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1. INTRODUCTION 

Rice is the most important staple food crop of India, occupying 23.3 per cent of 

gross cropped area and 431per cent of the total food grain production, playing an 

important role in national food supply. India ranks first in area under rice cultivation 

(431.94 lakh hectares) and second in production after china (110.15 MT) with a 

productivity of 2550 kg ha-1 (DoF, 2018).  

The world is experiencing shortage of land and the lowlands are being converted 

to the uplands. Since the population is growing at a rapid rate, the major agricultural 

area is now being depleted for several other means, hence the upland areas which are 

fragile and the forests areas of tropics are used for the sustenance of rural inhabitants. 

About hundred millions of people are currently depending on the upland rice as their 

regular basic food. Uplandarice producers are one among the deprived farmers of the 

world (Arraudeau, 1995).  

A steady decline in rice cultivation was observed in Kerala since 1980s. The 

sharp fall in both the area and production of rice in the state had implications for 

Kerala's social, economic and ecological development. Of the total area under rice 

cultivation in the country, 6.00 M ha is under rainfed upland rice, which accounts for 

13.5 per cent of total area, but the productivity of upland rice is low about 0.9 t ha-1 

(Thomas, 2011). This low productivity is mainly due to various constraints including 

both biotic and abiotic stresses. Among abiotic stresses, moisture stress during critical 

stages lead to severe yield loss owing to its low productivity, and hence proper water 

management practices has gained paramount importance. 

Meeting the irrigation water requirement of the crops is now becoming difficult 

due to the scarcity of water resources and the world is peeking for water saving 

agriculture. Diminishing water resources and increasing food demand are the major 

confronts for the food security in India (Kreye et al. 2009). With the declining water 

availability, paddy production system has to be moved towards water efficient 

production practices, especially upland rice systems.  

With low water availability, suitable modifications in cropping geometry of 

upland rice is of great importance. In the conventional method of planting rice in 20 cm 

x 10 cm spacing, the scope for intercropping is meagre. Consequently, widening inter 



row spacing is one of the pre requisites for growing intercrops. It not only gives paddy 

yield comparable to the conventional planting system in single rows but also facilitates 

inter planting and management of intercrops without damaging baseacrop (Nazir et al., 

1988 and Saeed et al., 1999). Many agronomical practices were developed and 

suggested to increase WUE in crops in which live mulching, use of super absorbent 

polymers like hydrogels and coir pith compost are important in conserving the moisture. 

These practices increase the period of moisture availability by increasing the available 

moisture content in soil.  

Live mulch is a cover crop inter planted or sown with a main crop, meant to 

serve the purpose of a mulch viz., suppression of weeds, regulation of soil temperature 

and conservation of moisture (Power and Koerner, 1994). It also protects the soil from 

wind and water erosion and helps to increase the natural enemies of crop pests.  

Cowpea is tailored to grow in hot and dry climates (Craufurd et al., 1997) and 

has traditionally been used for green manure because of its abundant biomass 

production. In particular, living mulch with cowpea (legumes) will increase the nitrogen 

content of soil by biological nitrogen fixation and thereby reduces the need for chemical 

fertilizer application. Mulching is a potential method for efficient water use in upland 

rice cultivation. Live mulching with legumes is a beneficial practice for enhanced 

moisture conservation and is found to benefit both short and long term productivity of 

crops by improving soil physical properties, reducing runoff and erosion and 

suppressing weeds (Aparna, 2018). 

Hydrogel is a super absorbent polymer, cross linked poly acrylamide, 

hydrophilic and decomposable amorphous polymer which can absorbaand retain water 

about 4001times of its actual mass and 95 % of absorbed water was made available for 

crop (Johnson and Veltkamp, 1985). Hydrogels not only increase moisture availability 

in root zone of crop, but also improves the fertilizer use efficiency and also physical 

properties of soil. Hydrogels are registered to be a new technology to improve the WUE 

and thereby reduce the irrigation frequency. Hydrogels are ecofriendly and can be 

degraded by both living and non-living factors of environment to moderate extent after 

certain period of time (Narjary et al., 2015). Moisture availability is an important factor 

limiting the growth of plants, employment of agricultural hydrogels has immense 



potential to improve all the properties of soil apart from water storage which leads to 

better growth and yield of plants. 

Coir pith is a waste from coiraindustry, utilization of coir pith forms a kind of 

recyclingato achieve better resource use and environmentaprotection. The composteda 

coir pith is effectiveaand it improves theayield and also maintains the soil fertility 

(Solaimalai et al., 2001). The specific structureaof the coirapith compost helps toaretain 

wateraand oxygen andaprevents loss ofavital nutrients fromathe farm. Coir pith 

compost improves the soil texture, structure, soil aggregation, water holdingacapacity 

(higher than 5 times of original weight) contributingatowardsaincreased soilamoisture. 

The bulk density is reduced to considerable extent, increases soil native micro flora 

(Joshua et al., 2012). 

The studies on integration of cropping geometry, in situ soil moisture 

conservation practices for optimization of productivity of rice under upland conditions 

are lacking. There is a prospect for increasing productivity of upland rice by adopting 

proper geometry along with moisture conservation practices. Therefore, the present 

study entitled “Cropping geometry and in situ soil moisture conservation practices in 

uplandarice (Oryzaasativa L.) was carried out with the followingaobjectives 

 Toastudy theainfluence ofacropping geometryaand in situ soil moisture 

conservation practices on growthaand yieldbof upland rice.  

 Toaworkout theaeconomics of cultivation. 
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2. REVIEW OF LITERATURE 

Abouta40 percent ofarice areaain India is grown underarainfed conditions. Of 

these totalarainfed area, 23 percent arearainfed uplands, which are drought prone. The 

uplandaecosystem occupiesaan areaaof 8am ha, ofawhich 6.21m ha areain eastern 

regionaof theacountry. Althoughathe potentialayield ofaupland riceavarieties can be 

upato 4.5 toa6.0 t ha-1, theaaverage yieldaof uplandarice isausually lessathan 2.0 t ha-1 

in farmers field and this isadue toaseveral environmentalaand socioaeconomic 

constraints in whichamoisture stressaat theatime ofaanthesis and grainafilling 

reducesahead ricearecovery andaincreases grainachalkiness, which is anaimportant 

limitationafor achievingahigher yield fromathis ecology. 

In thisachapter, effortsahave beenamade toabriefly review theaoutline of 

importantaresearch worksacarried outaby earlieraworkers onathe cropping geometry 

and in situ soil moisture conservation practices like use of super absorbent polymer 

hydrogel, live mulching with cowpea, coir pith compost onagrowth andayield of 

uplandarice are presented. 

 

2.1 INFLUENCE OFaCROPPING GEOMETRY AND IN SITU MOISTURE 

CONSERVATION PRACTICES ON GROWTH CHARACTERS 

2. 1. 1 Effect of cropping geometry 

Narrow spacing of 10 cmx 10 cm resultedain significantlyahigher values of both 

Leaf AreaaIndex and dryamatter productionaand gradually decreased with enlarged 

spacing (Murty and Murty, 1980). Wider spacing ensured in maximum number 

ofafunctional leaves, leafaarea andathe numberaof tillersa(Shrirame et al. 2000). Dry 

matter production plant -1 was improved under paired row bed furrow method (15.05 g 

plant-1) compared to normal flat bed method of planting (12.97 g plant-1) as reported by 

Dutta (2006) in groundnut. 

A study conducted by Sivagamy and Rammohan (2013) onathe effectaof 

differentacropping geometries on yieldaand qualityaof sesame reported that sesame 

sown at wider spacing of 45 cm x 15 cm showed significantly taller plants during allathe 

stages ofaobservation and the shortest height plants wereaobserved under closer 

spacing of 15 cm x 10 cm. The reason behind this might be the wider geometry provided 



sufficient space for rooting and extraction of moisture to the plants which consecutively 

helped in better water and nutrient absorption resulting in the production of taller plants. 

High LAI (leaf area index) of 2.21 at 60 DAS was noticed under closer planting 

geometry at a spacing of 15 cm x 10 cm compared to wider spacing, which is due to 

added number of plants per unit area, which indicates increased number of leaves 

throughout the plant growth period. Significant increment in plant height, number of 

branches plant-1 and dry matter plant-1 was observed at all growth stages under cropping 

geometry with spacing of 50 cm × 25 cm over 60 cm x125 cm in dill (Mehta et 

al.,12012). 

Under wider row crop geometry of 60 cm x 19 cm, growth attributes viz.,aplant 

heighta(182.90cm), leafaarea index1(3.41) and dryamatter productiona(7435 kg ha-1) 

were higher compared to narrow row cropping geometry of 45 cm x 25 cm. Taller plants 

produced under 60 cm x19 cm mightabe dueato competition ofaplants foralight under 

narrow plant to plant space and better availability of resources between wider row 

spacing (Thavaprakash et al., 2005). Crop geometry and nutrient management practices 

considerably affected the plant height of rice cultivars. Plant height of CNRH-3 rice 

cultivar showed greater plant height (88.66 cm) over Pro Agro 6201 variety (88.42 cm), 

crop geometry of 15cm x 15cm showed greateraplant height a(88.42 cm) than 25acm x 

25cm (86.16 cm) (Bezbaruha et al., 2011). 

 

2. 1. 2 Effect of live mulching of cowpea 

 Live mulching is identified as a potential method for conserving the soil 

moisture in parts of upland rice (Totin et al., 2013). 

Taller plants with high LAI, increased numberaof tillersahill-1 and DMP in rice 

was observed in plots with green manuring over control (Hemalatha et al., 2000). 

Cowpea intercropped with upland rice in the ratio of 3:1 was found to produce taller 

plants compared to mono cropping and LAI was higher in rice crop intercropped with 

cowpea, along with N and P fertilizer application (Srinivasan, 2002). 

Singh (2005) reported significantly taller plants in upland rice intercropped with 

cowpea + 50% N, P. Cowpea was the best suitable crop for the purpose of green manure 

under upland rice conditions (Ratilla and Escalada, 2006). Kayeke et al. (2007) reported 

significant increase in plant height and number of tillers by green manuring in upland 



rice. Significant difference in plant height was observed both at vegetative stage and 

maturity stage by incorporation of green manure cowpea in comparision to the plots 

without cowpea (Okonji et al., 2011). 

Incorporation of cowpea residue was found to increase the height of plant, tiller 

number m-2 and dry matteraaccumulation in aromatic variety of rice (Jat et al., 2011). 

Cowpea is used as green manure crop even in maize, Fabunmi and Balogun (2015) 

reported significantly taller plants of maize with cowpea as a green manure over control 

plots. Live mulching of upland rice with cowpea and its subsequent incorporation 

before flowering stage improved the height of plant and total dry matter production 

(Aparna, 2018). Langangmeilu (2019) reported that in situ green manuring of cowpea 

and subsequent incorporation in upland rice along with application of 45 kg P2O5 ha-1, 

120 kg N ha-1 with 50% N as chemical fertiliser and 25% N as FYM and in situ green 

manure cowpea produced taller plants and increased dry matter accumulation. 

 

2. 1. 3 Effect of hydrogel  

The artificially prepared / designed polymers are generally present in crystal, 

granule or in powder form which are obtainable in many tradeanames like super 

absorbentapolymers, jalasakthi granules, rootawatering, droughtacrystals, which are 

collectivelyatermed as hydrogels. Hydrogels aid in supplying the moisture according to 

the crop needs in order to protect them from moisture stress conditions over period of 

time (Akhter et al., 2004).  

The ability of hydrogel in water absorption increased the dry matter production 

(DMP), which resulted in improved plant growth (Johnson and Veltkamp, 1985). Under 

water limited conditions, the existence rate of plant was increased about 1.5 to 1.6 

timesawith the addition ofahydrogel (Callaghan etaal., 1988).  

The plantaheight (79 cm), numberaof effective tillersa(264 m-2) were improved 

profoundly byaaddition ofahydrogel in aerobic rice compared to that of control plots 

(Rehman et al., 2011).  

Photosynthetic ability of a plant is decided by its leaf area. Addition of hydrogel 

not only increased the leaf area but also improved growth parameters like CGR (crop 

growth rate), total dry matter production and yield of soyabean (Yazdani et al., 2007). 

 



2. 1. 4 Effect of coir pith 

Application of composted coir pith along with ZnSO4 and inorganic nitrogen 

improved the number of tillers and dry matter accumulation by increased availability 

of N and P, which induced better plant growth and improved physiological conditions 

as reported by Ramesh et al. (2006) in pearl millet. Munda et al. (1983) reported, 

application of coir pith compost along with the inorganic N and zinc sulphate enhanced 

the number of tillers. Growth of plant and the physiological activities were improved 

by the better N availability. Increased P availability induced positive effect on 

celladivision, formation of albumin and root development, which collectively 

contributed to the enhanced production of tillers. Influence of coir pith compost on the 

growth attributes like leaf area index (LAI) and dry matter production (DMP) was 

observed during the booting stage of the crop. This is because of highaC:N ratio which 

leads to temporaryaimmobilization of N in the earlyastages of theacrop as reported 

byaKrishnan2(1986). Dry matter production (DMP) of sorghum under rainfed 

conditions was significantly increased by the addition of coir pith to the soil 

(Kandiannan, 1988). In reference to the combined effects of organic ammendments and 

inorganic fertilizers, it is found that organic ammendments addition resulted in more 

dry matter production at different levels of IW/CPE ratio as reported by Lourduraj 

(2000) in groundnut. 

 

2. 1. 5 Combination effects 

Combined effects of hydrogel with mulch showed significant difference in plant 

height only at 30 DAS. During 60 and 90 DAS, the plant height was not influenced 

among different levels of hydrogel and mulch, but in comparison with the control, there 

was a significant difference in plant height at 30 and 60 DAS. Effect of hydrogelaat 

different levels in combination with different types of mulch showed no positive 

relation with the number of leavesaplant-1 but showed major difference with absolute 

control at 30 and 90 DAS (Kumar et al., 2018). A considerable difference was observed 

in leaf area plant-1, LAI and dry matter production in hydrogel and mulch interactions 

in addition to control. 

 

 



2.2 INFLUENCE OF CROPPING GEOMETRY AND IN SITU SOIL 

MOISTURE CONSERVATION PRACTICES ON YIELD ATTRIBUTES 

2. 2. 1 Effect of cropping geometry  

 Cropping geometry is an important factor that limits the yield of upland rice 

(Sakariyawo et al., 2014).  

Narrow spacing showed a positive effect on productiveatillers m-2 and the 

remaining yield characters were enhanced with the wider spacinga(Venkateswarlu and 

Mahatim, 1980). Significantaincrease in numberaof filledagrains panicle-1awas 

recorded under spacing of 20 cm x 20 cm and prominent decrease in filled grains was 

noticed with every consecutive reduction of 5 cm space within a row (Varma et al., 

1991). 

According to Kewat et al. (2002), 20 cm x 10 cm spacing resulted inahigher 

grainaand strawayield (6.3 t ha-1 and 16.2at ha-1) respectively, with a B:C ratio of 2.8 

and wasasignificantly superiorato wideraspacing of 20 cm x 15 cm and 20 cm x 20 cm. 

Rajesh and Thanunathan (2003) reportedathat significantlyahigher yieldawas 

obtainedaunder wider spacing of 20 cm x 15 cm compared to 20 cm x 10 cm.   

According to Thavaprakash et al. (2005), the yieldacharacters like thealength, 

diameter and weightaof the cob, green yield ofacob and fodder yield were highest under 

wider cropping geometry (60 cm) compared to croppingageometry with row spacing of 

45 cm, however the intercrop yield was higher under closer row geometry of 45cm 

compared to 60 cm. Highest seed cotton yield (3230 kg ha-1) was obtained for Bt cotton 

RCH134 variety under crop geometry of 67.5 cmax 60 cmawith fertilizer doseaof 187.5 

kg ha-1N, 75 kgaha-1 P2O5 and 75 kgaha-1 K2O compared toathe other two spacing of 

100 cm x 45 cm and 100 cm x 60 cm (Bhattoo et al., 2011). The yield ofarice was found 

to be increased by adopting narrow row spacing compared to normal spacing (Dass et 

al., 2017). 

A study conducted by Mehta et al. (2012) on effect of irrigation, nutrient levels 

and cropping geometry on growth and yield of dill showed higher biologicalayield (3.3 

t ha-1) with seedayield ofa1.2 t ha-1aand straw yieldaof 2.1 taha-1 at crop geometry of 

50 cm × 25cm over 60 × 25 cm. An experiment including combinations of cropping 

geometry inamain plotsaand nutrientamanagement practices in subaplots of CNRHa-3 

rice variety showed the highest grain yield in the cultivars grown at 20 cm x 20 cm 



spacing compared to 15 cm x 15 cm. It is also reported that theayield 

attributingacharacters likeanumber of productiveatillers, panicle length and weight, 

number of grains panicle-1, test weight and harvest index were also improved 

(Bezbaruha et al., 2011). Transplanted pigeonpea as a sole crop under cropping 

geometry of 120 cm x 60 cm produced higher yield than intercropped transplanted 

pigeonpea (120 cm x 60cm), direct sown sole pigeonpea (90 cm x 30 cm) and direct 

sown intercropped pigeonpea (90 cm x 30 cm) (Sujatha and Babalad, 2019). 

2. 2. 2 Effect of live mulching of cowpea 

The grain yield and other yield attributes like total number of grains, number of 

filled grains and its test weight were improved significantly for rice crop, which is 

intercropped with cowpea, in 2:1 ratio (Singh, 2005). High yield was reported by Oroka 

and Omoregie (2007) in the rice crop intercropped with cowpea. Raising cowpea as an 

intercrop with rice under semi dry conditions and its incorporation enhanced the overall 

productivity of rice crop (KAU, 2016). 

The length of panicle (26.4 cm), number of grains panicle-1(126), thousand grain 

weight (42.9 g) and yield (2.6 t ha-1) were significantly enhanced by application of 

cowpea residue in rice (Okonji et al., 2011). The highest grain yield, 1000 grain weight, 

number of grains row-1, and number of rows cob-1 was observed in maize by the 

application of cowpea live mulch @ 22 plants m-2 compared to 7 plants m-2. Weeds are 

not completely controlled by cowpea live mulch applied @ 7 plants m-2 which lead to 

decreased yield components particularly the number of grains cob-1 (Talebbeigi and 

Ghadiri, 2012). 

2. 2. 3 Effect of hydrogel 

 The number of grains panicle-1 and grain yield was significantly improved by 

the application of hydrogel in aerobic rice (Rehman et al., 2011). Seed treatment of 

bajra with hydrogel @ 10-20 g kg-1 improved the number of effective tillers m-2, length 

of ear, grain and stover yield (Singh, 2012). 

Increase in grain yield and total biomass by 15% and 23% respectively was 

obtained as a result of addition of hydrogel @ 1.87 g kg-1 of soil as reported by 

Volkamar and Chang (1995) in barley crop. In groundnut, significant increase in 

growth, number of branches, total biomass, pod yield, seed yield and 100 seed weight 

was observed by the application of hydrogel @ 200 kg ha-1 (Langaroodi et al., 2013). 



Hydrogel application @ 20 kg ha-1significantly improved the number of cobs plant-1, 

shelling percentage and test weight in maize compared to hydrogel application @ 15 

kg ha-1 and control (Kumari et al., 2017). 

 

2. 2. 4 Effect of coir pith 

 Higher yield of groundnut was recorded by the application of coir waste 

compared to pressmud, FYM (Mayalagu et al., 1983) and significantly higher growth, 

yield attributes and pod yield of ground nut was also observed by the addition of coir 

waste along with recommended N, P, K fertilizer dose (Nagarajan et al., 1985). By the 

addition of coir waste @ 20 t ha-1 enhanced the groundnut pod yield (Durai and 

Rajagopal, 1983) and application @ 10 t ha-1 improved the grain yield of maize 

significantly over the control (Krishnan, 1986) and also reported in finger millet 

(Lavanya, 1994). 

The yield of crops such as sorghum, pearl millet, finger millet, maize and cotton 

under rainfed condition was increased to the tune of 10-30% compared over control by 

the application of coir pith as reported by many workers (Anabayan, 1988; 

Athamanathan, 1996; Veerabadran, 1991). In sugarcane crop, application of coir pith@ 

30 t ha-1 along with nitrogen fertilizer increased the growth and yield (Singh et al., 

1989) and addition of coir pith as a mulch @ 25 t ha-1 at 2 DAP along the ridges and 

furrows improved the sugar and cane yields (Saminathan, 1990).  

Application of coir pith compost @ 12.5 t ha-1 along with the chemical fertilizers 

was found to enhance the number of productive tillers, grains panicle-1 and test weight 

in rice (Parasuraman et al., 2003). In a study conducted by Sushma et al. (2007), 

application of coir pith based compost with press mud and 100% fertilizer 

recommended dose resulted in higher grain and straw yield of 3.75 t ha-1 and 7.60 t ha-

1 respectively in ragi.  

 

2. 2. 5 Combination effects 

Kumar (2018) reported that mulch and hydrogel applied treatments resulted in 

improved yield attributes and yield in maize.  



2.3 INFLUENCE OF CROPPING GEOMETRY AND IN SITU SOIL MOISTURE 

CONSERVATION PRACTICES ON PHYSIOLOGICAL AND CHEMICAL 

ESTIMATIONS 

2. 3. 1 Effect of cropping geometry 

Thavaprakash and Velayudhan (2007) conducted a study on the effect of crop 

geometry, intercropping systems and INM practices on cob yield and nutrient uptake. 

They reported that higher uptake of N, P, K was observed in baby corn spaced at 60 cm 

x 19 cm compared to the one spaced at 45 cm x 25 cm. Maximum uptake of N, P, K 

and was observed in cropping geometry of 20 cm x 20 cm along with inorganic 

fertilizers compared to 25 cm x 25 cm, whereas soil residual fertility was highest at 

spacing of 15 cm x 15 cm over other spacing (Bezbaruha et al., 2011). 

Cropping geometry did not have influence on the available P and K status. A 

rising trend in uptake of nutrients was recorded under paired row method of planting 

than flatbed method in groundnut (Dutta, 2006). Under wider row spacing (75 cm) the 

nutrient uptake was significantly improved compared to narrow row spacing (60 cm) 

and this might be due to improved dry matter accumulation that in turn improved the 

nutrient uptake. Soil sample analysis after harvest showed that available N was more 

under wider spacing (75 cm x 16 cm) than narrow spacing (60 cm x 20 cm). This was 

due to dynamic growth of plant under wide row spacing, which used large amounts of 

N and hence left lesser in soil (Rathika, 2013).  

2. 3. 2 Effect of live mulching of cowpea 

Sharma et al. (2010) quantified the organic carbon and total nitrogen in live 

mulching with legumes and weeds in maize. Results indicated that contents of organic 

carbon and total nitrogen in soil were more in live mulching with legumes than 

weeds and also improved the soil health in rainfed cropping system of maize-wheat 

under Doon valley conditions. 

Crop live mulch self-possessed of crop residues significantly upgraded the soil 

fertility when using  Viciada sycarpa (grazing vetch) and Pisum sativum (forage pea) 

for mulch by improving soil N up to 5 cm soil depth, with values of 84 mg N kg -1 and 

64 mg N kg -1 than other treatments (Murungu et al., 2011). Warren et al. (2015) 

observed that live mulch in broccoli with mixture of Italian ryegrass and white clover 

in 1:1 ratio (by seed weight) resulted in the low nitrogen uptake by the crop as compared 



to crop without live mulch and concluded that it was due to competition for nitrogen 

between crop and crops used for live mulch. 

Ram et al. (2017) reported that highest nutrient removal of N, P and K by grains 

and stover in rabi maize was found higher in live mulch with vegetable cowpea than 

that of control. Green manuring with cowpea along with the application of N and P 

improved RLWC of upland rice (Aparna, 2018 and Langangmeilu, 2019).  

2. 3. 3 Effect of hydrogel 

A study conducted by Orzolek (1993), indicated that application of hydrogel to 

the soil showed an increase in the water holding capacity and nutrient reserves of soil. 

Bredenkamp (2000) reported that hydrogel application improved uptake of nutrients 

especially N, P and K. Aqua-Soil TM (hydrogel) along with the slow release and 

standard fertilizers retained up to 400% N and 300% K more than control. 

Borivoj et al. (2006) reported that addition of hydrogel to the sandy soils 

enhanced enzymatic activities like dehydrogenase, protease, urease, acid phosphatase 

and alkaline phosphatase, which indicates microbial population of soil. Wu et al. (2008) 

observed that application of 28 kg ha-1 of hydrogel (Bhagiratha) with fertilizers at 

recommended rates in pigeon pea resulted in the high soil moisture content level in 

sandy and also improved uptake of nutrients by the effective utilization of applied 

fertilizers and water resources. 

Application of medium, high and very high doses of hydrogel remarkably 

increased the total N content in the surface soil (0-15 cm) by 19.3%, 36.6 % and 35.8% 

respectively, enhanced the available P content by 20.5%, 44.3% and 55.6% 

correspondingly and exchangeable K content also increased incredibly (Islam et al., 

2011). Mondal (2011) reported that use of hydrogel in loam soil at different growth 

stages of crop and produced higher seed yield and nitrogen uptake by 12 and 10%, 

respectively as compared to control (only fertilizers). 

Barihi et al. (2013) stated that the use of super absorbent polymer of ABA 200 

resulted in increased storage of nitrogen in cucumber. It influences the optimal use of 

fertilizers in crops in regions of arid and semi-arid areas (Dabhi et al., 2013) and thereby 

increased the values of crude protein percentage in wheat crop (Ashkiani et al., 2013). 



De Mamann et al. (2017), reported that there was increase in fertilizer use 

efficiency, in particular N use efficiency by the application of hydrogel at the rate of 30 

and 60 kg ha-1 in wheat crop under sequential cropping system.  

Ashraf et al. (2018) reported an increase in the RLWC by the application of 

hydrogel @ 5 kg ha-1 along with the foliar spray of PPFM @ 500 ml ha-1 under broad 

bed and furrow system in cotton.  

2. 3. 4 Effect of coir pith 

An increase in the P2O5 content in significant amount by the addition of coir 

waste @ 5 t ha-1 to the soil has been reported (Loganathan and Lakshminarasimhan, 

1999). Increased availability of N, P, K to the crop was observed by the application of 

coir pith waste to the saline soils (Clarson et al. 1983).  The nutrient status of soil was 

enhanced as a result of application of coir waste (Lavanya, 1994). Appreciable increase 

in the organic carbon content of the soil cropped with rainfed sorghum was observed 

by Pushpanathan (1987) with the single application of raw coir pith.  

Combined application of coir pith compost and gypsum significantly enhanced 

the available N, P, K content of soil at different crop growth stages of groundnut 

(Muthulakshmi, 1988). Ammal and Muthaiah (1995) reported that addition of coir pith 

compost @ 12.5 tha-1 significantly increased the nutrient uptake (N, P, K) by the rice 

crop.  

Solaimalai et al. (2001) stated that raw coir pith compost application and 

recommended dose of inorganic fertilizers resulted in higher values of soil available 

nutrient status and their uptake by the crop. Higher amounts of potassium availability 

in the soil was observed under coir waste treated plots compared to FYM applied plots  

Application of composted coir pith @ 12.5 t ha-1 resulted in reduction of pH, 

EC and increased the availability of macro and micro nutrients (Rangaraj et al., 2007)  

Addition of coirpith based compost in the soil resulted in the increased 

availability of N, P and S as compared to that of control in ragi (Sushma et al., 2007).  

 

 

 

 

 



2. 3. 5 Combination effects 

Kumar et al. (2018) concluded that the interaction of hydrogel and rice husk 

mulch application @ 1.25 kg ha-1 and 5 t ha-1 respectively resulted in the highest 

availability of soil phosphorous, whereas other nutrients like nitrogen and potassium 

were recorded high with the control. 

 

2.4 INFLUENCE OF CROPPING GEOMETRY AND IN SITU SOIL MOISTURE 

CONSERVATION PRACTICES ON ROOT PARAMETERS 

2. 4. 1 Effect of cropping geometry 

Crop geometry showed considerable difference in biomass partitioning of root, 

leaf and stem in baby corn. Baby corn grown at spacing of 75 cm x 16 cm produced 

more root biomass of 125 kg ha-1than at 60 cm x 20 cm (Rathika, 2008). 

The root length, number of root branches and nodules plant-1 were increased 

under 45 cm x 15 cm spacing with 60 kg of phosphorous ha-1 subsequently under 45 

cm x 15 cm with 50 kg phosphorous ha-1and 30 cm x 15 cm with 60 kg ha-1 of P2O5 

(Shukla et al., 2017). 

2. 4. 2 Effect of live mulching of cowpea 

Ghosh et al. (2006) reported that the crop root growth was improved in 

groundnut by mulching which was found to act as a buffer against temperature 

fluctuations and moisture.  

2. 4. 3 Effect of hydrogel 

Meena et al. (2011) reported that increased concentration of hydrogel resulted 

in improvement of root parameters like increased root length, root volume, root fresh 

weight, dry weight and root shoot ratio in tomato crop. Application of hydrogel @ 1.4 

g pot-1 in root zone of pearl millet improved the dry weight of roots in loamy sand soil 

in comparision to loamy soil (Keshavars et al.,2012). In the sequential cropping 

system (soyabean and wheat), the root growth and water use efficiency of both the 

crops were improved (Narjary and Aggarwal, 2014). 

2. 4. 4 Effect of coir pith 

A study conducted by Dharani and Sarojini (2014) revealed that coir pith 

compost application at different concentrations in sugarcane crop resulted in the 



increased growth of shoot and root length than the sugar cane plant growth without the 

application of coir pith compost.  

2. 4. 5 Combination effects 

Application of hydrogel along with mulch improved the root growth by 

increasing the availability of nutrients and moisture in maize (Kumar, 2018). 

 

2.5 INFLUENCE OF CROPPING GEOMETRY AND IN SITU SOIL MOISTURE 

CONSERVATION PRACTICES ON SOIL PROPERTIES 

2. 5. 1 Effect of cropping geometry 

The treatment combinations involving cropping geometry and phosphorus 

levels showed considerable improvement in soil health by enhancing the soil microbial 

activity. It also improved soil physical properties viz., soil structure, texture, porosity, 

aeration and water holding capacity (Shukla et al., 2017). 

2. 5. 2 Effect of live mulching of cowpea 

Soil physical and chemical properties were improved by growing of green 

manure crops or cover crops (Lal et al., 1978; Buresh and De Datta, 1991). 

The inherent fertility of soil was maintained and the organic matter content was 

enhanced by green manuring (Gauther and Guilbeau, 1979). High soil organic carbon 

content was observed by Prasad and Misra (2001) with incorporation of green manure 

cowpea or Sesbania after the harvest of rice. 

Addition of 50% of N through NPK fertilizers and 50% of N through green 

manure reduced the bulk density of soil (Bajpai et al., 2006). Lower bulk density was 

observed in plots treated with green manures in comparision to plots without green 

manure (Narayan and Lai, 2006). Ratilla and Escalada (2006) reported that upland rice 

intercropped with cowpea reduced bulk density of soil. Organic matter content and the 

physical properties of soil were improved by intercropping cereals with legumes (Alom 

et al., 2010). 

2. 5. 3 Effect of hydrogel 

The water holding capacity (WHC) of sand increased from 171 percent to 402 

percent by the application of hydrogel @ 2g kg-1 and thereby the irrigation requirement 

also significantly reduced (Johnson, 1984). Taylor and Halfacre (1986) investigated and 

reported that addition of hydrogel decreased the irrigation requirement of several crops 



by delaying the onset of permanent wilting point percentages even under high 

evaporation rates. Kaith et al. (2013) conducted a study and reported an increase in soil 

water retention capacity by 52 percent and 72 percent in sandy loam soil and clay soil 

respectively by the application of hydrogel. 

 

2. 5. 4 Effect of coir pith 

Throughout the crop growth period, high soil moisture content was maintained 

in plots treated with coir pith compost and its incorporation in larger quantities reduced 

the bulk density, increased the infiltration rate, hydraulic conductivity of soil, thus 

improving the water holding capacity of the soil (Mayalagu et al. 1983, Ramaswamy 

and Sreeramulu, 1983). Increased soil moisture content was observed by application of 

coir pith compost as reported by (Anabayan and Palaniappan, 1991). 

Rangaraj et al. (2007) reported that pH, EC, soil organic matter content, macro 

nutrients (N, P, K), micro nutrients (Zn, Cu, Mn, Fe) and microbial population were 

significantly improved by the addition of coir pith compost. Bedi et al. (2009) 

conducted a study on the long term effects of organic and inorganic fertilizers on 

nutrient build up in soil and their relationship with microbial properties in rice-wheat 

cropping sequence and reported that with the application of organic sources of nutrients 

all the physical (permanent wilting point, water holding capacity, bulk density), 

chemical (organic C, pH, cation exchange capacity) and biological properties 

(microbial biomass carbon, total microbial count and soil respiration) were improved 

as compared to inorganic sources of nutrients. 

Coirpith compost as a mulch, applied @ 2.5 t ha-1showed maximum porosity 

(43.56%) and was significantly superior to rice husk and straw mulch. This maximum 

porosity of coir pith mulch may be due to its fine texture. The gums released by the 

microbes, which are present in the compost material acted as a binding agent and 

improved the soil physical properties (Bhatia and Shukla, 1982). Application of coir 

pith waste @ 10 t ha-1 in sandy loam and sandy clay loam soils as reported by Durai 

and Rajagopal (1983) improved physical properties viz., hydraulic conductivity and 

infiltration rate. Uguru et al. (2015) witnessed increased porosity as a result of 

mulching. 

 



2. 5. 5 Combination effects 

 A study conducted by Kumar et al. (2018) on combination of different types of 

mulches with various levels of hydrogel, their interactions along with control were 

statistically evaluated on physical (porosity and bulk density) and chemical properties 

(N, P2O5, K2O) of soil. Results indicated that hydrogel added @ 3.75 kg ha-1and coir 

pith compost @ 2.5 t ha-1 resulted in maximum porosity of soil. 

 

2.6 INFLUENCE OF CROPPING GEOMETRY AND IN SITU SOIL MOISTURE 

CONSERVATION PRACTICES ON WEEDS 

The yield losses due to weeds is about 70-80% in DSR (direct seeded rice) and 

weed management by herbicide is the most widely and commonly adapted strategy, but 

continuous use of herbicides having similar mode of action will result in herbicide 

resistance in different biotypes of weeds. Hence, ecological approaches like alterations 

in seed rates, planting patterns, weed-competitive cultivars and live mulching with 

cowpea could be used to reduce the weed problem (Dass et al., 2017). 

In comparision to wider spacing, crops which are planted at condensed row 

spacing with high crop density exploit the resources rapidly and its vulnerability to 

weed competition also gets reduced (Medd et al., 1985). 

Reduced spacing of rows under paired row planting was found to improve weed 

control by enhancing the competitive nature of crop over weeds by decreasing the 

transmittance of light to the surface soil (Tharp and Kells, 2001) and also by increasing 

its canopy growth at a faster rate (Chauhan and Johnson, 2010; Chauhan and Johnson 

2011). In aromatic rice, P.Mehak 1, no effect on weed dry matter was observed by 

changing planting pattern, whereas in PR 115, weed dry matter production (244 g m-2) 

was greater in case of uniform planting, compared to paired row planting (183 g m-2) 

(Mahajan and Chauhan, 2011). 

Weed dry matter of aerobic rice variety, IET-21214 indicated lowest values 

under paired rows pattern combined with consequent application of pendimethalin 

followed by bispyribac-sodium compared to nontreated plots under uniform row pattern 

(Mahajan et al., 2014). 

 Cowpea is the most commonly used crop as live mulch and it has an effect on 

weed growth suppression through different mechanisms. Usually the seed germination 



gets inhibited due to the absence of red light. The leaf canopy of cowpea filters the red 

light which lowers the transmission of red to far-red light ratio and thus inhibits seed 

germination (Taylorson and Borthwick, 1969). 

The decreased weed growth by cowpea live mulch might be due to the changes 

observed in soil temperature, physical hindrances to weed seedlings or due to the 

release of allelopathic chemicals (Facelli and Pickett, 1991; Teasdale and Mohler, 1993; 

Teasdale, 1996).  

The red light and the moisture, which are essential for germination of the seeds 

are reduced by cowpea live mulch (Teasdale and Mohler,1993). Zimdahl (1999) 

reported that intercropping suppresses weeds especially when, bushy and short statured 

cowpea varieties are grown. Growing cowpea as a living mulch and retaining it to a 

period even after 60 days after planting in bell pepper (Capsicum annum L.) reduced 

weed populations to a greater extent (Hutchinson and Giffen, 2000). 

Living mulch performs as one of the tool of weed management through the 

competition for light and other resources with weeds (Brady and Weil, 2002). 

Mashingaidze (2004) reported that the germination and growth of weeds were 

suppressed by growing Cowpea cultivars with a prostrate, vining and dense crop canopy 

apart from acting as live mulch.  

 

2.7 INFLUENCE OF CROPPING GEOMETRY AND IN SITU SOIL MOISTURE 

CONSERVATION PRACTICES ON ECONOMICS OF CULTIVATION 

Intercropping is an important agricultural technique that improves 

diversification of food supply (Francis, 1985) and ensures higher economic returns 

(Norman et al., 1982). Saeed et al (1999) reported, rice intercropped with forage 

legumes resulted in considerable reduction in the plant biomass and yield ha-1, but the 

additional fodder yield obtained from the intercrop not only compensated the reduction 

in biomass and yield but also improved the farm net income by 19.69 percent. 

Mehta et al. (2012) reported that application of irrigation at interval of 15 days 

with addition of 90 kg N and 40 kg P2O5 ha-1under crop geometry of 50 cm × 25 cm 

was found to be optimum for getting higher biological (seed and straw) yield, 

productivity and profitability as well as net return of Rs. 15,428 ha-1 with benefit cost 

ratio of 0.74 in comparision with the normal cropping geometry of dill. The economics 



of sugarcane cultivation was improved by increasing gross return, net return (Rs. 

1,10,951.00) and benefit cost ratio (1.95) by the addition of pusa hydrogel @ 2.5 kg ha-

1 and irrigation scheduled at IW/CPE ratio (0.75) with additional income of ₹ 5,3339.00 

ha-1 over control (Singh et al., 2018). 

 

2.8 Status of present research and research gaps 

Upland rice is mainly grown as a rainfed crop in Kerala with the onset of SWM. 

As per the POP recommendations of KAU (2016), upland rice is grown at a spacing of 

20 cm between rows and 10 cm between plants in a row (normal planting) and the rows 

of 20 cm can be used for growing intercrop like cowpea. In paired row planting as per 

the present study, spacing between two rows is reduced to 10 cm and two such paired 

rows are spaced at 40 cm and this 40 cm gap can be used for growing crop like cowpea. 

Comparision of paired row planting with normal planting has to be undertaken for 

studying the influence of cropping geometry on growth and yield of upland rice. 

As upland rice is grown as a rainfed crop, soil moisture content is an important 

limiting factor for growth and productivity. The moisture obtained through rainfall has 

to be properly conserved in soil through in situ soil moisture conservation practices like 

live mulching of cowpea, application of hydrogel and coir pith compost. Study 

conducted by Aparna (2018) and Langangmeilu (2019) showed that, in situ growing of 

cowpea as a live mulch and its subsequent incorporation at 45 DAS is found to conserve 

soil moisture and showed favourable influence on growth and yield of upland rice. 

Comparative advantage of other soil moisture conservation practices like hydrogel and 

coir pith compost in relation to live mulching of cowpea has to be studied. Studies on 

the combined effect of cropping geometry and in situ soil moisture conservation 

practices like live mulching of cowpea, application of hydrogel and coir pith compost 

on growth and yield of upland rice are limited in Kerala. The present experiment is 

envisaged to study the combined effect of cropping geometry and in situ soil moisture 

conservation practices like live mulching of cowpea, application of hydrogel and coir 

pith compost on growth, yield and economics of cultivation of upland rice. 
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                                 3.kMATERIALS ANDdMETHODS 

An experimentaentitled “Cropping geometry andmin situ soil moisture 

conservation practices in upland ricek(Oryza sativapL.)” wasmcarried outaat the 

Instructionalafarm, Collegekof Agriculture,mVellayani, Thiruvananthapuramoduring 

kharif season, 2019 to study the influence of cropping geometry and in situ soil moisture 

conservation practices onkgrowth andyyield of upland rice and to work out 

theaeconomics ofacultivation.  

Relevant detailskabout the materialspused, theomethods followed and practices 

employed for the field experiment are briefly described. 

3.1.kMATERIALS 

3.1.1.kExperimental site 

Theafield experimentkwas conductedpat themInstructional farm,sCollege of 

Agriculture,pVellayani, KeralapAgricultural University (KAU), Kerala. Theafarm is 

situated atp8.5oN latitudeaandm76.9oE longitudepat anlaltitude of 29 m above the.mean 

seaalevel with a typical warm humid tropical climate. 

3. 1. 2. Soil  

Theosoil oflthe experimental,site was.red sandyiclay loam.aThe compositeesoil 

samplesawere taken froml0-15 cm depth, the physical and chemical characteristics of 

the soil are given in the Table 1.  

3. 1. 3. Climate  

The weather parameters were recorded for the standard weeks (24- 41) 

duringathe crop period and areufurnished inkAppendix I.and Fig.01.  

Thekabstract of,weather dataois given in Table 1. 

 

 

 

 

 

 

 

 

 



Table 1.oThe abstract ofaweather data duringkthe experimentallperiod  

 

Weather element Range Mean 

 

Maximum temperature (oc) 

 

 

28.6-32.6  

 

30.6 

 

Minimum temperature (oc) 

 

23.0-26.3 

 

 

24.65 

 

Rainfall (mm) 

 

 

----------- 

 

99.05 

 

Maximum Relative humidity (%) 

 

 

80-100 

 

90 

 

Minimum Relative humidity (%) 

 

 

70-98 

 

84 

 

Weekly evaporation (mm) 

 

 

0-4.6 

 

2.3 

 

 

 

 

 

 

 

 

 

 

 



3. 1. 4. Season  

The field study was conducted in kharif season of 2019. The crop was sown on 

14th June, 2019 and harvested on 14th October, 2019. 

3. 1. 5. Crop variety  

Rice: Aiswarya (PTB52) – a medium duration variety of 120-125 days, released 

fromrRARS (RegionalfAgricultural ResearchfStation), Pattambi waskused for 

theastudy. The grains are red long and bold type. Suitable for modan cultivation. It is 

resistant to blast and blight diseases and also resistant to pests like brown plant hopper. 

It is suited for both first and second crop seasons.  

Cowpea: MFC-0814, released in 2012 by University of Agricultural Sciences, 

College of Agriculture, Mandya was used for the study. It is a superior variety inoterms 

of greenafodder and dryamatter, resistant to rust and well adapted to South zone. It 

contains 22.46 % of crude protein. 

3. 1. 6. Hydrogel 

The hydrogel used in this study was Zeba Hydrogel, a starch - based 

superabsorbent polymer, which was invented and developed by a team of USDA 

chemists. In 2003, it was released by a foreign based company Absorbent Technologies 

Inc. Beaverton, Oregon, USA. Zeba hydrogel is akstarch-based, 

superabsorbentkpolymer designedlto keepmconstant supplylof moisturekavailable 

tomgerminating seed, seedlings,aand plantskthroughout theagrowing season.lMade 

frominatural corn,starch, eachkZeba granuleiworks likeua sponge,tabsorbing ineexcess 

ofa400 times its own weightqof water, formingkhydrogels thataslowly 

releaseamoisture backlto plantssas theykneed,it.  

Zebaaalso bindsaand releasesiwater-solubleinutrients, keepingomore fertilizer 

inathe rootmzone wherekit canqbe usedfby plants,athus creatingaahhealthy micro 

environment. Overatime, Zebakis brokensdown andjconsumed bysnaturally .occurring 

microorganismslin theasoil, leavingano residuepbehind. Withaa steadypsupply 

ofawater andinutrients, plantslgrow healthier,bcrops areimore uniform,aand yields 

arelincreased. Zebaidoes notbwaterlog soilisince itlstops absorbingtmoisture whenfit 

reachesiits watersholding capacity,ithen slowlyareleases thesprecise amountiof 

waterlaskneeded. 



Rate and method of application: Hydrogel is applied @ 2.5 kg ha-1 along the seed 

rows by mixing with the soil. It is environmental friendly, biodegradable and active for 

about a period of 5 months in soil. 

3. 1. 7. Coir pith Compost 

 Coiripith compostiis aagood sourceoof organickmanure foridry landiagriculture 

aslit canaabsorb waterafive timessits weightiand therebyfincreases theawater holding 

capacityaof soil.iThe advantages oficoir pith,compost overiordinary compostimaterials 

areait addsimicronutrient tofthe soil,senhances microbialcactivity andfreducesasoil 

erosion.lIn additionito theahigher moistureicontent, coirlpith compostais knownito 

supplykmicro andisecondary nutrientsfsuch asamagnesium, sulphur,scalciumabesides 

N, P and K. Itialso improvesothe physicalaand chemicaliproperties ofosoil. 

Rate andamethod of application: Coir pith compost is applied @ 2.5 t ha-1 and the 

method of application is broadcasting. 

3. 1. 8. Sourceaof SeedaMaterial  

Seedsaof AiswaryaaRice varietyswere purchased fromaRARS (Regional 

Agricultural ResearchaStation), Pattambi, Kerala. 

Seeds of MFC-08-14 Cowpea variety were purchased from GKVK (Gandhi 

Krishi Vignan Kendra), University of Agricultural Sciences, Bangalore. 

3. 1. 9. Source of Hydrogel 

Zeba hydrogel used in this experiment was purchased from Farm house, 

Chenthitta, Thiruvananthapuram. 

3. 1. 10. Source of Coir Pith Compost 

 Coir pith compost used in this experiment was purchased from Masra Kissan 

Kendra Agri Supermarket, Thiruvallam, Thiruvananthapuram. 

3. 1. 11. Manures and Fertilizers  

Well decomposed and dried FYM containing 0.5aper cent ofaN, 0.2iper centlof 

P2O5aand 0.5iper centaof K2Okwas used for the experiment. The fertilizers used for the 

experiment were Ureai(46 pericent N),sRajphos (20apercent P2O5)kand Muriatefof 

potashp(60 per centiK2O). 

 

 

 



3.2. DESIGN AND LAYOUT 

The treatment comprises two planting geometries and different in situ soil moisture 

conservation practices. 

 Design             :    RBD 

 Treatment        :     9  

 Replication      :     3 

 Plot size           :    5m x 4m  

 Variety            :    Aiswarya (PTB 52) 

 Season             :    Kharif, 2019 

Border rows were left on all the sides to prevent border effects in each plot and 

fiveaplants werepselected fromathe netiplot areairandomly for observations.sThe 

layout the field experiment is given in Fig.2. 

 

3.2.1 Treatments 

T1: Normal planting of upland rice (20 cm x 10 cm) 

T2: Normal planting with live mulching of cowpea  

T3: Normal planting with live mulching of cowpea and hydrogel application 

T4: Normal planting with live mulching of cowpea and coir pith compost 

application  

T5: Normal planting with live mulching of cowpea and hydrogel + coir pith 

compost application 

T6: Paired row planting with live mulching of cowpea 

T7: Paired row planting with live mulching of cowpea and   hydrogel application 

T8: Paired row planting with live mulching of cowpea and coir pith compost 

application 

T9: Paired row planting with live mulching of cowpea and   hydrogel + coir pith 

compost application 

 

 

 

 

 



Tables2.aPhysico-Chemicaluparameters ofosoil 

 

Particularse Content Methodpused 

A. Physicaloproperties 

Bulk density (Mg m-3) 1.54 Undisturbed core sample 

(Black et al., 1965) Particle density (Mg m-3) 2.86 

Porosity (%) 46.00 

Soil Moisture Constants  

Field Capacity 16.38 Pressure plate apparatus 

(Gardner, 1955) Permanent Wilting Point 10.42 

Particle Size Composition  

Coarse sand (%) 16.08 International pipette method  

(Piper, 1967) 

 

Fine sand (%) 31.46 

Silt (%) 23.45 

Clay (%) 28.76 

Texture  Sandy clay loam 

B. Chemical composition 

pHm  4.86 pHameter withhglass electrodep 

(Jackson, 1973) 

OrganiceCarbon (%) 0.67 Chromicmacidmwetwdigestion 

methodm(Walkley and Black, 

1934) 

AvailablepN (kg ha-1) 190.15 Alkalinempermanganatehmethod 

(Subbiah and Asija, 1956) 

AvailablesP (kg ha-1) 35.45 Brayiextraction andiphotoelectric 

Colorimetrye(Jackson, 1973)  

AvailableaK (kg ha-1) 248.12 Ammoniummacetatebmethod 

(Jackson, 1973) 

 

 

 



 

 

 

 Fig. 1. Weather parameters during the crop season in standard week (June 14 to 

October 14, 2019). 
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                    Fig. 2. Layout of the experimental field 
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Plate 1. General view of the experimental field 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

       Plate 2.1. Seedling stage           

    

 

 

         Plate2.2. Tillering stage          

           

   

            

        Plate 2.3. Maturity stage                                      Plate 2.4. Harvesting stage 

 

 

Plate 2. Different growth stages of upland rice 

 

 

 

 



 

3.3. FIELDkEXPERIMENT 

3. 3. 1. LandcPreparation 

Thecentire land wasaploughed uniformly andilevelled by using a tiller. Stubbles 

of previous crop were removed and experimental plots were laid out. Before the start 

of layout, the composite soil samples were collected for analysis. Experimental plots of 

size 5m x 4m and bunds of 30 cm width were made on all the four sides of the plot. 

3. 3. 2. Seeds and Sowing 

 Aiswarya seeds were dibbled at the rate of   80 kg ha-1. For normal planting, a 

spacing of 20 cm x 10 cm was followed. For paired row planting, spacing was 10 cm x 

10 cm with in paired row and two such paired rows were separated by a spacing of 40 

cm, in order to maintain uniform plant population in both the crop geometries (Fig.3). 

In normal planting cowpea variety MFC -08-14 was sown in between two rows of rice 

and in paired row planting three rows of cowpea were planted between paired rows of 

rice. 

3. 3. 3.bApplication ofamanures andkfertilizers 

 Farmyardamanure was applied uniformly to all the plots @ 5 t ha-1 and mixed 

well with the soil. The nutrients at the rate of 60 kg N, 30 kg P2O5, 30 kg K2O ha-1 were 

applied as per Package of Practices recommendation of KAU (2016) for rice crop. 

Cowpea was not fertilised, used as a live mulch and incorporated at 45 DAS. 

3. 3. 4. Thinning and Gap Filling 

 The seeds germinated within seven days after sowing. Thinningiand gapifilling 

operations were donecat 15iDAS in order tobmaintain uniformipopulation in all the 

plots atithe rateaof twodseedlingsmhill-1. 

3. 3. 5.aWaternManagement 

 Irrigationdwas given as per thekneed of cropkduring croppingbperiod. At 

establishment stage of crop followed by critical stages, frequent irrigation was given. 

 

3. 3. 6. Weed Management 

 One handgweeding wasbcarried out atb20 DAS andka herbicide spray with 

Bispyribac sodium was given at 35 DAS to control the weeds on bunds. 

 



3. 3.7. Plant Protection  

 To control sheath blight, Carbendazim (Bavistin 50 WP) @ 125 g a.i.bha-1 was 

appliedbto allathe plots.nTo controlirice stem borer Thiamethoxam 25% WG 100 g ha-

1 was used. To control rice gundhi bug, two sprays of Malathion (750 ml ha-1) were 

given at flowering and milking stage of the crop. No variation in the population of 

gundhi bug was observed under varied cropping geometry. 

3. 3. 8. Plant Sampling 

  The plant samples were collected at 30, 60 and 90 DAS and finally at harvesting 

stage for biometric observations and chemical analysis. 

3.i3. 9.bHarvest 

Thefcrop wasbharvested at 120 DAS i.e., on October, 2019 when 80 percent of 

panicles were straw colored and grains in lower portion of panicle is in hard dough 

stage. The plants from net plot and border plants were harvested separately. Threshing 

was done manually and was cleaned to make the produce free from sticks, dust 

particles, chaffy grains, dried and weighed. Weight of straw and grain were expressed 

as kg ha-1. 

3.4.gOBSERVATIONS 

3. 4. 1.aObservationsdon growthdcharacters  

3.i4. 1. 1. Plantjheight (30 DAS, 60 DAS, harvest) 

 The plant height was recorded from five plants selected randomly from each 

plot. The plant height was taken from baseaof thepstem to theatip of topdmost leaf 

ati30, 60 DAS andjduringaharvest and was measured. 

 3. 4. 1.i2. Numberaof tillerj m-2 at 60 DAS 

 The tiller number m-2 was recorded from the net plot area of all the plots at 60 

DAS and meanavalues werebworked outcanderecorded. 

3. 4. 1. 3. LeafaArea Indexiat 60 DAS 

 Fiveaplants selectedirandomly fromathe netiplot were tagged.and the maximum 

lengthband breadthiof third leafifrom topswere taken at 60 DAS. The total number of 

leaves are counted for each plant and multiplied with the mean value. Yoshida et al. 

(1976) suggested a formula for LAI. 

 LAI = Ka(L x.W) x Numberaof leaveslhill-1 

                        Landparea occupiedkby thelplant 



Where, K – Constantafactor (0.75) 

              L – Maximumalength of 3rd leafablade fromathe top (cm) 

             W – Maximumiwidth ofsthe leafkblade (cm) 

3. 4. 1. 4. Dry Matter Production (DMP) (60 DAS,/harvest) 

 At 60 DAS and harvest the observational plants were uprooted, washed, sun 

dried and oven dried at 70 + 5oc to constant weight and expressed in kg ha-1. 

3..4. 2. Observations on yield,attributes of rice 

3. 4..2. 1..Productive,Tillers.m-2 

  From each plot, the,number of.productive tillers,from one m2 area were 

recorded at harvest and the mean values were computed accordingly. 

3. 4. 2. 2. Length of Panicle 

 Panicle length of five tagged plants were measuredafrom theapoint ofascar to 

theatip of theapanicle and mean,panicle lengthlwas computed,and expressed.in cm. 

3..4. 2. 3. Grain weight.Panicle-1  

 Theapanicles collected forathe measurement of paniclellength were used for the 

determination of weight of panicle. The panicles were weighed using an electronic 

balance and mean value was worked out and expressed in g. 

3. 4. 2. 4. Number of Spikelets panicle-1 

 Five sample plants were taken from each plot and spikelets from each panicle 

were removed and counted and the.mean value was.worked out. 

3..4..2. 5. Percentage,of Filled Grains,Panicle -1 

 Five sample plants were taken from all the plots and from each panicle of plant 

the numberaof filledagrains andatotal grains and were counted and recorded. The 

percentage of filled grains panicle -1 can be computedaby using the,formula 

Percentage of Filled Grains Panicle -1 = Number.of filled.grains.panicle-1 

                                                                Total.number of.grains.panicle-1 

3.a4. 2. 6. Thousand GrainaWeight 

 From theafive sample plants of each plot, thousandagrains were separatedafrom 

clean produce and theamean weight was expressed in g. 

3..4..2. 7. Grain,Yield ha-1 

 From each plot theagrains were harvested separately and dried in sun to a 

moisture content of 14 percent and its weightawas recordedaand expressed inakg ha-1. 



3..4..2. 8. Straw.Yield -1 

 The strawawas harvestedafrom eachaplot separately and dried,in sun 

consecutively for three days and weight was recorded and expressed in kgaha-1. 

3. 4. 2. 9. Harvest.Index 

 The harvestaindex wasacalculated byausing theaformula suggestedaby Donald 

andaHamblin (1976). 

           HI = Economicayield    

                     Biologicalayield 

3. 4..3. Physiological,estimations 

3..4. 3..1. Proline,content at panicle initiation  

 Proline content of leaves was estimated by the method described by Bates et al. 

(1973) and expressed as µmol g-1 of fresh weight. 

3. 4. 3. 2. Relative Leaf WateraContent (LWC) at floweringastage 

Theamethod wasaproposed byaWeatherley (1950)awhich wasalater modifiedaby 

Slatyer and.Barrs (1965) used to estimate RLWC at 30, 60 and 90 DAS and it was 

expressed in percentage.  

RLWC = Freshaweight – Dryaweight X 100 

                 Turgidaweight – Dryaweight  

 

3..4. 3..3. Chlorophyll content at panicle emergence stage 

 The Chlorophyll contentawas estimatedaby method.prescribed by Reddy et al. 

(1992). The amountaof pigmentsawas calculatedausing theaformula detailed 

belowaand expressedain mgag-1 of freshaweight. 

Chlorophyllaa = [ 12.7,(OD at.663) - 2.69a(OD ata645)] x aV 

                                                                                  Wax 1000 

 

Chlorophyll b = [ 22.9 (OD at 645) - 4.68 (OD at 663)]  x  V 

                                                                                  W x 1000 

 

TotalaChlorophyll = [ 20.2 (ODaat 645) + 8.02 (OD at 663)]  x  V 

                                                                                          W x 100 

Where OD – optical density, W – fresh weight of leaves, V – final volume of extract 



3. 4. 4. Chemical estimations 

3. 4. 4. 1. Plant analysis 

3. 4. 4. 1. 1. NaP Kauptake byacrop ataharvest 

The uptake of N P K by crop at harvest was estimated by multiplying the 

nutrient contentaof sampleawith respective dryaweight ofathe sample which is to be 

expressed in kg ha-1. 

NutrientaUptake = Percentage ofanutrient x Total dryamatter production (kgaha-1) 

                                                                      100 

3.a4. 4.a2. Soilaanalysis 

3.a4. 4. 2.a1. NaP K andaOrganic C before sowing and after harvest 

 The initial status of major nutrients N P K and organic C was estimated in the 

soil by collecting the composite soil samples before cultivation practices and the 

analysis of soil was done for its physico-chemical characteristics by using standard 

procedures.  

Afterathe conduct ofaexperiment, theacomposite soilasamples wereacollected 

fromaeach plotaseparately at 15 cm depth and the soil analysis was done for N P K and 

organic C. 

3.a4. 5.aRootaParameters 

3.a4. 5. 1.aRoot Shoot Ratio 

 Fiveasample plantsawere collected randomly from individual plots and the dry 

weights of root and shoot were recorded separately and root to shoot ratio was 

calculated. 

3. 4. 5. 2. Root Length 

 Five sample plants were uprooted from each plot at harvest stage, root portion 

was separated carefully, cleaned and the length was measured. The mean value was 

worked and expressedain cm. 

3..4. 5..3. RootaWeight 

Fiveasample plantsawere uprootedafrom each plot at harvest stage, root portion 

was separated carefully, cleaned and dried in a hot air oven at 70 + 5oc to constant 

weight at harvest stage and it is expressed in g. 

 

 



3. 4. 5. 4. RootaVolume 

 Rootavolume plant-1 wasafound outaby displacementamethod (Misraaand 

Ahmed, 1989) and expressedain cm3aplant-1. 

3.a4. 6. Soil parameters 

3.a4. 6.a1. Soil moisture content at 15 cm depth 

 Soil moisture content was estimated by using a standard moisture meter which 

was inserted at 15 cm soil depth in individual plots and the moisture content were 

recorded at sowing, 30, 60, 90 DAS and at harvest stage. 

3. 4. 6. 2. Bulk Density 

 Physical properties such as bulk density and WHC were analysed before and 

after the experiment by collecting the undisturbed soil samples from topasoil ata0-15 

cm depthausing coreasampler (Gupta andaDakshinamoorthy, 1980). 

Bulkadensity (Mgam-3) = Weightaof soilasolid (Mg) 

                                         Totalasoil Volumea(m3) 

3. 4. 6. 3. Soil Porosity 

Porosity (%) = (1- Db / Dp) X 100 

Where, Db is soil bulk density 

            Dp is soil particle density 

 

3. 4. 7. Observation on weeds 

3. 4. 7. 1. Weed composition and weed dry weight  

 Observations on weed composition and weed dry weight were recorded by the 

quadrat method. From individual plots, the weeds present within the quadrant were 

uprooted, cleaned, dried in air an oven at 75 + 5oc and dry weight was expressed in kg 

ha-1 at 42 DAS of cowpea. 

3. 4.a8. Pestaand DiseaseaIncidence 

 The incidenceaof major pests and diseasesawere observed and recorded. 

3. 4. 9. Economic Analysis 

 On the basis of prevailing input costs and market price of the produce (grain 

and straw), the cost of cultivation and economics were worked out for all the treatments. 

 

 



3. 4. 9. 1. Gross Income  ₹ ha-1 

Grossareturn wasacalculated onathe basisaof grain,astraw yieldaand their 

existing market prices.aThe gross income is calculated by using the formula 

Grossareturn (₹ ha-1) = Grain yielda(t ha-1) x Marketaprice (₹at-1)  

                                      + Strawayield (taha-1) x Marketaprice (₹at-1)   

3.. 4. 9. 2. NetaIncome ₹ ha-1 

 Netaincome is the income obtained after subtraction of costaof cultivationa(₹ 

ha-1) fromagross incomea(₹ ha-1).  

Netareturn (₹aha-1) = Grossareturn (₹aha-1) – Costaof cultivationa(₹ ha-1) 

 

3. 4. 9. 3. Benefit Cost Ratio (BCR) 

 Theabenefit costaratio (BCR) wasaworked outaas follows 

BCR = Grossareturn (₹aha-1)  

            Costaofacultivation (₹aha-1) 

3.. 4. 10. Statisticalaanalysis  

Theadata obtained fromathe experimentawas analysed statistically as per the 

procedure given by Rangaswamy (1995). Wherever the significant differences were 

observed among the treatments, the critical difference values at 5 percent level of 

probability was worked out for comparison of means. The treatment effects which were 

not significant were designated as NS.  

  

 

 

 

 



 

Fig.3 Cropping geometry  
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4. RESULTS 

Data on various attributes were tabulated, analysed statistically and results are briefly 

presented. 

4.1 GROWTH CHARACTERS 

4.1.1 Plant Height (30 DAS, 60 DAS, Harvest) 

The mean data on plant height at different growth stages viz., 30 DAS, 60 DAS 

and harvest are presented in Table 3. 

At 30 DAS, there was no significant difference among treatments, while at later 

stages of growth, the treatments differed significantly.  

At 60 DAS, the treatment T5 (Normal planting with live mulching of cowpea 

and hydrogel + coir pith compost application) produced the tallest plants (91.78 cm) 

and was on par with all treatments, except the treatment T1 (Normal planting of upland 

rice), which produced the shortest plants (83.81 cm). 

At harvest, the treatments differed significantly and T9 (Paired row planting 

with live mulching of cowpea and   hydrogel + coir pith compost application) produced 

the tallest plants (109.13 cm) and was significantly superior to the rest of the treatments. 

The next best treatment was T5 (Normal planting with live mulching of cowpea and 

hydrogel + coir pith compost application) with a plant height of 104 cm and was on par 

with T3, T4, T7 and T8. The treatment T1 (Normal planting of upland rice) produced the 

shortest plants of 92.61 cm. 

4.1.2 Number of Tillers m-2 at 60 DAS 

The data on tiller number m-2 at 60 DAS are presented in Table 4. 

At 60 DAS, the treatments showed significant difference and T9 (Paired row 

planting with live mulching of cowpea and   hydrogel + coir pith compost application) 

resulted in the maximum tiller number (350) and was on par with T5, T4, T3 and T8. The 

lowest tiller number of 298 was recorded by the treatment T1 (Normal planting of 

upland rice). 

 

 

 

 



Table 3. Effect of cropping geometry and in situ soil moisture conservation practices 

on plant height at different growth stages, cm. 

 

Treatments 

 

30 DAS 

 

60 DAS 

 

Harvest 

 T1 

 

58.81 83.81 92.61 

T2 

 

59.69 88.86 99.81 

T3 

 

58.53 88.79 100.60 

T4 

 

58.70 90.78 102.16 

T5 

 

58.56 91.78 104.00 

T6 

 

58.88 90.65 98.91 

T7 

 

59.46 90.54 100.73 

T8 

 

59.13 90.70 101.09 

T9 

 

59.41 91.32 109.13 

SEm (±) 

 

0.67 1.04 1.29 

CD (0.05) 

 

NS 3.150 3.897 

 

 

 

 



Table 4. Effect of cropping geometry and in situ soil moisture conservation practices 

on number of tillers m-2 and leaf area index (LAI) at 60 DAS 

 

Treatments 

 

Number of Tillers m-2 

 

Leaf Area Index (LAI) 

 

 T1 

 

298.00 3.93 

T2 

 

325.00 4.19 

T3 

 

337.00 4.13 

T4 

 

335.00 4.18 

T5 

 

349.33 4.22 

T6 

 

313.00 4.25 

T7 

 

314.33 4.15 

T8 

 

331.00 4.22 

T9 

 

350.00 4.34 

SEm (±) 

 

6.88 0.07 

CD (0.05) 

 

20.804 

 

NS 

 

 

 

 



4.1.3 Leaf Area Index (LAI) at 60 DAS 

The results of LAI at 60 DAS (Table 4.) revealed no significant variation among 

treatments. Though not significant, the treatment T9 (Paired row planting with live 

mulching of cowpea and   hydrogel + coir pith compost application) produced the 

highest LAI of 4.34. The lowest leaf area index (3.93) was recorded by T1 (Normal 

planting of upland rice). 

4.1.4 Dry Matter Production (DMP) (60 DAS, Harvest) 

The results of dry matter production are given in Table 5.  

The highest dry matter production (2464 kg ha-1) at 60 DAS was recorded by 

the treatment T9 (Paired row planting with live mulching of cowpea and   hydrogel + 

coir pith compost application) and was on par with the treatment T5 (Normal planting 

with live mulching of cowpea and hydrogel + coir pith compost application). The 

treatment T8 was the next best treatment, which recorded the dry matter production of 

2242 kg ha-1 and was on par with the treatments T7, T4, T6, T3 and T2. The treatment T1 

resulted in the lowest dry matter production (1967 kg ha-1).  

The maximum dry matter production (5546 kg ha-1) at harvest was recorded by 

the treatment T9 (Paired row planting with live mulching of cowpea and   hydrogel + 

coir pith compost application) and was on par with the treatment T5, T7 and T8. The 

treatment T4 was the next best treatment, which recorded the dry matter production 

(4992 kg ha-1) and was on par with the treatments T6, T3 and T2. The treatment T1 

resulted in the lowest dry matter production (4276 kg ha-1).  

 

4.2 YIELD ATTRIBUTES AND YIELD 

4.2.1 Productive Tillers m-2  

 The mean data on productive tillers m-2 are presented in Table 6. 

The statistical analysis of data revealed significant difference among treatments 

and T9 (Paired row planting with live mulching of cowpea and   hydrogel + coir pith 

compost application) produced highest productive tillers (319) and was on par with T5, 

T2, T7, T3, T4, T8 and significantly superior to T1 and T6. 

4.2.2 Length of Panicle  

The data on length of panicle are given in Table 6.  

The perusal of data revealed significant difference among treatments. The 



 

Table 5. Effect of cropping geometry and in situ soil moisture conservation practices 

on dry matter production (DMP) (60 DAS and harvest), kg ha-1 

 

Treatments 

 

60 DAS 

 

Harvest 

 T1 

 

1967 4276 

T2 

 

2124 4850 

T3 

 

2138 4925 

T4 

 

2220 4992 

T5 

 

2399 5503 

T6 

 

2143 4762 

T7 

 

2237 5466 

T8 

 

2242 5149 

T9 

 

2464 5546 

SEm (±) 

 

60 174 

CD (0.05) 

 

182.6 525.4 

 

 

 

 



treatment T5 (Normal planting with live mulching of cowpea and hydrogel + coir pith 

compost application) registered the maximum panicle length (25.29 cm) and was on 

par with T9, T4 and T3 and significantly superior to the rest of the treatments. The 

shortest panicle (21.27 cm) was produced by T1 (Normal planting of upland rice). 

4.2.3 Grain Weight Panicle-1 

The data on grain weight panicle-1 are given in Table 6. 

The treatments differed significantly and T9 (Paired row planting with live 

mulching of cowpea and   hydrogel + coir pith compost application) registered the 

maximum grain weight (3.28 g) and was on par with all treatments, except T6 and T1. 

The lowest grain weight (2.84 g) was produced by T1 (Normal planting of upland rice). 

4.2.4 Number of Spikelets Panicle-1 

The data on number of spikelets panicle-1 are given in Table 7. 

There was significant difference among treatments and T9 (Paired row planting 

with live mulching of cowpea and   hydrogel + coir pith compost application) produced 

the maximum number of spikelets panicle-1 (141.00) and was on par with T8, T5 and T4 

and superior to the rest of the treatments. The lowest value (126.00) was recorded by 

T1. 

4.2.5 Percentage of Filled Grains Panicle-1 

The data on Percentage of filled grains panicle-1 are presented in Table 7. 

The treatments differed significantly and T5 (Normal planting with live 

mulching of cowpea and hydrogel + coir pith compost application) resulted in the 

maximum value of 89.46 per cent and was on par with T9 and T8 and superior to rest of 

the treatments. The lowest value (80.77%) was recorded by T1 (Normal planting of 

upland rice). 

4.2.6 1000 Grain Weight 

The data on 1000 grain weight are given in Table 7. 

The statistical analysis of the data revealed that there was a significant difference among 

the treatments and the treatment T9 (Paired row planting with live mulching of cowpea 

and   hydrogel + coir pith compost application) resulted in the highest 1000 grain weight 

(26.38 g) which was on par with the treatments T5 and T4.  

 



Table 6. Effect of cropping geometry and in situ soil moisture conservation practices 

on productive tillers m-2, length of panicle and grain weight panicle-1. 

 

Treatments 

 

Productive tillers m-2 

 

Length of panicle 

(cm) 

 

Grain weight panicle-

1 (g) 

 T1 

 

291.00 21.27 2.84 

T2 

 

310.00 21.96 3.08 

T3 

 

315.00 24.23 3.14 

T4 

 

313.00 24.39 3.20 

T5 

 

318.00 25.29 3.24 

T6 

 

291.00 22.69 3.04 

T7 

 

311.00 23.19 3.12 

T8 

 

316.00 23.21 3.22 

T9 

 

319.00 25.01 3.28 

SEm (±) 

 

3.48 0.56 0.07 

CD (0.05) 

 

10.517 1.684 0.217 

 

 



Table 7. Effect of cropping geometry and in situ soil moisture conservation practices 

on number of spikelets panicle-1, percentage of filled grains panicle-1 and 1000 grain 

weight 

 

Treatments 

Number of spikelets 

panicle-1 

Percentage of filled 

grains panicle-1 

1000 grain weight 

(g) 

T1 

 

126.00 80.77 24.71 

T2 

 

131.00 83.12 25.58 

T3 

 

134.00 83.62 25.54 

T4 

 

137.00 85.31 25.74 

T5 

 

139.00 89.46 26.21 

T6 

 

132.00 83.00 25.45 

T7 

 

134.00 85.24 25.67 

T8 

 

140.00 86.02 25.61 

T9 

 

141.00 88.64 26.38 

SEm (±) 

 

1.79 1.18 0.24 

CD (0.05) 

 

5.412 3.576 0.689 

 

 

 



The next best treatment was T7, which was on par with T8, T6, T2 and T3. The 

treatment T1 recorded the lowest 1000 grain weight (24.71 g). 

4.2.7 Grain Yield ha-1 

 The data on grain yield (Table 8) showed significant difference among 

treatments. The treatment T9 (Paired row planting with live mulching of cowpea and   

hydrogel + coir pith compost application) resulted in the maximum grain yield (3825 

kg ha-1) and was significantly superior to rest of the treatments. The treatment 

T5(Normal planting with live mulching of cowpea and hydrogel + coir pith compost 

application) was the second best treatment recording 3581 kg ha-1 and superior to rest 

of the treatments. The treatment T1 (Normal planting of upland rice) produced the 

lowest grain yield (2374 kg ha-1). 

4.2.7 Straw Yield ha-1 

 The data on straw yield is presented in Table 8. 

 The statistical analysis of data revealed that the treatment T9 (Paired row 

planting with live mulching of cowpea and   hydrogel + coir pith compost application) 

produced the maximum straw yield (7670 kg ha-1), which was on par with the treatment 

T5 and significantly superior to rest of the treatments. The next highest straw yield was 

produced by the treatment T7 (Paired row planting with live mulching of cowpea and 

hydrogel application) (6944 kg ha-1), which was on par with the treatment T8. The 

treatment T2 produced straw yield of 6522 kg ha-1 and was on par with the treatments 

T3 and T4. The treatment T6 recorded straw yield of 6100 kg ha-1 and the lowest straw 

yield of 5800 kg ha-1 was recorded by the treatment T1 (Normal planting of upland rice). 

4.2.8 Harvest Index 

 The data on harvest index (Table 8) revealed the highest value of 0.48 for 

treatment T9 (Paired row planting with live mulching of cowpea and   hydrogel + coir 

pith compost application) and was on par with the treatments T3, T5, T7, T8 and T2.  

 

 

 

 

 



Table 8. Effect of cropping geometry and in situ soil moisture conservation practices 

on grain yield, straw yield and harvest index 

Treatments Grain yield 

(kg ha-1) 

Straw yield 

(kg ha-1) 

Harvest Index 

T1 

 

2374 5800 0.42 

T2 

 

2874 6522 0.46 

T3 

 

2956 6489 0.47 

T4 

 

3093 6389 0.45 

T5 

 

3581 7667 0.47 

T6 

 

2737 6100 0.45 

T7 

 

3274 6944 0.47 

T8 

 

3296 6867 0.47 

T9 

 

3825 7700 0.48 

SEm (±) 

 

58 115 0.01 

CD (0.05) 

 

173.9 348.7 0.028 

 

 

 

 



 The treatment T1 (Normal planting of upland rice) resulted in the lowest harvest index 

(0.42). 

4.3 PHYSIOLOGICAL ESTIMATIONS 

4.3.1 Proline Content at Panicle Initiation 

 The mean data on the proline content at panicle initiation is given in Table 9. 

There was no significant difference among the treatments. Though not 

significant, the treatment T1 (Normal planting of upland rice) resulted in the highest 

proline content of 0.49 µ mol g-1 FW. The lowest proline content of 0.43 µ mol g-1 FW 

was recorded by the treatment T9 (Paired row planting with live mulching of cowpea 

and   hydrogel + coir pith compost application). 

4.3.2 Relative Leaf Water Content at Flowering Stage   

 The data on relative leaf water content is presented (Table 9). 

 The statistical analysis of the data showed pronounced difference among the 

treatments. The treatment T9 (Paired row planting with live mulching of cowpea and   

hydrogel + coir pith compost application) showed the maximum relative leaf water 

content (80.61 %) and was on par with the treatments T5 and T8. The treatment T7 

showed the next highest relative leaf water content (77.61 %), which was on par with 

the treatments T4 and T3. The lowest value was registered by the treatment T1 (Normal 

planting of upland rice) (73.96%). 

4.3.3 Chlorophyll Content at Panicle Emergence Stage 

 The mean values of chlorophyll content are presented in the Table 9. 

The data on statistical analysis did not show significant difference among the 

treatments. However, the treatment T9 (Paired row planting with live mulching of 

cowpea and   hydrogel + coir pith compost application) had recorded the highest 

chlorophyll content of 1.02 mg g-1 FW.  

 

 

 

 

 

 

 



Table 9. Effect of cropping geometry and in situ soil moisture conservation practices 

on physiological estimations 

Treatments Proline content at 

panicle initiation 

(µ mol g-1 FW) 

Relative leaf water 

content at flowering 

stage (%) 

Cholorophyll content 

at panicle emergence 

stage (mg g-1 FW) 

T1 

 

0.49 73.96 1.00 

T2 

 

0.49 74.61 1.00 

T3 

 

0.48 76.42 1.01 

T4 

 

0.47 77.09 1.01 

T5 

 

0.45 80.34 1.01 

T6 

 

0.47 74.45 1.00 

T7 

 

0.48 77.61 1.00 

T8 

 

0.44 79.00 1.00 

T9 

 

0.43 80.61 1.02 

SEm (±) 

 

0.02 0.62 0.01 

CD (0.05) 

 

NS 1.878 NS 

 

 

 

 



4.4 CHEMICAL ESTIMATIONS 

4.4.1 Nitrogen Uptake by the crop at harvest 

The mean data on N uptake as influenced by the treatments are given in Table 

10. 

The treatments differed significantly. The treatment T9 (Paired row planting 

with live mulching of cowpea and   hydrogel + coir pith compost application) had the 

highest N uptake of 68.92 kg ha-1 and was on par with the treatment T5 (Normal planting 

with live mulching of cowpea and hydrogel + coir pith compost application). The 

lowest N uptake of 50.65 kg ha-1 was recorded by the treatment T1 (Normal planting of 

upland rice). 

4.4.2 Phosphorus Uptake by the crop at harvest 

The mean data on P uptake as influenced by the treatments are given in Table 

10. 

The treatments differed significantly. The treatment T9 (Paired row planting 

with live mulching of cowpea and   hydrogel + coir pith compost application) had 

recorded the highest P uptake of 16.63 kg ha-1 and was significantly superior to rest of 

the treatments. The lowest P uptake of 8.76 kg ha-1 was produced by the treatment T1 

(Normal planting of upland rice). 

4.4.3 Potassium Uptake by the crop at harvest 

The mean data on K uptake as influenced by the treatments are given in Table 

10. 

The treatments differed significantly. The treatment T9 (Paired row planting 

with live mulching of cowpea and   hydrogel + coir pith compost application) resulted 

in the highest K uptake of 60.95 kg ha-1 and was superior to the rest of the treatments. 

The lowest K uptake of 47.29 kg ha-1 was recorded by the treatment T1 (Normal planting 

of upland rice). 

4.4.4 Available Nitrogen 

The mean data on available N as influenced by the treatments are presented 

(Table 11). 

The treatments differed significantly. The treatment T9 (Paired row planting 

with live mulching of cowpea and   hydrogel + coir pith compost application) resulted 

in the highest available N of 214.20 kg ha-1 and was on par with the treatment T5 



(Normal planting with live mulching of cowpea and hydrogel + coir pith compost 

application). The lowest available N of 194.44 kg ha-1 was recorded by the treatment T1 

(Normal planting of upland rice). 

4.4.5 Available Phosphorus 

The mean data on available P as influenced by the treatments are given (Table 

11). 

The treatments differed significantly. The treatment T9 (Paired row planting 

with live mulching of cowpea and   hydrogel + coir pith compost application) resulted 

in the highest available P of 40.68 kg ha-1 and was on par with the rest of treatments, 

except T1 and T2. The lowest available P of 38.22 kg ha-1 was recorded in the treatment 

T1 (Normal planting of upland rice). 

4.4.6 Available Potassium 

The mean data on available K as influenced by the treatments are presented 

(Table 11). 

The treatments differed significantly. The treatment T9 (Paired row planting 

with live mulching of cowpea and   hydrogel + coir pith compost application) resulted 

in the highest available K of 266.76 kg ha-1 and was on par with the rest of the 

treatments except T1 and T2. The lowest available K of 250.95 kg ha-1 was recorded by 

the treatment T1 (Normal planting of upland rice). 

4.4.7 Soil Organic Carbon 

The mean data on soil organic carbon as influenced by the treatments are given 

(Table 11). 

The treatments showed no significant difference. However, the treatments T9 

(Paired row planting with live mulching of cowpea and   hydrogel + coir pith compost 

application), T5 (Normal planting with live mulching of cowpea and   hydrogel + coir 

pith compost application) and T8(Paired row planting with live mulching of cowpea 

and coir pith compost application) had recorded the highest soil organic carbon of 

0.70% and the lowest soil organic carbon of 0.68% was recorded in the treatment T1 

(Normal planting of upland rice). 

 

 

 



 

 

Table 10. Effect of cropping geometry and in situ soil moisture conservation practices 

on N, P, K uptake by the crop at harvest, kg ha-1 

Treatments N uptake P uptake K uptake 

T1 

 

50.65 8.76 47.29 

T2 

 

55.01 10.37 52.44 

T3 

 

58.36 11.95 54.65 

T4 

 

62.83 14.16 57.11 

T5 

 

67.59 16.03 59.45 

T6 

 

56.71 11.05 55.50 

T7 

 

61.53 13.27 57.74 

T8 

 

64.96 15.13 58.53 

T9 

 

68.92 16.63 60.95 

SEm (±) 

 

0.79 0.18 0.49 

CD (0.05) 

 

2.382 0.541 1.482 

 

 

 

 



 

Table 11. Effect of cropping geometry and in situ soil moisture conservation practices 

on available N, P, K and organic C after harvest  

Treatments Available N 

(kg ha-1) 

Available P 

(kg ha-1) 

Available K 

(kg ha-1) 

Organic 

Carbon (%) 

T1 

 

194.44 38.22 250.95 0.68 

T2 

 

208.02 38.51 251.40 0.69 

T3 

 

209.22 39.92 262.10 0.69 

T4 

 

210.45 40.23 263.31 0.69 

T5 

 

213.84 40.46 266.61 0.70 

T6 

 

208.08 39.68 261.79 0.68 

T7 

 

209.62 39.82 262.03 0.69 

T8 

 

209.96 40.14 263.33 0.70 

T9 

 

214.20 40.68 266.76 0.70 

SEm (±) 

 

0.62 0.51 2.85 0.01 

CD (0.05) 

 

1.880 1.545 8.621 NS 

 

 

 

 



4.5 ROOT PARAMETERS 

4.5.1 Root Shoot Ratio 

 The mean data on root shoot ratio at harvest was documented and furnished in 

Table 12. 

 The treatments had no significant difference. However, the treatment T9 (Paired 

row planting with live mulching of cowpea and   hydrogel + coir pith compost 

application) and T5 (Normal planting with live mulching of cowpea and   hydrogel + 

coir pith compost application) showed the highest value of 0.27 and the lowest value of 

0.19 was recorded in the treatment T1 (Normal planting of upland rice). 

4.5.2 Root Length 

 The mean data on root length at harvest was documented, expressed in cm and 

furnished in Table 12. 

 The treatments significantly influenced the root length, the treatment T9 (Paired 

row planting with live mulching of cowpea and   hydrogel + coir pith compost 

application) showed the maximum root length of 14.96 cm and was on par with the 

treatment T5 (Normal planting with live mulching of cowpea and hydrogel + coir pith 

compost application). The lowest root length of 11.01 cm was produced by the 

treatment T1 (Normal planting of upland rice). 

4.5.3 Root Weight 

 The mean data on root weight at harvest was documented, expressed in g and 

furnished in Table 12. 

 The treatments showed no significant difference. However, the treatment T9 

(Paired row planting with live mulching of cowpea and   hydrogel + coir pith compost 

application) showed the highest root weight of 3.63 g and the lowest root weight of 2.09 

g was produced by the treatment T1 (Normal planting of upland rice). 

4.5.4 Root Volume 

 The mean data on root volume at harvest was documented, expressed in cm3 

and furnished in Table 12. 

 The treatments had no significant difference. However, the treatment T9 (Paired 

row planting with live mulching of cowpea and hydrogel + coir pith compost 

application) showed the highest root volume of 8.11 cm3 and the lowest root volume of 

7.75 cm3 was recorded by the treatment T1 (Normal planting of upland rice). 



Table 12. Effect of cropping geometry and in situ soil moisture conservation practices 

on root parameters 

Treatments Root shoot ratio Root length (cm) Root weight (g) Root volume 

(cm3) 

T1 

 

0.19 11.01 2.09 7.75 

T2 

 

0.21 11.53 2.46 7.87 

T3 

 

0.22 12.79 2.47 7.85 

T4 

 

0.22 13.84 2.86 8.07 

T5 

 

0.27 14.65 3.55 8.06 

T6 

 

0.22 12.37 2.79 7.73 

T7 

 

0.24 13.34 3.10 7.84 

T8 

 

0.26 13.69 3.61 8.00 

T9 

 

0.27 14.96 3.63 8.11 

SEm (±) 

 

0.01 0.21 0.09 0.16 

CD (0.05) 

 

NS 0.620 NS NS 

 

 

 

 

 



4.6 SOIL PARAMETERS 

4.6.1 Soil Moisture Content at 15 cm depth 

 The mean data on soil moisture content at 15 cm depth was documented at 45 

DAS, 60 DAS and harvest, expressed in % and furnished in Table 13. 

At 45 DAS, there was no significant difference among treatments on soil 

moisture content, while at later stages of growth, the treatments differed significantly.  

 At 60 DAS, the treatment T9 (Paired row planting with live mulching of cowpea 

and   hydrogel + coir pith compost application) showed the highest soil moisture content 

of 28.49% at 15 cm depth and was on par with the treatment T5 (Normal planting with 

live mulching of cowpea and hydrogel + coir pith compost application). The treatment 

T1 (Normal planting of upland rice) showed the lowest moisture content of 21.32%. 

 At harvest, the treatments differed significantly and the treatment T9 (Paired 

row planting with live mulching of cowpea, hydrogel and coir pith compost application) 

had recorded the highest soil moisture content of 29.12% and was on par with the 

treatments T5, T7 and T3. The treatment T1 (Normal planting of upland rice) had 

recorded the lowest moisture content of 19.22%. 

4.6.2 Bulk Density 

 The mean data on bulk density after harvest was documented, expressed in Mg 

m-3 and furnished in Table 14. 

The results revealed that there was no significant difference among treatments. 

However, highest bulk density of 1.45 Mg m-3 was recorded in the treatment T1 (Normal 

planting of upland rice) and the lowest bulk density of 1.42 Mg m-3 were recorded in 

the treatments T9 (Paired row planting with live mulching of cowpea and   hydrogel + 

coir pith compost application), T8 (Paired row planting with live mulching of cowpea 

and coir pith compost application) and T5 (Normal planting with live mulching of 

cowpea and   hydrogel + coir pith compost application). 

4.6.3 Porosity 

 The mean data on porosity after harvest was documented, expressed in % and 

furnished in Table 14. 

The treatments showed no significant difference. However, highest porosity of 

44.75% was recorded in the treatment T9 (Paired row planting with live mulching of  

 



Table 13. Effect of cropping geometry and in situ soil moisture conservation practices 

on soil moisture content at 15 cm depth  

Treatments Soil moisture content at 15 cm depth (%) 

45 DAS 60 DAS Harvest 

T1 

 

19.20 21.32 19.22 

T2 

 

23.52 24.68 25.80 

T3 

 

26.50 24.99 27.94 

T4 

 

25.34 27.15 26.96 

T5 

 

27.01 28.22 28.41 

T6 

 

24.52 25.39 25.24 

T7 

 

26.74 26.23 28.19 

T8 

 

25.71 25.75 27.00 

T9 

 

27.05 28.49 29.12 

SEm (±) 

 

0.33 0.41 0.46 

CD (0.05) 

 

NS 1.248 1.388 

 

 

 

 

 



Table 14. Effect of cropping geometry and in situ soil moisture conservation practices 

on soil parameters 

Treatments Bulk density (Mg m-3) Porosity (%) 

T1 

 

1.45 43.58 

T2 

 

1.43 43.62 

T3 

 

1.44 43.80 

T4 

 

1.43 43.83 

T5 

 

1.42 44.08 

T6 

 

1.44 43.77 

T7 

 

1.43 43.83 

T8 

 

1.42 44.26 

T9 

 

1.42 44.75 

SEm (±) 

 

0.01 0.23 

CD (0.05) 

 

NS NS 

 

 

 

 

 

 



cowpea and   hydrogel + coir pith compost application) and the lowest porosity of 43.58 

was recorded in the treatment T1 (Normal planting of upland rice). 

4.7 OBSERVATIONS ON MAJOR WEEDS OF UPLAND RICE 

4.7.1 Weed Composition 

 The important grass weeds observed were Echinochloa colona, cynodon 

dactylon, Dactyloctenium aegyptium. Among the sedges, Cyperus rotundus was 

observed. The broad leaved weeds like Phyllanthus niruri, Alternanthera sessilis, 

Mimosa pudica were also observed. 

4.7.2 Weed Dry Weight m-2 

 The data on weed dry weight m-2 after cowpea harvest was recorded, expressed 

in g m-2 and furnished in Table 15. 

The results revealed significant difference among treatments. The treatment T1 

(Normal planting of upland rice) showed significantly the highest weed dry weight of 

15.82 g m-2. The lowest weed dry weight of 6.19 g m-2 was recorded in the treatment T7 

(Paired row planting with live mulching of cowpea and hydrogel application) and was 

on par with all other treatments except T3. 

 

4.8 PEST AND DISEASE INCIDENCE OF RICE 

 The major pest observed in the field was rice gundhi bug. The important 

diseases observed were grain discoloration and blight. The incidence of pests and 

diseases never reached the threshold level and hence uniform score was given to all the 

plots in field. 

 

4.9 ECONOMIC ANALYSIS 

4.9.1 Net income 

The mean data pertaining to the effect of cropping geometry and in situ soil 

moisture conservation practices on net income were calculated, expressed in ₹ ha-1 and 

presented in Table 16.  

 The results revealed significant difference among treatments. The treatment T9 

(Paired row planting with live mulching of cowpea and   hydrogel + coir pith compost 

application) resulted the highest net income of 62,887 ₹ ha-1  was on par with the 



treatment T7 and significantly superior to rest of the treatments. The lowest net income 

of 36,803 ₹ ha-1 was worked out in the treatment T1 (Normal planting of upland rice). 

 

4.9.1 BC Ratio 

The mean data pertaining to the effect of cropping geometry and in situ soil 

moisture conservation practices on benefit cost ratio were calculated and presented in 

Table 16.  

 The results revealed significant difference among treatments. The treatment T7 

(Paired row planting with live mulching of cowpea and hydrogel application) showed 

the maximum BC ratio of 1.84 and was on par with the treatment T9. The lowest BC 

ratio of 1.45 was recorded in the treatment T4 (Normal planting with live mulching of 

cowpea and coir pith compost application). 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 15. Effect of cropping geometry and in situ soil moisture conservation practices 

on weed dry weight, g m-2 

Treatments Weed dry weight 

T1 

 

15.82 

T2 

 

6.87 

T3 

 

7.10 

T4 

 

6.84 

T5 

 

6.42 

T6 

 

6.81 

T7 

 

6.19 

T8 

 

6.42 

T9 

 

6.34 

SEm (±) 

 

0.28 

CD (0.05) 

 

0.847 

 

 

 

 



 

Table 16. Effect of cropping geometry and in situ soil moisture conservation practices 

on economic analysis 

Treatments Gross income 

(₹ ha-1) 

Net income 

(₹ ha-1) 

BC ratio 

T1 

 

94963 36803 1.63 

T2 

 

114963 45288 1.65 

T3 

 

118222 47172 1.66 

T4 

 

123703 38528 1.45 

T5 

 

143259 53109 1.59 

T6 

 

109480 39805 1.57 

T7 

 

130963 59913 1.84 

T8 

 

131851 43676 1.50 

T9 

 

153037 62887 1.80 

SEm (±) 

 

 2301 0.03 

CD (0.05) 

 

 6958.2 0.098 
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5. DISCUSSION 

The results of the field trial entitled “Cropping geometry and in situ soil moisture 

conservation practices on upland rice (Oryza sativa L.)” are briefly discussed in this 

chapter. 

5.1 GROWTH CHARACTERS 

Paired row planting of upland rice (with one paired row spaced at 10 cm and 

two such pairs of rows at 40 cm) as given in Figure 3 combined with live mulching of 

cowpea, hydrogel and coir pith compost application favourably influenced the growth 

characters. 

Plant height at 60 DAS and harvest were profoundly influenced by cropping 

geometry and in situ soil moisture conservation practices, while at 30 DAS the 

treatments did not have any significant influence on plant height (Table 3 and Fig. 4). 

There is progressive increase in plant height in all treatments as the crop advances to 

maturity. Cropping geometry is an important factor determining the growth characters 

of upland rice (Sakariyawo et al., 2014). At 60 DAS and harvest, paired row planting 

of upland rice combined with in situ moisture conservation practices viz., live mulching 

of cowpea grown in the interspaces (40 cm) of the paired rows, application of coir pith 

compost and hydrogel significantly influenced plant height. Rice under paired row 

system produced taller plants for better interception of solar radiation, to reduce 

competition for resources to the minimum and other complementary effects as evident 

from Table 3. Without compromising the plant population, modifying the planting 

geometry of upland rice for live mulching will have complementary effect on growth 

by way of reducing evaporation, conserving moisture, improving soil physical 

properties, fertility status and suppressing weeds. This is in conformity with the 

findings of Thavaprakash, (2005) and Bezbaruha et al. (2011). In normal planting of 

upland rice at 20 cm x 10 cm, one row of cowpea is intercropped after every row of rice 

which resulted in more competition for nutrients, light, moisture and cowpea overgrew 

and masked upland rice preventing its further growth. Live mulching of cowpea and its 

subsequent incorporation into the soil might have improved the soil nitrogen, organic 

matter, moisture, smothered weeds and all these complementary effects helped the rice 

plant to grow tall. This beneficial effect of cowpea led to the superiority of the treatment 

T9 over other treatments in terms of plant height (Table 3). Live mulching of cowpea 



and its subsequent incorporation is one of the good organic sources of nitrogen besides 

increasing the nitrogen use efficiency. This corroborates with the findings of Okonji et 

al. (2011), Aparna (2018) and Langangmeilu (2019). Application of hydrogel in 

treatment T9 improved the soil moisture status and water uptake by the crop.  Water 

uptake is the first important event after sowing of seeds in the soil. A soil with optimum 

moisture contents is a good medium for seeds to germinate. Poor soil moisture level is 

one of the important reasons causing destitution of crop establishment. Higher soil 

moisture content with hydrogel enable the plant to put forth good growth in terms of 

height as evident from Table 3. It is well documented that the addition of gel-polymers 

has the potential to improve plant vegetative growth by retaining more moisture 

contents (Choudhary et al., 1995; Al-Harbi et al., 1999). Akhter et al. (2004) reported 

that the hydrogel addition in soil was effective in improving soil moisture availability 

and thus increased plant establishment. The higher moisture retention capacity of coir 

pith compost and subsequent slow release of moisture to crop are the salient 

characteristics highlighting the supremacy of coir pith compost in conservation 

farming. Moreover, it improved the soil physical properties and thereby favourably 

influenced the rice plant to absorb water and retain it for a long period. This is in 

conformity with the findings of Kandiannan, (1988). The beneficial effect of combined 

application of green manure cowpea raised in 40 cm interspace of paired rows of upland 

rice along with hydrogel and coir pith compost application in conserving soil moisture, 

improving soil nutrient status and soil physical properties led to the higher plant height 

in treatment T9 over other treatments. 

Cropping geometry combined with in situ soil moisture conservation practices 

favourably influenced the tiller number m-2 in upland rice as evident in Table 4 and Fig. 

5. Paired row planting resulted in increased number of tillers compared to normal 

planting. This might be due to the wider spacing between the paired rows which 

supplied sufficient light, moisture, nutrients and helped in higher production of tillers 

and their subsequent growth in rice plant. In normal planting of rice at 20cm x 10cm 

spacing since one row of cowpea is intercropped after every row of rice, cowpea 

overgrew rice and competed for resources which might have adversely affected tiller 

production in upland rice. Similar findings were reported by Shrirame et al. (2000) in 

rice. Live mulching of cowpea between paired rows reduced the evaporation losses 



thereby improved the moisture availability and also reduced the weed growth which 

helped in better utilisation of resources and hence increased tiller number as observed 

from Table 4. The favourable effect of green manure cowpea on tillering in upland rice 

was reported by Aparna (2018) and Langangmeilu (2019). Application of hydrogel had 

a significant influence on increasing tiller number by absorbing moisture from soil and 

releasing slowly based on crop need and thereby improving water use efficiency as 

evident from Table 4. This corroborates with the findings of Rehman et al. (2011) in 

aerobic rice who reported that increased water holding capacity of hydrogel and its 

subsequent release helped the crop for producing more tillers. Application of coir pith 

compost increased P availability which improved the physiological functions such as 

cell division, albumin formation, root development and favoured tiller formation (Table 

4) Munda et al. (1983), Ramesh et al. (2006). 

The results in Table 5 and Fig.6 revealed that total dry matter production of 

upland rice was significantly influenced by the planting geometry along with live 

mulching of cowpea, hydrogel and coir pith compost application. Paired row planting 

resulted in increased dry matter production compared to normal planting. Increased 

availability of resources such as water, nutrients and solar radiation in paired row 

system might have helped the plant to put forth good growth in terms of plant height 

and tiller number and this reflected in higher dry matter production. This corroborates 

with the results of Dutta (2006), Mehta et al. (2012). Live mulching with cowpea 

reported increase in dry matter production due to continuous supply and slow release 

of nutrients through organic matter decomposition which aided in production of 

assimilates. Live mulching with cowpea conserved soil moisture, improved the growth 

attributes resulting in enhanced translocation of photosynthates from source to sink 

resulting in higher dry matter production as evident from Table 5. This is in conformity 

with the findings of Hemalatha et al. (2000), Aparna (2018), Langangmeilu (2019) in 

rice. The enhanced moisture conservation and N addition from the mulched biomass 

might have improved nutrient supply, and thus resulted in better growth and dry matter 

production as reported by Sharma et al. (2010). Total dry matter production depends 

on photosynthetic ability which is decided by leaf area, plant height and number of 

tillers. Hydrogel application not only improved plant height, tiller number but also 

enhanced the overall crop growth rate and dry matter in treatment T9.  



 

 

Fig. 4. Effect of cropping geometry and in situ soil moisture conservation practices on 

plant height at different growth stages, cm. 

 

 

Fig. 5. Effect of cropping geometry and in situ soil moisture conservation practices on 

number of tillers m-2 at 60 DAS. 
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Fig. 6. Effect of cropping geometry and in situ soil moisture conservation practices on 

dry matter production (DMP) (60 DAS, harvest), kg ha-1. 

 

 

 

Fig. 7. Effect of cropping geometry and in situ soil moisture conservation practices on 

productive tillers m-2, length of panicle and grain weight, grain weight panicle-1. 
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Increased DMP due to hydrogel was attributable to higher carbohydrates, proteins, total 

amino acids and other biochemical and physiological parameters as reported by Kumar 

et al. (2018) in maize. This is in agreement with the findings of Yazdani et al. (2007) 

in soyabean. Coir pith compost application improved growth of plant through organic 

matter addition, improved soil physical properties, microbial properties and water 

holding capacity. Increased microbial activity led to faster decomposition and supplied 

nutrients to the growing plants and thereby increased the total DMP in treatment T9. 

These findings were in conformity with the works of Kandiannan (1988) in sorghum 

and Lourduraj (2000) in groundnut, Kumar et al. (2018) in maize. 

 

5.2 YIELD ATTRIBUTES AND YIELD  

 The results revealed favorable influence of paired row planting combined with 

live mulching of cowpea, hydrogel and coir pith compost application (Tables 6, 7 and 

Fig. 7, 8) on yield attributes, except panicle length and percentage of filled grains 

panicle-1.  

Paired row planting facilitates maximum light interception, better inter-culture 

operations and better soil aeration thereby creating a favourable condition for the better 

expression of yield attributes especially productive tillers m-2, grain weight panicle-1, 

number of spikelets panicle-1 and 1000 grain weight.  This could be reason for obtaining 

the maximum yield in wider row spacing.  This was in conformity with the findings of 

Bezbaruha et al. (2011). Live mulching with cowpea in treatment T9 favourably 

influenced the number of productive tillers m-2. Live mulching improved the soil 

physico-chemical and biological properties enhanced the soil organic matter status and 

water holding capacity improved the porosity and nutrient uptake and thereby improved 

the yield attributes as evident from Table 6 and 7. This was in conformity with the 

findings of, Aparna (2018) and Langangmeilu (2019) in upland rice. The ability of 

hydrogel to absorb moisture and gradually releasing it as per crop needs favourably 

influenced the yield attributes, economized water use and increased water use 

efficiency. This is in conformity with the findings of Kumar (2018) in maize. The 

unique property of coir pith compost to hold moisture more than 5 times of its weight 

and release it according to crop needs favourably influenced the yield attributes in rice. 

It also acts as an amendment which helps to build up biologically active root zone 



comprising the sub surface layers. Moreover, application of coir pith compost improved 

the soil physico-chemical and biological properties and thereby favourably influenced 

the yield attributes. Similar findings were reported by Parasuraman et al. (2003). The 

supremacy of paired row planting combined with live mulching of cowpea and 

application of hydrogel and coir pith compost in tapping and utilizing resources such 

as water, nutrients and light had a positive influence on yield attributes too. 

 Perusal of data revealed the profound effect of paired row planting combined 

with live mulching of cowpea and application of hydrogel and coir pith compost on 

grain and straw yields (Table 8 and Fig. 9). Though, the genetic composition of a crop 

cultivar is the main component determining its yield potential, the expression of 

morphological, physiological and biochemical factors finally decides the productivity 

of a crop in moisture stress situation. Yield is a complex attribute, which comprises the 

interaction of several intrinsic and exterior factors. It mostly depends upon the 

production and mobilization of carbohydrates, uptake of moisture and nutrients from 

soil in addition to a number of environmental factors to which crop is exposed during 

the growing period (Schonfeld et al., 1988). Yield is the ultimate manifestation of a 

complex of factors. The favourable influence of paired row planting combined with live 

mulching of cowpea and application of hydrogel and coir pith compost (Treatment T9) 

on growth attributes, DMP and yield attributes might have increased the grain and straw 

yields. Higher grain and straw yield in treatment T9 would be attributed to higher 

photosynthetic efficiency, better translocation of photosynthates from leaf to grain 

resulting in higher dry matter production. An additional grain yield of 1,451 kg ha-1 was 

obtained in T9 over T1(Normal planting of upland rice). The percentage increase in yield 

of T9 over T1 was 61 percent. Better utilization of resources such as moisture, nutrients, 

light, improvement in soil physical, chemical and biological properties, better activity 

of soil microbial flora facilitating faster decomposition of organic matter might have 

increased the nutrient and organic status of the soil thereby favoring the crop 



 

Fig. 8. Effect of cropping geometry and in situ soil moisture conservation practices on 

number of spikelets panicle-1, percentage of filled grains panicle-1 and 1000 grain 

weight. 

 

 

Fig. 9. Effect of cropping geometry and in situ soil moisture conservation practices on 

grain yield and straw yield, kg ha-1. 
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to absorb more nutrients and this was reflected in higher grain and straw yield. Higher 

grain and straw yields due to T9 over other treatments might be due to overall 

improvement in soil health, plant characters and DMP. Similar results were reported by 

Kumar (2018) in maize and Langangmeilu (2019) in upland rice.  

5.3 PHYSIOLOGICAL AND CHEMICAL ESTIMATIONS 

 Perusal of the data revealed prominent influence of treatments on physiological 

parameters like RLWC and NPK uptake of crop at harvest. 

 The results in Table 9 revealed favorable influence of cropping geometry and 

in situ soil moisture conservation practices on RLWC of upland rice at flowering stage. 

Paired row planting combined with live mulching of cowpea, hydrogel and coir pith 

compost application showed the highest RLWC as live mulching, coir pith compost and 

hydrogel application improved the soil moisture retention capacity through enhanced 

physico-chemical and biological properties of soil. Hydrogel also extended the period 

of moisture availability and thereby longer period of moisture extraction by the plants 

from the soil and hence greater RLWC. This corroborates with the findings of Aparna 

(2018), Langangmeilu (2019) in upland rice and Ashraf et al. (2018) in cotton. 

 The results in Table 10 and Fig.10 revealed that the uptake of N, P and K were 

improved by the treatment T9. Nutrient uptake is a product of nutrient content and dry 

matter accumulation. Nutrient uptake was boosted by paired row planting than normal 

row planting. Higher dry matter production under paired row spacing might be 

attributed to enhanced uptake of NPK. In general, when the uptake of N is higher, the 

crop would have propensity to absorb more P and K. Similar results of increased uptake 

of NPK due to varied cropping geometry was reported by Thavaprakaash and 

Velayudham (2007) in baby corn. Mulching improves the soil moisture availability and 

thereby plays a crucial role in uptake mechanisms of nutrients viz., interception, mass 

flow and diffusion. This corroborates with the findings of Magalhaes et al. (1987) and 

Dutta (2006) in groundnut.  

 

 

 

 

 



 

   
Fig. 10. Effect of cropping geometry and in situ soil moisture conservation practices on 

nutrient uptake by the crop at harvest, kg ha-1. 

 

 

 

Fig. 11. Effect of cropping geometry and in situ soil moisture conservation practices on 

available N, P, K after harvest, kg ha-1. 
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Plate 3.     Treatments at different growth stages

                                  



The results in Table 11 and Fig. 11 revealed that the availability of nutrients (N, P and 

K) were significantly influenced by the treatments. The treatment T9 resulted in the 

maximum availability of N, P and K in soil. This might be due to the application of 

mulching, which led to better moisture conservation and prodigious availability of 

nutrients in the soil. This confirms with the findings of Sharma et al. (2010) in maize-

wheat cropping system. Application of mulching (green manure) increased the 

availability of nutrients, especially P, by increasing its mobilization and by the release 

of organic acids. This corroborates with the findings of Aparna (2018) and 

Langangmeilu (2019) in upland rice. The coir pith compost application lead to 

improved nutrient availability and uptake (Solaimalai, 2001). 

5.4 ROOT PARAMETERS 

 The results in Table 12 and Fig. 12 revealed that the root parameters like root 

shoot ratio, root weight and root volume were not influenced by the treatments, whereas 

the root length was significantly improved by the treatments. The treatment T9 recorded 

the maximum root length of 14.96 cm and this might be due to proper partitioning of 

biomass to different parts like leaf, stem, root and grains. This corroborates with the 

findings of Rathika (2008) in babycorn. Mulching acts as a buffer and protected the 

crop from temperature and moisture extremes, thus promoting the root growth. This 

substantiates with the findings of Ghosh et al. (2006) in groundnut. Polymers like 

hydrogel can store extra water more than 400 times of its weight and enables the plant 

to utilize water for an extended period of time which maintained proper growth and 

development of roots. This confirms with the findings of Meena et al. (2011) in tomato.  

5.5 SOIL PARAMETERS 

 The results in Table 13 and 14 and Fig. 13 revealed that the soil parameters like 

bulk density, soil porosity and soil moisture content at 15cm depth at 45 DAS are not 

significantly influenced by the treatments. The soil moisture content at 15cm depth at 

60 DAS and harvest was significantly influenced and the treatment T9 resulted in the 

maximum soil moisture content. This is due to the application of hydrogel which 

improved the water holding capacity of soil, coir pith compost, which can absorb 400 

times more moisture by its weight and mulching with cowpea, which covers and 

protects the soil from evaporation and thereby improves the moisture content.  



 

Fig. 12. Effect of cropping geometry and in situ soil moisture conservation practices on 

root length, cm. 

 

 

Fig. 13. Effect of cropping geometry and in situ soil moisture conservation practices on 

soil moisture content at 15cm depth. 
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This corroborates with the findings of Rehman et al. (2011) in aerobic rice, Kumar 

(2018) in maize, Aparna (2018) and Langangmeilu (2019) in upland rice. 

 

5.6 MAJOR WEEDS OF UPLAND RICE 

 The results of Table 15 and Fig. 14 revealed that the weed dry weight was 

considerably influenced by the treatments at 45 DAS. The treatment T7 resulted in the 

lowest weed dry weight and was on par with the other treatments, except T1. Paired row 

planting with live mulching of cowpea and hydrogel application reduced the weed 

population and thereby its dry weight by the smothering effect of cowpea. Similar 

findings were reported by Aparna (2018) and Langangmeilu (2019) in upland rice. 

 

5.7 ECONOMIC ANALYSIS 

The results of the experimental study presented in the Table 16 and Fig. 15 revealed 

that the net income was significantly influenced by the treatments and the treatment T9 

resulted in the maximum net income of 62,887 ₹ ha-1 and was on par with the treatment 

T7. The highest BC ratio of 1.84 was produced by the treatment T7 and was on par with 

the treatment T9. The BC ratio of the treatment T9 is less compared to the treatment T7. 

This is mainly due to the additional cost of coir pith compost included in the treatment 

T9. 

Paired row planting with live mulching of cowpea, hydrogel and coir pith compost 

application resulted in improved growth, yield attributes and yield and thereby recorded 

the highest net income. The highest net income was recorded by the treatment T9 (Paired 

row planting with live mulching of cowpea and hydrogel + coir pith compost 

application) and was in conformity with the findings of Mehta et al. (2012) in dill, 

Singh et al. (2018) in sugarcane, Kumar (2018) in maize, Aparna (2018) and 

Langangmeilu (2019) in upland rice. 

  

 

 

 

 

 



 

 

Fig. 14. Effect of cropping geometry and in situ soil moisture conservation practices on 

weed dry weight, g m-2. 
 

 

Fig. 15. Effect of cropping geometry and in situ soil moisture conservation practices on 

net income and BC ratio. 
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SUMMARY 

A field experiment entitled “Cropping geometry and in situ soil moisture 

conservation practices on upland rice (Oryza sativa L.)” was conducted at the 

Instructional Farm, College of Agriculture, Vellayani, Thiruvananthapuram during 

Kharif, 2019. The experiment was laid out in randomized block design with 9 

treatments and three replications. The treatments were T1: Normal planting of upland 

rice (20 cm x 10 cm), T2: Normal planting with live mulching of cowpea, T3: Normal 

planting with live mulching of cowpea and hydrogel application, T4: Normal planting 

with live mulching of cowpea and coir pith compost application, T5: Normal planting 

with live mulching of cowpea and hydrogel + coir pith compost application, T6: Paired 

row planting with live mulching of cowpea, T7: Paired row planting with live mulching 

of cowpea and   hydrogel application, T8: Paired row planting with live mulching of 

cowpea and coir pith compost application, T9: Paired row planting with live mulching 

of cowpea and   hydrogel + coir pith compost application. Uniform dose of 60 kg N, 30 

kg P2O5, 30 kg K2O ha-1 were applied to all the treatments along with 5 t FYM ha-1. 

The variety used for the study was Aiswarya (PTB 52) for rice and MFC-0814 for 

cowpea. The soil was sandy clay loam in texture and low in available N, high in 

available P and medium in available K. The crop was sown on 14/06/2019 and 

harvested on 14/10/2019. The observations on growth characters, yield attributes, yield, 

physiological, chemical estimations, root, soil, weed parameters and economics were 

done and the data were analysed statistically and presented in this chapter. 

The perusal of data revealed that the treatment T5 (Normal planting with live 

mulching of cowpea and hydrogel + coir pith compost application) produced taller 

plants at 60 DAS and the treatment T9 (Paired row planting with live mulching of 

cowpea and   hydrogel + coir pith compost application) produced the tallest plants at 

harvest. The highest number of tillers were also produced by the treatment T9 (Paired 

row planting with live mulching of cowpea and   hydrogel + coir pith compost 

application) at 60 DAS. Leaf area index was not profoundly influenced by the 

treatments though, the treatment T9 (Paired row planting with live mulching of cowpea 

and   hydrogel + coir pith compost application) showed the highest value of LAI at 60 

DAS. The maximum dry matter production was recorded by the treatment T9 (Paired 



row planting with live mulching of cowpea and   hydrogel + coir pith compost 

application) both at 60 DAS and harvest. 

The yield attributes viz., productive tillers m-2, grain weight panicle-1, number 

of spikelets panicle-1, 1000 grain weight, grain yield, straw yield and harvest index were 

significantly higher with the treatment T9 and the treatment T5 registered the highest 

length of panicle and percentage of filled grains panicle-1. The treatment T9 (Paired row 

planting with live mulching of cowpea and   hydrogel + coir pith compost application) 

recorded the highest grain yield and straw yield of 3443 kg ha-1 and 3737 kg ha-1 

respectively.   

The perusal of data revealed favourable influence of treatments on the 

physiological parameter RLWC. The treatment T9 (Paired row planting with live 

mulching of cowpea and   hydrogel + coir pith compost application) resulted in the 

highest RLWC of 80.61 percent. But the physiological parameters viz., proline and 

chlorophyll content were not significantly influenced by the treatments.  

The nutrient uptake of N and K were highest for the treatment T9 (Paired row 

planting with live mulching of cowpea and   hydrogel + coir pith compost application) 

and was on par with the treatment T5. The highest P uptake was recorded in the 

treatment T9 (Paired row planting with live mulching of cowpea and hydrogel + coir 

pith compost application) and was superior to the rest of treatments. The availability of 

all nutrients (N, P and K) after the experiment were significantly influenced by the 

treatments and the treatment T9 showed the highest availability of all the nutrients. 

The root length was favourably influenced by the treatments and the treatment 

T9 recorded the highest root length of 14.96, cm whereas other root parameters viz., 

root shoot ratio, root weight and root volume were not significantly influenced by the 

treatments.  

The soil parameters viz., bulk density and porosity were not significantly 

influenced by the treatments. Even though not significant, the treatment T9 (Paired row 

planting with live mulching of cowpea and hydrogel + coir pith compost application) 

showed the highest value of porosity and low bulk density. 

The important weeds observed in the experimental field were grasses 

(Echinochloa colona, cynodon dactylon, Dactyloctenium aegyptium), sedges (Cyperus 

rotundus) and broad leaved weeds (Phyllanthus niruri, Alternanthera sessilis, Mimosa 



pudica). The weed dry weight was considerably influenced by the treatments and the 

treatment T1 (Normal planting of upland rice) showed the highest weed dry weight of 

15.82 gm-2. The lowest weed dry weight of 6.19 gm-2 was recorded in the treatment T7 

(Paired row planting with live mulching of cowpea and hydrogel application).  

The major pest observed in the experimental field was rice gundhi bug. The 

important diseases observed were grain discoloration and blight. The incidence of pests 

and diseases never reached the threshold level and necessary control measures were 

taken. 

The net income and BC ratio were profoundly influenced by the treatments. The 

treatment T9 (Paired row planting with live mulching of cowpea and   hydrogel + coir 

pith compost application) recorded the highest net income of 62,887 ₹ ha-1 was on par 

with the treatment T7 and significantly superior to rest of the treatments. The lowest net 

income of 36,803 ₹ ha-1 was recorded by the treatment T1 (Normal planting of upland 

rice). The treatment T7 (Paired row planting with live mulching of cowpea and hydrogel 

application) showed the maximum BC ratio of 1.84 and was on par with the treatment 

T9. The lowest BC ratio of 1.45 was recorded in the treatment T4 (Normal planting with 

live mulching of cowpea and coir pith compost application). 

 The results revealed higher growth characters, yield attributes, yield and net 

income of upland rice in the treatment T9 (Paired row planting with live mulching of 

cowpea and   hydrogel + coir pith compost application). Therefore, paired row planting 

with live mulching of cowpea along with combined application of hydrogel and coir 

pith compost could be recommended for upland rice. 

 Future line of work 

The possibility of exploring naturally available, cheaper, biodegradable 

materials from tuber crops like sweet potato, yam, aroids and minor tuber crops have 

to be assessed in comparision with hydrogel and live mulching of cowpea, particularly 

in terms of soil moisture conservation, WUE, yield and economics of upland rice.  
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APPENDIX I 

 

Weather parameters during the cropping period – 14th June to 14th October, 2019 

 

Standard 

weeks 

Temperature (oc) 

 

Relative humidity 

(%) 

Rainfall 

(mm) 

Rainy 

days 

Max Min Max Min 

24 31.13 24.83 93.37 81.17 114.40 6 

25 31.91 24.93 90.00 78.71 28.60 3 

26 32.09 26.06 87.14 75.29 0.00 0 

27 32.20 25.91 90.29 77.14 32.10 2 

28 30.79 25.37 90.29 79.00 42.10 2 

29 30.06 23.74 94.14 81.57 100.80 4 

30 30.37 24.33 92.29 82.43 7.70 2 

31 31.46 25.63 89.29 77.57 17.50 1 

32 30.00 23.61 94.57 81.71 198.10 6 

33 30.44 24.07 91.57 76.57 18.20 2 

34 31.11 24.23 92.14 77.43 34.90 3 

35 30.67 23.91 93.14 77.86 91.90 6 

36 30.87 24.37 90.57 80.14 84.00 3 

37 31.33 24.39 88.86 76.43 12.90 2 

38 30.94 24.90 91.14 77.86 19.40 2 

39 31.01 24.21 93.29 75.57 123.80 4 

40 31.50 24.57 91.29 72.14 7.00 1 

41 31.10 24.40 91.71 77.00 133.10 4 
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ABSTRACT 

Cropping geometry and in situ soil moisture conservation practices in upland 

rice (Oryza sativa L.) 

A field experiment entitled “Cropping geometry and in situ soil moisture 

conservation practices in upland rice (Oryza sativa L.)” was conducted at the 

Instructional Farm, College of Agriculture, Vellayani, Thiruvananthapuram during 

Kharif, 2019 with the objectives to study the influence of cropping geometry and in situ 

soil moisture conservation practices on growth and yield of upland rice and to work out 

the economics of cultivation. The variety used was Aiswarya (PTB 52). The experiment 

was laid out in randomized block design with 9 treatments and three replications. The 

treatments were T1: Normal planting of upland rice (20 cm x 10 cm), T2: Normal 

planting with live mulching of cowpea, T3: Normal planting with live mulching of 

cowpea and hydrogel application, T4: Normal planting with live mulching of cowpea 

and coir pith compost application, T5: Normal planting with live mulching of cowpea 

and hydrogel + coir pith compost application, T6: Paired row planting with live 

mulching of cowpea, T7: Paired row planting with live mulching of cowpea and   

hydrogel application, T8: Paired row planting with live mulching of cowpea and coir 

pith compost application, T9: Paired row planting with live mulching of cowpea and   

hydrogel + coir pith compost application.. 

The results revealed that the treatment T5 (Normal planting with live mulching 

of cowpea and hydrogel + coir pith compost application) produced taller plants at 60 

DAS and the treatment T9 (Paired row planting with live mulching of cowpea and   

hydrogel + coir pith compost application) produced the tallest plants at harvest and 

highest number of tillers at 60 DAS. Leaf area index was not significantly influenced 

by the treatments, though the treatment T9 showed the highest value of LAI at 60 DAS. 

The maximum dry matter production was recorded in the treatment T9 (Paired row 

planting with live mulching of cowpea and   hydrogel + coir pith compost application) 

at 60 DAS and harvest. 

The yield attributes viz., productive tillers m-2, grain weight panicle-1, number 

of spikelets panicle-1, 1000 grain weight, grain yield, straw yield and harvest index were 

significantly higher in the treatment T9 (Paired row planting with live mulching of 



cowpea and   hydrogel + coir pith compost application) and the treatment T5 (Normal 

planting with live mulching of cowpea and hydrogel + coir pith compost application) 

registered the highest length of panicle and percentage of filled grains panicle-1. The 

treatment T9 (Paired row planting with live mulching of cowpea and   hydrogel + coir 

pith compost application) produced the highest grain yield of 3443 kg ha-1 and straw 

yield of 3737 kg ha-1
. The maximum harvest index of 0.48 was recorded in the treatment 

T9 (Paired row planting with live mulching of cowpea and   hydrogel + coir pith compost 

application). 

The nutrient uptake of N, P and K were highest for the treatment T9. The 

availability of all nutrients (N, P and K) after the experiment were significantly 

influenced and the treatment T9 showed the highest availability of all the nutrients. 

The root parameters viz., root shoot ratio, root weight and root volume were not 

significantly influenced by the treatments, whereas root length was favourably 

influenced by the treatments and the treatment T9 (Paired row planting with live 

mulching of cowpea and   hydrogel + coir pith compost application) produced the 

highest root length. 

The economic analysis revealed that the treatment T9 (Paired row planting with 

live mulching of cowpea and   hydrogel + coir pith compost application) resulted in the 

highest net income. The treatment T7 (Paired row planting with live mulching of cowpea 

and hydrogel application) showed the maximum BC ratio and was on par with the 

treatment T9.  

 The results revealed that higher growth characters, yield attributes and yield of 

upland rice was recorded by the treatment T9 (Paired row planting with live mulching 

of cowpea and   hydrogel + coir pith compost application). Maximum net income was 

also recorded by the treatment T9 and was on par with the treatment T7. Therefore, 

paired row planting with live mulching of cowpea along with combined application of 

hydrogel and coir pith compost could be recommended for upland rice. 

 

 

 

 



 

സംഗ്രഹം 

 

കരനെല്കൃ ഷിനെ "ഇടയകെവ ും മണ്ണിനെ 

ഈർപ്പസുംരക്ഷണവ ും" എന്ന വിഷയത്തിൽ ഒര  പഠെും 

നവള്ളായണി കാർഷിക കകാകേജിനെ ഇൻസ്ട്ടക്ഷണൽ 

ഫാർമിൽ െടത്ത കയ ണ്ടായി. കരനെല്കൃ ഷിക്്ക അെ കയാജയമായ 

ഇടയകെവ ും മണ്ണിനെ ഈർപ്പസുംരക്ഷണവ ും കണ്ട പിടിക്ക ക 

എന്നതായിര ന്ന  പഠെത്തിെ്നെ െക്ഷയും . പട്ടാമ്പി കാർഷിക 

ഗകവഷണ കകട്രത്തിൽ െിന്ന ും വികസിപ്പിനെട ത്ത ഐശ്വരയ 

എന്ന നെല്ലിെമാണ ്പഠെത്തിെ് ഉപകയാഗിെത്. 

      

പരീക്ഷണത്തിൽ ഉപകയാഗിെ വിവിധ അേവ കൾ താനെ  

നകാട ത്തിരിക്ക ന്ന . 

 

  T1: സാധാരണ െടീൽ  ഇടയകെും 20cm x 10cm 

  T2: സാധാരണ െടീൽ  + പയർ വിേ തത്സമയ പ തയിടൽ  

 T3: സാധാരണ െടീൽ  + പയർ വിേ തത്സമയ പ തയിടൽ + 

ഹൈകട്രാജൽ 

 T4: സാധാരണ െടീൽ  + പയർ വിേ തത്സമയ പ തയിടൽ + 

ചകിരികൊർ 

 T5: സാധാരണ െടീൽ  + പയർ വിേ തത്സമയ പ തയിടൽ + 

ഹൈകട്രാജൽ + ചകിരികൊർ 

 T6: കജാരിയാക്കിയ വരി െടീൽ + പയർ വിേ തത്സമയ 

പ തയിടൽ  

 T7:  കജാരിയാക്കിയ വരി െടീൽ +പയർ വിേ തത്സമയ 

പ തയിടൽ + ഹൈകട്രാജൽ 



 T8: കജാരിയാക്കിയ വരി െടീൽ + പയർ വിേ തത്സമയ 

പ തയിടൽ + ചകിരികൊർ 

 T9: കജാരിയാക്കിയ വരി െടീൽ + പയർ വിേ തത്സമയ 

പ തയിടൽ + ഹൈകട്രാജൽ + ചകിരികൊർ 

 

നമാത്തും 9 ട്ടീറ്്റനമെ്െ്കോയി മൂന്ന  തവണ ആവർത്തിെ  

ൊൻരഹമനസര് കലാക്്ക രിഹസൻ എന്ന രീതിയിൊണ് പഠെും 

െടത്തിയത.് 60 കികൊ ഹെട്ടജൻ, 30 കികൊ  കഫാസ്ഫെസ്, 30 

കികൊ നപാട്ടാസയും, 5 ടൺ കാെിവേും എല്ലാ ട്ടീട്നമെ്െിെ ും 

െൽകി. 

 ഈ പഠെത്തിെ്നെ ട്പധാെ കനണ്ടത്തെ കൾ ഇവയാണ്. 

കജാരിയാക്കിയ വരി െടീൽ  + പയർ വിേ തത്സമയ പ തയിടൽ + 

ഹൈകട്രാജൽ + ചകിരികൊർ (T9) എന്നിവ കരനെല്കൃ ഷിയിൽ 

കൂട തൽ വിേവിെ ും ഹവകക്കാൽ ഉത്പാദെത്തിെ ും മണ്ണിനെ 

ഈർപ്പസുംരക്ഷണത്തിെ ും െല്ലതാനണന്ന് കനണ്ടത്തി. കൂടാനത 

കർഷകെ്നെ അറ്റാദായവ ും വർധിക്ക ന്നതായി നതേിഞ്ഞ .    

 

 


