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Rice cultivation dates back to antiquity and rice has been the staple 

food and the first cultivated crop in Asia. Archaeological evidences indicate that 

rice has been cultivated in India since ancient times. About half of the world 

population is dependent on rice as their energy supplymg food grain. Considering 

the importance of rice, it was described as the 'Grain of Ef$ by the United Nations 

in 1 966. Rice is the leading food crop, cultivated over an area of about 145 million 

hectares with a production of about 380 million tones globally. It is cultivated in 

almost all states in India (Singh, 1999). The area under rice cultivation in Kerala is 

declining at the rate of 4500 ha per annum for the past few decades. The major 

reasons for this are the non-availability of labour in time and the high Iabour wages 

prevailing in the state. 

The crop is raised either by direct sowing or by transplanting. 

Transplanting paddy seedlings in puddle soils is one of the most widely accepted 

cultivation pmctices. Transplanting has several advantages combined with high 

productivity when compared to direct sowing. The commonly followed method of 

manual transplanting requires more than 50 man days per hectare and during 

period of requirement for labourers, farmers find it extremely difficult to transplant 

the seedlings at the optimum stage. Manual transplanting requires (3.5 to 1 0 times) 

moR labour than direct sowing (Bainy 1990). Because of these facts, m a r c h  

engineers all over the world are making efforts to develop Iabour saving and 

economically feasible farm machinery for paddy cultivation. Complete or partial 

mechanisation has thus become a necessity in rice cultivation, where Iabour input 

is very high f?om planting to hamest (Veerabadm and Pandian, 1999). 

Mecbanicd transplanting provides health relief to a g i c u l t d  workers 

fioai the tedious bending postures and strenuous dipping of fingers in the puddle 

field. It also reduces the expenditure of energy. So the paddy mecbanicd 

transplanters should be popularised among the farmers so as to reduce their 

workload and avoid situations like Iabour peak. 



Specific rice nurseries are a prerequisite for transplanters and there are 

several types of nurseries viz., wet nursery, dry nursery, dapog nursery and mat 
" 

nursery. The transplanters work most eficiently with mat nursery. 

Mat nursery is a special type of nmry, r a i d  in trays or sheets. 

Rooting media is filled in the tray or sheet and seeds are sown on it. Seedlings 

raised in beds can be rolled as mats. The mats are cut at appropriate size of trays of 

the transplanter and fed to it. Raising mat type of nursery offers several advantages 

over the conventional nursery. Conventional nursery needs 0.1 ha for planting 

seedlings for 1 ha of main field, while mat nursery needs only 0.016 ha. Mat 

nursery is very convenient to handle as the seedling can be rolled and transported 

as a mat. It requires less labour for management and needs no pulling out 

operation. Mat nursery practice also provides immense job opportunities. The 

commonly experienced root damage during uprooting seedtings from conventional 

nursery bed is completeIy avoided, since the seedlings are fed to the transplanter 

without separation. 

Research work regarding pat nursery is still in the infant stage, which 

i:i a major constraint in the large scale use of mechanical paddy transplanters. A 

suitable technology package for raising the mat nursery is the need of time to 

encourage the farmers to adopt mechaaised mspIanting operation. Possibilities of 

using mat nursery as an altmative to conventional mot washed nursery and 

manual planting have not been studied so far. If mat n u -  can replace 

conventional nursery, there would be considerable saving in area and labour 

involved in nursery raising and uprooting seedlings. 

Hence the present attempt on standardisation of mat nursery for rice 

was taken up with the following objectives: 

1 ) To provide package for commercial production of mat nursery 

2) To evaluate mat nursery in the field by mechanical and manual transplanting 

and 

3) To explore the feasibility of using mat nursery as an dternative to conventional 

root washed nursery. 





2. REVIEW OF LITERATURE 

k c e  is grown in a variety of ecosystems. The system of rice cultivation 

varies depending on land and soil situation as we11 as water regimes, primarily 

depending upon climate (Shekinah, 1996). An attempt has been made in this 

chapter to review the salient research findings on rice mechanisation, different 

systems of rice nurseries, performance of the crop under manual and mechanical 

transplanting and the economics of cultivation under these two systems of planting. 

2.1 Rice mechanisation-General concepts 

Fan11 ~necl~ar~isatior~ has caused a number of cl~arlges i r i  the agwiat~ 

scenario of India. Studies on dynamics of leadership status roles of farmers in 

mechanised farms in Haryana by Sissodia (1978) revealed that farm mechanisation 

led to workspread of the farmers within agncuttural and non-agicdtural sectors 

and caused important organisational and functional changes in the rural system of 

social hierarchy and power. The status role structure was found integrative. The 

fitrmers with tractors gained in status in their communities and did various social 

and leadership functions for other farmers with no tractors. 

According to Pandey and Panghd(1983), land preparation and sowing 

required 75 to 95 per cent of total bullock power in case of crops except sugar 

cane, wherein the requirement was 38 per cent. h case of paddy, harvesting, 

threshing, winnowing and transportation accounted for 45 per cent of the labour 

requirement. The study W e r  revealed that with increase in tractorisation, the 

employment of human labour declined. Farm mechanisaiion n d c d  improved 

technology and capital. Capital had a significant role in cllanging the cropping 

patterns. The huge investment on machinery and equipments had negative and non 

significant impact on the gross returns of mechanised and partially mecha~iised 

fmi~s, which indicated that excessive investment on machinery ultimately reduced 

the gross returns (Tyagi and Pandey, 1984) 

Igbeka (1 984) held a different view. Farm power shortage has been a 

major consmint to agricultural development. Farmers in developing countries 

depended on expensive imported machinery. Complexity in the designs of the 

imported machinery, lack of spare parts and skifled Iabour to operate and maintain 



the machines were other constraints. Mechanisation was O I I ~  of the major inputs 

whch facilitated the increase of agricultural productivity. 

Accordirlg to Ojha (1988), the level of mechanisation in Indian 

agriculture is low compared to developed countries. There is a great need for 

mechanisation of operations like transplanting, interculture, weeding, harvesting 

and threshing, without serious displawment of labour. Mechanisation might reduce 

employment to some extend, but ultimately it would result in an increased land 

productivity, which would demand the engagement of more human labour. The 

operations which caused human drudgery (transplanting, weeding and tramport) 

should be mechanised, and its success would be decided by the degree of 

seriousness attached to the demonstrations, mining and after safe senrices. 

Varghese(l995) observed that the use of farm machinery was very less 

in Kerala, when compared to other states, and the impact of agricultural 

mechisation in the state was aIso marginal. The state is in its initial stages of 

mechanisation and there is immense swpe for development. This could be 

achieb ed by a 3-tier mechanisation process, which could be accomplished through 

tlre rational use of small sized agicuitural implements, tractors and tillers with 

accessories for tillage, sowing and harvesting and innovative technologies in 

irrigation, drainage, soil and water conservation. 

A study conducted by Singh (1998) pointed that women were employed 

for raising of nursery for rice, uprooting, washing, carrying and transplanting. Rice 

transplanting, which required a continuous bending posture was largely performed 

by women in most parts of the country. So these operations should be mechanised 

to>save them from the common health hazard. Social and tmhnoIogical efforts 

were required to persuade and inin them to handle agricultural machinery. 

Farm mechanisation should be adopted to remain g1obaIIy competitive, 

as the labour charges are increasing at an alarming rate. Farm power availability is 

a major constraint to agricultural production, which needs to be increased from 
- 

1.15 kW ha-' to 2 kW ha*'. Electromechanicd sources of farm power have replaced 

the traditional animate and organic sources. Development o f  rice transplanters, 

sugarcane harvesters and cotton pickers are the immediate need (AIam, 1999) 



Veerabadran and Pmdian (19991, estimated that 145 man days were 

required per hectare of rice in Tamil Nadu. Among the various operations, 

planting needed 2 1 per cent, while harvesting and threshing together required 43.4 

per cent of totaI labour. Agriculture labour availability has declind due to the 

development of market economy and d industries. Complete or partial 

rnechanisation has become a necessity to solve this problem. 

Jaikumaran el al(1999) suggested that the machinery developed must 

be suitable for the vaying agro-ecological situations. Workability of transplanters 

on different agroecosystems, main fieId requirement, mat nursery techniques, 

varietal prefaence with respect to mechanical transplanting, modification of 

reapers to suit varylng wet situations, harvesting of lodged paddy, mechanical 

means of pest control, workability of combines etc. were some of the areas where 

research should be streagthmed. Resmch should also be concentrated on the 

development of customary s e n i c e  centres and entrepreneurship development 

programmes for unempIoyd youth to start these centres. 

Bell and CediIlo (1999) repodd that countries with few agricultural 

workers and well developed economies were highly mechanised. The focus would 

be in improving the existing systems, rather than shifting to a higher level of 

mechanisation in countries with abundant labour and low GDPPC. Appropriate 

rnechanisation could be brought about only with the cooperation of private and 

public sectors. Mechanisation rarely resulted in labour displacement and any 

Governmmt programme on mechanisation should consider the socio economic 

status of the peopIe. 

2.2 Seedling growth in nursery as influenced by growth media and 

management systems 

Generally rice nursery is raised under tbree methods viz., ( 1 )  dry, (2 )  

we: and (3) semidry (KAU, 2002). Mat nursery raising was necessitated with the 

introduction of mechanical transplanters. Mat nursery requires lesser area 

compared to the conventional wet nursery. 



2.2.1 Nursery mcdia 

While comparing Saihupi nursery (double transplanting nursery) with 

conventional nursery, Anrnachalam and Paul ( 1  988) found that height. density and 

root length ,of seedlings in Sarhupai method were superior to those in the 

conventional method. Sathupai system is a combination of dapog and field nursery 

methods. After keeping as dapog nursery for 10 to1 5 days initially, the 'pa? 

nursery seedlings are transplanted very closely in a nursery area prepared well in a 

conventional manner. The seedlings can be pulled out on 15' day of first planting 

and transplanted in main field. 

Experi~nerlls co~lducted at Madurai for identifying riiusery lecl~rliques 

fir low Iand rice by Amnachdam et ul. ( 1  991) indicated that 'Sathupai' (double 

nursery) systcm of nursery raising of rice seedlings was better than conventionaI 

system. Manuring of nursery promoted tiller production as well as growth. Thvty 

.. days old seedlings were found ideal for transplanting to achieve higher grain yield. 

Budhar ef al. (1 991 ) while studying effect of injury to roots of rice 

seedlings observd that seedling establishment was severely affected by root 

injury, which usually happened with conventional nursery. This w m t e d  gap 

filling in the main field. 

Rajendran ( I  991) while studying the effect of three forms of fertilizers 

viz. urea, superphosphate and DAP @i Ammonium Phosphate) on rice nursery 

manuring observed that application o f  either of the fdlizers. 10 DAS (Days After 

Sowing) in nursery significantly increased shoot length of seedlings relatively 

more than that of root. This increase in shoot length, eased the pulling out 

operation and reduced snapping of seedlings. 

The use of a nursery mat of rockwool made it possible to -plant 

very small seedlings at 4 to 7 DAS using machines. Raising such small seedlings 

requircd less space, labour and time and they produced higher yield due to 

production of more tillers than conventiomf seedlings (Hoshikawa, 1992) 

Yang ut u/. (1998) observed that under mat nursery system, seedling 

height root dry weight and shoot dry weight per seedling during growth was ' 



slightly greater at lower sowirlg rate, while tension of root mat was greater at 

higher sowing rate. 

Dapag system offered good scope to get a lot of fresh seedlings within 

12 days during drought or failure of irrigation systems. Therefore a siudy was 

conducted by Venkataraman, (1 999) to find out suitable management practices for 

raising dapog nursery in rice using three substrata (perforated polythene sheet, 

plain polythene sheet and gunny bit) and four media (clay -t cowdung slurry, 

cornposted coir pith, raw coir pith and straw bit). Results showed that substrata did 

not influence germination percentage and the seedIing growth upto 12 DAS. 

However among the media, clay + cowdung slurry and composted coirpith ensured 

higher germination percentage than the other two media. Higher dry matter 

production of seedlings (12 DAS) was achieved in composted coiqith media 

followed by clay + cowdung slurry. Straw media recorded lower dly matter 

production. 

Tasaka ( 1  999) from Japan proposed a new mat nursery 'long mat with 

hydroponically grown rice seedlings' (LMHS) for labour saving rice tnmsplanting 

system. 'Ihis mat nursery, g o w n  in a size of 6 m x 2.28 m on non woven cloth and 

hydroponically fed with f e r t i l i ~ r  nutrients, was found to be about five times 

lighter than conventional mat with young seedlings raised in a soil bed (CMSS). 

The mat could be rolled up easily and was fitting to mechanical transplanters. This 

could also dispense with high weight associated with CMSS, which was laborious 

to be carried to the field for mechanical transplanting. 

2.2.2 Nursery systems 

The seedling age for transplanting depends upon the genotype as well 

as the system of nursery raising. According to Rajagopalan and Palanisamy (1 986) 

twenty five day oId seedlings of TKM 9 and 35 day old seedlings of ASD 16 raised 

either in wet or semi dry nursery systems and 45 day old seedlings of ASD 16 

raised in sathupai nursery system were ideal for transplanting to achieve maximum 

yield. Ayyaswamy et a!. (1991) reported that when rice seedlings were raised 

under dry system of nurseIy and irrigated at ail interval of once in 12 days, 



seedling transplmting could be delayed up to 50 days after sowing, without 

affecting yield. 

According to Balakrishnan ef a/. (1994) wetting and drying in the 

nursery significantly reduced the height, dry weight and to a lesser extent leaf 

number of the nursery seedlings. Jinda ef a!., (2002) has developed a device for 

growing and p h t m g  seedlings in aperture disc based on the planting requirements 

of rice seedlings. 

2,3 Crop growth in mainfield as influenced by different nursery - 

systems, media and planting methods 

2.3.1 Nursery systems 

Direct seeding and tmnsplariting are the two main methods of rice crop 

establishment. Pioneer reports indicated that dkctseeding by broadcasting on the 

puddle as well as planbng with 'dapog' seedlings were as efficient as conventional 

hmsplanting under good management practices. The crop raised under direct 

seeding or from dapog seeding matured one week earIier than conventional 

planting (Rajagopalan et al, 1 97 1 ). Anrnachalam et a/ (1 99 1 ) observed that height 

of crop at harvest and LA1 of 30 day old seedlings was higher for sathupai nursery 

when compared to that of conventional nursery. 

One of the recommended nursety systems by the Agricultural 

Department for Tmil Nadu is super nursery. It comprises of a seed rate of 50 kg 

per ha raised on 880 m2 nursery area applied with twelve tonnes of FYM and 40 kg 

of DAP pcr ha and two sccdliogs platitcd pcr hill. Planting of 25 days old ricc 

sadling, under super nursery led to enhanuxi tiller production and earlier 

establishment with good root proliferation when compared to the conventional 

nursery (Rajagopal el al., 1995). 

Shekinah (1996) reported that broadcasting of rice seedlings was 

economically better than transplanting. When transplanting was resorted to, 

nursery seedlings from wet or semi dry nursexy, dipped in day + cowdung slwry 

performed better than non dipped seedlings. 



23.2 Nurserymedia 
-h. 

Earlier studies have revealed that rice seedlings in the unmanwed 

nursery would be comparatively weak with slender stems and pale green leaves. 

Their establishment in the main field was slow, but once they were established, 

they tillered fast and produced nearly as much tillers as by the seedlings from the 

~nanured plots. At the end of the reproductive phase, there was no significant 

variation between the crop raised using manured and the manured  seedlings in 

terms of production of ear bearing tillers per hill (Nrtir el al., 1977). According to 

Rajagopalan el a/, (1978) to improve the quality of dapog seedlings, 9'h day of 

fc rtilization to seedbed was found to be the best. 

Preliminary testing of IRRl transplanter revealed that if the nursery was 

raised in clayey soil the seedling sticked to the fingers. To eliminate this problem, 

raising of nursery with 50 per cent red soil + SO per cent FYM was found to be the 

best. The optimum seed rate for nursery sowing was 70 ghat of size 40 ern x 19 

cm. When seedlings were raised exclusively under FYM, they were white and 

wilting occurred. The seedlings raised in 25 per cent field soil and 75 per cent 

FYM was not uniform. Missing hills was more than 30 per cent in the former two 

cases. The following media viz., 50 per cent field soil + 50 per cent FYM, 50 per 

cent field soil + 50 per cent sand, 50 per cent red soil + 50 percent FYM and 50 per 

cent red soil + 50 per cent sand were ideal for mat nursery used in IRRJ 

transplanter. In these cases, missing hills were between 9 and 15 per cent and 

average hill population was 47 m'. A force of 120 Newton was required to detach 

seedIings from the mat (Manian ef al., 1 987). 

Thilagavathi and Mathan (1 995)  conducted field triats on sandy clay 

loam soil at the Agricultural College and Research Institute, Madurai to study the 

influence of application of raw, partially decomposed or fully decomposed coir 

pith in the mainfield on the performance of rice. The observation revealed that 

miximiun plant height and root length was reached with 25 day and 30 day 

cornposted coir pith. 

While studying performance of 8 row mechanical transplanter, Beena 

and Jaikumaran (1 999) observed that density of the mat should be between 0.4 to 



0:6 kg m-2 to obtain optimum seedlhg rate of 3-4 plants hill-' and dso to reduce 

th\;e number of missing hills to bare minimum. 

According to Rani et al. (2000) mat nursery did not require any 

fertilizer, as the FYM provided neceswy nutrients and the soil was enough for 

proper growth of roots. Five beds of 1 0 m x 1.2 m were sufficient to transplant one 

ha. The mixture of soil, FYM and sand in the ratio of 7: 1 :2 was bettec for heavy 

texture of soil. whiIe for light soils, a mixture of 9:1 (soil and FYM) wodd be 

optimum. Perforated and transparent polythene sheet was laid on the seed bed and 

an iron h e  of 50 cm x 21 cm x 2.5 crn was laid on the sheet. The prepared 

mixture was spread over it, maintaining a thickness of 1.5 cm. Sprouted seeds were 

broadcast sown uniformly over the soil mixture and covered with the same mixture 

'q to another thichess of 0.5 cm so that the d s  are just covered. Seeds should be 

covered with wet gunny bags or rice straw. Water should aIways be there in the 

nursery to avoid heating up of nursery. After 22 to 25 days, the sesdlings were at 4 , 

to 5 leaf stage and were ready for transplanting. 

2 3 3  Planting metbods 

Mat nursery is required for using IRRl manual transplanter. Punjab 

Agn'cdtural University system of mat nursery raising has been described by Garg 

and S h m a  ( 1  984). As per this system, a wooden frame without base having 12 

compartments of the size 4 0 m  x 20cm x 2 ern is placed over the palythene sheet. 

Soil mixed with FYM in equal proportions is filled uniformly in this frame. About 

60 to 70 g of pre-germinated seeds is evenly spread in each tray to achieve a 

uniform density of 2 seedlings cm" in the mats. Seeds are covered by a thin layer 

of soil. The seedling mats became ready after 20 to 25 days of sowing and can be 

uprooted easily without breaking the mats. While conducting trial with a 5 row 

rnanuaIly operated IRRI paddy transplanter, the authors obsemed that only -2 to 3 

h m e s  for raising seedfiag mats were required, which could be relaid over plastic 

sheet, instead of a tray for each of the seedling mat. The average number of 

seedlings hi1 t' obtained was 4. 

Directorate of Rice Research has standardised the size of mals to be 

used for 8-row mechanical transplanter. They have dso developed a suitable 



. h e  to prepare mats, which dispensed labour for nursery pulling and cutting of 

mats. It also ensured uniformity of seedling density over mats (Murthy el al., 

200 I ). 

2.4 Performance of the transplanter under different nursery systems 

Mechanical transplanters with mat nursery were introduced in Japan in 

seventies. All these Japanese transplanters, which had psssed the national 

tests,were engine driven machines of walking types with floats using mat nursery. 

The expenditure incurred in raising mat type nursery in Japan was generally lesser 

than that for other types(Yoshiakimori, 1975). Six row rice transplanter using mat 

type seedlings has been tried in Punjab in late seventies (Singh and Gar& 1977). 

Manually operated rice transplanter d u d  human energy 

expenditure. Experiments conducted at Banglzidesh Rice Research Institute by 

Bqui and h n  (1 982) revealed that the enera expenditure for transplanting rice 

using IRRI rice transplanter was 3.79 Kcaj min*' compared to 3.09 required for 

hand transplanting. However, the energy expenditure per plant was much lower in 

machine 10.0 i 9 kcal) than hand transplanting. (0.069 kcal) 

A 5-row manually operated paddy transphter of IRRI design, which 

was modified by Garg and Sl~arma (1984) transplanted about 0.3 to 0.4 hectares 

per day with the heIp of two persons. The average hill population was 26 m" with 

an average number of 4 seedlings per hill. 

International Rice Research Institute, in cooperation with the scientists 

of the Chinese Academy of Agricultural Sciences, has developed a manually 

powered transplanter that utilised root washed seedlings. This was for those with a 

difficulty to prepare seedlings witb a soil mat (IRRI, 1985). The IRRI rice 

transphnter planted an area of 0.133 ha in a day of 8 hours in clay loam soil 

conditions of Tamil Nadu. (Manian et al., 1987) 

A six row Korean transplanter was found to be more appropriate in 

Pakistan rice fields as it used conventiond root washed seedlings. However, the 

machine need4 improvement in feeding and fmnsplmting mechanism. Certarn 

modifications imparted to the machine Id to decrease in the number of rice 



seedlings ih a hi11 from 8 to 4 and improved seedling distribution pattern. The 

study further revealed that seedlings with 1 to 2 crn root lengths should be used 

with this transplanter for better seedling distribution. The performance of the 

transplanter depended upon thorough washing of thc seedlings trimming of their 

stems and roots to 20 and. 2 cm respectively and their careful placement in the 

seedling box (Khan and Gunkel, 1988) 

According to Ravi el a]., (19941, the powertiller operated 8-row 

transplanter developed by the APAU, costing a. 6000/-, was very ideal to 

dispense with peak requirement of labour at transplanting stag and to avoid late 

transplanting due to paucity of labour. The study conducted using 25,35,45 and 55 

day old seedlings using either machine transplanting or manual planting revealed 

that machine planting of young seedlings (25 and35 days) was very superior than 

planting of over aged seedlings (45 and 55 days) with respect to growth and yield 

attributes such as days to 50 percent flowering panicle number, panicle weight, 

grain number panic~e*', grain yield, straw yield, net returns and cost-benefit ratios. 

The study on modification and performance evaluation of 6 row rice 

transplanter for conventional seedlings, conducted by Bainu t.r al., ( 1  994) at 

Tavanur, Kerala revealed that the modifications incorporated reduced number of 

seedlings from 6 to 2 and number of missing bills from 20.83 to 5.55 percent and 

that of floating hills from 10 to 5.5 percent. The field efficiency incr+e.d from 

48.26 to 56.87 percent. Tbe modification of the machine included raising the 

height of the feeding h e  of the transplanter by SO mm, reducing the mouth of 

the feeding frame from 8 to 5.4 mm, increasing the height of the partition wall of 

the nursery tray from 40 to 100 mm and inrroduction of a pressure plate to avoid 

spillage of seedlings fkom the seedling tray. 

Prakash (1 993) studied over power tiller opmted APAU model paddy 

Bansplanter at Tavanur, Kerala. The conventional root washed paddy .seedings 

was used in the transplanter. When the power tiller was opmted at a forward 

speed of 1.2 krn Y', it transplanted seedlings at the rate of 2-4 seedlings hillv1, with 

an average field capacity of 0. I 3 ha h-' . 



The efficiency of the Yanrnar transplater machine was 0.32 to 0.4 ha 

h f l ,  under different field conditions in Lahore, Pakistan. The number of missing 

hills with seedling mats grown in plastic trays and pIastic sheets were about 5 

percent. The labour requirement was IM" of that of manual transplanting. A 30 

percent increase in yield was recorded by machine transplanted crop wmpared to 

manual planted crop (Mufti and Khan, 1995) 

Saha (1996) has reported about an automatic rice transplanter for root 

washed seedlings. It has no hand or foot wntroIs and is simply towed. Performance 

testing revealed that the mechanism was satisfactory for transplanting seedlings. 

A study report by Directorate of Rice Research, Hyderabad, stated that 

transplanters needed 214 manh ha*' as against 347 manh ha-' for manual 

transplanting, whereas paddy wet seeder needed only 8 h ha-' (DRR, 1996). 

About 30 numbers of manually operated 6- row paddy transplanter, 

which used mat type seedlings were fabricated at PAU (Garg el 01, 1997) Trials 

were conducted using the machines at 19 locations in 2 districts of Punjab. The 

macIlinc transplanted 0.4 ha per day and only two people wcrc ncudcd for the work 

including uprooting and transporting mat from the nursery. The number of hills 

transplanted by the machine was 25.2 to ~ 8 . 8 r n - ~  . The hill mortality, after 15 days 

of transplanting, was 12.1 percent. The average grain yield was 250 kg ha" more 

than the manually transplanted fields. 

Cuevas (1997) while reviewing the various trends in mechanical 

transplanting of rice throughout the world described 4 different types of  machines. 

Accordingly, the ideal stage for mechanical bansplanting was 20 days after 

seeding. 

A six row manually opemted rice transpIanter, developed by IRRI, was 

modified for Indian conditions at Bangalore. This transplanter, using mat type 

seedlings, (engaging 5-6 labouras) transplanted 1 ha of land in comparison to 

manual ~ p l a n t i n g ,  which required 30 workers. The machine planted 46-47-rice 

hills mm2 wmpared to 3 9-40 for mmud transplanting, leading to an increase of 36 1 

kg grains ha-' (Gowda and Rudradhya, 1998) 



The results of the trials on mechanical transplanting of rice seedlings in 

dry seed bed in China summarized by Wang sf a!, (1999) indicated that rice yield 

increased by 657 kg ha-' with 34.9 percent water saving. Crop raised under 

mechanical transplanting produced higher grain yield and higher number of 

seedlings inm2. increased economic return and reduced labour requirement when 

compared to that under manual planting in Japan (Sharma ef a/. , 1 999). Yan el of, 

( I  999) at China observed that machine transplanted rice crop had higher leaf area 

and leaf number when compared to hand planted or broadcast crop, except at early 

growth stages. The former crop produced 8358 kg grain ha-' when compared to 

776 1 and 8866 kg by the latter crops, respectively. 

Trials with rice cv.ADT 36 in Kuruvai season(Sep-Oct) in Tamil Nadu, 

established that transplanting with mechanical 'transplanters gave high yields as 

good as that by line sowing or sowing by drum seeder (Pandiarajan et ul. , I  999). 

Trials conducted at Mannuthy, Keda, showed that the &row Yanji Shakthi 

mechanical transplanter transplanted seedlings in rows of 22 crn apart, either at 10 

ern or 1 2 c q ~  spacing within the row (Beena and Jaikumaran, f 999). 

Cakes of SO an x 21 crn containing rice seedling were cut from the 

nursery to be fed into the machine. About 400 cakes were required for 

transplanting 1 ha (Rani eta/. ,  2000). 

The 8 row rice transplanter, which transpImted at the rate of 0.8 ha day' 

was more suitable for light textured soils at Hyderabad (Murthy el a/.,  2001). Ito 

(200 f ) described a paper mulch rice transplanter. The paper mulch gave a higher 

efficiency of weed control and the rate of working was 0.6 m 6'. 

2.5 Yield and yield attributw of paddy as influenced by diffemnt nursery 

systems and nurscry mcdia 

2.5.1 Nursery media 

Among the 3 seedling ages, viz, 15, 30 and 40 days, 40 day old 

seedlings produced the maximum gain yield of 4901 kg h i '  (Rajagopalan el of., 

2 978). Budhar el a!( I99 1 ) observed that root injury did not affect the yield. 



According to Rajendran (1 99 11, nursery manuring though provided 

healthy seedlings, did not increase grain yield of rice. Salhupai system of nursery 

led to grain yields of 2706 and 6J41 kg, respectively for summer and rabi seasons 

whereas the crop from conventional nurseIy produced only 2107 and 51 15 kg 

(Anmachalam et a/., 1991) 

Venkatmman(l999), while preparing dapog nursery in four media. 

viz., clay+ cow dung, cornposted coir pith, raw wir pith and straw bits, observed 

that cornposted coirpith (5.86 t ha-'), clay-kowdung (5.85 t ha-') contributed to 

higher yields than others. Grain yield and yield components were not altered by 
+. any of the treabnents of the substrata i.e., perforated polyctl~erle sheet, plairl 

polyethene sheet and gumy bits. 

2.5.2 Nursery systems 

Earlier reports indicated that direct seeding by broadcasting on the 

puddle and transplanting with dapog seedlings produced a greater yield than the 

conventional transpIanting method (Rajagopalan ei al., 197 1 ). 

For early planting, 25 days oId seedlings and for late planting, 3 5 to 4 5 

days old seedlings were the optimum (Balasubramanian el a/. , 1 977). 

Ayyaswamy el a!, (1991) observed that under irrigated rice, 

transplanting of 50 day old seedlings of dry nursery and irrigating the crop at 12 

days interval, produced a rice yield of 3.2 t ha-' which was equivalent to crop 

raised using younger seedlings under same water management. 

Rajagopal el al, (1995) reported that crop raised using 25 day old 

seedlings under super nursery out yielded that fiom conventiona1 nursery. Crop 

raised under super nursery with 2 seedlings per hiI1, produced as much as that 

raised under conventional nursery with 4 seedlings (5.2 t ha-') when 45 days old 

seedlings were planted. But when young seedlings were used (25 DAS), crop 

raised under super nursery produced 5.3 t ha-' against 4.9 t ha-' produced by crop 

, under conventional nursery. 



A study conducted by Garg el a!, (1997) at Punjab reveal4 that 

tqnsplanting with a manually operated six row rice transplanter using mat type 

seedling, produced 250 kg h i 1  more @n yield higher than the manually 

transplanted fields. 

2.6 Cultivation economics as inf luend by different systems and media of 

nursery 

2.6.1, Nursery media 

Garg and Sharrna (1 984) while studying the performance of a modified 

5-row manually operated paddy lransplanter of IRRI design using mat type 
seedlings, worked out a labour saving of 120 to I30 man h ha' and n financid . 

saving of Rs. 160-1 80 ha-' over the conventiunal manual planting. 

While remmmending lRRI transplanter for mechanical transplanting in 

clayey soils, with modification of soil base and seed rate, Manian el alp 0987) 

reported that .there was a labour saving of 43.6 per cent and financial saving of 15.8 

per cent over the conventional method of planting. 

Mufti and Khan (1995) at Lahore observed that the cost of mechanical 

transplanting using nursery seedlings grown in trays was high (Rs.1500 ha") i.e., 

SO per cent mare than the present manual transplanting cost. However, this 

mechanical transplanting using Yanmar transplanter required only 1 / 3 ~  labour than 

that required for manual transplanting (1 7 man days ha"). The operating cost of the 

transplanter was the minimum, i.e., Rs.850 ha*', which included the exp~diture 

incurred on a11 operations performed, f b m  nursery until transplanting 

except Iand preparation. me study further revealed that mechanical transplanting 

using seedlings grown on plastic sheets was most feasible as it not only reduced 

the cost of transplanting to the minimum (Rs.850 ha-'), but also miaimised the 

labour requirement (5 days ha"). 

According to Garg el al, (1997), transplanting using manually operated 

six-row with mat type seedlings, saved 45 per cent cost and 60 per 

cent labour compared to manual transplanting in Punjab. 



2.6.2 Nursery systems 

Performance evaluation of the modified six-row manud rice 

. transplanter using conventional seedlings worked out a saving of Rs. 6 1 8 ha-', 

compared to hand transplanting giving a 2.4 times reduction in total cost (Bainu, 

1990). As per Tfiakur (1 9931, transplanting gave the highest gross return and net 

return and showed superiority to dlrect seeding. However, cost:benefit ratio was 

almost dike under direct seeding and transplanting. 

Aharned and Sivaswami ( I  994) suggested a technically feasibie and 

economically viable farm mechani7ation package for rice farms of  Kerala. The 

medium and hgh mechanical packages were p i n g  more net returns thur the 

coriventional package. 

An improved version of power filler operated rice hamplanter was 

developed and fabricated at Tavanur, Kerala. The wnventional root washed rice 

seedlings ready for manual tmsplanting were used in the study. A saving of 

Rs.800 ha", which was 50 per cent and reduction of 296 manh ha-', which was 

92.5 per cent was achieved for transplanting alone, compared to manual 

transplanting (Prakash, 1993). Mechanical transplanting r e q d  only Rs.530 ha-' 

i i  against the manual cost of Rs.2300 ha-' (Jaikumaran and Beena, 1996) 

James et ul, (1 996) studied the effect of selective rnechanisation on the 

economics of rice production. Human labour was responsibIe for the major 

production cost in all non-mechanised production systems. The mean benefit-cost 

ratio for non-mechanised system was only 1.24 as against 1.50 for partly 

Gowda and Rudradhya (1998) evaluated a six-row manualIy operated 

rice transplanter and found that the initial cost of transplanter (Rs.5500) could be 

recovered by planting 7 to 8 ha in I or 2 seasons. Labour saving due to mechanical 

transplanter amounted to Rs.885 ha". 

Mechanical and manual transplanting of rice, and harvesting with a 

combine or by a reaper followed by stationary threshing machine, was cornpad in 

field trials in Egypt. The most profitable system was mechanical transplanting and 



direct harvesting by combine (Megahed and El-Hameid, 1998). According to 

Pandiarajan el a/., (1 999), Pansplanting with a power transplanter gave the best 

benefit:cost ratio each year, cornpard to drum seeder or line sowing or 

broadcasting . 
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3. MATERIALS AND METHODS 

The research project entitled "Standardisation of mat nursery for rice" was 

undertaken at the Ab~cultural Research Station, Mannuthy of Kerala Agricultural 

University from May to September 2002. The particulars of materials used and 

methods adopted in the conduct of the study are presented in this chapter. 

3.1 DetaiIs of the experimental site 

3.1.1 Location 

The experiment was conducted at Agricultural Research Station Mannuthy, 

Thn'ssur, This station is situated at 10'3 I 'N Iatitude, 76OI3'E longitude and at an 

altitude of 40.29 rn above mean sea level. It is located 6 km away fiom Thrissur, 

on the southern side of Thrissur-Palakkad National Highway No.47. 

3.1.2 Soil 

Soil of the experimental site is sandy clay loam belonging to the 

tslxonomical order axisol. The soil is acidic in reaction with average pH of 5.6. 

The physical and chemical propedies of the soil before the start of the exxpcrirnent 

are presented in Table 1. 

3.13 Climate and weather conditions 

The area belongs to a typical humid tropical climate. The normal weather 

of the area and the weather conditions prevailed during the experimental period are 

presented in Appendix I and Appendix I1 and illustrated in Figure f and Figure 2, 

respectively. 

The normal annual rainfall of the area is 2669 rnrn, of which 75 per cent is 

received during Southwest monsoon (June to September) 16.6 per cent during 

Northeast monsoon (October to December) and the rest received as summer 

showers. During the cropping period, the nunay received 462.2 rnm of rainM in 

13 rainy days and main crop received 1203.9 mm of m*nfdl in 59 raiqy days. 

The mean monthly maximum and minimum ternperam at the area 

during the cropping period was 32.6'C (May) and 22.9'C (August) respectively, 



Table 1 .  Physico-chemical characteristics o f  the soil of the experimental site 

Sand (%) 
Silt (%) 
Clay (%) 

Parameters 
a)  Mechanical composition 

1 b) Physical composition I I I 

Value 

c) Chemical composition 

Method used 
Hydrometer 

Field capacity (0.3 bars) 
Permanent wilting pint (I 5 bars) 
Bulk density (g cc- ) 
Water hnlding capacity (%) 

Organic C (%) 

19.68 
1 1.32 

1.33 
49.1 

0.66 Walkley and Black method 
(Jackson, 1958) 

AvaiIable N (kg ha-') 

Available K (kg ha') ammonium acetate 

----. - -. ..-- -. ---.- -- -- - -- - -- 

Available P (kg h i 1 )  

257.6 Alkaline permanganate distillation 
(Subbiah and Asija, 1956) 

1 1.4 Bray extractant - Ascorbic acid 
reductant method (Watenabe and 
Olsen, 1965) 





Rain fa1 l (mm) -I4 W Rainfall (mrn) -CS . . I -3unshinehoursday-1- NW -Sunshine hours day- 1 - CS I 
Evaporation rnrn per day for the week- NW Evaporation ~ m n  per day for the week -CS 

Fig. 2. Weather parameters during crop season (CS) v/s normal weather (NW) 



while the mean weakly maximum and minimum temperatures recorded during the 

cropping period were 33.7"C (May) and 22.2OC (August) respectively. 

The relative humidity of the area during Virippu season normally ranges 

liom 73 (May) to 86 (July) per cent. The relative humidity during the cropping 

periods ranged from 77 (September) to 87 (May) per cent. The bright sunshine 

hours nonnally ranges from 3.4 (June-luly) to 7.1 (May) whereas, the bright 

sunshine hours varied fiom 2.7 (July) to 7.8 (September) during the cropping 

period. This reveals that the weather was relatively normal during the cropping 

period. 

33 Cropping history 

The land selected for the experiment was single cropped paddy land, paddy 

crop limited to virippu season and kept fallow during the second crop season. 

G m n  manure crop daincha was raised in the third crop season. 

3 3  Details of experiment 

3.3.1 Technical programme 

The experimental investigation consisted of 3 parts: 

1 ) Mat nusery production 

2) Field evaluation of mat nursery using mechanical transplanter 

3) Field evaluation of mat nursery for manual transplanting 

3.3.1.1 Mat nursay production 

Design CRD 

Treatments - 16 

Combinations of 4 types of media in two ratios were tried wder two 

systems viz., dry and wet. 

Treatment combinations 

(a) Dry nursery 

Eight combinations of four media in two ratios: 

TI-  Soil -t cow dung at the ratio of 2:  1 volumdvolume 
,. T2 -Soil + cow dung at the ratio of 1:2 volumdvohune 

T3 Soil + coir pith compost at the ratio of 2: 1 volumdvolume 

TJ- Soil + coir pith compost at the ratio of 1 :2 volume/volurne 



Ts- Soif -+ coir pith raw at the ratio of 2:l volume/volume 

TO- Soil + coir pith raw at the ratio of 1 :2 volume/volurne 

TT Soil + chaff at the ratio of 2: 1 volumelvolume 

T,- Soil -t chaff at the ratio of 1 :2voIume/volume 

(b) Wet nursery 

The above 8 combinations were tried in the wet system also. 

Ti,- Soil + cow dung at the ratio of 2: 1 volurndvoIume 

Tl(rSoil + cow dung at the ratio of 1 :2 volumdvolume 

TI I - Soil + coir pith compost at the ratio of 2: 1 volume/volume 

Soil + coir pith compost at the ratio of 1 :2 volumdvolume 

' J ' ,  1- Soil 1 coir pit11 raw at t11c ratio of 2: t voIutnelvol~unc 

TI4- Soil + coir pith raw at the ratio of 1 :2 volumdvo~ume 

T15- Soil + chaff at the ratio of 2: 1 volume/volume 

'I'16- Soil f chaff at the ratio of I :2voIume/volume 

3.3.1.2 Fiuld evalriutinn of mut nursery using mecllunicul trcmsplunlerl 

(Experiment ii) 

Design - RBD 

TrmO~~mts - 17 

Replications - 2 

Gross plot size 8 x 3.6 rn2 

Net plot size 7.52 x 2.7 rn2 

Sixteen types o f  mat nursery (TI to TI&) were transplanted using 8 row 

Yanji Shakthi mechanical transplanter. This was compared with manually 

transplanted crop using conventional nursery (TIT) Layout plan is  given in 

Figure 3. 

3.3.1.3 Field evuluation 0 f ma2 nrrmery fur manual transplanting 

(Experimmt iii) 

Design RBD 

Treatments - 17 

Replications - 2 

Gross plot size 5x4m2 

Net plot size - 4.4 x 3.6 m2 



'1'5- Soil + coir pith raw at the ratio of 2:l vol~~mdvolume 

Th- Soil + coir pith raw at the ratio of 1 :2 volume/voluine 

Tr Soil + chaff at the ratio of 2: 1 volume/volume 

'Sx- Soil + chaff at the ratio of 1:2volume/volume 

(b) Wet nursery 

The above 8 combinations were tried in the wet system also. 

Tq- Soil f CQW dung at the mtio of 2:l volumelvolume 

TlrrSoiI +- cow dung at the mtio of f :2 volume/volume 

TI I - Soil + coir pith compost at the ratio of 2: 1 volumdvolurne 

TI2- Soil + coir pith compost at the ratio of 1 :2 voIume/voIume . 

'TI 1- Soil 1- coir pith raw at thc ratio of 2:  1 volurndvolu~~~c 

Tt4- Soil t- coir pith raw at the ratio of 1 :2 volumdvolume 

TI5- Soil + chaff at the ratio of 2:l volume/volume 

Tlh- Soil + chaff at the ratio of 1 :2voIume/volume 

3.3.1.2 FicId evaluation r$ mat nursety using mct.llalricul trun.vplunteii 

(Experiment u) 

Design RBD 

Treatments - 17 

Replications - 2 

Gross plot size 8 x 3.6 m2 

Net plot size 7.52 x 2.7 rn2 

Sixteen types of mat nursery (TI to TI&) were transplanted using 8 row 

Yanji Shakthi mechanical transplanter. This was compared with manually 

hansplanted crop using conventiorial nursery (TIT) .  Iayout plan is  given in 

Fibwre 3 .  

3.3.1.3 Field evuluation of mat numery for manual trunsplunting 

(Experrimcni iii) 

Design RBD 

Treatments - 17 

Replications - 2 

Gross plot size - 5 x 4 m 2  

Net plot size - 4.4 x 3.6 m2 



'I'he abovc sixteen types of mat nursery (-IT1 to 'l',{,), wcre lnarll~ally 

t~ansplanted without uprooting and bundling of the seedlings. The mat smps were 

directly taken by labourers and seedlings were separated only while transplanting 

in the main field. This was c o m p d  with manual planting of conventional root 

washed seedlings, which were uprooted and bundled before transplanting (TI,). 

Layout of the plot is given in Fig.4. 

3.4 Crop husbandry 

3.4.1 Mat nursery raising 

The nurseries were raised under combination of 4 different media at 2 

ratios in two different systems i.e., wet and dry. The pictorial representation of the 

mat nursery is  given in Plate 1 .  

3.4.1.1 Wet syslem 

Nursery area was puddled and levelled. Two hundred gauge black 

polyethene sheets was spread and wooden frames of size 100 x 90 x 1.25 cmberc 

laid on the required area. Soil puddle was mixed with organics as per the t r e a m  

and soil mixture was filled into the frame upto 1.2 cm height. The soil in the frame 

was levelled. Pre-geminated seeds (just sprouted) were sown over the surface at 

the rate of 0.5 kg mm2. The surface was mulched with green leaves. Water was 

sprinkled thrice a day. This practice continued for 4 days and on the 4h day. mulch 

materials were removed. Thereafter nursery was impounded with water to keep 

the nursery bed submerged in water without drying. This practice continued till 

seedling mat was ready for rransplanting (1 5 cm height). 

3.4.1.2 Dry W e m  

Two hundred gauge black polythene sheet was spread and wooden frames 

of size 100 x 90 x 1.25 cm3 were laid on the requited area. Soil was mixed with 

organics under dry condition, as per the treatment and soil mixme was filled into 

the frame up to 1.2 cm height. Seeds (without pte-germination) were sown over the 

surface at the rate of 0.5 kg m-2 and covered with a thin layer of soil rrrganic 

wixture. Soil surface was mulched with g e e n  leaves. Water was sprinkled thrice 

a day. This practice continued for 4 days and on the 4' day, tnulch materids were 

removed. Then, mat was kept under saturation for 4 days and thermer under 
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submergence. This continued till the seedling mat was ready for transplan&ng ( I  5 

cm height). 

3.4.1.3 Con venbonul wet numey 

The field was ploughed, thoroughly pllddred and levdled. Raised beds of 

I5 cm height, 1.5 m width and at required length were prepared with drainage 

channels on either sides. Cattle manure @ 1 kg m-2 was applied on the nursery bed 

and mixed, with the soil at the time of puddling. Pre-germinated seed was sown on 

the third day @ 0.08 kg rK2. Nursery bed was irrigated witl~out dryrng and afer 5 

days it was submerged to a depth of 5 cm. This continued up to pulling out of 

s~'~:dlings on 1 8 DAS. 

3.4.2 Season 

The field trial was conducted during Virippu season from May to 

September 2002. 

3.4.3 Seeds 

The rice variety Kancllana was used for the experiment. It  i s  a red kernelled 

short duration variety of 105-1 10 days duration, released from Regional 

Agricultural Research Station Pattarnbi, as PTB-50. The variety, suitable for all 

seasons is resistant to blast, blight and gaIl midge. 

3.4,4 Land preparation 

The experimental field was ploughed using tractor. It was puddled and 

levelled before transplanting. 

3-45 Transplanting 

In Experiment-11, plots alloted were transplanted using 8 -row Ymji 

Shakthi transplanter. The control plot was manually planted using sedlings from 

conventional nursery at a spacing of 15 m x 10 cm. In the case of Experiment-111, 

seedlings from strips of sixteen types of mat nurseries (without doing separation of 

nursery seedlings and its bundling before planting) along with those from a 

conventional root wash nursey were transplanted manually in the plots at random. 



3.4.5. I Yanji Skakthi t~11spIunt.r 

Eight row Yanji Shalrthi hansplmter is a Chinese transplanter, which could 

transplant seedlings at a spacing of 22.5 x 12 cm (Plate 2). The machine needed 

mat type seedlings for tmsp1stnting Nursery cut into mat picccs of size 22.5cm x 

50 an was rolled up and &ed. The machine needed one driver and two 

labourers for feeding mat. Two more labourers were also needed for transporting 

the mat from the nursery site to the main field and to supply seedling mat for the 

uninterrupted run of the machine. The average fuel consumption was 500 ml of 

diesel per hour. 

3.4.6 Chronolcgical sequence of planting operations 

Date of sowing in dry nursery-2 1-05-2002 

Date of sowing in w& nursery-25-05-2002 

Date of planting in Experiment- I1 -1 4-06-2002 

Date of planting in Expahent-111-19-06-2002 

Date of harvest of Eqwiment- I1 -20-09-2002 

Date of harvest of Experiment- I11 -21109-2002 

3.4.7 Weeding 

One hand weeding was done in both the experimental plots at 25 DAT. 

3.4.8 Manum and fertikrs 

Main field received FYM @ 5 t hdl at the time of last but one puddling. 

Basal dose of fertilkrs were incorporated after the last puddling. 'The fertilizers 

@ 70:35:35 kg N, P205, K20 K' respectively as recommended by KAU (2002) 

for short duration varieties of rice was given. The entire quantity of PzOs, 50% N 

a i d  50% K20 were applied basally. Among the remaining quantity of N, 50% was 

applid at active t i I l e ~ g  stage and the remaining 50% at panicle initiation stage. 

Balance of 50% of KzO was also applied at the time of panicle initiatioa Urea 

(46% N), Rajphos (22% P205) and Muriate of Potash (60% KzO) were the fertdhr 

materials used for the experiment. 

3.4.9 Water management 

Water level was maintained at 5 cm and drainage was provided once in a 

week. The entire field was drained before harvwt. 



Piate 2. Eight - row Yanji Gbrkthl hasphater 



3.4.10 Plant protection 

Karate @ I ml per litre was sprayed to control the sucking pests during 

active tillering stage. Metacid @ 2 ml per Iitre was sprayed against rice bug. + 

3.4.,11 Harvest 

The crop was harvested at red ripe maturity. The crop in Experiment- I1 

was harvested on 20-09-2002 and crop in Experiment I11 harvated on 2 1-09-2002. 

Field was drained fifteen days before harvest. In case of experiment 111, excluding 

two periphery rows as border, crop from12 m2 area was havested to record the net 

plat yield. 

3.5 Observations 

Observations were recorded from individual nursery plots in case of mat 

nursery. Observations on growth and yield attributes from main field were 

recorded from 16 bills per plot by employing 4 x 4 hill techniques suggested by 

Gomez ( 1 972). At the time of harvest, 1 m2 area was randomly selected from each 

plot and post hawest observations were recorded using these pIants. 

3.5.1 Observations on mat nuwery 

3.5.1.1 Seedling height 

Each mat nursery plot was divided into 8 segments of equal width. Three 

seedlings were selected at random from each segrnen t and height i. e., from the base 

of the plant over the soil surface to the topmost leaf tip of the seedIing, was 

measured. The mean of these 3 seedlings was worked out and reported as seedling 

height in cm. 

3.5.1.2 Direme and p a t  incMence scoring (keaWrirress) 

A scoring on the coIour of the leaf was made to record the disease and pest 

incidence. Maximum greenish colour was assigned the score as 10 and the 

minimum colour as 0. This was recorded at the time of cutting of the mat for 

transplanting. 



3.3.1.3 Thickness of the media (rodzone ma0 at the time of irumplunting 

Three strips of size I0 crn x 10 cm were randomly cut at the time of cuttmg 

of the mat nursery for transplanting. The thickness of the root bed was measured 

fiom all the 4 sides and the mean reported as thickness of the media ir cm. 

3.5, L 4 Number of healthy and weak seedhgs at the ti= of tmmpianting 

Seedlings £rom the three strips of 10 cm x10 cm randody cut mat nursery 

were separated. Seedlings were grouped into healthy tall seedlings and weak short 

seedlings and their total number per unit area was reported. 

3.5.1.5 Number oJseeJ1i11gs damaged floating) while Irafirplanting 

At the time of machine planting, the total number of seedlings planted was 

recorded. ARer 3 days, the number of seedlingssurvived and number of seedlings 

damaged (floating) were noted &om an area of 1 m2 in the main field selected at 

random. Mean number of seedlings floating per hill was worked out. 

3.5.1.6 Mat wekh f per UR& area a@r overnight d m M g  

'i'he three strips of 10 cmxlO cm randomly cut from the mat nursery were 

kept for ovanight draining. There* weight of the mat was recorded and 

reported. 

3.5.1.7 Roof length at the rime of tramplanting 

Ten sesdlings, selected at random, were carefully separated at the time of 

transplanting, from each mat nmery and root length was measured in cm. 

3.5.1.8 Strength of the mat at transplanting 

The three strips of 10 crnxlO cm randomly cut mat pieces were kept on a 
" 

horizontal platform and fixed to it at 4 corners by nailing. The strips were 

subjected to a vertical ,force, by adding weights gradually till the mat stmed 

tearing. This weight was expressed as mat strengih in grams. 



3.5.2 Observations on tbe performance of transpianter 

3.5.2.1 F o w d  speed of the transplanter and area iranspknted at the fumurd 

.speed 

The time required by the transplanter to cover the plot was recorded and the 

area bansplanted at this speed was worked out in sm-I. 

3.5.2.2 Plant populathn mm2 
Number of hills planted in one m2 area was counted 3 days after 

Vansplanting and expressed as plant population m'2 . 

3.5.2.3 Number o/'mhsing hi& m-' 

From the plant population taken, the number of missing hills was worked 

out, based on the following computation. The mechanical transplanter is having 

row to row spacing of 22.5 crn and plant to plant spacing of 12 cm. Hence at 100 

per cent planting (no missing hiIls), 37 hills are to be planted by the machine. 

Number of hills observed in 1 m2, lesser than 37, is worked out as the number of 

rnissir~g hills. 

3. 5.2.4 Number of seedlings l i ~ '  . 
The number of seedlings present per hill immediately after transplanting in 

1 m2 area was counted and the average number of s e d m g s  hill-' was worked our. 

This was expressed as number of seedlings hill''. 

3.5.2.5 Depth of planting 

Four plants were pulled out at random fiom each plot and the depth of 

planting was measured. 

3.5.3 Observations on performance of crop 

3.5.3.1 Plant population 

Number of hills standing in a randomly selected 1m2 area was counted in 

each plot at planting, maximum tiliering and harvest. 



3.5.3.2 Plant height 

Sixteen hills were randomly selected adopting 4 x 4 hill technique. h e  

plant'height was measured from the base of the hill at the soil surface to the tip of 

the top most leaf at 15 d a y s  interval. At harvest, the height was recorded from the 

base of the plant to the tip of the longest panicle and the mean height was 

computed and expressed in cm. 

3.5.3.3 Number of tilfem hiir' 

Sixteen hiIls were mdomIy selected adopting 4 x 4 hill technique and the 

nurllber of tillers in each hill was counted at I5 days intervd. 

3.5.3.4.1 RGR (RelotJve Gmwth Rate) 

Four plants were uprooted at random &om each pIot, washed well and were 

separated into different p l d  parts like root, sheath, and leaf lamina. Its dry weight 

was recorded at active tiltering stage and panide initiation stage. Dry weight of 

' each part was added to find out the total dry matter production. 

' RGR is worked out by employing the following formda proposed by 

Redford ( 1  967) 

wherein, 

log,% -log, Wl 
RGR = 

t 2  - 4 

W1 and W2 are the dry matter weights per ha, recorded at times ti and t2 

respectively. 

3.5.3.4.2 CGR (Crop Growth Raie) 

CGR was worked out using the dry matter value recorded for computing 

RGR by employing the following formula suggestd by Watson ( I  952) 

where, Wi and Wz we dry matter weights per plmt recorded at the time oft] and tz 

respectively and P the spacing of the plant a p m s e d  in ma. 



3.5.3.4.3 LAI (Leaf Area I n d M  

LA1 of the plant was computed using the four plants rlprooted for 

computing RGR. Leaf area was worked out using the leaf area weight method 

suggested by Gornez ( 1  972) and LA1 was worked out by the formula, 

LA1 was worked out at active tillering stage and panicle initiation stage. 

3.5.3.4.4 U D  (Leaf Area Duration) 

LAD was worked out using 'the plant uprooted for recording RGR, by 

adopting the method suggested by Power et a1 (1 967) employing the formula, 

LAD = 
(A,  + A2 w 2  - f ,  1 

2 

A and A2 are the leaf areas at times t 1 and t2. 

3.5.3.4.5 ~ i - 4  R (Net Asdm W n  Ra fe) 

NAR was worked out at active tiilering and panicle initiation stage. The 

dry matter production for computing RGR was used for computing NAR by 

adopting the following f o d a  suggested by Gregory ( 1 926) 

NAR = (W, -6) (log, A, -1% A,)  
(4 - 1, )(A2 - 41  

W1 and Wz - Plant dry weights at t l  and h times. 

A1 and A2 - Leaf Area at ti and t2. 

3.5.3.5 Weed dens* 

Total number of weeds species wise was recorded in mechanically 

transplanted plots from a quadrant of 50 cm x 50 cm (0.25 d) at 20 and 40 days 

after transpianting. The total number of weeds as well as population of major 

w e d s  per unit mea was wok& out and expressed. 
(The observations on RGR, CGR, LAI, LAD, NAR and weed density were 

recorded only in case of Experiment- TI) 



3.5.3.6 Diseuse and pest incidence 

The incidence of the important pats and diseases viz. h p s ,  stem borer, 

rice bug, green leaf hopper and bacterial Ieaf blight were recorded from each plot 

at 15 days interval as per the procedure suggated by TNAU Entomology Practical 

manuaI. 

.3.5.3.7YieW attYibufaF 

3.5.3.7.1 Number of panicles m" 

Total number of panicles from a random area of 1 rn2 was recorded from 

each plot. 

3.5.3- Z 2 Number of fdled grains panicle" 

After the observation on panicles per m2, twelve panicles were randomly 

selected and threshed. The number of filled and unfilled grains was counted and 

the average was worked out and expressed. 

3.5.3.7.3 IOOO gmh weight 

After the observation of filled grains per panicle, 100 grains were cohnted 

from this Iot and weighed. Thousand grain weight was computed from it. 

3.5.3.7.4 Grain: Chaflratio 

From the paddy harvested from each net plot, and chaff yield was 

weighed separately, and p i n :  chaff ratio was worked out. 

3.5.3.,8 Number of la& formed panicles 

The panicles still remaining green at the time of harvest were counted and 

expressed as number of late formed panicles ma. 

3.5.3.9 Y.&Cd ofgrah and m w  

The paddy from each net plot area was harvested, threshed, cleaned. 

winnowed and sun dried till consecutive weights remained constant. This was 

expressed as yield of grain in kg ha". Straw &om each plot was also dried 

unifomly and weight was expressed in kg h i 1 .  



3.5.3.10 Harvest index 

Harvest index was calcdated as per, 

I;winyield(kg / ha) 
Harvest Index - 

Grainyield + Strawyieid(kg / ha) 

3.5.3.11 Economics of cu&ation 

AII the activities involved in crop production were listed and cost worked 

out, based on the prevailing wage rate as suggested by Acharya (1 997). Thereafter 

the economics of cultivation of the crop treatment wise was worked out and the net 

incorn-e and benefit: cost ratio (BCR) was calcuIated as follows: 

BCR = 
Grosslncome 

Total cos tofcu~tivalion 

3.5.4 Nutrient content 

3.5.4.1 N, P and K content of grain und maw 

Four sample plants were randomly drawn from each plot at harvest, grain 

and straw were separated, oven dried at 70°C to constant weight. These pIant parts 

were ground and this powder was used for nutrient estimation. The N content was 

estimated by Microkjeldhal method, P content by vanado molybd~phosphoric 

yellow colour method and K content by flame photometer separately for grain and 

straw (Jackson, 1973). The nutrient uptake was calculated from it, based on grain 

and straw yield. 
- 

3.6 Statistical analysis 

Statistical analysis was done using the analysis of variance technique as 

suggested by Pane and Sukhatme (1985). 





4, RESULTS 

4.1 Observations in mat nursery 

4.1.1 Height of the seedlings in wet and dry mat nursery as influenced by 

media of mat 

Under dry nursery system, 5 days after sowing (DAS) soiI + coir pith 

compost at the ratio 2:1 (T3) produced tdler seedlings (Table 2) than other 

treatments, except soil + chaff in the ratio 2:l (T,). But 10 days after sowing 

(DAS), the other treatments (TI, TI, T3 and Tg) produd  taller seedlings similar to 

that of T7. However, at the final stage of observation, i.e. IS DAS mat nursery 

raised using soil + cow dung at the ratio 2: 1 (TI) produced taller seedlings than 

other combinations of the media. Soil -t wit pith compost in the ratio 2: 1 or 1 :2 

produced shorter seedlings. 

Under wet system at 5 or 10 DAS, soil + chaff in the ratio 2: 1 (Tls) led to 

taller seedlings tAan others except soil + cow dung in the ratio 1 :2 (T~o) at 10 DAS. 

But as growth progressed to I5 DAS the tse;atments Tlo and T9 produced taller 

seedlings than others in the mat. Hence under both systems, taller seedlings were 

produced when mat was raised with soil + cow dung in the ratio 2:l as the media 

and shorter seedlings were produced when soif + coir pith compost was used. 

4.1 2 Disease and pest scoring (Healthiness) in dry and wet mat nursery 

Scoring for healthinas of the seedings in the mat nursery observed 

through variation in green colour score from 1 tolo revealed that no serious pest 

and disease incidence was obseaved in the mat nusery (TabIe 3). 

Under dry system, mt nursery raised using soil dong with chaff or cow 

dung, irrespective of their proportion, produced seedhgs with dark green colour. 

When the media of the mat was coir pith in its raw or compost form, mixed with 

soil irrespective of proporlion, produced seedlings with light green dour.  

Under wet system, cow dung and soil mixture either 2:1 or 1:2 ratio, 

produced high greenish seedlings with the score vaIue of 10. The other media of 

coir pith compost, coir pith raw or chaff with soil in 2: 1 or 1 :2 ratio, produced light 

g,eenish seedliixgs. 



Table 2. Height of the seedlings (m) in wet and dry mat nursery as influenced by 
media of the mat 

, 

...P'Y!?!!~Y 5DAS 1ODAS 
1 0 . 7 ~  ~ ~ - ~ o i ~ + c o w  

dung in 2: 1 
ratio 
T2-Soil+cow 
dung in 1 :2 ratio 

n - s o i l + ~ i r  
pith compost in 
2:1 ratio --- . . 

~ - ~ 0 1 1 + c o i r  
pith compost in 
1 -2 ratio - 

' ~ 2  ratio 

j;g- 

3.6' 

4.8' 

6 6 - - ~ - 6 , 0  

-. 

, I 
3.7 10.3 114.2 

in 1.2 ratio 
Mean 

15DAS 
16.0. 

Treatments with the same alphabet do not differ 
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7-14-So;j + 
coirpith raw in 
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The overall results indicated that both under wet and dry system, raising of 

mat nursery using soil cow dung mixture either in the ratio 2:l or 1 :2 produced 

seedlings with dark green colour. 

4.13 Thickness of the root zone in wet and dry mat nursery as influenced 

by media of mat 

Thickness of the root zone of the mat dismantled at the time of 

transpIanting is given in Table 4. 

Under dry nursery systern a thicky mat of 2 1 mm was observed, when the 

media was soil with cow dung at the ratio of 2:1. A wmparablc thickness of thc 

root zone was measured when the media of nursery was soil + coir pith raw I12 

(Td), and soil + chaff in the ratio of 2: 1 (T7) or 1 :2 (TR). A very thin root mat 

thickness of 15 rnm was measured in case of soil.+ coir pith compost in the ratio of 

1 :2. 

A root mat thickness of 24 mm was observed in case of soil + cow dung in 

211 ratio in wet system. A comparable thicky mat was not produced by any of the 

other media. Lowest thickness under wet system was 16 mm observed when media 

was soil + coir pith compost in the ratio of 2: 1. 

The overall result indicated that a thicker root zone is formed in the mat 

when the media was prepared using soil + cow dung in the ratio of 2: 1. A thinner 

root zone in both the situati~ns was formed when soil and coir pith compost in the 

ratio of 1 :2 was used as the media of the mat. 

4.1.4 Number of healthy and wcak seedlings per 100 cm2 area at the time 

of transplanting as influenced by media of mat under wet and dry 

systems 

The data on healthy and weak seedlings observed per unit area of 1 00 am2 

of mat at the time of transplanting is given in TabIe 5 .  

The maximum number of healthy seedlings (124 per 100 cm2 ) was 

observed in case of treatment TI, wherein soil + coir pith cornposk at the ratio of 2: 1 

was prepared for mat under dry system. A comparable number of seedlings were 



Table 3. Green colour scoring of the seedlings (1 -1 0) as influenced by the media of 
the mat under wet and dry systems 

Table 4. Thickness of the root zone (mm) of the mat at the time of transplanting as 
influenced by the media of the mat under wet and dry systems 

Dry nursery 
TI -Soil +cow dung in 2: 1 ratio 
T2-Soil+ cow dung in 1 :2 ratio 
T3-Soil-t coir pith compost in 2: 1 ratio . 

T4-SoiI+ coir pith compost in 1 : 2 ratio 
T5-Soil+ cob pith raw in 2: I ratio . . . - - - - - - -- L----.-.,--L 

T6-Soil+ coir pith raw in 1 :2 ratio 
T7-Soil+ chaff in 2:l ratio 

! T8-Soil+ chaff in 1 :2 ratio 
Wet nursery 
T9-Soil + cow dung in 2:l ratio 
T 10-Soil+ cow dung in 1 :2 ratio 
TI 1-Soil+ coir pith compost in 2 3  ratio - - - - - . - .. 

TI 2-Soil+ coir pith compost in 1 :2 ratio 
T13-Soil+ coif pith raw in 2: 1 ratio 
TlCSoil+ coir pith raw in I :2 ratio 
T15-Soil+ chaff in 2:l ratio 
T16-Soil+ chaff in 1 :2 ratio 

7 
7 
5 
6 
4 -... . -- 

3 
7 
8 

10 

. 10 -- 

5 - -  - -  ,- - 

6 

- 6 
7 
6 
6 

t Dry nursery 
TI-Soil+ cow dung in 2:l 
ratio 
T2-Soil+ cow dung in 1 :2 
ratio 
T3-SoiI+ coir pith compost in 
2:l ratio 
T4-Soil+ coir pith compost in 
1 :2 ratio 
T5-Soil+ coir pith raw in 2: 1 
ratio 
T6-Soil+ coir pith raw in 1 :2 

Thickness 
21a 

ratio 
T7SoiI+ chaff in 2: 1 ratio 
T8-Soil+ chaff in 1 :2 ratio 
M- ----,- 

1 5 " 

18 " 

1 5 " 

17 " 

21 " 

Wet nursery 
T9-Soil+cowdungin2:1 

Treatments with the same alphabet& not differ significantly 

18' 
19 ' 
18 

Thickness 
24 - 

ratio 
T 10-Soil+ cow dung in 1 :2 
ratio 
TI 1 -Soil+ cob pith compost 
in 2:l ratio 
T 12-Soil+ coir pith compost 
in 1 :2 ratio 
T 1 3-Soil+ coir pith 
raw in 2: 1 mtio 
T14-Soil+ coir pith raw in 

1 7 ~  

15 a 

16 

16 

20 
1:2 ratio 
TI5-Soil+chffinZ:lratio 
T 1 6-Soil+ chaff in 1 :2 ratio 

18 bC 

16 
Mean - I 18 . . . . . . . . . . 



also produced when the media was prepared using soil and cow dung in the ratio 

1:2 (T2) or soil and c h ~ i n  the ratio 2:2 (T7). Least number of weak seedlings was 

'also seen in case of treatment T3 and a comparably low number in case of 

treatment Tg. Very Iow number of healthy seedlings and high number of weak 

seedlings were observed in cases of soilair pith compost in the ratio t :2 (T4), soil 

+ coir pith raw in the ratio 211 (T5) or I :2(T6). 

Under wet system, more number of bealthy seedlings and very less number 

of weak seedlings were observed in the mat when soil + cow dung in the ratio of 

2: i (Ts) or I:2 (Tlo) was used. Low number of healthy seedlings and a high 

number of weak seedlings were observed when the media was soil + wit pith raw 

in the ratio 2:l (TI]). Very high number of weak seedlings similar to the treatment 

 TI^ was also seen in case of Tlz (soil + coir pith compost in the ratio of 1 :2) and T14 

(Soil+ coir pith raw in the ratio 1 2). 

The overall resutts indicated that under dry system soil and cow dung in the 

ratio of I :2 and soil and coir pith compost in the ratio 2: 1 in the media produced 

maximum number of healthy seedlings and minimum number of weak sedl ings,  

whereas in the wet system, such a situation is visible only in case of soil-cow dung 

mixture either in the ratio of 2:  1 or 1 :2. 

4.1.5 Mat weight (g) per 100 crn2 after overnight draining at 

transplanhg as influenced by media of mat under wet and dry 

systems 

The data on mat weight per unit area of 100 cm2 after its overnight draining 

recorded at transplanting (Table 6) indicated that under dry system, the mat weight 

was not influenced by the different media in general. Maximum mat weight was 

recorded in case of treatment TI (Soil and cow dung in the ratio of 1 :2) and the 

minimum in case of T4 when the media was prepared using soil with coir pith 

compost in the ratio 1 :2. 

Under wet system, the mat of the treatment, Ty weighed 332 g per 100 cm2 

area, which was significant over all other media tried except soil t- chaff in the 

ratio 2: 1 .'Mat raised using soiI and coir pith compost in the ratio 2: 1 had a medium 

weight and dl other mat types were of light weight. 



Table 5 Number of healthy and weak seedlings per 1 00 cm2 at the time of 
transplanting as influenced by the media of the mat under wet and dry 
systems 

Dry nursery 
TI -Soil+ cow dung 
m 2:1 ratio 
T2-Soil+ cow dung in 
1 :2 ratio 
T3-Soil+ coir pith 
compost in 2: 1 ratio 
T4-Soil+ wit pith 
compost in 1:2 ratio 
T5-Soil+ coir pith raw 
in 2: 1 ratio 
T6-Soil+ coir pith raw 
in 1 :2 ratio 
T7-Soil+ chaff in 2:l 
ratio 
T&Soil+ chaff in 1 :2 
ratio 
Mean .- 

Healthy 
84 

100 

124"2a 

58 " 

85 " 

79 " 

106' 

80 " 

90 

Weak 
" 3 7  ' 

"3 

82 

72 " 

58 " 

63' 

32 a 

52 
Treatments with the same alphabet do 
Table 6. Mat weight (g) per 100 cm2 after overnight draining at transplanting as 

not dlff& significantly 

Wet nursery 
T9-SoiI+ cow dung in 
2:l ratio 
Tl0-Soil+ cow dung 
in 1 :2 ratio 
Tll-Soil+coirpith 
compost in 2: 1 ratio 
Ti 2-Soi!+ coir pith 
- compost -- - in -- 1 :2 . ratio - 

T13-Soil+ coir pith 
raw in 2: I ratio 
TI 4-Soil+ coir pith 
raw in 1 :2 ratio 
TIS-Soil+chaffin2:1 
ratio 
TI 6-Soil+ chaff in 1 :2 
ratio 

-.- Mean A -  .- 

influenced by the 
Dry nursery 
TI -Soil+ 
cow dung in 2: 1 ratio 

T2-Soil+ cow dung in 
1 :2 ratio 
T3-Soil+ coir pith 

I compost in 2: 1 

Hedthy / Weak 
114" 17" 

132 " 3 I d" 

83' 70b 

100" ' 104" 
i 

72' : 103" 1 
116" 991" 

Treatments with the same alphabet do not differ significantly 

media of the mat 
Mat weight (g) 

291 a 

266 " 

254 " 

163 " 

253 " 

233 " 

268 a 

- 
269 " 

250 

. 

121" 

100 " 

ratio 
T4-Soil+ coir pith 
compost in 1 :3 

- ratio 
TS-Soil+ coir pith 
raw in 2: 1 ratio 
T6-Soil+ coir pith 
raw in 1 : 2 ratio 

T7-Soil+ chaff in 2: I 
ratio 
~8-~oilFchaff in 1 :2 
ratio 
Mean 

40' 

57 " 

under wet and dry systems 
Wet nursery 
T9-Soil+ 
cow dung in 2: 1 
ratio 
T10-Soil+ cow dung in 
1:2 ratio 
T 1 1-Soil+ coir pith 
compost in 2:l ratio 

T 12-Soil+ coir pi tll 
compost in 1 :2 ratio 

T I 3-Soil+ coir pit11 
raw in 2:  1 ratio 
T14-Soil+ coir pith raw 
in 1:2 ratio 
T15-Soil+ chaff in 2: 1 
ratio 
T16-Soil+ chaff in 1 :2 
ratio 
M a  

105 1 64 

Mat weight (g) 
332 " 

241 ' 

286 

236 " 

238 " 

238 " 

325 ' 

221 " 

265-- - - 



The overall result indicated that under both systems, soil + cow dung in the 

ratio of 2:l produced heavy mats and soil + coir pith compost in the ratio of 1 :2 

produced light mats. 

4.1.6 Root lengtb (m m) at transphnting 

Root length record& at the time of transplanting (Table 7) indicated that 

under dry system, the seedlings put up its root growth identically without any 

.. variation in its length with respect to the media for root growth. Root growth of 

seedlings ranged between 63 rnm to 80 mm. Root length was not significantly 

influenced in wet system also by the different media. 

7he overall indication is that both under dry and wet systems, growth of the 

root was not influenced by the differatt media. 

4.1 -7 Strength of the mat (g) at tmnsplruting 

Mat with strong cohesiveness (Table 8) was developed when the media was 

soil*and chaff in the ratio of 1 :2 or 2:l under dry system. When media was soil + 

cow dung either in 2: 1 or 1 :2 ratio, or soil coir pith raw in the ratio of 2: 1 was used, 

the cohesiveness of the mat was Iowest. 

A reverse pattern in seen in the wet system. Soil and cow dung in the 

media either in the ratio 2:l or 1 :2 produced stronger mats than all other media, 

except soil + coir pith raw in the ratio of 1 :2. Soil + coir pith compost in the ratio 

of 2: 1 produced a mat with least whesive strength. 

Thc overall results indicated that a very cohesivc inat can be prepared 

under dry system, if soil is mixed with chaff in the ratio of 2: 1 or 1 :2, while the 

mat media is  prepared. If soil + cow dung is used either in the ratio 2: 1 or 1 :2, dry 

system offers mat with lesser strength, whereas the wet system offers mat with 

very cohesive strength. 

4.2 Observations on performance of the transplanter 

4.2.1 Transplanting time and area transplanted at the forward speed 

The different systems of nursery or the media of the nursery mat did not 

affect forward speed of the transplanter and hence the transplanting time remained 



Table 7. Root length (mm) at transplanting as influenced by the media of the mat 
under wet and dry systems 

Dry nursery 
- 
T1 -Soil+ cow dung in 2: 1 
ratio 
T2-Soil+ cow dung in 1 :2 
ratio 
T3-Soil+ coir pith compost 

Root length 
(mm) 
69 " 

in 2: 1 ratio 
T4-Soil+ coir pith compost 

66 

68" 

compost in 1 :2 ratio 
63 " T13-Soil+ coir pith 

Wct nursery 

T9-SoiI+ cow dung in 2: 1 

70 a 

77 a 

2:l ratio ----- 
T6-Soil+ coir pith raw in I- 

~ o o t  l e n w  
(mm) 
76 " 

ratio 
T10-SoiI+ cow dung in 1 :2 
ratio 
T11-Soil+coirpitl~ 

raw in 2:  1 ratio 
TIbSoii+coirpithrawin 

1:2 ratio 
T7-Soil+ chaff in 2:l ratio 

T8-Soil+ chaff in 1 :2 ratio 

Table 8. Strength of the mat at transplanting as influenced by the media of the mat 
under wet and dry systems 

68 " 
- 

56 " 
compost in 2:l ratio 
TI 2-Soil+ cob pith 

Mean - - -  - .  

Dry nursery Sbength (g)  Wet nursery Strength (g) 
T l -Soil+ cow dung in 2: 1 2433 * T9-Soil+ cow dung in 2: 1: 4800 " 

66 " 

64 " 

73 " 

69 

1 :2 ratio 
TI 5-Soil+ chaff in 2: 1 
ratio 
TldSoil+ chaff in 1 :2 
ratio 

- . - ----. Mean ------. 

- ratio 

65a 

80 " 

66 
.- 

ratio 

ratio 
T3-Soil+ coir pith compost 
in 2: 1 ratio 
T4-Soil+ coir pith compost 
in 1 :2 ratio 
T5-Soil+ coir pith raw in 

Treatments with the same alphabet do not differ significantly 

2:1 ratio 
T6-Soil+ coir pith raw in 
1:2 ratio 
T7-Sail+ chaff in 2: 1 ratio 

1 T&Soil+ chaff in 1:2 ratio 

4267 "1 

3267 

2967 'U1 

----.- - 
Mean 

4833 { T2-Soil+ cow dung in 1 :2 

3333 

5433 a 

4833 

ratio 
1 -Soil+ coir pith 

compost in 2: 1 ratio 
"12-SoiI+ coir pith 

compost in 1 :2 ratio 
T13-Soil+ coir pith 

Treatments with the same alphabet do not differ significantly 
3688 

2967 

2367 ' 
3433 " 

3167" 
raw in 2: 1 ratio 
T14-Soil+ coirpith raw in 
1 :2 mtio 
TI 5-Soil+ chaff in 2:l 
ratio 
TI &soil+ chaff in 1 :2 

, T10-Soil+ cow dung in 1.2 

5233 a 

4033 

3033 
ratio 
Mean 3863 



unaffected due to different treatments (Table 9). The transplanting time varied 

fromkthe minimum of 3.6 s m" run to the maximum of 4.6 s m" run. The lowest 

time was required when the media was soil + chaff in the ratio 2: 1 (TI j) under wet 

system and the highest, with the same media under dry system (Tr). The area 

transplanted by the machine using different mat nurseries ranged fian 23m2 min-I 

as in case of TT, to 30 m2 min'lin the case of TI 5.  The respective turnover for the 

machine was worked out to be 1.104 to 1.44 ha per day of 8 hours. However, there 

was no statistical difference between area transplanted by the machine using mat 

nursery having different media for sowing and systems of its raising, meaning that 

7 hours 1 5 minutes and 5 hours 34 minutes were required for transplanting one 

hectare at the respective speeds. 

4.2.2 Plant population 

The overall mean of population under dry nurssry was 29 hilfs m", whereas 

under wet system, i t  was 27 hills m-2. Even though the population varied between 

2 1 to 32 hills m-2 depending upon the media and systems of nursery, tbe treatments 

bad no influent;: on the plant population as per statistical analysis. 

Under dry system, 32 hills rn'2 was planted when the media was soil and 

chaff in the ratio of 2:l (T7) and the Iowest population was when soil t- chaff in 1 :2 

ratio (Tg)  or soil + coir pith compost in 1 :2 ratio (T4) was used as the media. 

Under wet system, mat produced using soil + chaff in the ratio 2: 1 (TtS) or 

soil + coir pith compost in the ratio 1 :2   TI^) led to maximum pImt population of 

32 hills m". The lowest population of 21 was seen when soil was mixed with cow 

dung in 1 :2 ratio (Tlo). 

4.2.3 Missing hills 

Row to row design spacing of the transplanter was 22.5 m and it was run 

with the gear engaged for 12 cm within the row planting. Hence the total number 

of hills to be planted by the tramplanter is 37 m-2. The number of hills planted 

rn3 by the transplanter is given in Table 9 along witb the number of missing hills. 

The results indicated that either the system of nursery or the different nursery 

media did not si~mificantiy affect the number of missing hills. The lowest number 

of missing hills (5 numbers m4) was seen both under dry and wet nursery systems, 

when the nursery media was prepared with soil and chaff in the ratio 2: I (T7). 



Ih1dt.r Illis sirtralio~~, ~nissiug hills was orily 14 pcr cctlt. -l'l~c highor nu~nhcr o f  

nlissing hills ranging from 14-1 6 m-2, i.e., 38-43 per cent of the total to be planted 

was seen associated with the mat media soil + cow dung either in the ratio of 2: 1 or 

1 :2 under we1 nursery system. In general, the number of missing hills was lower 

under dry system, when compared to wet system. 

4.23 Number of seedlings bill" 

Neither the system of mat nursery nor the different media tried altered the 

number of sedlings hillL' transplanted, which ranged from 3 to 4.4 (Table 9). 

.. Similarly, the number of seedlings floating while transplanting, i.e. number of 

scdlir~gs that are not firmly fixcd to the soil and have fallen down from the hi]/, 

was also not varying due to nursery systems or media. The number of the fallen 

secdliilgs ranged from 1.5 to 2.2, which means 43 to SO per cent ofthe seedlings of 

a hill were either falling down or not fixed to the soil by the fingers of thc 

transplanter. 

4.2.4 Planting depth 

Planting depth (Table 9) was not affected by the nursery systems, or media 

of nursery. The aveTage planting depth was 49 mm, ranging from 38 to 54 mrn. 

4.3 Observations on performance of the crop 

43.1 Number of hills m" 

Plant population observed through the number of hills rnm2 (Table 10) 

indirzitcd that the plant population obtained through mecl~anical planting was 

significantly Iower compared to the plant population obtained by manual planting. 

This trend was visible at the three stages of the observation i.e. at planting, 

maximum tillering and dm at harvest. While 65 hills m-2 were available in 

conventional nursery planted crop at harvest, the average density of population in 

the mechanically transplanted crop was 29 hillsn*'. Even tllough initially, there 

were slight differences in plant population, between mechanically transplanted 

crops with respect to the media of mat, this trend diminished with the advancement 

of growth and plant population of the mechanically transpla~~ted crops did not 

show any significant difference between them. The system of nursery also did not 





influence the plant population at harvest. There was 22 per cent reduction in the 

number of hiHs in mechanically Iransplanted crop than that of manually pIanted 

crop. 

4.3.2 Plant height 

Plant height observed at 15 days interval corn 15 DAT onwards revealed 

that (Table 1 1 )  only up to 30 DAT, there was significant variation in stature of the 

plant due to media as well as systems of nursery. Thereafter, neither the system of 

mat nursery, nor the different media used in it influenced the growth of the plants 

in terms of height. The crops transplanted mechanically as well as manually were 

of equal heights. The crop had on an average 65,80.4,92.7 and 89.1 crn hetght at 

45,60,75 and 90 DAT, 

43.3 Tillers hill-' 

Number of tillers produced h i f  oboaved horn active tiliering stage 

onwards at 1 5 days interval revealed that (Tablel2) throughout the growth period, 

mechanically transpianted crop using wet mat nursery with soil + cow dung in the 

ratio I:2 (TI,) as the media produced significantly higher number of tillers hill-'. 

This crop had an average of 17.5 tillers hill-' at 80 DAT. Throughout the growth 

period, crop raised by manual planting (T17) using conventional nursery had a 

significantly lower number of tillers, which ranged from 6.5 tilIers hill-' at active 

tillering stage to 9.5 tillas hill-' at 80 DAT. A consGkntIy higher number of tillers 

sh lar  to TIC, was produced throughout the growth period by the mechanically 

transplanted crop, with dry mat nursery using soil + coir pith raw in the ratio 2:  1 

(Tj). Most of the treatments involving mechanical transplanting (TI, T4, Ts, TI I ,  

 TI^, T15 and  TI^) were having comparably low production of tillers similar to that 

of manually planted crop (T17) at the final observation, i.e., 80 DAT. However, 

these treatments were also comparabIe to all the other mechanically transplanted 

crops except Ts and Tlo. 



Table 10 Plant ~opulstion I'll' at plulthg, llirrilnvln tiilcriny and j l ~ e s l  
(Ex penmen t 11) 



7 .  Table I 1 .  Plant height (cm) at 15 days interval (Experiment 11) 

-- --.. . . . .. . - 

Treatinenis Plant height ( a n )  
15 i 30 ( 45 1 60 ( 75 1 90 

-- 
Dry nursery 
TI-Soil +cow dung in 
2:l ratio 
T2-Soil+ cow dung in 
1 :2 ratio 
T3-Soil+ coir pith 
compost in 2:l ratio 
TCSoil+ coir pith 
compost in 1 :2 ratio - 

--soil-t coi; pith raw 

DA'r j DAT DAT DA'I' , DA'r 
I --p-- 
! 

31.1" 1 4 f ~ . 9 " ~  67.5" 83.8' i 96.1 91.ga 
- - - - - *. - - . , , - 

3 1.6 " ! 5 1.0 

29.4Uh i 44.7* 
I 

L . .. .- . .. 

29.dak , 45.9& 66.3' 82.4" 93.6' 89.4' 
"- 

I 
- -  -1 -----.- -- ---- . .-i. . . 

3 1.3 ; 50.6' 67.0' 81.8" , 92.9" 89.9' 
in 2: 1 ratio 
TbSoil+coirpithraw 
in 1 :2 ratio 
T7-Soil+ chaff in 2: 1 
ratio 
TI-Soil+ chaff in 1 :2 
ratio -- -- 

wet nurse6 
T?-soil+ COW dung in 
2: 1 ratio - .- -- - - - 
'rl 0-Soil I cow dung in 
1 :2 ratio 
TI 1-Soil+ coir pith 
compost in 2: 1 ratio 
TI 2-Soil+ coir pith 
compost in 1 :2 ratio , TI 3Soil+ coir pith 
raw in 2: 1 ratio 
~Gi~o i l+co6~ i t l l raw  
in 1 :2 ratio . 1 TI 3-Soil+ chaffin 2:I , 29.2 " I ' 45.4 ' 

} T 1 7- Conventional 43.gd 

I 
I 

65.6' 

29.5 - 1  - 45.8 -.-A_- 65.0 . ._ 

65.2' 

61.2' 

64.1" 
-- 

63.5. 
- -- 

69.ga 

65.0' 

6 1 . 1  ' 

63.9" 

65.7" 

30.0" 

62.1' 

80.4 92.7 - - 1  .- 

45.3' 

81.0" ' 93.0" 

- 
73.7' [m+-'z.p-j 

Treatments with the &naphabet do not differ s~gnificantly 

I 

81.1" 1 93.3" 
I 

76.2" I 88.7" 
1 

78.8" : 9 r . -  

I 

79.7n 92.6' 
I 

--- L -- - , --- .- - 
84.9" 98.1 " 

I 
80.0" ? 92.0d 

76.9" ! 88. I ' ~  

80.0" ' 92.7" 

81.4" ' 9 2 9 U  

90.0 " / 

90.1" 

86.5' 

86.7" 

89.1 a 

- --- 
94.5" 

88.9' 

85.4" 

89.9" 

895'  

29.1 "" , 44.1 

28.7 '" i 44.2" 

-1 - 

30.0~ i 44.hd 
! 

- - -- . --- . 

3 1.2 7 49.7 "I- ' 

I 

29.1 ! 45.9hC 
I 

27.2 "L 

26.9' 

40.7 " 
4 4 . 0 ~  

i 
29.4uhi  44Sd 



Table 12. Tillers hill-' at I5 days interval (Experiment 11) 

12.8 17.0 16.3 - --- 
Treatments wtth the m e  a l p h a .  do not differ significantly 

'I'reatmen ts 

Dry nursery 
TI-Soil+cowdungin2:1 
ratio 
T2-Soil+ cow dung in 1 :2 
ratio 
T3-Soil+ coir pith 
corngost in 2:l ratio / ~&-soifi coir piih 
compost in 1 12 ratio 
T5-Soil+ coir pith raw in 
2: 1 ratio 
T6-Soil+ coir pith raw in 
1 :2 ratio 
T7-Soil+ chaff in 2: 1 ratio 
TS-Soil+ chaff in 1 :2 ratio 

1 :2 ratio 
TI1 -Soil+ coir pith 
compusl i r l  2. f ratio 
TI 2-Soil+ coir pith 
compost in 1 :2 ratio 
T13-Soil+ coir pith 
raw in 2:? ratio -- 
~4-~oil+coir~ithrswin 

20 DAT 

1 2 . 9 ~  

15.9 "b 

1 2 . 5 ~  

11.9" 

15.4 ah: 

11.6' 

12.9 
14.2 

12.2"' 

18.0a 

12.4 

I l . l d  

13.4 " 

1 2 8 ~  - 

Tillers hill-' I 

1 :2 ratio 
TI 5-Soil+ chaff in 2: I 
mi0 

TIQSail+ chaff in 1 :2 
ratio 

35 DAT 

1 5 . 6 ~  

18.8'bC 

16.3 "Cd 

1 5 . 7 ~  

19.1 a' 

1 7.4M 

12.1 cd 

10.9 

1 6 . 9 ~  

1 6 . 0 ~  

1 T 1 7- Conventional 1 6.5" ( 

50DAT 

14.5' 

16.7 * 

16SUl 

1 4 . 6 ~  

19.3 Ub 

17.4"1 

10.2' 1 11.3" I 11.0~ ( 9.5" 1 

14.7 

13.5 * 

1 ~ . 9 ~  

14.7" 

1 2 . 5 ~  

1 1 . ~ ~  

; 

- 65 --- DAT . -+ 

1 3 . 2 ~  

15.3 

1 5.3k 

1 2 . 9 ~  

17.3" 

1 5 . 4 ~  

16.4 

1 5 . ~ ~  

17.3 17.0 
17.9- 16.2 

1 7 . 3 ~  1 6 . 5 ~ ~  1 5 . 0 ~  1 3 . 8 ~  

80DAT .-- -- 

11.6"' 

13.5hC 

- 
14.1 "C 

I 1 . 0 ~  

"7- 

13.5k 

21.4" 21.2" 

16.2 a 

15.4" 

19.4a 17.5' 

14. I 

13.3 Cd 

1 8 . 6 ' ~  16.8 

1 2 . 3 ~  

1 1 . 9 ~  

14.j-F--- 

1 5 . 4 ~  
-- -- - 

18.4~-  - 

13.4tx ': 

'' 1 3 . 9 ~  16.9- '' 



43.4 PhysioIogicai growth attributes 

Crop gowth rate at active tillering stage was distinctively lower in case of  

manually planted crop using conventional nursery compared to most of the 

mechanically trbsplanted crops using either dry or wet mat rlursery (Table 13). 

Exception to this was in case of soil + coir pith raw in the ratio 2: 1 (Ts) or 1 :2 (Th) 

in dry nursery and soil and coir pith raw  TI^) or mmpsf (TI4) in the ratio 1 :2 in 

wet system. But this distinctiveness of low CGR for manually planted crop 

disappeared as growth progressed to panicle initiation stage. The mechanically 

transplanted crop, using wet or dry nurscry, irrespective of root zone media and the 

. mru~uaIly planted crop with conventional nursery had similar crop g~owth rate 

between active tillering and panicle ir~itiation stage, The value ranged between 

4.73 to 6.5 g rn*' day''. 

4.3.4.2 RGR 

Relative growth rate values (Table 13) also indicated a very low growth 

rate for manually transplanted crop (T17) during the period from seedling to activc 

tiIlering stage. The mechanically transplanted crop had significantly higher RGR 

than the manually planted crop, except in cases of soil + cow dung in the ratib 2:I 

(TI),  soil + coir pith raw in the ratio 2: 1 (Ts) or 1 :2 (T6) under dry nursery system 

and soil + coir pith compost (T12) soil+ mir pith raw in 1 :2 ratio (T14), both under 

wet nursery system But during the period h m  active tiIlering to panicle initiation 

stage, the relative growth rate of the crop was similar, disregarding the method of 

planting and system as well as media of nursery. RGR varied from 0.042 to 0.056 

g g' day'' with an average of 0.088 g g-' dayh' at pmcle initiation stage. 

Net assimilation rate worked out at active tillering stage (Table 13) showed 

a different picture in comparison to CGR and RGR. NAR was significantly higher 

in crops mechanically transplanted using dry nursery with soil + chaff in the ratio 

2:  f as mcdia (T7) or wet nursery with soil -t coir pith raw in tllc ratio 2:1 (T!>) or 

soil + chaff in the ratio 2: 1 (T15). NAR was also significantly lower in case of 



Table 13. Physiological growth attributes at active tillering and panicle initiation stages (Experiment 11) 

T4-Soil+ coir pith compost in 1 :2 2 . 6 1 0 ~  5 270' 0.0890- 0.0470' 0 . 0 7 ~ ~  0,0170 a 2.745 4.145 a 

ratio 
TS-Soil+ coir pith raw in 2:1 ratio 2 . 2 ~ 5 ~  4.960a 0.080@' 0.0440 0.061d , 0.0150' 2.975 a 4.140' 
T6-Soif+ coir pith raw in 1:2 ratio 1.960' 4 745 a 0.0720' 0.0430 a 0.0570" 0.0140~ 2.945 a 4.205 a 

TFSoiI+ chaff in 2: I ratio 2.980' 6 530a O.lOOOm 0.05a8 0.0890. 0.0260' 3.065 a 3.870' 

-. LADQ 
Active 

tillering 
stage 

1 

T8-Soil+ ch&in 1 :2 ratio 2 . 6 5 p  5.675 a 0.0880- 0.0490 a 0.0780Ed 0.0190 9 . 0 1 5 ~  3 .930~ 2.792 a 

Wet nuney 
%Soil + cow dung in 2:1 ratio 2 . 6 1 5 ~  5.635 a 0.0870& 0 .0500~  0.0780~ 0.0190' 3.380' 4.395 a 2.965' 
TI 0-Soil+ cow dung in 1 :2 ratio 2.8W 6.365. 00950"r 0.0530' 0.0850' 0.0250 a 3.460 a 1 4.485' 3.013 a 

I t 
T 1 I -Soil+ coir pith compost in 2: 1 2 . 6 8 p  1 6.025 a 0 . 0 9 2 p  0.0520' 0.0800' 0.0230' 2.515' 1 3.850' 2.361 a 
ratio t 

Panicle 
mitiation 

stage , 



mechanically transplanted crop, when the media used was soil + coir pith raw in 

the ratio 1 :2 both under dry (?'(,) and wet system (TI4). 

l?awever, during the period from active tillering to panicle initiation stage, 

nkt assimilation rate was not altered by the different treatments. The crop under 

manual or mechanical transplanting irrespective of the system and media of the 

mat nursery raised for mechanical transplanting showed a similar assimilation rate. 

- The values of leaf area per unit land area were not affected by the different 

treatments when ~hscrved both at activc tillcring and paniclc initialion slagcs. 

Crop under mechanical transplanting and manual planting produced a similar LAI, 

at both the stages with an average value of 2.87 at active tillering and 4.12 at 

panicle initiation stage. The value ranged from 2.5 to 3.5 at active tillering stage 

and from 3.72 to 4.6 at panicle initiation stage. . 

4.3.4.5 LAD 

Leaf area duration showed a simiIar pattern as that of LAI. The average 

LAD was 2.63 m2 days for the crop at active tillering stage and the different 
, I 

treatments did not alter LAD at active tillering stage. The average value of LAD at 

panicle initiation stage was 3.543 m2 days, which was also not affected by different 

treatments. 

43.5 Number oi weeds rn". 

The weed count taken from one square metre area both at 20 and 40 DA'P 

('Table 14) indicated that weed population was not significantly altered by the 

different treatments. The overall mean weed density at 20 DAT was 1 30 and at 40 

DAT, 94. The corresponding weed density for conventionally planted crop was 

1.56 and 106 respectively. The predominant weed species present in the a m  were 

Cyprus iria, Isachne miliacea, Ludwigia parviflora, Echinnchloa sp., Mollugo sp.. 

Nymphaeu .~reIIa;a, :,'choe~~upleclu.s Iulerflorus and Sphenoclea ,-eyiunica 



Tab12 14. No. of weeds m' at 20 and 40 days after planting (Experiment 11) 

Traatments 

D y nursery 

; Wet nursery 1 I 

TI-Soil +cow dung in 2:l ratio 
T2-Sod+ cow dung in 1 :2 ratio 
T3-Soil+ coir pith compost in 2: 1 ratio 
T4-Soil+ coir pith compost in 1 :2 ratio 
TS-soit+ wir pith raw in 2:  1 ratio 
T6-Soil+ coir pith raw in 1 :2 ratio 
T7-Soil+ chaff in 2: 1 ratio 
T8-Soil+ chaff in 1 :2 ratio 

Weed No. m-'. 

Values in parentheses denote transformed value 

20 DAT 

I40 a (1 134) 
62 a (7.82) 

180 " (12.96) 
130" (11.16) 
102 a (9.74) 
70a (8.33) 
72 a (8.50) 

1 84 ' (1 3.37) 

T9-Soil+cowdungin2:1ratio I .  --- - - -  L .  - - - 
T 10-Soil+ cow dung in 1 3 650 
T1l-Soil+coirpith~0mpostin2:1 ratio 
TI 2-Soil+ coir pith compost in 1 :2 ratio 
T 13.-Soil+ coir pith raw in 2: 1 ratio 
T1 CSoil+ coirpith raw in 1 :2 d o  
T15Soil+ chaffin 2:l ratio 
T 16-Soil+ chaff in 1 :2 ratio 
T 1 7- Conventional nursery 
Mean 

40 DAT 

162 a (12.75) 
106 a (10.24) 
56 " (7.401 - 
70 a (7.75) 
62 a (7.9 1 ) 
SO " (7.04) 
64 (7.97) 
68 " (8.1 4) 

Treatments with the same Jphabet do not d~ffer signifimtly 

188a(13.5g - . . . - - 
92 ' (934) 

124 ' (1 1.09) 
140 "(1 1.64) 
106 a (10.0 1) 
88 ' (9.25) 

200 " (14.14) 
174 " (1 3.02) 
156'(12.41) 
r30(11.08) 

106" (10.18) 
84 ' (8.04) - 
66 " (8.04) 

1 10'(10:41) 
% " (9.19) 
74 a (8.45) 

194' (13.88) 
124'(11.14) 

- 106 (10.32) 
94 (9.41) 



4.3.6 Disease and pest incidence 

The scoring done for the pest and disease attack is given in Table 15. 

Among the diseases bacterial leaf blight (BLB) was the only problem during the - 
course of study. Incidence of BLB was to the tune of 13.9 and 13.3 per cent 

respectively in mechanically transplanted crop, when the mat used was with soil + 

wir pith compost in 2:l ratio (T3) under dry system of nursery or soil + coir pith 

compost in 2: 1 ratio (TI J) in wet nuyry. The remaining treatments had fairly low 

bacterial leaf blight incidence. The overaI1 incidence percentage was an 7.3. 

The insect pest incidence was uniform, the insect pests showing no 

discrimination over the crop based on different mtments. None of the pests 

observed showed any preference over the treatments. The average number of 

thrips per hill was 47 at 20 DAT. The average number of rice bug per hi11 was 1.8 

at 69 DAT and that of green leafhopper was 3.1 and 3.4 respectiveIy at 22 and 54 

DAT. The average stem borer percentage at 70 and 85 DAT was 1.9 and 2.9 

respectively. 

43.7 Yield camponents. 

The data recorded on yield amibutes as influenced by the different 

treatments are given in Table 16. The total number of panicles m-2 formed 

remained unaffected due to various treatments. The crop raised under manual 

, , planting using conventional nursery produced 284 panicles m-I. Under rnedmised 

transplanting using different types of mat nurseries, the panicle production ranged 

6om 309 panicles m" as in case of soil + coir pith raw in the ratio 1 :2 (Ts) in dry 

nursery to 220 panicles mW2 as in case of soil + cow dung in the ratio 2:l (Te) in wet 

nursery system. 

Data on Iate formed panides m-2 (those panicles which remained greenish 

at the time of harvest) given in Tablo 1 6, indicated that high number of late forkd 

padcles were s n n  only in 3 mechanised planting situations i.e., when soil + coir 

pith raw in the ratio of 1 :2 (T6) under system or soil + coir pith compost in the 





d 

ratio 2: 1 (TI and soil -+ wir pith raw in the ratio 2: 1 (T13), both under wet nursery 

systems was used for mat nursery. h these 3 cases, the respective number of late 

formed panicles m"were 29.7,18.6 and 25.1 .The o v d  mean of late formed 

panicles ma was 12.5 which was only 4.8 per cent of the total nurnber of panicles. 

On an average, 44 numbers of filled grains were formed panicle'' (Table 

16). Manually planted crop using conventional nursery, produced 47 grains 

panicle-'. The number of filled grains panicle-' showed variation from 24 to 6 1. due 

to various treatments. The highest number of 61 was produced by the crop 

mechanically transplanted with soil + cow dung in the ratio 2:1 as the media. 

However, this highest number was statistically comparable to all the other 

treatments except in case of mechanically transplanted crop with soil+ cow dung in 

the ratio 1 :2 (T2) or soil f coir pith raw in the ratio of 2: 1 ITs), botli under dry 

nursery system and soil + coir pith compost in the ratio of f :2 (Tlz) soil + coir pith 

raw in 2: 1 ratio (T13), soil f chaff in 2: 1 ratio (T15) or 1:2 (T16) all under wet 

nursery system. 

4*3. Z 4 1000 grun weight 

The test weight of the grain recorded as 1000 grain weight (Table 16) 

showed that this yield component w+ not influend by the various treatments. 

The overall mean 1000 grain weight was 28.2 g and the value changed from 26.5 

to 29. 

The ratio of the weight of the tilled gains to the weight of the chaff 

computed (Table 16) and the analysis indicated that tbe gain: chaff ratio on 

weightlweight basis remained udfected  by the different treatments. Tbe ratio 

ranged from 9:l as in case of the treatment TIr to 19:l as in case of trwment Tlz. 

The overall mean grain: chaff ratio was 14:1, which indicated 93 per cent filling in 

the crop. 



Table 16. Yield components (Experiment 11) 

ZOO0 
grain 

weight 
Treatments 

14:la 

11: l  a 

Dry nursery 
T 1 -Soil -+cow dung in 2: 1 
ratio 
T2-Soil+ cow dung in 1 :2 

Grain: 
chaff 
ratio 

( W/W) 

No. of 
panicles 

rn-= 

No. of 
late 

formed 
panicles 

m-2 ' 

15: la  

13: l " 

16:l a 

15:l a 

18:la 
10:la 

13: la  
-- 

20:l " 

9:l " 

19:la 

"4: 1 " 

15:le 

14:Ia 
l l : l U  
14:Ia 
14:l 

ratio 
T3-Soil+ coir pith compost in 
2:l ratio 
T4-Soil t. coir pith compost in 
1:2 ratio 
T5-Soil+ coir pith raw in 2: 1 
ratio 
T6-Soil+ coir pith raw in 1 :2 
ratio 

7-Soil+ chaff in 2: 1 ratio 
8-Soil+ chaff in 1 :2 ratio 

TI 0-Soil+ cow dung in I :2 

TI 1 Soil+ coir pith compost 

TI ZSoil+ coir pith compost 
in 1:2 ratio 
TI 3-Soil+ coir pith raw in 
2:l ratio 
T14-Soil+ coir pith raw in 
1 :2 ratio 
TlS-Soil+ chaff in 2: 1 ratio 
T16-Soil+ chaff in 1:2 ratio 
T 1 7- Conventional nursery 
Mean 
Treatments with the same alphabet 

No. of 
filled 
grains 

296 a 

289 ' 

254 

278 

242 a 

309 " 

244 a 

246 a 

220 " 

238 " 

266 a 

242 a 

279 " 

242 " 

262 " 
238 " 
284 
26 1 

do not daer 

3.9d 

8.9" 

I 0 . 0 ~  

9. 5d 

16.5~ 

29.7" 

1 8 . 0 ~  
6Sa 

1 1 . 9  

1 2.2U' 

1 8.6m 

7.2d 

25. lab 

6.4d 

6. lU' 
1 0 . 6 ~  
1 1 . p  
12.5 

61" 

4 0 ~  

28.7a 

28.5a 

signifiwtly 

468m 

47" 

4oM 

5oab 

47ab 
5 0 ~  

46ak 

47" 

48ab 

39Pcd 

42w 

5 1 

2gU' 
24" 

47- 
( 44 

2S.6a 

29.0" 

28.6" 

28.0a 

26.5a 
28.3" 

27.5' 

- 
27.8" 

27.4 

28.2" 

28.0 

28.6" 

26.4a 
28.4' 
28.8" 
28.1 



4.3.8 Grain and straw yield 

The data on g a i n  yield ha-', given in Table 17 showed that the ultimate 

1;rain ouiput of the crop was not at all influenced by the methods of planting i.e. 

mechanical or manual, and between the mechanically transplanted crops, the media 

of nursery or the system of mat raising. The overall mean yield of the crop was 

. 4344 kg of grains hd'and the manually planted crop using corlventional nursery 

produced 4447 kg grains ha-'. The yield level of mechanically transplanted crop 

using different types of mat nursery produced grains ranged from 35 52  kg ham' as 

in case of Tq to 5209 kg ham1= in case of T7. 

Straw wcight also showcd a ~imilar trend as that or grai~~s. 'fhc various 

treatments did not influence straw production' by the crop. The overall mean 

production of straw by the crop under various treatments was 7464 kg haL', the 

manually planted crop produced 81 78 kg straw ha-'. The straw yield ranged from 

6243 to 8748 kghil . 

4.7.5 Harvest Index 

Harvest index remained unaltered due to various treatment effects. Tile 

overdl mean index was 0.31 and the same value was recorded in case of 

conventionally planted crop. Harvest index ranged &om 0.26 to 0.39 in case of 

mechanically transplanted crcps. 

4.4 Nutrient uptake 

4.4.1 N, P and K content of grain 

Nitrogen content of grain ranged between 0.1 8 to 0.4 4 per cent, with a 

mean of 0.34 per cent (Table 18). The different treatments involving systems and 

media of nursery as well as planting methods altered the gain nitrogen content. 

When the crop was mechanically transplanted using dry nursery. with soil and 

chaff in llle raiio of 2:1 (1;) or 1 :2 (T8) or wet nursery with soil-+ coir pith colnpost 

(Tlz) and soil + coir pith raw in 1:2 (T1.4) had low N content in the grain. In these 

three cases, the nitrogen content of the g a i n  was significantly low and ranged from 

0.18 to 0.25 per cent. 



Table 1 7. Grain yield, straw yield and harvest index (Experiment 11) 

ratio - - ,. ---A .. --- 
tTCSoil+- coir pith compost in I :2 { 4 2 6 2 Y + u { - - - - ~ b - ' i  

Wet nursery 
3552" 6436 " 

-- 4973 * 7556 " - 0.35 " 
TI 1 -Soil t coir pith compost in 2: 1 4822 " 8933 " 0.31 " 

Grain yield 
- , (kg h a !  

ratio 
TI 2-Soil+ coir pith compost in 1 :2 4370 " 6479" 

Straw yield 
(ky:hi l )  - 

TI -Soil +cow dung in 2: 1 ratio -- 
dung in 1 :2 &io 
pith compost in 2 :  I 

Harvest index 
-- 

4348 a 

4241 
4068 a 

6882 " 
8029 " .- 
6759' 0.34 a 

ratio 
TI 3-Soil+ --- coirpith .. raw in 2:  1 ratio - . 

TI 5-Soil+ chaff in 2: 1 ratio -- -.-- -- ." 
T 16-Soil+ chaff in 1 :2 ratio 
TI 7- Conventional nursery 

~reatmentrwith the same alphabet do not differ significantly 

0.32 " 
0.29" 

- . - - - - - . 

.-- 

0:3 1 " 
0.3 1 

3789 " 6286 " -- 
4262 " - 
4477 " 
4344 

" 

7685 " 
8178" 
7464 



SimilarIy in case of phosphorus content of the grain, most of the treatments 

led t i  high concentration of phosphorus in grain, ranging from 0.24 to 0.30 per 

cent. But the treatments Iike TI (soil +cow dung in 211 ratio), T2 (soil+ COW dung in 

1:2 ratio), Td (soil+ coir pith compost in 1 :2 ratio), Ts (soil + coir pith raw in 2:l 

ratio), T I $  (soil+ coirpith compost in 2:l ratio) T13(soil +coir pith raw in 2:l 

ratio) and  TI^ (conventional nursery) had a Iow P content, which ranged fiom 0.18 

to 0.21 per cent. 

Potassium content also showed the trend of phosphorus. Treatments like Ts, 

TI U, T 13. TI and TI 7 had high content of potassium in their grain ranging fiom 0.3 1 

to 0.4 1 pcr cent. This content was significantly superior to all the other treatments 

and the lowest vdue of 0.2 1 per cent of potassium in grain was recorded in Tq, 

where soil+ coir pith compost in the ratio 1 :2 was used as the rooting media. The 

overdl mean K content of the grain was 0.29 per cent. 

4.4.2 N, P and K content of straw 

NPK content of the straw remained unaltered (Table 18) without any 

significant variation due to various treatments incorporated. The meal content of 

N, P and K of straw were 0.22, 0.11 and 2.2 per cent respectively. The range for 

respective n u ~ e n t  contents in straw was 0.14 to 0.49,0.007 to 0,017 and 1.38 to 

2.93 per cent. 

4.4.3 NPK uptake 

The NPK uptake by the crop, worked out basad on its content both in gram 

and straw, is given in Table 18. Total N uptake was not affected by the treatments 

tried in the investigation. The overall ,mean total uptake of N was 32 kg ha-' 

ranging between 20.4 and 46.3 kg ha-'. 

Difference in uptake of P was observed due to the treatments. The crop on 

an average consumed 19 kg P ha-'. Low uptake of P ranging between 10.21 to 

15.7 kg ha-] was observed in the crops raised by manual planting (Tl7j or 

mechanicd planting with dry mat nursery with soil+ cow dung in the ratio 2: l(T1) 

or soil+ chaff in the ratio 1:2 (Ts) as the media. Low level uptake was also 

observed in the mechanically planted crop wing wet nursery, with soil+ chaff in 



Table 18. N, P and K content of grain and straw and its uptake by the crop (Experiment 11) 



the ratio of 1 :2 (T16) or soil+ coif pith compost (TI]) in the ratio of ?:I as the 

media. All the other treatments had significantly higher uptake ranging from 16.89 

to 26.5 3 kgham'. 

Uptake of K was also affected by the treatments (Table 1 8). The crop on m 

average consumed 1 83.1 kg K' of K. Significantly higher uptake ia the range of 

. 194 to 253 k@' were seen in mechanically transplanted crop using dry mat 

nursery with soil+ cow dung in the ratio of 2:1 (TI) or 1:2 IT2), soil+ chaff in the 

ratio of 2: 1 (T7) or 1 :2(Ts) and soil+ coir pith raw in the ratio of 1 :2(T6). The lowest 

uptake of 126 kg K' K was noted in case of the crop mechanically tramplanted 

using wet mat nursery with soil+ coir pith raw in the 2: 1 (TI1) as the media. 

Experiment 111 

4.5 Observations on tbe performance of manually transplanted crop 

4.52 Time taken for manual planting 

Data on time taken by women Ia bour to bansplant unit area of 1 00m2 using 

mat nwsery strips as weIl as conventionally uprooted nursery seedlings are given 

in Table 19. The Table also provides the labour requirement per hectare for 

manual trsnsplanting of the mat nursery strips and conventional nursery. The 

analysis of the data indicated that the transplanting operation was d e c t e d  due to 

the type of nursery used, whether it was mat nursery strips or conventionalIy pded 

ola nursery seedlings. ' 

The transplanting time by manual labour for a unit area of 100d using 

conventional nursery was 7800 seconds for random planting. While uslng mat 

nursery strips raised either under wet or dry system using different me& the time 

ranged between 7363 seconds as in case of soil + coir pith mw (T6) in the ratio 1 :2 

to 1 1 100 seconds as in case of mat nursery strips made of sail + chaff in the ratio 

of I :2 (T16) in wet system. 

The extrapolation of the data further indicated that the average labour 

requirement for transplanting alone using conventional nursery was 27 man days 

ham1, whereas while using mat nursery it ranged between 26 man days &' as iu 



Table 19. Time taken (seconds) for planting 100 rn2 and labour days ha.' 
(Experhen t I I I )  

Trea trnen ts 

Dry nursery 
'TI-Soil +cow dung in 2:1 ratio 
T2-Soil+ cow dung in 1 :2 ratio 
T3-Soil+ coir pith compost in 2 :  1 ratio 

_4-Soil+ coir pith compost in 1 :2 ratio --- - -------- 
TS-Soil+ coir pith raw in 2: 1 ratio 
T6-Soil+ coir pith raw in 1 :2 ratio 
Ti'-Soil+ chaff in 2: 1 ratio 
T8-Soil+ chaff in 1 :2 ratio 
Wet nursery 
T9-Soil+ cow dung in 2: I ratio 

--coag .--- in 1 :2 ratio ---_- 
T 1 1 -Soil+ coir pith co- ratio 
' f 1 2 - ~ o i 1 ~  coir pith compost in 1 :2 ratio 
T13-Soil+ coir pith raw in 2: 1 ratio 
T 14-Soil+ coir pith raw in 1 :2 ratio 
T15-Soil+ chaff in 2:l ratio 
T 16-Soil+ chaff in 1 :2 ratio 
T 1 7- Conventional nursery 
Mean 
Treatments with the same alphabet do not differ 

Time taken (seconds) 
for 100 rnZ 

10038 
10913" 
9873 " 

- 10440 a 

Labow days ha' 7 
I 

I 
35 " I 

J 

38 ' I 

34' j 
I - - 36 " 

9565 
-- 

33 " 
7363 " 
10825 " 
9750 a 

10278 " 
_ 7925 a-V 

I 

26a 1 
38" 1 

34 
-1 

36 " 
.- - - 28 -- " 

981 3 " - I 
34 " 

9608 a 

8590 a 

9140" 
10400' 
11100" 
7800 a 

961 3 

-----; 
30 " I 

32 " - 
36' 71 

39 a 

27 " I 

33 I 

significantly 



- 

case of T6 (sail + coir pith raw in the ratio 1:2) to 39 man days in case of soil + 

chaff in the ratio of 2:1 under mat nursery system (TI6). 

4.5.2 Plant population m-' 

Transplanting using the conventional or mat nursery was done at random 

by the labour as done in fanners field. Hence no restriction was imposed on the 

population at the time of planting. The plant population observation taken at 

pIanting, maximum tillering and harvest stages (Table 20) indicated that the 

population remained unaffected due to the system of nursery used. At the time of 

harvest, the mean population was 28 hills m'2. The conventional nursery planted 

crop had a population of 24 hills mm2 wherms the crop msplanted using mat 

nurSery ranged between I9 as in the case of Tli i.e., soil + chaff in the ratio 1:2 in 

wet system to 37 plants as in case of T8 when mat nursery using the same media 

was raised under dry system. 

4.53 Height of the plants 

The stature of the plants observed at 1 5 days interval fiom 1 5 D AT up to 

harvest (Table 2 1 ) indicated that the height of the plants was not affected due to the 

different types of nurseries wed. The crop planted using mat nursery or 

conventional nursery had an even growth rate at these stages of crop growth and at 

the time of harvest, the overall mean height of the plant was 81.2 cm. 

4.5.4 Tilers hiB" 

Tiller production remained unaffected up to maximum tillerin6 stage (Table 

22) due to the various treatments incarporating different systems of nurseries for 

manual planting. At the stages of flowering and harvest, there was a reduction in 

tiller count and the different treatments had varied effects in the retention of 

effective tillers. At the time of flowering 14 tillers per hill were there in c& of 

lreatment Tg, where soil + chaff in the ratio 112 uader dry system was used for the 

mat nursery. All the other treatments also had a similar tiller production, except in 

cases oftreatments T14, T15, T16 and T17. The trend remained the same at the time 

of harvest also. The treatme& TI (soil + coir pith raw in 2:l ratio in dty system) 

produced 12 tillers per hi11 and all the other lratments except TIS, TI6 and 



Table20. Plant population m" at planting, maximum tillering and harvest 
(Expedent I1 I) 

Treatments 

Dry nursery 
TI-Soil +cow dung in 2:1 ratio 
T2-Soil+ cow dung in 1 :2 ratio 
T3-Soil+ cob pith compost in 2: 1 
ratio 
T4-Soil+ coir pith compost in 1 :2 
ratio 
TS-SoiI+ coir pith raw in 2: I ratio 
TB5oill- coir pith raw in 1 :2 ratio 
T7-Soil+ chaff in 2: 1 ratio 
T8-Soil+ chaff in 1:2 ratio 
Wet nursery 
T9-Soil+ c& dung in 2: 1 ratio - - - -. . . - - -. -. - 

TlO-Soil+ cow dung in 1 :2 ratio 
T11 -Soil+ coir pith compost in 2: 1 

Planting 

31 a 

36 a 

28 ', 

41 a 

36 a 

24 " 
30 ' 
41 a 

ratio 
T 1 2-Soil+ coir pith compost in 1 :2 
ratio 

I Mean I 3 1 I 30 I 28 -i 

35' 
35" 
30 a 

T13-Soil+ coir pith raw in 2: 1 ratio 
TlCSoil+ coir pith raw in 1 :2 ratio 
1-1 5-Soil-t chaff in 2: 1 ratio -- 
T16-Soil+ chaff in 1:2 ratio 
T 17- ConventionaI nurserv 

Treatments with the same alphabet do not differ significantly 

Maximum 
tillering 

29 " 
36 ' 
29 " 

36 a 

33 " 
25 " - - - 
33 " 
37 " 

31 " 

Harvest 

26 " 
34 
29 " 

35 a 

33 " 
- - -. . . . . 23 " 

28 " 
37 " 

30 " 
+ 

36 " 
30"  

31 " 
21 a 

39" 
20 a 

27 " 

28 ' 
.- - 

34 a 

27 a 

26 " 26 " 

28" 
21 " 
39 " 
19" 
24 " 

26 " 
20 a 

36 " 
19" 
24 a 





had a significantly lower number of tillers than this. Taler production in the latter 

cases ranged from 7.3 to 8.8. The o v d I  mean number of tillers hill" at flowering 

and harvest stages were 12 and 10.2 i e ~ t i v e l y .  

4.5.5 Pest and disease incidence 

The observations on pest and diseases given in Table 23 indicated that the 

crop was fairly free from major pest and disease attack. The observations on 

bacterial leaf blight (BLB) indicated that the average BLB attack at maximum 

tillen'ng stage was to the -s of 9.6 per cent and the crop raised under different 

systems of nursery did not cause much variation in BLB incidence. 

The observation on population of tbrips at d v e  tilIen'ng stage indicated 

that the system of nursery used for rtmual planting did not influence the thnp 

population. The average population of thrips p a  hill was 49. 

The population of rice bug obswved at flowering stage indicated that a 

fairly higher number of (2.7 bugs hill-') was seen only in plot, which was manually 

planted using soil + chaff in the ratio of 1:2 in the mat under dry system. The 

lowest population of 1.3 bugs hill" was sea in case of the treatment TY (soil + cow 

dung in the ratio 1:2 under wet nursery). A statistically similar lower population 

was dso seen in T4 and T5. The overall mean rice bug population in the crop was 

1 .a. 

The population of GLH at maximum tiliering stage indicated that ,the 

system of nursery used fbr manual planting of crop had no bearing on the 

population of GLH. The overall general mean was 3.2 and 3.7 GLW per hill at 2 7 

and 49 DAT. The percentage of stem borer (dead beart) observation at flowering 

and harvest stages indicated that the treatments did not influence the incidence of 

stem borer viz, the dead heart occurrence. The overall m m  p m t a g e  of dead 

hearts was 1.7 and 2.6 respectiveIy at the stages of flowwing and harvest. 



Table 22. Tillers hill-' at 15 days interval (Experiment 111) 

--., 
. Tillers hill+' 

raw in 2: 1 ratio . 
~ o i + c i t i n ~ , ~  1 -  133 '~ -  1 -  1 3 0 '  $ l i "  1 7 . 7 L  1 

compost in 1 :2 ratio 
T5-Soil+ coir pith raw in 
2: 1 ratio . - - - - - . . . - . - - - - 
'T6-Soil+ coir pith raw in 
1 :2 ratio 

20 DAT 
Dry nursery 
T 1 -Soil +cow dung in 2: 1 8.2 
ratio 

35 DAT 

13.5" 

13.7 a 

12.5 a 

-- -- - 
15.7" 

T2-Soil+ cow dung in 1 :2 
ratio ' 

8.3 " 
--. 
8.7 ' 

1 :2 ratio 
TI 5-Soil+ chaff in 2: 1 7.8" 13.8" 
ratio 
T 1 6-Soil+ chaff in 1 :2 7.1' 11.9" 
.- - - ._ 
'1'1 7- Conventional 13.4" 

I Mean 8.6 13.8 

8.7" 

50DAT 

13.2" 

14.2" 

12.7 ' 
- 

13Sa 

14.4 " 

14.7" 

T7-SoilA chaff in 2: 1 ratio 
T8-Soil+ chaff in 1 :2 ratio - - .  .. 

wit nursery 
T9-Soil+ cow dung in 2: 1 
ratio 
TI 0-Soil+ cow dung in 
1 :2 ratio 
'r1 I -Soil+ coir pith 
compost in 2:  1 ratio . - - - - - . 
T 12-Soil+ coir pith 
compost in 1 :2 ratio 
TI 3-Soil+ coir pith 

Treatments with the same alphabet do not differ significantly 

14.1" 

12.5" 
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4.5.6 Yield components 

4.5.6.1 Number of punkies m" 

The number of panicles mm2 was visibly influenced due to the difference in 

the raising of the mat nursery (Table 24). The overall mean of the number of 

patlicles rnm2 was 275. The highest number of 352 m" was produced by the crop 

raised using the dry r n a t  nursery with soil + coir pith raw in the ratio of 2:1 (Ts), 

Statistically equal number of panicles was also produced by the crop raised using 

Inat nurscry with soil + chaff in 2:1 ratio under dry system (T7) or soil t coir pith 

raw in the ratio of 2:1 under wet system (TI3). Significantly lowest number of 

pal~~cles 111 ( 146) was recorded it1 t l re  crop us i~~g Inat nurscry wit11 soil 4 cllafl* In 

the ratio of 1 :2 under dry system (Ta). Such a lower number of panicles were also 

rwordcd i r ~  ciisc of 'I', and 'I;. 'I'l~c crop raiscd u s i ~ r g  C ~ I I V L ' I I ~ ~ O I I B ~  I I U R C I ~  

produced 254 panicles mm2. 

Data on late formed panicles m-2 showed that, on an average 7 p a n i c l e s  m-2 

were formed late and remained greenish at the time of harvest (Table 24); The 

var;:ous treatments did not affect the number of late formed panicles. 11 ranged 

from 4 as in case of TI to 12 as in case of Tg. 

4.5.63 Number o fflled gr~in .~  puniele'i 

Number of filled grains panicle-' was variably influenced by the treatments 

(Table 24). The experimental crop had on an average 37 f i t  led grains per panicle 

and the lowest was recorded in case of  crop using conventional nursery (TIT), 

which had only 31 filIed grains panicle-'. A similar lower number was also 

observed in T2 (soil + COW dung in the ratio 1:2),  Ts (soil + coir pith raw in the 

ratio 2:l) and T7 (soil + chaff in the ratio 2:1) under dry nursery. The highest 

number of 50 filled grains panicle" was seen when the crop was raised using soil + 

coir pith raw in 1 :2 ratio under dry system (T6) and a similar number in case of TI? 

when the mat nursery was raised under wet system using soil + coir pith compost 

in the ratio of 1 :2. 



Table 24. Yield components (Experiment 111) 

No. of No. of No. of 1 

Trcatrncn ts panicles fatc filled 
rnm2 formed grains 

panicles panicle-' (g) 
. m-2 

TI -Soil +cow dung in 2:l 264-' 4.0" 

----- -+ 

292" 6.6. a 3 l d  27.8"4:1 " 
ratio 

5.7" 46ak 27.4" 16:l " 
in 2:  1 ratio 

+ 

T4-Soil+ coir pith compost 3 I law 7.7" 34& 22.2" 19: 1 " 
in 1 :2 ratio 

10.1 " 
-- -. .- - 

5.9 a 50a 27.9a 20:Ia 
ratio 
T7-Soil+ chaff in 2:l ratio 338" 

6.1 " 
Wet nursery 

------.-_ -. ---- 

-.--. 

1 T9-Soil+ cow dung in 2: 1 2 2 0 " ~ ~  12.0" 38ah"d ! ratio - 
TI 0-Soil+- caw dung in 1 :2 284"-' 4.8" 
ratio 

.- ----.-- ---.- 

T 1 I -Soil+ coir pith compost 205 '~  7.7 " 3gRhU' 28.7a I9:lu 
in 2:l ratio 
TI 2-Soil+ coir pith compost 293"- 4.1 " 49a" 28.O"3:la 
in 1 :2 ratio 
T13-Soil+ coir pith raw in 341sh 5.2 " 32Cd 30.4a 18:1 " 
2:l ratio 
T 1 4-Soil+ coirpidi raw in 283'-' 4.4 36m 28.4a l 2 : l a  
1 :2 ratio -. 
T 1 5-Soil 1 cllaff ia 2: 1 ratio -. -- . 
TI &Soil+ chaff in 1:2 ratio 
TI 7- Conventional nursery 
Mean 
Treatments with the same alphabet do not differ significantiy 

..---+% ?* .ali7 ;. 
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2 54de' 
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.-. 
9.2 '' -.- 
7.2 a 

10.5'‘ 
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- 
28.6 :' 
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28.8" - 
28.1 - 

. .. . 
3 8 " 1 d  

3 7ab"1 
31' 
37 -- 

l4:l " 

1 6 1 "  
8:I " 
16:I 



45.6.4 l OOO grain weight 

The test weight of the grain was not influenced by the treatments 

('l'ablc 24). -l'he avcrage 1000 g a i n  weight was 28.1 g, which ranged between 

66.8 to 30.4 g, based on treatments. 

Similar to test weight, grain:, chaff ratio was not affected by the various 

treahnents (Table 24). The overali mean ratio was 16: 1 ranging from 24 :  1 in case 

of 'r2 '20 7: 1 in case of treatment T5. 

4.5.7 Grain and straw yield 

TIlc final &gain yield of thc crop rcmained unaffected duc to the in!lucnec 

of nursery used for manual planting (Table 25). The crop on an average produced 

444 I kg of grain ha-'. The manually planted crop using conventional nursery 

produced 2788 kg of grain h i 1 .  Grain veld of the crop raised by manual planting 

with mat nursery ranged between 3588 to 5368 kg h i ' .  

Straw weight was influenced by the different treatments. The crop raised 

through conventional nursery by manual planting produced straw 6325 kg ha", 

which was significantly below the yields of all manually planted crop using mat 

nurseries, except that of TI 1 (mil+ coir pith compost in 2: 1 ratio), which produced 

onIy 5 107 kg of straw. The overdl mean sttaw yield was 7726 kg ha". The yield of 

straw of manually planted crop using mat nursery except TI I ranged h t n  6732 to 

8956 kg ha-'. 

4.5.8 Harvest index 

The harvest index values showed (Table 25)  that the various treatments did 

not alter harvest indices. The overall mean harvest index was 0.3, which ranged 

between 0.27 as in case of T17 to the maximum of 0.32 as in case 0fT7. TV and Tj3 



Table 2 5. Grain yield, straw yield and harvest index (Experiment 111) 

pic I Grain yield I Straw yield I Harvest index 

T 1 -Soil +cow dung in 2: I ratio 
T2-Soil+ cow dung in 1 :2 ratio 
T3-SoiI-t coir pith compost in 2: 1 

ratio - -- - - - 
T5-Soil-t- coir pith raw in 2: 1 ratio 
T6-Soil+ coir pith raw in 1 : 2 ratio 
T7-Soil+ chaffin 2:l ratio 
T8-Soil+ chaff in 1 :2 ratio 
Wet nursery 

4152" 
5368 ' 
3826 

T9-Soil+ &w dung in 2: 1 ratio 
T10-Soil+ cow dung in 1 :2 ratio 
T11-Soil+ coir pith compost in 2: 1 

3885 " 
5042 " 
5309 " 
4300 " 

7947& 
8803a 

673 2- 

4360 a 

5220 " 
3588 ' 

0.28 " 
0.30a 
0.3 1 " 

-.. 

768 la-' ^ 

8263& 
8393* 
8956" 

- - 

0.28 a 

0.30 " 
0.32 a 

0.27 a - 

7592* 
7 6 0 2 ~  
5107" 

0.32 " 
0.3 1 a 

0.30 " 





5. DISCUSSION 

Rice cultivation in the state,is at a declining trend at the rate of 4500 

hectare per annum. Mechanisation of rice cultivation has become imperative to 

sustain it and to make it economically viable well as ecologically harmonious 

(Jaikumaran el al., 1 999). Several types of mechanical rice mspIanters are 

available elsewhere, perfectiy designed to suit the rice wa-systern prevailing in the 

native places of its design origin. Though the machines are technically perfect, 

their performance depends upon the land situation on which it is operated and the 

mat nursery prepared and fed to the machine. Mat nursery production is a 

~cchnically competitive job, the success of which decides the acceptance of the 

mechanical transplanter by the farming community. 

Mat nursery has several advantages. However, its appreciation depends 

upon whetber it is easy to produce, cut and transport; the root media has enough 

tenacity to hold it properly and economically competitive to conventional nursery. 

As it requires lesser area and labour for production, its alternative use in place of 

conventional root wash nursery has tremendous potential. 

With the above objectives in mind, the present investigation on 

'standardisation of mat nursery' for rice was wried out in 3 parts. 

1. Develop package for commercial production of mat nursery 

2. Evaluate the nursay in the field by mechanical transplanting 

3. Explore the feasibility of using mat nursay as an altemative to 

conventional root washed nursery. 

5.1 Experiment I 

Raising mat nursery either in the wet or dry system was equally succrssfd 

in the present investigation. Mat nursery mising using soiI and cow dung in the 

ratio of 2: 1 ,  both under dry and wet system produced taler seedlings with high 

green colour and the root wne thickness ranging h m  20 to 24 r b  (Table 2 

to 4), (Fig.3). More number of healthy seedhgs were also seen with this root 

media under wet system or with soiI 3. COW d~mg in the ratio 1 :2 or soiI + coir 

pith compost iu the ratio of 2:  I under dry system Heavier mats were produced 

under 1:2 sod cow dung ratio in dry system or 2:I soil cow dung ratio in wet 



system (Table 6). Stronger mats using soil+ chaff in 2: 1 ratio under dry system 

(T9) and soil+ coir pith raw in the ratio of I :2 (T14) under wet system (Fig.6). 

A good growing medium is needed to produce good seedlings in the mat 

nursery production system. A medium favouring high root zone thicknas will 

be hindering to the transplanter, as it may clog hgers. A mat with very strong 

cohesion between seedlings in the root mat may cause seedling injury and 

clogging of transplanter fingers. A thickness above 25 mm will be interfering 

with the performance of the transplanter. A heavier mat will be difficult to be 

handled for transportation. At the same time, a thinner mat without enough 

tenacity and strength will lead to slipping down of mat while placing in the 

transplanter tray. This will also cause high number of floating seedlings. 

Adequate root length is required for good anchorage and establishment of 

seedlings after transplanting. In the present investigation soil + cow dung or 

soil + chaff in the ratio 2:l in dry system or soil + chaff in the ratio 2:l or 1 :2 

in wet system are found feasible for mat nursery raising for mechanical 

transplanting. Venkataraman (1999) found that while raising dapog nursery, 

when the media tried was clay -t- cow dung slurry, there was very high 

germination percentage. Clay + cow dung slurry or cornposted a i r  pith had 

the highest dry matter production at 1 2 DAS. 

5.2 Performance of the transplanter 

The performance of the transplanter(Tab1e 9)  revealed that, the time taken 

for transplanting was not altered by the different types of mat nurseries fed to it 

(Fig.7). Performance of the machine basically depend upon the speed of the 

machine and we never expect a change in the performance of the machine, due to 

mat nurseIy, except the number of hills transplanted and the number of missing 

hills. The data on population also revealed this fact (Tablag). The number of hills 

planted varied fiom 2 1 to 32 m" without any statistical difference between the 

treatments. The data on number of seedlings per hill transplanted and the number 

of floating seedlings per hill also did not show any variation indicating that all the 

mat nursery media tried are equally effective but for the economics (Table 26). 

The rate of damaged or floating seedlings immediately after transplanting was 50 
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Fig. 5. Height of seedlings at 5 days interval i- . -- --- _ _ -. _- _ . - 

Treatments 

Fig. 6. Strength of the mat at transplanting as influenced by 
the media of the mat under wet and dry systems 



per cent., which was in close wnfukity to the findings by Tasaka (1999). The 

planting depth varied between 38 and 54 mm, with no significant difference 

between the treatments, which is a fixed parameter for the machine. In case of the 

8 row rice transplanter, with a row to row distance of 23.8 cm md plant to plant 

distance of 12 cm, the planting depth could be adjusted to O to 6 cm (Rani el a]., 

2000). 

The analysis of the nursery cost provided in the Table 26 gives a detailed 

economic picture. The total n m r y  cost for the conventional nursery is 

Rs.2,865/- . But when cost of uprooting in conventional nursery was considered 

(Rs 300 ha"), the nuFay raising becomes expensive in conventional nmq. 

Further when transplanting cost is considered (Table 27) conventional n u m y  

t~ecarnes more uneconomic. Several workers have reported about economic 

advantage of mechanical planting wing mat nursery (Gwg a d  Sharma, 1984, 

Mufti and Khan 1995, Garg et al., 1997). 

Mat nursery system using coir pith compost, as the media either in the ratio 

2:l or I:2 has not established any definite advantage ova  other media except for 

the high number of healthy seedlings under dry system. When coir pith raw is 

wed as the media dong with soil, it worked out cheaper than cow dung soil 

combinations, but produced more number of weaker seedlings. Soil with chaff 

was also worked out to be cheaper, but its dew advantage was seen only in case 

of dry nursery system to produce very strong mat. It has also the definite 

advantage of lmt rider of &sing hills under wet system. 

The different mat nurseries have not influenced the performanct: of the 

transplanter, (Table 9) as welI as the final yield of the crop (Table 17). A similar 

trend is seen in manual p b m g  trial in experiment- 111. When the mat nursery was 

used for manual phting, the yield was not afb&d due to the various treatments 

in the 3* experiment (TabIe 25). Root injury did not &ct the jgah yield of rice to 

any significant exteat (Budhar el al., 1991). The time taken for manual planting 

using Werent mat nurseries (26 to 39 man day had') did not statistically differ 

from that for manual planting using conventional nursery (i.e. 27 man day hil"). 
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Treatments I 

Fig. 7. Mean time riguired (hours) for transplanting 1 ha by 8 i 
row transplanter using various types of nursery I 



The data on percentage of missing hills indicated that a lower number of 

missing hills in the dry nursery system was associated with soil + cow dung in the 

ratio of 1 :2 or soil + chaff in the ratio of 2: 1 (Fig 8). But while using wet nursery, 

very low number of missing hills were seen associated with soil + cbaff in the ratio 

of 2: 1 or 1:2. The mat nursery used did not influence the performance of the 

transplanter, which was observed though several parameters, indicated that the 

inat nursery system selected for mechanical planting may be based on economic 

consideration. 

5J Experiment 11 

The experiment I1 was designed maialy to compare the performance of the 

mechanically transplanted crop using different types of mat nursery with that of 

manual planting with conventional nursery. Manual planting led to a 

rekornmended population of 65 hills rn-2 at a spacing of 15 cm x 10 cm, since row 

planting was resorted to. Accordmg to Garg ef al. (1997) the plant population was 

higher for manually wansplanted crop. But in mechanical planting, without 

differentiating between types of mat nursery, the plant population was low ranging 

from 23 to 32 with an average of 29 hills rn-l (Table 10); (Fig.9). There were 22 per 

cent missing hills in the mechanically transplanted crop at the time of harvest 

(Table 10). A maximum of 22 per cent of missing hills has been observed by Garg 

and Sharma (1984). More number of missing hiUs in the mat nursery system 

without variation between the different types of media used in the mat indicated 

that the density of seeding in the nursery media would be regulated such that the 

percentage of missing hills is reduced to the *urn. According to Manian e: al. 

( 1  987) missing hills up to 15 per cent did not a f k t  the &a1 output of the crop. 

In the present study, the density of seeding in the mat was 0.5 kg mm2. 

Beena and Jaikurnaran (1 999) have reported that a seeding rate between 0.4 to 0.6 

kg m" would be optimum for having a good mat. Hence if the seed rate codd be 

enhanced, the number of missing hilfs would have been further reduced. However, 

in the present investigation, the fha1 grain and straw yield of the crop was not 

&ctd due to the various treatments (Table 17). 



Treatments 
I 

Fig. 8. Percentage of missing bills as influenced by media and 1 
systems of nursery 

. . 
Treatments 

Fig. 9. Plant population at hawest (Experiment LI) - I  



Though there was considerable variation between the plant population of 

mechanically and rnanudly planted crop, the growth of the mop in terms of the 

height of the plant was not at flU affected (Table 1 I). Thougb some variations were 

there in the stature of the plant up to 30 DM thereafter the growth of the plant was 

identical in term of height and at the time of harvest, the average height was 89 

cm. Height of the plant is basically governed by the genetics of the plant and 

en vironmentd alteration is possible within the community, provided the horizontal 

spacing of the plant is varied. 

In case'of mechanically transplanted crop, more horizontal space per unit 

area was available at early stages of crop growth, compared to manually pianted 

crop. It helped to produce more tillers hill" (Tabie 12); (Fig. f 0). This !night have 

caused equal horizontal spacing for the maoualIy planted as well as mechanically 

planted crop as the growth advanced leading to equal height of the plant at the time 

of harvest. 
- 

Throughout the crop growth, conventional nursery planted crop had a low 

numbcr of tillers when compared to mechanically pIanted crop (Table 12); 

(Fig. 10). Since there was a high density of population in the manually planted 

crop, there was a restriction for tillering and only 9.5 tillers hill-' were available at 

the time of harvest. With more space availabie due to low density of p h t  

population, the mechanically tm.nspIanted crop profusely t i l l ed  throughout its 

vegetative growth period. The mechanically transplanted crop using wet mat 

nursery with soil + cow dung in the ratio 1 :2 ( 1  7.5 tilers hilr' at harvest) or dry 

nursery with soil + coir pith raw ( I  5.2 tillers hi l~ '  at harvest) in the ratio 2:1 

consistently produced more tikrs throughout the growth period (Fig 10). More 

tillen for the mechanicaIIy transplanted crop is generalIy observed probably due to 

a wider spacing and line planting. Garg and Shmna, (1 984) has observd h t  the 

average number of tillers hill-', in case of m ~ c d l y  planted crop was (28) and 

higher than in the manually transplanted crop (13). 

When the relative performance of the crop observed h u g h  CGR, RGR, 

N.4R, LA1 and LAD, was analysed (Table I3), it was seen that though there was 

difference in CGR, RGR and NAR xp to active tillering stage of the crop, 

thereafter these growth parameters were uniform without much difference. At the 
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time of planting, number of seedlings pla~ted in the mechanically planted crops 

ranged £iom 3.3 to 4.4 without any significant difkrence between the mechanically 

transplanted crops (Table 9). Garg and Sharma (1984) observed a similar condition 

wherein a 5-row paddy transplanter, which covered 0.3 to 0.4 hectares per day 

planted on an average, 4 seedlings per hill. In the manuaIIy planted crop, the 

seedlings planted were 3 seedlings hillhill'. This meant that all the 17 Qeatments had 

similar number of seedlings per hill at the time of planting. As more space was 

avklabIe to the mechanically planted cmp due to low plant population, more 

tillering had occurred during active tillering stage (Table 12) and more biomass has 

accumulated. Hence CGR, RGR and NAR were higher in these treatments - 

compared to the manually planted crop using co~ventionaJ nursery, which had the 

lowest of these parameters. When these parameters were observed for the period 

from active tilIering to panicle initiation stage, the dry matter accumulation and 

build up of biomass was at an even rate without & M a t i n g  between manually 

and mechanically planted crops. This also indicated that the crop had no variable 

influencing through horizontal or vertial spacing and the crop was not subjected 

to any external influence like biotic or abiotic shews. This may be the reason why 

CGR, RGR and NAR remained uniform for all the crops after active tillering stage. 

Change in CGR, RGR and N A R  indicated the variable influence of the external or 

internal faaors on crop growth (Reddy and Reddy, 2001). 

The observations on LAI and LAD are fiuther sybstantiating the above 

argument. Tbough the mechanically and manually planted a o p s  had varying 

horizontal spac~ available st its initial stages, the production of photosynthetic 

appmtus viz., laves for utiIising the solar enera commensurate with the space 

available. The mechanidy transplanted crop, though the population density was 

much lower, produced more tillers and mare leaves utilising the space around the 

plant and the leaves produced were sustained successfiilly as that of manually 

planted crop. Such a compensating mechanism by the plant to produce more tillers 

to provide more photosynthetic area and retain it sufficiently longer indicated that 

mechanically transplanted crop would grow and produce as much tillers per unit 

area as that of manually planted crop, even if the popdation is lesser in the h e r  

case. 



The system of planting, whether it was mechanical or manual that provided 

differentid interspaces, has not affected the weed species prevalent in the locality 

(Table 14). The weeds Cypems Irio, Isackne miliacea, Echinmhfoa sp., 

Mofhgo sp., Nymphueu stella~a, SckuempIec~ luterflom and Sphenochlta 

zeyhnica were found in tbe field irrespective of the plot. These are the 

predominant weed species during first season, as per the reports of Thomas 

and Abraham (1 998). The mean weed density i.e., number of weeds rn'l was 130 

and 94 respectively at 20 and 40 DAT and the weed count at both the stages has 

not differentiated between mechsrnicaUy and mafiuaIly, planted crops. This 

indicated that as observe4 in physialogical growth pameters the mechically 

planted crop had a vigorous growth during active tillering stage smothering the 

'weed growth. From the time of active tillering to rn*cle initiation, the growth 

pattern between these two were uniform (Table 13) and hence the weed growth 

was limited to uniibnn in all the plots. Hence the general apprehension that the 

mechanically planted crop, due to its wider spacing than the recommended one, 

might favour intensive weed growth was found baseless from this observation. 

During the course of investigation, as an auxiliary observation, disease and 

pest incidence were observed to study whether the mechanically and manually 

planted crop put forth differential tolmuce mechanism against biotic strzsses 

(Tzble 15). Among the diseases, BLB was the only problem observed that too 

mainly in 2 mechanically &planted plots, one using the mat prepared out of soil 

+ coir pith compost in the ratio 2:1 under dry system and the second one in soil + 
coir pith raw in wet system. The incidence of BLB in the respective plots was to 

the tune of 13.9 and 13.3 per cent. A f i I y  low incidence was noticed in the other 

plots. One of the control mtjasuTes tecomended for BLB is spraying of cow dung 

extract (2%) (KAU, 2002). Probably, the lack of cow dung in these 2 nurseries 

might h v e  favoured high incidence. 

All the insect pests viz., thrips, GLH, rice bug and stem borer observed for 

its incidence did not show any discrimhation between the plots receivinp various 

freaments. The mean population of thrips per hilt was 47 at 20 DAT a d  rice bug 

1.9 at 69 DAT. The number of leafhopper per bill was 3.1 and 3.4 respectively at 

22 and 54 DAT. The percentage of dead hearts due to stem borer was 1.9 and 2.9 

per cent respectively at 70 and 85 DAT. 



The above data indicated tbat the incidence of pest was bare minimum 

without causing damage to the productivity of the crop and without showing any 

discrimination, whether the crop was planted mechanicdy or manually. The 

genera1 logic is that the mechanically planted crop due to its wider spacing 

provides more ventilation to the crop and hence, the pest and disease problem will 

be reduced, since the microdimate will not be congenial for the rapid 

m Jtiplication and development of fungi or insect pests. This logic could not be 

established. Probably the high growth mte of the mechEtnically planted crop during 

its active vegetative growth phase might have provided an even microclimate 

environment as that of manualli planted cmp. 

Among the three primary yidd components, number of panicles m'2 and 

1000 gtah weight remained unaffected due to van'ous treatments incorporating 

system and media of mat nursery, conventiod nursery, manual or mechanical 

planting (Table 16). The treatments however variabIy influenced the number of 

filled grains panicle-1 (Table 16). Ayyaswamy e i  a/. (1 99 1 ) observed that the yield 

attributes were not influenced by the different methods of nursery raising. 

Total number of panicles m'2 under conventional nurswy was 284 whereas 

it ranged fiom 220 to 309 in the mechanically transplanted crop using different 

types of nurseries (Fig. 1 1). Thakur ( 1  993) reported that the number of panicles rn" 

was not influenced by the different establishment methods. Though the plant 
- population was higher in manually planted crop (65 at harvest), it produced only 

284 panicles, which meant that the number of panicles hill-' was on an average 4.4. 

When 309 panicles were formed in case of mechanidy transplanted crop using 

soil + coir pith raw in the ratio 1 :2 (Tb), if had a population of 29, indicating that 

nearly 10.7 panicles were formed per hiu. In case of treabnent Tq, which produced 

only 220 panicles m-2 ffor the mechanically transplanted crop using soil + cow dung 

in 2:l ratio, produced on an average 7.9 panicles per hill. This iudicatd that 

mechanically transplanted crop though had a wider spacing and lesser population 

than conventional nursery, due to its physiological regulation of growth 

mechanism, produced more tiIlers and panicIes than manually planted crop. 



Treatments 

Fig. 11. Effect of treatments on no. of 
panicles m-*(lxperirnent 11) 
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Even though mechanically planted crop has produced a hgher number of 

panicles per unit area or per plant one of the practical constraints observed was it 

also produced a high number of late formed panicles. In the manually planted crop 

using conventiod nursery, out of the totaI 284 panicles formed, only 1 1.9 

numbers were considered as late formed ones, which were stiU remaining greenish 

at the time of harvest. The meaa number of panicles rnm2 in case of the 16 

mechanically planted crops was 260, in which 12.6 numbers were categorised as 

late formed. 

Because of wider spacing avaiIabIe in mechanically planted crop more 

axillary buds were formed due to availability of more solar radiation. This is a 

phenomenon observed in rice where more tillers and panicles are formed with 

increasing spacing (Yoshida, 198 1). This obsewation was particularly recorded 

again with the general apprehension by the h e r s  that in mechanically 

transplanted crop late formed panicles interfere with the syncbronised tnatunty of 

the crop. This apprehension is  not ruled out, as there are 3 treatments where the 

number of late formed panicles are si&fiwtly higher than ha other treatments. 

Thesc arc tlic ~ncchanically transplatlted crop using the mat nursery wit11 soil + coir 
- pith raw in the ratio 1:2 (T6) under dry system, and soil + coir pith compost in the 

ratio 1 :2 (TI I )  and soil + wir pith raw in the ratio 1:2 (T13) under wet system. The 

number of late formed panicles are 29.7, 18.6 and 25.1 respectively in these 

treatments. 

However the overall mean data on late formed panicles showed that it was 

only 12.5 out of the 261 total number of panicles m*', indicating that it is only 4.1 

per cent of the total. This observation indicates b t  we need rice genotypes to be 

developed with more number of tillas hill" as well as syncbronised M t y  

within the hill so as to avoid any interfmnce with maturity and harvest. It is noted 

that significantly more number of late fonned panicles sue seen in cases soil -t coir 

pith raw in the ratio of 1 :2 under dry system (T6) and soil + coir pith raw in the 

ratio of2: I under wet system (TI3). 

The crop had on an average 44 numben of a e d  grains formed per panicle 

(Table 1 6).  The panicles of the manually planted crop using wnventional nursery 



had born 46 grains on each panicle. The number of filied g n i n s  panicle'' varied 

from 24 to 61 in case of mechanically planted crop with treatments showing 

statistical dierence (Fig 12). Most of the treatments had a statisticalIy similar 

number of filled gram panicle-' compared to the highest number of 61 produced 

by rnechanidy planted crop using dry mat nursery witb sail + cow dung in the 

ratio 2: 1. The.lowest number of 24 grains paniclgl was recorded in mechanically 

planted crop using wet mat nursery with soil + chaff in the ratio 1:2, A 

comparably low number was seen in TI, Ts, Tl2, T13 and TI5. The result did not 

show any clear bend, but gives an indication that soil + chaff in either of the ratios 

under wet system would reduce the number of Hied grains panicle-'. Such a 

situation was also seen in sail + coir pith compost in the ntio 1 :2 and soil .t coir 

pith mw in the ratio 2: 1 under dry system. In rice, whmever the number of  

panicles increases, the number of filled gains pmic161 shows a negative 

comIation (Matsushima, 1980) 

Thousand grain weight of the crop and grain: chaff ratio remained 

maffwted due to the treatments (Table 1 6);cFig. 1 3). The overall mean test weight 

was 28.1 g and gain: chaff ratio was 14: t . According to Marsushima (1980). 1000 

p ' n  weight show the least variation compared to other components. This 

indicated that the physiological activity during tbe reproductive growth phase was 

not affected by the spatid Ehanges broufit about by the different tmtments dwing 

the vegetative growth period. The tmnslmtion of  the photosynthates from the 

source to sink and the after ripening proctxs remained uniform due to various 

'- treahents. The number of panicles p r  hill as well as spikeIets per panicle is the 

characters affected by the overall nutritional condition inside the plant and the 

extend env ironmd conditions prevailing at the end of maximum tillering stage 

and at the start of panicle initiation stage. Probably this has changed the number of 

filled gains panicle-'. 

The. grain: chaff ratio remained uniform for al3 the treatments which memt 

that the partitioning of tbe photosynthates was uniform and the translocation of the 

photosyntbates was not affected by my of the extraneous or internd hctors. 
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Fig. 13. Effect of treatments on 1000 grain weight 
(Experiment 11) 



Finally, when the biological yield of the crop was considered, the I7 

treatments did not influence grain and straw yield of ~e crop, whether the crop 

was manually or mechanically planted; within the mechanically planted crop 

whether the mat nursery used was dry or wet, and within the nusery system, 

whether the media used were of different composition (Table 17); (Fig. 14, 15). 

None could alter the grain and straw yield of the crop. 

According to Rajendran (1 99 1 ) the effect of nursery management did not 

reflect in increasing the grain yield of rice. Garg md Sharma (1 984) also expressed 

no difference in yield between mechanically and manually transplanted crops. The 

crop produced on an average 4344 kg of grains and 7464 kg of stmw ha-'. The 

corresponding figure for the manually planted crop using conventional nursery was 

4477 and 8178 kg ha-'. The m w  harvest index was 0.31 showing no 

discrimination between the treatments (Fig. 16). 

This investigalion negates either arguments that medunidly planted mps 

have low yields due to low planting density or high yield due to bigh production of 

tillers and panicles. But this study a f k m  that a crop that is as good as that of 

manually planted crop with recommended population could be harvested by 

mechanical planting. 

A high number of productive tillers, a good number of filled g r a b  

panicle-1 varying with respect to tiller production, and a uniform test weight with 
effective partitioning of photosynthates considering the sink (unifm gain: -chaff 

ratio) have altogether contributed to the same production level of both grain and 

straw in mechanically tansplanted crop as tbat of manually planted crop using 

conventional n u r s q .  The high growth rate operated iniMy in the mechanically 

transplanted crop has totaUy offset the effect of low population density in it. This 

bas idso smothered the effects of weed growth keeping it as a competitive crop 

with manually planted one. Hence the study clearly revealed that mechanically 

transplanted crop irrespective of the mat nmwy used wodd produce as much 

grain and straw as that of a manually planted m p .  The economics of production 

need to be the ody criteria to distinguish between them. 
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Fig. 14. Effect of treatments on grain yield (kg ha-') 
(Experiment ll) 

- --I_ -- - - -- - - . . 

. . 
Treatments 

Fig. 15. Effect of treatments on straw yield (kg ha-') 
(Experiment II) 
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The nutrient content of the grain viz., N, P and K showed vm'ations due to 

the different treatments (Table IS). ?"he averase N content of the grain was 0.34 

per cent, ranging fiom 0.18 to 044 per cent. A close examination of N content of 

the gain revealed that the four treatments T7, T;, TIZ and T14 had a low N content 

ranging from 0.1 8 to 0.25 compared to others. 

P iontent of the grain aIso showed a varied concentration ranging between 

0.1 8 and 0.3 with an average of 0.24 per cent. But the tratments TI, Tz, T4, Ts, Ts, 

TI 1, T13 and T17 had a Iow P content ranging tkom 0.18 to 0.23 percent. 

The avkrage K content of the grain was 0.29 per cent showing significant 

variation due to treatments. The lowest content was 0.21 per cent was recorded in 

soil + coir pith compost in the ratio of 1:2 (T4) and the highest content in soil + 
chaff in the ratio of 1 :2 (TI') With a value of 0.4 1 per cent. The treatments T5, Ts, 

Tlo, T13 and T17 were sirmlar in their grain K content as that of Tls. The nubient 

content in the gmin depends upon s e v d  hctors like quantity of nutrient applied, 

the environmental conditions, tbe amount of sink produced, source-sink relations 

and the nutritional metabolim within flle plant. The treatments incorporated did 

not have any variable nutrient lev& and the mop had its over campensating 

mechanism to produce an equal biomass as L s s e d  earlier. The grain number 

vanid with respect to treatments and at the same time grain: chaff ratio remained 

even. 

The NPK content of the straw (Table 19) revealed that there is no statistical 

variation in its contents betwem tfie treatments. Hence it is believed that there is 

no restriction towards nutrient availability for the plant due to treatments and 

fmhslocation of photosynthates has takes phce without limitation. Probably the 

number of active sink maintained by the crop c a d  the diffhnce in the nubient 

content of the grain. Several reports reveaIed that the nu~ent content of the grain 

depended upon the number of filled grains maintained by the crop (De Dam, 

The NPK conrent of the straw has not changed due to the treatments 

imparted. Theayerage contmtofN,P, Kofthestrawwas0.22,U.lI a n d 2 . 2 2 ~  

cent respectively. We did not find any statistical difference in the sttaw yield 



(Table 17). Moreover no treatment was there to influence the nutrient input and 

supply to the crop. 

The uptake of nutrients N, P and K by the plant gave more substantial 

evidence to the above argument. The total N uptake m i n e d  the same with a 

mean of 32 kg ~ ' .  This meant that the treatments did not influence the N nukition 

of the plant. 

The P uptake showed variation due to treatments. The overall m&n uptake 

was 19 kg ha". A low uptake was noticed in manually planted crop with 

conventionat nutsery with uptake of 10.2 kg probably due to a low content of P in 

the straw and tbe same time, high straw yield. A low P uptake was dso noticed in 

TI probably because of its numerically low straw yield, in Tg due to its numerically 

low grain yield, TI due to low content of P in the grain and TIC low content of P in 

the skaw. 

Overall mean K uptake of the crop was 183 kg ha*'. Most of the treatments 

had fairly high uptake ranging from 193 to 254 kg ha" as in case of TI, TL Th, T7 

and Tg depending upon their K cantent in grain and straw as well as 'their 

corresponding yields. A very low uptake of K ha-' was noticed in manually 

planted crop using conventional nursery and rnedmically phted crop using wet 

mat nursery using soil + coir pith raw in the ratio of 2: 1 (T13). Potassium being a 

nutrient 1wruriousIy consumed by the paddy crop, its variability with respect to 

treatments even if it does not incmporate K nutrition is a general phenomenon in 

rice crop. 

The economics worked out as per the procedure suggested by Acharya 

(1997) is given in TabIe 27. B:C ratio was gertter than 1.5,in all the treatments 

except in case of rnechmicdy transplanted crop using wet mat nursery with soil + 
cow dung in the ratio 2: l(T9). This exceptionally low B:C ratio is due to lower 

yield, compared to other treatments and not because of my cost difference between 

the other treatments. A similar situation is seen in case of mechanically 

transplanted crop using wet mat nwsery with soil + chaff in the ratio 2: 1 (TI5). 



The manually planted crop using conventional nursery had a B:C .ratio 

1.58 and all the mechanically planted crops using different mat nurseries except T3, 

Tg, T9, TI2 and T15 had a fairly higher ratio than this. B:C ratios above 1.8 is seen 

in case of mechanically fmnsplanted crops using dry mat nursery with soil + coir 

pith raw in the ratio 2: 2 ,  soil + chaff in the ratio 2: I and in wet nursery with sod + 

cow dung in the ratio 1 :2 and soil + coir pith compost in the ratio 2: 1. Mechanical 

tradsplanting with different aged seedlings had a cost benefit ratio in the range of 

1.16 to 2.46 (Ravi el al., 1994). According to Ahamed and Sivaswamy (1994) the 

medium and high mechanisation packages produced a higher B:C ratio. Similar 
- results were obtained by James et a/. ( 1  996). 

Since there is no yield advantage of manual planting over mechanical 

planting, selection of the mat nursery production system now depends upon the 

interaction between mat nursery and the machine. This result emphasises that 

mechanical transplanting using mat nursery is a,viabIe economic option for the 

farmers and definitely manuat planting can be replaced with mechanicsh 

transplanting without sacrificing any yield but definitely with a better economics. 

We have already seen that soil + cow dung in the ratio 2:l provides a good mat 

both under dry and wet systems. The ratio 1:2 was also comparably good 

espzciallq in producing healthy seedling. Healthy mat is also seen in case of soil 

+ coir pith compost in the ratio 2:  1 under dry nursery system. Strong mats are seen 

when soil and chaff are used in the ratio of 2: 1 under dry system and we get lesser 

number of missing hills with the same media under dry system, We dso see strong 

mats with chaff soil media under dry system. Soil + cow dung provides strong mats 

in wet system. Hence it is suggested that we may use soil + chaff in the ratio 2:l 

(T7) or soil with coir pith raw in the ratio 2:l (T5 ) or soil + cow dung in either of 

the ratios (TI and Tz) to have economicaIly viable mat production for mechanical 

transplanters. Under wet system soil + caw dung in 1:2 ratio (Tio), soil + coir pith 

cmpost in 2: 1 ntio (TI& soil + coir pith raw in either of the ratios (Trj and T14 ) 
'- and soil + chaff in 1 :2 ratio (TI6) can be a better option for the production of mat 

nwsery for mechanical transplanting. 



Table 26. Nursery cost (Experiment 11) 

General mat 
nursery 
specific 
Conventional 

TOTAL LABOUR 
COST 
Total N u m y  cost 
Advantage mat 
nursery 

1110 

1555 

1110- 

0 

1110 

3114 
-249 

1110 

0 

1110 

4461 
-15% 

l l l d  

0 

1110 

3085 
-220 

1110 

0 

1110 

3073 
-208 

1110 

0 

Ill0 

3808 
-943 

0 

1555 

1555 

2865 
0 

1110 

0 

1110 

4461 
-15% 

1 1 1 0 ~  

0 

1110 

3002 
-137 

1110 

0 

1110 

3073 
-208 

1110 

0 

1110 

3057 
-192 

L 

1110 

0 

1110 

2972 
-107 

1110 

0 

1110 

3002 
-137 

1110 

0 

1110 

3057 
-192 

1110 

0 

1110 

2972 
-107 

1110 

0 

1110 

31-14 
-249 

1110' 

0 

1110 

3085 
-220 

1110 

0 

1110 

3808 
-943 



Table 27. Economics of cultivation (Experiment 11) ' 

TOTAL LABOUR 20403 20360 2*56 20360 2M03 20403 20529 20403 203m 20360 20466 203m 20456 20466 2034.0 20456 24155 
COST 
Grand total cast -- 27003 16927 27757 28303 26969 26887 27097 26956-m27 27771 28303 270 26965 26869 2692 29925 

_ _ _  -- 
Depraciation - 110 I&-3 115 106.3 115 lM.3 130 110 106.3 106.3 118.8 106.3 110 118.8 98.75 115 
Working capital 0 

271 13 27033 27872 28409 270E 26993 27227 26971 27062 27033 278% 28409 27125 27084 26968 27036 
29925 Interest on working - 445.7 44.4 458.2 467 4 4 5 . 2 ~ ~ % ~ ~ % 4 6 7 % ~ 4 4 3 5  4.444 491.9 

capital 
Cost AI -_ 27559 27478 28330 28876 27529 27437 27675 27414 27507 27478 28348 28876 27571 27x9 27411 27480 3 L l ?  
Advanwe 2922 2998 2168 1622 2956 3038 2828 3064 2%9 2998 2154 1622 2910 2%0 3056 3 0 -Grain 34784 33928 32544 34096 3 
Straw 103'1 12044 10139 12399- 1 ~ 1 4  9365 1 1915 %% I 1134 1i4m gno lonr 12173 w29 1152% 12267 
-Gross inm? 45 107 45972 42683 46495 49975 45874 S 1037 4 1883 38070 51 1 la S 1976 44680 4551 I 47477 39741 45624 481383 ,Net Income 17548 4 14352 1769 2 2 6  18437 23362 14468 10563 23640 23627 ISSM-179M 1 12330 18143 176M 8;C ratio 

1 . 2  1.6s 1.72 - 1.45 1.6s 1.58 



5.4 Experiment 111 

The experiment 111 was designed to find out whether mat nursery can be 

used for manual planting, instead of convmtional nursery. Conventional nursery 
- 

requins llloLh of the main field area as the nursery area and needs pulling out of 

the seedlings, root washing and tymg into bundles for manual planting. Mat 

nursery requires only 0.01 6 ha per ha of main field, can be raised anywhere, and 

needs only cutting into bits of convq*ent size to be held by the transplanting 

labour for transplanting. A comparison was made on the time taken to transplant 

conventional and mat nursery manually. 

The result indicated that (Table 19) the mat nursery did not prolong the 

time taken for manual planting significantly, when compared to planting root 

washed seedlings. The time for planting on an average was 7800 seconds 100 rn-2 

for conventional nursery, indicating that 27 man days were required for 

transplanting 1 ba using it. The time required for manual pIaating of mat nursery 

varied between 7363 to 1 1  110 seconds 100rn-~ depending upon the media of the 

mat; however, ]lot statisticalIy differentiating between the mats (Fig 17). This 

indicated that 26 to 39 man days was required for planting 1 ha using mat 

nursery. If the workers are getting enough experience in working with mat 

nursery, the speed of using it may improve and we expect Wer reduction in time 

for manual planting using mat nursery. 

The planting done mandy, in Experiment 111 was without instructing the 

workers for any specific plant population, but they wcre dircctd lo perform as per 

their normd practice. The seventeen treatments did not show any rneanhgfuI 

variation, with regard to plant population at harvest (Table 20); (Fig.18). The 

o v d  mean population was 28 m" snd conventional nursay plat had a 

population of 24 hilIs, whereas 19 to 37 Glls m-2 was observed in case of manual 

planting using mat nursery. Sin& population was uniform without any statistical 

significance between the treatments, naturalIy, growth in terms of heigbt of tbe 

plant remained unaffected due to the various treatments. The plants receiving 

diffaent treatments had similar stature, with a mean height of 81 cm a! harvest 



Treatments 

Fig. 18. Plant population at harvest (Experiment I I I )  



(Table 2 1). This meant that, p h t s  are not subject to any competition imposed by 

any restrimon in the envhmment. 

Tiller production, though remained unaffected in the earlier stages, was 

differentdly influenced by the treatments towards the end (Table 22);(Fig.19). 

Chaff in the m d a  in either proportions (2: 1 or 1 :2) as well as high content of coir 

pith raw (1:2 ratio) under wet system showed a deleterious effect in tiller 

production. We have already seen that, mat with chaff provided good strength to 

the mat (Table 8). The excess content of undecomposed organic matter in the root 

zone and its anaerobic decomposition under wet system might have influenced 

tiller production. A portion of undecomposed organic matter remains attached 

with the root when it was manually planted. frobably this might have affected 

tiller production in these tr&tments. Undecomposed o r w c  matter affects tiller 

production (Prashant, 2002). Arunacbalam el al, (1 991) observed that had higher 

iiller number while using sahupai nursery compared to that using conventional 

i~ursery during summer and rabi seasons. 

Reaction to pest and diseases by the crop was uniform (Table 23). The 

-- recording of BLB, hips, GLH and stem borer revealed that the crop was 

uniformly affected by thezre pddiseases. It is already seen that the population of 

the different treatments mmhed the same and the microenvironment available to 

the plant was also the same. Hence the petit and diseases remained uniform without 

variation. However, the population of bug was found varying. A fairly hi@ (2.7 

bugs bill-') bug population was seen in the plot csing mat nursay r a i d  under dry 

system with soil + cbaff in the ratio 1:2. 

Among the yield components panicles m3 was signifiwntly 'mtuencsd by 

the numay used for manual planting (Table 24); (Fig.20). A high number of 

panides was produced by the crop plaotad using dry mat nursery with mil + coir 

pith raw in the ratio of 2:l (T5). An equal number of panicles was aIso produced 

by the crop planted using dry mat nursery with soil + chaff in the ratio 2:  I (T7) or 

wet mat nursery with soil + coir pith raw in the ratio 2: 1 (T13). This indicated that 

a mat with 1/3" organic matter and 2.13" soil is good for having high& panicle. 

number. The undecomposed organic matter may get decomposed by the time the 



Treatments 

T7 - I... .- 
T8 

Fig. 19a. Effect of treatments on tiller production 
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Fig. 19b. Effect of treatments on tiller production 
(Experiment IiI) 



crop reaches its reproductive phase and would be useful for hgher number of 

panicles. Supply of n h e n t s  to the soil during vegetative growth phase always 

enhanced panicle production in rice (Murthy, 1980). 

As the population was uniform, meaning that the plants got equal share of 

vertical and horizontal space, the formation, development and maturing of panicles 

were uniform and hence the number of late formed panicIes was unaffected due to 

the various treatments. The ovaall mean number of late formed panicles were only 

7 panicles m" (Table 24). 

The number of filled grains per panicle was affected due to the treatments 

(Table-24). Crop raised using conventional nursery had a low number of filled 

grains per panicle (31). Such a lower number was also seen in case of soil + cow 

dung in the ratio of 1:2 (Tz), soil + coir pith raw in the ratio 2:l (T5) and soil -t 

chaff in the ratio 2:l (TT), d under dry system. (Fig. 21). Under dry system of 

nursery raising, organic matter is likely to be burned aerobicalIy and inorganic 

nutrients released is likely to be leachable. Conventional root wash nursery did not 

cany along with it, the soil or organic matter attached to the roots. But when 

undecomposed organic matter is there in the soil in higher proportion, under 

aerobic or .anaerobic system in a mat nursery, the decomposition is slower and a 

portion of the mot zone material is also planted into the main field. This causes 

supply of gndually mineralising nutrients to the mot zone. This might have 

resulted in highest number of filled grains per panicle in case of crop planted using 

mat nursery with soil + coir pith raw in 1:2 ratio in dry system or soil + coir pith 

compost in the ratio 1 :2 under wet system. A good environment and translocation 

of putn'ents improved number of filled grains per panicle in paddy (Vergara, 1980). 

Test weight of the grain remained unaffected which indicated that this 

genetic character was almost maintained without environmental influence (Table 

24); (Fig.22) The level of nutritional bendt  due to mat nursery system has not 

influenced beyond filling of the grains to the level of g m n  size. This conclusion is 

,substantiated by the observation that grain: chaff ratio also remained unaltered due 

to the various treatments (Table 24). 
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Fig. 20. Effect of treatments on no. of panicles m" 

(Experiment JII) 
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Fig. 21. Effect of treatments on filled grains 
(Experiment m) 



Finally, nursery treatments did not influence the grain yield of the crop. We 

have already seen that the popdation m m k d  unaffected and number of panicles 

m-2 was variably influenced by the treatments, TI, T7 and TT13 having higher 

- number of panicles m". Hoywer, these treatments had s very Low number of 

filled grains per panicle. Hence a W has been mated in the plant system to 

have an even level of productivity. This has resulted in a uniform Ievel of grain 

yield in the crop, Hence it is dsiinitely encouraging to observe tbat using mat 

nursery as on dternative to wnventional root wash nursery for manuaI planting did 

not influence the perfonmince and grain yidd of tke crop. The o v d  mean yield 

of the grab grain 4441 kg K1 and the a o p  rsiscd using oonventional nursuy had a 

grain yield of 2788 kg ha-'. 

The straw yield showed a different picture (Table 25); (Fig.24). Manually 

planted crop using conventional nursery had a very low lev4 of straw yield of 

6325 kg ha*' (Table 25). AU the craps raised using mat nursery had a higher level 

of straw production, when m& to rhc emp m k d  conventional aurray 

except in case of soit + coir pith compost in the ratio of 2:1 under wet nursery 

(TII). A low popuIation as well as tiller number is asochted with these 2 

tratments md its cumdative efFixt bas b m  reflected in the draw yield. This 

~wedd that basicdy the systun and media of mat numay has not influenced the 

straw yield of Qe crop. 

This observation is furtha substant&& by the k t  that the harvest index 

of the crop remained &ected due to various treatments (Table 25); (Fig25). A 

very low value of harvest index of 0.3 indicates that sttaw production was favoured 

by the crop physiology than grain y*kl ihic might bc due to the fact that the 

population density, even though it was uniform, was low and more vegetative 

was favoured by the horizontal space available to the plsnt At late. stages 

of growth, bandocation from source to the sink was not e&dve However, yield 

of the crop was also substantiafly good. Stoskopf, (1 985) observed that low harvest 

index indicated that vegetative growth was mare, fhvoured than grain production 

- While studying the use of mat nursey for manual plmting the biggest 

con- is, whether the proposition of using mat nursery instead of conventional 
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Fig. 22. Effect of treatments on 1000 grain weight 
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Fig. 23. Effect of treatments on grain yield (kg ha*') 
(Experiment 
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Fig. 24. Effect of treatments on straw yield (kg ha*') 
(Experiment UI) 
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Fig. 25. Effect of treatments on harvest index 
(Experiment III) 
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nursery will be economical without yield reductio~ We have already sea that the 

crop Rised using conventional nursay or mat nursery are equally yielding. Further 

that the different systems of mat nursery have not contributed to a dehite grain 

yield advantage. But in case of sbaw yield, there is a definite advantage of using 

mat nursery over conventionaI nursery. When the benea: cost ratio is considered 

as per the procedure suggested by Ac- (IW), crop raised using conventional 

nursery had a benefit: cost ratio of I .05 (Table 28). The treatment soil + a i r  pith 

compost in the ratio 2: 1 under both systems fi and TI1) and soil+ chaff in the ratio 

1 :i bder wet sydem (Ti61 were obviously having B:C ratio below l .5. So these 

mats are not to be considered economica1ly fasible as an alternative to 

conventional nursery. AU other crops raised using mat nursery, except T5, TI 1 and 

+ ,  T16 are showing high returns, with 8: C ratio above 1.5. Crop raised specifically 

using the 6 types of mat nursery viz., T2, Tq T7, TlO, TI3 and T15 are having high B:C 

ratio equal to 1.8 or above it, which indicated their wmmercid preference for 

using as a substitute for conventional nursery. 

When the nursery cost alone was considered (Table 29), the above 6 

treatments, viz., Tz, Tlo, T6, T13 T7, and Trs had a monetary advantage of Rs. 680, 

2680, 1933, 1232, 608 and 908 respectively. This cost is inclusive of nursery 

raising and transplanting. The cost for the after care and mmageanent of the crop is 

almost the same, without didngulhing between the tmhmts. It is alrady seen 

that there is no dehite yield advantage between the difkmt mat nurseries. 

However, substantid inmass in straw yield has been obtained in case of manual 

trsmsp1anting with mat nursery, in relation to conventional nursery.Considering all 

these factors, raising mat nursery using, soil+ coir pith raw in the ratio t :2, (T6) 

under dry nwsery system which gives a mat nursery advantage of Rs. 1933& wilt 

be mori: appropriate for field recommendation for commmial pmtice. Less input 

cost of the materials, viz., coir pith raw (Th, T13, T14) and cow dung ( T l o )  combined 

with less labour requirement for manuat planting of the mat strips raised under 

these treatments (Table 19) have made these treatments economically successful to 

replace conventional nu- for manual p u n g  F*, the less *en# oftbe 

mats, under this system might have enabled (Table 8) the workers to easily 

separate the seedlings h m  the mat at the time of planting and transplanting 

operation became easier, even witbout puHing out seedling before transplanting. 



Table 28. Economics of cultivation (Experiment In) 

COST Norm TI T2 T3 T4 TI T6 TI T8 .T9 Ti0  TI1 T l i  TI3 TI4 TI5 TI6 Ti7 
Input cost 

G=mlmatmmy 1734 1734 1734 
44601 4460 446Q 4460 4460 - - - -  

4460 4460 4460 4460 4460 4460 44MI 446Q 4460 4460 44% 
Specificmatnur~ery 270 241 964 1617 229 213 128 270 241 964 1617 229 158 213 128 0 
.tmtmmt 
Specific Conwntionaf 1310 
nursery 13 I0 -- - 
Sped5c-'cal vc 0 0 0 0 0 0 0  - 

0 0 0 0 0 0 0 0 0 0 
tmnsplantingcost 
,- 

-- _ I _  -- -- 
6322 6464 6435 7158 7811 6423 6352 6407 6322 5770 

h b w r  cost 
- 

-&field l 7 M O l 7 ~ 1 7 M D l 7 d m l 7 6 0 3 l 7 ~ 1 7 6 0 3 l 7 ~ 1 7 6 0 3 1 7 ~ l 7 ~ 1 7 6 m  176m1764017600 176m176(017MO 

. - m n t m q  I110 1110 1110 I110 I110 i l l 0  111. 1110 Ill0 1110 1110 1110 1110 1110 1110 1110 1110 0 
Galeral MT 0 0 

- 
0 0 0 0 0  -- 0 0 0  0 0 0 0 0 0 0 

Specific c o u v e r ~  1555 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 1 5 5 5  
mnmy 
specific manual plan* 31130 411x1 3 7 6 0 1 9 ~  3630 2930 41% ino 3900 31w 37m 3m 35m nm 3 w o  4260 swa 

spedfic-'cal 0 0 0 0 0 0 0  0 0 0 0  0 0 - - 0 0 0 0 

"" tzsi022470rn% 21 
- 

2- ZPUS 2%28 30421 28763 27992 29307 28762 29074 PUS 2%28 30121 28693 28622 29QI7 29292 29925 
wOtfiinR mtal 

461.1 467.9 474 486.7 460.2 447.9 468.9 460.2 465.2 4S1.9 474 481.91 459.1 458 464.27 468.7 478.8 

*A1 -- 25468 29713 30102 --- 30908 2!3223 28440 29776 29222 29539 28697 30102 30603 291 52 29080 29481 29761 30404 
-- 

AdvantaRe 921 680 297 4% 1162 1933 618 1163 851 1680 297 -1% 1232 1303 908 633 0 
Grain 38432 .30368 22304 
Strew - -- 
Net h m t ~ e  20213 23588 21158 222% 10927 1387, 
B;C ratio 1.66 1.81 1.73 1.76 1.37 1.05 
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Table 29. Nursery cost (Experiment III) 

COST 
Input cost 
~~ mat 
nursery 
S ~ ~ C S C  mat 

Norm 

1734 

T1 

1734 

270 

Specific 
Conventional 
nursery 
specific 
Mechanical 
Tmnqlanting w st 
TOTAL INPUT 
COST 
,Mmur cost 
 end mat 
numay 
SpecXlc 
Conventional 
nursery 
Spe&c manual 
planting 
TOTAL LABOUR 
COST 

0 

2004 

1110 

0 

3830 

4940 

13 10 

VC 

1110 

1555 

T2 ' 

1734 

241 

7568 

Advantage mat 921 680 297 
Pnursery 

- - -  

0 

1975 

1110 

0 

4100 

5210 

T3 

1734 

964 

8361 

-496 

0 

2698 

1110 

0 

3760 

4870 

T4 

1734 

1617 

0 

3351 

I l l 0  

0 

3900 

SO10 

T5 

1734 

8061 

---- 
-1% 

6703 

---- 
1162 

7014 

851 

T6 

1734 

5932 

1933 

6185 

1680 

---------- 

0 

3351 

1119 

0 

3600 

4710 

6633 

1232 

229 15 128 

0 

2004 

1110 

0 

3900 

5010 

7568 

297 

7232 
---- 

633 

0 

1963 

1110 

0 

3630 

4740 

7247 

618 

I617 

6562 

1303 

7865 

0 

6702 

I163 

270 

0 

1975 

1110 

0 

3100 

4210 

TI2 

1734 

0 

1963 

1110 

0 

3560 

4670 
- 

6957 

908 

T7 1 ~ 8  

0 

1892 

1110 

0 

2930 

4040 

T9 

1734 

0 

2698 

1110 

0 

3760 

4870 

0 

1862 

1110 

0 

4260 

5370 

1734 

241 229 

0 

1892 

1110 

Q 

3560 

4670 

13 10 

0 

1310 

0 

1555 

SO00 

6555 

1734 

0 

1947 

1110 

0 

4190 

5300 

964 

TI0 

1734 

T i 3  

1734 

0 

1947 

1110 

0 

3900 

5010 

128 

0 

1862 

1110 

0 

3730 

4840 

TI1 

1734 

158 0 

TI6 

1734 

213 

T14 

1734 

TI7 

0 

TI5 

1734 





6. SUMMARY 

A field experiment on 'Standardisation of m& nursery for rice' was 

conducted at Agricultural Resmch Station, Mannuthy during May to September 

2002, to provide package for the commercial production of paddy mat nursery, 

evaluate the mat nursery under mechanical transplanting and to provide 

information on the possibility of using mat nursery as an alternative to 

conventional root washed nursery 

The study comprised of 3 experiments. Raising I6 types of mat nurseries in 

combination of 4 different media viz cow dung, coir pith compost, coir pith raw 

and chaff in two ratios i.e.1: 2 or 2 : I (votume(vo1ume) under wet and dry 

systems and its evaluation formed experiment I. CRD was the experimental 

design. For field evaIuation of these 16 mat nuseries using 8-row Yanji Shakthi 

transplanter in comparison to manual planting using conventional nwszry, RBD 

was the design with 2 replications. In experiment III, the design was RBD and the 

16 types of mat nurseries were manualIy transplanted in comparison to nimual 

pianting using conventional nursery. The investigation led to the following 

findings: 

Experiment 1 

1. Mat nursery seedling height was higher for soil +chaff in 2: 1 ratio, under dry 

nursery at initial stages, and towards the end, soil cow dung mixture in 2: 1 

ratio led to the maximum height. IJnder wet system at 15 DAS, soil with cow 

dung in the ratio 2: 1 or 1 :2 had the maximum height. 

2. Scoring for pest and disease incidence (healthiness) based on leaf d o u r  

showed that presence of cow dung in the media heIped the seedlings to have 

maximum peen colour. 

3. The thickness of root zone was not affected under dry system, due to the 

treatments, wllereas in wet system, soil cow dung mixture in 2: 1 ratio (T9) 

had the maximum thickness (24 mm). 



4. The treatments soil and cow dung in 1 : 2 ratio and soil + coir pith compost in 

2: 1 ratio produd maximum number of healthy and minimum number of 

weak seedlings in dry nursery. Soil + cow dung in either of the ratios showed 

such a p.henomenon in wet nursery 

5. Heavier mats were produced with soil + cow dung or soil + chaff in 2: 1 ratio 

under wet system. The treatments showed no significant variation in dry 

system. 

6.  The root lengths were not at all influenced by the different treatments under 

both the systems. 

?. Soil+ chaff in 2: 1 ratio produced stronger mats under dry system. Presence 

of cow dung irrespe&ve of its proportion produced stronger mats under wet 

system. 

Experiment [I 

8. Difiermt media and the systems tried did n i t  influence the fornard speed of 

the transplanter and the area b-ansplanted at the forward speed. Tl~e 

bansplantzng time ranged from 3.6 to 4.6 s m" run and the respective 

turnover for the machine varied from 1.104 to 1.44 h day-' (8hours). The 

area transplanted by the machine was between 23 m2 minute*' to 30m2 

minute". 

9 Plant  population of the.mechanical1y planted crop remained uniform, without 

any statistical difference between the various treatments tried (23 to 32 hills 

Similarly the number of missing hills was also found to be uniform (5 to 

6 hills mm2). 

10. Number of d i i n g s  hi11 -7 and the number of floating seedlings did not show 

any differen% among the treaments. The percentage of floating hills ranged 

between 43 and 50 percent. 

I I .  Depth of planting, which is a fixed parameter for the machine remained 

unaltered, with a mean value of 49mm, ranging from 38 to 5 4 m .  



12. The crop manually planted using conventional nursery with a spacing of 

15 cm x 10 cm had the maximum plant population (65 hills m-2 at harvest) 

throuph out the growth period. The crops raised by mechanical transplanting 

with different mat nu-= had a mean population of 29 hills mL2. 

13. During the initial stages of growtl~ i.e., up to 30 DAT there was some 

significant variation in the stature of the plant, which tend to disappear in the 

later stages. The crop had an average height of 89cm, at the time of harvest. 

14. The mat raised with the media, sod -t cow dung in the ratio 1: 2 under wet 

system put forth a significantly higher ntunber of tillers hill-' throughout the 

growth and produced 17.5 tillers hilr' at harvest. Similarly the crop raised 

under conventional nursery with manual transplanting lmd a very low tiller 

production (9.5 tillers hill"). 

15. The values of CGR, RGR and NAR showed significant variation up to active 

tillering stage and thereafter the trend diminished. The crop raised under 

manual planting using conventional nursery had comparable values with that 

of the mechanically planted crops. LAI and LAD were not at all influenced 

by the beatments during the growth period. 

16. The overall mean weed no, rn-= at 20 and 40 DAT were 130 and 94, without 

showing any statistical difference between the treatments. The prsdominant 

vieeds present in the area were Cyprus iria.. lsachne miliacea, Luhigia 

 par^ flora, Echinuchloa sp., MolZugo sp., Npphaea sleliu fa, Schoentpiectus 

lateri#!onrs and Sphenocleo zcy~anica. 

17. The mean bacterial leaf blight incidenoe was 7.33 per cent and almost dl 

other treatments did not show any diffmce, except T3 and TIJ ,The insect 

pests i.e. thrips, GLH, rice bug and stem borer did not show any specid 

preference for any tratmeat and their occurrence was uniform in all the 

plots. 

18. Number af panicles m-2 was not significantly influeneed by the various 

treatments and tbe crop raised under conventional nursery with manual 



planting produced 284 panicles mP2, while under mechanised planting the 

panicle productioamged from 220 to 304. 

The treatments Tg, TI I and T13 had high number of late formed panicles 

m-2and the respecbve numbers w a e  29.7,18.6 and 25.1. The overall mean of 

late formed panicles m-2 were 12.5, which was only 4.8 per cent of the tow 

number of panicles. 

~ d b e r  of filled grains panicle-' varied between 24 and 61. Soil + cow dung 

in the ratio 2: 1 (TI) produced the mximurn number of filled grains panicle-' 

(611, which was statistically comparable to almost all the other treatments 

except Tz, T5, T12, T13 Tt5 and Ti6. Manually planted crop using conventional 

nursery produced 46 grains per panicle and the ovaall mean was 44. 

The 1000 grain weight was not innuenced by the different beatments and the 

test weight ranged from 26.5 to 29% with a mean value of 28.1. 

The grain: chaff ratio (weighttweight) remained unaltered by the treatment 

affects. The mean ratio of  14:l indiated that there was 93% filling in the 

The p i n  and straw yield of the crop was also not influenced by the 

treatments tried. The overall mean grain yield was 4344 kg ha-', while that 

of straw was 7464 kg ha-'. Crop r a i d  under conventional nursery had 

comparable yield of 4477 kg grains ha-' and 8 178 kg straw hd'with that of 

mechanically planted crop. Similarly the harvest index was dso unaffected, 

and the man value was 0.3 1. 

The nutrient content of the grain was significantly dected. The average 

values df N, P and X were 0.34,0.22 and 0.29 percent respectively. But the 

N, P and K content of straw were u n d t d  with mean values of 0.22, 0.1 1 

and 2.2 percent respectively. The total N uptake was not affected, whiIe 

there was variable influence in the case of P and K. The overall. mean uptake 

of N, P and K were 32, 19.6 and 183.1 kg h i '  rcspoctively. 

Higher dC ratios above 1.8 was s m  whm the mat used for mechanical 

transplanting was soil + coir pith raw in the ratio of 2: 1 and soil + chaff in the 



ratio 2: 1 unda dry system and soil + cow dug  in the mo f :2 and soil + coir 

pith compost in the ratio 2: 1 under wet system. Manually transplanted crop 

using conventional nursery had a low B: C ratio of 1.58. 

Experiment 111 

26. The time taken for manual transplanting was u d b k d  by the type of 

nursay used. The man days ha-', f a  manual planting using conventional 

nursety was 27, where as that for mat nursery ranged k m  26 to 39 man days 

ha". 

27. Plant population was almost uniform, whether it was mat nursery or the 

conventional root washed nursay used for manual planting. The m a  

population at the time of harvest was 28 hilIs m4. 

28. The stature of the pIaats observed at 15 days interval did not show any 

significant uiffmce with respect to the media and systems of nursery used. 

The mean height of the plant was 8 1 cm at harvest. 

29. During the early stages of growth i.e., up to maximum tillering stage, tbe 

tiller production was unaltered due to the various treatments. Presence of 

chaff in both the ratios and coir pith raw in 1:2 ratio under wet system 

recorded a lower tiUer production, comparable with that of conventional 

nursery. 

30. The various pests and diseases observed did not show any variation onbthe 

. performance of the crop except rice bug. The mean population of nce bug 

was 1.8, and treatment T; with it showing a higher number. (2.7 bugs hill-') 

The incidence of BLB, thripg GLH and stem bores was almost uniforin. 

31. The system of nursery raising had influenced the number of panicIes m", 

with an overall mean of 275. Crop raised using conventional nursay had 254 

panicles m-l, whereas the crop raised using mat nunay had panicles 

rmging fiom 146 to 352. 



32. Late formed panicles (those panicles that remained greenish at harvest) were 

not affected by the various treatments and on an average 7 panicles rn" were 

fonned late. 

33. The highest no of 50 filled p i n s  panicle" was recorded in case of mat 

nursery raised with soil + coir pith raw in 1:2 ratio under dry system (Th). 

The treatments Tz, T5 and T, had a lower no of f l ed  grslins per panicle, 

. statistically cornparable with that of T17 (3 I) .  

34. Thousand grain weight was not affected by the treatments. 

35. The o v d I  mean grain: chaff ratio was 16: 1 ranging between 7:1 to 24: 1 and 

was also unaffected by the treatments. 

36. The types of mat nursery used for manual planting did not influence grain 

yield of the crop. The averttge grain yield of the crop was 4441 kg hi1nnd the 

&ually planted crop using conventional nursery produd 2788 kg gmin 

ha-'. The straw yield was significantly innuend, with a man straw yield of 

7726 kg ha", while conventional nursery produced a low straw yield of 6325 

kg ha-'. The mean harvest index was 0.3, which remained unaltered due to 

the treatments tried. 

37. A very low B: C ratio of 1.04 was recorded by the crop raised unda 

conventiona1 niusery while all the crops raised using mat nursay had a 

higher value than this. B: C ratios higher than 1.8 was obtained when the 

\ treatments were Tz, T6, T7, and T13. 

Conclusion 

The following conclusions can be made based on the present study: 

I .  Mechanical transplanting using %row paddy hamplanted produces a crop 

as good as that of m d l y  line planted crop with recommended 

population. 

2. Mat nursery am be & instead of conventional nwsery for maawl 

planting. 

3. Mechanical or manual transplanting with mat nursery provides better 

econamim than manud planting ' 



4. Soil + cow dung in the ratio 1 :2 in we, system (Tto) and soil + chaff in the 

ratio 2:l in dry system (T7) can be recommended for manual, and 

mechanic J planting. 

5 .  For mechanical planting, soil -t chaff in the ratio 2: 1 in dry system (T7) and 

soil + coir pith compost in the ratio 2: 1 under wet system (TI [) can also be 

used for economidly viable mat production. 

6 .  Raising of mat nursery using soif + cow dung in the ratio 1 :? and soil + 
chaff in the ratio 2:l under both systans and soil + mir pith raw in the ratio 

1 :2 undcr dry sy stcm (Tb) and soil + coir pith raw in the ratio 2: 1 under wet 

system (TI can be recommmdcd for manual planting based on mnomics. 
- 

Future line of work 

Based on the results and observations made from the study, the following 

investigations are suggested for future. 

1 .  Seeding density for mat preparation. 

2. Mechanical devices for d i n g  in ma? nursm. 

3. Mechanid devices for mat sseedling separation for manual planting. 

4. Conti~luance of the present study for repeated confirmon. 

5 .  Development of rice genotypes for mechanical planting. 
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ABSTRACT 

A field experiment was conducted during May to September 2002 at the 

Apcultural Research Station, Mmuthy, Thrissur to develop a suitable production 

package for rice mat n-, evaluate it under mechanical transplanting and 
develop it as a substitute for conventional nw'sery for manual plauting. The study 

consisted of three experiments. (I) Raising of sixteen types o f  mat nursetie using 

four different media in two ratios under two systems {dry and wet) and its 

evaluation. (11) Mechanical transplanting of these sixteen types of aat purseria 

dong with manual plantmg of conventional wrsery and crop performance study. 

(111) Manual transplanting of sixteen types of mat nursery dong with conventional 

nursery and crop evaluation. Experiment-I was designed in CRD, while 

experiment-I1 and experiment-111 were laid out in Randomised Block Desigu, with 

two repiications each. Rice variety Kanchana, was tried in tbe experiment. 

Results revealed that soil+ cow dung in the ratio 2: I in the mat produced 

taller seedlings and coir pith compost produced shorter seedlings. Presence 'of w w  

dung produced dark green seedlings with maximum number of healthy and 

minimum number of weak swdlings. Sail+ cow dung in the ratio 2:l produwd 

heavy mats under both systems. Presence of chaff in the media resulted in stronger 

mats.The performance of the transplanter, as it is a fixed parameter for the machine 

was unaltered by the different media and systems of nursery. But generally, the 

number of missing hills was lower under dry system, compared to wet system. 

In case of experiment-II, a higher plant population of 65 hills rn" was seen 

associated with the crop raised under manual planting using conventional nursexy. 

But the same crop produced a sigifiatntly lower number of tillers hill-' throughout 
- its growth period and the crop had 9.5 tillers hill-', at the time of h e s t .  The 

physiological growth attributes, observed through CGR, RGR and NAR was 

distinctively lower for the manually planted crop using conventional nursery in the 

initial stages of growth, but the trend disappeared in the later stages, indicating a 

uniform rate of growth. The insect pest attack was uniform without any variation 

due to treatments. Incidence of BLB was higher in case of mechanically planted 

crop using soil+ coir pith compost in 2: 1 ratio under dry n m e q  and soil+ coir pith 



raw in 2:1 ratio under wet nursery. Among the yield components, number of 

' panicles m" and test weight w a e  not altered by the treatments. The maximum 

number of filled gains panicle'' was seen in case of soil+ cow dung in the ratio 2:l 

as ihe media under dry system (61). However, the f ind grain and straw yield 

remained unaffected due to the various tmments with a mean value of 4344 and 

7464 kg ha-' respectively. The NPK content of the grain and total uptake of P and 

K by the crop were influenced by the various treatments. Under dry system soil+ 

coir pith raw and soil+ chaff in the ratios 2:2 and in wet system soil+ cow dung in 

the ratio I :2 and soil+ coir pith compost in the ratio 2:l were economically 

superior and can be the mat nursery media for mechanical transplanting. 

The use of mat nursery instead of conventional nursery did not prolong the 

time required for manual planting. Conventional nursery recorded a lower tiller 

production (8.8 at the time of harvest). Similar level of tiller production was seen 

in cases of soil+ chaff in either of the ratios and soiH coir pith raw in the ratio 1 :2. 

The pest and disease incidence, except rice bug, did not show any discrimination 

between the treatments. Soil+ chaff in the ratio 1 :2 under dry system had a higher 

population of bugs (2.7 per hill). Soil+ coir pith raw in the ratio 2: I under both the 

systems had the highest number of panicles m" i.e., 352 and 341, respectively. 

Conventional nursery had the lowest number of filled grains panicle-' (32). The 

grain yield was unaffected, due to treatments and the mem grain yidd was 4441 kg 

ha". Straw yield was influenced by the different tresbnents. A v a y  low harvest 

index value of 0.3 was recorded for the crop. Crop raised using conventional 

nursery had a very low E3:C ratio (1.05) and dl mechanically planted crops had 

hlgher B:C ratio than this. 

As the gain yield was not affected due to the van'ous treatments, the 

selection of mat should be based basidly on economic consideration. Soil+ coir 

.pith raw as well as soiI+ chaff in the ratio of 2: 1 under dry system, and soil+ cow 

dung in the ratio 1 :2 and soil+ coir pith compost in the ratio 2:1, under wet system 

could be a better option for mechanical transplanting based on the economics. 

Soil+ cow dung in 1:2 ratio and soil+ chaff in 2:l ratio under both systems, and 

soil+ coir pith raw in 1:2 ratio under dry system and soil+ coir pith raw in 2:  1 ratio 

under wet system were found economically suitable for manual planting. 
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