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Integration of some management techniques for increased productivity 
of rice (Ol}'Za sativa L.) 

Mohammad Safdar Baloch, Inayat Ullah Awan and Gul Hassan 

ABSTRACT 

A research project was initiated at the Agricultural Research Institute, Dera Ismail 

Khan, NWFP, Pakistan during 2002 and 2003; to provide appropriate rice cultivation 

technologies that are agronomically practicable and economically viable under the 

agro-climatic conditions of the area. The research project was based on field-oriented 

problems faced by the paddy growers, which was also evident from face to face 

interviews by 50 rice growers, actively involved in rice production from major rice 

growing villages of the area. field experiments relating to time of transplanting 

and number of seedlings hi!r' and techniques for weed control in transplanted and 

direct wet-seeded rice were laid out in Randomized Complete Block Design (RCBD) 

with split-plots arrangements, replicated 4 times. The transplanting dates of nursery 

and methods of planting were maintained in main plots while the number of seedlings 

hill" and weed control techniques were kept as sub-plots. The sub-plot size was 2 x 

5 m" The trial pertaining to impact of seeding techniques in transplanted and direct 

wet-seeded rice was deSigned in RCB with a plot 3 x 5 m2
, replicated 4 times. 

Well-adapted coarse rice variety IR-6 was used in the research project. Thirty days 

old rice nursery was used in transplanted plots while wet pre-germinated seed was 

broadcast in direct seeded plots. Data were recorded on various growth and yield 

parameters like plant height (em), productive tillers m-', unproductive tillers m-', 

panicles m-', spikelets panicle-" sterility and normal kernels percentage, 1000-grain 

weight (g), paddy yield (t ha') and straw yield (t ha') The data were also recorded 

on leaves planr', leaf area index (LAI), net assimilation rate (NAR) at 45 and 90 days 

after sowing (DAS), stem borer moths' resting behaviour at 30, 45 and 60 DAS and 

white heads planr' after 90 DAS in all experiments of the project. 

The sample size in experiment 1 was determined by using simple random sampling 

procedure of probability sampling. A sampling frame was developed that carried 

details of farmers involved in rice production. This was identified by collecting 

information from the key informants. The findings of the survey elucidated that water 

shortage, high cost of inputs, non-availability of skilled labour during peak planting 

season, sub-optimal plant population, weeds and pest infestation, high dependence 
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of knowledge on nearby growers and low price of nce in Ihe locel markel were the 

major restrictions in higher yields of rice, In experiment 2, the effects of transplanting 

dates and number of seedlings hilr' were found 10 be significant in most of the 

agronomic and physiological parameters studied The highest paddy yield during 2002 

and 2003 (5 and 8,1 t ha") respectively, higher net return of Rs, 7,830 and 23,330 

/la"and Benefil Cost Ralio (BCR) of 0.44 and 1,32 were recorded on 20'h June 

planted crop with 1 seedling hiW' during both the expenmental years, Similarly in 

experiment 3, the effect of planting tec/1niques (transplanting VS, direct seeding) and 

weed control practices including granular herbicide Sunstar 15WG (Ethoxy sutfuron), 

conventional hand weeding and herbicide Machete 60EC (Butachlor) Significantly 

influenced the yield and yield centributing attributes during either year of the study 

Both the Sunstar and Machete application proved their efficacy against the weeds 

but could not match with hand weeding treatment Minimum weed population m', dry 

weed biomass g m" after 30, 60 and 90 DAS and maximum paddy Yletd (5.7 and 8.5 

t he") during both the experimental years and its assOCiated components were 

receded in transplanting method as compared to direct seeding. Similarly, among 

weed control strategies, the paddy yield, net return of Rs,13, 815 and 27,815 ha'and 

BCR were the highest in hand weeding, followed by herbiCide application of Machete 

60EC, The direct seedmg method could not perform in a good way in terms of low 

paddy yield and high weed infestation. While in experiment 4, the effect of seeding 

techniques was significant for most of the agronomic and physiological parameters 

However, transplanting Hat and parachu1e planting techniques showed the outstanding 

performance for most of the characters investigated. Maximum net relum of Rs. 12,630 

and 15,730 and 6,050 and 14,800 was recorded In transplanting on flat and parachute 

planting techniques, respectively dunng both the planting seasons Other seeding 

techniques such as diract seeding on flat, direct seeding on ridges and transplanting on 

ndges could not excel transplanting on flat and parachute planting in most of the 

ahributes recorded. 

On the basis of research findings, it is concluded that conventional transplanting 

technique on flat with a plant-ta-plant and row-ta-row spaCing of 20 em is most suitable 

on planting date 20" June with 1 seedling hill". Among weed control practices, hand 

weeding is most effective, followed by herbicide treatment Machete 60EC Nursery 

preparation and seedling broadcasting of parachute technology although, a 

cumbersome job but produced higher paddy yield and nel return per unit area. 
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Chapter 1 

INTRODUCTION 

Rice (Oryza sativa L) is one of the world's mosl important staple food crops. 

It is grown in 111 countries ranging from the flood plains of Bangladesh 10 the 

Himalayan foothills of Nepal and from the rain forests of Indonesia to Ihe 

desert plains of Australia (IRRI. 1995). In Asia, it is the main item of the diet of 

3.5 billion people therefore; increase in population will require 70 percent 

more rice in 2025 than is consumed today (Kim and Krishnan, 2002). 

Vietnamese are on the top wilh rice consumption of 240 kg per person 

followed by Thais with 204 kg per person. But per capita consumption rice 

in Pakistan is very low only 20.78 kg due to high cost of rice as compared to 

wheat flour (Shaikh and Kanasro, 2003). 

In Pakistan, rice is high value cash crop. accounting for 6.7 percent in value 

added item in agriculture, 1.6 percent in Gross Domestic Product (GOP) and 

also a major export item accounting for 6.1 percent of lotal export earnings 

(Shaikh and Kanasro, 2003). During 2001-2002, Pakistan exported 1.916 

million lonnes of rice and earned $540 millions in foreign exchange; the 

contribution of Basmali and Coarse rice in rice exports was 54 and 46 

percent, respectively (Anonymous, 2002c). Despite the diversity under which 

it is produced, only 4 percent of world production of rice is traded across 

national borders, possibly due to the degree of government intervention (lRRI, 

1995). After Thailand, Vietnam, United States and India, Pakistan the 5th 

largest rice-exporting country, which exports one third of its 

2002c). 

(Anonymous, 

During 2001-2002, the area under rice in Pakistan was 2.1 million hectares 

wilh lotal production of 3.9 million lonnes and average yield of 1.83 I ha-1 

(Khan and Akhter, 2001 and Anonymous, 2002c). Keeping the global rice 

demand hereafter, there is an increasing need 10 change policies regarding 

production and consumption by replacing and complementing the traditional 

rice farming techniques with available modern technologies. 



like many other countries, rice is moslly cultivated through nursery 

transplanting in Pakistan. This seeding technique is very laborious and time 

consuming. Thus, in general, nursery transplanting is delayed. This delay is 

due to use of manual method in transplanting and because aU the fields 

cannot be transplanted simultaneously, which results in above-optimal age of 

rice seedlings that produces lesser number of tillers planr1
. Moreover, the 

time, energy and money spent in growing rice nursery are also risky enterprise, 

as the failure of nursery may result in failure of the entire transplanted crop. 

Transplanting shock, which is a set back of growth due to uprooting and 

replanting of seedlings, increases with increase in age of seedlings. In 

addition, late nursery transplanting reduces growing period of the crop, which 

results in decreased yield of lowered kernel quality (Ghosh and Singh, 1994). 

Transplanting also decreases rice plants ability to withstand moisture "m,,,,, 
The required plant population (250,000 plants ha-1

) cannot be maintained 

through nursery transplantation, primarily due to scarcity of skilled labour 

high cost of this operation (Awan al al. 1989 and Baloch at al. 2000). To 

overcome this problem, direct seeding of rice seems only viable alternative in 

rescuing farmers (Heu and Yang, 1996; Yamauchi, 1996 and Santhi al a/. 

1998). 

Direct seeding technique has some advantages as the direct seeded crop, 

generally, flowers earlier leading to a reduction in crop duration by one-week 

(Santhi a/. 1998). This is economical, high yielding, time labour saving 

method and the yields are also comparable to transplanted rice, if the crop is 

properly managed. The input requirements and the investment in direct seeded 

rice are much lower than in transplanted rice (Sunil al. 2002). The use of 

direct seeding technique could reduce labour needs by more than percent in 

terms of working hours and labour charges (Rs. 1800 ha-') of rice 

transplantation in Pakistan (Awan at al. 1989). But adoption of this technique by 

the farmers has been almost negligible. This is because of some severe 

draWbacks like poor quality seed, poor land preparation, heavy weed 

infestation, poor water management, large tonnage seed requirement and 

predating of germinating seed by several predators. Moreover, there are 

several ifs and buts to be satisfied in this method regarding adjustment of 
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seed rate. Higher weed infestation has always been a setback in direct 

seeding technique. The proper time and method of weed control are also a 

complex phenomenon, as weed and rice seedlings grow simultaneously. 

Moreover, weed flora varies from place to place due to type of rice culture, 

soil type, tillage and irrigation pattern etc. It has been observed that, usually, 

grasses are dominant in irrigated systems and sedges are dominant in rainfed 

system (Ali, 1985; David and Johnson, 2002). The growing scarcity of water, 

especially in Asia, is quite alarming to devise new growing techniques 

with water utilization. 

To overcome the above problems, there are number of new sowing 

techniques being introduced in the rice growing countries of the world. These 

new techniques include bed planting and parachute technology, which could 

save up to 25 percent of the water now used to grow rice (Serageldin, 1999). 

Similarly, in permanent bed planting rice-wheat system, 35 to 40 percent of 

irrigation water could be saved (Prabhakar a/ al. 2001), Parachute planting 

(seedling broadcasting), a new planting technique recently introduced in 

Pakistan, requires less labour and time than manual transplanting because 

growers do not have to bend down to plant each seedling, In addition, the 

seedlings themselves are less likely to be damaged in the transplanting 

process (Prabhakar a/ al. 2001 and Anonymous, 2002d). With this 

technology, recommended plant populaUon could easily be maintained. The 

procedure used in this technique is that planter holds 5-6 rice seedlings in his 

hand and throws them high into the air. The weight of clump allows the 

seedling to land neatly in the rice field and settles into the mud. 

Keeping in consideration the above problems pertaining to rice crop, a 

research project has been designed 10 determine the best seeding technique 

for ensuring timely sowing and effective weed control. Moreover, there is a 

need to develop some alternate methods and/or refine the existing agronomic 

techniques that can enhance farm/national income and are economically 

viable, socially acceptable and environmental friendly. The present endeavor 

has been setup to achieve the following objectives, 
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Objectives 

1. To explore socia-economic and input variables towards rice production in 
Dera Ismail Khan, NWFP. Pakistan. 

To develop technique (s) for ensuring optimum number of rice seedlings at 
differenltransplanting limes. 

3. To find out seeding technique (s) that boosts plan! establishment and 
optimizes time of planting. 

4. To explore suitable and economical techniques of weed control. 

5. To enhance productivity through standardization of plant stand 
establishment and sowing technique (s) in rice. 
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Chapter 2 

REVIEW OF LITERATURE 

Review of literature is an attempt to find the frontiers of knowledge, 
identify whether any gaps exist in the knowledge, and to analyze 
whether attempts could be made to fill up the gaps. 

2.1 Planting time 

Narayanaswamy e/ al. (1982) lested three pre-release lines grown al 

15-days inlerval by direct seeding of sprouted seed or by transplanted 

seedlings at 4 to 5 leaf stage, Grain and slraw yields (5.2 and 9.7 t ha'i) and 

(5,3 and 9,31 ha'i) respectively, were highest in two years trials by sowing on 

firsl July. 

Puckridge el ai, (1987) observed reduction in wild rice population by 

delaying seedling of rice from May to June, 

Wen and Yang (1991) reported thai late rice yields in a double 

cropping system were higher with 1 seedling hur' than with 4 seedlings hill'i, 

The proportion of effective panicles, the number of grains/panicle and the 

1000-grain weight were also higher with only 1 seedling hill'1, In trials with 6 

cullivars differing in maturity date, a very early maturing cullivar gave a lower 

yield with 1 seedling hill,j than with 4 seedlings and another early cullivar gave 

similar yields at both plant densities, however, the other 4 cullivars all gave 

higher yields with 1 seedling hill';, In the early-maturing cullivars early sowing 

and transplanting gave higher yields with 4 than with 1 seedling hill" but later 

sowing and transplanting led to higher yields with 1 seedling hill'i, Leaf area 

during early growth was greater with 4 seedlings, but at later development 

stages leaf area was greater with only 1 seedling hilrl
, 

Dwivedi et ai, (1993) submerged seedlings, aged 3 and 4 weeks for 

7 days in 100 cm of water to assess variation in plant elongation induced by 

flooding, Significant differences were recorded, but percentage increase in 

elongation was highest for the 2-week-old seedlings, Leaf sheaths and blades 

contributed significantly to elongation, A comparison of known elongating 
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modern varieties (MVs) against non-elongating MVs showed that better 

selection between these 2 groups was obtained from the 4-week-old entries. 

A greater difference in average elongation between these groups was 

obtained at 4 weeks (6.3 cm) than at 3 weeks (3 em). 

Jiang at al. (1993) studied source sink relationships in rice for two 

growing seasons. Main culms and primary tillers contributed more than 90% 

of the grain yield in both crop seasons. On a per panicle basis, main culms 

and primary tillers showed comparable yield and yield efficiency (per unit leaf 

area or leaf N content measured at heading) for the first crop, whereas main 

culms were superior to primary tillers in the second crop season. Chlorophyll 

and soluble protein contents and photosynthetic rate of the second and third 

leaves decreased more significantly in the second than in the first crop, 

suggesting source limitation in the second rice crop. High plant density in the 

first crop increased grain yield ha·l with concurrent decreases in yield tillerl , 

yield efficiency and harvest index. However. yield tillerl was unchanged when 

plant density was decreased from 22.2 to 4.4 plants m·2
. This suggested that 

sink or panicle size restricted the yield performance of the first rice crop. Grain 

yield ha'! was nol affected by plant density in the second crop. both grain yield 

tiller' and yield efficiencies increased as population density decreased. 

Increasing the plant spacing by thinning the stand at heading increased grain 

yield per plant in the second crop only. while thinning the stand at panicle 

initiation increased grain yield per plant in both crops. It was concluded that 

matching a suitable panicle number per unit area of land in accordance to the 

environmental conditions should 

grain yield of the second rice crop. 

an effective measure in enhancing the 

Oaftardar at a/. (1997) compared the agronomic and economic benefits 

of an improved management consisting of placing Urea Briquettes containing 

Diammonium Phosphate (UB-DAP) by hand (56 kg N ha· j and 14 kg P ha'l) 

after controlled transplanting using a modified 20 x 20 cm hill spacing with two 

other practices: (i) the current management system, consisting of random 

transplanting and two split applications of Prilled Urea (PU) and a basal 

application of Single Super Phosphate (SSP) and (ii) the farmers' traditional 
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management practices, involving random transplanting and broadcasting of 

fertilizers, In spile of marked variations in rainfall distribution patterns during 

the 1993 and 1994 seasons, the improved management using UB-OAP 

increased grain yields by 2,14 t ha'1 (89%) in 1993 and 1.23 I ha,1 (45%) in 

1994 over traditional managemenl practices and by 1.56 I ha'! (52%) in 1993 

and 0.83 t ha'! (27%) in 1994 over the current management system. These 

additional yields were obtained at a 28·36% lower plant population density (25 

hills m,2 vs, 35·39 hills m,2), The use of a modified 20 x 20 cm spacing could 

reduce by up 10 50% the labour normally required for the conventional 

placement of UB by hand about 1 week after transplanting using the standard 

20 x 20 em spacing (8·10 work days ha'l). The estimated value:cost ratios for 

the improved management ranged from 4.9 (1994) to 8.6 (1993) and 

increased further when the savings in input were considered. Stochastic 

dominance analysis of the yield data suggests that the improved management 

of UB·OAP could be risk-free and therefore would be preferred over the other 

two management's by rice farmers and policy makers. 

Rashid and Lussewa (1997) studied the influence of seedling age and 

plant spacing on yield of rice. Results revealed that grain yield and its 

attributing characters increased significantly with increasing plant population. 

However, the higher yield was recorded by narrow spacing of 20 x 20 em (25 

hill m'2) and this could be associated with high total dry matter production 

accompanied with high panicle number per unit area, 

Yin at al. (1997) examined the variation in flowering responses to day 

temperature (TO) and night temperature (TN) during the pre-flowering period 

(PFP) in rice. Three controlled-environment experiments were conducted in 

which plants of three contrasting cultivars, C036, Shan You 63, and 

Nipponbare, were transferred at different times after sowing between two 

constant temperatures (26 and 21°C), between two TO with the same TN 

(TO: TN: 26/26 and 26/16 °C), or between two TO with the same TN (28/19 

and 19119 °C). In all experiments, the relationship between the time to 

flowering and the time of transfer was defined by separate linear phases, 

indicating that the sensitivity of flowering responses to both TO and TN varies 
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during PFP. Temperature sensitivity during the second phase was greater 

than thai during the first and third phases, which did not differ significantly. 

The length of the second phase varied greatly, depending on both 

temperature and cullivar. For all cultivars, the second phase was shorter at 

HT (5.4-17.0 days) than at (20.7 to more than 78.7 days). The duration of 

the first phase ranged from about 20 d in the japonica cv. Nipponbare to 32.4 

to 64.2 d in the two indica cultivars. The length of the third phase also varied 

among cultivars, but to a lesser extent, from 16.4 to 38.1 days. For accurate 

modeling of rice flowering, dates, functions describing the effects of both TD 

and TN in the second phase have be different from those in the first and 

third phases. 

Ashraf et (1999) studied the effect of seedling age and number of 

seedlings hill·1 on rice growth and yield. Rice seedlings of 25, 35 and 55 day

old were transplanted in puddled field. Results revealed that seedlings of 25 

to 35 day-old produced significantly higher number of tillers and productive 

tillers hill·1
, paddy and straw yields compared with 55 days-old seedlings. In 

another experiment, transplanting of two and three seedlings hill·1 of 35 day

old gave more promising results compared with one and four seedlings. Two 

seedlings hill·1 caused maximum increase in plant height, straw and paddy 

yield while more number of tillers and productive tillers were recorded with 

three seedlings hill·1
• 

Kim et a/. (1999) transplanted three-rice cullivars, Namweonbyeo (early 

maturing), Hwaseongbyeo (medium maturing) and Dongjinbyeo (medium-late 

maturing) at 3 different seedling ages. The 10-days-old seedlings had more 

vigorous elongation of plant height and higher tillering ability but lower 

effective tiller rate, when compared with 35- or 40-days-old seedlings. Leaf 

area index and top dry weight were lower in 10-days-old seedlings up to 40 

days after transplanting but thereafter, were not different among seedling 

ages. CGR was lower in 10-days-old seedlings up to 30 days after 

transplanting, but in later growth stages Ihese seedlings gave the greater 

CGR. RGR was highest in 10-days-old seedlings to 40 days after 

transplanting, while after 50 days after transplanting RGR was higher from 
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seedlings transplanted after 35 or 40 days, Panicle number per square meter 

was highest from 10-days-old seedlings. while spikelet number per panicle 

was highest from transplanting 40-days-old seedlings, Milled rice yield did not 

vary significanlly with seedling age at transplanting, but was lower in 

Hwaseongbyeo compared with Namweonbyeo and Dongjinbyeo varieties, 

Singh at ai, (1999) studied the effect of 3 of seedlings (30, 45 and 

60 days), 2 nitrogen sources (Prilled Urea and large granular Urea) and their 

schedule of application. namely control; basal; 2 splits (50% basal + 50% 

panicle initiation); 2 splits (75% basal + 25% panicle initiation) and 3 splits 

(50% basal + 25% tillering + 25% panicle initiation stage) on growth, yield and 

economic returns of rice, Thirty and forty-five days old seedlings recorded 

significantly higher grain yield (13 to 15%) than that of 60 days old seedlings, 

Large granular Urea with 3 splils of N application recorded significanlly higher 

grain yield, 

Muthuraman (2000) studied the effect of seedling age and 

transplanting time on yield and growth characteristics of rice, Seedlings of IR-

cullivar with five different age groups ranging from 20. 30, 40, 50, and 20 

days (transplanting on the same day with 50 days) were transplanted with a 

gap every ten days starting from 2nd May 101$1 June, Results showed that 

the aged seedlings (50 days) produced more yields than the young seedlings 

(20 and 30 days), Of the same aged seedlings with different transplanting 

time showed that the late transplanted seedlings gave higher yield and 

harvest index, Hence, the different aged seedlings, which were transplanted 

on the same day. did not show a SignifICant difference in yield, In the early 

growth stages. the younger seedling with earlier transplanting time had shown 

more Iiller number and dry matter but did not convert the tillers inlo productive 

ones. The 50 days and 20 days old seedlings transplanted one month later 

resulted less tillers in the vegetative stage and less number of panicles with 

higher spikelets number snd higher ripening ratio. The results indicated that 

the yield was affected not by seedling age but transplanting time, 

Blswss and Salokhe (2001) investigated the influence of planting date. 

tiller separation and plant density on the yield and yield attributes of parent 
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and clone plants of two transplanted rice varieties, The 15 July transplanting 

of mother crop and collected vegetative tillers and re-transplanting on 15 

August showed significantly higher grain yield (3,8 t ha,l), The photoperiod

insensitive variety RD23 gave higher yield (3,8 t ha,1) than the photoperiod

sensitive variety KDMl105 (3.0 I ha,l), Tiller separation up to 4 tillers hiWl did 

not adversely affect the mother crop, Vegetative tillers transplanted with 2-4 

tillers hill,l gave a similar yield as the mother crop in both the seasons. 

Vegetative tillers gave a higher yield than seedlings on 

the same date. The yield components, Le. weight of 1000 grains, grains 

and per cent filled grains, showed better responses with early 

transplanting of KDML 105 in the mother crop and vegetative tillers except for 

panicle number and panicle length of vegetative tillers with RD23, The results 

suggest that in some flood-prone lowlands, where the transplanted crop is 

damaged by natural hazards, vegetative propagation using tillers separated 

(maximum 4 hill,i) from the previously established transplanted crop is 

beneficial for higher productivity. 

Michael (2002) investigated the effect of three different planting 

densities {44.4 hills m,2 {3~ x 7,5 cm} higher hills (30 x 15 

cm) standard density: 11.1 m,2 (30 x 30 cm) low density) on the growth 

and of two plan! types of rice (panicle weight type and panicle number 

type). The 3.2-4 leaf stage seedlings were transplanted with 3 plants hill,l, The 

number of spikelels panicle,l of panicle weight type variety was directly and 

negatively affected by planting density; consequently the spikelet number m,2 

was also negatively affected, While, n",~j"ll"" number type variety increased 

rnr,,,jrl,,,r<.hlv the number of panicles m-2 with increasing density, spikelet 

number m,2 was also The major factors influencing the yield vary 

for panicle number type variety, were panicle number m,2 and for panicle 

weight type variety was spikelet number panicle,i The standard density 

presented the highest value for both the val'ieliies, so it may be considered to 

be an optimum, 
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2.2 Planting technique(s) 

Shad (1983) in a study on methods of establishment, recorded 

substantially higher grain yields (3 t ha-') by direct seeding method than 

transplanting (2.0 t ha-\ The researcher attributed in grain yield to 

higher number of panicles ,lower sterility percentage and higher 1000-

grain weight. 

Kehinde (1985) evaluated broadcasting, dibbling and drilling at sowing 

rates of 45, 90 and 135 kg ha,1 under upland conditions and found that the 

highest rice grain yields of 1.0-1.1 t ha,1 was oblained by dibbling and sowing 

at 45 kg seed ha,i. 

Shad and De Datta (1986) compared the various aspects of the 

production with direct seeding and transplanting methods of crop 

establishment. Results revealed that grain yield of both methods was similar 

in dry season but during wet season direct seeding out-yielded the 

transplanting method. The yield data were well supported by yield 

components. Nitrogen fertilizer efficiency was higher with direct seeding as 

compared to transplanting. 

Jones and Synder (1987) conducted an experiment on tall and semi 

dwarf cultivars of rice that were drill sown at 50, 100 and 150 kg ha" in 0.15, 

0.20 or 0.25m row spacing. The results revealed that narrow row spacing 

increased grain yield for both plant type and increased sowing rates increased 

number of panicles m-2 in both plant types. This increase was compensated 

by decreased filled grain number panicle-I, resulting in non-significant 

difference among sowing rates. Sowing rates of 80-100 kg ha,l were sufficienl 

to obtain optimum stands. 

Awan at 8/. (1989) in an experiment to compare direct seeding and 

transplanting methods, reported higher yields (5.03 t ha-1
) of rice by 

transplanting as compared to (4.09 t ha-1
) by direct seeding. They concluded 

that though direct seeding did not increase yield however, it saved the 

expenses on transplanting and raising nursery. 
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Senanayake et af. (1994) studied apical development in greenhouse in 

broadcast sown or transplanted rice cv. AT Transplanting shock 

increased the differentiation of leaf primordia, but not the physiological 

development stage. It was suggested that increased yields under transplanted 

conditions could be attributed to increased leaf area, which enhances 

assimilation with a favourable source-sink relationship. Pre- and post-spikelet 

abortion was observed under transplanting and broadcast sown conditions 

although it was higher under broadcast sowing. 

Tada and Morooka (1995) r .. nnrt.", that the Malaysian economy has 

grown remarkably over the last two decades, and the rice sector has 

drastically changed. In order to forecast the future direction of the rate of self

sufficiency in rice, the factors that affect the supply and demand were 

analyzed by constructing an econometric model. The results show that wage 

rate and per capita income are the key factors that exert strong negative 

effects on the planted area and demand, whilst the direct seeding method 

introduced in the 1980s exerts a slightly negative effect on yield. The 

simulation performed until the year 2003 indicates that the self-sufficiency rate 

will decline to 55%, assuming the growth rate of GDP and population are 8% 

and 2.5%, respectively. 

Chaudhary and Movillon (1996) compared 30 test genotypes under 

direct seeding and transplanting methods during wet and dry season and 

found thaI much of the nature of G )( E interaction was derived from 

differences in seasons rather from difference in planting methods. The 

workers further concluded thai effect of planting methods was less 

pronounced than the effect of the planting seasons and it still influenced to a 

good extent yield performance of genotypes. This was evidenced by 

larger changes in ranking when employing direct seeding method over 

transplanting method within each season. Therefore, variety evaluation must 

conducted for specific season and method of seeding Le. whether varieties 

are to be used for direct seeding or transplanting method of evaluation. 

Peng at af. (1996) reported that early-maturing, semi-dwarf indica rice 

cv. IR72 and IR60819-34-2-1 were broadcast wet-sown or transplanted and 
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given N fertilizer at rates up to kg ha'! in different splits. Crop 

performance and the recovery efficiency (epsilonr, DELTA N uptake per unit N 

applied), agronomic efficiency (epsilona, DELTA grain yield per unit N 

applied) and partial factor productivity from applied N (PFP, grain yield per 

unit N applied) were compared, Plants established by broadcasting had more 

rapid leaf area development, OM accumulation and N uptake than 

transplanted plants during vegetative growth stages, but slower growth rates 

and N uptake panicle initiation, particularly during the grain filling period. 

Withoul applied N, grain yield and N accumulation maturity were 

significantly lower in broadcast-sown than transplanted rice, whereas yields 

and N uptake were comparable for both methods with equivalent rates of 

applied N. Although both epsilonr and epsilona were higher for broadcast

sown than transplanted rice, this advantage was an artifact of lower yields and 

reduced N uptake by broadcasting without applied N rather than improved 

performance with applied N, In contrast, PFP values were similar for 

broadcast-sown and transplanted rice at comparable N rates and in the 

absence of lodging, II is concluded thai the PFP from applied N provides a 

more relevant measure of N use efficiency of different crop establishment 

methods, and that the system-level N use efficiency of broadcast-sown rice 

was not greater than that of transplanted rice. 

Ghosh and Sharma (1997) conducted experiments on varying densities 

sown at different rates and other on only low and high-density seeds grown at 

400 and 600 seeds m,2 They reported similar emergence percentage and 

plant height from different seed rates. Similarly, mean grain yield remained 

unaffected by increased seed rates because an increase in number of 

panicles m-2 at higher seed rates was associated with reduced panicle weight. 

Interaction comparison revealed that yield increased significantly with 

increasing seed density, particularly at lower seed rales of 200 and 400 seE~ds 

m'2. It was further revealed that mean increase in yield from N fertilizer, high 

density of seed and higher seed rate was 25.2, 20.9 and 11.8 "In, respectively. 

Increasing the seed rates and N fertilizer can however, mitigate the abiotic 

stress, 
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Gowda and Rudraradhya (1998) modified a 6 row manually operated 

rice transplanter, developed by IRRI (Philippines), for Indian conditions, The 

modifications include the use of different materials to strengthen the pickers 

and main body of the seeding compartments, and the replacement of joint 

pins with hardened nuts and bolts, The machine, consisting of a wooden float, 

metallic main body, tray moving mechanism, mat pusher and handle, when 

fully loaded, weighs about kg, In well-prepared land, with good quality 

seedlings, 5-6 labourers can transplant 1 hectare of land, in comparison to 

manuallransplanling, which would require another 30 workers, The machine 

can plant 46-47 rice hills m,2 (compared to 39-40 for manual planting), leading 

to an increase in grain yield of 0,361 t ha,l, Labour savings amount to Rs, 885 

ha'\ meaning that the initial cost of the transplanter (Rs, 5500) can be 

recovered by planting 7-8 ha in 1 or 2 seasons, 

SanbagavaUi and Kandasamy (1998) planted rice cv, ADT38 (medium 

duration) and ADT36 (short duration) in the wet and dry seasons, 

respectively, Seedlings were thrown or planted in rows or randomly, In the wet 

season, seedlings were 20, 30 or 40 days old and were given 150 or 187.5 kg 

N ha'l in 3 or 4 splits; in the dry season, seedlings were 25 or 35 days old and 

were given 120, 150 or 180 kg N ha,l in 4 or 5 splits, In the dry season, the 

highest yield was achieved with the seedling throwing method, while in the 

wet season; there was no significant difference between the seedling throwing 

method and row planting, The seedling throwing method resulted in a higher 

benefit: cost ratio (BCR) than row planting, In the wet season, N rate had no 

significant effect on yield, while yields and BCR were higher with 5 than 4 

splits and with 30- and 40- than 20 old seedlings, In the dry season, 

yields and BCR increased with increaSing seedling age, N rate and number of 

splits, 

Santhi at aI, (1998) studied the effect of direct sowing compared with 

transplanting. and nitrogen fertilizer application, on the growth of lowland 

The experiments were carried out in the kuruvai seasons with rice cv. ADT-42 

and in the thaladi seasons with rice cv, ADT-38, Generally, direct sown rice 

flowered ,.",,'Iil'l' than transplanted rice, leading to a reduction in crop duration 
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by one week. Of the various combinations of N fertilizer, application of 100% 

of the recommended N as Neem cake blended urea or placement of urea 

solution produced the greatest plant height, LAI (leaf area index) and dry 

matter production. 

Santhi et al. (1998) tested three methods of crop establishment i.e, 

transplanting, sowing sprouted seeds in lines manually and using a seed 

drum, and found that direct seeded rice reduced the time to 50 % flowering by 

7 days in dry and wet both seasons. The method of crop establishment 

showed no significant influence on grain yield, Similarly, yield parameters 

such as number of panicles, panicle length, number of filled and immature 

grains and 1000-grain weight were not affected by method of crop 

establishment The sprouted seed method, however, was twice as labor 

saving as transplanting, 

Tac al. (1998) chalked out the effects of nitrogen-free basal dressing 

(BNo), and top-dressing with N, on the growth and yield of rice cv, 

Akitakomachi and Hitomebore, planted at a standard density (22,2 hills m'2) 

and sparse density (16,7 hills m,2), All treatments were given 14 mg P20S and 

12 g K20 m,2 The maximum number of stems and the number of panicles per 

unit area were lower in both BNo plots with a standard planting density 

(BN022) and sparse planting density (BNo17) than in the control plot with 

standard nitrogen dressing (6.5 g m·2) and standard planting density (CONT) 

in both cultivars. The number of panicles and spikelets per unit area was 

lower in both BN022 and BN017 than in CONT, but the number of spikelets 

panicle'1 in BNo17 was significantly higher than that in CONT, although that in 

BNo22 was not In BNo22, the percentage of ripened grains and 1000-grain 

weight were significantly higher than those in CONT, but in BN017, 1000-

grain weight was similar to that in CONT, although the percentage of ripened 

grains was higher than that in CONT. Grain yield in both BNo22 and BNo17 

was not significantly different from that in CONT, and that in BN017 was 660 

and 0 g m·2 in Akilakomachi and Hitomebore, respectively, The leaf area 

index was lower and crop growth rate was higher in both BNo22 and BN017 

than in CONT at the grain-filling stage. The net assimilation rate and specific 
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leaf weight were significantly higher in BNo22 and BNo17 than in CONT at the 

panicle formation and grain-filling stages, respectively. N top-dressing the 

neck node differentiation stage was very useful for the cultivation of these 

cultivars under BNo with sparse planting density. 

Es,catlarte at al. (1 sown rice cv. Haenuki either through broadcast 

method or transplanted in May (normal date) or June (delayed). At both dates, 

broadcasting produced a larger number of tillers m,2 (600-700) than 

transplanting (420-450) in the middle growth However, transplanting 

resulted in a greater dry weight accumulation at both dates, resulting in a 

higher total plant N uptake. Irrespective of the sowing/planting and 

dry weight was exponentially correlated with the plant N uptake while 15 

N recovery showed a curvilinear relation to N uptake. At the normal 

sowing/planting date, transplanting showed a higher basal 15 N recovery 

(ranging from 23-28%) than broadcasting (13-16%) in 1st year while the 

values were 24-26% for transplanting and for broadcasting in the 2nd 

year during the maximum tiller to panicle formation stages. With delayed 

sowing/planting, transplanting still showed a higher average basal 15 N 

recovery (28%) than broadcasting (23%) at stages, These results 

suggest that regardless of sowing/planting date, transplanting exhibited a 

higher initial growth rate than broadcasting, resulting in higher use efficiency 

of both soil and fertilizer N at the early growth stages, 

Kim ai, (1999) planted newly bred heavy panicle large-grained 

japonica rice cv. Iksan 435 and Iksan 43S, cv. HR14022-21-S-4 and 

HR14022-21-8-6 with many spikelets panicle-1
, and control cv. Dongjinbyeo 

and Donganbyeo (many panicle types) under standard (30 x 15 cm) or dense 

planting density (15 x 15 cm) with 110 or 165 kg N ha", Percentage effective 

tillers decreased with denser planting or higher N rate, while leaf area index 

and shoot dry weight increased. Increases in tiller and panicle numbers were 

greater from increased N rate than higher plant density. Ripened grain ratio 

was slightly lower from dense planting, 1000-grain weight in brown was 

not significantly affected by treatment. Milled rice yield was highest from 165 

kg N with standard planting for heavy panicle type rice, while yield for many 
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panicle type rice was highest with 165 kg N and high density, suggesting that 

many panicle type rice possesses higher adaptability for dense planting than 

heavy panicle type rice. Path coefficient analysis revealed that shoot dry 

weight. spikelet number and grain weight were the greatest positive 

contributors to yield, whereas tiller number was negatively related to yield. 

Pal et al. (1999) reported that 3 rice cultivars were either direct sown or 

transplanted as 28-days-old seedlings on 15 or 29 June. Mean grain yield was 

2869 and 3167 kg ha-! from direct sowing and transplanting, 3299 and 2737 

kg with establishment on 15 and 29 June, and 2686,3241 and 3127 kg in cv. 

RAU-4045-10, IR- and Pusa-2-21, respectively. Higher yields from 

transplanting and early sowing/planting were associated with higher dry 

mailer accumulation and leaf area index. 

Singh et a/. (1999) compared five cultural practices including that of 

farmers' and found that crop direct 100 and 150 kg ha-l with 

recommended fertilizer (40 kg Nand 8.8 kg P ha'l) gave the highest yields 

(2.9 and 3.4 t ha'\ respectively. Their gross income (377 $ and 436 $ ha- l
), 

and net income (209 and 255 $ ha-l
) was also the highest. 

Khatri et al. (2000) reported that the consumptive use of water and the 

total soil moisture depletion increased progressively with increase in irrigation 

level from A2 (IW/CPE=O.8) to Ai (IW/CPE=1.2) in bed sowing as well as in 

conventional flat sowing. The consumptive use was found to be maximum 

(307.6 mm) in Wi (3 rows bed) mode of sowing irrigation level Ai, and was 

296.4 mm in Wi (3 rows bed) mode of sowing at irrigation level A2 producing 

the maximum grain and straw yields. The soil moisture depletion was found 10 

be higher from 0-30 cm soil layer, which declined in the successive lower 

layer in all the treatments. From 0-30 cm soil layer it was higher in W4 (flat 

sowing) in comparison to sowing (I. e. W1, W2 and W3). However, Ihe 

soil moisture depletion was more from deeper soil layers (30-90 em) in the 

bed sowing. 

Reddy and Reddy (2000) carried out investigations on soil and water 

management for lowland rice. Four soil (IP: intensive puddling, NP: normal 
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puddling, OP: ordinary ploughing, soil compaction) and three water 

management practices (OS: deep, shallow or PS: phasic submergence). 

Intensive puddling and shallow depth of submergence were effective in 

increasing the rice yield and economy in irrigation water. 

Budhar and Tamilselvan (2001) studied rice cv, ADT to assess the 

feasibility of alternative establishment techniques (direct sowing and throwing 

of seedlings) in lerms of yield and economic retums in comparison with 

transplanting. Four stand establishment techniques were tested, 

transplanting, throwing of seedlings, wet sowing by manual broadcasting and 

wet sowing by drum sel:;d~~r Separating 2 or 3 seedlings and throwing al 

random on puddled and levelled field in a standing position was performed. 

WeI sowing by drum seeder and transplanting significantly increased the total 

and filled grain panicle,1, The test weight was maximum in wet sowing by 

manual broadcasting, which was at par with wet sowing by drum seeder and 

transplanting, No significant difference was recorded in productive tillers hiWl. 

Wet sowing by manual broadcasting and drum seeder reduced the time for 

50% flowering by 9 days compared to transplanting and throwing of seedlings. 

Wet sowing either by manual broadcasting or drum seeder and transplanting 

showed no significant difference on grain yield of rice. Wet sowing by manual 

broadcasting recorded the highest grain yield of 6,11 t , which was closely 

followed by wet sowing by drum seeder (6.08 t ha'l) and transplanting (6.00 t 

ha'l), Similar trend was observed in straw yield. Wet sowing by manual 

broadcasting and drum seeder recorded a net income of Rs, 21551 and 

21214 t ha", respectively, with benefit cost ratios of 2,51 and 2.48 compared 

to the traditional transplanting practice (Rs, 18666 t ha" and 2,10), 

Prasad et ai, (2001) studied the effects of establishment method (dry 

drilling, puddle sowing, or transplanting), fertilizer rate (50, or 100% of 

80:40:20 kg N: P: K), and weed management (manual weeding at 20 and 40 

days after sowing, 1,5 kg Butachlor ha'l, or 0.4 kg Anilofos ha'l) on rice cv, 

Prabhat and weed density and dry matter. Transplanting was conducted on 

27 and 25 July 50 kg ha" and a spacing of 15 x 15 em', Direct sowing was 

conducted at 80 kg ha-1 with a row spacing of 15 cm. For puddle sowing, 
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seeds were broadcasted evenly, Half of the N (Urea) and full rates of P 

(Diammonium Phosphate) and K (Muriate of Potash) were applied as basal. 

remaining N was applied at maximum tillering and panicle initiation 

stages at two equal splits. herbicides were applied 3 days sowing 

or 4 days after transplanting. Transplanting rice and applying 100% of 

80:40:20 N: P: K gave the greatest plant height, number of tillers, panicles, 

and filled grains, leaf area index, dry weight, 1000..grain weight, grain and 

straw yields, net return and benefit: cost ratio. Manual weeding, which was the 

most effective among the weed control methods, also gave the highest values 

of the aforementioned parameters except plant height, which did no! 

significantly vary with weed management. These treatments also gave the 

lowest weed density and dry matter content. 

Anonymous (2002d), while inaugurating the Chinese parachute 

technology of rice transplanting at the Rice Research Institute, Kala Shah 

Kaku, emphasized the need to test various aspects of parachute transplanting 

technology for rice, to assess its suitability under Punjab conditions. He stated 

that if all other aspects of the parachute technology developed by the Peoples 

Republic of China were acceptable to the rice growers, wide-scale adoption of 

this technology could result in colossal saving of time and labours and could 

help achieve greater plant population per acre, With this technology, 

population of 100,000 plants per acre could easily be obtained. He further 

emphasized the need of farmers' gatherings to dernoflstrate this technology to 

rice growers, This technology has become very popular in China, where at 

present 80 per farmers have adopted it. He said to ensure uniform 

distribution of plants; the transplanting labour should be trained for a few days 

for vaulting the nursery plants. 

Sunil et a/. (2002) investigated the effect of 6 sowing methods (line 

sowing, broadcasting without biasi, broadcasting with biasi, lehi method, 

transplanting of 8 days old seedlings and transplanting of 24 days old 

seedlings) on medium duration rice in I nceplisols , Growth parameters, 

plant height, number of tillers, dry matter accumulation and leaf area index, 

were highest under broadcasting with biasi, while the lowest was observed 
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under transplanting of 8 days old seedlings. The maximum net realization (Rs. 

23835 ha") and net realization per rupee invested (Rs. 2.01) was recorded in 

broadcasting with biasi, followed by line sowing and broadcasting without 

biasi, while the lowest values were noted under transplanting of 8 days old 

seedlings. 

2.3 Crop physiology 

Stake and Yoshida (1978) reported that spikelet sterility was induced 

by high temperature largely on flowering day. Within the flowering day, high 

temperature during anthesis time was the most detrimental to spikelet fertility, 

high temperature right before anthesis being the second most. High 

temperature after anthesis had little influence on spikelet fertility; when 

spikelets were exposed to high temperature one hour after anthesis, their 

fertility was normal. The major causes of high temperature induced sterility 

were attributed to disturb pollen shedding and decreased viability of pollen 

grains, resulting in decrease number of germinated pollen grains on a stigma. 

The ability of pistil to be fertilized appeared to remain unaffected by high 

temperature up to 41 °C. When spikelets were exposed to high temperature 

for 8 hours a day, the critical temperature to induce 20% sterility was 36.5 

for N22, heat tolerant, and 32 °C for BKN6624, heat susceptible. At 38 the 

critical duration to induce 20% sterility was 4 hours for N22 and 2 hours for 

BKN6624. At 41 °c, 2 hours treatment induced about 90% sterility in all 

varieties. Dehiscence characteristic of anther that allows good pollen 

shedding and early maturing anthesis that avoids high temperature were 

considered two important characteristics for heat tolerance of rice at flowering. 

Ghosh and Singh (1994) observed that rice grain yields were 

decreased by delaying transplanting by 2 weeks and reducing the 

recommended NPK fertilizer (100 kg N + 22 kg P + 25 kg K ha-1
) by half 

through reduction in LAI and light interception (UR). Reduction in plant 

density by 25% did not LA! or grain yield. In the treatments where insect 

pests Leptocorisa acuta were controlled, grain yields were higher. 
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Singh (1994) had sown 15 rice cultivars through direct seeding andlor 

transplanting, Under direct sowing and transplanting LAI and NAR were 

positively correlated with grain yield at all phenOlogical stages, although not 

significantly at and 85 days after sowing in the transplanting treatment. 

Number of grains panicle,1 and grain weight panicle'1 were positively 

correlated with grain yield, 

Heu and Yang (1996) compared direct seeded cultivation (OSG) and 

machine transplanted cultivation (MTG) for some physiological and 

morphological characters and noticed shorter plant height and decreased 

number of tillers in OSG than MTG before tillering stage, While, reverse was 

true from tillering stage onward for plant height and after tiilering stage same 

fact was true for number of tillers. Similarly, LAI was also higher in OSG than 

MTG, 

Kumar et aI, (1996) reported that rice cv. Gautam was given 40, 80 or 

120 kg N ha·1 at transplanting, 50% transplanting + 50% at active tillering or 

25% basal + 50% at active tiliering or 25% at panicle initiation, Increasing 

rates of nitrogen the LAI significantly all the stages of the growth, 

LAI at flowering and harvest were highest with N applied in 3 split 

applications, 

Miah at ai, (1996) investigated dry matter production characteristics 

(before and after heading), the partitioning of dry matter to panicles, and other 

related factors in 8 rice cultivars (the high-yielding semi·dwarf indica (SOl) and 

japonica-indica hybrid (JI) cultivars compared with japonica panicle weight 

(JP) and japonica panicle number type (IN) cultivars as controls) transplanted 

either early or late in the season (ET and L T, respectively), JI and SOl leaf 

area indices (LAI) al both and L T were highest at full heading, However, 

decreasing percentages were more prevalent in these cultivars after heading, 

resulting in lower LAI than those of japonica cultivars al maturity. Total top dry 

weights at full heading of SOl and JI cultivars were higher than those of JP 

and IN cultivars at and L T; except for Akenohoshi L T, although 

differences in dry matter increments during the period from full heading to 

maturity (HM) were non-significant between cultivars, Crop growth rates 
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(CGR) during the heading to maturity stages of SOl cultivars both in ET and 

L T, were the lowest among the varietal groups due to the highest decreasing 

percentage of LAI and SPAO readings at the later grain filling stages. Panicle 

dry weights of SOl and JI cultivars were 1 to 190 g m,2 (20-31%) and 105 to 

115 g m,2 (18-20%) higher than those of japonica cultivars in and LT, 

respectively, Mean of panicle dry weight lotal top dry weighl 

maturity of the SOl and JI cultivars in both and were about 56%, being 

significantly greater than the corresponding mean ratios of JP and IN cultivars 

L 47%), Higher mean ratios resulted in panicle weight differences between 

the high yielding cultivars and japonica cultivars. Shoot dry matter partitioning 

percentages to Ihe panicles of SDI and JI cultivars were more than double at 

ET, and those of SOl cultivars were about 4 times higher than those of the 

japonica cultivars at L T, Panicle dry weight at full heading (sink capacity) was 

closely related to the panicle dry weight at maturity. When the sink capacity 

was high, the increment in top dry weights during HM was lower. In addition, 

the partitioning ratios of the accumulated assimilates in shoots to panicles 

were closely related to the sink capacity. 

Thakur and Patel (1996) rAnnrt.,rI that crop was given 0, 30 or 45 

kg KlO ha'1 basally or in 2 or 3 splits. Highest yields were obtained with the 

application of 45 kg K20 basally (4.78 t ha'l) or in 2 equal (transplanting 

and tillering, 4.77 t). The high yields were associated with high leaf area 

index. crop growth rate and net assimilation rate. 

Hari et al. (1997) studied the effect of seedling density in the nursery 

and nitrogen levels after transplanting on leaf area index (LAI) and dry matter 

production, LAI and dry matter accumUlation increased with the increase in N 

application from 0 to 200 kg ha'l. The differences were significant up to 150 

kg N ha-1 at all the growth stages. There was a significant decrease in LAI and 

dry matter production with the increase in seedling density from the sowing 

rate of 20 to 60 9 m'2 in the nursery, Maximum LAI was obtained at 80 days 

after transplanting in 1st year and 60 days transplanting in year, 

whereas dry matter was highest harvest. 
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Hoon at al. (1997) compared physiological and ecological 

characteristics of rice cv. Whasungbyeo in direct sown and transplanted 

crops. Photosynthesis and respiration were lower in direct sown crop (DSC) 

than in mechanically transplanted crop (MTC). Chlorophyll content and root 

activity were lower in DSC than in MTC from the tillering to heading stalges, 

while they were higher 15 days after heading in DSC. The stomatal resistance 

of the upper leaves was higher in DSC than in MTC from the til/ering to 

heading stages, however, it was higher in MTC than in DSC 15 days after 

heading. The specific leaf area was higher in MTC than in DSC from the 

tillering stage to 15 days before heading, and was lower in MTC from the 

heading stage to 15 days after heading. The length of leaf blade and 

internodes were longer in DSC than in MTC except the flag leaf and first 

internodes. Partial dry weight was high in the upper part in MTC and lower 

part in DSC. Crop growth rate, relative growth rate, net assimilation rate and 

leaf area index were higher in DSC than in MTC from the tillering to heading 

stages. The number of spikelels, yield and ripened grain ratio were higher in 

DSC than in MTC, while the number of panicles was higher in MTC. 

Yamasue et al. (1997) studied the growth of rice and Echinochloa 

oryzicola in mixed stands with a substitutive design to identify characters of 

the weed that confer aggressiveness in competition Both rice above-ground 

dry weight and grain yield planrl in mixed stands were heavily reduced to 

and 49%, respectively, compared with those of pure stands. Mathematical 

growth analysis showed that growth rate (CGR) of the crop and weed 

changed in line with changes in leaf area index (LAI) in the two stand types 

However, these two growth parameters of the weed were far greater than 

those of the crop throughout their growing seasons. The weed CGR and LAI 

in the mixed stands were 29 g m-2 day-l and 3.0, respectively, whereas those 

of lice were 9 g m-2 day-' and 1.9 on 60 days after transplanting. The variation 

in CGR could be largely accounted by the variation in positively correlated net 

assimilation (NAR) in both of the two of the mixed stands during 

the late growth season, but the crop CGR tended to correlate negatively with 

its LAI, and the weed CGR positively with LA!. It was likely that upper 

expanding leaves of the weed greatly contributed to its large dry matter 



production. In contrast, the markedly small rice CGR appeared to result from 

light interception by the weed upper leaves, The weed showed a plastic 

response of plant height The pure stand weed became taller than the weed 

mixed with its shorter rice neighbor, When grown with Ihree neighboring plant 

species with different heights the weed always grew a little tailer Ihan the 

neighboring plants, However, the plant height of rice was the same in the pure 

and mixed stands and had a far larger dry weight allocation to panicles, It was 

therefore concluded Ihat the plasticity of oryzicola in plant heighl was one 

among the characters conferring 

rice, 

competitive aggressiveness in flooded 

Ghosh and Singh (1998) observed a strong and positive correlation of 

tiller number, LAI at different stages and CGR from panicle initiation to 

flowering with grain yield, Number of tillers m·2 alone explained 57% of yield 

variation while LAI at flowering showed yield variation 79%, LAI at flowering 

together with CGR during panicle initiation to flowering explained 86% of yield 

variation, These models identified tiller number, LAI at flowering and CGR 

during panicle initiation to flowering as the major determinants of rice yield 

and a ccmbinalion of growth variables explains variations in yield than 

did any individual growth variable. The results further revealed that delay in 

planting by 15 days, 50% reduction in fertilizer dose and minimum crop care 

drastically affected tiller production, LAI and CGR of wetland rice, Timely 

planting (July 8-9), adequate nutrition (100 kg N, kg P and kg K ha-1
) 

and computed plant protection were found essential for improving the growth 

variables responsible for high paddy rice yield. 

Hiremath and Patel (1998) studied the effect of winter green manuring 

on performance of summer rice, Three green manures, Sesbania aculeala, S. 

rostrata and Crolalaria juncea were compared and rice was given 0, 25, 50, 

75 or 100 kg ha-1
. Growth attributes of summer such as leaf area index, 

leaf area duration, crop growth rate and net aSSimilation rate, were 

comparable with green manuring using S, aculeata or C_ juncea or with 100 

kg N. Yield and yield attributes of with green manuring using aculeata 

or C. juncea or 100 kg N were also equivalent. Application of 25-100 kg N + 
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green manuring using S. aculeata and C. juncea increased the growth, yield 

and yield parameters of rice with the best results with 100 kg N, The 

performance of rice after incorporation of S. rostrata varied and lower growth, 

yield and yield parameters were obtained than by using 100 kg N. 

Sorour at 131. (1998a) observed the water use efficiency in rice cv, Giza 

176, irrigated every 3 days (continuous flooding) or at 6, 9 or 12 days 

inlervals, and given 0, 57 or 1 kg K20 ha,l. As irrigalion interval increased, 

there were decreases in plant height, dry matter production, crop growth rate, 

number of tillers m,2, number of panicles m·2 , panicle length, number of 

branches, filled grains panicle' 1 
, unfilled grain percentage, panicle weight, 

1000-grain weight, grain/straw ratio, grain and straw yields ha,l, Nand K 

uptake by straw and grains, as well as hulling, milling and head rice 

percentages and protein content in milled The highest values of all traits 

were obtained when plants were subjected to continuous flooding or irrigation 

every 6 days with no significant differences between these treatments for 

most studied traits. Adding K fertilizer significantly increased plant height at 

later sampling dates, and gave higher grain numbers panicle,l, panicle weight, 

Nand K uptake, hulling percentage and protein content in milled than the 

control treatment. Total water use by decreased with increasing irrigation 

interval. Irrigalion every 6 days gave the highest water use efficiency. 

Sorour at 131. (1998b) planted short duration cullivar Giza 177 and 

the traditional cultivar Giza 176, using sowing methods: traditional 

transplanting ('IT, no fixed number of hills or seedlings hill,l), hand 

transplanting (HT) in hills a spacing of 20 x 20 or 15 x 15 cm2
, mechanical 

transplanting (MT) in hills at a spacing of 30 x 14 or 30 x 12 cm2
, broadcasting 

(B), mechanical drilling (MO), or planted in puddled soil (O) in hills at a 

spacing of 20 x 20 or 15 x 15 cm2
. 0 15 x 15 cm2

, HT 15 x 15 cm2 and MT 30 

x 12 cm2 gave significantly better results than IT as regards dry matter 

production, LAI, crop growth rate, plant height, number of panicles m,2 and 

grain yield acre-I. The net assimilation rates for B, MO, IT and HT 20 x 20 

cm2 exceeded those for other methods. The highest hulling and milling 

recovery percentages resulted from MT 30 x 12 cm2
. Giza 177 gave better 

25 



results than Giza 1 for dry matter production, LAI, net assimilation rate, 

1000-grain weight and grain quality (hulling, milling and head rice 

percentages). The inverse was true for number of panicles m·2
, grain number 

panicle-I and grain yield acre-I. HT 15 x 15 cm2 and MT 30 x 12 cm2 are 

recommended for optimum grain yield of Giza 177. 

Thakur and Patel (1998) studied the effect of split application of 

potassium with FYM on rice. under rainfed conditions. Application of 

potassium influenced dry matter production, leaf area index (LAI), leaf area 

duration (LAD), crop growth rate (CGR), net assimilation rale (NAR) and 

relative growth rate (RGR) which was ultimately reflected in higher grain yield 

of Applications of 45 kg K20 ha-1 with FYM in three split dressings 

influenced the growth parameters and yield more than did a basal application. 

Wang at al. (1998) reported that sink size per panicle was greater in 

rice cultivars characterized by panicle weight such as Ouu316, and 

Fukuhibiki, and that characterized by large grains such as Ouu327, compared 

with cultivars characterized by high number of panicles such as Hitomebore. 

However, the percentages of ripened grains in Fukuhibiki and Ouu327 were 

similar to and greater than in Hitomebore, respectively. The yield on a per

panicle basis was also higher, >60%, in these cultivars. The decrease in the 

dry weight of leaves and stems during the early grain-filling stage was greater 

in Fukuhibiki and Ouu327 than in Hitomebore and Ouu316. This indicated that 

high dry matter accumulation in leaves and stems before heading resulted in 

high yield on a per-panicle basis in Fukuhibiki and Ouu327. On the other 

hand, increases in Iota I and panicle dry weights, and in crop growth and 

net assimilation rate, on a per-panicle basis during the grain-filling stage were 

greater in the cullivars with high panicle weight and large grains than in 

Hitomebore, particularly in Fukuhibiki and Ouu327. The leaf areas of sunny 

leaves did not differ much among cullivars, but Hitomebore and Ouu316 had 

greater areas of shady leaves than Fukuhibiki and Ouu327. 

Haque at al. (1999) observed the growth attributes of Echinochloa 

colonum under two densities: 28 and 56 plants m-2
, both in pure stands and in 

mixture with rice cv. BR-21. The net assimilation rate (NAR) of 
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was 38.6% higher in the monoculture than in the mixture, and 19,6% higher at 

the lower density, than in the higher density. The NAR of rice was decreased 

by 34% with the increase in weed density. The leaf area index (LAI) of E 

c%num was reduced by more than 32% by increasing plant density. Weed 

competition reduced the LAI of rice by an average of 32,6%, The crop growth 

rate (CGR) of rice was reduced by 60% by weed competition, The maximum 

CGR of rice was recorded between 7 and 9 weeks after sowing (WAS), 

whereas E c%num had early rapid growth (5-7 WAS), The relative growth 

rate (RGR) of c%num (0,035 g g.1 day") was slightly higher than that of 

rice (0.032 g g'l day'\ The mean LAI and CGR of E c%num increased 

progressively up to 9-16 WAS, but the mean NAR and RGR decreased 

considerably. The highest CGR value of E c%num was found 5-7 and 7-9 

weeks after sowing when grown in a mixture and as a monoculture, 

respectively, In both rice and c%num the CGR value was found to 

decrease with the increase in weed density. 

Hari et al. (1999) compared 4 dates of transplanting (15 and 25 June 

and 5 and 25 July) in conjunction with 4 rice genotypes (3 hybrids: ORI 161, 

PMS2A11R31802, PMS10NPR106 and one inbred cultivar HKR-126), Crop 

growth rate (CGR) prior to panicle initiation (PI) stage was higher in the July 

than in the June transplantings. CGR increased significantly in 25 June 

transplanting during post-PI stage through flowering period, Leaf area 

duration (LAD) during pre-panicle initiation stage was the longest In the most 

delayed transplanting, but the 25 June transplanting excelled over the other 

dates during the flowering period of crop growth, Leaf area ratio was the 

highest in the June-transplanted crop at all the time intervals. The panicles m' 

2, grain and straw yields were higher in the June-transplanted crop, 

followed by the 5 July-transplanted crop, Spikelets sterility was maximum in 

the 25 July and minimum in 25 June-transplanted crop, Hybrid ORI 1 (or 

PHB 71) was superior 10 all other genotypes in CGR, LAD, grain (778 and 

73.5 q ha'l in 1993 and 1994, respectively) and straw yields (69.3 and 68.0 q 

ha,l, respectively). 
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Lu et a/. (1999) cultivated rice sensitive or resistant to low K with or 

without K application. Without K application, grain yields of sensitive cultivars 

were significantly reduced, while relative growth rate, crop growth rate, leaf 

area index and net assimilation rate were low 2 weeks after heading. 

Resistant cultivars showed similar results with and without K application. The 

higher yield of resistant cultivars was due to their higher net assimilation rate 

and better distribution of leaf area index after heading, Mid-day depression of 

photosynthesis was greater in sensitive cultivars, 

Srinivasulu et aI, (1999) planted rice hybrids APHR-1 and APHR-2 and 

cv, Chaitanya with normal spacing or skipping every third row and with 1 or 2 

seedlings hill·1, The growth performance of the hybrids was significantly better 

than that of the conventional cultivar, particularly during the early stages of the 

growth, with higher leaf area index (LAI), crop growth rate (CGR), relative 

growth rate (RGR) and net assimilation rate (NAR), Though the skipped-row 

planling pattern gave lower LAI, il had comparable CGR, RGR and NAR to 

normal planting. hybrid APHR-1 had Ihe highest grain yield, Planting 1 

seedling hill,l gave comparable grain yield 10 2 seedlings hill'l for hybrids, bul 

2 seedlings hill·1 gave significantly higher grain yield of Chaitanya, 

Sun et a/. (1999) u.", .... u,., .. ,'u the requirements for super-high yields 

which includes increasing number of grains per panicle and unit area, 

increasing panicle numbers, short lower internodes, optimum leaf areas for 

seedlings, optimum leaf shapes to maximize photosynthetic efficiency and 

deep, well developed root systems. The principal cultivation methods of such 

plants would include ensuring the ripening stage (when 90% of the yield is 

accumulated) occurs under the most suitable temperature and rainfall 

conditions, appropriate control of vegetative growth throughout the duration of 

the crop, suitable transplanting densities for optimum tillering and standing 

crop densities and control of leaf growth by controlling water, fertilizer and 

chemical inputs, Using these methods yields of 11205 kg ha,l with Xieyou-413 

and 9750 kg ha-1 with Jiayu-293 have achieved in trials, 

Thakur and Patel (1999) investigated the effect of split application of 

nitrogen with and without FYM (farmyard manure) on the growth and yield of 
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rice, Application of nitrogen at either 60 or 80 kg ha'l significantly increased 

the dry matter production, leaf area index, leaf area duration, crop growth rate 

and relative growth rate, This was reflected in higher grain yield of rice over 

control and FYM alone applied at 5 I ha,l, None of the parameters were 

significantly affected by the split application of nitrogen in three or four doses 

However, the highest grain yield was recorded with the application of 80 kg N 

ha'! in three splils with 5 t FYM ha'!, 

Wang at 13/, (1999) compared physiological characteristics of rice 

seedlings raised hydroponically in a continuous-flow solution system on a 

nonwoven cloth (SLH) with those of young seedlings raised in soil (YSS). 

When SLH and were raised under similar environmental conditions, the 

dry weight of shool in SLH was significantly lighter than that in at the 

time of seedling harvest, whereas the shoot in SLH was as long as that in 

YSS, The increase of dry weight of shoot and the of dry weight of 

germinating seeds were smaller in SLH than in YSS during seedling 

production, In addition, the content of soluble sugars in the of SLH was 

apparently lower than that of YSS, indicating that the supply of carbohydrates 

from endosperm to shoot was less in SLH than in YSS, Crop growth rate and 

mean leaf area index of SLH were lower than those of YSS, while net 

assimilation rate of SLH was similar to that of YSS, The of blades in 

SLH was markedly smaller than that in YSS, whereas no significant difference 

was observed in the rates of photosynthesis and dark respiration in leaf 

blades between SLH and YSS, It is suggested that the leaf growth of SLH is 

reduced by an insufficient supply of carbohydrates from endosperm, and that 

this is the major cause of lower levels of dry matter production in SLH as 

compared with that in YSS, 

Zhong et ai, (1999) cultivated indica rice IR-72 and IR-68284H, under 

12 treatments, including 4 N levels (O, 60, 120 and 180 kg N ha,j) and 3 

spacings (30 x 20,20 x 20 and 10 x 20 cm2
), Plant samples were taken every 

7-14 days from 14 days after transplanting to flowering, Tiller number, leaf 

area index (LAI) and leaf N concentration (NLV) were recorded, NLV 

explained a large proportion of the variation in tiller density among the 
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treatments. At a given NLV, the lower the LAI, the higher the Iillering rate. The 

interaction of NLV and LAI was important in determining Iillering. High NLV 

was needed to maintain tiller survival when LAI was high as LAI had a 

negative effect on tillering. 

Haloi and Dey (2000) transplanted 30-days-old seedlings of rice 

cullivars Savita, Ulkalprabha, lET 13120, lET 13901 and lET 14339 on 24 

July with populations of 50, 74 and 100 hills m·2 in order to characterize the 

radiation environments over the rice crop canopy under shallow water ecology 

(SWE; water depth less than 30 cm). Incident radialion on Ihe canopy surfaca 

and the ""''''''''''' of Ught infiltration through the canopy was recorded twica 

daily. Leaf samples collected at different !,;!H,ClA!,; for leaf area observations 

were thereafter washed and oven-dried at 75°C for the determination of 

specific leaf weight, total dry matter and crop growth rate (CGR). Sharp 

variations were observed in radiant energy over the rice canopy during its 

main growing season (July to November) under SWE. The low radiation 

environment led to a high leaf area index, but poor CGR The cullivars 

showed a wide variation in energy intercaption (Ei), energy utilization (Eu), 

harvest index (HI) and grain yield (GY) under a defined environment. Eu and 

HI were primary determinants of yield potential. The radiation environment 

improved considerably during the flowering period, which led to acceleration 

in CGR. Consequently, maintenance of population pressure beyond 50 hills 

m·2 had no significant effect on light transmission ratio, Ei, Eu, HI and GY. 

13901 and 14339 were highly promising for their efficient Ei, Eu and dry 

matter partitioning, which enhanced productivity, 

Lu and Cai (2000) planted intermediate season hybrid rice II You501, 

with Shanyou63 as control (check), on 61h
, 13th and 20th June and 

Iransplanted in 3 spacings of 13,3 x 33.3,11.72 x 33,3 and 10 x 33.3 cm'. 

Fertilizers were applied by 2 methods: (I) to control Iillering and promote 

flowering, in which 50% of the N was supplied as a basal dressing, 10% N 

applied prior to tillering and 40% N applied prior to flowering; and (II) to 

promote til/ering and control flowering, of the 50% of tolal N applied as a basal 

dressing, 30% was applied prior to tillering and 20% prior 10 flowering. Results 
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showed that the II You501 sown on the 3 sowing dates had their fertility and 

1000-grain weights ranked May 20 > May 13 > May 6. The II You501 had 

greater plant height, leaf areas of the 3 top leaves, fertility and yield than 

those of check. However, it had lower effective tillers ha"\ 1000-grain weight 

and harvest index than those of check. The II You501 had higher total 

biological yield and net assimilation than those of check. The II You501 

had the largest 1000-grain weight and actual yield (25.34 g and 9.43 t ha·1
, 

respectively) in the treatments of 11.72 x 33.3 cm2 spacing. The II You501 by 

method II of fertilizer application had its higher effective tillers ha·1
, fertility and 

economic yield than those by method I. 

Lu et al. (2000) studied the effects of various irrigation regimes on 

water consumption in a well-puddled paddy field. Four sets of conditions were 

included with two replications: continuous flooding irrigation treatment (CSF); 

three intermittent irrigation treatments. designated 1/-0, 11-1 and 11-2. in which 

plants were re-irrigated when the water potential of the soil fell below 0, 0, 

and -20 kPa at a depth of 5 cm. respectively. Water consumption was lower 

during 11-0 than during CSF because the percolation rate was reduced by the 

reduction in the hydraulic head of the ponded waler. Intermittent irrigation led 

to the repeated shrinking and swelling of soil during 11-1 and 11-2 and, 

therefore. soil cracks developed rapidly. Since they became the major routes 

of water percolation. these soil cracks increased water consumption during 11-

1 and 11-2 above thai during CSF and 11-0. There were no significant 

differences in dry matter production and grain yield between CSF and 11-0. but 

both were significantly greater than in the case of 11-1 and 11-2, Therefore, 

WUEi increased in the following order: 11-0. CSF, 11-2, 11-1, although the 

difference was very small between 11-1 and 11-2. A lower crop growth rate 

resulted from a decrease in the net assimilation rate (NAR) during 11-1 and 11-

2. and there was also a reduction in the leaf area index during 11-2. Early 

senescence with ripening and water stress around midday decreased the rate 

of photosynthesis in leaves. causing the lower NAR These physiological 

responses of the plants were responsible for the reduction on the dry matter 

production and grain yield in the intermittent irrigation. 

31 



Ni at a/. (2000) determined Oryza saliva plant traits that confer 

competitive ability against weeds when pre-germinated seeds were sown on 

puddled soil, Initial biomass (lB), crop growth rate (CGR), leaf area index 

(LAI), and biomass at tillering of 0, sativa plants were associated with their 

competitiveness against weeds, whereas relative growth rate, net assimilation 

rate, and tillering capacity of 0, sativa were not. Biomass al tillering affected 

weed biomass directly, and IB, CGR, and LAI indirectly affected weed 

biomass through 0, sativa biomass, Biomass at tillering was the best 

predictor of modern cullivar competitiveness against weeds, 

Ray et al. (2000) evaluated five basmati rice cultivars with three levels 

of spacing treatments during wet season of 1997 on clay loam soil in the New 

Alluvial Zone of West Bengal. Growth attributing characters like leaf area 

index, dry matter accumUlation and crop growth were significantly 

influenced by different spacing treatments as well as by cultivars, Closer 

spacing (10 x 15 cm2) and cv, Pusa Basma!i recorded the highest growth 

attributing characters (leaf area index, dry matter accumulation and crop 

growth rate), The highest grain yield (35.41q ha'l) was recorded in closer 

spacing (10 x 15 cm2
) and among the cultivars, IET13544 produced the 

highest yield (38,83 q ha"), Wider spacing (20 x 15 cm2
) gave better quality, 

Among the cultivars, Pusa 8asmati was the cultivar with regard to 

elongation ratio and volume expansion, optimum length of the kernel and 

presence of aroma, 

Saitoh at at, (2000a) examined the dry matter production, dark 

respiration rate, and growth efficiency of early- (Koshihikari), medium

(Nipponbare) and late- (Akebono) maturing rice cultivars, The yield was 

lowest in Koshihikari than the other two cultivars because of poor ripening, 

The phytomass yield was in the order of Akebono > Nipponbare > Koshihikari 

because of the larger leaf area and the longer growth duration in later 

cultivars, The crop growth rate was higher in Koshihikari during the early 

growth stage in spite of its lower leaf area, The dark respiration rate (Rs) in 

the whole plant was highest at the rooting stage and rapidly decreased until 

the heading time; it decreased gradually thereafter. Respiration in the 
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panicle was highest at 7-14 days after the heading time and decreased to 

nearly zero by the maturing stage. In Koshihikari, however, it was maintained 

above zero at maturity. The respiratory loss as land area basis was highest at 

about the heading time in all cultivars and decreased thereafter. The laler the 

maturing lime of the cultivar, the longer the period with high respiratory loss. 

The growth efficiency (net production/gross production) was above 60% at Ihe 

rooting stage, but it was lowered during grain-filling period, especially in 

Koshihikari and in Akebono. These were attributable to the higher 

atmospheric temperature in Koshihikari and larger plant body in Akebono, 

both requiring more respiration to be maintained. The growth efficiency in the 

panicle was higher in the order of Akebono>Nipponbare>Koshihikari, implying 

that the higher temperature during the grain-filling period increased the 

respiratory loss independent of the growth of grains. 

Saitoh et af. (2000b) investigated the growth efficiency (GE), specific 

dark-respiration rate (Rs) and crop growth rate (CGR) of rice plants with 

applications of nitrogen fertilizer at 0, 11 and 17 g m-2 after every two weeks. 

Respiration was the highest the rooting and decreased rapidly 

until the heading time and gradually thereafter. The nitrogen concentration 

(NC) of the plant also decreased during ontogeny. NC at each growth stage 

varied with the amount of nitrogen supply, but Rs did not This suggests that 

NC did not directly influence Rs. A linear relationship was observed between 

NC and Rs determined for all growth stages as a whole. However, the slope 

of the NC-Rs regreSSion line greatly varied with the growth stage. The value 

of GE, CGR (CGR+R) (R, respiratory loss), was within a range of 60-70% 

during the early growth stage independent of nitrogen supply, but that during 

the grain-filling period was lowered by increased nitrogen supply. Nitrogen 

application increased phytomass and grain yield, accompanied by the 

increase in respiratory loss. A larger amount of carbohydrates was consumed 

for respiration due to higher atmospheric temperatures during the grain-filling 

period, and GE the later stage. This means that increased respiratory 

loss at high temperatures may be a cause of depression. 



Saitoh at al. (2000c) reported that rice cv. Takanari and Nipponbare 

were given 11 or g N m·2. The crop growth rate (CGR) and leaf area index 

(LAI) were higher in Takanari throughout the growing season. The higher 

CGR was due to the maintenance of NAR [net assimilation rate) at the same 

level as in Nipponbare in spite of the increase in LA!. The higher the N rate, 

the higher the CGR due to the increase in LA!. The maximum dark respiration 

rate (Rs) in the whole plant was recorded at the early growth stage, followed 

by a rapid until 40 days after transplanting and a gradual decrease 

thereafter. The Rs in the whole plant and stems was higher in T akanari than 

Nipponbare at the early stage, but was almost equal during the grain-filling 

period. The N concentration and Rs of the whole plant showed similar 

changes, showing a close correlation between the two characters. The growth 

efficiency (GE) was about 64% during Ihe early stage and gradually 

decreased thereafter in both cultivars irrespective of N rate. The during 

the grain-filling period was higher in Nipponbare than in Takanari and with 

normal ralher than high N. It was concluded that GE decreased at Ihe later 

stage of plant growth due to an increase in respiratory loss. 

Singh and Jain (2000) reported that 5 improved semi-tall and 2 

traditional tall cultivars were given 100:50:40 or 200:100:80 Kg NPK ha·1
. 

The high NPK rate significantly increased plant height, tiliering, leaf area 

index, leaf area ratio, crop growth rate, economic and biological productivity, 

panicles m·2, grain yield, straw yield and biological yield in all cultivars. While 

specific leaf weight, grains/panicle, foliage efficiency and harvest index were 

reduced. The tradilional tall cultivars were superior to the improved semi-tall 

cultivars for lotal biomass production, leaf area index, pre-anthesis dry matter 

production, biologicel productivity, slraw yield and biological yield, regardless 

of NPK levels. However, the improved semi-tall cullivars proved better than 

the traditional tali cultivars for grains/panicle, foliage efficiency, harvest index, 

grain yield and post~anthesis dry matter production. A greater number of 

panicles m,2 was aSl;ocialEld with a low number of grains panicle· 1 under the 

high NPK 
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Chen et a'. (2001) compared the biological characteristics and the use 

of dryland-raised long-age rice seedlings associated with scattered planting, 

compared with dryland-raised middle-age rice seedlings associated with 

scattered planting, dryland-raised seedlings associated with manual planting, 

and paddy-raised seedlings associated with manual planting, The sc"ltter

planted older seedlings showed high N, P and K absorption, and high dry 

matter accumUlation. They produced more panicles and spikelets per unit 

area, and the root system was larger than that of the control. The root shoot 

ratio and the light penetration of the middle and lower parts at the full heading 

stage were high, but growth and development were slower than for the 

manually planted seedlings. Increased N application during the middle and 

later stages of growth and a higher scattering density increased leaf area 

index, N, P and K absorption, and dry matter accumulation, promoted panicle 

formation and improved yield. 

Datta et at, (2001) analyzed the growth pattem of rice (cv. NC 492) 

under different treatments in rice-prawn dual system during wet season 

(kharif) in rainfed intermediate deep-water (0-50 cm) conditions The 

application of either organic manure (FYM) or inorganic fertilizers (Urea, SSP 

and MOP) to rice in rice-prawn dual culture Significantly increased plant 

height, dry matter accumulation, leaf area index, crop growth rate, net 

assimilation rate and number of tillers m,2 compared to rice grown alone 

(control), but there was no significant difference observed between these 

treatments throughout the growth period. The variations in growth attributes 

among the other treatments viz., rice alone (control), rice-prawn culture 

(without fertilization) and rice-prawn culture with fish feed were found to be 

insignificant al all stages of crop growth. Further, growth attributes markedly 

affected the grain yield of rice. 

Laza et al. (2001) idenlified factors that contribute 10 greater vegetative 

growth of F1 hybrid rice. It was observed that in most cases, hybrids exhibited 

greater CGR than conventional varieties, either between transplanting (TR) 

and mid-tillering (MT) or between MT and panicle initiation (PI) or both The 

difference in CGR was associated with the difference in LAGR between 
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hybrids and conventional varieties, However, the tillering rale of hybrids was 

significantly lower than or equal to that of conventional varieties, Therefore. 

the higher LAGR, which was independent from tHiering, contributed to greater 

CGR of F1 hybrid rice, The difference in LAGR and CGR between hybrids 

and conventional varieties was not associated with tillering, The higher LAGR 

of F 1 hybrids than that of conventional could attributed to their 

thinner leaf blades, 

Rana and Angiras (2001) studied the effect of combinations of six 

weed control (weedy check, hand weeding twice at 25 and 50 days after 

sowing (DAS), Bulachlor al and 1,50 Kg ha'1 (7 DAS) and Pretilachlor at 

0.40 and 0.80 Kg ha'l) and two intercultural (halod and no halod) methods on 

performance of direct sown broadcast rice on puddled soil. Halod involves 

cultivation between rows with a des! plough, The major weeds found growing 

in association with rice crop were. Echinochloa sp Ammannia baccifera, 

Scirpus and Cyperus sp Pretilachlor at 0,80 Kg ha'l remaining statistically 

at par with hand weeding twice. and increased leaf area index (LAI), crop 

growth rate (CGR) and paddy grain yield and decreased LAI and growth rate 

of weeds (WGR). Halod showed no Significant superiority over no halod in 

integration with these weed control treatments in influencing LAI and CGR of 

and LAI and growth rate of weeds, Halod resulted in significant higher 

mean net assimilation rate (NAR) of rice in integration with all weed control 

treatments than their application without halod. Lower dose of Butachlor with 

halod was statistically at par with higher dose without halod in increasing 

grain yield and decreasing LAI and growth rate of weeds, Indicating thai halod 

could economize the dose of this herbicide by 50%, 

Zhong at al. (2001) observed the relationship between productive tiller 

percentage (PTP) and biomass accumUlation using a simulation approach 

(TIL and RGR models). PTP was significantly (P <0.01) and negatively 

correlated with maximum tiller number per unit area (nmax), supporting the 

conclusion drawn from experiments that reducing nmax is a key 10 increasing 

PTP. The nmax was positively correlated with biomass during panicle 

initiation, suggesting that a high crop growth rate before panicle initiation 
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results in high nmax. PTP was affected by the trajectory of biomass 

accumulation. PTP decreased with increased biomass at panicle initiation. It 

appears that an optimized trajectory of biomass accumulation is essential for 

a rice population to achieve an optimized tiller production and high PTP and 

grain yield. 

Irshad and Cheema (2002) chalked out the of different 

competition periods of barnyard grass (Echinochloa crus-galli; 0, 20, 40, 60 

days) and throughout the growth period after transplanting) on the growth of 

fine rice (cv. Basmati-385). Growth parameters such as leaf area index, leaf 

area duration, dry malter accumulation and crop growth rate were decreased 

significantly by all the competition durations. However, net assimilation rate 

was not significantly affected by competition duration of 20 days. 

Kim and Krishnan (2002) reported that, despite a significant increase in 

food production during the last century, world production would need to be 

doubled or tripled by the year 2050 to meet the needs of an expected 10 

billion global population. Fortunately, a second revolution in agriculture 

appears to be taking place from advances in biotechnology. Worldwide in 

1999, about 40 million hectares of transgenic plants were grown, and this 

area is expected increase significantly for to come. is the staple 

food of the majority of 3.5 billion people in Asia. Increases in populallon in the 

rice growing regions of Asia will require 70% more rice in 2025 than is 

consumed today. In addition, rice, in its milled form, is poor in essential amino 

acids and a range of vitamins and micronutrienls, which creates malnutrition. 

With the increasing number of genes discovered in plants and other 

organisms, transgenic research is being utilized to improve agronomic traits of 

rice, such as resistance to biotic and abiotic stress, and to increase 

photosynthetic effiCiency which col/ectively increase yield. 

Lawai and Lawai (2002) evaluated the growth and yield responses of 

lowland rice to varying N rates and placement methods. The treatment 

consisted of 4 N rates (0, 40, 80 and 120 kg ha·1
) and 2 fertilizer placement 

methods (deep and surface placement). Application of fertilizer up to 80 kg ha' 

1 significantly increased crop growth rate, number of ear bearing tillers m·2, 
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percent filled grain, grain: straw ratio, and grain yield, Whereas plant height, 

test (1000-grain) weight and grain weight per panicle responded to N up to 

120 kg ha-1
, Deep placement of N significantly increased most of the 

parameters (plant height, crop growth number of ear bearing tillers, 

percent filled grain, test weight, grain weight per panicle and grain yield) 

evaluated over the surface placement Fertilizer placement method had no 

significant effect on relative growth rate and grain: straw ratio, All the 

characters evaluated except relative growth rate were positively and 

significantly correlated to yield. 

Shimono et 131. (2002) determined the response of biomass and grain 

yield of rice cv. Kirara 397 to sub-optimum water temperature (Tw) at three 

different vegetative and reproductive growth periods, and early grain 

filling. Irrigated water was supplied so thaI, varying with year and 

developmental stage, there was a temperature difference from low to high of 

°C with low (cool water) varying from 16-18 aC and high from 20-25 aC. 

The temperature treatments were applied for 20-34 days. It was found that 

grain yield was most severely reduced by low Tw (below 20°C) during the 

reproductive period, as a result of low spikelet fertility. Low Tw during the 

vegetative period also reduced grain yield by as much as 20%. Although crop 

growth rate (CGR) was reduced by low Tw in all stages, the magnitude 

differed according to period, being greatest during the vegetative period, 

followed by the reproductive and early grain-filling periods. Reduced CGR 

before heading wes associated largely with decreased canopy radiation 

interception and limited leaf area, whereas radiation use efficiency (RUE) was 

relatively unaffected by Tw. Decreased CGR after heading was associated 

with reduced RUE, although leaf area was also reduced by low Tw. The 

present results can be used to quantify rice growth and grain yield as affected 

byTw. 

Wada e/ (2002) reported that Japonica-indica hybrid rice cultivars, 

Suweon287 and Suweon290, showed a high yield under upland and lowland 

cultivation conditions. These cultivars were compared with the japonica 

upland and lowland cullivars, Toyohatamochi and Koshihikari. Suweon287 
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and Suweon290 had a large leaf area index and large sink capacity, 

determined by grain number and grain weight, which might be caused by the 

increased nitrogen absorption before anthesis. These cultivars showed a 

higher crop growth rate after anthesis mainly due to the high mean leaf area 

index during the ripening period, In addition, these cultivars showed relatively 

high net assimilation rales despite showing high mean leaf area index during 

the ripening period, Therefore, it may concluded thai the japon/ca-indica 

hybrid rice cultivars have a high yielding capacity even under upland 

conditions. Moreover, Suweon287 and Suweon290 showed higher 

photosynthetic rates under both insufficient and sufficient soil water conditions 

compared with the two japanica cultivars, indicating the high drought 

resistance of the japonica-indica hybrid rice cultivars. 

Zhong et al. (2002) determined the effect of nitrogen (N) on LAI in 

irrigated rice crop. Results showed that the relative lillering rate (RTR) 

decreased exponentially as LAI increased at a given N input level. The 

relationship between RTR and LAI was affected by N input level, but not by 

planting density. The N input level had a Significant on LAI with a high N 

input level causing an increase in LAL Tillering stopped at LAI of 3.36 to 4.11 

when N was not limiting. Under N limited conditions LAI reduced to as low as 

0.98. Transplanting spacing and number of seedlings hill" had little effect on 

LA!. Results from this study suggest that LAI and plant N status are two major 

factors that influence tiller production in crops. 

2.4 

Kulmi (1992) reported that rice cv. Pusa33 was grown; using 14 

different weed control treatments including pre- and post-emergence 

herbicides, hand weeding and rotary cultivation. Grain yield was t ha,l 

without weed control, and in treated plots ranged from 1.61 t with 1 kg 

Oxadiazon ha·' pre-emergence to 2.84 t with rotary cultivation 35 DAS. 

Chon at al. (1993) assessed the differences in germination, growth and 

morphological characteristics between rice and barnyardgrass (Echinochloa 

crus-gaIlO. under various cropping patterns. Rice and crus-gal/i seeds were 
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either broadcast sown, sown directly under dry conditions, or sown with water. 

Rice was also transplanted as 8 or days old seedlings. Plants were 

harvested and examined at 1, 3, 5, 7, 10, 15 and 20 days after sowing or 

transplantation (DASrr). Results showed that at 20 DASrr, directly sown 

crus-gal/i had greater plant height and shoot fresh weight than direcUy sown 

rice. Transplanted had height and fresh weight than directly sown 

crus-ga/li after days. Root length of E crus-galli was greater by the end 

of the trial regardless of moisture conditions, sowing or transplanting. Fresh 

root weights of rice under direct sown conditions were similar to those of 

crus-galli, but were greater when rice was transplanted. crus-gam formed 

mesocotyls and their length increased with depth of sowing. Leaf area of E 

crus-gal/i was greater than that of rice under dry, drilled conditions, but was 

reduced under transplanted conditions. Chlorophyll content of crus-galli 

was greater in all treatments. 

1m al. (1993) investigated the differences in the occupation of 

community space of weeds and rice among five types of rice cultivation. The 

five types employed were three transplanting methods - conventional hand 

transplanting, machine transplanting of 30-days-old seedlings, and machine 

transplanting of 10-days-old seedlings and 2 direct-sowing methods - flood 

direct-sown rice using pre-germinated seed and dry direct-sown rice using dry 

seed The greatest competition between rice and weeds (as determined by 

growth rate of rice) was found in between 10 and 11 weeks after transplanting 

(\NAT) and/or sowing, irrespective of cultivation method. Competition injury 

due to weeds was greater in plots of transplanted 10-days-old seedlings than 

of 30-days-old seedlings, The greatest decrease in the growth of rice was 

found in direct-sown plots. In transplanted plots sp,lce occupation by rice at 

lower than 80 cm above ground level was low as compared with that by 

weeds. Plant heights of dominant weeds such as Echinochloa crus-galli and 

E/eocharis kuroguwai were shorter before heading date, but taller after the 

heading date, than of rice. In direct-sown communities, weeds mainly 

occupied space. The pattern of community structure and injury by 

weeds showed a similar trend whether it was evaluated on the basis of 

species distribution, number, or dry weight of the weeds. 
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Singh (1993) evaluated effects of Anilofos at 0.6 kg ha-l , 2,4-D at 0.8 

kg and hand weeding twice (20 and 40 days after transplanting) for weed 

control in rice cv. Biraj. The most problematic weeds were Echinochloa crus

galli, Paspa/um scrobiculatum, Cyperus difformis, Marsilea quadrifolia and 

Ludwigia perannis. All weed control treatments decreased weed DW from 

untreated control values of 21.2-23 g m,2 to 8.5-15 g, and increased grain 

yields from 1840-2140 kg ha-1 to 3053-3860 kg. Gross income was increased 

from untreated control values of $115-171 ha-1 to $187-308 by all treatments. 

The benefit-to-cost ratios of Anilofos, 2,4-D and hand weeding twice were 6.2-

8.5,12.3-15.7 and 4.9-6.2, respectively. 

Chon el al. (1994) applied Butachlor, pre-emergence at 3.6 kg ha,l, 

which inhibited shoot growth and development of barnyardgrass (Echinochloa 

crus-gal/i) under dry conditions, while rice was unaffected. The growth of 

broadcast and direct-seeded rice and crus-gall! under flooded conditions 

was severely inhibited by Butachlor, but transplanted rice was unaffected. 

crus-gal/i seedlings treated with Butachlor under dry conditions showed partial 

reduction in slem thickness and collapse of the leaf sheath, Under flooded 

conditions, broadcast rice on soil showed a reduction and constriction of the 

thickness of the leaf primordium while crus-galli formed tubular-like leaves 

with inhibited elongalion of Ihe apical meristem, Transplanled rice showed 

none of these responses. 

Khondaker and Sato (1996) studied weed infeslalion (W1) and 45 

(W2) days after transplanting with five N levels (0,40,60, 80 and 100 kg ha'l) 

and three spacings (20 x 10 cmz, 25 x 15 cmz and 30 x 20 cm2
) in a split plot 

design with four replications in transplanted rice grown during July to 

November. Nine spElciels of weeds belonging to six families were idenlified 

and found to infest the transplanted rice field. Weed growth increased 

significantly with the increase in spacing and linearly with N level, but weed 

growth rate was higher at W1 than W2. II was revealed that, with the Increase 

in every kg of N ha'1, the absolute density (AD) of weeds increased by 0.422 

and 0.200 at W1 and W2; weed dry matter weight (DM) was 0.068 and 0.061 

g m·2 at W1 and W2 and the intensity of infeslation (II) was 0.018 and 0.010 at 
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Wi and W2, respectively. Nitrogen level was correlated with AD, DM and II, 

and several equations were obtained for AD (AD1=0.422N + 159.602, 

rz=O.937 and AD2=0.200N + 96.626, rz :: 0.872), DM (DM1=0.068N + 16.92, 

rz=O.907 and DM2=0.061N + 16.115, rz=O.968) and II (1I1=O.018N + 6.586, 

rz=0.852 and 112=0.010N + 3.962, rz=0928), where AD is expressed as 

number m·2 , DM as g m,2 and II as number per rice hill. These results indicate 

the effect of spacing and N level on weed infestation in transplanted rice 

fields, but it is concluded that results may vary depending on climatic and 

edaphic factors. 

Afun et a/. (1999) studied the effects of weed residues on the 

abundance and activity of generalist arthropod predators and insect pests and 

on yields in upland rice. Weed residues were placed in the experimental 

plots in three ways: (1) left in situ where weeds are uprooted; or (2) 

placed in small piles throughout the field; or (3) removed from the field but 

heaped at the edges to be burnt when dry. The study investigated the effects 

of residue disposal in upland rice under research station conditions designed 

to simulate conditions in farmers' fields. Spider activity was significantly 

greater in plOts with scattered residues and strips of residue and least in plots 

from which residues had been removed. Staphylinid beetle activity was 

significanlly greater in plots with supplementary weed mulch than in other 

treatments. By contrast, spider density was greater when residue was piled or 

used as mulch rather than when scattered but the smallest populations 

occurred in the no-residue plots. Carabid beetles were significantly more 

abundant in plots with strips or piles of weeds and Staphylinid beetles were 

most abundant in the mulched plots. Ants were not affected by weed residue 

placement Among the ten pest groups stUdied, the abundance of only 

was significantly n,.,,,I'~r in plots with strips and piles than Chaetocnema 

in other treatments, populations of other pests being unaffected by weed 

residue placement. In 1994, mean percentage of dead hearts (slem-borer 

damage) was Significantly greater in the residue-free plots than in other 

treatments but in 1995 the differences between treatments were no! 

significant. In both years, grain yield was no! affected significantly by weed 

residue placement but was lowest in the residue-free plots. 
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Bhagat et al. (1999) studied the quantitative effects on weed ecology 

as a result of changing water regime, tillage intensity and herbicide dose on a 

farmer's field. The treatments included: three water regimes, viz., Shallow 

continuous ponding throughout the crop growth, ponding until panicle initiation 

and then saturated soil, and saturated soil throughout. two tillage intensities, 

viz., one plowing + two harrowings, and two plowings + two harrowings and 

three herbicide levels, viz., Pretilachlor 0.30 kg ha", Prelilachlor 0.15 kg ha" 

no herbicide. Continuous shallow ponding throughout as well as until 

panicle initiation reduced weed species number, density and biomass as 

compared to saturated soil throughout. In general, increase in tillage intensity 

did not produce significant effects on all the but sporadic 

reduction in some species was noticed. Full-and half-doses of herbicide were 

equally effective in reducing the number, density and biomass of different 

species, but no herbicide treatment encouraged almost all species to grow. 

Cyperus difformis L. was the most dominant species during both the wet and 

dry seasons followed by Ammannia baccifera L. during the dry season, and 

Ammannia baccifera L., Paspafum distichum 

Gaertn during wet season. 

and Sphenoc/ea zeyfanica 

Florez et al. (1999) delleloped an algorithm for predicting rice yield 

losses based on early assessments of multi-species weed infestations' 

emerging in successive flushes within variable crop stands. Rice was drill

see,ded near Palmira, Colombia, at 75, 150, 200, 250, and 300 kg ha", and 

grown under non-flood intermittent irrigation for two growing seasons. Fille 

common weeds were allowed to emerge at 15, 24, and 30 days after 

emergence (DAE), when farmers usually decide about early, intermediate, 

and late herbicide applications. Yield losses were predicted using hyperbolic 

models with independent variables describing the mixed-weed infestations in 

terms of density (Number of plants m"), leaf area index, dry matter m", 

relative density [weed/(weed + rice), relative leaf area (RLA), and a visual 

estimate of relative ground cover (RC (v». With early weed emergence (15 

DAE), weed density accounted poorly (~= 0.77) for yield Regression fits 

improved when RLA (~ = and RC (v) (~ = 090) used as independent 

variables to describe weed infestations in terms of the light sharing between 
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rice and weed canopies. Measured in terms RC (v), late-emerging (24 and 

30 DAE) weeds had lower effects on yield loss variability (I'" = 0.69 and 0.59, 

respectively). Although subjective. RC (v) is ea!lier to estimate than RLA, and 

was the best. Single variable to describe the competitiveness of a mixed

weed infestation. An additional variable was only when yield losses 

were predicted from weed density. Predictions based on RLA were further 

improved (by 36%) when each species' RLA was measured separately and 

the model was extended for additive effects of all species. Yield loss 

predictions using empirical equations cannot be extrapolated widely across 

different locations, however, these data suggest that meaningful independent 

variables can strengthen the usefulness of hyperbolic equations for predicting 

yield losses over a range of situations, such as mixtures of weed species 

at various densities and times of emergence, and different rice seeding rates. 

Lakpale and Tripathi (1999) investigated weed management in rice cv. 

Kranti grown using biasi system. In this system, rice seEKlS are broadcast 

after normal field preparation, and after up to 30 days growth of rice and 

weeds, ploughing is done in the standing rice crop in o cm water (biasi). 

Several days later, the rice plants are pulled erect and weeds are 

incorporated. This study compared no biasi, biasi with incorporation of all 

weeds at 30 days after sowing (DAS) , and biasi with removal of weeds at 30 

DAS. Pre-emergence application of 0.45 kg Anilofos or 1.5 kg Butachlor ha,l, 

or 1 hand weeding 20 DAB (days after biasi) were kept as sub-plots. 

Compared with no biasi, the biasi treatments decreased weed dry weight 60 

DAS but gave no significant difference at harvest Grain yield was not 

significantly affected by treatments. Weed dry weight at harvest in 1992 

was highest with application of Butachlor, although there was little difference 

between herbicide/weeding treatments in 1993. Yield in 1992 was higher with 

pre-emergence Anilofos than with Butachlor or manual weed control. 

Ohtsuka et al. (1999) observed that the application of new herbicide 

ET-751 (Pyraflufen) to leaves gave effective control of Galium spurium, 

Stel/aria media, Veronica persica and Viola spp., but did not control the rice 

weeds Alopecurus 8equ8/is or Avena fatu8 effectively. Application to soil was 
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less effective than application to leaves. Control of G, spurium by ET-751 was 

more effective than control by Isoproturon, but Isoproturon + ET-751. 

Isoproturon alone Of Isoprotufon with Diflufenican gave better control of A 

Bequalis than ET-751 alone. Increasing temperature from 5-10 to 15-20 "C 

increased the effectiveness of ET-751, 

Counce et al. (2000) reported that rice research field plots are likely to 

have nearly complete weed control whereas normal farmer field-grown rice 

often have considerably greater weed populations. Consequently, a disparity 

might exist between nitrogen (N) requirements for producing maximum yields, 

in weedy (such as in some farmer fields) versus weed-free rice (such as field 

research plots). Comparison of weed control effects, at several pre-flood N 

(0-112 kg N ha'! on yield, yield components, harvest index and weed 

weights was evaluated, Rice yield responses to pre-flood N fertilization were 

similar with and without weed Consequently. N fertilization 

recommendations based on research plots with little or no weed pressure are 

valid for research plots and grower fields with much greater levels of weed 

pressure, 

Lee et a/. (2000) reported that, of the perennial rice weeds tested, 

Cyperus serolinus was the first to emerge and Elaocharis kuroguwai was the 

last. The optimum sowing depths for C, serotinus, E kuroguwai and 

Potamogeton dislinc/us were 2-5, 10, and above 20 em, respectively. The 

efficacy of Sulfonylurea herbicides was fairly good up to planting depths of 

15 cm, but was poor at depths greater than 15 cm, especially for E kuroguwai 

control. 

Skinner at ai, (2000) identified the most commonly regulated weedy 

plants in the United States and southern Canada. The 10 most frequently 

listed weeds were Cirsium arvense, Carduus nu/ans, Lythrum spp, (includes 

purple loosestrife), Convolvulus arvensis, Euphorbia asula, Acroptilon repens, 

Sorghum spp. (includes johnsongrass and shatlercane). Carderia spp, 

(includes hoary cress, also called whitetop), Can/aurea maculosa, and 

Sonchus arvensis, When genera are ranked, the top genus is Centaurea, 

which includes macu/osa, C. diffusa, and C. solslitalis. Biological control 
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programs have targeted many of the top dicotyledonous weeds of national 

concern, but none of the weedy grasses and seelges. Therefore, exploratory 

studies are initiated to determine the feasibility of developing biological control 

agents for the latter sPE!cies. 

Tuong et 1'11. (2000) conducted experiments on water management of 

wet seeded rice in the dry and wet seasons to quantify crop stand 

establishment and weed suppression by herbicides and rice genotypes. Five 

hypoxic-tolerant lines and three standard cultivars were sown at 

approximately 300 seeds m,2. The tested hypoxic-tolerant genotypes had 

superior seedling growth, but not higher crop stand establishment than the 

standard ones. Genotypes that had superior crop stand establishment or 

faster seedling growth did not necessarily give better weed suppression. 

Genotypes with high tillering ability were more competitive against weeds 

Echinochloa glabrescens dominated the weed flora, especially in farmers' 

practice and anaerobic seeding (seeding into soft mud), followed by flooding 

at 7 days after seeding (DAS). The relative proportion of Monochoria vaginalis 

increased in anaerobic seeding with flooding 3 DAS and seeding into standing 

water. Pretilachlor + Fenclorim effectively controlled weeds in farmers' 

practice and anaerobic seeding, and 2,4-D in water seeding. Without 

herbicide, water seeding and anaerobic seeding flooded 3 DAS reduced dry 

weed weight by 73-88% compared with farmers' practice. Anaerobic seeding 

with flooding 7 DAS controlled weeds effectively when the weed pressure was 

low (dry season, about 136 g m,2 of weed biomass in plots without herbicide) 

but not when weed pressure was high (wet season, 513 g m-2). Water seeding 

could not sustain high rice yields due to low crop stand population caused by 

flotation of seedlings. Anaerobic seeding with flooding 3 DAS allowed 

genotypes to sustain high yield and increased water productivity (rice 

production unit volume water used in the field) without having to use 

herbicide or with only half of the recommended herbicide rate_ The correct 

water management during the crop establishment stage may effectively lower 

the economic and possible runoff costs of herbicides without reduction in yield 

or water productivity. 
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2.5 Rice herbicides 

Ahmad and Haque (1981) observed that 2 kg ha-1 Butachlor followed 

by hand weeding 3 weeks after emergence gave excellent weed control and 

there were no weeds in the Butachlor treated plots until 15 days crop 

emergence in rice, They also found the yields of Butachlor trealed plots 

significantly lower Ihan those of hand weeded three times, 

Ahmad and Islam (1983) observed Ihat the application of Butachlor 

(Machele) and Piperophos Dimethametryn at the rate of 2 kg ha'l effectively 

reduced weed infestation and gave significant increase in rice yield, Hand 

weeding was as effective as Bulachlor or Piperophos Dimethametryn for 

weed control as well as for grain yield, 

Saeed and Hussain (1983) in transplanted recorded the highest 

control of weeds in paddy yield with 2 liters per hectare of 

Machete 60 EC (Butachlor), when applied as sand mix, 0 or 3 days after 

transplanting, 

Path and Path (1985) recorded best weed control and highest paddy 

yields with two hand weedings (HW) + one hoeing to maintain weed free 

conditions up to 60 days after transplanting (OAT), whereas, 2 HW, 1,25 kg 

Butachlor (granules) ha-1 pre-planting + 1 HW and 0,5 kg Oxadiazon ha,l pre· 

emergence alone or with HW was less effective, 

Chandrakar at al. (1987) reported the superiority of 2.0 kg ha-1 of 

Butachlor or 2.0 kg ha'l of Thiobencarb over 1,0 kg ha-1 either herbicides + 

hand weeding 30 DAS, regarding grain yield, Sowing methods interacted with 

herbicides to affect yield but did nol affect the weed control, however, drill· 

sown had fewer weeds, 

Pradhan and Chalterji (1987) noticed both Butachlor and rotary 

weeding to be promising and labor saving weed control methods under 

Bhutanese conditions. 
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Singh (1988) reported weed control by Butachlor + one hand weeding 

30 DAS followed by Butachlor 2 kg ha" alone, Whereas, hand weeding 30 + 

40 DAS gave poor weed control. However, one of the varieties gave best yield 

under weeding alone, 

Vijayaranghavan st af. (1988) in irrigated direct seeded rice, observed 

thai farmer's method of hand weeding 20 DAS and 40 DAS the highest 

grain yield of 3,9 t ha'! at par with 8utachlor at 1,0 kg ha'l + one hand 

weeding in 40 DAS, while weed dry matter 40 DAS was also the least with the 

later treatment (35 g m'2) or 78 % better than that of the control. 

Qayyum et ai, (1989) reported better weed control, higher grain Yield, 

seeds per panicle, tillering and plant height when Butachlor (Machete EC) at 

the rate of 2 liters ha,1 than Oxadiazon (Ronstar 12 L) althe rate of 5 liters or 

Thiobencarb (Saturn 10 G) 8 kg ha,l were applied, They also reported higher 

yield of IR-8 than IR-6 or Basmati-370, 

Rahim and Shabbir (1989) that hand weeding twice gave the 

highest yield (10,000 kg ha''), followed by mechanical weeding (using 

rotavator) gave 9937 kg ha'l, Rifil H 1987 (9312 kg ha'\ DMA-6 (8625 kg 

ha''), Saturn (7938 kg ha"), Avirosan (7875 kg ha") and check (5562 

kg ha''), 

Reddy and Bharghavi (1989) applied Butachlor, Thiobencarb, and 

Pendimethalin a11.5 kg ha·1
; 4-D at 0.9 kg ha" in 1000 liters water ha,l or 

60 kg sand ha,1. Weed dry matter was measured 60 DAS. Results revealed 

thai Butachlor applied 1 DAS was equivalent to hand weeding. Pendimethalin 

at 1 DAS or 2, at 7 DAS was similar to Butachlor applied 1 DAS, 

Zafar (1989) reported more than 83 % weed control by Butachlor at 1 

kg, Oxadiazon at 0,54 kg, Thiobencarb 2 kg and Pendimethalin at 1.43 kg 

ha". While, Pendimethalin and Butachlor significantly enhanced tillering, 

highest yield was obtained from Pendimethalin Ir"~II"n plots, whereas highest 

Cost Benefit Ratio was recorded from ButachloL 
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Gogol and Kallta (1990) reported the highest grain yields after either 

hand weeding (HWl al 1 30, and 45 days after emergence (DAE) of rice 

(1.467 1 ha") or after application of 1.5 kg ha·1 of Butachlor with HW at 30 

DAE (1.458 t ha"). Weed population and OM were also reduced. 

Pandey and Sukla (1990) reported that Butachlor at 2 kg ha·1 and 

Oxadiazon al 1 kg ha,l gave good weed control and resulted in the highest 

average grain yields. Of the herbicides tested in puddle rice, Butachlor 1 kg 

ha,l also resulted in the highest weed centrol and grain yields, while 

Thiobencarb 1 kg and Pendimethalin 2 kg ha" being next best. 

Prusty et 81. (1990) reported best weed control (85 "!o) from broadcast 

sown rice that was manually weeded at and 40 days after crop emergence 

(DACE). Rice yields were the highest in the transplanted rice followed by 

broadcast sown and the least in drilled. Net returns on investment Increased 

by all control measures from control value of Rs. 1023-1316 ha" from 

broadcast sown or drilled crops and maximum to Rs. 5677 from manually 

weeded broadcast sown crop, 

Dhawas al. (1992) recorded highest grain and straw yields with hand 

weeding 20 and 40 days after transplanting (OAT), with Stomp 

(Pendimethalin) at 1.25 liters ha" or Butachlor 2 liters ha" 4 OAT, followed by 

hand weeding al40 OAT resulting in next best yields. Butachlor at 2 liters ha'l 

applied at transplanting was most effective treatment. 

Awan et al. (1993) evaluated the efficacy of 8 herbicides in direct 

seeded short duration rice variety KSK-282. Seven herbicides were applied 

alone while Machete 60 EC dust was mixed with sand and broadcast at post

",m",m"'n<". stage (14 and 35 DAS). Hand weeding was done twice (14 and 33 

DAS) only in one plot in each replication. They observed thai herbicides and 

hand weeding Significantly increased the number of tillers per plant, number of 

spikelets per panicle, grain weight and decreased dry weed biomass. The 

maximum paddy yield of 6.46 t ha'1 was produced from Ronstar 12 L 

treatment, as compared to other treatments. The weedy check produced the 

lowest paddy yield of 1.59 t ha-1
. 
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Chaudhary (1994) indicated that Butachlor application gave 145 $ net 

return per hectare while manual weeding 30 OAT brought 87 $ net return per 

Kumar and Prakash (1994) conducted pot experiments to study the 

effects of 1.5-4.5 kg ha·1 Thiobencarb and Butachlor applied 6 days after 

transplanting on biochemical processes of rice seedlings transplanted at 30 

days and E. crus-gam (seeds planted at lime of rice transplanting) grown 

alone or together; stomatal conductance. C02 concentration, photosynthesis 

and carbohydrate content of leaves measured at 15-day intervals In general, 

the crop-weed association did not affect stomatal conductance or total 

carbohydrate, starch and reducing sugars in leaves, but did decrease the 

normally high rate of photosynthesis in E. crus-gam. Herbicides did not alter 

these parameters in rice, but in E. crus-gam herbicide treatment led to the 

of photosynthesis being elevated although internal C02 levels and stomatal 

conductance were low. Herbicide treatment did prevent crus-galli 

germination. In a separate experiment, seeds of nce and E. crus-galli in Petri 

dishes were exposed to 0-75 ppm Thiobencarb or Butachlor, and 

subsequently analyzed for enzyme activity at 24-h intervals. Herbicides 

reduced alpha-amylase activity with increasing concentration, but a sharp 

increase in alpha-amylase activity was noted 96 h post-treatment in both 

species. Protease (proteinase) activity was max. 48 h post-treatment in rice 

and 24 h post-treatment in E. crus-ga/li; in both species proteinase activity 

was reduced at herbicide concentration of 

concentration of 75 ppm. 

ppm but increased at 

Naylor (1994) reported economics of weed control in irrigated 

transplanted in Philippines that with the application of Thiobencarb I 2, 

D at the rate of 1.0 + 0.5 kg ha·1
, BCR was found as high as 16 and with 2 

hand weedings it was 

Tsukuda al. (1994) identified the factors affecting the herbicidal 

activity of Pyributicarb (5.7% flowable formulation and 3.3% granules) against 

Echinochloa oryzico/a and of its phytotoxicity to transplanted rice. The 

standard application concentration of the flowable formulation was 100 ml 
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acre-1 and that of the granules was 300 g. The f10wable formulation of 

Pyributicarb showed greater activity against oryzoides than the granular 

form, though rate of ingredient of the flowable formulation was 

lower than that of the granules. When both Pyributicarb formulations were 

applied 4 days before transplanting no phytotoxicity was observed in the rice 

at standard application concentrations, although a weak growth inhibition was 

revealed at high concentration. Application of both formulations after 

transplanting did not result in any phytotoxicity to rice even at high 

concentrations. The flooding water depth in the range of 1-6 cm did not affect 

herbicidal activity of both Pyributicarb formulations against E oryzoides. The 

activity of both formulations, however, decreased when the flooding depth 

was 0 cm, Herbicidal activity and phytotoxicity of both Pyributicarb 

formulations were not affected by water leakage (0-4 cm/d). When all the 

roots of the rice seedlings were located on the soil surface, the application of 

both Pyributicarb formulations led to severe phytotoxicity. On the other hand, 

when the transplanting deplh of rice was cm under the soil surface, 

neither Pyributicarb formulations inhibited the growth of the rice seedlings, 

whether or not the root tips were exposed on the soil surface. II was 

concluded that, under normal transplanting conditions, it is unlikely that these 

2 Pyributicarb formulations would cause any phytotoxicity to rice. 

Arti e/ al. (1995) the of Butachlor 50 or 

Thiobencarb 50 at 1.5-2.0 kg ha,l and Anilofos 30 EC at 0.3-0.45 kg, the 

lower rates of these herbicides + rotary weeding, Butachlor 5 G and 

Thiobencarb 10 G at kg, Aniloguard plus (Anilofos + 2,4-0) at 0.4 kg, hand 

weeding 40 days after transplanting (OAT), and rotary weeding + 40 OAT, 

on transplanted rice. Results indicated that all herbicide treatments reduced 

weed populations 20 45 OAT. High were not significantly belter 

than low doses, granular and formulations were equally effective, and 

rotary weeding following herbicide treatment did not significantly improve 

weed controL Hand weeding gave the lowest weed biomass and highest 

weed control efficiency (60 kg ha-' and 91.6%, respectively) closely followed 

by rotary weeding (69 kg and 90.3%, respectively) and Aniloguard plus (72 kg 

and 89.9%, respectively), Crop growth and yield parameters were also best 

51 



with hand weeding, rotary weeding and Aniloguard plus (4,342·4.426 t ha-1
), 

The highest net profit (Rs, 6654 ha'l) and benefit-cost ratio (1,90) were 

recorded for rotary weeding. 

Hirase et ai, (1995) examined the herbicidal activity of 4-ethyl-3-(3-

chlorophenyl)-H3-isopropylphenyl) pyrrolidin-2-one (MT -146), MT ·146 

showed remarkable herbicidal activity against Echinochloa crus-ga/li var, 

formosensis, Monochoria vaginalis var. plantaginea, Alisma canaliculatum, 

Ammannia multiflora and Rotala indica var, uliginosa al a dosage of less than 

100 g ha-! by pre-emergence application under flooded conditions; its efficacy 

against Scirpus junco/des subsp, var, juncoides, however, was slightly lower. 

The compound had no effect against Sagittaria pygmaea at a dosage of 

10000 g ha,j, The herbicidal efficacy of this compound against crus-gal/i 

was higher in deep water than in shallow, and was greatly affected by the leaf 

stage of the plant The dosage showing 90% growth inhibition was 30-40 g ha' 

1 when the compound was applied pre-emergence and at the O,S-Ieaf stage, 

and it was 180 g, 420 g and 4300 g ha-l at the 1,0-, 1.5- and 2.0-leaf stages, 

respectively. MT-146 did not affect the growth of transplanted rice plants at 

the 2.5-leaf stage at a dosage of 200-400 g ha- l when the transplanting depth 

of the rice seedlings was 0-2.5 em. Even if the roots of the seedlings were 

settled on the soil surface, no growth inhibition of the plants was observed 

Nor did the herbicide inhibit the growth of rice plants at a dosage of 200-400 g 

when water depth was 1-6 cm. MT-146 inhibited the chlorophyll formation of 

seedlings of E. crus-galli at a concentration of 100 ppb under light/dark 

conditions. The herbicide also inhibited carotenoid formation at a 

concentration of 100 ppb under both light/dark and continuous dark 

conditions It was suggested that the carotenoid decrease might be related to 

the mode of action of MT-146. 

1m at (1995) assessed the efficacy of Bensulfuron + Butachlor and 

Bensulfuron + Mefenacet on the seedlings of rice cultivars Dongjinbyeo, 

Hwaseongbyeo and Namwonbyeo (Iate-, medium- and early maturing, 

respectively) grown in paddy fields. Both herbicide treatments affected rice 

growth, although this was not significant Roots were more damaged than 
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shoots, Seedlings that had been treated had fewer tillers than the untreated 

control, but their percentage of productive tillers was greater. Heading date for 

Namwonbyeo was delayed 1-2 and 2-3 days in 35, 20 and 8-day--old 

seedlings, respectively, after herbicide application. 

Dillon aI, (1999) compared Imazethapyr with several standard 

herbicide treatments for the control of yellow nutsedge (Cyperus esculentus) 

in drill-seeded, imidazolinone-tolerant Imazethapyr was very effective for 

yellow nutsedge control in rice, The 0.063 Ib acre ·1 sequential applications 

provided the most consistent control of yellow nutsedge, Red rice and other 

weeds at this site were also controlled, Imazethapyr was effective when 

applied at various application timings and tank-mixed with many popular rice 

herbicides. 

Baloch et al. (2000) evaluated the seeding densities in broadcast wet 

seeded rice. Coarse variety KS·282 was sown at 50, 100, 150, and 200 kg 

seed ha,1. Herbicide Machete 60 was applied at the rate of 2 liters ha,1. It 

was observed that all the parameters including highest yields of rice grains 

and straw (7.83 and 17.11 t ha,l) respectively were significantly affected 

100 kg seed ha,l. Application of Machete 60 EC at the rate of 2 liters ha· 1 

gave efficient weed control in plots where 100 kg seed ha,l was used, 

Chung et al. (2000) investigated control 01 weedy rice by no-tillage 

direct sowing. The germination ability of seEros shattered on the soil surface 

was 92]% in weedy rice, and 4.3% in cultivated rice. The possible depths of 

weedy rice emergence were 1.5 cm, 3,0 cm and 6.8 em in no-tillage, wet 

sowing and dry sowing paddy fields, respectively. Paddy fields contaminated 

with weedy rice were maintained as no-tillage, and then irrigated in 

spring (April 15). Weedy rice could be induced to emerge with irrigation, and 

then killed by using Paraquat 92.2% of emerged weedy rice was controlled 

by this melhod, After seedling establishment of cultivated rice, Molinate, 

Thiobencarb, Oxadiazon, Dithiopyr and Butachlor were soil-applied to 

suppress the emergence of weedy rice seeds buried in the soil. Oxadiazon 

was the most effective for repressing the weedy rice among soil-applied 
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herbicides tested. The highest control value was 96.4% as the result of 

combination of Paraquat and Oxadiazon. 

Ganeshwor and Gadadhar (2000) evaluated the efficacy of 6 

herbicides in controlling the weeds and improving grain yield in rice. The 

herbicide trealments, all applied at 7 days after transplanting (DAT), were: 

2,4-D sodium salt at 0.80 kg ha"; ethyl ester of 2,4-D (EC) at 0.74 kg ha"; 

ethyl of 2,4-D (G) at 0.80 kg ha"; Dimethylamine salt of 2,4-D at 0.72 kg 

ha"; Methabenzthiazuron at 1.4 kg ha"; and Butachlor (EC) at kg ha,l. All 

herbicides had low toxicity on transplanled rice at 21 DAT, bul this did not 

persist and no toxic effecl was observed at 75 DAT. All herbicides were 

effective in controlling the weeds at 21 DAT; the most effective weed control 

was exhibited by 2,4-D sodium salt, the Dimethylamine salt of 2,4-D, and 

Methabenzthiazuron. All herbicides and hand weeding (at 30 DAT) gave 

higher rice grain yields compared with the weedy control; the Dimethylamine 

salt 2,4-D gave the highest values for grain yield (3.89 I ha'\ lotal number 

of spikelets (19 305 m,2), number of grains (18 651 m·2), percentage seed 

selting (96.6%), and 1 DOD-grain weighl (24.69 g). 

Gogoi et al. (2000) evaluated the competitive ability of traditional and 

high-yielding rice and suitable weed control practices for transplanted rice. 

Treatments comprised: paddy weeder (at 25 days after transplanting); 

Butachlor + 2,4-D mixture (at 1.0 kg ha"); 0.4 kg Anilofos ha"; and a control. 

Akisali, a tall traditional cullivar, significantly reduced the weed dry malter 

accumUlation compared with the other cultivars tested. Different weed control 

practices significantly reduced dry malter accumulation of weed and 

increased the rice yield over the un-weeded control in one out of two years of 

experimentation. Butachlor + 2,4-D (1.0 kg ha") in 60:40 proportion and 

Anilofos were equally effective in controlling weeds and increasing the rice 

yield. 

Gurusamy et (2000) screened 46 rice cultivars for tolerance of 

Butachlor and Oxyfluorfen at double and recommended (3 and 0.3 kg ha", 

respectively) rates. Cultivars ADT37, ASD16, ASD18, C043, Chaitanya, IR20, 

Palguna and TKM9 were tolerant to Butachlor with lower toxicity scores and 
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percentage leaf area index reduction values compared to the control, while 

ADT36 , PY3, Giza172, ADT38, ADT46, ASD8, IET8580 and Samba Mashuri 

were susceptible. For Oxyfluorfen, the tolerant cultivars were ASD18, 

AS18696, Basmati, IR51491. ADT37, C043, Chaitanya and Swarna, and the 

susceptible cultivars were IR50, ADT40, White Ponni, PY3, CSR1 CSR18, 

IR66, Pakistani Mashuri, Giza172 and Xiang Chow. 

Kathiresan and Ramah (2000) studied the influence of weed 

management practices on Rice-Fish Integrated Farming System. The farming 

system components were rice during two consecutive seasons with or without 

fish culture. Weed management practices included hand weeding, Butachlor, 

Oxyfluorfen and Thiobencarb at the recommended rates compared with the 

un-weeded control. Pot culture study to determine the optimum size and time 

for the release of the fish fingerlings revealed that 4-5 em long fingerlings 

released after 12 days of herbicide application gave the highest survival rates. 

The results of the field experiments revealed that integration of fish culture 

along with Oxyfluorfen 0.25 kg ha-1 excelled other treatments with respect of 

weed control, crop growth and yield. However, use of herbicides caused some 

tissue deformation in gills, muscle and liver like hyperplasia, epithelial 

proliferation and congestion of blood vessels, especially in gills, muscle and 

liver even when the fingerlings were released 12 days after herbicide 

application. Brain tissue remained unaffected. Rice-fish with Oxyfluorfen 0.25 

kg ha-1 registered the highest net income for both the seasons. 

Liu (2000) used four herbicides in dry seedling beds of rice. Treatments 

were 375 g of 50% Ouinchlorac (quinclorac), 375 ml of 10% Oianjin (a 

commercial product of unspecified composition), 4.5 kg of 17.2% Youhebao 

(a commercial product of unspecified composition) and 2.25 kg of 60% 

Butachlor, all per There was also a water control. Application of 

Butachlor slightly increased tiller number and above ground phytomass of the 

seedlings 33 days after sowing, compared to the other treatments. Herbicide 

application reduced weed numbers significantly (1% level) but there were no 

significant differences between the reductions in weed populations caused by 

the different herbicides. 
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Narayanan at al. (2000) evaluated the efficacy of various herbicides in 

controlling the weeds of transplanted rice. The treatments comprised 

Butachlor at 1,50 kg ha'!, Anilofos at 0.40 and 0.60 kg ha'!, Pretilachlor at 

0.50, 0.75 and 1.00 kg ha't, 2,4-D sodium salt at 0,60 kg ha'!, hand weeding 

twice and un-weeded control. All chemicals were applied as pre-emergence at 

3 days after transplanting (DAT), followed by one hand weeding 30 OAT, 

except 2,4-0 sodium salt (at 20 OAT), hand weeding twice (at 20 and 40 DAT) 

and un-weeded control. The major weeds observed in the field were 

Echinochloa colona, Cyparus difformis, iria, Sphaeranthus indicus and 

Marsilea quadrifoliata. The highest grain yield of 2.13 t ha'1 was recorded with 

Pretilachlor at 0.50 ha'l. The lowest grain yield of 1.24 t ha'! was obtained 

in the weedy control. The herbicide Anilofos at 0.40 kg ha'l increased the 

grain to 2.3% and 60.1% over Butachlor at 1.50 kg ha'l and weeded control, 

respectively. Weed control efficiency of Pretilachlor at 0.50 kg ha'1 1.00 

kg ha,1 was 71.6% and 69.7%, respectively, The post-emergence application 

of 2,4-0 sodium salt was not satisfactory and recorded lower yield. Increased 

dose of Anilofos at 0.40 to 0.60 kg ha'! did not increase the yield, 

Patel (2000) studied effects of planting density: fertilizer application 

and weed control methods on the yield and yield attributes of rice. Planting at 

20 x 10 cm gave higher grain yields (47,52 and 59.84 q ha'!, 

respectively), compared with the 20 x 15 cm density. Yield and yield attributes 

significantly increased with increasing NPK concentration; NPK at 150% of 

the recommended rate gave the highest grain (51,52 and 58.32 q ha,l) and 

straw yields (57.68 and 69.96 q ha'\ Butachlor application resulted in higher 

grain (46.11 and 54.23 q ha·l ) and straw yields (52.28 and 60.60 q ha'l) than 

the hand-weeding and control treatments. 

Prakash and Devi (2000) studied the persistence of herbicide Butachlor 

two levels (2.5 and 5.0 mg kg'! soil) of application in different soils, 

under three moisture regimes (air dry, field capacity and submergence). The 

persistence of Butachlor closely corresponded to the first order exponential 

degradation kinetics in soils and was mainly influenced by soil organic matter 

and moisture. More rapid disappearance was noticed at field capacity 



followed by submergence and air-dry conditions in all soils. Half-lives 

Butachlor under air dry, field capacity and submergence ranged from 52.40 to 

59.57, 12.35 to 20.58 and 28,48 to 39.20 days at 5 mg kg·1 application, 

respectively. The disappearance of Butachlor was higher in non-sterile soils 

than in ... I ... il", soils under both field capacity and submerged conditions 

indicating the major pathways of degradation to be microbial. The 

disappearance of Butachlor in all three soils was more rapid under field 

capacity than under submergence even with the addition of farmyard manure 

and paddy straw as organic amendments. 

Rana at a/ (2000) revealed that application of Pretilachlor 0.60 kg ha'! 

at seven days after sowing (OAS) controlled weeds effectively and increased 

grain and straw yields significantly over weedy check and other herbicide 

treatments (Butachlor 1.50 kg ha", Butachlor 0.75 kg ha·1 and Pretilachlor 

0.40 kg ha,I), Weeds, when allowed to grow uninterrupted with the crop. 

depleted 65.41, 9.6 and 66.21 kg ha,1 nitrogen (N). phosphorus (P) and 

potassium (K), respectively. of herbicides increased nutrient uptake by 

rice and decreased nutrient uptake by weeds. Uptake of nutrients was higher 

by rice and lower by weeds with Pretilachlor 0.60 kg ha". Halod (inter-culture 

in standing rice crop) increased nutrient uptake by rice and decreased nutrient 

uptake by weeds significantly over no halod. 

Singh at al. (2000) studied the effect of herbicidal weed management 

practices in controlling weeds in rice and its residual effect on the succeeding 

lentil (L culin8ris) crop. Treatments comprised: hand-weeding 20 or 40 

days after sowing, Butachlor, 2,4-DEE [2,4-0J, Anilofos and/or Pendimethalin, 

a weedy control and weed-free until maturity. Pre-emergence mixture of 

Anilofos + 2,4-0EE (0.3 + 0.5 kg ha,1) followed by one hand-weeding at 40 

days after sowing in rice recorded a significantly lower population and dry 

weight of weeds compared with treatment with Butachlor and Pendimethalin 

in both crops. Weedy control until maturity in rice reduced the grain yield of 

rice by 50.1% compared to weed-free until maturity. The yield of the 

succeeding lentil was highest in the rice plots treated with Anilofos + 2,4-DEE 

57 



as pre-emergence and one hand weeding at 40 days after sowing, This 

treatment also recorded the highest benefit: cost ratio (2,50), 

Sivakumar and Balasubramaniam (2000) studied the effect of 

integrated rice farming system on the control of weeds in lowland rice fields, 

Enterprises like fish culture (grass carp, Cne/opharyngodon idella at 1 fish m' 

z, in trenches occupying 15% of the rice area) and azolla culture (Azolla 

microphylla at 0,5 kg m'2) were compared independently and in combination 

with rice as the main enterprise, each with and without Butachlor at 1,5 kg ha' 

1, The common weeds in the experimental fields were Leptochloa chinensis, 

Echinochtoa cotona, Cyperus rotundus, C. dlfformis, Fimbrislytis lil/oraJis, 

Rolata densiflore, Sphenoc/ea zeylanica, Eclipla alba and Marsilea 

quadrifolia, Of Ihese, Echinoch/oa c%num and S, zey/anica were the mosl 

predominant The results revealed that the integration of azolla and fish 

culture as component enterprises in rice farming. along with Butachlor 

application, significantly increased the weed control index (61,85 and 11%) 

and grain yield (4.45 and 4.40 I ha,j) and the net retum (Rs, 58413 ha,l), 

Ganesh (2001) compared 4 establishment techniques under 2 systems 

of cultivation and 2 weed control practices, There were 8 treatments 

comprising direct sowing in lines under irrigated dry condition (01), with and 

without application of Pendimethalin at 1,0 kg ha" 5 days after sowing (OAS); 

direct sowing by broadcasting pre-germinated seeds under puddled and 

ponded (PP) condition, with and without application of som (Pretilachlor + 

Safener) at 0.4 kg he" 3 OAS; transplanting of 25-days-old seedlings under 

01, with and without Pendimethalin application al 1.0 kg ha" 5 days after 

transplanting (OAT); transplanting under PP condition, with and without 

application of Butachlor at 1 kg he" 3 OAT. Two hand weedings were done 

at and 40 OAS/OAT in the respective treatments, Results revealed thai the 

crop established by transplanting under PP condition gave significanlly higher 

grain yields (5,74 and 547 t ha") than the crop established by broadcasting 

pre-germinated seeds under similar situation, The water consumption in 

broadcast sown crop was higher (125.5 cm) than transplanted crop (114,0 

cm). On par grain yields were obtained in direct sown crop and transplanted 
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crop, both under 01 condition, but higher amount of irrigation water (90_0 cm) 

was consumed in direct sown crop_ The differences in grain yield between 

hand weeding only and in combination with chemical weed control were not 

significant in the different establishment methods or systems of cultivation_ 

Gnanasambandan and Murthy (2001) evaluated the efficiency of 

emergence herbicides applied under various tillage systems (conventional 

tillage, conservation tillage, and tillage-fallow), along with hand weeding and 

un-weeded control, for controlling the weeds of rice. Pretilachlor (750 g ha·l
). 

Bulachlor (1250 g ha·l
), and Oxadiargyl (100 g ha·i

) were applied al 4 days 

after sowing (OAS). Weed density was determined al 20 OAS_ All treatments 

effectively controlled weed density and increased grain yield_ The application 

of 750 g ha·1 Pretilachlor and 100 9 Oxadiargyl ha·1 applied al4 OAS under 

conservation tillage was most efficient in reducing the total density of and 

nutrient (N, P, and K) removal by weeds (Echinoch/oa co/anum, Echinochloa 

crus-galli, Cynodon daclylon, Panicum repens, Cyperus rotundus, Cyperus 

difformis, Ludwigia parviflora, Ammania baccifera, Eclipta alba, and Marsilea 

quadrifolia) and in increasing grain yield_ 

Gogoi al. (2001) studied the effective weed management practices in 

transplanted rice. Treatments comprised: un-weeded control; close planting 

(15 x 15 cm)+0.5 kg Butachlor ha", close planting + 0.2 kg Anilofos ha'l; 

haphazard planting + 1.0 kg Butachlor ha·l
; haphazard planting + 0.4 kg 

Anilofos ha·1
; N management (large granule urea); stale seedbed; Mikania 

micrantha + 0.5 kg Butachlor ha·1
; M. micrantha + 0.2 kg Anilofos ha·1

; and 

rotary weeder. Close planting + pre-emergence application of Butachlor at 0.5 

kg ha·1 or Anilofos at 0,2 kg ha" reduced the weed growth effectively and 

increased the yield components and grain yield of rice and was comparable 

with the use of rotary weeder at 25 after transplanting (OAT) The 

highest additional net retum (Rs_ 5135 ha-l
) was obtained upon treatment with 

Butachlor at 0.5 kg ha·1 along with close planting. The return per rupee 

invested was highest (Rs_ 7.45) upon treatment with rotary weeder at OAT. 

John and Mathew (2001) reported that the stale seedbed technology, 

generally recommended for raising small grains under weed-free upland 
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conditions, could be used in direct sown lowland rice as a no-cost, eco

friendly. and energy efficient weed control method, Weeds associated with 

rice cropping were Echinochloa stagnina, crus-gal/i and Oryza rufipogon; 

Fimbristylis miliacea. Cyperus iria and C difformis; Monochoria vag/nalis and 

SphenoGlea zey/anica (native grasses, sedges, and broad leaf weeds, 

respectively), Direct sowing under the stale seedbed system produced 

highest yield, equivalent to that of an almost totally weed-free crop 

environment. Both normal wetland sowing and transplanting resulted in lower 

yields probably due to the inilial crop-weed competition, Transplanting in the 

stale resulted in a significantly higher weed population and lower 

yield, The results also showed the significant yield advantage of the stale 

seedbed system over hand weeding or chemical weed control, at no 

additional cos\. Pre-emergence application of Butachlor significantly damaged 

rice seedlings and reduced yield by 0,9 t ha'!, The results clearly showed that 

the stale seedbed is a no-cost, weed control, productivity-facilitating system, 

Kanna!hasan at ai, (2001) conducted two laboratory experiments 10 

determine leaching and movement of Carbofuran and Butachlor in rice soils, 

Two surface (0-10, 10-20 cm depth) and two subsurface soils (20-30, 30-40 

cm depth) representing the major soil series of Tamil Nadu namely Anaiyur, 

Noyyal and Madukkur were collected The content of Carbofuran and 

Butachlor in the first column depth (0-10 cm) was the highest in the Anaiyur 

soil (40,50 and 39,10 ppm), The amount of the added Carbofuran and 

Butachlof was found distributed in all the four column depths irrespective of 

soils, The Carbofuran content of the leachales were 5400, 22,08 and 6,71 

ppm, and in case of Butachlor, 52,90, 21.41 6.35 ppm for Madukkuf, 

Noyyal and Anaiyur, respectively, Madukkur soil had highest recovery of 

Carbofuran and Butachlor and between these two pesticides, Carbofuran 

showed more tolal recovery than Butachlor. Anaiyur soil contained higher 

amounts of organic carbon than the other two Results that 

there was a general trend towards reduced movement of Carbofuran and 

Butachlor with increased soil organic matter content Furthermore, soil rich in 

organic matter restrict the mobility of herbicide, Noyyal soil contained higher 

amounts of clay conlent and CEC in the first column depth and is dominated 
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by montmorillonITe clay minerals. Hence, these would be have contributed to 

the low mobility of Carbofuran and Butachlor in Noyyal soil than Madukkur 

soil. 

Kathiresan et al. (2001), under laboratory conditions, compared 

integrating azolla (Azalia microphyl/a) culture and fish (grass carp; 

Ctenopharyngodon idella) culture, independently and in combination, with and 

without the use of Butachlor (1.5 kg ha,l) for their compatibility, synergism and 

weed control efficacy in transplanted rice, field experiments in Annamalai, 

Tamil Nadu, India compared the compatibility and efficacy different weed 

control practices of rice Le, twice hand weeding, Butachlor (1 kg ha'\ 

Oxyfluorfen (0.25 kg ha'!) and Thiobencarb (1,5 kg ha") on rice + azolla 

system, independently and in combination with the fish culture in the system, 

To determine the optimum and lime of release of fish fingerlings after 

herbicide application, fish fingerlings of 3-4 and 4-5 cm were released 4, 

8 and 12 days after herbicide application, For the histopathological studies on 

fish, the fingerlings from herbicide treated and control plots were collected 15, 

30 and 45 days after the release, Among the 3 different fingerling sizes and 3 

different dates of release, the fingerlings of 4-5 cm in length had the best 

survival rate when released 12 days after herbicide application (for all the 

herbicides). The integration of fish, azolla and Butachlor in rice cultivation was 

superior to any other treatment, which registered the lowest weed dry matter 

(100,02 and 80,40 kg ha"1 during 1995 and 1996, respectively), Among the 

herbicides compared for compatibility of rice weed control measures with fish, 

OxyfJuorfen significantly performed better than Butachlor and Thiobencarb. 

The performance of all the herbicides did not show any additive or synergistic 

interaction or improved weed reduction or yield increment when used in 

combination with fish. Among the fish tissues examined, the gills showed a 

higher degree of deformation followed by the muscle and liver, for all the 

herbicides tested, The brain was the least or unaffected tissue. 

Li at at, (2001) studied the effectiveness of four mixtures of herbicide 

and rice BB fertilizer in the control of weeds in rice fields, The results showed 

that the mixture of Butachlor and Bensulfuron-methyl and rice fertilizer 
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was highly effective in the control of weeds, safe for rice growth, convenient to 

use and labour saving. It was the best treatment for chemical weeding and the 

single fertilizer application was good for the whole season of rice growth. 

Min et a/. (2001) nh",."J,.rI the influences of the herbicide Butachlor (n-

butoxymethlchloro-2',6'-diethylacetnilide) on microbial populations, respiration, 

nitrogen fixation and nitrification, and on the activities of dehydrogenase and 

hydrogen peroxidase in paddy soil. The results showed that the number of 

actinomycetes declined significantly after the application of Butachlor at 

different concentrations ranging from micro g g-1 to 22.0 micro g g.l dried 

soil, while that of bacteria and fungi increased. Butachlor compared to the 

bacteria easily affected fungi. Butachlor retarded the growth of fungi at higher 

concentrations. Butachlor however, stimulated the growth of anaerobic 

hydrolytic fermentative bacteria, sulfate-reducing bacteria (SRB) and 

denitrifying bacteria. The increased concentration of Butachlor applied 

resulted in the higher number of SRB. Butachlor inhibited the growth 

hydrogen-producing acetogenic bacteria. The effect of Butachlor varied on 

methane-producing bacteria (MPB) at different concentrations. Butachlor at 

the concentration of 11.0 micro g dried soil or less than this concentration 

accelerated the growth of MPB, while at 22.0 micro g g.l dried soil showed an 

inhibition. Butachlor enhanced the activity of dehydrogenase at increasing 

concentrations. The soil dehydrogenase showed the highest activity on the 

161h day after application of 22.0 micro g g.l dried soil of Butachlor. Butachlor 

could stimulate the hydrogen peroxidase. The soil respiration was depressed 

during the period from several days to more than 20 days, depending on 

concentrations of Butachlor applied. Both the nitrogen fixation and nitrification 

were stimulated in the beginning but reduced greatly afterwards in paddy soil. 

Pathak at a/. (2001) studied the effect of treatment (normal 

practice: without seed soaking and application of recommended 16.6 kg K ha' 

1; modified practice: seed soaking in 40% KCI solution, application of 49.8 kg 

K ha·1
; 50 ppm Paraqual spraying at tillering slage); water management 

practices (rainfed, intermittent irrigation at 3 and 6 days) and weed control 

measures (weedy control and application of 2 kg Butachlor ha'l). The modified 



seed treatment significanlly increased the number of effective tillers and root 

volume compared with the normal practice, although there was no significant 

difference in yield. The 3-days intermittent irrigation significantly increased 

rool volume compared to the rainfed treatment In the weed controllreatmenl, 

Butachlor significantly increased the number of effective tillers, number of 

panicles and grain yield than the weedy control. Applying Butachlor increased 

yield by 23% compared to the weedy control. 

Rajkhowa et al. (2001) determined the most effective weed control and 

nutrient management practice for rice, Weed control treatments comprised: a 

weedy control, Butachlor and Pretilachlor Nutrient management treatments 

consisted of: 75% recommended of fertilizers (RRF) + 2.5 t vermin

compost ha"; 75% RRF + 5 tlpomoea ha" and 75% RRF + 5 t Crotalaria ha' 

I, The RRF was 40: 20: 20 kg NPK ha". Results revealed that Butachlor at 

1,0 kg ha" or Pretilachlor at 0.75 kg ha" applied three days after transplanting 

(OAT) significantly reduced weed infestation until 45 OAT and resulted in 

higher rice yield over the weedy control. Nutrient management practices 

showed no significant variation in weed density and dry matter accumUlation, 

Vermi-compost or fresh biomass of either Ipomoea or Crotalaria along with 

75% RRF resulted in significantly higher grain yields and soil organic carbon 

and available N, P and K over the RRF. 

Rana at a/. (2001) studied the effect of Bulachlor alone and in 

combination with Safener on nutrient uptake by rice and associated weeds 

(Echinoch/oa crus-galli, c%num, Panicum psi/opodium, Cyperus 

escu/entus, Cyperus difformis, Cyperus iria, Ammannia baccifera, Monochoria 

vagina/is, Commelina forskae/i and Scirpus sp). The results of the study 

revealed that application of Butachlor 2,00 kg ha,l + Safener 0.188 kg ha" al 7 

days after sowing (OAS) remaining statistically at par with Butachlor 150 kg 

ha" + Safener 0.188 kg ha,l (2 and 7 OAS) and hand weeding twice, 

decreased dry matter accumulation and nutrient (N, P and Kl uptake by 

weeds and corresponding uptake of nutrients by rice crop, 

Application of Safener along with Butachlor increased the efficacy of the 

herbicide at each of the times of application. 
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Saini at al. (2001) investigated the effects of Cyhalofop butyl (45, 60, 

75, and 90 9 ha'l) and surfactant (PG 26-2 at 0.2 and 03%) on rice and 

associated weeds (mainly Echinochloa c%num, crus-galli, Cyparus iria, 

Cyperus difformis, Scirpus sp., Comme/ina bengha/ensis and Ammannia sp.). 

Thirty-day-old rice seedlings were transplanted on 12 and 15 July. Cyhalofop 

butyl was applied 15 days after transplanting, The treatments were 

evaluated along with 1,5 kg Butachlor ha'l, 0.6 kg Anilofos ha'1 (both applied 

at 5 days after transplanting), and a weedy plot as control, Cyhalofop butyl (90 

g ha·1)+0.2 or 0,3 % surfactant, 1 kg Butachlor ha·
j
, 75 g Cyhalofop butyl ha' 

I +0,3% surfactant, and 90 g Cyhalofop butyl ha'! (without surfactant) gave 

the lowest weed dry malter weights, The greatest number of effective rice 

tillers, panicle length, and number of grains per panicle were obtained with 90 

g Cyhalofop butyl+0.3% surfactant, 75 g Cyhalofop butyl ha" +0.2 or 0.3% 

surfactant, and 1.5 kg Butachlor ha,l. The highest grain yield was recorded for 

90 g Cyhalofop butyl ha,j +0,3% surfactant, 90 9 Cyhalofop butyl ha·1 +0.2% 

surfactant, and 1.5 kg Butachlor ha'! in both years and also with 75 g 

Cyhalofop butyl ha'l +0.3% surfactant in the first year. Butachlor 1,5 kg ha" 

and Cyhalofop butyl at 90 g ha'! were found to be economically viable based 

on their benefit: cost ratios, 

Singh and Govindra (2001) compared weed treatments: a weedy 

control, Cyperus rotundus only, Butachlor, Butachlor + 2,4-0, Butachlor + 

Pendimethalin, Butachlor (1,0 kg ha-1
) + hand weeding (30 days after sowing 

(OAS) and two hand weedings (25 and 45 DAS) Results revealed that 

competition with C. rotundus only on an average caused 52.5% reduction in 

rice grain yield. Competition with all the weeds growing with the crop caused 

an 86.7% reduction in the grain yield, The highest weed control efficiency was 

obtained by weed-free condition followed by two hand weedings and 

Butachlor + one hand weeding. Butachlor + one hand weeding recorded the 

highest return per rupee investment (1: 1.57) and was at par with two hand 

weedings and weed-free treatments, 

Singh at ai, (2001) examined the changes in weed communities under 

traditional crop rotations and cropping practices used in rice-wheat 
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production. Weed communities al 60 days after planting (DAP) were 

distinctive of each crop. The introduction of sugarcane between rice and 

wheat resulted in increased populations of Cyperus rotundus in the following 

rice crop, if directly sown, but was effective in suppressing Phalaris minor in 

wheal. Isoproturon reduced weed densities in wheat compared with two 

manual weedings; whereas equivalent abundance was observed in Bulachlor 

treated and manually weeded transplanted rice. Yield losses due 10 weeds 

were consistently higher in than in wheat. 

Subhas and Jitendra (2001) chalked out the effects of N fertilizer (60 

and 120 kg ha,l), weed control treatment (hand weeding, Butachlor at 1.0 kg 

ha,l, Anilofos al 0.5 kg ha'l and Chlorimuron ethyl at 0.012 kg ha'l) and 

planting method (direct sowing and transplanting) on dry matter accumulation 

and N uptake by rice and weeds (including Eehinoehloa e%num, E. erus

galli, Leptoeh/oa ehinans/s, Eelipta alba and Commelina banghalensis). The 

dry matter accumulation of weeds increased as the growth stage of the crop 

advanced. The weed dry weight was significanlly lower in transplanted rice 

than in direct-sown rice Imering, flowering and maturity stages. The N 

depletion by weeds, which increased as the crops and weeds matured, was 

significantly higher under direct-sown culture compared to transplanted 

culture. dry matter accumulation and N depletion by weeds were 

higher with 120 kg N ha'1 compared with 60 kg N ha'l. Hand weeding was the 

most effective in mitigating the weed dry matter accumulation and N 

depletion. The dry matter production harvest was significantly higher under 

transplanted rice culture than direct-sown rice culture. Higher grain and straw 

yields were obtained with 120 kg N ha'l and with hand weeding. Higher N 

uptake by rice was obtained with transplanting, and with 120 kg N ha'l and 

hand weeding. 

Tamiiseillan and Budhar (2001) studied the effects of pre-emergence 

herbicides, Butachlor 1 kg ha,l, 1.0 kg Bulanil ha,l, 0.40 kg Pretilachlor ha-" 

0.40 kg Prelilachlor ha'l + Safener and 0.3 kg Anilophos (Anilofos ha-I
) on rice 

and associated weeds (Cyperus rotundus, Cyperus iria, Cyperus difformis, 

Cynodon daety/on, Echinoch/oa crus-galli, Echinoch/oa co/ana, Marsilea 
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quadrifoliata (M. quadrifolia, and Eclipta alba). The herbicides were applied 8 

days after sowing (DAS). The density and dry weight of weeds at 40 DAS 

were lower in herbicide-treated plots than in un-weeded and hand-weeded 

plots. The highest number of productive tillers hill" was obtained with 0.3 kg 

Anilophos ha'l (14.1), 0.40 kg Pretilachlor ha" (14.2), and 1.0 kg Butanii ha" 

(13.3). The number of filled grains panicle·1 was highest with 0.3 kg Anilophos 

ha,l (131.7), 0.40 Pretilachlor kg ha'; (126.3), and 1.0 kg Butanil ha·1 (122.1). 

The weed control treatments were equally effective in increasing grain yield. 

Tripathi and Upadhyay (2001) reported that the proliferation of soil 

microbes, which are positively correlated with availability of fertiHzer nutrients, 

markedly increased under balanced fertilizer application. The application of 

nitrogen and potash as basal or splits at various growth stages produced 

similar results. or the herbicides tested, Cuman-L (ziram) exerted greater 

inhibitory effects on soil microorganisms. Results showed that Machete 

(Butachlor) was the best herbicide followed by Cuman-L, Malathion and BHC 

(HCH). Maximum yields of rice were recorded when a half dose of Nand K, 

together with a full dose of P, were applied as basal fertilizers, and the 

remaining N was applied as a foliar spray at the pre-flowering stage of the 

crop. 

Usui (2001) reported that recent herbicides have had characteristics 

such as high effectiveness without causing environmental pollution or harmful 

effects, and appropriate herbicides having high activity, low toxicity, high 

selectivity and non-persistence have been developed. The metabolism of rice 

herbicides used mainly in Japan, such as Sulfonylurea, Chloroacetamide, 

Acylamide, Urea, Thiocarbamate, Pyrazole, Triazine, Diphenyl ether, 

Phthalimide, Phenoxy, Aryloxyphenoxypropionate, are closely related to their 

activity and selectivity. Differential herbicide metabolism in plants is a 

contributing factor of selectivity between crops and weeds. Chemicals that are 

more deloxmed in crops, andlor more activated or less detoxified in weeds, 

are considered as being effective and selective herbicides. The metabolism of 

various types of rice herbicides includes: oxidative reaction (ring and chain 

hydroxylation, 0- and N-dealkylation). hydrolysis and subsequent glucose 
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conjugation, and glutathione conjugation in rice, These detoxicative activities 

are much higher in rice than weeds in paddies, and this leads to the selectivity 

of herbicides. Enzymes, I.e, oxidase (oxidoreductase), P-450 

monooxygenase. esterase, acylamidase (amidase, glucosy) transferase, 

glutathione transferase, play important roles in herbicide metabolism and 

selectivity. 

Mandai et ai, (2002) observed the efficiency of chopped and macerated 

leaves of Vitex. I. batatas, I. carnea, Tabemae, Calotropis, Cymbopogon, 

Annona, Holarrhena, Adhatoda, Eucalyptus, Antigonon and Azadirachta in 

controlling weeds of rice, Application of chemical herbicides and weeding was 

scheduled 30 days transplanting, The rice field was infested by 16 

species of broad leaves, grasses, sedges and filamentous weeds of which 

Fimbristylis miliacea, Ammannia baccifera and Ludwigia parvifiora were 

predominant Eucalyptus was the least efficient in reducing the weed 

population, Vitex gave the lowest weed dry weight. I. batatas and Calotropis 

reduced the weed dry weight equivalent to that of Butachlor and recorded 

weed control efficiency above 80%, followed by Cymbopogon, Annona, 

Azadirachta, I. carnea, Holarrhena and Adhatoda, tallest plants were 

recorded under Cymbopogon treatment while the highest number of panicles 

m-2 was recorded under Vitel( treatment Treatment with I. batatas, Calotropis, 

Annona and Cymbopogon were superior to Butachlor, 

Ming et a/. (2002) observed the influences of herbicide Butachlor (n

butoxymethl-chloro-2', 6'-diethylacetnilide) on microbial respiration, nitrogen 

fixation and nitrification, and on the activities of dehydrogenase 

(oxidoreductase) and hydrogen peroxidase in paddy soil. Soil dehydrogenase 

showed the highest activity on the 16th day after application of 22,0 micro g g.1 

dried soil of Butachlor. Butachlor could stimulate hydrogen peroxidase. Soil 

respiration was depressed within a period from several days to more than 20 

days, depending on the concentration of Butachlor applied. Both the nitrogen 

fixation and nitrification were stimulated in the beginning but reduced greatly 

afterwards in the paddy soil 

67 



Pal al. (2002) evaluated the efficacy of some herbicides on weeds 

on transplanted rice, Treatments were: Butachlor 50 at 1 kg ha·1; 

Butachlor al 1 kg ha,1 + 2,4-D Na salt at 0.4 kg ha,1; Cinmethylin 10 EC at 

0.05 and 0.075 kg ha"; Ethoxysulfuron at 0,02 kg ha"; Ethoxysulfuron 0.02 

kg ha'! + Anilofos at 0,375 kg ; Oxadiargyl ala, 1 kg ha"; Fenoxaprop-p-

ethyl at 0,6 kg ha·1
; Anilofos at 0.6 kg ha"; hand weeding twice (at 20 and 40 

days after transplanting); and un-weeded control. Hand weeding, 

Ethoxysulfuron + Anilofos, and Oxadiargyl resulted in higher yield and less 

weed growth compared to the other treatments, 

Venkatachalapathy and Veerabadran (2002) evaluated the effect of 

drum seeding (for optimum plant stand). different times of nitrogen application 

(for avoiding nitrogen losses) and different weed management practices on 

wet-seeded rice. The highest yield was recorded in drum seeding with 2 cm 

intra-row spacing, application of 120 kg N in 4 equal splits on 25 days 

sowing. active tillering, panicle initiation and heading and hand 

weeding twice treatment. However, the net return per rupee invested was 

higher with drill seeding at 2 cm spacing + nitrogen application in four splits + 

integrated weed management (pre-emergence herbicide Butachlor + one 

hand weeding) treatment. The reduction in cost of weeding, when herbicide 

was used could have resulted in this trend, This technical package will make 

direct seeding an effective alternative technology to transplanting, since it 

gives more gain without extra expenditure. 

Zhang at al. (2002) evaluated the response of rice to rotational crop 

herbicides in combination with rice herbicides in water-seeded culture, 

Fluometuron. Imazethapyr, Metolachlor, and Norflurazon were applied at 0.5, 

0.25, 0,125, and 0.063 times the recommended use rates preplant 

incorporated (PPI) to simUlate herbicide carryover from previous crops. 

Molinale and Thiobencarb at kg ha'l were applied PPI, and Quinclorac at 

0.43 kg ha" post-emergence. No interaction between rice herbicides and 

rotational crop herbicides was observed for rice injury at 4 weeks after 

planting (!NAP). plant dry weight. stand, and height at 8 WAP, or rice grain 

yield, However, rice heading was delayed with some rotational crop herbicide 
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rice herbicide combinations. Ftuometuron at the 0.5 and 0.25 times rates 

injured rice 64 and 21% at 4 WAP, and reduced rice yield 96 and 20%, 

respectively. At 4 WAP, Metolachlor at the 0.5 and times rates injured 

rice 93-29%, and reduced rice yield 85-20%, respectively An 64-100% rice 

injury at 4 WAP and a 81-100% rice yield reduction were observed with 

Norflurazon at the 0.5 and 0.25 times respectively. Imazethapyr caused 

15-26% rice injury 4 WAT and 2241% yield reduction, 

2.6 

Gurman! at a/. (1988) revealed that, in Dera Ismail Khan, all the 

farmers planted IRRI-6 and half of them did not know the recommended seed 

and they broadcast method of plantation instead of transplanting 

due mainly to shortage of labour. Thirty per cent of the population did not 

know the recommended rates of fertilizers and to most of them lack of finance 

was the main limiting factor. Ninety per cent of the population did not realize 

the need of control the pests. Only 6% of population used control measure. 

Thirty per cent of sample population used credit from Agriculture 

Development Bank of Pakistan. Water shortage, lack of credit, high prices of 

inputs and lack of finances were the major restrictions in higher yields of rice, 

according to the views of sample population. 

Himayatullah at a/. (2000) compared relative technical efficacy of wheat 

growers in rainfed farms of Lakki Marwat with irrigated farms of Peshawar 

valley, The results suggest that medium and owner-operated farms are 

relatively technically more efficient than small and large farms and owner

cum-tenanted and tenanted farms, respectively in the rainfed farming system 

of Lakki Marwat that small, medium and large farms and owner-operated, 

owner-cum-tenanted and tenanted farms are equally technically efficient. 

respectively in Peshawar valley. 

Velusamy and Seetharaman (2000) identified the extent of participation 

and assessed the socio-economic impacts of poverty alleviation programs on 

the beneficiaries. The salient findings of this study indicate that 37.11 % of the 

berlefi,ciar'ies had low level participation, 30.67% had changed their food habit 
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from combination to rice alone, 75.63% had started using ready made 

dress and 18.44% has sent their children for higher education. Only a few 

beneficiaries alone have moved up to middle socio-economic status category 

from a lower category due to their participation in the poverty alleviation 

programs. 

Abedullah and Ali (2001) reported that the import and input subsidy 

give net return to the society while price support generates net loss, The triple 

combined policy option generates the highest net return to the society when 

each import and input subsidy component is combined with supporting 

the ratio of 40 and 20%, respectively. The best policies to provide sufficient 

food lower pricas and to improve the welfare of consumers and producers 

were investment on agriculture research and development of irrigation 

infrastructure in the long run. 

Kamruzzaman e/ a/. (2001) examined the extent of modern technology 

in Bangladesh and knowledge gap of the farmers about the technology. It was 

found that 100% of wheat ""r,,,"'r,,,, in the country was planted to modem 

varieties. High knowledge gap was observed for recommended fertilizer oo:~e, 

There was significant difference between the practices recommended and the 

existing knowledge the farmers for different production practices, The 

demonstration farmers of the farming system research and multi-location 

testing sites had less knowledge gap than the other farmers. 

Muhammad e/ al. (2002) examined the relationship of farmer's age, 

educational qualification and social status with the timely availability of loan 

and fee charged for the completion of Pass Book The analysis of data 

showed that age and educational qualification had a highly significant 

negative relationship with the timely availability of loan while there existed a 

non-significant relationship between these variables and charged for the 

completion of Pass Book. There was also a non-significant relationship 

between social status and timely availability of loan and fee charged for the 

completion of Pass Book, 
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2.7 

Matsumura (1996) studied the effects of the growth stage of rice on the 

population dynamics of Sogatella furcifera, particular, on immigration, 

seasonal abundance. population growth rate, and wing-form expression. 

studies were carried out in Niigata Prefecture. Japan. The number of 

immigrants was highest on rice plants 17-30 days after transplanting, 

suggesting that immigrants pre-fer to settle or remain longer on rice plants at 

the tillering slage. The population growth rate from immigration to the 1st 

generation decreased with an increase in rice plant age. In contrast, 

population growth rate from the 1st to 2nd generation was not influenced by 

rice plant age and was negatively density dependent The percentage of 

macropters was positively related to the growth stage of rice in the vegetative 

or early reproductive stage, and reached 100% at about 10 days before 

heading (booting slage). Thereafter. most adult females moulted into 

macropters regardless of population density. 

Korat at al. (1999) revealed that among the treatments evaluated, the 

smallest (2.72 to hoppers hill") number of the white backed plant hopper 

Sogatel/a furcifera (Horv.) were observed following treatment with Buprofezin 

25 WP (0.5 kg ha-') followed by Acephate 75 sp. (0.75 kg ha·l ). A relatively 

low (3.91%) incidence of the leaf folder. Cnapha/ocrocis medinalis Guen. was 

found in the plots treated wilh Monocrotophos 36=WSC (0.75 kg ha-'). 

Acephate 75 sp (4.38%) and Triazophos 40 EC (5.03%) compared with 

9.30% in untreated check plots. The minimum incidence (120.67 white 

earheads plor1 of 27.6 m2
) of the stem borer Scirpophaga incertulas (Walker) 

was recorded following Triazophos 40 EC (0.50 kg ha"l) treatment The 

greatest (2625 kg ha-1
) grain yield was obtained from the plots treated with 

Buprofezin followed by Acephate (2618 kg ha,l). Carbofuran 3G (2572 kg ha' 

1) and Monocrotophos (2499 kg ha-\ The greatest cost benefit ratio was 

found after Acephate treatment (1 :7.73) followed by Triazophos {1 :4.99} and 

Buprofezin (1 :4.71). 

Pandey and Tiwari (1999) evaluated insectiCides for their efficacy 

against the climbing cutworm of Mythimna separata. in farmer's field in 
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Uttar Pradesh, India. Treatments comprised 4 spray formulations, i.e. 

Cypermelhrin (Ripcord 10 EC, 0.0075%), Deltamelhrin (Decis 2.8 

0.002%), Fenvalerale (Sumicidine 10 EC, 0.05%), Quinalphos (Ekalux 25 EC, 

0.05%),3 dust/dry powder formulations, Le. Endosulfan (Thiodan 4 D, at 12. 5 

and 25 kg ha'\ Phenlhoale (Elson 2 D, at 25 kg ha,j) Neem (Azadirachta 

indica) powder (Neemax, al 25 kg ha-1
) and a Bacillus thringiensis formulation 

(Biotep, at 1 litre ha-1
). It was found that Fenvalerate was the most effective 

and caused 81.2% reduction in larval population after 24 hours and 95.4% 

after 72 hours. Quinalphos and Endosulfan dusts were also found effective as 

they reduced 85.4% and 82.4% larval population, respectively. Bacillus 

thuringiensis and Neem showed lower larval mortality (43.4 and 41.3%, 

respectively) but better than the control. The cosl benefit ratio was the highest 

in Fenvalerate (1:6.75). 

Bartha at al. (2000) determined the effect of neem products and 

insecticides on the yield of rice. Seedlings were planted in July, and subjected 

to: Neem cake + Neem seed kemel extract + Monocrotophos (T1); 5% Neem 

kernel extract (T2); 3% Neem oil (T3); Carbofuran 3G (T4); 

Monocrotophos 36SL (T5); and control (T6). Neem was applied at the 

lime final land preparations while the remaining treatments were applied 21 

days after transplanting. T4 gave the highest yields (46.40 and 50.60 q ha,l). 

gave the second best yield (42.87 q ha'\ while T1 gave the second best 

yield (48.60 q ha-\ All treatments increased the yield over the control, with 

T1, T2 and T3 resulting in mean yield increases of 25.85%, 21.78% and 

20.47%, respectively. The cost: benefit: ratio was highest in (1 :2.33 and 

1:1.88, respectively), followed by T1 (1:1.42 and 1:1.95) bul lowest in T4 

(1 :0.95 and 1 :0.83). 

Wakil et a/. (2001) evaluated the efficacy of five different (Lorsban 

(chlorpyrifos), Decis (dellamelhrin + dimethoale), Nurelle-D (cypermethrin + 

chlorpyrifos), Thimet (phorate) and Furadan (carbofuran» sprayable and 

granular insecticides in controlling rice stem borer and leaf folder on the rice 

variety Basmati-385. Granular Furadan application proved 10 be the best in 

contrOlling the attack of both stem borer and leaf folder as well as better yield 
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per acre, while among sprayable insecticides, NureUe-D proved better for Ihe 

conlrol of these pests. The Furadan application gave the maximum yield of 

1527 kg acre' I with cost benefit ratio of 1:6,67, Nurelle-D gave the maximum 

yield of 1 kg acre-1 with cost benefit ratio of 1 The monetary benefit 

with granulars and sprayables were 8250,66 and Rs, 5874,66, 

respectively, and was highly significanlly. 

Khan a/ aJ. (2003) screened eight rice varieties for their resistance 

against rice stem borer. Percentage of dead hearts and white heads were 

recorded 38 and 67 days after transplanting. None of the lested varieties were 

free from the attack of stem borer. However, variety KSK-282 was found 

as while Gomal-6 and Gomal-7 showed 

Basmati-385, was proved moderate susceptible varieties, Swat-1, JP-

5 and Dilrosh-97 were found the susceptible varieties under the a9ro-climatic 

conditions of Dera Ismail Khan, 



Chapter 3 

MATERIALS AND METHODS 

A research project on "Integration of time of transplanting and number of 

seedlings hill-1
, weed control and seeding techniques for increased 

productivity of rice (Oryza saliva L.)" was undertaken at the Agricultural 

Research Institute, Dera Ismail Khan, NWFP. Pakistan, during rice growing 

seasons of 2002 and 2003. 

3.1. Agro-ecological conditions 

Dera Ismail Khan is situated in the extreme south of North West Frontier 

Province (NWFP) of Pakistan and lies 31' 49' N and latitude and between 70' 

551 East and longitude. The irrigated area of Dera Ismail Khan is about 

14.73% of the total area. The soils of the area are calcareous in nature, 

deficient in organic matter, nitrogen and phosphorus and adequate to 

marginal in potassium. The climate is arid to semi-arid. It is hot and dry in 

summer with moderate spells during monsoon season. The elevation ranges 

from 121 to 210 meter above sea level. The mean maximum temperature in 

summer and mean minimum temperature in winter are 45 and 8 QC, 

respectively. The mean annual precipitation ranges from 1 cm and 

relative humidity varies from 51% in June to 78% in October. Meteorological 

data during the crop seasons are given in Appendix-1. 

3.2. Soil status 

The experiments were carried out in fields where previous crop was wheat 

and chickpea during the year 2002 and 2003. respectively. The physio

chemical properties of the soil are shown in Table 3.1. 
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Table 3.1. Physio-chemical characteristics of soil at Agricultural Research 
Institute, Dera Ismail Khan. --

Values 
Symbol Unit --_.- - - -- --

2002 2003 
- - ~ ----.----

Textural Class Silty Clay Silty Clay 

pH (1 :5) 1-14 8.3 8.3 
- --- --

Ec x 106 Mmhos 250 250 

"ca++ + Mg++ 
- --_ . -

Meq/L 2.2 3.1 
- - - - - - - -

HC03 Meq/L 1.8 1.4 
-- --- ._ -- .-

CI Meq/L 1.3 1.7 

'organic Matter 
- - - - - -

% 0.62 0.96 
----

N % 0.03 0.05 
---- -

P ppm 7.0 7.0 
._. 

Source: Soil Chemistry Laboratory, AR.I, Dera Ismail Khan, NWFP, Pakistan. 

3.3 . Land preparation 

Giving one deep ploughing with disc plough followed by cultivation and 

planking twice prepared the experimental field. The waste matter (roots, 

leaves etc) of previous crop was incorporated in to the soil. The land was then 

kept open for drying and killing soil-borne insects and pathogens. In bed 

planting technique. raised beds were made 30 cm apart through bed planter. 

3.4. Fertilizers application 

Fertilizers were applied at the rate of 120-90-50 kg ha-1 of N, P20 5 and K20, 

respectively in the form of Urea, Di-ammonium Phosphate and Potassium 

Sulphate. Half of N and all the P20 5 and K20 were applied before sowing, 

while the second half of N was applied at panicle initiation stage. While, Zinc 

sulphate (35 percent Zn) at the rate of 12 kg ha-1 was applied 15 days after 

seedingltransplanting. 

3.5. Variety 

Well adapted. non-aromatic coarse rice variety "IR-6" was used in all trials, 

which belongs to the Indica rice group. 
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3,6. 

Seeds of IR-6 variety were selected at specific gravity of 1.13 in salt water, 

prepared by dissolving about Y, kg of salt (Sodium Chloride) in 10 liters of 

water. The seeds that sink in salt water were selected for sowing and other 

light floating and un-viable seeds were discarded. After rinsing the salt water, 

the seed was kept immersed in water for 24 hours and then under moist 

gunny bags for 36 hours to a pigeon breast like shape. A seed rate of 100 kg 

ha-! was used for sowing direct plots. 

3.7, 

The nursery bed was prepared 5 em above soil and had the waterways on all 

sides of bed, The nursery was planted on 20lh of May each year for all 

experiments, except for the time of transplanting and number of seedlings 

trial, In this trial, nursery was grown four times on 20th of May, 2ih of May, 41h 

of June and on 111h of June, each year. Wet pre-germinated seed was 

broadcast in soaked soil. A recommended dose of fertilizers at 120-90-50 N, 

PZ0 5 and K20 kg ha'! and insecticide Furadon (G) at the rate of 12 kg ha-1 

was applied in the nursery. One-month-old rice seedlings were used for 

sowing all transplanted plots. 

Parachute nursery preparation 

In parachute planting, wet pre-germinated seed was grown separately in 

bubbled plasUc sheets. Each sheet measured 60 cm long, 33 em wide, 2 cm 

deep, having 400 cup like cells. One to two seeds were placed in each cell 

(hole) with 5-7 g of soil. The seedlings were allowed to grow for 25 days and 

then separated from the bubbled plastic sheets for broadcasting (Prabhakar 

a/,2001). 

3,9, Transplanting and main field management 

The 30 days old seedlings were uprooted carefully on the day of transplanting 

and transplanted in the main field manually at a depth of cm. Variable 

number of seedlings (3-5) were used in all transplanted experiments, eXI::e~)t 
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the time of transplanting and number of seedlings trial. In this experiment, 

one, two, three and four seedlings hill·1 were used. plot size was 2 x 5 m2 

using the line planting with a plant-to--plant and row-to-row spacing of 20 cm in 

all transplanted plots, In bed planting technique, was sown through 

planter while the se-edlinQIS were transplanted manually on raised beds. 

was kept immersed in water for 24 hours and then put in bed planter for 

sowing. The depth of was uplo 2.50 em. There were 4 beds in each plot 

In parachute planting, the young seedlings with roots holding a small lump of 

soil were separated from the bubbled plastic and then broadcasl 

manually into wet field, 

3,10. Water management 

A thin layer of 2-3 cm irrigation water was maintained in direct seeded plots, 

after broadcasting seed in the respective treatments, After germination of 

seedling desiccation due 10 water stress was avoided by intermittent 

wetling of the field, When the seedlings were about cm tall (about two 

weeks after sowing) water was impounded to prevent germination of weeds. 

Afterwards the irrigation was applied to the full extent maintain a flood level 

of 8 cm till one week before harvesting. 

3.11, layout and design 

All the field experiments were laid out in a Randomized Complete Block 

Design (RCBD) with split plot arrangements having 4 replications, except for 

the seeding technique trial. This experiment was carried out in a simple 

Randomized Complete Block Design (RCBD) using single variable factor. 

3,12. Statistical analysis 

data recorded during the crop seasons of 2002 and 2003 were analyzed 

statistically using analysis of variance technique and subsequently Least 

Significance Test (LSD) was applied for comparing the treatment means, by 

MStatC computer software (Steel and Torrie, 1980), 
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The specific experimental protoccl of each experiment is given as under: 

Experiment 1: Quantitative assessment of social and some input 
variables relating to rice production in Dera Ismail 
Khan. 

Present endeavor was conducted by survey research procedure of Cohen et 

a/. (2000) who stated that a minimum sample size of 30 cases is sufficient for 

some sort of statistical analysis, A total of 50 farmers were interviewed from 

25 villages of Dera Ismail Khan, Simple random sampling technique of the 

probability sampling was adopted, The respondents were selected on the 

basis of their acreage under rice cultivation, Farmers having 5 acres or more 

under rice cultivation were included in the final interview schedule, 

Frequencies and percentages were calculated and tabulated across 

respondents for ccmparison (Dowdy and Wearden, 1991), The contents of the 

questionnaire are presented in Appendix-2, 

Experiment 2: Time of transplanting and number of seedUngs hilr1 
in relation to stand establishment and productivity of 
transplanted rice. 

The experiment was carried out at the Agricultural Research Institute, Dera 

Ismail Khan, NWFP, Pakistan, during rice growing seasons of 2002 and 2003, 

The experiment was laid out in design with split plot arrangements, 

replicated 4 limes, The transplanting dates were maintained in main plots 

(Factor A) while number of seedlings hiW1 in the transplanted crop was kept 

as sub-plots (Factor B), The SUb-plot size was 2 x 5 m2 using the line planting 

with a plant-to-plant and row-to-row spacing of 20 em in all plots Nursery was 

transplanted on 20lh and 27'h June and 41h and 11th of July, each year. 

Seedlings 1,2,3 and 4 hill'l were used in sub-plots, The detail of treatments 

is given in Appendix-3, 
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The following parameters were recorded during the course of investigation, 

3,13, Observations recorded 

1, Plant height at maturity (cm) 
2, Number of productive tillers (m'2) 
3, Number of unproductive tillers (m'2) 
4, Number of panicles (m'2) 
5, Number of spikelels panicle'! 
6, Sierility and Normal kernel percentage 
7, 1000-grain weight (g) 

Paddy yield (t ha") 
9. Straw yield (I ha'l) 
10. Number of leaves plan!,1 
11. Leaf area index (m'2) 
12, Net assimilation rate (g m,2 day") 
1 Stem borer moths' resting behaviour 
14, White heads planr! 
15, Benefit Ratio (BCR) 

The methodology used for recording individual parameter is described as 

under: 

3,14, Plant height at maturity lem) 

Ten plants were selected at random from each plot at maturity. Their height 

was measured from the soil surface to the tip of panicle I flag leaf with the 

help of a meter rod and average height was calculated, 

15, Number of tillers (m'2) 

Productive and unproductive tillers were counted randomly from each plot at 

harvest, using 1m2 quadrate, 

3,16. Number of panicles (m'2) 

Total number of panicles m,2 in each plot was counted at harvest from fixed 

places earmarked for recording tillers, 
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3.17. 

Spikelets per panicle were averaged from 10 randomly selected panicles 

taken from each plot. The panicles were collected from the same places 

earmarked for recording tillers. 

3.18. Sterility and Normal kernel percentage 

The sterility/empty spikelets were calculated from 10 randomly selected 

panicles from each plot at harvest. After averaging the tolal spikelets per 

panicle, the sterility percentage was calculated. The empty seeds were 

designated as sterile and rest were considered as normal kernels (Nagato 

and Chaudhry. 1969). 

Sterility percentage ~ Sterile x 100 
Total No. of spikelets 

9. 1000-grain weight (gl 

From the dry seed lot of each plot, samples of 1000-grain weight (g) were 

taken and weighed, using Meltler electronic precision balance PE 1600 USA. 

3.20. Paddy yield (t ha-1
) 

An area of 1m·2 was harvested from each plot random avoiding border 

effects. Paddy yield was weighed by triple beam balance at 14 % moisture 

level. The yield of clean rough rice was expressed to t ha" by using the 

following formula: 

., Plot yield(kg)x10000 Paddy Yield (t ha ) ~ .-.-.. ~ ... -.--.---
Plot size (m2

) x 1000 

3.21. Straw yield (t ha-l 1 

Straw yield from plot was weighed and recorded after sun drying for 7 

days by using triple beam balance. The yield of straw was expressed in I ha-1 

by the same formula used for calculating paddy yield. 
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3.22. 

Number of leaves was taken al random from 10 planls in each pial 45 and 90 

DAS. Their lotal number was counted and average was calculated. 

3.23. Leaf area index Im-2) 

Leaf area index was calculated from 10 randomly selected plants taken from 

each plot 45 and 90 DAS with the help of following formula (Lockhart and 

Wiseman, 1988). 

Total leaf area (m2) 
Leaf Area Index ~ -------- -

Ground area (m2) 

Where total leaf area was calculated as: 

3.24. 

LA = Leaf length x leaf width x factor (0.64) x No. of leaves planr1 x 
No. of plants m-2 

Net assimilation rate was calculated 45 and 90 DAS in 10 plants, randomly 

selected from each plot and expressed in 1 m2
. using following formula 

(Lockhart and Wiseman, 1988). 

Where: Total dry mailer = Dry weight of plants (g) in 1 m2 

3.25. Stem borer moths' resting behaviour 

The experimental area was selected in a general rice plantation to ensure a 

natural borer infestation pressure. Resting rice stem borer moths were 

observed at 8.00 a.m. after 30, 45 and 60 days after seeding (DAS) and their 

total number was counted in each treatment. After each insect's count, 

granular insecticide Furadon was applied in all treatments. 
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3.26. White heads planr1 

The white heads were counted from 10 randomly selected plants in each 

treatment 90 DAS. Their total number was noted and expressed as 

number of white heads planr'. 

3.27. Benefit Cost Ratio IBCR) 

Benefit Cost Ratio was calculated by using the following formula: 

. Net income Benefit Cost Ratio ~ --....... . .... --

Experiment 

Total cost of production 

Techniques for weed control in transplanted and 
direct wet-seeded rice. 

The experiment was carried out the Agricultural Research Institute, Dera 

Ismail Khan, NWFP, Pakistan, during rice growing seasons of 2002 and 2003. 

The experiment was laid out in RCB design with split plot arrangements, 

replicated 4 times. The methods of sowing were maintained in main plots 

(Factor A) while weed control techniques in sub-plots (Factor B). The crop 

was sown on 20th of June, each year. The detail of treatments is given in 

Appendix-4. 

3.28. Weed sampling 

Weed samples were taken randomly using a 1m2 quadrate three in 

each treatment having sub-plot size of 2 x 5 m2 after 30, 60 and 90 days after 

sowing (DAS). 1$1 weed count was taken 15 days after hand weeding I 

herbicide application. The number of weeds found inside the quadrate was 

recorded. The samples were weighed for recording the fresh weed biomass 

and then oven dried at 70°C for 48 hours. The oven-dried weeds were then 

weighed for recording the dry weed biomass. Subsequently the means were 

computed for each treatment for the number and biomass of weeds. Data 

recorded on weed density and dry weed biomass were converted to number 

(m·2) and (g m·2) , respectively. 
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3.29. 

All the observations were recorded as per procedures given in experiment 

Experiment 4: Seeding techniques in relation to plant stand 
establishment and productivity of transplanted and 
direct wet-seeded rice. 

The experiment was carried out at the Agricultural Research Institute, Dera 

Ismail Khan, NWFP, Pakistan, during rice growing seasons of 2002 and 2003. 

The experiment was laid out in RCB design with 4 replications. The 

experimental procedure was same as in experiment 2 except, in bed planting 

in which and seedlings were sownltransplanted on beds. In 

parachute planting, the young seedlings with roots holding a small lump of soil 

were broadcast manually into wet field. The crop was sown on 20lh of June, 

each year. The detail of treatments is given in Appendix-5. 

3.30. Observations recorded 

All the observations were recorded as per procedures given in experiment 2. 
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Chapter 4 

RESULTS AND DISCUSSION 

Experiment 1. Quantitative assessment of social and some input 
variables relating to rice production in Cera Ismail Khan. 

Abstract 

A survey was conducted from 50 randomly sel'ec:ted rice growers from 25 

villages of Dera Ismail Khan, NWFP. Pakistan to figure out the major 

constraints in production. The survey report revealed that 96 percent rice 

growers planted well-adapted high yielding coarse rice variety IR-6. All the 

farmers followed recommendations regarding land preparation using tractor 

and tractor-mounted implements. Half of the population used their self

produced seed, which was kept under profaned condilions. Majority of the 

farmers raised rice nursery during the month of April to mainly escape from 

the attack of rice stem borer. More than half (56%) used optimal age (30-40-

days-old) rice nursery. Almost all the paddy growers (96%) used transplanting 

method but none of them used the line method of transplantation. Although, a 

big fraction (36%) of the growers were illiterate, yet all were applying 

recommended doses of fertilizers. Similarly, most of the paddy growers (70%) 

were impelled to apply canal water at 4-8 days interval according to the water 

schedule given by the Irrigation department. The growers also reported weeds 

and pest (stem borer) in crop. The per hectare rice yield of the " .. ,TI""" 
interviewed, although, exceeds the national average yield but none of the 

growers could fully exploit the potential yield of paddy. The frequency of the 

sampled population for getting information from nearby growers was very high 

mainly due to uncertain and insufficient knowledge provided by the other 

sources. Fifty-four percent (54%) of the farmers needed loan for the purchase 

of fertilizers, insecticides etc for rice crop and thirty-two percent declared 

banks as the suitable source of credit. Water shortage. high costs of inputs, 

non-availability of skilled labour during peak planting season, sub-optimal 

plant population, weeds and pest infestation, high dependence of knowledge 

on nearby growers and low price of rice in the local market were the major 

restrictions in higher yields of rice in Dera Ismail Khan, NWFP, Pakistan. 
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Introduction 

Oera Ismail Khan is the extreme southern district of North West Frontier 

Province (NWFP) of Pakistan and lies 31' 4g N and latitude and between 70· 551 

East and longitude. It has a total geographical area of about 1 million hectares 

(Anonymous, 2002a), out of which only 0.308 mitlion hectares are under 

cultivation (18.31% is under crops whereas 15.53% is not available for 

cultivation). Total irrigated area of Dera Ismail Khan is about 14.73%. The 

district had a population of almost 1 million (116.4 persons per square 

Kilometer) in 1998 with an annual growth rate of 3.26%. Despite certain local 

variability, the area is comprised of four basic divisions viz. mountains, a 

series of steeply sloping alluvial the "Daman" imperceptibly slopping 

piedmonts, and the "Kacha" the flood plains of the Indus river. The soils of the 

area are calcareous in nature, deficient in organic matter, nitrogen and 

phosphorus and adequate to marginal in potassium. The climate is arid to 

semi-arid. II is hot and dry in summer wilh moderate spells during monsoon 

season. The elevation ranges from 121 to 210 meter above sea level, The 

mean maximum temperature in summer and winter is 45 and 8 'c, respectively. 

The mean annual precipitation ranges from 15-25 cm and relative humidity 

varies from % in June to 78% in October. 

Rice (Oryza sativa L.), like in many other parts of the country, is the major 

summer crop of the area. Out of total cultivated area (0.308 million hectares) 

of Dera Ismail Khan, rice is sown on 6044 hectares with total production and 

yield of 16366 tonnes and 2.70 tonnes ha-" respectively 

(Anonymous, 2002a) The per hectare rice yield in this part of the country, 

although, exceeds the national average rice yield of 1.83 t ha-1 (Anonymous, 

2002c), the growers are not exploiting the potential yield upto the mark. 

Genetic potential, proper land preparation, judicious use of fertilizers, use of 

high quality seed, timely cultural operations and plant protection measures are 

the components, which determine the yield of a crop. The application of these 

yield-contributing factors and implementation of new developmental 

techniques could only be realized by knowing the socia-economic status of 

the farmers. The productivity cannot move ahead unless the farmer is sound 

both financially and technically and confident of the earnings of the product to 
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be produced. In this context, such types of survey reports provide first-hand 

information about the resources and problems of farming community and 

eventually help in designing effective persuasive technologies for an area, 

Keeping in view, a survey was undertaken in the rice growing areas of Dera 

IsmaU Khan to asses the socio-economic status of the farmers and role of 

agricultural extension in educating rice growers, information presented in 

this chapter are based on self reports from the farmers, The sample size of 50 

growers was quite sufficient to draw valid conclusions, as this sample 

was greater than the sample suggested by Cohen at al. 2000, 

Experimental Details 

Present endeavor was conducted by a survey research, A total of 50 farmers 

were interviewed from 25 villages Dera Ismail Khan, Simple random sampling 

technique of the probability sampling was adopted, The respondents were 

selk:lClted on the basis of their acreage under rice cultivation, Farmers having 5 

acres or more under rice cultivation were included in the final interview 

schedule, The wealth of the information obtained from interviews was compiled, 

Frequencies and percentages were calculated and tabulated across 

respondents for comparison (Dowdy and Wearden, 1991). 

Results and Discussion 

A. Input Variables 

4.1.1 

The area of different farmers under rice crop varied from 5 to 40 acres, 

Twenty-five (50%) farmers had 5 to 10 acres, 16 (32%) had 10 to 20 acres, 5 

(10%) had 20 to 30 acres while only 4 (8%) had 30 to 40 acres area under 

rice crop. Similarly, 6 (12%) farmers of the surveyed area used tube-well 

irrigation, 31 (62%) canal water irrigation while; the remaining population 13 

(26%) used both sources of irrigation (Table 4,1.1), 

4.1 

All the paddy growers prepared their land using tractor and tractor-mounted 

implements (Table 4.1.1), Out of the sampled farmers, 8 (16%) growers 
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performed one ploughing with cultivator and planking. 18 (36%) performed 

one deep ploughing followed by cultivator and leveling, 10 (20%) performed 

one ploughing followed by two cultivator and leveling and 14 (28%) 

performed two deep ploughing followed by two cultivators and leveling with 

land leveler. 

4.1.3 Planting rice varieties 

Forty-eight (96%) rice growers of the sampled area planted well~adapted high 

yielding coarse rice variety IR-6 (Table 4.1.2). This variety constituted 46% of 

the total export of Pakistan (Anonymous, 2002c). Only 2 (4%) growers of 

the sampled area cultivated another coarse rice variety KSK-282. The 

population cultivating IR-6 put forth reasons that this is high yielding, suitable 

under the agro-climatic conditions, resistant to diseases (Table 1.2). 

4.1.4 Aromatic varieties 

None of the interviewed farmer cultivated fine rice v"rl"!"~" The main reason 

for not using Tn"""" varieties for CUltivation in this part of the country was the 

unsuitable environmental conditions, followed by the severe insect pests 

attack (Table 4.1.3). 

4.1.5 Source of seed 

Good quality seed is the key component of crop production. Out of lolal 50 

farmers interviewed, 13 (26%) took from the local market, 25 (50%) 

used their self~produced seed, 9 (18%) took from neighboring farmers 

and only 2 (4%) of the farming community obtained seed from Agriculture 

department (Table 4.1.4). There was a high dependence on self-produced 

seed, which was not cleaned. stored and processed according to standard 

procedures. 

4.1.6 Time of nursery sowing 

There were only 4 (8%) farmers who rice nursery in May. The rest of 

46 farmers (92%) were sowing rice nursery in April (Table 4.1.4). Under 

Section 4(a) of the Pakistan Agricultural Pest Rules 1960, no one can sow 
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T bl 411 S a e ource 0 f· . f Irrlga Ion an did ti Id an prepara on In samfl e area. 
Irrigation Land preparation 

Source Frequency %age Plo~hinR Frequency %age 
Tube-well 6 12 1 8 16 
Canal 31 62 2 18 36 
Both 13 26 3 10 20 

4 14 28 

Table 4.1.2. Rice variety under cultivation in sampled area. 
Reason Frequency %age ! High }'ielding variety 36 72 
Best suited under the climate 3 6 
Resistant to diseases 2 4 
Recommended variety 1 2 
Seed easily available 1 2 
Reason not known 5 10 . "-

Table 4.1.3. Reasons for not cultivating fine (basmati) varieties in 
I d sample area. 

Reason Frequency %ajle 
Not suited under the climate 20 40 
Susceptible to insect/pest 12 24 
Lack of awareness 1 2 

~ 
LowyieldinR 8 16 
Late maturing 4 8 
Reason not known 5 10 

Table 4.1.4. Source of seed and time of nursery sowing in sampled 
area 

Seed Time of nursery sowi!l9 ____ 
Source Frequency %age Month Frequency %age 

Markel 13 26 April 46 92 
Own seed 25 50 May 4 8 
Growers 9 18 
Agriculture 2 4 
Department 

Table 4.1.5. Age of nursery and causes of late transplanting in 
Id sample area. 

Age of nursery (d~s) Late transplanting 
Age Frequency %age Reason Frequency %age 
30-40 28 56 Water short~e 8 16% 
40-50 14 28 Scarcity of labour 4 8% 
50-60 8 16 Land occupied by other crops 10 20% 
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rice nurseries earlier than May 10 and transplant it later than August 7 

(Bhambhro, 2000)0 The main reason for not following this recommended 

planting schedule is because of high pest infestation in late sown crop and 

cost of insecticides as well. 

4.1 Age of rice nursery 

Twenty-eight farmers (56%) used optimal age (30-40 days old) rice nursery, 

14 (28%) planted 40-50 days old nursery and 8 (16%) 50-60 days old rice 

nursery (Table 4.105)0 Above-optimal rice seedlings cannot withstand 

transplanting shock, produce lesser number of tillers and ultimately low yield 

(Ghosh and Singh, 1994)0 

4.1.8 

Twenty-two (44%) farmers used above-optimal age rice nursery (Table 40105)0 

Among these, 8 (16%) farmers did late transplanting due to water shortage, 4 

(8%) due to labour shortage and 10 (20%) farmers 

other crop(s) in the fieldo 

4.1.9 Planting technique 

to the presence of 

Transplanting was the most popular method in the sampled areao Among the 

farmers interviewed, 47 (96%) transplanting methodo The frequency of 

farmers adopting broadcast method was only 3 (6%)0 The contact growers 

reported high yield, local acceptability, good plant stand and low weed flora 

were the reasons for exercising transplanting technique (Table 40106)0 

4.1.10 Fertilizer use 

The farmers interviewed were aware and applied recommended dose of 

fertilizers (Table 40106)0 However, the dose of fertifizers varied from 50-125 kg 

ha-1 in case of Urea and 50-75 kg ha-1 in case of Diammonium Phosphate 

(DAP)_ The fraction of population using Urea @ 50-75 kg, 75-100 kg and 

100-125 kg ha-1 was 11 (22%), 35 (70%) and 4 (8%), respectively. Similarly, 

farmers using DAP @ 50 kg ha'l were 41 (82%) and 50-75 ha- I were 9 

(18%), respectivelyo 
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4.1.11 Transplantation 

None of the sampled population used the line method of transplantation 

(Table 4,1,7) This was lltlC;i:lUl;e of scarcity of technical labour during 

planting season, Casual labour was hired for rice transplanting that 

maintained unequal plant spacing, which resulted in the sub-optimal plant 

population and eventually low yield, 

4.1.12 Irrigation interval 

The link between water and rice is crucial, It takes more than 2.000 lonnes of 

water to grow one tonne rice (Serageldin, 1 A large number of 

growers, 44 (88%) were wholly or partially dependant on canal water irrigation 

(Table 4,1,7), Under this system, every farmer is restricted 10 irrigate his field 

according to the schedule given by the Irrigation department Among the 

growers. 7 (14%) irrigated rice crop as and when it needed, While, 8 farmers 

(16%) applied irrigation with 1 days interval and the rest of community Le, 

35 (70%) was applying with 4-8 days interval according to the timetable given 

by the Irrigation department 

4.1.13 Weed management 

Counce et al. (2000) reported that rice research field plots are likely to have 

nearly complete weed control whereas normal farmer field-grown rice often 

have considerably more weed infestation, In Pakistan. rice yield is reduced 

upto 60% due to weed infestation (Hafiz, 1986), Thirty-one farmers (62%) of 

sampled population reported weeds in rice crop, Among these, 9 (18%) 

reported Jungle rice (Echinoch/oa c%num) , 9 (18%) observed Purple nut 

sedge (Cyperus rotundus) , 6 (12%) identified both weeds while 7 (14%) were 

aware about weeds but did not know names of As regards 

control, 13 (26%) used herbicides, 12 (24%) on hand weeding while the 

remaining 6 (12%) no weed control measures (Table 4,1,8), 
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T bl 416 R· I ti tech· a e · .. Ice plan ng mque an d fern I d Ilzer use m sample area. _.-
Plantin~ technique ~Transplanting) Fertilizer use kg ha·' 

Reason Frequem:y %ajle Urea Freguency %age 
HiQh yieldinQ method 26 52 50-75 11 22-
Traditional method 11 22 75-100 35 70 
Good plant stand 2 4 100-125 4 8 
Low weed flora 2 4 50 DAP 41 82 
Un-known reason 6 12 50-75 9 18 

Tbl417 T a e · .. ransplantatlon an d· . Irrigation mterval m sampJe d area. .-
Transplantation Irrigation interval 

Methods Frequency %age Interval Frequency %age 

Line sowing 0 0 As required by the crop 7 14 
Irregular 50 100 1-4 days 8 16 

4-8 days 35 70 .. _ 

T bl 418 W d d a e · .. ee s an pes t t· I d managemen m sample area. 
Weeds Weed management 

Weeds Frequency %age Control Frequency %age 
Nut sedge 9 18 Weedicide 13 26 
Jungle rice 9 18 Hand weeding 12 24 
Both 6 12 No control 6 12 

Pest Pest management 
Pest Frequency %age Insecticide Frequency %age 
Rice stem borer 50 100 Furadon 32 64 

Any granular 18 36 

Table 4.1.9. Paddy yield (t ha·1
) and farmer's perception regarding 

. Id t· ts · I d Yle cons ram msamJle area. 
Paddy yield Causes of low yield 

Yield (t ha·') Freque!!9': %age Causes Frequency %ag~ 
2.16-336 24 48 Water shortage 8 16 
3.36-4.56 14 28 High cost of in~uts 23 46 
Not mentioned 12 24 
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4.1.14 Peat management 

Rice 

heavy 

h","'" is the main pest, which reduced rice yield upto 90% due to 

in Pakistan (Bhambhro, 2000). Among the sampled 

population interviewed, (66%) identified this pest in their crop. While, rest 

of the farmers, 17 (34%) were aware of insects' attack but did not know name 

of the damaging their crop. Thirty-two (64%) growers used Furadon (G) 

the control of rice stem borer. Eighteen (36%) used any granular 

ins,ecticidle available in the local market (Table 4.1.8). 

4.1.15 !:!!.!!l:!.L.x!S!.!!:!..l.!..!.!!LI 

The paddy yield \laried from 2.16-4.56 1 ha·i
. Twenty-four (48%) of the 

interviewed population was producing rice yield from 2.16-3.36 (t ha'l) and 14 

(28%) farmers from 3.36-4.56 (I ha'\ Twelve (24%) farmers were reluctant to 

disclose their paddy yield presuming the interviewers as the staff of Land 

Revenue department who could impose heavy taxes on their produce 

4.1.9). 

Out of the surveyed population, 19 (38%) were setisfied from their paddy yield 

and the 31 (62%) growers were not Several reasons were given 

regarding yield constraints. Eight (16%) farmers pOinted out water shortage 

(46%) high of inputs and low price of in the market 

as the yield limiting factors (Table 4.1.9). 
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B. Information Access 

4.1.17 Education level of the farmers 

Out of the 50 farmers interviewed, 8 (16%) farmers had primary education, 5 

(10%) had attained Matric qualification, 11 (22%) were intermediate, 4 (8%) 

were graduates, 4 (8%) were post-graduate and 18 (36%) were illiterate 

(Table 4.1.10). Thus, a big segment of the population (36%) had no formal 

education. 

The trend of the sampled population towards getting information on rice from 

different sources is given in Table 4.1.11. The frequency of the sampled 

population in getting information from nearby growers was very high 13 

(26%), as compared to other sources of information. Similarly, 10 (20%) 

growers did not want to get information from the Agricultural Research 

System because of the low intensity of the visits to farmer's field. Out of the 

50 (100%) farmers contacted, 16 (32%) growers did not respond to this 

question. 

4.1.19 Favourite source of information 

Out of the total surveyed farmers' community. 18 (36%) paddy growers 

indicated the Agricultural Research System as their preferential source in 

getting information about rice crop as compared to other sources (Table 

4.1.12). The rest of the farmers showed variable responses in selecting their 

favourite source towards rice cultivation. Sixteen (32%) growers did not 

respond to this question. 

4.1.20 Effective source of information 

Among the farmers interviewed, sixteen (32%) farmers had view that the 

information provided by nearby growers was most effective, followed by the 

Agricultural Research System. Radio, although, is a powerful medium of 

communication in the present era of information technology, but most of the 
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farmers 10 (20%) pointed out that this medium is less effective - as it 

provides only information not the practical demonstration (Table 41,13), 

Response of growers towards the effectiveness of other sources of 

information was quite inconsistent. Sixteen (32%) growers did not respond to 

this question, 

4.1.21 Role of information sources 

A big segment of 17 (34%) growers of the sampled population agreed that the 

role of nearby growers in providing information about rice crop was very 

positive (Table 4,1,14). Simiiarly. 6 (12%) had the view that the role of 

Agricultural Research System is also very positive, Unlikely, 12 (24%) and 10 

(20%) growers of the surveyed population reported negative role of 

Agricultural Research System and Agricultural Extension department The 

trend of the population interviewed towards the role of Radio was similar as 

they responded to previous questions. The role of pamphlets in providing 

information and dissemination of improved technologies was also recognized 

by 4 (8%) out of the contacted growers, However, sixteen (32%) growers did 

not respond to this question, 

C. Extension Services 

A number of channels (Farm visits, exhibitions, field days and 

demonstrations) were examined regarding their role in dissemination of 

technology, Out of the sampled farmers, 29 (58%) showed complete 

dissatisfaction on the performance of Extension department in educating 

farmers and providing sufficient information about the crop. Only 5 (10%) 

farmers were satisfied with their performance. While, sixteen (32%) growers 

did not reply to questions regarding extension services, 



110 Table 4 •• Education f eve I 0 the f armers in sampled area. 

Education level Freguency %age ! Primary education 8 16 
Matric 5 10 
Intermediate 11 22 
Graduation 4 8 
Post-graduation 4 8 
Illiterate 18 36 

T bl a e 4.1.1 1 S f . ources 0 In ormation 0 nce ilrowers In sampled area. 
Source To high extent Average extent Little extent Not at all 

Frequency %age Frequency %age Frequency %age Frequency 
Nearby 13 26 1 2 6 12 4 
farmer 
Agricultural 5 10 1 2 8 16 10 
Research 
Agricultural 1 2 0 0 8 16 7 
Extension 
Radio 1 2 1 2 14 28 3 
TV 0 0 1 2 10 20 4 
Newspaper 0 0 0 0 7 14 8 
Pamphlets 0 0 0 0 10 20 6 

Table 4.1.12. Favorite source of information of rice growers in sampled 
area 

Source Very much Much Some None 
Frequency %age Frequency %age Frequency %age Frequency 

Nearby 5 10 8 16 7 14 2 
fanmer 
Agricultural 18 36 3 6 1 2 1 
Research 
Agricultural 10 20 4 8 2 4 2 
Extension 
Radio 2 4 3 6 9 18 1 
TV 4 8 2 4 9 18 2 
Newspaper 0 0 1 2 9 18 6 
Pamphlets 3 6 0 0 9 18 4 

Table 4.1.13. Effective source of information for rice crop in sampled 
area. 

%age 
8 

20 

14 

6 
8 

16 
12 

%age 
4 

2 

4 

2 
4 
12 
8 

Source Very effective Effective Less effective Ineffective 
Frequency %age Frequency %age Frequency %age Frequency %age 

Nearby 16 32 4 8 2 4 2 4 
fanmer 
Agricultural 9 18 7 14 5 10 3 6 
Research 
Agricultural 4 8 5 10 5 10 4 8 
Extension 
Radio 4 8 4 8 10 20 1 2 
TV 4 8 2 4 6 12 2 4 
Newspaper 1 2 2 4 12 24 3 6 __ 
Pamphlets 4 8 2 4 10 20 3 6 
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4.1.22 Channels of extension services 

Among sampled population, 13 (26%) farmers reported OC!:8Sional of 

extension workers while 8 (16%) had the view that the extension workers 

transmitted no practical knowledge through demonstration, (20%) 

growers replied that none of the extension worker transmitted knowledge 

either through field visits or field days (Table 4,1,15), 

4.1.23 §!!~!.!..£:!!!!1!!!!! 

A big segment of the sampled population agreed that farm visit was the most 

followed by demonstration plots and field days (Table 

4.1.16). r",rr",F"'" were of the view that they could learn a lot in the field, if 

the extension workers paid visits to them frequently, 

D. Credit 

Twenty-seven (54%) of the farmers interviewed needed loan for purchase 

of fertilizers and insecticides etc for rice crop. The population not the 

credit put forth the reasons that credit is not available when and 

interest rate is high. 

4.1 

Out of the three sources available for credit, thirty-two percent of the 

population ",,,I"'r~.rI banks as the suitable source, followed by friends, Ten 

(20%) farmers having smaller holdings were dependent on broker because of 

They took loan from the broker for the cultivation of crop 

and repaid harvesting (Table 4,1,17), Sixteen (32%) growers did not 

respond to this question, 
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Table 4.1.14. Role of information sources for transfer of technology in 
Id sample area. 

Source Very positive Positive less positive Negative 
Frequency %age Frequency %age Frequency %age Frequency %age 

Nearby 17 34 6 12 0 0 1 2 
farmer 
Agricultural 6 12 2 4 0 0 12 24 
Research 
Agricultural 2 4 2 4 2 4 10 20 
Extension 
Radio 2 4 3 6 9 18 3 6 
TV 2 4 0 0 9 18 3 6 
Newspaper 1 2 1 2 8 16 6 12 
Pamphlets 4 8 0 0 6 12 3 L _ 

Table 4.1.15. Channels used by extension workers for dissemination of 
technology in sampled area. 

' --
Channel Mostly Occasionally Rarely Never 

Frequency %age Frequency %age Frequency %age Frequency %age 
Farm visits 2 4 13 26 4 8 10 20 
Exhibitions 0 0 5 10 4 8 5 10 
Field davs 1 2 2 4 5 10 10 20 
Demonstra- 1 2 8 16 6 12 3 6 
tions 

Table 4.1.16. Effective channels used by extension workers for transfer 
f h I I d o tec no ogl In sample area. ..--

Channel Very effective Effective less effective Ineffective 
Frequency %age Frequency %age Frequency %age Frequency %age 

Farm visits 19 38 2 4 0 0 0 0 
Exhibitions 9 18 5 10 0 0 0 0 
Field days 14 28 3 6 1 2 0 0 
Demonstra- 17 34 7 14 0 a 0 0 
tions 

T bl 4 1 17 S 'tabl a e . . UI f d'tf Id e source 0 cre I or rice growers In sample area. 
Source Very suitable Suitable less sullable Unsuitable 

Frequency %age Frequency %age Frequency %age Frequency %age 
Bank 16 32 3 6 3 6 1 2 
Friends 7 14 2 4 4 8 6 12 
Broker 2 4 10 20 5 10 0 0 
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Experiment 2. 

Abstract 

Time of transplanting and number of seedlings hill-1 

in relation to stand establishment and productivity of 
transplanted rice. 

Studies were initiated to chalk out the effect of time of transplanting and 

seedlings hill-! on the productivity of rice under the agro-ecology of Dera 

Ismail Khan, Pakistan. The experimental design was RCB with split plot 

arrangements. Main plot consisted of four transplanting dates viz. 20lh and 

2ih June and 4th and 111h of July while sub-plots contained 1,2,3 and 4 

seedlings hiWl. Data were recorded on plant height (cm), productive tillers m-2
, 

unproductive tillers m·2
, panicles m-2

, spikelets panicle-!, sterility and normal 

kernels percentage, 1000-grain weight (g), paddy yield (t ha-1
) and straw yield 

(t ha-\ The data were also recorded on leaves planr!, leaf area index (LAI), 

net assimilation rate (NAR) 45 and 90 days after transplanting (OAT), stem 

borer moths' resting behaviour 30, 45, 60 OAT and white heads planr1 after 

90 OAT. The effect of transplanting dates and seedlings hill-1 (variable factors) 

was found to be significant in most of the parameters examined. These 

variable factors also differed significantly in affecting the yield parameters. 

The paddy yield, net return of Rs. 7,830 and 23,330 ha-1 and BCR of 0.44 and 

1.32 was highest on 20lh June planted crop with 1 seedling hill-! during 2002 

and 2003, respectively. 

Introduction 

A survey was carried out from 50 randomly selected rice growers from 25 

villages of Dera Ismail Khan, NWFP, Pakistan. During the survey, the farmers 

of the area highlighted various researchable issues mainly about plant 

population, method of sowing and weeds and pest's infestations as mentioned 

in experiment 1. On the basis of survey findings, field experiments were 

designed to address the problems advocated by the farming community and 

to provide sustainable agronomic techniques under the agro-ecological 

conditions of the area. 

Rice (Oryza sativa L), the most important cereal grains in the world and in 

Pakistan as well, provides 25 to 80 percent of the calories in the daily diet of 
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half the population of the globe (Davidson and Esparon, 1999). More than 90 

percent rice (one-third or more of total planted area) is currently grown in 

where it is the staple food of 3.5 billion people (Kim and Krishnan, 2002), Of 

the 25 major rice-producing nations, 17 are located in Asia in which rice 

constitutes the major economic activity, a key source of employment and 

income for the rural population. To this extent, many research activities have 

been carried out to increase its production and stabilize the threat of hunger 

posed by ever increasing population of the world, Ito at a/. (1989) reported 

that the production of although, increased in some countries like 

Australia, Philippines, Vietnam, Thailand, Myanmar, India and Pakistan by 

more than 2 percent per year, is high room to increase yield per 

unit area, 

Among crop production tools, proper time and method of sowing are the 

prerequiSites, which allow the crop to flourish and complete its life phase 

smoothly under a specific agro-ecology, When crop is planted on the right 

time, tillering and growth proceeds normally, Ghosh and Singh (1998) 

reported that timely planting; adequate nutrition and proper plant protection 

are essential for improving the growth variables responsible for high paddy 

yield, Similarly, Hari at al. (1999) observed that the crop growth 

(CGR) of rice was higher in July planted crop than in June transplanting. 

In rice is cultivated under varying environmental conditions (Khan 

and Akhter, 2001) from the warm and dry climate of the Punjab and Sindh 

provinces to the temperate zone of Swat valley of North West Frontier 

Province (NWFP). Under such eco-diversity, the Section 4(a) of the Pakistan 

Agricultural Pest Rules 1960, was devised to restrict rice nurseries not earlier 

than May 10 in Sindh province and May 20 in Punjab province. Similarly, 

transplanting is confined to end of July in Sindh and later than August 7 in 

Punjab (Bhambhro, 2000). 

Ismail Khan, being similar agro-ecologically with Punjab, but 

administratively in NWFP, needs a sound and scientific justification for similar 

legislation, In this part of the country, the flow of water in irrigation canals 

remains below its capacity during peak summer season and majority of the 
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growers (70%) have to irrigate their rice fields after 4-8 days interval (Baloch 

at €II. 2004). Therefore, under such conditions, farmers of the area usually 

start sowing nursery from the 1 st fortnight of April and transplanting extends 

up to the 2nd fortnight of May mainly to avoid the resource limitations in 

June-July. Bhambhro (2000) reported that April sown rice nursery mostly 

escaped pest's attack this practice is getting popular due to the rising cost 

pesticides. But the serious yield-limiting factor associated with the 

early transplanted crop is sterility. Stake and Yoshida (1978) observed that 

spikelet sterility is induced by high temperature. The late-sown crop, although, 

harbours more pests, yet produced high quality rice as compared to the early 

sown crop which gives very low quality rice from the milling point of view 

(Bhambhro, 2000). 

present studies therefore, devised with the objectives to determine 

the feasibility of legislative planting schedule and explore the optimum number 

of seedlings hill-1 for increased productivity of rice. 

Experimental Details 

The experiment was laid out in ReB design with splil arrangements, 

replicated 4 times. The transplanting dales of were maintained in 

main plots while number of seedlings hill-1 in the transplanted crop was kept 

as sub-plots (Appendlx-3). sub-plot size was 2 x 5 m 2 using the line 

planting with a plant-to-plant and row-to-row spacing of 20 em In all plots. 

Well-adapted high yielding coarse rice variety IR-6 was One month old 

nursery was transplanted on 20th and 27th June and 4th and 111h of July each 

year. Resting rice stem moths were observed at 8.00 a.m. and their total 

number was counted in each treatment. Recommendations regarding 

application of fertilizer, and insecticide were followed accordingly. The 

data were analyzed statistically using analysis of variance technique and 

subsequently Least Significance Test (LSD) was applied for comparing the 

treatment means, by MStatC computer software (Steel and Torrie, 1980) 
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Results and Discussion 

4.2.1 

The data recorded on plant height (cm) are presented in Table 4.2.1. The data 

indicated thai transplanting dales differed significantly from each other during 

both the cropping seasons (Appendices-6a and 7a). The data in both the 

seasons revealed that the June transplanted plots produced the tallest plants. 

which were significanlly different from those of July planted crop. The 

transplanting date 20th of June produced taller plants (123.7 and 120.5 cm) 

during the experimental years. Similarly, the transplanting dale 27'" of June 

also produced plants of similar height (123.7 cm) with that of 20th of June 

during 2002 but somewhat shorter plants (116.5 cm) during 2003. No clear 

pattern in the height was recorded over varying seedlings hill'1 during 2002 yet 

maximum and non-significant plant height (1 cm) was recorded with 2 

seedlings hill'1. However, the variation among seedlings hill'l was significant 

during the second year trial. Significantly taller plants (117.1 cm) were 

observed with 4 seedlings hill·1
, followed by 1, 2 and 3 seedlings hilr\ 

respectively during 2003. It is further exhibited from the Ihat there was no 

significant difference between transplanting and seedlings hill 1 during 

2002 while it was significant during 2003 (Appendices-5a and 7a). During 

2002, the maximum plant height (126.7 and 126.2 cm) was noted on 27'" and 

201h of June with 2 and 1 seedling hill'l, respectively. While, in 2003, 

significantly increased plant height (122.5 cm) was produced on 20th of June 

with 1 seedling hill-I, followed by 2 and 4 seedlings hill-1 when transplanted on 

the same date. It indicated that the use of more seedlings hilr! not only adds 

to cost but also a mere wastage of natural resources, It is also obvious from 

the data that from 27th of June the plant height was gradually decreased with 

the transplanting dates and late transplanting furnished short 

statured plants as a result of a shortened vegetative growth period due to a 

photoperiodic response, Longer growing season of June planted crop 

produced larger plants and higher dry matter production as compared to the 

rest of planting dates. 
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4.2.2 

Among yield components, productive tillers are very important because the 

final yield is mainly a function of the number of panicles bearing tillers 

(productive tillers) per unit area. The data recorded on the number of 

productive tillers on different transplanting dates are presented in Table 42.2. 

The mean squares (Appendix-6a) indicated that the transplanting dates 

differed significantly during 2002. However, plots transplanted on 4'h of July 

produced significantly higher productive tillers (506.6), followed by 20'h of 

June with 462.4 productive tillers m'2. The lowest tillers m·2 (397.9) were noted 

on 11th of July during 2002. It is further revealed from the data that during 

2003, there were no significant variations among transplanting dates but the 

crop planted on 2ih of June resulted in higher number of productive tillers 

(486.8), followed by 20th of June with 456.1 tillers m·2 (Table 4.2.2). As 

regards effect of seedlings hiW', the difference among transplanting dates was 

non-significant during 2002 but differed significantly during 2003. Among 

treatment means, maximum tillers were noted (461 and 495.0) with 4 

seedlings hiWl during both the years of the trial. The interaction between 

transplanting calles and seedlings hill'! was non-significant during 2002 but 

significant variations were observed during 2003. The maximum tillers (548.3) 

were recorded on 41h of July with 4 seedlings hiW1, followed by 533.3 

productive tillers with 3 seedlings hill'! on the same date during 2002. In the 

year 2003, similar trend was noted and 4th July planted crop again produced 

significantly maximum number of productive tillers (504.3) with 4 seedlings 

hill-1
• followed by 2ih and 20th June plots which produced and 550 tillers 

with 1 seedling hill-1. The higher number of productive tillers in 2003 might 

been due to differences in soil fertility status, comparatively lower 

temperature, high rainfall, humidity and organic matter than the preceding 

year. Ashraf et al. (1999) noted that transplanting of 2 and 3 seedlings hill-1 of 

35 days old nursery gave more promising results and more productive tillers 

were recorded with 3 seedlings hiWl, While, Zhong (2001) found the 

relationship between productive tiller percentage and biomass accumulation 

and reported that productive tiller percentage significantly and negatively 

correlated with maximum tiller number per unit area, 
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Table 4.2.1. Plant height at maturity (cm) as affected by time of 
transplanting and seedlings hill·1 in transplanted rice 
d . 2002 d 2003 urlng an 

Seedlings 
2002 

Date of transp! antinQ 
hiW' 

20~ 27~ 4·7 11·7 Means 

1 126.2NS 123.0 114 .5 118.0 120.4NS 

2 120.5 126.7 122.0 121 .0 122.5 

3 124.5 121 .0 117.5 118.5 120.3 

4 123.2 124.2 119.2 117.5 121.0 

Means 
123.7 123.7 118.3 118.7 

a a b b 

NS = Non-significant 

LSD,,, (Transplanting dates) 2002 = 4.09 

lSDol)5 (Transplanting dates x seedlings hilf ') 2003 = 4.41 

2003 
Date of transplantin 

20·6 27~ 4·7 11·7 
122.5 118.2 108.5 110.0 

a a·d gh i fg h 
120.0 117.2 107.5 110.0 

ab bed hi fClh 
119.5 114.2 105.5 112.2 

abc def i efg 
120.0 116.5 117.0 115.2 

ab b-e bed cde 
120.5 116.5 109.6 111.8 

a a b b -
lSDo~ (Transplanting dates) 2003 = 4,38 

LSD,,, (Seedlings hill" ) 2003 = 2 20 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Means 

114.8 
b 

113.6 
b 

11 2.8 
b 

117.1 
a 

Table 4.2.2. Number of productive tillers (m·2
) as affected by time of 

transplanting and seedlings hill·1 in transplanted rice 
during 2002 and 2003. 

Seedlings 
2002 

Date of transplanting 
hiW' 

20~ 27~ 4·7 11·7 Means 

1 511 .5 470.0 438.3 365.0 4461 NS 

abe a·d a-d d 

2 463.3 450.0 506.5 380.0 449.9 a-d a-d abc d 

3 426.5 391 .5 533.3 413.3 441 .1 
a-d cd ab bed 

4 448.3 416.5 548.3 433.3 461 .5 
a·d bed a a-d 

Means 
462.4 432.0 506.6 397.9 

b be a c 

NS = Non-significant 

lSDo 05 (Transplanting dates) 2002 = 37.61 

LSOO O5 (Transplanting dates x seedlings hil() 2002 = 123.4 

LSOo. a ~ (Transplanting dates x seedlings hilr ') 2003 = 40.03 

2003 
Date of transplantin 

20~ 27~ 4-7 11·7-
550.0 557.0 3573 394.3 

b b hi gh 
392.3 482.0 345.3 348.5 
...9h c i i 
400.3 438.3 448.5 423.5 

fCi def cde efg 
482.3 470.0 604.3 423.5 

c cd a efg 

456.1N 486.8 438.8 397.4 

LSD, ,, (Seedlings hill") 2003 = 20 02 

Means followed by differentletter(s) are Significant at 5% level of probability using LSD test. 
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464.6 
b 

392.0 
d 

427.6 
c 

4950 
a 
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4.2.3 

It is considered that tillers per unit area increase with increase in plant 

population due to more number of established seedlings. Data presented in 

Table 4.2.3 indicated that transplanting dates and seedlings hiWl were 

significantly affected during 2002 (Appendix-6a). But, none of the factors 

significantly affected the number of unproductive tillers m,2 during 2003 

(Appendix-7a). Among transplanting dates. the unproductive tillers were 

significantly higher (41 and 39.0) on 4th July and 2ih of June compared with 

rest of the transplanting dates during 2002. However. there was no statistical 

difference between these transplanting dates. While. in the 2003, crop 

planted on 20th of June produced higher unproductive tillers (11.5). followed 

by 4th of July with 10.6 unproductive tillers m-2
. As far as the number of 

seedlings hill'! are concerned, crop sown with 4 seedlings hiWl resulted in 

higher number of unproductive tillers (41.1) as compared to others which were 

at par statistically during 2002. In the year 2003 the seedlings hill-1
, though, 

exhibited no significant variations but 1 and 3 seedlings hill-! produced higher 

unproductive tillers (11.3 and 10.6 m,2). There was no significant difference 

regarding interaction of transplanting dates and seedlings hilrl during both the 

experimental as shown in Table 4.2.3. But, the unproductive tillers were 

higher (53.2) both on 2ih June and 41h of July with 4 seedlings hill-! during 

2002. While, unproductive tillers were markedly lower (10.0) on 11th of July 

with 3 seedlings hill,l. Likewise, during 2003, 20th of June was on the top in 

producing unproductive tillers m·2 (15.0) with 1 seedling hill-I. Transplanting 

date 27th of June produced lowest number of unproductive tillers m-2 (7.0) with 

3 seedlings hill-1
. Muthuraman (2000) reported that the earlier transplanting 

time had more tiller number but did not convert the tillers into productive ones. 

4.2.4 Number of panicles (m-l
) 

The panicles are controlled by environment, genetic makeup, soil fertility and 

planl density. II is revealed from the data given in Table 4.2.4 that 

transplanting dates were significantly affected during 2002 while no Significant 

difference was observed during 2003 (Appendices-6a and 7a). Similarly, 

transplanting dates and seedlings hill'! significantly affected the number of 
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panicles during both the years. The data in Table 4.2.4 manifested that during 

2002 the panicles m,2 were significantly higher (465.7 and 434.4) on 4th July 

and 20th of June among all the transplanting However, these two 

transplanting dates were at par with each other statistically. Transplanting 

date 11th of July produced minimum panicles (379.8), remained at par 

statistically with of June (392.8) during 2002. In the year 2003, though, 

the transplanting dates were non-significant yet the June planted crop 

resulted in higher number of panicles (478.1 and 446.6 m-2
). Plots 

transplanted on 11 tn of July again produced minimum number of panicles 

(386.1). There was no statistical difference among seedlings hurt during 2002 

(Table 4.2.4) but the highest panicles m-2 (422.3) were recorded with 1 

seedling hill·1
, followed by 4 seedlings hurt (420.3). However, during 2003, 

significantly higher panicles (486.2) were recorded with 4 seedlings hiW1
, 

followed by 1 seedling hill't with 446.2 panicles m'2. During 2002, significant 

interaction between transplanting dates and seedlings hill-1 resulted in highest 

number of panicles (496.5, 495.0 and 493.2 m-2) on 20th of June and 4th of 

July with 1, 4 and 3 seedlings hill-t, respectively. Similarly, plots transplanted 

on 4th of July produced highest number of panicles m-2 (599.7) with 4 

seedlings hill'l, followed by number of panicles (549.5 and 535.0) 

produced on 27th and 20th of June, respectively with 1 seedling hill' during 

2003. In general, the panicles m,2 during 2003 were higher, might be due to 

the availability of slow release N and higher organic matter of previous 

legume crop that might have encouraged the panicle production. The 

variations in panicles (m'2) may also be due to better ecological conditions 

during 2003. 
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Table 4.2.3. Number of unproductive tillers (m"2) as affected by time of 
transplanting and seedlings hill"' in transplanted rice 
d . 2002 d 2003 unng an 

2002 
Seedlings 

hiW' 
Date of transplanting 

20-6 27-6 4-7 

1 15.0"S 21 .5 38.2 

2 32.0 38.2 35.0 

3 26.5 43.2 40 .0 

4 38.2 53.2 53.2 

Means 
27.9 39.0 41 .6 

b a a 

NS =Non-signiftcant 

LSOo QS (Transplanting dates) 2002 = 7.99 

LSD, ,, (Seedlings hill" ) 2002 = 8.15 

11-7 

24.5 

18.2 

10.0 

20.0 

18.1 
c 

2003 

Means 
Date of transplantin 

20-6 27-6 4-7 11-7 
24.8 

15.0" 7.5 12.5 10.5 
b 

30.8 8.7 14.5 8.0 10.2 
b 

29.4 12.0 7.0 10.5 13.2 
b 

41 .1 
a 

10.2 11 .2 11 .5 8.2 

11.5" 10.0 10 6 10.5 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Means 

11.3"5 

10.3 

10.6 

10.3 

Table 4.2.4. Number of panicles (m"2) as affected by time of 
transplanting and seedlings hill"' in transplanted rice 
d 2002 d 2003 urlng an . 

Seedlings 
2002 

hill" 
Date of transplanting 

Means 20-6 27-6 4-7 11-7 

1 496.5 448.2 403.2 341 .5 
422.3" 

a bc d e 

2 431 .2 411 .5 471 .5 361 .5 418.9 
cd d ab e 

3 4000 348.2 4932 4032 411.1 
d e a d 

4 410.0 3632 495.0 413.2 420.3 
d e a d 

Means 
434.4 392.8 465.7 379.8 

a b a b 

NS =Non-signiflCant 

LSDo~ (Transplanting dates) 2002 = 40.56 

lSDo os (Transplanting dates x seedlings hilr ' ) 2002 = 31 .48 

LSDo os (Transplanting dates x seedlings hill') 2003 = 43.40 

2003 
Date of transplantin 

20-6 27-6 4-7 11-7 
535.0 549.5 319.5 381 .0 

b b h fq 
383.5 467.5 337.2 338.2 

f c h gh 
388.2 437.7 438.0 410.2 

f cde cde ef 
472.0 458.0 599.7 415.2 

c cd a def 

444.6N5 478.1 423.6 3861 
.. 

LSD, .. (Seedlings hilr') 2003 = 2170 

Means followed by different let\er(s) are significant at 5% level of probability using LSD test. 
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446.2 
b 

381 .6 
d 

418.5 
c 

486.2 
a 



4.2.5 

Many factors affect the spikelets panicle,l such as genotype, cultural practices 

used (planting date, seeding rate and fertility) and growing conditions (air 

and soil temperature etc). Data revealed that seedlings hill-! and interaction 

between transplanting dates and seedlings hill-1 was significantly affected 

during 2002 (Appendix-6a), Similarly, significant variations among 

transplanting dates, seedlings hill-! and their interaction were also noted 

during 2003 (Appendix-7a). The data in Table 4.2.5 regarding number of 

spikelets panicle'! indicated that the crop planted on 2ih of June gave higher 

number of spikelets (171.1) during 2002. Likewise, during 2003, significantly 

maximum spikelets panicle'! (205.6) were also recorded on 27th of June, 

followed by 11!h of July (184.9). Seedlings hilrl differed significantly from one 

another during both the experimental years and plots sown with 4 seedlings 

hiWI produced significantly maximum spikelets panicle'! (168.2 and 203.5) 

though statistically at par with 1 seedling hill'! (164.4 and 193.3). Interaction 

between transplanting dates and seedlings hill'! differed significantly and 27th 

of June with 1 seedling hill'! gave significantly higher number of spikelets 

panicle-1 (184.5 and 236.5) during both the cropping seasons. While, 

minimum number of spikelets (133.8 and 142,3) panicle'! were recorded on 

111h of July with 3 seedlings hill'! and 4111 of July with 1 seedling hilr! during 

2002 and 2003, respectively. The spikelets panicle,l were increased 

substantially either with 1 or with 4 seedlings hill'! during both the cropping 

seasons, which explained that a single seedling has the potential to produce 

as much as spike lets as 4 seedlings hilrl, Similar effects of seedlings were 

noted on number of productive tillers, panicles etc. It might be due to the 

reason that planting 1 seedling had higher growth rate, which increases 

healthy seedlings with large panicles due to low intra-specific competition for 

resources. 

4,2,6 Sterility percentage 

Data pertaining to unfertilized and unfilled spikelets are given in Table 4.2,6 

which revealed thai transplanting dates during both the planting seasons 

(Appendices-6a and 7a) and seedlings hill'! during 2003 differed significantly 
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while, the interaction of variables also differed significantly during 2002 but did 

not reach the level of significance during 2003, The results presented in Table 

42.6 showed that significanlly higher sterility (12.4 and 12,8%) was noted on 

11th of July during both the years though at par with 4th of July with 11.4 and 

12.1 %, respectively and significantly higher than the June planted crop. The 

effect of seedlings hilrt was not pronounced during 2002 yet the unfilled 

spikelets (10.9%) were higher in plots sown with 3 seedlings hurt, closely 

followed by 1 and 2 seedlings hill,1 (10,6 and 10.2%). Also, during 2003. 1 and 

3 seedlings hilrt though at par with each other but produced significanlly 

higher sterility percentage (12,5 and 11.9) than the others, The lowest sterility 

percentage (9,7 and 10,0) was observed in plots sown with 4 seedlings hur' 

during both the experimental years, The interaction between transplanting 

dates and seedlings hill-! indicated that the 11'h of July produced the 

maximum sterility (15,7 and 15.0%) with 1 seedling hilr' during both the years 

of the trial. However, 2ih of June produced the lowest sterility (5.9 and 9,1%) 

with 1 seedling hilr!, respectively during both the years, The higher number of 

unfilled spikelets on 4'h of July might be due to more number of tillers and 

panicles per unit area, which caused a severe competition among the 

spikelels and encouraged the occurrence of sterility. The other probable 

reason was the high temperature, which coincide with the findings of Stake 

and Yoshida (1978) who observed thai high temperature at41 °C for 2 hours 

caused 90% sterility in rice. But, Javed at al. (1979) observed highest sterility 

in early transplanted crop than late transplanting. 

4.2.7 Normal kernels percentage 

Normal kernels do nol stop growing in the way during development phase and 

attain normal dimension, normal starch compaction and full weight. The data 

presented in Table 4.2.7 elucidated that transplanting dates significantly 

affected the normal kernels percentage during both the planting years 

(Appendices-6a and 7a). The crop planted on 20lh and 2i" of June had more 

or uniform normal kernels but significantly higher than July planted crop 

during both the years. The lowest normal were noted on 11'h of July 

(87.5 and 87,1%) during both the cropping seasons, II might attributed to 

higher sterility percentage on the same date as shown in Table 4,2.6. 

108 



Table 4.2.5. Number of spikelem panicle·1 as affected by time of 
transplanting and seedlings hill·1 in transplanted rice 
d . 2002 d 2003 urlng an 

Seedlings 
2002 2003 

Date of transplanting Date of transplantin 
hill" 

20-6 27-6 4-7 11-7 Means 20-6 27-6 4-7 11-7 Means 

1 176.5 184.0 142.0 155.3 
abe ab ef c-f 

2 
161.0 184 .5 147.5 146.5 

b-e a def def 

3 
164.3 152.0 160.3 133.8 

a-e def cde f 

4 
164.3 164.0 168.5 176.0 

f-----
a-e a-e a-d abe 

Means 166.5NS 171 .1 1545 152.8 

NS = Non-significant 

LSD,." (Seedlings hilr') 2002 = 11.72 

LSOoO!. (Transplanting dates x seedlings hilr') 2002 = 23.44 

LSDo~ (Transplanting dales x seedlings hill" ) 2003 = 24.11 

164.4 
a 

159.9 
ab 

152.6 
b 

168.2 
a 

209.5 236.5 142.3 185.0 
be a i def 

152.3 192.5 156.5 164.0 
hi cde ghi f-I 

173.0 189.0 1805 164.5 
e-h cde dog I-I 

188.0 r-204.5 195.3 2263 
c-f bed cde ab 

180.7 205.6 1686 184.9 
be a c_ b 

LSDo ~ (Transplanting dates) 2003 .:: 15.87 

LSD,,, (Seedlings hilr') 2003 = 12.06 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

193.3 
a 

166.3 
b 

176.8 
b 

203.5 
a 

-

Table 4.2.6. Sterility percentage as affected by time of transplanting 
and seedlings hill-1 in transplanted rice during 2002 and 
2003. 

Seedlings 
2002 

hi"-' 
Date of trans£i<lnting 

20-6 27-6 4-7 11-7 

1 
8.2 5.9 12.8 15.7 
d-g 9 ab a 

2 
7.6 6.9 11.2 15.2 

-~ fg b-e a 

3 
8.6 12.4 11.9 11 .0 
C-ll abc a-d b-e 

4 
10.4 10.9 9.9 7.8 
b-f b-e b-f ~ 

Means 
8.7 9.0 11.4 12.4 
b b a a 

NS = Non-signifant 

LSD,,,, (Transplanting dates) 2002 = 2.05 

LSDoCII (Transplanting dates x seedlings hirr') 2002 = 3.92 

Means 

10.6NS 

10.2 

10.9 

9.7 

,--. 
2003 

Date of transplantin 
20-6 27-6 4-7 11-7 

13.0NS 9.1 12.8 15.0 

9.5 10.5 11 .8 12.3 

11 .3 9.4 13.2 13.6 

9.1 10.0 10.8 10.3 

10.7 9.8 12.1 12.8 
b b a a 

LSOc O~ (Transplanting dates) 2003 = 1.29 

LSD, ,,(Seedlings hilr') 2003 = 1 80 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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Means 

12.5 
a 

11 .0 
ab 

11 .9 
a 

10.0 
b 



Likewise, no significant variations were observed among seedlings hiWl used 

in this trial. However, more normal kernels were recorded in plots sown with 4 

seedlings hilrl, followed by 2 seedlings hilrl during both the years. The 

analysis of the data further revealed that interaction between variables was 

Significant during 2002 but non-significantly different during 2003 (Table 

4.2.7), The crop planted on 271h of June gave maximum normal kernels (94.0 

and 90.6%) during both the cropping seasons with 1 seedling hilr'. probably 

due to the reason that kernel in such conditions developed fully in the 

absence of any competition. Similarly, the minimum normal kernels (84.2 and 

85.0%) were also recorded with 1 seedling hill<l on 111h of July, explained that 

the ability of single seedling in producing more normal kernels reduced in late 

transplanting. The maximum normal kernel percentage noted in June 

transplanted crop was due to its lower sterility percentage. 

4.2.8 1000-grain weight (g) 

Thousand-grain weight. an important yield-determining component, is a 

genetical character and environmental factors influence in minimum level. 

Mean squares recorded in Appendix-5a revealed that transplanting dates and 

their interactions were significently different during 2002, while transplanting 

dates during the second year trial showed non-significant difference 

(Appendix-7a). Data in Table 4.2.8 revealed that during 2002, 1000-grain 

weight was significantly higher (24.6 and 24.5 g) on 20th and 2ih of June than 

the July planted crop. Similarly. during 2003, 1000-grain weight was higher 

(29,1 g) on June, followed by 27t!1 June and 11!h of July (28.8 g). 

Transplanting date 4th of July produced lesser 1000-grain weight (23.6 and 

28.1 g) during both the experimental years. Data regarding the effect of 

seedlings hitrl showed significanlly higher grain weight (24,5 g) in plots sown 

with 4 seedlings hilrl, followed by 24,3 g in 1 seedling hill'l during 2002. 

Whereas, crop planted with 1 seedling hitrl gave heavier grains (29,3 g), 

followed by 4 seedlings hill-l (28.8 g) during 2003. Dates of transplanting and 

seedlings hilrl were significently affected during both the years and planting 

dale 20lh of June produced the highest grain weight (25.0 g) during 2002 

while, 27th of June gave the maximum grain weight (30.4 g) during the second 

year Irial both with 1 seedling hill' l . 
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Table 4.2.7. Normal kernels percentage as affected by time of 
transplanting and seedlings hill·1 in transplanted rice 

o 2 2 0 during 2 0 and o 3. 

Seedlings 
~_ 2002 2003 

hilr' 
Date of transplanting 

Means 
20-6 

Date of transplantin 
Means 

20-6 27-6 4-7 11-7 27-6 4-7 11-?_ 
91 .7 94.0 87.1 84.2 

~--

1 
ghi I 

89.2NS 86.9N5 90.6 872 85.0 87ANS 
a-e a --- - --
92.3 93.1a 88.7 84.7 

2 
a-d b hi 

89.7 90A 89A 88.1 876 88.9 
-- coL -- - - --

3 
f-91.3 87.6 88.0 88.5 

88.8 88.6 90.5 86.7 86.3 88.0 a-f 1- i e- i doh 

4 
89.5 89.1 89.7 92.5 

90.2 908 89.9 88.1 89.7 89.6 b-g e.g b-Q abc 

Means 
91 .2 90.9 88A 87.5 89.2 90.1 87.5 87.1 

a a b b a a b b 

NS = Non-significant 

lSOoQ.) (Transplanting dates) 2002 = 2.07 LSDo~ (Transplaming dates) 2003 = , .35 

LSDoas (Transplanting dates x seedlings hilr') 2002 = 3,91 

Means lollowed by different letter(s) are significant at 5% level 01 probability using LSD test 

Table 4.2.8. 1000-grain weight \g) as affected by time of transplanting 
and seedlings hill" in transplanted rice during 2002 and 
2003. 

Seedlings 
2002 

hiW' 1-- Date 01 transp~i~~ 
20-6 27-6 4-7 11-7 

1 
25.0 24.9 23.8 

a ab c-I 

2 
24.9 24 .8 23.1 
ab ab I 

3 
24.0 23.9 23.4 
cde cde el 

4 
24.5 246- 1--23.9 

abc abc cde 

Means 
24.6 24.5 23.6 

a a c 

LSDoII6 (Transplanting dates) 2002 = 0.35 

LSD,,, (Seedlings hiW') 2002 = 0.37 

23.6 
del 

23.5 
del 

24.2 
bed 
25.2 

a 
24.1 

b 

lSOg ~ (Transplanting dates x seedlings hit!"') 2002 = 0.75 

lSOol» (Transplanting dates x Seedlings hIIr') 2003 = , .41 

2003 

Means 
Date 01 transplantin 

20-6 27-6 4-7 11-7 
24.3 30.0 30.4 27.9 29.2 
ab ab a elg a-e 

24.1 28.5 28.7 28.3 28.3 
be c-I b-I -2:9 d-g 

23.9 29.4 28.4 27.0 28.1 
c a-<l c-I g ~ 

24.5 28.7 27.8 29.2 29.8 
a b-f ..!lL a-I abc 

29.1N5 288 28.1 28.8 

NS = Non-signifICant 

LSD,." (Seedlings hill') 2003 = 0.70 

Means followed by different letter(s) are significant at 5% level 01 probability using LSD test. 
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Transplanting date 41h of July which showed more number of tillers and 

panicles, resulted in lower grain weight (23.1 and 27.0 g) with 2 and 3 

seedlings hill'1, coinciding the view that by increasing the number of tillers, the 

number of grains may be reduced and also, the and weight of the grains. 

Wen and Yang (1991) reported higher 1000-grain weight with 1 seedling hill'1 

than with 4 seedlings hill". Similarly, Lu and Cai (2000) sown hybrid rice on 

61h, nih and 20th of June and noted their fertility and 1000-grain weight ranked 

as May 20> May 13 > May 6, While, Singh (1994) noted that the number of 

grains panicle'! and grain weight panicle" were positively correlated with grain 

yield. Data revealed higher 1000-grain weight during 2003 might be due to 

supply of sufficient amount of organic matier and I or slow release nitrogen 

available at all the kernel development stages. 

4.2.9 

Grain yield is a function of interplay of various yield components such as 

number of panicles. spikelets and 1000-grain weight. The data presented in 

Table 4.2.9 indicated that the dates of transplanting as well as seedlings hill" 

were non-significant during both the years, while the interaction between 

transplanting dates and seedlings hill'1 differed significanlly during 2002 

(Appendices-6a and 7a). Among planting dates, maximum paddy yield (4,5 I 

ha") was produced on 20th June and 111h of July while the rest of two 

transplanting dates (271h June and 4th of July) produced comparatively lower 

paddy yield of 4.1 t ha'1 during 2002. Similarly, during 2003, though the 

differences among planting dates were non-significant yet, 201h of June 

excelled all other transplanting dates by producing paddy yield of 6,9 t ha'l It 

was followed by 41h and 111h of July (6,6 and 1! ha'l) during 2003. 

Transplanting date 2th of June however. remained the lowest yielder by 

producing 5,1 t ha'1 during 2003. The seedlings hiWI were non-significantly 

different during both the cropping seasons but the crop sown with 1 seedling 

hill" during 2002 and 4 seedlings hUrl during 2003 resulted in higher paddy 

yield (4.4 and 6.7 t ha"), The interaction between transplanting dales and 

seedlings hill'1 was significant during 2002 while it differed non-significantly 

during 2003. The planting date 20'h of June was the highest yielder with 5.0 

and 8.1 t ha'1 with 1 seedling hiWl during both the 
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par with 11th of July that gave 4.9 t ha"1 paddy yield with 3 and 4 seedlings hiJr 

1 during 2002. The minimum paddy yield (3.9 and 4.7 t ha"1) was recorded on 

2ih of June with 3 seedlings hill"!. The highest paddy yield on 20th of June 

might have been due to maximum number of panicles m"2, 1000-grain weight, 

comparable number of productive tillers m"2, spikelets panicle"! and normal 

kernels, which eventually resulted in higher paddy yield. Moreover, the 

highest paddy yield with 1 seedling hill"! enunciated that the use of more 

seedlings hilr! not only adds 10 cost but also a mere wastage of natural 

resources. Similar findings were reported by Wen and Yang (1991) who 

obtained higher rice yield with 1 seedling hill"! than 4 seedlings hill"! and the 

proportion of effective panicles, number of grains panicle·! and 1000"grain 

weight were also higher with 1 seedling hiW!. Likewise, Srinivasulu at 

(1999) stated that planting 1 seedling hill"! gave comparable grain yield to 2 

seedlings hill"! for hybrids, but 2 seedlings hill"! gave significantly higher grain 

yield of conventional cu!tivars. Among planting Narayanaswamy et a/. 

(1982) obtained higher paddy yield (5.2 and 5.3 t ha·i
) in two years trials by 

sowing rice on 1st July. Likewise, Hassan et al. (2003) reported highest paddy 

yield of IR-6 on 25th of June as compared to Slh and 15th of July in Dera Ismail 

Khan, supporting the findings of present research. Similarly, Puckridge at a/. 

(1987) observed reduction in rice plant population by delaying seeding of rice 

from May 10 June. Pal et al. (1999) reported higher paddy yield when 

transplanted on 15 or 29 June. Researchers like Chaudhary and Movillon, 

(1996) and Santhi el al. (1998) found that the of planting methods was 

pronounced than the planting seasons but it still influenced to a good 

extent the yield perfonnance of genotypes. The wide yield gap in two cropping 

seasons, revealed increased nitrogen utilization efficiency due to previous 

legume crop, which caused the parallel increases in the respective yield 

components during 2003. 

4.2.10 Straw yield (t ha .1) 

Straw yield is the function of an accumulated effect of growth parameters like 

number of tillers per unit area, leaves and final plant height. Data presented in 

Table 4.2.10 revealed thai transplanting dates, seedlings hill·1 and their 

interactions significantly affected the straw yield during 2002 (Appendix-6a), 
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while the interaction of variables also differed significantly in 2003 (Appendix-

7a). Planting date 20th of June though attained higher straw yield (16.3 t ha'!) 

during 2002 but was at par with 27th of June (15.4 t ha'!); while differed 

significantly from 4th and 11th of July during 2002 (Table 4.2.10). However, all 

these transplanting dates did not differ significantly from each other during the 

second year trial. The crop planted on 27th June showed more straw yield 

(19.8 t ha'!), followed by 20th June (18,5 t ha,l) and 4th of July (182 I ha'!), 

respectively during 2003. Similarly, plots sown with 4 seedlings hill'! produced 

significantly higher straw yield (16.6 and 20,3 t ha'!) during both the years It 

was followed by crop planted with 1 seedling hill'! (15.2 and 17.8 t ha'!) The 

perusal of data further manifested thai the 20th June planted crop produced 

significantly higher straw yield (17.9 I ha'!) with 1 seedling hill'! during 2002. 

The crop planted on 4th of July gave Ihe maximum straw yield (22. 8 t ha'!) 

with 4 seedlings hUr!, probably due to higher number of tillers recorded in this 

treatment during 2003 (Table 4.2.2). Muthuraman (2000) reported that the late 

transplanted seedlings gave higher straw yield and was affected by 

transplanting time and not by seedling age. While, Hari at al. (1999) recorded 

higher straw yields on 25th June-transplanted crop, followed by the 5th July

transplanted crop. 

Milthorpe (1956) stated that all aspects of agricultural production are 

intimately associated with the growth of leaves. Data shown in Table 4.2.11 

indicated significant increase in number of leaves plan!,l on various 

transplanting dates during 2002 while the mean values differed non

significantly during 2003 (Appendices-6b and 7b) Similarly, transplanting 

dates and seedlings hilrl Significantly inleracted during 2002. It is depicted 

from the data that, during 2002, the number of leaves planr! was significantly 

higher (111.3) on 11th of July among all the transplanting dates. II was 

followed by 27th of June with 107.7 leaves planr1
. Sowing date 4th of July 

produced minimum number of leaves (94.7) planr!, 
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Table 4.2.9. Paddy yield (t ha·') as affected by time of transplanting 
and seedlings hill" in transplanted rice during 2002 and 
2003. 

Seedlings - - 2002 2003 
~--

Date of transPJanting- ---;;-.;-;-Q~!~;gf ~~s la'L~i'-.-;;-hilr' 
20-6 27-6 4-7 11-7 

Means 
20-6 27-6 4-7 11-7 

Means 

1 5.0 4.6 4.0 4.1 4.4 NS 8.1 " 5.5 5.7 5.5 6.2 NS 

- -- a f-~ bc be 1---- - ---1------ r -- - -4"6 1-----4.4 - --- - ---
2 

4.1 4.0 4.3 5.9 5.6 6.7 5.5 5.9 
ab bc __ be ~~ - -
4.2 1-- 4.2 -- I--- -- - --

3 
3.9 4.9 4.3 6.5 4.7 6.1 6.5 5.9 

bc c be a 1----,--I--------'42 - -4.0 4.2 49-
4 4.3 7.3 4.8 7.9 6.9 6.7 -- be be be __ r-~ 1--- - -

Means 4.5"' 4.1 4.1 4.5 6.9 NS 5.1 6.6 6.1 --
NS =Non-stgniflCanl 

LSDo~ (Transplanting dates x seedlings hllr') 2002 = 0.64 

Means followed by different let\er(s) are significant at 5% level of probability using LSD test. 

Table 4.2.10. Straw yield (t ha-') as affected by time of transplanting and 
seedlings hill" 

, 
in transplanted rice during 2002 and 2003. 

Seedlings 
2002 

;~ate of ~@~~ntin - - -~ - -hill" 20-6 27-6 4-7 11.:7- eans 
1-;----- ---

1 
17.9 15.4 12.6 14.7 15.2 

a e-f: _ ___ I_+~ _ _ b 1--
2 

14.6 15.8 130 12.4 14.0 

f---- ---- doh b-e Clhi i e 160- r-13.9 12.7 14.0 --14~ 
3 

~~ e-I hi e-i c 1-----
16:7 --13j-1-17.1;-16",s-

4 
18.5 

f--
a abe f-I ab a 

Means 16.3 15.4 13.0 14.6 
a a b ab 

lSDoM (Transplanting dates) 2002 = 2.25 

LSD,,, (Seedlings hill") 2002 = 0.95 

LSDo," (Transplanting dates x seedlings hilr') 2002 = 1.91 

LSDo ln (Transplanting dates x seedlings hilr ' ) 2003 = 4.43 

2003 

f~ 0.. """"""'''"1 = 20-6 27-6 4-7 11-7 
20.6 19.2 17.3 14.0 
abc a-<1 cde e 
19.0 20.6 15.9 14.5 
a-d abc __ de e 
17.1 167- I-js,-16.6 
cde _ cde:_ ~d~ _ ~d~_ ---
17.3 22.6 22.8 18.4 
cde ab a b~_ 

18.5" 19.8 18.2 16.3 

NS = Non-significant 

lSDo.QS (Seedlings hitr') 2003 ': 2.21 

Means followed by different let\er(s) are significant at 5% level of probability using LSD test. 
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In the year 2003, although, the transplanting dates were non-significant yet 

the crop planted on 20lh of June produced higher number of leaves (132.4), 

followed by 4th of July (131,0), Transplanting date 27'" of June produced 

minimum number of leaves planr' (115,6), There was statistical difference 

among seedlings hilrl during 2002 and the higher number of leaves (109,5) 

were recorded with 1 seedling hilr" followed by 4 seedlings hill" (108,1), The 

reverse was true with 4 seedlings hiW' (134,3) than 1 seedling hiW' (129.5) 

during the cropping season 2003, In the year 2002, significant interaction 

between transplanting dates and seedlings hilr' resulted in the highest 

number of leaves (1272) on 11\11 of July with 4 seedlings hin-'. followed by 27'" 

of June (119,0) with 1 seedling hill·l . Plots transplanted on 4th July 

produced lowest number of leaves planr' (83,7) with 2 seedlings hill", While, 

the leaves planr' noted on 11th of July with 4 seedlings hiW' were higher 

(146,0). followed by 41h of July (145,5) with 2 seedlings hur' during 2003 The 

variations in number of leaves planr' might have been due to change in 

environmental conditions during both the years, Transplanting dates 20'h June 

and 111h of July with higher number of leaves planr', also produced higher 

paddy yield indicating a positive relationship, 

4.2.12 leaf area index (m·2
) 45 OAT 

Leaf area index is the efficiency of photosynthetic process and on the extent 

of photosyntheUc surface, It is portrayed from the data mentioned in Table 

4,2,12 that there were non-significant differences among transplanting dates 

during both the experimental years (Appendices-6b and 7b), However, 

planting date 27'" June showed increased LAI (9.0) during 2002 while 111h of 

July was at the apex in producing LAI of 12.44 in the second year trial. As far 

as the effect of seedlings hiWl is concerned, significantly increased LAI was 

recorded with 1 seedling hill" (9.07), followed by 4 seedlings hilr' (8.82) 

during 2002, Similar trend was also noted during 2003. The interaction 

between transplanting dates and seedlings hiW' was found to be significant in 

preceding year of 2002 while it differed non-significantly during 2003. The 

crop transplanted on 27th June showed significanlly the highest LAI of 11,19, 

followed by 20'h of June (10.24) with 1 seedling hill" during 2002, 
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Table 4.2.11. Number of leaves planf' as affected by time of 
transplanting and seedlings hilr' in transplanted rice after 
45 DAT during 2002 and 2003. 

2002 2003 
Seedlings ,-

hi"-' -,-__ J~ate g,!J@n~lantmg Means Date of t~spJantin! 11-7-.J Means 
f---- 20_6 27_6 4-7 t-r-7 20-6 27_6 4-7 ____ _ 

1 113.7 119.0 99 .0 106.5 109.5 139.2"S 113.2 133.2 132.2 129.5"S 
t-___ ._-t-;-;:bc~-t-:,;;a~b~_;:: '--; de_l-:bcp-;;-_~ __ --- -.-----~-.-_t_-------

2 105.7 101 .2 83
f
·7 103.2 98.5 119.0 105.5 145.5 109.5 119.8 

cd ede ede c 

3 102.2 l06.S 91 .0 108.S 102.0 132~2 117.0 120.2 130.5 
cde bed ef bed be =-;::-.+ ____ + _ __ -+_._ 12S.0 

4 96.0 104.2 10S.2 127.2 -:;081- "1'39.2 127.0 125.2 146.0 c--l;~ 
I-___ .+-:"'d~e'_:f:_+_ cd cd a ab 

104.4 107.7 94.7 1113 
b ab c a 

Means 

lSDo~ (Transplanting dates) 2002 = 5.31 

LSD, ... (Seedlings hill") 2002' 6.56 

lSDo.~ (Transplanting dates x seedlings hIIr') 2002 = 13.14 

132.4"S 11S.6 131 .0 129.5 

NS = Non-significant 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Table 4.2.12. Leaf area index (m·2
) as affected by time of transplanting 

and seedlings hill" in transplanted rice after 45 DAT 
durrng 2002 and 2003 

Seedlings 2002. __ , _ 2003 --.----=:J 
hill" 1--=_ Date 01 tran~lanUng Means Date of tr~B!]~a~!'£!.,--.__ Means 

f-----~f'~-c.J!-6 ~b-+-1~"4.+--- ~0-L+. 27-6 4-7 1~1_-7,--t-___ --I 
1 10.24 11.19 7.57 7.29 9.07 12.86"S 10.75 10.60 11.40 11 .40"S 

ab a elg efg a -- t--- ---'-- -+-----1 
2 7;1 ~06 6.

g
79 8 'J9 7 .~7 10.35 8.38 1032 1062 9.92 

~ _ _ _ __ ~~_ ..J!:9 e e f--- - - ___ 1-__ 

3 7f~8 8~~~_~~- ~~ 7~7 11 .S5 9.31 9.39 ,..~297 10.86 

4 7·r 8.4! ~4; 9;: 8.82 11 .56 10.53 9.89 14.78 11.69 
r-.----~!!l e- e a a . _______ 1-___ _ _ 

Means 8.24"S 9.00 7.85 8.44 11 .58"5 9.74 10.05 12.44 
- -'--- -' 

NS =Non-significant 

LSD", (Seedlings hill") 2002' 0.74 

lSOo os (Transplanting dates x seedlings hilrl ) 2002 = 1.49 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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Unlikely, during 2003, though the means were non-significant the 

seedlings transplanted on 11!i1 of July produced more LAI (14.78 and 

with 4 and 3 seedlings hill,1 respectively than the earlier transplanted crop. 

Plots transplanted on 41n July and 2in June produced decreased LAI (6.79 

and 838) during 2002 and 2003, respectively with 2 seedlings hill'! Relatively 

higher LAI in both 20lh June and 11th of July planted crops ultimately 

contributed towards yield and its contributing components during both the 

cropping seasons. The LAI was higher during 2003 than the preceding year. 

The variations between the two years might be attributed to biological 

variability between years, which resulted in a different leaf shape (length, 

width) and possibly number of leaves plan!". Singh (1994) noted thatLAI and 

NAR were positively correlated with grain yield at all phenological stages. 

While, Zhong et al. (2002) stated that transplanting, spacing and number of 

seedlings hill,1 had little effect on LA!. They also reported that LAlone of the 

major factors that influence tiller production in rice crops. 

4,2.13 Net assimilation rate (g m·2 day,l) 45 OAT 

Net assimilation rate is the physiological potential for converting the total dry 

matter into grain yield. A number of factors can influence the rate of 

photosynthesis and respiration in plants, and the term NAR is used as a 

measure of the rate photosynthesis minus respiration Results 

presented in Table 4.2.13 indicated that seedlings hill" and interaction 

between variables during 2002 (Appendix-6b) while only transplanting 

during 2003 were significantly affected (Appendix-7b). The data revealed that 

transplanting date 27th of June resulted in higher NAR (32.38 g m·2 day") 

during 2002. The crop planted on 20th June and 11 th of July resulted in similar 

NAR of 29.97 g m,2 day·l. While, in the 2003, significantly higher NAR 

(37.43) was noted on 27th June as compared to 20ln of June which showed 

Significantly lower NAR (26.28 g day·l). Number of seedlings hurl 

significantly affected NAR during 2002 and the crop planted with 3 seedlings 

hill" resulted in higher NAR (3208), though at par statistically with 4 seedlings 

hilrl, which gave NAR of 31.48 g m,2 datl . Similar trend was also noted 

during 2003 where the effect of seedlings hitrl was, although, non-significant 

118 



but 3 and 4 seedlings hill-1 showed markedty contribution towards higher NAR 

Significant interaction between transplanting dates and seedlings hiWl 

resulted in the highest NAR (37.07) on 2ih of June with 3 seedlings hill'l 

during 2002. It was followed by 111h of July (35,01 g m-2 day'l) with 1 seedling 

hurl During 2003. the highest NAR (4387) was noted on 41h July with 2 

seedlings hiW\ followed by 2ih of June (39.27 g m,2 day") with 3 seedlings 

hill". The lowest net assimilation rate (24.44 and 23,79 g m,2 day'l) was 

recorded on 20lh of June with 2 seedlings hiu-' , The late-transplanted crop of 

4th July produced more NAR than 20lh of June. depicted that transplanting 

time influenced the accumulated total dry matter weight (9 m,2 day"), The net 

assimilation rate differed significanlly on various transplanting dates, The 

inclination in NAR noted for transplanting dates 2ih June and 41h of July was 

not reflected in other transplanting during 2003, Similarly. dUrln9 2002, 

the sowing date 41h of July followed the declining path. but the rate of the 

declining trend was slow, The higher NAR might be due to differences in soil 

fertility status. high rainfall. humidity and organic matter during 2003 than the 

preceding year. The translocation of slow release N might have been boosted 

the vegetative plant growth drastically during 2003, 

4.2.14 Number of leaves plant" (90 DATI 

There were non-significant variations among transplanting dates during both 

the years (Appendices-6b and 7b). However. the crop planted on 111h of July 

produced higher number of leaves (147,1 and 127,5) during both the planting 

seasons (Table 14), It was followed by 2ih June (143,0) during 2002 and 

4th of July (124,3) during the second year trial. Plots transplanted on 20lh of 

June showed minimum number of leaves (127.1 and 116,6) during both the 

years, The number of seedlings hill" had significant effect on number of 

leaves planr' during 2002 while il differed non-significantly during 2003, 

Among seedlings, the crop sown with 1 seedling hilrl produced maximum 

number of leaves (154,3), followed by 4 seedlings hiW' (148,3) during 2002, 

Similar trend was also noled during 2003. though; the means were non

significant. During 2002, significant interaction between the variables resulted 

in the highest number of leaves (171 ,2) on 111h of July with 4 seedlings hilrl, 

followed by leaves produced on the same date (165,0) with 1 seedling hill·1
, 
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Table 4.2.13. Net assimilation rate (g m·2 day·l) as affected by time of 
transplanting and seedlings hill·l in transplanted rice after 
45 OAT durmg 2002 and 2003 

. 2002 2003 Seedlings ---- - --- -. - ---,-- . -- - -- -I 
hiW ' Date of transplanting Means _~~~ of trans lantl!1.\l------=_ Means 

_ _ __ ~0i-- 27-l!... 4·7 11·7 __ ~0-9 '-_ 27~ __ ~-7 L 11-L _ _ _ 

1 27.72 31 .56 24.94 35.01 29.81 23.69"S 38.46 37.96 29.65 32.44"S 
I-_ . _ __ --:._<;.~ a-d ef ab a_~ _ _ _ 

2 24.44 31.45 27.40 24.88 27.04 23.79 34.82 43.87 35.68 34.54 
_ _ f a-~-=- def ef r-~~ __ _ __ _ 

3 3:b~6 37~07 2~_~2 2~~i6 32~08 28.53 39.27 38.78 36.90 35.87 
- -------:.' ~c_~-___:_- - - - - - - - - - - - .- --+--.-

4 31 .15 29.45 33.77 31 .5
d
4 31.48 29.13 37.15 37.13 35.36 34.69 

s-e b-f abc a- a ___ ___ +-. ..=....0:.... _ _ --'-- -- - 2628 37.4;3- 39.44 34.40 1----
Means 29.97"5 32.38 28.76 29.97 b a a a 

NS =Non-signiftcant 

LSDo os (Seedlings hilr') 2002 = 3.16 lSDo01 (Sowing date) 2003 :: 7.17 

LSOo ~ (Transplanting dates )( seedlings hllr ') 2002 = 6.32 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Table 4.2.14. Number of leaves planfl as affected by time of 
transplanting and seedlings hilrl in transplanted rice after 
90 OAT d 2002 d 2003 urmg an 

Seedlings 
2002 2003 --,.----

hiW' f-;;; Date of transplantin 
fiT Means r-.. ~te of transplanJ~ _ __ ;;- Means 

1--- 20-9 27-9 4-7 
154.3 -

r-20-9 ___ ~7 :!._ 4-7_,11-7 

1 
152.0 162.0 138.2 165.0 

121 .2"" 136.0 110.0 111 .0 119.5"S 
1--- a-e abc e.g ab a r--- --- --

119.5 134.5 114.5 1222 122.6--
2 g dog g fg b 1190 124 .0 117.2 113.0 118.3 

1---- 131 .6-- f----

3 
115.5 131 .5 149.5 130.0 

117.0 104 .2 121 .5 131 .0 118.4 
f-- g efg a-e efa.. b - ---- - - f--- ----1 56~ f-iii .2- 1483- - --

4 121 .5 144.0 
109.2 125.5 148.5 155.0 134.5 fg b-f ...il·<L f--_a __ --~- -- -- - - -~~ - - -

Means 127.1"5 143.0 139.6 147.1 116.6"' 122.4 124.3 127.5 

NS :=Non-slgnificant 

LSD,,, (Seedlings hi".') 2002 = 12.00 

LSDoC6 (Transplanting dales x seedl ings hi',"') 2002 = 24.00 

Means followed by different letter(s) are Significant at 5% level of probability using LSD test. 
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Plots transplanted on 4th of July produced lowest number of leaves planr ' 
(114,5) with 2 seedlings hill,j, The leaves planr' noted on 11111 July were 

higher (155,0), followed by 4th of July (148,5) both with 4 seedlings hill,j during 

2003, The trend of crop in producing number of leaves planr' during both the 

years after and 90 OAT remained almost same I.e, the treatments 

producing higher number of leaves 45 OAT, also showed same frequency of 

number of leaves planr t 90 OAT during both the experimental years, 

4.2.15 Leaf area index (m·2
) 90 OAT 

Williams at 81. (1965) suggested that the complex problem of accounting for 

variations in the growth of crops might simplified by the consideration of 

two components of growth in a plant community-the LAI and NAR Data 

shown in Table 4,2,15 depicted that higher LAI was produced on 20th and 

of June (13.27) during 2002 while transplanting date 11th and 4th of July 

exhibited increased LAI of 13,38 and 12,33, respectively during the second 

year Irial, However, Ihe variations among transplanting dales during both the 

years were non-significant (Appendices-6b and 7b), The crop sown with 1 

seedling hill,j gave maximum and at par LAI of 14,97, followed by 4 seedlings 

hill,j (14,58) during 2002, In the year 2003, the seedlings hill" shared 

inversely as 4 seedlings hilrt revealed maximum LAI than 1 seedling hill'" 

Crop planted with 2 seedlings hill" during 2002 and 3 seedlings hill" during 

2003 had lower LAI (10.44 and 11,39), The interaction between transplanting 

dates and seedlings hilr' was significant and the crop transplanted on 20th 

June showed significantly the highest LAI (17.17) with 1 seedling hilr t
, though 

at par with 27th of June during 2002. It was followed by 111h of July (16,19) 

with 4 seedlings hill", Similarly, during the second year trial, the seedlings 

transplanted on 11th July had significantly more LAI (15.45) with 4 seedlings 

hill", followed by at par LAI on 4th July (15,34) with 4 seedlings hill" and 

of June (15,28) with 1 seedling hilr', These results coincide with Hari at ai, 

(1999) who observed that the leaf area index was the highest in the June

transplanted crop at all the time intervals studied, Likewise, Lu at al. (1999) 

obtained higher rice yield due to higher net assimilation rate and better 

distribution of leaf area index after heading. 
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4.2.16 Net assimilation rate (A m-2 day-i) 90 OAT 

Temperature, light, carbon dioxide, water, leaf age, mineral nutrients, 

chlorophyll content and genotype influence net assimilation rate. Data 

presented in Table 4.2.16 revealed that transplanting dales and interaction 

between transplanting dates and seedlings hill-' during 2002 (Appendix-6b) 

were non-significantly affElcte,d while significant variations were found in the 

variables during 2003 (Appendix-7b). The higher NAR (40.51) was recorded 

on 11'h July. followed by 4'h of July (37.91 g m-2 day-l) during 2002. 

Transplanting date 27'h of June, which produced higher NAR after 45 OAT, 

showed lower NAR (31.85 g m-2 day·l) after 90 OAT during 2002. Likewise, 

the crop transplanted on 11'h of July produced higher NAR during 2002, 

showed a declining trend with lower NAR (24.50 g m-2 day·l) during 2003. 

Number of seedlings hill-1 significantly affected NAR during both the cropping 

seasons and the crop planted with 1 seedling hilrl resulted in higher NAR 

(40.59 and 30.77 g m-2 day'\ It was followed by crop planted with 4 seedlings 

hiW\ which showed NAR of 38,47 and 30.28 g m·2 day", respectively. The 

interaction between transplanting dates and seedlings hill" was non

significant during 2002 while it differed significantly during 2003 Among 

treatment means, the highest NAR (47,40 g m,2 day") was noted on 11'h 

July with 4 seedlings hiWl during 2002. While, planting date 201h June was the 

best performer regarding increased NAR with 1 seedling hiWl, though at par 

statistically with 27'h of June during 2003. The lowest NAR (28.14 and 23.06 g 

m" day-') was recorded on 20lh June with 3 seedlings hill-1 and 11'h of July 

with 2 seedlings hill·1 during both the years, respectively. lu at al. (2000) 

observed that decrease in the rale of photosynthesis in leaves, caused the 

lower NAR and hence reduced grain yield. Similarly, Thakur and Patel (1998) 

described that net assimilation rate (NAR) is one of the factors responsible for 

higher paddy yield. 
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Table 4.2.15. Leaf area index (m·2) as affected by time of transplanting 
and seedlings hill·1 in transplanted rice after 90 OAT 
dUring 2002 2003 and 

Seedlings 
2002 2003 

hiW' =:--Da~_ tran~lantinL~ Means ~~~f tr~~se'antin T Me 
20-6 27-6- 4.i~ 11·7 20-6 27-6 4·7 ~_~1'J,,""~_ 1------
17.17 17.17 11.68 1347 1497 1305 15.28 10.64 11 .37 12. 

ans 

1 
----- a a d·h ~ a abc ab c c 

-1132 11066f--10.70 8 .70 1-1044 12.70 :--12.39 11 .89 11 .58 
2 12 

e·h fgtl ;-.(l!h. h c abc abc be c 
14 

3 
11 . 54-1139~-393 -11:42- 12.oi- 1'f"8S- 9.97 1144 12'28 11. 
e·h e-h c·f e-h b be abc 39 

- - 13.oT 1436 f--14.71 16~ 
4 
~ t>-e r--iI:d abc ---- - - ---

Means 13.27"S 13.27 12.76 1245 

NS =Non·significant 

LSDo." (Seedlings hilr') 2002 = 1.57 

LSDD~ (Transplanting dates x seedlings hilr') 2002 = 3.14 

LSDQ.o~ (Transplanting dates x seedlings hJlr') 2003 = 3.54 

c e 
14.58 11 .38 11.34 15.34 1545 

a -~ c r--- a~_ -~ 
12.25"S 12.24 12.33 13.38 

Means followed by different letter(s) are significant at 5% level of probability using LSD test 

f---
13 .38 

c---

Table 4.2.16. Net assimilation rate (g m·2 day·1) as affected by time of 
transplanting and seedlings hill·1 in transplanted rice after 
90 OAT during 2002 and 2003. 

~----~--~~----~~~~~~~~r-----------~~~---------~ . 2002 2003 
Seedlings r----------::.-,-. ~, --,- __ I' - - ,-----

h'W' Date of trans"lantln __ M _Q~_ of transylantln M 
I 20-6 27-6 4.7 11-7 eans - 20.6 -r - 27-6 4-7 11.7 eans r----- --f---- --,.- ----;-c;-f--;-~.,---- -~~~-- 1-- ---,--
1 38.33"S 41.94 3840 4370 40.59 37.07 36.74 23.87 2542 30.77 

f----- r---e--- a",-,,-- a a o_ f-;;::ef ~_ def a 
2 30.92 3444 34.62 34.27 33

c
56 3~c~9 2~!6 2:~9 23[06 2~5 

r------ f--------- - --- -~-;-- r--- t--;;;--;O;;-- 25.1--7-
3 28.14 37.78 39.16 36.66 3~~4 2~~3 2~_;6 2~e1/ 2~~3 e 

------1---- ------- t---- ---:.-----::- 1--.---".- 1---;;-.;'- -
4 30.00 37.03 39.44 47.40 3847 3047 33.81 3137 25.50 30.28 

1-_ - --- _ _ _ _ ab bed t-- 31a.~6-:-4 abc def ab 

Means 31.85"S 3780 37.91 40.51 3~~' a 2~;2 24~50 

NS =Non·significant 

lSOo.1I5 (Seedlings hitr ') 2002 = 4.03 

LSDvM (Transplanting dales )( seedlings hill ') 2003 = 5.80 

_ ':C--' ___ ---' 

LSDo ~ (Transplanting dates) 2003 = 4.34 

LSDo o~ (Seedlings hiU" ') 2003 :: 2 90 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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4.2.17 Stem borer moths' resting behaviour 30 OAT 

Data presented in Table 4.2.17 revealed adults preference resting after 30 

OAT during 2002 (Appendix--6b). There was a non-significant difference 

among dates of sowing however, maximum moths' (0.57) were observed on 

20th June and 4th of July. Similarly, minimum (0.32) adults were noted on 11'" 

of July. The interaclion between transplanting dates and seedlings hill" was 

non-significant However, the borer incidence was higher on of June 

with 1 seedling hiW'. The moth resting preference showed a clear decline with 

successive date with a significantly higher number (1.07) of moths on 

plots transplanted on 20th of June 2003 (Appendix-7b). Crop transplanted on 

2ih June had 0.69 moths per plot, which was non-significant from 20th June 

and 4th of July 2003. Similarly, the crop transplanted on 11'h of July was a 

preferred and only 0.01 moths decided to land for egg laying or resting 

30 OAT. Number of seedlings hiW' apparently shewed no statistical difference 

in terms of moth prElfelren,ce However, plants with more than 1 seedling hiW' 

attracted more moths, which is probably a function of olfactory cue of the adult 

moth. Lush green colour and leafy plots of early sown treatments and with 

more seedlings in establishing an olfactory contact of the crop and the moth, 

resulted in more moths on these treatments/plots. This was because of the 

reason that the indica rice varieties are more susceptible at early stages of 

plant growth during "dead heart' formations than japonica varieties and the 

reverse was true during "white head" formations. 

4.2.18 Stem borer moths' resting behaviour 45 DAT 

It is evident from data given in Table 4.2.18 that there were non-significant 

differences among the means of transplanting dates and seedlings hill' 1 

interaclion (Appendix--6b). But the adult population (2.76) was higher on 4'h of 

July with 1 seedling hUrl. Similarly, minimum number of moths (0.01) was 

observed in plots transplanted on 111h of July with 1 seedling hill,l. Statistically 

similar number of moths was recorded in all four-seedling treatments. 

However, more moths were attracted on 1 seedling hill" plots. Dates of 

transplanting proved to significant during 2002 and 4th of July transplanted 

plots had significanlly more moths' (1.82) than other transplanting dales 
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Among treatment means for the year 2003, the data indicated significant 

differences between interaction of transplanting dates and seedlings hill'! 

(Appendix-7b), Significantly higher borer incidence (0.76) was recorded on 

20111 of June with 1 seedling hill'!. Among transplanting dates, the adults 

preferred plots transplanted on 20th June with 1 and 3 seedlings hill,l for 

resting while 2ih of June with 2 and 4 seedlings hill" was least preferred. 

Significant differences were found for interaction between transplanting dates 

and seedlings hilrl regarding adults' preference for resting after 60 OAT 

(Appendix-6b). The treatment means given in Table 4.2.19 depicted maximum 

borer (18.00) resting on 2ih June with 1 and 2 seedlings and 41h of July with 4 

seedlings hill,i, which were at par statistically. Likewise, minimum number of 

moths' (6.75) was recorded on 201h of June with 3 seedlings hill,l. Significantly 

higher moths were noted on June transplanted plots, as compared to 41h 

July and 111h of July, respectively. Plots transplanted on 20lh of June had 

significantly lower adult moths 60 OAT, Data further displayed non-

significant variations among treatment means during 2003 (Appendix-7b). 

However, maximum number of borer (13.75) was recorded on 20lh June, 

followed by 111h July, 2i" June and 4!h of July, respectively. The tendency of 

adults' resting observed after 60 OAT was almost same with fall in 

temperature to 35°C till the mid of September. The interaction between 

transplanting dates and seedlings hill'! was also non-significant. However. the 

adults resting was maximum on 27'" June with 3 seedlings hiW1 as against 

minimum on 41h of July with 1 seedling hill'l. The uniform and higher resting 

behaviour noted in adult's population from mid of August to mid of September 

indicated that this whole span was ideal for proliferation and survival of the 

pest and subsequent higher infestation as well. Similar trend was observed for 

transplanting dates and seedlings hill- j • 
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Table 4.2.17. Stem borer moths' resting behaviour as affected by time 
of transplanting and seedlings hill·1 in transplanted rice 
a fte OOTd 202 00 r3 A urin!l 0 and 2 3. 

2002 2003 
Seedlings 

hilr' 
~:- Date of transplantinQ- c-Means _ _ __ ~ate of transpJantirl~ Means 
20~ 27-6 4-7 11-7 11·7 ---

1 0.26 NS 1.26 0.01 001 0.38
N
' 

__ 20-6 "'_ 2?~ 1--_ 4·7 
1.26 NS 001 0.01 0.01 0.32''5 

r--- -- 0~76 
-- --- c--

2 1.01 0.01 0.76 0.63 0.26 0.26 0.01 0.01 
- - ---ro~26- - - ---- - r-

3 0.26 0.76 0.76 0.51 1.76 0.76 0.01 0.01 
--

1--0.26 
-- c-__ _ 

- - - - r-
4 0.76 0.01 0.76 0.44 0.01 1.76 0.26 0.01 

- - -- 1.oi- :--0.69 o.oi-:-
Means 0.57NS 0.51 0.57 032 a ab b 

0.01 
b 

NS = Non..significant 

LSOo~ (Transplanting dates) 2003 = 0.70 

Means followed by different letter(s) are Significant at 5% level of probability using LSD test. 

Table 4.2.18. Stem borer moths' resting behaviour as affected by time 
of transplanting and seedlings hill-1 in transplanted rice 
after 45 OAT during 2002 and 2003 

. 2002 Seedlings ~-------------- --- - r - 2003 

0.13 

0.63 

0.76 

hiW' ,---;;c~t~pf t~~splantinlL:-._ ,,_ Means r-- Date of transplantin 
____ 20~ 27-6 4:~.!~ ---r--:t0,,"t- _1.7~ _ __ 4-7 11-7 Means 

1 1.26 NS 1.26 2.76 0.01 1.32 NS 0.76 O·bOl °bOl 

1------+---+--- +------ - - -h-c-----r-;-
0.76 0.76 1.26 1.26 1.01 0 .~1 0.~1 0.~1 

-------j---- j----j----- --- ---~--~- ---<-:0-- --
3 0.51 0.76 1.01 1.76 1.01 0;6 0 .~1 0.;6 

----:-- - - - ---1--;;-'--- --- 1---
4 0.76 0.76 2.26 101 1.19 0 .~1 0~1 0.;6 

2 

0.01 0.19NS 
b 

0.26 
b 

007 
-----

0.26 
b 

0.01 
b 

0.19 

0.07 
1------ 1---0--::- --- c---:-~-."""",,-c- - - --- 1----=- ---1---"'-

Means 0 .~2 0~8 1.:2 1~1 0.26'" 0.01 0.13 0.13 ._. 
NS = Non-significant 

LSOo~ (Transplanting dates) 2002 = 0.54 

LSDo.~ (Transplanting dates x seedlings hil!"l ) 2003 = 0.37 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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Pathak (1977) reported that the moths strongly preferred certain rice plants for 

oviposition, Even under a low borer population, they oviposited heavily on 

certain plants whereas others remained virtually insect-free, The percentages 

of white heads and dead hearts tillers on most plants were positively 

correlated with the ovipositional preference of the moths; however, a few 

plants received comparatively large number of eggs but still suffered less 

damage than other plants, These results are in line with that of Okamoto and 

Abe (1958) who also reported a positive relationship in adult resting and plant 

height. Adult moth during their flight at dusk could identify the taller plants 

more efficiently and preferred for resting and subsequent egg laying as well, 

Data on white head (WH) planr1 presented in Table 4,2.20 indicated 

comparatively lower infestation during the year 2002 than 2003 (Appendices-

6b and 7b), which is contradictory to that of adult population after 60 OAT as 

both the years had more or uniform moth population, This could be 

because of the pesticide's residual effect differences in both the years, The 

toxicity of a pesticide mostly to the a-biotic factors, The weather 

remained dryer and slightly hotter during 2002 than 2003 al the crop maturity 

stage (Sept-Nov) [Appendix-1]. A similar trend was observed in all four 

treatments with a range of 1,56 to 118 white heads planr1 during 2002. The 

interaction between transplanting dates and seedlings hill" remained non

significant However, plots transplanted on 11!h July had significantly lower 

(1,06) while heads than thai of 2ih June, 4'h July and 20 lh of June, 

respectively, Whereas, sowing dale 11!h of July also had significanlly lower 

panicles (m'L) as shown in Table 4.2.4. During the crop season 2003, the 

while heads planr1 were 24 times higher, The interaction between 

transplanting and seedlings hill-' remained statistically non-significant 

ranging between to 13.75 white heads plan!", Such a higher variation 

among the treatment means with non-significant difference is a fundion of 

greater CV value, 
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Table 4.2.19. Stem borer moths' resting behaviour as affected by time 
of transplanting and seedlings hill·' in transplanted rice 
after 60 OAT during 2002 and 2003 

Seedlings 
hill" 

1--

e a 

3 
6.75 13.75 

abc 
16.00 8.25 15.00 13.25 

e 

4 
8.00 15.00 
de ab --

7.75 16.18 
Means 

b a 

NS = Non-significant 

LSDo 05 (Transplanting dates) 2002 = 5,61 

LSOoos (Transplanting dates x seedlings hirr') 2002 = 4.57 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Table 4.2.20. White heads planr' as affected by time of transplanting 
and seedlings hill-' in transplanted rice after 90 OAT 
during 2002 and 2003. 

Seedlings 
2002 __ c-- 2003 

hill" 
Date of transplanting Means , _ Date of transplan~~ _~I Means 20-6 27-6 4-7 11-7 r - 20-!i_r~7-6 __ ~_-7 11-7 r------- --

1 1.25"S 125 100 1.25 1.18NS 10.25"8 9.25 10.75 8.25 9.62NS 
'--- -- f-- r--- --

2 1.25 1.25 1.25 1.00 1.18 8.75 5.25 11 .00 6.75 7.93 

1.75 
f---1-- r -- ---r- --

3 1.75 1.75 1.00 1.56 11.25 7.25 13.75 6.25 9.62 
1---- 1----

175 
1----- 1---- 1---

4 1.25 2.00 1.00 1.50 8.00 5.25 12.25 6.75 8.06 
r---- --- ~50----1~50 ---,,-r--- - - - - 1---- 1-- --

Means 
1.37 106 9.56"8 6 .75 11 .93 8.06 a a a b 

NS :: Non-signifICant 

LSDo.o.s (Transplanting dates) 2002 = 0.26 

Means followed by different letter(S) are significant at 5% level of probability using LSD test. 
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Since rice slem borer larvae are not very mobile insect and adult lay eggs in 

patches, their distribution on the crop is not very much uniform, which could 

be one of the reasons of high CV value. Comparatively less variation was 

recorded in seedling treatments than transplanting The white hAl.n" 

range from 7.93 to 9,62 planr' in 1 to 4 seedlings hiW' (Table 4,2.20). 

4.2.21 Economic analysis and BCR 

Cost of production and other economic details are given in Appendix-13. 

Economic analysis as shown in Table 4,2.21 revealed that maximum net 

income of Rs. 7,830 was recorded on 20th of June with 1 seedling hill" during 

2002 and similarly net return of Rs. 23,330 ha" was also noted on the same 

transplanting date during the second year trial. This was followed by crop 

planted on 11th of July with 3 and 4 seedlings hitr' with net realization of Rs. 

7,330 ha'l during 2002 and 4th of July with 4 seedlings hill" with net return of 

Rs. 22,330 ha" during 2003. The plots transplanted on 2th of June with 3 

seedlings hill" during 2002 and 2003, respectively gave minimum income of 

Rs. 2,330 and 6,330 ha". Similarly, the benefit cost ratio of 0.44 and 1.32 was 

also noted on 20th June with 1 seedling hilr' during both the experimental 

years, respectively. It was followed by crop planted on 111h of July with 3 and 

4 seedlings hill" with BCR of 0.41 during 2002 and 4th of July with 4 seedlings 

hill" with BCR of 1.26 during 2003. The minimum BCR of 0.13 and 0.35 was 

given by 27th of June with 3 seedlings hilr' during 2002 and 2003, 

respectively. The highest BCR on 20th June crop with 1 seedling hill'! was due 

to higher paddy yield (t ha-1
) and net return as well noted on this transplanting 

date, 
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Table 4.2.21. Economic analysis and BCR as affected by time of transplanting and number of seedlings hill·1 in transplanted 
rice during 2002 and 2003. 

2002 2003 

Date of seeding ... Poddy Tobol ! Total Net Date of seeding ... Poddy 
Total 

Gross Total Net 
seedlings hlU-' variable I Gross variable 

yield t t Income Cost Income BCR seedlings hllr yield t Income COst Income BCR 
ha" Rs~·' I Rs. Ha-' Rs. ha" Rs. ha" ha" cost Rs.ha,1 Rs. ha" Rs. ha'l 

Rs . ha" 

June 20 + 1 seedling 5.0 1800" 25500 17670 7830 0.44 June 20 + 1 seedling 8. I 1800' 41000 17670 23330 1.32 

June 27 + 1 4 .6 I 1800 23500 17670 5830 0.32 June 27 ... 1 5.5 1800 28000 17670 10330 0 .58 

July 4 ... , 4 .0 1800 I 20500 17670 2830 0.16 July 4'" 1 5.7 1800 29000 17670 11330 0 .64 

July".' 4.1 1800 21000 17670 3330 0.18 July 11 + 1 5.5 1800 28000 17670 10330 0.58 

June 20 ... 2 4.6 1800 23500 17670 5830 0.32 June 20'" 2 5.9 1800 30000 17670 12330 0.69 

June 27 ... 2 4 .1 1800 21000 17670 3330 0.18 June 27'" 2 5.6 1800 28500 17670 10830 0 .61 

July 4'" 2 4.0 1800 I 20500 17670 2830 0.16 Jury 4 ... 2 6 .7 1800 34000 17670 16330 0.92 

Julyl1+2 4.4 1800 22500 17670 4830 0.27 July11 +2 5.5 1800 28000 17670 10330 0 .58 

June20+ 3 4.2 1800 21500 I 17670 3830 0.21 June 20 ... 3 6.5 1800 33000 I 17670 15330 0.86 

June 27 ... 3 3.9 1800 20000 17670 2330 0. 13 June 27 ... 3 4.7 1800 24000 17670 6330 0.35 

July 4 ... 3 4.2 1800 I 21500 17670 3830 0.21 July 4'" 3 6. I 1800 31000 17670 13330 0.75 

July 11 ... 3 4.9 1800 25000 17670 7330 0 .41 July 11 +3 6 .5 1800 33000 17670 15330 0.86 

June 20 + 4 4 .2 1800 21500 17670 3830 0.21 June 20'" 4 7.3 1800 37000 17670 19330 1.09 

June 27 ... 4 4.0 1800 j 20500 17670 2830 0.1 6 June 27'" 4 4.8 1800 24500 17670 6830 0.38 

July4'" 4 4.2 1800 I 21500 17670 3830 0.21 July 4 .. 4 7.9 1800 40000 17670 22330 1.26 

LJuly 11 •• ____ 4.9 1800 J 25000 L 17670 7330 0.41 July 11 +4 6.9 1800 35000---.J_'7~7~ 17330 0.98 
'----~- - - -~~ ---- L __ _._- - - - - - - -_.- - -- L. _ __ __ .J 

•• Transplanting charges =Rs. 1800 Price of rice IR-6 = Rs. 5 kg'l Income (straw) = Rs. 500 ha'i 
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Experiment 3. 

Abstract 

Techniques for weed control in transplanted and direct wet
seeded rice. 

A research projecl was carried oul 10 explore the effect of methods of sowing and 

weed control practices on Ihe productivity of transplanted and direct wet-seeded rice 

under the agro-ecological conditions of Dera Ismail Khan, Pakistan, The 

experimental design was ReB with split plot arrangements. Main plot consisted of 

two planting techniques viz, transplanting and direct seeding while weed control 

practices induded the use of granular herbicide Sunstar 15WG (Ethoxy sulfuron), 

conventional hand weeding, herbicide application Machete 60EC (Butachlor) and the 

weedy check (control) were kept in 2 x 5 m'sub-plots, Data were recorded on weed 

parameters like weed population m,2 and dry weed biomass 9 m,2 after 30,60 and 90 

DAS, agronomic parameters including plant population m,2, plant height (cm), 

productive tillers m-2
, unproductive tillers m'2, panicles m·2, spikelets panicle,l, sterility 

and normal kernels percentage, 1000-grain weight (g), paddy yield (t ha'l) and straw 

yield (t ha,l), The data were also recorded on leaves planr1
, leaf area index (LAI), 

net assimilation rate (NAR) and 90 DAS, stem borer moths' resting behaviour 30, 

45 and 60 DAS and white heads planrl after 90 DAS, The planting methods and 

weed management significantly influenced most of the parameters stUdied, The data 

revealed thai the paddy yield and its allied components were significantly higher in 

transplanting than that of direct seeding method, Similarly, among weed 

management tools, the paddy yield, net return and BCR were the highest in hand 

weeding, closely followed by herbicide application Machete 60EC, during both the 

experimental years, 

Introduction 

Rice (Oryza sativa L) is the 2nd largest exportable agricultural commodity of 

Pakistan, after cotton. Among the cultivated varieties. the country has virtually 

monopoly in the trade of fine (basmati) rice due to its pleasant and exquisite aroma, 

sweet taste, soft texture and extra elongation with a least breadth wise swelling on 

proper cooking (Anonymous, 2002c), The major buyers for Pakistani 8asmati 
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are Indonesia, Bangladesh, West and Africa, Dubai, Saudi Arabia, Malaysia, 

Oman, Yemen, Qatar, Bahrain, Kuwait, Mauritius, United Kingdom, Canada and 

USA. While, Africa, Malaysia, Indonesia, Afghanistan, Kenya, Iran, Iraq, United Arab 

Emirates, Poland, Oman and Sri Lanka are the major buyers of coarse (IR-6) rice 

(Shaikh and Kanasro, 2003). Rice is grown on 10% of the total cropped area of 

Pakistan and currently 42 percent of its production potential is being harvested 

(Anonymous, 2002c). This is not an encouraging situation and is a huge wastage of 

natural resources including land, irrigation water etc. Thus, enhancement of bio

economic efficiency of rice can go a long way in making the country self-sufficient in 

food. 

In rice, weeds are the most serious biological constraint to higher yields (John and 

Mathew 2001; Rana at al. 2001; Saini at al. 2001; Subhas and Jitendra 2001 and 

Mandai at al. 2002). The extent of yield however, depends on the magnitude 

of weed infestation, type of weed species, time of weed association with the crop, 

fertilization, competitive ability of the cultivar and cultural management. But. 

however, weeds absorb as much or even more nutrients than the crop plant (Moody, 

1991). Among the weed species, Echinochloa crusga/li (Barnyard grass) and 

Echinoch/oa c%num (Jungle rice) are predominant grass weeds in rice (Ali and 

Sankaran, 1984 and Ali, 1985). In Pakistan, among sedges, Deela [Purple nutsedge] 

(Cyperus rotundus L.), Bulrush (Scirpus man'timus) , Boeen [Umbrella sedge] 

(Cyperus in'a) and Ghoeen ISmail-flowered umbrella plant] (Cyperus difformis): 

among grasses, Khabbal (Cynodon dac/ylon. L), Swank Ijungle rice] (Echinochloa 

c%num l.), Dhidan [barnyard grass] (Echinochloa crusgall!) and Naru [Knot grass] 

(Paspalum dislichum L); among broadleaf, Kula Kami (Nymphea stella/a), Kutti 

Kami (Sagittan'a guayensis) , Mirch Booli [Goose weed] (Sphenoclea zey/ancia) and 

Chopatti (Marsilea minula) are the most common weeds in rice (Anonymous, 

2002b). Rice yield losses due to weeds competition are upto 60 percent in Pakistan 

{Hafiz. 1986 and Khan and Akhtar, 2001),28-40 percent in Bangladesh, 90 percent 

in India, 28-100 percent in Africa, 15-20 percent in Central America, 45-75 percent in 

direct rice and upto 50 percent in transplanted rice in Asia (David and 

Johnson, 2002). Moreover, weed invasions also deteriorate the crop quality and 
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prevent normal harvesting operations (Moody, 19991; Labrada, 1998; Pandey and 

Pingali, 1998), An appropriate weed control regime has always been one of the 

major inputs in the production strategy and a vital component of sustainable 

development It depends on distribution, ecology and biology of weeds in the 

growing area. 

Weeds are most efficiently and economically controlled by the simultaneous 

application of a variety of practices, The most common practices are manual (Prusty 

at aJ. 1990; Singh and Prakesh, 1990; Subhas and Jitendra 2001) and chemical 

(Gogoi at ai, 2001; Li e/ ai, 2001; Min e/ 2001; Mandai et ai, 2002 and Ming e/ ai, 

2002), The optimum combination of these control methods depends on the farming 

system, economic conditions. and farmers' resource and knowledge base (Dhawas 

et ai, 1992; Awan at ai, 1993; Arti et al. 1995 and Pal et ai, 2002), Opting a suitable 

method of seeding can also reduce the weeds influx to a minimum, 

In transplanting method, the young rice plants have an advantage over germinating 

weeds and immediate flooding after transplanting limits the establishment of many 

weeds (David and Johnson, 2002), Transplanting also increases the yield of long 

age varieties by reducing the excessive build up of vegetative biomass (Escabarte 

et ai, 1999 and Prasad et ai, 2001), Similarly, in direct seeding method, the use of 

high seed rate could reduce weed infestation to a large extent (Awan et a/. 1989 and 

Baloch at ai, 2000), 

The present research work was, therefore, initiated with the view to explore weed 

control techniques in transplanted and direct wet-seeded rice under the agro

ecological conditions of Dera Ismail Khan, Pakistan, 

Experimental Details 

The study was undertaken for two years at the Agricultural Research Institute, Dera 

Ismail Khan, NWFP, Pakistan, during 2002 and 2003, The experiment was laid out in 

RCB design with split plot arrangements, replicated 4 times, The methods of sowing 

were maintained in main plots while weed control techniques in sub-plots (Appendix-

4), The sub-plot size was 2 x 5 m2 using the line planting with a plant-to-plant and 
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row-to-row spacing of 20 cm in transplanted plots. While, wet pre-germinated seeds 

were broadcast for sowing direct seeding plots. Well-adapted high yielding coarse 

rice variety IR-6 was used. Sowing/transplanting was done on 20th of June, each 

year. Weed count was laken after 3D, 60 and 90 days after sowing (DAS), using 1 m2 

quadrate in each sub-plol and then converted into number m·2• Resting rice stem 

borer moths were observed after 30, 45 and 60 DAS and their tolal number was 

counted in each treatment Recommendations regarding application of fertilizer, Zinc 

and insecticide were followed as in other experiments of the project. The data were 

analyzed statistically using analysis of variance technique and subsequently Least 

Significance Test (LSD) was applied for comparing the treatment means, by MStatC 

computer software (Steel and Torrie, 1980). 

Results and Discussion 

4.3.1 Weed population (m·2) 30 CAS 

Grass weed Echinochloa co/anum (Jungle rice) was the predominant and prevailing 

specie in all growth stages during both the experimental years. The data recorded on 

weed population (m-2
) 30 DAS are presented in Table 4.3.1. The analysis of the data 

indicated that the methods of sowing and weed control practices during 2002 while 

only weeding techniques during the second year significantly affected the weed 

population (Appendix-10). It is revealed from the data that transplanting technique 

gave lesser weeds of 85.18 and 23.18 m·2, respectively, than direct seeding during 

both the cropping seasons. Among weed management strategies, hand weeding 

showed significantly lower weed population (77.00) than weedy check, though at par 

with herbicides application Machete and Sunstar with 87.37 and 99.37 weeds m·2 

Similarly, in the year 2003, although, the sowing techniques could not reach the level 

of Significance yet the transplanting technique resulted in lower weed population 

(23.18) than direct seeding (49.93). As far as the weed management practices are 

concerned, statistically equal weed density was recorded for the Sunstar and 

Machete during the second trial. The data further revealed that the interaction 

between the variables was non-significant during both the experimental years. But. 

hand weeding and herbicides application produced lower weed population than 
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weedy check. Transplanting technique combined with hand weeding gave 

significanlly lowest weed population (53.25 and 8.25 m·2) during both the planting 

seasons. It was, however, followed by the weed population of Machete and Sunstar 

treatments (62.75 and 72.75 m·2) under transplanting technique during 2002. 

Similarly, in the year 2003, Sunstar and Machete with 16.25 and 28 weeds m,2 in 

transplanting technique followed the hand weeding. The lower weed population in 

hand weeding might be due to suppressed growth of weeds, which were totally 

uprooted or later suppression by the rice crop. David and Johnson (2002) observed 

the critical period of weed competition, which usually commences around 2 weeks of 

seeding and may continue up to 5-8 weeks. They further emphasized the need of 

early weeding to reduce yield losses Sultana (2000) noted that weeds emerging at 

15, 30, 45 and 60 DAS reduced the paddy yield by 69. 47, 28 and 11 %, respectively. 

4.3.2 

The data shown in Table 4.32 indicated that there were significant differences 

among weed control practices during either year of study while the methods of 

sowing differed significantly only during the second year trial (Appendix-10). It is 

evident from the mean values that transplanting technique resulted in higher weed 

density (65.12 m,2) than direct seeding (49.62), though the results were non

significant during the first year trial. The reverse was true during 2003 when 

transplanting technique produced significantly lower weed population (9.25) than the 

preceding year. Significantly higher weed population was recorded in weedy check 

(106.62), followed by Machete (50.00), Sunstar (48.50) and the lowest in hand 

weeding (23.37 m,2) during 2002. Similar trend was also noted during the second 

year trial when weedy check gave comparatively higher weed population (18.00 m,2), 

though at par statistically with herbicides application. Significantly the minimum 

number of weeds (9.12 m-2) was noted in hand weeding. 
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Table 4.3.1. Weed population (m-2
) as affected by methods of sowing and 

weed control practices in transplanted and direct wet-seeded 
rice after 30 DAS during 2002 and 2003. 

2002 2003 ~ 
Seeding ~ __ ,--,W=e=ed.::.:ln9 tech!l!~8 _,--- __ = Weedin!l!!e~'!!c -=ue=-cs~-,-___ ~ 

techniques Sunstar Hand Machete Weedy Me Sunstar Hand Machete Weedy Means I 
__ . _ __ -+-_1.5'-W_~~f__weeding 60EC ~~c- a~s_+_ 15W~~~in9 60EC C_he_cI<_r-__ -j 
Transplanting 72.75"' 53.25 62.75 152.00 85i,18 16.25"' 8.25 28.00 40.25 23.16 ""s 

~-----+-------II--'-'- f--- ---,' - -----r----+---~ 

Direct seeding 126.00 100.75 

Means 
99.37 77.00 

b b 

LSDol» (Seeding techniques) 2002 = 14.6 

LSD,,, (Weeding lechniques) 2002 = 23.72 

112.00 197.25 

87.37 174.62 
b a 

134.00 
a 

53.75 20.75 50.00 75.25 

-- -- ---
35.00 14.50 39.00 57.75 

b c b a 

NS = Non-significant 

LSDo I)S (Weeding techniques) 2003 = 11.49 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

49.93 

---

--

Table 4.3.2. Weed population (m-2
) as affected by methods of sowing and 

weed control practices in transplanted and direct wet-seeded 
rice a ft S 0 er60 DA during 2 02 and 2003. 

2002 -- 2003 
Seeding f-~ __ We~..lnB}eChnl !-----------I-::_ Weeding tee -=-=---=--=1 hn 1: ues ues 

techniques SUnstaf Hand Machete Weedy 
15WG weedin~_ 60EC cheel< 

Transplanting 47.75 20.75 58.75 133.25 
cde e bc a 

c--- -- f---
49.25 26.00 43.25 80.00 Direct seeding 

cd de cde b 

Means 48.50 23.37 51 .00 106.62 
b c b a 

NS = Non-significant 

lSDoO\ (Weeding techniques) 2002 = 19.36 

LSDa 0$ (Seeding x Weeding techniques) 2002 = 27.37 

--
Means 

--
65.12'" 

- ---
49.62 

Sunslar Hand 
15WG weeding 

f---I----=---
9.oo'""s 3.75 

f--

27.00 14.50 

-- ----
18.13 9.12 

a b 

Mach 
60E 

ele 
C 

8.2 5 

21 5 o 
1---- .-

14 .8 7 
a 

Weedy 
check 

16.00 

20.00 

----
lB .OO 

a 

LSDg ~ (Seeding techniques) 2003 = 5.72 

LSDIJ~ (Weeding techniques) 2003 = 5.47 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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The interaction between methods of sowing and weed control practices was found to 

be significant during the first year trial while it differed non-significantly during the 

second year. Weedy check plots produced the maximum weed population (133.25) 

as against minimum, which were shown by hand weeding (20,75 m'2) both with 

transplanting technique during 2002, The herbicides application showed more or less 

comparable number of weeds m'2. Contrary to the results of preceding year, the 

maximum weed density (25.00) was observed in herbicide application Sunslar with 

direct seeding technique during 2003. The lowest weed population (3.75) was shown 

by hand weeding during the second year trial. Maximum weed population produced 

by weedy check in transplanting technique than direct seeding, could because of 

the reason that weeds capture great room in space planted (20 x 20 cm2
) crop and 

enjoyed availability of sufficient amount of nutrients. Similarly, the lower weed 

population in hand weeding 60 DAS during both the cropping seasons might be 

attributed that new weed plants might have emerged or rools may not been 

fully uprooted and hence regenerated. Okafor and De Datta (1974) reported that 

weeds grow profusely in direct rice and without weed control there is a total 

yield loss. They further noted that delay in weeding from 25-45 DAS; yield may be 

reduced by 43 kg ha,1 day,l. David and Johnson (2002) and Prasad a/ al. (2001) had 

the view thaI, in transplanted rice, the young rice plants have an advantage over 

germinating weeds, hence the crop-weed competition tend to be less than in direct

seeded culture, 

4.3.3 Weed population Im,a) 90 DAS 

It is from the data presented in Table 4.3,3 thai there were significant 

differences among methods of sowing as well as weed control practices during both 

the experimental years (Appendix-10). Among seeding techniques, transplanted rice 

produced lower weed population (5.18 and 7.56) than direct seeding (9.31 and 15.18 

m,2) during both the years. Similarly, hand weeding showed Significantly lower weed 

density (4.12 and 5.50) as compared to herbicides Sunstar and Machete possessing 

statistically at par weed population of 625, 10.12 and 7.0 and 12.00, respectively 

during either cropping season, Weedy check plots produced the maximum weed 

population (11.62 and 19,12 mo2
) during year of studies, The interaction 
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between the variables was significant during 2002 but the differences were not 

enough to reach the level of significance during 2003. The minimum weed population 

was noted in hand weeding (4.00 and 425) with transplanting and direct seeding 

techniques respectively during 2002. It was, however, at par with herbicides 

application under transplanting technique during the year. Weedy check (control) 

produced significantly maximum weed population (15.25 m·2) in direct seeding 

technique. Similarly, in the year 2003, though the results were non-significant yet the 

weedy check plots planted by direct seeding technique contained higher weed 

density (24.00 m·2). While, the hand weeding in transplanting technique showed the 

lowest weed population (2.00 m·2) during the second cropping season. herbicide 

application during both the planting seasons gave the intermediate results in 

transplanting technique. It indicated that, if labour availability is a limiting factor, the 

herbicides can be a most suitable alternative for efficient weed management The 

effect of herbicides was also marvelous in direct seeding but could not surpass 

transplanting technique. Many researchers investigated the time of emergence of 

different weeds (Lee at al. 2000) and growth competition of rice and weeds (Tuong 

at al. 2000), competition injury due to weeds in both direct-sown and transplanted 

rice (1m et al. 1993) and increase in absolute density of weeds with increase of every 

kg of N ha'! applied (Khondaker and Sato, 1996). 

4.3.4 Dry weed biomass (9 m·2
) 30 DAS 

Data on dry weed biomass (g m·2) for both the cropping seasons are shown in Table 

4.3.4. The analysis of the data revealed that the effect of sowing techniques and 

weed management strategies was Significant during 2002 (Appendix-10)" 

Significantly minimum dry weed biomass (387"00 g) was recorded in transplanting 

technique, while direct seeding produced more dry weed biomass during the first 

year trial. Similarly, herbicide and hand weeding gave significantly lower dry weed 

biomass (289.0, 315.75 and 343.75 g) than weedy check (888.25 g). However, all 

these treatments were al par statistically during 2002. In the second year trial, 

although there was no statistical difference between seeding techniques however 

direct seeding resulted in comparatively lower dry weed biomass of 192.56 g during 

2003. Likewise, the lowest biomass (19 g) was noted in hand weeding. followed by 
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Sunstar (132.12) and Machete (235.50 g). The weedy check plots produced the 

maximum dry weed biomass (412.12 g) among all treatments. The interaction 

between the variables was non-significant during bolh the planting seasons. 

However, minimum dry weed biomass (217.25) was shown by hand weeding in 

transplanting technique while the reverse was true in direct seeded plots (91925) 

where weeds were left uncontrolled. As regards the interaction between planting 

methods and weeding techniques during the second year trial, hand weeding 

showed minimum dry weed biomass (16.75 and 21 g) both with transplanting and 

direct seeding techniques, respectively. The herbicides application though at par with 

weedy check, gave considerably lower dry weed biomass during the year. Also, in 

2002, the dry weed biomass was much lower in weed control trealments than the 

weedy check, which revealed noticeably higher dry weed biomass with both planting 

techniques. The lower dry weed biomass in hand weeding plots might be attributed 

to lower weed population (m'2) during either year of study. Similarly, the herbicide 

treated plots also showed much lower dry weed biomass, might have been due to 

the same reason of lower weed density per unit area The herbicides Sunstar and 

Machete, although, did not eliminate the weeds totally however, minimized their 

growth to a large extent, which resulted in low dry weed biomass than the weedy 

check. 

4,3.5 Dry weed biomass 19 m·2) 60 DAS 

There were significant differences among weed control practices during both the 

experimental years while the seeding techniques reached the level of significance 

only during the second year trial (Appendix-10). Among seeding techniques. 

transplanting resulted in lowered dry weed biomass (212.87 and 130.25 g) 10 direct 

seeding, which a biomass of 272.68 and 374.56 g. respectively. Likewise, 

hand weeding displayed a dry weed biomass of 146.50 and 88.75 g, significanlly 

lower than herbicides application and weedy check (conlrol) during bolh the cropping 

seasons. 
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Table 4.3.3. Weed population (m-2
) as affected by methods of sowing and 

weed control practices in transplanted and direct wet-seeded 
rice after 90 DAS during 2002 and 2003_ 

2002 
Seeding 

1-::- WeedlnQ. technl ues 
techniques Sunstar Hand Machete 

1---
15WG weeding _~O~~ 

Transplanting 4.75 4.00 4.00 
c c c 

Direct seeding 
7.75 4.25 10.00 

b c b 
f-- ----

Means 
5.25 4.12 7.00 

b c b 

NS = Non·significant 

LS~ ~ (Seeding techniques) 2002 = 1.99 

LSDolI~ (Weeding techniques) 2002 = 1.72 

LSDo~ (Seeding x Weeding techniques) 2002 = 2.44 

Weedy 
chad!.. 

8.00 
b 

15.25 
a 

f---
11 .52 

a 

--
----
Means 

5.18 
b 

c---
9.31 

a 

2003 - - - - - - -------- ----
__ _ _ _ Weedln tectt.'!!cf'!-Ils 

~~~~~_ w~:;~ _ M~~~t:_ ~~: r-~~~ 
s.oatiS 2.00 8.00 14 .25 

- - I--
14.25 9.00 1500 24.00 

,--- - - ----
10.12 5.50 12.00 19.12 

b c b a 

LSDo ~ (Seeding techniques) 2003 = 4.53 

LSDo.,~ (Weeding techniques) 2003 = 3.37 

7.56 
b 

15.81 
a 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Table 4.3.4. Dry weed biomass (g m-2
) as affected by methods of sowing and 

Seeding 
techniques 

r------ -
Transplanting 

1--- --
Direct seeding 

Means 

weed control practices in transplanted and direct wet-seeded 
rice after 30 DA S 2 2 2 duril1.9.. 00 and 003. 

2002 
~-

'-, Weedin~echni UBS ___ 

Sunstar Hand Machete Weedy Me 
15WG weeding 6DEC chec:k ans 

I----- -- -~ 

238.751'iS 217 .25 234 .75 857.25 
387.00 

b 
f..-- -- ------

392.75 531 .37 350.75 452.75 919.25 a 
-- '---

315.75 
b 289.00 343.75 888.25 

b b a 

2003 
_ ___ ~e!<!.i..nA,technlq~ 
Sunstar Hand Machel8 

ues _____ _ 
Weedy 

15WG weeding 60EC c 
-- f----- --- -

heck Means 

72.2SNS 15.75 

1----
192.00 21.25 

- -

132.12 19.00 
be c 

242.00 

229.00 

----
23550 

b 

.-

4 

3 

-

4 

------
9525 206.81'" 

--c---
28.00 192.55 

12.12 
a 

lSDo05 (Seeding techn iques) 2002 = 87.87 

LSDo05 (Weeding techniques) 2002 = 193.7 

NS = Non·significant 

LSDo05 (Weeding techniques) 2003 = 113.3 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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A thorough probing into data further demonstrated that the interaction between 

variables was non-significant (Table 4.3.5). However, among treatment means, the 

maximum dry weed biomass was recorded in weedy check plots and 385.25 

g) both with direct seeding technique. Hand weeding in transplanting produced 

minimum dry weed biomass (113 and 15.50 g) among all the techniques examined. 

The data also depicted that in direct seeding technique, although, the results were 

non-significant during both the years, but a considerably higher dry weed biomass 

was noted across all weed management techniques during 2003 than the preceding 

year. It might be due to the availability of sufficient amount of N and higher organic 

matter from the previous legume crop. The minimum dry weed biomass in hand 

weeding either in transplanting or direct seeding practices was probably due to the 

reason that regenerated weeds could nol compete with crop in later growth stages, 

when the plants attained a reasonable height 60 DAS. Similarly, the maximum dry 

weed biomass in herbicide application might have been due to second flush of the 

weeds that were not affected by herbicides and remained in the fields till the end of 

the crop and depleted the nutrients to a large eldent. 

4,3.6 Dry weed biomass (9 m·2
) 90 DAS 

Data shown in Table 4.3.6 indicated that dry weed biomass was significantly affected 

by sowing techniques and weed control practices during both the years (Appendix-

10). However, direct seeding culture with and without weed management had higher 

dry weed biomass (58.50 and 249.43 g) than transplanting during both the trial 

years. The lower dry weed biomass of 18.93 and 66.68 g respectively was recorded 

in transplanting technique. Similarly, the dry weed biomass of 64.75 and 274.12 g 

noted in weedy check, was significanlly higher than herbicide application Sunstar 

(40.12 and 141.75 g) and Machete (36.75 and 129.12 g) during 2002 and 2003. The 

lowest dry weed biomass was recorded in hand weeding (13.25 and 87.25 g) during 

either year of study. II is also revealed from the data that the interaction between 

variables was significant during the first year while it differed non-significantly during 

2003. Among treatments, statistically equal dry weed biomass of 17.25, 19.00 and 

27.25 g and the lowest 12.25 g was recorded in Sunstar, Machete, weedy check and 

hand weeding, respectively in transplanting during 2002. Likewise, the hand weeding 
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displayed the lowest dry weed biomass (10.25 g) in transplanting as compared to 

direct seeding and all other weed management tools. Direct seeding technique again 

exhibited higher dry weed biomass in weedy check and other weed control tactics. It 

was generally observed that the dry weed biomass during 2003 was higher than 

2002, which might be due to better fertility status, comparatively low te!TlperatlJre, 

higher humidity and availability of slow N that eventually Inclrea:sed the 

vegetative growth of weeds. The maximum dry weed biomass in weedy check might 

attributed to the weeds, which gained fulles! benefit of their long stay in the field 

and exhausted most of the nutrients from the soil and attained maximum dry weed 

biomass. While, the statistically equal dry weed biomass in sowing techniques as 

well as weed control practices during 2003, might have been due to the reason that 

weeds were not completely eliminated by various management techniques used. 

4.3.7 Plant population (m-2) 

Lockhart and Wiseman (1988) suggested that it is better to go for a high population 

than to depend too much on tillering, which increases the risk of uneven ripening. 

Plant population recorded during both the cropping seasons presented in Table 

4.3.7. The analysis of the indicated that none of the factors could reach the 

level of significance, except seeding techniques during 2003 (Appendices-8a and 

9a). It is revealed from the data that comparatively higher plant population (22.00) 

was noted in transplanting technique where planting (20 x 20 em) was 

executed. However, it was at par with direct seeding where was broadcast 

without taking into account any space among plants. Unlikely, the plant population 

was higher (29.62) in direct seeding technique during the second year trial. Although 

the same seed rate was used for planting direct seeding plots but the variability in 

plant population might been due to the emergence potential of and the 

micro and macro environmental conditions as well. 
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Table 4.3.5. Dry weed biomass (g m-2
) as affected by methods of sowing and 

weed control practices in transplanted and direct wet-seeded 
rrce a ft 60 DAS d 2002 d 2003 er urmg an 

r--- 2002 __ 2003 
Seeding 1--- ----------------

Weeding techni ,!Ies ~ _____ r : Weedin9. techni ues 1-, techniques Sunstar Hand Machete Weedy M Sunstar Hand Machete Weedy 
Means 

f-~5WG weeding 60Ee __ I-_che~ __ oans ~WG ~eding 60Ee check 1------ -- -~-r---- --
Transplanting 207 .50'" 113.00 213.50 317.50 212.87"" 138.2NS 15.50 120.25 247.00 130.25 

b -- ---c-- -- -- r-
272.68 374.56 Direct Seeding 302.75 180.00 275.75 332.25 428.00 162.00 523.00 385.25 

a 
----- 1---r---- ------- --- I-

Means 255.12 146.50 244.62 324 .87 283.12 88.75 312.62 316.12 
a b • a • b a a 

NS = Non·significant lSDo c~ (Seeding techniques) 2003 = 144 0 

LSDoo~ (Weeding techniques) 2002 = 82.27 LSDc !)!> (Weeding techniques) 2003 == 160.9 

Means followed by different lelter(s) are significant at 5% level of probability using LSD test. 

Table 4.3.6. Dry weed biomass (9 m-2
) as affected by methods of sowing and 

weed control practices in transplanted and direct wet-seeded 
. fte 90 DAS d - 2002 d 2003 rrce a r urmg an 

2002 - -
Seeding Weeding techni 

techniquee ~-Sunstar Hand Machete 
15WG ~:ding 60Ee ------

Transplanting 
19.00 12.25 1725 

c c c --
Direct seeding 61.25 14.25 56.25 

b c b -- ----
Means 

40.12 13.25 36.75 
b c b 

NS :::. Non·signiflCant 

LSDo.Q$ (Seeding techniques) 2002 = 8.66 

LSDoos (Weeding techniques) 2002 = 13.19 

LSD,,,, (Seeding x WOeding techniques) 2002 = 18.65 

--
ues r--
Weedy 
check Means 

--
27.25 18.93 

c b 
--1---

102.25 58.50 
a a 

I--
64.75 

a 

--2003 
r-o- __ ,--YIIeedlng tech!'l~"!l ,---___ 

Sunstar Hand Machete Weedy Me 
15WG weeding 60EC check ans 

;----- ---- '---

30.25~ 10.25 32.00 194.25 

r-- 1--------
253.25 164.25 226.25 354.00 

141.75 87.25 12912 274.12 
b b b a 

LSDo 0., (Seeding techniques) 2003 = 58.13 

LSDoO) (Weeding techniques) 2003 = 85.16 

66.68 
b 

249.43 
a 

Means followed by different lelter(s) are significant at 5% level of probability using LSD test. 
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It was interesting to note that weedy check in comparison with weed management 

techniques resulted in statistically par plant population during both the 

experimental It was probably due to the reason that in weedy check plots, 

seedlings escaped from the possible physical damage during weeding operations, 

thus remained uninterrupted and produced comparable plant population, The 

interaction between the variables was non-significant (Table 4,3,7), However, 

maximum plant population (22,00) was witnessed in transplanted method as 

compared to direct seeding where plant population was quite inconsistent during the 

first year trial. In the year 2003, the maximum plat population (31,25) was noted in 

direct seeding technique, followed by Machete (30,00), The number of plants found 

in transplanting technique was same (22,00) during both the cropping seasons, 

because seedlings were transplanted on standard spacing of 20 x 20 cm, The plant 

population during 2003 was higher, might be due to difference in soil fertility status, 

temperature and all other biotic factors than the preceding year. T uong et aL (2000) 

reported that, in wet seeded rice, genotypes that had superior crop stand 

establishment or faster seedling growth did not give better weed suppression than 

genotypes with high tillering ability, 

4.3,8 Plant height at maturity (em) 

The tallest plants were produced in conventional hand weeding and herbicides 

application while the height was reduced in weedy check plots, The perusal of data 

presented in Table 4,3,8 revealed that both sowing as well as the weeding 

techniques significantly affected the plant height during both the years (Appendices-

8a and 9a), As regards planting methods, the plants of more height were produced in 

transplanting (122.75 and 130.62 em) than direct seeding during 2002 and 2003. 

Similarly, the conventional and chemical weed control practices produced tallest 

plants as compared to weedy check, Significanlly increased plant height was 

obtained both in hand weeding and Machete application (118.62). followed by 

Sunstar (117,25) and weedy check (115,25 cm) during 2002, In the second year trial, 

the tallest plants were recorded in hand weeding (126,12), It was, however, followed 

by Machete and Sunstar with height of 123,25 and 120. 50 cm, respectively, Weedy 

check plots gave short statu red plants (119,12 em) during 2003, The interaction 
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between variables could not reach the level of significance during both the cropping 

seasons. Transplanting technique combined with Machete during 2002 and hand 

weeding during 2003 produced the tallest plants (125.25 and 135.00 cm). Similarly, 

the short statu red plants of 111 and 111.25 cm respectively were shown by weedy 

check in direct seeding method during both the planting seasons. Parera al ai, 

(1992) and Sultana (2000) noted reduction in plant height due to competition with 

weeds. Similarly, the tallest plants during 2003 might have been due to the previous 

chickpea crop and higher organic matter that increased the soil fertility status and 

eventually increased the plant heighl substantially. 

4.3.9 Number of productive tillers (m·2) 

The data shown in Table 4.3.9 indicated that the productive tillers (m") were 

significantly influenced by both the weed management practices and planting 

techniques during 2003 while sowing method could not reach the level of 

significance during the preceding year (Appendices-8a and 9a). Regarding planting 

methods, transplanting produced more number of productive tillers (434.06 and 

440.62) than direct seeding during both the years of experimentation. Similarly, the 

conventional and chemical weed management approaches showed significantly 

more number of productive tillers (463.25. 415.75 and 382.50) than weedy check 

plots (331 m·2
) during the first year trial. Similar trend was again noted in the year 

2003, when hand weeding and herbicide application resulted in more number of 

productive tillers than the weedy check. The interaction between variables was non

significant. The maximum productive tillers of 498.25 and 545.50 m·2 were shown by 

hand weeding in transplanting during 2002 while the direct seeding method 

enunciated more number of productive tillers in the same treatment during the 

second year trial. The interaction between seeding methods and weed control 

practices, though at par with weedy check, produced considerably higher productive 

tillers during both the years (Table 4.3.9). 
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Table 4.3.7. Plant population (m-2
) as affected by methods of sowing and 

weed control practices in transplanted and direct wet-seeded 
rice during 2002 and 2003 

~ _____ .~ __ ~c2~O~O~2~ ~~_~_~20~O~37-C~ ____ ._ 
~.-c--,--_W~ eedin!l!echni ues --1------,-_We~C!l.ng te.",ch",n",i"1-':7.c""~, __ 

--
ues 

Hari'Cfj Machete Weedy Sunstar Hand Machete 
weeding I 6QEC check Means 15WG weeding 60EC 

'-------f--- - - - - f-.----c::+.---'-I'----+-.--t----
22.00 22.00 22.00 22.00" 22 .ooNS 22.00 2200 

--
Weedy 
check Means 

22.00 2200 
b 

- .-+---------- f---------f--- ---- I----+--- -+------j 
19.50 17.50 18.25 18.18 28.00 31.25 30.00 29.25 2962 

a --
2075 19.75 20.12 25.00

NS 26.62 26.00 25.62 --
LSDo O~ (Seeding techniques) 2003 = 2.37 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Table 4.3.8. Plant height at maturity (cm) as affected by methods of sowing 
and weed control practices in transplanted and direct wet
seeded rice during 2 o 02 and 2003. 

2002 
Seeding WeedinB techni 

techniques Sunstar Hand 
15WG weeding ------- --:... 

Transplanting 123.25
NS 123.00 

Direct seeding 111.25 114.25 

--
Means 11725 118.62 

ab a 

NS = Non-signifICant 

LSDo.oo (Seeding lechniques) 2002 ; 1.08 

LSD, .. (Weeding lechniques) 2002 ; 2.51 

Machete 
60EC 

125.25 

--
112.00 

-- 118.62 
a 

ues 
Weedy 

Means chod< ---
119.50 122.75 

a 
-----1----
111.00 112.12 

b --
115.25 

b 

2003 
WeedinJl, techni ues - -

rSunstar -----.:i'8r1d =-:....; Machete - -Weedy 1 --

15WG weeding 60EC check Means 
~----:-;;;-

126.50
NS 135.00 134.00 127.00 

,---
114.50 11 7.25 11250 111.25 

~---
120.50 1--- '26.12 12325 119.12 

b a ab b 

LSD!105 (Seeding techniques) 2003 = 5.68 

LSOoo~ (Weeding techniques) 2003 = 5.10 

130 .62 
a 

11 3. 87 
b 

Means followed by different letter(s) are significant at 5% level of probability using LSD test 
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The higher number of productive tillers in transplanting as compared to direct 

seeding might be attributed to the availability of sufficient amount of nutrients and 

moisture at Wlering initiation stage due to the deep placement of seedlings and better 

establishment of rools as the seedlings were placed at rool zone in transplanting. 

Availability of nutrients was certainly low in direct seeding due to the presence of 

large number of weeds and shallow plant root growth as the seeds were spread on 

the surface of the soil. Lockhart and Wiseman (1988) stated that accurate spacing 

and uniform depth of planting of seed are very important if maximum yields are to be 

obtained. Similarly, the increase in number of productive tillers among weed 

management techniques than the weedy check, might have been due to differences 

in plant population per unit area, low competition among the crop plants and weeds 

on account of reduced weed flora/biomass in the treated plots. As a matter of fact, 

more tillers (side shoots) are produced where the plants are thinly spaced than 

where they are close together (Escabarte et al. 1999). The hand weeding was found 

to be the most effective even that of chemical herbicides in producing maximum 

tillers per unit area. This practice is conventional and to be continued subject to the 

availability of labour and their wages, if cost effective. 

All tillers do not produce panicles (Prasad et a/. 2001). The data showed in Table 

4.3.10 manifested that there were non-significant differences among variables, 

except for weed management techniques during 2003 (Appendices-8a and 9a). 

However, among planting techniques, maximum unproductive tillers were observed 

in direct seeding (73.68 and 10.06 m'L) during both the years. Unlikely, the hand 

weeding during 2002 and Sunstar during 2003 produced comparatively more 

unproductive tillers (88.00 and 24.50 m-2
) than weedy check. Conventional hand 

weeding and herbicide application Machete gave at par but significantly higher 

number of unproductive tillers than the weedy check (15.75) during the second year 

trial. The interaction between seeding techniques and weed control methods was 

non-significant during the years of experimentation. Sunstar and hand weeding 

elucidated lower number of unproductive tillers (53.25 and 5.75) in transplanting 

technique while in direct seeding, the lower unproductive tillers (64.00 and 9.50 mo2
) 
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were recorded in herbicide application Machete during both the cropping seasons< It 

is interesting to note that the treatments, which produced higher number of 

productive tillers, also in higher number of unproductive tillers, indicating the 

relationship. It might be due to intra-specific competition among crop plants and 

weeds as well for resources, which resulted in higher number of unproductive tillers< 

Reproductive growth is a reflection of vegetative growth, The data given in Table 

4<3,11 enunciated that the planting methods influenced the number of panicles and 

transplanting method produced more panicles (363<25 and 425.81 m·2
) during both 

the years. The effect of different weed control strategies was significant in producing 

number of panicles (Appendices-aa and 9a). Significantly higher number of panicles 

was noted in hand weeding (381.50 and 512.25 m,2) during both the years. It was 

followed by herbicide application (Sunslar and Machete) with more or less similar 

trend of producing panicles m,2. The lowest number of panicles was produced in 

weedy check (266.00 and 329.25 m·2
) during 2002 and 2003< The interaction 

between the variables was found to be significant in the first year trial while it could 

not reach the level of significance during 2003. The data revealed that maximum 

number of panicles (41325 m,2) was observed both for Sunstar and conventional 

hand weeding in transplanting method during the first year trial. Likewise, the hand 

weeding excelled all other treatments by producing more number of panicles (532.75 

m,2) in direct seeding method during 2003. The lower number of panicles in direct 

seeding method during 2002, might attributed to low availability of moisture and 

nutrients to the crop plants at the panicle initiation stage due to competition pressure 

of weed density and also the roots of plants could not penetrate deep enough to 

exploit the soil resources considerably. Similarly, the production of more panicles per 

unit area in weed control practices, explained that there was less severe competition 

among the crop plants and the weeds in treated plots, where the weeds were 

eliminated to a large extent. 
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Table 4.3.9. Number of productive tillers (m·2
) as affected by methods of 

sowing and weed control practices in transplanted and direct 
wet-see d d' d 2002 d 2003 e rice urmg an 

2002 
Seeding Weeding_technl 

techniques Sunstar Hand Machete 
15WG weeding 60EC 

Transplanting 466.50"5 498.25 410.00 

Direct seeding 365.00 428.25 355.00 

Means 
415.75 463.25 382.50 

b a b 

LSD, .. (Seeding lechniques) 2002 = I I .55 

lSDo 05 (Weeding techniques) 2002 = 40.39 

ues 
Weedy 
check 

361.50 

301.00 

331 .25 
c 

2003 
Weedillg technl ues 

Means 
SUr')star Hand Machete Weedy 
15WG weeding 60EC check 

434.06 426.50"5 
a 

497.50 484 .00 354 .50 

362 .31 
396.25 545.50 443.50 360.50 b 

411.37 521.50 463.75 357.50 
b a b c 

NS = Non-significant 

LSDoc~ (Weeding techniques) 2003 = 53.84 

Means followed by different letter(s) are Significant at 5% level of probability using LSD test. 

Means 

440 .6
NS 

436.43 

Table 4.3.10. Number of unproductive tillers (m-2
) as affected by methods of 

sowing and weed control practices in transplanted and direct 
t d d ' d . 2002 d 2003 we -see e rice urmg an 

2002 2003 
Seeding Weeding technic ues Weeding techni 

--
ues 

techniques Sunstar Hand Machete Weedy Means Sunstar Hand Machete Weedy 
Means 15WG weeding 60EC check 15WG weeding 60EC ched<: 

Transplanting 53.25"5 85.00 78.25 66.50 70.75"5 25.00"5 5.75 1500 13.50 14.81"5 

Direct seeding 75.25 91 .00 64.00 64.00 73.68 24.00 12.75 9 .50 18.00 16.06 

Means 64.25"5 88.00 71. 12 65.25 24.50 9.25 12.25 1575 
a b b ab ,._- .-

NS = Non~signifteant LSOo O~ (Weeding techniques) 2003 = 9.15 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

149 



Sultana (2000) observed that when a weed density of 200 (m-2
) competed with rice, it 

reduced about 59% of panicle production. Mamun et al. (1986) also found similar 

reduction in panicles due to competition from weeds. 

Number of spikelets panicle- 1 recorded during both the cropping seasons are 

presented in Table 4.3.12. The treatment means indicated that planting techniques 

influenced the parameter significantly during 2002 while weed control practices were 

significantly affected during 2003 (Appendices-8a and 9a). Among planting methods, 

maximum spikelets (166.93 and 1 were obtained in transplanting technique 

as compared to direct seeding method during both the experimental Similarly, 

the hand weeding was the apex with 162.75 and 177.87 spikelets panicle· 1
, 

though at par statistically with herbicide application Machete (172.87) during the 

second year of the study. Sunstar, however, followed the hand weeding and 

herbicide application Machete by producing 16025 and 162.87 spikelets panicle-1 

during both the years. Weedy check produced lowest number of spikelets 

panicle,l (145.62 and 151.50) than all other treatments. The interaction of the two 

factors differed non-significantly during the years of experimentation (Table 4.3.12). 

However, the highest number of spikelets panicle" (182 and 185.50) was shown by 

conventional hand weeding in transplanting method during both the It was 

followed by Machete with 168 and 180.50 spikelets panicle,l again in transplanting 

technique. The maximum number of spikelets nAr,!"I,," obtained in transplanting 

method might be attributed to the availability of sufficient amount of nutrients and 

moisture due to low weed infestation at panicle initiation and flowering stage, which 

resulted in larger panicles, bearing larger number of spikelets panicle,i. Similarly, the 

spikelets panicle'i in weedy check were lowest. might be due to severe crop weed 

competition. The growth of in check plots unchecked which the 

availability of resources to the crop plants, which resulted in reduced panicle 

with less number of spikelets. These findings are in line with Sullana (2000) who 

reported 40% reduction in spike lets panicle·1 due to competition with crusgal/i and 

28.7% reduction due to co/anum at a density of 200 weeds m·2
. 
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4.3.13 Sterility percentage 

Sterility is the occurrence of unfertilized and unfilled spikelets. It happens due to 

some physiological disorders, fluctuation in day and night temperatures and severe 

competition among spikelets at flowering stage. The data given in Table 4.3.13 

manifested that planting methods, weed control techniques and their interaction 

during the first year trial while the weed control practices during the second 

experimental year differed significantly (Appendices-Sa and 9a). It is revealed from 

the data that planting methods influenced the occurrence of sterility and 

transplanting technique produced maximum empty kernels (11.30 11,84%) 

during both the years although the differences in sterility percentage could not reach 

the level of significance during the second year of the study, As regards weed control 

practices, minimum sterility was noted in hand weeding (6,53 and 8.11 %) during 

both the years while the rest of treatments including check showed statistically at par 

sterility during either year of study, The interaction was found to significant during 

2002 while it differed non-significanlly during 2003, The sterility was considerably 

higher in transplanting than direct seeding during experimental Herbicide 

application Sunstar and weedy check produced the highest sterility of 1 15 and 

13,80%, respectively both in transplanting method, Similarly, the lowest sterility was 

exhibited by hand weeding and 8,07%) with direct seeding technique during 

both the The increased sterility in transplanting method might been due 

to more tillers and panicles, which increased the intra-specific competition for 

resources among the spikelets and thus encouraged occurrence of sterility, 

These findings are in agreement with those of Heu and Yong (1 Hoon et a/. 

(1997) and Sunil et ai, (2002), who recorded lower sterility ('Yo) in direct seeding 

method. 
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Table 4.3.11. Number of panicles (m·2
) as affected by methods of sowing and 

weed control practices in transplanted and direct wet-seeded 
. d 2002 d 2003 rice urlng an 

2002 
Seeding 

r--. 
Weeding techni 

techniques Sunstar Hand Machete 
15WG weeding 50EC 

Transplanting 413.25 413.25 331.50 
a a bc 

Direct seeding 289.50 349.75 290.25 
d b d 

Means 
351.37 381 .50 310.87 

b a b .-
LSD •. " (Seeding t~hnique.) 2002 = 21.72 

LSOo os (Weeding techniques) 2002 = 28,64 

LSD, .. (Seeding x Weeding techniques) 2002 = 40.50 

ues 
Weedy 
ched< 

295.00 
cd 

237.00 
e 

266.00 
c 

2003 
Weeding techniques 

Means Sunstar Hand Machele Weedy 
15WG weeding 50EC check 

363.25 
401.50

NS 
a 491.75 459.00 341.00 

291 .52 37225 532 .75 43400 317 .50 
b 

386.87 512.25 451.50 329.25 
c • b d 

NS = Non-significant 

lSDc O ~ (Weeding techniques) 2003 = 50.36 

Means followed by different letter(s) are Significant at 5% level of probability using LSD test. 

. ..., 

Means 

425.8,NS 

414.12 

Table 4.3.12. Number of spikelets panicle·' as affected by methods of sowing 
and weed control practices in transplanted and direct wet-
see d d· d 2002 d 2003 e rice urlng an .. 

2002 2003 
Seeding Weeding techni ues Weeding techni ues 

techniques Sumltar Hand Machete Weedy Means Sunstar Hand Machete Weedy Means 15WG weeding 50EC ched< 15WG weeding 60EC check 

Transplanting 150.50
NS 

182.00 166.00 157.25 166.93 
163.50

NS 185.50 18050 153.50 170 75
NS 

a 

Direct seeding 150.00 143.50 153.25 134.00 
147.68 

162.25 170.25 15525 149.50 161 .18 b 

Means 150.25
NS 162.75 160.62 145.62 

162.87 177.87 17287 151.50 
b a a c 

NS = Non-signifteant 

LSD,,, (Seeding technique.) 2002 =5.97 LSOc ~ (Weeding techniques) 2003 = 9.27 

Means followed by different (etter(s) are significant at 5% level of probability using LSD test. 
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The data recorded on normal kernels are tabulated in Table 4.3.14. which revealed 

significant differences in seeding techniques during 2002 and weed management 

practices during both the years (Appendices-8a and 9a). Among planting methods. 

maximum normal kemels 93.67 and 90.12% were noted in direct seeding as 

against transplanting which showed comparatively lower normal kernels during both 

the planting seasons. Significantly higher normal kernels were obtained in 

conventional hand weeding (93.43 and 91.88%), followed by herbicides application 

where the trend of producing normal kernels was more or less similar during both the 

years. Weedy check, however, produced lower normal kernels (89.60 and 87.25%) 

than other treatments. The interaction between the variables was significant during 

the first year while it differed non-significantly during the succeeding year. Among 

different treatments, hand weeding with seeding technique showed the highest 

normal kernels during either year of study, though. par statistically with Machete 

having 95.12% normal kernels during 2002. The lowest normal kernels were again 

noted in weedy check both with transplanting and direct seeding methods. The more 

normal kernels recorded in direct seeding as compared to transplanting, might be 

due to lower sterility percentage. While, on the other hand, there might a keen 

competition among crop plants in transplanting methods due to noticeably higher 

number of tillers per unit area, making the competition for moisture and nutrients 

more hard and resulted in lesser normal kernels. Likewise, the minimum rate of 

normal kernels in check plots might be explained that large number of weeds 

competed with the crop plants for resources and hindered the formation of normal 

kernels. 

Thousand-grain weight, an important yield-determining component, IS a genetical 

character and environmental factors influence it to the minimum Non

significant difference was found between planting techniques during both the years 

of experimentation while the weed control techniques differed significantly during the 

year 2003 (Appendices-Sa and 9a), 

153 



Table 4.3.13. Sterility percentage as affected by methods of sowing and weed 
control practices in transplanted and direct wet-seeded rice 
d 2002 d 2003 urlng an 

2002 
Seeding Weeding technl 

techniques Sunstar Hand 
15WG weeding 

Transplanting 13.15 8.65 

• be 

Direct seeding 6.25 4.42 
cd d --

Means 9.70 6.53 
a b 

LSDoos (Seeding techniques) 2002 = 3.22 

LSDols (Weeding techniques) 2002 = 2.23 

Machete 
60EC 

13.10 
a 

4.85 
d 

8.97 

• 

lSDQOS (Seeding)l Weeding techniques) 2002 = 3.15 

ues 
Weedy 
ched\: 

10.32 
ab 

10.42 
ab 

10.37 
a 

2003 
Weeding techni ues --

Sunstaf Hand Machete Weedy 
Means 15WG weeding 60EC check Means 

--
11 .30 11 .95"5 8.15 13.47 13.80 11.84

NS 

a 

6.48 8 .67 8.07 11 .05 11.80 9.90 
b 

10.31 8.11 12.26 12.80 
ab b a • 

NS = Non-significant 

lSDo05 (Weeding techniques) 2003 = 2 58 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Table 4.3.14. Normal kernels percentage as affected by methods of sowing 
and weed control practices in transplanted and direct wet-
see d d· d 2002 d 2003 e nce unng an 

2002 
Seeding Weeding technl 

techniques Sunstar Hand Machete 
15WG weedin~_ 1-_ 60EC 

Transplanting 86.82 91 .32 87.12 
d be d 

1----
Direct seeding 94.47 95.55 95.12 

ab a a 
- -

Means 
90.65 93.43 91.12 

b a ab 

LSD,." (Seeding technique.) 2002 = 3.31 

LSOoos (Weeding techniques) 2002 = 2.41 

LSDtJ>5 (Seeding x Weeding techniques) 2002 = 3.41 

2003 
ues Weeding technic ues ~ ____ 
Weedy Means Sunslar Hand Machete Weedy Me 
check 15WG weeding 60EC ched<. ans 

c---
89.65 88.73 88.05"5 91.85 86.52 8620 88 15"' cd b 

89.55 93.67 
91 .32 91.92 88.95 88.30 90.12 cd a 

89.60 89.68 91.88 87.73-
1--

8725 
b ab a b b --

NS = Non-significant 

lSDQM (Weedmg techniques) 2003 = 2.59 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

154 



The data in Table 4.3.15 suggested that transplanting technique produced 

comparatively higher grain weight (24.26 and 30.74 g) than direct seeding. As far as 

the weed control practices are concerned, maximum weight of 1000-grains was 

obtained in hand weeding (24.55 and 32.32 g) during either year of the study. It was, 

however at par with herbicide application Sunstar with grain weight of 31.06 g during 

the second year trial Weedy check plots produced grains with lesser weight (23.73 

and 29.72 g) than all other treatments studied. Similarly, the interaction was found to 

be non-significant during 2002 while significant differences were noticed during the 

succeeding year for the parameter. Transplanting technique showed the maximum 

grain weight (24.92 and 31.60 g) in Machete and hand weeding, respectively during 

both the years. However, hand weeding was statistically al par with herbicides 

application Sunstar and Machete in transplanting and direct seeding methods during 

2003. Islam et al. (1980) reported that weight of 1000 grain varied Significantly due to 

weed infestation but Rao and Moody (1992) stated that weed competition did not 

affect the seed weight of rice. The weed control practices in transplanting technique 

increased the 1000-grain weight markedly as compared to direct seeding and weedy 

check, probably due to the positive contribution of yield components in favour of 

transplanting. Similarly. the higher grain weight in weed control methods as 

compared to weedy check might be explained in terms of efficient weed control, 

which allowed crop plants to utilize the resources, and resulted in bolder kernels. 

4.3.16 Paddy yield (t ha·1) 

Paddy yield increases as a result of many factors, thus the crop production is most 

successful when all available factors are utilized advantageously. The data regarding 

paddy yield are presented in Table 16. The analysis of mean values revealed 

that planting techniques influenced the parameter significantly (Appendices-8a and 

9a). While, the weed control techniques differed significanlly during 2003. The 

perusal of data further manifested a considerable yield reduction due to competition 

from different weed densities. The reduction in paddy yield increased progressively 

with the increase in weed density. However, among planting techniques, the paddy 

yield recorded in transplanting method (5.78 and 8.54 t ha·1
) was higher about 2-fold 

than the direct seeding, which exhibited significantly lower paddy yield of 3.16 and 
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4.18 t ha", respectively during both the years, Similarly, all the treated plots 

produced more paddy yield than weedy check and the hand weeding excelled all 

other treatments by producing paddy yield of 4.78 t ha-! during 2002. In the year 

2003, the higher paddy yield (6.94 and 6.53 t ha'l) was noted in Machete and 

conventional hand weeding, though at par statistically with Sunstar (6.31 I ha'l) The 

yield of Sunstar was in turn statistically at par with the weedy check (5.66 t ha·l) 

during the year under reference. Weedy check produced lower paddy yield during 

both the years. The interaction was found to be non-significant during both the 

planting seasons (Table 4.3,1 Nevertheless, in transplanting method, the 

maximum paddy yield of 5 and 8.98 t ha'! was obtained in hand weeding and 

Machete, respectively during the years. The yield response of Sunstar and hand 

weeding was also comparable in transplanting technique during 2003. Direct seeding 

method resulted in lesser paddy yield than transplanting during either year of study. 

The highest paddy yield in transplanting method again could be attributed 10 more 

number of tillers, panicles and spikelets obtained in transplanting. Similarly, the 

reduction in paddy yield in direct seeding and weedy check plots, might have been 

due 10 high weed infestation which eagerly compeled for resources with the crop 

plants in all growth slages and resulted in lower yield. Haque et al. (1999) reported 

that E. crusga/li caused 88% yield loss in transplanted rice due to its fast growth, 

well-branched root and higher root length. Similarly, an estimate at IRRI suggested 

that weed growth in un-weeded plots reduced paddy yield upto 34% in transplanted 

and 45% in direct seeded rice. Sultana (2000) observed that weed infestation of 100-

200 weeds m-2 reduced paddy yield 51-64% compared with weed free conditions. 

The considerable variations in paddy yield might be due to higher organic matter, soil 

fertility status and better ecological conditions during 2003 than the preceding year. 

David and Johnson (2002) investigated that rice competes poorly with weeds and 

uncontrolled weed growth often results in negligible or zero yields. Researchers like 

Prusty at al. (1990) and Subhas and Jitendra (2001) reported higher grain yield and 

better weed control with hand weeding. Similarly, li et al. (2001). Min at aJ. (2001), 

Rajkhowa et al. (2001), Singh and Govindra (2001). Tripathi and Upadhyay (2001), 

Mandai et 81. (2002) and Ming et al. (2002) emphasized the need of weed control 

through herbicide application. 
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4.3.17 Straw yield It ha-l
) 

Straw yield is the function of an accumulated effect of growth parameters like 

number of tillers per unit area, leaves and final plant height The dala revealed that 

direct seeding produced lower straw yield (18.25 and 1 t ha-1
) than transplanling 

(Table 4.3.17). Also, the herbicide application Machele gave more straw yield (19.72 

and 19.00 t ha·l ) than all weeding and weedy check (control) during both the years. 

It was followed by hand weeding (18.62 and 18.45 t ha-' ) and herbicide application 

Sunsiar (18.04 and 18.44 I ha'\ respectively. Weedy check exhibiled lower straw 

yield than all the treatments studied. /I is evident from the data that there were non

Significant differences in planting methods, weeding techniques as well as their 

interaction during 2002 while the interaction between the variables was found to be 

significant during 2003 (Appendices-8a and 9a). The maximum straw yield (21.50 t 

ha-1
) was shown by Machete in the first year while the herbicide application Sunstar 

was the best treatment with straw yield of 23.61 t ha-' during 2003 both with 

transplanting method. Generally, transplanting technique produced more straw yield 

than direct seeding. might be due to more plant height, tillers etc in this method. The 

lowest straw yield found in weedy check was probably due to severe competition for 

resources among crop plants and weeds in all growth stages. Ahmad al. (1986) 

observed that the weed competition significanlly reduced straw yield with increase in 

weed competition duration. Awan at. (1989) and Prasad et at. (2001) also 

reported similar findings. 

4.3.18 Number of leaves planr1 (45 DAS) 

The leaves, with their broad surface, are the main parts of the plant where 

photosynthesis occurs. The data recorded on the parameter are shown in Table 

4.3.18, which displayed significent difference among weed control practices during 

both the years whereas: the planting methods could not reach the level of 

significance in the first year of the study (Appendices-8b and 9b). A perusal of the 

data revealed that comparatively higher number of leaves (121.37) was noted in 

transplanting technique as compared to direct seeding (121.18) during the firs! year. 
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Table 4.3.15. 1000-grain weight (g) as affected by methods of sowing and 
weed control practices in transplanted and direct wet-seeded 

o 2 rice during 20 2 and 003. ---2002 2003 --
Seeding Weeding_ techni uea Weedln~~hni ues 

techniques Sunstar Hand Machete Weedy 
Means 

Sunstar Hand -- Machete Weedy 
ISWG weeding 60EC cheel< 15WG weeding 6()EC cheel< Means 

- ----- ---- 1----'- --;;;;- --- ----~----------
T ransplanling 24.12

N8 2440 24.92 23.62 24.26
N5 30.92 31.60 30.92 29.52 3O.74

NS 

a a a b 
-- I--24. 70 23.92 23.85 31 .20 Direct seeding 24.10 24.14 31 .05 29.60 29.92 30.44 

a a b b 
1----- --- - -

Means 24.11
NS 24.55 24.42 23.73 31 .06 31.32 30.26 29.72 

a a b c --
NS:: Non-significant Lsbo,~ (Weeding techniques) 2003:: 0.53 

LSOoOJ (Seeding x Weeding techniques) 2003:: 0.75 

Means followed by different letter{s) are significant at 5% level of probability using LSD test. 

Table 4.3.16. Paddy yield (t ha-1
) as affected by methods of sowing and weed 

control practices in transplanted and direct wet-seeded rice 
d 2002 d 2003 unng an 

2002 
Seeding r--------------r-:--___ ,Weedinlltechnl ues 

techniques Sunstar Hand Machete Weedy Me 

1--- ---
15WG weeding 60EC check ans ------"-1---------- '----

Transplanting 5.7 1"' 6 .15 5.93 5.35 5.78 
a 

f-- --
Direct seeding 3.24 3.42 3.11 2.90 3.16 

b 
1-- -- - -- f-- --

Means 4.47NS 4.78 4.52 4.11 

NS:: Non-significant 

LSDo~ (seeding techniques) 2002 = 0.47 

---2003 1-----------------
I-~ __ ---:Wee_C!!.n tec_~~~ r--

Sunstar Hand Machete Weedy M 
15WG weeding 60EC check ean s 

1----- ----"- ---- --1--
8.58"' 8 .95 8.98 7.65 8.54 

a ---- ----1-----r----
4.04 4.11 4.90 3.67 

4.18 
b ------

6.31 6.53 6.94 566 
ab a a b --_. 

LSOo ~ (Seeding techniques) 2003 = 0.54 

LSDo~ (Weeding techniques) 2003.:: 0.80 

Means followed by different lel\er(s) are significant at 5% level of probability using LSD test. 
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While, there was a substantial difference in number of leaves during the second year 

trial where transplanting method produced significantly higher number of leaves 

(143.93) than direct seeding (59.75), Among weed management strategies, hand 

weeding elucidated a sUbstantial increase over the others by producing significantly 

higher number of leaves (130,00 and 116.62), though at par with herbicides 

application Sunstar that gave 109,87 leaves planr1 during the second experimental 

year. Rest of the weed control methods exhibited almost similar response during the 

years, No significant variations were observed between the variables during either 

year of Ihe study, However, the differences were not large enough during 2002 as 

compared to 2003 where the disparity was enormous between the planting methods. 

The highest number of leaves (130.50 and 159.00) was shown by hand weeding in 

direct seeding and transplanting methods, respectively during both the years, The 

lea'ves planr1 were considerably higher in treated plots than weedy check as 

tabulated in Table 4.3.18. Weedy check plots giving 108.88 and 126,50 in 

transplanting and 106,0 and 51,0 number of leaves planr' in direct seeding method, 

were declared as low leaves possessors during the cropping seasons, The lowest 

number of leaves in direct seeding method during 2003 might have been due to 

higher plant population per unit area, which influenced the sink and source 

relationship, Similarly, the weed control methods, which produced higher number of 

leaves planr1also resulted in higher paddy yield and thus indicating a positive 

relationship between the two. 

4.3.19 leaf area index (m"2) 45 DAS 

In cereals, high plant densities restrict leaf area development (Lockhart and 

Wiseman, 1988), The data revealed that significanlly higher LAI was recorded in 

transplanting technique (9,93 and 14,69) while conSiderably reduced LAI was noted 

in direct seeding (3.94 and 1.80 m"2) as shown in Table 4.3.19, The highest LAI of 

8.44 and 9.84 was documented in conventional hand weeding, followed by Sunslar 

(7.21 and 9,07) and Machete (7.04 and 8,01 m-2
) during 2002 and 2003. These two 

herbicides treated plots were, however, at par with each other statistically during 

both the planting seasons, 
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Table 4.3.17. Straw yield (t ha·1
) as affected by methods of sowing and weed 

control practices in transplanted and direct wet-seeded rice 
durmg 2 o 0 02 and 20 3. 

1--- 2002 2003 
Seeding r:-____ Weedln~ech'!~I_~es c- - - -~_ --c- Weedln -techni ues----

techniques - --- ,--- - -
Sunstar Hand Machete Weedy Me Sunstar Hand Machete Weedy M 

f------
15WG weeding 60EC check ans 15WG weeding 6OE~_rChe~ _ _ ea~_ f----- f---- --"--

Transplanting 17 .75 NS 19.12 21 .50 15.22 18.65NS 23.51 21 .34 18.40 15.72 20.01 NS 

a ab bed b-e 
-- f--- -------- ----I--

18.25 13.27 15.56 19.60 13.78 
Direct seeding IS .33 1S. 12 17.95 18.52 15.55 • cde abc de 

I---=- --- -- t------,:- r--
19.00 I 15.25 18.04!iS lB .44NS Means 18.62 19.72 17.42 1S.45 

NS = Non-significant 

LSDo ~ (Seeding x Weeding techniques) 2003 = 4.61 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Table 4.3.18. Number of leaves planf1 as affected by methods of sowing and 
weed control practices in transplanted and direct wet-seeded 
rice a fte 45 DAS d 2002 d 2003 r urmg an --2002 2003 

Seeding ---- - - ------ ------ f------------------ - -
---=--_ c- r - Weeding techni ues _ ___ f--c--,-- _ Weed in technic ues 

techniques Sunstar Hand Machete Weedy Me n 
15WG weeding 60EC check a s --

Transplanting 123.50" 129.50 124 .50 108.88 121.3NS 

c-- -- f--- - ------
Direct seeding 119.25 130.50 129.00 106.00 121 18 

f---- --
Means 121 .37 130.00 125.75 107.00 

b a ab c 

NS,:: Non-signifteant 

LSD,,, (Weeding lechniques) 2002 = 8.24 

Sunstsr Hand Machete Weedy 
_ I 5W~ ~_e<ling 50E~_ ched< 

152 .50'" 159.00 137.75 126.50 

1---- f--

57.25 74.25 45.50 51.00 

1----1---- -
109.87 116.62 92.12 88.75 

a a b b 

LSD,,, (See<lir.g techniques) 2003 = 6.38 

LSDoO\ (Weeding techniques) 2003 =11 .72 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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Weedy check plots having 5,06 and 6,05 m,2 LAI was significantly lower than all 

other treatments in the study, The interaction between planting methods and 

weeding techniques was non-significant during the first experimental year while it 

differed significantly during the succeeding year (Appendices-8b and 9b), However, 

in direct seeding technique, weeds showed a detrimental on LA!. Direct 

seeding had the LAI ranging from 1,16 to 5,43, which was considerably lower than 

transplanting method showing LAI from 10,06 to 16,89 (m'2) during both the years, 

The maximum LAI (11,44 and 16,89 m'2) was depicted by hand weeding in 

transplanting technique while the trend of producing LAI was same during the 

second year when the same treatment gave increased LAI in direct seeding method, 

All treated plots resulted in higher LAI than weedy check with the planting 

techniques, The lowest LAI in direct seeding plots especially during 2003 could be 

because of lower number of leaves plan!,l, lower leaf length, width etc, Similarly, the 

greater variation in LAI at the high population density indicated the problem of 

managing leaf area through plant populations, Okafor and De Datta (1974) had the 

view that reduction in paddy yield due 10 competition from weeds was due 10 

reduced LAI and less light transmission, Similarly, Prasad et ai, (2001) 

recommended transplanting method for higher use efficiency of both soil and 

fertilizer N and finally the grealer LA!. Hoon et ai, (1997) noted that photosyntheSiS 

was lower in direct sown crop Ihan in transplanting, 

It is considered that C3 plants such as rice has a lower NAR due to a high 

photorespiration rate, less efficiently utilization of the sun's energy, especially at high 

light intensity (Lockhart and Wiseman, 1988), The data recorded on the parameter 

are presented in Table 4,3.20. The analysis of mean values indicated significant 

differences between planting methods during both the years (Appendices-8b and 

9b). However, the interaction of variables was found to be non-significant (Table 

4,3,20). Transplanting technique produced significantly the maximum NAR (33.39 

and 32,67 g m,2 day·l) during 2002 and 2003, respectively, Whereas, herbicide 

treated plots with statistically at par NAR of 28.06 and 28,94 g m,2 day'1 followed the 

hand weeding which showed significantly higher NAR (33.72) during 2002, While, in 

161 



the year 2003, herbicide application Machete surpassed all other treatments giving 

NAR of 20,64 g m,2 day'l, though the results were non-significant Weedy check 

plots showed decreased NAR (19.80 and 18.86 g m·2 day·l) during both the 

experimental years. Although non-significant statistically, the NAR (40.07 and 35.36 

g m,2 day·l) produced by hand weeding and Machete, respectively in transplanting 

method, was markedly higher than other treatments in both the seeding cultures. 

Weedy check again produced the decreased NAR during 2002 and 2003 with either 

planting technique and weed control practices. Strikingly, the lowest NAR in direct 

seeding culture during 2003 might be due to lesser number of leaves planr1 and LAI 

that in tum was probably be due to different moisture conditions, fluctuations in 

temperatures, humidity and weed flora which ultimately resulted in lower NAR 

The leaves are extremely important organs, responsible for the manufacture of sugar 

and starch from the atmosphere for the growing parts of the plant. The data depicted 

that transplanting method was the higher leaf producer (122.50 and 136.12) than 

direct seeding (Table 4.3,21). The difference between planting techniques was not 

substantial during 2002 while it appeared enormous during the succeeding year trial. 

In the same way. hand weeding giving 127.75 and 126,25 number of leaves planr\ 

was significantly higher than Machete (120.25) and weedy check (110.00) during 

2002 and Sunstar and weedy check during the second year trial which produced 

109.25 and 103.50 number of leaves planr I Interaction of the variables did not 

reach the level of significance during either year of study (Appendices-8b and 9b). 

However, 130.50 lea'Jes planr1 shown by hand weeding in direct seeding during first 

experimental year and 150 leaves planr1 by Machete in transplanting 

method were higher than all other and weedy check plots. The plots where 

weeds were left unchecked exhibited the lesser number of leaves in both planting 

techniques. It is evident from the data that direct seeding method could not 

demonstrate promising results in all the physiological parameters studied 45 and 90 

DAS during both the years. It might have been due to availability of low moisture and 

nutrients in all growth stages in terms of high plant population and weed influx in this 

method. 
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Table 4.3.19. Leaf area index (m'2) as affected by methods of sowing and 
weed control practices in transplanted and direct wet-seeded 
rice after 45 CAS during 2002 and 2003. 

2003 ] 
Weeding tech,!!: ~~I!.-;- ____ _ 

2002 
Seeding --- Weedi'!ll._technires---1--

techniques sunsta~-~.~~ Machete W~y --- Sunstar 
15WG weeding 60EC cheOc. Means 15WG 

Hand Machete Weedy Me 
weeding 60EC check ans 

-------- r--~-~-- --- ----c--
Transplanting to.46"' t 1.44 to.06 7.77 9.93 16.06t6.89 t4.86 10

b
·95 14.69 

a a a a a 
1-------- --r--.-- ---+---+-------- ---- --

Direct seeding 3.95 5043 4.01 2.36 3.~4 2.~9 2.:0 1.~6 1 .~6 1~0 
--------1----- ------- --- f--- --I------~--- ---,---

Means 
7.21 8.44 7.04 5.06 9.07 9.84 8.01 6.05 

b abc atl a I:l c 

NS = Non·signiflcant 

lSDoo~ (Seeding techniques) 2002 = 1.19 

LSDoJ» (Weeding techniques) 2002 = 0 .66 

LSDa ~ (Seeding x Weeding techniques) 2003 = 2.31 

LSDco, (Seeding techniques) 2003 = 1.45 

lS0005 (Weeding tecMtques) 2003 =163 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 

Table 4.3.20. Net assimilation rate (g m-2 day-1) as affected by methods of 
sowing and weed control practices in transplanted and direct 

t d d' ft 45 CAS d 2002 d 2003 we -see e nce a er urmQ an 
2002 2003 

Seeding __ - Weeding techni ues---::_ ------------------
______ Weec!!.n t4!~ ues_-,-- ___ 

techniques Sunstar Hand Machete Weedy M Sunslar Hand Machete Weedy 
Means 

1-----r _15WG weeding 6OEC __ checK. __ e.n~_ 15Wo._ ~eedin!1. __ 60EC __ ~hec:k 

Transplanting 33. 91~s 40.07 33.59 26.01 
33.39 

a 
32.26"':5 31 .27 35.36 31.78 

32.67 
a 

1--------------- - - -- --- ----I-- --
Cired seeding 23.97 27.37 22.53 13.59 

21 .86 
6.01 6.90 5.95 5.93 6.20 

b b ------ f----- --- -----1-- -- --- ---'---- ---- 1---- ---
Means 

28.94 33.72 28.06 19.80 19.13NS 19.08 20.64 18.86 b a b c 

lSDo I)) (Seeding techniques) 2002 =7.04 

LSDoo~ (Weeding techniques) 2002 =4.69 

NS :: Non-significant 

lSCO.05 (Seeding techniques) 2003 ::::t 2.80 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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Similarly, the variation between the years was probably due to biological variability 

between years, which resulted in different number of leaves planr', 

4.3.22 Leaf area index (m-2
) 90 DAS 

The higher dry matter production is always associated with optimum leaf area index, 

because of high sunlight interception and photosynthesis al maximum rate. The data 

regarding the parameter are given in Table 4.3.22. which indicated that planting 

techniques as well as weed management significantly influenced the LAI during both 

the years (Appendices-8b and 9b). The higher LAI (9,92 and 15,44) was again 

witnessed in transplanting method. Whereas. the hand weeding and herbicide 

treated plots gave significantly increased LAI over weedy check. Among weed 

control practices, significantly higher LAI was shown by hand weeding (9.31). 

followed by Sunstar and Machete. respectively during 2002. The trend of producing 

higher LAI by weed treated plots as compared to untreated check was almost same 

during the second year of the study. The interaction between methods of sowing and 

weeding techniques was, although, non-significant but the LAI expressed by hand

weeding was the highest (11.00 and 17.20 m-2
) in transplanting method, compared 

with LAI in herbicides application and weedy check during the years of 

experimentation. II is obvious from the data that LAI was reduced to more or less 

50% in direct seeding method during both planting seasons (Table 4,3.22). This 

reduction in direct seeding technique could because of number of leaves 

with short length and width. 1\ might be further due to severe competition among 

weeds and crop plants during all growth stages, Seedlings planted proper spacing 

produced the highest paddy yield, might be due to the reason that they produced the 

optimum leaf area. Escabarte at al. (1999) advocated transplanting method for 

higher initial growth rate and leaf area index. 

4,3.23 Net assimilation rate (9 m-2 day·l) 90 DAS 

Number of factors such as temperature, light, carbon dioxide, water, leaf age, 

mineral nutrients. chlorophyll content and genotype influence net assimilation rate. 

As shown in Table 4.3.23 that there were significant differences among weeding 

techniques while the planting methods differed significanlly in the first experimental 
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year (Appendices-8b and 9b). It is revealed from the data that direct seeding 

method, like in all yield-contributing parameters, produced decreased NAR (25.62 

and 29.86 g m"2 day"l) during both the cropping seasons. However, the transplanting 

method efficiently utilized the sun's energy showing NAR of 33.49 and 36.21 g m'z 

day·l. It is also obvious that the parameter was significantly influenced by weed 

control practices and conventional hand weeding did better than all other treatments 

by producing NAR of 33.74 and 40.10 9 m"z day"! The herbicides application, by 

following the hand weeding, produced statistically at par NAR of 29.82 and 34.47 in 

Sunstar and 31.14 and 32.19 g m"2 day"! in Machete plots during both the planting 

seasons. The interaction was found to be non-significant in first year while it differed 

significantly during the succeeding experimental year. Among variables, the 

maximum NAR was shown by hand weeding both in transplanting and direct seeding 

methods, respectively during either year of study. It was, however, followed by 

herbicides application Machete and Sunstar in transplanting method and rendered 

null and void in direct seeding method during the years. Weedy check, in one way or 

the other, produced comparatively lower NAR than the treated plots. It might be due 

to the reason that plants in weedy check could not utilize all the biotic factors 

advantageously on account of teeming population pressures. Lockhart and Wiseman 

(1988) had the view that shading and aging of NAR values because 

of reduced of photosynthesis. Contrary to the present findings, Peng al. 

(1996) and Heu and Yong (1996) reported rapid leaf area development and dry 

matter accumulation in direct seeding method. It might be due to variations in 

genotype, cultural practices and environmental conditions under which the crop 

was planted. 

4.3.24 Stem borer moths' resting behaviour 30 CAS 

Rice stem borer is the main pest, which reduces rice yield upto 90% due to heavy 

infestation in Pakistan (Bhambhro, 2000). Data given in Table 4.3.24 revealed non

significant difference in all treatment means (Appendices-8b and 9b). However, 

maximum number of moths (0.26 and 1.19) was observed in direct seeding and 

transplanting techniques, respectively during both the planting seasons. 
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Table 4.3.21. Number of leaves plan!"' as affected by methods of sowing and 
weed control practices in transplanted and direct wet-seeded 
rice a fte 90 DAS d 2002 d 2003 r urmg an 

2002 2003 --
Seeding Weedl~~hni( ues Wel!.c!!.n technl ues ____ _ 

techniques Sunstar Hand Machel. Weedy 
Means 

Sunstar Hand Machete Wee<iy 
15WG ~eeding SOEC ched< 15WG weeding f-- 60EC 

check Means 
--

Transplanting 126.00'" 125.00 127.00 112.00 122.50'" 127.50'" 144.00 150.00 123.00 
136.12 

a --- f-- f----
Direct seeding 120.50 130.50 113.50 10B.00 l1B.12 91 .00 10B.50 111 50 84.00 9B.75 

b 

110"00 
f-- -- ---- - ---- - --1--- - ""1 

123.25 127.75 120.25 109.25 126.25 130.75 103.50 i Means 
ab a b c b a a b 

NS = Non-signifunt LSOc Q!, (Seeding techniques) 2003 = 7.01 

LSDo05 (Weeding techniques) 2002 = 6.99 LSDo O!> (Weeding techniques) 2003 =7 84 

Means followed by different letter(s) are significant at 5% level of probability using LSD test 

Table 4.3.22. Leaf area index (mo2) as affected by methods of sowing and 
weed control practices in transplanted and direct wet-seeded 
. fte 90 DAS d . 2002 d 2003 nce a r urmg an .-2002 -- 2003 

Seeding wee_c!!.').!l.technl ues 1--- ~eeding techni ues 
techniques Sunstar Hand Machete Weedy Means 15WG r-weeding f--?OEC:_ _Ch!~ 15WG weed.ns 60EC check 

c- -- --~- '---- - --
Means 

10.8SNS 11 .00 9.90 7.94 992 1456'" 1720 17 51 1251 15.44 

Sunsta' Hand Machele Weedy + 
Transplanting 

a 
---- ------- 1-----1--

Direct seeding 5.59 7.63 4.94 3.67 5.46 6.71 10.35 8.94 6.76 b 
'--- 1--- - - c----

- 9~;1 
~8~9 

--
Means 8.22 9.31 

b a 

NS -.= Non..significant 

LSDo O!> (Seeding techniques) 2002 = 1.51 

LSD, .. (Weeding lechniques) 2002 = 0.79 

7.42 5.Bl 
C d 

----- ----
10.63 13.77 13.22 

b a a 

LSDo 05 (Seeding lechniques) 2003 = 2.13 

LSDo 05 rNeeding techniques) 2003 = 1.65 

Means followed by differenlletter(s) are significant at 5% level of probability using LSD test. 
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Similarly, the results indicated that minimum (0,13) adults were noted in conventional 

hand weeding, Machete and weedy check during 2002. Sunstar attracted 

comparatively higher adult moths (0,38) during the same year. The interaction was, 

although, non-significant during either year of study, but the borer incidence was 

higher in Sunstar (0.51 and 2.01) in direct seeding and transplanting techniques 

during the experimental years. It was followed by hand weeding and weedy check, 

showing equal number of moths (1.26) in transplanting method during 2003. It is 

evident from the data that the preference of moths for landing was quite 

unpredictable but the variability found in adults' resting in transplanted plots, 

especially during 2003, explained that the height of plants in transplanting method 

was markedly high during the year and the adult moth during their flight could identify 

the tailer plants more efficiently and preferred for resting (Khan al. 2003). 

4.3.25 Stem borer moths' resting behaviour 45 CAS 

It is revealed from the data presented in Table 4.3.25 that the differences between 

planting techniques were non-significant regarding the parameter studied during the 

years of trial (Appendices-8b and 9b). However, among the means, direct seeding 

showed relatively higher moths (0.57) than transplanting during 2002. Also, the 

differenca in planting techniques regarding moth resting behaviour was very little 

during the second year trial. Among weed control practices, the adult population was 

higher (0.88 and 0.19) in weedy check and hand weeding during both the years. The 

interaction was, although, non-significant during both years, yet the hand 

weeding and the weedy check resulted in higher and equal number of moths of 1.01 

in direct seeding technique during 2002. The of treatments were least preferred 

for resting or egg laying during both the years. The higher attraction of adult moths 

towards direct seE:ds'd plots could u",',;",',"'" of (j<>,,<1.<> pia nt population, supporting 

the view that high planting density harbours more pests and pathogens as well. 

Keeping in view, Khan and Akhter (2001) suggested that the rice crop should be 

thoroughly examined from mid of August to the end of September for insect 

attack. They further recommended thai insecticide application should be done on the 

basis of ETL, which is 5 percent dead hearts in case of stem borers, 2 affected 

leaves planr' for leaf roller and 20-25 nymphs/adults planr1 for WBPH. 
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Table 4.3.23. Net assimilation rate (g m·2 day·i) as affected by methods of 
sowing and weed control practices in transplanted and direct 
wet-seeded rice after 90 OAS durin 2002 and 2003. 

LSD.,,, (Seeding techniques) 2002 ~ 4.90 

LSD<;l1)!. (Weedlng techniques) 2002 "" 3.57 

LSD,." (Seeding x Weeding technique.) 2003 ~ 7.02 

WEe 

34.87 4104 37.40 
ab • ab 

~"----

34.08 39.15 26.99 
an • c --_. 

34.47 40.10 32 19 
b • b 

NS :::: Non-signifICant 

lSDoo!l (VVeeding techniques) 2003 =4.97 

Means followed by different lener(s) are significant at 5% level of probability USing LSD test 

Table 4,3.24. Stem borer moths' resting behaviour as affected by methods of 
sowing and weed control practices in transplanted and direct 
wet-seeded rice after 30 OAS 

Seeding 
technklU." I Sun.tar 

15WG ---- --
Traospiantlng O.26NS 

---- --
Direct sOeding I 0 51 

Means 0.31,),"5 

NS '" Non-Slgnlficant 

0.26 

0.13 0.13 0.13 
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Sunstar Hand 
15WG SOEe 

:2 01"5 1.26 0.26 
---~--

0.26 0.76 0.26 
-----~ -----

1.13'" 101 0.26 



4.3.26 Stem borer moths' resting behaviour 60 DAS 

As shown in Table 4.3.26, significant differences were found for weed control 

practices during the first year while; none of the variables could reach the level of 

significance during either year of experimentation (Appendices-8b and 9b). However. 

in planting techniques, more number of moths (5.43 and 7.12) decided to land on 

direct seeding plots compared with transplanting which detained 3.50 and 6.25 

moths during 2002 and 2003. Similarly, the Machete and hand weeding showed 

higher number of moths (6.12 and 8 moths plor\ respectively during both the years. 

The borer incidence found in these treatments was higher than the others. The 

interaction between the factors regarding adults' preference for resting after 60 DAS 

was found to non-significant. The treatment means tabulated in Table 4.3.26 

described that maximum borers' (8.25 and 10.00) resting was shown by Machete 

and hand weeding during both the cropping seasons in direct seeding method. 

Generally, the borer incidence was higher during 2003 than the preceding year. 

could be because of higher plant height and better environmental conditions during 

the year. Similarly, the higher resting behaviour from mid of August to mid of 

September seems to be suitable for proliferation and survival of the pest. 

Data regarding white heads planf1 shown in Table 4.3.27 indicated significantly 

lower infestation in transplanting method during both the years (Appendices-8b and 

9b). Similarly, the number of white heads (4.25) found in hand weeding during the 

first year and weedy check (2.37) during the second year, were higher than other 

herbicide treated plots, though the differences were non-significant Likewise, none 

of the variables could influence white heads during both the years. However, 

comparatively higher number of white heads of 4.75 and 3 respectively were shown 

by granular herbicide application Sunstar in direct seeding technique. Hand weeding 

in transplanting and direct seeding as well, Machete and weedy check all resulted in 

equal number of white heads (4.25) during the first year. 
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Table 4.3.25. Stem borer moths' resting behaviour as affected by methods of 
sowing and weed control practices in transplanted and direct 
wet-seeded rice after 45 DAS durmg 2002 and 2003 

2002 1-_ 2003 __ 
Seeding f--::-.---weec~ng tec;.~~es Weeding tech,!!: ___ ue"'s'-_-,--_ ---l 

techniques Sunstar Hand Machete Weedy Suns!ar Hand Machete Weedy Means Means 
I-_______ +~W~_'_"!"ding 60EC ched< 15WG weeding ~_E<?_r-._c.Ch.:.:e.:.ck_+_-::::--\ 

Transplanting 0.01"$ 0.01 0.01 0.76 O.19N$ O.01 NS 0 .26 0.01 0.01 0 .03''1S 
~----+--- --- ---1-- --I-.-----t--.---+--~----

Means 0.13 0.01 0.01 

Di,ec1.eeding 0 .26 1.01 0.01 1.01 0.57 0.01 0.01 0.01 0.01 0.01 
1-.---=-+---- , ------ -- ---- --- -- ---

0.13 0.51 0.01 0.88 
b ab b a 

~ ____ ~ ____ ~ ____ ~ __ ~ __ ~ __ ~~ __ J_. ____ ~ __ ~ ___ ~ ___ _ 

LSDoOl (Weeding techniques) 2002 = 0 .58 NS = Non-significant 

Means followed by different letter(s) are significant at 5% level of probability using LSD tes!. 

Table 4.3.26. Stem borer moths' resting behaviour as affected by methods of 
sowing and weed control practices in transplanted and direct 
wet-see d d' fte 60 DAS d 2002 d 2003 e nee a r urmg an . 

2002 2003 -- - -
Seeding Weeding technic ues ___ We~!~~~.!!!!!: ues 

techniques Sunstar Hand Machete Weedy 
Means Sunstar Hand Machete Weedy 

Means 15WG weeding 60EC check 15WG weed~~ SOEC ched< 1------- ---=- I----~-1---- --
3.50NS 

---- -----,-
Transplanting 2 .7SNS 3.25 4.00 4.00 4.2S I'fS 6.00 7.75 700 6.25f'15 

1---- ----- f--- -- --- '--------
DIrect seedIng 425 4.25 8.25 5.00 5.43 5.75 10.00 8.00 475 7.12 

- - --1---- --- -- - --- -- - - - -
Means 3.50 3.75 6.12 4.50 5.00'""S 8.00 7.87 5 87 b b a b 

LSDo lr.i (Weeding techniques) 2002 = 1.53 NS = Non-signmcant 

Means followed by different letter(s) are significant at 5% level of probability using LSD test. 
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Weedy check in transplanling technique reflected similar number of white heads 

(3.00) to that of Sunstar in direct seeding method during 2003. Such a disparity 

among the results could be because of the pesticide's residual effect differences in 

both the years. The number of white heads were relatively lower during 2003 than 

2002, might be 10 the reason thaI the weather remained dryer and slightly warm 

during 2002 the crop maturity stage. 

Cost of production and other economic details are given in Appendix-14. Economic 

analysis and BCR pertaining to seeding techniques and weed control practices 

during both the years are presented in Table 4.3.28. It is clear from the data that 

maximum net income of Rs.13,815 and 12,830 ha· l was obtained from hand 

weeding and Machete in transplanting method during 2002. These treatments 

exhibited BCR of 0.79 and 0.74, comparatively higher than herbicide application 

Sunstar in the same planting technique during the year. Similarly, in the second 

experimental year, the net income of these treatments was again higher (Rs. 27,815 

and 28,080 ha·l
) than Sunstar and weedy check in transplanting method, As regards 

values, it was found that the value was bit lower in hand weeding (1.59) than 

herbicide application Machete (1.62) during 2003. This might have happened on 

account of maximum paddy yield and net realization per rupee invested. Similarly, 

the outcome was quite disapPOinting in terms of net income and BCR found in direct 

seeding method during both the years. However, Ihe hand weeding and herbicide 

application Machete gave somewhal higher net income and BCR than Sunslar and 

weedy check. II was also noted that, in transplanting technique, although the Sunstar 

gave higher net return of Rs.11,487 and 25,837 ha·l than the weedy check 

(Rs,10,595 and 22,095 ha'\ but due higher cos! of the herbicide, the difference 

between Ihe BCR values of Sunslar and weedy check was very little. This might 

have been due to a non-significant difference between paddy yield of the two. It 

might also be due to the reason that Sunslar could not perform up to the mark. This 

granular herbicide was launched mainly to control Deela (Purple nut sedge) and all 

other rice weeds as well. But, as a matter of fact, not a single plant of nut sedge was 

witnessed in the experimental field during both the planting seasons. The analysis 
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further revealed that direct seeding is not cost-effective in terms of low paddy yield 

and subsequent low net retum, Similarly, the higher variability in net return and BCR 

values, was due 10 the reason that paddy yield was markedly higher during 2003 

than 2002, This momentous increase might have been caused due to higher fertility 

status, organic mailer and other nutrients in soil selected for rice plantation during 

2003, The soil had been under legume crops cultivation since long, which might 

have boosted the rice yield and its associated parameters, favourably. The other 

reason might be the lower weed flora and its invasion shown by hand weeding and 

Machete in transplanting technique, 
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"IIIIt! heads planf' as affected by methods of and control transplanted and direct 
90 and 2003. 

2002 2003 
~-~------------------~ 

Weeding techniques Weeding techniques 

Sunslar 

1 

l- ---------- -- -''---'---
Dl)j~re~c:!t~~.I1.!!. 

~-- -+--~.~-+------~----
Means 

~"c'o.o5(SeediI1g techniques) 2002 '" 0 89 

NS = Non~ignificant 

Means followed bv are significant at 5% level of prclb1llbilllty LSD test 
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Table 4.3.28. Economic analysis and BCR as affected by methods of sowing weed control practices in transplanted 
and direct wet-seeded rice durina 2002 and 2003. 

Treatments Treatments 
BCR BCR 

0.65 Transplanting -4- 1.47 
Suns-tar 

6J5 2605 0.79 2605 

593 2490 0.74 2490 

5.35 1825 Weedy Ched< 
r---------~-----~·~--·---

3.24 1268 0.03 Direct ••• <M9 + 
Sunstar 

r----------r,----+-------~--~----_+----~--_t--------_+--~~----~----~----.+_----+_--~ 
. 3.42 1340' 17600 ,'16170 1430 0.06 D""cl • ..,d109 + 

Hand _In9 I Hand _Oln9 

DiOO<l....,di"9 • 3.11 001 ~=~:eding 0.57 

290 Weedy 4020 0.27 

Price of Rs. of 9 
Hand weeding @ Rs. 80 day'l) 
Price of of 800 ml 

Transplanting ~ 1 
Price of 100 ko ha' @ 5 

Price of IR-6 == KS, 5 kg" 
Income (straw) == 500 
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Experiment 4. Seeding techniques in relation to plant stand 
establishment and productivity of transplanted and 
direct wet-seeded rice. 

Abstract 

Studies on the feasibility of different seeding techniques (direct seeding on flal, 

transplanting on flat. direct seeding on ridges, transplanting on ridges and 

parachute planting) in transplanted and direct wet-seeded rice were undertaken 

during 2002 and 2003. The experiment was laid out in RCB design. Data were 

recorded on plant population m'2, plant height (cm), productive tillers m·2, 

unproductive tillers m,2, panicles m'2, spikelets panicle,l, sterility and normal 

kernels percentage. 1000-grain weight (g), paddy yield (t ha'l) and straw yield (t 

ha'l). The data were also recorded on leaves planr1
, leaf area index (LAI), net 

assimilation rate (NAR) 45 and 90 days after sowing (OAS), stem borer moths' 

resting behaviour 30, 45, 60 DAS and white heads plan!'! after 90 DAS. The 

effect of seeding techniques was significant for most of the agronomic and 

physiological parameters examined. However, among seeding techniques, the 

best performance for the yield furnishing parameters and benefit cost ratio 

(BCR) was shown by transplanting on flat during both Ihe experimental years. 

Similarly, most of the physiological yardsticks differed Significantly in affecting 

the yield parameters. Parachute planting displayed very promising results in 

most of the agronomic and physiological parameters studied. Among other 

seeding techniques, direct seeding on ridges presented encouraging results but 

could nol excel transplanting on flat and parachute planting during both the 

years. 

Introduction 

Rice is the 2nd most important staple food crop of Pakistan, after wheat It is 

the 3m largest agricultural production in terms of area under the different crops 

(Shaikh and Kanasro, 2003), The area under rice constituted 10 percent of 

the aggregate cropped area of the country (Anonymous, 2002c), During 2002, 

China was the leading rice producing country in the world followed by India, 

Bangladesh, and Thailand. However, the yield per hectare was highest at 8A 

tonnes in Egypt followed by 6,6 lonnes ha-1 in USA. Pakistan has 7th largest 
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rice cultivated area among len leading rice growing countries of the world 

(Anonymous, 2002c), 

In many rice-growing countries, transplanting persists as the major system of 

planting under puddled condition, But nursery transplanting is usually delayed, 

Such a delay is inevitable because all the fields cannot be transplanted 

simultaneously, resulting in above-optimal age of rice seedlings, which 

produces lesser number of tillers plant (Awan at ai, 1989), Under these 

circumstances the direct seeding method appears to be the alternate practice, 

This is economical, time and labour saving technique than transplanting, It 

also reduces labour need drastically for establishing the crop from 30 man 

days ha'! for transplanting 10 1-2 man days (Serageldin, 1999), But adoption 

of this technique by the farmers has been almost negligible especially due to 

heavy weeds infestations, which emerge and compete with the crop 

simultaneously in the early growth stages (Subhas and Jilendra, 2001and 

Mandai at aI, 2002), 

The growing water shortage, especially in Asia, has emphasized the need to 

reduce dependenca on the traditional methods and devise new rice growing 

techniques with less water, without any penalty to production (Reddy and 

Reddy, 2000), Usually it takes more than 2,000 tonnes of water to grow one 

tonne of rice (Serageldin, 1999), In this context, many scientists advocated 

field modifICations in planting technique(s) with the view to save water, get 

maximum yield per unit area and net realization per invested, New 

water-saving techniques like bed planting and parachute technology could 

save upto 25 percent of the water now used to grow rice (Serageldin, 1999), 

Similarly, Prabhakar at ai, (2001) reported very encouraging results of 

transplanting or direct seeding of rice on raised beds and noted 35-40 percent 

saving in irrigation water in permanent bed planting rice-wheat system, 

Moreover, crop lodging is less in bed planted crop due to better root 

development The International Rice Research Institute (IRRI) and the 

Intemational Water Management Institute (IWMI) are leading the efforts to 

thrash out new water saving techniques including wet-seeding, in which rice 

uses about 20-25 percent less water than in traditional transplanting method 
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(Santhi et 131. 1998; Khatri et af. 2000 and Budhar and Tamilselvan, 2001). 

Parachute planting (seedling broadcasting), a new technology in Pakistan, 

requires less labour and time than manual transplanting because growers do 

not have to bend down to plant each seedling. In addition, the seedlings 

themselves are less Ilkely to be damaged in the transplanting process (Chen 

e/ 131. 2001 and Prabhakar et 131. 2001). Planter holds 5-6 rice seedlings in his 

hand and throws them high into The weight of clump allows the 

seedling to land neally in the rice field and settles inlo Ihe mud. Hence, the 

need of wide-scale adoption of parachute technology for saving of time, 

labour and optimum plant population of 250,000 ha·1 in rice has been 

emphasized (Anonymous, 2002d). 

The present endeavor was, therefore, aimed al evolving the seeding 

technique best suited to rice growers from agronomic, economic and 

ecological points of view. 

Experimental Details 

The study was initialed at the Agricultural Research Institute, Dera Ismail 

Khan, Pakistan, during the year 2002 and 2003. The experiment was laid out 

in RCB design with 4 replications. The plot size was 3 x 5 m 2 using non

aromatic variety IR-6. The detail of treatments is given in Appendix-5. The 

experimental protocol was the same as kept in other experiments of the 

project. except for bed planting in which seed was sown through bed planter 

while the seedlings were transplanted manually on raised beds. In parachute 

planting, all of the respective plots were puddled several days before planting. 

The young seedlings with roots holding a small lump of soil were broadcast 

manually into wei field. The young seedlings landed and fixed firmly into the 

wet soil just like a parachute. All the observations were recorded as per 

procedures given in previous experiments. The data were analyzed 

statistically using analysis of variance technique and subsequently Least 

Significance Test (LSD) was applied for comparing the treatment means. by 

MStatC computer software (Steel and Torrie, 1980). 
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Results and Discussion 

4.4.1 Plant population (m-2
) 

Plant population per unit area shows the emergence potential of a crop, Data 

recorded on this parameter during both the cropping seasons are presented in 

Table 4.4.1, The treatment means indicated significant differences among 

seeding techniques (Appendices-11a and 12a), The analysis of the data 

revealed that, during 2002, significanlly higher plant population (21,5) was 

recorded in direct seeding on ridges, which was statistically at par with direct 

seeding on fla! (21,2) and transplanting on flat (21,0), respectively, Similarly. 

significant variations during the second year study indicated that direct 

seeding on flat exhibited statistically higher plant population (30,5). followed 

by direct seeding on ridges (22.5) and transplanting on flat (21,0), 

respectively, The lowest plant population noted in transplanting on ridges 

during both the years might be attributed to smaller net area available due to 

ridges for space planting of 20 x 20 cm2 apart. Whereas, the higher population 

in direct seeding on ridges was due to the reason that the seed was broadcast 

on ridges rather than maintaining proper spacing, Although the same seed 

rate was used in all direct seeded treatments yet the direct seeding on flat 

resulted in higher plant population mainly due to the fact that larger net area 

was available for flat planting as compared to the treatments of bed sowing, 

The plant population in parachute planting remained the same during both the 

planting seasons because counted seedlings were broadcast into the wei 

field, Ghosh and Sharma (1997) reported similar emergence percentage from 

different seed rates but the yield increased significanlly with increasing seed 

density, particularly @ rate of 200 and 400 seeds m-2
, 

4.4.2 Plant height at maturity (em) 

There were Significant variations among treatment means regarding plant 

height during both the years (Appendices-11a and 12a), During 2002, 

parachute planting and transplanting on flat produced significantly tallest 

plants of 111,2 and 109.5 em, A similar trend was also noted during 2003 

when maximum plant height was rec:orcled in transplanting on ridges (1245), 
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parachute planting (124.0) and transplanting on flat (123.5 cm), respectively. 

These treatments did not differ significantly from one another (Table 4.4.2). 

The plants of both direct seeding on flat and ridges attaining the minimum 

height might be due to the reason that there were higher plant populations in 

these two treatments. which increases inlra-specific competition for resources 

and resulted in short statu red plants. The plant height was more during 2003 

than that of 2002. II mighl be due 10 higher organic matter and sufficient 

enrichment of soil nitrogen due to previous chickpea crop. where the slow 

release N remained available in all the growth stages of the plant during 2003 

Awan at (1989) and Escabarte at a/. (1999) observed higher initial growth 

rate and good plant height in transplanted seedlings. 

4.4.3 Number of productive tillers (m'2) 

Data regarding number of productive tillers (m'2) recorded during 2002 and 

2003 are shown in Table 4.4.3. Analysis of mean values indicated significant 

variations during both the years (Appendices-11a and 12a). However among 

treatments, direct seeding on flat, transplanting on flat and parachute planting 

resulted in higher and at par number of productive tillers (542.5, 511.5 and 

510.2 m,2, respectively) during 2002. While, during 2003, maximum productive 

tillers were recorded in transplanting on flat (726.2) and parachute planting 

(711.0 m,2), which did not differ significantly from each other. The lowest 

number of panicle bearing tillers in direct seeding on ridges during both the 

years might be due to the higher plant population (m·2
), which eventually 

increases competition for nutrients among plants, The higher productive tillers 

during 2003 as compared to 2002 might have been due to the difference in 

soil fertility status owing 10 previous chickpea crop, comparatively lower 

temperature, high rainfall and humidity Ihan the preceding year. Prasad et al. 

(2001) advocated transplanting method for increased number of tillers, 

panicles and filled grains. 
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Table 4.4.1. Plant population (m·2
) as affected by seeding techniques 

in transplanted and direct wet-seeded rice during 2002 
and 2003 --r, Sowing techniques __ 2002 2003 f--

21.2 a 30.5 a 
--

Direct seedin[ on flat __ --
21.0 a 21 .0 b Transplantin9...Q.n flat --
21 .5 a 22 .5 b rPirect seedl!!9. o~idges --r----------------

rIransplantinjlJ?n ridges 12.0 c __ f--- 12.0 d __ 
~rachute 2.lanting __ 17.0 b 17.0 c --------------- ----------- ---
LSDoos 3.23 2.59 r-:;.----------- ------------

8.17 CVO/O 12.53 

Means followed by different lelter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.2. Plant height at maturity (cm) as affected by seeding 
techniques in transplanted and direct wet-seeded rice 
during 2002 and 2003. 

-=Sowina. techniques __ ,-_ 2002 __ 2003 ----------
-Hirect seeding on flat 98.2 bc 108.2 b ------------ ----------
Transplantil]l9n flat _-= 109.5 a c--- 123.5 a f---------------
Direct seeding"pn ridg~~ 1--_ 95.5 c 116.5 ab 
Tran~lant~on riQg~~ 106.5 ab f- 124.5 a 1--------------

_Farachute 2.lanti~ _____ 111 .2 a 
1----

124.0 a 
_~SDOO5 9.74 8 .69 

6 .07 -- ---------
CVO/O 4.73 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.3. Number of productive tillers (m-2
) as affected by seeding 

techniques in transplanted and direct wet-seeded rice 
o during 2002 and 2 03. 

~owing techniques 2002 2003 
~!ect seeding on flat 542.5 a -- 435.2 b ------------
Transplanti_~!Lon fl~_ _ _ 511.5 a 726.2 a ---1------------- ---
Direct seeding on ridges 357.2 b 313.0 c 
Transplanti~"pn ridges

C

- 385.5 b __ 467.5 b f--------------
~chute plant~ __ 510.2 a _ _ 711 .0 a ----------
LSDoo5 101.4 88.50 
CVO/O - - 14.27 10.83 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 
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4.4.4 Number of unproductive tillers (m-2) 

Number of unproductive tillers (m'2) presented in Table 4.4.4 revealed non

significant variations among treatments during 2002 while all the means 

differed significantly from each other during 2003 (Appendices-11a and 12a). 

During 2002. the higher unproductive tillers (104.0 m·2) were noted in direct 

seeding on fla!, which also produced maximum productive tillers (m·2
). 

Similarly. the parachute planting which produced higher number of productive 

tillers during 2003 also produced maximum number of unproductive tillers 

(332 m·2). The lesser number of unproductive tillers in direct seeding on 

ridges also have lesser number of productive tillers during both the years. It 

indicated a positive correlation between the two; when productive tiller 

increases, the unproductive have also increased. The lower number of 

unproductive tillers during 2003 than 2002 might be due to severe 

competition and availability of sufficient amount of nutrients from the previous 

legume crop. The varying ecological conditions like temperature differential in 

either year of study might be operative. Heu and Yang (1996) observed 

decreased number of unproductive tillers in direct seeded cultivation than 

transplanted cultivation. 

4.4.5 Number of panicles (m'il 

Almost similar trend of producing panicles (m·l ) was observed during both the 

planting seasons, which is presented in 4.4.5. During 2002, direct 

seeding on flat, parachute planting and transplanting on flat prod uced 

signmcantly at par number of panicles of 438.5, 4362 and 431 m-2, 

respectively. The lower number of panicles noted in transplanting on ridges 

and direct seeding on ridges, might be due to lower number of productive 

tillers (m-2
) in these two treatments. The data revealed thai all the treatments 

were significantly affected by seeding techniques during both the seasons 

(Appendices-11a and 12a). However, in the year 2003, significantly maximum 

panicles (m-2
) were observed for transplanting on flat (710.5) and parachute 

planting (677 .5) as compared to the rest of treatments, Direct seeding on 

ridges during both the years produced the lowest number of panicles, again 

attributed to the reason of low productive tillers (m'2) in this treatment 
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Generally, the panicles m-2 were higher during 2003 than 2002, which could 

be due to previous chickpea crop and higher organic matter which increased 

the soil fertility through improvement in soil physical, chemical and biological 

characteristics and eventually encouraged the panicles production, Michael 

(2002) investigated the effect of three different planting densities (30 x 7,5 

em2
) higher density (30 x 15 em2) and standard density (30 x 30 em) and 

noted that the standard density presented the highest number of panicles m·2. 

4.4.6 Number of spikelets panicle·1 

Data on spikelets panicle-I recorded during the experimental years are given 

in Table 4.46. The data revealed that all seeding techniques differed 

significantly during both the years (Appendices-11a and 12a). Transplanting 

on flat and parachute planting produced more spikelets (176,5 and 170.5) 

during 2002. However, these treatments were at par statistically with each 

other for the parameter examined. While, transplanting on ridges and direct 

seeding on flat giving 155,2 and 150.5 spikelets panicle-1
, were significantly 

higher than the number of spikelets noted in direct seeding on ridges (135.0), 

Similarly parachute planting, transplanting on ridges and transplanting on flat 

were at par with each other for the parameter, though significantly higher than 

direct seeding on flat and direct seeding on ridges, respectively during 2003 

The spikelets panicle-1 during 2002 were comparatively lesser than that of 

2003, This might be due to slightly higher sterility percentage during 2002 or 

the ecological differences during either year of study, Chen at ai, (2001) 

observed that the scatter-planted seedlings produced more spikelets per unit 

area while Michael (2002) noted the highest number of spikelets from 

standard density (30 x 30 cm). 

4.4.7 Sterility percentage 

In rice, sterility is the name given to unfertilized, unfilled and empty spikelets, 

The data racorded on sterility percentage during both the cropping seasons 

are shown in Table 4.4,7, 
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Table 4.4.4. Number of unproductive tillers (m·2
) as affected by 

seeding techniques in transplanted and direct wet-seeded 
. d . 2002 d 2003 rice urm 9 an 

Sowing techniques 2002 2003 
104.0RS -- I-- --

Direct seeding on flat 10.5 bc -- I--
TranS£!.anting on flat 80.2 15.5 b f------- --------
Direct seeding on rid~s 52.0 5.0 c __ --
r-J!ansplanti~ on ridges 49.0 19.5 b 
Parachut~lanting 74.0 

1---
33.2 a 

LSDoo5 -- 9.97 
CV% 

-- '--------- ---- f--
38.64 --

NS = Non-significant 

Means followed by different lelter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.5. Number of panicles (m-2
) as affected by seeding 

techniques in transplanted and direct wet-seeded rice 
d . 2002 d 2003 urmg an 

Sowing technique~_ 2002 2003 f--------- -----
424.5 b 

- -

--

-£>irect seeding on flat __ f----- 438.5 a _ ___ - - --
Transplanting on flat 431 .2 a 710.5 a 

1--- 305.2 b -- 307.5 c 
--

~~ect seeding on ridges 
336.5 b -- --

463.0 b Transplanting on rid~s __ (---- ---- --- -- - -
677.5 a 

--
Parachute plantif!g 436.2 a 
LSDo.o5 75.44 81 .77 
CV% 12.57 10.27 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.6. Number of spikelets panicle" as affected by seeding 
techniques in transplanted and direct wet-seeded rice 
d' 2002 d 2003 urmg an 

Sowing techniqu~_ 2002 2003 
Direct seedi~ on flat __ 150.5 ab 152.5 b ,..--------- ----
Transplanting on flat 176.5 a 192.5 a 
~ct seedi~-.lidges 135.0 b -= 1505 b c---------
JransPlanting.E~rid~S- 155.2 ab 193.0 a 
Parachute planting 170.5 a -- I--

196.2 a 
LSDo.o5 27.44 29.35 
CV% 

--
11 .31 

-- I--
10.77 

Means followed by different lelter(s) in the respective column are significant at 5% 
level of probability using LSD test. 
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The data revealed significant differences among seeding techniques 

(Appendices-11 a and 12a). During 2002, significantly lower and at par sterility 

percentage (9.5 and 9.7%) was observed for transplanting on fiat and 

parachute planting while, all other treatments showed higher sterility 

percentage. Similarly, during 2003, parachute planting and transplanting on 

ridges resulted in significantly lower sterility 92%. Direct seeding on flat 

during both the years resulted in significantly higher sterility than other 

treatments, It might attributed to higher plant population (m'2), which might 

have caused disturbance in pollen shedding and resulted in higher sterility. 

Moreover, the severe competition among the spikelets for the photosynthesis 

might have resulted in failure of fertilization and subsequent sterility in this 

treatment Stake and Yoshida (1978) reported that spikelet sterility was 

induced by high temperature largely on flowering day. The major causes of 

high temperature induced sterility were attributed to disturb pollen shedding 

and del::re;asE,d viability of pollen grains, resulling in decreased number of 

germinated pollen grains on stigma. 

4.4.8 Normal kernels percentage 

Normal kemels do not stop growing in the way during development phase and 

attain normal dimension, normal starch compaction and full weight. Data 

presented in Table 4.4.8 revealed significant variations in normal kernel 

percentage during both experimental years (Appendices· 11 a and 12a). 

Among seeding techniques, transplanting on flat and parachute planting 

indicated higher normal kernels (90.5 and 90,3%) during 2002. These 

treatments were followed by direct seeding on ridges, transplanting on ridges 

and direct seeding on flat, showing significantly par normal kernels of 86.1, 

86,0 and 84,1%, respectively. Likewise, parachute planting and transplanting 

on ridges displayed significantly higher normal kernels (90,8%) during 2003. It 

might due to the sufficient amount of soil nitrogen, enhanced availability of 

other nutrients and improved soil structure because of higher organic matter 

during 2003. lower normal kernel percentage in direct seeding on flat was 

due to higher sterility percentage noted in this treatment during both the 

cropping seasons, 
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4.4.9 1000-grain weight (g) 

Thousand-grain weight is an important yield-determining component of rice, 

Data recorded on this parameter during both the experimental years are 

presented in Table 4.4,9, The analysis of variance depicted that 1000-grain 

weight was significantly affE~ctEld by seeding techniques during 2002 while the 

results were non-significant during the second year trial (Appendices-11 a and 

12a), Among treatments. transplanting on flat gave comparatively heavier 

grains (24,5) but statistically at par with parachute planting (24,2), direct 

seeding on flat and transplanting on ridges (24,1 g), respectively during 2002, 

The lowest grain weight (21,9 g) was noted in direct seeding on ridges during 

the year. The data further revealed that the treatments did not differ 

significantly for the parameter during 2003, However, parachute planting and 

transplanting on flat gave heavier grains (32,8 and 32,0 g) as compared to the 

rest of treatments, The weight of 1000-grains during 2003 was higher than 

2002, might be due to supply of adequate amount of organic matter and other 

nutrients throughout the kernel development stages which eventually 

activated the florets to utilize these soil nutrients to their fullest extent and 

develop heavy kernels, The non-significant results obtained during the second 

year trial, indicated that crop establishment method has no significant 

influence on 1000-grain weight (Santhi et ai, 1998) 

4.4.10 Paddy yield (t he·l ) 

Paddy yield is a product of different components contributing to the ultimate 

yield, The data recorded on paddy yield (t ha·1
) during 2002 and 2003 are 

presented in Table 4.4.10. The statistical analysis showed significant 

differences among treatment means (Appendices-11a and 12a), It is evident 

from the data that transplanting on flat out-yielded rest of the treatments 

during 2002 by producing paddy yield of 5.9 t ha·1
, While parachute planting, 

transplanting on ridges, direct seeding on ridges and direct seeding on flat 

produced statistically at par paddy yield of 4,8,4.46, 4.3 and t ha·1
, 
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Table 4.4.7. Sterility percentage as affected by seeding techniques in 
transplanted and direct wet-seeded rice during 2002 and 
2003 

Sowing techniques 2002 2003 
Direct seeding on flat 15.8 a 15.7 a 
Transplanting on flat 9.5 b 11.4 bc 
~ct seeding on ri<!ges 13.9 a 12.0 b 
Transplanting on ridges 14.0 a 9.2 c 
Parachute planti!1L 9.7 b - - 9.2 C 

LSDoo5 3.97 2.39 
CV% 20.57 13.49 

Means followed by different letter(s} in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.8. Normal kernel percentage as affected by seeding 
techniques in transplanted and direct wet-seeded rice 
d . 2002 d 2003 unng an 

--;::; Sowing techniques 2002 2003 
Direct seeding on flat 84.2 b 84.3 c 
Transplanting on flat 90.5 a 88.6 ab 
Direct seedi~n ridges 86.1 b 88.0 b 
Transplanting on ridges 86.0 b 90.8 a 

cEarachute planting 90.3 a 90.8 a 
LSDo05 3.97 2.39 
CV% 2.95 1.76 

Means followed by different letter(s} in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.9. 1000-grain weight (g) as affected by seeding techniques in 
transplanted and direct wet-seeded rice during 2002 and 
2003 

-

--

.-
Sowing techniques 2002 2003 

Direct seeding on flat 24.1 a 30.3 fl5 --
Transplanting on flat 24.5 a 32.0 
Direct seeding on ridges 21.9 b 30.7 --
TransQlantin9....Q.n ridges 24.1 a 31.2 
Parachute planting 24.2 a 32.8 
LSDoo5 1.55 --
CV% 4.23 --

NS = Non-significant 

Means followed by different letter(s} in the respective column are significant at 5% 
level of probability using LSD test. 
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Also, transplanting on flat, parachute planting and transplanting on ridges 

produced significantly higher and equivalent paddy yield of 6.5 t ha·1 as 

compared to other treatments during 2003. The lower paddy yield recorded 

for direct seeding on ridges and direct seeding on flat during both the years 

might be attributed to higher sterility percentage, low normal kernels and 

lower 1000-grain weight in these treatments. The paddy yield noted for 

transplanting on flat was higher during 2003 than that obtained during 2002. 

This higher yield might be due to the increased number of panicles, spikelets 

and higher normal It might also attributed to better moisture 

conditions at grain filling stage, fluctuations in temperatures and humidity and 

increased nitrogen utilization efficiency due to preceding legume crop. The 

results are in accordance with the findings of Awan et al. (1989) and Prasad 

e/ al. (2001) who obtained higher yield of rice by transplanting as compared to 

direct seeding. Similarly, Sorour et al. (1998b) noticed that space planting 

gave significantly higher grain yield than traditional transplanting. They further 

noted that hand transplanting (20 x 20 em) exceeded all other methods for all 

parameters. Awan et al. (1989) advocated transplanting method for higher 

use efficiency of both soil and fertilizer N, initial growth rate and maximum 

paddy yield. The higher paddy yield in parachute planting again attributed 10 

increased yield components in this treatment. These Findings coincide with 

Sanbagavalli and Kandasamy (1998) who recorded the highest rice yield and 

benefit cost ratio (BCR) with the seedling throwing method than row planting. 

Significantly at par paddy yield in all treatments, except in transplanting on flat 

during 2002, is in line with the findings of Budhar and Tamilselvan (2001) who 

reported that wet sowing either by manual broadcasting or drum seeder and 

transplanting showed non significant difference on grain yield of rice. 

4.4.11 Straw vield It ha-l
) 

The data regarding straw yield (t ha- l
) for both the cropping seasons are 

presented in 44.11. The analysis of the data revealed that straw Yield was 

influenced substantially by various seeding techniques (Appendices-11 a and 

1 seeding on flat, parachute planting and direct seeding on ridges 

produced significantly higher straw yield (21 21 and 18.6 t ha") during 
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2002, However, all these treatments were at par statistically, Similarly, direct 

seeding on flat, direct seeding on ridges and parachute planting produced 

maximum straw yield of 31 29,1 and 27.2 t ha,i, respectively during the 

second year trial. Transplanting on ridges displayed lower straw yield might 

be due to low plant population (m·2) and Iillering in this treatment The reverse 

was true for direct seeding on flat, which exhibited higher straw yield due to 

higher plant population and tillering per unit area, Whereas, the higher straw 

yield in parachute planting might due to the better vegetative development 

and taller plants in this treatment, favouring the view of Escabarte et ai, (1999) 

and Prasad et ai, (2001), 

The data presented in Table 4.4. 12 depicted that there were significant 

variations among seeding techniques during both the planting seasons 

(Appendices-11b and 12b), During 2002, maximum leaves plant,l were 

recorded for transplanting on ridges (138,5), parachute planting (131,3) and 

transplanting on flat (121.0), respectively, However, all these treatments were 

at par statistically, Almost similar trend was observed during 2003 (Table 

4.4,1 Transplanting on ridges and parachute planting resulted in higher and 

at par number of leaves planr1 of 192,8 and 189,8 during 2003, The leaves 

planr1 were minimum for direct seeding on flat and direct seeding on ridges 

treatments, It might be due to the reason that after 45 DAS, the plants in 

direct seeding treatments were in juvenile stage with less number of leaves, 

compared with other transplanting treatments where plants attained good 

height and number of leaves at this stage, A positive correlation was noted for 

transplanting on flat, parachute planting and transplanting on ridges, These 

treatments exhibited higher number of leaves planr1 and subsequenlly gave 

higher paddy yield (Table 4.4.10), The higher number of in 

transplanted treatments as compared to direct seeding, might due to the 

reason that seedlings of 35 days old nursery were transplanted which 

increased number of substantially 45 days after transplanting 

(Wang at al. 1998), 
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Table 4.4.10. Paddy yield (t ha·1) as affected by seeding techniques in 
transplanted and direct wet-seeded rice during 2002 and 
2003 

Sowing techni.9!Jes 2002 2003 
4.2 b -- -----------

~~t seeding on fla!_ 1-_ 4.0 b - - - - - - -------
rJransplanting on Jlat __ 5.9 a 6.5 a 1---------- --- 1----------
Direct seeding on ri<!ge?_ r- 4.3 b f-- 5.1 ab __ 
~a~lantin9...on ridges 4.4 b -- ___ 6.5~ ____ 

f-------------
~achute planting 1---_ 4.8 b 6.5 a __ 
LSDo05 0.58 1.82 
CVO/O -- ------------1-------------

8.02 20.49 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.11. Straw yield (t ha-1
) as affected by seeding techniques in 

transplanted and direct wet-seeded rice during 2002 and 
2003. 

f-=-Sowing techniques 2002 -- - - 2002 
21_6 a 31.0 a 

, 

rpirect seedin9_ on llat __ -- --
14.3 b 22.7 c Transplantin9.. on flat _ - - --

I-pirec.!...seed~on ridges 18.6 a 29.1 ab 
14.0 b 

- -
14.4 d 

--
Transplanting on ridges -----------
Parachute"planti!!9-_ _ 21 .2 a -- 27.2 b -----------

3.65 _~SDOO5 3.66 
CVO/O 13.19 

-- 9.56 --

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.12. Number of leaves planf1 as affected by seeding 
techniques in transplanted and direct wet-seeded rice 
a fte Sd 02 20 r45 DA urin\l2 0 and o 3. 

~~wing techniques __ 2002 2003 r--------------- 1--
J.?tr_ect seeding on flat 69.0 b __ r- 69.0 c 
Transplanting on flat 121.0 a __ f--___ ~48 tJ... 
Direct seeding_on ridge!?_ f-- 71.2 b 105.3 bc 
Transplantil'!9. on ridges 138.5 a 192.8 a 
~chute planti~ 131.3 a --I-

189.8 a 
LSDo05 -- 20.34 40.54 
CVO/O 12.43 19.31 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 
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4.4.13 Leaf area index Im·2) 45 DAS 

Data pertaining to LAI 45 DAS are presented in Table 4.4,13, which showed 

significant differences among treatments (Apppendices-11b and 12b), As 

regards seeding techniques, parachute planting and transplanting on flat 

excelled all other treatments with LAI of 7.8 and 7.5 m'2 during 2002. Similarly, 

parachute planting and transplanting on ridges remained at the top with LAI of 

12.9 and 11.9 m", respectively during second year trial. The higher LAI 

noted for parachute planting was probably due to higher leaf length, width 

etc, The reasonable length of 25 days old rice seedlings used in parachute 

planting allowed them to land, fix firmly, withstand transplanting shock and 

develop vigorously, which eventually resulted in higher LAI in parachute 

planting, Similar findings have been reported by Ghosh and Singh (1994). The 

direct seeding treatments resulted in lower LAI, again attributed the reason of 

low leaf length, width and number of leaves planr1 during both experimental 

years, In transplanted treatments, 35 days old nursery and subsequent 45 

days after transplanting increased the LAI, drastically. The treatments 

(Transplanting on flat and parachute planting) that gave higher LAI, also 

resulted in higher paddy yield, indicating the relationship, These results are in 

line with Singh (1994) who reported that LAI was positively correlated with 

grain yield, Likewise, Hari al al. (1997) also obtained maximum LAI in 

transplanting technique. Thakur and Patel (1999) found thai increased LAI 

reflected in higher grain yield. Escabarte 131. (1999) advocated transplanting 

method for higher inilial growth rate, tillers, panicles and leaf area index, 

4.4.14Netaesimilation rate (g m"2 day') 45 DAS 

It is obvious from the data mentioned in Table 4.4.14 that NAR was non

significantly affected by the seeding techniques during both planting seasons 

(Appendices-11b and 12b), However, higher NAR was recorded for 

transplanting treatments (22.6 and 21 9 m,2 day"') during 2002. Parachute 

planting showed the lowest NAR of 16.2, as compared to rest of treatments, 

The trend among seeding techniques was quite different during 2003. During 

the year, maximum NAR was noted for direct seeding on flat (22.4), closely 

followed by parachute planting (20.6 g m"z day'\ Such divergent vanations 
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might be due to differences in soil status and environmental conditions during 

both the years, which might have affected the availability of nutrients to crop 

plants (Thakur and Palel, 1996). 

4.4.15 Number of leaves planr1 (90 DAS) 

There were non-significant variations among seeding techniques during both 

the years (Appendices-11b and 12b), However, the data given in Table 4.4.15 

indicated thai direct seeding on ridges produced higher number of leaves 

(230,7), followed by transplanting on ridges (177.7) and transplanting on flat 

(176,7), respectively during 2002, Whereas, parachute planting surpassed all 

other treatments by exhibiting 214 leaves planr1
, followed by transplanting on 

ridges (192.7) and direct seeding on ridges (179.0), respectively during the 

second year trial However, all these treatments were non-significant 

statistically, The variations in number of leaves planr1 during both the years 

might be due to differences in soil fertility status and environmental conditions 

as well, 

The data presented in Table 4.4,16 revealed significant variations among 

treatments (Appendices-11b and 12b), Maximum LAI was recorded in direct 

seeding on ridges (17.7) and transplanting on flat (15,9 m'2) during 2002. 

Similarly, during 2003, maximum and at par LAI was shown by direct seeding 

on flat (24.5), parachute planting (21,2) and direct seeding on ridges (19.9), 

respectively as compared to other treatments. Heu and Yong (1996) 

compared two sowing techniques and noticed higher LAI in direct seeded 

cultivation than transplanted cultivation, Also, Hoon et ai, (1997) stated that 

crop growth rate and leaf area index were higher in direct seeded cultivation 

than transplanted cultivation from tillering to heading stages. Similarly, Zhong 

et af. (2002) described that transplanting spacing had little effect on LA!. The 

variations observed during both the years might have been due to the 

differences in soil status and environmental conditions. 
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Table 4.4.13. Leaf area index (m·2
) as affected by seeding techniques in 

transplanted and direct wet-seeded rice after 45 DAS 
during 2002 and 2003. 

2002 2003 --=-~owinJL techniques -- - ------- ---
Direct seed.!!!9..Qn f1at __ l--

2.7 c 4.8c __ 
~nsplant~..Q.n..!!at __ I-. 7.5 a 9.3 b 
Direct seeding on ri<!~s 3.3 c 4.6 c --

5.4 b 11.9 a Transplanting on ridges -- --
Parachute planting 7.8 a -- ~-

12.9 a 
LSDoo5 1.81 -- - - 2.51 
CV% 21 .95 18.67 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.14. Net assimilation rate (g m-2 day-1) as affected by seeding 
techniques in transplanted and direct wet-seeded rice 
a fte 4 DAS d . 2002 d 2003 r 5 urmQ an 

Sowing techniques 2002 2003 
19.1 RS --1------ ---:oNS" 

Direct seeding on flat - - 22.4 
I-yransplanting on f1at __ '--- 21 .3 17.6 
~~ect seedif!9. on ridges 19.8 19.8 

1--
Transplantif!g on ridges 22.6 17.8 
Parachute p'lantinll __ 1-- 16.2 20.6 
LSDoo5 -- -- -------------1--. 
CV% -- --

NS = Non-significant 

Table 4.4.15. Number of leaves planf1 as affected by seeding 
techniques in transplanted and direct wet-seeded rice 
after 90 DAS during 2002 and 2003. 

Sowing techniques __ 2002 -- - - 2003 
159.7f.1s 172.7f.1s 

J 
Direct seeding on flat 

T -ransplanting on flat 
-- ----------- - --

176.7 167.7 
Direct seeding on ri~es 1-- 230.7 -- - - 179.0 
Transplanting on ridges 177.7 192.7 --
~~rachut~nting 172.7 214.0 
LSDo.o5 1--. -- --
CV% -- --

NS = Non-significant 
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4.4.17 Net assimilation rate (9 m,2 day·l) 90 DAS 

Data mentioned in Table 4.4.17 revealed significant differences among 

treatments during 2002 (Appendix-11b). Transplanting and direct seeding on 

flat produced significantly higher NAR of 35.3 and 34 g m·2 day'! respectively, 

though at par statistically. The minimum NAR was noted in direct seeding on 

ridges ) but, however, it was at par with parachute planting and 

transplanting on ridges, respectively during 2002. The data further manifested 

non-significant differences among treatments during 2003 (Appendix-12b). 

The similar trend regarding NAR after 45 and 90 DAS clearly depict that, what 

ever the seeding technique may be, plants take almost equivalent rates of 

assimilates and other food materials. While, Ray at 81. (2000) had the view 

that growth attributing characters like leaf area index, net assimilation rate and 

crop growth rate were significanlly influenced by different spacing treatments. 

It might be due to change in environmental and growing conditions and 

cultural practices under which the rice crop was planted. 

Temperature, relative humidity, rainfall and day length are the most important 

factors affecting insect population. Data presented in Table 4 A .18 revealed 

adult moths' preference for resting after 30 DAS during both the cropping 

seasons. There were non-significant differences among seeding techniques 

during 2002 (Appendix-11b). However, maximum moths (0.76) were observed 

on direct seeding on ridges. The rest of treatments exhibited similar moths 

population of 0.26 each. The adult moths' resting preference was higher 

during 2003, as shown in Table 4.4.18 but the variations among treatment 

means were non-significant (Appendix-12b). Among seeding techniques, 

transplanting on flat depicted higher borers' incidence (1.76) as compared to 

parachute planting, which displayed minimum population of 0.26 and was 

least preferred for resting. The higher preference of moths to land for resting 

on direct seeding on ridges during 2002 might be due to lower number of 

tillers and erect growth of plants, which created conducive environment for 

resting. Similarly, higher moths' resting on transplanting on flat was probably 

due to the taller plants recorded in this treatment 
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Table 4.4.16. Leaf area index (m·2
, as affected by seeding techniques in 

transplanted and direct wet-seeded rice after 90 DAS 
during 2002 and 2003. 

:-:;.-Sowing techniques 2002 2003 
Direct seeding on flat 12.1 ab -- 24 .5 a 
Transplanting on flat 15.9 a 15.6 bc 
~~ct seeding on ridQes 17.7 a 19.9 a 
Transplanting on ridges 9.21 b 1-. 13.1 c - .----------
Parachuteplanti~ ____ 11.8 ab 21.2 a ------------

f-.--__ ~.lL LSDo.o5 6.00 
CV% 

-- 29.10 -- 18.23 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.17. Net assimilation rate (g m·2 day·1, as affected by seeding 
techniques in transplanted and direct wet-seeded rice 
a ft 90 DAS d . 2002 d 2003 er urmg an 

--=SoWi'!9 technig!les 2002 2003 -- 35.8,.5 
--

Direct seedin..9:....0n JgI..L_ 1-___ ~.C22 _____ -- - -
~ansplantif!9. onJl~_ f-- 35.3 a 33.8 --
Direct seeding on ridges 26.1 b 29.0 

28.6 ~splanting on ridge~_ 
J"arachute plantin~_ 

f-- 27.6 b 
1-____ 28.0 b ____ -----~~------

LSD~ _ _ ______ 4.79 --
CV% t--- 10.28 --

NS = Non-significant 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.18. Stem borer moths' resting behaviour as affected by 
seeding techniques in transplanted and direct wet-seeded 
. fte 30 DAS d . 2002 d 2003 nce a r urmg an 

Sowing techniques 2002 --1--. __ 200~s_ 
Direct seeding on flat -- 0.26NS 1.01 
Transplanting on flat 0.26 1.76 
Direct seeding on ridge~_ 

I--
0.76 1.26 

Transplanting on ridges 0.26 1.26 
~achute .Qjantin9.... 0.26 r 0.26 --
LSDoo5 - _. 
CV% 

-- I-. 
-- --

NS = Non·significant 
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Bhambhro (2000) and Khan et at"~ (2003) observed relationship of moth 

resting and its mode of damage with morphological characteristics of rice, 

4.4.19 Stem borer moths' resting behaviour 45 DAS 

As shown in Table 4.4.19, there were non-significant variations among means 

of seeding techniques (Appendix-11b) however; it is obvious from the data 

that the trend of adult moths' resting remained the same after 30 and 45 DAS 

during 2002. The maximum borers (1,76) were noted in transplanting on 

ridges while parachute planting indicated again minimum number of moths 

(0.26). The higher borers' incidence after 30 and 45 DAS during 2002 in 

treatments sown on ridges might be attributed to the relatively erect plants in 

these treatments, which eventually attracted more number of moths for 

resting, No moth decided to land for resting or egg laying after 45 DAS during 

2003 (Appendix-12b) This could be because of the pesticide's residual effect 

and/or environmental differences in both the years Kalode (1994) reported 

that low rainfall and high temperature can cause severe stem borer infestation 

and the peak emergence of stem borer was noticed when maximum 

temperature ranged from 27 to 36 ce, minimum from 19 to and relative 

humidity from 76 to 100, 

4.4.20 Stem borer moths' resting behaviour 60 DAS 

Data mentioned in Table 4.4.20 revealed non-significant differences regarding 

adult moths' preference for resting (Appendix-11b), However, the treatment 

means depicted maximum borers' (15,75) resting on direct seeding on flat, 

followed by transplanting on ridges and parachute planting, respectively. Plots 

sown on ridges with direct seeding had lowest number of adult moths (7.00) 

during 2002. A thorough probing into data presented in Table 4.4.20 further 

indicated that there were significant differences among seeding techniques 

(Appendix-12b). The maximum adult moths were recorded in parachute 

planting; followed by transplanting on flat; direct seeding on flat and 

transplanting on ridges, respectively. However, all these treatments were at 

par statistically. The lowest number of moths (7,25) decided to land on direct 

seeding on ridges during 2003, The higher adult moths' resting behaviour 
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noted after 60 DAS from mid of August to mid of September manifested that 

the environmental conditions at this stage were highly suitable for the survival 

of pest and subsequent proliferations as well. Abraham at ai, (1992) noted 

that the activity of stem borer was more in July and August They further 

observed that the first generation usually appears when the plants are in the 

nursery or shortly after transplanting, The population incre~lse;s in subsequent 

broods I generation and causes serious damage. 

Data on white head (WH) planr1 presented in Table 4.4,21, indicated 

comparatively lower and non-significant variations during the year 2002 

(Appendix-11b). Among treatments, direct seeding on flat, direct seeding on 

ridges and parachute planting resulted in higher and equal number of white 

heads (4,25) than other two treatments. Similarly, during 2003, the white 

heads were higher (6.75) in transplanting on flat and transplanting on ridges 

treatments, The white heads planr1 were significanlly affected by seeding 

techniques during 2003 (Appendix-12b). The higher white heads planr1 during 

2003 than 2002 might be due to the reason that the weather remained dryer 

during 2002 in the crop maturity stage, which restricted the adult moths for 

reproduction, Abraham al. (1992) stated that the percentage incidence of 

stem borer and white heads was negatively correlated with rainfall and low 

temperature and positively with high temperature. 
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Table 4.4.19. Stem borer moths' resting behaviour as affected by 
seeding techniques in transplanted and direct wet-seeded 
rice after 45 DAS during 2002 and 2003. 

Sowing techniqu~~ 2002 f-- 2003 
f-pirect seeding on flat 0.01 flS O.OOflS 

0.76 
r -------------- ------

Transplanting on flat 0.00 
r£irect seeding on ridges 0.26 ---f--

0.00 --
~ransplantiQ.9.. on ridges 1.76 0.00 
rfarachute planting 0.26 0.00 
LSDo.o5 -- -- ---------- -------
CV% -- -- ---
NS = Non-significant 

Table 4.4.20. Stem borer moths' resting behaviour as affected by 
seeding techniques in transplanted and direct wet-seeded 
. ft 60 DAS d . 2002 d 2003 rIce a er urrng an 

_~owing techniquel? __ r -
2002 2003 

15.75flS -- --------
Direct seeding on flat 15.25 a 
Transplanting on flat 13.00 17.00 a 
Direct seeding on ridges 7.00 --- '-- 7.25 b 
~nsplanting on riQg~ 14.00 13.75 a 
Parachute planting 14.00 - - I---

19.50 a 
-- 6 .0B r~SDoo5 -- -- I--- -----

CV% -- 27.14 -
NS = Non-significant 

Means followed by different leUer(s) in the respective column are significant at 5% 
level of probability using LSD test. 

Table 4.4.21. White heads plant'l as affected by seeding techniques in 
transplanted and direct wet-seeded rice after 90 DAS 
d . 2002 d 2003 urrng an . 

t-;;Sowing techniques 2002 -- I---- 2003 
~~ect seeding on f1at __ 4.25flS 3.00 b --
c-Iransplanting on flat 3.25 6.75 a 
Direct seeding o.!!..rid~~ - - 4.25 2.75 b 
Transplanting on ridges 4.00 6.75 a 

r-farachute "planting 4.25 3.25b --
~~Doo5 -- 3.2B --

47.31 CV% --

NS = Non-significant 

Means followed by different letter(s) in the respective column are significant at 5% 
level of probability using LSD test. 
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4.4.22 Economic analysis and BCR 

Cost of production and other details are given in Appendix-15, The economic 

analysis and BCR during both the years are presented in Table 4,4,22, Data 

indicated that maximum net income of Rs. 12,630 ha'1 and BCR 0.71 was 

obtained from transplanting on flat during 2002, This was due to higher net 

income recorded in this treatment. Likewise, parachute planting though gave 

higher net return of Rs, 6,050 ha" than other treatments, but due to higher 

cost of production. the difference between the BCR values of direct seeding 

on flat, transplanting on ridges and parachute planting was very little during 

2002, The analysis further revealed better performance of all these treatments 

during 2003, The maximum net income and BCR (Rs, 15,730 ha,l and 1,30) 

was again noted for transplanting on flat While, transplanting on ridges and 

parachute planting were the next with net income of Rs, 15,330 and 14,800 

ha,l and BCR of 0,86 and 0.80, respectively during 2003, Parachute planting, 

though having higher variable cost, but gave encouraging results in terms of 

net income and BCR during both the years, The net income and the BCR 

value during 2003 were higher due to higher paddy yield during the than 

that of 2002, II might be due to variations in soil fertility status and better 

environmental conditions during 2003 than 2002, Researchers like Escabarte 

et (1999) and Prasad a/. (2001) recommended transplanting method for 

higher paddy yield, net return and benefit cost ratio, 
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Table 4.4.22. Economic analysis and BCR as affected by seeding techniques in transplanted and direct wet-seeded rice during 2002 and 2003. 

i 2002 2003 Treatmonts i Paddy ! Tolal variable I Gr""" I Tolal II Nel I Treatments I Paddy I Tolal variabl. I Gr,,"" I Tolal \ Net ~I I ylel~ t I cost .1 i incom~ jl cost .1 incom~ I SeR I yiel~ t I cost -1 'I incom~ I cost .~, I incom~ eeA! , 'I ha I Rs. h. I R •. ha ,Rs. ha ,Rs. ha , . . J no +---Rs. ha R •. h. r---'!" i Rs. ha 'I I Direct s •• dlng I 4.22 I, 560' I 21600 i 16430 I 5170 I 0.31 Direct seeding I 4~08' 560 I 20900 I 16430 I 4470 I 0.27 on fiat , I I I I ' on fiat ii, I i I- . r----:- '--r--.." -----t---+--+----r- ! Transplanting I 5.96 I 1800" I 30300 I 17670 I 12630 I 0.71 Transplanting I 6.58 I 1 BOO '33400 I 17670 I 15730 I 0.89 on fiat '--l- . i I --+ on fiat -L-----1-----J------i--- I + ___ _ Dire.ct s •• ding II, 4.32 I 560 I 22100 I 16430 i 5670 I 0.34 Direel se.ding i 5.10 I 560 I" 26000 I 16430 I 9570 , 0.58 on "d~_I_' __ +_ I ! -r-_~n ridge. ~.---+-----t----I-- I I . Transplanbng I 4.46 I 1800 I 22800 I 17670 I 5130 I 0.29 Transplanting I 6.50 I 1800 '33000 I 17670 I, 15330 086 onr<lge. ~ I I i onr<lge. i i +----.[----1----+----Parachute 4.80 I 2580'" I 24500 II 18450 I 6050 I 0.32 Parachute II 6.55 I 2580 I 33250i I 16450 [I 14S00 I 080 
planting, i ,planting i i 

• 
•• 
••• 

RS.560 '" (Rs. 500 for 100 kg seed ha"@ Rs. 5 kg" and Rs. 80 for 1 man day @ Rs. 80 day" for broadcasting) Rs. 1800 " (Transplanting charges) 
Rs. 2560 '" (Rs. 2500 for 500 plastic trays @ Rs. 5 tray" and Rs. 80 for 1 man day @ Rs. 80 day-' for seedling broadcasting) 

Price of rice IR-6 
Income (straw) 

'" Rs. 5 kg" 
'" Rs. 500 ha" 
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Chapter 5 

SUMMARY 

Studies were initiated to investigate the socio-economic status of paddy 

growers, effect of transplanting dates and number of seedlings hUr1
, methods 

of sowing and weed control practices and comparison of the new I modified 

planting techniques on the productivity of rice (Of}'za sativa L) under the 

agro-ecological conditions of Dera Ismail Khan, NWFP, Pakistan. The first 

experiment presented the findings of a survey thai was carried oul from 50 

randomly selected paddy growers from 25 villages of the area. On the basis of 

survey results, three field experiments were designed to address the 

researchable issues highlighted by the paddy growers. The second 

experiment dealt with the feasibility of different transplanting dates with 

variable number of seedlings hill-1 for increased productivity of rice_ The third 

experiment contemplated the effect of sowing techniques (Transplanting vs. 

direct seeding) and weeds management strategies on the agronomic and 

physiological parameters of rice. In the fourth experiment, new seeding 

techniques (Bed planting and parachute planting) were compared with 

conventionallransplanting method. 

The survey data revealed thaI almost all paddy growers (96%) used 

transplanting method but none of Ihem used the line method of 

transplantation, Similarly, a big fraction of the growers were illiterate, yet all 

were applying recommended doses of fertilizers. More than half (56%) used 

optimal age (3040-days-old) rice nursery but none of the growers could fully 

exploit the potential yield of paddy. Waler shortage, high costs of inputs, non-

availability of skilled labour during peak planting se,~scln sub-optimal plant 

population, weeds and pest infestation, high dependence for knowledge on 

nearby growers and low price of rice in the local market were the major 

limiting factors towards higher productivity of rice. 

In the second experiment, the data exhibited thai time of transplanting and 

number of seedlings hill-1 drastically influenced the plant height (cm), 

productive tillers m-2
, unproductive tillers m-2

, panicles m-2
, spikelets panicle"I, 
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sterility and normal kernels percentage, 1000-grain weight (g), paddy yield (! 

ha-1
), straw yield (t ha-1

), leaves planr\ leaf area index (LAI) and net 

assimilation rate (NAR) 45 and 90 days after transplanting (OAT), As regards 

the rice slem borer (Tryporyza incertulas Walker) moths' resting behaviour, it 

was observed that after 30 OAT the adults preferred resting on crop planted 

on 20th and 2?,h of June with variable number of seedlings hiWl, Similar trend 

was also observed after 45 and 60 OAT However, number of white heads 

planr1 was higher in crop planted on 2?,h June and 41h of July. It was further 

noted thai seedlings per hill had no affect on adult resting preference as well 

as on white heads formation, Despite of the fact that 20lh June planted crop 

attracted more adult moths, yet the paddy yield and net return were higher on 

this planting date with 1 seedling hiWl. The rest of transplanting dates viz. 

June, 4th July and 111h of July and seedlings 2, 3 and 4 hill·1 could not excel 

20lh June in most of the parameters studied. Similarly, the highest paddy yield 

with 1 seedling hill" might have been due to the reason that single seedling 

not only enjoyed much nutrients than 2, 3 and 4 seedlings but also the 

advantage of low vegetative biomass in the initial growth stages. Based on 

research findings, it is concluded that the use of more seedlings hiWI not only 

adds to cost but also a mere wastage of natural resources, Therefore, 

transplanting date 20lh June with 1 seedling hill' 1 
, followed by late 

transplanting on 111h of July with 4 seedlings hiWl are suitable under the a9ro

climatic conditions of the area, 

In the third experiment, the effect of transplanting vs. direct seeding and weed 

conlrol practices was evaluated on the agronomic and physiological attributes 

under field conditions II was observed that transplanting method improved all 

the growth, yield and its associated components noticeably as compared to 

direct seeding, Transplanting method produced higher number of tillers m·2, 

panicles m-2
, spikelets panicle-1

• 1000-grain weight (g), plant height (cm) etc 

than the direct seeding. Similarly, the physiological parameters including the 

number of leaves planri
, LAI and NAR 45 and 90 OAS were significantly 

innuenced by transplanting method. This might be attributed to availability of 

sufficient amount of nutrients and moisture due to deep placement of 

seedlings at root zone and better establishment of roots along with the earlier 
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space captures by the crop rather than weeds. In direct seeding method, wet 

pre-germinated seE~ds were broadcast on the surface of the soil and a thin 

layer of irrigation water was maintained for a couple of days. But, in fact, there 

was uneven germination due to birds damage and slightly heat and aridity 

stress. Moreover, there were high weed infestations, which emerge and 

compete with the crop simultaneously under direct seeded culture. The plant 

population in direct seeding method was comparatively higher which further 

intricate the situation by creating a keen competition between crop plants and 

weeds for soil and climatic resources. Under a high planting pressure, low 

moisture and nutrients were available to crop plants that eventually resulted in 

low vegetative and reproductive growth and ultimately the paddy yield. As 

regards the weed management tools, significant increase in plant height (cm), 

number of tillers m,2, panicles m,2, spikelets panicle'" normal kernels, 1000-

grain weight (g), paddy yield (t ha,l), leaves planr l , LAI and NAR were 

obtained in treated plots than the weedy check. Moreover, in treated plots, the 

growth of weeds was almost ceased or the translocation of solutes was 

greatly restricted which resulted in low dry weed biomass as compared to 

weedy check where weeds were left unchecked. The lower sterility 

percentage in all treated plots, could be due to sufficient availability of 

moisture and low intra-specific competition under low weed flora, There was 

severe crop weed competition in weedy check for resources, which 

subsequently resulted in low yield and yield furnishing parameters. Overall, 

the paddy yield and net return were markedly higher in conventional hand 

weeding and herbicide application of Machele 60EC as compared to granular 

herbicide Sunstar 15WG and weedy check, But, several constraints are also 

associated with the effective use of hand weeding, including economic 

constraints and labour availability in peak planting period, Therefore, it can be 

concluded from this experiment thaI, if the labour is not a limiting factor, 

conventional hand weeding is the most affective method for weed control. On 

the other hand, use of herbicide like Machete 60EC is a lime and labour 

saving method, 

In the fourth experiment, the feasibility of different seeding techniques (direct 

seeding on flat, transplanting on flat, direct seeding on ridges, transplanting on 
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,in"",,,- and parachute planting) was studied in transplanted and direct wet

seeded rice. The effect of seeding techniques was found to be significant for 

most of the agronomic and physiological points of reference. However, among 

seeding techniques, transplanting on flat with 20 cm apart out-yielded rest of the 

seeding techniques, This might be due to increased number of panicles m'2, 

spikelets panicle-l and higher normal kernels. It might also be attributed to 

better moisture conditions at grain filling stage, fluctuations in temperature 

and humidity, increased N utilization efficiency due to previous legume crop 

and space planting. Parachute planting also showed higher paddy yield and net 

income although the initial cost of plastic trays used in this technique was high 

(Rs.5000 ha,l). This technique could be recommended as the equipment (plastic 

trays) last for several years. Among other seeding techniques direct seeding on 

ridges, where seed was sown through bed planter, presented encouraging 

results but could not excel transplanting on flat and parachute planting which 

fetched high net income than the others. 

A substantial increase in yield and yield contributing parameters was 

observed during the second year study, which might have been due to 

change in soil physical, chemical and biological characteristics on account of 

previous legume crop which caused an increase in the respective yield 

components. 
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Chapter 6 

CONCLUSIONS 

The research project comprising one survey and three experiments was 

designed to investigate the integration of some management techniques for 

increased productivity of rice (Oryza sativa L) on silty clay soil the 

Agricultural Research Institute, Dera Ismail Khan, NWFP, Pakistan. 

The first experiment was aimed at "exploring social and input variables 

associated with successful rice production in the area". The survey results 

advocated the need for an integrated approach by the stakeholders involved 

in rice production. Farmers need to follow space planting cm2 apart), 

optimal plant population and protection measures regarding pest/weed 

control. Moreover, appropriate measures are also to be taken by the paddy 

growers to ensure the availability of skilled labour at the time of transplanting. 

Extension Department needs to reorient its mandate towards increased 

contacts with the paddy growers. Governmental efforts are needed to 

streamline the constraints associated with market stability towards successful 

production in the area. 

The second experiment was conducted " To develop technique (s) for 

ensuring optimum number of rice seedlings at different trensplanting times". It 

is concluded that rice seedlings transplanted on 20th of June with 1 seedling 

hiWl was more suitable from agronomic and ecological perspectives. This was 

due to the fact that it has increased net return compared to other transplanting 

dates, by boosting paddy yield and its associated components (maximum 

number of panicles m-2
, 1000-grain weight, comparable number of productive 

tillers m-2, spikelets panicle-1 and normal kernels). The next Significant 

transplanting date was 11 th of July with 4 seedlings hilrl. 

The third experiment was aimed at "exploring suitable and economical 

methods of sowing and techniques of weed control in transplanted and direct 

wet-seeded rice". Among sowing methods, it is concluded that transplanting 

technique was superior to the direct seeding method due to a number of 

advantages (deep placement of rice seedlings, maximum establishment of 
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roots and faster up of available moisture and nutrients in the initial growth 

stages). The reverse was true in direct seeding method where the availability 

of nutrients was certainly low due to the presence of weeds and shallow plant 

root growth. Among weed control practices, the paddy yield and net return 

were substantially higher in conventional hand weeding, followed by herbicide 

treatment Machete 6GEe, 

The fourth experiment was carried out "To enhance productivity through 

standardization of plant stand establishment and sowing technique (s) in rice". 

It is concluded from the experimental findings that transplanting on flat 

(conventional technique), followed by parachute planting (new planting 

technique) has resulted in better plant stand establishment and productivity in 

transplanted and direct wei-seeded rice. The other seeding techniques viz. 

direct seeding on flat, direct seeding on ridges and transplanting on ridges did 

not perform weI! under the agro-ecological conditions of the area. 
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Chapter 8 

APPENDICES 

Appendix-1. Meteorological data recorded at the Agricultural Research 
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Source: Arid Zone Research Institute, Dera Ismail Khan, NWFP, Pakistan. 

Appendix-2. Quantitative assessment of social and some input 
variables relating to rice production in Oera Ismail Khan. 

The following questionnaires were asked from 50 growers of the area. 

1. Farm and Farm characteristics and Input Variables 

Name of grower: 

Education: 

Location: 

Area under rice: 

Mode of irrigation: (i) Tube-well (Ii) Canal water (iii) Any other 

2. Awareness and adoption regarding land preparation I sowing of 
rice crop 

3. land preparation practices? 

1. Ploughing 
Leveling 

229 

Yes/No 

Adoption 
Yes/No 
Yes/No 

" .-.. 

,:::--... 

) 

6--
-.. 



If adopting, specify number of ploughing? 

1. Ploughing 
Leveling 

If not adopting, specify reasons? 

1 
2 
3 

4. 

1, 
2, 
3. 

Awareness 
Yes/No 
YeslNo 
YeslNo 

If growing other than recommended varieties mention? 

1 
2 

5. Why do you not CUltivate basmati varieties? 

1, Due to market problem 
2, Proper aroma is not developed 
3, Any other (specify) 

6. 

1. Local market 
Nearby growers 

3, Self-grown 
Any other (specify) 

YeslNo 
YeslNo 
YeslNo 

Yes/No 
Yes/No 
Yes/No 

YeslNo 
Yes/No 
YeslNo 
Yes/No 

7. When IAprill May) you sow rice nursery and transplant it to main 
field? 

1. Nursery 
2, Transplanting 

Awareness 
YeslNo 
YeslNo 

Adoption 
Yes/No 
Yes/No 

8. Reasons for late nursery sowing I transplanting, if any? 

1. Non-availability of skilled labour 
2, Occupation of field by some other crop (s) 
3, Any other (specify) 
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Yes/No 
YeslNo 
Yes/No 



9. How do yOU sow rice crop? 

1. Through nursery 
Through drill 

3. Through broadcast 

10. 

1. 
2. 

Awareness 
YeslNo 
YeslNo 
YeslNo 

Adoption 
YeslNo 
YeslNo 
YeslNo 

11. How do you Transplant Rice Nursery to The Main Field? 

1. transplanting 

Asymmetrical 

12. Do you apply fertilizers in rice crop? 

1. Urea. 
2. DAP, SSP etc 

If applying, how much? 

1. Urea 
2. DAP, SSP etc 

Awareness 
YeslNo 
YeslNo 

If not applying fertilizers specify reasons? 

1. 

2. 

13. When do you irrigate rice crop? 

14. 

1. 
2. 
3. 

15. How do you control? 
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Awareness 
YeslNo 
YeslNo 
YeslNo 

YeslNo 
YeslNo 

Adoption 
YeslNo 
YeslNo 
YeslNo 



16. Which Insects Infest Your Rice Crop? 

1, Stem borer 
2, Leaffolder 

Any other (specify) 

17. Do you apply insecticides? 

1. 
2. 

If applying. specify name? 

18. 

19. 

If not. reasons? 

1 
2 
3 

20. Information Access 

YesINo 
Yes/No 

YeslNo 

YeslNo 
Yes/No 
Yes/No 

Yes/No 
YeslNo 

21. From where do you get information about growing rice crop? 

To high extent 

1, Fellow farmers 
2, Research Deptt: 

Extension Oeptt: 
4, Radio 

TV 
6, Newspaper 

Pamphlets 

1. Fellow farmers 
2. Oeptt: 
3. Extension Oeptt 
4. Radio 

Very much 

Not at all 

Some 
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TV 
6. Newspaper 
7. Pamphlets 

23. What is your opinion about the effectiveness of these sources for 
providing information regarding rice crop? 

1. Fellow farmers 
2. Research Deptt: 
3. Extension Deptt: 
4. Radio 
5. TV 
6. Newspaper 

Pamphlets 

24. What is the attitude of these sources for providing information 
about rice crop? 

1 Fellow farmers 
2. Research Deptt: 
3. Extension Deptt: 
4. Radio 
5. TV 
6. Newspaper 
7. Pamphlets 

25. 

26. Do you think the present extension service is providing enough 
information about rice? 

If not, what are the reasons? 

1. 
2. 
3. 

YeslNo 

27. What channels do the extension workers generally use? 

Channels Mostly occasionally Rarely 
Never 
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1. Farm visits 
2. Exhibitions 
3. Field days 
4. Demonstrations 

28. Which channel is more effective? 

1 . Farm visits 
Exhibitions 

3. Field days 
4. Demonstrations 

29. Credit 

30. 

YeslNo 

31. What credit sources are available? 

1. Bank 
2. Friends 
3. Broker 
4. Any other (specify) 

YeslNo 
YeslNo 
VeslNo 
Ves/No 

32. 

Very suitable 

1. Bank 
2. Friends 

Broker 
4. Any other 

Moderately suitable 
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Less suitable unsuitable 



Appendix-3. Treatments used in Time of transplanting and number of 
seedlings hill·1 in transplanted rice during 2002 and 2003. 

Treatments symbol Treatments detail 

- - Main ~Iot {Factor ~ Date of trans~lanting 
Sowing date-I 26"'of June 

r---
Sowi~ate-II 2i" of June 
Sowing date-III 41~ of Jul:r: 

r---- Sowing date-IV 111~ of July 
Subplot(Factor B) Number of seedlings hm-'--

Seedling~ 1 1 

r- Seedling-II 2 
Seedling-III 3 
Seedling-IV 4 "-

Appendix-4. Treatments used in Methods of sowing and weed control 
practices in transplanted and direct wet-seeded rice 
during 2002 and 2003. 

Treatments 8:imbol Treatments detail 
Main plot {Factor ~ Method of rice ~Iantin~ 

Method-I (Farmer's eractice) Transelanting_ (Manual) 

1----
Method-II Direct wet seeding (Broadcast) 

Sub plot(Factor B) Weed control technigues 
Weed control technique-I Weedicide Sunstar (15WG) @ 200 g 

ha-1 15 DAS· 
Weed control technique-II Hand Weeding 15 DAS --
Weed control technique-III Weedicide Machete (60EC) @ 2 L 

ha-115 DAS --
Weedy Check Control 

DAS = Days after sowing 

Appendix-5. Treatments used in Seeding techniques in transplanted 
and direct wet-seeded rice during 2002 and 2003. 

Treatments s:imbol Treatments detail 
Treatment-I Direct seeding on nat 

Treatment-II (Farmers eractice) Transelanting on flat 

'--- Treatment-III Direct seeding on ridges 
Treatment-IV Transelanting on ridges 
Treatment-V Parachute JlIanting --
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Appendix-6 (a). 

sv I I D.F. 

CV% 

NS = Norl-siclnifil::anl 
• '" Significant al 5% 

PI. HI 

ANOVA's agronomic parameters recorded on and number of 
in transplanted durina 2002. 

No. 01 
Prod. 

Tillers 

(m·') 

504459 I 

5.64 

No. of 

Tillers 

test 

No. of No. of 

Panicles 

10.14 

236 

Normal 

(%) 

3.05 

1000-

Grain 

WI 

218 

Yield 

(I ha·'j 

10.30 

Yield 

178 

8.90 



S,V D,F. 

3 

Factor A 

Error 

Factor B 

AB 

Error 

NS ::: Non-sig nilicant 

Me~m 81~U""V8 of AN()VA.'s 
r .. ..,nr,h,rI on 

leaves LAI 

90DAT 45 OAT ! 90 OAT 

743.69-

63.93 , 280.05 

I 8.76 12.02 1239 1684 

• :: at 5% level probability using LSD 
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NAR NAR Adults' Adults' White 

45DAT 90 OAT 
30DAT 45 OAT GODAT 

19.44 0.25 

1 15.20 145.74 2643 3741 



Appendix-7 Mean squares ANOVA's recorded on tranSI!)lallltirlll and of 

sv 
I ! 

I D.F. I PI HI I 
i I (em) I 3i . 

NS :::: NOfl-sic nific;ant 

No. Prod. No. of Unprod. No. of No. of Normal 1000-

Tillers Tillers Panicles SplKelets Grain Yield Yield 

(m-2) (m-2) (%) (%j WI (I (I ha·'l 

, '" l'iionifi"",nt at level of probability lest. 
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Appendix-7 Mean of ANOVA's of parameters and borer behaviour 
recorded on Time of transplanting number of seedlings during 2003. 

sv I ! Adults' Adult s' Adults' White NAR NAR . , I No. of leaves , leaves I lAI LAI res lIng resting 
O.F, I (m-

2
) 45 OAT I 900AT / 450AT 90 OAT 45 OAT 90 OAT 30 OAT 45 OAT 60 OAT 

I , 

AB 
Error 

Total 63 
- ----!----I---.---ic---.---j-------j-----+----+ 

CV % I -- 12.44 14.22 151.35 195.20 27.72 

'" Non-sianifir:,.nl 
• " Significant at 5% UUdU""Y LSD test 
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Appendix-S (a). ANOVA's on Methods of and weed control 
practic:es in transplanted and rice durina 2002. 

I 
SV IDF 

No. of No, of 
No. of 

PI. HI I Prod. Unprod. 
Panicles 

Tillers Tillers 

3 

1 

Error I 3 

1.78N$ 

CV% 1066 

NS ::: Nonl-sianifi(:anl 
* ;:; Significant at 5% level probability lesl 

240 

No. of 

Spikelets 

Normal 1000- Paddy Straw 
Slerility 

Kernels Grain Yield Yield 
(%) 

WI (Qj (I (t na") 

B~ O~ 0.« 
- -' --/------:-:::--1 

18576' 

1B.84 

22.40' 

2.52 2.48 10 



Appendix-8 (b). 

! 

Mean squares of ANOVA's of physiological parameters and stem borer moths' resting behaviour 
recorded on Methods of sowing and weed control practices in transplanted and direct wet-seeded rice 
during 2002. 

LAI LAI NAR NAR 
Adults' Adults' Adults' White No. of leaves No. of leaves 

SV OF I (m") 45 OAS (m" ) 90 DAS 
resting resting resting heads 

45 DAS 90DAS 45DAS 90DAS 
30 DAS 45 DAS 60DAS planr' 

Replication 3 132.8 195.70 3.87 8.24 193.72 64.81 0.37 0.16 1.61 0.12 

Factor A 1 0.28"5 153.12"5 287.64" 159.40" 1063.52" 495.02" 0.12"5 1.1 2"5 30.03"5 15.12" 

Error 3 161 .61 368.20 2.56 4.17 90.02 43.60 0.04 0.45 6.11 1.45 

Factor B 3 826.36" 454.12' 15.58' 17.43' 267.56' 150.89" 0.12"5 1.25' 11.19' 1.20"5 

AB 3 28.78"5 121.45"5 0.40"S 1.40"5 3.30"5 24.28"5 0.12"5 0.37"5 4.86"S 2.54"S 

Error 18 61.62 44.29 0.40 0.57 20.01 11.56 0.15 0.31 2.14 2.20 

Total 31 -- _. ,- - -- i -- -- -- - --
CV% -- 6.47 5.53 9.15 9.83 16.19 11.51 197.91 145.20 32.75 40.30 

-

NS = Non-significant 
• = Significant at 5% level of probability using LSD test. 
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Appendix. 9 of ANOVA's of agronomic parameters on Methods of sOINin,g weed control 

I 
SV 

Factor B 
----
AB 

transplanted and direct 2003. 

N~~ No.~ I I 
D F PI. Ht Prod. Unpr1Od. N1O. 10f No. of N10rmal 1000-, Paddy i Straw 

. . (cm) Tillers Panicles 0 Kernels I Yield i Yield 

( 
-') 1 ( Yo) I 

(m.') (m-') m Panicle· WI (g) I (I ha-') (t 

3 26.08 
-f----+----:::;: 

2244' 

5858 

I 

026 

5.31 169 

NS = Non-significant 
* = Significant at 5% of probability test 
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Appendix-9 

Factor 

Error 

Factor B 

AS 

CV% 

= Non-siQnificanl 

Mean of AIIIOVA's and borer moths' resting behaviour 
rec:orcied on Methods of sowing weed control transplanted and direct wet-seeded 
.., .... mu 2003. 

LAI 

DAS 

1096 6.36 

NAR 
45 DAS 90DAS 

6.25 

-~----

10.76 

Adults' 

DAS I 45DAS 

Adults' 

SODAS 

White 

• = Significant 5% probability LSD 
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Appendix-10. 

!IV 

I I 
I OF. I 
I 

Mean of ANOVA's of on Methods and WI!!Gd COlrltrlol 

nr"..,fl,,,,, .. in transplanted direct rice during 2003. 

2002 

4782.6 17933.0 

19001.2-

2003 
Dry 

Weed W.ed Pop. 

3552.3' 

1782.S-

(m") 60 
DAS 

151.6 6512.3 

+--.~---+-----+--.-~-+ --~--
20.81 29.92 54.00 51 29 

NS = Non-significant 
• = Significant at 5% test 
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Appendix. 11 

SV 
i 
IDF 

NS " Non-significant 
• - ,,:_-,"'---< at 5% 

ANOVA's agronomic on Seeding tec:hnliqlles 
and wet-s,eecled during .. u' ...... 

PI. HI 
(m") 

No. of No. of 

Prod. 

Tillers 

(m') 

No of 

Panicles 

No. of 

Spike lets 
Sterility 

Normal 
Kemels 

(%) 

1000-

Grain 

WI 

Paddy 

Yield 

(t 

Straw 

Yield 

(I 

6.16 7.16 

1253 12.57 11.31 20.57 8.02 13.19 

probability 
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Appendix-11 (b). Mean of ANOVA's of physiological parameters and stem borer moths' resting behaviour 
rec:or'ded on Seeding techniques in transplanted and wet-seeded rice during 2002. 

LAI LAI NAR NAR Adults' Adulls' Adults' White No. of No, of leaves resting resting resllng S,V. DF 
(m") 45 (m") 90 DAS heads 

45DAS 90DAS 45DAS 90DAS 
30 DAS planr' 

1.04 7.42 220.S9 25.62 0,05 

22.40' 47 OS' 68.80' 0.20's 1 

139 1519 15,43 9.68 0,30 

2195 29,10 19.78 10.28 152.15 , 138,78 ! 28,69 

NS " Non-significant 
., := ~innifir"~nt at level of LSD test 
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Apilenidix. 12 Mean recorded on Seeding techniques 

No. of No. of 

Plant Pop. PI. HI Prod. 
SV D.F. (m"') (em) Tillers 

No. of No. of I Sterility 
Normal 1000· Paddy 

Spikelets Kernels Grain Yield Yield 
Tillers 

WI 

Replication 
---
Factor A 118564 I 2169.30 28.26 28.17 

Error 241 241 
---

10.27 .76 6.25 2049 9.56 

= 
* :::: ~innifir~nt at probability usina test. 
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mE,an squares of ANOVA's physiological and stem moths' resting behaviour 
recorded on Seeding techniques in transplanted rice during 2003. 

sv I
, OF I No. of leaves 
. '. (m") 45 DAS 

3 955.26 

leaves I LAI 

90 I 45 

NAR 
45DAS 

NAR 
90DAS 

~---+--+ .. - -. -- f-------:-;::--+----t- --.-+----:::;:-'-+-
Factor A 

Error 
--+---4---------4-

I Adults' I Adults' 

. I 
DAS I 45 OAS" I 60 DAS 

Adults' 

19.31 19.31 1 18.23 14.31 91 27.14 

NS " Non-significant 
• :: Significant at probability LSD test 
.. Statistical adults' after 45 dUrlna was not feasibie values in this of!riod 
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Appendix-13. Cost of production ha" (Rupees) of Time of transplanting and 
number of seedlings hilI" in relation to stand establishment 
and productivity of transplanted rice during 2002 and 2003. 

OQeratlonsllnQuts Quanl1ty Total expenditure , Pre[!aratoty Tillage 

(il Ploughing 3 hours 160.00 540.00 

(ii) Harrowing 2 hours 180.00 360.00 

(iii) Tillering 2 hours 180.00 36000 

(i) Urea 3 bags 4280 1284.0 

(ii) DAP 2 bags 800.0 1600.0 

(iii) K,SO. 2 bags 790.0 1580.0 

(iv) Transportation charges 10 bags 5.000 50.000 

(vi) Application 1man day " 60.00 80,000 
(2 Nos.) 

3. Plant Protection 

(1) Furadon granules 3 bags 335.0 10050 

(ii) Application charges 1 man day 80.00 80.000 

4 Irrigation 

(il Cleamng water courses 2 man days 80.00 16000 

(ii) labour charges for 16 man days 80.00 1280.0 
(16 irrigations) 

(iii) Water rates for canal 192 acre" 480.00 
irrigation 

(i) Hand weeding 13 man days 80.00 10400 

6. Harvesting & threshing 800 acre"' 2000.0 

7, land rent 6 months 5000 year' 2500.0 

8. Management 6 months 80.00 48000 

(6 man-days) 

9. Land revenues 250,00 250.00 

10. Interest on investment 
for 6 months @12 % year' 
(item 1-10 excluding canal 
irrigation) 741.00 

11. Total cost Rs. ha" (item 1-10) =--~ 15870 
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Appendix-14. Cost of production ha"j (Rupees) of Methods of sowing and 
weed control practices in transplanted and direct wet-
seeded rice during 2002 and 2003. 

S. No. O~rations/lnQuts Quantill' Rate (Rs.)/unit Total 

eXQenditure 

1. PreQaratolY Tillage 

(i) Ploughing 3 hours 180.00 54000 

(ii) Harrowing 2 hours 180.00 360.00 

(iii) Tillering 2 hours 180.00 360.00 

2. Fertilizers 

(i) Urea 3 bags 428.0 1284.0 

(ii) DAP 2 bags 800.0 1600.0 

(iii) K,SO. 2 bags 790.0 1580.0 

(iv) Transportation charges 10 bags 5.000 50.000 

(vi) Application charges 1 man day"' 80.00 80.000 
(2 Nos.) 

3. Plant Protection 

(i) Furadon granules 3 bags 335.0 1005.0 

(ii) Application charges 1 man day"' 80.00 80.000 

4. Irrigation 

(i) Cleaning water courses 2 man days 80.00 160.00 

(ii) Labour charges for 16 man days 80.00 1280.0 
(16 irrigations) 

(iii) Water rates for canal 192 acre"' 48000 
irrigation 

5. Harvesting and threshing 800 acre"' 2000.0 

6. Land rent 6 months 5000 year' 2500.0 

7. Management charges 6 months 80.00 480.00 

(6 man-days) 

8. Land revenues 25000 250.00 

9. Interest on investment 
for 6 months @12 % year' 
(item 1-10 excluding canal 
irrigation) 741.00 

10. Total cost Rs. ha"' (item 1-9) = 14830 
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·ppendix-15. Cost of production ha-1 (Rupees) of Seeding techniques in 
relation to plant stand establishment and productivity of 
transplanted and direct wet-seeded rice during 2002 and 2003. 

i. No. 

,xpendilure 

(i) Ploughing 

(ii) Harrowing 

(iii) TlIIering 

(i) Urea 

(ii) DAP 

(Iii) K2S0. 

(iv) Transportation charges 

(vi) Application charges 
(2 Nos.) 

3 Plant Protection 

(i) Furadon granules 

(ii) Application charges 

4. Irrigation 

Quantity Rate IRs lluni! 

3 hours 180 00 

2 hOllrs 180 00 

2 hours 180.00 

3 bags 428.0 

2 bags 800.0 

2 bags 790.0 

10 bags 5.000 

1 man day' 80.00 

3 bags 335.0 

1 man day-' 80.00 

lil Cleaning water courses 2 man days 80.00 

(ii) Labour charges for 16 man days 80.00 
(16 irrigations) 

(iii) Water rates lor canal 
irrigalion 

5. Weed control 

192 acre·' 

(i) Hand weeding 13 man days 80.00 

6 Harvesting and threshing 800.0 

7. land rent 6 months 5000 year' 

8. Management charges 6 months 80.00 

(6 man-days) 

9. Land revenues 

10, Interest on Irlvestment 
for 6 months @12 % year" 
(item 1·10 excluding canal 
lmgation) 

11. Total cost Rs. ha-' (item 1-10)= ---

250.00 
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540.00 

360.00 

360.00 

1284.0 

1600.0 

1580.0 

50.000 

80.000 

1005.0 

80.000 

. 160.00 

1280.0 

480.00 

1040.0 

2000.0 

2500.0 

480.00 

250.00 

741.00 

15670 


