weed emergence and density of weeds. An investigation was conducted during virippu season of 1972-73 to find out the period of weed competition that an upland rice crop could stand without adverse effect on yield. The results revealed that the weed competition was more critical during the early vegetative phase of the crop and that weed free conditions favoured higher grain production. There was progressive decline in yield when the time of weed removal was delayed beyond 30 DAS (Table 1). The crop suffered very heavy competition from weeds during the early stages of growth and it could not recover its usual vigour and growth rate later. The yield attributing characters which were adversely affected by the delay in weeding were, productive tillers and panicles. The largest period of weed competition that the upland crop could tolerate was 30 days from sowing without adverse effect on yield.
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Table 1. Growth and yield attributes as affected by the period of `weed free' condition and time of weed control No 1 2 3 4 5 6 7 8 9 10 11 12



Treatment No weeding Weed free up to 15 DAS Weed free up to 30 DAS Weed free up to 45 DAS Weed free up to 60 DAS Weed free up to 75 DAS Weed free up to 90 DAS One weeding on 15 DAS One weeding on 30 DAS One weeding on 45 DAS One weeding on 60 DAS One weeding on 75 DAS CD (0.05)



Panicle/ hill



Panicle weight(g)



4.8 6.4 6.6 7.5 7.0 7.5 7.1 6.1 6.3 6.3 5.5 4.7 1.25



1.18 1.98 1.85 2.00 1.95 1.96 1.96 1.89 1.99 1.77 1.70 1.53 0.385



Drymatter of weeds (kg ha1 ) 7593 2259 1103 4345 472 335 284 2297 1307 709 394 264 10205



Grain yield (kg ha-1) 1190 2471 2766 2936 2900 3022 3022 2221 2502 2187 2014 1647 430



Cost of weeding ha-1 (Rs.) -602 680 756 838 998 998 386 576 984 1278 1536



Chemical weed control (i). Transplanted rice A trial was conducted during 1972-73 in transplanted rice to investigate the usefulness of gramaxone in bringing down the cost of cultivation by destruction of weeds and making land preparation easier. It was found that the ordinary practice of land preparation was superior followed by the treatment where gramaxone was sprayed together with subsequent weed destruction by hand weeding or propanil spray. Studies were conducted to find out the most efficient method of weed control in transplanted rice and the results showed that the chemicals Butachlor, 2,4-D and C-18649 were very effective over normal practice of weed control. To identify the most economical herbicide for controlling weeds in transplanted rice three granular herbicides viz., benthiocarb, butachlor and 2,4-D were applied 6 days after transplanting and compared with the practice of hand weeding twice. The results showed that under transplanted condition, proper land preparation would take care of weed management. Twelve chemicals were evaluated for weed control in transplanted rice during 1972-74. The rating on weed control efficiency ranged from 93 per cent (oxadiazon @ 1 kg ai ha-1) to 67 per cent (Benthiocarb @ 1.5 kg ai ha-1). Based on the ratings of weed control efficiency and grain yield obtained, it is found that the post emergence chemicals C 18649 + 2,4-D IPE, C 288, Oxadiazon, TCE-Styrene + 2,4-D IPE and butachlor could be used for effective weed control in transplanted rice. (ii). Direct seeded rice In a study on the efficacy of chemical herbicide Butachlor (Machete) and Tok E 25 in dry sown rice it was found that both these chemicals were effective in controlling weeds. Higher yield was recorded by Machate @ 2.53 kg ai ha-1 and Tok E 25@ 3 kg ai ha-1. Seedling injury was noticed in Machete treated plots. In another trial, effect of the new herbicide 0385 ECW was compared with Machete, Saturn, propanil, hand weeding and unweeded control. Hand weeding gave 100 per cent weed control with no crop injury followed by Mon. 0385 EC @ 6kg ai ha-1 as post emergence application at 2 leaf stage (95% weed control, 88.1 % crop injury). Propanil @ 3 kg ai ha-1 as post emergence application could give only 25 per cent weed control. An investigation was carried out during 1972-73 to study the relative efficacy of new herbicides, it was found that Machete and Propanil could be safely used for weed control in direct seeded flooded rice fields. The



8 cost of hand weeding amounted Rs. 436.10 per hectare, while that of Machete at 1.5 kg ai ha -1 and Propanil at 3.0 kg ai ha-1 were Rs.110.50 and 180.0 ha-1, respectively. In another trial the effect of 0385 granules (pre-emergence) was compared with Saturn, Machete and Tavrong. The highest yield was recorded by Saturn @ 1.0 kg ai/ha (Soil incorporation). The herbicide 0385 G inflicted crop injury when the dose was increased. Machete, though it gave better weed control, caused greater plant injury. The performance of 0385 G as post emergence herbicide in mundakan season was tested. 0385 EC applied on 0.5 kg ai ha-1 at two leaf stage recorded the maximum yield, while 0385 G @ kg ai ha at 2 leaf stage caused 100 per cent crop injury. In another experiment the chemicals Ronstrar, Sirmate, Benthiocarb, Piperophos and Oxyfluorfen were found to be effective in controlling weeds in direct seeded rice under puddled condition. Propanil @ 1.5 kg/ha was found best in controlling weeds in semi-dry rice. This chemical was on par with benthiocarb, nitrofen, C-228 and hand weeding. In a trial conducted in 1986-94 to identify the best weed control practice in semi-dry system of rice cultivation, it was found that weed control in the early stages of crop growth was effective with chemicals like anilophos, amlophos + 2,4-D, pretilachlor and butachlor and they were statistically on par with weed free and hand weeding treatments in yield. To work out the relative economics of chemical weed control for direct sown rice, an experiment was carried out during 1991-95 in variety Jyothi. All the test herbicides at the recommended doses recorded comparable yields with that of weed free check. Application of herbicide was found to be very economic when compared to hand weeding. Among the different herbicides tested, pre-emergence application of butachlor @ 1.5 kg ai/ha was found to be the most economical recording the highest yield and net income and marginal B:C ratio and the lowest cost of weeding and total cost of production. Experiments conducted during 1987-89 to study the effect of different weed management practices in upland rice showed that yield reduction due to weed competition was 44 to 56 per cent. The treatments preemergence Butachlor (1.5 kg ai ha-1) + 2,4 - D (0.6 kg ai ha-1) at 25-30 days after rice emergence (DARE), preemergence Pendimethalin (1.5 kg ai ha-1) and pre emergent Pendimethalin (1.0 kg ai ha-1) + 2,4-D at 25-30 DARE (0.6 kg ai ha-1) recorded grain yields on par with weedfree check. Weed control efficiency was higher in the case of Pendimethalin when compared to Butachlor and Thiobencarb. Pre-emergence application of Pendimethalin followed by post emergence application of 2,4-D was as effective as weed free check through out the crop growth period. In addition, the results revealed that the herbicides had specific influence on rice growth. Thiobencarb at high concentrations had a depressive effect on growth and yield of rice while Pendimethalin and Butachlor had a positive tonic effect. The effect of Pendimethalin was found to be on differentiation process whereas the effect of Butachlor was on translocation efficiency. The study thus shows that recommending chemicals for controlling weeds based on their weed killing property alone is not scientific and correct as it has got specific effect on plant. Experimentation of these is essential before recommending them in order to ensure that they do not have at least a toxic effect on crop. WATER MANAGEMENT IN RICE Water is indispensable in plant life. A plant's water content varies by species and within various plant structures and also varies diurnally during the entire growth period. The plant uses less than 5% of the water absorbed. The rest is lost to the atmosphere through transpiration from the plant leaves. An adequate water supply is one of the most important factors in rice production. Water management envisages optimum crop` yield and the best use of the limited supply of water. A few works done towards this line at Pattambi are discussed.
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Different techniques have been employed to find out the water requirement of lowland rice and of these, the drum culture technique is considered to be the simplest, reliable and practical method. A study was conducted in 1971-74 to find out the water requirement of transplanted lowland rice using this technique. The study revealed that the water requirement of rice from transplanting to the milky stage of grain was about 1700 mm and consumptive use of water amounted to 821.7 mm. The amount of water lost in deep percolation per day was 12.01 mm where as the corresponding consumptive use was 10.4 mm. The percolation loss amounted to 53.6 per cent of the total water requirement. In another experiment conducted during 1973-74, magnitude of nutrient loss through percolation was studied by collecting the percolating water from 2 adjacent plots of uniform fertility; one receiving NPK at 100:50:50 kg ha-1 and other receiving no fertilizer. The evapotranspiration and percolation were estimated respectively, as 4.88 mm and 3.91 mm per day in the virippu crop season and 7.32 mm and 7.99 mm per day in the mundakan crop season. The magnitude of loss of all the nutrients was high in second crop season.( Table1). Table 1. Nutrient losses during the cropping seasons. Season Virippu Mundakan



N 31.5 37.7



Nutrient loss (kg/ha) P2O5 18.7 28.2



K2O 19.7 58.6



An investigation on the effect of flooding or waterlogging during the different growth phases of transplanted rice revealed that waterlogging during the vegetative phase markedly reduced the number of tillers per unit area. Plant height and number of grains per panicle were not significantly influenced by waterlogging. Grain yield tended to decline when the plants were subjected to water logging and the magnitude of reduction in yield on account of water logging at the vegetative, reproductive and ripening phases were 2 per cent, 7 per cent and 8 per cent respectively compared to shallow submergence. The variety Mashuri was found to be better adapted to waterlogged conditions. In a trial conducted during 1984-86 to formulate the most economic irrigation schedule for variety Jyothi under situations of limited water supply, it was found that water management treatments did not affect grain yield significantly; ie., the crop which received 5 cm submergence thorough out the crop period and the one which received 5 cm irrigation once in six days were on par. Different management practices were adopted to overcome the effect of drought on mundakan rice in its later stages of growth. The trial was conducted in 1988-90. Though the treatment effects were not significant, the trend of the results showed that in places of water scarcity, irrigation interval of rice could be increased by spraying cycocel (1500 ppm) before flowering or by application of Jalasakthi @ 8 kg ha -1 at the cessation of North East Monsoon. PHYSIOLOGICAL ASPECTS OF GROWTH AND PRODUCTIVITY The influence of physiological age of seedlings on growth and productivity of rice was studied using both short and medium duration varieties in 1974-76. The results indicated that older seedlings (5-6 leaf stage) produced a larger number of panicles per sq. meter. Flowering duration of all the varieties was reduced when seedlings at 5-6 leaf age were planted. The results also showed that ill effects of over aging of seedling could be overcome by dense planting. Under closer spacing, age of seedlings did not exert much variation in dry matter accumulation per hill at harvest. The influence of shading at different growth stages of crop on growth and yield of rice was studied during 1973-76 virippu and mundakan seasons. The test varieties Sona and Vijaya were subjected to shading at different growth stages viz., shading from transplanting to neck node differentiation, neck node differentiation to flowering and flowering to harvest. These treatments were compared with a non-shaded check. Shading during early stages
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of growth reduced the tiller production and dry matter accumulation. Plant height however tended to increase while flowering duration got reduced by one week. Shading at later stages of growth significantly reduced the panicles/hill, fertile spikelets/panicle, dry matter production and grain yield when compared to control. To understand the interrelationship between leaf area index at flowering and yield and yield components an experiment was conducted. The results revealed that grain yield was directly related to LAI. Maximum leaf area index at flowering was obtained when 10 cm x 10 cm spacing was adopted. Wider spacing reduced the yield per unit area, decreased the LAI and increased the dry weight and enhanced the tiller production per hill. The investigations were carried out during 1974-75. When the performance of individual plant was considered, wider spacing was better as it produced more tillers, panicles and thus higher yield. A growth analysis trial was conducted during the mundakan season of 1974-75 to study the growth pattern in relation to production efficiency of some pre-release rice cultures under two levels of N (100 and 200kg ha -1). The growth characters such as height, tiller number and leaf area were higher at the higher level of N, while lower level of N produced more panicles and filled grains/panicle. To assess the physiological maturity and correct time of harvesting of long, mid and short duration varieties under different agro-climatic situations and to evaluate the milling recovery of rice, trials were conducted during the virippu and mundakan seasons of 1977-79. The crops were harvested at 24, 28, 32, 36 and 40 days after 50 per cent flowering. The test varieties were Jaya, Jyothi and IR 5. During the virippu season, these three varieties gave higher yield at 30 days after flowering. During the mundakan season, Jaya and Jyothi gave higher yield at 25 days after flowering. Harvesting 40 days after flowering was better for IR 5, the long duration variety. To explore the feasibility of using plant growth regulators in tall and dwarf rice cultures, a trial with Myxatalol, Cycocel and Miraculan at different concentrations was laid out in the mundakan season of 1985. Jaya and Ptb. 20 were the test varieties used. The results indicated that the cultivars differed in the yield of grain but the differences due to plant growth regulators were not significant. Experiments were conducted to study the influence of colour of foliage on yield attributes and yield of rice. It was inferred that intensity of green colour in rice foliage could be associated with quantitative characters contributing to yield. Light green foliage type showed better tillering while dark green type produced longer ear heads. A study was conducted to assess the interrelationship between biological yield (total dry matter) and harvest index (ratio between economic yield and total dry matter) and between economic yield and harvest index. Biological yield did not show any association with harvest index. The harvest indices of the test varieties ranged from 39 per cent to 56 per cent. Varieties with a harvest index of less than 50 per cent could be rated as poor yielders. The relationship between harvest index and economic yield was almost linear. To assess the weight difference in bulk storage of paddy during and after monsoon period experiments were conducted with six mundakan strains and Ptb. 10. The results showed that the varieties stored during April showed a steady increase in weight ranging from 0.5 to1.0 per cent. But from December onwards an average loss in weight of 2 per cent was noted. Variation in weight loss was almost constant for six months up to September in all strains except Ptb. 10, which deteriorated from third month after storage. CROP WEATHER STUDIES The reaction of new rice varieties to changes in weather conditions was studied in a trial with 8 varieties planted every month commencing from July 1975 and data were gathered on flowering duration, panicles/hill, total dry matter, number of grains/panicle, spikelet sterility and grain yield. Most of the varieties produced higher amount of dry matter when planted in the months of July to November. Dry matter yield fluctuated in response to changes in the month of planting. The varieties Jyothi, Bharathi and Mashuri reacted significantly to the period of planting season. Of the eight varieties tried, IET 3257, RPN 6-17 and IET 1444 performed satisfactorily in all the months of planting. They can be rated therefore as stable yielders.
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In another trial information on the response of new rice varieties to weather factors was gathered by adopting monthly sowing in the first week of every month starting from March, 1976. Rice varieties of short, mid and long durations were tested. All the varieties exhibited photoperiod sensitivity although its magnitude varied slightly with individual varieties. Flowering duration increased in all varieties in response to the month of planting from March to June and then it dropped abruptly in July and again increased in August. A fall in flowering was observed thereafter which could be attributed to the shorter photoperiods in the second crop season. The planting time expressed its influence on grain production in all the varieties. The varieties planted in the rainy virippu season commencing from June to August had higher yields compared to plantings done thereafter. To study the effect of weather condition on the growth, duration and yield of high yielding varieties, fortnightly plantings were done in 1975 synchronising with `jnattuvela'. The results showed that the seasons had significant influence on the growth and yield of rice even in a photo-insensitive variety. Experiments were conducted during 1976-78 with an objective to find out the effect of different dates of sowing/planting and thereby the season on duration, yield and uptake of nutrients of some of the important medium and short duration varieties,. Eight varieties (Jyothi, Triveni, Rohini, Bharathi, Sabari, Aswathi, Jaya, IR-8 and Mahsuri) and 12 dates of sowing, starting from 1st May and extending upto middle of October at fortnightly intervals were tested. Among the different dates of sowing in Mundakan season, the yield of short duration variety Rohini was very poor when nurseries were raised during first week of August to first week of October. Jyothi and Triveni performed well when sown very late. All the medium duration varieties recorded fairly high yield when sowing was done during the first week of May. Among the different dates of sowing for mundakan season, crop performance with respect to yield was poor when nurseries were raised from the end of July to the end of August. Very early sowing reduced the second crop yield. The varieties differed in grain yield depending on the dates of sowing. Micrometeorological studies in rice were done to evaluate different types of evaporation pans, to calculate evapo-transpiration and water requirement of rice, to know the growth rate of rice in response to environmental conditions and to prepare a crop weather model for prediction of grain yield of rice during 1986-87. The evapotranspiration rates of the crop recorded were between 2.8 and 9.1 mm/day. The seasonal evapotranspiration was 400mm and 650 mm and the total water requirements were 1150 and 1500 mm for the virippu and mundakan crop seasons respectively. A regression equation was developed between weather variables and grain yield of the rice variety Triveni. Y = 1.71 YI - 56.00 DSS + 85.00 MAT - 2430.00 (r = 0.920). Y = Estimated grain yield of rice (kg/ha) Y1 = Sample of biomass of rice at flowering (kg/ha) DSS & MAT = Duration of Sunshine and mean in temperature between 45 th day of transplanting and maturity. To evaluate the potential yield of high yielding varieties under irrigated condition in different regions of the country, an experiment was conducted during the period 1983-85. Crop phenology, growth attributes, yield and yield components were correlated with important weather characters to identify the limiting factor in achieving potential yield in rice. An analysis of weather variables indicated that low sunshine hours during reproductive phase was the major yield limiting constraint during virippu season in Kerala. Lower sunshine hours during ripening phases and unfavourable temperature regime during reproductive and ripening phases also adversely affected the grain yield. Improvement in dry matter production should be aimed at to ensure increased grain yield during virippu season.
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FACTORS OF PRODUCTION CONSTRAINTS The productivity and fertiliser responsiveness of rice in laterite soils which accounts to more than 60 per cent of rice soils of Kerala, is low as compared to `kole' , Kuttanadu and black soil areas of the state. Quite a number of experiments were conducted to evaluate the production constraints in laterite soils. The results of the studies conducted so far are disucssed here. Field studies were conducted to identify the factors responsible for the low yield and productivity of high yielding rice varieties during Mundakan season with 7 planting dates (at fortnightly intervals from 22-8-83 to 1211-83) and 4 photoinsensitive varieties (Jaya, Bharathi, IR-8 and IR – 20). The results revealed that variations in rice yield between planting dates were primarily due to spikelet sterility. A correlation analysis of weather parameters with yield revealed the critical role of certain weather parameters during flowering and maturity stage of the crop in deciding the final yield. Small breeze is beneficial for the rice crop at the growth stages as they increase the photosynthetic efficiency. But excessive wind velocity during flowering and maturity resulted in more spikelet sterility and poor development of spikelet at maturity. Solar radiation had a positive relation with yield. Shading during the ripening period considerably reduced the percentage of filled grains and thereby the grain yield. A negative relationship was found between yield and number of rainy days during the maturity stage. Experiments were conducted in 1989 - 90 on management practices for correcting yield reduction in medium duration rices. Sowing was done on certain dates during mundakan season and it showed that sowing done in October 15th recorded significantly higher yield compared to the other dates of sowing with the same management practices. Comparatively lower night temperature and more sunshine hours received during the flowering and post flowering phases under this treatment facilitated better grain filling and lesser percentage of unfilled spikelet/panicle. The study further showed that for realising maximum yield from mundakan rice, adoption of a medium package of practices integrating planting 25 day old seedlings at 20cm x 10 cm spacing and application of NPK at 90:45:45 kg ha-1, is the best. The maximum fertilizer use efficiency was also obtained in this sowing. The study convincingly proved that lack of integration of variety with the weather situation is the main cause for the yield reduction in mundakan rice. With the objective to study the performance of different rice genotypes in iron rich laterite soils of Kerala and to identify the yield limiting components during mundakan season and also to analyse the variation in the pattern of absorption and translocation of elements as well as their interaction with iron and yield of rice, investigations were carried out during 1990-92. Treatments consisted of eight genotypes belonging to three groups viz., traditional local varieties (Ptb. 4 and Ptb. 20), introduced varieties (Pankaj and IR-5) and hybrids (Red Triveni, Jyothi and Annapoorna). The results of the study revealed that the most critical yieldlimiting component in laterite soil was continuous absorption and accumulation of iron in the leaf blade. The response pattern of rice varieties to soil iron is purely a varietal function. The local varieties showed better adaptability than the other two groups (Table 1). Table 1 : Absorption and distribution pattern of iron by rice (ppm) Index leaf Treatments Root Culm Leaf at MT Indigenous Ptb-4 7664 1070 2810 1080 Ptb-20 4881 790 3190 1070 Exotic varieties Pankaj 5980 1590 2380 990 IR-5 4900 1050 2960 1000 BR-51 5378 1590 2740 1280 Indigenous & Exotic Red Triveni 7140 2840 2390 1800 Jyothi 7662 1330 3550 1460 Aswathi 6570 1430 2510 1420 CD (0.05) 25701 85.1 96.4 340.6



Index at PI



leaf



Grain yield (kgha-1)



Straw yield (kgha-1)



1340 1310



3630 4465



5442 4362



1250 1340 1630



3737 3814 3174



4489 3809 2109



1930 1810 1570 240.3



2601 3688 3474 523.7



1328 1756 2606 801.1
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Plants in iron toxic soils produced roots in excess of the normally expected rate. It is possible that precipitation of elements on the root surface in large quantities and consequent inactivation of roots may be the cause for a higher rate of root production in iron toxic soils (Table 2). Diversification of energy for the production of more roots at the later stages of growth to circumvent the interaction due to root deposition of iron may be another season for low productivity of improved genotypes in acid laterite soils. Table 2. Mean root deposits and absorption of nutrients by rice (30 DAT) Root deposits of nutrients



Total content of nutrients in plants (%)



Treat ment Ptb-4



Dry matter/ Plant (g) Root Shoot 1.19



N P K Fe S N P K Fe S 0.06 0.156 0.63 4.72 0.078 9.12 0.57 4.41 2.04 0.105 1 0 8 " -20 0.06 0.202 0.43 5.07 0.092 8.96 0.61 3.81 2.13 0.124 1.06 4.91 1 3 5 IR-5 0.04 0.139 0.49 4.31 0.091 9.10 0.62 4.43 2.21 0.138 1.03 4.66 7 3 5 Pankaj 0.06 0.153 0.46 4.56 0.103 8.53 0.57 3.93 2.20 0.089 2.02 5.00 5 7 8 BR-51 0.06 0.187 0.56 5.75 0.116 8.06 0.52 3.93 1.99 0.142 1.21 7.23 5 7 7 R.Triveni 0.06 0.182 0.63 5.83 0.092 9.08 0.63 4.35 2.05 0.095 2.43 4.32 0 3 8 Jyothi 0.06 0.186 0.68 5.24 0.078 9.78 0.69 4.15 1.79 0.122 1.66 5.32 0 6 2 Aswathi 0.05 0.134 0.66 3.77 0.166 9.00 0.64 4.30 1.98 0.137 1.61 4.65 6 0 3 CD (0.05) 0.00 0.018 0.13 1.27 0.027 0.62 0.07 NS NS 0.071 0.28 2.31 4 1 0 Estimation on absorption of nutrients by the plant showed a limiting influence on S, K and N content. Calcium and Mg remained unlimited and did not appear to interfere in the productivity declines. A comparison on absorption and root deposition showed that the latter exceeded the former profoundly in the case of potassium. Iron deposition on root surface varied with the varieties and the value reached as high as 25 kg ha -1. Red Triveni, Jyothi and BR 51 deposited more iron as compared to the other varieties. It was also observed that the iron content in plant parts reached as high as 3000 ppm without manifesting any toxicity symptoms. The effect of ionic ratios on productivity revealed that varietal variations in the absorption, translocation and accumulation of anions in relation to iron in different plant parts (Table3) Table 3: Anionic ratios in relation to iron in index leaf. Treatment N/Fe Fe/P 30 45 30 45 DAT DAT DAT DAT Ptb-4 32.1 13.9 2.6 2.1 Ptb-20 27.0 17.9 3.1 1.9 Pankaj 31.3 26.9 2.2 2.4 IR 5 28.7 19.1 2.7 2.0 BR 51 22.0 13.7 2.3 2.2 Red Triveni 19.0 9.7 1.9 1.5 Jyothi 27.0 15.5 2.7 2.3 Aswathi 32.0 15.9 3.0 1.2 (CD 0.05)



S/Fe 30 DAT 1.2 1.8 1.5 1.6 1.3 0.92 1.3 1.5



45 DAT 0.7 0.6 0.7 0.7 0.5 0.2 0.4 0.5



Yield kg/ha-1 Grain Straw 3630 4465 3737 3814 3174 26.7 3688 3474 523.7



5442 4365 4489 3809 21.8 1328 1756 2606 801
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The nutritional imbalance and subsequent inhibition of the internal metabolism of the plant due to excess absorption of iron and the anionic ratios inside the plant parts play an important role in the productivity of rice in laterate soils. A wider N/Fe and S/Fe ratio in the leaf and a narrow Fe/P ratio in the stem and root appears to be the most important factors for obtaining better yield expression in rice. The effect of excess iron cannot be presumed to be physical alone as is evidenced by very low content of Chlorophyll `b' and wide Chlorophyll a/b ratio as well as higher cell sap pH (Table4) in introduced and evolved genotypes. Table4 : Chlorophyll content and dry matter accumulation in rice (mg/dm2) Treatments Chl. a Chl. b Total Chl. Total dry Yield ( kgha-1) chl. a:b wgt. g/pl. grain straw Local Varieties 1.70 1.37 2.74 1.4 5.42 3630 5442 Ptb-4 Ptb. 20 1.76 1.28 2.10 1.3 8.95 4465 4365 Exotic varieties 1.48 0.82 2.76 1.8 6.30 3737 4489 Pankaj IR - 5 1.46 0.86 2.65 1.7 6.90 3814 3809 BR - 51 2.21 1.40 3.43 1.5 4.77 3174 2108 Local x 2.29 1.30 4.66 2.2 4.19 2601 1328 Introduced Red triveni Jyothi 3.05 0.44 4.25 7.0 4.65 3688 1756 Aswathi 2.74 0.62 4.12 4.4 5.56 3474 2606 CD (0.05) 0.44 0.62 1.01 -0.78 523.8 801.3 The introduced and evolved genotypes recorded the highest chlrophyll 'a' content, low chl. b and a wider a:b ratio. Low chlorophyll b content in the leaf in these genotypes suggests that formation of chlorophyll `b' from chlorophyll `a' is inhibited which is the seat of photosynthesis. The interaction of absorbed iron units with other elements may be effecting the nutritional environment, which in turn affects the chlorophyll metabolism. A higher cell sap pH in leaves also suggests metabolic inactivation of N metabolism in toto. Anatomical studies of the plant have shown that conducting itssues with bigger sized xylem vessels and longer air spaces in leaves in introduced varieties and hybrids (local x introduced) are subject to harmful influences of soil iron. Such a situation of increased iron absorption on the one hand and deposition of complex compounds of iron on the root surface on the other physically choke the root and stimulate unlimited production of roots (Table5.). The results highlight that excess of iron in the soil is the single biggest factor that limits rice productivity in laterite soils which accounts for more than 60 per cent of the rice soils of the state. Table3 : Data on leaf anatomical features of traditional and HYV of rice Thic Thickn Thic Size of Big Vascular bundle Small vascular Bull form cells knes ess s of knes midrib bundle Variety s of midrib s of air lime (m) Mes space (m) ophy (c.s ll area) (m) m2) Freq Siz Xyle Fre Siz Xyle Freque Size uee m que e m ncy (c.s. ncy diame ncy diam area 2 ter eter ) ( ) ( ) Ptb-4 Ptb-20 IR-5 Pankaj



74 84 123 127



578 748 935 990



56 50 61 58



108179 93166 287672 471290



16 15 17 16



86 97 130 130



40 32 47 45



38 50 50 58



40 42 45 68



4 5 6 9



52 48 45 66



590 672 1596 1024
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R.Triv eni Jyothi Aswat hi



119



1012



72



290725



17



156



40



42



54



8



46



1116



117 107



1008 1028



44 64



255237 401930



18 20



104 135



36 44



62 62



30 45



8 6



66 64



1890 1341



A trial was laid out to identify the factors responsible for low level of production of HYV of rice during mundakan season and to formulate technology for overcoming the yield decline. Seven dates of planting and four varieties were tried. The planting dates had a significant effect on the grain yield. It was found that if the planting dates were adjusted skipping the most vulnerable period of yield decline ie., September middle to October middle, the yield decline generally experienced during the mundakan season could be mitigated to a significant extent. There was significant difference between varieties in grain yield except during the first year. Bharathi, Jaya and IR8 recorded more or less stable yields. Jaya exhibited a high degree of consistency in grain yields over different treatments. Correlation analysis between weather and grain yield revealed the critical role of certain weather parametors viz., high wind velocity at flowering, grain formation and maturity stages, low solar radiation during grain filling and maturing and rainfall during grain filling and maturity. These weather parameters induced sterility. An analysis of dates of planting indicated that yield reduction could occur under the influence of the adverse weather, irrespective of the time of planting adopted. CHEMISTRY OF SUB MERGED SOILS Crop management in submerged soils require detailed studies on the nutrient transformation and changes in soil properties Studies in this line were conducted at the station which are summarised. Chemistry of N transformation in water-logged soils under combined use of biofertiliser, organic and chemical fertilizers were studied. The major physico chemical changes of the soil observed were: i. Soil pH – Soil pH was high in the middle of the crop stage and decreased towards the harvest stage. pH of soil solution did not vary spectacularly. ii. Variation was noticed in the EC of soil during Ist crop only. During 2nd crop there was a gradual decrease in EC from planting to harvest. iii. NH4N : Soil NH4 increased from planting & reached a maximum one month after planting and then decreased gradually in soil solution. iv. N uptake : Uptake of N in plant samples increased gradually and at harvest uptake decreased. Significant positive correlation between grain yield with nitrogen content and exchangeable nitrogen (NHc_NO3) of soil was obtained at 14 DAP in Virippu season. Correlation between grain yield and non- hydrolysable N in soil at 33 DAP was positive and significant in virippu season. In mundakan season correlation of BH 4N was significant at 3.7 and 13 days after planting. In the virippu season, the treatments evoked significant influence in grain yield. Application of 90 kg. N as urea gave the highest grain yield, while treatments, which received FYM or daincha showed poor performance. Both at 60 and 90 kg N levels, inorganic N gave more yield than biofertiliser and organic – inorganic combinations. Among the biofertiliser -organic sources, azolla was found better. Studies on the variation of Redox potential in rice soils A study on the effect of various treatments in the 2 existing permanent manurial trials (Dwarf and tall india series) was made to find out how far the organic treatments applied effect changes in the Redox-system of the soil The insitu EC values were recorded at 10-12 days interval with a portable redox meter. A general decrease in the redox potential with period of flooding was noticed. In green leaves and cattle manure applied plots intense reduction was observed comparatively earlier than the other treatments.
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Study of the changes in nutrient availability and its relationship with crop growth under submerged soil conditions. The results revealed that the pH and EC of floodwater and wet soil decreased with crop growth up to 30 to 50 DAP and then increased in both the seasons. The pH of soil solution in virippu season initially decreased and then increased. The soil solution pH in mundakan season and the EC in both the season decreased continuously from planting to flowering. Maximum reduction of flood water, wet soil and soil solution was towards the flowering stage in virippu season and at early tillering stage in mundakan season. Changes in nutrient availability in virippu and mundakan season Virippu NH – N: NH4 – N in soil and soil solution decreased rapidly with crop growth. Top dressing increased NH4N content in soil and soil solution unlike in the plant Available P – Initial increase followed by sharp decrease and grain an increase Available K – Available K in soil and soil solution showed a steady decrease with crop growth whi9le uptake value increased in spite of a decrease in plant content. In both the seasons a decreasing trend was noticed for available Ca and Mg content of soil with progress of crop growth. Ca and Mg uptake increased steadily up to flowering. Available Si : Initially decreased and then increased



Mundakan NH4N – Top dressing has not increased. NH4N in soil and soil solutions but plant uptake increased Available P – continuous decrease



Available Si: Initial increases followed by a decrease



Grain and straw yields were not significant in Virippu unlike in mundakan season. While the highest grain and straw yield were obtained for the treatment N 80 P 40 & K40 during virippu season, all the treatments were on par except control with regard to grain yield during mundakan. A field experiment was conducted to identify factors responsible for low level of production of high yielding varieties of rice during second crop season (mundakan) and formulation of technology for overcoming the yield decline. Seven dates of planting at fortnightly intervals from 22 nd August 1983 to 12th November 1983 and four varieties Jaya, Bharathi, IR-8 and IR-20 were evaluated. It was found that the time of planting had not much influence on the grain yield during the mundakan season. However, the first (22 nd August) and last planting (12th November) gave higher yields. Among the varieties evaluated, the performance of IR-20 was better than others, followed by Jaya. The time of planting showed no influence on the uptake of nutrients by rice plant. The grain yield and grain/straw ratio were better for early planting. Experiments were conducted to evaluate the intensity and magnitude of leaching and volatilisation loss of applied N in submerged rice field with the use of different source of N and method of application of N fertilizer. The various Nitrogen sources tested were urea (split and basal), lac coated urea, neem coated urea, green leaf and urea and urea super granules. Results revealed that volatilisation loss of applied nitrogen ranged between 0.87 to 2% and 3.5 to 6.7% of the applied nitrogen during the virippu and mundakan seasons. About 75% of the loss that occurred was during the first 6 days period during virippu and 9 days period during the mundakan. Meteorological factors like wind velocity and temperature besides the pH influenced the volatilisation loss. The leaching loss ranged between 2.7 to 5.3% of the applied N during Virippu and 0.39 to 2.8% of the applied N during mundakan season, which was more
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influenced by the rate of infiltration. Among the nitrogen sources compared lac coated urea and urea split followed by urea super granules offered scope in minimising the loss during virippu. The experiment was repeated in the succeeding year with a slight modification in treatments. (urea split, urea basal, urea super granules, coaltar, urea, green leaf + urea, rock phosphate coated urea, gypsum coated urea and neem coated urea). The cumulative loss of nitrogen through volatilisation of 15 days after application was worked out to 0.86% and 5.36% of the applied nitrogen in case of urea split application and neem coated urea respectively during virippu season while it ranged from 5.96% for urea split and 9.5% for rock phosphate urea during the mundakan season. Green leaves + urea (50-50) gave a loss of 5.7% of total nitrogen applied. Rock phosphate and gypsum coated urea tested were on par and less efficient than others in reducing the loss by volatilisation. A field experiment was laid out during the mundakan season with 4 levels of N (0, 40, 80 and 120 kg/ha) and 2 levels each of P and K (0, and 60 P 205 & K2O/ha) to study the behaviour of nutrients under shallow submergence in rice soils under varying levels with rice variety Jaya. The experiment was repeated as an early Punja crop with the same variety under irrigated condition so as to give wetting and drying conditions periodically. The two trials were similar in all respects except in the level of water management and season of planting. The seasons of planting were rainy 2nd crop season under shallow submergence and summer months with controlled irrigation, respectively. NH4 N content in soil showed a decreasing trend with crop growth up to flowering while at harvest it slightly increased under both the situations of water management. The NPK levels tried had no significant effect on the NO3 content in soil up to flowering. Available P in soil did not show any significance in the various NPK combinations under low submergences. Under controlled irrigation higher level of K increased the P content in soil at flowering. Available K did not show any significance for various treatments but under controlled conditions higher level of K showed an increase in soil K. Soil K content showed an initial decrease followed by an increase at harvest under both conditions. Mn availability was not influenced at any stage by the different levels of NPK while N application decreased the Zn content in soil at tillering stage. Plant Nutrients under shallow submergence 1. N. content in grain/straw Increase in the level of NPK or its combination did not increase N content in grain /straw 2. P content: Not influenced by NPK levels Plant Nutrients under controlled Irrigation 1. N. content in grain/straw Application of N increased the N content in grain significantly 2. P content: N at higher level increased P content in straw N uptake in grain was found to increase with application of N as well as P but N uptake in straw was influenced by N application only and not by P or K. Plant uptake of P and K were also found to increase by N application. N also increased the uptake of Mn in both grain and straw. There was no specific effect for NPK levels on the content of K in grain/straw under alternate wetting and drying conditions.



18



YIELD RESPONSE TO MANURING During the early periods of agronomic research on rice thrust was mainly on the use of organic manures and inorganic fertilisers. A large number of experiments have been conducted to study the efficacy of different sources, doses, times and method of application of manures and fertilisers. The salient results are discussed in this section. Organic Manures Organic manures were the main sources of nutrient supply in the early years. Various sources like the green leaf, oil cake, compost, cattle manure, wood ash etc. were used and efficacy of their various sources were tested. (i) Green leaf In a trial (1949-52) to compare the efficiency of green leaf manures like mango, vengai, kolinji, hyptis, crotalaria, kolinji, daincha and sesbania, it was found that plots manured with kolinji recorded better growth and significantly higher grain yield over all the other treatments except vengai during both the virippu and mundakan seasons. In another trial on the effect of different doses of green leaf, it showed that there was a progressive increase in grain yield with every incremental doses of 2000 lb/acre upto 8000 lb/acre (2000kg ha -1 to 8000kg ha -1. Response of rice to graded doses of (2000, 50000 and 8000 lb ha –1) green manure and their interaction with fertiliser N was studied during 1957-„61. Among the three doses of green leaf manure 2000, 5000 and 8000 lb/acre, the highest dose of green leaf with 120 or 180 lb N as ammonium sulphate gave higher yields. In another trial during 1966-„67, the treatments receiving 5000 lb of green leaf and NPK @ 40:30:30 lb/acre recorded the maximum grain yields. Farmers sometimes use green leaf as bedding for animals in the barn. This sometimes increases the turn over of barnyard manure. The bedding is removed once in a week and stored. In order to find out whether the green leaf thus stored has superior value, an experiment was conducted during 1942-43 with fresh green leaf, green leaf processed with cattle manure and cattle manure alone in different doses. The pooled data on grain yield showed that there was no significant difference in yield due to various treatments. (ii). Oil cakes During 1936-‟40, the manurial value of different organic manures like ground nut cake, cattle manure, green leaf and a combination of these was studied. The results showed that ground nut cake to supply 30 lb N/acre recorded highest grain yield and it was on par with cattle manure to supply 15 lb N + groundnut cake to supply 15 lb N/acre, green leaf + ground nut cake to supply 15 lb N/acre each and green leaf to supply 30lb N/acre. However, it was seen that groundnut cake was not economical due to its high cost. In another identical study conducted in 1937-40, groundnut cake was observed to excel green leaf and cattle manure in manurial value. So it was found expedient to study the manurial value of different cakes available in the market. Castor cake, ground cake and neem cake were evaluated in the presence and absence of ammonium sulphate. All the cakes gave significantly higher grain yields over the control. A view of the results of all manurial experiments show that green leaf with top dressing of ammonium sulphate was the most remunerative practice for rice soils in the mid lateritic zone. The relative efficacy of groundnut cake, neemcake and castorcake in combination with graded doses of N (0, 20, 40 and 60 lb N/acre) was studied during 1942-46. Neemcake (60 lb/acre) and ground nutcake (60 lb/acre) were found superior to castor cake (60 lb/acre) at all the levels of N. The pooled results showed that on the basis of equal N level, all the three cakes are equally effective, but neemcake was the cheapest. The efficiency of groundnut cake when applied to rice at the time of dry sowing in the virippu season was studied in the year. The cake treated plots had a dark green appearance even during the drought period. In spite of the adverse weather conditions for drysown crop, the cake applied plots yielded 15% more grains yield than the control. In an experiment on the timing of ground nut application at different stages of growth of rice the results indicated that groundnut cake @ 20 lb N/acre 3 weeks after planting or at 40 lb N/acre top dressed three weeks
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after planting in one dose or at in two splits- one at planting and the other three weeks after planting was better than the entire dose incorporated. Hence it was conducted that groundnut cake should be applied after the establishment of the crop. In order to find out the optimum time of application of ground nut cake to both transplanted and broadcast crop, experiments were conducted and results revealed that there was no significant difference between different times of application (basal and top dressing 1 month after planting) in the case of transplanted rice whereas in the case of broadcast crop basal application was better than top dressing, registering 15.5% more grain yield. In order to study the effect of some of the indigenous oil cakes to increase the efficiency of applied further nitrogen, five oil cakes namely, neem, marotti, punna, karinkotta and rubber cake were tested (coating urea with cakes 20 per cent by weight) during 1974-‟76. None of them effected significant difference on grain yield. The trend of the results however indicated beneficial effects due to coating of urea with cakes. Rubber cake effected a 9.3 per cent increase in yield over the control. (iii). Cattle manure, compost, fish manure To find out the relative merits of cattle manure, Bangalore compost and green leaf in varying doses, experiments were designed during 1939-„41. Application of green leaf @ 8000 lb/acre recorded the maximum grain yield and was on par with cattle manure @ 20 t/acre. Bangalore compost was inferior to cattle manure and green leaf. 10t/acre of cattle manure was found to be equivalent to 4000 lb green leaf/acre. A compost manurial trial in modan land was taken up during 1949-„53 to study the comparative response of upland rice to farm yard compost and cattle manure. FYM seemed to induce germination and growth. The residual effect of FYM and compost on equal N basis was studied by raising a crop in the same sub plots. Difference in growth due the treatments was not distinct. During 1956-„57 experiments were conducted to test the efficacy of fish manure and it was found that fish manure was as efficient as green leaf but from the economic aspect, green manuring was the cheapest. Fish guano, a bye-product was tested during and the results indicated that fish guano was good for rice crop as a manure, but higher dose of 400lb/acre was necessary to produce grain yield equivalent to 4000 lb green leaf/acre. (iv). Wood Ash To study the effect of wood ash application for a transplanted/broadcast crop, experiments were conducted with wood ash alone and in combination with green leaf and groundnut cake during1942-„47. Application of wood ash was found to be significantly superior to the other treatments in the virippu crop season. Regarding the time of application, applying ground nut cake as basal dressing was more effective than applying it in combination with green leaf. In the mundakan season, none of the treatments was significant for grain or straw yield except that in the case of straw yield; wood ash application gave a significant increase. In general application of wood ash in combination with groundnut cake gave higher yield than when it was applied alone. Application of 4000 lb the wood ash and 400 lb groundnut cake recorded highest grain yield and economic returns in dry sown crop. (v). Combined organic and inorganic experiments The effect of cake, ash and superphosphate at 500 lb, 4000 lb and 2000 lb/acre respectively either individually or in combination imposed over 2000 lb green leaf, was tested. A combined analysis of the three- year data showed that a combination of cake and ash resulted in the maximum grain yield. a. Permanent Manurial Experiment (Tall Indica)
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Improving and maintaining soil fertility for enhancing and sustaining crop production is of world wide importance .It is well recognised that long term experiments are valuable repositories of information regarding the sustainability of intensive agriculture. In view of this and inspired by the world famous Rhothamsted long term experiments, the first long term trial was started in this station in 1961 and later in 1973 and 1997.These three experiments are still continued. This experiment was started during the virippu season 1961 and continued till date. This prominent experiment was formulated with an objective to study the effect of continuous application of cattle manure, green leaf, and ammonium sulphate either alone or in combination on the physico-chemical properties of thesoil and on rice yield. Pooled analysis of grain yield data from 1961 to1985 (25 years) revealed that during virippu season cattle mannure and NPK joint application was significantly superior to other treatments recording a 7.6 per cent increase in yield over NPK alone. For mundakan season cattle manure + green leaves + NPK joint application were significantly superior to all others recording anincrease of 5.6 per cent yield than NPK alone. Analysis of the soil collected after1985 Mundakan crop showed relatively higher value for organic carbon, N, P and K, Fe,Mn and Ca content in plots which received cattle manure fully or partly. Mg and Cu did not show much variation between treatments. b. Permanent Manurial Experiment (Dwarf indica) This experiment was started during the virippu season of 1973 with the same objective as that of Permanent manurial experiment (Tall indica) with Jaya as the test variety. The pooled analysis results revealed that cattle manure application alone was significantly superior to all the treatments during virippu season, while it wason par withthejoint application of cattle manure + NPK and cattle manure + green leaves during mundakan season. The increase for cattle manure alone, cattle manure _ NPK and cattle manure + green leaves over NPK alone were 24, 19 and 18 per cent during virippuand 12, 11 and 10 per cent during mundakan respectively.This result revealed that combined application of organic-inorganic fertilizers resulted in a significantly higher rice yield. Soil analysis data from the samples collected after 1985 mundakan season showed relatively higher organic carbon, N, Ca, Mg, Fe, Mn, Zn content in plots received cattle manure alone. c.



All India Coordinated Long Term Fertiliser Experiment



This experiment to study the effect of continuous application of different treatments on the yield of rice and soil fertility status, was started in 1997 and is being continued. The design adopted was RBD with 4 replications with the test variety Aiswarya. The total NPK level given was 90:45:45 kg/ha. Twelve treatments were included. In LTFE irrespective of the seasons, highest grain and straw yield were recorded for the treatment which received 100 % NPK (as per POP of KAU) along with FYM @ 5 t/ha before kharif crop. However this was on par with the treatment which received 100 % NPK + in situ Sesbania aculeata green manure crop before kharif rice.Lowest yield was recorded by the no fertiliser control treatment. The uptake of nutrients (N,P,K,Ca,& Mg) followed the same trend as in yield. Regarding the effect on soil fertility, even though conclusive remarks cannot be drawn, in general the pH was found low in all the treatments and in the treatments where continuous application of inorganic fertilisers alone ,a slight decrease in organic carbon content was noted. Generally the soil organic carbon was in the high range. d. An NATP funded project entitled “Pilot study on sustainable rice production through organic farming” was started during 1999. The objectives of the study are to develop an eco-friendly organic farming system for sustainable rice production, to analyse the impact of organic farming on the rice ecosystem and to study the economic viability of the system. The results of the first season of the study showed no significant difference



21



between the organic and integrated systems of management, which indicated that there is no yield decline while switching over to an organic system from an inorganic system of cultivation. (vi). Atom manure The atom manure, a product of the Hindustan Chemical Products, Hyderabad for which miraculous effects were claimed by the company was tried during mundakan crop season of the results were far from encouraging. (vii). Role of organic manure on the movement of N, P and K in soils. An experiment was conducted to study the effect of well rotten compost, green leaf, cowdung and synthetic complexant sodium citrate on the mobility of N, P and K through soil columns upon continuous leaching with irrigation water. The work was carried out in sandy, laterite and alluvial soils. The results revealed that in sandy and alluvial soils containing sufficient quantity of organic manure in the form of cowdung or compost and to a certain extent green leaf, the downward leaching of N was much reduced. In the case of P, there was no significant benefit while for K the effect was not so conspicuous. Compost in alluvial soil and sodium citrate in laterite had the same effect for K. (viii). Changes in organic carbon content A study was undertaken to find out the distribution pattern and nature of organic matter in the rice soil profiles originated under different situations and to assess the rate of decomposition of added organic matter applied during the pre-monsoon period and in summer. Different levels of straw and glyricidia were added and soil samples were drawn at 15 days intervals. The results obtained did not show any significant variation in N and C contents due to treatments and intervals of observation. (xi). Hastening decomposition of organic manures Attempts were made during 1988-„90 to find out ways of hastening decomposition of organic manures and crop residues under intensive cropping system during mundakan season. At three weeks after planting, scorching symptoms were less severe in treatments receiving lime (350 kg/ha) or N 10 kg/ha) along with organic manure compared to the treatment in which planting was done two weeks after incorporation of organic manure. The treatments could not bring about any significant difference in rice yields during both the years of the trial. Inorganic fertilizers Organic sources were the main form of nutrient supply to crops before 1950. Later inorganic fertilisers started becoming popular. N, P and K were the main nutrients commonly supplied through fertilizers; nitrogen being the predominant one. A number of experiments were taken up to evaluate the comparative efficiency of these fertilisers and to determine the time, method and quantity of application. NITROGEN Nitrogen is the most vital nutrient in crop production. It is available in ammoniacal, nitrate and amide forms. The efficacy of this different form varies. It is also a function of the time and method of application of the nutrient carrier. A number experiments have been conducted at Pattambi to qualify the response of rice to different sources, methods and timely application of fertilizer N. a. Sources The important nitrogen containing fertilizers available in the market during 1940's and 50's were ammonium sulphate, calcium ammonium nitrate, ammonium phosphate , ammonium chloride, ammonium sulphate nitrate, calcium nitrate and Chilean nitrate. By 1960, urea started gaining importance. In combined organic and inorganic manure application trials conducted in 1934-35, where green leaves @ 4000 lb/acre is applied basally application of ammonium sulphate fully or in part doses a month or two months
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after planting is responsive. In the trials conducted in 1949-53 when groundnut cake was used as organic manure, a combination of 1/3 ground nut cake and 2/3 ammonium sulphate gave the highest yield. During 1935-„36, the efficacy of sodium nitrate and ammonium sulphate, alone and in combination at varying doses on rice yield was tested. Ammonium sulphate when applied alone gave the best results. Sodium nitrate to supply 10 lb, 15 lb and 20 lb N/acre with 20, 15 and 10 lb ammonium sulphate gave better results than sodium nitrate alone. Trials during1958-„61 also gave similar results. Ammonium sulphate applied to supply 40 lb N/ha four weeks after planting recorded a 14.8% increase in grain yield of over general mean. Between ammonium chloride and ammonium sulphate, no significant difference was obtained in the trials conducted in 1956-59 during most of the seasons, though ammonium chloride gave better yields for a few seasons. In another experiment the relative merits of ammonium sulphate and ammonium nitrate were studied. The plants received ammonium sulphate plots were darker in foliage than those receiving corresponding ammonium nitrate. Ammonium sulphate recorded 7.65% more yield during virippu and it was significantly superior to ammonium nitrate. The experiments conducted during 1957-„58 to 1960-„61 to find out the comparative efficiency of ammonium sulphate and urea at different doses showed that a combination of the two fertilisers was better than urea alone; and the fertiliser requirement was higher during the mundakan season. During virippu season, the combination 60 lb urea and 30 lb ammonium sulphate per acre gave higher yields. During mundakan season 90 lb urea + 60 lb ammonium sulphate per acre was found to be the best combination of N sources. In an experiments to compare the relative merits of different types of N fertilisers, namely, ammonium sulphate nitrate, ammonium sulphate, urea, calcium ammonium nitrate, chilean nitrate and ammonium chloride of urea as N source gave higher yields than the others (1962-„64). It was also observed that, ammoniacal form of N was preferred by rice as compared to nitrate. Similar results were obtained from trials conducted during 1966-‟67 also. In another study during 1965-„67, calcium ammonium nitrate recorded the maximum yield during the virippu season while in mundakan season ammonium sulphate and urea were superior to CAN. During 1974-„76, Sagar, a by-product of salt industry, which was claimed to contain in addition to N and K, secondary and trace elements was tested for its efficacy as a new fertiliser material. However it failed to produce any positive effect on the growth and yield of rice. b. Quantity and time of application Nitrogen is an element needed at all the growth stages of rice. It is, however, highly susceptible to leaching and denitrification losses. Several experiments have been conducted to arrive at the optimum time and dose of N for transplanted and direct seed rice. Response to applied N was found to show wide variations. Application of ammonium sulphate to broadcast rice in wet lands upto 40 lb N/acre either as basal dressing or as top dressing gave no marked yield increase during 1961-64. But in 1966-68, in an experiment with Tainan-3, T(N)-1 and Ptb. 20 the varieties were found to respond linearly up to 120 kg N/ha. Similarly during 1968-69, the varieties IR-5, IR-262, CR-25 and Ptb. 9 were tested at 5 levels of N viz. 0, 50, 100, 150 and 200 kg /ha, the varieties IR-5, IR 262, CR 2825 and Ptb. 9 were showing response up to 100 kg N/ha. Several experiments were conducted in 1966-69 to determine the most appropriate time of application of nitrogen. Application of 75% of N dose as basal and 25% as top dressing recorded the maximum yield during virippu season. During mundakan, supplying 50% as basal as 50% as top dressing was the best. In another trial during 1965-„67, there was no significant difference to split application of N during first crop, yet applying 3/4 dose as basal and 1/4 as top dressing was the best. But during second crop, application of 1/4 N as basal and 3/4 as top dressing led to a significant enhancement in yield.
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Experiments conducted during 1970-73 revealed that application of a portion of N at panicle initiation is a must for higher yields. Application of N at booting and heading stages also contributes to increased yield. However, this practice was observed to pre-dispose the plants to the incidence of pests and diseases and hence can be recommended only under an umbrella of effective plant protection measures. It was also observed that relatively more yields were obtained when the basal dose of N was postponed to initial tillering phase of the crop (10 days after transplanting) during the rainy season. Time of application of Ammonium Sulphate with reference to flowering of paddy was tested during 1937„39 period. Green leaf application @ 2000 lb/acre + ammonium sulphate @ 30 lb N/acre four weeks before flowering was found to be superior to other treatments. The effects of split application of N to rice crop under rainfed upland conditions have also been studied during 1972-73 with TN (1) as the test variety. N was applied at two rates of 60 and 120 kg/ha, at different splits during the three main growth stages of the crop. Results showed that the effect of N was positive and significant upto 120 kg/ha. The effect of split application of N was also significant. At 60 kg level, application of 30 kg as basal and 15 kg each as foliar at tillering and PI recorded the highest grain yield. At 120 kg N level, application of 30 kg. as basal, 30 kg. at tillering and 60 kg at PI recorded the highest yield. In cases where there was no basal N, yield was affected. Shellac coated urea applied entirely at the time of sowing was slightly inferior to split application of ordinary urea. To determine the most appropriate time of application of nitrogen to dwarf indica and local varieties, an experiment with three varieties, TN-1, Tainan-3 and Ptb. 23 and four times of application was conducted. Ptb. 23 was found to be significantly superior to the others. The difference due to time of application was found to be insignificant. But during the mundakan season application of 50% N as basal and 50% as top dressing recorded the highest yield. Effect of applied N was tested in 1977-78 and it was seen that response to N increased upto 80 kg/ha and thereafter it tended to decline. Grain yield per unit dose of N was 10.98, 10.86 and 6.82 kg. at 40, 80 and 120 Kg N/ha respectively. Nitrogen-variety trials were undertaken to compare the yield potential of promising short, medium and long duration varieties under transplanted condition under different N levels during 1975-77. In short duration varieties the highest yield was recorded when N was applied in 2 equal splits -at tillering and PI stages. In medium duration group, Jaya, IET 2815, 2254, 2295, 2895, 293,IR 26 and Aswathi were tested at 5 levels of N 0,40,80,120 and 160 kg/ha. It was seen that response to applied N was not of a high magnitude during both the seasons. Application of 50 kg N at PI and 25 kg each at planting and tillering was superior to the others. For long duration varieties, application of N in 2 equal splits, one at early tillering and the second at late tillering gave a better response. Among the slow release fertilizers, sulphur coated urea recorded the best results. During 1998, experiments were laid out to understand the efficiency of control release urea on growth and yield of rice and to establish the relationship between leaf N and leaf colour chart (LCC) and SPAD Chlorphyll meter N. In terms of agronomic efficiency and partial factor productivity of N, controlled release urea (CRU) was found to be the best. SPAD based N application also recorded higher values. Studies on incidence of BPH showed that the higher fertility level coupled with thick plant population density favoured pest incidence. Wider spacing was favoured to stem borer incidence. A study was undertaken during 1984-‟85 to find out the effect of slow release nitrogen fertilisers on the build up of pests and diseases in endemic areas (sheath blight). The results showed that neemcake coated urea and coal tar coated urea had no significant influence on sheath blight incidence when the incidence was very low. c. Foliar nutrition of N (i). Transplanted rice
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The relative efficacy of soil and foliar application of nitrogen (as urea) on the growth and yield of Jaya rice was studied during 1972-„73 to 1974-„75. The treatments comprised of 3 levels of nitrogen (45, 65, and 85 kg/ha) and three methods of application (soil application, foliar application and combination of soil and foliar application). The results indicated that at all the levels of nitrogen, soil application of urea was on par with soil plus foliar application in its effect on grain yield. Foliar feeding of 15% solution of urea using low volume sprayer in the absence of basal soil dressing of nitrogen, produced lower yields consistently. (ii). Modan lands The effectiveness of applying urea as foliar spray on a dry sown crop of Taichung (Native) I was studied during 1972-„73 and 1973-„74 with the aim of assessing the efficacy of foliar feeding of urea in combination with soil application. The results revealed no statistical significance between treatments. However, the trend of the results favoured a combination of soil plus foliar application. d. Improving nitrogen use efficiency Apart from split application, several modified forms of urea were experimented during the 1970's to test N use efficiency. Studies were undertaken to find out the relative advantage of N placement as mud balls, urea briquettes and sulphur coated urea. Mud ball placement of urea @ 56 kg/ha recorded the highest yield giving N use efficiency of 17.7%. Sulphur coated urea @ 56 kg/ha also was equally effective. Deep placement of N reduced N loss. Application of urea in combination with nitrapyrin (N serve) was found to have no effect in increasing N use efficiency. Effect of coal tar treated urea on the yield of low land rice under 10-20 cm. depth of water was studied during 1980-„81. A combined application of 1/2 the dose of N as untreated urea and the rest as coal tar treated urea (1%) was found promising. Basal application of sulphur coated urea and urea super granules also proved to be superior to split dressing of N. Experiments conducted during 1980-83 showed that urea super granules (USG) was quite effective in giving increased N use efficiency in previous trials. Therefore, detailed studies were conducted to find out the rate of application and geometry of placement of urea. It was seen that the treatments where USG was placed in between plant stands under of 22.5 x 20 cm spacing recorded the highest yields. Closer spacing tended to give lower yields. There was no difference in yields between the treatments placing USG one week after transplanting and at the time of planting. Granulated compost also proved to be good in increasing N use efficiency. The residual effects of modified urea materials was found insignificant. In long duration transplanted rice the efficiency of different sources of N viz., pellets, SCU, N serve treated urea and IBDU at different time and rate of application were tested. Application of 60 kg N in 3 splits - at early tillering, late tillering and panicle initiation (20 kg each) was on par with full basal application as SCU or IBDU. During 1974-„76 the relative efficiency of some of the oil cakes in inhibiting nitrification of urea was investigated. Though there was no yield difference, coating of urea with rubber, karimkotta and punna cake was found superior. International Network on Soil Fertility and Fertilizer Efficiency Research (INSFFER) experiments during 1984-87 showed that prilled urea and S coated urea produce significantly higher yield as over USG and MCPU when these were tried at different N levels. A trial was conducted during 1989-‟95 to evaluate the efficiency of different forms of urea on growth and yield of rice under transplanted and direct seeded conditions. No significant variation in yield could be noticed with various urea forms under transplanted condition. But grain yields varied significantly under direct seeded puddled condition. Nimin coated urea and MRPCU (mussorie rock phosphate coated urea) recorded higher grain yields. The data on nutrient use efficiency also indicated the superior performance of nimin coated urea and MRPCU.
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PHOSPHOROUS a. Sources Earlier works on phosphorous nutrition were mainly concentrated on testing the relative merits of various sources of P available. During 1932-‟33, Kossier Phosphate, a finely ground mineral phosphate containing 32% P 2O5 was compared with bone meal containing 24% P2O5 and 4% N. It was seen that Kossier phosphate per se did not compare favourably with bone meal. Similarly, basic silico phosphate, a phosphatic fertiliser produced from phosphatic nodules by kilning the same with brine as a flux, too was found to have no added favourable effect. During 1948-„50 period, efficacy of powdered forms of rock phosphate namely, ultraphos, containing 22% total P2O5 and Reno hyper phosphate, a new rock phosphate ground to extreme fineness, were compared with superphosphate. Super phosphate gave numerically better yield. Superphosphate, bone meal, hyperphosphate and Dicalcium phosphate, were compared during 1958-„60. All the three fertilisers were found on par in their response to rice yields. An experiment to compare seven sources of phosphorous viz., single superphosphate, ultraphos, fused magnesium phosphate, multiphosphate, basic slag and hyper phosphate at two doses of P2O5 (30 and 60 kg/ha) laid out during 1965-‟68. The results showed that superphosphate @ 30 kg/ha was significantly superior to the other sources. Another trial conducted in 1977 to compare superphosphate, phosmak, a highly reactive phosphatic fertilizer of marine orgin and ultraphos, P sources- a less reactive phosphate, revealed no significant difference. Response to application of basic slag (Thomas phosphate) in three doses (40,80 and 120 kg/ha) along with two levels of N (40 and 80 kg/ha) studied in 1964-65 showed no significant effect on grain yield. However, the yield of straw was found to increase with incremental doses of N and P. b. Quantity and time of application Several experiments were conducted during 1933-‟35 to determine the quantity of P 2O5 to be applied to the rice crop. Various forms like bone meal, super phosphate and amophos at varying rates (from 20-50 lb P2O5/acre) were supplied alone and in combination with green leaf and ammonium sulphate. Besides, the method of indirect application of P2O5 through green manure crops was tested. But in any of the cases, there was no response to applied phosphatic manure application. The results of a trial conducted during 1970-„71 to 1972-‟73 which was aimed to study the response of rice to phosphate manuring and to investigate the effect of split application of P during the different growth phases of rice, revealed that during virippu season when the crop was grown throughout the period under water logged condition, the maximum yield was obtained from the lower doses of P. During mundakan season, when dry conditions prevailed in the field, the maximum yield was obtained at the higher doses of P. Split application yielded no added advantage. A trial undertaken during 1948-51 to test the effect of phosphatic fertilisers in improving the action of cattle manure showed no response. The effect due to spartin or magnesium or their interaction with P was found to have no significant influence on grain yield. Use of Diammonium phosphate or super phosphate either as split or delayed application at levels up to 60 kg P2O5 /ha also were not helpful in improving rice yield. Since rice did not respond well to phosphate manuring in the waterlogged lateritic loam soils of the station, influence of Spartin and magnesium was tested to know whether their application would influence grain yield. But the effects due to Spartin or Magnesium or their interactions with P were found to have no significant influence on grain yield. c. Increasing efficiency of phosphorous in rice soils
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An investigation was laid out during 1975-‟76 t facilitate better availability of phosphate fertiliser by making phosphate fertilizer into a slurry of soil, water and fertilizer and dipping the roots of rice seedlings in this slurry before planting. This practice ensured P placement in the vicinity of roots. The results showed no yield response to applied P. In fact the applied P had a depressive effect on grain production. It was inferred that beyond a critical level of P in the soil addition of phosphate would only depress grain yield. Similar results were recorded in the other trials also on phosphate manuring. Detailed studies are hence required to identify reasons for the lack of response to phosphatic fertilisers in Pattambi rice soil. A trial was on P nutrition with the specific objectives of (i) identifying P tolerant /susceptible varieties (ii) developing suitable application method for increasing P use efficiency and (iii) to find out an alternate source of P to single superphosphate. Pooled grain yield data of 4 years trial indicated significant variation due to varieties and method of P application. Abhaya recorded appreciably higher yields than Rasi. Soil application of DAP produced highest yield which was on par with nursery application of DAP, soil application of PAPR and foliar application of DAP. POTASSIUM During 1968-„71 a trial to find out the best time of application of potash for transplanted rice was conducted. The grain yield data recorded during the first two seasons revealed lack of significant effect due to potash application. But in the virippu season of 1969-‟70, the treatment receiving 50 kg/ha basal, 25 kg K2O each at tillering and panicle initiation stages recording significantly higher grain yield over the other treatments. But the results gathered during the succeeding three seasons indicaited no significant effects due to potash application. During 1970-„72 also a similar trial with two levels of potassium (50 and 100 kg/K2O ha) and 5 times of application (full basal, 2/3 basal + 1/3 at PI stage, ½ basal + ½ at PI stage or ½ basal + ¼ at tillering stage and ¼ at PI stage), was conducted. The grain yield data indicated no significant effect due to applied K. Since the effect of applied phosphorus and potash to rice was found to be not much pronounced, trials were thought of to bring down the level of application from the recommended dose. Accordingly, investigations were initiated during 1974-‟77 to find out whether application of phosphorus and potash could be skipped for one or more seasons without effecting yield. The grain yield data gathered was these years indicated no signifiant differences among the treatments. However, there has been a definite decline in yield in the plots receiving neither phosphorous nor potash continuously for four seasons. The reduction in yield on account of continuous application of nitrogen alone was 420 kg/ha as an average of two seasons in 1975-„76. These results showed that phosphorous and potash could be skipped over for one or two seasons without significant yield reduction in the rice soils of Pattambi. N was observed to be the most limiting factor in rice production. Applied P and K effected no marked increase in grain yield. Based on these results, investigations were initiated to locate the reasons for the lack of response to applied P and K in Pattambi rice sols (lateritic sandy loam). During 1976-‟78, the P fixation capacity and critical level of soil P were estimated to arrive at the P requirement of the soil. Incubation studies revealed that P 2O5 applied upto 40 ppm was fixed and very little was made available for 5 days. From the pot culture study to confirm the critical level of P2O5, it was observed that though the crop growth was best at 20 ppm level, there was no difference in final yield. NPK MANURING a.



Nursery



Experiments were taken up to study the effect of different levels of N, P and K on the rice seedlings in the wet nursery and to qualify the influence of nursery manuring on the yield of dwarf indica variety of rice, Jaya. during 1970-71 to 71-72. Application of manures in the nursery, especially nitrogen, produced tall, healthy and vigorous seedlings, but when planted in the main field, the seedlings from the manured and unmanured nurseries behaved very similarly as far as grain yield is concerned. N application was found to shorten the flowering duration by about 4-7 days by promoting growth. The plants receiving N attained early physiological maturity and therefore, they flowered earlier as compared to those receiving no applied N.
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The experiment has conclusively proved that seed bed manuring is not a must under favourable soil and climatic conditions. b.



Modan lands



The response of the dwarf indica variety, Taichung Native-1 (TN-1) to NPK fertilisation under modan conditions was studied. TN(1) proved to be highly suitable for single crop dry lands. Highly significant effect was observed due to fertilizer application, especially of nitrogen in the modan lands. c. Summer crop A fertiliser trial conducted with three levels each of N (50,60 and 70 kg/ha) P (25,30 and 35 kg/2O5ha) and (25, 30 and 35 kg/ K20ha) with Triveni as test variety during 1984-„85 to 1985-„86) showed that neither grain yield nor straw yield varied markedly due to applied N, P and K. It may be possible that the high evaporative demand of the atmosphere and the consequent water stress resulted in the low recovery of applied nutrients. d. Fertiliser requirement of Mahsuri After a detailed experimentation the fertilizer requirement of Mashuri, was availed at N, P 2O5 and K2O at of 50:25:25 kg/ha respectively, under semi dry system o cultivation. e. Fertiliser requirement of rice-rice cropping system To assess the correct fertilizer requirement of a rice-rice-fallow cropping system and to study the extent to which these inputs could be safely reduced without appreciable reduction in total yield, a trial was conducted during the period 1984-„86. From the analysis of data for three years, it was concluded that in rice-rice-fallow cropping system, application of 50% of the fertiliser dose for the virippu and 100% of the dose for munakan season or 75% of the dose for both the seasons, was sufficient instead of giving full dose for both the seasons. During 1983-86, experiments were conducted to find out the fertiliser requirement of rice-rice-kolingi cropping system. It was concluded that the system required only 75% of the recommended doses during both the seasons. Another alternatives was to apply 50% of the dose in the virpu season and 100% of the dose in the mundakan season. f. Fertiliser requirement for Koottumundakan system To evaluate the different fertilizer doses for the Koottumundakan system, a trial was laid out during 1988„91. The result showed that application of 50% of the dose in the virippu and 75% to the mundakan was sufficient This first practice reduced the nutritional requirement to the extent of 20:10:10 kg/ha of NPK without any reduction in grain yield. g. Nutrient response of hybrids The nitrogen response of five selected high yielding variety of rice under irrigated transplanted conditions was studied using 5 nitrogen levels. The growth and yield performance of hybrids were poor compared to the locally predominant varieties. N levels also did not influence the yield of rice. There was a higher incidence of stem borer and blast. Later, the above trial was modified a little to accommodate 10 NPK levels and 4 varieties. During 1998-„99, the grain yield of HYV‟s did not increase due to increase in N levels. Though the yield levels of hybrids ranged from 3.2 to 4 t ha-1, they were superior to the local inbred check, Jyothi. Among the hybrids, HRI 119 recorded the highest yield. The trials was repeated with another set of 4 varieties during 1999-„00. The final yield recorded was higher for Kanchana that of than the hybrids tested. There was significant increase of grain and straw yield over the control, but with doses higher than 90:40:50 kg ha -1 of NPK, there was a steady decrease in yield and yield parameters.
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Micro nutrients Till 1973, the effect of micro nutrients had not received the attention rice research workers in Kerala, probably because deficiency symptoms were rarely noticed under field conditions. Feeler trials conducted in cultivators fields during 1972-„73 indicated low to moderate response to cobalt and molybdenum. These trials prompted the researchers to studies on the response of rice to micro elements. Based on the recommendation, of the 3rd annual workshop of co-ordinated scheme on micro nutrients in soils, a scheme was implemented from the first crop season (virippu)of 1972-„73 in cultivators fields to study the effect of application of micro nutrients on the yield of high yielding varieties of rice. One experiment each was conducted at Kumbidi and Mannarghat. Ca, Mg and Si were applied as basal and trace elements 3 weeks after planting. Ca was applied as quick lime @ 500kgha-1, Mg as Mg SO4 @ 25 kgha-1, Si as Sodium silicate@35 kgha-1, Fe as ferrous sulphate @ 11.2 kgha-1, Mn as Manganese [email protected] kgha-1, Zn as ZnSO4 11.2@ kgha1, Cu as Cu SO4 @20 kgha-1, B as borax @ 20 kgha-1, and Mo as ammonium molybdate @1 kgha-1. All the nutrients were applied through soil. The results indicated that Mo was effective in increasing the grain yield of rice at Kumbidi during both the seasons (virippu and mundakan). The increase in grain yield over the control was 367 and 266 kg/ha in the 1st and 2nd crop seasons respectively. In Mannarghat Ca recorded the highest yield (234 kg/ha over control) in the 1st crop season and combination of micro nutrients (without Mg and Si) in the 2 nd crop season (308 kg over control). The general trend of the results indicated that was is more effective in increasing grain yield at both the centres. Combination of all nutrients and Si has given response in major of the trials. Among the individual nutrients, Fe and Mg at all the centres and silica at Mannarghat showed a depressive effect on grain yield. The plots which received silica and copper were observed to be comparatively free of BPH incidence. Later experiments were conducted in the station to study the response of transplanted rice to Zn, Co, Mo and Mg with Aswathi as test variety (1974-‟76). All the treatments received a uniform dose of NPK at 90:45:45 kg/ha. The micro nutrients were applied at the early tillering phase of the crop. The data on productive tillers/hill and grain yield were not statistically significant indicating no response to micro nutrients. Micro nutrient deficiency or toxicity symptoms were also not observed on the crop. Similar observations were recorded during the second year also. Regular application of organic manures in the rice fields might be one of the reasons for the lack of response of rice to micro elements in Pattambi soils. During 1977-„79 a trial was taken up to study the response of rice to two micro nutrients viz., copper and zinc with treatments consisting of graded levels of copper sulphate and zinc sulphate and a combination of both, over and above the recommended package of practice for major nutrients. The data on productive tillers as well as grain yield did not show any significant difference among the treatments. In order to determine the areas of micronutrient deficiencies and to study the response of rice to Zn at Ankamaly and to Fe, Cu and Zn at Chittoor, an experiment was taken up. Treatments receiving the highest dose of Nitrogen gave the highest yield. The beneficial effect of Zn was also noticed. Bio fertilizers Experiments were conducted during the 1970‟s and 1980‟s to assess the possibility of using bio fertilisers like azolla, blue green algae and azotobactor for partially substituting the N requirement of rice. During 1974-77, the effect of bacterial fertiliser, azotobacter and supercompost was studied. Azo by itself produced no marked effect on crop growth and production. Addition of lime, Mo or supercompost or a combination of all these supplements did not improve its efficiency. Azo thus proved to be ineffective under swampy conditions. The effect of commercial preparations of BGA (Algo) and azotobacter (azo) on the growth and yield of rice grown under submerged soil conditions was investigated. The treatments comprised of algo and azo alone and in combination with fertilizers and organic manures. Azo was broadcast @ 2.5 kg/ha just before planting. Algo
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was sprinkled on roots of seedlings at planting. Treatment differences were not significant probably due to high initial fertility of the field. With a view to study the beneficial effect of water fern, Azolla, a trial was conducted. The highest grain yield was recorded by the treatment in which Azolla was introduced at 4-5 t/ha at planting and allowed to float, with NPK as per usual schedule. A detailed investigation was carried out to study the ecophysiology of Azolla and its management for rice production. The objectives of the experiment were to (i) study the influence of environmental conditions on the growth and establishment of azolla, (ii) assess its nutritional requirement and the optimum quantity of azolla inoculum required, and (iii) evaluate azola as an organic manure and explore the possibility of reducing fertilizer requirement of rice with its use. The results of the study showed that Azolla growing soils had a higher pH and that a well distributed rainfall during the growing season was favourable for the growth. Elimination of P adversely affected the growth of the water fern. Inoculation should be done one week after planting during first crop (virippu) and three weeks after planting during second crop (mundakan). Application of 5 t or 7.5 t/ha of azolla could save 25% of the recommended fertilizer dose. Lime application An experiment was conducted during 1968-„69 to 1969-‟70 to study the effect of fractional application of lime at different growth stages of rice. No statistical difference in grain yield was observed among the treatments. However, split application of lime gave slightly increased yields. In order to compare the effect of lignite fly ash, a product of Neyveli Lignite Corporation, containing CaO and MgO against the commonly used liming materials like lime, dolomite etc. a project was taken up in 1969 with IR-8 as test variety. The Lignite fly ash gave the maximum grain yield by, thus establishing its suitability as a substitute for lime. To identify the ameliorants for acid laterite upland soils and to assess the effect of suitable management practices on soil characteristics and yield in a continuous cropping system, a study was conducted for four years during 1989-„94. It could be noticed that during the first and second year, the treatment effects were significant. During first year of the study, the highest grain yield was recorded in the plots receiving NPK with or without crop residue and during second year from the plots receiving NPK with or without lime. The pooled means of data showed the same trend. It could be summarised from the study that application of all major nutrients was needed for realizing higher yields from the upland acids soils. The effect due to crop residues and lime was only marginal. Integrated nutrient management Experiments were conducted to find out the best proportion of the three sources of N, namely green leaf 4000 lb/acre, ground nut cake 400 lb/acre and ammonium sulphate 150 lb/acre. A combined analysis of the data generated over seasons showed that a combination of 1/3 ground nut cake and 2/3 ammonium sulphate gave the highest yield of 24.6% over the no manure control followed by ammonium sulphate at 150 lb/ac. giving an increase of 22.1% over the control. Studies on the integrated organic and inorganic fertilizer use in wet land irrigated rice were carried out during 1986-1991. The results indicated the importance of sources on increasing the NUE and thereby grain yield of rice. Urea SG performed better than urea. The importance of integrated application of organic and inorganic nutrients on sustaining the productivity of rice soils was another finding from the study. Reducing the fertilizer dosage by 50% and supplementing it was 10t/ha of FYM or green leaf produced grain yield by equal to that realised with the 100% dose of N. To find out the possibility of growing cowpea and sunhemp as inter crops in dry sown rice so as to meet the green manure requirement, an experiment was laid out during 1989-„93. A statistical analysis of the data indicated significant improvement in grain yield due to the intercropping and subsequent incorporation of cowpea,
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whereas sunnhemp did not show promising results. An yield increase of 600 kg/na was obtained due to the intercropping of rice with cowpea at a seed rate of 12.5 kg/ha. The system was also found effective in suppressing weed growth to a considerable extent. During virippu 2000, out of the different green manure crops tested, cowpea (Kanakamony) was rated as the best. Experiments were carried out during 1988-‟93 to study the effective of agronomic practices for realising potential yield under irrigated conditions. The study indicated the possibility of further increasing the yield of rice by utilizing extra plant stand and mineral fertilizers and providing sufficient quantity of organic manure and micronutrients. A matching addition of FYM and micronutrients as well as effective splitting of mineral nutrient application, particularly phosphorus, was found to push up grain yield, over the yield presently realised with the recommended package of practices of 5t organic manure and NPK @ 70:35:35kgha -1. Iron toxicity management In order to study the growth and yield process in different varieties and to identify the yield limiting components during the mundakan season, trials were taken up during 1990-„93. An analysis for plant content of iron and its distribution in various parts of the plant body showed that the plant absorbed large quantities of iron several fold more than the critical levels. It is informed that the excess of iron in the soil is the single biggest factor that limits rice productivity in laterite soils which account for more then 60% of the rice soils of the state. The results show that iron interference in productivity need not be associated with expression of toxicity symptoms. High susceptibility of HYVs to Fe toxicity suggests that yield improvement in rice is possible only if ameliorative measures are perfected and adopted. A study on management of iron toxicity for increased rice productivity was taken up during 1994-‟97 to formulate measures for improving rice yields through judicious combination of chemical amendments, nutrient application and varietal choice. A statistical analysis of the data on grain yield indicated significant variation among the genotypes, lime application and nutrient levels during both the years of the study. The maximum yield was recorded by the variety Prakash followed by Red Mahsuri and Phalguna which indicated the need for proper varietal choice in iron toxic situations. Application of 150% more of P & K than the presently recommended dose resulted in significant yield increase in soils with high iron content. VARIETAL RESPONSE TO FERTILISERS/SEASONS The nutrient requirement of crops varies with the genotype, stages of growth and growing situations. To exploit the maximum potential of a particular variety, the quantity as well as time of application of nutrients should synchronise with critical stages of growth. This will ensure maximum yield and better nutrient use efficiency. Works undertaken towards this line during the last seven and a half decades at Pattambi are detailed here. Nutrient requirement of rice varieties 1. Ptb. 2 - A fertilizer dose of 30:15:30 kg N:P 2O5:K2O ha-1 was found to be the optimum for maximum yield 2. Annapoorna (Cul. 28) and Tainan - 3 These varieties responded very well to fertilizer N upto 80 kg/ha. Phosphorus and K had no significant influence on grain yield. 3. Ptb. 20 Ptb. 20 recorded the maximum yield with 40:35:45 Kg. N:P 2O5:K2O ha-1. 4. IR 8 Response to fertilizer N was significant up to 120 kg/ha during the virippu and mundakan seasons. Phosphorus and K did not exert any influence on yield. 5. Mashoori (1982-83 to 1987-88)
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A fertilizer dose of 50:25:25 kg N:P 2O5:K2O /ha was sufficient for first crop during both the seasons. The best time of application of fertilizer N is 33.3 (1/3)% N each as basal, 45 and 85 days after sowing. For the transplanted crop, application of 50 per cent N as basal, 25 per cent each at 40 and 60 days after transplanting could be recommended, while for the second crop (mundakan) application of 25 per cent N as basal, 25% at 20 days after transplanting and 50 per cent at 40 days after transplanting was the best. 6. Triveni (1983-85) An NPK dose of 50:25:25/ha was sufficient 7. TN-1 (1970-71) The variety responded up to 50 k N/ha 8. IR-42, Culture 15-4 and Cul. 1065 All these varieties performed well at a fertilizer schedule of 40:20:20 Kg. N:P 2O5:K2O ha-1 both in virippu and mundakan seasons. 9. Nutrient requirement of medium duration rice (1983-87) In a soil with medium fertility status N:P2O5:K2O @ 50:25:25 Kg. ha-1 respectively was sufficient. 10. Short duration rice for summer season (1984-86) Neither grain yield nor straw yield varied markedly as a function of the different levels of NPK and therefore, a fertilizer dose of 50:25:25 Kg. N:P 2O5:K2O ha-1 was sufficient for maximum yield in summer season. 11. Early duration varieties (Rohini, Annapoorna, C-47-41, C-28-26, C 24-20.) To compare the performance of early duration pre pre-release cultures, experiments were conducted during 1976-78 with Rohini and Annapoorna as check. The flowering duration of pre-release cultures ranged from 59 days to 74 days in first crop and from 69 and 72 days for Annapoorna and Rohini, respectively. During the second crop season also, the test varieties recorded lesser crop duration. Annapoorna recorded the maximum production potential in both the seasons. It was however statistically on par with Rohini and Cul. 47-41 in the first crop season. Annapoorna significantly out yielded all the varieties during second crop season(Table 1). The influence of levels of N was not significant indicating that the lower dose of 70 kg N/ha was ample to meet the nutrient requirement. Table 1. Flowering duration and yield potential of early duration varieties (1976-78) Variety Flowering duration Grain yield Productivity/day I crop II crop I crop II crop I crop II crop Annapoorna 69 64 2726 2719 26.2 28.9 Rohini 72 56 2667 2163 25.6 25.1 Cul. 47-41 74 55 2459 1889 23.6 22.2 Cul. 28-26 59 54 2329 1630 23.8 19.4 Cul. 24-20 59 56 1963 1504 20.3 17.5 12. Cul. 1727 (Jayathi) (1987-90) The study revealed that in low land sandy loam laterite soils with low available N and medium P & K status, a fertiliser schedule of 50:25:25 Kg. N:P2O5:K2O was sufficient for realising higher yields from variety Jyothi during both virippu and mundakan seasons. This fertiliser dose is in addition to 5t ha -1 of FYM. Variety fertilizer interaction trial With the objective to identify varieties with high response to fertiliser and to correlate the fertiliser response with morphological characters, experiments were conducted during 1958-68 with 5 Pattambi strains and three levels of fertilizer (40:20:20, 80:40:40, 120:60:60 Kg. N:P 2O5:K2O ha-1). Varietal response to fertilizer level was highly significant, but different levels of fertilizer and variety X fertilizer interactions were also not significant. The cultivar Ptb. 9 recorded the maximum yield followed by Ptb. 2.
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Season and nutrients Investigations were conducted to study the reaction of popular dwarf indica rice varieties to seasonal changes and their response to applied N. Wide variations were shown in grain yield in all the seasons. Planting was done from first June to 3rd December at monthly intervals. Variety Jaya out yielded other varieties. Among the short duration varieties, Triveni recorded highest mean yield in June, August, October and November. TN (1) and Annapoorna were the lowest yielders. The highest yield was always recorded from June or July planting and it declined in subsequent months. Influence of N was noted only up to 50 kg N and the magnitude of response was high in crops planted in September, October and November. Another study conducted with 8 promising short duration rice varieties (IET-1444, IET 2233, IET 2508, IET 3262, IET 2881, Ratna, Jyothi and Triveni) and four levels of N (0, 40, 80 and 120 Kg. ha -1) showed that varieties exhibited marked variation in flowering duration due to difference in day length both in the virippu and mundakan seasons. All the varieties came to flower earlier in mundakan season. Influence of N on the duration of flowering was not conspicuous during virippu season. But during mundakan season, N prolonged the flowering duration in Jyothi, IET 3262, IET 2233 and IET 2881. Triveni was the highest yielder during virippu and was on par with IET 1444 and was identified as a stable yielder. Response to applied N was linear in virippu but during mundakan no marked response was observed beyond 40 kg N ha-1. In another trial with eight medium duration rice varieties (Jaya, Aswathi, IET 2815, 2254, 2295 and 2937, IR-36) and five levels of N (0, 40, 80, 120 and 180 Kg.ha -1), there was no yield response to varying levels on N. None of the cultures were superior to the popular varieties. Maximum response to applied N was obtained at 40kg N ha-1, and beyond this level, the yield tended to decline. Fertilizer requirement of rice based cropping system Nutrient requirement of crops may vary with the system of cultivation, cropping pattern etc. and the input requirement of crops in a system is to be worked out considering the crops in the system as a whole and not individually. Lots of experiments were conducted to find out the nutrient requirements of rice based cropping system at Pattambi and they are discussed. (i). Rice-Rice-Kolinji cropping system In the Rice-Rice-green manure cropping system, the kharif and rabi rice need be given only 75% of the fertilizer dose for each season instead of the 100% dose for both the season. (ii). Rice-Rice-fallow cropping system In places where rice-rice-fallow system is followed, application of 50 per cent of the fertilizer dose for virippu and 100% of the dose for mundakan or 75 per cent for both the seasons is sufficient instead of giving 100 per cent of the dose for both the seasons. In places where application of fertilizer is found to be difficult due to local field conditions, the former was perferred. (iii). Koottumundakan system of rice cultivation. A system of sowing/planting a mixture of photo-sensitive and photo insensitive rice varieties during the first crop season is in vogue in certain parts of Kerala. This system is advantageous in areas where difficulty is experienced to prepare the field for the second crop (mundakan) due to stagnant water. The productivity of the system, however, is low and need substantial improvement. With the objective of increasing the productivity of koottumundakan system with judicious nutrient supply, experiments were conducted for three years during 19871990. The results revealed that a fertilizer dose of 20:10:10 Kg. N:P 2O5:K2O ha-1 for first (virippu) and 30:15:15 Kg. N:P2O5:K2O ha-1 for second crop (mundakan) was the best schedule for optimum grain and straw yield (table 1).
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Table 1: Grain yield of rice and economics of production under Koottumundakan system Fertilizer schedule (% if Grain yield (t/ha) recommended dose) I crop II crop I crop II crop Total 100 100 2.4 2.5 4.9 100 75 2.2 2.5 4.7 100 50 2.3 2.5 4.8 100 25 2.4 2.3 4.7 75 100 2.4 2.5 4.9 75 75 2.3 2.6 4.9 75 50 2.1 2.2 4.3 75 25 2.3 2.1 4.4 50 100 2.3 2.5 4.8 50 75 2.3 2.6 4.9 50 50 2.3 2.2 4.5 50 25 2.2 2.2 4.4 100* 100* 2.9 2.7 5.6 LSD (0.05) NS 0.3 0.4 *for single variety Recommended fertilizer schedule was 40:20:20 kg NPK/ha) (iv). Crop Rotation To explore the feasibility of raising more than one crop in the terraced uplands, Palliyals (single cropped paddy lands), experiments were conducted with 8 combinations comprising short duration rice in the first crop season followed by rice (short duration), groundnut, cowpea, tapioca (cassava), sesamum, maize, ragi or sunflower in the second crop season. It was concluded that rice followed by rice (both short duration) is the best crop rotation for Palliyals. (v). Summer fallow To formulate the ideal cultural practices for summer rice fallows and to assess its influence on succeeding rice, an experiment was taken up during 1986-88. The grain and straw yield data showed that ploughing the field after the harvest of the second crop with or without incorporation of cattle manure plus two additional ploughings during March are superior to the other treatments. The lowest yields were obtained in no tillage plots. This brings out the importance of summer ploughing in rice fields. In another experiment conservation tillage was compared with conventional tillage system for growing rice and the result indicated that conventional tillage system was significantly superior to conservation tillage. (vi). In situ green manuring in dry sown crop To find out the possibility of growing cowpea and sun hemp as inter crops in dry sown rice and to meet the green manure requirement, an experiment was conducted. The results indicated significant improvement in grain yield due to intercropping and subsequent incorporation of cowpea, whereas sun hemp did not show promising results. Concurrent growing of cowpea for green manure purpose has yielded 11.6 tonnes of green manure (Table 2) in a period of 35 days. This is almost double the quantity of green manure. This system has significantly reduced the weed growth in dry sown rice and it appears to be the result of smothering effect of the green manure crop. Table 2: Effect of concurrent cropping of rice and green manure on growth and yield of rice, green matter yield and seed dry weight. Treatment Pl. ht. Panicle Filled 1000 grain Grain Straw Green Weed (cm) /hill grain wgt. yield (kg/ yield matter dry weight
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1. Rice + Cowpea (Self decomposition) 2. Rice+Sun-hemp (Self decomposition) 3. Rice + Cowpea (Manual incorporation) 4. Rice + Sun-hemp (Manual) 5. Rice sole crop CD (0.05)



/p



(g)



ha)



(Kg/ha)



(g/M2)



82.9



8.1



79



32.5



3774



3314



yield (kg/ha) 11.5



85.8



8.2



75



32.4



3411



3516



6.3



25.2



81.9



9.3



79



33.4



3836



3341



10.7



22.1



82.7



8.3



75



32.0



3387



3368



6.9



26.2



88.5 NS



9.4 NS



78 NS



31.5 NS



3237 315.0



3507 NS



--



68.8 9.87



20.4



The data on the organic carbon, available status of soil N, P and K (Table 3) showed that the available status of nitrogen and potash in the soil tended to be more when rice was intercropped with green manure.Unlike N and K content, available P has been lower which may be due to the higher requirement and absorption by the green manure crop. Table 3: Effect concurrent growing of rice and green manure on soil fertility TreatAvailable N (Kg/ha) Available P (Kg/ha) Available K (kg/ha) ment Initial 50 DAT Harves Initial 50 DAT Harves Initial 50 DAT Harvest t t Rice + -395.1 511.6 -9.3 8.2 -97.1 135.1 cowpea Rice + -397.2 502.6 -9.5 7.3 -95.2 126.6 sunhem p Rice 307.3 389.8 488.2 10.1 10.0 7.7 165.8 90.5 118.5 sole crop DAT - Days after transplanting Grain yield has been found to increase significantly when concurrent cropping was adopted. The yield improvement due to cowpea was worked out to 18.5 per cent over control (600 kg/ha) The result of the investigation showed that concurrent inter cropping in semi dry rice with green manure does not only affect the early growth of the plant but helps in effective weed control, better translocation to grain and an improvement in soil fertility. In another study on insitu growing of green manure in dry sown rice, the highest yield was recorded by rice+cowpea (Kanakamany) combination. Significantly lower yield was recorded by paddy + blackgram combination.
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